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Abstract

The enzyme acetylcholinesterase (AChE) is a key component in cholinergic
synapses and at the neuromuscular junctions. Its physiological function is essential in
humans, as well as in animal species, including insects. In pathological conditions,
AChE is also involved in various disorders such as Alzheimer’s disease (AD) or
myasthenia gravis. The significance of the enzyme has also been demonstrated by its
successful use as a target in insecticides. In addition, it is the key mediator in the
manifestation of symptoms of intoxication after exposure to Chemical warfare agents
(CWA) (Nerve agents; NA). Herein, | report my study of three different aspects of this
enzyme: as an anti-AD target; as an insecticidal target; and as an enzyme to be

reactivated after intoxication by organophosphorus compounds (OPCs).

Since the introduction of tacrine in 1993 as an anti-AD drug, much attention has
been paid to the development of novel AChE inhibitors; some, such as donepezil, have
been successfully marketed. At present, there is still a need for efficient drugs against
AD. As AD is a multifactorial disorder, it believed that it cannot be treated by simply
targeting one pathological condition. Therefore, the so-called multi-target directed
ligands (MTDLs) have been developed to overcome this limitation. Within this thesis,
the development of two families of MTDLs is described.

Specifically targeting harmful insect species (e.g., those responsible for vector-
borne diseases) and not beneficial ones, such as honey bees or other animals, appears to
be an almost impossible task. However, AChE is considered as one of the most
promising targets, even though currently used insecticides have very poor selectivity.
Two series of insecticides have been discovered and are reported herein. The ones with
the highest efficacy also proved to have very promising selectivity towards insect

AChE.

AChE reactivators represent the only available causal protection against OPC
intoxication. At present, there is no reliable enzyme reactivator that would ensure
sufficient protection. Within this work, three series of AChE reactivators were prepared.
Based on a survey of the literature, some of them exert the most promising reactivation

profiles yet to be presented.

Keywords: nerve agent, acetylcholinesterase, reactivator, oxime, synthesis, in vitro



Abstrakt

Enzym acetylcholinesterasa (AChE) je kliCovym komponentem cholinergnich
synapsi a nervosvalovych spojich. Jeji biologickd funkce je nezbytna pro vsechny
zastupce zivocisné fise. Z patofyziologického hlediska je zapojena do fady onemocnéni
jako Alzheimerova choroba (AD, z anglického Alzheimer’s disease) nebo Myasthenia
gravis. Vyznam tohoto enzymu muze taktéz byt prokdzén tim, ze se AChE stala
bojovych latek (nervové paralytické latky; NPL) rovnéz cili na tento enzym. V této
disertacni praci jsme se zamétili na AChE ze tii riznych aspekti, jako cil proti AD, jako
insekticidy a jako enzym, ktery musi byt reaktivovan po intoxikaci organofosforovymi

slouceninami.

Uz od dob nastupu takrinu jako prvniho l1é€ivého ptipravku proti AD v roce 1993,
AChE inhibitory jsou velkou skupinou latek cilici proti tomuto onemocnéni. Nékteré
z nich byly 1 uspésné uvedeny do klinické praxe (napt. donepezil). V dnesni dobé vSak
stale neexistuje Uspésna 1écba tohoto multifaktoridlniho onemocnéni. Moderni postupy
vyvoje 1éCiv se snazi zaméfit na vice cili najednou piipravou takzvané multi-cilové
latky (MTDL, z anglického multi-targeted directed ligand). V této praci je popsan vyvoj

dvou sérii téchto MTDL slouéenin.

Skoro nemyslitelnym ukolem se zdalo cileni AChE od urcitych druh@t hmyzu
(prenasece tropickych nemoci) a zaroven zanechat nedotknutelny enzym u prospésného
hmyzu (napft. véely), enzym sav¢i anebo napft. ptaci. Napovida tomu i fakt, ze vSechny
klinicky dostupné insekticidy utoc¢ici na AChE maji jen velmi nepatrnou selektivitu. My
jsme v této praci vyuzili novych védeckych poznatkl a ptipravili dvé série latek. Ty

nejlepsi se ukazaly byt vyznamnymi selektivnimi insekticidy.

Reaktivatory AChE pfedstavuji jedinou kauzalni ochranu pfed organofosforovou
intoxikaci. V dneSni dob¢ stile neni uclinna protekce, ktera by zaruCovala dobrou
prognézu otraveného. V této praci popisujeme vyvoj tfech novych sérii reaktivatort
AChE, pficemz nékteré z téchto latek disponuji nejucinnéj$im profilem, ktery kdy byl

prezentovan.

Kli¢ova slova: nervove paralytické latky, acetylcholinesterasa, reaktivator, oxim,

syntéza, in vitro
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1. Introduction

1.1 Acetylcholinesterase

From an evolutionary perspective, acetylcholinesterase (AChE; E.C. 3.1.1.7.),
belonging to the o/f hydrolase family, can be considered as a perfect functional tool.
This  family contains  other cholinesterases (i.e.  butyrylcholinesterase),
carboxylesterases, and lipases. The biological function of AChE is to rapidly hydrolyze
the neurotransmitter acetylcholine (ACh), which leads to the termination of nerve
impulses. Therefore, it is an inextricable component of the cholinergic system and the
neuromuscular junctions (Figure 1) [1, 2]. The physiological role of its companion,
butyrylcholinesterase (BChE; E.C. 3.1.1.8.), is unclear; however, it is most probably

responsible for the detoxification of xenobiotics, such as aspirin, cocaine, and other

esters [3].
Spinal cord or brain stem
I | 1
Parasympathetic Sympathetic system Somatic system
system
Preganglionic Preganglionic
nerves nerves
Ganglia "éf} A o) &,
Nﬂ N/"'T Nﬂ N;F
Adrenal Motor
medulla nerves
Postganglicnic
nerves :Ei.
Bloodstream
(.i. . A2 A
Target tissues
and receptors
Decreased heart rate Increased secretion Increased heart rate and force of conduction, Muscle contraction
and force of conduction, from sweat glands constriction of vascular smooth muscles,

Example increased secretion bronchodilation
effects from exocrine and

endocrine glands,

e ) @ Acetylcheline @ Norepinephrine @ Epinephrine
constriction of pupil

Figure 1 Schematic drawing of the function of the neurotransmitter ACh for the function in

various parts of nervous system. Taken from Costanzi et al. 2018 [4].

The first insight into the structure of AChE was detailed in 1991 by J. Sussman
when refining the crystal structure of Torpedo californica AChE (TcAChE). It contains
537 amino acids with an active gorge composed of two sub-sites connected with narrow

gorge: the proximally lodged catalytic active site (CAS) and the distally accommodated

18



peripheral anionic site (PAS) [5]. The CAS is located at the bottom of deep and narrow
gorge (wider at the base and approximately 20 A deep, with a width 4.5 A). The gorge
is flanked by 14 aromatic residues capable of hydrophobic interactions (e.g. n-m, cation-
7 interactions) with aryl-based or positively charged substrates [2, 6, 7]. The active site
consists of three major domains, including a catalytic triad (Ser200, His440, and
Glu327), an esteratic site (which is 14.7 A from Ser200), and a hydrophobic region that
1s contiguous with esteratic and anionic subsites [5, 7]. The catalytic triad is involved in
substrate hydrolysis by the transfer of the acetyl group from ACh to Ser200 [1, 8]. The
anionic site is composed of Trp84, Tyr 130, Phe330, and Phe331 residues. It is able to
attract the substrate’s quaternary ammonium group, and is also responsible for its
correct orientation toward the catalytic triad [9]. Especially, Trp84 and Phe330 are able
to form n-m, cation-m, or aliphatic-m interactions with active site ligands (Figure 2) [8—

11].

The PAS region contains five residues (Tyr70, Asp72, Tyr121, Trp279, and Tyr
334) located at the rim of the cavity entrance. The key amino acid responsible for
adhesion and enzyme functioning is Trp279, which can provide a variety of strong
interactions (e.g. m-m stacking or cation-m interactions) [7, 12, 13]. The PAS contains a
number of surface loops with high flexibility, which allow this site to fulfill its catalytic
role and ensure the conformational changes necessary for enzyme activity can occur

[13, 14].
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Peripheral site

20 A

esteratic site anionic site

Figure 2 Schematic representation of the active and peripheral site of 7cAChE, including the
amino acids residues of the catalytic triad, anionic site, narrow aromatic gorge, and peripheral
site [15].

The physiological role of AChE lies in the hydrolysis of the neurotransmitter ACh.
Initially, the substrate (ACh) is bound to the PAS, which subsequently transports the
substrate to the catalytic active center [14]. Hydrolysis of ACh is executed by the
catalytic triad and this mechanism proceeds in two steps. First, the serine nucleophilic
attack of ACh leads to a tetrahedral transition state that collapses to the acetyl-enzyme
(acetyl-Ser200) and releases choline. Second, the hydrolysis through an activated water
molecule occurs at the nearby histidine; this residue attacks the acetyl-serine complex
and leads to the formation of the second tetrahedral transition state, which ultimately

yields the free enzyme and acetic acid (Scheme 1) [1, 2, 16].
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Modulation of the AChE activity may have some beneficial effects. Indeed,
some inhibitors can be applied in the management of Alzheimer’s disease (AD),
myasthenia gravis, or as insecticides. Mechanistically, there are several distinct methods
of AChE inhibition. Organophosphates and carbamates bind competitively and directly
to the catalytic active site, whereas some other inhibitors, such as edrophonium [17],
bind to the anionic site. Moreover, there are also compounds able to non-competitively
bind to the PAS (e.g. gallamine [18]). Some bis-quaternary compounds, such as
decamethonium (a depolarizing muscle relaxant) [19] or some potential anti-AD drugs
(tacrine-related dual anionic binders) [20-24] are able to contact both anionic sites of
AChE simultaneously [13, 25]. Irreversible inhibitors are highly toxic compounds;
often, they are misused as warfare nerve agents or used as agricultural pesticides. In
contrast, reversible inhibitors are used for the treatment of Alzheimer’s disease (e.g.
tacrine, donepezil); or myasthenia gravis (e.g. pyridostigmine bromide) as muscle
relaxing drugs; or are present as secondary metabolites in plants or fungi (e.g.

aflatoxins) [7, 19, 26-29].

The following sections are subdivided into the three different fields of interest
investigated in this thesis. Initially, some aspects that contribute to the development and
progression of Alzheimer’s disease are outlined. Next, AChE-targeted insecticides are
detailed and discussed. Finally, organophosphorus intoxication, the principal part of this

work, is addressed.
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1.2 Alzheimer’s disease

According to the World Health Organization (WHO), 47.5 million people suffer
from dementia worldwide and 7.7 million new cases are diagnosed each year.
Alzheimer’s disease (AD) and dementia are considered the most common causes of
mortality, are predicted to comprise approximately 60%—70% of total mortality, and
have huge physical, physiological, social, and economic impacts on caregivers, families,
and society as a whole (Figure 3) [30]. AD is a chronic progressive illness characterized
by defects in cognitive capacities that occur more severely than the normal
consequences of aging. The main symptoms of AD include memory loss, difficulty in
solving problems, failure to comprehend, spatial disorientation, and impaired learning
ability [31]. The pathophysiology of AD comprises a plethora of intertwined
mechanistic pathways, which are still not fully understood [32].

INFOGRAPHIC

The global impact of dementia ' oy 205, cnniwl bt

a trillion dollar disease, rising to

US$ 2 trillion

Around the world, there will be 9.9 million
new cases of dementia in 2015,

one every
3 seconds

7
/"— P
= Dementia
$818

-
= billion
Apple
$742
billion
Google
$368
billion &£

ASIA

.
i MILLION

This map shows MILLION
the estimated

number of

people living

with dementia

in each world

region in 2015.

Much of the increase
will take place in low

Figure 3 The global impact of dementia. Taken from World Alzheimer Report 2015 by WHO
[33].

22



Cholinergic hypothesis

The pioneering hypothesis of AD combines the observed cognitive decline,
decreased ACh levels, and the memory-enhancing role of AChE [34]. Currently, there
are three FDA-approved and marketed therapeutics (donepezil, galantamine, and
rivastigmine) [35]. It is important to note that another AChE inhibitor, tacrine, was the
first to be approved to combat the symptoms of AD [36]. However, owing to its serious
side effects, it was withdrawn from the market. In healthy people, AChE activity plays a
major role in cholinergic functions, whereas BChE is considered to be of minor
importance [3]. This scenario is somewhat different during AD: AChE levels remain
unaltered or may even be decreased by 15%-20%, whereas BChE activity is
significantly increased [37]. This provides a rational basis for the development of

BChE-selective inhibitors to combat the advanced stages of AD [37].
Glutamate excitotoxicity

The N-methyl-D-aspartate (NMDA) receptor plays a pivotal role in the synaptic
mechanisms of learning and memory, and previous work has suggested that glutamate-
induced excitotoxic injury can disrupt optimal glutamate neurotransmission and
glutamate receptor activation in patients with Alzheimer’s disease (AD) [38]. The
overactivation of NMDA receptors promotes cell death and extensively contributes to
the etiology of AD. Therefore, it is obvious that drugs able to selectively block these
receptors may have therapeutic benefit in AD [39].

Oxidative stress

The occurrence of reactive oxygen species (ROS) mediates cell injury in the brain
of patients with AD [40]. Free radicals and ROS are highly reactive and unstable
intermediates. Increased levels of ROS ultimately lead to oxidative stress. Specific
regions of the brain affected by AD are more susceptible to ROS generation. It is
believed that ROS production and inflammation are the very first pathological events
responsible for neuronal injury during AD. Therapeutic intervention by antioxidants
may therefore represent a beneficial tool to combat AD; however, none have been

clinically approved yet [41].

[-Amyloid cascade hypothesis
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This hypothesis is considered as one of the key pathological events of AD, and was
first postulated at the beginning of the 1990s [42, 43]. Convincing evidence has
demonstrated the progressive formation of amyloid-beta (AP) peptides, caused either by
their increased production or decreased clearance. AP is low molecular-weight
polypeptide that is the major component of amyloid plaques [44]. Physiologically, it is
produced from the AP precursor protein (APP), which is expressed as transmembrane
glycoprotein, with a large ectodomain containing the N-terminus and a small
cytoplasmic domain containing the C-terminus [45, 46]. Initially, APP is processed by
B-secretase (known as [-site APP-cleaving enzyme 1; memapsin 2; BACE-1).
Subsequently, cleavage by y-secretase within the transmembrane region of APP yields
two C-terminal variants, APi-40 and ABi-42 [47]. Of the secreted AP peptides, ABi-4o is
10 times more common than ABi.42 [48]. The main difference is that APi-4> is more
fibrilogenic and prone to nucleate more rapidly than ABi.40 [49]. Moreover, ABi-42 has
been found as the dominant component of AP plaques and plaques generated from APP
mutants. In addition, depositions of this isoform are mainly observed in the brains of
patients with AD [50]. Recently, a flurry of potential drug candidates have emerged
based upon this hypothesis; however, remarkable promise was found only for BACE-1

inhibitors, which have reached phase III clinical trials [51].
Tau protein hypothesis

Tau protein is physiologically pervasive in neurons and plays an important role in
the assembly and stabilization of the neuronal microtubule network. Increased levels of
intracellularly hyperphosphorylated tau can be found in the brain of patients with AD.
These levels lead to the production of aggregates, referred to as intracellular
neurofibrillary tangles, which are toxic to neurons [52, 53]. Therapeutic interventions
have been proposed though the modulation of the activity of glycogen synthase kinase 3
(GSK-3B) or cyclin dependent kinase 5 (Cdk5), which are regulators of tau
phosphorylation [54].

Biometal hypothesis

The homeostasis of biometals (e.g. Cu, Fe, Zn) is essential for normal brain
function. Significantly altered concentrations of these metals have been reported during
neurodegeneration [55]. Their accumulation in the neuropils of the brains of patients

with AD is 3-5-fold higher than that in healthy adults. Cu and Fe are implicated in
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redox reactions that, under pathological conditions, yield free radical species [56]. It is
also well-described that these biometals interact with AB or APP. The interaction
modulates the physicochemical properties of AP and ultimately induce the self-
aggregation and oligomerization of this peptide [57]. In addition, Cu(Il) or Fe(III) are
reduced in the presence of AP, leading to the production of ROS, hydrogen peroxide,
and hydroxyl radicals, which may contribute to neuronal damage [56]. Therefore,
metal-chelating agents were developed in order to reduce the increases in biometal

levels [58].

1.2.1 Treatment

At present, there is no treatment available to affect a complete cure for AD. Only
palliative therapies exist; however, some symptomatic drugs have been clinically
approved and improve both the quality and lifespan of patients with AD. But their
therapeutic potential is insufficient, as they providing benefit only for a limited period

of time (Figure 4) [35].
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Figure 4 Currently available drugs for the treatment of AD.
Doneperzil, rivastigmine, and galantamine

These drugs primarily improve cholinergic neurotransmission through the inhibition

of either AChE or BChE. These leads to symptomatic relief for patients with AD [59].
Memantine

Memantine is a NMDA receptor antagonist. The involvement of these receptors in
the pathology of AD is connected to excitotoxicity and the death of neurons caused by

chronic neuronal activation [60, 61].

Tacrine
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Tacrine was the first available therapeutic agent for AD. It was approved based on
its inhibition of AChE/BChE enzymes [36]. Owing to concerns over its safety, tacrine
was soon removed from clinical practice; hepatoxicity is considered as one of its critical
side effects [62]. Further research to find more potent tacrine derivatives with fewer
side effects yielded 7-methoxytacrine (7-MEOTA) and 6-chlorotacrine (Figure 5) [63,
64]. These derivatives surpassed the parent drug in terms of side effects (7-MEOTA)
and efficacy (6-chlorotacrine); however, none were approved for clinical use against
AD. Tacrine remains extensively used as a template for the development of

multifunctional molecules, possibly owing to its easy chemical synthesis [65].

scelievonliovel

tacrine 7-MEOTA 6-chlorotacrine

Figure 5 Tacrine and its analog, 7-MEOTA and 6-chlorotacrine
Multi-targeted directed ligand (MTDL) approach

Given the multifactorial etiology of AD, it is unlikely a single therapeutic approach
will yield a cure. Therefore, researchers began to develop multifunctional compounds
able to simultaneously combat multiple pathological pathways [59, 65]. There are

several ways to design MTDLs, linking, fusing, or merging (Figure 6) [66].

Linking Fusing Merging

Q@ QO )

Figure 6 Plausible strategies for the development of novel MTDLs.

There are several concerns related to the development of MTDLs. The main issue
when applying linking and fusing approaches arises from poor physicochemical
properties that are intricately linked with their low drug-likeness [59, 65, 67]. Another
critical point, especially relevant for merged or fused compounds, is to preserve the
affinity or activity profiles of each ligand to different targets. The issues with balancing
the physicochemical properties with high affinity/activity characteristics have resulted

in none of the promising MTDL drugs reaching clinical practice. Currently, the most
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developed MTDL drug is the merged molecule ladostigil, which is in phase II clinical
trials as an inhibitor of AChE/BChE and monoamine oxidase B [68].

1.3 Insecticides

Vector-borne diseases are an enormous burden to modern society and account for
more than 17% of all infectious diseases. According to the WHO, they are implicated in
over 700,000 deaths annually, the most prevalent of which is malaria, estimated to be
responsible for over 400,000 of those deaths. In 2017, there were approximately 219
million cases worldwide, which led to approximately 435,000 deaths. Children under 5
years of age are the most vulnerable to malaria, with a mortality rate of 61%
(approximately 266,000 deaths) [69, 70]. The disease is transmitted by parasites of the
genus Plasmodium, which are transmitted into the human body via blood feeding by
adult female Anopheline mosquitoes (the major vector in sub-Saharan Africa is
Anopheles gambiae). At present, the best protection lies in preventive countermeasures:
insecticidal control is considered as the best tool against malaria and other vector-borne

diseases [71, 72].

Chemical insecticides are the best option, given their simple practical use and cost-
effectiveness [73]. They can be managed by using indoor residual spraying (IRS) or as
bed nets (insecticide-treated nets; ITN). Currently, only two targets for chemical
insecticides have been approved by the WHO (the voltage-gated sodium channels and
acetylcholinesterase) [72, 74]. In the first family of compounds targeting the voltage-
gated sodium ion channel, DDT and pyrethroids are the most cited representatives.
Pyrethroids are approved for use in both ITN and IRS. The compounds targeting the
AChE of mosquitos are organophosphates and methylcarbamates. These are approved

only for IRS [72, 75]. Some approved insecticides are presented in Figure 7.
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Figure 7 A: Pyrethroid family compounds targeting the voltage-gated sodium ion channels,

permethrin and deltamethrin; and the organochlorine insecticide DDT. B: Organophosphorus-

based insecticides targeting AChE: paraoxon, dichlorvos, malathion, and the methylcarbamates,

bendiocarb and propoxur.

1.3.1 Common issues with current insecticides

Although the beneficial effects of insecticides are clear in terms of disease control

and crop protection, there is also the negative side of their excessive use over the time.

Accumulation in the ecosystem results in a serious burden for the environment, with

harmful effects on “non-target” species, including humans. Moreover, it fosters the

development of resistance against insecticides [76, 77]. Four types of resistance have

been described: 1) metabolic resistance;

1) target site resistance; iii) penetration
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resistance; and iv) behavioral resistance [78]. Target site and metabolic resistance have
been extensively investigated [78]. Target site resistance refers to point mutations that
induce the specific target of insecticides to be less sensitive to the drug [79]. Metabolic
resistance refers to sequestration or detoxification of the insecticide, generally by the
overproduction of specific enzymes. There are three main groups of enzymes involved:
carboxylesterases;  glutathione-S-transferases; and cytochrome P450-dependent
monoxygenases. The excessive formation of these enzymes occurs mainly through two
mechanisms: gene amplification and gene expression, through modifications in the

promoter region or mutations in trans-acting regulatory genes [77, 80].

1.3.2 AChE-targeted insecticides

The enzyme AChE is the main target for organophosphorus-based and carbamate-
containing insecticides. The organophosphorus insecticides are a group of organic
compounds, including phosphoric, phosphonic, and phosphinic acids. Their mechanism
is based on penetration through the narrow aromatic gorge of the enzyme into the CAS,
where the phosphorus atom is attacked by a nucleophilic serine residue from the
catalytic triad that leads to the phosphylated adduct (a generic term that describes both
phosphorylation and phosphonylation; further detail is presented in section 1.4). The
first sign of intoxication by organophosphorus-based insecticides appears after 5-120
min, depending on the dose and overall toxicity, and may lead to the death of an
individual after 24—48 h, dependent on the dose [73]. The major advantages are the low
stability in the environment, with rapid hydrolysis occurring shortly after exposure to

sunlight, air, or soil.

Carbamates are considered to have an analogical mechanism of action. Instead of
phosphylation, the enzyme is inhibited by carbamylation. From the perspective of
enzyme kinetic, carbamates are classified as pseudo-reversible inhibitors, compared
with the irreversible inhibition delivered by organophosphates (due to another
intramolecular reaction that produces the “aged” form of the enzyme; further details are
presented in section 1.4). Decarbamylation occurs within minutes; however, in some
cases the time may be prolonged to a few hours. The major limitation of the use of
carbamates is their high persistence in the environment. As decarbamylation occurs
much more rapidly, carbamates are considered to be less toxic and dangerous to humans

than organophosphates [73, 81, 82].
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The major drawback of currently used insecticides is their poor selectivity. The
catalytic AChE serine residue is the key amino acid for the hydrolytic function of the
enzyme and is ubiquitous in insect and non-insect species. From a structural
perspective, there is only a negligible structural difference in the residues within the
CAS region [83]. The general toxicity in human species is also very well characterized
[73, 81]. Accordingly, there is an urgent need for a novel group of AChE-targeted
insecticides that would target insects solely or at least with high specificity. Most
importantly, these novel selective insecticides would form a major contribution to the

reduction of the number of cases of malaria or other vector-borne diseases.

1.4 Organophosphorus intoxication

There are two main groups in the organophosphorus compounds (OPC) family. The
first, organophosphorus (OP) insecticides, was introduced in the previous section

(Figure 6B; section 1.3); these compounds still pose serious health and environmental
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dangers [84]. OP insecticides are implicated in approximately 3,000,000 annual cases of
acute intoxication; more than 200,000 of these cases are fatal. It is also estimated that
pesticides are implicated in more than one third of all suicide cases worldwide [84, 85].
The second group, nerve agents (NAs), also poses a serious threat to modern society.
NAs are classified as the most toxic of the chemical warfare agents (CWA) and are also
weapons of mass destruction (WMD) that are easily accessible by routine chemical
synthesis methods [86, 87]. NAs can be further subdivided into two families of so-
called G-agents and V-agents (Figure 8). The first comprises more volatile substances,
mostly liquids and gases, with low persistency in open terrain. The second comprises

relatively non-volatile agents, with higher persistence and greater toxicity [88].
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Figure 8 Representative NAs from the G-family (tabun, sarin, soman, and cyclosarin) and the V

family (VX, Russian VX, and Chinese VX).

At present, the Chemical Weapons Convention (CWC) has been signed by 192
nations. The declaration should ensure protection against all the listed NAs and their
intermediates used for their preparation. However, the rise in terrorist attacks, where
NAs have been misused, is still alarming (e.g., in Japan 1995 and 1996, and in Syria in
2013 and 2017) [89, 90]. More recently, the assassination of some political figures (e.g.,
in Kuala Lumpur or in Salisbury) [91, 92] has illustrated that the power of these
weapons should be considered. Each case of the misuse of NAs is accompanied by the
delivery of low-levels of protection to individuals over a long period of time [4, 93]. As
previously mentioned the toxic effect of OPC is based on the irreversible inhibition of
AChE and requires urgent medical attention. AChE inhibition yields the excessive
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accumulation of ACh in synapses and the subsequent overstimulation of cholinergic
receptors [94]. This leads to severe toxic consequences mainly associated with a
cholinergic crisis. The symptoms vary, depending on whether the muscarinic or
nicotinic cholinergic pathomechanism prevails (see Figure 1). Vomiting, miosis,
wheezing, increased nasal and submucosal secretion, and decreased blood pressure are
connected to nicotinic signaling in the parasympathetic ganglia and muscarinic
signaling at the synapse of the postganglionic parasympathetic nerves. Fasciculation and
paralysis are associated with the alteration of the nicotinic receptors at the
neuromuscular junction [4]. Overall, overstimulation leads to desensitization, and the

death generally results from respiratory arrest or seizures [95].

From a mechanistic perspective, the initial attack of the phosphorus atom by
nucleophilic serine yields a bipyramidal transition state, followed by the release of a
leaving group release (dependent on the substrate, i.e. OPC). In the next step, water
activation orchestrated by a histidine residue cannot be accomplished, and spontaneous
hydrolysis is extremely slow, taking hours or days [15, 16]. The situation is even more
serious when it comes to the intramolecular reaction that yields the dealkylated adduct
called “aged-AChE”. This is considered as the ultimate stage, because the enzyme
action cannot be recovered owing to the strong stabilization between the dealkylated
conjugate and catalytic histidine (Scheme 3) [96]. However, some approaches to restore

the activity of aged-AChE activity have recently been described [97].
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1.4.1 Treatment options

The only way to revert the aging process is the introduction of a strong nucleophile
that is able to attack the phosphorus atom [99, 100]. Such an attack is termed
reactivation, meaning that AChE action is replenished. Upon administration in humans,
only oxime-based reactivators have proved effective for the restoration of AChE. For
oxime action, their activation to oximate is necessary. Their formation is indicated by
the dissociation constant (pKa), which is considered one of the most crucial factors that
strongly correlates with the reactivation capability. The reactivation process yields the
free enzyme and phosphyloxime. Subsequently, phosphyloxime is a very potent
inhibitor that can mediate rebound phenomena through the alkylation of AChE per se
(Scheme 4) [101].
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Scheme 4 Reactivation of OP-inhibited AChE by oximate anion, yielding reactivated free
enzyme and phosphyloxime (Kp, dissociation constant of the reactivator/phosphyl-AChE

complex; k., reactivation rate constant). Taken from ref. [15].

All the approved oxime reactivators are structurally based on permanently charged
pyridinium salts (Figure 8). The first-in-class, pralidoxime, was introduced in 1955 in
the USA and laid the foundations for the development of other compounds. Pralidoxime
(pyridinium-2-aldoxime methyl chloride) contains only one charged pyridinium moiety
[99]. Other compounds such as obidoxime, methoxime, asoxime, and trimedoxime, are
bis-quaternary or bis-pyridinium aldoximes (Figure 8A) [102—105]. Although they are
the only causal antidotes available, their efficiency is somewhat poor [106, 107]. Their
potency is limited by several critical drawbacks. First, no compound is a broad-

spectrum reactivator, as a result of the diverse chemical topology of OP-AChE
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conjugates created by various OPCs. That is, none of the oximes are able to sufficiently
reactivate all OP-AChE complexes [108]. Second, no marketed reactivators can restore
the “aged” form of the enzyme [16]. Finally, the largest concern is their very poor
ability to cross blood-brain barrier (BBB) and, therefore, to reactivate AChE in the
central nervous system (CNS). This inability is mainly attributed to their permanent

charge [108-110].

In addition to causal antidotes, symptomatic treatments are also important. The
symptomatic antidotes are diazepam, an anticonvulsive drug, and atropine, an

anticholinergic drug (Figure 9) [107].
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Figure 9 A: Clinically approved causal antidotes against organophosphorus intoxication:
pralidoxime, obidoxime, asoxime, methoxime, and trimedoxime (X  represents chloride,
bromide, iodide, or methansulfonate anion); B: Examples of symptomatic antidotes: the

anticonvulsive diazepam and the anticholinergic atropine.

1.4.2 Novel approaches to the treatment of OP intoxication

Since the introduction of asoxime in 1969, there have been thousands of new oxime

reactivators developed, but none has entered clinical practice. In addition, thousands of
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non-, mono- or bis-quaternary compounds have been introduced, but none has
significantly surpassed the efficiency of the parent compounds. Examples of some
recently discovered oxime reactivators are presented in Scheme 5. A detailed summary
of recently published compounds is comprehensively described in the 2016 review
article by Gorecki et al. [15] (see Attachment I). In another review in 2017, Gorecki et
al. [111] summarized all patent applications connected with AChE reactivators during
the years 2006-2016 (see Attachment II). In addition, in 2018, Gorecki et al. reviewed
the development of K203 and outlined all the studies that have examined the properties

of this potent reactivator [98] (see Attachment III).

Modern trends in the development of novel AChE reactivators are mostly based on
the so-called dual site binding strategy. This approach also stimulated the development
of AD drugs [112]. The concept builds upon the amalgamation of two
ligands/scaffolds/pharmacophores into one lead molecule that is able to target both CAS
and PAS simultaneously. Although this approach displayed minor success in vitro, the
novel drug candidates mostly suffer from poor drug-likeness, causing failures in in vivo

conditions [15, 108, 113].
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Scheme 5 Examples illustrating progress in the design of AChE oxime reactivators over the last
two decades. From top to bottom: bis-quaternary compound K203 [114]; mono-quaternary
compounds from the group of Prof. J. E. Chambers [115]; bulky non-quaternary compounds
from the group of Prof. Pierre-Yves Renard [116]; small uncharged compound from the UCSD
group of Prof. Radi¢ [117]; and potent non-oxime alternatives [118].
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2. Objectives

The goal of this thesis was the synthesis of novel modulators of AChE that have

different functions.

Initially, a family containing dozens of AChE inhibitors as multi-target directed
ligands (MTDLs) is outlined. Another tacrine-related series was proposed to inspect

their combined AChE and NMDA activities.

Two subsets of compounds with anti-insecticidal activity were introduced. Both

series are based on a recently postulated AChE Cys-targeting approach.

Finally, three series of AChE reactivators were developed as causal antidotes of
OP intoxication. The first series described contains mono-quaternary compounds with
outstanding reactivation potency. Two other series, presenting completely novel

approaches towards uncharged reactivators, are also depicted.

My main focus of this thesis was the design, synthesis, and determination of the
physicochemical properties of the compounds in these series. I declare that all synthetic
procedures were performed by me. In order to provide full insight into different
research fields, I have also incorporated and briefly discussed biological data. In
addition, the series of bis-oxime reactivators (sections 3.1.7, 3.2.7, and 3.3.7)
discovered at UCSD were biologically evaluated by me. With regard to these
compounds, I declare that I am responsible for the compound design, selections made
by using virtual reality, synthesis, experimental determination of the physicochemical

properties, and in vitro assays, including the calculation of kinetic parameters.
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3. Results
3.1 Design

3.1.1 Tacrine-phenothiazine derivatives

This work is derived from a collaboration with Prof. Maria Laura Bolognesi, from
the Department of Pharmacy and Biotechnology, Alma Mater Studiorum Universita di
Bologna. The design and synthesis were performed during three month internship at her
laboratory. We designed novel multi-target directing ligands (MTDL) combining
tacrine scaffolds linked to phenothiazine, a lead structure for neurological disorders [36,
119]. Tacrine is introduced in section 1.2.1. Phenothiazine is much older compound and
has been applied effectively in various fields (Scheme 6): for example, as an
anthelmintic (mid-20" century); as an antihistaminic agent; for anesthesia
(promethazine); or as anti-schizophrenic drug (chlorpromazine) [120, 121]. It should be
noted that chlorpromazine, fluphenazine, and haloperidol are mentioned in the List of
Essential Medicines 2017 (WHO) for the treatment of psychotic disorders [119, 122].
Phenothiazines are also well-known for their antioxidative activity, which may offer
beneficial activity with regard to the oxidative stress hypothesis of AD (see section 1.2)
[123]. Finally, methylene blue, another well-known derivative of phenothiazine, was
found to be effective against tau aggregation (tau-related neurotoxicity; see section 1.2)

and is in phase II clinical trials for the treatment of AD [124, 125].
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Scheme 6 The lead structure phenothiazine and its clinically used derivatives of
chlorpromazine, fluphenazine, and profenamine; together with methylene blue, a promising

anti-AD drug candidate.

We decided to connect these two efficient scaffolds with a simple methylene chain
linker to obtain MTDL compounds. We believed this would provide efficient inhibitors
of AChE based on a dual site binding strategy (one ligand binding in PAS and one in
CAS). This would confer antioxidative activity to the compound, with anti-tau
properties arising from the phenothiazine structure. 6-Chlorotacrine and 7-MEOTA
were selected as tacrine derivatives, in addition the parent molecule, tacrine. 2-
chlorophenothiazine and 2-trifluoromethylphenothiazine were chosen as phenothiazine
derivatives, together with phenothiazine alone. Finally, the linker length was set
between two and five methylene, as this seems to be the best for AChE dual site binding
(Figure 10) [15, 21, 22, 126]. The compounds were inspected mainly for their inhibitory
activity on the enzymes AChE/BChE, for the neuroprotective potency, and for their

anti-tau aggregation properties.
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Figure 10 Designed compounds based on tacrine and phenothiazine scaffolds.

3.1.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptors

NMDA receptor antagonists are one of the therapeutic approaches towards the
treatment of AD. Memantine, a clinically approved drug, was shown to have a clear
proof of concept (see section 1.2). Moreover, it is believed that the efficiency of tacrine
on the symptoms of AD is not only based on AChE inhibition, but may be more
connected with the modulatory activity on glutamatergic neurons (direct and indirect).
Indirect modulation is mediated by influencing receptors via the M1 receptor (mAChR
subtype) activation through the inhibition of SK channels [127, 128]. This leads to the
inhibition of Ca**-activated potassium channels, which re/hyperpolarize postsynaptic
spines and inhibit NMDA receptor opening [127, 129]. Direct inhibition is achieved
only by high (physiologically unattainable) concentrations. In contrast, it is possible that

some tacrine metabolites may have increased NMDA antagonist efficiency [129].

Therefore, we decided to prepare small library of tacrine derivatives (Figure 11) and

investigate them for their potential NMDA receptor antagonism.

NH,

R
HCI
X X

/ N/ n
n=1-3

Figure 11 Substituted tacrine derivatives and their analogs with five- to seven-membered

saturated rings.
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3.1.3 AChE-targeting insecticides

The standard organophosphate and carbamate insecticides covalently bind Ser360
(Anopheles gambiae acetylcholinesterase, AgAChE) and thus prevent hydrolysis of
ACh. A novel approach for the selective inhibition of AgAChE is to target the Cys447
residue in the PAS of some insect species. This Cys-targeted strategy have been
proposed to overcome insecticide resistance [130]. The benefit of this approach arises
from the absence of the Cys residue is in the mammalian enzymes. Moreover, the
inaccessibility of the Cys residue in beneficial insects may protect them against such
insecticides. Therefore, it is believed that Cys-targeted insecticides may confer

significant selectivity for insect AChE over mammalian AChE [73, 131].

We decided to inspect this hypothesis though the preparation of some of the
previously reported compounds. These molecules were first introduced by
computational studies in 2012; but some have been prepared more recently [130, 132].
Five of the reported compounds have been enriched, and three novel compounds were
enriched for a full inspection of potency. In addition, we have described a different and
more straightforward synthetic strategy for compound preparation. All were then
subjected to in vitro testing to determine their efficiency in the inhibition of the action
of recombinant AgAChE1, human AChE (AAChE), and human butyrylcholinesterase
(hBChE). The molecules are composed of maleimide or succinimide moieties and a
pyridinium or piperidine scaffold. Both ligands were connected with long 18- or 20-
methylene linkers to facilitate the binding affinity (Figure 12). It is believed that
maleimide is able to covalently bind to cysteine, whereas succinimide cannot.
Piperidine and pyridinium structures are both able to bind to the catalytic active site;
therefore, they represent very simple CAS ligands. Molecular docking simulations were

performed to improve the binding potential (Figure 13).

(@)
A -
7 Ayt
Y n=14; 16

| X = -CH,-CHy-; -CH=CH-
=

Figure 12 The first series of Cys-targeted insecticides developed from already published
models described by Pang et al. [130] in 2012 and Dou et al. [132] in 2013.
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Figure 13 In silico representation of 134 in the AgAChE]1 active site (PDB ID: 5YDH). The

close-up view of the ligand is presented as a three-dimensional (A, left) and two-dimensional

(B, right) representations. Generally, A, 134, is presented in green, important amino acid

residues are presented in blue, and the catalytic triad is presented in yellow.

3.1.4 Second subset of insecticides

Based on the results from the first series, we wanted to continue with the

development of Cys-targeted insecticides. The maleimide moiety was confirmed by the

in vitro results. We decided to change the CAS ligands for the well-known ligand

tacrine, 4-aminoquinoline, and 4-aminopyridine, and examined the impact on the

inhibitory activity and the selectivity ratio (Figure 14).
o
' -
N
=

’}X n=14; 16
%\O X = -CH,-CH,~; -CH=CH-

Figure 14 Our second series of Cys-targeted insecticides, which were derived from the first

series.
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3.1.5 Mono-quaternary permanently charged AChE reactivators

After a comprehensive literature survey of the structure-activity relationships
(SARs) of the modern approaches and novel AChE reactivators, we developed a new
series of mono-quaternary compounds. We selected the best approaches and molecules
reported in recent literature and combined the strategies. We decided to prepare
molecules based on a dual-site binding strategy. Five methylenes were chosen with the
most optimal length [126]. A 2-[(1E)-(hydroxyimino)methyl]pyridine-3-ol scaffold was
selected as the CAS ligand [116, 133]. The novelty lay in the presence of the positive
charge in the PAS whereas the CAS remained uncharged. Such a strategy has not been
published before. For this reason, we decided to implement new peripheral site ligands
not related to AChE inhibitors such as tacrine and its derivatives. Again, this approach
may be beneficial in terms of decreasing the affinity towards the enzyme. Strong
inhibition is presumed to result in a strong penalty during the desolvation of the ligand
and may therefore hamper the entire reactivation process [134]; consequently, the
reactivator-NA complex will hardly leave the enzymatic gorge. For these reasons, novel
pyridinium, quinolinium and isoquinolinium salts were designed and evaluated (Figure
15). The major advantage of this CAS ligand is the improvement in the pK. value of the
oxime group, which enhances reactivation, and the ability to stabilize phosphyloxime

after reactivation [116, 133].

Figure 15 Design of mono-quaternary  compounds based on  2-[(1E)-

(hydroxyimino)methyl]pyridin-3-ol scaffold [133] and charged PAS ligands.

3.1.6 Tacroximes

In this small series of compounds, we proposed a completely novel approach. We
repurpose small AChE inhibitors that are used in the treatment of AD. However, the
compounds needed to be hampered to decrease inhibitory activity, so that affinity would
be maintained but the compounds would not possess strong inhibitory activity. Again,
we started from tacrine, which appears to be the best candidate. To decrease its potency,

we selected an acetylated derivative. The acetylated derivative will have a lower degree
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of protonation at physiological pH and the affinity for the enzyme will be slightly
decreased. We amalgamated the aldoxime group to this N-acetyltacrine to confer
reactivation ability to the compound. As well as a single aldoxime group, we also
decided to put a hydroxyl group in the ortho-position to achieve same benefits as
discussed in Scheme 7 [116, 133]. Molecular docking (MD) and physicochemical
properties were calculated to predict their real potential. Indeed, MD simulation
suggested a favored orientation in the enzyme (Figure 16). The calculations of the
physicochemical properties were examined in the central nervous system multi-
parameter optimization (CNS MPO) model [67] suggested the ability of. the compounds
to cross the BBB. Finally, the pKa value of tacroxime 1 was in the desired range (7.0—

8.35) for efficient reactivation [135].
"\r y \‘. // \\ N

7S SNoH s HONA‘@ @/§N0H ; HONT A S n
_ o NN O NG HO™ Z

pralidoxime obidoxime efficient_l.;ncharged catalytic
active site ligand

B: %
NH, decrease of inhibitory O >NH
x activity Q
C :N; C N2
tacrine0
=0.32 M N.(1,2,3,4-tetrahydroacrigin-9-yhacetamide
hAChE ICs, ( otrahyd g2t CLR
O%NH OANH
HON* X HON* =
N HO N
tacroxime 1 tacroxime 2
CNS MPQ y.a[lge 5.5 CNS MPQ gai%e 5.0
pKa pKa )

Scheme 7 A: Clinically used reactivators pralidoxime and obidoxime and the efficient CAS
ligand, as previously described [15,16]. B: The optimization of the tacrine structure was

conducted to obtain a potent reactivator.
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Figure 16. Top-scoring docking poses of compounds tacroxime 2 in the non-aged VX-
inhibited-AChE active site (PDB ID: 2Y2U translated to 4EY7). The close-up is presented in
three-dimensional (A) and two-dimensional (B) diagrams, respectively. Generally, for A:
tacroxime 2 is shown with carbon sticks in dark blue, important amino acid residues in green,
catalytic triad residues in yellow, and the VX agent in purple. Dashed lines (in all figure parts)
represent the crucial intermolecular interactions of different origin (hydrogen bonds, n-m/z-
cation stacking, van der Waal interactions, and other hydrophobic forces). Figure A was created
with PyMOL Molecular Graphics System, Version 2.0 Schrodinger, LLC. Figure B was
rendered by using Dassault Systémes BIOVIA, Discovery Studio Visualizer, v 17.2.0.16349,
San Diego: Dassault Systémes, 2016.

3.1.7 Uncharged bis-oxime reactivators

The final series present in this thesis arose from an internship at University of
California San Diego (UCSD) at the Skaggs School of Pharmacy and Pharmaceutical
Sciences (SSPPS) under supervision of Assoc. Prof. Zoran Radi¢, Assoc. Prof. Carlo
Ballatore, and Prof. Palmer Taylor. The idea for the series came from the compound
RS194B, the most potent uncharged drug-like candidate for the treatment of
organophosphorus intoxication [117, 136, 137]. RS194B was originally invented by
UCSD in collaboration with the Skripps Research Institute. Although this compound is
very efficient, the crystal structure suggests an unfavorable conformation in the gorge of
AChE. In Figure 17, it can be seen that the oxime group is pointing outwards from the

phosphorus atom (in orange) and is stacked in the PAS.
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Figure 17 The crystal structure of RS194B and VX-inhibited acetylcholinesterase. The

unfavorable conformation of the molecule is clearly displayed.

Our goal was to add another oxime group to the molecule, specifically on the other
side of the heterocyclic ring (Figure 18). The oxime would also act as a PAS ligand
(PSL). This would ensure that one of the oximes would point towards the phosphorus
atom. On this basis, 17 molecules were designed. The hits were investigated by using
virtual reality (VR) modeling and MD calculations (see the results and the best hits in
Table 1 and Figure 19).

HO/N%)kH/\/N\@#
X i N
n=1;2

Figure 18 Design of RS194B analogs with a second oxime group.

Table 1 The best designed candidates based on molecular docking calculations.

Ranking Structure Score (kcal/mol)
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Figure 19 Molecular docking results of the best two candidates, 229 and 230. Different

conformations are evident in the enzyme. However, one of the oxime groups is always pointing

towards the phosphorus atom and both central rings are stacked above Trp286.
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3.2 Synthesis

3.2.1 Tacrine-phenothiazine derivatives

Reductive amination was selected as the core reaction for the synthesis of tacrine-
phenothiazine heterodimers. There are several different types of this reaction: we chose
mild conditions using triethylsilane (TES) as the reducing agent and acetals as the
reactants. The initial step was the preparation of corresponding acetals (Scheme 8).
Acetals 1 and 2 were commercially available and key linker intermediates were readily
prepared by the protection of amino group using trifluoroacetic acid anhydride (TFAA)
(Scheme 8A). In the case of the three methylene linker, a one-pot reaction afforded the
reduction of the nitrile group and immediate acetylation (Scheme 8B). Finally, the five
carbon-linker had to be prepared from commercially available 5-aminopentan-1-ol (7).
The reaction with phthalic anhydride and the subsequent Swern oxidation led to
aldehyde 9. Subsequently, reactions with triethyl orthoformate resulted in the desired
acetal 10 (Scheme 8C).
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Preparation of 2C and 4C linker

A: R R
R R )
o__d a) j;
( —> (b
"NH2 O)\CF3
n=1,R=Me n=1;,R=Me
S n=3R=Et 2n=3;R=Et
B: Preparation of 3C linker
\[ +  (CHiCO)0 0 \Q
CN HN_ O
5 T e
C: Preparation of 5C linker

9 O

o)
c) d)
HO/\(‘/)g\NHz — > HO/\WN — > O%Q?N
7 )i<\< >
8

0 &
e) O
04\6/)?\ N z : — > /\O)\Mg\ N f
0]
9 10

Scheme 8 The preparation of selected linkers. Reagents and conditions: a) TFAA, TEA, THF,
0°C to RT; b) NiSO4, NaBH4, MeOH, 0°C to RT; c) phthalic anhydride, 150°C; d) (COCI),,
DMSO, DIPEA, DCM, -45°C to RT; e) TsOH, triethyl orthoformate, EtOH, RT.

After preparation of the acetals 3, 4, 6 and 10, reductive amination was performed
in an acidic environment employing trifluoroacetic acid (TFA) with TES as the

reductive agent (Scheme 9).
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Scheme 9 Reductive amination of acetals and phenothiazines. Reagents and conditions:

a) TFA, TES, DCM, RT.

Deprotection procedures varied with the protective ligand. Trifluoroacetamides

were cleaved by overnight stirring with potassium carbonate (K>CO3) (Scheme 10A).

Harsher conditions were necessary for acetamides. Indeed, deprotection was conducted

by microwave (MW) irradiation at 160°C with potassium hydroxide (KOH) (Scheme

10B). Finally, phthalimides were refluxed in EtOH with hydrazine to obtain the desired

primary amines (Scheme 10C).
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Deprotection of the trifluoroacetamide group
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Scheme 10 Deprotection reactions leading to primary amines (final intermediates). Reagents
and conditions: a) K.COs, MeOH/H,O (2:1), RT; b) MW, KOH, 160°C, MeOH/H,O (2:1); c)
NH,NH,.H;O; EtOH; 90°C.
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The final step, comprising N-(w-aminoalkyl)phenothiazine intermediates with 9-

chloro-1,2,3,4-tetrahydroacridine derivatives, led to the desired hybrids. The reaction

was performed under MW irradiation at 180°C in phenol (Scheme 11).
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Scheme 11 The final reaction leading to the desired hybrids. Reagents and conditions: a) MW,

180°C, phenol.

Table 2 Tacrine-phenothiazine derivatives

Compound n R? R*
41 1 H H
42 1 H 7-OCH3
43 1 H 6-Cl
44 1 Cl H
45 1 Cl 7-OCH3
46 1 Cl 6-Cl
47 1 -CF; H
48 1 -CF; 7-OCHj3
49 1 -CF; 6-Cl
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74 4 -CF3 H

75 4 -CF3 7-OCHj3

76 4 -CF; 6-Cl

3.2.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptor

The synthesis of tacrine derivatives was optimized by using microwave irradiation.
We achieved full conversion in only 10 min with yields of 37%—-99% (Scheme 12). The
corresponding 2-aminobenzonitriles were commercially available. Therefore, we

developed a simple one-step synthesis to afford title products (see Table 3).

o NH, HCI
~-N a); b) XX
R—¢- > R
ZSNH, n Z SN tn
n=1-3 n=1-3
Table 3
77 -107

Scheme 12 The reaction leading to the final tacrine derivatives. ZnCl, or AlICl; were used as
Lewis acids (LA). Reagents and conditions: a) LA; MW; 10 min; 150°C; b) MeOH; HCI (25%
in H,O), RT.

Table 3 Prepared tacrine derivatives with dual targeting to AChE and the NMDA receptor

Compound n R Yield
77 1 7-CHs 83%
78 2 7-CHs 98%
79 3 2-CH; 81%
80 1 7-Br 67%
81 2 7-Br 52%
82 3 2-Br 88%
83 1 7-Cl 82%
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84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

929

100

101

102

103

104

105

106

7-Cl
2-Cl
5,7-diCl
5,7-diCl
2,4-diCl
5,7-diBr
5,7-diBr
2,4-diBr
7-F
7-F
2-F
8-Cl
8-Cl
1-Cl
6-CH3
6-CH;
3-CH;
8-CH3
8-CH3
1-CH;
7-OCHs
7-OCH3

2-OCHj3;

56%

94%

72%

86%

96%

82%

35%

65%

83%

7%

98%

63%

48%

89%

83%

77%

99%

58%

77%

59%

60%

37%

82%
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3.2.3 AChE-targeting insecticides

To obtain the long methylene chain for use as the basic core of these compounds,
we suggested that the employment of methyl esters with a terminal double bond (107
and 108) might serve as a good starting point. Therefore, we applied olefin metathesis
as the most efficient reaction prior to the use of Grignard reactions. Indeed, the Grubbs
reaction yielded the dimeric intermediates, 109 and 110, with an almost quantitative
yield (Scheme 13). Owing to follow-up hydrogenation of double bond in the next step,
stereoselectivity of the reaction was not solved. Therefore, the much cheaper first-
generation Grubbs catalyst was preferred to the use of a second-generation Grubbs
catalyst [138]. The subsequent hydrogenation of double bond and the reduction of the
ester to an alcohol provided 113 and 114, both in quantitative yields. The ester
reduction can proceed via two synthetic routes. Besides lithium aluminium hydride
(LiAlH4), diisobutylaluminium hydride (DIBAL-H) can be also efficiently applied to
obtain a,w-bis-hydroxyl compound 113 and 114, respectively (Scheme 1).

In the next step was important for the preparation of alkylating intermediates.
Therefore, we applied N-bromosuccinimide (NBS) bromination of eicosan-1,20-diol
114, which afforded a,m-dibromoalkane 116 in nearly quantitative yields. Therefore, a
more useful approach to obtain the mono-alkylating agents 117 and 118, and thereby
avoid the selective protection of one of the hydroxyl groups, lies in the use of hydrogen
bromide (HBr) to yield w-bromoalkan-1-ol 117 and 118 [139]. Formation of the a,®-

dibromoalkanes (115 or 116) was observed.
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Scheme 13. The application of olefin metathesis to obtain a variety of substituted long alkanes.

H
f
"~ )
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Reagents and conditions: a) First-generation Grubbs, reduced pressure up to 2 mbar, RT-50°C;
b) Pd(OH); on C (20%), Ha, MeOH/EA (2:1), RT; ¢) LiAlH4 2 M solution in THF, THF, reflux;
d) NBS, PPh;, THF, RT; e) HBr 48% solution in H,O, toluene, reflux; f) furan, dioxane, 90°C;

To activate maleimide, a Diels-Alder reaction with furan was performed, resulting
in 119 (Scheme 13) [140]. Improvement of the conditions led to the intermediates 120—
123 in high yields (over 70%) after two steps, including the coupling reaction and

subsequent NBS-bromination.

The final compounds bearing succinimide (124-127) were finally obtained by
employing microwave irradiation. N-Alkylation enabled almost quantitative yields in
the case of piperidine (126 and 127) and approximately 90% in the case of pyridine
(124 and 125) (Scheme 14). The final steps for insecticides containing maleimide 132—
135 were not straightforward. In the case of pyridinium compounds 132 and 133, a
retro-Diels-Alder reaction took place prior to N-alkylation. For the piperidine analogs
(134 and 135), the N-alkylation had to precede the retro-Diels-Alder reaction in order to
achieve the desired product. The N-alkylation and retro-Diels-Alder reactions resulted

in good yields (over 58%; Scheme 14).
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Scheme 14 Synthetic approach for Cys-targeted insecticides. Reagents and conditions: a)
succinimide, K,CO3, DMF, 60°C; b) imide 119, K,COs;, DMF, 60°C; c¢) NBS, PPh;, THF, RT;
d) MW, pyridine, MeCN, 90°C; e¢) MW, piperidine, K,CO;, MeCN, 90°C; f) vacuum,
approximately 1 mBar, 130°C.

3.2.4 Second subset of insecticides

Alternative synthetic routes had to be used to obtain a second series of insecticides.
Initially, 20-bromoeicosan-1-ol (118) or 18-bromooctadecan-1-ol (117) were prepared
in accordance with previous synthetic procedures (Scheme 15). Next, 20-aminoeicosan-
1-ol 137 or 18-aminooctadecan-1-ol 136 were obtained by a one-pot reaction with

potassium phthalimide and hydrazine hydrate. The reactions with 4-bromopyridine
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hydrochloride, 4-chloroquinoline, or 9-chloro-1,2,3,4-tetrahydroacridine produced
compounds 138-143. Then, bromination with CBrs took place. The final reaction with
succinimide resulted in the desired final products 150—155. Maleimide analogs were not

prepared, despite several optimization attempts.
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Scheme 15 The alternative synthetic route to the desired products. Reagents and conditions: a)
one-pot reaction, potassium phthalimide for 8 h at 110°C with MW irradiation, NH,NH>.H,O
for 1 h at 90°C with MW irradiation; b) 4-bromopyridine hydrochloride, KOH, 1-pentanol, 4 h
at 180°C with MW irradiation; c) 4-chloroquinoline, pentanol, 2h at 180°C with MW
irradiation; 9-chloro-1,2,3,4-tetrahydroacridine, pentanol, 2 h at 180°C with MW irradiation; ¢)
CBry, PPh;, DCM, Ar, RT; f) succinimide, K»CO3, DMF, Ar, 60°C; g) imide 119, K,COs;, DMF,
Ar, 60°C.

3.2.5 Mono-quaternary permanently charged AChE reactivators

The synthesis of these compounds consists of three parts. Initially, the preparation
of the oxime key intermediate 166 was conducted. Its synthesis was derived from
commercially accessible 3-hydroxypicolinic acid 156 [116]. In the first step,
esterification took place. Ester 157 was then brominated and the hydroxyl group was
protected by benzyl bromide. All three steps resulted in excellent yields (85%, 81%, and
97%, respectively). Subsequently, the Sonogashira coupling reaction with pent-4-yn-1-
ol was performed to obtain compound 160 in quantitative yields. The Appel reaction in
the next step was performed to obtain bromide 161 at a good yields (84%). The
hydrolysis of the triple bond with Pd(OH)./C also resulted in the deprotection of the
phenolic group, which was protected by tert-butyldimethylsilyl triflate (TBDMSOTY) in
the next step. The final sequence of the three step reaction was conducted in order to
obtain the key intermediate 166. The sequence started with the reduction of the ester
group with DIBAL-H to the appropriate aldehyde 164. Subsequently, deprotection of
TBS was accomplished by using TBAF, and the third step, the reaction of aldehyde 165
with hydroxylamine, led to the desired product 166. An excellent yield of 52% was
obtained after these steps and the overall yield after 10 steps, from the starting
compound 156 to the key intermediate 166, was 25% (Scheme 16).
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after 3 steps 52 %

166

Scheme 16 The synthesis of the key intermediate 166 from commercially accessible
3-hydroxypicolinic acid 156. Reagents and conditions: a) MeOH/H,SO4 (10:1), RT, 20 h; b)
Br,, H,O, RT, 20 h; ¢) BnBr, K»CO3, acetone, RT, 20 h; d) pent-4-yn-1-ol, Pd(PPhs)s, Cul,
DCM/Et:N (2:1), RT, 20 h; e) CBrs, PPhs, DCM, RT, 1 h; f) PA(OH),/C (20%), MeOH/EA
(2:1), Hy, RT, 1 h; g) 2,6-lutidine, TBDMSOTT, DCM, 0°C, 1 h; h) DIBAL-H (1 M solution in
DCM), DCM, -78°C, 15 min; i) TBAF (1 M solution in THF), THF, -30°C, 10 min; j) NH,OH,
absolute EtOH, RT, 30 min.

Another part of the synthesis consists of the preparation of PAS ligands (Scheme
17). The ligand 168 was obtained by Suzuki coupling with phenylboronic acid from the
compound 167 (75% yield). Other quinoline- or isoquinoline-based ligands were
prepared from the tetrahydroquinoline 169 or tetrahydroisoquinoline 173. In the first
step, nitration occurred in the 7-position with almost quantitative yields. The oxidative

aromatization was achieved in the second step with the Pd/C catalyst in an oxygen
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atmosphere. Finally, the reduction of the nitro group was performed with tin(II) chloride
to obtain the final PAS ligands, 172 and 176. Intermediate 175 was also used for the
reaction with phenylboronic acid, which produced compound 177. The reduction of the
nitro group resulted in ligand 178. The last PAS ligands were prepared from the
corresponding aldehydes by the formation of the oxime and its immediate hydrolysis to

amides 180 or 182.

N
N ) O | .
_— 75 %

/N “

: N O,N
170
H 169 2 171 38% 172
98 % 59 %
b d
NH NH N N
O,N O,N = H,N &
173 95% 174 26 % \ 175 50% 176
e)

|

|

f) SN
= 40 %
180
H,N"0
) SN
15 %
=
182
H,N"S0

Scheme 17 The preparation of quinoline or isoquinoline-based PAS ligand intermediates.
Reagents and conditions: a) phenylboronic acid, Pd(PPhs)s, KoCO3;, dioxane, 95°C, 40 h; b)
NaNOs, H,SOs, 20 h, RT; ¢) Pd/C (10%), toluene, O, 200°C, 20 h; d) SnCl,.2H,0, absolute
EtOH, 90°C, 15 h; e) phenylboronic acid, TFA, AgNOs;, K,S,03, DCM, H,O, RT, 20 h; f)
NH>OH.HCI, Cs,CO;3, FeCls, H.O, RT, 48 h.

~N
Pz
<0 179
N f
Z
181
0
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Commercially available pyridines and the prepared isoquinolines/quinoline, as
suitable PAS ligands, were coupled with our key intermediate to obtain mono-
quaternary reactivators in the final synthesis step (Scheme 18). The prepared

compounds are presented in Table 4.

Yield 25%-84%
Table 4
183 - 197

Scheme 18 The final N-alkylation reaction, which yields the desired mono-quaternary

reactivators. Reagents and conditions: a) MW, MeCN, >24 h, 90°C.

Table 4 Prepared mono-quaternary permanently charged AChE reactivators

Compound Type of PAS ring R
183 isoquinolinium -
184 isoquinolinium 1-Ph
185 quinolinium 7-NH,
186 isoquinolinium 7-NH,
187 isoquinolinium 7-NH,-1-Ph
188 isoquinolinium 5-CONH;,
189 isoquinolinium 4-CONH»
190 pyridinium 4-CONH
191 pyridinium 3-CONH;,
192 pyridinium 4-CH3
193 pyridinium 4-C(CHs3)3
194 pyridinium -
195 pyridinium 4-OH
196 pyridinium 4-COOCH3
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197 pyridinium 4-Ph

3.2.6 Tacroximes

The preparation of tacroxime 1 (204) apparently corresponds to the well
characterized synthesis of 7-methoxytacrine [141]. Therefore, benzocaine (198) was
used instead of 4-methoxyaniline and the synthetic route was similar up to intermediate
202. Subsequently, acetylation with acetic anhydride was performed to afford 203. The
final two-step procedure involved the initial reduction of an ester to an aldehyde,
followed by the hydroxylamine reaction to yield 204 (Scheme 19A). The synthesis of
tacroxime 2 (208) followed a different pathway. The key intermediate 205 was
obtained, as described in the literature [142]. Subsequently, compound 206 was
prepared by the optimized conditions using microwave irradiation (as described in

section 3.2.2). The last three steps used were as for 204 (Scheme 19B).
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Scheme 19 A: Preparation of tacroxime 1 from the commercially available starting points
198 and 199. B: Preparation of tacroxime 2 from 205. Reagents and conditions: a) toluene,
Dean-Stark trap, 150°C; b) diphenylether, Dean-Stark trap, 230°C; ¢) POCIs, 140°C; d) NH;
(g), phenol, 180°C; e) Ac:0, pyridine, 150°C; f) DIBAL-H 1 M in DCM, DCM, -80°C; g)
NH,OH, EtOH, RT; h) ZnCl,, cyclohexanone, MW irradiation, 150°C; i) Ac,O, pyridine,
150°C.

3.2.7 Uncharged bis-oxime reactivators

The core of the synthesis was the preparation of RS194B [117]. The oxime
fragment was prepared in the same way (Scheme 3). Therefore, it was necessary to
prepare the corresponding bis-primary amine intermediates. These preparations were
not analogous and had to be optimized for almost every product (Scheme 20 and 21).
The initial N-alkylation by either 2-chloroacetonitrile or 3-bromopropionitrile was
performed by a MW reaction; at room temperature (RT) in DCM or at RT in EtOH with
two different bases (TEA for DCM or Na;CO; for EtOH). In the case of asymmetrical
molecules, N-Boc-piperazine or N-Boc-homopiperazine was alkylated into mono-
nitrilated product, followed by deprotection and another N-alkylation. Compounds 209,
210, 214, and 225 were reduced to 211, 212, 215, and 226, respectively, by LiAlHa.
Contrary, 216, 219, and 223 were reduced to 217, 220, and 224 by Raney-nickel under
H,. Finally, the reaction with ethyl (2F)-2-(hydroxyimino)acetate (227) afforded the

desired bis-oxime reactivators (Scheme 22).
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Synthesis of homopiperazine and piperazine 2C derivatives

o~ HoN
o~ HN a) NCTENT™ ®) TN
Cl CN + . N CN EE—— N
Sy o Sty
n
= 1 > 0,
209 n=1;59% 211 2=23 84909/0/0
210 n=2:81% 212 :

Synthesis of piperazine 2C/3C derivative

ClI”™CN + BOCD a); ) 9) HU cN 2%

NH

\

~
213
S
CN HNT™ e) NCTONT™ b) HN" " N
+ - = N .
[ L_N__oN y “NCN LN~
Br 213 214 215 2
66 % 61 %

Synthesis of homopiperazine 3C derivative

H CN e) m f m
¥ 7 . NS\ ) HN N
@H B§ NC/\/ \J CN 20N \J _\_\\‘HZ

216
849 217 92%

Synthesis of homopiperazine 2C/3C derivative

CI”NCN  + BOCDH a); c); d) N H“C)

86 %
N__CN
218
CN HN NH
9) m f >
S A R e ", ava
Br N_CN N TN HN A~ NS
218 219 53 % 220 44 %

Scheme 20 The preparation of compounds 211, 212, 215, 217, and 220 with piperazine
or homopiperazine central rings. Reagents and conditions: a) Na,CO3;, MW, 100°C,
EtOH; b) LiAlH4, 85°C, THF; ¢) MeOH, 4 M HCI in dioxane, RT; d) MeOH, NH4sOH
(25% in H>0), RT; e) TEA, DCM, RT; f) Raney-nickel, H,, MeOH, H>O, RT; f)
Na,COs, RT, EtOH.
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Scheme 21 Preparation of corresponding bis-primary amines with a piperidine central
ring. Reagents and conditions: a) MeOH, 4 M HCI in dioxane, RT; b) MeOH, NHsOH
(25% in H>0), RT; ¢) TEA, DCM, RT; d) NaxCO3;, MW, 100°C, EtOH; e) Raney-
nickel, H2, MeOH, H>O, RT; f) LiAlH4, 85°C, THF.

Preparation of oxime fragment
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Final step towards desired reactivators
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n WNH2 N \ﬁy/\N
211 Z=N;n=1;y=1;x=1 229 (LG-700)Z N;n=1,y=1;x=1
212 Z=N;n=2;y=1;x=1 230 (LG-703) Z=N;n=2;y=1;x=1
215 Z=N;n=1;y=1;x=2 231 (LG-750) Z=N;n=1;y=1;x=2
220 Z=N;n=2;y=1;x=2 232 (LG-838) Z=N;n=2;y=1;x=2
228 Z=N;n=1;y=2;x=2 233 (LG-747) Z=N;n=1;,y=2;x=2
217 Z=N;n=2;y=2;x=2 234 (LG-804) Z=N;n=2;y=2;x=2
226 Z=C;n=1;y=1;x=1 235 (LG-823) Z=C;n=1;y=1;x=1
224 Z=C;n=1,y=1;x=2 236 (LG-829) Z=C;n=1,y=1,x=2

Scheme 22 The final step in the preparation of the corresponding bis-oxime
reactivators. Conditions ¢) were applied only for the preparation of compound 234.
Reagents and conditions: a) NHoOH.HCI, TEA, toluene, MeCN, H>O, RT; b) oxime
227, EtOH, 90°C; c) oxime 227, MeCN, 50°C.
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3.3 Biological evaluation

3.3.1 Tacrine-phenothiazine derivatives

Initially, the series of tacrine-phenothiazines (Figure 20) was evaluated for the
inhibitory activity against AChE and BChE (Table 5). The most potent derivatives were
further evaluated for their potential antioxidant activity and cytotoxicity in HepG2 cells
and for their ability to cross the BBB (Table 6).

R4
2%
N | 41-76
$ NH ;3==1I:I;4CI;CF
,=H; 7-0CH
% R 5 6:Cl

S
Figure 20 General structure of tacrine-phenothiazine derivatives.

Table 5 Inhibitory activity against ZAChE and ABChE with the calculated selectivity index for
hAChE.

Compound — n R R (I;S\?) ’iAsCElll\l;Ja ({5\?} ’iBsCEl;\lia in?izl; cht:xvng
41 1 H H 20+£0.1  0.02+0.001 0.01
) 1 H  7-OCH;  40+03  0.12+0.002 0.03
43 1 H 6-Cl 03001  0.03=0.001 0.09
44 1 Cl H 124003  0.05%0.001 0.04
45 1 Cl  7-OCH:  9.0+08  0.10+0.003 0.01
46 1 cl 6-Cl 04+0.02  0.09=0.003 0.24
47 1 _CF; H 17£0.1  0.07+0.004 0.04
48 1 CF;  7-OCH;  18.6+27  0.55+0.01 0.03
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49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

-CF3

Cl

Cl

Cl

-CF3

-CF3

-CF3

Cl

Cl

Cl

-CF3

-CF3

-CF3

Cl

6-Cl1

7-OCH;

6-Cl1

7-OCH3

6-Cl

7-OCH3

6-Cl

7-OCH;

6-Cl

7-OCH3

6-Cl

7-OCH3

6-Cl

H

0.4+0.02

45+04

35+0.2

0.3+0.01

0.8+0.1

0.6 +0.02

0.3+0.02

1.7+ 0.1

5.8+0.3

0.5+0.02

4.7+0.54

6.3+0.50

0.4+0.03

1.8+0.11

2.8+£0.25

0.5+0.04

13.1£0.8

24.1+3.4

1.5+£0.15

0.08 +0.002

> 100

0.008 £
0.0004

0.3+0.02

0.30 + 0.007

0.1 +0.004

0.40=+0.010

0.26 £0.010

0.21 £0.005

0.81 +£0.020

0.95+£0.03

0.23 £0.01

1.9+0.05

1.04 £0.03

0.09 + 0.004

0.05 +£0.003

0.07 £ 0.002

0.15+0.002

0.13+£0.003

0.23 £ 0.008

0.43+0.013

0.58 +£0.02

3.8+0.80

0.02 £0.001

0.83 £0.03

0.19£0.01

0.03 £0.001

0.83

0.03

0.11

0.81

0.25

1.37

3.7

0.14

0.32

23

0.02

0.01

0.15

0.08

0.05

0.48

0.03

0.02

2.6

0.23

235

0.10
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72

73

74

75

76

4

Cl 7-OCH3

Cl

-CF3

-CF3 7-OCH3

-CF3

> 100

0.03 £ 0.002

0.7 +0.05

> 100

0.1 +0.01

0.81+£0.03 -

0.42 +£0.02 14.5
0.08 +0.002 0.11
2.4+0.09 -
44+0.13 36.3

@ The results are expressed as the mean of at least three experiments. ° Selectivity for #AChE is

determined as the ratio of ABChE ICs¢/AAChE ICs

Table 6 Antioxidant activity, cytotoxicity of tested compounds in HepG2 cells after 24 h and

the MDCK determination of potential BBB penetration ability.

Antio.x i.dant HepG2 cells BBB penetration estimation
activity
Compounds % at 10 mM I1Cso (uM) = SEMP fjll)g:: cSnfllsV{;’ CNS (+/-)°
41 46 82=+0.7 n.t.? n.t.
44 87 6.4+0.3 n.t. n.t.
49 54 6.9+0.3 n.t. n.t.
52 91 11.8+0.7 189+5.1 +
55 63 13.5+1.7 n.t. n.t.
60 82 50+£0.2 n.t. n.t.
68 73 7.8+0.1 n.t. n.t.
69 79 56+0.5 n.t. n.t.
70 93 13.1+04 8.4+3.7 +
71 71 56=x0.5 144+72 +
73 63 6.0+ 04 51+1.7 +
76 71 82+0.6 n.t. n.t.
tacrine n.t. 168.5+3.6 254+34 +
phenothiazine ECSO:N? 1.53 > 126 n.t. n.t.
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an.t. — not tested; ® The results are expressed as the mean of a minimum of three experiments; © CNS +
(high BBB permeation predicted): Papp (x 107° cm s7') > 4.0; CNS — (low BBB permeation predicted):
Papp (x 10® cm s7') < 2.0; CNS +/— (BBB permeation uncertain): Papp (x 107 cm s7') from 4.0 to 2.0.

3.3.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptor

The prepared series (Figure 21) were evaluated for their inhibitory efficiency on
AChE and BChE, and their ability to penetrate the BBB was calculated by using the
CNS MPO model (Table 7).

NH, HCl

XN
R—L
= N/ n

n=1-3
77 - 107

Figure 21 General structure of tacrine derivatives.

Table 7 In vitro anticholinesterase activity and CNS MPO calculation [67].

ICso AChE  ICso BChE  Selectivity

Compound n R (M) £ (M) = index CNS MPO
SEM® SEM BACHES calculation®

77 1 7-CH; 10.0+1.0 23.7+1.8 2.4 53

78 2 7-CHs 155+1.4 13.7+0.4 0.9 59

79 3 2-CH3 22.5+1.6 10.6 = 0.4 0.5 50

80 1 7-Br 57+£03 169+1.5 3.0 57

81 2 7-Br 4.8+0.02 20.8+1.2 4.4 573

82 3 2-Br 13.8+0.6 15.1+1.1 1.1 4.8

83 1 7-Cl 1.6 £0.1 6.9+0.7 43 57

84 2 7-Cl 1.9+0.1 6.7+0.5 3.5 55
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85

86

87

88

89

90

91

92

93

94

95

96

97

98

929

100

101

102

103

104

2-Cl

5,7-diCl1

5,7-diCl

2,4-diCl

5,7-diBr

5,7-diBr

2,4-diBr

7-F

7-F

8-Cl

8-Cl

1-Cl

6-CH;

6-CH;

3-CH;

8-CHs

8-CHs

1-CH;

7-OCH3

8.6+0.5

13.1+£1.0

43+03

9.0+0.5

15.1+1.0

52+0.3

15.1+1.4

0.66 +0.02

0.98 £0.05

0.62 +0.03

6% at 100
M
0.033 +
0.001

0.22 +0.01

0.35+0.01

0.07 £ 0.003

0.10 £ 0.004

0.42 +0.03

0.13 £ 0.01

0.26 +£0.01

82+04

10.3£0.7

179+ 0.1

148+0.4

23.8+1.0

34% at 100
uM

320=x1.1

89.9+7.2

1.91+0.1

0.75+£0.03

0.57+0.02

6% at 100
uM
0.062 +
0.003

0.31+0.02

84+0.5

2.9+0.1

1.0+ 0.03

0.47 +£0.01

0.50 £ 0.02

0.11+£0.01

10.6 £0.3

1.2

1.4

34

2.6

6.2

6.0

2.9

0.8

0.9

1.9

1.4

243

41.4

10.0

1.1

3.8

0.4

1.3

5.1

5.0

4.6

4.2

4.5

4.0

3.6

5.7

5.7

5.5

5.6

54

5.0

53

52

5.0

52

52

5.0

53
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105 2 7-OCH; 10010  17.6+038 18 53

106 3 2-0CH;  17.6+07  44+03 03 53

2 Percentage inhibition at 100 uM; ® The results are expressed as the mean of at least three experiments; ©
Selectivity for AAChE is determined as a ratio of ABChE ICso/AAChE ICsp; ¢ Calculated according to ref.
[67].

3.3.3 AChE-targeting insecticides

Initially, all eight insecticides were evaluated for their inhibitory activity on
hAChE, hBChE, and AgAChE (Table 8). To validate Ellman’s assay, we also
determined ICso values by a potentiometric titration method (Table 9) [143]. Finally, the

mechanism of inhibition was examined (Table 10).

Table 8 The inhibitory effects of novel compounds and standards on ZAChE, ABChE, and
AgAChEL.

ICso £ SEM (uM)? . .
Selectivity
Compound . b
index
hAChE AgAChE1l hBChE
124 4.6+0.2 49+0.2 > 100 0.9
125 16.6 £ 1.9 2.1+£0.06 > 100 7.7
126 73.1+£4.1 3.6+0.13 > 100 20.1
127 119.7 £ 15 > 100 > 100 <1.2
132 8.8+ 0.6 0.09 + 0.004 > 100 100.0
133 6.1+£04 0.23 +£0.01 > 100 26.9
134 > 100 3.6+ 0.3 > 100 >27.6
135 > 100 42+03 > 100 >23.6
paraoxon 0.07£0.01 0.07 +£0.003 0.07 £0.002 1.1
bendiocarb 0.03 £ 0.001 0.01 = 0.0004 1.8 £0.07 2.8
carbofuran 0.02+0.001 0.003 + 0.0001 2.2+0.12 6.7

2 1Cso values measured by modified Ellman’s assay [143]; ® Selectivity for AgAChE1 is determined as
the ICso (#RAChE)/ICso (AgAChE1) ratio; ¢ Not determined; ¢ Reversibility test was determined after 10
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min by using ten times dilution; The results are expressed as the mean of at least three experiments

Table 9 The comparison between modified Ellman’s methods and potentiometric methods.

ICso = SEM (uM)
Compound
hAChE * hAChE "
124 46+0.2 4.1+0.8
125 16.6 1.9 2.8+0.3
126 73.1+4.1 170+ 4.8
127 119.7+ 15 195.7 + 60.0
132 8.8+0.6 1.5+0.1
133 6.1£04 1.7+0.1
134 > 100 > 100
135 > 100 > 100
paraoxon 0.07£0.01 0.04 £ 0.002
bendiocarb 0.03 = 0.001 n.d?
carbofuran 0.02 £ 0.001 n.d?

2 ICso values measured by modified Elman’s method [143]; The results are expressed as the mean of a

minimum of three experiments; ® ICso values measured by potentiometric titration method; ¢ Maximum

exposure time for each compound; ¢ Not determined

Table 10: Inhibition mechanisms and maximum inhibition time of novel compounds

Maximum inhibition time

Mechanism of inhibition *

b

Compound
hAChE AgAChE1 hAChE AgAChE1
124 reversible reversible 5 5
125 reversible reversible 5 5
126 irreversible irreversible 15 40
127 reversible irreversible 5 15
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132 reversible reversible 5 5

133 reversible n.d.c 5 5

134 reversible irreversible 5 15
135 irreversible reversible 5 44
paraoxon irreversible irreversible 60 60
bendiocarb irreversible irreversible 15 40
carbofuran irreversible irreversible 35 75

@ Mechanism of inhibition was determined by using a rapid jump dilution assay; ® Maximum exposure

time for each compound; ¢ Not determined

3.3.4 Second subset of insecticides

The prepared insecticides were evaluated only for their inhibitory activity on

hAChE, hBChE, and AgAChE1 (Table 11).

Table 11 The inhibitory effect of novel compounds and standards on AZAChE, ABChE, and
AgAChEL.

ICso £ SEM (uM)*
Compound

hAChE AgAChE1 hBChE
150 49+0.5 > 100 > 100
151 > 100 > 100 > 100
152 > 100 > 100 > 100
153 0.6 +0.01 > 100 > 100
154 > 100 > 100 >100
155 >100 >100 >100

2 ICso values measured by modified Ellman’s assay [143]. The results are expressed as the mean of at

least three experiments
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3.3.5 Mono-quaternary permanently charged AChE reactivators

We have established reactivation potency of novel reactivators (Figure 22) towards
OP-inhibited AChE. Sarin, VX, and tabun were selected as common NAs. Dichlorvos
and paraoxon were taken as OP-based insecticides. The reactivation potencies were
compared with pralidoxime, trimedoxime, obidoxime, and asoxime (Figures 23-27).
Selected reactivators were also evaluated on OP-inhibited butyrylcholinesterase (BChE)
and compared with obidoxime (Figure 28). The inhibitory ability of novel compounds
on AChE is presented in Table 12 in section 3.2.5. We have predicted their ability to
penetrate the blood-brain barrier (BBB) to select the best compounds in the series. The
non-cellular model PAMPA and the cell-based model using MDCK cells were used for
this evaluation (Table 13). Further, the potential cytotoxicity of all our reactivators was
also determined by using an in vitro MTT test (colorimetric assay for the assessment of

cell metabolic activity) (Table 12).

R
"/ Br
© PSL |‘|+
X N N
e WNOH
ZOH

183 - 195

Figure 22 General structure of mono-quaternary AChE reactivators.

Table 12 Prepared mono-quaternary reactivators with predicted solubility, ClogP, in vitro

determined AChE ICsy, and SH-SY5Y cytotoxicity ICso values.

Predicted AChE ICsy SH-SYSY
Structure PAS ligand R solubility ClogP? (M) £ ICso (mM)
(logS7.4)* SEMP* + SEM*
183 isoquinolinium ; 25 01 103+03 067§5i
184 isoquinolinium  1-Ph 47 15 165.8+0.8 063(?;
185 quinolinium 7-NH, 22 09 21401 0663;
o 117+
186 isoquinolinium 7-NH; -2.3 -0.9 129+0.8 0.16
187 isoquinolinium  7-NH»-1-Ph -4.5 0.6 10.3+0.8 0(.)2511
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188

189

190

191

192

193

194

195

196

197

isoquinolinium

isoquinolinium

pyridinium
pyridinium
pyridinium
pyridinium
pyridinium
pyridinium
pyridinium

pyridinium

5-CONH:

4-CONH»

4-CONH»

3-CONH:

4-CH;

4-C(CHs)3

4-OH
4-COOCH;

4-Ph

-0.9

-3.0

-1.3

-1.3

0.5

-1.1

-1.4

-1.1

0.6

51.1+£99

2.8+0.2

75.0+4.6

58.0£3.3

56.8+4.2

0.45+0.01

40.6+£1.2

325+1.6

10.0+0.4

8.5+0.5

1.07 +
0.25

1.11 +
0.05

1.17 +
0.01

0.87
0.05

>1.5

>0.7

>1.0

>13

2 Values calculated by using MarvinSketch software; ® ICsy values measured by modified Ellman’s assay

[143]; © The results are the mean of a minimum of three experiments
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In vitro reactivation of sarin-inhibited AChE

Figure 23 [n vitro reactivation of sarin-inhibited AChE by 10 pM of the test compound.
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In vitro reactivation of VX-inhibited AChE

Figure 24 [n vitro reactivation of VX-inhibited AChE by 10 uM of the test compound.

In vitro reactivation of tabun-inhibited AChE

25,00

[}

£

& 20,00

c ’

[J]

o

2 1500

o)

2

[ =

£ 10,00

o

&

g 500 -

o

(8]

e

S 0,00

o
D 5 0 D DO D DD D> D LD e o e
FIELEFPELLPPLIPFS T

Y S
® <

Figure 25 [n vitro reactivation of tabun-inhibited AChE by 10 uM of the test compound.
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In vitro reactivation of dichlorvos-inhibited
AChE
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Figure 26 [n vitro reactivation of dichlorvos-inhibited AChE by 10 uM of the test compounds.

In vitro reactivation of paraoxon-inhibited
AChE
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Figure 27 In vitro reactivation of paraoxon-inhibited AChE by 10 uM of the test compounds.
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In vitro reactivation of OP-inhibited BChE

18
: I
>
N 15
()
E 12 mK 1371
2
€ 9 mK 1374
; 6 I K'1375
g l ® obidoxime
)l A
g
ES 0 T
sarin VX tabun paraoxon dichlorvos
Figure 28 In vitro reactivation of OP-inhibited BChE by 10 uM of the test compounds.
Table 13. Pampa and MDCK determination of potential BBB penetration ability.
BBB Penetration Estimation
Compound
Pampa assay MDCK CNS (+-)°

Pe = SEM (x 10° ecm s')®  Papp + SEM (x 10 ¢cm s)®

184 0.00 0.00 -

186 0.57 0.28 -

187 0.37 n.d.? -

190 0.48 n.d. -

197 0.00 n.d. -
obidoxime 0.68 1.00 -
trimedoxime 0.07 0.40 -
pralidoxime 0.36 0.00 -
asoxime 0.84 0.00 -

an.d. - not determined; ® The results are expressed as the mean of a minimum of three experiments; ¢ CNS
+ (high BBB permeation predicted): Papp or Pe (x 10 c¢m s7!) > 4.0; CNS — (low BBB permeation
predicted): Papp or Pe (x 107 cm s7!) < 2.0; CNS +/~ (BBB permeation uncertain): Papp or Pe (x 107
cms ) from 4.0 to 2.0.
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3.3.6 Tacroximes

Both tacroximes (tacroxime 1 and tacroxime 2, corresponding to 204 and 208,
respectively) were evaluated in vitro for ability to reactivate ZAChE or ABChE inhibited
by sarin, VX, tabun, paraoxon, and dichlorvos. The potencies were compared with the
clinically used standards, pralidoxime and obidoxime (Figure 29). Further, the
tacroximes were inspected for their affinity towards ZAChE and their potential
cytotoxicity to HepG2 cells. Finally, an estimation of BBB penetration was evaluated in

MDCK cells (Table 14).

Table 14. The inhibitory activities on ZAChE and ABChE, the cytotoxicity in HepG2 cells, and
the prediction of BBB penetration.

BBB penetration

Inhibitory activity Cytotoxicity estimation
Compound % hAChE
inhibition or #BChE ICso+  HepG2 + }():111(’)_? CSIEZ‘ CNS
hAChHE ICs SEM [uM]® SEM [uM]® )b (+/-)¢
+ SEM [uM]®
. 30% at 100 no inhibition at
tacroxime 1 uM 100 uM 162 £9.4 9.10 £ 2.46 +
. no inhibition at
tacroxime 2 112.1£12.0 335+ 21 4.04 £0.66 +
100 uM
pralidoxime 217.0£17.0 138.0+12.0 25,680 0 -
obidoxime 197.0+ 8.0 5440.0 £552.0 4,280 1.0+0.3 -
. 0.0881 +
tacrine 0.32£0.013 0.0013 168 +3.6 25.40+34 +
N-acetyltacrine 96.2 £9.8 13% at 100 uM n.t.? n.t. n.t.
7 . 10.0£1.0 17.6 £0.8 444+34 17.19 £ 3.56 +
methoxytacrine

2 n.t. — not tested; ® ICso values were measured by modified Ellman’s assay [143] and the results are expressed as
the mean of a minimum of three experiments; © CNS + (high BBB permeation predicted): Papp (x 106 cms™) >
4.0; CNS — (low BBB permeation predicted): Papp (x 10® cm s7!) < 2.0; CNS +/— (BBB permeation uncertain):
Papp (x 10 cm s™") from 4.0 to 2.0.
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In vitro reactivation of OP-inhibited enzymes
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Figure 29 The reactivating potency of 10 pM and 100 pM tacroximes compared with the standards pralidoxime and obidoxime against OP-

inhibited #AAChE and #BChE.
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3.3.7 Uncharged bis-oxime reactivators

The kinetic parameters of novel reactivators were determined in in vitro
experiments on VX-, sarin-, paraoxon-, and cyclosarin-inhibited #ZAChE (Tables 15, 16,
and 17). The following parameters were evaluated: Kox (mM), describing the affinity of
the reactivator towards the OP-AChE conjugate (Table 17); k» (min™!), characterizing
the ability of the oxime to cleave the covalent bond between the enzyme and OP (Table
16); and k., describing the velocity of whole reactivation process (Table 15). In Figures
30 and 31, the kinetics of the reactivation process are shown at three different
concentrations (0.1 mM, 0.5 mM, and 1.0 mM). Finally, Table 18 shows the
experimental determination of the physicochemical properties: pKa value, logD7.4, and
logPheutral. Note that many of the results are missing and will be completed for the

planned publication. Missing values are indicated by a dash.

Table 15 In vitro experimental determination of the kinetic parameter k..

k. (M'min™)
oxime op
VX POX sarin cyclosarin

229 (LG-700) 1,100 9 530 120
230 (LG-703) 1,200 33 780 190
233 (LG-747) 4,600 13 1,070 84
231 (LG-750) 1,100 30 1,000 190
234 (LG-804) 2,600 - 1,300 160
235 (LG-823) 810 - 1,300 183
236 (LG-829) 1,700 - 1,500 -

RS194B 840 45 550 180

 not yet tested

Table 16 In vitro experimental determination of the kinetic parameter k.

oxime k; (min™)

83



0]

VX POX sarin cyclosarin
229 (LG-700) 190 - 0.27 -
230 (LG-703) 1,400 - 1.30 -
233 (LG-747) 390 - 0.46 -
231 (LG-750) 1,400 - 0.83 -
234 (LG-804) 1,100 - 1.50 -
235 (LG-823) 18,000 - 1.00 -
236 (LG-829) 3,200 - 2.90 -
RS194B 1,000 - 2.10 -
% not yet tested
Table 17 In vitro experimental determination of the kinetic parameter Kox.
Kox (mM)
oxime op
VX POX sarin cyclosarin
229 (LG-700) 0.17 -8 0.51 -
230 (LG-703) 1.10 - 1.70 -
233 (LG-747) 0.085 - 0.43 -
231 (LG-750) 1.30 - 0.82 -
234 (LG-804) 0.41 - 1.10 -
235 (LG-823) 22.0 - 0.78 -
236 (LG-829) 1.90 - 1.90 -
RS194B 1.20 - 3.90 -
% not yet tested
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(hAChE-Sarin) + LG oximes
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Figure 30 Reactivation kinetics of AChE inhibited by sarin measured at three concentrations

(0.1 mM, 0.5 mM, and 1.0 mM).
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Figure 31 Reactivation kinetics of AChE inhibited by VX measured at three concentrations

(0.1 mM, 0.5 mM, and 1.0 mM).

Table 18 Experimental determination of pK,, logD7.4, and 10gPucutral.

Name Structure Sirius pK.  Sirius logD7.4 lO:lIl)‘lllS 1
neutra
Acid 1: 8.72
Acid 2: 9.23
- L - -
229 (LG-700) ”N_/_\\_/\_\_N” Base 1: 2.87 0.55 0.34
o’ o Base 2: 7.16
o HTI/\\ oy Acid 1: 8.80
[N N Acid 2: 9.43
- A - -
230 (LG-703) 0o N 0 Base 1 4.51 1.44 0.77
" )N Base 2: 7.96
HO
HO-N P Acid 1: 8.72
) HN— Acid 2: 9.39 ) )
231 (LG-750) N_}NﬂH 5 Base 1: 3.17 1.42 1.10
Ny Base 2: 7.42
OH
236 (LG-838) "\ / o 2 - -
HN—, ;’AN”’\’”WJL“/ "OH
N H
S
HO,
P P
o N\ Cl Y.
233 (LG-747) . . Base 1 3.69 -1.16 -0.70
AN Base 2: 7.67
OH
Acid 1: 8.99
HO, Acid 2: 9.59
234 (LG-804) N_O)f, - - 3 " Base 1- 5.25 -1.45 -0.61
\_\_uﬁ)" TN T 9" Base2:8.35
A
Acid 1: 8.90
235 (LG-823) R N Sy-OH Acid 2: 9.45 -0.52 -0.62
Ho N A /\\/Nr\/] I Base 1: 8.17
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H
236 (LG-829) ] O/\,N\Tﬂ\ o i
HO. o~ N~ _N o]
\/\&/

7N Acid 1: 9.66
Q C1 .
RS194B 1 :
HO,NJ_H,«VN\/,/ Base 1: 8.56

2 not yet tested
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4. Discussion
4.1 Synthesis

4.1.1 Tacrine-phenothiazine derivatives

Reductive amination was used to provide a more sophisticated synthetic approach.
Indeed, the derivatives could be prepared by simple consecutive N-alkylation reactions
(see Scheme 23 for alternative approaches). However, N-alkylation often leads to
several side products. In this case, we used acetals and TES as the core reactants.
Reductive amination is commonly described as the reaction of an aldehyde with a
primary or secondary amine. Sodium borohydride or sodium cyanoborohydride are
often depicted as reductive agents. In contrast, such reactions processes are many times
described with aliphatic amines. The conditions for the reaction were taken from the
study [144] and the desired products 14-25 were obtained with good yields (over 80%).

Another benefit in this case lies in the use of the more stable acetal instead of reactive

N R rp)-n 1
CLIT "My T OO

Scheme 23 The alternative reaction to the originally used reductive amination.

and unstable aldehydes.

The challenging step was the preparation of the corresponding acetal intermediates
of the derivatives bearing five methylene linkers. Initially, we started from
S-aminovaleric acid; however, none of the amino protective groups was suitable for the
reduction of carboxylic acid or the corresponding methyl ester to aldehyde. Therefore,
we switched to S5-aminopentan-1-ol and selective oxidation to the aldehyde.
Unfortunately, the tert-butoxy carbonyl (Boc) or carboxybenzyl (Cbz) protective groups
again did not afford the aldehyde in Swern or IBX oxidation conditions. Finally, the
phthalimide protective group was determined as the most suitable option. Swern
oxidation of the aldehyde led to the desired product without any decomposition of the

protective group. The subsequent reaction to acetal proceeded without any difficulties.

The preparation of alkylated tacrine derivatives is always a difficult task. In the

literature, it was often described to occur under reflux conditions in phenol for several
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hours, resulting in rather poor yields [21]. In this study, we performed an optimization
using MW irradiation. Indeed, the full conversion was completed in 90 min, with yields

of approximately 50%.

4.1.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptor

Herein, we presented an optimized, highly efficient synthesis of several tacrine
derivatives by a single one-step reaction. We also suggested that this approach could be
used on any tacrine derivatives if the corresponding 2-aminobenzonitrile is available.
The Friedldnder type condensation (using LA) for tacrine formation is already well
established in the literature. The overnight reflux reaction in 1,2-dichloroethane with
excellent yields (72%—-95%) was recently described [145]. Another approach, a solvent-
free reaction under standard conditions at 130°C, leads to the desired product with poor

to good yields (20% to 60%) [64].

In our case, we decided to use MW irradiation to speed up the reaction. Indeed, the
full conversion was completed in less than 10 minutes. Moreover, the solvent-free
reaction exibited mostly excellent yields of over 80%. We also found that not all LAs
were as efficient. In some cases, ZnCl; led to no reaction at all. Mainly, in the case of
the reaction with cyclopentanone, stronger LAs had to be used. Conversely, AlCl;

always yielded a complete reaction.

4.1.3 AChE-targeting insecticides

The authors of the original work Dou et al. [132] did not fully describe the
preparation of bromoalkyl-1-alcohol. We decided to propose a different and more
straightforward approach. We applied findings from a previous study and obtained the

corresponding alkanyldiols in excellent yields after three steps [138].

Subsequently, the challenging step was the selective protection of one of the
hydroxyl group to successively and selectively precede towards the next step i.e. the
formation of alkylating agent. Initially, this task was attempted by reaction with
tert-butyl(chloro)diphenylsilane (TBDPSCI) [146]. Indeed, under basic conditions,
mono-silylated and bis-silylated intermediates were isolated with the unsatisfied ratio
2:1, respectively, and 25% of the starting material turnover. The conditions of the

reaction were extensively modified to increase selectivity for the mono-protected
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adduct. However, these endeavors were fruitless. In contrast, the deprotection of the
bis-silylated product with tetrabutylammonium fluoride (TBAF) yielded only the
mono-silylated product. Therefore, we considered that protection might represent a
“blind” step in this approach and decided to proceed directly to the alkylating agents
(Scheme 24).

a) HO OH
d) - /\%\ b)
NA - Br Br 113 n=16;
116 n=18;

121 n—18 o) Br~{-Jn “OH
117 n=16;
118 n = 18;

0]

N ]
S

123 n=18;
HO (g OTEDPS, TBDPSO OTBDPS Br%
T \/\H%v
(6]

237 238
121 n=18;

Scheme 24 Alternative pathways towards asymmetrical intermediates. Reagents and conditions:
a) NBS, PPhs;, THF, RT; b) HBr 48% solution in H,O, toluene, reflux; ¢c) DIAD, PPhs;, THF,
0°C — RT; d) succinimide, K,COs;, DMF, 60°C; ¢) imide 119, K,CO;, DMF, 60°C; f)
TBDPSCI, DIPEA, DMF, RT.

After several unsuccessful attempts we decided to use HBr for monobromation
(HBr has also been employed in a previous work) (Scheme 24). The reactions were
similar to those published [132]. In contrast, we simplified the original procedure by
skipping the isolation of the alcohol intermediate and proceeding directly to
bromination. We also used succinimide for analogical N-alkylation, as for 119. In this
way, we achieved better yields and avoided further reduction of the maleimide into the
succinimide scaffold. Such a reduction was described in original work. Our final steps
are slightly distinct from those reported, with different conditions and the
implementation of MW irradiation. Note that the compounds 132 and 133 correspond to
those the codenames PM18 and PM20, the compounds 125, 134, and 126 are
analogical to PMS20, PY18, and PYS18, respectively (only the salt is different) [132].
This is the first report of compounds 124, 127, and 135.
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4.1.4 Second subset of insecticides

Initially, we tried an analogical pathway to that for the first series (Scheme 25).
However, our attempts were unsuccessful. Therefore, we had to design an alternative
route. To overcome this situation, we invented a novel one-pot amination reaction.
Indeed, -bromoalkane-1-ol was transformed into the corresponding -
aminoalkane-1-ol in one step. The reaction was performed with MW irradiation and is
presented in Scheme 26. Initially, N-alkylation of phthalimide required 6—8 hours,
hydrazine was introduced, and the reaction was stirred for 1 hour further for full
completion with quantitative yields. Another issue was the bromination reaction; this

time, the Appel reaction was used instead of NBS bromination.

N
| N
—
NH,
@) N
~
Br N | P
n=16; 83 %
120\ _ 15 82 %
121 -
BI’%OH b); c)
117 "2 10 ™S
n=18 |
" \ % f
")
n=16; 76 %
122 _ 18 71 %

123

Scheme 25 Straightforward attempts for the synthesis of the second subset of insecticides.
Reagents and conditions: a) succinimide K,CO;, DMF, 60°C; b) imide 119, K,COs;, DMF,
60°C; c) NBS; PPhs, THF, RT.

O
a) b)
N OH
B OH g W T T HNTP O

117 N2 10 239 175
118 240 137
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Scheme 26 The one-pot amination. Reagents and conditions: a) one pot reaction, potassium
phthalimide for 8 h at 110°C with MW irradiation; b) NHoNH».H,O for 1 h at 90°C with MW

irradiation.

The major issue arose in the last steps for the maleimide derivatives. These final
products are unstable (based on the HPLC-MS analysis; data not shown) and could not
be isolated in a pure form. Similarly, tacrine derivatives are more stable than
4-aminoquinolines and 4-aminopyridines, respectively. This presumably results from
the steric hindrance around the secondary amine. Indeed, it has already been reported
that maleimide could form a covalent bond with amines [147]. Therefore, we concluded

that the maleimide analogs could not be prepared.

4.1.5 Mono-quaternary permanently charged AChE reactivators

The synthesis of key oxime intermediate was the same as that of a published
procedure up to Appel reaction. The authors of the previous work then coupled their
compound with some of the various PAS ligands, leading to uncharged compounds
[116]. Instead, our subsequent steps were innovative. In particular, the three-step
reaction had excellent yields, at over 50%. The overall yield in those 10 steps was an
astonishing 25%. Even a large-scale preparation (25 g of starting material) returned

excellent yields.

The preparation of PAS ligands was based on common procedures, except for the
aromatization step. According to the literature survey, this is the very first report of such
a reaction. Indeed, very harsh conditions were needed and several side products were
formed. In contrast, the reaction leads to desired intermediate and the subsequent

reaction to PAS ligands.

The final step was, in some cases, very problematic and many side-products were
formed. After several optimization attempts, MeCN appeared to be the most suitable
solvent for the reaction. The most efficient reaction conditions were estimated to be 24
hours, with MW irradiation, at 90°C. A higher temperature led to decomposition of 166
and the product. In the case of quinoline PAS ligands, only the 7-amino derivative 186
was successfully prepared. The reaction was time prolonged, and required more than 96
hours. None of the other investigated quinoline derivatives yielded the desired product,

even when other reaction conditions were attempted.
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4.1.6 Tacroximes

The preparation of tacroxime 1 corresponds to the synthesis of 7-MEOTA [148]. The
issues arose in the acetylation step. Many procedures were tested (Scheme 27). Overall,
the reaction with acetic anhydride appeared to be the best option. Therefore, these
conditions were also used for tacroxime 2. The procedure for the two-step reaction,
reduction and subsequent oxime formation, was used based on our experience with

mono-quaternary compounds (see section 3.2.5).

AcCl; TEA; DCM -%
EEEEEEE——

AcCl; TEA; DMF 15 %

e
AcCl; TEA; THF -%
_—
AcCl; DIPEA; THF X
—X—> ¢}
(0] NH . .
2 AcCl; TEA; X (e} )J\NH
(0] N N0 XN
7 Ac,0; TEA; DMAP; DCM
N X NG

202
Ac,0; pyridine; reflux 30 % 203

—_—

AcOH; DCC; DMF; DMAP X

AcOH; DCC; DCM; DMAP X
X

AcOH; HATU; DMF; DIPEA
e 19 %

Scheme 27 The different conditions tested for acetylation of 7-substituted tacrine. A dash

indicates that yields were given.

The first two reactions of tacroxime were identical to those published previously
[142]. The Friedldnder type condensation was based on our experiences from NMDA-
targeted tacrines (see section 4.1.2). Then, we initially attempted to protect the phenolic
group by reaction with fert-butyldimethylsilyl triflate (TBDMSOTTf); however, no
product was formed. Thus, we decided to acetylate both reactive groups (phenolic and
aniline group). The subsequent steps were identical to tacroxime 1. Note that the

phenolic group was acetylated prior to the aniline group.
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4.1.7 Uncharged bis-oxime reactivators

The core of the synthesis came from that for RS194B. The preparation of the oxime
fragment and definite bis-primary amine intermediate was required. Initially, the
compounds with two methylene linkers with central homopiperazine or a piperazine
ring were prepared. Our idea originated from the synthesis of THA-PHT derivatives.
Indeed, several attempts were performed (Scheme 28). Although the reactions work
well, deprotection step always led to an impure product that could not be purified.
These impure bis-primary amines 211 did not give any product in the final step. Instead,
another approach, similar to one already published [149], led to the desired pure

intermediates and to those to final products.
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H
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)k 1e) HN/\ a) FSCE/N\/\N/H o b) 2 \/\N/H
~ o+
FC Hﬁ; KHNH - N~ - N
~ n n H
241 n=1;15% 211

(\J & HNTY c); d) BOCHN\/\N/\ e) H2N\/\N/ﬁ

n = 1; yields given

NH — > N e
N N

NHBoc K(vfn n NHBoc Kﬁn " NH,
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H,N
f), 9) NN
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Scheme 28 The alternative approaches for the desired products using reductive amination.
Reagents and conditions: a) TES, TFA, DCM, RT; b) K,CO;, MeOH, H»O, RT; ¢) MeOH,
AcOH, RT; d) MeOH, AcOH, NaCNBH3; ¢) TFA, DCM, RT; f) MeOH, 4 M HCI in dioxane,
RT; g) NH4OH (25% in H,O), MeOH, RT.

The problems arose with the longer linker intermediates. 3-Chloropropionitrile and
3-bromopropionitrile could not be used in the same procedure as 2-chloroacetonitrile.
Moreover, these molecules could not be heated as they form polyacrylamide. Therefore,
the same procedure was performed in the absence of heat and the reaction with TEA in

DCM was used instead. Another issue arose from the reduction of nitrile groups to
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amines. Again, the reaction did not work properly for the longer linkers. The reduction
with LiAlH4 always led to impure products with poor yields. In contrast, the alternative
process using Raney-nickel as reductive agent under H» leads to the desired amines. The
last step was also problematic. The reaction could not be heated to over 90°C, as side
products started to form. The reaction was very slow compared with the synthesis of
RS194B and returned only poor yields. One of the final products, 234, was highly
hydrophilic and could not be purified by common silica gel; instead, it was precipitated
from MeOH, even though it was soluble in MeOH at RT. The piperidine derivatives
235 and 236 were purified by MeOH alone. All optimizations and alternative
approaches using catalysts and/or (2E)-2-(hydroxyimino)acetic acid instead of ethyl

ester 227 resulted in no product.

4.2 Biological evaluation and structure-activity relationship

4.2.1 Tacrine-phenothiazine derivatives

Initially, the determination of inhibitory activities on enzymes AChE and BChE
were inspected. All the compounds 41-76 were potent cholinesterase inhibitors. Some
of the compounds displayed nanomolar ICso values, whereas others remained in the
micromolar range. Based on the results, we established several SARs for
cholinesterases. The superior linkers for AChE activity were those with five
methylenes. In contrast, the more efficient linkers for BChE activity were those with
two methylenes. Overall, derivatives with five and two methylenes were more active
than those with three and four methylenes. 6-Chlorotacrines were more potent than
tacrines whereas 7-methoxytacrines were always the least efficient, especially for the
AChE enzyme. Based on the selection of the phenothiazine derivative, no clear
conclusions could be made from the library of tested compounds for AChE. Only 2-
trifluoromethyl derivatives appear to be slightly less efficient than the 2-chloro or
phenothiazines alone. For BChE inhibition, a SAR was evident. Trifluoromethyl
derivatives were the least efficient following chloro derivatives and the most active was
phenothiazines alone. Our SAR assumptions correspond well with the most active
derivatives. 70 was selected as the best inhibitor for AChE (ICso =8 nM) with a
BChE/AChE selectivity ratio of over 23. The structure of the compound is

6-chlorotacrine connected by five methylenes to phenothiazine. In addition, 41 was
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selected as the best BChE inhibitor (ICso =19 nM) with an AChE/BChE selectivity

ratio of over 107.

Unfortunately, the determined antioxidative activity did not show any significant
potency compared to the parent compound phenothiazine (ECso = 61 uM). Moreover,
the viability of HepG2 cells was very low, indicating notable toxicity. However, the

BBB penetration estimation showed the potential ability to enter the CNS.

To clearly evaluate the impact of novel compounds (mainly 41 and 70), further
assays must be performed. Indeed, planned neuroprotective determination and anti-tau
properties will provide an indication for the potential of these compounds in the

treatment of AD.

4.2.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptors

This series was evaluated only for the inhibitory activity of AChE/BChE. These
compounds are primarily focused on modulation of the activity on NMDA receptors;
however, such an assay has not yet been performed. The ICso values for AChE and
BChE provide some indications. There were no significantly selective BChE inhibitors,
whereas 6-methylderivatives resulted in the highest AChE selectivity. There was no
evident SAR for five, six, or seven membered saturated rings. In contrast, the most
efficient compound was 96, which was an 8-chloro derivative with a six-membered

saturated ring (AChE ICso = 33 nM; BChE ICso = 62 nM).

4.2.3 AChE-targeting insecticides

The concept was based on covalent bond formation with Cys447 in AgAChEL,
resulting in its irreversible inhibition. Some in vitro evaluations were already presented
by Dou et al. [132]. The inhibitory activity of our insecticides towards AAChE,
AgAChE1, and #ABChE was determined (Table 8) [143]. Maleimides 132 and 133 were
found to be the most potent inhibitors of AGAChEI, with ICso values of 87.6 nM and
227 nM. Moreover, the selectivity for AGQAChE1 over AAChE of compound 132 was
100. Both compounds (132 and 133) were found to irreversibly inhibit AgAChE1. The
compounds containing both maleimide and piperidine scaffolds (134 and 135) were

found to be very efficient inhibitors of AgAChE1, with no determined inhibition of the
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human enzymes (ICso >100 puM), and thus valuable selectivity for AgAChE1. The
compounds with a succinimide scaffold (124-127) resulted in inconsistent and
structure-related inhibition ability that was significantly lower than the presented
maleimides. There was almost no activity against ABChE. The potentiometric titration
using ACh as a substrate was conducted to elucidate whether the thiol moiety in the
ATCh substrate may influence the determination of the prepared compounds. All data
showed that the ICso values obtained from both methods were very similar (see section

3.3.3; Table 9).

As expected, the succinimide derivatives (124—127) showed, in all cases, reversible
inhibition of 4gAChE1 (Table 10). For the piperidine and pyridinium scaffolds, the
quaternary compounds showed significantly greater affinity towards both anionic sites
of the enzyme [150, 151]. The hypothesis that the compounds would act reversibly
against hAChE and irreversibly against AGAChE1 was not confirmed [132]. In contrast
with the formerly published molecules, two of the novel compounds (132 and 135)
presented unexpected actions and displayed the irreversible inhibition of ZAChE. It was
previously reported that the maleimide residue should be able to form a covalent bond
with amino acids residues other than Cys [147]. Therefore, the interaction with His447

from the catalytic triad of ZAChE may irreversibly inhibit the enzyme.

A docking study was performed to improve our understanding of the binding
interactions between the best compound 134 and the AgAChE1 active site (PDB ID:
5YDH) (Figure 13). Molecule 134 shows dual binding. Most importantly, it interacts
hydrophobically with Cys447. These findings support the binding of the maleimide

moiety of 134 to the Cys residue; that is, the formation of a covalent bond with its thiol

group.

4.2.4 Second subset of insecticides

This synthesis of this series was unsuccessful. Indeed, only succinimide derivatives
were prepared; therefore, no selectivity was observed. Moreover, no activity was shown
against AgAChE1 and ABChE. Only tacrine derivatives showed some activity against
hAChE.
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4.2.5 Mono-quaternary permanently charged AChE reactivators

All in vitro evaluations of the reactivating ability indicated the superior efficiency
of some of our molecules compared with the standard reactivators. Moreover, our three
best compounds (184, 187, and 190) showed broad-spectrum ability. For sarin- and VX-
inhibited enzymes, HI-6 is considered the best reactivator available. In the case of sarin
inhibition, 184 and 187 significantly surpassed HI-6. In the case of VX inhibition, six
reactivators were superior. Tabun is considered as the most difficult NA to achieve
reactivation from, with trimedoxime appearing to be the only efficient standard
compound [152]. The oxime 187 was almost twice as efficient as trimedoxime for the

reactivation of tabun-inhibited AChE.

The OP-based pesticides yielded similar results. For dichlorvos and paraoxon, six
and five compounds, respectively, were significantly superior to the most potent
clinically used standards (trimedoxime or obidoxime). The three best reactivators were
further evaluated for the reactivation of OP-inhibited BChE and compared with
obidoxime. Obidoxime was more effective than our compounds only in the case of
sarin-inhibited BChE. In VX, dichlorvos, and paraoxon inhibition, our compounds were
significantly superior to obidoxime. Almost no activity was shown in tabun-inhibited

BChE.

Subsequently, the five best compounds were estimated for their potential ability to
cross the BBB. Unfortunately, all compounds, including the standards, were able to
cross MDCK cell line. However, the compounds were essentially not cytotoxic. Herein,
we have presented the best reactivators ever synthesized; however, further in vivo

assays are required to confirm the encouraging in vitro results.

4.2.6 Tacroximes

The expected results were obtained for the determination of inhibition potency.
Both tacroximes exhibited only very poor-to-moderate activity towards both
cholinesterases; these efficiencies were similar to, or even lower than the clinically used
reactivators or tacrines. Tacrine is known to be hepatotoxic. Our evaluations showed
that tacroximes were similarly or less toxic. Moreover, the major hepatotoxicity of
tacrine is based on its metabolites after biotransformation processes [153, 154]. The
CNS MPO predictions showed good prognosis for BBB penetration. This assumption

was also supported by assays in MDCK cells. In contrast, under the same conditions,

98



pralidoxime and obidoxime were not effective. Therefore, we achieved one of our goals

for centrally active drugs.

Finally, the reactivation potency of NA- and pesticide-inhibited #ZAChE and #ABChE
was inspected. Unfortunately, there were no significant efficiencies in the reactivation
of NA-inhibited cholinesterase compared with the efficacies of pralidoxime and
obidoxime. A reactivation potential was revealed in the case of dichlorvos-inhibited
enzyme. Specifically, the reactivating ability was comparable with that 100 uM
obidoxime; note that obidoxime is still considered to be the best reactivator available

against pesticides poisoning [155].

The relatively poor reactivation ability of tacroximes to various OPCs may be
explained by their bulkiness. This may be surprising, because the preliminary molecular
modeling simulations indicated their favorable orientation inside the cavity gorge. The
constricted and narrow mid-gorge region of enzyme might represent major obstacles for
tacroximes to approach the site of reactivation [156]. The efficiency in dichlorvos-
inhibited AChE is probably based on the structural form of the conjugate. As the residue
attached to the phosphorous atom is the methoxy group, which is undoubtedly less
bulky than other OPC appendages, there is more space for the reactivator. Therefore,
even bulkier compounds such as tacroximes could better fit into the CAS and easily

attack the phosphorous atom.

Overall, although, the use of dichlorvos for pest control has already ceased in
Europe and the USA, it is still in practice elsewhere [157]. Therefore, tacroximes
(specifically tacroxime 1) may become centrally active candidate for the dichlorvos

intoxication.

4.2.7 Uncharged bis-oxime reactivators

For this series, a more complex in vitro assay was selected. The evaluations of the
kinetic parameters provided more clues about the reactivating abilities of the
compounds and the simple percentage restoration of enzyme. Previously, only sarin and
VX-agent had been fully investigated for seven of the final products. From these
investigations, we made some conclusions. When the results on the central rings were

compared, piperidine derivatives were superior to homopiperazines and piperazines.
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Piperazine compounds were the least potent reactivators. With regard to the length of
linkers, the results favored diverse linkers; three methylenes were more potent than two
methylenes (mainly based on piperazine derivatives). Several novel compounds were

more potent than the parent RS194B, particularly compounds 234 and 236.

The k. values describing the whole reactivation process indicate that the best
compound for the VX-inhibited enzyme is 233; however, these results were quite
inconsistent and further evaluation is needed for confirmation. In contrast, 234 and 236
surpassed RS194B by almost three times for the sarin- and VX-inhibited enzyme. The
Kox values were determined to describe the affinity towards the OP-AChE conjugate. As
expected, for the VX-inhibited enzyme, almost all novel compounds (except piperidine
derivatives and 231) had higher affinity than RS194B. Furthermore, they also had the
weakest affinity for sarin-inhibited enzyme. Increased affinity towards the OP-AChE
conjugate may result in improved reactivation ability in vivo. To confirm the best

candidate, the results had must be completed.

Some of the compounds have been evaluated for their physicochemical properties.
The pKa of oxime showed lower values ranging between 8.72 and 8.99, compared with
RS194B (pKa = 9.66). These values indicated the potential improvement of reactivation
abilities. The reduction of values towards physiological pH signifies better dissociation
into the active oximate anion that is responsible for the reactivation process. Another
benefit of novel compounds may lay in the weaker basicity of the most basic center of
the molecule. Indeed, the pKa of our compounds ranged from 7.16 to 8.35, compared
with RS194B (pKa. = 8.56), suggesting that there will be a less protonated portion. This
could confer better ability to penetrate through the membranes. In contrast, this might

be worse based on the experimentally determined logD7.4 and logPneutral.

4.3 Overview of contribution to the development of cholinesterase

modulators

AChE 1is considered as perfect enzyme that has been investigated for several
decades. Although several crystal structures are deposited in the Protein Data Bank and
have been exhaustively described and analyzed, there are still several issues that remain

unsolved. Some of these issues were discussed in this thesis.
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Over one hundred final compounds primarily targeting AChE have been developed
within this work. Some were primarily devoted to basic research, mostly to elucidate the
SAR. Such tasks are also necessary to understand the fundamentals behind the
pharmacology. To build on these observations, we can continue with laborious research
and implement our benchmark knowledge into the medicinal chemistry pipeline
(Scheme 26). The workflow could ultimately provide drug-like candidates. Good
examples of generated drug candidates would be tacroximes together with uncharged
bis-oxime reactivators, which are very close to being clinically useful, as successful

animal studies are sufficient for their marketing.

From a synthetic perspective, several reactions and their optimization have been
conducted; some were not previously documented in the literature. Specifically,
reductive amination; Friedldnder condensation using microwave activation with reduced
reaction time; the application of olefin metathesis; one-pot efficient amination;

aromatization reactions; and various N-alkylations are discussed in this thesis.
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Scheme 29 Rational medicinal chemistry pipeline to be followed.

4.3.1 Anti-AD drugs

THA-PHT compounds do not have ideal drug-like properties. Their bulkiness and
poor physicochemical properties resulted in low solubility, which may be a critical
drawback for in vivo application. However, such compounds provide a significant
contribution and insight into the development of anti-AD compounds that combine anti-

tau properties and the inhibition of AChE/BChE. This unique combination is rarely
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discussed in the literature. As the biological profiles of THA-PHT are still under

assessment, it is hard to estimate their true therapeutic potential.

Tacrine-like compounds primarily targeting AChE/NMDA have balanced
physicochemical properties and their hydrochloride analogues are readily soluble in
water. Some will certainly become drug candidates. The study of their mechanism of
action on NMDA receptors is a key step and can provide results of considerable interest.
Owing to the developed Friedldnder condensation with new specific conditions, these
compounds can be obtained by a one-step synthesis in high yields over a short period of
time. Preliminary data suggested that the final compounds have proven inhibition of

cholinesterase and a balanced profile against NMDA receptors (data not shown).

4.3.2 AChE-targeted insecticides

The concept of maleimide moiety introduction into Cys-targeted insecticides is
unique and worthy of investigation. Based on our experience with the maleinimide
scaffold, we conclude that it has several limitation, the major one being low stability. In
contrast, this limitation may be regarded as beneficial dependent on their application.
Indeed, it may results in low persistence in the environment. Another limitation to be
considered is their poor solubility. The compounds are insoluble in water and barely
soluble in organic solvents such as DMSO. This limitation can be overcome by the
introduction of a polyethylene glycol linker instead of a methylene linker. Therefore,
the optimization of molecules bearing a maleimide moiety is an essential step in the

development of novel promising insecticides.

4.3.3 AChAE reactivators

Initially, two review papers that were published the author provided a
comprehensive overview about the current status of the development of NAs
countermeasures. Strong evidence enabled the design of series of mono-quaternary
charged AChE reactivators. The unique properties of this family are conferred by the
presence of a positive charge in PAS ligand acting as a ligand anchor, presumably
placing the molecules into both anionic subsites. Such molecules have never been
reported before. Indeed, data for AChE reactivation allowed us to conclude that these
unique entities were one of the most potent reactivators reported to date. Their in vivo

efficacy is currently under investigation.
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The other two series were designed to follow a short multi-step procedure. The
advantage of this approach would be the potentially easier scaling up for the following
in vivo studies. Indeed, both tacroximes were prepared in six steps. Unfortunately, the
final three steps had very poor yields and more attention and, most likely, a slightly
different approach is required. Similarly, optimization would be required to achieve
large-scale production. We found that tacroximes are potential treatments for dichlorvos
intoxication; as they are predicted to cross the BBB, they may confer sufficient
protection against the OP-induced delayed neuropathy caused by dichlorvos or other
pesticides. Therefore, larger quantities are needed for in vivo experiments and further

steps will be devoted to optimization of synthesis.

Bis-oxime analogs of RS194B were remarkably interesting. Some were several
times more efficient than the parent RS194B, and could be prepared in a 3—4 step
synthesis. The solubility in water was also better than the parent RS194B. Important
steps to enable their future application are the in vivo assessment and determination of

their ability to cross the BBB.
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5. Conclusion

My research was devoted to the design and synthesis of AChE modulators. Within
my dissertation thesis, I was able to produce more than 100 final products. Of the 105
products, there were 66 compounds targeting the multifactorial nature of AD; 14 Cys-

targeted insecticides, and 25 AChE reactivators.

From the biological data obtained for the anti-AD compounds and insecticides, we
can draw some clear SARs that will be useful for further development. Moreover, the
approaches to obtain them have yielded several novel reactions. Reductive amination,
Friedldnder condensation using microwave activation with reduced reaction time, the

potent application of olefin metathesis, and one-pot amination were described.

Each of the three series of AChE reactivators offered a completely novel approach
for the development of highly potent compounds. 187, the most potent reactivator, is
currently undergoing in vivo investigation to reveal its true potential. The activity of
tacroximes was not interesting; however, we propose that drugs like tacrine with small
structural changes can be repurposed for different indications. Finally, uncharged bis-
oxime compounds have not been published before. They sufficiently surpassed the
reference compound RS194B, which is awaiting FDA approval. Several optimized
reaction steps with excellent yields compared with those already published, such as

aromatization reactions and N-alkylations, were described in detail.
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6. Experimental part

6.1 General synthetic methods

The column chromatography was performed using silica gel 100 at atmospheric
pressure (70 —230 mesh ASTM, Fluka, Prague Czech Republic) or silica gel 40
(0.0400063 mm; Merck). The analytical thin-layer chromatography was carried out
using plates coated with silica gel 60 with a fluorescent indicator F254 (Merck, Prague
Czech Republic). Thin-layer chromatography plates were visualized by exposure to
ultraviolet light (254 nm) or by detection reagents phosphomolybdic acid (PMA) and
p-anisaldehyde (PERNOD). NMR spectra were recorded on a Varian S500 spectrometer
(500 MHz for 'H and 126 MHz for '3C); Varian MR 400 (400 MHz for 'H and
100 MHz for *C) and Bruker Avance III (600 MHz for 'H and 150 MHz for 3C).
Chemical shifts are reported in & ppm referenced to an internal SiMes standard for 'H
NMR and chloroform-d (CHCl3-d;; 7.26 (D); 77.16 (C) ppm), CD3;0OD (CH30OH-dy;
3.35, 4.78 (D), 49.3 (C) ppm), or hexadeuteriodimethylsulfoxide (DMSO-ds; 2.50 (D),
39.7 (C) ppm). Chemicals were purchased from Sigma-Aldrich Co. LLC and were used
without additional purification. CEM Explorer SP 12 S Class and Biotage® Initiator+
were used for microwave irradiation. The final compounds were analyzed by LC-MS
consisting of UHLPC Dionex Ultimate 3000 RS coupled with Q Exactive Plus orbitrap
mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) and Agilent 6230
Accurate-Mass TOFMS system features Agilent Jet Stream Thermal Focusing
technology for significantly improved sensitivity, as well as enhanced MassHunter
Workstation software for superior data mining and analysis capabilities and Micromass
Quattro Ultima, high performance benchtop triple quadrupole mass spectrometer
designed for routine LC-MS and LC-MS/MS operations to obtain high resolution mass
spectra. Gradient LC analysis confirmed > 95% purity.

6.1.1 Tacrine-phenothiazine derivatives

Preparation of the linker intermediates.

R R
R R o_ o
o_ 0 TFAA, Et;N \g
\[ THF; 0°C-RT i
( ; -
"NH; O)\CFS
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1 or 2 (10 mmol) was dissolved with the dried THF (15 mL) in the dried round-
bottom flask, under nitrogen atmosphere. The solution was cooled to 0 °C.
Trifluoroacetic acid anhydride (TFAA; 12 mmol) and triethylmine (TEA; 12 mmol) was
drop wise added and the reaction mixture was stirred for 4 hours at room temperature.
The reaction mixture was concentrated, diluted with dichloromethane (DCM; 20 mL),
neutralized with saturated sodium bicarbonate (NaHCOs; until pH = 7 — 8) and
extracted with additional DCM 3x 20 mL. The organic layers were collected, dried
with anhydrous Na>SOs and filtrated. The filtrate was concentrated under reduced

pressure and purified by column chromatography affording title products 3 or 4.

N-(2,2-dimethoxyethyl)-2,2,2-trifluoroacetamide (3): The resulting residue was
purified by column chromatography (PE/EA = 6:4) affording 3 as yellowish oil. Yield
99 %. 'H NMR (401 MHz, Chloroform-d) § 6.56 (bs, 1H), 4.42 (t, J = 5.0 Hz, 1H), 3.51
— 3.45 (m, 2H), 3.40 (s, 6H). 1*C NMR (101 MHz, cdcls) § 157.48, 157.11, 117.15,
114.30, 101.67, 54.68, 41.19.

N-(4,4-diethoxybutyl)-2,2,2-trifluoroacetamide (4): The resulting residue was
purified by column chromatography (PE/EA = 6:4) affording 4 as yellowish oil. Yield
99 %. 'H NMR (401 MHz, Chloroform-d) § 7.09 (s, 1H), 4.52 — 4.44 (m, 1H), 3.70 —
3.57 (m, 2H), 3.55 — 3.42 (m, 2H), 3.40 — 3.30 (m, 2H), 1.72 — 1.63 (m, 4H), 1.18 (t,J =
7.1 Hz, 6H). 3C NMR (101 MHz, cdcls) & 157.29, 156.92, 117.33, 114.48, 102.40,
61.97, 39.63, 30.88, 23.21, 15.15.

J) J) NiSO,; NaBH,
\[ +  (CHsCO)0 e
CN dry MeOH; 0°C to RT; HN O

5 \f 6

N-(3,3-dimethoxypropyl)acetamide (6): In the dried round-bottom three neck
flask 5 (10 mmol), acetic anhydride (20 mmol) and NiSO4 (10 mmol) was dissolved in
the dried methanol under nitrogen atmosphere. The mixture was cooled to 0 °C and
stirred for 15 min. Then, NaBHs (70 mmol) was slowly added by portions during
30 min. The reaction mixture was stirred for 5 hours at room temperature. The reaction
mixture was then neutralized by saturated NaHCOs3 (3 mL) and multiple times filtrated

through the CELITE pad until obtaining clear filtrate. The filtrate was concentrated
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under reduced pressure and purified by column chromatography (DCM/MeOH = 24:1)
affording 6 as yellowish oil. Yield 51 %.

'"H NMR (401 MHz, Chloroform-d) & 5.99 (s, 1H), 4.41 (t, J= 5.3 Hz, 1H), 3.41 —
3.25 (m, 8H), 1.94 (s, 3H), 1.86 — 1.76 (m, 2H).

o o)
hthalic anhydrid (Cociz: DMSO:
alic anhydride
HO _~ o~ NH2 p%y Ho\/\/\/N D4>IPEA : N
solvent free DCM
8

7 9

5-(1,3-dioxo-2,3-dihydro-1H-isoindol-2-yl)pentanal (9):

A: 5-amino-1-pentanol (7; 33.93 mmol) and phthalic anhydride (33.93 mmol) were
added into the oven dried round-bottom flask. The mixture was stirred at 145 °C under
constant stream of Ar for 30 min. The resulting residue was dried on vacuum pump
affording 8 as light yellow oil with quantitative yields. 'H NMR (500 MHz,
Chloroform-d) & 7.86 — 7.81 (m, 2H), 7.73 — 7.69 (m, 2H), 3.70 (t, /= 7.2 Hz, 2H), 3.64
(t,J= 6.5 Hz, 2H), 1.78 — 1.67 (m, 2H), 1.67 — 1.57 (m, 2H), 1.48 — 1.38 (m, 2H). *C
NMR (126 MHz, cdcl3) & 168.45, 133.85, 132.08, 123.14, 62.57, 37.81, 32.14, 28.31,
22.99.

B: (COClI), (40.72 mmol) was added to anhydrous DCM (60 mL) containing
DMSO (74.65 mmol) at -45°C under Ar atmosphere. After 5 min of stirring 8
(33.93 mmol) dissolved in anhydrous DCM was slowly drop wise added. After another
15 min of stirring diisopropylethylamine (DIPEA; 101.79 mmol) was slowly drop wise
added. The reaction was heated to -30 °C and stirred for additional 30 min. Finally, the
solvent was removed and the residue was diluted with EA. After dilution, white
precipitate was formed, mixture was filtrated. The filtrate was washed with 6 %
NaHCO3 150 mL and 3x with H,O 150 mL. The organic layer was dried with
anhydrous Na;SO4 and concentrated affording title product 9 as light red oil. Yield
77 % after two steps.

'H NMR (500 MHz, Chloroform-d) & 9.73 (s, 1H), 7.84 — 7.77 (m, 2H), 7.73 — 7.66
(m, 2H), 3.68 (t, J = 6.8 Hz, 2H), 2.51 — 2.45 (m, 2H), 1.76 — 1.60 (m, 4H). 3C NMR
(126 MHz, cdcls) § 201.80, 168.32, 133.93, 132.01, 123.18, 43.15, 37.39, 27.93, 19.19.

2-(5,5-diethoxypentyl)-2,3-dihydro-1H-isoindole-1,3-dione (10):
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9 (5.01 mmol) and p-toluenesulfonic acid hydrate (0.05 mmol) were dissolved in
absolute EtOH under Ar atmosphere. The solution was bubbled with additional Ar
stream. Then, triethyl orthoformate was slowly added and the mixture was stirred and
bubbled with Ar for 3 hours at RT. EtOH was evaporated and the residue was diluted
with DCM (70 mL) and saturated NaHCO3 (100 mL). The mixture was extracted 3
times with DCM (3x 70 mL) and the organic layers were collected, dried with
anhydrous NaSO4 and filtrated. The filtrate was concentrated under reduced pressure
and purified by column chromatography (PE/EA = 5:1) affording title products 10 as
colorless oil. Yield 74 %.

'H NMR (500 MHz, Chloroform-d) & 7.86 — 7.81 (m, 2H), 7.73 — 7.68 (m, 2H),
447 (t, J= 5.7 Hz, 1H), 3.69 (t, J = 7.3 Hz, 2H), 3.66 — 3.59 (m, 2H), 3.52 — 3.44 (m,
2H), 1.76 — 1.62 (m, 4H), 1.46 — 1.38 (m, 2H), 1.23 — 1.14 (m, 6H). '°C NMR (126
MHz, cdels) § 168.35, 133.80, 132.14, 123.11, 102.66, 61.03, 37.88, 33.14, 28.38,
22.06, 15.29.

Preparation of phenothiazine intermediates.
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In the dried round-bottom flask 3; 4; 6; or 10 (2.4 mmol) and 11; 12 or 13 (2 mmol)
was dissolved in the dry DCM (20 mL) under nitrogen atmosphere. Trifluoroacetic acid
(TFA; 26 mmol) and triethylsilane (TES; 5 mmol) was then drop wise added and the
reaction mixture was stirred for 2 hours at room temperature. The reaction mixture was
cooled to 0°C and slowly neutralized but addition of saturated NaHCO; (until
pH =7 - 8). The mixture was extracted with DCM 3x 20 mL. The organic layers were
collected, dried with anhydrous Na>SO4 and filtrated. The filtrate was concentrated

under reduced pressure and purified by column chromatography affording products 14 —

25.

N-[2-(10H-phenothiazin-10-yl)ethyl]-2,2,2-trifluoroacetamide (14): The
resulting residue was purified by column chromatography (PE/EA = 9:1) affording 14

as dark yellow viscous oil. Yield 41 %.

'"H NMR (401 MHz, Chloroform-d) & 7.23 — 7.16 (m, 4H), 7.03 — 6.89 (m, 4H),
6.80 (bs, 1H), 4.14 (t, J = 5.9 Hz, 2H), 3.71 (q, J = 5.9 Hz, 2H). *C NMR (101 MHz,
cdcls) & 144.55, 127.90, 127.61, 126.80, 123.49, 116.16, 46.05, 36.82.

N-[2-(2-chloro-10H-phenothiazin-10-yl)ethyl]-2,2,2-trifluoroacetamide (15):
The resulting residue was purified by column chromatography (PE/EA = 9:1) affording
15 as purple viscous oil. Yield 99 %.

'H NMR (401 MHz, Chloroform-d) & 7.28 — 7.15 (m, 2H), 7.15 — 7.07 (m, 1H),
7.07 — 6.85 (m, 3H), 6.83 — 6.68 (m, 1H), 4.11 (t, J = 5.9 Hz, 2H), 3.71 (g, J = 5.9 Hz,
2H). 3C NMR (101 MHz, cdcls) 5 145.94, 143.78, 133.65, 128.38, 127.99, 127.82,
126.39, 125.14, 123.91, 123.40, 116.53, 116.37, 46.13, 36.75.

N-{2-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]ethyl}-2,2,2-
trifluoroacetamide (16): The resulting residue was purified by column

chromatography (PE/EA = 9:1) affording 16 as dark yellow viscous oil. Yield 99 %.
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'H NMR (401 MHz, Chloroform-d) & 7.36 — 7.14 (m, 4H), 7.14 — 6.91 (m, 2H),
6.73 — 6.59 (m, 1H), 4.17 (t, J = 5.9 Hz, 2H), 3.73 (q, J = 5.9 Hz, 2H).

N-[3-(10H-phenothiazin-10-yl)propyl]acetamide (17): The resulting residue was
purified by column chromatography (EA/DCM = 1:1) affording 17 as white-brown
solid. Yield 99 %.

'H NMR (401 MHz, Chloroform-d) & 7.24 — 7.13 (m, 4H), 7.01 — 6.86 (m, 4H),
6.16 (bs, 1H), 3.96 (t, J = 6.0 Hz, 2H), 3.33 (g, J = 6.0 Hz, 2H), 1.99 (p, J = 6.1 Hz,
2H), 1.75 (s, 3H). 3C NMR (101 MHz, cdcls) & 170.16, 145.34, 127.75, 127.55, 125.64,
122.95, 115.87, 45.92, 38.53, 26.05, 22.97.

N-[3-(2-chloro-10H-phenothiazin-10-yl)propyljacetamide (18): The resulting
residue was purified by column chromatography (PE/EA = 1:1) affording 18 as white
sticky foam. Yield 94 %.

'H NMR (401 MHz, Chloroform-d) § 7.24 — 7.16 (m, 2H), 7.13 — 7.06 (m, 1H),
7.04 — 6.80 (m, 4H), 6.04 (s, 1H), 3.94 (t, J= 6.1 Hz, 2H), 3.35 (q, J = 6.1 Hz, 2H), 2.02
(q,J = 6.2 Hz, 2H), 1.83 — 1.78 (m, 3H).

N-{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl|propyl}acetamide (19): The
resulting residue was purified by column chromatography (EA/DCM = 1:1) affording
19 as yellow viscous oil. Yield 83 %.

'H NMR (401 MHz, Chloroform-d) & 7.28 — 7.13 (m, 4H), 7.08 — 7.02 (m, 1H),
7.02 — 6.94 (m, 1H), 6.93 — 6.87 (m, 1H), 5.94 (bs, 1H), 3.97 (t, J = 6.2 Hz, 3H), 3.34
(q, J = 6.3 Hz, 2H), 2.06 — 1.95 (m, 2H), 1.80 (s, 3H). 3C NMR (101 MHz, cdcls) &
170.15, 145.80, 144.31, 127.92, 127.83, 127.78, 124.53, 123.54, 119.53, 119.49,
116.18, 112.17, 112.13, 45.74, 38.06, 26.20, 23.02.

N-[4-(10H-phenothiazin-10-yl)butyl]-  2,2,2-trifluoroacetamide (20): The
resulting residue was purified by column chromatography (PE/EA = 7:1) affording 20

as dark yellow viscous oil. Yield 99 %.

'H NMR (401 MHz, Chloroform-d) & 7.20 — 7.12 (m, 4H), 6.98 — 6.89 (m, 2H),
6.89 — 6.81 (m, 2H), 6.31 (bs, 1H), 3.92 (t, J = 6.3 Hz, 2H), 3.33 (q, J = 6.7 Hz, 2H),
1.91 — 1.77 (m, 2H), 1.74 — 1.64 (m, 2H). '*C NMR (101 MHz, cdclz) 5 145.09, 127.68,
127.33, 125.57, 122.76, 115.64, 46.36, 39.42, 26.37, 23.54.
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N-[4-(2-chloro-10H-phenothiazin-10-yl)butyl]-2,2,2-trifluoroacetamide (21): The
resulting residue was purified by column chromatography (PE/EA = 9:1) affording 21

as dark yellow viscous oil. Yield 84 %.

'H NMR (401 MHz, Chloroform-d) & 7.20 — 7.13 (m, 2H), 7.07 — 7.03 (m, 1H),
6.99 — 6.92 (m, 1H), 6.92 — 6.88 (m, 1H), 6.87 — 6.83 (m, 1H), 6.83 — 6.80 (m, 1H), 3.88
(t, J = 6.3 Hz, 2H), 3.34 (q, J = 6.7 Hz, 2H), 1.87 — 1.77 (m, 2H), 1.75 — 1.66 (m, 2H).
13C NMR (101 MHz, cdcls) & 146.45, 144.31, 133.37, 128.13, 127.75, 127.51, 125.31,
124.06, 123.21, 122.59, 115.98, 115.94, 46.53, 39.38, 26.34, 23.56.

N-{4-]|2-(trifluoromethyl)-10H-phenothiazin-10-yl|butyl}-2,2,2-
trifluoroacetamide (22): The resulting residue was purified by column

chromatography (PE/EA = 7:1) affording 22 as yellow viscous oil. Yield 85 %.

'H NMR (401 MHz, Chloroform-d) & 7.28 — 7.11 (m, 4H), 7.05 — 6.93 (m, 2H),
6.92 — 6.84 (m, 1H), 6.29 (bs, 1H), 3.94 (t, J = 6.3 Hz, 2H), 3.34 (q, J = 6.6 Hz, 2H),
1.87 — 1.76 (m, 2H), 1.77 — 1.65 (m, 2H). '3C NMR (101 MHz, cdclz) 5 156.66, 145.63,
144.14, 127.79, 127.74, 127.71, 124.59, 123.41, 119.38, 119.34, 116.01, 111.98, 46.61,
39.38, 26.32, 23.57.

2-[5-(10H-phenothiazin-10-yl)pentyl]-2,3-dihydro-1H-isoindole-1,3-dione (23):
The resulting residue was purified by column chromatography (PE/EA = 5:1) affording

23 as dark yellow viscous oil. Quantitative yield.

'"H NMR (500 MHz, Chloroform-d) & 7.87 — 7.80 (m, 2H), 7.75 — 7.68 (m, 2H),
7.17-7.11 (m, 2H), 7.11 — 7.07 (m, 2H), 6.95 — 6.81 (m, 3H), 3.90 — 3.79 (m, 2H), 3.71
— 3.66 (m, 2H), 1.91 — 1.81 (m, 2H), 1.76 — 1.67 (m, 2H), 1.54 — 1.44 (m, 2H). 13C
NMR (126 MHz, cdcls) 6 168.36, 133.80, 132.10, 127.39, 127.15, 123.14, 123.10,
122.36, 115.40, 70.28, 47.00, 37.73, 28.13, 24.04.

2-[5-(2-chloro-10H-phenothiazin-10-yl)pentyl]-2,3-dihydro-1H-isoindole-1,3-
dione (24): The resulting residue was purified by column chromatography (PE/EA =
5:1) affording 24 as dark purple viscous oil. Yield 89 %.

'H NMR (500 MHz, Chloroform-d) & 7.87 — 7.81 (m, 2H), 7.74 — 7.68 (m, 2H),
7.18 —7.12 (m, 1H), 7.11 — 7.06 (m, 1H), 7.00 — 6.96 (m, 1H), 6.95 — 6.89 (m, 1H), 6.89
— 6.82 (m, 2H), 6.83 — 6.78 (m, 1H), 3.82 (t, J = 7.0 Hz, 2H), 3.68 (t, J = 7.1 Hz, 2H),
1.89 — 1.80 (m, 2H), 1.76 — 1.66 (m, 2H), 1.53 — 1.44 (m, 2H). 3C NMR (126 MHz,
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cdcl;) & 168.36, 146.49, 144.41, 133.82, 133.80, 132.10, 127.85, 127.47, 127.35,
123.16, 123.11, 122.83, 122.19, 115.74, 115.71, 47.09, 37.68, 28.10, 26.23, 23.95.

2-{5-[2-(trifluoromethyl)-10H-phenothiazin-10-yl|pentyl}-2,3-dihydro-1H-
isoindole-1,3-dione (25): The resulting residue was purified by column
chromatography (PE/EA = 5:1) affording 25 as dark yellow viscous oil. Quantitative
yield.

'"H NMR (500 MHz, Chloroform-d) & 7.87 — 7.80 (m, 2H), 7.76 — 7.68 (m, 2H),
7.21 —7.10 (m, 3H), 7.10 — 7.07 (m, 1H), 7.02 — 6.99 (m, 1H), 6.97 — 6.90 (m, 1H), 6.90
—6.84 (m, 1H), 3.88 (t, /= 7.0 Hz, 2H), 3.70 — 3.65 (m, 2H), 1.90 — 1.79 (m, 2H), 1.79
—1.66 (m, 2H), 1.53 — 1.46 (m, 2H).

CF,
O)\NH NH,
(L)ﬁ K,COs %
: N R3
N R3 MeOH/H,0 (2:1) ©: :@
14n=1;R3=H 26ni1;R3iH
15 n=1;R3=CI 27 n—1;R3—CI
16 n=1;R3=CF3 28 n=1;R3;|C_|:F3
20n=3Rs" 1 20 n=3Rs_ 7
21 n=3Rs" % 30 =3 R T
22 n=3;Rs - °F 31 n=3R3"

3

14 — 16; or 20 — 22 (1.5 mmol) and K>CO3 (12 mmol) was dissolved in MeOH/H>O
2:1 (12:6 mL). The mixture was stirred overnight at room temperature. The solvents
were evaporated and the precipitate was diluted with H>O (20 mL) and extracted with
DCM 3x 20 mL. The organic layers were collected, dried with anhydrous Na>;SO4 and
filtrated. The filtrate was concentrated under reduced pressure to afford title product

26 — 31 without any further purification.

2-(10H-phenothiazin-10-yl)ethan-1-amine (26): Dark yellow viscous oil with
yield 88 %.

'"H NMR (401 MHz, Chloroform-d) & 7.22 — 7.08 (m, 4H), 7.03 — 6.83 (m, 4H),
3.99 (t, J = 5.9 Hz, 2H), 3.06 (t, J = 5.9 Hz, 2H), 1.45 (bs, 2H). 3*C NMR (101 MHz,
cdelz) 0 145.22, 127.59, 127.23, 125.88, 122.69, 115.77, 50.52, 38.85.

2-(2-chloro-10H-phenothiazin-10-yl)ethan-1-amine (27): Dark purple viscous oil
with yield 99 %.
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'H NMR (401 MHz, Chloroform-d) § 7.23 — 7.10 (m, 2H), 7.10 — 7.03 (m, 1H),
7.01 - 6.80 (m, 4H), 3.96 (t, J = 5.9 Hz, 2H), 3.06 (t, /= 5.9 Hz, 2H), 1.29 (bs, 2H).

2-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]ethan-1-amine (28): Dark yellow

viscous oil with yield 99 %.

'H NMR (401 MHz, Chloroform-d) § 7.25 — 7.12 (m, 4H), 7.08 — 7.04 (m, 1H),
7.00 — 6.93 (m, 1H), 6.93 — 6.88 (m, 1H), 4.00 (t, J = 5.9 Hz, 2H), 3.06 (t, J = 5.9 Hz,
2H), 1.34 (bs, 2H).

4-(10H-phenothiazin-10-yl)butan-1-amine (29): Dark brown viscous oil with
yield 82 %.

'H NMR (401 MHz, Chloroform-d) & 7.16 — 7.09 (m, 4H), 6.92 — 6.87 (m, 2H),
6.87 — 6.82 (m, 2H), 3.86 (t, J = 7.0 Hz, 2H), 2.68 (t, J = 7.0 Hz, 2H), 1.89 — 1.77 (m,
2H), 1.55 (p, J = 7.2 Hz, 2H), 1.29 — 1.17 (bs, 2H). 3C NMR (101 MHz, cdcls) &
145.23, 127.45, 127.15, 125.11, 122.38, 115.41, 47.10, 41.85, 31.12, 24.32.

4-(2-chloro-10H-phenothiazin-10-yl)butan-1-amine (30): Dark brown viscous oil
with yield 93 %.

'H NMR (401 MHz, Chloroform-d) & 7.20 — 7.06 (m, 2H), 7.06 — 6.96 (m, 1H),
6.97 — 6.77 (m, 4H), 3.82 (t, J = 7.0 Hz, 2H), 2.69 (t, J = 7.0 Hz, 2H), 1.88 — 1.73 (m,
2H), 1.62 — 1.44 (m, 2H), 1.11 (bs, 2H). 3C NMR (101 MHz, cdcls) & 146.53, 144.50,
133.16, 127.89, 127.52, 127.35, 124.87, 123.60, 122.85, 122.20, 115.75, 115.73, 47.23,
41.79, 31.00, 24.19.

4-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]butan-1-amine (31): Dark

yellow viscous oil with yield 90 %.

'H NMR (401 MHz, Chloroform-d) & 7.20 — 7.15 (m, 2H), 7.15 — 7.09 (m, 2H),
7.03 - 6.99 (m, 1H), 6.97 — 6.90 (m, 1H), 6.89 — 6.84 (m, 1H), 3.88 (t, J= 7.0 Hz, 2H),
2.69 (t, J= 7.0 Hz, 2H), 1.90 — 1.74 (m, 2H), 1.62 — 1.50 (m, 2H), 1.21 — 1.14 (bs, 2H).
13C NMR (101 MHz, cdels) § 145.68, 144.35, 130.02, 129.70, 127.59, 127.57, 127.46,
124.15, 123.06, 119.03, 119.00, 115.81, 111.84, 111.80, 47.27, 41.76, 30.94, 24.13.

114



OJ\NH NH;
(L)m MW:; KOH: 160°C; (L)m
> N

QN D/R3 MeOH/H,0 (2:1) @ D/
S S

RS

17 n=2;R3iCH:I 32 n=2;R3iCH:I
18 n=2R°_ T 33n=2R_ T
19 n=2;R3 3 34 n=2,R3" 7,

17 -19 (1.5 mmol) and KOH (11.25 mmol) were dissolved with MeOH/H>O 2:1
(6:3mL) in the microwave tube. The mixture was challenged with microwave
irradiation (150 W) at 160 °C for 2 hours. The reaction mixture was concentrated under

reduced pressure and purified by column chromatography affording products 32 — 34.

3-(10H-phenothiazin-10-yl)propan-1-amine (32): The resulting residue was
purified by column chromatography (DCM/MeOH/NH; = 15:1:01) affording 32 as

yellow viscous oil. Yield 91 %. Without characterization used into the next reactions.

3-(2-chloro-10H-phenothiazin-10-yl)propan-1-amine (33): The resulting residue
was purified by column chromatography (DCM/MeOH/NH3 = 14:1:01) affording 33 as

yellow viscous oil. Yield 65 %.

'H NMR (401 MHz, Chloroform-d) & 7.18 — 7.07 (m, 2H), 7.03 — 6.96 (m, 1H),
6.96 — 6.82 (m, 4H), 3.93 (t, J = 6.6 Hz, 2H), 3.32 (t, J = 6.7 Hz, 2H), 2.11 (p, J = 6.6
Hz, 2H). '3C NMR (101 MHz, cdels) & 168.14, 146.47, 144.53, 133.20, 127.75, 127.38,
124.66, 123.38, 122.77, 122.13, 115.97, 115.89, 48.09, 44.86, 29.20, 27.71.

3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propan-1-amine ~ (34):  The
resulting residue was purified by column chromatography (DCM/MeOH/NH3 =
14:1:01) affording 34 as yellow viscous oil. Yield 85 %.

'H NMR (401 MHz, Chloroform-d) & 7.20 — 7.01 (m, 4H), 6.99 — 6.84 (m, 3H),
3.97 (t, J = 6.6 Hz, 2H), 3.31 (t, J = 6.6 Hz, 2H), 2.10 (p, J = 6.6 Hz, 2H). '°*C NMR
(101 MHz, cdcls) & 145.67, 144.34, 129.77, 127.61, 127.43, 127.32, 123.92, 122.99,
118.94, 115.98, 112.05, 112.01, 48.00, 44.86, 29.11, 27.63.
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(L)m NH,NH," 1,0 (L)ﬁ
N R3 absolute ETOH: 90 °C: N R
Cr oy CL
23n=4;R3=H 35n=4;R3=H
24n=4;R3=CI 36n=4;R3_=CI
25n=4;R3=CF3 37n=4;R3=CF3

23 — 25 (2.0 mmol) were dried in round-bottom flask and dissolved in absolute
EtOH under Ar atmosphere. Hydrazine hydrate (50 — 60 % solution in H>O; 1.0 mL)
was slowly added, the mixture was heated to reflux (90 °C) and kept stirred under Ar
overnight (16 hours). The next day the white precipitate was filtrated and washed with
EtOH. The filtrate was concentrated under reduced pressure and purified by column

chromatography affording products 35 — 37.

5-(10H-phenothiazin-10-yl)pentan-1-amine (35): The resulting residue was
purified by column chromatography (DCM/MeOH/NHj3 = 9:1:0.1) affording 35 as light

yellow viscous oil. Yield 82 %.

'H NMR (500 MHz, Chloroform-d) & 7.18 — 7.11 (m, 4H), 6.94 — 6.89 (m, 2H),
6.89 — 6.83 (m, 2H), 3.91 — 3.81 (m, 2H), 2.73 — 2.63 (m, 2H), 2.07 (bs, 2H), 1.87 —
1.76 (m, 2H), 1.51 — 1.41 (m, 4H). 3C NMR (126 MHz, cdcls) § 145.23, 127.41,
127.13, 125.04, 122.34, 115.40, 47.08, 41.73, 32.67, 26.61, 24.08.

5-(2-chloro-10H-phenothiazin-10-yl)pentan-1-amine (36): The resulting residue
was purified by column chromatography (DCM/MeOH/NH3 = 9:1:0.1) affording 36 as
light yellow viscous oil. Yield 74 %.

'H NMR (500 MHz, Chloroform-d) & 7.19 — 7.11 (m, 2H), 7.04 — 7.00 (m, 1H),
6.96 — 6.91 (m, 1H), 6.91 — 6.87 (m, 1H), 6.87 — 6.83 (m, 1H), 6.84 — 6.79 (m, 1H), 3.83
(t, J= 7.0 Hz, 2H), 2.69 (t, J = 6.5 Hz, 2H), 2.11 (bs, 2H), 1.85 — 1.76 (m, 2H), 1.54 —
1.41 (m, 4H). '°C NMR (126 MHz, cdcls) § 146.54, 144.50, 133.15, 127.88, 127.50,
127.35, 124.82, 123.57, 122.84, 122.18, 115.74, 47.22, 41.69, 32.51, 26.49, 24.03.
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5-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]|pentan-1-amine

37): The

resulting residue was purified by column chromatography (DCM/MeOH/NH3 = 9:1:0.1)

affording 37 as light yellow viscous oil. Yield 75 %.

derivatives.
NH,
)
n
S
n=1;R;=H
26 $3
o7 N=TiRy glF
28 n=1;R3:H3
29 n=3;R3_CI
30 n=3;R3:CF
31 n=3;R3_H3
32 n=2;R3_CI
33 n=2;R3 CF
34 n=2,R3_ 7,
35n=4;R3=H
26 "= 4 R;=Cl
37n=4;R3=CF

"H NMR (500 MHz, Chloroform-d) & 7.22 — 7.10 (m, 4H), 7.04 — 7.00 (m, 1H),
6.98 — 6.93 (m, 1H), 6.90 — 6.85 (m, 1H), 3.88 (t, /= 7.0 Hz, 2H), 2.74 — 2.64 (m, 2H),
1.87 — 1.84 (m, 2H), 1.84 — 1.76 (m, 2H), 1.54 — 1.41 (m, 4H). '3C NMR (126 MHz,
cdels) & 145.72, 144.41, 130.02, 129.69, 129.43, 127.60, 127.58, 127.48, 125.24,
124.13, 123.07, 119.06, 119.03, 119.00, 118.97, 115.84, 111.88, 111.85, 111.82,
111.79, 47.33, 41.83, 32.84, 26.51, 24.08.

The final N-alkylation coupling of phenothiazines intermediates with tacrine

N X
O
NG

R, =H

38 4

39 Ra=7-OCH
- A 3

40 Re=6C

MW:; 180 °C; 90 min
S .

phenol

41 -76
Table 2

n
R
R

=1-4

3 =H; Cl; CF
, = H; 7-0CH
35 6-Cl

Compounds 26 —37 (0.20 mmol) and 1,2,3,4-tetrahydroacridine derivatives 38 —

40 (0.22 mmol) were melted and dissolved in phenol (300 pl) by heating gun at 90 °C

in the microwave tube. The mixture was then challenged by the microwave irradiation
(150 W) at 180 °C for 90 mins. The reaction mixture was diluted with DCM 20 mL and
20 % solution of KOH 20 mL and then extracted with additional DCM 3x 20 mL. The

organic layers were collected, dried with anhydrous Na>SO4 and filtrated. The filtrate
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was concentrated under reduced pressure and purified by column chromatography

affording products 41 — 76.

N-[2-(10H-phenothiazin-10-yl)ethyl]-1,2,3,4-tetrahydroacridin-9-amine  (41):
The  resulting  residue  was  purified by  column  chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:6:3:1:0.1) affording 41 as yellow viscous oil. Yield
52 %.

'H NMR (401 MHz, Chloroform-d) & 8.08 — 7.81 (m, 2H), 7.60 — 7.44 (m, 1H),
7.32 —7.20 (m, 3H), 7.20 — 7.10 (m, 2H), 7.05 — 6.92 (m, 2H), 6.91 — 6.81 (m, 2H), 4.76
(bs, 1H), 4.05 (t, J = 5.2 Hz, 2H), 3.86 (t, J = 4.9 Hz, 2H), 2.99 (t, J = 6.5 Hz, 2H), 2.50
(t, J = 6.4 Hz, 2H), 1.81 — 1.67 (m, 2H), 1.69 — 1.54 (m, 2H). 3C NMR (101 MHz,
cdels) & 144.76, 128.70, 127.81, 127.46, 126.74, 123.95, 123.31, 122.89, 115.85, 47.19,
45.05, 33.23, 24.09, 22.59, 22.41. HRMS (ESI'): [M]": calculated for Ca7HasN3S*
(m/z): 424.18419; found: 424.18423. LC-MS > 95 %.

7-methoxy-N-[2-(10H-phenothiazin-10-yl)ethyl]-1,2,3,4-tetrahydroacridin-9-
amine (42): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:6:3:1:0.1) affording 42 as yellow viscous oil. Yield
50 %.

'H NMR (401 MHz, Chloroform-d) § 7.85 — 7.73 (m, 1H), 7.26 — 7.09 (m, 6H),
7.05 — 6.90 (m, 2H), 6.91 — 6.80 (m, 2H), 4.39 (bs, 1H), 4.05 — 3.95 (m, 2H), 3.79 (s,
3H), 3.78 — 3.73 (m, 2H), 2.92 (t, /= 6.5 Hz, 2H), 2.51 (t, /= 6.4 Hz, 2H), 1.79 — 1.64
(m, 2H), 1.62 — 1.48 (m, 2H). 3C NMR (101 MHz, cdcls) § 156.37, 156.14, 148.86,
144.90, 143.28, 130.31, 129.00, 128.19, 127.77, 127.42, 126.68, 123.21, 121.74,
120.38, 119.29, 115.82, 101.25, 55.39, 47.26, 44.77, 33.71, 24.25, 22.75. HRMS (ESI"):
[M]": calculated for C2sH2sN3OS™ (m/z): 454.19476; found: 454.19476. LC-MS > 96 %.

6-chloro-N-[2-(10H-phenothiazin-10-yl)ethyl]-1,2,3,4-tetrahydroacridin-9-
amine (43): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:6:3:1:0.1) affording 43 as yellow viscous oil. Yield
42 %.

'H NMR (401 MHz, Chloroform-d) & 7.88 — 7.73 (m, 2H), 7.31 — 7.20 (m, 2H),
7.21 — 7.09 (m, 3H), 7.05 — 6.94 (m, 2H), 6.90 — 6.78 (m, 2H), 4.56 (bs, 1H), 4.11 —
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3.96 (m, 2H), 3.85 — 3.72 (m, 2H), 2.92 (t, J = 6.5 Hz, 2H), 2.59 — 2.42 (m, 2H), 1.83 —
1.70 (m, 2H), 1.66 — 1.54 (m, 2H). *C NMR (101 MHz, cdcls) & 159.92, 150.02,
144.75, 133.85, 128.99, 128.18, 127.82, 127.59, 127.45, 126.74, 124.47, 124.29,
123.30, 119.17, 118.33, 115.82,47.22,45.17, 33.98, 24.18, 22.62, 22.56. HRMS (ESI"):
[M]": calculated for Co7HasN3CIS® (m/z): 458.14522; found: 458.14557.
LC-MS > 98 %.

N-[2-(2-chloro-10H-phenothiazin-10-yl)ethyl]-1,2,3,4-tetrahydroacridin-9-
amine (44): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:6.5:3:0.5:0.05) affording 44 as yellow viscous oil. Yield
49 %.

'H NMR (401 MHz, Chloroform-d) & 7.88 — 7.81 (m, 2H), 7.56 — 7.45 (m, 1H),
7.32 —7.19 (m, 2H), 7.20 — 7.07 (m, 2H), 7.07 — 6.93 (m, 2H), 6.84 — 6.80 (m, 2H), 4.45
(bs, 1H), 4.09 — 3.95 (m, 2H), 3.80 (t, J = 5.3 Hz, 2H), 2.97 (t, J = 6.5 Hz, 2H), 2.53 (t, J
= 6.4 Hz, 2H), 1.86 — 1.70 (m, 2H), 1.69 — 1.56 (m, 2H). '3C NMR (101 MHz, cdcls) 8
158.76, 149.64, 147.37, 146.15, 144.17, 133.46, 128.99, 128.82, 128.25, 127.83,
127.62, 126.34, 125.12, 123.89, 123.64, 123.09, 122.58, 120.88, 118.32, 116.25,
116.08, 47.48, 45.04, 34.02, 24.34, 22.76, 22.71. HRMS (EST"): [M]": calculated for
C27HasCIN:S* (m/z): 458.14522; found: 458.14542. LC-MS > 99 %,

N-[2-(2-chloro-10H-phenothiazin-10-yl)ethyl]-7-methoxy-1,2,3,4-
tetrahydroacridin-9-amine (45): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH; = 15:6.5:3:0.5:0.05) affording 45 as yellow

viscous oil. Yield 41 %.

'H NMR (401 MHz, Chloroform-d) & 7.82 — 7.77 (m, 1H), 7.28 — 7.07 (m, 5H),
7.03 — 6.93 (m, 2H), 6.88 — 6.80 (m, 2H), 4.30 (bs, 1H), 3.99 (t, 2H), 3.81 (s, 3H), 3.78
—3.73 (m, 2H), 2.93 (t, J = 6.5 Hz, 2H), 2.51 (t, J = 6.4 Hz, 2H), 1.82 — 1.67 (m, 2H),
1.64 — 1.50 (m, 2H). 3C NMR (101 MHz, cdels) § 156.22, 148.58, 146.18, 144.22,
133.47, 130.40, 128.99, 128.25, 128.18, 127.82, 127.63, 126.33, 125.11, 123.64,
123.08, 121.73, 120.39, 119.32, 116.24, 116.07, 101.16, 55.42, 47.51, 44.62, 33.71,
24.30, 22.75, 22.75. HRMS (ESI'): [M]": calculated for CasHyCIN;OS™ (m/z):
488.15579; found: 488.15591. LC-MS > 98 %.
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6-chloro-N-[2-(2-chloro-10H-phenothiazin-10-yl)ethyl]-1,2,3,4-
tetrahydroacridin-9-amine (46): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 46 as yellow viscous oil. Yield 64 %.

'H NMR (401 MHz, Chloroform-d) & 7.87 — 7.83 (m, 1H), 7.83 — 7.78 (m, 1H),
7.28 —7.11 (m, 5H), 7.07 — 6.95 (m, 2H), 6.88 — 6.81 (m, 2H), 4.57 — 4.39 (m, 1H), 4.07
—3.95 (m, 2H), 3.89 — 3.74 (m, 2H), 2.95 (t, J = 6.5 Hz, 2H), 2.51 (t, J = 6.4 Hz, 2H),
1.85 — 1.71 (m, 2H), 1.71 — 1.57 (m, 2H). '3C NMR (101 MHz, cdcls) § 159.97, 149.79,
147.91, 146.04, 144.07, 133.92, 133.51, 128.29, 127.87, 127.66, 126.37, 125.14,
124.58, 124.11, 123.72, 123.18, 119.16, 118.35, 116.25, 116.07, 109.99, 47.50, 45.03,
33.97, 24.26, 22.63, 22.56. HRMS (ESI'): [M]": calculated for Co7HaeCLN3S" (m/z):
492.10625; found: 492.10651. LC-MS > 97 %.

N-{2-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]ethyl}-1,2,3,4-
tetrahydroacridin-9-amine (47): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH;3 = 15:6.5:3:0.5:0.05) affording 47 as yellow

viscous oil. Yield 32 %.

'H NMR (401 MHz, Chloroform-d) & 7.89 — 7.82 (m, 2H), 7.53 — 7.46 (m, 1H),
7.33 - 7.11 (m, 5H), 7.07 — 6.97 (m, 2H), 6.90 — 6.82 (m, 1H), 4.42 (s, 1H), 4.12 — 4.00
(m, 2H), 3.90 — 3.74 (m, 2H), 2.97 (t, J = 6.5 Hz, 2H), 2.52 (t, J = 6.4 Hz, 2H), 1.89 —
1.69 (m, 2H), 1.68 — 1.52 (m, 2H). '*C NMR (101 MHz, cdcls) & 158.76, 149.58,
147.35, 14538, 143.96, 131.52, 128.99, 128.83, 128.23, 128.18, 127.87, 125.58,
125.26, 123.94, 123.86, 122.48, 121.84, 120.90, 119.84, 118.36, 116.17, 112.27, 47.61,
44.98, 33.99, 24.35, 22.74, 22.69. HRMS (ESI"): [M]": calculated for CasHasF3N3S*
(m/z): 492.17158; found: 492.17157. LC-MS > 99 %.

7-methoxy-N-{2-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]ethyl}-1,2,3,4-
tetrahydroacridin-9-amine (48): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH; = 15:6.5:3:0.5:0.05) affording 48 as yellow

viscous oil. Yield 29 %.

'H NMR (401 MHz, Chloroform-d) & 7.85 — 7.75 (m, 1H), 7.34 — 7.27 (m, 1H),
7.25 - 7.13 (m, 4H), 7.11 — 7.07 (m, 1H), 7.06 — 6.97 (m, 2H), 6.89 — 6.84 (m, 1H), 4.29
(bs, 1H), 4.11 — 4.01 (m, 2H), 3.80 (s, 3H), 3.76 (t, J = 6.4 Hz, 3H), 2.93 (t, J = 6.5 Hz,
2H), 2.49 (t, J = 6.4 Hz, 2H), 1.79 — 1.67 (m, 2H), 1.60 — 1.49 (m, 2H). 3C NMR (101
MHz, cdcls) & 156.25, 145.40, 143.99, 131.52, 130.32, 130.01, 128.99, 128.18, 127.87,
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127.85, 125.57, 125.25, 123.86, 121.70, 120.38, 119.83, 116.15, 101.17, 47.65, 44.54,
33.62, 24.28, 22.71, 22.69. HRMS (ESI"): [M]": calculated for C29H>7F3N30S"* (m/z):
522.18214; found: 522.18280. LC-MS > 96 %.

6-chloro-N-{2-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]ethyl}-1,2,3,4-
tetrahydroacridin-9-amine (49): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 49 as yellow viscous oil. Yield 34 %.

'H NMR (401 MHz, Chloroform-d) & 7.88 — 7.81 (m, 1H), 7.81 — 7.73 (m, 1H),
7.32-7.26 (m, 1H), 7.26 — 7.12 (m, 4H), 7.05 — 6.96 (m, 2H), 6.88 — 6.80 (m, 1H), 4.45
(bs, 1H), 4.10 — 4.01 (m, 2H), 3.87 — 3.74 (m, 2H), 2.93 (t, J = 6.5 Hz, 2H), 2.48 (t, J =
6.4 Hz, 2H), 1.84 — 1.68 (m, 2H), 1.67 — 1.54 (m, 2H). 13C NMR (101 MHz, cdcls) &
159.86, 149.80, 145.26, 143.82, 134.00, 131.52, 130.05, 129.72, 127.90, 127.56,
125.59, 124.63, 124.03, 123.94, 119.95, 119.91, 119.10, 118.32, 116.15, 112.32,
112.28, 112.24, 47.62, 44.96, 33.86, 24.25, 22.59, 22.50. HRMS (ESI'): [M]":
calculated for CosHasCIF3N3S™ (m/z): 526.1326; found: 526.13263. LC-MS > 99 %,

N-[3-(10H-phenothiazin-10-yl)propyl]-1,2,3,4-tetrahydroacridin-9-amine (50):
The  resulting  residue @ was  purified by  column  chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.5:0.1) affording 50 as yellow viscous oil. Yield
67 %.

'H NMR (401 MHz, Chloroform-d) & 7.91 — 7.82 (m, 1H), 7.78 — 7.71 (m, 1H),
7.54 — 7.44 (m, 1H), 7.26 — 7.19 (m, 1H), 7.19 — 7.08 (m, 4H), 6.96 — 6.88 (m, 2H), 6.84
—6.77 (m, 2H), 3.97 (t, J = 6.2 Hz, 2H), 3.54 (t, J = 6.5 Hz, 2H), 2.9 (t, J = 6.4 Hz,
2H), 2.48 (t, J = 6.3 Hz, 2H), 2.13 — 2.03 (m, 2H), 1.87 — 1.78 (m, 2H), 1.79 — 1.68 (m,
2H). 3C NMR (101 MHz, cdcls) & 158.52, 150.15, 147.25, 145.03, 129.00, 128.71,
128.17, 127.62, 127.30, 125.95, 125.27, 123.76, 122.80, 122.27, 120.36, 116.71,
115.65, 45.80, 44.03, 33.96, 28.11, 24.72, 22.98, 22.72. HRMS (ESI*): [M]": calculated
for CosHasN3S™ (m/z): 438.19985; found: 438.19971. LC-MS > 99 %.

7-methoxy-N-[3-(10H-phenothiazin-10-yl)propyl]-1,2,3,4-tetrahydroacridin-9-
amine (51): The resulting residue was purified by column chromatography

(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.5:0.1) affording 51 as yellow viscous oil. Yield
68 %.

'H NMR (401 MHz, Chloroform-d) & 7.82 — 7.74 (m, 1H), 7.27 — 7.07 (m, 6H),
6.95 — 6.87 (m, 2H), 6.83 — 6.77 (m, 2H), 3.98 (t, J = 6.2 Hz, 2H), 3.81 (s, 3H), 3.50 (t,
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J=6.5 Hz, 2H), 3.01 — 2.92 (m, 2H), 2.49 (t, J = 6.3 Hz, 2H), 2.14 — 2.05 (m, 2H), 1.89
~ 1.77 (m, 2H), 1.78 — 1.68 (m, 2H). 3C NMR (101 MHz, cdcls) & 156.16, 156.02,
149.32, 145.00, 143.19, 130.21, 129.00, 128.19, 127.61, 127.28, 125.82, 125.26,
122.79, 121.25, 120.24, 117.80, 115.58, 101.19, 55.43, 45.71, 44.25, 33.65, 28.32,
24.58, 22.99, 22.77. HRMS (ESI'): [M]": calculated for CaoHzN;OS' (m/z):
468.21041; found: 468.21042. LC-MS > 98 %.

6-chloro-N-[3-(10H-phenothiazin-10-yl)propyl]-1,2,3,4-tetrahydroacridin-9-
amine (52): The resulting residue was purified by column chromatography (EA/DCM =
1:1) affording 52 as yellow viscous oil. Yield 60 %.

'H NMR (401 MHz, Chloroform-d) § 7.87 — 7.76 (m, 1H), 7.68 — 7.61 (m, 1H),
7.18 — 7.08 (m, 5H), 6.97 — 6.89 (m, 2H), 6.84 — 6.77 (m, 2H), 3.98 (t, /= 6.1 Hz, 2H),
3.54 (t, J = 6.4 Hz, 2H), 2.94 (t, J = 6.4 Hz, 2H), 2.44 (t, J = 6.3 Hz, 2H), 2.08 (p, J =
6.3 Hz, 2H), 1.86 — 1.78 (m, 2H), 1.77 — 1.69 (m, 2H). >*C NMR (101 MHz, cdcls) §
159.61, 150.27, 147.88, 144.96, 133.83, 127.66, 127.56, 127.30, 126.06, 124.36,
123.99, 122.87, 118.56, 116.62, 115.65, 45.93, 43.95, 33.96, 28.08, 24.50, 22.85, 22.58.
HRMS (ESI): [M]": calculated for C2sH27CIN3S™ (m/z): 472.16087; found: 472.16092.
LC-MS > 99 %.

N-[3-(2-chloro-10H-phenothiazin-10-yl)propyl]-1,2,3,4-tetrahydroacridin-9-
amine (53): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:6.5:3:0.5:0.05) affording 53 as yellow viscous oil. Yield
29 %.

'H NMR (401 MHz, Chloroform-d) & 7.89 — 7.83 (m, 1H), 7.78 — 7.72 (m, 1H),
7.55—7.47 (m, 1H), 7.26 — 7.21 (m, 1H), 7.17 — 7.11 (m, 2H), 7.05 — 7.01 (m, 1H), 6.99
— 6.88 (m, 2H), 6.83 — 6.76 (m, 2H), 3.95 (t, J = 6.2 Hz, 2H), 3.56 (t, J = 6.4 Hz, 2H),
3.00 (t, J = 6.4 Hz, 2H), 2.53 (t, J = 6.3 Hz, 2H), 2.14 — 2.05 (m, 2H), 1.91 — 1.81 (m,
2H), 1.81 — 1.72 (m, 1H). 3C NMR (101 MHz, cdcls) § 150.08, 146.33, 144.26, 133.32,
128.99, 128.70, 128.25, 128.18, 128.09, 127.70, 127.48, 125.72, 125.26, 124.46,
123.85, 123.26, 122.66, 122.16, 116.69, 116.01, 115.94, 45.62, 44.11, 33.86, 28.09,
24.81, 22.96, 22.71. HRMS (ESI'): [M]": calculated for CasHyCIN:S' (m/z):
472.16087; found: 472.16086. LC-MS > 96 %.

N-[3-(2-chloro-10H-phenothiazin-10-yl)propyl]-7-methoxy-1,2,3,4-

tetrahydroacridin-9-amine (54): The resulting residue was purified by column

122



chromatography (PE/DCM/Tol/EtOH/NH; = 15:6:3:1:0.1) affording 54 as yellow

viscous oil. Yield 20 %.

'H NMR (401 MHz, Chloroform-d) & 7.83 — 7.73 (m, 1H), 7.27 — 7.05 (m, 4H),
7.03 — 6.97 (m, 1H), 6.97 — 6.84 (m, 2H), 6.82 — 6.72 (m, 2H), 3.95 (t, J = 6.2 Hz, 2H),
3.83 (s, 3H), 3.52 (t, J = 6.5 Hz, 2H), 2.97 (t, J = 6.4 Hz, 2H), 2.52 (t, J = 6.3 Hz, 2H),
2.19 — 2.04 (m, 2H), 1.90 — 1.79 (m, 2H), 1.79 — 1.70 (m, 2H). 3*C NMR (101 MHz,
cdels) & 156.09, 149.42, 146.27, 144.24, 133.30, 129.91, 128.99, 128.06, 127.68,
127.46, 125.58, 124.32, 123.24, 122.63, 121.08, 120.34, 115.94, 115.86, 101.22, 55.45,
45.48, 44.32, 33.36, 28.30, 24.69, 22.94, 22.68. HRMS (ESI"): [M]": calculated for
C29H29CIN3OS™ (m/z): 502.17144; found: 502.17139. LC-MS > 97 %.

6-chloro-N-[3-(2-chloro-10H-phenothiazin-10-yl)propyl]-1,2,3,4-
tetrahydroacridin-9-amine (55): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 55 as yellow viscous oil. Yield 26 %.

'H NMR (401 MHz, Chloroform-d) 8 7.85 — 7.81 (m, 1H), 7.70 — 7.64 (m, 1H),
7.22 —7.08 (m, 2H), 7.04 — 6.99 (m, 1H), 6.98 — 6.92 (m, 1H), 6.92 — 6.87 (m, 1H), 6.87
— 6.83 (m, 1H), 6.81 — 6.76 (m, 1H), 6.76 — 6.73 (m, 1H), 3.93 (t, J = 6.1 Hz, 2H), 3.57
(t, J = 6.4 Hz, 2H), 2.96 (t, J = 6.3 Hz, 2H), 2.47 (t, J = 6.2 Hz, 2H), 2.14 — 2.05 (m,
2H), 1.88 — 1.70 (m, 4H). '*C NMR (101 MHz, cdcls) § 159.32, 150.57, 146.22, 144.13,
134.21, 133.33, 12947, 128.10, 127.73, 127.48, 126.96, 125.79, 124.53, 124.02,
123.35, 122.74, 119.58, 118.26, 115.99, 115.93, 115.59, 45.70, 43.98, 33.38, 28.07,
24.57, 2275, 22.42. HRMS (ESI"): [M]": calculated for CasH2sCLLN3S* (m/z):
506.12190; found: 506.12201. LC-MS > 98 %.

N-{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}-1,2,3,4-
tetrahydroacridin-9-amine (56): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3 = 15:6:3:1:0.1) affording 56 as yellow
viscous oil. Yield 40 %.

'H NMR (401 MHz, Chloroform-d) & 7.90 — 7.83 (m, 1H), 7.77 — 7.71 (m, 1H),
7.55 —7.47 (m, 1H), 7.25 — 7.20 (m, 2H), 7.18 — 7.10 (m, 3H), 7.04 — 6.93 (m, 2H), 6.85
— 6.77 (m, 1H), 4.01 (t, J = 6.2 Hz, 2H), 3.56 (t, J = 6.5 Hz, 2H), 2.99 (t, J = 6.4 Hz,
2H), 2.52 (t, J = 6.3 Hz, 2H), 2.11 (p, J = 6.4 Hz, 2H), 1.89 — 1.79 (m, 2H), 1.80 — 1.70
(m, 2H). 3C NMR (101 MHz, cdcls) § 158.40, 150.14, 147.02, 145.47, 144.17, 130.91,
129.84, 129.52, 128.99, 128.57, 128.32, 128.18, 127.75, 127.73, 127.71, 125.26,
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124.96, 123.89, 123.48, 122.12, 120.26, 119.48, 119.44, 116.69, 116.01, 112.11,
112.07, 45.65, 44.22, 33.72, 28.04, 24.78, 22.90, 22.64. HRMS (ESI"): [M]": calculated
for C2oH27F3N3S" (m/z): 506.18723; found: 506.18716. LC-MS > 96 %.

7-methoxy-N-{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}-1,2,3,4-
tetrahydroacridin-9-amine (57): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH; = 15:5.5:3:1.5:1) affording 57 as yellow

viscous oil. Yield 41 %.

'"H NMR (401 MHz, Chloroform-d) & 7.81 — 7.74 (m, 1H), 7.28 — 7.10 (m, 5H),
7.10 — 7.07 (m, 1H), 7.02 — 6.92 (m, 2H), 6.84 — 6.77 (m, 1H), 4.01 (t, /= 6.2 Hz, 2H),
3.82 (s, 3H), 3.51 (t, J = 6.6 Hz, 2H), 2.96 (t, J = 6.4 Hz, 2H), 2.52 (t, /= 6.3 Hz, 2H),
2.11 (p, J= 6.4 Hz, 2H), 1.90 — 1.80 (m, 2H), 1.78 — 1.71 (m, 2H). *C NMR (101 MHz,
cdelz) & 156.11, 149.17, 145.40, 144.18, 130.22, 128.99, 128.18, 127.73, 127.71,
127.69, 125.25, 124.83, 123.45, 121.24, 120.25, 119.44, 117.87, 115.92, 112.06,
112.02, 109.99, 101.15, 55.40, 45.57, 44.46, 33.57, 28.25, 24.67, 22.94, 22.73. HRMS
(ESI"): [M]": calculated for C3oH20F3N3OS*™ (m/z): 536.19779; found: 536.19775.
LC-MS > 98 %.

6-chloro-N-{3-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]propyl}-1,2,3.4-
tetrahydroacridin-9-amine (58): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 58 as yellow viscous oil. Yield 63 %.

'H NMR (401 MHz, Chloroform-d) 5 7.82 — 7.79 (m, 1H), 7.70 — 7.63 (m, 1H),
7.23 — 7.08 (m, 5H), 7.01 — 6.92 (m, 2H), 6.83 — 6.77 (m, 1H), 4.00 (t, J = 6.1 Hz, 2H),
3.91 (bs, 1H), 3.54 (t, J = 6.5 Hz, 2H), 2.94 (t, J = 6.4 Hz, 2H), 2.48 (t, J = 6.3 Hz, 2H),
2.09 (p, J = 6.4 Hz, 2H), 1.89 — 1.79 (m, 2H), 1.78 — 1.70 (m, 2H). 3C NMR (101 MHz,
cdclz) o 159.66, 150.13, 147.89, 145.39, 144.10, 133.88, 130.99, 129.83, 129.51,
127.78, 127.73, 127.63, 125.03, 124.45, 123.90, 123.54, 119.53, 119.49, 118.56,
116.72,115.99, 112.10, 112.07, 45.79, 44.12, 33.92, 28.06, 24.57, 22.80, 22.55. HRMS
(EST): [M]": calculated for CaooHasCIF3N3S™ (m/z): 540.14826; found: 540.14825.
LC-MS > 98 %.

N-[4-(10H-phenothiazin-10-yl)butyl]-1,2,3,4-tetrahydroacridin-9-amine  (59):
The  resulting  residue  was  purified by  column  chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.5:0.15) affording 59 as dark yellow viscous oil.
Yield 74 %.
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'H NMR (401 MHz, Chloroform-d) § 7.92 — 7.85 (m, 1H), 7.85 — 7.80 (m, 1H),
7.56 — 7.46 (m, 1H), 7.29 — 7.20 (m, 1H), 7.18 — 7.07 (m, 4H), 6.95 — 6.86 (m, 2H), 6.84
— 6.76 (m, 2H), 3.86 (t, J = 6.4 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 3.02 (t, J = 6.2 Hz,
2H), 2.54 (t, J = 6.1 Hz, 2H), 1.92 — 1.79 (m, 6H), 1.79 — 1.70 (m, 2H). 13C NMR (101
MHz, cdcls) § 158.44, 150.36, 147.46, 145.11, 128.76, 128.17, 127.57, 127.22, 125.48,
123.56, 122.66, 122.59, 120.14, 115.92, 115.53, 48.81, 46.67, 34.05, 29.00, 24.71,
24.16, 23.04, 22.75. HRMS (EST"): [M]": calculated for CooH3oN3S* (m/z): 452.21550;
found: 452.21527 LC-MS > 98 %.

7-methoxy-/N-[4-(10H-phenothiazin-10-yl)butyl]-1,2,3,4-tetrahydroacridin-9-
amine (60): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.5:0.15) affording 60 as dark yellow viscous oil.
Yield 57 %.

'"H NMR (401 MHz, Chloroform-d) & 7.83 — 7.77 (m, 1H), 7.23 — 7.18 (m, 1H),
7.15-7.07 (m, 5H), 6.93 — 6.86 (m, 2H), 6.83 — 6.77 (m, 2H), 3.87 (t, J = 6.5 Hz, 2H),
3.80 (s, 3H), 3.38 (t, J= 7.0 Hz, 2H), 3.00 (t, J = 6.1 Hz, 2H), 2.58 (t, /= 6.0 Hz, 2H),
1.94 — 1.80 (m, 6H), 1.79 — 1.70 (m, 2H). '3C NMR (101 MHz, cdcl3) & 156.15, 155.87,
149.50, 145.11, 143.38, 130.27, 127.55, 127.19, 125.47, 122.58, 121.20, 120.27,
117.40, 115.49, 101.47, 55.39, 48.58, 46.72, 33.78, 29.00, 24.64, 24.35, 23.05, 22.80.
HRMS (ESI"): [M]": calculated for C30H32N30S™ (m/z): 482.22606; found: 482.22583.
LC-MS > 99 %.

6-chloro-NV-[4-(10H-phenothiazin-10-yl)butyl]-1,2,3,4-tetrahydroacridin-9-
amine (61): The resulting residue was purified by column chromatography (EA/DCM =
1:1) affording 61 as yellow sticky foam. Yield 61 %.

'"H NMR (401 MHz, Chloroform-d) & 7.86 — 7.81 (m, 1H), 7.76 — 7.70 (m, 1H),
7.17 = 7.06 (m, SH), 6.93 — 6.86 (m, 2H), 6.82 — 6.76 (m, 2H), 3.87 (t, /= 6.3 Hz, 2H),
3.44 (t, J = 6.9 Hz, 2H), 2.98 (t, J = 6.1 Hz, 2H), 2.47 (t, J = 6.0 Hz, 2H), 1.90 — 1.78
(m, 6H), 1.78 — 1.69 (m, 2H). 3C NMR (101 MHz, cdcls) § 159.46, 150.42, 148.06,
145.08, 133.84, 127.60, 127.53, 127.21, 125.58, 124.39, 124.14, 122.64, 118.27,
115.74, 115.55, 48.85, 46.55, 34.00, 28.97, 24.46, 24.02, 22.90, 22.59. HRMS (ESI"):
[M]":  calculated for CoH2oCIN3S™ (m/z): 486.17652; found: 486.17636.
LC-MS > 97 %.
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N-[4-(2-chloro-10H-phenothiazin-10-yl)butyl]-1,2,3,4-tetrahydroacridin-9-
amine (62): The resulting residue was purified by column chromatography (EA/DCM =
1:1) affording 62 as yellow viscous oil. Yield 50 %.

'H NMR (401 MHz, Chloroform-d) & 7.90 — 7.76 (m, 2H), 7.57 — 7.47 (m, 1H),
7.30 —7.22 (m, 1H), 7.15 — 7.06 (m, 2H), 7.03 — 6.97 (m, 1H), 6.96 — 6.83 (m, 2H), 6.82
— 6.74 (m, 2H), 3.84 (t, J = 6.3 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 3.02 (t, J = 6.1 Hz,
2H), 2.55 (t, J = 6.0 Hz, 2H), 1.92 — 1.80 (m, 6H), 1.79 — 1.69 (m, 2H). 3C NMR (101
MHz, cdclz) 6 158.39, 150.31, 147.38, 146.41, 144.37, 133.21, 128.72, 128.22, 128.03,
127.64, 127.40, 125.25, 123.61, 123.06, 122.60, 122.43, 120.11, 115.95, 115.87,
115.84, 109.99, 48.76, 46.82, 34.01, 28.92, 24.72, 24.04, 23.02, 22.73. HRMS (ESI"):
[M]":  calculated for CaoH2CIN3S® (m/z): 486.17652; found: 486.17633.
LC-MS > 98 %.

N-[4-(2-chloro-10H-phenothiazin-10-yl)butyl]-7-methoxy-1,2,3,4-
tetrahydroacridin-9-amine (63): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3; = 15:5.5:3:1.5:0.15) affording 63 as yellow

viscous oil. Yield 50 %.

'"H NMR (401 MHz, Chloroform-d) & 7.83 — 7.76 (m, 1H), 7.23 — 7.17 (m, 1H),
7.15-7.08 (m, 3H), 7.02 — 6.96 (m, 1H), 6.95 — 6.88 (m, 1H), 6.88 — 6.84 (m, 1H), 6.81
—6.76 (m, 2H), 3.88 — 3.76 (m, 5H), 3.38 (t, /= 7.0 Hz, 2H), 3.00 (t, J = 6.0 Hz, 2H),
2.59 (t,J=5.9 Hz, 2H), 1.93 — 1.79 (m, 6H), 1.80 — 1.69 (m, 2H). 3C NMR (101 MHz,
cdels) 6 156.11, 155.90, 149.46, 146.41, 144.38, 143.28, 133.19, 130.19, 128.01,
127.62, 127.39, 125.24, 123.99, 123.05, 122.42, 121.18, 120.30, 117.39, 115.84,
115.81, 101.46, 55.40, 48.52, 46.87, 33.70, 28.92, 24.66, 24.22, 23.03, 22.78. HRMS
(ESI"): [M]": calculated for C3H3iCIN3OS™ (m/z): 516.18709; found: 516.18701.
LC-MS > 97 %.

6-chloro-N-[4-(2-chloro-10H-phenothiazin-10-yl)butyl]-1,2,3,4-
tetrahydroacridin-9-amine (64): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 64 as yellow viscous oil. Yield 47 %.

'H NMR (401 MHz, Chloroform-d) § 7.86 — 7.81 (m, 1H), 7.76 — 7.71 (m, 1H),
7.18 —7.08 (m, 3H), 7.02 — 6.96 (m, 1H), 6.95 — 6.89 (m, 1H), 6.89 — 6.84 (m, 1H), 6.81
— 6.74 (m, 2H), 3.84 (t, J = 6.2 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 2.98 (t, J = 6.0 Hz,
2H), 2.49 (t, J = 6.0 Hz, 2H), 1.92 — 1.78 (m, 6H), 1.78 — 1.68 (m, 2H). 13C NMR (101
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MHz, cdclz) 6 159.40, 150.38, 147.95, 146.34, 144.34, 133.92, 133.21, 128.05, 127.66,
127.48, 127.40, 125.32, 124.32, 124.20, 124.08, 123.10, 122.47, 118.23, 115.89,
115.84, 115.76, 48.80, 46.70, 33.93, 28.88, 24.48, 23.90, 22.88, 22.56. HRMS (ESI"):
[M]":  calculated for CxH2sCLN3S™ (m/z): 520.13755; found: 520.13733.
LC-MS > 97 %.

N-{4-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]|butyl}-1,2,3,4-
tetrahydroacridin-9-amine (65): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.5:0.1) affording 65 as yellow

viscous oil. Yield 63 %.

'H NMR (401 MHz, Chloroform-d) 8 7.89 — 7.80 (m, 2H), 7.55 — 7.47 (m, 1H),
7.29 —7.22 (m, 1H), 7.22 — 7.16 (m, 1H), 7.17 — 7.10 (m, 3H), 7.01 — 6.98 (m, 1H), 6.98
—6.91 (m, 1H), 6.84 — 6.79 (m, 1H), 3.91 (t, J = 6.4 Hz, 2H), 3.84 (bs, 1H), 3.52 — 3.41
(m, 2H), 3.02 (t, J = 6.1 Hz, 2H), 2.57 (t, J = 6.1 Hz, 2H), 1.95 — 1.71 (m, 8H). 1*C
NMR (101 MHz, cdcls) & 158.50, 150.23, 147.49, 145.65, 144.17, 128.84, 128.18,
127.71, 127.62, 124.57, 123.61, 123.28, 122.53, 120.19, 119.25, 119.21, 116.08,
115.93, 111.95, 111.91, 48.79, 46.90, 34.07, 28.93, 24.74, 24.05, 23.01, 22.74. HRMS
(ESI"): [M]": calculated for C3oHxoF3N3S" (m/z): 520.20288; found: 520.20264.
LC-MS > 98 %.

7-methoxy-N-{4-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]butyl}-1,2,3,4-
tetrahydroacridin-9-amine (66): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH; = 15:5.5:3:1.5:1) affording 66 as yellow

viscous oil. Yield 53 %.

'H NMR (401 MHz, Chloroform-d) & 7.84 — 7.78 (m, 1H), 7.23 — 7.07 (m, 6H),
7.01 — 6.97 (m, 1H), 6.97 — 6.90 (m, 1H), 6.84 — 6.78 (m, 1H), 3.90 (t, J = 6.5 Hz, 2H),
3.80 (s, 3H), 3.38 (t, J = 7.0 Hz, 2H), 3.00 (t, J = 6.0 Hz, 2H), 2.59 (t, J = 6.0 Hz, 2H),
1.94 — 1.80 (m, 6H), 1.79 — 1.71 (m, 2H). '*C NMR (101 MHz, cdcl3) & 156.11, 155.93,
149.50, 145.63, 144.18, 143.19, 130.46, 130.09, 129.73, 129.41, 127.69, 127.61,
124.54, 123.28, 121.19, 120.33, 119.23, 119.20, 117.41, 11591, 111.92, 111.88,
101.45, 55.36, 48.51, 46.94, 33.57, 28.91, 24.66, 24.19, 22.99, 22.74. HRMS (ESI"):
[M]": calculated for C3iH31FsN30S™ (m/z): 550.21344; found: 550.21301.
LC-MS > 95 %.
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6-chloro-N-{4-[2-(trifluoromethyl)-10H-phenothiazin-10-yl|butyl}-1,2,3.,4-
tetrahydroacridin-9-amine (67): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 67 as yellow viscous oil. Yield 52 %.

'"H NMR (401 MHz, Chloroform-d) & 7.87 — 7.81 (m, 1H), 7.76 — 7.71 (m, 1H),
7.21 -7.09 (m, 5H), 7.01 — 6.97 (m, 1H), 6.97 — 6.90 (m, 1H), 6.83 —6.77 (m, 1H), 3.91
(t, J=6.3 Hz, 2H), 3.45 (t, J = 6.9 Hz, 2H), 2.98 (t, J = 6.0 Hz, 2H), 2.50 (t, /= 6.0 Hz,
2H), 1.94 — 1.80 (m, 6H), 1.79 — 1.70 (m, 2H). 1*C NMR (101 MHz, cdcl3) § 159.47,
150.33, 148.01, 145.60, 144.14, 133.91, 130.53, 127.73, 127.64, 127.62, 127.55,
124.63, 124.26, 124.22, 123.32, 119.27, 119.23, 118.29, 115.93, 115.87, 111.96,
111.92, 48.83, 46.78, 33.97, 28.88, 24.48, 23.91, 22.86, 22.56. HRMS (ESI'): [M]":
calculated for C30H2sCIF3N3S* (m/z): 554.16391; found: 554.16364. LC-MS > 98 %.

N-[5-(10H-phenothiazin-10-yl)pentyl]-1,2,3,4-tetrahydroacridin-9-amine (68):
The  resulting  residue  was  purified by  column  chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 68 as yellow viscous oil. Yield
78 %.

'H NMR (500 MHz, Chloroform-d) & 7.96 — 7.87 (m, 2H), 7.58 — 7.51 (m, 1H),
736 —7.27 (m, 1H), 7.21 — 7.10 (m, 4H), 6.96 — 6.88 (m, 2H), 6.88 — 6.81 (m, 2H), 5.30
(bs, 1H), 3.88 (t, J = 6.7 Hz, 2H), 3.45 (t, J = 7.1 Hz, 2H), 3.06 (t, J = 6.1 Hz, 2H), 2.65
(t, J = 5.9 Hz, 2H), 1.97 — 1.78 (m, 6H), 1.72 — 1.61 (m, 2H), 1.61 — 1.48 (m, 2H). 3C
NMR (126 MHz, cdcls) & 158.34, 150.65, 147.31, 145.22, 128.60, 128.25, 127.50,
127.16, 125.30, 123.58, 122.74, 122.47, 120.15, 115.90, 115.47, 49.28, 46.91, 33.89,
31.25, 26.45, 24.75, 24.24, 23.02, 22.72. HRMS (ESI"): [M]": calculated for
C30H3:N3S" (m/z): 466.23115; found: 466.23074. LC-MS > 96 %.

7-methoxy-N-[5-(10H-phenothiazin-10-yl)pentyl]-1,2,3,4-tetrahydroacridin-9-
amine (69): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 69 as yellow viscous oil. Yield
45 %.

'H NMR (500 MHz, Chloroform-d) & 7.89 — 7.84 (m, 1H), 7.26 — 7.22 (m, 1H),
7.20 - 7.10 (m, 5H), 6.95 — 6.88 (m, 2H), 6.86 — 6.80 (m, 2H), 3.91 — 3.81 (m, 5H), 3.37
(t, J = 7.1 Hz, 2H), 3.04 (t, J = 6.0 Hz, 2H), 2.66 (t, J = 5.9 Hz, 2H), 1.94 — 1.77 (m,
6H), 1.70 — 1.60 (m, 2H), 1.58 — 1.48 (m, 2H). 13C NMR (126 MHz, cdcls) § 155.87,
155.78, 149.80, 145.11, 142.95, 129.84, 127.40, 127.09, 125.16, 122.38, 121.05,
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120.28, 117.08, 115.38, 101.55, 55.32, 48.85, 46.82, 33.44, 31.20, 26.42, 24.57, 24.25,
22.92, 22.65. HRMS (ESI"): [M]": calculated for C3 H3N3O0S" (m/z): 496.24171;
found: 496.24121. LC-MS > 97 %.

6-chloro-N-[5-(10H-phenothiazin-10-yl)pentyl]-1,2,3,4-tetrahydroacridin-9-
amine (70): The resulting residue was purified by column chromatography

(EA/DCM = 1:1) affording 70 as yellow viscous oil. Yield 43 %.

'H NMR (500 MHz, Chloroform-d) & 7.94 — 7.87 (m, 1H), 7.86 — 7.79 (m, 1H),
7.25 - 7.20 (m, 1H), 7.20 — 7.11 (m, 4H), 6.92 (t, J = 7.4 Hz, 2H), 6.89 — 6.81 (m, 3H),
3.87 (t,J = 6.6 Hz, 2H), 3.42 (t, J= 7.0 Hz, 2H), 3.01 (t, J = 5.9 Hz, 2H), 2.58 (t, J= 5.6
Hz, 2H), 1.95 — 1.77 (m, 6H), 1.68 — 1.59 (m, 2H), 1.57 — 1.46 (m, 2H). 13C NMR (126
MHz, cdels) § 159.36, 150.62, 147.94, 145.13, 133.83, 127.45, 127.36, 127.13, 125.24,
124.48, 124.07, 122.43, 118.23, 115.64, 115.45, 49.28, 46.76, 33.83, 31.16, 26.28,
24.46, 24.11, 22.82, 22.52. HRMS (ESI*): [M]": calculated for C3oHsCIN3S™ (m/z):
500.19217; found: 500.19183. LC-MS > 96 %.

N-[5-(2-chloro-10H-phenothiazin-10-yl)pentyl]-1,2,3,4-tetrahydroacridin-9-
amine (71): The resulting residue was purified by column chromatography
(PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 71 as yellow viscous oil. Yield
71 %.

'H NMR (500 MHz, Chloroform-d) & 7.97 — 7.87 (m, 2H), 7.57 — 7.51 (m, 1H),
7.35-7.27 (m, 1H), 7.17 — 7.09 (m, 2H), 7.03 — 6.98 (m, 1H), 6.96 — 6.90 (m, 1H), 6.90
— 6.85 (m, 1H), 6.85 — 6.78 (m, 2H), 3.82 (t, J = 6.7 Hz, 2H), 3.44 (t, J = 7.1 Hz, 2H),
3.06 (t, J = 6.0 Hz, 2H), 2.63 (t, J = 5.9 Hz, 2H), 1.95 — 1.84 (m, 4H), 1.84 — 1.76 (m,
2H), 1.69 — 1.60 (m, 2H), 1.55 — 1.46 (m, 2H). '3C NMR (126 MHz, cdcls) & 158.12,
150.65, 147.01, 146.41, 144.36, 133.08, 128.30, 128.26, 127.86, 127.47, 127.29,
124.92, 123.69, 123.53, 122.86, 122.67, 122.20, 119.96, 115.72, 115.67, 49.12, 46.92,
33.60, 31.11, 26.21, 24.65, 24.05, 22.90, 22.58. HRMS (ESI*): [M]": calculated for
C30H31CIN3S* (m/z): 500.19217; found: 500.19162. LC-MS > 95 %.

N-[5-(2-chloro-10H-phenothiazin-10-yl)pentyl]-7-methoxy-1,2,3,4-
tetrahydroacridin-9-amine (72): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 72 as yellow

viscous oil. Yield 39 %.
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'H NMR (500 MHz, Chloroform-d) & 7.88 — 7.82 (m, 1H), 7.26 — 7.21 (m, 1H),
7.20 —7.09 (m, 3H), 7.03 — 6.98 (m, 1H), 6.96 — 6.90 (m, 1H), 6.89 — 6.86 (m, 1H), 6.85
—6.79 (m, 2H), 3.86 (s, 3H), 3.83 (t, J= 6.7 Hz, 2H), 3.37 (t, J= 7.1 Hz, 2H), 3.03 (¢, J
= 6.0 Hz, 2H), 2.66 (t, J = 5.8 Hz, 2H), 1.93 — 1.85 (m, 4H), 1.85 — 1.78 (m, 2H), 1.70 —
1.61 (m, 2H), 1.58 — 1.49 (m, 2H). '3C NMR (126 MHz, cdcls) 5 155.86, 149.79,
146.44, 144.41, 142.96, 133.11, 129.87, 127.90, 127.51, 127.31, 124.96, 123.73,
122.89, 122.24, 121.08, 120.30, 117.13, 115.74, 115.72, 101.60, 55.37, 48.86, 47.00,
33.45, 31.20, 26.35, 24.63, 24.22, 22.96, 22.68. HRMS (ESI*): [M]": calculated for
C31H33CIN30S" (m/z): 530.20274; found: 530.20233. LC-MS > 96 %.

6-chloro-N-[5-(2-chloro-10H-phenothiazin-10-yl)pentyl]-1,2,3,4-
tetrahydroacridin-9-amine (73): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 73 as yellow viscous oil. Yield 45 %.

"H NMR (500 MHz, Chloroform-d) & 7.90 — 7.86 (m, 1H), 7.84 — 7.79 (m, 1H),
7.25 —7.20 (m, 1H), 7.18 — 7.09 (m, 2H), 7.03 — 6.98 (m, 1H), 6.96 — 6.90 (m, 1H), 6.90
— 6.86 (m, 1H), 6.84 — 6.78 (m, 2H), 3.83 (t, J = 6.6 Hz, 2H), 3.41 (t, J= 7.1 Hz, 2H),
3.05 —2.96 (m, 2H), 2.64 — 2.54 (m, 2H), 1.93 — 1.85 (m, 4H), 1.85 — 1.75 (m, 2H), 1.68
— 1.59 (m, 2H), 1.55 — 1.47 (m, 2H). 3C NMR (126 MHz, cdclz) & 159.41, 150.54,
148.00, 146.42, 144.39, 133.84, 133.13, 127.90, 127.52, 127.43, 127.33, 124.99,
124.43, 124.11, 123.76, 122.92, 122.88, 122.26, 118.29, 115.77, 115.75, 49.27, 46.91,
33.91, 31.14, 26.20, 24.49, 24.05, 22.84, 22.55. HRMS (ESI'): [M]": calculated for
C2oH27CLLN3S" (m/z): 534.15320; found: 534.15295. LC-MS > 98 %.

N-{5-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]pentyl}-1,2,3,4-
tetrahydroacridin-9-amine (74): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 74 as yellow

viscous oil. Yield 64 %.

'H NMR (500 MHz, Chloroform-d) & 7.96 — 7.87 (m, 2H), 7.57 — 7.52 (m, 1H),
7.35—7.29 (m, 1H), 7.20 — 7.10 (m, 4H), 7.03 — 7.00 (m, 1H), 6.98 — 6.92 (m, 1H), 6.86
— 6.81 (m, 1H), 3.88 (t, J = 6.7 Hz, 2H), 3.44 (t, J = 7.1 Hz, 2H), 3.06 (t, J = 6.0 Hz,
2H), 2.64 (t, J = 6.0 Hz, 2H), 1.94 — 1.86 (m, 4H), 1.82 (p, J = 7.0 Hz, 2H), 1.70 — 1.60
(m, 2H), 1.58 — 1.49 (m, 2H). 3C NMR (126 MHz, cdcls) 5 158.24, 150.58, 147.17,
145.58, 144.24, 128.44, 12824, 127.54, 127.46, 124.22, 123.54, 123.09, 122.65,
120.04, 119.04, 119.01, 115.80, 115.78, 111.81, 111.78, 49.15, 47.02, 33.73, 31.15,
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26.22, 24.67, 24.08, 22.92, 22.62. HRMS (ESI'): [M]": calculated for CsiHsFsN3S*
(m/z): 534.21853; found: 534.21808. LC-MS > 99 %.

7-methoxy-N-{5-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]pentyl}-1,2,3,4-
tetrahydroacridin-9-aminel (75): The resulting residue was purified by column
chromatography (PE/DCM/Tol/EtOH/NH3 = 15:5.5:3:1.2:0.1) affording 75 as yellow

viscous oil. Yield 78 %.

'"H NMR (500 MHz, Chloroform-d) & 7.88 — 7.84 (m, 1H), 7.26 — 7.21 (m, 1H),
7.21 —=7.10 (m, 5H), 7.03 — 6.99 (m, 1H), 6.99 — 6.92 (m, 1H), 6.88 — 6.81 (m, 1H), 3.89
(t, /= 6.7 Hz, 2H), 3.86 (s, 3H), 3.39 (t, /= 7.1 Hz, 2H), 3.03 (t, J = 6.2 Hz, 2H), 2.66
(t, J=5.8 Hz, 2H), 1.92 — 1.78 (m, 6H), 1.67 (p, J = 7.4 Hz, 2H), 1.60 — 1.50 (m, 2H).
3C NMR (126 MHz, cdcls) & 155.90, 155.73, 149.94, 145.60, 144.28, 142.63, 130.19,
129.64, 129.60, 127.58, 127.56, 127.50, 124.25, 123.12, 120.97, 120.41, 119.07,
119.04, 119.01, 116.90, 115.80, 111.82, 111.79, 111.76, 101.64, 55.35, 48.81, 47.07,
33.25, 31.23, 26.33, 24.63, 24.22, 22.92, 22.60. HRMS (ESI"): [M]": calculated for
C32H33F3N30S" (m/z): 564.22909; found: 564.22833. LC-MS > 97 %.

6-chloro-N-{5-[2-(trifluoromethyl)-10H-phenothiazin-10-yl]pentyl}-1,2,3.,4-
tetrahydroacridin-9-amine (76): The resulting residue was purified by column

chromatography (EA/DCM = 1:1) affording 76 as yellow viscous oil. Yield 33 %.

'H NMR (500 MHz, Chloroform-d) & 7.92 — 7.89 (m, 1H), 7.84 — 7.80 (m, 1H),
7.25—-7.11 (m, 5SH), 7.04 — 7.00 (m, 1H), 6.99 — 6.93 (m, 1H), 6.88 — 6.84 (m, 1H), 3.90
(t, J = 6.6 Hz, 2H), 3.44 (t, J = 7.1 Hz, 2H), 3.05 — 2.98 (m, 2H), 2.64 — 2.55 (m, 2H),
1.94 — 1.78 (m, 6H), 1.66 (p, J= 7.0 Hz, 2H), 1.59 — 1.48 (m, 2H). >*C NMR (126 MHz,
cdels) & 159.32, 150.67, 147.81, 145.59, 144.27, 133.98, 130.22, 129.62, 129.37,
128.96, 12825, 128.15, 127.61, 127.58, 127.52, 127.28, 124.43, 124.29, 124.17,
123.16, 119.11, 119.07, 118.19, 115.84, 115.61, 111.86, 111.83, 49.27, 46.98, 33.71,
31.18,26.17, 24.47, 24.06, 22.81, 22.49.

HRMS (ESI"): [M]": calculated for C3iH3CIF3N3S* (m/z): 568.17956; found:
568.17956. LC-MS > 97 %.

131



6.1.2 Tacrine derivatives with dual-targeting of AChE and the NMDA

receptor

General procedure for tacrine derivatives formation

0 1. LA; MW; 10 min; 150°C NH, .HCI
N CN . 2. MeOH; HCI (25 % in H,0) N
ZNH, n ZSNF tn
n=1-3 n=1-3
Table 3
77 - 107

A: The starting 2-amino-benzonitrile (1.0 eq); lewis acid (LA; 2.0 eq) and
cyclopentanone; cyclohexanone or cyclohexanone (2 mL) were challenged by MW
irradiation for 10 min at 150 °C. The resulting solid was diluted with 2 M NaOH (3 mL)
and DCM 2 mL and stirred for 30 min. The solution was diluted by another 2 M NaOH
(20 mL) and three times washed by DCM (3x 20 mL). The organic layers were
collected, dried by anhydrous Na,SOs, filtered and the filtrate was concentrated. The

residue was purified by column chromatography to give crude product as a base.

B: The base was dissolved by MeOH (10 mL) and HCI1 (25 % in H2O; 1.5 mL) and

stirred overnight. The solution was concentrated and dried to give crude product.

7-methyl-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (77): 2-amino-5-
methylbenzonitrile (180 mg; 1.36 mmol); AICl3 (363 mg; 2.72 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (7:1:0.1) to give

crude product as a brownish solid. Yield 83 %.

"H NMR (500 MHz, DMSO-ds) § 8.04 (s, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.47 — 7.39 (m,
1H), 7.06 (bs, 2H), 2.96 (t, /= 7.7 Hz, 2H), 2.81 (t, J = 7.3 Hz, 2H), 2.44 (s, 3H), 2.08
(p, J = 7.6 Hz, 2H). 3C NMR (126 MHz, dmso) § 163.06, 148.31, 143.37, 132.99,
131.37, 125.08, 121.73, 116.91, 113.89, 33.55, 27.82, 22.30, 21.29. HRMS (ESI"):
[M]": calculated for Ci3HisN2"™ (m/z): 199.12297; found: 199.12291. HPLC purity
>99 %.

7-methyl-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (78): 2-amino-5-
methylbenzonitrile (315 mg; 2.38 mmol); ZnCl, (648 mg; 4.76 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give

crude product as a brownish solid. Yield 98 %.
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'H NMR (500 MHz, Methanol-ds) 3 7.81 (dd, J = 1.9, 1.0 Hz, 1H), 7.59 (d, J = 8.6 Hz,
1H), 7.40 (dd, J = 8.6, 1.8 Hz, 1H), 2.88 (t, J = 6.1 Hz, 2H), 2.58 (t, J = 6.2 Hz, 2H),
2.48 (s, 3H), 1.97 — 1.83 (m, 4H). °C NMR (126 MHz, cdsod) & 156.99, 151.01,
144.28, 134.76, 132.35, 126.31, 121.47, 117.96, 110.54, 33.31, 24.51, 23.75, 23.63,
21.60. HRMS (ESI"): [M]": calculated for CisHi7N2"™ (m/z): 213.13862; found:
213.13829. HPLC purity > 99 %.

2-methyl-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (79):
2-amino-5-methylbenzonitrile (180 mg; 1.36 mmol); AICl3 (363 mg; 2.72 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4+OH (7:1:0.1)

to give crude product as a brownish solid. Yield 81 %.

'"H NMR (500 MHz, DMSO-ds) & 7.99 (d, J = 1.7 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H),
7.40 (dd, J = 8.5, 1.8 Hz, 1H), 6.71 (bs, 2H), 3.04 — 2.95 (m, 2H), 2.83 — 2.76 (m, 2H),
2.44 (s, 3H), 1.79 (p, J = 6.3 Hz, 2H), 1.63 (p, J = 5.4 Hz, 2H), 1.55 (p, /= 5.6 Hz, 2H).
3C NMR (126 MHz, dmso) & 161.79, 148.32, 142.30, 133.12, 130.90, 126.02, 121.68,
117.36, 114.29, 37.74, 31.64, 27.57, 26.56, 25.30, 21.41. HRMS (ESI"): [M]":
calculated for CisHi9N2" (m/z): 227.15428; found: 227.15398. HPLC purity > 99 %.

7-bromo-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (80): 2-amino-5-
bromobenzonitrile (154 mg; 0.782 mmol); ZnCl> (213 mg; 1.563 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (15:1:0.1) to give

crude product as an orange solid. Yield 67 %

'H NMR (500 MHz, DMSO-de) & 8.39 (d, J = 1.9 Hz, 1H), 7.65 — 7.54 (m, 2H), 6.53
(bs, 2H), 2.87 (t, J = 7.7 Hz, 2H), 2.80 (t, J = 7.3 Hz, 2H), 2.14 — 1.95 (m, 2H). 1°C
NMR (126 MHz, dmso) & 167.45, 147.45, 145.58, 130.77, 130.67, 124.58, 119.17,
115.48, 114.34, 34.71, 27.82, 22.31. HRMS (ESI*): [M]": calculated for Ci2Hi,BrN,*
(m/z): 263.01784; found: 263.01758. HPLC purity > 99 %.

7-bromo-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (81): 2-amino-5-
bromobenzonitrile (156 mg; 0.792 mmol); ZnCl, (216 mg; 1.58 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a light orange solid. Yield 52 %.

'H NMR (500 MHz, DMSO-de) & 8.42 (d, J = 1.8 Hz, 1H), 7.60 — 7.51 (m, 2H), 6.44
(bs, 2H), 2.80 (t, J = 6.0 Hz, 2H), 2.53 (t, J = 6.1 Hz, 2H), 1.86 — 1.74 (m, 4H). 1°C
NMR (126 MHz, dmso) & 158.29, 147.61, 145.18, 130.98, 130.42, 124.43, 118.54,
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115.44, 109.96, 33.71, 23.84, 22.67, 22.56. HRMS (ESI'): [M]": calculated for
Ci3H14BrN2™ (m/z): 277.03349; found: 277.03329. HPLC purity > 99 %.

2-bromo-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (82):
2-amino-5-bromobenzonitrile (155 mg; 0.787 mmol); ZnCl> (214 mg; 1.57 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4+OH (9:1:0.1)

to give crude product as an orange solid. Yield 88 %.

'"H NMR (500 MHz, DMSO-de) & 8.44 — 8.32 (m, 1H), 7.57 (d, J = 2.0 Hz, 2H), 6.42
(bs, 2H), 2.99 — 2.89 (m, 2H), 2.81 — 2.74 (m, 2H), 1.78 (p, J=5.9 Hz, 2H), 1.61 (p, J =
5.5 Hz, 2H), 1.54 (p, J = 5.6 Hz, 2H). 1*C NMR (126 MHz, dmso) § 164.92, 146.38,
145.06, 130.82, 130.71, 124.78, 119.45, 116.03, 115.11, 31.73, 27.75, 26.71, 25.48.
HRMS (EST"): [M]": calculated for Ci14aH¢BrN2" (m/z): 291.04914; found: 291.04883.
HPLC purity > 99 %.

7-chloro-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (83): 2-amino-5-
chlorobenzonitrile (173 mg; 1.134 mmol); AICl; (302 mg; 2.27 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give

crude product as a brownish solid. Yield 82 %.

"H NMR (500 MHz, DMSO-ds) & 8.25 (d, J = 2.4 Hz, 1H), 7.67 (d, J = 8.9 Hz, 1H),
7.47 (dd, J = 8.9, 2.3 Hz, 1H), 6.52 (bs, 2H), 2.88 (t, J = 7.7 Hz, 2H), 2.80 (t, J = 7.3
Hz, 2H), 2.10 — 1.97 (m, 2H). *C NMR (126 MHz, dmso) & 167.38, 147.27, 145.67,
130.47, 128.19, 127.18, 121.41, 118.55, 114.34, 34.68, 27.81, 22.33. HRMS (ESI"):
[M]": calculated for Ci2Hi2CIN,™ (m/z): 219.06835; found: 219.06808. HPLC purity
>99 %.

7-chloro-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (84): 2-amino-5-
chlorobenzonitrile (177 mg; 1.16 mmol); AICl3 (309 mg; 2.32 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give

crude product as a brownish solid. Yield 56 %.

'"H NMR (500 MHz, DMSO-ds) 8 8.28 (d, J = 2.3 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H),
7.46 (dd, J = 9.0, 2.3 Hz, 1H), 6.42 (bs, 2H), 2.80 (t, J = 6.0 Hz, 2H), 2.53 (t, J = 6.1
Hz, 2H), 1.91 — 1.69 (m, 4H). 3C NMR (126 MHz, dmso) & 158.22, 147.66, 145.07,
130.30, 128.40, 127.11, 121.22, 117.92, 109.94, 33.73, 23.85, 22.70, 22.58. HRMS
(ESI"): [M]": calculated for Ci3Hi4CIN," (m/z): 233.08400; found: 233.08374. HPLC
purity > 99 %.
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2-chloro-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (85): 2-
amino-5-chlorobenzonitrile (181 mg; 1.186 mmol); AICl; (316 mg; 1.372 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1)

to give crude product as a brownish solid. Yield 94 %.

'H NMR (500 MHz, DMSO-ds) & 8.25 (d, J = 2.4 Hz, 1H), 7.64 (d, J = 8.9 Hz, 1H),
7.47 (dd, J= 8.9, 2.3 Hz, 1H), 6.41 (bs, 2H), 3.01 — 2.91 (m, 2H), 2.84 — 2.73 (m, 2H),
1.78 (p, J = 5.8 Hz, 2H), 1.61 (p, J = 5.5 Hz, 2H), 1.54 (p, J = 5.5 Hz, 2H). 13C NMR
(126 MHz, dmso) & 164.83, 146.48, 144.89, 130.54, 128.25, 127.70, 121.62, 118.85,
115.11, 31.74, 27.76, 26.75, 25.50. HRMS (ESI*): [M]": calculated for C14H6CIN,"
(m/z): 247.09965; found: 247.09950. HPLC purity > 99 %.

5,7-dichloro-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (86): 2-
amino-3,5-dichlorobenzonitrile (148 mg; 0.79 mmol); AICl; (211 mg; 1.58 mmol).
Purified by column chromatography using mobile phase PE/EA (1:1) to give crude
product as a brownish solid. Yield 72 %.

'"H NMR (500 MHz, DMSO-ds) & 8.27 (d, J = 2.3 Hz, 1H), 7.75 (d, J = 2.2 Hz, 1H),
6.70 (bs, 2H), 2.93 (t, J = 7.7 Hz, 2H), 2.81 (t, J = 7.3 Hz, 2H), 2.13 — 2.02 (m, 2H). 3C
NMR (126 MHz, dmso) 6 168.07, 146.26, 143.49, 133.27, 128.02, 126.22, 120.99,
119.31, 115.38, 34.97, 27.86, 22.23. HRMS (ESI"): [M]": calculated for Ci2H;;ClaN>"
(m/z): 253.02938; found: 253.02911. HPLC purity > 99 %.

5,7-dichloro-1,2,3,4-tetrahydroacridin-9-amine hydrochloride (87): 2-amino-3,5-
dichlorobenzonitrile (148 mg; 0.79 mmol); AICI3 (211 mg; 1.58 mmol). Purified by
column chromatography using mobile phase PE/EA (2:1) to give crude product as a

brownish solid. Yield 86 %

'H NMR (500 MHz, DMSO-ds) & 8.30 (d, J = 2.3 Hz, 1H), 7.74 (d, J = 2.2 Hz, 1H),
6.60 (bs, 2H), 2.87 — 2.82 (m, 2H), 2.53 (t, J = 6.0 Hz, 2H), 1.85 — 1.76 (m, 4H). 3C
NMR (126 MHz, dmso) & 158.97, 148.31, 141.25, 133.08, 128.12, 126.06, 120.83,
118.54, 111.02, 33.97, 23.89, 22.58, 22.38. HRMS (ESI): [M]": calculated for
C1:H1:CLN," (m/z): 267.04503; found: 267.04489. HPLC purity > 96 %.

2,4-dichloro-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride
(88): 2-amino-3,5-dichlorobenzonitrile (145 mg; 0.775 mmol); AIClz (207 mg;
1.55 mmol). Purified by column chromatography using mobile phase PE/EA (2:1) to

give crude product as a brownish solid. Yield 96 %.
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'"H NMR (500 MHz, DMSO-ds) § 8.27 (d, J = 2.2 Hz, 1H), 7.75 (d, J = 2.2 Hz, 1H),
6.58 (bs, 2H), 3.05 — 2.96 (m, 2H), 2.84 — 2.75 (m, 2H), 1.85 — 1.74 (m, 2H), 1.66 —
1.58 (m, 2H), 1.58 — 1.51 (m, 2H). 3C NMR (126 MHz, dmso) & 165.46, 147.13,
141.05, 133.35, 128.02, 126.71, 121.20, 119.52, 116.09, 39.48, 31.67, 27.52, 26.60,
25.49. HRMS (ESI): [M]": calculated for CisHisCbN2" (m/z): 281.06083; found:
281.06042. HPLC purity > 99 %.

5,7-dibromo-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (89): 2-
amino-3,5-dibromobenzonitrile (167 mg; 0.605 mmol); AICIz (161 mg; 1.21 mmol).
Purified by column chromatography using mobile phase PE/EA (1:1) to give crude
product as a light orange solid. Yield 82 %.

'"H NMR (500 MHz, DMSO-ds) & 8.45 (d, J = 2.1 Hz, 1H), 8.01 (d, J = 2.1 Hz, 1H),
6.71 (bs, 2H), 2.93 (t, J = 7.7 Hz, 2H), 2.82 (t,J = 7.3 Hz, 2H), 2.06 (p, J = 7.6 Hz, 2H).
13C NMR (126 MHz, dmso) & 168.38, 146.15, 144.42, 133.59, 125.12, 124.77, 119.79,
115.37, 114.56, 35.03, 27.87, 22.24. HRMS (ESI"): [M]": calculated for C12H;1BraN2"
(m/z): 342.92630; found: 342.92593. HPLC purity > 99 %.

5,7-dibromo-1,2,3,4-tetrahydroacridin-9-amine hydrochloride (90): 2-amino-3,5-
dibromobenzonitrile (170 mg; 0.616 mmol); AICl3 (164 mg; 1.232 mmol). Purified by
column chromatography using mobile phase PE/EA (1:1) to give crude product as a

light orange solid. Yield 35 %.

'H NMR (500 MHz, DMSO-ds) & 8.48 (d, J = 2.1 Hz, 2H), 7.99 (d, J = 2.0 Hz, 1H),
6.61 (bs, 3H), 2.86 — 2.80 (m, 2H), 2.55 — 2.51 (m, 2H), 1.84 — 1.78 (m, 4H). '3C NMR
(126 MHz, dmso) & 159.27, 148.21, 142.14, 133.66, 125.05, 124.66, 118.99, 114.39,
111.00, 34.01, 23.88, 22.57, 22.38. HRMS (ESI"): [M]": calculated for Ci3H3BraNy*
(m/z): 356.94195; found: 356.94135. HPLC purity > 97 %.

2,4-dibromo-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride
(91): 2-amino-3,5-dibromobenzonitrile (167 mg; 0.605 mmol); AIClz (161 mg;
1.21 mmol). Purified by column chromatography using mobile phase PE/EA (3:1) to
give crude product as a light orange solid. Yield 65 %.

'H NMR (500 MHz, DMSO-de) & 8.45 (d, J = 2.1 Hz, 1H), 8.00 (d, J = 1.9 Hz, 1H),
6.60 (bs, 2H), 3.04 — 2.96 (m, 2H), 2.82 — 2.76 (m, 2H), 1.83 — 1.76 (m, 2H), 1.66 —
1.59 (m, 2H), 1.59 — 1.51 (m, 2H). *C NMR (126 MHz, dmso) & 165.73, 147.06,
141.93, 133.58, 125.26, 125.01, 119.95, 116.06, 115.08, 31.67, 27.53, 26.58, 25.50.
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HRMS (ESI'): [M]": calculated for C14HisBraN2™ (m/z): 370.95760; found: 370.95703.
HPLC purity > 99 %.

7-fluoro-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (92): 2-amino-5-
fluorobenzonitrile (122 mg; 0.896 mmol); AICIz (239 mg; 1.79 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a white solid. Yield 83 %.

'"H NMR (500 MHz, DMSO-ds) & 7.97 — 7.88 (m, 1H), 7.76 — 7.66 (m, 1H), 7.45 — 7.31
(m, 1H), 6.40 (bs, 2H), 2.88 (t, J = 7.7 Hz, 2H), 2.80 (t, J = 7.3 Hz, 2H), 2.05 (p, J = 7.5
Hz, 2H). 3C NMR (126 MHz, dmso) & 166.46, 166.44, 159.10, 157.20, 145.86, 145.84,
130.84, 130.77, 118.05, 117.98, 117.35, 117.15, 113.97, 106.14, 105.96, 34.57, 27.78,
22.43. HRMS (ESI): [M]": calculated for Ci2Hi2FN2" (m/z): 203.09790; found:
203.09758. HPLC purity > 99 %.

7-fluoro-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (93):  2-amino-5-
fluorobenzonitrile (177 mg; 1.30 mmol); AICl; (347 mg; 2.60 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a white solid. Yield 77 %.

"H NMR (500 MHz, DMSO-ds) & 8.08 — 8.00 (m, 1H), 7.76 — 7.69 (m, 1H), 7.49 — 7.41
(m, 1H), 6.75 (bs, 2H), 2.83 (t, J= 5.9 Hz, 2H), 2.53 (t, J = 6.1 Hz, 2H), 1.85 — 1.75 (m,
4H). 3C NMR (126 MHz, dmso) § 159.24, 157.33, 155.97, 149.41, 141.72, 128.92,
118.77, 118.57, 117.06, 109.49, 106.30, 106.12, 32.42, 23.64, 22.32. HRMS (ESI"):
[M]": calculated for Ci3Hi4sFN2" (m/z): 217.11355; found: 217.11346. HPLC purity
>97 %.

2-fluoro-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (94): 2-
amino-5-fluorobenzonitrile (177 mg; 1.30 mmol); AICIz (347 mg; 2.60 mmol). Purified
by column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a white solid. Yield 98 %

'H NMR (500 MHz, DMSO-ds) 8 7.96 — 7.89 (m, 1H), 7.71 — 7.64 (m, 1H), 7.41 — 7.33
(m, 1H), 6.30 (bs, 2H), 3.01 — 2.91 (m, 2H), 2.84 — 2.74 (m, 2H), 1.86 — 1.74 (m, 2H),
1.65 — 1.50 (m, 4H). 3C NMR (126 MHz, dmso) & 160.45, 158.51, 158.05, 153.95,
153.92, 133.87, 122.53, 122.46, 122.15, 121.95, 116.82, 116.74, 114.75, 108.60,
108.40, 32.79, 31.04, 26.23, 25.47, 24.59. HRMS (ESI'): [M]": calculated for
C1aH16FNy* (m/z): 231.12920; found: 231.12872. HPLC purity > 99 %.

137



8-chloro-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (95): 2-amino-6-
chlorobenzonitrile (140 mg; 0.92 mmol); AICl3 (245 mg; 1.84 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (15:1:0.1) to give

crude product as a brownish solid. Yield 63 %.

'H NMR (500 MHz, DMSO-ds) 5 7.65 (dd, J = 8.4, 1.4 Hz, 1H), 7.41 (dd, J = 8.4, 7.5
Hz, 1H), 7.33 (dd, J = 7.5, 1.4 Hz, 1H), 6.51 (bs, 2H), 2.90 (t, J = 7.8 Hz, 2H), 2.82 —
2.76 (m, 2H), 2.12 — 2.02 (m, 2H). °*C NMR (126 MHz, dmso) & 166.75, 151.22,
146.28, 128.96, 128.27, 127.73, 125.83, 116.29, 114.60, 34.59, 28.15, 22.04. HRMS
(ESI"): [M]": calculated for Ci2Hi2CIN,™ (m/z): 219.06835; found: 219.06815. HPLC
purity > 98 %.

8-chloro-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (96): 2-amino-6-
chlorobenzonitrile (135 mg; 0.885 mmol); AICl3 (236 mg; 1.77 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (15:1:0.1) to give

crude product as a brownish solid. Yield 48 %.

'"H NMR (500 MHz, DMSO-ds) § 7.61 (dd, J = 8.4, 1.4 Hz, 1H), 7.44 — 7.38 (m, 1H),
7.33 (dd, J = 7.5, 1.4 Hz, 1H), 6.53 (bs, 2H), 2.80 (t, J = 6.2 Hz, 2H), 2.49 — 2.46 (m,
2H), 1.87 — 1.75 (m, 4H). 3C NMR (126 MHz, dmso) & 157.87, 148.60, 148.22, 128.68,
127.82, 127.52, 125.90, 113.89, 111.29, 33.47, 23.98, 22.51, 22.41. HRMS (ESI"):
[M]": calculated for Ci3H14CIN2" (m/z): 233.08400; found: 233.08382. HPLC purity
>99 %.

1-chloro-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (97): 2-
amino-6-chlorobenzonitrile (135 mg; 0.885 mmol); AICl3 (236 mg; 1.77 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4OH
(15:1:0.1) to give crude product as a brownish solid. Yield 89 %.

"H NMR (500 MHz, DMSO-ds) & 7.62 (s, 1H), 7.44 — 7.38 (m, 1H), 7.35 (dd, J = 7.5,
1.5 Hz, 1H), 6.59 (bs, 2H), 2.99 — 2.92 (m, 2H), 2.81 — 2.72 (m, 2H), 1.79 (t,J = 5.7 Hz,
2H), 1.65 — 1.52 (m, 4H). '*C NMR (126 MHz, dmso) & 164.40, 148.64, 147.14, 129.09,
127.78, 127.76, 126.57, 116.44, 114.79, 39.01, 31.57, 27.37, 26.61, 25.35. HRMS
(ESI"): [M]": calculated for C14Hi6CIN2" (m/z): 247.09965; found: 247.09943. HPLC
purity > 98 %.

6-methyl-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (98): 2-amino-4-
methylbenzonitrile (148 mg; 1.12 mmol); AICl3 (299 mg; 2.24 mmol). Purified by
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column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give

crude product as a brownish solid. Yield 83 %.

'H NMR (500 MHz, DMSO-dq) & 8.02 (d, J = 8.5 Hz, 1H), 7.45 (t, J = 1.4 Hz, 1H),
7.14 (dd, J = 8.5, 1.8 Hz, 1H), 6.49 (bs, 2H), 2.87 (t, J = 7.7 Hz, 2H), 2.78 (t, J = 7.4
Hz, 2H), 2.41 (s, 3H), 2.10 — 1.99 (m, 2H). 3C NMR (126 MHz, dmso) & 166.02,
148.26, 146.68, 137.59, 126.95, 124.87, 122.10, 115.56, 112.98, 34.53, 27.73, 22.40,
21.33. HRMS (ESI"): [M]": calculated for CisHisN2"™ (m/z): 199.12297; found:
199.12276. HPLC purity > 99 %.

6-methyl-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (99): 2-amino-4-
methylbenzonitrile (142 mg; 1.07 mmol); AICI3 (287 mg; 2.15 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give

crude product as a brownish solid. Yield 77 %.

'H NMR (500 MHz, DMSO-de) & 8.04 (d, J = 8.6 Hz, 1H), 7.43 — 7.38 (m, 1H), 7.12
(dd, J = 8.5, 1.8 Hz, 1H), 6.36 (bs, 2H), 2.80 (t, J = 6.0 Hz, 2H), 2.52 (t, J = 6.1 Hz,
2H), 2.40 (s, 3H), 1.85 — 1.74 (m, 4H). '>C NMR (126 MHz, dmso) & 157.03, 148.53,
146.22, 137.63, 126.58, 124.89, 121.97, 115.09, 108.51, 33.41, 23.69, 22.75, 22.68,
21.37. HRMS (ESI"): [M]": calculated for CisHi7N2"™ (m/z): 213.13862; found:
213.13840. HPLC purity > 98 %.

3-methyl-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (100):
2-amino-4-methylbenzonitrile (142 mg; 1.07 mmol); AICl3 (287 mg; 2.15 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4OH (5:1:0.1)

to give crude product as a brownish solid. Yield 99 %.

'"H NMR (500 MHz, DMSO-de) & 8.08 (d, J = 8.5 Hz, 1H), 7.52 — 7.44 (m, 1H), 7.20
(dd, /= 8.5, 1.8 Hz, 1H), 6.75 (bs, 2H), 3.02 — 2.95 (m, 2H), 2.83 — 2.74 (m, 2H), 2.42
(s, 3H), 1.79 (p, J = 5.9 Hz, 2H), 1.62 (p, J = 5.5 Hz, 2H), 1.55 (p, J = 5.7 Hz, 2H). 13C
NMR (126 MHz, dmso) & 162.56, 148.75, 144.21, 138.65, 125.84, 125.29, 122.57,
115.46, 113.79, 37.84, 31.67, 27.57, 26.55, 25.22, 21.32. HRMS (ESI): [M]":
calculated for CisHi9N2" (m/z): 227.15428; found: 227.15396. HPLC purity > 99 %.

8-methyl-1H,2H,3H-cyclopenta|b]quinolin-9-amine hydrochloride (101): 2-amino-
6-methylbenzonitrile (158 mg; 1.196 mmol); AICI3 (319 mg; 2.39 mmol). Purified by

column chromatography using mobile phase DCM/MeOH/NH4OH (5:1:0.1) to give
crude product as a yellowish solid. Yield 58 %.
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'H NMR (500 MHz, DMSO-ds) 5 7.51 (dd, J = 8.4, 1.4 Hz, 1H), 7.31 (dd, J = 8.4, 7.0
Hz, 1H), 7.02 (d, J = 7.0 Hz, 1H), 5.88 (bs, 2H), 2.92 — 2.85 (m, 5H), 2.79 (t, J = 7.3
Hz, 2H), 2.05 (p, J = 7.6 Hz, 2H). 3C NMR (126 MHz, dmso) & 165.19, 150.22, 148.36,
134.19, 127.49, 126.91, 126.24, 117.92, 115.72, 34.36, 28.03, 24.24, 22.20. HRMS
(ESI"): [M]": calculated for CisHisN>™ (m/z): 199.12297; found: 199.12270. HPLC
purity > 99 %.

8-methyl-1,2,3,4-tetrahydroacridin-9-amine  hydrochloride (102): 2-amino-6-
methylbenzonitrile (160 mg; 1.21 mmol); AICl3 (323 mg; 2.42 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a yellowish solid. Yield 77 %.

'"H NMR (500 MHz, Methanol-ds) § 7.57 — 7.53 (m, 1H), 7.50 — 7.45 (m, 1H), 7.20 —
7.16 (m, 1H), 2.94 (s, 3H), 2.90 (t, J = 6.2 Hz, 2H), 2.55 (t, /= 6.3 Hz, 2H), 1.99 — 1.87
(m, 4H). '*C NMR (126 MHz, cdsod) § 155.34, 155.06, 145.15, 135.86, 131.20, 128.97,
122.86, 117.54, 111.72, 31.63, 24.31, 24.27, 23.40, 22.91. HRMS (ESI"): [M]":
calculated for Ci14H17N2" (m/z): 213.13862; found: 213.13837. HPLC purity > 93 %.

1-methyl-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride (103):
2-amino-6-methylbenzonitrile (160 mg; 1.121 mmol); AICl3 (323 mg; 2.42 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4OH (7:1:0.1)
to give crude product as a yellowish solid. Yield 59 %.

"H NMR (500 MHz, DMSO-de) § 7.50 (dd, J = 8.3, 1.4 Hz, 1H), 7.34 (dd, J = 8.4, 7.0
Hz, 1H), 7.07 (dt, J= 7.0, 1.2 Hz, 1H), 6.04 (bs, 2H), 3.00 — 2.93 (m, 2H), 2.89 (s, 3H),
2.81 -2.74 (m, 2H), 1.83 — 1.76 (m, 2H), 1.63 (p, J=5.7, 5.3 Hz, 2H), 1.56 (p, J = 5.7
Hz, 2H). 3C NMR (126 MHz, dmso) & 162.27, 149.90, 146.76, 134.00, 127.93, 127.16,
125.97, 118.22, 115.87, 38.19, 31.60, 27.54, 26.62, 25.21, 24.26. HRMS (ESI"): [M]":
calculated for CisHi9N2" (m/z): 227.15428; found: 227.15387. HPLC purity > 99 %.

7-methoxy-1H,2H,3H-cyclopenta[b]quinolin-9-amine hydrochloride (104): 2-
amino-5-methoxybenzonitrile (177 mg; 1.19 mmol); AICl3; (319 mg; 2.39 mmol).
Purified by column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1)
to give crude product as a white solid. Yield 60 %.

'H NMR (500 MHz, DMSO-ds) & 7.59 (d, J = 9.1 Hz, 1H), 7.49 (d, J = 2.8 Hz, 1H),
7.14 (dd, J=9.1, 2.7 Hz, 1H), 6.30 (bs, 2H), 3.85 (s, 3H), 2.86 (t, J = 7.7 Hz, 2H), 2.80
(t, J = 7.3 Hz, 2H), 2.10 — 1.99 (m, 2H). 1*C NMR (126 MHz, dmso) & 164.15, 155.28,
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145.52, 144.07, 129.58, 119.44, 118.05, 113.64, 101.55, 55.67, 34.35, 27.79, 22.50.
HRMS (ESI'): [M]": calculated for C13H;sON2" (m/z): 215.11789; found: 215.11755.
HPLC purity > 99 %.

7-methoxy-1,2,3,4-tetrahydroacridin-9-amine hydrochloride (105): 2-amino-5-
methoxybenzonitrile (181 mg; 1.24 mmol); AICl; (330 mg; 2.48 mmol). Purified by
column chromatography using mobile phase DCM/MeOH/NH4OH (9:1:0.1) to give
crude product as a yellowish solid. Yield 37 %.

'H NMR (500 MHz, DMSO-de) § 7.60 — 7.53 (m, 2H), 7.20 (dd, J = 9.1, 2.7 Hz, 1H),
6.56 (bs, 2H), 3.86 (s, 3H), 2.81 (t, J = 6.0 Hz, 2H), 2.54 (t, J = 6.2 Hz, 2H), 1.85 — 1.76
(m, 4H). '3C NMR (126 MHz, dmso) & 155.54, 154.03, 148.65, 140.37, 127.96, 120.80,
117.21, 109.12, 101.28, 55.80, 32.42, 23.71, 22.50. HRMS (ESI"): [M]": calculated for
C14H 170N, * (m/z): 229.13354; found: 229.13313. HPLC purity > 93 %.

2-methoxy-6H,7H,8H,9H,10H-cyclohepta[b]quinolin-11-amine hydrochloride
(106): 2-amino-5-methoxybenzonitrile (181 mg; 1.24 mmol); AICl; (330 mg;
2.48 mmol). Purified by column chromatography wusing mobile phase

DCM/MeOH/NH40H (7:1:0.1) to give crude product as a yellowish solid. Yield 82 %.

"H NMR (500 MHz, DMSO-ds) § 7.64 (d, J = 9.1 Hz, 1H), 7.56 (d, J = 2.7 Hz, 1H),
7.23 (dd, J=9.1, 2.6 Hz, 1H), 6.75 (bs, 2H), 3.87 (s, 3H), 3.02 — 2.94 (m, 2H), 2.85 —
2.77 (m, 2H), 1.80 (p, J = 5.9 Hz, 2H), 1.63 (p, J = 5.4 Hz, 2H), 1.57 (p, J = 5.5 Hz,
2H). 13C NMR (126 MHz, dmso) & 160.14, 156.15, 156.15, 148.24, 139.03, 127.41,
120.78, 117.96, 114.38, 102.09, 55.91, 37.46, 31.62, 27.51, 26.56, 25.35. HRMS (EST"):
[M]": calculated for Ci1sH;7ON2" (m/z): 243.14919; found: 243.14877. HPLC purity
>99 %.

6.1.3 AChE-targeting insecticides
COOH MeOH,HCl COOMe
/M RT 2 days /M

Methyl 9-decenoate (107): 9-Decenoic acid (244) (20 ml, 102.45 mmol) and methanol
(MeOH, 150 mL) were charged into the dried round-bottom flask filled with innert
atmosphere (argon; Ar). HCI (sat. aq. solution, 40 mL) was added dropwise at room

temperature and final mixture was stirred for 2 days. After 2 days reaction mixture was
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neutralized with 10 % NaOH (300 mL) and extracted with dichloromethane (DCM; 2 x
500 mL). The organic layers were collected, dried with anhydrous Na>xSO4 and filtered-
off. The filtrate was concentrated under reduced pressure to afford 107 (18.90 g) with
quantitative yield as an orange oil. The structure of 107 was identified by NMR analysis

and it was directly transferred into the next reaction.

'H NMR (500 MHz, CDCls-d;) § 5.87 — 5.75 (m, 1H), 5.05 — 4.89 (m, 2H), 3.67 (s,
3H), 2.30 (t, J= 7.5 Hz, 2H), 2.10 — 1.99 (m, 2H), 1.69 — 1.57 (m, 2H), 1.42 — 1.34 (m,
2H), 1.34 — 1.27 (m, 6H). 3C NMR (126 MHz, CDCLs) & 174.24, 139.06, 114.14,
51.39, 34.06, 33.72, 29.05, 28.87, 28.80, 24.90.

General procedure for Grubbs reaction (Olefin metathesis) of methyl esters 107
and 108:

Grubbs 1st generation M COOMe
2 =
Ncoonwe > MeOOC 1 ),

reduced pressure up to 1 mBar,
RT up to 50°C; 3 hours

=}

7
8

107 ; 109 2
108 110

n
n

Methyl ester 107 or 108 (1.0 g, 5.43 mmol for 107 and 1.0 g, 5.04 mmol for 108)
and Grubbs 1% generation catalyst (2.5 % eq) were added into the dried round-bottom
flask filled with inert atmosphere (Ar). The mixture was stirred for 1 hour under
reduced pressure using water vacuum pump. Further, pressure was increased by using
oil vacuum pump to values around 1 mBar and mixture was stirred for another 1 hour at
room temperature. Finally, the mixture was heated to 50 °C for additional 1 hour at
1 mBar. The reaction mixture was purified by column chromatography (hexane/ethyl
acetate 95/0.5) to afford product 109 (841 mg, 91 % yield after two steps from 9-
decenoic acid (244) and (petrol ether/ethyl acetate (PE/EA)=98:2) product 110
(910 mg, 98 % yield from 108). Both intermediates 109 and 110 were isolated as white

solids.
1,18-dimethyl oktadec-9-enedioate (109):

'H NMR (500 MHz, CDCls-d)) & 5.39 — 5.36 (m, 2H), 3.67 (s, 6H), 2.30 (t, J = 7.5
Hz, 4H), 2.01 — 1.92 (m, 4H), 1.67 — 1.56 (m, 4H), 1.44 — 1.17 (m, 16H). 3C NMR (126
MHz, CDCLy) § 174.26, 130.28, 129.81, 51.39, 34.07, 32.51, 29.64, 29.51, 29.12, 29.08,
28.90, 27.14, 24.92.

1,20-dimethyl icos-10-enedioate (110):
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'H NMR (500 MHz, CDCls-d;) § 5.41 — 5.33 (m, 2H), 3.67 (s, 6H), 2.31 (t, J= 7.6
Hz, 4H), 2.07 — 1.91 (m, 4H), 1.70 — 1.54 (m, 4H), 1.45 — 1.22 (m, 20H). '3C NMR (126
MHz, CDCls) & 174.29, 130.30, 129.83, 51.41, 34.09, 32.55, 29.70, 29.58, 29.32, 29.27,
29.20, 29.12, 29.05, 27.17, 24.93.

General procedure for Pd-catalysed double bond reduction of 109 and 110 using

hydrogen:
VI VAIVULL \ &V /U )y
Pd(OH)2 2
_y ,,COOMe o
MeOOC > MeOOC n ~COOMe
Mﬁ/ﬂ MeOH/EA 2:1 /\H/:4
n=7 111 "
109 __ =1
110 n=8 112 n 6

The compounds 109 or 110 (913 mg, 2.68 mmol for 109 and 822 mg, 2.23 mmol
for 110) were dissolved in solution of MeOH:EA (20:40 mL) in the round flask filled
with Ar. PA(OH)2 on C (20 %) (0.2 eq) was added slowly in small portions at room
temperature.

The atmosphere in the flask was five times removed with oil vacuum pump at values
around 1 mBar. Same procedure followed with H> atmosphere (three times atmosphere
exchange).

Finally, the mixture was stirred for 1 hour under H> atmosphere. The mixture was then
filtered through a celite pad and the filter cake was washed three times with MeOH and
EA.

The filtrate was concentrated under reduced pressure to afford title intermediates 111
(882 mg, 96 % yield) and 112 (846 mg, 98 % yield), respectively. 111 and 112 were

obtained as white solids.
1,18-dimethyl oktadecanedioate (111):

'H NMR (500 MHz, CDCls-d) § 3.67 (s, 6H), 2.30 (t, J = 7.6 Hz, 4H), 1.66 — 1.57 (m,
4H), 1.35 — 1.21 (m, 24H). 13C NMR (126 MHz, CDCls) 8 174.30, 51.39, 34.09, 29.63,
29.61,29.56, 29.42, 29.23, 29.13, 24.94.

1,20-dimethyl icosanedioate (112):

'H NMR (500 MHz, CDCLi-d;) & 3.67 (s, 6H), 2.31 (t, J = 7.6 Hz, 5H), 1.68 — 1.57 (m,
4H), 1.26 (s, 28H). '3C NMR (126 MHz, CDCL) & 174.31, 51.40, 34.09, 29.64, 29.61,
29.56,29.42, 29.23, 29.13, 24.94.
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General procedure for reduction using LiAlH4 in THF:

\&IVI QUIULIUILLY)

Meooc/\ﬁﬁ?i‘oom LiAH, __ _ Ho\/\@ﬁ\/OH
11 0”4 S 113 "= 14
112 114 n=16

The compounds 111 or 112 (712 mg, 2.08 mmol for 111 and 629 mg, 1.7 mmol
for 112) were charged into an oven-dried flask following addition of anhydrous THF
(34 mL) under the inert atmosphere (Ar). 2 M solution of LiAlH4 in THF (2.5 eq) was
added dropwise into vigorously stirred reaction mixture continuously within 1 hour and
final reaction mixture was heated to reflux for 30 minutes. The reaction was quenched
by addition of 2M solution of NaOH (8.5 mL) and mixture was extracted with DCM 3x
100 mL. The organic layers were combined, dried with anhydrous Na,SOg, filtered and
the filtrate was concentrated under reduced pressure to afford title product 113 (597 mg)
and 114 (534 mg) with quantitative yields as white solids. No additional purification

was needed.
Oktadecane-1,18-diol (113):

'H NMR (500 MHz, CDCls-d;) 8 3.69 — 3.61 (m, 4H), 1.63 — 1.53 (m, 4H), 1.41 — 1.20
(m, 28H). 3C NMR (126 MHz, CDCL3) & 63.09, 32.80, 29.63, 29.59, 29.57, 29.41,
25.72.

Icosane-1,20-diol (114):

'H NMR (500 MHz, CDCls-d}) & 3.65 (t, J = 6.6 Hz, 4H), 1.62 — 1.54 (m, 4H), 1.41 —
1.23 (m, 32H). '*C NMR (126 MHz, CDCls) § 63.10, 32.81, 29.66, 29.64, 29.60, 29.58,
29.43, 25.73.

General procedure for selective mono-bromination:

48% HBr in H,0
HOM\H{\/OH ’ 2> B oH

_ toluene, reflux' -
s e 702l
114 118

The compounds 113 or 114 (705 g, 3.49 mmol for 113 and 609 mg, 1.94 mmol
for 114) were stirred in toluene (50 mL) under inert atmosphere. Solution of 48 % HBr
in H2O (4.0 eq) was added dropwise and the reaction mixture was heated at 120 °C for

48 hours. The reaction was finished by portionwise addition of saturated Na,COs

144



(10 mL), then diluted by water (60 mL) and extracted with DCM 2 x 120 mL. The
organic layers were combined, dried with anhydrous Na,;SO4 and filtered. The filtrate
was concentrated under reduced pressure and purified with column chromatography
(H/EA = 9:1) to afford 117 (524 mg, 61 % yield) and 118 (440 mg, 60 % yield),

respectively. 117 and 118 were obtained as light orange solids.
18-bromooktadecan-1-ol (117):

'H NMR (500 MHz, CDCls-d;) & 3.65 (t, J = 6.6 Hz, 2H), 3.41 (t, J = 6.9 Hz, 2H), 1.92
— 1.81 (m, 2H), 1.63 — 1.53 (m, 2H), 1.46 — 1.39 (m, 2H), 1.39 — 1.22 (m, 26H). 1*C
NMR (126 MHz, CDCL) § 63.08, 34.04, 32.83, 32.80, 29.65, 29.63, 29.59, 29.58,
29.52,29.42, 28.75, 28.16, 25.72.

20-bromoicosan-1-ol (118):

"H NMR (500 MHz, CDCl3-d;) 8 3.65 (t, J= 6.7 Hz, 2H), 3.42 (t, J= 6.9 Hz, 2H), 1.92
— 1.81 (m, 2H), 1.62 — 1.54 (m, 2H), 1.47 — 1.38 (m, 2H), 1.38 — 1.19 (m, 30H). *C
NMR (126 MHz, CDCl3) & 63.09, 34.04, 32.83, 32.80, 29.66, 29.64, 29.60, 29.58,
29.52,29.42,28.75, 28.16, 25.72.

Synthesis of compounds containing succinimide moiety 124 - 127

General procedure for synthesis of compounds 120 and 121:

succinimide, KZCO3 NBS, PPh3
Br OH
Ao e SN oH /\W
n=16
117 1

= n=
118 "= 18 245 120

246 121

The compounds 117 or 118 (671 mg, 1.92 mmol for 117 and 286 mg, 0.758
mmol for 118), succinimide (1.2 eq) and dried KoCO3 (1.2 eq) were dissolved in
anhydrous DMF (4 mL). The reaction mixture was stirred at 60 °C for 12 hours
following extraction with brine (200 mL) and DCM 2 x 200 mL. The organic layers
were combined, dried with anhydrous Na>SOs and filtered. The filtrate was
concentrated under reduced pressure and directly used into the next reaction. Then, 245
or 246 were initially dissolved in anhydrous THF (40 mL) under the inert atmosphere
(Ar). NBS (1.5 eq) and PPhs (1.5 eq) were added consequently at room temperature.

The final reaction mixture was stirred at room temperature for 30 min. The reaction was
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diluted with water (50 mL) and extracted with DCM 2 x 175 mL. The organic layers
were collected, dried with anhydrous Na>SO4 and filtrated. The filtrate was concentrated
under reduced pressure and purified with column chromatography (PE/EA = 3:1) to
afford 120 (702 mg, 85 % yield after two steps from 117), 121 (286 mg, 82 % yield

after two steps from 118), respectively, as white solids.
1-(18-bromooktadecyl)pyrrolidine-2,5-dione (120):

'H NMR (500 MHz, CDCls-d;) & 3.52 — 3.47 (m, 2H), 3.41 (t, J = 6.9 Hz, 2H), 2.70 (s,
4H), 1.91 — 1.80 (m, 2H), 1.59 — 1.53 (m, 2H), 1.46 — 1.39 (m, 2H), 1.34 — 1.22 (m,
26H). 3C NMR (126 MHz, CDCL3) & 177.22, 38.89, 34.04, 32.82, 29.64, 29.62, 29.58,
29.52,29.45, 29.41, 29.13, 28.74, 28.16, 28.13, 27.69, 26.84.

1-(20-bromoicosyl)pyrrolidine-2,5-dione (121):

'H NMR (500 MHz, CDCls-d) & 3.50 (t, J = 7.4 Hz, 2H), 3.41 (t, J = 6.9 Hz, 2H), 2.70
(s, 4H), 1.90 — 1.82 (m, 2H), 1.59 — 1.52 (m, 2H), 1.48 — 1.39 (m, 2H), 1.36 — 1.17 (m,
30H). 3C NMR (126 MHz, CDCl3) & 177.23, 38.90, 34.03, 32.83, 29.65, 29.60, 29.52,
29.45,29.41,29.14, 28.75, 28.16, 28.14, 27.70, 26.85.

General procedure for synthesis of pyridin-1-ium bromides 124 and 125:

(@] (@]
pyridine ®
N Br N N7 X
&/\Hﬁ\ MW. MeCN, 90°C &/\% |
O =16 o B 7
120  _ n=16
= 124 _
121 n 18 125 n=18

Starting material, 120 or 121 (150 mg, 0.348 mmol for 120 and 136 mg,
0.297 mmol for 121), and pyridine (2.0 eq) were added into the microwave-sealed tube
and dissolved with anhydrous MeCN (2 mL). The reaction mixture was charged into
microwave reactor with following settings: dynamic curve, power max cap 100 W,
pressure max cap 300 PSI, 90 °C, for 24 hours. The mixture was directly purified by
column chromatography (DCM/MeOH = 9:1) to afford 124 (152 mg, 86 % yield), and
125 (143 mg, 90 % yield), respectively. Both products were isolated as white solids.

1-(18-(2,5-dioxopyrrolidin-1-yl)oktadecyl)-pyridin-1-ium bromide (124):
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"H NMR (500 MHz, CD30D-ds) § 9.08 — 9.02 (m, 2H), 8.65 — 8.59 (m, 1H), 8.18 —
8.10 (m, 2H), 4.70 — 4.65 (m, 2H), 3.51 — 3.43 (m, 2H), 2.69 (s, 4H), 2.11 — 1.96 (m,
2H), 1.62 — 1.51 (m, 2H), 1.44 — 1.23 (m, 28H). *C NMR (126 MHz, CD;0D) §
178.63, 145.47, 144.56, 128.13, 61.74, 38.18, 31.10, 29.33, 29.32, 29.30, 29.28, 29.25,
29.20, 29.17, 29.08, 28.84, 28.70, 27.68, 27.22, 26.47, 25.78. HRMS (ESI"): [M]":
calculated for C27HasN202" (m/z): 429.3476; detected: 429.3466. LC-MS purity > 95 %.

1-(20-(2,5-dioxopyrrolidin-1-yl)icosyl)-pyridin-1-ium bromide (125):

"H NMR (500 MHz, CD30D-ds) § 9.13 — 8.97 (m, 2H), 8.70 — 8.57 (m, 1H), 8.23 —
8.09 (m, 2H), 4.69 (t, J = 7.5 Hz, 2H), 3.46 (t, J = 7.4 Hz, 2H), 2.70 (s, 4H), 2.06 (qd, J
=9.0, 8.3, 5.3 Hz, 2H), 1.62 — 1.47 (m, 2H), 1.47 — 1.15 (m, 32H). 1*C NMR (126 MHz,
CD3OD) 6 179.92, 146.81, 145.93, 129.48, 63.07, 39.55, 32.50, 30.73, 30.70, 30.68,
30.64, 30.59, 30.56, 30.47, 30.23, 30.09, 29.08, 28.61, 27.87, 27.15. HRMS (ESI"):
[M]": calculated for C2oHaoN>O," (m/z): 457.3789; detected: 457.3792. LC-MS purity
> 95 %.

General procedure for synthesis of compounds 126 and 127:

(0] (@]
piperidine, K2CO3
N Br > N N
&/\W MW’ MeCN! 90°C /\éaﬁ\ Q
O O
n=16 -
120 n=16
= 126 _ _
129 "= 18 127 "= 18

Compounds 120 or 121 (143 mg, 0.332 mmol for 120 and 131 mg, 0.2857 mmol
for 121), anhydrous K>COs (3.0 eq) and piperidine (2.0 eq) were charged into the
microwave-sealed tube and dissolved in ahydrous MeCN (2 mL). The reaction mixture
was charged into microwave reactor with following settings: dynamic curve, power max
cap 100 W, pressure max cap 300 PSI, at 90 °C for 30 min. The mixture was directly
purified using column chromatography (DCM/MeOH = 9:1) to afford 126 (141 mg,
98 % yield), and 127 (129 mg, 98 % yield), respectively, as white solids.

1-(18-(piperidin-1-yl)oktadecyl)pyrroidine-2,5-dione (126):

'H NMR (500 MHz, CD30D-ds) & 3.49 — 3.43 (m, 2H), 3.30 — 3.07 (m, 4H), 3.07 —
3.01 (m, 2H), 2.69 (s, 4H), 1.91 — 1.81 (m, 4H), 1.78 — 1.71 (m, 2H), 1.70 — 1.63 (m,
2H), 1.55 (p, J = 7.4 Hz, 2H), 1.47 — 1.36 (m, 4H), 1.30 (d, J = 4.2 Hz, 24H). '*C NMR
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(126 MHz, CD;0D) & 180.01, 58.43, 54.31, 39.57, 30.74, 30.71, 30.65, 30.62, 30.57,
30.50, 30.24, 30.21, 29.06, 28.62, 27.87, 27.73, 25.17, 24.38, 22.83. HRMS (ESI"):
[M+H]": calculated for Cx7Hsi1N2O2" (m/z): 435.3945; detected: 435.3935. LC-MS
purity > 95 %.

1-(20-(piperidin-1-yl)icosyl)pyrroidine-2,5-dione (127):

'"H NMR (500 MHz, CDCls-d;) & 3.55 — 3.44 (m, 2H), 2.70 (s, 3H), 2.58 — 2.43 (m,
4H), 2.43 — 2.34 (m, 2H), 1.74 — 1.64 (m, 4H), 1.61 — 1.51 (m, 4H), 1.52 — 1.44 (m,
2H), 1.38 — 1.19 (m, 32H). 3*C NMR (126 MHz, CDCls) & 177.21, 57.80, 53.25, 38.86,
29.62, 29.60, 29.56, 29.52, 29.50, 29.43, 29.42, 29.35, 29.10, 29.04, 28.11, 27.66,
26.96, 26.82, 23.86, 22.92, 22.42. HRMS (ESI"): [M+H]": calculated for C20HssN>Ox"
(m/z): 463.4258; detected: 463.4260. LC-MS purity > 96 %.

Synthesis of compounds bearing maleimide moiety 132 - 135
H

o-_N_o
furan

—_—
0 dioxane, 90°C

10-oxa-4-azatricyclo[5.2.1.0>¢]dec-8-ene-3,5-dione (119): Into an oven-dried flask

o
‘I((ZI

maleimide (5.0 g, 51.51 mmol) was dissolved in anhydrous dioxane (76 mL) under the
inert atmosphere (Ar). Furan (12 mL, 154.53 mmol) was added and the mixture was
stirred and heated at 90 °C overnight. The reaction was diluted with water (250 mL) and
extracted with EA 2 x 600 mL. The organic layers were combined, dried with
anhydrous Na>SOy4 and filtered. The filtrate was concentrated under reduced pressure to

afford 119 (7.66 g, 90 % yield) as a white solid.

'H NMR (500 MHz, DMSO-ds) & 11.13 (s, 1H), 6.52 (t, J = 1.0 Hz, 2H), 5.10 (t, J = 1.0
Hz, 2H), 3.32 (s, 2H). 13C NMR (126 MHz, DMSO) & 178.29, 136.92, 80.77, 48.89.

General procedure for synthesis 122 and 123:

o]
imide 119, K,CO3 NBS, PPhs
N n
Br OH ———
/\Hﬁ\ DMF, MW, 60°C AH/\
n=16 0
117 | _ 18 n=16

118 247 _ 122
248 123 "
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The compounds 117 or 118 (296 mg, 0.847 mmol for 117 and 180 mg,
0.4769 mmol for 118), imide 119 (1.2 eq) and anhydrous K>COs; (1.2 eq) were
dissolved in dry DMF (4 mL). The mixture was stirred at 60 °C for 12 hours. The
resulting mixture was extracted with brine (200 mL) and DCM 2 x 200 mL. The
organic layers were combined, dried with anhydrous Na>;SO4 and filtered. The filtrate
was concentrated under reduced pressure and directly used without further purification
into the next reaction. 247 or 248 were then dissolved in anhydrous THF (40 mL) under
the inert atmosphere (Ar). NBS (1.5 eq) and PPh3 (1.5 eq) were added subsequently
under room temperature conditions with stirring for 30 min. The reaction mixtures were
diluted with water (50 mL) and extracted with DCM 2 x 175 mL. The organic layers
were collected, dried with anhydrous Na;SO4 and filtrered. The filtrate was
concentrated under reduced pressure and purified with column chromatography to
afford 122 (H/EA = 4:1, 320 mg, 76 % yield after two steps from 117), and 123 (PE/EA
=5:1, 177 mg, 71 % yield after two steps from 118) as white solids.

4-(18-bromooktadecyl)-10-oxa-4-azatricyclo[5.2.1.0%2,6*]-dec-8-ene-3,5-dione
(122):

'H NMR (500 MHz, CDCls-d;) § 6.51 (s, 2H), 5.27 (s, 2H), 3.48 — 3.44 (m, 2H), 3.41
(t, J= 6.9 Hz, 2H), 2.83 (s, 2H), 1.91 — 1.81 (m, 2H), 1.59 — 1.50 (m, 2H), 1.46 — 1.38
(m, 2H), 1.36 — 1.19 (m, 26H). *C NMR (126 MHz, CDCls) & 176.24, 136.51, 80.88,
47.36, 39.02, 34.04, 32.83, 29.67, 29.64, 29.63, 29.59, 29.52, 29.44, 29.42, 29.10,
28.75, 28.17, 27.58, 26.67.

4-(20-bromoicosyl)-10-oxa-4-azatricyclo[5.2.1.0%2,6*]dec-8-ene-3,5-dione (123):

'H NMR (500 MHz, CDCls-d;) § 6.51 (s, 2H), 5.27 (s, 2H), 3.50 — 3.44 (m, 2H), 3.41
(t, J= 6.9 Hz, 2H), 2.83 (s, 2H), 1.90 — 1.80 (m, 2H), 1.60 — 1.52 (m, 2H), 1.49 — 1.38
(m, 2H), 1.35 — 1.20 (m, 30H). '*C NMR (126 MHz, CDClz) & 176.26, 136.52, 80.89,
47.38, 39.04, 34.04, 32.85, 29.67, 29.65, 29.61, 29.54, 29.45, 29.43, 29.11, 28.76,
28.18, 27.59, 26.68.

General procedure for retro Diels-Alder reaction leading to 128 and 129:
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O
N

(0]
/\Hﬁ\Br vacuum, 150°C &N&/\Hﬁ\&
W '
O _ O
n=16 =1
122 - 18 126 2 3
123 129

122 or 123 (296 mg, 0.596 mmol for 122 and 422 mg, 0.804 mmol for 123) were
put into dried flask with reduced pressure (1 mBar). The flask was heated at 130 °C for
60 min. The product was purified by column chromatography (PE/EA = 7:1) to afford
128 (216 mg, 85 % yield), or 129 (208 mg, 57 % yield), respectively, as white solids.

1-(18-bromooktadecyl)-2,5-dihydro-1H-pyrrole-2,5-dione (128):

'H NMR (500 MHz, CDCls-d)) § 6.69 (s, 2H), 3.54 — 3.49 (m, 2H), 3.41 (t, J = 6.9 Hz,
2H), 1.92 — 1.80 (m, 2H), 1.63 — 1.52 (m, 2H), 1.50 — 1.38 (m, 2H), 1.38 — 1.16 (m,
26H). *C NMR (126 MHz, CDCls) § 170.86, 133.99, 37.93, 34.04, 32.83, 29.64, 29.62,
29.59,29.52, 29.46, 29.42, 29.11, 28.75, 28.52, 28.16, 26.73.

1-(20-bromoicosyl)-2,5-dihydro-1H-pyrrole-2,5-dione (129):

'H NMR (500 MHz, CDCls-d;) § 6.69 (s, 2H), 3.55 — 3.48 (m, 2H), 3.41 (t, J = 6.9 Hz,
2H), 1.94 — 1.81 (m, 2H), 1.68 — 1.53 (m, 2H), 1.48 — 1.39 (m, 2H), 1.36 — 1.20 (m,
30H). 3C NMR (126 MHz, CDCl3) & 170.88, 134.01, 37.95, 34.06, 32.85, 29.68, 29.65,
29.62,29.54, 29.48, 29.44, 29.13, 28.77, 28.54, 28.18, 26.75.

General procedure for synthesis pyridin-1-ium bromides 132 and 133:

(e
pynd|ne
@%Br MW, MeCN, 90°C &
O L=
128 _ _ 132 -
129 n=18 133 n= 18

128 or 129 (204 mg, 0.476 mmol of 128 and 92 mg, 0.2015 mmol of 129) and
pyridine (2.0 eq) were dissolved in MeCN (2 mL) and added into the microwave-sealed
tube followed by microwave-heated conditions as follows: dynamic curve, power max
cap 100 W, pressure max cap 300 PSI, at 90 °C for 24 hours. The mixture was directly
purified via column chromatography (DCM/MeOH = 9:1) to afford 132 (168 mg,
69 %), and 133 (63 mg, 58 % yield), respectively, as white solids.
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1-(18-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)oktadecyl)pyridin-1-ium bromide
(132):

'H NMR (500 MHz, CD30D-ds) § 9.06 (d, J = 5.8 Hz, 2H), 8.62 (t, J = 7.8 Hz, 1H),
8.15 (t, J=17.0 Hz, 2H), 6.81 (s, 2H), 4.71 — 4.64 (m, 2H), 3.48 (t, /= 7.1 Hz, 2H), 2.10
— 1.98 (m, 2H), 1.62 — 1.52 (m, 2H), 1.45 — 1.37 (m, 4H), 1.36 — 1.20 (m, 24H). 1*C
NMR (126 MHz, CDs;OD) 6 172.57, 146.83, 145.94, 135.33, 129.50, 63.11, 38.53,
32.50, 30.71, 30.67, 30.60, 30.59, 30.55, 30.46, 30.15, 30.09, 29.46, 27.74, 27.16.
HRMS (ESI"): [M]": calculated for C27H43N20," (m/z): 427.3319; detected: 427.3310.
LC-MS purity > 95 %.

1-(20-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-yl)icosyl)pyridin-1-ium bromide (133):

'"H NMR (500 MHz, CD30D-ds) § 9.07 — 9.01 (m, 2H), 8.70 — 8.53 (m, 1H), 8.17 —
8.10 (m, 2H), 6.81 (s, 2H), 4.72 — 4.60 (m, 2H), 3.48 (t, /= 7.2 Hz, 2H), 2.11 — 1.98 (m,
2H), 1.66 — 1.51 (m, 2H), 1.43 — 1.22 (m, 32H). 3C NMR (126 MHz, CD;OD) §
172.56, 146.84, 145.93, 135.32, 129.50, 63.12, 38.53, 32.50, 30.73, 30.69, 30.62, 30.60,
30.57, 30.48, 30.17, 30.10, 29.48, 27.76, 27.18. HRMS (ESI"): [M]": calculated for
C29H47N202" (m/z): 455.3632; detected: 455.3636. LC-MS purity > 95 %.

General procedure for synthesis 130 and 131:

piperidine, K2COs K2CO3
A@AB VT, WisGR, 50°C" A@A
O .=
122 | _ ]g 130
123 131

122 or 123 (207 mg, 0.417 mmol for 122 and 199 mg, 0.380 mmol for 123),
K>COs (3.0 eq) and piperidine (2.0 eq) were dissolved in MeCN (2 mL) and added into
the microwave-sealed tube followed by microwave-heated conditions as follows:
dynamic curve, power max cap 100 W, pressure max cap 300 PSI, at 90 °C for 30 min.
The mixture was directly purified by column chromatography to afford 130
(DCM/MeOH = 9:1, 209 mg, quantitative yield) and 131 (DCM/MeOH = 20:1, 111 mg,
56 % yield), respectively, as white solids.

4-(18-(piperidin-1-yl)oktadecyl)-10-oxa-4-azatricyclo[5.2.1.0%2,6*|dec-8-ene-3,5-

dione (130): The compound was used into the next reaction.

151



4-(20-(piperidin-1-yl)icosyl)-10-oxa-4-azatricyclo[5.2.1.0%2,6*]dec-8-ene-3,5-dione
(131):

'H NMR (500 MHz, CDCls-d;) & 6.51 (d, J = 1.0 Hz, 2H), 5.26 (d, J = 1.0 Hz, 2H),
3.52 — 3.41 (m, 2H), 2.83 (s, 2H), 2.75 — 2.60 (m, 2H), 2.59 — 2.49 (m, 2H), 1.86 — 1.72
(m, 4H), 1.70 — 1.60 (m, 2H), 1.59 — 1.49 (m, 4H), 1.36 — 1.17 (m, 34H). 13C NMR (126
MHz, CDCL3) & 176.27, 136.53, 80.89, 58.71, 53.92, 47.38, 39.03, 29.68, 29.66, 29.62,
29.55,29.49, 29.46, 29.34, 29.12, 27.59, 27.38, 26.68, 25.35, 24.41, 23.46.

General procedure for retro Diels-Alder reaction yielding to 134 and 135:

vacuum, 150°C

T = ey
130 2:]2 134 n=16

131 135 "= 18

130 or 131 (209 mg, 0.417 mmol for 130 and 94 mg, 0.178 mmol for 131) were
charged into the dried flask. The flask was heated at 130 °C under the reduced pressure
(1 mBar) for 60 min. 134 (139 mg, 77 % yield) was prepared without any further
purification. 135 (50 mg, 61 % yield) had to be purified by column chromatography
(PE/EA = 7:1). Both products 134 and 135 were isolated as white solids.

1-(18-(piperidin-1-yl)oktadecyl)-2,5-dihydro-1H-pyrrole-2,5-dione (134):

'H NMR (500 MHz, CD;0OD-ds) 5 6.81 (s, 2H), 3.48 (t, J = 7.2 Hz, 2H), 3.26 — 3.11 (m,
4H), 3.06 — 2.9 (m, 2H), 1.89 — 1.82 (m, 4H), 1.78 — 1.70 (m, 2H), 1.70 — 1.63 (m,
2H), 1.60 — 1.50 (m, 2H), 1.42 — 1.35 (m, 4H), 1.35 — 1.23 (m, 24H). 3C NMR (126
MHz, CD;0D) ¢ 172.55, 135.33, 58.48, 54.32, 49.51, 49.34, 49.17, 49.00, 48.83, 48.68,
48.66, 48.49, 38.53, 30.74, 30.71, 30.63, 30.58, 30.51, 30.22, 30.17, 29.48, 27.76,
2521, 24.42, 22.90. HRMS (ESI'): [M+H]": calculated for C7HsN202" (m/z):
433.3789; detected: 433.3777. LC-MS purity > 95 %.

1-(20-(piperidin-1-yl)icosyl)-2,5-dihydro-1H-pyrrole-2,5-dione (135):
"H NMR (500 MHz, CD30D-ds) § 6.81 (s, 2H), 3.48 (t, J= 7.2 Hz, 2H), 3.25 — 3.08 (m,
4H), 3.07 — 2.96 (m, 2H), 1.92 — 1.81 (m, 4H), 1.79 — 1.69 (m, 2H), 1.71 — 1.63 (m,

152



2H), 1.62 — 1.52 (m, 2H), 1.44 — 1.21 (m, 32H). 3C NMR (126 MHz, CD;OD) &
172.48, 135.32, 58.49, 54.30, 38.53, 30.77, 30.74, 30.65, 30.60, 30.54, 30.24, 30.20,
29.51, 27.81, 27.78, 25.23, 24.43, 22.95. HRMS (ESI*): [M+H]": calculated for

C2oHs3N202" (m/z): 461.4102; detected: 461.4106. LC-MS purity > 95 %.

Unsuccessful synthetic routes

uccinimide; K,CO,4 NBS; PPhy HO/\H/n\OH HBr; toluene
B

0
S|
-
DCM - .
&%\B’ ~— B e 113 n=16;
o

114 n=18;
116 n=18;98 %

121 n=18;29 %
hybrid 7; K2COs;
DMF

0]

TBDPSCI; DIPEA;
DMF
@ o]

123 n=18;32 %

HO OTBDPS TBDPSO OTBDPS

237 238

General procedure of bis-bromination:

NBS, PPh;
HO OH » Br Br
\/\916\/ THE \/\er\/
114 116

Br~ ), “oH

117 n=16; 55-60 %
118 n=18; 55-60 %

DIAD; PPhg
THF
(0]

121 n=18;8%

1,20-dibromoicosane (116): The compound 114 (534 mg 1.7 mmol) was charged into
the oven-dried flask and dissolved in anhydrous THF (20 ml). NBS (1.21 g, 6.8 mmol)

and PPhs (1.784 g, 6.8 mmol) were added consequently. The reaction mixture was

stirred at room temperature for 30 min. The reaction was diluted with water (50 mL)

and extracted with DCM 3 x 30 mL. The organic layers were combined, dried with

anhydrous Na>SOg4 and filtered. The filtrate was concentrated under reduced pressure

and purified via column chromatography (PE/EA = 299:1) to afford 116 (735 mg, 98 %

yield) as a white solid.

'H NMR (500 MHz, CDCls-d;) & 3.42 (t, J = 6.9 Hz, 4H), 1.86 (dt, J = 14.8, 6.9 Hz,
4H), 1.48 — 1.37 (m, 4H), 1.27 (s, 28H). '3C NMR (126 MHz, CDCl3) § 34.04, 32.85,

29.67,29.65,29.61, 29.54, 29.44, 28.77, 28.18.
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General procedure of silylation:

TBDPSCI; DIPEA

HO OH 5 HO OTBDPS TBDPSO OTBDPS
\/\(\%6\/ OVE \/\<v>16\/ + \/\(\%6\/

114 237 238

The icosane-1,20-diol 114 (378 mg; 1.2 mmol) was dissolved in anhydrous DMF
(4 mL) under Ar atmosphere. N,N-Diisopropylethylamine (DIPEA; 2.1 mL; 12.0 mmol)
was slowly added and the mixture was stirred for 15 min. Finally,
tert-butyldiphenylsilyl chloride (TBDPSCI; 330 puL; 1.26 mmol) was added dropwise
and reaction mixture was stirred at RT for 2 hours. The resulting mixture was diluted
with H,O and DCM and extracted with DCM (2 x 50 mL). The organic layers were
collected and washed with 1M HCI; then with saturated NaHCO3 and with brine. The
resulting organic phase was dried with anhydrous Na>SOs, filtrated and concentrated
under reduced pressure. The residue was purified by column chromatography using
mobile phase PE/EA (8:1) to obtain 237, 238 as white solids (237: 299 mg, 45 % yield;
238: 216 mg, 23 %) and starting material turnover (114, 165 mg, 25 %)

20-[(tert-butyldiphenylsilyl)oxy]icosan-1-ol (237):

'H NMR (500 MHz, CDCls-d)) 8 7.78 — 7.24 (m, 10H), 3.73 — 3.60 (m, 4H), 1.64 —
1.52 (m, 4H), 1.43 — 1.23 (m, 32H), 1.07 (s, 9H).

2,2,27,27-tetramethyl-3,3,26,26-tetraphenyl-4,25-dioxa-3,26-disilaoctacosane (238):

'H NMR (500 MHz, CDCls-d;) § 7.90 — 7.19 (m, 20H), 3.67 (t, J = 6.5 Hz, 4H), 1.66 —
1.51 (m, 4H), 1.41 — 1.20 (m, 32H), 1.07 (s, 18H).

General procedure of monosilyl-deprotection of compound 238:

TBAF

TBDPSO OTBDPS » HO OTBDPS
\/\(\afa\/ THF: 0°C \/\<\a16\/

238 237

Under Ar atmosphere, 238 (168 mg; 0.2123 mmol) was dissolved in anhydrous THF (5
mL) and cooled to 0 °C. Tetrabutylammonium fluoride (TBAF; 223 pL, 0.223 mmol)
was added dropwise and the mixture was stirred for 1 hour at room temperature. The
resulting reaction mixture was diluted with DCM and H>O and extracted with DCM (3

x 30 mL). The organic layers were combined, dried with anhydrous sodium sulfate,
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filtrated and concentrated under reduced pressure. The residue was purified by column
chromatography using mobile phase PE/EA (8:1) to give crude product 237 (92 mg,
78 % yield) as white solid.

20-[(tert-butyldiphenylsilyl)oxy]icosan-1-ol (237):

'H NMR (500 MHz, CDCls-d;) & 7.78 — 7.24 (m, 10H), 3.73 — 3.60 (m, 4H), 1.64 —
1.52 (m, 4H), 1.43 — 1.23 (m, 32H), 1.07 (s, 9H).

General procedure of Mitsunobu reaction

0]
DIAD, PPhy
’ - N Br
Br OH 18
v THF, 0°C - RT M
O

118 121

The compound 118 (170 mg, 0.3074 mmol), succinimide (40 mg, 0.40 mmol) and PPh3
was dissolved in anhydrous THF and cooled to 0 °C under Ar atmosphere. Diisopropyl
azodicarboxylate (DIAD; 79 pL, 0.40 mmol) was drop wise added and the mixture was
stirred at RT for 20 hours. The resulting mixture was diluted with HoO and extracted
with DCM (3x 30 mL). The organics were collected, dried with anhydrous Na>SOs,
filtrated and concentrated under reduced pressure. The residue was purified using

column chromatography with mobile phase PE/EA (3:1) to give 121 (11 mg, 8 % yield).
1-(20-bromoicosyl)pyrrolidine-2,5-dione (121):

'H NMR (500 MHz, CDCls-d)) & 3.52 (t, J = 7.4 Hz, 2H), 3.43 (t, J = 6.9 Hz, 2H), 2.72
(s, 4H), 1.92 — 1.84 (m, 2H), 1.61 — 1.54 (m, 2H), 1.50 — 1.41 (m, 2H), 1.37 — 1.19 (m,
30H).

General procedure of reactions from 1,20-dibromoicosane 116:

O
succinimide, K,CO3
N Br
Br Br 18
116 O 121

1,20-Dibromoicosane 116 (498 mg; 1.13 mmol), succinimide (124 mg; 1.244 mmol)
and anhydrous K>CO3 (172 mg; 1.244 mmol) were dissolved in anhydrous DMF (4 mL)
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under Ar atmosphere. The mixture was heated to 60 °C for 3 hours. The resulting
mixture was diluted with ammonium chloride saturated solution (50 mL) and extracted
with DCM (3 x 50 mL). The organic layers were combined, dried with anhydrous
NaxSOs, filtrated and concentrated under reduced pressure. The residue was purified by
column chromatography using mobile phase PE/EA (4:1) to give 121 (150 mg, 29 %
yield).

1-(20-bromoicosyl)pyrrolidine-2,5-dione (121):

'H NMR (500 MHz, CDCls-d)) & 3.52 — 3.47 (m, 2H), 3.41 (t, J = 6.9 Hz, 2H), 2.70 (t, J
=20.2 Hz, 4H), 1.90 — 1.80 (m, 2H), 1.60 — 1.52 (m, 2H), 1.47 — 1.38 (m, 2H), 1.35 —
1.20 (m, 30H). '*C NMR (126 MHz, CDCls) § 177.22, 38.89, 34.03, 32.82, 29.65,
29.63,29.59, 29.53, 29.51, 29.45, 29.41, 29.13, 28.74, 28.15, 28.13, 27.69, 26.84.

imide 119, K,CO3
Br Br N 18 ~Br
% DMF, 60 °C
6]
116

1,20-Dibromoicosane 116 (209 mg; 0.4746 mmol), imide 119 (118 mg; 0.712 mmol)
and K>CO3 (98 mg; 0.712 mmol) were dissolved in anhydrous DMF (2 mL) under Ar

atmosphere. The mixture was heated to 60 °C for 3 hours. The resulting mixture was
diluted with ammonium chloride saturated solution (50 mL) and extracted with DCM (3
x 50 mL). The organic layers were combined, dried with anhydrous Na>SOs, filtrated
and concentrated under reduced pressure. The residue was purified by column
chromatography using mobile phase PE/EA (5:1) to give 123 (80 mg, 32 % yield).
4-(20-bromoicosyl)-10-oxa-4-azatricyclo[5.2.1.0%2,6*]dec-8-ene-3,5-dione (123):

'"H NMR (500 MHz, CDCl3-d)) § 6.51 (s, 2H), 5.27 (s, 2H), 3.49 — 3.44 (m, 2H), 3.41
(t, J=6.9 Hz, 2H), 2.83 (s, 2H), 1.90 — 1.82 (m, 2H), 1.60 — 1.51 (m, 2H), 1.48 — 1.38
(m, 2H), 1.36 — 1.17 (m, 30H). 3C NMR (126 MHz, CDCl3) § 176.25, 136.51, 80.87,

47.36, 39.02, 34.03, 32.83, 29.66, 29.64, 29.59, 29.52, 29.44, 29.42, 29.10, 28.75,
28.16, 27.58, 26.66.
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6.1.4 Second subset of insecticides

1. phthalimid K
2. NH,NH,.H,0

HO B o HOT TN

17 0% 136 7215

Compound 117 or 118 (3.8 mmol) and potassium phthalimide (5.7 mmol; 1.5 eq) were
dissolved in anhydrous acetonitrile (MeCN; 10 mL) in a microwave (MW) tube. The
mixture was challenged with MW irradiation (dynamic curve; 100 W; 300 PSI max cap)
for eight hours at 110 °C. Then, NHoNH2.H,O was added and the resulting mixture was
further challenged with MW irradiation (dynamic curve; 100 W; 300 PSI max cap) for 1
hour at 90 °C. The reaction mixture was filtrated and the filter cake was three times

washed with 50 mL of absolute EtOH. The filtrate was concentrated and purified by

column chromatography to afford title product 136 or 137.

18-aminooctadecan-1-ol (136): The resulting residue was purified by column
chromatography (DCM/MeOH/NH3 = 5:1:0.1) affording 136 with quantitative yield as

white powder.

'H NMR (500 MHz, Methanol-ds) § 3.58 — 3.51 (m, 2H), 2.83 — 2.75 (m, 2H), 1.63 —
1.48 (m, 4H), 1.42 — 1.26 (m, 28H). 13C NMR (126 MHz, CDsOD) § 62.99, 41.57,
33.67, 30.90, 30.77, 30.73, 30.69, 30.61, 30.41, 27.72, 26.96.

20-aminoicosan-1-0l (137): The resulting residue was purified by column
chromatography (DCM/MeOH/NH3 = 5:1:0.1) affording 137 with quantitative yield as

white powder.

'H NMR (500 MHz, Methanol-ds) § 3.55 (t, J = 6.7 Hz, 2H), 2.75 — 2.67 (m, 2H), 1.53
(ttd, J = 10.6, 7.2, 3.4 Hz, 4H), 1.41 — 1.25 (m, 32H). 3C NMR (126 MHz, cdsod) &
61.60, 40.68, 32.29, 30.99, 29.38, 29.35, 29.33, 29.28, 29.23, 29.14, 26.50, 25.57, 8.29.

Pyridinium derivatives

j N« .HCl MW; KOH = IN
+ _— _w
HOMNHZ Z pentanol HO%H
n=16
136 | 12 ' 138 |\ _ 45
137 139
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Compound 136 or 137 (0.69 mmol) and 4-bromopyridine hydrochloride (1.39 mmol;
2.0 eq) were dissolved in 3 mL pentanol in a MW tube. The mixture was challenged
with MW irraditation (dynamic curve; 150 W; 300 PSI max cap) for three hours at
180 °C. The resulting mixture was concentrated and directly purified by column

chromatography to afford title product 138 or 139.

18-[(pyridine-4-yl)amino]octadecan-1-o0l (138): The resulting residue was purified by
column chromatography (DCM/MeOH/NHj3 = 9:1:0.1) affording 138 with 43 % yield as

yellowish powder.

'H NMR (500 MHz, Methanol-ds) & 8.12 — 8.05 (m, 2H), 6.61 — 6.57 (m, 2H), 3.63 (t, J
= 6.6 Hz, 2H), 3.17 (t, J= 7.1 Hz, 2H), 1.71 — 1.62 (m, 2H), 1.60 — 1.53 (m, 2H), 1.49 —
1.25 (m, 28H). 13C NMR (126 MHz, cdsod) & 157.31, 149.85, 109.39, 63.50, 43.91,
33.84, 30.81, 30.79, 30.76, 30.68, 30.57, 30.01, 28.20, 27.03.

20-[(pyridine-4-yl)amino]icosan-1-0l (139): The resulting residue was purified by
column chromatography (DCM/MeOH/NH; = 9:1:0.1) affording 139 with 37 % yield as

yellowish powder.

'H NMR (500 MHz, Methanol-ds) § 7.99 — 7.92 (m, 2H), 6.53 — 6.49 (m, 2H), 3.54 (t, J
= 6.6 Hz, 2H), 3.12 (t, J = 7.1 Hz, 2H), 1.66 — 1.57 (m, 2H), 1.56 — 1.49 (m, 2H), 1.45 —
1.23 (m, 32H). 3C NMR (126 MHz, cdsod) & 156.31, 149.25, 108.29, 63.00, 43.27,
33.69, 30.79, 30.76, 30.72, 30.63, 30.53, 29.93, 28.14, 26.97.

/IN CBry; PPhs /IN
e
X Br/\ﬁ/\N X
Ho/\WH DCM n N
n=16 n=16
138 _ _ 144
139 "7 18 145 " 718

Compound 138 or 139 (0.727 mmol) was dissolved in anhydrous dichloromethane
(DCM; 10 mL) under Ar atmosphere. Tetrabromomethane (CBrs; 1.1 mmol; 1.5 eq)
was added and the mixture was stirred at RT. In another oven-dried round-bottom flask
triphenylphosphine (PPhs; 1.2 mmol; 1.6 eq) was dissolved in anhydrous DCM (5 mL)
under Ar atmosphere. The solution of PPh; was slowly drop wise added into the mixture
of CBr4 and 138 or 139 and the reaction mixture was stirred at RT for one hour. The
resulting residue was concentrated and directly purified by column chromatography to

afford title products 144 or 145.
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N-(18-bromooctadecyl)pyridine-4-amine (144): The resulting residue was purified by
column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 144 with 87 % yield

as brownish powder. Without characterization used into the next reaction.

N-(20-bromoicosyl)pyridine-4-amine (145): The resulting residue was purified by
column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 145 with 79 % yield

as yellowish powder.

'H NMR (500 MHz, Methanol-ds) 5 8.08 — 7.98 (m, 2H), 6.89 — 6.81 (m, 2H), 3.44 (t, J
= 6.8 Hz, 2H), 3.32 — 3.31 (m, 3H), 1.89 — 1.80 (m, 2H), 1.72 — 1.64 (m, 3H), 1.49 —
1.21 (m, 32H).

L o} N
=~ N succinimide; K,CO3 |
X PP n
Br/\ﬁg\u DMF; 60 °C H
_ 0 _
148 200 150 12 15
145 151

Compound 144 or 145 (0.315 mmol), succinimide (0.4725 mmol; 1.5 eq) and K>CO3
(0.4725 mmol; 1.5 eq) were dissolved in anhydrous dimethylformamide (DMF; 3 mL)
under Ar atmosphere. The mixture was heated to 60 °C and stirred for 15 hours. The

resulting mixture was concentrated and directly purified to afford title products 150 or

151.

1-{18-[(pyridin-4-yl)amino]octadecyl}pyrrolidine-2,5-dione (150): The resulting
residue was purified by column chromatography (DCM/MeOH = 9:1) affording 150
with 52 % yield as white powder.

'"H NMR (500 MHz, Methanol-ds) & 8.08 — 8.00 (m, 2H), 6.87 — 6.81 (m, 2H), 3.49 —
3.43 (m, 2H), 3.32 — 3.29 (m, 2H), 2.69 (s, 4H), 1.72 — 1.64 (m, 2H), 1.59 — 1.51 (m,
2H), 1.46 — 1.22 (m, 28H). 3C NMR (126 MHz, cdsod) & 178.60, 158.17, 139.92,
127.40, 42.43, 38.17, 29.33, 29.26, 29.17, 29.00, 28.84, 28.06, 27.66, 27.22, 26.56,
26.47. HRMS (ESI): [M]": calculated for C7HisN3O." (m/z): 444.3585; found:
444.35730. LC-MS > 96 %.

1-{20-[(pyridin-4-yl)amino]icosyl}pyrrolidine-2,5-dione (151): The resulting residue
was purified by column chromatography (DCM/MeOH = 9:1) affording 151 with 67 %

yield as white powder.
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'H NMR (500 MHz, Chloroform-d) & 8.21 — 8.10 (m, 2H), 6.47 — 6.39 (m, 2H), 4.42
(bs, 1H), 3.49 (¢, J = 7.5 Hz, 2H), 3.13 (q, J = 6.6 Hz, 2H), 2.69 (s, 4H), 1.62 (p, J = 7.3
Hz, 2H), 1.55 (p, J = 7.3 Hz, 2H), 1.43 — 1.35 (m, 2H), 1.35 — 1.19 (m, 30H). 3C NMR
(126 MHz, cdcl3) 6 177.21, 153.67, 149.28, 107.39, 42.64, 38.87, 29.62, 29.60, 29.58,
29.57, 29.52, 29.50, 29.42, 29.29, 29.11, 29.06, 28.11, 27.67, 26.96, 26.82. HRMS
(EST): [M]": calculated for C29HsoN3O2" (m/z): 472.3898; found: 472.38940. LC-
MS > 96 %.

Quinolinium derivatives

| AN MW ~ IN
+ [E— . e
HOWNHZ = pentanol HOWH
n=16
136 "2 19 | 140 - 48
137 141

Compound 136 or 137 (1.555 mmol) and 4-chloroquinoline (1.71 mmol; 1.1 eq) were
dissolved in 3 mL pentanol in a MW tube. The mixture was challenged with MW
irraditation (dynamic curve; 150 W; 300 PSI max cap) for three hours at 180 °C. The
resulting mixture was concentrated and directly purified by column chromatography to

afford title product 140 or 141.

18-[(quinolin-4-yl)amino]octadecan-1-ol (140): The resulting residue was purified by
column chromatography (DCM/MeOH/NHj3 = 9:1:0.1) affording 140 with 58 % yield as

yellowish powder.

'"H NMR (500 MHz, Chloroform-d + Methanol-ds) & 12.30 — 12.25 (m, 1H), 11.94 —
11.88 (m, 1H), 11.78 — 11.72 (m, 1H), 11.57 — 11.50 (m, 1H), 11.39 — 11.31 (m, 1H),
10.39 — 10.32 (m, 1H), 7.47 (t, J = 6.8 Hz, 2H), 7.27 — 7.26 (m, 2H), 5.74 — 5.64 (m,
2H), 5.50 — 5.41 (m, 2H), 5.44 — 5.34 (m, 2H), 5.35 — 5.27 (m, 2H), 5.28 — 5.14 (m,
24H). 3C NMR (126 MHz, cdcls + cdsod) & 154.95, 153.86, 151.43, 133.09, 131.71,
128.27, 124.41, 122.78, 101.93, 65.97, 46.87, 36.29, 33.43, 33.41, 33.39, 33.36, 33.27,
33.19, 32.28, 30.98, 29.59.

20-[(quinolin-4-yl)amino]icosan-1-0l (141): The resulting residue was purified by
column chromatography (DCM/MeOH/NHj3 = 9:1:0.1) affording 141 with 64 % yield as

yellowish powder.

160



'H NMR (500 MHz, Chloroform-d) & 8.57 — 8.52 (m, 1H), 8.01 — 7.95 (m, 1H), 7.77 —
7.71 (m, 1H), 7.67 — 7.59 (m, 1H), 7.47 — 7.39 (m, 1H), 6.47 — 6.40 (m, 1H), 5.07 (bs, J
= 5.2 Hz, 1H), 3.65 (t, J = 6.6 Hz, 2H), 3.36 — 3.27 (m, 2H), 1.81 — 1.71 (m, 2H), 1.61 —
1.52 (m, 2H), 1.47 (p, J = 7.5, 7.0 Hz, 2H), 1.27 (d, J = 7.6 Hz, 30H). 3C NMR (126
MHz, cdels) & 150.87, 149.74, 148.22, 129.74, 128.96, 124.52, 119.15, 118.62, 98.69,
62.91, 62.90, 43.23, 32.81, 29.64, 29.63, 29.61, 29.58, 29.56, 29.53, 29.50, 29.41,
29.33, 28.90, 27.12, 25.74.

= IN CBry; PPh, = IN
_—
N Br/\ﬁ/\N N
Ho/\@;\” DCM n N
n=16 n=16
140 _ _ 146 | _
121 "7 18 147 "7

Compound 140 or 141 (0.848 mmol) was dissolved in anhydrous dichloromethane
(DCM; 10 mL) under Ar atmosphere. CBrs (1.27 mmol; 1.5 eq) was added and the
mixture was stirred at RT. In another oven-dried round-bottom flask PPh3 (1.36 mmol;
1.6 eq) was dissolved in anhydrous DCM (5 mL) under Ar atmosphere. The solution of
PPh; was slowly drop wise added into the mixture of CBrs and 140 or 141 and the
reaction mixture was stirred at RT for one hour. The resulting residue was concentrated

and directly purified by column chromatography to afford title products 146 or 147.

N-(18-bromooctadecyl)quinolin-4-amine (146): The resulting residue was purified by
column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 146 with quantitative

yield as yellowish powder. Without characterization used into the next reaction.

N-(20-bromoicosyl)quinolin-4-amine (147): The resulting residue was purified by
column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 147 with quantitative

yield as orange powder.

'H NMR (500 MHz, Chloroform-d) & 8.59 — 8.55 (m, 1H), 8.02 — 7.96 (m, 1H), 7.79 —
7.72 (m, 1H), 7.66 — 7.60 (m, 1H), 7.44 — 7.38 (m, 1H), 6.46 — 6.41 (m, 1H), 5.06 (bs,
1H), 3.41 (t, J = 6.9 Hz, 2H), 3.36 — 3.29 (m, 2H), 1.90 — 1.82 (m, 2H), 1.81 — 1.73 (m,
2H), 1.52 — 1.37 (m, 4H), 1.35 — 1.23 (m, 28H). 13C NMR (126 MHz, cdcls) & 150.97,
149.68, 148.34, 132.95, 129.91, 124.49, 119.17, 118.66, 98.72, 43.26, 34.04, 32.81,
29.66, 29.62, 29.59, 29.57, 29.53, 29.51, 29.41, 29.36, 28.93, 28.74, 28.15, 27.15.
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Compound 146 or 147 (0.282 mmol), succinimide (0.423 mmol; 1.5 eq) and K>COs3
(0.423 mmol; 1.5 eq) were dissolved in anhydrous DMF (3 mL) under Ar atmosphere.
The mixture was heated to 60 °C and stirred for 15 hours. The resulting mixture was

concentrated and directly purified to afford title products 152 or 153.

1-{18-[(quinolin-4-yl)amino]octadecyl}pyrrolidine-2,5-dione (152): The resulting
residue was purified by column chromatography (DCM/MeOH/NH3; = 20:1:0.1)
affording 152 with 58 % yield as white powder.

'H NMR (500 MHz, Chloroform-d) & 8.06 — 8.01 (m, 1H), 7.70 — 7.65 (m, 1H), 7.53 —
7.48 (m, 1H), 7.32 — 7.27 (m, 1H), 7.14 — 7.07 (m, 1H), 6.13 — 6.10 (m, 1H), 3.15 (t, J =
7.4 Hz, 2H), 3.02 (t, J= 7.3 Hz, 2H), 2.38 (s, 4H), 1.44 (t, J = 7.4 Hz, 2H), 1.22 (p, J =
7.2 Hz, 2H), 1.18 — 1.09 (m, 2H), 1.09 — 0.89 (m, 26H). *C NMR (126 MHz, cdcl; +
cdsod) & 177.77, 150.59, 149.30, 146.84, 128.74, 127.17, 123.89, 120.03, 118.32, 97.51,
42.47, 38.21, 29.00, 28.99, 28.96, 28.90, 28.82, 28.79, 28.50, 27.86, 27.44, 27.00,
26.57, 26.20. HRMS (ESI"): [M]": calculated for C31HasN302" (m/z): 494.3741; found:
494.37366. LC-MS > 96 %.

1-{20-[(quinolin-4-yl)amino]icosyl}pyrrolidine-2,5-dione (153): The resulting residue
was purified by column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 153
with 58 % yield as white powder.

'H NMR (500 MHz, Chloroform-d) & 8.59 — 8.53 (m, 1H), 8.03 — 7.94 (m, 1H), 7.77 —
7.69 (m, 1H), 7.67 — 7.59 (m, 1H), 7.46 — 7.39 (m, 1H), 6.47 — 6.40 (m, 1H), 5.02 (bs, J
= 5.3 Hz, 1H), 3.52 — 3.45 (m, 2H), 3.36 — 3.28 (m, 2H), 2.69 (s, 4H), 1.81 — 1.73 (m,
2H), 1.60 — 1.51 (m, 2H), 1.51 — 1.43 (m, 2H), 1.42 — 1.34 (m, 2H), 1.35 — 1.21 (m,
30H). 1*C NMR (126 MHz, cdcls) & 177.21, 151.01, 149.64, 148.38, 129.94, 128.89,
124.47, 119.12, 118.65, 98.73, 43.24, 38.88, 29.64, 29.61, 29.58, 29.55, 29.52, 29.43,
29.35, 29.12, 28.93, 28.12, 27.68, 27.14, 26.83. HRMS (ESI"): [M]": calculated for
C33HsoN302" (m/2): 522.4054; found: 522.40491. LC-MS > 95 %.

Tacrine derivatives
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Compound 136 or 137 (1.41 mmol) and 9-chloro-1,2,3,4-tetrahydroacridine
(1.55 mmol; 1.1 eq) were dissolved in 3 mL pentanol in a MW tube. The mixture was
challenged with MW irraditation (dynamic curve; 150 W; 300 PSI max cap) for three
hours at 180 °C. The resulting mixture was concentrated and directly purified by

column chromatography to afford title product 142 or 143.

18-[(1,2,3,4-tetrahydroacridin-9-yl)amino]octadecan-1-ol  (142): The resulting
residue was purified by column chromatography (DCM/MeOH = 9:1) affording 142
with 60 % yield as yellow oil.

'H NMR (500 MHz, Methanol-ds) § 8.41 — 8.36 (m, 1H), 7.87 — 7.81 (m, 1H), 7.80 —
7.75 (m, 1H), 7.61 — 7.56 (m, 1H), 3.94 (t, J = 7.3 Hz, 2H), 3.54 (t, J = 6.6 Hz, 2H),
3.02 (t, J = 5.9 Hz, 2H), 2.71 (t, J = 5.8 Hz, 2H), 2.03 — 1.92 (m, 4H), 1.83 (p, J = 7.4
Hz, 2H), 1.57 — 1.48 (m, 2H), 1.47 — 1.38 (m, 2H), 1.40 — 1.23 (m, 26H). °C NMR (126
MHz, cdsod) & 157.83, 151.92, 140.11, 133.91, 126.42, 126.23, 120.39, 117.22, 112.98,
62.99, 33.66, 31.52, 30.75, 30.72, 30.68, 30.60, 30.54, 30.24, 29.50, 27.68, 26.95,
24.92, 23.03, 21.93.

20-[(1,2,3,4-tetrahydroacridin-9-yl)amino]icosan-1-ol (143): The resulting residue
was purified by column chromatography (DCM/MeOH/NH3 = 9:1:0.1) affording 143
with 63 % yield as yellow oil.

'H NMR (500 MHz, Chloroform-d) § 8.00 — 7.93 (m, 2H), 7.59 — 7.53 (m, 1H), 7.38 —
7.32 (m, 1H), 3.68 — 3.61 (m, 2H), 3.52 (t, J = 7.2 Hz, 2H), 3.15 - 3.03 (m, 2H), 2.73 —
2.66 (m, 2H), 1.97 — 1.87 (m, 4H), 1.67 (p, J = 7.3 Hz, 2H), 1.61 — 1.52 (m, 2H), 1.43 —
1.19 (m, 32H). '3C NMR (126 MHz, cdcls) § 157.84, 151.19, 146.77, 128.58, 128.00,
123.64, 122.94, 119.80, 115.30, 62.94, 50.65, 49.48, 33.48, 32.79, 32.46, 31.72, 29.64,
29.62, 29.58, 29.56, 29.50, 29.48, 29.41, 29.31, 27.89, 26.88, 25.73, 24.63, 22.94,
22.59, 22.45, 14.01.
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Compound 142 or 143 (0.830 mmol) was dissolved in anhydrous dichloromethane
(DCM; 10 mL) under Ar atmosphere. CBrs (1.25 mmol; 1.5 eq) was added and the
mixture was stirred at RT. In another oven-dried round-bottom flask PPh3 (1.33 mmol;
1.6 eq) was dissolved in anhydrous DCM (5 mL) under Ar atmosphere. The solution of
PPhs was slowly drop wise added into the mixture of CBrs and 142 or 143 and the

reaction mixture was stirred at RT for one hour. The resulting residue was concentrated

and directly purified by column chromatography to afford title products 148 or 149.

N-(18-bromooctadecyl)-1,2,3,4-tetrahydroacridin-9-amine (148): The resulting
residue was purified by column chromatography (DCM/MeOH = 9:1) affording 148

with quantitative yield as orange solid.

'H NMR (500 MHz, Methanol-ds) § 8.41 — 8.37 (m, 1H), 7.88 — 7.82 (m, 1H), 7.80 —
7.75 (m, 1H), 7.60 — 7.58 (m, 1H), 3.99 — 3.91 (m, 2H), 3.43 (t, J = 6.8 Hz, 2H), 3.02 (1,
J=5.9Hz, 2H), 2.71 (t, J = 5.8 Hz, 2H), 2.04 — 1.91 (m, 4H), 1.88 — 1.78 (m, 4H), 1.44
(p, J = 7.2 Hz, 4H), 1.39 — 1.23 (m, 24H). 3C NMR (126 MHz, cdsod) & 157.90,
140.00, 133.98, 132.24, 126.46, 126.25, 120.27, 117.16, 112.93, 34.44, 33.99, 31.52,
30.71, 30.68, 30.61, 30.59, 30.54, 30.24, 29.82, 29.43, 29.15, 27.68, 24.90, 23.01,
21.90.

N-(20-bromoicosyl)-1,2,3,4-tetrahydroacridin-9-amine (149): The resulting residue
was purified by column chromatography (DCM/MeOH/NH3 = 20:1:0.1) affording 149

with quantitative yield as brown solid.

'H NMR (500 MHz, Chloroform-d) & 8.00 — 7.95 (m, 1H), 7.94 — 7.89 (m, 1H), 7.68 —
7.68 (m, 1H), 7.37 — 7.31 (m, 1H), 3.53 — 3.46 (m, 2H), 3.41 (t, J= 6.9 Hz, 2H), 3.11 —
3.04 (m, 2H), 2.75 — 2.68 (m, 2H), 1.96 — 1.90 (m, 4H), 1.85 (p, J = 7.0 Hz, 2H), 1.70 —
1.62 (m, 2H), 1.46 — 1.35 (m, 4H), 1.35 — 1.22 (m, 28H).
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Compound 148 or 149 (0.2719 mmol), succinimide (0.408 mmol; 1.5 eq) and K>CO3
(0.408 mmol; 1.5 eq) were dissolved in anhydrous DMF (3 mL) under Ar atmosphere.
The mixture was heated to 60 °C and stirred for 15 hours. The resulting mixture was

concentrated and directly purified to afford title products 154 or 1585.

1-{18-[(1,2,3,4-tetrahydroacridin-9-yl)amino]octadecyl}pyrrolidine-2,5-dione
(154): The resulting residue was purified by column chromatography
(DCM/MeOH/NH3 = 20:1:0.1) affording 154 with 84 % yield as yellow sticky foam.

'H NMR (500 MHz, Methanol-ds) & 8.38 — 8.33 (m, 1H), 7.84 — 7.79 (m, 1H), 7.79 —
7.75 (m, 1H), 7.58 — 7.53 (m, 1H), 3.90 (t, J = 7.3 Hz, 2H), 3.48 — 3.43 (m, 2H), 3.05 —
3.01 (m, 2H), 2.72 (t, J = 5.7 Hz, 2H), 2.68 (s, 4H), 2.02 — 1.91 (m, 4H), 1.81 (p, J= 7.4
Hz, 2H), 1.58 — 1.49 (m, 2H), 1.47 — 1.39 (m, 2H), 1.38 — 1.23 (m, 26H). C NMR (126
MHz, cdsod) & 179.97, 157.34, 152.67, 140.93, 133.47, 126.21, 126.06, 121.20, 117.65,
113.38, 39.56, 31.61, 30.72, 30.67, 30.65, 30.57, 30.54, 30.25, 30.23, 30.00, 29.05,
28.62, 27.87, 27.70, 25.05, 23.15, 22.12. HRMS (ESI'): [M]": calculated for
C3sHssN30," (m/z): 548.4211; found: 548.42102. LC-MS > 95 %.

1-{20-[(1,2,3,4-tetrahydroacridin-9-yl)amino]icosyl}pyrrolidine-2,5-dione (155):
The resulting residue was purified by column chromatography (DCM/MeOH/NH;3; =
20:1:0.1) affording 155 with 61 % yield as yellow sticky foam.

'H NMR (500 MHz, Chloroform-d) & 8.00 — 7.95 (m, 1H), 7.95 — 7.90 (m, 1H), 7.59 —
7.52 (m, 1H), 7.39 — 7.31 (m, 1H), 3.53 — 3.45 (m, 4H), 3.11 — 3.03 (m, 2H), 2.73 — 2.70
(m, 2H), 2.69 (s, 4H), 1.97 — 1.88 (m, 4H), 1.70 — 1.62 (m, 2H), 1.55 (p, J = 7.3 Hz,
2H), 1.44 — 1.35 (m, 2H), 1.35 — 1.19 (m, 30H). 13C NMR (126 MHz, cdcls) & 177.20,
158.12, 150.95, 147.12, 128.37, 128.37, 123.55, 122.88, 120.01, 115.55, 49.50, 38.87,
33.79, 31.74, 29.64, 29.62, 29.59, 29.52, 29.49, 29.43, 29.34, 29.12, 28.11, 27.68,
26.90, 26.83, 24.70, 23.00, 22.70. HRMS (ESI*): [M]": calculated for C37HssN3O;"
(m/z): 576.4524; found: 576.45166. LC-MS > 96 %.
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6.1.5 Mono-quaternary permanently charged AChE reactivators

Synthesis of the key intermediate 166

(@) H (0]
N H2504( b N
B OH > s o~
= anhydrous MeOH; =
OH reflux; overnight 157 OH

Methyl 3-hydroxypyridine-2-carboxylate (157): Into an oven-dried flask was
added the starting compound 156 3-hydroxypyridine-2-carboxylic acid (9.75 g,
70.1 mmol) and the anhydrous solvent MeOH (120 mL) under the inert atmosphere
(Ar). Solution was heated to 80 °C. During the reflux and stiring, conc. H2SO4 (12 mL)
was added drop wise within 1 hour. The reaction mixture was stirred overnight
(20 hours). The solvent MeOH was evaporated and the mixture was drop wise
neutralized with saturated NaCOs3 up to pH = 8. The resulting mixture was extracted
with DCM 3x 200 mL and the organic layers were collected, dried with anhydrous
NaSOs and filtered. The filtrate was concentrated under reduced pressure to afford titled

product 157 (9.12 g, 85 % yield) as a white solid.

"H NMR (500 MHz, Chloroform-d) & 10.60 (s, 1H), 8.25 (dd, J = 4.2, 1.5 Hz, 1H),
7.40 (dd, J = 8.5, 4.2 Hz, 1H), 7.35 (dd, J = 8.5, 1.5 Hz, 1H), 4.03 (s, 3H). *C NMR
(126 MHz, cdcl3) & 169.75, 158.68, 141.37, 129.89, 129.50, 126.08, 53.04.

o o
N Br Br.__N
O/ S O

N

\ H,0: i
_ OH 20; RT, overnight Pz OH

157

Methyl 6-bromo-3-hydroxypyridine-2-carboxylate (158): The compound 157
(9.0 g, 58.8 mmol) was dissolved in H>O (110 mL) and cooled in ice bath at 0 °C.
During the vigorous stirring, Bra (11.28 g, 70.56 mmol) was added drop wise within
2 hours. The mixture was stirred at room temperature overnight (20 hours). The
resulting mixture was diluted with water (100 mL) and extracted with DCM 3x 200 mL.
The organic layers were collected, dried with anhydrous NaSO4 and filtered. The filtrate
was concentrated under reduced pressure to afford titled product 158 (10.96 g, 81 %
yield) as a yellow solid.

'H NMR (500 MHz, Chloroform-d) & 10.68 (s, 1H), 7.55 (d, J = 8.7 Hz, 1H), 7.27
(d, J=8.7 Hz, 1H), 4.04 (s, 3H).
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Methyl 3-(benzyloxy)-6-bromopyridine-2-carboxylate (159): The compound 158
(10.93 g, 47.32 mmol) and K>CO; (29.44 g, 213.0 mmol) was dissolved in acetone
(100 mL). Into the solution was added BnBr (24.3 g, 142.0 mmol) and the reaction was

stirred at room temperature overnight (20 hours). The mixture was filtered and the filter
cake was washed three times with 100 mL of DCM. The filtrate was concentrated under
reduced pressure and purified by column chromatography (PE/EA = 9:1) to afford title
product 159 (14.8 g, 97 % yield) as a yellow solid.

'H NMR (500 MHz, Chloroform-d) 8 7.50 (d, J = 8.8 Hz, 1H), 7.46 — 7.30 (m, 5H),
7.25 (d, J= 8.8 Hz, 1H), 5.21 (s, 2H), 3.97 (s, 3H).

(o} HO

Xx_ N
Br. Ny o Pd(PPh)4; Cul; EtsN N o~
‘/ o * //%%OH DCMIEtN; RT; overnight — 0/\©
159/\© 160
Methyl 3-(benzyloxy)-6-(5-hydroxypent-1-yn-1-yl)pyridine-2-carboxylate

(160): The compound 159 (10.19g, 31.63 mmol) and 4-pentyn-1-ol (2.79 g,
33.21 mmol) was dissolved in DCM/Et;N (2:1 = 300:150 mL). The solution was stirred
and bubbled with the Ar. After 1 hour, Cul (603 mg, 3.163 mmol) and Pd(PPh3)4
(1.826 g, 1.58 mmol) was sequentially added. The reaction was stirred and bubbled with
the Ar at room temperature for 20 hours. The resulting mixture was concentrated under
reduced pressure and purified by column chromatography (PE/EA=1:1 up to
PE/EA = 1:9) to afford title product 160 (10.163 g, 99 % yield) as brown viscous oil.

'H NMR (500 MHz, Chloroform-d) & 7.44 — 7.33 (m, 5H), 7.33 — 7.28 (m, 1H),
7.28 —7.24 (m, 1H), 5.17 (s, 2H), 3.93 (s, 3H), 3.75 (t, J= 6.2 Hz, 2H), 2.51 (t, J= 7.0
Hz, 2H), 1.87 — 1.78 (m, 2H). '3C NMR (126 MHz, cdcl3) & 164.70, 152.82, 135.36,
135.20, 131.88, 129.90, 128.58, 128.09, 126.77, 121.73, 89.72, 79.44, 70.68, 61.23,
52.56, 30.82, 15.77.

in DCM, dropwise
CBr,; PPh; pwise)

Y

anhydrous DCM; Ar; RT; 1 h
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Methyl 3-(benzyloxy)-6-(5-bromopent-1-yn-1-yl)pyridine-2-carboxylate (161):
Into an oven-dried flask was added the starting compound 160 (3.67 g, 11.28 mmol),
dissolved in DCM (20 mL) and the solution was cooled in ice bath to 0 °C under the
inert atmosphere (Ar). Into the solution was added CBrs (4.86 g, 14.66 mmol). In
another oven-dried flask was dissolved PPh3 (4.14 g, 15.8 mmol) in DCM (10 mL). The
solution of PPh; was then drop wise added into the mixture of CBr4 and the compound
160. The mixture was stirred at room temperature for 1 hour. The residue was
concentrated under reduced pressure and purified by column chromatography

(PE/EA = 3:1) to afford title product 161 (3.68 g, 84 % yield) as yellow viscous oil.

'H NMR (500 MHz, DMSO-ds) & 7.68 (d, J = 8.8 Hz, 1H), 7.61 (d, J = 8.8 Hz, 1H),
7.46 — 7.30 (m, 5H), 5.27 (s, 2H), 3.84 (s, 3H), 3.64 (t, J= 6.5 Hz, 2H), 2.59 (t, J = 6.9
Hz, 2H), 2.07 (p, J = 6.7 Hz, 2H). '*C NMR (126 MHz, dmso) & 165.22, 152.39, 140.65,
136.43, 134.30, 130.44, 128.97, 128.46, 127.70, 122.94, 88.36, 80.52, 70.41, 52.78,
34.13,31.38, 17.73.

on C (20%); H

2 Br ‘ N\ ol
MeOH/EA = 2:1; 1 h; RT ANoH
162

Pd(OH)2

Methyl  6-(5-bromopentyl)-3-hydroxypyridine-2-carboxylate  (162): The
compound 161 (3.27 g, 8.42 mmol) and Pd(OH). on C (20 %) (473 mg, 3.37 mmol) was
dried and dissolved in EA/MeOH (1:2 = 100:200 mL) in the round flask filled with Ar.
The atmosphere in the flask was multiple times removed and replaced with Ar. Same
procedure were also accomplished with H, atmosphere. The mixture was stirred for
1 hour under H; atmosphere. The mixture was filtered through a celite pad and the filter
cake was washed three times with 60 mL of EA. The filtrate was concentrated under

reduced pressure to afford title product 162 (2.47 g, 97 % yield) as a yellow oil.

'H NMR (500 MHz, DMSO-ds) § 7.40 (d, J = 8.6 Hz, 1H), 7.36 (d, J = 8.6 Hz, 1H),
3.88 (s, 3H), 3.51 (t, ] = 6.7 Hz, 2H), 2.67 (t, ] = 6.7 Hz, 2H), 1.81 (p, 2H), 1.62 (p, 2H),
1.40 (p, 2H); 3C NMR (126 MHz, dmso) & 168.39, 154.52, 152.98, 131.77, 128.64,
126.72, 52.83, 36.59, 35.54, 32.51, 28.86, 27.65;
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TBS-Tf (2 eq); 2,6-Lutidine (2 eq);

Br ‘N\ o~ - Br ‘ B ol
DCM; RT; 1h
1op 7 “OH 1637 OTBS
Methyl 6-(5-bromopentyl)-3-((tert-butyldimethylsilyl)oxy)pyridine-2-

carboxylate (163): Into an oven-dried flask was added the starting compound 162
(2.255 g, 7.46 mmol), dissolved in DCM (20 mL) and the solution was cooled in ice
bath to 0 °C under the inert atmosphere (Ar). 2,6-Lutidine (1.6 g, 14.92 mmol) and
TBDMSOTT (3.94 g, 14.92 mmol) was sequentially added and the mixture was stirred
up to RT for 30 min. The resulting mixture was diluted with water (100 mL) and
extracted with DCM 3x 60 mL. The organic layers were collected, dried with anhydrous
NaSO4 and filtered. The filtrate was concentrated under reduced pressure and purified
by column chromatography (PE/EA =7:1) to afford title product 163 (2.812 g, 91 %

yield) as a yellow oil.

'H NMR (500 MHz, Chloroform-d) § 7.18 — 7.10 (m, 2H), 3.93 (s, 3H), 3.40 (m,
2H), 2.83 — 2.72 (m, 2H), 1.94 — 1.84 (m, 2H), 1.77 — 1.68 (m, 2H), 1.56 — 1.45 (m,
2H), 1.00 (s, 9H), 0.92 (s, 6H); '3C NMR (126 MHz, cdcls) & 166.12, 154.33, 149.18,
141.14, 128.81, 125.53, 52.40, 37.18, 33.72, 32.59, 29.07, 27.83, 25.63, 25.51, 18.14;

1) DIBAL-H, DCM; -78 °C; 15 min

o 2) TBAF, THF; -20 °C; 10 min N oH
N _ 3)NH20H, absolute EtOH; 30 min; RT By N
Br ‘ B O ‘
- =
Z0TBS OH
163 166

6-(5-bromopentyl)-2-((1E)-(hydroxyimino)methyl)pyridin-3-ol (166):

A: Into an oven-dried flask was added the starting compound 163 (2.655 g,
6.376 mmol), dissolved in DCM (20 mL) and the solution was cooled in MeOH bath to
-78 °C under the inert atmosphere (Ar). The 1M solution of DIBAL-H in DCM (1.9 g,
13.39 mmol) was drop wise added and the mixture was stirred for 15 min at -78 °C.
Then, MeOH 9 mL was immediately poured into the mixture and the flask was taken
out of the bath, when it was out addition 30 % solution of Potassium sodium tartrate
(90 mL) was added. The mixture was vigorously stirred for 1 hour. Then, the mixture
was extracted with DCM 3x 100 mL. The organic layers were collected, dried with
anhydrous NaSOQs, filtered and concentrated under reduced pressure. The unpurified

product 164 was directly putted into the next reaction.
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B: The final mixture from previous reaction was dissolved in dried THF (20 mL)
and the solution was cooled in MeOH bath to -20 °C under the inert atmosphere (Ar).
The 1M solution of TBAF in THF (1.834 g, 7.014 mmol) was drop wise added and the
mixture was stirred for 10 min at -20 °C. The residue was diluted with water (100 mL)
and extracted with DCM 3x 60 mL. The organic layers were collected, dried with
anhydrous NaSOQs, filtered and concentrated under reduced pressure. The unpurified

product 165 was directly putted into the next reaction.

C: The final mixture from previous reaction was dissolved in absolute EtOH
(20 mL) and 50 % aqueous solution of NH2OH (421 mg, 12.752 mmol) was drop wise
added. The mixture was stirred at RT for 30 min. The resulting mixture was
concentrated under reduced pressure and purified by column chromatography

(PE/EA = 5:1) to afford title product 166 (944 mg, 52 % yield) as a white solid.

"H NMR (500 MHz, DMSO-ds) & 11.81 (s, 1H), 10.08 (s, 1H), 8.26 (s, 1H), 7.25 (d,
J=8.4Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 3.51 (t, ] = 6.7 Hz, 2H), 2.72 — 2.59 (m, 2H),
1.87 — 1.76 (m, 2H), 1.68 — 1.56 (m, 2H), 1.44 — 1.33 (m, 2H).; *C NMR (126 MHz,
dmso) & 152.82, 151.58, 151.22, 135.52, 124.21, 123.96, 36.42, 35.26, 32.25, 28.60,
27.36;

Synthesis of quinoline and isoquinoline PAS ligands

Phenylboronic acid, N
A Pd(PPhs)s, K2CO3 _N

_—
N .
= dioxane, reflux

167 Qi ‘ 168

1-phenylisoquinoline (168): 1-chloroisoquinoline (285 mg, 1.742 mmol), K>CO3
(722 mg, 5.226 mmol) and Pd(PPhs)s (61 mg, 0.052 mmol) was added into an
oven-dried flask and dissolved in dried dioxane (10 mL) under the inert atmosphere
(Ar). Into another oven-dried flask was phenylboronic acid (319 mg, 2.613 mmol)
added and dissolved in the dried dioxane (10 mL). Such solution was drop wise added
into mixture and the reaction was stirred and refluxed for 48 hours. The residue was
diluted with water (30 mL) and extracted with DCM 3x 20 mL. The organic layers were
collected, dried with anhydrous NaSOj4 and filtered. The filtrate was concentrated under
reduced pressure and purified by column chromatography (PE/EA = 8:1) to afford title
product 168 (268 mg, 75 % yield) as a yellowish solid.
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'H NMR (500 MHz, Chloroform-d) & 8.65 — 8.60 (m, 1H), 8.16 — 8.09 (m, 1H),
7.93 — 7.86 (m, 1H), 7.75 — 7.64 (m, 4H), 7.58 — 7.48 (m, 4H); 3C NMR (126 MHz,
cdels) & 160.75, 142.09, 139.45, 136.88, 130.06, 129.91, 129.37, 128.61, 128.35,
127.62, 127.20, 126.98, 126.74, 119.99, 115.53;

©\/j NaNO3, H,SO, /O\/j
N O,N N
H

H 169

170

7-nitro-1,2,3,4-tetrahydroquinoline (170): H>SOs (10 mL) was added into the
round flask and cooled in ice bath to 0 °C. 1,2,3,4-tetrahydroquinoline (1.06 g,
7.8 mmol) was drop wise added into the acid. After 1 hour, NaNO; (747 mg,
8.787 mmol) was added and the reaction was stirred at RT for 20 hours. The mixture
was slowly poured into the 20 % solution of NaOH (100 mL) cooled at 0 °C and
neutralized up to pH = 10. Then, extracted with DCM 3x 100 mL and the organic layers
were collected, dried with anhydrous NaSOs, filtered and concentrated under reduced

pressure to afford title product 170 (1.36 g, 98 %) as a brown solid.

'"H NMR (500 MHz, Chloroform-d) & 7.42 — 7.37 (m, 1H), 7.30 — 7.25 (m, 1H),
7.03 — 7.00 (m, 1H), 4.20 (bs, 1H), 3.38 — 3.33 (m, 2H), 2.81 (t, J = 6.4 Hz, 2H), 2.00 —
1.91 (m, 2H).;

/@\/j Pd on C (10 %), O, N
_ =
toluene, 200 °C ~
O,N H 170 O,5N N

7-nitroquinoline (171): The compound 170 (1.39 g, 7.8 mmol) and Pd on C (10 %)

171

(166 mg, 1.56 mmol) was dried and dissolved in toluene (50 mL) in the round flask
filled with Ar. The atmosphere in the flask was multiple times removed and replaced
with Ar. Same procedure were also accomplished with O, atmosphere. The mixture was
stirred for 1 hour under O, atmosphere. The mixture was filtered through a celite pad
and the filter cake was washed three times with 30 mL of EA. The filtrate was
concentrated under reduced pressure to afford title product 171 (801 mg, 59 % yield) as

an orange solid.

'H NMR (500 MHz, Chloroform-d) & 9.15 — 9.08 (m, 1H), 9.05 — 9.00 (m, 1H),
8.37 — 8.32 (m, 1H), 8.32 — 8.24 (m, 1H), 8.03 — 7.96 (m, 1H), 7.64 — 7.56 (m, 1H);

AN SnCl,.2H,0 AN
ON N/ . absolute EtOH, reflux HoN N/

7 2
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Quinolin-7-amine (172): The compound 171 (196 mg, 1.1254 mmol) was
dissolved in absolute EtOH (20 mL). SnCl>.2H>O (1.016 g, 4.5 mmol) was added and
the reaction was stirred and refluxed for 15 hours. The absolute EtOH was evaporated
under the reduced pressure and the residue was diluted with 2M solution of NaOH
(40 mL). The mixture was extracted with DCM 3x 30 mL. The organic layers were
collected, dried with anhydrous NaSOj4 and filtered. The filtrate was concentrated under
reduced pressure and purified by column chromatography (PE/EA = 1:1) to afford title
product 172 (62 mg, 38 % yield) as a red solid.

'H NMR (500 MHz, Chloroform-d) & 8.92 — 8.81 (m, 1H), 8.20 — 8.11 (m, 1H),
7.62 — 7.45 (m, 2H), 7.37 — 7.22 (m, 1H), 6.88 — 6.72 (m, 1H), 4.24 (bs, 2H); 3C NMR
(126 MHz, cdclz) & 150.06, 148.95, 142.29, 129.96, 129.54, 119.86, 119.45, 118.61,
109.88;

NaNO;, H,SO,4

NH
©:>NH o N/©©

2
173 174

7-nitro-1,2,3,4-tetrahydroisoquinoline (174): H>SO4 (10 mL) was added into the
round flask and cooled in ice bath to 0 °C. 1,2,3,4-tetrahydroisoquinoline (1.06 g,
7.8 mmol) was drop wise added into the acid. After 1 hour, NaNO3 (747 mg,
8.787 mmol) was added and the reaction was stirred at RT for 20 hours. The mixture
was slowly poured into the 20 % solution of NaOH (100 mL) cooled at 0 °C and
neutralized up to pH = 10. Then, extracted with DCM 3x 100 mL and the organic layers
were collected, dried with anhydrous NaSQOs, filtered and concentrated under reduced

pressure to afford title product 174 (1.28 g, 95 %) as a brown solid.

'H NMR (500 MHz, Chloroform-d) & 7.99 — 7.94 (m, 1H), 7.91 — 7.87 (m, 1H),
7.25-7.21 (m, 1H), 4.10 — 4.07 (m, 2H), 3.19 — 3.12 (m, 2H), 2.92 — 2.86 (m, 2H);

/@@ Pd on C (10 %), O, /@é
ON NH " toluene,200°C  O,N N

2
174 175

7-nitroquinoline (175): The compound 174 (1.26 g, 7.07 mmol) and Pd on C
(10 %) (150 mg, 1.40 mmol) was dried and dissolved in toluene (50 mL) in the round
flask filled with Ar. The atmosphere in the flask was multiple times removed and
replaced with Ar. Same procedure were also accomplished with O atmosphere. The

mixture was stirred for 1 hour under O, atmosphere. The mixture was filtered through a
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celite pad and the filter cake was washed three times with 30 mL of EA. The filtrate was
concentrated under reduced pressure to afford title product 175 (326 mg, 26 % yield) as

an orange solid.

'H NMR (500 MHz, Chloroform-d) & 9.48 (s, 1H), 9.00 — 8.92 (m, 1H), 8.83 — 8.71
(m, 1H), 8.53 — 8.43 (m, 1H), 8.01 (d, J = 9.0 Hz, 1H), 7.83 — 7.74 (m, 1H); *C NMR
(126 MHz, cdcls) 06 154.25, 146.48, 138.17, 128.54, 127.19, 124.42, 123.74, 120.29;
m SnC|2.2HZO /@i/\‘
ON _N absolute EtOH, reflux HN _N

2 2
175 176

Isoquinolin-7-amine (176): The compound 175 (169 mg, 0.97 mmol) was
dissolved in absolute EtOH (20 mL). SnCl>.2H>0 (876 mg, 3.88 mmol) was added and
the reaction was stirred and refluxed for 15 hours. The absolute EtOH was evaporated
under the reduced pressure and the residue was diluted with 2M solution of NaOH
(40 mL). The mixture was extracted with DCM 3x 30 mL. The organic layers were
collected, dried with anhydrous NaSO4 and filtered. The filtrate was concentrated under
reduced pressure and purified by column chromatography (PE/EA = 1:1) to afford title
product 176 (70 mg, 50 % yield) as a red solid.

'"H NMR (500 MHz, Methanol-dy) & 8.85 (s, 1H), 8.14 — 8.04 (m, 1H), 7.71 — 7.62
(m, 1H), 7.61 — 7.53 (m, 1H), 7.30 — 7.22 (m, 1H), 7.13 — 7.02 (m, 1H); '3C NMR (126
MHz, cdsod) 6 150.48, 149.20, 138.66, 132.18, 131.10, 128.51, 124.68, 122.14, 107.08;

N Phenylboronic acid, X
TFA, AgNO3, K»S,05 !
O.N ~N O,N Z

2 DCM/H,0

175 O
177

7-nitro-1-phenylisoquinoline (177): The compound 175 (420 mg, 2.4 mmol),
phenylboronic acid (439 mg, 3.6 mmol), TFA (301 mg, 2.64 mmol), AgNO; (82 mg,
0.48 mmol) and K>S0 (1.95g, 7.2mmol) was dissolved in DCM/H,O

(2:1=20:10 mL) and the mixture was vigorously stirred for 48 hours at RT. The
resulting mixture was diluted with small portion of saturated Na;COs (5 mL) and water
(40 mL) and extracted with DCM 3x 30 mL. The organic layers were collected, dried
with anhydrous NaSOs4 and filtered. The filtrate was concentrated under reduced
pressure and purified by column chromatography (PE/EA = 5:1) to afford title product
177 (235 mg, 39 % yield) as an orange solid.
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'H NMR (500 MHz, Chloroform-d) & 9.10 — 9.05 (m, 1H), 8.84 — 8.79 (m, 1H),
8.52 — 8.44 (m, 1H), 8.08 — 8.03 (m, 1H), 7.80 — 7.75 (m, 1H), 7.75 — 7.70 (m, 2H), 7.65
— 7.54 (m, 3H); C NMR (126 MHz, cdcls) 5 162.99, 145.55, 139.42, 138.07, 129.96,
129.58, 128.93, 128.85, 125.41, 124.70, 123.48, 119.48;

SnCI2.2H20

absolute EtOH, reflux
H,oN

177

1-phenylisoquinolin-7-amine (178): The compound 177 (175 mg, 0.699 mmol)
was dissolved in absolute EtOH (20 mL). SnCl>.2H>0 (631 mg, 2.8 mmol) was added
and the reaction was stirred and refluxed for 15 hours. The absolute EtOH was
evaporated under the reduced pressure and the residue was diluted with 2M solution of
NaOH (40 mL). The mixture was extracted with DCM 3x 30 mL. The organic layers
were collected, dried with anhydrous NaSO4 and filtered. The filtrate was concentrated
under reduced pressure and purified by column chromatography (PE/EA =3:1) to
afford title product 178 (143 mg, 93 % yield) as a red solid.

"H NMR (500 MHz, Chloroform-d) & 8.41 — 8.35 (m, 1H), 7.73 — 7.64 (m, 3H),
7.57 — 7.43 (m, 4H), 7.18 — 7.15 (m, 1H), 7.14 — 7.10 (m, 1H); '3C NMR (126 MHz,
cdels) & 15829, 14539, 139.95, 139.06, 131.05, 130.73, 129.69, 128.33, 128.27,
128.25, 122.08, 119.88, 107.27;

NH,OH.HCI;
N CSzCO3; FeC|3 NN
—_—
_ H,0; RT = 40 %
180
o 0 HN- N0

Isoquinoline-5-carboxamide (180): Isoquinoline-5-carbaldehyde (184 mg;
1.17 mmol); FeCl3 (10 mg; 0.06 mmol); NH>OH.HCI (81 mg; 1.17 mmol) and Cs2COs
(381 mg; 1.17 mmol) were dissolved in H>O (5 mL) and heated to 110 °C for 2 days.
The resulting residue was diluted with H>O (15 mL) and three times extracted with EA
(3x 15mL). The organic layers were collected, dried with anhydrous NaSOs and
filtered. The filtrate was concentrated under reduced pressure and purified by column
chromatography using mobile phase DCM/MeOH (15:1) to afford title product 180
(81 mg, 40 % yield) as a red solid.

174



'H NMR (500 MHz, Methanol-ds) § 9.32 — 9.25 (m, 1H), 8.53 — 8.46 (m, 1H), 8.32
— 825 (m, 1H), 8.26 — 8.18 (m, 1H), 8.06 — 8.00 (m, 1H), 7.77 — 7.66 (m, 1H). 13C
NMR (126 MHz, cdsod) & 172.98, 153.67, 143.80, 134.45, 133.85, 131.77, 131.61,
130.22, 128.01, 120.05.

NH,OH.HCI;
XN Cs,COg; FeClg ~N 159
(o]
—_—
= H-O)-
20; RT
181 182

Isoquinoline-4-carboxamide (182): Isoquinoline-4-carbaldehyde (220 mg;
1.4 mmol); FeCls (23 mg; 0.14 mmol); NH,OH.HCI (146 mg; 2.1 mmol) and Cs2CO3
(684 mg; 2.1 mmol) were dissolved in H>O (8 mL) and heated to 110 °C for 2 days. The
resulting residue was diluted with H>O (15 mL) and three times extracted with DCM
(3x 15mL). The organic layers were collected, dried with anhydrous NaSOs and
filtered. The filtrate was concentrated under reduced pressure and purified by column
chromatography using mobile phase DCM/MeOH (9:1) to afford title product 182
(36 mg, 15 % yield) as a red solid.

"H NMR (500 MHz, Methanol-ds) & 9.31 (s, 1H), 8.64 (s, 1H), 8.42 — 8.33 (m, 1H),
8.20 — 8.12 (m, 1H), 7.92 — 7.83 (m, 1H), 7.78 — 7.70 (m, 1H). *C NMR (126 MHz,
cdsod) & 162.68, 146.28, 132.51, 124.91, 123.87, 120.62, 120.13, 120.04, 119.74,
116.32.

The N-alkylation coupling of intermediate 166 and PAS ligands

R
R N X
N ; ;
Br 5 X7 NOH + l,’ //\‘ Mw " H+ N
|/ . | MeCN, 90 °C, 24 h e 1l X NOH
OH ' |
. P
166 OH
Yield 25 - 84 %
Table 4
183 - 197

The compound 166 (1.0 eq) and the PAS ligand (2.0 eq) was dissolved in dried
MeCN (2 mL) and challenged by microwave irradiation with settings: dynamic curve,
power max cap 100 W, pressure max cap 300 PSI, at 90 °C for 24 hours. The solvent
was evaporated under reduced pressure and the mixture was purified with column

chromatography up to 3 times to afford title products.
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183

2-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridine-2-
yDpentyl)isoquinolin-2-ium bromide (183): The resulting residue was purified by
column chromatography using mobile phase DCM/MeOH (9:1) to afford title product
183 as yellowish oil. Yield 35 %.

'H NMR (500 MHz, Methanol-ds) § 9.9 (s, 1H), 8.72 — 8.68 (m, 1H), 8.51 — 8.4
(m, 2H), 8.33 — 8.28 (m, 1H), 8.26 — 8.21 (m, 1H), 8.19 (s, 1H), 8.09 — 8.03 (m, 1H),
7.20 (d, J = 8.5 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 4.80 (t, J = 7.5 Hz, 2H), 2.73 (t, J =
7.5 Hz, 2H), 2.21 — 2.12 (m, 2H), 1.82 — 1.74 (m, 2H), 1.49 — 1.41 (m, 2H).; 3*C NMR
(126 MHz, cdsod) 6 152.79, 152.30, 151.31, 149.52, 137.55, 136.96, 134.79, 134.37,
131.23, 130.15, 127.78, 127.15, 126.18, 124.61, 124.06, 61.31, 35.89, 30.59, 28.92,
25.10.; HRMS (ESI'): [M+2H]*": calculated for CaoH23N302*" (m/z): 168.5890;
detected: 168.58893. LC-MS > 95 %

184 ZSOH

2-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridine-2-yl)pentyl)-1-
phenylisoquinolin-2-ium bromide (184): The resulting residue was purified by
column chromatography using mobile phase DCM/MeOH (9:1) to afford title product
184 as yellowish oil. Yield 38 %.

'H NMR (500 MHz, Methanol-d) 8 8.99 — 8.80 (m, 1H), 8.67 — 8.52 (m, 1H), 8.42
— 8.32 (m, 1H), 8.26 — 8.17 (m, 2H), 7.96 — 7.85 (m, 1H), 7.84 — 7.72 (m, 3H), 7.72 —
7.64 (m, 3H), 7.24 (d, J = 8.5 Hz, 1H), 7.09 (d, J = 8.5 Hz, 1H), 4.60 — 4.41 (m, 2H),
2.63 (t, ] = 7.5 Hz, 2H), 2.05 — 1.85 (m, 2H), 1.68 — 1.49 (m, 2H), 1.45 — 1.18 (m, SH);
13C NMR (126 MHz, cdsod) § 160.72, 154.05, 153.66, 152.73, 139.34, 137.65, 136.36,
136.16, 132.78, 132.50, 131.30, 130.65, 130.59, 130.40, 129.94, 128.83, 127.29,
125.93, 125.36, 60.17, 37.12, 31.75, 30.03, 26.62; HRMS (ESI"): [M+2H]*": calculated
CasH27N3022" (m/z): 206.6046; detected: 206.60463. LC-MS > 96 %

HoN Br°
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7-amino-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
yl)pentyl)quinolin-1-ium bromide (185): The resulting residue was purified by
column chromatography using mobile phase DCM/MeOH (9:1) to afford title product
185 as yellowish oil. Yield 32 %.

"H NMR (500 MHz, Methanol-dy) § 8.79 — 8.72 (m, 1H), 8.63 — 8.57 (m, 1H), 8.23
(s, 1H), 7.98 — 7.93 (m, 1H), 7.41 — 7.37 (m, 1H), 7.33 — 7.29 (m, 1H), 7.24 (d, J = 8.5
Hz, 1H), 7.14 (d, ] = 8.5 Hz, 1H), 7.12 — 7.09 (m, 1H), 4.67 (t, J = 7.5 Hz, 3H), 2.74 (t,
J = 7.6 Hz, 2H), 2.09 — 1.96 (m, 3H), 1.86 — 1.72 (m, 3H), 1.56 — 1.42 (m, 3H); 1°C
NMR (126 MHz, cdsod) 8 158.01, 154.18, 153.74, 152.73, 146.76, 145.58, 142.99,
136.20, 133.61, 128.77, 126.01, 125.41, 125.35, 122.61, 115.95, 115.02, 57.59, 37.35,
30.39, 29.37, 26.79; HRMS (ESI"): [M+2H]*": calculated for CaoHxN4O2** (m/z):
176.0944; detected: 176.09436. LC-MS > 95 %

@
H,N ¢ N_~y-OH
‘ — 186 ‘ Pz

7-amino-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
yl)pentyl)isoquinolin-2-ium bromide (186): The resulting residue was purified by
column chromatography using mobile phase DCM/MeOH (9:1) to afford title product
186 as yellowish oil. Yield 84 %.

'H NMR (500 MHz, Methanol-ds) & 9.41 — 9.34 (m, 1H), 8.22 — 8.19 (m, 1H), 8.19
—8.18 (m, 1H), 8.09 — 8.05 (m, 1H), 7.89 — 7.84 (m, 1H), 7.61 — 7.53 (m, 1H), 7.21 —
7.19 (m, 1H), 7.18 (d, J = 8.5 Hz, 1H), 7.11 (d, J = 8.5 Hz, 1H), 4.64 (t, J = 7.5 Hz, 3H),
2.68 (t,J =7.6 Hz, 3H), 2.16 — 2.02 (m, 2H), 1.78 — 1.66 (m, 3H), 1.44 — 1.36 (m, 1H);
3C NMR (126 MHz, cdsod) § 152.80, 152.27, 151.35, 151.32, 144.86, 134.72, 130.42,
130.14, 129.39, 128.27, 127.90, 125.45, 124.64, 124.09, 105.06, 60.91, 35.96, 30.70,
28.96, 25.18; HRMS (ESI"): [M+2H]*": calculated for C20H2aN4O2*" (m/z): 176.0944;
detected: 176.0943. LC-MS > 95 %

7-amino-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-yl)pentyl)-1-

phenylisoquinolin-2-ium bromide (187): The resulting residue was purified by
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column chromatography using mobile phase DCM/MeOH (9:1) to afford title product
187 as yellowish oil. Yield 25 %.

'H NMR (500 MHz, Methanol-dy) § 8.39 — 8.35 (m, 1H), 8.23 (s, 1H), 8.21 — 8.18
(m, 1H), 8.03 — 7.97 (m, 1H), 7.75 — 7.70 (m, 3H), 7.60 — 7.53 (m, 3H), 7.24 (d, ] = 8.5
Hz, 1H), 7.08 (d, J = 8.5 Hz, 1H), 6.53 — 6.50 (m, 1H), 4.38 — 4.31 (m, 2H), 2.61 (1, J =
7.6 Hz, 2H), 1.95 — 1.85 (m, 1H), 1.60 — 1.48 (m, 2H), 1.27 — 1.18 (m, 1H); 3C NMR
(126 MHz, cdsod) & 154.56, 152.71, 152.35, 151.51, 151.39, 134.84, 131.30, 130.90,
130.79, 130.21, 130.00, 129.32, 128.98, 12834, 127.61, 125.15, 124.58, 123.98,
105.56, 58.38, 35.77, 30.41, 28.69, 25.26; HRMS (ESI'): [M+2H]*": calculated for
Ca6H2sN4O22" (m/z): 214.1101; detected: 214.11003. LC-MS > 98 %.

Br

‘ \N+WNOH
= = OH
188
07 “NH,

S-carbamoyl-2-(5-{5-hydroxy-6-[(1E)-(hydroxyimino)methyl]pyridin-2-
yl}pentyl)isoquinolin-2-ium bromide (188): The resulting residue was filtered through
silica gel pad with acetone to get rid of starting compounds and site products and then

washed by MeOH to afford tittle product 188 as white solid. Yield 45 %.

'H NMR (500 MHz, Methanol-ds) § 10.00 (d, J = 1.4 Hz, 1H), 8.95 (d, J = 7.1 Hz,
1H), 8.73 (dd, J=17.1, 1.5 Hz, 1H), 8.58 (dd, /= 8.4, 1.1 Hz, 1H), 8.47 (dd, J=7.3, 1.1
Hz, 1H), 8.25 (s, 1H), 8.11 (dd, /= 8.3, 7.3 Hz, 1H), 7.26 (d, /= 8.5 Hz, 1H), 7.16 (d, J
= 8.5 Hz, 1H), 4.78 (t, J = 7.5 Hz, 2H), 2.76 (t, J = 7.6 Hz, 2H), 2.25 — 2.13 (m, 2H),
1.81 (p, J = 7.6 Hz, 2H), 1.51 — 1.43 (m, 2H). 3C NMR (126 MHz, cdsod) & 169.45,
152.74, 152.39, 151.21, 149.90, 135.89, 135.05, 134.86, 132.90, 132.62, 130.48,
128.36, 124.69, 124.37, 124.02, 61.36, 35.84, 30.48, 28.94, 25.14. HRMS (ESI"):
[M+2H]*": calculated for CaiHxNsO3** (m/z): 190.0919; detected: 190.09212.
LC-MS > 98 %

Br
| \/N+W\EN;(;_|NOH
189

07 >NH,

4-carbamoyl-2-(5-{5-hydroxy-6-[(1E)-(hydroxyimino)methyl]|pyridin-2-
yl}pentyl)isoquinolin-2-ium bromide (189): The resulting residue was filtered through
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silica gel pad with acetone to get rid of starting compounds and site products and then

washed by MeOH to afford tittle product 189 as white solid. Yield 29 %.

'H NMR (500 MHz, Methanol-ds) & 10.03 (s, 1H), 8.99 (d, J= 1.3 Hz, 1H), 8.59 (d,
J=8.6 Hz, 1H), 8.57 — 8.51 (m, 1H), 8.32 — 8.24 (m, 1H), 8.23 (s, 1H), 8.12 — 8.05 (m,
1H), 7.23 (d, J = 8.5 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 4.82 (t, J= 7.6 Hz, 2H), 2.73 (t,
J=17.6 Hz, 2H), 2.22 — 2.13 (m, 2H), 1.83 — 1.74 (m, 2H), 1.52 — 1.43 (m, 2H). 13C
NMR (126 MHz, cdsod) § 167.58, 154.16, 153.77, 152.54, 139.02, 136.27, 135.96,
134.95, 134.21, 132.68, 132.37, 129.61, 126.59, 126.06, 125.40, 62.95, 37.34, 31.88,
30.40, 26.58. HRMS (ESI"): [M+2H]?*: calculated for C21H23N4O32* (m/z): 190.0919;
detected: 190.09209. LC-MS > 99 %.

Bre
®
‘ \N/\/\/\E'\‘rN/OH
(0]
& 190 Z0H
NH,

4-carbamoyl-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
yDpentyl)pyridin-1-ium bromide (190): The resulting residue was purified by column
chromatography using mobile phase MeOH (alone) to afford title product 190 as
yellowish foam. Yield 70 %.

'H NMR (500 MHz, Methanol-ds) § 9.21 — 9.12 (m, 2H), 8.50 — 8.40 (m, 2H), 8.28
(s, 1H), 7.28 (d, J = 8.5 Hz, 1H), 7.17 (d, J = 8.5 Hz, 1H), 4.78 — 4.63 (m, 2H), 2.85 —
2.66 (m, 2H), 2.19 — 2.05 (m, 2H), 1.84 — 1.71 (m, 2H), 1.52 — 1.39 (m, 2H).; 3C NMR
(126 MHz, cdszod) & 171.56, 164.39, 152.78, 152.40, 151.33, 148.98, 145.54, 13491,
126.07, 124.66, 124.03, 61.67, 35.91, 28.96, 25.14, 19.47;; HRMS (ESI"): [M+2H]*":
calculated for C17H22N403%" (m/z): 165.0840; detected: 164.08406. LC-MS > 96 %

B re

3-carbamoyl-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
yl)pentyl)pyridin-1-ium bromide (191): The resulting residue was precipitated from
MeCN to afford title product 191 as white solid. Yield 55 %.

'H NMR (500 MHz, Methanol-ds) 8 9.51 — 9.44 (m, 1H), 9.19 — 9.12 (m, 1H), 9.00

— 8.94 (m, 1H), 8.28 (s, 1H), 8.25 — 8.18 (m, 1H), 7.35 — 7.26 (m, 1H), 7.19 (d, J = 8.5
Hz, 1H), 4.72 (t, ] = 7.7 Hz, 2H), 2.76 (t, ] = 7.7 Hz, 2H), 2.18 — 2.07 (m, 2H), 1.86 —
1.73 (m, 2H), 1.52 — 1.41 (m, 2H); '3C NMR (126 MHz, cdsod) & 163.72, 152.72,
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152.42, 151.09, 146.22, 144.59, 143.58, 134.83, 134.55, 127.95, 124.84, 124.09, 61.98,
35.81, 30.68, 28.96, 25.13; HRMS (ESI"): [M+2H]*": calculated for Ci7H22N4O5%"
(m/z): 165.0840; detected: 164.08406. LC-MS > 96 %

Bre
@
/@/\/\/\ﬁrN/OH
HaC = 192 Z~OH

1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-yl)pentyl)-4-
methylpyridin-1-ium bromide (192): The resulting residue was purified by column
chromatography using mobile phase DCM/MeOH (9:1) to afford title product 192 as
yellowish oil. Yield 40 %.

"H NMR (500 MHz, Methanol-dy) & 8.91 — 8.77 (m, 2H), 8.25 (s, 1H), 8.00 — 7.86
(m, 2H), 7.26 (d, J = 8.5 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 4.61 (t, ] = 7.5 Hz, 2H), 2.77
—2.70 (m, 2H), 2.68 (s, 3H), 2.11 — 1.98 (m, 2H), 1.82 — 1.69 (m, 2H), 1.48 — 1.33 (m,
2H); 13C NMR (126 MHz, cdsod) & 159.73, 152.87, 152.33, 151.40, 143.51, 134.80,
128.51, 124.69, 124.17, 60.60, 35.91, 30.63, 28.91, 25.01, 20.74; HRMS (ESI"):
[M+2H]*": calculated for Ci7H23N302*" (m/z): 150.5890; detected: 150.58897.
LC-MS >95 %

Bre

@
‘ N ‘N\ \N”OH
_— 193 Pz OH

4-tert-butyl-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
y)pentyl)pyridin-1-ium bromide (193): The resulting residue was purified by column
chromatography using mobile phase DCM/MeOH (9:1) to afford title product 193 as
yellowish oil. Yield 46 %.

"H NMR (500 MHz, Methanol-dy) & 8.94 — 8.86 (m, 2H), 8.27 (s, 1H), 8.15 — 8.07
(m, 2H), 7.26 (d, J = 8.5 Hz, 1H), 7.17 (d, J = 8.5 Hz, 1H), 4.62 (t, ] = 7.5 Hz, 2H), 2.74
(t, J =7.5 Hz, 2H), 2.12 — 2.01 (m, 2H), 1.82 — 1.73 (m, 2H), 1.44 (s, 9H), 1.42 — 1.34
(m, 2H).; *C NMR (126 MHz, cdsod) & 171.20, 152.84, 152.34, 151.43, 143.84,
134.84, 125.15, 124.65, 124.13, 60.49, 36.16, 35.90, 30.56, 28.88, 25.00; HRMS
(ESI"): [M+2H]*": calculated for C20H20N302?" (m/z): 171.6124; detected: 171.6124.
LC-MS >96 %
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1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-yl)pentyl)pyridin-1-
ium bromide (194): The resulting residue was purified by column chromatography

using mobile phase DCM/MeOH (9:1) to afford title product 194 as yellowish oil. Yield
55 %.

'H NMR (500 MHz, Methanol-ds) & 9.11 — 9.05 (m, 2H), 8.67 — 8.57 (m, 1H), 8.26
(s, 1H), 8.18 — 8.10 (m, 2H), 7.27 (d, J = 8.5 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 4.70 (t,J
=7.6 Hz, 2H), 2.74 (t, ] = 7.6 Hz, 2H), 2.13 — 2.04 (m, 2H), 1.83 — 1.72 (m, 2H), 1.48 —
1.39 (m, 2H); 3C NMR (126 MHz, cdsod) § 152.86, 152.35, 151.39, 145.47, 144.60,
134.83, 128.13, 124.70, 124.15, 61.53, 35.96, 30.82, 28.96, 25.12; HRMS (ESI"):
[M+2H]*": calculated for CicH2iN3O2*" (m/z): 143.5811; detected: 143.58113.
LC-MS > 95 %

Bre
\'\(’? N\ \N/OH
4-hydroxy-1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-
y)pentyl)pyridin-1-ium bromide (195): The resulting residue was purified by column

chromatography using mobile phase DCM/MeOH (9:1) to afford title product 195 as
yellowish oil. Yield 46 %.

"H NMR (500 MHz, Methanol-d,) § 8.29 (s, 1H), 7.82 — 7.77 (m, 2H), 7.26 (d, J =
8.5 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 6.46 — 6.42 (m, 2H), 3.98 (t, ] = 7.2 Hz, 2H), 2.78
— 2.68 (m, 2H), 1.89 — 1.80 (m, 2H), 1.78 — 1.69 (m, 2H), 1.41 — 1.31 (m, 2H); *C
NMR (126 MHz, cdzod) 6 180.67, 154.30, 153.80, 152.78, 143.14, 136.32, 126.00,
125.36, 118.35, 58.05, 37.46, 31.61, 30.46, 26.57; HRMS (ESI"): [M+2H]*": calculated
for C16H21N303%" (m/z): 151.5786; detected: 151.57855. LC-MS > 97 %

Bre
N % N\ \N’OH
~

1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-yl)pentyl)-4-

(methoxycarbonyl)pyridin-1-ium bromide (196): The resulting residue was purified
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by column chromatography using mobile phase DCM/MeOH (9:1) to afford title
product 196 as yellowish oil. Yield 41 %.

'H NMR (500 MHz, Methanol-ds) & 9.30 — 9.21 (m, 2H), 8.63 — 8.47 (m, 2H), 8.25
(s, 1H), 7.26 (d, J = 8.5 Hz, 1H), 7.18 (d, ] = 8.5 Hz, 1H), 4.83 (s, SH), 4.77 (t,J = 7.6
Hz, 2H), 2.75 (t, J = 7.6 Hz, 2H), 2.16 — 2.06 (m, 2H), 1.78 (m, 2H), 1.50 — 1.41 (m,
2H); 3C NMR (126 MHz, cdsod) § 162.25, 152.82, 152.37, 151.35, 145.99, 144.73,
134.84, 128.39, 127.35, 127.29, 124.69, 124.13, 61.98, 35.89, 33.34, 30.79, 28.91,
25.07; HRMS (ESI"): [M+2H]*": calculated for CisHxN3;O4** (m/z): 172.5839;
detected: 172.58376. LC-MS > 95 %

1-(5-(5-hydroxy-6-((1E)-(hydroxyimino)methyl)pyridin-2-yl)pentyl)-4-
phenylpyridin-1-ium bromide (197): The resulting residue was purified by column
chromatography using mobile phase DCM/MeOH (9:1) to afford title product 197 as
yellowish oil. Yield 80 %.

'H NMR (500 MHz, Methanol-dy) & 9.07 — 8.99 (m, 2H), 8.42 — 8.34 (m, 2H), 8.24
(s, 1H), 8.01 — 7.94 (m, 2H), 7.66 — 7.57 (m, 3H), 7.23 (d, J = 8.5 Hz, 1H), 7.16 (d, ] =
8.5 Hz, 1H), 4.67 (t, J = 7.5 Hz, 3H), 2.75 — 2.69 (m, 2H), 2.17 — 2.06 (m, 2H), 1.84 —
1.72 (m, 2H), 1.50 — 1.41 (m, 2H); '3C NMR (126 MHz, cdsod) & 156.25, 152.85,
152.31, 151.42, 144.47, 134.81, 133.71, 132.03, 129.57, 127.81, 124.69, 124.15, 60.59,
35.99, 30.70, 28.97, 25.15; HRMS (ESI*): [M+2H]*": calculated for CaHasN30.%*
(m/z): 181.5968; detected: 181.5968. LC-MS > 96 %

6.1.6 Tacroximes
Preparation of N-Acetyl tacrine

N-(1,2,3,4-tetrahydroacridin-9-yl)acetamide (250):

Ny AcCl: TEA AN
| HCIH 0O ————» |

= DCM; Ar; RT =
NH, HN_ O

249 \f 250
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1,2,3,4-tetrahydroacridin-9-amine hydrochloride hydrate (249; 1.97 mmol; 1.0 eq) was
suspended in anhydrous dichloromethane (DCM; 10 mL) under Ar and acetyl chloride
(2.17mmol; 1.1 eq) was added. After 10 min of stirring triethylamine (TEA;
5.91 mmol; 3.0 eq) was drop wise introduced and the reaction mixture was stirred at
room temperature (RT) overnight. The result was diluted with saturated sodium
bicarbonate and washed three times with DCM (3x 30 mL). The organic phases were
collected, dried with anhydrous sodium sulfate (Na>SQOs), filtered and concentrated
under reduced pressure. The residue was purified by column chromatography using
mobile phase DCM and methanol (DCM/MeOH = 40:1) to give crude product 250
(38 mg; 8 %) as sharp yellow solid.

'"H NMR (500 MHz, DMSO-des) 8 11.04 (s, 1H), 7.94 (dd, J = 8.5, 1.3 Hz, 1H), 7.88
(dd, J= 8.5, 1.3 Hz, 1H), 7.63 (ddd, J = 8.2, 6.7, 1.3 Hz, 1H), 7.49 (ddd, J = 8.2, 6.7,
1.3 Hz, 1H), 3.02 (t, J = 6.1 Hz, 2H), 2.83 (t, J = 6.1 Hz, 2H), 2.20 (s, 3H), 1.89 — 1.79
(m, 4H). 3C NMR (126 MHz, dmso) § 171.56, 158.47, 145.77, 138.37, 129.96, 128.74,
128.31, 126.74, 125.81, 123.85, 35.38, 33.95, 25.11, 22.69, 22.38. HRMS (ESI"): [M]":
calculated for CisH17N20" (m/z): 241.1335; found: 241.13329. LC-MS purity > 95 %.

General Procedure and Spectral Data for Tacroxime 1 (204)

Ethyl 9-0x0-5,6,7,8,9,10-hexahydroacridine-2-carboxylate (200):

o) O O 1. toluene 0 0
2. diphenyl ether
~Q,, 7 e SN0
N
NH
198 2 199 200 H

Benzocaine (198; 87.8 mmol; 1.0 eq) and ethyl 2-oxocyclohexanecarboxylate (199;
96.6 mmol; 1.1 eq) were dissolved in toluene (150 mL) under Ar atmosphere. The
mixture was heated to 150 °C and stirred for 16 hours under Dean-Stark apparatus.
Toluene was removed by evaporation under reduced pressure and the residue was
mixed with diphenylether (75 mL). The resulting mixture was heated to 230 °C for 2
hours under modified Dean-Stark apparatus. After cooling, the mixture was diluted with
heptane (75 mL). The resulting precipitate was filtrated and washed with additional
heptane (3x 100 mL) to give the crude product 200 (19.381 g; 81 % yield) as yellowish
solid.
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'H NMR (500 MHz, DMSO-ds) § 11.61 (s, 1H), 8.68 (d, J = 2.1 Hz, 1H), 8.07 (dd, J =
8.7, 2.1 Hz, 1H), 7.53 (d, J = 8.7 Hz, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.70 (t, J = 6.2 Hz,
2H), 2.43 (t, J = 6.2 Hz, 2H), 1.81 — 1.73 (m, 2H), 1.73 — 1.66 (m, 2H), 1.34 (t, J = 7.1
Hz, 3H). '3C NMR (126 MHz, DMSO) & 176.07, 165.60, 147.83, 142.19, 130.97,
127.63, 123.38, 122.49, 118.12, 117.08, 60.84, 27.29, 21.82, 21.75, 21.52, 14.41.

Ethyl 9-chloro-5,6,7,8-tetrahydroacridine-2-carboxylate (201):

O Cl

(0] (0]
POCI;; reflux N
~Aey B D)
N/

200 N 201

The compound 200 (18.8 mmol; 1.0 eq) was dissolved with phosphoryl chloride
(POCl3; 188.0 mmol; 10.0 eq) in oven-dried round-bottom flask under Ar atmosphere.
The mixture was heated to 140 °C for 1 hour. POCl3 was then distillated under reduced
pressure and the residue was diluted with dichloromethane (DCM; 100 mL). The
resulting solution was slowly poured in glacial H>O (100 mL) and then neutralized with
ammonium hydroxide 25 % solution to basic pH (pH > 12). The mixture was 3x
extracted with DCM (3x 100 mL) and organics were collected, dried with anhydrous
sodium sulfate (Na;S0Os), filtrated and concentrated under reduced pressure. The residue
was purified by column chromatography using mobile phase petrol ether (PE) / ethyl
acetate (EA) (PE/EA = 2:1) to give crude product 201 (4.397 g; 81 % yield) as yellow
solid.

"H NMR (500 MHz, DMSO-ds) & 8.60 (d, J = 1.9 Hz, 1H), 8.11 (dd, J = 8.8, 1.9 Hz,
1H), 7.93 (d, J = 8.8 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 3.09 — 2.94 (m, 2H), 2.93 — 2.80
(m, 2H), 1.90 — 1.80 (m, 4H), 1.37 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, DMSO) §
165.27, 162.36, 147.89, 141.09, 129.94, 129.34, 128.50, 127.88, 125.65, 123.87, 61.39,
33.92,27.14,21.94, 14.34.

Ethyl 9-amino-5,6,7,8-tetrahydroacridine-2-carboxylate (202):

0 cl @ e o NH,
g); reflux
~ody me At
— >
NZ phenol NG
201 202
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The compound 201 (3.7 mmol; 1.0eq) was mixed with phenol (70 mL) in
double-necked round-bottom flask under Ar atmosphere and heated to 100 °C until
homogenated mixture was formed. The mixture was then heated to 180 °C and
challenged with ammonia gas (NH3 (g)) that was in situ prepared from sodium
hydroxide (s) (NaOH) and saturated solution of ammonium chloride (NH4Cl) for
30 min. After cooling, the residue was diluted with DCM (100 mL) and slowly
neutralized with 10 % NaOH (100 mL). The resulting solution was extracted with DCM
(3x 100 mL) and organics were collected, dried with anhydrous Na>SOas, filtrated and
concentrated under reduced pressure. The residue was purified by column
chromatography using mobile phase DCM / methanol (MeOH) and ammonium
hydroxide solution (NHs; 25 % in H20) (DCM/MeOH/NH; = 9:1:0.1) to give crude
product 202 (772 mg; 77 % yield) as yellow solid.

'H NMR (500 MHz, DMSO-de) & 8.89 (d, J = 1.9 Hz, 1H), 7.95 (dd, J = 8.8, 1.9 Hz,
1H), 7.65 (d, J = 8.8 Hz, 1H), 6.76 (bs, 2H), 4.35 (q, J = 7.1 Hz, 2H), 2.83 (t, J = 6.0
Hz, 2H), 2.54 (t, J = 6.0 Hz, 2H), 1.86 — 1.75 (m, 4H), 1.36 (t, J = 7.1 Hz, 3H). 3C
NMR (126 MHz, DMSO) & 166.17, 159.90, 149.85, 148.54, 128.25, 127.33, 125.76,
123.91, 116.30, 110.00, 60.76, 33.78, 23.78, 22.60, 22.52, 14.49.

Ethyl 9-acetamido-5,6,7,8-tetrahydroacridine-2-carboxylate (203):

)
o )J\NH
o NH,
Ac,0; reflux N0 AN
N0 X —_— m
N7 pyridine N
202 203

The compound 202 (2.12 mmol; 1.0 eq) was dissolved in pyridine under Ar atmosphere.
Acetic anhydride (Ac2O; 2.5 mmol; 1.2 eq) was added and the mixture was heated to
150 °C and stirred for 40 hours. The resulting mixture was concentrated under reduced
pressure and directly purified by column chromatography using mobile phase
chloroform/methanol (CHCI3/MeOH = 40:1) to give crude product 203 (198 mg; 30 %
yield) as bold yellow solid.

'H NMR (500 MHz, DMSO-ds) § 10.17 (s, 1H), 8.53 (d, J = 1.9 Hz, 1H), 8.11 (dd, J =
8.8, 1.9 Hz, 1H), 7.97 (d, J = 8.8 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 3.06 (t, J = 6.5 Hz,
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2H), 2.75 (t, J = 6.4 Hz, 2H), 2.23 (s, 3H), 1.92 — 1.84 (m, 2H), 1.84 — 1.75 (m, 2H),
1.36 (t, J = 7.1 Hz, 3H). '*C NMR (126 MHz, DMSO) § 168.64, 165.74, 162.56,
148.18, 140.97, 128.97, 128.48, 127.71, 126.73, 126.29, 123.43, 61.20, 33.79, 25.17,
22.98,22.37,21.96, 14.38.

)
0} ANH )LNH

DIBALH (1M DC (1M in DCM) NHZOH (50 % in H:0) i
N ’
o~ ~ EOH N A
N/

tacroxime 1 (204)

N-{7-|(1E)-(hydroxyimino)methyl]-1,2,3,4-tetrahydroacridin-9-yl}acetamide
(tacroxime 1; 204):

The compound 203 (0.269 mmol; 1.0 eq) was dissolved in anhydrous DCM (15 mL)
and cooled to -80 °C under Ar atmosphere. Diisobutylaluminium hydride solution
(DIBAL-H (1M in DCM)) (1.13 mmol; 4.2 eq) was drop wise added and the reaction
was stirred for 15 min. MeOH (1.5 mL) and Rochelle salt (20 mL) was subsequently
added and the mixture was vigorously stirred at RT for 1 hour. The mixture was
extracted with DCM (3x 30 mL) and organics were collected, dried with anhydrous
sodium sulfate (Na;SOs), filtrated and concentrated under reduced pressure. The

resulting residue was directly used in the next step without any additional purification.

The mixture of compound 251 (0.269 mmol; 1.0 eq) was dissolved with absolute EtOH
(15 mL) and challenged with NH>OH (50 % in H>O; 0.538 mmol; 2.0 eq) for 30 min at
RT. The resulting residue was concentrated and directly purified by column
chromatography using mobile phase DCM/MeOH (20:1) to give crude product 204
(15 mg; 20 % yield) as light yellow solid.

"H NMR (500 MHz, DMSO-ds) & 11.39 (s, 1H), 9.99 (s, 1H), 8.32 (s, 1H), 7.98 (d, J =
1.7 Hz, 1H), 7.92 (d, J = 1.7 Hz, 1H), 7.87 (s, 1H), 3.02 (t, J = 6.5 Hz, 2H), 2.74 (t, J =
6.4 Hz, 2H), 2.20 (s, 3H), 1.91 — 1.83 (m, 2H), 1.82 — 1.74 (m, 2H). *C NMR (126
MHz, DMSO) & 168.59, 160.11, 148.18, 146.89, 140.18, 130.33, 128.94, 128.04,
125.61, 124.22, 12291, 33.59, 25.07, 23.02, 22.52, 22.10. HRMS (ESI'): [M]":
calculated for CisH17N303" (m/z): 300.1343; found: 300.13367. LC-MS purity > 95 %.

General procedure and Spectral data for Tacroxime 2 (208)
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Ethyl 2-(ethoxymethylidene)-3-oxobutanoate (252):

O O . .
CH(OEt)3; Ac0;
I . ok

\

Acetylacetonate (47.0 mmol; 1.0 eq), triethyl orthoformate (47.0 mmol; 1.0 eq) and
acetic anhydride were stirred and heated at 130 °C for 2 hours. The resulting mixture
was neutralized with saturated NaHCO3 (100 mL) and extracted with DCM (3x 80 mL).
The organics were collected, dried with anhydrous Na>SOg, filtrated and concentrated
under reduced pressure. The residue was purified by column chromatography using
mobile phase PE/EA (4:1) to give both isomers of 252 (1.824 g; 21 % yield) as red
liquid.

"H NMR (500 MHz, Chloroform-d) & 7.72 — 7.56 (m, 2H), 4.43 — 4.13 (m, 8H), 2.46 —
2.27 (m, 6H), 1.46 — 1.22 (m, 12H). 3C NMR (126 MHz, cdcls) & 196.77, 195.27,
165.36, 164.09, 114.26, 113.48, 72.79, 72.71, 60.65, 60.53, 31.62, 28.69, 15.22, 15.17,
14.18, 14.10.

Ethyl 4-amino-5-cyano-2-hydroxybenzoate (205):

O O
EtONa; ethanol HO NH
+ 0 - ?
N\\\///N | > 0
o) SN

) 252 W 205

Malononitrile (80.554 mmol; 1.0 eq) was dissolved in absolute EtOH (15 mL) and was
drop wise added to 21 % solution of sodium ethoxide in EtOH (161.11 mmol; 2.0 eq)
over half hour under Ar atmosphere. The compound 252 (80.55 mmol; 1.0 eq) was
dissolved in absolute EtOH (30 mL) and was drop wise added to the mixture of
malononitrile and sodium ethoxide over 1 hour. The resulting mixture was heated to
100 °C and stirred for 40 min. The precipitate was filtrated and dissolved in H2O.
Concentrated HCI (32 % solution; 40 mL) was added and the resulting precipitate was
again filtrated. The solid was dissolved in acetic acid at 90 °C and after cooling it was
again filtrated to give crude product 205 (3.624 g; 22 % yield) as light brown solid.
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'H NMR (500 MHz, DMSO-ds) 5 10.98 (s, 1H), 7.87 (s, 1H), 6.78 (bs, 2H), 6.19 (s,
1H), 4.33 — 4.20 (m, 2H), 1.37 — 1.24 (m, 3H). '3C NMR (126 MHz, dmso) & 167.99,
164.32, 156.40, 137.29, 117.22, 102.95, 99.76, 87.55, 61.18, 14.17.

Ethyl 9-amino-3-hydroxy-5,6,7,8-tetrahydroacridine-2-carboxylate (206):

HO NH, 0 HO N
. ZnCly: MW X
o - . 0 P
AN
N NH,
205 \j 206

The compound 205 (5.33 mmol; 1.0eq), ZnCl (10.66 mmol; 2.0eq) and
cyclohexanone (8 mL) were added into microwave-sealed tube and were challenged by
microwave irradiation with following settings: dynamic curve, power max cap 150 W,
pressure max cap 300 PSI, 150 °C, for 10 min. The resulting mixture was dissolved in
ammonium solution (25 %; 20 mL) and DCM (50 mL) and diluted with addition of H>,O
(30 mL). The mixture was extracted with DCM (4x 50 mL) and the organics layers
were collected, dried with anhydrous Na>SOs, filtrated and concentrated under reduced
pressure. The residue was purified by column chromatography using mobile phase
DCM/MeOH/NH3 (9:1:0.1) to give crude product 206 (672 mg; 44 % yield) as yellow
solid.

'H NMR (500 MHz, DMSO-de) & 8.78 (s, 1H), 7.40 (bs, 2H), 7.01 (s, 1H), 4.37 (q, J =
7.1 Hz, 2H), 3.90 (s, 1H), 2.79 (t, J = 6.0 Hz, 2H), 2.50 — 2.43 (m, 2H), 1.84 — 1.72 (m,
4H), 1.37 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, DMSO) & 168.23, 159.50, 157.16,
152.34, 146.65, 127.60, 114.98, 109.46, 107.71, 107.53, 61.43, 31.40, 23.09, 22.05,
21.82, 14.33.

Ethyl 3-(acetyloxy)-9-acetamido-5,6,7,8-tetrahydroacridine-2-carboxylate (207):

o)
HO N \zf

S Ac,0; pyridine
O _ > 0

N
AN
=

NH, HN_ O

W 206 W \f 207
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The compound 206 (1.52 mmol; 1.0 eq) and acetic anhydride (3.8 mmol; 2.5 eq) were
dissolved in distilled pyridine (15 mL) under Ar atmosphere and heated to 140 °C for 40
hours. The resulting mixture was concentrated and directly purified by column
chromatography using mobile phase DCM/MeOH (20:1) to give product 207 (183 mg;
33 % yield) as bold yellow solid.

'H NMR (500 MHz, DMSO-de) § 10.17 (s, 1H), 8.47 (s, 1H), 7.69 — 7.61 (m, 1H), 4.33
(q,J = 7.1 Hz, 2H), 3.05 (t, J = 6.5 Hz, 2H), 2.75 (t, J = 6.4 Hz, 2H), 2.33 (s, 3H), 2.22
(s, 3H), 1.92 — 1.83 (m, 2H), 1.85 — 1.73 (m, 2H), 1.32 (t, J = 7.1 Hz, 3H).

N-{6-hydroxy-7-[(1E)-(hydroxyimino)methyl]-1,2,3,4-tetrahydroacridin-9-

yl}acetamide (tacroxime 2; 208):

o)
\(f 1. DIBAL-H; DCM
N

2. NH,OH; EtOH HO N
\ \
> N
o} _ HO m

HN_ O HN__O

w \f 207 \f tacroxime 2 (208)

The compound 207 (0.42 mmol; 1.0 eq) was dissolved in anhydrous DCM (15 mL) and
cooled to -80 °C under Ar atmosphere. DIBAL-H (1M in DCM) (2.1 mmol; 5.0 eq) was
drop wise added and the reaction was stirred for 10 min. MeOH (2.5 mL) and Rochelle

salt (30 mL) was subsequently added and the mixture was vigorously stirred at RT for 1
hour. The mixture was extracted with DCM (3x 40 mL) and organics were collected,
dried with anhydrous Na>SQOs, filtrated and concentrated under reduced pressure. The

resulting residue was directly used in the next step without any additional purification.

The mixture from the first step (0.42 mmol; 1.0 eq) was dissolved with absolute EtOH
(10 mL) and challenged with NH>OH (50 % in H20O; 1.68 mmol; 4.0 eq) for 45 min at
RT. The resulting residue was concentrated and directly purified by column
chromatography using gradient mobile phase DCM/MeOH (from 20:1 to 9:1) to give
crude product 208 (9 mg; 7 % yield) as white solid.

'H NMR (500 MHz, Methanol-ds) & 8.47 (s, 1H), 7.93 (s, 1H), 7.26 (s, 1H), 3.07 (t, J =
6.5 Hz, 2H), 2.79 (t, J = 6.4 Hz, 2H), 2.32 (s, 3H), 2.00 — 1.93 (m, 2H), 1.92 — 1.84 (m,
2H). 3C NMR (126 MHz, CD;0D) & 172.30, 162.73, 158.72, 150.99, 148.88, 141.67,
127.13, 126.08, 121.97, 119.96, 110.76, 110.75, 34.44, 30.75, 26.06, 23.63, 23.47.
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HRMS (ESI): [M]": calculated for CisHisN3O2" (m/z): 284.1394; found: 284.1387.
LC-MS purity > 95 %.
6.1.7 Uncharged bis-oxime reactivators
Preparation of oxime fragment (227)
NH,OH.HCI; TEA O

@)
o > N
vJ\o/\ Tol, MeCN, H,0 HO~ \JJ\O/\
227

Ethyl (2E)-2-(hydroxyimino)acetate (227): Hydroxylamine  hydrochloride
(NHOH.HCI) (1.0eq; 50.44 mmol) was dissolved in acetonitrile/water
(9:1 ratio =36:4 mL) and ethyl glyoxalate (50 % solution in toluene) (1.0 eq;
50.44 mmol) was slowly added. After 10 min of stirring triethylamine (TEA) (1.0 eq;
50.44 mmol) was drop wise introduced over 30 min. The reaction mixture was stirred at
room temperature (RT) for 24 hours. Then it was concentrated and diluted with H>O.
The aqueous solution was three times washed with dichloromethane (DCM) 3x 100 mL
and the organic phases were collected, dried over anhydrous sodium sulfate (Na>SQOs),

filtrated and concentrated to give crude product 227 as colorless oil. Yield 61 %.

'H NMR (600 MHz, DMSO-ds) § 12.56 (s, 1H), 7.54 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H),
1.23 (t,J="7.1 Hz, 3H).

General procedure A for N-alkylation with 2-chloroacetonitrile

. NC” N
CI”"™CN + HN/\ Na,CO3; MW /\

- > N_ CN

KMNH EtOH Kmv
n

n=1;59 %

209 _laxo

510 "= 281%

Piperazine or homopiperazine (1.0 eq); 2-chloroacetonitrile (2.4 eq) and Na,CO3
(4.0 eq) were dissolved in absolute EtOH. The reaction mixture was challenged by
microwave (MW) irradiation for 5 hours at 100 °C. The solid was filtered and the
filtrate was purified by column chromatography using mobile phase DCM and methanol

(MeOH).

2-[4-(cyanomethyl)piperazin-1-yl]acetonitrile (209): Prepared according to the
general method A. Piperazine (538 mg; 6.246 mmol); 2-chloroacetonitrile (950 uL;
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14.99 mmol); Na,COs3 (2.648 g; 24.98 mmol) and EtOH (4 mL). Purification was
performed using mobile phase DCM:MeOH (98:2) to give crude product 209 as yellow
oil. Yield 59 %.

'H NMR (600 MHz, Chloroform-d) & 3.55 (s, 4H), 2.67 (s, 8H). '*C NMR (151 MHz,
CDCls) & 114.62, 51.36, 46.03.

2-[4-(cyanomethyl)-1,4-diazepan-1-yl]acetonitrile (210): Prepared according to the
general method A. Homopiperazine (638 mg; 6.37 mmol); 2-chloroacetonitrile (970 pL;
15.29 mmol); NaxCOsz (2.701 g; 25.48 mmol) and EtOH (4 mL). Purification was
performed using mobile phase DCM:MeOH (98:2) to give crude product 210 as yellow
oil. Yield 81 %.

'H NMR (600 MHz, Chloroform-d) & 3.58 (s, 4H), 2.88 — 2.74 (m, 8H), 1.96 — 1.86 (m,
2H). 3C NMR (151 MHz, CDCl3) § 115.78, 54.39, 53.47, 47.34, 27.86.

The N-alkylation with 3-bromopropionitrile using TEA in DCM

N
CN HN/\ TEA: RT (\
+ " . N N_ CN
[ K/ N \/CN DCM K/ ~

Br 213 214

3-[4-(cyanomethyl)piperazin-1-yl|propanenitrile (214): The compound 213 (974 mg;
7.78 mmol) was dissolved in anhydrous DCM (15 mL) and 3-bromopropionitrile
(645 pL; 7.78 mmol) was added. After 10 min of stirring, TEA (2.17 mL; 15.56 mmol)
was drop wise introduced. The reaction mixture was stirred at RT for 24 hours. The
solution was diluted with H>O, the organic phase was removed and water phase was
washed three times with additional DCM (3x 50 mL). The organic phases were
collected, dried over NaSOs, filtered, concentrated and purified by column
chromatography using mobile phase DCM/MeOH (14:1) to give crude product 214 as
dark yellow oil. Yield 66 %.

"H NMR (600 MHz, Chloroform-d) & 3.52 (s, 2H), 2.72 (t, J = 7.0 Hz, 2H), 2.69 — 2.55
(m, 8H), 2.52 (t, J= 7.0 Hz, 2H). '*C NMR (151 MHz, CDCl;) § 118.62, 114.62, 53.08,
52.12,51.56, 45.82, 15.99.
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H . CN TEA; RT N(\\l_\_
> N CN

(/\V}H B§ DCM 216
3-[4-(2-cyanoethyl)-1,4-diazepan-1-yl|propanenitrile (216): Homopiperazine
(1.803 mg; 18.0 mmol) was dissolved in anhydrous DCM (20mL) and 3-
bromopropionitrile (2.986 mL; 36.0 mmol) was added. After 10 min of stirring, TEA
(10.0 mL; 72.0 mmol) was drop wise introduced. The reaction mixture was stirred at RT
for 24 hours. The solution was diluted with H>O, the organic phase was removed and
water phase was washed three times with additional DCM (3x 50 mL). The organic
phases were collected, dried over NaxSOs, filtered, concentrated and purified by column
chromatography using mobile phase DCM/MeOH (9:1) to give crude product 216 as
dark yellow oil. Yield 84 %.

'H NMR (600 MHz, Chloroform-d) & 2.87 (t, J = 6.9 Hz, 4H), 2.80 — 2.71 (m, 8H), 2.47
(t,J= 6.9 Hz, 4H), 1.80 (p, J = 6.9, 5.3 Hz, 2H). 13C NMR (151 MHz, CDCl3) 5 119.01,
54.74,53.38, 53.31, 27.98, 16.47.

CN HN Na,COg; RT m
+ —_—
[Br LNVCN EtOH NG N ~en

3-[4-(cyanomethyl)-1,4-diazepan-1-yl]propanenitrile (219): The compound 218
(1.229 g; 8.83 mmol) was dissolved in absolute EtOH (20 mL) and subsequently
3-bromopropionitrile (1.5 mL; 17.66 mmol) and Na,COs (2.808 g; 26.5 mmol) were
added. The reaction mixture was stirred at RT for 24 hours, concentrated and directly

purified using DCM alone as mobile phase to give crude product 219 as yellow oil.

Yield 53 %.

'H NMR (600 MHz, Chloroform-d) & 3.55 (s, 2H), 2.87 (t, J = 7.0 Hz, 2H), 2.81 — 2.73
(m, 8H), 2.46 (t, J = 7.0 Hz, 2H), 1.83 (p, J = 7.0, 5.9 Hz, 2H). '*C NMR (151 MHz,
CDCls) & 118.91, 115.69, 54.75, 54.06, 53.56, 53.32, 47.09, 27.77, 16.42.

Multistep reactions

General procedure B
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1. Na,COj3; 100°C; MW; EtOH

BocN 2. MeOH; 4M HCI in dioxane HN
Cl” ™CN + @H 3. MeOH; NH4OH @ CN
n = n
n=1 n=1
253  _, 213 -
254 218

N-Boc-piperazine 253 or N-Boc-homopiperazine 254 (1.0 eq) was dissolved in absolute
EtOH and subsequently 2-chloroacetonitrile (1.2 eq) and Na;COs3 (2.0 eq) were added.
The reaction mixture was challenged by MW irradiation for 5 hours at 100 °C. The
solution was concentrated, diluted with H,O and three times washed with DCM (3x
50 mL). The organic phases were collected, dried over Na,SOs, filtered, concentrated

and used into next step without any further purification.

The residue was dissolved in MeOH (30 mL) and 1 M solution of HCI in dioxane
(15 mL) was added. The mixture was stirred at RT for 20 hours. The result was
concentrated and dried under reduced pressure. The residue was again dissolved in
MeOH (30 mL) and 25 % solution of ammonium hydroxide (NH4OH) in water (15 mL)
was added. After another 1 hour of stirring the reaction mixture was concentrated and
directly purified by column chromatography using mobile phase DCM/MeOH/NH4OH
(6:1:0.1) to give crude products.

2-(piperazin-1-yl)acetonitrile (213): Prepared according to the general method B.
N-Boc-piperazine (2.012 g; 10.8 mmol); 2-chloroacetonitrile (820 puL; 13.0 mmol);
Na;COs3 (2.289 g; 21.6 mmol) and EtOH (10 mL). Yield 72 %.

'H NMR (600 MHz, Chloroform-d) & 3.50 (s, 2H), 2.93 (t, J = 4.9 Hz, 4H), 2.55 (t, J =
4.9 Hz, 4H), 1.74 (bs, 1H). '*C NMR (151 MHz, CDCls) § 114.66, 52.93, 46.56, 45.54.

2-(1,4-diazepan-1-yl)acetonitrile (218): Prepared according to the general method B.
N-Boc-homopiperazine  (2.354 g; 11.75 mmol);  2-chloroacetonitrile (1.8 mL;
14.1 mmol); NaxCOs (2.475 g; 23.5 mmol) and EtOH (10 mL). Yield 86 %.

"H NMR (600 MHz, Chloroform-d) & 3.60 (s, 2H), 3.19 (bs, 1H), 3.07 — 2.97 (m, 4H),
2.84 — 2.76 (m, 4H), 1.88 (p, J = 5.9 Hz, 2H). *C NMR (151 MHz, CDCls) & 115.59,
56.26, 53.89, 47.88, 47.45, 46.86, 29.20.

General procedure C:
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2-chloroacetonitrile

a)  MW;Na,COy NG
Boc 1. MeOH:; 4M HCl in dioxane > U CN
N 2. MeOH; NH,OH EtOH ~

225

H
N
(8 221 Lg 222
3-bromopropionitrile
CN CN TEA; RT P

DCM ~~">CN
223

N-Boc-4-cyanomethylpiperidine 221 (4.118 g; 18.36 mmol) was dissolved in
MeOH (20 mL) and 1 M solution of HCI in dioxane (10 mL) was added. The mixture

\

was stirred at RT for 20 hours. The result was concentrated and dried under reduced
pressure. The residue was again dissolved in MeOH (20 mL) and 25 % solution of
ammonium hydroxide (NH4OH) in water (10 mL) was added. After another 1 hour of
stirring the reaction mixture was concentrated and directly purified using very fast
column chromatography with mobile phase DCM/MeOH/NH4OH (6:1:0.1) to give
crude product 4-cyanomethylpiperidine 222 as white solid. Yield > 99 %. The amount
of 4-cyanomethylpiperidine was halved and used in to next step without

characterization.

a) 2-[1-(cyanomethyl)piperidin-4-yl]acetonitrile (225): 4-cyanomethylpiperidine
222 (1.14 g; 9.18 mmol) was dissolved in absolute EtOH (10 mL) and subsequently 2-
chloroacetonitrile (700 puL; 11.0 mmol) and Na>xCOs3 (1.946 g; 18.36 mmol) were added.
The reaction mixture was challenged by MW irradiation for 10 hours at 100 °C. The
result was concentrated and directly purified using column chromatography with mobile
phase DCM/MeOH (95:5) to give crude product 225 as yellowish solid. Yield 62 %
after 2 steps.

'H NMR (599 MHz, Chloroform-d) & 3.68 (s, 2H), 3.03 — 2.94 (m, 2H), 2.54 — 2.49 (m,
2H), 2.47 (d, J = 6.8 Hz, 2H), 2.06 — 1.97 (m, 2H), 1.91 — 1.81 (m, 1H), 1.65 — 1.54 (m,
2H). 3C NMR (151 MHz, CDCL3) 5 118.16, 114.60, 51.64, 46.22, 32.04, 31.09, 23.83.

b) 3-[4-(cyanomethyl)piperidin-1-yl|propanenitrile (223):
4-cyanomethylpiperidine 222 (1.14 g; 9.18 mmol) was dissolved in anhydrous DCM
(25 mL) and 3-bromopropionitrile (913 pL; 11.0 mmol) was added. After 10 min of
stirring, TEA (2.6 mL; 18.36 mmol) was drop wise introduced. The reaction mixture
was stirred at RT for 24 hours. The solution was diluted with H,O, the organic phase
was removed and water phase was washed three times with additional DCM (3x

30 mL). The organic phases were collected, dried over Na,SOs, filtered, concentrated
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and purified by column chromatography using mobile phase DCM/MeOH (95:5) to give
crude product 223 as yellow oil. Yield 79 % after two steps.

"H NMR (599 MHz, Chloroform-d) § 3.08 —2.99 (m, 2H), 2.80 (t, J= 7.1 Hz, 2H), 2.62
(t, J=17.0 Hz, 2H), 2.42 (d, J = 7.0 Hz, 2H), 2.27 — 2.16 (m, 2H), 1.99 — 1.89 (m, 2H),
1.86 — 1.73 (m, 1H), 1.61 — 1.45 (m, 2H). 3C NMR (151 MHz, CDCl3) & 118.89,
118.44, 53.34, 52.59, 32.87, 31.37, 23.88, 15.96.

General procedure D for reduction of carbonitrile groups using LiAlH4

,\,C/ﬁhN/\£ LiAIH,; t* H2N\/(’#N
—_—
W CN THF /\}
~

n kﬁ/n ~"NH,

Z=C;n=1,m=1 Z=C;n=1,m=1
225 7 _Nin=1:m=1 §f$z=N,n=1;m=1
2 z=Nin=1im=2 215 Z=Nin=1m=2
210Z=N,n=2;m=‘| 212Z=N,n=2;m=1

The 4 M solution of LiAlH4 in Et2O (4.6 eq) was added into anhydrous THF under N>
atmosphere. The compound 209, 210, 214 and 225 (1.0 eq) was dissolved in anhydrous
THF (20 mL) and the solution was drop wise introduced in the solution of LiAlH4. The
reaction mixture was heated to 90 °C for 4 hours. The result was cooled to 0 °C and
slowly neutralized by H2O and then by 10 % solution of NaOH. The solid was filtered
and the filtrate was directly purified by column chromatography using mobile phase

DCM/MeOH/NH4OH (6:3:1) to give crude product 211, 212, 215 and 226.

2-|4-(2-aminoethyl)piperazin-1-yl]ethan-1-amine (211): Prepared according to the
general method D. The compound 209 (585 mg; 3.56 mmol); LiAlHs (4 M in Et;0)
(4.1 mL; 16.4 mmol). Neutralization 1 mL H>0 and 3 mL of 10 % NaOH. Yield > 99 %

as dark yellow oil.

"H NMR (600 MHz, Chloroform-d) & 2.78 (t, J = 6.2 Hz, 8H), 2.48 (bs, 4H), 2.41 (t,J =
6.2 Hz, 8H). *C NMR (151 MHz, CDCl3)  61.34, 53.49, 38.97.

3-[4-(2-aminoethyl)piperazin-1-yl|propan-1-amine (215): Prepared according to the
general method D. The compound 214 (921 mg; 5.17 mmol); LiAlHs (4 M in Et;0O)
(6.5 mL; 25.85 mmol). Neutralization 2 mL H>O and 4.5 mL of 10 % NaOH. Yield
61 % as dark yellow oil.
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"H NMR (600 MHz, Chloroform-d) & 2.88 (t, J=4.9 Hz, 2H), 2.81 —2.71 (m, 4H), 2.52
— 2.34 (m, 10H), 1.66 — 1.61 (m, 2H). '*C NMR (151 MHz, CDCls) & 61.77, 61.15,
56.52, 46.10, 40.84, 38.79, 30.43.

2-|4-(2-aminoethyl)-1,4-diazepan-1-yl]ethan-1-amine (212): Prepared according to
the general method D. The compound 210 (785 mg; 4.4 mmol); LiAlH4 (4 M in Et2O)
(5.0 mL; 20.26 mmol). Neutralization 1 mL H>O and 4 mL of 10 % NaOH. Yield 84 %

as dark yellow oil.

"H NMR (600 MHz, Chloroform-d) § 2.75 — 2.71 (m, 4H), 2.70 — 2.64 (m, 8H), 2.55 —
2.51 (m, 4H), 1.80 — 1.74 (m, 2H). 3C NMR (151 MHz, CDCl;) & 60.83, 55.42, 54.38,
39.58,27.81.

2-[1-(2-aminoethyl)piperidin-4-yl]ethan-1-amine (226): Prepared according to the
general method D. The compound 225 (684 mg; 4.19 mmol); LiAlHs (4 M in Et;O)
(4.8 mL; 19.3 mmol). Neutralization 1 mL H>O and 4 mL of 10 % NaOH. Yield > 99 %

as dark yellow oil.

'H NMR (599 MHz, DMSO-de) & 2.91 (dt, J = 11.7, 3.4 Hz, 2H), 2.71 (t, J = 6.6 Hz,
2H), 2.69 — 2.63 (m, 2H), 2.38 (t, J = 6.6 Hz, 2H), 1.97 (td, /= 11.7, 2.5 Hz, 2H), 1.75 -
1.67 (m, 2H), 1.45 — 1.35 (m, 3H), 1.28 — 1.17 (m, 2H).

General procedure E for reduction of carbonitrile groups using Raney-nickel

NC’G#Z/\ Raney-nickel; Hz HZN\/Q#Z/\

N
kﬁrﬂ ~""CN MeOH KM?'N\/\/NHZ
gfg%iﬁiﬂiémﬁ% ggg%iﬁiﬂiéPHﬂ
216Z=N;n=2;m=2 217Z=N;n=2 m=2

The compound 216, 219 and 223 (1.0 eq) was dissolved in anhydrous MeOH under N
atmosphere and Raney-nickel (10.0 eq) was added. The N, atmosphere was 5 times evacuated
and replaced then N, was switched to H, again 5 times was evacuated and replaced. The
reaction mixture was stirred under H, atmosphere and controlled by TLC. After finishing the
solid was carefully filtered and the filtrate was directly purified by column chromatography
using mobile phase DCM/MeOH/NH4OH (6:3:1) to give crude product 217, 220 and 224.

3-[4-(2-aminoethyl)-1,4-diazepan-1-yl]propan-1-amine (220): Prepared according to
the general method E. The compound 219 (831 mg; 4.32 mmol); Raney-nickel (2800,
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slurry, in H20) (2.536 g; 43.2 mmol); MeOH 25 mL. Yield 44 % of impure product as

dark yellow oil. Used in the next reaction without characterization.

3-[4-(3-aminopropyl)-1,4-diazepan-1-yl|propan-1-amine (217): Prepared according
to the general method E. The compound 216 (1.417 g; 6.87 mmol); Raney-nickel (2800,
slurry, in H>O) (4.03 g; 68.7 mmol); MeOH 50 mL. Yield 92 % as dark yellow oil.

'H NMR (599 MHz, Chloroform-d) & 2.85 (t, J = 6.8 Hz, 4H), 2.82 — 2.77 (m, 8H), 2.67
—2.59 (m, 4H), 1.95 — 1.86 (m, 2H), 1.74 (p, J = 7.0 Hz, 4H). 3C NMR (151 MHz,
CDCl3) § 56.19, 54.97, 54.35, 40.62, 30.98, 27.19.

3-[4-(2-aminoethyl)piperidin-1-yl|propan-1-amine (224): Prepared according to the
general method E. The compound 223 (1.094 g; 6.17 mmol); Raney-nickel (2800,
slurry, in H2O) (3.621 g; 61.7 mmol); MeOH 30 mL. Yield 73 % as dark yellow oil.

'H NMR (599 MHz, Chloroform-d) § 3.10 — 2.97 (m, 2H), 2.90 — 2.68 (m, 4H), 2.53 —
2.42 (m, 2H), 2.04 — 1.95 (m, 2H), 1.84 — 1.58 (m, 8H), 1.57 — 1.48 (m, 2H), 1.48 — 1.42
(m, 1H), 1.42 — 1.32 (m, 2H). 3C NMR (151 MHz, CDCL) § 56.83, 54.04, 40.88,
39.56, 32.36, 30.79, 26.53.

General procedure F for the final step: bis-amide formation

H,N o) H
WN/E * J__NoH t HONé\g/N\(v)x/\N/\% o)
/\O — .
k% WNH2 solvent kf’f \f/)/\N _NOH
227 nYoH
211 Z=N;n=1;y=1;x=1 229 (LG_700)Z—N,n—1,y—1,x—1
212 Z=N;n=2;y=1;x=1 230 (LG-703) Z=N;n=2;y=1;x=1
215 Z=N;n=1;y=1;x=2 231 (LG-750) Z=N;n=1;y=1;x=2
220 Z=N;n=2;y=1;x=2 232 (LG-838) Z=N;n=2;y=1;x=2
228 Z=N;n=1,y=2;x=2 233 (LG-747) Z=N;n=1;y=2;x=2
217 Z=N;n=2;y=2;x=2 234 (LG-804) Z=N;n=2;y=2;x=2
226 Z=C;n=1,y=1;x=1 235 (LG-823) Z=C;n=1;y=1;x=1
224 Z=C;n=1;y=1;x=2 236 (LG-829) Z=C;n=1;y=1;x=2

The compound 211, 212, 215, 217, 220, 224, 226 or 228 (1.0 eq) and oxime-fragment
227 (2.5 eq) was dissolved in solvent (3 mL) and heated for up to several days.

(2E)-2-(N-hydroxyimino)-/N-[2-(4-{2-[(2E)-2-(/V-

hydroxyimino)acetamido]ethyl}piperazin-1-yl)ethyl]acetamide (229): Prepared
according general procedure E. 211 (590 mg; 3.425 mmol); oxime fragment 227
(1.003 g ; 8.56 mmol); EtOH (3 mL) heated to 90 °C for 2 days. The solution was
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concentrated and directly purified by column chromatography using mobile phase
DCM/MeOH (4:1). The result was precipitated in cold MeOH and filtered to give crude
product 229 as white solid. Yield 10 %.

'H NMR (600 MHz, DMSO-ds) & 11.94 (s, 2H), 7.95 (t, J = 5.8 Hz, 2H), 7.42 (s, 2H),
3.23 (q, J = 6.5 Hz, 4H), 2.36 (t, J = 6.8 Hz, 12H). '3C NMR (151 MHz, DMSO) §
162.08, 144.10, 57.09, 53.11, 36.29. HRMS (ESI"): [M]": calculated for Ci2H23NsO4"
(m/z): 315.1775; detected: 315.1772. LC-MS purity > 95 %.

(2E)-2-(N-hydroxyimino)-N-[2-(4-{2-[(2E)-2-(N-hydroxyimino)acetamido]ethyl}-
1,4-diazepan-1-yl)ethyl]acetamide (230): Prepared according general procedure E.
212 (305 mg; 1.64 mmol); oxime fragment 227 (480 mg ; 4.1 mmol); EtOH (3 mL)
heated to 90 °C for 3 days. The solution was concentrated and directly purified by
column chromatography using mobile phase DCM/MeOH (2:1). The result was
precipitated in cold MeOH and filtered to give crude product 230 as white solid. Yield
19 %.

'H NMR (600 MHz, DMSO-ds) & 11.95 (s, 2H), 7.93 (t, J = 5.7 Hz, 2H), 7.41 (s, 2H),
3.20 (q, J = 6.5 Hz, 4H), 2.67 — 2.56 (m, 8H), 2.52 (t, J = 6.8 Hz, 4H), 1.65 (p, J = 5.8
Hz, 2H). 3C NMR (151 MHz, DMSO) § 162.09, 144.12, 56.50, 55.04, 54.01, 37.01,
27.69. HRMS (ESI'): [M]": calculated for Ci3H2sN¢Os" (m/z): 329.1932; detected:
329.1931. LC-MS purity > 98 %.

(2E)-2-(N-hydroxyimino)-/N-[3-(4-{2-[(2E)-2-(/V-
hydroxyimino)acetamido]ethyl}piperazin-1-yl)propyllacetamide (231): Prepared
according general procedure E. 215 (570 mg; 3.06 mmol); oxime fragment 227 (896 mg
; 7.65 mmol); EtOH (3 mL) heated to 90 °C for 2 days. The solution was concentrated
and directly purified by column chromatography using mobile phase DCM/MeOH
(2:1). The result was precipitated in cold MeOH and filtered to give crude product 231
as white solid. Yield 14 %.

'H NMR (600 MHz, DMSO-de) & 11.96 (s, 1H), 11.91 (s, 1H), 8.22 (t, J = 5.8 Hz, 1H),
7.98 (t, J=5.8 Hz, 1H), 7.42 (s, 1H), 7.41 (s, 1H), 3.24 (q, J = 6.5 Hz, 2H), 3.14 (q, J =
6.5 Hz, 2H), 2.46 — 2.25 (m, 12H), 1.58 (p, J = 7.0 Hz, 2H). °*C NMR (151 MHz,
DMSO) & 162.13, 144.20, 144.08, 56.98, 55.97, 37.53, 36.26, 26.34. HRMS (ESI'):
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[M]": calculated for Ci3H2sNeO4s" (m/z): 329.1932; detected: 329.1933. LC-MS purity
> 98 %.

(2E)-2-(N-hydroxyimino)-N-[3-(4-{2-[(2E)-2-(N-hydroxyimino)acetamido]ethyl}-
1,4-diazepan-1-yl)propyl]acetamide (232): Prepared according general procedure E.
220 (369 mg; 1.84 mmol); oxime fragment 227 (539 mg ; 4.6 mmol); EtOH (3 mL)
heated to 90 °C for 5 days. The solution was concentrated and directly purified by
column chromatography using mobile phase DCM/MeOH (2:1) to MeOH alone to give
impure product 232 as orange oil. Yield 5 %.

"H NMR (599 MHz, DMSO-d) § 8.12 — 7.95 (m, 2H), 7.58 — 7.38 (m, 2H), 3.34 — 3.17
(m, 4H), 2.69 — 2.59 (m, 6H), 2.50 (t, /= 7.1 Hz, 2H), 1.75 (p, J = 5.7 Hz, 2H), 1.64 (p,
J =172 Hz, 2H), 1.26 — 1.15 (m, 2H), 1.13 (t, J = 7.1 Hz, 2H). *C NMR (151 MHz,
DMSO) 6 162.16, 162.13, 144.17, 144.06, 56.51, 55.74, 55.13, 54.68, 54.16, 53.96,
37.57, 36.98, 27.39, 27.18. HRMS (ESI"): [M]": calculated for Ci14H27N6O4" (m/z):
343.2088; detected: 343.2084. LC-MS purity > 87 %.

(2E)-2-(N-hydroxyimino)-N-[3-(4-{3-[(2E)-2-(/V-
hydroxyimino)acetamido]propyl}piperazin-1-yl)propyljacetamide (233): Prepared
according general procedure E. 228 (504 mg; 2.516 mmol); oxime fragment 227
(737 mg ; 6.29 mmol); EtOH (3 mL) heated to 90 °C for 3 days. The solution was
concentrated and directly purified by column chromatography using mobile phase
DCM/MeOH (2:1). The result was precipitated in cold MeOH and filtered to give crude
product 233 as white solid. Yield 13 %.

'"H NMR (600 MHz, DMSO-ds) § 11.89 (s, 2H), 8.19 (s, 2H), 7.40 (s, 2H), 3.14 (q, J =
7.0 Hz, 4H), 2.50 — 2.49 (m, 4H), 2.25 (t, J = 7.0 Hz, 8H), 1.57 (p, J = 7.0 Hz, 4H). 13C
NMR (151 MHz, DMSO) § 162.10, 144.22, 56.07, 37.61, 26.52. HRMS (ESI"): [M]":
calculated for C14H27N6O4" (m/z): 343.2088; detected: 343.2086. LC-MS purity > 97 %.

(2E)-2-(N-hydroxyimino)-N-[3-(4-{3-[(2E)-2-(/N-hydroxyimino)acetamido|propyl}-
1,4-diazepan-1-yl)propyl]acetamide (234): Prepared according general procedure E.
217 (445 mg; 2.076 mmol); oxime fragment 227 (608 mg ; 5.19 mmol); MeCN (3 mL)
heated to 50 °C for 2 days. The solution filtered and carefully washed with cold EtOH
to give crude product 234 as white solid. Yield 9 %.
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"H NMR (599 MHz, DMSO-ds) & 8.21 (t, J = 6.0 Hz, 2H), 7.41 (s, 2H), 3.15 (q, J = 6.7
Hz, 4H), 2.60 — 2.53 (m, 8H), 2.41 (t, /= 7.2 Hz, 4H), 1.72 — 1.62 (m, 2H), 1.60 — 1.49
(m, 4H). '*C NMR (151 MHz, DMSO) & 162.10, 144.19, 144.18, 55.80, 55.02, 54.17,
37.60, 27.38, 27.26. HRMS (ESI"): [M]": calculated for Ci1sH20N¢O4" (m/z): 357.2245;
detected: 357.2242. LC-MS purity > 98 %.

(2E)-2-(N-hydroxyimino)-/N-[2-(1-{2-[(2E)-2-(/V-
hydroxyimino)acetamido]ethyl}piperidin-4-yl)ethyl]acetamide (235): Prepared
according general procedure E. 226 (694 mg; 4.05 mmol); oxime fragment 227 (1.186 g
; 10.125 mmol); EtOH (3 mL) heated to 90 °C for 1 day. The solution was concentrated
and directly purified by column chromatography using mobile phase DCM/MeOH (5:1)
to give crude product 235 as yellowish solid. Yield 13 %.

"H NMR (599 MHz, DMSO-de) § 12.26 (s, 1H), 12.13 (s, 1H), 8.62 (t, J = 5.9 Hz, 1H),
8.43 (t, J= 6.0 Hz, 1H), 7.65 — 7.54 (m, 2H), 3.63 (q, J = 6.3 Hz, 2H), 3.51 — 3.40 (m,
2H), 3.35 — 3.25 (m, 2H), 3.16 — 3.06 (m, 2H), 2.91 — 2.76 (m, 2H), 1.99 — 1.87 (m,
2H), 1.62 — 1.48 (m, 5H). *C NMR (151 MHz, DMSO) § 162.66, 162.19, 144.14,
143.83, 68.99, 56.20, 52.42, 45.74, 36.21, 34.38, 30.00. HRMS (ESI"): [M]": calculated
for C13H24Ns504" (m/z): 314.1823; detected: 314.1823. LC-MS purity > 95 %.

(2E)-2-(V-hydroxyimino)-/NV-[3-(4-{2-[(2E)-2-(/V-
hydroxyimino)acetamido]ethyl}piperidin-1-yl)propyljacetamide (236): Prepared
according general procedure E. 224 (406 mg; 2.19 mmol); oxime fragment 227 (513 mg
; 5.475 mmol); EtOH (3 mL) heated to 90 °C for 3 days. The solution was concentrated
and directly purified by column chromatography using mobile phase DCM/MeOH (4:1)
to give crude product 236 as yellowish solid. Yield 17 %.

"H NMR (599 MHz, DMSO-de) § 12.13 — 11.81 (m, 2H), 8.23 (t, J = 5.8 Hz, 1H), 8.13
(t, J=5.9 Hz, 1H), 7.42 (s, 1H), 7.41 (s, 1H), 3.16 — 3.12 (m, 4H), 2.89 — 2.75 (m, 2H),
227 (t,J=17.1 Hz, 2H), 1.82 (t, J=11.4 Hz, 2H), 1.67 — 1.51 (m, 4H), 1.36 (q, J = 7.1
Hz, 2H), 1.27 — 1.17 (m, 1H), 1.14 — 1.10 (m, 2H). '3C NMR (151 MHz, DMSO) §
162.13, 162.07, 144.19, 144.18, 68.97, 56.40, 56.22, 53.75, 37.68, 36.49, 36.08, 32.01,
30.01, 26.46. HRMS (ESI"): [M]": calculated for Ci4sH2¢NsOs" (m/z): 328.1979;
detected: 328.1975. LC-MS purity > 95 %.
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6.2 Biological evaluation

6.2.1 Inhibitory assays
Cholinesterase enzymatic activity assay

The enzymatic activities of recombinant ZAChE, #ABChE and AgAChE1l were
determined using modified Ellman’s assay [143]. Briefly, the recombinant enzymes
were mixed with DTNB in 0.1 M phosphate buffer, pH 7.4 and the reactions were
initiated by addition of the appropriate substrate (acetylthiocholine or
butyrylthiocholine). The final concentrations were 2.0 mM for DTNB and 1.0 mM for
substrate. The measurement was performed at 37 °C and the activity was determined as
the change in absorbance per one minute (AA min™') measured at 412 nm using a Multi-
mode microplate reader Synergy 2 (Vermont, USA) in 100 uL reactions. All reactions

were measured in at least triplicate and the means were used for statistical analysis.

The recombinant AgAChE1 enzyme was assayed for enzyme kinetics parameters —
the maximum velocity (Vmax) and Michaelis constant (Km). The enzyme was mixed with
various concentrations of substrate (ranging from 3 uM to 10 mM) and the reaction was
measured using modified Ellman’s assay [143]. The activity data of the enzyme was
plotted versus the substrate concentration data and non-linear regression analysis was

used to determine the Km and Vimax values in GraphPad Prism 5 Software.

Inhibition potency and selectivity index determination

The inhibitory potential of novel compounds and standard insecticides was
determined spectrophotometrically at inhibitor’s maximum inhibition time. All
inhibitors were prepared in dimethyl sulfoxide (DMSO) at 10 mM concentration as
stock solutions and then diluted in 0.1 M phosphate buffer, pH 7.4 to the final
concentrations of 1 pM to — 0.01 nM and below 1% of DMSO concentration. For the
half inhibitory concentration values (ICso) determination, the enzymes were incubated
with DTNB at five different inhibitors concentrations at their maximum inhibition time
prior to addition of the substrates. The ICso values from three independent experiments
for each inhibitor concentration in triplicate were calculated using non-linear regression
curve analysis in GraphPad Prism 5 Software (San Diego, USA). The selectivity index
was determined as ratio of ICso (#AChE) /ICso (AgAChE1) values.
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Potentiometric method

The enzyme activity of AAChE was determined using end-point acid-base titration,
where the acetic acid derived from the acetylcholine was titrated by 0.01 M NaOH
giving the pH of 7.4. The inhibitors in different concentrations were premixed with
hAChE and the enzyme/inhibitor mixtures were incubated for their maximum inhibition
time at 25°C and subsequently added to the potentiometric assay buffer (0.3 M NacCl,
pH 7.4). The reaction was started by addition of acetylcholine iodide to the final
concentration of 1.6 mM. The enzyme activity was determined by end-point acid-base
titration to pH 7.4 by 0.01 M NaOH using a Titrando 842 apparatus (Metrohm-
Switzerland). Each inhibitor concentration was assayed at least in triplicate. The activity
of non-inhibited enzyme was measured by the same reaction without any present
inhibitor. The enzymatic activities of the non-inhibited (4¢) and inhibited enzyme (4;)
were calculated from the amount of NaOH titrant solution used to reach the pH 7.4. The
percentage of enzyme remaining activity after inhibition (%4) was calculated according

to the formula (Table S1):

Ag — 4A;

%A=(1— )-100

Mechanism of the inhibition

The binding mode of the inhibitors was determined using the rapid dilution assay.
The enzymes were pre-incubated with appropriate inhibitors in 0.1 M potassium
phosphate buffer pH 7.4 for their maximum inhibition time at 25°C. After the inhibition
was completed, an aliquot of enzyme/inhibitor mixture was diluted ten times in 0.1 M
potassium phosphate buffer pH 7.4 for 10 minutes and the residual activity of the
enzyme-inhibitor complex was measured using modified Ellman’s assay [143]. The

undiluted inhibited enzyme residual activity was used for control reaction.

6.2.2 Reactivation assays
Czech republic — Department of toxicology and military pharmacy

Reactivation potency of standard and tacroximes was evaluated on human

recombinant AChE and human plasma BChE. Enzyme was inhibited by the solution of
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appropriate cholinesterase inhibitor — tabun, sarin, paraoxon. dichlorvos and VX in
propan-2-ol at concentration 10> M for 60 min. Excess of inhibitor was subsequently
removed using octadecylsilane-bonded silica gel SPE cartridge. Inhibited enzyme was
incubated for 10 min with solution of reactivator in concentrations 10 and 10 M at 37
°C. The reaction was started by addition of substrate
acetylthiocholine/butyrylthiocholine. Activity of AChE/BChE was then measured
spectrophotometrically at 412 nm by the modified method according to Ellman [143].
Each concentration of reactivator was assayed in triplicate. The obtained data were used
to compute reactivation potency (R; Equation 1). Results were corrected for oximolysis

and inhibition of AChE/BChE by reactivator.

R:(l—%]xloo
0o T [%] (Eq. 1)

AAy indicates absorbance change caused by intact AChE/BChE (phosphate buffer
was used instead of AChE/BChE inhibitor solution); AA; indicates absorbance change
provided by cholinesterase exposed inhibitors and AA; indicates absorbance change

caused by AChE/BChE incubated with solution of reactivator.
USA — SSPPS UCSD

Enzymes — Monomeric hAChE was expressed in stably transfected HEK-293 cells
(American Type Culture Collection, Manassas, VA) obtained upon calcium phosphate
transfection with pCMV-N-FLAG (Sigma-Aldrich) construct of ZAChE encoding
cDNA with a stop codon truncating the sequence at amino acid 547. Selection of
neomycin-resistant cell colonies using G418 (Invitrogen) enhanced expression. The
expressed secreted protein containing the N-terminal FLAG tag was purified in several

milligram quantities by an anti-FLAG affinity column (Sigma-Aldrich).

Organophosphates — Nonvolatile, low toxicity fluorescent methylphosphonates
(Flu-MPs) (13) were used as analogues of nerve agents sarin, cyclosarin, and VX. The
Flu-MPs differ from actual nerve agent OPs only by structure of their respective leaving
groups. Inhibition of ChEs by Flu-MPs results in OPChE covalent conjugates identical
to the ones formed upon inhibition with nerve agents. Paraoxon was purchased from

Sigma-Aldrich.
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Oxime Reactivation Assays — hAChE activities were measured using a
spectrophotometric assay (21) at 37 °C (or 25 °C for tabun conjugates) in 0.1 M sodium
phosphate buffer, pH 7.4, containing 0.01% BSA and substrate acetylthiocholine
(ATCh) at 1.0 mM AAChE concentration. OP-ZAChE conjugates were prepared by
incubating micromolar enzyme stocks with 4-fold molar excess of OP for 2-3 min until
inhibition exceeded 95%. Inhibited enzymes and appropriate controls were passed
through two consecutive size exclusion Sephadex G-50 spin columns (Roche
Diagnostics) to remove excess inhibitor. The reactivation reaction was initiated by
adding an oxime reactivator at 0.1, 0.5 and 1.0 mM final concentrations into a
nanomolar solution of OP-conjugated enzymes. Control ChE activity was measured in
the presence of oxime at concentrations used for reactivation. The time course of
hAChE reactivation was monitored in 96-well format by parallel consecutive assays of
hAChE activity in 10 pL of reactivation mixture aliquots diluted 625 times into assay
mixture containing ATCh and thiol detection reagent 5,5’-dithiobis-(2-nitrobenzoic
acid). The first order reactivation rate constant (kobs) for each oxime + OP conjugate
combination was calculated by nonlinear regression. The dependence of reactivation
rates on oxime concentrations and determination of maximal reactivation rate constant
ko, Michaelis-Menten type constant Kox, and the overall second order reactivation rate

constant k; were conducted as previously as described [158].

6.2.3 BBB penetration estimation assays
Pampa assay

The filter membrane of the donor plate was coated with PBL (Polar Brain Lipid,
Avanti, AL, USA) in dodecane (4 pL of 20 mg/mL PBL in dodecane) and the
acceptor well was filled with 300 uL of PBS pH 7.4 buffer (V). Tested compounds
were dissolved first in DMSO and that diluted with PBS pH 7.4 to reach the final
concentration 100 pM in the donor well. Concentration of DMSO did not exceed
0.5% (v/v) in the donor solution. 300 pL of the donor solution was added to the donor
wells (Vp) and the donor filter plate was carefully put on the acceptor plate so that
coated membrane was “in touch” with both donor solution and acceptor buffer. Test
compound diffused from the donor well through the lipid membrane (Area = 0.28
cm?) to the acceptor well. The concentration of the drug in both donor and the

acceptor wells were assessed after 3, 4, 5 and 6 h of incubation in quadruplicate using
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the UV plate reader Synergy HT (Biotek, Winooski, VT, USA) at the maximum
absorption wavelength of each compound. Concentration of the compounds was
calculated from the standard curve and expressed as the permeability (Pe) according

the equation:

[drug] acceptor (Vp X V)
where C =

= X —
log Fe {C in (1 [drug] equilibrium (Vp x V) Area X Time

MDCK assay

The MDCK assay evaluates the ability of compounds to diffuse from the donor
compartment through the MDCK'’s cell membrane into the acceptor compartment. The
MDCK cells were seeded on polycarbonate membrane (area 1.12 cm?) with 3 pm pores
of the 12-well plates with 12 mm inserts. The tested compounds were dissolved in
DMSO and then diluted with OptiMEM to reach final concentrations (in range XX-XX
uM), the concentration of DMSO didn’t exceed 0,5 % (V/V). 750 ul of the donor
solution was added to the donor compartment (insert) and the same volume of
OptiMEM was added into the acceptor. The concentration of the drug in both
compartments was measured by UV-VIS spectrophotometry, HPLC-UV or HPLC-MS
in 1, 2, 4 and 6 h of incubation in triplicates. The apparent permeability coefficient
(Papp) was calculated from concentrations ratio. Tightness of MDCK monolayer is
assessed by permeability of FITC (fluorescein isothiocyanate) in 0,4 mg/ml. Novel
compounds were assessed only once as they show negligible values confirming very

low penetrating ability.

dc 4
Pave = () * G 2
A area of the well/cell monolayer
dC/dt ..... amount in the receiver compartment in given time
Vr.......... volume of the receiver compartment
Co.ornnnnn. the initial concentration of tested compounds

6.2.4 Additional measurements

Colorimetric cell viability assay (MTT)
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The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetraziolium bromide (Sigma—
Aldrich, St. Louis, MO, USA) reduction assay was used for measurement of compounds
cytotoxicity according to Mosmann et al. (1983) [159]. MTT is a water soluble
tetrazolium salt and it is converted to purple formazan by succinate dehydrogenase in
mitochondria of viable cells [159, 160]. Cell viability was detected after 24-hour
incubation with the tested substances. For the assay, HepG2 cells were seeded into 96-
well plates in 100 pl volume and density of 15 x 10° per well. Cells were allowed to
attach overnight before the treatment. The stock solution of tested compounds were
prepared in dimethylsulfoxide (DMSO, Sigma-Aldrich), which were further serially
diluted in DMEM and added to the cells in 96-well culture plate. The final

concentration of DMSO was less than 0.25% per well.

After 24 hour incubation, the medium containing serially diluted substances was
aspirated from each well and replaced by 100 pL of fresh medium containing MTT
(0.5 mg/ml). Plates were subsequently incubated at 37 °C in a CO» incubator for 45
min. Medium containing MTT was then aspirated and formazan dissolved in 100 pL of
DMSO. The optical density of each well was measured using Synergy 2 Multi-Mode
Microplate Reader (BioTek Instruments, Inc., Winooski, VT, USA) at 570 nm. The cell
viability was expressed as the percentage of untreated control. Each experiment was

performed in triplicate and repeated four independent times [161].

The ICso values were calculated using four parametric nonlinear regressions by
statistic GraphPad Prism software (version 5.04, GraphPad Software Inc., San Diego,
CA) from the logarithmic dose—response curve. The IC50 values were expressed as a

mean + standard error of the mean (SEM).
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