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Introduction

1 Multiple targeting in PD therapeutics

The clinical diagnosis of Parkinson’s disease (PD) is primarily based on motor features. While
conventional dopaminergic approaches have improved the quality of life of PD patients by mainly
reducing tremors, bradykinesia and rigidity, they may cause (mainly by long term L-DOPA treatment)
dyskinesia and motor fluctuations and poorly treat non-motor symptoms such as sleep behavior
disorders and dementia, which are mainly induced by degeneration of non-dopaminergic systems.”
* Recognizing the need to treat both motor and non-motor symptoms and the fact that PD is a
highly complex and multifactorial dysregulation, led to the development of ligands that act on
multiple targets.>”’

Considering this multiple targeting approach and keeping in mind that PD starts to develop when
there is a progressive loss of dopaminergic neurons in the central nervous system (CNS),? four
different targets, the histamine Hs receptor (HsR), the monoamine oxidase B (MAO B) and the A;
and Axa adenosine receptors (AR and AzaR, respectively) were considered for the development of

dual and multi-targeting ligands (DTLs and MTLs, respectively).

11 Parkinson’s disease

Parkinson's disease is the second most common neurodegenerative disorder after Alzheimer's
disease (AD) affecting 1.5 % of the global population older than 65 years."®

PD patients lose the ability to control voluntary movements because of profound changes in the
functional organization of the basal ganglia, which includes the caudate nucleus, the putamen, the
globus pallidus internal (GP;) and external (GPe), the subthalamic nucleus (STN) and the substantia

nigra pars compacta (SNy) and substantia nigra pars reticulata (SN (Figure 1).7"

Caudates nucleus
tame

Subthalamic nucleus
Substantia nigra
Thalamus

Corpus Amygdala

Figure 1. Coronal section of the basal ganglia and its main components.
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The basal ganglia circuit is a functional interposition between the cortex and the thalamus, where its
primary function is to process the signals coming from the cortex to modulate movement
execution.” When the prefrontal cortex sends a glutaminergic signal to the putamen to start an
action, two pathways are activated: the direct way, which allows the movement to start and the
indirect way that avoids unwanted movements.”

In the cortico-basal ganglia circuit (Figure 2) dopaminergic neurons, predominantly found in the
SNy, release dopamine (DA), which heads over the striatum, where it binds dopamine D; receptor
(D1R) on excitatory neurons (direct pathway) or dopamine D, receptor (D2R) on inhibitory neurons

(indirect pathway).""
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Figure 2. Basal ganglia circuit in normal and parkinsonian states.”

DA, dopamine; GABA, y-aminobutyric acid; Glu, glutamate, GPe, globus pallidus externus; GP;, globus pallidus internus; MSNs, medium
spiny neurons; SNy, substantia nigra pars compacta; SNpr, substantia nigra pars reticulata; STN, subthalamic nucleus.

When DA binds at DiRs, the inhibition on GP; GABAergic neurons reduces the inhibition on thalamus,
and the initiation of the movement occurs. In the indirect pathway, the inhibition on GP. GABAergic
neurons promotes the activity of glutaminergic subthalamic neurons maintaining an excitatory
stimulus on SNy and GP; (Figure 2)."® This, in turn, results in thalamic inhibition and the transmission
of motor neuron signals to the cerebral cortex is hindered avoiding an excessive excitation of the

cerebral cortex.



Introduction

In PD patients motor symptoms start to occur when there is a loss of dopaminergic neurons (about
50 %, although some reviews proposed up to 70 %) in the SN Compared to the normal state,
DA depletion results in reduced stimulation of the direct pathway and enhancement of the indirect
one, leading in both cases to an increased GABAergic tone on the thalamus. A lower amount of
motor neuron signals reach the cerebral cortex, and the initiation of the movement is blocked.”

The lack of DA causes the primary motor symptoms of the disorders where bradykinesia, rigidity
and resting tremor are the main motor features present in PD patients.? To manage these motor
symptoms, dopamine agonists (i.e. pramipexole) and mainly L-DOPA, which is the gold-standard

treatment for PD patients,*?°

are used. Catechol-O-methyltransferase (COMT) inhibitors
(entacapone or tolcapone) and MAO B antagonists (selegiline or rasagiline) might be also added to
inhibit the breakdown of L-DOPA and DA *' MAO B inhibitors are also used as mono-therapy before
moving to L-DOPA and DA agonists in the early stages of the disease, where motor symptoms are
mild.

However, after several years of treatment, especially with L-DOPA, initiation of motor complications
such as motor fluctuation (alteration between the period in which the patient experiences a good
response to medication (“on period”) and the period where the benefits received with the medication
wear off and PD symptoms reemerge (“off-period”)) and dyskinesia (involuntary, non-rhythmic
choreo-dystonic movements) arise (Table 1).2

When motor symptoms in advanced-PD patients are not relief by medications, deep brain
stimulations of the subthalamic nucleus or internal part of the globus pallidus, as well as surgical
lesions of the thalamus (thalamotomy) or the globus pallidus (pallidotomy) are the two most
commonly surgical treatments.® Current therapeutic developments in PD include also the
generation of mature, authentic ventral midbrain DA neurons by differentiate pluripotent stem cells
as well as gene therapy as disease-modifying treatment for PD.2*

Along with motor symptoms, non-motor symptoms (i.e. sleep behaviour disorders, cognitive
impairment, depression and anxiety) arising mainly from neurodegeneration in non-dopaminergic
systems, have a significant impact on the quality of life for PD patients (Table 1).*>*%> Mainly,
adenosine receptors (ARs), serotoninergic, histaminic, glutamatergic, adrenergic pathways are

considered for dopamine-related motor and non-motor complications.?*
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Table 1. Main motor and non-motor features of PD patients.®

Occurrence Frequency of symptoms (%)
Primary motor symptoms
Bradykinesia At diagnosis 100
Rigidity At diagnosis or later 90
Tremor At diagnosis or later 70
Occurrence Frequency of symptoms (%)

Early non-motor symptoms
Fatigue May precede diagnosis ~ 60
sleep behavior disorders (EDS) May precede diagnosis ~30
Constipation May precede diagnosis ~ 30
Depression May precede diagnosis ~25
Motor symptoms with L-DOPA therapy
Dyskinesia 3-S5y ~35by4-6y; >85 by 2 9-15y
Motor fluctuation 3-5y ~40 by 4-6y; ~70 by > 9-15y
Late symptoms
Treatment-resistant axial symptoms 5-10 y after symptoms onset

Freezing/postural instability/falls ~90by 15y

Dysphagia ~50by 15y
Psychiatric disturbances 5-10 y after symptoms onset

Anxiety ~ 55
Autonomic disturbances 5-10 y after symptoms onset

Urinary urgency ~ 35

Sialorrhea ~ 30

Sexual dysfunction ~20
Postural light-headedness ~15

Likelihood increases with

Cognitive impairment . .
9 P time since symptom onset
Mild cognitive impairment ~50by5y

Dementia >80by 20y

DA, dopamine; y, year.

Evidently, PD is characterized by a complex etiological pathway where dopaminergic and non-
dopaminergic systems are involved (Figure 3)."*? The use of antagonists at HsR, MAO B and at ARs
is described more in details to understand their potential therapeutically application in the treatment

of PD-related motor and non-motor symptoms.
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Figure 3. Dopaminergic and non-dopaminergic approaches for the treatment of PD."?’

1.2 Histamine Hs receptor

The biogenic amine histamine is an important chemical messenger and neurotransmitter.*
Histamine is synthetised in situ from L-histidine, which reach the cerebrospinal fluid pool and the

cytoplasm of neurons though L-amino acid transporters (Figure 4).

OH

NH
N NH2 e N 2 ANMT N NHZMAOB N | ALDH N
= Sy R
COH N N N N ©
N

/ / )
H H HsC HsC HaC
L-Histidine Histamine t-Methylhistamine t-Methylimidazole-4- t-Methylimidazol-
acetaldehyde 4-yl-acetic acid

Figure 4. Histamine synthesis and central metabolism.*'

ALDH, aldehyde dehydrogenase; HDC, histidine decarboxylase; HNMT, histamine t-methyltransferase; MAO B, monoamine oxidase B.

Decarboxylation of L-histidine is performed by the enzyme histidine decarboxylase (HDC). Once
synthetised, histamine is stored in vesicles, and upon depolarisation of the histamine neuron, the
release of histamine in the synaptic cleft occurs.*®** However, the histamine N-methyltransferase
(HNMT) terminates in the extracellular space the central action of histamine by methylation of the
imidazole ring to give t-methylhistamine which is then oxidised by the enzyme MAO B to t-
methylimidazole-4-acetaldehyde. The latter compound is then converted by the enzyme aldehyde
dehydrogenase (ALDH) to t-methylimidazole-4-yl-acetic acid.

Histamine activates four G protein-coupled receptor (GPCR) subtypes (HiR-H4R). The HsR was
discovered in 1983 by Arrang and co-workers.** A Johnson & Johnson team lead by Tim Lovenberg
made substantial efforts to expand the knowledge on the molecular structures of the HsR. The

cloning of the hHsR cDNA in 1999 and the constitutive activity of HsR were some of the most
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important discoveries.***> Besides that, the identification of the genomic organization of the HsR
gene led to the discovery of several HsR isoforms from alternative splicing of the human gene as
well as several rodents >3’

The HsR is expressed in the CNS and in the peripheral tissues (i.e. airways and cardiovascular system,
gastrointestinal tract).® In the CNS, the HsR are mainly located on histaminergic neurons, which are
originated in the tuberomammillary nucleus (TMN) and extensively spread to different brain areas
(i.e. cerebral cortex, hippocampus, amygdala, nucleus accumbens, globus pallidus, striatum, and
hypothalamus)**** The neuronal HsR was first described as a presynaptic autoreceptor, which
controls the synthesis of histamine and its release via a negative feedback process. A few years later,
it was found that the HsR was also involved in the modulation of the release of other

neurotransmitters as heteroreceptor (Figure 5) (i.e. acetylcholine (ACh), DA, Y-Aminobutyric acid

(GABA), Glu, serotonin (5-HT) and norepinephrine (NE).>**7*

| aminergic transmitter systems || histaminergic neuron |

PRESYNAPTIC NEURONS

L-Histidine

P4 pact  campt

POSTSYNAPTIC NEURONS

Figure 5. Neuronal HsR auto and heteroreceptor on histamine neurons and on co-localized neurons.*

ACh, acetylcholine; cAMP, cyclic adenosine monophosphate; DA, dopamine; DAG, diacety! glycerol; GABA, y-aminobutyric acid; HDC,
histidine decarboxylase; 5-HT, 5-hydroxytryptamine; IPs, inositol triphosphate; NE, norephedrine.

The existence of H3R/DiR as well as HsR/D2R heteromerization led to novel functional entities, which
are also involved in keeping a certain neurotransmitter balance (cf. Chapter 1.2.1).4* The

interneuron cross-talk seems to be an important factor in HsR signaling. The cross-linkage between
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the HsR and the major neurotransmitter systems, demonstrates the central role of the HsR in many
CNS-related disorders like PD, sleep-wake disorders and cognitive impairments, where most of these
processes include the activation of postsynaptically located HiR and HzR and their downstream
49,50,51

signaling.

The HsR influences different intracellular pathways (Figure 6).4%°2

Figure 6. HiR-associated Goy and GB/Y downstream signalling.?%>?

AC, adenylyl cyclase; CAMP, cyclic adenosine 3, 5-monophosphate; GIRK, G protein-coupled inwardly-rectifying potassium channel; MAPK,
mitogen-activated protein kinase; PI3K, phosphoinositide 3-kinase; PKA, protein kinase A; PLA:, phospholipase Az. Red line, inactivation;
green arrow, activation.

Most notably the HsR, through its coupling to Goie, on the one hand inhibits adenylyl cyclase (AC)
and Na'/H" exchanger activity and on the other hand activates phospholipase Az (PLA2). Inhibition
of AC by HsR decreases cyclic adenosine monophosphate (CAMP) formation. Thus, there is a
reduction of protein kinase A (PKA) activity, which is involved in gene expression, behaviour and
synaptic plasticity. The Na*/H" exchanger is essential for the restauration of intracellular physiological
pH after ischemia-induced acidosis.>® Stimulation of PLA,, enhances the release of arachidonic acid
and other metabolites that are substrates of other lipids (i.e. 4-hydroxynonenal) which induce
neuronal apoptosis and are associated with the progression of AD, PD or ischemia.

The GB/Y subunit activates the mitogen-activated protein kinase (MAPK) pathway, which influences

cellular growth, differentiation and survival as well as memory processes. The activation of other
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mechanisms such as the binding to activated receptors of 3-arrestins as well as the crosstalk with
growth factor receptors could also contribute to MAPK activation.>***

Also, phosphoinositide 3-kinase (PI13K) and G protein-coupled inwardly-rectifying potassium channel
(GIRK) are activated by the GB/Y subunit. Modulation of serine/threonine protein kinase and
glycogen synthase kinase-3 (Akt and GSK-3f respectively) through PI3K effects mainly neuronal
migration and protection against neuronal apoptosis, whereas activation of GIRK modulates

neurotransmitters release. Regulation of the intracellular calcium concentration appears to result

from the inhibitor action of GB/Y subunit or from Gai, subunit-mediated PKA inhibition.

1.2.1  HsR antagonists/inverse agonists

The design of Hs:R antagonists/inverse agonists, started at the beginning of the eighties.
Thioperamide was discovered in 1987, and later potent compounds such as ciproxifan, clobenpropit

and FUB-407 were synthetised (Figure 7).>">>*°

o

NH
Clobenpropit /N | \/\S N Ciproxifan
¢ H N~
y o (¢T)T°
H

hH3R pK; = 9.0 i hH,R pK; = 7.2

S
Thioperamide O)J\H/O Nj//\/\o/\)< FUB-407
|

%
al y

hH,R pK; = 7.3 hH,R pK; = 8.0

Iz

Figure 7. Imidazole-based HsR antagonists/inverse agonists.*®

The replacement of the imidazole moiety by other N-containing aromatic heterocycles led to the
discovery of potent non-imidazole HsR antagonists.”>"*® A variety of HsR antagonists/inverse
agonists entered clinical trials for the treatment mainly of centrally occurring diseases, such as
cognition, sleep-wake and neurodegenerative disorders 931490

Regarding PD, the histaminergic system may improve motor symptoms by influencing the
dopaminergic pathway.” Striatal H3Rs are co-localized postsynaptically with DiRs and DzRs in the

GABAergic neurons and form with both dopamine receptors heteromers.* > Notably, when the

antagonist/inverse agonist thioperamide was co-administration with the DR agonist SKF-38393 or
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the D2R agonist quinpirole an improvement of the locomotor activity in reserpinized mice was
obtained, showing the existence of antagonist HsR/D:R or H3R/D2R receptor interactions.*’ The use
of HsR antagonists as an adjuvant to dopamine receptor agonists in PD might then have a positive
impact on motor symptoms but the benefit of such a therapeutic approach remains to be
investigated.

Histaminergic modulation plays also an important role on sleep and wake disorders.®” In the sleep-
wake cycle, the activity of the histaminergic neurons is absent during paradoxical or rapid-eye-
movement (REM), increases during slow-wave or nonrapid-eye-movement (NREM) and has the
maximal frequency (<10 Hz) during the waking period.®"®? To explain the role of histamine in sleep
and wakefulness, Williams et al in 2014 demonstrated,®® by using an optogenetic approach, that
histamine indirectly inhibits the ventrolateral preoptic neurons (VLPO), through the activation of
GABAergic interneurons, which also reciprocally disinhibit histaminergic neurons to favor the wake
state.”” The inhibition of the Hs autoreceptors increases the concentration of the “waking amine” in
the synaptic cleft and promotes wakefulness via postsynaptically located histamine Hi receptors
(HiRs).

To date, pitolisant, the former BF2.649, is the only HsR antagonist/inverse agonist on the drug
market, approved by the European Medicines Agency (EMA) for the treatment of narcolepsy with
and without cataplexy. Pitolisant is also in late clinical trial stages for cognitive impairment associated
with schizophrenia as well as for the treatment of excessive daytime sleepiness (EDS) in PD patients,

(clinicaltrials.gov) (Figure 8).%°

pitolisant (BF2.649)
hHR pK; = 8.06

Figure 8. Chemical structures and HsR affinity of pitolisant (BF2.649).4°

Being the sleep behavior disorder one of the early non-motor symptom affecting PD patients
(frequency of about 30%, Table 1), the use of HsR inverse agonists/antagonists is a promising

therapeutic approach for fighting EDS accompanying movement disorders in PD.
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While the use of HsR ligands for wake promotion in PD still needs to be established, inhibitors at the
enzyme MAO B have been studied extensively and several drugs (i.e. rasagiline, safinamide) entered

the drug market as dopaminergic therapies for the treatment of motor symptoms in PD patients.

1.3 Monoaminoxidases

In 1928, Mary Bernheim discovered the enzyme tyramine oxidase, which was later renamed as
monoamine oxidase. After 40 years, the existence of MAO A and MAO B isoenzymes was
established.®*®°

Monoamine oxidases (MAQOs) are mitochondrial flavin-dependent enzymes present in human brain
and several tissues in different concentrations. MAO B is the predominant form in the human brain,

whereas in mice brain the ratio between the two isoforms is 1: 1 (Table 2).°

Table 2. Distribution of MAO A and MAO B in brain of different species.

Brain
Human Monkey Guinea pig Cat Rat Mouse
o MAO A 20 25 20 25 55 50
Distribution (%)
MAO B 80 75 80 75 45 50

In humans, MAO A is predominantly found in adrenergic, catecholaminergic and dopaminergic
neurons and metabolizes mainly serotonin, DA (Kn= 212+33 puM) and norepinephrine, whereas the
human MAO B is mainly expressed in serotonergic neurons as well as in glial cells and participates
in DA degradation (Km= 229+33 uM).2""°

Figure 9 shows the products of MAOs catalyzed oxidative deamination of DA, which is selected as
an example of monoamine neurotransmitters.”' After the binding of the amine to the active site of
the MAOs-FADox complex, the oxidized FAD cofactor is reduced and an enzyme-bound imine
complex is formed (Figure 9A).”” The FAD is then reoxidize by the action of the electron acceptor
oxygen and hydrogen peroxide is generated. After that, the MAOs-FADox-Imine complex
dissociates, liberating the imine. The hydrolysis of the imine, in a non-enzymatic process, yields the
aldehyde product, which can be further oxidized by aldehyde dehydrogenase (ALDH) into 3,4-
dihydroxyphenylacetil acid (DOPAC).>™ One of the by-products of MAO-catalysed reactions is
hydrogen peroxide, which may be involved in neurodegeneration, neuronal apoptosis and in the

reduction of neurogenesis and neuroplasticity.”
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Furthermore, hydrogen peroxide may be converted to the cytotoxic hydroxy! radical in the presence
of transition metal ions such as Fe?* and Cu* producing reactive hydroxyl radical.”” Therefore,
inhibition of MAOs became one of the possible key therapy to reduce oxidative stress and to set the

monoaminergic tone in diseases involving monoamine neurotransmitters.”%’""

MAOs-FADox + DA <——= MAOs- FADox DA

Imine MAOs FADred Imine
"0 O2 Fe2ticut 4Fe*/Cu?*
NH,~] 20H’

Aldehyde MAOs-FADox- Imlne

ALDH

DOPAC

+
HO NH, HO _NH; HO _0 HO 0
— > :@/\/ . —

OH
HO HO HO HO
DA Imine Aldehyde DOPAC

Figure 9. A, scheme for the overall oxidative deamination reactions of DA catalyzed by MAOs; B, reaction products
of DA oxidative deamination.

ALDH, aldehyde dehydrogenase; DA, dopamine; DOPAC, 3,4-dihydroxyphenylacetic acid; FAD, flavin adenine dinucleotide.

1.3.1  MAGO:s inhibitors

The discovery that some non-selective MAO inhibitors such as iproniazid and phenelzine could have
antidepressant effects raised the interest in this chemical class of compounds.” However, the
hydrazine-based MAO inhibitors caused several issues such as liver toxicity, haemorrhage and in
some cases death.”" Moreover, another side effect is the so-called “cheese reaction” occurring in
patients consuming fermented food and drinks rich in tyramine and sympathomimetic amines.
Studies of Finberg et al. clearly demonstrated that the selective irreversible inhibition of MAO A by
at least 80 %, is the consequence of the cheese reaction. The lack of MAO A-mediated metabolism
results in hypertensive crises caused by the release of NE, which promotes vessels to constrict and
consequently an increase in the blood pressure.”®”® To overcome this issue, selective reversible MAO
A (i.e. moclobemide) as well as selective reversible (i.e. safinamide) and irreversible MAO B (i.e.

selegiline and rasagiline) inhibitors have been developed (Figure 10). &
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The use of MAO-A inhibitors in PD has received little attention although also the enzyme MAO A
metabolizes DA. A major reason is the occurrence of hypertensives crisis when MAO A inhibitors act
with an irreversible mode. However, selective MAO A (i.e. moclobemide) and non-selective MAOs
(i.e. phenelzine) inhibitors are used mainly in the treatment of depression, due to the primary task

of human MAO A in serotonin metabolism. %

CH,

Moclobemide N/\/ H Safinamide
H F 0
(0]
o \O/\
selective reversible MAO A selective reversible MAO B
hMAO A IC5, = 568 uM hMAO B IC;, = 0.049 uM
CHg,
i = HN
Selegiline S N\// /\\\
H Rasagiline
CHj
selective irreversible MAO B selective irreversible MAO B
hMAO B ICsy= 0.037 uM hMAO B IC, = 0.014 uM
hMAO A ICs, = 29.6 UM hMAO B ICyy= 0.71 uM

Figure 10. Structure of selective MAO A and MAO B inhibitors.#'

In contrast, selective MAO B inhibitors are used for the treatment of PD since they play a key role in
the degradation of DA in the human brain by mainly inhibiting the oxidation of DA into DOPAC. The
latter species can then be transformed by catechol-O-methyltransferase (COMT) into homovanillic
acid (HVA), a reaction product also obtained, inside the dopaminergic neurons, by the action of
MAO B on 3-methoxytyramine (3-MT) (Figure 11).”°

Selegiline (L-Deprenyl) was the first synthesized selective irreversible inhibitor of MAO-B approved
for the treatment of PD.% After its discovery, several other potent MAO B reversible and irreversible
inhibitors have been developed.®” Rasagiline, which binds covalently to the enzyme MAQO B, was
approved in 2009 by the US Food and Drug Administration (FDA) as initial monotherapy in early PD
and it can be used as adjunct therapy to L-DOPA in moderate-to-advanced disease.® Additionally,
rasagiline showed neuroprotective activity in vitro and several in vivo studies using animal model of
ischemia,® 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)®* and 6-hydroxydopamine (6-
OHDA)-induced models of PD.% The inhibition of MAO B reduces the production of the by-product

hydrogen peroxide which can cause mitochondrial death and apoptosis.®”#
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Safinamide is the only approved reversible MAO B inhibitor by the U.S. FDA as an add-on therapy
to L-DOPA/carbidopa in mid-to late-stage PD patients experiencing “off” periods.

Besides the use of MAO B inhibitors for the treatment of PD, also AR and mainly A2aR antagonists
have received attention as non-dopaminergic PD therapy due mostly to the A2aR/D2R and AiR/DiR

heteromers formation.

Dopaminergic neuron

MAD B
inhibitors

Dopaminergic neuron

— inhibition

Figure 11. Role of MAO-B inhibitors on dopamine neurons.

COMT, catechol-O-methyltransferase; DA, dopamine; DAT, dopamine transporter; DOPAC, 3,4-dihydroxyphenylacetic acid; HVA,
homovanillic acid; MAO B, monoamine oxidase; 3-MT, 3-methoxytyramine.

14 Adenosine receptors

Distinct from aminergic G-coupled receptors, the ARs are a class of purinergic GPCRs with adenosine
as endogenous purine ligand.®*? Adenosine is produced primarily from the metabolism of
adenosine triphosphate (ATP).°" While adenosine kinase (ADK), adenosine deaminase (ADA) and S-
adenosyl homocysteine hydrolase (AHCY) are the enzymes responsible for the removal of cellular
adenosine, the enzymes ecto-5"-nucleotidase (5'-NT) and cytosolic 5'-nucleotidase (cN-I) are
involved in the formation of intracellular and extracellular adenosine (Figure 12).%%

The cloning and characterization of four different AR subtypes was described in 1990s.* The ARs

namely adenosine Ai, Aza, Azs and As receptors, belong to the GPCRs family and show either Gy -

(AiRs, AsRs) or Gs-coupling (A2aR, AzR) behaviour 8909
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Due to the different G-protein-couplings, the ARs have different effects on cAMP production. AR
and AsR inhibit AC and consequently the production of cAMP, whereas Aoa and Az adenosine
receptors promote cAMP production (Figure 12).%

ARs also possess a different affinity for adenosine.”® AsR and AR, are not activated under normal
conditions due to low affinity for adenosine (adenosine concentration in the range of 10° to 10> M),

while the AR and AzaR occupancy in the brain requires a lower adenosine concentration (in the

range of 107 M) and are activated by physiological extracellular levels of adenosine.

EXTRACELLULAR SPACE

ATP/ADP

ATP/ADP

1

5-AMP

HN

)
i
= éN N

AHCY

SAH

OH
Adenosine

l ADA

Inosine

HO OH

—1 inhibition

____» activation

Figure 12. Sources and metabolism of intracellular and extracellular adenosine and main molecular signal pathway
of AR;. 7'

AC, adenylyl cyclase; ADA, adenosine deaminase; ADK, adenosine kinase; ADP, adenosine diphosphate; AHCY, S-adenosyl homocysteine
hydrolase; 5'-AMP, the 5'-adenosine monophosphate; cAMP, cyclic adenosine monophosphate; ATP, adenosine triphosphate; CNTs,
concentrative nucleoside transporters; ENTs, equilibrative nucleoside transporters; 5'-NT, ecto-5"-nucleotidase; cN-I, 5'-nucleotidase; SAH,
S-adenosylhomocysteine.

Within the CNS, the AR and AxaR are highly expressed in neurons and glial cells such as astrocytes
and microglia.?"*® The ARs are present in the hippocampus, cerebellum, thalamus, striatum and the
cortex, while the A2xRs have a more restricted localisation and are mainly in the striatum #%97% |n
the periphery, AiRs are located primarily in the heart, whereas the AzaRs are mainly in the
vasculature.” The other two adenosine subtype receptors, AxRs and AsRs, are instead mostly
localized in peripheral tissue (gastrointestinal tract, bladder, lung and mast cells), although low levels
of these AR subtypes can also be found in cortical and subcortical brain regions as well as in glial

CeHS 104-107
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141 AR and AxR antagonists

After the discovery of the non-selective AR and A2aR antagonists caffeine and theophylline, different
studies have been performed to improve the affinity and selectivity through the adenosine
receptors.®

Regarding PD, the AzaR have been found to be key players in motor control due to their ability to
modulate the D2-like pathway.®'%® Within the striatum, the A,aR are mainly present post-
synaptically in the dendritic spine of the striatopallidal GABAergic neurons and in dopamine efferent
as well as pre-synaptically in glutaminergic synapses.'” The striatal GABAergic neurons express high
level of D;R. At the intramembrane level, antagonistic interactions between DR and AzaR occur. The
heteromers formation between the latter receptor subtypes influences the signaling mediated by
D2R, which is potentiated by AzaR antagonists.'®*'%" The different G-coupling of A24R (Gs) and
DR (Gi) may explain these different functional interactions as the AC, which influence cAMP and PKA

levels, is activated or inhibited, respectively (Figure 13).""'3

cAMP

Figure 13. Schematic representation of functional interactions in striatopallidal neurons of Ax4R (blue-violet) with DR
(blue), displaying antagonistic properties.'® 15

AC, adenylyl cyclase; cAMP, cyclic adenosine monophosphate; Gi-inhibitory G-proteins; Gs-stimulatory G-proteins; green arrow,
stimulation; red arrow, inhibition.

Selective AzaR antagonists showed beneficial effects in several rodents and non-human primates
model of PD, where the symptoms were induced by administration of MPTP in the basal ganglia or
by injection of 6-OHDA into the forebrain 41101 Notably, AaR antagonists counteract D2R-
mediated motor impairment in rodent and primate (i.e. catalepsy and hyperlocomotion) induced by
the dopamine receptor antagonist haloperidol or the monoamine-depleting agent reserpine."™
These results, showing normalization of motor function in animal models of DA dysregulation,

suggest a close interaction between AR and DR
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Approximately 35% of PD patients have a likelihood of developing dyskinesia after 3-5 years of
treatment with L-DOPA and more than 85% of patients can develop this motor symptoms after
treatment of 9 years. The induction of dyskinesia involves complex pathophysiological changes.”'
Compared to the normal state (cf. Figure 2, Chapter 1.1), chronic L-DOPA treatment results in an
overstimulation of DiRs and D:Rs, leading to a decreased GABAergic tone on the thalamus.”' A
higher amount of motor neuron signals reach the cerebral cortex, and involuntary, non-rhythmic
choreo-dystonic movements arise.

Also, as PD progresses, changes in glutaminergic receptors (including N-methyl-D-aspartate
(NMDA)) within the striatum as well as variations in the glutaminergic neurotransmitter systems are
in part responsible for the initiation of dyskinesia.”"'> Amantadine extended-release, acting as an
antagonist at the NMDA receptor, is the first medication approved by the US FDA for the treatment
of L-DOPA-induced dyskinesia (LID).

AxaR antagonists may be beneficial for reducing dyskinesia in long-term L-DOPA treatment and may
have neuroprotective effects. Different studies have shown their ability to attenuate MPTP and 6-
OHDA toxicity and minimize glutamate release-induced excitotoxicity. ™'

The efficiency of A,aR antagonists on LID was investigated in 6-OHDA-lesioned rats scoring
abnormal involuntary movements (AIMs) as well as in parkinsonian MPTP-treated primates.”“'? A;4R
antagonists did not cause dyskinesia when administrated alone in both rodents and primate. Also,
co-administration with an optimal dose of L-DOPA did not exacerbate the severity of AIMs induced
by L-DOPA.”*""%° The effect of sub-threshold dose of L-DOPA in combination with A2aR antagonists
was also evaluated. In both animal models of dyskinesia, findings showed that this combination
might be beneficial to improve motor activity with a concomitant reduction of the incidence of LID
in PD.?""010 However, discrepancies remain across studies on effectiveness treating LID by using
A4R antagonists."™®

Few A2aR antagonists (i.e. preladenant, istradefylline or tozadenant, Figure 14) are in clinical trials for
the treatment of motor symptoms in PD patients.®! Summarizing the main findings concerning
clinical trial studies, it has been found that A2aR antagonists have therapeutic potential in reducing
the wearing-off period observed in PD patients.'

So far, only istradefylline (KW-6002), received drug approval in Japan in 2013 for clinical uses as an

adjunct treatment with optimal doses of L-DOPA to reduce the “off time” in PD patients

experiencing motor fluctuations.”™ Instead, the US FDA has requested further clinical
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investigations due to controversial results obtained in clinical phase Il and Il on the effectiveness of
istradefylline on “wearing-off" phenomena in PD patients."”'

Preladenant was tested in several phases lll trials as a possible drug for patients with advanced
PD.B*"> This studies lasted until 2013 when the US FDA issued a non-approval letter due to the need
of other efficacy data. Recently, it has been reported that the co-administration of preladenant in
combination with eltoprazine, a serotonin agonist, might be a promising approach to treat
dyskinesia without worsening anti-parkinsonian effects of L-DOPA. 814

The AzaR antagonist tozadenant (SYN115) was also showing promising effects on off-period in PD
patients.®"? However, due to some side-effects such as the risk of inducing agranulocytosis, the

development of this drug was discontinued in 2017."%

H3CO N=—
HsC e \/\ LN /\/N

OCHj3; HoN
istradefylline, KW-6002 preladenant, SCH-420814
hA.R K;= 841 nM hA,R Ki > 1000 nM
hA,,R K;= 12 nM hA,,R K;= 0.9 nM

! OCHj3
hA,gR K; > 10.000 nM hA,gR K; > 1000 nM
hASR K; > 1000 nM N, NH oH hA,R K;> 1000 nM
SN
[Nj (0] CHj
(@]

tozadenant, SYN-115
hA,R K; > 1000 nM
hA,,R K;= 7.2 nM
hA,gR K; = 700 nM
hAR K; > 1000 nM

Figure 14. Selective A2xR antagonists.®13¢

Besides selective AzaR ligands, dual AiR/AzaR antagonists have entered clinical trials for the treatment
of PD (Figure 15).”"% Into the striatum, ARs are localised pre-synaptically on dopaminergic and
glutaminergic afferents, where they inhibit DA and glutamate release.”® The striatal glutaminergic
neurons express high levels of DiRs and the heteromerization of DiR with AR influences the signaling
mediated by DiR in the basal ganglia circuit. AiR agonists decrease the binding of DA to DR, and
reduce the DiR-induced cAMP production, while AR antagonists activate DiR increasing cAMP

level 3’
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Caffeine, which has low affinity at AR and AzaR, potentiates the anti-parkinsonian effect of L-DOPA.
In addition, ST1535 and the discontinued vipadenant (BIIBO14), also showing affinity at AR, have
been developed in phase | and phase Il clinical trials as antiparkinsonian drug, respectively.**!
However, since selective AR antagonists (i.e. DPCPX) do not show motor improvement in PD
models, "™ AzuR appears to be most extensively involved in the control of motor behavior but a

general contribution of AR inhibition on PD motor symptoms is still conceivable, even if distinct AR

contributions has to be further elucidated.

H
ST-1535 BIIO14 CH,
hA,R K, = 71.8 nM hA,R K, = 68 nM
hA, AR K; = 6.6nM o hA,,R K;= 13 nM

=

hAgR K; = 352.3 nM hAgR K; = 63 nM
hA;R K;> 1000 nM O A NYCH3 hA;R K;> 1000 nM
H,N

ASP-5854
hARK =9 nM
hAuR K;= 1.8 nM
hAgR K;n.d.
hA;R K;> 557 nM

Figure 15. Dual AiR/AzaR antagonists for the treatment of PD. n.d. not determined.'%®

Concerning non-motor symptoms affecting PD patients, it has been recently reported that the
selective A>4R antagonist istradefylline improves day-time sleepiness in PD patients."™’

Moreover, it has been found in preclinical studies that the blockade of AiR may have positive effects
on cognitive functions, due to its localisation in brain areas such as the hippocampus and limbic
system."® % As an example, the monocyclic non-xanthine derivate ASP-5854 ,showing good affinity
in the nanomolar range for both Ajand Axa receptors, could promote mobility in several preclinical
models of PD (Figure 15).”"™* Additionally, ASP-5854 enhanced cognitive function through AR

antagonism in models of cognition obtained by blocking the cholinergic receptors with

scopolamine.*?™® Taken together, these results have suggested that antagonizing the AR and AxaR
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simultaneously might effectively improve motor symptoms, with concomitant improvements of

some non-motor complications such as cognitive and sleep impairments.

1.5 Development of MTLs with the H3R pharmacophore for the treatment of PD

HsR, MAO B and ARs are all targets for the treatment of PD and several clinical trials are ongoing to
develop new medications able to avoid side effects of L-DOPA therapy, mainly motor fluctuation
and LID, but also to treat non-motor symptoms that influence negatively the daily life of PD patients
(i.e. sleep-wake disorders, dementia, depression). Most of the described drugs in clinical trials show
high selectivity at a specific target, whereas a few (i.e. safinamide) treat PD symptoms by interacting
simultaneously with multiple targets.>™*"* In the last decades, a great effort has been brought to
design MTLs since they show several advantages compared to single target drugs. Some of the
advantages might be potential synergistic efficacy by simultaneous target modulation as well as
unified pharmacokinetic profile avoiding separate drug evaluation and drug regimen alignment prior
to co-application.™ """ Within the multi-targeting approach, numerous HsR ligands are described,
showing additional affinity to GPCRs, ion channels, transporters or even enzymes.'® 1%

Although ligands combining HsR affinity with enzyme modulation were already investigated, just a
handful of lead structures are described.”®® For example, Apelt et al. developed dual targeting
HsR/histamine methyltransferase (HMT) ligands, by the structural combination of the HsR
pharmacophore with the 4-aminoquinoline group as a key element for HMT inhibition (Figure 16,
MTLT and MTL2).""> Other potent MTLs show HsR antagonism along with acetylcholin- and
butyrylcholinesterase (AChE/BuChE) inhibition, probably of interest for the treatment of AD. 0416617
Recently, contilisant combining affinity at HsR, MAOs and cholinesterase in vitro, demonstrated a
precognitive effect in mice."™® In contrast, different types of GPCRs such as DA, histamine and
melatonin-receptor subtypes showing Hs:R antagonism have received more attention for the
development of MTLs (Figure 16, MTL4 and MTL5)."* However, MTLs able to modulate HsR and to
antagonize AR and AzaR have never been designated for the treatment of PD. Therefore, the
combination of histamine on the one hand with MAO B and, on the other hand, with A1and Aza
adenosine receptors is an innovative and potentially therapeutic approach for the treatment of PD
patients (Figure 17). In both combinations, the blockade of HsR by inverse agonists/antagonists
elevates neurotransmitters in the CNS and may improve cognition function and daytime sleepiness

in PD patients.*
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Figure 16. Structural and biological activities of some MTLs antagonizing HsR as well as enzymes or other
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The co-localization of MAO B with H3R, e.g. in the substantia nigra, a region predominantly affected

by the loss of dopaminergic neurons in PD patients, might allow a convenient approach improving

DA deficiency in PD therapy and neuroprotective activity.®""° Whereas, multi-targeting HsR ligands

with additional AR and AzaR binding properties might have therapeutic efficacy on motor symptoms

primarily through the blockage at AzaR, and also improve cognitive functions by antagonising

A1R 120,148

ENZYME
MAO B

GPCR
AR, AR

Figure 17. DTLs (HsR/MAO B) and MTLs (H3R/AR/A24R) with the H3R pharmacophore for the treatment of PD.®?
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The HsR antagonist pharmacophore is well accepted, and it contains an aliphatic heterocycle (as
replacement of the former imidazole) linked by an alkyl spacer to a central aromatic core (Figure
18)."”" These elements, belonging to the western part of the molecule, are essential for receptor
interactions through ionic (Asp114) and Tt-1t interactions (Tyr115 and Trp371). The eastern molecule
part allows a great diversity among HsR antagonists since the central core might be substituted by
a variety of moieties (i.e. polar, lipophilic, basic, acid and lipophilic elements).*

UCL2190, showing the described HsR pharmacophore, was used as reference compound for the

synthesis of both classes of ligands.™®

Polar group
Lipophilic moiety
2nd basic moiety
Acidic moiety

15t basic
moiety

UCL2190
hH3R K, = 1.6 nM

Figure 18. HsR antagonist/inverse agonist blueprint showed for reference structure UCL219 ([*l]iodoproxyfan
replacement studies)”? taken as lead structure for the synthesis of dual and multipotent targeting ligands.

To obtain the desired HsR/MAO B DTLs, the potent MAO B inhibitors, |, which may be considered
as the cyclic analogues of UCL2190, and I, were selected as reference ligands (Figure 19). These
indanones showed highly selective and reversible inhibition properties in nanomolar concentration
ranges for MAO B."° To expand the SAR on MAO B ligands-containing HsR pharmacophore, the
selective MAO B inhibitor rasagiline (described in chapter 1.3.1) was selected as reference compound
for the synthesis of irreversible DTLs.

Distinct from traditional xanthine-based AR antagonists such as caffeine or istradefylline, a central
tricyclic arylidenopyrimidine core motif was found to be a suitable pharmacophore for AiR/A2aR
antagonists, demonstrating nanomolar receptor affinity and functional efficacy.”*' In the last
decade, promising heterocyclyl substituted arylidenopyrimidine AiR/A2aR antagonists such as JNJ-
40255293 were developed,'”® showing therapeutic potential in multiple preclinical models of PD

(Flg ure 19) '120,148,174
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Thus, to synthetize HsR/AR/AaR MTLs, the cyclic amine propyloxy-linked phenyl HsR
pharmacophore was merged into the arylindenopyrimidine core of the dual AiR/A2aR antagonists

INJ-40255293.

Br
0]
1
MAO B ICsp= 3.0nM MAO B IC, = 9.2nM
MAO A IC5, =39 nM MAO A ICy, > 100 000 nM

INJ-40255293
hAR K =48 nM
hAuRK = 7.5nM

Figure 19. Reversible indanone inhibitors (I and Il) as well as AiR/A24R antagonist JNJ-40255293 as lead structures
for the synthesis of dual HsR/MAO B and multipotent HsR/AR/Ax4R ligands, respectively.

1.6 Objective

The aim of my thesis was the design and pharmacological characterization of novel hybrid receptor
ligands for the treatment of movement disorders with an enlarged therapeutic efficacy on
accompanying non-motor symptoms in PD.

At the beginning of my investigation, pitolisant was progressing in phase Ill for excessive daytime
sleepiness in PD patients.*® Safinamide, a reversible MAO B inhibitor, was approved as an add-on to
levodopa or in combination with other PD medications in mid- to late stage PD patients with motor
fluctuations.” Also, indanone derivatives (i.e. | and Il, Figure 19) were introduced as promising MAO
B inhibitors for the treatment of PD."7%17

Moreover, JNJ-40255293 was found to be an adenosine AiR/A2aR antagonist with efficacy in many
animal models of PD. #01

Recognizing CNS diseases, such as PD as highly complex and multifactorial dysregulations, forced
researchers to come up with more approaches for medicinal therapy.™®® Challenging the “one-drug
one-target” paradigm, showing mostly inadequate therapeutical efficacy, the development of MTLs

became prominent over the last decades.'®™" Due to the fact that multi-targeting drugs promise
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several improvements compared to highly selective drugs, great effort has been brought to the
design of such ligands for treatment of neurological diseases.'®

With its broad therapeutical potential, HsRs gained increasing interest in multi-targeting drug
design.’™ Since the HsR pharmacophore was already combined with other pharmacophore elements
for the treatment of neurodegenerative disease,'® the HsR receptor was chosen as one of the target
for the synthesis of two classes of MTLs.

To obtain the desired MTLs, high HsR affinity was introduced in compounds that were also potent
ligands at the enzyme MAO B or at the A and Axa adenosine receptors, keeping in mind drug-
likeness properties. Particularly, a pyrrolidino-/piperidino(alkyloxy)phenyl motif, which is a common
HsR antagonist/inverse agonist pharmacophore as presented by UCL2190,"” was chosen to be
introduced into (benzylidene)-indanones (i.e. | and Il) and rasagiine to develop reversible and
irreversible DTLs, respectively. Besides that, the HsR pharmacophore was also merged to the
arylindenopyrimidine core of the reference AiR/AzaR antagonist JNJ-40255293 to synthetize for the
first time H3R/AR/A2aR MTLs.

As proof-of-concept study, based on comprehensive in vitro receptor binding characterization, most
promising HsR/AiR/A2aR MTLs were chosen for initial in vivo examination in preclinical rodent PD

and sleep models.
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2 Standard reactions and chemical approaches

To improve selectivity, affinity and other important parameters for optimal drug-target interactions,
reference compounds (cf. Chapter 1.5), were modified or combined to generate molecules having
enhanced biological properties. The synthesis of the dual HsR/MAO B and the multipotent
HsR/AR/AzaR ligands is described separately in the chemical section as well as in results and
discussions. Some of the synthetized materials used for the synthesis of dual Hs3R/MAQO B ligands
has also been used for the synthesis of H3R/AR/A2aR antagonists. In this chapter, the most frequently
used reactions and the critical and challenging synthesis steps are reported. The synthesis of
HsR/MAO B indanone derivatives was performed in Madrid during a short termed scientific mission

(STSM) supported by the EU COST action CM1103.

2.1 Synthesis of H;R/MAO B inhibitors

211 1-(w-Chloroalkyl)piperidine or pyrrolidine precursors

The HsR pharmacophore for the synthesis of inverse agonist/antagonist ligands includes a basic N-
containing heterocycle connected by an alkyl linker to an aromatic core. The synthesis of this HsR
framework started with the alkylation of piperidine or pyrrolidine with 2-chloroethan-1-ol or 3-
chloropropan-1-ol (Scheme 1).°#"78"9 This synthesis step was carried out under basic conditions and
in the presence of potassium iodide, which generates a better leaving group in Finkelstein exchange
reaction.”® The products were purified by distillation and good yields were obtained (67%-78%).
Considering the boiling points of the reactants, piperidine or pyrrolidine were used in excess to
facilitate the separation of the products. Chlorination of the alcohols, P1-P3, with an excess of thionyl

chloride led to the chloride precursors P4-P6, which were obtained in quantitative yields.

OH | I * HCI
QNH N — QNMOH Ny ©

P1-P3 P4-P6
Pl:m=1,n=2 P4: m=1,n=2
P2: m=2,n=2 P5: m=2,n=2
P3:m=2,n=3 P6: m=2,n=3

Scheme 1. General procedure for the synthesis of precursor compounds P1-P6.

Reagents and conditions: (I) K2COs, Kl, acetone, reflux, 24-72 h; (Il) SOC, toluene, Nz, 0 °C—60 °C, 3h.
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212  1-(w-Phenoxyalkyl)piperidine or pyrrolidine derivatives

Compound P3 and the chlorides P4-P6 were the starting material for the synthesis of phenoxy-alkyl
derivatives. UCL2190 was obtained via a nucleophilic aromatic substitution of P3 and cyclopropy! 4-
fluorophenyl methanone in a one-pot procedure under basic conditions (Scheme 2, reaction step |,
yield= 62%).”""'

In an ether synthesis according to Williamson, the first series of DTLs (1a-€) was synthetized in good
yields (72%-85%) by attachment of the 1-(chloroalkyl)piperidine or pyrrolidine HsR structural
elements to the 5 or 6-position of hydroxy indanone derivatives (Scheme 2, reaction step II).
Additionally, the para-substituted benzaldehyde was prepared in the same manner by attaching P6
to 4-hydroxy-benzaldehyde (yield= 82%).

O/\/\OH g\N\M,CI . HCI O/\/\C' . HCl
P3 P6

P4-P6

O

0 0
6
OV Gl jon
O/\/\O m "o I
la-e

@

UCL2190 P7
1a: 6-position, m=1, n=2
1b: 6-position, m=2, n=3
1c: 5-position, m=1, n=2
1d: 5-position, m=2, n=2
le: 5-position, m=2,n=3

Scheme 2. Synthesis of UCL-2190, 1-indanone derivatives and P7.

Reagents and conditions: (I) a. NaH, acetonitrile, N2, r.t, 3h b. cyclopropyl 4-fluorophenyl methanone, reflux, 24h; (Il) 5- or 6-hydroxy-
indan-1-on, K2COs, KI, acetone, reflux, 15-24 h; (Ill) 4-hydroxybenzaldehyde, K2COs, K, acetone, reflux, 15 h.

2.1.3  2-Benzylidene-1-indanone derivatives

Several 2-benzylidene-1-indanone derivatives were synthesized with the aim to generate ligands
with dual activity towards both HiR and MAO B. These targets were obtained via aldol condensation

under basic conditions (Scheme 3)."¢?

Compounds 1b, 1d and 1e, having a piperidine as heterocycle,
were combined with benzaldehyde to give series 2a-c with good yield (80%-90%), whereas P7 was
connected with substituted indanone derivatives to give series 3a-f (yields > 80%). The final

products, showing low solubility in polar solvents, were re-crystallized in ethanol.
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2a-c 3a-f
2a: 5-position, n= 2 3a: 5/6-position, R=-H
2b: 6-position, n=3 3b: 6-position, R= -OCH,

2¢: S-position, n=3 3¢: 5-position, R= -OCH,

3d: 5-position, R=-F
3e: 6-position, R= -OCH,-Ph-4-Br
3f: 5-position, R=-OCH,-Ph-4-Br

Scheme 3. Synthetic route for the preparation of 2-benzylidene-1-indanone derivatives 2a-c and 3a-f.

Reagents and conditions: Compounds 2a-c: I) NaOH, ethanol, r.t, 10 min-3 h; compounds 3a-f: Il) corresponding indanone, NaOH,
ethanol, r.t, 10 min-3 h.

2.1.31 Structural analysis of 2-benzylidene-1-indanone derivatives: ESI-MS study and 2D 'H-
NMR.

From structural point of view, dual 2-benzylidene-1-indanone ligands are Michael acceptor systems.
As electrophilic compounds, Michael acceptors may be toxic due to their ability to form covalent
bonds with endogenous proteins, DNA of biological organisms and critical peptides such as
glutathione, which on the contrary act as nucleophiles.®*® Therefore, these compounds might have
a risk factor for in vivo studies, during the drug development process. To test if this class of
compounds may react with endogenous proteins, one of the synthetized benzylideneindanone
derivative, 3d (4 ug mL) was incubated over 3 days with an excess of acetylcysteine (20 mg mL™),
which was chosen to mimic the cysteine residue of glutathione in proteins. The reaction was
monitored by ESI-MS and the pH was adjusted to 7.2 using diluted sodium hydroxide solution (0.01
M). Only the molecular signal of 3d (IM+H]" signal at m/z= 380.2) was found, suggesting that
biochemical formation of adducts with proteins are unlikely for the 2-benzylidene-1-indanone

derivatives (Figure 20).

26



Acetylcysteine
Mr=163.19

Intensity [%]

10

Mr=379.48 :

MEsEssEEsEEEEEEEEREEE -

O]
e

H3C

Chemistry

}/—NH 0

OJ—-/(
S OH

(0] —\_\N
O

Mr=542.67

0

400

425 450

475

500

525

550

575 m/z

Figure 20. Suggested adduct formation and exemplified ESI-MS of a mixture of compound 3d and

acetylcysteine.

In addition, NOESY 2D 'H-NMR were performed for the best final compounds to evaluate the

stereochemistry of the double bound (Figure 21). Exemplified, the spectra of one HsR/MAO B ligand,

3f, is shown in figure 21. The E conformation is confirmed by the non-spatial proximity of the vinylic

hydrogen (phing-3H) and Ph'-CH. This finding is consistent with the configuration of reported

indanone aldol condensation products.

176,187,188
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Phy,-3,5H, Ph*-2,6H bhy 3H
Ph'-CH
Phipg7H J‘l
L iy AN

Phipg-3H *ﬁ? > g

f1 (ppm)

Ph'-CH ﬁy ‘& | [T

T T T T T T T T T T T T T T T T

T T
8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 3.0 2.5 20 1.5 1.0 0.5 0.0 -0.5

Phyy-3,5H, Ph’-2,6H
Phig-7H

40 35
f2 (ppm)

Figure 21. '"H-NMR (aromatic region) and 2D 'H-NMR (NOESY) spectra of compound 3f.

2.1.4  Synthesis of indenamine derivatives

The reductive amination (RA) of aldehydes or ketones is a convenient method to design different
types of amines. In the first reaction step, the nucleophilic attack of the amine to the carbonyl
compound generates the intermediate carbinolamine, which dehydrates to form an imine or an
iminium ion. The latter compounds are then reduced to the corresponding amine (Scheme 4).'%

When the reductive agent is added at the beginning of the reaction a direct RA occurs, whereas an
indirect/stepwise RA takes place when the reductive agent is introduced after the formation of the

imine (from primary amine and aldehyde or ketone) or iminium ion (from secondary amine and

aldehyde or ketone) followed by reduction in a separate step.'®
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R R' 4
+ H —=N—R* »—N—R*
R' RS R'" R} -H,0O R2 R2
/ / 2
=0 + H-N RO—N - —
R? R* HO R*| -H R'" R® R" R®
+H20 >:N+ >—‘N
R2 R4 RZ R4
carbinolamine imine (R%= -H) or
iminium ion

Scheme 4. Reaction mechanism of the reductive amination. R, R® = -H or alkyl; R?, R* = alkyl or aryl.

In our study, the RA was performed to convert the indanone ketone moiety of compound 1e to a
propargyl amine group, by using the mild (NaBH(OAc)s) as reductive agent. Sodium
triacetoxyborohydride was selected as reductive amination reagent because of its mild reducing
property, attributed to the steric and electron-withdrawing effects of the three acetoxy groups, which
stabilize the boron-hydrogen bonds.® In addition, this hydride reductive agent was used for the
reductive amination of the ketone function of 1-indanone for the synthesis of rasagiline.™’

At first, direct reductive aminations were carried out. A mixture of 1e and the amine (1-1.5 eq) was
stirred with 1.2 eq of NaBH(OAC)s; under a nitrogen atmosphere at room temperature. Different
solvents were used (THF, MeOH and DCE) and, in some reactions, acetic acid (1.5-3 eq) was added
to the reaction mixture. The results in scheme 5 show that the RA of the cyclic ketone was
unsuccessful, since no product was formed even after 3 days. The unreacted ketone was recovered
unchanged as determined by 'H-NMR analysis of the crude product.

The synthesis of rasagiline was achieved by direct RA of 1-indanone with propargylamine and
NaBH(OAC)s. Therefore, the presence in compound 1e of the basic piperidine(propyloxy) HsR
pharmacophore influences the reduction amination of the ketone moiety.

Indirect RA involving imine formation, followed by reduction with NaBH(OAc)s; was performed. To
shift the equilibrium towards the product, dehydrating agents such as molecular sieves, magnesium
sulfate or azeotropic removal of water (i.e. with a Dean Stark water separator) were used. The amine
reacted slowly with the carbonyl moiety to give the imine derivative (not isolated, determined by
ESI-MS). The latter derivative was treated with NaBH(OAC)s but after three days unreacted ketone

(compound 1e) was still present and no product was formed (Scheme 5).
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4

0 N/\
/@é Direct RA: | /@é N
+ H,N —_—
N Indirect RA: II O/\/\O

HN
oo
Sl
4

Eq. i Deh i Yiel
Entry reaction Eg. amine g a;etlc Solvent ehydrating eld 4
acid agent (%)
Direct RA (I)

1 1 0 THF n.c.

2 15 0 THF n.c.

3 15 15 THF n.c.

4 15 15 MeOH n.c.

5 15 3 MeOH n.c.

6 15 3 DCE n.c.

7 1 3 DCE n.c.

Indirect RA (I)

8 15 15 DCE molecular n.c.
sieves

9 15 15 THF molecular ..
sieves

10 0.5 15 MeOH molecular ..
sieves

1 15 15 MeOH molecular n.c.
sieves

13 15 15 MeOH magnesium n.c.
sulfate

14 15 15 Toluene Dean-Stark nc.

apparatus

n.c.. no conversion; RA: reductive amination

Scheme 5. Direct and indirect amination of compound 1e (1 eq.) under various reaction conditions with NaBH(OAC)s
(1.2 eq.) as reductive agent.

Reagents and conditions: direct RA: ) NaBH(OAc)3, acetic acid, corresponding solvent, No, r.t,, 3-72 h; indirect RA: Il) a. acetic acid,
corresponding solvent, Nz, r.t,, 24-72 h; b. NaBH(OA()s, corresponding solvent, N, r.t,, 5-24 h.

Substitution of NaBH(OAC)s with NaBH4 led to the synthesis of the corresponding alcohol derivative

as major reaction product (as determined by ESI-MS of the reaction mixture).
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Since product 4 was not synthetized by performing the direct/indirect reductive amination, a new
synthesis pathway was carried out.

The propargyl derivative ladostigil, was synthetized from the corresponding 6-hydroxy-1-amino-
indan.” Therefore, attempts to synthetize this key intermediate, showing, in our case, the phenol
moiety in 5-position, were performed (Scheme 6, black box).

At first, compound P9 was prepared by conversion of the 5-methoxy-1-indanone to the oxime (yield
= 57%, Scheme 6, reaction step IV) and subsequent reduction with 10% Pd/C (yield = 61%) or via
one-step reductive amination with the reductive agent NaCNBH; (yield = 67%, Scheme 6, reaction
step V).

Attempts to demethylate P9 either with AICIs or HBr/HOAC (reaction step | and Ill, respectively led
to its degradation (large number of unidentified compounds). Likewise, reductive amination, with
NaCNBH; of 5-hydroxy-1-indanone (P10) resulted in a compound lacking the amino-indan 'H-NMR

characteristics (Scheme 6, reaction step II).

NOH 0 0
H3CO H3CO HO
P8

P10

NH, NH,

v 1,10
> —

P9

Scheme 6. Synthesis route for the synthesis of 5-hydroxy-1-amino-indan.

Reagents and conditions: () AICls, toluene, reflux, 3 h; (Il) NaCNBHs, NH4OAc, ethanol, 130 °C, 3 min, MW; (lll) HBr/OHAc, 110 °C, 18 h;
(IV) NH,OH HCl, NaOAc, ethanol/water, reflux, 3h; (V) Pd/C (wt. 10 %), methanol, 50 °C, 18 h.

The instability of the 5-hydroxy-1-amino-indan, which might forms under heating the corresponding
quinone methide intermediate after elimination of the amine, might explain these unsuccessful
results.™ To overcome this issue, compound le bearing in 5-position a piperidine-propyloxy group
instead of a hydroxy moiety was used to synthesize the 1-amino-indan derivative P12. The carbonyl
group of compound 1e was converted to the corresponding amine (P12) either by conversion of 1e
to oxime (P11) and subsequent reduction (Scheme 7, reaction step Il and ) or via a one-step

reductive amination (Scheme 7, reaction step IV). Afterward, the primary amine of compound P12
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was transformed in the corresponding propargyl amine derivative, compound 4, by nucleophilic
substitution with propargyl bromide in DMF (47%).

The protection of the amine with an excess of di-tert-butyl decarbonate was performed to avoid
double-alkylation. However, the use of the unprotected amine was preferred due to more

convenient purification steps.
NOH

(0] 0]
o 0o - jon
HO O/\/\O O/\/\O
P10 le P11

HN
oo
Sl
4

Scheme 7. Synthesis of the propargyl amine derivatives 4.

Reagents and conditions: (1) 1-(3-chloropropyl)piperidine hydrochloride, K2COs, KI, acetone, reflux, 24 h; (Il) NH2OH HCl, NaOAc,
ethanol/water, reflux, 3h; (Ill) Pd/C (wt. 10 %), methanol, acetic acid, 50 °C, 18 h; (IV) NHsOAc, NaCNBHs, ethanol, 130 °C, 3 min, MW, (V)
propargyl bromide, K2COs, dimethylformamide, 30 °C, 4h.

The hydrogenation of the ketoxime P11 (step Ill) was successful when performed at 50 °C with a
catalytic amount of acetic acid (yield = 45%). Whereas, the reductive amination of compound 1e
(step IV) was performed by using NaCNBH3 as the reductive agent and NH4OAc as the ammonia
source.” The conversion of the reactant in the corresponding amine was not achieved either at
room temperature or at reflux, while compounds P12 was obtained in microwave heating (MW), by
using ethanol as a solvent (Table 3). Below 110 °C no significant conversion occurred, and the
reactant could be recovered. At 130 °C the amine was obtained after 3 minutes (47 % yield). Longer
reaction times (5, 10 minutes) gave a much lower yields (< 10 %, entry 5 and 6, Table 3), mainly due
to the formation of the dialkylated by-product, which was characterized in 'H-NMR and in ESI-MS

(not isolated).
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Table 3. Conventional and microwave heating for the synthesis of compound P12 by reductive amination of
compound 1e.

Entry reaction Tem;(yoecr)a ture Time YielS/O)P 2
Conventional thermal conditions
1 25 8-48 h n.c.
2 80 18-48 h <5
Microwave heating
3 110 3 min <5
4 130 3 min 47
5 130 5 min <10
6 130 10 min <10

n.c: no conversion

Since the reductive amination of the ketone moiety with NaCNBHs under microwave condition was
successful, step IV (reaction conditions: NaCNBHjs, ethanol, 130 °C, 3 min, MW) was performed also

by using propargyl amine as amino source but no conversion was achieved.

2.2 Synthesis of H3R/A1R/AzaR ligands
2.2.1  Synthesis of arylindenopyrimidine derivatives

The synthesis of arylindenopyrimidine derivatives was performed by following two reaction
pathways. For compounds 5-6, the H3R pharmacophore was introduced in the first synthesis step at
the 5 or 6-position of the corresponding hydroxy indanones, whereas for compounds 7-10, the HsR
pharmacophore was added either in 7 (as R’) or 8-position (as R% of the arylindenopyrimidine
scaffold and in 4'-position (as R*) of the phenyl group.

The synthesis of compounds 5 and 6 started with the alkylation of 5- or 6-hydroxy-1-indanone with
1-(3-chloropropyl)piperidine by Williamson ether reaction (Scheme 8). Same procedure described in
chapter 2.1.3 was used to convert, via aldol condensation, compounds 1b and le into the
corresponding 2-benzylidene-1-indanone derivatives, 2b-2¢, with yields higher than 80%. The latter
compounds were then treated with the free base guanidine, to obtain the corresponding
arylindenopyrimidine compounds, 5-6."<

Since unreacted reagent was still present after also three days, yields higher than 55% could have

not obtained.
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5
| N
HO--
=
6
(0]
P10, P13 5
+ ! iR N
B N O _
6
O\‘\/\/CI 1b, le
P6

Scheme 8. Synthesis of the arylindenopyrimidine compounds 5 (7-position) and 6 (8-position).

Reagents and conditions: (1) K2COs, KI, acetone, reflux, 24 h; (Il) benzaldehyde, NaOH, ethanol, r.t., 15 min; (Ill) guanidine hydrochloride,
NaOH, ethanol, Nz, reflux, 20 h.

The synthesis of compounds 7-10 started with the protection of 5- and 6-hydroxy-1-indanones with
the commercially available benzyl bromide to obtain compounds P14-P15 (Scheme 9)."** Aldol
condensation of the latter compounds or 71-indanone, with benzaldehyde or 4-
(benzyloxy)benzaldehyde was then performed to obtain the corresponding 2-benzylidene-1-
indanone derivatives, P16-19, in good vyields (80-90%)."® The obtained aldehydes reacted with
guanidine to form benzyl ether pyrimidine intermediates, which were used without further
purifications. The crude materials were dissolved in ethanol and treated with Pd/C under hydrogen
to cleave the benzyloxy group. The key intermediates P20-P23 were obtained with a yield ranging
from 72 and 85 %." Afterwards, Williamson ether reactions were performed between the phenol
derivatives and 1-(3-chloropropyl)piperidine (P6) or pyrrolidine (P24), to give after a short reaction
time (4h) compounds 7-10."° Although two more synthesis steps had to be performed compared
to the synthesis of derivatives 5 and 6, the purification of the crude products via column
chromatography gave the desired end products (7-10) in better yields (52%-55%) compared to
compounds 5-6 (< 45%).

34



P10 P13 P10, P13

P16 P17 P18 P19

p 1T 1] . 1
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7 8 9 10 P20-P23, 7-10

Scheme 9. Synthesis of the arylindenopyrimidine compounds 7-10.

P10:
P13:

P14:
P15:

P16:
P17:
P18:
P19:

P20:
P21:
P22:
P23:

N=-OH, M= -H
N=-H, M= -OH

N=-OBn, M= -H
N= -H, M= -OBn

R¥=-0Bn, N= M= -H
N=-OBn, R*= M= -H
R*= N=-OBn, M= -H
R*= N=-H, M= -OBn

R*=-OH, R’= R8%=-H
R’=-OH, R*=R®=-H
R*=R7= -OH, R8= -H
R¥=R’=-H, R®= -OH

7:R¥=Y! R7=RE=-H
8:R7= Y2 R¥=R8=-H
9:R¥=R’= Y RE=-H
10: R®= Y2, R¥=R7=-H

Chemistry

Reagents and conditions: (I) Benzyl bromide, K2COs, dimethylformamide, r.t., 15 h; (Il) Corresponding benzaldehyde, NaOH, ethanol, r.t.,
30 min; (I} Guanidine hydrochloride, NaOH, ethanol or methanol, Nz, reflux, 18-24 h; (IV) Pd/C (wt. 10 %), ethanol, Hz, r.t., 18 h; (V) 1-(3-
chloropropyl)piperidine (P6) or 1-(3-chloropropyl)pyrrolidine (P24), K2COs, dimethylformamide, Nz, 80 °C, 4 h; Bn= benzyl; Y'= 1-(3-

oxypropyl)piperidine ; Y2=1-(3-oxypropyl)pyrrolidine.

The synthesis of compound P21 was also performed by using a methoxy group instead of the benzyl

ether moiety as protective group for the hydroxy indanone (Scheme 10).

CH3COOH/HBr

P25 s

\%

P21

Scheme 10. Demethylation approach for 7-methoxy arylindenopyrimidine P25.

Reagents and conditions: (I) N2, DMF, reflux, 24h; (1) N2, ethanol, reflux, 24h; (lll) N2, toluene, reflux, 3h; (IV) Nz, reflux, 18h.
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Therefore, 6-methoxy-1-indanone was used as starting material for the synthesis of 6-methoxy-2-
benzylidene-1-indanone (cf. Chapter 2.1.3 for general procedure). The ring closure of the latter
compound with guanidine gave products P25 (Scheme 10)."*% Attempts to deprotect the methoxy
pyrimidine intermediate using aluminum chloride, lithium chloride as well as sodium ethoxide were
unsuccessful.*¥" However, a mixture of acetic and hydrobromidric acid was effective in removing
the methoxy group, but was not as efficient as the palladium-catalyzed hydrogenation of the benzy!
moiety (yield < 15%)."®

For the synthesis of compounds 5-10, working under nitrogen atmosphere was necessary to avoid
the oxidation of the methylene group in 5-position of the arylindenopyrimidine scaffold. When a
mixture of both compounds (non-oxidized and oxidized derivatives) was obtained, purification via
chromatography or crystallization failed due to the very similar physical properties of the

compounds. The presence of the oxidized form was confirmed by ESI-MS and by 'H-NMR.

2.2.2  Oxidation of the 5-position of the arylindenopyrimidine derivatives

Compounds 5-10, were oxidized to the corresponding ketones, 11-16, by passing air through the

solution (Scheme 11).'%°

11: R7=Y%, R¥= R®= -H
12: R®= Y, R¥=R7=-H
13: R¥=Y! R7=R8= -H
14: R7= Y2, R¥= R8= -H
15: R¥=R7=Y! R8=-H
16: R®= Y2, R¥=R7=-H

y

1 12 13 14 15 16
Scheme 11. Synthesis of HsR/AAR/A2»AR ligands via oxidation reaction.
Reagents and conditions: (I) NaOH, DMF, Oz, 80 °C, 2h. Y'= 1-(3-oxypropyl)piperidine ; Y?=1-(3-oxypropyl)pyrrolidine.
A carbanion-based (Scheme 12, A) or a radical (Scheme 12, B) mechanism may take place for the
oxidation of the methylene group in 5-position of the arylindenopyrimidine scaffold. The isolation

of the desired end products, 11-16, was achieved after purification with column chromatography

(yields ranging from 62 % to 79 %).
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-H,0
N=( 2
NH,
5-10
B
NaOH/DMF L.
2 NaO + OOH
COOH R*
~H

7 )
:8 O \N
N=(

NH,

5-10

Scheme 12. Mechanisms of action for the oxidation in DMF of compounds 5-10.

2.2.3  Structural analysis of compound 6 and its oxidized form

All final arylindenopyrimidine compounds were converted in the corresponding oxidized derivatives.
Compound 6 (Figure 22A) and its oxidized derivative 12 (Figure 22B) are compared in 'H-NMR
spectra as example for the classes of compounds. In both structures, the aliphatic protons of the H3R
fragment are high field shifted (low chemical shift). Also, the two protons (prop-17H-), having in the
vicinity the electronegative oxygen, were the less shielded and showed a triplet signal around 4 ppm
due to the coupling with the adjacent protons (prop-2"H.). If oxidation took place, a downfield shift
was observed for the signal of pyrimidine-NH, (AS = 1.24 ppm) and Aip-6,7,9H (AS < 0.14 ppm)
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probably because of the electron delocalization between the pyrimidine and the carbonyl group,

which lead to a magnetic deshielding of the protons.

Chemistry

Figure 22. 'H-NMR spectra of compound 6 (A) and its oxidized derivative 12 (B).

Conditions: [ds] DMSO, 300 MHz. Abbreviations: Aip, arylindenopyrimidine; Ph, phenyl; Prop, propane; Pip, piperidine.
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In addition, the characteristic singlet of the two protons in 5-position of the arylindenopyrimidine
scaffold (6) named aip-5H disappeared from the spectra of the oxidized compound 12 (no signal at

4.03 ppm).

2.2.4  Fluorescence properties of the synthetized arylindenopyrimidine derivatives

The use of fluorescent ligands for the detection and localization of the AH:R has already been
described. For example, the fluorescent chalcone ligands facilitate visualization of human hHsR on
hHsR-HEK cells."”® Bodilisant was also described as a bright green fluorescent hHsR ligand used for
the localization and detection of hH3R in hH3R overexpressing HEK-293 cells and native human brain
tissues.™

Therefore, compounds 5-16 were investigated as possible fluorescent elements for labelling the

histamine Hs and the adenosine Ay and Axa receptors to generate novel fluorescent pharmaceutical

tools.
3 5
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Figure 23. Absorbance spectra of final compounds 5-16.

Compd 100 pM, Buffer (12.5 mM MgClz, 100 mM NaCl, and 75 mM Tris/HCl, pH 7.4).

Fluorescence properties of the substituted arylindenopyrimidines may arise from the extended
conjugation prevalent in them. Except for compounds 11-14 and 16, the maximum excitation

wavelength was about 350 nm for all the other synthetized ligands (Figure 23).
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Compounds showing a methylene group in 5-position of the arylindenopyrimidine scaffold, 5-10,

have shown an emission peak at 400 nm (Figure 24A).

A 25000
20000
15000 >
5 —
[N
e — ]
10000 8
—O
5000 —10
0
350 400 450 500 550 600 650 700
wavelength [nm]
400
B
350
300
250
2 200 11
o
— 12
150 —13
100 — 1
—15
50 —_—6
0
350 400 450 500 550 600 650 700

wavelength [nm]

Figure 24. Emission spectra for non-oxidized (A) and oxidized (B) synthetized ligands.

Compd 100 pM; buffer (12.5 mM MgClz, 100 mM NaCl, and 75 mM Tris/HCl, pH 7.4); Aex = 316 nm.

The oxidation of these ligands led to the synthesis of derivatives having different emission spectra.
When the H:R pharmacophore was introduced in 7- or 4'-position of the oxidized scaffold

(compounds 11, 13 and 14) one emission peak at 400 nm was detected after excitation at 316 nm
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(Figure 24B). In contrast, the substitution of the H3R moiety in 8-position or in both 4'- and 7-position
of the oxidized arylindenopyrimidine moiety led to a bathochromic shift of the fluorescence
transition. Two emission peaks, one at 546 nm and one, less intensive, at 398 nm were obtained
(compounds 12,15 and 16) (Figure 248B).

The emission spectra obtained for the latter compounds confirmed the results reported for some 8-
substituted indenopyrimidine derivatives, whose fluorescence properties were used to gain insight
into the binding properties of these ligands with quadruplex and duplex DNAs %

In conclusion, most of the compounds showed fluorescence absorption and emission wavelengths
mainly between 300 and 500 nm, respectively. Although three of the oxidized compounds (12, 15,
16) showed fluorescence emission maxima higher than 500 nm and high Stokes shifts (for all
compounds Aem - Aabs = 200 nm), which is important for avoiding measurements artefacts (Figure 24

B), the fluorescence intensities were too low (< 400 relative fluorescence unit (RFU)) and fluorescence

visualization of the three targets may be difficult.
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3 Pharmacological assays

The initial characterization of the ligand’s biological activity started with the determination of its
affinity at the molecular targets. In the next step, some off-target activities were also investigated to
establish the selectivity profile. In our study, ligand-receptor binding experiments and substrate-
enzyme kinetic reactions were performed for GPCRs and MAQO enzymes, respectively.®”
Subsequently, in vivo testing of HsR/AR/AzR derivatives were performed.

The determination of the binding affinities at the different histamine and dopamine receptors was
carried out in our work group by Johannes Stephan Schwed, Stefanie Hagenow, Annika Frank and
Kathrin Grau. The evaluation of MAOs inhibition was performed by Stefanie Hagenow, whereas the
co-operation with Prof. Dr. Christa E. Muller and co-workers (Bonn University, Department of
Pharmaceutical Chemistry, Bonn, Germany) determined the binding affinities at the various
adenosine receptors. Regarding the in vivo testing, the antidyskinetic effect of the selected HsR
/AR/A24R substances was determined in cooperation with Dr. Gregory Porras and Dr. Elsa Pioli from
the working group of Prof. Erwan Bézard at the Bordeaux University, Department of
Neurodegenerative diseases, Bordeaux, France. Sleep-wake EEG studies were performed by Dr. Jan-

Scheng Lin and coworkers (Faculty of medicine, Neuroscience Research Center Lyon, France).

3.1 Invitro affinity

According to T. Kenakin, the affinity of a ligand is a measure of how tightly the test substance binds
to its biological target™ and, as stated in IUPAC, for pharmacological receptors it can be thought
of as the frequency with which the drug, when brought into the proximity of a receptor by diffusion,
will reside at a position of minimum free energy within the force field of that receptor %%

The test substance’s affinity at the receptors was evaluated by determination of the ICso and
calculation of the Kjvalues, whereas the inhibitory potency of the enzymes was established by 1Csg
determination. The ICso value is the concentration of test substance needed to displace 50% of
specifically bound labelled ligand or substrate and can be directly determined from the

concentration-response curve. Afterwards, the Cheng-Prusoff equation can be used to determine

dissociation binding constants for the test substances (Equation 1and 2).
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ICs ICs
K; = SN ¢) K; = d (2)
14+ 1+
K, K,

Equation 1and 2. CHENG-PRUSOFF equation for receptor (1) or enzyme (2).2%

ICso = half-maximal binding concentration of test unlabelled ligand or inhibitor; Ki = inhibitory constant of unlabelled ligand or inhibitor;
[L] and Ka describe the concentration and equilibrium binding constant of the labelled ligand; [S] and K describe the concentration and
Michaelis-Menten constant of the substrate.

Table 4 shows a summary of the test models used for displacement assays on different receptors for

compounds 1-16. Tritium labelled radioligands were used as reference ligands to be quantified by

liquid scintillation counting.

Table 4. Displacement assay systems used for affinity and selectivity determination at GPCRs.

cR(ferftFr)Zi; Cells Radioligand Reference compounds Reference
Histamine
hHR CHO [*H]Pyrilamine Chlorpheniramine 206
hH:R HEK-293 PHK;&??" Pitolisant 207-210
MHR * Goo g PH]Histamine INJ-7777120 2042072
+ GBy:2
Dopamine
hDiR HEK-293 [PH]SCH23390 Fluphenazin 212
hDsR HEK-293 [PH]SCH23390 Fluphenazin 212
hD2R CHO [*H]Spiperon Haloperidol 2B
hDsR CHO [PH]Spiperon Haloperidol 2B
Adenosine
hAR CHO [PHICCPA 2-Chloroadenosine 214
hA2AR CHO PHIMSX-2 5'-(N-Ethylcarboxamido)adenosine 21>
hAsR CHO [PH]PSB-11 (R)-N°-Phenylisopropyladenosine 216
hAZR CHO [FH]ZM-241385 8-Cyclopentyl-1,3-dipropylxanthine 21

Briefly, the cell membranes (i.e. Sf9, CHO-K1, HEK-293) expressing the respective human receptor
were isolated. Membrane preparations were incubated with a defined amount of radioligand and
an increasing concentration of the test substance. The resulting complex between the radioligand
and the receptor was separated by filtration and radioactivity was measured by scintillation

counting.”'#2
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For assaying potential monoamine oxidase MAO A and MAQO B inhibition, compounds of series 1
and 2 as well as derivatives 3a-3c were included in one pot-screening for both isoforms
predominantly using a continuous spectrophotometric method as described previously, whereas for
compounds 3d, 3e, 3f and 4 a discontinuous fluorimetric assay was used. The ICso curves were
determined in the discontinuous fluorimetric assay, which allows higher assay sensitivity as well as
time and costs savings.®’**

In both methods, the recombinant membrane-bound MAO A and MAO B were incubated with a
defined amount of substrate and an increasing concentration of the test substance. The MAO A and
MAO B catalytic activities were measured by using the MAO A/B mixed substrate kynuramine and
measuring the MAO-catalyzed formation of 4-hydroxyquinoline, which forms after MAO-catalyzed
amination and subsequent ring closure.

Using fluorescence spectrophotometry, the formation of 6-hydroxyquinoline (Aex=320 nm, Aem= 405
nm) can be readily measured in the presence of the test substance since the 1-indanone derivatives
do not emit measurable fluorescence under these assay conditions.

Using a continuous spectrometric method, enzyme activity was measured by spectrophotometrical

observation of 4-hydroxyquinoline (Aem= 320 nm) formation over time.

3.2 In vivo activity

In vivo activity of compounds 6, 10 and 12 was evaluated in the 6-OHDA-lesioned rat model of LID.
Figure 25 shows the experimental design used for tested MTLs in 6-OHDA-lesionated rats model of

LID.

Animal Delivery Termination
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Figure 25. Experimental design for 6-OHDA-lesioned rat model of LID. Dose 1: 0.1 mg/kg; dose 2: 1 mg/kg; L-DOPA:
6 mg/kg; amantadine: 40 mg/kg; Tl: test item; N: number of experiments; wash-out period: 48 h.
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To produce neurodegeneration of midbrain dopaminergic neurons in the pars compacta of the
substantia nigra, rats received a unilateral 6-OHDA injection in the medial forebrain by stereotactic
delivery. Shortly, 6-OHDA is transported via the dopamine transporter inside the dopaminergic
neurons.??"*?* Degeneration starts with the development of reactive oxygen species causing mainly
reduction of total glutathione and impairment of complex | and IV of the electron transport chain,
leading to mitochondrial respiration inhibition and oxidative stress.*

The loss of DA neurons in the injection side produces an imbalance in DA activity in the two sides
of the brain causing asymmetry in motor behavior, that can be increased by DA agonists. Therefore,
to assess the extent of the lesion, the DA agonist apomorphine was administrated at two weeks
post-lesion and contralateral rotations (opposite to the lesion side) were measured.

Animals showing more than 6 full body turns/min contralateral to the lesion side were treated with
L-DOPA for other three weeks to have a stable level of abnormal involuntary movements (AIMs).
Rat AIMs were divided into four groups, based on stereotypic behavior: Axial AIMs (dystonic postures
or choreiform twisting of the neck and upper body towards the contralateral side), limb AIMs
(abnormal movements of the forelimb contralateral to the lesion), orolingual AIMs (jaw movements

and contralateral tongue protrusion) and locomotive AIMs (increased locomotion contraversive to

) 127,224,225

the lesion) (Figure 26

Figure 26. Rats showing the four sub-types AlMs.??® A: orolingual AIMs; B: limb AlMs; C: locomative AlMs; D: axial
AlIMs.

After that, L-DOPA alone or in combination either with the reference amantadine or selected

HsR/AR/Az4R ligands was administrated per injection (p.i.) over a period of 120 min.
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Sleep-wake studies in mice were performed with compound 12. Neocortical and hippocampal
electroencephalograms (EEGs), neck muscle activity [electromyogram (EMG)], and heart rate
[electrocardiogram (EKG)] were recorded. During the experiments the effect of compound 12 on
sleep—waking cycles, consisting of W (wakefulness), slow— wave sleep (SWS), and paradoxical [or

rapid eye movement (REM)] sleep (PS) were evaluated.®
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4 Design of dual targeting ligands at HsR/MAO B

In our study, HsR inverse agonists/antagonists and MAO B inhibitors were combined for the synthesis
of one of the first dual HsR/MAO B combination.
The well-established piperidine- or pyrrolidine(alkyloxy)phenyl HsR pharmacophore was attached to

already described (2-benzylidene-)indanone MAQO B inhibitor scaffolds at different positions (Figure

27).

6
Introduction of
lipophilic moiety

Figure 27. Development concept of dual HsR/MAQ B ligands.

Considering a set of 1-indanone compounds, where product | was one of the most potent reversible

MAO B inhibitors (chapter 1.5), the first series of HsR/MAO B DTLs was synthesized by attachment
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of the HsR motif to the 5- or 6-position of an indanone core structure. Variations in the alkyl chain
length between the aromatic core and the amine as well as in the size of the aliphatic heterocycle
(piperidino or pyrrolidino group) were performed to synthetize compounds 1a-e. The reductive
amination of compound 1e led also to the synthesis of derivative 4, bearing a propargylamine group
as the potent MAO B inhibitor rasagiline.

A second series of compounds was obtained by introduction of a lipophilic moiety, linking a
benzylidene fragment to the central 1-indanone core (2a-c). This pharmacophore was already
successful for several MAO B inhibitors, where the best and most MAO B selective compound was
I (chapter 1.5). Within this series (2a-c), the HsR pharmacophore was introduced either in 5- or 6-
position.

Additionally, a third class of compounds (3a-f) was received by connecting the H3R pharmacophore
to the benzylidene ring B at the 4’-position, while ring A was substituted in 5- and 6-position (Figure

27).

4.1 Pharmacological characterization of novel indanone derivatives

Recently, moderate MAO A and MAO B inhibition of the highly potent HsR antagonist ciproxifan
was discovered (MAQO B, ICso = 2.1 uM; MAO A, ICso = 11 pM).%’

The imidazole moiety may cause drawbacks; thus, the five-member ring was replaced with the N-
containing heterocycle piperidine, preserving the general accepted aminoalkyloxypropyl HsR
pharmacophore (UCL2190). The latter compound was synthetized in our laboratory and comparing
its biological activity to that of ciproxifan, UCL2190 showed 30-fold higher hHsR affinity (Ki= 11 nM),
and a better selectivity profile (MAQO B, ICs0=3.9 uM; no activity at MAO A (ICso > 50 uM)). Therefore,
UCL2190 was used as lead structure for the synthesis of dual HsR/MAO B ligands.

Designed H3sR/MAO B DTLs were evaluated for in vitro binding affinities in radioligand depletion
studies as described previously by using hHsR.®®?" Additionally, the synthetized ligands were
included in one-point screenings for both isoforms to assess potential MAO a and MAO B inhibition.
These studies were performed using a continuous spectrophotometric method except for
compounds 3d-3f, where a discontinuous fluorimetric assay was used.

Within the first class of 1-indanone derivatives (1a-e) a great loss of hHsR affinity compared to
UCL2190 was found, most probably due to the lack of a lipophilic group in the eastern part of the
molecule. For these compounds only slight hHsR affinity was obtained, while compound 1e showed

highest affinity with a hH3R K value of 159 nM (Table 5).
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Table 5. HsR and MAQ B screening data for the synthesis of DTLs 1a-e.

(@]

avige
N. ,.O
Y
mn5

Ki [nM] % Inhibition at 10 pMP
Compound Pos. n m [95% Cl] [+SD]

hHsR® MAO A MAO B
6118 219 46.0

2 o : 1 [3129, 11963] [+11.9] [+12.9]
304 12.1 719

K : i ’ [122, 758] [£9.4] [+4.3]
345 37.2 247

e ° : 1 [103, 1148] [+£9.3] [£10.5]
205 238 34.6

d ° : 2 (81, 520] [+15.1] [+13.9]
159 8.5 345

fe ° : 2 [37, 678] [+2.9] [+£9.0]

2 H3R screening: [°H] N“Methylhistamine binding assay, Ki values for the hHsR are given as mean within the 95% confidence interval (Cl).
® MAO; inhibition was calculated as percentages related to control at a test concentration of 10 uM and given as mean + SD,
spectrophotometric MAQOs screening using kynuramine as substrate.

Variations of linker lengths (ethyl or propyl) and basic moieties (pyrrolidine or piperidine), or either
5- or 6-attachment seems to have a significant impact on hHsR affinity. A preference of a
piperidinepropyl linker compared to pyrrolidinoethyl linker could be seen for 5- and 6-substituted
1-indanones (1a vs. 1b and 1c vs. 1e, respectively). Also, 5-substituted derivatives showed better
affinity at the hHsR (1c vs. 1a and 1e vs. 1b) For both MAO isoforms most of these compounds
exhibited inhibition potency < 50% at 10 uM, while only for compound 1b moderately inhibition for
MAO B of 71.9 + 4.3% was found. Concerning MAO B inhibition, the substitution in 6-position might
be preferred, while the best compound 1b contains also a piperidinopropyl fragment.

Based on a literature report that 2-benzylidene-1-indanones are MAO B specific-inhibitors showing
ICso values lower than 0.1 uM, we decided to investigate these compounds for optimizing the hHsR
and MAO B combination (2a-c) (Table 6).'

Within this series two compounds showed improved hHsR affinity, while highest affinity could be
shown for 2¢ (hH3R Ki = 3.9 nM). All second series 2-benzylidene-1-indanones did not showed MAO
A inhibition at 10 uM, while MAO B inhibition was more promising compared to that of series one
(Ta-e) with 61.5 £ 9.7%, 68.2 + 12.9% and 81.1 + 4.5% for 2b, 2¢ and 2a, respectively. In case of 5-
substituted derivatives a propyl instead of ethyl linker led to more than 10-fold higher hHsR affinity,

while MAO B inhibition potency was decreased at the same time (2a vs. 20).
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Table 6. H3sR and MAO B screening data for the synthesis of DTLs 2a-c.

Ki [nM] % Inhibition at 10 uMP
Compound Pos. n [95% CI] [+SD]

hHsR® MAO A MAO B

696 19.0 81.1

2a > 2 302, 1605] [+7.3] [+4.5]

39 141 61.5

2b 6 3 (8.9, 169] [£12.5] [+£9.7]

39 8.9 68.2
2 >3 0.6, 26] [+2.2] [+12.9]

a H3R screening: [*H] N*Methylhistamine binding assay, Ki values for the hHsR are given as mean within the 95% confidence interval (Cl);
® MAOQ:s inhibition was calculated as percentages related to control at a test concentration of 10 uM and given as mean + SD,
spectrophotometric MAQOs screening using kynuramine as substrate.

Thus, as it could be previously shown, that substitution of the benzylidene moiety in the 4'- position
with lipophilic groups (e.g. halogens or alkyl chains) or basic/polar moieties (e.g. tertiary amines) is
tolerated by MAQO B, in the series three DTLs (3a-f) the HsR pharmacophore was attached in 4'-
position of the benzylidene (Table 7).'%

Derivatives 3a-f showed high nanomolar hHsR affinity (Ki = 2.1-33 nM), while highest affinity could
be obtained for compound 3a (Ki = 2.1 nM) and fluoro-substituted derivative 3d (Ki = 2.2 nM). For
MAO B these compounds showed inhibition capability > 60%, while highest, mostly complete
inhibition was found for the fluoro-substituted derivative (3d: 94 + 8.7%). In the studies of Nel et al.
substitution of the 5-position with a methoxy group revealed the most promising highly selective 2-
benzylidene-1-indanone MAQ B inhibitor (MAO B ICso = 9.2 nM, selectivity index (SI) > 10 000)." In
case of the synthetized DTLs, the methoxy-substituted derivatives (3b and 3c) showed about 10-fold
lower, but still acceptable hH3R affinity, while MAO B inhibition potency is slightly increased (3b: 67.6
+ 5.7%, 3¢: 71.2 + 1.5%) compared to non-substituted compound 3a (61.3 + 1.5%).

In case of already described MAQO inhibitors, introducing a 4-bromophenyl-methyloxy group at the
5- and 6-position of 1-indanones led potent, slightly MAO B preferring inhibition, while introduction
at 6-position revealed about 10-fold lower ICso values (MAO B 1Cso = 3.0 nM, SI =13) with
comparable preference to 5-substituted inhibitors. Same substitution pattern with our dual targeting

compounds resulted in potent MAO B inhibition (3d: 93.9%, 3e: 63.7 + 6.5%, 3f: 86.8 + 3.8%) at 10
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uM, 2 uM and 5pM for 3d, 3e and 3f, respectively, where 3d showed higher hHsR affinity

(Ki = 10 nM) within these three compounds.

Table 7. HsR and MAQ B screening data for the synthesis of DTLs 3a-f.

K [nM] % Inhibition at 10 uM®
Compound Pos. R [95% Cl] [+SD]

hHsR? MAO A MAO B
3a * [0.?1101 [fé.%] ﬂ‘;
3b ° “OCH [3.51,138] [15%.36] [i;i]
. i o [123,3891 [2%.55] [31‘.25]
3 ° * [0.2,28.1] [¢1621.5]C [32.'3]<
3e 6 -OCH,-Ph-4-Br [528” [igi]c [ fg;
3f 5 -OCH,-Ph-4-Br [1.56"529] [i‘;%]c [ fgg]

2 H3R screening: [*H] N*Methylhistamine binding assay, Ki values for the hHzR are given as mean within the 95% confidence interval (Cl);
® MAOs inhibition was calculated as percentages related to control at a test concentration of 10 uM and given as + SD,
spectrophotometric MAOs screening using kynuramine as substrate. < fluorimetric assay with a test concentration of 10, 2 and 5 pM for
3d, 3e and 3f, respectively; ph = phenyl.

Regarding MAQ inhibition, substitution of 6-position might result in more balanced MAO inhibition
profile as could be shown for methoxy- and 4-bromophenyl-methyloxy-substituted compounds (3b
vs. 3¢ and 3e vs. 3f, respectively). Thus, substitution of the 5-position should be favored in case of
synthesizing MAO selective dual targeting hHsR/MAO B ligands.

Compounds 3d, 3e and 3f, showing the highest inhibition at MAO B and K; values for hHsR in the
low nanomolar range, were further characterized in ICso studies for both isoforms (Table 8).

The 1Cso values were determined in the discontinuous fluorimetric assay, allowing higher assay

sensitivity as well as time and cost saving compared to the continuous spectrophotometric method.
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All three compounds showed ICsg values in low micromolar to nanomolar concentration ranges,
suggesting a general improvement of dual targeting properties compared to UCL2190 but not to

safinamide (Table 8).

Table 8. Compared ICsp values on MAOs (with and without preincubation) for compounds 3d, 3e, 3f and reference
compounds.

Ki [nM] . . ICso [NM]
[95% CIJ? Pre-incubation [195% CI]
Compounds 37°C e AO S
% > 2.2 9178 1931
> 0.6, 8.1 0 [4169, 20207) 926, 4025] 48
F 7 .0, ©. @ w
° 541
\j“ 30 1362, 807]
-, .
3e
) 0 32 5514 1455
@o i [13, 81] 0 [3567, 8522] [840, 2522] 37
0’0 ’ % @
° 232
EN 30 [70, 769]
) o
3f
( 6.5 >10 000 276
(- ' 0 [197, 385] ~36
o [1.5, 29] a)
T 0y s
Br
OMN 262
» 30 [185, 372]
(5)
ucizie ) o o
m 0 [1816, 8311] 12
P 3.5, 33] a) :
O 3)
53
>50 000
Safinamide 0 " 20, 141] 2940

CHy (4)

\@Ao 21
30 [13, 33]

(4)

2 H3R screening: [*H] N*Methylhistamine binding assay, Ki values for the hHzR are given as mean within the 95% confidence interval (Cl); ©
ICso values for MAOs, respectively, are given as mean within the 95% confidence interval (Cl) of n independent experiments each performed
at least in duplicates, fluorimetric ICso determination (test concentration 10 uM) using kynuramine as substrate; < Selectivity index (SI) = 1Cso
(MAO A)/ 1Cso (MAQ B); n = number of experiments.
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Both 4-bromophenylmethyloxy-substituted compounds showed best ICso values for MAO B (3e:
ICso = 1455 nM, 3f: ICso = 276 nM) within the series and the 5-substituted analogue 3f revealed much

higher preference (SI > 36) for the B isoform (Figure 28).
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Figure 28. Monoamine oxidase A and B incubation curves of compound 3f.

Data are given as mean (normalized to control) + standard deviation (SD) of one representative experiment. n= 2.

The side chain of Phe-208, in MAO A, may restrict the binding of larger inhibitors.”® In MAO B the
residue that corresponds to Phe-208 is lle-199. In contrast to Phe-208, the side chain of lle-199 may
rotate from the active side cavity, allowing for larger inhibitors to traverse both entrance and
substrate cavities."”® Some larger inhibitors are thus better accommodated in MAO-B than MAO-A
leading to specific inhibition of the MAO-B isoform. This analysis may explain the MAO-B specificities
of 2-benzylidiene-1-indanone derivatives.”®

MAO B inhibitors could be classified in reversible or reversible because of the different interactions
between the inhibitors and the enzyme. Therefore, to determine the mode and time dependency of
inhibition two setups were performed for compounds 3d, 3e and 3f At first, preincubation
experiments (30 min, 37 °C) were performed to elucidate the influence on the ICso values.
Interestingly, within the third series of compounds, only for derivative 3f the ICso value do not show
significant difference to non-preincubated ones (276 nM vs. 262 nM) (Table 8). In contrast, for
compounds 3d and 3e a 3.5-fold and 6.3-fold shift of ICso from 1931 nM to 541 nM and from 1455 nM
to 232 nM respectively, after 30 min incubation was shown, suggesting a slow reversible or tight
binding inhibition mode within the test conditions. Tight binding inhibitors which do not form
covalent bonds with the active site can behave similar to typical covalent binding “suicide inhibitors”
like L-Deprenyl in reversibility studies. /n vivo they might have a safer pharmacological profile with

longer duration times than reversible inhibitors, but lacking the suicide inactivation of MAQs. 82168228
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The second experiment was performed by adding excess of substrate after incubation of the enzyme
with the inhibitors for 0, 30 and 60 min (Figure 29).

Under these conditions, all three 2-benzylidene-1-indanone derivatives revealed a reversible mode
of inhibition, as no significant reduction of enzyme activity was seen after even 60 minutes of pre-
incubation.  Comparable  findings were obtained from  structural related  (E)-3-

heteroarylidenechroman-4-ones and (£)-3-benzylidenechroman-4-ones, confirming the obtained

results.???
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Figure 29. Reversibility of inhibition after preincubation of MAO B and inhibitors for O, 30 and 60 min, measured
under saturated substrate assay conditions.

Data are given as mean (normalized to each control) + standard deviation (SD) of at least two independent experiments, each performed
in duplicates (global fit). *p < 0.001 (ANOVA, multiple comparison).

However, as they do not inactivate the enzyme, reversible MAO inhibitors need higher target
affinities to compete with endogenous ligands.

In search for irreversible MAO B ligands, the close structural relationship of first series of Hs3R/MAO
B ligands (1a-e) with propargylamine derivatives such as rasagiline and ladostigil became clear. Thus,
compound 1e, showing best hHsR K; value in the nanomolar range, was merged with the rasagiline
pharmacophore to develop one propargylamine HsR/MAO B ligand. Compared to the 1-indanone
derivative,1e, the hHsR affinity considerably improved (Table 9). The K;value in the low nanomolar
concentration range was obtained probably due to the presence of a second basic moiety in the
eastern part of the molecule. In addition, inhibitory potency at MAO B was also enhanced from 34.5

+ 0.9 % (le) to 92 + 1.2 % (4) without effecting the binding properties toward MAO A.
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Table 9. MAOs ICsq values for dual HsR /MAQ B ligand 4 and reference compound rasagiline.

Ki [nM] ICs0 [NM]
[95% Cl] [95% Cl] f
MAO SI
Compound (n)° 05
hHsR® MAO A MAQO B
‘ 1736
HN 7
[b N ; o . >1(£)OOO [647-4859] > 50
S o @
Rasagiline
710% 140
HN
@:5\ [£93] [+3.5] > 20
L-Deprenyl
CHs 29600%¢ 37de

©/VN/// [+3.9] [+0.0004] 800
CHs

2HaR screening: [*H] N*Methylhistamine binding assay, Ki values for the hH3R are given as mean within the 95% confidence interval (Cl);
b ICso values for MAO, respectively, are given as mean within the 95% confidence interval (Cl) of n independent experiments each
performed at least in duplicates, fluorimetric ICso determination (test concentration 10 uM) using kynuramine as substrate; < values
published in?%; 9 values published in %; ¢ ICso values for both isoforms is means + standard errors of means (s.e.m.); * selectivity index (SI)
= 1Cso MAO A/ 1ICso MAQO B.

As compound 4 showed high inhibition at MAO B (92 + 1.2 %: MAOs inhibition was calculated as
percentage related to control at a test concentration of 10 uM and given as mean + SD,
spectrophotometric MAOs screening using kynuramine as a substrate) 1Cso values for both MAO
isoforms were determined. The propargyl amine derivative showed moderate inhibitory potency for
MAO B as well as good selectivity profile over MAO A (SI > 58).

The irreversible mode of inhibition was confirmed by dilution experiments under saturated substrate
conditions (Figure 30). After 60 minutes a significant reduction of enzyme activity was seen. However,
compared to L-Deprenyl, a potent irreversible MAO B inhibitor, the binding rate to the enzyme
active sites of compound 4 was slower as the reference compound could significantly decrease the

enzyme activity after 0 min of preincubation.
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Figure 30. Irreversibility of inhibition after preincubation of MAO B and compound 4 for 0, 30 and 60 min,
measured under saturated substrate assay conditions.

Data are given as mean + standard deviation (SD) of two independent experiments, each performed in duplicates (global fit). *p < 0.001
(ANOVA, multiple comparison).

With the aim of developing CNS drugs, the ability of compounds to cross the blood-brain barrier
(BBB) is very important.**' To cross the BBB, molecules should meet the limiting terms of Lipinski's
rules. Lipinski's rule addresses the issue of pharmacokinetics by simplifying it drastically and reducing
it to two concepts only: absorption (better absorbed if small) and permeation (better membrane
crossing if not too hydrophilic). A poor absorption and permeation is to be expected for substances
having the calculated logarithm of the octanol-water partition coefficient, clogP, greater than 5, a
molecular weight higher than 500 and more than 5 hydrogen bond donors and 10 hydrogen
acceptors. In addition to the molecular properties discussed by Lipinski, the polar surface area, which
is defined as sum of surfaces of oxygens, nitrogens and attached hydrogens, were calculated in
regard to oral bioavailability.2*>%#

Moreover, to evaluate the quality of drug-target interactions, Kunz et al. introduced the simple but
often useful “ligand efficacy” (LE) to relate affinity to heavy atoms (HA). Another parameter is named
"ligand efficiency dependent lipophilicity” (LELP), which is determined dividing clogP for LE. For the
synthesized ligands, the logP values were calculated with the Marvin Sketch software and proposed
acceptable values for lead discovery are LE > 0.3 and -10 < LELP < +10.%’

BBB permeability properties as well as drug-like physiochemical parameters were calculated for best
2-benzylidene-1-ndanone compounds 3f, 3e, 3f and the propargyl amine derivative 4 (Table 10).
Regarding the reversible ligand 3d, possessing an electron-withdrawing element, satisfied Lipinski's
rules, except for clogP, and showed good LE values for both targets. Substitution of fluoride with the

more lipophilic benzylic group, allowed the synthesis of compounds 3e and 3f, which showed
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improved MAQO B affinity but at the cost of LE due to the higher molecular weight (higher than 500

'8 While these DTLs can be used as pharmacological tools, further lead optimization is

g/mol).
necessary to obtain candidates with promising drug-likeness for both targets simultaneously.

Promising results were obtained for the irreversible ligand 4, which does not violet Lipinski's rule, as
all calculated descriptors and properties were within the expected thresholds. In addition, the
combination of low molecular weight and good hHs;R and MAO B affinity, positively influenced the

values of LE for both targets, which were found in optimal range. Only the calculated LELP value for

MAO B was not as good as the one of rasagiline being slightly out of the optimal range (LELP > 10).

Table 10. Evaluation of Lipinski’s rules and metric parameters for best dual HsR/MAO B ligands.

Comp. Lipinski's rules HsR MAQO B
HB HB M clogP® | PSAP | LEC LELP® LEC LELP®
donors  acceptors  [g/mol] (A?)

3d 0 3 379.4 6.2 245 0.4 1.3 0.3 17.2

3e 0 4 546.5 7.1 242 |1 03 24.5 0.2 314

3f 0 4 546.5 /.1 24.2 0.3 224 0.3 279
UCL2190 0 3 287.1 3.8 253 | 05 7.2 0.4 10.6
Safinamide 1 3 302.3 2.1 52.5 0.5 4.49
4 1 3 312.2 4.8 235 1 05 93 0.3 13.9
Rasagiline 1 1 1711 2.5 12.4 0.8 3.1
L-Deprenyl 0 1 187.1 2.7 34 0.7 3.8

Rules <5 <10 <500 <5 <140 LE > 3; -10 < LELP < +10

2 Calculation with Marvin Sketch; ® Calculation with Molsoft; © AHsR: LE = pKi/HA (heavy atoms), ¢ MAO B: LE = plCso/HA; ¢ LELP =
clogP/LE; HB= hydrogen bond; M= molecular weight; PSA= polar surface area. Green (values in the optimal range), orange (values
slightly out of optimal range), red (values out of optimal range).

4.2 Conclusions — dual HsR/MAQ B ligands

The fact, that two targets, the HsR receptor on the one hand and MAQOs on the other hand, are
capable of modulating neurotransmitter levels in the CNS encouraged us to design dual-targeting
HsR/MAO ligands as possible approach for treatment of neurological diseases. Exemplified for PD
therapy, H3R/MAO B ligands might show some synergistic effects improving the dopamine
deficiency in the substantia nigra. Thus, the design of a novel class of dual targeting HsR/MAO B
ligands by combining pharmacophoric elements already described for both targets was performed.
The introduction of the piperidine- or pyrrolidine(alkyloxy)phenyl HsR pharmacophore to (2-

benzylidene)indanones led to the synthesis of three series of compounds. The introduction of the
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lipophilic benzylidene group led to the design of most promising 2-benzylidene-1-indanones. The
most potent compounds, 3d-3f, showing low nanomolar affinities at the hHsR (Ki = 2.2 — 32 nM) and
MAO B preferring inhibitory properties (ICso = 276 — 1931 nM), were obtained by attaching the HiR
pharmacophore to the eastern part of the 2-benzylidene-1-indanone, substituted either with the
electron-withdrawing halogen fluoride (3d) or a bulky, lipophilic element in 6- (3e) and 5-position
(3f), respectively.

This substitution pattern clearly influenced MAO isoform selectivity. The 5-substituted derivative 3f
was the most potent and selective MAO B inhibitor (SI > 36), while 5- and 6-substituted compounds
3d and 3e, provided more balanced profile (SI= 4.8 and 3.7, respectively). Reversible mode of
inhibition was shown for all three compounds, although compounds 3d and 3e may have a slow
reversible or tight inhibition mode due to shift of ICspvalues to nanomolar concentrations in 1Csg shift
experiments. For reversible MAO B inhibitors there is a higher necessity for affinity in nanomolar
concentration ranges, since they have to compete with the endogenous ligands.** Therefore,
regarding describing dual targeting HsR/MAO B ligands, showing moderate ICso values and low
selectivity over MAO A, except for 3e, this issue has to be address by further improving MAO B
inhibitory potency and selectivity over MAO A.

Interestingly, 2-benzylidene-1-indanones similar to our class three compounds, showed inhibitory
activity in vitro towards cholinesterase, suggesting a potential AChE/BuChE inhibition potency for
the synthetized dual targeting HsR/MAO ligands.™’ Finding some additional AChE/BuChE inhibition
properties, however, might be beneficial to design HsR/MAO B/AChE/BUChE MTLs, were several
HsR/AChE/BUChE MTLs are described and discussed especially for treatment of cognitive
impairments or AD, 163168187235

Searching for candidates with optimal drug-likeness for both targets, compound 3d showed more
promising parameters compared to those of derivatives 3e and 3f.

As proof-of-concept, the combination of the G-protein coupled receptor affinity and the enzyme
inhibitory potency led to the synthesis of HsR/MAO B DTLs showing a promising pharmacological
profile. However, lower molecular weight and less lipophilic ligands would improve physiochemical
properties and drug-likeness.

Considering the structural similarity between first class of 1-indanone derivatives and the irreversible
MAQO B rasagiline or the more recently discovered ladostigil, the synthesis of a new compound,
containing a propargylamine instead of a carbonyl moiety, was performed. A promising dual

HsR/MAO B ligand, compound 4, which displays hHsR affinity in the low nanomolar range (Ki = 2.5
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nM) and good selectivity profile for MAO B was synthetized. The propargylamine derivative had an
irreversible mode of inhibition due to a time-dependent reduction of MAO B activity. Since the
enzyme is deactivated, ICso values in the nanomolar range are not needed, overcoming one of the
main issues encountered for the design of 2-benzylidene-1-indanone DTLs. Compared to the MTL
ladostigil, DTL 4 increased the inhibitory potency at MAO B of almost two orders of magnitude
suggesting an improvement of MAO B inhibition when the HsR pharmacophore is introduced in 5-
position.

Comparing to the dual target HsR/MAO B UCL-2190 or recently discovered contilisant,’® the
synthetized compounds (1a-e, 2a-c, 3a-e and 4) show improved inhibition at MAO B with reversible
and irreversible binding, having comparable HsR affinity in the low nanomolar range. This study
provided a good starting point for the investigation of dual HsR/MAO B combination, with a possible
extension by other neurological targets, for further optimization and development of potent

multitarget drugs for the treatment of PD.
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5  Design of multiple target ligands at HsR/AiR/A2aR

For the synthesis of newly HisR/AiR/AzaR ligands, the general accepted aminoalkyloxypropyl HsR
pharmacophore (referred as Y in Figure 31) showed by the piperidine analog of ciproxifan UCL-2190
and from the synthetized (2-benzylidene)-1-indanone H3R/MAO B DTLs, was introduced into the
central tricyclic non-xanthine arylindenopyrimidine core, which was found to be a suitable
pharmacophore for AR/A:aR antagonists as presented in many heterocyclic substituted
arylindenopyrimidine such as JNJ-40255293.%' Both pharmacophores show similar structural
elements such as an N-containing heterocycle connected by an ether linker to an aromatic core
substituted with a lipophilic moiety. For that reason and for the fact that JNJ-40255293 act as an
AR/A2aR antagonist, other pharmacophores such as the one disclosed by the selective AzaR
antagonist xanthine derivative istradefylline (cf. Chapter 1.4.1, Figure 14) as well as the one showed
by bicyclic (i.e. ST-1535) and monocyclic (i.e. ASP-5859) non-xanthine derivatives (cf. Chapter 1.4.1,
Figure 15) were not selected.

Previous studies were addressing the role of the ketone functionality in 5-position of the
arylindenopyrimidine scaffold, showing that its reduction to the corresponding alcohol or its
replacement with an amino group (-NH-) as well as with an ethylene moiety (-CH.CH»-) decreases
the affinity at AzaR 100-fold." In contrast, reduction of the ketone to a methylene moiety led to the
development of potent 8-substituted AiR/A2aR antagonists, having K values for both receptors in
the low nanomolar concentration range. Based on these results twelve HisR/AiR/A2aR MTLs were
synthetized by introducing the HsR pharmacophore either in 7- (as R) and 8-position (as R®) of ring
A or in 4-position (as R*) of ring B (Figure 31) in both oxidized (11-16, X=-CO) and a non-

oxidized/reduced (5-10, X= -CH,) tricyclic arylindenopyrimidine moiety.

AR/ALR
HaR
—— |

RY

R! @
R® 7\
N# Yy=R",=R% = R¥,=R/R*
NH>
5-16

Figure 31. Development of substituted arylindenopyrimidine HsR/AiR/AzaR MTLs. m= 1, 2; X= -CH; (5-10), -CO (11-
16).

60



Results and Discussion

5.1 Pharmacological characterization of tricyclic HsR/A1R/AzaR ligands

The affinity of the new chemical entities at the corresponding GPCRs targets was evaluated with the
aid of radioligand binding assays using human HsR and recombinant ARs (Table 11).6821216236

In both oxidized (X= -CO) and non-oxidized/reduced (X= -CH;) compounds, substitution of the H3R
pharmacophore in 7- and 8-position of ring A (e.g. 5 vs. 6 and 14 vs. 16) as well as modifications of
the N-containing heterocycle (e.g. piperidine vs. pyrrolidine, 6 vs. 10 and 12 vs. 16) slightly influenced
the HsR affinity.

The oxidized derivatives decreased the Kjvalues at H3R compared to the non-oxidized/reduced ones
(e.g.12 vs. 6 and 14 vs. 8). Notably, subnanomolar K values for H3R could be obtained (0.3 < K; (nM)
< 0.6) only when the piperidine(propyloxy) HsR structural elements was introduced in 4'- and 7-
position of the arylindenopyrimidine core.

While the tricyclic adenosine scaffold was well tolerated by the HsR, the adenosine receptors were
more influenced by the 7/8- or 4'-substitutions of the HsR pharmacophore as well as by the ketone
moiety in 5-position of the arylindenopyrimidine core. The synthetized MTLs have shown K; values
at both Ai and Axa receptors in the low nanomolar concentration ranges (K < 48 nM) only when the
HsR pharmacophore was substituted in  8-position of the oxidized and non-oxidized
arylindenopyrimidine scaffold (cf. 6, 10, 12, 16), since its attachment in 7-position led to more than 10
or 100-fold decrease of ARs affinity for oxidized and non-oxidized MTLs, respectively (e.g. 16 vs. 14
and 6 vs. 5). These promising ARs ligands have shown AR/AxaR affinity, with a slightly preference
for the AzaR, but also additional affinity at the AzRs (Ki (A2aR)/Ki (AR) = 0.08-0.19), suggesting a
similar behavior as that of reference compound JNJ-40255293. So far, the AR was investigated as
potential therapeutic target for the treatment of chronic lung, vascular disease, renal disease, cancer
and diabetes. Therefore, the effect on PD treatment of additional affinity of some of the synthetized
compounds at AR remains to be evaluated.?*’

Notably, the carbonyl moiety is necessary for ARs binding when the HsR pharmacophore is
introduced in 7-position of ring A, since only oxidized ligands showed high affinities at ARs (e.g. 5
vs. 11 and 8 vs. 14).

The introduction of the HsR pharmacophore in 4'-position was less tolerated for not

oxidized/reduced MTLs (cf. 7, 9).
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Table 1. HsR and AiR/Az4R screening data (given as K; values of novel MTLs and reference compounds.

R*

hH:R? hARP AR hAxR®  hAsR®
Comp R R® RY X K ["M] Ki [nM]
X [95 % Cl] X + SD or (% inhibition, X + SD at T uM)
> v ; o [1551.1] [;;Of 2] [;;Oiog} [;101091] [3;12043
° - v o [1_471‘—?2} 1812 j .gsg ¢5 2-.14 f ?8
! i - v CH [0.1%?34] fiyﬂ, jgz [;;Of?)] [;ioioi]
8 v - R [1412-.2M] i812686 [Zg)oio (;] [;;OiO(S)] [3?2?%
? v i oo [0.856-3.4] [2>; Oi-o 2] J_r914610 [1>31 Oiog] [;3019 2]
10 a v Ho Ch [044;?255} iﬂii 55553 j 682 151%
n Y - =0 [13%16001 i 6777 14228 j 1?0 [1>21 Oiog]
12 - v =0 [15?1274] j 1(.)?7 j ?g) igi 2 15103
3 ; ; o0 [0.1%—20542] Eé j 5859 f 3517 [3>31 Oioi]
1 v ; =0 [143—169] 123 10% 181% ¢8 ?167
15 v - o0 [0.12—301.801 [Zjloio 2} f 0830 [?;Oio?] [;;Of g]
16 i v =0 [3402-;371 1122.63 i6ﬁ2.§3 j 7354 193
402':;_293 o Morph o H o -C=0 n.d. f 61596 Z 299 ?90‘2g j 3122
UCL2190 11 n.d. n.d. n.d. n.d.

Ki values are given as mean either within the 95% confidence interval (Cl), or with standard deviation (SD) for hH3R or hA:Rs, respectively;

Data were obtained in radioligand depletion studies (n>3) each performed at least in duplicates using °[PHIN*Methylhistamine,

b

PHICCPA, ¢ PHIMSX-2, ¢ [PH]PSB-603 and ¢ [PH]PSB-11 for HiR and AR, AzaR, AzsR, AsR, respectively; ¢ Values published in Atack at al.

2014, functional activity cCAMP assay, ECso; Morph, ethoxymorpholine; n.d. not determined.
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Surprisingly, the oxidized representative 15, having the HsR pharmacophore in both 4'- and 7-
position of ring B and A respectively, was the only synthetized ligand showing increased selectivity
over AzaR (Ki (A2aR)/Ki (AR) < 2), suggesting that other substitutions in 4'-position of ring B may be
a promising approach to improve the selectivity over AR subtypes.

Looking for promising MTLs, only compounds showing affinities in low nanomolar concentration for
HsR as well as for AiR/Az4aR, were chosen for further evaluations. Non-oxidized derivatives 5 and 8,
having high affinity for HsR but Kivalues for ARs higher than 1000 nM as well as the oxidized ligands
11 and 14 showing moderate in vitro affinities for all targets were not further investigated. Also,
compounds bearing the HsR pharmacophore in 4'-position of ring B were not selected as lead
structure for further evaluations, due to insufficient ARs affinity. However, the latter compounds,
showing excellent HsR affinities in the subnanomolar concentration range, may be used for
comparison with HsR/AR/A2aR MTLs.

Instead, the non-oxidized compounds 6 and 10, displaying Ki values for HsR and ARs in the low
nanomolar concentration range, and their oxidized forms (12 and 16, respectively), which also
showed comparable affinities at ARs with slightly decreased K; values for the HsR, showed the desired

multi-targeting properties (Figure 32).

pK;
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7.9 82 798179

[ pkAR
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6 10 12 16
X O 6 m=2,X=-CHy
10: m=1, X= -CH,
N7 "0"8 7N 12 m= 2. X= CO
m N= 16 m= 1. X= CO
NH,
6,10, 12, 16

Figure 32. AiR/AxR as well as HsR affinities of non-oxidized/reduced (compounds 6 and 10) and oxidized
(compounds 12 and 16) MTLs.

63



Results and Discussion

To investigate the selectivity profile of newly HsR/AiR/A2aR MTLs two compounds, belonging one to
non-oxidized and one to oxidized MTLs (derivatives 10 and 12, respectively), were selected to
evaluate off-target affinities (Table 12).

The affinities of the selected MTLs at HiR and H4R were determined because of the similar expression
pattern in the CNS of hHiR and hH3R and the high homology between the hH.R and hH3R.* MTLs
showed low affinity for HiR, differing two orders of magnitude compared to the Kjvalues of the HsR
binding, as well as high selectivity for HsR over HiR (Ki > 10000).

In vitro binding affinities at dopamine Dy, D2, D3 and Ds receptors as well as at MAO A and MAO B
were measured as they are potential targets of PD and therefore may influence the pharmacological
results of in in vivo experiments.®*#* The off-target binding data were obtained in radioligand
depletion studies for the histamine receptor subtypes and DRs. Concerning MAO A and MAO B, a
continuous  spectrophotometric method was used for the determination of ICso values or

percentages of inhibition.®’

Table 12. Off-target and selectivity profile of most promising HsR/AR/A2aR MTLs

O

7
N
NH, NH,
10 12
Comp Ki [nM]? ICso [NM]°
X [95 % Cl] % inhibition at 10 uM + SD
hHR hH4R hDiR hDsR hD2sR hDsR hMAO A hMAO B
10 >1000 >10 000 >1000 >1000 1246 290 >1000
[697-228] [272-309] 74+ 172 57+ 86
12 >1000 >10 000 >1000 >1000 1586 364
[304-266] [175-759] 16 + 3.6 50 + 176

Ki values are given as mean within the 95% confidence interval (Cl), whereas screening data are given as % inhibition mean + standard
deviation (SD); @ Off-target binding data were obtained in radioligand depletion studies (n=2-4) using [*H] Pyrilamine, [*H] Histamine,
[PH] SCH23390 and [*H] Spiperone for hHiR, hH4R, DiR/DsR and DasR/DsR, respectively. ® Spectrophotometric monoamine oxidase
inhibition assay using kynuramine as substrate and either seven to ten concentrations (between 107 M and 10 M) or 10 uM of test
ligand for ICso determinations or one-point screening, respectively.

Compounds 10 and 12 showed low affinity at DiR and D.R as well as at DsR (Ki (nM) > 1000). In
contrast, at DsRs both MTLs possessed moderate binding capabilities in one to two orders of
magnitude higher concentration ranges compared to the desired target receptors.

There is no doubt about involvement of mesolimbic D3Rs in PD motor symptomology, which are

significantly reduced by about 40% in PD patients.® Additionally, some prominent dopamine
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agonists, i.e. pramipexole, ropinirole or dopamine itself, show a clear DsR preference over D:Rs,
prompting a therapeutic relevance of DsRs. **' While presented MTLs showed only moderate D3R
binding compared to approved dopamine agonists, a Ds;R-mediated influence on in vivo activity
cannot be ruled out. In the most unfavorable case, as the designed MTLs show rather structural
overlap with D3R antagonists,***~2* their desired motor-improving capacities might be counteracted
via D3R blockade. Thus, design-out of any D3R binding is mandatory in the future, when designing
H3R/AR/Az4R MTLs using a arylindenopyrimidine core motif, #°

The evaluation of potential MAO A and MAO B inhibition was performed since some of the structural
related H3R/MAO B 2-benzylidene-1-indanone described in chapter 4.1 showed ICs values for MAO
B in the nanomolar concentration range. The inhibition of MAO B would add some beneficial effect
on the synthetized MTLs since the blockade of MAO B hinders DA degradation, increasing the DA
availability in the synaptic cleft. However, both compounds, at a concentration of 10 yM, showed
MAOs inhibition lower than 60 % in one-point screening. Also, the calculated ICso value for
compound 10 higher than 1000 nM confirmed weak inhibition of MAOs.

As the synthetized compounds were designed for a neurodegenerative disorder, physicochemical
properties were also calculated. Based on the values shown in table 13, compounds 10 und 12 do
not violate Lipinski's rule, as all calculated descriptors and properties were within the expected

threshold, suggesting a good absorption of the synthetized MTLs.****/

Table 13. Evaluation of Lipinski's rules and metric parameters for best HsR/AR/A2aR MTLs.

Comp. Lipinski's rules HsR AR AR
HB HB M . | PSA® . g . g . .
don. acc. [g/mol] clogP A LE LELP LE LELP LE LELP
10 2 4 386.5 4.4 521 04 n7s 0.4 1.4 04 n7
12 2 5 414.2 4.2 649 | 03 12.2 04 13 04 1.9
N 2 6 4021 33 728 04 87 03 97
40255293 ' ' ' ' ' ' '
UCL2190 0 3 2871 38 253 0.5 7.2
Rules <5 <10 <500 <5 <140 LE > 3-10; -10 < LELP < +10

2 Calculation with Marvin Sketch; ® Calculation with Molsoft; < LE = pKi/HA (heavy atoms); ¢ LELP = clogP/LE; HB= hydrogen bond;
M= molecular weight; PSA= polar surface area. Don: donator; acc.: acceptor; comp.: compound. Green (values in the optimal
range); orange (values slightly out of optimal range); red (values out of optimal range).

In addition, for early evaluation of drug-likeness of compounds 10 and 12, LE and LELP were
calculated for H3R, AR and AzaR. The moderate lipophilic MTLs showed favorable LE values (LE >

0.3) but at the cost of LELP, which values were slightly outside the limits.
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5.2 AxaR Docking studies

The synthetized MTLs showed best affinity in the low nanomolar concentration ranges for both
AR/A24R, with a slightly preference for the AzR. Since the AzaR is one of the best characterized
GPCRs, also showing a central role compared to the other ARs subtypes in PD treatment, the
interaction modes of 8-substituted arylindenopyrimidines with A2aR were investigated in molecular
modelling studies. Compound 6, being one of the most potent synthetized MTLs, was selected as
representative compound and docked into the crystal structure of the chimeric protein of A;aR-BRIL.
A comparison with the A2aR antagonist ZM-241385, having comparable affinity at AR (Ki hA2aR =
1.6 nM) with similar structural elements to the selected MTL was conducted (Figure 33).%24

The 3D and 2D images of binding presented in figure 33, showed that the central
arylindenopyrimidine ring, which is responsible for the A1R/A2aR antagonism, could constitute a good
alternative as central core, since compound 6 shares with the reference compound ZM241385
several interactions. Within both structure, the primary amine allows hydrogen bonds with the o-
amino acid Asn253 and interacts with Glu169. Also, the presence in both AzaR antagonist ligands of
an extended Tt -conjugated system, allows Tt- Tt interactions with Ph168. Both ligands demonstrated
a similar orientation in the binding pocket, where the phenyl moiety of compound 6 showed the
same aromatic interactions with Trp246 as the furan ring in ZM-241385 and the basic 1-(3-
oxypropyl)piperidine HsR pharmacophore occupied the same pocket as the phenol moiety of ZM-
241385.

As structural-related tricyclic non-xanthine derivatives substituted in 4" position of the
arylindenopyrimidine scaffold with a furan moiety caused mutations in DNA, the phenyl ring was not
replaced by a furyl group.”?'”

Overall, molecular docking studies confirmed in vitro affinities by demonstrating, that

arylindenopyrimidine-based ligands bearing the HsR pharmacophore in 8-position such as MTL 6,
fit the AzaR binding pocket.
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OH

NN

ZM-241385 6

Figure 33. 3D docking model (A) of compound 6 (colored in green, A) and ZM-241385 (colored in cyan, A) with
AxsR and 2D schematic diagram of the docking model (B) of compound 6. For the modelling studies, the structure
of AxaR co-crystallized with ZM-241385 (PDB ID: 4ElY) was used.

5.3 In vivo studies

Within the small series of oxidized and non-oxidized/reduced arylindenopyrimidine scaffold, some
of most potent H3R/AR/A2aR MTLs were chosen for initial in vivo examination in preclinical rodent
PD and sleep models due to their good in vitro affinities for all receptors and their potential to act
as CNS agents. Preclinical/clinical trials with compounds targeting the adenosine receptors, mainly
A24R, have been shown to affect the expression of LID.®™?% As co-administration of the AzaR
antagonists with L-DOPA potentiates the antiparkinsonian activity, the use of AzR allows the
reduction of the effective does of L-DOPA, and thus decreasing the incidence of LID in PD, although

not preventing the manifestation of dyskinesia.'s" %3
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In 2016, it was reported that the selective A2aR antagonist istradefylline, in combination with a sub-
threshold dose of L-DOPA attenuate LID without worsening PD disability score in MPTP-treated
macaque model of parkinsonian and dyskinetic motor symptoms."®

Interestingly, a recent study suggested that blocking both AR and AzaR may be beneficial for
reducing LID since in animal models of LID, the total AIMs observed for the AiR/A2aR antagonist
caffeine was notably improved compared to those of selected AzaR antagonists such as SCH-412348
and istradefylline. *#4*#% However, due to the small experimental studies, the efficacy of these
AR/A2aR antagonists has yet to be confirmed. Thus, to provide further data, a first preclinical

evaluation of most potent MTLs, 6, 10 and 12, on LID was performed (Figure 34).
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Figure 34. Time-course panels reporting the effect of best MTLs 10 (A), 12 (B), 6 (C) amantadine on either overall
axial/limb/orolingual (ALO) or axial AIM scores induced by L-DOPA (6 mg/kg). AIM scores are expressed as
individual data and median. Control (%), amantadine (o) 40 mg/kg, L-DOPA + 10 (k) 0.1 mg/kg, L-DOPA + 10 (+),
L-DOPA + 12 (A) 0.1 mg/kg, L-DOPA + 12 (¥) 1 mg/kg, L-DOPA + 6 (H) 0.1 mg/kg, L-DOPA + 6 (o) 1 mg/kg. All
groups were analyzed by Friedman test followed by Dunn’s multiple comparison test; *p < 0.05 and **p < 0.01 vs
control (0 mg/kg) (n=5).

With such aim, the 6-OHDA rat model of LID was chosen and abnormal involuntary movements

were evaluated. MPTP-treated mouse model has some advantages compared to 6-OHDA model
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(e.g. no need of type of skilled stereotaxic surgery, bilateral lesion). However, the MPTP model, due
mainly to poor lesion reproducibility, is often not chosen to study LID.2>"%%

In this animal model neurodegeneration of dopamine neurons in the nigrostriatal pathway though
injection of the toxin 6-OHDA was followed by administration of L-DOPA (6 mg/kg) once a day until
AIMs severity stabilization. The effect of each compounds at two doses (0.1 and 1 mg/kg) in the
presence of L-DOPA was evaluated on AlMs as previously described.®*

In figure 34, overall AIM scores for selected MTLs are shown. Compared to AIMs produced by L-
DOPA alone (control rats), co-administration of compound 10, seems to dose-dependently decrease
LID (Figure 34, A (ii)) whereas compounds 12 and 6, tend to decrease LID over the treatment period
only when administrated at 0.1 mg/kg (Figure 34, B (i) and C (ii)). However, significant decrease
between the tested compounds and the control (p< 0.05) were found only for derivative 10 in axial
AlMs at a dose of 1 mg/kg (Figure 34, A (ii)). The lack of significantly effects on the other AIMs sub-

types (orolingual and limb AIMs, Figure 35), might explain the non-significant statistical differences

in overall AIMs score compared to the reference compound amantadine (Figure 34, A (ii)).
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DOPA (6 mg/kg). AIM scores are expressed as individual data and median. All groups were analyzed by the Friedman
test followed by Dunn’s multiple comparison test (n= 5). Control (%), amantadine (e) 40 mg/kg, L-DOPA + 10 (k)
0.1 mg/kg, L-DOPA + 10 (4). All groups were analyzed by Friedman test followed by Dunn’s multiple comparison
test; *p < 0.05 and **p < 0.01 vs control (0 mg/kg) (n=5).

However, it is worth pointing out that the control for all the experiments tends to vary, and no
significant differences even for the positive control amantadine could be demonstrated.

Previous studies suggested also a possible role of DsR in the development of LID.#*%* As an
example, the D3R antagonist $33084 in MPTP-treated marmosets reduced LID without exacerbating
the L-DOPA action on motor PD symptoms.2>>+>® Although compounds 6, 10 and 12 have moderate
affinity at DsR (in the range from 435 nM to 495 nM) compared to potent D3R agonists such as

pramipexole, the tendency for these MTLs to reduce AIMs might be due also to D3R antagonism.
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Thus, due to the limited validity of the performed study and a possible D3R antagonism contribution,
the observed tendencies, suggesting a slight anti-dyskinetic effect of the tested H3R/AR/AaR MTLs,
should be confirmed by further studies.

In addition to the symptomatic motor symptoms, almost 30% of PD patients suffer from excessive
diurnal sleepiness even when the motor symptoms are well controlled.®’

Notably, the use of H3R antagonists/inverse agonists such as thioperamide, pitolisant, GSK-189254
and JNJ-520785, improved waking in a wide range of animal models and clinical trials.*®
Encouraged by these preclinic/clinical results, one of the most potent MTL, compound 12, showing

excellent affinity at H3R as well as at AiR/A2aR was tested on sleep-wake electroencephalogram (EEG)

studies in mice (Figure 36).
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Figure 36. Variation of the sleep-wake cycle following administration of compound 12 (white bar, 2 mg/kg, p.o.).
Histogram showing mean time (min) spent in each sleep-wake stage during 4h after compound administration. (*p
< 0.05 vs control (black bar); Dunnett's t-test after significant ANOVA; n=5).

The sleep-waking cycles, consisting of waking (W), slow-wave sleep (SWS), and paradoxical sleep
(PS), was observed. Compound 12 at a dose of 2 mg/kg, p.o., significantly promote waking duration
compared to control. The improvement of waking was accompanied by a significant reduction of
time spent in SWS and by a slightly insignificant decrease of PS.

Similar changes on sleep-wake cycles were observed for the reference compound JNJ-40255293.
Explicitly, the wake-promoting effect for the AiR/A2aR antagonist JNJ-40255293, administrated at
several doses (0.04 mg/kg, 0.16 mg/kg, 0.63 mg/kg, 2.5 mg/kg and 10 mg/kg, p.o.), was tested on
sleep-wake EEG in rats."*® While low-doses (0.04 mg/kg and 0.16 mg/kg, p.o.) had no significantly
effects compared to control, dose-dependently enhancing of the active waking was observed at

higher doses, where the minimal effective dose was 0.63 mg/kg."*®
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These results suggest that the additional modulation of AiR/Az4R by the synthetized MTL 12 positively
influence the observed waking obtained by HsR blockade. A major role for the promotion of
wakefulness is played by AzaR. Former studies on gene-manipulated mice have shown that the
waking effect of the unselected A1R/AzaR antagonist caffeine was present in AR knockout (KO) mice,

but not in AsxaR KO mice. 141147259

5.4 Conclusions — MTLs at HsR/Ai1R/A2aR

In search for new agents for PD therapy, multipotent molecules able to bind selected
pharmacological targets involved in the development of the disease were developed. Thus, going a
step forward of what has been previously described, new multipotent-arylindenopyrimidine
derivatives showing HsR as well as AiR/AxR affinities in the low nanomolar concentration ranges,
were described for the first time.

The successful introduction of the HsR pharmacophore into different positions of the AiR/AzaR
adenosine scaffold was confirmed by (sub)nanomolar affinity at the hHsR obtained for all synthetized
compounds, confirming a high variation tolerability in HsR ligands when maintaining the general
accepted blueprint.

Less tolerance was shown by the ARs. Compounds, bearing the HsR pharmacophore in 8-position
of the oxidized (derivatives 12 and 16) and non-oxidized/reduced (derivatives 6 and 10)
arylindenopyrimidine moiety, had the desired multi-targeting properties with affinities in low
nanomolar concentration ranges for AiR/AzaR receptors.

The off-target and selectivity profiles of two of the best 8-substituted arylindenopyrimidine MTLs
(compound 10 and 12), were evaluated. /n vitro affinities at related histamine receptor subtypes
showed low affinity at HiR as well as good to excellent selectivity for HsRs over homologous HaRs.
Negligible affinities were observed for Di/Dzs as well as for Ds receptors, whereas both MTLs
possessed D3R moderate binding capabilities in one to two orders of magnitude higher
concentration ranges compared to the desired target receptors. Due to their localization in the brain
and to their involvement in the regulation of motor symptoms affecting PD patients, DsR are
potential therapeutic targets of PD. Thus, further studies need to be done to clarify if the synthetized
MTLs act as agonists or antagonists at D3R.

Remaining the treatment of LID one of the most urgent demand to ameliorate the life of PD patients

and affecting selective A2aR antagonists the expression of LID, the effects of MTLs 6, 10 and 12 in LID
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was evaluated in 6-OHDA lesioned rats by scoring AIMs. Observed tendencies and significant
reductions in AIMs might point out a slight antiparkinsonian efficacy of HsR/ADs MTLs 6, 10 and 12.
The effect of compound 12, was also evaluated in sleep-wake cycles. The significantly improvement
of waking confirm the central role of HsR antagonists in sleep-wake regulation, with an extension to
the AiR/A2aR, which antagonism positively influence the improved-sleep capabilities of compound
12 as shown by the structural related AiR/A2aR antagonist JNJ-40255293. Although, in comparison
to JNJ-40255293, higher effective doses of MTL 12 are needed, since 1 mg/kg p.o. does not result in
significant wake-promoting effect. However, these studies prove oral bioavailability of compound
12, while for example pharmacokinetic properties (i.e. gastrointestinal absorption, blood-brain
penetration) should be evaluated as they might explain the differences in effective dosing compared
to JNJ-40255293.

Thus, design of HsR/AR/A2aR MTLs, herein described for the first time, may represent an interesting
approach for the treatment of motor disorders with accompanying non-motor symptoms such as

sleep disruption.
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6  Summary

Parkinson’s disease (PD) is among the most common neurodegenerative diseases and a major
health problem in the ageing society. PD patients suffer from distinct motor abnormalities,
exemplified by the cardinal symptoms such as tremor, bradykinesia, rigidity and postural changes.
Dopaminergic therapies including L-DOPA are highly effective during the early stages of the
treatment but after several years of medications motor fluctuations and dyskinesia start to appear.
Motor disorders are commonly associated with non-motor symptoms arising mainly from
neurodegeneration in non-dopaminergic systems. Among the most common are depression, sleep
behaviour disorders and dementia. Recognizing PD as a highly complex and multifactorial
dysregulation where both motor and non-motor symptoms need to be treated, forced researchers
to come up with new innovative therapy options such as the design of multi-targeting ligands (MTLs).
Within the multi-targeting approach, a great variety of MTLs are described, showing HsR antagonism
combined with other neurotransmitter-regulating targets, i.e. GPCRs, enzymes and ion channels. At
the beginning of my investigation just a handful of lead structures combining HsR affinity with
enzyme modulation were described and MTLs able to simultaneously antagonize the HsR as well as
the AR and A.aR were still not synthetized. Therefore, the design of H:R/MAO B DTLs and
HsR/AR/A2aR MTLs was performed as potentially innovative therapeutic approach for the treatment
of PD motor and non-motor symptoms.

Concerning dual HsR/MAO B ligands, the HsR pharmacophore was attached to indanone-related
MAO B moatifs, leading to the development of three series of Hs3R/MAQO B DTLs. Among synthesized
indanone DTLs, different 5- and 6-substitution patterns of the indanone moiety strongly influenced
MAO B inhibition, selectivity and time dependency of inhibition. Compounds bearing the 2-
benzylidene-1-indanone core structure showed MAQO B preferring inhibition capabilities along with
nanomolar hHsR affinities. Substitution of 5- and 6-position of the 2-benzylidene-1-indanones with
lipophilic substituents revealed three promising candidates exhibiting inhibitory potencies for MAO
B with ICso values ranging from 1931 nM to 276 nM and high affinities at hHsR (K < 50 nM).
Compound 3f (MAO B ICsp = 276 nM, hH3R K = 10 nM) showed highest preference for MAO B over
MAO A (SI > 36). Interestingly, ICso determinations after preincubation of enzyme and DTLs revealed
also nanomolar MAO B potency for 3f structural isomer 3e (MAO B ICso = 232 nM) and F-substituted

derivative 3d (MAO B ICso = 541 nM), suggesting time-dependent inhibition modes.
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In search for irreversible MAO B ligands, the close structural relationship of the first series of
HsR/MAO B ligands (1a-e) with propargylamine derivatives such as the anti-parkinson drug rasagiline
became clear. Notably, the reductive amination of the carbonyl moiety of compound 1e led to the
synthesis of derivative 4, which showed high affinity at hHsR in the low nanomolar concentration
range (Ki= 2.5 nM). Moderate inhibitory potency for MAO B was determined (ICso = 1736 nM), but
since it was found to act as an irreversible ligand, and to have a good selectivity profile over MAO
A (MAQOs SI > 50), the newly described DTL might be a good starting point for further optimization
especially regarding MAO B inhibition potency.

The general accepted aminoalkyloxypropyl HsR pharmacophore showed by the synthetized (2-
benzylidene)-1-indanone H3:R/MAO B DTLs, was introduced into an adenosine antagonist
arylindenopyrimidine core for the synthesis of HsR/AR/A2aR MTLs.

The successful introduction of the HsR pharmacophore into different positions of oxidized
(compounds 11-16) and non-oxidized/reduced (compounds 5-10) A:R/AxaR scaffold was confirmed
by (sub)nanomolar affinity at hHsR for all MTLs (0.28 nM < K; (hH3R) < 55 nM). Within this series of
compounds, those bearing the HsR pharmacophore in 8-position of the arylindenopyrimidine core
(MTLs 6, 10, 12, 16) showed the most promising multitargeting features with affinities in nanomolar
concentration ranges at the desired targets. These most promising ligands showed AiR/Az4R affinity,
with a slightly preference for the AxR, suggesting a similar behavior as reference compound JNJ-
40255293. With this innovative in vitro profile, two of the most potent compounds 10 (K (hH3R) =
11 nM, Ki (hAR) =12 nM, Ki (hA2aR) = 7.3 nM) and 12 (Ki (hH3R) = 52 nM, Ki (hAR) =11 nM, K
(hA2aR) = 4.0 nM) were chosen for in vivo testing, evaluating either their anti-dyskinetic or wake-
promoting efficiency in rodents. Slightly improvement of L-DOPA-induced dyskinesia was observed
in rats after co-administrations of 10 (1 mg kg™, i.p.) with L-DOPA (6 mg kg™). Furthermore, MTL 12
(2 mg kg™ was able to increase wakefulness in mice after oral application. However, in comparison
to JNJ-40255293, higher effective doses of 12 are needed, since 1 mg/kg p.o. does not result in
significant wake-promoting effect. However, these studies prove oral bioavailability of compound
12, while for example pharmacokinetic properties (i.e. gastrointestinal absorption, blood-brain
penetration) should be evaluated as they might explain the differences in effective dosing compared
to JNJ-40255293. As proof-of-concept, the combination of the HsR on the one hand with MAO B
and, on the other hand, with A; and Az receptors led to the synthesis of potent MTLs, showing a
promising pharmacological profile. Comparing to the dual target H:R/MAO B UCL-2190 or recently

discovered contilisant, the synthetized compounds (1a-e, 2a-c, 3a-e and 4) show improved inhibition
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at MAO B with reversible and irreversible binding, having comparable HsR affinity in the low
nanomolar range.

Although lead optimization needs to be performed for most promising HsR/MAQO B to improve
physiochemical properties and drug-likeness, this study provided an excellent starting point for the
investigation of dual HsR/MAO B combination, for further optimization and development of potent
multitarget drugs for the treatment of PD. Also, the most promising designed HsR/AR/A2aR MTLs,
herein described for the first time, showing affinities in the low nanomolar concentration ranges at
the desired targets as well as a favorable drug-likeness profile, may represent interesting compounds
for drug development, especially for the treatment of motor disorders with accompanying non-

motor symptoms such as sleep disruption in PD.
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7 Zusammenfassung

Die Parkinson-Krankheit gehort zu den haufigsten neurodegenerativen Erkrankungen und ist ein
schwerwiegendes Gesundheitsproblem in der alternden Gesellschaft. Parkinson-Patienten leiden an
ausgepragten motorischen Anomalien, wie zum Beispiel den Kardinalsymptomen Muskelzittern,
Verlangsamung der Bewegung (Bradykinese), Muskelstarrheit, sowie Haltungsveranderungen.
Dopaminerge Therapien, einschlieBlich L-DOPA sind in den frihen Stadien der Behandlung sehr
wirksam, aber nach mehreren Jahren der Medikation beginnen motorische Fluktuationen und
Dyskinesien zu erscheinen. Motorische Stérungen sind haufig mit nichtmotorischen Symptomen
verbunden, die hauptsachlich durch Neurodegeneration in nicht-dopaminergen Systemen
entstehen. Zu den haufigsten gehdren Depression, Schlafstérungen und Demenz. In Anerkennung
der Parkinson-Krankheit als hochkomplexe und multifaktorielle Dysregulation, bei der sowohl
motorische als auch nicht-motorische Symptome behandelt werden mussen, sind Forscher
gezwungen neue innovative Therapiemdglichkeiten wie der Einsatz von MTLs zu verfolgen.
Innerhalb des Multi-Targeting-Ansatzes wird eine groBe Vielzahl von MTLs beschrieben, die den
HsR-Antagonismus in Kombination mit anderen Neurotransmitter-regulierenden ,Targets”, d.h.
GPCRs, Enzymen und lonenkandlen, zeigen. Zu Beginn meiner Untersuchung wurde nur eine
Handvoll von Leitstrukturen beschrieben, die HsR-Affinitat mit Enzymmodulation kombinieren. MTLs
die gleichzeitig H3R antagonisieren kénnen, sowie AR und A2aR wurden noch nicht synthetisiert. Das
Design von H3;R/MAO B DTLs und HsR/ AR/A:aR MTLs wurde als potenziell innovativer
therapeutischer Ansatz zur Behandlung von motorischen und nichtmotorischen Parkinson-
Krankheit-Symptomen durchgefuhrt.

In Bezug auf duales HsR/MAO B Liganden wurde der HsR-Pharmakophor an Indanon-verwandte
MAQO B-Motive gebunden, was zur Entwicklung von drei Serien von HsR/MAO B-DTLs fuhrte. Unter
den synthetisierten Indanon-DTLs beeinflussen verschiedene 5- und 6-Substitutionsmuster der
Indanoneinheit stark die MAO B-Inhibierung, Selektivitdt und Zeitabhéngigkeit der Inhibierung.
Verbindungen, die die 2-Benzyliden-1-Indanon-Kernstruktur tragen zeigten, dass MAO B die
Inhibierungsfahigkeiten zusammen mit der nanomolaren hHsR-Affinitaten bevorzugt. Die
Substitution der 5- und 6-Position der 2-Benzyliden-1-indanone mit lipophilen Substituenten ergab
drei vielversprechende Kandidaten, die Inhibitionspotentiale fir MAO B mit 1Cso-Werten von 1931
nM bis 276 nM und hohen Affinitadten bei hHsR zeigten (Ki < 50 nM) ). Die Verbindung 3f (MAO B
ICso = 276 nM, hH3R Ki = 10 nM) zeigte die hochste Praferenz fur MAO B gegentiber MAO A (SI>
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36). Interessanterweise zeigten 1Cso-Bestimmungen nach Prainkubation von Enzym und DTLs auch
nanomolare MAO B-Potenz fur 3f-Strukturisomer 3e (MAO B ICso = 232 nM) und F-substituiertes
Derivat 3d (MAO B ICso = 541 nM), was auf zeitabhangige Inhibitionsmodi hindeutet.

Auf der Suche nach irreversiblen MAO B-Liganden wurde die enge strukturelle Verwandtschaft der
ersten Reihe von H:R/MAO B-Liganden (1a-e) mit Propargylaminderivaten wie dem Anti-Parkinson-
Praparat Rasagilin deutlich. Bemerkenswerterweise fuhrte die reduktive Aminierung der
Carbonyleinheit der Verbindung 1e zur Synthese des Derivats 4, das eine hohe Affinitat zu hHsR im
niedrigen nanomolaren Konzentrationsbereich zeigte (Ki = 2.5 nM). Moderate inhibitorische Potenz
fur MAO B wurde bestimmt (ICso = 1736 nM), da es sich aber als irreversibler Ligand erwies und ein
gutes Selektivitatsprofil gegendber MAO A (MAOs SI> 50) aufweist, kdnnte das neu beschriebene
DTL sein ein guter Ausgangspunkt fur weitere Optimierungen, insbesondere hinsichtlich der MAO
B-Inhibitionsstarke.

Der allgemein akzeptierte Aminoalkyloxypropyl-HsR-Pharmakophor, der sich durch die
synthetisierten (2-Benzyliden)-1-Indanon-HsR/MAO B-DTLs gezeigt hat, wurde in einen Adenosin-
Antagonisten-Aryllindenopyrimidin-Kern fur die Synthese von HsR/AiR/A2aR-MTLs eingefuhrt.

Die erfolgreiche Einfuhrung des HsR-Pharmakophors in verschiedene Positionen von oxidierten
(Verbindungen 11-16) und nicht oxidierten / reduzierten (Verbindungen 5-10) AiR/A>aR-GerUst wurde
durch (sub)nanomolare Affinitat fur alle MTLs bestatigt (0.28 nM < Ki (hH3R) < 55 nM). Innerhalb
dieser Reihe von Verbindungen zeigten diejenigen mit dem HsR-Pharmakophor in 8-Position des
Arylindenopyrimidin-Kerns (MTLs 6, 10, 12, 16) die vielversprechendsten Multitargeting-Merkmale
mit Affinitdten in nanomolaren Konzentrationsbereichen bei den gewunschten Zielen. Diese
vielversprechendsten Liganden zeigten eine AiR/A2aR-Affinitat, mit einer leichten Bevorzugung fur
das AzaR, was ein ahnliches Verhalten wie die Referenzverbindung JNJ-40255293 nahelegt. Mit
diesem innovativen In-Vitro-Profil wurden zwei der potentesten Verbindungen 10 (K (hH3R) = 11 nM,
Ki (hARR) = 12 nM, Ki (hA2aR) = 7.3 nM) und 12 (Ki (hH3R)= 52 nM, Ki (hAR) = 11 nM, Ki (hA2aR) = 4.0
nM) fir In-Vivo-Untersuchungen ausgewahlt, wobei entweder ihre anti-dyskinetische oder
weckfordernde Wirksamkeit bei Nagern bewertet wurde. Eine leichte Verbesserung der L-DOPA-
induzierten Dyskinesie wurde bei Ratten nach gleichzeitiger Verabreichung von 10 (1 mg kg™, i.p.)
mit L-DOPA (6 mg kg™) beobachtet. Dartber hinaus war MTL 12 (2 mg kg™) in der Lage, den
Wachheitsgrad bei Mausen nach oraler Applikation zu erhdhen. Obwohl im Vergleich zu JNJ-
40255293 hohere wirksame Dosen von 12 bendétigt werden, da 1 mg/kg p.o. nicht zu einem

signifikanten weckfordernden Effekt fuhrt. Diese Studien beweisen die orale Bioverfugbarkeit von
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Verbindung 12, wahrend beispielsweise pharmakokinetische Eigenschaften (d.h. Gastrointestinale
Absorption, Blut-Hirn-Penetration) untersucht werden sollten, da sie die Unterschiede in der
wirksamen Dosierung im Vergleich zu JNJ-40255293 erklaren kénnten.

Als Beweis fur das Konzept fuhrte die Kombination des HsR einerseits mit MAO B und andererseits
mit A und Axa-Rezeptoren zur Synthese von potenten MTLs, die ein vielversprechendes
pharmakologisches Profil aufweisen.

Im Vergleich zu dem DTL H:R/MAO B UCL-2190 oder kirzlich entdeckten Contilisant zeigen die
synthetisierten Verbindungen (1a-e, 2a-¢, 3a-e und 4) eine verbesserte Hemmung bei MAO B mit
reversibler und irreversibler Bindung, vergleichbar HsR-Affinitat im niedrigen nanomolaren Bereich.
Obwohl eine Optimierung des vielversprechenden HisR/MAQO B zur Verbesserung der physikalisch-
chemischen Eigenschaften und der Ahnlichkeit der Wirkstoffe durchgeftihrt werden muss, bot diese
Studie einen hervorragenden Ausgangspunkt fur die Untersuchung der dualen HsR/MAO B-
Kombination zur weiteren Optimierung und Entwicklung von potenten Multitarget-Wirkstoffen fur
die Behandlung der Parkinson-Krankheit. Auch die vielversprechendsten entworfenen HsR/AR/A2aR
MTLs, hierhin zum ersten Mal beschrieben, zeigen Affinitdten in den niedrigen nanomolaren
Konzentrationsbereichen bei den gewlnschten Zielen sowie ein gunstiges Drug-likeness profil
konnen interessante Verbindungen fur die Arzneimittelentwicklung darstellen, insbesonderes fur die
Behandlung von motorischen Stérungen mit begleitenden nichtmotorischen Symptomen wie

Schlafstérungen bei der Parkinson-Krankheit.
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8 Experimental section

8.1  Chemical experiments
8.1.1  General remarks

Reagents and solvents were commercially obtained from Sigma-Aldrich (Steinheim, Germany), VWR
Chemicals (Darmstadt, Germany), Fisher Scientific (Hampton, USA), Alfa Aesar (Haverhill, USA) and
Chemsolute (Renningen, Germany), Perkin Elmer Life and Analytical Sciences (Rodgau, Germany)
and were used without further purifications (unless stated otherwise). 'H-NMR and "C-NMR spectra
were recorded on a Bruker AMX spectrometer (Bruker, Germany) at 300 and 75 MHz respectively,
where CDCl; or DMSO-ds were used as a solvent. Tetramethylsilane was used as standard and
chemical shifts are reported in part per million (ppm). Spin multiplicities are given as s (singlet), d
(doublet), dd (doublet of doublets), t (triplet), g (quintet) or m (multiplet). Approximate coupling
constants (J) in Hertz (Hz). Number and assignment of protons (aip, arylindenopyrimidine; ax, axial;
bn, benzyl; cycloprop, cyclopropyl; eth, ethyl; eq, equatorial; ind, indanone; ph, phenyl; prop, propyl;
pip, piperidine; pyr, pyrrolidine). Elementary analyses (C, H, N) were measured on a CHN-Rapid
(Perkin-Elmer, Rodgau, Germany) and were within 0.4 % of the theoretical values for all final
compounds. Electrospray ionization mass spectrometry (ESI-MS) was performed on an amaZon
speed (Bruker, Rheinstetten, Germany) in positive polarity. Data are listed as mass number ((M+H"])
and relative intensity (%). High-resolution mass spectra (HRMS) were run in electrospray ionization
(ESI) mode. Melting points (m.p., uncorrected) were determined on a M-564 Buchi melting point
apparatus (Buchi, Essen, Germany). Preparative column chromatography was performed on silica
gel 60 M, 0.04-0.063 mm (Macherey-Nagel, Duren, Germany) and thin-layer chromatography (TLC)
was carried out using pre-coated silica gel 60 with fluorescence indicator at UV 254 nm (Macherey-
Nagel, Duren, Germany). The microwave oven used was a Biotage Initiator 2.0 (Biotagen, Uppsala,

Sweden). The purity determination was measured on an HPLC apparatus (Knauer, Berlin Germany).

8.1.2  General procedures
N-Alkylation (A)>"'"°

An amine, an alkyl halide, potassium carbonate and a catalytic amount of potassium iodide were
suspended and refluxed in absolute acetone for 24-72 h. The mixture was allowed to cool at room
temperature and the inorganic components were filtered off. The filtrate was concentrated to

dryness and the crude product was purified by distillation.
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Chlorination of alcohols (B)>"'"°

The respective alcohol was dissolved in toluene and the solution was cooled to 0 °C (ice bath). An
excess of thionyl chloride was added dropwise and, once the exothermic reaction had decayed, the
mixtures was heated to 60 °C. After 3 h, the solvent and thionyl chloride were distilled off and the

crude product was re-crystallized in ethanol.

Williamson ethers synthesis (C)"**'"®

A phenol, an alkyl halide, potassium carbonate or cesium carbonate and catalytic amounts of
potassium iodide were reflux for 4-24 h hours, depending on nature of halide and reactivity of the
phenol. After cooling the mixture to room temperature, inorganic salts were filtered off. The filtrate
was concentrated to dryness and resuspended in dichloromethane. The crude product was taken
up in methylene chloride and 2N NaOH solution. The organic phase was then washed with saturated
NaCl-solution (brine), dried over magnesium sulfate, and concentrated under vacuum. Crude
products were regularly purified with column chromatography on silica gel (methylene chloride:

ammoniacal methanol = 9.5: 0.5).

Aldol condensations (D)8

A water solution of sodium hydroxide was added at room temperature to an ethanolic solution of
the appropriately ketone and aldehyde. The formation of a precipitate occurred after different
reaction times (from 10 min to 3 h). The solid was filtered off and extracted with dichloromethane
and 2N NaOH solution. The crude material was dried over magnesium sulphate and concentrated
under vacuum. Column chromatography (methylene chloride: ammoniacal methanol = 9.5: 0.5) was

necessary to have pure compounds.

Catalytic hydrogenation of oximes and benzyl ethers (E)'#>%°

Oxime was hydrogenated in an autoclave (10 bar) at 50 °C, using Pd on carbon (10 wt. 10 %), whereas
the cleavage of the benzyl ethers group was performed in a batch reactor at room temperature
(hydrogen balloons were used). In both cases after 18 h stirring, the catalyst was removed by means

of a filtration aid (Celite pad) and the filtrate concentrated under reduced pressure.

Reductive amination of ketones (F)

Method A with NaBH(OAG);** "'

Under nitrogen atmosphere, a primary amine and a ketone were stirred at room temperature in
absolute solvent (THF, MeOH, DCE were used). After 2 h, triacetoxyborohydride was added and the

mixture was stirred for another 3-48 h. In case of indirect reductive amination, the
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triacetoxyborohydride was added after 24h and molecular sieves or magnesium sulfate were used
as dehydrating agents for the formation of the imine. In both cases, different amounts of catalyst

(acetic acid) and amine were used to optimize the reaction conditions.

Method B: with NaCNBH3"

Ammonium acetate and sodium cyanoborohydride were added to a solution of the appropriate
indanone in absolute ethanol in microwave vial. The mixture was stirred and heated at 130 °C for 2
min in a microwave reactor. The reaction mixture was concentrated to remove the solvent, treated
with 2N NaOH until pH > 10, and extracted with dichloromethane. The organic phase was dried over
magnesium sulfate, filtered, and concentrated under reduced pressure to give the crude product,
which was purified with column chromatography (methylene chloride: ammoniacal methanol = 9.7:

0.3).

Ring closure of a, B-unsaturated ketones (G)'?%'*

Under argon atmosphere, an ethanolic solution of guanidine hydrochloride was neutralized by
addition of sodium hydroxide. After 30 min, sodium chloride was filtered off, and the filtrate was
added to a suspension of the appropriate 2-benzylidene-1-indanone derivative in ethanol. The
reaction mixture was heated to reflux for 4-24 h. For the final compounds, the crude product was
purified by column chromatography (methylene chloride: ammoniacal methanol = 9.7: 0.3) and re-

crystallized from methanol or ethanol.

Debenzylation of ethers (H)'*®

Under inert atmosphere, the methoxy-pyrimidine derivative was refluxed in 48 % HBr and acetic
acid. After cooling the mixture at room temperature, the crude product was taken up in ethyl acetate
and sodium carbonate. The organic phase was then washed with saturated NaCl-solution and water,
dried over magnesium sulfate, and concentrated under vacuum. The crude product was used

without further purifications.

Oxidation of methylene groups (1)'20148

The non-oxidized arylindenopyrimidine derivatives were dissolved in DMF, and powder sodium
hydroxide was added. The resulting mixture was heated to 80 °C and air was bubbled through the
solution using a steel needle. After 4 h, the mixture was cooled to room temperature, and the crude
product was taken up in dichloromethane and sodium carbonate. The organic phase was then

washed several times with saturated NaCl-solution and water, dried over magnesium sulfate, and
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concentrated to vacuum. The obtained solid was purified by column chromatography (methylene

chloride: ammoniacal methanol = 9.5: 0.5) and washed one night in hexane.

Protection of alcohol function (L)'

5- or 6-hydroxy-1-indanone, benzyl bromide and potassium carbonate were dissolved in
dimethylformamide. After 15 h at room temperature, the mixture was filtered, and the filtrate was
diluted with ethyl acetate and washed with water and saturated solution of sodium chloride, dried

over sodium sulfate, and concentrate under vacuum. The resulting oil was crystallized in ethyl ether.

8.13  1-(w-Chloroalkyl)piperidine and pyrrolidine precursors
2-(Pyrrolidin-yl)ethan-1-ol (P1)>"'"

According to procedure A, pyrrolidine (20.0 g, 0.3 mol), 2-chloroethan-1-ol (18.7 g, 0.2 mol),
potassium carbonate (48.3 g, 0.4 mol) and potassium iodide (3.3 g, 0.02 mol) were stirred in 170 ml
of absolute acetone for 24 h at reflux. The resulting yellow oil (22.5 g, 78 % yield) was obtained after
distillation (20 mbar, 77 °C).

Chemical formula CeHisNO

Molecular weight 115.18 C\N\/\OH

'H-NMR &5 442 (brs, TH, OH), 3.39-3.21 (t, J = 5.6, 2H, eth-1H,), 2.51-

(DMSO-de) 2.36 (M, 4H, pyr-2,5H>), 1.72-1.61 (m, 4H, Pyr-3,4H>), 1.60-1.50
(quin, J = 6.5, 2H, eth-2H>)

BC-NMR & 59.5 (eth-10), 59.3 (eth-2C), 56.5 (pyr-2,5C), 23.6 (pyr-3,40)

(DMSO-d)

FS| MS calc 116.10

[M+H] found  116.04 (100)

2-(Piperidin-yl)ethan-1-ol (P2)*"'"

Piperidine (33.2 g, 0.4 mol), 2-chloroethan-1-ol (25.5 g, 0.3 mol), potassium carbonate (66.3 g, 0.5
mol) and potassium iodide (5.3 g, 0.03 mol) were stirred in 230 ml of acetone for 24 h at reflux.
Purification was carried out according to procedure A. The resulting yellow oil was obtained after
distillation (20 mbar, 85 °C).

Chemical formula C7/HsNO

Molecular weight 129.20 G\l\/\OH

'H-NMR 5 3.93 (s, TH, OH), 3.55-3.42 (t, J = 5.6, 2H, eth-1H>), 2.41-2.31

(DMSO-de) (m, 6H, pip-2,6H, eth-2H>), 1.54-1.39 (m, 4H, pip-3,5H2)1.36-
121 (m, ZH, pip_4/—/eq/ax)

BC-NMR 6 59.7 (eth-1C), 59.3 (eth-2C), 57.1 (pip-2,6C), 25.9 (pip-3,5C),

(DMSO-d) 22.5(pip-4C)
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ESIMS calc 130.12
(M+H7] found  130.10 (100)

57,179

3-(Piperidin-yl)propan-1-ol (P3)

According to procedure A, piperidine (50.0 g, 0.6 mol), 3-chloropropan-1-ol (46.3 g, 0.5 mol),
potassium carbonate (99.5 g, 0.7 mol) and potassium iodide (8.3 g, 0.05 mol) were suspended and
refluxed in absolute acetone (300 ml) for 48 h. The purification by distillation (20 mbar, 98 °C) of the
crude product resulted in a yellow oil (59.2 g, 67%).

Chemical formula CgHiNO

Molecular weight 143.23 O\‘\/\/OH
'H-NMR & 4.42 (s, H, OH), 3.44-3.23 (t, J = 5.9, 2H, prop-1H;), 3.38-
(DMSO-dte) 3.33 (M, 2H, pip-2,6Heg), 3.02-2.95 (M, 2H, prop-3H.), 2.82-2.78

(m, 2H, pip-2,6Ha), 1.88-1.64 (m, 7H, prop-2H-, pip-3,5Hz, pip-
4Heq), 1.43-130 (m, TH, pip-4Ha)

BC-NMR & 57.98 (prop-1C), 53.57 (prop-30), 51.95 (pip-2,6C), 26.38
(DMSO-ds) (prop-20), 22.27 (pip-3,50), 21.45 (pip-4C)

ESI MS calc 14413

M+H"] found 14412 (100)

1-(2-Chloroethyl)pyrrolidine hydrochloride (P4)"'"

According to procedure B, alcohol P1 (8.0 g, 0.07 mol), was suspended in toluene (100 ml). and
stirred with an excess of thionyl chloride (10.8 ml, 0.2 mol). The crude product was re-crystallized
from ethanol (white solid, 9.3 g, quantitative conversion).

Chemical formula CeHCIN - HCI

Molecular weight 170.08 C\N\/\CI - HCl

'H-NMR 510.89 (brs, TH, NH"), 3.56-3.48 (t, ) = 6.2, 2H, eth-1H>), 2.80-

(DMSO-d) 2.64 (M, 2H, pyr-2,5Heq), 2.67-2.51 (m, 2H, eth-2H.), 2.40-2.35
(m, 2H, pyr-2,5Ha), 2.06-1.79 (m, 4H, pyr-3,4H>)

BC-NMR 6 58.9 (eth-20), 57.7 (pyr-2,5C), 42.5 (eth-1C), 23.6 (pyr-3,4C)

(DMSO-db)

ESIMS calc 134.07

(M+H'] found 134.10 (100)

1-(2-Chloroethyl)piperidine hydrochloride (P5)>"'"

According to procedure B, alcohol P2 (9.8 g, 0.07 mol), was suspended in toluene (100 ml) and
stirred with an excess of thiony! chloride (10.8 ml, 0.2 mol). The crude product was re-crystallized
from ethanol (beige solid, 10.3 g, quantitative conversion).
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Chemical formula C7HuCIN - HCI

. [:::j * HCI
Molecular weight 184.1 N
'H-NMR 511.905 (brs, TH, NH), 4.16-3.95 (t, ) = 6.2, 2H, eth-1H>), 3.51-
(DMSO-de) 3.39 (m, 4H, pip-2,6H), 2.81-2.07 (m, 2H, eth-2H.), 1.91-1.63

(m, 5H, pip-3,5H:, pip-4Heq), 1.43-1.25 (m, TH, pip-4Hax)

BC-NMR 6 59.2 (eth-20), 56.3 (pip-2,60), 42.5 (eth-1C), 25.9 (pip-3,50),
(DMSO-de) 24.5 (pip-4C)
ESI MS calc 148.08
M+H] found  148.10 (100)

)57ﬂ79

1-(3- Chloropropyl)piperidine hydrochloride (P6

According to procedure B, alcohol P3 (11.4 g, 0.08 mol), was suspended in toluene (150 ml). and
stirred with an excess of thionyl chloride (11.6 ml, 0.2 mol). The crude product was re-crystallized
from ethanol (beige solid, 15.8 g, quantitative conversion).

Chemical formula CgH16CIN - HCI

Molecular weight 198.1 O\l\/\/CI * HCI
'H-NMR 510.96 (brs, 1H, NH"), 3.74 (t, ) = 6.4, 2H, prop-1H>), 3.44-3.36
(DMSO-dk) (m, 2H, pip-2,6Heg), 3.13-3.02 (m, 2H, prop-3H>), 2.93-2.75 (m,

2H, pip-2,6Hay), 2.30-2.15 (m, 2H, prop-2H2), 1.95-1.60 (m, SH,
DIP-3,5H, Pip-4Heg), 1.47-1.25 (M, TH, pip-4Ha)

BC-NMR & 53.56 (prop-30), 51.94 (pip-2,6C), 42.50 (prop-3C), 26.13
(BMSO-de) (prop-20C), 22.19 (pip-3,5C), 21.34 (pip-4C)

ESI MS calc 162.10

[M+H] found 162.10 (100)

8.1.4  1-(w-Phenoxyalkyl)piperidine or pyrrolidine derivatives
4-(3-(Piperidin-1-yl)propoxy)benzaldehyde (P7)""

4-Hydroxybenzaldehyde (12.2 g, 0.1 mol), chloride P6 (9.9 g, 0.05 mol), potassium carbonate (22.1
g, 0.2 mol) and potassium iodate (0.83 g, 0.005 mol) were reflux in absolute acetone (245 ml) for 18
h according to procedure C. An orange oil was obtained in a yield of 82% (10.1 g).

Chemical formula CisHINO;

i
Molecular weight 247.34 /@2
g O/\/\O

'H-NMR 5 9.86 (s, 1H, COH), 7.89-7.82 (m, 2H, ph-3,7H), 7.16-7.07 (m,
(CDCh) 2H, 4,6H), 4.16-4.06 (t, 2H, J= 6.6 Hz, prop-1H), 2.43-2.34 (m,
2H, prop-3H), 2.34-2.21 (m, 4H, pip-2,6H), 1.95-176 (m, 2H,
prop-2H), 1.55-1.43 (m, 4H, pip-3,5H), 1.42-1.30 (m, 2H, pip-4H)
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ESI MS calc 248.17
[M+H'] found 248.20 (100)

Cyclopropyl(4-(3-(piperidin-1-yl)propoxy)phenyl)methanone hydrochloride (UCL-2190)"®'

Under inert atmosphere, alcohol P3 (0.5 g, 3.1 mmol) was treated at room temperature with an
excess of sodium hydride (0.4 g, 20 mmol, 60% suspension mineral oil). After 3h, the freshly prepared
ethanolate was heated with cyclopropyl-4-fluorophenyl methanone (0.8 g, 5.1 mol) in acetonitrile
for 24 h under reflux. Purification was performed according to procedure C and a white solid (0.6 g,
62 %) was obtained after formation of the hydrochloride salt.

Chemical formula CigH2sNO2- HCl o

Molecular weight 323.86 m - Hel
S

'H-NMR 5 10.12 (bor s, TH, NH"), 7.99-7.90 (m, 2H, ph-3,7H), 7.03-6.94

(DMSO-de) (m, 2H, ph-4,6H), 4.21-4.09 (t, 2H, J=5.8, prop-1H>), 3.62-3.37
(m, 2H, prop-3H>), 3.29-3.16 (m, 2H, pip-2,6Heg), 3.02-2.81 (m,
2H, pip-2,6Hay), 2.79-2.69 (m, 1H, COCHCHy), 2.23-2.10 (m, 2H,
prop-2H:), 2.01-1.30 (m, 6H, pip-3,5H; pip-4H), 1.14-1.01 (m,
4H, cycloprop-2,3H>)

BC-NMR & 204.6 (CO), 162.4 (ph-5C), 129.7 (Ph-3,7C), 129.4 (ph-6,4C),

(BMSO-de) 128.2 (Ph-20), 73.1 (prop-1C), 58.5 (prop-3C), 57.1 (pip-2,6C)
27.7 (prop-2C), 25.9 (pip-3,5C), 24.5 (pip-4C), 18.1 (COCHCH,),
12.6 (cycloprop-2,3(CH>)2)

ESI HRMS calc 288.1964

(M+H7] found 288.1958 (100)

Analysis calc C 66.76 %, H 8.09 %, N 433 %
found C 67.06 %, H811%, N4.29 %

Melting point 174.6 °C

6-(2-(Pyrrolidin-1-yl)ethoxy)-2,3-dihydro-1H-inden-1-one hydrochloride (1a)'®

Chloride P4 (0.3 g, 1.8 mmol), 6-hydroxy-indanone (0.2 g, 1.4 mmol), potassium carbonate (0.6 g,
4.6 mmol) and potassium iodide (0.02 g, 0.1 mmol) were suspended in absolute acetone (25 ml) for
24 h. Purification was carried out following procedure C and the resulting product was crystallized
as hydrochloride from 1,4-dioxane (1.65 g, 76 %).

Chemical formula CisH1oNO> - HCI

Molecular weight 281.12 o
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'H-NMR 510.23 (brs, TH, NH"), 7.48-7.41(d, TH, J= 8.5, phing-7H), 7.31-
(B:0) 7.25 (dd, 1H, J = 8.5, phing-5H), 7.13-7.08 (d, M, J= 2.5, phing-
4H), 4.38-4.25 (t, 2H, J= 5.0, eth-1H>), 3.72-3.51 (m, 4H, COCH;,
COCH:CH>), 3.20-3.05 (m, 2H, eth-2H>), 3.04-2.92 (m, 2H, pyr-
2,5Heq), 2.70-2.57 (m, 2H, pyr-2,5Hq), 2.21-1.80 (m, 4H, pyr-

3,4H:)
BC-NMR & 206.4 (CO), 157.6 (phing-60), 1487 (COCphina-7C), 138.4
(DMSO-d) (COCH.CH2C), 128.4 (phing-70), 123.9 (phina-6C), 106.4 (phing-

40), 64.3 (prop-10), 54.0 (pyr-2,5C), 52.1 (prop-2C), 37.2
(COCH,), 25.3 (COCH2CHy), 23.0 (pyr-3,40)

ESI HRMS calc 246.1494

M+H7 found 246.1495 (100)

Analysis calc C63.94 %, H7.15%, N497 %
found C63.43 %, H7.06 %, N 4.98 %

Melting point 195.2 °C

6-(3-(Piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-one (1b)"®

Chloride P6 (1.8 g, 0.01 mol), 6-hydroxy-indanone (2.0 g, 0.01 mol), potassium carbonate (2.9 g, 0.03
mol) and potassium iodide (0.2 g, 0.001 mol) were suspended in absolute acetone (100 ml) for 15 h.
Purification was carried out following procedure C and resulted in beige solid (2.2 g, 81 %).

Chemical formula Ci7HNO» o
G\l\/\/o\ C :/1(

Molecular weight 273.37
"H-NMR & 7.64-7.57 (d, H, J= 8.7, phing-7H), 7.28-7.21 (dd, H, J= 8.4,
(DMSO-de) phing-5H), 7.09-7.04 (m, TH, J= 2.28, phina-4H), 4.07-3.97 (t, 2H,

J= 6.4, prop-1H>), 3.06-2.94 (t, 2H, J= 5.3, COCH.), 2.68-2.59
(m, 2H, COCH.CH,), 2.42-2.33 (t, 2H, J = 6.9, prop-3H.), 2.32-
2.20 (m, 4H, pip-2,6H), 1.93-1.77 (g, 2H, J = 6.7, prop-2H>),
1.56-1.43 (m, 4H, pip-3,5H>), 1.42-1.30 (m, 2H, pip-4H)
BC-NMR 6 208.7 (CO), 160.9 (phing-6C), 150.3 (COCphing-7C), 140.5
(DMSO-de) (COCH.CH:C), 130.5 (phing-7C), 128.1 (phing-5C), 108.1 (phind-
40), 69.0 (prop-1C), 57.7 (prop-3C), 56.8 (pip-2,6C), 39.3
(COCHy), 28.8 (COCH>CHy), 28.2 (pip-3,50), 27.3 (prop-20),

26.8 (pip-4C)
ESI HRMS calc 274.1807
M+H1] found  274.1800 (100)
Analysis calc C74.68 %, H 8.48 %, N 512 %
found  C74.76 %, H 8.68 %, N 5.06 %
Melting point 59.1°C
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5-(2-(Pyrrolidin-1-yl)ethoxy)-2,3-dihydro-1H-inden-1-one hydrochloride (1c)"®

Chloride P4 (0.3 g, 1.8 mmol), 5-hydroxy-indanone (2.2 g, 1.5 mmol), potassium carbonate (0.6 g,
4.7 mmol) and potassium iodide (0.2 g, 0.2 mmol) were suspended in absolute acetone (40 ml) for
18 h. Purification was carried out following procedure C and the resulting product was crystallized
as hydrochloride from 1,4-dioxane (0.3 g, 75 %).

Chemical formula

Molecular weight

'H-NMR

(D20)

BC-NMR

(DMSO-db)

ESI HRMS calc

(M+H] found

Analysis calc
found

Melting point

C]SH‘@NOZ : HC'

281,12 C,L\/\O@Eé

61013 (br s, TH, NH"), 7.59-7.53 (d, TH, J= 8.6, phing-7H), 7.07-
7.01 (m, TH, phing-4H), 6.99-6.91 (dd, TH, J= 8.6, phing-6H), 4.43-
433 (t, 2H, J= 50, eth-1H,), 3.73-3.58 (m, 4H, COCH,,
COCH:CH>), 3.24-3.07 (m, 2H, eth-2H>), 3.06-2.98 (m, 2H, pyr-
2,5Heq), 2.67-2.55 (m, 2H, pyr-2,5Hq), 2.20-1.86 (m, 4H, pyr-
3,4H>)

S 204.7 (CO), 163.3 (phing-5C), 158.5 (COCphig-7C), 130.8
(COCH2CH (), 125.01(phing-7C), 116.1 (phing-4C), 111.4 (phing-60),
64.1 (prop-10), 54.1 (pyr-2,5C), 52.8 (prop-2C), 36.4 (COCH>),
25.8 (COCH,CH_y), 22.9 (pyr-3,4C)

246.1494

246.1484 (100)

C63.94%, H715%, N497 %

C 63.69 %, H7.09 %, N5.03%

193.8 °C

5-(2-(Piperidin-1-yl)ethoxy)-2,3-dihydro-1H-inden-1-one hydrochloride (1d)™®

Chloride P5 (0.6 g, 4.0 mmoal), 5-hydroxy-indanone (0.4 g, 2.7 mmol), potassium carbonate (1.2 g,

8.6 mmol) and potassium iodide (0.04 g, 0.3 mmol) were suspended in absolute acetone (45 ml) for

18 h. Purification was carried out following procedure C and the resulting product was crystallized
as hydrochloride from 1,4-dioxane (0.6 g, 72 %).

Chemical formula

Molecular weight

'H-NMR
(D:0)

BC-NMR
(DMSO-d)

CigH1NO> - HCl
6]

295.80 O @é
N\/\O HCI

510.22 (brs, H, NH"), 7.51-7.43 (d, 1H, J= 8.6, phing-7H), 7.28-
7.21(m, TH, phing-4H), 6.96-6.88 (dd, TH, J=8.5, phing-6H), 4.43-
431 (t, 2H, J= 5.0, eth-1H.), 3.65-3.42 (m, 4H, COCH,,
COCH2CH>), 3.10-2.88 (M, 4H, pip-2,6He.q, eth-2H>), 2.64-2.50
(m, 2H, pip-2,6Hay), 2.03-1.30 (m, 6H, pip-3,5H., pip-4H)

6 204.7 (CO), 163.3 (phing-5C), 158.5 (COCphig-7C), 130.7
(COCHCH2C), 1251 (phing-7C), 116.1 (phing-4C), 111.4 (phing-
6C), 66.1 (prop-1C), 54.9 (prop-2C), 52.9 (pip-2,6C), 36.4
(COCH,), 25.8 (COCH2CHy), 22.6 (pip-3,5C), 21.5 (pip-4C)
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ESI HRMS calc
M+H7] found
Analysis calc

found
Melting point

5-(3-(Piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-one (le

Chloride P6 (0.6 g, 3.2 mmol), 5-hydroxy-indanone (0.4 g, 2.7 mmol), potassium carbonate (1.2 g,
8.6 mmol) and potassium iodide (0.04 g, 0.27 mmol) were suspended in absolute acetone (45 ml)
for 24 h. Purification was carried out following procedure C and the product was crystallized in a

260.1651

260.1642 (100)

C 64.97 %, H 7.50 %, N 4.74 %
C 64.52 %, H 7.55 %, N 4.88 %
60.2 °C

)W68

mixture of toluene/ethanol (0.6 g, 85 %).

Chemical formula

Molecular weight

'H-NMR

(DMSO-d)

BC-NMR

(DMSO-d)

ESI HRMS calc

M+H] found

Analysis calc
found

Melting point

Ci7H23NO» o)

273.38 O\l/\/\o’ : f

o 7.64-7.57 (d, H, J=8.5, ph-7H), 7.18-7.11 (m, TH, ph-4H),
7.05-6.96 (dd, TH, J=8.5, ph-6H), 4.24-4.11 (t, 2H, J= 6.4, prop-
1H2), 3.19-3.04 (t, 2H, J= 6.0, COCH,), 2.76-2.61 (m, 2H,
COCH2CH>), 2.51-2.40 (t, 2H, J= 7.3, prop-3H.), 2.40-2.28 (m,
4H, pip-2,6H), 2.03-1.88 (q, 2H, J= 6.7, prop-2H>), 1.65-1.51 (m,
4H, pip-3,5H2), 1.50-1.38 (m, 2H, pip-4H)

& 2046 (CO), 164.1 (ph-50), 1586 (COCph-7C), 1304
(COCH:CH:0), 124.9 (ph-7C), 115.9 (ph-4C), 111.1 (ph-60), 66.3
(prop-10), 53.4 (prop-3C), 52.2 (pip-2,6C), 36.1 (COCHy), 25.8
(COCH2CHy), 23.5 (prop-2C), 22.7 (pip-3,5C), 21.7 (pip-4C)
274.1807

274.0000 (100)

C74.69 %, H8.48 %, N 512 %

C 74.82 %, H 8.58 %, N 5.01 %

192.1°C

8.1.5 2-Benzylidene-1-indanone derivatives

(E)-2-Benzylidene-6-(2- (piperidin-1-yl)ethoxy)-2,3-dihydro-1H-inden-1-one (2a)'*®

Indanone 1d (0.2 g, 0.7 mmol), benzaldehyde (0.08 g, 0.8 mmol) and sodium hydroxide (0.04 g, 0.9
mmol) were dissolved in ethanol (3 ml) and treated according to procedure D to give a light-yellow

solid (0.2 g, 90 %).
Chemical formula

Molecular weight

"H-NMR
(DMSO-dy)

88

Co3H2sNO;

(6]
347 46 Oﬂ\/\o O’ y

5 7.86-7.72 (m, 2H, ph'-2,6H), 7.63-7.41 (m, 5H, ph'-CH,
Phing-4,7H, ph'-3,5H), 7.37-7.20 (m, 2H, ph'-4H, phing-6H),



BC-NMR

(DMSO-de)

ESI HRMS calc

(M+H7] found

Analysis calc
found

Melting point

Experimental Section

4.20-4.10 (t, 2H, J= 5.5, eth-1H>), 4.04 (s, 2H, C=CCH.), 2.76-
2.62 (t, 2H, J= 5.2, eth-2H,), 2.48-2.32 (m, 4H, pip-2,6H),
1.60-1.44 (m, 4H, pip-3,5H>), 1.43-1.29 (m, 2H, pip-4H)

6 1931 (CO), 158.4 (phing-5C), 142.6 (COCphing-7C), 138.3
(ph'-CH), 135.8 (C=CCH,C), 134.8 (COC=C), 132.7 (ph'-10),
130.7 (ph'-2,60), 129.8 (ph'-4C), 128.9 (ph'-3,50), 127.5
(Phing=7C), 123.9 (phing-4C), 106.3 (phing-4C), 66.0 (prop-10),
57.2 (prop-2C), 54.3 (pip-2,6 C), 31.2 (C=CCHy), 25.5 (pip-
3,50), 25.9 (pip-4C)

348.1964

348.1964 (100)

C7951%, H7.25%, N 403 %

C79.23%,H717 %, N3.88%

130.1°C

(F)-2-Benzylidene-6-(3-(piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-one (2b)™®

Indanone 1b (0.7 g, 2.5 mmoal), benzaldehyde (0.3 g, 2.6 mmol) and sodium hydroxide (0.1 g, 3.1

mmol) were dissolved in ethanol (5 ml) and treated according to procedure D to give a light-yellow

solid (0.7 g, 80 %).
Chemical formula

Molecular weight

'H-NMR

(DMSO-de)

PC-NMR

(DMSO-d)

ESI HRMS calc

(M+H"] found

Analysis calc
found

Melting point

CoaH7NO>
N._~_°©

361.49

& 7.88-7.80 (m, 2H, ph'-2,6H), 7.65-7.47 (m, 5H, ph'-CH,
phing-5,7H, ph'-3,5H), 7.38-7.31 (dd, 1H, J = 8.3, ph'-4H),
7.30-7.27 (d, H, ] = 2.4, phing-4H), 418-4.10 (t, 2H, ] = 6.4,
prop-1H:), 4.09 (s, 2H, C=CCH>), 2.48-2.40 (t, 2H, J = 7.3,
prop-3H;), 2.40-2.30 (m, 4H, pip-2,6H), 1.99-1.87 (g, 2H, J =
6.8, prop-2H>), 1.61-1.48 (m, 4H, pip-3,5H2), 1.47-1.35 (m,
2H, pip-4H)

5 1931 (CO), 158.5 (phing-6C), 142.2 (COCphing-7C), 138.3
(ph'-CH), 135.8 (C=CCH.C), 134.8 (COC=C), 132.6 (ph'-10),
130.7 (ph'-2,6C), 129.8 (ph'-4C), 128.9 (ph'-3,5C), 127.5
(Phing-7C), 123.8 (phing-5C), 106.1 (phing-4C), 66.4 (prop-10),
55.0 (prop-3C), 54.1 (pip-2,6C), 31.1 (C=CCHy), 26.1 (prop-
20), 25.5 (pip-3,50), 24.1 (pip-40)

362.2120

362.2117 (100)

C79.74 %,H 753 %, N3.87%

C7941%, H731%, N 3.78 %

199 °C
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Experimental Section

(F)-2-Benzylidene-5-(3-(piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-one (2¢)"®

Indanone 1e (0.2 g, 0.8 mmol), benzaldehyde (0.08 g, 0.81 mmol) and sodium hydroxide (0.03 g, 0.9
mmol) were dissolved in ethanol (2.5 ml) and treated according to procedure D to give a light-yellow
solid (0.2 g, 86 %).

Chemical formula CasH27NO; o

Molecular weight 361.49 O/\/\O O’Q

"H-NMR & 7.80-7.74 (m, 2H, ph'-2,6H), 7.74-7.41 (m, 5H, ph'-CH,
(DMSO-de) phing-4,7H, ph'-3,5H), 7.19-7.14 (d, 1H, J = 1.9, ph'-4H), 7.06-
6.98 (dd, TH, J = 8.5, phing-6H), 4.18-4.11 (t, 2H, J = 6.4, prop-
1H2), 4.07 (s, 2H, C=CCH>), 2.45-2.35 (t, 2H, J = 6.9, prop-
3H>), 2.35-2.22 (m, 4H, pip-2,6H), 1.98-1.82 (g, 2H, J = 6.7,
prop-2H>), 1.55-1.45 (m, 4H, pip-3,5H>), 1.44-1.31 (m, 2H, pip-

4H)
BC-NMR §191.5 (CO), 164. (phing-5C), 152.9 (COCphing-7C), 135.7 (ph'-
(DMSO-d) CH), 135.0 (C=CCH,C), 1314 (COC=C), 130.5 (ph'-2,6C), 130.3

(ph'-10), 129.5 (ph'-4C), 128.9 (ph'-3,50), 125.4 (phina-70),
115.7 (phing-4C), 110.6 (phing-6C), 66.6 (prop-1C), 54.9 (prop-
30), 54.7 (pip-2,6C), 31.9 (C=CCHy), 26.1 (pip-3,5C), 25.6
(prop-20), 24.1 (pip-4C)

ESI HRMS calc 362.2120

[M+H7] found 362.2120 (100)

Analysis calc C79.74 %, H7.53 %, N 3.87 %
found C79.81%, H7.33 %, N357%

Melting point 110.7 °C

)168

(B)-2-(4-(3-(Piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-one (3a

1-Indanone (0.5 g, 4.0 mmol), P7 (1 g, 4.0 mmol) and sodium hydroxide (0.2 g, 5.0 mmol) were
dissolved in ethanol (10 ml) and treated according to procedure D to give a light-yellow solid (1.1 g,

81 %).
Chemical formula CaaH2INO2
Molecular weight 361.49
"H-NMR & 7.84-7.80 (d, H, J = 7.6, phing-7H), 7.61-7.45 (m, 5H, ph'-
(DMSO-d) 2,6H, phing-4,5H, ph'-CH), 7.39-7.31 (m, 1H, phina-6H), 6.94-

6.86 (m, 2H, ph'-3,5H), 4.07-3.98 (t, 2H, J= 6.2, prop-1H.),
3.94 (s, 2H, C=CCH>), 2.64-2.51(t, 2H, )= 7.7, prop-3Hz), 2.51-
231 (m, 4H, pip-2,6H), 2.10-1.96 (q, 2H, J= 6.7, prop-2H2),
1.69-1.54 (m, 4H, pip-3,5H2), 1.49-1.33 (m, 2H, pip-4H)
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BC-NMR

(CDCls)

ESI HRMS calc

(M+H7] found

Analysis calc
found

Melting point

Experimental Section

§193.1 (CO), 158.5 (ph'-4C), 142.5 (COCphing-7C), 138.4 (ph'-
CH), 135.8 (C=CCH,0), 134.8 (ph'-2,6C), 132.5 (COC=C), 130.7
(ph'-10), 129.7 (phing-7C), 128.9 (phing-4C), 127.5 (phing-60),
123.8 (phing-5C), 106.1 (ph'-3,50), 66.3 (prop-1C), 55.0 (prop-
30), 54.1 (pip-2,60), 31.2 (C=CCH>), 26.2 (prop-2C), 25.6 (pip-
3,50), 24.1 (pip-40C)

362.2120

362.2116 (100)

C7974 %, H753%,N 3.87%

C7972 %, H7.82%, N358%

113.85 °C

(F)-6-Methoxy-2-(4-(3-(piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-one (3b)™®

6-Methoxy-1-indanone (0.6 g, 3.7 mmoal), P7 (9.1 g, 3.7 mmoal) and sodium hydroxide (0.2 g, 5.0
mmol) were dissolved in ethanol (10 ml) and treated according to procedure D to give a light-yellow

solid (1.2 g, 86 %).
Chemical formula

Molecular weight

'H-NMR

(DMSO-de)

BC-NMR

(DMSO-d)

ESI HRMS calc

(M+H] found

Analysis calc
found

Melting point

CosHoNO3

391.57

§7.79.7.69 (d, 2H, )= 8.6, ph'-2,6H), 7.62-7.55 (d, TH, J= 8.3,
phing-7H), 7.52 (br s, 1H, ph'-CH), 7.33-7.19 (d, 2H, J= 8.3,
ph'-3,5H), 711-7.0 (d, 2H, J = 8.5, phing-4,5H), 4.17-4.03 (t,
2H, J = 6.3, prop-1H,), 3.99 (s, 2H, C=CCH>), 3.83 (s, 3H,
OCHS3), 2.46-2.34 (t, 2H, J = 6.9, prop-3H>), 2.34-2.18 (m,
4H, pip-2,6H), 1.97-1.79 (q, 2H, J = 6.6, prop-2H>), 1.60-1.43
(m, 4H, pip-3,5H>), 1.43-1.25 (m, 2H, pip-4H)

& 193.0 (CO), 1600 (ph'-40), 1591 (phing-6C), 142.4
(COCphing-7C), 138.7 (ph'-CH), 133.2 (C=CCH.C), 132.7
(ph'-2,60), 132.7 (COC=C), 127.4 (ph'-10), 127.3 (phina-7C),
123.1 (phing-4C), 115.0 (ph'-3,50), 105.5 (phing-5C), 66.2
(prop-1C), 55.5 (prop-3C), 55.0 (OCHa), 54.1 (pip-2,6C), 31.2
(C=CCHy), 26.2 (prop-20), 25.6 (pip-3,50), 24.1 (pip-40)
392.2226

392.2225 (100)

C76.70%,H7.47 %, N3.58 %

C76.57 %, H7.47 % N339%

18.7 °C
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Experimental Section

(E)-5-Methoxy-2-(4-(3-(piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-one (3¢) "

5-Methoxy-1-indanone (0.3 g, 2.0 mmol), P7 (0.5 g, 2.0 mmol) and sodium hydroxide (0.1 g, 3.0
mmol) were dissolved in ethanol (3 ml) and treated according to procedure D to give a light-yellow
solid (0.6 g, 81 %).

Chemical formula CasHa9NOs3

Molecular weight 391.51

'H-NMR §7.81-7.42 (d, H, J = 8.4, phing-7H), 7.58-7.47(m, 3H, ph'-
(CDCE) 2,6H, ph'-CH), 6.95-6.63 (m, 4H, phira-4H, phing-6H, ph'-

3,5H), 4.07-3.97 (t, 2H, J = 6.3, prop-1H>), 3.88 (s, 2H,
C=CCH>), 3.83 (s, 3H, OCH3), 2.56-2.47 (t, 2H, J = 7.2,
prop-3H.), 2.46-2.33 (m, 4H, pip-2,6H), 2.07-1.94 (q, 2H, J
=7.9, prop-2H>), 1.68-1.52 (m, 4H, pip-3,5H>), 1.47-1.34 (m,

2H, pip-4H)
BC-NMR & 1915 (CO), 164.7 (ph'-4C), 159.8 (phina-5C), 152.7
(DMSO-d) (COCphing-7C), 133.0 (ph'-CH), 132.4 (ph'-2,6C), 1315

(C=CCH,0), 130.7 (COC=C), 127.5 (ph™-10), 125.2 (phing-
70), 1152 (phine-4C), 114.7 (ph™-3,50), 110.1 (phing-60),
66.1(prop-1C), 55.7 (prop-3C), 55.0 (OCHs), 54.1 (pip-2,60),
31.9 (C=CCHy), 26.2 (prop-2C), 25.6 (pip-3,5C), 24.1 (pip-

4C)
ESI HRMS calc 392.2226
M+H7 found 392.2222 (100)
Analysis calc C76.70 %, H 7.47 %, N 3.58 %
found C76.52 %, H7.61%, N 349 %
Melting point 116.6 °C

(E)-5-Fluoro-2-(4-(3-(piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-one (3d)™*

5-Fluoro-1-indanone (0.7 g, 4.0 mmol), P7 (1.1 g, 4.0 mmol) and sodium hydroxide (0.2 g, 6.0 mmol)
were dissolved in ethanol (3 ml) and treated according to procedure D to give a light-yellow solid
(1.2 g, 80 %).

Chemical formula CosHo6FNO;

Molecular weight 379.48
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'H-NMR

(DMSO-d)

BC-NMR

(DMSO-ds)

ESI HRMS calc

(M+H"] found

Analysis calc
found

Melting point

Experimental Section

8 7.88-7.79 (m, TH, phing-7H), 7.58-7.50 (m, 3H, ph'-2,6H,
ph'-CH), 7.17-7.10 (dd, 1H, ) = 8.4, phing-4H), 7.09-6.99 (td,
1H, J = 8.9, phing-6H), 6.96-6.86 (M, 2H, ph'-3,5H), 4.10-3.96
(t, 2H, ) = 6.3, prop-1H>), 3.93 (s, 2H, C=CCH,), 2.59-2.46 (t,
2H, J = 7.7, prop-3H>), 2.46-2.28 (m, 4H, pip-2,6H), 2.08-
191 (g, 2H, J = 7.1, prop-2H>), 1.69-1.51 (m, 4H, pip-3,5H>),
1.49-1.32 (m, 2H, pip-4H)

8 1926 (CO), 1659 (ph'-40), 160.4 (phing-5C), 152.3
(COCphing-7C), 134.7(ph'-CH), 133.9 (C=CCH,C), 132.6 (ph'-
2,60), 131.8 (COC=CQ), 127.8 (ph'-10), 126.5 (phing-7C), 115.6
(phing-4C), 115.1 (ph'-3,50), 112.8 (phing-6C), 66.6 (prop-10),
55.8 (prop-3C), 54.6 (pip-2,60), 32.4 (C=CCH,), 26.6 (prop-
20), 25.8 (pip-3,50), 24.3 (pip-40)

380.2026

380.2017 (100)

C 75.96 %, H 6.91 %, N 3.69 %

C 75.90 %, H 6.71%, N 3.67 %

123.2 °C

(E)-6-((4-Bromobenzyl)oxy)-2-(4-(3-(piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-

one (3e)'®®

6-((4-Bromobenzyl)oxy)-2,3-dihydro-1H-inden-1-one (0.5 g, 1.1 mmol), P7 (0.3 g, 1.1 mmol) and
sodium hydroxide (0.06 g, 1.5 mmo) were dissolved in ethanol (10 ml) and treated according to

procedure D to give a yellow solid (0.5 g, 87 %).

Chemical formula

Molecular weight

'H-NMR
(DMSO-dy)

BC-NMR
(DMSO-d)

ngngBl’NOg

546.51

& 7.58-7.51 (m, 3H, ph'-2,6H, phing-7H), 7.47-7.41 (m, 2H,
phen- 3,5H), 7.40-7.35 (d, 1H, J = 8.4, phing-5H), 7.33-7.30 (d,
H, J = 2.4, phon-6H), 7.28-7.21 (m, 2H, ph'-CH, phon-2H ),
7.19-714 (dd, H, J = 8.3, phing-4H), 6.93-6.85 (m, 2H, ph'-
3,5H), 4.99 (s, 2H, phuon-CH-0), 4.09-3.96 (t, 2H, J = 6.2, prop-
1H>), 3.86 (s, 2H, C=CCH,), 2.65-2.50 (t, 2H, J = 7.7, prop-
3H>), 2.50-2.30 (m, 4H, pip-2,6H), 2.13-1.94 (g, 2H, J = 6.9,
prop-2H>), 1.73-1.55 (m, 4H, pip-3,5H>), 1.49-1.33 (m, 2H, pip-
4H)

S 1941 (CO), 1602 (ph™-4C), 158.4 (phing-6C), 1427
(C=CCH,0), 139.5 (ph'-CH), 135.5 (phen-1C), 133.8 (COC=0Q),
1331 (phina-70), 132.6 (ph'-2,6C), 1317 (pho-3,5C), 129.1
(phon-2,60), 128.1 (COCphing-7C), 127.0 (ph'-10), 124.0 (phing-



Experimental Section

ESI HRMS
[M+H"]

Analysis

Melting point

calc
found
calc
found

5C), 122.0 (ph?-4C), 114.9 (ph'-3,50), 104.94 (phing-4C), 69.5
(prop-10C), 66.3 (phur-CH20), 55.7 (prop-3C), 54.1 (pip-2,60),
31.8 (C=CCHy), 26.1 (prop-2C), 25.3 (pip-3,5C), 23.9 (pip-40)
546.1644

546.1643 (100)

C68.13 %, H 590 %, N 2.56 %

C67.84 %, H580%, N 236%

159.5 °C

(B)-5-((4-Bromobenzyl)oxy)-2-(4-(3-(piperidin-1-yl)propoxy)benzylidene)-2,3-dihydro-1H-inden-1-

one (3f)™®

5-((4-Bromobenzyl)oxy)-2,3-dihydro-1H-inden-1-one (0.3 g, 9.5 mmol), P7 (0.2 g, 9.5 mmol) and
sodium hydroxide (0.05 g, 1.4 mmol) were dissolved in ethanol (10 ml) and treated according to

procedure D to give a yellow solid (0.4 g, 85 %).

Chemical formula

Molecular weight

'H-NMR
(CDCl3)

BC-NMR
(DMSO-dy)

ESI HRMS
[M+H]
Analysis

Melting point

94

calc
found
calc
found

C31H328FN03

546.51

& 7.81-7.74 (d, H, J= 8.6, phing-7H), 7.57-7.47 (m, 4H, phpn-
3,5H, ph'-2,6H), 7.44-7.38 (dd, 1H, ) = 1.3, phina-6H), 7.33-7.26
(dd, H, J = 1.1, phen-6H), 7.23-7.16 (dd, 1H, J = 7.6, phon-2H),
6.98 (br s, 1H, ph'-CH), 6.92-6.90 (d, TH, J= 6.9, phing-4H),
6.90-6.85 (m, 2H, ph'-3,5H), 5.05 (s, 2H, php,-CH-0), 4.05-
3.95(t, 2H, J = 6.2, prop-1H>), 3.87 (s, 2H, C=CCH,), 2.52-2.42
(t, 2H, J = 7.7, prop-3H>), 2.41-2.30 (m, 4H, pip-2,6H), 2.03-
1.89 (g, 2H, J = 6.9, prop-2H>), 1.62-1.51 (m, 4H, pip-3,5H>),
1.43-1.34 (m, 2H, pip-4H)

& 1915 (CO), 163.5 (ph'-4C), 159.8 (phing-5C), 152.6
(C=CCH20), 139.2 (ph'-CH), 132.9 (phun-10), 132.4 (ph'-2,60),
131.6 (phoa-3C), 131.0 (pha-5C), 130.9 (phpr-2C), 130.7 (Phon-
6C), 130.3 (COC=Q), 127.4 (phina-7C), 126.7 (COCphing-7C),
125.3 (ph'-10), 121.7 (phina-4C), 115.7 (phon-4C), 114.9 (ph'-
3,50), M.2 (phing-6C), 68.7 (prop-1C), 66.1 (phpa-CH-0O), 55.0
(prop-3C), 54.0 (pip-2,6C), 31.9 (C=CCHy), 26.2 (prop-20),
25.5 (pip-3,50), 24.1 (pip-4C)

546.1644

546.1632 (100)

C68.13 %, H5.90 %, N 2.56 %

C68.06%, H6.11%, N248 %

133.8 °C



Experimental Section

8.1.6  Indenamine derivatives
5-Methoxy-2,3-dihydro-1H-inden-1-one oxime (P8)'*

5-Methoxy-1-indanone (0.5 g, 3.1 mmol) hydroxylamine hydrochloride (0.3 g, 3.3 mmol) and sodium
acetate (0.2 g, 3.3 mmol) were reflux for 3h in a mixture of EtOH/H.O (1/1) to give a white solid (0.3
g, 57 %).

Chemical formula CioHnNO> NOH

Molecular weight 177.08 Haco/cé

'H-NMR S 11.02 (s, H, NOH); 7.32-7.25 (m, M, phin-7H), 6.95-6.84

(BMSO-d) (m, 2H, phing-4,6H), 3.70 (s, 3H, OCH;), 2.99-2.80 (m, 2H,
NH>CHCH>), 2.39-2.18 (m, 2H, NH>CHCH>CH-)

ESI MS calc 178.09

M+H'] found 178.12 (100)

5-Methoxy-2,3-dihydro-1H-indene-1-amine (P9)'*

5-Methoxy-1-indanone (0.1 g, 0.6 mmol) ammonium acetate (0.7 g, 9.0 mmol) and sodium
cyanoborohydride (0.05 g, 0.7 mmol) were treated according to procedure F (method B) to give a
white solid (0.06 g, 67 %).

Chemical formula CioHiNO NH,

Molecular weight 163.22 H300/©:§

"H-NMR & 8.77 (s, 2H, NHy), 7.21-7.20 (m, 1H, phing-7H), 6.69-6.56 (m,

(DMSO-d) 2H, phing-4,6H), 4.15-4.06 (t, TH, J = 3.9, NH.CHCH>), 3.84 (s,
3H, OCHj3), 2.81-2.69 (m, 2H, NHCHCH;), 2.39-2.18 (m, TH,
NHCHCH-CH?)

BC-NMR & 155.04 (phing-5C), 14091 (NHCHCH.CH,C), 140.85

(DMSO-d) (NH2CHO), 12310 (phing-7C), 11143 (phing-4C), 109.93 (phing-
6C), 55.8 (OCH3), 54.01 (NH>CH), 36.25 (NH.CHCH>), 28.77
(NHCHCH.CH,)

ESI MS calc 164.23

(M+H'] found 164.18 (100)

5-Hydroxy-1-indanone (P10)*°'

5-Methoxy-T-indanone (1.2 g, 7.4 mmol) was suspended at room temperature in toluene under
nitrogen atmosphere. Aluminium chloride (1.6 g, 14.8 mmol) was added and the mixture was refluxed
for 3 h. The crude product was re-crystallized from toluene (white solid, 0.9 g, 96 %).
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Experimental Section

Chemical formula

Molecular weight

'H-NMR

(DMSO-d)

ESI MS calc
[M+H'] found

CoHgO2 o

148.05 @é
HO

'H-NMR (300 MHz, DMSO-ds) & 10.46 (s, 1H, OH), 7.51-7.45
(d, M, J=8.3, phina-7H), 7.13-7.07 (td, 2H, J=8.0, phina-4,6H),
3.03-2.94 (t, 2H, J=6.2, COCH,), 2.60-2.49 (m, 2H, COCH.CH>)

149.06
140.10 (100)

5-(3-(Piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-oxime (P11)°%

Under inert atmosphere, hydroxylamine hydrochloride (0.1 g, 1.6 mmol) and sodium acetate (0.1 g,
1.7 mmol) were stirred at room temperature in 6 ml of H:O/MeOH (1: 1). After 30 minutes, product
1e (0.3 g, 1.1 mmol) was added and the reaction mixture was heated to reflux for 3 h. After cooling
the mixture to room temperature, the crude product was taken up in methylene chloride and
saturated NaHCOs solution. The organic phase was then dried over sodium sulfate, and

concentrated under vacuum (white solid, 0.2 g, 65 %).

Chemical formula

Molecular weight

'H-NMR

(DMSO-d)

ESI MS calc
[M+H'] found

Ci7H24NL05 NOH

O

510.48 (s, 1H, NOH), 7.22-7.18 (m, M, phing-7H), 6.92-6.85 (m,
1H, phing-6H), 6.82-6.76 (m, TH, phina-4H), 410-4.01 (t, 2H, J =
5.8, prop-1H), 2.93-2.85 (m, 2H, CNCH,), 2.79-2.62 (m, 4H,
COCH,CH;, prop-3H,), 2.43-2.32 (m, 6H, pip-2,6H, prop-2H.),
1.54-1.33 (m, 6H, pip-3,5H, pip-4H)

289.40

289.43(100)

288.39

5-(3-(Piperidin-1-yl)propoxy)-2,3-dihydro-1H-inden-1-amine (P12)%%%>

P12 was obtained by following two procedures. According to procedure E, compound P11(0.1g, 0.3
mmol) was hydrogenated with 10 % Pd/C and with a catalytic amount of acetic acid to give a white

product (0.04 g, 45 %).

According to procedure F (method B), the reductive amination of product 1e (0.6 g, 2.2 mmol), was
carried out with ammonium acetate (2.5 g, 32.8 mmol) and sodium cyanoborohydride (0.2 g, 2.6

mmol) in a microwave reactor to give a white solid (0.3 g, 47 %).

Chemical formula

Molecular weight

96
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'H-NMR
(DMSO-d)

BC-NMR
(DMSO-ds)

ESI HRMS calc
[M+H'] found

Experimental Section

S 7.23-7.15 (m, MH, phing-7H), 6.75-6.66 (m, 2H, phind-4,6H),
418-4.06 (t, 1H, J = 4.1, NH,CHCH,), 3.99-3.87 (t, 2H, ] = 5.6,
prop-1H), 2.87-2.74 (m, M, NH.CHCH.), 2.72-2.55 (m, TH,
NHCHCH;), 2.40-2.17 (m, 7H, NH.CHCH,CH., pip-2,6H, prop-
3H), 1.89-1.74 (q, 2H, J = 6.4, prop-2H), 1.64-1.43 (m, 5H, pip-
3,5H, NHCHCH,CH>), 1.42-1.30 (m, 2H, pip-4H)

& 158.01 (phing-5C), 143.97 (NH.CHCH.CH.C), 140.29
(NHoCHC), 12410 (phing-7C), 112.67 (phing-4C), 109.93 (phing-
6C), 65.91 (prop-1C), 56.12 (prop-3C), 55.02 (NH.CH), 54.10
(pip-2,60), 37.27 (NH.CHCH), 29.78 (NH.CHCH.CH>), 26.39
(prop-20), 25.61 (pip-3,5C), 24.15 (pip-4C)

275.2123

275.2120 (100)

5-(3-(Piperidin-1-yl)propoxy)-N-(prop-2-yn-1-yl)-2,3-dihydro-1H-inden-1-amine hydrochloride

(4 179

Compound P12 (0.3 g, 1.1 mmol), a propargyl bromide solution 80 % wt. in toluene (0.1 ml, 1.1 mmol)

and potassium carbonate (0.2 g, 1.1 mmol) were treated according to procedure A in DMF for 4 h.

The crude product was purified by column chromatography (methylene chloride: ammoniacal

methanol = 9.7: 0.3) and crystallized as hydrochloride from 1,4-dioxane (0.2 g, 55 %).

Chemical formula

Molecular weight

"H-NMR

(D20)

BC-NMR

(D20)

ESI HRMS calc

(M+H] found

Analysis calc
found

Melting point

Ci7H26N20-2HCI

HN
o
385.87 Q/\/\o - HC

5104 (brs, TH, NH"), 7.44-7.36 (m, TH, phind-7H), 6.96-6.90
(m, M, phing-4H), 6.89-6.82 (m, M, phig-6H), 4.87-4.80 (dd,
H, J = 4.8, NHCH), 415-4.04 (t, 2H, J = 5.8, prop-1H), 3.88-
3.82 (t, 2H, J = 3.9, NHCH-C=CH), 3.57-3.44 (m, 2H, prop-3H),
3.31-3.18 (m, 2H, NHCHCH,), 3.14-2.99 (m, TH, NHCHCHCH>),
2.99-2.79 (m, 4H, pip-2,6H), 2.61-2.42 (m, TH, NHCHCH>CH>),
2.30-2.08 (m, 3H, prop-2H, CH,C=CH), 1.96-1.32 (m, 6H, pip-
3,5H, pip-4H)

& 157.02 (phing-5C), 144.95 (NHCHCH,CH:C), 125.89 (NHCHC),
123.95 (phing-7C), 111.21 (phing-4C), 108.42 (phina-6C), 75.20
(CH.C=CH), 70.54 (CH.C=CH), 62.74 (prop-1C), 58.82 (prop-
3C), 51.77 (NHCH), 50.63 (pip-2,6C), 31.35 (NHCH.C=CH),
27.07 (NHCHCHy), 26.11 (NHCHCH.CHZ), 20.71 (prop-20),
20.13 (pip-3,5C), 18.38 (pip-4C)

313.2280

313.2277 (100)

C62.33 %, H7.85%, N7.27 %

C 62.02 %, H8.07 %, N7.17 %

162 °C
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Experimental Section

8.1.7  Synthesis of arylindenopyrimidine derivatives
6-Hydroxy-1-indanone (P13)*'

6-Methoxy-1-indanone (1.2 g, 7.4 mmol) was suspended at room temperature in toluene under
nitrogen atmosphere. Aluminium chloride (1.6 g, 14.8 mmol) was added and the mixture was refluxed
for 3 h. The crude product was re-crystallized from toluene (white solid, 0.8 g, 95 %).

Chemical formula CoHgO2

Molecular weight 148.05 HO. : /jo
'H-NMR 'H-NMR (300 MHz, DMSO-ds) & 9.74 (s, TH, OH), 7.41-7.36
(OMSO-de) (dd, M, J=8.3, Phing-7H), 7.13-7.07 (dd, 1H, J=7.9, phing-5H),

6.94-6.91 (dd, 1H, J=7.5, phing-4H), 3.01-2.93 (t, 2H, J=6.2,
COCHz), 2.63-2.57 (m, 2H, COCH.CH)

ESI MS calc 149.06
(M+H] found 140.12 (100)

5-(Benzyloxy)-2,3-dihydro-1H-inden-1-one (P14)""°

Compound P10 (1.0 g, 6.7 mmol), benzyl bromide (1.2 g, 7.4 mmol) and potassium carbonate (2.9
g, 21.4 mmol) were dissolved in dimethylformamide and treated according to procedure L. The
resulting oil was crystallized in ethyl ether (white solid, 1.6 g, 93 %).

Chemical formula CisH1Oz 2
Molecular weight 238.1 ©/\O/©E‘§
"H-NMR 'H-NMR (300 MHz, DMSO-ds) & 8.11-8.08 (d, TH, J=8.3, Phing-
(DMSO-de) 7H), 7.48-7.10 (m, 4H, Phpn-2-6H), 6.97-6.93 (dd, M, J=7.5,

phing-4H), 6.93-6.89 (dd, M, J=7.9, phing-6H), 5.14 (s, 2H, phon-
CHXO), 3.01-2.93 (t, 2H, J=6.2, COCH,), 2.63-2.57 (m, 2H,

COCH.CH,)
ESI MS calc 239.11
(M+H"] found 239.12 (100)

6-(Benzyloxy)-2,3-dihydro-1H-inden-1-one (P15)""°

Compound P13 (1.0 g, 6.7 mmol), benzyl bromide (1.2 g, 7.4 mmol) and potassium carbonate (2.9
g, 21.4 mmol) were dissolved in dimethylformamide and treated according to procedure L. The
resulting oil was crystallized in ethyl ether (white solid, 1.6 g, 97 %).

Chemical formula CisH1402
o)

Molecular weight 2387 ©\/0, : /j
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'H-NMR

(DMSO-ds)

ESI MS calc
M+H'] found

Experimental Section

'H-NMR (300 MHz, DMSO-ds) & 8.15-8.10 (d, TH, J=8.3, Phind-
7H), 7.50-7.10 (m, 4H, Php-2-6H), 6.95-6.92 (dd, TH, J=7.5,
phing-4H), 6.90-6.86 (dd, TH, J=7.9, phing-5H), 5.13 (s, 2H, phon-
CH20), 3.02-2.90 (t, 2H, J=6.2, COCH), 2.61-2.55 (m, 2H,
COCH:CH>)

239.1

239.14 (100)

(F)-2-(4-(Benzyloxy)benzylidene)-2,3-dihydro-1H-inden-1-one (P16)"®

According to procedure D, a water solution of sodium hydroxide (0.6 g, 16.9 mmol) was added at

room temperature to an ethanolic solution of 1-indanone (1.5 g, 11.3 mmol) and 4-
(benzyloxy)benzaldehyde (2.4 g, 11.3 mmol)). A white solid was obtained (3.4 g, 93 %).

Chemical formula

Molecular weight

'H-NMR

(DMSO-d)

ESI MS calc
(M+H7] found

CosHisOs

(0]
326.29 O’O
Ba
H-NMR (300 MHz, DMSO—dg) &5 7.81-7.64 (m, 5H, ph’—2,6H,
Phing-7H, Phbn—2,6H), 7.54-731 (m, 7H, Phing-4-6H, phW—C/—/,

Phpn-3-5H), 7.19-7.11 (m, 2H, ph'-3,5H), 5.20 (s, 2H), 4.08 (s,
2H)

32714
327.21 (100)

(F)-2-Benzylidene-5-(benzyloxy)-2,3-dihydro-1H-inden-1-one (P17)"®

According to procedure D, a water solution of sodium hydroxide (0.4 g, 9.45 mmol) was added at
room temperature to an ethanolic solution of P14 (1.5 g, 6.3 mmol) and benzaldehyde (0.6 g, 6.3
mmol)). A white solid was obtained (1.9 g, 95 %).

Chemical formula

Molecular weight

'H-NMR

(DMSO-dp)

ESI MS calc
M+H'] found

CosHisOs
326.29

'H-NMR (300 MHz, DMSO-d¢) § 7.79-7.72 (m, TH, Phins-7H),
7.61-7.49 (m, 3H, ph'-2,6H, ph'-CH), 7.41-7.20 (m, 8H, Phine-
4,6H, Phon-2-6H, Ph'-4H), 6.98-6.88 (m, 2H, Ph'-3,5H), 5.07 (s,
2H), 3.88 (s, 2H).

32714
327.20 (100)
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Experimental Section

(E)-5-(Benzyloxy)-2-(4-(benzyloxy)benzylidene)-2,3-dihydro-1H-inden-1-one (P18)"*

According to procedure D, a water solution of sodium hydroxide (0.2 g, 6.3 mmol) was added at
room temperature to an ethanolic solution of P14 (1.0 g, 4.2 mmol) and 4-(benzyloxy)benzaldehyde
(0.9 g, 4.2 mmol)). A white solid was obtained (1.6 g, 91 %).

Chemical formula C30H2403 2

Molecular weight 43217 o
o -

'H-NMR 'H-NMR (300 MHz, DMSO-ds) & 7.85-7.7.80 (m, 1H, phing-7H),

(DMSO-ds) 7.57-7.32 (m, 15H, ph’-2,6H, Phi¢-4,6H, Phpn2-6H, Ppy-2-6H,
ph'-CH), 6.88-6.81 (m, 2H, ph'-3,5H), 5.16 (s, 2H), 5,14 (s, 2H),
3.68 (s, 2H).

ESIMS calc 43317

[M+H] found 433.21 (100)

(F)-2-Benzylidene-6-(benzyloxy)-2,3-dihydro-1H-inden-1-one (P19)"*®

According to procedure D, a water solution of sodium hydroxide (0.5 g, 12.6 mmol) was added at
room temperature to an ethanolic solution of P15 (2 g, 8.4 mmol) and benzaldehyde (0.9 g, 8.4
mmol)). A white solid was obtained (2.6 g, 95 %).

Chemical formula CosHig0»

Molecular weight 326.29

'H-NMR 'H-NMR (300 MHz, DMSO-ds) & 7.82-7.7.75 (m, 2H, ph'-2,6H),

(DMSO-ds) 7.64-7.28 (m, 12H, Phing-4,5,7H, Phpn-2-6H, phW—C/-/, Ph'-3-5H),
5.21 (s, 2H, Ph'-3,5H), 4.05 (s, 2H)

ESI MS calc 327141

(M+H] found 327.19 (100)

4-(2-Amino-5H-indenol[1,2-d]pyrimidin-4-yl) phenol (P20)"“*™*

An ethanolic solution of guanidine hydrochloride (2.5 g, 26.1 mmol) was treated with powder NaOH
(1.1g, 26.1 mmol). After 30 min, the free base was added to an ethanolic solution of P16 (3.4 g, 10.4
mmol) as described in procedure G and the reaction mixture was refluxed for 18 h. A white solid was
obtained (2.0 g, 54 %) after column chromatography and crystallization in ethanol. The crude
material was stirred in EtOH with 10 % Pd/C as described in procedure E. A yellow solid was obtained
(14 g, 90 %).

100



Experimental Section

Chemical formula CisH140O2

Molecular weight 2751

TH-NMR "H-NMR (300 MHz, DMSO-de) & 8.06-7.98 (m, 2H, ph'-2,6H),
(DMSO-ds) 7.93-7.86 (m, TH, aip-6H), 7.70-7.63 (m, TH, aip-9H), 7.57-7.43

(m, 2H, aip-7,8H), 6.96-6.88 (m, 2H, ph'-3,5H), 6.55 (s, 2H,
pyrim-NH>), 4.13 (s, 2H, aip-5H)

ESI MS calc 276.32
M+H"] found 276.28 (100)

2-Amino-4-phenyl-5H-indenol[1,2-d]pyrimidin-7-al (P21)*3'%

An ethanolic solution of guanidine hydrochloride (0.4 g, 4.5 mmol) was treated with powder NaOH
(0.2 g, 4.5 mmol). After 30 min, the free base was added to an ethanolic solution of P17 (0.6 g, 1.8
mmol) as described in procedure G and the reaction mixture was refluxed for 18 h. A white solid was
obtained (0.7 g, 45 %) after column chromatography and crystallization in ethanol. The crude
material was stirred in EtOH with 10 % Pd/C as described in procedure E. A yellow solid was obtained
0.8 g, 75 %).

Chemical formula Ci7HiN3O " Q
Molecular weight 27511 O \
N=<N
NH,
'H-NMR 'H-NMR (300 MHz, DMSO-ds) & 9.98 (s, TH, OH), 8.12-8.02 (m,
(DMSO-d) 2H, ph'-2,6H), 7.76-7.69 (d, 1H, J = 7.7, aip-9H), 7.60-7.45 (d,

3H, J = 7.13, ph'-3,4,5H), 7.09-7.0 (d, H, aip-6H), 6.92-6.85
(dd, TH, J = 6.9, aip-8H), 6.53 (s, 2H, pyrim-NH2), 4.02 (s, 2H,

aip-5H)
ESI MS calc 276.32
[M+H] found 276.37 (100)

2-Amino-4-(4-hydroxyphenyl)-5H-indeno[1,2-d]pyrimidin-7-ol (P22)'*%'%

An ethanolic solution of guanidine hydrochloride (0.8 g, 9.2 mmol) was treated with powder NaOH
(0.4 g, 9.2 mmol). After 30 min, the free base was added to an ethanolic solution of P18 (1.6 g, 3.7
mmol) as described in procedure G and the reaction mixture was refluxed for 18 h. A white solid was
obtained (0.8 g, 45 %) after column chromatography and crystallization in ethanol. The crude
material was stirred in EtOH with 10 % Pd/C as described in procedure E. A yellow solid was obtained
(14 g, 81 %).

101



Experimental Section

Chemical formula CisH1Oz

Molecular weight 291.10

"H-NMR "H-NMR (300 MHz, DMSO-ds) & 9.98 (s, TH, OH), 9.95 (s, 1H,
(DMSO-de) OH), 8.12-8.02 (m, 2H, ph'-2,6H), 7.76-7.69 (d, 1H, ) = 7.7, aip-

9H), 7.60-7.45 (d, 2H, ) = 7.13, ph'-3,5H), 7.09-7.0 (d, TH, aip-
6H), 6.92-6.85 (dd, TH, J = 6.9, aip-8H), 6.53 (s, 2H, pyrim-
NH,), 4.02 (s, 2H, aip-5H)

ESI MS calc 29211

[M+H] found 29213 (100)

2-Amino-4-(4-hydroxyphenyl)-5H-indeno[1,2-d]pyrimidin-8-ol (P23)'*#'%

An ethanolic solution of guanidine hydrochloride (1.8 g, 19.7 mmol) was treated with powder NaOH
(0.8 g, 19.7 mmol). After 30 min, the free base was added to an ethanolic solution of P19 (2.6 g, 7.9
mmol) as described in procedure G and the reaction mixture was refluxed for 18 h. A white solid was
obtained (1.4 g, 52 %) after column chromatography and crystallization in ethanol. The crude
material was stirred in EtOH with 10 % Pd/C as described in procedure E. A yellow solid was obtained
0.9 g, 81%).

Chemical formula Ci7HiN3O Q
Molecular weight 2751 o O Y
N=(
NH
'H-NMR "H-NMR (300 MHz, DMSO-ds) & 9.71 (s, 1H, OH), 8.12-8.02 (m,
(DMSO-df) 2H, ph'-2,6H), 7.59-7.49 (m, 3H, ph'-3,4,5H), 7.48-7.41 (d, TH,

J =73, aip-6H), 7.32-7.26 (m, TH, aip-9H), 6.99-6.91 (dd, TH, J
= 6.9, aip-7H), 6.64 (s, 2H, pyrim-NH,), 3.98 (s, 2H, aip-5H)

ESI MS calc 276.32
M+H] found  276.35 (100)
1-(3-Chloropropyl)pyrrolidine hydrochloride (P24)* '

Thionyl chloride (1.4 ml, 0.02 mol) was added dropwise to a suspension of alcohol 3-(pyrrolidine-
yhpropan-1-ol (1 g, 0.01 mol) in 40 ml of dichloromethane and stirred at room temperature for 3 h,
as described in procedure B. The crude product was re-crystallized from ethanol and washed several
times in diethyl ether (hygroscopic brown solid, 1.4 g, 75 %).

Chemical formula C7HuCIN - HC

Molecular weight 184.1 C\N\/\/C'
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Experimental Section

"H-NMR & M.04 (brs, 1H,NH"), 3.75 (t, ) = 6.4, 2H, prop-1H.), 3.56-3.43

(DMSO-dh) (m, 2H, pyr-2,5Heq), 3.25-3.14 (m, 2H, prop-3H>), 3.04-2.87 (m,
2H, pyr-2,5Hq), 2.24-2.09 (quint, J= 6.4, 2H, prop-2H>), 2.06-
1.79 (m, 4H, pyr-3,4H>)

BC-NMR & 52.76 (prop-3C), 51.34 (pyr-2,5C), 40.33 (prop-1C), 28.09
(DMSO-d) (prop-20), 22.67 (pyr-3,4C)

ESIMS calc 148.08

M+H'] found 148.02 (100)

7-Methoxy-4-phenyl-5H-indenol[1,2 d]pyrimidin-2-amine (P25)"%™*

As described in procedure G, powder NaOH (0.2 g, 6.0 mmol) was added to an ethanolic solution
of guanidine hydrochloride (0.6 g, 6.0 mmol). After 30 min, sodium chloride was filtered off, and the
filtrated was added to a suspension of (£)-2-benzylidene-5-methoxy-2,3-dihydro-1H-inden-1-one
(0.3 g, 1.3 mmol)in EtOH. A white solid was obtained (0.3 g, 91 %) without further purification.

Chemical formula CigHisN3O
18M1151N3 HACO Q
Molecular weight 289.34 O N
N=(
NH,
'H-NMR 8.15-8.09 (m, 2H, ph'-2,6H), 7.80-7.73 (d, 1H, ) = 7.7, aip-9H),
(OMSO-de) 7.56-7.42(d, 3H, ) = 7.13, ph'-3,4,5H), 7.11-7.0 (d, 1H, aip-6H),

6.95-6.89 (dd, TH, J = 6.9, aip-8H), 6.52 (s, 2H, pyrim-NH,),
4.02 (s, 2H, aip-5H), 3.95 (s, 3H, OCH;)
ESI MS calc 290.13
M+H] found  290.11 (100)

4-Phenyl-7-(3-(piperidin-1-yl)propoxy)-5H-indeno[1,2-d]pyrimidin-2-amine (5)'*®

An ethanolic solution of guanidine hydrochloride (0.4 g, 4.5 mmol) was treated with powder NaOH
(0.2 g, 4.5 mmol). After 30 min, the free base was added to an ethanolic solution of 2c (0.6 g, 1.8
mmol) as described in procedure G and the reaction mixture was refluxed for 18 h. A white solid was
obtained (0.4 g, 45 %) after column chromatography and crystallization in ethanal.

Chemical formula CosHasN4O
e O\l\/\/o Q
Molecular weight 400.53 O N
N=(

NH,
'H-NMR 6 8.17-8.08 (dd, 2H, J = 8.1, ph1—2’,6’/—/), 7.90-7.82 (d, H, J =
(DMSO-de) 738, ph1—4’/—/), 7.66-7.51 (m, 3H, aip-6H, phw—3’,5’/—/), 7.31-7.24

(d,1H, J = 7.3, aip-9H), 7.15-7.05 (dd, H, J = 7.1, aip-8H), 6.63
(s, 2H, aip-NH,), 4.20-4.13 (t, 2H, J = 6.2, prop-1"H>), 4.12 (s,
2H, aip-5H>), 2.51-2.42 (t, 2H, J = 6.9, prop-3"H>), 2.41-2.28
(m, 4H, pip-5",9"H;), 2.02-1.88 (g, 2H, J = 5.9, prop-2"H>),
1.61-1.49 (m, 4H, pip-6",8"H.), 1.48-1.37 (m, 2H, pip-7"H>)
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Experimental Section

BC-NMR
(DMSO-d)

ESI HRMS calc
[M+2H"] found

HPLC
Melting point

5 168.9 (aip-4C), 163.6 (NCNH2NC), 160.9 (aip-20), 158.8 (aip-
70), 1483 (aip-6CC), 138.0 (aip-9CC), 1313 (ph™-1'C), 129.5
(aip-90), 128.3 (ph'-2,6'C), 128.1 (ph'-3',5'C), 122.2 (ph'-4'C),
118.1 (aip-4CC), 114.3 (aip-6C), 110.9 (aip-80), 66.2 (prop-1"C),
55.0 (prop-3"C), 54.0 (pip-5",9"C), 34.0 (aip-5C), 26.2 (prop-
2"0), 25.5 (pip-6",8"C), 24.1 (pip-7"C)

402.2420

402.2412 (100)

96.1%

1763 °C

4-Phenyl-8-(3-(piperidin-1-yl)propoxy-5H-indeno[1,2-d]pyrimidin-2-amine (6)'*°

A methanolic solution of guanidine hydrochloride (0.6 g, 7.0 mmol) was treated with powder NaOH
(0.3 g, 7.0 mmol). After 30 min, the free base was added to a methanolic solution of 2b (1 g, 3.0

mmol) as described in procedure G and the reaction mixture was refluxed for 21 h. A white solid was

obtained (0.6 g, 44 %) after column chromatography and several crystallizations in ethanol.

Chemical formula

Molecular weight

"H-NMR
(DMSO-d)

BC-NMR
(DMSO-ds)

ESI HRMS calc
M+H"] found

HPLC
Melting point

CosHasN4O Q
400.53 N0 O \
@ o~

NH,
5 815-8.03 (m, 2H, ph'-2',6'H), 7.61-7.47 (m, 4H, aip-9H,
ph'-3",4'5'H), 7.41-7.35 (d, H, J = 7.4, aip-6H), 7.16-7.05
(dd, TH, J = 7.1, aip-7H), 6.66 (s, 2H, aip-NH>), 4.12-4.05 (t,
2H, J = 6.4, prop-1"H>), 4.03 (s, 2H, aip-5H>), 2.45-2.38 (t,
2H, J = 6.8, prop-3"H>), 2,36-2.25 (M, 4H, pip-5",9"H>), 1.97-
184 (g, 2H, J = 5.8, prop-2"H>), 1.57-1.43 (m, 4H, pip-
6",8"H>), 1.43-1.31 (m, 2H, pip-7"H>)

6 1689 (aip-4C), 163.6 (NCNH;NC), 159.6 (NH»-2C), 158.
(aip-8C), 140.1 (aip-9CC), 137.9 (ph'-1C), 137.8 (aip-6C0),
129.7 (aip-60), 128.4 (ph'-2',6'C), 1282 (ph'-3',5'C), 126.2
(ph'-4'C), 119.6 (aip-4CC), 118.4 (aip-7C), 104.9 (aip-9C), 66.2
(prop-1"C), 55.1 (prop-3"C), 54.0 (pip-5",9"C), 33.3 (aip-50),
26.2 (prop-2"C), 25.6 (pip-6",8"C), 24.1 (pip-7"C)

401.2341

401.2339 (100)

971 %

142.1°C

N

4-(4-(3-(Piperidin-1-yl)propoxy)phenyl)-5H-indeno[1,2-d]pyrimidin-2-amine (7)""®

To a solution of P20 (0.6 g, 2.1 mmol) in 10 ml of DMF, CsCOs (1.0 g, 3.2 mmol), potassium iodide
(0.3 g, 21 mmol) and P6 (0.5 g, 2.5 mmol) were added under inert atmosphere. After 5 h, the crude
product was treated according to procedure C to give a white solid (0.4 g, 52 %). To remove residue
of silicone grease, the final product was washed in hexane for one night.
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Chemical formula

Molecular weight

'H-NMR
(DMSO-dh)

BC-NMR
(DMSO-dh)

ESI HRMS
[M+H"]

HPLC
Melting point

4-Phenyl-7-(3-(pyrrolidin-1-yl)propoxy)-5H-indeno[1,2-d]pyrimidin-2-amine (8

calc
found

Experimental Section

CasH2sN4O

400.58

& 8.14-8.05 (m, 2H, ph'-2',6'H), 7.94-7.87 (d, TH, J = 7.8, ph'-
3'H), 7.72-7.64 (d, 1H, J = 7.1, ph'-5'H), 7.59-7 .44 (m, 2H, aip-
6,7H), 7.13-7.03 (m, 2H, aip-8,9H), 6.60 (s, 2H, aip-NH>), 4.12
(s, 2H, aip-5H>), 411-4.02 (t, 2H, J = 5.9, prop-1"H.), 2.44-
237 (t, 2H, J = 6.9, prop-3"H>), 2.38-2.23 (m, 4H, pip-
5"9"H;), 1.97-1.82 (g, 2H, J = 6.4, 1.9, prop-2"H;), 1.58-1.44
(m, 4H, pip-6",8"H>), 1.43-1.30 (m, 2H, pip-7"H>)

5 162.2 (aip-40), 163.5 (NCNH,C), 159.9 (aip-2C), 159.2 (ph'-
4'C), 145.8 (aip-9CO), 138.9 (aip-6CC), 130.0 (ph'-2',6'C),
129.8 (ph'-3",5'C), 127.1 (aip-6C), 125.4 (aip-9C), 121.0 (ph'-
1'C), 117.9 (aip-4CC), 114.2 (aip-7,8C), 66.0 (prop-1"C), 55.0
(prop-3"C), 53.9 (pip-5",9"C), 34.3 (aip-5C), 26.0 (prop-
2"C), 25.4 (pip-6",8"C), 23. (pip-7"C)

401.2341

401.2333 (100)

97.3 %

166.1°C

)178

To a solution of P21 (0.2 g, 0.9 mmol) in 10 ml of DMF, CsCOs (0.4 g, 1.4 mmol), potassium iodide
(0.1g, 0.9 mmol) and P24 (0.2 g, 1.1 mmol) were added under inert atmosphere. After 4 h, the crude

product was treated according to procedure C to give a white solid (0.2 g, 55 %). To remove residue

of silicone grease, the final product was washed in hexane for one night.

Chemical formula

Molecular weight

'H-NMR
(DMSO-dt)

(D

\
N

CoaH26N4O
C\N\/\/O
386.50 O
N
§<NH2

5 8.10-8.02 (m, 2H, ph'-2',6'H), 7.84-7.77 (d, H, J = 7.8, ph'-
4'H), 7.58-7.45 (m, 3H, aip-6H, ph'-3",5'H), 7.26-7.20 (d, 1H,
J=7.2,aip-9H), 7.08-7.0 (dd, H, J = 7.1, aip-8H), 6.58 (s, 2H,
aip-NH.), 416-4.07 (t, 2H, J = 6.3, prop-1"Hz), 4.01 (s, 2H, aip-
5H>), 2.62-2.53 (t, 2H, J= 6.7, prop-3"H;), 2.49-2.37 (m, 4H,
pyr-5",8"H), 1.99-1.85 (q, 2H, J = 5.6, prop-2"H>), 1.76-1.59
(m, 4H, pyr-6",7"H>)
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BC-NMR 168.9 (aip-4C), 163.6 (NCNHzNC), 160.9 (aip-2C), 158.8 (aip-

(DMSO-de) 70), 148.3 (aip-6CC), 138.0 (aip-9CQ), 131.4 (ph'-10), 129.5
(aip-90), 128.3 (ph'-2",6'C), 128.1 (ph'-3',5'C), 122.2 (ph'-4'0),
118.1(aip-4CC), 114.3 (aip-6C), 110.9 (aip-8C), 66.1 (prop-1"C),
55.0 (prop-3"C), 54.1 (pyr-5",8"C), 34.09(aip-5C), 28.09
(prop-2"C), 23.07 (pyr-6",7"C)

ESI HRMS calc 387.2185

[M+H] found 387.2177 (100)

HPLC 96.3 %

Melting point 141.6 °C

7-(3-(Piperidin-1-yl)propoxy)-4-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5H-indeno[1,2-d]pyrimidin-2-
amine (9)

To a solution of P22 (0.6 g, 2.1 mmol) in 10 ml of DMF, CsCOs (1.0 g, 3.2 mmoal), potassium iodide
(0.3 g, 21 mmol) and P6 (0.5 g, 2.5 mmol) were added under inert atmosphere. After 5 h, the crude
product was treated according to procedure C to give a white solid (0.6 g, 52 %). To remove residue

of silicone grease, the final product was washed in hexane for one night."®

Chemical formula

Molecular weight

"H-NMR
(DMSO-d)

BC-NMR
(CDCL)

ESI HRMS calc
M+2H"] found

HPLC
Melting point

106

C33H43N502

541.74

& 816-8.05 (m, 2H, ph'-2,6'H), 7.60-7.51 (m, TH, ph'-4'H),
742-732 (d, H, J= 7.4, aip-6H), 7.18-7.03 (m, 4H, ph'-
3',5'H, aip-8,9H), 6.58 (s, 2H, aip-NH.>), 4.18-4.05 (t, 4H, J =
6.5, prop/prop'-1"Hz), 4.03 (s, 2H, aip-5H:), 2.48-2.23 (m,
12H, prop/prop'-3"H:, pip/pip'-5",9"H:), 1.83-1.61 (m, 4H,
prop/prop'-2"H>), 1.44-1.30 (m, 12H, pip/pip’-6",7",8"H>)

6 169.7 (aip-4C), 163.0 (NCNH,C), 160.3 (aip-2C), 160.2 (aip-
70), 158.7 (ph'-4'C), 140. (aip-6CC), 138.1 (aip-9CQ), 128.5
(ph'-2,6'C), 129.9 (ph'-1'0), 124.9 (aip-90), 119.0 (aip-8C),
4.4 (ph'-3',5'C), 105.6 (aip-4CC), 106.3 (aip-6C), 66.6
(prop’-1"C), 66.3 (prop-1"C), 55.8 (prop'-3"C), 55.8 (prop-
3"0), 54.4 (pip'-2',6'C), 54.3 (pip-5",9"C), 34.1 (aip-5C), 26.1
(prop/prop'-2"C), 25.2 (pip'-6",8"C), 25.2 (pip-6",8"C) 23.9
(pip'-7"C), 23.9 (pip-7"C)

543.3573

543.3574 (100)

96.7 %

165.3 °C
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4-Phenyl-8-(3-(pyrrolidin-1-yl)propoxy)-5H-indenol[1,2-d]pyrimidin-2-amine (10)'"®

To a solution of P23 (0.5 g, 1.9 mmoal) in 6 ml of DMF, CsCOs (0.9 g, 2.9 mmol), potassium iodide
(0.3 g, 1.9 mmol) and P24 (0.4 g, 2.3 mmol) were added under inert atmosphere. After 6 h, the crude
product was treated according to procedure C to give a white solid (0.4 g, 53 %). To remove residue
of silicone grease, the final product was washed in hexane for one night.

Chemical formula

Molecular weight

'H-NMR
(DMSO-d)

BC-NMR
(DMSO-d)

ESI HRMS calc
[M+H] found
HPLC

Melting point

Ca4H26N4O2 Q
386.50 s I~
C/ N:<NH

2

S 8.14-8.04 (m, 2H, ph'-2",6'H), 7.60-7.47 (m, 4H, aip-6H,
ph'-3",4',5'H), 7.42-736 (d, H, J = 7.4, aip-9H), 7.14-7.06
(dd, TH, J = 7.1, aip-7H), 6.66 (s, 2H, aip-NH>), 4.16-4.08 (t,
2H, J = 6.4, prop-1"H>), 4.02 (s, 2H, aip-5H>), 2.65-2.55 (t,
2H, /= 6.8, prop-3"H>), 2.55-2.39 (m, 4H, pyr-5",8"H>), 2.01-
1.85(q, 2H, J = 5.9, prop-2"H;), 1.75-1.61 (m, 4H, pyr-6",7"H>)
6 168.9 (aip-4C), 163.6 (NCNH:NC), 159.6 (aip-2C), 158.2
(aip-80), 140.1 (aip-C9C), 138.0 (ph'-1'C), 137.8 (aip-6CC),
129.7 (aip-60), 128.4 (ph'-2',6'C), 128.2 (ph'-3',5'C), 126.2
(ph'-4'C), 119.6 (aip-4CC), 118.4 (aip-7C), 104.9 (aip-9C), 66.1
(prop-1"C), 53.5 (prop-3"C), 52.1 (pyr-5",8"C), 33.3 (aip-5C),
28.0 (prop-2"C), 23.0 (pyr-6",7"C)

387.2185

387.2186 (100)

973 %

140.5 °C

N

2-Amino-7-(3-(piperidin-1-yl)propoxy)-4-phenyl-5H-indeno[1,2-d]pyrimidin-6-one (11)'*°

Compound 5 (0.3 g, 0.7 mmol) and sodium hydroxide (0.05 g, 1.0 mmol) were refluxed in 10 ml of
DMF for 4 h. The purification was performed as described in procedure I. A yellow solid was obtained

0.29, 79 %).

Chemical formula

Molecular weight

'H-NMR
(DMSO-df)

CosH26N4O2
G\l\/\/o
414,51 ‘QN
N—

NH,
5 8.02-7.96 (m, 2H, ph'-2',6'H), 7.96 (s, 2H, aip-NH>), 7.71-
7.65 (d, WH, J = 7.7, aip-9H), 7.58-7.45 (m, 3H, aip-6H, ph'-
3',5'H), 7.23-7.16 (dd, H, J = 7.2, ph-4'H), 7.16-7.12 (d, TH, J
= 7.2, aip-8H), 418-4.07 (t, 2H, J = 6.4, prop-1"H>), 2.47-2.25
(m, 6H, prop-3"H;, pip-5",9"H>), 1.96-1.82 (q, 2H, J = 5.8,
prop-2"H:), 1.55-1.44 (m, 4H, pip-6",8"H>), 1.43-1.31 (m, 2H,
pip-7"H>)
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BC-NMR
(DMSO-df)

ESI HRMS calc
M+H] found
HPLC

Melting point

2-Amino-8-(3-(piperidin-1-yl)propoxy)-4-phenyl-5H-indeno[1,2-d]pyrimidin-5-one (12

6 187.0 (CO), 175.7 (aip-4C), 164.9 (NCNHzNC), 164.3 (NH;-
20), 162.7 (aip-7C), 138.7 (aip-6CC), 135.7 (aip-C9C), 131.3
(ph'-1'0), 130.6 (aip-9C), 129.3 (ph'-2',6'C), 127.6 (ph'-3',5'C),
122.4 (ph'-4'C), 119.6 (aip-4CC), 110.6 (aip-60), 108.8 (aip-80),
66.7 (prop-1"C), 54.8 (prop-3"C), 53.9 (pip-5",9"C), 259
(prop-2"C), 25.4 (pip-6",8"C), 23.9 (pip-7"C); ESI-HRMS m/z:
calcd for CosHasN4O» (MHY), 415.2134, found 415.2126.

415.2134
415.2126 (100)
96.5 %

182.2 °C

)120

Compound 6 (0.2 g, 0.5 mmol) and sodium hydroxide (0.03 g, 0.7 mol) were refluxed in 6 ml of DMF

for 4 h. The purification was performed as described in procedure I. A yellow solid was obtained (0.1

g, 74 %).
Chemical formula

Molecular weight

"H-NMR
(DMSO-ds)

BC-NMR
(DMSO-d)

ESI HRMS calc
[M+H"] found

HPLC
Melting point

CosHa6N4O2
41451

& 8.05-7.97 (m, 2H, ph'-2,6H), 7.96-7.81 (s, 2H, pyrim-NH>),
7.62-7.57 (d, H, J = 7.6, ph-6H), 7.57-7.45 (m, 3H, ph-9H,
ph'-3,5H), 7.26-7.22 (d, H, J = 7.2, ph'-4H), 7.16-7.09 (dd,
H,J =71, ph-7H), 4.21-411 (t, 2H, J = 6.4, prop-1H.), 2.47-
2.38 (t, 2H, J = 6.7, prop-3H>), 2.37-2.23 (m, 4H, pip-2,6H>),
1.98-1.84 (g, 2H, J = 5.6, prop-2H>), 1.57-1.45 (m, 4H, pip-
3,5H2), 1.44-1.31 (m, 2H, pip-4H->)

S 186.5 (CO)174.8 (pyrim-4C), 164.8 (NCNHNC), 164.1
(NH,-0), 163.6 (ph-8C), 142.1 (ph-C90), 135.6 (ph'-1C), 130.6
(C60), 129.5 (ph-6C), 128.6 (ph'-2,6C), 127.6 (ph'-3,50), 125.0
(ph'-40), 118.3 (pyrim-4CQ), 111.5 (ph-70), 106.3 (ph-9C), 66.
(prop-1C), 54.8 (prop-3C), 54. (pip-2,6C), 26.0 (prop-20),
25.5 (pip-5,3C), 24.0 (pip-4C)

415.2134

415.2129 (100)

97.0 %

176.6 °C

2-Amino-4-(4-(3- (piperidin-1-yl)propoxy)phenyl)-5H-indeno[1,2-d]pyrimidin-5-one (13)'*°

Compound 7 (0.9 g, 2.0 mmoal) and sodium hydroxide (0.1 g, 3.0 mmol) were refluxed in 10 ml of

DMF for 3 h. The purification was performed as described in procedure I. A yellow solid was obtained

0.8g, 73 %).
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Chemical formula

Molecular weight

'H-NMR
(DMSO-d)

BC-NMR
(DMSO-dh)

ESI HRMS
[M+H']

HPLC
Melting point

calc
found

Experimental Section

CosH26N402

414.51

5 8.18-8.08 (m, 2H, ph'-2",6'H), 7.93 (s, 2H, aip-NH>), 7.83-
7.61 (m, 4H, aip-6,7H, ph'-3',5"), 7.10-7.0 (m, 2H, aip-8,9H),
4.18-4.04 (t, 2H, J = 6.4, prop-1"H>), 2.48-2.39 (t, 2H, / = 5.8,
prop-3"H>), 2.38-2.20 (m, 4H, pip-5",9"H>), 1.96-1.82 (g, 2H,
J=6.0, prop-2"H>), 1.60-1.45 (m, 4H, pip-6",8"H>), 1.44-1.32
(m, 2H, pip-7"H>)

6 187.6 (CO), 175.8 (aip-4C), 164.7 (NCNHC), 164.0 (NH,-
20), 161.0 (ph'-4'C), 139.4 (aip-9CC), 136.2 (aip-6CC), 134.0
(aip-60), 132.8 (aip-90), 1314 (ph'-1'C), 127.8 (ph'-2',6'0),
122.9 (aip-4CQ), 120.7 (aip-80), 113.4 (ph'-3',5'C), 110.1 (aip-
7C), 66.1 (prop-1"C), 55.0 (prop-3"C), 54.0 (pip-5",9"C), 26.2
(prop-2"C), 25.5 (pip-6",8"C), 24.1 (pip-7"C)

415.2134

415.2132 (100)

96.3 %

100.5 °C

2-Amino-7-(3-(pyrrolidin-1-yl)propoxy)-4-phenyl-5H-indeno[1,2-d]pyrimidin-6-one (14)'*°

Compound 8 (0.1 g, 0.4 mmol) and sodium hydroxide (0.02 g, 0.6 mol) were refluxed in 4 ml of DMF
for 4 h. The purification was performed as described in procedure I. A yellow solid was obtained

012 g, 76 %).
Chemical formula

Molecular weight

'H-NMR
(DMSO-dt)

CoaH24N4O5

400.48

5 8.05-7.96 (m, 2H, ph'-2",6'H), 7.94 (s, 2H, aip-NH>), 7.73-
7.64 (d, H, ) =77, aip-9H), 7.60.7.44 (m, 3H, aip-6H, ph'-
3',5'H), 7.24-718 (dd, H, ) = 7.2, ph'-4'H), 7.18-7.11 (d, TH, )
=7.2,aip-8H), 4.22-4.06 (t, 2H, y = 6.4, prop-1"H.), 2.64-2.53
(t, 2H, J = 5.3, prop-3"H>), 2.49-2.41 (m, 4H, pyr-5",8"H>),
2.01-1.85 (g, 2H, y = 6.7, prop-2"H>), 1.79-1.58 (m, 4H, pyr-
6",7"H>)
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BC-NMR
(DMSO-d)

calc
found

ESI HRMS
[M+H"]

HPLC
Melting point

8 187.0 (CO), 175.7 (aip-4C), 164.9 (NCNHaNC), 164.3 (NH,-
20), 162.7 (aip-7C), 138.7 (aip-6CC), 135.7 (aip-9CC), 131.3
(ph™-1'0), 130.6 (aip-9C), 129.3 (ph'-2',6'C), 127.6 (ph'-3',5'C),
122.5 (ph'-4'C), 119.6 (aip-4CC), 110.6 (aip-6C), 108.8 (aip-
80), 66.6 (prop-1"C), 53.5 (prop-3"C), 51.9 (pyr-5",8"C), 27.8
(prop-2"C), 23.0 (pip-6",7"C)

4011978

4011976 (100)

97.5 %

145.3 °C

2-Amino-7-(3-(piperidin-1-yl)propoxy)-4-(4-(3-(piperidin-1-yl)propoxy)phenyl)-5H-indeno[1,2-

d)pyrimidin-5-one (15)'°

Compound 9 (0.1 g, 0.2 mmol) and sodium hydroxide (0.01 g, 0.3 mmol) were refluxed in 3 ml of

DMEF for 3 h. The purification was performed as described in procedure I. A yellow solid was obtained

(0.06 g, 62 %).

Chemical formula

Molecular weight

"H-NMR
(DMSO-df)

BC-NMR
(DMSO-df)

ESI HRMS
[M+H"]

HPLC
Melting point

calc
found

10

C33H41NsOs3

555.72

& 8.16-8.06 (m, 2H, ph'-2',6'H), 7.80 (s, H, aip-NH.), 7.63-
7.55(d, H, J = 7.6, aip-9H), 7.25-7.19 (d, TH, J = 7.2, aip-6H),
7.15-7.07 (dd, H, J = 7.1, aip-8H), 7.06-6.96 (m, 2H, ph'-
3',5'H), 4.24-4.12 (t, 2H, J = 6.5, prop'-1"H>), 4.12-4.00 (t, 2H,
J = 6.5, prop-1"H.), 2.47-2.38 (m, 4H,prop/prop'-3"Hz), 2.38-
217 (m, 8H, pip/pip'-5",9"H>), 2.02-1.81 (m, 4H, prop/prop'-
2"Hy), 1.58-1.44 (m, 8H, pip/pip'-6",8"Hz), 143-127 (m, 4H,
pip/ pip'-7H">)

5187.0 (CO), 174.9 (aip-4C), 164.6 (NCNH,C), 163.6 (NH»-2C),
163.4 (aip-7C), 160.9 (ph'-4'C), 142.1 (aip-6CC), 131.5 (ph'-
2',6'C), 128.5 (aip-9CC), 127.8 (ph'-1'C), 124.9 (aip-9C), 118.2
(aip-80), 1134 (ph'-3'5'C), N1.0 (aip-4CC), 106.2 (aip-60),
67.1 (prop-1"C), 66.0 (prop-1"C), 55.0 (prop'-3"C), 54.8
(prop-3"C), 54.0 (pip/pip'-5”,9"C), 26.1 (prop'-2"C), 25.9
(prop-2"C), 25.4 (pip/pip'-6",8"C), 24. (pip/pip'-7"C)
556.3288

556.3279 (100)

972 %

16.5 °C
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2-Amino-8-(3-(pyrrolidin-1-yl)propoxy)-4-phenyl-5H-indeno[1,2-d]pyrimidin-5-one (16)'°

Compound 10 (0.2 g, 0.5 mmol) and sodium hydroxide (0.03 g, 0.7 mmol) were refluxed in 4 ml of
DMF for 4 h. The purification was performed as described in procedure |. A yellow solid was obtained
(019, 75 %).

Chemical formula Ca4H24N402

Molecular weight 400.48

'H-NMR 8.05-7.97 (m, 2H, ph1—2’,6’/—/), 7.90 (s, 2H, aip-NH>), 7.62-7.56
(DMSO-ds) (d, H, J = 7.6, aip-6H), 7.56-7.45 (m, 3H, aip-9H, phw—3’,5’/—/),

7.27-7.22 (d, H, J = 7.2, ph'-4'H), 7.16-7.09 (dd, H, J = 7.1,
aip-7H), 4.25-4.11 (t, 2H, J = 6.4, prop-1"H>), 2.59-2.51 (t, 2H,
J = 6.8, prop-3"H>), 2.48-2.38 (m, 4H, pyr-5",8"H>), 1.99-1.86
(. 2H, J = 5,8, prop-2"H2), 1.75-1.61 (m, 4H, pyr-6",7"H>)

BC-NMR S 186.5 (CO), 174.8 (aip-4C), 164.8 (NCNH.NC), 164. (NH.-

(DMSO-dk) 20), 163.6 (aip-80), 142.1 (aip-9CC), 135.6 (ph™-1'C), 130.6 (aip-
6CO), 129.5 (aip-60), 128.6 (ph'-2,6'0), 128.2 (ph'-3,5'C),
124.9 (ph'-4'C), 118.3 (aip-4CC), 111.5 (aip-7C), 106.3 (aip-90),
66.8 (prop-1"C), 53.5 (prop-3"C), 52.0 (pyr-5",8"C), 29.9
(prop-2"C), 23.0 (pyr-6",7"C)

ESI HRMS calc 401.1978
(M+H'] found 401.1972 (100)
HPLC 971 %
Melting point 1445 °C

8.2 Pharmacological experiments
8.2.1  hHiR radioligand depletion assay on CHO cell membrane preparation

CHO cells stably expressing the hHiR were washed with PBS-buffer (140 mM NaCl, 3 mM KCl, 1.5
mM KH2PO4, 8 mM NaHPO4, pH = 7.4), scraped in ice-cold HEPES buffer (20 mM HEPES, 10 mM
MgCl, 100 mM NaCl) and homogenized with sonification.'® The cell membranes were reduced in
pellets, which were homogenized in the HEPES buffer and stored under liquid nitrogen. The cell
membranes were thawed, homogenized with sonification at 4 °C and kept in ice-cold binding buffer
before starting the experiments. Membranes were incubated, for 120 min at room temperature, with
[*H]-pyrilamine and several concentrations of test ligand (between 1 nM and 100 uM) to perform
competition binding experiments. Non-specific binding was calculated in the presence of the
reference compound chlorpheniramine (10 uM) and the assays were run at least in duplicates.

Determination of Kivalues was performed as described for the hHsR.
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8.2.2  hHsR radioligand depletion assay on HEK-293 cell membrane preparation

Radioligand depletion assay for human histamine Hs receptor were performed as described
previously with the following slight modifications.”®® Briefly, HEK-293 cells stably expressing the
human histamine Hs receptor were washed and harvested in phosphate buffered saline (PBS)
solution. They were centrifuged (3 000 xg, 10 min, 4°C) and homogenized with an ULTRA-TURRAX®
T 25 digital (IKA, Germany) in ice-cold binding buffer (12.5 mM MgCl,, 100 mM NaCl and 75 mM
Tris/HCl, pH 7.4). The cell membrane homogenate was centrifuged two times at 20 000 xg for 20
min (4°C). Crude membranes, using 20 pg per well in a final volume of 0.2 ml binding buffer, were
incubated with [*H]-N-o-methylhistamine (2 nM, 78.3 Ci mmol™) purchased from PerkinElmer (MA,
USA) and various concentrations of test compounds. Assays were performed at least in duplicates
with at least seven appropriate concentrations of test compounds. The incubation was performed
for 90 min at room temperature by continuous shaking using 10 uM Pitolisant for determination of
non-specific binding. Radioactivity was determined by liquid scintillation counting. Data were
analysed using GraphPad PRISM 6 using implemented non-linear regression fit "one-site
competition”, where K; values were calculated according to Cheng-Prusoff equation. Statistical
analysis was performed on —log K values. Mean values and confidence intervals (95%) were

converted to micro- or nanomolar concentrations.

8.2.3  hH4R radioligand depletion assay on Sf9 cell membrane preparation

Cell membranes expressing hH4R were obtained after infecting Sf-9 cells with baculoviruses
containing the hH4R."® After centrifugation, the cells were washed in binding buffer (12.5 mM MgCl2,
1 mM EDTA, 75 mM Tris/HCl, pH = 7.4). Membranes were pelleted at 4 °C homogenized in the
binding buffer and stored at 80 °C. The cell membranes were thawed, homogenized with sonification
at 4 °C and kept in ice-cold binding buffer before starting the experiments. Membranes were
incubated with [*H]-histamine and several concentrations of test ligand (between 100 nM and 100
uUM) to perform competition binding experiments. Non-specific binding was calculated in the
presence of the reference compound JNJ-77771200 (100 uM) and the assays were run at least in

duplicates. Determination of K values was performed as described for the hHsR.

8.24 hDxR and hDsR radioligand depletion assay on CHO cell membrane preparation

CHO cells stably expressing the hD2sR and hD3R were washed with PBS-buffer. Ice-cold HEPES
buffer (10 mM MgCl2, 10 mM CaCl2, 5 mM KCl, 120 mM NaCl, 50 mM Tris, pH = 7.4) was used
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before pelleting the cell membrane.”® The cell membranes were thawed, homogenized with
sonification at 4 °C and kept in ice-cold binding buffer before starting the experiments. Membranes
were incubated, for 120 min at room temperature, with [3H]-spiperone and several concentrations
of test ligand (between 1nM and 100 uM) to perform competition binding experiments. Non-specific
binding was calculated in the presence of the reference compound haloperidol (10 uM) and the
assays were run at least in duplicates. Determination of Ki values was performed as described for

the hHsR.

8.2.5 Adenosine receptors depletion assay on CHO cell membrane preparation

CHO cell membranes expressing the human receptors (hAR, hA2aR, hAzR, hAsR) were used as
previously described by Prof. Muller and co-workers 2632642%5217.216 The Cheng-Prusoff equation was
used to calculate Kivalues from ICsq values, determined by the nonlinear curve fitting program Graph

Pad Prism 2.01 (GraphPad, SanDiego, CA).

8.2.6 Monoamine oxidases inhibition assays

For assaying potential monoamine oxidase (MAQO) A and B inhibition, compounds were included in
one-point screening for both isoforms predominantly using a continuous spectrophotometric
method as described previously®” with the exception of 3d-f, where a discontinuous fluorimetric
assay was used.?”? The spectrophotometric one-point measurements were performed in clear, flat-
bottom 96 well plates (UV-Star®, No. 6558071, greiner bio-one GmbH, Austria), measuring enzyme
activity by spectrophotometrical observation of 4-hydroxyquinoline (Ama=316 nm) formation over
time as described previously.® Initial velocities of substrate conversion (expressed as milli absorption
units per minute) were plotted against log inhibitor concentrations and fitted using the implemented
non-linear regression “log inhibitor vs. response (three parameters)”. For one-point measurements
data were calculated as percentage of control (product formation in absence of inhibitor) and
expressed as mean + standard deviation (%) performing at least two independent experiments, each
in duplicates. The ICso curves were determined in the discontinuous fluorimetric assay, allowing
higher assay sensitivity as well as time and cost savings. MAQ inhibition assays were carried out using
human recombinant membrane-bound MAO A and MAO B purchased from Sigma-Aldrich (MO,
USA). Fluorimetric MAO assays were conducted in a total assay volume of 100 L (max. 1% DMSO)
using black, flat-bottom 96 well plates (No. 655076, greiner bio-one GmbH, Austria), while pipetting
was partly automated using a EVO freedom pipetting robot (Tecan Trading AG, Switzerland). ICso

values were obtained by measuring enzyme activity (determined as MAO-dependent product
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formation) with inhibitor concentrations ranging from 0.001 uM to 100 uM in the presence of 2-fold
Km concentrations of kynuramine (Ky = 30 uM for MAO A and Ky = 20 uM for MAO B). Reactions
were started by addition of MAO A (1.25 ng pL™" 900 units/mL) or MAO B (1.67 ng uL™', 375 units/mL).
Shift of ICso values were also measured after preincubating inhibitors with enzyme (30 min, 37°C),
while reactions were started by addition of substrate. For optimal enzyme activity conditions,
reactions were performed in pre-warmed potassium phosphate buffer (50 mM, pH = 7.4). After
incubation (15 or 20 min, 37°C with and without preincubation 1Cso setup, respectively) reactions
were stopped by manual addition of 35 ylL sodium hydroxide (2 N) and enzyme activity was
determined by detection of 4-hydroxyquinoline (As,=320+20 nm, Ae=405+20 nm) using an infinite
M1000 Pro microplate reader (Tecan Trading AG, Switzerland). Data were analysed using GraphPad
PRISM 6. Enzyme activity, expressed as relative fluorescence units (RFU), were plotted against log
inhibitor concentrations and fitted using the implemented non-linear regression “log inhibitor vs.
response (three parameters)”. Since few compounds do not reach the lower plateau in ICso curves
(e.g. poor soluble compounds 3e and 3f), the bottom for non-linear regression was set to zero. Data
were obtained from at least three independent experiments, each performed at least in duplicates.
Reversibility of inhibition was assayed by preincubation of MAO B (10 ng uL™") and inhibitors (10x ICso)
for 0, 30 and 60 min at 37°C prior to 50x dilution in potassium phosphate buffer to give a final
concentration of 0.05xICsq of inhibitor. Remained enzyme activity were measured fluorimetrically as
described above under substrate saturating (10xKy) conditions. Data were calculated as percentage
of control (without inhibitor for each time point) and expressed as mean + standard deviation (%)

of at least two independent experiments, each performed in duplicates (global fit).

8.2.7 L-DOPA-induced dyskinesia in 6-OHDA-lesioned rats

To produce neurodegeneration of dopaminergic neurons, rats received a unilateral 6-
Hydroxydopamine (6-OHDA) injection in the medial forebrain (MFB) by stereotactic delivery.?®
Buprenorphine (0.05 mg/kg; 0.03 mg/ml) was given as analgesic before and after the surgery. Thirty
minutes prior to surgery, male Sprague-Dawley rats received the noradrenaline uptake inhibitor
desipramine (25 mg/kg; i.p.) to protect noradrenaline neurons. Each animal was placed in an
anesthetic chamber supplied with a continuous flow of oxygen (1.5 I/min) and 5% isoflurane.
Following loss of consciousness, animals were placed in a stereotactic frame (Kopf) and (6-OHDA,
5 mg/ml dissolved in sterile 0.1% ascorbic acid) was injected into the right medial forebrain bundle

at 0.4 pl/minute over a 10-minute period using a Hamilton 1701N syringe (30Ga/15 mm/PST3)
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coupled to an automatic injector UMP-3 linked to Micro-4 controller (WPI). The injection site was
located according to the following coordinates relative to bregma: - 2.2 mm rostral, 1.6 mm lateral
and 8.5 mm below the skull. Two weeks post-lesion, prior to L-DOPA treatment, rats were injected
subcutaneously with 0.05 mg/kg apomorphine (dissolved in 0.9% saline; Sigma) and placed in
rotometer bowls, where movements were observed for 15 minutes to assess the extent of the lesion.
Animals responding with rotations were included in the subsequent study. After 3 weeks of recovery,
animals were primed by administration of 6 mg/kg L-DOPA + 15mg/kg benzerazide (i.p.) once a
day until AIMs severity stabilization (up to 21 consecutive days). The effects of the test items at two
concentrations (0.1, 1 mg/kg i.p.) in combination with L-DOPA (6 mg/kg, i.p.) were evaluated via AIM
scores. Briefly, animals were placed in clear Perspex boxes (22 cm x 34 cm x 20 cm). Each rat was
observed for 1 minute at 30-minute intervals following the L-DOPA administration over a 2-hour
time period. Four subtypes of AIMs were assessed including axial (A), limb (L) and orolingual (O).
The severity of AIMs was scored between 1 and 4 depending on the duration of AIMs throughout
the observational minute (1: present less for less than 30 seconds, 2: present for more than 30
seconds, 3: present throughout the minute but suppressed by external stimuli, 4: present throughout
the minute but not suppressible by external stimuli). Statistical analysis was performed using Prism
7.0 software (GraphPad Inc., La Jolla, California, USA). Data were analyzed with a parametric one-
way repeated measure analysis of variance (ANOVA) followed by Dunnett’s multiple comparison
test. AIMs data were subjected to a non-parametric one-way analysis of variance (ANOVA) using
Friedman'’s test with repeated measures for the overall treatment comparison, followed by Dunn’s
multiple comparison test for the pairwise comparisons (versus L-DOPA), where p < 0.05 was

considered as statistically significant.

8.2.8 Sleep studies in mice

Male adult C57BL/6 mice (28 =35 g at the time of surgery; Harlan, Gannat, France) were used. Under
pentobarbital anesthesia (50 mg/kg i.p.), electrodes were implanted to record neocortical and
hippocampal electroencephalograms (EEGs), neck muscle activity [electromyogram (EMG)], and
heart rate [electrocardiogram (EKG)].*® For EEG recordings, screw electrodes were fixed in the
frontal, parietal, and occipital cortices, and a stainless-steel wire (200 um diameter, bare except for
0.5 mm at the tip) was implanted in the dorsal hippocampus. For EMG and EKG recordings, two
stainless steel wires (250 um diameter) were inserted in the neck muscles and one in the lateral chest.

In addition, a U-shaped plastic plate (18 mm wide, 16 mm long, 5 mm thick) was fixed stereotaxically
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to the skull using dental acrylic cement so that the cranium could be painlessly returned to the same
stereotaxic position using a semichronic head holder (SA-8; Narishige, Tokyo, Japan). A small hole
was drilled in the skull above the posterior hypothalamus and covered by antibiotic cream for the
subsequent insertion of microelectrodes. After a recovery period of 1 week, the animals were
habituated to the head-restrained position by being placed on a cotton sheet inside a plastic box,
painlessly restraining the head with a semichronic head holder and preventing large body
movements with a cotton-coated plastic covering. During experiments, the head was covered to
reduce visual stimuli. Under these conditions, the mice displayed complete sleep—waking cycles,
consisting of W (wakefulness), slow— wave sleep (SWS), and paradoxical [or rapid eye movement
(REM)] sleep (PS) during all experiments lasting 6 — 8 h. During experiments, sugared water was

regularly given through a fine tube attached to a syringe.
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Chemistry, Parma University, Italy.
= Master Thesis: "Study of Reactions in Continuous Flow
and in Batch Using MOFs as Catalysts”

PhD Fellow in Pharmacy

Institute of Pharmaceutical and Medical Chemistry,
Heinrich-Heine Dusseldorf University

Expected graduation time — March 2018

Master of Organic Chemistry
Institute of Organic Chemistry, Parma University, Italy

Bachelor of Science in Chemical Technology

Institute of Chemistry, Parma University, Italy

High School in Science and Mathematics

Liceo Scientifico Belfiore, Mantova, Italy
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Curriculum Vitae

CONTINUOUS PROFESSIONAL DEVELOPMENT

Soft-skills "Good scientific practice and communications”; “Preparing
for potential conflicts”; “Carrier planning: How to shape your

n.on

future”; "Get into teaching”

Languages ltalian — native
English — fluent in written and spoken
German — intermediate
Spanish — Basic knowledge

PUBLICATIONS

1. Affini A.; Hagenow S.; Zivkovic A.; Contelles J.M.; Stark H. Novel Indanone Derivatives as MAO
B/H3R Dual-Targeting Ligands for the Treatment of Parkinson’s Disease. Eur. J. Med. Chem. 2018,
148, 487-497.

2. Khanfar M. A; Affini A.; Lutsenko K.; Nikolic K; Butini S.; Stark H. Multiple Targeting Approaches
on Histamine H3 Receptor Antagonists. Front. Neurosci. 2016, 10, 201.

3. Calogero P. G.; Schwarzer M.; Herrmann M.; Affini A.; Pelegatti P.; Maestri G.; Maggi R.; Loebbecke

S. Batch Versus Flow Acetalization of Benzaldehyde with HKUST-1: Diffusion Pathways and
Performance Comparison. Chem. Cat. Chem., 2016, 8, 1293-1297.

SCIENTIFIC AND TECHNICAL SKILLS

= Experience in organic/inorganic synthesis, automated column chromatography, microwave
reactor, light, temperature and air sensitive reactions.

= Expertise in using 'H, "C, NOESY NMR as well as mass spectroscopy and HPLC to identify
organic compounds.

=  Competent in using literature search software, like SciFinder and Reaxys.
»  Pharmacological characterization of multi-target drugs: biological evaluations, background in
studying neurodegenerative diseases with special interest in utilizing animal models for

Parkinson’s disease.

= Skilled at communicating scientific works in the form of posters, presentations and written
reports
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Eigenstandigkeitserklarung

Ich versichere an Eides Statt, dass die Dissertation ,Histamine Hs receptor antagonists in combination
with monoamine oxidase B and adenosine Ai/Axa receptor ligands as multi-target approach for the
treatment of Parkinson’s disease” von mir selbstandig und ohne unzulassige fremde Hilfe unter
Beachtung der “Grundsatze zur Sicherung guter wissenschaftlicher Praxis an der Heinrich-Heine-
Universitat Dusseldorf” erstellt worden ist. AuBerdem versichere ich, dass die vorgelegte
elektronische mit der schriftlichen Version der Dissertation Ubereinstimmt und die Abhandlung in
dieser oder ahnlicher Form noch nicht anderweitig als Promotionsleistung vorgelegt und bewertet

wurde.

List of Publications and Contribution

Parts of this thesis have already been published in peer-reviewed journals:

ORIGINAL MANUSCRIPTS:

Affini A.; Hagenow S.; Zivkovic A.; Contelles J.M.; Stark H. Novel Indanone Derivatives as MAO B/H3R
Dual-Targeting Ligands for the Treatment of Parkinson’s Disease. Eur. J. Med. Chem. 2018, 148, 487-
497.

Khanfar M. A; Affini A.; Lutsenko K.; Nikolic K; Butini S.; Stark H. Multiple Targeting Approaches on
Histamine H3 Receptor Antagonists. Front. Neurosci. 2016, 10, 201.

Affini A;; Hagenow S.; Pioli E.P.; Porras G.; Namasivayam V.; Mdller C. E.; Lin J.-S.; Bezard E.; Stark H.
Adenosine AxaR/AR antagonists enabling additional HsR antagonism for the treatment of
Parkinson’s disease, in preparation.

OTHER PUBLICATIONS (NOT IN THIS THESIS):
Calogero P. G.; Schwarzer M.; Herrmann M.; Affini A.; Pelegatti P.; Maestri G.; Maggi R.; Loebbecke

S. Batch Versus Flow Acetalization of Benzaldehyde with HKUST-1: Diffusion Pathways and
Performance Comparison. Chem. Cat. Chem., 2016, 8, 1293-1297.



