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Abstract

This project presents the synthesis of tacrine and coumarin scaffolds armed with an alkyl-chain
of varying length with an azido functionality and isocryptolepine scaffold armed with a terminal
alkyne.
The synthesis of these compounds lead to the successful synthesis of the potential dual binding
site acetylcholinesterase inhibitors, a tacrine-cryptolepine hybrid with a 3 carbon-linker and a
coumarin-isocryptolepine hybrid with a 4 carbon-linker assembled via copper-catalyzed azide-
alkyne cycloaddition (CuAAC). The attempted synthesis of the same hybrids with different
linker-length (6 and 8) were not successful.
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MTDL Multi-target-directed-ligand
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v





CONTENTS CONTENTS

Contents

1 Introduction 1
1.1 Alzheimer’s disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1.1 History and progress of Alzheimer’s disease hypotheses . . . . . . . . 2
1.2 Tacrine and its role in the treatment of Alzheimer’s disease . . . . . . . . . . . 6

1.2.1 Synthesis of tacrine and tacrine derivatvies from the literature . . . . . 9
1.3 Coumarins and their potential in Alzheimer’s disease treatment . . . . . . . . . 12

1.3.1 Literature protocols for coumarin synthesis . . . . . . . . . . . . . . . 14
1.4 Isocryptolepine, an antimalarial agent as a potential Alzheimer’s disease phar-

macophore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1.4.1 Synthesis of isocryptolepine in the literature . . . . . . . . . . . . . . . 17

1.5 Suzuki-Miyaura cross-coupling reaction . . . . . . . . . . . . . . . . . . . . . 20
1.6 Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC and the 1,2,3-triazole) 22

2 Objectives 27
2.1 Synthesis of tacrine-, coumarin- and isocryptolepine scaffolds . . . . . . . . . 27
2.2 Synthesis of novel tacrine-isocryptolepine and coumarin-isocryptolepine hybrids 28

3 Results and discussion 30
3.1 Synthesis of tacrine scaffolds . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.1.1 Synthesis of N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine (27) 30
3.1.2 Synthesis of N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (33) . 34

3.2 Synthesis of coumarin scaffolds . . . . . . . . . . . . . . . . . . . . . . . . . 39
3.2.1 Synthesis of 3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (19) . . 39
3.2.2 Synthesis of coumarin analogs armed with methylene bridge, com-

pounds 34-36. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.2.3 Azidation of coumarin analogs 34-36 . . . . . . . . . . . . . . . . . . 43

3.3 Synthesis of the isocryptolepine scaffold . . . . . . . . . . . . . . . . . . . . . 44
3.3.1 Synthesis of 2-(quinolin-3-yl)aniline (23) . . . . . . . . . . . . . . . . 44
3.3.2 Synthesis of 11H-indolo[3,2-c]quinoline 29 . . . . . . . . . . . . . . . 45
3.3.3 Synthesis of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c] 40 . . . . . . . . . . 45

3.4 Synthesis of novel tacrine-isocryptolepine and coumarin-isocryptolepine hybrids 47
3.4.1 Synthesis of N-(3-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-

triazol-1-yl)propyl)-1,2,3,4-tetrahydroacridin-9-amine (41) . . . . . . . 48
3.4.2 Attempted synthesis of N-(8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-

1H-1,2,3-triazol-1-yl)octyl)-1,2,3,4-tetrahydroacridin-9-amine (42) . . 50

vii



CONTENTS CONTENTS

3.4.3 Synthesis of 7-(4-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-
triazol-1-yl)butoxy)-3-chloro-4-methyl-2H-chromen-2-one (43) . . . . 50

3.4.4 Attempted synthesis of 7-((6-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-
1H-1,2,3-triazol-1-yl)hexyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one
(44) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.4.5 Attempted synthesis of 7-((8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-
1H-1,2,3-triazol-1-yl)octyl)oxy)-3-chloro-4-methyl-2-textitH-chromen-
2-one (45) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.5 Conclusion and future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4 Experimental 52
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.1.1 Solvents and reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
4.1.2 Spectroscopic and spectrometric analysis . . . . . . . . . . . . . . . . 52
4.1.3 Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

5 Appendix 93

viii





1 INTRODUCTION

1 Introduction

1.1 Alzheimer’s disease

Among many diseases affecting modern societies, dementia is one of the most serious health
problems of today. The number of cases worldwide is estimated at 50 million, a number which
is projected to reach 152 million already by 2050. [1] With a current globally estimated cost
of care of about $1 trillion and an expected cost of about $2 trillion by 2030, dementia may
both weaken social and economical development and could potentially overwhelm the health
and social services. [1,2] The leading form of dementia, accounting for about 60-80% of cases,
is Alzheimer’s disease (AD). The disease is a neurodegenerative disorder characterized by a
progressive loss of neurons which may affect learning ability, speech, behaviour, memory, the
motor system and other cognitive functions. [3–5] A description of AD was first published in
1907 by Alois Alzheimer, and even today the principal features that he described of aggre-
gation of extracellular amyloid-β protein (Aβ), also known as plaques, and paired filaments
of intracellular hyperphosphorylated τ protein, also known as neurofibrillary tangles (NFTs),
are still required for pathological diagnosis and are considered the two main hallmarks of the
disease. [6,7] Other neuropathological features of AD include synaptic alteration, microgliosis,
inflammation and glial cell dysfunction. [8–11]

Despite huge efforts by both pharmaceutical companies and the scientific community, no cure
for AD has yet to be found. In the period of 2002-2012, 431 AD trials, whereas 83 reached
Phase 3, were performed. [12] According to an online database provided by the U.S. National
Library of Medicine,1 almost 1000 clinical trials related to AD are either recruiting or on-
going. However, no new drug has been approved since the US Food and Drug Administra-
tions (FDA) approval of the N-methyl-D-aspartate(NMDA)-receptor antagonist memantine in
2003. [13,14]. The only other therapeutic options available on the market today are the three
acetylcholinesterase inhibitors (AChEIs) donepezil, rivastigmine and galantamine (Figure 1). [15,16]

However, all of the aforementioned approved drugs only serve as palliative treatment, resulting
only in a temporary symptomatic relief. In fact, in about 90% of cases the drugs will already
seize to have a positive effect after just more than 3 years. [17]

1https://clinicaltrials.gov/ct2/home
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1.1 Alzheimer’s disease 1 INTRODUCTION

Figure 1: The three acetylcholinesterase inhibitors donepezil, galantamine and rivastigmine.

1.1.1 History and progress of Alzheimer’s disease hypotheses

The reason behind the therapeutic majority of AChEIs on the market is rooted in the cholin-
ergic hypothesis. The support for the hypothesis came in the 1970s as significant deficits of
choline acetyltransferase, the enzyme responsible for the synthesis of the neurotransmitter
acetylcholine (ACh), was reported in cases regarding AD. [18,19]. Subsequent discoveries of
decreased choline uptake [20] and additional research relating ACh to memory, learning, and
other cognitive functions, led to the rise of the cholinergic hypothesis. [21,22] According to the
hypothesis normal cognitive functions might reoccur if acetylcholinesterase (AChE), the en-
zyme mainly responsible for the hydrolysis of ACh, could be inhibited. [23] Crystal structural
studies on AChE from the electric fish (Torpedo californica) (tcAChE) [24,25] have shown that
the enzyme consists of two binding sites: the catalytic anionic site (CAS) and the peripheral
anionic site (PAS), lined with multiple conserved aromatic residues. In more recent times this
has been confirmed by studies on recombinant human AChE as well. [26,27] The two binding
sites are connected by a ∼20 Å deep, and ∼5 Å narrow gorge, located at the bottom and at the
mouth of the gorge, respectively (Figure 2). [24,28] The CAS region of hAChE includes the cat-
alytic triad (Ser203-His447-Glu334), oxyanion hole (Gly121, Gly122 and Ala204), the choline
binding site (Trp86, Tyr337, Phe338), and the acyl pocket (Phe295 and Phe297,) all of which
serve a role in the binding of substrates [29]. The PAS consists of the aromatic residues Trp286,
Tyr124, Tyr72 and Tyr341 and functions as a relay station temporarily binding to the substrates
and subsequently leading them towards the CAS. [30,31] The discovery and further research on
the two active sites in AChE eventually led to the "bivalent strategy", suggesting that a dimer
of pharmacophores tethered by a suitable linker would be able to bind to both the PAS and
CAS of AChE, promoting a significant increase in binding affinity and consequently a greater
inhibition of AChE. [32] The active-site gorge of AChE is known to display a certain confor-
mational flexibility. This is displayed as binding of different bifunctional ligands can induce
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1.1 Alzheimer’s disease 1 INTRODUCTION

sidechain rotations (of varying degree) allowing binding to the AChE despite structural differ-
ences between the bivalent ligands, which in turn allows for greater diversity in the designs of
potential dimers. [33,34] With this in mind: Most of todays approved drugs have a heterocyclic
system, indicating the activity of heterocyclic based compounds as important in inhibiting the
ChEs. [35] Compounds with tricyclic and heterocyclic system such as tacrine and coumarin are
able to interact with both the CAS and PAS of the ChEs through hydrophobic interactions and
by binding to the aryl group of different amino acids through π-π bond-stacking. [36–38]

Figure 2: Illustration of the structure of hAChE, including some of the aromatic residues
present. [30,39]

Besides AChE, one other type of cholinesterase (ChE) exists, and that is butyrylcholinesterase
(BuChE). Despite AChE and BuChE being encoded by different genes, they share a 65% amino
acid sequence homology. [40,41]. The main difference between the two ChEs is the replace-
ment of aromatic with aliphatic amino acid residues in BuChE. [41] This structural difference
also leads to differences in their susbtrate specificity; AChE is highly selective for ACh while
BuChE is less selective and is able to metabolize several different molecules including a num-
ber of various neuropeptides. [42] The volume of the CAS in BuChE is considerably larger
(roughly ∼200 Å) than the one found in AChE, which allows BuChE to bind bulkier inhibitors
than AChE. [43] Despite the differences, BuChE also possess the ability to hydrolyse ACh. The
hydrolysis of ACh yields choline and acetic acid and leads to the termination of its function as
a neurotransmitter. [41] Interestingly, BuChE binds to ACh less efficient at low concentrations,
but highly efficient at elevated ones. [44] This is relevant in the context of AD, because as the
level of AChE declines or remains unaffected, the level of BuChE increases in the AD brain. [45]

In addition, it has also been confirmed that BuChE serve a vital role in cognitive functions and
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1.1 Alzheimer’s disease 1 INTRODUCTION

has been found to associate with both Aβ plaques and NFTs in both mouse models and human
tissue. [46,47] This could imply that dual inhibition of both AChE and BuChE may serve as an
appropriate therapeutic target for the treatment of AD. [41,48]

For almost 30 years another hypothesis has emerged as the dominant model of AD pathogene-
sis; the amyloid cascade hypothesis. [49,50] The hypothesis postulates that one of the hallmarks
of AD, Aβ aggregates, is the fundamental cause of the disease. [51] Disocoveries of mutations
in the genes influencing Aβ production in patients with early-onset familial AD [52,53] and the
detection of a similar mutation in patients with Downs syndrome, of which a majority develop
at least early symptoms of AD after the age of 40, supported this hypothesis. [54,55] The major
components of Aβ are Aβ1−40 and Aβ1−42. [56] The plaques generated from Aβ1−42 lead to
severe neuronal toxicity [57] meaning the prevention of Aβ1−42 aggregation could serve as a
potential strategy in the treatment of AD. However, results from studies on potential amyloid
cascade players have so far been disappointing. [58,59] One approach to lowering toxic Aβ ag-
gregation which is still of interest today, is the inhibition of βsecretase, the β-site APP cleaving
enzyme I (BACE1). BACE1 is responsible for the N-terminal cleavage of the APP, leading to
the production of Aβ peptide and making BACE1 a potential target in AD treatment. [60,61]

In recent years, studies have shown that AChE may play a role in accelerating Aβ formation
via amino acids located in the proximity of the PAS. [62] Studies have confirmed that AChEIs
that are able to bind to either exclusively to the PAS, or bind to both the CAS and PAS binding
sites, can inhibit Aβ aggregation. [63,64] It has also been presented evidence of AChE impacting
another hallmark of AD through dysregulation of hyperphosporylated τ . [65] This has brought
new life to the use of AChEIs in the development of AD drugs. [66]

Another potential therapeutic target in the treatment of AD is monoamine oxidase (MAO).
MAO is classified as two isoforms, MAO-A and MAO-B, distinguished on the basis of their
substrate specificity and their sensitivity towards specific inhibitors. [67] MAOs are enzymes re-
sponsible for oxidative deamination of neurotransmitters like histamine, tyramine and dopamine. [68,69]

The deamination process instigated by MAO produces hydrogen peroxide (H2O2), which in
turn can trigger the production of oxidative free radicals. [70,71] Whereas inhibitors of MAO-A
are used as antidepressants [72], inhibitors of MAO-B can be used to treat neurodegenerative
disorders like Parkinson’s disease and AD [73,74]. The MAO-B activity has been shown to in-
crease with age, especially in AD patients. The increase in hydrogen peroxide and oxidative
free radicals can lead to and induce mitochondrial and neuronal damage. [75,76] It is therefore of
no surprise that several selective MAO-B inhibitors have been demonstrated to retard the fur-

4



1.1 Alzheimer’s disease 1 INTRODUCTION

ther neurodegeneration in AD [77,78]. More recent research also suggests that MAO-B plays a
role in the formation of Aβ plaques, further supporting selective MAO-B inhibition as a viable
target for the treatment of AD. [79]

In addition to what has already been discussed a large body of research have described a number
of pathogenic mechanism underlying the causes of AD, including, but not limited to: neuroin-
flammmation, mitochondrial dysfunction, dysregulation of iron metabolism, calcium theory,
oxidative stress and metabolic disruption of biometals. [80–85] The multifactorial nature of AD
is seen as the main cause of the lacklustre results of early anti-AD drug development. [86] It
furthers suggests that the conventional standard of ’one drug, one target’ may not be a suitable
strategy in the treatment of AD. This spawned the "multifactorial hypothesis", which is the basis
of the multi-target-directed-ligand (MTDL) strategy. [87] The strategy aims to develop a single
molecule, often by combining two distinct pharmacophores connected by a suitable linker able
to target a number of the key pathogenic mechanisms suggested to be vital in the progression
of AD. Preferably each pharmacophore also retains its ability to interact with its specific site(s)
on the target resulting in greater effectiveness compared to single-targeting drugs. [88–91] The
MTDLs also have the advantage of lower probability of drug-drug interactions, and higher pa-
tient adherence, which is important for a neurodegerenative disease like AD. [92] A review of
the literature reveals that the most common approach when designing MTDLs is to combine
an AChEI with another pharmacophore providing the new molecule with biological properties
beyond AChE inhibition. [93,94] This is most commonly achieved by combining a known AChEI
with a pharmacophore with known BACE1 and/or MAO inhibition properties, metal chelating
properties or NO-releasing activities [95]

The vast number of hypotheses and strategies attempting to explain and combat the multifac-
torial disorder of AD has led to a wide array of research on different design strategies and
possible pharmacophores in the search for a cure, evidenced by the numerous comprehensive
reviews published on the matter. [96–100] This project will focus on just a few out of the vast
number of potential AD pharmacophores (Figure 3): Tacrine, mainly due to its well-known
ability to inhibit AChE by binding to the CAS, but also due to its ability to inhibit BuChE. [98]

Coumarin, due to the large number of potential analogs, resulting in a wide range of biolog-
ical activities in regards to both AD specifically (MAO-, BACE1- and AChE-inhibition) [101],
but also in a general sense (anti-coagulant [102], antioxidant [103], etc.). Iocryptolepine, due to
its unknown potential as a possible AChEI, in combination with it being a natural product
with well established biologcal activities [104,105]. The 1,2,3-triazole ring, due to its excellent
properties in regards to medicinal chemistry (stable to hydrolysis, metabolic degradation and

5



1.2 Tacrine and its role in the treatment of Alzheimer’s disease 1 INTRODUCTION

redox) [106] and its potential to form hydrogenbonds and π-π stacking interactions, which is
especially interesting in regards to AD due to potential bonding with aromatic residues in the
AChE gorge. [107]

Figure 3: The basic form of the pharmacophores and linker moiety addressed in this project

1.2 Tacrine and its role in the treatment of Alzheimer’s disease

Tacrine (1,2,3,4-tetrahydro-9-acridinamine or Cognex®) (Figure 3) is a 1,2,3,4-tetrahydroacridine
substituted by an amino group at position 9 and a member of the chemical class of acridines.
As one of several acridines, tacrine was first synthesized by the Australian chemists Adrien
Albert and Walter Gledhill, at the university of Sydney in the 1940s. [108,109] Although over-
shadowed by the British discovery of Penicillin, tacrine quickly demonstrated the ability to
cross the blood brain barrier and to inhibit AChE with potency in the nanomolar range. [110].
Later research confirmed that this also was true in regards to BuChE aswell, however the bind-
ing was even more selective. [111] Tacrines ability to inhibit AChE eventually lead to testing on
AD patients [112], which in turn lead to tacrine being approved by the FDA as the first AChEI
in 1993, as a reversible, non-competitive inhibitor. [113] However it was soon established that
tacrine expressed hepatotoxic responses in patients, especially towards the liver and gastroin-
testinal tract. [114,115]. Other side-effects included nausea, diarrhoea and anorexia which led to
the eventual withdrawal of tacrine from the US market in 1998. [116] However, in the wake of
the proposed MTDL strategy, tacrine has re-emerged as an interesting ligand in the develop-
ment of AD drugs. This is attributed to its classical pharmacophore structure, low molecular
weight, synthetic accessibility and its inhibitory properties towards both AChE and BuChE. In
tcAChE the binding is displayed through parallel π - π stacking interaction between the benzyl
ring of tacrine and the aromatic ring of Trp84 near the bottom of CAS and between the charged
nitrogen of the piperidine ring and the phenyl ring on Phe330. [25,117] It is suggested that the
cyclic nitrogen of tacrine is protonated when bound to the enzyme due to observed hydrogen
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bonding between the cyclic nitrogen and the carbonyl oxygen of His440, highlighting the im-
portance of the basic nitrogen atom of tacrine. [24,118] Crystal structures of the tacrine-AChE
complex has shown that tacrine by itself binds solely to the CAS. [25]

More importantly, combining tacrine with another moiety have shown to extend the biological
profile of tacrine and overcome some of the hepatotoxicity side effects associated with the use
of it. [119–121] An extensive number of tacrine derivatives have already been discussed in great
detail in multiple reviews [98,117,122–124]. Here, only a few will briefly be presented (Figure 4)
(Table 1).

Figure 4: Structures of some tacrine derivatives presented in literature [36,125,126]
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Table 1: Inhibition of hAChE and hBChE activities and AChE-mediated Aβ aggregation by
some published tacrine derivatives (Figure 4) compared with tacrine.

Compound hAChEa hBuChEa Aβ1−42 self-
aggregationb

IC50 [nM] IC50 [nM] (% inhibition)
Tacrine 350 [125] 40 [125] <5, 10 µM [125]

1 0.81 [36] 5.66 [36] 53.4, 100 µM [36]

2 53.0 [125] 21.8 [125] 19.7, 10 µM [125]

3 0.95 [125] 2.29 [125] 26.5, 10 µM [125]

4 0.86 [126] 2.18 [126] 58.4, 10 µM [126]

aIC50 values represent the concentration of inhibitor required to decrease enzyme activity by
50% and are the mean of atleast two independent measurements, each performed in triplicate;
bPercent inhibition with inhibitor at given µM concentration.

The search for new and promising tacrine derivatives began with research on simple tacrine
homodimers. The research group of Pang [32] wanted to prove that additional binding sites in
tcAChE (Trp279, Tyr70, Phe290) near the PAS would make it possible for a tacrine homod-
imer to not only bind to CAS, but to the PAS of AChE as well. This interaction has later
been reported as cation-π and π - π interactions. [127] The most promising of the synthesized
homodimers of the group of Pang [32] was the compound bis(7)-tacrine (1), which connects the
two tacrine units through a heptamethylene bridge. The compound was reported to be about a
1000-fold more potent than tacrine in inhibiting rat brain AChE serum [32] and about 400-fold
more potent in hAChE serum (Figure 1). [125] Furthermore, the group also investigated the im-
portance of the length of the linker in making potent dimers directed towards AChE. [32] The
results showed that the linker at some point (depending on the structure of the dimer) would be
too long, not being able to bind to both PAS and CAS, or too short, probably leading to a form
of crowding at the bottom of AChE. [32]

An evidence of the importance of the linker length is illustrated by the tacrine-neocryptolepine
derivatives 2 and 3, where 3 is a more potent inhibitor than 2 of both hAChE (50-fold) and
BuChE (10-fold). [125] It was reported that 2 was only able to bind to residues at PAS and
the mid-gorge, whereas for 3 the neocryptolepine moiety bonded to the PAS region while the
tacrine moiety was oriented towards the CAS region of the enzyme, ensuring a stronger bind-
ing. Finally, the tacrine-benzofuran hybrid 4 [126] presents an example of how a heterodimer
consisting of tacrine and another pharmacophore can possess characteristics beyond inhibition
of AChE and Aβ self-aggregation, as compound 4 additionally showed significant inhibition of
human BACE1. Importantly, a common denominator for all four compounds (1-4) is that they
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all exhibited significantly lower hepatotoxicity when compared to that of tacrine.

1.2.1 Synthesis of tacrine and tacrine derivatvies from the literature

A review of the literature reveals that the most common strategy when preparing quinoline
derivatives, such as tacrine and its derivatives, is the use of the Friedländer condensation reac-
tion. [128–130] The Friedländer synthesis is a reaction wherein quinoline derivatives traditionally
are synthesized from a condensation reaction between an aromatic 2-amino-substituted alde-
hyde or ketone with an aldehyde or ketone bearing α-methylene functionality in the presence
of a protic acid, a Lewis acid or a base, but has in more recent years come to include several
variations. [128]

One such variation was presented by the group of McKenna (Scheme 1). [131] A Friedländer
type condensation of 2-aminobenzonitrile (5) and cyclohexanone (6) is mediated by the Lewis
acid boron trifluoride diethyl etherate (BF3OEt2) to yield tacrine (7). Although several ke-
tones have been reported to participate in this reaction, the mechanism has not been thoroughly
studied. [129]. The synthetic route of McKenna is presented in combination with a mechanistic
suggestion by Costa et al. [128] (Scheme 1). An initial Lewis acid mediated imine formation (i)
yielding intermediate SC1 is followed by imine-enamine tautomerism (ii) activated by Lewis
acid coordination and the following formation of SC2. The weakly basic nitrile of SC2 is
suggested to be activated by the Lewis acid leading to the intramolecular addition (iii) of the
enamine carbon to the nitrile group affording SC3. Finally, imine-enamine tautomerism (iv)
during or prior to work-up with base affords tacrine (7). The synthetic route of McKenna et al.

was later used by the group of Xie [132], which reported a yield of 92%.
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Scheme 1: Synthesis of tacrine (7) through a Friedländer type condensation, as described by
McKenna et al. [131] in combination with a suggested mechanism for the reaction. [128]

Another popular method for synthesizing tacrine and potentially tacrine derivatives is the Niemen-
towski quinoline synthesis reaction between anthranilic acid (8) and cyclohexanone (6), fol-
lowed by a simultaneous POCl3-mediated chlorination of the aromatic hydroxyl-group yield-
ing 9-chloro-1,2,3,4-tetrahydroacridine (9). [129] Compound 9 has been extensively used as a
starting point in the synthesis of several tacrine analogues, [118,133,134] as well as in this project.
An example of this strategy was presented by the group of Oukoloff (Scheme 2). [135] From
the initial synthesis of 9, a synthetic strategy towards transforming 9 in to a tacrine scaffold 13
with a 2-methylene bridge armed with an azide functional group was presented. The first step
is a SNAr reaction of 9 facilitated by the addition of 3-amino-1-propanol and heat to obtain
compound 10. This is followed by two more substitution reactions, first SOCl2 and heat yield
12, before finally yet another substitution reaction with NaN3 mediated by heat yield 13.
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Scheme 2: Synthetic strategy towards the synthesis of a tacrine derivative armed with a 2
methylene bridge and an azido-functionality 13, as reported by Oukoloff et al.. [135]

A review of the literature reveals that for the synthesis of tacrine derivatives armed with a
longer linker (∼5C+), another approach is more commonly employed. [136]. This strategy is
here presented by the work of the group of Wieckowska [136] where the addition of the desired
dibromoalkane in the presence of a strong base facilitates a SNAr reaction yielding a tacrine
analog armed with a methylene-bridge (5-8) with a halide at the end. The terminal halide allows
for furter functionalization of the linker, as shown already (Scheme 2).

Scheme 3: Synthetic strategy towards arming tacrine with a longer linker (5-8). [136]

In regards to the Niementowski reaction; due to similarities to the Friedländer reaction, the two
mechanisms suggested for that reaction have been proposed for the Niementowski quinoline
synthesis as well. Although, since the Niementowski quinoline synthesis involves the conden-
sation of an aldehyde or ketone with an anthranilic acid, the mechanistic pathway involving
initial formation of a Schiffs base is suggested to be favored (Scheme 4). [137]

11



1.3 Coumarins and their potential in Alzheimer’s disease treatment 1 INTRODUCTION

Starting from anthranilic acid 8 and a ketone/aldehyde partner (N1), an initial formation of the
Schiff base (N2) is followed by an intramolecular aldol reaction to give the hydroxy imine (N3).
The reaction is finalized by the loss of water, functioning as the driving force of the reaction,
leading to ring closure and the formation of the quinoline product (N4). [137] The alchol-group
(red) of N4 is the chlorination target of POCl3 in the synthesis of 9.

Scheme 4: Suggested mechanistic pathway of the Niementowski quinoline synthesis involving
the initial formation of a Schiffs base. [135]

1.3 Coumarins and their potential in Alzheimer’s disease treatment

Coumarin (2H-chromen-2-one or 2H-1-benzopyran-2-one) (Figure 3) is the simplest member
of the chemical group of benzopyrones known as coumarins. Coumarin was first isolated in
1820 as a natural product from Tonka beans (Dipteryx odorata) and initially mistaken for ben-
zoic acid. [138] Because of its pleasant odour, it has been used in perfumes and flavourings since
1868. [139] Coumarins represent an important family of phytochemicals and synthetic oxygen-
containing heterocycles consisting of fused benzene and α-pyrone rings. Substitution reactions
of coumarin can occur at any of the six available sites, which offers many possible permutations
by both substitution and conjugation. This could explain why so many coumarin derivatives
occur naturally [140] but also opens up for a wide array of coumarins with different function-
alities and activities. Some of the reported biological activities of coumarins include anti-
inflammatory, [140] anti-oxidant, [103] anti-bacterial, [141] anti-tumor, [142] and anticoagulant [143].
It is suggested that naturally based compounds, such as coumarins, are better tolerated in the
body compared to synthetic chemicals. [144] This in combination with the wide array of biologi-

12



1.3 Coumarins and their potential in Alzheimer’s disease treatment 1 INTRODUCTION

cal activities has made coumarins immensely popular in the world of pharmaceuticals in recent
years. In regards to this project the reported anti-AD properties of coumarins is however of
particular interest. [145,146]

Studies have shown that both naturally occurring as well as chemically synthesized coumarin
analogs and coumarin hybrids exhibits potent AChE inhibitory activity. It has been reported that
the inhibitory activity is exercised mainly through interactions with the PAS of AChE through
π-π stacking interactions. [101,147,148] Studies have also revealed that novel coumarin analogs
are capable of inhibiting Aβ aggregation, and that functionalization of the aromatic center
can manipulate the inhibition mechanism. [149] Furthermore, coumarin analogs have also been
identified as potent and selective MAO-B inhibitors, especially for 7-substituted coumarins
with additional substitution in the 3- and/or 4-position. [150–154] Furthermore, coumarin analogs
have also been reported as to have potency towards the inhibition of BACE1. [155–157] This has
made coumarin analogs highly interesting as scaffolds in designing new bivalent AChEIs and
MTDLs in regards to AD treatment. Here, a few will briefly be presented (Figure 5) (Table 2).

Figure 5: Structures of some coumarin hybrids from literature.

The group of He [158] designed and synthesized a series of coumarin-dithiocarbamate hybrids
wherein they tested the effect of di-substitution on the coumarin scaffold in the 3C- and 4C-
position with the linker armed at the hydroxyl group at the 7C-position (Figure 5). The
results showed that compound 13c was the most potent AChEI (IC50 = 0.061 nM) out of
the synthesized hybrids as well as a potent MAO-B inhibitor (IC50 = 0.363). Xie and his
group [132] designed and synthesized a series of tacrine-coumarin hybrids where they tested
mono-substitution in the 4C-position. They discovered that hybrid 14a, methyl-substituted
in 4C with a two carbon linker was the most potent and promising inhibitor of both ChEs.
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(eeAChE = 0.092 nM, eqBuChE = 0.234 nM) In addition, a majority of the compounds, in-
cluding 13a-13c, was also found to inhibit self-induced Aβ-aggregation. [132]

Table 2: Inhibition of ChEs and hMAO-B of some published coumarin hybrids (Figure 5).

Compound eeAChEa eqBuchEa hMAO-Ba

IC50 [nM] IC50 [nM] IC50 [nM]
Donepezilb 0.041 [158] 4.22 [158] -
Rasagilinec - - 0.138 [158]

13a 0.218 [158] 31.06 [158] 8.84 [158]

13b 0.367 [158] 33.11 [158] 4.36 [158]

13c 0.061 [158] 31.26 [158] 0.363 [158]

14a 0.092 [132] 0.234 [132] -
14b 0.130 [132] 0.628 [132] -
14c 0.150 [132] 5.14 [132] -
Tacrineb 0.269 [132] 0.042 [132] -

All values of IC50 are shown as mean of three independent experiments; aFrom electric eel
(ee), equine serum (eq) and human serum; bKnown AChEI; c Known MAO-B inhibitor.

1.3.1 Literature protocols for coumarin synthesis

The literature describes several possible methods involved in the synthesis of coumarins includ-
ing Pechmann condensation reaction [159], Knoevenagel condensation [160], Wittig reaction [161],
Claisen rearrangement [162], Perkin reaction [163] and Baylis–Hillman reaction [164]. More re-
cently, microwave [165] and solid-phase [166] have been used to success in combination with
already established methods. Of these, the Pechmann condensation reaction has been most
widely employed for the synthesis of coumarins in large parts due to its preparative simplicity
and inexpensive starting materials. [167] The method involves an acid-mediated condensation
of phenols with β-keto esters conducted with a strong Brønsted acid or a Lewis acid, usually
requiring high temperatures as well. [168]

Pisani and his group [169] presented the synthesis of ethyl (7-hydroxy-2-oxo-2H-chromen-4-
yl)acetate (17) using standard Pechmann reaction conditions (Scheme 5. Resorcinol (15) and
diethyl 1,3-acetonedicarboxylate (16) were condensated, mediated by a Brønsted acid (H2SO4)
and heat, yielding 14.
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Scheme 5: Synthesis of the coumarin analog ethyl(7-hydroxy-2-oxo-2H-chromen-4-yl)acetate
(17) using standard Pechmann reaction conditions as described by Pisani et al.. [169]

More recently, Zak et al. [170] presented a strategy to synthesize numerous coumarins in great
yields and with excellent regioselectivity. The strategy is here represented by the synthe-
sis of 3-chloro-7-hydroxy-4-methylcoumarin (19) (Scheme 6). Resorcinol (15) and ethyl 2-
chloroacetoacetate (18) reacts in the presence of trifluoroacetic acid as a catalyst under mi-
crowave (MW) irradiation yielding the desired coumarin analog 19 by a Pechmann conden-
sation reaction. Using this strategy, different coumarin derivatives were prepared simply by
changing the acetoacetate derivative.

Scheme 6: Synthesis of the coumarin analog 3-chloro-7-hydroxy-4-methylcoumarin (19) by a
MW-assisted Pechmann condensation as described by Zak et al.. [170]

A review of the literature also reveals that the presence of an OH-group in the 7-position is
commonly exploited as a means to attach a linker of desired length to a coumarin analog,
through the application of Williamson ether synthesis. [132,171,172] The group of Jiang presented
an example of this strategy (Scheme 7). [173] The alcohol group of 7-hydroxy-4-methyl-2H-
chromen-2-one (20 is deprotonated in the presence of the base. From here, through a SN2 reac-
tion, the newly formed alkoxide attacks one of the electrophilic carbons of the dibromoalkane,
expels the halide and an ether is formed. The result is a coumarin analog with a linker of de-
sired length. The halide connected to the terminal end of the linker opens up for the potential
addition of functionality to the linker, as previously shown in Scheme 2.
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Scheme 7: Synthetic strategy towards arming 7-hydroxy-4-methyl-2H-chromen-2-one (20) by
utilizing Williamson ether synthesis as described by Jiang et al.. [173]

1.4 Isocryptolepine, an antimalarial agent as a potential Alzheimer’s dis-
ease pharmacophore

In recent years, the tetracyclic indoloquinoline alkaloids, composed of a fused quinoline and
indole moiety, have attracted considerable attention due to promising antibacterial, antiplas-
modial, antitumoral and antimalarial activity. [174,175] The roots of the West African climbing
vine Cryptolepis sanguinolenta have for centuries been used in folk medicine for the treatment
of malaria, bacterial infections and hepatitis. [105,174,176] Examinations of the plant proved it to
be a great natural source of several indoloquinolines, of which particularly neocryptolepine,
cryptolepine, and isocryptolepine have received considerable attention over the years (Figure
6).

Figure 6: The most notable bioactive compounds isolated from Cryptolepis sanguinolenta
.

Although intensely studied in the field of antimalarial research due to their wide potential in
several pharmacological applications, little to no research have been conducted on these alka-
loids in the field of AD research despite their underlying potential from structure alone (ni-
trogen containing heterocycle). [177,178] An exception to this is the recent work of Wang et al.,
wherein a neocryptolepine-tacrine hybrid 3 was synthesized and reported as an exceptionally
potent bivalent AChEI (Figure 4). Very recently Nuthakki and his group also reported the
ChE inhibitory activity of both cryptolepine and its derivative 2-bromocryptolepine. [179] Cryp-
tolepine was additionally also reported to display inhibition of BACE1 and drug transporter
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P-glycoprotein induction activity. The latter of which has emerged as a possible strategy to
increase Aβ clearance from AD brains. [180] The limited, but promising research on other in-
doloquinolines in regards to AD might propose a possible role for isocryptolepine in the context
of AD research as well. In addition, as a natural product, isocryptolepine has the advantage as
an appropriate starting point due to natural products inherent multi-target profile, evolutionary
selectivity and biological pre-validation. [181–183] This combined supports the idea of isocryp-
tolepine as a potentially interesting scaffold in the context of AD research and in regards to the
development of both bivalent ligands and MTDLs.

1.4.1 Synthesis of isocryptolepine in the literature

A number of total syntheses of isocryptolepine have been described in the literature over the
years. Some of the most common syntheses include Fischer indole cyclisation [184], Pictet-
Spengler cyclization [185], Graebe-Ullman reaction, [186] and palladium-catalyzed coupling re-
actions [187]. A common denominator for most of them is the use of either indoles or quinolines
as starting materials. [105]

Helgeland and Sydnes [188] recently presented an effective and concise synthesis (Scheme 8)
of isocryptolepine (21) using readily available starting materials. 3-Bromoquinoline (21) is
coupled to 2-aminophenylboronic acid hydrochloride (22) under optimized Suzuki-Miyaura
cross-coupling conditions applying PdCl2(dppf) as the catalyst. The base (K2CO3) was intro-
duced in a mixture of EtOH/water. The coupling product 23 was then subjected to a tandem
C-H activation and intramolecular C-N bond formation into the ring system yielding 24. Fi-
nally, (24) was regioselectively N-methylated to yield isocryptolepine (25). Recent efforts by
Haaheim et al. have further improved the yield of the tetracyclic ring-system 24. [189]

17



1.4 Isocryptolepine, an antimalarial agent as a potential Alzheimer’s disease pharmacophore1 INTRODUCTION

Scheme 8: Total synthesis of isocryptolepine (25) as conducted by Helgeland and Sydnes. [188]

The group of Timári [190] developed a synthetic route towards isocryptolepine (25) (Scheme
9. The biaryl 27 was obtained through a Suzuki-Miyaura cross-coupling reaction between N-
pivaloylaminophenylboronic acid (26) and 3-bromoquinoline (21). The Piv-protective group
was then removed by acid hydrolysis to obtain biaryl amine 23. Subsequent diazotization
of molecule 23 followed by treatment with sodium azide provided 28 in a Sandmeyer type
reaction. Thermal cyclization was achieved by refluxing 28 in ortho-dichlorobenzene yielding
the indoloquinoline 29. Finally, regioselective N-methylation was achieved by reacting 29 with
dimethyl sulfate (Me2SO4) in acetonitrile (CH3CN) yielding isocryptolepine (25).
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Scheme 9: Total synthesis of isocryptolepine (21) as described by Timári et al.. [190]

Singh et al. [191] have proposed a mechanism for the one-pot diazotization-azidation-cyclization
(Scheme 9) of 24 yielding iscocryptolepine precursor (25). After the amine 23 is transformed
into the corresponding aryl azide 28 under standard Sandmeyer-type conditons, the azide is col-
lapsed in refluxing ortho-dichlorobenzene to give the isocrpyptolepine precursor as the major
product (Scheme 10). Presumably the cyclization proceeds via a thermally induced nitrene in-
sertion mechanism starting off with the expulsion of nitrogen gas from the moleule. Subsequent
annulation and a 1,5-shift yields the isocryptolepine precursor 25.
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Scheme 10: Proposed mechanism [7] of the one-pot diazotization-cyclization of 19 to yield 25
as described by Singh et al..

In regards to this project, the N-methylation step described in the two reactions above (Scheme
8, 9) is of particular interest, as modifications to this step could allow for the possible in-
troduction of a linker-moiety to the heterocyclic nitrogen, which in turn could allow for the
incorporation of isocryptolepine (25) to a bivalent ligand.

1.5 Suzuki-Miyaura cross-coupling reaction

One of the most popular techniques utilized in the synthesis of a variety of biaryls, to further
obtain useful compounds such as pharmaceuticals and natural products, is the Suzuki-Miyaura
C-C cross coupling. [192–195]. In fact, it is reported as the second most frequently used reac-
tion in drug discovery and development only trailing amide formations. [195] The popularity
stems from the large number of advantages associated with the reaction, such as the abundance
of readily available starting materials, its water stability, its high regio- and stereoselectivity,
tolerance to a broad range of functional groups (amines, ketones, heterocycles, etc.), high prod-
uct yields, the minimal amount of catalyst required and of course its low toxicity. [196,197] The
reaction is generally best described as a metal-catalyzed addition of an aryl (Ar), alkenyl or
alkynyl halide (or triflate), to either organoboranes, organoboronic acids, organoboronate es-
ters or potassium trifluoroborates in the presence of a base. [198–200] Some examples of bases
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often used in the Suzuki-Miyaura cross coupling are NaOH, K2CO3, NaOAc and t-BuOK. [200]

Although some studies have reported the use of nickel [201] as a potential catalyst, the most
commonly employed catalyst in the Suzuki-Miyauara cross-coupling reaction is the palladium
catalyst. [202] The palladium catalyst is most often employed in a complex aided by different
types of ligands. [202] This structure enhances the stability of the reaction and contributes to the
effectiveness of the catalytic cycle.. [198,202]

The role of the base, palladium, and its intermediates in the catalytic cycle of the Suzuki-
Miyaura cross coupling has been extensively studied over the years. [203] The cycle is comprised
of three main steps: (i) oxidative addition, (ii) transmetallation and (iii) reductive elimination
(Scheme 11). [200] In the oxidative addition step (i), the arylhalide, coordinates to the palladium
species forming an organopalladium complex, [L2-Pd-Ar1X]. The mechanism of the transmet-
allation step (ii) and in particular the role of the base in the step, has been heavily debated
over the years. Two pathways have typially been proposed: Path A and Path B. [204]. Path A,
"the boronate pathway": Initiated by the conversion of an organoboron compound by attack
of a base to form the nuchleophilic tetra coordinated boronate complex. The activated nucle-
ophilic boronate complex in turn attacks the palladium-halide complex, [L2Pd-Ar1X], creating
[L2Pd-Ar1Ar2]. Path B, "oxo-palladium pathway": Hydrolysis of the palladium halide complex
[L2Pd-Ar1X] yields the [L2Pd-Ar1OH] complex. The [L2Pd-Ar1OH] complex in turn reacts
with a neutral tri-coordinated boronate species yielding [L2Pd-Ar1Ar2]. Finally, the reductive
elimination step (iii) affords the coupling product Ar1-Ar2 and subsequent regeneration of the
palladium catalyst. [200,204,205].
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Scheme 11: The general catalytic cycle of the Suzuki-Miyaura cross coupling. [200,204]

1.6 Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC and the 1,2,3-
triazole)

The 1,2,3-triazole heterocycle has shown to possess a number of interesting biological proper-
ties. The moiety is chemically inert against reactive conditions such as oxidation, reduction and
hydrolysis under both acidic and basic conditions. [206] In addition, it can also participate in hy-
drogen bond formation, dipole-dipole interactions (about 5 D dipole moment) and π-stacking
interactions. [207,208] The hydrogen bonding ability is particularly interesting, as it opens up the
possibility of interactions with biomolecules, and in the case of AChE, this interaction has al-
ready been established. [135,209,210] In addition, the 1,2,3-triazole has also been reported to be
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relatively resistant to metabolic degradation. [211].

The classical uncatalyzed thermal Huisgen cycloaddition was first discovered in 1893. [212]

However, the mechanism and potential of the reaction between a terminal alkyne (a dipo-
larophile) and an organoazide (a 1,3-dipole) was first discovered by Huisgen in the 1960s. The
reaction received little attention for decades, in large part due to the reaction requiring elevated
temperatures over prolonged periods of time and the reaction yielding a mixture of the 1,4-
and 1,5-disubstituted 1,2,3-triazoles regioisomers (Scheme 12). [213,214] However, this quickly
changed when the group of Meldal [215] in Denmark and the group of Fokin-Sharpless [216] in
the U.S independently and almost simultaneously discovered a copper(I) catalysed variant of
the Huisgen azide-alkyne cycloaddition, the CuAAC.

Scheme 12: Overview comparing the classical Huisgen cycloaddition to the Copper(I)-
catalyzed cycloaddition (CuAAC).

The CuAAC proved to have several advantages compared to that of the classic non-catalyzed
Huisgen cycloaddition. Most importantly it improved the regioselectivity of the reaction solely
affording the 1,4-regioisomer (Scheme 12) as well as vastly improving the speed of the reac-
tion (up to 107), [217] which allowed the reaction to function over a wide range of temperatures
(0–160 °C) as well. In addition, CuAAC works in a variety of solvents (including water), over
a wide range of pH (4-12), interference of functional groups are avoided and the reaction is
unaffected by steric factors. [215–217]
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A CuAAC reaction strictly requires only three components: a terminal alkyne, an azide and
some type of Cu(I) (pre)catalyst. Almost any copper source can be used as a catalyst, provided
that catalytically active Cu(I) species are formed in the reaction medium. [217,218] One way is
the direct use of Cu(I) salts (bromide, chloride, acetate) with an excess of a base (Et3N, DI-
PEA), however, the most common source for Cu(I) precatalyst in CuAAC is the use of Cu(II)
salts (copper sulfate pentahydrate (CuSO4·5H2O), copper acetate) in the presence of a reduc-
ing agent (sodium ascorbate). [217] This ensures the maintenance of significantly high levels of
the catalytic Cu(I) species, which is important for the effectiveness of the CuAAC. Ligands
are usually not necessary to carry out the CuAAC reaction although they serve a purpose in
enhancing the reaction rate and functions as protection of the Cu(I)species from oxidation. [219]

Another remarkable feature of the CuAAC reaction is the vast variety of solvents able to be
used successfully. The comprehensive review of Meldal [217] list a number of them, including
non-coordinating solvents (toluene, dichloromethane), weakly coordinating solvents (tetrahy-
drofuran, dioxane), polar solvents (DMF, acetone) and aqueous solvents including mixtures of
water with an alcohol (tert-butanol, butanol, ethanol).

Despite the wide potential and increasing interest for the CuAAC reaction, many aspects of its
mechanism still remains unclear. [220] An early proposal of the mechanism by Fokin, Sharp-
less and co-workers has served as a surprisingly good starting point for further mechanistic
investigations. [216] The group suggested a step wise mechanism with a monomeric copper(I)
acetylide complex as the intermediate in the catalytic cycle. However the group of Fokin et al.

later reported results of experiments that showed monomeric copper(I) acetylide complexes are
unreactive towards organic azides and this was postulated as direct evidence of the hypothesis
that a dinuclear copper(I) acetylide had to be involved in the catalytic cycle of the reaction
(Scheme 13).
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Scheme 13: Proposed catalytic model for the ligand-free CuAAC reaction, with a dinuclear
copper intermediate. [221,222]

The formation of the σ, π-di(copper) acetylide initiates the reaction (a). The σ-bound copper
acetylide bearing the weak π-bound copper atom proceeds (b) to pick up the organic azide and
form an azide-alkyne-copper(I)ternary complex S8A. Next, metallacycle formation (c), through
a nucleophilic attack at N-3 of the azide by the β-carbon of the acetylide forming the first co-
valent C–N bond, producing intermediate S8B. The introduction of another copper ion to S8B
could alleviate the ring strain of the intermediate, which could explain the necessity for a din-
uclear copper(I) acetylide in the catalytic cycle of the CuAAC. The formation of the second
covalent C–N bond (d) is slower, but results in the ring closure yielding the copper(I) triazolide
S8C. [221,222] Finally, proteolysis (or capture of the intermediate by another electrophile other
than proton) [223] of S8C releases the triazole product S8D, and thereby completing the catalytic
cycle. S8C deprotonating an alkyne and yielding S8D is suggested as an alternative final step
of completing the catalytic cycle of the CuAAC [222].
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Already in 2002, Sharpless and his group explored the possible use of the 1,2,3-triazole moiety
as a linker when designing bivalent ligands functioning as AChEIs by connecting tacrine (7)
with phenanthridinium (Figure 7. [224] A follow-up study [225] revealed that some of the syn-
triazole ligands they synthesized, and in particular the molecule syn-TZ2PA6 was discovered
to be an excessively strong inhibitor of AChE. In fact, the compound turned out to be the most
potent noncovalent AChE inhibitor known at the time, reporting binding affinity (Kd) values
(tcAChE) between 77 fM and 410 fM. More recently, Oukoloff and his group [135], inspired
by the previous work of Sharpless et al. [224,225] assembled two scaffolds, one targeting AChE
(tacrine) and one targeting GSK-3 (valmerin) (Figure 7). GSK-3 is a kinase involved in the
hyperphosphorylation of the tau protein. [226] The scaffolds, assembled via CuAAC, generated
MTDLs exhibiting nanomolar affinity for AChE and maybe more interestingly: the incorpo-
ration of 1,2,3-triazole moiety preserved, and even increased inhibitory potency toward AChE
when compared to that of tacrine (7). [135]

Figure 7: Structures of the bivalent ligands syn-TZ2-PA6 [224] and (R)-25 [135] assembled via
CuAAC.
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2 Objectives

2.1 Synthesis of tacrine-, coumarin- and isocryptolepine scaffolds

In lieu of the recently published work of the group of Wang [125] on tacrine-neocryptolepine
hybrids and their remarkably potent ability to inhibit AChE, and furthermore by the early work
of the group of Sharpless [224] on potent tacrine-phenanthridinium hybrids as AChEIs linked
favourably by a 1,2,3-triazole moiety; the possible synthesis of novel tacrine-isocryptolepine
hybrids linked by a 1,2,3 triazole moiety is of interest. Furthermore, the formerly discussed po-
tential of coumarins as multifunctional scaffolds in AD treatment makes synthesis of coumarin-
isocryptolepine hybrids an interesting prospect as well. In order to accomplish this, the synthe-
sis of the tacrine, coumarin and isocryptolepine scaffolds and the incorporation of a terminal
alkyne and an azide is the first aim of the project (Figure 8).

Figure 8: Structures of the target tacrine, coumarin, and isocryptolepine scaffolds

In order to incorporate a terminal alkyne, the attempted exchange of the N-methylation step
in the synthetic strategy of isocryptolepine (25) (Scheme 8) with a N-propargylation step is of
the interest. In the case of success, the novel compound, 5-(prop-2-yn-1-yl)-5H-indolo[3,2-
c]quinoline 40, would be able to serve as the alkyne moiety in the synthesis of both suggested
hybrids.

As for the tacrine scaffold the previously mentioned work of Oukoloff (Scheme 2 will serve as
a proposed synthetic strategy for the synthesis of 31, while the work of Mckenna (Scheme 1)
and Wieckowska (Scheme 3) would function as a starting point towards arming tacrine with a
longer linker (8C). From here, an azidation reaction similar to the one presented in 2 is sug-
gested to yield 33.

As for the coumarin scaffold, the previously mentioned work of He [158] on coumarin-dithiocarbamate
hybrids (Figure 5), wherein the hybrid 13c containing the coumarin analog 3-chloro-7-hydroxy-
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4-methylcoumarin 19 was reported as both the most poten AChEI, and as a potent MAO-B in-
hibitor, inspired the choice of 19 as the coumarin analog of interest in this project. A Pechmann
condensation (Scheme 5, 6) should yield coumarin analog 19. From here, the reaction with di-
bromoalkanes of desired length (Scheme 7) followed by an azidation (Scheme 2) is suggested
to yield the coumarin scaffolds 34, 35 and 36.

2.2 Synthesis of novel tacrine-isocryptolepine and coumarin-isocryptolepine
hybrids

Following the success in synthesizing the target scaffolds, the aim is to assemble the scaffolds
utilizing the previously discussed CuAAC reaction to yield the novel tacrine-isocryptolepine-
1,2,3-triazoles (41 and 42), and the coumarin-isocryptolepine-1,2,3-triazoles (43, 44, 45) (Fig-
ure 9). The objective is to attempt to synthesize the hybrids with varying linker length to allow
for the possibility of discovering the optimal length for the design of this project at which a
possible AChE inhibition is at its greatest.

Figure 9: Structures of the suggested novel tacrine-isocryptolepine- and coumarin-
isocryptolepine hybrids of which are the main objectives of this project.

Based on research previously discussed, the expectation is for the tacrine-isocryptolepine hy-
brid to be a strong inhibitor of AChE, establishing binding interactions with both the CAS
(tacrine), PAS (isocryptolepine) and gorge (1,2,3-triazole) of AChE. A decrease, or complete
elimination of hepatotoxicity relative to that of tacrine as well as potential inhibition of BuChE
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is also interesting possibilities.

Regarding the coumarin-isocryptolepine hybrids; coumarins ability to interact with the PAS of
AChE has already been discussed and established. It is therefore suggested that the isocryp-
tolepine scaffold will bind to the CAS of AChE, resulting in an inverse orientation compared
to that of the expected tacrine-isocryptolepine orientation, which is potentially interesting in
itself. Furthermore, potential MAO-B inhibition of this hybrid is also an interesting possibility.

In order to test these assumptions and measure the biological activities of the novel hybrids,
pharmacological and docking studies of the novel hybrids was to be conducted in a laboratory
in Spain.
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3 Results and discussion

3.1 Synthesis of tacrine scaffolds

3.1.1 Synthesis of N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine (27)

In order to synthesize tacrine scaffold 27, the Niementowski reaction of anthranilic acid (8) and
cyclohexanone (6) in tandem with a simultaneous POCl3-mediated chlorination of the aromatic
OH-group, as suggested by [135], worked as an intended starting point. The reaction easily
yielded chloro-1,2,3,4-tetrahydroacridine (9) (Scheme 14), in an even greater yield (73%) than
reported by others [135] recently (52%), which was a pleasant surprise for a starting experiment.
Spectroscopic and spectrometric data were in accordance with previously reported data and
will therefore not be further discussed. [135]

Scheme 14: Preparation of chloro-1,2,3,4-tetrahydroacridine (9) by a Niementowski reaction
followed by a simultaneous POCl3 mediated chlorination.

Having prepared an excess (4.63g) of compound 9 the next step towards the completion of the
desired tacrine scaffold was the arming of 9 with a 3 methylene long linker. The synthetic
strategy of Oukoloff et al. (Scheme 2) [135] towards a 2-methylene long linker using 9 as a
starting material proved useful in this regard. 3-((1,2,3,4-tetrahydroacridin-9-yl)amino)propan-
1-ol (26) (Scheme 15) was easily prepared, and in great yield after re-crystallization (1.81g,
77%) from the SNAr reaction between 9-chloro-1,2,3,4-tetrahydroacridine (9) and 3-amino-1-
propanol. Since primary amines are considered good nucleophiles and halides are considered
great electrophiles, this was as expected.

Scheme 15: The SNAr reaction of 9-chloro-1,2,3,4-tetrahydroacridine (9 and 3-amino-1-
propanol to yield 3-((1,2,3,4-tetrahydroacridin-9-yl)amino)propan-1-ol (30).
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1H-NMR confirmed the presence of 4 aromatic proton signals around δ 7.98-7.29 ppm as dou-
blet and triplet signals. Furthermore, 6 protons belonging to the three methylene groups was
registered at δ 1.96-1.80 ppm as a multiplet signal, placing the remainding 8 proton signals to
the aliphatic ringsystem. Finally, the presence of broad singlet proton signals belonging to the
NH-group (δ 4.70 ppm) and to the OH-group (δ 3.38 ppm) confirmed the identification of 30
(Figure 10). 13C-NMR further confirmed the presence of 9 aromatic and 7 aliphatic carbon
signals.

Figure 10: 1H-NMR of 30 confirming the presence of a NH-group (red) and an OH-group
(blue).

As opposed to Oukoloff [135] who applied the halogenating agent (SOCl2) followed by an azi-
dation of the halide (Figure 2), a slightly different approach was applied in this project for the
synthesis of 31 (Scheme 16).
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Scheme 16: The two-step synthesis of N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine
(31).

The formation of the desired tacrine scaffold N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-
amine (31) follows a two-step synthesis: Compound 30 was treated with methanesulfonyl
chloride (MsCl) in the presence of the weak base triethylamine (Et3N) substituting the alcohol-
group with a mesylate group (OMs), a much better leaving group. The reaction progress was
monitored by TLC. This conversion allowed for the second step of the reaction wherein the ad-
dition of NaN3 yielded the desired N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine (31)
in good yield after purification (0.78g, 62%) compared to that of the similar tacrine scaffold of
Oukoloff [135] et al. (46%). However, as the NMR-results would show, this was a truth with
slight modifications. The 1H-NMR indicated contamination at δ 7.99, 5.27, 3.06 and 2.71 ppm.
A review of the literature [227] confirmed the suspicion that this was a clear indication of DCM
and DMF contamination (Figure 11). This would lower the value of the actual yield from that
of the reported.
A direct comparison to the the 1H-NMR of 30 confirmed the suspected loss of the OH-signal
as the only difference, and therefore suggested the formation of 31 (Figure 11). The shift
downfield is a result of deshielding by the azide. In addition IR also confirmed the presence of
an azide (Figure 12)
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Figure 11: Solvent contamination (red) by DCM and DMF, and the lack of an OH-signal (blue)
when compared to 30 (Figure 10), suggesting the formation of an azide.

Figure 12: IR of 31 confirming the introduction of an azide.
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3.1.2 Synthesis of N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (33)

The first step towards the synthesis of 33 was the synthesis of tacrine 7 (Scheme 17. The
Friedländer type condensation of 2-aminobenzonitrile (5) and cyclohexanone (6), mediated by
BF3OEt2) produced tacrine (7) in great yield after basic work-up and purification (8.38g, 88%).
Spectroscopic and spectrometric data were in accordance with previously reported data. [131]

Scheme 17: A Friedländer type condensation of 2-aminobenzonitrile (5) and cyclohexanone
(6) yielding tacrine (7). [131]

For the arming of the longer linker, the previously mentioned synthetic strategy of the group
of Wieckowska (Scheme 3) was the strategy of choice. Whereas some report the use of ace-
tonitrile as a solvent, the synthetic strategy the group of Wieckowska [136] used dry DMSO as
the solvent of choice. This strategy, and several similar strategies for the arming of a linker
to tacrine [136,228,229], almost exclusively report the use of potassium hydroxide (KOH) as the
strong base. However at the time of first working with this reaction, due to a lack of KOH,
sodium hydroxide (NaOH) was used in its stead (Scheme 18). It was therefore a surprise when
monitoring the reaction by TLC revealed a much slower reaction time (48h) than what had been
described in the literature using KOH (24h). [136] An attempt at reviewing the literature gave no
real good answer. A suggestion to an explanation could be the difference in water-content be-
tween the two bases. Whereas NaOH is acquired virtually anhydrous, KOH has a 15% water
content, which could influence solubility and in turn influence the reaction rate.

At a later point, a new attempt at this reaction was attempted, this time using KOH as the base,
and this time the reaction time was as described (24h). [136] The reaction between tacrine 7 and
1,8-dibromooctane in the presence of a strong base (KOH/NaOH) yielded compound 32 after
purification in varying yield (16% and 72% respectively) (Scheme 18).
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Scheme 18: SNAr reaction between tacrine 7 and 1,8-dibromooctane mediated by a strong
base, yielding 32. [136]

Some of the reason for the low yield of the KOH-mediated version can be attributed to exten-
sive attempts at purification, as well as to the difficult chromatography this reaction presented.
Interestingly, in the case of the KOH-mediated reaction, TLC showed the formation of another
product with a slightly higher Rf-value compared to the starting material 7, further explaining
the loss of yield. However, the side product was not able to be identified.

Even though 32 has previously been reported in the literature [228], the differences between the
reported data and the ones obtained in this project were significant enough to warrant a little
discussion. The 1H-NMR of both acquired samples (NaOH/KOH) were of similar quality and
only one of them will be presented here (Figure 19). All 16 methylene bridge protons are found
in two separate multiplets (δ 1.95-1.60 ppm, 8H and δ 1.45-1.24 pp, 8H). The proton from the
NH-group is present as a broad singlet at 4.03 ppm, the 4 aromatic protons in the range of δ
7.95-7.33 ppm and the 8 aliphatic ring protons in the range of δ 3.48-2.69 ppm confirm the
synthesis of compound 32.
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Scheme 19: 1H-NMR spectra of compound 32, showing the protons of the methylene bridge
(blue) and the proton of the NH-group (red). Downfield are the 4 aromatic protons, and upfield
the 8 aliphatic ring protons.

Having obtained 32 in good enough yield (1.42 g), the final step in synthesizing the target
scaffold 33 was the azidation of 32 by NaN3 (Scheme 20). For this step the same reaction
conditions previously described by Oukoloff (Scheme 2) [135] was suggested to work for this
reaction as well. Prior to purification, and in order to check if the reaction conditions indeed
were transferable, LRMS confirmed the formation of 33 (Figure 13) The result was the suc-
cessful formation of 33 in great yield after purification (80%).
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Scheme 20: Azidation of 32 yielding target tacrine scaffold 33.

Figure 13: LRMS spectrum of the azidation (Scheme 20) reaction mixture confirming the
formation of 33.

As the final reaction step only involved the substitution of a halide with an azide, it was expected
that a direct comparison of the 1H-NMR spectra of 32 and 33 should result in little difference
besides some possible downshift of some of the methylene protons due to the incorporation
of the azide (Figure 14). As expected, a comparison of the two confirmed this. Furthermore,
the IR-spectra of 33 confirmed the presence of an azide (Figure 15) further supporting the
successful addition of an azide and the formation of 33.
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Figure 14: Comparison of the 1H-NMR spectra of 33 (red) and 32 (blue).

Figure 15: IR-spectra of compund 33 confirming the presence of an azide.
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3.2 Synthesis of coumarin scaffolds

3.2.1 Synthesis of 3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (19)

The synthesis of all three coumarin scaffolds (37, 38 and 39) follow the same reaction condi-
tions and utilize the same reaction strategies, and as such will be discussed grouped together.
The first step towards the synthesis of the coumarin scaffolds was the synthesis of the coumarin
analog 19. After a review of the literature the use of standard Pechmann condensation, as
described by He et al. [158] seemed like a good approach to synthesizing 19 (Method A, Scheme
21).

Scheme 21: Overview of the two methods used in this project to synthesize 19.

However, after following the reaction procedures as presented, testing of the reaction mix-
ture aided by TLC resulted in seven different visible spots. Although the method of He [158]

was reported in the synthesis of mono-substituted 7-hydroxycoumarins, standard Pechmann
condensation reaction conditions should allow for a wide array of substitutions, making this
a surprise. However, the reaction conditions of the Pechmann condition are relatively harsh
(heat, acid). An attempt at isolating all 7 spots by silica gel column chromatography was made.
The resulting NMR-data confirmed a weak presence of 19 in 2 of the fractions (Figure 16).
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Figure 16: 1H-NMR spectra comparing 2 out of 7 spots from the TLC after attempting Method
A to the spectra obtained after using Method B (blue). Indication of 19 in both spots.

However, the attempt at isolating the spots was unsuccessful, maybe best represented by the
1H-NMR data from the two spots presented (Figure ??), as these samples were contaminated.
The yield after isolation was low as well (5%). This was the norm for all of the attempted
isolated spots, and isolation and identification of the sideproducts created by Method A were
therefore, regretfully, not successful. A couple of suggestions might however still be briefly
presented (Scheme 22). Suggestion a) indicates the actions of acid hydrolysis, cleaving the
ester group of the finished product 19. Suggestion b) indicates time constraint, suggesting the
reaction not reaching further than the transesterfication step of the Pechmann reaction [230] and
prior to ring closure.
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Scheme 22: Two suggested explanations for the failure of Method A in the synthesis of 19.

Method B [170] (Scheme 21), utilizing the strategy of microwave chemistry, yielded compound
19 in both better yield (43%), better purity (Figure 11), at a faster pace, and with easier means
of purification (no chromatography). Probably as a result of the milder reaction conditions and
faster reaction rate provided by the MW-assistance, and by the use of a weaker acid (TFA).

3.2.2 Synthesis of coumarin analogs armed with methylene bridge, compounds 34-36.

For the arming of 19 with a desired linker, the strategy proposed by the group of Jiang [173]

utilizing Williamson ether synthesis to arm the linker to the alchohol group in position 7 was
the strategy of choice.

Scheme 23: Utilization of Williamson ether synthesis towards arming coumarin analog 19 with
a methylene bridge of desired length. [173]

The synthetic strategy was a success, providing good yields (Scheme 23) and good purity. The
1H-NMR spectra for compound 34 (Figure 17) confirmed the formation of 34. The presence of
3 aromatic protons in the range of δ 7.48-6.73 ppm (surrounding the CDCl3 peak), protons of
the CH3 at position 4 as a singlet at δ 2.50 ppm, with the remainding 8 aliphatic protons in the
region of δ 4.03-2.01 ppm. The two triplets downfield represent the methylene groups in the
nearest vicinity to the ether-oxygen and the halide.
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Figure 17: 1H-NMR spectra of compound 34. Indicated by color are the presence of the three
aromatic protons (blue) and the protons of CH3 substituted in position 4.

With the formation of 34 confirmed, the easiest way to confirm the formation of the coumarin
analogs with a longer linker is by comparing the 1H-NMR of the three compounds (Figure ??).
As expected, for each 2 methylene group elongation, the number of aliphatic protons in the δ
1.90-1.32 ppm area increases by 4. The remaining protons of the 1H-NMR spectra are nearly
identical, confirming the formation of compound 35 and 36 as well.
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Figure 18: 1H-NMR spectra of compound 34, 35 and 36. Indicated by color (blue) is the
aliphatic methylene bridge area, increasing with 4 protons for each 2 methylene group addition
to the linker.

3.2.3 Azidation of coumarin analogs 34-36

Similar to the reaction conditions of Oukoloff et al. [135] and work by the group of Tian [231] on
similar substituted 7-hydroxy-coumarins, the choice of synthetic strategy for the azidation of
compounds 34-36 to form the coumarin scaffolds 37-39 (Scheme 24) exploited the use of NaN3

and the substitution reaction it engages in with the halide attached to the respective linker.

Scheme 24: The synthetic strategy towards azidation of coumarin analogs 34-36.
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Regrettably, the identification of compounds 37-39 have not yet been confirmed by NMR, as
unforeseen problems with the NMR-machinery occurred towards the end of this project, and
have yet to be resolved as of the due date. Samples of all three compounds have been prepared
and are ready to be analyzed. However, as reported by others [231,232], the azidation step of
similiar coumarin analogs require no further purification for the use in CuAAC-reactions. This,
in combination with IR-spectra confirming the addition (Figure 19) of an azide, leaves us to
conclude with a certain degree of confidence that the suggested azidated coumarin analogs
have been prepared.

Figure 19: IR spectra of compound 37 and 38, compared to the IR spectra of 34, confirming
the addition of an azide (red).

The reason for the lower yield reported for 38 is that an attempt at further purification was
performed regardless of former reports, out of curiosity and with the idea of testing the effect
purification would have by comparing potential differences in NMR-spectra.

3.3 Synthesis of the isocryptolepine scaffold

3.3.1 Synthesis of 2-(quinolin-3-yl)aniline (23)

The first step towards the synthesis of the isocryptolepine scaffold, 5-(prop-2-yn-1-yl)-5H-
indolo[3,2-c] 40 was the synthesis of 2-(quinolin-3-yl)aniline (23) (Scheme 25).
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Scheme 25: Suzuki-coupling of 21 and 22 to yield the biaryl 23 as described by Helgeland and
Sydnes. [188]

The synthetic strategy provided great yield (76%) and great excess (1.22 g). As spectroscopic
and spectrometric data were in accordance with previously reported data it will therefore not
be further discussed. [188]

3.3.2 Synthesis of 11H-indolo[3,2-c]quinoline 29

Following the synthesis of 23, the strategy formerly reported by Timari [190] functioned as the
chosen strategy towards the synthesis of the isocryptolepine precursor 29 (Scheme 26).

Scheme 26: Synthetic strategy towards the synthesis of the isocryptolepine precursor 29 as
described by the group of Timari. [190]

The reaction provided great yield (79%) when compared to the reported (75%). As spectro-
scopic and spectrometric data were in accordance with previously reported data it will therefore
not be further discussed. [233]

3.3.3 Synthesis of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c] 40

The synthetic strategy for the synthesis of the novel compound 5-(prop-2-yn-1-yl)-5H-indolo[3,2-
c] 40 (Scheme 27) is modified based on the N-methylation described by Helgeland and Sydnes [188]

which have previously been discussed. Our suggestion was a N-propargylation.
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Scheme 27: Synthetic strategy towards the synthesis of the isocryptolepine scaffold 40.

The addition of propargylbromide to the reaction, mediated by heat and under pressure yields
40 after basic work-up and in good yield (68%). However, getting good NMR-spectra for
this compound would turned out harder than expected. Although previous attempts proved
to contain slight contamination, the stability of the CuAAC reaction towards other functional
groups still allowed for attempts at the target molecules. After multiple attempts however,
identification of compound 40 by NMR was finally obtained (Figure 20). The blue color of the
figure represents the identification of the aliphatic methylene group at δ 4.98 ppm, binding the
alkyne to isocryptolepine, whereas red represents the identification of the acetylenic proton δ
2.55 ppm, confirming the presence of the terminal alkyne. Interestingly, a coupling constant of
about 2.2 Hz was observed as well from the acetylenic proton to the methylene bridge.
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Figure 20: 1H-NMR spectra of compound 40 proving the formation of the targeted isocryp-
tolepine scaffold. Blue represents the 2 aliphatic protons of the methylene group connecting
the alkyne functionality to isocryptolepine, while red is conformation of the acetylenic proton.

3.4 Synthesis of novel tacrine-isocryptolepine and coumarin-isocryptolepine
hybrids

After acquiring all of the needed scaffolds (compound 40, 31 and 33), the final step, and main
objective of this project was the attempted synthesis of the tacrine- and coumarin-isocryptolepine
hybrids. The synthesis of both 41 and 42 used the same reaction conditions, only variance being
the reaction time, monitored by TLC (Scheme 28).)

47



3.4 Synthesis of novel tacrine-isocryptolepine and coumarin-isocryptolepine hybrids3 RESULTS AND DISCUSSION

Scheme 28: Synthetic strategy towards the synthesis of target novel tacrine-isocryptolepine
hybrids.

As for the coumarin-isocryptolepine hybrids, the reaction conditions was transferred over and
attempted used for these hybrids as well.

Scheme 29: Synthetic strategy towards the synthesis of target novel coumarin-isocryptolepine
hybrids.

3.4.1 Synthesis of N-(3-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)propyl)-
1,2,3,4-tetrahydroacridin-9-amine (41)

The synthesis of the tacrine-isocryptolepine hybrid 41 was the first attempt at synthesizing and
isolating one of the target hybrids of this project. However, it would not be a quick attempt.
Seven seperate attempts at chromatography with seven different eluents were tried and tested,
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as well as an attempt at recrystallization (CHCl3), but to no prevail. Especially eluent mixtures
containing Et3N were disappointing. Although seeming promising on TLC, the same result
did not transfer to the column. However, in the end, the struggle was not for naught as 41 was
isolated (68% yield) and confirmed by NMR (Figure 21).

Figure 21: 1H-NMR spectra of tacrine-isocryptolepine hybrid 41 showing triazole proton (red)
and the methylene bridge protons ((blue)) between isocryptolepine and the triazole.

As seen in Figure 21 the presence of a triazole proton at δ 8.87 ppm and the methylene bridge
proton at δ 5.74 ppm, between the isocryptolepine scaffold and the triazole. We also observed
the triazole methine carbon by HSQC NMR and HMBC coupling from the methylene bridge
to the triazole (Figure 22)

Figure 22: HMBC spectra showing coupling from isocryptolepine methylene bridge to the
triazole methine carbon.
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3.4.2 Attempted synthesis of N-(8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-
triazol-1-yl)octyl)-1,2,3,4-tetrahydroacridin-9-amine (42)

After the success of isolating hybrid 41, an attempt was made towards the synthesis of hybrid
42 using the same reaction conditions, and with even more starting material. However, the
attempted purification and isolation of compound 42 was unsuccessful. The result was a com-
plex mixture on NMR, which turned out to be impossible to interpret. After this attempt, the
decision was made to change focus over to the coumarin-isocryptolepine hybrids. However,
LRMS confirmed that the product had been produced, the isolation process was at fault (Figure
23).

Figure 23: LRMS of the reaction mixture strongly suggested the formation of hybrid 42.

3.4.3 Synthesis of 7-(4-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)butoxy)-
3-chloro-4-methyl-2H-chromen-2-one (43)

As depicted in (Scheme 29), the same reaction conditions were used for the coumarin-isocryptolepine
hybrids as well. The first attempt on these hybrids were of compound 43. The compound was
actually isolated fairly easily, at least compared to that of the tacrine-isocryptolepine hybrids
and in decent yield (30%). The 1H-NMR (Figure 24)

Figure 24: 1H-NMR spectra of hybrid 43. The spectra confirmed the same as for compound
41, with slighly chemical shift vaules. Triazole proton is marked by red, and methylene bridge
is in blue.

The 1H-NMR spectra confirmed the the presence of a triazole proton at δ 10.43 ppm and the
methylene bridge proton at δ 6.32 ppm, between the isocryptolepine scaffold and the triazole.
As for 41 the observations was backed by the use of HSQC and HMBC NMR.
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3.4.4 Attempted synthesis of 7-((6-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-
triazol-1-yl)hexyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (44)

For both compound 44 and 45, COVID-19 intervened. At the return, atleast one of the pre-
cursor coumarin scaffolds (6C-linker) was suggested to have decomposed by TLC. This was
not confirmed by NMR, because of problems with the NMR-machinery (probe). An attempt
at CuAAC-reaction was therefore made using both, with poor results. The worst NMR-spectra
was attributed to the coumarin scaffold which had seemed to decompose (6C-linker)

3.4.5 Attempted synthesis of 7-((8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-
triazol-1-yl)octyl)oxy)-3-chloro-4-methyl-2-textitH-chromen-2-one (45)

See section above.

3.5 Conclusion and future work

In summary, the synthesis of the isocryptolepine scaffold 40, the tacrine scaffolds 31 and 33,
and the coumarin scaffolds 37-39 was a success with varying degree of spectroscopic evidence.
In addition, the synthesis of the novel tacrine-isocryptolepine compound 41 (68% yield) and
the novel coumarin-isocryptolepine compound 43% was a success. Regrettably the attempts at
compound 42, 44, 45 was unsuccessful .
For future, the first recommended point on the agenda would be to get the novel isolated bi-
valent ligands of 41 and 43 evaluated by pharmacological and docking studies, as to evaluate
their potential as dual binding site acetylcholinesterase inhibitors. These results would also be
able to direct future work easier.
Would also recommend the attempts at different reaction conditions for the CuAAC??, as only
one set of reaction conditions was tested during this project. This could have a positive effect
towards the purification process (higher yield), and especially the potential of adding a ligand
could be of interest.
Of course, the synthesis of more of these novel bivalent hybrids with different length of the
linker is also desired, as it would make it possible to determine optimal length.
Finally, based on the interactions of the different scaffolds with the aromatic residues of AChE,
it could also be of potential interest to attempt more hybrids containing the, in regards to AD
research, isocryptolepine scaffold. An example is the potential use of imino-sugars ??
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4 Experimental

4.1 General

4.1.1 Solvents and reagents

All chemicals were obtained from Sigma Aldrich, Merck or VWR and used without further pu-
rification. When specified, acetone, DCM and toluene were dried by storing over 4 Å molecular
sieves.

4.1.2 Spectroscopic and spectrometric analysis

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AscendTM 400 series,
operating at 400 MHz for 1H and 100 MHz for 13C. The chemical shifts (δ) are expressed in
ppm relative to residual chloroform-d (1H, 7.26 ppm; 13C, 77.16 ppm), DMSO-d6 (1H, 2.50
ppm; 13C, 39.52 ppm) and methanol-d4 (1H, 3.31 ppm; 13C, 49.00 ppm). [234] Coupling con-
stants (J) are given in Hertz (Hz) and the multiplicity is reported as: singlet (s), doublet (d),
triplet (t), doublet of doublets (dd), doublet of doublet of doublets (ddd), multiplet (m) and
broad singlet (bs). The assignments of signals in various NMR spectra was often assisted by
conducting heteronuclear single-quantum correlation spectroscopy (HSQC) and/or heteronu-
clear multiple bond correlation spectroscopy (HMBC).

Infrared (IR) spectra were recorded on an Agilent Cary 630 FTIR spectrophotometer. Samples
were analyzed by placing the sample directly onto the crystal of an attenuated total reflectance
(ATR) module.

Melting points (mp) were determined on a Stuart SMP20 melting point apparatus and are un-
corrected.

The microwave (MW) assisted experiments were performed in a CEM Focused MicrowaveTM

Synthesis System, model type Discover that operated at 0-300 W at a temperature of 100 °C, a
pressure range of 0-290 psi, with reactor vial volumes of 10 mL.

Low resolution mass spectra were obtained on an Advion expressions CMS mass spectrometer
operating at 3.5 kV in electrospray ionization (ESI) mode.
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4.1.3 Chromatography

Thin-layer chromatography (TLC) was carried out using aluminium backed 0.2 mm thick silica
gel plates from Merck (type: 60 F254). The spots were detected with ultraviolet (UV) (extinc-
tion at λ = 254 nm or fluorescent at λ = 366 nm). Flash chromatography (FC) was carried out
with silica gel (particle size 40-63 µm), with solvent gradients as indicated in the experimental
procedures.

4.2 Methods

9-Chloro-1,2,3,4-tetrahydroacridine (9) [135]

To a mixture of 2-aminobenzoic acid (8) (4.0 g, 29.2 mmol) and cyclohexanone (6) (3.63 mL,
35 mmol) was added slowly POCl3 (26.7 mL, 292 mmol) at 0 °C. The mixture was refluxed
(116 °C) for ∼24 h and cooled to 0 °C. The reaction mixture was added ice-cooled saturated
NaCO3 and the aqueous solution was extracted with EtOAc (x3) and dried over MgSO4, filtered
and concentrated under reduced pressure. The crude product was purified by recrystallization
in acetone and washed in petroleum ether to give the title compound 9 as a brown solid (4.63
g, 73%). [Rf = 0.67 (PE/EtOAc, 9.5/0.5 v/v)].

mp: 74-76 °C.
IR (ATR): νmax 3050, 2935, 2867, 1578, 1553, 1481, 1426, 1394, 1365, 1308, 916, 741 cm−1.
1H-NMR (400 MHz, CDCl3): δ 8.14 (d, J = 8.5 Hz, 1H), 7.96 (d, J = 8.4 Hz, 1H), 7.64 (ddd,
J = 8.4, 6.9, 1.2 Hz, 1H), 7.51 (ddd, J = 8.2, 6.9, 1.0 Hz, 1H), 3.11 (t, J = 6.1 Hz, 2H), 2.99 (t,
J = 6.1 Hz, 2H), 1.98-1.88 (m, 4H).
13C-NMR (100 MHz, CDCl3): δ 159.6, 146.8, 141.6, 129.4, 129.0, 128.8, 126.6, 125.5, 123.8,
34.3, 27.6, 22.8 (2×C).
Spectroscopic and spectrometric data are in accordance with previously reported data. [135]
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3-((1,2,3,4-Tetrahydroacridin-9-yl)amino)propan-1-ol (26)

A mixture of 9-chloro-1,2,3,4-tetrahydroacridine 9 (2.0 g, 9.18 mmol) and 3-aminopropan-1-ol
(2.07 g, 27.6 mmol) in butan-1-ol (10 mL) was heated under reflux for 20 h. After cooling to
ambient temperature, the mixture was diluted with DCM (40 mL) and the organic layer was
washed with brine (x4). The organic layer was concentrated under reduced pressure evapo-
rated onto celite and purified by chromatography on silica gel (DCM/MeOH, 9/1 v/v) to afford
the title compound 26 as a light-brown solid (1.81g, 77%).[Rf = 0.50 (DCM/MeOH/NH4OH),
8.5/1.5/0.1 v/v)].

mp: 135-138 °C.
IR (ATR): νmax 3057, 2928, 2859, 1577, 1562, 1500, 1420, 1326, 1070, 757, 732 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.98 (dd, J = 8.5, 0.9 Hz, 1H), 7.89 (d, J = 8.5 Hz, 1H), 7.51
(ddd, J = 8.2, 6.9, 1.3, 1H), 7.29 (ddd, J = 8.3, 6.9, 1.1 Hz, 1H), 4.70 (bs, 1H), 3.89 (t, J = 5.7
Hz, 2H), 3.70-3.62 (m, 2H), 3.38 (bs, 1H), 3.01 (t, J = 5.5 Hz, 2H), 2.67 (t, J = 5.5 Hz, 2H),
1.96-1.80 (m, 6H).
13C-NMR (100 MHz, CDCl3): δ 158.3, 151.2, 147.2, 128.6, 128.3, 123.8, 123.1, 120.1, 115.9,
61.5, 47.9, 33.8, 33.5, 25.0, 23.1, 22.8.

N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine (27)

A suspension of 3-((1,2,3,4-tetrahydroacridin-9-yl)amino)propan-1-ol (26) (1.81g, 7.08 mmol)
and anhydrous triethylamine (1.13 mL, 8.14 mmol) in anhydrous DCM (45 mL) at 0 °C was
slowly added MsCl (0.59 mL, 7.57 mmol) and the mixture was stirred for 15 minutes. Saturated
aqueous NaHCO3 (55 mL) and DCM (55 mL) were added to the reaction mixture, the phases
were separated, and the aqueous layer was extracted with DCM (x2). The collected organic ex-
tract were concentrated under reduced pressure and the obtained crude was dissolved in DMF
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(14.5 mL), added NaN3 (1.84 g, 28.3 mmol) and kept stirring at 45 °C overnight. The reaction
mixture was added EtOAc (15 mL) and saturated aq. NaCl (15 mL). The organic layer was sep-
arated and the aqueous layer was extracted with EtOAc (10 mL x 3). The organic layers was
concentrated under reduced pressure, evaporated onto celite and purified by silica gel column
chromatography (DCM/MeOH, 9.5/0.5→ 9/1 v/v) and concentrated under reduced pressure to
give the title compound 27 as a yellow oil (1.22 g, 62%). [Rf = 0.78 (DCM/MeOH/NH4OH,
8.5/1.5/0.1 v/v)].

IR (ATR): νmax 2930, 2860, 2091, 1670, 1560, 1496, 1256, 1090, 758 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.92 (d, J = 1.38 Hz, 1H), 7.90 (d, J = 1.31 Hz, 1H) 7.54 (t,
J = 7.9 Hz, 1H), 7.35 (t, J = 7.6 Hz, 1H) 4.11 (bs, 1H), 3.54 (bs, 2H) 3.44 (t, J = 6.4 Hz, 2H),
3.06 (t, J = 6.22 Hz, 2H), 2.71 (t, J = 6.29, 2H) 1.93-1.87 (m, 6H)
13C-NMR (100 MHz, CDCl3): δ 158.5, 150.3, 147.2, 128.7, 128.5, 124.0, 122.4, 120.4, 116.8,
49.4, 46.6, 33.9, 30.5, 24.9, 23.0, 22.7

1,2,3,4-tetrahydro-9-acridinamine (7) [132]

To a solution of anhydrous toluene (110 mL), cyclohexanone (6) (4.9 mL, 47.40 mmol) and
2-aminobenzonitrile (5) (5.00 g, 42.32 mmol) was added. The mixture was added boron tri-
fluoride diethyl etherate (6.2 mL, 50.36 mmol) slowly and was stirred at reflux under an argon
atmosphere for 24 h. On cooling, the toluene was decanted and 2M NaOH (120 mL) was
added. The mixture was refluxed under an argon atmosphere for 24 h before being cooled to
ambient temperature. The organic components was extracted with DCM (3 x 50 mL), dried
(MgSO4), filtered and concentrated under reduced pressure to afford the title compound 7 as a
yellow solid (7.40g, 88%). [Rf = 0.25 (DCM/MeOH/NH4OH, 9/1/0.1 v/v)].

mp: 177-179 °C (lit. [131] 178-180 °C).
IR (ATR): νmax 3049, 2930, 2847, 1641, 1561, 1495, 1426, 1373, 746 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.90 (d, J = 8.5 Hz, 1H), 7.70 (dd, J = 8.5, 0.8 Hz, 1H), 7.57
(t, J = 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 4.68 (bs, 2H), 3.04 (t, J = 6.32 Hz, 2H), 2.62 (t, J

= 6.1 Hz, 2H), 1.99-1.89 (m, 4H).
13C-NMR (100 MHz, CDCl3): δ 158.5, 146.5, 146.4, 128.8, 128.5, 123.9, 119.6, 117.1, 110.4,
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34.0, 23.8, 22.9, 22.8.

Spectroscopic and spectrometric data are in accordance with previously reported data. [131]

N-(8-bromooctyl)-1,2,3,4-tetrahydroacridin-9-amine (28)

To a solution of 1,2,3,4-tetrahydroacridin-9-amine (7) (1.0 g, 5.04 mmol) and dimethyl sulfox-
ide (DMSO) (10 mL), NaOH (0.61 g, 15.13 mmol) was added slowly and stirred for 1 h before
1,8-dibromooctane (1.9 mL, 10.09 mmol) was added and the mixture was stirred under an argon
atmosphere at room temperature for 44 h. The reaction mixture was added dest. H2O (50 mL),
the organic layer was separated and the aqueous layer was extracted with DCM (50 mL x 3).
The organic layers were washed with saturated NaCl-solution (50 mL x 3), dried (MgSO4) and
concentrated under reduced pressure. The concentrate was evaporated onto celite and purified
by silica gel column chromatography (DCM/MeOH/NH4OH, 9.5/0.5/0.1→ 9/1/0.2 ). Concen-
tration of the relevant fractions yielded title compound 28 as an orange oil (1.42 g, 72%). [Rf =
0.51 (DCM/MeOH/NH4OH, 9:2:0.2 v/v)]

IR (ATR): νmax 2920, 2851, 1572, 1498, 1350, 1293, 1253 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.95 (d, J = 8.7 Hz, 1H), 7.92 (d, J = 8.3 Hz, 1H), 7.54 (t, J =
7.8 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 4.03 (bs, 1H), 3.48 (dd, J = 12.9 Hz, 6.3 Hz, 2H), 3.38 (t,
J = 6.4 Hz, 2H) 3.06 (bs, 2H), 2.69 (bs, 2H), 1.95-1.60 (m, 8H), 1.45-1.24 (m, 8H).
13C-NMR (100 MHz, CDCl3): δ 158.3, 151.1, 147.2, 139.0, 128.6, 123.8, 123.0, 120.2, 115.8,
49.6, 34.1, 34.0, 32.8, 31.8, 29.3, 28.7, 28.1, 26.9, 24.9, 23.2, 22.8.

Spectroscopic and spectrometric data are in accordance with previously reported data. [235]

N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (29)
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To a solution of N-(8-bromooctyl)-1,2,3,4-tetrahydroacridin-9-amine (28) (1.37 g, 3.52 mmol)
and DMF (10 mL), NaN3 (0.92 g, 14.09 mmol) was added slowly and the reaction mixture was
stirred at reflux under an argon atmosphere for 24 h. The mixture was cooled to ambient tem-
perature and added dest. H2O (50 mL). The organic layer was separated and the aqueous layers
were extracted with EtOAc (30 mL x 3). The combined organic layers were dried (MgSO4),
filtered and concentrated under reduced pressure. The concentrate was evaporated onto celite
and purified by silica gel column chromatography (DCM/MeOH/NH4OH, 9/1/0.1) to afford the
title compound 29 as a brown oil (1.0 g, 80%). [Rf = 0.46 (DCM/MeOH/NH4OH, 9/1/0.1 v/v)].

IR (ATR): νmax 2925, 2854, 2088, 1579, 1560, 1496, 1419, 1350. 1116, 758 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.98 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.57 (t, J =
7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 3.98 (bs, 1H), 3.50 (dd, J = 12.4 Hz, 6.9 Hz, 2H), 3.27 (t,
J = 6.6 Hz 2H), 3.09 (bs, 2H), 2.73 (bs, 2H), 1.97-1.91 (m, 4H), 1.73-1.54 (m, 4H), 1.46-1.26
(m, 8H).
13C-NMR (100 MHz, CDCl3): δ 158.5, 150.9, 147.6, 128.9, 128.5, 123.7, 123.0, 120.4, 51.6,
49.6, 34.2, 31.9, 29.4, 29.2, 28.9, 27.0, 26.7, 24.9, 23.2, 22.9.

3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (19) [158]

Method A

A mixture of resorcinol 12 (1.50g, 13.62 mmol) dissolved in 1,4-dioxane (5 mL) was cooled
with a surrounding ice bath. Concentrated (95-97%) sulfuric acid (0.60 ml) was added slowly
while stirring to keep the temperature of the mixture below 10 °C. The reaction mixture was
added ethyl 2-chloroacetoacetate 15 (2.1 ml, 15.18 mmol) and the ice bath was removed. The
reaction flask was stirred at 60 °C for 3h before the mixture was quenched by the addition of
crushed ice (∼150 ml) cautiously. The reaction mixture was extracted with EtOAc (50 mL x3).
The organic layers were concentrated under reduced pressure, evaporated onto celite and puri-
fied by silica gel column chromatography (PE/EtOAc, 5/1→ 3/1 v/v) to yield a contaminated
white solid (135.6 mg, 5%). [Rf = 0.12 (PE/EtOAC, 6:1 v/v)]

3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (19) [170]
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Method B

Resorcinol 12 (1.10 g, 10 mmol) and ethyl 2-chloroacetoacetate 15 (1.5 mL, 10.47 mmol) were
mixed at ambient temperature and added TFA (2.5 mL) slowly while stirring. The combined
reaction mixture was subjected to microwave irradiation at 100 °C for 30 min. The reaction
was cooled at room temperature for 30 min. and the resulting precipitate was filtered, washed
with hexane (10 ml x 5) and concentrated under reduced pressure yielding the title compound
16 as a brown-black solid (907.4 mg, 43%). [Rf = (PE/EtOAC, 3:1 v/v)] XXX,

mp: 235-238 °C (lit. [170] 237-240 °C).
IR (ATR): νmax 3388, 1691, 1607, 1551, 1310, 1144, 1075, 1011 cm−1.
1H-NMR (400 MHz, DMSO-d6): δ 10.67 (bs, 1H), 7.69 (d, J = 8.9 Hz, 2H), 6.87 (d, J = 2.5
Hz, 1H), 6.84 (d, J = 2.5 Hz, 1H), 6.75 (d, J = 2.5 Hz, 2H).
13C-NMR (100 MHz, DMSO-d6): δ 161.1, 156.5, 152.7, 149.0, 127.2, 115.2, 113.5, 111.6,
102.1, 16.0.

Spectroscopic and spectrometric data are in accordance with previously reported data. [170]

7-(4-bromobutoxy)-3-chloro-4-methyl-2H-chromen-2-one (30)

3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (16) (131.5 mg, 0.624 mmol) and K2CO3

(129.4 mg, 0.94 mmol) was suspended in anhydrous acetone (4 ml). 1,4-Dibromobutane (1.50
mL, 12.49 mmol) was added and the mixture was refluxed for 6 h. After cooling to ambient
temperature the solid was filtered and washed with acetone and the filtrate was concentrated
under reduced pressure. The concentrate was evaporated onto celite and purified by silica gel
column chromatography (PE/EtOAc, 8/1 v/v) to yield the title compound 30 as a white solid
(161.9 mg, 75%). [Rf = 0.26 (PE/EtOAC, 6/1 v/v)].

58



4.2 Methods 4 EXPERIMENTAL

mp: 117-119 °C
IR (ATR): νmax 2952, 1725, 1595, 1282, 1196, 1001 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.48 (d, J = 8.7 Hz, 1H), 6.86 (d, J = 8.9 Hz, 1H), 6.74 (d, J =
2.2 Hz, 1H), 4.03 (t, J = 6.0 Hz, 2H), 3.48 (t, J = 6.2 Hz, 2H), 2.50 (s, 3H), 2.10-1.94 (m, 4H).
13C-NMR (100 MHz, CDCl3): δ 161.9, 157.4, 153.1, 148.1, 126.0, 117.7, 113.3, 113.2, 101.3,
67.7, 33.3, 29.4, 27.7, 16.3.

7-((6-bromohexyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (31)

3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (16) (150 mg, 0.71 mmol) and K2CO3 (147.6
mg, 1.07 mmol) was suspended in anhydrous acetone (4.5 ml). 1,6-Dibromohexane (2.20 mL,
14.30 mmol) was added and the mixture was refluxed for 5 h. After cooling to ambient tem-
perature the solid was filtered and washed with acetone and the filtrate was concentrated under
reduced pressure. The concentrate was evaporated onto celite and purified by silica gel column
chromatography (PE/EtOAc, 9/1 v/v) to yield the title compound 31 as a white solid (137.5
mg, 52%). [Rf = 0.31 (PE/EtOAC, 6/1 v/v)].
mp: 92-94 °C
IR (ATR): νmax 2938, 2864, 1733, 1598, 1355, 1255, 1207, 1014 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.51 (d, J = 8.9 Hz, 1H), 6.89 (dd, J = 8.9 Hz, 2.4 Hz, 1H),
6.80 (d, J = 2.4 Hz, 1H), 4.02 (t, J = 5.8 Hz, 2H), 3.43 (t, J = 6.3 Hz, 2H), 2.54 (s, 3H), 1.94-
1.80 (m, 4H), 1.52 (t, J = 3.7 Hz, 4H)
13C-NMR (100 MHz, CDCl3): δ 162.2, 157.6, 153.3, 148.1, 126.0, 117.9, 113.5, 113.3, 101.4,
68.6, 33.9, 32.8, 29.0, 28.0, 25.4, 16.3.

7-((8-bromooctyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (32)

3-chloro-7-hydroxy-4-methyl-2H-chromen-2-one (16) (150 mg, 0.71 mmol) and K2CO3 (197
mg, 1,42 mmol) was suspended in anhydrous acetone (4.5 ml). 1,8-Dibromooctane (2.00 mL,
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10.79 mmol) was added and the mixture was refluxed for 6 h. After cooling to ambient tem-
perature the solid was filtered and washed with acetone and the filtrate was concentrated under
reduced pressure. The concentrate was evaporated onto celite and purified by silica gel column
chromatography (PE/EtOAc, 10/1 v/v) to yield the title compound 32 as a white solid (176.0
mg, 62%). [Rf = 0.38 (PE/EtOAC, 6/1 v/v)].
mp: 99-101 °C
IR (ATR): νmax 2936, 2854, 1721, 1598, 1470, 1287, 1205, 1151 cm−1.
1H-NMR (400 MHz, CDCl3): δ 7.51 (d, J = 9.1 Hz, 1H), 6.89 (dd, J = 8.9 Hz, 2.3 Hz, 1H),
6.81 (d, J = 2.4 Hz, 1H), 4.01 (t, J = 6.8 Hz, 2H), 3.41 (t, J = 6.8 Hz, 2H), 2.55 (s, 3H), 1.90-
1.78 (m, 4H), 1.47-1.33 (m, 8H)
13C-NMR (100 MHz, CDCl3): δ 162.3, 157.7, 153.4, 148.2, 126.0, 117.9, 113.6, 113.3, 101.4,
68.8, 34.1, 32.9, 29.3, 29.1, 28.8, 28.2, 26.0, 16.4.

7-(4-azidobutoxy)-3-chloro-4-methyl-2H-chromen-2-one (33)

To a solution of 7-(4-bromobutoxy)-3-chloro-4-methyl-2H-chromen-2-one (30) (161.1 mg, 0.47
mmol) and DMF (2 ml), NaN3 (121.2 mg, 1.86 mmol) was added. The solution was heated
at 70 °C for 6 h. The solution was cooled to ambient temperature and added dest. H2O (20
mL) and EtoAc (15 mL). The organic layer was separated and the aqueous layer was extracted
with EtoAc (10 mL x 3). The organic layers were dried (MgSO4), filtered and concentrated un-
der reduced pressure to yield title compound 33 without further purification as a yellow-brown
dense oil (138.1 mg, 96%). [Rf = 0.28 (PE/EtOAC, 6/1 v/v)]

IR (ATR): νmax 2922, 2851, 2091, 1720, 1597, 1252, 1201, 1150 cm−1.
Due to unfortunate circumstances regarding the NMR-apparatus, NMR-data is lacking for this
compound. Prepared sample is ready for analysis.

7-((6-azidohexyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (34)

60



4.2 Methods 4 EXPERIMENTAL

To a solution of 7-((6-bromohexyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (31) (137.5 mg,
0.37 mmol) and DMF (2 ml), NaN3 (95.7 mg, 1.47 mmol) was added. The solution was heated
at 70 °C for 6 h. The solution was cooled to ambient temperature and added dest. H2O (20
mL) and EtoAc (15 mL). The organic layer was separated and the aqueous layer was extracted
with EtoAc (10 mL x 3). The organic layers were dried (MgSO4), filtered and concentrated
under reduced pressure. The concentrate was evaporated onto celite and purified by silica gel
column chromatography (PE/EtOAc, 10/1→ 1/1→ 0/1) to yield title compound 34 as a brown
oil (53.9 mg, 44%). [Rf = 0.22 (PE/EtoAc, 6/1 v/v)].

IR (ATR): νmax 2931, 2860, 2089, 1720, 1597, 1253, 1201, 1150, 1073, 1008 cm−1.

Due to unfortunate circumstances regarding the NMR-apparatus, NMR-data is lacking for this
compound. Prepared sample is ready for analysis.

7-((8-azidooctyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (35)

To a solution of 7-((8-bromooctyl)oxy)-3-chloro-4-methyl-2H-chromen-2-one (32) 176 mg,
0.44 mmol) and DMF (2.5 mL), NaN3 (113.9 mg, 1.75 mmol) was added. The solution was
heated at 70 °C for 6 h. The solution was cooled to ambient temperature and added dest.
H2O (20 mL) and EtoAc (15 mL). The organic layer was separated and the aqueous layer was
extracted with EtOAc (10 mL x 3). The organic layers were dried (MgSO4), filtered and con-
centrated under reduced pressure to yield title compound 35 without further purification as a
yellow-brown dense oil (153.4 mg, 96%). [Rf = 0.38 (PE/EtOAc, 6/1 v/v)].

IR (ATR): νmax 2925, 2854, 2091 (-N3), 1726, 1600, 1254, 1150, 1008. cm−1.

Due to unfortunate circumstances regarding the NMR-apparatus, NMR-data is lacking for this
compound. Prepared sample is ready for analysis.

2-(Quinolin-3-yl)aniline (23) [188]
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3-Bromoquinoline 21 (500 mg, 2.40 mmol) was dissolved in EtOH (10 mL) and added 2-
aminophenylboronic acid 22 (500 mg, 2.88 mmol) and K2CO3 (995 mg, 7.2 mmol) in H2O (2
mL). The reaction mixture was added PdCl2(pddf) (98 mg, 0.12 mmol) and the reaction was
stirred at 60 °C under a a nitrogen atmosphere for 24 h. The reaction mixture was cooled to
ambient temperature and the volatiles were removed under reduced pressure, evaporated onto
celite and purified by silica gel column chromatography (PE/EtoAc, 95/5→ 55/45 v/v) yield-
ing compound 23 as yellow crystals (404 mg, 77%). [Rf = 0.26 (PE/EtOAc, 7/3 v/v)].

mp: 131-134 °C.
IR (ATR): νmax 3416, 3318, 3217, 3024, 1633, 1566, 1490, 1306, 1140, 915, 782, 737 cm−1.
1H-NMR (400 MHz, CDCl3): δ 9.03 (d, J = 2.2 Hz, 1H), 8.28 (d, J = 1.9 Hz, 1H), 8.17 (d,
J = 8.4 Hz, 1H), 7.87-7.85 (m, 1H), 7.77-7.74 (m, 1H), 7.62-7.58 (m, 1H), 7.25-7.21 (m, 2H),
6.93-6.89 (m, 1H), 6.85-6.83 (m, 1H), 3.79 (bs, 2H).
13C-NMR (100 MHz, CDCl3): δ 151.4, 147.0, 144.0, 135.7, 132.5, 130.9, 129.7, 129.5, 129.2,
128.0, 127.9, 127.1, 123.7, 119.1, 116.0.

Spectroscopic and spectrometric data are in accordance with previously reported data. [188]

11H-indolo[3,2-c]quinoline (29) [190]

A solution of 2-(quinolin-3-yl)aniline 23 (398 mg, 1.81 mmol) dissolved in HCl (37%) (12
mL) was cooled to 0 °C. Ice cooled NaNO2 (0.4M) (12 mL, 4.78 mmol) was slowly added and
the solution was stirred at 0 °C for 1.5h. An ice cooled mix of NaN3 (247 mg, 3.80 mmol) and
NaOAc (20 mL) was added slowly and the solution was stirred at 0 °C for 1h. The reaction
mixture was slowly quenched using aq. Na2CO3 (40mL) cooled to 0 °C. The reaction mixture
was added EtOAc (20 mL), the organic layer was separated and the aqueous layer was extracted
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with EtOAc (4 x 10 mL). The combined organic layers were dried (MgSO4) concentrated un-
der reduced pressure. The residue was dissolved in 1,2-dichlorobenzene (10 mL) and stirred
for 3h at 180 °C under a nitrogen atmosphere. The reaction mixture was concenrated under
reduced pressure, the concentrate was evaporated onto celite and purified by silica gel column
chromatography (PE/EtOAc, 7/3→ 6/4 to yield the title compound 29 as a light brown solid
(314 mg, 79%). [Rf = 0.68 (DCM/MeOH, 5/1 v/v)].

mp: 330-332 °C (lit. [233] 329-331 °C)
IR (ATR): νmax 3037, 2714, 2653, 1735, 1595, 1566, 1509, 1458, 1364, 1337, 1234, 930, 732
cm−1.
1H-NMR (400 MHz, MeOD): δ 9.46 (s, 1H), 8.28 (dd, J = 8.3 Hz, 1.0 Hz, 1H), 8.25 (d, J =
7.9 Hz, 1H), 8.14 (d, J = 8.20, 1H), 7.75 (ddd, J = 15.4 Hz, 8.3 Hz, 1.5 Hz 1H), 7.70-7.65 (m,
2H), 7.50 (ddd, J = 15.3 Hz, 9.2 Hz, 1.1 Hz, 1H) 7.36 (ddd, J = 15.0 Hz, 8.9 Hz, 1.0 Hz, 1H).
1H-NMR (400 MHz, DMSO-d6): δ 12.80 (bs, 1H)
13C-NMR (100 MHz, MeOD3): δ 151.4, 147.0, 144.0, 135.7, 132.5, 130.9, 129.7, 129.5,
129.2, 128.0, 127.9, 127.1, 123.7, 119.1, 116.0.

Spectroscopic and spectrometric data are in accordance with previously reported data. [233]

5-(Prop-2-yn-1-yl)-5H-indolo[3,2-c] (40)

To a mixture of 11H-indolo[3,2-c]quinoline (29) (161 mg, 0.74 mmol) and anhydrous toluene
(5.8 mL) in a pressure tube, propargyl bromide (80 % in toluene) (1.23 mL, 11.04 mmol) was
added. The solution was stirred at 130 °C for 5 h. The reaction mixture was concentrated
under reduced pressure to remove volatiles. The crude was added DCM (35 mL) and sat. aq.
Na2CO3 (30 mL) and was stirred at ambient temperature for 30 min. The organic layer was
separated and the aqueous layer was extracted with DCM (25 mL x 4). The organic layers
were concentrated under reduced pressure and the concentrate was evaporated onto celite and
attempted purified by silica gel column chromatography (DCM/MeOH, 1/0→ 9.5/0.5→ 9.0/1
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v/v). [Rf = 0.33 (DCM/MeOH/NH4OH, 9/1/0.1 v/v)].

IR (ATR): νmax 3188, 2920, 2850, 2777, 2116, 1607, 1347, 1212. cm−1.
1H-NMR (400 MHz, CDCl3): δ 8.84 (d, J = 7.7 Hz, 1H), 8.31 (s, 1H), 7.96 (d, J = 8.1 Hz,
1H), 7.84 (d, J = 7.7 Hz, 1H), 7.64-7.62 (m, 2H), 7.55-7.49 (m, 2H), 7.28-7.24 (m, 1H, overlaps
with solvent residual signal), 4.98 (d, J = 2.2 Hz, 2H), 2.55 (t, J = 2.2 Hz, 1H).

IR is scuffed due to impurities/solvent.
N-(3-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)propyl)-1,2,3,4-tetrahydroacridin-
9-amine (37)

To a solution of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c]quinoline (36) (47.8 mg, 0.19 mmol) and
N-(3-azidopropyl)-1,2,3,4-tetrahydroacridin-9-amine (27) (52.5 mg, 0.19 mmol) in DMF (1.2
mL), CuSO4 x H2O (14 mg, 0.056 mmol) and (+)-sodium L-ascorbate (NaAsc) (22.2 mg, 0.11
mmol) was added. The reaction mixture was stirred at ambient temperature for 44 h. The
mixture was concentrated under reduced pressure, evaporated onto celite and purified by silica
gel column chromatography (DCM/MeOH/NH4OH, 8.5/1.5/0.15 v/v) to yield target compound
37 as a yellow solid (67.9 mg, 68%). [Rf = 0.12 (DCM/MeOH/NH4OH, 8.5/1.5/0.07 v/v].
mp: 112-114 °C.
IR (ATR): νmax 3334 (-NH), 2933, 2855, 1721, 1597, 1347, 1205, 1139. cm−1.
1H-NMR (400 MHz, CDCl3): δ 8.86 (s, 1H), 8.72 (d, J = 7.6, 1H), 7,92 (d, J = 8.7 Hz, 1H),
7.86 (d, J = 7.6 Hz, 1H), 7.82 (d, J = 8.6 Hz, 1H), 7.77 (d, J = 7.6 Hz, 2H), 7.69 (d, J = 7.6
Hz, 1H), 7.57-7.54 (m, 1H), 7.46-7.38 (m, 2H), 7.29-7.20 (m, 2H), 7.10-7.06 (m, 1H), 5.73 (s,
2H), 4.38 (t, J = 6.5 Hz, 2H),4.19 (t, J = 6.5 Hz, NH), 3.36 (q, J = 6.5 Hz, 2H), 2.97 (t, J = 5.8
Hz, 2H), 2.60 (t, J = 5.8 Hz, 2H),2.17-2.14 (m, 2H), 1.82-1.78 (m, 4H).
13C-NMR (100 MHz, CDCl3): δ 158.8, 151.0, 149.8, 147.2, 142.3, 136.6, 134.7, 130.3, 128.8,
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128.5, 127.1, 125.9, 125.5, 124.3, 124.2, 123.6, 122.2, 121.6, 120.5, 120.0, 119.8, 117.4, 117.3,
117.0, 117.0, 50.5, 48.1, 45.4, 34.0, 31.5, 25.1, 23.0, 22.7. One quaternary carbon signal miss-
ing.

N-(8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)octyl)-1,2,3,4-tetrahydroacridin-
9-amine (38)

To a solution of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c]quinoline (36) (47.8 mg, 0.19 mmol) and
N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (29) (52.5 mg, 0.19 mmol) in DMF (1.2
mL), CuSO4 x H2O (14 mg, 0.056 mmol) and (+)-sodium L-ascorbate (NaAsc) (22.2 mg,
0.11 mmol) was added. The reaction mixture was stirred at ambient temperature for 43 h.
The mixture was concentrated under reduced pressure, evaporated onto celite and attempted
purified by silica gel column chromatography (DCM/MeOH/NH4OH, 8.5/1.5/0.15 v/v) to yield
a yellow solid (90.9 mg, 46%) which could not be confidently identified as the target compound
38. [Rf = 0.40 (DCM/MeOH/NH4OH, 8.5/1.5/0.07 v/v].
IR (ATR): νmax cm−1.
1H-NMR (400 MHz, CDCl3): δ .
13C-NMR (100 MHz, CDCl3): δ .

Have unfortunately yet to confidently isolate this compound and to confirm it by NMR.
—————————————————————————-
7-(4-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)butoxy)-3-chloro-4-methyl-
2H-chromen-2-one (39)
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To a solution of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c]quinoline (36) (95.2 mg, 0.31 mmol) and
7-(4-azidobutoxy)-3-chloro-4-methyl-2H-chromen-2-one 33 (79.3 mg, 0.31 mmol) in DMF
(1.8 mL), CuSO4 x H2O (23.2 mg, 0.092 mmol) and (+)-sodium L-ascorbate (NaAsc) (36.8
mg, 0.19 mmol) was added. The reaction mixture was stirred at ambient temperature for 43
h. The mixture was concentrated under reduced pressure, evaporated onto celite and purified
by silica gel column chromatography (DCM/MeOH, 1/0 → 9.75/0.25 v/v) to yield the target
compound 39 as a yellow solid (52.0 mg, 30%). [Rf = 0.30 (DCM/MeOH/, 9/1 v/v].
mp: 249-251 °C.
IR (ATR): νmax 2940, 2852, 1720, 1596, 1508, 1284, 1201, 1144. cm−1.
1H-NMR (400 MHz, CDCl3): δ 10.43 (s, 1H), 8.85 (d, J = 7.3 Hz, 1H), 8.62 (d, J = 8.9 Hz,
1H), 8.42 (s, 2H, two overlapping signals), 8.12-8.08 (m, 1H), 8.02-7.98 (m, 1H), 7.92 (d, J =
7.9 Hz, 1H), 7.73-7.70 (m, 2H), 7.60-7.56 (m, 1H), 6.97-6.92 (m, 2H), 6.32 (s, 2H), 4.43 (t,
J = 7.0 Hz, 2H), 4.04 (t, J = 6.3 Hz, 2H), 2.52 (s, 3H, overlaps with solvent residual signal),
1.97-1.90 (m, 2H), 1.70-1.64 (m, 2H).
13C-NMR (100 MHz, CDCl3): δ 161.5, 156.4, 152.6, 148.8, 144.9, 143.4, 141.0, 135.1, 132.3,
128.2, 127.0, 124.4, 124.3, 123.2, 122.2, 121.0, 119.5, 117.1, 116.2, 114.2, 114.0, 113.0, 112.7,
101.1, 67.6, 51.1, 49.2, 40.1 (overlaps with solvent residual signal), 26.3, 25.3, 16.1. One qua-
ternary carbon signal missing.

—————————————————————————-
Experimental - Incomplete
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7-((6-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)hexyl)oxy)-3-chloro-
4-methyl-2H-chromen-2-one (40)

To a solution of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c]quinoline (36) (47.8 mg, 0.19 mmol) and
N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (29) (52.5 mg, 0.19 mmol) in DMF (1.2
mL), CuSO4 x H2O (14 mg, 0.056 mmol) and (+)-sodium L-ascorbate (NaAsc) (22.2 mg, 0.11
mmol) was added. The reaction mixture was stirred at ambient temperature for 43 h. The
mixture was concentrated under reduced pressure, evaporated onto celite and purified by silica
gel column chromatography (DCM/MeOH/NH4OH, 8.5/1.5/0.15 v/v) to yield target a yellow
solid (90.9 mg, 46%) which could not be confidently identified as the target compound 38. [Rf

= 0.40 (DCM/MeOH/NH4OH, 8.5/1.5/0.07 v/v].

Have unfortunately yet to confidently isolate this compound and to confirm it by NMR or in
any other way.

7-((8-(4-((5H-indolo[3,2-c]quinolin-5-yl)methyl)-1H-1,2,3-triazol-1-yl)octyl)oxy)-3-chloro-
4-methyl-2-textitH-chromen-2-one (41)
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To a solution of 5-(prop-2-yn-1-yl)-5H-indolo[3,2-c]quinoline (36) (47.8 mg, 0.19 mmol) and
N-(8-azidooctyl)-1,2,3,4-tetrahydroacridin-9-amine (29) (52.5 mg, 0.19 mmol) in DMF (1.2
mL), CuSO4 x H2O (14 mg, 0.056 mmol) and (+)-sodium L-ascorbate (NaAsc) (22.2 mg, 0.11
mmol) was added. The reaction mixture was stirred at ambient temperature for 43 h. The
mixture was concentrated under reduced pressure, evaporated onto celite and purified by silica
gel column chromatography (DCM/MeOH/NH4OH, 8.5/1.5/0.15 v/v) to yield target a yellow
solid (90.9 mg, 46%) which could not be confidently identified as the target compound 38. [Rf

= 0.40 (DCM/MeOH/NH4OH, 8.5/1.5/0.07 v/v].
Have unfortunately yet to confidently isolate this compound and to confirm it by NMR or in
any other way.
—————————————————————————-
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