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Introduction

1. Introduction

Noncommunicable diseases such as diabetes, cancer and heart disease are the main reason for
global death in the 21° century.l'! Of these diseases cancer is estimated to rank high in the
majority of countries and first all over the globe. In 2015 cancer was approximately at least the
fourth leading cause of death before the age of 70 in 113 of 172 countries.””) Because of this, a
lot of research has been done in this field with some success. The 5-year survival rate of rectal,
breast and colon cancer for example has risen continuously since 1995 especially in developed
countries.’] Nevertheless, there is one exception with pancreatic ductal adenocarcinoma
(PDAC) often simply called pancreatic cancer since it is the most common form of this type of
cancer.[! Although this cancer type is relatively rare it is still the eighth leading cause of cancer

death worldwide,>*! with a 5-year survival rate of approximately 6 % (Figure 1).
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Figure 1: Cancer incidence and mortality of the 10 most common cancer types in 201815,

This i1s due to the cancers tendency to quickly spread into the lymphatic system and distant
organs. In addition, the cancer is resistant to targeted and conventional therapeutic approaches
and therefore often incurable at the time of diagnosis.[®! The typical cancer medication, referred
to as chemotherapy, includes cytotoxic agents for example gemcitabine (Figure 2, 1), a prodrug
which is active after phosphorylation.”! The mechanism of action of gemcitabine is based on
its similarity to deoxycytidine (Figure 2, 2) and is therefore incorporated into the DNA, thereby
blocking the replication resulting in subsequent cell death.[”) This mainly affects rapidly
dividing cells, as is the case with cancer.!® Unfortunately, there are also healthy rapidly dividing

tissues such as the gastrointestinal mucosa, bone marrow and hair follicles."
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Figure 2: Gemcitabine and deoxycytidine.

This leads to a variety of side effects, the best known of which is probably hair loss.!'"]
However, in the specific case of PDAC, the cancer exhibits a high genetic heterogeneity,
resulting in an equally high chemoresistance.l'!! Thus, a new therapeutic strategy is necessary
to reduce the lethal nature of PDAC. One upcoming new approach is the inhibition of specific
epigenetic proteins because the initiation and progression of cancer is highly dependent on

epigenetic mechanisms.['?!

1.1.  Epigenetics

The term “epigenetics” is known since the 1942 and was introduced and defined by Conrad
Waddington as the interactions between genes and therein encoded proteins which are
responsible for the development of the phenotype.['*! With this definition Waddington included
all molecular pathways that regulated the expression of a genotype into a specific phenotype.!'*
Over the years as the research progressed and knowledge grew this definition changed and
became more accurate. Today epigenetics refers to the study of meiotically and mitotically
inheritable changes in the function of a gene without altering the DNA sequence.!'> These
changes are DNA modifications primarily in form of methylation of cytosine bases!'®! and
histone modifications. While DNA modifications are limited to methylation histone
modification include methylation as well as acetylation!!”), phosphorylation''®], ADP

1" ubiquitylation®® and SUMOylating.?!l The proteins involved in adding

ribosylation!
modifications are called “writers” while the “readers” recognize and the “erasers” remove those
epigenetic marks again.??! Acetylation marks, which occur on lysine residues,!'*! for example
are placed by histone acetyltransferases (HATs), whereas bromodomain containing proteins
(BRDs) recognize and histone deacetylases (HDACs) remove this modification.!*” In terms of
transcription acetylation marks play an important role since they neutralize the positive charge
of the lysine residue and weaken their electrostatic interaction with the negatively charged DNA

backbone.?’! Thus, the chromatin structure opens up and transcription factors can access

promotors of targeted genes (Figure 3).[*%
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Figure 3 Scheme of chromatin remodeling with DNA (black) and histones (blue).

1.2.  Bromodomain and extra terminal motif (BET)

The first bromodomain was reported the Drosophila protein brahma, which is the origin of its

name, in the year 1992.1%! Since then 61 bromodomains were found distributed among 46

proteins which were divided into 8 major families (Figure 4).[2%!
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Figure 4: Phylogenic tree of all 46 proteins containing 61 bromodomains. Numbers in brackets indicate the
amount of bromodomains in this specific protein.”!
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BRDs are found in a variety of nuclear proteins including HATs (e.g. p300/CBP)!*!), HMTs
(e.g. ASHIL)®"! and transcriptional coactivators (e.g. TAF1/TAF1L).2% One of the most
important family in regard of transcriptional activity is the bromodomain and extra terminal
(BET) family which consists of BRD2, BRD3, BRD4 and BRDT. While BRDT is only found
in male germ cells and the others are expressed ubiquitously. All of them contain two tandem

311 The bromodomain

bromodomains and one extra-terminal domain, as their name suggests.
itself is a conserved structure with approximately 110 amino acids that arrange in the form of
four a-helices (az, aa, as and ac) and two loops connecting oz with aa and op and ac, hence
ZA-loop and BC-loop. These two loops are packed against one another to form a surface

accessible hydrophobic pocket, which form the acetyl-lysine binding side (Figure 5).27-2!

Figure 5: Structure of BRD4 (1) in complex with a diacetylated histone peptide ligand (H4K12acK16ac) with the
four helices (grey), the loops BC (magenta) and ZA (orange) and the peptide ligand (cyan). The acetylated lysine
forms a hydrogen bond with the highly conserved asparagine N140 (green) and a water-mediated bond with the
tyrosine Y97 (green).”’ (PDB: 3UVX)

With these sides BET proteins recognize acetylated lysine residues on histone tails and recruit
transcription factors. For example, BRD4 recruits the positive transcription elongation factor
(P-TEFD) to the transcription start site, which then phosphorylates several other targets. This

leads to the activation of paused RNA polymerase II and elongation of transcription.?’! As such




Introduction

BET proteins play a crucial role in cellular proliferation and differentiation since they mainly

control the expression of growth promoting genes like oncogene MYC.3334

1.2.1. Inhibition of BET proteins

As described, BET proteins and BRD4 in particular control the progression of the cell cycle
and thus cell proliferation and cell differentiation. Dysregulation of this progress leads to
aberrant gene expression which is found in many diseases, cancer included.*! In the majority
of common cancer types BET proteins promote the overexpression of MYC oncogene.%! For
example, acute myeloid leukemia (AML) as well as solid tumors such as lung and pancreatic
cancer show a high expression level of MYC.*”) Although several studies could show, that
suppression of MYC expression is followed by tumor regression, a direct targeting approach
has remained unsuccessful so far.*®*3 But since MYC transcription is dependent on BRD4s
ability to bind to acetylated lysine residues the idea arose to target MY C indirectly by inhibiting
BRD4 or BET proteins in general.*>! The first reported BRD inhibitors, for example MS2126
(2a) and MS0745 (2b) all shared the same structural motif of an acetylated amine (Figure 6,
red) which is recognized by bromodomains. Although they have a rather weak affinity and thus
showed their inapplicability in clinical trials, they proved that BRD inhibition is generally
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Figure 6: Four BRD inhibitors. Top: Examples of the first molecules that bind to the CBP BRD with MS2126
(2a) and MS0745 (2b). These molecules share the same structural motif of an acetylated amine (red). Bottom:
Structure of JQ1 (3) and an unnamed BRD inhibitor. The triazole ring (blue) and the isoxazole (green) forms the
same hydrogen bond with the conserved asparagine as the acetylated lysins.3%4%)
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Subsequently more potential inhibitors were synthesized which resulted in the development of
the thienotriazolodiazepine (+)-JQ1 (JQ1, 3),14% the first potent inhibitor for BET proteins with
the highest affinity towards BRDA4.
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Figure 7: Selectivity pattern of JQ1 determined by DSF. Averaged temperature shifts are shown in °C upon
binding of 10 uM JQI1. Temperature shifts are represented by spheres. Bromodomains not included in the panel
[40]
are grey.

The main reason for this affinity is the triazole ring (Figure 6, blue) which forms the same
hydrogen bond with the conserved asparagine as the acetylated lysins.[*” The same applies to
the 3,5-dimethylisoxazole unit (Figure 6, green) shown in the first but unnamed BRDi 4 with
this moiety. Like the triazole in JQ1 the isoxazole is an acetyl-lysine bioisostere and binds to
the described asparagine as well.[*!! Of those inhibitors only JQ1 was tested in preclinical
studies and showed promising characteristics in the treatment of several cancers, including but
not limited to breast!? and pancreatic cancer.[**) Unfortunately its short half-life of one hour
prevents its clinical use and limits JQ1 to preclinical studies.'*¥ However, in those studies
amplification of JQ1 resulted in reduced cell growth by inhibiting MYC transcription and even
induced apoptosis.***1 Although the efficacy of the JQ1 treatment is highly dependent on the
cell type the results show the importance of BET in cancer treatment especially in those with a
pathological c-MYC activation.?*33! Other BETi with a longer half-life were already tested in

clinical trials mainly in phase I. Unfortunately, these trials only yielded mixed results so far.[*®!
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1.3.  Histone deacetylases (HDACsS)

As their name suggests HDAC are in charge of the elimination of the acetylation marks placed
by HATs. This action restores the electromagnetic interaction between the histones and the
DNA to repress the transcriptional activity. HDACs are known since 1969 when they were
discovered in the calf thymus extract.”*”] Since then 18 HDAC enzymes were found and divided

into 4 classes (Figure 8).

Figure 8: Phylogenic tree of all HDACs divided in their respective class (modified).[?]

The first class of HDACs include HDACI-3 and 8 (numbered in order of discovery) which are
located mainly in the nucleus (HDAC 8 is also localized in the cytoplasm) and expressed
ubiquitously. These HDACs play a central role regarding cell cycle control, tissue development
and cell proliferation. One study for example showed that HDAC1-null mice display general
growth retardation and serious proliferation defects. These mice died in early embryonic
stages.*”] The second class of HDACs is subdivided into class I1a and IIb. The HDACs 4, 5, 7
and 9 belong to class Ila and are more tissue specific than the first class and are primarily
expressed in the brain and muscles especially in the heart."®) HDAC 6 and 10 are members of
class ITb due to a unique presumably second catalytic domain both share.’!! They are primarily
expressed in liver, kidney and testis and involved in differentiation.’? HDAC11 cannot be

assigned to class I or class Il because its deacetylase domain shows homology to both classes.**
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Therefor it is considered to be its own class and so far the only member of class I'V. Like class
I HDAC: it is expressed in kidney, brain and testis but mostly nuclear as are the members of
class 1.2 All these HDACs are called classical HDACs because they share one specific
characteristic which is a Zn*" ion deep inside the HDACs binding pocked.** Class IIl HDACs
do not share this characteristic since they are NAD+ dependent enzymes and structurally
unrelated to the other classes. Additionally because of the substituted Zn>" ion they are not
inhibited by the classical HDAC inhibitors (HDACi) and are therefore not further discussed.!*”
The other HDACs also share a region of homology consisting of approximately 390 amino
acids which is the deacetylase core. This catalytic side is tube-like shaped, and its walls are
covered with hydrophobic and aromatic residues. The narrowest section of this pocket has a

spacing of only 7.5 A behind which the already mentioned Zn*" ion is located (Figure 9).5%!

Figure 9: Crystal structure of HDAC2 in complex with SAHA (green) which chelates the zinc ion (purple) inside
the catalytic side (PDB: 4LXZ).]

1.3.1. Inhibition of HDAC proteins

Due to the fact that histone modification affects gene expression by modulating chromatin
structure it comes with no surprise that aberrant histone acetylation is correlated with cancer
development and progression. Although HDACs are generally associated with gene silencing
and therefore considered transcriptional repressors, deletion or inhibition of HDAC is often
followed by a similar amount of up and down regulated genes.*® Additionally, HDACs are
also able to deacetylate non histone proteins for example the tumor suppressor protein p53
which is then accessible to ubiquitination followed by degradation.®® These results contribute
to the idea of targeting HDACs in cancer therapy as a supplement if not an alternative to

chemotherapy.
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And in fact, HDAC inhibition has antiproliferative effects by up-regulating cyclin-dependent
kinase (CDK) inhibitors or down-regulating cyclins and CDKs and thus inducing cell cycle
arrest.'"l In contrast to BETis the HDACis vorinostat (SAHA, 5), belinostat (6), panobinostat
(7) and romidepsin (8), were already approved by the FDA for the treatment of one specific
cancer type each (Figure 10).

H 0
(0] H N\ //()
N. //S AN N/OH
N o o H
0]

5 6

H
o (@)

/ OJS.M(
0 HN S HN 0

_OH S
HW” & A
N
’ o) N (0]
HN
7

H

T

8
Figure 10: Structures of SAHA 5, belinostat 6 and panobinostat 7 and romidepsin 8, approved HDACi.

While vorinostat and Romidepsin are both approved for treatment of cutaneous T-cell
lymphoma belinostat is applied to peripheral T-cell lymphoma. panobinostat on the other hand
is approved for multiple myeloma which means that so far no HDAC: is accepted for solid
tumors.[!! Except for 8 most of the synthesized HDACi bear resemblance to the aliphatic
acetyl-lysine substrate. These HDACis deliver a zinc-binding moiety either in form of a
hydroxamic acid or a benzamine to chelate the Zn?" ion deep inside the binding pocket. In order
to reach this ion the zinc-binding group is followed by a hydrophobic linker which ends in the

solvent-exposed capping group (Figure 11).1%]
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Figure 11:HDAC:is Trichostatin A (9) and Etinostat (10) with their zinc-binding group (red), the hydrophobic
linker (black) and the capping group (green).
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The different metal binding group has a major impact on the selectivity regarding the targeted
proteins. Most of the HDACi with a hydroxamic acid inhibit all classical HDACs and are
therefore called panHDAC: as for example panobinostat and vorinostat. The exceptions of this
rule contain an aromatic system near the zinc binding group which interacts with two
phenylalanine residues only present in Class I and II at their slenderest section (Figure 12, left).
The HDACIi with a benzamine moiety on the other hand form an additional hydrogen bond
which is only possible with HDACs of class I. This bond is formed between the amine NH and
the CO of a glycine only present in HDACs of class 1.1}] Another characteristic only present in
class I is the so-called foot pocket next to the catalytic side which is also exploited by some
HDAC: to raise activity and selectivity. One example is the C1994 derivative 12 which has an
additional thiophen group (Figure 12, right).®’l Compared to CI994 (13), this rather small

change increases the activity on HDAC]1 by a factor of 900,646
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Figure 12: Nanatinostat (11) and CI994 (12). 11 is a class I selective HDACi probably due to the aromatic
system (green) and a 12 a class I selective HDACi as well due to the thiophen (red) reaching in the foot pocket
next to the active side.

1.4. Simultaneous administration of two inhibitors

For a long time, drug development followed the old “one gene, one drug, one disease”
paradigm. In the last years, this paradigm has been challenged due to the discovered
compensatory signaling patterns that can counterbalance the effect of a drug, especially in
cancer. The logical conclusion of this is to consider multitarget strategies over single-target
approaches.!® Thus, several clinical studies combined HDACis with other drugs for example
cytotoxic agents like gemcitabinel®! and proteasome inhibitors.[®®) Unfortunately the
combination of gemcitabine with CI994 resulted in increased toxicity an no beneficial
effects.[®”) Regarding BETi only in vivo studies were performed so far. In these studies, BETi
were combined with targeted agents,[’% cell cycle inhibitors!’!! and inhibitors of DNA damage

repair'’?l amongst others.

10
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One rather new combination is the simultaneous usage of BETi and HDACi that shows
synergistic effects in several in vivo studies. The combination of JQ1 and panobinostat for
example was used to treat acute myeloid leukemia (AML) cells and showed a significant higher
percentage of apoptosis and reduced cell growth compared to each inhibitor alone

(Figure 13).1"3]
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Figure 13: Simultaneous treatment of AML cells with two inhibitors. Left: OCI-AML3 (blue) and MOLM13
(green) cells were treated with the concentration of indicated inhibitors for 48 hours and then apoptotic cells
(annexin V staining) were determined by flow cytometry. The * indicates a significant higher value with
combined treatment. Right: OCI-AML3 and MOLM13 cells were treated with the concentration of indicated
inhibitors for 48 hours, then washed and cultured for 7-10 days. Again combined treatment shows higher impact
than each inhibitor alone (both modified).[”’]

JQ1 was also combined with SAHA (5) and used to treat pancreatic cell lines. The results again
showed a significant synergistic effect on cell viability, demonstrating that this approach not
only seems to work in solid tumors but also indicate the susceptibility of pancreatic cancer to

the combination of epigenetic inhibitors (Figure 14)."
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Figure 14: Simultaneous treatment of pancreatic cells with two inhibitors. Left: Cell viability assay with the
effects of SAHA (blue), JQ1 (green) and combination of both (red) on DanG PDAC cells after 72 hours in
comparison to untreated cells (purple). Right: Quantification of apoptotic cell death in DanG PDAC cells
(annexin V staining) after treatment with SAHA (blue), JQ1 (green) and both combined (red) in comparison to
untreated cells (purple) (both modified).[!

It has been hypothesized that the reason for this synergy is due to hyperacetylation of histones
induced by HDAC:s. Since HDAC:s attenuate the transcription of growth promoting proteins
like c-MYC the hypothesis is that hyperacetylation of histones would increase the dependency
of cancer cells on BET regulated proteins of which c-MYC is a member. In conclusion the
application of HDACis renders cancer cells more susceptible to the activity of BETis.!"*]
Although these results are promising it is very difficult to transfer it to a living human being.
Application of two drugs simultaneously always bears the risk of unwanted drug-drug
interaction, complicates dosing scheduling as well as the pharmacokinetic properties. To bypass
these problems it has been shown that multitarget drugs can accomplish the same goal but
utilize a single compound, for example in the treatment of nonalcoholic steatohepatitis.!””!
Regarding dual BET/HDAC inhibitors the idea of developing those is not new, already being
investigated in 2013 by Atkinson et al./’% and in 2017 by Amemiya et al./”” Albeit both groups
developed molecules capable of inhibiting both targets no increase in activity compared to the

parent compounds could be observed.
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1.5.  Multi-target drugs

In order to synthesize a multi-target drug, there are basically only two different starting points:
A knowledge-based approach and a screening approach. Knowledge-based approaches use
existing data from known ligands that either bind to target A or target B, while the screening
approach largely relies on serendipity to find appropriate starting points. To obtain designed
multiple ligands (DML) especially when using the knowledge-based approach, two ligands that
bind A and B, respectively, are connected by a (cleavable) linker or even overlap if structural
similarities exist. The degree of overlap varies greatly from DML to DML but is always

accompanied by a reduction in molar mass and reduced structural complexity.[’®!

Figure 15: Possible types of DML: cleavable or non-cleavable linker, slightly overlapping or highly intermingled
pharmacophores (P) (modified).”®!

P1+ P2

000000

Serendipitous approaches start with high-throughput screening of large, diverse compound
libraries at one target. Each hit is then tested against the second target and even if there is only
a low affinity, those compounds can be used as a starting point for DML development. In
focused screening, a combination of the knowledge-based approach and screening approach,
compounds with a known activity on one target are screened against the other one. Again, only
weak activities are already a success. Regardless the approach, the identification of a compound
with a balanced and appropriate activity on both targets is highly improbable. Instead, a so
called “hit-to-lead” phase is required, in which the activity of the compound is enhanced,
balanced or undesired activities on other targets are reduced, depending on what is necessary.
The result of the lead generation phase is a compound that usually still misses the optimal ratio

of in vitro activities and may also show unwanted affinities on different targets (Figure 16).
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Figure 16: Strategies for the development of DML. In the lead generation phase starting compounds are provided
using knowledge-based or screening approaches. Those compounds can be highly selective with no or little
affinity at a second target or non-selective with one or more undesired activities. To obtain a DML lead
candidate the following strategy consists of “designing in”, “balancing” and/or “designing out” activities. The
subsequent lead optimization phase involves further challenges like global selectivity and pharmacokinetic
optimization. A and B represent desired activity, C undesired. Size of letter indicates the affinity (modified).”"’

In the following lead optimization phase the selectivity is further enhanced and the ratio of in
vitro activities is adjusted to obtain a well-balanced DML under the assumption that this is
necessary for a similar level of receptor occupancy in vivo. The optimal ratio is ultimately
clarified through the results of animal models and the feedback from clinical studies.
Additionally, those results are also used to optimize the pharmacokinetic profile and the

physiochemical properties to obtain a DML drug candidate.”!
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2. Objective

Although the already synthesized dual inhibitors show the possibility of targeting both proteins
with a single compound, they still do not present an increased potency. Nevertheless,
encouraged by these results, this work focuses on a different scaffold especially on a different
BETi to achieve an increased activity towards BET and HDAC proteins. While the previous
studies used either tetrahydroquinoline like I-BET726U or a rather new

el77.80]

NC-benzoyladenin structure as basis, JQ1 (3) will be part of the new generation of dual

inhibitors connected to either C1994 (13), vorinostat (5) or panobinostat (7) (Figure 17).
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Figure 17: Chemical structure of the planned JQ1-HDACi-adducts with JQ1 (red), HDACi (blue), overlapping
part (green), added linker (purple), and removed moieties (black).

The reason JQ1 (3) was picked is because of its high affinity towards the two binding domains
of BRD4 with a K4 of 50 nM and 90 nM to its first and second bromodomain, respectively.[”]
Additionally the tert-butyl ester of JQ1 is solvent exposed when bound which makes it destined
to be substituted by a HDAC inhibiting moiety. Regarding the HDACis two already approved
drugs were picked with 4 and 6. The last one, CI1994 (13), was chosen due to its different zinc-
binding group and coherently its class I specificity. Furthermore, the resulting inhibitor 14

includes a small overlap (Figure 17, green) which is not present in 15 and 16.
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For the second generation of dual BET/HDAC inhibitors the goal was to merge the inhibitors
instead of simply linking them. Since merging any HDACi with JQ1 seems to be impossible
because of no structural similarities JQ1 needed to be replaced by other BRDis that have
structural commonalities with HDACis. One inhibitor that fits that description is SGC-CBP30
(17)8Y, a compound that harbors a benzimidazole structure. That structure is very close to the
indole structure of panobinostat, and therefore suitable for merging (Figure 18). 17 was selected
despite the fact that it specifically binds to CREBBP (CBP) and EP300, two BRDs that are not
part of the BET family. Nevertheless, 17 still shows some activity on BET and it could be
possible to enhance that affinity by replacing the morpholine moiety (Figure 18, black) that

seems to be responsible for the selectivity.
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Figure 18: Chemical structure of the first merged potential dual BET/HDAC inhibitor 18 with SGC-CBP30
(red), panobinostat (blue) and overlapping structure (green) and removed moiety (black).

Additionally, the hydroxamic acid of 18 (Figure 18, blue) was replaced by the benzamine
structure of either C1994 13 or Etinostat 10 in order to gain class I selectivity, connected to the
basic structure by an amine or an amide bond. Finally, the chlorine atom and the methoxy group
were substituted by a hydrogen atom and a methyl group, respectively, which should increase

the affinity towards the BET proteins.
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Figure 19: Planned derivatives of 18 with a possibly higher selectivity.
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Since the compounds of the second generation are still quite large, there is hardly any room for
optimization. In order to be able to optimize a smaller BETi that selectively binds BRD4(1) in
the low three-digit nanomolar range was picked (Figure 20, 23). Additionally, compound 24

was chosen as well due to potential synthetic problems with the nitrile group in 23.
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Figure 20: Starting point of the third generation of dual BET/HDAC inhibitors.

To integrate the HDAC activity, either a benzamine or a hydroxamic acid was added without a
specific HDACi in mind. Naturally, the compounds incorporating benzamines still have a high

similarity to CI1994, due to its rather simple structure.
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Figure 21: Planned dual inhibitors of the third generation.
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At last, with PLX51107 (36) one more BETi was selected to be the basic structure of a dual
inhibitor. The distinction between 36 and 23 is that 36 is a pyrrolo[3,2-b]pyridine and 23 is a
benzimidazole, two different but rather similar structures. Apart from that, there are two more
reasons for this selection, first its low nanomolar activity and second its exposed carboxylic
acid similar to JQ1. A benzamine can be easily attached to this carboxylic acid to integrate the

HDAC activity.

36 37

Figure 22: Structure of PLX51107 (36) and the planned potential dual inhibitor 37.

18



Methods

3. Methods

3.1.  Synthetic strategy of the first generation

Synthesis of the BETi part is relatively easy since JQ1 is commercially available and has to be
hydrolyzed to obtain the desired carbonic acid 43. The synthesis of the first HDACi begins with
the introduction of a Boc-protecting group followed by a HATU coupling reaction with the
commercially available carbonic acid 40. Of the resulting compound 41 the Fmoc-protecting
group needs to be removed to obtain 42 which is then ready to be coupled with 43. In the final

step, only the Boc protective group needs to be removed to obtain 14 (Scheme 1).

NH, NH |, Q ) o
NH, a Nig,, + HO -~ N
~Fmoc Fmoc. H HN.
H H Boc
38 39 40 41

OH Boc
44 43 42
\f ’d
=
s. =N \S/ N_N
=\ “, N N ;\
OJ\N H o NH, 0”0
H Cl /*\
Cl
14 3

Scheme 1: Reaction scheme for the synthesis of compound 13. (a) DCM, Boc,O, rt, 16 h ; (b) DCM/DMF,
HATU, DIPEA, 1t, 16 h ; (c) DCM, morpholine, rt, 30 min ; (d) THF/MeOH/H,O, LiOH, rt, 16 h ;
(¢) DCM/DMF, HATU, DIPEA, rt, 16 h ; (f) DCM/TFA, rt, 45 min.
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The first step of the synthetic route was to selectively protect one amine of compound 38,
whereas due to the symmetry no distinction between the two available amines was necessary.
This reaction was performed with di-fert-butyl dicarbonate (Boc,O) dissolved in
dichloromethane (DCM) and added dropwise to a solution of 38 in DCM without any catalytic
amounts of a base and stirred for 16 hours (Scheme 2). In a first attempt of this reaction
triethylamine (TEA) and 4-Dimethylaminopyridine (DMAP) was added which resulted in the
protection of both amines. Depending on the expected yield, purification was performed either
by column chromatography or recrystallisation which resulted in a relative yield of 77 % or

62 %, respectively.

NH,, Boc,0 NH, H
NH, DCM N.
E—— Boc
16 h
0°C — 1t
38 39

Scheme 2: Selective protection of one amine of 38 with a fert-butyloxycarbonyl protecting group.

The resulting compound 39 was reacted with the commercially available benzoic acid 40 in the
presence of the coupling agent hexafluorophosphate azabenzotriazole tetramethyl uranium

(HATU) and N,N-diisopropylethylamine (DIPEA) (Scheme 3).

NH o) HATU o
N. DIPEA
Boc + HO _ N
Fmoc DCM/DMF H
N~ overnight, rt BOC/NH N/FmoC
H H
39 40 41

Scheme 3: Amide coupling reaction of 39 and 40 with HATU and DIPEA.
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An important step in this reaction is not to add the amine immediately, but to wait so that the

active ester can form (Scheme 4).3?!

o o N7 ) N=N
(0] U _N ~
N5 R73°07 NG R0
| N - @/‘ | |T| N /
XN 0 :, N2
\ 2 N\ N R "H O-Acyl active ester
N7 ) O
N74 T\ | N
0 @\ Z N \N)J\N/
e I
R O
1 |
R ‘7‘ )< N=N
N Y N
H HQN R™Y Lo N

Scheme 4: Mechanism of N-acylation with HATU.[%I

First the deprotonated acid function attacks the positively charged carbon of HATU and
generates the reactive O-acyl active ester by rearrangement. The amine is then added and reacts
with the active ester to form a peptide bond to give the desired product.

The following step included the removal of the Fmoc protective group (Scheme 5). Although
this reaction is normally performed with piperidine it turned out that morpholine provides the

significantly better yields here (86 % instead of 68 % or even 0 %).

_Fmoc DC
N
H

45 min, rt

Scheme 5: Removal of the Fmoc protection group with morpholine.
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In order to couple 42 to JQ1, JQ1 needed to be hydrolyzed to afford 43. To do that, JQ1 was
dissolved in a mixture of THF/MeOH/H>O and reacted with LiOH overnight (Scheme 6).

S >:N
j LiOH
\N ",
)\ THF/MeOH/H20
o~ O overnight, rt
Cl 4\

Scheme 6: Hydrolysis of JQ1 with LiOH.

The second to last step is the crucial one, because of its low yield of only 56 % after optimizing

the reaction (Scheme 7).

S '}:'\l
N
HATU L/ f 0 /@
DIPEA -,
N7
DMF 4}\ /©)L HN.
OH overnight, rt @) H Boc
Cl
44

Scheme 7: Amide coupling reaction of 42 and 43 with HATU and DIPEA.

Iz

In the last step the Boc protecting group was removed with trifluoroacetic acid (TFA) to obtain
the final compound 14 (Scheme 8). The yield here was 64 %, giving a yield of 8 % over all

reactions.

H

S5 A § R

30 min, rt
Cl
44

Scheme 8: Removal of Boc protecting group with TFA.
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The synthesis of the second JQ1 adduct starts with another HATU coupling reaction to obtain
compound 47 followed by the removal of the Boc protecting group. Then the JQ1 adduct is
formed by yet another HATU coupling reaction. To reach the desired final stage with
hydroxamic acid function there are at least two possibilities from this stage on. The first
possibility starts with the hydrolysis of the ester followed by a coupling reaction with
2-(Aminooxy)tetrahydro-2 H-pyran (OTX) and the deprotection to obtain the hydroxamic acid.
The second possibility converts the ester directly into the hydroxamic acid under the use of

hydroxylamine hydrochloride and sodium methoxide (Scheme 9).

o]
NH o NH
2 . o a Wo/
Boc. HO Boc. o
N o N
H H
45 46

47

b
\S '}:,\’jl“ N\ H ‘ i
/ f W/ NWO/
Wy A |

) o)\o A )\ ’ 48
07 oH
cl o
43
3 ‘d
S =N
s_ /=N N_N
\ N._N \ / J/ H (0]
4 o}
J/ H € =~ NY\/\/\)'L e
= N~ Hoy VA °
o)\N/©/ ° R °
Cl 49
Cl 50
S N\N S N\N
I ZN | _N
4 j H 0 g 4 j H o
<\ Q/NY\/\/\)LN/O 0 -2 . <\ NWL OH
NG IO :
O)\N ° O)\N °
H H
cl cl
51 15

Scheme 9:Reaction scheme for the synthesis of compound 14. (a) DCM/DMF, HATU, DIPEA, 1t, 16 h ; (b)
DCM/TFA, tt, 45 min ; (c) THF/MeOH/H,0, LiOH, rt, 16 h ; (d) DCM/DMF, HATU, DIPEA, rt, 16 h ; (e)
THF/MeOH/H0, LiOH, rt, 16 h ; (f) DCM/DMF, HATU, DIPEA, OTX, rt, 16 h ; (g) DCM/TFA, rt, 45 min ;
(h) NH,OH*HCI, NaOMe, -78 °C, rt, 3 h.
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This synthetic route started with a coupling reaction between the commercially available

compounds 45 and 46 in the presence of HATU and DIPEA (Scheme 10).

0]

NH, O HATU NH _
. o DIPEA 0
Boc. HO Boc. (6]
N o DCM/DMF N
H overnight, rt H
45 46 47

Scheme 10: Amide coupling reaction of 25 with HATU and DIPEA.

After removal of the Boc protection group the resulting compound 48 was coupled with 43 in

the presence of HATU and DIPEA (Scheme 11).

47: R = Boc
I
48: R=H
Scheme 11: Reaction scheme for compound 49. (a) DCM/TFA, rt, 45 min ; (b) DCM/DMF, 16, HATU, DIPEA,

rt, 16 h.

After obtaining compound 49 there are at least two possibilities to afford the desired compound
15. The first possibility contains three reaction steps starting with the hydrolysis of the ester.
The resulting carbonic acid is coupled with OTX in the presence of HATU and DIPEA to afford
51 which converts to the desired compound 15 after treatment with TFA (Scheme 12). The

combined yield over all three steps was 18 %.

»N

T Y

49: R = Me 51: R =0TX
a c
50:R=H 15: R =OH

Scheme 12: Reaction scheme for compound 15. (a) THF/MeOH/H,O, LiOH, rt, overnight ; (b) DCM/DMF,
OTX, HATU, DIPEA, rt, 16 h ; (¢) DCM/THF, rt, 45 min.

Cl

In contrast to the first, the second possible synthetic route contains only one step. Here
compound 49 is converted directly into compound 15 with hydroxylamine hydrochloride and
sodium methoxide. The reaction starts at -78 °C and is warmed to room temperature over the
course of 3 hours. Although the route consists of only one step, the yield of 26 % is only slightly
higher compared to the first one (Scheme 13).
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>\N SN =N
/ NH,OH*HCI 2R o
j/ NaOMe — H _OH
=N © N N
BN g H
N
H

MeOH, 3 h
-78 °C — 1t

Cl Cl
15

Scheme 13: Direct conversion of the ester 49 to hydroxamic acid 15.
The synthetic route of the last JQ1 adduct starts with a Staudinger reaction to convert 52 into
the required amine 53. The here following steps are the same compared to the synthesis of
compound 15. First the coupling reaction with HATU and DIPEA to provide 55 succeeded by

the two ways of forming the hydroxamic acid 16 (Scheme 14).

(0]
(¢]] /’\ cl

Cl

™ — "L
[e) N (6] N
cl AN o7 0 cl A oH

Scheme 14: Reaction scheme for the synthesis of compound 15. (a) DMF, NaN3, 80 °C, 2 h ; (b) THF/H»0,
PPhs, rt, overnight ; (c) THF/MeOH/H,0O, LiOH, rt, 16 h ; (d) DCM/DMF, HATU, DIPEA, rt, 16 h ; (e)
THF/MeOH/H,0, LiOH, rt, 16 h ; (f) DCM/DMF, HATU, DIPEA, OTX, rt, 16 h ; (g) DCM/TFA, rt, 45 min ;
(h) NH,OH*HCI, NaOMe, -78 °C, rt, 3 h.

The first two reactions are part of the Staudinger reaction. The synthesis named after Hermann

Staudinger is a method for the preparation of primary amines from halogen alkanes.!®! In the

first step of this two-step synthesis, halogen alkanes react with sodium azide to replace the
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halogen atom with an azide. The following reduction with triphenylphosphine and the
subsequent aqueous preparation yields the desired primary amines. However, in this reaction

the desired primary amine was precipitated with HCI dissolved in diethyl ether (Scheme 15).

—— 52: R=Br 54

L > 53:R=Nj

Scheme 15: Reaction scheme of the Staudinger reaction. (a) DMF, NaNj3, 80 °C, 2 h ; (b) THF/H2O, PPhs, tt,
overnight, HCI (1 M in diethyl ether).

The driving force of this reaction is the formation of elemental nitrogen and triphenylphosphine
oxide. Yet, the Staudinger reaction is only suitable as a laboratory method, since

triphenylphosphine oxide is formed stoichiometrically (Scheme 16).

+
h
. +,//N/-\<\ ~ . . o
N P—Ph L N
N / N.
Ph \I\i\\N

|
+PPhj

N>
H,0
NH, N.
*PPh,

0=PPh;

Scheme 16: Mechanism of the Staudinger reaction.
After obtaining compound 54 the now following steps are equivalent to the synthesis of 15.

After coupling to 43, the resulting compound 55 can either be processed in the three steps

described above (Scheme 17) or converted directly into the final product (Scheme 18).
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-

N N
N
. b = ‘e
(@) N
(0] H H H
o) (0]

—— 55: R =Me —— 57:R=0TX
a c

L > 56:R=H —— 16: R=OH

Scheme 17: Reaction scheme for compound 16. (a) THF/MeOH/H,0O, LiOH, rt, overnight ; (b) DCM/DMF,
OTX, HATU, DIPEA, rt, 16 h ; (¢c) DCM/THF, rt, 45 min.

s>:N
N

N
\ \
) NN NH,OH*HCI LN
) NaOMe — .
\N ‘v, > N ‘r
)\ MeOH, 3 h )\
0 H -78 °C — 1t 0o H H
55 o 16 ©

Scheme 18: Direct conversion of the ester 55 to hydroxamic acid 16.
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3.1.1. Optimization of the synthetic route of 14

Compound 14 showed very promising results (see chapter 4.1.) and was therefore synthesized
multiple times. In order to obtain as much product as possible every reaction step was performed
under several different conditions. For the first reaction (Scheme 2) the highest yield was
obtained if no additional base was added while with TEA and DMAP both amines were
eventually protected (Table 1). Although a yield of 77 % (or 62 % due to recrystallisation,
respectively) is still not as high as it could be, the reaction is effortless to carry out and the

educts are very favorable, so that further optimization is not necessary.

Table 1: Reaction conditions for the synthesis of 39

Amount of Solvent Bases Absolute. yield | Relative yield
38 [¢] DCM [mL] [g] [7o]
0.2 36 TEA/DMAP 0.065 17
0.2 18 TEA/DMAP 0.126 33
0.2 9 - 0.250 65
1.0 45 - 1.48 77
5.0 225 - 5.93 62

For the second reaction (Scheme 3) several different conditions were tested not only to optimize
this reaction but also to obtain conditions worth testing for reaction number four, which is an
amide coupling reaction as well (Table 2). The higher yields were obtained with the coupling
reagent HATU in combination with DIPEA and an activation time of approximately 2 h.
However, a larger batch size led to a dramatic loss of yield, despite the use of HATU and
DIPEA. The probably best result of 86 % was achieved with a batch size of 0.5 g and DMF as
the only solvent. The yield of 95 % is placed in parentheses because true yield was not definable

since here the product still included minor impurities.
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Table 2: Reaction conditions for the synthesis of 41

?fn;((ﬁ; Solvent | proportion | Coupling agent Base | eq Acti[\gtion Yield [%]
0.1 DCM/DMF | 1:1 EDC/HOBt DIPEA | 1.2 1 -
0.1 DCM/DMF | 1:1 EDC/HOBt DIPEA | 1.2 1 -
0.1 DCM/DMF | 1:1 HATU TEA | 1.2 2 -
0.1 DMF EDC/HOBt DIPEA | 2.4 2 17
0.1 DCM HATU DIPEA | 1.2 1 68
0.1 DCM HATU DIPEA | 1.2 1.5 74
0.1 DCM/DMF | 1:1 HATU DIPEA | 2.4 1 76
0.1 DCM/DMF | 1:1 HATU DIPEA | 2.4 2 77
1.0 DCM/DMF | 1:1 HATU DIPEA |2.4 2 27
1.0 DCM/DMF | 1:1 HATU DIPEA | 2.4 2 45
0.5 DCM/DMF | 1:1 HATU DIPEA | 2.4 2 (95)
0.5 DMF HATU DIPEA |2.4 2 86

Although the third reaction (Scheme 5) is a well-known deprotection step, the achievable yield
may depend on the compound that needs to be deprotected and the base used. Here the

deprotection with piperidine showed unreliable results from 0 % to 68 % yield but worked with

morpholine even without additional solvent (Scheme 3).

Table 3: Reaction conditions for the synthesis of 42

Solvent Base Proportion Yield
DCM/DMF Piperidine 5:4:1 68 %
DCM/DMF Piperidine 2:2:1 25 %
DCM/DMF Piperidine 2:2:1 64 %

DCM Piperidine 1:1 -
DCM Morpholine 1:1 80 %
- Morpholine - 86 %

As mentioned before beneficial conditions in the first amide coupling reaction were also tested
in the next reaction (Scheme 7). Unfortunately, the outcome of this reaction is hard to predict
and even with every condition the same the yield varies between 14 % (lowest) and 56 %
(highest). In the end this reaction was not optimized further because enough product was

eventually obtained (Table 4).
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Table 4: Reaction conditions for the synthesis of 44

Alnéo[l;?;]o ' p?g;l)‘c/)itnit)L Activation [h] Base |eq | Yield %
102 DCM/DMF | 1:1 1 DIPEA | 1.1 38
133 DCM/DMF | 1:1 1 DIPEA |2.4 40
200 DCM/DMF | 1:1 0.5 DIPEA | 2.4 40
50 DCM/DMF | 1:1 2 DIPEA | 2.4 50
131 DCM/DMF | 1:1 2 DIPEA | 2.4 55
100 DMF 0.5 DIPEA | 1.2 56
100 DMF 0.5 DIPEA | 1.2 48
100 DMF 0.5 DIEPA | 1.2 14

The last reaction is the removal of the Boc group (Scheme 8) and due to its simplicity, there are

hardly changeable conditions. The only condition changed was the temperature which was

reduced from room temperature to 0 °C while adding TFA. This measure resulted in a yield

increase from 60 % to 76 %. In total over all reactions, the yield was increased from 8 % to

24 %.
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3.1.2. Additional JQ1-adduct.

The relatively low yield in the fourth step of the synthesis could be due to the aniline 42 used,

with which a higher yield may not be possible. In general anilines exhibit a lower basicity

because the nitrogen lone pair is partly delocalized into the n-system. However, since a higher

basicity is advantageous for the HATU coupling reaction, aniline 42 was replaced by

benzylamine 60, which should lead to a higher yield and hopefully maintains its inhibitory

effect. The complete synthetic route is shown in Scheme 19.

NH2
oo
38

Cl

Cl

Scheme 19: Reaction scheme for the synthesis of compound 62. (a) DCM, Boc,O, rt, 16 h ; (b) DCM/DMF,

NH, H

39

“Boc

HN

Boc

(0]
N.
Fmoc
58

—_—

‘c

60

HATU, DIPEA, rt, 16 h ; (¢) DCM, morpholine, rt, 30 min ; (d) THF/MeOH/H,0O, LiOH, rt, 16 h ;

(e) DCM/DMF, HATU, DIPEA, rt, 16 h ; (f) DCM/TFA, tt, 45 min.

e
Fmoc™ “Boc
59

(0]
+
N
H,oN HN .
Boc
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3.2.  Synthetic strategy of the second generation

The first part of the synthetic route of these compounds started with a Suzuki reaction followed
by a nucleophilic aromatic substitution at the fluorine with three different amines. In the next
step the nitro group is reduced to the amine so it can be part of the following HATU reaction to
form the amide. In case of 71 the ring closed itself during the HATU reaction and the last step
here is to oxidize the acetal to form the aldehyde 72. However, the ring closure was a separate

reaction for 73 and 74 in which their respective protective groups were removed as well to
obtain 75 and 76 (Scheme 20).

. N.
o, b e
Br NO, N : N NO, N NHz
o o) o)
63 64 65:R,= A 68:R, = A
66: R, =B 69:R, =B
67:R;=C 70:R,=C
J
R, R, d
. o o~ Ry
A Y A _~UNH, —~ N
O N
p 2 N
7 N 0 N H
5 H s o N \ o o}
’/\/N\Boc \AOH o i Cl ‘
7 73:R, =B
74:R; =C

R2
N
N /
/ N o
Z N Q N\/ | \
N \ o ol
75:R, = A
76: R, = B

Scheme 20: Reaction scheme for the first half dual inhibitors. (a) DME, NaHCO3.q), 77, Xphos palladacycle
Gen 3, 80 °C, 3 h ; (b) THF, corresponding amine, DIPEA, rt, overnight ; (c) EtOH, EtOAc, Pd/C, Ha, 1t, L h ;
(d) DMF, HATU, DIPEA, 82, rt, overnight ; (e) dioxane/4 N HCI, reflux, overnight ; (f) DCE, H,O, TFA

32



Methods

The first step of this reaction route was a Suzuki reaction, which is a palladium catalyzed cross

coupling reaction. Here it was used to react 63 with the boronic ester 77 to form 64 in a good

yield of 83 %.

/@ Xphos Pd
DME NaHCO3(aq) N\
@)

80°C,3h

63

Scheme 21: Reaction scheme for the Suzuki reaction to obtain 64.

In this reaction XPhos-G3-Palladacycle (Figure 23, 78) is used as a precatalyst, which means

that the active LPd(0) species is generated in situ.® The activation of the precatalyst is

performed by a suitable base such as NaHCO3; which deprotonates 78 and forms the key

intermediate Pd(II) complex I. In the next step the reductive elimination occurs which produces

the kinetically active LPd(0) species (Figure 23, bottom).[®!

00

1l
—S-0-Pd—NH

base O
—= -

MsO-Pd——NH,

I I

I o _ I

| I !

I I

I I

< [ O |

L\ “ reductive

HOMs-base Pd"—NH elimination

|
L

Figure 23: Structure of the precatalyst Xphos Pd Gen. 3 (78) and mode of activation of 78.
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Since the Suzuki reaction and other cross coupling reaction as well are palladium catalyzed the
kinetically active LPd(0) species needs to be regenerated in a catalytic cycle (Figure 24). This
cycle starts with the oxidative addition of an aryl halide to the Pd(0) species followed by the
transmetalation in which a second aryl is transferred from a boron to the palladium. The last
step completes the catalytic cycle and yields the desired biaryl and restores the Pd(0) species in

a reductive elimination. 8¢

Arl-Ar2 Ar'X
e L,Pd°
Reductive Oxidative
elimination addition
/Ar1 /Ar1
L,—Pd ‘a2 Ln_Pd\X

Transmetallation

X-B(OR), Ar’B(OR),
+ base

Figure 24: General catalytic cycle of a palladium catalyzed cross coupling reaction, X = halide L, = ligand

The resulting compound 64 was then reacted with three different amines (Figure 25) in the
presence of DIPEA (Scheme 22). This reaction is a nucleophilic aromatic substitution and
affords the compounds 65, 67 in high yields of 96 %. In case of 66 the yield is only 60 %

probably due to the fact that the corresponding amine 80 was present as hydrochloride.

O o}
H2N ~N HCI H J<
/\g\ HZN/\/N\BOC HZN\)J\O
79 80 81

Figure 25: Amines used in the nucleophilic aromatic substitution.
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F THF H
J\ DIPEA N J\o
+ H-N B —————
Y NO, 2 |

rt, over night N 7 ’ NO,

64 79 65

Scheme 22: Nucleophilic aromatic substitution using the example of 79 to afford 65.
The following reaction is performed with hydrogen and palladium on carbon in order to reduce

the nitro group (Scheme 23). For the success of this reaction, it is crucial not to let the reaction

stir too long, even if educt is still present, otherwise the isoxazole will be reduced as well.

o~ o~
H Pd/C, H, H
N J\O EtOH/EtOAc N J\o
| — |
NG NO, t, 1 h N NH,
\ ’ \
65 68

Scheme 23: Reduction of nitrobenzene using the example of 65 to afford 68.

The resulting anilines 68-70 were reacted with 82 and HATU to form the desired amides in
yields from 63 % to 83 %. In the case of 68, the reaction did not stop at the amide stage, but
rather completed the intramolecular conversion to the benzimidazole 71 already during this

reaction in a yield of 84 % (Scheme 24).

O
H HATU
N\)\o HO DIPEA N
I ’ — P
o  DCM/DMF / N )
N\/ | NH; | overnight, rt N | \
o Cl e}
82
H o HATU
N~ -Boc H OJ\/\Q\ DIPEA NHy
+
H
DCM/DMF Y N
N I NH, (|) overnight, rt N\ I H J\/\Q\

69 82 73

[@JIN

Scheme 24: HATU reaction using the example of 68 which directly converts to the benzimidazole 71 and HATU
reaction using the example of 69 to obtain 73.
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Compound 71 was then treated with TFA in HoO/DCE which should result in the formation of
the aldehyde 72 (Scheme 25). Although MS initially indicated the success of the reaction, the
aldehyde 72 could neither be isolated nor used in the following reaction without purification,

as the aldehyde was either oxidized to carboxylic acid or reduced to primary alcohol.

o— e}
//< _ TFA ///<
N H,0/DCE N M
7 — /
, N O reflux, 2 h N
N | \ N %
Cl
71 cl 72

Scheme 25: Attempted formation of aldehyde 72 with TFA.

For this reason, the synthetic route was changed and 79 was replaced by 80 in order to obtain
the amine 75 instead of the aldehyde 72. In principle, this does not change the execution of this
synthetic route except for a separate reaction to close the ring during which the protecting
groups are removed as well (Scheme 26). The same applies if 81 is used to obtain the carboxylic

acid 76.

_.B

//\ N oC /)N H2
dioxane/4 N HCI N
overnlght reflux J N/ o
N \
© o
75

Scheme 26: Ring closure and removal of protecting group using the example of 73 to obtain 75.
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The second half of this synthetic route is to implement the HDAC inhibiting group. In the case

of 18, this is performed by a reductive amination which is the reason why it was possible to use

75 instead of 72 and still obtain the desired compound 84. This reaction is again succeeded by

the two possible ways of forming the hydroxamic acid to obtain the final compound 18

(Scheme 27).
NH,
~ i
N A o~
/ +
H
N ] N>_\_Qio\ I
© ci
75 83

HN

2 OH
o /
(@] —
b
HHN
N
V
\
Cl
85

7 o  H
NH N‘OO
— = (e}
d
HN

HN - /J
V,

N/J N

2\ : > \ <:2
Nij\l/CEN O\ NéICEN O\

18 Cl

Cl
86

Scheme 27: Reaction scheme for the synthesis of compound 18. (a) THF, AcOH, NaBH4, rt, overnight ; (b)
THF/MeOH/H,0, LiOH, rt, 16 h ; (¢c) DCM/DMF, HATU, DIPEA, OTX, rt, 16 h ; (d) DCM/TFA, rt, 45 min ;

(¢) NH,OH*HCI, NaOMe, -78 °C, rt, 3 h.
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The reductive amination between 75 and 83 was carried out multiple times with the yield
varying between 22 % and 55 %. The best results were obtained when THF was mixed with a
small amount of acetic acid and used as a solvent (Scheme 28). This is comparable to the

Eschweiler-Clarke reaction, in which formic acid serves both as a proton source and as a

hydrogenating agent.[®”!

o, /
(o]
NH, HN
H o]
N X NaBH, N
4 TN > 4
Y N o) THF/AcOH g N o)
N\ / \ o rt, overnight Nb ’ \
(o]
Cl
75 ¢l 83 84

Scheme 28: Reductive amination of 75 and 83 to form 84.

After the synthesis of 84 there are again the two previously described possibilities for the
preparation of hydroxamic acid. However, the first possibility did not work here due to
solubility issues, which is why a different synthetic route had to be found in the first place.
After hydrolysis of the ester, the resulting compound 85 proved to be insoluble in DMF and

hardly soluble in DMSO, so that the following HATU coupling reaction was impossible
(Scheme 29).

8 o_ H
: 0
b
— ¢ >
HN HN
N
/ 7

N N o a N o
0 cl © cl

—— 84:R=Me 86

Scheme 29: Reaction scheme for the synthesis of compound 86. (a) THF/MeOH/H,0, LiOH, rt, 16 h ; (b)
DCM/DMF, HATU, DIPEA, OTX, rt, 16 h
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The alternative found was the direct conversion of the ester (Scheme 30) which is the better
option in every way. Since it is only one reaction instead of three there is a huge time saving,

and the yield is higher as well. For this reason, this reaction became the standard when

synthesizing hydroxamic acids.

OH
(0] / (@) /
0 NH
_— —
NH,OH*HCI
NaOMe
HN > HN
/J MeOH, 3 h /)
-78 °C — 1t
N N
/
N/ O 74 N O
N ] \ N \
t (0]
Cl 18 Cl
84

Scheme 30: Direct conversion of 84 to obtain final compound 18.

Regarding the planned compounds 19-21 two of the required HDACi parts were already
synthesized with 42 and 60, respectively. The synthetic route for the still required HDACi part
started with yet another HATU coupling reaction but this time the amine was added right from
the start (Scheme 31, top). This measure was taken to minimize the formation of the ester 89

(Scheme 31, bottom) as a side product. Additionally, HOBt was added here which resulted in

a higher yield.
HATU/HOBt
HO HN,Boc DIPEA HO y |_|N,Boc
OH + HoN N
DCM/DMF
0O rt, overnight (0]
87 39 88

HO
@(O
o) \©\H/OH
o)
89

Scheme 31: Amide coupling reaction of 87 and 39 with HATU, HOBt and DIPEA with the potential side
product 89 of the reaction above.
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In the following step 88 was reacted with trifluoromethanesulfonic anhydride (Tf20) in the
present of pyridine and DMAP (Scheme 32). Through this reaction the hydroxy group gets
replaced by a triflate which is the better leaving group and enables the arylation of 75.

Tf,0
HO .Boc 2 TfO .Boc
H HN pyridine/DIPEA H HN
N . N
o DCM, overnight o
-10 °C — 1t
88 89

Scheme 32: Synthesis of triflate 89 from phenol 88.

In the next reaction 75 is reacted with 89 in the presents of Xphos Pd Gen. 3 and cesium

carbonate to obtain 90. After this only the Boc group needs to be removed to obtain the final

compound (Scheme 33).

NH
oc Xphos Pd G. 3 HN (0]
CSZCO3
\© toluene N
Vi
80 °C, overnight ) N 0
N \

89 0] i
TFA, DCM ’: 90: R = -Boc
m1h 19:R = -H
Scheme 33: Palladium catalyzed arylation of 75 followed by the removal of Boc-protecting group to obtain final

compound 19.

The next two compounds of this generation are synthesized the same way, whereby 76 is linked
once with 42 and once with 60 in a HATU coupling reaction. Again, the last step is the
deprotection of the amine which is performed with TFA in DCM (Scheme 34).
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o)
N
H
o) / HN,
7 N 0 R
N N \
o
0 LNTIR cl
///< HoN Boc
OH HATU TFA, DCM 91:R =-Boc

N 42

rt, 1 h
p N DIPEA : 20:R=-H
NG l N 0\ DCM/DMF
\O (o) overnight, rt
cl
. A
HoN H HN ®/ 7//@/\ /ZS

60 &@E%\—Q

TFA, DCM 92: R = -Boc

1h 21:R=-H

Scheme 34: HATU coupling reaction followed by the removal of the Boc-protecting group to obtain the final
compounds 20 and 21.

The last compound of the second generation is basically synthesized the same way, whereby
70 is linked to 91 instead of 82 (Scheme 35) in the fourth step of the synthetic route described

in Scheme 20 with the difference that from now on only DMF is used as solvent.

K

HATU
N\)J\ )< i DIPEA OﬁH
DMF o
overnight, rt N\/ ] H)J\/\©\
91 ©
92

Scheme 35: HATU reaction of 70 and 91 to obtain 92.

Following the same reactions as before the final compound 22 is obtained in the end. As HDACi
part 42 was used again (Scheme 36), because the corresponding final compound 20 showed the

most promising results in testing (see chapter 4.2.).

O o [0}

HATU ///<

/© _DIPEA NN
DMF ) N/ HN -
N overnight, it N |

O

O” N

42
TFA, DCM 94: R = -Boc

. 1h 22:R=-H

Scheme 36: HATU coupling reaction followed by the removal of the Boc-protecting group to obtain the final
compound 22.
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3.3.  Synthetic strategy of the third generation

The synthetic strategy of the third generation is partially same as for the second one (see chapter
3.2.). In order to obtain the compounds 25 - 33 the first half of this route starts again with a
Suzuki reaction, this time with 63 and its constitutional isomer 94. In the first of the two next
possible steps the fluorine is replaced by an amine to afford 96 after which an additional reaction
step of protection is necessary before the nitro group is reduced. Then, after another HATU
coupling reaction to obtain 99, the ring closure and removal of either both protecting groups or
just the Boc group can be done in one reaction step to yield 100 and 101. The other possible
step after the Suzuki reaction and the steps after that are basically the same as for the second
generation with one exception. The reduction step was no longer performed with palladium on
carbon, but with tin(II) chloride.

R NO, R NO, R NO, R NH,

2 2 2

63:R;=H:;R,=Br 64:R;=H;R,=A 102: R =H;R,=A;R;=ClI 106: R, =H;R,=A;R;=Cl
94:R;=Br:R,=H 95:R;=A:R,=H 103:R;=A;R,=H;R;=Cl 107:R; =A;R,=H;R;=Cl
104:R;=H;R,=A;R;=CN 108: Ry =H;R,=A;R;=CN
105:R;=A;R,=H;R;=CN 109: R, =A;R,=H;R;=CN
b
\.
NH, N/,’/:A

N
“B X
oC 40— e} R3
7 NO:.
7 NO. N 2
N 2 Y I
o]
97 96 D[
d m

E‘Boc
NH 110:R;=H;R,=A;Ry=

H
(o]
N-Boc 11:R, =A;R,=H; R;—Cl
¢/ 112:R,=H;R, = A;R, = CN
N NH, . N o
. b - 113:R,=A;R,=H;R;=CN
98

Iz

H R4 N
h@j ﬁ&@_f
7 N R N
N : 0-R,
100: R, =H 114:R,=H;R,=A;R;=Cl;R,=H
101: R, = CH, 115:R;=A;R,=H;R;=Cl; R, =H
116:R;=H;R,=A;R;=CN;R;=H
117:R;=A;R,=H;R;=CN;R,=H
118 :R,=H;R,=A;R;=Cl;R,=CH,

Scheme 37: Reaction scheme for the first half dual inhibitors. (a) DME, NaHCO3(aq), 77, Xphos palladacycle Gen 3, 80 °C,
3 h; (b) EtOH, NH3 agq) (25 %), 75 °C, overnight ; (c) THF, NaH (60 % on mineral oil), Boc20, rt, 1 h ; (d) EtOH, EtOAc,
Pd/C, Ha, 1t, 1 h ; (e) DMF, HATU, DIPEA, 120, 1t, overnight ; (f) dioxane/4 N HCI, reflux, 30 min ; (g) THF, corresponding
amine, DIPEA, rt, overnight ; (h) EtOH, SnCl>*H:0, reflux, 4 h ; (i) DMF, HATU, DIPEA, 120, rt, overnight ; (¢)
dioxane/4 N HCI, reflux, 2 h
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Although the first reaction is basically the same as before it is still worth a closer look because
with 94 the yield is only 45 % in comparison to 83 %. Since the only difference is the position
of the bromine in relation to the other substitutes, the reason for the lower yield must be related
to this. In fact, the reason is to be found in the directing effect of the nitro group and the fluorine.
While a nitro group favors a substitution in meta position, a fluorine group directs in ortho and
para position both from the point of view of the respective substituent. In case of 63 the bromine

is in the right position, whereas in 94 it is the exact opposite (Figure 26).

F

( NO,

R
Ry

63:R;=H;R,=Br
94:R;=Br:R,=H
Figure 26: Directive effects of the substituents of 63 and 94.

In the next step the fluorine is substituted by an amine, which is achieved with an excess amount

of ammonia solution.

F
NH3 aq
2
N™ | NO HOH
) 75 °C, overnight
64

Scheme 38: Substitution reaction of 64 to obtain 96.
Before the nitro group could be reduced the amine had to be protected. Despite its easy nature

this reaction was rather challenging because the amine became protected twice as main product

(76 %) which prevented the following reactions from working properly.

Boc
NH, Boc,0 ,{j
DIPEA, DMAP “Boc
7 NO
N ? DCM N NO,
O reflux, overnight bo)
96 119

Scheme 39: Reaction conditions that lead to double Boc protection and yielded 119.
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First, the reaction was repeated with a smaller amount of Boc,0, which increased the yield of
the desired product from 25 % to 45 %, but still produced 119 as well and left educt behind. By
using sodium hydride, an alternative route was found to produce the desired product with a

yield of 79 % without the occurrence of double protection (Scheme 40).

NH2 BOCzo
NaH
N ] No: e
(0] 0°C — rt 1h
96

Scheme 40: Single protection of 96 to afford 97.

The following reduction of the nitro group and the subsequent HATU reaction were performed

as before.
I?oc

HATU NH,

_DIPEA

DMF H

overnight, rt O
0

EtOH, EtOAc =-NO; 99
Pd/C,1t, 1 h 98: R = -NH,

Scheme 41: Reduction of 97 with Pd/C and H» followed by a HATU reaction to afford 99.

Although the last step is the same as before, the outcome is slightly different. By closely
observing the progress of the reaction and stopping it after 30 minutes two products the

carboxylic acid 100 and the ester 101 could be obtained.

Boc | !
dioxanc/4 N H! N/ o N/ o
Nﬁl/@ J\/\Q\( 30 min, reflux NﬁICE NWOH N\(%I@[N <:> Zo—
100 101
Scheme 42: Reaction of 99 in dioxane/4 N HCl to afford 100 and 101.

In order to obtain the final compound 25 two reactions are left to perform, which are another
HATU reaction and the subsequent deprotection. For 26 on the other hand the only reaction left

is the direct conversion of the ester to the hydroxamic acid.
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.Boc
¥ HN HATU
o H2N DIPEA
N/ + —_
N DMF
b OH overnight, rt
39
100 TFA, DCM 121: R = -Boc
rt, 1 h 25:R = -H
N NH,OH*HCI §
) 0 NaOMe )
7 N N
N o— MeOH, 3 h HN—OH
0] -78°C — 1t
101

Scheme 43: HATU reaction of 100 with 39 and deprotection of its product 121 to afford final compound 25 and
direct conversion of 101 to obtain final compound 26.

Instead of the synthesis of the aniline 96 both educts 63 and 94 were also reacted with two

different benzylamines in another nucleophilic aromatic substitution of which one reaction is

Cl
H
ﬁ DIPEA N
rt, over nlght N 7 ’ NO,

\

shown as example in Scheme 44.

63 122 102

Scheme 44: Nucleophilic aromatic substitution using the example of 63 and 122 to obtain 102.
The next reaction is the reduction step of the nitro group which had to be a different reaction
than before. This is due to the benzyl amine which is basically a benzyl protecting group usually
used to protect hydroxy groups and removed with palladium on carbon and hydrogen gas. Used

in this reaction the main product would be a benzene-1,2-diamine 123 which is not the desired

Cl
H Pd/C, H, NH,
N EtOH/EtOAc

NH»

N
N rt, 1h |
02 \()

product.

N

102 123

Scheme 45: Result of the reduction of benzylamines with Pd/C and H» using the example of 102.
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To prevent the cleavage of benzylamines, a milder method had to be found that specifically
reduces nitro groups even in the presence of other reducible groups. This is possible with tin(II)

chloride, which became the standard reagent for reductions of this kind.

Cl Cl
N EtOH N

—_—

N/ / NO, reflux, 4 h 7 NH,

102 106

Scheme 46: Reduction of the nitro group with SnCl, using the example of 102 to obtain 106.
The last two missing reactions are the coupling reaction with HATU followed by reaction in
dioxan/4 N HCl in which the five-membered ring closes and the ester is cleaved. Nevertheless,

there is an exception with compound 110, where at the end of the reaction the uncleaved ester

118 could be isolated as well.

Cl
NH dioxane/4 N HC1 N N
[e] >
/ o) * / 0
/ N 1 hour, reflux Y N Y N
N H N O-H N o—

o} 2N o} o}

110

° 114 118

Scheme 47: Reaction in dioxane/4 N HCI using the example of 110 to afford 114 and 118.

When this point is reached there are again two reactions left, HATU coupling and deprotection,
in case of the carboxylic acids 114 - 117 while the ester 118 is converted directly to the final
compound 31. The intermediates 125 - 127, which result in the final compounds 28 - 30 after

deprotection, are not shown.
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Cl
Cl

.Boc
HN

N HATU
o) H2N DIPEA
N/ + —_—
N DMF
OH

overnight, rt

o

114 39 TFA, DCM 124: R = -Boc

m1h 27:R=-H

Cl Cl
N

NH,OH*HCI N
) 0 NaOMe p 0
—_—
N7 N N7 N
S | o— MeOH, 3 h - HN—-OH
118

278 °C — 1t o)

Scheme 48: HATU reaction using the example of 114 with 39 and deprotection of its product 124 to afford final
compound 27 and direct conversion of 118 to obtain final compound 31.

In order to obtain the final compounds 32 and 33 the modified HDAC inhibitory part had to be
synthesized. The synthesis of these parts consists of three steps, starting with the protection of
the aniline. This reaction was performed with sodium hydride on mineral oil to minimize the

risk of double Boc protection.

N02 BOCZO N02
NH, _ NaH \{/
T
Br 0°C — rt 1h
128 129

Scheme 49: Boc protection of the aniline 128 to afford 129.

Regarding the Suzuki reaction there are two differences in the following compared to the
previous one. The boron containing educt used here is a boronic acid instead of a pinacol ester

and with potassium carbonate an additional base was added.

N02 XphOS Pd NOZ H
N.__o Cox N ko O
T \f< U ‘OH  DME, NaHCOj, X 0o
Br 80°C,3 h \ |
131:X=0 133:X=0

Scheme 50: Suzuki reaction of 129 with boronic acids 130 and 131 and additional base K>COs.
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In the last step the nitro group of 132 and 133 was reduced using the milder method with tin(II)
chloride to afford the corresponding anilines 134 and 135 (Scheme 51).

NO; |, SnCl,*H,0 NH>

H
i SO T
X o reflux, 4 h X o
\ ! \ !
132: X =S 134: X =S
133: X=0 135: X =0

Scheme 51: Reduction of 132 and 133 with SnCl, to afford 134 and 135.

The two anilines are then coupled to 115 via HATU and subsequently deprotected using TFA
to afford the final compounds 32 and 33 (Scheme 52).

X
NH2 HATU Ny X
N N__O DIPEA O
N o he j< — N
N . X o) DMF - HN
N 7 I I overnight, rt o
\ HN
R

Cl

cl 115 134: X =S 136: X =S; R =-Boc
135: X =0 137: X =0; R =-Boc
TFA, DCM
1h 32:X-S;R--H
33: X=0;R=-H

Scheme 52: HATU reaction of 115 with 134 and 135 followed by the deprotection of both products to afford the
final compounds 32 and 33.

Unfortunately, the next two compounds 34 and 35 could either not be purified or not
synthesized at all. The planned synthesis itself is basically the same for both compounds starting
with the formation of the amide with HATU, followed by a Suzuki reaction and the deprotection
in the end. Already the first reaction did not work as planned since the educt 138 precipitated
out of solution after addition of DIPEA. In order to obtain the desired compounds, the
corresponding amines 39 and 42 were added right from the start and TEA had to be used as

base.
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Boc
O ’
Q - N
N
HoN Boc Br N HN
O
H
N O 42 HATU 139
Jous.
Br N  OH * -
DMF
overnight, rt
138 NH2H H Boc
N. N O NH
Br N  HN
39 140

Scheme 53: Synthesis of 139 and 140 with HATU and TEA instead of DIPEA.

The following Suzuki reaction had to be modified as well since both compounds but especially
140 were hardly soluble in DME and water, the solvents used for the coupling reaction.
Consequently, the solvents H>O and dioxane were used and the reaction was conducted in the
microwave in order to overcome the solubility problems, which worked for 139 but not for 140.
For that reason, the synthesis for the final compound 35 was no longer pursued. Although 141
could be synthesized and the subsequent deprotection itself was not a problem, the final

compound 34 could not be sufficiently purified and will therefore not be tested.

Boc Xphos Pd N'E
phos
N o s Q K3PO, N o
X NH " B-0 . < NH
N HN N 7 | H,O0, dioxane 7 N HN4©—<\
Br o 100 °C, 20 min N o
o o
139 77 TFA, DCM 141: R = -Boc
1h 34:R=-H

Scheme 54: Microwave assisted Suzuki reaction.

The last compound synthesized is a bit different than the other since its basic structure is not a
benzimidazole. Instead PLX51107 is a pyrrolo[3,2-b]pyridine and an already known BET
inhibitor with a low nanomolar activity. The only thing left to do here is to implement the
HDAC activity which is performed by a HATU coupling reaction followed by the deprotection

of the amine.
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.Boc HATU
HIN DIPEA
+ HoN —_—
\ DMF
overnight, rt
36 39 TFA. DCM [ 142: R = -Boc

tlh L. 37:R=H

Scheme 55: HATU reaction of 36 with 39 followed by the deprotection of the product to afford the final
compound 37.

3.4.  Characterization of the final compounds

3.4.1. Differential scanning fluorimetry assay

The differential scanning fluorimetry (DSF) is an inexpensive and fast screening method to
determine whether a ligand binds and stabilizes a protein.!®® The protein of interest is therefore
heated in presence of a fluorescence dye and a ligand, which is the inhibitor to be tested. Starting
the assay, the dye is quenched due to the aqueous solution. Upon heating the protein slowly
unfolds giving access to its non-polar regions, which the dye binds to and starts to fluorescence.
As the temperature rises the fluorescence rises as well until a peak is reached, which indicates
that all proteins are unfolded. After that, the proteins aggregate, the dye dissociates and
subsequently the fluorescence degreases again (Figure 27). The melting point of the protein is
hidden in the inflection point of the curve and can be calculated by determine the maximum of
the first derivative of the Boltzmann equation (1), which describes the obtained curve. In the
equation UL and LL are the values of minimum and maximum intensities and a indicates the

slope within the inflection point.
(UL - LL) (1)

)’=LL+1+exp (T’”a_x)
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Figure 27: Principle of DSF assay. While heating, the protein unfolds, and the dye can bind. After binding, the
dye fluoresces until the maximum is reached. Then the fluorescence level drops again due to protein aggregation
and dye dissociation (modified).[?!

The melting point of the protein inhibitor complex can be compared to the melting point of the
protein without any ligands, which should result in a temperature shift (ATw). If an inhibitor

binds the proteins stability should increase and therefore melt at a higher temperature.

3.4.2. Isothermal titration calorimetry

The isothermal titration calorimetry (ITC)® is a technic that allows to follow the energetics of
a binding process, such as a ligand binding a protein. Therefore, the protein is titrated into a
solution of a ligand (or vice versa), which results in a measurable heat change. Through this
change it is possible to directly determine the enthalpy (AH), the binding affinity (Ka), the
stoichiometry and subsequently the entropy (AS) and the Gibbs free energy (AG). Those

parameters are connected via the equation 2 and 3.

AG = —RTInK, )
AG = AH — TAS 3)

The calorimeter itself consist of two cells, one for the sample and one as reference, surrounded
by an adiabatic shield (Figure 28). While the reference cell is only filled with the solvent,

usually water, the sample cell includes the ligand (or protein, depending on the method used)
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as well. The other binding partner is loaded into a rotatable injection syringe which is able to
add a precise amount of sample and distributes it by stirring. Both cells are kept at a constant
and equal temperature throughout the experiment. Upon injection of the second binding partner
the complex is formed which is accompanied by the absorption or release of heat, depending

on whether the reaction is exothermic or endothermic.

Stirring syringe

Adiabatic |

shield
Reference —» —-. Sample
cell
cell
Rotatable needle
/ \ for mixing

Constant power supplied to Feedback power supplied to
reference cell sample cell

Figure 28: Schematic representation of an isothermal titration calorimeter (modified).!"’

These heat quantity changes are monitored by the calorimeter by measuring the difference in
power of the cell heaters required to maintain the temperature difference of both cells at zero.
The heat change is plotted against the time which results in the titration thermogram typical for
ITC. To evaluate the ITC data the thermal impulses are integrated over time and normalized
with respect to the concentration. Plotting the resulting values against the molar ratio of
protein/ligand provides the titration curve after a non-linear regression fit. Using the appropriate
binding model (for example one-site or two independent sites) the values for Kp, n and AH can

be generated (Figure 29).
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Figure 29: Characteristic data of a titration experiment and integrated heat signals plotted against the molar ratio.
Circles represent experimental data and the line is the non-linear regression using a one-site binding model
(modified).’”

3.4.3. Fluorogenic HDAC assay

To determine the HDAC inhibitory activity a screening kit was used (Cayman Chemical
Company, USA). This fluorescent-based assay makes use of an acetylated lysine as a substrate,
which is sensitized through deacetylation by HDAC1. After that step, the HDAC developer
provided in the kit, is added which reacts with the sensitized substrate and releases a fluorescent
product. The fluorophore can be analyzed with a fluorescence plate reader with the wavelengths
for excitation and emission of 360 nm and 465 nm, respectively. The collected data is then
evaluated with GraphPad, which delivers a value for inhibition in percent as well as an ICs

value.

3.4.4. NanoBRET assay

BRET (Bioluminescence Resonance Energy Transfer) assays utilize an energy transfer between
a bioluminescent donor and a fluorescent acceptor which occurs in close proximity (< 10 nm).
As donor acts the engineered Nanoluc (Nluc) luciferase which uses a novel coelenterazine
derivative as substrate and produces high intensity luminescence. The small size (19 kDa) and
high physical stability of Nluc are important for the use as a fusion tag, transmitting only a
minimal influence when attached to other proteins. The acceptor is a chloroalkane derivative of
nonchloro TOM (NCT) dye, which is attached to a ligand to form a tracer, that binds the protein
of interest. Upon binding the proximity between donor and acceptor is close enough for the

energy transfer (Figure 30).
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Test compound

Energy Transfer Probe

Figure 30: Schematic representation of BRET in living cells. The tracer binds reversibly the protein active site,
which results in a BRET signal. After addition of a test compound the tracer gets replaced and the BRET signal
attenuates (modified).’!]

The NanoBRET target engagement assay, which is a cell-based assay, uses BRET to provide
the affinity of test compounds and subsequently their cell permeability. In the first step of a
NanoBRET assay, the tracer is added to transfected cells, expressing the required Nluc fusion
protein which results in an increased BRET signal. Upon introduction of a compound and the
competitive displacement of the tracer the BRET signal decreases in a dose dependent manner.
Furthermore, an extracellular NLuc inhibitor is added to ensure that the measured signals
originate exclusively from inside a cell.’? The assay was performed by Benedict-Tilman

Berger.

3.4.5. X-ray crystallography

Crystallization of proteins or other large biological complexes depends on the creation of a
solution that is supersaturated with the protein. However, this must not create conditions that
significantly disturb the natural state of the protein. Supersaturation is achieved by adding mild
precipitants such as neutral salts or polymers and by changing various physical parameters such
as temperature and pH. The main technique is vapor diffusion, in which an unsaturated droplet
containing the protein and precipitant is placed in a closed apparatus containing pure
precipitant. There are two different arrangements in which the droplet is either on a plate (sitting
droplet) or on the bottom of the lid (hanging droplet). In both cases, water vapor subsequently
diffuses from the droplet into the reservoir until the osmolarity of the two is in equilibrium. As
the water diffuses, the concentration of the protein and precipitant in the droplet increases, and

once a critical concentration is reached, crystal growth begins.[!
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For the co-crystallization of protein and a compound, the latter is additionally in the droplet.%

X-ray crystallography was performed by Deep Chatterjee and Dimitrious- Ilias Balourdas.

3.4.6. Immunoblot analysis

Immunoblotting is a rapid and reliable assay for the detection and characterization of proteins.
For this purpose, the proteins of a cell lysate are first separated by molecular weight using
SDS-polyacrylamide gels. The separated proteins are then transferred to a nitrocellulose
membrane, and the blot is blocked with the primary antibodies that specifically bind to the
proteins of interest. A secondary antibody coupled with an enzyme (usually horseradish
peroxidase) is then used to bind to the primary antibodies. The peroxidase catalyzes the
conversion of luminol to its oxidized form, allowing detection of luminescence and therefor the

proteins of interest. The immunoblot analysis were performed by Tim Zegar.

3.4.7. Reverse transcription polymerase chain reaction

Reverse transcription polymerase chain reaction (RT-PCR) is a method for expression detection
and selective amplification of RNA. RT-PCR consists essentially of three steps: First, the RNA
is isolated, which is then transcribed into a complementary cDNA using a reverse transcriptase.
Finally, the actual amplification takes place by PCR. The detour via the cDNA must be taken
because conventional polymerases cannot amplify RNA. For quantitative detection of the
expression of a gene, an internal standard or a reference gene must always be tested in parallel

to verify the success of the assay. RT-PCR was performed by Tim Zegar.

3.4.8. CellTiter Glo cell viability assay

The CellTiter Glo cell viability assay is a method for determining the number of viable cells in
cultures. The assay is based on the quantification of ATP, which signals the presence of
metabolically active cells. These cells consume ATP in the conversion of luciferin to the
luminescent oxyluciferin. The measured luminescence is directly proportional to the number of

viable cells in the culture. The assay was performed by Tim Zegar.
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3.4.9. Cell cycle analysis

Cell cycle analysis takes advantage of the fact that the amount of DNA in the cell nucleus
doubles during the S phase. The DNA in the cell nucleus can be stained with special fluorescent
dyes such as propidium iodide. Since the fluorescence of a cell is proportional to its DNA
content, this staining can be used to determine the DNA content and thus the cell cycle status

of an individual cell or cell population.

3.4.10. Gene Set Enrichment Analysis

Gene Set Enrichment Analysis (GSEA) is a computer-based method for evaluating microarray
data at the level of specific gene sets. All genes in a set share certain common characteristics,
for example an influence on the cell cycle. With GSEA one can determine whether members of
a gene set are more likely to be at the top or bottom of a ranked gene list. If they cluster at either

option, there is a correlation between the gene set used and phenotypic class differentiation.*”]
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4., Results and discussion

4.1.  Dual BET/HDAC inhibitors of the first generation

In total four potential dual BET/HDAC inhibitors are members of the first generation
(Figure 31) and all of them are based on the BET inhibitor (+)-JQI1. In order to introduce the
HDAC-inhibitory activity the fert-butyl ester of JQ1 was substituted by three different
established HDACis which are C1994 (13), vorinostat (5) and panobinostat (7). While 5 and 13
are completely used in their respective compound (14 and 15) 7 was cut short due to its high
molecular wight compared to the others. The last compound (62) was originally not planned
but because of good test results of 14 in combination with the low yield of a crucial reaction
step, an additional C-atom was introduced which results in a resemblance to Etinostat (10). The

goal was to obtain higher yields while retaining the good characteristics of 14.
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Figure 31: Dual BET/HDAC inhibitors of the first generation.
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4.1.1. Crystal structures

Except for compound 62, all dual inhibitors of the first generation were crystalized with the
BRD4 1 at a resolution ranging from 1.05 to 1.25 A. As expected, there was little to no
difference in the binding mode of the JQ1 moiety of all three adducts compared to that of the
parental compound JQ1. The HDAC moieties are all solvent-exposed and do not appear to

affect the ability of JQ1 to bind to BRD4 1 (Figure 32).

Figure 32: Superimposed crystal structures of dual inhibitors and JQ1 in complex with BRD4 1. The binding
modes of all four JQ1 moieties is virtually the same. The hydrogen bond with the highly conserved N140 is
highlighted. Due to interaction with a symmetry-related molecule in the crystal the HDAC substructure of 16 is
visible, whereas the others were largely disordered and therefore deleted from the final model.

All the essential interactions with the bromodomain binding pocket are conserved, including
the hydrogen bond of the highly conserved asparagine (N140) with the triazole moiety. The
HDAC-inhibiting structures are all solvent-accessible and therefore may be able to interact with
HDACs even when bound to a BET protein. Except for compound 16, the HDAC substructures
were disordered and thus deleted in the final crystal structure. In the case of 16, however, the

substructure of panobinostat is visible due to stabilization by crystal contacts.

4.1.2. DSF results

To evaluate the interaction of the synthesized compounds with the BET bromodomains, the
thermal stability of a protein-compound adduct was determined by DSF. The potential dual
inhibitors were tested in duplicates on both binding domains of every BET protein with the

exception of compound 15. Its results were obtained from a previous performance of the DSF
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assay and are not necessarily comparable with the other results. In addition, the positive control

JQ1 (3) was measured for verification purposes as well.

Table 5: DSF assay results of the first generation. A7, in °C
Nr. BRD41 BRD42 BRD21 BRD22 BRD31 BRD32 BRDT1 BRDT2

9.4 11.2 9.1 10.6 7.9 6.5
4.6 10.8 4.4 4.7 3.0 5.5

15* 9.5
16
62 9.5 7.2 8.7 4.0 6.3

Fields are colored according to the measured thermal shift 47, whereas green indicates a low, yellow a
mediocre and red a strong shift. nt = not tested and marked blue. Standard deviation is 0.8 °C or less.
* Experimental data obtained from a previous performance of DSF assay.

Compared to the parental compound JQI1 all developed adducts show a similar inhibition
pattern with 16 presenting the highest shift on all bromodomains in some cases even higher
than JQ1 itself although not significantly. In any case, leaving BRDT aside, the highest shifts
are always found on the second bromodomain of each protein. This result fits because the
sequence alignment shows that the same BD in a different BET have a higher similarity to each
other than the BD of the same protein (Figure 30). One major exception seems to be compound
15 with a shift of only 6.7 °C on the second bromodomain of BRD4 but this result originates
from a previous DSF assay. During that assay BRD4 (BD2) experienced a shift of 6.8 °C when
bound to JQ1 indicating that 15 stabilizes BRD4 (BD2) approximately as strongly as the other
compounds. Nevertheless, the measured shift of 15 at the first bromodomain of both BRD4 and
BRD?2 is significantly lower, which could already disqualify 15 as a dual inhibitor. In general,
these results were to be expected since the replaced ester group is solvent exposed and hardly
contributes to the binding affinity. For the same reason, it might seem possible to replace this

group with pretty much any HDACi without affecting JQ1 activity too much.

BRD2/BD1 97

BRD2/BD2 370 ; ,
BRD3/BD1 57  WPEYQPVDATKLNLPDYHKIIKNPMDMGTIKKRLENNYYWSASECMQDFNTMETNCY T¥NKPTDDIVLMAQA
BRD3/BD2 332 WPEYKPVDAEALELHDYHDIIKHPMDESTVKREKMDGREYPDAQGFAAD ESNCYKYNPPDHEVVAMARK
BRD4/BD1 81  WPEQQPVDAVKLNLPDYYKITKTPMDMGTIKKRLENNYYWNAQECIQDFNTMETNCY T¥YNKPGDDIVIMAEA
BRD4/BD2 374 WPEYKPVDUEALGLHDYCDIIKHPMDMSTIKSKEEAREYRDAQEFGAD FSNCYKYNPPDHEVVAMARK
BRDT/BD1 50 WPFQRPVDAVKLQLPDYYTIIKNPMDﬁNTIKKRLENKYYAKASECIED MFSNCYLYNKEGDDIVLMAQA
BRDT/BD2 293 WPEYNPVDUNALGLHNYYDVVKNEMDLGTIKEKMDNQEYKDAYKFAAD EMNCYKYNPPDHEVVTMARM

Figure 33: Sequence alignment of the BET BRDs. Conserved residues (blue) and similar residues (yellow, red,
green, purple) are highlighted. Alternating colors show a higher similarity between the BDs of different BETs
(modified).P*!
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4.1.3. ITC results

After the initial evaluation by DSF, the dissociation constants, Kq4, of binding to both
bromodomains of BRD4 were determined by ITC. Compound 62 was not measured by ITC

because it was synthesized at a later date and discarded as a dual inhibitor by other assays.

Table 6: Kq values (in nM) obtained by ITC.

Protein 3 14 15 16
BRD4 1 5115+ 69+9 52+6 21+4
BRD4 2 89+ 13 1231 +31 88+15 54+16

The results show that all three adducts bind the first bromodomain of BRD4 in a low nanomolar
affinity, resulting in Kq4 values of 69, 52 and 21 nM, respectively, which is very similar to JQ1.
Quite interesting is the measured K4 of compound 15 which is higher than expected, considering
the results of the DSF assay (shift of only 3.9 °C compared to 11.6 °C of JQ1) but shows the
limit of that assay. By DSF it is only possible to determine if an affinity exists not its proper
level. This becomes even more clearer regarding the Kq’s of the second bromodomain of BRDA4.
In contrast to the DSF assay results the Kq values were all higher compared to BRD4 (1)
spanning from 231 nM for compound 14 to 54 nM for compound 16, including JQ1 with 89
nM. Nevertheless, the DSF assay did predict the high affinity of compound 16, which is again
higher than that of JQI itself. In summary, the ITC measurements confirm the excellent BET
binding activity of the dual inhibitors, which is hardly reduced by the introduction of the HDAC

inhibitor moiety, and in one case even increased.

4.1.4. Fluorogenic HDAC assay results

After confirming that the BET activity was still present, HDAC activity had to be assessed.
Therefore, a cell-free fluorogenic HDAC assay was performed, and all adducts were tested in
duplicates against HDACI1. Trichostatin A (TSA), included in the kit, was also measured for
verification, and yielded an ICso of 18.1 nM, which is within the desired range according to the

manufacturer's protocol.

Table 7: ICsp values (in uM) obtained from cell-free fluorogenic HDAC assay.
Protein 13* 14 62 5* 15 7* 16

HDAC1 1.2 1.9 4.8 0.01 1.3 0.005 34

64]

Standard deviation is 1.2 uM or lower. *data obtained from literature!
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These results show that all compounds are capable of inhibiting HDACI1 although the
effectiveness is greatly reduced compared to their parental inhibitors. In particular, compound
16 (ICso = 3.4 uM) showed significant reduction in affinity by about 700-fold relative to
panobinostat (ICso = 0.005 uM, 7). However, considering that only a relatively small segment
of 7 is actually part of 16 this result is not too surprising. Nevertheless, even compound 15
(ICso = 1.3 uM), in which the whole structure of 5 (ICso = 0.01 uM) is present, has a reduced
affinity, yet the highest of all tested compounds. The smallest discrepancy between parental
molecule and dual inhibitor however is found in 13 and 14 in which the ICso increases from
1.2 uM to 1.9 uM. This is further increased by introducing another -CHz- group to obtain
compound 62 (ICso = 3.4 uM), which already indicates the inferior binding properties compared
to 14.

4.1.5. NanoBRET assay results

After confirming the activity on both targets, a nanoBRET assay was performed to determine
the cellular activity on HDACI1, both BD of BRD4 and the full-length BRD4 protein
(FL-BRD#4) of all compounds. In addition, all parental molecules were included for purposes

of both verification and comparison.

Table 8: ICso values (in pM) of the cellular BRD4 and HDACI] activity of dual inhibitors determined by
nanoBRET assay.

Protein  BRD4 1 BRD42  FL-BRD4  HDACI
13 i i i 0.96+0.17
14 0.72+0.00 [OIOTAR00I0) 0.64=0.09 [0:29=0.04|
5 i i i 0.52 £ 0.08
15 453+026 110230 685:1.04 1.11+036
16 1354£0.15 1.58+054  1.43=0.07 >20

023140042 [00390008 0.10420010]
Fields are colored according to the measured 1Csy whereas red indicates a low, yellow a
mediocre and green a high ICs. - = not tested.
These results were highly unexpected and demonstrate the necessity of cell-based assays. Here
compound 14 showed the highest BRD4-targeting activity on both BD of BRD4 with an ICs
of 720 nM on the first and 74 nM on the second domain. Both values are in the same order of

magnitude as those of JQI and at least one order of magnitude lower compared to the other

compounds.
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With respect to BRD4 1, the ICso value of 14 is twice and six times higher than those of
compounds 15 and 16, respectively. For BRD4 2, the discrepancy is even higher, with the ICs
value of 15 and 16 being 20 times and 150 times greater, respectively, than that of 14. With
relation to the ITC data, these results are quite counterintuitive, but the reason for the drastically
reduced potency of 15 and 16 is most likely to be found in the reduced cellular uptake. In
addition to testing the two BDs separately, the ICso’s of the full-length protein, FL-BRD4, were
measured as well. Here, as was to be expected, the values are always in between those
determined for the two isolated domains.

The nanoBRET assay was also used to determine the cellular activity of the compounds against
HDACI, member of the second target protein class. Here compound 14 further showed its
potential with an ICso of 290 nM, a value even higher than that obtained from its parental
HDACI 13 (ICs0 = 960 nM). The other inhibitors 15 and 62 (not included in Table 8) displayed
lower potency with 1.1 uM and 1.7 pM, respectively and 16 presented an even lower potency
with an ICsp of >20 uM. Compared to its parental compound 7, this is equivalent to a potency
that is more than three orders of magnitude lower. Based on these results, compound 14 was
chosen as the most promising dual BET/HDAC inhibitor for further characterization in cancer

cells.
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4.1.6. Expression behavior of PDAC cells treated with 14

In order to characterize compound 14 in cancer cells immunoblots and expression analysis by
RT-PCR were first performed. Here MYC and HEXIMI are commonly used as readout
biomarkers for BETi activity®”], whereas HDAC inhibitor activity can be assessed directly via
the acetylated lysines 9 and 14 of histone H3. For comparison reasons the parental compounds
were also tested, individually and partly in combination to see if synergistic effects occur. A
first expression analysis of said BETi responsive genes showed a rapid (6 hours)
downregulation of MYC and upregulation of HEXIM1 by 14. For comparison JQ1 had the same
effect on MYC while a slightly lower effect on HEXIM1 (Figure 34).
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Figure 34: Quantitative RT-PCR analysis for MYC and HEXIM (BETi responsive genes). PaTu 8988t cells were
treated with 500 nM of indicated inhibitor and harvested after 6 h. **P <0.01, *P < 0.05.

The initial immunoblot assays were performed with indicated compounds in a dose- and time-
dependent manner (Figure 35, A and B). Again, the two immunoblots show, that JQ1 and 14
regulate MYC in a similar fashion regardless of whether dose or time dependence is considered.
Acetylation of histone H3 on the other hand, although still dose- and time-dependent, is
enhanced by 14 to a much greater extent compared to its parental HDAC inhibitor C1994 (made

more apparent in Figure 35 C). This result is coherent with the results of the nanoBRET assay.
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Figure 35: Time- and dose-dependent immunoblots of PaTu 8988t cells. A: Dose-dependent immunoblot of the
proteins MYC and H3K9/14ac. PaTu 8988t cells were treated with the indicated doses of inhibitors for 48 hours.
B: Time-dependent immunoblot of the proteins MYC and H3K9/14ac. PaTu 8988t cells were treated with 1 pM
of indicated inhibitors and harvested at the indicated time points. C: Immunoblot analysis of PaTu 8988t cells
treated with 1 uM of indicated inhibitor for 48 h next to each other to make the difference of C1994 and 14 more
apparent.

Next, the cells were treated with an even higher dose of inhibitors (4 uM instead of 1 uM),
which resulted in a more sustained suppression of MYC (Figure 36, A and B). Additionally the
higher concentration of 14 also induced p57, a protein with known proapoptotic effects in
several cell lines® and controlled by combined BET/HDAC inhibition!*. Therefore, cells
were treated with both inhibitors, JQ1 and CI994 separately and simultaneously. While C1994
alone had virtually no effect, regardless of concentration, JQ1 caused the mRNA level of p57
to increase sharply. Nevertheless, that increase is short-lived and independent of the used
concentration as well (1 uM or 4 uM). Even the simultaneous administration of both inhibitors
had little to no effect especially compared to those of compound 14. The mRNA levels are at
least doubled and remained at that level for at least three days. In every other case, the mRNA
level was back to normal after this amount of time (Figure 36, C and D). Both the sustained
suppression of MYC and induction of p57 suggest a longer-lasting BETi activity. In addition,
persistent HDAC inhibitory activity was observed as well when washout experiments were
performed. (1 day on and 2 days off). On day three increased histone H3 acetylation could still
be observed even in cells treated with only 1 uM 14 (Figure 36, E and F)
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Figure 36: RT-PCR and washout experiment of PaTu 8998t cells. A and B: Time-course analysis of MYC
protein levels by immunoblot. PaTu 8988t cells were treated with 1 uM (A) or 4 uM (B) of indicated inhibitor
and harvested at the indicated time points. C and D: mRNA levels of p57 by quantitative RT-PCR. PaTu 8988t

cells were treated with 1 pM (C) or 4 uM (D) indicated inhibitors and harvested at the indicated time points.
Mean + SEM from three independent experiments. E and F: Drug washout experiment by immunoblot. PaTu
8988t cells were treated with 1 pM (E) or 4 uM (F) indicated inhibitors (1 day on and 2 days off).

4.1.7. Growth and viability of PDAC cells treated with 14

Next, cell viability assays were performed in a panel of different PDAC cell lines (MIA PaCa-

2, DAN-G and HPAC, Figure 37). In all of them, 14 not only reduced cell survival in a dose-

dependent manner, but also showed a more potent effect than the parental molecules,

individually or combined. While the cell viability of MIA PaCa-2 cells is already halved at a

concentration as low as 50 nM with a significant difference to JQI, in the other cells a higher

concentration of 0.5 pM (HPAC) and 1 pM (DAN-G) is needed, respectively. Interestingly,
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CI994 alone or in combination with JQI had hardly any effect on cell survival and the only

visible synergetic effect is found in DAN-G cells at 2 uM.

MIA PaCa-2 DAN-G

b e il * ns b ns ns * *k
:._': 1.59 I dekk | ke | hkd } ke E 1.57 [ ns | ’i‘ I *1 [ ,*_*’;1
= = [
.E edes ek ok ek _E ns ns * ek
= =
S 1.01 I \ I \ | = 1.0
o ~
3 T
"—E' = 0 5-1
- 0.549 = .
£ g
g 5
i 0.0- Z 0.0~

50 100 200 500 0.2 0.5 1 2

Concentration (nM) Concentration (uM)
HAPAC

b ns * *k *k
= 1'5- Kk *kk
.-'-: I ::S I **** I dk I *k D JQ]
> B 1994
S 1.0q
= W\ Jc
S 14
= 0.5+ -
g
1
=]
“ 0.0-

0.2 0.5 1 2

Concentration (nM)

Figure 37: CellTiter Glo cell viability assay with three different PDAC cell lines. Cells were treated with
indicated inhibitor with different doses for 5 days. Mean & SEM from three independent experiments,
¥xp <0.001, **P <0.01, *P <0.05, n.s.: not significant.

Subsequent immunoblot analysis of MIA-PaCa-2 cells showed that upon administration of
compound 14, the expression of cleaved caspase 3, present in apoptotic cells, increased
significantly. Interestingly, its expression is also visibly increased when cells were treated with

both inhibitors combined, but probably not high enough to influence cell viability (Figure 38).
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Figure 38: Immunoblot analysis of cleaved caspase-3 in MIA PaCa-2 cells. Cells were treated with 50 nM
indicated inhibitors for 3 days. Expression increased when treated with 14 or with JQland CI994 combined.

66



Results and discussion

Next, the long-term effects on cell survival were evaluated so 14 was only administered once
for a time period of 24 hours. This should help evaluating alternative scheduling strategies at
an early stage, as single-agent BET inhibition is challenging due to unknown scheduling
strategies in addition to limited efficacy and toxicity issues.*>! Again, compound 14 had a more
sustained effect on suppressing cell growth than single-agent or combined treatment with
indicated inhibitors. While cells treated with 14 did not begin to grow until day 10, JQ1 treated
cells grew as early as day 6 and the others even earlier. On the 15" day, the cell confluence of
14 treated cells reached approximately 25 %, which is significantly lower than that of the cells
treated with JQ1 (approx. 75 %) or the remaining treated cells (approx. 80 %) respectively.
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Figure 39: Cell confluence measurement of MIA PaCa-2 cells. Cells were treated with 1 uM of indicated
inhibitors for 24 hours by NYONE image cytometry and colony formation assay after 15 days.

In a different schedule (inhibitors on for 1 day and off for 6 in 3 cycles) the suppressive effects
of 14 were further prolonged. After 15 days, cell confluence was approximately 85% for all
cells except those treated with 14 (approx. 40%). This did not chance much until the end.
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Figure 40: Cell confluence measurement with 1 uM indicated inhibitor on day 1, 8 and 15 for 24 hours.
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4.1.8. Combination of gemcitabine and 14

As a standard-of-care chemotherapeutic agent gemcitabine is used in the treatment of pancreatic
cancer and was already tested in combination with CI994. As previously mentioned this

161 To see if the combination of 14 and gemcitabine is

combination did proof as not beneficial.
any better the efficacy of the combination was evaluated in different scheduling routes. Both
drugs were either administered at the same time or consecutively. For this, combinations of
serial dilutions of each compound were used to treat HPAC cells and the viability of these cells
was measured. Those results were evaluated by SynergyFinder (synergyfinder.fimm.fi)['% to

find synergetic effects in the different scheduling (Figure 41).

gem/14 14 gem
gem 14
ZIP synergy score:! -3.871 ZIP synergy score: -3.593 ZAP synergy score: 10,204
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Figure 41: Combination response of HPAC cell , which were treated with 14 and gemcitabine in three different
administration schedules: (1) administration of 14 and gemcitabine simultaneously for 24 hours and incubation
for another 4 days; (2) first administration of 14 followed by gemcitabine (both for 24 hours) and incubation for
another 3 days; (3) fist administration of gemcitabine followed by 14 (both for 24 hours) and incubation for
another 3 days. Cell viabilities for all indicated dose combination were measured by CellTiter Glo viability
assay. Synergy effects were evaluated using SynergyFinder. ZIP synergy score is averaged over all dose
combination cells.

Intriguingly, a synergistic effect is only observed, but strikingly high, when gemcitabine is
administered first, followed by 14 24 hours later. Here, the ZIP score is 10.20 which is
significantly higher than that of both other possible combinations (-3.81 and -3.59,
respectively). Additionally, gemcitabine was also combined with JQ1/CI994 which had a lower
ZIP score (8.96) than the gemcitabine/14 combination in the same scheduling, proving benefits
of 14 as a dual inhibitor. Those results are consistent with the followed colony formation assay,
in which again the gemcitabine first schedule showed the most promising results. Even
regardless of the inhibitor used, gemcitabine must be administered first to obtain a good

response (Figure 42).
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Figure 42: Colony formation assay for HPAC cells with different administration schedules. In general, 10 nM
gemcitabine and 2 uM of indicated inhibitor were used. Detrimental effect is highlighted (red box). More
colonies grew, when 14 was administered before gemcitabine.

Interestingly, both simultaneous and 14-first scheduling not only showed no combinatorial
advantages, but even proved to be detrimental to colony formation. Looking at the red boxed
colonies in Figure 42, colony formation is clearly less reduced when 14 is administered before
gemcitabine compared to gemcitabine alone. Since the mechanism of action of gemcitabine is
based on being incorporated into DNA!'"! during S phase of the cell cycle this could indicate,
that 14 prevents initiation of the S phase. Due to reports, that JQ1 induces accumulation of the
cell cycle regulator p21[1°% which causes cell cycle arrest in G1 and blocks entry into S
phase!!® it was natural so see if 14 acts the same way. Indeed, immunoblot and cell-cycle
analysis showed that p21 is highly expressed by 14 and transition from G1 to S phase is blocked
(Figure 43).
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Figure 43: Immunoblot analysis of p21 and cell-cycle analysis of HPAC cells. HPAC cells were treated with

2 uM of indicated inhibitor for 24 h and then harvested. Both JQ1 and 14 induce accumulation of p21, which

leads to G1 arrest. For cell-cycle analysis of HPAC cells were treated with 14 for 24 hours and then harvested.
After treatment with 14, the number of cells in S phase is clearly reduced.

It is only logical that when 14 and gemcitabine are used simultaneously, more cells remain in
G1 phase and thus gemcitabine cannot exert its effect. This effect also involves the induction
of acute replication stress as indicated by induction of phospho-CHK1,[%¢! which is reduced by

the simultaneous schedule as well (Figure 44).

69



Results and discussion

O
e} ™ P I sy
S &N < N gemcitabine gemcitabine + 14
§ & & ¢ ¢ ‘ ==
= . — 300
W . s pChKL E 150! N 200 "
CS 50- 100:;
S e s s [ actin - g :
Pl

Figure 44: Immunoblot analysis of phospho-CHK1 and cell cycle analysis of HPAC. HPAC cells were treated
with 2 uM of indicated inhibitor together with 10 nM gemcitabine for 24 hours and then harvested. Simultaneous
administration clearly reduces induction of p-CHK1 compared to gemcitabine alone. For cell cycle analysis by
flow cytometry of HPAC cells, cells treated with 10 nM gemcitabine alone or simultaneously with 2 uM 14.
Simultaneous administration retains more cells in G1 phase compared to gemcitabine alone.

However, by changing the schedule to gemcitabine first the induced replication stress is not
only on its normal level but even enhanced consistent with the increased expression of p-CHKI1.
Furthermore, cleaved caspase 3 is strongly expressed by this schedule, which supports highly

increased apoptosis (Figure 45).
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Figure 45: Immunoblot analysis of cleaved caspase-3 and phosopho-CHK 1. HPAC cells were sequentially
treated with 10 nM gemcitabine and 2uM of indicated inhibitor. After removal of inhibitors cells were cultured
for another day. Both, cleaved caspase-3 and p-CHK1 are highly expressed by this schedule.

Another effect of the gemcitabine first schedule is, that after gemcitabine was discontinued, the
cells did not return to the normal cell cycle as usually but remained in S phase arrest. This is
clearly visible in the cell-cycle analysis of HPAC cells that were treated sequentially with
gemcitabine followed by 14 or gemcitabine alone. 48 hours after removal gemcitabine treated

cells have returned to an almost normal cell-cycle distribution (Figure 46).
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Figure 46: Cell-cycle analysis by flow cytometry of HPAC cells. Cells were treated with 10 nM gempcitabine
alone or sequentially with 2 uM of 14. After 48 h gemcitabine treated cells are almost back to a normal cell-
cycle distribution while sequentially treated cells remain in S-phase arrest.

In summary, this schedule shows the most prominent synergistic effects, by optimally

exploiting the gemcitabine-induced replication stress and increased apoptosis.

4.1.9. Transcriptomic profiling

The transcriptomic profiling was performed in the established PDAC line PANC-1 to explore

the molecular mechanisms elicited by 14. Hierarchical clustering revealed different gene

expression profiles between 14 and JQ1 treated samples and untreated cells (Figure 47).
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Figure 47: Hierarchical clustering of the differentially expressed genes in PANC-1 cells and Venn diagram of

those genes. Cells were treated with either 1 uM 14 or JQ1 for 24 hours compared to DMSO treatment. Each

treatment was done in duplicate. Venn diagram analysis and hierarchical clustering show, that 14 deregulates
most of the genes that JQ1 deregulates but additionally many more.
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Compared to untreated cells, 14 seems to almost reverse the expression profile completely,
while JQI had a similar effect but not quite to the extent. Nevertheless, approximately 70 % of
the differentially expressed genes by JQ1(838 genes absolute) were deregulated by 14 as well,
but there were also 551 additional genes that are affected by 14 alone. To gain a deeper
understanding of the gene expression patterns affected by 14, Gene Ontology (GO) analysis
was performed. This analysis revealed that most of the downregulated genes were connected to
cell-cycle-related processes, cellular component organization and metabolic processes

(Figure 48).
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Figure 48: Gene ontology analysis of genes downregulated by 14. The genes downregulated by 14 are mainly
associated with cell-cycle-related processes, cellular component organization and metabolic processes.

The influence of 14 on cell-cycle progression was further confirmed by gene set enrichment
analysis (GSEA). The gene sets used are called Kong E2F3 Targets, Reactome Cell Cycle
and Zhou Cell Cycle Genes in IR Response 6HR which contain a total of 959 cell cycle
related genes. GSEA revealed that those genes were downregulated by 14 compared to DMSO
or JQ1 treatment (Figure 49).

72



Results and discussion

ZHOU CELL_CYCLE_GENES_IN

Kong E2F3 Targets _IR_RESPONSE 6HR

g 0.0 g 0.0 =
2 -0.2 - 2 -0.2 -
g E 04
2 “04 I NES=-2.29 2 049NEs-233
5 -0.6 44 FDR=0.000 5 -0.6 = FDR=0.000
I T | AT |
8 8] m

14 DMSO 14 DMSO

REACTOME Cell Cycle Kong E2F3 Targets

2 0.0 L 0.0 =t
g 3
2 02 2 0.2 -
g -0.4 o NES=-2.46 g -0.4 4 NES=-2.40
S FDR=0.000 S 0.6 < FPR=0.000 ,
= (AT : LML
w W {

14 JQ1 14 JQ1

Figure 49: GSEA plots, that compare the enrichment of pathways related to cell cycle. Plots show that these
pathways are downregulated by 14 in comparison with DMSO or JQI treatment.

GSEA was also performed with gene sets related to HDAC inhibition to see how those are
regulated by 14. The sets used were Heller HDAC Targets Up and Chiba Response To TSA
which contain a total of 380 genes that are up regulated by TSA. GSEA revealed that those
pathways were significantly enriched in cells treated with 14 as well, indicating that 14 also

recapitulates the HDACi activity of C1994.
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Figure 50: GSEA plots comparing the enrichment of HDACi signature. Plots show that these pathways are
upregulated by 14.

Next, master transcriptional regulators (TFs) had to be identified that control cell cycle
progression. Since previous studies indicated that TFs could be driven by super-enhancers
(SEs)!!1% ChIP-seq using H3K27ac was performed to identify the genomic enhancer landscape.
This resulted in the identification of a total 0of 453 SEs in PANC-1 cells. Next, the SE-associated

gene expression of cells treated with JQ1 or 14 was analyzed and compared to controls. Of the
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453 SEs found 41 are downregulated by 14 and compared to JQ1 12 SE-associated genes are
selectively targeted by 14 including FOSL1 (Figure 51).
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Figure 51: Enhancers in PANC-1 ranked based on the intensity of H3K27ac signal using ROSE algorithm
defining 453 super-enhancers. Venn diagram analysis of super-enhancers shows that of 41 downregulated SEs
12 SEs are specific to 14.

FOSL1 is a transcription factor and has been linked to KRAS-associated mitotic
progression.l'®! As revealed by a statistical analysis of a pancreatic cancer cohort form the
Human Protein Atlas data set!'%! high FOSL1 expression in KRAS pancreatic cancer has an

extremely poor impact on patient survival (Figure 52).

& 100 == High expression (n = 110)
E N\ ‘Hl —— Low expression (n = 66)
: NN P <0.0001

m \ A4 Laa

T 50 R

Ty , %

3 \

2

e 0+ T T T T y

LI 20 40 60 80 100

Month elapsed

Figure 52: Kaplan-Meier plot of the survival of pancreatic cancer patients partitioned between high and low
FOSL1 mRNA expression. Plot clearly shows that high FOSL1 expression decreases surival probability.

In order to confirm the 14-dependent downregulation of FOSL1, which is detrimental to KRAS
driven PDAC!!%], RT-PCR was performed. Results showed that FOSL1 was downregulated to
a higher extent compared to DMSO control and even to JQ1, C1994 and the combined treatment
(Figure 53, left). Furthermore, as revealed by GSEA, FOSL1 targets!!%! are downregulated as
well, indicating a dysregulation of the transcriptional program of FOSLI1 by 14 (Figure 53,
right).
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Figure 53: Quantitative RT-PCR analysis of FOSL1 gene in PANC-1 cells. Cells were treated with 1 pM
indicated inhibitors for 24 hours. Mean = SEM from six independent experiments, ***P < 0.001, **P < 0.01,
*P < 0.05. mRNA level of FOSL1 is significantly downregulated by 14 compared to JQ1, CI994 and combined
treatment. The GSEA plot compares the enrichment of FOSL1 signature. FOSLI targets are significantly
downregulated by 14.

Looking around the FOSL1 gene locus in PANC-1 cells it is not surprising that SEs can be
found here, since the level of FOSL1 in PDAC is elevated. Interestingly there are none in
healthy pancreatic cells which supports the idea that cancer cells establish SEs at oncogenes

during tumor pathogenesis (Figure 54).[1%4]
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Figure 54: H3K27ac occupancy profiles at the FOSL1 gene in healthy pancreas compared to PANC-1 cells.
Obviously, there are only SEs around the FOSL1 gene locus in PANC-1 cells.

4.1.10. NUT midline carcinoma cells treated with 14

In addition to PDAC cells, nuclear protein in testis (NUT) midline carcinoma (NMC) cells were
treated with 14 as well. NMC is an extremely aggressive subtype of poorly differentiated
squamous cell carcinoma with a median survival time of only 6.7 months.l'/11%8] Defined by

1971 and therefor

chromosomal rearrangements the NUT gene is most often fused with BRD4!
potentially prone to BET inhibitors. Indeed, a previous study*’! already showed that JQ1 was
able to induce squamous differentiation by inhibiting BRD4-NUT. Again, it is logical to test if
14 could induce differentiation in HCC2429, a NMC cell line, as well may be even in an
enhanced way.!'% Quite similar to JQ1, 14 provoked a differentiation phenotype in these cancer

cells, including cell flattening, spreading and striking spindle morphology. Additionally,
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immunoblot showed 14 induced gene expression of a specific marker for squamous

differentiation called Involucrin.[''"]
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Figure 55: Morphological changes of HCC2429 cells after treatment with 500 nM of indicated inhibitors for 48
h. 14 and JQI provoke a differentiation phenotype in these cells and immunoblot analysis of the differentiation
marker Involucrin. HCC2429 cells were treated with 500 nM of indicated inhibitors for 72 hours.

Furthermore, RT-PCR was used to investigate the expression level of KRT14, KRTI10 and
TGM1, three typical squamous tissue genes. While the results showed a modest induction of
the genes KRT10 and TGMI upon treatment with 14, induction of KRT/4 was increased
700-fold. Remarkably, 14 was able to induce the expression of all three genes more efficiently

than JQ1 or let alone C1994.
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Figure 56: Quantitative RT-PCR analysis of three typical squamous tissue genes (KRT10, KRT14 and TGM1).
HCC2429 cells were treated with 500 nM of indicated inhibitors for 72 h. Mean + SEM from three independent
experiments, ***P <0.001, **P <0.01, *P <0.05; n.s., not significant.
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4.2.  Dual BET/HDAC inhibitors of the second generation

In total five potential dual BET/HDAC inhibitors are members of the second generation
(Figure 57) and all of them are derived from the selective CBP/p300 inhibitor 17 (Figure 18).
In order to introduce the HDACi activity while hoping to enhance the still remaining BETi
activity the morpholine moiety (Figure 18, black) was replaced. As substitutes the side chain of
panobinostat and a selection of C1994 derivatives were chosen. To further increase the chance
of BETi activity, the chlorine atom and methoxy group of one compound were additionally

replaced by a hydrogen atom and a methyl group, respectively.
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Figure 57: Dual BET/HDAC inhibitors of the second generation.
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4.2.1. DSF results

As before the interaction of the synthesized compounds with BRD4 were evaluated by DSF.

Additionally, since all of them were derived from a selective CBP/p300 inhibitor those

bromodomain containing proteins were included in this assay as well together with the inhibitor

itself (17). The compounds were tested twice in duplicates (Table 9).

Table 9: DSF assay results of the second generation. ATm in °C.

Nr. BRD4 1 BRD4 2 EP300 CBP
Run 1 Run 2 Run 1 Run 2 Runl Run2 Runl Run2

17 1.0+£03 1.0+02 03+03 02+02

18 1.7+05 08+01 1203 13+0.1 26+01 27+03 2.6+03 24+02
19 08+03 03+03 1.0£02 13+01 06+04 0302 09+02 0.7%0.1
20 1101 09+0.1 |HEGNN 48+45 21+03 1.1£02 1.7+03 21£04
21 1.0+01 03=0.1 1.8+06 09+04 1302 2.0+06 1.9+02 1.1+05
22 1.6+0.1 1703 2.2+0.0 13+£0.7 1303 2.0£05 2.4+02

Fields are colored according to the measured thermal shift A7, whereas green indicates a low, yellow a mediocre

and red a strong shift (relative).

As the results show 17 is indeed a selective inhibitor for CBP and EP300 although the shifts on

those targets should be around 9 °C.B! Nevertheless it is obvious that by replacing the

morpholine moiety the affinity to EP300 and CBP significantly dropped. Unfortunately, it looks

like the absence of this moiety does not affect its affinity towards BRD4 with maybe two

exceptions. Compounds 20 and 22 are the only ones that seem to influence the second

bromodomain of BRD4 exclusively but only in one of the two runs. Additionally, in these cases

the standard deviation is comparatively high, so those two compounds were tested again twice

in duplicates on every BET p

rotein.

Table 10: Repetition of the DSF assay for compounds 20 and 22. ATm in °C.

Nr. BRD2 1 BRD2 2 BRD3 1 BRD3 2
Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
20 -55+2,0 -1,8+3,0 21,604 :{103+0,0 13,2+13,1 - -10,6 = 0,8
22 -14+112 -19+1,4 0,5+0,2 {3,6+3,7 -33+3,7 {08+125 -0,5+0,8
BRD4 1 BRD4 2 BRDT 1 BRDT 2
Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
20 0,6+03 -0,7+0,5 -11,4+35: 02+02 -25+1,1 -1,2+0,5 -0,1+0,0
22 1,0£0,0 -0,7+0,4:43+11,8 54+45 0,5+0,0 :-3,6+0,2 0,6+0,0

Fields are colored according to the measured thermal shift A7, whereas green indicates a low, yellow a mediocre

and red a strong shift (relative).
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Again, the results are very ambiguous, especially with respect to the second binding domain of
the BETs excluding BRDT. While the ATm shift of 20 is very high (24 °C or higher) on those
domains in the first run, it is in the negative range all at once in the second run of the assay. At
first glance, there seems to be only one confirmation in the second run, apart from the low ATm
shifts, of course. Unfortunately, the standard deviation in the second run of BRD3 1 is too high,
so that this value cannot be trusted either. The other compound tested is quite similar with the
distinction that on BRD4 2 it is the second run which shows the higher shift in combination
with a high standard deviation. Compound 22 should have had the higher affinity for BRD4
due to the modification®™ compared to compound 20, but this is obviously not the case.
Lamentably the repetition of the assay did not yield any new findings regarding BRD4 2 and
the new results even showed the exact same pattern as before. Although negative ATm shifts
seem to be counterintuitive considering that a non-binding compound should show a ATm of
0 °C there are explanations aside from faulty performance or poor protein activity. Some
ligands for example bind primarily to the unfolded state of a protein and are therefore

11 Whatever the actual reason for the negative ATm shift is, it could mean that

destabilizing it.!
the compounds in fact do interact with the proteins, but not necessarily in the desired way,

which is why they tend not to be dual inhibitors.

4.2.2. Fluorogenic HDAC and nanoBRET assay results

This time the fluorogenic HDAC assay was performed on HDACs 1-3. Unfortunately, HDAC 1
had poor activity and HDAC2 was not active at all. For that reason, no HDAC?2 data is available
and HDACI data is only reliable to some extent. HDAC3 on the other hand worked and the
assay itself as well, which was confirmed by the TSA control. Additionally, nanoBRET assay

on HDACI was performed as well.

Table 11: ICsp values (in uM) obtained from cell-free fluorogenic HDAC assay and nanoBRET, respectively.
Fluorogenic HDAC assay | nanoBRET

HDACI1 HDAC3 HDACI1

18

19 -

20 5,1 21,3

21 6,9 19,2

22 11,2 43,2 -

Fields are colored according to the measured ICso
whereas red indicates a low, yellow a mediocre and green
a high ICsp (relative). - = no data.
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Considering only the results of the cell-free assay, compound 18 appears to inhibit HDACs
most strongly. Since 18 shows the highest similarity to panobinostat of the tested compounds
this result was not unexpected. The results of the other compounds however are pretty much
unexpected and their ICso is significantly higher. These differ from 18 in the use of C1994-like
structure as the zinc-binding moiety and from each other by different linkage to the rest of the
compound. The results seem to indicate that the linkage via an amide as present in compound
20 is most suitable. As previously mentioned, compound 22 was synthesized to enhance the
BET activity, assuming that this change would have little or no effect on HDAC activity. Since
this is obviously not the case and the ICso doubled, 22 was therefore not included in the
nanoBRET assay. Surprisingly, the results of the nanoBRET assay showed a completely
different affinity profile. In cells the affinity of 18 dropped to 28 uM which is two orders of
magnitude lower than the ICso of compound 20 and panobinostat (ICso = 0,19 uM, Table 8),
respectively. Due to the structural similarities of the three compounds, it is not possible to
determine whether a specific part of the structure of 18 is responsible for the loss of affinity.
Presumably, the cause is more likely to be found in this very particular combination of these
parts.

Although none of the synthesized compounds are suitable dual inhibitors some conclusions can
be drawn. In terms of HDAC inhibition, benzamines appear to be superior to hydroxamic acid
in dual inhibitors, whereas it seems to be the other way around for pure HDACi. Additionally,
the results indicate, that the amide in form of an anilide present in 20 is important for a good
activity, which has already been suggested by compounds 14 and 62. Regarding the DSF assay
it is difficult to say, what the cause of the large fluctuations is. Nevertheless compound 20 has
some affinity to the BET especially to their second BD. Together with its effect on HDAC, it
could be a candidate for further optimization to turn it into a promising dual inhibitor.
Alternatively, there may be an opportunity to develop a BD2-specific inhibitor, should one be

interested.
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4.3.  Dual BET/HDAC inhibitors of the third generation

In total ten potential dual BET/HDAC inhibitors are members of the second generation and the

majority of them are derived from the rather small BETi 23 (Figure 20). The exception is
compound 37 which origin is PLX51107 (Figure 22, 36), a BET inhibitor in the single digit

nanomolar range. In order to introduce the HDACi activity the focus was on benzamines

although some hydroxamic acids were included as well.
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Dual BET/HDAC inhibitors of the third generation.
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4.3.1.

DSF results

Again, the interaction of the synthesized compounds with the BET proteins was evaluated by

DSF. The compounds were tested twice in duplicates (Table 12).

Table 12: DSF assay results of the third generation. ATm in °C.

Nr. BRD2 1 BRD2 2 BRD3 1 BRD3 2

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
25 2802 39201 27£01 3.7£00 3301 40£00 3803 3.9:0.l
26 2301 3601 25+£01 33+00 18+0.1 3.0£00 3500 3.0:0.1
27 34+0.1 69+49 91+06 5.5+49 7.8+07 5.1+2.5 [HBIGHIOM 0.6+ 0.0
28 19£03 4912 4000 79£03 3.1:14 74£03 50+03 0.7=0.0
29 10£0.1 48%26 63+04 1647 79406 54+33 104216 1.6+03
30 28+13.7 33+18 40+£03 40+37 3.0+02 6115 56+0.1 56=4l
31 29404 24+02 MOASHONM 2.5+04 29400 22+0.1 45+00 23+0.0
32 -0.5+0.1 -02+04 -1.1£04 -3.1£03 2.2£03 -09=04 04+03 -1420.5
33 -0.6+0.1 1.0£0.2 08402 -14+1.0 02+04 09+03 05+03
37 84+01 9.1+0.0 4112 82£00 92:02 9600 9.1£29

BRDA 1 BRD4 2 BRDT 1 BRDT 2

Run 1 Run 2 Run 1 Run 2 Run 1 Run 2 Run 1 Run 2
25 2401 45+00 6502 73+0.1 14+00 2502 0804 22:03
26 29+01 3800 5710 50+01 1.3+01 22201 2.6£03 0.7+03
27 94x02 9712 26+1.7 47+£59 3428
28 07+02 8.1=1.2 33402 82£29 2.1£07 28+0.0
29 1.1+02 85+28 92+34 5415 64+17 12+27 0303
30 43+01 68+30 89+1.6 89=12 3.6:05 04=23 24£06 29:08
31 31207 34202 10%36 55+00 2612 2103 25£01 28+0.7
32 -08+02 -1.5+03 33+0.5 1601 -04£01 04=0.1 2.2£03 0.6=0.2
33 -1.0£00 07402 36400 4005 01+01 04+04 -3.0£0.1 0.0+0.3
37 74+0.1 83+09 -1.0£03 43+02

Fields are colored according to the measured thermal shift 47, whereas green indicates a low, yellow a mediocre
and red a strong shift (relative). The blue colored fields contain a clear outlier and was not taken into account when
comparing the values.

Just as with the compounds of the second generation, there are some ambiguous results here as

well, but not as many. Those results mainly occurred with the compounds 27, 28 and 29 on all

tested proteins except for BRDT 2 and BRD4 2. But starting at the beginning with 25 and 26

the results show that these compounds already have a low affinity to the BET proteins with the

highest on BRD4 2. This affinity can be enhanced by introducing benzyl derivatives on either

side. Literature suggested that a nitrile substituted benzyl derivative on the same side as the

isoxazole group should be the best option.!''?) But together with the HDAC inhibiting part it

seems to be the exact opposite.
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This becomes clear when compound 27 is compared to 28 and 29. Both the exchange of the
chlorine atom with a nitrile group and the side change of the benzyl derivative resulted in a
lower shift. This is also true for the replacement of the benzamine with a hydroxamic acid, as
seen in compounds 27, 25, 26 and 31.

The compounds 32 and 33 are comparable to 29 and have an additional thiophen and furan
residue on the benzamine, respectively. As previously described this group should rise the
HDAC activity by reaching in the foot pocket next to the catalytic side. Unfortunately, this
measure has an unanticipated negative impact on BET activity and the compounds lose much
of their affinity to the BET proteins. Additionally, they do not seem to reach the foot pocket as
there HDAC affinity is reduced as well. Finally, compound 37 still shows a relatively high shift
on almost every BET protein, indicating that compared to its parental molecule PLX51107 (36,
not included in DSF assay), BET activity was not compromised or compromised only to a minor

extent.

4.3.2. Fluorogenic HDAC assay results

Since the third generation and second-generation compounds were tested at the same time, the
same applies here as before. However, one distinction has to be made here regarding the
HDACT results. The colored results of HDACI1 are again only reliable to some extent, while
the grey colored numbers are not reliable at all. In addition, PLX51107 was measured here to

see whether this compound already influences HDAC activity.

Table 13: ICso values (in pM) obtained from cell-free fluorogenic HDAC assay.
Nr. HDAC1 HDAC3

25 - 1.8
26 1.9 0.2
27 17.2 31.1
28 6.3 7.5
29 31.6
30 6.4
31 1.6
32 1613
33 463.1
37 12.6
36 413.1

Fields are colored according to the measured ICsg
whereas red indicates a low, yellow a mediocre and green
a high ICsg (relative). - = no data. Grey numbers are not
reliable.
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As seen before in the second generation, again the hydroxamic acid appears to be superior to
the benzamine in the cell-free assay, although the difference is not as significant. By introducing
the benzyl derivates necessary to enhance BET affinity, the HDAC activity is significantly
reduced. While it does not seem to matter for the HDAC activity on which side the benzyl
derivate is inserted, the substituent on the latter has a major impact. By replacing the chlorine
(27 and 29) with a nitrile group (28 and 30) the affinity increases by a factor of 4.5. Very
surprising, however, is compound 31 (ICso = 1.6 uM). Compared to 27 (ICso = 31.1 uM) this
increase in affinity is again achieved by using hydroxamic acid as the zinc-binding group. To
avoid the use of hydroxamic acids, an attempt was made to increase the affinity of benzamides
by introducing an additional thiophen group. As previously described, this worked
exceptionally well in the case of C1994 (Figure 12, right)’], increasing the activity by a factor
of 900.164651 Unfortunately, just the opposite was true and this rather small structural change
designed to increase the activity resulted in a high loss of that very same (32, ICso= 1613 uM).
Although the activity increased significantly again due to the replacement of thiophene by furan
(33, ICso = 463 uM), it was still lower than that of PLX51107 (36, ICso = 413 uM), a BET
inhibitor without a proper zinc-binding domain. By simply adding the zinc-binding domain the
activity could be increased 30-fold (37, ICso = 12.6 uM), resulting in a promising starting point
for further optimization.

Compared to the compounds of the previous generation (see chapter 4.2.), these seem to be
much more promising. Not only do they have a lower molecular mas and offer room for
optimization, but they already have a decent impact on both targets as well, especially
compounds 30, 31 and 37. Unfortunately, one rather simple way to enhance HDAC activity
does not seem to work in this combination neither on HDAC nor on BET. The reason for the
loss in HDAC activity could be, for example, a too short reach into the binding pocket whereby
the thiophene cannot enter the foot pocket next to the catalytic side. However, the loss of BET
activity is difficult to explain since this substructure should be solvent exposed and therefore
not contribute to BET activity in any way. Here, presumably only a crystal structure analysis
could clarify the reason behind this behavior. Furthermore, it would be interesting to see if

compound 14 behaves similarly when a thiophene is inserted at the corresponding position.
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3. Summary

The term "epigenetics" has been known since 1942 and was introduced by Conrad Waddington
and defined as the interactions between genes and the proteins encoded in them that are
responsible for phenotype development.!'3] With this definition, Waddington included all
molecular pathways that regulate the expression of a genotype into a specific phenotype.'¥
Over the years, as research progressed and knowledge grew, this definition was adapted
repeatedly. Today, epigenetics refers to the study of meiotic and mitotic heritable changes in
the function of a gene without altering the DNA sequence.!"®! These changes are DNA
modifications, primarily in the form of methylation of cytosine!'®! and histone modifications.
While DNA modifications are limited to methylations, histone modifications include many
other modifications besides methylation, including acetylation of lysines at the histone end.!”]
The proteins involved in the addition of modifications are called writers, while readers
recognize these epigenetic marks and erasers remove them.?”) Acetylations occurring at the

4] for example, are set by histone acetyltransferases (HATs), while

lysines of histone ends,
proteins with bromodomains (BRDs) recognize this modification and histone deacetylases
(HDACS) remove them.??) In transcription, acetylations play an important role by neutralizing
the positive charge of lysines and weakening their electrostatic interaction with the negatively
charged backbone of DNA,?*! thus opening the chromatin structure and allowing transcription
factors to access the promoters of targeted genes. Since BET proteins play a critical role in cell
proliferation and differentiation, the targeted genes are mainly growth-promoting genes such as
the oncogene MYC.***4 Dysregulation of this process leads to abnormal gene expression as
seen in many diseases, including cancer. Similarly, HDACs, although generally more
associated with gene deactivation and therefore considered transcriptional repressors,'®! are
also capable of deacetylating non-histone proteins, such as the tumor suppressor protein p53,
which is then susceptible to ubiquitination and subsequent degradation.’*”) These results
contributed to the idea of developing both BET and HDAC inhibitors for cancer therapy, and
indeed both types of inhibitors had an inhibitory effect on cancer cell growth. Regarding drug
discovery, for a very long time the paradigm was "one gene, one drug, one disease." This is
slowly changing due to functional redundancies and alternative compensatory cell signaling,

[113) Therefore, the logical consequence can only be to

which are particular prevalent in cancer.
consider multi-target strategies over single-target approaches. Since it is difficult to achieve
consistency in biodistribution and pharmacokinetics with a combination of two individual

drugs, single molecules displaying multiple inhibitory activities were sought.
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This was initially accomplished by conjugating two distinct pharmacophores, in this thesis BET
and HDAC inhibitors. In total four different ligands of this type were first synthesized and one
of them, compound 14, showed very promising results. 14 contains JQ1 and CI994 moieties
and has inhibitory effect against BRD4 and HDAC proteins, as shown by DSF and nanoBRET
assay. Moreover in vitro assays in PDAC cells showed that 14 is an even more potent dual
BET/HDAC inhibitor than the combination of JQ1 and CI994. While the effects of 14 on BETi
response gene MYC are pretty similar to JQ1, it is notably the HDAC inhibitory effects which
are more sustained and enhanced, probably due to a longer residence time of 14 on HDAC than
CI994, visible in the high level of acetylated lysins of histone H3. This change in expression
behavior had a major impact on cell growth and cell survival in all PDAC cell lines tested. Here,
the superiority of 14 over simultaneous treatment of the cells with JQ1 and CI994 became
properly evident as both the survival and growth of PDAC cells could be reduced more
significantly by 14 than with the parental molecules combined. In fact, the genes mentioned
above are not the only ones that are influenced by 14. By determining the transcriptome, it could
be shown that 14 only influences 605 genes (70%) of the genes regulated by JQI, but
additionally 551 other genes. Interestingly, the majority of these genes are mainly related to the
organization of cellular components as well as metabolic and cell cycle-related processes.

104] suggested that in cancer cells, transcription factors controlling the cell

Previous studies!
cycle are driven by so-called super-enhancers. PANC-1 tumor cells were found to have super-
enhancers at the FOSL] transcription factor gene and FOSLI1 is selectively downregulated by
14. In addition, it was shown by GSEA that the FOSL1 targets are downregulated as well,
suggesting that 14 impairs the whole transcriptional program of FOSL1.

Chemotherapy is still the standard treatment for cancer despite many side effects. For this
reason, 14 was combined with gemcitabine a well-tolerated chemotherapeutic agent that alone
only has a limited activity on PDAC. It turned out that the order in which the drugs were
administered had a major impact on efficacy. Cell-cycle arrest induced by 14 interferes with
the incorporation of gemcitabine in DNA, when 14 is administered prior to or simultaneously
with gemcitabine. However, if treatment with 14 follows gemcitabine administration the
induced S-phase arrest and replication stress is sustained, and cell growth is significantly
reduced.

Compared to most of the previous studies, which focused on dual BET/HDAC

S[76,77,1 14

inhibitor I'this is a major improvement as there was previously no significant difference

between the use of a dual BET/HDAC inhibitor and the combination of two single inhibitors.
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Only the most recent study!!!>! reported a dual BET/HDAC inhibitor (compound 13a) that has
a very similar structure and properties to compound 14. Compound 13a utilizes an hydroxamic
acid instead of the ortho-aminoanilide which is used in 14 making 13a an extremely potent
pan-HDAC inhibitor. Since 14 is class I selective, both compounds complement each other and
are therefore valuable tools in cellular context-dependent studies. However, as 14 is a
compound with a comparably high molecular weight, its uses are limited but serving as a proof
of concept the data supports further efforts to develop additional dual BET/HDAC inhibitors.
Therefore, a next generation of potential dual BET/HDAC inhibitors were developed based on
a selective inhibitor of CBP and EP300 called SGC-CBP30 (17). Although the affinity for CBP
and EP300 could be reduced as planned, the affinity for BET proteins was not consistent. While
most compounds had no effect on thermal stability and thus presumably no inhibitory effect,
there are two exceptions. Compounds 20 and 22 seem to influence primarily the second
bromodomain of several BET proteins, in both a stabilizing and destabilizing manner. Albeit a
destabilizing manner seems to be counterintuitive considering that a non-binding compound
should have neither, there are explanations aside from faulty performance or poor protein
activity. Some ligands for example bind primarily to the unfolded sate of a protein, thereby
destabilizing it.[''" This could mean that these compounds probably interact with the proteins,
but not necessarily in the desired way. Additionally, the compounds still had a high molecular
mass, which overall led to the decision to change part of the basic structure. While the
benzimidazole motif was retained, the position of the HDAC inhibitory moiety was swapped

with the BET inhibitory part (Figure 59).
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Figure 59: Transformation of the basic structure of the second-generation inhibitors (left) to third generation
(right). Position of HDAC inhibitory moiety and BET inhibitory moiety were swapped.

This measure was chosen because the results showed that altering the HDAC inhibitory moiety
also affected BET activity in some cases. However, when the putative BET inhibiting
substructure was altered, it had no detectable effect on BET activity in the DSF assay, contrary

to expectations of increasing it.
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As a result, the measure of exchanging the position of the two substructures for each other not
only reduced the molecular weight of the compounds but also significantly increased their
affinity to the BET proteins, as other BET-inhibiting substructures could be used now. In
addition, an attempt was made to modify the HDAC-inhibiting structure by adding a thiophene
or furan residue, respectively, as this significantly increased HDAC affinity in the case of C1994
(12). However, contrary to expectations, this measure led to a decrease in affinity for HDAC,
possibly because the pocket intended for this purpose could not be reached. Much more
surprising is the decrease in BET affinity. This fact is difficult to explain since this part of the
structure should be solvent-exposed and thus have no effect on BET activity. It would be
interesting to see if compound 14 behaves similarly after this modification, since here this part
of the structure is undoubtedly solvent-exposed as seen in the crystal structure. Nevertheless,
there are still further possibilities for optimizations, especially if compound 37 is considered.
This compound is derived from a very potent BET inhibitor and by two simple reactions a
moderate HDAC activity could be added. The combination of 37 and the rest of the third-
generation compounds gives rise to further derivatives that could be worth synthesizing and

investigate (Figure 60).
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Figure 60: Additional derivates that could be interesting to synthesize and investigate.

In general, it can be said that the idea of dual BET/HDAC inhibitors is extremely promising
and worth pursuing further. This is mainly due to the good test results obtained with compound
14. With the help of this type of inhibitors it might be possible to increase the survival rate of
PDAC patients, if not as a sole drug possibly as an add-on to chemotherapy.
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In addition, the use of dual BET/HDAC inhibitors do not seem to be limited to the treatment of
PDAC alone and can be applied to other types of cancer as well. NMC for example is a rare as
well as deadly subtype of poorly differentiated squamous cell carcinoma and characterized by
fusion of the NUT gene with BRD4 making it potentially susceptible to BET inhibition. In fact,
14 had a higher positive effect on the tested NMC cells than JQ1 or CI1994, causing the cells to
differentiate, among other effects. These results also attest to the potential of dual BET/HDAC
inhibitors. If a compound is found that successfully passes the preclinical tests, the three phases
of clinical testing will follow. Only after passing the third phase a dual inhibitor of BET and
HDAC would be found and could in the future increase the survival time and chances of patients
with pancreatic cancer as well as possibly those with other types of cancer. However, this is

still years away, only the start has been made here.
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6. Zusammenfassung

Der Begriff "Epigenetik" ist seit 1942 bekannt und wurde von Conrad Waddington eingefiihrt
und definiert als die Wechselwirkungen zwischen Genen und den darin kodierten Proteinen,
die fiir die Entwicklung des Phinotyps verantwortlich sind.['*! Mit dieser Definition schloss
Waddington alle molekularen Wege ein, die die Ausprigung eines Genotyps in einen
bestimmten Phiinotyp regulieren.!'* Im Laufe der Jahre, als die Forschung voran kam und das
Wissen wuchs, wurde diese Definition immer wieder angepasst. Heute bezieht sich die
Epigenetik auf die Untersuchung der meiotisch und mitotisch vererbbaren Verdnderungen der
Funktion eines Gens, ohne dass die DNA-Sequenz verindert wird.["! Diese Verinderungen
sind DNA-Modifikationen, vor allem in Form von Methylierung von Cytosin'® und
Histonmodifikationen. Wahrend sich die DNA-Modifikationen auf die Methylierungen
beschrinken, umfassen die Histonmodifikationen neben der Methylierung viele weitere
Modifikationen, unter anderem die Acetylierung von Lysinen am Histonende!'”!. Die Proteine,
die an der Hinzufiigung von Modifikationen beteiligt sind, werden als "Schreiber" (engl.
writers) bezeichnet, wahrend die "Leser" (engl. reader) diese epigenetischen Markierungen
erkennen und die "Radierer" (engl. erasers) sie wieder entfernen.[?”) Acetylierungen, die an den
Lysinen der Histonenden auftreten,!¥ werden beispielsweise von Histonacetyltransferasen
(HATS) gesetzt, wihrend Proteine mit Bromodoménen (BRD) diese Modifikation erkennen und
Histondeacetylasen (HDACs) sie wieder entfernen.””l Bei der Transkription spielen
Acetylierungen eine wichtige Rolle, da sie die positive Ladung der Lysine neutralisieren und
ihre elektrostatische Wechselwirkung mit dem negativ geladenen Riickgrat der DNA
schwichen,?*! wodurch sich die Chromatinstruktur 6ffnet und Transkriptionsfaktoren Zugang
zu den Promotoren der angesteuerten Gene erhalten. Da die BET-Proteine eine entscheidende
Rolle bei der Zellproliferation und -differenzierung spielen, handelt es sich bei den
angesteuerten Genen hauptsdchlich um wachstumsfordernde Gene wie zum Beispiel dem
Onkogen MYC.[3**% Eine Dysregulation dieses Prozesses fiihrt zu einer abnormen
Genexpression, die bei vielen Krankheiten, unter anderem auch bei Krebs, zu beobachten ist.
Ahnliches gilt fiir HDACs, obwohl sie im Allgemeinen eher mit der Deaktivierung von Genen
in Verbindung gebracht und daher als Transkriptionsrepressoren betrachtet werden.*®
Allerdings sind HDACs auch in der Lage Proteine zu deacetylieren bei denen es sich nicht um
Histone handelt, wie zum Beispiel das Tumorsuppressorprotein p53, das dann fiir die
Ubiquitinierung und den anschlieBenden Abbau zuginglich ist.°°! Diese Ergebnisse trugen zu
der Idee bei, sowohl BET- als auch HDAC Inhibitoren zur Krebstherapie zu entwickeln und

tatsidchlich hatten beide Arten von Inhibitoren einen hemmenden Effekt auf das Wachstum von
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Krebszellen. Beziiglich der Arzneimittelforschung galt fiir sehr lange Zeit das Paradigma "ein
Gen, ein Medikament, eine Krankheit". In jiingerer Zeit dndert sich dieses Paradigma jedoch
auf Grund von redundanten Funktionen und alternativen sich kompensierenden Signalmustern,
die insbesondere bei Krebserkrankungen vorherrschend sind. Daher kann die logische
Konsequenz nur sein, Multi-Target-Strategien gegeniiber Single-Target-Ansétzen in Betracht
zu ziehen. Auf Grund der Schwierigkeit, mit einer Kombination von zwei Einzelwirkstoffen,
in diesem Fall BET- und HDAC-Inhibitoren eine konsistente Biodistribution und
Pharmakokinetik zu erreichen, wurde nach Einzelmolekiilen gesucht, die mehrere
inhibitorische Aktivititen aufweisen. Dies wurde in dieser Arbeit zunédchst durch die einfache
Konjugation von zwei unterschiedlichen Pharmakophoren erreicht. Insgesamt wurden vier
verschiedene Liganden dieses Typs synthetisiert und einer von ihnen, Verbindung 14, zeigte
sehr vielversprechende Ergebnisse. 14 vereint den BET Inhibitor JQ1- mit dem HDAC Inhibitor
CI994 und hat eine hemmende Wirkung sowohl gegen BRD4- als auch HDAC-Proteine wie
durch DSF- und nanoBRET-Assay gezeigt werden konnte. AuBlerdem zeigten in vitro Assays
in PDAC-Zellen, dass 14 ein noch potenterer dualer BET/HDAC-Inhibitor ist als die
Kombination aus JQ1 und CI994. Wihrend die Effekte von 14 auf das BETi-Antwortgen MYC
denen von JQ1 ziemlich dhnlich waren, sind insbesondere die HDAC-inhibitorischen Effekte
nachhaltiger und verstirkt, wahrscheinlich aufgrund einer lingeren Verweildauer von 14 auf
HDAC als dies bei C1994 der Fall ist. Dies ist durch das hohe Niveau der acetylierten Lysine
von Histon H3 im Western Blot erkennbar. Dieses verdnderte Expressionsverhalten hatte einen
grolen Einfluss auf das Zellwachstum und -iiberleben in allen getesteten PDAC-Zelllinien.
Hier wurde die Uberlegenheit von 14 gegeniiber der gleichzeitigen Behandlung der Zellen mit
JQI und CI994 sehr deutlich. Wurden PDAC-Zellen mit dem dualen Inhibitor 14 behandelt,
hatte dies ein geringeres Wachstum und Uberleben der Krebszellen zur Folge als mit beiden
urspriinglichen Molekiilen, unabhingig davon, ob diese einzeln oder simultan verabreicht
wurden. Tatsichlich sind die zuvor genannten Gene nicht die einzigen, die durch 14 beeinflusst
werden. Durch Bestimmung des Transkriptoms konnte gezeigt werden, dass 14 zwar nur 605
(70 %) der Gene beeinflusst, die durch JQ1 reguliert werden, dafiir allerdings noch 551 weitere
Gene. Interessanterweise steht die Mehrheit dieser Gene hauptsédchlich in Verbindung mit der
Organisation zellulirer Komponenten sowie metabolischen und zellzyklusbezogenen
Prozessen. Friihere Studien!'®! deuten darauf hin, dass in Krebszellen Transkriptionsfaktoren,
die den Zellzyklus kontrollieren, von sogenannten super-enhancern angetrieben werden. Es
stellte sich heraus, dass PANC-1-Tumorzellen super-enhancer am Gen des

Transkriptionsfaktor FOSL1 aufweisen und FOSLI1 selektiv von 14 herunterreguliert wird.
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Dariiber hinaus konnte durch GSEA gezeigt werden, dass die FOSL1-Targents ebenfalls
herunterreguliert werden, was nahelegt, dass durch 14 das Transkriptionsprogramm von FOSL 1
deutlich beeintrachtig wird.

Bei der Chemotherapie handelt es sich trotz vieler Nebenwirkungen noch immer um die
Standardbehandlung bei Krebs. Aus diesem Grund wurde 14 mit Gemcitabin, einem gut
vertrdglichen Chemotherapeutikum, kombiniert, dass bei PDAC allein nur eine begrenzte
Aktivitdt aufweist. Es stellte sich heraus, dass die Reihenfolge, in der die Medikamente
verabreicht werden, einen groflen Einfluss auf die Effektivitét hatte. Der durch 14 induzierte
Stopp des Zellzyklus verhindert den Einbau von Gemcitabin in die DNA, wenn 14 vor oder
gleichzeitig mit Gemcitabin verabreicht wird. Wenn jedoch die Behandlung mit 14 nach der
Verabreichung von Gemcitabin folgt, wird der durch Gemcitabin induzierte S-Phasen-Arrest
und Replikationsstress aufrechterhalten und das Zellwachstum stark reduziert.

Im Vergleich zu den meisten fritheren Studien,!’®’"!'4 die sich mit dualen BET/HDAC-
Inhibitoren beschéftigten, ist dies eine grole Verbesserung, da es bisher keinen signifikanten
Unterschied zwischen der Verwendung eines dualen BET/HDAC-Inhibitors und der
Kombination von zwei Einzelinhibitoren gab. Erst die jiingste Studie!''*! berichtete iiber einen
dualen BET/HDAC-Inhibitor (Verbindung 13a), der eine sehr &dhnliche Struktur und
Eigenschaften wie 14 aufweist. In Verbindung 13a wird eine Hydroxamséure anstelle des in 14
genutzten ortho-Aminoanilids verwendet, weswegen 13a ein extrem potenter pan-HDAC-
Inhibitor ist. Da 14 selektiv fiir die Klasse I ist, ergdnzen sich beide Verbindungen und sind
daher wertvolle Werkzeuge fiir zelluldre, kontextabhdngige Studien. Da es sich bei 14 jedoch
um eine Verbindung mit einem relativ hohen Molekulargewicht handelt, sind seine
Einsatzmdglichkeiten begrenzt. Als Proof of Concept unterstiitzten die Daten allerdings weitere
Bemiihungen zur Entwicklung zusétzlicher dualer BET/HDAC-Inhibitoren. Daher wurde eine
nichste Generation entwickelt, die auf einem selektiven Inhibitor von CBP und EP300 namens
SGC-CBP30 (17) basiert. Hier ergab sich, dass zwar die Affinitdt zu CBP und EP300 wie
geplant reduziert werden konnte, die Affinitdt fiir BET-Proteine aber kaum gegeben war.
Wihrend die meisten Verbindungen keinen Einfluss auf die thermische Stabilitdt und damit
vermutlich auch keine hemmende Wirkung haben, gibt es zwei Ausnahmen. Die Verbindungen
20 und 22 scheinen selektiv die zweite Bromodomine mehrerer BET-Proteine zu beeinflussen,
sowohl auf stabilisierende als auch auf destabilisierende Weise. Vergleicht man die Strukturen
aller Inhibitoren dieser Generation, sollte der strukturelle Grund fiir dieses Verhalten auf die
Amidbindung der beiden Verbindungen zurilick zufiihren sein. Zwar hat auch Verbindung 21

eine Amidbindung jedoch handelte es sich hier beim Edukt um ein Benzylamin und nicht um
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ein Anilin. Dass diese vergleichsweise kleinen Verdanderungen der Struktur eine teilweise
destabilisierende Wirkung auf die BET-Proteine haben, scheint kontraintuitiv zu sein, wenn
man bedenkt, dass eine nicht-bindende Verbindung weder das eine noch das andere aufweisen
sollte. Es gibt jedoch Erkldrungen fiir dieses Verhalten, abgesehen von fehlerhafter
Durchfiihrung oder schlechter Proteinaktivitdt. Es gibt Liganden, die binden zum Beispiel
primér an den ungefalteten Zustand eines Proteins und destabilisieren es dadurch.[''!l Auf die
hier vorliegenden Ergebnisse bezogen, konnte das bedeuten, dass diese Verbindungen eventuell
auf mehr als nur eine Art und Weise mit den BET-Proteinen interagieren, und nicht unbedingt
auf die gewiinschte. Zusétzlich handelt es sich bei diesen Verbindungen immer noch um
Exemplare mit einer sehr hohen Molekiilmasse, was insgesamt zu der Entscheidung fiihrte,
einen Teil der Grundstruktur zu verdndern. Wahrend das Benzimidazol-Motiv beibehalten
wurde, wurde die Position des HDAC-hemmenden Teils mit dem BET-hemmenden Teil
vertauscht (Figure 59). Diese MaBBnahme wurde gewihlt, weil die Ergebnisse zeigten, dass die
Verianderung der HDAC-inhibitorischen Einheit wie zuvor beschrieben in einigen Féllen auch
die BET-Aktivitit beeinflusste. Wenn jedoch die vermeintlich BET-inhibierende Substruktur
verandert wurde, hatte dies entgegen der Erwartung einer Erhohung der Affinitdt keinen
nachweisbaren Effekt auf die BET-Aktivitdt im DSF-Assay. Die MaBBnahme, die Position der
beiden Substrukturen gegeneinander auszutauschen, reduzierte nicht nur das Molekulargewicht
der Verbindungen, sondern erhohte auch deren Affinitdt zu den BET-Proteinen deutlich, da nun
andere BET-hemmende Substrukturen eingesetzt werden konnten. Die hier zu Grunde liegende

2] suggerierte, dass ein nitrilsubstituiertes Benzylderivat, dass sich auf der gleichen

Literatur!
Seite wie die Isoxazolgruppe befindet (vergleiche Verbindung 23), die vielversprechendste
Option fiir die dualen Inhibitoren sein sollte. Zusammen mit dem HDAC-inhibierenden Teil
jedoch scheint das genaue Gegenteil eingetroffen zu sein. Dies wird deutlich, wenn die
Verbindungen 28 und 29 mit 27 verglichen werden. Sowohl der Austausch des Chloratoms (27)
durch eine Nitrilgruppe (28) als auch der Seitenwechsel des Benzylderivats (29) fiihrten zu
einem verringertem Shift im DSF-Assay. Dariiber hinaus wurde auBerdem versucht, die
HDAC-hemmende Struktur durch Hinzufiigen eines Thiophen- beziehungsweise Furan-Restes
zu modifizieren, da dadurch zumindest im Falle von C1994 (12) die HDAC-Affinitét deutlich
gesteigert werden konnte. Wider Erwarten fiithrte diese MaBBnahme jedoch zu einer Abnahme
der Affinitit fiir HDAC, moglicherweise weil die dafiir vorgesehene Tasche nicht erreicht
werden konnte. Deutlich iiberraschender ist die Abnahme der BET-Affinitit. Diese Tatsache
ist schwierig zu erkldren, da dieser Teil der Struktur 16sungsmittelexponiert sein und somit

keinen Einfluss auf die BET-Aktivitiat haben sollte.
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Es wire interessant zu sehen, ob sich 14 nach dieser Modifikation dhnlich verhilt, da hier dieser
Teil der Struktur wie in der Kristallstruktur zu sehen ohne Zweifel dem Ldsungsmittel
ausgesetzt ist.

Beziiglich der Optimierung der Verbindungen der dritten Generation gibt es einige
Moglichkeiten, insbesondere wenn Verbindung 37 beriicksichtig wird. Diese Verbindung war
von einem sehr potenten BET-Inhibitor abgeleitet und durch zwei einfache Reaktionen konnte
eine moderate HDAC-Aktivitit hinzugefiigt werden. Aus der Kombination von 37 und den
iibrigen Verbindungen der dritten Generation ergeben sich weitere Derivate, die es wert sein
konnten, synthetisiert und untersucht zu werden (Figure 60). Wie hier in nahezu allen
Verbindungen zu sehen ist, sind die HDAC Inhibitoren grofBtenteils relativ einfach aufgebaut.
So lange die wichtige zinkbindende Gruppe vorhanden ist, scheint der Linker sowie die
Capping-Gruppe zweitranging fiir eine gute Aktivitdt zu sein. Die groBere Herausforderung
wird vermutlich die Suche nach dem passenden BET Inhibitor sein und die Wahlmoglichkeiten
sind schon jetzt vielfiltig.?”) Es ist nicht unwahrscheinlich, dass, sollte es in Zukunft einen
zugelassenen dualen BET/HDAC Inhibitor geben, dieser keine der hier verwendeten BETi
verwendet werden, aber noch immer vergleichbare HDAC inhibierende Strukturen.

Generell ldsst sich sagen, dass die Idee der dualen BET/HDAC-Inhibitoren &uBerst
vielversprechend und es wert ist, weiter verfolgt zu werden. Dies liegt vor allem an den guten
Testergebnissen, die mit Verbindung 14 erzielt wurden. Mit Hilfe dieser Art von Inhibitoren
konnte es in Zukunft moglich sein, die Uberlebensrate von PDAC-Patienten zu erhdhen, wenn
nicht als alleiniges Medikament, so vielleicht als Zusatz zur Chemotherapie. Dariiber hinaus
scheint der Einsatz von dualen BET/HDAC-Inhibitoren nicht nur auf die Behandlung von
PDAC beschrinkt zu sein und kann auch bei anderen Krebsarten angewendet werden. NMC
zum Beispiel ist ein ebenso seltener wie todlicher Subtyp des schlecht differenzierten
Plattenepithelkarzinoms und zeichnet sich durch eine Fusion des NUT-Gens mit BRD4 aus,
wodurch es potenziell anfdllig fiir eine BET-Inhibition ist. Tatsdchlich zeigte 14 auch hier einen
grofleren positiven Effekt auf die getesteten NMC-Zellen als JQ1 oder CI994 und veranlasste
die Zellen unter anderem zur Differenzierung. Diese Ergebnisse belegen das Potenzial von
dualen BET/HDAC-Inhibitoren und sollte in Zukunft ein Wirkstoff gefunden werden, der die
préiklinischen Tests erfolgreich besteht, wiirden anschlieBend die drei Phasen der klinischen
Priifung folgen. Erst nach Bestehen der dritten Phase wére ein dualer Inhibitor von BET und
HDAC gefunden und konnte die Uberlebenszeit und -chancen von Patienten mit
Bauchspeicheldriisenkrebs und moglicherweise auch die von Patienten mit anderen Krebsarten,

erhohen. Davon ist man aber noch Jahre entfernt, hier wurde nur der Anfang gemacht.
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7. Experimental section

7.1.  General procedures

All solvents and reagents were obtained either from Merck, Alfa Aesar, TCI, Apollo Scientific,
Enamine or MedChemExpress and used without further purification. Unless otherwise
indicated, the syntheses were performed under argon gas with anhydrous solvents. Their
progress was monitored and the Rr values were determined by thin layer chromatography
(TLC). The therefore silica gel coated (particle size 60 um) aluminum plates were purchased

from Merck.

Microwave

The microwave used is a Discover SP microwave synthesizer from CEM.
Flash column chromatography

A PURIFLASH XS 420 system with puriFlash cartridges (15 pm, 30 um or 50 um) from
Interchim and technical grade solvents were used to purify compounds. UV absorption was

detected at 254 nm.

ESI and HRMS

To characterize the synthesized products by electrospray ionization (ESI), a ThermoFischer
Surveyor MSQ was used to record mass spectra. TLC-MS was measured with a TLC-MS
interface 2 of the company Camag. The determination of precision masses was performed with
an LTQ Orbitrap XL from Thermo Scientific. The method used is matrix-assisted laser
desorption/ionization (MALDI) with the standard matrix a-cyano-4-hydroxycinnamic acid

(HCCA).
NMR

A DPX-250, an AV-500 or a DRX-600 from Bruker were used to record the 'H and '*C-NMR
spectra, respectively. The NMR spectra were evaluated by means of the software MestReNova.
The chemical shift § is given in the unit parts per million (ppm) and is based on the internal
standard of tetramethylsilane (6 = 0). For the fine structure of the signals the abbreviations "s"
for singlet, "d" for doublet, "dd" for doublet of doublet, "t" for triplet, "q" for quartet and "m"

for multiplet etc. are used.
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HPLC

Purity of final compounds was determined on an Agilent system with a 1260 Infinity [ MWD
and an Eclipse XDB-C18 (5 um, 4.6x250 mm) column. H>O and ACN were used as solvents,
both contain an additional 0.1 % TFA. UV absorption was detected at 254.4 nm and 280.0 nm.

7.2.  Syntheses

General procedure A

The appropriate amine (1.5 eq) was added to a solution of compound 63 or 94 (1 eq) and DIPEA
(1.5 eq) in THF. The resulting solution was stirred at RT overnight and then partitioned between
EtOAc and HCl solution (10 %). Aqueous phase was extracted with EtOAc twice and combined

organic phases were washed with brine and dried over MgSOa.
General procedure B1

Reduction of the nitro group was performed in a mixture of EtOH and EtOAc (1:2). After
addition of 10 % Pd/C (0.1 eq) without stirring, the flask is flooded with argon 3 times.
Subsequently the flask is flooded H» and stirred at RT until TLC indicates completion of the
reaction. The mixture is filtered through celite, washed with EtOH and EtOAc until the filtrate

is clear. The solvent is removed under reduced pressure.
General procedure B2

Reduction of the nitro group was performed in EtOH. While stirring at 0 °C SnCl,*H>0 (4 eq)
was added. The resulting solution was stirred at RT for 10 minutes and then refluxed until TLC
indicated the end of reaction (approximately 4 h). Then ice cold water and 1 M NaOH was
added, and product was extracted with EtOAc. Organic layer was washed with brine and dried

over MgSOs.
General procedure C

HATU (1.2 eq) was added to a solution of the corresponding carboxylic acid (1 eq) with DIPEA
(1.2 eq) in DMF. The mixture was stirred for one hour, then the corresponding amine (1.2 eq)
was added and stirred overnight. The solvent was removed under reduced pressure and
partitioned between EtOAc and water. The aqueous phase was extracted three times with

EtOAc, and the combined organic fractions were washed with brine and dried over MgSOa.
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General procedure D

Ring closure and cleavage of the Boc-group and/or ester group respectively was performed in
hydrogen chloride solution (4 M in dioxane). Corresponding educt was dissolved in an

appropriate amount of hydrogen chloride solution and was stirred under reflux for several hours.

General procedure E

The Boc-protected compound (1 eq) was dissolved in DCM and TFA (20 % of total volume)
was added at 0 °C. The reaction was stirred at RT and monitored via TLC. After completion
the solvent was removed under reduced pressure, the residue was purified via flash

chromatography.
General procedure F

To a solution of methylcarboxylester (1 eq) with hydroxylamine hydrochloride (15 eq) in
MeOH, sodium methoxide (25 %(w/v) in methanol, 25 eq) was added slowly at -78°C. The
resulting mixture was stirred at -20°C for 1 h before it was warmed up to RT. After 2 more
hours the reaction (monitored via TLC) was complete. The solvent was removed under reduced
pressure, and the remaining residue was partitioned between EtOAc and water. The aqueous
phase was extracted three times with EtOAc, and the combined organic fractions were washed

with brine and dried over MgSOs. The residue was purified via flash chromatography.

tert-butyl (2-aminophenyl)carbamate (39)

A solution of di-tert-butyl dicarbonate (2.02 g, 9.25 mmol, 1 eq) in CH2Cl> (25 mL) was added
dropwise at 0°C to a solution of o-phenylenediamine 38 (1 g, 9.25 mmol, 1 eq) in DCM
(20 mL). The reaction mixture was stirred overnight at RT. The solvent was removed under
reduced pressure. The residue was purified by flash chromatography with hexane/EtOAc
(70:30), yielding compound 39 as a white solid (1.48 g, 77 %). Reaction was carried out several
times. If expected yield was higher than 3 g, purification was performed by recrystallization

from hexane and EtOAc.
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Ri(hexane/EtOAc = 60:40) = 0.58

'H-NMR (250 MHz, DMSO-ds): 8 = 8.26 (s, IH, NH), 7.22 - 7.12 (m, 1H, CHa.y), 6.83 (td, J =
7.9, 1.5 Hz, 1H, CHay), 6.67 (dd, J = 8.0, 1.5 Hz, 1H, CHay), 6.52 (td, J=7.8, 1.5 Hz, 1H, CHay),
4.80 (s, 2H, NHy), 1.45 (s, 9H, C(CHs)s) ppm.

MS (ESI-): m/z 231.12 ([M-H], 100)

(9H-fluoren-9-yl)methyl (4-((2-((zert-butoxycarbonyl) amino) phenyl)carbamoyl)phenyl)
carbamate (41)

The reaction was performed by following the general procedure C with 4-(Fmoc-amino)benzoic
acid 40 (400 mg, 1.1 mmol, 1 eq) and 39 (231.8 mg, 1.1 mmol, 1 eq). Crude product was
purified via flash chromatography with hexane:EtOAc (80:20) as mobile phase to obtain 41 as
a colorless solid (370 mg, 61 %).

Ri(hexane/EtOAc = 60:40) = 0.43.

'H-NMR (250 MHz, DMSO-ds): § = 10.05 (s, 1H, NH), 9.73 (s, 1H, NH), 8.66 (s, IH, NH),
7.90 (t, ] = 7.8 Hz, 4H, CH,y), 7.77 (d, J = 7.3 Hz, 2H, CH.y), 7.54 (ddd, J=9.9,J - =7.5,] =
5.6 Hz, 4H, CHar), 7.48 - 7.32 (m, 4H, CHar), 7.17 (ddd, J = 7.7 Hz, 5.4 Hz, - *Jun = 1.9 Hz,
2H, CH.), 4.54 (d, J = 6.5 Hz, 2H, CHy), 4.34 (t, ] = 6.4 Hz, 1H, CH), 1.45 (s, 9H, C(CHa)s3)
ppm.

MS (ESI-): m/z 572.13 ([M-H], 100).
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tert-butyl (2-(4-aminobenzamido)phenyl)carbamate (42)

To a solution of compound 41 (370 mg, 0.067 mmol, 1 eq) in DCM morpholine (20 % of total
volume of 25 mL) was added. Reaction was monitored via TLC and after 45 minutes reaction
was complete. Solvent was removed under reduced pressure and remaining residue was
partitioned between EtOAc and HCI solution (10 %). The aqueous phase was extracted three
times with EtOAc, and the combined organic fractions were washed with brine and dried over
MgSOs4. Crude product was purified via flash chromatography with a gradient of DCM/MeOH
(after 2 CVs increased linear from 100:0 to 95:5 over 10 CV) to obtain 42 as a colorless solid
(150 mg, 68 %).

Ri(hexane/EtOAc = 40:60) = 0.54.

"H-NMR (250 MHz, DMSO-ds): 6 = 9.59 (s, 1H, NH), 8.67 (s, 1H, NH), 7.76 (d, J = 8.6 Hz,
2H, CHu), 7.59 - 7.44 (m, 2H, CHy,), 7.20 - 7.07 (m, 2H, CHa), 6.80 (d, J = 7.9 Hz, 2H, CHa),
1.45 (s, 9H, C(CHs)3) ppm.

MS (ESI+): m/z 350.09 ([M+Na), 100)

(5)-2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-f][1,2,4]triazolo[4,3-a][1,4]
diazepin-6-yl) acetic acid (43)

SBtN
N__N

| N
X
(@] OH
Cl

To a solution of (+)-JQ1 3 (350 mg, 0.77 mmol, 1 eq) in THF/MeOH/H-0O (3:2:1), LiOH
(321 mg, 7.7 mmol, 10 eq) was added. The reaction was stirred overnight at RT. After removing

the solvents under reduced pressure, the residue was dissolved in water, acidified, and extracted

with EtOAc. The organic layer was washed with brine and dried over MgSOs. The solvent was

99



Experimental section

removed under reduced pressure, and the residue was purified via flash chromatography with
DCM/MeOH (90:10) as mobile phase to obtain compound 43 (286 mg, 93 %) as a colorless

solid.
RA(EtOAc/AcOH = 98:2) = 0.30.

"H-NMR (250 MHz, DMSO-de): & = 12.22 (s, 1H, OH), 7.54 - 7.40 (m, 4H, CHy,), 4.45 (t, ] =
7.1 Hz, 1H, CH), 3.52 - 3.23 (m, 2H, CH), 2.60 (s, 3H, CHz3), 2.41 (s, 3H, CH3), 1.63 (s, 3H,
CH3) ppm.

BC-NMR (126 MHz, DMSO-d): & = 172.04, 163.12, 154.85, 149.89, 136.67, 135.27, 132.25,
130.75, 130.16, 129.86, 129.52, 128.52, 128.51, 53.60, 14.06, 12.69, 11.29 ppm.

MS (ESI-): m/z 399.01 ([M-H], 100)

tert-butyl (S)-(2-(4-(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-
f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)benzamido)phenyl)carbamate (44)

s>:'\{
N__N

| N o
0 Y

N
Cl 07<

Reaction performed by following the general procedure C with 43 (124.9 mg, 0.31 mmol, 1 eq)
and 42 (102 mg, 0.31 mmol, 1 eq). Crude product was purified via flash chromatography with
a gradient of DCM/MeOH (after 3 CVs increased linear from 100:0 to 90:10 over 10 CVs) to
obtain 44 as a light yellow solid (85 mg, 38.4 %).

R{(DCM/MeOH = 90:10) = 0.6.

'H-NMR (250 MHz, DMSO-ds): 6 = 10.62 (s, 1H, NH), 9.76 (s, 1H, NH), 8.67 (s, 1H, NH),
7.94 (d, ] = 8.8 Hz, 2H, CHs), 7.79 (d, ] = 8.8 Hz, 2H, CHay), 7.58 - 7.35 (m, 6H, CHay), 7.24 -
7.08 (m, 2H, CHay), 4.63 (t, J = 7.1 Hz, 1H, CH), 3.57 (d,J = 7.1 Hz, 2H, CHa), 2.60 (d, ] = 4.6
Hz, 3H, CHs), 2.43 (s, 3H, CHs), 1.64 (s, 3H, CHs), 1.45 (s, 9H, C(CHz)s) ppm.

MS (ESI-): m/z 732.30 ([M-H], 100).
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(8)-N-(2-aminophenyl)-4-(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-
f111,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)benzamide (14)

s>:'\{
N__N

| )N o
Wsas"
o H NH,

Reaction performed by following the general procedure E with 44 (85 mg, 0.12 mmol). Crude

Cl

product was purified via reversed flash chromatography with a gradient of ACN/H2O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 14 as a light yellow solid
(47 mg, 64 %).

R{(DCM/MeOH = 90:10) = 0.42.

'H-NMR (500 MHz, DMSO-ds): 5 = 10.59 (s, 1H, NH), 9.58 (s, 1H, NH), 7.97 (d, ] = 8.6 Hz,
2H, CH.y), 7.76 (d, J = 8.7 Hz, 2H, CHar), 7.49 (d, J = 8.8 Hz, 2H, CHay), 7.43 (d, J = 8.5 Hz,
2H, CHar), 7.16 (d, J = 7.4 Hz, 1H, CHay), 6.98 - 6.95 (m, 1H, CHa,y), 6.78 (dd, J= 8.0 Hz, J -
1.2 Hz, 1H, CHay), 6.62 - 6.58 (m, 1H, CH.y), 4.89 (s, 2H, NH,), 4.62 (t, J = 7.1 Hz, 1H, CH),
3.56 (d,J = 7.1 Hz, 2H, CH,), 2.61 (s, 3H, CHs), 2.43 (s, 3H, CHs), 1.64 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-ds): 6 = 169.13, 164.72, 163.31, 155.01, 149.98, 143.17, 141.96,
136.74, 135.29, 130.79, 130.16, 129.90, 129.56, 128.77, 128.54, 126.69, 123.39, 123.48,
118.18, 116.29, 116.15, 53.69, 14.10, 12.72, 11.34 ppm.

MS (ESI-): m/z 608.26 ([M-H], 100).
HRMS (MALDI) m/z calculated 610.17865 for C32H29CIN7O>, found 610.17855.

HPLC: purity > 95 %
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(9H-fluoren-9-yl)methyl (4-((2-((zert-butoxycarbonyl)amino)phenyl)carbamoyl)benzyl)
carbamate (59)

The reaction was performed by following the general procedure C with 4-(((((9H-fluoren-9-
yl)methoxy)carbonyl)amino)methyl)benzoic acid 58 (200 mg, 0.54 mmol, 1 eq) and 39
(231 mg, 1.1 mmol, 1.2 eq). Crude product was purified via flash chromatography with
hexane:EtOAc (50:50) as mobile phase to obtain 59 as a colorless solid (226 mg, 75 %).

R hexane/EtOAc = 50:50) = 0.58

'H-NMR (250 MHz, DMSO-ds): & = 9.80 (s, 1H, NH), 8.67 (s, 1H, NH), 7.99 - 7.83 (m, 7H,
CHar + NH), 7.71 (d, ] = 7.3 Hz, 2H, CHar), 7.58 - 7.50 (m, 2H, CHay), 7.45 - 7.30 (m, 6H, CHay),
438 (d,J=6.7 Hz, 2H, CHy), 4.31 - 4.18 (m, 3H, CH + CH.), 1.43 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 586.25 ([M+Na], 100)

tert-butyl (2-(4-(aminomethyl)benzamido)phenyl)carbamate (60)

0._0

HN
1 100
N
H,N H

To a solution of compound 59 (226 mg, 0.4 mmol, 1 eq) in DCM morpholine (20 % of total
volume of 20 mL) was added. Reaction was monitored via TLC and after 45 minutes reaction
was complete. Solvent was removed under reduced pressure and remaining residue was
partitioned between EtOAc and HCI solution (10 %). The aqueous phase was extracted three
times with EtOAc, and the combined organic fractions were washed with brine and dried over
MgSO4. Crude product was purified via flash chromatography with a gradient of DCM/MeOH
(after 2 CVs increased linear from 99:1 to 90:10 over 9 CV and held for 4 CVs) to obtain 60 as
a colorless solid (136 mg, > 95 %).
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R{(DCM/MeOH = 90:10) = 0.41

'H-NMR (250 MHz, DMSO-ds): & = 9.80 (s, 1H, NH), 8.69 (s, IH, NH), 7.91 (d, J = 8.3 Hz,
2H, CHar), 7.60 - 7.46 (m, 4H, CHay), 7.25 - 7.11 (m, 2H, CHar), 3.83 (s, 2H, CHa), 1.45 (s, 9H,
C(CHs)3) ppm.

MS(ESI+): m/z 364.21 ([M+Na], 30)

tert-butyl (8)-(2-(4-((2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-f][1,2,4] triazolo
[4,3-a][1,4]diazepin-6-yl)acetamido)methyl)benzamido)phenyl)carbamate (61)

Cl

Reaction performed by following the general procedure C with 43 (100 mg, 0.25 mmol, 1 eq)
and 60 (85 mg, 0.25 mmol, 1 eq). Crude product was purified via flash chromatography with a
gradient of DCM/MeOH (after 3 CVs increased linear from 100:0 to 90:10 over 10 CVs) to
obtain 61 as a colorless solid (150 mg, 84 %).

R{(DCM/MeOH = 90:10) = 0.52

'H-NMR (250 MHz, DMSO-ds): 5 =9.85 (s, 1H, NH), 8.87 (s, |H, NH), 8.68 (s, 1H, NH), 7.93
(d,J = 8.4 Hz, 2H, CH,y), 7.59 - 7.43 (m, 6H, CHar), 7.37 (d, ] = 8.6 Hz, 2H, CHar), 7.26 - 7.09
(m, 2H, CHay), 4.56 (t, J = 7.2 Hz, 1H, CH), 4.48 - 4.39 (m, 2H, CH,), 2.61 (s, 3H, CHs), 2.41
(s, 3H, CHs), 1.62 (s, 3H, CHs), 1.43 (s, 9H, C(CHs)3), 1.28 - 1.22 (m, 2H, CH,) ppm.

MS (ESI)
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(S)-NV-(2-aminophenyl)-4-((2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno[3,2-f][1,2,4]
triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)methyl)benzamide (62)

»
e e g©

Cl

Reaction performed by following the general procedure E with 61 (130 mg, 0.18 mmol). Crude
product was purified via reversed flash chromatography with a gradient of ACN/H2O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 62 as a light beige solid
(90 mg, 81 %).

R{(DCM/MeOH = 90:10) = 0.25

'H-NMR (400 MHz, DMSO-dy): & = 9.66 (s, 1H), 8.84 (t, J = 6.1 Hz, 1H), 7.96 (d, J = 7.9 Hz,
2H), 7.46 (t, J = 8.2 Hz, 4H), 7.37 (d, J = 8.6 Hz, 2H), 7.18 (d, J = 7.7 Hz, 1H), 6.98 (td, J =
7.4,1.4Hz, 1H), 6.79 (dd, T = 8.0, 1.4 Hz, 1H), 6.61 (td, J = 7.5, 1.4 Hz, 1H) ppm.

BC-NMR (126 MHz, DMSO-ds): 6 = 169.78, 165.08, 163.18, 155.08, 149.88, 143.27, 143.21,
136.76, 135.27, 133.04, 132.31, 130.72, 130.14, 129.85, 129.58, 128.47, 127.79, 126.96,
126.76, 126.51, 123.34, 116.28, 116.16, 53.97, 41.75, 37.66, 14.09, 12.70, 11.34 ppm.

MS (ESL-): m/z 624.17 ([M+H], 100).
HRMS (MALDI) m/z calculated 624.19430 for C33H3;CIN;0,S, found 624.19396.

HPLC: purity > 95 %
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Methyl 8-((4-((tert-butoxycarbonyl)amino)phenyl)amino)-8-oxooctanoate (47)

XOEH\@NMO\
: 0

Reaction performed by following the general procedure C with fert-butyl (4-aminophenyl)
carbamate (500 mg, 2.4 mmol, 1 eq) and 8-methoxy-8-ococtanoic acid (0.4 mL, 2.4 mmol,
1 eq). Crude product was purified via flash chromatography with hexane/EtOAc (50:50) to
obtain 47 as a colorless solid (800 mg, 88 %).

Ri(hexane/EtOAc = 50:50) = 0.5

'H-NMR (250 MHz, DMSO-ds): 8 = 9.70 (s, 1H, NH), 9.19 (s, 1H, NH), 7.44 (d, ] = 9.0 Hz,
2H, CHar), 7.33 (d, J = 9.0 Hz, 2H, CHa), 3.57 (s, 3H, CH3), 2.27 (dt, J = 11.3, 7.4 Hz, 4H,
2xCHa), 1.63 - 1.49 (m, 4H, 2xCHa), 1.46 (s, 9H, C(CHs)s3), 1.32 - 1.23 (m, 4H, 2xCH,) ppm.

MS (ESI-): m/z 377.14 ([M-H], 100).

Methyl 8-((4-aminophenyl)amino)-8-oxooctanoate (48)

HoN
R
Nk/\/\/WO\
H

o)

Reaction performed by following the general procedure E with 47 (508 mg, 1.34 mmol). Crude
product was purified via flash chromatography with DCM/MeOH (95:5) to obtain) as a
colorless solid 48 (194 mg, 52 %).

R{(CH,Cl/MeOH = 95:5) = 0.24.

'H-NMR (250 MHz, DMSO-de): & = 9.86 (s, 1H, NH), 7.55 (d, J = 8.8 Hz, 2H, CH.r), 7.05 (d,
J = 8.7 Hz, 2H, CHay), 3.57 (s, 3H, CHs), 2.33 - 2.23 (m, 4H, 2xCH,), 1.54 (d, ] = 7.1 Hz, 4H,
2xCHy), 1.28 (q, J = 5.4, 3.8 Hz, 4H, 2xCH,) ppm.

MS (ESI-): m/z 277.09 ([M-H], 75)
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Methyl (S)-8-((4-(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-
f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)acetamido)phenyl)amino)-8-oxooctanoate (49)
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Reaction performed by following the general procedure C with 43 (120 mg, 0.30 mmol, 1 eq)
and 48 (140 mg, 0.50 mmol, 1.7 eq). Crude product was purified via flash chromatography with
DCM /MeOH (after 2 CV increased linear from 100:0 to 95:5 over 8 CV and held for 2 CV) to
obtain 49 as a light purple solid (85 mg, 45 %).

R{(CH>Cl/MeOH = 95:5) = 0.15.

'H-NMR (500 MHz, DMSO-ds): § = 10.23 (s, 1H, NH), 9.79 (s, 1H, NH), 7.54 - 7.46 (m, 6H,
CHap), 7.42 (d, J = 8.5 Hz, 2H, CHay), 4.59 (t, J = 7.1 Hz, 1H, CH), 3.58 (s, 3H, CHs), 3.48 (d,
J = 6.1 Hz, 2H, CH,), 2.60 (s, 3H, CHs), 2.42 (s, 3H, CHs), 2.31 - 2.25 (m, 4H, 2xCH,), 1.63
(s, 3H, CHs), 1.58 - 1.50 (m, 4H, 2xCH,), 1.32 - 1.26 (m, 4H, 2xCH,) ppm.

BC-NMR (126 MHz, DMSO-ds): & = 173.82, 171.35, 168.73, 163.67, 162.78, 155.53, 150.37,
137.20, 135.72, 135.24, 134.92, 132.77, 131.22, 130.61, 130.34, 130.04, 128.99, 119.94,
119.89, 54.25, 51.65, 36.71, 33.71, 28.80, 28.70, 25.45, 24.80, 14.55, 13.17, 11.79 ppm.

MS (ESI+): m/z 683.30 ((M+Na], 100)
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(5)-8-((4-(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-f][1,2,4]triazolo[4,3-a][1,4]

diazepin-6-yl)acetamido)phenyl)amino)-8-oxooctanoic acid (50)
N~
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To a solution of 49 (88 mg, 0.13 mmol, 1 eq) in THF/MeOH/H,O (3:2:1), LiOH (31 mg,
1.3 mol, 10 eq) was added. The reaction was stirred at RT for 3 days. After removing the
solvents under reduced pressure, the residue was dissolved in water, acidified, and extracted
with EtOAc. The organic layer was washed with brine and dried over MgSO4. The solvent was
removed under reduced pressure, and the residue was purified via flash chromatography with
DCM/MeOH (90:10) as mobile phase to obtain compound 50 (66 mg, 77 %) as a colorless
solid.

R{(DCM/MeOH/AcOH =95:5:1) =0.51

'H-NMR (250 MHz, DMSO-dy): & = 11.94 (s, 1H, OH), 10.22 (s, 1H, NH), 9.78 (s, 1H, NH),
7.60 - 7.35 (m, 8H, CHay), 4.59 (t, J = 7.1 Hz, 1H, CH), 3.48 (d, ] = 7.2 Hz, 2H, CH,), 2.60 (s,
3H, CHs), 2.42 (s, 3H, CHs), 2.29 - 2.15 (m, 4H, 2xCH,), 1.63 (s, 3H, CHs), 1.59 - 1.44 (m,
4H, 2xCH,), 1.29 - 1.23 (m, 4H, 2xCH,) ppm.

MS(ESI-): m/z 645.16 ([M-H], 100)
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N'-(4-(2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno[3,2-f] [1,2,4]triazolo[4,3-a]
[1,4]diazepin-6-yl)acetamido)phenyl)-Né-((tetrahydro-2 H-pyran-2-yl)oxy)octanediamide

(31
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Reaction performed by following the general procedure C with 50 (66 mg, 0.10 mmol, 1 eq),
O-(tetrahydro-2H-pyran-2-yl)hydroxylamine (24 mg, 0.20 mmol, 2 eq), HATU (76 mg,
0.20 mmol, 2 eq) and DIPEA (0.039 mL, 0.22 mmol, 2.2 eq). Crude product 51 was filtered
through silica and used without further purification or analytic (50 mg, 0.06 mmol, 66 %).

MS(ESI+): m/z 768.40 ([M+Na], 100)

(S)-N'-(4-(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|3,2-f][1,2,4]triazolo[4,3-
a][1,4]diazepin-6-yl)acetamido)phenyl)-V3-hydroxyoctanediamide (15)
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First reaction path

Crude 51 (50 mg, 0.06 mmol, 1 eq) was dissolved in MeOH (5 mL) and TFA (0.5 mL,
0.06 mmol, 1 eq) and stirred at RT for 90 minutes. Crude product was purified via reverse flash
chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) to obtain 15 as a light purple solid (16 mg, 36 %).

Second reaction path

Reaction performed by following the general procedure F with 49 (120 mg, 0.18 mmol). Crude
product was purified via reverse flash chromatography with a gradient of ACN/H,O (after
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2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 15 as a light purple solid
(31 mg, 26 %).

R{(CH,Cl/MeOH = 9:1) = 0.24.

'H-NMR (500 MHz, DMSO-ds): 5 = 10.33 (s, 1H, NH), 10.24 (s, 1H, NH), 9.80 (s, 1H, NH),
8.65 (s, br, 1H, OH), 7.55 - 7.46 (m, 6H, CHay), 7.42 (d, ] = 8.6 Hz, 2H, CHay), 4.59 (t, 1 = 7.1
Hz, 1H, CH), 3.47 (d, J = 7.1 Hz, 2H, CHb), 2.60 (s, 3H, CHs), 2.42 (s, 3H, CHs), 2.26 (t, ] =
7.4 Hz, 2H, CHz), 1.93 (t, ] = 7.4 Hz, 2H, CH.), 1.63 (s, 3H, CH3), 1.56 (p, J = 7.4 Hz, 2H,
CH,), 1.48 (p, ] = 7.3 Hz, 2H, CHy), 1.31 - 1.22 (m, 4H, 2xCH,) ppm.

BC-NMR (126 MHz, DMSO-ds): & = 170.90, 169.09, 168.26, 163.22, 155.07, 149.93, 136.73,
135.26, 134.78, 134.45, 132.31, 130.77, 130.15, 129.88, 129.57, 128.53, 119.48, 119.42, 54.25,
38.50, 36.20, 32.25, 28.45, 28.42, 25.08, 25.05, 14.09, 12.72, 11.33 ppm.

MS (ESI+): m/z 662.41 ([M+H], 100).
HRMS (MALDI) m/z calculated 662.23108 for C33H37CIN7O4S, found 662.23109.

HPLC: purity > 95 %

Methyl (E)-3-(4-(aminomethyl)phenyl)acrylate hydrochloride (54)

o)

™ O/

H,oN HCI

To a solution of methyl (E)-3-(4-(bromomethyl)phenyl)acrylate 52 (1 g, 3.92 mmol, 1 eq) in
DMF (12 mL), NaNj3 (305.8 mg, 4.7 mmol, 1.2 eq) was added. The reaction was stirred at 80 °C
for 2 hours. After the mixture was cooled down, brine was added, and the reaction was extracted
with EtoO/hexane (1:1). The combined organic layers were washed with water, dried over
MgSO4, and concentrated under reduced pressure. The residue was dissolved in THF (18 mL)
and H,O (3 mL), then PPh3 (1.13 g, 4.3 mmol, 1.1 eq) was added. The reaction was stirred
overnight at RT. The solvents were removed under reduced pressure. Salt 54 was obtained after
resolving remaining residue in DCM and precipitating with HCI (1.0 M 1n diethyl ether) as a
colorless solid (0.74 mg 87 %).
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'H-NMR (250 MHz, DMSO-ds): & = 8.58 (s, 3H, NH3), 7.76 (d, J = 8.0 Hz, 2H, CH,,), 7.67 (d,
J=16.1 Hz, 1H, CH), 7.55 (d, J = 8.1 Hz, 2H, CHa), 6.69 (d, J = 16.1 Hz, 1H, CH), 4.03 (s,
2H, CH»), 3.73 (s, 3H, CH3) ppm.

MS (ESI+): m/z 192.11 ([M-Cl], 10).

Methyl (S,E)-3-(4-((2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-
fl11,2,4]triazolo[4,3-a][1,4] diazepin-6-yl)acetamido)methyl)phenyl)acrylate (55)

L

Cl = Ol

Reaction performed by following the general procedure C with 43 (100 mg, 0.25 mmol) and 54
(73.8 mg, 0.32 mmol). Crude product was purified via flash chromatography with DCM /MeOH
(95:5) to obtain 55 as a colorless solid (105 mg, 73 %).

R{(CH2Cl,/MeOH = 95:5) = 0.27.

"H-NMR (250 MHz, DMSO-ds): § = 8.77 (t, ] = 6.0 Hz, 1H, NH), 7.73 - 7.62 (m, 3H, CH,: +
CH), 7.49 - 7.41 (m, 2H, CHa), 7.41 - 7.30 (m, 4H, CHa), 6.62 (d, J = 16.1 Hz, 1H, CH), 4.59
-4.25 (m, 3H, CH + CH»), 3.73 (s, 3H, CH3), 3.42 - 3.20 (u, 2H, CH>, behind H>O-signal), 2.60
(s, 3H, CH3), 2.41 (s, 3H, CH3), 1.61 (s, 3H, CH3) ppm.

MS (ESI-): m/z 572.24 ([M-H], 70).
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(S,E)-3-(4-((2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno[3,2-f][1,2,4] triazolo[4,3-
a][1,4] diazepin-6-yl)acetamido)methyl)phenyl)acrylic acid (56)

S Ny
o
N —N >*NH
0 0
O
OH
Cl

To a solution of 55 (100 mg, 0.17 mmol, 1 eq) in THF/MeOH/H>0O (3:2:1), LiOH (73 mg,
1.7 mol, 10 eq) was added. The reaction was stirred at RT for 3 days. After removing the
solvents under reduced pressure, the residue was dissolved in water, acidified, and extracted
with EtOAc. The organic layer was washed with brine and dried over MgSOs4. The solvent was
removed under reduced pressure, and the residue was purified via flash chromatography with

DCM/MeOH (90:10) as mobile phase to obtain compound 56 as a colorless solid (68 mg, 70 %).
RA{DCM/MeOH/TEA = 90:10:2) = 0.33.

'H-NMR (250 MHz, DMSO-ds): 5 = 8.77 (t, J = 5.8 Hz, 1H, NH), 7.69 - 7.54 (m, 3H, CHa, +
CH), 7.49 - 7.41 (m, 2H, CH,y), 7.39 - 7.31 (m, 4H, CHay), 6.50 (d, J = 16.0 Hz, 1H, CH), 4.54
(dd, J=8.3, 5.8 Hz, 1H, CH), 4.36 (dd, ] = 16.2, 5.9 Hz, 2H, CH,), 2.60 (s, 3H, CHs), 2.41 (s,
3H, CHs), 1.61 (s, 3H, CHs) ppm.

MS(ESI+) - m/z 559.90 ([M+H], 100)
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(E)-3-(4-((2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-f][1,2,4] triazolo[4,3-a]
[1,4]diazepin-6-yl)acetamido)methyl)phenyl)-/NV-((tetrahydro-2 H-pyran-2-
yl)oxy)acrylamide (57)

N\
. \N(\/gN
Y

o O

HN-O

Cl

Reaction performed by following the general procedure C with 56 (63 mg, 0.11 mmol, 1 eq),
O-(tetrahydro-2 H-pyran-2-yl)hydroxylamine (26 mg, 0.22 mmol, 2 eq), HATU (64 mg,
0.17 mmol, 1.5 eq) and DIPEA (0.023 mL, 0.13 mmol, 1.2 eq). Crude product 57 was filtered
through silica and used without further purification and analytic (125 mg, 0.06 mmol, 186 %).

MS(ESL-): m/z 657.31 ([M-H], 100)

(S,E)-3-(4-((2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6 H-thieno|[3,2-f][1,2,4]triazolo
[4,3a][1,4]diazepin-6-yl)acetamido)methyl)phenyl)-V-hydroxyacrylamide

S BEN
\/NTN

Crude 57 (125 mg, 0.19 mmol, 1 eq) was dissolved in MeOH (5 mL) and TFA (0.5 mL,

First reaction path

0.06 mmol, 1 eq) and stirred at RT for 90 minutes. Crude product was purified via reverse flash
chromatography with a gradient of ACN/H2O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) to obtain 16 as colorless solid (50 mg, 46 %).

112



Experimental section

Second reaction path

Reaction performed by following the general procedure F with 55 (105 mg, 0.18 mmol). Crude
product was purified via reversed flash chromatography with a gradient of ACN/H>O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 16 as a colorless solid
(31 mg, 29 %).

"H-NMR (500 MHz, DMSO-ds): 6 = 10.74 (s, 1H, OH), 9.04 (s, 1H, NH), 8.78 (t, J = 6.0 Hz,
1H, NH), 7.52 (d, J = 8.1 Hz, 2H, CHay), 7.49 - 7.42 (m, 3H, CHar + CH), 7.40 - 7.31 (m, 4H,
CH.y), 6.45 (d, J = 15.8 Hz, 1H, CH), 4.54 (dd, J = 8.4, 5.9 Hz, 1H, CH), 4.36 (dd, ] = 27.3, 5.9
Hz, 2H, CH>), 3.37 - 3.31 (u, 2H, CH_, behind H>O-signal), 2.60 (s, 3H, CH3), 2.41 (s, 3H,
CHa), 1.61 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-ds): = 169.71, 163.14, 162.81, 155.08, 149.88, 141.19, 138.13,
136.74, 135.26, 133.40, 132.30, 130.73, 130.14, 129.85, 129.58, 128.47, 127.78, 127.46,
118.63, 53.95, 41.91, 37.64, 14.09, 12.72, 11.35 ppm.

MS (ESI+): m/z 574.92 ([M+H], 100).
HRMS (MALDI) m/z calculated 575.16266 for C29H23CIN6O3S, found 575.16165.

HPLC: purity > 95 %.

4-(4-fluoro-3-nitrophenyl)-3,5-dimethylisoxazole (64)
F

N NO,

XPhos Palladacycle Gen. 3 (20 mg, 0.02 mmol, 0.01 eq) was added to a solution of 4-bromo-
1-fluoro-2-nitrobenzene 63 (500 mg, 2.3 mmol, 1 eq) and 3,5-dimethylisoxazole-4-boronic acid
pinacol ester 77 (608 mg, 2.7 mmol, 1.2 eq) in DME (10 mL). The mixture was stirred and
saturated NaHCOj3 solution (10 mL) was added. The mixture was degassed by placing it in an
ultrasonic bath and argon was bubbled into the reaction for 20 minutes. Then the mixture was
heated at 80 °C for 3 h. The reaction was allowed to cool then partitioned between EtOAc
(10 mL) and water (10 mL). The phases were separated, and the organic phase was washed with
brine and dried over MgSQOs4. Crude product was purified via flash chromatography with
hexane:EtOAc (70:30) as mobile phase to obtain 64 as a beige solid. (446 mg, 83 %).
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In a higher scale (5 g of 63) product could be purified by recrystallizing from hexane (5.4 g,
57 %)

R hexane/EtOAc = 70:30) = 0.52.

'H-NMR (250 MHz, DMSO-ds): & = 8.14 (dd, 1H, CHay), 7.90 - 7.82 (m, 1H, CHay), 7.76 - 7.65
(m, 1H, CHay), 2.43 (s, 3H, CHs), 2.24 (s, 3H, CHz) ppm.

MS(ESI+): not measurable

tert-butyl (2-((4-(3,5-dimethylisoxazol-4-yl)-2-nitrophenyl)amino)ethyl)carbamate (66)

Compound 64 (100 mg, 0.42 mmol, 1 eq) was reacted with N-Boc-ethylenediamine (0.1 mL,
0.64 mmol, 1.5 eq) according to general procedure A. Crude product was purified via flash
chromatography with hexane/EtOAc (60:40) as mobile phase to obtain 66 as an orange solid
(153 mg, 96 %).

Ri(hexane/EtOAc = 50:50) = 0.52.

'H-NMR (250 MHz, DMSO-ds): & = 8.28 (t, J = 5.8 Hz, 1H, NH), 7.99 (d, J = 2.2 Hz, 1H,
CHar), 7.56 (dd, T = 8.9, 2.2 Hz, 1H, CHar), 7.20 (d, J = 9.0 Hz, 1H, CHar), 7.05 (t, J = 5.7 Hz,
1H, NH), 3.46 (g, J = 6.0 Hz, 2H, CH,), 3.21 (q, ] = 6.0 Hz, 2H, CH>), 2.39 (s, 3H, CHs), 2.21
(s, 3H, CHs), 1.37 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 377 ([M+H), 40)
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N-(2,2-dimethoxyethyl)-4-(3,5-dimethylisoxazol-4-yl)-2-nitroaniline (65)

Compound 64 (100 mg, 0.42 mmol, 1 eq) was reacted with 2,2-dimethoxyethanamine
according to general procedure A. Crude product was purified via flash chromatography with
a gradient of hexane:EtOAc (increased linear from 70:30 to 60:40 over 10 CVs) as mobile phase
to obtain 65 as a red solid (1.1 g, 89 %).

R hexane/EtOAc = 80:20) = 0.58.

'H-NMR (250 MHz, DMSO): & = 8.15 (t, ] = 5.5 Hz, 1H, NH), 8.01 (d, J = 2.2 Hz, 1H, CH.,),
7.58 (dd,J=8.9,2.1 Hz, 1H, CHay), 7.21 (d, J=9.0 Hz, 1H, CH.y), 4.67 (t, J=5.2 Hz, 1H, CH),
3.53 (t, ] = 5.4 Hz, 2H, CHb), 3.36 (s, 6H, 2xCH3), 2.39 (s, 3H, CH3), 2.21 (s, 3H, CH3) ppm.

MS(ESI+): m/z 344.14 ([M+H], 100)

N'-(2,2-dimethoxyethyl)-4-(3,5-dimethylisoxazol-4-yl)benzene-1,2-diamine (68)

Compound 65 (309 mg, 0.96 mmol) was reduced according to general procedure B1. Product
was purified via flash chromatography with a gradient of DCM/MeOH (increased linear from
100:0 to 90:10 over 10 CVs) as mobile phase to obtain 68 as a light brown gum (267 mg, 95 %).

Ri(hexane/EtOAc = 25:75) = 0.55.

'H-NMR (250 MHz, DMSO): § = 6.57 - 6.45 (m, 3H, CHa.y), 4.64 (s, 2H, NH,), 4.56 (t, J = 5.3
Hz, 1H, NH or CH), 4.50 (t, J = 5.8 Hz, 1H, NH or CH), 3.33 (s, 6H, 2xCH3), 3.18 (t, ] = 5.6
Hz, 2H, CHa), 2.34 (s, 3H, CHs), 2.17 (s, 3H, CHz) ppm.

MS(ESI+): not measurable

115



Experimental section

4-(2-(3-chloro-4-methoxyphenethyl)-1-(2,2-dimethoxyethyl)-1H-benzo[d]imidazol-5-yl)-
3,5-dimethylisoxazole (71)

ff/
N
/
N
N/ ’ O\

Cl

Compound 68 (50 mg, 0.17 mmol, 1 eq) was reacted with 3-(3-chloro-4-
methoxyphenyl)propanoic acid (41 mg, 0.19 mmol, 1 eq) according to general procedure C.
Product was purified via flash chromatography with a gradient of hexane/EtOAc (increased
linear from 60:40 to 20:80 over 4 CVs) as mobile phase to obtain 71 as a colorless solid (68 mg,
84 %).

Ri(hexane/EtOAc = 25:75) = 0.65.

'H-NMR (600 MHz, DMSO): § = 7.59 (d, J = 8.3 Hz, 1H, CHay), 7.56 (s, 1H, CHay), 7.41 (s,
1H, CHar), 7.25 (d, J = 8.4 Hz, 1H, CHay), 7.17 (d, J = 8.2 Hz, 1H, CH.y), 7.07 (d, ] = 8.5 Hz,
1H, CH.y), 4.58 (t, J = 5.0 Hz, 1H, CH), 4.32 (d, J = 4.9 Hz, 2H, CHa), 3.81 (s, 3H, CHs), 3.30
(s, 6H, 2xCH3), 3.15 (dt, J = 38.2, 7.0 Hz, 4H, 2xCH>), 2.40 (s, 3H, CHs), 2.23 (s, 3H, CH;s)
ppm.

MS(ESI+): m/z 469.92 ([M+H], 100)
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2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-
1-yDacetaldehyde (72)

A mixture of compound 71 (100 mg, 0.21 mmol), water (3 mL), TFA (3 mL) and EtCI2 (5 mL).
After 2 hours reflux the solvent was reduced under reduced pressure and EE was added.
Solution was neutralized by adding sat. KoCOsq) Phases were separated, and aqueous phase
was extracted with EtOAc twice. Combined organic phases were washed with brine and dried

over MgS0Os. Although TLC indicated a successful reaction the product could not be isolated.

tert-butyl (4-(3,5-dimethylisoxazol-4-yl)-2-nitrophenyl)glycinate (67)

P

NO,

Compound 64 (500 mg, 2.12 mmol, 1eq) was reacted with glycine fert-butyl ester
hydrochloride according to general procedure A with an additional equivalent of DIPEA. Crude
product was purified via flash chromatography with hexane:EtOAc (60:40) as mobile phase
and recrystallized from EtOAc and hexane to obtain 67 as an orange solid (440 mg, 60 %).

R hexane/EtOAc = 70:30) = 0.58.

'H-NMR (250 MHz, DMSO-de): 5 = 8.41 (t, J = 5.6 Hz, 1H, NH), 8.03 (d, J = 2.1 Hz, 1H,
CHar), 7.58 (dd, ] = 8.8, 2.2 Hz, 1H, CHa,y), 6.99 (d, J = 8.9 Hz, 1H, CHar), 4.20 (d, J = 5.7 Hz,
2H, CH,), 2.39 (s, 3H, CHs), 2.21 (s, 3H, CHs), 1.46 (s, 9H, C(CHs)s) ppm.

MS(ESI+): m/z 348.04 ([M+H], 100)
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tert-butyl (2-((2-amino-4-(3,5-dimethylisoxazol-4-yl)phenyl)amino)ethyl)carbamate (69)

Compound 66 (1.36 g, 3.6 mmol) was reduced according to General procedure B1. Product was
purified via flash chromatography with a gradient of DCM/MeOH (increased linear from 100:0
to 90:10 over 10 CVs) as mobile phase to obtain 69 as a light brown solid (1.1 g, 89 %).

R{DCM/MeOH = 90:10) = 0.54.

'H-NMR (250 MHz, DMSO-dg): 5 = 6.92 (s, 1H, NH), 6.56 - 6.47 (m, 3H, CHay), 4.62 (s, 1H,
NH), 4.57 (s, 2H, NHa), 3.19 - 3.07 (m, 4H, 2xCH>), 2.33 (s, 3H, CH3), 2.17 (s, 3H, CH3), 1.39
(s, 9H, C(CHs)s3) ppm.

MS(ESI+): m/z 347.14 ((M+H], 100)

tert-butyl (2-amino-4-(3,5-dimethylisoxazol-4-yl)phenyl)glycinate (70)

P

N/ ] NH»,

-

Compound 67 (300 mg) was reduced according to general procedure B1. Product was purified
via flash chromatography with a gradient of hexane/EtOAc (increased linear from 60:40 to
40:60 over 4 CVs) as mobile phase to obtain 70 as a brown oil (190 mg, 70 %).

Rihexane/EtOAc = 66:33) = 0.24.

'H-NMR (250 MHz, DMSO-de): & = 6.57 (d, J = 2.0 Hz, 1H, CHar), 6.46 (dd, J = 8.0, 2.0 Hz,
1H, CH.y), 6.32 (d, J = 8.0 Hz, 1H, CHay), 5.04 (t, J = 6.3 Hz, 1H, NH), 4.64 (s, 2H, NH), 3.81
(d, J = 6.2 Hz, 2H, CHa), 2.33 (s, 3H, CHs), 2.17 (s, 3H, CHs), 1.43 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 340.17 ([M+Na], 70)
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tert-butyl (2-((2-(3-(3-chloro-4-methoxyphenyl)propanamido)-4-(3,5-dimethylisoxazol-4-
yDphenyl)amino)ethyl)carbamate (73)

zZ
Iz

-

o~
Compound 69 (628 mg, 1.81 mmol, 1 eq) was reacted with 3-(3-chloro-4-
methoxyphenyl)propanoic acid (389 mg, 1.81 mmol, 1 eq) according to general procedure C.
Product was purified via flash chromatography with a gradient of hexane/EtOAc (increased

linear from 60:40 to 20:80 over 4 CVs) as mobile phase to obtain 73 as a yellow orange solid
(619 mg, 63 %).

Ri(hexane/EtOAc = 1:3) =0.5.

'H-NMR (250 MHz, DMSO-ds): 8 =9.07 (s, 1H, NH), 7.32 (d, J = 2.1 Hz, 1H, CH,,), 7.19 (dd,
J=8.5,2.1 Hz, 1H, CHar), 7.09 - 6.99 (m, 3H, CH.y), 6.92 (bs, 1H, NH), 6.74 (d, ] = 8.3 Hz,
1H, CH.y), 5.07 (bs, 1 H, NH), 3.81 (s, 3H, OCHs), 3.13 (s, 4H, 2xCH>), 2.87 (t, ] = 7.4 Hz, 2H,
CHb,), 2.63 (t,J = 7.5 Hz, 2H, CH»), 2.35 (s, 3H, CHs), 2.18 (s, 3H, CHs), 1.39 (s, 9H, C(CHs)3)
ppm.

MS(ESI+): m/z 543.23 ((M+H], 95)
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tert-butyl (2-(3-(3-chloro-4-methoxyphenyl)propanamido)-4-(3,5-dimethylisoxazol-4-yl)
phenyl)glycinate (74)

Cl
7 N
N Hk/ﬁ
0] O/

Compound 70 (190 mg, 0.6 mmol, 1 eq) was reacted with 3-(3-chloro-4-methoxyphenyl)
propanoic acid (128 mg, 0.6 mmol, 1 eq) according to general procedure C. Product was
purified via flash chromatography with a gradient of hexane/EtOAc (increased linear from

60:40 to 20:80 over 4 CVs) as mobile phase to obtain 74 as a colorless solid (254 mg, 83 %).

Rehexane/EtOAc = 50:50) = 0.4.

'H-NMR (250 MHz, DMSO-de): § = 9.23 (s, 1H, NH), 7.33 (d, J = 2.1 Hz, 1H, CHay), 7.20 (dd,
J=8.4,2.1Hz, 1H, CHa), 7.13 - 6.96 (m, 3H, CHay), 6.55 (d, J = 8.4 Hz, 1H, CH.y), 3.85 (d,
J=5.9 Hz, 2H, CH,), 3.80 (s, 3H, OCHs), 2.87 (t, ] = 7.4 Hz, 2H, CH,), 2.64 (t, ] = 7.4 Hz, 2H,
CHa), 2.35 (s, 3H, CHa), 2.18 (s, 3H, CHs), 1.44 (s, 9H, C(CHs)3) ppm.

MS(ESI-): m/z 512.31 ([M-H), 80)

2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-
1-yl)ethan-1-amine (75)

Cl

Compound 73 (100 mg, 0.18 mmol) was converted according to general procedure D for 15 h.
Solvent was removed under reduced pressure and remaining residue was resolved in NaOH
(1 M) and EtOAc. Phases were separated and aqueous phase was extracted with EtOAc twice.

Combined organic phases were washed with brine and dried over MgSO4. Product was purified
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via reversed flash chromatography with a gradient of ACN/H>O (after 2 CVs increased linear
from 10:90 to 100:0 over 10 CVs) to obtain 75 as light yellow solid (75 mg, 95 %).

R{(DCM/MeOH = 9:1) = 0.43.

'H-NMR (250 MHz, DMSO-ds): & = 7.60 (d, J = 8.3 Hz, 1H, CHar), 7.55 (d, J = 1.5 Hz, 1H,
CH.y), 7.43 (d, ] = 2.1 Hz, 1H, CH,y), 7.26 (dd, J= 8.4, 2.2 Hz, 1H, CHay), 7.16 (dd, J=8.3, 1.6
Hz, 1H, CHar), 7.06 (d, J = 8.5 Hz, 1H, CHay), 4.16 (t, J = 6.5 Hz, 2H, CHa), 3.82 (s, 3H, OCHs),
3.26 - 3.03 (m, 4H, 2xCHa), 2.85 (t, J = 6.4 Hz, 2H, CH,), 2.40 (s, 3H, CHz), 2.23 (s, 3H, CH)

MS(ESI+): m/z 425.06 ((M+H], 100)

2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-
1-yl)acetic acid (76)

Compound 74 (332 mg, 0.65 mmol) was converted according to general procedure D for 15 h.
Solvent was removed under reduced pressure and remaining residue was resolved in HCI (1 M)
and EtOAc. Phases were separated and aqueous phase was extracted with EtOAc twice.
Combined organic phases were washed with brine and dried over MgSO4. Product was purified
via flash chromatography with a gradient of DCM (containing 1 % AcOH)/MeOH (increased
linear from 100:0 to 90:10 over 10 CVs) to obtain 76 as a beige solid (231 mg, 81 %).

R«{(DCM/MeOH/AcOH=90:10:1) = 0.54.

'H-NMR (250 MHz, DMSO-ds): 8 = 7.61 - 7.52 (m, 2H, CHay), 7.41 (d, J = 2.1 Hz, 1H, CHay),
7.21 (ddd, J = 18.2, 8.4, 1.9 Hz, 2H, CHay), 7.06 (d, ] = 8.4 Hz, 1H, CH.y), 5.13 (s, 2H, CHa),
3.82 (s, 3H, OCHs), 3.08 (s, 4H, 2xCHa), 2.40 (s, 3H, CHz), 2.23 (s, 3H, CHs) ppm.

MS(ESI+): m/z 440.18 ([M+H], 100)
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tert-butyl (2-(4-hydroxybenzamido)phenyl)carbamate (88)

To a solution of 4-hydroxybenzoic acid 87 (600 mg, 4.34 mmol, 1 eq), 39 (995 mg, 4.78 mmol,
1.1 eq), HOBt hydrate (20 % H>0, 411 mg, 3.04 mmol, 0.7 eq) and HATU (1.65 g, 4.34 mmol,
1 eq) in DCM/DMF (2:1), DIPEA (0.98 mL, 5.7 mmol, 1.3 eq) was added dropwise and the
resulting mixture was stirred at RT overnight. The solvent was removed under reduced pressure
and partitioned between EtOAc and water. The aqueous phase was extracted three times with
EtOAc, and the combined organic fractions were washed with brine and dried over MgSOu.
The residue was purified via flash chromatography with a gradient of hexane/ethyl acetate
(increased linear from 90:10 to 40:60 over 10 CVs) to obtain 88 as a colorless solid (834 mg,
58 %).

'H-NMR (400 MHz, DMSO-ds): & = 10.14 (s, 1H, NH), 9.64 (s, 1H, OH), 8.64 (s, 1H, NH),
7.83 (d, J=8.7, 2H, CHay), 7.51 (ddd, J = 8.0, 6.1, 1.9 Hz, 2H, CHay), 7.20 - 7.11 (m, 2H, CHay),
6.87 (d, J = 8.7 Hz, 2H, CH.y), 1.45 (s, 9H, C(CHz)s) ppm.

MS(ESI+): m/z 351.17 ([M+Na], 100)

4-((2-((tert-butoxycarbonyl)amino)phenyl)carbamoyl)phenyl trifluoromethanesulfonate

(89
0
Q
AP y HNJ\OJ<
F>F( 9 N. i

Compound 88 (500 mg, 1.52 mmol, 1 eq), DMAP (186 mg, 1.52 mmol, 1 eq) and pyridine
(1.2 mL, 15.23 mmol, 10 eq) were solved in DCM (25 mL) and cooled to -17 °C. Then T£,0
(1 M in DCM, 2.1 mL, 2.13 mmol, 1.4 eq) was added dropwise and reaction was stirred and
reached RT overnight. Reaction mixture was washed with 5 % HCI solution and saturated
NaHCOs solution. Aqueous phases were extracted with DCM and combined organic phases
were dried over MgSOs. Product was purified via flash chromatography with hexane/EtOAc
(66:33) as a mobile phase to obtain 89 as a yellow solid (337 mg, 48 %).
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Ri(hexane/EtOAc = 66:33) = 0.61.

'H-NMR (250 MHz, DMSO-de): & = 9.93 (s, 1H, NH), 8.68 (s, 1H, NH), 8.13 (d, ] = 8.8 Hz,
2H, CH.), 7.71 (d, J = 8.8 Hz, 2H, CHay), 7.60 (dd, J = 8.0, 1.6 Hz, 1H, CH.), 7.48 (dd, = 7.7,
1.7 Hz, 1H, CHay), 7.26 - 7.09 (m, 2H, CH.y), 1.43 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 483.12 ((M+Na], 100)

tert-butyl (2-(4-((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-1-yl)ethyl)amino)benzamido)phenyl)carbamate (90)

Py @

ISR e

Compound 89 (160 mg, 0.35 mmol, 1 eq) and 75 (177 mg, 0.42 mmol, 1.2 eq), XPhos
Palladacycle Gen. 3 (29 mg, 0.03 mmol, 0.1 eq) and Cs2CO3 (94 mg, 0.29 mmol, 0.85 eq) were
dissolved in toluene (10 mL) and degassed by placing it in an ultrasonic bath and argon was
bubbled into the reaction for 30 minutes. Then the mixture was heated at 80 °C overnight.
Solvent was removed under reduced pressure and the remaining residue was partitioned
between EtOAc and H»O. Aqueous phase was extracted with EtOAc twice and combined
organic phases were washed with brine and dried over MgSOs. Product was purified via flash
chromatography with a gradient of DCM/MeOH (increased linear from 100:0 to 90:10 over
10 CVs) as mobile phase to obtain 90 as a colorless solid (50 mg, 31 %).

R{(DCM/MeOH = 95:5) = 0.69.

'H-NMR (250 MHz, DMSO-ds): & = 9.64 (s, 1H, NH), 9.55 (s, 1H, NH), 8.64 (s, | H, NH), 7.87
-7.79 (m, 2H, CHay), 7.79 - 7.73 (m, 1H, CH,y), 7.54 - 7.45 (m, 4H, CHay), 6.98 - 6.83 (m, 4H,
CHar), 6.69 - 6.61 (m, 1H, CHay), 6.58 (s, 1H, CHay), 4.38 (s, 2H), 3.74 (s, 3H), 3.57 (s, 2H),
3.00 (s, 4H), 2.40 (s, 3H), 2.23 (s, 3H), 1.45 (s, 9H) ppm.

MS(ESI+): m/z 735.45 ((M+H], 100)

123



Experimental section

N-(2-aminophenyl)-4-((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-
y)-1H-benzo|d]imidazol-1-yl)ethyl)amino)benzamide (19)

H,N

)

Reaction was performed according to general procedure E with compound 90 (50 mg,
0.06 mmol). Product was purified via reversed flash chromatography with a gradient of
ACN/H20 (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 19 as a
colorless solid (38 mg, 88 %).

R{(DCM/MeOH/TEA = 95:5:1) = 0.46.

'H-NMR (500 MHz, DMSO-de): § = 9.72 (s, IH, NH), 7.96 (d, J = 8.5 Hz, 1H, CH.,), 7.83 (d,
J = 8.7 Hz, 2H, CHar), 7.79 (5, 1H, CHa), 7.51 (d, J = 9.3 Hz, 1H, CHa), 7.26 (d, J = 7.8 Hz,
1H, CHay), 7.18 (s, 1H, CHay), 7.13 (t, J = 7.6 Hz, 1H, CH.y), 7.06 (d, J = 8.9 Hz, 1H, CH.y),
7.00 (s, 2H, CHar), 7.00 - 6.94 (m, 1H, CHar), 6.65 (d, J = 8.7 Hz, 2H, CHa,y), 4.66 - 4.53 (m,
3H, CH2 + NH), 3.77 (s, 3H, OCHz), 3.69 - 3.64 (m, 2H, CH,), 3.22 - 3.16 (m, 2H, CH,), 3.05
-2.99 (m, 2H, CH,), 2.43 (s, 3H, CHs), 2.25 (s, 3H, CH:) ppm.

BC-NMR (126 MHz, DMSO-ds): & = 165.91, 165.61, 158.86, 158.72, 158.56, 154.88, 153.62,
151.29, 150.12, 133.04, 130.29, 130.02, 129.67, 128.47, 126.95, 126.72, 126.19, 121.55,
121.34, 117.97, 116.17, 115.92, 115.63, 113.72, 113.26, 113.17, 111.36, 56.45, 44.45, 41.58,
31.31,27.59, 11.77, 10.91 ppm.

MS(ESI+): m/z 633.06 ([M-H], 100).
HRMS (MALDI): m/z calculated 635.25319 for C36H36CINgOs, found 635.25244.

HPLC: purity > 95 %
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Methyl (E)-3-(4-(((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1 H-
benzo[d]imidazol-1-yl)ethyl)amino)methyl)phenyl)acrylate (84)

© (@)
AN
/JH i
N Cl
% /
N ] N o
(@)

Compound 75 (420 mg, 0.99, 1 eq) and methyl (£)-3-(4-formylphenyl)acrylate 83 (226 mg,
1.2 mmol, 1.2 eq) were dissolved in DMF and stirred at RT for 1 hour. Then NaBH4 (19 mg,
0.5 mmol, 0.5 eq) was added portion wise at 0 °C. The mixture was stirred for 2 hours and
warmed to RT. Reaction was quenched with H,O and extracted with EtOAc three times.
Combined organic phases were washed with brine and dried over MgSOs4. Product was purified
via reversed flash chromatography with a gradient of ACN/H>0 (increased linear from 10:90
to 100:0 over 10 CVs) to obtain 84 as a colorless solid (168 mg, 28 %).

R{(DCM/MeOH/TEA = 99:1:1) = 0.55.

'H-NMR (250 MHz, DMSO-ds): & = 7.67 - 7.50 (m, 5H, CH,+ CH), 7.38 (d, J = 2.1 Hz, 1H,
CHa..), 7.27 - 7.10 (m, 4H, CHay), 7.03 (d, J = 8.5 Hz, 1H, CHar), 6.56 (d, J = 16.1 Hz, 1H, CH),
427 (t,J=5.7 Hz, 2H, CH2), 3.81 (s, 3H, OCH3), 3.71 (s, 3H, OOCH3), 3.69 (s, 2H, CH), 3.22
-3.06 (m, 4H, 2xCHa), 2.85 - 2.74 (m, 2H, CHa), 2.40 (s, 3H, CHs), 2.22 (s, 3H, CHs) ppm.

MS(ESI+): m/z 599.30 ((M+H], 100)
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(E)-3-(4-(((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d] imidazole-1-yl)ethyl)amino)methyl)phenyl)-NV-hydroxyacrylamide (18)
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Compound 84 (100 mg, 0.17 mmol, 1 eq) was reacted according to general procedure F. Crude
product was purified via reversed flash chromatography with a gradient of ACN/H2O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 18 as a colorless solid
(35 mg, 35 %).

R{(DCM/MeOH/AcOH = 95:5:1) = 0.10.

"H-NMR (500 MHz, DMSO-dg): = 10.73 (s, 1H, OH), 9.04 (s, 1H, NH), 7.59 - 7.54 (m, 2H,
CHar), 7.47 - 7.37 (m, 4H, CHa + CH), 7.26 (d, J = 7.0 Hz, 2H, CH,r), 7.20 (dd, J = 8.4, 1.9 Hz,
1H, CHar), 7.15 (d, J = 8.5 Hz, 1H, CHu), 7.03 (d, J = 8.5 Hz, 1H, CHa), 6.41 (d, J = 15.8 Hz,

1H, CH), 4.29 (s, 2H, CHa), 3.81 (s, 3H, OCHs), 3.72 (bs, 2H, CHy), 3.21 - 3.14 (m, 2H, CHa),
3.14 - 3.07 (m, 2H, CHa), 2.85 (bs, 2H, CHa), 2.40 (s, 3H, CHs), 2.23 (s, 3H, CHs) ppm.

BC-NMR (126 MHz, DMSO-d): & = 164.52, 162.76, 158.39, 155.44, 152.84, 142.63, 142.30,
138.15, 134.65, 134.49, 133.15, 129.73, 128.22, 128.17, 127.28, 122.65, 122.57, 120.70,
118.85, 118.36, 116.75, 112.64, 110.39, 56.02, 52.30, 47.85, 43.37, 31.45, 28.37, 11.29, 10.53

MS(ESI+): m/z 600.10 ((M+H], 100).
HRMS (MALDI): m/z calculated 600.23721 for C33H3sCINsO4, found 600.23647.

HPLC: purity > 95 %

126



Experimental section

tert-Butyl (2-(4-(2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-

benzo[d]imidazol-1-yl)acetamido)benzamido)phenyl)carbamate (91)
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Reaction was performed according to general procedure C with compound 76 (150 mg,
0.34 mmol, 1 eq) and 42 (134 mg, 0.41 mmol, 1.2 eq). Product was purified via reversed flash
chromatography with a gradient of ACN/H>0O (increased linear from 10:90 to 100:0 over 10
CVs) to obtain 91 as a colorless solid (126 mg, 49 %).

R«{(DCM/MeOH = 95:5) = 0.56.

'H-NMR (250 MHz, DMSO-de): 5 = 10.82 (s, 1H, NH), 9.76 (s, H, NH), 8.68 (s, 1H, NH),
7.95 (d, J = 8.7 Hz, 2H, CHar), 7.75 (d, J = 8.7 Hz, 2H, CHay), 7.54 (dd, J = 18.8, 9.1 Hz, 4H,
CHar), 7.41 (d, J = 2.0 Hz, 1H, CHar), 7.29 - 7.11 (m, 4H, CHar), 7.05 (d, J = 8.5 Hz, 1H, CHay),
5.22 (s, 2H, CHz), 3.81 (s, 3H, CHs), 3.13 (s, 4H, 2xCHz), 2.41 (s, 3H, CHz), 2.24 (s, 3H, CH3),
1.44 (s, 9H, C(CHz3)3) ppm.

MS(ESI+): m/z 749.54 ((M+H), 100)
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N-(2-aminophenyl)-4-(2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-
1H-benzo|d]imidazol-1-yl)acetamido)benzamide (20)

NH,
0O
N
H

Reaction was performed according to general procedure E with compound 91 (120 mg,
0.15mmol, 1eq) in DCM (10 mL). Crude product was purified via reversed flash
chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) to obtain 20 as a colorless solid (79 mg, 76 %).

R«{(DCM/MeOH = 95:5) = 0.56.

'H-NMR (500 MHz, DMSO-de): & = 10.79 (s, 1H, NH), 9.60 (s, 1H, NH), 7.98 (d, ] = 8.6 Hz,
2H, CHa), 7.72 (d, T = 8.7 Hz, 2H, CH.y), 7.61 (d, J = 1.1 Hz, 1H, CHar), 7.58 (d, J = 8.3 Hz,
1H, CHay), 7.41 (d,J = 2.1 Hz, 1H, CHay), 7.25 (dd, J = 8.5, 2.1 Hz, 1H, CHay), 7.20 (dd, J = 8.3,
1.5 Hz, 1H, CHa), 7.15 (d, J = 7.6 Hz, 1H, CHar), 7.05 (d, J = 8.5 Hz, 1H, CHar), 7.00 - 6.93
(m, 1H, CH,), 6.78 (dd, J = 8.0, 1.2 Hz, 1H, CH,), 6.62 - 6.57 (m, 1H, CHa), 5.21 (s, 2H, CH),
4.88 (s, 2H, NHb), 3.81 (s, 3H, OCH3), 3.17 - 3.09 (m, 4H, 2xCH,), 2.41 (s, 3H, CHs), 2.24 (s,
3H, CH3) ppm.

13C-NMR (126 MHz, DMSO-ds): 8 = 165.99, 164.61, 158.41, 155.82, 152.87, 143.17, 142.53,
141.25, 135.20, 134.34, 129.71, 129.50, 128.87, 128.20, 126.70, 126.43, 123.40, 123.04,
123.00, 120.71, 119.01, 118.43, 116.69, 116.28, 116.15, 112.69, 110.13, 56.02, 46.22, 31.28,
28.35, 11.30, 10.53 ppm.

MS(ESI+): m/z 649.11 ([M+H), 100).

HRMS (MALDI): m/z calculated 649.23246 for C36H34N6O4, found 649.23209.
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tert-butyl (2-(4-((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-1-yl)acetamido)methyl)benzamido)phenyl)carbamate (92)
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Reaction was performed according to general procedure C with compound 76 (120 mg,
0.34 mmol, 1 eq) and 60 (134 mg, 0.41 mmol, 1.2 eq). Product was purified via reversed flash
chromatography with a gradient of ACN/H,0 (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) to obtain 92 as a colorless solid (121 mg, 48 %).

R{(DCM/MeOH = 95:5) = 0.49.

'H-NMR (250 MHz, DMSO-ds): & = 9.80 (s, 1H, NH), 8.96 (t, ] = 5.7 Hz, 1H, NH), 8.66 (s,
1H, NH), 7.89 (d, J = 8.2 Hz, 2H, CHy), 7.62 - 7.49 (m, 4H, CHa), 7.47 - 7.37 (m, 3H, CHa),
7.25-7.13 (m, 4H, CHa), 7.05 (d, J = 8.5 Hz, 1H, CHar), 5.04 (s, 2H, CH>), 4.42 (d, ] = 5.8 Hz,
2H, CH»), 3.80 (s, 3H, CH3), 3.10 (s, 4H, 2xCH>), 2.40 (s, 3H, CH3), 2.23 (s, 3H, CH3), 1.43
(s, 9H, C(CH3)3) ppm.

MS(ESI+): m/z 763.56([M+H], 80).
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N-(2-aminophenyl)-4-((2-(2-(3-chloro-4-methoxyphenethyl)-5-(3,5-dimethylisoxazol-4-
yl)-1H-benzo[d]imidazol-1-yl)acetamido)methyl)benzamide (21)
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Reaction was performed according to general procedure E with compound 92 (113 mg,
0.15 mmol, 1 eq) in DCM (10 mL). Product was purified via reversed flash chromatography
with a gradient of ACN/H2O (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs)
to obtain 21 as a colorless solid (60 mg, 61 %).

R{(DCM/MeOH = 95:5) = 0.43.

'H-NMR (500 MHz, DMSO-dq): 3 = 9.70 (s, 1H, NH), 9.04 (t, J = 5.9 Hz, 1H, NH), 7.94 (d, J
= 8.0 Hz, 2H, CH,y), 7.67 - 7.63 (m, 2H, CHyy), 7.44 - 7.39 (m, 3H, CHar), 7.30 (d, J = 8.6 Hz,
1H, CHar), 7.23 - 7.16 (m, 2H, CHay), 7.06 (d, J = 8.5 Hz, 1H, CHay), 7.03 - 6.98 (m, 1H, CHay),
6.87 - 6.80 (m, 1H, CHay), 6.66 (t, J = 7.4 Hz, 1H, CHay), 5.14 (s, 2H, CHa), 4.43 (d, J = 5.8 Hz,
2H, CH,), 3.81 (s, 3H, CH3), 3.22 - 3.17 (m, 2H, CHa), 3.11 - 3.06 (m, 2H, CHa), 2.41 (s, 3H,
CH3), 2.24 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-d): 6 = 166.49, 165.08, 164.89, 158.38, 155.51, 152.99, 142.46,
142.09, 142.06, 134.31, 133.81, 133.23, 129.71, 128.18, 127.92, 127.05, 126.72, 126.56,
124.23, 12391, 123.85, 120.78, 117.87, 117.12, 116.71, 116.36, 112.74, 110.88, 56.04, 45.95,
42.29,31.12,28.04, 11.31, 10.51 ppm.

HRMS (MALDI): m/z calculated 663.24811 for C37H36CINsO4, found 663.24788.
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tert-butyl (4-(3,5-dimethylisoxazol-4-yl)-2-(3-(p-tolyl)propanamido)phenyl)glycinate (92)

7 N
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@)

Compound 70 (200 mg, 0.63 mmol, 1 eq) was reacted with 3-(p-Tolyl)propionic acid 91
(124 mg, 0.76 mmol, 1.2 eq) according to general procedure C. Product was purified via flash
chromatography with hexane/EtOAc (1:1) as mobile phase to obtain 92 as light yellow oil
(290 mg, > 95 %).

Ri(hexane/EtOAc = 1:1) = 0.32.

'H-NMR (250 MHz, DMSO-de): & = 9.22 (s, 1H, NH), 7.14 - 7.06 (m, SH, CHar), 7.04 - 6.98
(m, 1H, CHa), 6.54 (d, J = 8.4 Hz, 1H, CHy), 5.34 (t, ] = 6.0 Hz, 1H, NH), 3.84 (d, ] = 6.0 Hz,
2H, CHa), 2.89 (t, J = 7.5 Hz, 2H, CHb), 2.63 (t, J = 7.6 Hz, 2H, CHa), 2.35 (s, 3H, CH3), 2.25
(s, 3H, CH3), 2.18 (s, 3H, CH3), 1.44 (s, 9H, C(CH3)3) ppm.

MS(ESI+): m/z = 486.15 ([M+Na], 100).

2-(5-(3,5-dimethylisoxazol-4-yl)-2-(4-methylphenethyl)-1H-benzo[d]imidazol-1-yl) acetic
acid (93)

Compound 92 (290 mg, 0.63 mmol, 1 eq) was converted according to general procedure D for
4 h. Solvents were removed under reduced pressure and crude product was purified via flash
chromatography with a gradient of DCM/MeOH with 1 % AcOH (increased linear from 100:0
t0 90:10 over 8 CVs and held for 15 CVs) as a mobile phase to obtain 93 as a light yellow solid
(180 mg, 71 %).

R{(DCM/MeOH/AcOH = 90:10:1) = 0.43.
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'H-NMR (250 MHz, DMSO-d6): = 7.82 (d, J = 8.4 Hz, 1H, CH.,), 7.70 (d, J = 1.5 Hz, 1H,
CHar), 7.40 (dd, J = 8.5, 1.5 Hz, 1H, CH,y), 7.20 (d, J = 8.0 Hz, 2H, CHay), 7.12 (d, J = 7.9 Hz,
2H, CH.y), 5.32 (s, 2H, CHy), 3.33 - 3.24 (m, 2H, CHy), 3.13 - 3.05 (m, 2H, CHo), 2.42 (s, 3H,
CH3), 2.27 (s, 3H, CH3), 2.24 (s, 3H, CH3) ppm.

MS(ESI+): m/z = 390.10 ([M+H], 100).

tert-butyl (2-(4-(2-(5-(3,5-dimethylisoxazol-4-yl)-2-(4-methylphenethyl)-1H-benzo [d]

imidazo-1-yl)acetamido)benzamido)phenyl)carbamate (94)
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Reaction was performed according to general procedure C with 93 (180 mg, 0.46 mmol, 1 eq)
and 42 (182mg, 0.55 mmol, 1.2 eq). Crude product was purified via reverse flash
chromatography with a gradient of ACN/HO (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 94 as a colorless solid (98 mg, 30 %).

R{(DCM/MeOH = 95:5) = 0.52.

'H-NMR (250 MHz, DMSO-d6): & = 10.81 (s, 1H, NH), 9.76 (s, 1H, NH), 8.67 (s, IH, NH),
7.95 (d, J=8.4 Hz, 2H, CHy), 7.74 (d, J = 8.5 Hz, 2H, CHa), 7.62 - 7.46 (m, 4H, CHa,), 7.24 -
7.15 (m, SH, CH.y), 7.09 (d, T = 7.9 Hz, 2H, CH.y), 5.20 (s, 2H, CHy), 3.13 (s, 4H, 2xCHy,), 2.41
(s, 3H, CH3), 2.25 (s, 3H, CH3), 2.24 (s, 3H, CH3), 1.43 (s, 9H, C(CH3)3) ppm.

MS(ESI+): m/z = 699.37 ((M+H], 100).
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N-(2-aminophenyl)-4-(2-(5-(3,5-dimethylisoxazol-4-yl)-2-(4-methylphenethyl)-1H-

benzo [d] imidazole-1-yl)acetamido)benzamide (22)

AW@

Reaction was performed according to general procedure E with 94 (98 mg, 0.14 mmol, 1 eq)
DCM and TFA (20 % of total volume of 12.5 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H;O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 22 as a colorless solid (64 mg, 76 %).

R«{(DCM/MeOH = 95:5) = 0.81

'H-NMR (500 MHz, DMSO-ds): & = 10.78 (s, 1H, NH), 9.59 (s, 1H, NH), 7.98 (d, J = 8.5 Hz,
2H, CHa), 7.72 (d, J = 8.8 Hz, 2H, CHar), 7.62 - 7.56 (m, 2H, CHar), 7.22 - 7.18 (m, 3H, CHay),
7.15 (d, J = 7.9 Hz, 1H, CHa), 7.09 (d, J = 7.8 Hz, 2H, CHay), 6.96 (td, J = 7.6, 1.6 Hz, 1H,
CHar), 6.78 (dd, J = 8.0, 1.5 Hz, 1H, CHa), 6.59 (td, J = 7.6, 1.5 Hz, 1H, CHa), 5.20 (s, 2H,
CHa), 4.88 (s, 2H, NHo), 3.13 (d, J = 1.9 Hz, 4H, 2xCH.,), 2.41 (s, 3H, CHs), 2.26 (s, 3H, CHs),
2.24 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-d): & = 165.99, 164.60, 158.41, 156.00, 143.16, 142.53, 141.24,
137.98, 135.21, 134.99, 129.51, 128.92, 128.86, 128.24, 126.69, 126.43, 123.41, 123.02,
122.96, 118.99, 118.43, 116.70, 116.28, 116.15, 110.14, 46.21, 32.21, 28.54, 20.65, 11.30,
10.54 ppm.

MS(ESIH): m/z = 599.37 ([M+H], 100).

HRMS (MALDI): m/z calculated 599.27652 for C36H35NsO3, found 599.272650.
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4-(3,5-dimethylisoxazol-4-yl)-2-nitroaniline (96)

NH,

N

-

Compound 64 (300 mg, 1.3 mmol, 1 eq) was dissolved in EtOH (15 mL) and ammonia solution
(25 % in H20, 15 mL) and stirred at 75 °C overnight. Solvent was removed under reduced

pressure and crude product was purified via flash chromatography with a gradient of
hexane/EtOAc (after 3 CVs increased linear from 70:30 to 40:60 over 7 CVs and held for
2 CVs) as a mobile phase to obtain 96 as an orange solid (289 mg, > 95 %).

Rihexane/EtOAc = 7:3) = 0.24.

'"H-NMR (250 MHz, DMSO-ds): 6 = 7.89 (d, ] = 2.1 Hz, 1H, CHa), 7.53 (s, 2H, NH>), 7.44
(dd, J=8.8, 2.1 Hz, 1H, CHa), 7.11 (d, J = 8.8 Hz, 1H, CHa), 2.38 (s, 3H, CH3), 2.20 (s, 3H,
CH3) ppm.

MS(ESI+): m/z 234 ([M+H])

tert-butyl (4-(3,5-dimethylisoxazol-4-yl)-2-nitrophenyl)carbamate (97)

54
Y

N NO,

-

First reaction path

Compound 96 (357 mg, 1,5 mmol, 1 eq) was dissolved in DCM (15 mL) and Boc,O (668 mg,
3.1 mmol, 2 eq), DIPEA (0.42 mL, 3.1 mmol, 2 eq) and a small crystal of DMAP (20 mg,
0.15 mmol, 0.1 eq) were added. Mixture was stirred under reflux overnight and then was
allowed to cool, partitioned between EtOAc and HCI solution (10 %). The phases were
separated, and the organic phase was washed with brine and dried over MgSQO4. Crude product
was purified via flash chromatography with a gradient of hexane/EtOAc (after 2 CVs increased
linear from 100:0 to 50:50 over 12 CVs and held for 3 CVs) as a mobile phase to obtain 97 as

134



Experimental section

an orange solid (130 mg, 25 %). Main product was the double protected form 119 (507 mg,
76 %).

Second reaction path

Compound 96 (291 mg, 1.2 mmol, 1 eq) was dissolved in DCM (15 mL) and Boc,0O (354 mg,
1.6 mmol, 1.3 eq), DIPEA (0.24 mL, 1.5 mmol, 1.2 eq) and a small crystal of DMAP (15 mg,
0.12 mmol, 0.1 eq) were added. Mixture was stirred under reflux overnight and then was
allowed to cool, partitioned between EtOAc and HCI solution (10 %). The phases were
separated, and the organic phase was washed with brine and dried over MgSO4. Crude product
was purified via flash chromatography with a gradient of hexane/EtOAc (after 2 CVs increased
linear from 100:0 to 50:50 over 12 CVs and held for 3 CVs) as a mobile phase to obtain 97 as
an orange solid (190 mg, 45 %). Side product was the double protected form 119 (150 mg,
28 %). Starting material in form of 96 could also be regained (40 mg, 14 %)

Third reaction path

A solution of NaH (60 % in mineral oil, 188 mg, 4.9 mmol, 2.2 eq) in THF (20 mL) at 0 °C
was slowly treated with a solution 0of 96 (521 mg, 2.2 mmol, 1 eq) in THF (20 mL). The solution
was stirred at 0 °C for 10 minutes followed by 30 minutes at RT. A solution of Boc,O (585 mg,
2.7 mmol, 1.2) in THF (5 mL) was added and mixture was stirred for 1 h. Ice-cold water
(35 mL) was slowly added, and reaction mixture was extracted with EtOAc. Organic phase was
washed with brine and dried over MgSOs. Crude product was purified via flash chromatography
with hexane/EtOAc (85:15 over 10 CVs) as a mobile phase to obtain 97 as an orange solid
(586 mg, 79 %).

Rihexane/MeOH = 75:15) = 0.38

'H-NMR (250 MHz, DMSO-ds): & = 9.68 (s, 1H, NH), 7.92 (d, J = 1.7 Hz, 1H, CH.y), 7.78 -
7.63 (m, 2H, CHar), 2.42 (s, 3H, CHs), 2.24 (s, 3H, CHs), 1.46 (s, 9H, C(CHs)3) ppm.

MS(ESI-): m/z 332.18 ([M-H], 100)
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tert-butyl (2-amino-4-(3,5-dimethylisoxazol-4-yl)phenyl)carbamate (98)

D

0.0

NH

NH,

Compound 97 (566 mg, 1.7 mmol, 1 eq) was reduced according to General procedure BI.
Product was purified via flash chromatography with a gradient of hexane/EtOAc (after 4.5 CV
increased linear from 60:40 to 30:70 over 7 CVs and held for 5 CVs) as mobile phase to obtain
98 as a colorless solid (410 mg, 80 %).

Ri(hexane/EtOAc = 50:50) = 0.52

'H-NMR (250 MHz, DMSO-ds): 8 = 8.35 (s, |H, NH), 7.28 (d, J = 8.1 Hz, 1H, CHar), 6.68 (d,
J=2.0 Hz, 1H, CHay), 6.51 (dd, J = 8.1, 2.0 Hz, 1H, CHar), 4.96 (s, 2H, NH>), 2.37 (s, 3H, CHs),
2.19 (s, 3H, CHs), 1.47 (s, 9H, C(CHs)3) ppm.

MS(ESI+): not measurable

Methyl 4-(3-((2-((tert-butoxycarbonyl)amino)-5-(3,5-dimethylisoxazol-4-
yl)phenyl)amino)-3-oxopropyl)benzoate (99)

D

O\|//O

NH
(0]
7 N
N | H o
o ~

0]

Compound 98 (158 mg, 0.52 mmol, 1 eq) was reacted with 3-(4-methoxycarbonylphenyl)
propanoic acid 120 (130 mg, 0.63 mmol, 1.2 eq) according to general procedure C. Crude
product was purified via flash chromatography with a gradient of hexane/EtOAc (after 3 CVs
increased linear from 60:40 to 40:60 over 5 CVs and held for 7 CVs) to obtain 99 as a colorless
solid (207 mg, 81 %).

Ri(hexane/EtOAc = 50:50) = 0.41
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'H-NMR (250 MHz, DMSO-ds): & = 9.49 (s, 1H, NH), 8.4 (s, 1H, NH), 7.89 (d, J = 8.2 Hz,
2H, CHar), 7.65 (d, J = 8.4 Hz, 1H, CHay), 7.46 - 7.34 (m, 3H, CH.,), 7.14 (dd, J = 8.4, 2.1 Hz,
1H, CH.y), 3.83 (s, 3H, CHs), 3.02 (t, ] = 7.3 Hz, 2H, CHo), 2.78 - 2.68 (m, 2H, CHa), 2.38 (s,
3H, CHs), 2.20 (s, 3H, CHs), 1.47 (s, 9H, C(CH3)3) ppm.

MS(ESI+): m/z 516.19 ([M+Na], 100)

4-(2-(5-(3,5-dimethylisoxazol-4-yl)-1 H-benzo|[d]imidazol-2-yl)ethyl)benzoic acid (100)
and methyl 4-(2-(5-(3,5-dimethylisoxazol-4-yl)-1 H-benzo|d]imidazol-2-yl)ethyl)benzoate

(101)
O_
N Ua

OH
>_/—©—§O
N N ]
0 0

Compound 99 (600 mg, 1.22 mmol, 1 eq) was converted according to general procedure D for

W ZT
< ZT

z
Z

30 minutes. Solvents were removed under reduced pressure and remaining residue was resolved
in water, neutralized with sat. NaHCO3 solution and extracted with EtOAc. The organic phase
was washed with brine and dried over MgSO4. Crude product was purified via reversed flash
chromatography with a gradient of ACN/H;O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 100 (188 mg, 42 %) and 101 (65 mg, 14 %) as

colorless solids.
R{DCM/MeOH = 95:5) =0.23

'H-NMR (250 MHz, DMSO-ds): & = 12.80 (s, IH, COOH), 12.35 (s, 1H, NH), 7.86 (d, J = 8.2
Hz, 2H, CHar), 7.55 (d, J = 8.0 Hz, 1H, CHay), 7.47 - 7.31 (m, 3H, CHar), 7.10 (dd, J = 8.2, 1.6
Hz, 1H, CHar), 3.19 (bs, 4H, 2xCHb), 2.39 (s, 3H, CHs), 2.22 (s, 3H, CH3) ppm.

MS(ESI+): m/z 362.07 ((M+H], 100)
R{DCM/MeOH = 95:5) = 0.46

'H-NMR (250 MHz, DMSO-ds): & = 12.33 (s, 1H, NH), 7.88 (d, J = 8.1 Hz, 2H, CHay), 7.65 -
7.36 (m, 4H, CHar), 7.09 (ddd, J = 8.2, 5.3, 1.4 Hz, 1H, CHa), 3.83 (s, 3H, OOCH3), 3.28 - 3.11
(m, 4H, 2xCH>), 2.39 (s, 3H, CHs), 2.22 (s, 3H, CHs) ppm.

MS(ESI+): m/z 376.17 ([M+H], 100)
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tert-butyl (2-(4-(2-(5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-yl)ethyl)

MCHCN)@
7

Compound 100 (181 mg, 0.5 mmol, 1 eq) was reacted with 39 (114 mg, 0.55 mmol, 1.1 eq)

benzamido)phenyl)carbamate (121)

W ZT

N
P4

according to general procedure C. Product was purified via flash chromatography with a
gradient of DCM/MeOH (after 3 CVs increased linear from 100:0 to 95:5 over 8 CVs and held
for 5 CVs) as mobile phase to obtain 121 as a colorless solid (230 mg, 83 %).

R«{(DCM/MeOH = 95:5) = 0.46

'H-NMR (250 MHz, DMSO-ds): & = 12.36 (s, 1H, NH), 9.75 (s, 1H, NH), 8.65 (s, 1H, NH),
7.92 - 7.80 (m, 2H, CHar), 7.60 - 7.38 (m, 6H, CHay), 7.25 - 7.02 (m, 3H, CHay), 3.22 (s, 4H,
2xCHa), 2.40 (s, 3H, CHs), 2.23 (s, 3H, CHa), 1.43 (s, 9H, C(CHs)s) ppm.

MS(ESI+): m/z 552.22 ((M+H], 35)

N-(2-aminophenyl)-4-(2-(5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-yl) ethyl)
benzamide (25)

HoN
2O
O

Reaction was performed according to general procedure E with 121 (20 mg, 0.04 mmol, 1 eq)
DCM and TFA (20 % of total volume of 3.6 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0

ZT

N
z

over 10 CVs) as a mobile phase to obtain 25 as a colorless solid (16 mg, > 95 %).

R{(DCM/MeOH) = 0.10
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'H-NMR (500 MHz, DMSO-ds): § = 10.22 (s, 1H, NH), 8.03 (d, J = 8.0 Hz, 2H, CHa,), 7.86 (d,
J =8.4 Hz, 1H, CHyy), 7.75 (s, 1H, CHy), 7.49 (m, 3H, CHa), 7.42 (d, J = 7.5 Hz, 1H, CH,y),
7.26 -7.17 (m, 2H, CHyy), 7.11 (t, ] = 6.8 Hz, 1H, CH,), 3.55 (t, ] = 7.6 Hz, 2H, CH>), 3.38 (t,
J=17.5Hz, 2H, CH,), 2.42 (s, 3H, CH3), 2.24 (s, 3H, CH3) ppm.

I3C-NMR (126 MHz, DMSO-ds): § = 165.55, 165.24, 158.18, 154.10, 143.30, 132.29, 131.47,
130.40, 128.35, 128.21, 127.20, 127.05, 126.59, 126.50, 115.50, 114.22, 113.97, 31.75, 27.65,
11.29, 10.40 ppm.

MS(ESI+): m/z = 452.26 ((M+H], 65).

HRMS (MALDI): m/z calculated 452.20810 for C27H26N503, found 452.20782.

4-(2-(5-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-2-yl)ethyl)-N-
hydroxybenzamide (26)

NH

z_ ZT
N o

HO

Compound 101 (65 mg, 0.173 mmol, 1 eq) was reacted according to general procedure F. Crude
product was purified via reversed flash chromatography with a gradient of ACN/H,O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 26 as a light grey solid
(20 mg, 31 %).

R{DCM/MeOH = 95:5) = 0.14

'H-NMR (500 MHz, DMSO-ds): 5 = 12.34 (double s, 1H, NH), 11.13 (s, 1H, OH), 8.97 (s, 1H,
NH), 7.67 (d, J = 8.2 Hz, 2H, CHay), 7.62 - 7.37 (m, 2H, CHa,,), 7.35 (d, J = 8.3 Hz, 2H, CHa,),
7.09 (t, J= 8.2 Hz, 1H, CHa), 3.21 - 3.13 (m, 4H, 2xCHa), 2.39 (s, 3H, CH3), 2.22 (s, 3H, CHs)

BC-NMR (126 MHz, DMSO-ds): & = 164.14, 158.33, 155.06, 144.30, 130.66, 128.24, 126.97,
122.70, 122.19, 118.65, 118.36, 116.78, 116.71, 111.22, 111.06, 32.94, 29.88, 11.28, 10.51

MS(ESI+): m/z 377.16 ((M+H], 100)

HRMS (MALDI): m/z calculated 377.16082 for C21H21N4O3, found 377.16102.
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N-(4-chlorobenzyl)-4-(3,5-dimethylisoxazol-4-yl)-2-nitroaniline (102)

Cl
H
N\/©/

@)
Compound 63 (1036 mg, 4.3 mmol, 1 eq) was reacted with (4-chlorophenyl)methanamine 122
(1.1 mL, 8.7 mmol, 2 eq) according to general procedure A. For purification product was

recrystallized from hexane/EtOAc to obtain product as a bright orange solid (1034 mg, 66 %).
Ri(hexane/EtOAc = 70:30) = 0.52.

'H -NMR (250 MHz, DMSO-ds): & = 8.77 (t, ] = 6.2 Hz, 1H, NH), 8.02 (d, J = 2.1 Hz, 1H,
CHay), 7.49 (dd, J = 8.9, 2.2 Hz, 1H, CHay), 7.42 (s, 4H, CHa), 6.96 (d, J = 9.0 Hz, 1H, CHay),
4.66 (d, J = 6.2 Hz, 2H, CH,), 2.36 (s, 3H, CHs), 2.18 (s, 3H, CHs) ppm.

MS(ESI+) = m/z 358.04 ((M+H], 40)

N'-(4-chlorobenzyl)-4-(3,5-dimethylisoxazol-4-yl)benzene-1,2-diamine (106)

Cl
H
N\/©/

N\/ ’ NH,

)

Compound 102 (632 mg, 1.77 mmol, 1 eq) was reacted with SnCl,*H,0O (1.59 g, 7.07 mmol,
4 eq) according to general procedure B2. Crude product was purified via flash chromatography

with a gradient of hexane/EtOAc (after 3 CVs increased linear from 75:25 to 40:60 over 5 CVs
and held for 3 CVs) to obtain 106 as a light yellow solid (540 mg, 93 %).

R hexane/EtOAc) = 0.42

'H-NMR (250 MHz, DMSO-ds): 5 = 7.40 (s, 4H, CHay), 6.56 (d, J = 1.8 Hz, 1H, CHa,y), 6.42 -
6.31 (m, 2H, CHay), 5.34 (t, J = 5.8 Hz, 1H, NH), 4.70 (s, 2H, NH,), 4.32 (d, J = 5.8 Hz, 2H,
CHa), 2.31 (s, 3H, CHs), 2.15 (s, 3H, CHs) ppm.

MS(ESI+) = m/z 358.07 ([M+H), 100)
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Methyl 4-(3-((2-((4-chlorobenzyl)amino)-5-(3,5-dimethylisoxazol-4-yl)phenyl)amino)-3-
oxopropyl)benzoate (110)

O

N

Compound 106 (131 mg, 0.4 mmol, 1 eq) was reacted with 3-(4-(methoxycarbonyl)phenyl)-
propanoic acid 120 (100 mg, 0.48 mmol, 1.2 eq) according to general procedure C. Crude
product was purified via flash chromatography with a gradient of hexane/EtOAc (after 2 CVs
increased linear from 60:40 to 30:70 over 6 CVs and held for 5 CVs) as mobile phase to obtain
110 as a colorless solid (144 mg, 70 %).

Rihexane/EtOAc = 40:60) = 0.42

'H-NMR (250 MHz, DMSO-ds): & = 9.24 (s, 1H, NH), 7.88 (d, J = 8.3 Hz, 2H, CH.,), 7.43 (d,
J=8.3 Hz, 2H, CHar), 7.38 (s, 4H, CHay), 7.05 (d, J = 2.0 Hz, 1H, CHay), 6.93 (dd, J = 8.4, 2.1
Hz, 1H, CHar), 6.50 (d, J = 8.4 Hz, 1H, CHar), 5.65 (t, J = 5.9 Hz, 1H, NH), 4.33 (d,J = 5.9 Hz,
2H, CH»), 3.82 (s, 3H, OOCH3), 3.02 (t, J = 7.5 Hz, 2H, CH>), 2.73 (t, ] = 7.5 Hz, 2H, CH>),
2.32 (s, 3H, CH3), 2.15 (s, 3H, CH3) ppm.

MS(ESI+) = m/z 540.25 ([M+Na], 100)
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4-(2-(1-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-yl)ethyl)-
benzoic acid (114) and methyl 4-(2-(1-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo|d] imidazol-2-yl)ethyl)benzoate (118)

Cl Cl

OH o—
N N
/ 0o /4 0

Compound 110 (250 mg, 0.482 mmol, 1 eq) was converted according to general procedure D
for 1 hour. Crude product was purified via reversed flash chromatography with a gradient of
DCM/MeOH (after 2 CVs increased linear from 99:1 to 90:10 over 8 CVs and held for 3 CVs)
as a mobile phase to obtain 114 (135 mg, 58 %) and 118 (100 mg, 41 %) as colorless solids.

R{(DCM/MeOH = 90:10) = 0.40

'H-NMR (500 MHz, DMSO-ds): & = 12.78 (s, 1H, OH), 7.84 (d, J = 8.3 Hz, 2H, CH.y), 7.62 -
7.61 (m, 1H, CHay), 7.54 (d, ] = 8.1 Hz, 1H, CHay), 7.40 - 7.35 (m, 4H, CHay), 7.16 (dd, J = 8.3,
1.6 Hz, 1H, CHy), 7.13 (d, J = 8.6 Hz, 2H, CHay), 5.52 (s, 2H, CHy), 3.20 (s, 4H, 2xCH>), 2.40
(s, 3H, CHs), 2.23 (s, 3H, CHs) ppm.

MS(ESI+): m/z 486.23 ([M+H),100]

R«{(DCM/MeOH = 95:5) =0.73

1H-NMR (500 MHz, DMSO-d6): § = 7.85 (d, J = 8.4 Hz, 2H, CH.y), 7.62 - 7.60 (m, 1H, CH.y),
7.54 (d, J = 8.3 Hz, 1H, CH.y), 7.40 (d, J = 8.4 Hz, 2H, CH,,), 7.37 (d, J = 8.5 Hz, 2H, CH.y),
7.16 (dd, J= 8.3, 1.6 Hz, 1H, CHay), 7.12 (d, J = 8.6 Hz, 2H, CHay), 5.52 (s, 2H, CHy), 3.83 (s,
3H, OOCHs), 3.21 (s, 4H, 2xCHa), 2.40 (s, 3H, CH), 2.23 (s, 3H, CHs) ppm.

MS(ESI+) = m/z 500.25 ([M+H], 100)
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tert-butyl (2-(4-(2-(1-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]
imidazole-2-yl)ethyl)benzamido)phenyl)carbamate (124)

c' Yol

<)
N
/ (@)
N

Compound 114 (61 mg, 0.125 mmol, 1 eq) was reacted with 39 (31 mg, 0.15 mmol, 1.2 eq)

-

according to general procedure C. Product was purified via reverse flash chromatography with
a gradient of ACN/H20 (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to
obtain 124 as a colorless solid (40 mg, 47 %).

R«{(DCM/MeOH = 99:1) = 0.66

'H-NMR (250 MHz, DMSO-ds): & = 9.76 (s, 1H, NH), 8.66 (s, |H, NH), 7.85 (d, J = 8.1 Hz,
2H, CHar), 7.63 (s, 1H, CHar), 7.55 (d, J = 8.1 Hz, 3H, CHay), 7.40 (t, J = 8.2 Hz, 4H, CHay),
7.21 - 7.10 (m, 5H, CHa), 5.53 (s, 2H, CHa), 3.22 (s, 4H, 2xCHy), 2.40 (s, 3H, CHs), 2.23 (s,
3H, CHs), 1.42 (s, 9H, C(CHa)s) ppm.

MS(ESI+) = 676.38 ([M+H], 100)

N-(2-aminophenyl)-4-(2-(1-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo|d]imidazol-2-yl)ethyl)benzamide (27)

Cl
HoN

MQ

Reaction was performed according to general procedure E with 124 (37 mg, 0.054 mmol, 1 eq)

DCM and TFA (20 % of total volume of 3.6 mL). Crude product was purified via reverse flash
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chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 27 as a colorless solid (25 mg, 79 %).

R«{(DCM/MeOH = 95:5) = 0.47

"H-NMR (500 MHz, DMSO-ds): & = 9.60 (s, 1H, NH), 7.89 (d, J = 7.9 Hz, 2H, CHar), 7.63 (d,
J=1.5Hz, 1H), 7.54 (d, J = 8.3 Hz, 1H, CHay), 7.42 - 7.36 (m, 4H, CHay), 7.19 - 7.11 (m, 4H,
CHa), 6.97 (td, J = 7.6, 1.5 Hz, 1H, CHar), 6.78 (dd, J = 8.1, 1.4 Hz, 1H, CH,), 6.60 (td, J =
7.5, 1.4 Hz, 1H, CHar), 5.53 (s, 2H, CHa), 4.91 (s, 2H, NHa), 3.21 (s, 4H, 2xCH), 2.40 (s, 3H,
CH3), 2.23 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-ds): 6 = 165.10, 164.61, 158.34, 155.07, 144.59, 143.08, 142.59,
135.99, 134.63, 132.48, 132.15, 128.77, 128.59, 128.29, 127.83, 126.66, 126.42, 123.39,
123.20,123.07,119.02, 116.54,116.27, 116.13, 110.51, 45.44, 32.36,28.02, 11.31, 10.53 ppm.

MS(ESI+): m/z 576.29 ((M+H], 100)

HRMS (MALDI): m/z calculated 576.21608 for C34H31CIN5O,, found 576.21539.

4-(2-(1-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-yl)ethyl)-
N-hydroxybenzamide (31)

Cl

HN-OH
N
/ 0]

Compound 118 (100 mg, 0.2 mmol, 1 eq) was reacted according to general procedure F. Crude
product was purified via reversed flash chromatography with a gradient of ACN/H»O (after
2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to obtain 31 as a colorless solid
(75 mg, 75 %).

R{DCM/MeOH = 95:5) = 0.38

'H-NMR (500 MHz, DMSO-ds): & = 7.66 (d, J = 8.2 Hz, 2H, CH.y), 7.61 (d, J = 1.2 Hz, 1H,
CH..), 7.53 (d, J = 8.3 Hz, 1H, CHay), 7.38 (d, J = 8.5 Hz, 2H, CHar), 7.34 (d, J = 8.2 Hz, 2H,
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CHar), 7.16 (dd, J = 8.3, 1.5 Hz, 1H, CHar), 7.13 (d, J = 8.5 Hz, 2H, CHay), 5.52 (s, 2H, CHa),
3.18 (s, 4H, 2xCHb), 2.40 (s, 3H, CHs), 2.23 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-ds): 8 = 165.08, 164.53, 158.82, 155.57, 144.76, 143.11, 136.48,
135.11, 132.63, 131.14, 129.24, 129.07, 128.85, 127.38, 123.65, 123.54, 119.52, 117.03,
110.96, 45.89, 32.79, 28.44, 11.79, 11.00 ppm.

MS(ESI+): m/z 501.23 ((M+H], 100)

HRMS (MALDI): m/z calculated 501.16879 for C2sH26CIN4O3, found 501.16828.

4-(((4-(3,5-dimethylisoxazol-4-yl)-2-nitrophenyl)amino)methyl)benzonitrile (104)

Z
H
N

] NO,

N

N\/
@]
Compound 64 (500 mg, 2.12 mmol, 1 eq) was reacted with 4-(aminomethyl)benzonitrile
hydrochloride (428 mg, 2.54 mmol, 1.2 eq) and DIPEA (0.86 mL, 5.08 mmol, 2.4 eq) according
to general procedure A for 24 h. Crude product was purified via flash chromatography with a
gradient of hexane/EtOAc (after 3 CVs increased linear from 70:30 to 40:60 over 5 CV and
held for 2 CVs) to obtain 104 as a red solid (319 mg, 43 %).

Ri(hexane/EtOAc = 40:60) = 0.31

'H-NMR (250 MHz, DMSO-ds): & = 8.83 (t, ] = 6.3 Hz, 1H), 8.03 (d, J = 2.2 Hz, 1H, CHa»),
7.82 (d, J = 8.1 Hz, 2H, CHay), 7.59 (d, J = 8.2 Hz, 2H, CH.y), 7.48 (dd, J = 8.9, 2.1 Hz, 1H,
CHar), 6.91 (d, J = 8.9 Hz, 1H, CHay), 4.77 (d, J = 6.3 Hz, 2H, CHa), 2.36 (s, 3H, CH), 2.18 (s,
3H, CH3) ppm.

MS(ESI+): m/z 371.17 ([M+Nal, 50)

145



Experimental section

4-(((2-amino-4-(3,5-dimethylisoxazol-4-yl)phenyl)amino)methyl)benzonitrile (108)
= N
i
N

NH,

Compound 104 (319 mg, 0.91 mmol, 1 eq) was reacted with SnCLb*H>O (1.03 g, 4.58 mmol,
5 eq) according to general procedure B2. Crude product was purified via flash chromatography
with a gradient of hexane/EtOAc (after 3 CVs increased linear from 70:30 to 40:60 over 5 CV
and held for 2 CVs) to obtain 108 as a colorless solid (238 mg, 81 %).

Ri(hexane/EtOAc = 50:50) = 0.25

'H-NMR (250 MHz, DMSO-ds): & = 7.80 (d, J = 8.0 Hz, 2H, CH.y), 7.58 (d, J = 8.1 Hz, 2H,
CH.,), 6.57 (d, J = 1.8 Hz, 1H, CH.y), 6.38 (dd, J = 8.0, 1.8 Hz, 1H, CH.), 6.30 (d, J = 8.1 Hz,
1H, CHa), 5.47 (t, J = 5.8 Hz, 1H, NH), 4.71 (s, 2H, NH,), 4.43 (d, J = 5.8 Hz, 2H, CH>), 2.31
(s, 3H, CHs), 2.14 (s, 3H, CHz) ppm.

MS(ESI+): m/z 315.07 ((M+Na-CN], 100)

Methyl 4-(3-((2-((4-cyanobenzyl)amino)-5-(3,5-dimethylisoxazol-4-yl)phenyl)amino)-3-
oxopropyl)benzoate (112)

Iz

0] O
(0]

Compound 108 (238 mg, 0.74 mmol, 1 eq) was reacted with 3-(4-methoxycarbonylphenyl)
propanoic acid 120 (186 mg, 0.9 mmol, 1.2 eq) according to general procedure C. Crude product
was purified via flash chromatography with a gradient of DCM/MeOH (after 3 CVs increased
linear from 99:1 to 95:5 over 5 CVs and held for 4 CVs) to obtain 112 as a colorless solid
(220 mg, 58 %).
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R«{(DCM/MeOH = 95:5) =0.71

'H-NMR (250 MHz, DMSO-dy): & =9.27 (s, 1H, NH), 7.88 (d, J = 8.1 Hz, 2H, CH.), 7.79 (d,
J=8.1 Hz, 2H, CH,)), 7.55 (d, J = 8.1 Hz, 2H, CHay), 7.43 (d, ] = 8.1 Hz, 2H, CHa,y), 7.03 (d, J
= 1.8 Hz, 1H, CH.y), 6.92 (dd, J = 8.4, 1.9 Hz, 1H, CHLy), 6.45 (d, ] = 8.5 Hz, 1H, CHy), 5.74
(t, ] = 6.0 Hz, 1H, NH), 4.44 (d, J = 5.9 Hz, 2H, CHa), 3.82 (s, 3H, OOCH3), 3.03 (t, ] = 7.4
Hz, 2H, CH2), 2.74 (t, ] = 7.4 Hz, 2H, CH>), 2.32 (s, 3H, CH3), 2.14 (s, 3H, CH3) ppm.

MS(ESI+): m/z 531.26 ([M+Na], 100)

4-(2-(1-(4-cyanobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-2-yl)ethyl)
benzoic acid (116)

-

Compound 112 (220 mg, 0.43 mmol, 1 eq) was converted according to general procedure D for
2 h. Solvents were removed under reduced pressure and crude product was purified via reversed
flash chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to
100:0 over 10 CVs) as a mobile phase to obtain 116 (144 mg, 70 %) as a colorless solid.

R{(DCM/MeOH = 95:5) = 0.52

'H-NMR (250 MHz, DMSO-de): 5 = 12.72 (s, 1H, OH), 7.81 (dd, J = 11.9, 8.0 Hz, 4H, CH,,),
7.63 (s, 1H, CHay), 7.51 (d, J = 8.3 Hz, 1H, CHyy), 7.37 (d, J = 8.0 Hz, 2H, CH.y), 7.25 (d, ] =
8.0 Hz, 2H, CHar), 7.16 (d, J = 8.4 Hz, 1H, CH,y), 5.64 (s, 2H, CH), 3.19 (s, 4H, 2xCHb), 2.40
(s, 3H, CHs), 2.23 (s, 3H, CHs) ppm.

MS(ESI+): m/z 477.21 ([M+H], 100)
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tert-butyl (2-(4-(2-(1-(4-cyanobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]imidazol-
2-yl)ethyl)benzamido)phenyl)carbamate (125)

N >L
AN 0

e
HN
Y
O
/ 0]
N

Compound 116 (140 mg, 0.294 mmol, 1 eq) was reacted with 39 (73 mg, 0.353 mmol, 1.2 eq)

N

|

7
\
@)

according to general procedure C. Product was purified via reverse flash chromatography with
a gradient of ACN/H20 (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) to
obtain 125 as a colorless solid (132 mg, 67 %).

R«{(DCM/MeOH = 95:5) = 0.54

'H-NMR (250 MHz, DMSO-ds): & = 9.76 (s, 1H, NH), 8.65 (s, 1H, NH), 7.88 - 7.77 (m, 4H,
CHar), 7.64 (s, 1H, CHar), 7.57 - 7.49 (m, 3H, CHar), 7.42 (d, ] = 8.2 Hz, 2H, CHar), 7.26 (d, ] =
8.2 Hz, 2H, CHa), 7.21 - 7.11 (m, 3H, CHar), 5.66 (s, 2H, CHa), 3.21 (s, 4H, 2xCHa), 2.40 (s,
3H, CH3), 2.23 (s, 3H, CH3), 1.42 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 567.30 ((M-Boc+H], 100); 667.39 ([M+H], 15)

N-(2-aminophenyl)-4-(2-(1-(4-cyanobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-1H-
benzo[d]imidazol-2-yl)ethyl)benzamide (28)
N\\
H,N

Pt e

Reaction was performed according to general procedure E with 125 (130 mg, 0.195 mmol, 1 eq)

DCM and TFA (20 % of total volume of 6 mL). Crude product was purified via reverse flash
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chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 28 as a colorless solid (80 mg, 72 %).

R«{(DCM/MeOH = 95:5) =0.53

'H-NMR (500 MHz, DMSO-dy): & =9.59 (s, 1H, NH), 7.89 (d, J = 8.1 Hz, 2H, CH.,), 7.80 (d,
J=8.3 Hz, 2H, CHa,), 7.65 (d, J = 1.2 Hz, 1H, CHar), 7.53 (d, ] = 8.3 Hz, 1H, CHa,y), 7.39 (d, J
= 8.2 Hz, 2H, CH,), 7.27 (d, J = 8.3 Hz, 2H, CHsy), 7.20 - 7.14 (m, 2H, CHa,), 6.97 (td, ] = 8.1,
1.5 Hz, 1H, CHay), 6.78 (dd, J = 8.0, 1.3 Hz, 1H, CH,y), 6.60 (td, J = 7.7, 1.2 Hz, 1H, CH.y),
5.66 (s, 2H, CHa), 4.98 (s, 2H, NHy), 3.21 (s, 4H, 2xCH.), 2.41 (s, 3H, CHs), 2.23 (s, 3H, CHs)
ppm.

BC-NMR (126 MHz, DMSO-ds): & = 165.10, 164.64, 158.34, 155.15, 144.53, 143.00, 142.66,
142.52, 134.58, 132.76, 132.49, 128.28, 127.82, 127.52, 126.69, 126.43, 123.43, 123.37,
123.21, 119.06, 118.57, 116.50, 116.34, 116.18, 110.47, 110.37, 45.76, 32.31, 27.92, 11.32,
10.53 ppm.

MS(ESI+): m/z 567.30 ([M+H], 100)

HRMS (MALDI): m/z calculated 567.25030 for C35H31NsO2, found 567.25028.

4-(3-fluoro-4-nitrophenyl)-3,5-dimethylisoxazole (95)
NO,

4 F

XPhos Palladacycle Gen. 3 (192 mg, 0.227 mmol, 0.01 eq) was added to a solution of 4-bromo-
2-fluoro-1-nitrobenzene 94 (5 g, 22.7 mmol, 1 eq) and 3,5-dimethylisoxazole-4-boronic acid
pinacol ester 77 (6 g, 27.2 mmol, 1.2 eq) in DME (20 mL). The mixture was stirred and saturated
NaHCOs solution (20 mL) was added. The mixture was degassed by placing it in an ultrasonic
bath and argon was bubbled into the reaction for 20 minutes. Then the mixture was heated at
80 °C for 3 h. The reaction was allowed to cool then partitioned between EtOAc (10 mL) and
water (10 mL). The phases were separated, and the organic phase was washed with brine and
dried over MgSO4. Solvents were removed under reduced pressure and residue was washed

with hexane to obtain 95 as a beige solid (2.43 g, 45 %)

Ri(hexane/EtOAc = 80:20) = 0.35
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'H-NMR (250 MHz, DMSO-dj): & = 8.24 (t, ] = 8.4 Hz, 1H, CHay), 7.71 (dd, J = 12.5, 1.8 Hz,
1H, CHay), 7.56 - 7.44 (m, 1H, CHay), 2.48 (s, 3H, CHa), 2.29 (s, 3H, CHs) ppm.

MS(ESI+): not measurable

N-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)-2-nitroaniline (103)

NO,

Compound 95 (300 mg, 1.27 mmol, 1 eq) was reacted with (4-chlorophenyl)methanamine 122
(0.23 mL, 1.91 mmol, 1.5 eq) according to general procedure A. 103 was neither purifiable by
flash chromatography nor by recrystallization (300 mg with approximately 100 mg desired 103
and 200 mg 95 according to NMR, 22 %)).

Reaction was repeated with higher equivalents of (4-chlorophenyl)methanamine 122 (0.31 mL,
2.54 mmol, 2 eq). Again, product is contaminated with 95 (300 mg with approximately 180 mg
of desired 103 and 120 mg 95 according to NMR, 40 %).

Ri(hexane/EtOAc = 80:20) = 0.35

"H-NMR (250 MHz, DMSO-ds): § = 8.81 (t, J = 6.1 Hz, 1H, NH), 8.15 (d, J = 9.2 Hz, 1H,
CHa), 7.41 (s, 4H, CHar), 6.74 - 6.67 (m, 2H, CHar), 4.67 (d, J = 6.2 Hz, 2H, CH>), 2.19 (s, 3H,
CHz), 2.01 (s, 3H, CH3) ppm.

MS(ESI+): m/z 358.07 ((M+H], 100)
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N'-(4-chlorobenzyl)-5-(3,5-dimethylisoxazol-4-yl)benzene-1,2-diamine (107)
y y

NH,

N" |
"N L
Cl

Unpurified compound 103 (420 mg, 1.17 mmol, 1 eq) was reacted according to general
procedure B2. Crude product was purified via flash chromatography with a gradient of
hexane/EtOAc (after 2 CVs increased linear from 70:30 to 30:70 over 7 CVs and held for
2 CVs) to obtain 107 as a light yellow solid (244 mg, 63 %).

Ri(hexane/EtOAc = 50:50) = 0.40

'H-NMR (250 MHz, DMSO-ds): 5 = 7.38 (s, 4H, CHar), 6.63 (d, J = 7.8 Hz, 1H, CHay), 6.38
(dd, J= 7.8, 1.8 Hz, 1H, CHa), 6.14 (d, J = 1.8 Hz, 1H, CH.), 5.41 (t, ] = 5.4 Hz, 1H, NH),
4.75 (s, 2H, NHo), 4.33 (d, J = 5.3 Hz, 2H, CHy), 2.13 (s, 3H, CHs), 1.97 (s, 3H, CH3) ppm.

MS(ESI+): m/z 328.11 ([M+H], 95)

Methyl 4-(3-((2-((4-chlorobenzyl)amino)-4-(3,5-dimethylisoxazol-4-yl)phenyl)amino)-3-
oxopropyl)benzoate (113)

% N
ST
o cl

Compound 107 (340 mg, 0.74 mmol, 1 eq) was reacted with 3-(4-methoxycarbonylphenyl)
propanoic acid 120 (238 mg, 1.14 mmol, 1.2 eq) according to general procedure C. Crude
product was purified via flash chromatography with a gradient of DCM/MeOH (after 2 CVs
increased linear from 100:0 to 95:5 over 7 CVs and held for 4 CVs) to obtain 113 as a colorless
solid (502 mg, 93 %).

R{(DCM/MeOH = 95:5) = 0.55
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'H-NMR (250 MHz, DMSO-dy): & = 9.25 (s, 1H, NH), 7.90 (d, J = 8.2 Hz, 2H, CH.;), 7.44 (d,
J = 8.2 Hz, 2H, CHar), 7.37 (s, 4H, CHay), 7.15 (d, J = 8.0 Hz, 1H, CHay), 6.52 (dd, J = 8.0, 1.6
Hz, 1H, CHa), 6.27 (d, ] = 1.5 Hz, 1H, CHar), 5.67 (t, ] = 5.8 Hz, 1H, NH), 4.34 (d, ] = 5.6 Hz,
2H, CHb), 3.82 (s, 3H, OOCH3), 3.04 (t, ] = 7.4 Hz, 2H, CH), 2.74 (t, J = 7.4 Hz, 2H, CHa),
2.14 (s, 3H, CHs), 1.97 (s, 3H, CHs) ppm.

MS(ESI+): m/z 540.23 ([M+Na], 100)

4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo|d]imidazol-2-yl)ethyl)
benzoic acid (117)

Cl

Compound 113 (502 mg, 0.97 mmol, 1 eq) was converted according to general procedure D for
2 h. Solvents were removed under reduced pressure and crude product was purified via reversed
flash chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to
100:0 over 10 CVs) as a mobile phase to obtain 117 as a light beige solid (215 mg, 46 %).

R{DCM/MeOH = 95:5) = 0.41

'H-NMR (500 MHz, DMSO-ds): & = 12.81 (s, 1H, OH), 7.83 (d, J = 8.4 Hz, 2H, CH.,), 7.68
(dd, J=8.3, 0.5 Hz, 1H, CH.), 7.45 (d, J = 1.1 Hz, 1H, CHay), 7.39 - 7.34 (m, 4H, CHy,), 7.16
(dd, J=8.3, 1.6 Hz, 1H, CH.y), 7.12 (d, J = 8.6 Hz, 2H, CHay), 5.52 (s, 2H, CHa), 3.21 (m, 4H,
2xCH>), 2.35 (s, 3H, CH3), 2.18 (s, 3H, CH3) ppm.

MS(ESI+): m/z 486.23 ([M+H], 100)
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tert-butyl (2-(4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]
imidazol-2-yl)ethyl)benzamido)phenyl)carbamate (126)

N
S— : 0
N
| HN@
HN

cl s
I

Compound 117 (100 mg, 0.20 mmol, 1 eq) was reacted with 39 (51 mg, 0.25 mmol, 1.2 eq)

N
o

according to general procedure C. Product was purified via flash chromatography with a
gradient of DCM/MeOH (after 2 CVs increased linear from 99:1 to 95:5 over 5 CVs and held
for 3 CV) as mobile phase to obtain 126 as a colorless solid (100 mg, 72 %).

R«{(DCM/MeOH = 95:5) = 0.52

'H-NMR (500 MHz, DMSO-ds): & = 9.76 (s, 1H, NH), 8.66 (s, 1H, NH), 7.84 (d, ] = 8.3 Hz,
2H, CH.y), 7.69 (dd, J = 8.3, 0.5 Hz, 1H, CHay), 7.53 (ddd, J = 11.0, 7.9, 1.7 Hz, 2H, CHa,), 7.46
(d,J=1.1 Hz, 1H, CHy), 7.41 (d, J = 8.4 Hz, 2H, CH.,y), 7.36 (d, J = 8.6 Hz, 2H, CH), 7.20 -
7.14 (m, 3H, CHa), 7.12 (d, J = 8.7 Hz, 2H, CHay), 5.54 (s, 2H, CH>), 3.22 (s, 4H, 2xCH>), 2.35
(s, 3H, CH3), 2.18 (s, 3H, CHs), 1.42 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 676.41 ([M+H], 100)

N-(2-aminophenyl)-4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo|d]
imidazol-2-yl)ethyl)benzamide (29)

(@I

HoN
Cl

Reaction was performed according to general procedure E with 126 (50 mg, 0.74 mmol, 1 eq)
DCM and TFA (20 % of total volume of 3.6 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0

over 10 CVs) as a mobile phase to obtain 29 as a colorless solid (41 mg, >95 %).
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R{(DCM/MeOH = 95:5) = 0.44

'H-NMR (500 MHz, DMSO-ds): 5 = 9.60 (s, 1H, NH), 7.89 (d, J = 8.1 Hz, 2H, CHay), 7.69 (d,
J =83 Hz, 1H, CHyy), 7.47 - 7.45 (m, 1H, CH,), 7.38 (m, 4H, CHa), 7.19 - 7.15 (m, 2H, CHay),
7.13 (d, J = 8.5 Hz, 2H, CHay), 6.97 (td, J = 8.0, 1.5 Hz, 1H, CHar), 6.78 (dd, J = 8.0, 1.3 Hz,
1H, CHay), 6.60 (td, J = 7.7, 1.2 Hz, 1H, CHa), 5.54 (s, 2H, CH>), 3.26 - 3.18 (m, 4H, 2xCH>),
2.35 (s, 3H, CH3), 2.18 (s, 3H, CH3) ppm.

BC-NMR (126 MHz, DMSO-ds): 6 = 165.21, 158.72, 155.48, 145.02, 143.45, 136.46, 135.94,
132.96, 132.64, 129.22, 129.19, 128.81, 128.30, 127.14, 126.91, 123.99, 123.93, 123.23,
119.22,116.95, 116.84, 116.68, 111.29, 45.95, 32.88, 28.49, 11.72, 10.89 ppm.

MS(ESI+): m/z 576.29 ([M+H], 100)

HRMS (MALDI): m/z calculated 576.21608 for C34H31CIN5O>, found 576.21558.

4-(((5-(3,5-dimethylisoxazol-4-yl)-2-nitrophenyl)amino)methyl)benzonitrile (105)

NO,

Compound 95 (400 mg, 1.69 mmol, 1 eq) was reacted with 4-(aminomethyl)benzonitrile
hydrochloride (0.23 mL, 1.91 mmol, 1.5 eq) and DIPEA (0.86 mL, 5.08 mmol, 2.8 eq)
according to general procedure A for 24 h. Crude product was purified via flash
chromatography with a gradient of hexane/EtOAc (after 4 CVs increased linear from 70:30 to
50:50 over 4 CV and held for 4 CVs) to obtain 105 as an orange solid (226 mg, 38 %).

Ri(hexane/EtOH = 60:40) = 0.62

'H-NMR (250 MHz, DMSO-ds): & = 8.86 (t, J = 6.2 Hz, 1H, NH), 8.16 (d, ] = 8.8 Hz, 1H,
CH..), 7.81 (d, J = 8.1 Hz, 2H, CHay), 7.57 (d, J = 8.1 Hz, 2H, CHLy), 6.75 - 6.64 (m, 2H, CHa,),
4.78 (d,J = 6.3 Hz, 2H, CH,), 2.14 (s, 3H, CHs), 1.97 (s, 3H, CHs) ppm.

MS(ESI+): m/z 371.17 ([M+Na], 10)
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4-(((2-amino-5-(3,5-dimethylisoxazol-4-yl)phenyl)amino)methyl)benzonitrile (109)

NH,

Q,

Compound 105 (226 mg, 0.649 mmol, 1 eq) was reacted with SnCl,*H,0O (585 mg, 2.6 mmol,
4 eq) according to general procedure B2. Crude product was purified via flash chromatography
with a gradient of hexane/EtOAc (after 2 CVs increased linear from 60:40 to 30:70 over 5 CV
and held for 3 CVs) to obtain 109 as a red orange solid (131 mg, 63 %).

Ri(hexane/EtOAc = 50:50) = 0.71

'H-NMR (250 MHz, DMSO-dy): 5 = 7.79 (d, J = 8.0 Hz, 2H, CH.y), 7.56 (d, J = 8.1 Hz, 2H,
CH.,), 6.63 (d, J = 7.9 Hz, 1H, CHs,), 6.38 (dd, ] = 7.8, 1.5 Hz, 1H, CH.), 6.07 (d, J = 1.6 Hz,
1H, CHay), 5.52 (t, J = 5.8 Hz, 1H, NH), 4.76 (s, 2H, NH,), 4.44 (d, J = 5.7 Hz, 2H, CH,), 2.09
(s, 3H, CHs), 1.92 (s, 3H, CHs) ppm.

MS(ESI+): m/z 315.07 ((M+Na-CN], 100)

Methyl 4-(3-((2-((4-cyanobenzyl)amino)-4-(3,5-dimethylisoxazol-4-yl)phenyl)amino)-3-
oxopropyl)benzoate (113)

Z N
O CN

Compound 109 (131 mg, 0.411 mmol, 1 eq) was reacted with 3-(4-methoxycarbonylphenyl)
propanoic acid 120 (94 mg, 0.453 mmol, 1.1 eq) according to general procedure C. Crude
product was purified via flash chromatography with a gradient of DCM/MeOH (after 4 CVs
increased linear from 100:0 to 95:5 over 8 CVs and held for 2 CVs) to obtain 113 as light yellow
solid (185 mg, 88 %).
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R{(DCM/MeOH = 95:5) = 0.66

'H-NMR (250 MHz, DMSO-ds): 8 = 9.28 (s, I H, NH), 7.90 (d, J = 8.2 Hz, 2H, CHar), 7.79 (d,
J=8.3 Hz, 2H, CH,,), 7.55 (d, J = 8.3 Hz, 2H, CHar), 7.45 (d, ] = 8.3 Hz, 2H, CH.y), 7.14 (d, J
= 8.0 Hz, 1H, CH.y), 6.53 (dd, J = 7.9, 1.7 Hz, 1H, CH.), 6.22 (d, ] = 1.7 Hz, 1H, CHa), 5.76
(t, ] = 6.1 Hz, 1H, NH), 4.46 (d, J = 5.9 Hz, 2H, CHa), 3.82 (s, 3H, OOCH3), 3.05 (t, I = 7.5
Hz, 2H, CHa), 2.74 (t, ] = 7.6 Hz, 2H, CH>), 2.11 (s, 3H, CHs), 1.93 (s, 3H, CH3) ppm.

MS(ESI+): m/z 531.17 ((M+Na], 100)

4-(2-(1-(4-cyanobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1 H-benzo[d]imidazol-2-yl)ethyl)

benzoic acid (117)
OH
N>_/_<;>_<
> 0

NC

Compound 113 (185 mg, 0.364 mmol, 1 eq) was converted according to general procedure D
for 2 h. Solvents were removed under reduced pressure and crude product was purified via
reversed flash chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from
10:90 to 100:0 over 10 CVs) as a mobile phase to obtain 117 as a colorless solid (144 mg,
70 %).

Ry(DCM/MeOH = 95:5) = 0.30

'H-NMR (250 MHz, DMSO-dy): 8= 12.81 (s, 1H, OH), 7.86 - 7.67 (m, 5H, CHar), 7.42 (s, 1H,
CHar), 7.37 (d, J = 8.2 Hz, 2H, CHay), 7.24 (d, ] = 8.2 Hz, 2H, CH.y), 7.17 (dd, J = 8.2, 1.2 Hz,
1H, CHay), 5.64 (s, 2H, CHa), 3.20 (s, 4H, 2xCHa), 2.33 (s, 3H, CHs), 2.16 (s, 3H, CHs) ppm.

MS(ESI+): m/z 477.25 ((M+H], 100)
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tert-butyl (2-(4-(2-(1-(4-cyanobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]
imidazol-2-yl)ethyl)benzamido)phenyl)carbamate (127)

N

N o]
N
" D

NC s
I

Compound 117 (91 mg, 0.191 mmol, 1 eq) was reacted with 39 (43 mg, 0.21 mmol, 1.1 eq)

O™ N\

according to general procedure C. Product was purified via reverse flash chromatography with
a gradient of DCM/MeOH (after 3 CVs increased linear from 100:0 to 95:5 over 7 CVs and
held for 2 CVs) to obtain 127 as a colorless solid (104 mg, 82 %).

R«{(DCM/MeOH = 95:5) =0.77

'H-NMR (250 MHz, DMSO-ds): & = 9.76 (s, 1H, NH), 8.66 (s, 1H, NH), 7.82 (m, 4H, CHa),
7.71 (d, ] = 8.3 Hz, 1H, CHay), 7.54 (td, J = 7.0, 2.1 Hz, 2H, CHay), 7.47 - 7.39 (m, 3H, CH.y),
7.29 - 7.13 (m, 5H, CHa), 5.67 (s, 2H, CHa), 3.22 (s, 4H, 2xCHa), 2.35 (s, 3H, CHs), 2.17 (s,
3H, CHa), 1.43 (s, 9H, C(CHs)3) ppm.

MS(ESIH): m/z 667.41 ([M+H], 40)

N-(2-aminophenyl)-4-(2-(1-(4-cyanobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-
benzo|d]imidazol-2-yl)ethyl)benzamide (30)

HoN
N
Damm : HN
7 N
N | S

NC

-

Reaction was performed according to general procedure E with 127 (104 mg, 0.156 mmol, 1 eq)
DCM and TFA (20 % of total volume of 4.8 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H,O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 30 as a colorless solid (30 mg, 34 %).
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R{(DCM/MeOH = 95:5) = 0.33

'H-NMR (500 MHz, DMSO-dy): & = 9.59 (s, 1H, NH), 7.88 (d, J = 8.0 Hz, 2H, CH.), 7.79 (d,
J=8.3 Hz, 2H, CHay), 7.71 (d, ] = 8.3 Hz, 1H, CHay), 7.45 - 7.42 (m, 1H, CH.y), 7.39 (d, ] = 8.2
Hz, 2H, CHar), 7.26 (d, ] = 8.3 Hz, 2H, CHay), 7.21 - 7.14 (m, 2H, CHa,,), 6.97 (dd, J = 15.2, 1.4
Hz, 1H, CHa), 6.78 (dd, J = 8.0, 1.2 Hz, 1H, CH.y), 6.60 (td, J = 7.5, 0.9 Hz, 1H, CHs), 5.66 (s,
2H, CHa), 3.21 (s, 4H, 2xCHa), 2.34 (s, 3H, CH), 2.16 (s, 3H, CHz) ppm.

BC-NMR (126 MHz, DMSO-ds): 6 = 165.21, 158.71, 155.55, 144.97, 143.15, 135.95, 133.17,
132.96, 128.79, 128.29, 128.12, 127.16, 126.91, 124.09, 123.33, 119.34, 119.03, 116.90,
116.84, 116.67, 111.18, 110.80, 46.24, 32.84, 28.40, 11.72, 10.88 ppm.

MS(ESI+): m/z 567.32 ((M+H], 100)

HRMS (MALDI): m/z calculated 567.25030 for C3sH31NsO2, found 567.24951.

tert-butyl (4-bromo-2-nitrophenyl)carbamate

NO, H
ot
0]
Br

A solution of NaH (60 % in mineral oil, 405 mg, 10.1 mmol, 2.2 eq) in THF (30 mL) at 0 °C
was slowly treated with a solution of 4-bromo-2-nitroaniline 128 (1 g, 4.6 mmol, 1 eq) in THF
(30 mL). The solution was stirred at 0 °C for 10 minutes followed by 30 minutes at RT. A
solution of Boc,O (1.11 g, 5.1 mmol, 1.1) in THF (20 mL) was added and mixture was stirred
for 1 h. Ice-cold water (50 mL) was slowly added, and reaction mixture was extracted with
EtOAc. Organic phase was washed with brine and dried over MgSQOs4. Crude product was
purified via flash chromatography with a gradient of hexane/EtOAc (after 3 CVs increased
linear from 100:0 to 90:10 over 3 CVs and held for 3 CVs) as a mobile phase to obtain 129 as
a yellow solid (1.43 g, > 95 %).

Ri(hexane/EtOAc = 60:40) = 0.89

'H-NMR (250 MHz, DMSO-ds): 8 = 9.66 (s, 1H, NH), 8.12 (d, J = 2.3 Hz, 1H, CHar), 7.86 (dd,
J=8.8,2.4 Hz, 1H, CHa), 7.60 (d, J = 8.8 Hz, 1H, CHar), 1.44 (s, 9H, C(CHj3)3) ppm.

MS(ESI+): m/z 338.94 ([M+Na], 100)
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tert-butyl (2-nitro-4-(thiophen-2-yl)phenyl)carbamate (132)

NO,

XPhos Palladacycle Gen. 3 (56 mg, 0.066 mmol, 0.07 eq) was added to a solution of 129
(300 mg, 0.94 mmol, 1 eq) and thiophen-2-ylboronic acid 130 (145 mg, 1.14 mmol, 1.2 eq) in
DME (10 mL). The mixture was stirred and K>CO3 (522 mg, 3.78 mmol, 4 eq) and saturated
NaHCO; solution (10 mL) was added. The mixture was degassed by placing it in an ultrasonic
bath and argon was bubbled into the reaction for 30 minutes. Then the mixture was heated at
80 °C for 3 h. The reaction was allowed to cool then partitioned between EtOAc (10 mL) and
water (10 mL). The phases were separated, and the organic phase was washed with brine and
dried over MgSOs. Crude product was purified via flash chromatography with hexane as mobile

phase to obtain 132 as a yellow solid (183 mg, 60 %).
Ri(hexane/EtOAc =90:10) = 0.71

'H-NMR (250 MHz, DMSO-ds): 8 = 9.63 (s, 1H, NH), 8.15 (d, J = 2.2 Hz, 1H, CH.y), 7.94 (dd,
J=8.6,2.2 Hz, 1H, CHa), 7.70 (d, J = 8.6 Hz, 1H, CHay), 7.64 - 7.60 (m, 2H, CHay), 7.17 (dd,
J=5.0,3.7 Hz, 1H, CHa), 1.45 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 342.94 ([M+Na], 100)

tert-butyl (2-amino-4-(thiophen-2-yl)phenyl)carbamate (134)
NH.,
N\n/O
: T
\ !
Compound 132 (220 mg, 0.69 mmol, 1 eq) was reacted according to general procedure B2.

Crude product was purified via flash chromatography with hexane/EtOAc (50:50 over 10 CVs)
to obtain 134 as a grey, brown solid (150 mg, 75 %).

Ri(hexane/EtOAc = 8:2) =0.15
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'H-NMR (250 MHz, DMSO-ds): & = 8.33 (s, 1H, NH), 7.44 (dd, J = 5.1, 1.1 Hz, 1H, CHa»),
7.32 - 7.24 (m, 2H, CHay), 7.08 (dd, J = 5.0, 3.6 Hz, 1H, CHa), 6.98 (d, J = 2.1 Hz, 1H, CHay),
6.84 (dd, J = 8.2, 2.1 Hz, 1H, CHay), 5.00 (s, 2H, NH,), 1.47 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 313.00 ([M+Na], 20)

tert-butyl (2-(4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo[d]
imidazol-2-yl)ethyl)benzamido)-4-(thiophen-2-yl)phenyl)carbamate (136)

HN

O

N o} —
N

o \\@u

Compound 115 (82 mg, 0.17 mmol, 1 eq) was reacted with 134 (59 mg, 0.20 mmol, 1.2 eq)
according to general procedure C. Product was purified via flash chromatography with a
gradient of ACN/H,O (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) as mobile
phase to obtain 136 as a colorless solid (40 mg, 31 %).

R«{(DCM/MeOH = 95:5) = 0.62

'H-NMR (250 MHz, DMSO-ds): 5 = 9.84 (s, 1H, NH), 8.71 (s, 1H, NH), 7.92 - 7.80 (m, 3H,
CH.r), 7.69 (d, J = 8.2 Hz, 1H, CHyy), 7.60 (d, J = 8.5 Hz, 1H, CHLy), 7.55 - 7.48 (m, 2H, CHa,),
7.46 - 7.33 (m, 6H, CHay), 7.20 - 7.08 (m, 4H, CHay), 5.54 (s, 2H, CHa), 3.23 (s, 4H, 2xCHa),
2.35 (s, 3H, CHs), 2.18 (s, 3H, CHs), 1.43 (s, 9H, C(CHs)3) ppm.

MS(ESI+): m/z 757.90 ((M+H], 100)
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Experimental section

N-(2-amino-5-(thiophen-2-yl)phenyl)-4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-
yl)-1H-benzo|d]imidazol-2-yl)ethyl)benzamide (32)

HoN

HN

O

N o} —
N

N ] S\ s

Reaction was performed according to general procedure E with 136 (58 mg, 0.076 mmol, 1 eq)
DCM and TFA (20 % of total volume of 6 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H;O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 32 as a colorless solid (50 mg, > 95 %).

R{DCM/MeOH = 95:5) = 0.5

'H-NMR (500 MHz, DMSO-ds): & = 9.69 (s, 1H, NH), 7.92 (d, J = 8.2 Hz, 2H, CH.), 7.72 (d,
J=8.3 Hz, 1H, CH,,), 7.48 (d, J = 2.5 Hz, 2H, CHay), 7.41 (d, ] = 8.3 Hz, 2H, CHL,), 7.38 (d, J
= 8.5 Hz, 2H, CHay), 7.35 (dd, J = 5.1, 1.1 Hz, 1H, CHa), 7.30 (dd, J = 8.3, 2.2 Hz, 1H, CHay),
7.24 (dd, T = 3.6, 1.1 Hz, 1H, CH,y), 7.20 (dd, J = 8.3, 1.5 Hz, 1H, CHy,), 7.14 (d, J = 8.5 Hz,
2H, CHar), 7.05 (dd, J = 5.1, 3.6 Hz, 1H, CHa), 6.82 (d, J = 8.3 Hz, 1H, CHa), 5.57 (s, 2H,
CHby), 3.30 - 3.19 (m, 4H, 2xCHa), 2.35 (s, 3H, CHz), 2.18 (s, 3H, CHs) ppm.

BC-NMR (126 MHz, DMSO-ds): 8 = 165.76, 165.27, 158.72, 155.44, 145.00, 144.68, 143.32,
136.29, 135.73, 132.86, 132.70, 129.25, 129.20, 128.83, 128.68, 128.40, 124.40, 124.26,
124.01, 123.73, 123.52, 122.85, 121.51, 118.98, 116.94, 116.87, 111.46, 46.06, 32.84, 28.40,
11.72, 10.88 ppm.

MS(ESI+): m/z 658.15 ([M+H], 100)

HRMS (MALDI): m/z calculated 658.20380 for C33H33CINsO.S, found 658.20260.
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tert-butyl (4-(furan-2-yl)-2-nitrophenyl)carbamate (133)

NO,

XPhos Palladacycle Gen. 3 (66 mg, 0.079 mmol, 0.1 eq) was added to a solution of 129
(250 mg, 0.79 mmol, 1 eq) and furan-2-ylboronic acid 131 (97 mg, 0. mmol, 1.2 eq) in DME
(15 mL). The mixture was stirred and KoCOs (436 mg, 3.15 mmol, 4 eq) and saturated NaHCO3
solution (15 mL) was added. The mixture was degassed by placing it in an ultrasonic bath and
argon was bubbled into the reaction for 30 minutes. Then the mixture was heated at 80 °C for
3 h. The reaction was allowed to cool then partitioned between EtOAc (10 mL) and water
(10 mL). The phases were separated, and the organic phase was washed with brine and dried
over MgSO4. Crude product was purified via flash chromatography with a gradient of
hexane/EtOAc (after 2 CVs increased linear from 100:0 to 90:10 over 4 CVs and held for3 CV)
as a mobile phase to obtain 133 as a red solid (120 mg, 50 %).

Rehexane/EtOAc =90:10) = 0.6

'H-NMR (250 MHz, DMSO-ds): 5 = 9.63 (s, 1H, NH), 8.19 (d, J = 2.1 Hz, 1H, CHay), 7.97 (dd,
J=8.6,2.1 Hz, 1H, CHa), 7.82 - 7.78 (m, 1H, CHay), 7.72 (d, J = 8.7 Hz, 1H, CHay), 7.15 - 7.06
(m, 1H, CHar), 6.63 (dd, J = 3.4, 1.8 Hz, 1H, CHay), 1.45 (s, 9H, C(CHs)s) ppm.

MS(ESI+): m/z 327.08 ([M+Na], 100)

tert-butyl (2-amino-4-(furan-2-yl)phenyl)carbamate (135)

NH,

Compound 133 (120 mg, 0.39 mmol, 1 eq) was reacted according to general procedure B2.
Crude product was purified via flash chromatography with hexane/EtOAc (50:50 over 10 CVs)
to obtain 135 as a brown solid (75 mg, 69 %).

Ri(hexane/EtOAc = 50:50) = 0.64
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Experimental section

'H-NMR (250 MHz, DMSO-ds): & = 8.32 (s, IH, NH), 7.28 (d, J = 8.3 Hz, 1H, CH.r), 7.04 (d,
J=2.0 Hz, 1H, CH.,), 6.88 (dd, J = 8.2, 2.0 Hz, 1H, CHLy), 6.68 (dd, J=3.3, 0.6 Hz, 1H, CH.,),
6.53 (dd, J = 3.4, 1.8 Hz, 1H, CH.y), 4.98 (s, 2H, NH,), 1.46 (s, 9H, C(CHz)s) ppm.

MS(ESI+): m/z 297.12 ([M+Na], 100)

tert-butyl (2-(4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-1H-benzo [d]
imidazol-2-yl)ethyl)benzamido)-4-(furan-2-yl)phenyl)carbamate (137)

HN

O

N\ 0 —
N

o \\@m

Compound 115 (60 mg, 0.12 mmol, 1 eq) was reacted with 135 (37 mg, 0.14 mmol, 1.2 eq)
according to general procedure C. Product was purified via flash chromatography with a
gradient of ACN/H»O (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) as mobile
phase to obtain 137 as a red solid (48 mg, 52 %).

R«{(DCM/MeOH = 95:5) =0.53

'H-NMR (250 MHz, DMSO-ds): & = 9.82 (s, 1H, NH), 8.73 (s, 1H, NH), 7.92 - 7.82 (m, 3H,
CHu), 7.74 - 7.67 (m, 2H, CHar), 7.64 - 7.50 (m, 2H, CHar), 7.48 - 7.34 (m, 5H, CHa), 7.19 -
7.07 (m, 3H, CHar), 6.87 (d, J = 3.3 Hz, 1H, CHar), 6.59 (dd, J =3.4, 1.8 Hz, 1H, CHa), 5.54 (s,
2H), 3.23 (s, 4H), 2.35 (s, 3H), 2.18 (s, 3H), 1.43 (s, 9H) ppm.

MS(ESI+): m/z 742.52

163



Experimental section

N-(2-amino-5-(furan-2-yl)phenyl)-4-(2-(1-(4-chlorobenzyl)-6-(3,5-dimethylisoxazol-4-yl)-
1H-benzo|d]imidazol-2-yl)ethyl)benzamide (33)

HoN

HN

e
b 0 —
N
© \\Qm

Reaction was performed according to general procedure E with 137 (48 mg, 0.064 mmol, 1 eq)
DCM and TFA (20 % of total volume of 6 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H>O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 33 as a yellow solid (23 mg, 55 %).

Ri(hexane/EtOAc = 50:50) = 0.45

'H-NMR (500 MHz, DMSO-ds): 8 = 9.66 (s, 1H, NH), 7.91 (d, J = 6.3 Hz, 2H, CH.,), 7.71 (d,
J=7.4Hz, 1H, CHyy), 7.63 - 7.29 (m, 8H, CHay), 7.23 - 7.09 (m, 3H, CHay), 6.82 (d, ] = 7.7 Hz,
1H, CH.y), 6.55 (d, J = 46.4 Hz, 2H, CH.y), 5.56 (s, 2H, CHa), 3.28 - 3.19 (m, 4H, 2xCH,), 2.35
(s, 3H, CHs), 2.18 (s, 3H, CHs) ppm.

13C-NMR (126 MHz, DMSO-ds): § = 165.29, 164.75, 158.24, 154.98, 153.78, 144.55, 142.84,
141.22, 135.90, 135.36, 132.40, 132.18, 128.76, 128.71, 128.33, 127.88, 123.63, 123.33,
122.88, 122.29, 122.24, 119.25, 118.63, 116.43, 116.23, 111.78, 110.88, 102.40, 45.51, 32.38,
27.95, 11.24, 10.41 ppm.

MS(ESI+): m/z 642.19 ([M+H], 100)

HRMS (MALDI): m/z calculated 642.22664 for C3sH33CIN5O3, found 642.22653.
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tert-butyl (S)-(2-(4-(6-(3,5-dimethylisoxazol-4-yl)-1-(1-(pyridin-2-yl)ethyl)-1H-
pyrrolo[3,2-b] pyridin-3-yl)benzamido)phenyl)carbamate (142)

PLX51107 36 (48 mg, 0.109 mmol, 1 eq) was reacted with 39 (27 mg, 0.131 mmol, 1.2 eq)
according to general procedure C. Product was purified via flash chromatography with a
gradient of ACN/H;O (after 2 CVs increased linear from 10:90 to 100:0 over 10 CVs) as mobile
phase to obtain 142 as a colorless solid (48 mg, 70 %).

R{(DCM/MeOH = 95:5) = 0.71

'H-NMR (250 MHz, DMSO-ds): 5 = 9.85 (s, 1H, NH), 8.74 (s, 1H, CHar), 8.67 (s, 1H, NH),
8.58 - 8.47 (m, 4H, CHay), 8.07 - 7.97 (m, 3H, CHar), 7.79 (td, J = 7.7, 1.8 Hz, 1H, CHay), 7.60
-7.52 (m, 2H, CHar), 7.43 (d, ] = 7.9 Hz, 1H, CH.y), 7.30 (dd, J = 7.1, 5.3 Hz, 1H, CHa), 7.19
(ddd, J = 7.2, 4.9, 2.0 Hz, 2H, CHay), 6.09 (g, J = 7.1 Hz, 1H, CH), 2.41 (s, 3H, CHs), 2.22 (s,
3H, CHs), 2.04 (d, J = 7.0 Hz, 3H, CHs), 1.46 (s, 9H, C(CHs)3) ppm.

MS(ESL-): m/z 629.34 ((M+H], 100)
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(8)-N-(2-aminophenyl)-4-(6-(3,5-dimethylisoxazol-4-yl)-1-(1-(pyridin-2-yl)ethyl)-1 H-
pyrrolo[3,2-b]pyridin-3-yl)benzamide (37)

Reaction was performed according to general procedure E with 142 (48 mg, 0.076 mmol, 1 eq)
DCM and TFA (20 % of total volume of 6 mL). Crude product was purified via reverse flash
chromatography with a gradient of ACN/H2O (after 2 CVs increased linear from 10:90 to 100:0
over 10 CVs) as a mobile phase to obtain 37 as a colorless solid (40 mg, > 95 %).

R{DCM/MeOH = 95:5) = 0.49

'H-NMR (500 MHz, DMSO-ds): & = 9.67 (s, 1H, NH), 8.72 (s, 1H, CH,,), 8.55 (d, J = 4.8 Hz,
1H, CHar), 8.51 (d, J = 7.8 Hz, 3H, CHar), 8.06 (d, J = 8.2 Hz, 2H, CH,y), 8.01 - 7.97 (m, 1H,
CH.,), 7.78 (t, ] = 7.7 Hz, 1H, CHay), 7.42 (d, J = 7.8 Hz, 1H, CHsy), 7.30 (dd, J = 7.4, 4.9 Hz,
1H, CHar), 7.20 (d, J = 7.7 Hz, 1H, CHay), 6.98 (t, ] = 7.6 Hz, 1H, CHy,), 6.81 (d, ] = 8.0 Hz,
1H, CH.y), 6.62 (t, J = 7.5 Hz, 1H, CHLy), 6.08 (q, J = 7.0 Hz, 1H, CH), 4.91 (s, 2H, NHa), 2.40
(s, 3H, CHs), 2.22 (s, 3H, CHs), 2.04 (d, ] = 7.0 Hz, 3H, CHs) ppm.

BC-NMR (126 MHz, DMSO-ds): & = 165.58, 165.14, 159.73, 158.49, 149.33, 143.60, 143.22,
142.93, 137.35, 137.30, 131.13, 129.61, 129.05, 128.02, 126.73, 126.42, 125.24, 123.56,
123.03, 121.16, 118.80, 118.38, 116.32, 116.19, 113.94, 113.40, 56.21, 19.48, 11.27, 10.35

MS(ESI-): m/z 527.17 ((M-H], 100)

HRMS (MALDI): m/z calculated 529.23465 for C32H20N6O2, found 529.23379.
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Simulated HRMS
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Simulated HRMS
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13C NMR
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Simulated HRMS

C33H30CITN702S1 +H: C33 H31 Cl1 N7 02 St

100 624.19430

95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
625.19765
35

626.19135
30
25
20
15
10
5

0 ! 1
624 625 626

MALDI HRMS

C:\User\...\2020\16.07.2020\TWEt 7_D11

pa Chrg 1

627.19470

628.19806 629.19050

629
m/z

627 628 630 631 632

7/16/2020 6:26:26 PM TWEt 7 mit HCCA gemessen.

TWEt7_D11 #1-5 RT: 0.00-0.44 AV:5 NL: 6.03E5

T: FTMS + p MALDI Full ms [450.00-700.00]
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Compound 18

9.1.5.
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13C NMR
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Simulated HRMS

C33H34CI1N504 +H: C33 H35 Cl1 N5 O4 pa Chrg 1

100 600.23721

95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
601.24056
35

602.23426
30
25
20
15
603.23761

10

5
604.24097
0 1 i . +

600 601 602 603 604 605

m/z

MALDI HRMS

C:\User\...\Knapp\2019\190821\TW52_B1 8/21/2019 4:09:43 PM

TW52_B1 #1-11 RT: 0.00-0.74 AV: 11 NL: 1.61E6
T: FTMS + p MALDI Full ms [550.00-750.00]
100 600.23647

95
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85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

Relative Abundance

601.23960
|
602.23348

10

5

600.35567 601.39827

602.37940

606 607 608

TW52 mit HCCA gemessen.

603.23651

603.41352

609

604.24822

604.04041 |

0 e

600.0 601.5 602.0

m/z

600.5 601.0

603.0 603.5

604.0
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HPLC
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Compound 19

9.1.6.

HoN

HN

Cl

"H NMR
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Simulated HRMS

C36H35CITN6O3 +H: C36 H36 Cl1 N6 O3 pa Chrg 1

100 635.25319

95
90
85
80
75
70
65
60
55
50
45
40 636.25655

Relative Abundance

% 637.25024
30
25
20
15 638.25360
10
5

0 ! 1 e
635 636 637 638

MALDI HRMS

C:\User\...\Knapp\2019\190821\TW50_A12

TW50_A12 #1-7 RT: 0.01-0.58 AV:7 NL: 4.30E5
T: FTMS + p MALDI Full ms [600.00-750.00]
100 635.2‘5244

95

)

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

Relative Abundance

636.25566

10
5

639.25695

639 640 641 642 643 644
m/z

8/21/2019 4:08:14 PM TW50 mit HCCA gemessen.

637.24906

638.25237

638.00295 638.60631

645

639.22272

639.60919

0

635.5 636.0 636.5

637.0 637.5

m/z

638.0 638.5 639.0

639.5
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HPLC
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9.1.7. Compound 20
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13C NMR
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Simulated HRMS

C36h33CI1N60O4 +H: C36 H34 CI1 N6 O4 pa Chrg 1

100 649.23246

95
9
85
80
75
70
65
60
55
50
45
40 650.23581

Relative Abundance

% 651.22951
30
25

20

15 652.23286

10
5

0 i 1 't
649 650 651 652

MALDI HRMS

C:\User\...\Knapp\2019\190821\TW64_B2

TWe4 B2 #1-16 RT: 0.00-1.56 AV: 16 NL: 2.14E6
T: FTMS + p MALDI Full ms [550.00-750.00]
100 649:23209

95

90

85

80

75

70

65

60 649.31384

55

50

45

Relative Abundance

40 650.23514
35
30
25
20
15

650.04534

10
5

653.23622

653 654 655
m/z

8/21/2019 4:11:19 PM

651.22924

651.04836

656 657

TW64 mit HCCA gemessen.

652.23198

652.32132
652.05117
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653.23500

0 N

651.0
m/z

650.5 651.5

652.0 652.5

653.0
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HPLC

maL

maL

240+
2204
200+
180+
160+
140
120
100+
501
50+
40+
20+
—h_ A

15 2 25 3 35 4 45 5 55 & 65 7 75 & 85 0 95 10105 11115 12 13513 125 14 145 15 155 16 165 17

2404
2204
2004
1804
160+
1404
1204
100+
804
60+
40+
204
J h

MWD A, Sig=254 4 Ref=off

45 868

05

i

MWD B, Sig=280,4 Ref=off

Time [min]

38

05

i

15 2 25 3 35 4 45 5 55 & 65 7 75 & 85 0 95 10105 11115 12 13513 125 14 145 15 155 16 165 17

Abundance

Time [min]

12U
1151
110
105
100
05
90+
85-
&0
751
70+
65
60
55
50+
45
40+
251
30+
25
20+
154
10
54

=
o

¥

5458.6

2702

5325406

259136

735.6

34 4
921 4

Efl——3364

154
Shors

= p240.2

mfz

300

1000

201



Supplementary Information

9.1.8. Compound 21
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13C NMR
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Simulated HRMS

C37h35CI1N60O4 +H: C37 H36 CI1 N6 O4 pa Chrg 1

100 663.24811

95
90
85
80
75
70
65
60
55
50

45
664.25146

Relative Abundance

40
3% 665.24516
30
25
20
15 666.24851
10
5 667.25187

0 ! 1 i L +
663 664 665 666 667 668
m/z

MALDI HRMS

C:\User\...\Knapp\2019\190821\TW63_B3

TW63_B3 #1-14 RT: 0.00-0.89 AV: 14 NL: 2.55E6
T: FTMS + p MALDI Full ms [550.00-750.00]
100 663.24788

95

20

85

80

& 663.33145

70

65

60

55

50

45

40

35

30

25

20

15

Relative Abundance

664.25110

665.24446

10

5
665.02070

8/21/2019 4:14:05 PM

670 671 672 673

TW63 mit HCCA gemessen.

666.01906

667.02247
666.24757 \

667.25062

0 |
663.5 664.0 664.5 665.0
m/z

666.0 666.5 667.0
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Compound 22

9.1.9.

"H NMR
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13C NMR
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Simulated HRMS

C36H34N603 +H: C36 H35 N6 O3 pa Chrg 1

100 599.27652

95
9
85
80
75
70
65
60
55
50
45
40 600.27987

Relative Abundance

35
30
25
20
15

10 601.28323

5
602.28658
0 I L 1 -
600 601 602 603 604
m/z

MALDI HRMS

C:\User\...\Knapp\2019\190904\TWUG11_D1 9/4/2019 9:01:41 AM

TWUG11_D1 #1-6 RT: 0.00-0.60 AV:6 NL: 2.96E6
T: FTMS + p MALDI Full ms [400.00-700.00]
100  599-27650
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20
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Relative Abundance

10
5
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TWUG11 mit HCCA gemessen.
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HPLC
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9.1.10. Compound 25
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13C NMR
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Simulated HRMS

C27H25N502 +H: C27 H26 N5 O2 pa Chrg 1

100
95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
35
30
25
20
15
10

5

0

452.20810

452

453.21146

453

MALDI HRMS

C:\User\...\2020\05.06.2020\TW91_E9

TWO1_E9 #11

RT: 0.45 AV:1

454.21481

454 455 456
m/z

6/5/2020 9:28:30 AM

NL: 5.92E7

T: FTMS + p MALDI Full ms [200.00-700.00]
452.20782

100
95
Ll
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15

Relative Abundance

10
5
0

453.21097

457

458

TW91 mit HCCA gemessen.

454.21426

459

452.0

452.2

452.4

452.6 452.8 453.0 453.2 453.4
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212



Supplementary Information

HPLC

MWD A, Sig=254 4 Ref=off
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9.1.11. Compound 26
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13C NMR
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Simulated HRMS

C21H20N403 +H: C21 H21 N4 O3 pa Chrg 1

100 377.16082

95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40

35

30

25 378.16417
20

15

10

5 379.16753

0 L L - - - .
377 378 379 380 381 382 383 384
m/z

MALDI HRMS

C:\User\...\2020\05.06.2020\TW116_E11 6/5/2020 9:30:50 AM TW116 mit HCCA gemessen.

TW116_E11 #1-10 RT: 0.01-0.42 AV: 10 NL: 4.42E7
T: FTMS + p MALDI Full ms [200.00-700.00]
100 377-16102

95

20

85

80

75

70

65

60

55

50

45

40

35

30

25 378.16418
20

15

Relative Abundance

10
5
0 |

377.2 377.4 377.6 377.8 378.0 378.2 378.4 378.6 378.8 379.0 379.2 379.4
m/z
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HPLC
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9.1.12. Compound 27

'"H NMR
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BC NMR
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Simulated HRMS
C34H30CI1N502 +H: C34 H31 Cl1 N5 02 pa Chrg 1
100 576:21608
95
90
85
80
75
70
65
g 60
5
© 55
(=
=3
£ 50
2
E 45
£ 40
577.21943
35 578.21313
30
25
20
15 579.21648
10
5
580.21984
0 T T frrrp T T T (Rl
576 577 578 579 580 581 582 583 584 585
m/z
CiUser\...\2020105.06.2020:TW89_E8 6/5/2020 9:27:42 AM TW89 mit HCCA gemessen.
TW89_E8 #1-9 RT: 0.00-0.36 AV: 9 NL: 1.21E7
T: FTMS + p MALDI Full ms [200.00-700.00]
576.21539
100
95
90
85
80
75
70
65
3 60
&
< 55
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2 50
i)
= 45
ko]
& 40
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30 578.21280
25
20
15
10 579.21602
5
580.21952
0
576.5 577.0 577.5 578.0 578.5 579.0 579.5 580.0 580.5
m/z
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HPLC
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9.1.13. Compound 28

N
/ (0]
7] N
N C :
o HN

HoN
1
H NMR
AVE00-2020-06- 1Rk AN B E 2 BN AL S E NS AR E M UL R AR 33888 & & = 8
Gri DAK KmppNhhhhhhhhr\;hhhhhhh\ﬂ\n\n\n\n\nxﬂ\E\E\D\D\D\D\D\D\Dm - ] L]
2 = f 1
1H DMSO /nmr/Tag-Messung Tag-Messung 5
|
f rir
f }‘ I['
Jr M(/““ ’ﬁﬂ]f‘ _/—
LR ]|||J1j —
: - fla |
] I I O I A J _ | |
F(d)| [1(d) | K (td) P|(s)
6.97 2(23
A(s) L(s) M (s) N () 0| (s)
9.59 5.66 | 4.98 3.21 2la1
I
3| . L
] L R b ! T ] i
8 BB BB HRR 568 8 8 8 g8
7 RGP SR m —F— T 77
g SEESHEE £ 8 8 = g =
o Q= P g g ocoo - - - (S
T T T T T T T T T T T T T T T T
9.5 3.0 8.5 8.0 7.5 7.0 6.5 5.5 5.0 45 4.0 3.5 3.0 25 2.0

6.0
1 (ppm)

~18000

17000

16000

~15000

14000

13000

~12000

11000

~10000

9000

8000

7000

6000

~5000

4000

3000

2000

1000

1000

—2000

222



Supplementary Information

13C NMR
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Simulated HRMS

C35H30N602 +H: C35 H31 N6 O2 pa Chrg 1

100
95
90
85
80
75
70
65
60
55
50
45

Relative Abundance

40
35
30
25
20
15
10

5

0

567.25030

568.25366

569.25701

570.26037

568 569 570 571 572
m/z

MALDI HRMS

C:\User\...\2020\18.06.2020\TW 142_B6

6/18/2020 6:14:25 PM

TW 142_B6 #1-5 RT: 0.01-0.30 AV:5 NL: 1.52E7
T: FTMS + p MALDI Full ms [250.00-650.00]

100
95
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85
80
75
70
65
60
55
50
45
40
35
30
25
20
15

Relative Abundance
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5
0
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|
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|
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TW 142 mit HCCA gemessen.
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570.25827
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HPLC

MWD A, Sig=254 4 Ref=off

1804
1604
1404
120+
100+
804
60+
404
20+

maL

=204

=}
1
o -2 857
=

5 & 7 g g 0 1M A2 13 4 15 48 17 18 18 20 21
Time [min]
MWD E, Sig=280,4 Ref=off

200+
180+
160+
140+
120+
100+
80-
50-
40
20-

04
=204

1 2 3 q 5 & 7 g g 0 1M A2 13 4 15 48 17 18 18 20 21
Time [min]

-11.309

maL

12U
1151
110
105
100
05
90+
85-
&0
751
70+
65
60
55
50+
45
40+
251
30+
25
20+
154
10
54

Max 1013376

5674

Abundance

2842

—344 2

3706
927 .2

——4532
28
oo [T70.4

o |-230

00 1000

225



Supplementary Information

9.1.14. Compound 29
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BC NMR
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Simulated HRMS

C34H30CI1N502 +H: C34 H31 CI1 N5 O2 pa Chrg 1

100 576.21608

95
90
85
80
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70
65
60
55
50
45

Relative Abundance
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35 578.21313

30
25
20
15
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10

5 580.21984

0 T 3 I T | T T aaal
576 577 578 579 580 581 582 583 584 585
m/z

MALDI HRMS

C:\User\..\2020\05.06.2020\TW111_E10 6/5/2020 9:29:45 AM TW111 mit HCCA gemessen.

TW111_E10 #3 RT: 0.10 AV:1 NL: 4.37E6
T: FTMS + p MALDI Full ms [200.00-700.00]
100 576.21558
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HPLC
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9.1.15. Compound 30

'"H NMR
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13C NMR
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Simulated HRMS

C35H30N602 +H: C35 H31 N6 O2 pa Chrg 1
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Relative Abundance

40
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25
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5

0

567.25030

568.25366
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MALDI HRMS

C:\User\...\2020\05.06.2020\TW136_F5

569.25701

570.26037

569 570 571 572 573
m/z

6/5/2020 9:35:17 AM

TW136_F5 #13 RT: 0.54 AV:1 NL:5.35E7
T: FTMS + p MALDI Full ms [200.00-700.00]
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TW136 mit HCCA gemessen.
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HPLC
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9.1.16. Compound 31
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13C NMR
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Simulated HRMS

C28H25CI1N403 +H: C28 H26 CI1 N4 O3 pa Chrg 1
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80
75
70
65
60
55
50
45

Relative Abundance

40
35
30
25
20
15
10

5

0
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502

MALDI HRMS

C:\User\...\2020\05.06.2020\TW124_F4

503.16584

503

504.16920
505.17255

504 505 506
m/z

6/5/2020 9:34:08 AM

TW124_F4 #1-12 RT: 0.01-0.50 AV: 12 NL: 3.20E7
T: FTMS + p MALDI Full ms [200.00-700.00]
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Relative Abundance
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5
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TW124 mit HCCA gemessen.
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HPLC
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9.1.17. Compound 32
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13C NMR

AWBG0-2020-06-08-IWkrg38045%;

G AKEmBY | £ 3

46,06

s 1
13C{1H} DMSO /nmr/Tag-Messung Tag-Messung 23

F7.5%x10°

—2840
1172
1088

17.0x10°
Ls.5x10°
l6.0x10°
Ls.5x10°
bs.0x10®
La.5x10°
ba.0x10®
l3.5%10°
F3.0x10°
l2.5x10°
l2.0x10°
F1.5x10°
H.0x10°

bs.0x107

0.0

T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 70 60 50 40
f1 (ppm)

239



Supplementary Information

Simulated HRMS

C38H32CI1N502S1 +H: C38 H33 Cl1 N5 O2 S1 pa Chrg 1

100 658.20380
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75
70
65
60
55
50

45
659.20715

Relative Abundance

40
3% 660.20085
30
25
20
15
10
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MALDI HRMS

C:\User\...\2020\09.06.2020\TW137_A1

661.20420

662.20756
663.20000

661 662 663 665 666

m/z

664

6/9/2020 8:21:22 PM TW137 mit HCCA gemessen.

TW137_A1#1-6 RT: 0.00-0.22 AV: 6 NL: 9.40E6

T: FTMS + p MALDI Full ms [600.00-800.00]
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HPLC
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9.1.18. Compound 33
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13C NMR
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Simulated HRMS

C38H32CI1N503 +H: C38 H33 Cl1 N5 O3 pa Chrg 1
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Relative Abundance
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MALDI HRMS

C:\User\...\2020\05.06.2020\TW123_E12

TW123_E12 #1-18 RT: 0.01-0.75 AV: 18 NL: 1.21E6
T: FTMS + p MALDI Full ms [200.00-700.00]
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6/5/2020 9:32:22 AM TW123 mit HCCA gemessen
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HPLC

MWD A, Sig=254 4 Ref=off
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9.1.19. Compound 37

oo o0t
299
r99
099
189 |
169
N 5
&o Bogo oo
s —— F66'05- 001
mm M% N e |
[
WMMW ,.Ill,hdfw F-66'05-86'0
B¢ = FoEo01
27 — FEEET |
Ebd
[¥ara
WMMW @ —_—— 10 E 10T
o
L% 5 —— el |
Al — o000z
svef | @
08 =
b=z
258 =
_Hm,mV. =2 ——— mﬂ:,WE.m -
mmmu\ 5 oL tIrT
58 —_ =20 B E0'T
ot
9 2 L
a
& $§ %
= 82 %
g% & i
L
H Wm = F v b6'0
=y T
ERC=EE]
—

f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0

9.5




Supplementary Information

13C NMR
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Simulated HRMS

C32H28N602 +H: C32 H29 N6 O2 pa Chrg 1
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MALDI HRMS

C:\User\...\2020\01.07.2020\TW147_A7

7/1/2020 6:17:18 PM

TW147_A7 #1-3 RT: 0.01-0.23 AV: 3 NL: 2.15E7
T: FTMS + p MALDI Full ms [400.00-600.00]
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TW147 mit HCCA gemessen
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HPLC
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