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Introduction

1 Introduction

Histamine, 2-(1H-imidazol-4-yl)ethan-1-amine (Figure 1), stands as one of the most
extensively studied and physiologically significant biogenic amines, first isolated and
characterized by Sir HENRY DALE and PATRICK LAIDLAW over a century ago.!!! Their seminal
work unveiled histamine’s profound influence on smooth muscle contraction and vascular
dynamics, laying the foundation for its recognition as a critical signalling molecule. The
ubiquitous distribution of this crucial signalling molecule across diverse tissues earned it the
classification as a “tissue amine” a term derived from the Greek word histos, meaning
tissue, reflecting its widespread presence in biological systems.!?! This discovery marked the
beginning of a new era in biomedical research, establishing histamine as a fundamental

mediator of numerous physiological and pathological processes.

N™ N N™ N
B H B
N NH, N NH,
74 _
ik I %
HN N
N* N*
-H-histamine 7-H-histamine

Figure 1. Tautomeric forms of histamine and their nomenclature by BLACK and GANELLIN. ]

Histamine comprises two fundamental functional groups, an imidazole ring and an ethanamine
side chain, with pK, 6.04 and 9.75, respectively.l¥! Under physiological conditions, only the
primary amino function exists in the protonated form, while the amidine moiety within the
imidazole heterocycle remains deprotonated. Beyond IUPAC nomenclature, the naming system
proposed by BLACK and GANELLIN, which designates the nitrogen atoms and side chain carbon
atoms using Greek letters, is widely used due to its practicality in referencing histamine’s

structure (Figure 1).0!
1.1 Histamine Metabolic Pathways

Histamine is a versatile signalling molecule that functions as both a neurotransmitter in the
nervous system and a local mediator in peripheral tissues. Its pleiotropic roles — including
regulation of gastric acid secretion, vascular permeability, immune cell recruitment,
and circadian rhythm — are tightly linked to its tissue-specific synthesis, storage, and

degradation.l!
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The tissue distribution of histamine precisely aligns with its multifaceted functions. Large
quantities are synthesized and stored within the granules of specialized immune cells — mast
cells and basophils — where it forms complexes with heparin. Substantial concentrations are
found in enterochromaffin-like cells of the stomach, lymphoid tissues (lymph nodes and
thymus), with moderate levels detected in the liver, lungs, and histaminergic neuronal

varicosities throughout the brain.[% 7]

(Nj/\/NHZ o <,: J/\COOH

ALDH /

HNMT — =
/ H5;C
/ H,C 3

- L
N*-methylhistamine N'-methylimidazole

<Nj/\/NH2 HDC <Nj/\/NH2 acetic acid
4 z — 4
HN / COOH HN /
L-histidine histamine N H N OH
DAG™ MY A MY
HN o HN (o}

imidazole acetaldehyde imidazole acetic acid

Figure 2. Biosynthesis and degradation of histamine. HDC — histidine decarboxylase; HNMT — histamine
N methyltransferase; DAO — diamine oxidase; MAO-B — monoamine oxidase B; ALDH - aldehyde
dehydrogenase.

This sophisticated tissue distribution is maintained through intricate metabolic pathways. The
biosynthesis involves a single-step decarboxylation of L-histidine, catalysed by the pyridoxal
phosphate-dependent enzyme L-histidine decarboxylase (HDC) (Figure 2).[8! Post-synthesis,
histamine follows one of two distinct pathways: immediate release for rapid signalling,
encountered in some haematopoietic cells, or storage in secretory granules via the vesicular
monoamine transporter 2, found in histaminergic neurons, gastric enterochromaftin-like cells,
mast cells and basophiles.”> *1 Histamine metabolism exhibits marked tissue specificity,
primarily through two distinct enzymatic pathways (Figure 2). In the central nervous system
(CNS), histamine N-methyltransferase (HNMT) catalyses N-methylation to produce
N*-methylhistamine. This metabolite is than converted by monoamine oxidase B (MAO-B) into
N-methylimidazole acetaldehyde, which is subsequently oxidized to N*-methylimidazole
acetic acid via aldehyde dehydrogenase (ALDH).['% 1] In contrast, peripheral tissues such as
the gastrointestinal tract rely predominantly on diamine oxidase (DAOQO) for histamine
degradation. DAO mediates oxidative deamination of histamine, producing
imidazole acetaldehyde, which is further oxidized by ALDH to yield imidazole acetic acid.[!]

These pathways exhibit tissue specific dominance, with HNMT acting as the principal regulator
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of histamine levels in the brain and DAO playing a critical role in peripheral tissues,

particularly the gastrointestinal tract, where it ensures systemic histamine homeostasis.!*
1.2 Histamine Receptors

Histamine mediates its multifaceted biological actions by binding to four evolutionarily
conserved receptor subtypes (HiR, H2R, H3R, and H4R) (Table 1), all classified within the Class
A (thodopsin-like) G protein-coupled receptor (GPCR) superfamily.l®! These receptors share a
canonical GPCR architecture, featuring an extracellular N-terminal domain, seven a helical
transmembrane domains (TM1-TM7) that anchor the receptor within the plasma membrane,
three extracellular loops (ECL1-3) that contribute to ligand recognition, three intracellular
loops (ICL1-3) that interface with downstream signalling proteins, and a cytoplasmic
C-terminal tail critical for receptor trafficking and regulatory interactions.'¥] This shared
architecture is a hallmark of GPCRs, enabling them to undergo conformational changes upon
ligand binding, which in turn activates intracellular signalling pathways. Each histamine
receptor subtype couples to distinctive G proteins, initiating specific intracellular signalling
cascades that culminate in unique cellular responses and physiological outcomes. These
receptor-specific pathways enable histamine to exert diverse and sometimes opposing effects
across different tissues and cell types, thereby orchestrating complex physiological processes
through a single mediator.[!>]

Histamine receptors, like other GPCRs, exist in a dynamic equilibrium between active and
inactive conformational states. In the absence of ligands, this equilibrium typically favours the
inactive state. However, a subset of receptors spontaneously adopts the active conformation,
resulting in constitutive activity (or basal activity), which enables these receptors to maintain
baseline physiological tone even in an unbound state.['> ® Ligands interacting with histamine
receptors are classified based on their modulation of this equilibrium. Agonists — whether
endogenous or synthetic — stabilize the active receptor conformation, shifting the equilibrium
to enhance signal transduction. In contrast, neutral antagonists bind to the receptor without
preferentially stabilizing either the active or inactive state, leaving constitutive activity
unaffected. By occupying the ligand-binding site, however, neutral antagonists competitively
inhibit agonist-mediated receptor activation. Inverse agonists, formerly termed antagonists,
stabilize the inactive conformation, shifting the equilibrium toward the inactive state and

[17

suppressing constitutive activity below basal levels.!” While constitutive activity has been

documented across all four histamine receptor subtypes, it is particularly pronounced in the
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high-affinity receptors H3R and H4R, where basal signalling plays a significant role in their

physiological and pathophysiological functions.!!- 18]

Table 1. Comparative overview of histamine receptor subtypes.

HiR H:R H:R H4R
Discovery 1919011 19721201 1983121 2000-200122-27
Cloning 19911281 1991191 19998301 200022271
Structure determination 2011861 202382 2022831 2024132341
G-Protein coupling! Gagi1 Gas Gaio Gaio
onali cAMP1, Ca®*|, cAMP1, Ca®*|,
Downstream 51§§1a11ng PLCY, Ca®*} cAMP?
pathways MAPK1 MAPK 1
Sleep-wake cycle Neurotransmitter
. (5] regulation, Gastric acid release, sleep-
Functional role o . Immune response
vasoconstriction, secretion wakefulness,
bronchodilatation cognition
. . . Dimaprit, Imetit, immepip, VUF-8430,
5, 35]
Receptor agonists Histaprodifens ipromidine propoxyfan ST-1006
Diphenhydramine, Ranitidine, Ciproxifan, INJ-7777120,
Receptor antagonists!® 331 levocetirizine, famotidine, thioperamide, toreforant,
desloratadine zolantadine pitolisant adriforant

From an evolutionary perspective, histamine receptors show notable conservation across
species, indicating their fundamental importance in biological systems. Phylogenetic analyses
reveal that HiR and HoR emerged earlier in evolution, while H3R and H4R appeared later
through gene duplication events. Unlike most aminergic receptor subtypes, histamine receptor
subtypes exhibit relatively low sequence identities, reflecting considerable divergence. For
instance, the overall sequence identity between human H|R and H2R is approximately 31%,
whereas HiR shares only 24-27% sequence identity with H3R and H4R. In contrast, H3R and
H.4R share a higher sequence identity of about 42%.[3¢37]

Histamine, serving as the endogenous ligand for all four receptor subtypes, demonstrates
selectivity in its binding profile. The molecule exhibits substantially higher affinity for HsR
and H4R receptors, with pK; values of 8.0 and 7.8 respectively, compared to the significantly
lower affinities observed at HiR and HzR receptors, where pK; values reach only 4.2 and
4338 This differential binding pattern has profound implications for histamine’s
concentration-dependent effects across various tissues and physiological contexts, allowing for

selective receptor activation based on local histamine concentrations.
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1.3 Histamine H; Receptor

A major advancement in histamine research occurred during the 1960s and 1970s when studies
utilizing existing antihistamines revealed that certain histamine-mediated responses were
resistant to conventional antihistamine treatments. This pivotal observation led researchers to
hypothesize the existence of multiple histamine receptor subtypes.*”) The definitive
differentiation between HiR and H2R was achieved in 1972 with the discovery of burimamide,
the first H,R antagonist, marking a significant breakthrough in the field.*° This
pharmacological distinction preceded the molecular characterization of these receptors by
almost two decades, as the successful cloning of both HiR and HoR ¢cDNAs was achieved in
1991.128.291

The human H/R is a 56-kDa protein comprising 487 amino acids, encoded by a single-exon
gene situated on the distal short arm of chromosome 3 at locus 25./ “1 The crystallographic
structure of HiR was resolved in 2011, providing critical insights into its binding pocket and
conformational dynamics upon histamine or antagonist binding. This breakthrough was pivotal
for structure-based drug design, enabling the development of more selective antihistamines
with improved therapeutic profiles.*!! Histamine binds to TM3 and TM5 domains of HiR,
inducing a conformational change that activates the receptor and initiates its signalling cascade.
HiR activation primarily operates through the Gog11 protein, which possesses GTPase activity

(2.41] 'PLC subsequently hydrolyses phosphatidylinositol

and activates phospholipase C (PLC)
4,5-bisphosphate to generate two secondary messengers: 1,2-diacylglycerol (DAG) and
inositol-1,4,5-triphosphate (IP3).1* “! DAG activates protein kinase C (PKC), which catalyses
the phosphorylation of serine/threonine residues on downstream effectors, while IP3 binds to
receptors on the endoplasmic reticulum, triggering the release of Ca®" ions from intracellular
stores into the cytoplasm.® #31 Alternatively, HiR signalling can also proceed via pertussis
toxin-sensitive Gi/Go, proteins. Upon receptor activation, these G proteins stimulate
phospholipase A (PLA>), resulting in the release of arachidonic acid. Concurrently, calcium-
dependent nitric oxide synthase is activated, producing nitric oxide (NO), which subsequently
activates guanylate cyclase in an NO-dependent manner. This leads to an elevation in cyclic
GMP (cGMP) levels.[*]

HiR exhibits widespread expression across diverse cell types, including neurons, endothelial
cells, adrenal medulla, muscle cells, hepatocytes, chondrocytes, and various immune cells
(monocytes, neutrophils, eosinophils, dendritic cells, T cells, and B cells).[** %1 H|R signalling

cascades initiate multiple biological responses, triggering the synthesis of prostacyclins,
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activation of platelet factor, production of NO, arachidonic acid and its metabolites, and

[46. 47) These molecular pathways elicit distinct tissue-specific physiological

thromboxane.
responses. In vascular smooth muscle cells, HiR activation produces dual effects: while
inducing a direct contractile response through IP3-mediated calcium -elevation, it
predominantly causes vasodilation through endothelial NO release.[**>% Conversely, in
bronchial smooth muscle, HiR activation results in bronchoconstriction .31 Within
endothelial cells, HiR stimulation induces cell contraction, enhancing vascular permeability>*
531 while concurrently triggering NO release and prostacyclin production, which amplifies the
vascular response.[* 4% 3% 3¢ The actions of HiR also regulate the synthesis and release of
catecholamines from chromaffin cells in the adrenal medulla.!¢!

In the mammalian brain, HiR shows a distinctive distribution pattern, with notably high
densities in regions controlling neuroendocrine function, behaviour, and nutritional state. These
regions encompass the periventricular, suprachiasmatic, and ventromedial nuclei of the
hypothalamus, along with aminergic and cholinergic brainstem nuclei, the thalamus, and the

1157 Through calcium-mediated signalling, HiR activation excites neurons across

cortex.|
multiple brain regions, including the brainstem®® 31, hypothalamus!®”, thalamus!®!], amygdala,
septum®?! hippocampus!®¥), olfactory bulb!®, and cortex.[®*! This widespread neuronal
activation enables H|R to regulate crucial brain functions, including motor activity, mood,
arousal, sleep, circadian rhythms, cognitive processes, and pain perception, while also

contributing to thermoregulation, food intake, and energy expenditure. [ 6]

1.3.1  Overview of HiR Ligands

Early investigations into histamine receptors relied on ligand-based approaches, where
chemical modifications of histamine and related molecules helped define receptor properties.
This led to the discovery of a range of HiR ligands, from agonists that mimic histamine’s
action to antagonists that block its effects.

The search for HiR ligands began with modifications of histamine itself, focusing on its
imidazole ring and aminoethyl side chain. Early efforts with non-imidazole derivatives, such
as 2-(thiazol-2-yl)ethanamine (L1, Figure 3), yielded partial agonistic activity. However, full
agonism was achieved most effectively by introducing a diphenylpropyl moiety at the C-2
position of the histamine scaffold. This modification not only amplified receptor activation but
also exceeded histamine’s maximal efficacy. The resulting compounds, termed histaprodifens
— including histaprodifen (L2) and methylhistaprodifen (L.3) among others — demonstrate a
dual binding mechanism, engaging both the agonist and antagonist binding pockets of the HR.
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The pharmacological behaviour of these ligands is highly sensitive to the length of the alkyl
linker connecting the core structure to the diphenylpropyl group. Optimal agonistic activity
occurs with three methylene units in the linker; shortening this chain reduces efficacy to partial
agonism, while elongation shifts the profile toward antagonism.’> 3! The HiR agonists,
however, have not found therapeutic utility, largely due to the receptor’s role in mediating
adverse inflammatory and allergic responses. Instead, they remain valuable as research tools

for probing HiR pharmacology and signalling pathways.

NH, HN-CH;
l N l N
N NH ’/C ’/C
2 N N
[ > H H
S
L1 L2 L3
2-(thiazol-2-yl)ethan-1-amine histaprodifen methyl-histaprodifen
H4R K; < 100 uM H/R Ki=77.6 nM H/R K; =27.1 nM
H4R agonists
Y
=
C
= N" " CH,
O 0" " CH, 0" " CH,
H3C.
o0

L4 L5 L6
diphenhydramine doxylamine mepyramine
H1RKi=16 nM H1RKi=42 nM H1RKi=2nM

First generation H{R antagonists

_/—0
ind

L7 L8 L9
hydroxyzine levocetirizine desloratadine
H4R K; =10 nM H4R K; = 3.31 nM H4R K; = 0.9 nM

Second generation H4R antagonists

Figure 3. Selected representatives of HiR agonists (L1-L3)[7 81 along with first- (L4-L6)" % and second-

generation antagonists (L7-L9)"% 71,
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In contrast to agonists, HiR antagonists, commonly referred to as ‘“‘antihistamines”, have
achieved remarkable clinical importance and represent one of the most extensively prescribed
medication classes worldwide.[”?! Their therapeutic applications span multiple conditions
including allergic rhinitis, conjunctivitis, cutaneous allergic manifestations, and antiemetic
therapy for nausea and vomiting.> ") Antihistamines are traditionally classified into two
generations based on their pharmacokinetic properties and side effect profiles.
First-generation HiR antagonists typically feature a molecular architecture comprising two
aromatic moieties linked to an aliphatic tertiary amino functionality, predominantly through
three-carbon spacers (Figure 3). Representative members like diphenhydramine (LL4),
doxylamine (L5) and mepyramine (L6) are characterized by high lipophilicity, facilitating
penetration of the blood-brain barrier (BBB). In addition to crossing the BBB, these compounds
exhibit low receptor selectivity, interacting not only with HiR but also with muscarinic,
serotonergic, and adrenergic receptors. This CNS penetration, combined with off-target
receptor binding, frequently results in sedation, weight gain, and, in many cases,
anticholinergic effects that further limit their therapeutic utility.>”> 7!

To mitigate these central adverse effects, second-generation HiR antagonists (Figure 3) were
specifically designed to minimize central nervous system exposure. This was achieved either
through increased polarity, thereby reducing BBB permeability, or by designing molecules with
high affinity for ATP-dependent P-glycoprotein and organic anion transport polypeptide efflux
pumps that actively transport the compounds out of the central nervous system.[* 7!
Consequently, second-generation antihistamines such as hydroxyzine (L7), levocetirizine (L8)
or desloratadine (L9) incorporate polar functional groups that significantly reduce their
propensity to cause sedation while maintaining or even enhancing their peripheral

antihistaminic efficacy.
14 Histamine H; Receptor

Histamine H>R is a 40 kDa protein consisting of 359 amino acids, encoded by a gene located
on the long arm of chromosome 3, locus 35.17) Structurally, HoR shares similarities with the
histamine H; receptor (H1R), particularly in its histamine-binding mechanism, which involves
transmembrane domains TM3 and TM5.U71 In 2023, the active-state conformation of HoR was
elucidated using cryo-electron microscopy at 2.56 A resolution, revealing that both HiR and
H3R possess an orthosteric imidazole recognition pocket and a secondary binding pocket.!*?!

H:R signal transduction primarily operates through a Gas protein-dependent pathway, initiating
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with the stimulation of adenylate cyclase (AC) upon receptor activation.[’®3% This activation
leads to elevated intracellular cAMP levels, which subsequently triggers protein kinase A
(PKA) and activates the cAMP response element-binding protein (CREB) transcription
factor.** 811 Additionally, H,R employs an alternative signalling pathway through GTP-
dependent PLC activation, resulting in the generation of secondary messengers DAG and
[P.L77.82]

H>R demonstrates broad tissue distribution, being predominantly expressed in parietal cells of
the gastric mucosa, with significant presence in smooth muscle cells, epithelial cells,
endothelial cells, cardiomyocytes, neurons, hepatocytes, and various immune cells including
neutrophils, eosinophils, monocytes, macrophages, dendritic cells, T and B cells.* 3 H,R
signalling mediates diverse physiological responses across these tissues. In the gastrointestinal
system, HoR primarily regulates acid secretion in parietal cells.[®3! In the cardiovascular system,
H2R activation produces positive chronotropic and inotropic effects in atrial and ventricular
tissues.?! The receptor promotes smooth muscle relaxation in various tissues, including blood
vessels, airways, uterus, and gastrointestinal tract.[*8 33 561

Within the immune system, H;R exhibits predominantly inhibitory effects, including
suppression of histamine release from basophils and mast cells, inhibition of antibody
synthesis, reduction of T cell proliferation, and modulation of cytokine production.®

The H2R is widely distributed throughout the central nervous system, with particularly high
densities in the basal ganglia, hippocampus, amygdala, and cerebral cortex.[*? 85 86 These
receptors play crucial roles in various neurophysiological processes, including cognition,
learning, and memory formation through their modulation of synaptic plasticity and

neurotransmitter release.! 61

1.4.1  Overview of H2R Ligands

The diverse physiological roles of HoR, particularly in gastric acid secretion, spurred the
development of targeted ligands. Early efforts focused on modifying histamine’s core structure
to achieve receptor selectivity, balancing agonist/antagonist functionality with drug-like
properties. This yielded two key classes of compounds: agonists as mechanistic probes and
antagonists as therapeutic agents.

The search for potent and selective HoR agonists has yielded several key compounds (Figure
4). Early studies produced 4(5)-methylhistamine (L.10), which interestingly is now used as an
HiR agonist.*® 87 Other notable HoR agonists include amthamine (L11)®%), which replaces

imidazole with thiazole, and dimaprit (L12)®, an isothiourea compound with moderate
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affinity and selectivity. Impromidine (L13) and (R)-(-)-sopromidine (LL14) demonstrated
increased affinity through their homohistamine-guanidine structure, with the guanidinium
moiety essential for HoR activation. Despite their potential as positive inotropic vasodilators
for heart failure, these compounds were not suitable for oral administration due to their
physicochemical properties.”®! To improve drug-like properties, researchers replaced the
guanidine group with acylguanidine, reducing basicity while maintaining HoR activity.
However, many NY-acylated imidazolylpropylguanidines, like UR-AK24 (L15), showed poor
selectivity, with some compounds demonstrating partial agonist profiles for both HiR and
H,R.P! The selectivity issue was resolved by replacing imidazole with a 2-aminothiazole
heterocycle, leading to the compounds like UR-BIT24 (L16)"?], which maintain potency at
H>R while eliminating significant activity at other histamine receptors. Despite significant
advances in developing selective HR agonists, these compounds, like their HiR agonist
counterparts, remain primarily research tools without clinical applications.

The discovery that the thiourea derivative N*-thioguanylhomohistamine acts as a partial HoR
agonist in gastric acid secretion tests led to the development of burimamide (L17), the first
selective HoR antagonist.[®> Paradoxically, burimamide was later identified as a potent H;R
antagonist and HsR agonist.* The relationship between molecular structure and receptor
selectivity is further exemplified by cimetidine (L18), the first clinically approved HoR
antagonist.?% %! Its polar cyanoguanidine moiety serves as a key pharmacophoric element that
resembles the affinity-enhancing guanidine group found in impromidine, while modifications
to other structural regions confer its antagonist properties rather than agonist activity.
Subsequent H>R antagonists like ranitidine (L.19), famotidine (L.20), and zolantidine (L21)
feature reduced basicity, which — with the exception of zolantadine — decreased their BBB
permeability.l* °! In these compounds, cimetidine’s imidazole was replaced with bioisosteric
heterocycles to minimize CYP3A4 enzyme interactions. Unlike cimetidine, later antagonists
required lower doses and exhibited <10% of its CYP3A4 metabolic effects.”®! Improved safety

profiles enabled some newer H2R antagonists to become over-the-counter medication.
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Figure 4. Selected representatives of HoR agonists (L10-L16)5% °> %31 and antagonists (L17-L21).5% %4
1.5 Histamine H3 Receptor

The histamine Hs receptor was first identified and characterized by ARRANG et al. in 1983 as
an auto-receptor controlling histamine synthesis and release in rat brain tissue.l*!! Building on
their initial discovery, in 1987 the same research group developed the first highly potent and
selective H3R ligands, (R)-a-methylhistamine as an agonist and thioperamide as an antagonist,
which became essential tools for establishing the unique pharmacological profile and
physiological functions of the H3R.*! A major breakthrough in H3R research occurred in 1999
when LOVENBERG et al. successfully cloned and functionally expressed the human H3;R.%
This milestone provided a molecular framework for understanding H3R function and
accelerated the development of novel therapeutic agents targeting this receptor. Structural

understanding of H3R progressed in 2022 with the first high-resolution cryo-EM structure
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(2.60 A), showing the receptor in an inactive state bound to the inverse agonist PF03654746
and coupled to a G;j protein. This provided key insights into ligand recognition and G protein
interaction3!

Histamine H3R is a 70 kDa protein consisting of 445 amino acids, encoded by a gene located
on the long arm of chromosome 20, locus 13.1'% Unlike HiR and H,R genes that are
intronless?® 2%, H3R consists of multiple exons and introns. Some reports indicate the existence
of three exons and two introns!!% 111 while others suggest four exons and three introns.[!9% 103]
The complex genomic organization of the H3R gene enables alternative splicing, resulting in
at least 20 different isoforms identified to date. These splice variants differ in their distribution,
signalling properties, and constitutive activity, contributing to the diverse functions of H3R in
different tissues.[!!

The activation of H3R initiates a complex cascade of cellular events through their interaction
with Goio protein (Figure 5). The primary signalling pathway involves adenylyl
cyclase-mediated cAMP production, which normally activates PKA, leading to CREB
activation and subsequent gene transcription regulation. However, H3R activation reduces
cAMP levels, thereby diminishing CREB-dependent gene transcription and related cellular
responses %4191 Through PKA, the Gai/, protein negatively modulates high voltage activated
Ca?" channels (HVACC), where decreased PKA activity results in reduced phosphorylation and
activation of HVACC.!'"1%] Changes in intracellular Ca** concentration influence exocytosis
through both PKA-dependent and PKA-independent mechanisms 1% Additionally, both PKA
and calcium/calmodulin-dependent protein kinase type II (CaMKII) can activate histidine
decarboxylase (HDC) via distinct pathways, promoting histamine synthesis.!''!! The H3R-Gaiijo
protein interaction triggers multiple parallel signalling cascades, including the mitogen-
activated protein kinase (MAPK)!!!'2l and PI3K pathways!!!*], while also inducing other cellular
responses such as PLA, activation leading to arachidonic acid release!''¥ and Na'/H"
exchanger (NHE) inhibition.!"'>] Specifically, the GBy subunit of Gai/o protein mediates the
mobilization of both extracellular signal-related kinase 1/2 (ERK1/2) and c-Jun N-terminal
kinase (JNK) from the MAPK family, thereby regulating synaptic plasticity.!!'> 6]
Furthermore, PI3K activation by Gy leads to protein kinase B (PKB) activation, which
subsequently inhibits glycogen synthase kinase-3f (GSK-3p), an enzyme implicated in various

neurological and neurodegenerative disorders.t!13 117 1181
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Figure 5. Molecular signalling pathways of HsR. NHE — Na*/H" exchanger; AC — adenylate cyclase; PLA, —
phospholipase A2; MAPK — mitogen-activated protein kinase; PI3K — phosphoinositide 3-kinase; PKB — protein
kinase B; PKA — protein kinase A, CREB — cAMP responsive element-binding protein; HDC — histidine

2+

deacetylase; CaMKII — Ca?*/calmodulin-dependent protein kinase type 1I; HVACC — high voltage activated Ca

channels.

The H3R exhibits predominant expression in the central nervous system and significantly lower
levels in peripheral tissues. In the brain, H3R is highly concentrated in regions crucial for
cognitive functions, including the cerebral cortex, hippocampus, basal ganglia, and
hypothalamus.['' These receptors function as both presynaptic autoreceptors, regulating
histamine synthesis and release, and heteroreceptors, controlling the release of various
neurotransmitters such as GABA, acetylcholine (ACh), dopamine (DA), norepinephrine (NE),
and serotonin (5-HT) (Figure 6).®) This neuromodulatory role influences multiple
physiological processes, including sleep-wake cycles, food intake, and cognitive functions.!?’!

Beyond the CNS, H3R is present in the peripheral nervous system, particularly in sympathetic
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nerve endings, where they modulate norepinephrine release and influence cardiovascular
function.['?!] The receptors are also found in gastrointestinal tract, modulating acid secretion

and intestinal motility, and in airways, where they participate in bronchial tone regulation.'??!

GABA, ACh,
DA, NE, 5HT

HsR

Histidine

/— HzR

Postsynaptic

® <: neuron

Histamine

Figure 6. The HsR functions as both an auto- and heteroreceptor. Activation of presynaptic H;R autoreceptors
inhibits histamine synthesis and release into the synaptic cleft, thereby suppressing histaminergic signalling to
postsynaptic receptors. Conversely, activation of postsynaptic H3;Rs modulates the release of other
neurotransmitters. HDC — histidine decarboxylase; GABA — y-aminobutyric acid; ACh — acetylcholine;

DA — dopamine; NE — norepinephrine; 5-HT — serotonin.

1.5.1  Overview of H3R Ligands

Histamine is a potent H3R agonist, thus its structural modifications have produced highly
effective H3R agonists (Figure 7). Among them, N*-methylhistamine (L22)"°! though not
H3R-selective, is widely used in binding assays due to its high affinity and availability in
tritiated form.[?!> 3% R-(a)-methylhistamine (L23) is a potent in vitro tool® whose dipsogenic
effect supports key in vivo models, though its H4R activity remains a limitation. % 22 27- 123, 124]
Further advancements have yielded improved prodrugs such as BP2-94 (L.24), which offers
enhanced pharmacokinetics.['?> 121 More potent agonists followed, including imetit (L25),

featuring an isothiourea moiety, and immepip (L26), distinguished by its elongated, cyclized
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side chain.> 1?71 Both compounds exhibit activity at H3R and H4R.[> 114 1281 Proxyfan (L27)
was identified as the first protean agonist for H3Rs, showing a spectrum from inverse agonist
to agonist depending on the test system.[!?%12° Similar partial (ant)agonist properties were later
observed in non-amine imidazole derivatives such as ciprilisant (L28), further expanding the

range of H3R modulators. 5 128, 130-132]

H oys
N N N NH, N N OH N S.__NH,
I-ﬁ\lj/\/ CHj Fﬁ.ms Fﬁ.mc, ,.,</NJN m

L22 L23 L24 L25
N*-methylhistamine R-(a)-methylhistamine BP 2-94 imepip
H3R K; =4 nM H3R Ki = 4.1 nM H3R K;j not specified H3R K; = 0.74 nM
N N N = Ul CH3
& {0 MR,
HN NH HN HN CH,
L26 L27 L28
immepip propoxyfan ciprilisant
H3R K; = 0.62 nM H3R Ki =5 nM H3R Ki =2.4 nM

H;R agonists

Figure 7. Selected representatives of H3R agonists (L.22-L28).[133]

Numerous H3R antagonists (Figure 8) demonstrate preclinical efficacy in neurotransmitter
release and animal models, driving research toward optimized agents with improved potency,
selectivity, and drug-likeness. Antagonists have advanced to Phase I-III trials for conditions
including sleep disorders, Alzheimer’s disease (AD), Parkinson’s disease (PD), Attention
deficit hyperactivity disorder (ADHD), schizophrenia (SCH) epilepsy, neuropathic pain, and
allergic rhinitis.!'34

The development of H3R antagonists began with the repurposing of the HoR antagonist
burimamide (L17, Figure 4)’], leading to imidazole-based ligands like thioperamide (L29),
clobenpropit (L30), and ciproxifan (L31). Thioperamide showed efficacy in memory and
behavioral models!'*) and revealed H3R’s role in regulating food intake, highlighting

therapeutic potential for obesity and diabetes.'*% 37] Clobenpropit improved working memory

138, 139 140]

and Alzheimer’s models [ 1" though both compounds exhibit off-target H4R activity.!

Ciproxifan is selective and bioavailable, used in attentional models.[!4!- 142]
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Figure 8. Selected representatives of imidazole- (L29-L31)['*3 and non-imidazole-based H3;R antagonists H;R

(L32-L42).1143151)

Imidazole-based ligands faced challenges like CYP450 inhibition and poor CNS penetration,
prompting a shift to non-imidazoles.> % UCL-2190 (LL32) was among the first compounds to
replace the imidazole ring with a tertiary amine.['*?) Pitolisant (L33, Wakix®)!'>2!, the first

FDA- and EMA-approved H3R antagonist, is now used to treat narcolepsy and Parkinson’s-
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related excessive daytime sleepiness.!!>> '3 Other diamine-based antagonists, such as
JNJ-5207852 (L.34), have also been explored for their wake-promoting effects.[!>]

Several H3R antagonists have progressed through clinical trials with mixed success. ABT-288
(L35) failed to demonstrate efficacy in mild-to-moderate AD!">®! or cognitive impairment
associated with SCH.!"3"! GSK-189254 (L.36) showed promise in pain and narcolepsy models
and as a PET tracer to directly assess H3;R occupancy by test compounds iz vivo and in clinical
settings!!>81¢01 " though results from a Phase I hyperalgesia study remain undisclosed.'®!!
Samelisant (L.37) and enerisant (L38) recently completed Phase 11 trials for narcolepsy!!¢% 1631,
while GSK-239512 (L39) and MK-0249 (L40) failed to improve cognition in SCH.[!6% 163]
PF-03654746 (LL41) was investigated in clinical trials for multiple therapeutic indications. This
compound holds particular significance as it became the first H3R ligand to have its bound
complex with the receptor structurally characterized, with the H3R-PF-03654746 complex
being resolved by X-ray crystallography.l** 1341 Bavisant (LL42) has been evaluated in ADHD

trials across various age groups but has yet to demonstrate clear clinical efficacy.!’]

1.5.2 Pharmacophore Model of H3R Ligands

The development of histamine H3R ligands has led to a well-defined pharmacophore model
through extensive structure-activity relationship (SAR) studies. Early efforts focused on
imidazole-based scaffolds, which were initially considered essential for receptor binding

e.[1%] However, these compounds

affinity due to their structural resemblance to histamin
exhibited significant limitations, including cross-species variability, lack of selectivity among
histamine receptor subtypes, and undesirable inhibition of CYP450 enzymes, prompting the
search for alternative chemotypes. A critical advance came with the replacement of the
imidazole ring with cyclic amines such as piperidine or pyrrolidine, which retained high affinity
while improving drug-like properties and selectivity.!'*

The modern HsR pharmacophore model consists of three key regions (Figure 9).11** 167] The
first is an aminergic moiety, typically a protonatable tertiary cyclic amine (e.g., pyrrolidine,
piperidine, or piperazine), which serves as the orthosteric anchor by forming an ionic
interaction with the conserved Asp114 residue — a critical binding determinant.['®8] This moiety
effectively replaces the imidazole ring of early ligands while preserving essential interactions.
The basic amine is linked via a flexible alkyl spacer, often incorporating polar functionalities,
to a second region consisting of a central aromatic or heterocyclic core. This core engages in

additional stabilizing interactions, particularly m-m stacking with aromatic residues in the

binding pocket. The third region, referred to as the "arbitrary" or "eastern" region, tolerates
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diverse structural modifications, including lipophilic groups, polar substituents, secondary
basic moieties, or even acidic functionalities, which can enhance aftinity or fine-tune functional
activity. The flexibility of this region highlights the robustness of H3R as a drug target and

enables the design of multi-target directed ligands by incorporating structural motifs relevant

167]

to secondary targets.!
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Figure 9. Histamine H;R pharmacophore (Adopted from CELANIRE et al.'*l). The corresponding regions are

highlighted on L41, the first ligand co-crystallized with H3;R, and L33, the first clinically approved H3R ligand.

Historically, pharmacophore refinement relied on homology modelling based on related GPCR
structures, mutational studies, and iterative SAR analysis.[mg'm] However, the recent
determination of the H3R crystal structure bound to the non-imidazole antagonist PF-03654746
(L41) (2.6 A resolution) has provided unprecedented insights into ligand-receptor interactions,
validating earlier pharmacophore predictions while revealing new opportunities for rational
design.®3! The ligand binds to a shallow extracellular orthosteric pocket formed by residues
from TM helices 2, 3, 6, and 7, as well as ECL2, and extends into an extended binding pocket.
Docking studies with nine additional H3R ligands confirmed the critical role of the salt bridge
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between the ligand’s basic center and Aspll4. Hydrophobic interactions between the
heterocyclic core and residues Tyr115, Tyr374, Phe398, and Trp402 further stabilize binding,
while the central region engages in hydrophobic contacts with Leulll, Trp110, and Phe193.
Notably, the affinity of tested ligands correlated with the ability of the arbitrary region to form
n-1 stacking or OH/zm hydrogen bonds with Tyr91, Tyr189, and other aromatic residues within

the extended binding pocket.[**]

1.5.3  Role of H3R Pathological Condition

The unique role of histamine H3R as an auto- and heteroreceptor in CNS has attracted much
research interest, especially as a pathophysiological component of neurodevelopmental and
neuropsychiatric disorders. Brain histamine influence behaviour and play a role in
neuropsychiatric disorders such as narcolepsy, AD, PD, SCH, ADHD, anxiety, autism spectrum
disorder, Tourette syndrome and Prader-Willi syndrome (PWS), many of which share
overlapping symptoms and pathophysiology.['’?! Additionally, HsR modulation shows promise
in managing obesity through appetite regulation, epilepsy via seizure threshold modulation,

and neuropathic pain by influencing nociceptive pathways.

Wakefulness

The clinical application of H3zR ligands has thus far been most successfully leveraged in the
regulation of wakefulness. Histaminergic neurons project to key brain regions governing the
sleep-wake cycle, including the cortex, thalamus, hypothalamus, and brainstem.!!”?!
Wakefulness is directly mediated by the pacemaker-like firing activity of tuberomammillary
nucleus (TMN) neurons, which exhibits a linear correlation with H3R occupancy levels up to
80%.!"" Brain histaminergic neurons, alongside orexinergic neurons in the posterior
hypothalamus, play complementary roles in maintaining the sleep-wake cycle. Histaminergic
neurons within the TMN exhibit a distinctive “wake-selective” firing pattern, meaning they are
predominantly active during wakefulness and virtually silent during sleep. These neurons
demonstrate one of the most selective discharge patterns correlated with wakeful states among
all neuronal populations in the CNS.!!73]

Mechanistically, suppression of presynaptic H3R constitutive activity enhances histamine
release, activating postsynaptic HiR to promote wakefulness and vigilance. Supporting this,
chronic histamine depletion in mice caused by reduced HDC expression or conditional HDC
knockout (KO) mice resulted in markedly decreased wakefulness and increased non-rapid eye

movement (NREM) sleep.!'”! Similarly, HiR knockout mice and wild-type mice treated with
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HiR antagonists exhibited disrupted sleep architecture, including prolonged NREM sleep and
reduced latency to NREM onset. In contrast, H3R KO mice displayed heightened
environmental and motivational arousal. Notably, HiR antagonists exacerbated slow-wave
sleep (SWS) in H3R KO mice, further underscoring the interplay between histaminergic HiR
and H3R signalling in sleep regulation.[!76:177]

These preclinical findings align with clinical observations, where H3R antagonists and inverse
agonists have demonstrated efficacy in improving excessive daytime sleepiness and cataplexy
in narcolepsy patients.

Several H3R antagonists and inverse agonists have shown promise in modulating sleep-wake
disorders, with pitolisant (L.33) standing out as the most clinically successful agent. Preclinical
studies demonstrate the efficacy of these compounds in animal models of sleep disturbances.
For instance, L.36 enhanced wakefulness and reduced both rapid-eye movement (REM) and
slow-wave sleep (SWS) in orexin knockout mice, as measured by EEG and EMG
recordings.!'*®! Similarly, L37 decreased NREM sleep and episodes of direct REM sleep onset

(1471 1t also successfully

(DREM), exhibiting notable anti-cataplectic effects in the same model.
completed Phase II clinical trial for the treatment of excessive daytime sleepiness in adult
patients with narcolepsy and is on track to enter the Phase III study.['%*! L38 also promoted
wakefulness by reducing SWS, though its effects were dose-dependent.!'* In spite of
favourable pharmacokinetic profile, an optimal dose of L38 could not be determined, as it
showed large individual variabilities in terms of safety and efficacy in a Phase II study.!!®%

Pitolisant (.33, Wakix®), a first-in-class clinically approved H3R inverse agonist, represents a
significant therapeutic advance. It enhances histaminergic neuronal activity, reduces abnormal
transitions from wakefulness to REM sleep, and promotes sustained wakefulness in hypocretin-
deficient mice. Approved in the EU in 2016 and the US in 2019 for narcolepsy with or without
cataplexy, pitolisant has demonstrated comparable efficacy to modafinil in alleviating
excessive daytime sleepiness. Clinical trials have confirmed its ability to improve wakefulness
in narcolepsy patients, and ongoing studies continue to explore its potential in managing

cataplexy and elucidating the broader role of histamine in sleep-wake regulation.['”17]

Cognitive impairments

Cognitive decline is a key feature of various neurological and psychiatric disorders, affecting
memory, reasoning, attention, and executive function. Cognitive function relies not on single
brain areas working in isolation, but on coordinated activity across interconnected cortical and

subcortical networks working together as an integrated system.!'®) While multiple
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neurotransmitter systems contribute to cognitive processes, the histaminergic system has
gained increasing attention for its role in modulating brain function. Among histamine
receptors, H3R plays a crucial role as both an autoreceptor and heteroreceptor, regulating the
release of histamine and other neurotransmitters. Given its involvement in synaptic plasticity,
wakefulness, and attention, dysregulation of H3R has been implicated in cognitive impairments
observed in neurodegenerative and neuropsychiatric diseases.

Alzheimer’s disease is the most prevalent neurodegenerative disorder worldwide. Its hallmark
features include the extracellular accumulation of insoluble amyloid-f protein (AB) that leads
to progressive loss of neurons in CNS areas involved in memory and cognition. This
neurodegeneration is accompanied by neurofibrillary tangles consisting primarily of
hyperphosphorylated tau protein.['®!! Among the brain regions affected by neurodegeneration
is the TMN of the hypothalamus, resulting in lower histamine content in various brain regions
including the hypothalamus, hippocampus, and temporal cortex, as evidenced by post-mortem

S.[182_184

analyses of AD patients’ brain I These alterations in the histaminergic system have been

recognized to contribute significantly to cognitive impairments in AD patients.[!80: 185
Preclinical investigations utilizing histamine receptor KO mouse models have consistently
revealed that disruption of histaminergic signalling results in significant deficits in learning
acquisition and memory consolidation.!'3¢] The observed reduction in histamine concentrations
within the brains of AD patients, coupled with diminished HiR activity, has underscored the
critical role of histaminergic neurotransmission in maintaining cognitive integrity. These
findings have catalysed the development of histamine H3R inverse agonists as promising
therapeutic candidates for addressing cognitive dysfunction in AD.[!87]

Parkinson’s disease is the second most prevalent neurodegenerative disorder after AD. It is
characterized by progressive dopaminergic neuronal loss in the substantia nigra and the
intracellular accumulation of misfolded a-synuclein (a-Syn) protein aggregates, known as

1881 The extensive histaminergic projections to the basal ganglia, coupled with

Lewy bodies.!
abundant histamine receptor expression throughout the striatum, indicate histamine’s
involvement in motor control circuitry. This neuroanatomical relationship suggests that
alterations in histaminergic neurotransmission may be implicated in the movement disorders
characteristic of PD pathology.['®! Although histamine production in the TMN remains
unchanged in PD patients compared to healthy controls, increased local release of histamine
has been observed in the substantia nigra and putamen regions.!'*"! This altered histaminergic

signalling may influence dopaminergic transmission and contribute to both motor and non-

motor symptoms of PD. Excessive daytime sleepiness affects up to 20% of PD patients,
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significantly impacting their quality of life.[""!]

Several case reports have documented
successful treatment of narcolepsy comorbid with PD using pitolisant (L33), a selective
histamine H3R inverse agonist/antagonist. Importantly, these treatments did not exacerbate
neurodegeneration, suggesting that modulating histaminergic transmission may represent a
viable therapeutic approach for addressing sleep disturbances in PD without compromising
neuronal integrity.'%%

Schizophrenia is a complex neuropsychiatric disorder traditionally associated with
neurotransmitter imbalances, predominantly in the dopaminergic system. However, growing
evidence suggests that dysregulation of the histaminergic system also contributes to several
features of SCH. Notably, increased H3R expression has been documented in the prefrontal

193

cortex of SCH patients!!”3! Despite promising preclinical results with H3;R antagonists in

ameliorating SCH-like symptoms in animal models! %% %3]

, these findings have not translated
successfully to clinical applications. Several clinical trials with potent H3R antagonists/inverse
agonists have yielded disappointing outcomes. L39 failed to demonstrate significant
improvement in cognitive impairments in a Phase II clinical study.['**! L35 not only lacked
pro-cognitive effects but also increased the incidence of psychosis- and sleep-related adverse

157

events.[>”) L40 similarly failed to demonstrate superiority over placebo in improving cognitive

function in schizophrenia patients.[!%]

Attention deficit hyperactivity disorder is a neurodevelopmental condition characterized by
persistent patterns of inattention, hyperactivity, and impulsivity that interfere with functioning
and development. The pathophysiology of ADHD involves dysregulation in dopaminergic and

[19] Given the modulatory role of H3R on multiple

noradrenergic neurotransmission systems.
neurotransmitter systems, H3R antagonists emerged as potential therapeutic candidates. While
preclinical studies demonstrated promising effects of H3R antagonists on ADHD-like

197. 1981 " clinical translation has been disappointing. Notably, L42,

symptoms in animal models!
a selective H3R antagonist, failed to demonstrate efficacy in clinical trials involving adults with
ADHD.!"*!

Tourette’s syndrome represents another neurodevelopmental disorder characterized by
persistent motor and vocal tics — sudden, rapid, recurrent, nonrhythmic movements or
vocalizations. The discovery of a rare mutation in the HDC gene in patients with Tourette’s
syndrome established a compelling link between histaminergic neurotransmission and this
condition. This genetic evidence positioned H3R antagonists as promising therapeutic

200, 201

candidates.! I However, a phase II study evaluating safety and efficacy of the H3R

antagonist L41 in adults with Tourette’s syndrome was terminated.?%?!
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Prader-Willi syndrome is a rare genetic disorder characterized by hypotonia, hyperphagia,
obesity, excessive sleepiness and cognitive impairments. A recent case reports on the use of
pitolisant (L33) in pediatric PWS patients that led not only to improvements in excessive
daytime sleepiness, but also in cognition?®)], inspired interest in epigenetic approaches that
combine H3R antagonism/inverse agonism with inhibitors of G9a methyltransferase with the
aim of restoring expression of the candidate PWS genes on the maternally inherited

204

chromosome®®¥. This positive effects stimulated the initiation of Phase III clinical trial

assessing efficacy and safety of L33 in patients with PWS.[20%]
1.6 Histamine H4 Receptor

The histamine H4R is the most recently identified member of the histamine receptor subfamily,
discovered in the early 2000s through genomic database mining that leveraged its sequence
homology with the previously cloned H3R.[?%24-27- 2061 The gene encoding H4R, consists of 3
exons and 2 large introns, is found on the long arm of chromosome 18 chromosome, locus
11.12%) The receptor protein exists in multiple molecular forms: the monomeric form has a
molecular weight of 44-46 kDa, varying based on post-translational modifications, while the
receptor also assembles into dimeric (85kDa) and oligomeric (>250 kDa) configurations.?>-2%7]
Structural understanding of H4R advanced significantly in 2024 with the resolution of several
high-resolution cryo-electron microscopy structures. These revealed key features of the
receptor’s ligand-binding pocket, activation mechanism, and G protein coupling interface,
providing a crucial framework for rational ligand design and selective drug targeting.!>> 3%

The H4R signal transduction cascade primarily operates through coupling with Gai/ proteins,
initiating multiple downstream signalling pathways. Upon receptor activation, the Gai/o protein
inhibits AC, resulting in decreased cAMP production and subsequent inhibition of downstream
cellular events.[>* 26: 27- 206] The stimulation of HuR also leads to the activation of MAPK
pathways.!*?] Additionally, the GBy subunit, released from the HsR-Goio complex following
receptor engagement, triggers the PLC signalling cascade, culminating in IP3-mediated
elevation of intracellular calcium levels.[?%® 2% The receptor’s signalling repertoire extends to
Janus kinase (JAK)/signal transducer and activator of transcription (STAT) pathway, which
modulates tumour necrosis factor-a. (TNF-a)) and nuclear factor kB (NF-kB) activities.[*!"]
Furthermore, H4R activation induces the phosphorylation of ERK and PI3K, contributing to its

diverse cellular effects.*'!]
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The H4R exhibits a distinctive tissue distribution pattern that primarily encompasses cells of
hematopoietic origin, with particularly high expression levels in mast cells, eosinophils,

(207, 212-214] Thjg distribution profile

basophils, dendritic cells, T lymphocytes, and neutrophils.
strongly indicates the receptor’s crucial role in immune system regulation and inflammatory
responses. Beyond immune cells, H4R expression has been detected in various tissues including
the spleen, thymus, small intestine, colon, heart, and skin.!?* 47-215-216] The activation of HsR
triggers multiple cellular responses, including chemotaxis of mast cells and eosinophils,
modulation of cytokine and chemokine production, T cell differentiation, and dendritic cell
activation.?!”! These effects position the H4R as a key mediator in various pathophysiological

conditions, including allergic responses, pruritus, autoimmune disorders, and inflammatory

diseases such as rheumatoid arthritis and asthma.[?!7-218]

1.6.1 Overview of H4R Ligands

Given the H4R’s significant role in immune regulation and inflammatory processes,
considerable efforts have been devoted to developing selective ligands targeting this receptor.
The structural and functional relationship between H4R and H3R has enabled the discovery of
numerous dual-acting compounds, while also driving the development of highly selective H4R
modulators.

Numerous imidazole-containing ligands of the H3R (Figure 8), such as (R)-a-methylhistamine
(L22), imetit (L.25), immepip (L.26), and clobenpropit (L30), also exhibit H4R agonists activity.
Conversely, the H3R neutral antagonist thioperamide (L.29) acts as an inverse agonist at the
H4R .12 27- 381 Early H4R agonists (Figure 10) included methylcyanoguanidine derivatives of
tetrahydrofuranylimidazoles, such as OUP-16 (L.43), though 4-methylhistamine (L10) remains
the most selective agonist reported.*® 2%} Structural modifications of dimaprit led to VUF-8430
(L44), a full H4sR agonist with 30-fold H3R selectivity.”?”) The aminopyrimidine ST-1006
(L45) is among the most potent H4sR agonists (PEC50 = 8.95) identified to date.[**!]
INJ-7777120 (L46), a non-imidazole indole carboxamide, was the first selective H4R

g [222-227

antagonist and a key tool compound in preclinical studie I However, its clinical

advancement was hindered by suboptimal pharmacokinetic and pharmacodynamic

2281 Qeveral other H4R antagonists entered clinical trials for inflammatory and

properties.|
allergic conditions, including atopic dermatitis, pruritus, asthma, rheumatoid arthritis, and
vestibular disorders. Toreforant (JNJ-38518168, L.47), the first oral H4R antagonist, progressed
to Phase II trials for rheumatoid arthritis but was discontinued due to lack of efficacy.?* 23]

Similarly, Phase II trials in persistent eosinophilic asthma failed to demonstrate therapeutic
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benefit!?3!: 2321 while a trial for moderate-to-severe plaque psoriasis was completed without
published results.?**] INJ-39758979 (1.48) reached Phase II trials for theumatoid arthritis and
uncontrolled asthma but was withdrawn due to safety concerns.[?**23%! In contrast, the oral H4sR
antagonist adriforant (ZPL3893787, L49) showed promising efficacy in improving
inflammatory skin lesions in atopic dermatitis with favourable safety in Phase II trials.?*¢]
Selifornat (SENS-111, L50), tested for acute unilateral vestibulopathy, was safe and
well-tolerated but did not meet its primary endpoint.*”] Another H4sR antagonist, izuforant
(LEO 152020, L51), was evaluated in a Phase Ila trial for cholinergic urticaria but showed no
significant improvement over placebo.?**! Despite extensive research, no H4R ligands have yet

achieved clinical approval.
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Figure 10. Selected representatives of H4R agonists (L43-L45)12!% 2392401 and antagonists (L46-L51).1222 241-244]
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1.7 Multi-target Directed Ligands

For over a century, drug development efforts have been dominated by highly selective drugs
targeting single molecular pathways. This traditional ‘“single-drug, single-target,
single-disease” paradigm was reinforced by the correlation between adverse effects and
unintended “off-target” interactions.[>*>! While this approach has yielded numerous successful
therapeutics, the enhanced understanding of complex multifactorial diseases has challenged the
efficacy of single-targeted interventions. Treatment protocols often require multiple
single-targeted drugs affecting different mechanisms, whether combined in a single
formulation or administered separately, which presents challenges in patient compliance and
introduces complex pharmacokinetic and pharmacodynamic profiles.[>*¢! The limitations of
existing therapeutic options for multifactorial diseases, such as neurodegenerative!?*’2*1 and

250-252]

psychiatric  disorders! , cancer?>32%1,

(256258] " metabolic and

infectious diseases
cardiovascular disease!**>2°!!, have driven medicinal chemists to explore new strategies. This
has led to the development of single-compound drugs capable of acting on multiple targets,
introducing the concept of multi-target directed ligands (MTDLSs) to the field.*) MTDLs are
specifically designed to address complex diseases by simultaneously modulating multiple
targets involved in their pathogenesis.!?6% 263!

The design of MTDLs encompasses two primary approaches: screening-based and

2621 Screening-based approaches involve the systematic

knowledge-based methodologies.!
evaluation of large compound libraries to identify candidates with potential activity on multiple
targets. While effective, compounds identified through this method typically require
optimization to achieve well-balanced affinity profiles across all targets of interest.?*] The
knowledge-based approach leverages understanding of common pharmacophore elements to

design multi-targeted compounds. Based on their molecular and pharmacophore architecture,

MTDLs can be classified into three distinct categories: linked, fused, or merged structures

(Figure 11).[26%]

Linked pharmacopores Fused pharmacophores Merged pharmacophores

Figure 11. Design strategies of multi-target directed ligands.
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The linking of pharmacophores through stable or biodegradable linkers represents the most
straightforward strategy to combine multiple pharmacophores into a single molecular entity.
While this approach allows minimal modifications to original pharmacophores, the resulting
MTDLs are typically large molecules that often present challenging pharmacokinetic

2651 The second class of MTDLs emerges from the direct fusion of two small bioactive

profiles.
molecules, eliminating the need for linkers.?®*) Fused pharmacophores prove particularly
advantageous when molecular targets share limited similarity, as this approach maintains the
structural features responsible for activity on all targets while keeping the resulting molecule
compact.?®)  The most sophisticated MTDL design strategy involves merged
pharmacophores.[?%?! In this approach, individual pharmacophore features are consolidated into
a unified pharmacophore capable of acting on all targets of interest, with the prerequisite that

the pharmacophores of molecular targets share structural commonalities.*®"]
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Figure 12. MTDLs designed by integrating the H3R pharmacophore (highlighted in blue) with pharmacophore
elements from other receptors (L52—L54) and transporters (LS55 and L56).

The regulatory role of H3R on various neurotransmitters has driven numerous successful
initiatives incorporating H3R pharmacophore into MTDLs for treating neurodegenerative
disorders. Research demonstrates successful integration of H3R pharmacophore with
pharmacophoric elements from diverse targets, including GPCRs, transporters, enzymes, and
other disease-modifying components.[?®*! Notable examples include the fusion of H3R ligand

fragments with neuroleptics, creating multi-acting antipsychotic compounds that target H3R,
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DR, and D3R simultaneously (L52, Figure 12).2°] Through screening-based approaches,
researchers identified a ligand exhibiting high affinity for both H3R and serotonin 4 receptor
(5-HT4R), showing promise in addressing AD symptoms (L53, Figure 12).268! The
combination of H3R pharmacophore with melatonin structural elements has also yielded
promising results, given the therapeutic potential of both compounds in cognitive and
neurodegenerative disorders. This approach produced a ligand demonstrating submicromolar
affinity for HsR and melatonin receptors (MTiR and MT2R) (L54, Figure 12).*%°! Beyond
receptors, H3R pharmacophore has been successfully combined in MTDLs targeting

270] and

transporters such as serotonin reuptake transporter (SERT) (L55, Figure 12)
norepinephrine transporter (NET) (L56, Figure 12).[271]

Prominent MTDL representatives incorporate neurotransmitter-catabolizing enzymes
alongside H3R as intended targets, strategically designed to increase neurotransmitter levels
through both inverse agonism on H3R and inhibition of neurotransmitter-inactivating enzymes.
Consequentially, in addition to H3R, some of the members act on HNMT (L57, Figure 13)1?72],

AChE and BChE (L58, Figure 13)?7*], or even ChE and MAO (L59, Figure 13).[274]

/N pHS
X | N
. A
NH N >SN N o N
H,C _\\
/\/\o CH

C

L57 L58 L59
hH,R K; = 0.1 hH;R K, = 159.8 nM © hH;R K; = 10.8 nM
NMHT IC, = 51 hAChE IC5, = 480 nM hAChE ICs, = 530 nM

eqBChE IC5, = 440 nM hBChE IC5, = 1690 nM

hMAO-A ICs5, = 145 nM
hMAO-B IC5, = 78 nM

Figure 13. MTDLs designed by integrating the H3R pharmacophore (highlighted in blue) with pharmacophore
elements from enzymes (L57-1L59).

Building on the promising outcomes of MTDLs incorporating H3R pharmacophores —
particularly in the treatment of neurodegenerative and psychiatric disorders — there is growing
interest in expanding the multi-target approach to include epigenetic modulators. Given the
complex interplay between neurotransmitter regulation and gene expression, integrating
epigenetic targets such as the histone methyltransferase G9a offers a compelling strategy to

further enhance therapeutic efficacy.
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1.8 Epigenetic Regulation Through G9a Methyltransferase

Epigenetics is branch of genetics concerned with reversible environmental and heritable
modifications in gene expression that occur without alterations to the underlying DNA
nucleotide sequence.l?””! Epigenetic mechanisms that regulate transcriptional activity include
DNA methylation, which typically occurs at the 5-carbon of cytosine and is the only epigenetic
modification that directly affects DNA, posttranslational modifications of nucleosomal histone
proteins, and the activity of non-coding RNAs.[>7°!

The dynamic nature of epigenetic regulation relies on three main classes of proteins: writers,
readers, and erasers. Writers catalyse the addition of chemical modifications, readers recognize
and interpret these modifications, and erasers remove them, collectively enabling precise
control of gene expression.?’”]

Post-translational modifications transform histones into dynamic transcription regulators
through a diverse repertoire of chemical alterations, including acetylation, methylation,
phosphorylation,  ubiquitination, =~ SUMOylation, = ADP-ribosylation, citrullination,
glycosylation, hydroxylation, and isomerization.?’”®! The most prominent among them are
acetylation and methylation. The acetylation status of histone proteins is dynamically
controlled by two opposing enzyme families: the writer enzymes known as histone
acetyltransferases (HATs), and the eraser enzymes called histone deacetylases (HDACsS).
Acetylation of lysine residues promotes transcriptionally active euchromatin, while

(271 This reversible

deacetylation facilitates heterochromatin formation and gene silencing.
acetylation serves as a mechanism for regulating chromatin structure and gene expression.
Histone methylation represents an important class of epigenetic marks that can lead to either
transcriptional activation or repression.[?) This process is catalysed by a class of writer
enzymes known as histone methyltransferases (HMTs) and occurs on specific lysine (K) or
arginine (R) residues. Accordingly, histone methyltransferases are categorized into two distinct
groups: histone lysine methyltransferases (PKMTs) and protein arginine methyltransferases
(PRMTs).[281] Lysine residues can be mono-, di- or trimethylated, while arginine residues can
accommodate either one or two methyl groups.*®*) PKMTs are further divided into two
families: SET lysin methyltransferases!?33], constituted of majority of PKMTs, and the 7
B-stranded methyltransferases, also known as class I family.2%%

The prominent SET-containing PKMT G9a (also designated as euchromatic histone-lysine N-
methyltransferase 2 (EHMT?2), lysine methyltransferase-1C (KMT1C), and HLA-B-associated

transcript 8 (BATS8))1*”7), emerges as the strategic target for the MTDLs designed in this
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doctoral thesis. G9a shares significant structural and functional homology with its paralog GLP
(G9a-like protein, also known as EHMT1).?%3] These enzymes form heterodimeric complexes
in vivo and often work cooperatively in mediating H3K9 methylation, though they can also
function independently. %]

The G9a is encoded by a gene located on the short arm of chromosome 6 (6p21.33).12861 It exists
in two isoforms: a full-length product comprising 1210 amino acids (isoform A) derived from
24 exons, and splice variant with 1176 amino acids (isoform B) emerging from excision of
exon 10.2771 Seemingly, both isoforms share similar catalytic activity and ubiquitous tissue
distribution, but vary in their relative ratio.[?87 28]

The functionality of G9a is determined by distinct structural domains (Figure 14). The SET
domain (Su(var)3-9, Enhancer-of-zeste and Trithorax) represents the signature feature of both
G9a and the entire PKMT family. This evolutionarily conserved domain, located at the
C-terminal region, consists of B strands folded into three sheets forming a characteristic
knot-like structure.”®”! The SET domain executes methyltransferase activity and mediates
protein-protein interactions.!**¢! Pre-SET and post-SET regions flank the catalytic core,
providing structural stability and enabling substrate and cofactor binding.[**"! Four zinc finger
motifs, coordinated with cysteine residues from pre-SET and CRR domains, ensure proper

281, 291

protein folding and enzymatic activity.! 1 The ankyrin repeat domain functions as both a

reader domain and binding module, specifically recognizing and binding mono- and

dimethylated K9 residues.***]

Recognition of
H3K9me1 and H3K9me2
A AL

r N r ]

AD E NLS CRR ANK Pre-SET SET Post-SET

Catalytic activity

0 . 300 323 341 348 430 540 649 879 970 1037 1159 1180 1210
N-terminus C-terminus

Figure 14. Schematic representation of G9a regions from N- to C-terminus: AD — activation domain, E — Glu-
rich region, NLS — nuclear localization signal, CRR — Cys-rich region, ANK — ankyrin repeats region, and catalytic

SET domain surrounded by Pre- and Post-SET regions.

G9a enzyme exhibits preferential methylation activity at the K9 residue on histone H3’s
N-terminal tail (Figure 15). The enzymatic reaction proceeds through the transfer of methyl
groups from the cofactor S-adenosyl methionine (SAM) to the e-amino group of the K9 residue.
This results in either mono- or dimethylated products (H3K9mel or H3K9me2), which are the
predominant catalytic outcomes.!?8!: 292 291 While trimethylation (H3K9me3) can occur, it is

only detected after extended incubation periods and represents a minor product.!?*4
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Figure 15. Schematic representation of G9a activity. The methyl group is transferred from S-adenosyl methionine

(SAM) to K9 residue, producing S-adenosyl homocysteine (SAH) in the process.

Beyond its primary H3K9 methylation activity, G9a demonstrates broad substrate specificity
across multiple targets. Within histones, G9a methylates additional lysine residues on H3 and
other histone proteins, triggering distinct cellular responses (Table 2). The enzyme’s versatility
extends to non-histone substrates, where it methylates lysine residues in transcription factors,
chromatin remodelling factors, and transcriptional coregulators.*’”! This broad substrate
recognition profile establishes G9a as a multifunctional methyltransferase in cellular

regulation.

Table 2. Histone substrates of the G9a enzyme and the corresponding cellular effects of their methylation. Adopted

from POULARD et al.?”"]

Histone substrates Sites Cellular responses References
Histone H3 H3K9 Transcr1pt1ona.1 repression (295, 296]
Heterochromatin formation
Histone H3 H3K27 Transcrlptlona.l repression [296]
Heterochromatin formation
Histone H3 H3K56 DNA replication (2971
Histone H1.2 H1.2K187 unknown (298]
Histone H1 .4 H1.4K26 Transcriptional repression 298, 209]

Chromatin structure

G9a’s methylation imprint is primarily recognized by transcriptional repressors, establishing

its key role in gene silencing.*% 3!l The ankyrin repeat domains specifically recognize H3K9

methylation marks and function as anchoring platforms for corepressor recruitment.[>?]

Interestingly, G9a exhibits dual functionality - while it primarily acts as a repressor, it can also
serve as a coactivator when recruited to promoter or enhancer regions, thereby contributing to

positive regulation of gene expression.??2-307]
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1.8.1  Role of G9a in Selected Neurodegenerative Disorders

G9a methyltransferase has been extensively studied as a molecular target and disease

modulator across diverse pathological conditions, demonstrating significant therapeutic

[285,308, 309] §[310,311]

potential in multiple cancers , autoimmune and inflammatory disease ,as well
as neuropsychiatric disorders.?®!: 3121 The convergence of G9a methyltransferase and histamine
H3R pathways in neuropsychiatric disorders represents a compelling area of investigation, as
both molecular targets demonstrate significant involvement in cognitive function, arousal
states, and memory formation. Their overlapping therapeutic indications, particularly in
conditions such as AD, PD, SCH, and PWS, highlight the potential for innovative therapeutic
approaches targeting both pathways simultaneously.

Elevated G9a levels in AD brain correlate with increased H3K9me2 methylation marks and

313]

higher AP concentration.[’!% Pharmacological inhibition of G9a demonstrates

314] Studies on animal

improvements in AB-induced deficits of long-term synaptic plasticity.!
models of AD reveal a direct correlation between elevated G9a expression in the prefrontal
cortex and reduced glutamate receptor transcription. Notably, G9a inhibition effectively
reverses these methylation marks and restores glutamate receptor expression, leading to
substantial improvements in recognition, working, and spatial memory.l*'3! Further studies
using mouse models demonstrate that G9a inhibition results in significant reduction of Af

312,315

plaques.! I Additionally, G9a inhibition shows effects in ameliorating neuroinflammation

through modulation of glia maturation factor p and NF-kB signaling pathways.[*!?!

Studies demonstrate that a-Syn overexpression, a key molecular marker in PD, upregulates
G9a mRNA expression, leading to elevated levels of the repressive histone modifications
H3K9mel and H3K9me?2. Treatment with a G9a inhibitor effectively restored the expression
of affected genes, including SNAP25, which facilitates synaptic vesicle trafficking.'® In
addition, G9a appears to contribute to PD pathophysiology through its effects on oxidative
stress and neuroinflammation, known drivers of neurodegenerative disorders.?%!]

Recent studies highlight the strong association between SCH and epigenetic modifications in
genes essential for neurotransmission, neurodevelopment, and immune regulation.(*!”]
Postmortem analysis of the parietal cortex from SCH patients revealed elevated G9a expression

[318] Similar alterations

and corresponding increases in H3K9me?2 repressive methylation marks.
were observed in peripheral blood mononuclear cells from SCH patients, which normalized

following G9a inhibitor treatment.!*!*]
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Prader-Willi syndrome is a neurodevelopmental disorder characterized by the absence of
paternally expressed genes on chromosome 15, primarily due to deletion. While affected
individuals carry functional genes on the maternally inherited chromosome, these genes remain
epigenetically silenced.*?”) G9a inhibitor treatment successfully reactivated PWS-associated
genes on the maternal chromosome, both in patient-derived cells and PWS mouse models.*?!]
Recent investigations of the potent G9a inhibitor A-366 revealed its high affinity for H3R,
suggesting therapeutic potential through simultaneous G9a and H3R targeting.?°*l This
dual-targeting approach is particularly promising given that the H3R inverse agonist pitolisant

(L33) improved cognitive function in PWS patients.[>*]

1.8.2 Overview of G9a Inhibitors

In the nearly two decades since the discovery of the first G9a inhibitor, BIX-01294 (L60, Figure
16)P221] researchers have explored a diverse range of structural scaffolds in search of novel,
efficacious, and safe G9a inhibitors. While quinazolines (L60-L62)"2% 3241 and quinolines
(L63)13%5-327] dominate this space, the structural diversity extends to benzodiazepines (L64)?%!,
amino-indoles (L65)P?°!, and 2,4-diamino-6-methylpyrimidines (L66 and L67)***!, among
others. Based on their mechanism of action, G9a inhibitors can be classified into three distinct
categories (Figure 16): substrate (protein) competitive (L.60-L67), SAM cofactor competitive
inhibitors (L68 and L69, Figure 16), and Zn>" ion ejectors (L70-L72).533"

The first category comprises substrate (protein) competitive inhibitors (L60-L67), which
directly bind to G9a’s histone binding site, specifically targeting the substrate site while leaving
the SAM binding pocket unaffected. The molecular structure of L60 served as a crucial
template for developing the highly selective and potent UNC series. While initial UNC
compounds showed limited cellular potency due to pharmacokinetic constraints, subsequent
optimization led to cell-active compounds like L61 and L62. X-ray crystallography of the
G9a-L61 complex revealed that the (3-pyrrolidine-1-yl)propoxy side chain occupies a narrow
lysine binding channel, significantly enhancing potency.**!> 3! This structural insight
influenced subsequent designs (LL63-L67), which retained this key fragment while exploring
different core scaffolds.

The second category includes SAM cofactor competitive inhibitors (.68 and L.69), which bind
to G9a’s SAM-binding site, preventing SAM from providing methyl groups to G9a’s substrates
and thus blocking methyltransferase activity. However, they generally exhibit lower potency
compared to substrate competitive inhibitors and face selectivity challenges due to high

homology of SAM binding sites among methyltransferases.**]
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The third category consists of zinc ejectors including clinically used compounds such as
disulfiram (L70), ebselen (LL71), and cisplatin (L72), which inhibit G9a at low micromolar to
submicromolar concentrations. While these compounds show lower potency and selectivity
compared to the other two classes, they benefit from established clinical applications of some

representatives.[*!]
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Figure 16. Selected representatives of G9a inhibitors (LL60-L72) categorized by their mechanisms of action, along

with their corresponding ICsg values.
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Despite promising therapeutic potential, G9a inhibitors have faced challenges in
pharmacokinetics and safety that have prevented their progression to clinical trials.[33% 333 3341
This situation presents both a challenge and an opportunity for continued drug development
efforts to bring the first successful G9a inhibitor to market.

The exploration of G9a as a secondary target for H3R-based MTDLs highlights the potential of
addressing epigenetic mechanisms in neurodegeneration. However, the complex
pathophysiology of neurodegenerative disorders extends beyond chromatin modifications to
encompass multiple cellular pathways and regulatory mechanisms. Leucine-rich repeat kinase
2 (LRRK?2) emerges as a particularly compelling target for integration with H3R modulation,

given its prominent role in neurodegeneration and its involvement in cellular processes that

complement histaminergic neurotransmission.
1.9 Leucine-rich Repeat Kinase 2

Leucine-rich repeat kinase 2 (LRRK2) is a multifunctional member of the ROCO protein
family that combines the defining ROCO family GTPase activity with serine-threonine kinase

335, 336

function.! I Identified in 2004, LRRK?2 has since become the most frequently associated

causative gene in both familial and sporadic cases of PD.*37-338] This large protein consists of
2527 amino acids encoded by 51 exons of the LRRK2 gene, located on chromosome 12.[33733]
The LRRK2 enzyme exhibits a complex architecture with seven distinct domains arranged
sequentially (Figure 17): the N-terminal armadillo repeat region (ARM), ankyrin-like domain
(ANK), leucin-rich repeat (LRR), Ras of complex (ROC) GTPase domain, C-terminal of ROC
(COR) domain, kinase (KIN) domain and Trp-Asp-40 (WD40) domain at the C-terminus.>*%

3411 The ROC-COR and kinase domains form the catalytic core responsible for enzymatic

activities, while the ARM, ANK, LRR, and WD40 domains mediate protein-protein

: . 342
interactions.[**?!
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Figure 17. Domain architecture of LRRK2 protein showing the sequential arrangement from N- to C-terminus.
Key functional domains are illustrated with their established roles, highlighting predominant pathogenic mutations

within the catalytic core regions.
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LRRK2, a key player in PD pathology, exhibits distinct expression patterns across neural
tissues, with notable presence in the cerebral cortex, hippocampus, and substantia nigra pars

[343-345] While neurons are its primary site of expression, LRRK2 also functions in

compacta.
glial cells, particularly astrocytes and microglia, where it modulates neuroinflammatory
responses.**$! Beyond the nervous system, LRRK2’s presence in liver, lungs, kidneys, heart,
and immune cells points to its fundamental role in cellular homeostasis across multiple
tissues.[*46348] At the molecular level, LRRK2 undergoes sophisticated regulation through
dynamic cycling between monomeric and dimeric states (Figure 18, A-F). The protein
predominantly exists as a GTP-bound inactive monomer, stabilized through direct interaction
with the 14-3-3 adaptor protein (A). This crucial protein-protein interaction is precisely
controlled by the phosphorylation status of two regulatory residues - Ser910 and Ser935 -
positioned between the ANK and LRR domains of LRRK2. While phosphorylation promotes
stable complex formation, dephosphorylation triggers complex dissociation.**” The activation
cycle of LRRK?2 involves specific Rab GTPases, like Rab29, which guide monomeric LRRK?2
to distinct membrane compartments (B).***) Upon membrane recruitment, GTP hydrolysis
drives the accumulation of GDP-bound LRRK2 monomers (C). The local concentration of
these GDP-bound monomers facilitates dimerization, leading to enhanced kinase activity
(D).1*3! The activated kinase then phosphorylates a specific subset of 14 Rab proteins, with
Rab8A, Rab10, and Rab29 being key targets in vesicular transport regulation (E).1*°2 3331 The

dimeric LRRK2’s low GDP affinity promotes GTP exchange, triggering monomerization and

subsequent cytosolic redistribution, thus completing the regulatory cycle (F).1*>¥

‘ GDP/GTP exchange
_—
Active kinase @ @
B LRRK2 C complex D F
\, Phosphorylation :Rab P
& E
Rab )P ’ Translocation to cytosol
<
Membrane recruitment Monomerization

14-3-3
A

Figure 18. Dynamic regulation of LRRK2 through monomer-dimer cycling and membrane recruitment. GDI —

GTP dissociation inhibitors.
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LRRK?2 kinase regulates multiple cellular processes through phosphorylation of diverse
substrates, affecting cytoskeletal dynamics, protein expression, synaptic function, and

membrane trafficking.[3%%!

1.9.1 Role of LRRK2 Enzyme in Parkinson’s Disease

Point mutations in the LRRK2 gene represent the most common genetic cause of familial,
autosomal-dominant PD and constitute a significant risk factor for sporadic PD.3¢ 3571 Of the
numerous mutations identified, seven pathogenic variants are definitively associated with PD
(Figure 17): N1437H and R1441C/G/H variants in the ROC domain, Y1699C in the COR
domain, and G2019S and 12020T in the kinase domain.’>® These mutations cluster within the
catalytic core (ROC-COR-kinase domains), disrupting enzymatic functions. The G2019S
variant, found in 3 — 19% of familial and 1 — 6% of sporadic PD cases®**], increases kinase
activity 2- to 3-fold via structural destabilization of the activation loop, promoting excessive

360,361] In contrast, the 12020T mutation exhibits conflicting effects:

substrate phosphorylation.!
in vitro studies report elevated autophosphorylation but reduced phosphorylation of substrates
like Rab GTPases, suggesting mutation-specific substrate preferences or regulatory crosstalk
between GTPase and kinase domains.*¢!-3621 R1441C/G/H and Y 1699C mutations impair GTP
hydrolysis, stabilizing LRRK?2 in its active GTP-bound state and indirectly elevating kinase

[363] Collectively, pathogenic mutations drive LRRK?2 kinase hyperactivation, resulting

activity.
in aberrant phosphorylation of physiological substrates and downstream cellular
dysfunction.[3%4]

In PD, pathological alterations stemming from LRRK2 activity manifest in vesicle trafficking,
neurotransmitter release, cytoskeleton dynamics, autophagy, lysosomal/mitochondrial
functions, and immune/microglial response.’*!! LRRK2 exacerbates a-Syn neurotoxicity
through kinase-dependent effects on a-Syn aggregation and clearance. While kinase inhibition
reverses neurotoxicity in G2019S transgenic models, it fails in non-transgenic models,
implying that LRRK?2 hyperactivation may not be central to a-Syn toxicity in idiopathic PD.[*%]
Additionally, LRRK?2 disrupts synaptic vesicle endocytosis by impairing interactions between
synaptic proteins via hyperphosphorylation*®), leading to altered dopamine metabolism and
accumulation of oxidized dopamine species with pathogenic effects.l*”l LRRK2 also regulates
neuroinflammation by modulating calcineurin pathways, activating AGE-RAGE/NF-xB
signalling, and controlling microglial responses.*®®! Beyond inflammation, LRRK?2 affects

mutations like G2019S impair a-Syn clearance in astrocytes and microglial®*® 37 and

compromise cellular stress responses by disrupting autophagy and oxidative stress
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management, contributing to neurodegeneration via glial dysfunction.?”!! Mitochondrial and
endoplasmic reticulum dysfunction in PD are further exacerbated by LRRK2’s disruption of
calcium homeostasis and mitochondrial lifecycle regulation. Mutations such as G2019S,
Y1699C, and R1441C worsen mitochondrial/endoplasmic reticulum Ca?" imbalance, while
G2019S and R1441G inhibit mitophagy.*’>37"] The enzymatic core of LRRK2 alone reduces
mitochondrial biogenesis.*’®) Rab GTPases are central to LRRK2-associated PD pathology:
Rab5 and Rab35 contribute to o-Syn toxicity via defective endosomal formation¢% 3771,
Rab5/7/10 disrupt clathrin-mediated endocytosis*’®], and Rab10/29 drive lysosomal stress and

autolysosome defects.[37%- 3801

1.9.2 Overview of LRRK2 Inhibitors

The understanding of LRRK?2’s role in PD pathology established LRRK?2 enzyme as a valuable
therapeutic target. Research efforts focused on developing small molecule inhibitors with
optimal potency, selectivity, and pharmacokinetic profiles. The search for effective LRRK2
inhibitors began by screening kinase inhibitors from cancer research, leading to the
identification of several non-selective kinase inhibitors (Figure 19), including

381]

staurosporine (L73)**!! and sunitinib (L74)1*%2]. These pan-kinase inhibitors demonstrated

limited potency and insufficient BBB permeability.[*83 384

Screening kinase inhibitor libraries led to the discovery of the first LRRK?2 inhibitors with
enhanced selectivity (Figure 19). These compounds featured a diaminopyrimidine scaffold,
with LRRK2-IN-2 (L75) showing potency against both wild type and G2019S-LRRK?2 while
inhibiting only 12 out of 440 tested kinases.*** Despite its improved selectivity, L75 exhibited
poor BBB permeability and was later associated with significant off-target effects in
inflammatory pathways.!**¢! Similarly, CZC-25145 (L76) displayed comparable potency and

387 The related compound

selectivity but also suffered from inadequate BBB permeability.
TEA684 (L77) achieved BBB penetration but at the cost of reduced kinase selectivity.*®]

Optimization of this scaffold led to HG-10-102-01 (L78), which combined improved potency
and selectivity. Molecular modelling studies revealed that small substituents on the phenyl ring,
such as methoxy groups, were critical for enhancing kinase selectivity.’®”) Notably, L78
became the first LRRK2 inhibitor to demonstrate efficacy in the mouse brain following
intraperitoneal administration.*"] Subsequent structural modifications of L78 yielded
GNE-7915 (L79), which incorporated a C-5 trifluoromethyl group to enhance potency and
pharmacokinetic properties, a fluorine atom at the C-2 position of the phenyl ring to improve

selectivity, and a C-4 aminoethyl substitution to prevent N-demethylation metabolism.!33% 3911
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Further innovation through bioisosteric replacement of the aniline moiety with aminopyrazole
led to a novel series of potent LRRK?2 inhibitors.?**>) Among these, GNE-0877 (L.80) emerged
as a standout candidate, maintaining high selectivity, potency, and favourable pharmacokinetic
properties while addressing residual challenges such as undesirable CYP enzyme inhibition

and induction.%?!
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Diaminopyrimidine-based inhibitors

Figure 19. Chosen representatives of non-selective (73 and L74) and diaminopyrimidine based LRRK2
inhibitors (L75-L80).

The significant focus on diaminopyrimidine-based inhibitors reflects their historical
importance in LRRK2 drug discovery. These compounds were among the first to demonstrate

potent and selective LRRK?2 inhibition, paving the way for extensive optimization efforts and
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serving as foundational tools for understanding LRRK?2 biology. While diaminopyrimidines
remain valuable scaffold, the landscape of LRRK2-targeting therapies has expanded to include
diverse modalities. Beyond diaminopyrimidines, researchers have successfully developed
LRRK2 inhibitors incorporating diverse heterocyclic scaffolds (Figure 20). Notable examples
include N-arylbenzamides (L81)3%Y pyrrolopyrimidines (L82)% [1,2,4]triazolo[4,3-
blpyridazines (L83)3°%, indolinones (L.84)1*°7) quinolines (L85)"%, indazoles (L86)"*** and
aminoquinazolines (L87)!%’l. The representative compounds depicted in Figure 20 serve to
highlight the diverse chemical space of LRRK2 inhibitors. These structures are the result of
extensive optimization efforts, guided by advances in molecular modelling and enriched by
SAR analyses. Key optimization criteria included improvements in potency, selectivity, and

pharmacokinetic properties, as evidenced by studies detailed in references. 342 348 384, 401, 402]

(o) Br
_ NC [ j
o/\ o} N o OH
0H \)N 0)\[3 N A cl O o Br
N
N @ 1/\% g N
/\© H N CH; N H
L81 L82 (PF-06447475) L83 L84

WT LRRK2 IC5 = 39.8nM  WT LRRK2 ICs0 = 3 nM WT LRRK2 ICs5o = 146 nM  WT LRRK2 IC5o = 10 nM
G2019S-LRRK2 [Csp = 11 nM G2019S-LRRK2 ICs = 75 nM G2019S-LRRK2 ICsp = 15 nM

CHs
HN)\CH:,, SN

N/)\NH

N-N
“_F
i DA<k

L85 CH, L86 (MLi-2) L87
WT LRRK2 Csg = 7 nM WR LRRK2 [Cs = 0.76 nM hPBMC LRRK2 ICs = 2.6 M

G2019S-LRRK2 IC5p = 5 nM

Figure 20. Selected representatives illustrating diverse chemical scaffolds utilized in LRRK2 inhibitors

(L81-L87).

Compounds L73-L87 belong to the type I class of ATP-competitive LRRK?2 inhibitors, which
bind to the kinase in its closed, active conformation. In contrast, type Il inhibitors, which are
less prevalent, stabilize the kinase in an open, inactive conformation.4%%]
Beyond ATP-competitive inhibition, alternative strategies to modulate LRRK?2 function have
been investigated.[*’!! These include GTP-binding inhibitors that prevent LRRK2 dimerization

and subsequent kinase activation***], proteolysis targeting chimeras (PROTACs) designed for
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LRRK2 degradation*®] and antisense oligonucleotides that reduce LRRK2 protein
expression. 40!

To date, five LRRK2-targeting compounds have advanced to clinical trials for the treatment of
PD (Table 3). Among these, four are small-molecule kinase inhibitors, DNL201, DNL151,
WXWHO0226, and NEU-723, while BIIB-094 represents an antisense oligonucleotide
approach. DNL201, also known as GNE-0877 (L80), is the only clinical candidate with a
disclosed structure. It successfully completed Phase I trials, however, Denali Therapeutics Inc.
(San Francisco, CA) strategically shifted its focus to DNL151. While DNL151°’s Phase III trial
concluded due to a sponsor decision, two Phase II trials are currently recruiting participants.
Among the remaining compounds, WXWHO0226 is in the recruitment status of Phase I, while

NEU-723 had its Phase I trial terminated as a business decision. BIIB-094 successfully
completed Phase I, though the results have yet to be published.

Table 3. LRRK2-targeting compounds in clinical trials for Parkinson's disease treatment.

Substrate Clinical trial Status?
DNL201 Phase | Completed 7. 4081
et Ceuniy
WXWHO0226 Phase I Recruiting
NEU-723 Phase I Terminated[*'?!
BIIB-094 Phase I Completed™!3!

2 Sourced from https://clinicaltrials.gov and http://www.chinadrugtrials.org.cn (February 2025)
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2 Objectives

The primary aim of this doctoral research is to advance the development of histamine H3R
ligands, encompassing both single-target and multi-functional profiles, through a systematic
approach of rational design, synthesis, and biological evaluation. Building on the success of
pitolisant (L33), the first clinically approved H3R antagonist/inverse agonist for narcolepsy,
this work explores H3R-targeted drug discovery through two parallel approaches. The research
encompasses the development of H3R ligands as single-target compounds, alongside
dual-targeting compounds that simultaneously modulate H3R alongside either the epigenetic
regulator G9a or the kinase LRRK?2. These dual-targeting ligands aim to address the limitations
of current mono-target therapies, particularly in complex neurological and neuropsychiatric
disorders where synergies between neurotransmitter regulation via H3R and complementary
pathways may yield superior therapeutic outcomes.

The design strategy integrates structural insights from established H3R pharmacophore models
(Figure 9) with observed overlaps in scaffold similarity between H3R ligands and inhibitors of
G9a (Figure 16) or LRRK2 (Figure 19). All synthesized compounds incorporate an
aminopyrimidine core — specifically pyrimidin-2-amine, pyrimidin-4-amine, or
pyrimidine-2,4-diamine derivatives — as a unifying structural motif, enabling systematic
exploration of substituent effects on target engagement. These experimental efforts are
complemented by molecular docking simulations utilizing the recently resolved HzR X-ray
crystallographic structure to analyse ligand-receptor interactions and gain insight into
structure-activity relationships.

The synthesis phase focuses on developing efficient and scalable routes to produce the target
compounds. Subsequent biological evaluation involves in vitro assessment of H3R binding
affinities, as the primary target of interest. The multifunctional potential of selected ligands is
explored through their ability to interact and inhibit their secondary intended target, either G9a
or LRRK2 enzymes. The research includes preliminary pharmacokinetic assessment, focusing
on lipophilicity and cytotoxicity, to evaluate lead compounds with high likelihood of BBB
penetration and optimal safety profiles.

The H3R represents a pivotal therapeutic target due to its regulatory role in neurotransmitter
release and its involvement in diverse physiological processes, including wakefulness,
cognition, and mood. While H3;R modulation primarily addresses symptomatic manifestations
of neurological disorders through neurotransmitter regulation, the underlying disease

pathology often requires intervention at causal molecular levels. Neurological disorders such
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as PD, which involves LRRK2 dysregulation, or cognitive impairments like PWS, linked to
GY9a-mediated epigenetic silencing, exemplify conditions that require interventions beyond
single-target modulation. G9a and LRRK?2 represent causal targets that address fundamental
disease mechanisms — epigenetic dysregulation and aberrant kinase signalling, respectively —
rather than merely managing symptoms. This strategic combination leverages the immediate
symptomatic benefits of H3R antagonism while simultaneously addressing disease progression
through modulation of causal pathways, potentially offering both short-term symptomatic
improvement and long-term disease modification within a single therapeutic entity. By
designing ligands that concurrently engage H3R and either G9a or LRRK2, this research
addresses the multifactorial nature of such diseases, potentially enhancing therapeutic efficacy
while circumventing polypharmacy risks.

The clinical success of pitolisant has established H3R ligands as a valuable therapeutic strategy,
creating opportunities to expand their utility through targeted polypharmacology. Building on
this foundation, this project explores the integration of complementary mechanisms by
incorporating G9a and LRRK2 as secondary targets to address complex, multifactorial
neuropsychiatric and neurodegenerative diseases. G9a inhibitors show promise in rescuing
synaptic plasticity deficits, while LRRK2 inhibition demonstrates neuroprotective effects in
PD models. By exploiting structural overlaps between these targets and H3R, the project aims
to develop first-in-class dual ligands with tailored polypharmacology. The outcomes of this
work have the potential to inspire the development of next-generation therapies, offering
improved efficacy, reduced side effects, and novel mechanisms to address multifaceted
pathologies. Ultimately, this project aligns with the growing emphasis on precision medicine
and multi-target approaches in neuropharmacology, positioning H3R ligands as versatile tools

in the evolving landscape of CNS drug discovery.
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3 Chemistry

3.1 H;R Pharmacophore-bearing Building Blocks

A well-researched H3R pharmacophore typically comprises a basic center, often represented
by cyclic aliphatic amines, connected to an aromatic center through an alkyl linker (Figure
9).[267. 274, 414-417] Folowing this pharmacophoric blueprint, the synthesis began with aliphatic
fragments P1-P3 that incorporated the essential pharmacophoric elements: a basic center
connected by an alkyl linker (Scheme 1). The initial step involved a FINKELSTEIN Sn2 reaction
between 3-chloropropan-1-ol and piperidine!*'® 191 where in situ generation of the more
reactive iodide intermediate facilitated nucleophilic substitution, yielding alcohol P1.[143 152
417. 4201 Chlorination of P1 with thionyl chloride produced P2.*'7 4201 A second reaction
converted P2 to a carbamimidothioate intermediate, which underwent alkaline hydrolysis with

aqueous sodium hydroxide to furnish thiol P3.1*?! The complete H3R pharmacophore was then

constructed by coupling these aliphatic fragments to selected aromatic cores.

HO _~_¢CI + HO 2, HO\/\/O —b> CI\/\/(@
o
P1 P2 CI

‘c
HS\/\/O d HZN\H/S\/\/O
P3 NH

Scheme 1. Synthesis of precursors P1-P3. Reagents and conditions: a) K,COs3, K1, acetone, reflux 24 h; b) SOCl,,
THEF, 65 °C for 3 h; c) thiourea, KI, ethanol, reflux 24 h; d) NaOH ), reflux 3 h.

A series of precursors (P4-P11) was synthesized following Scheme 2, based on the established
pharmacophoric blueprint. The synthetic pathway was initiated with a WILLIAMSON ether

si*?21 proceeding through an Sn2 mechanism, where an anion displaces a halide to form

synthesi
an ether (Scheme 2).1?*) Precursor P4 was synthesized following literature procedures!#?* 4231,
where p-nitrophenol displaced bromide from 1-bromo-3-chloropropane to yield P4. While
1,3-dibromopropane could provide a superior leaving group for subsequent amine alkylation,
1-bromo-3-chloropropane was selected for its cost-effectiveness and favourable work-up
characteristics due to its lower boiling point. Precursors P5-P7?3! were synthesized

418, 419]

under FINKELSTEIN conditions! , enabling chloride-to-iodide transhalogenation before
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reaction with the respective cyclic amines (1-methylpiperazine, 1-acetylpiperazine, and
piperidine for PS5, P6, and P7). While 2-methoxy-4-nitrophenol and 2-methoxy-5-nitrophenol
were commercially sourced, 3-methoxy-4-nitrophenol (P8) was prepared from
4-fluoro-2-methoxy-1-nitrobenzene via nucleophilic aromatic substitution (SnAr) (Scheme
2).14261 The methoxynitrophenol derivatives then underwent WILLIAMSON ether synthesis with
1-(3-chloropropyl)piperidine hydrochloride (P2), containing the H3R pharmacophore

fragment, yielding precursors P9-P11.326427]

(\x

OH a o.~¢ b 0\/\/”\)
+ Br_~_C —— -
O,N O,N O,N

2 2 2

P4 P5: X =N-CHj;
P6: X = N-Ac
P7: X = CH,
0\/\/@
o ~
_CH
_CH, O,N o
O,N o P9

o.
CH,

288

d
CI\/\/(@
ct®

P2

O,N o/\/\O
P10

0\/\/@
O,N” ;

o,
CH;,

P11

Scheme 2. Synthesis of precursors P4-P11. Reagents and conditions: a) K,COs;, ACN, reflux 10 h;
b) corresponding cyclic amine, K,CO3, K1, acetone, reflux 48 h; ¢) NaOH ,q), DMSO, 80 °C for 20 h; d) K,COs,
DMEF, rt 72 h.

The prepared precursors P5-P7 and P9-P11 underwent nitro group reduction to yield the
corresponding functionalized anilines P12-P17 (Scheme 3), which served as key nucleophilic
building blocks for SnAr reactions. The reduction proceeded efficiently through catalytic
hydrogenation using palladium on activated carbon (Pd/C)***], providing the desired products

in high yields under mild conditions.
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o
2 “CH,
P17

Scheme 3. Synthesis of precursors P12-P17. Reagents and conditions: a) Hz, 10% Pd/C, MeOH, rt 3 h.

The mechanism for nitrobenzene reduction was first proposed by Haber in the early 20™

491 The catalytic hydrogenation of the nitro group proceeds through multiple

century.!
sequential reduction steps of key intermediates to yield amino derivatives (Scheme 4). This
heterogeneous catalysis takes place on the Pd/C catalyst surface through an
adsorption-reaction-desorption sequence.[**”! The nitro group exhibits strong coordination with
metal surfaces, enhancing hydrogenation efficiency, while the electron-deficient aromatic ring
shows reduced coordination tendency.! 3!}

As illustrated in Scheme 4, the catalytic hydrogenation follows either a direct reduction
pathway (A-D) or a condensation pathway (E-G). The direct pathway transforms nitrobenzene
derivative PS5 (A) to a nitroso intermediate (B), then to hydroxylamine (C), and finally to
aniline derivative P12 (D). The concentrations of nitroso (B) and hydroxylamine (C)
intermediates vary based on substrate structure, catalyst type, reaction temperature, hydrogen
pressure, solvent, and pH.!**" Electron-deficient aromatic systems, low temperatures, and high
hydrogen pressures promote hydroxylamine intermediate (C) accumulation.

The condensation pathway involves the reaction between nitroso (B) and hydroxylamine (C)
intermediates to form azoxy derivative (E). Subsequent reductions generate azo (F) and
hydrazo (G) compounds before converging with the direct pathway to yield the aniline
derivative (D).[**?] This alternative route predominates under strongly basic conditions or
during slow reactions at low temperatures where hydroxylamine intermediate accumulation

occurs.[+3%
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Scheme 4. Plausible mechanism of catalytic hydrogenation adopted from the literature and depicted using
precursors P5 and P12.[430,433]
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3.2 PINNER Pyrimidine Synthesis

The PINNER pyrimidine synthesis, also known as PINNER cyclocondensation or simply PINNER
reaction, represents one of the classical approaches to pyrimidine preparation, first reported
over a century ago.** This method involves a base-catalyzed cyclocondensation between
a,B-dicarbonyl compounds (A) and non-N-substituted amidines (B) (Scheme 5). Since its
discovery, various analogous building blocks have been employed to obtain differently

substituted pyrimidine derivatives. The original 1,3-diketones have been successfully replaced

436] 437-441]
b

in PINNER-like syntheses with P-keto esters**: o,p-unsaturated ketones! ,

442]
b

o,B-unsaturated  acids! and  masked  B-dicarbonyl  systems, such  as

(alkoxymethylene)malonates.[***] Furthermore, the N-C-N component has been diversified to

include various amidines, ureas, thioureas, and guanidines as building blocks.[*36-443]

R4
o o R4 heat N)\N
L 'S
R2 HZNANH base R1 X R3
A B R®

Scheme 5. Classical PINNER pyrimidine synthesis.

The reaction mechanism of both classical PINNER and PINNER-like reactions typically proceeds
through two successive nucleophilic attacks. The first attack forms an intermediate, while the
second leads to cyclization, forming the pyrimidine ring. The specific reaction pathway
depends on the building blocks and reaction conditions used.

In this work, a PINNER-like reaction yields ethyl 4-hydroxy-2-(methylthio)pyrimidine-

5-carboxylate (P18) (Scheme 6)**¥] through a two-step reaction sequence.*4!

o o
O OH
H3C/\OJ]/N\O/\CH3 NH -
o " HNJ\S/CH3 _1. HeTo |\)N\
2 . CHs
N s
H3C)
P18

Scheme 6. Synthesis of precursor P18. Reagents and conditions: a) NaOH,q), ethanol, rt for 10 h.

The starting material, diethyl 2-(ethoxymethylene)malonate (DEMM), represents a push-pull
system with two electron-withdrawing ester functions.[**] This trifunctional electrophile
enables negative charge delocalization, activating the double bond for nucleophilic attack.

Consequently, nucleophilic vinylic substitution (SxV) becomes the predominant reaction in the
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presence of nucleophiles (first step)**®! even with a weak nucleofuge such as an alkoxy
group. 4474481
The SNV reaction follows an “addition-elimination” mechanism (Scheme 7, A-C).[446- 4491 For
P18, S-methylthiourea attacks the partially positive -carbon atom of the polarized DEMM
double bond (A), forming a zwitterionic intermediate (B). Deprotonation and ethoxy group
elimination complete the reaction, yielding the thioureidomethylenemalonate intermediate (C).
Due to the binucleophilic nature of S-methylthioureal**’!, the second step of the PINNER-like
reaction follows (Scheme 7, D-F).[*3% 4301 The unsubstituted amino group attacks the
electron-deficient carbon of one ester function, forming a cyclic intermediate (D).

Intramolecular proton transfer produces intermediate (E), which undergoes ethoxy group

elimination and deprotonation to form the pyrimidine precursor P18 (F).

o o
Hsc/\o)l\(\ko/\cm
S)
© o© (0 o - EHQ‘“
P XN N\
H;*c/\o)@/mo/\w3 H,C O)EE:)\O CH; . CH,CH,0" :
—_— n —_—
Y § |
H3C) |-|2'riJ\s/c"'3 HyC” 87 NH o (o
CH A~
3 H,c” o | 0~ CH,
A B N
BN
c
CH, CH,
O OH W L L s
A~ 0 ©OpH 0 “04
H,c” 0 SN -CHiCH, O™ ' Y ®
L CH, ——— HCTOT e ——  HCTO N
N s N/)\s/CH_,, N/)\S/CHa
P18
F E D

Scheme 7. A PINNER-like reaction mechanism consisting of nucleophilic vinylic substitution[4% 441 (A-C) and

cyclization™3% 4301 (D-F) steps.
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33 Synthesis of Pyrimidin-4-amine Derivatives

A series of pyrimidin-4-amine scaffold-based compounds was synthesized by combining H3R
building blocks P12-P14 with either ethyl pyrimidine-5-carboxylate product P18 (obtained via
PINNER-like reaction) or commercially available 4-chloro-2-(methylthio)pyrimidine-
S-carbonitrile.

The precursor P18 required activation for nucleophilic aromatic substitution through treatment
with phosphorus(V)oxychloride, yielding the more reactive chlorinated precursor
P19 (Scheme 8). The subsequent SnAr reaction occurred when the aniline moiety of
nucleophile P12 attacked the C4 position of P19 electrophile, displacing the chloro substituent
to yield compound 1, featuring an ethyl carboxylate group at position 5 and H3R
pharmacophore at position 4 on the pyrimidine ring (Scheme 8).1444]

Alkaline hydrolysis of the ester function produced compound 2 containing a carboxylic acid
function.”3!! This intermediate was then transformed to amide 3 via coupling reaction!*3!,
Compound 4, a nitrile derivative, was synthesized through SnAr by directly attaching
nucleophile P12 to the pyrimidine core bearing a nitrile function at position 5. Following the
same methodology, analogous compounds 5-8 and 9-12 were prepared using nucleophiles P13

and P14, respectively (Scheme 8).
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Scheme 8. Synthesis of precursor P19 and final compounds 1-12. Reagents and conditions: a) POCls;, ACN, reflux

6 h; b) DIPEA, DMSO, 80 °C for 2 h; c) Isopropanol, 80 °C for 2 h, uW; d) LiOH, THF/H,O, rt 3 h; e) NH4Cl,
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Compound 13, featuring a 2-chloro substituent instead of the 2-methylthio group of 11, was
synthesized according to the route shown in Scheme 9. The starting 2,4-dihydroxypyrimidine-
S-carboxylic acid was treated with chlorinating agents to obtain reactive acyl chloride
derivative P20133] which was then converted to amide P21.[4** The final compound 13 was

obtained through a microwave-assisted SnAr reaction using P12 as the nucleophile.

/©/O\/\/N\)
Cl O HN

|\N a ¢ |\N b N |\N C  H,N |\N
N/)\OH N/)\CI N/)\CI N/)\CI

P20 P21 13

HO

Scheme 9. Synthesis of precursors P20 and P21 and final compound 13. Reagents and conditions: a) POCls, PCls,
reflux 16 h*3); b) NH4OH(aq), DCM, 0 °C for 2 h*34l; ¢) P12, isopropanol, 50 °C for 1 h, uW.

3.3.1 HATU-mediated Amide Formation

Amide bonds serve as essential chemical linkages in biological systems, connecting amino acid
building blocks to form proteins, and in the pharmaceutical industry as key components of
active pharmaceutical ingredients.[***71 A comprehensive survey of reaction types in drug
development identified amide bond formation as one of the most frequently used chemical

[458

transformations.[**®) This prevalence stems from the advantageous properties of amides,

including their high polarity and stability.[**!

While direct condensation of carboxylic acids and amines would represent the most
straightforward method for amide synthesis, this approach faces thermodynamic limitations,
requiring elevated temperatures for water elimination. At room temperature, the reaction
typically results in proton transfer between reactants, forming an ammonium carboxylate

intermediate.[*>> +7

I To circumvent the high activation energy without employing harsh
conditions that might compromise sensitive reactants, coupling reagents are utilized. These
reagents activate the carboxylic acid by substituting its hydroxyl group (-OH) with a superior
leaving group, enabling efficient amide formation. Depending on the coupling reagent, the
reactive intermediates include acid chlorides, mixed carboxylic or carbonic acid anhydrides, or
activated esters.[**% ¥7 The selection of coupling reagents considers factors such as reaction
rate, conversion degree, by-products, and reaction scale.!*>”]

The synthesis of amide-containing final compounds 3, 7, and 11 from their corresponding

carboxylic acids 2, 6, and 10 employed N-[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-
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I-ylmethylene]-N-methylmethanaminium hexafluorophosphate N-oxide (HATU) as the
coupling reagent (Scheme 8). HATU was chosen for its capacity to promote rapid amide bond
formation with high yields under mild conditions.**!

The HATU-mediated amide formation mechanism for compound 3 (Scheme 10) begins with
proton transfer between carboxylic acid 2 and DIPEA, generating the required carboxylate
anion (A and B). The carboxylate anion attacks HATU (C), proceeding through a transition
state (D) to form an O-acyl(tetramethyl)isouronium intermediate. The 1-hydroxy-7-
azabenzotriazole (HOAt) anion then attacks this intermediate (E), producing an activated
HOAL ester and tetramethylurea as a by-product (F). Nucleophilic NHs attacks the activated
HOA ester, forming a transient intermediate (G), which yields the desired amide 3 with HOAt

release (H).

o uNrR rc"'3 o uNR CH,
o
HO \N + H3CYN CH3 —_—— o |\N + H3C (’E)H CH3
N/)\S/CHs CH; CH, N/)\S/CHa CH; CH,
2
A B
o
N.ON o2 _ _
. PF
| T~ ° O R
A~N N 90 NMe,0 HN
SN QN) M ﬁ =N
€2 - —__N R €3
MeZN@\ o " AN 9 MY - J/ L A cH,
o Y Me2N+ 5 S
o N (o] N o
L L _cn MeaN L cn N_ N
N/ s 3 N s 3 | AN N\N
L — / N’z
c D E
K o
DN N Me,N NMe,
DR
N R
RrR N N\N 0 HN’
O HN N, AT (
N—OQ \N
H,N l\N |
A ,CH3 N HN )\ _CH;,
N s
3
H G F

_.CH
N 3

R= VC(O\/\/N\)

Scheme 10. Mechanism of HATU coupling depicted through the synthesis of compound 3 from its corresponding

carboxylic acid precursor 2.[43645]
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34 Synthesis of Pyrimidin-2-amine Derivatives

A series of compounds was synthesized from pyrimidin-2-amines by incorporating a piperidine
moiety at position 4 of the aromatic core via propyloxy or propylthio linkers, establishing the
HisR-pharmacophore. The series’ structural diversity was achieved through various substituents
at the pyrimidin-2-amine core’s 6-position.

While unsubstituted, 6-methyl, 6-ethyl, and 6-isopropyl derivatives were commercially
available, the 6-cyclopropyl building block required synthesis. Classical PINNER pyrimidine
synthesis, involving the reaction of methyl 3-cyclopropyl-3-oxopropanoate with guanidine
hydrochloride under strong basic conditions, yielded precursor P22. This intermediate was then
converted to the 4-chloro substituted derivative P23 (Scheme 11), providing a more suitable

substrate for subsequent nucleophilic aromatic substitution.[46% 461]

0 OH cl
o o
Adeom | Oy o= oy |-
0" H,N” “NH -
2 2 HJ\NHZ \N)\NHZ \N)\NHZ
P22 P23

Scheme 11. Classical PINNER pyrimidine synthesis of precursor P22 and its conversion to P23. Reagents and
conditions: a) KOfBu, MeOH, rt overnight; b) POCIls;, DCE, 75 °C overnight.

The Hs;R pharmacophore assembly proceeded through an SnAr reaction between
4-chloropyrimidin-2-amine derivatives and 3-(piperidin-1-yl)propan-1-ol (P1), yielding
compounds 14-18 (Scheme 12) with a propyloxy linker connecting the aromatic ring to the
basic aliphatic centers. The reaction was facilitated by deprotonating P1’s primary hydroxyl
group under strong basic conditions, generating an alkoxide nucleophile that displaced the
pyrimidine’s chlorine substituent.!46?!

Compounds 19-23, featuring a propylthio linker, were synthesized analogously using
3-(piperidin-1-yl)propane-1-thiol (P3) (Scheme 12).2**) Thiols, being more effective
nucleophiles than alcohols due to higher acidity, convert to thiolates under milder basic

conditions.
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Scheme 12. Synthesis precursor P23 and final compounds 14-23. Reagents and conditions: a) NaH, THF, 75 °C
overnight;“2! b) NaOH,q), EtOH, reflux 4 h.[24%)

To explore optimal conditions for an SnAr reaction with a thiol nucleophile, five reaction

conditions commonly reported in the literature were evaluated using compound 20, with

outcomes being monitored by LC-MS (Table 4, Scheme 13). Based on these results, condition

IV was selected for the synthesis of compounds 19 and 21-23 (Scheme 12), as it provided the

most favourable ratio between desired and side products.

Table 4. LC-MS monitoring of SxAr reaction outcomes using a thiol nucleophile under various reaction conditions

(cf. Scheme 13).

Entry Conditions Product (%) Thiol (%) Dimer (%)
I NaH, THF, rt for 48 h[*6*] 0 0 21.5
I THE, rt for 24 h 0 41.9 34.3
11| TEA, MeOH, 120 °C for 3.5 h, pW64l 28.1 13.0 23.9
v NaOHuq), EtOH, reflux for 4 h(24%! 52.8 0 35.6
\Y% Cs>CO3, DMF, 60 °C for 2 hl*6] 18.1 0 65.6
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c, J

IR S R L R e PSS
| /)\ HS _~_N | /)\ N_~So~N
HsC” “N” “NH, HsC” “N” “NH,
P3 20
thiol product dimer
Scheme 13. Synthesis of target compound 20. The reaction pathway is condition-dependent (Table 4), proceeding
either via SxAr to afford product 20 or through competing thiol-thiol Sx2 coupling of P3, yielding the thioether

dimer as a side product via unexplored mechanism.
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3.5 Synthesis of Pyrimidine-2,4-diamine Derivatives

The pyrimidine heterocycle represents a fundamental structural motif prevalent in both natural

products and synthetic compounds!*®®’

, driving significant interest in developing efficient
modification strategies. The electron-deficient nature of the pyrimidine ring makes it
particularly suitable for SnAr reactions, especially when its electrophilic character is enhanced
by electron-withdrawing groups (EWGs), such as in halo- or nitro-substituted pyrimidines.[*”
4681 The primary synthetic route to pyrimidine-2,4-diamines typically involves the
functionalization of 2,4-dichloropyrimidines through SyAr-mediated replacement of chlorine
atoms with amines. "]

Experimental studies reveal distinct reactivity patterns at different positions in
halopyrimidines. The C-4 and C-6 positions exhibit the highest susceptibility to SnAr, followed

(4661 In 2,4-dichloropyrimidine, while

by C-2, while C-5 demonstrates notably lower reactivity.
substitution occurs preferentially at C-4, concurrent reactivity at C-2 is observed.*’"! The
distribution of regioisomers varies considerably, primarily determined by stereoelectronic
effects of pyrimidine ring substituents and the nature of the nucleophiles. For instance,
5-trifluoromethyl-2,4-dichloropyrimidine produces nearly equal amounts of C-2 and C-4
regioisomers, whereas its 5-chloro counterpart yields predominantly the C-4 isomer.[*”! This
limited regioselectivity impacts yields when a specific regioisomer is desired and necessitates
complex separation procedures, reducing overall synthetic efficiency.

Researchers have developed numerous approaches to enhance regioselectivity toward either
C-2 or C-4 substitution. The optimization of reaction conditions through base and solvent
selection has shown promising results*®3473] while careful control of reaction parameters such

470-473

as time and temperature has proven effective.! I Additional advances include the strategic

466, 469-471, 473]

introduction of catalysts and additives! , along with the implementation of

microwave irradiation techniques.!474476]

with varying degrees of success. These
methodological innovations have demonstrated varying degrees of success in controlling
regioselectivity, offering synthetic chemists a diverse toolkit for achieving selective

functionalization of pyrimidine rings

3.5.1 Synthesis of 6-Methylpyrimidine-2,4-diamine Derivatives

The synthesis of final compounds containing the 6-methylpyrimidin-2,4-diamine scaffold was
accomplished through a two-step sequence of SnAr reactions starting from

6-methyl-2,4-dichloropyrimidine. The initial nucleophilic substitution with aliphatic amines
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yielded both C-2 and C-4 substitution products (P24-P27) (Scheme 14), reflecting the
characteristic regioselectivity challenges in pyrimidine chemistry. This apparent limitation in
regioselectivity was strategically leveraged as an advantage in synthesizing compounds with
the 6-methylpyrimidine-2,4-diamine fragment. The approach efficiently generated two key
intermediates in a single synthetic operation, enabling the preparation of final compounds with

complementary substitution patterns, which proved valuable for comprehensive SAR analysis.

H;C.
3¥>NH cl kNH cl
Ao Y, R
., .CHy = - NN
HoC N/)\CI H,C” N ” HoC N/)\CI H,C” N H CH,
P24 P25 P26 P27
69% 31% 66% 34%

Scheme 14. Synthesis precursor P24-P27. Reagents and conditions: a) CH;NH;*Cl-, DIPEA, EtOH, 50 °C for
24 h#"71; b) CH3;CH,NH;3'Cl, KoCOs, DMEF, rt for 5 h.[293478]

The synthetic sequence was completed through a second SnAr reaction, where the
monosubstituted pyrimidine intermediates P24-P27 were coupled with previously synthesized
aniline derivatives P12, P14-P16. This transformation successfully incorporated the H3R
pharmacophore into the target compounds 24-39 (Scheme 16), establishing a robust and

versatile synthetic route to the desired molecular framework (Scheme 15).
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Scheme 15. Synthesis of final compounds 24-39. Reagents and conditions: a) Corresponding nucleophile

P12-P16, TFA, isopropanol, 140 °C for 1 h, pW?%3,

3.5.2  Synthesis of S-Chloropyrimidine-2,4-diamine Derivatives

Building upon the synthetic strategy developed for 6-methylpyrimidine-2,4-diamine
derivatives, the synthesis of 5-chloropyrimidine-2,4-diamine derivatives proceeded through
two sequential SNAr reactions, beginning with aliphatic nucleophile substitutions (Scheme 16).
The electron-withdrawing groups enhanced the electron-deficient nature of
2,4,5-trichloropyrimidine, resulting in predominant C-4 substitution products P28 and P29.
The reaction with methylamine hydrochloride yielded exclusively P28 (97% yield), while
ethylamine hydrochloride produced both regioisomers P29 and P30, with strong preference for

P29 (96:4 ratio). This regioselectivity pattern aligns with documented literature findings.!*"!)

59



Chemistry

H
CNH cl kNH cl
RO Clﬁf RS
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N/)\CI N ﬂ/CHs N/)\CI N/)\H/\CH
P28 P29 P30
100% 0% 96% 4%

Scheme 16. Synthesis of precursors P28-P30. Reagents and conditions: a) CH3;NH;*Cl, K,COs;, DMF,
rt for 5 h?%3-3%01; b) CH;CH,NH;"Cl-, DIPEA, EtOH, 50 °C for 24 h*7],

The subsequent SNAr substitution of C-2 halogen in P28 and P29 with aromatic nucleophiles
P12-P17 was executed using TFA as an acid catalyst, generating compounds 40-51 (Scheme
17).2%%1 The application of acid catalysis proved particularly effective for facilitating the
displacement of the C-2 halogen on the pyrimidine ring, especially when using weak
nucleophiles derived from aniline. The reaction rate was significantly enhanced due to the
protonation of the pyrimidine ring, which induced a partial positive charge on the C-2 carbon

atom, thereby promoting the SNAr mechanism.[4”"]

R NH (\N’CH3 RN
C'ﬁiugo\/\/"\) \ﬁ\/)\ 0\/\/0

40: R = -CH,4 43:R=-CH,
46: R = -CH,CH, 49: R = -CH,CH,

a avs
\ /P15

R
\NH O)\
Cl (o)
\ﬁ%N N P13

| N/)\ 0/\/\@
H P28: R = -CH, 44: R = CH,
41:R = .CH3 P29:R = -CHch3 50:R= -CHch3

47:R = -CH,CH,

a b
A 4 P%«

RNH R-NH O
Cl | N /©/0\/\/N Cl | N o _~N
NN N/)\H

H

o
\CH3
42: R =-CH, 45:R = -CH,
48: R = -CH,CH, 51: R = -CH,CH,

Scheme 17. Synthesis of final compounds 40-51. Reagents and conditions: a) Corresponding nucleophile P12,
P14, P15 or P16, TFA, isopropanol, 140 °C for 1 h, uW?¥]; b) Corresponding nucleophile P13 or P17, TFA,
isopropanol, rt for 24 h.[47)
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The synthesis of structural analogues 40-51 with reversed substitution patterns required an
alternative approach due to the regioselective nature of SnAr reactions on
2,4,5-trichloropyrimidine. The solution involved initial introduction of H3R-pharmacophore
containing aromatic nucleophiles at the C-4 position, forming intermediates P31-P36 (Scheme
18). These reactions proceeded efficiently under microwave irradiation, utilizing in situ
generated HCI as an autocatalyst. Similar substitutions have been extensively studied for the

C-6 position of purine heterocycles. 3!

NSt O
/©/°\/\/N\) P12 P15 /@:0\/\/"‘
- e y
HN HN o %t

CI\ﬁN CI\ﬁN
N/)\CI P31 N/)\CI P34
o
(\NJJ\CH::,
/©/O\/\/N\) P13 P16 /@:0\(:“3
HN HN 0" >N
cl S CI\ﬁN
N/)\CI P32 N/)\c| P35
/©/°\/\/'© O\/\/O
HN P14 P17 HN
CI\ﬁN — - c'\f*n <cH,
N/)\CI P33 N/)\CI P36

Scheme 18. Synthesis of precursors P31-P36. Reagents and conditions: a) Corresponding nucleophile P12-P16,
Isopropanol, 50 °C for 1 h, pW.

The intermediates P31-P36 underwent subsequent reactions with aliphatic alkylamines to
produce compounds 52-57 and 59-63, while compound 58 was synthesized separately from
P30 (Scheme 19).

The SnAr reactions with aliphatic nucleophiles employed base catalysis to neutralize the
generated HC1.1*81-483] This approach was advantageous because alkylamines are stronger bases
than pyrimidines.

Owing to the relatively small polarity difference between the parent precursors (P31-P36) and
the resulting target compounds (52-57, 59-63), unreacted precursors not only significantly
hindered chromatographic purification, but also reduced the overall reaction yield. To address

this issue, LC-MS monitoring of compound 60 synthesis was employed to optimize reaction
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time, ensuring that precursor P33 was fully utilized, while minimizing the formation of side
products. LC-MS monitoring of compound 60 synthesis revealed almost complete
consumption of precursor P33 after 4 hours (Figure 21). These optimized conditions were
subsequently extended to the synthesis of other analogues in the series, with the exception of

compound 58 (Scheme 19).

Intenss._ h BPC +All MS|
x1009 1 sSid
1.00] DIPEA 60 rorlict
0.754
050 P33
' / O\/\/N 0\/\/N
0.25_ Nﬁ /©/ /©/
0.004 - - i :
5 10 15 Time [min] HN HN
Intens. § BPC +All MS| Cl BN —cl N
x1061 3h | )N\ | )N\
1.004 Pz bz
N" >l N">N"CH,
0.751 H
0.504
_/L “M - ;
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Intens. | BPC <Al M9 Conditions Time (h) 60 (%) P33 (%) Side product (%)
x1063 4 h .
1.001 1 76.0 225 1.40
0.754
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Figure 21. LC-MS-guided optimization of reaction time for compound 60 synthesis. Chromatograms track the
consumption of P33 (blue) concurrent with product 60 formation (green). An uncharacterized side product (red)

emerges over time, presenting isolation challenges due to its similar retention time to 60.

Unlike other compounds in this series (52-57, 59-63), the synthesis of 58 presented unique
challenges. While other analogues were successfully produced under LC-MS-optimized
conditions, preparation of 58 from P31 was unsuccessful due to predominant side product
formation that prevented isolation. An alternative acid-catalysed SxAr route employing P12
and P30, successfully yielded 58 (Scheme 19). However, the practical utility of this approach
was severely constrained by the inefficient preparation of P30, which was obtained as an
extremely unfavourable regioisomer (3% yield, Scheme 16), precluding its application in

large-scale synthesis.

62



Chemistry

_CH,
N
O o\/\/@
_CH,

ST X

HN (o]
| 52: R=-CHj3 | 55: R = -CH,
N/)\,‘rR a a N/)\WR 61: R = -CH,CH;
H \ / H
o

Cl

(\NJ\C"E HN-AT /@:o\cm
/©/O\/\/N\) Cl | \)N\ . HN O/\/\O
HN N e | — @ N
Cl
N o smecn VR o
N H 59: R = -CH,CH, 62: R = -CH,CH,

e AN
H OO\/\/O N Q/O\/\/O

N
C'\ﬁN CI\ﬁN 0\CHC,
54: R = -CH, 57: R = -CHj
N/)\”,R 60: R = -CH,CH, AR esira -CH,CH,

N N~
/©/O\/\/N\)
HN
I
N

H
~N
/)\H/\CH3

Cl
Cl Cl
T
N/ H/\CH3 P12

P30 58

Scheme 19. Synthesis of final compounds 52-63. Reagents and conditions: a) CH3NH;"Cl- or CH;CH,NH;3"Cl,
DIPEA, isopropanol, 140 °C for 4 h, uW; b) Corresponding nucleophile P12, TFA, isopropanol, rt for 24 h.

3.5.3  Synthesis of 5-(Trifluoromethyl)pyrimidine-2,4-diamine Derivatives

Following the established synthetic strategy for pyrimidine-2,4-diamine derivatives, the
synthesis of 5-(trifluoromethyl)pyrimidine-2,4-diamine compounds proceeded through two
consecutive SnAr reactions with 2,4-dichloro-5-(trifluoromethyl)pyrimidine. Unlike its
S-substituted analogs (H, F, Cl, Br, I, CH3, CH30, or CN) which predominantly yield C-4
substitution products, 2,4-dichloro-5-(trifluoromethyl)pyrimidine displayed distinctive
reactivity by generating nearly equal amounts of C-2 and C-4 substitution products.[*’! 434 This
uncommon behaviour stems from the steric effects of the CFs group at the C-4 position,
enabling formation of both regioisomers. The steric hindrance created by the CFs group
revealed a novel approach to control SNAr regioselectivity, enabling selective C-2 substitution

471, 485-487

through Lewis acid catalysis.! I This selectivity arises from the CFs group preventing
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Lewis acid coordination at C-4, directing it instead to N-1 and N-3 positions, thus activating
the C-2 position[***

The non-selective nature of 2,4-dichloro-5-(trifluoromethyl)pyrimidine proved advantageous
in the synthesis of target compounds, enabling isolation of two valuable synthons from a single
reaction. This dual-product outcome enhanced synthetic efficiency by reducing the required
number of steps and simplifying the overall synthetic pathway.

The initial SNAr substitution with methylamine hydrochloride or ethylamine hydrochloride

generated precursors P37-P40 (Scheme 20).1293: 4051

CH,
HsC cl kN|-| cl
F3C\(§N , FC A A FSC\ﬁN \ F3C\(§N
N/)\CI N/)\ g N/)\CI N/)\H/\CH3
P37 P38 P39 P40
51% 49% 70% 30%

Scheme 20. Synthesis of precursors P37-P40. Reagents and conditions: a) CH3NH;"Cl- or CH;CH>NH;"CI,
DIPEA, EtOH, rt for 1-5 h.[29% 4051

These intermediates underwent subsequent reaction with aromatic nucleophiles P12-P17 under

TFA catalysis to yield the target compounds 64-75 (Scheme 21) and 76-87 (Scheme 22).
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Scheme 21. Synthesis of target compounds 64-75. Reagents and conditions: a) Corresponding nucleophile

P12-P17, TFA, isopropanol, 1t for 24 h.
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Scheme 22. Synthesis of target compounds 76-87. Reagents and conditions: a) Corresponding nucleophile

P12-P17, TFA, isopropanol, rt for 24 h.

3.54 Mechanism of Nucleophilic Aromatic Substitution

Nucleophilic aromatic substitution, discovered by FAUST and FITTIG in the 1870s88: 4891,
involves nucleophiles displacing leaving groups on aromatic rings. This reaction typically
occurs on electron-deficient aromatic systems activated by electron-withdrawing groups and is
particularly valuable for the functionalization of halogenated aromatics.

Nitrogen-containing aromatic heterocycles, particularly pyrimidine, demonstrate enhanced
reactivity toward SnAr compared to simple arenes. The nitrogen atoms’ higher
electronegativity creates an electron distribution imbalance within the aromatic system,
concentrating electron density on the nitrogen while depleting it from carbon atoms. This effect
renders the a- (C-4) and y-positions (C-6) highly susceptible to SyAr substitution due to their
increased electrophilicity. !

SnAr proceeds through two distinct pathways: the stepwise addition-elimination mechanism or
the concerted mechanism (cSnAr) (Scheme 23).[4Y The classical addition-elimination SNAr
mechanism, introduced by BUNNETT and ZAHLER*'!), initiates with nucleophilic attack at the
electron-deficient carbon (A), forming a dearomatized anionic intermediate (B) known as a
Meisenheimer complex.!**?! For neutral nucleophiles like alcohols or amines, this intermediate

exists as a zwitterion containing an acidic proton, which undergoes removal by the nucleophile
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or an external base (C). The subsequent rapid elimination of the leaving group (D) restores

aromaticity, with the addition step typically determining the reaction rate.[**]

The SnAr mechanisms exist on a continuum between stepwise and concerted processes,
determined by substrate structure, nucleophile/leaving group nature, and reaction
conditions.*** Stepwise mechanisms predominate when strong electron-withdrawing groups
(e.g., NO») pair with weak leaving groups in simple aryl systems. The concerted mechanism
involves simultaneous nucleophilic attack and leaving group departure through a single
transition state (Scheme 23, E) with partial bond formation/cleavage, without forming a stable

intermediate.[#94-4%6]

[495-499] §[500, 501]

Mounting evidence from both experimenta and computational studie

investigating the electronic factors governing SxAr pathways suggests that the concerted
mechanism dominates in most practical applications. A comprehensive study of 120 SxAr

reactions predicted 83% proceed via the concerted pathway [5%%

, particularly in heterocyclic
systems (pyridine, pyrazine, pyrimidine) with good leaving groups like chloride or bromide.
This reveals the concerted mechanism is more prevalent in synthetically valuable SnAr

reactions than typically presented in educational contexts.[*4 302]
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Scheme 23. Stepwise addition-elimination (A-D) and concerted (E) SyAr mechanisms depicted on the formation

of precursor P37.

While the classical SnAr reactions typically proceed under basic or neutral conditions via
stepwise or concerted mechanisms, a distinct and synthetically valuable acid-catalyzed variant
expands their scope. By protonating the aromatic system, this approach enhances

electrophilicity and enables nucleophilic substitution on less reactive substrates. Notably,
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CARBAIN et al.*”1 demonstrated an effective system using trifluoroacetic acid in
2,2, 2-trifluoroethanol, facilitating SNxAr reactions between heterocycles and arylamines under
mild conditions with high yields.

The mechanism proceeds through a classical addition-elimination pathway (Scheme 24, A-D),
beginning with heterocycle protonation to enhance electrophilicity (A). The activated substrate
undergoes nucleophilic attack (B), forming a Meisenheimer complex (C), followed by leaving
group elimination and rearomatization (D). The acidic conditions serve a dual role: enhancing
the substrate’s electrophilicity while modulating the nucleophilicity of the incoming amine.
Success of the reaction depends on maintaining optimal protonation states of both reaction
partners, as excessive protonation of the amine nucleophile can inhibit the reaction, while

insufficient substrate activation slows the process.

H3C\NH H3C\NH H3C\NH
F,C R FsC ® H CH FsC - H R
3|\N . /@/ TFA 3\6\(|Nh/©/3 3/N’/©/
N/)\CI H,N \N)\CI H,N \Nfic\lu
P37 P12 activated substrate
A B C
J-HCI
H;C.
(\N’CH3 *“*NH
R= F,C R
%{O\/\/N\) 3 \ﬁ\lN /©/
why
64
D

Scheme 24. The mechanism of acid-catalysed nucleophilic aromatic substitution depicted through the synthesis

of target compound 64.

3.5.5 Microwave-assisted SNAr Reactions

Microwave-assisted organic synthesis has revolutionized SnAr reactions through enhanced
reaction rates, yields, and selectivity. Microwave heating functions via dipolar polarization and
ionic conduction, where dipole molecules align with oscillating electric fields generating heat

5931 while ionic species produce heat via electromagnetic field interaction. This

through friction!
enables rapid, uniform energy transfer throughout the reaction medium.**! Effectiveness
depends on dielectric properties of reaction components, with polar solvents and ionic species

n.5% A key advantage

(common in SNAr reactions) coupling strongly with microwave radiatio
1s superheating — heating solvents beyond conventional boiling points under sealed conditions,

allowing reactions at elevated temperatures.° Traditional SNAr reactions requiring prolonged
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[506

heating under harsh conditions can complete in minutes with improved yields.%) Microwave

[503]

irradiation eliminates temperature gradients, ensuring uniform heating™"”!, while precise

temperature control minimizes side reactions.!®*”! This approach transforms SnAr reactions
through efficient energy transfer mechanisms that overcome conventional heating

limitations®®*¥, enabling faster reactions, better yields, and enhanced selectivity.>%
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4 Pharmacology and Discussion

4.1 Pharmacological Assays

The initial characterization of the synthesized ligands involved determining their in vitro
affinity for the #H3R as their primary target. The dual-targeting compounds, designed to
interact with both #H3R and a secondary target, underwent additional evaluation for their
inhibitory properties against G9a or LRRK2 enzymes. From these, the most promising
candidates were selected for additional profiling, including cytotoxicity assessments, to
evaluate their potential for further development. Meanwhile, the lipophilicity of all synthesized
compounds was experimentally determined to assess their drug-like properties.

To gain deeper insights into the binding interactions between the ligands and their respective
targets, a molecular docking study was conducted.

The in vitro pharmacological characterization was performed in the research group of Prof. Dr.
Dr. h.c. HOLGER STARK. Contribution of Prof. Dr. KATARINA NIKOLIC and her co-workers, who

conducted the in silico molecular docking studies, is gratefully acknowledged.
4.2 Principles of ZH3R Binding Affinity Determination

The binding of a ligand, whether endogenous or xenobiotic, to its target receptor initiates a
complex signalling cascade that produces specific pharmacological effects. Receptors serve as
crucial mediators in numerous physiological and pathological processes, establishing them as
invaluable targets for therapeutic interventions. Small molecule drugs targeting receptors
represent approximately 70% of all pharmaceuticals, with receptors comprising 45% of all drug
targets, making them the most frequently utilized targets in drug development.5% 3%1 This
prevalence highlights the importance of quantitative assessment of ligand-receptor interactions
in drug development campaigns.

The interaction between a ligand (L) and receptor (R) follows a reversible bimolecular reaction
governed by the Law of Mass Action, resulting in the formation of a ligand-receptor complex
(LR). At equilibrium, the forward and reverse reaction rates achieve balance, allowing the
system to be characterized by the equilibrium dissociation constant K4, defined as the ratio of

dissociation (k.1) to association rate constants (k+1) (Equation 1).[310:311]
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» ka  [L]*[R]
L+R T‘ LR Kd— k., = [LR]

Equation 1. L — ligand; R — Receptor, LR — ligand-receptor complex; k+; — association rate constant; k.; —

dissociation rate constant; K4 — equilibrium binding constant.

The determination of binding affinity relies on labelled ligands, primarily those carrying
radioactive isotopes or fluorophores, which produce quantifiable signals through liquid
scintillation counting or fluorescence detection, respectively. Radioligand binding assays offer
superior sensitivity, and the radioactive labels typically do not interfere with the ligand’s
receptor affinity. In contrast, fluorescent ligands provide a more cost-effective and safer
alternative, eliminating the need for special handling of radioactive materials.>'?! Both
methods facilitate the determination of binding affinity for unlabelled ligands through
competitive interaction at the same receptor binding site.>!%!

Three distinct types of receptor binding experiments utilize radioactively labelled ligands, each
providing valuable information about ligand-receptor interactions. 1) Saturation binding assays
directly measure the binding of increasing concentrations of radioligand to the receptor,
revealing both the maximum binding capacity (Bmax) and the equilibrium dissociation constant
(K4), which together characterize the total number of binding sites and the ligand’s affinity for
the receptor. This generates a saturation curve, from which binding parameters are derived
(Figure 22A and B). 2) Indirect binding, also known as competition or displacement assays,
employs a fixed concentration of radioligand alongside increasing concentrations of unlabelled
competitor compounds, enabling the determination of binding affinity (Xj) for unlabelled
compounds. As the concentration of the unlabelled ligand increases, it displaces the
radiolabelled ligand from the receptor, and the concentration required to displace 50% of the
bound radioligand (ICso) is used to calculate K; (Figure 22C and D). 3) Lastly, kinetic binding
assays provide insights into the rates of ligand association and dissociation. They measure the
time course of radioligand binding, determining both association and dissociation rate
constants, thereby providing insights into how quickly ligands bind to and dissociate from
receptors, as well as revealing important mechanistic details about the binding process and
drug-target residence time. These three complementary approaches form a comprehensive

toolkit for understanding ligand-receptor interactions in drug discovery and development.'!!:

513]

In receptor binding analyses, specific binding is defined when labelled ligands are bound to

receptors. A binding maximum is approached due to the finite receptor population within tissue
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samples. The maximum binding concentration (Bmax) is determined when radioactive or
fluorescent signals are displaced by saturating concentrations of unlabelled selective ligands.
During these experimental procedures, labelled ligands are consistently entrapped within lipid
membranes or experimental equipment, which is designated as nonspecific binding.
Nonspecific binding refers to the signal not associated with the receptor and is measured in the
presence of excessively high concentrations of an unlabelled ligand with high affinity. Ideally,
nonspecific binding should not exceed 20% of the total signal. Unlike specific binding,
nonspecific binding is not easily saturable. Total binding is established when specific and

nonspecific binding values are combined.!#!

Saturation binding

A B
1.0 Total binding 1.0
'g ................................... - Brax
8 Specific binding
'E 0.5+ 0.5+
g
fra Nonspecific binding
0.0 T T T T T T 0.0 I I 1 1
0 1 2 3 4 5 6 -2 1 0 1 2
[LVKq log([LI/Kq)
Competition binding
Cc D
1.0 1.0
-]
[=
=]
o
o
.S 0.5+ 0.5
©
o
'8
0.0 T T T T 1 0.0 T T T 1
0 1 2 3 4 5 -2 -1 0 1 2
[D)/ICs0 log(ID}/ICso)

Figure 22 Saturation (A and B) and competition binding data (C and D), shown on arithmetic (A and C) and
semilogarithmic plots (B and D). L — labelled ligand; Kq - equilibrium binding constant of labelled ligand; Bmax—
maximal specific binding; D — unlabelled ligand; ICso — half-maximal inhibitory concentration. Modified from

MCKINNEY et al.5!2]

In a saturation binding experiment, increasing concentrations of a labelled ligand are

introduced to a receptor-containing tissue until all receptor sites are effectively occupied
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(Figure 22A and B). In contrast, competition (displacement) assays involve fixed
concentrations of a labelled ligand competing with increasing concentrations of an unlabelled
ligand for receptor binding (Figure 22C and D). The competition assay is more commonly
employed in screening and ligand characterization as it requires significantly lower amounts
of radioligands and is, thus more economical. The ICso value is defined as the concentration of
the unlabelled competitor required to displace 50% of the specifically bound labelled ligand.
If the ligand-receptor interaction reaches equilibrium and follows a bimolecular mechanism,
the ICso value is typically adjusted using the CHENG-PRUSOFF equation®'] to derive the

equilibrium dissociation constant (K;) for the unlabelled ligand (Equation 2)

Ki= 7% [L)/K4

Equation 2. CHENG-PRUSSOF equation. K; — inhibition constant; ICso — half-maximal inhibitory concentration;

L — ligand; K4 - equilibrium binding constant.

Assessment of in vitro binding affinities of synthetized ligands 1-87 for #ZH3R was performed
utilizing radioligand displacement assay. The membrane fractions of HEK-293 cells stably
expressing AH3R were incubated with constant concentration of radiolabelled probe
[*’H]N*-methylhistamine and different concentration of test ligands. Nonspecific binding was
determined using high concentration of pitolisant (L33) as reference compound.!¢
[*H]N*-methylhistamine, a well-characterized H3R agonist, was employed despite the expected
antagonist-like behaviour of test compounds based on their structural similarity to established
H3R antagonists and inverse agonists. While agonist radioligands preferentially bind to the
active receptor conformation, competitive displacement can still occur when antagonists have
sufficient orthosteric site affinity. Although the measured K; values may differ from those
obtained with antagonist radioligands due to conformational selectivity, this approach provides
valuable affinity rankings among structurally related compounds and suggests competitive
interaction at the orthosteric binding site. The validity of this methodology is supported by
numerous literature reports demonstrating effective displacement of agonist radioligands by

known H;R antagonists.[204 420.516]
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4.3 Principles of Enzyme Inhibition Determinations

Enzymes are biological catalysts essential for life, accelerating biochemical reactions by
lowering activation energy to sustain vital processes. While crucial for metabolic homeostasis,
their dysregulation contributes to many diseases, making enzyme inhibition a key therapeutic
strategy for conditions like hypertension, glaucoma, gout, infections, cancer, and PD, and many
others.’!”) The clinical importance of enzymes is highlighted by being the second most
prevalent target of clinically approved small drug compounds, accounting for 29% of all drug
targets, and only surpassed by receptors.[>%!

Enzyme inhibition assays are vital in drug discovery, not only for identifying inhibitors but also
for elucidating mechanisms of action, binding kinetics, potency (e.g., ICso), and selectivity.
This knowledge is essential for optimizing drug candidates to maximize efficacy and reduce
side effects.

Enzyme activity is measured by tracking substrate depletion or product formation, detectable
through changes in absorbance, fluorescence, luminescence, or other signals.5!® 319
Spectrophotometric methods can detect changes in absorption spectra as substrates are
converted to products. Fluorescence-based techniques offer superior sensitivity by measuring
either direct fluorescence changes or utilizing fluorescently labelled substrates. Advanced
methods such as mass spectrometry provide detailed molecular-level information about
reaction components, while calorimetric approaches measure the heat generated during
enzymatic reactions, offering unique insights into reaction thermodynamics.>2%!

To evaluate enzyme inhibition, the reaction is monitored both in the absence and presence of a
potential inhibitor. The resulting data provide insights into the compound’s potency, selectivity,
and mechanism of action. Two primary approaches are used for enzyme reaction monitoring:
continuous assays and discontinuous (sampling) assays. Continuous assays measure changes
in real time, making them ideal for kinetic studies, while discontinuous assays involve stopping
the reaction at a fixed time point and quantifying the signal, which is often more suitable for
high-throughput screening.>*!]

Of particular relevance to this research were two discontinuous enzyme inhibition assays aimed
at G9a and LRRK2, as secondary targets aligned with the multitarget-directed ligand design
strategy. Compound activity against these enzymes was evaluated using distinct screening
platforms — an AlphalISA assay for G9a and a TR-FRET-based assay for LRRK2. Both

methods were selected based on their sensitivity, operational simplicity, and compatibility with

synthesized library of compounds.
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4.3.1 Principles of G9a screening assay

The G9a methyltransferase inhibition studies utilized AlphalLISA (Amplified Luminescent
Proximity Homogeneous Assay), a bead-based homogeneous immunoassay that detects
biomolecular interactions through a proximity-dependent energy transfer mechanism. This
platform quantifies enzymatic activity by generating a luminescent signal when specific
molecular events bring donor and acceptor beads into close proximity.>??!

The assay operates on a simple yet elegant principle (Figure 23). Donor beads containing a
photosensitizer (phthalocyanine) are excited at 680 nm, converting ambient oxygen into
reactive singlet oxygen molecules. These highly energetic but short-lived singlet oxygen
species can diffuse approximately 200 nm in solution before returning to their ground state.
When acceptor beads are positioned within this diffusion range, the singlet oxygen molecules
transfer energy to thioxene derivatives within the acceptor beads, initiating a cascade of
chemical reactions. This energy transfer triggers a chemiluminescent reaction within the
acceptor beads, subsequently exciting nearby fluorophores that emit detectable light at 615 nm.
The process creates significant signal amplification, as a single excitation event can generate
multiple singlet oxygen molecules. Additionally, the time-resolved detection method leverages
the fluorophore’s long emission lifetime to minimize background interference, resulting in

exceptional signal-to-noise ratios.[*!%]

ey 0,
Excitation

Emission £\
680 nm /\ 615nm T

Donor bead —/ \;_2 \— Acceptor bead
pwoy/ |

Figure 23. Schematic representation of Alphal. ISA measuring principle.

For G9a methyltransferase inhibition studies, the assay system is designed to detect histone
methylation. Streptavidin-conjugated donor beads specifically bind the biotinylated histone
H3-derived peptide substrate, regardless of its methylation status. Acceptor beads, in turn, are
coupled to antibodies targeting methylated histone H3 — specifically the H3K9me2 mark
generated by G9a activity. This configuration ensures luminescent signal production only upon
successful methylation of the substrate, which brings donor and acceptor beads into proximity

for energy transfer.
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The GY9a inhibitory properties of 6-methylpyrimidine-2,4-diamine derivatives (24-39),
designed as potential dual-targeting ligands for H3R and G9a, were evaluated using the

AlphaLISA screening assay.

4.3.2  Principles of LRRK2 screening assay

The LRRK2 kinase inhibition studies employed TR-FRET (Time-Resolved
Fluorescence/Forster Resonance Energy Transfer), a homogeneous, proximity-based assay that
quantifies enzymatic activity through a fluorescence resonance energy transfer mechanism.'"!
This platform measures kinase activity by generating a FRET signal when phosphorylation-
dependent molecular interactions bring donor and acceptor fluorophores into close proximity.
The assay is widely used to screen kinase inhibitors, offering high sensitivity, versatility and
compatibility with high-throughput screening workflows.[>]

The fundamental principle of TR-FRET involves a lanthanide complex donor fluorophore that,
upon excitation, transfers energy non-radiatively to an acceptor molecule through dipole-dipole
coupling. This energy transfer occurs exclusively when three critical conditions are met:
appropriate spectral overlap between donor emission and acceptor absorption spectra, correct
molecular orientation, and sufficient proximity (typically 1-10 nm) between the interacting
fluorophores.>*! The acceptor subsequently emits detectable fluorescence at a characteristic
wavelength, commonly 665 nm. A key advantage of the time-resolved measurement approach
is the introduction of a temporal delay before detection, allowing transient background
fluorescence from biological matrices and test compounds to decay, thereby enhancing signal
specificity and assay robustness.

In the context of LRRK2 inhibition assessment, an ADP-quantification TR-FRET
configuration that monitors reaction kinetics through direct measurement of reaction products
has been implemented (Figure 24). This system employs europium-labelled anti-ADP
antibodies as energy donors coupled with Alexa Fluor 647-conjugated ADP molecules serving
as energy acceptors and competitive tracers. The assay operates on a competitive binding
principle where both enzymatically-produced unlabelled ADP and fluorescently-tagged ADP
tracer compete for limited antibody binding sites. Importantly, only tracer-antibody complexes
generate the TR-FRET signal due to the proximity-induced energy transfer between the
europium donor and Alexa Fluor 647 acceptor. The relationship between kinase activity and
signal intensity follows an inverse correlation pattern. When LRRK?2 kinase functions actively,
substantial ATP consumption generates high concentrations of unlabelled ADP, which

effectively outcompetes the fluorescent ADP tracer for antibody binding, resulting in
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diminished TR-FRET signal intensity. Conversely, when potent inhibitors suppress LRRK2
activity, reduced ATP hydrolysis leads to lower unlabelled ADP production, allowing greater
tracer-antibody complex formation and consequently producing enhanced TR-FRET signal.
This elegant signal inversion mechanism provides a direct readout of inhibitor potency,
enabling precise pharmacological characterization of candidate molecules targeting LRRK?2
kinase activity.

The LRRK?2 inhibitory properties of 5-chloro- and 5-(trifluoromethyl)pyrimidine-2,4-diamine
derivatives (40-87), designed as potential dual-targeting ligands for H3R and LRRK2, were
evaluated using the TR-FRET-based screening assay.
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Figure 24. TR-FRET-based inhibition assessment of LRRK?2 enzyme.
4.4 Evaluation of Pyrimidin-4-amine Derivatives

In the pursuit of novel histamine H3R ligands, a small set of 13 pyrimidin-4-amine derivatives
was designed and synthetized, adhering to a well-established H3R pharmacophore blueprint
(Figure 9).1267-415. 4161 Stryctural diversity within the set was introduced through systematic
variations in the 1% basic moiety of the pharmacophore, incorporating methylpiperazine,
acetylpiperazine, and piperidine. Additionally, pyrimidin-4-amine, employed as the 2" basic
moiety in the arbitrary region of the molecule, served as a secondary modification point.
Structural diversity was introduced by modifying the C-5 position of the pyrimidine ring with
various carboxylic acid derivatives, namely esters, acids, amides, and nitriles. This approach
yielded 12 compounds (1-12), which were complemented by a structurally related analogue

(13), as summarized in (Table 5).
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The binding affinity data revealed a clear SAR, with the 1% basic moiety playing a crucial role
in determining #H3R binding affinity. The piperidine-containing compounds (9-12, K;i=1.11 —
32.6 nM) demonstrated exceptional potency with low nanomolar affinities, significantly
outperforming their methylpiperazine (1-4, Ki = 281 — 616 nM) and acetylpiperazine (5-8,
Ki =212 — 810 nM) counterparts, which showed moderate-to-high nanomolar or micromolar
range activities. For example, replacing the 4-methylpiperazine in compound 1 (K; = 281 nM)
with piperidine in compound 9 (K; = 1.97 nM) results in a 140-fold improvement in affinity,
suggesting that the piperidine ring system is far more favourable for receptor binding than the
substituted piperazine. The comparison between 4-methylpiperazine (1-4) and
4-acetylpiperazine (5-8) compounds reveals no consistent advantage for either substituent.
Furthermore, replacing the methylthio group of compound 3 (Ki = 444 nM) with chloro
substituent (13, K; = 1620 nM) drastically diminishes binding, underscoring the importance of
the thioether moiety.

Table 5. Binding affinities of compounds 1-13.

hH:R Ki [nM]
Structure R Compd
[95% CIJ?
0
. 281
H3C/\0)S/ [98.6 — 801]
N i s 444
: o ~_N_J Ho& [111-1771]
HN 9 3 444
R\ﬁN HZN)S/ [111-1771]
NPg-CHs \ e
NG
AN
\j 4 [100 — 3805]
0 5 212
o H3c/\oJ\/ [89.1 — 504]
(\NJ\CH3 o 6 810
Qo\/\/n\) HoJ)/ [158 — 4155]
0
HN . 717
R\fw HZN)K/ [417 - 1232]
\Pg - CHs N\\y g 241
[104 — 555]

 Affinity data are presented as mean K; values with corresponding 95% confidence intervals, based on at least

three independent experiments performed in duplicate.
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Table 5. Continued.

hH3R Ki [nM]
[95% CI]*

Structure R Compd

0 1.97
O H3C/\OJ\/ [0.44 — 8.76]
(o) N
O T 0 " 111
HN HoJ}/ [0.93 - 1.33]

R

N 9 326
NPs CHa HZN)K/ 1 [22.6 — 47.0]
Nx 1.63
S .
Y 12 [0.73 — 3.65]

/©/0\/\/N\)
1620
O HN 13

[507 — 5180]
H,N SN

PN

N~ °CI

_ Pitolisant (L.33) [3.20 — 54.1]

 Affinity data are presented as mean K; values with corresponding 95% confidence intervals, based on at least

three independent experiments performed in duplicate.

Within the high-performing piperidine series, compounds featuring carboxylic acid (10), nitrile
(12), and ester (9) functionalities achieved remarkable single-digit nanomolar affinities
(Ki=1.11 nM, 1.63 nM, and 1.97 nM, respectively), surpassing the binding affinity of the
clinically validated reference compound pitolisant (L33) (Ki = 13.2 nM). While the amide
variant maintained strong binding with a K; of 32.6 nM, it showed somewhat reduced potency
compared to its structural analogues.

The potent compounds from the piperidine series serve as promising leads for further
development and expansion of pyrimidin-4-amine-based H3R ligands. Further exploration of
these scaffolds may enable mapping of ligand-receptor interactions, potentially offering
insights into the contributions of specific functional groups. This understanding could guide
the design of new H3R ligands with refined pharmacological properties. The systematic
structural variations implemented, together with the observed correlation between structural

features and binding affinities, establish a reasonable basis for future efforts in this area.
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4.5 Evaluation of Pyrimidin-2-amine Derivatives

A series of 10 novel pyrimidin-2-amine derivatives (14-23) was synthesized. The H3R
pharmacophore was assembled by attaching a propylpiperidine fragment to the C-4 position of
pyrimidin-2-amine, which served as the central core. The compounds were designed with two
distinct structural motifs: 3-(piperidin-1-yl)propyloxy (14-18) and 3-(piperidin-1-yl)propylthio
(19-23). Structural diversity was introduced through systematic modification of the C-6
substituent on the pyrimidine core, including unsubstituted, methyl, ethyl, isopropyl, and
cyclopropyl groups. This dual variation in both the linking group (O vs. S) and C-6 substituents
enabled a comprehensive SAR analysis. Binding affinities (Table 6) for ZH3R were determined
using a radioligand displacement assay, with pitolisant (LL33) as a positive control.

The thio derivatives (19-23) consistently exhibited higher binding affinity (lower K; values)
compared to their alkoxy analogs (14-18) across all C-6 substituents, underscoring the
advantage of sulfur-based linkers. In the alkoxy series, the size of the C-6 substituent showed
a clear inverse correlation with affinity, with the trend being unsubstituted (K; = 786 nM) >
methyl (2103 nM) = ethyl (2197 nM) = isopropyl (2159 nM) > cyclopropyl (3572 nM). This
suggests that bulkier substituents introduce steric hindrance, disrupting optimal interactions
with the receptor. A similar trend was observed in the thio series, though it was less consistent
due to wider confidence intervals. For example, the 6-ethyl derivative 21 (Ki = 720 nM),
outperformed the 6-methyl analog 20 (K; = 876 nM).

The data indicate that bulkier substituents generally reduce affinity, likely due to unfavourable
steric interactions with the receptor binding pocket. However, the thio linker appears to
mitigate this effect to some extent, as evidenced by the comparatively higher affinity of thio
derivatives with larger substituents (e.g., cyclopropyl thio: 2338 nM vs. alkoxy: 3572 nM).
The 6-unsubstituted thio derivative 19 emerged as the most potent compound in the series
(Ki =596 nM), highlighting the advantage of minimal steric demand at the C-6 position. These
findings provide valuable insights for further optimization of pyrimidin-2-amine derivatives as
hH3R ligands, emphasizing the importance of both linker choice and substituent size in

modulating receptor affinity.
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Table 6. Binding affinities of compounds 14-23.

()

N

I

X
B
R N/)\NHZ
. Compd KHR K; [nM] Compd KHR K; [nM]
X=0 [95% CIJ»® X=§ [95% CI]
786 596
H>\ 14 [417 — 1479] 19 [316 - 986]
2103 876
Hac}\ 15 [1780 — 2485] 20 [311 - 2467]
2197 720
H3°&\ 16 [341 — 14144] 2 [346 — 1500]
HyC 2159 1541
L, 17 [1959 — 2380] 22 [491 — 4829]
3
3572 2338
% 18 [725 — 17595] 23 [679 — 8059]

2 Pitolisant (L.33) was tested as a reference #H3R ligand showing K; = 13.2 nM
b Affinity data are presented as mean K; values with corresponding 95% confidence intervals, based on at least

three independent experiments performed in duplicate.

Based on the obtained K; values, the prepared set of pyrimidin-2-amine derivatives showed
moderate to low affinity for ZH3R especially when compared to pitolisant (L.33) used as a

reference #H3R ligand.
4.6 Evaluation of Pyrimidine-2,4-diamine Derivatives

4.6.1  6-Methylpyrimidine-2,4-diamine Derivatives

The recent discovery of A-366 (L65, Figure 25) as the first dual-targeting H3R/G9a ligand,
coupled with the promising therapeutic potential of simultaneous H3R/G9a targeting in
PWS[2% Jed to the design of 16 novel 6-methylpyrimidine-2,4-diamine derivatives (24-39).
The series aimed to explore the chemical space around the 6-methylpyrimidine-2,4-diamine
scaffold and identify new dual-targeting H3R/G9a ligands.

A key structural commonality exists between G9a inhibitors (i.e. L65 and L66)1°*32) and H3R
ligands (like L32 and L33)!'*2 in the form of basic centrum attached to aromatic core via

propyloxy linker that is important for the potency. X-ray crystallography confirmed that this
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structural element occupies the lysine channel, enhancing G9a potency®?], while
simultaneously serving as an established HsR pharmacophore.l'**! These structural insights
enabled a knowledge-based approach!>®?! to design ligands with fused structural elements

(Figure 25).

HsC..
3“>NH
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)
T 0/\/\ Q /©/\/\ O
H
L66 L33 (pitolisant)
G9a (P H;R
G9a ICso = 16.9 NM HaR K; = 13.2 nM 3
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L65 (A-366) f\N /@: L32 (UCL-2190)

G9a IC5y=3.3nM H,C )\ o/\/\ H3R K= 11 nM
H3R Ki = 17 nM

Figure 25. Design of compound 27 as dual targeting G9a/H3R ligand by fusing structural fragments of known
G9a and H3R ligands. Excluding .33 H3R K value that was obtained in-house, all other ICso and K; values were
compiled from published literature sources.!!4 293 329

The set of 6-methylpyrimidine-2,4-diamine derivatives exhibits systematic structural variation
around target compound 27. The diversity was generated through strategic placement of two
alkylamino (methyl- or ethylamino) and four arylamino substituents (P12, P14-P15, Scheme
3) at the C-2 and C-4 positions.

The combinatorial arrangement of these substituents, alternating between the two positions,
yielded a comprehensive series of 16 compounds (24-39) (Table 7). This design strategy
enabled thorough exploration of SAR and positional effects of the substituents. The screening
results reveal clear trends among the analysed compounds. In most cases compounds with
2-alkylamino substitution demonstrate higher aftinity for ZH3R compared to their 4-substituted
counterparts, indicating optimal interactions of 2-alkylamino substituents with the receptor.
Derivatives containing the piperidine group in the arylamino substituent (25, 29, 33 and 37)
emerge as the most potent compounds, consistently showing lower K; values compared to their
methylpiperazine counterparts (24, 29, 32 and 36). The superior affinity of compounds 25, 29,

33 and 37 aligns with their structural similarity with reference inhibitor pitolisant (L.33).
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Table 7. #H3R binding affinities and single-point G9a inhibitory potencies of compounds 24-39.

hH;3R Ki G9a hH3R K; G9a
Ar Compd [nM] [%] £SD | Compd [nM] [%] £ SD

[95% CI]*™¢ at 10 pM* [95% CI] at 10 pM

HC.,, CH,

NH
=N
LA N
_Ar |
HiC” NN HoC N/)\N,Ar
H
N-CHs

117 334 244 523

o~ N 24 28
[42.8-729] £185 [110 - 538] +4.6
0\/\»0 25 32.4 15.1 29 25.0 21.0
\(Cf [114-92.1] =£122 [8.27 —75.7] £33
0\/\»0 26 68.4 60.1 30 45.4 70.4
\(C[ CH, [44.7-105] +14.7 [13.6 — 151] +21.8
o
O\CH3
27 128 102.3 31 25.2 108.4
o/\/\rO [61.1 —272] +2.1 [9.67 — 65.6] +0.5

HN,Ar HN,Ar
B B
HsC N/)\H’CHS HsC” N7 H/\CH_,,

N-CHs
102 40.2 20.9 25.2

o~ N 32 36
\/@( [49.9-209]  +42 [113-388] =16
0\/\/@ 1 1.40 45.9 . 18.0 517
YQ [023-837] 15 [112-290] +13
0\/\»@ " 329 92.2 18 653 70.0
ﬂ - [154-702] 07 [267-160]  +0.7
o
Och,
3 82.5 103.7 3 138 103.0
o/\/\rO [30.8-221] 1.1 [503-337] 26

& Affinity data are presented as mean K; values with corresponding 95% confidence intervals, based on at least

three independent experiments performed in duplicate.
b Pitolisant (LL33) was tested as a reference #H3R ligand showing K; = 13.2 [95% CI: 3.20 — 54.1].
¢ LL65 has reported values of #ZH;R K; = 17 nM and G9a ICsp = 2.5 nM.[204.329]

4 G9a inhibition was calculated as percentages related to control at a test concentration of 10 M.
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The introduction of methoxy substitution generally reduces #H3R affinity, with compound 31
(Ki=25.2 nM) being a notable exception, maintaining high affinity despite its 4-methoxy
group. Compound 33 (Ki; = 1.40 nM) stands out as the most potent in the series, displaying
affinity comparable to the clinical H3R inverse agonist pitolisant (L.33).

The G9a inhibitory potential was evaluated at 10 uM, with results expressed as percentage of
inhibited enzyme activity. Compounds showing both high #H3R affinity and significant G9a
inhibition at 10 uM underwent further G9a ICso determination. The presented data (Table 7)
revealed a distinct structure-activity relationship pattern, where the methoxy substitution plays
a dual role - while reducing #H3R affinity, it significantly enhances G9a inhibition. This finding
provides valuable insights for the rational design of dual-acting compounds. Notably,
methoxy-substituted derivatives consistently achieve high or complete enzyme inhibition.
Based on the combined #H3R and G9a activity profiles, compounds 31, 34, and 35 were
selected for G9a ICso determination due to their complete enzyme inhibition and maintained
receptor affinity. Additionally, compound 33 was included in this selection owing to its
exceptional #H3R potency, despite showing moderate G9a inhibition. Furthermore, the
compounds cytotoxicity was assayed on SH-SYSY cell line.

The compounds 33 and 34 exhibited weak (G9a inhibition, with ICso values in the micromolar
range (Table 8). On the other hand, 31 (K; = 25.2 nM, ICso = 63.9 nM) and 35 (K; = 82.5 nM,
ICso = 494 nM) demonstrate the feasibility of designing dual-action ligands, though 31 stands
out for its notable potency and well-balance activity against both #H3R and G9a. However,
identified dual-targeting ligands are less potent on both targets compared to the reference L65,
as first-in-class dual #H3R/G9a ligand. The compound demonstrated minimal cytotoxic effects,

as the cell viability remained consistently above 90%.

Table 8. #H3R K; and G9a ICs values and of selected compounds and their effects on SH-SYSY cell viability.?

Compound HHR Ki [nM] G9a ICs [nM] SH-SYSY viability
[95% ClJ [95% CIJ [%] % SD at 10 pM

. [9-6$i%5~6] [27.83291 51] 92.7+2.3

. [0.23l f%-37] [71557_7238601 103.7+3.4

3 [15-2 2—-970-2] [12764%91%1481] 95.0+3.6

35 [30,22;5221] [2694?4906] 90.3+43

2 Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based

on at least three independent experiments performed in duplicate.
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To gain better insight into the interactions between ligands 24-39 with H3;R and G9a targets,
the molecular docking study was performed. Initially, the docking protocol for both targets was
first validated by re-docking the reference ligands, using the original co-crystalline ligands
(L41 for H3R and L66 for G9a) as reference. The conformations with the highest GoldScore
and all key interactions with the amino acid residues in the binding sites (Figure 26 and Figure
27) were evaluated using the root mean square deviation (RMSD) values. The best predicted
bioactive conformations for the H3R antagonist L41 and the G9a inhibitor L66 showed all key
interactions and comparable poses with the co-crystalline reference ligands with RMSD values
of 0.552 and 0.637. Based on the validation criterion that the RMSD of the docked reference
ligand has a value of 2 A or less!®®!, it can be concluded that both the HsR and G9a docking
protocols are valid. The GoldScore values and key interactions of reference and synthesized
compounds for both targets are listed in Table S1 (Supplementary Data).

To evaluate the docking results in terms of potency, some of the representative candidates (28,
31, 34 and 35) were selected.

In the case of G9a, 31 with the highest experimental potency (G9a ICso = 63.9 nM) for the
enzyme and 33 with the lowest experimental potency (G9a ICso = 17765 nM) (Table S1) were
selected to find relationships between potency, key interactions and the binding mode in the
active site of the enzyme.

For H3R, compounds 31 and 33 were selected based on their excellent potency (H3;R Ki=25.2
nM and 1.4 nM, respectively) compared to the reference ligand (L41, H3R Ki= 1.7 — 37.45
nM) (Table S1). To gain a better insight into the relationship between the behaviour of the
ligands in the binding site of G9a and H3R with the experimental ICso and K; values, compound
35 with middle experimental potency for G9a (G9a ICso = 494 nM) and compound 28 with the
lowest experimental potency for H3R (H3R Ki= 224 nM) were also discussed.
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Compound 31, a potent G9a inhibitor, forms two hydrogen bonds with Asp1088 and a hydrogen
bond with Asp1078 in the active site of the G9a enzyme (Figure 28, left). Therefore, it forms
two (Table S1, 2-2; 2-3) of three reference ligand interactions (Figure 27, PDB:7btv). In the
case of H3R compound 31, a strong H3R antagonist, forms hydrogen bond with the side chain
of Aspl14, hydrogen bond with Tyr91 and two hydrophobic interactions (Figure 28, right).
Thus, it forms four (Table S1, 1-1; 1-3; 1-4; 1-5) of five reference ligand interactions in the

H;R binding pocket (Figure 26, PDB:7f61).
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Figure 28. Pose of 31 with interactions in the active site of the G9a (PDB: 7btv) (left) and H3;R (PDB: 7f61)

(right); the cyan lines represent the reference ligands of the PDBs, while the sticks represent the 31.

Compound 33, a weak G9a inhibitor, forms one hydrogen bond with the side chain of Asp1078
and one hydrogen bond with the side chain of Leul086 (Figure 29, left), while it does not form
hydrogen bonds with Asp1088. Therefore, it forms two (Table S1, 2-1; 2-2) of three reference
ligand interactions (Figure 27, PDB:7btv). In the H3R binding site compound 33, a strong H3;R
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antagonist, forms one hydrogen bond with the side chain of the Asp114 and hydrophobic bond

with side chain of Tyr374 (Figure 29, right). Thus, it forms two (Table S1,1-3; 1-4) of five

reference ligand interactions in the H3R binding pocket (Figure 26, PDB:7161).
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Figure 29. Pose of the 33 with interactions in the active site of G9a (PDB: 7btv) (left) and HsR (PDB: 7f61)

(right); the cyan lines represent the reference ligands of the PDBs, while the sticks represent 33.

Compound 34, a moderate G9a inhibitor, forms a hydrogen bond with the side chain of

Aspl1078 and a hydrogen bond with the side chain of Asp1088 (Figure 30, left). Therefore, it

forms two (Table S1, 2-2; 2-3) of three reference ligand interactions (Figure 27, PDB:7btv).
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Compound 28, the least active compound on H3R, forms two hydrogen bonds with the side

chain of Asp114 and one hydrophobic bond with the side chain of Phe193 (Figure 31). Thus, it

forms two (Table S1, 1-4; 1-5) of five reference ligand interactions in the H3R binding pocket

(Figure 26, PDB:7161).

LEU
111 1h0 ALA LEU
TRP TYR 190 106
402 115
4(}\
H HIS
\“"'—\‘ ¥ 187
1 H
I "3 GLY
LEU H ; -
CYs188 401 ‘ l;gig 98 ARG
TYR . 27
CYSh G740
TYR
r TYRI1 118 ! 1394,
HEL193 ) 3 GLU
114 395 TYR
4 94
PHE TYR CYS
- 398 91 VAL 188
ASP 14/ 24 =
¥ Interactions
2 1 van der Waals [ Alkyl
\ [ Conventional Hydrogen Bond [ Pi-Alkyl
[1Carbon Hydrogen Bond I Pi-Sigma

I Pi-Pi-T shaped Pi-Pi stacked

Figure 31. Pose of the 28 with interactions in the active site of the H;R (PDB: 7f61); the cyan lines represent the
reference ligands of the PDB, while the sticks represent the 28.

In the case of G9a, it can be seen that the methoxy group of piperidine-propoxy-phenylamino

moiety on pyrimidine of 31 and 34 fits into the hydrophobic pocket consisting of Ile1161,
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Lys1162 and Phel158 (Figure 28 and Figure 30), while unsubstituted piperidine-propoxy-
phenylamino moiety on position-4 of pyrimidine of 33 does not fit into the hydrophobic G9a
pocket (Figure 29). It can be concluded that a small lipophilic substituent, such as methoxy
group, of phenyl moiety play an important role in filling the hydrophobic pocket of G9a, while
a bigger lipophilic substitution at one of the amine groups of the pyrimidine plays an important
role in the interactions with the lipophilic side chains of the amino acids that form the
alpha-helix at the entrance of the active site of G9a. The piperidine-propoxy-phenylamino
moiety on the position-2 of the pyrimidine ring of 31 forms two hydrogen bonds with Asp1088,
the piperidine-propoxy-phenylamino moiety on the position-4 of the pyrimidine ring of 34
forms a hydrogen bond with Asp1088, while the piperidine-propoxy-phenylamino moiety on
position-4 of the pyrimidine of 33 does not interact with Asp1088. It can be concluded that
interactions with the hydrophobic G9a pocket together with two hydrogen bonds with Asp1088
are essential for a strong inhibition of G9a.

In the case of H3R, 31 and 33 form a further hydrophobic interaction with Tyr374, whereas 28
does not form this bond. Almost all piperazine derivatives do not form this lipophilic interaction
and have a lower potency than their piperidine analogues. Considering that 31 works best for
(G9a and at the same time has high potency for the H3R, it could serve as a lead compound for
further modifications to achieve even higher potency for both targets.

The starting point for the structural modifications should be given to replacing or attaching
additional hydrogen donor groups to the methyl group at position-6 of the pyrimidine ring to
test other hydrogen bonds with Aspl088 in G9a and their influence on potency. The
hydrophobic interaction with the Tyr374 in H3R should be retained as it was mentioned to be
important for H3R potency.

4.6.2  5-Chloro- and 5-(Trifluoromethyl)pyrimidine-2,4-diamine Derivatives

The design and synthesis of chloro- and 5-(trifluoromethyl)pyrimidine-2,4-diamine derivatives
were inspired by the overlapping roles of the LRRK2 enzyme and the histamine H3zR in PD
pathology. LRRK2 hyperactivity is a key driver of PD pathogenesis, impairing vesicle
trafficking, neurotransmitter release, cytoskeleton dynamics, autophagy, lysosomal
/mitochondrial functions, and immune/microglial response. Importantly, LRRK?2 dysregulation
promotes a-Syn aggregation and Lewy body formation, hallmark features of PD, positioning
LRRK2 as a promising disease-modifying target.**!] On the other hand, HsR modulation
influences histaminergic neurotransmission, which is critical for cognitive function, alertness,

and neuroprotection. Through its heteroreceptor functions in CNS, H3R directly affects
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dopaminergic transmission. Its antagonism has been shown to supress neuroinflammation and
alleviate cognitive impairments. Notably, the H3R antagonist pitolisant (L.33) is clinically used
to treat narcolepsy, a condition characterized by excessive daytime sleepiness, which is also a
common non-motor symptom in PD patients. Recognizing these interconnected mechanisms,
the knowledge-based MTDL approach!??! was employed to design compounds capable of
simultaneously targeting LRRK2 and H3R. For this purpose, the only LRRK2 inhibitor in
clinical trials with disclosed structure L.80, alongside its earlier iterations L.78 and L.79 was
taken as a lead. Diaminopyrimidine scaffold responsible for LRRK2 inhibition was merged

with H3R pharmacophore from ligands L.32 and L33 (Figure 32).
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Figure 32. Design of dual targeting LRRK2/H3R ligand by fusing structural fragments of known G9a and H3;R

ligands. Excluding L33 HsR K value that was obtained in-house, all other ICso and K; values were compiled from

published literature sources.[!43 39, 391, 3931

In addition to two target compounds, 42 and 69, a set of 48 compounds (40-87, Table 9 and
Table 10) was synthesized using 5-chloro- and 5-(trifluoromethyl)pyrimidine-2,4-diamine
scaffolds. Structural diversity was introduced by pairing one of two alkylamino substituents
(methyl- or ethylamino) with one of six arylamino substituents (P12-P17, Scheme 3), and
systematically varying their substitution positions between the C-2 and C-4 sites of the
pyrimidine ring. This strategy produced a focused compound library with controlled structural

variations, enabling comprehensive SAR analysis for both H3R and LRRK?2 targets.
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The complete set of compounds underwent evaluation for H3;R binding affinity, expressed as
K; values. The compounds were also tested for their LRRK?2 inhibitory potential at a fixed
concentration of 10 uM, with results presented as percentage of enzyme inhibition. The
compounds demonstrating both potent #H3R affinity and substantial LRRK2 inhibition were

advanced to full LRRK2 ICs¢ determination to quantify their precise inhibitory potency.

Table 9. #H3R binding affinities and single-point LRRK2 inhibitory potencies of compounds 40-63.*

CH,
HsConm L
cl NH
~N Cl
| /)\ Ar | oN
N™ °N’ /)\ _Ar
H N N
H
hH3R Ki LRRK2 hH3R Ki LRRK2
Ar Compd [nM] [%] £SD | Compd [nM] [%] = SD
[95% CI]® at 10 pM©¢ [95% CI] at 10 pM

_CH,

Oy
o ~_N_/ 40 738 102.8 46 390 99.2
[470 - 1160]  +2.6 [114-1333]  +3.7

o]

PN

CHs 341 100.2 916 104.9

(N
\/@(0\/\/"\) A 19-980] =50 4T 283-2064] 12
0\/\/@ 42 10.2 99.7 i 44 86.3
YC( [7.18— 144] +2.8 [17-112]  +27

0\/\/"0 43 172 88.4 49 75.8 93.4
ﬁ CH [242-1227] +3.0 [33.0 - 174] +1.2
o~ 3

o.
4 331 92.0 50 46.3 84.5
o/\/\rO [124 — 883] +8.8 [18.3—117] +0.8

o)
~T . 59.9 80.4 51 331 94.7
[21.9-164] +1.9 [21.7-50.6] +24

o
“CH,

& Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based
on at least two independent experiments performed in duplicate.

b Pitolisant (L33) was tested as a reference hH3R ligand showing K; = 13.2.

¢ LRRK2 inhibition was calculated as percentages related to control at a test concentration of 10 uM.

4 Staurosporine (L.73) was used as a reference LRRK2 ligand showing ICso = 0.2 nM.
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Table 9. Continued.?

HN-AT HN-AT
cl | SN cl | SN
N/)\N’c"I3 N7 N CH,
H H
hH;RKi  LRRK2 hH;RKi  LRRK2
Ar Compd [nM] [%] = SD | Compd [nM] [%] £ SD
[95% CI]’ at 10 pM© ¢ [95% CI|  at 10 pM
(\N,CH3
o ~_N_J 5 335 54.6 s3 1034 93.9
[106—1059]  +0.8 [441 -2598]  +13.1
X
(\N CH,
839 45.1 490 78.6
Y@ﬁ\/\/"\) 3 296-2379]  +44 M ll64-1466] =81
0\/\»0 54 2.4 85.6 60 4.8 80.8
V@( [1.1-5.3] £9.0 [1.9-120] 1.1
0\/\»@ s 223 73.0 61 185 54.1
Y@o/cm [83 — 603] £25 [103-331]  +0.5
O\CH3
56 360 64.0 0 716 63.5
o/\/\rO [124-1042]  +8.2 [554 — 926] +45
oA )
TN s 241 62.6 6 106 712
[74 - 781] £3.9 [92 — 123] 44
O\CH3

& Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based

on at least two independent experiments performed in duplicate.

b Pitolisant (L33) was tested as a reference hH3R ligand showing K; = 13.2.

¢ LRRK2 inhibition was calculated as percentages related to control at a test concentration of 10 uM.

4 Staurosporine (L.73) was used as a reference LRRK2 ligand showing ICso = 0.2 nM.
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Table 10. #H3R binding affinities and single-point LRRK?2 inhibitory potencies of compounds 64-87.%

CH,
H3C\NH I\
F3;C NH
3 | SN F3Cf§N
L Ar |
N H N/)\N,Ar
H

hH3R Ki LRRK2 hH3R K; LRRK2
Ar Compd [nM] [%] £SD | Compd [nM] [%] £ SD
[95% CIJ® at 10 pM©¢ [95% CI] at 10 pM

73.5

o ~_N_J 64 548 101.8 20 862
[346-869]  +7.5 [438-1697]  +11.2

CHs 2096 88.5 6047 475

a
YE:(O\/\/N\) 65 l663_6581] 14 TV 15467-6689] +14.0

0\/\»@ 66 4.1 89.5 - 8.1 78.5
\(@f [1.9 - 8.4] +35 [3.9-167]  +0.2
0\/\»0 p 104 98.4 - 159 62.3
{@o/c“s [44.5-244]  +8.0 [81.7-311] +114

O\CH3
68 1645 102.9 74 53.6 37.7
o/\/\rO [507 — 5333] +1.2 [26.5 —108] +1.3

oA
~T " 9.0 104.6 T 82.1 54.5
[52-157] £55 [332-203]  =+1.1

o
“CH,4

3 Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based
on at least two independent experiments performed in duplicate.

b Pitolisant (L33) was tested as a reference #H3R ligand showing K; = 13.2.

¢ LRRK2 inhibition was calculated as percentages related to control at a test concentration of 10 uM.

4 Staurosporine (L.73) was used as a reference LRRK2 ligand showing ICso = 0.2 nM.

93



Pharmacology and Discussion

Table 10. Continued.?

HN-AT N AT
F;C | SN Fsc\(%N
N/)\N’CH3 N/)\N/\CH:,,
H H
hH3R K; LRRK2 hH3R K; LRRK2
Ar Compd [nM] [%] = SD | Compd [nM] [%] £ SD
[95% CI]’ at 10 pM© ¢ [95% CI]  at 10 pM
(\N,CH3
o ~_N_J 6 1026 56.6 % 141 99.7
[418 —2519] +8.5 [63 —313] +13.3
X,

CHs 578 42.9 519 90.3

(N
Y@ﬁ\/\/"\) T n72-1944] 06 8 llos—1381] =40
0\/\»0 s 2.1 53.9 o4 1.1 95.1
VC( [08-56]  +14 [5.7-217] =82

0\/\»@ - 328 38.2 g5 65.1 98.8
YCE CH, [114-1043] +118 [29.9-142]  +2.1
o
O\CH3
%0 822 47.0 %6 29.9 86.3
o/\/\rO [647 —1043] +15.6 [109-82.5]  +3.5
o)
TN o1 112 442 - 41.6 942
[4.8 —26] +0.1 [29.6-58.5] +33

o
“CH,4

& Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based

on at least two independent experiments performed in duplicate.
b Pitolisant (L33) was tested as a reference hH3R ligand showing K; = 13.2.
¢ LRRK2 inhibition was calculated as percentages related to control at a test concentration of 10 uM.

4 Staurosporine (L73) was used as a reference LRRK2 ligand showing ICso = 0.2 nM.

For H3R receptor binding, compounds containing the 4-(3-(piperidin-1-yl)propoxy)anilino
substituent consistently showed the highest affinity across all scaffold variations, with K; values
in the low nanomolar range (2.1-11.1 nM), rivalling the most potent HsR ligands.* > This
trend remained consistent regardless of the alkylamino group position (2- or 4-position) or the
nature of the 5-substituent (chloro or trifluoromethyl). The introduction of methoxy groups to

the anilino moiety typically reduced H3R affinity, though compounds 69 and 81 maintained
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strong potency (K; = 9.0 and 11.2 nM respectively). Notably, the position of methoxy
substitution influenced activity, with 2-methoxy derivatives generally performing better than
their 3- or 4-methoxy counterparts. Compounds featuring 4-methylpiperazine or
4-acetylpiperazine exhibited substantially lower affinity, with K; values often in the high
nanomolar to micromolar range. While the alkylamino group position showed no consistent
impact on H3R affinity, the methylamino to ethylamino switch produced variable effects
depending on other structural features.

LRRK2 inhibition demonstrates clear structure-activity relationships primarily governed by the
alkylamino substitution nature and position on the pyrimidine ring. In the 5-chloro series,
4-alkylamino derivatives (40-51) consistently achieve higher LRRK2 inhibition (>80%)
compared to their 2-alkylamino counterparts (52-63). This trend suggests that the 4-position of
the alkylamino group is more favourable for LRRK2 inhibition in the 5-chloro series.
Additionally, the type of alkylamino group does not show a significant difference in inhibition,
as both methylamino and ethylamino substitutions at the 4-position yield high inhibition
percentages.

The 5-trifluoromethyl series reveals more nuanced SAR. The 4-methylamino (64-69) and
2-ethylamino (82-87) derivatives achieve exceptional LRRK2 inhibition (>85%), while
4-ethylamino (70-75) and 2-methylamino (76-81) substitutions result in notably lower
inhibition (<60%). This pattern suggests that specific combinations of position and alkyl chain
length create optimal spatial arrangements for LRRK2 binding site interaction. The anilino
substitution patterns, while important for H3R activity, show less predictable effects on LRRK2
inhibition across both series.

Based on the H3R affinity values, LRRK2 inhibition data, and key structural features identified
through SAR analysis, 9 compounds were selected for detailed LRRK2 1Cs¢ determination. All
compounds demonstrated exceptional LRRK2 inhibitory potency with ICso values in the low
single-digit nanomolar range (1.1-9.3 nM) (Table 11). Notably, compounds 48, 66, 69, and 84
achieved an optimal balance of activities, combining single-digit nanomolar H3R binding
affinities (3.3-11.1 nM) with potent LRRK2 inhibition.

The subsequent cytotoxicity evaluation at 10 uM in SH-SYS5Y cells revealed distinct safety
profiles correlating with structural features (Table 11). The 2-methoxy derivatives (51, 69, and
87) exhibited superior safety profiles with cell viability exceeding 97%. In contrast, the
unsubstituted derivatives (48, 66, and 84) showed moderate effects on cell viability
(58.8-76.7%), while the 3-methoxy compounds (49, 67, and 85) displayed variable impacts,
with compound 85 showing significant cytotoxicity (16.5% viability). These results establish
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2-methoxy substitution as optimal for maintaining cell viability while preserving target
engagement.

Compound 69 emerged as the lead candidate, demonstrating excellent dual activity
(AH3R K;=9.0 nM, LRRK2 ICso = 3.6 nM) while maintaining nearly complete cell viability
(99.9%).

Table 11. #H3R K; and LRRK?2 ICsy values of selected compounds alongside their effects on SH-SYS5Y cell
viability.?

i SH-SYSY viabilit
Compd Compound hH3;R Ki [nM] LRRK2 ICso [nM] viability

[95% CI]" [95% CIJ¢ [%] + SD at 10 uM
CH3
48 cl o O 47 759+ 1.7
N [17—112] [2.7-6.8] F=l
)\
CH,
N O 75.8 2.4
49 C'\fjn\ (IO\/\/ [33.0 - 174] [1.1-3.6] 66.9+ 1.0
NN
H
CH3

“ O\/\/O 33.1 93

O-ch,

0
F.C (0] N
66 3 \ﬁi O NN 41 8.0 76.7+ 2.4
N” N

[1.9 - 8.4] [5.1-11.0]

F.C o O
67 3 \ﬁ\)\ N 104 22 89.5+19

[44.5 - 244] [0.8 —3.6]

\NH
Fscﬁ” o_~_N
9.0 3.6
69 I 99.9 +4.6
N/)\HQ [5.2 - 15.7] [1.6 - 5.6]
o.

CHs
/©/°\/\/'©
HN 11.1 2.8
F.C \ﬁ” [5.7-21.7] [0.9 —4.7]
N/)\H/\CH3

84 58.8+2.6
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Table 11. Continued

RH:RK;[nM] LRRK2ICso [nM] SH-SYS5Y viability
[95% CI] [95% CI] [%] + SD at 10 pM

HN/©:0/CH3 65.1 1.1

Compd Compound

» FaC [29.9 - 142] [0.8 - 1.3] 165+123
N
I
N/)\N/\CH3
H
/Q/O\/\/O
41.6 2.7
HN . .
Y FsC N Och [29.6 - 58.5] [1.1-43] 97.9+25
| s
N">N"CH
H

4 Data are presented as mean values with corresponding 95% confidence intervals or standard deviations, based

on at least two independent experiments performed in duplicate.
b Pitolisant (L.33) was tested as a reference #H3R ligand showing K; = 13.2.
¢ Staurosporine (L73) was used as a reference LRRK2 ligand showing ICso = 0.2 nM.

To gain better insight into the interactions between ligands 40-87 with H3R and LRRK2,
molecular docking study was performed. Initially, the original co-crystallized ligands (.41 for
HsR and L86 for LRRK?2) were used as a reference to validate the docking protocols for the
H3R and LRRK2 enzyme by re-docking the reference ligands. The predicted poses with the
highest ASP score for L41 and PLP score for L.86 and the key interactions according to the
literature binding mode (Figure 33 and Figure 34) were evaluated by root mean square
deviation (RMSD). For the best predicted bioactive conformations for the H3R antagonist L41
and the LRRK2 inhibitor L.86, the comparable poses with the reference ligands and all key
interactions with the amino acid residues at the active site of both targets were confirmed with
RMSD values of 0.8302 and 0.3396, respectively. In accordance with the validation criterion
that the RMSD of the docked reference ligand has a value of 2 A or less!*>, it can be concluded
that both the H;R and LRRK?2 docking protocols are valid.

The ASP and PLP score values, key interactions of the reference and synthesized compounds

for both targets and their experimental activities are listed in Table S2 (Supplementary Data).
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L41

Interactions
[ ] van der Waals

| SaltBridge

I conventional Hydrogen Bond

[] carbon Hydrogen Bond

[ Halogen (Fiuorine)
.| PRi-Cation
B F+pi stacked

[ pi-alkyl

Figure 33. Interactions of the H3R antagonist L41 with the amino acid residues in active site of the PDB: 7F61

(H3R). Important interactions according to literature, hydrogen bond with Tyr91, salt bridge with Asp114, the

halogen-O interaction of Cys188, salt bridge and carbon hydrogen with Tyr374 and Pi-interactions with Phe193,

are highlighted with a red circle.[3!
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Figure 34. Interactions of the LRRK2 inhibitor L86 with the amino acid residues in the active site of the PDB:

8TXZ (LRRK2). Important interactions according to literature (hydrophobic interactions of Leul885 and
hydrogen bonds of Ala1950 and Glu1948) are highlighted with a red circle.>>!
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Some of the representative synthesized ligands (49 (Ki(HsR) = 57.5 nM and
ICso(LRRK2)=2.4nM); 67 (Ki(H;R) = 104.0 nM and ICso(LRRK2) = 2.2 nM);
69 (Ki(H;R)=9.05 nM and ICso(LRRK2) = 3.6 nM); 85 (Ki(H3R) = 65.1 nM and
ICso(LRRK?2) = 1.1 nM)) were selected for interpretation of the docking results.

The most promising compound (69) with balanced single digit nanomolar Ki(H3R) and
ICso(LRRK?2) wvalues was selected for discussion. The compounds with the highest
experimental potency (ICso) for the LRRK2 enzyme as well as significant K activities for H3R
were discussed to gain a better insight into the relationships between potency of the ligands

studied and the binding mode at the active site of H3R and LRRK2.

T myrara

ey o

GLU TYR
395 394  HHE
ASP
391
Interactions
I:l van der Waals |:| Pi-Anion
[ salt Bridge [ Alkyl
- Conventional Hydrogen Bond |:| Pi-Alkyl

|:| Carbon Hydrogen Bond

Figure 35. Pose of 49 with interactions in the active site of the H;R (PDB: 7f61) (left) and LRRK2 (PDB: 8TXZ)
(right). The reference ligands of the PDBs are presented with green lines, while the 49 is presented with sticks.
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Compound 49 is a strong H3R antagonist (K; = 57.5 nM, Table S2), forming a salt bridge with
Asp114, pi-interactions with Tyr91 and Tyr374 and van der Walls interactions with Cys188 in
the H3R binding pocket (Figure 35, left). This indicates that compound 49 forms four (Table
S2, 1-1;1-2; 1-3; 1-4) out of five reference ligand interactions (Figure 33, PDB:7F61). In
addition, compound 49 is a potent LRRK2 inhibitor (ICso = 2.4 nM, Table S2) which forms
two hydrogen bonds and pi-interactions with side chain of the Ala1950, hydrogen bond and pi-
interactions with Leul885 and van der Waals interactions with Glu1948 (Figure 35, right). This
means that compound 49 forms three (Table S2, 1-1; 1-2; 1-3) of three reference ligand
interactions in the active site of the LRRK2 enzyme (Figure 34, PDB:7TXZ).
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Figure 36. Pose of 67 with interactions in the active site of the Hs;R (PDB: 7f61) (left) and LRRK2 (PDB: 8TXZ)
(right). The reference ligands of the PDBs are presented with green lines, while the 67 is presented with sticks.

The compound 67 can be considered as a strong H3R antagonist (K; = 104.0 nM, Table S2),
which forms pi-interactions with Tyr91, a salt bridge with Asp114, pi-interactions with Tyr374
and van der Walls interactions with Cys188 in the H3R binding pocket (Figure 36, left). This
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means that compound 67 forms four (Table S2, 1-1; 1-2; 1-3; 1-4) out of five reference ligand
interactions (Figure 33, PDB:7F61). Compound 67 is a potent LRRK2 inhibitor (ICso = 2.2
nM, Table S2), forming two hydrogen bonds and pi-interactions with the side chain of the
Alal950, hydrogen bonds and pi-interactions with Leul885, and the halogen-O interactions
with the side chain of Glu1948 (Figure 36, right). In total, compound 67 forms three (Table S2,
1-1; 1-2; 1-3) out of three reference ligand interactions in the active site of the LRRK2 enzyme

(Figure 34, PDB:7TXZ).
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Figure 37. Pose of 69 with interactions in the active site of the H;R (PDB: 7f61) (left) and LRRK2 (PDB: 8TXZ)
(right). The reference ligands of the PDBs are presented with green lines, while the 69 is presented with sticks.

A ligand 69 is the most promising compound with balanced single-digit nanomolar K;(H3R)
and ICso(LRRK2) values. It is a potent H3R ligand (K; = 9.05 nM, Table S2) that forms a salt
bridge with Asp114 side chain in the H3R binding pocket, a hydrogen bond with Cys188, pi-
interactions with Tyr374 and pi-interactions with Phe193 (Figure 37, left). Thus, compound 69
forms four (Table S2, 1-2; 1-3; 1-4; 1-5) out of five reference ligand interactions (Figure 33,
PDB:7F61). In addition, compound 69 is a potent LRRK2 inhibitor (ICso = 3.6 nM, Table S2),
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forming two hydrogen bonds with Ala1950, hydrogen bonds and pi-interactions with Leul885,
and the halogen-O interactions with Glu1948 (Figure 37, right). This means that compound 69
forms three (Table S2, 1-1; 1-2; 1-3) of three reference ligand interactions in the active site of

the LRRK2 enzyme (Figure 34, PDB:7TXZ).
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Figure 38. Pose of 85 with interactions in the active site of the HsR (PDB: 7f61) (left) and LRRK?2 (PDB: 8TXZ).

The reference ligands of the PDBs are presented with green lines, while the 85 is presented with sticks.

Compound 85 is also a strong H3R antagonist (K; = 65.1 nM, Table S2) which forms pi-

interactions with Tyr91 side chain, pi-interactions and carbon hydrogen bond with Cys188, pi-

interactions with Tyr374 side chain and salt bridge with Asp114 side chain in the H3R binding

pocket (Figure 38, left). This means that compound 85 forms four (Table S2, 1-1;1-2; 1-3; 1-

4) out of five reference ligand interactions (Figure 33, PDB:7F61). In terms of LRRK2

inhibitory activity, compound 85 is very potent LRRK2 inhibitor (ICso = 1.1 nM, Table S2)

forming two hydrogen bonds and pi-interactions with the side chain of the Alal950,

pi-interactions with Leul885 side chain and the halogen-O interactions with the side chain of
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Glu1948 (Figure 38, right). Overall, compound 85 forms three (Table S2, 1-1; 1-2; 1-3) of three
reference ligand interactions in the active site of the LRRK2 enzyme (Figure 34, PDB:7TXZ).
For all H3;R antagonists, interactions of the piperidine moiety with the binding pocket of H3R
were observed according to the binding mode described in the literature. The salt bridge with
Aspl14, which was identified as the most important interaction, was detected in almost all
antagonists studied. On the other hand, pi-interaction of the piperidine moiety with Tyr374 is
absent in the ligands with lower potency for the H3R. The halogen-O interaction of Cys188 is
observed with the small number of antagonists. The relationship between the interactions of
the best docking poses and the experimentally determined activities of the H3R antagonists
indicates the importance of the piperidine moiety for the interactions in the binding pocket
of H3R.

The same type of interactions as in the reference ligand of LRRK2 can be seen in the hydrogen
bonds with Alal950 for almost all synthesized compounds. The pi-interactions between
Leul885 and the pyrimidine moieties are seen in the ligands with higher potency for LRRK2.
In addition, compounds with trifluoromethyl group and higher potency for LRRK2 form the
halogen-O interactions with Glul948, in contrast to the chloropyrimidine derivatives.
According to the experimentally determined LRRK2 inhibitory activity of the compounds, the
observed binding modes point to the pyrimidine moiety and the trifluoromethyl group as

structural features related to the higher potency for LRRK2.
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4.7 Lipophilicity Determination (logP and logD)

Lipophilicity is a physicochemical property defined by the equilibrium distribution of solute
molecules between aqueous and immiscible organic phases, demonstrating preferential
partitioning into the organic phase.[**”! This fundamental characteristic significantly influences
both pharmacokinetic and pharmacodynamic properties of drugs, making it central to drug
optimization efforts.’*8] Drug absorption is governed by lipophilicity, as it determines a
molecule’s capacity to cross biological membranes and achieve sufficient bioavailability at
target sites. Lipophilic compounds often display elevated volumes of distribution, driven by
their propensity to accumulate in lipid-rich tissues. Furthermore, lipophilicity modulates
plasma protein binding, directly impacts BBB permeability, and influences hepatic metabolism
and toxicity profiles.®?) The pharmacodynamic behaviour of drugs is enhanced by
lipophilicity through stronger ligand-target interactions, typically resulting in increased drug
potency. However, this often leads to greater promiscuity and potential toxicity due to non-
specific binding.!>3!

Lipophilicity is commonly quantified via the 1-octanol/water partition coefficient (logP),
determined through experimental or computational approaches.!**!! The classical shake-flask
method, a reference technique for experimental logP determination, involves direct
measurement of solute concentrations in equilibrated 1-octanol and water phases.!>*?! However,
this method is constrained to logP values between -2 and 4, requires substantial compound
quantities, and is labor-intensive, limiting its practicality.!>*!

Reverse-phase HPLC has emerged as the preferred standard procedure for logP determination,
offering significant advantages over the shake-flask method.’*¥ These benefits include
minimal sample requirements due to sensitive HPLC detection, broader applicability across
logP values (0 to 6), resilience to sample impurities, automation capabilities, and facilitation of
high-throughput screening with excellent accuracy.l*** 3! The method also enables the
determination of lipophilicity under various physiologically relevant conditions, including
different pH values and temperatures, providing valuable insights for drug development.
Chromatographic methods avoid direct quantification of sample concentrations in two
immiscible solvents and instead indirectly assess lipophilicity by correlating it with a
compound’s retention behaviour on a lipophilic stationary phase. This approach involves
constructing a linear regression model between experimentally determined logP values of
reference compounds and their chromatographic retention parameters, typically expressed as

the capacity factor k. The relationship is defined by the equation (Equation 3):
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logP = a+b -logk

Equation 3. logP - 1-octanol/water partition coefficient; a — regression coefficient; b — regression coefficient;

logk — logarithm of capacity factor k.

where a and b are regression coefficients derived from the calibration curve. To determine the
logP of an unknown compound, its retention time tr is measured, and the capacity factor is

calculated using (Equation 4):
tg — §o
to

k =

Equation 4. k — capacity factor; tr — retention time; to — dead time.

where to represents the column dead time. The calculated logk is then applied to the regression
equation to determine logP.[>*#

The partition coefficient describes the distribution of neutral, unionized molecules between two
immiscible solvents. For ionizable compounds, however, the distribution coefficient (logD) at
a specific pH is used. Unlike the partition coefficient, logD accounts for the partitioning of both
ionized and neutral species in the 1-octanol/water system. In chromatographic models, logD
correlates with the capacity factor (logk). This relationship allows for the indirect determination
of logD by calibrating retention data against reference compounds with known distribution
coefficients.

Most drug molecules contain functional groups that ionize at physiological pH. Consequently,
logD measurements at specific pH values provide more relevant lipophilicity data by capturing
the distribution of all molecular species present under those conditions.

Given the critical role of lipophilicity in influencing the pharmacokinetic and
pharmacodynamic behaviour of drugs, the logP and logD values of 87 synthesized compounds
(1-87) were determined wusing an indirect reverse-phase high-performance liquid
chromatography (RP-HPLC) method. To account for the basic nature of the assessed
compounds, logP values were determined at pH 11, a condition that suppresses ionization. In
contrast, logD values were determined at pH 7.4 to reflect extracellular physiological
conditions.

A set of reference compounds was selected to cover a broad range of lipophilicity (0 to 6
logP/logD units). The known logP and logD values of these reference compounds were plotted

against their corresponding logk values to establish a calibration curve (Figure 39). The
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parameters of the linear regression equation derived from this curve were then used to assess

the lipophilicity.
7_
e DDT
6—
5 _Q,—"'Iéluoranthene
/,/'o n-Butylbenzene
a .--~'® Trichlorobenzene
2 4- ‘,x'Biphenyl
S _.®Naphthalene
g’ 3 /—"‘o Bromobenzene
- _.-~"® Ethyl benzoat
2 _,——"‘ Methyl benzoat
- -® Benzonitrile y=1.524 +2.902 * x
Aniline _-- 2
e 17 R =0.9808
° 4-_Acet§/ipyrimidine
T T T T
-0.5 0.0 0.5 1.0 1.5

logk

Figure 39. Calibration curves correlating capacity factors (logk) with literature logP and logD values for reference

compounds.

To confirm the method’s applicability, it was validated using substances from the reference list
compiled by the OECD, which included literature-reported logP and logD values (Table
12).53% In line with the literature!>>!, the absolute difference between the literature and
experimental values higher than 0.6 was used to identify outliers. The only outlier in the
validation set was 1-phenylpiperazine, which can be attributed to its high hydrophilicity, as its
retention time is close to the dead time. Under these circumstances, even minor discrepancies

in measurements can lead to significant errors in the calculation of logk values.

Table 12. Literature and experimental logP/logD values of the compounds used for validation.

Compound Literature logP/logD Experimental logP/logD Difference
1-Phenylpiperazin 1.11 1.76 -0.65
4-Chloroaniline® 1.83 1.64 0.19
Atropine 1.83 2.01 -0.18
Propiophenone® 2.19 2.34 -0.15
Diphenhydramine 3.27 3.69 -0.42
Diphenylamine?® 3.40 3.30 0.10
Acenaphthene® 3.92 4.20 -0.28
Amitriptyline 4.92 5.17 -0.25
Chlorpromazine 532 5.32 0.00

@ Used for the validation of both logP and logD determination, while the remaining compounds were utilized

solely for logP validation.
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The validated method was used to determine the lipophilicity of compounds 1-87. The logD
values at pH 7.4 were particularly relevant since these compounds target H3R and, in the case
of pyrimidine-2,4-diamines derivatives, also target either G9a or LRRK?2 - all proteins located
in the central nervous system. These logD measurements provide valuable insights into the
compounds’ potential BBB permeability. BBB permeability is a major challenge in CNS drug
design, and lipophilicity is widely regarded as one of the most influential physicochemical
properties governing BBB penetration.[>*%! Optimal brain uptake is typically associated with
compounds exhibiting logD values within the range of 1-4, as this balance supports passive
diffusion while avoiding excessive hydrophobicity.>*”]

Experimentally determined logP (pH 11) and logD (pH 7.4) data for the set of compounds 1-87
are presented in (Figure 40, Table S3), along with their calculated clogP and clogD (pH 7.4)
values. Most compounds exhibited logD values within the 1-4 range, aligning with the
lipophilicity window associated with BBB permeability. Notably, compound 31, a promising
dual H3R/GYa ligand with balanced potency (#H3;R K = 25.2 nM, G9a ICso = 63.9 nM),
displayed a logD of 2.06, while compound 69, the most potent dual H3R/LRRK2 ligand (#H3R
Ki = 9.0 nM, LRRK2 ICsp = 3.6 nM), showed a higher logD of 3.57. These values suggest
favourable CNS penetration potential for both candidates. Furthermore, both compounds
comply with druglikeness criteria, as predicted by SwissADME tool.[5*% 53]

Paradoxally, compounds bearing methylpiperazine or acetylpiperazine moieties exhibited
anomalous behaviour, with logD values either matching or exceeding their logP values (logP <
logD), a trend contradicting typical expectations for ionizable bases. This discrepancy may
arise from the physicochemical properties of these derivatives, such as hydrogen bond capacity
and acidity, which could influence retention times in the chromatographic method.!>3!

The data presented in Figure 40 and Table S3 further underscore discrepancies between
experimentally measured logP/logD values and their computationally derived counterparts
(clogP/clogD). Notably, experimental values frequently exceeded calculated ones, suggesting
that computational models systematically underestimate lipophilicity. This deviation becomes
more prominent for compounds with high lipophilicity. While computational tools utilize
sophisticated  mathematical  algorithms to predict partition and  distribution

coefficients>*’]

, their primary value lies in screening large compound libraries during early-
stage drug development. However, their predictive accuracy decreases for structurally complex

molecules®?], highlighting the continued importance of experimentally determined results.
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Pyrimidin-4-amines and pyrimidin-2-amines
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Figure 40. Experimentally determined and calculated logP and logD of compounds 1-87.
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To assess the potential correlation between histamine H3R binding affinity and lipophilicity of

the assayed compounds (1-87), a plot of H3R K; values versus logD at pH 7.4 was

generated (Figure 41).
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Figure 41. H3R binding affinity (K;) plotted against lipophilicity (logD (pH 7.4)) for compounds 1-87, showing

no direct correlation between these parameters.

Analysis of the correlation plot (Figure 41) reveals no significant correlation between
lipophilicity (logD pH 7.4) and Hs3;R binding affinity for compounds 1-87. The data
demonstrate that potent H3R ligands can be found across a wide range of lipophilicity values
(logh -0.51 to 4.82), suggesting that factors other than lipophilicity are the primary
determinants of H3R binding affinity in this compound series. While lipophilicity stands as a
pivotal physicochemical property in drug development, with increased lipophilicity commonly
enhancing in vitro potency and representing an appealing optimization pathway, it also presents
significant drawbacks, as higher lipophilicity correlates with decreased solubility, poor
metabolic stability, and elevated risk of non-selective binding that can lead to undesirable
toxicological profiles.53% 33¢1 The absence of lipophilicity-affinity correlation suggests that
high H3R potency in this series derives from specific structural features and selective receptor

interactions rather than general lipophilic effects.
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5 Summary

This doctoral research focused on the design, synthesis, and biological evaluation of novel H3R
ligands, emphasizing both single-target optimization and dual-target strategies to address
complex neurological disorders. Leveraging the pyrimidinamine scaffold as a structural
foundation, the study systematically explored three distinct ligand classes — pyrimidin-4-
amines, pyrimidin-2-amines, and pyrimidine-2,4-diamines — to elucidate structure-activity
relationships and advance therapeutic potential. The work builds on the clinical success of
pitolisant (L.33), the first approved H3R antagonist for narcolepsy, while expanding into
dual-target ligands to modulate complementary pathways implicated in neurodegenerative and
neuropsychiatric diseases.

The study first focused on pyrimidin-4-amine derivatives, which underscored the critical role
of the 1% basic moiety of H3R pharmacophore in dictating affinity. Piperidine-containing
compounds, such as 9, 10, and 12 (Figure 42), achieved exceptional potency with K; values in
the low nanomolar range (1.11-1.97 nM), surpassing pitolisant (K; = 13.2 nM), and rivalling
the most potent H3R ligands. Methylpiperazine and acetylpiperazine analogs exhibited reduced
affinity, underscoring the steric and electronic incompatibility of bulkier moieties with the H;R

binding pocket.

g 2y 2y
O HN HN HN

AN Nx
CH
N/)\S/ 3 N/)\S/CH3 N/)\s/CH;;
9 10 1
H3R K = 1.97 nM HzR Ki=1.11 nM HsR Ki=1.63 nM
logP (pH 11) = 5.65 logP (pH 11) = 3.02
logD (pH 7.4) = 4.82 logD (pH 7.4) = 1.92

Figure 42. The most promising representatives of pyrimidin-4-amine derivatives and their corresponding

pharmacological data.

The research expanded to pyrimidin-2-amine derivatives to probe the interplay between linker
chemistry and steric effects. 3-(Piperidin-1-yl)propylthio derivatives (19-23) consistently
outperformed their 3-(piperidin-1-yl)propyloxy counterparts (14-18), with the unsubstituted
thio compound 19 (K; = 596 nM) demonstrating the highest H3R affinity. The sulfur atom’s
enhanced hydrophobic interactions and reduced steric demand likely facilitated receptor

engagement. Bulkier C-6 substituents, such as cyclopropyl or isopropyl groups, diminished
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binding due to steric clashes, while smaller groups (e.g., methyl) preserved moderate activity.
Although this series exhibited lower potency compared to pyrimidin-4-amines, it provided
insights into the role of linker flexibility and substituent size in optimizing receptor
interactions.

The research then shifted to pyrimidine-2,4-diamine derivatives, designed to achieve dual-
target engagement. Inspired by the first identified dual-target H3;R/G9a ligand A-366 (L.14), 16
derivatives targeting H3R and the epigenetic regulator G9a revealed structural synergies.
Methoxy-substituted derivatives, such as 31 (H3R K; =25.2 nM; G9a ICso = 63.9 nM) (Figure
43), balanced dual activity by exploiting overlaps between the H;R pharmacophore and G9a’s
lysine-binding channel. The methoxy group enhanced G9a inhibition by occupying a
hydrophobic pocket (Ilel161/Lys1162), while the 3-(piperidin-1-yl)propyloxy moiety
maintained H3R engagement through salt bridges with Asp114. Comprehensive SAR analysis
revealed that 2-alkylamino substitutions maximized H3R affinity (e.g., 33, Ki=1.03 nM),
whereas 4-methoxy groups favoured G9a inhibition. Although the members of the prepared
series proved to be less potent than the reference compound L14 on both targets, their
significance lies not only in expanding the pool of known dual #ZH3R/G9a-targeting ligands but
also in providing valuable insights into SAR features. Specifically, the methoxy group’s inverse

effect on potency for both targets may guide future ligand development efforts.

CH,

kNH HsConm O
N o. FsC SN o _~_N
O CHy [
H.C N/)\N o/\/\N N N
3 H H o
@

31 69
H3R K; = 25.2 nM H3R K; = 9.05 nM
G9a ICsp = 63.9 M LRRK2 ICsp = 3.6 nM
Cell viability (10 pM) = 92.7% Cell viability (10 pM) = 99.9%
logP (pH 11) = 2.95 logP (pH 11) = 4.52
logD (pH 7.4) = 2.06 logD (pH 7.4) = 3.57

Figure 43. The most promising representatives of pyrimidine-2,4-diamine derivatives and their corresponding

pharmacological data.

In parallel, 48 chloro- and trifluoromethylpyrimidine-2,4-diamines were synthesized to
concurrently inhibit H3R and LRRK2, a kinase implicated in PD. The
4-(3-piperidinopropoxy)anilino group proved essential for H3R binding, with compound
69 (Ki=9.05 nM) achieving single digit nanomolar potency. Trifluoromethyl substitution at
C-5 enhanced LRRK2 inhibition (e.g., 69, ICso = 3.6 nM) via halogen interactions with
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Glu1948, a key residue in LRRK2’s catalytic domain. Methoxy derivatives, such as 69 and 87,
exhibited superior safety profiles (=97% cell viability) compared to unsubstituted analogues,
emphasizing the role of polarity in mitigating cytotoxicity. Compound 69 emerged as a lead
candidate, combining single-digit nanomolar potency for both targets, favourable logD (3.57),
and BBB permeability potential (Figure 43). Post-synthesis molecular docking validated key
interactions — such as salt bridges with Asp114 (H3R) and hydrogen bonds with Alal950
(LRRK?2) — providing retrospective insights into binding modes and guiding SAR refinement.
The compounds from this series (48, 49, 51, 66, 67, 69, 84, 85, 87) exhibiting high potency at
both targets (H3R Ki=4.1 — 104 nM; LRRK2 ICs0 = 1.1 — 9.3 nM), represent the first reported
dual-targeting H3R/LRRK?2 ligands to date.

Lipophilicity studies via RP-HPLC revealed that most compounds exhibited logD values
(pH 7.4) within the optimal range for CNS penetration (1-4).

In conclusion, this research advances H3R-targeted drug discovery by establishing
aminopyrimidine derivatives as a versatile scaffold for both single- and dual-target ligands.

Key achievements include:

e Identification of structural features critical for dual-target engagement,
¢ Expansion of the known H3R/G9a ligand library, and
e Development of the first-in-class dual-target H3R/LRRK?2 ligands.

Notably, the most promising candidates — compound 31 (H3R/G9a) and compound 69
(H;R/LRRK2) — demonstrate balanced polypharmacology and CNS-compatible properties,
underscoring their therapeutic potential.

By integrating medicinal chemistry, computational modelling, and experimental
pharmacology, this work provides a strategic roadmap for designing next-generation
multifunctional H3R ligands. The findings highlight the promise of multi-target approaches in
addressing unmet therapeutic needs in neurodegenerative and neuropsychiatric disorders,

setting the stage for preclinical optimization and further therapeutic validation.
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6 Experimental Section

6.1 General remarks

Reagents and solvents

All reagents and solvents were purchased from Acros Organics (Geel, Belgium), Alfa Aesar
(Ward Hill, USA), Apollo Scientific, (Bredbury, UK), Fluka (Munich, Germany), Merck
(Dramstadt, Germany), Sigma-Aldrich (Steinheim, Germany), TCI (Portland, USA),
Macherey-Nagel (Diiren, Germany) or VWR (Dramstadt, Germany) and used without further

purification.

Thin-layer chromatography

Analytical TLC was performed on pre-coated sheets ALUGRAM® Xtra Sil G/UVas4
(Macherey Nagel, Diiren, Germany). Mobile phases for TLC separation were mixtures of
dichloromethane, methanol, methanol saturated with ammonia, ethyl acetate and hexane in
different ratios. Compounds were detected under 254 nm UV light, using TLC staining reagents
— potassium permanganate solution (2.5 g KMnOs, 17 g K2COs3, 4.2 mL NaOH (5%) in 250
mL water) and ninhydrin solution (2 g ninhydrin in 100 mL EtOH) — or by directly measuring
compounds’ mass spectrum from TLC plates utilizing Plate Express® plate reader coupled to

expresseion® CMS (Advion Interchim Scientific, Ithaca, USA).

Column chromatography
Column chromatography was performed using Silica gel 60 (0.04-0.063 mm) for column

chromatography (Macherey-Nagel, Diiren, Germany).

Flash chromatography

Flash column chromatography was performed on Biotage Isolera™ Spektra Systems with
ACI™ and Assist (Biotage, Uppsala, Sweden). Prepacked normal-phase columns Biotage®
Sfar Silica D and Biotage® Sfér Silica HC D (Biotage, Uppsala, Sweden) in sizes of 5 g, 10 g,
25 g, 50 g and 100 g were used with mobile phases consisting of varying ratio of DCM/MeOH,
or EtOAc/n-hexane. Reverse-phase prepacked column Biotage® Sfir C18 Duo (Biotage,
Uppsala, Sweden) in 6 g size was used with mobile phase consisting of ACN/H,0 + 0.1%
CH3COOH. Gradient and isocratic elution was used for both normal- and reverse-phase
separation. Compounds were detected with UV/Vis-Detector in a wavelength range 200-800

nm.
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High-performance liquid chromatography (HPLC)

Chromatographic lipophilicity assessment was performed using an Agilent 1260 II LC system
comprising a flexible pump, temperature-controlled autosampler and column oven, along with
fluorescence and UV-VIS detectors. Analyses were conducted on a Eurospher II 100-5 C18P
column (50 x 4 mm, Knauer) using a mobile phase of 60% ACN and 40% pyrrolidine buffer
(5 mM). Additional measurements employed a BETASIL CI8 column (50 x 4.6 mm,
ThermoFisher) with a mobile phase of 60% ACN and 40% PBS buffer (5 mM).

Microwave synthesis
Reactions under microwave irradiation were performed using Biotage Initiator+™ Microwave

system EU (Biotage, Uppsala, Sweden).

Melting point determination
The melting points of solid compounds were determined using Biichi Schmelzpunkt M-565

(Biichi, Flawil, Switzerland) with an open capillary tube and are uncorrected.

Liquid chromatography coupled with mass spectroscopy (LC-MS)

Determination of compounds’ purity and monitoring of selected reactions was performed using
LC-MS. All final compounds meet purity criteria of > 95%, as calculated using normalization
method. Mass spectrometry data was acquired with an LC-MS system.

LC system: Elute SP LC System (Bruker Daltonics, Bremen, Germany) with vacuum degasser,
binary pump, autosampler, column oven. Column: Intensity Solo 2 C18 (100 mm x 2.1 mm);
Temperature: 50 °C; Mobile phase: A. water hypergrade with 0.1% formic acid (v/v)
(Merck); B. Acetonitrile hypergrade (Merck); Flow Rate: 0.2 mL/min. Method 1 (bis 98%):
0-4 min 98% A, 4-5 min gradient 98 to 95% A, 5-9 min 95% A, 9-18 min gradient 95 to 5%
A, 18-19 min 5 to 0.5% A, 19-20 min gradient 2 to 98% A; MS-System: Compact (Bruker
Daltonics, Bremen, Germany) lonisation: electronspray; Polarity: positive; Scan range:
m/z: 50-1300; Nebulizer: Nitrogen, 1.8 Bar; Dry Gas: Nitrogen, 9 L/min, 220 °C; Massrange

mode: UltraScan.

Mass spectroscopy
Mass spectra were determined using expresseion® CMS equipped with Plate Express®
automated TLC plate reader and ASAP® (Atmospheric Solids Analysis Probe) (Advion

Interchim Scientific, Ithaca, USA). Ionisation: Atmospheric-pressure chemical ionization
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(APCI); Polarity: positive and negative mode: Scan range: m/z 100-600; Nebulization gas: 0.5
L/min; Heated desolvation/APCI gas: 1 to 10 L/min. Data are shown as [M+H"]" and [M-H'T".

NMR spectroscopy

'H and *C NMR spectra of compounds of interest were measured at Bruker Avance I1I - 300
and Bruker Avance III — 600 (Rheinstetten, Germany). As NMR solvents were used CDCls,
DMSO-ds and D20 with the addition of DC1. "TH NMR data are reported in the following order:
chemical shift (d) in ppm downfield from tetramethylsilane as internal reference; multiplicity
(br, broad; s, singlet; d, doublet; dd, double doublet; t, triplet; m, multiplet; q, quintet);
approximate coupling constants (J) in Hertz (Hz); number and assignment of protons.
Depending on scanning time of '*C NMR spectra, signal intensity of some quaternary carbons

sometimes was too low to be detected.

Evaporation of solvents

Solvents were evaporated at Rotavapor R II (Biichi, Flawil, Switzerland) with PC 3001 VARIO
Chemie-Vacuum pump (Vacuubrand, Wertheim, Germany) and CVC 3000 Vacuum controlling
system. The compounds were dried at the high-vacuum pump (Vacuubrand Chemie- Hybrid-

Pumpe RC 6 (Vacuubrand, Wertheim, Germany).

Freeze drying

Compounds were lyophilized with CHRIST ALPHA 1-4 LD Plus and ALPHA 2-4 D plus
(Christ, Osterode am Harz, Germany). Freezing of the sample was achieved by swirling it in
liquid nitrogen, with water being the main solvent component. The drying time varied

depending on the solvent volume.

Microplate multimode reader

Tacan Infinite M100 Pro (Tecan, Maendorf, Switzerland).

Software

ChemDraw 23.1.1 was used for molecule drawing.>*!! MarvinSketch 24.1.3 was used to
estimate clogP and clogD values.>*?) NMR spectrums were processed using MestReNova
14.1.2-25024.5%1 [n vitro assays were analyzed with GraphPad Prism 7.02.°% Al language

models were utilized to enhance text quality.[4>> 341
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6.2 Chemical Experiments
3-(Piperidin-1-yl)propan-1-ol (P1)417:420]

Potassium carbonate (94.00 g, 0.680 mol, 4.4 eq.) and potassium iodide (1.00g, 6 mmol,
0.04 eq.) were suspended in 200 mL of acetone. To the stirred suspension, piperidine (23.2 mL,
0.235 mol, 1.5 eq.) and 3-chloropropan-1-ol (13.1 mL, 0.155 mol, 1.0 eq.) were added. The
reaction mixture was then heated to reflux and stirred for 24 hours. After completion, the
reaction mixture was cooled to room temperature, and the solids were removed by filtration.
The filtrate was concentrated by evaporating the acetone under reduced pressure. The resulting

crude liquid was then purified by fractional distillation to afford the desired product.

Yield: 26.7 g (60%)

Chemical formula: CoH 30

Molecular mass: 142.24 g/mol O
HO_~_N

Appearance Colorless oil

Internal code: JH-03

'H NMR (300 MHz, DMSO): ~ §4.48 (s, 1H), 3.42 (t, J= 6.3 Hz, 2H), 2.41 — 2.15 (m, 6H), 1.56 (dt, J= 7.8,
6.4 Hz, 2H), 1.51 — 1.42 (m, 4H), 1.41 — 1.31 (m, 2H)
MS (APCI-(+)): m/z=143.9 [M+H']"

1-(3-Chloropropyl)piperidine hydrochloride (P2)!417-4201

3-(Piperidin-1-yl)propan-1-ol (P1) (20.44 g, 142.7 mmol, 1.0 eq.) was dissolved in 320 mL of
THF. Thionyl chloride (25.0 mL, 342.5 mmol, 2.4 eq.) was dissolved in 80 mL of THF and
then added dropwise to the reaction mixture under stirring. The reaction mixture was then
heated to 65°C and stirred for 3 hours. After completion, the mixture was cooled to room
temperature and subsequently placed in an ice bath. Upon addition of 400 mL of diethyl ether
under stirring, a precipitate formed. The solid was collected by filtration and dried to afford the

desired product.

Yield: 24.8 g (87%)

Chemical formula: CsHi6CIN « HCI1

Molecular mass: 198.13 g/mol C'\/\/'O * HCI
Appearance Beige solid

Internal code: JH-04
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'H NMR (300 MHz, DMSO): & 10.83 (s, 1H), 3.74 (t, J = 6.4 Hz, 2H), 3.38 (d, J = 12.7 Hz, 2H), 3.13
~3.02 (m, 2H), 2.84 (tdd, J = 12.3, 9.0, 3.7 Hz, 2H), 2.29 — 2.15 (m, 2H),
1.87 — 1.62 (m, 5H), 1.36 (qt, J = 12.6, 4.7 Hz, 1H)

MS (APCI-(+)): m/z = 162.0 [M+H']*

3-(Piperidin-1-yl)propane-1-thiol (P3)42!l

A mixture of 1-(3-chloropropyl)piperidine (P2) (4.00 g, 20.19 mmol, 2.0 eq.), potassium iodide
(1.67 g, 10.10 mmol, 1.0 eq.), and thiourea (2.30 g, 30.30 mmol, 3.0 eq.) was dissolved in
100 mL of ethanol and stirred under reflux for 24 hours. Afterward, an aqueous solution of
NaOH (40.4 mmol, 8.1 mL, 4.0 eq.) was added, and the mixture was refluxed for an additional
3 hours. The reaction mixture was then cooled to room temperature, and the solvent was
evaporated under reduced pressure. The resulting residue was dissolved in ethyl acetate,
washed with brine, dried over anhydrous Na.SOas, and concentrated by evaporation. The

obtained crude product was used in the next reaction step without further purification.

Yield: 2.8 g(87%)

Chemical formula: CgHi7NS

Molecular mass: 159.29 g/mol HS_~_ O
Appearance Yellow oil

Internal code: MG-252

'H NMR (300 MHz, CDCl3):  §2.54 (t,J=7.1 Hz, 2H), 2.44 — 2.25 (m, 6H), 1.78 (p, J= 7.2 Hz, 2H), 1.56
(p,J=5.5 Hz, 4H), 1.42 (q, J = 5.8 Hz, 2H)
MS (APCI-(+)): m/z=157.9 [M+H']"

1-(3-Chloropropoxy)-4-nitrobenzene (P4)424l

Potassium carbonate (14.90 g, 108 mmol, 3.0 eq.) was added to a solution of nitrophenol
(5.00 g, 36 mmol, 1.0 eq.) in 150 mL of acetonitrile at room temperature. Subsequently,
1-bromo-3-chloropropane (3.52 mL, 36 mmol, 1 eq.) was added dropwise to the stirred
suspension. The reaction mixture was then refluxed for 20 hours. After TLC control confirmed
the consumption of the starting material, the reaction mixture was cooled to room temperature.
The solid K,COs; was removed by filtration, and the ACN was evaporated under reduced
pressure. The residue was partitioned between DCM and water. The combined organic layers
were washed with brine, dried over anhydrous MgSOs, and filtered. Finally, DCM was

evaporated under reduced pressure to afford the desired product.
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Yield: 7.6 g (98%)

Chemical formula: CsHi7CIN; cl

Molecular mass: 215.63 g/mol O /_/7
O,N o

Appearance Brown oil

Internal code: MG-239

'H NMR (300 MHz, CDCL): 8 8.19 (d, J=9.3 Hz, 2H), 6.96 (d, J = 9.3 Hz, 2H), 4.22 (t, J= 5.9 Hz, 2H),
3.75 (t,J = 6.2 Hz, 2H), 2.28 (p, J = 6.0 Hz, 2H)
MS (APCI-(+)): m/z =215.8,217.8 [M+H']*

1-Methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P5)425 5471

1-(3-Chloropropoxy)-4-nitrobenzene (P4) (3.00g, 13.91 mmol, 1.0 eq.), 1-methylpiperazine
(4.63 mL, 41.74 mmol, 3 eq.), potassium carbonate (5.77 g, 41.74 mmol, 3 eq.), and potassium
iodide (4.62 g, 27.83 mmol, 2.0 eq.) were added to 100 mL of acetone. The reaction mixture
was refluxed for 48 h. The reaction mixture was refluxed overnight under stirring. After
completion, the reaction mixture was cooled to room temperature, and the solids were removed
by filtration. The acetone was then evaporated under reduced pressure. The resulting residue
was partitioned between ethyl acetate and water. The aqueous phase was washed twice with
ethyl acetate. The combined organic layers were washed with brine, dried over anhydrous
NaxSOs4, and filtered. The solvent was evaporated under reduced pressure, and the crude
product was purified by flash column chromatography (DCM:MeOH, 0-5% MeOH) to afford
the desired product.

Yield: 2.8 g(73%)

Chemical formula: Ci4sH2iN303 N/_\N—CH3
Molecular mass: 279.16 g/mol ouN C o/—/_ —
Appearance Yellow oil

Internal code: MG-274

'H NMR (300 MHz, CDCL): 8 8.18 (d, J=9.3 Hz, 2H), 6.94 (d, J = 9.3 Hz, 2H), 4.11 (t, J= 6.3 Hz, 2H),
2.63 —2.36 (m, 9H), 2.28 (s, 3H), 2.07 — 1.92 (m, 3H)
MS (APCI-(+)): m/z=279.8 [M+H']*

1-(4-(3-(4-Nitrophenoxy)propyl)piperazin-1-yl)ethan-1-one (P6)

1-(3-Chloropropoxy)-4-nitrobenzene (P4) (3.45 g, 16.0 mmol, 1.0 eq.), 1-acetylpiperazine
(4.10 g, 32.0 mmol, 2.0 eq.), potassium carbonate (4.43 g, 32.0 mmol, 2.0 eq.), and potassium
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iodide (5.32 g, 32.0 mmol, 2.0 eq.) were added to 50 mL of acetone. The reaction mixture was
refluxed for 48 hours. After completion, the reaction mixture was cooled to room temperature,
and the solids were removed by filtration. The acetone was then evaporated under reduced
pressure. The resulting residue was partitioned between ethyl acetate and water. The aqueous
phase was washed twice with ethyl acetate. The combined organic layers were washed with
brine, dried over anhydrous Na>SOs, and filtered. The solvent was evaporated under reduced
pressure, and the crude product was purified by flash column chromatography (DCM:MeOH,
0-5% MeOH) to afford the desired product.

Yield: 2.6 g (53%)

o
Chemical formula: C|5H21N304 (\NJ\CH
3
Molecular mass: 307.35 g/mol O\/\/N\)
Appearance Yellow solid /©/
O,N
Internal code: MG-324

'H NMR (300 MHz, CDCL): 6 8.19 (d, J=9.3 Hz, 2H), 6.94 (d, J= 9.3 Hz, 2H), 4.12 (t, /= 6.3 Hz, 2H),
3.68 — 3.56 (m, 2H), 3.51 — 3.42 (m, 2H), 2.54 (t, J = 7.1 Hz, 2H), 2.50 —
2.37 (m, 4H), 2.08 (s, 3H), 2.01 (p, J = 6.5 Hz, 2H)

MS (APCI-(+)): m/z = 308.0 [M+H']*

1-(3-(4-Nitrophenoxy)propyl)piperidine (P7)154]

1-(3-Chloropropoxy)-4-nitrobenzene (P4) (3.60 g, 16.7 mmol, 1.0 eq.), piperidine (3.3 mL,
33.4 mmol, 2.0 eq.), potassium carbonate (6.90 g, 50.1 mmol, 3.0 eq.), potassium iodide
(5.55 g, 33.4 mmol, 2.0 eq.) were added to 100 mL of acetone. The reaction mixture was
refluxed for 48 h. After completion, the reaction mixture was cooled to room temperature, and
the solids were removed by filtration. The acetone was then evaporated under reduced pressure.
The resulting residue was partitioned between ethyl acetate and water. The aqueous phase was
washed twice with ethyl acetate. The combined organic layers were washed with brine, dried
over anhydrous Na;SOs, and filtered. The solvent was evaporated under reduced pressure, and
the crude product was purified by flash column chromatography (DCM:MeOH, 0-5% MeOH)
to afford the desired product.

Yield: 4.1 g (94%)

Chemical formula: Ci14H20N203 /_/_ N: >
Molecular mass: 264.32 g/mol OZNOO

Appearance Yellow oil
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Internal code: MG-242

"H NMR (300 MHz, DMSO):  8.19 (d, J=9.3 Hz, 2H), 7.13 (d, J = 9.3 Hz, 2H), 4.14 (t, J = 6.4 Hz, 2H),
2.41 - 2.23 (m, 6H), 1.88 (p, J = 6.7 Hz, 2H), 1.48 (p, J = 5.6 Hz, 4H),
1.43 - 1.29 (m, 2H)

MS (APCI-(+)): m/z =265.0 [M+H*]"

3-Methoxy-4-nitrophenol (P8)!42¢l

To a solution of 4-fluoro-2-methoxy-1-nitrobenzene (3.50 g, 20.45 mmol, 1.0 eq.) in 40 mL of
DMSO, 40 mL of 1 M aqueous NaOH solution was added. The reaction mixture was stirred at
80 °C for 20 hours. After TLC indicated completion, the mixture was cooled to room
temperature, and the pH was adjusted to 5 using 1 M HCI solution. The mixture was then
extracted with ethyl acetate (3x). The combined organic layers were washed with brine, dried
over anhydrous MgSQOs, and filtered. The solvent was evaporated under reduced pressure to

afford the desired product.

Yield: 3.2 2(93%)

Chemical formula: Ci5H24N,0, OH
Molecular mass: 169.14 g/mol OZN/©/
Appearance Yellow solid o\CHa
Internal code: MG-304

'H NMR (300 MHz, DMSO): & 10.90 (s, 1H), 7.88 (d, J = 9.0 Hz, 1H), 6.60 (d, J = 2.4 Hz, 1H), 6.46
(dd, J=9.0, 2.4 Hz, 1H), 3.86 (s, 3H)
MS (APCI-(+)): m/z = 170.0 [M+H'T*

1-(3-(2-Methoxy-5-nitrophenoxy)propyl)piperidine (P9)14?7]

1-(3-Chloropropyl)piperidin hydrochloride (P2) (2.57 g, 13.0 mmol, 1.1 eq.) and potassium
carbonate (4.90 g, 35.5 mmol, 3.0 eq.) were added to a solution of 2-methoxy-4-nitrophenol
(2.00 g, 11.8 mmol, 1.0 eq.) in 50 mL of DMF. The reaction mixture was stirred at room
temperature for 72 hours. After TLC confirmed the consumption of the starting material, the
reaction suspension was diluted with water and extracted twice with a 1:2 mixture of ethyl
acetate and diethyl ether. The combined organic layers were washed with brine, dried over
anhydrous MgSOq, and filtered. The solvent was removed under reduced pressure to afford the

desired product.
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Yield: 3.5 g (quant.)

Chemical formula: Ci5H22N2O4 O
Molecular mass: 294.35 g/mol /@[o\/\/N
Appearance Yellow oil O;N o Hs

Internal code: MG-220

'H NMR (300 MHz, CDCLy): & 7.88 (dd, J=8.9, 2.6 Hz, 1H), 7.72 (d, J=2.6 Hz, 1H), 6.94 (d, J=9.0 Hz,
1H), 4.17 (t, J = 6.7 Hz, 2H), 3.93 (s, 3H), 2.46 (t, J = 7.2 Hz, 2H),
2.42 -2.30 (m, 4H), 2.04 (p, J = 6.8 Hz, 2H), 1.57 (p, J = 5.5 Hz, 4H),
1.50 — 1.36 (m, 2H)

MS (APCI-(+)): m/z =295.2 [M+H']*

1-(3-(2-Methoxy-5-nitrophenoxy)propyl)piperidine (P10)132¢l

1-(3-Chloropropyl)piperidin hydrochloride (P2) (16.26 mmol, 3.2 g, 1.1 eq.) and potassium
carbonate (44.34 mmol, 6.1 g, 3.0 eq.) were added to a solution of 2-methoxy-5-nitrophenol
(14.78 mmol, 2.5 g, 1 eq.) in 100 mL of DMF. The reaction mixture was stirred at room
temperature for 72 hours. After TLC confirmed the consumption of the starting material, the
reaction suspension was diluted with water and extracted twice with a 1:2 mixture of ethyl
acetate and diethyl ether. The combined organic layers were washed with brine, dried over
anhydrous MgSOq, and filtered. The solvent was removed under reduced pressure to afford the

desired product.

Yield: 3.5 2(81%)

Chemical formula: C15H22N204 /©:O\CH3
Molecular mass: 294.35 g/mol O,N o/\/\,O
Appearance Yellow oil

Internal code: MG-204

'H NMR (300 MHz, DMSO): & 7.89 (dd, J=9.0,2.7 Hz, 1H), 7.71 (d, J=2.7 Hz, 1H), 7.16 (d, J=9.0 Hz,
1H), 4.09 (t, J = 6.5 Hz, 2H), 3.90 (s, 3H), 2.44 — 2.21 (m, 6H), 1.88
(p,J = 6.7 Hz, 2H), 1.48 (p, J = 5.4 Hz, 4H), 1.42 — 1.30 (m, 2H)

MS (APCI-(+)): m/z =295.4 [M+H']*

1-(3-(3-Methoxy-4-nitrophenoxy)propyl)piperidine (P11)

1-(3-Chloropropyl)piperidin hydrochloride (P2) (4.50g, 22.7 mmol, 1.2 eq.) and potassium
carbonate (7.80 g, 56.8 mmol, 3.0 eq.) were added to a solution of 3-methoxy-4-nitrophenol
(P8) (3.20 g, 18.9 mmol, 1.0 eq.) in 75 mL of DMF. The reaction mixture was stirred at room
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temperature for 72 hours. After TLC confirmed the consumption of the starting material, the
reaction suspension was diluted with water and extracted twice with a 1:2 mixture of ethyl
acetate and diethyl ether. The combined organic layers were washed with brine, dried over
anhydrous MgSOy, and filtered. The solvent was removed under reduced pressure to afford the

desired product.

Yield: 3.7 g (quant.)
Chemical formula: Ci5H22N>04 o \/\/O
Molecular mass: 294.35 g/mol /©/
O,N
Appearance Orange oil Ocn
3
Internal code: MG-313

'H NMR (300 MHz, CDCL): ~ §7.99 (d, J=9.4 Hz, 1H), 6.56 — 6.46 (m, 2H), 4.08 (t, J= 6.4 Hz, 2H), 3.94
(s, 3H), 2.50 — 2.31 (m, 6H), 2.05 — 1.93 (m, 2H), 1.58 (p, J = 5.4 Hz, 4H),
1.50 — 1.37 (m, 2H).

MS (APCI-(+)): m/z=1295.2 [M+H']"

1-Methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12)5547!

1-Methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P5) (2.80 g, 10.0 mmol, 1.0 eq.) was
dissolved in 100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the reaction
mixture was stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed the
consumption of the starting material, the reaction mixture was filtered through a celite pad to

remove the catalyst. The filtrate was concentrated under reduced pressure to afford the desired

compound.
Yield: 2.3 2(92%)
Chemical formula: C14H23N30 N/_\N—CH3
Molecular mass: 249.36 g/mol N C o/—/_ —
Appearance Red oil
Internal code: MG-275

'H NMR (300 MHz, DMSO): 8 6.63 (d, J = 8.9 Hz, 2H), 6.49 (d, J = 8.9 Hz, 2H), 4.58 (s, 2H), 3.82 (t, J
= 6.4 Hz, 2H), 2.48 — 2.18 (m, 10H), 2.14 (s, 3H), 1.85 — 1.70 (m, 2H)
MS (APCI-(+)): m/z=250.2 [M+H']"
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1-(4-(3-(4-Aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13)

A 1-(4-(3-(4-nitrophenoxy)propyl)piperazin-1-yl)ethan-1-one (P6) (2.60 g, 12.0 mmol, 1.0 eq.)
was dissolved in 100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the
reaction mixture was stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed
the consumption of the starting material, the reaction mixture was filtered through a celite pad
to remove the catalyst. The filtrate was concentrated under reduced pressure to afford the

desired compound.

Yield: 2.3 g(96%) o
Chemical formula: C15H23N302 (\NJ\CH
3
Molecular mass: 277.37 g/mol 0\/\/N\)
Appearance Red solid /©/
H,N
Internal code: MG-326

'H NMR (300 MHz, DMSO): & 6.74 (d, J = 8.9 Hz, 2H), 6.62 (d, J = 9.0 Hz, 2H), 3.93 (t, J= 6.3 Hz, 2H),
3.65 — 3.56 (m, 2H), 3.48 — 3.42 (m, 2H), 2.57 — 2.48 (m, 2H), 2.47 — 2.37
(m, 4H), 2.07 (s, 3H), 1.99 — 1.86 (m, 2H)

MS (APCI-(+)): m/z = 278.2 [M+H']*

4-(3-(Piperidin-1-yl)propoxy)aniline (P14)154]

1-(3-(4-nitrophenoxy)propyl)piperidine (P7) (4.10 g, 15.5 mmol, 1 eq.) was dissolved in
100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the reaction mixture was
stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed the consumption of the
starting material, the reaction mixture was filtered through a celite pad to remove the catalyst.

The filtrate was concentrated under reduced pressure to afford the desired compound.

Yield: 3.7 g (quant.)

Chemical formula: Ci4H22N,O NC>

Molecular mass: 234.34 g/mol /—/_

Appearance Brown oil HZNOO

Internal code: MG-245

'"H NMR (300 MHz, DMSO):  § 6.62 (d, J = 8.9 Hz, 2H), 6.49 (d, J = 8.9 Hz, 2H), 4.60 (s, 2H), 3.82
(t,J=6.4 Hz, 2H), 2.42 — 2.21 (m, 6H), 1.85 — 1.70 (m, 2H), 1.54 — 1.43
(m, 4H), 1.42 — 1.32 (m, 2H)

MS (APCI-(+)): m/z =234.8 [M+H"]*
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3-Methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15)427]

A 1-(3-(2-Methoxy-5-nitrophenoxy)propyl)piperidine (P9) (3.45 g, 11.72 mmol, 1.0 eq.) was
dissolved in 100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the reaction
mixture was stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed the
consumption of the starting material, the reaction mixture was filtered through a celite pad to

remove the catalyst. The filtrate was concentrated under reduced pressure to afford the desired

compound.
Yield: 2.8 2(90%)
Chemical formula: Ci5H24N,0, O
Molecular mass: 264.37 g/mol /@:o\/\/N
Appearance Red oil H2N o M
Internal code: MG-221

'H NMR (300 MHz, DMSO): ~ §6.62 (d,J= 8.4 Hz, 1H), 6.25 (d, J=2.5 Hz, 1H), 6.04 (dd, J=8.4,2.5 Hz,
1H), 4.66 (s, 2H), 3.79 (t, J = 6.4 Hz, 2H), 3.66 (s, 3H), 2.40 — 2.25 (m, 6H),
1.82 — 1.67 (m, 2H), 1.48 (p, J = 5.4 Hz, SH), 1.43 — 1.30 (m, 2H)

MS (APCI-(+)): m/z = 265.2 [M+H'T*

4-Methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16)326!

A 1-(3-(2-Methoxy-5-nitrophenoxy)propyl)piperidine (P10) (3.50 g, 11.92 mmol, 1.0 eq.) was
dissolved in 100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the reaction
mixture was stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed the
consumption of the starting material, the reaction mixture was filtered through a celite pad to

remove the catalyst. The filtrate was concentrated under reduced pressure to afford the desired

compound.
Yield: 3.1g(97%)
Chemical formula: C15H24N>0, /@:O\CHS
Molecular mass: 264.37 g/mol H,N 0/\/\,0
Appearance Brown oil
Internal code: MG-206

'H NMR (300 MHz, DMSO): 6 6.63 (d, J= 8.4 Hz, 1H), 6.25 (d, J=2.5 Hz, 1H), 6.05 (dd, J= 8.4, 2.5 Hz,
1H), 4.63 (s, 2H), 3.86 (t, J= 6.5 Hz, 2H), 3.60 (s, 3H), 2.45 — 2.22 (m, 6H),
1.82 (p, J= 6.7 Hz, 2H), 1.48 (p, J = 5.5 Hz, 4H), 1.42 — 1.31 (m, 2H)

MS (APCI-(+)): m/z=1265.3 [M+H']"
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2-Methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17)

A 1-(3-(3-Methoxy-4-nitrophenoxy)propyl)piperidine (P11) (5.70 g, 19.4 mmol, 1.0 eq.) was
dissolved in 100 mL of methanol. A catalytic amount of 10% Pd/C was added, and the reaction
mixture was stirred under a hydrogen atmosphere for 3 hours. After TLC confirmed the
consumption of the starting material, the reaction mixture was filtered through a celite pad to

remove the catalyst. The filtrate was concentrated under reduced pressure to afford the desired

compound.
Yield: 4.4 g (88%)
Chemical formula: Ci5H2aN>0, o \/\/O
Molecular mass: 264.37 g/mol i N/©/
2
Appearance Dark red oil o.
CH,
Internal code: MG-315

'HNMR (300 MHz, CDCLy):  §6.62 (d,J=8.4 Hz, 1H), 6.4 (d, J=2.6 Hz, 1H), 6.34 (dd, J= 8.4, 2.6 Hz,
1H), 3.93 (t, J = 6.4 Hz, 2H), 3.82 (s, 3H), 3.43 (s, 2H), 2.55 — 2.36 (m, 6H),
2.02 - 1.87 (m, 2H), 1.59 (p, J = 5.6 Hz, 4H), 1.49 — 1.37 (m, 2H)

MS (APCI-(+)): m/z = 265.2 [M+H']*

Ethyl 4-hydroxy-2-(methylthio)pyrimidine-5-carboxylate (P18)1444l

S-Methylthiourea hemisulfate (11.10 g, 80 mmol, 1.0 eq.) was added to a 50 mL of NaOH
solution (4.42 mol/L) in a three-neck flask, while maintaining the mixture in an ice bath. The
mixture was stirred for 30 minutes. Diethyl ethoxymethylenemalonate (19.4 mL, 96 mmol,
1.2 eq.) was dissolved in 32 mL of ethanol and added dropwise to the prepared mixture. After
the dropwise addition was complete, the reaction mixture was stirred overnight at room
temperature, resulting in the precipitation of the desired product as a white solid. The product
was isolated by vacuum filtration, washed with water, and dried under high vacuum to afford

the desired compound.

Yield: 11.9 g (69%)

Chemical formula: CsH10N20s3S O OH

Molecular mass: 214.24 g/mol Hsc/\OJ\(%)N\ on

Appearance White solid N s

Internal code: MG-03

'"H NMR (300 MHz, DMSO):  §8.21 (s, 1H), 4.10 (q, J=7.1 Hz, 2H), 2.29 (s, 3H), 1.22 (t, J= 7.1 Hz, 3H)
MS (APCI-(+)): m/z=214.8 [M+H"]*
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Ethyl 4-chloro-2-(methylthio)pyrimidine-5-carboxylate (P19)1444l

Dried ethyl 4-hydroxy-2-(methylthio)pyrimidine-5-carboxylate (P18) (1.00 g, 4.67 mmol,
1.0 eq.) was added to 2.7 mL of acetonitrile and stirred for 25 minutes. Phosphoryl oxychloride
(2.43 mL, 26.07 mmol, 5.6 eq.) was then slowly added to the mixture while maintaining the
reaction temperature in an ice bath. After the addition was complete, the reaction mixture was
refluxed for 6 hours. The solvents were then evaporated under reduced pressure, and the crude

product was used directly in the next reaction without further purification.

Yield: 2.1 g (69%)

Chemical formula: CsHoCIN,O,S o cl
Molecular mass: 232.68 g/mol HC” 0 | \/)N\ o
Appearance Yellow solid N" s
Internal code: MG-10

'H NMR (300 MHz, DMSO): ~ §9.00 (s, 1H), 4.33 (q, /= 7.1 Hz, 2H), 2.58 (s, 3H), 1.32 (t, /= 7.1 Hz, 3H)

Ethyl 4-((4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)
pyrimidine-5-carboxylate (1)

Ethyl 4-chloro-2-(methylthio)pyrimidine-5-carboxylate (P19) (771 mg, 3.31 mmol, 1.0 eq.)
was dissolved together with 4-(3-(4-methylpiperazin-1-yl)propoxy)aniline (P12) (773 mg,
3.1 mmol, 1.0 eq.) in 5 mL of DMSO. The mixture was treated with DIPEA (1.62 mL,
9.3 mmol, 3.0 eq.) and stirred for 2 h at 80 °C. After TLC control indicated consumption of
starting materials, the reaction was quenched with ice cold water (25 mL) and partitioned with
ethyl acetate (3 X 25 mL). The combined organic layers were washed with brine (20 mL) and
dried over MgSQO4. After filtration, solvent was evaporated under reduced pressure and the

reaction crude was purified by column chromatography (DCM:MeOH = 95:5).

Yield: 280 mg (20%) (\N/CHs
Chemical formula: C2H31N5038 /©/°\/\/N\)
Molecular mass: 445.58 g/mol O HN
Appearance Light brown solid Hc N0 N

[ A cH
Internal code: MG-19, ST-2529 NT s 3

'HNMR (300 MHz, CDCls) 5 10.17 (s, 1H), 8.73 (s, 1H), 7.52 (d, J = 9.0 Hz, 2H), 6.88 (d, /= 9.0 Hz,
2H), 4.37 (q,J = 7.2 Hz, 2H), 4.01 (t, J= 6.3 Hz, 2H), 2.62 — 2.44 (m, 13H),
2.30 (s, 3H), 1.97 (p, J = 6.6 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H)
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13C NMR (75 MHz, CDCl;)

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

3 176.64, 167.25, 158.96, 158.42, 156.08, 130.83, 123.71, 114.65, 101.04,
66.63, 61.32,55.23,55.19, 53.21, 46.08, 26.90, 14.53, 14.37

91.2°C

m/z = 446.3 [M+H']*

98.98%

m/z = 446.2234 [M+H"']" (calculated: 446.2220)

4-((4-(3-(4-Methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carboxylic acid (2)

Ethyl 4-((4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-
carboxylate (1) (100 mg, 0.22 mmol, 1.0 eq.) was dissolved 2.5 mL of THF. LiOH (22 mg,

0.90 mmol, 4.0 eq.) was dissolved in 2.5 mL of water and added to the stirred THF solution.

The reaction mixture was stirred at room temperature for 3 h. Subsequently, solvent was

evaporated, the residue was redissolved in water and pH value was adjusted with 1 M HCI

solution until the precipitation occurred. The obtained suspension was left in the fridge

overnight to allow the maturation of precipitate which was then filtered out and dried on a high

vacuum pump to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DCI in
D,0)

BC NMR (75 MHz, DCI in
D,0)

Melting point

MS (APCI-(+)):

LC-MS-DAD purity:

HRMS (ESI-(+)):

40 mg (40%) K\N/CH3
C20H27N5038 /©/0\/\/N\)
417.53 g/mol O HN

White solid
MG-212, ST-2737

N8
0 8.93 (s, 1H), 7.76 (d, J= 8.4 Hz, 2H), 7.25 (d, J= 8.6 Hz, 2H), 4.49 — 3.75
(m, 12H), 3.37 (s, 3H), 2.83 (s, 3H), 2.68 — 2.56 (m, 2H)
0 168.54, 166.20, 155.63, 147.77, 128.78, 124.40, 123.49, 115.27, 101.88,
55.37, 50.86, 50.43, 49.94, 49.60, 23.88, 15.20.
224.1°C
m/z=418.2 [M+H*]*
100.000%
m/z =418.1740 [M+H"]" (calculated: 418.1749)
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4-((4-(3-(4-Methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carboxamide (3)

4-((4-(3-(4-Methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-
carboxylic acid (2) (100 mg, 0.22 mmol, 1.0 eq.) and HATU (128 mg, 0.34 mmol, 1.5 eq.) were

dissolved in 10 mL of DMF and allowed to stir for 5 min at room temperature. Subsequently,

NH4Cl (60 mg, 1.12 mmol, 5 eq.) and DIPEA (0.2 mL, 1.12 mmol, 5.0 eq.) were added, and

the reaction mixture was stirred for 1 h at room temperature. After TLC control indicated

consumption of starting material, the solvent was evaporated and the residue was purified using

flash column chromatography (DCM:MeOH, 0-10% MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

90 mg (96%) _CH,
N
C20H2sN6O2S /©/0\/\/ N \)
416.54 g/mol O HN
Off-white solid H,N SN
’ Ll cH,
MG-195, ST-2708 N“ S

§10.77 (s, 1H), 8.35 (s, 1H), 7.52 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz,
2H), 5.99 (s, 2H), 4.01 (t, J= 6.3 Hz, 2H), 2.58 — 2.42 (m, 1 1H), 2.28 (s, 3H),
1.97 (dt, J = 13.0, 6.5 Hz, 4H)

5 175.88, 169.30, 158.33, 156.03, 155.06, 130.95, 123.73, 114.63, 102.70,
77.36, 66.68, 55.28, 53.34, 46.19, 26.95, 14.51

234.1 °C

m/z = 416.9 [M+H']*

100.00%

m/z =417.2073 [M+H]" (calculated: 417.2067)

4-((4-(3-(4-Methylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carbonitrile (4)

A solution of 4-chloro-2-(methylthio)pyrimidine-5-carbonitrile (100 mg, 0.54 mmol, 1.0 eq.)

and 4-(3-(4-methylpiperazin-1-yl)propoxy)aniline (P12) (161 mg, 0.65 mmol, 1.2 eq.) in 5 mL

of DCM was treated with DIPEA (0.54 mmol, 70 mg, 1.0 eq.). The reaction mixture was stirred

at 40 °C overnight. Subsequently, DCM was washed with water and brine, dried over MgSO4

and concentrated to dryness in vacuo. The obtained residue was purified using flash

chromatography (DCM:MeOH, 0-10% MeOH) to afford the desired product.

Yield:

80 mg (37%)
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Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

C20H26N6OS (\N’CH"'

398.53 g/mol QO\/\/N\)
N HN
\\\ﬁ%N
| N/)\S’CH3

3 9.77 (s, 1H), 8.54 (s, 1H), 7.41 (d, J = 8.9 Hz, 2H), 6.91 (d, J = 9.0 Hz,
2H), 3.99 (t, J= 6.4 Hz, 2H), 2.49 — 2.24 (m, 13H), 2.19 (s, 3H), 1.92 - 1.79
(m, 2H)

0 174.72, 161.19, 158.16, 156.06, 129.96, 125.45, 115.50, 114.09, 86.68,
65.95, 54.50, 52.40, 45.41, 26.18, 13.65

122.2 °C

m/z =399.1 [M+H']*

97.37%

m/z =399.1975 [M+H"]" (calculated: 399.1962)

Beige solid
MG-170, ST-2670

Ethyl 4-((4-(3-(4-acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)

pyrimidine-5-carboxylate (5)

A solution of ethyl 4-chloro-2-(methylthio)pyrimidine-5-carboxylate (300 mg, 1.29 mmol,
1.0eq.) and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13) (393 mg,
1.42 mmol, 1.1 eq.) were dissolved in 11 mL of isopropanol in a microwave vial. The vial
containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 80 °C for 2 h under microwave irradiation. Subsequently, the solvent
was evaporated, and the residue was partitioned between 2 M NaOH (30 mL) and DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over MgSO4. After
filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield: 546 mg (89%) o
Chemical formula: CH3iN504S K\NJ\CHs
Molecular mass: 473.59 g/mol O/OWN\)
Appearance White solid O HN
Internal code: MG-343, ST-3043 HyC™ 07y, \)N\

N7 s CHs

'HNMR (300 MHz, CDCls)  § 10.19 (s, 1H), 8.74 (s, 1H), 7.53 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 Hz,
2H), 4.37 (q, J = 7.1 Hz, 2H), 4.03 (t, J = 6.3 Hz, 2H), 3.68 — 3.58 (m, 2H),
3.53 —3.44 (m, 2H), 2.60 — 2.51 (m, 2H), 2.51 — 2.40 (m, 7H), 2.09 (s, 3H),

2.04 - 1.91 (m, 2H), 1.40 (t, J= 7.1 Hz, 3H)
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13C NMR (75 MHz, CDCls) 6 187.09, 176.66, 169.03, 167.27, 158.44, 156.03, 130.92, 123.73, 114.64,

101.08, 66.62, 63.36, 61.35,55.11, 53.32, 52.94, 46.46, 41.54, 26.83, 21.49,

14.38
Melting point 114.9 °C
MS (APCI-(1)): m/z =473.7 [M+H']*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =474.2186 [M+H']" (calculated: 474.2170)

4-((4-(3-(4-Acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-
carboxylic acid (6)

Ethyl 4-((4-(3-(4-acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-
carboxylate (5) (380 mg, 0.80 mmol, 1.0 eq.) was dissolved 5 mL of THF. LiOH (135 mg,
3.21 mmol, 4.0 eq.) was dissolved in 5 mL of water and added to the stirred THF solution. The
reaction mixture was stirred at room temperature for 3 h. Subsequently, solvent was evaporated,
the residue was redissolved in water and pH value was adjusted with 1 M HCI solution until
the precipitation occurred. The solid was filtered and purified using C18 RP-flash column

chromatography (H20 (1% CH3COOH):MeOH, 0-100% MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'"H NMR (300 MHz, DMSO)

13C NMR (75 MHz, DMSO)

Melting point

MS (APCI-(-)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

190 mg (53%) j\
C,1H27N504S (\j CH;3
(o] N
445.54 g/mol /©/ TN
White solid O HN
HO SN
MG-350, ST-3044
’ | N/)\S/CHa

d 11.11 (s, 1H), 8.62 (s, 1H), 7.54 (d, /= 9.0 Hz, 2H), 6.91 (d, /= 9.0 Hz,
2H), 5.26 (s, 1H), 4.01 (t, J = 6.2 Hz, 2H), 3.52 (t, J = 4.9 Hz, 4H),
2.76 — 2.57 (m, 6H), 2.45 (s, 3H), 2.06 — 1.93 (m, 5H)

8 173.72, 168.57, 168.23, 158.28, 154.80, 135.14, 131.17, 122.67, 114.52,
65.62, 53.87, 44.68, 30.38, 25.27, 21.10, 13.72

128.7 °C

m/z =443.8 [M-H']

97.75%

m/z = 446.1866 [M+H"]" (calculated: 446.1857)
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4-((4-(3-(4-acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carboxamide (7)

4-((4-(3-(4-Acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carboxylic acid (6) (110 mg, 0.25 mmol, 1 eq.) and HATU (141 mg, 0.37 mmol, 1.5 eq.) were
dissolved in 10 mL of DMF and allowed to stir for 5 min at room temperature. Subsequently,
NH4Cl (66 mg, 1.23 mmol, 5 eq.) and DIPEA (0.22 mL, 1.23 mmol, 5 eq.) were added, and the
reaction mixture was stirred for 2 h at room temperature. After consumption of the starting
material, the reaction mixture was diluted with ethyl acetate and extracted with brine
(3 x 50 mL). The organic layer was then extracted with 2 M NaOH (3 x 50 mL), and finally
washed with brine, dried over MgSO4 and evaporated. The residue was then purified using

flash column chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desire product.

Yield: 71 mg (65%) o

C21H2sN6O3S (\)\l CH;
o N
44455 g/mol O T
O HN

White solid
HZN%N
g CHs

MG-351, ST-3045
§10.79 (s, 1H), 8.37 (s, 1H), 7.53 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz,
2H), 5.99 (s, 2H), 4.02 (t, J = 6.3 Hz, 2H), 3.62 (t, J = 5.1 Hz, 2H), 3.47
(t,J = 5.1 Hz, 2H), 2.60 — 2.37 (m, 9H), 2.09 (s, 3H), 1.97 (dt, J = 13.1, 6.6
Hz, 2H)

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCls)

13C NMR (151 MHz, CDCls)

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

5 175.81, 169.36, 169.09, 158.33, 155.91, 131.08, 123.70, 114.59, 102.77,
66.37, 55.10, 53.51, 52.91, 46.45, 41.57, 26.85, 21.48, 14.48

186.0 °C

m/z = 444.9 [M+H'T*

100.00%

m/z = 445.2030 [M+H']* (calculated: 445.2016)

4-((4-(3-(4-Acetylpiperazin-1-yl)propoxy)phenyl)amino)-2-(methylthio)pyrimidine-5-

carbonitrile (8)

A solution of 4-chloro-2-(methylthio)pyrimidine-5-carbonitrile (100 mg, 0.54 mmol, 1.0 eq.)
and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13) (165 mg, 0.59 mmol,
1.1 eq.) were dissolved in 2.2 mL of isopropanol in a microwave vial. The vial containing

reaction mixture was transferred to the microwave reactor where the reaction mixture was
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stirred at 80 °C for 2 h under microwave irradiation. Subsequently, the solvent was evaporated,
and the residue was partitioned between 2 M NaOH (30 mL) and DCM (3 x 30 mL). Combined
organic layers were washed with brine (100 mL) and dried over MgSOs. After filtration solvent
was evaporated, and the residue was purified using flash column chromatography

(DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCl5)

13C NMR (75 MHz, CDCl;)

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

188 mg (82%) j)\
C21H26N6O2S (\)‘l CH,
o N
426.54 g/mol O TN
White solid Ng HN
SN
MG-342, ST-3042
’ | yPg CHs

§8.33 (s, 1H), 7.42 (d, J = 9.0 Hz, 2H), 7.18 (s, 1H), 6.90 (d, J = 9.0 Hz,
2H), 4.03 (t, J = 6.3 Hz, 2H), 3.62 (t, J = 5.0 Hz, 2H), 3.47 (t, 2H), 2.55
(t,J = 7.2 Hz, 2H), 2.49 — 2.40 (m, 7H), 2.08 (s, 3H), 2.04 — 1.93 (m, 2H)
3 176.83, 169.05, 159.64, 158.61, 156.98, 129.34, 124.45, 115.39, 114.80,
87.06, 66.39, 55.06, 53.53, 52.91, 46.42, 41.54,26.79, 21.45, 14.47

125.8 °C

m/z=427.2 [M+H*

97.46%

m/z =427.1910 [M+H']" (calculated: 427.1911)

Ethyl 2-(methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-

carboxylate (9)

Ethyl 4-chloro-2-(methylthio)pyrimidine-5-carboxylate (200 mg, 0.86 mmol, 1.0 eq.) and
4-(3-(piperidin-1-yl)propoxy)aniline (P14) (282 mg, 1.20 mmol, 1.4 eq.) were dissolved in
4 mL of isopropanol in a microwave vial. The vial containing reaction mixture was transferred
to the microwave reactor where the reaction mixture was stirred at 80 °C for 2 h under
microwave irradiation. The mixture was cooled to the room temperature which led to
precipitate formation. The precipitate was collected through vacuum filtration and washed with
isopropanol.

chromatography (DCM:MeOH, 0-10% MeOH).

The desired compound was obtained after purification using flash column

Yield: 205 mg (55%)
Chemical formula: C22H30N403S
Molecular mass: 430.57 g/mol
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Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCls):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
MS (ESI-(+)):

Off-white solid
MG-214, ST-2738

Experimental Section
/©/°\/\/©
O HN
o SN

| /)\ /CH3

N S

HaC

§10.18 (s, 1H), 8.72 (s, 1H), 7.52 (d, J = 9.0 Hz, 2H), 6.84 (d, J = 9.0 Hz,
2H), 4.36 (q, J = 7.1 Hz, 2H), 4.06 (t, J = 5.6 Hz, 2H), 3.26 — 2.90 (m, 6H),
2.48 (s, 3H), 2.41 (dq, J = 11.5, 5.5 Hz, SH), 2.04 (s, 4H), 1.65 (s, 2H), 1.39
(t,J=7.1 Hz, 3H)

5 176.62, 167.20, 158.93, 158.38, 155.26, 131.40, 123.74, 114.53, 101.09,
65.43,61.37,55.51, 53.69, 24.22,22.93,22.42, 14.52, 14.33

194.5 °C

m/z = 431.0 [M+H']*

100.00%

m/z =431.2105 [M+H']" (calculated: 431.2111)

2-(Methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-carboxylic
acid (10)

Ethyl
carboxylate (9) (310 mg, 0.72 mmol, 1.0 eq.) was dissolved 5 mL of THF. LiOH (104 mg,
4.32 mmol, 6.0 eq.) was dissolved in 5 mL of water and added to the stirred THF solution. The

2-(methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-

reaction mixture was stirred at room temperature for 3 h. Subsequently, solvent was evaporated,
the residue was redissolved in water and pH value was adjusted with 1 M HCI solution until
the precipitation occurred. The obtained suspension was left in the fridge overnight to allow
the maturation of precipitate which was then filtered out and dried on a high vacuum pump to

afford the desired compound.

Yield: 259 mg (90%)

Chemical formula: C2oH26N4O3S /@/o\/\/'@
Molecular mass: 402.51 g/mol O HN

Appearance Off-white solid HO™ ™, \/)N\ on,

Internal code: MG-218, ST-2735 NT °s”

'H NMR (300 MHz, DMSO) & 10.60 (s, 2H), 8.65 (s, 1H), 7.56 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.5 Hz,
2H), 4.05 (t, J = 6.0 Hz, 2H), 3.16 (t, J = 8.0 Hz, 2H), 2.88 (s, 4H), 2.45
(s, 3H), 2.27 — 2.11 (m, 2H), 1.93 — 1.62 (m, 5H), 1.42 (s, 1H)

174.64, 168.35, 158.57, 158.14, 154.88, 130.94, 123.22, 114.58, 102.37,

65.22, 53.38,51.99, 23.34,22.37, 21.41, 13.76.

13C NMR (75 MHz, DMSO)
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Melting point 218.6 °C

MS (APCI-(+)): m/z=402.9 [M+H"]"

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 403.1815 [M+H"*]* (calculated: 403.1798)

2-(Methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-

carboxamide (11)

2-(Methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-carboxylic acid
(10) (150 mg, 0.37 mmol, 1.0 eq.) and HATU (213 mg, 0.56 mmol, 1.5 eq.) were dissolved in
10 mL of DMF and allowed to stir for 5 min at room temperature. Subsequently, NH4Cl
(100 mg, 1.86 mmol, 5.0 eq.) and DIPEA (0.32 mL, 1.86 mmol, 5.0 eq.) were added, and the
reaction mixture was stirred for 1 h at room temperature. After TLC control indicated
consumption of starting material, the solvent was evaporated and the residue was purified using

flash column chromatography (DCM:MeOH, 0-10% MeOH) to obtain the desired product.

Yield: 130 mg (87%) O
Chemical formula: Cy0H27N50,S /@/O\/\/N
Molecular mass: 401.53 g/mol O HN
Appearance Off-white solid H,N | =N

/)\ CH,3
Internal code: MG-227, ST-2736 N" S

'H NMR (300 MHz, DMSO) & 11.29 (s, 1H), 8.67 (s, 1H), 8.24 (s, 1H), 7.68 (s, 1H), 7.53 (d, /= 8.9 Hz,
2H), 6.92 (d, J = 8.9 Hz, 2H), 3.97 (t, J = 6.4 Hz, 2H), 2.46 (s, 3H), 2.42 —
2.25 (m, 6H), 1.83 (p, J = 6.6 Hz, 2H), 1.48 (p, J = 5.4 Hz, 4H), 1.43 — 1.30
(m, 2H)

I3C NMR (75 MHz, DMSO) & 173.45, 168.81, 157.81, 155.80, 155.09, 130.86, 122.81, 114.54, 103.43,
66.11,55.17, 54.12, 26.35, 25.62, 24.16, 13.69

Melting point 214.9 °C

MS (APCI-(+)): m/z =402.3 [M+H'*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =402.1969 [M+H"]" (calculated: 402.1958)

2-(Methylthio)-4-((4-(3-(piperidin-1-yl)propoxy)phenyl)amino)pyrimidine-5-
carbonitrile (12)

A solution of 4-chloro-2-(methylthio)pyrimidine-5-carbonitrile (100 mg, 0.54 mmol, 1.0 eq.)
and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (139 mg, 0.59 mmol, 1.1 eq.) were dissolved
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in 2.2 mL of isopropanol in a microwave vial. The vial containing reaction mixture was
transferred to the microwave reactor where the reaction mixture was stirred at 80 °C for 2 h
under microwave irradiation. The mixture was cooled to the room temperature which led to

precipitate formation. The precipitate was collected through vacuum filtration and washed with

isopropanol.

The desired compound was obtained after purification using flash column

chromatography (DCM:MeOH, 0-10% MeOH).

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

131 mg (63%)
C20H2sN50S
383.51 g/mol
Off-white solid
MG-215, ST-2734
9.80 (s, 1H), 8.55 (s, 1H), 7.43 (d, J = 8.8 Hz, 2H), 6.94 (d, /= 8.9 Hz, 2H),
4.05 (t, J = 6.1 Hz, 2H), 3.27 — 2.65 (m, 6H), 2.38 (s, 3H), 2.26 — 2.10
(m, 2H), 1.89 — 1.71 (m, 4H), 1.70 — 1.32 (m, 2H)

6 174.70, 161.23, 158.15, 155.70, 130.26, 125.46, 115.48, 114.15, 86.71,
65.28, 53.50, 52.12, 23.48,22.56, 21.61, 13.64

B
N/)\S/cm

Melting point 198.5 °C
MS (APCI-(+)): m/z =384.0 [M+H']*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 384.1874 [M+H']* (calculated: 384.1853)

2,4-Dichloropyrimidine-5-carbonyl chloride (P20)1453!

2,4-Dihydroxypyrimidine-5-carboxylic acid (2.50 g, 16.0 mmol, 1.0 eq.) was dissolved in
10 mL of phosphorus(V) oxychloride in a 100 mL round bottom flask. The temperature of the
mixture is reduced to 0 °C with an ice bath. Subsequently, phosphorus pentachloride (11.65 g,
55.95 mmol, 3.5 eq.) was portion wise added to the reaction mixture. The mixture was stirred
under reflux for 16 h. The solvent was than evaporated under reduced pressure. The residue is
taken up and triturated in 100 mL of toluene and then filtered. Trituration is repeated three
times, and the filtrate is evaporated under reduced pressure yielding desired product that was

directly used in the next reaction.

Yield: 3.4 g (quant.) o ol
Chemical formula: CsHiCI3N202

Cl >N
Molecular mass: 211.43g/mol | N/)\CI
Appearance Yellow oil
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Internal code: MG-182
"H NMR (300 MHz, DMSO): 8§ 9.12 (s, 1H)

2,4-Dichloropyrimidine-5-carboxamide (P21)454

To a solution of 2,4-dichloro-5-carbonyl chloride (P20) (3.40 g, 16.08 mmol, 1.0. eq.) in 20 mL
of DCM ammonium hydroxide (25% aqueous solution) (2.5 mL, 32.16 mmol, 2.0 eq.) was
added at 0 °C. The reaction mixture was stirred for 2 h at 0 °C and was subsequently poured
into ice/water which led to precipitation. The solid was collected via vacuum filtration and

lyophilized yielding desired product.

Yield: 2.17 g (70%)

Chemical formula: CsH;CLN;0 0o cI
Molecular mass: 192.0 g/mol HaN | \/)N\
Appearance White solid N" el
Internal code: MG-184

'"H NMR (300 MHz, DMSO): 5 8.89 (s, 1H), 8.11 (d, J = 38.9 Hz, 2H)
MS (APCI-(+)): m/z=191.8, 193.8 [M+H"]*

2-Chloro-4-((4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)amino)pyrimidine-5-

carboxamide (13)

2,4-Dichloropyrimidine-5-carboxamide (P21) (100 mg, 0.52 mmol, 1.0 eq.) and 1-methyl-4-
(3-(4-nitrophenoxy)propyl)piperazine (P12) (104 mg, 0.42 mmol, 0.8 eq.) were dissolved in
2.2 mL of isopropanol in a microwave vial. The vial containing reaction mixture was
transferred to the microwave reactor where the reaction mixture was stirred at 50 °C for 1 h
under microwave irradiation. The mixture was cooled to the room temperature which led to
precipitate formation. The precipitate was collected through vacuum filtration and washed with

isopropanol to afford the desired compound.

Yield: 181 mg (69%) (\N/CHs
Chemical formula: C19H25CINGO2 o~ N
Molecular mass: 404.90 g/mol o HN/©/

Appearance Beige solid H,N | \/)N\

Internal code: MG-208, ST-2703 N™ ~CI
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'H NMR (300 MHz, DMSO): & 11.32 (s, 1H), 8.77 (s, 1H), 8.46 (s, 1H), 7.91 (s, 1H), 7.49 (d, J = 9.0 Hz,
2H), 6.96 (d, J = 9.0 Hz, 2H), 4.02 (t, J = 6.2 Hz, 2H), 3.32 — 2.52 (m, 13H),
1.97 (s, 2H)

13C NMR (75 MHz, DMSO): & 167.86, 160.93, 159.66, 157.85, 155.49, 130.29, 123.37, 114.74, 106.84,
65.58, 53.28, 49.26, 25.49

Melting point 250.3 °C

MS (APCI-(+)): m/z = 405.2, 407.2 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 405.1805 [M+H"]" (calculated: 405.1800)

2-Amino-6-cyclopropylpyrimidin-4(1H)-one (P22)!450!

To a solution of methyl 3-cyclopropyl-3-oxopropanoate (2.00 g, 14.07 mmol, 1.0 eq.) and
guanidine hydrochloride (1.60 g, 16.88 mmol, 1.2 eq.) in 20 mL of methanol at a room
temperature potassium fert-butoxide (7.90 g, 70.35 mmol, 5.0 eq.) was added portion wise over
15 mins with vigorous stirring. The reaction mixture was stirred at room temperature overnight.
Afterwards, the mixture was concentrated, and the pH value was adjusted to 5 using 6 M HCI
solution which led to precipitation. The mixture was matured overnight, the precipitate was

isolated via filtration and dried on a high vacuum pump to afford the desired product.

Yield: 700 mg (43%)

Chemical formula: C7HoN3O o
Molecular mass: 151.17 g/mol | JN\
Appearance White crystal H NH;
Internal code: MG-211

'H NMR (300 MHz, DMSO): & 10.49 (s, 1H), 6.37 (s, 2H), 5.48 (s, 1H), 1.65 (i, J = 7.9, 4.8 Hz, 1H),
0.88 — 0.80 (m, 2H), 0.80 — 0.72 (m, 2H)
MS (APCI-(+)): m/z = 152.0 [M+H']*

4-Chloro-6-cyclopropylpyrimidin-2-amine (P23)461l

A solution of 2-Amino-6-cyclopropylpyrimidin-4(1H)-one (P22) (1.77 g, 11.71 mmol, 1 eq.)
in 30 mL of DCE was treated with 20 mL of POCI;. The reaction mixture was heated to 75 °C
and stirred overnight. After TLC control indicated consumption of starting material, solvent
was evaporated, the residue was quenched with 100 mL of cold NaHCOj solution and extracted

with DCM (3 x 100 mL). The combined organic layers were washed with brine and dried over
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NaxSOs. After filtration, solvent was evaporated under reduced pressure and the residue was

purified using flash column chromatography (Hex:EE, 0-20% EE) to obtain the desired

product.
Yield: 640 mg (32%)
Chemical formula: C7H;5CIN; ¢l
Molecular mass: 169.61 g/mol \/ JN\
Appearance White needles N© NH;
Internal code: MG-233
'"H NMR (300 MHz, DMSO): 8 6.87 (s, 2H), 6.61 (s, 1H), 1.94 — 1.83 (m, 1H), 0.99 — 0.90 (m, 4H)
MS (APCI-(+)): m/z=169.7, 171.7 [M+H"]"

4-(3-(Piperidin-1-yl)propoxy)pyrimidin-2-amine (14)

To a stirred solution of 3-(piperidin-1-yl)propan-1-ol (P1) (663 mg, 4.63 mmol, 2.0 eq.) in
15 mL of THF, NaH (60% dispersion in mineral oil) (122 mg, 5.09 mmol, 2.2 eq.) was added
in portions at 0 °C. The solution was allowed heat to room temperature and was stirred for
30 mins. Subsequently, 4-chloropyrimidin-2-amine (300 mg, 2.32 mmol, 1 eq.) was added to
the solution, and the reaction mixture was refluxed overnight. After TLC control indicated
consumption of starting material, the solvent was evaporated and the residue was purified using

column chromatography, DCM:MeOH, up to 7% MeOH, to obtain the desired product.

Yield: 136 mg (25%) O
Chemical formula: C12H20N4O N
Molecular mass: 236.32 g/mol J)
Appearance Off-white solid o
Internal code: MG-190, ST-2791 ()”\

N~ “NH,

'H NMR (300 MHz, DMSO): & 7.93 (d, J = 5.7 Hz, 1H), 6.48 (s, 2H), 5.97 (d, J = 5.6 Hz, 1H), 4.20
(t,J = 6.6 Hz, 2H), 2.48 — 2.30 (m, 6H), 1.84 (p, J = 6.8 Hz, 2H), 1.57 — 1.44
(m, 4H), 1.44 — 1.32 (m, 2H)

13C NMR (75 MHz, DMSO): 8 169.35, 163.51, 158.54, 96.19, 63.66, 54.95, 53.86, 25.58, 25.24, 23.84

Melting point 147.5°C

MS (APCI-(+)): m/z =236.9 [M+H*]*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(4)): m/z =237.1748 [M+H]" (calculated: 237.1710)
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4-Methyl-6-(3-(piperidin-1-yl)propoxy)pyrimidin-2-amine (15)

To a stirred solution of 3-(piperidin-1-yl)propan-1-ol (P1) (599 mg, 4.18 mmol, 2.0 eq.) in
20 mL of THF, NaH (60% dispersion in mineral oil) (110 mg, 4.60 mmol, 2.0 eq.) was added
in portions at 0 °C. The solution was allowed heat to room temperature and was stirred for
30 mins. Subsequently, 4-chloro-6-methylpyrimidin-2-amine (300 mg, 2.09 mmol, 1 eq.) was
added to the solution, and the reaction mixture was refluxed overnight. After TLC control
indicated consumption of starting material, the solvent was evaporated and the residue was

purified using column chromatography, DCM:MeOH, up to 7% MeOH, to obtain the desired

product.
Yield: 105 mg (20%) O
Chemical formula: Ci13H»N4O N
Molecular mass: 250.35 g/mol J)
Appearance Yellow solid o

Internal code: MG-232, ST-2794

SN
H,C | N/)\NHZ
5 6.39 (s, 2H), 5.85 (s, 1H), 4.18 (t, J = 6.6 Hz, 2H), 2.38 — 2.24 (m, 6H),
2.11 (s, 3H), 1.79 (p, J = 6.8 Hz, 2H), 1.46 (q, J = 5.4 Hz, 4H), 1.42 — 1.30

'H NMR (300 MHz, DMSO):

(m, 2H)

BCNMR (75 MHz, DMSO):  § 170.01, 167.71, 163.16, 94.62, 63.69, 55.15, 54.07, 25.96, 25.57, 24.13,
23.28

Melting point 91.0 °C

MS (APCI-(+)): m/z=251.2 [M+H*]*

LC-MS-DAD purity: 97.34%

HRMS (ESI-(+)):

m/z =251.1946 [M+H']" (calculated: 251.1866)

4-Ethyl-6-(3-(piperidin-1-yl)propoxy)pyrimidin-2-amine (16)

To a stirred solution of 3-(piperidin-1-yl)propan-1-ol (P1) (454 mg, 3.17 mmol, 2.0 eq.) in
15 mL of THF, NaH (60% dispersion in mineral oil) (114 mg, 4.76 mmol, 3.0 eq.) was added
in portions at 0 °C. The solution was allowed heat to room temperature and was stirred for
30 mins. Subsequently, 4-chloro-6-ethylpyrimidin-2-amine (250 mg, 1.59 mmol, 1 eq.) was
added to the solution, and the reaction mixture was refluxed overnight. After TLC control
indicated consumption of starting material, the solvent was evaporated and the residue was
purified using column chromatography, DCM:MeOH, up to 7% MeOH, to obtain the desired
product.
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Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

80 mg (20%) O
C14H24N4O N
264.37 g/mol J)
Off-white solid o

MG-199, ST-2792 =N

’ HiC | N/)\NHQ

5 6.39 (s, 2H), 5.85 (s, 1H), 4.18 (t, J = 6.6 Hz, 2H), 2.48 — 2.24 (m, 8H),
1.80 (p, J = 6.8 Hz, 2H), 1.48 (p, J = 5.4 Hz, 4H), 1.37 (q, J = 5.7 Hz, 2H),
1.11 (t, J= 7.6 Hz, 3H)

6 172.73, 170.08, 163.23, 93.38, 63.68, 55.13, 54.03, 29.88, 25.91, 25.52,
24.08, 12.64

73.4°C

m/z = 236.9 [M+H']*

99.32%

m/z = 265.2026 [M+H']" (calculated: 265.2023)

4-Isopropyl-6-(3-(piperidin-1-yl)propoxy)pyrimidin-2-amine (17)

To a stirred solution of 3-(piperidin-1-yl)propan-1-ol (P1) (501 mg, 3.50 mmol,2.0 eq.) in
15 mL of THF, NaH (60% dispersion in mineral oil) (92 mg, 3.85 mmol, 2.2 eq.) was added in

portions at 0 °C. The solution was allowed heat to room temperature and was stirred for 30

mins. Subsequently, 4-chloro-6-isopropylpyrimidin-2-amine (300 mg, 1.75 mmol, 1 eq.) was

added to the solution, and the reaction mixture was refluxed overnight. After TLC control

indicated consumption of starting material, the solvent was evaporated and the residue was

purified using column chromatography, DCM:MeOH, up to 7% MeOH, to obtain the desired

product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

"H NMR (300 MHz, DMSO):

195 mg (40%) O

Ci5Ho6N4O N

278.40 g/mol f

Off-white solid o

MG-228, ST-2793 we N/)"\NHZ
CH,

§6.37 (s, 2H), 5.84 (s, 1H), 4.18 (t, J = 6.6 Hz, 2H), 2.62 (hept, J = 6.8 Hz,
1H), 2.38 — 2.26 (m, 6H), 1.80 (p, J = 6.8 Hz, 2H), 1.51 — 1.43 (m, 4H),
1.42 — 1.31 (m, 2H), 1.12 (d, J = 6.9 Hz, 6H)
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BC NMR (75 MHz, DMSO): 8 176.62, 170.13, 163.23, 92.08, 63.70, 55.15, 54.04, 34.95, 25.92, 25.52,

24.09,21.47
Melting point 86.8 °C
MS (APCI-(+)): m/z=279.2 [M+H*]*
LC-MS-DAD purity: 98.27%
HRMS (ESI-(+)): m/z =279.2269 [M+H']" (calculated: 279.2179)

4-Cyclopropyl-6-(3-(piperidin-1-yl)propoxy)pyrimidin-2-amine (18)

To a stirred solution of 3-(piperidin-1-yl)propan-1-ol (P1) (507 mg, 3.54 mmol, 2.0 eq.) in
20 mL of THF, NaH (60% dispersion in mineral oil) (93 mg, 3.89 mmol, 2.2 eq.) was added in
portions at 0 °C. The solution was allowed heat to room temperature and was stirred for
30 mins. Subsequently, 4-chloro-6-cyclopropylpyrimidin-2-amine (P23) (300 mg, 1.77 mmol,
1 eq.) was added to the solution, and the reaction mixture was refluxed for 1 h. After TLC
control indicated consumption of starting material, the solvent was evaporated and the residue

was purified using column chromatography (DCM:MeOH(NH3) = 95:5), to obtain the desired

product.
Yield: 260 mg (59%)
Chemical formula: Ci5sH24N40
Molecular mass: 276.38 g/mol
Appearance Off-white solid
Internal code: MG-235, ST-2795

'H NMR (300 MHz, DMSO): ~  6.28 (s, 2H), 5.90 (s, 1H), 4.17 (t, J = 6.6 Hz, 2H), 2.42 — 2.22 (m, 6H),
1.87 — 1.70 (m, 3H), 148 (p, J = 5.5 Hz, 5H), 1.42 — 1.31 (m, 2H),
0.92 — 0.76 (m, 4H)

13CNMR (75 MHz, DMSO): & 172.31, 169.57, 163.27, 92.89, 63.63, 55.11, 54.02, 25.91, 25.49, 24.06,

16.29, 8.81
Melting point 119.7°C
MS (APCI-(+)): m/z=276.9 [M+H*]*
LC-MS-DAD purity: 98.63%
HRMS (ESI-(+)): m/z = 277.2024 [M+H']" (calculated: 277.2023)
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4-((3-(Piperidin-1-yl)propyl)thio)pyrimidin-2-amine (19)

4-Chloropyrimidin-2-amine (100 mg, 1.24 mmol, 1.0 eq.) was added to NaOH (35 mg,
0.89 mmol, 1.15 eq.) solution in 5 mL of water and 7.50 mL of ethanol. Subsequently,
3-(piperidin-1-yl)propane-1-thiol (P3) (197 mg, 1.24 mmol, 1.6 eq.) was added, and the
reaction mixture was stirred under reflux for 4 h. After TLC control indicated consumption of

starting material, the solvent was evaporated and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

BC NMR (75 MHz, DMSO):
Melting point

MS (APCI-(+)):
LC-MS-DAD purity:

HRMS (ESI-(+)):

122 mg (63%) O
Ci2H20N4S N
252.38 g/mol J)
Off-white solid

S

MG-264, ST-2799 ﬁ”

N/)\NHZ
8 7.91 (d, J = 5.3 Hz, 1H), 6.58 (s, 2H), 6.46 (d, J = 5.3 Hz, 1H), 3.05
(t,J=7.1 Hz, 2H), 2.46 — 2.24 (m, 6H), 1.78 (p, J = 7.2 Hz, 2H), 1.51
(p,J= 5.5 Hz, 4H), 1.38 (q, J = 5.9 Hz, 2H)
5 169.23, 162.73, 156.36, 106.95, 56.94, 53.83, 26.15, 25.91, 25.23, 23.82
145.6 °C
m/z = 253.1 [M+H']"
100.00%
m/z = 253.1510 [M+H']* (calculated: 253.1481)

4-Methyl-6-((3-(piperidin-1-yl)propyl)thio)pyrimidin-2-amine (20)

4-Chloro-6-methylpyrimidin-2-amine (100 mg, 0.70 mmol, 1.0 eq.) was added to NaOH
(32 mg, 0.80 mmol, 1.15 eq.) solution in 5 mL of water and 7.50 mL of ethanol. Subsequently,
3-(piperidin-1-yl)propane-1-thiol (P3) (178 mg, 1.11 mmol, 1.6 eq.) was added, and the
reaction mixture was stirred under reflux for 4 h. After TLC control indicated consumption of
starting material, the solvent was evaporated and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desired product.

Yield: 50 mg (27%)
Ci3H2aN4S
266.41 g/mol

White solid

Chemical formula:
Molecular mass:

Appearance
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Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

MG-260, ST-2796

()

N

I
HsC N/)\NHZ

3 6.46 (s, 2H), 6.35 (s, 1H), 3.03 (t, J = 7.2 Hz, 2H), 2.37 — 2.24 (m, 6H),
2.13 (s, 3H), 1.73 (p, J = 7.1 Hz, 2H), 1.53 — 1.42 (m, 4H), 1.42 — 1.30
(m, 2H)

169.16, 165.70, 162.55, 105.85, 57.29, 54.10, 26.31, 26.23, 25.62, 24.18,
23.27

121.9 °C

m/z = 266.9 [M+H']*

100.00%

m/z =267.1657 [M+H']" (calculated: 267.1638)

4-Ethyl-6-((3-(piperidin-1-yl)propyl)thio)pyrimidin-2-amine (21)

4-Chloro-6-ethylpyrimidin-2-amine (100 mg, 0.63 mmol, 1.0 eq.) was added to NaOH (29 mg,
0.73 mmol, 1.15 eq.) solution in 5 mL of water and 7.50 mL of ethanol. Subsequently,
3-(piperidin-1-yl)propane-1-thiol (P3) (162 mg, 1.02 mmol, 1.6 eq.) was added, and the
reaction mixture was stirred under reflux for 4 h. After TLC control indicated consumption of

starting material, the solvent was evaporated and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point
MS (APCI-(+)):
LC-MS-DAD purity:

62 mg (35%) O
C14H240N4S N
280.43 g/mol J)
Off-white solid ®

SN
MG-265, ST-2800 we ) /)\NHZ
§6.47 (s, 2H), 6.35 (s, 1H), 3.04 (t, J= 7.2 Hz, 2H), 2.41 (q, 2H), 2.36 — 2.20
(m, 6H), 1.74 (p, J= 7.1 Hz, 2H), 1.58 — 1.43 (m, 4H), 1.42 — 1.30 (m, 2H),
1.12 (t, J = 7.6 Hz, 3H)
§170.49, 169.18, 162.64, 104.72, 57.28, 54.07, 29.86, 26.30, 26.21, 25.59,
24.15, 12.64
94.0 °C
m/z = 281.1 [M+H']*
98.73%
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HRMS (ESI-(+)): m/z =281.1841 [M+H"]" (calculated: 291.1794)

4-Isopropyl-6-((3-(piperidin-1-yl)propyl)thio)pyrimidin-2-amine (22)

4-Chloro-6-isopropylpyrimidin-2-amine (150 mg, 0.87 mmol, 1.0 eq.) was added to NaOH
(40 mg, 1.01 mmol, 1.15 eq.) solution in 5 mL of water and 7.5 mL of ethanol. Subsequently,
3-(piperidin-1-yl)propane-1-thiol (P3) (223 mg, 1.40 mmol, 1.6 eq.) was added, and the
reaction mixture was stirred under reflux for 4 h. After TLC control indicated consumption of
starting material, the solvent was evaporated and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desired product.

Yield: 124 mg (48%) O
Chemical formula: CisHoeN4S N
Molecular mass: 294.46 g/mol J)
Appearance Off-white solid S
Internal code: MG-263, ST-2798 | ~N
HsC A
N~ NH,
CH,

'H NMR (300 MHz, DMSO): 8 6.46 (s, 2H), 6.34 (s, 1H), 3.05 (t, J = 7.2 Hz, 2H), 2.64 (hept, J = 6.9 Hz,
1H), 2.37 — 2.23 (m, 6H), 1.74 (p, J = 7.1 Hz, 2H), 1.54 — 1.42 (m, 4H),

1.41 - 1.30 (m, 2H), 1.13 (d, J= 6.9 Hz, 6H)

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

6 174.25, 169.20, 162.67, 103.46, 57.30, 54.06, 34.99, 26.32, 26.23, 25.60,
24.16,21.45

84.9 °C

m/z = 295.3 [M+H'T*

100.00%

m/z =295.1996 [M+H"]" (calculated: 295.1951)

4-Cyclopropyl-6-((3-(piperidin-1-yl)propyl)thio)pyrimidin-2-amine (23)

4-Chloro-6-cyclopropylpyrimidin-2-amine (P23) (250 mg, 1.47 mmol, 1.0 eq.) was added to
NaOH (68 mg, 1.70 mmol, 1.15 eq.) solution in 10 mL of water and 12.5 mL of ethanol.
Subsequently, 3-(piperidin-1-yl)propane-1-thiol (P3) (376 mg, 2.36 mmol, 1.6 eq.) was added,
and the reaction mixture was stirred under reflux for 4 h. After TLC control indicated
consumption of starting material, the solvent was evaporated and the residue was purified using

flash column chromatography (DCM:MeOH, 0-7% MeOH) to obtain the desired product.
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Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

94 mg (22%)
C15H24N4S

292.17 g/mol
Off-white resin
MG-262, ST-2797

5 6.42 (s, 1H), 6.37 (s, 2H), 3.04 (t, J = 7.1 Hz, 2H), 2.50 — 2.34 (m, 6H),
1.85-1.72 (m, 3H), 1.59 — 1.45 (m, 4H), 1.44 — 1.33 (m, 2H), 0.96 — 0.78
(m, 4H)

5 170.36, 168.26, 162.67, 104.42, 56.87, 53.74, 26.07, 25.88, 25.06, 23.67,
16.18,9.30

n.a.

m/z =292.9 [M+H']*

100.00%

m/z =293.1835[M+H"]* (calculated: 293.1794)

2-Chloro-N,6-dimethylpyrimidin-4-amine (P24)14771

To a solution of 2,4-dichloro-6-methylpyrimidine (2.50 g, 15.3 mmol, 1.0 eq.) and DIPEA
(6.30 g, 454 mmol, 3.0 eq.) in 50 mL of ethanol methylamine hydrochloride (1.00 g,

15.3 mmol, 1.0 eq.) was added, and the reaction mixture was stirred for 24 h at 50 °C.

Afterwards, solvent was evaporated, and the residue was partitioned between water and EtOAc.

The organic layers were merged, washed with brine and dried over anhydrous MgSO4. After

filtration, solvent was evaporated under reduced pressure to obtain crude consisting of

2-methylamino and 4-methylamino substituted structural isomers. The identity of structural

isomers separated using flash column chromatography (Hex:EtOAc, 0-40% EtOAc) was
confirmed with '"H- and ROESY-NMR spectrums.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

Revalue

"H NMR (300 MHz, DMSO):

MS (APCI-(+)):

1220 mg (51%)
CsHgCIN3 HN/CH3
157.60 g/mol N

L AN
White solid Hs;C” "N~ ~cli
MG-154F2

0.10 (Hex/EtOAc 4:1)

§7.68 (s, 1H), 6.25 (s, 1H), 2.76 (d, J = 4.2 Hz, 3H), 2.16 (s, 3H)
m/z = 158.0, 160.0 [M+H']*
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4-Chloro-N,6-dimethylpyrimidin-2-amine (P25)477)

The compound 4-chloro-N,6-dimethylpyrimidin-2-amine (P25) was obtained as a side product

during the synthesis of compound P24.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

Revalue

'H NMR (300 MHz, DMSO):
MS (APCI-(+)):

550 mg (23%)
CeH5CIN; ¢l

~N
157.60 g/mol e I /)\N/CHS
White solid ’ H
MG-154F1

0.37 (Hex/EtOAc 4:1)

§7.43 (s, 1H), 6.55 (s, 1H), 2.76 (d, J = 4.8 Hz, 3H), 2.23 (s, 3H)
m/z = 158.0, 160.0 [M+H']*

2-Chloro-N-ethyl-6-methylpyrimidin-4-amine (P26)1478l

To a suspension of 2,4-dichloro-6-methylpyrimidine (2.50 g, 15.3 mmol, 1.0 eq.) and K>CO3
(6.40 g, 46.0 mmol, 3.0 eq.) in 50 mL of DMF ethylamine hydrochloride (1.50 g, 18.4 mmol,
1.2 eq.) was added, and the reaction mixture was stirred for 5 h at room temperature.
Afterwards, KoCO3 was filtered out, DMF was evaporated, and the residue was partitioned
between water and EtOAc. The organic layers were merged, washed with brine and dried over
anhydrous MgSOs. After filtration, solvent was evaporated under reduced pressure to obtain
crude consisting of 2-ethylamino and 4-ethylamino substituted structural isomers. The identity

of structural isomers separated using flash column chromatography (Hex:EtOAc, 0-40%

EtOAc) was confirmed with 'H- and ROESY-NMR spectrums.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

Revalue

"H NMR (300 MHz, DMSO):

MS (APCI-(+)):

1150 mg (44%)
CH,
C7H,0CIN; L
NH
171.63 g/mol | SN
White solid HaC N/)\CI

MG-138F2
0.14 (Hex:EtOAC 4:1)

§7.72 (t, J= 5.5 Hz, 1H), 6.23 (s, 1H), 3.25 (s, 2H), 2.16 (s, 3H), 1.10 (t, J =
7.2 Hz, 3H)
m/z=172.1,174.1 [M+H'T*
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4-Chloro-N-ethyl-6-methylpyrimidin-2-amine (P27)1478I

The compound 4-chloro-N-ethyl-6-methylpyrimidin-2-amine (P27) was obtained as a side
product during the synthesis of compound P26.

Yield: 600 mg (23%)
Chemical formula: C7H;oCIN; cl
Molecular mass: 171.63 | oN

H;C N/)\N/\CH
Appearance White solid 3 H 3
Internal code: MG-138F1
Ri-value 0.41 (Hex:EtOAC 4:1)

'H NMR (300 MHz, DMSO): & 7.50 (t, J = 5.6 Hz, 1H), 6.53 (s, 1H), 3.25 (p, J = 6.8 Hz, 2H), 2.22 (s, 3H),
1.08 (t, J= 7.2 Hz, 3H)
MS (APCI-(+)): m/z=172.1,174.1 [M+H'T"

N4,6-Dimethyl-N?-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (24)

To a solution of 2-chloro-N,6-dimethylpyrimidin-4-amine (P24) (200 mg, 1.27 mmol, 1.0 eq.)
and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (316 mg, 1.27 mmol, 1.0 eq.) in
4.5 mL of isopropanol in a microwave vial, TFA (0.39 mL, 5.08 mmol, 4.0 eq.) was added at
room temperature. The vial containing reaction mixture was transferred to the microwave
reactor where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation.
The mixture was cooled to the room temperature which led to precipitate formation. The
precipitate was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and
extracted with DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried

over NaxSO4 and evaporated to afford the desired compound.

Yield: 96 mg (33%)

Chemical formula: C20H30N¢O nN-CHs (N -CHs
Molecular mass: 370.50 g/mol ﬁ)"‘\ /©/o\/\/N\)
Appearance Beige resin HCo NT R

Internal code: MG-139, ST-2656

'HNMR (300 MHz, CDCLy): 8 7.47 (d, J = 9.0 Hz, 2H), 6.88 — 6.75 (m, 3H), 5.68 (s, 1H), 4.76 (s, 1H),
3.97 (t,J = 6.4 Hz, 2H), 2.90 (d, J = 5.1 Hz, 3H), 2.66 — 2.34 (m, 10H), 2.28
(s, 3H), 2.23 (s, 3H), 2.02 — 1.88 (m, 2H)
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13C NMR (75 MHz, CDCl5):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

3 164.41, 159.99, 154.35, 133.64, 121.10, 114.86, 66.79, 66.09, 55.27,
53.34,46.15, 28.36, 28.05, 26.99

n.a.

m/z=371.5 [M+H']"

100.00%

m/z =371.2529 [M+H]" (calculated: 371.2554)

N,6-Dimethyl-N?-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (25)

To a solution of 2-chloro-N,6-dimethylpyrimidin-4-amine (P24) (200 mg, 1.27 mmol, 1.0 eq.)

and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (297 mg, 1.27 mmol, 1.0 eq.) in 4.5 mL of

isopropanol in a microwave vial, TFA (0.39 mL, 5.08 mmol, 4.0 eq.) was added at room

temperature. The vial containing reaction mixture was transferred to the microwave reactor

where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The

mixture was cooled to the room temperature which led to precipitate formation. The precipitate

was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with

DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

280 mg (62%)
C20H29N50 Hn-CHe O
355.49 g/mol JI\))N\ ©°\/\/N
Brown resin HyC™ N H

MG-137, ST-2655
§7.52 — 7.43 (m, 2H), 6.88 — 6.75 (m, 3H), 5.68 (s, 1H), 4.77 (s, 1H), 3.97
(t, J = 6.4 Hz, 2H), 2.90 (d, J = 5.1 Hz, 3H), 2.52 — 2.43 (m, 2H), 2.40
(t,J = 5.3 Hz, 4H), 2.23 (s, 3H), 2.01 — 1.89 (m, 2H), 1.65 — 1.53 (m, 4H),
1.44 (q, J = 6.2 Hz, 2H)

§ 164.42, 160.03, 15439, 133.62, 121.07, 114.86, 67.06, 56.20, 54.77,
28.35,27.04,26.11,24.75,24.29

n.a.

m/z = 356.6 [M+H*]*

95.36%

m/z = 356.2430 [M+H']* (calculated: 356.2445)
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N?-(3-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N*,6-dimethylpyrimidine-2,4-
diamine (26)

To a solution of 2-chloro-N,6-dimethylpyrimidin-4-amine (P24) (100 mg, 0.63 mmol, 1.0 eq.)
and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (168 mg, 0.63 mmol, 1.0 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4 and

evaporated to afford the desired compound.

Yield: 91 mg (37%)
Chemical formula: C21H31N502 Hn-CHs O
Molecular mass: 385.51 g/mol [N O AN

H;C N/)\N o-CHs
Appearance Brown resin 3 H
Internal code: MG-156, ST-2663

'HNMR (300 MHz, CDCly):  §7.49 (d,J=2.4 Hz, 1H), 6.91 (dd, J=8.6, 2.4 Hz, 1H), 6.87 - 6.79 (m, 2H),
5.70 (d, J= 0.7 Hz, 1H), 4.75 (s, 1H), 4.02 (t, J= 6.7 Hz, 2H), 3.85 (s, 3H),
2.93 (d, J=5.1 Hz, 3H), 2.55 — 2.43 (m, 2H), 2.40 (t, J = 5.4 Hz, 4H), 2.23
(s, 3H),2.05 — 1.91 (m, 2H), 1.58 (p, J= 5.5 Hz, 4H), 1.44 (t,J = 5.9 Hz, 2H)

I3CNMR (75 MHz, CDCly): 8 164.37, 159.79, 149.74, 143.57, 134.58, 114.53, 111.16, 105.66, 105.04,
66.68, 56.09, 56.04, 54.70, 28.00, 26.92, 26.08, 24.25, 23.48.

Melting point n.a.

MS (APCI-(+)): m/z = 386.4 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =386.2567 [M+H']" (calculated: 386.2551)

N?-(4-Methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-N*,6-dimethylpyrimidine-2,4-
diamine (27)

To a solution of 2-chloro-N,6-dimethylpyrimidin-4-amine (P24) (200 mg, 1.27 mmol, 1.0 eq.)
and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (335 mg, 1.27 mmol, 1.0 eq.) in
4.5 mL of isopropanol in a microwave vial, TFA (0.39 mL, 5.08 mmol, 4.0 eq.) was added at
room temperature. The vial containing reaction mixture was transferred to the microwave

reactor where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation.
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The mixture was cooled to the room temperature which led to precipitate formation. The
precipitate was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and
extracted with DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried

over NaxSO4 and evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

289 mg (59%) cH,
C21H31N50, HN

~N o\CH
385.51 g/mol ) C/Q)\N/Q:o/\;\b‘
Beige solid 3 H O
MG-134, ST-2654
§7.49 (d,J=2.5 Hz, 1H), 6.93 (dd, J = 8.6, 2.5 Hz, 1H), 6.84 (s, 1H), 6.78
(d, J=8.7 Hz, 1H), 5.69 (s, 1H), 4.81 (s, 1H), 4.07 (t, J = 6.7 Hz, 2H), 3.82
(s, 3H), 2.92 (d, J = 5.0 Hz, 3H), 2.52 — 2.44 (m, 2H), 2.39 (t, J = 5.3 Hz,
4H), 2.23 (s, 3H), 2.04 (dq, J = 10.0, 6.8 Hz, 2H), 1.57 (p, J = 5.5 Hz, 4H),
1.43 (q, J = 5.8 Hz, 2H)
0 164.37, 159.96, 148.61, 144.66, 134.36, 112.66, 112.62, 111.11, 106.46,
67.72, 56.45, 56.09, 54.70, 28.37, 26.82, 26.08, 24.55, 24.10.
56.5°C
m/z = 386.5 [M+H'T*
100.00%
m/z =386.2574 [M+H"]" (calculated: 386.2551)

N*-Ethyl-6-methyl-N?-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (28)

To a solution of 2-chloro-N-ethyl-6-methylpyrimidin-4-amine (P26) (150 mg, 0.87 mmol,
1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (218 mg, 0.87 mmol,
1.0 eq.) in 3 mL of isopropanol in a microwave vial, TFA (0.27 mL, 3.5 mmol, 4 eq.) was added
at room temperature. The vial containing reaction mixture was transferred to the microwave
reactor where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation.
The mixture was cooled to the room temperature which led to precipitate formation. The
precipitate was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and
extracted with DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried

over Na;SO4 and evaporated to afford the desired compound.

Yield:

Chemical formula:

94 mg (27%)
C21H3uN6O
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Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

384.53 g/mol CH;,3

kNH (\N’CH3
fN /©/°\/\/N\)

HsC | N/)\H

8 7.47 (d, J = 9.0 Hz, 2H), 6.87 — 6.79 (m, 2H), 6.77 (s, 1H), 5.66 (s, 1H),
4.66 (s, 1H), 3.97 (t, J = 6.4 Hz, 2H), 3.37 — 3.24 (m, 2H), 2.70 — 2.32
(m, 10H), 2.28 (s, 3H), 2.22 (s, 3H), 1.94 (dq, J = 8.3, 6.4 Hz, 2H), 1.22
(t,J=17.2 Hz, 3H)

6 163.59, 160.06, 154.34, 133.67, 121.05, 114.86, 72.41, 66.80, 55.29,
53.36,46.17, 36.29, 26.99, 24.08, 14.91

Beige resin

MG-145, ST-2659

n.a.
m/z =385.3 [M+H*]*

100.00%

m/z =385.2714 [M+H"']" (calculated: 385.2710)

N*-Ethyl-6-methyl-N?-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (29)

To a solution of 2-chloro-N-ethyl-6-methylpyrimidin-4-amine (P26) (150 mg, 0.87 mmol,

1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (205 mg, 0.87 mmol, 1.0 eq.) in 3 mL

of isopropanol in a microwave vial, TFA (0.27 mL, 3.5 mmol, 4 eq.) was added at room

temperature. The vial containing reaction mixture was transferred to the microwave reactor

where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The

mixture was cooled to the room temperature which led to precipitate formation. The precipitate

was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with

DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCl:):

13C NMR (75 MHz, CDCl5):

190 mg (59%)
C21H31N50

CH,

369.51 g/mol N\HN 0\/\/’0

Brown resin H,C | N/)\H/©/

MG-144, ST-2658

0 7.52 -7.41 (m, 2H), 6.88 — 6.75 (m, 3H), 5.66 (s, 1H), 4.68 (s, 1H), 3.97
(t, J = 6.4 Hz, 2H), 3.40 — 3.23 (m, 2H), 2.51 — 2.43 (m, 2H), 2.40
(t,J=5.4 Hz, 4H), 2.22 (s, 3H), 2.03 — 1.88 (m, 2H), 1.65 — 1.52 (m, 4H),
1.44 (td, J=6.5,3.3 Hz, 2H), 1.22 (t, /= 7.2 Hz, 3H)

o 163.58, 160.08, 154.37, 133.64, 121.04, 114.86, 67.05, 56.19, 54.77,
36.28, 27.05, 26.11, 24.57, 24.25, 14.89
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Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

n.a.
m/z=370.3 [M+H']"

97.86%

m/z =370.2623 [M+H"]" (calculated: 370.2601)

N*-Ethyl-N?-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-6-methylpyrimidine-2,4-

diamine (30)

To a solution of 2-chloro-N-ethyl-6-methylpyrimidin-4-amine (P26) (100 mg, 0.58 mmol,

1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (154 mg, 0.58 mmol,

1.0 eq.) in 2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room

temperature. The vial containing reaction mixture was transferred to the microwave reactor

where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The

mixture was cooled to the room temperature which led to precipitate formation. The precipitate

was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with

DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(1)):

187 mg (86%) o,

C22H33N502 HN)

385.51 g/mol f" o\/\/O
Beige solid HsC | N/)\N/©:O/CH3

MG-157, ST-2664

§7.44 (d,J="2.4 Hz, 1H), 6.92 (dd, J=8.6, 2.5 Hz, 1H), 6.89 — 6.84 (m, 1H),
6.82 (d,J = 8.6 Hz, 1H), 5.68 (s, 1H), 4.68 (s, 1H), 4.02 (t, J = 6.7 Hz, 2H),
3.85 (s, 3H), 3.42 — 3.28 (m, 2H), 2.53 — 2.45 (m, 2H), 2.41 (q, J = 5.6,
4.4 Hz, 4H),2.22 (s, 3H), 2.07 — 1.93 (m, 2H), 1.59 (p, J = 5.6 Hz, 4H), 1.43
(q,J=6.1 Hz, 2H), 1.22 (t, J = 7.2 Hz, 3H)

8 163.54, 159.96, 149.74, 143.57, 134.58, 114.53, 111.25, 111.20, 105.06,
68.56, 56.07, 55.97, 54.68, 36.21, 26.88, 26.02, 24.43, 24.04, 14.96
56.5°C

m/z = 400.4 [M+H']*

96.33%

m/z =400.2715 [M+H']" (calculated: 400.2707)
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N*-Ethyl-N?-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-6-methylpyrimidine-2,4-
diamine (31)

To a solution of 2-chloro-N-ethyl-6-methylpyrimidin-4-amine (P26) (250 mg, 1.59 mmol,
1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (461 mg, 1.74 mmol,
1.1 eq.) in 4.5 mL of isopropanol in a microwave vial, 0.2 mL of TFA was added at room
temperature. The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The
mixture was cooled to the room temperature which led to precipitate formation. The precipitate
was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with
DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield: 460 mg (73%) CH,

Chemical formula: C22H33N502 NH

Molecular mass: 399.54 g/mol | \/)N\ /@:o‘cm
Appearance Brown resin HC™ 'N° N O/V\'O
Internal code: MG-142, ST-2657

'H NMR (300 MHz, CDCL): & 7.44 (d, J=2.5 Hz, 1H), 6.95 (dd, J = 8.6, 2.5 Hz, 1H), 6.85 (s, 1H), 6.79
(d, J=8.7 Hz, 1H), 5.68 (s, 1H), 4.74 (s, 1H), 4.07 (t, J = 6.6 Hz, 2H), 3.82
(s, 3H), 3.36 (q, J= 7.1 Hz, 2H), 2.57 — 2.51 (m, 2H), 2.50 — 2.40 (m, 4H),
2.23 (s, 3H), 2.14 — 2.00 (m, 2H), 1.61 (p, J = 5.6 Hz, 4H), 1.45 (q, J= 6.2
Hz, 2H), 1.23 (t, J= 7.2 Hz, 3H)

3C NMR (75 MHz, CDCL): & 163.55, 159.87, 148.54, 144.73, 134.29, 112.65, 111.77, 110.87, 106.56,
67.59, 56.44, 56.05, 54.61, 46.37, 36.30, 26.60, 25.78, 24.37, 14.95

Melting point n.a.

MS (APCI-(+)): m/z = 400.4 [M+H"]*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 400.2735 [M+H]" (calculated: 400.2707)

N2,6-Dimethyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (32)

To a solution of 4-chloro-N,6-dimethylpyrimidin-2-amine (P25) (100 mg, 0.63 mmol, 1.0 eq.)
and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (158 mg, 0.63 mmol, 1.0 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.

The vial containing reaction mixture was transferred to the microwave reactor where the
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reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

92 mg (39%) =
C20H30N6O /©/°\/\/N\)
370.50 g/mol HN

White solid =N

L L
= _CH
MG-165, ST-2669 HyC” "N™ "N 3

§7.20 (d, 2H), 6.87 (d, 2H), 6.52 (s, 1H), 5.73 (s, 1H), 4.95 (d, J = 5.5 Hz,
1H), 4.00 (t, J = 6.3 Hz, 2H), 2.95 (d, J = 5.0 Hz, 3H), 2.69 — 2.34 (m, 10H),
2.28 (s, 3H), 2.15 (s, 3H), 2.02 — 1.91 (m, 2H)

6 166.82, 163.12, 162.88, 156.39, 131.67, 125.18, 115.20, 66.70, 57.22,
55.26,53.35,45.94,28.48,26.94, 24.14.

166.9 °C

m/z=371.8 [M+H'T"

95.20%

m/z =371.2561 [M+H"]" (calculated: 371.2554)

N2,6-Dimethyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (33)

To a solution of 4-chloro-N,6-dimethylpyrimidin-2-amine (P25) (45 mg, 0.29 mmol, 1.0 eq.)
and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (67 mg, 0.29 mmol, 1.0 eq.) in 2.2 mL of
isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The vial
containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was cooled to
the room temperature which led to precipitate formation. The precipitate was collected through
vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM (3 x 30 mL). The
organic layers were merged, washed with brine, dried over Na;SO4 and evaporated to afford

the desired compound.

Yield: 33 mg (32%)
Chemical formula: C20H20N50
Molecular mass: 583.53 g/mol

Appearance Yellow solid
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Internal code:

'H NMR (600 MHz, CDCL):

13C NMR (151 MHz, CDCls):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

MG-164, ST-2668

Experimental Section
/©/°\/\/'©

HN

SN

| N/)\N’CH3

H
87.23 - 7.18 (m, 2H), 6.91 — 6.85 (m, 2H), 6.48 (s, 1H), 5.74 (s, 1H), 4.94
(s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 2.96 (d, J = 5.0 Hz, 3H), 2.50 — 2.44
(m, 2H), 2.40 (s, 4H), 2.16 (s, 3H), 2.01 — 1.93 (m, 2H), 1.59
(p, J = 5.6 Hz, 4H), 1.44 (p, J = 5.7 Hz, 2H)
0 166.87, 163.15, 162.91, 156.47, 131.62, 125.20, 115.23, 92.62, 66.97,
56.13, 54.81, 28.50, 27.02, 26.14, 24.58, 24.19
139.9 °C
m/z = 356.7 [M+H']*
100.00%
m/z =356.2436 [M+H']" (calculated: 356.2445)

H,C

N4-(3-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N?,6-dimethylpyrimidine-2,4-

diamine (34)

To a solution of 4-chloro-N,6-dimethylpyrimidin-2-amine (P25) (100 mg, 0.63 mmol, 1.0 eq.)
and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (154 mg, 0.63 mmol, 1.0 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield: 212 mg (87%)
C21H31N50,

385.51 g/mol

Chemical formula:

/@EO\/\/"Q
HN o-CHs

B
c N/)\H/CH:;

Molecular mass:
Appearance Beige solid

MG-162, ST-2667
8 7.00 (d, J = 2.4 Hz, 1H), 6.86 (d, J = 8.5 Hz, 1H), 6.78 (dd, J=8.5,
2.4 Hz, 1H), 6.56 (s, 1H), 5.77 (s, 1H), 4.97 (d, J = 5.8 Hz, 1H), 4.06

(t,J= 6.7 Hz, 2H), 3.83 (s, 3H), 2.96 (d, J = 5.0 Hz, 3H), 2.53 — 2.42

H;
Internal code:

'H NMR (300 MHz, CDCl:):
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13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

(m, 2H), 2.39 (t, J = 5.4 Hz, 4H), 2.17 (s, 3H), 2.09 — 1.93 (m, 2H), 1.59
(q,J = 5.5 Hz, 4H), 1.43 (q, J= 6.2 Hz, 2H)

0 166.86, 163.16, 162.67, 149.93, 145.69, 132.45, 115.31, 113.92, 108.24,
68.24, 56.16, 56.01, 54.73, 28.53, 26.54, 26.13, 24.57, 24.22

141.1 °C

m/z =386.6 [M+H']*

100.00%

m/z =386.2569 [M+H"]" (calculated: 386.2551)

N*-(4-Methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-N?,6-dimethylpyrimidine-2,4-

diamine (35)

To a solution of 4-chloro-N,6-dimethylpyrimidin-2-amine (P25) (100 mg, 0.63 mmol, 1.0 eq.)

and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (154 mg, 0.63 mmol, 1.0 eq.) in

2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.

The vial containing reaction mixture was transferred to the microwave reactor where the

reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was

cooled to the room temperature which led to precipitate formation. The precipitate was

collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL:):

13C NMR (75 MHz, CDCl5):

Melting point
MS (APCI-(+)):
LC-MS-DAD purity:

207 mg (82%)
C21H31N50,
385.51 g/mol

B
P p-CHs

H

Beige solid
MG-161, ST-2666
8 7.01 (s, 1H), 6.82 (s, 2H), 6.50 (s, 1H), 5.77 (s, 1H), 4.94
(d,J=5.3Hz, 1H), 4.04 (t, J = 6.7 Hz, 2H), 3.85 (s, 3H), 2.96
(d, J=5.0 Hz, 3H), 2.46 (dd, J= 8.2, 6.5 Hz, 2H), 2.39 (d, /= 5.3 Hz, 4H),
2.17 (s, 3H), 2.02 (dq, J = 8.7, 6.8 Hz, 2H), 1.56 (p, J = 5.5 Hz, 4H), 1.42
(q,J=6.0 Hz, 2H).

8 166.79, 163.15, 162.72, 148.95, 146.75, 132.30, 115.67, 112.34, 109.66,
92.99, 77.58,77.16, 76.74, 55.93, 54.72, 28.54, 26.78, 26.10, 24.56

50.9 °C

m/z =386.6 [M+H']*

100.00%

H,C
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HRMS (ESI-(+)): m/z = 386.2578 [M+H']" (calculated: 386.2551)

N?-Ethyl-6-methyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (36)

To a solution of 4-chloro-N-ethyl-6-methylpyrimidin-2-amine (P27) (100 mg, 0.63 mmol,
1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (158 mg, 0.63 mmol,
1.0 eq.) in 2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room
temperature. The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The
mixture was cooled to the room temperature which led to precipitate formation. The precipitate
was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with
DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4 and

evaporated to afford the desired compound.

Yield: 33 mg (13%) (\N/CHs
Chemical formula: C21H33N6O /©/°\/\/N\)
Molecular mass: 384.53 g/mol HN
Appearance Beige solid | =N

Hie NP cH
Internal code: MG-148, ST-2662 3 H 3

'"H NMR (300 MHz, CDCl;): 8 7.24 — 7.16 (m, 2H), 6.91 — 6.83 (m, 2H), 6.49 (s, 1H), 5.72 (s, 1H), 4.84
(d, J= 5.8 Hz, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.40 (qd, J= 7.2, 5.5 Hz, 2H),
2.52 (t, J = 7.4 Hz, 10H), 2.28 (s, 3H), 2.15 (s, 3H), 2.03 — 1.89 (m, 2H),
1.19 (t, J=7.2 Hz, 3H)

3C NMR (75 MHz, CDCL): & 166.83, 162.85, 162.42, 156.33, 131.73, 125.08, 115.18, 92.62, 70.27,
66.69, 55.26, 53.35, 46.20, 36.26, 26.92, 24.18, 15.23

Melting point 148.7 °C

MS (APCI-(+)): m/z = 385.5 [M+H"]*

LC-MS-DAD purity: 95.70%

HRMS (ESI-(+)): m/z =385.2719 [M+H"]" (calculated: 385.2710)

N2-Ethyl-6-methyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (37)

To a solution of 4-chloro-N-ethyl-6-methylpyrimidin-2-amine (P27) (100 mg, 0.63 mmol,
1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (149 mg, 0.63 mmol, 1.0 eq.) in 2.2 mL

of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The vial
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containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was cooled to
the room temperature which led to precipitate formation. The precipitate was collected through
vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM (3 x 30 mL). The

organic layers were merged, washed with brine, dried over Na,SO4 and evaporated to afford

the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

86 mg (37%)
C21H31Ns0
369.51 g/mol

P

Beige solid
MG-147, ST-2661
57.25-17.16 (m, 2H), 6.95 — 6.83 (m, 2H), 6.43 (s, 1H), 5.73 (s, 1H), 4.77
(s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.41 (qd, J= 7.2, 5.6 Hz, 2H), 2.52 — 2.35
(m, 6H), 2.15 (s, 3H), 2.05 — 1.89 (m, 2H), 1.59 (p, J = 5.5 Hz, 4H), 1.44
(q,J=6.1 Hz, 2H), 1.20 (t, /= 7.2 Hz, 3H)

6 166.83, 162.75, 162.67, 156.29, 131.55, 127.69, 124.99, 115.09, 66.85,
56.01, 54.69, 36.16, 26.90, 26.02, 24.46, 24.09, 15.15

114.4 °C

m/z=370.5 [M+H*]*

97.15%

m/z =370.2589 [M+H"]" (calculated: 370.2601)

/@/o\/\/
HN
I

N

=N
H5C /)\H/\CH3

N2-Ethyl-N*-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-6-methylpyrimidine-2,4-
diamine (38)

To a solution of 4-chloro-N-ethyl-6-methylpyrimidin-2-amine (P27) (100 mg, 0.58 mmol,
1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (154 mg, 0.58 mmol,
1.0 eq.) in 2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room
temperature. The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The
mixture was cooled to the room temperature which led to precipitate formation. The precipitate
was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with
DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield: 173 mg (74%)
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Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

C22H33N502 O
399.54 g/mol @[o\/\/N
HN oM
Jo I
HaC™ N7 N CH,

56.98 (d,/J=2.4Hz, 1H), 6.86 (d, /= 8.6 Hz, 1H), 6.79 (dd, /= 8.5, 2.4 Hz,
1H), 6.50 (s, 1H), 5.76 (d, J = 0.6 Hz, 1H), 4.87 — 4.77 (m, 1H), 4.06
(t,J= 6.7 Hz, 2H), 3.83 (s, 3H), 3.41 (qd, J= 7.2, 5.6 Hz, 2H), 2.55 — 2.44
(m, 2H), 2.39 (t, J = 5.3 Hz, 4H), 2.21 — 2.12 (m, 3H), 2.08 — 1.96 (m, 2H),
1.58 (p,J=5.5 Hz, 4H), 1.43 (q,J=6.9, 6.3 Hz, 2H), 1.19 (t, /= 7.2 Hz, 3H)
5 166.73, 162.54, 162.31, 149.81, 145.56, 132.34, 115.15, 113.81, 108.10,
68.11, 62.39, 55.89, 54.61, 36.18, 26.76, 25.98, 24.39, 24.04, 15.18

56.7 °C

m/z = 400.4 [M+H']*

100.00%

m/z = 400.2744 [M+H]" (calculated: 400.2707)

Brown solid

MG-158, ST-2665

N2-Ethyl-N*-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-6-methylpyrimidine-2,4-

diamine (39)

To a solution of 4-chloro-N-ethyl-6-methylpyrimidin-2-amine (P27) (100 mg, 0.63 mmol,
1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (168 mg, 0.63 mmol,
1.0 eq.) in 2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room
temperature. The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The
mixture was cooled to the room temperature which led to precipitate formation. The precipitate
was collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with
DCM (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield: 170 mg (67%) o
“CH,
Chemical fi la: C2H33Ns0 /©:
emical formula 2H33N502 HN 0N
Molecular mass: 399.54 g/mol SN
; |
Appearance Brown solid HyC N/)\H “cH,

Internal code: MG-146, ST-2660
0 6.99 (s, 1H), 6.87 — 6.76 (m, 2H), 6.49 (s, 1H), 5.76 (s, 1H), 4.81 (s, 1H),
4.04 (t, J = 6.7 Hz, 2H), 3.85 (s, 3H), 3.41 (qd, J = 7.2, 5.6 Hz, 2H), 2.46

(dd, J = 8.2, 6.5 Hz, 2H), 2.38 (t, J = 5.3 Hz, 4H), 2.16 (s, 3H), 2.03

"H NMR (300 MHz, CDCl5):
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(dt, J=8.3, 6.8 Hz, 2H), 1.56 (p, J = 5.5 Hz, 4H), 1.42 (q, J = 6.1 Hz, 2H),

1.20 (t, J=7.2 Hz, 3H)
I3CNMR (75 MHz, CDCl;): 8 166.87, 162.71, 162.45, 148.94, 146.73, 133.45, 132.33, 115.46, 112.35,
109.62, 67.82, 56.26, 55.94, 54.72, 36.30, 26.79, 26.10, 24.56, 24.19, 15.28

Melting point 117.6 °C

MS (APCI-(+)): m/z = 400.3 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =400.2719 [M+H"]" (calculated: 400.2707)

2,5-Dichloro-N-methylpyrimidin-4-amine (P28)3°0!

To a suspension of 2,4,5-trichloropyrimidine (1.00 g, 5.45 mmol, 1.0 eq.) and K>COs (2.26 g,
16.36 mmol, 3.0 eq.) in 50 mL of DMF methylamine hydrochloride (442 mg, 6.54 mmol, 2 eq.)
was added, and the reaction mixture was stirred for 5 h at room temperature. Afterwards,
K>CO3 was filtered out, DMF was evaporated, and the residue was partitioned between water
and EtOAc. The organic layers were merged, washed with brine and dried over anhydrous
MgSOas. After filtration, solvent was evaporated under reduced pressure to obtain the desired

compound. The identity of the compound was confirmed with 'H-, 3C- and HMBC-NMR

spectrums.
Yield: 943 mg (97%)
Chemical formula: CsHsCLN; H3C
Molecular mass: 178.02 g/mol ¢l i \/)N\
Appearance White crystal N™ —cCI
Internal code: MG-174
Re-value 0.33 (Hex:EtOAC 4:1)

'H NMR (300 MHz, DMSO): 6 8.12 (s, 1H), 7.91 (s, 1H), 2.86 (s, 3H)
13C NMR (75 MHz, DMSO): & 159.06, 157.50, 153.23, 112.99, 27.84
MS (APCI-(+)): m/z=177.8, 179.8, 181.8 [M+H']*

2,5-Dichloro-N-ethylpyrimidin-4-amine (P29)

A solution of 2,4,5-trichloropyrimidine (1025 mg, 5.63 mmol, 1.0 eq.) and ethylamine
hydrochloride (551 mg, 6.76 mmol, 1.2 eq.) in 5 mL of ethanol was treated with DIPEA (2.94
mL, 16.90 mmol, 3.0 eq.) and the reaction mixture was stirred for 1 h at room temperature.
Subsequently, ethanol was evaporated, and the residue was partitioned between water and

EtOAc. The organic layers were merged, washed with brine and dried over anhydrous MgSOas.
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Structural isomers were separated using flash column chromatography (HEX:EE, 0-40% EE).
The identity of the P29 was confirmed with 'H-, '*C- and HMBC-NMR spectrums.

Yield: 924 mg (85%)

Chemical formula: C¢H7CIN3 T
Molecular mass: 192.04 g/mol cl N\HN
Appearance Colorless liquid l N/)\CI
Internal code: MG-301F2

Revalue 0.42 (Hex:EtOAC 4:1)

'H NMR (300 MHz, DMSO): 8 8.13 (s, 1H), 7.93 (s, 1H), 3.39 (qd, J=7.1, 5.8 Hz, 2H), 1.13 (t, J= 7.2 Hz,

3H)
13C NMR (75 MHz, DMSO): & 158.44, 157.47, 153.52, 112.80, 35.52, 14.05.
MS (APCI-(+)): m/z=191.7,193.7 [M+H']*

4,5-Dichloro-N-ethylpyrimidin-2-amine (P30)

The compound 4,5-dichloro-N-ethylpyrimidin-2-amine (P30) was obtained as a side product
during the synthesis of compound P29.

Yield: 35 mg (3%)
Chemical formula: CsH7CIoN3 cl

Cl A
Molecular mass: 192.04 g/mol | N

. N/)\N/\CH3

Appearance Colorless liquid H
Internal code: MG-301F1
Ri-value 0.55 (Hex:EtOAC 4:1)
MS (APCI-(+)): m/z=191.7,193.7 [M+H"]*

5-Chloro-N*-methyl-N?-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (40)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (100 mg, 0.56 mmol, 1.0 eq.)
and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (154 mg, 0.62 mmol, 1.1 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140°C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was

collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
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(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (600 MHz, CDCL):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

80 mg (36%)
Ci19H27CINgO HN/CH3 K\N/CHg,
390.92 g/mol CI\f*N o~ N
; : N/)\N
Beige solid N

MG-191, ST-2707
5 7.85 (s, 1H), 748 — 7.42 (m, 2H), 6.88 — 6.83 (m, 3H), 5.23
(q,J=4.7 Hz, 1H), 3.99 (t, J = 6.4 Hz, 2H), 3.04 (d, J = 4.9 Hz, 3H),
2.81 —2.32 (m, 10H), 2.29 (s, 3H), 1.99 — 1.93 (m, 2H)

55 158.61, 158.59, 154.74, 152.88, 133.09, 121.40, 114.90, 104.70, 66.76,
55.33, 55.30, 53.38, 46.22, 28.01, 27.00

151.9 °C

m/z = 391.0, 392.9 [M+H']"

100.00%

m/z = 391.2020 [M+H']* (calculated: 391.2008)

1-(4-(3-(4-((5-Chloro-4-(methylamino)pyrimidin-2-yl)amino)phenoxy)propyl)piperazin-
1-yl)ethan-1-one (41)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (100 mg, 0.56 mmol, 1.0 eq.)
and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13) (171 mg, 0.62 mmol,
1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room
temperature. The reaction mixture was stirred at 60 °C for 24 h. After the TLC control indicated
consumption of starting material, the solvent was evaporated, and the residue was partitioned
between 2 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged,
washed with brine, dried over NaxSOys. After filtration solvent was evaporated, and the residue
was purified using flash column chromatography (DCM:MeOH, 0-7% MeOH) in order to

obtain desired product.

Yield: 108 mg (46%) o
Chemical formula: C20H27CINGO> H3C‘NH (\NJ\CHs
Molecular mass: 418.93 g/mol CI\ﬁN /©/°\/\/N\)
Appearance White solid N/)\N

H

Internal code: MG-335, ST-2983
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'H NMR (300 MHz, CDCls):

13C NMR (151 MHz, CDCl):

5 7.85 (s, 1H), 7.46 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 3H), 5.24
(d, J= 4.8 Hz, 1H), 4.00 (t, J= 6.3 Hz, 2H), 3.68 — 3.57 (m, 2H), 3.52 — 3.41
(m, 2H), 3.04 (d, J = 4.9 Hz, 3H), 2.59 — 2.48 (m, 2H), 2.44 (dt, J = 9.9,
5.1 Hz, 4H), 2.08 (s, 3H), 2.03 — 1.88 (m, 2H)

§ 169.03, 158.62, 154.67, 152.89, 133.22, 121.41, 114.91, 104.78, 66.46,
55.13, 53.53, 52.94, 46.45, 41.56, 28.00, 26.89, 21.47

Melting point 137.8 °C
MS (APCI-(+)): m/z =418.5, 420.2 [M+H'T"
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 419.1968 [M+H']* (calculated: 419.1957)

5-Chloro-N*-methyl-NV?-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine
42)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (50 mg, 0.28 mmol, 1.0 eq.)
and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (72 mg, 0.31 mmol, 1.1 eq.) in 1 mL of
isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The vial
containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was cooled to
the room temperature which led to precipitate formation. The precipitate was collected through
vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM (3 x 30 mL). The

organic layers were merged, washed with brine, dried over NaxSO4 and evaporated to afford

the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (600 MHz, CDCL:):

3C NMR (151 MHz, CDCl;):

Melting point
MS (APCI-(+)):

68 mg (65%)
C19H26CIN5O HN-CHs O
375.90 g/mol C'\ﬁN Q/°\/\/"

. . N/)\N
Beige solid H
MG-187, ST-2704
5 7.85 (s, 1H), 7.48 — 7.43 (m, 2H), 6.92 (s, 1H), 6.88 — 6.83 (m, 2H), 5.23
(q, J = 4.9 Hz, 1H), 3.98 (t, J = 6.4 Hz, 2H), 3.04 (d, J = 4.9 Hz, 3H),
2.50—2.46 (m, 2H), 2.46 — 2.34 (m, 4H), 2.00 — 1.93 (m, 2H), 1.59
(p,J=5.7 Hz, 4H), 1.48 — 1.41 (m, 2H)
158.62, 158.58, 154.76, 152.87, 133.06, 121.40, 114.89, 104.65, 66.99,
56.18, 54.76, 28.00, 27.00, 26.08, 24.54
117.7°C

m/z =375.8,377.8 [M+H']*
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LC-MS-DAD purity:
HRMS (ESI-(+)):

100.00%
m/z =376.1889 [M+H']" (calculated: 376.1899)

5-Chloro-N*-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-V*-methylpyrimidine-

2,4-diamine (43)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (100 mg, 0.56 mmol, 1.0 eq.)

and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P16) (163 mg, 0.62 mmol, 1.1 eq.) in

2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.

The vial containing reaction mixture was transferred to the microwave reactor where the

reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was

cooled to the room temperature which led to precipitate formation. The precipitate was

collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4 and

evaporated to afford the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (600 MHz, CDCL:):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(1)):

147 mg (65%)

C20H25CINsO; HN-CHs O
405.93 g/mol C'\ﬁi /GEOWN
N7 N o-CHs

Beige solid

MG-189, ST-2706

8 7.86 (s, 1H), 7.39 (d, J = 2.5 Hz, 1H), 7.08 (s, 1H), 6.92 (dd, J = 8.6,
2.5Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.27 (q, J = 4.9 Hz, 1H), 4.03
(t,J=6.7 Hz, 2H), 3.86 (s, 3H), 3.06 (d, J = 4.9 Hz, 3H), 2.51 — 2.46
(m, 2H), 2.41 (s, 4H), 2.04 — 1.98 (m, 2H), 1.59 (p, J = 5.7 Hz, 4H), 1.43
(s, 2H)

0 158.58, 158.48, 152.87, 149.70, 143.93, 133.97, 114.27, 111.46, 105.03,
104.66, 68.42, 56.03, 56.01, 54.66, 28.08, 26.84, 26.02, 24.51

90.2 °C

m/z = 406.0, 407.9 [M+H'T*

100.00%

m/z =406.2010 [M+H']" (calculated: 406.2004)
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Chloro-N?-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-V*-methylpyrimidine-2,4-
diamine (44)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (50 mg, 0.28 mmol, 1.0 eq.)
and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (82 mg, 0.31 mmol, 1.1 eq.) in
1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The
vial containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was cooled to
the room temperature which led to precipitate formation. The precipitate was collected through
vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM (3 x 30 mL). The
organic layers were merged, washed with brine, dried over NaxSO4 and evaporated to afford

the desired compound.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (75 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

32 mg (28%)

C20H25CINsO2 HN”
405.93 g/mol
Brown solid
MG-188, ST-2705
3 7.86 (s, 1H), 7.39 (d, J = 2.5 Hz, 1H), 6.99 — 6.92 (m, 2H), 6.81
(d, J=8.7 Hz, 1H), 5.26 (d, J = 4.9 Hz, 1H), 4.07 (t, /= 6.7 Hz, 2H), 3.83
(s, 3H), 3.06 (d, J = 4.9 Hz, 3H), 2.53 — 2.43 (m, 2H), 2.43 — 2.32 (m, 4H),
2.03 (dq, J = 8.6, 6.8 Hz, 2H), 1.57 (p, J = 5.4 Hz, 4H), 1.43
(q, J = 5.9 Hz, 2H)

6 158.60, 158.53, 152.93, 148.74, 145.08, 133.79, 112.58, 111.63, 106.48,
104.70, 67.78, 56.40, 56.05, 54.72, 28.09, 26.85, 26.12, 24.57

104.6 °C

m/z = 406.0, 407.9 [M+H'T"

100.00%

m/z = 406.1977 [M+H']" (calculated: 406.2004)

5-Chloro-N?-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-V*-methylpyrimidine-

2,4-diamine (45)

To a solution of 2,5-dichloro-N-methylpyrimidin-4-amine (P28) (100 mg, 0.56 mmol, 1.0 eq.)
and 2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (163 mg, 0.62 mmol, 1.1 eq.) in
3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The

reaction mixture was stirred at 60 °C for 24 h. After the TLC control indicated consumption of
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starting material, the solvent was evaporated, and the residue was partitioned between 2 M
NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed with
brine, dried over Na>SOs. After filtration solvent was evaporated, and the residue was purified

using flash column chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired

product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (600 MHz, CDCL):

13C NMR (151 MHz, CDCL):

46 mg (20%)

C20H23CIN5O;
405.93 g/mol

Brown resin H o.

MG-334, ST-2984

5 8.26 (d, J=19.5 Hz, 1H), 7.86 (s, 1H), 7.24 (s, 1H), 6.52 — 6.47 (m, 2H),
522 (g, J = 5.2 Hz, 1H), 3.99 (t, J = 6.4 Hz, 2H), 3.85 (s, 3H), 3.07
(d, J=4.9 Hz, 3H), 2.48 (t, J = 7.8 Hz, 2H), 2.41 (s, 4H), 2.00 — 1.94
(m, 2H), 1.59 (p, J= 5.6 Hz, 4H), 1.49 — 1.40 (m, 2H)

8 158.59, 158.44, 154.49, 152.89, 149.33, 123.21, 119.53, 104.60, 104.47,
99.36, 67.07, 56.21, 55.82, 54.79, 28.10, 27.07, 26.11, 24.57

Melting point n.a.
MS (APCI-(+)): m/z =405.9,407.7 [M+H"]*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 406.2007 [M+H']* (calculated: 406.2004)

5-Chloro-N*-ethyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (46)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (100 mg, 0.52 mmol, 1.0 eq.)
and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (143 mg, 0.57 mmol, 1.1 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4 and

evaporated to afford the desired compound.

Yield: 125 mg (60%)

Chemical formula: C10H29CINgO
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Molecular mass:
Appearance

Internal code:

'H NMR (600 MHz, CDCL):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

404.94 g/mol CH3
White solid NH N

Cl (o) N
MG-201, ST-2701 B O A
N/ H

§7.85 (s, 1H), 7.46 — 7.41 (m, 2H), 6.90 (s, 1H), 6.88 — 6.82 (m, 2H), 5.17
(t,J = 5.4 Hz, 1H), 3.99 (t, J = 6.4 Hz, 2H), 3.50 (qd, J = 7.2, 5.5 Hz, 2H),
2.87 —2.30 (m, 10H), 2.28 (s, 3H), 1.99 — 1.92 (m, 2H), 1.27 (t, J=7.2 Hz,
3H)

§ 158.62, 157.91, 154.71, 153.00, 133.17, 121.34, 114.89, 104.47, 66.78,
55.32,55.31, 53.38,46.21,36.01, 27.01, 14.89

147.3 °C

m/z = 405.3 [M+H']*

100.00%

m/z = 405.2168 [M+H']* (calculated: 405.2164)

_CH,

1-(4-(3-(4-((5-Chloro-4-(ethylamino)pyrimidin-2-yl)amino)phenoxy)propyl)piperazin-1-
ylethan-1-one (47)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (100 mg, 0.52 mmol, 1.0 eq.)
and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13) (159 mg, 0.57 mmol,
1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room
temperature. The reaction mixture was stirred at room temperature for 24 h. After the TLC
control indicated consumption of starting material, the solvent was evaporated, and the residue
was partitioned between 1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers
were merged, washed with brine, dried over Na>SOs. After filtration solvent was evaporated,
and the residue was purified using flash column chromatography (DCM:MeOH, 0-7% MeOH)

in order to obtain desired product.

Yield: 145 mg (64%)

CH, o
Chemical formula: C21H30CIN5O; kNH NJ\CH
3
Molecular mass: 432.20 g/mol Cl | N /©/°\/\/N\)
Appearance Beige solid N/)\N
H

Internal code:

'H NMR (300 MHz, CDCls):

MG-328, ST-2980
§ 7.85 (s, 1H), 745 (d, J = 9.0 Hz, 1H), 6.93 — 6.81 (m, 2H), 5.19
(t,J=54Hz, 1H), 4.00 (t, J = 6.3 Hz, 2H), 3.62 (t, J = 5.0 Hz, 2H),
3.59 - 3.41 (m, 4H), 2.54 (t, J = 7.0 Hz, 2H), 2.50 — 2.36 (m, 4H), 2.08
(s, 3H), 1.95 (dq, J = 8.3, 6.3 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H)
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BCNMR (151 MHz, CDCls): 8 169.05, 158.59, 157.92, 154.63, 152.98, 133.25, 121.35, 114.88, 104.56,
66.46, 55.13, 53.52, 52.93, 46.44, 41.56, 36.02, 26.89, 21.46, 14.89

Melting point 119.7 °C

MS (APCI-(+)): m/z =433.0, 434.8 [M+H"]*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =433.2122 [M+H"]" (calculated: 433.2113)

5-Chloro-N*-ethyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (48)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (100 mg, 0.52 mmol, 1.0 eq.)
and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (134 mg, 0.57 mmol, 1.1 eq.) in 2.2 mL of
isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The vial
containing reaction mixture was transferred to the microwave reactor where the reaction
mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was cooled to
the room temperature which led to precipitate formation. The precipitate was collected through
vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM (3 x 30 mL). The
organic layers were merged, washed with brine, dried over NaxSO4 and evaporated to afford

the desired compound.

Yield: 50 mg (25%) CH,

Chemical formula: C20H23CINSO kNH

Molecular mass: 389.93 g/mol Cl SN 0\/\/"0
Appearance Beige solid | N/)\N/©/

Internal code: MG-202, ST-2702 H

'H NMR (600 MHz, CDCLy): & 7.85 (s, 1H), 7.46 — 7.42 (m, 2H), 6.89 — 6.84 (m, 2H), 6.83 (s, 1H), 5.17
(t,J=5.5 Hz, 1H), 3.98 (t, J = 6.4 Hz, 2H), 3.51 (qd, J = 7.2, 5.5 Hz, 2H),
2.50 —2.46 (m, 2H), 2.40 (s, 4H), 2.00 — 1.93 (m, 2H), 1.59 (p, J = 5.6 Hz,
4H), 1.44 (s, 2H), 1.27 (t, J = 7.2 Hz, 3H)

3C NMR (151 MHz, CDCLy): & 158.61, 157.90, 154.75, 153.00, 133.09, 121.33, 114.89, 104.47, 67.01,
56.20, 54.79, 36.02, 27.04, 26.12, 24.57, 14.89

Melting point 112.3°C

MS (APCI-(+)): m/z=309.2 [M+H*]*

LC-MS-DAD purity: 96.39%

MS (ESI-(+)): m/z =390.2050 [M+H"]" (calculated: 390.2055)
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5-Chloro-N*-ethyl-N?-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (49)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (100 mg, 0.52 mmol, 1.0 eq.)
and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (151 mg, 0.57 mmol, 1.1 eq.) in
2.2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4 and

evaporated to afford the desired compound.

Yield: 120 mg (55%) CH,

Chemical formula: C21H30CIN;sO, kNH

Molecular mass: 419.95 g/mol Cl\{%N 0\/\/’0
Appearance Beige solid | N/)\N/©:O,CH3

Internal code: MG-200, ST-2710 H

'HNMR (600 MHz, CDCLs): & 7.87 (s, 1H), 7.35 (d, J = 2.5 Hz, 1H), 7.04 (s, 1H), 6.92 (dd, J = 8.6,
2.5Hz, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.20 (t, J = 5.4 Hz, 1H), 4.04
(t,J=6.7 Hz, 2H), 3.85 (s, 3H), 3.54 (qd, J = 7.3, 5.5 Hz, 2H), 2.50
(t,J=7.5 Hz, 2H), 2.41 (s, 4H), 2.01 (p, J = 6.9 Hz, 2H), 1.59
(p, J = 5.6 Hz, 4H), 1.44 (q, J = 5.9 Hz, 2H), 1.27 (t, J = 7.3 Hz, 3H).

I3CNMR (151 MHz, CDCLy): 8 158.50, 157.90, 153.02, 149.75, 143.97, 134.04, 114.35, 111.48, 105.08,
104.48, 68.46, 56.05, 56.00, 54.68, 36.03, 26.86, 26.02, 24.51, 14.94

Melting point 79.4 °C

MS (APCI-(+)): m/z=419.8,421.8 [M+H"]*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =420.2155 [M+H]" (calculated: 420.2161)

5-Chloro-N*-ethyl-N*-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (50)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (100 mg, 0.52 mmol, 1.0 eq.)
and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (151 mg, 0.57 mmol, 1.1 eq.) in
1.0 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature.

The vial containing reaction mixture was transferred to the microwave reactor where the
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reaction mixture was stirred at 140 °C for 1 h under microwave irradiation. The mixture was
cooled to the room temperature which led to precipitate formation. The precipitate was
collected through vacuum filtration, dissolved in 2 M NaOH (30 mL) and extracted with DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SO4 and

evaporated to afford the desired compound.

Yield: 73 mg (33%) CH,

Chemical formula: C21H30CIN;O; I\NH

Molecular mass: 419.95 g/mol cl | \)N\ /@Eo‘cm
Appearance Brown solid N7 H 0N
Internal code: MG-197, ST-2709

'H NMR (300 MHz, CDCL): & 7.87 (s, 1H), 7.34 (d, J = 2.5 Hz, 1H), 6.96 (dd, J = 8.6, 2.4 Hz, 2H), 6.81
(d, J=8.7 Hz, 1H), 5.19 (t, J= 5.5 Hz, 1H), 4.06 (t, J = 6.7 Hz, 2H), 3.83
(s, 3H), 3.53 (qd, J = 7.3, 5.5 Hz, 2H), 2.49 (dd, J = 8.4, 6.5 Hz, 2H), 2.40
(s, 4H), 2.04 (dq, J = 8.9, 6.8 Hz, 2H), 1.58 (p, J = 5.6 Hz, 4H), 1.51 — 1.38
(m, 2H), 1.28 (t, J = 7.2 Hz, 3H).

13C NMR (75 MHz, CDCL): & 158.49, 157.90, 148.73, 145.09, 133.83, 112.60, 111.66, 106.50, 104.50,
101.56, 67.73, 56.07, 54.72, 53.55, 36.04, 26.85, 26.07, 24.55, 14.96.

Melting point 84.2 °C

MS (APCI-(+)): m/z=419.8,421.8 [M+H"]*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =420.2155 [M+H"']" (calculated: 420.2161)

5-Chloro-N*-ethyl-N*-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (51)

To a solution of 2,5-dichloro-N-ethylpyrimidin-4-amine (P29) (80 mg, 0.42 mmol, 1.0 eq.) and
2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (121 mg, 0.46 mmol, 1.1 eq.) in 2 mL
of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The
reaction mixture was stirred at room temperature for 24 h. After the TLC control indicated
consumption of starting material, the solvent was evaporated, and the residue was partitioned
between 1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged,
washed with brine, dried over Na>xSOa. After filtration solvent was evaporated, and the residue
was purified using flash column chromatography (DCM:MeOH, 0-7% MeOH) in order to

obtain desired product.

Yield: 60 mg (34%)
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Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (151 MHz, DMSO):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

C21H30CINsO; CH;

419.95 g/mol “w O
CI\ﬁN 0_~_N
N/)\N
H o,

CH,

Beige solid
MG-322, ST-2979

§8.24 (d, J= 9.5 Hz, 1H), 7.87 (s, 1H), 7.23 (s, 1H), 6.54 — 6.44 (m, 2H),
5.16 (t, J = 5.4 Hz, 1H), 3.99 (t, J = 6.4 Hz, 2H), 3.85 (s, 3H), 3.55
(qd, J=7.2, 5.3 Hz, 2H), 2.54 — 2.35 (m, 6H), 2.05 — 1.90 (m, 3H), 1.60
(p, J = 5.5 Hz, 4H), 1.45 (q, J= 6.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 4H)

5 158.43, 157.91, 154.45, 153.03, 149.30, 123.27, 119.41, 104.58, 104.26,
99.36, 67.07, 56.21, 55.83, 54.79, 36.11, 27.06, 26.10, 24.57, 14.91

97.2 °C

m/z = 419.9, 421.7 [M+H']"

98.36%

m/z =420.2174 [M+H']" (calculated: 420.2161)

2,5-Dichloro-N-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidin-4-amine

hydrochloride (P31)

2,4,5-Trichloropyrimidine

(200 mg,

1.09 mmol, 1.0 eq.) and 1-methyl-4-(3-(4-

nitrophenoxy)propyl)piperazine (P12) (304 mg, 1.2 mmol, 1.1 eq.) were dissolved in 2.2 mL
of isopropanol in a microwave vial at room temperature. The vial containing reaction mixture
was transferred to the microwave reactor where the reaction mixture was stirred at 50 °C for
1 h under microwave irradiation which led to precipitation. The precipitate was collected
through vacuum filtration and washed with isopropanol to afford the desired compound that

was used in the next reaction step without further purification.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, DMSO):

MS (APCI-(+)):

302 mg (73%)
CisH24CI3NsO
432.77 g/mol

/©/°\/\/N\)
H
White solid

N
ci \ﬁ N
|
MG-223 N/J\CI

5 11.88 (s, 1H), 9.45 (s, 1H), 8.32 (s, 1H), 7.44 (d, J = 9.0 Hz, 2H), 6.99
(d,J = 9.0 Hz, 2H), 4.09 (t, J = 6.0 Hz, 2H), 3.95 — 3.40 (m, 10H), 2.82
(s, 3H), 2.31 — 2.08 (m, 2H)
m/z = 395.7,397.7 [M+H']*

(\N,CH:,

* HCI
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1-(4-(3-(4-((2,5-Dichloropyrimidin-4-yl)amino)phenoxy)propyl)piperazin-1-yl)ethan-1-
one (P32)

2,4,5-Trichloropyrimidine (150 mg, 0.82 mmol, 1.0 eq) and 1-(4-(3-(4-
aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13) (250 mg, 0.90 mmol, 1.1 eq.) were
dissolved in 3 mL of isopropanol in a microwave vial at room temperature. The vial containing
reaction mixture was transferred to the microwave reactor where the reaction mixture was
stirred at 50 °C for 1 h under microwave irradiation. After the TLC control indicated
consumption of starting material, the solvent was evaporated, and the residue was partitioned
between 2 M NaOH (30 mL) and DCM (3 x 30 mL). The organic layers were merged, washed

with brine, dried over MgSO4. After filtration solvent was evaporated to afford the desired

compound.

Yield: 360 mg (quant.) o
Chemical formula: Ci9H23C1LN5O2 (\ N™ "CHj
Molecular mass: 424.33 /Q/OWN\)
Appearance Brown resin cl HN\

Internal code: MG-336 | /)N\
N Cl

'HNMR (300 MHz, CDCls): ~ §8.15 (s, 1H), 7.47 (d, J=9.0 Hz, 2H), 7.16 (s, 1H), 6.92 (d, /= 9.0 Hz, 2H),
4.04 (t, J= 6.3 Hz, 2H), 3.62 (t, J = 5.2 Hz, 2H), 3.47 (t, J = 4.9 Hz, 2H),
2.60 —2.51 (m, 2H), 2.50 — 2.39 (m, 4H), 2.09 (s, 3H), 2.05 — 1.90 (m, 2H)
MS (APCI-(+)): m/z = 423.5, 425.4 [M+H']"

2,5-Dichloro-N-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine hydrochloride
(P33)

2,4,5-Trichloropyrimidine (314 mg, 1.71 mmol, 1.0 eq.) and 4-(3-(piperidin-1-
yl)propoxy)aniline (P14) (441 mg, 1.88 mmol, 1.1 eq.) were dissolved in 3 mL of isopropanol
in a microwave vial at room temperature. The vial containing reaction mixture was transferred
to the microwave reactor where the reaction mixture was stirred at 50 °C for 1 h under
microwave irradiation which led to precipitation. The mixture was cooled to the room
temperature. The precipitate was collected through vacuum filtration and washed with EtOAc
to afford the desired compound that was used in the next reaction step without further

purification.
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Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

MS (APCI-(+)):

709 mg (99%)
CisH23CIsN4O
417.76 g/mol

O\/\/O

* HCI

T
, , cl A

Beige solid \(\)N\

MG-238 Nl

5 10.53 (s, 1H), 9.46 (s, 1H), 8.32 (s, 1H), 7.44 (d, J = 8.9 Hz, 2H), 6.97
(d,J = 9.0 Hz, 2H), 4.07 (t, J = 6.0 Hz, 2H), 3.57 — 3.39 (m, 2H), 3.15
(t,J = 8.2 Hz, 2H), 2.87 (s, 2H), 2.21 (dt, J = 10.6, 5.9 Hz, 2H), 2.00 — 1.63
(m, SH), 1.39 (s, 1H)

m/z = 380.8, 382.8 [M+H']"

2,5-Dichloro-NV-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine

hydrochloride (P34)

2,4,5-Trichloropyrimidine (200 mg, 1.09 mmol, 1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-

yl)propoxy)aniline (P15) (317 mg, 1.20 mmol, 1.1 eq.) were dissolved in 2.2 mL of

isopropanol in a microwave vial at room temperature. The vial containing reaction mixture was

transferred to the microwave reactor where the reaction mixture was stirred at 50 °C for 1 h

under microwave irradiation which led to precipitation. The precipitate was collected through

vacuum filtration and washed with isopropanol to afford the desired compound that was used

in the next reaction step without further purification.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

"H NMR (300 MHz, DMSO):

MS (APCI-(+)):

390 mg (80%)
Ci9H25C13N40,

447.79 g/mol HN/©[
cl

0\/\/@
o-CHs
Red solid =N

L
MG-224 - hel

N CI
5 10.35 (s, 1H), 9.43 (s, 1H), 8.34 (s, 1H), 7.26 (d, J = 2.4 Hz, 1H), 7.14
(dd, J=8.7, 2.4 Hz, 1H), 7.00 (d, J = 8.7 Hz, 1H), 4.05 (t, J = 6.0 Hz, 2H),
3.76 (s, 3H), 3.52 (s, 2H), 3.15 (t, J = 8.0 Hz, 2H), 2.88 (s, 2H), 2.19
(dq, J=11.9, 6.0 Hz, 2H), 1.92 — 1.61 (m, 5H), 1.54 — 1.28 (m, 1H)
m/z =411.0, 413.0 [M+H']*
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2,5-Dichloro-N-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine
hydrochloride (P35)

2,4,5-Trichloropyrimidine (200 mg, 1.09 mmol, 1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-
yl)propoxy)aniline (P16) (317 mg, 1.20 mmol, 1.1 eq.) were dissolved in 2.2 mL of
isopropanol in a microwave vial at room temperature. The vial containing reaction mixture was
transferred to the microwave reactor where the reaction mixture was stirred at 50 °C for 1 h
under microwave irradiation. Subsequently, the solvent was evaporated and the residue was
purified using flash column chromatography (DCM:MeOH, 0-10% MeOH) to obtain the

desired product.

Yield: 425 mg (87%) o
Chemical formula: C19H25C13N402 /@[ \CH3
HN 0 "N
Molecular mass: 447.79 g/mol cl
SN
i I
Appearance Red solid N/)\CI < Hel
Internal code: MG-222

'H NMR (300 MHz, DMSO): & 10.29 (s, 1H), 9.43 (s, 1H), 8.33 (s, 1H), 7.23 (d, J = 2.4 Hz, 1H), 7.14
(dd, J= 8.7, 2.4 Hz, 1H), 7.00 (d, J = 8.7 Hz, 1H), 4.02 (t, J = 6.0 Hz, 2H),
3.78 (s, 3H), 3.24 — 2.69 (m, 5H), 2.21 (q, J = 6.9 Hz, 2H), 1.90 — 1.72
(m, 4H), 1.41 (s, 1H), 1.19 (t, J= 7.3 Hz, 1H), 1.03 (d, J= 6.2 Hz, 1H)

MS (APCI-(+)): m/z =410.9, 412.9 [M+H']*

2,5-Dichloro-N-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine
hydrochloride (P36)

2,4,5-Trichloropyrimidine (199 mg, 0.55 mmol, 1.0 eq.) and 2-methoxy-4-(3-(piperidin-1-
yl)propoxy)aniline (P17) (159 mg, 0.60 mmol, 1.1 eq.) were dissolved in 2.2 mL of
isopropanol in a microwave vial at room temperature. The vial containing reaction mixture was
transferred to the microwave reactor where the reaction mixture was stirred at 50 °C for 1 h
under microwave irradiation which led to precipitation. The precipitate was collected through
vacuum filtration and washed with isopropanol to afford the desired compound that was used

in the next reaction step without further purification.

Yield: 200 mg (82%)
Chemical formula: Ci9H24CIhN4O;
Molecular mass: 447.79 g/mol
Appearance White solid
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Internal code: MG-325
0\/\/N
cl | N O\CH3
N/)\CI * HCI

'H NMR (300 MHz, DMSO): ~ § 10.43 (s, 1H), 8.98 (s, 1H), 8.29 (s, 1H), 7.32 (d, J = 8.6 Hz, 1H), 6.69
(d, J=2.6 Hz, 1H), 6.58 (dd, J= 8.7, 2.6 Hz, 1H), 4.10 (t, J = 6.0 Hz, 2H),
3.78 (s, 3H), 3.55 — 3.40 (m, 2H), 3.25 — 3.08 (m, 2H), 2.98 — 2.79 (m, 2H),
2.30 - 2.15 (m, 2H), 1.93 — 1.64 (m, 5H), 1.50 — 1.28 (m, 1H)

MS (APCI-(+)): m/z =410.8, 412.7 [M+H']*

5-Chloro-N*-methyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (52)

A solution of 2,5-dichloro-N-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P31) (167 mg, 0.42 mmol, 1.0 eq.) and methylamine hydrochloride
(142 mg, 2.11 mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.22 mL,
1.26 mmol, 3.0 eq.). The vial containing reaction mixture was transferred to the microwave
reactor where the reaction mixture was stirred at 140 °C for 4 h under microwave irradiation.
After TLC control indicated consumption of starting material, solvent was evaporated, and the
residue was partitioned between water and ethyl acetate. The combined organic layers were
washed with brine and dried over Na>xSO4. After filtration, solvent was evaporated under
reduced pressure and the residue was purified using flash column chromatography

(DCM:MeOH, 0-10% MeOH) to obtain the desired product.

Yield: 50 mg (30%) (\N/CHs
Chemical formula: C1oH27CINcO /©/°\/\/N\)
Molecular mass: 390.92 g/mol HN
cl
Appearance White solid | =N
A _cH,
Internal code: MG-267, ST-2883 N H

"H NMR (300 MHz, DMSO):  §8.41 (s, 1H), 7.90 (s, 1H), 7.59 (d, J= 8.4 Hz, 2H), 6.86 (d, J=9.1 Hz, 2H),
6.76 (s, 1H), 3.96 (t, /= 6.4 Hz, 2H), 2.70 (d, /= 4.8 Hz, 3H), 2.48 — 2.22
(m, 10H), 2.16 (s, 3H), 1.84 (p, J = 6.6 Hz, 2H)

BCNMR (75 MHz, DMSO):  § 161.06, 155.87, 155.00, 132.25, 129.00, 124.03, 114.29, 102.26, 66.20,
54.94, 54.67, 52.88, 45.88, 28.35, 26.54

Melting point 138.9 °C

MS (APCI-(+)): m/z=391.2 [M+H"]*

175



Experimental Section

LC-MS-DAD purity: 99.24%
MS (ESI-(+)): m/z =391.2008 [M+H"']" (calculated: 391.2008)

1-(4-(3-(4-((5-Chloro-2-(methylamino)pyrimidin-4-yl)amino)phenoxy)propyl)piperazin-
1-yDethan-1-one (53)

A solution of 1-(4-(3-(4-((2,5-Dichloropyrimidin-4-yl)amino)phenoxy)propyl)piperazin-1-
yl)ethan-1-one (P32) (150 mg, 0.35 mmol, 1.0 eq.) and methylamine hydrochloride (239 mg,
3.53 mmol, 10.0 eq.) in 3 mL of isopropanol was stirred at 140 °C for 14 h under microwave
irradiation. After the TLC control indicated consumption of starting material, the solvent was
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and DCM
(3 x 30 mL). The organic layers were merged, washed with brine, dried over MgSQOs. After
filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield: 77 mg (52%) o
Chemical formula: C20H27CIN6O» N)J\CH:*
Molecular mass: 418.93 g/mol /Q/OWN\)
Appearance White solid cl HN\
Internal code: MG-339, ST-2982 I . /)N\N/cm

H

'HNMR (300 MHz, CDCls): & 7.92 (s, 1H), 7.51 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.9 Hz, 3H), 4.92
(d,J=5.9 Hz, 1H), 4.02 (t, J = 6.3 Hz, 2H), 3.62 (t, J= 5.1 Hz, 2H), 3.46
(t,J=4.8 Hz, 2H), 2.92 (d, J = 5.1 Hz, 3H), 2.54 (t, J = 7.2 Hz, 2H), 2.44
(dt,J=10.1, 5.1 Hz, 4H), 2.08 (s, 3H), 2.04 — 1.91 (m, 2H)

I3CNMR (75 MHz, CDCl;): 8 169.03, 161.24, 155.81, 155.62, 154.13, 131.49, 122.88, 114.76, 66.29,
55.10, 53.52, 52.92, 46.43, 41.54, 28.78, 26.85, 21.45

Melting point 152.1°C

MS (APCI-(+)): m/z =418.7,420.5 [M+H'T*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(4)): m/z=419.1961 [M+H]" (calculated: 419.1957)

5-Chloro-N?*-methyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine
(54)

A solution of 2,5-dichloro-N-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine
hydrochloride (P33) (200 mg, 0.48 mmol, 1.0 eq.) and methylamine hydrochloride (65 mg,
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0.96 mmol, 2.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.25 mL, 1.44 mmol,
3.0 eq.). The vial containing reaction mixture was transferred to the microwave reactor where
the reaction mixture was stirred at 90 °C for 6 h under microwave irradiation. After TLC control
indicated consumption of starting material, solvent was evaporated, and the residue was
partitioned between water and ethyl acetate. The combined organic layers were washed with
brine and dried over Na>xSOj4. After filtration, solvent was evaporated under reduced pressure
and the residue was purified using flash column chromatography (DCM:MeOH, 0-10%
MeOH) to obtain the desired product.

Yield: 40 mg (22%)
C|9H26C1N50

375.90 g/mol

Chemical formula:

/©/o\/\/©
HN
=N

N/)\N,CH3
MG-236, ST-2877 H

5 8.41 (s, 1H), 7.90 (s, 1H), 7.60 (d, J= 8.4 Hz, 2H), 6.87 (d, J= 8.9 Hz, 2H),
6.76 (s, 1H), 3.97 (t, J = 6.3 Hz, 2H), 2.70 (d, J = 4.7 Hz, 3H), 2.48 — 2.29
(m, 6H), 1.86 (p, J= 6.7, 6.1 Hz, 2H), 1.51 (p, J = 5.4 Hz, 4H), 1.45 — 1.33
(m, 2H)

5 160.80, 155.58, 154.69, 154.33, 138.08, 132.00, 123.73, 114.01, 65.95,
55.02, 53.93, 28.06, 26.07, 25.30, 23.87

Molecular mass: cr

Appearance Beige solid |
Internal code:

"H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point 95.5°C
MS (APCI-(1)): m/z=375.7,377.7 [M+H"]*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)):

m/z = 376.1897 [M+H']* (calculated: 376.1899)

5-Chloro-N*-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-V2-methylpyrimidine-
2,4-diamine (55)

A solution of 2,5-dichloro-N-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P34) (200 mg, 0.45 mmol, 1.0 eq.) and methylamine hydrochloride
(151 mg, 2.23 mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.23 mL, 1.34
mmol, 3.0 eq.). The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 4 under microwave irradiation. After TLC
control indicated consumption of starting material, solvent was evaporated, and the residue was
partitioned between water and ethyl acetate. The combined organic layers were washed with

brine and dried over Na>xSOs4. After filtration, solvent was evaporated under reduced pressure
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and the residue was purified using flash column chromatography (DCM:MeOH, 0-10%
MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

100 mg (55%) O
C20H23CIN;5O2 /@:o\/\/N
(of
405.93 g/mol HN o
Cl
White solid | =N
AL, _cH,
MG-251, ST-2882 NN

§ 8.37 (s, 1H), 7.92 (s, 1H), 7.48 (s, 1H), 7.25 (dd, J = 8.6, 2.4 Hz, 1H),
6.95- 6.73 (m, 2H), 3.94 (t, J = 6.4 Hz, 2H), 3.75 (s, 3H), 2.74
(d, J=4.7 Hz, 3H), 2.37 (dd, J= 14.6, 7.3 Hz, 6H), 1.83 (p, J= 6.7 Hz, 2H),
1.49 (p, J = 5.5 Hz, 4H), 1.44 — 1.32 (m, 2H)

5 155.42, 148.59, 146.67, 144.26, 144.04, 141.97, 135.07, 132.72, 128.37,
113.26, 67.09, 55.18, 54.08, 28.15, 26.43, 25.55, 24.09, 20.01

211.0°C

m/z =406.1, 408.1 [M+H"]*

98.81%

m/z =406.2019 [M+H"]" (calculated: 406.2004)

5-Chloro-N*-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-V2-methylpyrimidine-
2,4-diamine (56)

A solution of 2,5-dichloro-N-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P35) (150 mg, 0.36 mmol, 1.0 eq.) and methylamine hydrochloride
(123 mg, 1.82 mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.19 mL,
1.09 mmol, 3 eq.). The vial containing reaction mixture was transferred to the microwave
reactor where the reaction mixture was stirred at 140 °C for 4 under microwave irradiation.
After TLC control indicated consumption of starting material, solvent was evaporated, and the
residue was partitioned between water and ethyl acetate. The combined organic layers were
washed with brine and dried over NaxSOs. After filtration, solvent was evaporated under
reduced pressure and the residue was purified using flash column chromatography

(DCM:MeOH, 0-10% MeOH) to obtain the desired product.

Yield: 138 mg (93%)
Chemical formula: C20H23CIN;5O2
Molecular mass: 405.93 g/mol
Appearance White solid
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Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

MG-246, ST-2879

HN o/\/\ro

Cl Ay

\fN\/)\H,CHa
8 8.37 (s, 1H), 7.91 (s, 1H), 7.47 (s, 1H), 7.28 (dd, J = 8.8, 2.4 Hz, 1H),
6.98—6.68 (m, 2H), 3.96 (t, J = 6.6 Hz, 2H), 3.73 (s, 3H), 2.74
(d,J = 4.7 Hz, 3H), 2.43 — 2.23 (m, 6H), 1.86 (tt, J = 6.9, 6.8 Hz, 2H),
1.54 — 1.42 (m, 4H), 1.42 — 1.28 (m, 2H)
6 160.80, 155.45, 147.64, 139.21, 132.59, 124.98, 111.91, 55.92, 55.80,
55.15, 54.13,26.37, 26.30, 25.58, 24.16
117.4 °C
m/z = 405.6, 407.4 [M+H'T*
98.14%
m/z = 406.2046 [M+H']* (calculated: 406.2004)

5-Chloro-N*-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-V2-methylpyrimidine-

2,4-diamine (57)

A solution of 2,5-dichloro-N-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-

amine hydrochloride (P36) (100 mg, 0.22 mmol, 1.0 eq.) and methylamine hydrochloride

(151 mg, 2.23 mmol, 10.0 eq.) in 3 mL of isopropanol was stirred at 140 °C for 14 h under

microwave irradiation. After the TLC control indicated consumption of starting material, the

solvent was evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl

acetate (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SOs.

After filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

46 mg (51%) O
C20H28C1N502 /Q/O\/\/N
405.93 g/mol HN

. . MANS B
Beige solid | N/)\N’CH:"
MG-330, ST-2985 H

§ 8.40 (d, J = 8.6 Hz, 1H), 7.91 (s, 1H), 7.56 (s, 1H), 6.57 — 6.39 (m, 2H),
4.90 (d, J = 5.2 Hz, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.90 (s, 3H), 2.98
(d,J= 5.1 Hz, 3H), 2.62 — 2.33 (m, 6H), 2.03 — 1.93 (m, 2H), 1.60
(p, J = 5.5 Hz, 4H), 1.45 (q, J = 5.9 Hz, 2H)
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BCNMR (151 MHz, CDCls): 8 161.32, 155.47, 155.39, 153.79, 149.93, 121.94, 120.85, 104.51, 99.31,
67.05, 56.18, 56.07, 54.81, 28.92, 27.06, 26.13, 24.58

Melting point 126.5 °C

MS (APCI-(+)): m/z = 406.0, 407.8 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =406.2016 [M+H"]" (calculated: 406.2004)

5-Chloro-N*-ethyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (58)

To a solution of 4,5-dichloro-N-ethylpyrimidin-2-amine (P30) (30 mg, 0.16 mmol, 1.0 eq.) and
I-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (43 mg, 0.17 mmol, 1.1 eq) in 3 mL
of isopropanol in a microwave vial, 0.1 mL of TFA was added at room temperature. The
reaction mixture was stirred at room temperature for 24 h. Subsequently, the solvent was
evaporated, and the residue was partitioned between 1 M NaOH and DCM. The combined
organic layers were washed with brine and dried over Na;SOs. After filtration, solvent was
evaporated under reduced pressure and the residue was purified using through column

chromatography (DCM:MeOH = 9:1) to obtain the desired product.

Yield: 29 mg (46%) (\N/CHS
Chemical formula: C20H29CINO /©/°\/\/ N \)
Molecular mass: 404.94 g/mol HN
Cl
Appearance Beige solid | =N
A~
Internal code: MG-305, ST-2876 N" 'N° CHs

'HNMR (300 MHz, CDCLy): & 7.91 (s, 1H), 749 (d, J = 9.0 Hz, 2H), 6.93 — 6.80 (m, 3H), 4.87
(t,J =52 Hz, 1H), 4.01 (t, J = 6.4 Hz, 2H), 3.36 (qd, J = 7.2, 5.6 Hz, 2H),
276 — 233 (m, 10H), 2.29 (s, 3H), 2.05 — 1.89 (m, 3H), 1.20
(t,J=17.2 Hz, 3H)

I3CNMR (151 MHz, CDCly): 8§ 160.57, 155.87, 155.73, 154.15, 131.41, 122.92, 114.81, 70.70, 66.72,
55.29, 53.37,46.19, 36.71, 26.97, 15.06

Melting point 109.1 °C

MS (APCI-(+)): m/z =405.3,407.3 [M+H']*

LC-MS-DAD purity: 97.26%

HRMS (ESI-(+)): m/z =405.2172 [M+H"]" (calculated: 405.2164)
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1-(4-(3-(4-((5-Chloro-2-(ethylamino)pyrimidin-4-yl)amino)phenoxy)propyl)piperazin-1-
yDethan-1-one (59)

A solution of 1-(4-(3-(4-((2,5-dichloropyrimidin-4-yl)amino)phenoxy)propyl)piperazin-1-
yl)ethan-1-one (P32) (150 mg, 0.35 mmol, 1.0 eq.) and ethylamine hydrochloride (288 mg,
3.53 mmol, 10.0 eq.) in 3 mL of isopropanol was stirred at 140 °C for 14 h under microwave
irradiation. After the TLC control indicated consumption of starting material, the solvent was
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SOa. After
filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield: 61 mg (40%) o
Chemical formula: C21H29CIN6O; (\ NJ\CHs
Molecular mass: 432.95 g/mol O/O\/\/N\)
Appearance White solid HN
Internal code: MG-338, ST-2981 | \/)N\

N H/\CH3

'H NMR (300 MHz, CDCL): 8 7.91 (s, 1H), 7.49 (d, J = 8.9 Hz, 2H), 6.95 — 6.83 (m, 3H), 4.90 (s, 1H),
4.02 (t, J = 6.3 Hz, 2H), 3.68 — 3.59 (m, 2H), 3.51 — 3.44 (m, 2H), 3.36
(qd, J=7.2,5.6 Hz, 2H), 2.60 — 2.51 (m, 2H), 2.45 (dt, /= 10.0, 5.1 Hz, 4H),
2.08 (s, 3H), 1.97 (dt, = 13.1, 6.3 Hz, 2H), 1.19 (1, /= 7.2 Hz, 3H)

BCNMR (75 MHz, CDCls): & 169.03, 160.52, 155.84, 155.63, 154.09, 131.50, 122.89, 114.76, 66.38,
55.11, 53.52, 52.92, 46.39, 41.51, 36.69, 26.82, 21.45, 15.05

Melting point 136.4 °C

MS (APCI-(+)): m/z =432.5, 4342 [M+H'T*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =433.2119 [M+H]" (calculated: 433.2113)

5-Chloro-N*-ethyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-diamine (60)

A solution of 2,5-dichloro-N-(4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-amine
hydrochloride (P33) (200 mg, 0.48 mmol, 1.0 eq.) and ethylamine hydrochloride (195 mg, 2.39
mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.25 mL, 1.44 mmol, 3.0 eq.).
The vial containing reaction mixture was transferred to the microwave reactor where the
reaction mixture was stirred at 140 °C for 4 h under microwave irradiation. After TLC control

indicated consumption of starting material, solvent was evaporated, and the residue was
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partitioned between water and ethyl acetate. The combined organic layers were washed with
brine and dried over Na>xSOs. After filtration, solvent was evaporated under reduced pressure

and the residue was purified using flash column chromatography (DCM:MeOH, 0-10%

MeOH) to obtain the desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

169 mg (91%) Q
C20H28C1N50 /©/0\/\/N
389.93 g/mol o HN

. . <N
White solid | .

N~ N""CH,
MG-243, ST-2878 H

5 8.40 (s, 1H), 7.89 (s, 1H), 7.57 (d, J = 8.6 Hz, 2H), 6.99 — 6.71 (m, 3H),
3.96 (t, J = 6.4 Hz, 2H), 3.18 (p, J = 7.0 Hz, 2H), 2.43 — 2.23 (m, 6H),
1.92—1.77 (m, 2H), 1.59 — 1.44 (m, 4H), 1.44 — 131 (m, 2H), 1.06
(t,J=7.1 Hz, 3H)

§ 160.16, 155.62, 154.70, 154.36, 146.75, 131.93, 121.96, 113.97, 66.04,
55.18, 54.13, 35.62, 26.36, 25.62, 24.16, 14.73

112.6 °C

m/z =389.7,391.6 [M+H']*

98.71%

m/z = 390.2081 [M+H']" (calculated: 390.2055)

5-Chloro-N*-ethyl-N*-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (61)

A solution of 2,5-dichloro-N-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P34) (232 mg, 0.52 mmol, 1.0 eq.) and ethylamine hydrochloride
(211 mg, 2.59 mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.27 mL,
1.55 mmol, 3.0 eq.). The vial containing reaction mixture was transferred to the microwave
reactor where the reaction mixture was stirred at 140 °C for 4 under microwave irradiation.
After TLC control indicated consumption of starting material, solvent was evaporated, and the
residue was partitioned between water and ethyl acetate. The combined organic layers were
washed with brine and dried over Na>xSO4. After filtration, solvent was evaporated under
reduced pressure and the residue was purified using flash column chromatography

(DCM:MeOH, 0-10% MeOH) to obtain the desired product.

Yield: 155 mg (71%)

Chemical formula: C21H30CIN5O,
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Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

419.95 g/mol
White solid
MG-249, ST-2881

/@:o\/\/O
HN o s

§8.37 (s, 1H), 7.92 (s, 1H), 7.46 (s, 1H), 7.28 (dd, J = 8.7, 2.4 Hz, 1H), 6.90
(d, J = 8.8 Hz, 2H), 3.99 (t, J = 6.1 Hz, 2H), 3.76 (s, 3H), 3.27 — 3.18
(m, 2H), 3.18 — 2.52 (m, 6H), 2.16 — 1.94 (m, 2H), 1.78 — 1.61 (m, 4H),
1.58 — 1.35 (m, 2H), 1.08 (t, J= 7.1 Hz, 3H)

6 156.90, 152.72, 148.56, 145.59, 141.60, 135.92, 116.12, 113.08, 108.95,
66.33, 57.20, 53.61, 52.07, 36.02, 23.45, 22.42, 21.40, 14.17

174.9 °C

m/z =419.9, 421.8 [M+H']"

98.91%

m/z =210.6165 [M+2H']*" (calculated: 210.6117)

5-Chloro-N?*-ethyl-N*-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (62)

A solution of 2,5-dichloro-N-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P35) (130 mg, 0.32 mmol, 1.0 eq.) and ethylamine hydrochloride
(129 mg, 1.58 mmol, 5.0 eq.) in 3 mL of isopropanol was treated with DIPEA (0.17 mL, 0.95
mmol, 3.0 eq.). The vial containing reaction mixture was transferred to the microwave reactor
where the reaction mixture was stirred at 140 °C for 4 under microwave irradiation. After TLC
control indicated consumption of starting material, solvent was evaporated, and the residue was
partitioned between water and ethyl acetate. The combined organic layers were washed with
brine and dried over Na>SOs4. After filtration, solvent was evaporated under reduced pressure
and the residue was purified using flash column chromatography (DCM:MeOH, 0-10%
MeOH) to obtain the desired product.

Yield: 80 mg (60%) Oucn
3
Chemical formula: C2H3oCIN5O /©:
emical formula 21H30CIN5O2 HN 0 "N
Molecular mass: 419.95 g/mol CI\ﬁ%N
Appearance White solid | PR “NCH

N N
H 3

Internal code:

"H NMR (300 MHz, DMSO):

MG-247, ST-2880
§8.35 (s, 1H), 7.90 (s, 1H), 7.41 (s, 1H), 7.28 (dd, J = 8.7, 2.4 Hz, 1H), 6.87
(d, J = 8.8 Hz, 2H), 3.96 (t, J = 6.5 Hz, 2H), 3.73 (s, 3H), 3.29 — 3.16
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13C NMR (75 MHz, MeOD):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

(m, 2H), 2.43 —2.22 (m, 6H), 1.86 (tt, J= 6.7, 6.7 Hz, 2H), 1.54 — 1.43 (m,
4H), 1.43 — 1.30 (m, 2H), 1.08 (t, J=7.1 Hz, 3H)

3 161.66, 157.75, 154.45, 149.59, 147.73, 133.70, 116.19, 113.46, 110.61,
68.77,57.19, 56.87, 55.53, 37.33, 27.43, 26.49, 25.20, 15.19

124.6 °C

m/z =420.2 [M+H"]*

98.73%

m/z =420.2208 [M+H"]" (calculated: 420.2161)

5-Chloro-N?-ethyl-N*-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidine-2,4-
diamine (63)

A solution of 2,5-dichloro-N-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)pyrimidin-4-
amine hydrochloride (P36) (100 mg, 0.22 mmol, 1.0 eq.) and ethylamine hydrochloride
(182 mg, 2.23 mmol, 10.0 eq.) in 3 mL of isopropanol was stirred at 140 °C for 14 h under
microwave irradiation. After the TLC control indicated consumption of starting material, the
solvent was evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl
acetate (3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SOa.

After filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

3C NMR (151 MHz, CDCl;):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

46 mg (50%)
C21H30CINsO,
419.95 g/mol

P
s

ci A O.
Beige solid | /)N\ CHs
N >N"CH,
MG-327, ST-2986 H

88.37(d,J=8.5Hz, 1H),7.90 (s, 1H), 7.55 (s, 1H), 6.50 (d, /= 8.4 Hz, 2H),
4.90 (s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.89 (s, 3H), 3.41 (qd, J = 7.2,
5.5 Hz, 2H), 2.44 (dt, J = 19.7, 6.3 Hz, 6H), 2.03 — 1.92 (m, 3H), 1.59
(p,J=5.5Hz,4H), 1.45 (q, J= 6.1 Hz, 2H), 1.24 (t, J= 7.2 Hz, 5H)

8 160.63, 155.48, 155.38, 153.81, 149.91, 121.95, 120.79, 104.49, 99.30,
67.05, 56.19, 56.06, 54.82, 36.81, 27.08, 26.16, 24.60, 15.09

132.3°C

m/z =420.2 [M+H"]*

99.70%

m/z =420.2169 [M+H"]" (calculated: 420.2161)
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2-Chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37)1405l

To a solution of 2,4-dichloro-5-(trifluoromethyl)pyrimidine (2.00 g, 9.22 mmol, 1.0 eq.) and
DIPEA (4.8 mL, 27.65 mmol, 3.0 eq.) in 60 mL of ethanol methylamine hydrochloride

(622 mg, 9.22 mmol, 1.0 eq.) was added, and the reaction mixture was stirred for 5 h at room

temperature. Afterwards, solvent was evaporated, and the residue was partitioned between

water and EtOAc. The organic layers were merged, washed with brine and dried over

anhydrous Na>SOg4. After filtration, solvent was evaporated under reduced pressure to obtain

crude consisting of 2-methylamino and 4-methylamino substituted structural isomers. The

identity of structural isomers separated using flash column chromatography (Hex:EtOAc,

0-40% EtOAc) was confirmed with 'H-, *C-, F-, HMBC- and NOESY-NMR spectrums.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

Revalue

'H NMR (300 MHz, DMSO):
MS (APCI-(+)):

545 mg (28%)

CeHsCIF3N3 un-CHs
211.57 g/mol FiC N
White solid | N/)\CI
MG-244F1

0.13 (Hex:EtOAC 4:1)

§8.36 (q,J = 1.0 Hz, 1H), 7.92 (s, 1H), 2.89 (d, J = 4.5 Hz, 3H)
m/z=211.6, 213.6 [M+H']*

4-Chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38)

The compound 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) was obtained

as a side product during the synthesis of compound P37.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

Revalue

'H NMR (300 MHz, DMSO):
MS (APCI-(+)):

532 mg (27%)
CeHsCIF3N;3 ci
211.57 g/mol FENON

. mo

. ¢ . | N/)\N’CH:’
White solid H
MG-244F2

0.38 (Hex:EtOAC 4:1)

§8.58 (d, J=25.7 Hz, 1H), 8.41 (s, 1H), 2.85 (dd, J = 7.0, 4.8 Hz, 3H)
m/z=211.6,213.6 [M+H']"
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2-Chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39)

To a solution of 2,4-dichloro-5-(trifluoromethyl)pyrimidine (1.00 g, 4.61 mmol, 1.0 eq.) and
DIPEA (2.41 mL, 13.83 mmol, 3.0 eq.) in 60 mL of ethanol ethylamine hydrochloride (413 mg,
5.07 mmol, 1.0 eq.) was added, and the reaction mixture was stirred for 1 h at room
temperature. Afterwards, solvent was evaporated, and the residue was partitioned between
water and EtOAc. The organic layers were merged, washed with brine and dried over
anhydrous Na>SQOg4. After filtration, solvent was evaporated under reduced pressure to obtain
crude consisting of 2-ethylamino and 4-ethylamino substituted structural isomers. The identity
95:5) was

of structural isomers separated via column chromatography (Hex:EtOAc =

confirmed with 'H-, 3C- and HMBC-NMR spectrums.

Yield: 470 mg (45%) CHq
Chemical formula: C;H;CIF3N; HN
Molecular mass: 225.60 g/mol F3C. -\ N
Appearance White solid | N/)\CI
Internal code: MG-300F2

Ri-value 0.54 (Hex:EtOAC 4:1)

'HNMR (300 MHz, DMSO): & 8.65 — 8.53 (m, 1H), 8.52 (s, 1H), 3.44 — 322 (m, 2H), 1.12
(td, J=7.2, 2.0 Hz, 3H)

MS (APCI-(+)): m/z =225.8,227.8 [M+H']*

4-Chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40)

The compound 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) was obtained as
a side product during the synthesis of compound P39.

Yield: 200 mg (19%)
Chemical formula: C;H,CIF3N; Foc ¢l
3
Molecular mass: 225.60 g/mol | \)N\
N7 N cH
Appearance Colorless liquid H 3

Internal code:

Revalue

'H NMR (300 MHz, DMSO):

MS (APCI-(+)):

MG-300F1
0.62 (Hex:EtOAC 4:1)

§ 8.44 — 8.29 (m, 1H), 7.97 (s, 1H), 3.44 (qd, J = 7.1, 5.6 Hz, 2H), 1.12

(t,J=7.1 Hz, 3H)
m/z =225.8,227.8 [M+H']*

186



Experimental Section

N*-Methyl-N?-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (64)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (65 mg,
0.31 mmol, 1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (84 mg,
0.34 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The precipitate was collected
via vacuum filtration and washed with isopropanol. Subsequently, it was partitioned between
1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed
with brine, dried over Na;SO4. After filtration solvent was evaporated, and the residue was

purified using column chromatography (DCM:MeOH(NH3) = 9:1) in order to obtain desired

product.
Yield: 80 mg (64%)
. _CH, _CH,
Chemical formula: C20H27F3N6O HN (\N

Molecular mass: 424.47 g/ mol

Appearance Off-white solid

F,C | N i:/o\/\/N\)
N/)\N
H

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

MG-284, ST-2887

59.42 (s, 1H), 8.12 (s, 1H), 7.64 (d, J=8.7 Hz, 2H), 7.04 (d, J= 4.8 Hz, 1H),
6.85 (d, J=9.0 Hz, 2H), 3.96 (t, J = 6.3 Hz, 2H), 2.91 (d, J = 4.3 Hz, 3H),
2.83 —2.62 (m, 4H), 2.40 (s, 3H), 1.86 (p, J= 6.7 Hz, 2H)

6 160.94, 158.46, 154.18, 153.72, 133.27, 123.41, 121.08, 114.27, 101.59,
65.74, 53.95, 53.59, 51.27, 44.18, 28.01, 25.96.

121.9 °C

m/z = 425.0 [M+H']*

100.00%

m/z = 4252270 [M+H']" (calculated: 425.2271)

1-(4-(3-(4-((4-(Methylamino)-5-(trifluoromethyl)pyrimidin-2-yl)amino)phenoxy)propyl)
piperazin-1-yl)ethan-1-one (65)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (96 mg,
0.45 mmol, 1.0 eq.) and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13)
(138 mg, 0.50 mmol, 1.1 eq.) in 3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was
added. The reaction mixture was stirred at room temperature for 24 h. Subsequently, the solvent
was evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SOa. After
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filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

BC NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

120 mg (58%)

C21H27F3N6O2 un-CHa

452.48 g/mol Fscﬁ" o~ N

Off-white solid | N/)\N/©/

MG-337, ST-3010 "

5 8.12 (q, J = 0.9 Hz, 1H), 7.48 (d, J = 9.0 Hz, 2H), 7.15 (s, 1H), 6.87
(d,J=9.0 Hz, 2H), 5.16 (s, 1H), 4.01 (t, J = 6.3 Hz, 2H), 3.70 — 3.57
(m, 2H), 3.53 — 3.41 (m, 2H), 3.04 (d, J = 4.7 Hz, 3H), 2.60 — 2.50 (m, 2H),
2.49 —2.38 (m, 4H), 2.09 (s, 3H), 1.96 (dt, J = 13.1, 6.4 Hz, 2H)

6 169.04, 161.35, 159.66, 155.22, 154.84, 154.81, 154.77, 154.74, 132.31,
127.92, 126.13, 124.34, 122.56, 122.10, 114.87, 66.43, 55.12, 53.54, 52.94,
46.45,41.56,28.21,26.88,21.48

179.3 °C

m/z = 452.6 [M+H'T*

100.00%

m/z = 453.2243 [M+H"]" (calculated: 453.2220)

N*-Methyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)pyrimidine-2,4-

diamine (66)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (60 mg,

0.28 mmol, 1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (73 mg, 0.31 mmol,

1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added. The reaction

mixture was stirred at room temperature for 24 h. The precipitate was collected via vacuum

filtration and washed with isopropanol. Subsequently, it was partitioned between 1 M NaOH

(30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed with brine,

dried over Na;SOs. After filtration solvent was evaporated, and the residue was purified using

flash column chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

65 mg (55%)

C20H26F3NsO Hn-CHs O
409.46 g/mol F’Cﬁi ©°\/\/"
White solid NN

MG-278, ST-2884
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'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

89.42 (s, 1H), 8.12 (s, 1H), 7.64 (d, /= 9.0 Hz, 2H), 7.03 (d, /= 4.8 Hz, 1H),
6.92 — 6.80 (m, 2H), 3.96 (t, J = 6.3 Hz, 2H), 2.91 (d, J = 4.3 Hz, 3H),
1.97 — 1.82 (m, 2H), 1.63 — 1.49 (m, 4H), 1.47 — 1.34 (m, 2H)

3 160.92, 158.44, 154.22, 153.70, 133.26, 127.83, 121.05, 114.27, 106.74,
65.82, 54.83, 53.67, 28.00, 25.78, 25.58, 24.89.

128.7 °C

m/z=410.3 [M+H']*

100.00%

m/z =410.2200 [M+H']" (calculated: 410.2162)

N?-(3-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N*-methyl-5-(trifluoromethyl)

pyrimidine-2,4-diamine (67)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (63 mg,

0.29 mmol, 1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (85 mg,

0.32 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.

The reaction mixture was stirred at room temperature for 24 h. The precipitate was collected

via vacuum filtration and washed with isopropanol. Subsequently, it was partitioned between

1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed

with brine, dried over Na>SOs. After filtration solvent was evaporated, and the residue was

purified using column chromatography (DCM:MeOH(NH3) = 9:1) in order to obtain desired

product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point
MS (APCI-(+)):
LC-MS-DAD purity:

80 mg (62%)

C21H2sF3N502 Hn-CHs O

439.48g/mol O /@E°\/\/N
N/)\N o-CHs

Beige solid H

MG-282, ST-2885

§9.43 (s, 1H), 8.13 (s, 1H), 7.61 (s, 1H), 7.18 (dd, J= 8.7, 2.4 Hz, 1H), 7.08
(d, J=4.7 Hz, 1H), 6.87 (d, J = 8.7 Hz, 1H), 3.94 (t, J = 6.3 Hz, 2H), 3.74
(s, 3H), 2.94 (d, J = 4.3 Hz, 3H), 1.98 — 1.80 (m, 2H), 1.64 — 1.50 (m, 4H),
1.49 — 1.35 (m, 2H)

§ 160.84, 158.48, 154.15, 154.09, 148.90, 143.02, 134.17, 126.95, 114.09,
111.29, 104.97, 67.10, 55.44, 54.82, 53.58, 28.14, 25.91, 25.69, 24.78
157.3 °C

m/z = 440.0 [M+H']*

100.00%
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HRMS (ESI-(+)): m/z = 440.2289 [M+H*]* (calculated: 440.2268)

N*-(4-Methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-N*-methyl-5-(trifluoromethyl)
pyrimidine-2,4-diamine (68)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (65 mg,
0.31 mmol, 1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (86 mg,
0.34 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The precipitate was collected
via vacuum filtration and washed with isopropanol. Subsequently, it was partitioned between
1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed
with brine, dried over Na;SO4. After filtration solvent was evaporated, and the residue was
purified using column chromatography (DCM:MeOH(NH3) = 9:1) in order to obtain desired
product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

80 mg (60%)
_CH,

C21H2sF3Ns0; FiC HN\ o.

439.48 g/mol | /)"\ @[ /Cis'/\

Beige solid N H ° 'O

MG-283, ST-2886

89.42 (s, 1H), 8.13 (s, 1H), 7.61 (s, 1H), 7.19 (dd, /= 8.7, 2.4 Hz, 1H), 7.08

(d, J=4.8 Hz, 1H), 6.87 (d, J= 8.8 Hz, 1H), 3.97 (t, /= 6.4 Hz, 2H), 3.72

(s, 3H), 2.94 (d, J= 4.4 Hz, 3H), 2.02 — 1.84 (m, 2H), 1.71 — 1.49 (m, 4H),

1.49 — 1.32 (m, 2H)

8 160.83, 158.46, 154.23, 154.16, 147.70, 144.18, 133.83, 126.95, 112.49,

111.51, 106.08, 66.53, 55.89, 54.77, 53.61, 53.56, 28.15, 24.85, 23.45

146.7 °C

m/z =439.9 [M+H"]*

100.00%

m/z = 440.2286 [M+H"]" (calculated: 440.2268)

N?-(2-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N*-methyl-5-(trifluoromethyl)

pyrimidine-2,4-diamine (69)

To a solution of 2-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-4-amine (P37) (80 mg,
0.38 mmol, 1.0 eq.) and 2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (110 mg,

190



Experimental Section

0.42 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The precipitate was collected
via vacuum filtration and washed with isopropanol. Subsequently, it was partitioned between
1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers were merged, washed
with brine, dried over Na;SO4. After filtration solvent was evaporated, and the residue was

purified using flash column chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain

desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

97 mg (59%)
C21H2sF3N50,
439.48 g/mol

un-CHs O
F3C\(ij‘\ /Q/O\/\/N
Brown resin "N o.
CH,3
MG-320, ST-3007
68.27(d,J=9.5Hz, 1H), 8.13 (d, /J=1.0 Hz, 1H), 7.47 (s, 1H), 6.57 — 6.43
(m, 2H), 5.15 (s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.86 (s, 3H), 3.08
(d, J=4.7Hz, 3H), 2.52 — 2.35 (m, 6H), 2.03 — 1.95 (m, 2H), 1.60
(p,J=5.6 Hz, 4H), 1.45 (q, J= 6.0 Hz, 2H)
8 161.08, 159.71, 155.13, 154.78, 154.75, 154.71, 154.68, 149.70, 126.23,
124.44, 122.33, 120.42, 104.59, 99.34, 67.03, 56.18, 55.86, 54.78, 28.34,
27.02,26.08, 24.55
n.a.
m/z = 440.1 [M+H'T*
95.57%
m/z = 440.2269 [M+H]" (calculated: 440.2268)

N*-Ethyl-N?-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (70)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (80 mg,
0.35 mmol, 1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (97 mg,
0.39 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The reaction mixture was stirred
at room temperature for 24 h. Subsequently, the solvent was evaporated, and the residue was
partitioned between 1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic layers

were merged, washed with brine, dried over Na>SOs. After filtration solvent was evaporated,
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and the residue was purified using flash column chromatography (DCM:MeOH, 0-7% MeOH)

in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

BC NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

123 mg (79%)
C21H29F3N6O
438.50 g/mol

CH
(\N/CH?’
Beige solid

3
HN)
Fsc\ﬁN i: /0\/\/N \)
N/)\H
MG-309, ST-2997

5 8.16 (s, 1H), 7.40 (s, 2H), 6.88 (d, J = 9.0 Hz, 2H), 6.64 (s, 1H), 5.29
(s, 1H), 4.01 (t, J = 6.4 Hz, 2H), 3.50 — 3.28 (m, 2H), 2.75 — 2.35 (m, 10H),
2.29 (s, 3H), 1.97 (dq, J = 8.4, 6.4 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H)

6 163.05, 162.71, 157.51, 155.73, 130.79, 126.31, 124.33, 124.02, 114.67,
66.71, 55.30, 53.39, 46.21, 36.43, 26.96, 14.96

111.5°C

m/z = 439.2 [M+H']*

96.97%

m/z = 439.2446 [M+H"]" (calculated: 439.2428)

1-(4-(3-(4-((4-(Ethylamino)-5-(trifluoromethyl)pyrimidin-2-yl)amino)phenoxy)propyl)

piperazin-1-yl)ethan-1-one (71)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (100 mg,
0.44 mmol, 1.0 eq.) and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13)
(136 mg, 0.49 mmol, 1.1 eq.) in 3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was
added. The reaction mixture was stirred at room temperature for 24 h. Subsequently, the solvent
was evaporated, and the residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4. After
filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield: 128 mg (62%)

CH,3 o
Chemical formula: C22H29F3N6O2 HN) (\NJ\CHS
Molecular mass: 466.51 g/mol F3C | N /©/°\/\/N\)
Appearance White solid N/)\N
H

MG-341, ST-3012
§8.16 (s, 1H), 7.41 (s, 2H), 6.88 (d, J= 9.0 Hz, 2H), 6.65 (s, 1H), 5.47 — 4.91
(m, 1H), 4.02 (t, J = 6.3 Hz, 2H), 3.68 — 3.58 (m, 2H), 3.51 — 3.43 (m, 2H),

Internal code:

"H NMR (300 MHz, CDCl5):
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3.38 (s, 2H), 2.55 (t, J = 7.3 Hz, 2H), 2.45 (dt, J = 10.1, 5.1 Hz, 4H), 2.09
(s, 3H), 1.97 (dt, J= 13.2, 6.4 Hz, 2H), 1.19 (t, J = 7.2 Hz, 3H)

5 169.04, 163.06, 157.49, 155.78, 130.97, 128.07, 124.34, 123.99, 114.63,
66.39, 55.11, 53.54, 52.93, 46.43, 41.55, 36.43, 26.85, 21.47, 14.96

13C NMR (151 MHz, CDCl):

Melting point 136.3 °C
MS (APCI-(+)): m/z =466.6 [M+H']*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =467.2376 [M+H']" (calculated: 467.2377)

N*-Ethyl-N?-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)pyrimidine-2,4-
diamine (72)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (80 mg,
0.35 mmol, 1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (91 mg, 0.39 mmol,
1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added. The reaction
mixture was stirred at room temperature for 24 h. Subsequently, the solvent was evaporated,
and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL).
The organic layers were merged, washed with brine, dried over Na>SOj4. After filtration solvent
was evaporated, and the residue was purified using flash column chromatography

(DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl5):

13C NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

128 mg (85%)

C21HasF3Ns0O HN O

423.48 g/mol Fsc\ﬁ*u O ~_N

Beige solid N/)\N/©/

MG-306,

§ 8.16 (s, 1H), 7.40 (s, 2H), 6.88 (d, J = 9.0 Hz, 2H), 6.64 (s, 1H), 5.24 (s,
1H), 4.01 (t, J = 6.4 Hz, 2H), 3.38 (s, 2H), 2.53 — 2.44 (m, 2H), 2.44 — 2.34
(m, 4H), 2.05 — 1.92 (m, 2H), 1.59 (p, J = 5.5 Hz, 4H), 1.45 (q,
J=6.0 Hz, 2H), 1.19 (t, /= 7.2 Hz, 3H)

6 163.06, 159.58, 157.43, 155.73, 124.74, 123.98, 114.69, 108.71, 105.65,
66.97, 56.15, 54.82, 36.42, 27.03, 26.16, 24.60, 14.96

101.5°C

m/z = 424.2 [M+H']*

98.33%

m/z = 424.2270 [M+H']" (calculated: 424.2319)
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N*-Ethyl-N?-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (73)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (80 mg,
0.35 mmol, 1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (103 mg,
0.39 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. Subsequently, the solvent was
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>SOa. After
filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield: 126 mg (78%)

Chemical formula Ca2H30F3N502

Molecular mass: 453.51 g/mol Fac\ﬁ\ 0\/\/ O
Appearance Off-white solid )\

Internal code: MG-307, ST-2995

'HNMR (300 MHz, CDCls): & 8.16 (s, 1H), 7.29 (s, 1H), 6.95 (dd, J = 8.6, 2.4 Hz, 1H), 6.87 (d,
J=28.6 Hz, 1H), 6.67 (s, 1H), 5.30 (s, 1H), 4.07 (t, J = 6.7 Hz, 2H), 3.87 (s,
3H), 3.41 (p, J = 6.5 Hz, 2H), 2.48 (t, J = 7.2 Hz, 2H), 2.45 — 2.33 (m, 4H),
2.11 - 1.95 (m, 2H), 1.59 (p, J = 5.5 Hz, 4H), 1.44 (q, J = 6.0 Hz, 2H), 1.19
(t,J=17.2 Hz, 3H)

13C NMR (151 MHz, DMSO): & 166.44, 163.06, 157.49, 155.78, 149.48, 131.56, 124.50, 115.65, 113.94,
113.47,107.77, 68.22, 56.18, 56.02, 54.76, 36.46, 26.90, 26.16, 24.60, 15.01

Melting point 136.1 °C

MS (APCI-(+)): m/z = 454.3 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 454.2436 [M+H']" (calculated: 454.2424)

N*-Ethyl-N?-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (74)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (80 mg,
0.35 mmol, 1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (103 mg,
0.39 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. Subsequently, the solvent was

evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
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(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SO4. After

filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

BC NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

137 mg (85%)
C22H30F3N50,
453.51 g/mol

CH

3
HNJ

FaC SN O-ch
o T LI
Beige solid NTON o "O
MG-308, ST-2996
5 8.16 (s, 1H), 7.28 (s, 1H), 6.97 (dd, J = 8.6, 2.5 Hz, 1H), 6.83
(d, J=8.7 Hz, 1H), 6.66 (s, 1H), 5.29 (s, 1H), 4.07 (t, J= 6.7 Hz, 2H), 3.86
(s, 3H), 3.41 (p, J = 6.7 Hz, 2H), 2.53 — 2.44 (m, 2H), 2.44 — 2.31 (m, 4H),
2.04 (dq, J = 8.5, 6.8 Hz, 2H), 1.57 (p, J = 5.5 Hz, 4H), 1.43 (q, J= 6.0 Hz,
2H), 1.19 (t, J= 7.2 Hz, 3H)
6 163.05, 157.50, 155.75, 148.52, 146.61, 126.29, 124.50, 115.61, 114.49,
111.85,109.07,67.87,56.43,55.96, 54.75,36.47,26.84,26.10, 24.56, 15.02
113.2°C
m/z = 454.3 [M+H']*
99.99%
m/z =454.2431 [M+H']" (calculated: 454.2424)

N*-Ethyl-N?-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)

pyrimidine-2,4-diamine (75)

To a solution of 2-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-4-amine (P39) (102 mg,

0.53 mmol, 1.0 eq.) and 2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (154 mg,

0.58 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.

The reaction mixture was stirred at 60 °C for 24 h. Subsequently, the solvent was evaporated,

and the residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate (3 < 30 mL).

The organic layers were merged, washed with brine, dried over Na;SO4. After filtration solvent

was evaporated, and the residue was purified using flash column chromatography

(DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:
Chemical formula:
Molecular mass:

Appearance

135 mg (56%)
CaoH30F3N50,
453.51 g/mol
Beige solid
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Internal code:

'H NMR (300 MHz, CDCl:):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(1)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

MG-331, ST-3009 CH;

N
Fscﬁ" o_~_N
|
Ny
Ho L

CH3;
0 8.22 (d, J=44.2 Hz, 2H), 7.46 (s, 1H), 6.57 — 6.39 (m, 2H), 5.30 (s, 1H),
4.01 (t, J = 6.4 Hz, 2H), 3.87 (s, 3H), 3.45 (qd, J = 7.2, 5.6 Hz, 2H),
2.54 -2.34 (m, 6H), 2.03 — 1.91 (m, 2H), 1.60 (p, J = 5.5 Hz, 4H), 1.45
(q,J=6.0 Hz, 2H), 1.24 (t, /= 7.2 Hz, 3H)
8 163.13, 156.66, 155.86, 155.47, 150.43, 126.26, 124.47, 121.94, 104.50,
99.29, 67.05, 56.18, 56.16, 54.83, 36.59, 27.07, 26.16, 24.60, 14.99
133.7°C
m/z =454.0 [M+H*]*
98.38%
m/z = 454.2429 [M+H"]" (calculated: 454.2424)

N?-Methyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)

pyrimidine-2,4-diamine (76)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (62 mg,
0.29 mmol, 1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (80 mg,
0.32 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The solvent was then
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SOs. After
filtration solvent was evaporated, and the residue was purified using column chromatography

(DCM:MeOH(NH3) = 93:7) in order to obtain desired product

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

100 mg (83%) K\N/CH3

C20H27F3NsO /©/O\/\/ N \)
424.47 g/mol HN
Fscﬁ"
|
N ”,CHs

Off-white solid

MG-289, ST-2891

6 8.29 — 7.98 (m, 2H), 7.58 — 7.04 (m, 3H), 6.87 (d, J = 8.9 Hz, 2H), 3.97
(t,J=6.4 Hz, 2H), 2.80 — 2.62 (m, 3H), 2.51 —2.27 (m, 10H), 2.20 (s, 3H),
1.85 (p, /= 6.6 Hz, 2H)
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13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

8 163.27, 156.85, 155.39, 139.13, 131.18, 126.17, 125.50, 114.02, 113.71,

65.88, 54.45, 54.29, 52.35, 45.35, 27.65, 26.18
125.7 °C

m/z = 425.2 [M+H']*

97.28%

m/z = 425.2290 [M+H]" (calculated: 425.2271)

1-(4-(3-(4-((2-(Methylamino)-5-(trifluoromethyl)pyrimidin-4-yl)amino)phenoxy)propyl)

piperazin-1-yl)ethan-1-one (77)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (100 mg,

0.47 mmol, 1.0 eq.) and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one (P13)

(144 mg, 0.52 mmol, 1.1 eq.) in 3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was

added. The reaction mixture was stirred at 60 °C temperature for 24 h. Subsequently, the solvent

was evaporated, and the residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SOs. After

filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (151 MHz, CDCls):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

147 mg (69%) i
C21H27F3N6O: o\/\/OJ\CHS
452.48 g/mol /©/

White solid FsC HN\ N

MG-340, ST-3011 | N/)\”,cm

§8.05 (s, 1H), 7.34 (s, 2H), 6.78 (d, J=9.0 Hz, 2H), 6.58 (d, J=2.3 Hz, 1H),
5.23 (s, 1H), 3.92 (t, J = 6.3 Hz, 2H), 3.59 — 3.46 (m, 2H), 3.43 — 3.32
(m, 2H), 2.84 (d, J = 5.0 Hz, 3H), 2.50 — 2.40 (m, 2H), 2.40 — 2.28 (m, 4H),

1.98 (s, 3H), 1.87 (dt, J = 13.1, 6.4 Hz, 2H)

0 169.04, 163.52, 157.47, 155.70, 131.01, 126.28, 124.57, 123.99, 114.64,

66.38, 55.09, 53.53, 52.92, 46.43, 41.55, 28.45, 26.84, 21.46
150.3 °C

m/z = 452.5 [M+H']*

100.00%

m/z = 453.2230 [M+H']" (calculated: 453.2220)
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N?-Methyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)pyrimidine-2,4-
diamine (78)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (65 mg,
0.31 mmol, 1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (79 mg, 0.34 mmol,
1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added. The reaction
mixture was stirred at room temperature for 24 h. Formed precipitate was collected via vacuum
filtration and washed with isopropanol. Subsequently, then it was dissolved in methanol and

treated with strong basic ion exchanger. The solvent was than evaporated to obtain the desired

product.
Yield: 40 mg (32%) O
Chemical formula: Ca20H26F3N50 /©/ O N
Molecular mass: 409.46 g/mol e HN
. . 3 SN
Appearance Beige solid \@\N,CHs
Internal code: MG-286, ST-2888 H

'H NMR (300 MHz, DMSO): & 8.22 (s, 1H), 8.12 (s, 1H), 7.60 — 7.03 (m, 3H), 6.88 (d, J = 8.9 Hz, 2H),
3.99 (t, J = 6.3 Hz, 2H), 2.88 — 2.50 (m, 9H), 1.91 (p, J = 6.5 Hz, 2H),
1.55 (p, J = 5.5 Hz, 4H), 1.42 (q, J = 5.3 Hz, 2H)

13C NMR (75 MHz, DMSO): & 163.35, 156.85, 155.49, 148.13, 131.25, 126.16, 125.52, 114.03, 113.76,
65.81,54.79, 53.66, 27.67, 25.66, 24.89, 23.53

Melting point 117.1°C

MS (APCI-(+)): m/z = 410.0 [M+H']*

LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =410.2190 [M+H"]" (calculated: 410.2162)

N*-(3-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N?*-methyl-5-
(trifluoromethyl)pyrimidine-2,4-diamine (79)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (64 mg,
0.30 mmol, 1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (88 mg,
0.33 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The solvent was then
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na>;SO4. After
filtration solvent was evaporated, and the residue was purified using column chromatography

(DCM:MeOH(NH3) = 93:7) in order to obtain desired product
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Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

13C NMR (75 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

28 mg (21%)
C21H28F3N;50;
439.48 g/mol

. . Fscijle
White solid | N/)\N’CH3
MG-287, ST-2889 H

§8.32 — 7.94 (m, 2H), 7.36 (d, J = 13.5 Hz, 1H), 7.28 — 6.98 (m, 2H), 6.89
(d, J = 8.2 Hz, 1H), 3.96 (t, J = 6.4 Hz, 2H), 3.75 (s, 3H), 2.81 — 2.68
(m, 3H), 2.43 (s, 6H), 1.86 (p, J= 6.4 Hz, 2H), 1.51 (q, J=5.5 Hz, 4H), 1.39
(d, J=7.1 Hz, 2H)

5 163.29, 156.67, 155.51, 152.09, 148.62, 148.32, 131.85, 115.49, 108.90,
107.58, 96.32, 66.93, 55.23, 55.04, 53.91, 27.77, 26.15, 25.28, 23.85

147.1 °C

m/z = 440.0 [M+H']*

100.00%

m/z = 440.2283 [M+H]" (calculated: 440.2268)

O\J/\\/ﬁi:j
_CH;

N*-(4-Methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-N*-methyl-5-(trifluoromethyl)

pyrimidine-2,4-diamine (80)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (62 mg,

0.29 mmol, 1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (85 mg,

0.32 mmol, 1.1 eq.) in 1 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.

The reaction mixture was stirred at room temperature for 24 h. The solvent was then

evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate

(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SOs. After

filtration solvent was evaporated, and the residue was purified using column chromatography

(DCM:MeOH(NH3) = 93:7) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, DMSO):

60 mg (50%) o
s
C21HasF3N50
210128 3INS5U2 HN o/\/\NO
439.48 1
9.48 g/mo F3c\ﬁ"
Beige solid N/)\N,CH3

MG-288, ST-2890 H

§ 8.29 — 8.01 (m, 2H), 7.48 — 7.03 (m, 3H), 6.91 (d, J = 8.4 Hz, 1H),
4.08 —3.94 (m, 2H), 3.75 (s, 3H), 3.19 — 2.62 (m, 9H), 2.20 — 2.03 (m, 2H),
1.81 — 1.63 (m, 4H), 1.61 — 1.37 (m, 2H)
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BC NMR (75 MHz, DMSO): 8 168.27, 163.32, 156.71, 155.53, 145.72, 142.12, 131.64, 130.66, 126.95,

116.54, 111.66, 103.67, 66.29, 55.72, 53.92, 52.50, 27.83, 27.71, 23.08,

22.09
Melting point 187.9 °C
MS (APCI-(1)): m/z =440.3 [M+H']*
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z = 440.2280 [M+H"]" (calculated: 440.2268)

N*-(2-Methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-N*-methyl-5-(trifluoromethyl)
pyrimidine-2,4-diamine (81)

To a solution of 4-chloro-N-methyl-5-(trifluoromethyl)pyrimidin-2-amine (P38) (80 mg,
0.38 mmol, 1.0 eq.) and 2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (110 mg,
0.42 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at room temperature for 24 h. The solvent was then
evaporated, and the residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate
(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na;SOs. After

filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

BC NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

126 mg (79%)
C21H28F3N;50;
439.48 g/mol

gj/o\/\/"o
HN
FsC o

| SN " °CH,

N/)\H,CH3

Beige resin
MG-321, ST-3008
6 8.37 (s, 1H), 8.15 (s, 1H), 7.50 (s, 1H), 6.49 (d, J = 9.3 Hz, 2H), 5.32
(s, IH), 4.00 (t, J = 6.4 Hz, 2H), 3.87 (s, 3H), 3.01 (d, J = 5.0 Hz, 3H),
2.55-2.28 (m, 6H), 2.05 — 1.92 (m, 2H), 1.59 (p, J = 5.5 Hz, 4H),
1.52 - 1.37 (m, 2H)

0 163.86, 156.88, 155.75, 155.41, 150.24, 126.26, 124.47, 122.04, 104.51,
99.29, 67.05, 56.17, 56.16, 54.83, 28.70, 27.07, 26.16, 24.60

151.4°C

m/z = 440.3 [M+H"]*

97.64%

m/z = 440.2274 [M+H"]" (calculated: 440.2268)
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N?-Ethyl-N*-(4-(3-(4-methylpiperazin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (82)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (86 mg,
0.38 mmol, 1.0 eq.) and 1-methyl-4-(3-(4-nitrophenoxy)propyl)piperazine (P12) (105 mg,
0.42 mmol, 1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.
The reaction mixture was stirred at 60 °C for 24 h. The solvent was then evaporated, and the
residue was partitioned between 1 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic
layers were merged, washed with brine, dried over Na;SOs. After filtration solvent was
evaporated, and the residue was purified using flash column chromatography (DCM:MeOH,
0-7% MeOH) in order to obtain desired product.

Yield: 97 mg (58%) (\N/CHa

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

13C NMR (151 MHz, DMSO):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

Co1HyoF5NgO /@/o\/\/ N
H

438.50 g/mol N
Fsc\{%N
|
N/)\N/\CH;,
H

White solid

MG-318, ST-2999

5 8.11 (q, J = 0.9 Hz, 1H), 7.45 (d, J = 9.0 Hz, 2H), 7.23 (s, 1H), 6.87
(d, J = 9.0 Hz, 2H), 5.07 (s, 1H), 400 (t, J = 6.4 Hz, 2H), 3.52
(qd, J=7.2, 5.3 Hz, 2H), 2.80 — 2.37 (m, 10H), 2.29 (s, 3H), 2.04 — 1.89
(m, 2H), 1.26 (t, J = 7.2 Hz, 3H)

5 161.35, 158.99, 155.27, 154.91, 154.88, 154.84, 154.81, 132.28, 127.99,
127.92, 126.14, 124.35, 122.49, 122.09, 121.95, 114.85, 66.72, 55.29,
55.26, 53.31,46.15, 36.15, 26.97, 14.68.

115.9°C

m/z = 439.3 [M+H']*

100.00%

m/z = 439.2439 [M+H"]" (calculated: 439.2428)

1-(4-(3-(4-((2-(Ethylamino)-5-(trifluoromethyl)pyrimidin-4-yl)amino)phenoxy)propyl)

piperazin-1-yl)ethan-1-one (83)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (100 mg,
0.44 mmol, 100 mg, 1.0 eq.) and 1-(4-(3-(4-aminophenoxy)propyl)piperazin-1-yl)ethan-1-one
(P13) (135 mg, 0.49 mmol, 1.1 eq.) in a mixture of hexane and isopropanol, 3 mL of TFA was
added. The reaction mixture was stirred at 60 °C temperature for 24 h. Subsequently, the solvent

was evaporated, and the residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate
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(3 x 30 mL). The organic layers were merged, washed with brine, dried over Na,SO4. After

filtration solvent was evaporated, and the residue was purified using flash column

chromatography (DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCl:):

128 mg (62%) g
C22H29F3NgO: 0\/\/@' CHs
466.51 g/mol /©/

White solid )

MG-349, ST-3014

F3c\f§N
N/)\H/\CH:;

§ 8.12 (d, J = 1.1 Hz, 1H), 7.46 (d, J = 9.0 Hz, 2H), 7.10 (s, 1H), 6.87

(d,J=9.0 Hz, 2H), 5.08 (s, 1H), 401 (t, J = 62 Hz, 2H), 3.62
(t,J=5.1 Hz, 2H), 3.54 (td, J = 7.2, 5.3 Hz, 2H), 3.49 — 3.44 (m, 2H), 2.60
— 2.49 (m, 2H), 2.44 (dt, J = 9.9, 5.1 Hz, 4H), 2.09 (s, 3H), 2.04 — 1.91
(m, 2H), 1.26 (t, J = 7.2 Hz, 3H)

5 169.05, 161.35, 159.00, 155.21, 154.94, 154.91, 154.88, 154.84, 132.34,
127.92, 126.13, 124.34, 122.06, 114.85, 66.43, 55.13, 53.54, 52.94, 46.45,
41.56, 36.15, 26.89, 21.48, 14.69

13C NMR (151 MHz, CDCL):

Melting point 147.0 °C
MS (APCI-(+)): m/z =466.9 [M+H"]"
LC-MS-DAD purity: 100.00%

HRMS (ESI-(+)): m/z =467.2385 [M+H"]" (calculated: 467.2377)

N?-Ethyl-N*-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)pyrimidine-2,4-
diamine (84)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (86 mg,
0.38 mmol, 1.0 eq.) and 4-(3-(piperidin-1-yl)propoxy)aniline (P14) (98 mg, 0.42 mmol,
1.1 eq.) in 2 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added. The reaction
mixture was stirred at room temperature for 24 h. Subsequently, the solvent was evaporated,
and the residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate (3 < 30 mL).
The organic layers were merged, washed with brine, dried over Na>SOj4. After filtration solvent
was evaporated, and the residue was purified using flash column chromatography

(DCM:MeOH, 0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:

95 mg (59%)
C21HasF3NsO
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Molecular mass:
Appearance

Internal code:

'H NMR (300 MHz, CDCL):

13C NMR (151 MHz, CDCL):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

423.48 g/mol
Off-white solid
MG-317, ST-2998

oyt

B
Py on,

F3;C

§ 8.12 (d, J = 1.0 Hz, 1H), 7.45 (d, J = 9.0 Hz, 2H), 7.24 (s, 1H), 6.87
(d, J=9.0 Hz, 2H), 5.08 (s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.59 — 3.45
(m, 2H), 2.53 — 2.34 (m, 6H), 2.05 — 1.91 (m, 2H), 1.60 (p, J = 5.6 Hz, 4H),
1.45 (q, J = 6.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H)

5 161.36, 158.99, 155.31, 154.91, 154.87, 154.84, 154.81, 132.23, 127.93,
126.15, 124.36, 122.51, 122.08, 122.06, 114.86, 66.98, 56.16, 54.78, 36.16,
26.08, 24.55, 14.68

1154 °C

m/z = 424.3 [M+H']*

100.00%

m/z = 424.1997 [M+H']" (calculated: 424.2319)

N*-Ethyl-N*-(3-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)

pyrimidine-2,4-diamine (85)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (100 mg,

0.44 mmol, 1.0 eq.) and 3-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P15) (129 mg,

0.49 mmol, 1.1 eq.) in 3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.

The reaction mixture was stirred at 60 °C for 24 h. The solvent was then evaporated, and the

residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic

layers were merged, washed with brine, dried over Na;SOs. After filtration solvent was

evaporated, and the residue was purified using flash column chromatography (DCM:MeOH,

0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

"H NMR (300 MHz, CDCl5):

128 mg (63%)
CaoH30F3N50,
453.51 g/mol
Beige resin
MG-345, ST-3000
6 8.13 (s, 1H), 7.33 (d, J = 2.4 Hz, 1H), 7.21 (s, 1H), 6.96 (dd, J = 8.6,
2.5 Hz, 1H), 6.86 (d, J = 8.7 Hz, 1H), 5.09 (s, 1H), 4.06 (t, J= 6.7 Hz, 2H),
3.86 (s, 3H), 3.56 (qd, /= 7.2, 5.2 Hz, 2H), 2.55 — 2.47 (m, 2H), 2.46 — 2.36
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13C NMR (151 MHz, CDCls):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(+)):

(m, 4H), 2.02 (p, J = 6.8 Hz, 2H), 1.60 (p, J = 5.5 Hz, 4H),
1.45 (q,J=5.9 Hz, 2H), 1.26 (t, /= 7.3 Hz, 3H)

3 161.25, 159.02, 154.89, 149.72, 144.66, 133.02, 127.89, 126.11, 124.33,
122.54, 114.07, 112.32, 105.73, 68.37, 56.06, 56.04, 54.72, 36.18, 26.89,
26.09, 24.56, 14.74

n.a.

m/z =453.8 [M+H']"

100.00%

m/z = 454.2438 [M+H"]" (calculated: 454.2424)

N?-Ethyl-N*-(4-methoxy-3-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)

pyrimidine-2,4-diamine (86)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (100 mg,

0.44 mmol, 1.0 eq.) and 4-methoxy-3-(3-(piperidin-1-yl)propoxy)aniline (P16) (129 mg,

0.49 mmol, 1.1 eq.) in 3 mL of isopropanol in a microwave vial, 0.1 mL of TFA was added.

The reaction mixture was stirred at 60 °C for 24 h. The solvent was then evaporated, and the

residue was partitioned between 2 M NaOH (30 mL) and ethyl acetate (3 x 30 mL). The organic

layers were merged, washed with brine, dried over Na;SOs. After filtration solvent was

evaporated, and the residue was purified using flash column chromatography (DCM:MeOH,

0-7% MeOH) in order to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCl:):

13C NMR (151 MHz, CDCl;):

Melting point
MS (APCI-(+)):
LC-MS-DAD purity:

96 mg (48%) o

“CH,4
C2,H30F3N50; N /©:0 A~ "O
453.51 g/mol FsC ﬁ"
Beige solid | N/)\H /\CH3

MG-346, ST-3001
§ 8.16 — 8.10 (m, 1H), 7.33 (d, J = 2.5 Hz, 1H), 7.20 (s, 1H), 6.99 (dd,
J=8.6, 2.5 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 5.09 (s, 1H), 4.06 (t,
J= 6.6 Hz, 2H), 3.85 (s, 3H), 3.55 (qd, J= 7.3, 5.3 Hz, 2H), 2.55 — 2.48 (m,
2H), 2.47 — 2.37 (m, 4H), 2.06 (p, J = 6.8 Hz, 2H), 1.60 (p, J = 5.5 Hz, 4H),
1.44 (q, J = 6.0 Hz, 2H), 1.27 (t, J = 7.3 Hz, 3H)

§161.27, 159.01, 154.91, 154.88, 154.85, 154.81, 148.68, 145.72, 132.86,
127.58, 126.12, 124.33, 122.55, 112.51, 112.38, 107.18, 67.75, 56.57,
56.02, 54.69, 36.18, 26.75, 25.97, 24.47, 14.76

65.6 °C

m/z = 454.1 [M+H'T*

95.81%
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HRMS (ESI-(+)): m/z =454.2431 [M+H']" (calculated: 454.2424)

N*-Ethyl-N*-(2-methoxy-4-(3-(piperidin-1-yl)propoxy)phenyl)-5-(trifluoromethyl)
pyrimidine-2,4-diamine (87)

To a solution of 4-chloro-N-ethyl-5-(trifluoromethyl)pyrimidin-2-amine (P40) (100 mg,
0.44 mmol, 1.0 eq.) and 2-methoxy-4-(3-(piperidin-1-yl)propoxy)aniline (P17) (129 mg,
0.49 mmol, 1.1 eq.) in 50 mL of hexane and isopropanol, 3 mL of TFA was added. The reaction
mixture was stirred at 60 °C for 24 h. The solvent was then evaporated, and the residue was
partitioned between 2 M NaOH (30 mL) and DCM (3 x 30 mL). The organic layers were
merged, washed with brine, dried over Na>SQOq. After filtration solvent was evaporated, and the

residue was purified using flash column chromatography (DCM:MeOH, 0-7% MeOH) in order

to obtain desired product.

Yield:

Chemical formula:
Molecular mass:
Appearance
Internal code:

'H NMR (300 MHz, CDCls):

13C NMR (151 MHz, CDCl):

Melting point

MS (APCI-(+)):
LC-MS-DAD purity:
HRMS (ESI-(1+)):

38 mg (19%) O
C22H30F3N50, /Q/ O AN
453.51 g/mol HN
FiC >N O ch
Brown resin | By 3
N >N CH,
MG-348, ST-3013 H

0 8.24 (d, /=9.6 Hz, 1H), 8.13 (s, 1H), 7.44 (s, 1H), 6.55 — 6.46 (m, 2H),
5.07 (s, 1H), 4.00 (t, J = 6.4 Hz, 2H), 3.86 (s, 3H), 3.58 (td, /= 7.3, 5.3 Hz,
2H), 2.54 — 2.47 (m, 2H), 2.46 — 2.37 (m, 4H), 2.05 — 1.92 (m, 2H),
1.61 (p, J=5.5Hz, 4H), 1.45 (q, /= 6.3 Hz, 2H), 1.29 (t, /= 7.2 Hz, 3H)
8 161.08, 159.04, 155.10, 154.89, 154.86, 154.82, 154.79, 149.66, 126.23,
124.45, 122.37, 120.29, 104.56, 99.34, 67.03, 56.18, 55.85, 54.78, 36.27,
27.03, 26.08, 24.55, 14.70

n.a.

m/z =454.1 [M+H']*

97.59%

m/z = 454.2445 [M+H]" (calculated: 454.2424)
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6.3 Pharmacological Experiments

6.3.1 /hH3R Radioligand Displacement Assay

Radioligand displacement assays were performed on the membrane fractions of HEK-293 cells
stably expressing #H3R, as described previously with slight modifications.l>'®) HEK-293-AH;R
cells were grown in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10%
FBS, 100 pg/mL penicillin, 100 units/mL streptomycin and 10 mM HEPES solution at 37 °C
in a humidified atmosphere of 5% CO». To prepare membrane fractions, cells were washed in
phosphate-buffered saline (PBS) solution and harvested. The cells were centrifuged at 3000 x g
for 10 min at 4 °C and homogenised with Ultraturrax® in ice-cold binding buffer (75 mM
Tris-HCI, 10 mM MgClz, 100 mM NaCl, pH 7.4). The homogenate was centrifuged twice
(20,000 x g, 20 min, 4 °C) and reconstituted in an ice-cold binding buffer. Test ligands,
radiolabeled ligands, and membrane fractions (20 pg/well) were added to 96-well plates to a
final assay volume of 200 pL. After 90 minutes of incubation with shaking at 25 °C, a cell
harvester was used to separate bound from free ligands by filtration through GF/B filters
pretreated with 0.3% (m/v) polyethylenimine. Radioactivity was determined by liquid
scintillation counting. As the radiolabeled probe [°’H]N*-methylhistamine was used at a final
concentration of 2 nM (Kd = 3.08 nM). The test ligands were evaluated at concentrations
between 100 pM and 0.03 nM. To determine non-specific binding, 10 uM pitolisant was used.
Specific binding was calculated by subtracting non-specific binding from the raw data. Data
were obtained in duplicate from at least three independent experiments and analyzed using
GraphPad Prism 7.02. using nonlinear regression. CHENG-PRUSOFF equation was used to

515

calculate K; values from the ICso values.>') Mean values and 95% confidence intervals were

calculated using -log(Kj) and converted to nanomolar concentrations.

6.3.2  Invitro G9a Activity Assay

Inhibition of G9a was examined in an AlphalLISA based format with protocols provided by
PerkinElmer.**Y Compounds were incubated for 30 min on white 384-well microplates at the
indicated concentration and with 30 nM G9a, 100 nM histone H3 (1-21) fragment and 15 uM
SAM in assay buffer (50 mM Tris-HCl (pH = 9.0); 50 mM NaCl, 1 mM dithiothreitol, 0.01%
Tween-20). Incubation was terminated by addition of anti-H3K9me2 acceptor beads in
provided detection buffer. After incubating the mixture for 60 min, streptavidin-coated donor
beads were added to the mix for additional 30 min. Luminescence was then measured using

the AlphalLISA luminescence filter of an Infinite M1000pro multiplate reader (Tecan,
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Maennedorf, Switzerland) for 1,000 ms (integration time). Data were obtained in duplicate

from at least two independent experiments.

6.3.3  Invitro LRRK2 Activity Assay

Screening of LRRK2 enzyme activity was performed as fluorescence-based immunoassay for
the detection of ADP, utilizing the Adapta® Universal Kinase Assay Kit (Invitrogen) (Cat.
PV5099). The activity of LRRK2 kinase (Cat. PV4873) was evaluated following incubation
with different ligands, according to the protocol for Optimization of Adapta™ Kinase assay for
LRRK2. Each assay was conducted in a total volume of 10 pL, consisting of LRRK2 kinase
(6 nM), a LRRKtide substrate (200 pM) (Cat. PV5093), ATP cofactor (20 pM), kinase reaction
buffer (50mM Tris-HCI pH 8.5, 10 mM MgCl,, 1 mM EGTA, 0.01% Brij-35, and 2 mM DTT)
(Cat. PV5213) and compound of interest in varying concentrations. Positive and negative
control, as well as LRRK2 reference inhibitor Staurosporine, were incubated on the same plate
along other assay mixtures. The positive control contained the same assay components as other
assay mixtures, excluding the compound of interest (representing 0% enzyme inhibition), while
the negative control lacked both the enzyme and the compound of interest (representing 100%
enzyme inhibition). After 1 h of incubation at room temperature, 5 pL of the Adapta® Assay
Detection Mix (Cat. PV5099) was added, consisting of 30 mM EDTA to stop the kinase
reaction, 6 nM of the Adapta™ Eu-anti-ADP Antibody and 18.9 nM of the Alexa Fluor® 647
ADP Tracer. The plate was equilibrated at room temperature for at least 30 min before being
read in a fluorescence microplate reader to establish the ratio of emissions at 665 nm (ADP
Tracer) and at 615 nm (Eu-antibody) as a measure of ADP concentration by virtue of
Fluorescence Resonance Energy Transfer (FRET).

Initially, a single-point measurement of ligands at 10 pM concentration were performed.
Ligands with high affinity for H3R (K; <100 nM) that inhibited more than 90% LRRK2 activity
were further tested at an additional single-point measurement at 100 nM concentration. All
ligands that inhibited more than 70% LRRK2 activity at 100 nM were subsequently assayed
over a broader concentration range prepared as a 10-fold serial dilution (1000 nM, 100 nM,
10 nM, 1 nM, 0.1 nM and 0.01 nM). The results, obtained as TR-FRET emission ratios, were
converted to % inhibition using following equation:

Ratiogample — Ratiogy, inhibition

% inhibition = x 100

atio 909, inhibition — RatiOgo inhibition
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The % inhibition for ligand dilution series was plotted against the concentration, and the data
was fit to a sigmoidal dose-response cure with a variable slope (GraphPad Prism 10). The ICso
was determined by the intersection of the fitted curve with the 50% activity measure. All

measurements were obtained from two independent experiments performed in duplicate.

6.3.4  Cytotoxicity Assay on SH-SYSY Cells

The cytotoxic effects of the tested ligands on neuroblastoma SH-SY5Y cells were determined

3481 SH-SYSY cells were grown in Minimum Essential

using the alamar blue viability assay.!
Medium Eagle (MEME) supplemented with non-essential amino acids, 10% FBS, 100 pg/mL
penicillin, 100 units/mL streptomycin, and 2 mM L-glutamine at 37 °C in a humidified
atmosphere of 5% CO,. SH-SY5Y cells were seeded in 96-well plates at a density of 8.0 x 10°
cells per well and grown at 37 °C in a humidified atmosphere of 5% COx. 24 h after seeding,
the test ligands were added at concentrations between 30 uM and 1 nM in a final assay volume
of 100 pL per well and incubated for 24 h. Cells treated with 1-methyl-4-phenylpyridinium
iodide (MPP+) served as a positive control for cytotoxic effects. The concentration of DMSO
was limited to 1% for all the assay points. The medium supplemented with the test compounds
was discarded, and 100 pL of resazurin solution in RP I-1640 medium (44 uM) was added.
After two hours of incubation at 37 °C in a humidified atmosphere of 5% CO., fluorescence
intensity (Aem = 535 nm, Agx = 590 nm) was determined. Data were obtained in duplicate from
at least three independent experiments. LCso values were evaluated using GraphPad Prism 7.02.
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using a nonlinear regression.>**! Mean values and 95% confidence intervals were calculated

using — log(Kji) and converted to nanomolar concentrations.

6.3.5 Molecular Docking Study

Molecular docking studies for compounds 24-39 were performed with G9a and H3R targets in

GOLD 2022.3.0 Software.’*! The Protein Data Bank website (https://www.rcsb.org) was the

download source for the crystal structures of the target molecules. For G9a docking, the PDB
structure 9btv[?**l was used, while for H3R docking the only available PDB structure 7f61[%]
was used. PDB: 9btv was selected for G9a docking based on the most similar structure of the
reference ligand with the synthesized and tested compounds. Both protein structures were
protonated (at physiological pH = 7.4) and tautomerized in PDB2PQR 3.6.20%
(https://server.poissonboltzmann.org/pdb2pgr) using the PARSE forcefield. Prior to the

docking studies, the dominant species of the compounds and reference ligands were determined

at pH = 7.4 in MarvinSketch 6.1.0 (http://www.chemaxon.com). The 3D structures were
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aligned in the Flap software 2.2.2 using the graph alignment algorithm according to the
maximum common subgraph.’>!! Out of 50 conformers, the algorithm selected only one
corresponding to the largest common graph defined by atom types and chemical bonds. Its
geometry was additionally clarified in the Discovery Studio Visualizer.>*! GoldScore was used
as the fitness function for docking. This function consists of four components: Protein-ligand
hydrogen bond energy (external H-bond), protein-ligand van der Waals (vdW) energy (external
vdW), ligand internal vdW energy (internal vdW) and ligand torsional strain energy (internal
torsion). Discovery Studio Visualizer v2132 and PyMol 3.0.55%3! were used for 2D and 3D
visualization of the ligands in the binding sites of the targets. Literature interactions of the
reference ligands, which were used as a reference for comparison with the docking results of
the synthesized compounds.[3% 2%

Molecular docking studies for compounds 40-87 were performed with LRRK2 and H3R targets.

The chemical structures of synthesized compounds were built in ChemDraw software 7.0.10%4

and their ionization forms dominant at pH = 7.4 were estimated in MarvinSketch 6.1.0.15%]
Geometry optimization of the synthesized 48 H3;R/LRRK2 inhibitors, as protonated piperidines
and piperazines, was performed at the HF/3-21G (d,p) level in the gas phase using the Gaussian
03 program.!>>®! The optimized 3D structures of the 48 H3R/LRRK2 inhibitors were used for
further molecular docking studies. GOLD 2022.3.0 software>**! was used to perform molecular
docking studies of the 48 with H3R/LRRK2 inhibitors. The crystal structures of the targets, Hs
receptor (PDB: 7F61) and LRRK2 enzyme (PDB: 8TXZ), were downloaded from the PDB
website (accessed in December 2024). The target structures were protonated and the tautomeric

forms of the residues under physiological conditions (pH = 7.4) were assigned using PDB2PQOR

3.6.2 software (https://server.poissonboltzmann.org/pdb2pqr).>>" The docking procedure was

performed using ChemASP and ChemPLP scoring functions for H3R and LRRK2, respectively.
The docking protocols were validated using the RMSD value (RMSD < 2 A) of the docked co-
crystallized ligand, while Discovery Studio software v24.1.0.23298[°? was used to visualize

the docking poses of the ligands in the binding sites of H3R and LRRK2.

6.3.6  Lipophilicity Determination (logP and logD)

The lipophilicity of compounds was determined following guidelines provided by the
Organisation for Economic Co-operation and Development (OECD) for HPLC method.**
Chromatographic analyses were performed using an Agilent 1260 II LC System equipped with
a flexible pump, an autosampler featuring thermal control of the column oven, a fluorescence

detector, and a UV-VIS detector. For the evaluation of logP values, a Eurospher 11 100-5 C18P
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column (50 x 4 mm, Knauer) with high pH stability (pH range 1-12) was employed. The
mobile phase consisted of 60% acetonitrile and 40% pyrrolidine aqueous buffer (5 mM),
adjusted to pH 11 to ensure the neutral form of the evaluated compounds during
chromatographic analysis. For the determination of logD values, a BETASIL C18 column (50
x 4.6 mm, ThermoFisher) was used. The mobile phase comprised 60% ACN and 40% aqueous
PBS buffer (5 mM), adjusted to pH 7.4 to mimic physiological conditions. Isocratic elution
was applied at a flow rate of 1 mL/min. The column temperature was maintained at 30 °C, and
detection was performed at 254 nm. The injection volume for each sample was 10 uL. Thiourea
was used to determine the dead time. All reference and test compounds were initially prepared
as 10 mM stock solutions in dimethyl sulfoxide (DMSO), except for thiourea, which was
dissolved directly in the mobile phase. Samples were subsequently diluted with the mobile
phase to a final concentration of 100 nM for analysis. Chromatograms were processed using

the manufacturer-provided Agilent OpenLab CDS software.
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Table S1. Experimental activities and docking score values of synthesized (24-39) and reference (L41 and L66)

compounds.
HsR G9a
Inhibition
S(i (())lr(l H[S;{Sg; [gi\]/[ | Interactions® Sc (())lr(l [%1] (;I:usl\l/[) at I[gss?) A[n(lj\/;]] Interactions®
24 86.6428 117 1-4 72.8441 3344185 / 2-1
[42.8 —729]
25 84.0869 324 1-3;1-4 71.6834 151+122 / 2-1
[11.4-92.1]
26 85.1639 68.4 1-3; 1-4;1-5  77.1961 60.1 +14.7 / 2-1;2-3
[44.7 - 105]
27 82.9205 128 1-3;1-4; 1-5  82.2618 102.3 +2.1 / 2-2;2-3
[61.1 -272]
28 91.7351 244 1-4; 1-5 81.6797 52.3+4.6 / 2-1;2-2
[110 —538]
29 91.0553 25.0 1-3;1-4;1-5  71.7428 21.0+3.3 / 2-1;2-2;2-3
[8.27-75.7]
30 80.8695 455 1-3;1-4; 1-5  75.1751 704+21.8 / 2-2
[13.6—151]
31 83.7709 252 1-1; 1-3; 1-4;  84.8478 108.4+0.5 63.9 2-2;2-3
[9.67 — 65.6] 1-5 [27.0 - 151]
32 93.1081 102 1-4 81.3374 40.2+43 / 2-1;2-2;2-3
[49.9 —209]
33 90.045 1.40 1-3;1-4 71.219 459+1.5 17765 2-1;2-2
[0.23 —8.37] [7159 — 43860]
34 85.109 329 1-3;1-4; 1-5  73.2977 922+0.7 4298 2-1;2-3
[15.4-70.2] [1276 — 14481]
35 52.3931 82.5 1-3;1-4; 1-5  81.4385 103.7+ 1.1 494 2-2;2-3
[30.8 —221] [269 —906]
36 93.8079 20.9 1-4; 1-5 78.1088 252+1.6 / 2-1;2-2;2-3
[11.3—-38.8]
37 87.0864 18.0 1-3;1-4; 1-5 72,9594 51713 / 2-2;2-3
[11.2-29.0]
38 79.8414 65.3 1-3; 1-4 76.3941 70.0£0.7 / 2-2
[26.7 - 160]
39 78.4993 138 1-3;1-4; 1-5  77.5181 103.0+2.6 / 2-2;2-3
[50.3 —337]
L41 824323  1.7-37.15nM / / / / 2-1;2-2;2-3
in 7 assays
(pdb: 7f61)
Lo66 / / 1-1;1-2; 1-3;  88.9434 / ICs0: 17 nM 2-1;2-2;2-3
1-4; 1-5 (PDB: 7btv)

# Key interactions from Figure 26.

b Key interactions from Figure 27.
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Table S2. Experimental activities and docking score values of synthesized (40-87) and reference (.41 and L.86)

compounds.
Hi:R LRRK2
LRRK2
ASP HR Ki [nM] Interactions?® PLP inhibition IERIFIFD%[] Interactions®
Score [95% CI] Score [%] = SD at 5?,
10 uM [95% CI]
I
40 738 1 oA .
76.4973 [470 — 1160] 1-1; 1-3; 1-5  74.4423 102.8 £2.6 1-1;1-2; 1-3
41 341 100.2+5.0 1A,
72.5102 [119 - 980] 1-1,1-3,1-4  69.9946 3) 1-1;1-2; 1-3
42 10.2 1-1; 1-3; 1-4; .
73.1656 (7.2 - 14.4] 15 63.4466 99.7+2.8 1-1;1-2
43 172 1-1;1-2; 1-3; .
76.9280 [242-1227] 14 75.2654 88.4+3.0 1-1: 1-2; 1-3
44 331 1o 92.0+38.8 1A,
66.8896 [124 — 883] 1-3; 1-4; 1-5  76.7828 3) 1-1;1-2; 1-3
45 59.9 1o .
74.1114 [219- 164] 1-3;1-4; 1-5  66.2026 804+1.9 1-1;1-2
46 390 1A, 1.9
77.1895 [114 - 1333] 1-1; 1-3; 77.8194 84.5+0.8 1-1;1-2; 1-3
47 916 2.2 .
75.0935 [283 — 2964] 1-1,1-3 79.1477 947+24 [0.83.6] 1-1;1-2; 1-3
48 4.4 1 oA 4.7 .
76.2658 [1.7-112] 1-2;1-3; 1-4  75.1411 99.2+3.7 [2.7-68] 1-1;1-2; 1-3
49 75.8 1-1; 1-2; 1-3; 2.4 1AL
78.9027 [33.0— 174] 1-4: 79.2089 1049+12 [1.1-3.6] 1-1;1-2; 1-3
50 46.3 1-1; 1-3; 1-4; .
51.8651 [183- 117] 1-5 75.821 86.3+2.7 1-1;1-2
51 33.1 1-1; 1-3; 1-4; 9.3 .
74.1146 [21.7—50.6] 15 78.9644 93.4+1.2 [1.0- 18.0] 1-1;1-2; 1-3
52 335 ) .
75.9429 [106 - 1059] 1-3; 1-4 64.4554 54.6+0.8 1-1;1-2; 1-3
53 839 )
78.0760 [296 — 2379] 1-3;1-4 70.6495 45.1+4.4 1-1;1-2; 1-3
54 2.38 . 85.6+9.0 1A,
72.7720 [1.07 — 5.29] 1-3;1-4 78.7227 3) 1-1;1-2; 1-3
55 223 1-1; 1-3; 1-4; 1.9
76.2792 83— 603] 15 76.6696 73.0+2.5 1-1;1-2; 1-3
56 360 1-1; 1-3; 1-4; . .
67.3688 [124 — 1042] 15 76.8317 64.0+£8.2 1-1;1-2; 1-3
57 241 1-1; 1-2; 1-3; . )
73.1135 [744—781] 14 78.6856 62.6+3.9 1-1;1-2; 1-3
58 1034 93.9+13.1 oA,
76.7371 [411 — 2598] 1-3 74.9001 3) 1-1;1-2; 1-3
59 490 ) .
76.7348 [164 — 1466] 1-3; 1-4 80.4597 78.6 = 8.1 1-1;1-2; 1-3
60 4.77 1A .
74.6044 [1.89— 12.0] 1-3; 1-4; 82.1214 80.8 £ 1.1 1-1;1-2; 1-3
61 185 1-1; 1-2; 1-3; . )
80.4097 [103—331] 14 70.6602 54.1+£0.5 1-1;1-2; 1-3
62 716 1-1; 1-3; 1-4;
65.0334 [554 — 926] 1-5 73.6186 63.5+4.5 1-1
63 74.0470 106 1-3;1-4; 1-5 84.0723 712+44 1-1;1-2; 1-3
’ [91.6 — 123] v ’ ’ ’ T
64 548.0 oA 101.8+7.5 1A
79.5061 [346 — 869] 1-1;1-3; 1-5 81.3935 3) 1-1; 1-2; 1-3
65 2096 . o1l
70.0179 (668 — 6581] 1-1,1-3; 1-4  80.2906 885+14 1-1;1-2; 1-3
66 77.9691 4.1 1-3; 1-4; 1-5  77.0421 89.5+£3.5 8.0 1-1; 1-2; 1-3
[1.95—8.40] [5.1-11.0]
67 77.5780 104.0 1-1; 1-2; 1-3;  81.7570 98.4 + 8.0 2.2 1-1;1-2; 1-3
[44.5 —244.0] 1-4 3) [0.8 —3.6]

2 Key interactions from Figure 33
b Key interactions from Figure 34
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Table S2. Continued.

Hs;R LRRK2
LRRK2
ASP H:R Ki [nM] Interactions® PLP inhibition IIERI?I{(D%I] Interactions®
Score [95% CI] Score [%] £ SD at 5?,
[95% CI]
10 pM
68 66.6784 1645.0 1-1;1-3; 1-4;  79.0218 1029+1.2 1-1;1-2; 1-3
[507 —5333] 1-5
69 9.05 1-2; 1-3; 1-4; 104.6 £5.5 3.6 1A,
72.2074 [5.21 - 15.7] 15 81.7353 3) [1.6-5.6] 1-1;1-2; 1-3
70 862.0 . 1A
79.1601 [438 — 1697] 1-3; 1-5 84.5559 73.5+11.2 1-1; 1-2; 1-3
71 6047 1-1; 1-3; 1-4; 1A
74.9518 [5467 — 6689] 15 79.3302 47.5+14.0 1-1; 1-2; 1-3
72 8.08 1-1; 1-3; 1-4; A
78.3994 [3.92 - 16.7] 15 83.5612 785+0.2 1-1;1-2; 1-3
73 159 1-1; 1-2; 1-3; oA
78.7081 [81.7—311] 14 82.9732 623+114 1-1;1-2; 1-3
74 53.6 1-1;1-3; 1-4, 1.
66.1362 [26.5— 108] 15 80.0503 37.7+13 1-1;1-2; 1-3
75 82.1 . 1A
73.1797 [33.2- 203] 1-3;1-4,1-5 84.1765 545+1.1 1-1; 1-2; 1-3
76 1026 . 1A
81.6597 [418 - 2519] 1-1; 1-3 68.7502 56.6 +8.5 1-1; 1-2; 1-3
77 578 1-1; 1-2; 1-3; ) )
82.9593 [172 — 1944] 14 78.1911 429+0.6 1-1;1-2; 1-3
78 2.08 oA )
78.5925 [0.77 - 5.61] 1-1;1-3; 1-4 67.0680 539+14 1-1; 1-2
79 328.0 1-1; 1-2; 1-3; 1A
78.6328 [114 - 945] 1-4:1-5 74.0994 382+11.8 1-1; 1-2; 1-3
80 822.0 1-1; 1-3; 1-4; 11l
63.3973 [647 — 1043] 15 80.403 47.0+15.6 1-1; 1-2; 1-3
81 11.2 1-1; 1-3; 1-4; A
72.8132 [4.85 - 26.0] 15 79.8385 442 +0.1 1-1;1-2; 1-3
82 141 . 99.7+13.3 1A
83.1997 [63.4— 313] 1-1; 1-3 78.9944 3) 1-1;1-2; 1-3
83 84.6474 >19 1-1;1-3; 1-4 89.6963 90.3+4.0 1-1;1-2; 1-3
’ [195-1381] o ’ ’ ’ o
84 11.1 1A 95.1+82 2.8 1A
78.5748 [5.68 - 21.7] 1-1;1-3; 14 75.7759 3) [0.9-4.7] 1-1;1-2; 1-3
85 65.1 1-1,1-2,1-3;  87.3991 1.1 1A,
76.3403 [29.9— 142] 14 98.8+2.1 [0.8—13] 1-1;1-2; 1-3
86 299 1-1; 1-3; 1-4; ) .
56.9563 [10.9—82.5] 15 79.8450 86.3+3.5 1-1;1-2; 1-3
87 41.6 1-1; 1-3; 1-4; 2.7 . .
75.5936 [29.6 — 58.5] 15 91.4438 942+33 [1.1-43] 1-1;1-2; 1-3
L41 62.7293
L86 80.0281

2 Key interactions from Figure 33
b Key interactions from Figure 34
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Table S3. Experimentally determined and calculated LogP and LogD values of compounds
1-87.

LogP LogD a cLogD LogP LogD cLogD
Compd w1y  eH7.4) TP pm7ap | C™P oH1p  eH74 PP pH74)
Pyrimidin-4-amines 5-Chloropyrimidine-2,4-diamines
1 4.40 4.82 4.82 3.76 40 2.10 2.13 2.61 1.54
2 n.d.” n.d. 4.12 1.35 41 0.79 0.57 1.83 1.31
3 1.41 1.00 291 1.85 42 3.65 2.68 3.61 1.71
4 2.19 1.94 3.02 1.95 43 3.22 2.18 345 1.67
5 2.80 2.69 4.05 3.52 44 3.17 2.27 345 1.66
6 n.d. n.d. 3.34 0.49 45 4.21 3.27 345 1.59
7 -0.08 -0.51 2.54 2.01 46 2.68 2.76 2.96 1.90
8 0.96 0.85 2.24 1.72 47 1.36 1.16 2.19 1.67
9 5.65 4.82 5.82 3.92 48 4.19 3.23 3.97 2.07
10 n.d. n.d. 5.12 2.38 49 3.73 2.70 3.81 2.03
11 3.02 1.92 4.31 2.41 50 3.67 2.79 3.81 2.02
12 3.74 2.85 4.02 2.12 51 4.76 3.84 3.81 1.93
13 1.81 0.75 2.91 1.85 52 1.96 2.06 2.61 1.54
53 0.69 0.44 1.83 1.31
Pyrimidin-2-amines 54 3.54 2.65 3.61 1.71
14 1.48 1.71 1.27 -0.40 55 3.40 2.13 2.45 1.66
15 1.82 1.87 1.40 -0.28 56 3.12 2.26 345 1.67
16 2.34 2.23 2.10 0.42 57 4.44 3.54 345 1.58
17 2.86 2.51 2.64 0.97 58 2.49 2.47 2.96 1.90
18 2.58 2.29 2.18 0.51 59 1.21 0.98 2.19 1.67
19 2.05 2.12 1.95 0.14 60 4.01 3.07 3.97 2.07
20 2.38 2.37 2.08 0.26 61 3.58 2.55 3.81 2.01
21 2.89 2.73 2.78 0.97 62 3.52 2.61 3.81 2.03
22 341 3.05 3.32 1.51 63 4.89 3.95 3.81 1.94
23 3.15 2.80 2.86 1.05
6-Methylpyrimidine-2,4-diamines 5-Trifluoromethylpyrimidine-2,4-diamines
24 1.03 1.10 2.14 1.03 64 2.32 2.27 2.88 1.86
25 2.89 2.01 3.14 1.20 65 1.16 1.01 2.11 1.59
26 2.51 1.47 2.98 1.17 66 3.95 2.97 3.88 1.99
27 2.48 1.17 2.98 1.16 67 3.49 247 3.73 1.93
28 1.60 1.66 2.49 1.39 68 343 2.52 3.73 1.95
29 3.39 247 3.50 1.56 69 4.52 3.57 3.73 1.82
30 3.00 1.94 3.34 1.52 70 2.59 2.47 3.24 2.17
31 2.95 2.06 3.34 1.52 71 1.50 1.35 2.47 1.95
32 0.87 1.03 2.14 0.99 72 4.24 3.31 4.24 2.34
33 2.78 1.99 3.14 1.04 73 3.79 2.80 4.08 2.29
34 2.28 1.24 2.98 0.88 74 3.72 2.83 4.08 2.31
35 2.28 1.48 2.98 1.01 75 4.99 4.05 4.08 2.22
36 1.45 1.53 2.49 1.25 76 2.11 2.09 2.88 1.82
37 3.25 2.39 3.50 1.41 77 1.01 0.85 2.11 1.58
38 2.75 1.70 3.34 1.36 78 3.77 2.86 3.88 1.98
39 2.70 1.86 3.34 1.37 79 3.34 2.37 3.37 1.93
80 3.30 2.45 3.37 1.94
81 4.53 3.62 3.73 1.85
82 291 2.86 3.24 2.17
83 1.70 1.55 2.47 1.94
84 4.49 3.52 4.24 2.34
85 4.02 2.97 4.08 2.28
86 3.96 3.11 4.08 2.30
87 5.07 4.13 4.08 2.21

2 clogP and clogD values were calculated using MarvinSketch
® n.d — Not determined. Highly hydrophilic compounds that could not be assessed under used chromatographic
conditions.
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