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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. Uihmet medical need

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

PI3Kdeltaplays a key role in mechanisms that promote airway chronic inflammation underlying
Asthma and COPDIhe first part of this project was dedicated tbe identification of novel
PI3Kdeltainhibitors.

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 enzjer@otency and moderate
selectivity for PI3Keltaover other PI3K isoforms. However, this compound exhibited low potency

in celtbased assays. Low cellular potency was related to sub optimalghieyg and ADME
properties. The analysis of therXy crystastructure of this compound in human Ri8leltaguided

a second tailored SAR expansionttleal to improved cellular potency and solubility.

The second part of the thesis was focused on the rational design and synthesis of new macrocyclic
Rhoassociated protein kinases (ROCKS) inhibitors. Inhibition of these kinases has been associated
with vasodilating effects. Therefore, ROCKSs could represtnaictive targets for the treatment of
pulmonary arterial hypertension (PAH). Known R@®ibitors suffer from low selectivity across

the kinome. The design of macrocyalhibitors was considered a promising strategy to obtain
improved selectivity. Kown inhibitors from literature were evaluated for opportunities of
macrocyclization using a knowledfased 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 ROCKSs 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 Biologicfffigurel). Even if thiswumberis lower than that registered in 2018 (59
divided between 42 New Chemical Entities and 17 Biologiceniirmsa positivetrend that started

in 2017 when 46 new drugs were approvedlthough 2019 was a successful year in terms of
approved drugs, it is important to point out that it has been estimated than onlycartef 5,000
compounds thatPharma and Biotech companieiscover andput through preclinical testing
becomes an approved dréig Consequently the high attrition rate of candidate drugs has
highlighted the importance of delivering higjuality leads during the prelinical development
showing the value ofinding an efficient and rapid lead generation strategy to idengtyod

chemical staiihg points.

The following introduction will give arief description of the different lead generation strategies
frequently employed in identifying new candidate drughis description will help to introduce the
two different lead strategis, employed in thisesearch thesisaimed at identifying new kinases

inhibitors for the treatment of respiratory diseases.

59

o
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Figurel: New chemical entities and biologics approved by FDA in the last two detades
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Where Does a Lead Come From?

Brown et al. recently reported® an analysicconductedon 66 published clinical candidaté®m
Journal of Medicinal Chemistbetween2016 and 20170verall, this study showed as the most
widely used lead generation approach was based seaaf a previously known compounds
starting point(Known, 43% (Figure?2). This was followed by screening methaigdivided into
random screening (29%), focusecreening (8%);BLGragmentBasedlLead Generation(5%), and
DNAencoded libraryscreening (19%8) while Structure Based Drug Design (SBDD) was used in the
14% of the examined caseHereafter, an overview of these strategies is reportédis important

to underline that in many caseshe identification of a clinical candidaie determined using a

combination of these lead generation approaches.

5% 1%

= Known

8%
® Random Screen
= SBDD

Directed Screen
™ Fragment Screen
EDEL

Figure2: Distributions of six sources of lead generations strategjies

9 Lead Identification Based on Known Compounds

Thisis the strategymost frequentlyusedto develop new drugsh new pharmaceutical program can
be based on a previous disclosure of an active compound or on adav@oped programFast
follower, Me too and repurposing approaches canrm@uded in this category.he major advantage
of this kind ofapproactesis that usually the biological targétsalreadybeenvalidated in the clinic
and this usually accelerates the development protes®wever, this strategy is not without risks
since it is essential to guaraméhe novelty of the new generated intellectual property. Moreover,

the new compoundmust be at least nornferior to the original drug. In this type of approach,

14



minimal chemical changes are introduced with the aim of providing differentiation and

opportunities of claim invention and novefty
1 Screening Method$or Lead Generation

Progress in screening technology matthese methods fundamental in drug discovery process.
Among them High-Throughput Screeningcommonly known as HT®as become a standard
procedurein early stages of Hidentification. An analysis conducted on 5&ugs that were

approved from 1991 and 2008zported thatthe origin of 19 of them was associated to PITS

The mainobjective of HTS is to deliver different chemical series from which the most suitable for
the drug development process will be identiffedt is basically a process of screening and assaying

a large numbebf biological modulators and effectors against selected and specific targets

However, screening of 1 million of compounds can tai@rhonths can be highly expensivand
not always accessible to smaller biotech companies or acadkbaratories Therefore, new
techniques hae recently emerged as alternative strategies to HafSlarge collections of small

molecules

The screening of focused setd compoundsor focused libraryis among them In Focused HTS
subsets of compounds can bereated within corporate collections according to some
chemoinformatic criteria or target biased librari@dis approach has different advantages: first, it

is an integration of drugliscovery knowledge and expectations about #tricture essential foa
particular target (the saalled protein family targeted library); secondly it is cost &éntesaving
sincesmaller sets of compounds can be screened faster. Moreover, the synthesis of target focused
library allows to cover a precise chemical space wisabften incompletelycoveredin random

collections compounds providing a preliminary SAR analysis.

Recentlyanother emerging techniquddNAencoded chemical librariedas attracted the interest
of pharmaceutical company. Ti2NAencoded chemical librariegpresent anew toolfor the fast
and efficient identification of ligands for a certain protein target.iBalby, thesdibrariesare large
collections of organic molecules coupled to DNA tag, functioningnaglifiable identification
barcodes$. DNA-encoding permitghe easy identification ofijand bound to supported proteiat
sub-picomolar concentrationin similar fashion to what happens with other methodologies like

antibody phage displ&yThis technique allows tprepare combinatorial libraries of thousands to

15



millions of small molecules. Moreover, it lsss costlycompared to HTSOverall, the cost of
screening HT Soliary of 1 million compoundsould costbetween 400 million and 2 billioof dollars
while screening a OE library of800 million compoundsvould cost on the order of $150.080
Additionally, theadvantage is related tpossibility of being applied to target, for whom specific
assay araot available and therefore HIEannotbe applied At the moment, one successftiinical
candidatederivedfrom this technology i&SK298277dirst-in-class Receptor Interacting Protein 1

(RIP1) for theéreatment ofinflammatorydisease¥’.

(i) 1°reaction (ii)

NHFmoc 3) Coupling n NH, NH;
p e — POOL
! 3 5 —_—
(e]

COE b) Fmoc deprotection NH
) ¢)HPLC ¥ s [
n

(i) 2° r7action (vi)

[ . | Encoding

o
%.
(&)
(=)
(s>}
—>
=

n x m member
DNA-encoded chemical library (v} pooL

Figure3: Syntheticscheme of a single pharmacophore DNA encoded chemical library

However, even if DECL technology has reached a good level of matutitgtill shows some
drawbacks suchasthe limitations in types of Building Blac&nd reactions that can be used since
not all chemical reactions can guarantee the preservation of DNA intéghitgreover, not all
proteins (e.g., integral membrane proteins) are complatilwith all the standard selection

procedures, as they are difficult twe kept in solution and tde immobilizecon solid supports™.

Anotherscreeningmethodology firmly established in the drug discovery process, isRtement
based drug discovery (FBDWhich involves the construction of smatiolecule liganddinking
together low-molecular nass fragment moleculesf X300 D&? which showed even a weak
interaction with the aarget Fragmentbased methodology has two primary advantages compared
to HTS: firdy, a significant larger proportion of chemical space can be sampled with a fragment
library (usuallyp10® fragments)as comparedvith the D10°b 1P largermolecules typical for an HTS

campaign secondly even iffragment hits are weakly binding, themust make highquality

16



interactions with the target to bind witenoughaffinity for detection Ultimately, a high variety of
screening assay can be used in FBBiBchemical screens, terminal shifts, ligand observed NMR

and Xray crystallography

| 26 SHGSNE C. 55 KlFra AGa 26y RNaAYOSOFAGE 2D T § RA
discoveryproblems Some targetseemto be less amenable to FBDD methodology and moreover

low potercyfragmentsare not suitabldor whole cell screeningndfor kinetic assaybecause they

might need for higher concentration of the fragmedetidingto false positive Nonetheless5% of

66 published clinical candidateseviewed by Brown et aPf. were discovered through this
methodology. Aditionally, Johnson and colleaguegported 26 recent examples of successful
fragmentto-lead published case studies 2018 and highlighted thébroadening of target class
coverageby FBDDmethology'®.

17



9 Structure Based Drug Design

Structure Based Drug Desi¢@DD) is a methodology that relies possessing the knowledge of

3D structures of biological targets

SBDD igypicallyan iterative process that begins with the identification and the validation of the
target structuré4. The outstanding progress made in structurabianolecular biology along with
improvementsbhiomolecular spectroscopic structure determination methdusve provided the
determination of 3D structures of more thak®©0,000 proteis®®. These improvements have made
SBDD themost powerful and efficient process the drugdiscovery.However, target struetre is

not alwaysavailable thus in these case® silico methodsnust bedza SR 2 Y2 RSt (G(KS
structure. Homology modelling or comparative modelling are examples of these metwbdzh

allow tobuild 3D structures for uresolvedproteins 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 structuté When targets and binding sites are well defintid next step is
the Hit identification. Hit discovery can be carried out essentially using two strategies: virtual high

throughput screeningvHTSand de novodesign

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

and score.

Thede novodrug design is aomputationalmethod of building new lead compounds from scratch,
starting from molecular units. The aim o develop small chemical structure thasfierfectly in

the target spaceThis can be carried out through two different approaches: tatzgpeted design and
ligandbased design; the first one more prevalent than the second. Basically in the -tzaget

design hits are created byfting small fragments in key sites of the prot&irbuilding the chemical
O2yySOUA2ya GKIFG YFAYGErAYy (GKS NBIljdzANSR 3IS2YSi

In the field ofde novodesign, a newinteresting area has beerrecently attracting medicinal

chemistry interest: the macrocyclizati&h
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Natural product macrocycles and their synthetic analogakesg with peptidic macrocyclesre
well-known in medicinal chemistryHowever, 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 agenfs

One of the main reason of égrowing interest in macrocyclization is dueitientification of new
biochemical pathways based pnotein-protein interactiond’. This new class of target seems to be

less druggable sincthe region of interaction is larger and lacks of widfined bindingregions

making harder thenhibition by classical small molecutésTherefore, molecules have to be larger

IyR O2yaSldsSyate 06S02YS §Saa & RTbzInactodydliZton 0 K|y
represents a new strategy to overcome these new druggability problémghis regard, cell
permeability a frequent problem in large moleculessan be positively influenced by
macrocyclization since itao 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 memb#fdne

Additionally, macrocyclization can improve poteff&}?? and selectivity®>?4 over targets.Since
their lowerconformational freedomcompared to their acyclic counterparts, macrocycles can show
improved binding affinity due to reduced entropic loss during the biringoreover,they have

higherselectivitydue to the difficulty to assume conformations required to bind other targéts

Macrocyck desgnis mainlyguided by SBDD; 3D structure information on liggmmdtein complexes
arefundamental to design and direct macrocyclization into the right direct8&mme ligandound

to their target, present conformational prelisposition such adJ-shaped or &haped’, consistent

for macrocyclization. Once these opportunities of macrocyclization are identified, several molecular
modeling protocols provided byeg. CCG, Openeye Schrodinget®can beappliedto build new

macrocyclic analogues.

Lorlatinib, amacrocyclic kinase inhibitdor the treatment ofALKpositive metastatic nonsmall cell
lung cancer®and Simeprevif’, the first macrocyclic NS3 inhibitor to be approved by the FDA for
HCV therapyre two successi examples of the application of Structure Based Macrocyclic Drug

Design to small molecules.
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Figure4: Structure Based Design of a macrocyclic HCV NS5B polymerase
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Partl: From an HTS Hit to a Potent and Selective EIBKibitor
for the Treatment of Asthma and COPD
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1. Introduction

1.1 An overview d Asthma and COPD

COPD and Asthma are two chronic respiratory diseases characterizdvays obstruction and
chronic inflammation of respiratory tradt has been estimated thah 2016more than 339 million
peoplesuffered fromAsthma globallyvhile C®D cause8.17 million deathen 2015 representing
the 5% of all deaths globally in that yéar

Asthma is a heterogeneous disease featuredllnyg inflammation coupled to airway hyper
responsiveness (AHBjused bylirect and/or indirect stimuli such as exercise, exposure to allergens

or irritants, weather change, and respiratory infectiéhsUse of bronchodilators andinhaled
corticosteroids represent the maistrategy to manage this diseabat, despite the availability of

these effective therapies,pproximately 20% of patients apoorly controlledand3¢5% of patients

suffer from a moreserious form which is defined as Severe Astffina

Sevee Asthma iglescribedby European Respiratory Society (ERS) and American Thoracic Society
6! ¢{ 0 AdZARSEAYSA a4 alaldKYl @gKAOK NBIljdzA NBEa G N
L) dza& | aSO02yR O2yGNRffSNI (2 LINBroghichi renfaiis T NRB
Gdzy O2y UNRff SRé RSALIAGS GKAA GKSNI LRE

Severe asthma phenotypes are mainly composed of the following classificatman?2 (T2) high or
T2low®? (Figure5). Currently,most of thenew drug development has been focused on targeting

Type 2 (T2) high asthma.

Type-2 inflammation Non Type-2 inflammation
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Figure5: Severe Asthma Phenotypé.
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Three immune response modifie approved by the FDA and EMA are available for treating severe
TH2high asthma such as omalizumab (agk); mepolizumab, reslizumab and benralizumab {(anti
IL-5 pathways), and dupilumab (adtt4/1L-13). On the other hand, the TH@w endotype does not
have any readily available poinf-care biomarkers, so TH8w asthma is often diagnosed based

on a lack of THRigh biomarkers and laslof specific treatment®. These patients tend to have
greater resistance to steroids. Indeed, treatmaptions for TH2 low asthma are limited and the
development of therapies has lagged behind that for -Hitfh asthm&'. Overall,Asthma isan
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 obstrattlung 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 environmeri. COPD is also characterized by acute exacerbations in many cases
caused by an infection in the lungs résg 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 lymphoc&§tégjures).

Cigarette

smoke Bacteria Fr
— 4k DS w*

) NF-kB, p38 MAPK

Epithelial LTB, I IL-17

cells

cxCL1 @ N
CXCL8 IL-23 |

IL-1B
ILC3 (inflammasome)

TNF-a

GM-CSF

CXCR2

ey &

Mucus
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[ 1
( J Neutrophil
! y elastase MMP8
) ) '; \ MMP9
(¥

. Mucus secretion, oxidative stress, steroid resistance

Figure6: Neutrophilic inflammation in COPD.
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Qurrent treatments for COPBre only able to relieve symptoms but they do metiuce progressive
decline in lung function or mortalityand they have a very little effect on preventing
exacerbations® Moreover, COPD patients are poorly responsive to corticosteroids treatmemngs. O

of the causes for this lack of respongseconnected to oxidative stress that characterizbe
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 2Z[{DAC
which consequently reduces the ability of glucocortiisnito mediate trans repression of
proinflammatory gene®3>3738 Therefore, there is an extreme need for alternative treatments

capable of preventing and reversing the natural progression ofdisesase.

Overall, the heterogeneity of these two pathologies and thekl of responsiveness to mainstay
therapies make their therapeutic management extremely difficult and force the scientific
community to focus on neyathways that regulate inflammatory responsefind alternative and

more effective therapeutitreatments.
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1.2 Class Pl3Kas 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 amflammatory therapies are less
effective®, as in severe Asthma and COPRIass | PI3Ks are among this group of kinddé&s are
involved in cellular mechanisms that lead to the activation of inflammation, corticosteroid
resistance, cellular senesce resultingaotelerated agingespecially uner conditions of oxidative

stress® (Figure?).

stress
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] I PIP, PIP,
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Figure7: PI3K signalling pathway and its engagement in inflammafion

Recent studies on murin&nockouts have elucidated the structure, theistribution and the
functions of PI3Ks and enabled their classification. Based on these studies, the biological role of
PI3Kl andgisoforms in the immune response has clearly emerged.

The keyfunction of PI3Kd in immuneresponsehas been demonstratedybnumerous studies with
mutant mice and PI3Kselective inhibitors Additionally, researches conducted in airway
inflammation models have highlighted the specific role of tisisform in airway inflammatory

condition which characterizes respiratory diseases such as Asthma and COPD.

PI3Klis implicated in the developmendifferentiation and in the functioning of T and B c¥lend
required for cell activation of TGRd BCR. Linked to that, T cells from pdd@tant mice showed

reduced antigen induced proliferatiom vitro, while pll@l-deficient Bcells proliferation in
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response to B cell receptor stimulation is inhibited and their function as antigen presentiag cel

(APC) is impairéfl

PI3Kl is also responsible for mast cellemeostasis and plays an importapart in the allergic
responsél. Its involvement irthe allergic response has been confirmed with a study conducted in
an acute allergic airway inflammation and hyperresponsivenmassine model. The use of a
P13Kl selective inhibitor, 1C87114, led to a reduction oflcelfiltrates in the lung, mucus
hypersecretion, cytokine and chemokine levels, IGANntercellular adhesion molecule 1) and

VCAM1 (vascular cell adhesion molecule 1) expression and airway hyperresponsf¥eness

Implications of PI3Kin promoting neutrophil trafficking into inflamed tissue has also been
revealed PI3K participates in neutrophil trafficking by modulating the proadhesive state ofd@hes
cells in response to tumour necrosis fac&diTNR)*3. Moreover, PI3&inhibition with IC87114 led

to a reduction ofneutrophil accumulation into inflamed tissue innaurine LPS model acute lung
injury®3,

Another study demonstrated as PIBIs overexpressed in lung macrophages of COPD patients and
causes the hyperphosphorylation and ubiquitination of histone deacetylase 2 that redkisces
activity and, consequently, its glucocorticoid sensititfit€onsequently, theedective inhibition of
PI3KI might restore glucocorticoid responsiveness irateents affected by COPDand Severe
Asthma®,

Additionally, a study has revealed as RI8Hibition can induce human airway smooth muscles cells

relaxation producing airway dilation sgparable to that obtained witlh agonist$®°.

Ly &adzyx t L sidetabledpkomigedas aOdtuy target for the treatment of airways chronic

inflammation underlying diseases such as Asthma and GE)§De8).
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1.3 Phosphoinositide Kinases Family

The PI3kinases (PI13K$elong to a family of lipid kinasdkat are able to phosphorylate the-3
hydroxyl group of lte inositol ringleading tothree different substratesPtdins, Ptdins4P, and
PtdIns(4,5)P#%. These phosphorylated phosphoinositides act as second messengers and their
dephosphorylation is mainly catalysed by two phosphatas€BEN Fhosphatase and tensin
homolog deleted orthromosome 10) and SHIP (SH2 donrtaintaininginositol 5phosphatasey.

PI3K activities have been reported in all eukaryotic cells and linked to many key cellular activities
such as cell growth, proliferation, motilitgifferentiation, survival and intracellular traffickiffgy
Moreover, the link betweenPl 3kinase activityand many human diseases such atergy,
inflammation, heart disease and candsais made tis kinase familyan interesting and attractive

therapeutic target®,

The Pl&inases can be divided three functional classes based on their protein domaimusture,

lipid substrate specifity and associated regulatory subunits: Class | enzymes are reaegpoated
Ptdins(4,5)P2 kinases; Class Il enzymes ar&@FA3ihases and Class Il is the Ptdpexific enzyme
Vps34Mammals present eight isoforms B13K: four isoforms for Class I, three for Class Il and only
one forQass lll isoforn34, whereas C. elegans and D. melanogaster present a single representative

for each class. Yeast and plants have only a sole Class 4fl PI3K

Additionally, there is also a class \oyp of Pi3-kinaserelated protein seringhreonine 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 DNAPK (DNAdependent protein kinase).
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1.3.1 Class | PI3Ks

The Class | PI3Ks family is the most studied among all the three aasstxsits association with

human pathologies sudiiscancer, inflammation, cardiovascular and metabolic human diseases.

Class | PI3Ks are heterodimeric enzymes madeldD&ilodalton catalytic subunits, called p110,
and an adaptorregulatory subunitCatalytic subunits catalyse the Afffediated phosphorylation

of membrane localized phosphatidylinositbb-bisphosphonate(PIP2) to phosphatidylinositol
(3,4,5)triphosphate (PIP3¥.

Class | is further divided in two classétass |IA and Clagsaccording to the type of their regulatory

subunits and their upstream activators.

Class IR13K are heterodimeric proteins constituted of different catalytic subyupitd0a, p11(d
and p11@ encodal by PIK3CAPIK3CBand PIK3CDyenes, respectivelyEach catalytic subunit
shares the same domain composition: an amierminal adaptorbinding domain (ABDYr p85
binding domain a Rashinding domain (RBD), a C2 (prot&inaseC homology?2) domain, a helical
domain and a carboxyerminal kinase domaifFigure9). The kinase domain is responsible for the
primary function of the PI3Ks: the phosphorylation of PIP2 to PIP3. Ri®iesponsible for the
activation of several downstream protein kinases, including prongotghosphorylation and
activation of AK®.

ClasdA catalytic subunitphysically interacthrough the amino terminal domaiwith a family of
Src homology 2 (SH@pmaincontaining regulatory adaptor proteins85a, p8%, p55, p55yand
p50a. The P85 proteins interacts througlvo SH2 domainwith sequerce-specific phosphorylated

tyrosine residuesn auto phosphorylatedRTK*2,

Class IB is represented onlyfiy10g, expressed by the PIK3CG genbich differs from other Class

IA proteins in its extreme f#&rminus domain thatacksthe adaptorbinding domain(ABD)and in

its regulatory partnes, p101or p87subunit$®4®% p101 and p87 lack SH2 domains and do not have
homology to other proteingFigure9). The Class IB protein are mainly activated by GPCR proteins:

the activationprocessi SSYa (2 LINBR2YAYIlIyGfe Aygdantdm@sSibyyd SN

Dh &dBdzy Al &
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Figure9: Structure of Claskcatalytic domairand regulatory subunit4’

1.3.2 Class Il PI3K

HumanClass Il PI3K encompasB43k/ H M -/ L o Y V/RH GlassalPI3Ks were not isolated
in association with a regulatory suburfitsThey are largel70-200 kDa)nonomeric enzymesThey

are thought of producin@tdins(3)Rr Ptding3,4)P2They are notytosolic, but they are associated
with membrane structures, including plasma membrane amtdacellular menbrane$®4’. Their
activation can bdriggered byextracellular signals, such as integrin engagement, growth factors

(e.g. insulin, EGF, SCF and HGF) and chembkines
1.3.3 Class Il PI3K

The vacuolar protensorting protein {/ps34p represents the class Il PIaKd it is only able to
covert PtdIns to PtdIn$-P and it was first identified inSaccharomyces cerevist&eThis protein
seems to have an essential role time trafficking cellular events encompassirautophagy and
phagosome formationBased on its le in autophagydass Il PI3K has become an attractive target
for the treatment of many human diseases such as cangathogen infection and

neurodegeneratiof?.
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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 subunithave the important role o$tabilizng the inactie 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
pl10y However p101 and B7 are predominantly activated by GPCRs

GPCR transmit their signals through heterotrimeric G protémwitro, Gbg activates p116 and

p11Qg but not p1l1G and pl1l@. However, GPCRs can activate Tyr kinase and Ras and, in this

fashion, in turn activatesbforms which are not receptive tob@' ?

Ras family has also a documented role in the activation for all Class | PI3K apart franfqr110

whom the role of Ras is less clear. Moreover, the RAS family member TC21 seems to have a role in

the upstream signalling of p1de?.

Ligand Ras and other GPCR Licand
Tyr kinase?) small GTPases (5 5
(R E
membrane <
®>

il

& 5 T @

Endosomal compartment

Figurel0: Clasd PI3Ks signalling input.

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 tyrdsimases (BTKs) and Tec family, the
CytohesindGRP1/ARNO), and further more diverse GEFs (Guanine nucleotide Exchange Factors)
and GAPYGTPase Activating Proteins) for GTPases ofRi® superfamifyf. All these PI3K
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downstream effectors are involved in many processes like cell growth, proliferation, suceélal,

growth, differentiation, apoptosis, and cytokine productfén

GPCRs

RTKs

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

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

superoxide production, cytokine production

Figurell: Class | PI3K effectors

The expression of Class | PISK can vary among different cells and tissue. Commoalaruil10
pllGb are ubiquitous and present in embryonic and adult tissudéts has been reported as
pl110a playsa critical role in the insulisignalling in two cell types, adipocytes and myotiBes
whereas p11bis involved in thelatelet aggregatio?’. P11@lis highly enriched in leukocyt®and
present at intermediate levels in neurolispl1@are mostly expressed in leucocytes but it has also

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

islets and smooth muscle céfis
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1.5 StructuralDeterminantsof the PISK Catalytic Subunit

Thecrystallization of p11@in 1999 by Walkeet af®. revealed fundamental structuréaturesof

the catalytic subunits of Class | PI3K kinases.

The catalytic domain exhibits a bilobal organizatiarsmaller Nerminal lobe (residuegr26-883)

and a larger @erminal lobe (esiduesgB884-1092) (Figurel?2).

The Nterminal lobe presents a fivstranded anti paralleb-sheetsurrounded on one side by
helical hairpin (&81-ka2) and a small twestrandedb-sheet p1-b2) and on the other side bia3
helix and the @erminal lobe?®. The kb3-kb4 loop corresponds to the pretnkinaseglycinerichloop
also known a$-loop. This loop interacts closelyith the phosphates of thé@ound ATP, but unlike

the proteinkinases, it contains no glycine

a > e
hgo * v’— “/%°  Catalytic loop
/ \\ ko

P INTKAA
<Va5,‘k[s1o \W -
19 3 NP N 2
» , : R “ked2 A\ Activation loop
ko3 ka6 \; ‘

O I~~~

ko8 }\ 4

i C-lobe

Figurel2: The catalytic subunit of PI§R°
The Germinal domaincontains part of the ATP binding site, the binding site for the phospholipid
substrates, the catalytic loop and the activation lo®pe structureof the catalyticdomain is highly
conserved amonglass | PI3R%!, especially for residues around the substrbiading pockée
situated between the Nind Gterminal lobes of the kinase domawvhich identified the ATP binding
pocket
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1.5.1 Structural Features of the ATP Binding Site

Further studies orClass PI3K structurgin complex with several inhibitdishave revealed a set of
common interactios in the ATP binding pocket which have been extremely useful for the design

and the develop opan or selectivé’I3K inhibitors.
The PI13Kbinding pocket can be divided four differentregionsy aF RSy Ay Sé L2 O ¢
GaLISOAFTAOAGEE LI O|(hydiophobicyfegidnland the/ HydraplgobicLaggion 16
located at the mouth of the active sk&(Figurel3).
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hinge "2'
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N o (o) “ o
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hydrophobic phosphate
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OH

ribose binding
region
activation loop

Figurel3: Schematic representation of the PI3K binding pofket

In Class | PI3K kinases, the ademegionis delimited by three key isoforsonserved residues: a
hinge valine, a gatekeeper isoleucine and a tyrosine resitliéne isoleucine is only a formal
gatekeeper because due to a change in orientation ofkhé strandit is actuallya tyrosine that

acts as functional gatekeeperhi$ 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 kin&séds the Hinge Region, there are
keyamino acidgile881 (Val im, b andd) and/orgval882and no conserved residues, such as38

in p11@that normallyinteracts with the adenine ring via hydrogen bon@sgurel4). Therefore,
one of the most important featureF 2 NJ / f 84 L tLoY AYKAOAUGUZ2ZNE A3
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Y 2 (. NfiséHinge bindessicharacterized by a morpholinyl, puringt amidic substituents which
anchor the inhibitor in the ATP binding site ydrogen bonds andhimicthe interaction that N1

or N6of adenine ring establishes with the enzy{162¢5,

Phe96

Figurel4: ATP binding site (PDB ID 1E3XL and N@®f adenine ringnteracts in the hige region
establishinghydrogen bonds with the backbone ©GIlu880 andjval882°. The a-phosphate
interacts withgLys833 and thé-phosphatewith gSer806 andrphosphate withgAsn951

The hydrophobic region | also referred a$inity pocketin PI3Kis not accessed by ATdhd it is
surrounded by conserved residugsxtension of PI3K inhibitors in this region has shown to have a
boost in potencylt has been reportecdsthe establishment of interactions with thaffinity pocket

had also an impact on selectivity towards isofottnBifference in selectivity can be influenced by
hydrogen bonding networks to neconserved amino acids surrounding the pockeigure 15).
However, therole of the affinity pockebn selectivity is still not fully understood and difficult to

rationalizé&>.
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Figurel5: The affinity pocketPDB ID 2WX&he hydrogen bond network established by the ligand
with dTyr813,dAsp911 andlAsp787%°

The hydrophobic region Il also known as ribose binding pocket is a region formed by eight amino
acids @erminal 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 lezidive for the development of

selective inhibitors.

TheP-loopwhich lines above the hydrophobic regioifHigurel3) presentless variability between
isoforms butminimal differences in this region can affect the conformational plastifitiie P-loop
and the accessibility of the specificity pocket whataysthe major role in determining selectivity

over PI3K isoformsts role will be described in detail in tHellowing 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 PIEKBBE0y crystal structur&®. PIK39s a PI3Ki

selective inhibitor exhibiting a 100x selectivity over BId@Kdgno inhibition of PI3K up to 100mM.

Knight et al. demonstrated as this inhibitor was able to induce a movement of a conserved
methionine residue on the-Rop. In this complexgMet804 stk F G & FNRY 'y GdzLJE LI
Al F2NX¥a GKS OSAfAy3a 27F (KS .The mainicangeRuenteof thig O1 S
movement is to create an inducdi, hydrophobic pocket at the entrance of the AbRdingsite®,

named asspecifcity pocket Mutation of Met752 in p118 (M7521 and M752Yled to an achieved
resistance to PHR9 activity supporting the critical role of this conserved amino acid in gatimg th

pockef®and its role in obtaining inhibitiofor p110d.

The experimental determination of the complex of the protein wikttelalisib,the first-in-class
selective inhibitor of PI3K confirmed that the engagement of the specity pocket upon kinase

binding contributes to the extreme selectivity of this compo€fitgigure16).

J /826 828 L i <.
;4 , \j"'a \'.:;’:
P L

Figurel6:¢ KS & LISOAFAOAGE LIO1TSH Ay (GKS O20NRadGl €
Idelalisih PBD ID4XE®®

O\

Berndtet al. showed as movemernin the P-loop (residues 758t py A Y is lidiied moiodal
changeswhereas in pl1@requires aconformational change that involves much of thedde

moving with respect to the €®be. Moreover,dynamic simulation showed that the opening of the

37



specifcity pocket is accompanied with a synchronized movenwrdTip760 anddMet752(Figure
17a). Howeverin p11@Trp812 is involved in a hydrogen bondg®lu814 which in turns interacts
with grhi827. This hydrogen bond network reduces the flexibility of Tnp812 residuelisfavouring
the opening of the pockeih p11Gycompared to p116°°. Same behaviour was observed in pa10
crystal structuré® (Figurel7b).

Figure17: a) The specificity pocket ip110d and p110y and PIK39 shown in the binding site
P11@ shown ingreenand pllQ0gand in purple. The movementof gMet804 required for the
opening of the specificity pockdt) Stabilizing interactions @fTrp780 in p11a.5°

A study of reciprocal mutagenesis on pbldemaonstrated as a nostonserved amino acidTyr778
close to the conserved Met residue is responsible fordbeformational plasticity of the op.
Loss of affinityfor p11(b selective inhibitorin the mutated p11® showed as this residue is
important in determining selectivity and potency also for this isofotmthe same position, the
residue is aliphatic fop110a and p11@(lleu and Val, respectively) whilep110d, like inp11@b, is
aromatic (Phe).This could suggest a potentiaislar behaviour for p11@ and pl11® in the

interaction with their inhibitoré’.

All these findings demmstrated as although the specifiity pocket isnduced by the movement of
two conserved residues, the accessibility litpocketis mainlyinfluenced by the noftonserved
amino acidssurrounding this area and moreover by the energy required to open the pocket

explaining why this region is more accessibléhe p11@l.
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1.6 Class PI3KInhibitors

The validation of the role of PI3K as a therapeutic target in many diseasésdhtasan increasing
of research outputs from pharmaceutical industry and academic groups. This is proved by the huge
amount of medicinal chemistrigased patent disclosures, tia total of 418 chemical patentnd

192 medicinal publicationiseing published since 208Figure18).
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Figure18: PI3Kmedicinal chemistry based publications and PI3K chemical patents from 2012 to

201858

Recently, evidences supporting the role for inhibition of BI3Kdiabetes, PI3Kin thrombosis
therapy and Pi3&and gin inflammatory and autoimmune diseases ledato increasing efforin
developing selective rathghan pan PI3K inhibitor©ne the main advantages in fact of selective

inhibition is thehighreduction of side effes

This growing interest in selective inhibition is particularly true for @i PI13lginhibitors where
there has been a great deal@gress in chemistry and biology proved by the high numbezleésed
patents and by the entering of 4compounds in clinical trigl& The approval of Idelalisib, for the
treatment of lymphomais for sure the most successful result of investment in this fidllv, 13

PI3Kl, 5 PI3Kl/g and 1 PI3K) inhibitors are underclinical evaluatioff. These numbers prove as
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interest of pharmaceuticalcompaniesis still more focused on Pl8Kor dual (PI3H and PI3k)

inhibition, rather than PI3&

The majority of thereported PI3K inhibitors belongs to Type | ATP group blére isalsoone
covalent PI3Kinhibitor described. Following paragraphgresentan overview of some selective
PI3KI inhibitors of pubic doman, their binding mode to the enzyme and their therapeutic

applications.

40



1.6.1 Propeller Shaped PI3K3-Selective Inhibitors

Frst propellershaped PI3&selective inhibitorsvere describedby Berndtet aF3. They described
compound that were ablein complex with the proteirto adopt a propeller shapbinding mode

with dthree blades at an angle of appramately 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®tiigy assuming this particular
conformation, thesenhibitors are able to open the specificity pockétat has beenpreviously
described inparagraph 15.2, gaining potency and selectivity for the isoform of interest,

PI3K (Figurel9).

First Blade
Specificity
Pocket

Hydrophobic
Region Il Valg827

* Y Ui
Third Blade Trp760

Second Blade
Hinge

IC87114  Hydrophobic region Il

Figurel9: The propellershaped pl16-selective inhibitodC87114and its main interactions in the
p110d ATP binding sitdmagine adapted fronBerndtet al 3

Thepurine group resides within the adenine pocket and establishes hydrogen bonds to the hinge
residues Glu826 and Val828. The quinazolinone moisgndwiched into the induced hydrophobic
specificity pocketind the phenyl ring protrudes into the hydrophobic region II.
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1.6.1.1Propeller Shaped Inhibitors,6 and 5,6fusedsystems

One of the most successful propelemaped PI3& inhibitor is Idelalisib,2 (Figure 20). This
compound wasliscovered by Calistoga and then further developgdsilead and approved by the

FDA in 2014 for the treatment of chronic lymphocytic leukemia (CLL), focular lymphoma (FL), and
small lymphocytic lymphoma (SLUpelalisib is characterized by a éi&ed ring systems, a
guinazolinone core connected to a purine moiety that acts as hinge bintide the pheny ring
interacts withAsp832, Thr833, and Asn&86°58 The binding mode of this compound is very similar

to that of IC87114compoundl, (Figurel9).

Theuse of6,6-fused rings demistrated to be a winning idetnat was followed by other research
groupsfor the design of their selective in inhibitors this regardlUmbralisih 3 (Figure20) a PI13Kl
selective inhibitordeveloped by RhizeRharmaceuticalshows a chromenone as central carét
the moment, Umbralisib has entered phase Il for the treatment offCHere, the 4-amino-
pyrazolopyrimidine seresas the hinge binder anthe chromone bind in the specificity pocket

while the additional decorated phenyl ring interacts with the affinity poéket

Another central corsuitablefor the design of PI3&selective inhibitors is quinolinghich was used

by Amagen for its clinal candidate AMG344Figure20). This compoundhas enteredohase 2 for
the treatment of Human Papillomavirus (HPV) aedative head and neck squamous cell carcinoma
(HNSSCE8)
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PI3K3 IC5o =1 nM PI3KS IC5= 22 nM PI3KS IC5o = 18 nM

Figure20: Propeller shaped 6;6used systers inhibitorsand their enzymatic p1X0IGso.

5,6 fused systemssuch as pyrrolotriazinones, imidapgridazine/pyridines, pyrazolo
pyrimidine/pyridines and thiazolopyridinonesvere deeplyexplored as central cosdor the design

of PI3Kl inhibitors.

LAS195319(5) and LAS1919546) (Figure 21) are the result of the extensive SAR exploration
conducted by Anirall on 5,6 fused systemspecifically on pyrrolotriazinme scaffold®. LAS191954
has entered clinical development for the treatment of pemphf§ugile LAS195319 was presented

as a future clinical catidatefor the treatment of respiratory diseasés

HN_ _N
)
NC™ ¥
; NH,
LAS195319 LAS191954
PI3KS IC5, = 0.5 nM PI3KS IC5, = 2.6 nM

Figure21: PI3Kl inhibitor 5,6 fused systemlassdesigned 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 achieved Ri@&Kctivity.
Genetech scientigliscovered a seried selectivegpyrido-pyrimidineswhich showed high selectivity
for PI3Kl isoform. These compoundare characterized by a pyridpyrimidine central corea
morpholine group acting asingebinder, a substituted indole and substituted basigroup which
were both considere@ccountable fo PI3Kl selectivity.Indole caninteract with the affinity pocket
making a peculiar hydrogen bond network with Tyr867 ar@64) which ismore favourably
accommodated ifPI3Kl than in other isoforms. Theubstitued basic group, on the other hand, is
able © target a specifiarea the seOl f £ SR  G-sh&fRé12)igreatedi hytyfe Thr750 which is
distinct in PI3K, b andg(Arg770, Lys771 and Lys80R)is nonconserved residue allows inhibitors

to accesgiTrp760which cannot be reached in ath isoforms.

O Valgs2

N~

f Tyrg67 {
Trp812 (:)
=\ [Nj H-_._O;«:ns%z
OH
7 ] o)\

Asp8a1
PI3KS ICgo= 4nM ®

Figure22: Cocrystal structure o bound to PI3gand its key interactions in the ATP binding $tte

The most active compounds of this serieenpound?7 (P13Kl= 3.8 nM) progressed o vivo studies
in mouse and rat and demostratd®K properties that support its use amimal models of disease

where PI3d is involved?.

Anothernon propeller shapedPI3Kl selective inhibitor iSCDZ173 (Leniolisilf), (Figure23). This
compound (PI3Kl 1Go= 11 nM) demonstrated to potently inhibiantigenspecific antibody
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production and reduced disease symptoms in aagallageninduced arthritis modelCDZ173s
currently undergoing phasell/lll fagrimary SjANBy Qa a8y RNRBYS YR Ay t!{
gainof-¥ dzy Ol A 2 y Y dz{i®¥3{iCD21y3howa 5,6, n.8ktahydropyrido[4,3d]pyrimidine
as a central core, nere pyrimidine is the hinge bindethe 2-methoxy-3-(trifluoromethyl)pyridine
extends to the affinity pocket while thpropionamide groupstacksto the side chain offrp760

showing a binding mode very similar to that describedciompound?.

The samekey interaction with Trp760 was also observed for a series of indazased PI3&
inhibitors developed by GSK for the treatment of respiratory diseases. This series was optimized to
two compounds GSK226958, also called Nemiralisib, and GSK229216Y, (Figure23). The first

one is currently in phase 2 for treatment in CORIDwasalsodeveloped for asthma and activated
PI3KI syndromé€® The secondne s theclinical back up of Nemiralisénd wasselected because

of a beneficial kinetic profile and improved selectivity for hER&Nel®

The optimizatiorof this seriesvas focused on achievivgryhigh potencyPI13Ki IC50< 1nM) which

is a requirement for inhaled delivery due to dose limitatih#loreover, the target PK profile was
aimed to minimiang systemic exposure Compounds with moeérate to high clearance were
developed in order tdfacilitate removal of the drugfrom systemic circulation once absorbed
through the lungThey were also characterized by low oral bioavailability which is necessary to limit

absorption of the swallowed faion of the inhaled dos®.

Trp-Shelf

q Trp-Shelf
. Yo

N j‘
N
Trp-Shelf }f\

Affinity pocket O__N —

(o W0) i
&N

F3C N
° /) / Hinge
N HN
Hinge Affinity pocket 9 Affinity pocket 10
PI3KS IC5p= 11 nM PI3KS IC5= 0.125 nM PI3K5 IC5= 0.08 nM

Figure23: Structuresof 8, 9 and 10.
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2. Aim ofthe Project

2.1 Design and Synthesis of New, Potent a8dlective P13&Inhibitors

The first part of this research projestasfocused on targeting PI18Kvith the aim of finding a new
treatment for two chronic respiratory diseaseSOPD and Asthm&OPD and\sthma are both
characterized by awveractive inflammatory response. Understanding the complechanisms
underlying thesegpathological conditioais certainly challenging and makes fimginew targets to
modulatevery difficult However, targeting signalling pathway involved in immunessgsesponse

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

Class | PI3K (phosphoinositid&iBase) is overexpressed in COPD patiéhtnd it is involved in
generating of type 2 cytokine responses and allergic airway inflamnfatidherefore, PI3tKcould
represent an attractive target for finding a new treatment forote pathological conditions
characterized by an @v reactive immune response. Moreover, RiZ€tivation attenuates steroid
responsiveneds, thus PI3K inhibitors couldlimit corticosteroid resistance in severe Asthiaad
COPDTherefore, the objective of thisork was to design and synthesise a library of PI3K inhibitors
with the aim of building a SAR expansion of a HIT, previously identified througih® of a focused
library.

A simple synthetic strategyentailing only two reactionsteps was identified which allowed the
synthesiof a high number of compounds in a relatively short time.

Taking advantage of this synthetic strategy, tmewves ofSAR expansions were designed and carried
out. The first one was focused on improvidgKipotency and achieving modate selectivity
towards other P3K isoforms; the followingne was focused on improving PtBbotency in cellular

models and ADME properties.
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3. Results and discussion

3.1 Hit Bvaluation

In a previous research project focused on identifying novel PI3K inhibitors, around 7000 compounds
were selectedrom LifeChemicalsising liganebased similarity methods and physchem property
profilesand tested inPI3Kl and Pl3i§assayat two different caoncentrations (M and 10rivl). 134
compounds showing a residual activity lower than 3&%he control were selected for the CRC
determination. Compounds presentingggKi >6 andd pKi >6 were tested again in luminescence
PI3Ka,b,gd assays (ADBlo) leadd y 3 (12 GKS ARSYUGAFAOFIGAZ2Y 2F nn
either PI3lg or PI3Kd isoforms. This preliminary screening brought to the identification of seven
different scaffolds. The evaluation of different parameters such as PI3K inhibitory profieltyn

and structural characteristics highlighted compouki; as the most promising H{Figure24). This
compound features a 7H-purin-8(9H}one scafféd as a central core, an-phenyl and a 4

hydroxyphenyht position 9 and 2 respectivelfigure24).

In literature, it has been reported as the aforementioned scaffold showed activity on other targets.
A 1S O S LligahdNdieractionbasedvirtual screeningidentified this scaffold as no seféve Eg5
inhibitor’”. Additionally, this scaffold targets other two kinases, thgl& @ and mTof®.

Selective inhiliion 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 ofian. Our scaffold is not an
exception showingromiscuityamong different targets. However, pursuing the selectivity towards

PI3K isoforms will hopefully lead to a decreased activity on other kinases.
F

2NN
e &
| 0
% i
H

N

H,N S0
AlBl

pKi (a, B, 7, 8) = 7.1/6.5/6.9/6.9

Figure24: Hit compound from HTS
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Once identified the Hit,lose structural analogues of Hibmpoundwere selectedand purchased
from LifeChemicals databases and tested to performraliminary SARanalysisand identify
structural moieties essential for the inhibitory activity. Therefore, 469 derivatives were tested in
CRC mode as Pi&hd PI3K inhibitors. The biological profile of the most interesticgmpounds is
reported inTablel.

R
Ra« N N
1L
H
H,N" Y0

Figure25: General structure opurchased 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 substituentssuch as~phenyl and phenol rings, and tménteractions with the ATP binding

site in the PI3& catalyticsubunit.

Tablel: Biological dataf most interesting compoursfrom the preliminary SAR expansion

Enzymatic pK
Compound R R
P13k P13kg
AcBs @\ 6.0 5.8
MeO *
EtO
ARy D Q 6.1 5.0
. cl x
AcBs ©\ 6.1 5.9

48




6.2

6.1

6.0

6.3

7.3

6.1

7.0

6.8

7.7

6.4

6.1

6.1

6.7

7.6

6.1

7.0

6.8

1.7

—Z

HO

OH
£

HO

HO

OMe

AzBs

AcB7

AoBs

ABy

A2By

AsBy

A4By

AsBy

AsB1

49



3.2 First SAREXploration

As emerged from the preliminary testhe Hit compoundAsB; is a pan PI3K inhibitor. A docking
study was performed to map key interactions of the Hit in the ATP binding site in murine
PI3Kl catalytic domain (PDB: 2WXF) and to investigate lack of selectivity andapiimal potency

for the isoform of interest(d).

Figure26 shows how the primaryamide interacts withval828in the Hinge Regionwhile the phenol
extends in theAffinity Pocketcreating a network of hydrogen bonds with three different amino acids
Aspr87, Asp911(DFGn motif) andTyr813

Ultimately, the Fphenyl ring is projected towards the solvent and is closeys755n the P-loop
(Figure26).

\

. P-loep
Selectivity, -

pocket
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Affinity pocket

TVR
813

Solvent front

| o

Hinge region

Figure26: The putative bindingnode of compound:B; in the p11@ subunit

Interaction with highly conserved amino acids in ATP binding domain might be a cause for lack of
selectivity and sumptimal potencyof our Hit Furthermore, the flat binding mode of compound
A1B:1 prevents its interaction witlthe selectivity specifity pocketThis pocket has been described in
detail inparagraphl.5.2 The structural characteristic and tteherently pliability of @10dP-loop

could be exploited to designeiibility-based inhibitorsvhich will be able to open the pockand

gain potency and selectivity over the isoform of interest.

Therefore, b increag potency and selectivity @ompounds belonging to this clatke design of a
2D library exploring both theffinity and theselectivitypocketwas developed. The SAR exploration
was focused on mapping the chemlicpace close to the selectivigocket ntroducing a high
chemical diversity including mainly hydrophobic and flexible decorations or basic maagties
position 9(Head GroupsR). On the contrary, the affinity region was explored in a less extent
because thenteraction established between th@henol and amino @ds of the DF@notif was
consideredfundamentalto achieve enzymatic inhibitioNeverthelessijt was decided to identify
heterocyclic groups that maintained the potential to act as hydrogen bond donors. Fmdgzolyl

groupwasfound to be the best replacement for the phef®(Affinity Binder, R), (Figure27).
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R!= Head Group

‘ @, ©
N
I ):o
N
H

AN
N =~

R2=Affinity binder
Hinge Binder

A;B,

Figure27: CompoundA.B; with the mapped moietieg and R=Affinity Group)
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3.3 2D Library Design an8lynthesis

To build the twedimensional library, a parallel synthetic approach was adopldwe synthetic

strategy allowed us to synthesise the-pHrin-8(9H)}one central core in only two stegSchemel).

Ry

HN._O R

anoo e

H,N._CN HN. CN R%CHO 3OS =0
:[ l7-51 I by, N ~A~N
HNTCN ) HN"SCN ) H
H,N" S0

DAMN Ay5 A751B1,

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

Schemel: Reaction conditiond) RNQGO, ACN, rt, 2418 hr; ii) RCHD, b, TEA, MeOH, rt, 248 hi.,

In the first step, 2,3liaminomaleonitrile (DAMN) reacts with an isocyanéiy Table2, affording
the synthesis of ureaintermediate (Ax) bearing the first substituent, defined &tead groupR).
The second step envisagestheaction with an aldehydéby) in the presence of TEA which allows
the formation of the central core and the introduction of the second substituent, nadffidity

group(R).

Table2: Isocyanatesif) bearingHead Group$R') and aldehydegby) bearing theAffinity Group(R).

Isocyanates () bearingHead GroupgR1)

(*= NCO)

Q W -, ﬂgj @ p *{:%l\? o

AG

ig i3 11 i1 i13 l14 l15

&
o
4
A
@2

l16 i17 i1g i1 i20 i21 i22 i23 i
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Aldehydes (b) bearingAffinity Group (R)

HN-N
oY o
0]
HO o

by b, H

45 commercially available isocyanat€is) were selected and purchasefable 2), endorsing
chemical diversity and introducinigulky, apolar and flexible decorations Moreover, since the
presence of basic moieties halpulmonary drug delivery, isocyanatesearing basic groups were

also selected for this exploration.

The use of commercially available isocyanates allowed the synthesis ot@m®unds 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

symmetricureawas observed, limiting the reagents easilyailable

Experimental procedures to synthesise the scaffold reported in literawenee applied with minor
modifications$®. In the second stepthe formation of a sidgroduct was observedby UPLGVIS
analysisltsmass was 2 AMU higher with respect to our desired compound. Our hypothesis was that

the side product cold be the corresponding 1;@ihydro-purine-6-carboxamid€f), precursor of the
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desired product as illustrated iBcheme2. Hence, b avoid its formation, a catalytic amount of |
was added to the reaction mixture. Oxidee conditions led to the disappearance of the side

product confirming our hypothesis.

Rs Ri
OYNH OYNH
H,N_ _CN —
Ix | by | \
H,N™ "CN H,N~ “CN HN™ XC=N
DAMN A R, (\
X OH
C
— R4 —
R O«__NH
N 5

N
R N
oa\N Q,N\:< 2| HN_C%/
— |
H H (AN NH
07 NH,

P
(0]
] . } ] Ry H ]
Ry Ri H
\ \ R1
O ’
0= s NH — o< [N — T =0
H
07 "NH, 0" NH, H,N™ Y0
L f — AXBV

Scheme2: Mechanism of formation of the-8xopurine6-carboxamides?

The second step yielded the desiredmpound in all cases apart from preparatiohcompound
A23B:1 (Table 5, see paragraph3.4) likely because of the hydrolysis or cleavage of the
trifluoroacetamideunder basic conditions even if the synthesis of its analogue compAgsBdwas

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

compounds in adequate quantity (at least 5 mg) and purity (>B6%S).
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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 hPIgiKL10"/p85" ), hPI3K (p110 /p85h), hPI3K

(p110 /p85M) and hPI3K (p110dj by means of a flastype luminescence assapamed ADFGIo.

The experiment was carried out at ATP concentration equahtof khe tested isoform (PI3Kat 50

>M, PI3K at 100>M, PI3K at 80>M, and PI3Kat 30>M). The observed kwas then converted

into the corresponding Kising the ChengPrusoff equatiof?. In following tablesthe corresponding

pkK for each isoform is reported.

As mentioned before, position 9 of the fHirin-8(9H)}one corewas explored more extensivelin
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,

Table3: 9-Aryl substitutions an@ position modifications to give compounds

General Structure Affinity Group (R) D
R1
sz/N\ N HN-I\{
| 0
N A N>: /©\
H HO *
*
H,N” 0

Head Group (RD | Name | dpK | gpK | bpK | apK | Name | dpK | gpK | b pK | a pK

F
Q AB. | 69 | 69 | 65 | 71 | AB | X p| 7.3 | X p #5.0

57



O\\/
S=0
Q AB | 78 | 73| 70| 77 | AB. | 69 | 69 | X p X p
0]
©_< AB, | 72 | 6.6 | 62 | 71 | AB. | 6.8 | 70 | X p X p
(O
)
Q AB: | 73| 69| 68 | 74 | AB | XK p| 63 | X p XK p
*
0
Qj AB, | 73 | 70| 63 | 70 | AB. | 71 | 67 | K pl 66
%k
\s
AuBi | 70 | 72 | 68 | 65 | AuB, | 76 | 66 | 60 | X p
%
(3
EO AB, | 69 | 62| 66 | 68 | AuB | XK p| 6.1 | p 5.8
k
N\
A3B1 6.3 6.7 5.9 6.5 | AuisB 6.4 70 | X p 5.9
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AB | K p 7.0 5.9 6.4 | AuwbB 7.0 6.7 | XK p| 6.0

*

Compounds inTable 3 bear differently decorated aryl groups at position(®) and phenol or
indazoleasAffinity groups(R?) at position2. All compounds displayed PIBKX y ® / 2A%BL.J2 dzy R
proved to be 8-fold more potent ondthan Hit compound AiB;. However, this compaud
demonstrated a pan PI3K inhibitory profile. CompouagB, showed good to moderate selectivity
towardsa andb isoforms.However,d pK of both compounds wasonsidered too low to progress

them to cellular assay.

Compounds bearingeteroaromaticdecorationswere reported inTable4. The best compound in
this groupwas A:17B, which shoved a d pK 6-fold higher thanA:B:. The methyt3-phenyt4,3-
isoxazolehead group (R seemed to have a good influence on selectivity. Compoladi and its
hydroxyphenyl analogueA:7B: showed in fact a moderate selectivity agaigsindan outstanding
selectivityagainsta (@250 folds). Unfortunately, both compounds showed a moderate activity on

b isoforms

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

compared to the hydroxphenyl analogue.
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Table4: heteroaryl modifications at 9 position to give compoufds.17B1 and Ais.17B..

General Structure

Affinity Group (R) D

R1

RZ_N._N HN—N
T L= QN \
N~ N
H HO *
H,N” S0
Head Group (B D | Name| dpk | gpk | b pk | a pki | Name| dpK | gpk: | b pk | a pk
X
\
S AisBi | 70 | 72 | 6.7 | 6.9 | AisB | 6.8 | 69 |XK p 6.2
Cl
NN AeBi | 6.7 | 6.3 | 6.0 | 6.8 | AR | XK PX dX pX p
AvBy| 7.4 | 58 | 71 | pAB| 7.7 | 61| 69 XK p

To better understand this different behaviour, compourfigB: and A1eB; were docked in hPI3K

In Figure28, both Glide GS score and Glide Emodel show how compaisd (Clpyr_1) is clearly

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

respect toA1eB (Clpyr_2). This analysis could be a reasonable exptemédi the lower potency

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

phenol.
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Figure28: Glide GScore and Glide Emodel for compoutd@B: (CIPyr_1) anéeB; (CIPyr_2)

Saturated five or six membered rings were also selectédeas! group$R) (Table5). Most of them
carried heteroatoms in the ring except for compourfisB: and A19B, which bear a cyclopentane.
Ringsmoieties were directly connected to the coréA:sBi, AigBz, Ai9B1, A19B) or through a

methylene linker(AzoB1, A20Bz, A21B1, A21Bz, A22B1, A22Bp). The introduction of the linker was
supposed to make more flexible these compounds and facilitate establishing key interactions with

selectivity pocket. 3appointingly this did not lead to the expected result. Despite tlatmpounds
A18B1, AtgB1, AwgBr and AcoB: showedan improved PI3&potency compared with the Hit compound,

A1B:.
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Table5: sixfive saturated membered rings modifications to give compoula@s-B; and A1g23B».

General Structure Affinity Group (R?) D
R1
RZ_N N HN-N
| 0
N A
H HO *
sk
H,N~ 0

Head GrougR)D Name | dpK | gpK | bpK | a pK | Name | dpK | gpK | b pK | a pK

0, /
s=0
</ ) AeBi | 76 | 71| 69 | 74 | AsB | 69 | 69 | 6.4 | 7.1
*
Q AB, | 7.4 | 74 | 67 | 74 | AB | 74 | 62 | 58 | 6.9
*
0
AcB. | 7.4 | 66 | 65 | 74 | Ak, | 70 | 66 | 62 | 6.7
*
O
/—O ABi | 65 | 67 | 58 | 67 | AuB | X pl 6.0 | X p X p
*
2
/_OS‘O ABi | X p 59| 62| 70 | AB | 66 | 63 | 59 | 63

*

F §N> AB. | NA | NA| NA | NA | AR, | 66 | 63 | 58 | 66

Compounds reported imable6 showed an aryl or heteroaryl decorations connected by a methylene
or ethylene linker to the corelhe introduction of the ethylene linker resulted in an increased 813K
potency. Compound4B: showed in fact a p25-fold higher than its analogue compouridsB;
(Table4) and 125-fold higher than compounézsB:. However, this single modification did not result

for A24B1 in an improved selectivity towards other isoforms.
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CompoundAsB; proved to be the most PI2kselective inhibitoiof thisfirst iteration. The insertion
of a dichlorephenylethyl decoration led to 22-fold selectivity ofd towards a, 44-fold towards

b and 35fold towardsg.

Table6: Aryl and heteroaryl decorations at position 9 to give compoulds/Biand Axs-27B».

General Structure Affinity Group (R) D
R1
R2 Ny N HN—l\i
| o)
N
H HO *
%
H,N™ ~O

Head Group (RD Name d pKi gpK | bpK | apkK | Name | dpK | gpK | bpk | apK

3

*

AosB1 8.4 7.0 7.4 7.5 Ao4B> 7.0 64 | X p| 6.5

AosB1 8.0 65 | 64 | 67 | AsB: | 69 | 58 [ X p| XK p

ABi | 68 | X p| 62 | XK p| AB | X p| 63 | X p| #.0

AN
\ g
cl. cCl
s
/—@ AocBr | 7.3 | 70 | K p| 68 | AeB | 68 | 67 | XK p| K p
k
F ;
*

On the contrary, compoundé»4B; and AosB; 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 compound&24B; and A2sB: showedthe highest enzymatic Pl8Knhibition, theird inhibitory

adivity was also determined in cddlased assay in THPmonocytes. AKT phosphorylation was
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measured through Homogeneous Time Resolved Fluorescence (HTRF) technology after Macrophage
ColonyStimulating Factor (MCSF) stimulation. These two compounds botbvatd a high drop in

PI3KI potency in the THR assay(Table7), probably due to a low passive cellular permeability
(Papp) (compound&z4B; and AxsB;) (Table8).

Passive cellular permeability was determined by using Qacells, measured in both directions
(apicatto-o  a2f I G SNI f ! fol AIAIOFR  aok. 8 6IOMS NIKES G Sad oI
of aP-glycoproteinrl (Rgp) inhibitor, GF120918, to investigate whether tested compounds are P

gp substratesFor further details, see experimental section.

Table7: PI3KI enzymatic activitfenzymatiqplGso), Cell basedctivity (cell plGo), Dropoff values,

Selectivity values towards isoformné compoundsfosB: and Az4B.

PI3K enzymatic PI3K Cell Selectivity(ki)
based A Drop-Off
Compound Assay ased Assay
cell IGo Enz 16y
dplGo d plGo a/d | b/dd | gd
A2sB1 7.7 5.8 91 22 44 35
AadBy 8.1 6.1 100 8 | 10 | 25

Thehigh potency oved and the moderate selectivity towards other isoforms led us to the selection
of compoundA2sB:. Thiscompoundwas consideredthe starting point for a further exploration
focused onmproving cellular PI3Kinhibition through the improvement of both permeability and

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

Chemistry Development (ACRjnetic solubilityand TPSAf compoundsA2sB; and Az4B.

Papp ABBA (nm/s) cLogD
Compounds TPSA Solubility (rivi)
CAC@ w GR | (PerceptaACD)
Low
PosBy 121.4 BQL d"."t Ai’ and BA 35
irections (K00 MM)
Low permeability, High
AoaBy 121.4 Possible PGP 2.1
substrate (x50nM)
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3.5 Second SAR Exploration

The binding mode of compound>sB: in human PI3&was further investigatedo design and
develop theseconditeration. Therefore co-crystal structure ofA2sB: in complex withhPI3KI was

obtained (Figure29). Human PI3&in complex withA:sB; wasdetermined atProteros Biostructures
GmbH

Figure29: X-ray crystal structure of compoungsBi A Yy K dzY I, ffigandlinagiéen and protein

in grey,resolutionat 2.43 A. View from the solvent exposed region.

The ligand amide group makes a bidentate hydregend interaction with the backbone oxygen of
Glu826and with the backbone NH &fal828 Interestingly, the orientation of the exocyclic primary
amide is promoted by the formation of intramolecular hydrogemnds, which lock the hinge

binding group in a welllefined conformationFigure30).
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Cl

Figure30: 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(Figure26) where the amide group was rotated by 180 degrees, establishing a bidentate
hydrogen bond withval828backbone.The phenol substituent is accommodated in the affinity

region and makes two hydrogen bonds witbp787and Tyr813

All the interactions formed YA2sB; with the hinge region and the affinity pocket of PiEKvolve
residues that are conserved among all four kinase isoforms and, therefore, cannot rationalize the
moderate isoform selectivity observed for this compound. However, the head grodg®f which

is constituted by a dichlorphenylethyl moiety, can promote a rearrangementM&t752, opening

the socalledselectivity pocketin particular, this structural change allows the dichiptenylethyl
IANRdzL (2 ¢Saahb O A& KIwith tiieiiiRiold ridg dM2py6a and van der Waals

interactions withMet752side chair?8371,

In the light of the bindig mode of compound\:sB;, a secondSAR expansion was designed and
planned Firstly, new decorations around the phenyl graiggure31) were furtherexamined and
hydrophobic modificationsor Cl isostereswere introduced to enhance interaction with the
selectivity pocketSecondly, small heterocycles and cycloalkyl moieties were consitteesdluate

their effect on preorienting the phenyl group in the pocket. These rings were basicafligded

also with the aim of increasing the fraction of Cafoms(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, aciieased fraction of C $ptoms 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 permeabili#§. As result of this considerations, a cycle propyl and pyrrolidine

groups were selected as new linkeFsgure31).

With the aim of improving ®yschem 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 thr¢ho-position in theAffinity binder These
methyl groups could disrupt the molecular planarity and symmetry resulting in an increased
solubility?*85, Moreover, the addition of a methyl could induce conformational changes of the

molecule leading to improved poteneynd selectivit§*.

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

decreased LogP and negatively affected the permeability.

Regardinghe affinity binder this portionwas explored more extensively thamthe previous SAR
exploration new affinity binders inspired by literature evideriéer characterized by basic groups

were inseted while the Head groupd{chloro-phenylethylmoiety)was kept unvaried.

R%=Affinity binder

Figure31: General structure of compounézsB: with explored portionsHead group and Affinity

binderhighlighted in different colours.

This series is characterized by high TPSA va@@&a0d) 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 trsecondSAR exploration the central scaffold was not
subjected tomodifications 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 assayssasibed irparagraphl.4.
New analogues characterized by modifications in the affinity portion at position 2 of compound
AxsB; are reported inTable9. These three analogues were synthesised following the procedure

shown in Scheme 1, chapter 1.3.

Cl
Cl
RZ_N__N
N
H
O~ "NH,

Table9: Decorations introduced at position 23Ro give compoundsgsBig-12.

Enzymatic pKi

Compound R
PI3K P13kg P13k Pl3ka

AosBio 73 <5 7.4 <5

AosB11 /@i 7.7 6.3 7.3 6.5
HO *
AosBr2 ,L\/@\ <5 <5 <5 <5
- *

Substitution of thephenolic moietywith an indole (compoundA2sBi0), did not lead to a potency

gain or an improved selectivity towardsher isoforms On the contraryAsB;0 showeddpk 5-fold

lower andbpk; 10fold higherthancompoundAzsB:. Sameérend was observed for compourfesBi1
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which had a methyl decoration on thphenyl ring However, compoundzsB11 showed a complete

loss of activity ora andgisoforms.

The introduction of &,Ndimethyl methanamine on the aromatic ring was expected to improve the
interactions withAsp787residues in theDFGmotif. Disappointingl, 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(compoundA2sB12, Table9).

Inserting modifications on théffinity groupdid not result in the expected modulation of PtBK

inhibition or selectivity. Thus, we turned our attention on the exploratiotlefd groumgain.

RegardingHead groupexploration, all compounds were synthesik following the synthetic
procedure reported in chapter 1.3 except for compourdsB: andAs3B:. Therequiredisocyanates

were not commercially available thus different synthetic pathssasgre followed.

CompoundAs2B; was synthesisd starting from thel-benzylpyrrolidin3-amine(Scheme8). The first
synthetic attempt was to transform the amine in a reactive urea or carbamate. The synthesis of
intermediates 521 and 521l was completed in a yield of 48% and 17%, respectiwehile the
preparationof intermediate 5211l failed. Conditions fothe synthesis of these intaerediates are

reported inTable10.

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]

Scheme3: Synthetic pathway for the synthesis of intermedi#te.
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Tablel0: Conditionsused to synthesisstermediates 521, 5211 and 52lII.

Step Intermediate Reagents and Temperature| Solvent Yield
conditions
[ 52l 1.5 eq. CDI rt DCM 48%
i 521 1 eg.4-Nitropheny| It DCM 17%
chloroformate
[ 52111 2 eq. Succinimide rt DCM No reaction

Disappointingly, followingeaction with DAMN was unsuccessful for both intermediate® énd
52ll) as reported inTable 10. Less electrophilic nature of these two intermediates could be an

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

The preparation of the isocyanates required for the synthebidspand Asz was in a first instance
not considered, as instability of similar analogues was observed during thepset the first
compounds libray. Nevertheless, thesynthesis othe corresponding isocyanate stad from the
commercially availableamine (rac-amine) which was transformed into the isocyanate using
triphosgene and reactenh situwith DAMN. This approach led to the formationfgtin a 57% yield
over two steps. The following addition ®hydroxybenzaldehydfb:) gave the desired final product

as racemic mixture in a 23% yieschemes).

N N
N\ 7
N NH, J—NH  NH,
iiii 7
EEmm— O

rac-amine A, AsyB,

Schemed: Reagents and condition§) 2 eq. GCOCOOCLDCM, rt, 2 hr; (ii) 3 e@AMN, 2 hr, rt, 57% over two steps;
(iii) 2 eq.3-hydroxybenzaldehydéb), 1 eq. TEA, MeOH, &,hr, 23%.

CompoundAs3B: was prepared starting from the acithc-acid. The corresponding isocyanate was
synthesisedhrough Curtus rearrangement using DPPA and readtesituwith DAMN which led to
the synthesis of intermediat@szin a 16% yield. Despite the low yield, the last step was completed

successfullySchemeb).
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Cl
(¢]]

o
N N NN
\ 7 Ho/©\( >
cl \ 7 | [e}
cl cl J—NH  NH, H
Cl J O™ 'NH;

rac-acid Agg A3B,
Schemeb: Reayents andconditions(i) 2eq. DPPA, Toluene, 80 °C, (ii) 3eq. DAMN 3 eq. TEA, 40 °C, 16%. (il) 2 eq. 3
hydroxybenzaldehyde, 1 eq. TEA, MeOH, rt, 15%.

Thebiological results of synthesised compounds are reportediahle11. Amarginal increase in
PI3Kl potency forcompoundsAs-B; and AssB; was observedHowever, this waalsoassociated with

an increasedbpk. Theincreased activity ol was unexpected but a possible explanation for this
loss of selectivity could be found in structural similarities between these two isoforms, especially in
the nonconserved residues surrounding the specificity pocket. A mutagenesis study identified a
non-conserved residue in PIBKbTyr778 close to the conservedet that could favour the
conformational plasticity of théP-loop. This residue is aliphatic in pHLaGnd p11@ (lle and Val
respectively), but aromatic in p1bGnd p11@ (Tyrand Phe respectvelyf’. This common feature

may account for the similar profiles of these two inhibitofs,B: and As3By).

Theincreasedb inhibition has been also encountered in compourfdsBioand A2sB11. In these
compounds modifications were introduced only on the affinity binder and not on the head group.
However, selectivity was affected. Therefore, this result demonstréted 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 (compoundssB: and AssB:) inserted to improve
hydrophobic interactions with th&@rp760residue hadan influence neither orpotency nor on
selectivity.The use of a cycloproparasa linker (compoundAseBs) resulted in decreasing pif all

isoforms.
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Tablell: Decaations introduced at position 8 give compound#\s,-56B;.

Enzymatic pK
Compound R
P13 P13k PI3Ko Pl3ka
As2B1 N y ®o c dp 7.7 cdh
*
Cl
Cl
As3B1 y ®p c dn 8.2 cCoT
AsiB1 § coT <5 <5 <5
)
o]
AssB1 ?/ TOT c o coT T OMm
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AsBy 7.2 6.8 6.8 6.8

*

CompoundsAzsBy1, As2Biand As3B; that showedthe highest affinity for PI3Kwere submitted to
cellular assay. Moreover, solubility and permeability were measuredviestigate whethethese
focused modifications had an impact not only on cellular @18Kibitory activity but also on Plsy

chem and ADME propertieResults are reported ifiable12 and Table13.

Table 12 PISK Enzymatic activity (plGo), Cell-based activity (plGo) and Dropoff values of
compoundsAzsBi1 and As2B: and As3B.

PI3K enzymatic
PISKACS:E(! based Drop-Off
Compound Assay y
cell IGY Enz I&

dplGo dplGo
AzsBr11 74 6.2 15
As2B1 8.0 6.5 31
As3B1 8.1 7.0 12

Overall,these three compounds displag a markedlyreduced celluladrop-off compared to their
parent compoundd2sB:. CompoundissB: exhibited a goodcellular PI3Kinhibitory activity, 16-fold
higherthan compoundA2sB; (Table7).
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RegardingPhyschem properties,as expectedthe introduction of a methyl grouppositively
influenced solubility. CompoundsfesBix and AssB: present an expected increased cLogD and
nonethelesgheir solubilityincreasedsolubilityk400mM).

The introduction of a basic group (compoukgbB;) led to a reduction of the cLogkhich led to an
improved solubility,albeit to a lesser extenthan Az2sBi1 and AssBi. Likely, the presence of an
additional N atomresulted in decreasing solubility, probably due to the formation of other

hydrogenbonds leading to a higher crystal packing energy.

Unpleasantly permeability was not improved in this SAR exploratompoundAssB;, despite its
higher cellular potencyshoweda permeability below the detectable limReasons for this lack of

permeability were unclear and still matter of investigation.

Tablel3: TPSAcLogD, permeability and kinetic solubility of compouidsB:1 and As2B: and AszBy

Papp ABBA (nm/s) cLogD
Compounds TPSA Solubility (V)
CAC@ w GF |(PerceptaACD
imi High
AosBi1 121.4 Bedloj[N ||tm|:] of 39
etectio ox250mM)
Medium
Below limit of
As2By 124.7 detection 1.1 (100ma oDk p
)
imi High
As3B1 121.4 BE;:O;N Iltm|t of -
etection oK250mM)
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4. Conclusions

The research project here detailed describes a rokem work, whose primary goal was to build a
SAR exploration on a Hit previously identified byoaused screeningtudy to discover new

PI3K inhibitors.

First, aconvenient and parallel synthetic apprdewas foundwhich allowed tgpreparea libraryof

43 derivatives with two points of diversity. In this fashion, two important regions of the PI3K ATP
binding site, theaffinity and theselectivitypocket, had been exploredAmong all the synthesised
compouwnds,Ax4B; and AosB; demonstrated a higher enzymatic PiBotency compared to the Hit.

Notably, compoundtsB; showedalso a moderate selectivity towards other PI3K isoforms.

The crystal structure of compourbsB; in complex with hPI3iKwas also obtainedThe complex

with the protein highlighted how dichlorophenrgthyl decorationwas able toopen and interact

with the specificity pocket However, @spite the highenzymatic potency, derivativédosB;
demonstrated alow cellular PI3#& potency associated witlsub optimal Phy€hem and ADME
properties Therefore, in the light of these results, a second SAR expansion tailored on improving

cellular potency, Physhem and ADME properties of compoufgB; was planned andasried out.

The introduction of subtle and focused modifications, as a methyl group, brought to an
improvement of solubility and cellular potency. CompoukdB; in fact showed a cellular PI8K
potency 16fold higher than its close analoggempoundA2sB: and solubility was highly increased
too. On the other hand, passive permeability was not improved. EvAgsti demonstrated an
improved cellular P13Kinhibitory activity, its passive perme#iby measured in CAGDexperiment

was still below the limit of detectian

To conclude,lie firstSAR expansion accomplished the goal of improving enzymatid po8sacy
which was observed for the majority of 43 derivatives. MoreowEmpound AxsB; showed a
moderate selectivity towards other PI3K isofornthe secondSAR expansiowith focused and
tailored modificationsallowed to achieveellular PISH potency andyoodsolubilitywith compound

As3B.
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5. Material and Methods

5.1 General Chemistrivethod

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

sodium sulphate (N&Q) was used as the drying agdnt the organic phases.

Chromatography:

When needed purifications were performed on flash chromatography, with a Biotage Isolera
instrument, using Biotage Columns (SNAP Cartridgjsa, SilichiHandC18§.
Thin layer chromatography waserformed onGlass TLC plates (5X10 cm), silica gel coated with

fluorescent indicator F254.

Analytical Technigues:

Analytical UPLC and Electron Spray lonizg&$1) condition were performexh a Waters ACQUITY
UPLC equipped with a Photo Diode Array (Rif¢ctor and a Single Quadrupole Mass Detector
(QDA) or equipped with a Triple Quadrupole (Waters Xé@s).

UPLG@MS Methods
f Methodl:! Oljdza e 't [/ [ {1 [ my O2fdzYy é6pnYY E HC
Temperature (°C) 40.0. Mobifghases: 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.
f Method2:! OljdzAGe& 't [/ [ {1 [ my O2fdzYy é6pnYY E HC
Temperature (°C) 50.0. Mobile phase€®ONE 0.025M, pH=3 (A); 0.1% v/v solution of
HCOOH in Acetonitrile (B)low (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
MHz2 NJ 2y | . NHzZl SNJ ! @ yOS cnn &LISOGNBYSIHISNW® /K
relative to trimethyl silane (TMS) as an internal standard. Coupling constants (J values) are given in
hertz (Hz) and multiplicities are reported using the followingrabiations (s= singlet, d=doublet,

t=triplet, g=quartet, m=multiplet, br=broad, nd=not determined).
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High Resolution Mass Spectrometry (HREI8)lysis for compound#\{sB1, ApsBi11As2B1 As3B1) was

performed with aQ Exactive HybriQuadrupoleOrbitrap Mass Spectrometer

5.2 GeneralProcedure forUrea Derivatives

All the isocyanates were commercially available and purchased from ifglneh, Enaming
Fluorochemand Abcr

In a 20 mL vial, 1 eq. of 2dgaminomaleonitrile was dissolved 15 mL of ACN and the solution was
stirred on PLS organic synthesizer at rt for 10 minutes. Afterwar@8 eq. of the corresponding
isocyanate was added. After stirring for 24 hr, a precipitate formed and filtered off usiidd”Sase
Extraction (SPBubes equipped with polyethylene frits. The precipitate was washed with ACN and

dried under N flow for 12 hr affording thedesired urea intermediate

All synthesisedntermediates were reported iifablel14.

Where not specified, UPL-®IS Method 1 was generally used to determine purity of final

compounds
R1
|
OYNH
N\\>NH
|
N// NH,
AX
Table14: Structure of intermediateg\.
IH-NMR
UPLGMS
Intermediate R
Purity
Yield (calculated odDAMN mmol)
F 'H NMR(400 MHz, DMS@6) d 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
Aq 1 H)8.87 (s, 1 H)
* UPLEMS. tr=0.66min; MS (ESI): m/245.9[M + H*
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A7

Ao

/

UPLGMS Purity= 90%
Yield89% (6.88mmol)

IH NMR(400 MHz, DMS@6)d ppm 3.15 (s, 3 H) 6.58
6.73(m, 1 H) 6.65 (brs, 1 H) 7.32 (s, 2H) 7.68 (d, J
Hz, 2 H) 7.787.86 (m, 3 H) 7.98.13 (m, 2 H) 9.39 (¢
1 H)

UPL@MS:tr=0.53 minMS (ESI): m/206.0[M + H*
UPLQPurity=95%
Yield 10% (1.30 mmol)

IH NMR(400 MHz, DMS@6) d ppm 9.07 (s, 1 H), 8.0
(t, J=1.76 Hz, 1 H), 7.568.77 (m, 3 H), 7.377.49 (m, 1
H), 7.27 (s, 2 H), 2.55 (s, 3 H)

UPLGVS: tr=0.65,MS (ESI): m/269.9[M + H*
H-NMR Analysigurity=90%
Yield=56%4.63 mmol)

1H NMR(400 MHz, DMS@6) d ppm 2.96- 3.07 (m, 3
H) 3.67-3.79 (m, 4 H) 6.87 (d, J=8.99 Hz, 2 H) 77080
(m, 1 H) 7.29 (d, J=8.11 Hz, 2 H) &48 H) 8.248.32
(m, 1 H) 8.58 (s, 1 H)

UPLEMS tr=0.48min, MS (ESI): m/3130[M + H*
UPLQRurity=83%
Yield 39% (0.461mol)

1H NMR(400 MHz, DMS@6)d ppm 3.14 (t, J=8.66 H
2 H) 4.47 (t, J=8.66 Hz, 2 H) 6.65 (d, J=8.55 Hz, 1 I
(dd, J=8.55, 1.97 Hz, 1 H) 7.10 (s, 2 H)7.33 (d, J=0.1
1 H) 7.58 (brs, 1 H) 8.63 (s, 1 H)

UPLG@MS: tr= 0.63min; MS (ESI): m/z 270 [M * H]
UPLGurity=90%
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A1

A1

Auz

Asa

Yield 76% (5.85 mmol)

'H NMR(400 MHz, DMS@6) d ppm 2.41 (s, 3 H) 7.0
(td, J=7.56, 1.32 Hz, 1 H) 7.17 (br s, 2 H) -77125 (m,
1H)7.42 (dd, J=7.89, 1.32 Hz, 1 H) 7.92 (dd, J=8.27Z
Hz, 1 H)8.20 (s, 1 H) 8.44 (s, 1 H)

UPLGMS tr=0.72 min MS (ESI): m/z 27 + H*
UPLQRurity=72%

Yield 41% (1.78 mmol)

'H NMR(400 MHz, DMS@6)+  LJLJY - 1ns6@(my?2
H) 1.88- 1.98 (m, 2 H) 3.423.48 (m, 2 H) 3.83 (d
J=11.46, 4.47 Hz, 2 H) 4.45 (tt, J=8.52, 4.08Hz, 1 H
(d, J=8.99 Hz, 2 H) 7.14 (#1p7.31 (d, J=8.99 Hz, 2
7.49 (s,1H)8.64 (s, 1H)

UPLGVIS:tr=0.69 min MS (ESI): m/328.5 [M+H}
UPLC Purity97%

Yield71 % (2.1%nmol)

1H NMR(400 MHz, DMS@6) d ppm 7.19- 7.37 (m, 2
H) 7.56- 7.77 (m, 3 H) 8.128.26 (m, 1 H) 8.50 (s, 1 |
9.35 (s, 1 H)

UPLEMS tr=0.69 minMS (ESI): m/285.[M + H*
UPLQPurity=80%
Yield 91% (2.79 mmol)

1H NMR(400 MHz, DMS@6) d ppm 1.15- 1.20 (m, 3
H) 3.57 (s, 2 H) 4.024.12 (m, 2 H) 7.127.23 (M, 4 H]
7.37 (d, J=8.33 Hz, 2 H) 7:5260 (m, H) 8.81 (s, 1 H)

UPL@MS:tr=0.76min, MS (ESI): m/314[M + H*
UPLQPurity=99%

Yield 34% (2.29 mmol)
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Ais

Ase

A17

Aus

Ao

!H NMR (400 MHz, DMS@6) 1H NMR (400 MH:;
DMSQd6) d ppm 6.56 6.61 (m, 1 H) 6.786.81 (m, 1
H) 6.86 (d, J=5.48 Hz, 1 H) 7.32 (br s, 2 H) 7.68 (s
9.87 (s, 1 H)

URLGMS:tr=min,MS (ESI): m/234.1 M + H*
UPLQPurity=86%

Yield 25% (3.88 mmol)

UPLEMS:tr=0.63 min MS (ESI) m/263.15 [M+H]+
UPLQ@urity=83%

Yield 59 % (3.05 mmol)

'H NMR(400 MHz, DMS@6) d ppm 2.35 (s, 3 H) 6.7
(s, 1H)7.24 (brs, 1 H) 741.58 (m, 6 H) 7.84 (br s,
H) 8.19 (s, 1 H)

UPL@VIS:tr=0.69 min MS (ESI): m/309.2[M + H*
UPLQ@urity=94%

Yield=70% (4.63 mmol)

1H NMR(400 MHz, DMS@6) d ppm 1.38- 1.50 (m, 2
H) 1.79-1.91 (m, 2 H) 2.782.88 (m, 5 H) 3.423.53 (m,
2 H) 6.42 6.49 (m, 1 H) 6.94 (s, 2 H)7.34 (s, 1 H)

UPLEMS:tr=0.44min, MS (ESI): m/313.1[M + H*
UPLQRurity=99%
Yield=45% (2.12 mmol)

IH NMR(400 MHz, DMS@6) d ppm 1.29- 1.41 (m, 2
H) 1.44- 1.68 (m, 4 H) 1.741.85 (m, 2 H) 3.87 (sX
J=6.80 Hz, 1 H) 6.34 (br d, J=7.02 Hz,&8%)(s, 2 H
7.23 (s, 1 H)

UPL@MS:tr=0.6min, MS (ESI): m/220.3[M + H*

UPLQPurity=99%
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Yield 42% (8.68 mmol)

1H NMR(400 MHz, DMS@6) d ppm 1.52 (dg, J=12.9
6.58 Hz, 1 H) 1.811.99 (m, 1 H) 2.33 (dquin, J=13.¢
6.83, 6.83, 6.83, 6.83 Hz, 1 H) 2.93 @192 H) 3.31 (s
1 H) 3.39 (dd, J=8.33, 5.48 Hz, 1 H) 3.55 3.76 (m,
6.55 (br t, J=5.59 Hz, 1 H) 6.87 7.04 (m, 2 H) 7.39
H)

UPL@MS:tr=0.4 min, MS (ESI): m/z 236\ + H*
UPLQ@urity=99%
Yield 34% (3.76 mmol)

1H NMR(400 MHz, DMS@6)d ppm 1.43 1.56 (m, 1 F
1.73-1.92 (m, 3 H) 2.953.07 (m, 1 H) 3.093.22 (m, 1
H) 3.61 (g, J=7.38 Hz, 1 H) 3.3188(m, 1 H) 3.713.87
(m, 1 H) 6.36 (brt, J=5.70 Hz, 1 H) 6.90 (s, 2 H) 7.4
H)

UPLG@MS:tr=0.4min, MS (ESI): m/236[M + H*
UPLQPurity=99%
Yield 34% (3.71 mmol)

IH NMR(400 MHz, DMS@6) d ppm 1.77 (dq, J=13.3:
9.23 Hz, 1 H) 2.1:2.22 (m, 1 H) 2.78 (dd, J=13.15, 9
Hz, 1 H) 3.04 (dt, J=13.15, 8.77 Hz,3H) 3.21 (m, 4
H) 6.67 (t, J=5.92 Hz, 1 H) 7.07 (s, 2 H) 7.46 (s, 1 H

UPL@MS:tr=0.33min, MS (ESI): m/284.2[M + H*
UPLQPurity=99%

Yield 49% (2.80 mmol)
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F
N

S
Az4
Cl Cl
Azs
PN
Ace =

*

1H NMR(400 MHz, DMS@6) d ppm 1.43- 1.62 (m, 3
H) 1.66- 1.93 (m, 3 H) 3.523.69 (m, 2 H) 3.75 (br ¢
J=13.15 Hz, 1 H) 6.46.60 (m, 1 H) 6.97 (brd, J=6.36 |
2 H) 7.36 (br d, J=19.07 Hz, 1 H)

UPLG@MS:tr=0.63 min, MS (ESI): m/z 33]\2 + H}
UPLQPurity=90%
Yield 55%2.12 mmol)

IH NMR(400 MHz, DMS@6)d ppm 2.93 (t, J=7.23 H
2 H) 3.24 3.30 (M, 2 H) 6.49 (br t, J=5.59 Hz, 1 H) 6
7.01 (m, 4 H) 7.34 (dd, J=5.15, 1.21 Hz,1 H) 7.54 (s

UPLGMS:tr=0.67 minMS (ESI): m/261.7[M + H*
UPLQPurity=95%
Yield 65% (4.63 mmol)

1H NMR 400 MHz, DMS@6)d ppm 2.73 (t, J=7.02 H
2 H) 3.23 3.29 (m, 2 H) 5.285.35 (m, 1 H) 6.42 (
J=5.59 Hz, 1 H) 6.94 (s, 2 H) 7.22 38,33, 1.97 Hz,
H) 7.44-7.57 (m, 3 H)

UPLG@MS:tr=0.93 min, MS (ESI): m/z 324\ + H*
UPLQPurity=95%
Yield=52% (4.3mmol)

1H NMR(400 MHz, DMS@6)d ppm 4.39 (d, J=5.92 H
2 H) 6.92 7.08 (m, 5 H) 7.357.43 (m, 1 H) 7.54 (s, 1 |

UPLGMS:tr=0.56min, MS (ESI): m/274[M + H*
UPLQPurity=99%

Yield 47% (3.54 mmol)
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1H NMR(400 MHz, DMS@6)d ppm 4.22 (d, J=5.92 H
2 H) 6.95 (br t, J=5.92 Hz, 1 H) 6.8199 (m, 1 H) 6.93
6.97 (m, 1 H) 7.03 (br s, 1 H) 7.14%8.88 Hz, 2 H) 7.
(dd, J=8.33, 5.70 Hz, 2 H) 7.52 (br s, 1 H)

UPL@MS:tr=0.69 min, MS (ESI): m/z 259\ + H*
UPLQPurity=95%
Yield 73% (6.88 mmol)

'H NMR(400 MHz, DMS@6)d ppm 1.18 (d, J=7.02 H
6 H) 2.67 (t, J=7.34 Hz, 2 H) 2.84 (dt, J=13.81, 6.91
H) 3.20- 3.27 (m, 2 H) 5.30 (br s, 1838 (br t, J=5.4¢
Hz, 1 H) 6.90 (s, 2 H) 7.0B.19 (m, 4 H) 7.48 (s, 1 H)
UPL@MS:tr=1.0min, MS (ESI): m/298.1[M + H*
UPLQPurity =81%

Yield 5% (2.49 mmol)

IH NMR(400 MHz, DMS@6)d ppm 2.63 (t, J=7.23 H
2 H) 3.22 (g, J=6.80 Hz, 2 H) 5.96 (s, 2 H) 6.35 (br t, .
Hz, 1 H) 6.67 (d, J=7.89 Hz, 1 H)6&.85 (m, 2 H) 6.9(
(brs, 2H) 7.47 (s, 1 H)

UPLGMS: tr=0.71 min, MS (ESI): m/z 300\ + H}
UPLQurity= 99%

Yield 50%4.93 mmol)

'H NMR(400 MHz, DMS@6) d ppm 1.08- 1.21 (m, 2
H) 1.93-2.02 (m, 1 H) 2.642.74 (m, 1 H) 6.87 (br ¢
J=2.19 Hz, 1 H) 7.01 (s, 2 H) =079 (m,3 H) 7.22
7.31 (m,2H)7.41 (s, 1 H)

UPL@EMS: tr=0.78 min,MS (ESI): m/268.1 [M + Hi
UPLPurity= 100%

Yield 41% (1.481mol)
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5.2.1 Synthesis of 1-(2-amino-1,2-dicyanovinyl)-3-(1-benzylpyrrolidin-3-yl)urea
(As2)

N

\>[NH

|

NZ NH>
To an icecold stirring solution of -benzylpyrrolidin3-amine (100 mg, 0,567 mmol) in 3 mL of DCM
was addedriphosgene (337 mg, 1.135 mmol). The solution was stirred at rt and addedabdition
of 2,3-diaminomaleonitrile (184 mg, 1.702 mmath) THF. Solution was stirred for b2 at rt and
then evaporated. Reaction was quenched wi#t@l 1IN1mL). Solvent was evaporated under vacuum

to give(Z)1-(2-amino-1,2-dicyanovinyh3-(1-benzylpyrrolidin3-yl)urea (100 mg, 0.322 mmol, 56.8
% yield)

UPLGEMS: tr=0.29 min, MS (ESI): m/z [M HJ 31103

UPLC Purity85%

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

Cl

3-(3,4-dichlorophenylh2-methylpropanoic acid (100 mg, 0.429 mmol) and TRIETHYLAMINE (0.149
ml, 1.287 mmol) were dissolved in Toluene (Volume: 3 ml) bEeRA0.269 ml, 0.858 mmol) was
added at rt. The solution was heated up to 80 °C for 2 hr. Thedi&Binomaleonitrile (139 mg,
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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 NaHG&urated solution, brine, dried over B#Q. Organic phase

was evaporated to give 23 mg of crude which wasd in the next step without any further

purification.

UPLGEMS:tr=0.9 min, MS (ESI): m/fM + H* 338.05
Yield 15%

5.3 GeneralProcedure for2,9-disubstituted-8-oxopurine-6-carboxamide
(ABy)

In an 8 mL vial, 0.120 mmol of the correspondirgminomaleonitrile ureavas dssolved in 5 mL of
MeOH. Then the corresponding aldehyde (B1, B2, B10, B1Ia®i15) (0.030 g, 0.246 mmol)
was added to the suspension and kept stirring at rt for 10 minutés(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 outA catalytic amount ok lwas added to the mixture. The mixture
was stirred for 12r at room temperatureln all cases the desired product was filtered, washed with

MeOH EtOand died under vacuum

Tablel5: Structure ofAldehydes

B. B> Bio B11 B2
Aldehydes HNN HNT |
H H H
H H

All the title compounds are reported the following table.

R1
RZ_N_ N
T Lo
NN
H
H,N" 0
AXBY
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Table16: Anal compounds\B;.

Compound

R

'H-NMR
UPLEMS
Purity

Yield

AiB;

1H NMR(400 MHz, DMS@6)d ppm
7.42-7.54 (m, 3 H) 7.65 (d, J=8.
Hz, 1 H) 7.787.85 (m, 2 H) 8.01 (&
s, 1 H) 8.40 (brs, 1 H) 8.44 (d, J=
Hz, H) 8.55 (s, 1 H) 11.82 (br s, 1
13.10-13.32 (m, 1 H) 13.19 (s, 1 K

UPL@EMS: te= 0.83 min, MS (ESI)
m/z 390.3[M+HJ*

UPLurity=95%
Yield77%

A7B:1

A7B

1H NMR(400 MHz, DMS@6)d ppm
11.89 (s, 1 H), 9.49 (s, 1 H), 8.41
s., 1 H), 8.078.21 (m, 4 H), 7.93
8.01 (m, 2 H), 7.777.84 (m, 1 H)
7.27 (t, J=7.9 Hz, 1 H), 6:83.89 (m,
1 H), 3.33 (s, 3 H)

UPL@EMS: tg= 0.71 min, MS (ESI)
m/z 242.2 [M+H]

UPLC Purity95%
Yield 32%

1H NMR(400 MHz, DMS@6)d ppm
13.10 (s, 1 H), 11.85 (br. s., 1 H), 8
-8.70 (m, 3 H), 7.908.18 (m, 3 H)
7.52-7.83 (M, 2 H), 7.177.49 (m, 1
H), 2.66 (s, 3 H)

UPLEMS tg= 0.69 min, MS (ESI)
m/z 450.2[M+H}

UPLQPurity= 90%
Yield10%

AsBy

1H NMR(400 MHz, DMS@6)d ppm
2.61-2.69 (M, 3 H) 6.85 (dd, J=8.(
1.86 Hz, 1 H) 7.25 (t, J=8.00 Hz, ]




AgBy

7.74-7.82 (m, 2 H) 7.928.04 (m, 3
H) 8.08 (d, J=7.89 Hz, 1 H) 8.35
J=175 Hz, 1 H) 8.39 (s, 1 H) 9.47
1 H) 11.82 (s, 1 H)

UPLEMS tg= 0.80 min, MS (ESI)
m/z 390.1 [M+H]

UPLQPurity=90%
Yield 74%

1H NMR(400 MHz, DMS@6)d ppm
13.19 (s, 1 H), 11.93 (s, 1 H), 8.60
1 H), 8.34 8.44 (m, 1 H), 8.058.22
(m, 4 H), 8.02 (bs, 1 H), 7.59.68
(m, 1 H), 7.44 (t, J=7.7 Hz, 1 H), 3
(s,3H)

UPLEMS tg= 0.76 min, MS (ESI)
m/z 414.0 [M+H]

UPLQPurity= 90%
Yield=12%

AoB1

AgB,

1H NMR(400 MHz, DMS@6)d ppm
11.66 (bs, 1 H), 9.46 (s, 1 H), 8.37
1 H), 7.90 7.95 (m, 2 H), 7.76 (s,
H), 7.50 (d, J=9.2 Hz, 2 H), 7.24
J=7.9 Hz, 1 H), 7.13 (d, J=9.2 Hz, !
6.80-6.90 (m, 1 H), 3.753.84 (m, 4
H), 3.18 3.26 (m, 4 H)

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

UPLQ@urity=91%
Yied 15%

1H NMR(400 MHz, DMS@6)d ppm
3.21-3.28 (m, 4 H) 3.773.83 (m, 3
H) 3.77-3.84 (m, 1 H) 7.18 (d, J=8.
Hz, 2 H) 7.41 7.49 (m, 1 H) 7.5
(d,J=8.77 Hz, 2 H) 7.64 (d, J=8.33
1 H) 8.01 (brs, 1 H) 8.40 (brs, 1
8.44 (d, J=7.23 Hz, 1 H) 8.59 (s,
11.74 (s, 1 H) 13.18, 1 H)

UPLEMS tg= 0.76 min, MS (ESI)
m/z 457 [M+Hj

UPLQ@urity= 85%
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Yield52%

A10B1

A10B?

IH-NMR (400 MHz, DMS@6) d
ppm 3.27- 3.30 (m, 2 H) 4.65 (
J=8.77 Hz, 2 H) 6.86.86 (m, 1 H
6.96 (d, J=8.55 Hz, 1 H) 7.24
J=8.00 Hz, 1 H)7.34 (dd, J=8.44, 1
Hz, 1 H) 7.47 (s, 1 H) 7.71.80 (m,
1 H) 7.89 7.99 (m, 2 H) 8.36 (br s,
H) 9.46 (s, 1 H) 11.65 (br s, L H

UPL@MS: tg= 0.83 min, MS (ESI)
m/z 388 [MH]

UPLQPurity=85%
Yield73%

1H NMR(400 MHz, DMS@6)d ppm
3.25- 3.29 (m, 2 H) 4.61 (t, J=8.]
Hz, 2 H) 6.926.97 (m, 1 H) 7.34
7.42 (m, 2 H) 7.50 (s, 1 H) 7.58
J=8.33 H,H) 7.93 (br s, 1 H) 8.7
(s, 1 H) 8.34 (brs, 1 H) 8.39 (d, J=]
Hz, 1 H) 8.52 (s, 1 H) 11.67 (br s, ]
13.11 (s, 1 H)

UPLEMS tg= 0.79 min, MS (ESI
m/z 414.1 [M+H]

UPLQurity= 80%
Yield40%

A11B1

A11B,

IH-NMR (400 MHz, DMS@6) d
ppm 2.40 (s, 3 H) 6.81 (dd, J=8.
2.30 Hz, 1 H) 7.22 (t, J=7.89 Hz, ]
7.35-7.45 (m, 1 H) 7.497.69 (m, 4
H) 7.86 (d, J=7.89 Hz, 1 H) 7.98 (k
1 H)8.38 (brs,1H)9.36.58 (m, 1
H) 11.78 (br s, 1 H)

UPLGMS: tg= 0.85 min, MS (ESI)
m/z 394.2 [MHT*

UPLQurity=86%
Yield44%

'H-NMR (400 MHz, DMS@6) d
ppm 2.41 (s,3H) 7.3§.51 (m, 2 H
7.57-7.67 (m, 4 H) 803 (brs, 1
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8.29-8.45 (m, 3 H) 11.86 (br s, 1
13.13 (br s,1 H)

UPLEMS tg= 0.80 min, MS (ESI)
m/z 418.1 [M+H]

UPLQPurity=94%
Yield30%

A12B1

A1oB

IH-NMR (400 MHz, DMS@6) d
ppm 1.58 1.72 (m, 2 H) 2.04 (br d¢
J=12.93, 3.29 Hz, 2 H) 34858 (m,
2 H) 3.83- 3.95 (m, 2 H) 4.68 (tl
J=8.60, 4.00 Hz, 1 H) 6.84 (
J=8.00, 1.86 Hz, 1 H) 7.19 (d, J=¢
Hz, 2 H) 7.25 (t, J=7.89 Hz, 1 H) 1
(d,J=8.99Hz,2H) 7.77 (d, 38Hz,
1 H)7.928.00 (m, 2H) 8.38 (s, 1 |
9.48 (s, 1 H) 11.70 (s, 1H)

UPLEMS tg= 0.86 min, MS (ESI)
m/z 448.1 [M+H}

UPLQPurity= 95%
Yield18%

IH-NMR (400 MHz, DMS@6) d
ppm 1.59- 1.73 (m, 2 H) 2.002.15
(m, 2 H) 3.483.61 (m, 2 H) 3.91 (d
J=11.62, 4.28 Hz, 2 H) 46679 (m,
1 H)7.19 7.29 (m, 2 H) 7.407.51
(m, 1 H) 7.6% 7.69 (m, 3 H) 7.96
8.07 (m, 1 H) 8.40 (s, 1 H) 8.45
J=7.23 Hz, 1 H) 8.57 (s, )11H.76 (S
1 H) 13.18 (s,1 H)

UPLGVS. tg= 0.81 min, MS (ESI)
m/z 472.0 [M+H}

UPLQPurity=99%
Yield33%

A13B1

IH-NMR (400 MHz, DMS@6) d
ppm 11.97 (br. s., 1 H) 9.38 (br. s
H) 8.43 (s, 1 H) 8.34 (d, J=8.82 H
H) 7.94-8.09 (m, 3 H) 7.81 (d, J=7.
Hz, 1 H) 7.55 (s, 1 H) 7.18 (t, J=1
Hz, 1 H) 6.79 (dd, J=7.94, 2.21 H
H)
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Au3B

UPLEMS tg= 0.76 min, MS (ESI)
m/z 405.9 [M+H]

UPLQurity=90%
Yield 13%

IHNMR(400 MHz, DMS@6)d ppm
7.37-7.44 (m, 1 H) 7.60 (d, J=8.
Hz, 1 H) 7.94 (s, 1 H) 8.08.15 (m,
3 H) 8.38 (dd, J=13.70, 8.00 Hz, 2
8.45 (s, 1 H) 12.04 (br s, 1 H) 13
(brs, 1 H)

UPLGVS. tr= 0.75 min, MS (ESI)
m/z 430.1 [M+H}

UPLQPurity=85%
Yield12%

A14B1

A14B

IH-NMR (400 MHz, DMS@6) d
ppm 11.75(s,1H),9.49(s,1H), 8
(s, 1 H), 7.8¢8.06 (m, 2 H), 7.73
7.80 (m, 1 H), 7.66 (d, J=8.4 Hz, 2
7.49 (d, J=8.4 Hz, 2 H), 7.25 (t, J3
Hz, 1 H), 6.84 (dd, J=7.9, 2.2 Hz, 1
4.13 (q, J=7.1 Hz, 2 H), 3.80 (s, 2
1.07-1.38 (m,3 H)

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

UPLQurity=94%
Yield 38%

IH-NMR (400 MHz, DMS@6) d
ppm 1.23 (t, J=7.02 Hz, 3 H) 3.83
2 H) 4.14 (q, J=7.02 Hz, 2 H) 7-4
7.50 (m, 1 H) 7.5247.60 (m, 2 H
7.65 (d, J=8.3#Hz, 1 H) 7.73 (¢
J=8.33 Hz, 2 H) 8.02 (br s, 1 H) 8.
8.49 (m, 2 H) 8.588.65 (m, 1 H
11.81 (br s, 1 H) 13.18 (s, 1 H)

UPIGMS: tg= 0.87 min, MS (ESI)
m/z 458.1 [M+H}

UPLQurity=95%
Yield60%
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AusB1

A1sB

IHNMR (400 MHz, DMS@6) d
ppm 7.19 (dd, J=5.37, 3.84 Hz, 1
7.31 (t, J=7.89 Hz, 1 H) 7.49.54
(m, 1 H) 7.88 (dd, J=3.73, 1.32 Hj
H) 7.94 (1,J=1.86 Hz, 1 H) 8.00 (&
H) 8.05 (d, J=7.89 Hz, 1 H) 8.42
H) 9.56 (s, 1 H) 11.96 (s, 1 H)

UPLGMS: tg= 0.86 min, MS (ESI)
354.0 [M+H}

UPLQurity=98%
Yield33%

1H NMR(400 MHz, DMS@6)d ppm
7.23 (dd, J=5.37, 3.84 Hz, 1 H) 7
(t, J=7.78 Hz, 1 H) 7.62 (dd, J=5
1.10 Hz, 1 H) 7.69 (d, J=8.33 Hz,
7.75(dd, J=3.73, 1.10 Hz, 1 H) 8.0¢
1 H) 8.38 (s, 1 H) 8.47 (d, J=7.45
1 H) 8.80 (s, 1 H) 11.99 (br s, 1
13.25 (s, 1 H)

UPLEMS tg= 0.80 min, MS (ESI)
m/z 377.9 [M+H]

UPLurity=80%
Yield=51%

A1eB1

Cl

N\

IH-NMR (400 MHz, DMS@6) d
ppm 6.86 (br d, J=7.02 Hz, 1 H) 7
(brt, J=7.89 Hz, 1 H) 7.77.88 (m,
2 H) 7.95 8.01 (m, 2 H) 8.29 (br d¢
J=8.441.86 Hz, 1 H) 8.42 (br s, 1
8.87 (brd, J=1.53 Hz, 1 H) 99430
(m, 1 H) 9.38 9.67 (m, 1 H) 11.9
(brs, 1 H)

UPL@VS: tg=0.8 min,MS (EShn/z
383.2 [M+H]

UPLQPurity=87%
Yield59%

IHNMR (400 MHz, DMS@6) d
ppm 7.48 (t, J=7.78 Hz, 1 H) 7.68
J=8.33 Hz, 1 H) 7.88 (d, J=8.55 H
H) 8.06 (s, 1 H) 8.33 (dd, J=8.55, 2
Hz, 1H) 8.42 (br s, 1 H) 8.46
J=7.23 Hz, 1 H) 8.58 (d, J=0.88 K
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H) 8.92 (d, J=2.63 Hz, 1 H) 12.00
H) 13.28 (s, 1 H)

UPLGMS tg=0.8 min,MS (ESIn/z
383.2 [M+H]

UPLQPurity=92%

Yield 32%

'H-NMR (400 MHz, DMS@6) d
ppm 3.28 (s, 1 H) 6.4®%.58 (m, 1 H
6.78-6.85 (m, 1 H) 7.22 (t, J=7.
Hz, 1 H) 7.347.44 (m, 3 H) 7.46
7.53 (m, M) 7.69 (s, 1 H) 7.86 (br
J=7.67 Hz, 1 H) 7.99 (br s, 1 H) §
(brs, 1 H) 9.46 (s, 1 H) 11.95 (br

A17B1 /©\
* OH H)
UPLGMS: tg= 0.87 min, MS (ESI)
m/z 429.0 [M+H}
UPLQurity=95%
Yield19%
N// *
\
@ IH-NMR (400 MHz, DMS@6) d
ppm 13.19 (s, 1 H), 11.94.2.05 (s,
1 H), 8.23 8.62 (m, 3 H), 8.07 (s,
H), 7.59- 7.67 (m, 1 H), 7.497.56
L‘“NH (m, 2 H), 7.367.46 (m, 4 H), 3.29 (
As7B; é@ 3 H)
* UPLGMS: tg= 0.82 min, MS (ESI)
m/z 452.8 [M+Hj}
UPLQPurity=96%
Yield12%
IH-NMR (400 MHz, DMS@6) d
ppm 1.83-2.01 (m, 2 H) 2.913.06
(m, 5 H) 3.75 (br d, J=11.40 Hz, 2
O:\S’O 4.28-4.50 (m, 1 H) 6.816.99 (m, 1
H) 7.29 (t,J=7.89 Hz, 1 H) 7-806
AugB1

(m, 3 H)8.26- 8.43 (m, 1 H) 9.48
9.60 (M, 1 H) 11.56 (br s, 1 H)

UPLEMS te=0.7 min,MS (ESI)n/z
433.0 [M+Hj

UPLQurity=90%
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A1sBe

Yield10%

'H-NMR (400 MHz, DMS@6) d
ppm 1.92 (br d, J=11.40 Hz, 2 H) 2
-2.67 (m, 2 H) 2562.65(m, 1 H
2.92 - 3.02 (m, 5 H) 3.75 (br ¢
J=11.40 Hz, 2 H)4.34.51 (m, 1 H
6.85-6.93 (m, 1 H) 7.29 (t, J=7.
Hz, 1 H) 7.858.00 (m, 3 H) 8.32 (K
s, 1 H) 9.53 (s, 1 H) 11.56 (bt ${)

UPLEGMS: tg= 0.67min, MS (ESI)
m/z 457.0 [M+H}

UPLQurity=91%
Yield11%

A19B1

A19Bp

IH-NMR(400 MHz,DMS@6)d ppm
1.61-1.75 (m, 2 H) 1.902.09 (m, 4
H) 2.15- 2.30 (m, 2 H) 4.83 (quit
J=8.28 Hz, 1 H) 6.84.91 (m, 1 H
7.28 (t,J=7.89 Hz, 1 H) 7.87 (s, 1
7.91 (brs, 1 H) 7.968.05 (m, 1 H
8.32 (brs, 1 H) 9.53 (s, 1 H) 11.4¢
1 H)

UPLEMS tg= 0.90 min, MS (ESI)
m/z 340 [M-H]*

UPLQurity=95%
Yield 17%

'H-NMR (400 MHz, DMS@6)d
ppm 1.66- 1.78 (m, 2 H) 1.942.10
(m, 4 H) 2.26 2.39 (m, 2 H) 4.
(quin, J=8.39 Hz, 1 H) 7.44.51 (m,
1 H) 7.67 (d,J=8.11 Hz, 1 H) 7-9
8.00 (m, 1 H) 8.26 (br s, 1 H) 8.38
J=7.23 Hz, 1 H) 8.81 (s, 1 H) 11.55
s, 1 H)13.23 (s, 1 H)

UPLEMS tg= 0.87 min, MS (ESI)
m/z 364.1 [M+H]

UPLQurity=95%
Yield11%

A20B1

!H-NMR (600 MHz, DMS@6) d
ppm 11.43- 11.63 (m, 1 H), 9.20
9.53 (m, 1 H), 8.248.40 (m, 1 H)




AzoB2

7.98-8.05 (m, 1 H), 7.827.95 (m, 2
H), 7.24- 7.34 (m, 1 H), 6.686.90
(m, 1 H), 3.883.94 (m, 2 H), 3.78
3.85 (m, 1 H), 3.683.73 (m, 1 H)
3.58-3.66 (M, 2 H), 2.692.92 (m, 1
H), 1.89- 2.02 (m, 1 H), 1.631.78
(m, 1 H)

UPLEMS tg= 2.06 min, MS (ESI)
m/z 356.0 [M+Hf

Method 2
UPLQPurity=93%
Yield68%

*
~Z

|

P

I

!H-NMR (400 MHz, DMS@6) d
ppm 1.71-1.82 (m, 1 H) 1.942.05
(m, 1 H) 2.8%2.92 (m, 1 H) 3.59
3.75 (m, 3 H) 3.803.88 (m, 1 H
3.95-4.03(m,2H) 7.49 (t, J=7.78 }
1H)7.68 (d, J=8.11 Hz, 1 H) 7.98
s,1H)8.33 (brs, 1H)8.47 (d, J=1
Hz, 1 H) 8.89 (s, 1 H) &2.(brs, 1 H
13.24 (s, 1 H)

UPLEMS tg= 0.66 min, MS (ESI)
m/z 380.1 [M+H]

UPL@urity=90%
Yield30%

A21B1

'H-NMR (400 MHz, DMS@6) d
ppm 1.69-2.01 (m, 5 H) 3.573.69
(m, 1 H) 3.77#3.88 (m, 2 H) 3.92
4.04 (m, 1 H) 4.34 (quin, J=6.30 H
H) 6.87 (dd, J=8.00, 2.08 Hz, 1
7.28 (t, J=7.89 Hz, 1 H) 7.88.96
(m,2H)8.01(d, J=7.89 Hz, 1 H) §
(brs, 1 H) 11.5 (br s, 1 H).8%br s,
1 H)

UPLEMS: tg= 0.69 min, MS (ESI)
m/z 356.0 [M+H]

UPLQPurity=95%
Yield 47%
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Ax1B;

IHNMR (400 MHz, DMS@6) d
ppm 1.70- 2.03 (m, 4 H) 3.553.65
(m, 1 H) 3.73 3.84 (m, 1 H) 3.88
3.97 (m, 1 H) 3.994.08 (m, 1 H
4.34 (dt,J=12.44, 6.17 Hz, 1 H) 7
(t, J=7.78 Hz, 1 H) 7.65 (d, J=8.33
1H)7.95 (brs, 1H) 831 (brs, 1
8.43 (d, J=7.23 Hz, 1 H) 8(891 H)
11.58 (br s, 1H) 13.19 (s, 1 H)

UPLGMS: tg= 0.69 min, MS (ESI)
m/z 380.1 [M+H]

UPLQurity=95%
Yield50%

AxoB1

AxBp

@)

—
)

Y

\

IHNMR (400 MHz, DMS@6) d
ppm 1.91-2.04 (m, 1 H) 2.212.35
(m, 1 H) 2.87 3.13 (m, 3 H) 3.15
3.27 (m, 1 H) 3.35 (br dd, J=12.¢
6.91 Hz, 1 H)4.04 (d, J=6.36 Hz,
6.88 (dd, J=8.00, 2.08 Hz, 1 H) 7
(t, J=7.89 Hz, 1 H) 7.91 (s, 2 H) §
(d, J=7.89 Hz, 1 H) 8.32 (brlsH)
9.51 (s, 1 H) 11.57 (brs, 1 H)

UPLGEMS tg=0.6 min,MS (ESIn/z
404.2 [M+Hj

UPLQurity=96%
Yield 67%

'H-NMR (400 MHz, DMS@6) d
ppm 1.95-2.09 (m, 1 H) 2.232.37
(m, 1 H) 2.94 3.12 (m, 4 H) 3.18
3.26 (m, 1 H) 4.14 (brd, J=6.14 H
H) 7.447.53 (m, 1 H) 7.68 (d, J=8.
Hz, 1 H) 7.948.03 (m, 1 H) 8.28
8.35(m, 1 H) 8.48 (d, J=7.45 Hz, ]
8.92 (s, 1 H) 11.5311.75(m, 1 H)
13.24 (s, 1 H)

UPLEMS tg= 0.60 min, MS (ESI)
m/z 428.1 [M+Hj

UPLQurity=87%
Yield60%
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Ax3Br

'H NMR(400 MHz, DMS@c 0

1.65-1.80 (m, 1 H) 1.952.13 (m, 1
H) 1.952.15 (m, 2 H) 2.632.83 (m,
2 H) 3.76 (br t}=11.95 Hz, 1 H) 3.9
-4.20 (m, 2 H) 4.394.63 (m, 3 H
7.49 (t, F7.78 Hz, 1 H) 7.69 (
J8.11 Hz, 1 H) 8.00 (br&4.17 Hz
1 H) 8.28 (br d}=7.02 Hz, 1 H) 8.4
(t, F6.36Hz, 1 H) 8.83 (br 354.60
Hz, 1 H) 11.67 (br &7.67 Hz, 1 H
13.27 (br s, 1 H)

UPLEMS tg= 0.84 min, MS (ESI)
m/z 475.0 [M+Hf

UPLurity=96%
Yield39%

Ax4B1

Az4B;

IH-NMR (400 MHz, DMS@6) d
ppm 11.51 (s, 1 H),9.49(s,1H), 8
(br. s., 1 H), 7.99 (d, J=7.9 Hz, 1
7.89 (d, J=1.8 Hz, 2 H), 7-:2132 (m,
2 H), 6.80- 6.92 (m, 3 H), 4.16 (
J=7.0 Hz, 2 H), 3.39 (t, J=7.0 H4) |

UPLEMS tg= 0.87 min, MS (ESI)
m/z 382.0 [M+H]

UPLQPurity= 94%
Yield28%

'H-NMR (400 MHz, DMS@6) d

ppm 13.22 (m, 1 H), 11.60 (s, 1

8.87 (s, 1 H), 8.438.48 (m, 1 H)
8.32 (bs, 1 H), 7.98 (bs, 1 H), 7-6
7.72 (m, 1 H), 7.447.51 (m, 1 H)
7.26-7.32 (m, 1 H), 6.856.96 (m, 2
H), 4.25 (t, J=7.2 Hz, 2 H), 3.43
J=7.2 Hz, 2 H)

UPLEMS: t= 0.84 min, MS (ESI)
m/z 406.3 [M+H]

UPLQPurity=91%
Yield15%

AosB1

IH.NMR (600 MHz, DMS® c 0
ppm 11.49 (s, 1 H) 9.49 (s, 1 H) 8
(s, 1 H) 7.93 (d, J=8.82 Hz, 2 H) 1
(s, 1 H) 7.867.91 (m, 1 H) 7.53 (q




AzsB

Cl Cl

J=2.05 Hz, 1 H) 7.44 (d, J=8.21 H
H) 7.27 (t, J=7.89 Hz, 1 H) 7.14
J=8.21, 2.05 Hz, 1 H) 6.88 (d
J=7.98, 53, 0.90 Hz, 1 H) 4.17
J=6.73 Hz, 2 H) 3.14 (t, J=6.73 H
H)

13C NMR (151 MHz, DMSIB) 4
ppm 166.04 (s, 1 C) 157.95 (s, 1
155.11 (s, 1 C) 154.03 (s, 1 C) 153
(s, 1 C) 140.05 (s, 1 C) 138.71 (s,
132.80 (s, 1 C) 131.35 (s, 1 C) 131
(s,1 C) 130.82 (s, 1 C) 129.74 (s,

129.70 (s, 1 C) 129.55 (s, 1 C) 114
(s,1C)119.18 (s, 1 C) 117.54 (s,
114.92 (s, 1 C) 40.77 (s, 1 C) 32.8
1C)

UPLEMS tg= 1.04 min, MS (ESI)
m/z 445.9 [M+H}

UPLQPurity= 95%
Yield23%

HRMS analysis: exp. 44.0623
[M+HY, calc.444.0625

IHNMR (400 MHz, DMS@6) d
ppm 3.18 (t, J=6.69 Hz, 2 H) 4.26
J=6.80 Hz, 2 H) 7.15 (dd, J=8.22, !
Hz, 1 H) 7.42 (d, J=8.33 Hz, 1 H) ]
(t,J=7.78 Hz, 1 H) 7.56 (d, J=1.75
1 H) 7.68 (d, J=8.33 Hz, 1 H) 7.98
s, 1 H) 8.30 (brs, 1 H) 8.39 (d, J=
Hz, 1 H) 8.85 (s, H) 11.38 11.71
(m, H) 13.22 (s, 1 H)

UPLEMS tg= 0.99 min, MS (ESI)
m/z 467.8 [M+H]

UPLQPurity=96%
Yield 60%

A2eB1

1H-NMR (400 MHz, DMS@6) d
ppm 5.25 (s, 2 H) 6.89 (dd, J=7.
2.41Hz,1H)6.94.02 (m, 1 H) 7.2
(d, J=3.29 Hz, 1 H) 7.29 (t, J=8.00
1 H)y.45 (d, J=5.04 Hz, 1 H) 7.8
8.00 (m, 2 H) 8.05 (d, J=7.89 Hz, ]
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AzeBr

8.33 (s, 1 H) 9.50 (br s, 1 H) 115
11.70 (m, 1 H)

UPLEMS tg= 0.82 min, MS (ESI)
m/z 368.0 [M+H]

UPLQPurity=85%
Yield45%

*
~Z
|
P
I

IH-NMR (400 MHz, DMS@6) d
ppm 5.36 (s, 2 H) 6.99 (dd, J=5.
3.51 Hz, 1 H) 7.22 (d, J=2.63 Hz,
7.44 (dd, J=5.15, 1.21 Hz, 1 H) 7
(t, J=7.78Hz, 1 H) 7.69 (d, J=8.33
1H)7.99 (brs,1H)835 (brs, 1
8.50 (d, J=7.23 Hz, 1 H) 8.98.98
(m, 1H)8.93 (s, 1H) 11.{tk s, 1 H
13.23 (s, 1 H)

UPLEMS tg= 0.76 min, MS (ESI)
m/z 391.4 [M+H]

UPLQPurity=96%
Yield10%

Ax7B1

Ax7Br

1H NMR(400 MHz, DMS@6)d ppm
5.08 (s, 2 H) 6.806.94 (m, 2 H) 7.1
(br t, J=8.88 Hz, 2 H) 7.17.21 (m,
1 H) 7.28 (t, J=7.89 Hz, 1 H) 7+4
7.52(m, 2 H) 7.91 (br d, J=8.11 Hz
H) 7.97-8.04 (m, 1 H) 8.288.36 (m,
1 H) 9.50 (s, 1 H) 11.51.70 (m, 1
H)

UPLEMS: te= 0.90 min MS (ESI)
m/z 380.0[M+H]

UPLQPurity=85%

Yield34%

IH-NMR (400 MHz, DMS@6) d
ppm 13.20 (s, 1 H), 11.71 (s, 1
8.74 (s, 1 H), 8.428.49 (m, 1 H)
8.33 (s, 1 H), 7.98 (s, 1 H), 7-G172
(m, 1 H), 7.427.54 (m, 2 H), 7.10
7.20 (m, 3 H), 5.19 (s, 2 H)

UPLGMS: tr= 0.87 min, MS (ESI)
m/z 404.2[M+H]
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UPLQPurity=95%
Yietl 77%

AosBio

AosBi1

AosBr2

Cl

Cl

HN\

H-NMR (400 MHz, DMS@6) d
ppm 11.48 (s, 1 H), 11.28 (s, 1
8.21-8.30 (m, 1 H), 8.16 (bs, 1 K
7.98 (bs, 1 H), 7.58 (d, J=2.2 Hz, 1
7.51-7.56 (m, 1 H), 7.447.50 (m, 2
H), 7.31- 7.38 (m, 1 H), 7.197.24
(m, 1 H), 7.1:7.19 (m, 1 H), 4.17
4.26 (m, 2 H), 3.18 (&,H)

UPLEMS tg= 1.12 min, MS (ESI)
m/z 466.6 [M+H}

UPLQPurity=98%
Yield50%

IH-NMR (400 MHz, DMS@6) d
ppm 11.51 (s, 1H),9.26 (s, 1 H), 8
and 7.91 (2 bs, 2 H, 1 H each), 7-4
7.56 (m, 2 H), 7.247.31 (m, 1 H)
7.00-7.17 (m, 2 H), 6.666.81 (m, 1
H), 3.94 4.28 (t, J=1.0 Hz, 2 H), 3.
(t, 3.11 (t, J=1.0 Hz, 2 H), 2.37 (s, 1

UPLEMS tg= 1.08 min, MS (ESI)
m/z 457 5[M+H]

UPLQurity=98%
Yield46%

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

IHNMR (400 MHz, DMS@6)
dppm 11.34- 11.59 (bs, 1 H), 8.27
8.49 (m, 3 H), 7.858.00 (m, 1H),
7.50-7.59 (m, 1 H), 7.357.45 (m, 3
H), 7.07- 7.22 (m, 1 H), 4.064.31
(m, 2 H), 3.45 3.66 (m, 2 H), 2.95
3.18 (M, 2 H), 2.21 (s, 6 H)

UPLEMS tg= 0.66, MS (ESI)m/z
484.7 [M+H

UPLQ@urity=97%
Yield41%
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AssBy
o7
o)
AssB1
7\
Y
AseB1 !

HO/©\*

IH-NMR (400 MHz, DMS® c 0
ppm 11.44 (s,1H),9.45(s,1H), 8
(brs, 1 H), 7.93 (brd, J=7.89 Hz, 1
7.71-7.89 (m, 2 H), 7.24 (t, J=7.
Hz, 1 H), 7.017.16 (m, 4 H), 6.8
(dd, J=7.89, 1.97 Hz, 1 H), 4.09 (4
J=7.23 Hz, 2 H), 3.04 (br t, J=7.23
2 H), 2.67- 2.78 (m, 1 H), 1.05 (g
J=6.80 Hz, 6 H)

UPLEMS tg=1.1 min,MS (ESIn/z
418.0 [M+H]

UPLQPurity=95%
Yield27.5%

IH-NMR (400 MHz, DMS@6) d
ppm 3.04 (br t, J=7.02 Hz, 2 H) 4
(br t, J=6.91 Hz, 2 H) 5.85.89 (m,
2 H) 5.94- 6.00 (m, 1 H) 6.56 (c
J=7.89 Hz, 1H) 6.71 (d, J=7.89 H
H) 6.83 6.93 (m, 2 H) 7.207.34 (m,
1 H) 7.827.93 (m, 2 H) 7.97 (br (
J=7.89 Hz, 1 H) 8.28.38 n, 1 H)
9.44-9.58 (m, 1 H)11.47 (brs, 1 H

UPLEMS tg= 0.87 min, MS (ESI)
m/z 419.8 [M+H{

UPLQurity=90%
Yield21%

IH.NMR (400 MHz, DMS® c 0
ppm 11.41 (s, 1 H) 9.44 (s, 1 H) 8
(s, 1 H) 7.96 (d, J=7.67 Hz, 1 H) 1
-7.92 (m, 2 H) 7.287.38 (m, 4 H
7.21-7.28 (m, 2 H) 6.85 (dd, J=8.(
2.30Hz, 1 H)3.08.12 (m, 1 H) 2.6
(ddd, J=9.76, 6.69, 3.29 Hz, 1 H) 1
-1.88 (m, 1 H) 1.63 (q, J=6.72 Hz
H)

UPLEMS: te= 0.96 min, MS (ESI)
m/z 387.8 [M+H]

UPLQPurity= 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)

3-hydroxybenzaldehyde (30 mg, 0.246 mmol) was dissolved in MeOH (Vdium#: and then
intermediateAs> (100mg, 0.322 mmoBnd triethylamine (1i#L, 0.120 mmolvere 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 Wwas added. Solvent was evaporated under vacuum. Cwate
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 HCOOrification yielded in 12 mg @62B1 (23.26 % yieldas formate salt

IHNMR= (400 MHz, DMS&c 6 {+ LJLIY mMmMdpn 60N 4% M |0 qgodpm
Hz, 1 H), 7.92 (br s, 2 H), 7:2249 (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)

UPL@MS te=0.5min, MS (ESIm/z: 431.3 [M+H]
UPLC Purity93%

HRMS analysiexp.431.1828M+HJ, calc.431.1826
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200804_06 #41 RT:0.16 AV 1 SB: 24 0.070.13,0.24-052 NL: 6.16E8
T. FTM3 +p ESI Full ms [100.0000-1200.0000]
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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
N._N
HOQ\(/
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) arethylamine (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 Isoler&NAP (si) HP 10 g, eluting system DCM/Me&@irhpound eluted

with 30% of MeOH. Appropriate fractions waerembined ancevaporated under vacuum to give 4.7
mg of As3By (15% yield).

'H NMR(400 MHz, DMS@6) LIL&Y (d, J=6.881z, 3 H) 3.21 (dd, J=13.81, 5.04 Hz, 1 H)-3.48
3.58 (m, 1 H) 4.764.86 (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) 7.38.46 (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
s,1H)9.51(s,1H)11.42 (brs, 1 H)

UPLGMS (Method 2)tr=1.10min, m/z 458.0[M+HJ"

UPLC Purity 99%

HRMS analysiexp. 68.0782[M+HJ, calc.458.0781
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200804 _08#33 RT-0.13 Av:1 SB: 8 050-099 NL: 2 27ET7
T: FTMS + p ESI Full lock ms [100.0000-1200.0000]
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6. BiologicalAssays
6.1t LoYEX !|-GlbAssay

Human recombinant proteing 1 oy " = [ 1 o i a wefeiporghasedlfrgnRMillipare LYd
(Billerica, MA). Compounds were dissolved at 0.5mM in DMSO and were tested at different
concentrations for their activity against PBKs using the-BOP2 x YA Yyl aS ! aal & ot |
Whace NRAYy3 (2 GKS YIydzZFl OGdzNBNDa mMp AyadNUzOGAaz2
in 384well white plates (Greiner Bi®ne GmbH, Frickenhausen). Each well was loadedOwiitim

ofi S&A G 02 YL dayf Rdeadtiofi Ruffer @pmMsTris pH7G5 mM EGTA, 0.5 mM Né,

p YadfieOSNRLIK2aLKIGSYT nodém YIkYE . {!'ZT L Ya 5¢¢0
a-phosphatidylinositol sodium salt andatphosphatidydL-serine, Sigm&ldrich, St. Louis MO) and

GKS t.Y NBO2YooAy I ynidELINBYERPBIEN @NBkpE y[Tikoerl)i Thee Yy Ik
NEF OGA2ya ¢6SNB &AIRITNIHSER !06¢dt [|ERRAdZUI 2P pli 2> 34 OK 4
¢t on >r T [lroalcet ¢gn yne>T T/ wyr.iy ' ¢t Hp Mpat >r 0
NE2Y GSYLISNI GdzNS® {dzoaSljdzSyidtesx SIOK JADRFa&aS N
Df 2u wSI3ISyilGs fft26Ay3a RSLISiA2y 2F dzy OA)y adzyS
was added in each well to convert ADP to ATP and to allow the rsywiphesized ATP to be
measured using kciferase/luciferin reaction. Following 60 min incubation, the luminescence signal

was measured using a Wallac EnVision® multilabel reader (PerkinElmer, Waltham MA). Curve fitting
and IGo calculation were carriedud using a fouparameter logistic model in XLfit (IDBS, Guilford,

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

6.2 THR1 CellularAssay

The inhibitory activity of compounds on PI3Kinase in living cells was determined by evaluating the
AY KAOAIUA 2 yAKRphthwiaKeBdogehoasly expressed on-THBlls. THR cell suspension

from T75 flask (0-4.0 x 106/mL) was centrifuged and the cell pellestspended in starvation
medium at 1.5 x 106 cells/mL. Cell plate was prepared by dsspg 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 THeEells were prencubated at 37°C for 60
minutes with test compond solutions or vehicle. Cells are then stimulated for 10 minutes by

Macrophage Colongtimulating Factor (MCSF) 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
Cebio pSer473 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 furtherodrdh 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 logisticplaiGumeter

equation to determine IC50. 245 compound was used as pharmacological standard.

6.3 Solubility Measurements

The standard solution was prepared tigpensing 16L from 10mM compoundtock solution in
DMSQn a well in duplicate. Then 19A of DMSO were added in each well and miwét shaking

at room temperature for 10 minutes. Final concentration wasréa0

The sample solution was prepared by dispensingl16f a 10 mM compound stock solution in a
well in duplicate and adding 196 of PBS buffer at pH=7.4 in each well. Wells waneed with
shaking at room temperature for 90 minutes, then solutions were filtedes pLof 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 knowntandard solution following an HPLC separation.

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

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

Solubility of sample Peak area of sample
Peak area of standard

3 Conc.of Standard

6.4 Cace2 Cell Permeability Assay

Experimental setting

Passive cellular permeability (Papp) was determined by usingZeelbline in a 96vell format.

Cace2 cells are a human colon epitheliegdncer cell line used as a model of human intestinal
absorption of drugs and other compounds. G&caells 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 (apioad I a 2t I § SN f ! Fg- 68 | Y|
FLIAOKE .M 6uv Ay | .{{ o6ltylUda .IFtFyOSR {Ftid {
was also run in presena® a Pgp inhibitor to investigate any potential interaction of the testing

compound with A LJ® ¢ Sad AdSYya ¢SNB Ay@SadaAaaraSR G |

timepoint (i.e. 60 minutes).

A Rgp substrate, a low moderate permeable compound drma high permeable compound were
AyOf dzZRSR Fd I aAy3atsS 02y OSyiaGNlGdA2Yy 060 >a0 I a
were tested in two directions, apictd-0 & 2f | § SNI f ! Rep-l8LIA OlYIR &.| &2 U

Samples were analyzed in an-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, e transepithelial electrical resistance (TEER) was measured before and after the

experiment.

Cell colture were cultured for 228 days at 37°C. During the C&oell assays, the compounds to
0S SOl fdzr SR 6SNBE SAGKSNI (K 8l LAMMRIST 2¢F! MBI BOK2 NI

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 asalysi

Data Handling and Analysis

(0p))
[@=N
(0p))

¢CKS LI NBY(d LISNXYSFoAfAGE ot LW gAff 6S R

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

t I L) @ fdzSa 6SNBE Ol f OdzZf F ISR F2NJ RANBOGAZ2Y ! It

Where:
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dQ/dt is the permeability rate (dQ/dt is amount of test/control items within the incubation period);
amount oftest/control items will be expressed as area ratio meaning analyte peak area divided by
internal standard peak area ratiop @& the initial concentration of test/control items (internal
standard peak area ratios) in the donor compartment; A is the suréaea 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 (hnm/sec)
p aldlyRFENR RSGAFGA2Y FNRBY GKNBS Yaherbpplieablelh T2
Permeability classification of compounds was made based on the comparison between its Papp

values and those from reference permeability controls.

2. Monolayer efflux ratios (ERp Cacen OSffa ¢l a RSNAOGSR dzaAy3a Y
direction according to the following equation:
s g ) O 1 60
O'QQaYouwo Q&———— . .
DwnNnoo

3. Mass balance (MByas 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 = amounof 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 penage of LY rejection was calculated following the equation:
% LY rejection = 100 xRFUbasolateral/RFUapical]

Where RFU values are subtracted by the background mean values. Wells are considered fully
acceptable if the % LY rejection is >9&&geptable with caution for values included between 98%

and 95% and not acceptable for values <95%.
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6.5 Determination of the i L oQdystal Sructure.

The X ray structure was obtainedPRitoteros Biostructures GmbH

The purified protein was used imrystallisation trials employindpoth, a standard screen with
approximdely 1200 different conditionsas well as crystallisation conditis identified using
literature data. Conditions initially olained have been optimised usingtandard strategies,
systematically varying parameters tidgallyinfluencing crystallisation, such as tearpture, protein
concentration,drop ratio, and others. Thesmnditions were also refined kgystematically varying
pH or precipitant concentrationginally, crystallisatiowas obtained by Hanging Drop.

The Xray diffraction data have beerollected from complex crystaté human PI3&with the ligand
AxsB; at the SWISBIGHT SOURCE (SLS, Villigen, Swittedsing cryogenic conditions. Data were
processed usingrograms XS and XSCALE.
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Part It ExploringMacrocycles as New Rkassociated protein
kinase (ROCHnhibitors

110



1. Introduction

1.1 RhoAssociated Protein Kinases (ROCK)

ROCKS are Serifiareonine kinases belonging to the AGEN|Rdependent protein kinase/protein
kinase G/ protein kinase)Gamily?®. Theyare most homologous to myotonic dystrophy kinase
(DMPK), DMPkelated cell division control protein 42 (€4R)binding kinases (MRCK) and citron
kinase.ROCKsvere first discovered as effectoos Rhg a small GTP binding protein implicated in
several aspects of cell behavior, such as cell motility, cell proliferation and ap8ptosis

Two different isoforms of ROCK were identified so far: ROCK I, also known dsdRPIEROCK,
and ROCH Wwhich is also called RO€C#&r Rho Kinas®€. ROCK isoforms are ubiquitously expressed
in human tissues with a higher expression of RO@kthe braif® compared to ROCK |.

ROCK | and ROCK Il are protein kinasBd 60 kDa and they exhibit 65% overall identity in their
amino-acid sequencand a92% identity in their kinase domaftise.

The kinase domaim ROCK is located in the amitesminus, followed by a potential coilecbil
forming region and by other functional motifs at the carboxyl terminus. These motifs include the
Rho binding domaitRDB) and a pleckstrin homology (PH) domain that containstaimgrich
region/domain (CRB). The sequence of the Riwinding domain in ROAKresidues 934.015) is
highly homologous in ROCKHigure32).

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

Figure32 The Structure of ROCK | and ROEK I

In theROCHnactiveform, the PH and the RBD domains can both bind to the ast@mainal kinase
regioncreating an autoinhibitory loop that impairs the kinase activity. Rho in its activated forma (GTP
bound Rho) intereting with the Rho binding domain is able to disrupt this negative regulatory
interactiont S RAy3 (2 +y I OGA BSHe oped ciffgrhation Xayi laldoShe R2 Y
obtained by the cleavage of the carboxgiminal domain in ROCK | by casp&sehile in ROCK Il
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by granzyme B°. ROCK activation caiso be mediated by some lipids, particularly by arachidonic
acic?%9, Thelipids seem to bind to the regulatoryt€rminus of ROCK, disrupt tteitoinhibitory

interaction and thus lead to kinase activatién

Inactive ROCK (auto-inhibitory loop)

Cyste.ne nclrﬂ-—- Rho. b"'qu
——-[: domam °'"aln )

Rho-dependent
activation

Rho-independent
activation

T

Caspased @ GAPS
s R g
ranzymeB> 1840y, . Q 3 4
dop, "lcl-,
$ hob GTP (active)

3 ‘Rho,, ingj
_/ L dorﬁlnd”'g : d°"’al
 Arachidonic aCId 2ini S

Kinase
Kinase ) e
3 domaij
G Omam it

Figure33: Different mechanisms of regulation of the ROCK function
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1.2 ROCK as Mediator of Vasoconstriction

Activation ofRho GTPaséRhoA, RhoB and Rha€jnediated by guanidine exchange factors (GEFs)
that catalyze exchange of GDP for GGEFs arein turn, activated in response twarious
environmental cues acting throughgsotein coupled receptor@GPCRRho inits active form (GTP
bound)can stimulateROCK | and ROCR3, ROCKcanin turn phosphorylate various substrates
that are implicated in regulating actiilament assemblyand dynamics, organization of the

cytoskeleton andaell contractility % (Figure34).

LPA, S1P

m
il

GEF

e S

GAP l
EF-1a
L Calponin
‘Ez::”‘,f——::::::::::// \\:::::::::‘~s Vimentin
P
Stress-fiore <~ ,G\IT:AL AT

8

h

assembly, Intermediate-
cell contraction [ S J/~ — CRMP2 flarnent :
P (_Ad ucin> O“ : -
Actin-filament " — rﬂ—"i, \ et
stabilization / \ Growth-cone
(through cofilin oo 1 collapse
inhibition) ellide s S Focal adhesions,
assembly Actin-membrane  actin organization

linkage

Figure34: Downstream effectors of ROCKs

RhoA/ROCK signalliptays an important part in the regulation of smooth muscle cells contraction.
The smooth muscle cells state mainlydetermined by the phosphorylation (contraction) and
dephosporylatiorof MLC(relaxation) The increase of cytosolic €aoncentration which is caused

by the activation of plasma membrane a&hannels and/or Ca release from sarcoplasmic
reticulum (SRjesults in the activation of MLCK. MLCK mediates the phosphorylation of MLC and
thereby causes the contractidf. This pathway is defined &%+dependent On the other hand,

MLC can also bdephasphorylatedCa&*independently by MLC#22(Figure35). MLCP has a myosin
binding unit that can be phosphorylated by ROCKs.RDEkKsediatedphosphorylationof MLCP

inhibitsthe enzymeallowingthe light chain of myosin to remain phosphorylated, thergbgmoting
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contractionin a C&*independent way and promotin@&* sensitization Additionally, ROCK can

directly phosphorylate MLC promoting in this fashion cell contracffon.

Vasoconstrictor
e.g.Angll,ET-1

L ®®

‘ GDP GTE . '
caz —y, // o
| / N s gt

MYPT-1) =y

e [ e @8 ‘
C?&:Ad)u"n»i v/-\ T PR \
- ) -
\ / active ( D o (P)

MLCP

W inactive ( oF )
l meP

Figure35: ROCKs in Smooth Muscles Cells (SMC) Contré&ction

C&* sensitization has been determined in various smooth muscles cells including airway ones and
vascular smooth muscles cells (VSMQloreover, in endothelial @ls (EC), RhKinase pathway
activation has been linked to the reduction of eNOS production, a key cellular factor in mediating

vasodilatatio™.

Some studies havalsoreported asROCKsnay play a rolein the LPA and PD@Rduced SMC
migratior®® and how SMGinduced matrix contractioris markedly blockedby inhibiting ROCK

signalling’.
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1.3 ROCKSs adrugTargetfor Pulmonary Arterid Hypertension (PAH)

Asexplained in the previous paragraphdROCHKyathway regulateshe vascular tone making dt
possible targetor disesasesn which a relaxation of smooth musdellsis benefcial. Among those
diseaseshypertension and in particular pulmonary arterial hypertens{®®H)is for sure one of
the most relevanin terms ofmedical need.

PAHis a severe diseaseyith limited therapeutic approaches availakd@d characterized by &5
years survival from the diagnosRAH can be idiopathic, familialssociated with various diseases
including connective tissue disorders, AIDS, and habitual def§. ltsis cefined hemodynamically
by a mean pulmonary artery pressui@PAR increase of> 25 mmHg.

The increased pressure is determineddnincreased pulmonary vascular resistance (PVR) due to
progressivereduction and obliteration of small pulmonary artes®®. High mPAPcauses a
hemodynamic load on right ventricle which progresses to ventricle remodelindgaélnde (Figure

36), leading to a premature death of the patiéfit

Healthy

pulmonéry artery

l smooth muscle cells

Structural abnormalities:
Vasoconstriction &
Remodeling

Right ventricular hypertrophy  Right ventricular failure
« compensated » « decompensated »

Figure 36: Schematic representation of remodelling of pulmonary arteries and Right Ventricle

Failure (RVFY.

At acellular 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 andem®ed level of circulating
inflammatory mediators such as interleuky plateletderived growth factor (PDGF), and
endothelial growth factot. The sustained inflammation is associated with endothelidl ce
dysfunction which in turn leads to a persistent vasoconstriction. PAH patients show increased levels
of endothelinl growth factor and decreased levels of vasodilators and antiproliferative agents,
including prostacyclin and N® Most importantly, blood vessels in PAH patients show an aberrant

vascular remodeling which results in hypertrophy and hyperplasia leading to luminal obsttfttion

In the last ten years, sveral drugs have been approved for the treatment of PAH:
phosphodiesterasg¢ype 5 inhibitors such as sildenafil and tadatgilostacyclin analogues such as
epoprostenol, treprostenil and iloprostendothelin receptor antagonists such as bosenta
ambrisentan and macitentanand soluble guanylyl cyclase agonistach as riocigud®®.
Unfortunately, these treatments only relieve symptoms of the diseas#only limited evidence for
disease reversal have been observed s&tavloreover, theseagents suffer from several important
shortcomings including short hdlf’es, invasive routes of administration, higher dose and frequency
requirements, and severaloserelated systemic side effect3here is an urgent medical nead
identifyingnovel agents with ameliorate therapeutic efficaagd characterized by a nanvasive

route of administrationrand less sideffects.

A growing number of evidences haghighted asROCKsignaling plays an important role in the
pathogenesis of PAf. In lung homogenates from patients with idiopathic pulmonary hyperi@ms
(IPAH), ROCK pathway was found to be overactivated compared to healthy sidbjects
Administration of inhaled orintravenous formulations of Fasudi| a clinically approved ROCK
inhibitor, have shownfavorable acute hemodynamic effecits both animals and humat$1°7,
Moreover, Fasudil has been shown to lower pulmonary artery pressumprove pulmonary
vascular remodeling and RV hypertrophy in rats with PAH inducedamp®fotalineand hypoxig
as well as in mice with pulmonary fibrosis and PH induced by bleotffycin

Therefoe, these studies reveal &0CK inhibitomnight havenumerous beneficial effects such as
potent vasodilating anti-remodeling and antiinflammatory STFSOG A& YR AYRANE
inhibition of other prohypertensive pathwa¥s, confirming it as promising drug target for the

treatment of PAH.
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1.4 Structural Biology of ROCK

Structuralinformationabout the Rho catalytic kinase domdiave been obtained thanke studies

on its crystal structures in complex with many inhibif§#3°%11° (e.g. Fasudil, Hydroxyfasudik, Y
27632 and HL152P)

These studies revealed as ROCK generally crystallizes a®ianital headto head dimer(Figure

37) 11 ROCK kinases Vma Nterminal and a €terminal extersions to the kinase domain. These

two extensions are common to other kinases belonging to the AGC family and are essential for their
activity*'%. In ROCK, the-términal extension is able to form an intermolecular hdlixndle fold,

the capped helkbundle (CHB) domain which bgs to the formation of the homodimecreating a

dimerization domain.

Fasudil

j <— Activation loop

C-terminal kinase domain

Figure37: Dimeric Structure of Rho kinage complex with FasudiThe overall dimer structure is
shown as a ribbon diagram. One monomer is colouregtey. Dimerization domairs drawn in ed.
The Germinal kinase domain is drawn in blue with the activation loop coloured in purple. The N

terminal kinase domain is shown in cyan with the glyaiob loop in yellow(PDB ID 2F2Ut2
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The kinase dmain presents dilobed structure consisting of an&érminal domain linked to a-C
terminal domain by the hinge region. The smalletekininal lobe has twisted five stranded anti
parallelb- sheetsand a single 4uelix while the @erminal lobe is mainlya-helical. The ATP binding
site is formed by a cleft at the interface of these domaand it is surrounded by the hinge region,
the Ploop and the activation looj88. The ATP binding pocket has three regiaghs adenine rgion,

the furanose region and the distal regioAbove 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 accommosldbe pyrophosphoric acid group of AP
Interestingly, these studies revealed thphosphorylation atthe activation loop or @erminal
hydrophobic motif, which isecessary fothe activation ofmost of other AGC kinases such as PKC
and Akt, is absent from the RRkinase catalytic domain in itdimerized active conformatian
Despite that, the unphosphorylatddnase is catalytically competent and this implies that the RhoA

binding is sufficientd activate the proteif?®.
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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 cowitiletheir inhibitors highlights the key

interactions inATPbinding pocketvhich are essentiab achieve enzyiatic inhibition.

Generally, a prototypicdROCK inhibitoshows a hinge binder motif that occupies the same space
as the adenine simembered ringof ATRPThe hnge binder mainly establishes hydrogen bonds with
two conservative residuesylet156 and Glul54in ROCK48 Met 170 and Glu170in ROCK Il
respectively'3Figure38). Hinge binder motif can be structural variedcompassing heterocycles
(e.g. pyridine, fpyridine, aminepyridine, aminepyrimidine, pyrazolg bicyclic heteroaromatic
rings (e.g. indazoleazaindole, isoquinolineisoquinolinone, aminoisoquinoliff®, as well as

benzooxaborol& !4 or variouslysubstituted aromatic rings.

Phe368

. Glu154 OA

. NH-*
/
Met156

Asp202 RS ,/S
P Met153 o o

Ala215
Asp216 11

Asp160

Figure38: Schematic representation of Fasudil) in complex with ROCK |

A ROCHnhibitor usually presents a linker (aneig] urea or carbamate) which connects the Hinge
binder to the terminal part of the moleculd=rom the hinge region, the inhibitor extends into the
binding pockeestablislingkey interactions withwo other conseredresidues: the catalyticys105
(ROCK)land Asp 216(ROCK)lof the DFG segmenMoreover, ROCK inhibitors castablish
additional hydrogen bondswith other Aspresidues Asp202 Asd60, Asp 117in ROCK).I These
addtional interactionsgn most caseare obtained by inserting a basic moi@tythe terminal portion
of the moleculé®10,

In ROCKATRbinding site, two hydrophobic regions have also been identified: sné the

proximity to the hingeregionand the £cond one idocated under the P-loop. Interactiors with

119



residues of thesetwo areas and with the of P-loop have been associated with improved
potencyt3115 and, in some cases, with the achievement of selectivity over other kinase such as
PKAD, Achieving selectivity over PKA is rsat easy since the two kinases shows high structural
homology in the kinase active site. However, as PKA is involved in so many qealtbhiaays

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

Asp216

Figure39: Schematic representation of a ROCK inhibit&8 (n complex with ROCK I. In green, the
hydrophobic regiondmage adapted from Patel et &

Boland etal.*3discovered a series of soft ROCK inhibitangre the increased potency was due to
the presence of a gohenyl structures that casit under theP-loop and make extrap-stacking
interactions with the side chain of Phel20 in ROCK | or Phel36 in R@Edhstrating the

importance of the interactionvith the p-loop for the achievement of potency.
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1.5 ROCK Inhibitors: State of Art

In literature, a high number of ROCK inhibitors has been reported. However, few ROCK inhibitors
have reachedlinicalstages or even the mark&tso far.

Kinase inhibitorsoften failed to reach the market for countless reasons but one of the main
problems isa notenoughselectivityover other kingesleading to off target related side effecand

hence tolerability and ROCK inhibitors are not exceptions in this regard. Despite many ROCK
inhibitors with a good inhibitory profile have been reporteithe majority showed oftargets
activity, especially awards kinases belonging to AGC family. Moreover, ROCK inhibition has
important systemic adverse effec{e.g.pronounced blood pressure reductipincreased in the

heart rate) that makesthe therapeuticwindow of a ROCK inhibitafery narrow.

At the momaent, three ROCK inhibitors have bedimicallyapproved and reached the markét
Fasudi(11) was the first ROCK inhibittwr enter the markefor the treatment of cerebratasospasm

in 1995 It has been approved only in Japan an€hinafor acutetreatment, but it has not been
approved by the United States Food and Drug Administrg@A)or by the European Medicines
Agency(EMA) Fasudil haa moderate potency againstK with aléf 0.33nM against ROCKA|

and, more importantly, it has inhibitory activity against a number of other kinases belonging to the
AGC family.

The secondROCK inhibitor being approvesl Ripasudi(13) (trade name Glanatgc It is aclose
analogue of Fasudil and it has been the first ROCK inhibitor to be approved for the treatment of
Glaucoma in JapaRipasudil i potent inhibitor with IGoof 51 nM and 19 nM for ROC&nd ROCK

.

Recently, a new ROCK inhibitor has entered theketafor the treatment of glaucomaNetarsudil

(15). Netarsudil (trade name Rhopresspa has been developed by Aeriharmaceuticalsand
approved by the FDA in 20IIhis molecule is commercialized as R@d@Kitor and norepinephrine
transport inhibitor. Lke Fasudil, this compound shows sometaffjets such as PKC | Yy R- aw/ Y
a8 fn the field of glaucoma treatment, AMAQQ76 (structure not disclysacbotent and selective

soft ROCK inhibitét developed by Amakenhas entered phase 2a. The soft drug approach could
be a successful strategy in the design eivrROCK inhibitors aimed at optimizing pharmacokinetic

properties by reducing systemic expostire
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Figure40: Structure of advanced ROCK inhibitors

In oncology, the use of ROCK inhibitbesalsobeen described. However, their potential systemic
side effects have limited their application as therapeufmscancer At the moment, there is only

one ROCK inhibitoAT1314§16) discovered by Astexwhich has completed Phase | trial for patients
with advanced cancé¥’. It is not a selective ROCK inhibitor becausfds inhibitory effectson

many kinasesf the AGC famifp.

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

Developing type Il and type Il could be interesting since thegamerallymore selective than type

|86
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2. Aim of the Project

2.1 Design and Synthesis of New Macrocyclic Rfssociated protein
kinase (ROCK) inhibitors

In literature, high number of @CK inhibitors has been reporfédHoweveras previously described
only threeof theseinhibitors have reached the market so féfasudil, Ripasudil and Netarsudil)
One of the mainchallengesn the fieldof kinase inhibitorss obtaininga suitable selectivity across
the kinome Promiscuous kinase inhibitors may translate in a poor tolerabilitynca narrow

therapeutic window.

Nowadaysthe design of macrocyclespresensan emergingand promising approacim medicinal
chemistryto obtain efficient molecules with enhanced selectiviayd favourablePhys chem and
ADME properties. Pacritinib and Lorlatinib are successful exarplbss regard®!18 Therefore,

the use of macrocyclic scaffolds could represent an innovatiategyfor the designof newROCK
inhibitorscharacterized bgoodefficacyanda favourableselectivity profile.

To our knowledge, no ROCK macrocyclic inhibitors have been reported in literature so far.
Therefore, thigpioneeringresearch work will help telucidatewhether thedesignof macrocyat
ligandsisa successfultsategyto achieve ROCK inhibition.

Known ROCK inhibitors from literature were evaluated for opportunities of macrocyclization using
knowledgebased approach supported by CA{Zomputer Aided DigiDesign)Asynthetic strategy

was identified and pursued to prepare these new derivataed, Utimately, their inhibitor activity

was evaluatedn cellree and celbased 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 \@Bileacrocydt drugshad already

reached the markét®. Most of themwere macrolides or cyclic peptides. These natural products are

very different from synthetic small moleculésth in their structureand intheir discovery paths.

| 26 SOSNE | aYltf adzoaSié 2F GRS b2g20 BhBgraupy SR¢
mainly containgeptide-inspired hepatitis C virus (HCV) protease and polymerase inhibitors and
macrocyclic kinase inhibitar\ll these new macrocyclic molecules aesigned and developed

through a Structure Based Approach.

The analysis dhe structure ofprotein-ligand complexes represents the best starting point for the
rational design of new macrocyclic drugs. Macrocyigle conformations (kshaped, &haped etg

are often recognized in nemacrocydk 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 inhibiteas initiated by examiningll human ROCKand
ROCH crystal structures available in the Protein Data Bank (FIBBi)gands in complex with hROCK

| and 7 ligands in complex with hROCK Il veemaglable at the timeThe purpose of the evaluation
was to find opportunities of macrocyclization in known ROCK inhibitors, or rather, to identify bound
ligand conformations that appead well suited for modification into macrocycles. Moreover, the

vitro biological profile of selected inhibitors wasaluatedto understand whether macrocyclization

would improvepotency and selectivitwith respect to parent compounds

The selection of a pecificligand starting pointamong all the reported ROCK inhilsg#ovas not
straightforward.

Asreported in paragrapii.4.1, aprototypical ROCK inhibitor elongates in the ATP pocket in a very
linear mode with no hint to obviousnacrocyclizatiompportunities Nevertheless, an interesting X
ray structure (PDHED 3ndm) was identifiedn which the ligand shosva bound conformation that

can be used as startinpint to build cycliderivativesLigand17 (Figure41) belongs to asbstituted
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2Hisoquinolinl-oneseries. The compound features an isoquinolinona Einge binderlinked by

an amidicspacerto ab-aryl substituted pyrrolidin&®.

N
’/
ALA-%.L(‘ S~TWMET-153
\ V
TYR-155
A . GLU-154

LEu-205 4

Figure41: Sructure of 17 bound to ROCK{PDBID 3ndm).120

The cacrystal structure of thdigand bound to ROAkKhowshydrogen bonding tdvackbone NH of
Met156 and backbone carbonyl dBlul54by the heteroatoms of the isoquinolone corehel
pyrrolidine nitrogen forms a hydrogen bond with carboxylatéAep202 The interesting feature of
this binding mode is related to the position of thechloro-phenyl groupwhich liesbeneath theP-
loop establishing hydrophobic interactions witleu107and Lys10%°%Figure41). Moreover, theP-
loop wasshifted by ~1.8 Aif compared to the X ray structure (PIB3nc2) of a similar compound
lackingthe chlorophenylgroup'?t. The nitrogen atomin the pyrrolidine ringn 3ndmisonly 5.5 A
far from the Clatom in theisoquinolonecore. Thereforeanalkyl chairof appropriate length could
represent a suitabldinkage between the pyrrolidine and the central corbus leadingto a
macrocyclic syem that could preorganize the phenyl ring in the same way of the pyrrolidine of

compoundl?.

GCompound 17 (configuration 3R4S inhibits ROCKI with an IGo of 11 nM. The enantiomer of
compoundl17 (Ent17, 3S4R) displays a comparabl€so of 4 nM. No crystal structure of E+it7-
ROCK complex has been publishgdwever,based on their comparable potency a similar binding
mode can behypothesized Ent17 is known to be promiscuous inhibitdagainst AGC kinases

family), inhibiting at leastdur kinases with sub micromolar potencyable17)1%°.
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Tablel7: Off targets ofEnt-17.

Targets 1Gso
Protein kinase C epsilon type
(PRKCE 1000 nM
Protein Kinase CGMPependent 24 M
Ent17 2 (PRKGpR
Cell division control protein 42
homolog(CDC4p >4 nM
Serine/threonineprotein kinase
N2 (PRKCL2 14 nM

Compoundsl7 and Ent17 were thereforeconsidered good templassfor the design and synthesis

of novel macrocyclic ROCK inhibitofsmproved selectivity

The formation of the macrocycleas speculated to bbeneficial in several aspects. Firstlygauld
block the Clphenyl ring in its bioetive conformation thus decreasinghe entropic cost of the
bindingwith a net potency gainReduction of allowed conformations could also positively impact
selectivity towards other kinaseSecondly, the insertion of a linker woukhd tothe exploraton

of additionalinteractions in the binding sitgpossibly further boosting inhibitory potency
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3.2 The Rational Design of Macrocyclic Scaffolds

Based on the results of the structubased analysis, new macrocyclic scaffolds were designed as

potential ROCHnhibiting molecules.

,,,,,,,,, - = NH
NH 55 !
% HN
N ~5.5 A NHJ
Cl (0] Y
o ’ m=0,1
17
Y= CH,, CO

Lol

Figure42: The design of new macrocyclic scaffolds.

As illustraed in Figure42, the first design of macrocyclic scaffolds envisafmd key structural
features

l. The replacement of the pyrrolidine rinof compounds 17 and Ert7 with a set of linear

amino acidsf different lengths bearing an aromatic decoratiofX).

Two different lengths of the linear amino acids were considered, in order to access
macrocycles oflifferent 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 nTherefore, phenyl glycin@gn, n = 0; 1dmembered macrocyclic ringo-
phenytb-alanine (m=1, n=0, X2Znembered macrocyclic ringp-pheny-alanine(m=0, n=1,

12- membered macrocyclic ringy amino-2-phenytbutanoic acidm=0, n=213- membered
macrocyclic ringand4 aminoe3-phenytbutanoic acidm=1, n=1, 13- membered macrocyclic
ring) were introduced in the design. The macrocydeelf could act as isostere of the
pyrrolidine ring with the purpose of preorienting the phenyl group under th&-loop.
Moreover,the use of amino acids differently decorated at position 4 would allow us further

exploration ofthis hydrophobic region.
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[I. Replacement of Cl atonon the isoquinolinone scaffold ofparent compounds with a

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

[1l. 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 washosenaccording 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 etswsidered An alkyl linker could
perfectly fit this region andould establish favourable hydrophobic interactions wite368
residue. One unit of the linker washosento 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 gereral formula.

V. The alternative introduction of an amide andf an amine groug at the extremities(X and
Y)of the linker.

The structure of 1@ewdesigned macrocyclmompoundsds reported inTablel18.
In the firstcolumn the linearamino acid employed in the design is reported. The scaffolds were
divided inAnilide and Aniline series as determined by the specific position of the carbonyl group in

the linker portion
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Tablel8: Structures of 1dew macrocycliscaffoldsA, B, C, D, E, F, G, H, I, L).
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Prime Macrocycle Conformational SampligyifheMC3? was employed to evaluate theew
designed macrocycle®RrimeMCS is a computationabol (provided by Schrodinger®which
performsa conformationakearchfor eachnewly designed macrocycle amtovides arevaluation

from both an energetic and geometnerspective.

The first aim of the tool is to explore the macrocycle conformati@palceto 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 conformemsre obtainedtheir deviation from the putative bioactive conformation of
the originalopen derivativas analysedThe focus is to understand if a ring ecloscan preserve the
geometry (RMSD) and wheth#re best fitting conformer is also the most energeticdilyoured

one.

The toolcalculates a weight Mor eachconformer which is proportional to dEvhere dEi is the

difference between theenergy value of the eadormation with the energy of the global minimum
e

conformation(dE = E-Eo). Therefore, each conformer ceives a whichis equal to = c————

where Nbeing the total number of conformers obtained from the conformational search

At the end, 6r each macrocycle, the Schrodinger module provides two measures:

A dBoltzmannaware probabilitypelow threstoldé Bl 0
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This ighe sum of the Boltzmann weights for all those conformations showing an RMSD less than a
userdefined threshold2 A) with respect to the open ligandhe higher, the better [0,1).
AdgadGlrortraide BSu NXOYSGELDI té T

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

obtained from the conformational searcthé lower, the better).

It would be expected that most energetically favouramhformerhas also the lowest RMSRlue

in an ideal scenario.

In this study, for each scaffold, both enantiomdraqd S were considered. In the first step of the
analysistemplates with m = @A, B, E F GandH) were discarded because they differed too much
from the topology of the opetigand,17.

Therefore, as a result of this PrilMCS evaluation, templat€l, D1, 11 and L1 (where 1 stands for
Sconfiguration,Table18) were identified as the best promising templates for the designes
macrocyclic ROCK inhibit@isowing the lowest Boltzmarweighted RMSD values and the highest

values of Boltzmanaware probability below thresholdFigure43).
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Figure43: Structure of thefour macrocyclic templates selected through PriM€S where 1 stands
for (9-configuration(A); Boltzmannweighted RMSD valugB andD); Boltzmanraware probability
of RMSD <2 0.
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3.2.1 SyntheticApproach |

Consideringhe prime macrocycles evaluation scores and due to synthetic consideration, it was
decided to prioritize the synthesis of template Che first attempted synthetic approach was based

on an intramolecular reductive amination as a muayclization stefgFigure44).

Anilide series

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

Figure44: Retrosynthetic analysis

The choice of reductive amination was driven by synthetic considerations. Redalgtiuation is
considered the most remarkable way to obtain synthetically complex amines. As a matter of fact, a
quarter of GN bonds formed in pharma projects results from reductive amination reactidns
Moreover, formation of macrocycles through reductive amination are well reported in liter&ire

125

The synthetic route attempted is reported tihe following schemeScheme &
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Schemes: Reagents and Conditions: HSQ, HNQ, 0°G 30 min ii) MnQ, CiBenzeng150 °QMV; 1 hr iii) 7 N Nkin
MeOH, Dioxane, 80 °4hr; iw) 22, POG| Pyridine, 0 °C; 1 hr; v) Fe,40H HO/i-PrOH 80 °C, 4 hr; vi5, HATU, DIPEA,
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Preparation of6-amino-7-nitroisoquinolin-1(2H)}one (21)

The preparation of intermediat@1 emerged as a key, common requirement for the synibies

designed macrocyclggigure45s).

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

Figure45: Zoom on Step ii and iii Reagents and conditions) HSQ, KNQ (0 °C), 30 min; ii) MnQ
CiBenzene, 150 °C, H4hr; iii) 7N NB MeOH/Dioxane 1:1, 80 °C, 12 hr.

Following the procedure reported Hyaleset al'?®, synthesis started from commercially available
6-fluoro-3,4-dihydroisoquinolinl(2H}one (18). The selective nitratiorat ortho-position, using
KNQ and HSQat 0°C at the orho-position afforded the synthesis of thenitro intermediate (9)

in a quantitative yield.

Theintermediate obtained was characterized by 2D NMR analysis to verify regioselectivity of the
nitration. The ROESY spectra confirmed that nitrabonurredat position 1 on Intermediaté8.
The reportedROES¥pectrashows coupling between methylene at position 10 of the scaffold

(multiplet at 3.03 ppm) and aromatic proton at position 5 (doublet at 7.62 pipigure46).
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Figure46: ROESY analysis of Intermedii®e

The oxidation of thes-fluoro-3,4-dihydroisoquinolinl(2H}one to isoquinolone(20) was initially
performed using 15 equivalents of Ma@® i-PrOH by heating at 80 °C. Howewsmversionof the
starting material was slo@ess than 90% afteét4 hr) and the resulting yield wasoderate between

31% and 49%. This was probably due to the low solubility of the starting mafesiainprove
dissolution, 1,4dioxane was added as a-solvent and the same reaction conditions were applied

to a solution of starting material in a mixerl:1 ofi-PrOHDioxane Thisresulted in an improved

yield (87%) but reaction still proceeded slowly. Therefore, the mixter®©H/Dioxane was replaced

with Ctbenzene, a solvent with a higher boiling point, and reaction was performed at 150 °C. These
new reaction conditions yield up to 86% in 1uwder microwave irradiatiorand in 4 hrunder

thermal heatingin a small reactor.

SWAr of fluoride at position @vas performed in methanoliammonid?’ and afforded 6amino-7-

nitroisoquinolin1(2H}one (21) with an average yield of 60%.

Reactions were initially tested in a mg scalel dhen repeated with the optimized conditions in

gram scale.
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Optimization of amide coupling

Route A

Once the preparation of the building blocklj was optimized, the initial idea was to introduce the
first moiety, the Fmogrotected (§- -Phenylalaningvia amide couplingScheme6). Fmoc was
selected as protecting group becauskits orthogonalityto the protecied aliphatic aldehydeas
acetal Fmoc removal in basic conditio(fer example piperidine 20% in DM#©)yield amine would
be followed by aldehyde deprotection and macrocyclization via reductive amingficinemes6,

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. Synthesithe acyl chloride was successful but the
following reaction with Intermediat@1led to the formation of the desired intermediataly inlow

yield (20%)Schemer) due to theinstability of acyl chloridem the reaction media

o o
ﬁk H . ﬁk I
—»
n-Fmoc n-Fmo
H H

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

Scheme7: Reagents and conditions: 0 6 / h / OCM,irtfuarii@ti®edi) 22-Acytchloride DIPEA, DMA, 80(20%)

Therefore, to avoid the degradation of the acyl chloride it was decided to move frormcadure

involving isolation of intermediate acyl chloride to a one pot, two gpepcedure Reaction was
repeated using PyBrop as coupling reagent in presence ofnteiate 21, with Pyridine in DMF
heating up to 60°C(Scheme8). Neverthelesseven in these conditionghe conversion was slow

and not complete. Moreovelrmoc group cleavageas observed.
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SchemeB: Reagents and Condition3PyBrop, Pyridine, DMR;ii) 21, 60 °C

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 witlo@ @otecting group

(22b) for its enhanced stability to basic conditions. On this reagent, conditions described bgtGinn
al*?® were applied Coupling was then performeatilizing a phosphorous oxychlorid®OG) in
Pyridine, at 0CG step i (Figure47). These conditions allowed for rapid formation of the desired
amide. However, recovery of amide intermedid&8b was always lower than 50% and of limited
reproducibility, ranging from 11 to 48%. This was probably due tdavesolubility of the reaction

product, which made reaction work up and product isolation quite problematic.
_ NH,
OH POCl; & NH N e
@\\" N oc K\;@[

Figured47: Zoom on step iMReagents and Conditions) 22b, POG| Pyridine, 0 °C, ir, 11-48%
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Reduction of nitro group and second amide coupling
H H
= N\n/\:/N\BOC = },ﬂ \n/\/
HN 0 ~ v HN
N02 _—
0] 0]
23b 24 26

Figure48: Zoom on steps v and.\Reagents and conditions) Fe, NI, HO/i-PrOH, 80 °C, 4 hr;
vi) 25, HATU, DIPEA, DMF, rtrl

Intermediate24 was obtained by reduction of thatro group using Fe, ithe presence of excess of
NH:Cl. Reaction was performed inlal i-PrOH/HO mixture heating for 4 hr at 80Cand yielded
the desired intermediate in good yields (74% as average of 4 reactswefjigure48.

The following step involved the amide coupling betwefl,3-dioxolan2-yl) propanoic acid25)

and Intermediate24. HATU was selected as coupling reagent and reaction was performed in DMF
in presence of DIPERurification byreverse phasflash chromatographgavedesiredintermediate

26in a 40% yield

Synthetic route completion: protecting groups removal anghcrocyclization

NHT]/\/ Lo NHTI/\NHZ _ mp
G G - A
O}\L o
}\H/ 27 0 c1

Figured49: Zoom on steps vii and viReagents and Conditionai) 0.3 M HCI iA\CN.

Amine and aldehyde deprotection of Intermedi&&in acidic conditions (step vijgure49) proved

less straightforward than expected. Conc HCI was added to a solution of Intermé&diate
acetonitrile, until final oncentration of HCl was 0.3 Néolation of the intermediate and consequent
characterization was hard because intermediate was extremely polar and hydrophilic. Several

attempts to isolate the product were carried ostych ad HF extraction from basic aqueous solution
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as well as purification by SCX, but all attempts were unsucceshirefore,a simple evaporation
under vacuumwas carried out tabtain Intermediate27 which was used in the following step as

chloride salt witlout further purification.

Classical conditions for reductive amination were employed in the last(step viii,Figure49).
Since Intermediat@7 was very polar, it was decided to dissolve it in MeOH and td\Nad&HCNas
reductive agent. Reaction was performgdhigh dilutionto avoid oligomerizationntermolecular
oligomerization and favour intramolecular macrocycle formatibmthe first attempt,(Table 19,

entry 1) reaction was performed with NaBENin MeOH in presence of DIPEAfitee the chloride

salt. UPL®AS 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 UPLE@VIS analysis showed a UV peak with a oWmresponding to the desired product, it was not
possible to confirm the structure byH-NMR analysis due to thpresence of impurities in the
aliphatic region of the spectrum.

The eaction was repeatedn the same conditions on slightly higher scale, loigappointingly
reaction failed.UPL&analysis revealed the formation of a main side product characterized by m/z
422 [M+HY. It was hypothesised that this side product was generated by addition of MeOH to
intermediate imine28 to give the corresponding ciic hemiaminal ether, as highlighted in the

proposed mechanisrFigure50). Any attempts to hydrolyse the acetal in acidic conditions failed

H O
— I N— I
NH H®

H O
) N
= o = Z
HN N = HN g H = HN )
.o + ~
HNW\\/ HN‘(\)\(‘JJ HN‘N
(0] 0 (0]
29

Figure50: Proposed mechanism tlie side producformation in macrocyclization step

To avoid the formation aide product35, next attempts of macrocyclization were performed using
THF as solvent (sdablel9, entry 3 and 4). Starting material proved not to be completely delub
in THF so-PrOHwas added as cosolvent and reaction was perfornmethe resulting THFPrOH
5:1 mixture Intermediate @7) was dissolved itPrOHTHF 1:5 in presence of Mgsénd 4 A
molecular sieves and the mixture was heated overnight at 50 °iihfoe preformation. NaBBECN

and CHCOOH were then added and the resultimgxture was stirred at rt Volatiles were
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evaporated under vacuum araude material vaspurified by SCX (s@&ablel9, entry 3) or byHPLC
(seeTablel9, entry 4). Unfortunately, in both cases, it was not possible to confirm the structure by

'H-NMR analysis.

Table19: Summary of conditions used ftre macrocyclization stefstep viii)

Entry Scale Reagents and conditions Yield
26%
1 10 mg NaBHCNMeOH DIPEA, 50tCIr
Structure not confirmed
2 60 mg NaBHCNMeOH, DIPEAO°C [ Reaction failed
Step a) M9|'|S-|£|D:']\A|(D)I?)C|-l:5léi Sieves A, Yield 19%
3 50 mg “FroRS:
Step bNaBHCN CHCOOH Structure notconfirmed
Step a) Mgrig?ﬂsrlgc;galr Sieves A, Yield 2.8%
4 40 mg )

Structure not confirmed

Step b)NaBHCN CHCOOH

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 inste did not allow to isolate and
characterize properly intermediat@7, 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 synthetieerantl 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 mazeiyclstep.

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

Figure51: RetrosyntheticAnalysis

To obtain macrocyclic derivatives three different pathwéysute Al, Route A2 and Routev&re

designed and attempteds described ischeme9.

The synthesis started from the IntermediaB3 which was synthesised following the same
procedure used for Intermediate23b, using POgland 3-((tert-butoxycarbonyl)amineg-(4-
chlorophenyl)propanoic acidn this case, the synthesis of thed@rivative was prioritized over the
synthesis of the phenyderivative: the synthesis of the -Gérivative was prioritized due to SAR
considerations: the presence of Cl was considered key to achieve ROCK!#ffiadditionally,
because of many issues faced in the first synthetic approach, synthesis of macrocycles as racemic
mixture was preferred over the synthesis of single enantiom@&rsThe following step was
represented by Boc cleavage which was carried out at 60 °C in acidic condition (4M HCI in Dioxane).
Using these conditions complete deprotection was achieved in 30 minutes obtaining the desired

compound34in quantitative yield as chlade salt.
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32=Cl
l i B 50=H AA
HO NHBoc
X
H
~ N
HN O HN.
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33, X=Cl 44%
51, X=H 69%
l i
X
X
~ N
HN O NH " o ~ " o~ ) Z o~
NO; 2 5> N WO HN o Y L N NG /NMO
o ROUTE A I 2 ROUTE A2 I
34, X=Cl 36, X=Cl 52% 37, X=Cl 72%
52, X=H 53,X=H 39% 54, X=H 40%
% ROUTE B ROUTE Al % lv
X X X
H H H
= Noe NS . = N O/ = N O/
HN O HN_ HN (0] N HN o} N
NO, PG NO, | Mo NHy -~ Mo
o} 0 PG i
38, X=Cl 54%
55, X=H 73%

N
g YY©/ o
HN (0] N

NH, - MO

[¢]
39, X=Cl Quantitative
56, X=H Quantitative
vii
X
Ve
N
0]
- 3
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” (¢}
[¢]
40, X=Cl 20%
57, X=H 14%

Schemed:Reagents and Condition$:POGC| Pyridineii) 4M HCI in Dioxane, 60 °Q); 35, NaBHCN, CECOOH, MgSQ
4 A Molecular SievesMeOH/THF, rtiv) HCOH, NaBBN, CECOOHMgSQ, 4 A Molecular Sieve$leOH/THF, rtv)
SndC, EtOH, rt; § LIOH, THFA®D 3:1; PyridineHCI, rt;iyHATU, DIPEA, DMF, 0.02M, rt.
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Route A

Next step took advantage of the use of commercially availat#éhyl 4oxobutanoate(35) which
was used as e synthon for the aliphatic linker. Conditions reported ®gmentsoret all2°were
followed for the reductive aminatiorReductive amination yieldeidtermediate36 with an average
yield of 2%. Unfortunatelyfrom UPLEMS analysiswas evidentthe formation of 33% of aside
product which corresporgito the tertiary amine(Figure52) that contributes to lower yieldof

intermediate36.

cl
cl cl
NH i NH o+
= — = o NH e NMO
NH NH o]
0 o}

Figure52: Zoom onstep iii Reagents and Conditionsi) 35, NaBHCN, CECOOH, MgSQ4 A
Molecular Sieves, MeOH/THF, rt.

Route A

Route Al would involvihe protection of the amino groupf the intermediate36, (Scheme @ The
insertion of a protecting group orthogonal to the methedterwas necessary to prevent the side
reaction of the aliphatic amino group with the carboxylic acid in the macrolactamization step. The
aliphaticnitrogen, being more nucleophilic compared with thailinicnitrogen, would have reacted

faster to give a fiveing side produc{Figure53).

cl cl
OH
N NH N
0 H/\/Ir o} 0 )3
_ NH v _ Nlig + _ NH O
HN HN HN
NH; N~ ™0 NH;
H
39 0] 40 (o]

Favoured cyclization

Figure53: Formation of the fivaing side product
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Initially, it was decided to reintroduce BOC as protecting group. However, all the attempts to
introduceit were unsuccessfullThe main problem encountered was the high reactivity of the cyclic
amide of isoquinolifiLl(2H}one scaffold as well as that of tlaenide at position 6. Both reacted with

the Bocanhydride leading to a mixture of bis o even tris protected products that were impossible

to separate in attempted column chromatographigsgure54).

Cl B9c Cl
= N
.N O_ .N

Combination of regioisomeric
mono- and bis-protected products

Figure54: Route Al Protection of the amino group with Boc anhydride

Route B

Therefore, it was decided to replace®with the p-methoxybenzyl protecting group (PMBd be
installed before the aliphatic cha{frigure5b5).

?@ﬁg Taval LI, WQ ffffffffffff . @w&

O HN_ .
iiib NO, ivb

Figure55: Route B, Protection of the amino group with pamethoxy-benzaldehyde

PMB can be inserted via reductive amination usingethoxybenzaldehyde avoiding in this fashion
the side reaction with the two aide groups. Moreover, PMB can be removad mild acidic
condition. The main problem of this synthetic strategy is thah&hoxybenzaldehyde ia poor
electrophile thus, it does not react easily with the amino group to generate thsultingimine.
Different conditions were used to perform the reductive amination but disappointingly it was not
possible to obtain the desired intermediat€onditions successfullyjused for the synthesis of
Intermediate 36 did not work. Reaction proceed very slowly and monitotiygUPL&@/S showed
formation of side products and reduction of the nitro group as well. Therefore, conditions reported

by Neidighet al3° were attempted. Authors reported &ighly efficient and mild procedure for
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reductive aminationsemploying thetitanium(I1V) isopropoxidehlorideas a Lewis acid enhancing

the formation of theimine. Intermediate34 and 4-methoxybenzaldehydavere disstved in
MeOHTHF anditanium (V) isopropoxidehloride, MgS@and4A Molecular Sievewere added to

this solution The resulting reaction mixture/as stirredat rt for 1 hr,then NaCNB#iwas added.
Disappointingly, only 5% conversion of the starting material was observed. Other conditions which
involved the preformation of the imine were attempted. Starting materialere dissolved in
Toluene withMgSQ and4AMolecular Sieveand stirredfor 5 days at 90 °¢H-NMR analysis of the
crude showed only 20% formation of the imiriEherefore, RouteB was discharged due to the

difficulty to insert the protecting group.
RouteA2

Since the identification of the right protecting group seemed emajing, an alternative synthetic
pathway was attemptedt was decided tanstall a methyl group instead of a protecting group, thus

obtaining the corresponding tertiary aminseeFigure56.

Cl Cl
H ) H
Z N o~ iv Z N o~
HN
O

N2 HNMO ROUTEA2  HN NG /NMO

Figure56: Zoom on Step ivReagent and Conditionsz) HCOH, NaBBN, MgSe) 4A Molecular
Sieves, G¥€OOH, MeOH/THF

The methyl group was introduced by reductive amination. Reaction was performed following same
conditions reported for the synthesis of Intermedia®6. Intermediate 37 was obtained in a 72%

yield.

A preliminary d@cking analysis of thenethylated derivatie (40) was carried out in ordeto
understandwhether this modificationcould affect the binding mode in the ATP binding sKs.
illustrated inFigure57, compound0accommodated well within the maiRTRbinding site of ROCK
l, interacting with the hinge regiowia its isoquinolone ring and placing the chlgobenyl moiety
underneath the gloop, similarly to the cerystallized compoun@DB ID 3ndmNot surprisingly,

only S enantiomers of both ionizeon states allowed a proper accommodation of the pendant
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phenyl group under the 4pop segment. Interestingly, strong polar irtn@olecular interactions
were observed in both poseBased orthese results, it was decided to proceed with the synthesis
of compound40and its analogue, compour&¥. Even if the docking analysis show&akfavourite
configuration, the synthesis of the racemateas prioritized to have as soon as possible a

confirmation ofactivity as ROCK inhibitor of either two of the enantesm

K105

D216

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

Figure57: Bestranked poses of the neutral (left) and protonated (right) form of compodfd

(orange sticks) within ROGKwhite, transparent cartoons). Key ligapdotein interactions are

shown as dashed black lines

Completion of the Synthesis
(¢]] Cl
H'\@[NOO /NMO H'\@[NH(E /NMO
o
38

Figure58: First attempted conditions for step Reagents an@€onditionsv) Fe, NHACERrOH/THF
1:1,80 °C, 4 hr

Reduction of the Nitro grouffFigure58) to obtain Intermediateé38was initially carried out using Fe
and NHCI in a mixture 1:1 atPrOH and TH&t 80 °C. These conditions wesaccessfufor the
synthesis of Intermediaté&8, (Scheme6). Disappointinglyjn this caselJPLC reaction monitoring
showed no conversion of the starting material into the desired prodUicerefore, pH was lowered
to 5in order topromote the reductionof the nitro group Lowering the pH led tohie reduction of

the nitro group but at the same ime, to the formation of two main side product®\s reported
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below Figure59), low pH and high temperatufavoured the elimination of the aminalerivative
(43) leading to the formation of carbocatiof2 which evolved in the corresponding alked8,
identified by UPL®S analysisit was hypothesized that elimination occurred through a E1
mechanism since the carbocatid# is stabilized by the presence of thesGbstituted aromatic ring
which can delocalize the positive charge easily and furthernbgneolar solvents, such asPrOH

and HO,that stabilize the intermediate carbocation by solvation

cl Cl C
0 O
HoN
HoN 2
~ = ~K N 7 C
N N H
H
H\f" 37
O\

[
o
N “NH
8- NH
N N Pz + o
HH H
o)

o a1 42 a3 O

O l
Cl
44 o @
N NH,
82 NH

N = +

H
Molecular Weight: 339.78 0]

First side-product 45

~

Figure59: Proposed mechanism for the formation of side product 44

Additionally,in acidic conditionghe protonated carbonyl groupt8) underwent nucleophilic attack
by the aromatic amino group which led to the formation of a five meraldeing @8). After that,

the loss of a molecule of water gave the side prodigt(Figure60).

Molecular Weight: 322.77
Second side product

Cl

Figure60: Proposed mechanism for the formation of the side prodd@t

To avoid the formation of these side products, alternative conditimnghe nitro reduction were
found. Conditions reported byarreiraet al'®! were applied. Reduction was performed with
SnGl-2H0In EtOH at rt. These new conditions yiel®&in a 54% yieldFigure61). Subsequently,

intermediate 39 was obtained by basic hydrolysi§ the methyl ester Hydrolysis was carried out
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with a small excess of LiOH in a mixture of THB/H:1 at rt. When conversion of the starting
material was completeRyridinium chloridevas added to quenckhe excess of LIOH and solvent
was evaporated under vacuum.

The final macrolactamizatiostep was carried ouin classical conditions for the amide synthesis.
Intermediate 39 was dissolved in DMF and solution was added of DIPEA and HAgtdaction
was performedin high dilution at0.02 M concentrationto avoid the oligomerization of the starting
material. Eventually, the final produdD was obtained in 20% yield after purification by reverse

phaseflash chromatography.
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NH? /NMO
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N

N

3
Cl

H

N

=
HN
(0]
© =
NH
= vii HN
- i
HN
N O (0]
H

40 39

Figure61l: Steps v, vi and viReagents and Conditiong) SnGI2H0, EtOH, rt; vi) LIOH, PyridiniumCl,
THF/HO 4:1, rt; vii) HATU, DIPEA, 0.02M, rt

This synthetic routavas successfully repeated for the synthesis of the second macro&ygld-0r

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 characterizedby *H-NMR and 2DNMR and by single crystal Xay

crystallography
'H-NMR and 2ENMR analysis

IH-NMRspectrumof 40 was compared with that of the acyclic precur@&(Figure62).
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Figure62: 'H-NMR spectra aothe acyclic compound8 (A)and of the macrocycld0 (B).
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As reported and highlighted iRigure62, the formation of the macrocycle is clearly demonstrated
by thedisappearancén spectrumB of the singlet ab.22 p.p.nmbelonging to the amino groupNH,
spectrumA) and by the presenca spectrumB of a new singlet al1.26 p.p.m, certainly belonging
to the proton of the amide -NHCQ spectrumB). Moreover, the two signals belonging to the
aromatic protonsCH 6) and-CH 8) are shifted downfield in spectrud Ths is due to the presence

of the amide group that hean electronrwithdrawing effect on the two protons of theromatic ing.

Additionally, comparing the two HSQC specitas clear how the formation of the cycle changes
the chemical environment of aliyatic protons.Chemicakhifts ofdiasterotopic protong-Ch 15,
3.46 and 2.29 ppm) in macrocyel® are shifted from one each other, while same protanghe
acyclic precursoB8 show more similar chemical shift (3.03 and 2.75 ppmeaning thatprobably
one of themmight be affected by the proximity of the phenyl group by the amide group at

position 12in the macrocyclic structute
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Figure63: Comparison of HSQC spectra
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Molecular Structure

Additionally, an Xray crystallographicanalysis was conducted to confirm the structure of the
compound40. The analysisevealshow compound40 crystallizes in thericlinic R1 space group,

with an overall stoichiometry 2API-MeOH.

Figure64: Molecular and weak interactions f@ompound 40 thermal ellipsoids are drawn at the
30% probability level. The asymmetric unit comprises two rAélecules (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; ClI, green.

A -

Figure65: View ofAPI 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 alternatiweientations (a,b) of hydrogen bonds between

neighboring molecules.
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3.3 AcyclicDerivatives&eries

Simultaneously, atructure-basedapproach for the design of new ROCK macrocyclic inh#vitas

carried out.

In this case, all ROCK inhibitors reportadliferature were evaluatedy visual inspectiorand
chemical series with structural similaritissour reference compound (3nd) were analysed. Among

all the chemical series, the am#uigoquinoline series developed by Aerie Pharmacedisaiod out

as the most interestingand similar to compound 788132, As reported irFigure67, this series was
characterized by an isoquinolireg an isoquinolinoneore, functioning as a hingginding moiety

and an aniline nitrogen at position 6 decorated with a set of diverse sulistit amino acids.
Compounds in this series are ROCK inhibitors characterized by potencies in the low nanomolar

range.

Figure67: Structural similarities betwaeAeriesPharmaceuticals and Boehringer Ingelheim series

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

These new analogues weReS F A ¥ S RacyclitR YNNI 4G A @S a ¢ @

Accordingly, the design of the new series envisagegu{e68):
I.  The introduction ofinindazole, as new hinge binden, addition toisoquinoline.
Il. The exploration of theegion under the Foop by using different amino acids (Phenyl

alanine, Phenyélanine and phenyglycine).
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