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Abstract

In 2017, Chronic Respiratory Diseases accounted for almost four million deaths worldwide.
Unfortunately, current treatments are not definitive for such diseases. This unmet medical need

forces the scientific community to increase efforts in the identification of new therapeutic solutions.

PI3K delta plays a key role in mechanisms that promote airway chronic inflammation underlying
Asthma and COPD. The first part of this project was dedicated to the identification of novel
PI3K delta inhibitors.

A first SAR expansion of a Hit, previously identified by a HTS campaign, was carried out. A library of
43 analogues was synthesised taking advantage of an efficient synthetic approach.

This allowed the identification of an improved Hit of nanomolar enzymatic potency and moderate
selectivity for PI3K delta over other PI3K isoforms. However, this compound exhibited low potency
in cell-based assays. Low cellular potency was related to sub optimal phys-chem and ADME
properties. The analysis of the X-ray crystal structure of this compound in human PI3K delta guided
a second tailored SAR expansion that led to improved cellular potency and solubility.

The second part of the thesis was focused on the rational design and synthesis of new macrocyclic
Rho-associated protein kinases (ROCKs) inhibitors. Inhibition of these kinases has been associated
with vasodilating effects. Therefore, ROCKs could represent attractive targets for the treatment of
pulmonary arterial hypertension (PAH). Known ROCK inhibitors suffer from low selectivity across
the kinome. The design of macrocyclic inhibitors was considered a promising strategy to obtain
improved selectivity. Known inhibitors from literature were evaluated for opportunities of
macrocyclization using a knowledge-based approach supported by Computer Aided Drug Design
(CADD). The identification of a macrocyclic ROCK inhibitor with enzymatic activity in the low micro
molar range against ROCK Il represented a promising result that validated this innovative approach

in the design of new ROCKs inhibitors.
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Preface

In 2019, the US Food and Drug Administration (FDA) approved 48 new drugs (38 New Chemical
Entities and 10 Biologics) (Figure 1). Even if this number is lower than that registered in 2018 (59
divided between 42 New Chemical Entities and 17 Biologics), it confirms a positive trend that started
in 2017 when 46 new drugs were approved!. Although 2019 was a successful year in terms of
approved drugs, it is important to point out that it has been estimated than only one out of 5,000
compounds that Pharma and Biotech companies discover and put through preclinical testing
becomes an approved drug?. Consequently, the high attrition rate of candidate drugs has
highlighted the importance of delivering high-quality leads during the pre-clinical development
showing the value of finding an efficient and rapid lead generation strategy to identify good

chemical starting points.

The following introduction will give a brief description of the different lead generation strategies
frequently employed in identifying new candidate drugs. This description will help to introduce the
two different lead strategies, employed in this research thesis, aimed at identifying new kinases

inhibitors for the treatment of respiratory diseases.
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Figure 1: New chemical entities and biologics approved by FDA in the last two decades.!
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Where Does a Lead Come From?

Brown et al. recently reported? an analysis conducted on 66 published clinical candidates from
Journal of Medicinal Chemistry between 2016 and 2017. Overall, this study showed as the most
widely used lead generation approach was based on use of a previously known compound as
starting point (Known, 43%), (Figure 2). This was followed by screening methods subdivided into
random screening (29%), focused screening (8%), FBLG Fragment-Based Lead Generation (5%), and
DNA-encoded library screening (1%)3, while Structure Based Drug Design (SBDD) was used in the
14% of the examined cases. Hereafter, an overview of these strategies is reported. It is important
to underline that, in many cases, the identification of a clinical candidate is determined using a

combination of these lead generation approaches.

5% 1%

= Known

8%
® Random Screen
= SBDD

Directed Screen
™ Fragment Screen
EDEL

Figure 2: Distributions of six sources of lead generations strategies.?

e Lead Identification Based on Known Compounds

This is the strategy most frequently used to develop new drugs. A new pharmaceutical program can
be based on a previous disclosure of an active compound or on a prior developed program. Fast
follower, Me too and repurposing approaches can be included in this category. The major advantage
of this kind of approaches is that usually the biological target has already been validated in the clinic
and this usually accelerates the development process*. However, this strategy is not without risks
since it is essential to guarantee the novelty of the new generated intellectual property. Moreover,

the new compound must be at least non-inferior to the original drug. In this type of approach,
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minimal chemical changes are introduced with the aim of providing differentiation and

opportunities of claim invention and novelty3.

e Screening Methods for Lead Generation

Progress in screening technology made these methods fundamental in drug discovery process.
Among them, High-Throughput Screening, commonly known as HTS, has become a standard
procedure in early stages of Hit identification. An analysis conducted on 58 drugs, that were

approved from 1991 and 2008, reported that the origin of 19 of them was associated to HTS>.

The main objective of HTS is to deliver different chemical series from which the most suitable for
the drug development process will be identified®. It is basically a process of screening and assaying

a large number of biological modulators and effectors against selected and specific targets.

However, screening of 1 million of compounds can take 1-3 months, can be highly expensive and
not always accessible to smaller biotech companies or academic laboratories. Therefore, new
techniques have recently emerged as alternative strategies to HTS of large collections of small

molecules.

The screening of focused sets of compounds or focused library is among them. In Focused HTS,
subsets of compounds can be created within corporate collections according to some
chemoinformatic criteria or target biased libraries. This approach has different advantages: first, it
is an integration of drug-discovery knowledge and expectations about the structure essential for a
particular target (the so-called protein family targeted library); secondly it is cost and timesaving
since smaller sets of compounds can be screened faster. Moreover, the synthesis of target focused
library allows to cover a precise chemical space which is often incompletely covered in random

collections compounds®, providing a preliminary SAR analysis.

Recently, another emerging technique, DNA-encoded chemical libraries, has attracted the interest
of pharmaceutical company. The DNA-encoded chemical libraries represent a new tool for the fast
and efficient identification of ligands for a certain protein target. Basically, these libraries are large
collections of organic molecules coupled to DNA tag, functioning as amplifiable identification
barcodes’. DNA-encoding permits the easy identification of ligand bound to supported protein at
sub-picomolar concentration, in similar fashion to what happens with other methodologies like

antibody phage display®. This technique allows to prepare combinatorial libraries of thousands to

15



millions of small molecules. Moreover, it is less costly compared to HTS. Overall, the cost of
screening HTS library of 1 million compounds would cost between 400 million and 2 billion of dollars
while screening a DECL library of 800 million compounds would cost on the order of $150.000°.
Additionally, the advantage is related to possibility of being applied to target, for whom specific
assay are not available and therefore HTS cannot be applied. At the moment, one successful clinical
candidate derived from this technology is GSK2982772, first-in-class Receptor Interacting Protein 1

(RIP1) for the treatment of inflammatory diseases'®.

(i) 1°reaction (ii)

NHFmoc 3) COUP'\’YJ n NH; NH2 = ceeeen e,
¢ _— oo R
F NGO 5 e
.o b) Fmoc deprotection £}
) OHPLC ¥ s [
n e C— =)
(iii)  2°reaction (vi) n

| Encoding

n x m member

DNA-encoded chemical library (v} pooL

Figure 3: Synthetic scheme of a single pharmacophore DNA encoded chemical library.?

However, even if DECL technology has reached a good level of maturity, it still shows some
drawbacks: such as the limitations in types of Building Blocks and reactions that can be used since
not all chemical reactions can guarantee the preservation of DNA integrity’. Moreover, not all
proteins (e.g., integral membrane proteins) are compatible with all the standard selection

procedures, as they are difficult to be kept in solution and to be immobilized on solid supports 1.

Another screening methodology, firmly established in the drug discovery process, is the Fragment-
based drug discovery (FBDD) which involves the construction of small-molecule ligands linking
together low-molecular mass fragment molecules of < 300 Da'? which showed even a weak
interaction with the target. Fragment-based methodology has two primary advantages compared
to HTS: firstly, a significant larger proportion of chemical space can be sampled with a fragment
library (usually ~103 fragments) as compared with the ~10°- 10 larger molecules typical for an HTS

campaign; secondly even if fragment hits are weakly binding, they must make high-quality

16



interactions with the target to bind with enough affinity for detection. Ultimately, a high variety of
screening assay can be used in FBDD: biochemical screens, terminal shifts, ligand observed NMR

and X-ray crystallography3.

IlI

However, FBDD has its own drawbacks too and it is not “one size fits all” solution for the drug
discovery problems. Some targets seem to be less amenable to FBDD methodology and moreover
low potency fragments are not suitable for whole cell screening and for kinetic assays because they
might need for higher concentration of the fragment leading to false positive. Nonetheless, 5% of
66 published clinical candidates reviewed by Brown et al®. were discovered through this
methodology. Additionally, Johnson and colleagues reported 26 recent examples of successful

fragment-to-lead published case studies in 2018 and highlighted the broadening of target class

coverage by FBDD methology?®3.
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e Structure Based Drug Design

Structure Based Drug Design (SBDD) is a methodology that relies on possessing the knowledge of

3D structures of biological targets.

SBDD is typically an iterative process that begins with the identification and the validation of the
target structure!4. The outstanding progress made in structural and molecular biology along with
improvements biomolecular spectroscopic structure determination methods have provided the
determination of 3D structures of more than 100,000 proteins!>. These improvements have made
SBDD the most powerful and efficient process in the drug-discovery. However, target structure is
not always available, thus in these cases, in silico methods must be used to model the protein’s 3D
structure. Homology modelling or comparative modelling are examples of these methods which

allow to build 3D structures for unresolved proteins based on known homologous protein.

Once the target structure is identified, it is fundamental to recognize the binding site or the active
residues in the target structure!®. When targets and binding sites are well defined, the next step is
the Hit identification. Hit discovery can be carried out essentially using two strategies: virtual high-

throughput screening (vHTS) and de novo design.

VHTS envisages the computationally screening of large chemical libraries to discover compounds
suitable for the target of interest. Compounds are filtered and ranked based on docking simulations

and score.

The de novo drug design is a computational method of building new lead compounds from scratch,
starting from molecular units. The aim is to develop small chemical structure that fits perfectly in
the target space. This can be carried out through two different approaches: target-based design and
ligand-based design; the first one more prevalent than the second. Basically in the target-based
design hits are created by putting small fragments in key sites of the protein!?, building the chemical

connections that maintain the required geometry of the ligand’s moieties.

In the field of de novo design, a new interesting area has been recently attracting medicinal

chemistry interest: the macrocyclization?®.
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Natural product macrocycles and their synthetic analogues along with peptidic macrocycles are
well-known in medicinal chemistry. However, the attention now is focused on a wider use of
macrocycles scaffolds and a rising number of synthetic macrocycles are being reported in the

rational identification of new therapeutic agents?®.

One of the main reason of the growing interest in macrocyclization is due to identification of new
biochemical pathways based on protein-protein interactions'’. This new class of target seems to be
less druggable since the region of interaction is larger and lacks of well-defined binding regions
making harder the inhibition by classical small molecules'®. Therefore, molecules have to be larger
and consequently become less “drug like” than classical small molecules?’. Thus, macrocyclization
represents a new strategy to overcome these new druggability problems. In this regard, cell
permeability, a frequent problem in large molecules, can be positively influenced by
macrocyclization since it can mask amide NH groups from solvation and favour intramolecular
hydrogen bonding. Therefore, by shielding polar groups from solvent, it offsets the free energy of

desolvation and facilitates diffusion across the membrane?®.

Additionally, macrocyclization can improve potency?%?122 and selectivity?>?* over targets. Since
their lower conformational freedom, compared to their acyclic counterparts, macrocycles can show
improved binding affinity due to reduced entropic loss during the binding?°>. Moreover, they have

higher selectivity due to the difficulty to assume conformations required to bind other targets 6.

Macrocycle design is mainly guided by SBDD; 3D structure information on ligand- protein complexes
are fundamental to design and direct macrocyclization into the right direction. Some ligands, bound
to their target, present conformational pre-disposition, such as U-shaped or C-shaped?'’, consistent
for macrocyclization. Once these opportunities of macrocyclization are identified, several molecular
modelling protocols, provided by eg. CCG, Openeye or Schrodinger?®can be applied to build new

macrocyclic analogues.

Lorlatinib, a macrocyclic kinase inhibitor for the treatment of ALK-positive metastatic non- small cell
lung cancer 23and Simeprevir?’, the first macrocyclic NS3 inhibitor to be approved by the FDA for
HCV therapy are two successful examples of the application of Structure Based Macrocyclic Drug

Design to small molecules.
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Figure 4: Structure Based Design of a macrocyclic HCV NS5B polymerase.!’
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Part I: From an HTS Hit to a Potent and Selective PI3Kd Inhibitor
for the Treatment of Asthma and COPD
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1. Introduction

1.1 An overview of Asthma and COPD

COPD and Asthma are two chronic respiratory diseases characterized by airways obstruction and
chronic inflammation of respiratory tract. It has been estimated that in 2016 more than 339 million
people suffered from Asthma globally while COPD caused 3.17 million deaths in 2015, representing

the 5% of all deaths globally in that year?®.

Asthma is a heterogeneous disease featured by lung inflammation coupled to airway hyper-
responsiveness (AHR) caused by direct and/or indirect stimuli such as exercise, exposure to allergens
or irritants, weather change, and respiratory infections?®. Use of bronchodilators and inhaled
corticosteroids represent the main strategy to manage this disease but, despite the availability of
these effective therapies, approximately 20% of patients are poorly controlled and 3—5% of patients
suffer from a more serious form which is defined as Severe Asthma3.

Severe Asthma is described by European Respiratory Society (ERS) and American Thoracic Society
(ATS) guidelines as “asthma which requires treatment with high dose inhaled corticosteroids (ICS)
plus a second controller to prevent it from becoming “uncontrolled” or which remains
“uncontrolled” despite this therapy”3!.

Severe asthma phenotypes are mainly composed of the following classification: type 2 (T2) high or
T2-low?? (Figure 5). Currently, most of the new drug development has been focused on targeting

Type 2 (T2) high asthma.
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Figure 5: Severe Asthma Phenotypes.3?
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Three immune response modifiers approved by the FDA and EMA are available for treating severe
TH2-high asthma such as omalizumab (anti-IgE); mepolizumab, reslizumab and benralizumab (anti-
IL-5 pathways), and dupilumab (anti-IL-4/IL-13). On the other hand, the TH2-low endotype does not
have any readily available point-of-care biomarkers, so TH2-low asthma is often diagnosed based
on a lack of TH2-high biomarkers and lacks of specific treatments33. These patients tend to have
greater resistance to steroids. Indeed, treatment options for TH2 low asthma are limited and the
development of therapies has lagged behind that for TH2-high asthma3*. Overall, Asthma is an
extremely complex disease and there is a great need to develop new treatment to ameliorate life

of patients and to reduce its global burden.

COPD is a progressive lung disease characterized by chronic obstruction of lung airflow that
interferes with normal breathing. In most of COPD patients, chronic inflammation is an amplification
of the normal inflammatory response to tobacco smoking or constant exposure to toxic fumes in
poorly ventilated environment3>. COPD is also characterized by acute exacerbations in many cases
caused by an infection in the lungs resulting in increased inflammatory burden leading to worsening
respiratory symptoms. This inflammation in lungs is characterised by infiltration and overactivation

of macrophages and neutrophils and by increase of lymphocytes 36(Figure 6).
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Figure 6: Neutrophilic inflammation in COPD.3¢
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Current treatments for COPD are only able to relieve symptoms but they do not reduce progressive
decline in lung function or mortality3’and they have a very little effect on preventing
exacerbations.3® Moreover, COPD patients are poorly responsive to corticosteroids treatments. One
of the causes for this lack of response is connected to oxidative stress that characterizes the
inflamed lung tissue and is often associated with tobacco smoke exposure. The oxidative stress
impairs the activity of the glucocorticoid receptor (GR) corepressor histone deacetylase 2 (HDAC-2),
which consequently reduces the ability of glucocorticoids to mediate trans repression of
proinflammatory genes?®:3>3738 Therefore, there is an extreme need for alternative treatments

capable of preventing and reversing the natural progression of this disease.

Overall, the heterogeneity of these two pathologies and the lack of responsiveness to mainstay
therapies make their therapeutic management extremely difficult and force the scientific
community to focus on new pathways that regulate inflammatory response to find alternative and

more effective therapeutic treatments.
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1.2 Class PI3Kd as Therapeutic Target in COPD and Severe Asthma

In the last decade, there has been a great interest on the development of kinase inhibitors as
inflammatory modulators, especially where traditional anti-inflammatory therapies are less
effective®, as in severe Asthma and COPD. Class | PI3Ks are among this group of kinases. PI3Ks are
involved in cellular mechanisms that lead to the activation of inflammation, corticosteroid

resistance, cellular senesce resulting in accelerated aging, especially under conditions of oxidative

Chemokines m Oxidative
stress
GPCR f RTK

stress3° (Figure 7).
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Figure 7: PI3K signalling pathway and its engagement in inflammation.3°

Recent studies on murine knockouts have elucidated the structure, the distribution and the
functions of PI3Ks and enabled their classification. Based on these studies, the biological role of
PI13Ko and y isoforms in the immune response has clearly emerged.

The key function of PI3K & in immune response has been demonstrated by numerous studies with
mutant mice and PI3KJ selective inhibitors. Additionally, researches conducted in airway
inflammation models have highlighted the specific role of this isoform in airway inflammatory

condition which characterizes respiratory diseases such as Asthma and COPD.

PI3K3 is implicated in the development, differentiation and in the functioning of T and B cells*® and
required for cell activation of TCR and BCR. Linked to that, T cells from p1100 mutant mice showed

reduced antigen induced proliferation in vitro, while p1105-deficient B-cells proliferation in
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response to B cell receptor stimulation is inhibited and their function as antigen presenting cells

(APC) is impaired“°.

PI3KS is also responsible for mast cells homeostasis and plays an important part in the allergic
response®!. Its involvement in the allergic response has been confirmed with a study conducted in
an acute allergic airway inflammation and hyperresponsiveness murine model. The use of a
PI3KJ selective inhibitor, 1C87114, led to a reduction of cell infiltrates in the lung, mucus
hypersecretion, cytokine and chemokine levels, ICAM-1 (intercellular adhesion molecule 1) and

VCAM-1 (vascular cell adhesion molecule 1) expression and airway hyperresponsiveness?2.

Implications of PI3Kd in promoting neutrophil trafficking into inflamed tissue has also been
revealed. PI3KJ participates in neutrophil trafficking by modulating the proadhesive state of these
cells in response to tumour necrosis factor a.(TNFa)*3. Moreover, PI3K3 inhibition with 1C87114 led
to a reduction of neutrophil accumulation into inflamed tissue in a murine LPS model acute lung

injury®.

Another study demonstrated as PI3K3 is overexpressed in lung macrophages of COPD patients and
causes the hyperphosphorylation and ubiquitination of histone deacetylase 2 that reduces its
activity and, consequently, its glucocorticoid sensitivity**. Consequently, the selective inhibition of
PI3K& might restore glucocorticoid responsiveness in patients affected by COPD and Severe
Asthma38,

Additionally, a study has revealed as PI3Kd inhibition can induce human airway smooth muscles cells

relaxation producing airway dilation comparable to that obtained with  agonists®.

In sum, PI3K& shows considerable promise as a drug target for the treatment of airways chronic

inflammation underlying diseases such as Asthma and COPD (Figure 8).
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Figure 8: Targets for PI3K3 and y in airway inflammation in asthma and COPD%*.
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1.3 Phosphoinositide 3-Kinases Family

The PI3-kinases (PI3Ks) belong to a family of lipid kinases that are able to phosphorylate the 3-
hydroxyl group of the inositol ring leading to three different substrates: Ptdlns, Ptdins4P, and
Ptdins(4,5)P2%. These phosphorylated phosphoinositides act as second messengers and their
dephosphorylation is mainly catalysed by two phosphatases: PTEN (Phosphatase and tensin
homolog deleted on chromosome 10) and SHIP (SH2 domain-containing inositol 5-phosphatase)*’.
PI3K activities have been reported in all eukaryotic cells and linked to many key cellular activities
such as cell growth, proliferation, motility, differentiation, survival and intracellular trafficking.
Moreover, the link between PI 3-kinase activity and many human diseases such as allergy,
inflammation, heart disease and cancer has made this kinase family an interesting and attractive

therapeutic target*®,

The PI3-kinases can be divided in three functional classes based on their protein domain structure,
lipid substrate specificity and associated regulatory subunits: Class | enzymes are receptor-regulated
Ptdins(4,5)P2 kinases; Class Il enzymes are PI3K-C2 kinases and Class lll is the PtdIns-specific enzyme
Vps34. Mammals present eight isoforms of PI3K: four isoforms for Class I, three for Class Il and only
one for Class lll isoform 34, whereas C. elegans and D. melanogaster present a single representative

for each class. Yeast and plants have only a sole Class Ill PI3K*°,

Additionally, there is also a class IV group of PI-3-kinase-related protein serine-threonine kinases
which have been identified in all eukaryotes. Mammals present four of these kinases: TOR (the
target of the rapamycin, ATM (Ataxia telangiectasia mutated), ATR (Ataxia telangiectasia mutated

related) and DNA-PK (DNA- dependent protein kinase).
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1.3.1 Class | PI3Ks

The Class | PI3Ks family is the most studied among all the three classes due to its association with

human pathologies such as cancer, inflammation, cardiovascular and metabolic human diseases.

Class | PI3Ks are heterodimeric enzymes made of a 110-kilodalton catalytic subunits, called p110,
and an adaptor-regulatory subunit. Catalytic subunits catalyse the ATP-mediated phosphorylation
of membrane localized phosphatidylinositol-4,5-bisphosphonate (PIP2) to phosphatidylinositol
(3,4,5)-triphosphate (PIP3) 46,

Class lis further divided in two classes: Class IA and Class IB according to the type of their regulatory

subunits and their upstream activators.

Class IA PI3K are heterodimeric proteins constituted of different catalytic subunits, p110a, p11083
and p1106 encoded by PIK3CA, PIK3CB, and PIK3CD genes, respectively. Each catalytic subunit
shares the same domain composition: an amino-terminal adaptor-binding domain (ABD) or p85-
binding domain, a Ras-binding domain (RBD), a C2 (protein-kinase-C homology-2) domain, a helical
domain and a carboxyl-terminal kinase domain (Figure 9). The kinase domain is responsible for the
primary function of the PI3Ks: the phosphorylation of PIP2 to PIP3. PIP3 is then responsible for the
activation of several downstream protein kinases, including promoting phosphorylation and
activation of AKT®°,

Class IA catalytic subunits physically interact through the amino terminal domain with a family of
Src homology 2 (SH2)-domain-containing regulatory adaptor proteins p85a, p85f3, p55a, p55y and
p50c.. The P85 proteins interacts through two SH2 domains with sequence-specific phosphorylated

tyrosine residues on auto phosphorylated RTKS “8.

Class IB is represented only by p110y , expressed by the PIK3CG gene, which differs from other Class
IA proteins in its extreme N-terminus domain that lacks the adaptor-binding domain (ABD) and in
its regulatory partners, p101 or p87 subunits>®*%; p101 and p87 lack SH2 domains and do not have
homology to other proteins (Figure 9). The Class IB protein are mainly activated by GPCR proteins:
the activation process seems to predominantly involve interactions with GBy subunits and possibly

Ga subunits®!
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Figure 9: Structure of Class | catalytic domain and regulatory subunits.*

1.3.2 Class Il PI3K

Human Class Il PI3K encompasses PI3K-C2a, PI3K-C2[3 and PI3K-C2y. Class Il PI3Ks were not isolated
in association with a regulatory subunits*®. They are large (170-200 kDa) monomeric enzymes. They
are thought of producing Ptdins(3)P or PtdIns(3,4)P2. They are not cytosolic, but they are associated
with membrane structures, including plasma membrane and intracellular membranes*®#’. Their
activation can be triggered by extracellular signals, such as integrin engagement, growth factors

(e.g. insulin, EGF, SCF and HGF) and chemokines®’.

1.3.3 Class Il PI3K

The vacuolar protein-sorting protein (Vps34p) represents the class lll PI3K and it is only able to
covert Ptdins to PtdIns-3-P and it was first identified in Saccharomyces cerevisiae*®. This protein
seems to have an essential role in the trafficking cellular events encompassing autophagy and
phagosome formation. Based on its role in autophagy, Class Il PI3K has become an attractive target
for the treatment of many human diseases such as cancer, pathogen infection and

neurodegeneration®2.

30



1.4 Class | PI3Ks Signalling Inputs, Outputs and Distribution

Class IA PI3Ks are activated through the interaction with p85 regulatory subunits. These subunits
contain Scr homology domains which bind phosphorylated tyrosine (pTyr) in a specific sequence.
p85 subunits have the important role of stabilizing the inactive catalytic subunits. The engagement
of the p85 SH2 domains by the pTyr relieves the p85 mediated inhibition and bring the catalytic
subunits in contact with PIP2 in the membrane. In the same way, in ClassIB p101 and p87 acts for
p110y. However, p101 and p87 are predominantly activated by GPCRs.

GPCR transmit their signals through heterotrimeric G proteins. In vitro, GPy activates p110p3 and
p110y but not p110a and p1103. However, GPCRs can activate Tyr kinase and Ras and, in this

fashion, in turn activate isoforms which are not receptive to Gpy*.

Ras family has also a documented role in the activation for all Class | PI3K apart from p110f for
whom the role of Ras is less clear. Moreover, the RAS family member TC21 seems to have a role in

the upstream signalling of p1103°3.

Ligand Ras and other GPCR Licand
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|Plasma g
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Figure 10: Class | P13Ks signalling inputs.*®

The major product of the Class | PI3K activation is PIP3 which can coordinate the function of many
proteins that can bind these lipids through a PH domain; Ser/Thr and Tyr protein kinases such as
AKT and PDK1, protein tyrosine kinases of Bruton's tyrosine kinases (BTKs) and Tec family, the
Cytohesins (GRP1/ARNO), and further more diverse GEFs (Guanine nucleotide Exchange Factors)

and GAPs (GTPase Activating Proteins) for GTPases of the Ras superfamily®*. All these PI3K
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downstream effectors are involved in many processes like cell growth, proliferation, survival, cell

growth, differentiation, apoptosis, and cytokine production®:

GPCRs

RTKs

> Gl

Akt, PDK1, GEF, Rac/Rho, Tec kinases, Btk, m TOR

Cell cycle arrest, apoptosis, DNA repair, cell growth, differentiation, chemotaxis,

superoxide production, cytokine production

Figure 11: Class | PI13K effectors.>

The expression of Class | PI3K can vary among different cells and tissue. Commonly, p110ca and
pl10B are ubiquitous and present in embryonic and adult tissues. It has been reported as
p110a plays a critical role in the insulin signalling in two cell types, adipocytes and myotubes>®
whereas p110f is involved in the platelet aggregation®’. P1103 is highly enriched in leukocytes>? and
present at intermediate levels in neurons®®. p110y are mostly expressed in leucocytes but it has also

been found at lower levels in other cell types, including cardiomyocytes, endothelial cells, pancreatic

islets and smooth muscle cells®S.
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1.5 Structural Determinants of the PI3K Catalytic Subunit

The crystallization of p110y in 1999 by Walker et al*®. revealed fundamental structural features of

the catalytic subunits of Class | PI3K kinases.

The catalytic domain exhibits a bilobal organization: a smaller N-terminal lobe (residues y726-883)

and a larger C-terminal lobe (residues y884-1092), (Figure 12).

The N-terminal lobe presents a five-stranded anti parallel B-sheet surrounded on one side by a
helical hairpin (kal-ka2) and a small two-stranded B-sheet (B1-$2) and on the other side by ka3
helix and the C-terminal lobe>°. The k33-kp4 loop corresponds to the protein kinase glycine-rich loop
also known as P-loop. This loop interacts closely with the phosphates of the bound ATP, but unlike

the protein kinases, it contains no glycine.
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Figure 12: The catalytic subunit of PI3Ky.>°

The C-terminal domain contains part of the ATP binding site, the binding site for the phospholipid
substrates, the catalytic loop and the activation loop. The structure of the catalytic domain is highly
conserved among class | PI3Ks®%6, especially for residues around the substrate-binding pocket
situated between the N and C-terminal lobes of the kinase domain which identified the ATP binding

pocket.
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1.5.1 Structural Features of the ATP Binding Site

Further studies on Class | PI3K structures in complex with several inhibitors®? have revealed a set of
common interactions in the ATP binding pocket which have been extremely useful for the design

and the develop of pan or selective PI3K inhibitors.

The PI3K binding pocket can be divided in four different regions: an “adenine” pocket (hinge), a
“specificity” pocket, an “affinity” pocket (hydrophobic region 1) and the hydrophobic region Il

located at the mouth of the active site®® (Figure 13).
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Figure 13: Schematic representation of the PI3K binding pocket.®*

In Class | PI3K kinases, the adenine region is delimited by three key isoform-conserved residues: a
hinge valine, a gatekeeper isoleucine and a tyrosine residue.”® The isoleucine is only a formal
gatekeeper because due to a change in orientation of the k7 strand it is actually a tyrosine that
acts as functional gatekeeper. This structural change compared to other protein kinases allows the
accommodation of more sterically encumbering hinge binding motif and this might explain the ease
of obtaining selectivity for PI3K family over other protein kinases®°. In the Hinge Region, there are
key amino acids ylle881 (Val in a,  and ) and/or yVal882 and no conserved residues, such as Glu880
in p110y that normally interacts with the adenine ring via hydrogen bonds (Figure 14). Therefore,

one of the most important features for Class | PI3K inhibitors is the presence of a “hinge binding
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motif”. This Hinge binder is characterized by a morpholinyl, purinyl or amidic substituents which
anchor the inhibitor in the ATP binding site via hydrogen bonds and mimic the interaction that N1

or N6 of adenine ring establishes with the enzyme 306265,

Phe96

Figure 14: ATP binding site (PDB ID 1E8X), N1 and N6 of adenine ring interacts in the hinge region
establishing hydrogen bonds with the backbone of yGlu880 and yVal882%. The a-phosphate

interacts with yLys833 and the -phosphate with ySer806 and y-phosphate with yAsn951.

The hydrophobic region | also referred as daffinity pocket in PI3K is not accessed by ATP and it is
surrounded by conserved residues. Extension of PI3K inhibitors in this region has shown to have a
boost in potency. It has been reported as the establishment of interactions with the affinity pocket
had also an impact on selectivity towards isoforms®3. Difference in selectivity can be influenced by
hydrogen bonding networks to non-conserved amino acids surrounding the pocket (Figure 15).
However, the role of the affinity pocket on selectivity is still not fully understood and difficult to

rationalize®.
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Figure 15: The affinity pocket (PDB ID 2WXG), the hydrogen bond network established by the ligand
with 8Tyr813, §Asp911 and 8Asp787.%°

The hydrophobic region Il also known as ribose binding pocket is a region formed by eight amino
acids C-terminal to the Hinge Region and has four positions that are not conserved in the four
isoforms. The interaction with this region has been shown to be decisive for the development of

selective inhibitors.

The P-loop which lines above the hydrophobic region Il (Figure 13) presents less variability between
isoforms but minimal differences in this region can affect the conformational plasticity of the P-loop
and the accessibility of the specificity pocket which plays the major role in determining selectivity

over PI3K isoforms. Its role will be described in detail in the following paragraph.
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1.5.2 The Specificity Pocket and its Role in Determining Pi3Ko Selectivity

The specificity pocket was first discovered in the PIK39-p110y crystal structure®®. PIK39 is a PI3K3
selective inhibitor exhibiting a 100x selectivity over PI3KB and y no inhibition of PI3Kc. up to 100 pM.
Knight et al. demonstrated as this inhibitor was able to induce a movement of a conserved
methionine residue on the P-loop. In this complex, YMet804 shifts from an “up” position, in which
it forms the ceiling of the ATP binding pocket, to a “down” position. The main consequence of this
movement is to create an induced-fit, hydrophobic pocket at the entrance of the ATP-binding site>®,
named as specificity pocket. Mutation of Met752 in p1105 (M7521 and M752V) led to an achieved
resistance to PIK-39 activity supporting the critical role of this conserved amino acid in gating the

pocket®® and its role in obtaining inhibition for p1103.

The experimental determination of the complex of the protein with Idelalisib, the first-in-class
selective inhibitor of PI3K3, confirmed that the engagement of the specificity pocket upon kinase

binding contributes to the extreme selectivity of this compound®®(Figure 16).

Figure 16: The specificity pocket in the cocrystal structure of the p1106 isoform in the presence of

Idelalisib, PBD ID 4XE0.%®

Berndt et al. showed as movement in the P-loop (residues 752—-758 in p1100) is limited to local
changes, whereas in p110y requires a conformational change that involves much of the N-lobe

moving with respect to the C-lobe. Moreover, dynamic simulation showed that the opening of the
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specificity pocket is accompanied with a synchronized movement of 8Trp760 and 6Met752(Figure
17a). However, in p110y Trp812 is involved in a hydrogen bond to yGlu814 which in turns interacts
with yThr827. This hydrogen bond network reduces the flexibility of the Trp812 residue disfavouring
the opening of the pocket in p110y compared to p1108°°. Same behaviour was observed in p110a

crystal structure>® (Figure 17b).

Figure 17: a) The specificity pocket in p1105 and p110y and PIK39 shown in the binding site.
P1106 shown in green and p110y and in purple. The movement of yMet804 required for the

opening of the specificity pocket. b) Stabilizing interactions of aTrp780 in p110a.%°

A study of reciprocal mutagenesis on p110 demonstrated as a non-conserved amino acid Tyr778
close to the conserved Met residue is responsible for the conformational plasticity of the P-loop.
Loss of affinity for p110p selective inhibitor in the mutated p110f showed as this residue is
important in determining selectivity and potency also for this isoform. In the same position, the
residue is aliphatic for p110a and p110y (lleu and Val, respectively) while in p1109, like in p110p, is
aromatic (Phe). This could suggest a potential similar behaviour for p110d and p110p in the

interaction with their inhibitors®’.

All these findings demonstrated as, although the specificity pocket is induced by the movement of
two conserved residues, the accessibility of this pocket is mainly influenced by the non-conserved
amino acids surrounding this area and moreover by the energy required to open the pocket

explaining why this region is more accessible in the p11009.
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1.6 Class | PI3K Inhibitors

The validation of the role of PI3K as a therapeutic target in many diseases has led to an increasing
of research outputs from pharmaceutical industry and academic groups. This is proved by the huge
amount of medicinal chemistry-based patent disclosures, with a total of 418 chemical patents and

192 medicinal publications being published since 20128 (Figure 18).
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Figure 18: PI3K medicinal chemistry based publications and PI3K chemical patents from 2012 to
2018.%8

Recently, evidences supporting the role for inhibition of PI3Ka in diabetes, PI3KP in thrombosis
therapy and Pi3Ko and vy in inflammatory and autoimmune diseases led to an increasing effort in
developing selective rather than pan PI3K inhibitors. One the main advantages in fact of selective

inhibition is the high reduction of side effects.

This growing interest in selective inhibition is particularly true for PI3Kd and PI3Ky inhibitors where
there has been a great deal progress in chemistry and biology proved by the high number of released
patents and by the entering of 19 compounds in clinical trials®®. The approval of Idelalisib, for the
treatment of lymphoma is for sure the most successful result of investment in this field. Now, 13

PI3K3, 5 PI3K8/y and 1 PI3Ky inhibitors are under clinical evaluation®. These numbers prove as
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interest of pharmaceutical companies is still more focused on PI3Kd, or dual (PI3Kd and PI3Ky)

inhibition, rather than PI3Ky.

The majority of the reported PI3Kd inhibitors belongs to Type | ATP group but there is also one
covalent PI3K3 inhibitor described’®. Following paragraphs present an overview of some selective
PI3KS inhibitors of public domain, their binding mode to the enzyme and their therapeutic

applications.
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1.6.1 Propeller Shaped PI3K3-Selective Inhibitors

First propeller-shaped PI3K3 selective inhibitors were described by Berndt et al®3. They described
compounds that were able, in complex with the protein to adopt a propeller shape binding mode
with “three blades” at an angle of approximately 120° to each other. Generally, these three blades
are represented by a central core heterocycle, typically a bicyclic aromatic system, a hinge binding
moiety linked to the core by one or two atoms that allows it to adopt an orthogonal arrangement,
and a third blade which is typically but not always an aromatic ring®. By assuming this particular
conformation, these inhibitors are able to open the specificity pocket, that has been previously
described in paragraph 1.5.2, gaining potency and selectivity for the isoform of interest,

PI3KS (Figure 19).
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Specificity
Pocket

Third Blade
Hydrophobic

Region |l Val827
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Hinge

IC87114  Hydrophobic region Il

Figure 19: The propeller-shaped p1100-selective inhibitor IC87114 and its main interactions in the

p1103 ATP binding site. Imagine adapted from Berndt et al.®3

The purine group resides within the adenine pocket and establishes hydrogen bonds to the hinge
residues Glu826 and Val828. The quinazolinone moiety is sandwiched into the induced hydrophobic

specificity pocket and the phenyl ring protrudes into the hydrophobic region Il.
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1.6.1.1 Propeller Shaped Inhibitors: 6,6 and 5,6 fused systems

One of the most successful propeller-shaped PI3Kd inhibitor is Idelalisib, 2 (Figure 20). This
compound was discovered by Calistoga and then further developed by Gilead and approved by the
FDA in 2014 for the treatment of chronic lymphocytic leukemia (CLL), focular lymphoma (FL), and
small lymphocytic lymphoma (SLL). Idelalisib is characterized by a 6,6-fused ring systems, a
guinazolinone core connected to a purine moiety that acts as hinge binder while the phenyl ring
interacts with Asp832, Thr833, and Asn836°65%68 The binding mode of this compound is very similar
to that of 1C87114, compound 1, (Figure 19).

The use of 6,6-fused rings demonstrated to be a winning idea that was followed by other research
groups for the design of their selective in inhibitors. In this regard, Umbralisib, 3 (Figure 20) a PI3K3
selective inhibitor developed by Rhizen Pharmaceutical, shows a chromenone as central core. At
the moment, Umbralisib has entered phase Ill for the treatment of CLL®®. Here, the 4-amino-
pyrazolo pyrimidine serves as the hinge binder and the chromone binds in the specificity pocket

while the additional decorated phenyl ring interacts with the affinity pocket®®.

Another central core suitable for the design of PI3K0 selective inhibitors is quinoline which was used
by Amagen for its clinal candidate AMG319, 4 (Figure 20). This compound has entered phase 2 for
the treatment of Human Papillomavirus (HPV) and negative head and neck squamous cell carcinoma

(HNSSCC)®8.
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Figure 20: Propeller shaped 6,6-fused systems inhibitors and their enzymatic p1103 ICso.

5,6 fused systems such as pyrrolotriazinones, imidazo-pyridazine/pyridines, pyrazolo-
pyrimidine/pyridines and thiazolopyridinones were deeply explored as central cores for the design
of PI3KJ inhibitors.

LAS195319, (5) and LAS191954 (6) (Figure 21) are the result of the extensive SAR exploration
conducted by Almirall on 5,6 fused systems, specifically on pyrrolotriazinone scaffold’®. LAS191954
has entered clinical development for the treatment of pemphigus®® while LAS195319 was presented

as a future clinical candidate for the treatment of respiratory diseases’?.
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Figure 21: PI3Kd inhibitor 5,6 fused system class designed by Almirall.
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1.6.2 “NonPropeller” Shaped PI3Ké Inhibitors

Adopting the propeller shaped binding mode is not the only way to achieve PI3KJ selectivity.
Genetech scientist discovered a series of selective pyrido-pyrimidines which showed high selectivity
for PI3KO isoform. These compounds are characterized by a pyrido-pyrimidine central core, a
morpholine group acting as hinge binder, a substituted indole and a substituted basic group which
were both considered accountable for PI3Kd selectivity. Indole can interact with the affinity pocket
making a peculiar hydrogen bond network with Tyr867 and D964, which is more favourably
accommodated in PI3Kd than in other isoforms. The substituted basic group, on the other hand, is
able to target a specific area, the so-called “Triptophan-shelf %872, created by the Thr750 which is
distinct in PI3Ka, 3 and y (Arg770, Lys771 and Lys802). This non-conserved residue allows inhibitors

to access dTrp760 which cannot be reached in other isoforms.

O Valgs2

Tyr867

Figure 22: Co-crystal structure of 7 bound to PI3Ky and its key interactions in the ATP binding site.”?

The most active compounds of this series, compound 7 (PI3Kd= 3.8 nM) progressed to in vivo studies
in mouse and rat and demostrated PK properties that support its use in animal models of diseases

where PI3KS is involved’2.

Another non propeller shaped PI3Kd selective inhibitor is CDZ173 (Leniolisib) (8), (Figure 23). This

compound (PI3Kd ICso= 11 nM) demonstrated to potently inhibit antigen-specific antibody
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production and reduced disease symptoms in a rat collagen-induced arthritis model. CDZ173 is
currently undergoing phasell/lll for primary Sjogren’s syndrome and in PASLI, a disease caused by
gain-of-function mutations of PI3K&%73. CDZ173 shows 5,6,7,8-tetrahydropyrido[4,3-d]pyrimidine
as a central core, where pyrimidine is the hinge binder, the 2-methoxy-3-(trifluoromethyl)pyridine
extends to the affinity pocket while the propionamide group stacks to the side chain of Trp760

showing a binding mode very similar to that described for compound 7.

The same key interaction with Trp760 was also observed for a series of indazole-based PI3K&
inhibitors developed by GSK for the treatment of respiratory diseases. This series was optimized to
two compounds GSK2269557 (9), also called Nemiralisib, and GSK2292767 (10), (Figure 23). The first
one is currently in phase 2 for treatment in COPD but was also developed for asthma and activated
PI3K& syndrome’®. The second one is the clinical back up of Nemiralisib and was selected because
of a beneficial kinetic profile and improved selectivity for hERG channel®.

The optimization of this series was focused on achieving very high potency (PI3K3 IC50 < 1nM) which
is a requirement for inhaled delivery due to dose limitations’%. Moreover, the target PK profile was
aimed to minimizing systemic exposure. Compounds with moderate to high clearance were
developed in order to facilitate removal of the drug from systemic circulation once absorbed
through the lung. They were also characterized by low oral bioavailability which is necessary to limit

absorption of the swallowed fraction of the inhaled dose®®.
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Figure 23: Structures of 8, 9 and 10.
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2. Aim of the Project

2.1 Design and Synthesis of New, Potent and Selective PI3Kd Inhibitors

The first part of this research project was focused on targeting PI3K3 with the aim of finding a new
treatment for two chronic respiratory diseases, COPD and Asthma. COPD and Asthma are both
characterized by an overactive inflammatory response. Understanding the complex mechanisms
underlying these pathological conditions is certainly challenging and makes finding new targets to
modulate very difficult. However, targeting signalling pathway involved in immune system response

could be the new route to success for defeating this type of diseases.

Class | PI13K (phosphoinositide 3-kinase) 6 is overexpressed in COPD patients3® and it is involved in
generating of type 2 cytokine responses and allergic airway inflammation’®. Therefore, PI3K3 could
represent an attractive target for finding a new treatment for those pathological conditions
characterized by an over reactive immune response. Moreover, PI3Kd activation attenuates steroid
responsiveness’®, thus PI3KS inhibitors could limit corticosteroid resistance in severe Asthma and
COPD. Therefore, the objective of this work was to design and synthesise a library of PI3K inhibitors
with the aim of building a SAR expansion of a HIT, previously identified through an HTS of a focused

library.

A simple synthetic strategy entailing only two reaction steps was identified, which allowed the
synthesis of a high number of compounds in a relatively short time.

Taking advantage of this synthetic strategy, two waves of SAR expansions were designed and carried
out. The first one was focused on improving dpKi potency and achieving moderate selectivity
towards other PI3K isoforms; the following one was focused on improving PI3Kd potency in cellular

models and ADME properties.
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3. Results and discussion

3.1 Hit Evaluation

In a previous research project focused on identifying novel PI3K inhibitors, around 7000 compounds
were selected from LifeChemicals using ligand-based similarity methods and physchem property
profiles and tested in PI3Kd and PI3Ky assay at two different concentrations (1uM and 10uM). 134
compounds showing a residual activity lower than 35% of the control were selected for the CRC
determination. Compounds presenting a y pKi > 6 and & pKi > 6 were tested again in luminescence
PI3KaL,[3,y,0 assays (ADP-glo) leading to the identification of 44 compounds exhibiting pKi > 6 at
either PI3Ky or PI3Kd isoforms. This preliminary screening brought to the identification of seven
different scaffolds. The evaluation of different parameters such as PI3K inhibitory profile, novelty
and structural characteristics highlighted compound A1B; as the most promising Hit (Figure 24). This
compound features a 7H-purin-8(9H)-one scaffold as a central core, an F-phenyl and a 4-

hydroxyphenyl at position 9 and 2 respectively (Figure 24).

In literature, it has been reported as the aforementioned scaffold showed activity on other targets.
A receptor-ligand interaction-based virtual screening identified this scaffold as no selective Eg5
inhibitor’’. Additionally, this scaffold targets other two kinases, the C-Met 78 and mTor’°.

Selective inhibition of kinases has always been a tough challenge. Most of the kinase inhibitors are
ATP antagonists and their ability to inhibit specifically a selected target is not always a foregone
conclusion due to the high structural similarities of their site of action. Our scaffold is not an
exception showing promiscuity among different targets. However, pursuing the selectivity towards

PI3K isoforms will hopefully lead to a decreased activity on other kinases.
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pKi (a, B, 7, 8) = 7.1/6.5/6.9/6.9

Figure 24: Hit compound from HTS.
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Once identified the Hit, close structural analogues of Hit compound were selected and purchased
from LifeChemicals databases and tested to perform a preliminary SAR analysis and identify
structural moieties essential for the inhibitory activity. Therefore, 469 derivatives were tested in
CRC mode as PI3Ky and PI3Kd inhibitors. The biological profile of the most interesting compounds is

reported in Table 1.

R
Ra« N N
1L
H
H,N" Y0

Figure 25: General structure of purchased compounds.

Despite the high number of compounds tested, the chemical diversity of these derivatives was
limited. Thus, a further SAR exploration was mandatory to better understand the role of the two
different substituents, such as F-phenyl and phenol rings, and their interactions with the ATP binding

site in the PI3Kd catalytic subunit.

Table 1: Biological data of most interesting compounds from the preliminary SAR expansion.

Enzymatic pKi;

Compound R? R?

PI3Kd PI3Ky

A2B3 /@\ 6.0 5.8
MeO *
EtO
AzB4 D /@\ 6.1 5.0
% Cl *
A2Bs ©\ 6.1 5.9
%
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A2Bs J@L 6.4 6.2
F %
X
AzB; N 6.1 6.1
HO
ABs \©\ 6.1 6.0
*
OH
AzBg ©i 6.7 6.3
sk
AzB; /@\ 7.6 7.3
HO *
=
A3B; “ 'N 6.1 6.1
ES
AsB: /@ 7.0 7.0
* OMe
HO : *
AsB; /@( 6.8 6.8
%
AgB1 /@ 7.7 7.7
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3.2 First SAR Exploration

As emerged from the preliminary test, the Hit compound A3B; is a pan PI3K inhibitor. A docking
study was performed to map key interactions of the Hit in the ATP binding site in murine
PI3Kd catalytic domain (PDB ID: 2WXF) and to investigate lack of selectivity and sub-optimal potency

for the isoform of interest (J).

Figure 26 shows how the primary amide interacts with Val828 in the Hinge Region, while the phenol
extends in the Affinity Pocket creating a network of hydrogen bonds with three different amino acids
Asp787, Asp911 (DFG-in motif) and Tyr813.

Ultimately, the F-phenyl ring is projected towards the solvent and is close to Lys755 in the P-loop
(Figure 26).

\

. P-loep
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Figure 26: The putative binding mode of compound A;1B; in the p1108 subunit.

Interaction with highly conserved amino acids in ATP binding domain might be a cause for lack of
selectivity and sub-optimal potency of our Hit. Furthermore, the flat binding mode of compound
AiB; prevents its interaction with the selectivity/ specifity pocket. This pocket has been described in
detail in paragraph 1.5.2. The structural characteristic and the inherently pliability of p1106P-loop
could be exploited to design flexibility-based inhibitors which will be able to open the pocket and

gain potency and selectivity over the isoform of interest.

Therefore, to increase potency and selectivity of compounds belonging to this class, the design of a
2D library exploring both the daffinity and the selectivity pocket was developed. The SAR exploration
was focused on mapping the chemical space close to the selectivity pocket introducing a high
chemical diversity including mainly hydrophobic and flexible decorations or basic moieties at
position 9 (Head Groups, R!). On the contrary, the affinity region was explored in a less extent
because the interaction established between the phenol and amino acids of the DFG-motif was
considered fundamental to achieve enzymatic inhibition. Nevertheless, it was decided to identify
heterocyclic groups that maintained the potential to act as hydrogen bond donors. Thus, 4-indazolyl

group was found to be the best replacement for the phenol® (Affinity Binder, R?), (Figure 27).
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Figure 27: Compound A;1B; with the mapped moieties ( and R?=Affinity Group)
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3.3 2D Library Design and Synthesis

To build the two-dimensional library, a parallel synthetic approach was adopted. The synthetic

strategy allowed us to synthesise the 7H-purin-8(9H)-one central core in only two steps (Scheme 1).

Ry

HN._O R

anco M0

H,N._CN HN. CN R%CHO 3OS =0
:[ l7-51 I by, N ~A~N
HoN CN i) HoN CN ii) H
H,N™ Y0

DAMN Ay5 A751B1,

Reaction conditions: i) R'INCO, ACN, rt, 24-48 hr; ii) R2CHO, I,, TEA, MeOH, rt, 24-48 hr

Scheme 1: Reaction conditions: i) RINCO, ACN, rt, 24-48 hr; ii) R,CHO, |,, TEA, MeOH, rt, 24-48 hr82.

In the first step, 2,3-diaminomaleonitrile (DAMN) reacts with an isocyanate (ix), Table 2, affording
the synthesis of a urea intermediate (Ax) bearing the first substituent, defined as Head group (R%).
The second step envisages the reaction with an aldehyde (by) in the presence of TEA which allows
the formation of the central core and the introduction of the second substituent, named Affinity

group (R?).

Table 2: Isocyanates (ix) bearing Head Groups (R?) and aldehydes (by) bearing the Affinity Group (R?).

Isocyanates (ix) bearing Head Groups (R1)
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45 commercially available isocyanates (ix) were selected and purchased (Table 2), endorsing
chemical diversity and introducing bulky, apolar and flexible decorations. Moreover, since the
presence of basic moieties helps pulmonary drug delivery’4, isocyanates bearing basic groups were

also selected for this exploration.

The use of commercially available isocyanates allowed the synthesis of a 43 compounds library.
However, the quality of purchased starting materials proved unsatisfactory in several cases.
Purchased isocyanates were analysed and in several cases their conversion in the corresponding

symmetric urea was observed, limiting the reagents easily available.

Experimental procedures to synthesise the scaffold reported in literature were applied with minor
modifications®. In the second step, the formation of a side product was observed by UPLC-MS
analysis. Its mass was 2 AMU higher with respect to our desired compound. Our hypothesis was that

the side product could be the corresponding 1,2-dihydro-purine-6-carboxamide (f), precursor of the
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desired product as illustrated in Scheme 2. Hence, to avoid its formation, a catalytic amount of I,
was added to the reaction mixture. Oxidative conditions led to the disappearance of the side

product confirming our hypothesis.

N R
O+ _NH Os__NH
H,N_ _CN =
| i | b |
. S N ~
H,N™ "CN H,N~ “CN HN™ XC=N
DAMN A R, C
x OH
C
— R4 —
R O<_NH
' CNH 5

PN
o
i . . | RTH
Ri H Ri HH
N _N__R; N-_N.__R; Ri1
o< T o= 7 =~
S NH — _N — | )»=o
H
07 "NH, 0" NH, H,N™ Y0
L f — AXBV

Scheme 2: Mechanism of formation of the 8-oxopurine-6-carboxamides.?!

The second step yielded the desired compound in all cases apart from preparation of compound
A3B, (Table 5, see paragraph 3.4) likely because of the hydrolysis or cleavage of the
trifluoroacetamide under basic conditions even if the synthesis of its analogue compound A23B2 was

successfully completed.
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In most cases, purification was not needed neither for the first intermediate nor for the final
compound since derivatives precipitated as pure solid and were isolated by simple filtration.
Overall, the reaction proved to be appropriate for parallel synthesis and to the production of final

compounds in adequate quantity (at least 5 mg) and purity (>85% LC-MS).
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3.4 Biological Assay Results and SAR Analysis.

All 43 derivatives were evaluated for their biological activity as PI3K inhibitors. Compounds were

first submitted to preliminary cell free assays. Inhibition of the PI3K enzymatic activity was

determined in human (h) recombinant kinases hPI3Ka (p110a/p85a), hPI3KB (p110B/p85a), hPI3KS

(p1108/p85a) and hPI3Ky (p110y) by means of a flash-type luminescence assay, named ADP-Glo.

The experiment was carried out at ATP concentration equal to Ky, of the tested isoform (PI3Ka at 50

UM, PI3KPB at 100 uM, PI3K6 at 80 uM, and PI3Ky at 30 uM). The observed ICso was then converted

into the corresponding K; using the Cheng-Prusoff equation®. In following tables, the corresponding

pKi for each isoform is reported.

As mentioned before, position 9 of the 7H-purin-8(9H)-one core was explored more extensively. In

following tables, synthesised compounds are grouped according to the different head groups

(aliphatics, aromatics and heteroaromatics).

R1
RZ _N.__N
S
T o
N A
H
H,N™ 0
AB,

Table 3: 9-Aryl substitutions and 2 position modifications to give compounds.

F
Q A1B; 6.9 6.9 6.5 7.1 A:B; <5.0 73 | £5.0
*

General Structure Affinity Group (R?) W
R
sz/N\ N HN-I\{
| 0
N
H HO *
*
H,N" 0
Head Group (R)¥ | Name OpKi | YpKi | PpKi | apKi | Name | SpKi | ypKi | B pKi | a pKi
<5.0
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O,/
S=0
Q A;B;, 7.8 7.3 7.0 7.7 A;B; 6.9 69 | <50 | <50
*
0
©_< AsB; 7.2 6.6 6.2 7.1 AsB; 6.8 70 | £50 | £5.0
*
(O
)
Q AsB1 7.3 6.9 6.8 7.4 AqB,> <5.0 6.3 <50 | £5.0
*
0]
Qj A10B1 7.3 7.0 6.3 7.0 A10B2 7.1 6.7 <5.0 6.6
%k
\S
A11B; 7.0 7.2 6.8 6.5 A11B> 7.6 6.6 6.0 <5.0
*
(3
EO A12B; 6.9 6.2 6.6 6.8 A12B, <5.0 6.1 | <50 5.8
k
N\
A13B;1 6.3 6.7 5.9 6.5 A13B; 6.4 70 | <50 5.9
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A1B, <50 | 70 5.9 6.4 A1B; 7.0 6.7 | <5.0 6.0

*

Compounds in Table 3 bear differently decorated aryl groups at position 9 (R!) and phenol or
indazole as Affinity groups (R?) at position 2. All compounds displayed PI3Kd pKi< 8. Compound A7B1
proved to be 8-fold more potent on & than Hit, compound AiBi. However, this compound
demonstrated a pan PI3K inhibitory profile. Compound A11B2 showed good to moderate selectivity
towards o and 3 isoforms. However, 8 pK;of both compounds was considered too low to progress

them to cellular assay.

Compounds bearing heteroaromatic decorations were reported in Table 4. The best compound in
this group was A17B2 which showed a o pKi 6-fold higher than AiBi. The methyl-3-phenyl-4,3-
isoxazole head group (R?) seemed to have a good influence on selectivity. Compounds A17B2 and its
hydroxy-phenyl analogue, A17B1 showed in fact a moderate selectivity against y and an outstanding
selectivity against o (= 250 folds). Unfortunately, both compounds showed a moderate activity on

[ isoforms.

The use of Cl-pyridine as Head group (R?) did not have a good impact in terms of potency and
selectivity, but it is important to underline how the use of indazole as affinity binder (R?) in
combination with this Head group had a detrimental effect on potency over all the isoforms

compared to the hydroxy-phenyl analogue.
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Table 4: heteroaryl modifications at 9 position to give compounds A1s.17B1 and A1s.17B2.

General Structure

Affinity Group (R?) W

R1
Rz\rN\ N HN-N
I o}
N A N>: /©\
H HO *
%
HN™ 0
1
Head Group (RY) ¥ Name | d pKi | Y pKi | B pKi | a pKi | Name | & pKi | v pKi | B pKi | o pKi
\\
S AisBy | 70 | 72 | 67 | 69 | AsB2 | 6.8 | 69 | <50/ 6.2
*
Cl
NN AB1 | 6.7 | 63 | 6.0 | 6.8 | AeB2 [ <5.0(<50|<5.0|<5.0
*
Ai7B1 | 74 | 58 | 7.1 | <50 | AiB2 | 7.7 | 6.1 | 6.9 | <5.0

To better understand this different behaviour, compounds A1¢B1 and A16B2 were docked in hPI3KJ.

In Figure 28, both Glide GS score and Glide Emodel show how compound Ai16B1 (Clpyr_1) is clearly

more energetically favoured in terms of polar and Van der Waals interactions with the binding site

respect to Ai1eB2 (Clpyr_2). This analysis could be a reasonable explanation for the lower potency

displayed by almost all the compounds bearing indazole as affinity respect to those presenting the

phenol.
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Figure 28: Glide GScore and Glide Emodel for compounds A1eB1 (CIPyr_1) and A16B2 (CIPyr_2).

Saturated five or six membered rings were also selected as Head groups (R') (Table 5). Most of them
carried heteroatoms in the ring except for compounds A19B1 and A19B2 which bear a cyclopentane.
Rings moieties were directly connected to the core (AisBi, AisB2, Ai19B1, A19B2) or through a
methylene linker (A20B1, A20B2, A21B1, A21B2, A22B1, A22B3). The introduction of the linker was
supposed to make more flexible these compounds and facilitate establishing key interactions with
selectivity pocket. Disappointingly, this did not lead to the expected result. Despite that, compounds

A13B1, A19B1, A19B2 and A20B1 showed an improved PI3Kd potency compared with the Hit compound,

A1Bi.
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Table 5: six-five saturated membered rings modifications to give compounds A1s-22B1 and A1s-23B3.

General Structure

Affinity Group (R?) W

R1
RZ_N N HN-N
I o)
N
H HO *
*
H.N" Y0
Head Group (R)W Name | 8pK | ypKi | BpKi | o pKi | Name | dpKi | ypKi | B pKi | a pK;
o, /
S=0
</ N AsB: | 76 | 71 | 69 | 74 | AsB, | 69 | 69 | 64 | 7.1
*
Q AB; | 74 | 74 | 67 | 74 | AsB, | 74 | 62 | 58 | 69
*
0
AxB: | 74 | 66 | 65 | 7.4 | AxB, | 70 | 66 | 62 | 67
*
0
/—O AuB: | 65 | 67 | 58 | 67 | AuB: | <50 | 6.0 | <50 | £5.0
*
2
/_©S~O AzB, <50 | 59 | 62 | 70 | AxB, | 66 | 63 | 59 | 63
*
E O
Fo—
F §N> AsB. | NA | NA | NA | NA | AsB, | 66 | 63 | 58 | 6.6
*

Compounds reported in Table 6 showed an aryl or heteroaryl decorations connected by a methylene

or ethylene linker to the core. The introduction of the ethylene linker resulted in an increased PI3Kd

potency. Compound A24B1 showed in fact a pKid 25-fold higher than its analogue compound AisB1

(Table 4) and 12.5-fold higher than compound A26B1. However, this single modification did not result

for A24B1 in an improved selectivity towards other isoforms.
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Compound AzsB1 proved to be the most PI3Kd selective inhibitor of this first iteration. The insertion

of a dichloro-phenylethyl decoration led to a 22-fold selectivity of 6 towards o, 44-fold towards

B and 35-fold towards y.

Table 6: Aryl and heteroaryl decorations at position 9 to give compounds Aza-27Bi1and A2s-27Ba.

General Structure Affinity Group (R?)
R1
RZ_N.__N HN—N
| =0 )
N~ N
H HO *
HoN @)
Head Group (R)W Name 0 pKi YpPKi | BpKi | apKi | Name | 3pKi | ypKi | BpKi | apKi
N
\ S
A24B1 8.4 7.0 7.4 7.5 A24B> 7.0 6.4 <5.0 6.5
%
Cl Cl
/_Q A2sB1 8.0 6.5 6.4 6.7 A2sB2 6.9 5.8 <5.0 <5.0
%
S
/—@ AzB1 7.3 7.0 <5.0 6.8 A26B2 6.8 6.7 <5.0 <5.0
%
F
A27B1 6.8 <5.0 6.2 <5.0 A27B2 <5.0 6.3 <5.0 <5.0
%

On the contrary, compound A24B; and A2sB2 showed a dramatic decrease in potency compared with

their phenol analogues. These data once again confirmed as indazole has a negative impact on

potency.

Since compounds A24B1 and A2sB1 showed the highest enzymatic PI3Kd inhibition, their & inhibitory

activity was also determined in cell-based assay in THP-1 monocytes. AKT phosphorylation was
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measured through Homogeneous Time Resolved Fluorescence (HTRF) technology after Macrophage
Colony-Stimulating Factor (M-CSF) stimulation. These two compounds both showed a high drop in
PI3K3 potency in the THP-1 assay (Table 7), probably due to a low passive cellular permeability
(Papp) (compounds A24B1 and A2sB1) (Table 8).

Passive cellular permeability was determined by using Caco-2 cells, measured in both directions
(apical-to-basolateral [A—>B] and basolateral-to-apical [B=>A]). The test was also run in the presence
of a P-glycoprotein-1 (P-gp) inhibitor, GF120918, to investigate whether tested compounds are P-

gp substrates. For further details, see experimental section.

Table 7: PI3Kd enzymatic activity (enzymatic plCso), Cell based activity (cell plCso), Drop-off values,

Selectivity values towards isoforms of compounds A2sB1 and A24Bs.

PI3K enzymatic PI3K Cell Selectivity (ki)
based A Drop-Off
Compound Assay ased Assay
cell ICso/ Enz 1Cso

/0 /0 /&

8 plCso 4 plCso o B ¥
Ax5B1 7.7 5.8 91 22 44 35
A2iBy 8.1 6.1 100 8 | 10 | 25

The high potency over 6 and the moderate selectivity towards other isoforms led us to the selection
of compound AzsB1. This compound was considered the starting point for a further exploration
focused on improving cellular PI3Kd inhibition through the improvement of both permeability and

solubility.
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Table 8: Passive permeability (Pgpp), cLogD calculated with Percepta software by Advanced

Chemistry Development (ACD), kinetic solubility and TPSA of compounds A2sB1 and A24Bs.

Papp AB/BA (nm/s) cLogD
Compounds TPSA Solubility (uM)
CACO-2 w GF?® | (Percepta-ACD)

Low
BQL at A-B and B-A
A2xsB1 121.4 Q directi 3.5
irections (<100 uM)
Low permeability, High
A2B1 121.4 Possible PGP 2.1
substrate (2250 um)

65



3.5 Second SAR Exploration

The binding mode of compound AzsB1 in human PI3Kd was further investigated to design and
develop the second iteration. Therefore, co-crystal structure of AzsB1 in complex with hPI3K& was
obtained (Figure 29). Human PI3Kd in complex with AsB1 was determined at Proteros Biostructures

GmbH.

Figure 29: X-ray crystal structure of compound AzsB1 in human PI3K§, (ligand in green and protein

in grey, resolution at 2.43 A). View from the solvent exposed region.

The ligand amide group makes a bidentate hydrogen-bond interaction with the backbone oxygen of
Glu826 and with the backbone NH of Val828. Interestingly, the orientation of the exocyclic primary
amide is promoted by the formation of intramolecular hydrogen-bonds, which lock the hinge-

binding group in a well-defined conformation (Figure 30).
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Cl

Figure 30: The cooperative effect on the locking of the conformation of the amide.

Notably, this binding mode differs from that observed in the docking simulation of the Hit
compound (Figure 26) where the amide group was rotated by 180 degrees, establishing a bidentate
hydrogen bond with Val828 backbone. The phenol substituent is accommodated in the affinity

region and makes two hydrogen bonds with Asp787 and Tyr813.

All the interactions formed by A2sB1 with the hinge region and the affinity pocket of PI3Kd involve
residues that are conserved among all four kinase isoforms and, therefore, cannot rationalize the
moderate isoform selectivity observed for this compound. However, the head group of A2sB1, which
is constituted by a dichloro-phenyl-ethyl moiety, can promote a rearrangement of Met752, opening
the so-called selectivity pocket. In particular, this structural change allows the dichloro-phenylethyl
group to establish n—mt stacking interactions with the indole ring of Trp760 and van der Waals

interactions with Met752 side chain’263.71,

In the light of the binding mode of compound A2sBi1, a second SAR expansion was designed and
planned. Firstly, new decorations around the phenyl group (Figure 31) were further examined and
hydrophobic modifications or Cl isosteres were introduced to enhance interaction with the
selectivity pocket. Secondly, small heterocycles and cycloalkyl moieties were considered to evaluate
their effect on pre-orienting the phenyl group in the pocket. These rings were basically designed
also with the aim of increasing the fraction of C sp® atoms (Fsp?) in the molecule. Increasing the level
of saturation could allow access to more isoforms and therefore to establish new interactions
improving potency and selectivity. Moreover, an increased fraction of C sp> atoms could result in a

reduced aromatic character of the molecule and this could increase the likelihood of obtaining
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higher solubility and permeability®3. As result of this considerations, a cycle propyl and pyrrolidine

groups were selected as new linkers (Figure 31).

With the aim of improving Phys-chem and ADME properties, the synthesis of methylated analogues
was also considered. A methyl group was introduced in the linker, generating a stereogenic centre
in the molecule and another one was inserted at the ortho-position in the Affinity binder. These
methyl groups could disrupt the molecular planarity and symmetry resulting in an increased
solubility®8>, Moreover, the addition of a methyl could induce conformational changes of the

molecule leading to improved potency and selectivity®*.

The use of hydrophilic substituents was not considered in this iteration because it could have

decreased LogP and negatively affected the permeability.

Regarding the affinity binder, this portion was explored more extensively than in the previous SAR
exploration: new affinity binders inspired by literature evidence’? or characterized by basic groups

were inserted while the Head group (dichloro-phenylethyl moiety) was kept unvaried.

R%=Affinity binder

Figure 31: General structure of compound AzsB1 with explored portions Head group and Affinity

binder highlighted in different colours.

This series is characterized by high TPSA values (= 120) which could implicate low permeability. A
high number of N atoms and the presence of a primary amide in the central core could be the main
explanation for this feature. However, in this second SAR exploration the central scaffold was not
subjected to modifications since the unique orientation of the primary amide was considered a key

interaction to achieve enzymatic inhibition.
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3.6 Synthesis and Biological Evaluation of the Second SAR Exploration

Compounds synthesised were submitted to enzymatic assays as described in paragraph 1.4.

New analogues characterized by modifications in the affinity portion at position 2 of compound

AzsB; are reported in Table 9. These three analogues were synthesised following the procedure

shown in Scheme 1, chapter 1.3.

Cl
(of
RZ_N__N
¥
N\, >:O
H
0~ "NH,

Table 9: Decorations introduced at position 2 (R?) to give compounds A2sB10-12.

Enzymatic pKi

Compound R?
PI3KS PI3Ky PI3KPB PI3Ka
HN
\
A25B10 7.3 <5 7.4 <5
*
AzsB11 /@E 7.7 6.3 7.3 6.5
HO *
A25B12 ,L\/@\ <5 <5 <5 <5
-~ *

Substitution of the phenolic moiety with an indole (compound Az5B10), did not lead to a potency
gain or an improved selectivity towards other isoforms. On the contrary, A2sB10 showed dpK; 5-fold

lower and BpK; 10 fold higher than compound A2sB1. Same trend was observed for compound AzsB11
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which had a methyl decoration on the phenyl ring. However, compound AzsB11 showed a complete

loss of activity on o and y isoforms.

The introduction of a N,N dimethyl methanamine on the aromatic ring was expected to improve the
interactions with Asp787 residues in the DFG motif. Disappointingly, this led to a dramatic loss of
activity over all the isoforms probably due to a higher steric hindrance which caused a clash in the
binding site (compound A2sB12, Table 9).

Inserting modifications on the Affinity group did not result in the expected modulation of PI3K&

inhibition or selectivity. Thus, we turned our attention on the exploration of Head group again.

Regarding Head group exploration, all compounds were synthesised following the synthetic
procedure reported in chapter 1.3 except for compounds As2B1 and As3B1. The required isocyanates
were not commercially available thus different synthetic pathways were followed.

Compound As2B; was synthesised starting from the 1-benzylpyrrolidin-3-amine (Scheme 3). The first
synthetic attempt was to transform the amine in a reactive urea or carbamate. The synthesis of
intermediates 521 and 5211 was completed in a yield of 48% and 17%, respectively, while the
preparation of intermediate 52lll failed. Conditions for the synthesis of these intermediates are

reported in Table 10.

o
; N N
N i >’R ii AN V
DAMN, ACN ~NH

rac-amine As, yNH  NH
(6]

/=N

521 R= g_N\%

521 R= E_O_QN%
(0]

521ll R= E—o—N;j
(0]

Scheme 3: Synthetic pathway for the synthesis of intermediate Asa.
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Table 10: Conditions used to synthesise intermediates 52I, 521l and 52lIIl.

Step Intermediate Reagents and Temperature Solvent Yield
conditions
i 521 1.5 eq. CDI rt DCM 48%
i 5211 1 eqg. 4-Nitrophenyl t DCM 17%
chloroformate
i 52111 2 eq. Succinimide rt DCM No reaction

Disappointingly, following reaction with DAMN was unsuccessful for both intermediates (521 and
52Il) as reported in Table 10. Less electrophilic nature of these two intermediates could be an

explanation for the failure of the reaction with a poorly nucleophile like DAMN.

The preparation of the isocyanates required for the synthesis of As2 and Asz was in a first instance
not considered, as instability of similar analogues was observed during the set-up of the first
compounds library. Nevertheless, the synthesis of the corresponding isocyanate started from the
commercially available amine (rac-amine) which was transformed into the isocyanate using
triphosgene and reacted in situ with DAMN. This approach led to the formation of Asz in a 57% yield
over two steps. The following addition of 3-hydroxybenzaldehyde (b1) gave the desired final product

as racemic mixture in a 23% yield (Scheme 4).

N N
N AN 4 \
Q*NH — N
N NH, Y—NH  NH,
i &
rac-amine A, A;5,B,

Scheme 4: Reagents and conditions: (i) 2 eq. Cz=COCOOCCIs, DCM, rt, 2 hr; (ii) 3 eq. DAMN, 2 hr, rt, 57% over two steps;
(iii) 2 eq. 3-hydroxybenzaldehyde (b1), 1 eq. TEA, MeOH, rt, 2 hr, 23%.

Compound As3B1 was prepared starting from the acid, rac-acid. The corresponding isocyanate was
synthesised through Curtius rearrangement using DPPA and reacted in situ with DAMN which led to
the synthesis of intermediate Asz in a 16% vyield. Despite the low yield, the last step was completed

successfully (Scheme 5).
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Cl

o}
N N Ny —N
\ 7 Ho/©\( >
cl \ 7 | [e}
MoH i ;:> pa xz/ i N ”F
cl cl NH  NH,
o/% 07 "NH,

Cl

(¢]]

rac-acid Agg A3B,
Scheme 5: Reagents and conditions (i) 2eq. DPPA, Toluene, 80 °C, (ii) 3eq. DAMN 3 eq. TEA, 40 °C, 16%. (iii) 2 eq. 3-
hydroxybenzaldehyde, 1 eq. TEA, MeOH, rt, 15%.

The biological results of synthesised compounds are reported in Table 11. A marginal increase in
PI3Kd potency for compounds As2B1 and As3B; was observed. However, this was also associated with
an increased BpKi. The increased activity on B was unexpected but a possible explanation for this
loss of selectivity could be found in structural similarities between these two isoforms, especially in
the non-conserved residues surrounding the specificity pocket. A mutagenesis study identified a
non-conserved residue in PI3KB, BTyr778, close to the conserved Met that could favour the
conformational plasticity of the BP-loop. This residue is aliphatic in p110a and p110y (lle and Val,
respectively), but aromatic in p110f and p1108 (Tyr and Phe, respectively)®’. This common feature

may account for the similar profiles of these two inhibitors (As2B1 and As3B1).

The increased f inhibition has been also encountered in compounds AzsBio and AzsBii. In these
compounds, modifications were introduced only on the affinity binder and not on the head group.
However, selectivity was affected. Therefore, this result demonstrated that selectivity is not only
determined by the interaction with the specificity pocket, but it is the result of a complex set of

inhibitor interactions throughout the binding site.

Different substituents on the phenyl ring (compounds AssB1 and AssBi1) inserted to improve
hydrophobic interactions with the Trp760 residue had an influence neither on potency nor on
selectivity. The use of a cyclopropane as a linker (compound AseB1) resulted in decreasing pK; of all

isoforms.
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Table 11: Decorations introduced at position 9 to give compounds As;.56B1.

Enzymatic pK;
Compound Rl
PI3KS PI3Ky PI3KPB PI3Ka
As2B1 N 8.3 6.5 7.7 6.9
*
Cl
Cl
As3B;1 8.5 6.4 8.2 6.7
3
As4B1 § 6.7 <5 <5 <5
S
)
(0]
AssB1 ?/ 7.7 6.3 6.7 7.1
%
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AseB1

7.2

6.8

6.8 6.8

Compounds AzsB11, AszBiand As3B; that showed the highest affinity for PI3Kd were submitted to
cellular assay. Moreover, solubility and permeability were measured to investigate whether these
focused modifications had an impact not only on cellular PI3K3 inhibitory activity but also on Phys-

chem and ADME properties. Results are reported in Table 12 and Table 13.

Table 12: PI3K Enzymatic activity (plCso), Cell-based activity (plCso) and Drop-off values of

compounds AzsB11 and As2B1 and As3B;.

PI3K enzymatic

PI3K Cell based

Assa Drop-Off
Compound Assay y
cell ICso/ Enz ICso
S pICso o pICso
A2s5B11 7.4 6.2 15
As>B1 8.0 6.5 31
As3B1 8.1 7.0 12

Overall, these three compounds displayed a markedly reduced cellular drop-off compared to their

parent compound AzsB1. Compound As3B1 exhibited a good cellular PI3Kd inhibitory activity, 16-fold

higher than compound AzsB1 (Table 7).
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Regarding Phys-chem properties, as expected, the introduction of a methyl group positively
influenced solubility. Compounds AzsB11 and As3B; present an expected increased cLogD and
nonetheless their solubility increased (solubility> 400uM).

The introduction of a basic group (compound As2B1) led to a reduction of the cLogP which led to an
improved solubility, albeit to a lesser extent than AzsB11 and As3Bi. Likely, the presence of an
additional N atom resulted in decreasing solubility, probably due to the formation of other

hydrogen-bonds leading to a higher crystal packing energy.

Unpleasantly, permeability was not improved in this SAR exploration. Compound As3B3, despite its
higher cellular potency, showed a permeability below the detectable limit. Reasons for this lack of

permeability were unclear and still matter of investigation.

Table 13: TPSA, cLogD, permeability and kinetic solubility of compounds AzsB11 and As2B1 and As3B1

Papp AB/BA (nm/s) cLogD
Compounds TPSA Solubility (uM)
CACO-2 w GF?® | (Percepta-ACD)
Below limit of High
A2s5B11 121.4 detecti 3.9
etection (> 250 M)
Medium
AcsB 124.7 Below limit of 11
25 ' detection ' (100 puM< Sol €250
uM)
Below limit of High
As3B1 121.4 detecti 3.8
etection (> 250 uM)
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4. Conclusions

The research project here detailed describes a med-chem work, whose primary goal was to build a
SAR exploration on a Hit previously identified by a focused screening study to discover new

PI3Kd inhibitors.

First, a convenient and parallel synthetic approach was found which allowed to prepare a library of
43 derivatives with two points of diversity. In this fashion, two important regions of the PI3K ATP
binding site, the affinity and the selectivity pocket, had been explored. Among all the synthesised
compounds, A24B1 and AzsB; demonstrated a higher enzymatic PI3K3 potency compared to the Hit.

Notably, compound AzsB1 showed also a moderate selectivity towards other PI3K isoforms.

The crystal structure of compound AzsB1 in complex with hPI3Kd was also obtained. The complex
with the protein highlighted how dichlorophenyl-ethyl decoration was able to open and interact
with the specificity pocket. However, despite the high enzymatic potency, derivative AzsBi:
demonstrated a low cellular PI3K& potency associated with sub optimal Phys-Chem and ADME
properties. Therefore, in the light of these results, a second SAR expansion tailored on improving

cellular potency, Phys-chem and ADME properties of compound AzsB1 was planned and carried out.

The introduction of subtle and focused modifications, as a methyl group, brought to an
improvement of solubility and cellular potency. Compound As3B1 in fact showed a cellular PI3Ko
potency 16-fold higher than its close analogue compound AzsB1 and solubility was highly increased
too. On the other hand, passive permeability was not improved. Even if AssB1 demonstrated an
improved cellular PI3K3 inhibitory activity, its passive permeability measured in CACO-2 experiment

was still below the limit of detection.

To conclude, the first SAR expansion accomplished the goal of improving enzymatic PI3Kd potency
which was observed for the majority of 43 derivatives. Moreover, compound AzsB;1 showed a
moderate selectivity towards other PI3K isoforms. The second SAR expansion with focused and
tailored modifications allowed to achieve cellular PI3Kd potency and good solubility with compound

As3Bi.
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5. Material and Methods

5.1 General Chemistry Method

Chemicals:
Reagents and solvents were used as supplied from different providers without any further
purification. All deuterated and dry solvents were purchased from Merk-Sigma-Aldrich. Anhydrous

sodium sulphate (Na2S04) was used as the drying agent for the organic phases.

Chromatography:

When needed purifications were performed on flash chromatography, with a Biotage Isolera
instrument, using Biotage Columns (SNAP Cartridges: Silica, Silica-NH and C18).
Thin layer chromatography was performed on Glass TLC plates (5X10 cm), silica gel coated with

fluorescent indicator F254.

Analytical Techniques:

Analytical UPLC and Electron Spray lonization (ESI) condition were performed on a Waters ACQUITY
UPLC equipped with a Photo Diode Array (PDA) detector and a Single Quadrupole Mass Detector
(QDA) or equipped with a Triple Quadrupole (Waters Xevo -TQS).

UPLC-MS Methods:

e Method 1: Acquity UPLC CSH C18 column (50mm x 2.1mm i.d. 1.7 um particle size). Column
Temperature (°C) 40.0. Mobile phases: 0.1% v/v solution of HCOOH in water (A); 0.1% v/v
solution of in Acetonitrile (B). Flow (ml/min) 1. Stop Time (mins) 2.0.

e Method 2: Acquity UPLC CSH C18 column (50mm x 2.1mm i.d. 1.7 um particle size). Column
Temperature (°C) 50.0. Mobile phases: HCOONH4, 0.025M, pH=3 (A); 0.1% v/v solution of
HCOOH in Acetonitrile (B). Flow (ml/min) 0.35 Stop Time (mins) 10.0.

Data were processed using Masslynk software.

'H-NMR spectra were recorded at room temperature on a Varian spectrometer operating at 400
MHz or on a Bruker Avance 600 spectrometer. Chemical shifts are reported as & values in ppm
relative to trimethyl silane (TMS) as an internal standard. Coupling constants (J values) are given in
hertz (Hz) and multiplicities are reported using the following abbreviations (s= singlet, d=doublet,

t=triplet, g=quartet, m=multiplet, br=broad, nd=not determined).
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High Resolution Mass Spectrometry (HRMS) analysis for compounds (A2sB1, A25B11 As2B1 AszB1) was

performed with a Q Exactive Hybrid Quadrupole-Orbitrap Mass Spectrometer.

5.2 General Procedure for Urea Derivatives

All the isocyanates were commercially available and purchased from Sigma-Aldrich, Enamine,
Fluorochem and Abcr.

In a 20 mLvial, 1 eq. of 2,3-diaminomaleonitrile was dissolved in 15 mL of ACN and the solution was
stirred on PLS organic synthesizer at rt for 10 minutes. Afterwards, 1.06 eq. of the corresponding
isocyanate was added. After stirring for 24 hr, a precipitate formed and filtered off using Solid Phase
Extraction (SPE) tubes equipped with polyethylene frits. The precipitate was washed with ACN and

dried under N; flow for 12 hr affording the desired urea intermediate.

All synthesised intermediates were reported in Table 14.
Where not specified, UPLC-MS Method 1 was generally used to determine purity of final

compounds.

R1
|
OYNH
NS NH
|
N// NH,
AX
Table 14: Structure of intermediates Ax.
IH-NMR
UPLC-MS
Intermediate R!
Purity
Yield (calculated on DAMN mmol)
F 'H NMR (400 MHz, DMSO-d6) & ppm 7.05 - 7.15 (m, 2
H) 7.21 (s, 2 H) 7.44 (dd, J=8.99, 5.04 Hz, 2 H) 7.56 (br s,
A1 1H)8.87(s,1H)
* UPLC-MS: tg= 0.66 min; MS (ESI): m/z 245.9 [M + H]*
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A7

Asg

Ao

A1

/

UPLC-MS Purity= 90%
Yield 89% (6.88mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 3.15 (s, 3 H) 6.58 -
6.73 (m, 1 H) 6.65 (brs, 1 H) 7.32 (s, 2 H) 7.68 (d, J=8.55
Hz, 2 H) 7.78 - 7.86 (m, 3 H) 7.99 -8.13 (m, 2 H) 9.39 (s,
1H)

UPLC-MS: tg =0.53 min; MS (ESI): m/z 306.0 [M + H]*
UPLC Purity= 95%
Yield 10% (1.30 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 9.07 (s, 1 H), 8.04
(t, J=1.76 Hz, 1 H), 7.56 - 7.77 (m, 3 H), 7.37 - 7.49 (m, 1
H), 7.27 (s, 2 H), 2.55 (s, 3 H)

UPLC-MS: tz =0.65, MS (ESI): m/z 269.9 [M + H]*
H-NMR Analysis Purity= 90%
Yield=56% (4.63 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 2.96 - 3.07 (m, 3
H) 3.67-3.79 (m, 4 H) 6.87 (d, J=8.99 Hz, 2H) 7.09- 7.19
(m, 1 H) 7.29 (d, J=8.11 Hz, 2 H) 7.48(s, 1 H) 8.24 - 8.32
(m, 1 H) 8.58 (s, 1 H)

UPLC-MS: tg= 0.48 min, MS (ESI): m/z 313.0 [M + H]*
UPLC Purity= 83%
Yield 39% (0.46 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 3.14 (t, J=8.66 Hz,
2 H) 4.47 (t, J=8.66 Hz, 2 H) 6.65 (d, J=8.55 Hz, 1 H) 7.05
(dd, J=8.55, 1.97 Hz, 1 H) 7.10 (s, 2 H)7.33 (d, J=0.88 Hz,
1H) 7.58 (brs, 1 H) 8.63 (s, 1 H)

UPLC-MS: tz = 0.63min; MS (ESI): m/z 270 [M + H]*

UPLC purity= 90%
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A11

A1

A1z

Aia

Yield 76% (5.85 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 2.41 (s, 3 H) 7.05
(td, J=7.56, 1.32 Hz, 1 H) 7.17 (brs, 2 H) 7.19 - 7.25 (m,
1H)7.42 (dd, J=7.89, 1.32 Hz, 1 H) 7.92 (dd, J=8.22, 0.99
Hz, 1 H) 8.20 (s, 1 H) 8.44 (s, 1 H)

UPLC-MS: tz= 0.72 min, MS (ESI): m/z 274, [M + H]*
UPLC Purity=72%

Yield 41% (1.78 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 1.48 - 1.60 (m, 2
H) 1.88 - 1.98 (m, 2 H) 3.42 - 3.48 (m, 2 H) 3.83 (dt,
J=11.46, 4.47 Hz, 2 H) 4.45 (tt, )=8.52, 4.08Hz, 1 H) 6.89
(d, J=8.99 Hz, 2 H) 7.14 (s, 2 H) 7.31 (d, J=8.99 Hz, 2 H)
7.49 (s, 1 H) 8.64 (s, 1 H)

UPLC-MS: tg= 0.69 min, MS (ESI): m/z 328.5 [M+H]*
UPLC Purity=97%

Yield 71 % (2.15 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 7.19 - 7.37 (m, 2
H) 7.56 - 7.77 (m, 3 H) 8.12 - 8.26 (m, 1 H) 8.50 (s, 1 H)
9.35 (s, 1 H)

UPLC-MS: tg= 0.69 min, MS (ESI): m/z 285. [M + H]*
UPLC Purity= 80%
Yield 91% (2.79 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 1.15 - 1.20 (m, 3
H) 3.57 (s, 2 H) 4.02 - 4.12 (m, 2 H) 7.12 - 7.23 (m, 4 H)
7.37 (d, J=8.33 Hz, 2 H) 7.52 - 7.60 (m, 1H) 8.81 (s, 1 H)

UPLC-MS: tg= 0.76 min, MS (ESI): m/z 314 [M + H]*
UPLC Purity=99%

Yield 34% (2.29 mmol)
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A1s

A1e

A17

Aig

A1s

'H NMR (400 MHz, DMSO-d6) 1H NMR (400 MHz,
DMSO-d6) d ppm 6.56 - 6.61 (m, 1 H) 6.78 - 6.81 (m, 1
H) 6.86 (d, J=5.48 Hz, 1 H) 7.32 (br's, 2 H) 7.68 (s, 1 H)
9.87 (s, 1 H)

UPLC-MS: tg= min, MS (ESI): m/z 234.1 [M + H]*

UPLC Purity= 86%

Yield 25% (3.88 mmol)

UPLC-MS: tg= 0.63 min, MS (ESI) m/z 263.15 [M+H]+
UPLC Purity=83%

Yield 59 % (3.05 mmol)

'H NMR (400 MHz, DMSO0-d6) & ppm 2.35 (s, 3 H) 6.71
(s,1H)7.24 (brs, 1 H)7.41-7.58 (m, 6 H) 7.84 (brs, 1
H) 8.19 (s, 1 H)

UPLC-MS: tg= 0.69 min, MS (ESI): m/z 309.2 [M + H]*
UPLC Purity=94%

Yield=70% (4.63 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 1.38 - 1.50 (m, 2
H)1.79-1.91 (m, 2 H) 2.78 - 2.88 (m, 5 H) 3.42 - 3.53 (m,
2 H)6.42-6.49 (m, 1 H) 6.94 (s, 2 H)7.34 (s, 1 H)

UPLC-MS: tgz= 0.44 min, MS (ESI): m/z 313.1 [M + H]*
UPLC Purity= 99%
Yield=45% (2.12 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 1.29 - 1.41 (m, 2
H) 1.44 - 1.68 (m, 4 H) 1.74 - 1.85 (m, 2 H) 3.87 (sxt,
J=6.80 Hz, 1 H) 6.34 (br d, J=7.02 Hz, 1 H) 6.87 (s, 2 H)
7.23 (s, 1 H)

UPLC-MS: tg= 0.6 min, MS (ESI): m/z 220.3 [M + HJ*

UPLC Purity=99%
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Ao

A2

A2

Yield 42% (8.68 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 1.52 (dq, J=12.93,
6.58 Hz, 1 H) 1.81 -1.99 (m, 1 H) 2.33 (dquin, J=13.69,
6.83, 6.83, 6.83, 6.83 Hz, 1 H) 2.93 3.09(m, 2 H) 3.31 (s,
1 H) 3.39 (dd, J=8.33, 5.48 Hz, 1 H) 3.55 3.76 (m, 3 H)
6.55 (br t, J=5.59 Hz, 1 H) 6.87 7.04 (m, 2 H) 7.39 (s, 1
H)

UPLC-MS: tg= 0.4 min, MS (ESI): m/z 236.2 [M + H]*
UPLC Purity= 99%
Yield 34% (3.76 mmol)

1H NMR (400 MHz, DMSO-d6) 8 ppm 1.43 1.56 (m, 1 H)
1.73-1.92 (m, 3 H) 2.95 - 3.07 (m, 1 H) 3.09 - 3.22 (m, 1
H) 3.61 (q, J=7.38 Hz, 1 H) 3.71 - 3.88 (m, 1 H) 3.71 - 3.87
(m, 1H) 6.36 (brt, J=5.70 Hz, 1 H) 6.90 (s, 2 H) 7.47 (s, 1
H)

UPLC-MS: tz= 0.4 min, MS (ESI): m/z 236 [M + H]*
UPLC Purity=99%
Yield 34% (3.71 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 1.77 (dq, J=13.32,
9.23 Hz, 1 H) 2.12 - 2.22 (m, 1 H) 2.78 (dd, J=13.15, 9.87
Hz, 1 H) 3.04 (dt, J=13.15, 8.77 Hz, 1 H)3.11 - 3.21 (m, 4
H) 6.67 (t, J=5.92 Hz, 1 H) 7.07 (s, 2 H) 7.46 (s, 1 H)

UPLC-MS: tgz= 0.33 min, MS (ESI): m/z 284.2 [M + H]*
UPLC Purity=99%

Yield 49% (2.80 mmol)
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A2

Azs

Az

Cl

*

*

1H NMR (400 MHz, DMSO-d6) & ppm 1.43 - 1.62 (m, 3
H) 1.66 - 1.93 (m, 3 H) 3.52 - 3.69 (m, 2 H) 3.75 (br d,
J=13.15 Hz, 1 H) 6.46 - 6.60 (m, 1 H) 6.97 (brd, J=6.36 Hz,
2 H) 7.36 (br d, J=19.07 Hz, 1 H)

UPLC-MS: tg= 0.63 min, MS (ESI): m/z 331.2 [M + H]*
UPLC Purity= 90%
Yield 55% (2.12 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 2.93 (t, J=7.23 Hz,
2 H) 3.24-3.30 (m, 2 H) 6.49 (br t, J=5.59 Hz, 1 H) 6.88 -
7.01 (m, 4 H) 7.34 (dd, J=5.15, 1.21 Hz,1 H) 7.54 (s, 1 H)

UPLC-MS: tz= 0.67 min MS (ESI): m/z 261.7 [M + H]*
UPLC Purity=95%
Yield 65% (4.63 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 2.73 (t, J=7.02 Hz,
2 H) 3.23 - 3.29 (m, 2 H) 5.28 - 5.35 (m, 1 H) 6.42 (t,
J=5.59 Hz, 1 H) 6.94 (s, 2 H) 7.22 (dd, J=8.33, 1.97 Hz, 1
H) 7.44 - 7.57 (m, 3 H)

UPLC-MS: tg= 0.93 min, MS (ESI): m/z 324.0 [M + H]*
UPLC Purity=95%
Yield=52% (4.37 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 4.39 (d, J=5.92 Hz,
2 H)6.92-7.08 (m, 5 H) 7.35 - 7.43 (m, 1 H) 7.54 (s, 1 H)

UPLC-MS: tg= 0.56 min, MS (ESI): m/z 274 [M + H]*
UPLC Purity=99%

Yield 47% (3.54 mmol)
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1H NMR (400 MHz, DMSO-d6) & ppm 4.22 (d, J=5.92 Hz,
2 H) 6.95 (brt, J=5.92 Hz, 1 H) 6.91 - 6.99 (m, 1 H) 6.93 -
6.97 (m, 1 H) 7.03 (brs, 1 H) 7.14 (t,J=8.88 Hz, 2 H) 7.32
(dd, J=8.33, 5.70 Hz, 2 H) 7.52 (br s, 1 H)

A2
UPLC-MS: tg= 0.69 min, MS (ESI): m/z 259.9 [M + H]*

*

UPLC Purity= 95%
Yield 73% (6.88 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 1.18 (d, J=7.02 Hz,
6 H) 2.67 (t, J=7.34 Hz, 2 H) 2.84 (dt, J=13.81, 6.91 Hz, 1
H) 3.20 - 3.27 (m, 2 H) 5.30 (br s, 1 H)6.38 (br t, J=5.48
Hz, 1 H) 6.90 (s, 2 H) 7.09 - 7.19 (m, 4 H) 7.48 (s, 1 H)

Asg * .
UPLC-MS: tg= 1.0 min, MS (ESI): m/z 298.1 [M + H]*
UPLC Purity = 81%
Yield 5% (2.49 mmol)

1H NMR (400 MHz, DMSO-d6) & ppm 2.63 (t, J=7.23 Hz,
2 H)3.22(q,J=6.80 Hz, 2 H) 5.96 (s, 2 H) 6.35 (br t, J=5.48
Hz, 1 H) 6.67 (d, J=7.89 Hz, 1 H)6.78 - 6.85 (m, 2 H) 6.90
(brs, 2 H)7.47 (s, 1 H)

Ass m UPLC-MS: tz= 0.71 min, MS (ESI): m/z 300.0 [M + H]*
O
UPLC Purity=99%

Yield 50% (4.93 mmol)

'H NMR (400 MHz, DMSO-d6) & ppm 1.08 - 1.21 (m, 2
H) 1.93 - 2.02 (m, 1 H) 2.64 - 2.74 (m, 1 H) 6.87 (br d,
J=2.19 Hz, 1 H) 7.01 (s, 2 H) 7.07 - 7.19 (m,3 H) 7.22 -
7.31(m, 2 H) 7.41 (s, 1 H)

Ase
UPLC-MS: tz= 0.78 min, MS (ESI): m/z 268.1 [M + H]*
UPLC Purity= 100%

Yield 41% (1.48 mmol)
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5.2.1 Synthesis of 1-(2-amino-1,2-dicyanovinyl)-3-(1-benzylpyrrolidin-3-yl)urea
(As2)

NS N

To an ice-cold stirring solution of 1-benzylpyrrolidin-3-amine (100 mg, 0,567 mmol) in 3 mL of DCM
was added triphosgene (337 mg, 1.135 mmol). The solution was stirred at rt and added of a solution
of 2,3-diaminomaleonitrile (184 mg, 1.702 mmol) in THF. Solution was stirred for 12 hr at rt and
then evaporated. Reaction was quenched with HCI 1N (1mL). Solvent was evaporated under vacuum

to give (Z)-1-(2-amino-1,2-dicyanovinyl)-3-(1-benzylpyrrolidin-3-yl)urea (100 mg, 0.322 mmol, 56.8
% yield).

UPLC-MS: tg= 0.29 min, MS (ESI): m/z [M + H]* 311.03
UPLC Purity= 85%

5.2.2 Synthesis of 1-(2-amino-1,2-dicyanovinyl)-3-(1-(3,4-dichlorophenyl)propan-
2-yl)urea (As3)

Cl
Cl

HN
N\\>[NH
|
= NH
3-(3,4-dichlorophenyl)-2-methylpropanoic acid (100 mg, 0.429 mmol) and TRIETHYLAMINE (0.149

ml, 1.287 mmol) were dissolved in Toluene (Volume: 3 ml) then DPPA (0.269 ml, 0.858 mmol) was

added at rt. The solution was heated up to 80 °C for 2 hr. Then 2,3-diaminomaleonitrile (139 mg,

85



1.287 mmol) dissolved in 2 ml of THF was added to the reaction. The solution was cooled down to
50 C° and stirring was continued for another 2 hr. The solution was diluted with DCM (10 mL) and
organic phase was washed with NaHCOs saturated solution, brine, dried over NaSO4. Organic phase
was evaporated to give 23 mg of crude which was used in the next step without any further

purification.

UPLC-MS: tz= 0.9 min, MS (ESI): m/z [M + H]* 338.05
Yield 15%

5.3 General Procedure for 2,9-disubstituted-8-oxopurine-6-carboxamide
(AxBV)

In an 8 mL vial, 0.120 mmol of the corresponding diaminomaleonitrile urea was dissolved in 5 mL of
MeOH. Then the corresponding aldehyde (B1, B2, B10, B11, B12,Table 15) (0.030 g, 0.246 mmol)
was added to the suspension and kept stirring at rt for 10 minutes. TEA (0.017 mL, 0.120 mmol) was
added to the reaction mixture after 10 min. A homogeneous solution was obtained and shortly after
a solid started to precipitate out. A catalytic amount of I, was added to the mixture. The mixture
was stirred for 12 hr at room temperature. In all cases the desired product was filtered, washed with

MeOH, Et,0 and dried under vacuum.

Table 15: Structure of Aldehydes.

B B2 B1o B11 B12
Aldehydes HNN HNT |
HO/©YO @ifo o HO/©;O N \/©\fo
H H H
H H

All the title compounds are reported in the following table.

2 R’
R<_N

N
j//| =0
N\ N

H

H,N" 0
AXBY
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Table 16: Final compounds AxBy.

Compound R? R? 1H-NMR
UPLC-MS
Purity

Yield

1H NMR (400 MHz, DMSO-d6) & ppm
7.42 - 7.54 (m, 3 H) 7.65 (d, J=8.33
Hz, 1 H) 7.78 - 7.85 (m, 2 H) 8.01 (br
s, 1H)8.40 (brs, 1 H) 8.44 (d, J=7.23
R L\I‘NH Hz, 1H) 8.55 (s, 1 H) 11.82 (br's, 1 H)
ALB, 13.10- 13.32 (m, 1 H) 13.19 (s, 1 H)
. UPLC-MS: tz= 0.83 min, MS (ESI):
m/z 390.3 [M+H]*
UPLC Purity=95%

Yield 77%

1H NMR (400 MHz, DMSO-d6) & ppm
11.89 (s, 1 H), 9.49 (s, 1 H), 8.41 (br.
s., 1 H), 8.07 - 8.21 (m, 4 H), 7.93 -
8.01 (m, 2 H), 7.77 -7.84 (m, 1 H),
7.27 (t,J=7.9 Hz, 1 H), 6.81 - 6.89 (m,

A;B. /@\ 1H),3.33 (s, 3 H)
* OH

UPLC-MS: tg= 0.71 min, MS (ESI):
m/z 242.2 [M+H]*

L UPLC Purity= 95%
0O=S
/ Yield 32%
1H NMR (400 MHz, DMSO-d6) & ppm
. 13.10(s, 1 H), 11.85 (br.s., 1 H), 8.28

-8.70 (m, 3 H), 7.90 - 8.18 (m, 3 H),
7.52-7.83(m, 2 H), 7.17-7.49 (m, 1

N—NH
/ H), 2.66 (s, 3 H)
A;B: .
UPLC-MS: t;= 0.69 min, MS (ESI):
* m/z 450.2 [M+H]*
UPLC Purity=90%
Yield 10%

1H NMR (400 MHz, DMSO-d6) & ppm

AsB. /@\ 2.61-2.69 (m, 3 H) 6.85 (dd, J=8.00,
x OH 1.86 Hz, 1 H) 7.25 (t, J=8.00 Hz, 1 H)




AsB>

7.74-7.82 (m, 2 H) 7.92 - 8.04 (m, 3
H) 8.08 (d, J=7.89 Hz, 1 H) 8.35 (t,
J=1.75 Hz, 1 H) 8.39 (s, 1 H) 9.47 (s,
1H) 11.82 (s, 1 H)

UPLC-MS: tz= 0.80 min, MS (ESI):
m/z 390.1 [M+H]*

UPLC Purity=90%
Yield 74%

14 NMR (400 MHz, DMSO-d6) & ppm
13.19 (s, 1 H), 11.93 (s, 1 H), 8.60 (bs,
1H),8.34-8.44 (m, 1H),8.05-8.22
(m, 4 H), 8.02 (bs, 1 H), 7.59 - 7.68
(m, 1 H), 7.44 (t, J=7.7 Hz, 1 H), 3.30
(s, 3 H)

UPLC-MS: tz= 0.76 min, MS (ESI):
m/z 414.0 [M+H]*

UPLC Purity= 90%
Yield=12%

AgB1

A9B;>

1H NMR (400 MHz, DMSO-d6) & ppm
11.66 (bs, 1 H), 9.46 (s, 1 H), 8.37 (bs,
1 H), 7.90 - 7.95 (m, 2 H), 7.76 (s, 1
H), 7.50 (d, J=9.2 Hz, 2 H), 7.24 (t,
J=7.9 Hz, 1 H),7.13 (d, J=9.2 Hz, 2 H),
6.80-6.90 (m, 1 H), 3.75-3.84 (m, 4
H), 3.18 - 3.26 (m, 4 H)

UPLC MS: tz= 0.79 min, MS (ESI):
m/z 433.3 [M+H]*

UPLC Purity= 91%
Yied 15%

1H NMR (400 MHz, DMSO-d6) § ppm
3.21-3.28 (m, 4 H) 3.77 - 3.83 (m, 3
H)3.77-3.84 (m, 1 H)7.18 (d, J=8.99
Hz, 2 H) 7.41 - 7.49 (m, 1 H) 7.57
(d,J=8.77 Hz, 2 H) 7.64 (d, J=8.33 Hz,
1 H) 8.01 (brs, 1 H) 8.40 (brs, 1 H)
8.44 (d, J=7.23 Hz, 1 H) 8.59 (s, 1 H)
11.74 (s, 1 H) 13.18 (s, 1 H)

UPLC-MS: tg= 0.76 min, MS (ESI):
m/z 457 [M+H]*

UPLC Purity= 85%
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Yield 52%

A10B1

A10B2

IH-NMR (400 MHz, DMSO-d6) &
ppm 3.27 - 3.30 (m, 2 H) 4.65 (t,
J=8.77 Hz, 2 H) 6.80 - 6.86 (m, 1 H)
6.96 (d, J=8.55 Hz, 1 H) 7.24 (t,
J=8.00 Hz, 1 H)7.34 (dd, J=8.44, 2.08
Hz, 1 H) 7.47 (s, 1 H) 7.71 - 7.80 (m,
1 H)7.89-7.99 (m, 2 H) 8.36 (brs, 1
H) 9.46 (s, 1 H) 11.65 (brs, 1 H)

UPLC-MS: tz= 0.83 min, MS (ESI):
m/z 388 [M-H]'

UPLC Purity= 85%
Yield 73%

1H NMR (400 MHz, DMSO-d6) & ppm
3.25 - 3.29 (m, 2 H) 4.61 (t, J=8.77
Hz, 2 H) 6.92 - 6.97 (m, 1 H) 7.34 -
7.42 (m, 2 H) 7.50 (s, 1 H) 7.58 (d,
J=8.33 Hz,1 H) 7.93 (br s, 1 H) 8.20
(s, 1H)8.34 (brs,1H)8.39 (d, J=7.23
Hz, 1H) 8.52 (s, 1 H) 11.67 (brs, 1 H)
13.11 (s, 1 H)

UPLC-MS: tg= 0.79 min, MS (ESI):
m/z 414.1 [M+H]*

UPLC Purity= 80%
Yield 40%

A11B1

A11B2

1H-NMR (400 MHz, DMSO-d6) §
ppm 2.40 (s, 3 H) 6.81 (dd, J=8.00,
2.30 Hz, 1 H) 7.22 (t, J=7.89 Hz, 1 H)
7.35-7.45(m, 1 H) 7.49 - 7.69 (m, 4
H) 7.86 (d, J=7.89 Hz, 1 H) 7.98 (br s,
1 H)8.38 (brs, 1 H)9.36-9.58 (m, 1
H) 11.78 (brs, 1 H)

UPLC-MS: tz= 0.85 min, MS (ESI):
m/z 394.2 [M-H]*

UPLC Purity= 86%
Yield 44%

1H-NMR (400 MHz, DMSO-d6) &
ppm 2.41 (s,3 H)7.38-7.51(m, 2 H)
7.57 - 7.67 (m, 4 H) 8.03 (brs, 1 H)
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8.29-8.45(m, 3 H) 11.86 (brs, 1 H)
13.13 (brs,1 H)

UPLC-MS: tz= 0.80 min, MS (ESI):
m/z 418.1 [M+H]*

UPLC Purity= 94%
Yield 30%

A12B1

A12B>

1H-NMR (400 MHz, DMSO-d6) §
ppm 1.58 - 1.72 (m, 2 H) 2.04 (br dd,
J=12.93,3.29 Hz, 2 H) 3.48 - 3.58 (m,
2 H) 3.83 - 3.95 (m, 2 H) 4.68 (tt,
J=8.60, 4.00 Hz, 1 H) 6.84 (dd,
J=8.00, 1.86 Hz, 1 H) 7.19 (d, J=8.99
Hz, 2 H) 7.25 (t, J=7.89 Hz, 1 H) 7.57
(d, J=8.99 Hz, 2 H) 7.77 (d, J=1.75 Hz,
1 H) 7.92 - 8.00 (m, 2H) 8.38 (s, 1 H)
9.48 (s, 1 H) 11.70 (s, 1H)

UPLC-MS: tz= 0.86 min, MS (ESI):
m/z 448.1 [M+H]*

UPLC Purity=95%
Yield 18%

1H-NMR (400 MHz, DMSO-d6) &
ppm 1.59 - 1.73 (m, 2 H) 2.00 - 2.15
(m, 2 H) 3.48 - 3.61 (m, 2 H) 3.91 (dt,
J=11.62, 4.28 Hz, 2 H) 4.66 - 4.79 (m,
1 H)7.19 - 7.29 (m, 2 H) 7.40 - 7.51
(m, 1 H) 7.61 - 7.69 (m, 3 H) 7.96 -
8.07 (m, 1 H) 8.40 (s, 1 H) 8.45 (d,
J=7.23 Hz, 1 H) 8.57 (s, 1 H) 11.76 (s,
1 H) 13.18 (s,1 H)

UPLC-MS: tz= 0.81 min, MS (ESI):
m/z 472.0 [M+H]*

UPLC Purity=99%
Yield 33%

A13B1

IH-NMR (400 MHz, DMSO-d6) d
ppm 11.97 (br.s., 1 H) 9.38 (br.s., 1
H) 8.43 (s, 1 H) 8.34 (d, J=8.82 Hz, 1
H)7.94-8.09 (m, 3 H) 7.81 (d, J=7.94
Hz, 1 H) 7.55 (s, 1 H) 7.18 (t, J=7.94
Hz, 1 H) 6.79 (dd, J=7.94, 2.21 Hz, 1
H)
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A13B2

UPLC-MS: tz= 0.76 min, MS (ESI):
m/z 405.9 [M+H]*

UPLC Purity=90%
Yield 13%

IHNMR (400 MHz, DMSO-d6) § ppm
7.37 -7.44 (m, 1 H) 7.60 (d, J=8.11
Hz, 1 H) 7.94 (s, 1 H) 8.00 - 8.15 (m,
3 H) 8.38 (dd, J=13.70, 8.00 Hz, 2 H)
8.45 (s, 1 H) 12.04 (brs, 1 H) 13.18
(brs, 1 H)

UPLC-MS: tz= 0.75 min, MS (ESI):
m/z 430.1 [M+H]*

UPLC Purity= 85%
Yield 12%

A14B1

A14B>

1H-NMR (400 MHz, DMSO-d6) &
ppm 11.75 (s, 1 H), 9.49 (s, 1 H), 8.38
(s, 1 H), 7.87 - 8.06 (m, 2 H), 7.73 -
7.80 (m, 1 H), 7.66 (d, J=8.4 Hz, 2 H),
7.49 (d, )=8.4 Hz, 2 H), 7.25 (t, J=7.7
Hz, 1 H), 6.84 (dd, J=7.9, 2.2 Hz, 1 H),
4.13 (g, J=7.1 Hz, 2 H), 3.80 (s, 2 H),
1.07 - 1.38 (m, 3 H)

UPLC-MS: tg= 0.91 min, MS (ESI):
m/z 433.9 [M+H]*

UPLC Purity= 94%
Yield 38%

1H-NMR (400 MHz, DMSO-d6) §
ppm 1.23 (t, J=7.02 Hz, 3 H) 3.83 (s,
2 H) 4.14 (q, J=7.02 Hz, 2 H) 7.42 -
7.50 (m, 1 H) 7.51 - 7.60 (m, 2 H)
7.65 (d, J=8.33 Hz, 1 H) 7.73 (d,
J=8.33 Hz, 2 H) 8.02 (brs, 1 H) 8.35 -
8.49 (m, 2 H) 8.58 - 8.65 (m, 1 H)
11.81 (brs, 1 H) 13.18 (s, 1 H)

UPLC-MS: tg= 0.87 min, MS (ESI):
m/z 458.1 [M+H]*

UPLC Purity=95%
Yield 60%
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A15B1

A15B2

1H-NMR (400 MHz, DMSO-d6) &
ppm 7.19 (dd, J=5.37, 3.84 Hz, 1 H)
7.31 (t, )=7.89 Hz, 1 H) 7.49 - 7.54
(m, 1 H) 7.88 (dd, J=3.73, 1.32 Hz, 1
H) 7.94 (t,J=1.86 Hz, 1 H) 8.00 (s, 1
H) 8.05 (d, J=7.89 Hz, 1 H) 8.42 (s, 1
H) 9.56 (s, 1 H) 11.96 (s, 1 H)

UPLC-MS: tz= 0.86 min, MS (ESI):
354.0 [M+H]*

UPLC Purity= 98%
Yield 33%

1H NMR (400 MHz, DMSO-d6) § ppm
7.23 (dd, J=5.37, 3.84 Hz, 1 H) 7.50
(t, )=7.78 Hz, 1 H) 7.62 (dd, J=5.48,
1.10 Hz, 1 H) 7.69 (d, J=8.33 Hz, 1 H)
7.75(dd, J=3.73,1.10 Hz, 1 H) 8.06 (s,
1 H) 8.38 (s, 1 H) 8.47 (d, J=7.45 Hz,
1 H) 8.80 (s, 1 H) 11.99 (br s, 1 H)
13.25 (s, 1 H)

UPLC-MS: tg= 0.80 min, MS (ESI):
m/z 377.9 [M+H]*

UPLC Purity= 80%
Yield=51%

A16B1

Cl

N\

1H-NMR (400 MHz, DMSO-d6) §
ppm 6.86 (br d, J=7.02 Hz, 1 H) 7.27
(br t, J=7.89 Hz, 1 H) 7.77 - 7.88 (m,
2 H)7.95-8.01 (m, 2 H) 8.29 (br dd,
]=8.44,1.86 Hz, 1 H) 8.42 (br s, 1 H)
8.87 (brd, J=1.53 Hz, 1H)9.14-9.30
(m, 1 H)9.38-9.67 (m, 1 H)11.93
(brs, 1 H)

UPLC-MS: tg= 0.8 min, MS (ESI): m/z
383.2 [M+H]*

UPLC Purity=87%
Yield 59%

1H-NMR (400 MHz, DMSO-d6) &
ppm 7.48 (t, J=7.78 Hz, 1 H) 7.68 (d,
J=8.33 Hz, 1 H) 7.88 (d, J=8.55 Hz, 1
H) 8.06 (s, 1 H) 8.33 (dd, J=8.55, 2.63
Hz, 1H) 8.42 (br s, 1 H) 8.46 (d,
J=7.23 Hz, 1 H) 8.58 (d, J=0.88 Hz, 1
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H) 8.92 (d, J=2.63 Hz, 1 H) 12.00 (s, 1
H) 13.28 (s, 1 H)

UPLC-MS: tg= 0.8 min, MS (ESI): m/z
383.2 [M+H]*

UPLC Purity=92%

Yield 32%

H-NMR (400 MHz, DMSO-d6) &
ppm 3.28 (s, 1 H) 6.46 - 6.58 (m, 1 H)
6.78 - 6.85 (m, 1 H) 7.22 (t, J=7.89
Hz, 1 H) 7.34 - 7.44 (m, 3 H) 7.46 -
7.53 (m, 2H) 7.69 (s, 1 H) 7.86 (br d,
J=7.67 Hz, 1 H) 7.99 (br s, 1 H) 8.42
(brs, 1 H) 9.46 (s, 1 H) 11.95 (brs, 1

A17B1 H)
UPLC-MS: tz= 0.87 min, MS (ESI):
m/z 429.0 [M+H]*
UPLC Purity=95%
Yield 19%
N // *
\
0 IH-NMR (400 MHz, DMSO-d6) &
ppm 13.19 (s, 1 H), 11.90 - 12.05 (s,
1 H), 8.23 - 8.62 (m, 3 H), 8.07 (s, 1
H), 7.59 - 7.67 (m, 1 H), 7.49 - 7.56
N—NH (m, 2 H), 7.36 - 7.46 (m, 4 H), 3.29 (s,
A17B> é@ 3 H)
* UPLC-MS: tg= 0.82 min, MS (ESI):
m/z 452.8 [M+H]*
UPLC Purity= 96%
Yield 12%
1H-NMR (400 MHz, DMSO-d6) §
ppm 1.83 - 2.01 (m, 2 H) 2.91 - 3.06
(m, 5 H) 3.75 (br d, J=11.40 Hz, 2 H)
O:S/,O 4.28 - 4.50 (m, 1 H) 6.81 - 6.99 (m, 1
H) 7.29 (t,J)=7.89 Hz, 1 H) 7.82 - 8.06
A1sB1 (m, 3 H) 8.26 - 8.43 (m, 1 H) 9.48 -

9.60 (m, 1 H) 11.56 (brs, 1 H)

UPLC-MS: tg= 0.7 min, MS (ESI): m/z
433.0 [M+H]*

UPLC Purity=90%
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Yield 10%

IH-NMR (400 MHz, DMSO-d6) &
ppm 1.92 (brd, J=11.40 Hz, 2 H) 2.55
-2.67 (m, 2 H) 2.56 - 2.65 (m, 1 H)
292 - 3.02 (m, 5 H) 3.75 (br d,
J=11.40 Hz, 2 H)4.37 - 4.51 (m, 1 H)
6.85 - 6.93 (m, 1 H) 7.29 (t, J=7.89
Hz, 1 H) 7.85 - 8.00 (m, 3 H) 8.32 (br

%
Ai1sB>
é@ s, 1H)9.53 (s, 1 H) 11.56 (brs, 1 H)
sk
UPLC-MS: tz= 0.67min, MS (ESI):
m/z 457.0 [M+H]*
UPLC Purity=91%
Yield 11%
1H-NMR (400 MHz,DMSO-d6) § ppm
1.61-1.75 (m, 2 H) 1.90 - 2.09 (m, 4
H) 2.15 - 2.30 (m, 2 H) 4.83 (quin,
J=8.28 Hz, 1 H) 6.84 - 6.91 (m, 1 H)
7.28 (t,J=7.89 Hz, 1 H) 7.87 (s, 1 H)
7.91 (brs, 1 H) 7.96 - 8.05 (m, 1 H)
AsBs /@\ 21335 (brs, 1 H) 9.53 (s, 1 H) 11.49 (s,
x OH
UPLC-MS: tg= 0.90 min, MS (ESI):
m/z 340 [M-H]*
UPLC Purity=95%
Q Yield 17%
. 1H-NMR (400 MHz, DMSO-d6) §
ppm 1.66 - 1.78 (m, 2 H) 1.94 - 2.10
(m, 4 H) 2.26 2.39 (m, 2 H) 4.89
(quin, J=8.39 Hz, 1 H) 7.44 - 7.51 (m,
1 H) 7.67 (d,J=8.11 Hz, 1 H) 7.91 -
N—NH 8.00 (m, 1 H) 8.26 (brs, 1 H) 8.38 (d,
AsB, J=7.23 Hz, 1 H) 8.81 (s, 1 H) 11.55 (br
s, 1H) 13.23 (s, 1 H)
%
UPLC-MS: tg= 0.87 min, MS (ESI):
m/z 364.1 [M+H]*
UPLC Purity=95%
Yield 11%
o 1H-NMR (600 MHz, DMSO-d6) &
AsBs Q—\ /@\ ppm 11.43 - 11.63 (m, 1 H), 9.20 -
* OH

9.53 (m, 1 H), 8.24 - 8.40 (m, 1 H),




A20B2

7.98 - 8.05 (m, 1 H), 7.82 - 7.95 (m, 2
H), 7.24 - 7.34 (m, 1 H), 6.68 - 6.90
(m, 1 H), 3.88 - 3.94 (m, 2 H), 3.78 -
3.85 (m, 1 H), 3.68 - 3.73 (m, 1 H),
3.58-3.66 (m, 2 H), 2.69-2.92 (m, 1
H), 1.89 - 2.02 (m, 1 H), 1.63 - 1.78
(m, 1 H)

UPLC-MS: tg= 2.06 min, MS (ESI):
m/z 356.0 [M+H]*

Method 2
UPLC Purity=93%
Yield 68%

1H-NMR (400 MHz, DMSO-d6) &
ppm 1.71 - 1.82 (m, 1 H) 1.94 - 2.05
(m, 1 H) 2.81 - 2.92 (m, 1 H) 3.59 -
3.75 (m, 3 H) 3.80 - 3.88 (m, 1 H)
3.95-4.03 (m,2 H) 7.49 (t, J=7.78 Hz,
1 H) 7.68 (d, J=8.11 Hz, 1 H) 7.98 (br
s, 1H)8.33 (brs, 1H)8.47 (d, J=7.45
Hz, 1H) 8.89 (s, 1 H) 11.62 (brs, 1 H)
13.24 (s, 1 H)

UPLC-MS: tg= 0.66 min, MS (ESI):
m/z 380.1 [M+H]*

UPLC Purity=90%
Yield 30%

A21B1

1H-NMR (400 MHz, DMSO-d6) §
ppm 1.69 - 2.01 (m, 5 H) 3.57 - 3.69
(m, 1 H)3.77 - 3.88 (m, 2 H) 3.92 -
4.04 (m, 1 H) 4.34 (quin, J=6.30 Hz, 1
H) 6.87 (dd, J=8.00, 2.08 Hz, 1 H)
7.28 (t, J=7.89 Hz, 1 H) 7.88 - 7.96
(m, 2 H) 8.01 (d, J=7.89 Hz, 1 H) 8.32
(brs, 1 H) 11.5 (brs, 1 H) 11.5 (br s,
1 H)

UPLC-MS: tz= 0.69 min, MS (ESI):
m/z 356.0 [M+H]*

UPLC Purity=95%
Yield 47%
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A21B2

1H-NMR (400 MHz, DMSO-d6) &
ppm 1.70 - 2.03 (m, 4 H) 3.55 - 3.65
(m, 1 H)3.73-3.84 (m, 1 H) 3.88 -
3.97 (m, 1 H) 3.99 - 4.08 (m, 1 H)
4.34 (dt,J=12.44, 6.17 Hz, 1 H) 7.45
(t, J=7.78 Hz, 1 H) 7.65 (d, J=8.33 Hz,
1H) 795 (brs, 1H)8.31(brs,1H)
8.43 (d, J=7.23 Hz, 1 H) 8.89 (s, 1 H)
11.58 (br's, 1H) 13.19 (s, 1 H)

UPLC-MS: tz= 0.69 min, MS (ESI):
m/z 380.1 [M+H]*

UPLC Purity=95%
Yield 50%

A2:B1

@)

—
)

A2,B2

1H-NMR (400 MHz, DMSO-d6) &
ppm 1.91 - 2.04 (m, 1 H) 2.21 - 2.35
(m, 1 H) 2.87 - 3.13 (m, 3 H) 3.15 -
3.27 (m, 1 H) 3.35 (br dd, J=12.61,
6.91 Hz, 1 H)4.04 (d, J=6.36 Hz, 2 H)
6.88 (dd, J=8.00, 2.08 Hz, 1 H) 7.28
(t, J=7.89 Hz, 1 H) 7.91 (s, 2 H) 8.02
(d, J=7.89 Hz, 1 H) 8.32 (br s, 1 H)
9.51 (s, 1 H) 11.57 (brs, 1 H)

UPLC-MS: tg= 0.6 min, MS (ESI): m/z
404.2 [M+H]*

UPLC Purity= 96%
Yield 67%

(0]

\

1H-NMR (400 MHz, DMSO-d6) §
ppm 1.95-2.09 (m, 1 H) 2.23 - 2.37
(m, 1 H) 2.94 - 3.12 (m, 4 H) 3.18 -
3.26 (m, 1 H) 4.14 (br d, J=6.14 Hz, 2
H) 7.44 -7.53 (m, 1 H) 7.68 (d, J=8.33
Hz, 1 H) 7.94 - 8.03 (m, 1 H) 8.28 -
8.35(m, 1 H) 8.48 (d, J=7.45 Hz, 1 H)
8.92 (s, 1 H) 11.53 - 11.75 (m, 1 H)
13.24 (s, 1 H)

UPLC-MS: tg= 0.60 min, MS (ESI):
m/z 428.1 [M+H]*

UPLC Purity=87%
Yield 60%




1H NMR (400 MHz, DMSO-d6) 5 ppm
1.65-1.80 (m, 1 H) 1.95-2.13 (m, 1
H) 1.95 - 2.15 (m, 2 H) 2.63 - 2.83 (m,
2 H) 3.76 (brt, J=11.95 Hz, 1 H) 3.93
-4.20 (m, 2 H) 4.39 - 4.63 (m, 3 H)
7.49 (t, J=7.78 Hz, 1 H) 7.69 (d,
J=8.11 Hz, 1 H) 8.00 (br d, J=4.17 Hz,

(s, 1 H) 7.93 (d, J=8.82 Hz, 2 H) 7.92

—F N~NH 1 H) 8.28 (br d, J=7.02 Hz, 1 H) 8.43
A2B; NF (t, J=6.36Hz, 1 H) 8.83 (br d, J=4.60
. Hz, 1 H) 11.67 (br d, J=7.67 Hz, 1 H)
% 13.27 (brs, 1 H)
UPLC-MS: tz= 0.84 min, MS (ESI):
m/z 475.0 [M+H]*
UPLC Purity=96%
Yield 39%
1H-NMR (400 MHz, DMSO-d6) &
ppm 11.51 (s, 1 H), 9.49 (s, 1 H), 8.31
(br.’s., 1 H), 7.99 (d, J=7.9 Hz, 1 H),
7.89 (d, J=1.8 Hz, 2 H), 7.21-7.32 (m,
2 H), 6.80 - 6.92 (m, 3 H), 4.16 (t,
AyBy /@\ J=7.0 Hz, 2 H), 3.39 (t, J=7.0 Hz, 2 H)
* OH UPLC-MS: tz= 0.87 min, MS (ESI):
m/z 382.0 [M+H]*
UPLC Purity=94%
_ Yield 28%
Aoy s/ IH-NMR (400 MHz, DMSO-d6) &
ppm 13.22 (m, 1 H), 11.60 (s, 1 H),
. 8.87 (s, 1 H), 8.43 - 8.48 (m, 1 H),
8.32 (bs, 1 H), 7.98 (bs, 1 H), 7.64 -
7.72 (m, 1 H), 7.44 - 7.51 (m, 1 H),
L\I‘NH 7.26-7.32(m, 1 H), 6.85-6.96 (m, 2
H), 4.25 (t, J=7.2 Hz, 2 H), 3.43 (t,
J=7.2 Hz, 2 H)
%
UPLC-MS: tz= 0.84 min, MS (ESI):
m/z 406.3 [M+H]*
UPLC Purity=91%
Yield 15%
1H-NMR (600 MHz, DMSO-d6) &
ppm 11.49 (s, 1 H) 9.49 (s, 1 H) 8.31
A25B1
* OH

(s, 1 H) 7.86 - 7.91 (m, 1 H) 7.53 (d,
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Cl Cl

J=2.05 Hz, 1 H) 7.44 (d, }=8.21 Hz, 1
H) 7.27 (t, J=7.89 Hz, 1 H) 7.14 (dd,
J=8.21, 2.05 Hz, 1 H) 6.88 (ddd,
J=7.98, 2.53, 0.90 Hz, 1 H) 4.17 (t,
J=6.73 Hz, 2 H) 3.14 (t, J=6.73 Hz, 2
H)

13C NMR (151 MHz, DMSO-d6) &
ppm 166.04 (s, 1 C) 157.95 (s, 1 C)
155.11 (s, 1 C) 154.03 (s, 1 C) 153.30
(s, 1 C) 140.05 (s, 1 C) 138.71 (s, 1 C)
132.80 (s, 1 C) 131.35 (s, 1 C) 131.28
(s,1C)130.82 (s, 1 C) 129.74 (s, 1 C)
129.70 (s, 1 C) 129.55 (s, 1 C) 119.85
(s,1C)119.18 (s, 1 C) 117.54 (s, 1 C)
114.92 (s, 1 C) 40.77 (s, 1 C) 32.85 (s,
1C)

UPLC-MS: tz= 1.04 min, MS (ESI):
m/z 445.9 [M+H]*

UPLC Purity=95%
Yield 23%

HRMS analysis: exp. 444.0623
[M+H]*, calc. 444.0625

1H-NMR (400 MHz, DMSO-d6) &
ppm 3.18 (t, J=6.69 Hz, 2 H) 4.26 (t,
J=6.80 Hz, 2 H) 7.15 (dd, J=8.22, 1.86
Hz, 1 H) 7.42 (d, J=8.33 Hz, 1 H) 7.48
(t,J=7.78 Hz, 1 H) 7.56 (d, J=1.75 Hz,
1 H) 7.68 (d, J=8.33 Hz, 1 H) 7.98 (br

(d, J=3.29 Hz, 1 H) 7.29 (t, J=8.00 Hz,

N—NH
/ s, 1H)8.30 (brs, 1 H)8.39 (d, J=7.45
A2sB2 Hz, 1 H) 8.85 (s, 1 H) 11.38 - 11.71
. (m, 1H) 13.22 (s, 1 H)
UPLC-MS: tg= 0.99 min, MS (ESI):
m/z 467.8 [M+H]*
UPLC Purity= 96%
Yield 60%
IH-NMR (400 MHz, DMSO-d6) &
ppm 5.25 (s, 2 H) 6.89 (dd, J=7.89,
S 2.41Hz, 1H)6.94-7.02 (m, 1 H)7.22
Az6B1 E/)—\
x OH

1 H)7.45 (d, J=5.04 Hz, 1 H) 7.88 -
8.00 (m, 2 H) 8.05 (d, J=7.89 Hz, 1 H)
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A26B2

8.33 (s, 1 H) 9.50 (br s, 1 H) 11.53 -
11.70 (m, 1 H)

UPLC-MS: tz= 0.82 min, MS (ESI):
m/z 368.0 [M+H]*

UPLC Purity= 85%
Yield 45%

H-NMR (400 MHz, DMSO-d6) &
ppm 5.36 (s, 2 H) 6.99 (dd, J=5.04,
3.51 Hz, 1 H) 7.22 (d, J=2.63 Hz, 1 H)
7.44 (dd, J=5.15, 1.21 Hz, 1 H) 7.49
(t, J=7.78Hz, 1 H) 7.69 (d, J=8.33 Hz,
1 H) 7.99 (brs, 1 H) 8.35 (br s, 1 H)
8.50 (d, J=7.23 Hz, 1 H) 8.90 - 8.98
(m, 1H)8.93 (s, 1H) 11.71 (brs, 1 H)
13.23 (s, 1 H)

UPLC-MS: tz= 0.76 min, MS (ESI):
m/z 391.4 [M+H]*

UPLC Purity= 96%
Yield 10%

A27B1

A27B2

1H NMR (400 MHz, DMSO-d6) & ppm
5.08 (s, 2 H) 6.80 - 6.94 (m, 2 H) 7.18
(br t, J=8.88 Hz, 2 H) 7.14 - 7.21 (m,
1 H) 7.28 (t, J=7.89 Hz, 1 H) 7.43 -
7.52 (m, 2 H) 7.91 (br d, J=8.11 Hz, 2
H)7.97 -8.04 (m, 1 H) 8.28 - 8.36 (m,
1H)9.50 (s, 1 H) 11.56 - 11.70 (m, 1
H)

UPLC-MS: tz= 0.90 min, MS (ESI):
m/z 380.0 [M+H]*

UPLC Purity= 85%

Yield 34%

IH-NMR (400 MHz, DMSO-d6) &
ppm 13.20 (s, 1 H), 11.71 (s, 1 H),
8.74 (s, 1 H), 8.42 - 8.49 (m, 1 H),
8.33(s,1H),7.98 (s, 1 H), 7.61-7.72
(m, 1 H), 7.42 - 7.54 (m, 2 H), 7.10 -
7.20 (m, 3 H), 5.19 (s, 2 H)

UPLC-MS: tg= 0.87 min, MS (ESI):
m/z 404.2 [M+H]*
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UPLC Purity=95%
Yield 77%

A2s5B1o

A2sB11

A2sB12

Cl

Cl

HN\

IH-NMR (400 MHz, DMSO-d6) &
ppm 11.48 (s, 1 H), 11.28 (s, 1 H),
8.21 - 8.30 (m, 1 H), 8.16 (bs, 1 H),
7.98 (bs, 1 H), 7.58 (d, J=2.2 Hz, 1 H),
7.51-7.56(m, 1H),7.44-7.50 (m, 2
H), 7.31 - 7.38 (m, 1 H), 7.19 - 7.24
(m, 1H),7.11-7.19 (m, 1 H), 4.17 -
4.26 (m, 2 H), 3.18 (s, 2 H)

UPLC-MS: tg= 1.12 min, MS (ESI):
m/z 466.6 [M+H]*

UPLC Purity=98%
Yield 50%

IH-NMR (400 MHz, DMSO-d6) &
ppm 11.51 (s, 1 H), 9.26 (s, 1 H), 8.00
and 7.91 (2 bs, 2 H, 1 H each), 7.41 -
7.56 (m, 2 H), 7.24 - 7.31 (m, 1 H),
7.00-7.17 (m, 2 H), 6.66 - 6.81 (m, 1
H), 3.94 - 4.28 (t, J=1.0 Hz, 2 H), 3.11
(t,3.11 (t, J=1.0 Hz, 2 H), 2.37 (s, 3 H)

UPLC-MS: tg= 1.08 min, MS (ESI):
m/z 457.5 [M+H]*

UPLC Purity= 98%
Yield 46%

HRMS analysis: exp. 458.0782
[M+H]*, calc. 458.0781

14-NMR (400 MHz, DMSO-d6)
3 ppm 11.34 - 11.59 (bs, 1 H), 8.27 -
8.49 (m, 3 H), 7.85 - 8.00 (m, 1 H),
7.50-7.59 (m, 1 H), 7.35 - 7.45 (m, 3
H), 7.07 - 7.22 (m, 1 H), 4.06 - 4.31
(m, 2 H), 3.45 - 3.66 (m, 2 H), 2.95 -
3.18 (m, 2 H), 2.21 (s, 6 H)

UPLC-MS: tz= 0.66, MS (ESI): m/z
484.7 [M+H]*

UPLC Purity=97%
Yield 41%
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As4B1
*
7
(0]
AssB1
7\
Ny
AN
AseB1

HO/©\*

IH-NMR (400 MHz, DMSO-d6) &
ppm 11.44 (s, 1 H),9.45 (s, 1 H), 8.26
(brs,1H),7.93 (brd, J=7.89 Hz, 1 H),
7.71 - 7.89 (m, 2 H), 7.24 (t, J=7.89
Hz, 1 H), 7.01 - 7.16 (m, 4 H), 6.84
(dd, J=7.89, 1.97 Hz, 1 H), 4.09 (br t,
J=7.23 Hz, 2 H), 3.04 (br t, J=7.23 Hz,
2 H), 2.67 - 2.78 (m, 1 H), 1.05 (d,
J=6.80 Hz, 6 H)

UPLC-MS: tg= 1.1 min, MS (ESI): m/z
418.0 [M+H]*

UPLC Purity=95%
Yield 27.5%

1H-NMR (400 MHz, DMSO-d6) &
ppm 3.04 (br t, J=7.02 Hz, 2 H) 4.10
(br t, J=6.91 Hz, 2 H) 5.85 - 5.89 (m,
2 H) 5.94 - 6.00 (m, 1 H) 6.56 (d,
J=7.89 Hz, 1H) 6.71 (d, J=7.89 Hz, 1
H) 6.83-6.93 (m, 2 H) 7.20 - 7.34 (m,
1 H) 7.82 - 7.93 (m, 2 H) 7.97 (br d,
J=7.89 Hz, 1 H) 8.26 - 8.38 (m, 1 H)
9.44 -9.58 (m, 1 H)11.47 (brs, 1 H)

UPLC-MS: tg= 0.87 min, MS (ESI):
m/z 419.8 [M+H]*

UPLC Purity= 90%
Yield 21%

H-NMR (400 MHz, DMSO-d6) &
ppm 11.41 (s, 1 H) 9.44 (s, 1 H) 8.28
(s, 1 H) 7.96 (d, J=7.67 Hz, 1 H) 7.85
-7.92 (m, 2 H) 7.28 - 7.38 (m, 4 H)
7.21-7.28 (m, 2 H) 6.85 (dd, J=8.00,
2.30 Hz, 1H) 3.06-3.12 (m, 1 H) 2.62
(ddd, J=9.76, 6.69, 3.29 Hz, 1 H) 1.79
-1.88 (m, 1 H) 1.63 (g, J=6.72 Hz, 1
H)

UPLC-MS: tz= 0.96 min, MS (ESI):
m/z 387.8 [M+H]*

UPLC Purity= 96%
Yield 85%
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5.3.1 Synthesis of 9-(1-benzylpyrrolidin-3-yl)-2-(3-hydroxyphenyl)-8-oxo-8,9-
dihydro-7H-purine-6-carboxamide (As2B1)

N
BeWhy

N~
H

07 "NH,

3-hydroxybenzaldehyde (30 mg, 0.246 mmol) was dissolved in MeOH (Volume: 5 ml) and then
intermediate As2 (100mg, 0.322 mmol) and triethylamine (17uL, 0.120 mmol) were added and then
the solution was stirred for 2 hr, UPLC analysis revealed the presence of the dihydropurine moiety
as impurity so a little amount of |, was added. Solvent was evaporated under vacuum. Crude was
purified by flash chromatography (Biotage Isolera System), SNAP C18, 60 gr, gradient elution from
100:0 to 40:60 A/B in 15 CV, A: water/acetonitrile 95:5 + 0.1% conc HCOOH, B: acetonitrile/water
95:5 + 0.1% conc HCOOH. Purification yielded in 12 mg of As2B1 (23.26 % yield) as formate salt

1H-NMR= (400 MHz, DMSO-d6) & ppm 11.54 (brs, 1 H), 9.51 (s, 1 H), 8.31 (brs, 1 H), 7.99 (d, J=7.89
Hz, 1 H), 7.92 (brs, 2 H), 7.22 - 7.49 (m, 6 H), 6.90 (dd, J=7.78, 1.86 Hz, 1 H), 5.05 (br s, 1 H), 3.49 -
3.99 (m, 2 H), 2.10 - 3.11 (bs, 4 H)

UPLC-MS: tg= 0.5 min, MS (ESI): m/z: 431.3 [M+H]*
UPLC Purity: 93%

HRMS analysis: exp. 431.1828 [M+H]*, calc. 431.1826
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5.3.2 Synthesis of 9-(1-(3,4-dichlorophenyl)propan-2-yl)-2-(3-hydroxyphenyl)-8-
0x0-8,9-dihydro-7H-purine-6-carboxamide (As3B1)

Cl
Cl
NN
HO ~
H
(0] NH,

Intermediate Asz (23 mg, 0.068 mmol) was dissolved in MeOH (Volume: 3 ml) then 3-
hydroxybenzaldehyde (17.03 mg, 0.139 mmol) and triethylamine (9.45 pl, 0.068 mmol) were added
to the solution. After 24 hr, the solvent was evaporated under vacuum. Purification by flash
chromatography, Biotage Isolera, SNAP (si) HP 10 g, eluting system DCM/MeOH. Compound eluted
with 30% of MeOH. Appropriate fractions were combined and evaporated under vacuum to give 4.7

mg of As3B1 (15% yield).

1H NMR (400 MHz, DMSO-d6) 6 ppm 1.64 (d, J=6.80 Hz, 3 H) 3.21 (dd, J=13.81, 5.04 Hz, 1 H) 3.48 -
3.58 (m, 1 H) 4.76 - 4.86 (m, 1H) 6.88 (dd, J=7.89, 1.75 Hz, 1 H) 6.99 (dd, J=8.22, 1.86 Hz, 1 H) 7.30
(t, J=7.89 Hz, 1 H) 7.36 - 7.46 (m, 2 H) 7.89 (br s, 1 H) 7.92 (s, 1 H) 8.00 (br d,J=7.89 Hz, 1 H) 8.32 (br
s, 1H)9.51 (s, 1 H) 11.42 (brs, 1 H)

UPLC-MS (Method 2): tzg= 1.10 min, m/z 458.0 [M+H]*

UPLC Purity=99%

HRMS analysis: exp. 458.0782 [M+H]*, calc. 458.0781
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6. Biological Assays

6.1 PI3KS, -y, -B, -a ADP-Glo Assay

Human recombinant proteins PI3Ka, PI3K[, PI3Ky and PI3Ko were purchased from Millipore Ltd
(Billerica, MA). Compounds were dissolved at 0.5mM in DMSO and were tested at different
concentrations for their activity against PBKs using the ADP-Glo™ Kinase Assay (Promega, Madison
WI) according to the manufacturer’s 15 instructions. Briefly, the kinase reactions were performed
in 384-well white plates (Greiner Bio-One GmbH, Frickenhausen). Each well was loaded with 0.1 pl
of test compounds and 2.5 pl of 2x reaction buffer (40 mM Tris pH7.5, 0.5 mM EGTA, 0.5 mM NazV0s,
5 mM B-glycerophosphate, 0.1 mg/ml BSA, | mM DTT), containing 50 uM Pl and PS 20 substrates (L-
a-phosphatidylinositol sodium salt and L-a-phosphatidyl-L-serine, Sigma-Aldrich, St. Louis MO) and
the PBK recombinant proteins (PI3Ky 0.25 ng/ul, PI3K& | ng/ul, PBKa 0.125 ng/ul, PI3KB | ng/ul). The
reactions were started by adding 2.5 pl of 2x ATP solution to each well (final concentrations: PKy
ATP 30 uM; PI3K6 ATP 80uM; PBKow ATP 50 uM; PBKB ATP 25 100 uM) and incubated for 60 min at
room temperature. Subsequently, each kinase reaction was incubated for 40 min with 5 ul ADP-
Glo™ Reagent, allowing depletion of unconsumed ATP. Then, the Kinase Detection Reagent (10ul)
was added in each well to convert ADP to ATP and to allow the newly synthesized ATP to be
measured using a luciferase/luciferin reaction. Following 60 min incubation, the luminescence signal
was measured using a Wallac EnVision® multilabel reader (PerkinEImer, Waltham MA). Curve fitting
and ICsp calculation were carried out using a four-parameter logistic model in XLfit (IDBS, Guilford,

UK) for Microsoft Excel (Microsoft, Redmont, WA).

6.2 THP-1 Cellular Assay

The inhibitory activity of compounds on PI3Kinase in living cells was determined by evaluating the
inhibition of the PI3K&-AKT pathway endogenously expressed on THP-1 cells. THP-1 cell suspension
from T75 flask (0.4-1.0 x 106/mL) was centrifuged and the cell pellet re-suspended in starvation
medium at 1.5 x 106 cells/mL. Cell plate was prepared by dispensing 3 x 105 cells/well and incubated
for 24 hours at 37°C before the assay. Test compounds were serially diluted 1:3 in DMSO and then
further diluted 1:100 in compound medium. Starved THP-1 cells were pre-incubated at 37°C for 60
minutes with test compound solutions or vehicle. Cells are then stimulated for 10 minutes by

Macrophage Colony-Stimulating Factor (M-CSF) 2.5 ng/mL or stimulus medium (control of basal
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PAKT levels). Cells were then lysed and the amount of phosphorylated AKT measured by using a
Cisbio p-Ser473 AKT HTRF assay kit. Stimulation was ended by the addition of supplemented lysis
buffer. Cell plate was shaken for 30 minutes at room temperature to complete cell lysis, followed
by the addition of HTRF conjugates and incubated for further 4 hours at room temperature.
Conjugates react with pAKT causing an increase in HTRF signal that is measured with the Envision
plate reader with a HRTF reading protocol. Ratio data were fitted using a logistical four-parameter

equation to determine IC50. IPI-145 compound was used as pharmacological standard.

6.3 Solubility Measurements

The standard solution was prepared by dispensing 10uL from 10mM compound stock solution in
DMSO in a well in duplicate. Then 190 pL of DMSO were added in each well and mixed with shaking
at room temperature for 10 minutes. Final concentration was 500puM.

The sample solution was prepared by dispensing 10uL of a 10 mM compound stock solution in a
well in duplicate and adding 190 pL of PBS buffer at pH=7.4 in each well. Wells were mixed with
shaking at room temperature for 90 minutes, then solutions were filtered. 150 pL of filtrate were
transferred in a vial.

The measurement of concentration was achieved by comparison of UV absorbance of the sample
solution and that of the known standard solution following an HPLC separation.

The solubility of each sample was expressed by the ratio of amount of compound in the sample test

solution to the amount of compound in the standard solution as expressed in the equation below.

Solubility of sample= Peak area of sample

Conc.of Standard
Peak area of standard 8 :

6.4 Caco-2 Cell Permeability Assay

Experimental setting

Passive cellular permeability (Papp) was determined by using Caco-2 cell line in a 96-well format.

Caco-2 cells are a human colon epithelial cancer cell line used as a model of human intestinal
absorption of drugs and other compounds. Caco-2 cells express transporter proteins, efflux
proteins, and Phase Il conjugation enzymes to model a variety of transcellular pathways as well as

metabolic transformation of test substances.
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Test item transport is measured in two directions (apical-to-basolateral [A->B] and basolateral-to-
apical [B-=>A]) in HBSS (Hank's Balanced Salt Solution) transport buffer at pH 7.4 (n= 3). This assay
was also run in presence of a P-gp inhibitor to investigate any potential interaction of the testing
compound with P-gp. Test items were investigated at a single concentration (i.e. 3 uM) at one

timepoint (i.e. 60 minutes).

A P-gp substrate, a low - moderate permeable compound and a high permeable compound were
included at a single concentration (3 uM) as reference compounds. All the reference compounds

were tested in two directions, apical-to-basolateral [A->B]) and basolateral-to-apical [B—>A]).

Samples were analyzed in an LC-MS/MS system to measure test items and reference compounds
concentration levels, with compound concentration expressed as area ratio determined by dividing
the analyte peak area to the internal standard peak area. To evaluate the integrity of the
monolayers, the transepithelial electrical resistance (TEER) was measured before and after the

experiment.

Cell colture were cultured for 21- 28 days at 37°C. During the Caco-2 cell assays, the compounds to
be evaluated were either the apical [A—>B] or the basolateral [B->A] side of each cell monolayer to

simulate the influx or efflux of compounds across the epitelium.

At various time points (60, 90 or 120 min), the concentration of the test compounds in the receiving

chambers were assayed and determined by LC/MS analysis.

Data Handling and Analysis

The apparent permeability (Papp) will be determined: in [A—>B] and [B—>A] directions.

In particular, the following parameters will be calculated.
1. Papp (apparent permeability)

Papp values were calculated for direction [A=>B] and [B=>A], according to the following equation:

Where:
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dQ/dt is the permeability rate (dQ/dt is amount of test/control items within the incubation period);
amount of test/control items will be expressed as area ratio meaning analyte peak area divided by
internal standard peak area ratio; Co is the initial concentration of test/control items (internal
standard peak area ratios) in the donor compartment; A is the surface area of the filter, which
corresponds to the surface area of the cell monolayer.

The Papp value has the dimension of a rate (nm/sec) and were reported as average Papp (nm/sec)
+ standard deviation from three monolayers for [A—>B] and for [B—>A] directions, where applicable.
Permeability classification of compounds was made based on the comparison between its Papp

values and those from reference permeability controls.

2. Monolayer efflux ratios (ER) in Caco-2 cells was derived using mean Papp [A->B] and [B—>A]

direction according to the following equation:

PappBA)

Efflux Ratio = (W

3. Mass balance (MB) was calculated from this equation:
(MD + MR)/ MO
Where

MD = amount of test/control items in donor chamber at time = 60, 90 or 120 min

MR = amount of test/control items in receiver chamber at time = 60, 90 or 120 min

MO = amount of test/control items in donor at time zero

Mass Balance will be reported as average MB + standard deviation from three monolayers.

To evaluate the cell integrity the percentage of LY rejection was calculated following the equation:
% LY rejection = 100 x [1-RFUbasolateral/RFUapical]

Where RFU values are subtracted by the background mean values. Wells are considered fully
acceptable if the % LY rejection is >98%, acceptable with caution for values included between 98%

and 95% and not acceptable for values <95%.
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6.5 Determination of the hPI3K& Crystal Structure.

The X ray structure was obtained at Proteros Biostructures GmbH.

The purified protein was used in crystallisation trials employing both, a standard screen with
approximately 1200 different conditions, as well as crystallisation conditions identified using
literature data. Conditions initially obtained have been optimised using standard strategies,
systematically varying parameters critically influencing crystallisation, such as temperature, protein
concentration, drop ratio, and others. These conditions were also refined by systematically varying
pH or precipitant concentrations. Finally, crystallisation was obtained by Hanging Drop.

The X-ray diffraction data have been collected from complex crystals of human PI3Kd with the ligand
A5B; at the SWISS LIGHT SOURCE (SLS, Villigen, Switzerland) using cryogenic conditions. Data were

processed using programs XDS and XSCALE.
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Part Il: Exploring Macrocycles as New Rho-associated protein
kinase (ROCK) Inhibitors
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1. Introduction

1.1 Rho-Associated Protein Kinases (ROCK)

ROCKS are Serine-Threonine kinases belonging to the AGC (cAMP-dependent protein kinase/protein
kinase G/ protein kinase C) family®. They are most homologous to myotonic dystrophy kinase
(DMPK), DMPK-related cell division control protein 42 (Cdc42)-binding kinases (MRCK) and citron
kinase. ROCKs were first discovered as effectors of Rho, a small GTP binding protein implicated in
several aspects of cell behavior, such as cell motility, cell proliferation and apoptosis®’.

Two different isoforms of ROCK were identified so far: ROCK |, also known as ROCK[3 or p160ROCK,
and ROCK Il which is also called ROCKa or Rho Kinase®8. ROCK isoforms are ubiquitously expressed
in human tissues with a higher expression of ROCK Il in the brain8 compared to ROCK I.

ROCK | and ROCK Il are protein kinases of ~160 kDa and they exhibit 65% overall identity in their
amino-acid sequence and a 92% identity in their kinase domains®7:28,

The kinase domain in ROCK is located in the amino-terminus, followed by a potential coiled-coil
forming region and by other functional motifs at the carboxyl terminus. These motifs include the
Rho binding domain (RDB) and a pleckstrin homology (PH) domain that contains a cysteine-rich
region/domain (CRD)?. The sequence of the Rho-binding domain in ROCK I (residues 934-1015) is

highly homologous in ROCK Il (Figure 32).

1 76 338 934 1015 1103 1320 1354
ROCK | —___ Kinase IRBD—— PH [CRO| |—
1 92 354 1145 1352 1388

ROCK Il —___Kinase RBD— PH [CRD] |-

|
' :
Coiled-cail region

Figure 32: The Structure of ROCK | and ROCK 11.88

In the ROCK inactive form, the PH and the RBD domains can both bind to the amino-terminal kinase
region creating an autoinhibitory loop that impairs the kinase activity. Rho in its activated form (GTP-
bound Rho) interacting with the Rho binding domain is able to disrupt this negative regulatory
interaction leading to an active, “open” kinase domain®. The open conformation can also be

obtained by the cleavage of the carboxyl-terminal domain in ROCK | by caspase-3 while in ROCK Il
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by granzyme B °°. ROCK activation can also be mediated by some lipids, particularly by arachidonic
acid®®!, The lipids seem to bind to the regulatory C-terminus of ROCK, disrupt the autoinhibitory

interaction and thus lead to kinase activation®?.
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Figure 33: Different mechanisms of regulation of the ROCK function.®*
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1.2 ROCKs as Mediator of Vasoconstriction

Activation of Rho GTPases (RhoA, RhoB and RhoC) is mediated by guanidine exchange factors (GEFs)
that catalyze exchange of GDP for GTP. GEFs are, in turn, activated in response to various
environmental cues acting through G-protein coupled receptors (GPCR). Rho in its active form (GTP-
bound) can stimulate ROCK | and ROCK 11882123, ROCKs can in turn phosphorylate various substrates
that are implicated in regulating actin-filament assembly and dynamics, organization of the

cytoskeleton and cell contractility °2 (Figure 34).
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Figure 34: Downstream effectors of ROCKs.88

RhoA/ROCK signalling plays an important part in the regulation of smooth muscle cells contraction.
The smooth muscle cells state is mainly determined by the phosphorylation (contraction) and
dephosporylation of MLC (relaxation). The increase of cytosolic Ca?* concentration which is caused
by the activation of plasma membrane Ca?* channels and/or Ca®' release from sarcoplasmic
reticulum (SR) results in the activation of MLCK. MLCK mediates the phosphorylation of MLC and
thereby causes the contraction®*. This pathway is defined as Ca?*dependent. On the other hand,
MLC can also be dephosphorylated Ca?* independently by MLCP.88°2 (Figure 35). MLCP has a myosin
binding unit that can be phosphorylated by ROCKs. The ROCKs-mediated phosphorylation of MLCP

inhibits the enzyme allowing the light chain of myosin to remain phosphorylated, thereby promoting
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contraction in a Ca®*-independent way and promoting Ca?* sensitization. Additionally, ROCK can
directly phosphorylate MLC promoting in this fashion cell contraction. %
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Figure 35: ROCKs in Smooth Muscles Cells (SMC) Contraction®2.

Ca?* sensitization has been determined in various smooth muscles cells including airway ones and
vascular smooth muscles cells (VSMC)®>. Moreover, in endothelial cells (EC), Rho-Kinase pathway
activation has been linked to the reduction of eNOS production, a key cellular factor in mediating

vasodilatation®?.

Some studies have also reported as ROCKs may play a role in the LPA and PDGF-induced SMC
migration®® and how SMC-induced matrix contraction is markedly blocked by inhibiting ROCK

signalling®’.
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1.3 ROCKs as Drug Target for Pulmonary Arterial Hypertension (PAH)

As explained in the previous paragraph Rho/ROCK pathway regulates the vascular tone making it a
possible target for diseases in which a relaxation of smooth muscle cells is beneficial. Among those
diseases, hypertension and in particular pulmonary arterial hypertension (PAH) is for sure one of
the most relevant in terms of medical need.

PAH is a severe disease, with limited therapeutic approaches available and characterized by a 3-5
years survival from the diagnosis. PAH can be idiopathic, familial, associated with various diseases
including connective tissue disorders, AIDS, and habitual drug use®. It is defined hemodynamically
by a mean pulmonary artery pressure (mPAP) increase of > 25 mmHg®°.

The increased pressure is determined by an increased pulmonary vascular resistance (PVR) due to
progressive reduction and obliteration of small pulmonary arteries!®. High mPAP causes a
hemodynamic load on right ventricle which progresses to ventricle remodeling and failure (Figure

36), leading to a premature death of the patient°?,
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Figure 36: Schematic representation of remodelling of pulmonary arteries and Right Ventricle

Failure (RVF)1%2,

At a cellular level, the restriction of distal pulmonary arteries is caused by sustained inflammation,

endothelial cell dysfunction, smooth muscle cell proliferation, and resistance to apoptosis.
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Inflammation is characterized by activation of monocytes and increased level of circulating
inflammatory mediators such as interleukin-6, platelet-derived growth factor (PDGF), and
endothelial growth factor®®. The sustained inflammation is associated with endothelial cell
dysfunction which in turn leads to a persistent vasoconstriction. PAH patients show increased levels
of endothelin-1 growth factor and decreased levels of vasodilators and antiproliferative agents,
including prostacyclin and NO%. Most importantly, blood vessels in PAH patients show an aberrant

vascular remodeling which results in hypertrophy and hyperplasia leading to luminal obstruction°,

In the last ten vyears, several drugs have been approved for the treatment of PAH:
phosphodiesterase type 5 inhibitors such as sildenafil and tadalafil; prostacyclin analogues such as
epoprostenol, treprostenil and iloprost; endothelin receptor antagonists such as bosentan,
ambrisentan and macitentan; and soluble guanylyl cyclase agonists such as riociguat®,
Unfortunately, these treatments only relieve symptoms of the disease and only limited evidence for
disease reversal have been observed so far'®?, Moreover, these agents suffer from several important
shortcomings including short half-lives, invasive routes of administration, higher dose and frequency
requirements, and several dose-related systemic side effects. There is an urgent medical need in
identifying novel agents with ameliorate therapeutic efficacy and characterized by a non-invasive

route of administration and less side-effects.

A growing number of evidences has highlighted as ROCKs signalling plays an important role in the
pathogenesis of PAH%, In lung homogenates from patients with idiopathic pulmonary hypertension
(IPAH), ROCK pathway was found to be overactivated compared to healthy subjects®.
Administration of inhaled or intravenous formulations of Fasudil, a clinically approved ROCK
inhibitor, have shown favorable acute hemodynamic effects in both animals and humans©6197,
Moreover, Fasudil has been shown to lower pulmonary artery pressure, improve pulmonary
vascular remodeling and RV hypertrophy in rats with PAH induced by Monocrotaline and hypoxia,
as well as in mice with pulmonary fibrosis and PH induced by bleomycin%,

Therefore, these studies reveal as ROCK inhibitors might have numerous beneficial effects such as
potent vasodilating, anti-remodelling and anti-inflammatory effects and indirect ‘collective’
inhibition of other prohypertensive pathways!®, confirming it as promising drug target for the

treatment of PAH.
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1.4 Structural Biology of ROCK

Structural information about the Rho catalytic kinase domain have been obtained thanks to studies
on its crystal structures in complex with many inhibitors108109110 (e g Fasudil, Hydroxyfasudil, Y-
27632 and H-1152P).

These studies revealed as ROCK generally crystallizes as an N-terminal head-to head dimer (Figure
37) 1, ROCK kinases have a N-terminal and a C- terminal extensions to the kinase domain. These
two extensions are common to other kinases belonging to the AGC family and are essential for their
activity!*l. In ROCK, the N-terminal extension is able to form an intermolecular helix-bundle fold,
the capped helix-bundle (CHB) domain which brings to the formation of the homodimer, creating a

dimerization domain.

Fasudil

j <— Activation loop
C-terminal kinase domain

Figure 37: Dimeric Structure of Rho kinase in complex with Fasudil; The overall dimer structure is
shown as a ribbon diagram. One monomer is coloured in grey. Dimerization domain is drawn in red.

The C-terminal kinase domain is drawn in blue with the activation loop coloured in purple. The N-

terminal kinase domain is shown in cyan with the glycine-rich loop in yellow (PDB ID 2F2U). 112
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The kinase domain presents a bilobed structure consisting of an N-terminal domain linked to a C-
terminal domain by the hinge region. The smaller N-terminal lobe has twisted five stranded anti-
parallel B—sheets and a single a-helix while the C-terminal lobe is mainly a-helical. The ATP binding
site is formed by a cleft at the interface of these domains and it is surrounded by the hinge region,
the P-loop and the activation loop%. The ATP binding pocket has three regions: the adenine region,
the furanose region and the distal region. Above the adenine region there is a spherical shaped
region, the furanose region, which is also hydrophobic and the furanose ring of ATP can bind here.
The last region is the distal region, which accommodates the pyrophosphoric acid group of ATP112,
Interestingly, these studies revealed that phosphorylation at the activation loop or C-terminal
hydrophobic motif, which is necessary for the activation of most of other AGC kinases such as PKC
and Akt, is absent from the Rho-kinase catalytic domain in its dimerized active conformation.
Despite that, the unphosphorylated kinase is catalytically competent and this implies that the RhoA

binding is sufficient to activate the protein®.
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1.4.1 Key Interactions of ROCK Inhibitors in the ATP Binding Site

The structural analysis of ROCK | and ROCK Il in complex with their inhibitors highlights the key

interactions in ATP binding pocket which are essential to achieve enzymatic inhibition.

Generally, a prototypical ROCK inhibitor shows a hinge binder motif that occupies the same space
as the adenine six membered ring of ATP. The hinge binder mainly establishes hydrogen bonds with
two conservative residues, Met156 and Glul54 in ROCK 1'% Met 170 and Glu170 in ROCK Il
respectively!'3(Figure 38). Hinge binder motif can be structural varied encompassing heterocycles
(e.g. pyridine, F-pyridine, amino-pyridine, amino-pyrimidine, pyrazole), bicyclic heteroaromatic
rings (e.g. indazole, azaindole, isoquinoline, isoquinolinone, aminoisoquinoline)®, as well as

benzooxaborole®® 114 or variously substituted aromatic rings.
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Figure 38: Schematic representation of Fasudil (11) in complex with ROCK I.

A ROCK inhibitor usually presents a linker (amides, urea or carbamates) which connects the Hinge
binder to the terminal part of the molecule. From the hinge region, the inhibitor extends into the
binding pocket establishing key interactions with two other conserved residues: the catalytic Lys105
(ROCK 1) and Asp 216 (ROCK I) of the DFG segment. Moreover, ROCK inhibitors can establish
additional hydrogen bonds with other Asp residues (Asp202, Asp160, Asp 117 in ROCK 1). These
additional interactions in most cases are obtained by inserting a basic moiety in the terminal portion
of the molecule!08110,

In ROCKs ATP-binding site, two hydrophobic regions have also been identified: one is in the

proximity to the hinge region and the second one is located under the P-loop. Interactions with
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residues of these two areas and with the of P-loop have been associated with improved
potency!'>1> and, in some cases, with the achievement of selectivity over other kinase such as
PKA08  Achieving selectivity over PKA is not so easy since the two kinases shows high structural
homology in the kinase active site. However, as PKA is involved in so many cellular pathways,

avoiding inhibition of PKA could be essential in a ROCK design for therapeutic use.

Asp216

Figure 39: Schematic representation of a ROCK inhibitors (12) in complex with ROCK I. In green, the

hydrophobic regions. Image adapted from Patel et al.®

Boland et al.}'3 discovered a series of soft ROCK inhibitors where the increased potency was due to
the presence of a bi-phenyl structures that can sit under the P-loop and make extra m-stacking
interactions with the side chain of Phe120 in ROCK | or Phel136 in ROCK Il, demonstrating the

importance of the interaction with the p-loop for the achievement of potency.

120



1.5 ROCK Inhibitors: State of Art

In literature, a high number of ROCK inhibitors has been reported. However, few ROCK inhibitors
have reached clinical stages or even the market2® so far.

Kinase inhibitors often failed to reach the market for countless reasons but one of the main
problems is a not enough selectivity over other kinases leading to off target related side effects and
hence tolerability and ROCK inhibitors are not exceptions in this regard. Despite many ROCK
inhibitors with a good inhibitory profile have been reported, the majority showed off-targets
activity, especially towards kinases belonging to AGC family. Moreover, ROCK inhibition has
important systemic adverse effects (e.g. pronounced blood pressure reduction, increased in the

heart rate) that makes the therapeutic window of a ROCK inhibitor very narrow.

At the moment, three ROCK inhibitors have been clinically approved and reached the market®®.
Fasudil (11) was the first ROCK inhibitor to enter the market for the treatment of cerebral vasospasm
in 1995. It has been approved only in Japan and in China for acute treatment, but it has not been
approved by the United States Food and Drug Administration (FDA) or by the European Medicines
Agency (EMA). Fasudil has a moderate potency against ROCK with a K;of 0.33 uM against ROCK 118®
and, more importantly, it has inhibitory activity against a number of other kinases belonging to the
AGC family.

The second ROCK inhibitor being approved is Ripasudil (13) (trade name Glanatec). It is a close
analogue of Fasudil and it has been the first ROCK inhibitor to be approved for the treatment of
Glaucoma in Japan. Ripasudil is a potent inhibitor with ICso of 51 nM and 19 nM for ROCK | and ROCK
1.

Recently, a new ROCK inhibitor has entered the market for the treatment of glaucoma, Netarsudil
(15). Netarsudil (trade name Rhopressa) has been developed by Aerie Pharmaceuticals and
approved by the FDA in 2017. This molecule is commercialized as ROCK inhibitor and norepinephrine
transport inhibitor. Like Fasudil, this compound shows some off-targets such as PKC6 and MRCK-
a8.In the field of glaucoma treatment, AMAOQ76 (structure not disclosed), a potent and selective
soft ROCK inhibitor!'3 developed by Amakem, has entered phase 2a. The soft drug approach could
be a successful strategy in the design of new ROCK inhibitors aimed at optimizing pharmacokinetic

properties by reducing systemic exposure’,
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Figure 40: Structure of advanced ROCK inhibitors.

In oncology, the use of ROCK inhibitors has also been described. However, their potential systemic
side effects have limited their application as therapeutics for cancer. At the moment, there is only
one ROCK inhibitor, AT13148 (16) discovered by Astex, which has completed Phase | trial for patients
with advanced cancer!’. It is not a selective ROCK inhibitor because it shows inhibitory effects on
many kinases of the AGC family®®.

As conclusions and future considerations, despite the high interest of pharmaceutical companies on
developing new ROCK inhibitors, few compounds proved to have right profile to overcome clinical
phases and enter the market. There is still a lot to do to achieve a good selectivity over AGC kinases
and between the two isoforms. Moreover, only type-l inhibitors have been discovered so far.

Developing type Il and type Il could be interesting since they are generally more selective than type

|86

122



2. Aim of the Project

2.1 Design and Synthesis of New Macrocyclic Rho-associated protein
kinase (ROCK) inhibitors

In literature, high number of ROCK inhibitors has been reported®®. However, as previously described,
only three of these inhibitors have reached the market so far (Fasudil, Ripasudil and Netarsudil).
One of the main challenges in the field of kinase inhibitors is obtaining a suitable selectivity across
the kinome. Promiscuous kinase inhibitors may translate in a poor tolerability or in a narrow

therapeutic window.

Nowadays, the design of macrocycles represents an emerging and promising approach in medicinal
chemistry to obtain efficient molecules with enhanced selectivity and favourable Phys chem and
ADME properties. Pacritinib and Lorlatinib are successful examples in this regard?3!8, Therefore,
the use of macrocyclic scaffolds could represent an innovative strategy for the design of new ROCK
inhibitors characterized by good efficacy and a favourable selectivity profile.

To our knowledge, no ROCK macrocyclic inhibitors have been reported in literature so far.
Therefore, this pioneering research work will help to elucidate whether the design of macrocyclic
ligands is a successful strategy to achieve ROCK inhibition.

Known ROCK inhibitors from literature were evaluated for opportunities of macrocyclization using
knowledge-based approach supported by CADD (Computer Aided Drug Design). A synthetic strategy
was identified and pursued to prepare these new derivatives and, ultimately, their inhibitor activity

was evaluated in cell-free and cell-based ROCK | and ROCK Il related assays.
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3. Result and Discussion

3.1 Reference Compound Selection

Back in 2014, 35 macrocycles were reported in clinical trials while 68 macrocyclic drugs had already
reached the market!?®. Most of them were macrolides or cyclic peptides. These natural products are
very different from synthetic small molecules both in their structure and in their discovery paths.
However, a small subset of “de Novo Designed” macrocycles has also been reported®. This group
mainly contains peptide-inspired hepatitis C virus (HCV) protease and polymerase inhibitors and
macrocyclic kinase inhibitors. All these new macrocyclic molecules are designed and developed

through a Structure Based Approach.

The analysis of the structure of protein-ligand complexes represents the best starting point for the
rational design of new macrocyclic drugs. Macrocycle-like conformations (U-shaped, C-shaped etc.)
are often recognized in non-macrocyclic small ligands bound to their protein targets. Therefore, the
closing of their structures to form new macrocycles could represent the best way to obtain a

molecule with optimal properties for the target of interest.

The design of new macrocyclic ROCK inhibitors was initiated by examining all human ROCK | and
ROCK Il crystal structures available in the Protein Data Bank (PDB): 26 ligands in complex with hROCK
I and 7 ligands in complex with hROCK Il were available at the time. The purpose of the evaluation
was to find opportunities of macrocyclization in known ROCK inhibitors, or rather, to identify bound
ligand conformations that appeared well suited for modification into macrocycles. Moreover, the in
vitro biological profile of selected inhibitors was evaluated to understand whether macrocyclization

would improve potency and selectivity with respect to parent compounds.

The selection of a specific ligand starting point among all the reported ROCK inhibitors was not
straightforward.

As reported in paragraph 1.4.1, a prototypical ROCK inhibitor elongates in the ATP pocket in a very
linear mode, with no hint to obvious macrocyclization opportunities. Nevertheless, an interesting X
ray structure (PDB ID 3ndm) was identified in which the ligand shows a bound conformation that

can be used as starting point to build cyclic derivatives. Ligand 17 (Figure 41) belongs to a substituted
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2H-isoquinolin-1-one series. The compound features an isoquinolinone as a Hinge binder, linked by

an amidic spacer to a B-aryl substituted pyrrolidine!?°,
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Figure 41: Structure of 17 bound to ROCKI, (PDB ID 3ndm).12°

The co-crystal structure of the ligand bound to ROCK | shows hydrogen bonding to backbone NH of
Met156 and backbone carbonyl of Glul54 by the heteroatoms of the isoquinolone core. The
pyrrolidine nitrogen forms a hydrogen bond with carboxylate of Asp202. The interesting feature of
this binding mode is related to the position of the 4-chloro-phenyl group which lies beneath the P-
loop establishing hydrophobic interactions with Leu107 and Lys105%?°(Figure 41). Moreover, the P-
loop was shifted by ~1.8 A if compared to the X ray structure (PDB ID 3ncz) of a similar compound
lacking the chloro-phenyl group2L. The nitrogen atom in the pyrrolidine ring in 3ndm is only 5.5 A
far from the Cl atom in the isoquinolone core. Therefore, an alkyl chain of appropriate length could
represent a suitable linkage between the pyrrolidine and the central core, thus leading to a
macrocyclic system that could pre-organize the phenyl ring in the same way of the pyrrolidine of

compound 17.

Compound 17 (configuration 3R,4S) inhibits ROCK Il with an ICso of 11 nM. The enantiomer of
compound 17 (Ent-17, 3S,4R) displays a comparable 1Cso of 4 nM. No crystal structure of Ent-17-
ROCK complex has been published. However, based on their comparable potency a similar binding
mode can be hypothesized. Ent-17 is known to be promiscuous inhibitor (against AGC kinases

family), inhibiting at least four kinases with sub micromolar potency (Table 17)'%°.
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Table 17: Off targets of Ent-17.

Targets ICs0
Protein kin(aPs:KCCgosilon type 1000 nM

. Protein Kina;t(api?(l\GﬂzF’)-DeDendent 24 nM
Cell di\;]izir(;rz)lc:gn:écl))lcp;;)tein 42 54 nM
Serine/thrs;rzipn:gg’;ein kinase 14 nM

Compounds 17 and Ent-17 were therefore considered good templates for the design and synthesis

of novel macrocyclic ROCK inhibitors of improved selectivity.

The formation of the macrocycle was speculated to be beneficial in several aspects. Firstly, it could
block the Cl-phenyl ring in its bioactive conformation, thus decreasing the entropic cost of the
binding with a net potency gain. Reduction of allowed conformations could also positively impact
selectivity towards other kinases. Secondly, the insertion of a linker would lead to the exploration

of additional interactions in the binding site, possibly further boosting inhibitory potency.
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3.2 The Rational Design of Macrocyclic Scaffolds

Based on the results of the structure-based analysis, new macrocyclic scaffolds were designed as

potential ROCK-inhibiting molecules.
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Figure 42: The design of new macrocyclic scaffolds.

As illustrated in Figure 42, the first design of macrocyclic scaffolds envisaged four key structural

features:

The replacement of the pyrrolidine ring of compounds 17 and Ent-17 with a set of linear

amino acids of different lengths bearing an aromatic decoration (Z).

Two different lengths of the linear amino acids were considered, in order to access
macrocycles of different size. This was done in the assumption that ring size would influence
the overall shape and conformational equilibrium of the inhibitors and ultimately their
binding affinity. Specific lengths of the amino acids were determined by independent
variation of m and n. Therefore, phenyl glycine (m, n = 0; 11-membered macrocyclic ring), B-
phenyl-B-alanine (m=1, n=0, 12- membered macrocyclic ring), B-phenyl-alanine (m=0, n=1,
12- membered macrocyclic ring) , 4 amino-2-phenyl-butanoic acid (m=0, n=2, 13- membered
macrocyclic ring) and 4 amino-3-phenyl-butanoic acid (m=1, n=1, 13- membered macrocyclic
ring) were introduced in the design. The macrocycle itself could act as isostere of the
pyrrolidine ring, with the purpose of pre-orienting the phenyl group under the P-loop.
Moreover, the use of amino acids differently decorated at position 4 would allow us further

exploration of this hydrophobic region.
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l. Replacement of Cl atom on the isoquinolinone scaffold of parent compounds with a

nitrogen atom, to be used as a handle for macrocycle formation.

1. Insertion of a linker of 4 atoms between the nitrogen atom of linear amino acids and the

nitrogen on scaffold.

The length of the linker was chosen according to measured distance (5.5 A) between
pyrrolidine nitrogen and chlorine atom in parent compound. The nature of amino acid
residues surrounding this region of binding pocket was also considered. An alkyl linker could
perfectly fit this region and could establish favourable hydrophobic interactions with Phe368
residue. One unit of the linker was chosen to be a carbonyl for synthetic reasons. This
carbonyl group was placed at either end of the linker by appropriately defining X and Y units

in the general formula.

IV. The alternative introduction of an amide and of an amine groups at the extremities (X and

Y) of the linker.

The structure of 10 new designed macrocyclic compounds is reported in Table 18.
In the first column, the linear amino acid employed in the design is reported. The scaffolds were
divided in Anilide and Aniline series, as determined by the specific position of the carbonyl group in

the linker portion.
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Table 18: Structures of 10 new macrocyclic scaffolds (A, B, C,D, E, F, G, H, |, L).
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Prime Macrocycle Conformational Sampling (Prime-MCS)?® was employed to evaluate the new
designed macrocycles. Prime-MCS is a computational tool (provided by Schrdodinger®) which
performs a conformational search for each newly designed macrocycle and provides an evaluation
from both an energetic and geometric perspective.

The first aim of the tool is to explore the macrocycle conformational space to identify plausible
minimum-energy conformations. This is carried out through the fragmentation of the main
macrocycle ring and the conformational exploration of the resulting loose ends. Once the different
macrocycles conformers are obtained, their deviation from the putative bioactive conformation of
the original open derivative is analysed. The focus is to understand if a ring closure can preserve the
geometry (RMSD) and whether the best fitting conformer is also the most energetically favoured

one.

The tool calculates a weight w; for each conformer which is proportional to dE;, where dEi is the

difference between the energy value of the conformation with the energy of the global minimum

e—dE;/KT

conformation (dE; = Ei-Eo). Therefore, each conformer receives a w which is equal to: = SN - o~dEURT

where N being the total number of conformers obtained from the conformational search.

At the end, for each macrocycle, the Schrodinger module provides two measures:

* “Boltzmann-aware probability below threshold” = Y. gysp<Threshoia W
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This is the sum of the Boltzmann weights for all those conformations showing an RMSD less than a

user-defined threshold (2 A) with respect to the open ligand (the higher, the better [0,1]).

*  “stability metric expval” = XX, w; * RMSD;

The second measure is the sum of the products of weights and RMSD values for all conformers

obtained from the conformational search (the lower, the better).

It would be expected that most energetically favoured conformer has also the lowest RMSD value
in an ideal scenario.

In this study, for each scaffold, both enantiomers (R and S) were considered. In the first step of the
analysis, templates with m =0 (A, B, E, F, G and H) were discarded because they differed too much
from the topology of the open ligand, 17.

Therefore, as a result of this Prime-MCS evaluation, template C1, D1, 11 and L1 (where 1 stands for
S configuration, Table 18) were identified as the best promising templates for the design of new
macrocyclic ROCK inhibitors showing the lowest Boltzmann-weighted RMSD values and the highest

values of Boltzmann-aware probability below threshold. (Figure 43).
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Figure 43: Structure of the four macrocyclic templates selected through Prime-MCS, where 1 stands
for (S)-configuration (A); Boltzmann-weighted RMSD values (B and D); Boltzmann-aware probability

of RMSD <2 A (C).
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3.2.1 Synthetic Approach |

Considering the prime macrocycles evaluation scores and due to synthetic consideration, it was
decided to prioritize the synthesis of template C1. The first attempted synthetic approach was based

on an intramolecular reductive amination as a macrocyclization step (Figure 44).

Anilide series

_ NHEHN, | —_— _ NH_ NH,
HN N)‘\) Reductive amination HN N)‘\/YO
H H
(0] c1 (6] H

Figure 44: Retrosynthetic analysis.

The choice of reductive amination was driven by synthetic considerations. Reductive amination is
considered the most remarkable way to obtain synthetically complex amines. As a matter of fact, a
quarter of C-N bonds formed in pharma projects results from reductive amination reactions'??.
Moreover, formation of macrocycles through reductive amination are well reported in literature?3-
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The synthetic route attempted is reported in the following scheme (Scheme 6).

132



60% |iii

o)
HOM<O] . J 40%
d 25 i

H H
H H N N
N N = Y\/ “Fmoc
= > B
o e ?@[ I
HN o) NH
NH @ !
o) o o) .
e %
O\> } °
vii o 1
quantitative \
H
H NH 7 NW/\/NHQ
= 2 :
Y HN o
HN o) NH
NH @ S
o)
o) o .
n L e
H viii v
o H
\\ _ § N,
_ NH_HN Y\/
o HN NHo
HN N Il I ©
e b
a1 -0

Scheme 6: Reagents and Conditions: i): H2S04, HNOs, 0 °C, 30 min; ii) MnOa, Cl-Benzene, 150 °C uW; 1 hriii) 7 N NHzin

MeOH, Dioxane, 80 °C, 24 hr; ivb) 22, POCls, Pyridine, 0 °C; 1 hr; v) Fe, NH4Cl, H20/i-PrOH, 80 °C, 4 hr; vi) 25, HATU, DIPEA,
DMF, rt, 1 hr; vii) 0.3 M HCl in ACN.
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Preparation of 6-amino-7-nitroisoquinolin-1(2H)-one (21)

The preparation of intermediate 21 emerged as a key, common requirement for the synthesis of

designed macrocycles (Figure 45).

F . F ) = F = NH,
| Il 1
HN —_— HN —> HN —> HN
N02 N02 N02
o] 0 ) 0
18 19 20 21

Figure 45: Zoom on Step i, ii and iii. Reagents and conditions: i) H2SO4, KNOs (0 °C), 30 min; ii) MnO,,

Cl-Benzene, 150 °C, 1hr-4hr; iii) 7N NH3, MeOH/Dioxane 1:1, 80 °C, 12 hr.

Following the procedure reported by Fales et al.'?®, synthesis started from commercially available
6-fluoro-3,4-dihydroisoquinolin-1(2H)-one (18). The selective nitration at ortho-position, using
KNOs and H,SOsat 0°C, at the ortho-position afforded the synthesis of the 7-nitro intermediate (19)

in a quantitative yield.

The intermediate obtained was characterized by 2D NMR analysis to verify regioselectivity of the
nitration. The ROESY spectra confirmed that nitration occurred at position 1 on Intermediate 18.
The reported ROESY spectra shows coupling between methylene at position 10 of the scaffold

(multiplet at 3.03 ppm) and aromatic proton at position 5 (doublet at 7.62 ppm) (Figure 46).

(0]

(6]
b
S0
F 3/ 7/8
Lo 1 MAJ_L

8.27,344 M¥ 'CH 3
sz ,
—NH’ 9

3.03,7.65

-CH, 8 CH, 7

342,831

VAR NS AN LA S LA N B A R B LS B AN LN BN RS AR AN AR RSN AR RSN SR RRAAN RN RARIA
F2 Chemical Shift (ppm) 75 7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 25 2.0

134



-CH, 8 -CHﬁ' 7 |

- 7.0

-CH 3 3.03, 7.65 - 75

- 8.0

3.42,831

-NH 9 3

- 9.0

T T T T T
F2 Chemical Shift (ppm) 35 3.0 25

Figure 46: ROESY analysis of Intermediate 19.

The oxidation of the 6-fluoro-3,4-dihydroisoquinolin-1(2H)-one to isoquinolone (20) was initially
performed using 15 equivalents of MnO in i-PrOH by heating at 80 °C. However, conversion of the
starting material was slow (less than 90% after 24 hr) and the resulting yield was moderate, between
31% and 49%. This was probably due to the low solubility of the starting material. To improve
dissolution, 1,4-dioxane was added as a co-solvent and the same reaction conditions were applied
to a solution of starting material in a mixture 1:1 of j-PrOH/Dioxane. This resulted in an improved
yield (87%) but reaction still proceeded slowly. Therefore, the mixture i-PrOH/Dioxane was replaced
with Cl-benzene, a solvent with a higher boiling point, and reaction was performed at 150 °C. These
new reaction conditions yield up to 86% in 1 hr under microwave irradiation and in 4 hr under

thermal heating in a small reactor.
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SnAr of fluoride at position 6 was performed in methanolic ammonia*®’ and afforded 6-amino-7-

nitroisoquinolin-1(2H)-one (21) with an average yield of 60%.

Reactions were initially tested in a mg scale and then repeated with the optimized conditions in

gram scale.
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Optimization of amide coupling
Route A

Once the preparation of the building block (21) was optimized, the initial idea was to introduce the
first moiety, the Fmoc-protected (S)-B-Phenylalanine, via amide coupling (Scheme 6). Fmoc was
selected as protecting group because of its orthogonality to the protected aliphatic aldehyde as
acetal. Fmoc removal in basic conditions (for example piperidine 20% in DMF) to yield amine would
be followed by aldehyde deprotection and macrocyclization via reductive amination (Scheme 6,

Route A).

Different amide coupling conditions were explored to introduce the Fmoc protected amino acid.
First conditions envisaged the synthesis of the corresponding acyl chloride using oxalyl chloride in
the presence of a catalytic amount of DMF. Synthesis of the acyl chloride was successful but the
following reaction with Intermediate 21 led to the formation of the desired intermediate only in low

yield (20%) (Scheme 7) due to the instability of acyl chlorides in the reaction media.

o o
—»
n-Fmoc n-Fmo
H H

22a ZZa-AcyI-chIorlde
H H
NH,
_ N N
HN iva ~ \n/\i/ Fmoc
NO HN O
z #0)
O 51 0 23a

Scheme 7: Reagents and conditions: i) (COCl),, DMF, DCM, rt, quantitative ii) 22-Acyl-chloride DIPEA, DMA, 80 °C (20%).

Therefore, to avoid the degradation of the acyl chloride it was decided to move from a procedure
involving isolation of intermediate acyl chloride to a one pot, two step procedure. Reaction was
repeated using PyBrop as coupling reagent in presence of Intermediate 21, with Pyridine in DMF
heating up to 60 °C (Scheme 8). Nevertheless, even in these conditions, the conversion was slow

and not complete. Moreover, Fmoc group cleavage was observed.
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Scheme 8: Reagents and Conditions: i) PyBrop, Pyridine, DMF; rt ii) 21, 60 °C.

22a 22a AcyI Bromide

Route B

Coupling efficiency was also hampered by the poor nucleophilic nature of the amino group of
Intermediate 21. Based on these considerations, both coupling conditions and amino acid
protection were modified. It was decided to replace Fmoc protection with a Boc protecting group
(22b) for its enhanced stability to basic conditions. On this reagent, conditions described by Ginn et
al*?® were applied. Coupling was then performed utilizing a phosphorous oxychloride (POCI3) in
Pyridine, at 0°C, step iva (Figure 47). These conditions allowed for rapid formation of the desired
amide. However, recovery of amide intermediate 23b was always lower than 50% and of limited
reproducibility, ranging from 11 to 48%. This was probably due to the low solubility of the reaction

product, which made reaction work up and product isolation quite problematic.

= NH,
NH
NO
0}
21

POCI,

NH NH
SeN St
NH o A

Y 23b

Figure 47: Zoom on step iv. Reagents and Conditions: iv) 22b, POCls, Pyridine, 0 °C, 1 hr, 11-48%.
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Reduction of nitro group and second amide coupling

25 O
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Figure 48: Zoom on steps v and vi. Reagents and conditions: v) Fe, NH4Cl, H20/i-PrOH, 80 °C, 4 hr;

vi) 25, HATU, DIPEA, DMF, rt, 1 hr.

Intermediate 24 was obtained by reduction of the nitro group using Fe, in the presence of excess of
NH4Cl. Reaction was performed in a 1:1 i-PrOH/H,0 mixture, heating for 4 hr at 80 °C and yielded

the desired intermediate in good yields (74% as average of 4 reactions), see Figure 48.

The following step involved the amide coupling between 3-(1,3-dioxolan-2-yl) propanoic acid (25)
and Intermediate 24. HATU was selected as coupling reagent and reaction was performed in DMF
in presence of DIPEA. Purification by reverse phase flash chromatography gave desired intermediate

26 in a 40% vyield.

Synthetic route completion: protecting groups removal and macrocyclization

_ NHT]/\E/NHBOC _ NHT(\£,N|42 _ NH JNH

NH NHo @ vii NH NHo © Vaiiié N,H/“:@[NH/U\J
5 o o)\L 5

26 }W\/j> 27 -0 a
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Figure 49: Zoom on steps vii and viii. Reagents and Conditions: vii) 0.3 M HCl in ACN.

Amine and aldehyde deprotection of Intermediate 26 in acidic conditions (step vii, Figure 49) proved
less straightforward than expected. Conc HCl was added to a solution of Intermediate 26 in
acetonitrile, until final concentration of HCl was 0.3 M. Isolation of the intermediate and consequent
characterization was hard because intermediate was extremely polar and hydrophilic. Several

attempts to isolate the product were carried out, such as THF extraction from basic agueous solution
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as well as purification by SCX, but all attempts were unsuccessful. Therefore, a simple evaporation
under vacuum was carried out to obtain Intermediate 27 which was used in the following step as

chloride salt without further purification.

Classical conditions for reductive amination were employed in the last step (step viii, Figure 49).
Since Intermediate 27 was very polar, it was decided to dissolve it in MeOH and to use NaBHsCN as
reductive agent. Reaction was performed in high dilution to avoid oligomerization intermolecular
oligomerization and favour intramolecular macrocycle formation. In the first attempt, (Table 19,
entry 1) reaction was performed with NaBH3CN in MeOH in presence of DIPEA to free the chloride
salt. UPLC-MS analysis showed the formation of a product with a mass equivalent to the desired
product. Purification by preparative HPLC coupled to mass detector yielded 2.3 mg of product. Even
if UPLC-MS analysis showed a UV peak with a m/z corresponding to the desired product, it was not
possible to confirm the structure by *H-NMR analysis due to the presence of impurities in the
aliphatic region of the spectrum.

The reaction was repeated in the same conditions on slightly higher scale, but disappointingly
reaction failed. UPLC-analysis revealed the formation of a main side product characterized by m/z
422 [M+H]*. It was hypothesised that this side product was generated by addition of MeOH to
intermediate imine 28 to give the corresponding cyclic hemiaminal ether, as highlighted in the

proposed mechanism (Figure 50). Any attempts to hydrolyse the acetal in acidic conditions failed.

Figure 50: Proposed mechanism of the side product formation in macrocyclization step.

To avoid the formation of side product 35, next attempts of macrocyclization were performed using
THF as solvent (see Table 19, entry 3 and 4). Starting material proved not to be completely soluble
in THF so i-PrOH was added as cosolvent and reaction was performed in the resulting THF/i-PrOH
5:1 mixture. Intermediate (27) was dissolved in i-PrOH/THF 1:5 in presence of MgSO4 and 4 A
molecular sieves and the mixture was heated overnight at 50 °C for imine pre-formation. NaBH3CN

and CH3;COOH were then added and the resulting mixture was stirred at rt. Volatiles were
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evaporated under vacuum and crude material was purified by SCX (see Table 19, entry 3) or by HPLC
(see Table 19, entry 4). Unfortunately, in both cases, it was not possible to confirm the structure by

'H-NMR analysis.

Table 19: Summary of conditions used for the macrocyclization step (step viii).

Entry Scale Reagents and conditions Yield

26%
1 10 mg NaBHsCN MeOH, DIPEA, 50°C°->rt
Structure not confirmed

2 60 mg NaBHsCN, MeOH, DIPEA, 50°C°—>rt Reaction failed

Step a) MgS0,, Molecular Sieves 4 A,

Yield 19%
THE/i-PrOH 5:1 eld 257

3 50 mg
Structure not confirmed
Step b) NaBHsCN, CHsCOOH uct !
Step a) Mg?gt/l.\_/lsgaug;&eves 4A, vield 2.8%
4 40 mg FETOR o

Structure not confirmed

Step b) NaBH3CN, CHsCOOH

Overall, this synthetic route showed many issues. First, the two amide couplings were extremely
low yielding and represented limiting steps for the synthesis of the macrocycle C1. Secondly, the
acidic cleavage of the cyclic acetal and the Boc group in one step did not allow to isolate and
characterize properly intermediate 27, consequently affecting the final step. Lastly, reductive

amination proved to be low yielding and not reproducible.

For the above reasons, it was decided to abandon this synthetic route and to opt for another

synthetic approach.
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3.2.2 Synthetic Approach Il

The new synthetic approach envisaged an intramolecular amide coupling as macrocyclization step.

Anilide series
X X
OYY@ OYY@
NH HN
- Nj{\j X=HCl —— [ X=H,ClI
. HN
HN N NH,
0 4 | o

O~ OH

Macrolactamization

Figure 51: Retrosynthetic Analysis.

To obtain macrocyclic derivatives three different pathways (Route Al, Route A2 and Route B) were

designed and attempted as described in Scheme 9.

The synthesis started from the Intermediate 33 which was synthesised following the same
procedure used for Intermediate 23b, using POCIls and 3-((tert-butoxycarbonyl)amino)-3-(4-
chlorophenyl)propanoic acid. In this case, the synthesis of the Cl-derivative was prioritized over the
synthesis of the phenyl derivative: the synthesis of the Cl-derivative was prioritized due to SAR
considerations: the presence of Cl was considered key to achieve ROCK affinity!??. Additionally,
because of many issues faced in the first synthetic approach, synthesis of macrocycles as racemic
mixture was preferred over the synthesis of single enantiomers S. The following step was
represented by Boc cleavage which was carried out at 60 °C in acidic condition (4M HCl in Dioxane).
Using these conditions complete deprotection was achieved in 30 minutes obtaining the desired

compound 34 in quantitative yield as chloride salt.

141



~ %/C/
HN O HN_
NO, Boc

o
33, X=Cl 44%
51, X=H 69%

k

HN (o HNMO

X
(0]
= H
= N o~
HN noD MR i O~
0

34, X=Cl
52, X=H

% ROUTE B

ROUTE A NO;
o}
36, X=Cl 52%
53,X=H 39%
ROUTE Al %

N
- Y\/@"H
HN (0] N

NHy; -~ MO

Quantitative
Quantitative

39, X=Cl
56, X=H

-
N
o)
- 3
HN
” (0]
[¢]
40, X=Cl 20%
57, X=H 14%

Scheme 9:Reagents and Conditions: i) POCIs, Pyridine ii) 4M HCl in Dioxane, 60 °C; iii) 35, NaBH3CN, CH3COOH, MgSQg,

4 R Molecular Sieves, MeOH/THF, rt; iv) HCOH, NaBH3sCN, CH3COOH, MgS04, 4 A Molecular Sieves, MeOH/THF, rt; v)
SnCly, EtOH, rt; vi) LiOH, THF/H20 3:1; PyridineHCl, rt; vii) HATU, DIPEA, DMF, 0.02M, rt.
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Route A

Next step took advantage of the use of commercially available methyl 4-oxobutanoate (35) which
was used as new synthon for the aliphatic linker. Conditions reported by Clementson et al.1?° were
followed for the reductive amination. Reductive amination yielded intermediate 36 with an average
yield of 52%. Unfortunately, from UPLC-MS analysis was evident the formation of 33% of a side
product which corresponds to the tertiary amine (Figure 52) that contributes to lower yield of

intermediate 36.

Cl
Cl Cl
Tm/@ _i Tm/@ ~ NHTA/G/O/
NH i NH o+
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NH NH (0]
[¢] (0]

Figure 52: Zoom on step iii. Reagents and Conditions: iii) 35, NaBH3CN, CH3COOH, MgSQ04, 4 A

Molecular Sieves, MeOH/THF, rt.

Route A1

Route Al would involve the protection of the amino group of the intermediate 36, (Scheme 9). The
insertion of a protecting group orthogonal to the methyl ester was necessary to prevent the side
reaction of the aliphatic amino group with the carboxylic acid in the macrolactamization step. The
aliphatic nitrogen, being more nucleophilic compared with the anilinic nitrogen, would have reacted

faster to give a five-ring side product (Figure 53).

Cl Cl

Favoured cyclization

Figure 53: Formation of the five-ring side product.
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Initially, it was decided to reintroduce BOC as protecting group. However, all the attempts to
introduce it were unsuccessful. The main problem encountered was the high reactivity of the cyclic
amide of isoquinolin-1(2H)-one scaffold as well as that of the amide at position 6. Both reacted with
the Boc-anhydride leading to a mixture of bis o even tris protected products that were impossible

to separate in attempted column chromatographies (Figure 54).

Cl oc

OY\'/©/ ?C( T(\'/©/

NH NH o}
= NO Boc
{ SL A :
" No, oy va
o
36 | + o9
Combination of regioisomeric
mono- and bis-protected products

Figure 54: Route Al, Protection of the amino group with Boc anhydride.

Route B

Therefore, it was decided to replace Boc with the p-methoxybenzyl protecting group (PMB), to be

installed before the aliphatic chain (Figure 55).

?@ﬁg WQ ffffffffffff - @w&

|||b NO, ivb

Figure 55: Route B, Protection of the amino group with para-methoxy-benzaldehyde.

PMB can be inserted via reductive amination using 4-methoxybenzaldehyde avoiding in this fashion
the side reaction with the two amide groups. Moreover, PMB can be removed in mild acidic
condition. The main problem of this synthetic strategy is that 4-methoxybenzaldehyde is a poor
electrophile, thus, it does not react easily with the amino group to generate the resulting imine.
Different conditions were used to perform the reductive amination but disappointingly it was not
possible to obtain the desired intermediate. Conditions successfully used for the synthesis of
Intermediate 36 did not work. Reaction proceed very slowly and monitoring by UPLC-MS showed
formation of side products and reduction of the nitro group as well. Therefore, conditions reported

by Neidigh et al’*° were attempted. Authors reported a highly efficient and mild procedure for

144



reductive aminations, employing the titanium(IV) isopropoxide chloride as a Lewis acid enhancing
the formation of the imine. Intermediate 34 and 4-methoxybenzaldehyde were dissolved in
MeOH/THF and titanium (IV) isopropoxide chloride, MgSO4 and 4A Molecular Sieves were added to
this solution. The resulting reaction mixture was stirred at rt for 1 hr, then NaCNBH3 was added.
Disappointingly, only 5% conversion of the starting material was observed. Other conditions which
involved the preformation of the imine were attempted. Starting materials were dissolved in
Toluene with MgS04 and 4A Molecular Sieves and stirred for 5 days at 90 °C. *H-NMR analysis of the
crude showed only 20% formation of the imine. Therefore, Route B was discharged due to the

difficulty to insert the protecting group.
Route A2

Since the identification of the right protecting group seemed challenging, an alternative synthetic
pathway was attempted. It was decided to install a methyl group instead of a protecting group, thus

obtaining the corresponding tertiary amine, see Figure 56.

Cl Cl
H _ H
= N\H/Y©/O/ iv _ N\n/\/©/0/
H"(’;@No? HNMO ROUTE A2 H’\(’;@[No? /NMO
0 0
36 37

Figure 56: Zoom on Step iv. Reagent and Conditions: iv) HCOH, NaBHsCN, MgSOa, 4A Molecular

Sieves, CH3COOH, MeOH/THF.

The methyl group was introduced by reductive amination. Reaction was performed following same
conditions reported for the synthesis of Intermediate 36. Intermediate 37 was obtained in a 72%

yield.

A preliminary docking analysis of the methylated derivative (40) was carried out in order to
understand whether this modification could affect the binding mode in the ATP binding site. As
illustrated in Figure 57, compound 40 accommodated well within the main ATP-binding site of ROCK
I, interacting with the hinge region via its isoquinolone ring and placing the chloro-phenyl moiety
underneath the p-loop, similarly to the co-crystallized compound (PDB ID 3ndm). Not surprisingly,

only S enantiomers of both ionization states allowed a proper accommodation of the pendant
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phenyl group under the p-loop segment. Interestingly, strong polar intra-molecular interactions
were observed in both poses. Based on these results, it was decided to proceed with the synthesis
of compound 40 and its analogue, compound 57. Even if the docking analysis showed S as favourite
configuration, the synthesis of the racemate was prioritized to have as soon as possible a

confirmation of activity as ROCK inhibitor of either two of the enantiomers.

K105

D216

D160 J; D202 \E x D160 ] D202 \E s

Figure 57: Best-ranked poses of the neutral (left) and protonated (right) form of compound 40

(orange sticks) within ROCK | (white, transparent cartoons). Key ligand-protein interactions are

shown as dashed black lines.

Completion of the Synthesis
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Figure 58: First attempted conditions for step v. Reagents and Conditions: v) Fe, NH4CI, i-PrOH/THF

1:1,80 °C, 4 hr.

Reduction of the Nitro group (Figure 58) to obtain Intermediate 38 was initially carried out using Fe
and NH4Cl in @ mixture 1:1 of i-PrOH and THF at 80 °C. These conditions were successful for the
synthesis of Intermediate 18, (Scheme 6). Disappointingly, in this case, UPLC reaction monitoring
showed no conversion of the starting material into the desired product. Therefore, pH was lowered
to 5 in order to promote the reduction of the nitro group. Lowering the pH led to the reduction of

the nitro group but, at the same time, to the formation of two main side products. As reported
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below (Figure 59), low pH and high temperature favoured the elimination of the amino derivative
(43) leading to the formation of carbocation 42 which evolved in the corresponding alkene 43,
identified by UPLC-MS analysis. It was hypothesized that elimination occurred through a E1
mechanism since the carbocation 44 is stabilized by the presence of the Cl substituted aromatic ring
which can delocalize the positive charge easily and furthermore by polar solvents, such as i-PrOH

and H;0, that stabilize the intermediate carbocation by solvation.
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Figure 59: Proposed mechanism for the formation of side product 44.

Additionally, in acidic conditions the protonated carbonyl group (48) underwent nucleophilic attack
by the aromatic amino group which led to the formation of a five membered ring (48). After that,

the loss of a molecule of water gave the side product 49, (Figure 60).
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Figure 60: Proposed mechanism for the formation of the side product 49.

To avoid the formation of these side products, alternative conditions for the nitro reduction were
found. Conditions reported by Carreira et al.'3' were applied. Reduction was performed with
SnCl,-2H,0 in EtOH at rt. These new conditions yielded 38 in a 54% yield (Figure 61). Subsequently,

intermediate 39 was obtained by basic hydrolysis of the methyl ester. Hydrolysis was carried out

147



with a small excess of LIOH in a mixture of THF/H,0 4:1 at rt. When conversion of the starting
material was complete, Pyridinium chloride was added to quench the excess of LiOH and solvent
was evaporated under vacuum.

The final macrolactamization step was carried out in classical conditions for the amide synthesis.
Intermediate 39 was dissolved in DMF and solution was added of DIPEA and HATU. The reaction
was performed in high dilution at 0.02 M concentration to avoid the oligomerization of the starting
material. Eventually, the final product 40 was obtained in 20% vyield after purification by reverse

phase flash chromatography.

Cl Cl

H H
= O/ = N o/
HN O N
NO, e Mo v HN NH? - N MO
(0] (0]
37 38

H? /NMO

cl
lvi
cl
o) N N
Z OH
z N i KN
VI N
HN
H o) o)
© 40

39

Figure 61: Steps v, vi and vii. Reagents and Conditions: v) SnCl,:2H,0, EtOH, rt; vi) LiOH, PyridiniumcCl,

THF/H20 4:1, rt; vii) HATU, DIPEA, 0.02M, rt.

This synthetic route was successfully repeated for the synthesis of the second macrocycle (57). For

the details of this synthesis, see experimental procedure in Material and Methods chapter.
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3.2.3 Macrocycles Characterization

Macrocycle 40 was fully characterized by 'H-NMR and 2D-NMR and by single crystal X-ray

crystallography.
'H-NMR and 2D-NMR analysis

'H-NMR spectrum of 40 was compared with that of the acyclic precursor 38 (Figure 62).
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Figure 62: 'H-NMR spectra of the acyclic compound 38 (A)and of the macrocycle 40 (B).
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As reported and highlighted in Figure 62, the formation of the macrocycle is clearly demonstrated
by the disappearance in spectrum B of the singlet at 5.22 p.p.m belonging to the amino group (-NH;,
spectrum A) and by the presence in spectrum B of a new singlet at 11.26 p.p.m, certainly belonging
to the proton of the amide (-NHCO, spectrum B). Moreover, the two signals belonging to the
aromatic protons -CH (6) and -CH (3) are shifted downfield in spectrum B. This is due to the presence

of the amide group that has an electron-withdrawing effect on the two protons of the aromatic ring.

Additionally, comparing the two HSQC spectra, it is clear how the formation of the cycle changes
the chemical environment of aliphatic protons. Chemical shifts of diasterotopic protons (-CH; 15,
3.46 and 2.29 ppm) in macrocycle 40 are shifted from one each other, while same protons in the
acyclic precursor 38 show more similar chemical shift (3.03 and 2.75 ppm) meaning that probably
one of them might be affected by the proximity of the phenyl group or by the amide group at

position 12 in the macrocyclic structure.
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Figure 63: Comparison of HSQC spectra.
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Molecular Structure

Additionally, an X-ray crystallographic analysis was conducted to confirm the structure of the
compound 40. The analysis reveals how compound 40 crystallizes in the triclinic P-1 space group,

with an overall stoichiometry 2API-MeOH.

Figure 64: Molecular and weak interactions for compound 40, thermal ellipsoids are drawn at the
30% probability level. The asymmetric unit comprises two APl molecules (A, B) and one MeOH
solvent of crystallization (disordered over two sites, refined with 0.75 and 0.25 site occupancy

factors respectively). Color codes, C, gray; N, blue; O, red; H, white; Cl, green.
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Figure 65: View of APl dimers A---A and B---B, and relative hydrogen bonds interactions.
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Figure 66: View of intermolecular hydrogen bond interactions involving APl molecule B. The
disordered amide moiety lead to two alternative orientations (a,b) of hydrogen bonds between

neighboring molecules.
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3.3 Acyclic Derivatives Series

Simultaneously, a structure-based approach for the design of new ROCK macrocyclic inhibitors was

carried out.

In this case, all ROCK inhibitors reported in literature were evaluated by visual inspection and
chemical series with structural similarities to our reference compound (3nd) were analysed. Among
all the chemical series, the amino-isoquinoline series developed by Aerie Pharmaceuticals stood out
as the most interesting and similar to compound 1785132, As reported in Figure 67, this series was
characterized by an isoquinoline or an isoquinolinone core, functioning as a hinge-binding moiety
and an aniline nitrogen at position 6 decorated with a set of diverse substituted amino acids.
Compounds in this series are ROCK inhibitors characterized by potencies in the low nanomolar

range.

NH,
| n
‘ NH
l m W
B -
N__— HN cl
Y o
Aerie Pharmaceuticals Boehringer Ingelheim
X=H,CILF 3ndm

Y =H,OH
m, n = indepently 0,1

Figure 67: Structural similarities between Aeries Pharmaceuticals and Boehringer Ingelheim series.

Therefore, the aim of this work was to design new analogues of this series by introducing new
chemical features to make new compounds more prone and compatible with macrocyclization.

These new analogues were defined as new “acyclic derivatives”.

Accordingly, the design of the new series envisaged (Figure 68):
I.  Theintroduction of an indazole, as new hinge binder, in addition to isoquinoline.
II.  The exploration of the region under the P-loop by using different amino acids (Phenyl-B-

alanine, Phenyl-alanine and phenyl-glycine).
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lll.  The introduction of a basic tail in the isoquinoline scaffold at position 7 or at position 8.
The basic tail was added to engage key interactions with a particular region rich in Asp

residues in the binding site and to create an “anchor point” for a future macrocyclization.

Hinge region

- . 6 ILH
' Y /\’X7 o .
‘. 8 /N
N’ e _\—N\ +  Basic tail
H /  X=O,NH

Figure 68: Newly designed acyclic compounds.

All new acyclic derivatives were evaluated by docking simulation. Compounds were docked in ATP-
binding site of 3ndm and up to 50 ligand conformations were generated with default parameters.
Best ranked, acyclic derivatives 59 and 60 were characterized by isoquinoline as hinge binder,
showed a 3-Phenyl-B-alanine as aromatic moiety and a dimethyl amino ethoxy linker as basic tail, in

position 7 or 8 (Figure 69).

N NH NH
= o | 2 2
N o~ N~
I
58 59
Ortho Topology Meta Topology

Figure 69: Best ranked acyclic derivatives.
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K105

M156

Figure 70: The putative binding mode of the two top-ranked “open derivatives”, compound 58 and

59.

As shown in Figure 70, the two selected acyclic derivatives were able to form the same pattern of
interactions observed for typical ROCK inhibitors, engaging key residues within the ATP-binding site
cavity: Met156 in the hinge region, the acid residue (Asp216) of the DFG motif and the ceiling of the
p-loop. Moreover, as highlighted in the figure, the two amino groups exhibited proximity in space

to each other and a favourable orientation for a further cyclization.
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3.3.1 Synthesis of Acyclic Derivatives

Acyclic derivatives 58 and 59 (Figure 71) were selected as target compounds to investigate their
activity as ROCK I/ROCK Il dual inhibitors and to evaluate the impact of the introduction of a second
arm (basic tail) on ROCK activity. Once their activity as ROCK inhibitors is established, macrocycles
analogues would be designed, evaluated by Prime MCS and tested to compare their activity with

the non-macrocyclic parents.

It was decided to first set the synthetic route for the preparation of ortho-derivatives and then to
move to the synthesis of meta-derivatives, where ortho and meta refer to the relative position on

the scaffold of putative macrocycle anchor points.

NH,
K/ ~ O\/\N
58 59
Ortho Topology Meta Topology

Figure 71: Structure of Compounds 58 and 59.

Compounds 58 and 59 show the highest structural similarity to Aerie Pharmaceuticals compounds
(Ref-1 and Ref-2) reported in Figure 72. However, target compounds display a set of differences
from comparator compounds and two additional reference compounds (60 and 61) were prepared
in order to better understand the influence of each step of modification from inhibitors of known

activity and to compare their activity with compounds belonging to Aerie’s series (Ref-1 and Ref-2).
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Figure 72: Structures of reference compounds (Ref-1, Ref-2, 60 and 61).

The synthetic pathway for the synthesis of ortho-derivatives took advantage again of the high

reactivity of fluoro-compounds in SnAr reaction (Scheme 10). Reaction between 6-bromo-7-

fluoroisoquinoline and the N,N-Dimethylethanolamine allowed the synthesis of intermediate 63

with yields ranging from 48% to 67%. Reaction was performed in DMF using NaH as base which was

added to the solution at 0 °C. Mixture then was heated up to 100 °C.

Br AN X
N Br B i | ii !
NIZ e 0] [
62 K/

NHBoc NH, HC!

48-67% 60% Quantitative

66 58

Scheme 10: Reagents and conditions: i) N,N-dimethylethanolamine, NaH, DMF, (0 °C->100 °C), ii) Tert-Butyl Carbamate,
Xantphos, Pd(OAc)2, Cs2COs3, Dioxane,(100 °C) mw; iii) 5M HCI, ACN;(rt); iv) HATU, DIPEA, DMF, (rt); 5M HCI, ACN, (rt).

Intermediate 64 was synthesised by palladium-catalysed Buchwald-Hartwig coupling reaction

following conditions reported by Audisio et al.!'3® for the synthesis of 3-(N-substituted)-

aminocoumarins. These conditions involved the use of Pd(OAc) as palladium source, Xantphos as a
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bidentate ligand phosphine and the base, Cs;COs in Dioxane. The reaction was performed under
microwave irradiation and yielded the intermediate in an average yield of 60%.

The following Boc removal in acidic conditions with 5M aqueous HCI, afforded intermediate 65
which was not subjected to further purifications and was used as hydrochloride salt in next step.
The synthesis proceeded with the amide-coupling between the intermediate 65 and the racemate

3-((tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (rac-AA).

Docking studies indicated R as the favourite enantiomer, but it was decided to prioritize the
synthesis of the racemic mixture in order to measure as quickly as possible a hint of activity as ROCK

inhibitor of either two of the enantiomers.

The amide coupling was performed following classical conditions using HATU with DIPEA in DMF at
rt. Amide coupling proceeded very slowly at rt and solution was stirred for 96 hr to obtain complete
conversion of starting material. Furthermore, the presence of a decoration in the ortho position
might impair the nucleophilic attack by the amino group to the activated acid. Despite the low rate
of conversion, the desired intermediate was obtained in an 87% yield. Following deprotection with
aqueous 5M HCl yielded the final product (58). This synthetic pathway was applied for the synthesis
of meta-derivatives (Scheme 11). The synthesis started from the commercially available 6-bromo-
8-fluoroisoquinoline (66). Minor changes were applied to the amide coupling between intermediate
69 and rac-AA in order to accelerate the conversion. In this case, DMAP was added in catalytic
amount and the solution was heated at 80 °C for 12 hr. However, the conversion was still slow and
the resulting yield lower than for ortho derivatives, probably as a consequence of degradation of

the starting material.
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Scheme 11: Reagents and Conditions: i) N,N-dimethylethanolamine, NaH, DMF, (0 °C->100 °C), ii) Tert-Butyl Carbamate,
Xantphos, Pd(OAc),, Cs2COs3, Dioxane,(100 °C) MW; iii) 5M HCI, ACN;(rt); iv) HATU, DIPEA, DMF, (rt); 5M HCI, ACN, (rt).

The first reference compound (60) was obtained from the amide coupling between intermediate

69 and amino acid rac-AA1 as reported in Scheme 12.

NH
Br AN 2
| x Br i | AN i | N NHBoc iii Nl
N~ N~ N~ . =
77% 77% Quantitative o
F o o} \L
67 68 \L ~ 69 \L 70 N~
N N~ |
! |
o]
HO NH,
rac-AA1
H H
N

. X X N
iv | v |
- N. =~ O NHBoc —— N_~ O NH,

53% o 65% 0
72 I _ 60 \L _
I I

Scheme 12: Reagents and Conditions: i) N,N-dimethylethanolamine, NaH, DMF, (0 °C->100 °C), ii) Tert-Butyl Carbamate,
Xantphos, Pd(OAc)., Cs2C0s, Dioxane,(100 °C) ; iii) 5M HCI, ACN;(rt); iv) HATU, DIPEA, DMF, (rt); 5M HCI, ACN, (rt).

For the second reference compound (61), the synthesis was straightforward. It started with the
amide coupling between two commercially available intermediates, 74 and 75, which led to the

formation of Intermediate 74. Boc- cleavage in acidic conditions yielded 61 (Scheme 13).
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Scheme 13: Reagents and Conditions: i) POCIs, Pyridine, (0 °C), 1 hr; ii) 5M HCl in ACN, rt, 1 hr.
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4. Biological Evaluation and SAR Considerations

All six synthesized derivatives were evaluated for their biological activity as ROCK inhibitors. Each

compound was submitted to cell free assay and cell-based assay.

Inhibition of ROCK | and ROCK Il enzymatic activity was determined in Glutathione S-transferase

(GST)-tagged 1-535 human ROCK | and GST-tagged 1-552 human ROCK Il by means of a flash-type

luminescence assay, named ADP-Glo. The experiment was carried out at 200uM ATP.

Cellular inhibition was determined in Pulmonary Artery Smooth Cells (PASMCs) model. In this assay,

levels of phosphorylated Myosin Light Chain 2 (pMLC2) were measured after incubation with test

compounds. For further details, see the experimental part in Material and Methods section.

Table 20: Enzymatic pK; for ROCK | and ROCK Il and pICso.

PASMCs Model

Compound Structure pKi ROCK1 | pKi ROCK I
pICso (PMLC)
cl
40 o~/ N7 <5 <5 <5
_ 5
o H
7
N
57 0= <5 7.0 <5
_ NH
S 1K
N“0
5 H
NH,
58 ° <5 <5 <5
NH
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Disappointingly, as reported in Table 20, compounds 40, 58, 59 and 60 did not show inhibition on

ROCK I or ROCK Il kinases up to the maximum inhibitor concentration tested (10 uM). On the other

hand, 61 shows good enzymatic and cellular potency and compound 57 showed good enzymatic

activity on ROCK II.
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SAR considerations on acyclic derivatives:

H H
H X N X N
A \ \
N‘ o NH N~ (6] NH, N~ O NH,
~ ’ O ~ O -
o o
Ref-1 60 59
ROCK Il ROCK I/ROCK Il ROCK I/ROCK Il
K;=0.8 nM K;>10 pM K;>10 uM
F
H
B "
N~ O NH, N _
Ref-2 61 59
ROCK 1l ROCKI/ROCK II ROCKI/ROCK Il
K;=2.0nM K;=7.9 nM/3.9 nM K;>10 pm

Figure 73: SAR analysis of acyclic compounds.

Biological data of Ref-1 and Ref-2 (Figure 73) show that different hinge binders and diverse
decorations at para position of the phenyl ring do not affect ROCK inhibition, since Ref-1 and Ref-2
can be considered equipotent. Additionally, moving the phenyl ring from alpha to beta position of
the amide does not impact activity on ROCK, as demonstrated by biological data of Ref-2 and 61,
both low nanomolar ROCK inhibitors. Therefore, the combination of these data strongly highlights
that the presence of the dimethyl amino ethoxy linker is the true responsible for the complete loss
of activity for compound 59 and, most probably, also for compound 58. Moreover, inactivity of 60,
close analogue of Ref-1, represents the best proof of concept of the above-mentioned statement.

To better understand the reason of the inactivity of the acyclic derivatives (58 and 59) a further
docking analysis was carried out. Compounds were docked in ROCK | (PDB ID 3ndm) and up to 50
ligand conformations were docked within the ATP-binding site of 3ndm. The first result from docking

analysis was that (R)-enantiomers are energetically favoured with respect to (S)-enantiomers.
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Conversely, no preference between ortho and meta regioisomers was highlighted by docking

studies, regardless of stereochemistry (Figure 74).
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RM1_S
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Figure 74: Docking analysis of 59 and 60. In this study compound 59 was indicated as RM-2 and 60

as RM-1. S and R indicate the two different configurations.

Subsequently, the best-ranked poses of the two R enantiomers were submitted to Molecular
Dynamic (MD) simulations to assess the stability of the observed ligand-receptor interactions.
Results showed a suboptimal time-evolution of the RMSD for both ligands. This study highlighted
how major interactions revealed in the first docking study described in paragraph 3.3 are not
maintained in the binding pocket during dynamics simulations. In particular, the electrostatic
interactions between the protonated amine in aminoacidic chain of compound 58 and Asp216

(D216) and Arg203 (N203) of the protein were not retained in MD simulations (Figure 75).
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Figure 75: Results from Molecular Dynamics Simulation of 58.
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This was also partially the case for compound 59, as the ionic interaction between the protonated
amine in aminoacidic chain and Asp216 (D216) was observed in only 60% of frames. Additionally,
ionic interaction between protonated amine of dimethyl amino ethoxy linker and Asp160 (D160)
was not conserved during the MD simulation at all (Figure 76). This observation seems to be a

possible explanation of inactivity of compounds 58 and 59.

K105 MET
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Figure 76: Results from Molecular Dynamics Simulation of 59.
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SAR considerations on Macrocyclic derivatives:

Regarding the newly designed macrocycles, compound 57 showed ROCK Il pKi equal to 7 while it did
not show ROCK | inhibition up to the maximum inhibitor concentration tested (10 uM).
Unexpectedly, compound 40 displayed no inhibition on neither ROCK | nor ROCK Il. More analogues
need to be synthesized in order to draw a SAR evaluation and to understand which modifications
can be inserted to boost potency over ROCK 1 and ROCK II. Further investigation on the binding mode

of compound 57 will be also carried out to understand why it inhibits ROCK Il but not ROCK I.

Additionally, it is important to highlight that these compounds were tested at high concentration of
ATP and not at the Km of the enzyme, a condition that is not ideal to determine activity for

compound with low affinity for the enzyme.

However, even though these preliminary results are not optimal, the inhibition of ROCK Il indicated
that the macrocycle is tolerated in ROCK Il ATP binding site demonstrating that macrocyclization

could represent a valid option for the design of new ROCK inhibitors.
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5. Conclusion and Perspectives

This project was dedicated to the identification of new potential ROCKs inhibitors starting from the
rational design of macrocyclic scaffolds.

Through a knowledge-based approach, newly designed macrocycles were identified and then
selected using Prime MS?%, an innovative computational tool for the evaluation of macrocycles.
Subsequently, different synthetic strategies were planned and attempted in order to prepare the
selected macrocyclic template. These efforts allowed the synthesis of two new macrocyclic
structures (40 and 57). Compound 57 displayed enzymatic activity in the low micro molar range
against ROCK Il. Even though only two derivatives have been synthesized so far, this first
encouraging result validates the innovative approach applied for the design of new ROCKs inhibitors

and established the initial proof of concept for the development of this new series.

At the same time, a series from literature was selected and two acyclic analogues were designed
through a Structure Based approach. Modifications were introduced to make them more prone and
compatible with macrocyclization. Docking studies, carried out on these new analogues, revealed
that the pattern of interactions observed for prototypical ROCK inhibitors was maintained. The new
acyclic analogues were synthesized and tested to determine their activity on ROCK | and ROCK II.
Disappointingly, compounds did not show any activity on the targets of interest. Even though
preliminary docking studies had highlighted favourable interactions in ROCK binding site, a more
advanced molecular dynamic computational study helped to rationalize the apparent mismatch.
Comparing these biological data with data from reference compounds, showed how inserted
modifications, specifically the amino linker, had a detrimental effect on activity. Based on these
considerations, macrocyclic analogues of these compounds are expected inactive on ROCK and their

synthesis has not been pursued.
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6. Material and Methods

6.1 General Chemistry Methods

Chemicals:
Reagents and solvents were used as supplied from different providers without any further
purification. All deuterated and dry solvents were purchased from Merk-Sigma-Aldrich. Anhydrous

sodium sulphate (Na2S04) was used as the drying agent for organic phases.

Microwave assisted synthesis:

Reactions were carried out under microwave irradiation in sealed vessels using a Biotage Initiator
Sixty with robotic sample bed. Reactions were irradiated at 2.45 GHz and were able to reach

temperatures up to 250°C at a rate of 2-5°C/sec and pressure up to 20 bars.

Freeze drying:

Freeze drying was performed using a freeze dryer Alpha 1-2 LDplus, Martin Christ

Gefriertrocknungsanlagen GmbH.

Chromatography:

When needed, purifications were performed on flash chromatography, with a Biotage Isolera
instrument or Puriflash 125 Interchim, using Biotage Columns (SNAP Cartridges, Silica, Silica NH and
C18) or Sepachrom columns (C18) and Sylicycle columns (C18). In one case purification was

performed on a FractionLynk Instrument with a preparative C18 column.

In some cases, final products or intermediates were purified using a pre-packed polypropylene
column containing a non-end-capped propylsulphonic acid functionalised silica strong cation

exchange sorbent (Isolute SCX cartridge).

Thin layer chromatography was performed on Glass TLC plates (5X10 cm), silica gel coated with

fluorescent indicator F254 or on Biotage TLC plates (5X10 cm) KP-NH.

Analytical Techniques:

e Ultra-Pressure Liquid Chromatography
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Analytical UPLC and Electron Spray lonization (ESI) condition were performed on a Waters ACQUITY
UPLC equipped with a Photo Diode Array (PDA) detector and a Single Quadrupole Mass Detector
(QDA) or equipped with a Triple Quadrupole (Waters Xevo -TQS).

UPLC-MS Methods:

¢ Method 1: Acquity UPLC CSH C18 column (50mm x 2.1mm i.d. 1.7 um particle size).
Column Temperature (°C) 40.0. Mobile phases: 0.1% v/v solution of HCOOH in water (A);
0.1% v/v solution of HCOOH in Acetonitrile (B). Flow (ml/min) 1. Stop Time (mins) 2.0.

¢ Method 2: Acquity UPLC CSH C18 column (50mm x 2.1mm i.d. 1.7 um particle size).
Column Temperature (°C) 50.0. Mobile phases: HCOONHa4, 0.025M, pH=3 (A); 0.1% v/v
solution of HCOOH in Acetonitrile (B). Flow (ml/min) 0.35 Stop Time (mins) 10.0.

¢ Method 3: Acquity UPLC BEH C18 column (50mm x 2.1mm i.d. 1.7 um particle size).
Column Temperature (°C) 40.0. Mobile phases: 0.1% v/v solution of HCOOH in water (A);
0.1% v/v solution of HCOOH in Acetonitrile (B). Flow (ml/min) 1. Stop Time (mins) 2.0.

Data were processed using Masslynk software.
e NMR Spectroscopy

'H-NMR, ROESY and HSQC spectra were recorded at room temperature on a Varian spectrometer
operating at 400 MHz or on a Bruker Avance 600 spectrometer. Chemical shifts are reported as 6
values in ppm relative to trimethyl silane (TMS) as an internal standard. Coupling constants (J values)
are given in hertz (Hz) and multiplicities are reported using the following abbreviations (s= singlet,

d=doublet, t=triplet, g=quartet, m=multiplet, br=broad, nd=not determined).

e High Resolution Mass Spectrometry
HRMS analysis for compounds (43, 53, 59, 60, 61 and 62) was performed with a Q Exactive

Hybrid Quadrupole-Orbitrap Mass Spectrometer.
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6.2 Scheme 6-Route B
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6-fluoro-7-nitro-3,4-dihydroisoquinolin-1(2H)-one (19)

F
HN

o)

A solution of 6-fluoro-3,4-dihydroisoquinolin-1(2H)-one (3.5 g, 21.19 mmol) in sulfuric acid (28.2 ml,
530 mmol) was cooled to 0 °C, and KNOs (2.357 g, 23.31 mmol) was added portion wise. The
resulting mixture was stirred in the ice bath for 20 min. The mixture was poured into ice -water and

the resulting precipitate filtered. Filtration yielded Intermediate 19 (4.39 g, 20.89 mmol, 99 % yield).

1H NMR: (400 MHz, DMSO-d6) & ppm 3.03 (t, J=6.58 Hz, 1 H) 3.02 - 3.04 (m, 1 H) 3.42 (td, J=6.58,
2.85 Hz, 2 H) 7.62 (d, J=11.62 Hz, 1 H) 8.28 (br s, 1 H) 8.46 (d, J=7.89 Hz, 1 H)

UPLC-MS (Method 1): tz= 0.69 min; MS (ESI): m/z 210.9 [M + H]*

UPLC Purity: 97%
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6-fluoro-7-nitroisoquinolin-1(2H)-one (20)

_ F
HN
NO,
o}

In a 100 mL Mettler-Toledo reactor, Intermediate 19 (4 g, 19.03 mmol) was dissolved in Cl-
benzene(70 ml), added of MnO; (16.55 g, 190 mmol) and stirred at 140 °C for 5 hr. The solution was
filtered, and the filter was washed with warm dioxane.

Organic phase was evaporated under vacuum to give Intermediate 20 (3.2 g, 15.37 mmol, 81 %

yield) which was used in the next step without further purifications.

1H NMR (400 MHz, DMSO-d6) & ppm 6.65 (d, J=7.23 Hz, 1 H) 7.48 (t, J=6.58 Hz, 1 H) 7.85 (d, J=12.50
Hz, 1 H) 8.82 (d, J=7.89 Hz, 1 H) 11.77 (br s, 1 H)

UPLC-MS (Method 1): tz= 0.67 min; MS (ESI): m/z 208.9 [M + H]*

UPLC Purity: 96%
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6-amino-7-nitroisoquinolin-1(2H)-one (21)

Intermediate 20 (3.2 g, 15.37 mmol) was dissolved in Dioxane (Volume: 35 ml) and added of
ammonia (15 ml, 105 mmol) 7 N in MeOH. Solution was stirred at 80 °C for 24 hr. The formation of
a brown precipitate was observed. The precipitate was filtered and washed with MeOH, water and

Et,0. Filtration yielded Intermediate 21 (2 g, 9.75 mmol, 63.4 % yield).

1H NMR (400 MHz, DMSO-d6) & ppm 6.27 (d, J=7.23 Hz, 1 H) 6.94 (s, 1 H) 7.12 (br dd, J=6.69, 4.71
Hz, 1 H) 7.53 (s, 2 H) 10.95 (br s, 1 H)

UPLC-MS (Method 1): tz= 0.53 min; MS (ESI): m/z 206.2 [M + H]*

UPLC Purity: 92%
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Tert-butyl (S)-(3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)carbamate (23b)

H
N

AR

HN 0O A_ O
NO;
0

To a solution of Intermediate 21 (250 mg, 1.218 mmol) and (S)-3-((tert-butoxycarbonyl)amino)-3-
phenylpropanoic acid (970 mg, 3.66 mmol) in anhydrous Pyridine (Volume: 10 ml) at 0 °C POCI3
(0.057 ml, 0.609 mmol) was added in one portion. The proceeding of the reaction was monitored
through UPLC-MS analysis. The solution was stirred for 1 hr. After 1 hr reaction did not get
completion so (S)-3-((tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (323 mg, 1.218 mmol)
and POCIs (0.057 ml, 0.609 mmol) were added again at 0 °C, then solution was stirred for 1 hr at rt.
Solution was diluted with water (20mL) and extracted twice with DCM (20mL). Organic phase was
evaporated under vacuum and the red solid was triturated with MeOH and DCM to give

Intermediate 23b (268 mg, 0.592 mmol, 48.6 % yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.33 (s, 8 H) 2.76 - 2.89 (m, 2 H) 4.96 - 5.08 (m, 1 H) 6.59 (d,
J=7.02 Hz, 1 H) 7.20 - 7.27 (m, 1 H) 7.29 - 7.40 (m, 5H) 7.51 (br d, J=8.55 Hz, 1 H) 8.03 (s, 1 H) 8.66 (s,
1H)

UPLC-MS (Method 1): tz= 1.03 min; MS (ESI): m/z 451.0 [M - H]

UPLC Purity: 98%
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(S)-(3-((7-amino-1-oxo0-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)carbamate (24)

ZT

7

XL

Intermediate 23b (265 mg, 0.586 mmol) was dissolved Water (Volume: 2 ml, Ratio: 1.000) and 2-
Propanol (Volume: 4.000 ml, Ratio: 2.000) then Fe (392 mg, 7.03 mmol) and NH4Cl (1128 mg, 21.08
mmol) were added. The mixture was stirred at 80 °C for 4 hr. LC-MS analysis showed complete
conversion and the mixture was filtered over celite with warm i-PrOH, diluted with DCM (50 mL)
and washed with water (50mL). Organic phase was evaporated under vacuum to give Intermediate

24 (164 mg, 0.388 mmol, 66.3 % yield) as reddish solid.

1H NMR (400 MHz, DMSO-d6) & ppm 1.35 (brs, 9 H) 2.73 - 2.85 (m, 2 H) 5.00 - 5.12 (m, 1 H) 5.24 (br
s, 2 H) 6.29 (d, J=7.02 Hz, 1 H) 6.78 - 6.86 (m, 1 H)7.20 - 7.27 (m, 1 H) 7.29 - 7.39 (m, 5 H) 7.46 (s, 1
H) 7.52 (br d, J=8.77 Hz, 1 H) 7.61 (br s, 1 H) 9.19 (br s, 1 H) 10.78 (br d, J=4.60 Hz, 1 H)

UPLC-MS (Method 1): tz= 0.83 min; MS (ESI): m/z 423.0 [M + H]*

UPLC Purity: 84%
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Tert-butyl (S)-(3-((7-(3-(1,3-dioxolan-2-yl)propanamido)-1-oxo-1,2-
dihydroisoquinolin-6-yl)amino)-3-oxo-1-phenylpropyl)carbamate (26)

=

T TR
HN NHO©O
© O
@)

b/

3-(1,3-dioxolan-2-yl)propanoic acid (25), (208 mg, 1.420 mmol) was dissolved in DMF (4 ml) with
HATU (540 mg, 1.420 mmol) and N-ethyl-N-isopropylpropan-2-amine (0.248 ml, 1.420 mmol) and
reacted for 10 minutes then Intermediate 24 (300 mg, 0.710 mmol) was added. Reaction was stirred
at rt for 5 hr and then diluted with water (20 ml) and DCM (20 ml). Organic phase was evaporated
under vacuum and crude material was purified by flash chromatography, Biotage Isolera, Ultra C18
60 gr, C-18 silica, gradient elution from 100% of A to 30% of B in 10 CV, A: water/acetonitrile 95:5 +
0.1% conc HCOOH, B: acetonitrile/water 95:5 + 0.1% HCOOH. Fractions were combined and freeze-

dried affording Intermediate 26 (165 mg, 0.300 mmol, 42.2 % yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.35 (s, 9 H) 1.85 - 2.04 (m, 2 H) 2.46 (br s, 1 H) 2.73 - 2.93 (m,
2 H) 3.73-3.96 (m, 4 H) 4.91 (t, J=4.38 Hz, 1 H)5.02 - 5.20 (m, 1 H) 6.43 (d, J=7.23 Hz, 1 H) 7.05 - 7.12
(m, 1 H) 7.20 - 7.26 (m, 1 H) 7.29 - 7.41 (m, 4 H) 7.55 (br d, J=8.77 Hz, 1 H) 7.86 (br's, 1 H) 8.32 (s,1
H) 9.36 - 9.50 (m, 2 H) 11.11 (br d, J=5.70 Hz, 1 H)

UPLC-MS (Method 1): tz= 0.91min; MS (ESI): m/z 450.6 [M -100 |*

UPLC Purity: 100%
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(S)-N-(6-(3-amino-3-phenylpropanamido)-1-oxo-1,2-dihydroisoquinolin-7-yl)-4-
oxobutanamide (27)

H
N NH,
~ YO 2

HN 0
NH @
o)
0
H

0]

Intermediate 26 (14 mg, 0.025 mmol) was dissolved in THF (1 ml) and Water (1000 ul) then added
of 37% HCl solution (hydrogen chloride (60 ul, 0.720 mmol). The solution was stirred at 50 deg for 8
hr and then left at rt on. Solvent was evaporated to give Intermediate 27 (10 mg, 0.021 mmol, 82 %

yield) as chloride salt. Intermediate 27 was used in the next step without further purifications.

UPLC-MS (Method 1): tz= 0.3 min; MS (ESI): m/z 407.0 [M +H]*
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6.3 Scheme 9-Route A/A2
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Tert-butyl (1-(4-chlorophenyl)-3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-
yl)amino)-3-oxopropyl)carbamate (33)

H H
_ N NTOW<
HN o) o
NO;
0
Cl

Intermediate 21 (1. g, 4.87 mmol) was dissolved in Pyridine (20 ml) and then 32 (1.753 g, 5.85 mmol)
and phosphoryl trichloride (0.545 ml, 5.85 mmol) were added and stirred at 0 °C. Solution was
guenched with water (50mL) and extracted with DCM (50mL). Formation of a yellow precipitate was
observed. Trituration with DCM and filtration yielded the desired compound 33 (1058 mg, 2.173
mmol, 44.6 % yield).

1H NMR (400 MHz, DMSO-d6) 8 ppm 1.26 - 1.43 (m, 9 H) 2.73 - 2.90 (m, 2 H) 4.95 - 5.09 (m, 1 H)
6.60 (d, J=7.02 Hz, 1 H) 7.30 - 7.44 (m, 5 H) 7.49 - 7.61(m, 1 H) 8.00 (s, 1 H) 8.66 (s, 1 H) 10.41 (s, 1
H) 11.56 (br d, J=5.26 Hz, 1 H)

UPLC-MS (Method 1): tz= 1.1 min; MS (ESI): m/z 485.2 [M - HJ"

UPLC Purity: 95%
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3-amino-3-(4-chlorophenyl)-N-(7-nitro-1-oxo0-1,2-dihydroisoquinolin-6-

yl)propenamide (34)
_ NH, 2HCI
ioew

Cl

Intermediate 33 (250 mg, 0.513 mmol) was dissolved in 3 mL of 4M HCl in Dioxane and stirred at rt
for 8 hr. Then mixture was added of Et,0 and solvent was evaporated under vacuum to give 34 (247
mg, 0.537 mmol). The desired product was obtained in quantitative yield and was used in the next

step without further purifications.

1H NMR (400 MHz, DMSO-d6) & ppm 3.18 (br d, J=7.23 Hz, 2 H) 3.57 (s, 1 H) 4.73 (br d, J=5.48 Hz, 1
H) 6.60 (d, J=7.23 Hz, 1 H) 7.34 - 7.42 (m, 1 H) 7.49- 7.61 (m, 4 H) 7.78 - 7.88 (m, 1 H) 8.51 (br d,
J=3.51 Hz, 3 H) 8.62 (s, 1 H) 10.75 (s, 1 H) 11.61 (br d, J=5.26 Hz, 1 H)

UPLC-MS (Method 1): tz= 0.47 min; MS (ESI): m/z 387.1 [M + H]*

UPLC Purity: 94%
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Methyl4-((1-(4-chlorophenyl)-3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-
yl)amino)-3-oxopropyl)amino)butanoate (36)

Cl

Compound 34 (850 mg, 1.849 mmol) was dissolved in THF (4 ml) and MeOH (10 ml) then added of
methyl 4-oxobutanoate (35), (429 mg, 3.70 mmol). The resulting mixture was stirred for 10 minutes,
and NaBH3CN (349 mg, 5.55 mmol) was added slowly. After 3 hr, monitoring of the reaction by UPLC-
MS showed 65% of conversion, 1.5 eq of NaBH3CN were added and reaction was stirred at room
temperature on. Following day, 0.5 eq of aldehyde and 1.5 eq of NaBH3CN were added again.
Reaction got 74% of conversion. Reaction was quenched with NaHCO3 sat solution and extracted
with DCM twice. Organic phases were combined, washed again with NaHCOs sat solution and
evaporated under vacuum to give 1.1 g of crude material. The resulting crude was purified by Flash
chromatography, SNAP 60 gr, C18-silica by eluting with 0-30% B in A (A: water/acetonitrile 95/5 +
0.1% HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH). Appropriate fractions were combined and
evaporated under vacuum to give Intermediate 36, (514 mg, 0.964 mmol, 52.2 % yield) as formate

salt.

1H NMR (400 MHz, DMSO-d6) & ppm 1.56 - 1.72 (m, 2 H) 2.24 - 2.41 (m, 4 H) 2.57 (br dd, J=15.02,
5.15 Hz, 2 H) 2.80 (dd, J=14.91, 8.77 Hz, 1 H) 3.52 (s,3 H) 4.04 (dd, J=8.66, 5.15 Hz, 1 H) 6.60 (d,
J=7.23 Hz, 1 H) 7.34 - 7.44 (m, 5 H) 8.11 (s, 1 H) 8.69 (s, 1 H) 10.81 - 11.10 (m, 1 H) 11.56 (br s, 1 H)

UPLC-MS (Method 1): tz= 0.59 min, m/z: 487.3 [M+H]+

UPLC Purity: 95%
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Methyl 4-((1-(4-chlorophenyl)-3-((7-nitro-1-oxo0-1,2-dihydroisoquinolin-6-
yl)amino)-3-oxopropyl)(methyl)amino)butanoate (37)

Cl

Intermediate 36 (459 mg, 0.943 mmol) was dissolved in THF (3 ml) and MeOH (6 ml), added of
MgSO4 and then added of formaldehyde (0.164 ml, 2.83 mmol). Solution was stirred for 10 minutes
and then added of acetic acid (0.054 ml, 0.943 mmol) and NaBHsCN (207 mg, 3.30 mmol). Solution
was stirred for 2 hr at rt. The proceeding of the reaction was monitored by UPLC-MS. After 12 hr,
UPLC-MS analysis still showed presence of 30% of the imine so NaBH3CN (207 mg, 3.30 mmol) was
added again. After 24 hr, reaction was quenched with NaHCO3 sat solution and extracted with DCM
(20mL). Aqueous phase was washed twice and combined organic phases were evaporated under
vacuum. Purification by flash chromatography on silica NH, Biotage Isolera Instrument, SNAP
column 55 gr, gradient elution from 100% of DCM to 15% of Acetone in 10 CV yielded the desired
product 37 (340 mg, 0.679 mmol, 72.0 % yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.57 - 1.74 (m, 2 H) 2.15 - 2.22 (m, 1 H) 2.26 (t, J=7.23 Hz, 2 H)
2.30-2.42 (m, 1 H) 2.75 (dd, J=15.24, 6.91 Hz, 1 H)3.15 (dd, J=15.13, 8.11 Hz, 1 H) 3.50 (s, 3 H) 4.18
(t, J=7.34 Hz, 1 H) 6.59 (d, J=7.02 Hz, 1 H) 7.29 - 7.44 (m, 5 H) 8.13 (s, 1 H) 8.69 (s, 1 H) 10.75 (s, 1
H)11.55 (br d, J=5.04 Hz, 1 H)

UPLC-MS (Method 1): tz= 0.61 min, m/z: 501.2 [M+H]+

UPLC purity: 98%
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Methyl 4-((3-((7-amino-1-oxo-1,2-dihydroisoquinolin-6-yl)Jamino)-1-(4-
chlorophenyl)-3-oxopropyl)(methyl)amino)butanoate (38)

Cl

Intermediate 37 (250 mg, 0.499 mmol) was dissolved in EtOH (8 ml) and mixture was added of Tin
Chloride (473 mg, 2.495 mmol). Mixture was stirred for 4 hr at rt. Then reaction was quenched
slowly with NaHCOs sat solution (6mL) and extracted 3 times with DCM. Crude was purified by flash
chromatography on NH silica, SNAP column 28 gr from 100% of DCM to 5% of i-PrOH in 12 CV. UPLC
analysis showed that product was still contaminated so purification was repeated on NH silica 28 gr
from 100% of DCM to 5% of MeOH. Pure fractions were combined and evaporated under vacuum
to give 60 mg of the desired compound. Fraction still contaminated were combined, solvent was
evaporated under vacuum and the resulting red solid was triturated with ACN and Et,0 affording 52

mg of pure compound 38. Total yield 54%.

'H NMR (400 MHz, DMSO-d6) & ppm 1.04 (d, J=5.92 Hz, 1 H) 1.66 (quin, J=6.91 Hz, 2 H) 2.10 (s, 3 H)
2.18 - 2.40 (m, 5 H) 2.75 (br dd, J=14.58, 7.56 Hz, 1H) 3.03 (br dd, J=14.47, 7.45 Hz, 1 H) 3.50 - 3.58
(m, 3 H) 4.19 (br t, J=7.45 Hz, 1 H) 5.15 - 5.30 (m, 2 H) 6.29 (d, J=7.02 Hz, 1 H) 6.82 (t, J=6.36 Hz, 1
H)7.30-7.35(m, 2 H) 7.38 - 7.43 (m, 2 H) 7.46 (s, 1 H) 7.56 (s, 1 H) 9.40 (s, 1 H) 10.78 (br d, J=4.38
Hz, 1 H)

UPLC-MS (Method 1): tz= 0.50 min, m/z: 471.3 [M+H]*

UPLC Purity: 90%
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4-((3-((7-amino-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-1-(4-chlorophenyl)-3-
oxopropyl)(methyl)amino)butanoic acid, Lithium (39)

O

oLi"
cl

=
HN O
NH,

o}

Intermediate 38 (103 mg, 0.219 mmol) was dissolved in THF (2 ml) and Water (0.5 ml). Lithium
hydroxide (10.47 mg, 0.437 mmol) was added to the reaction. Mixture was stirred for 1 hr at rt.
Once the hydrolysis was completed, pyridine hydrochloride (25.3 mg, 0.219 mmol) was added to
guench the lithium hydroxide (10.47 mg, 0.437 mmol) in excess and the resulting mixture was
evaporated under vacuum to give Intermediate 39 in quantitative yield. Intermediate 39 was not

purified further and used it as it was in the last step.
UPLC-MS (Method 1): tg= 0.44 min, m/z: 457.3 [M+H]*

UPLC Purity: 70%
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4-(4-chlorophenyl)-5-methyl-3,4,5,6,7,8,10,13-octahydro-
[1,4,8]triazacyclododecino[3,2-glisoquinoline-2,9,12(1H)-trione (40)

Cl
e
N
0]
= NH
NH
NH ~O

Intermediate 39 (107 mg, 0.231 mmol) was dissolved in DMF (12 ml) and added of DIPEA (0.161 ml,
0.923 mmol) and HATU (88 mg, 0.231 mmol) and stirred for 5 hr at rt. Reaction was diluted with
DMC (30mL) and organic phase was washed with NaHCO3 sat solution (20mL) twice. Organic phase
was evaporated under vacuum to give a red solid (175 mg). The resulting crude was purified by flash
chromatography, Sylicycle 25 gr column, C18-silica by eluting with 0-10% B in A (A:
water/acetonitrile 95/5 + 0.1% HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH) in 12 CV.

Purification yielded compound 40 in a 20% yield.

1H NMR (400 MHz, DMSO-d6) & ppm 11.23 (s, 1 H), 11.10 (s, 1 H), 9.87 (s, 1 H), 8.34 (s, 1 H), 7.84 (s,
1 H), 7.40 (m, J=8.33 Hz, 2 H), 7.30 (m, J=8.33 Hz, 2 H), 7.09 (dd, J=6.91, 6.03 Hz, 1 H), 6.48 (d, J=7.02
Hz, 1 H), 4.14 (br dd, J=12.17, 2.30 Hz, 1 H), 3.43 (br dd, J=17.10, 13.59 Hz, 1 H), 2.55 - 2.65 (m, 1 H),
2.38-2.43 (m, 1 H), 2.24 - 2.31 (m, 2 H), 2.07 (s, 3 H), 2.00 - 2.06 (m, 1 H), 1.86 - 1.95 (m, 1 H), 1.67
(br d, J=10.52 Hz, 1 H)

13C NMR (151 MHz, METHANOL-d4) 6 ppm 176.2, 172.5, 164.3, 141.2, 140.2, 135.1, 131.7, 129.8,
129.5,128.2, 126.8, 123.1, 118.7, 107.8, 65.7, 49.3, 49.0, 39.5, 37.1, 23.5, 5.68, 58.13, 49.00, 39.48,
37.07, 23.48"

UPLC-MS (Method 2): tz= 4.44 min, m/z: 439.2 [M+H]*

UPLC Purity: 95%

HRMS: exp. 439.1531, calc. 439.1531
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Tert-butyl(3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)carbamate (51)

H H
% N N\H/Oj<
HN 0 0
NO,
0
Intermediate 21 (1 g, 4.87 mmol) and 50 (1.681 g, 6.34 mmol) were dissolved in Pyridine (20 ml)
then POCIs (0.545 ml, 5.85 mmol) was added slowly at 0 °C. Mixture was stirred at 0°C for 1.5 hr.
Then mixture was quenched with NaHCO3 sat solution (20 mL) and extracted with EtOAc (20mL).
Organic phase was washed once with H,0 (20 mL) then evaporated under vacuum to give a yellow

solid. Precipitation by DMSO/H:0 yielded the desired compound 51 (1537 mg, 3.40 mmol, 69.7 %

yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.33 (br's, 9 H) 2.77 - 2.89 (m, 2 H) 4.95 - 5.09 (m, 1 H) 6.60 (d,
J=7.23 Hz, 1 H) 7.20 - 7.27 (m, 1 H) 7.29 - 7.38 (m,5 H) 8.03 (s, 1 H) 8.62 - 8.72 (m, 1 H) 10.33 - 10.47
(m, 1 H) 11.56 (br d, J=5.26 Hz, 1 H)

UPLC-MS (Method-1): tg= 1.02 min, m/z: 353.4 [M-100]*

UPLC Purity= 80%
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3-amino-N-(7-nitro-1-oxo-1,2-dihydroisoquinolin-6-yl)-3-phenylpropanamide, 2HCI
(52)

Compound 51 was dissolved in 12 mL of 4M HCl in Dioxane. The solution was stirred at 60 °C for 2
hr. Then solvent was evaporated under vacuum affording 52, as bis chloride salt, in a quantitative

yield. Solid was used in the next step without further purification.

1H NMR (400 MHz, DMSO-d6) & ppm 3.19 (br d, J=5.26 Hz, 2 H) 4.70 (br s, 1 H) 6.60 (d, J=7.23 Hz, 1
H) 7.34 - 7.48 (m, 4 H) 7.54 (br d, J=7.23 Hz, 2 H)7.81 - 7.87 (m, 1 H) 8.42 - 8.58 (m, 2 H) 8.62 (s, 1 H)
11.61 (br d, J=4.60 Hz, 1 H)

UPLC-MS (Method-1): tg= 0.40 min, m/z: 353.3 [M+H]*

UPLC Purity: 89%
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Methyl-4-((3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)amino)butanoate (53)

Compound 52 (718 mg, 1.688 mmol) was dissolved in THF (2 ml) and MeOH (10 ml) with 4A
Molecular Sieves and MgS04 then added of methyl 4-oxobutanoate (35), (235 mg, 2.026 mmol). The
resulting mixture was stirred for 10 minutes, then acetic acid (0.193 ml, 3.38 mmol) and NaBHsCN
(212 mg, 3.38 mmol) was added slowly. After 5 hr, monitoring of the reaction by UPLC-MS showed
50% of conversion, 1.5 eq of NaBH3CN was added and reaction was stirred at room temperature on.
Following day, 0.5 eq of aldehyde and 1.0 eq of NaBH3CN were added again. Reaction was quenched
with NaHCOs sat solution and extracted with DCM twice. Organic phases were combined, washed
again with NaHCOs sat solution and evaporated under vacuum. The resulting crude was purified by
Flash chromatography, SNAP 60 gr, C18-silica by eluting with 0-30% B in A (A: water/acetonitrile
95/5 +0.1% HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH) in 12 CV. Appropriate fractions were
combined and evaporated under vacuum to give Intermediate 53 (330 mg, 0.662 mmol, 39.2 %

yield), as formate salt.

1H NMR (400 MHz, DMSO-d6) & ppm 1.57 - 1.74 (m, 2 H) 2.22 - 2.42 (m, 5 H) 2.57 (br dd, J=15.24,
4.71 Hz, 2 H) 2.81 (dd, J=15.13, 9.21 Hz, 1 H) 3.51 (s,3 H) 4.03 (dd, J=9.10, 4.71 Hz, 1 H) 6.60 (d,
J=7.23 Hz, 1 H) 7.21-7.27 (m, 1 H) 7.29 - 7.42 (m, 5 H) 8.13 - 8.17 (m, 1 H) 8.70 (s, 1 H) 11.55 (br d,
J=3.51

UPLC-MS (Method-1): tz= 0.49 min, m/z: 453.4 [M+H]*

UPLC Purity: 98%
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Methyl4-(methyl(3-((7-nitro-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)amino)butanoate (54)

Intermediate 53 (330 mg, 0.694 mmol) was dissolved in THF (2 ml) and MeOH (5 ml), 4A Molecular
Sieves added of MgSO4 and then added of formaldehyde (0.121 ml, 2.082 mmol). Solution was
stirred for 10 minutes and then added of acetic acid (0.040 ml, 0.694 mmol) and NaBHsCN (131 mg,
2.082 mmol). Solution was stirred for 2 hr, presence of 30% of imine was detected by UPLC-analysis,
formaldehyde (0.121 ml, 2.082 mmol) and NaBH3CN (131 mg, 2.082 mmol) were added again. After
12 hr, still presence of the imine so NaBH3CN (131 mg, 2.082 mmol) was added again. After 24 hr,
reaction was quenched with NaHCOs sat solution and extracted with DCM (20mL). Aqueous phase
was washed twice and combined organic phases were evaporated under vacuum. Purification by
flash chromatography, Biotage Isolera, on silica NH, SNAP column 55 gr, gradient elution from 100%
of DCM to 15% of Acetone in 10 CV yielded the desired product 55 (130 mg, 0.279 mmol, 40.2 %

yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.58 - 1.73 (m, 2 H) 2.10 (s, 3 H) 2.16 - 2.28 (m, 1 H) 2.16 - 2.23
(m, 1 H) 2.18 - 2.22 (m, 1 H) 2.26 (t, J=7.34 Hz, 1H) 2.35 - 2.43 (m, 1 H) 2.72 (dd, J=15.24, 6.25 Hz, 1
H) 3.18 (dd, J=15.24, 8.66 Hz, 1 H) 3.49 (s, 3 H) 4.18 (dd, J=8.33, 6.58 Hz, 1 H) 6.59 (d, J=7.02 Hz, 1H)
7.26-7.39 (m, 6 H) 8.17 (s, 1 H) 8.69 (s, 1 H) 10.66 - 11.05 (m, 1 H) 11.35 - 11.69 (m, 1 H)

UPLC-MS (Method 1): tz= 0.50 min, m/z: 467.3 [M+H]*

UPLC Purity: 92%
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Methyl-4-((3-((7-amino-1-oxo-1,2-dihydroisoquinolin-6-yl)Jamino)-3-oxo-1-
phenylpropyl)(methyl)amino)butanoate (55)

Intermediate 54 (130 mg, 0.279 mmol) was dissolved in EtOH (5 ml) and mixture was added of Tin
Chloride(0.301 ml, 1.393 mmol). Mixture was stirred for 4 hr at rt. Then reaction was quenched
slowly with NaHCOs3 sat solution (6mL) and extracted three times with DCM. The formation of a
precipitate was observed. Organic phase was evaporated under vacuum and crude was triturated

with Et;0 to give Intermediate 55 (89 mg, 0.204 mmol, 73.2 % vyield) as reddish solid.

14 NMR (400 MHz, DMSO-d6) & ppm 1.61 - 1.73 (m, 2 H) 2.10 (s, 3 H) 2.23 (dt, J=12.55, 6.55 Hz, 1
H) 2.30 (t, J=7.56 Hz, 2 H) 2.34 - 2.41 (m, 1 H) 2.74(br dd, J=14.36, 7.34 Hz, 1 H) 3.05 (br dd, J=14.47,
7.89 Hz, 1 H) 3.54 (s, 3 H) 4.20 (t, J=7.56 Hz, 1 H) 5.20 (s, 2 H) 6.28 (d, J=7.02 Hz, 1 H) 6.79 - 6.84 (m,1
H) 7.26 - 7.31 (m, 3 H) 7.32- 7.38 (m, 2 H) 7.43 - 7.48 (m, 1 H) 7.58 (s, 1 H) 9.42 (s, 1 H) 10.73 - 10.81
(m, 1 H)

UPLC-MS (Method 1): tz= 0.40 min, m/z: 437.3 [M+H]*

UPLC Purity: 80%
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Lithium4-((3-((7-amino-1-oxo-1,2-dihydroisoquinolin-6-yl)amino)-3-oxo-1-
phenylpropyl)(methyl)amino)butanoate (56)

oLi"

=
HN O
NH,

o}

Intermediate 55 (69 mg, 0.204 mmol) was dissolved in THF (2 ml) and Water (0.5 ml). Lithium
hydroxide (9.46 mg, 0.395mmol) was added then to the reaction. Mixture was stirred for 1 hr at rt.
Once the hydrolysis was completed, 0.237 mL of a solution 1M of pyridine hydrochloride was added
to quench the lithium hydroxide in excess and then solution was evaporated under vacuum to give
Intermediate 56 in quantitative yield. Intermediate 56 was not purified further and used it as it was

in the last step.
UPLC-MS (Method -1): tz= 0.43 min, m/z: 457.3 [M+H]*

UPLC Purity: 74%
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5-methyl-4-phenyl-3,4,5,6,7,8,10,13-octahydro-[1,4,8]triazacyclododecino[3,2-
glisoquinoline-2,9,12(1H)-trione (57)

Intermediate 56 (100 mg, 0.233 mmol) was dissolved in DMF (12 ml) and added of DIPEA (0.163 ml,
0.931 mmol) and HATU (177 mg, 0.466 mmol) and stirred for 5 hr at rt. Reaction was diluted with
EtOAc (30mL) and organic phase was washed with NaHCO3 sat solution (20mL) twice. Organic phase
was evaporated under vacuum to give a red oil (215 mg). The resulting crude was purified by Flash
chromatography, SNAP 30 gr, C18-silica by eluting with 0-20% B in A (A: water/acetonitrile 95/5 +
0.1% HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH) in 10 CV. Purification yielded the final

compound in a 14% vyield.

1H NMR (400 MHz, DMSO-d6) & ppm 11.33 (s, 1 H), 11.10 (br d, J=5.48 Hz, 1 H), 9.88 (s, 1 H), 8.36
(s, 1 H), 7.85 (s, 1 H), 7.22 - 7.38 (m, 5 H), 7.10 (t, J=6.36 Hz, 1 H), 6.48 (d, J=7.02 Hz, 1 H), 4.12 (br
dd, J=12.17, 2.52 Hz, 1 H), 3.45 (br dd, J=16.22, 12.72 Hz, 1 H), 2.54 - 2.71 (m, 1 H), 2.38 - 2.44 (m, 1
H), 2.25 - 2.35 (m, 2 H), 2.09 (s, 3 H), 2.03 - 2.06 (m, 1 H), 1.86 - 1.96 (m, 1 H), 1.68 (br d, J=10.30 Hz,
1 H)

UPLC-MS (Method-2): tz= 3.6 min, m/z: 405.3 [M+H]*
UPLC Purity: 91%

HRMS analysis: exp. 405.1924 (M+1), calc. 405.1921
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6.4 Scheme 10
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2-((6-bromoisoquinolin-7-yl)oxy)-N,N-dimethylethan-1-amine (63)

In a 100 ml round-bottom flask, N,N-dimethylethanolamine (0.900 ml, 8.85 mmol) was dissolved in
DMF (5 ml) then sodium hydride (0.212 g, 8.85 mmol) was added in one portion and the reaction
was stirred at 0 °C for 10 minutes. 6-bromo-7-fluoroisoquinoline (62) (1 g, 4.42 mmol) was added to
the mixture and stirred at 80 °C. After 4 hr, UPLC-analysis still showed presence of starting material.
Therefore, sodium hydride (0.212 g, 8.85 mmol) and N,N dimethylethanolamine (0.900 ml, 8.85
mmol) were added again and stirring was maintained 12 hr to get complete conversion. Mixture
was quenched with water (20 ml) and extracted with EtOAc (20 ml). Organic phase was dried with
Na;S04 and evaporated under vacuum and purified by flash chromatography on NH silica (Biotage,
SNAP 55 gr column) by eluting with a mixture of Heptane/EtOAc 50:50.

Fractions were combined and evaporated under vacuum to give intermediate 63 (0.875 g, 2.96

mmol, 67.0 % yield).

1H NMR: (400 MHz, DMSO-d6) & ppm 2.28 (s, 6 H) 2.77 (t, J=5.59 Hz, 2 H) 4.26 - 4.33 (m, 2 H) 7.69
(s, 1 H) 7.68 - 7.70 (m, 1 H) 7.73 (d, J=5.70 Hz, 1 H) 8.34 (s, 1 H) 8.41 (d, J=5.70 Hz, 1 H) 9.22 (s, 1 H)

UPLC-MS (Method-1): tz= 0.19 min; MS (ESI): m/z 295.1/297.1 [M + H]*
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Tert-butyl (7-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)carbamate (64)

S S
N =~ O/\/N\

A MW vial (20 mL) was loaded with Cs,CO3 (1932 mg, 5.93 mmol) Xantphos (343 mg, 0.593 mmol)
Tert-Butyl Carbamate (0.475 ml, 3.56 mmol), Pd(OAc), (66.6 mg, 0.296 mmol), 63 and 1,4-Dioxane
(15 ml). The mixture was purged with Ar and then irradiated at 100 °C for 2 hr. Dioxane was
evaporated under vacuum. Solid was dissolved in EtOAc (30 mL) and washed with NaHCO3s (30mL)
twice. Organic phase was evaporated under vacuum and purified by flash chromatography, puriflash
125 instrument, NH silica (Biotage SNAP 110 gr), by eluting with a mixture of Heptane/EtOAc 50:50.
Fractions were combined and evaporated under vacuum to give 64 (577 mg, 1.741 mmol, 58.7 %

yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.51 (s, 9 H) 2.27 (s, 6 H) 2.66 - 2.69 (m, 2 H) 4.24 (t, J=5.70 Hz,
2 H) 7.67 (s, 1 H) 8.31 (d, J=5.48 Hz, 1 H) 8.38 (s, 1H) 9.03 - 9.07 (m, 2 H)

UPLC-MS (Method 1): tz= 0.31 min; MS (ESI): m/z 332.4 [M + H]*

UPLC Purity=95%
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7-(2-(dimethylamino)ethoxy)isoquinolin-6-amine hydrochloride (65)
nH, HC!

N~ O/\/N\

In a 100 ml round bottom flask Intermediate 64 (577 mg, 1.741 mmol) was dissolved in Acetonitrile
(3 ml) and EtOH (2.00 ml) and added of aqueous hydrogen chloride 37% (5 ml, 60.0 mmol). Solution
was stirred for 1 hr at rt. Then solvents were evaporated under vacuum to give 65. Intermediate 65

was used as chloride salt in next steps and used as it was without further purifications.

1H NMR (400 MHz, DMSO-d6) & ppm 2.30 (s, 6 H) 2.81 (br t, J=5.59 Hz, 2 H) 4.22 (t, J=5.81 Hz, 2 H)
5.72 (brs, 2 H) 6.82 (s, 1 H) 7.29 - 7.35 (m, 2 H) 8.10 (d, J=5.70 Hz, 1 H) 8.81 (s, 1 H)

UPLC-MS (Method 1): tz= 0.10 min; MS (ESI): m/z 232.3 [M + H]*
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Tert-butyl(3-((7-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)Jamino)-3-oxo-1-
phenylpropyl)carbamate (66)

3-((tert-Butoxycarbonyl)amino)-3-phenylpropanoic acid (Rac-AA) (368 mg, 1.385 mmol), HATU
(527 mg, 1.385 mmol) and DIPEA (0.484 ml, 2.77 mmol) were dissolved in DMF (5 ml) and reacted
for 10 minutes, then solution was added of 65 (236 mg, 0.693 mmol) dissolved in DMF (2mL) and
then solution was stirred on. Following day, UPLC-MS analysis showed still presence of SM, so 1 eq
of acid and HATU were added to the solution and stirring was maintained at rt for 96 hr. Reaction
was diluted with EtOAc (20mL) and then washed with NaHCO3 sat solution (20mL). Organic phase
was dried with Na;SOa, evaporated under vacuum and purified by flash chromatography on silica
NH by eluting with 0% - 10% Acetone in DCM. Appropriate fractions were combined and evaporated

under vacuum to give Intermediate 66 (290 mg, 0.606 mmol, 87 % yield) as white solid.

1H NMR (400 MHz, DMSO-d6) & ppm 1.33 (br s, 9 H) 2.27 (s, 6 H) 2.76 (br t, J=5.59 Hz, 2 H) 4.24 -
4.35(m, 2 H) 7.19 - 7.28 (m, 1 H) 7.28 - 7.40 (m, 5 H)7.46 - 7.56 (m, 1 H) 7.63 - 7.73 (m, 2 H) 8.32 (d,
J=5.70 Hz, 1 H) 8.63 (s, 1 H) 9.07 (s, 1 H) 9.34 (s, 1 H)

UPLC-MS (Method 1): tz= 0.45 min; MS (ESI): m/z 479.3 [M + H]*

UPLC Purity:95%
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3-amino-N-(7-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)-3-phenylpropanamide
(58)

NH,
@)
B "o
N~ O/\/N\
Intermediate 66 (130 mg, 0.272 mmol) was dissolved in ACN (1.000 ml) and then added of aqueous
hydrogen chloride 37% (2 ml, 24.00 mmol). Solution was stirred for 1 hr at rt then solvent was

evaporated under vacuum. Crude was purified on a SCX cartridge elution with 7 N NH3 in MeOH

yielded in 58 (80 mg, 0.211 mmol, 78 % vyield).

1H NMR (400 MHz, DMSO-d6) & ppm 11.36 (bs, 1 H), 9.03 (s, 1 H), 8.68 (s, 1 H), 8.27 (d, J=5.70 Hz, 1
H), 7.61 (d, J=5.70 Hz, 1 H), 7.58 (s, 1 H), 7.43 (d, J=7.45 Hz, 2 H), 7.18 - 7.35 (m, 3 H), 4.16 - 4.34 (m,
3 H), 2.73-2.85 (m, 3 H), 2.59 - 2.69 (m, 1 H), 2.24 (s, 6 H)

1H-NMR purity: 85%

HRMS analysis: exp. 379.2129 (M+1), calc. 379.2129

200804 18#45 RT:017 AV:1 SB: 2 158E9
T: FTMS + p ESI Full ms [100.0000-1200
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6.5 Scheme 11
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2-((6-bromoisoquinolin-8-yl)oxy)-N,N-dimethylethan-1-amine (68)

= Br
Na

)

1

N
l

In a 100 ml round-bottom flaskm, N, N-dimethylethanolamine (0.900 ml, 8.85 mmol) was dissolved
in DMF (5 ml) then sodium hydride (0.212 g, 8.85 mmol) was added in one portion and the reaction
was stirred at 0 °C for 10 minutes. 6-bromo-8-fluoroisoquinoline (67) (1 g, 4.42 mmol) was added to
the mixture and solution was stirred at 80 °C. Mixture was quenched with NaHCOs3 sat. solution (20
ml) and extracted with EtOAc (20 ml). Organic phase was evaporated under vacuum and purified by
flash chromatography, Biotage Isolera Instrument on NH silica (Biotage SNAP 110 gr), by eluting with
a mixture of Heptane/EtOAc 50:50. Appropriate fractions were combined to give intermediate 68

(1 g, 3.39 mmol, 77 % yield) as a colorless oil.

1H NMR (400 MHz, DMSO-d6) & ppm 2.27 (s, 6 H) 2.79 (t, J=5.48 Hz, 2 H) 4.31 (t, J=5.59 Hz, 2 H) 7.26
-7.30 (m, 1 H) 7.73 (d, J=5.70 Hz, 1 H) 7.78 (s, 1H) 8.55 (d, J=5.92 Hz, 1 H) 9.42 (s, 1 H).

UPLC-MS (Method 1): tz= 0.24 min; MS (ESI): m/z 294.8/296.8 [M + H]*
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Tert-butyl-(8-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)carbamate (69)

e
oo
O
\L'\ll/

A MW vial (20 mL) was loaded with Cs,C03(2.208 g, 6.78 mmol), Xantphos (0.392 g, 0.678 mmol) Tert-
Butyl Carbamate (0.543 ml, 4.07 mmol), Pd(OAc), (0.076 g, 0.339 mmol) (66.6 mg, 0.296 mmol),
Intermediate 68 (1 g, 3.39 mmol) and 1,4-Dioxane (15 ml). The mixture was purged with Ar and then
irradiated at 100 °C for 2 hr. Dioxane was evaporated under vacuum. Solid was dissolved in EtOAc
(30 mL) and washed with NaHCO3 (30mL) twice. Organic phase was washed with NaCl sat solution
and dried with Na;SOs, evaporated under vacuum and purified by flash chromatography, Biotage
Isolera Instrument, on NH silica (Biotage SNAP 110 gr), by eluting with a mixture of Heptane/EtOAc
50:50.

Purification yielded intermediate 69 (862 mg, 2.60 mmol, 77 % yield)

1H NMR (400 MHz, DMSO-d6) & ppm 1.51 (s, 9 H) 2.29 (s, 6 H) 2.81 (t, J=5.59 Hz, 2 H) 4.20 (t, J=5.59
Hz, 2 H) 7.18 (d, J=1.53 Hz, 1 H) 7.59 (d, J=5.70Hz, 1 H) 7.65 (s, 1 H) 8.36 (d, J=5.70 Hz, 1 H) 9.26 (s, 1
H)9.72 (s, 1 H)

UPLC-MS (Method 1): tz= 0.38 min; MS (ESI): m/z 332.3[M + H]*

UPLC Purity: 98%
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8-(2-(dimethylamino)ethoxy)isoquinolin-6-amine hydrochloride (70)

NH
= e
N
O\L

N/

I
In a 100 ml round-bottom flask, intermediate 69 (862 mg, 2.60 mmol) was dissolved in H,0 (1 ml)
and THF (3 ml), then solution was added of 3 mL of aqueous HCI 37%. Solution was stirred at rt for

24 hr. Then solvents were removed under vacuum to give intermediate 70 as chloride salt in a

guantitative yield.

1H NMR (400 MHz, DMSO-d6) d ppm 2.86 (d, J=4.60 Hz, 6 H) 3.64 (br d, J=4.17 Hz, 2 H) 4.47 - 4.54
(m, 2 H) 6.55 (s, 1 H) 6.69 (s, 1 H) 7.34 - 7.51 (m, 2H) 7.66 (d, J=6.80 Hz, 1 H) 8.04 (s, 1 H) 9.67 (s, 1
H)

50 mg were sampled and purified by SCX. The resulting material was submitted to *H NMR analysis

to have the spectra of the free base:

1H NMR (400 MHz, DMSO-d6) & ppm 2.30 (s, 6 H) 2.81 (t, J=5.48 Hz, 2 H) 4.17 (t, J=5.59 Hz, 2 H) 5.93
(s, 2 H) 6.29 (s, 1 H) 6.46 (d, J=1.32 Hz, 1 H) 7.24 (d, J=5.70 Hz, 1 H) 8.11 (d, J=5.70 Hz, 1 H) 9.02 (s, 1
H)

UPLC-MS (Method 1): tz= 0.11 min; MS (ESI): m/z 232.3 [M + H]*

UPLC-MS Purity: 95%
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Tert-butyl (3-((8-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)amino)-3-oxo-1-

phenylpropyl)carbamate formate (71)

H
(@) N\H/O\’<
= NH (@]
N
O\L HCOOH
'Tl/

In a 20 mL vial, 3-((tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (Rac-AA) (312 mg, 1.174
mmol), HATU (446 mg, 1.174 mmol) and DIPEA 200ulL were dissolved in 2 mL of DMF and reacted
for 10 minutes. In another 20mL vial, intermediate 70 (200 mg, 0.587 mmol) and DIPEA 200ul were
dissolved in DMSO (2 mL). The resulting solution was added to the previous one. DMAP (35.9 mg,
0.294 mmol) was added to the resulting solution. Solution was stirred for 5 hr at 80 deg. After 5 hr,
UPLC-MS analysis still showed presence of starting material. Acid (312 mg, 1.174 mmol), HATU (446
mg, 1.174 mmol) and DIPEA 200uL were added again and solution was stirred at 80 deg for 12 hr.
The solution was diluted with EtOAc (20mL) and washed twice with NaHCO3 sat solution (20mL).
Organic phase was evaporated under vacuum and crude was purified by flash chromatography on
C18-silica by eluting with 0-30% B in A (A: water/acetonitrile 95/5 + 0.1% HCOOH, B:
acetonitrile/water 95/5 + 0.1% HCOOQOH). Purification yielded Intermediate 71 (50 mg, 0.095 mmol,
16.23 % yield).

1H NMR (400 MHz, DMSO-d6) & ppm 1.35 (br s, 9 H) 2.88 (br d, J=7.23 Hz, 2 H) 2.95 (br s, 7 H) 3.70
(brs, 2 H) 4.51 (brs, 2 H) 5.01 - 5.14 (m, 1 H) 7.18 -7.25 (m, 1 H) 7.27 - 7.40 (m, 1 H) 7.27 - 7.48 (m,
1H) 7.41 (brs, 1 H) 7.50 - 7.60 (m, 1 H) 7.96 (br's, 1 H) 8.11 - 8.16 (m, 1 H) 8.49 (br d, J=6.36 Hz, 1
H)9.63 (s, 1 H) 10.56 (br s, 1 H)

UPLC-MS (Method 3): tz= 0.45 min; MS (ESI): m/z 479.3 [M + H]*

UPLC Purity: 98%
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3-amino-N-(8-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)-3-phenylpropanamide
(59)

NH,

Intermediate 71 (50 mg, 0.095 mmol) was dissolved in Acetonitrile (1 ml) and Water (1 ml) and then
added of 1 ml of aqueous 37% HCI. Solution was stirred for 1 hr at rt and then solvent was
evaporated under vacuum. Crude was dissolved in MeOH, pH was adjusted to 5 with NaHCOs sat

solution and then purified by SCX, eluting with 7N of NH3 in MeOH to give compound 59 (20 mg,
0.053 mmol, 55.4 % yield)

1H NMR (400 MHz, DMSO-d6) & ppm 10.42 (bs, 1 H), 9.26 (s, 1 H), 8.36 (d, J=5.70 Hz, 1 H), 7.81 (s, 1
H), 7.60 (d, J=5.70 Hz, 1 H), 7.10 - 7.40 (m, 7 H), 4.33 (br t, J=6.69 Hz, 1 H), 4.20 (t, J=5.59 Hz, 2 H),
2.78 (t, J=5.48 Hz, 2 H), 2.50 - 2.69 (m, 2 H), 2.26 (s, 6 H)

UPLC-MS Method B: tz= 2.35 min; MS (ESI): m/z 379.2 [M + H]*
UPLC Purity=96%

HRMS analysis: exp. 379.2135 (M+1), calc. 379.2129

200804_10 #53 RT: 020 AV:1 SB:33 051099 NL: 7 55E8
T: FTMS + p ESI Full ms [100 0000-1200.0000]
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6.6 Scheme 12
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Tert-butyl (3-((8-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)amino)-3-oxo-2-
phenylpropyl)carbamate (72)

H
@) N\n/oj<
Z NH (0]
N

O\L
T/

Rac-AA1, 3-{[(tert-butoxy)carbonyl]amino}-2-phenylpropanoic acid (312 mg, 1.174 mmol) was
dissolved in DMF (4mL) and added of DIPEA (0.410 ml, 2.348 mmol), a catalytic amount of DMAP
and HATU (446 mg, 1.174 mmol). The resulting solution was stirred for 10 minutes, then
Intermediate 70 was added and the solution was stirred for 48 hr at rt. Then solution was diluted
with EtOAc (20mL) and washed twice with NaHCOs sat solution (20mL). Purification by flash
chromatography on C18-silica by eluting with 0-30% B in A (A: water/acetonitrile 95/5 + 0.1%
HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH) yielded intermediate 72 in a 53% yield.

1H NMR (400 MHz, DMSO-d6) & ppm 1.35 (s, 10 H) 2.76 (br s, 6 H) 3.33 - 3.36 (m, 1 H) 3.45 (br s, 2
H) 3.54 (ddd, J=13.32, 7.84, 5.37 Hz, 1 H) 4.07 (br t,J=7.23 Hz, 1 H) 4.40 (br s, 2 H) 7.00 (br t, J=5.26
Hz, 1 H) 7.22 - 7.32 (m, 2 H) 7.24 - 7.31 (m, 1 H) 7.31 - 7.43 (m, 4 H) 7.65 (d, J=5.70 Hz, 1 H) 7.89 (s,
1H) 8.13 (s, 1 H) 8.39 - 8.47 (m, 1 H) 9.48 (s, 1 H) 10.54 (s, 1 H)

UPLC-MS Method A: tz= 0.48 min; MS (ESI): m/z 479.4 [M + H]*

UPLC Purity: 95%
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3-amino-N-(8-(2-(dimethylamino)ethoxy)isoquinolin-6-yl)-2-phenylpropanamide
(60)

NH

O\L
T/

Intermediate 72 (150 mg, 0.313 mmol) was dissolved in Acetonitrile (1 ml) and Water (1 ml) and
then added of 1 ml of aqueous 37% HCI. Solution was stirred for 1 hr and then solvent was
evaporated under vacuum. Crude was dissolved in MeOH, pH was adjusted to 5 with NaHCOs sat

solution and then purified by SCX, eluting with 7N of NH3 in MeOH to give 60 in a 65% vyield.

1H NMR (400 MHz, DMSO-d6) & ppm 9.25 (s, 1 H), 8.36 (d, J=5.70 Hz, 1 H), 7.89 (s, 1 H), 7.59 (d,
J=5.92 Hz, 1 H), 7.15 - 7.38 (m, 6 H), 4.20 (t, J=5.59 Hz, 2 H), 3.78 (br dd, J=8.99, 5.26 Hz, 1 H), 3.19 -
3.30 (m, 3 H), 2.25 (s, 6 H)

UPLC-MS Method 2: tzg= 4.14 min; MS (ESI): m/z 379.3 [M + H]*
UPLC Purity: 94%

HRMS analysis: exp. 379.2130 (M+1), calc. 379.2129

200804_12 #93 RT: 0.35 AV:
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6.7 Scheme 13
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Tert-butyl (1-(4-chlorophenyl)-3-oxo-3-((1-oxo-1,2-dihydroisoquinolin-6-
yl)Jamino)propyl)carbamate (74)

Cl

ZT

=
HN O NHBoc

)

Intermediate 73 (500 mg, 3.12 mmol) was dissolved in Pyridine (10 ml) then 32 (1123 mg, 3.75
mmol) and POCI3(0.545 ml, 5.85 mmol) were added and stirred at O °C.

Then mixture was quenched with NaHCO3 sat solution (20 mL) and extracted with EtOAc (20mL).
Organic phase was washed once with H,0 (20mL) then evaporated under vacuum to give a yellow
solid. Purification by flash chromatography on C-18 silica column, Biotage Isolera, SNAP 120 gr, by
eluting with 0-100% B in A (A: water/acetonitrile 95/5 + 0.1% HCOOH, B: acetonitrile/water 95/5 +
0.1% HCOOH) yielded intermediate 74 in a 30% vyield.

1H NMR (400 MHz, DMSO-d6) & ppm 1.34 (br's, 10 H) 2.74 (br's, 1 H) 2.79 (br d, J=7.45 Hz, 1 H) 4.81
-4.92 (m, 1 H) 4.98 - 5.08 (m, 1 H) 5.19 - 5.19 (m, 1H) 6.43 (d, J=7.02 Hz, 1 H) 7.05 - 7.16 (m, 1 H)
7.30 - 7.42 (m, 5 H) 7.43 - 7.51 (m, 1 H) 7.53 - 7.64 (m, 1 H) 7.94 (d, J=1.32 Hz, 1 H) 8.07 (d, J=8.55
Hz, 1H) 10.21 (s, 1 H) 11.05 (br d, J=5.26 Hz, 1 H)

UPLC-MS Method 1: tzg= 1.0 min; MS (ESI): m/z 342.3[M -100]*
UPLC-Purity: 94%
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3-amino-3-(4-chlorophenyl)-N-(1-oxo0-1,2-dihydroisoquinolin-6-yl)propenamide
(61)

Cl

ZT

=
HN O NH,

0]
Intermediate 73 (140 mg, 0.317 mmol) was dissolved in 4M HCI Dioxane (4mL) and stirred at rt.

After 1 hr, LC-MS showed reaction was complete. Solvent was evaporated under vacuum and crude
was purified by flash on C-18 silica Sepachrom 12 gr column, Biotage Isolera, by eluting with 0-30%
B in A (A: water/acetonitrile 95/5 + 0.1% HCOOH, B: acetonitrile/water 95/5 + 0.1% HCOOH).

Purification yielded compound 61 in a 30% vyield.

Fractions were combined and added of 25ulL of HCL 37% mol to obtain the chloride salt.

1H NMR (400 MHz, DMSO-d6) & ppm 3.06 - 3.19 (m, 2 H) 4.76 (br s, 1 H) 6.43 (d, J=7.02 Hz, 1 H) 7.08
-7.16 (m, 1 H) 7.47 - 7.62 (m, 5 H) 7.87 - 7.94 (m,1 H) 8.05 - 8.12 (m, 1 H) 8.51 (br s, 2 H) 10.56 (s, 1
H) 11.10 (br d, J=5.04 Hz, 1 H)

UPLC-MS Method 2: tz= 3.4 min; MS (ESI): m/z 342.2 [M + H]*
UPLC-Purity: 99%

HRMS analysis: exp. 342.1002 (M+1), calc. 342.1004

200804 _14#41 RT:0.16 AV:1 SB: 2 2.08E8
T: FTMS + p ESI Full ms [100.0000-1200
342.1002
100— z=1
90—
80—
70
60—
50—
40+

30 3792127
20 ss0738 | At
10 1870501 = 4141132 4962917 560.0568 0831932 7323771 8271201 890.0533 958.5603 10262830 11211783 1199.3202
o L ) L z=1 z=? z=1 \ z=? z=1 z=? z=? z=1 z=? z=?
R R e R L % SR
100 200 300 400 500 600 700 800 900 1000 1100 1200

miz
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7. Biological Assays

7.1 Invitro Inhibitory Activity Assay

The effectiveness of compounds to inhibit Rho kinase activity can be determined in a 10ul assay
containing 40mM Tris pH7.5, 20mM MgCl, 0.1mg/ml BSA, 50uM DTT and 2.5uM peptide substrate
(Myelin Basic Protein) using an ADP-Glo kit (Promega). Compounds were dissolved in DMSO such
that the final concentration of DMSO was 1% in the assay. All reactions/incubations are performed
at 25°C. Compound (2ul) and either Rho kinase 1 or 2 (4ul) were mixed and incubated for 30 mins.
Reactions were initiated by addition of ATP (4pul) such that the final concentration of ATP in the assay
was 200uM. After a 1 hour incubation 10ul of ADP-Glo Reagent was added and after a further 45
minute incubation 20ul of Kinase Detection Buffer was added and the mixture incubated for a
further 30 minutes. The luminescent signal was measured on a luminometer. Controls consisted of
assay wells that did not contain compound with background determined using assay wells with no
enzyme added. Compounds were tested in dose-response format and the inhibition of kinase
activity was calculated at each concentration of compound. To determine the I1Cso (concentration of
compound required to inhibit 50% of the enzyme activity) data were fit to a plot of % inhibition vs
Log10 compound concentration using a sigmoidal fit with a variable slope and fixing the maximum
to 100% and the minimum to 0%. To determine the Ki values the Cheng-Prusoff equation was

utilized (Ki=ICso/(1+[S]/Km).

213



7.2 Cell-based Assay

This is an ELISA-based assay carried out using the MesoScale Discovery system. Pulmonary Artery
Smooth Muscle Cells (PASMC) cells are incubated with test compound for 1 hour, lysed and then
levels of phosphorylated MLC2 are assessed using MSD plate technology. MSD plates are supplied
pre-coated with anti-rabbit Ig. After blocking, plates are coated with anti-phospho MLC2 (rabbit)
capture antibody, and then washed before the addition of cell lysate, which is incubated overnight
at 4°C. Plates are washed; an anti-MLC2 detection antibody (mouse) is added followed by an anti-
mouse-lg-Sulpho-tag secondary antibody. The resulting signal is read on the Mesoscale Sector S 600
machine and is proportional to the levels of pMLC2 present in the cell lysate.

% of Inhibition is equal to 100 — ((100*(sample-LC)/ (HC-LC)) where LC is the mean of the blank low
control values (PASMC cells treated with a known ROCK inhibitor) and HC is the mean of the high
control values (PASMC cells treated with 0.3% DMSO). To determine the ECso a curve is fitted to the
plot of % Inhibition vs Log1l0 compound concentration using a sigmoidal fit with a variable slope.

The top and the bottom of the curve are unconstrained.
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8. Computational Methodologies

8.1 Prime Macrocycle Conformational Sampling (Prime-MCS)

For the evaluation of newly designed macrocycles through Prime-MCS see the experimental
procedure reported in this paper: “Sindhikara, D.; Spronk, S. A.; Day, T.; Borrelli, K.; Cheney, D. L.;
Posy, S. L. Improving Accuracy, Diversity, and Speed with Prime Macrocycle Conformational

Sampling. J. Chem. Inf. Model. 2017, 57 (8), 1881-1894. https://doi.org/10.1021/acs.jcim.7b00052.

8.2 General Procedure for Docking Simulations

Docking simulations were performed using the crystal structure of human ROCK | in complex with
ligand 17 (PDB ID: 3NDM). The X-ray structure was initially prepared with the Protein Preparation
Wizard tool and then used as starting point for docking calculations with Glide, applying default
settings. Ligand 3D structures were prepared with the LigPrep utility, generating all possible
tautomeric and ionization states at physiological pH. To avoid potential biases related to the initial
ligand geometry, up to 50 conformers were generated for each ligand state with ConfGenx and then
docked within Glide grids. Only the best-ranked pose of each compound was selected for further

analyses.
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9. Crystal Structure Determination

Prismatic orangish crystals suitable for X-ray data collection were obtained from a THF/heptane
solvent mixture. Crystal data and structure refinement for compound 40 are reported in the

following table.

Crystal data and structure refinement for compound 40

Empirical formula Ca7H50CI2Ng0O7
Formula weight 909.85
Temperature/K 220.0

Crystal system triclinic
Space group P-1

9

a/A
b/A
c/A
o/°

B/°

v/°

Volume/A3

VA

Pcalcg/cm?
u/mmt

F(000)

Crystal size/mm3

Radiation

9.84414(11)
13.32904(16)
16.7462(2)
91.0137(10)
99.8500(10)
98.6931(9)
2137.91(4)

2

1.413

0.216

956.0

0.22 x 0.07 x 0.05

MoKa (A = 0.71073)
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20 range for data collection/°3.872 to 51.352

Index ranges -11<h<11,-16<k<16,-18<1<20
Reflections collected 36576

Independent reflections 8070 [Rint = 0.0282, Rsigma = 0.0234]
Data/restraints/parameters 8070/14/610

Goodness-of-fit on F2 1.071

Final R indexes [I1>=20 (1)] R1 =0.0699, wR; = 0.2097

Final R indexes [all data] R1=0.0719, wR;=0.2112

Largest diff. peak/hole / e A3 0.35/-0.60
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