European Journal of Medicinal Chemistry 225 (2021) 113783

European Journal of Medicinal Chemistry

journal homepage: http://www.elsevier.com/locate/ejmech é

Contents lists available at ScienceDirect

Discovery of 1-(phenylsulfonyl)-1H-indole-based multifunctional
ligands targeting cholinesterases and 5-HTg receptor with anti-

Check for
updates

aggregation properties against amyloid-beta and tau

Tomasz Wichur °, Anna Pasieka °, Justyna Godyn ¢, Dawid Panek °, Izabella Goéral ¢,
Gniewomir Latacz °, Ewelina Honkisz-Orzechowska °, Adam Bucki ¢, Agata Siwek “,
Monika Gtuch-Lutwin ¢, Damijan Knez b Xavier Brazzolotto €, Stanislav Gobec °,
Marcin Kotaczkowski 2, Raimon Sabate ¢ ¢, Barbara Malawska , Anna Wieckowska "

2 Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9, 30-688 Krakéw, Poland

b University of Ljubljana, Faculty of Pharmacy, Askerceva 7, 1000 Ljubljana, Slovenia

¢ Département de Toxicologie et Risques Chimiques, Institut de Recherche Biomédicale des Armées, 91223 Brétigny sur Orge, France

d Department of Pharmacy and Pharmaceutical Technology and Physical Chemistry, Faculty of Pharmacy and Food Science, University of Barcelona,

Barcelona, Spain

€ Institute of Nanoscience and Nanotechnology (IN2UB), University of Barcelona, Barcelona, Spain

ARTICLE INFO

Article history:

Received 9 June 2021

Received in revised form

12 August 2021

Accepted 13 August 2021
Available online 19 August 2021

Keywords:

Alzheimer's disease
Multifunctional agents
B-amyloid

Tau protein
Cholinesterase inhibitors
5-HTg antagonists

ABSTRACT

Multifunctional ligands as an essential variant of polypharmacology are promising candidates for the
treatment of multi-factorial diseases like Alzheimer's disease. Based on clinical evidence and following
the paradigm of multifunctional ligands we have rationally designed and synthesized a series of com-
pounds targeting processes involved in the development of the disease. The biological evaluation led to
the discovery of two compounds with favorable pharmacological characteristics and ADMET profile.
Compounds 17 and 35 are 5-HTgR antagonists (K; = 13 nM and K; = 15 nM respectively) and cholines-
terase inhibitors with distinct mechanisms of enzyme inhibition. Compound 17, a tacrine derivative is a
reversible inhibitor of acetyl- and butyrylcholinesterase (ICso = 8 nM and ICsg = 24 nM respectively),
while compound 35 with rivastigmine-derived phenyl N-ethyl-N-methylcarbamate fragment is a se-
lective, pseudo-irreversible inhibitor of butyrylcholinesterase (ICsg = 455 nM). Both compounds inhibit
aggregation of amyloid f in vitro (75% for compound 17 and 68% for 35 at 10 uM) moreover, compound 35
is a potent tau aggregation inhibitor in cellulo (79%). In ADMET in vitro studies both compounds showed
acceptable metabolic stability on mouse liver microsomes (28% and 60% for compound 17 and 35
respectively), no or little effect on CYP3A4 and 2D6 up to a concentration of 10 uM and lack of toxicity on
HepG2 cell line (ICsq values of 80 and 21 uM, for 17 and 35 respectively). Based on the pharmacological
characteristics and favorable pharmacokinetic properties, we propose compounds 17 and 35 as an
excellent starting point for further optimization and in-depth biological studies.
© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

suffering from AD [1,2]. Besides the great economic impact imposed
by the care costs of AD patients [2], the disease has a profound

The search for novel therapeutic approaches against Alzheimer's
disease (AD) is an urgent issue. This is due to the common flaw of
available therapies, incapable of stopping or even slowing down the
progression of AD, and the still growing number of patients
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humanitarian dimension associated with the suffering of in-
dividuals affected by AD and difficulty in providing adequate care.

The exact cause of AD remains ambiguous and a significant
amount of data on AD pathomechanism indicates its multifactorial
nature [3]. In AD, the normal functioning of the brain is precluded
due to neurodegenerative lesions and concomitant abnormal
neurotransmission [4]. In the past, the latter was mainly associated
with the cholinergic system and led to the development of the first
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pharmacotherapeutics in AD being based on cholinesterase in-
hibitors (ChEls), currently including three drugs — donepezil,
rivastigmine and galantamine [5—8]. In fact, the abnormal neuro-
transmission affects not only cholinergic, but also glutamatergic,
GABA-ergic and serotonergic neurotransmitter systems [9—11]. The
typical AD brain is also a place of accumulation of pathological
proteins, such as senile plaques and neurofibrillary tangles (NFTs)
[12—14]. Senile (amyloid) plaques are a result of B-amyloid (AB)
aggregation. AP represents a group of peptides which are formed
from the amyloid precursor protein (APP) in a series of reactions to
form oligomers, fibrils and plaques [15,16]. These species trigger
inflammatory responses, contribute to oxidative stress and impair
cellular communication, ultimately leading to neuronal injury and
cognitive dysfunctions [17—19]. NFTs arise when the tau protein is
hyperphosphorylated by tau-kinases, followed by other post-
translational modifications such as acetylation [20,21]. This drives
the dissociation of tau from the microtubules and initiates aggre-
gation of hyperphosphorylated tau, which similarly to Ap forms
oligomers and ultimately intracellular deposits called the neurofi-
brillary tangles [22]. The hyperphosphorylated tau and the NFTs are
linked to impaired long- and short-term synaptic plasticity [22,23].

The complex pathomechanism of AD inclines to search for
multifunctional ligands (multi-target-directed ligands, MTDLs) —
compounds that are designed to interact with several disease-
relevant biological targets [24—26]. Their main advantage in
multi-target therapy over co-administration of several active sub-
stances involves their simplified pharmacokinetic and pharmaco-
dynamic profile and thus a minimised risk of unwanted and
potentially life-threatening drug-drug interactions (DDI) [27].
Currently, MTDLs attract much attention due to their lower devel-
opment cost when compared with two or more separate drugs, and
an increasing number of FDA-approved drugs are multifunctional
drugs [28].

Continuing our previous research, herein we report novel
multifunctional ligands against AD which combine the inhibitory
activity towards cholinesterases with 5-HTg receptor (5-HTgR)
antagonism, and anti-aggregation properties against A and tau
protein. Although marketed ChEls cannot stop the progression of
the disease [29], anti-cholinesterase activity is a clinically verified
approach and therefore it is used in the design of multifunctional
ligands [26,30—33]. Of the two cholinesterases: acetylcholines-
terase (AChE) and butyrylcholinesterase (BuChE), the latter may for
several reasons be regarded as a viable alternative to AChE as a
target for AD therapies. Functional equilibrium occurring in the
physiological conditions between these enzymes is disrupted in the
course of the disease in favor of BuChE [34], therefore it can take
over the regulation of acetylcholine levels as shown in studies with
AChE and BuChE knockout mice [35,36]. Moreover, a recently
developed selective BuChE inhibitor improves memory and
learning abilities of mice in a scopolamine-induced cognitive deficit
model without producing acute cholinergic adverse effects [37].

In the search for therapies that can modulate the disturbed
neurotransmission in AD, the serotonergic system, especially the 5-
HT4 and 5-HTg receptors have come in the limelight [38—40]. In
particular, research has been focused on 5-HT4R agonists, 5-HTgR
antagonists and several multifunctional compounds with these
activities are found in the literature [41—45]. The rationale behind
the use of 5-HTgR antagonists in AD therapy is a positive effect of 5-
HTgR blockade on cognition [46,47] and a linkage between sero-
tonergic and cholinergic systems. In particular, 5-HTgR antagonists
increase the acetylcholine levels and reverse cognition deficits
induced by the administration of anticholinergic agents [48,49].
This effect is mediated by multiple neurotransmitter systems
including serotonergic, cholinergic, glutamatergic and GABAergic
[50—55] and thus provides beneficial anti-AD activities [50]. The
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interest in 5-HTgR antagonists also stems from their pleiotropic
activities, involving the alleviation of anxiety or depression symp-
toms, as shown in preclinical studies [56,57]. In addition, 5-HTgR
antagonists regulate synaptic remodelling [58] and neuronal hy-
perexcitability [59], which are among plausible causes of AD and
point to the potential disease-modifying effect of 5-HTgR antago-
nists. The observed improvement of cognitive functions in Phase II
clinical trials with the 5-HTgR antagonists idalopirdine and inte-
pirdine co-administered with ChEI [60,61] further paves the way
for the development of multifunctional ligands combining seroto-
ninergic and cholinergic activities.

2. Results and discussion
2.1. Design of compounds

Given the beneficial effects of the combination therapy with a
ChEI and 5-HTg antagonist demonstrated in clinical trials we have
designed compounds combining these two mechanisms in multi-
functional ligands (Fig. 1). As cholinesterase-targeting fragments
we have used well-known molecular scaffolds - tacrine (1,2,3,4-
tetrahydroacridin-9-amine, series I), N-benzylamine derived from
donepezil and phenyl N-ethyl-N-methylcarbamate fragment from
rivastigmine. These scaffolds have been used extensively in the
development of ChEI and multifunctional ligands against AD and
we have observed that tacrine fragment is the most effective in
terms of cholinesterase inhibition [62—67]. In our previous works
[66,67] we have confirmed the efficiency of 1-(phenylsulfonyl)-4-
(piperazin-1-yl)-1H-indole as a 5-HTgR-targeting fragment in
MTDLs. Here, we replaced piperazine moiety with the oxyethylene
fragment that was previously revealed as its bioisostere and linked
it with alkyl fragments of different lengths (series I and II). Based on
molecular modelling studies, we expected that the higher confor-
mational flexibility of the linker would be beneficial for cholines-
terase inhibition allowing benzylamine/tacrine to reach the bottom
of the active site gorge and to adopt an optimal position for in-
teractions with the amino acid residues. Further optimizations
were focused on benzylamine substitution (series III), primarily to
enhance the cholinesterase inhibitory potencies.

2.2. Chemistry

The final compounds were synthesized according to the syn-
thetic routes presented in Schemes 1 and 2. An essential step in the
synthesis was the preparation of primary amines 9—16 (Scheme 1).
Commercially available 4-benzyloxyindole in reaction with ben-
zenesulfonyl chloride in the presence of potassium tert-butoxide

DESIGN OF 5-HT 5 ANTAGONISTS WITH CHOLINESTERASE INHIBITORY ACTIVITY
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Fig. 1. Design of new multifunctional ligands combining scaffolds with 5-HTgR
antagonism and cholinesterase inhibitory activity.
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Scheme 1. Synthesis of primary amines 9—16. Reagents and conditions: (i) benzenesul
Hag)
1 M NaOH, rt, 1 h; (vi) w
80 °C, 2.5 h.

and 18-crown-6 ether, yielded compound 1. Debenzylation of 1 in
the presence of Hyg)/Pd/C in tetrahydrofuran (THF) at 45 °C pro-
vided the phenol 2, which was subsequently transformed into 2-
bromoethoxy derivative 3 by refluxing with an excess of 1,2-
dibromoethane in ethanol, in the presence of K;CO3, Primary bro-
mide 3 was used in Gabriel synthesis and transformed into primary
amine 4, which was reacted with w-(bromoalkyl)isoindole-1,3-
diones in acetonitrile (MeCN) at 100 °C under microwave irradia-
tion, yielding compounds 5—8. These compounds were then BOC-
protected in the reaction with di-tert-butyl dicarbonate and trie-
thylamine (TEA) and phthalimide was subsequently cleaved in a
reaction with 40% aqueous solution of methylamine and 1 M NaOH,
or directly cleaved without earlier BOC-protection, providing BOC-
protected primary amines 13—16 or their unprotected counterparts
10-12.

A different approach was used to synthesize ethylenediamine
derivative 9, which was obtained directly from primary bromide 3,

O\/\N/\HNHZ
BOC i
Q1
S
o 0 n

=25

13-16

O~ NH,
N,
@;E -

9-12

fonyl chloride, potassium tert-butoxide, 18-crown-6 ether, THF, 0 °C—rt, 24 h; (ii) 10% Pd/C,

, THF, 45 °C, 2 h; (iii) 1,2-dibromoethane, K,COs, ethanol, reflux, 48 h; (iv) potassium phthalimide, 18-crown-6 ether, DMF, 50 °C, 24 h; (v) CH3NH; (40% aq. sol.), 50 °C, 1 h, then
-(bromoalkyl)isoindole-1,3-dione, K;CO3, MeCN, 100 °C, mw, 1 h; (vii) di-tert-butyl dicarbonate, TEA, THF, 0 °C—rt, overnight; (viii) ethylenediamine, MeCN,

by reacting it with an excess of ethylenediamine in MeCN.

Primary amines 9—12 were reacted with the commercially
available aldehydes to produce final compounds from series II
(22—25) and series III (26—35) (Scheme 2). For the synthesis of
series I BOC-protected amines 13—16 were reacted with 9-chloro-
1,2,3,4-tetrahydroacridine (Scheme 2). The reaction required quite
harsh conditions — it was conducted in pentan-1-ol under micro-
wave irradiation at 190 °C and this required the use of BOC-
protected amines. The cleavage of BOC-group in the presence of
1 M HCl provided final compounds 19—21. In the case of compound
18 a spontaneous BOC-deprotection took place during the
microwave-assisted reaction, so the cleavage step was not neces-
sary. Ethylenediamine derivative 17 was obtained from compound
9 in the reaction with 9-chloro-1,2,3,4-tetrahydroacridine in anal-
ogous conditions (pentan-1-ol, microwave irradiation, 190 °C)
(Scheme 2).
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Scheme 2. Synthesis of final compounds. Reagents and conditions: (i) 9-chloro-1,2,3,4-tetrahydroacridine, pentan-1-ol, 190 °C, mw, 2 h; (ii) 1 M HCl in EtOAc, MeOH, rt, overnight;

(iii) appropriate aldehyde, CH3COOH, NaBH3CN, MeOH, 0 °C—rt, 24 h.
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2.3. Biological evaluation

2.3.1. Cholinesterase (AChE/BuChE) inhibitory potencies, 5-HTgR
binding and functional assays

The inhibitory potency of the compounds from series I-III
against equine serum-derived butyrylcholinesterase (eqBuChE) and
electric eel-derived acetylcholinesterase (eeAChE), was determined
using the spectrophotometric method described by Ellman [68].
After the initial screening, at the concentration of 10 puM, ICsg values
were determined for the compounds with an inhibitory potency
higher than 50%. Compounds with less than 50% inhibition against
the enzyme were regarded as inactive. Tacrine, donepezil and
rivastigmine were used as the positive controls. The affinity of all
compounds for the recombinant human 5-HTg receptor was eval-
uated in a radioligand binding assay, with methiothepine as a
reference [69]. The antagonistic properties of the selected de-
rivatives were confirmed in cell-based functional studies (see
Table S1 in the Supporting Information).

The presence of the tacrine moiety in compounds from series I
ensured high inhibitory activity towards cholinesterases — ICsq for
eqBuChE were in the range of 2—24 nM and 8—303 nM for eeAChE
(Table 1). With the exception of 17, all compounds were more
potent inhibitors of eqBuChE than of eeAChE. It is worth empha-
sizing that we found compounds exceeding the inhibitory potency
of tacrine by a factor of 7 (eqBuChE ICsq of 2 nM for 20 vs. 15 nM for
tacrine) and 3 (eeAChE ICs5p of 8 nM for 17 vs. 24 nM for tacrine).
This might be due to the additional interactions illustrated in
Fig. 2A on the example of compound 17. The compound is bound in
the catalytic site of BuChE in a way common for tacrine-based in-
hibitors — the heteroaromatic ring forms both m-7 and m-cation
interactions with Trp82. However, in addition to the tacrine itself,
the protonated nitrogen atom from the linker of 17 forms a salt
bridge with Asp70 side chain, whereas the 1-(benzenesulfonyl)-
1H-indole fragment, which is primarily responsible for recognition
in the 5-HTgR, found interactions with Phe329 (m-stacking) and
Ser198 (hydrogen bond). Structural modifications, namely elonga-
tion of the alkyl linker (n = 1-5) had a limited influence on the
eqBuChE inhibitory potencies and reduced eeAChE inhibition.
Compounds from series I also showed a strong affinity for 5-HTgR,
with K;j values in the range of 3.5—13 nM, showing that the potency
is not affected by the changing distance between tacrine and 5-
HTg-targeting moiety. Docking studies, as exemplified by the pre-
dicted binding mode of compound 17 in the 5-HTgR homology
model (Fig. 2B) revealed an exemplary binding mode, which was in
line with the previously described analogous piperazine derivatives
[66]. Compound 17 interacts with Asp3.32'% (salt bridge/charge-
assisted hydrogen bond) and Phe6.522%> (CH-m stacking) — the
two main anchoring interactions, conserved in GPCRs for mono-
amines. The remaining interactions in the orthosteric binding site,
CH- stacking with Phe5.3888 and hydrogen bond with Asn6.55288
are characteristic solely of 5-HTgR. CH-7t stacking interactions with
Phe7.35%%? and a salt bridge with Asp7.36°%3 in the accessory
binding site are characteristic of tacrine derivatives.

Replacement of tacrine by benzylamine aimed to reduce the
molecular weight of the compounds and to improve the physico-
chemical properties (series II). Unfortunatelly, this modification led
to the loss of activity against eeAChE (Table 1) with the exception of
compound 22 (ICs5¢ = 2869 nM; Table 1). The inhibitory potencies of
compounds 22—25 against eqBuChE ranged from 394 to 887 nM.
Structural modifications of the phenyl ring in the benzylamine
moiety in compound 22 led to series Il with eqgBuChE ICsg values
ranging from 455 to 4263 nM (Table 1). Interestingly, compound 35
with rivastigmine-derived N-ethyl-N-methylcarbamate substituent
at position 3 of the phenyl ring displayed improved inhibitory ac-
tivity for eqBuChE (ICso = 455 nM). The compound adopted a
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Table 1
Affinity for 5-HTgR, inhibition of eqBuChE and eeAChE by compounds from series
I-11L

Comp. n 5-HTgR eqBuChE eeAChE
K¢ [nM] K3 [nM] ICso [nM]°
1
o N
EJ; \/\H/\H/n
Qo
Se
o o
17 1 13.0+14 - 2439 + 0.95 8.42 +0.07
18 2 100+ 06 — 18.76 + 0.27 20.90 + 0.52
19 3 35+05 10+ 0.5 939+029 57.54+0.68
20 4 7.0 +0.7 - 217 +0.05 303.1+7.7
21 5 86+ 14 - 407 +019 7248 +1.15
=
oyl
11 q Hwn
Qo
oS
oo
22 1 30+02 9+04 5279 +74 2869 + 64
23 2 8.0 +0.7 7014 + 115 na‘
24 3 80+10 - 887.4 +20.7 n.a‘
25 4 120+15 - 393.7+80 na‘
Q:\gowu/\/NH -
m @ 19,
,/S\\
oo
26 2-Cl 30+03 58 +1.8 585.7+16 4236+ 73
27 3-Cl 20+02 — 1075 + 25 4841 + 107
28 4-Cl 1.0+02 - 1991 + 92 na.
29 3,5-diCl 11.0+x14 - 1661 + 75 n.a.‘
30 4-F 0.1+0.01 — 1304 + 40 6214 + 131
31 4-NO, 20+03 - 4263 + 135 na‘
32 4-OMe 35+03 - 2071 + 61 n.a.‘c
33 3-Me 20+0.2 — 1067 + 22 4467 + 97
34 3-CF; 1.7 +02 7+03 2118 + 102 na‘
35 3-OCONEtMe 150+15 48+16 4545 +9.0 na‘
Donepezil — — 1830 + 40 11.00 + 0.20
Tacrine - - 15.00 + 0.10 23.00 + 0.40
Rivastigmine - - 2195 + 52 -
Methiothepine 0.30 +0.03 — — —
SB258585 — 036 +0.03 — —

2 K; and K, values are expressed as the mean + standard error of the mean (SEM) of
at least three experiments. b 1Cso values are expressed as the mean + standard error
of the mean (SEM) of at least three experiments; eqBuChE from equine serum,
eeAChE from electric eel. © not active.

similar arrangement in the binding site of BuChE to compound 17,
forming analogous interactions. The N-ethyl-N-methylcarbamate
moiety, which is essential for pseudo-irreversible inhibition of
cholinesterases by rivastigmine, approached Ser198 at a distance of
5 A, which suggests possible covalent interaction herein (Fig. 3A).

Although the inhibitory potency against eeAChE was preserved
in some compounds from series III (26, 27, 30 and 33), it was
weaker than 22. At the same time, in both series II and III, the high
affinities for 5-HTgR were retained with K; values in a low nano-
molar range of 0.1-15 nM. We observed that the presence of a
halogen atom (Cl, F) or an electron-withdrawing group such as
—NO; or —CF3 at position 3 or 4 of the phenyl in benzylamine
enhanced the 5-HTgR affinity; this effect was particularly pro-
nounced for the 4-fluoro derivative 30 (K; = 0.1 nM vs 3.0 nM for
unsubstituted derivative 22). Fig. 3B shows the predicted binding
mode of compound 35 within 5-HTgR. Compound 35 retained all
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supplemented by additional low energy bonds. B) The predicted binding mode of compound 17 in the 5-HTgR homology model (based on 4IAR [70]), presenting an interaction grid
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B) The predicted binding mode of compound 35 within 5-HTgR binding site, showing interaction with Arg181characteristic for 5-HTgR ligands [71]. Amino
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Fig. 4. Results of the 100-fold dilution assay with eqBuChE performed for compounds
20, 22, 26, and 35 with rivastigmine, donepezil, and tacrine as references.

the interactions characteristic of 5-HTgR ligands: salt bridge/
charge-assisted hydrogen bond with Asp3.32196, CH-m stackings
with Phe6.52%%°> and Phe5.38'®%, and a hydrogen bond with
Asn6.55%88 in the orthosteric binding site. The tacrine-replacing
reduced aromatic moiety preserved the CH-m stacking with
Phe7.35%%2 in the accessory binding site. Moreover, the N-ethyl-N-
methylcarbamate substituent formed favourable H-bond in-
teractions with Arg181, a residue from the extracellular loop 2
(ECL2) involved in the 5-HT6R ligand recognition [71].

2.3.2. Mechanism of BuChE inhibition by selected compounds from
series I-1I

The presence of the carbamate moiety in the marketed anti-AD
drug rivastigmine is responsible for its pseudo-irreversible inhibi-
tion, resulting from the carbamoylation of a serine residue in the
catalytic site of ChE. To verify the inhibition mode of the carbamate-
based compound 35 we have used the reversibility 100-fold dilu-
tion assay described by Kosak et al. [72] For the comparison we
have also tested the selected non-carbamate derivatives 20, 22, and
26 from series I-III. The results indicate that both 35 and riva-
stigmine, unlike donepezil, tacrine, 20, 22, and 26, inhibit BuChE
irreversibly under the assay conditions used (Fig. 4). In the dilution
assay, the recovery of BuChE activity was measured after 100-fold
dilution of the preincubated mixture of the enzyme with in-
hibitors. Due to the enzyme carbamoilation pseudo-irreversible
inhibitors: 35 and rivastigmine kept BuChE inactive even after
dilution, while reversible compounds were not able to completely
inhibit enzyme after 100-fold dilution.

2.3.3. Inhibitory activity against AB4; and tau

Compounds that directly inhibit AB4> and tau aggregation pro-
cesses attract much attention due to their potential utility as anti-
AD therapies. The fact that miscellaneous structures have been
shown to possess anti-aggregation properties against A4, and tau
[73] prompted us to assess these properties of compounds
described in this project.

Initially, we have investigated the inhibitory activity of
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compounds from series I-1II against A4 in an in vitro thioflavin T
(ThT)-based fluorometric assay in which the benzothiazole dye
(ThT) interacts with the cross B-sheet quaternary structure of the
amyloid protein. The level of AB4; aggregation is assessed based on
the changes in the fluorescence, which increases when the dye
binds to B-sheet structures [74]. The assay was performed at a
screening concentration of 10 uM and the results are presented in
Tables 2 and 3. Furthermore, we evaluated the anti-aggregation
activity against AP and tau of the compounds from series III in an
in cellulo assay using the recombinant Escherichia coli model. The
assay is based on the same principle as the AB4; in vitro thioflavin T
(ThT) test, but it is conducted in vivo conditions [75]. Escherichia coli
overexpressing AP or tau serve as the source of proteins, and
these are stained by Thioflavin-S (ThS) dye in real-time. Fluores-
cence changes of ThS in induced and noninduced bacteria cells
allow for the calculation of the level of aggregation of AB4; or tau
[76]. The results of the in cellulo assays are presented in Table 3.

All compounds from series I (Table 2) inhibited p-amyloid ag-
gregation by more than 60% at 10 uM, with 77% inhibition for the
most active compound, 19. The benzylamine analogues from series
II (Table 2) were slightly weaker inhibitors than their tacrine-
bearing counterparts from series I, showing potency in the 42%—
62% range at 10 pM.

The activity of the compounds from series IIl in an in vitro APy
assay (Table 3) ranged from 55% to 73%, pointing to a positive effect
of the selected substituents on the inhibitory activity when
compared to the unsubstituted derivative 22. Only compound 34
(3-CF;5 substituent), was inactive in vitro, but despite this, inter-
estingly, it showed the best performance in the in cellulo assay with
AB42 (48% of inhibition at 10 uM). The remaining compounds dis-
played weaker anti-ABy4, inhibitory activity in cellulo than in vitro
(24—49% at 10 pM). In the in cellulo assay using tau protein the
compounds showed similar inhibitory potencies ranging from 52%,
for the 2-Cl substituted derivative 26, to 79% for the carbamate 35.
The ICsp values were established for the two promising

Table 2
In vitro inhibitory activity against AB4, for compounds from series I and II.

Comp. n Inhibition of AB4, aggregation [%]/ICso [uM]P
I
17 1 74.8 +7.7/1.10 + 0.23°
18 2 61.1 + 20.6
19 3 774 +74
20 4 732 + 131
21 5 69.2 + 8.8
S
oy
Il Q} ) n
Q%
Se
oo
22 1 55.0 + 12.1
23 2 53219
24 3 418 + 5.6
25 4 625+ 1.0
resveratrol 86.6% + 11.6°

2 Inhibition percentage at 10 uM compound and 1.5 pM AB». Inhibition percentage
means + SD from at least two independent experiments, each performed in
quadruplicate. Statistical analysis: one-way ANOVA, followed by post-hoc Bonfer-
roni t-test (SigmaPlot v 12.0), compared to control experiment (ABs; + DMSO);
p < 0.05; ” The IC5q values are reported as mean + SEM of three independent ex-
periments; © Ref. Pasieka et al. [77].
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multifunctional ligands: 17 (ICsp = 110 + 0.23 puM) and 35
(IC50 =138 + 045 ],LM).

Considering their influence on the aggregation of AB4; and tau
proteins, compounds 30 and 35 are of special interest due to the
particularly high and balanced inhibitory potency. Compound 30
with 73% and 41% inhibition of AB4, aggregation in the in vitro and
in cellulo assays respectively, and 62% tau inhibition, 35, with in-
hibition values of 68% and 79% in the AB4; in vitro and tau in cellulo
assays, respectively.

2.3.4. Preliminary in vitro ADMET profiling

Based on their favorable profile of in vitro activities we selected
compounds 17 and 35 for further in vitro ADMET profiling studies.

Permeability. We assessed the permeability of compounds 17
and 35 in the Parallel Artificial Membrane Permeability Assay
(PAMPA) assay described by Chen et al. using caffeine as well-
permeable and norfloxacin as low-permeable references [79].
Based on the permeability coefficient (Pe) values obtained we
classified compound 35 as permeable (Table 4). According to the
results, compound 17 might face some problems with passing the
biological membranes (Table 4). We hypothesize that it might
result from the high lipophilicity (Table S3 in the Supporting In-
formation) and resulting tendency to retain in the membrane.
However, tacrine derivatives that we have previously reported
[66,67] not only showed good permeability in PAMPA-BBB but also
significant in vivo activity, which indirectly confirms the capacity to
cross BBB.

Influence on CYP3A4 and CYP2D6 activity. We have used the
CYP450 inhibition luminescence assay from Promega as a predictor
of the compounds’ influence on the metabolism of other drugs that
might be co-administered by the patient. The resulting DDIs are an
important issue for elderly patients, who are usually on multiple
medications. Compounds 17 and 35 showed no or little effect on the
two major isoforms of CYP450 — 3A4 and 2D6 up to a concentration
of 10 uM (Fig. 5). Considering their biological activity against targets
of interest it gives them quite a broad safety margin.

Cytotoxicity on hepatic HepG2 cell line. We have evaluated the
influence of compounds 17 and 35 on the viability of human he-
patic HepG2 cells in a routinely used MTS assay after 48 h of in-
cubation. This cell line is commonly used in cytotoxicity studies,
and considering the hepatotoxic effects caused by tacrine, it was of
significant importance for the tacrine-based analogues developed
in the study. Up to a concentration of 10 pM, compound 17 did not
decrease cell line viability and displayed an IC5q value of 79.6 uM,
which gives a toxicity index of at least 3000. The IC5¢ determined
for 35 was 21.1 uM leaving a much-narrowed safety margin in
relation to eqBuChE inhibitory activity (see Fig. S4 in the Supporting
Information).

Metabolic stability. Liver is a primary site of drug metabolism,
therefore, we used mouse liver microsomes (MLM) to determine
the metabolic stability of compounds 17 and 35. The compounds
were incubated with MLMs for 2 h and the resulting mixtures were
analyzed with UPLC-MS (for details including the UPLC-MS spectra,
see Table S2 and Figs. S5—S12 in the Supporting Information).
Compound 17 was metabolised in 72% which is similar to verapamil
(76%) that was used as a reference while compound 35 in 40%. In
line with the predictions by Meta Site software and according to the
fragmentation pattern analysis in the UPLC-MS spectra, the major
metabolic pathway for both compounds was hydroxylation: in the
tacrine fragment for 17, and in the carbamate moiety for 35.

3. Conclusions

While tremendous advances have been made in the treatment
of many diseases in the last two decades, no drug has been
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Table 3
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The inhibitory activity of compounds from series III towards aggregation processes measured in vitro against A4, and in cellulo against AB4; and tau.

Comp. R

Inhibition of aggregation [%]

in vitro AB32/ICso [uM]°

in cellulo AP, in cellulo tau®

22 H 55.0 + 12.1 269+ 16 58.1 + 6.0
26 2-Cl 57.0 + 10.3 365+ 3.7 51.7 + 5.4
27 3-Cl 643 + 6.4 275+ 35 53.5+ 2.2
28 4-Cl 60.6 + 2.3 257+ 09 57.5+ 7.6
29 3,5-diCl 572 +12 319+ 04 58.2 + 4.1
30 4-F 734 +39 409 + 45 62.3 + 54
31 4-NO, 57.7 + 12.0 23.7 + 43 58.0 + 5.4
32 4-OMe 63.8 + 3.3 31.6 + 4.6 62.3 + 5.4
33 3-Me 574+ 28 414+ 36 64.0 + 6.1
34 3-CF3 n.id 485+ 13 58.8 + 2.4
35 3-0CONEtMe 68.1 + 6.1/1.38 + 0.45° 37167 79.4 + 4.2
resveratrol 86.6 + 11.6° — -
DP-128 — 77.5 + 0.9 68.7 + 0.5

¢ Inhibition percentage at 10 uM compound and 1.5 pM AB4». Inhibition percentage means + SD from at least two independent experiments, each performed in quadruplicate;
b Inhibition percentage at 10 pM (mean of three experiments + SEM); € The ICso values are reported as mean + SEM of three independent experiments; ¢ No inhibition
(percentage lower than 20%). Statistical analysis: one-way ANOVA, followed by post-hoc Bonferroni t-test (SigmaPlot v 12.0), compared to control experiment (AB4; + DMSO);

p < 0.05. © Ref. Pasieka et al. [77] T Ref. di Pietro et al. [78].

Table 4

The permeability coefficient (Pe) values determined for compounds 17, 35 and ref-
erences (caffeine as well-permeable and norfloxacin as low-permeable) by PAMPA
assay (pre-coated PAMPA Plate System Gentest™, Corning, Tewksbury, MA, USA).
For UPLC chromatograms see Figs. S1—S3 in the Supporting Information). *Data is
expressed as a mean of three replicates (n = 3) + SD (10~% cm/s).

Compound Pe? CNS (+)
caffeine 7.89 + 1.12 +
norfloxacin 0.056 + 0.01 +
17 not calculable -
35 1.27 + 0.33 +

approved for the treatment of Alzheimer's disease during this time.
Nonetheless, a significant progress has been made in understand-
ing the complexity of AD and multiplicity of processes involved in
its development and, consequently, the necessity to use complex
therapy. In the meantime, a new paradigm of drug discovery
emerged — multiple ligands (multitarget-directed ligands, MTDLs or
multifunctional ligands) which led to the development of a broad
range of new compounds combining biological activities that
address the processes important for the disease pathomechanism.

In this paper, we report novel MTDLs incorporating comple-
mentary mechanisms grounded in clinical evidence: inhibition of
ChE, blockade of 5-HTgR and inhibition of A and tau aggregation.
We have combined pharmacophores addressing 5-HTgR (2-((1-
(phenylsulfonyl)-1H-indol-4-yl)oxy)ethan-1-amine) and ChE
(tacrine, N-benzylamine or phenyl N-ethyl-N-methylcarbamate),
and applied modifications verifying the optimal length of a linker
and substituents providing favorable interactions.

Based on the biological evaluation, we identified two com-
pounds that we believe deserve special attention: compound 17
and 35. Compound 17 is a tacrine-based ligand with balanced ac-
tivities towards 5-HTgR (K; = 13 nM), eeAChE (ICso = 8 nM) and
eqBuChE (ICso = 24 nM) and with inhibitory potency against AB
aggregation of 75%. Despite the presence of tacrine moiety, com-
pound 17 did not show toxicity on HepG2 cells up to the concen-
tration of 10 uM which gives it a broad safety margin. It also showed
no or little influence on the activity of CYP3A4 and 2D6, which is a
good prediction for the lack of drug-drug interactions, and it has

acceptable metabolic stability in MLMs, comparable to verapamil.
According to the PAMPA assay, compound 17 might have problems
with membrane permeability and it might need attention in further
studies.

Compound 35 contains rivastigmine-derived phenyl N-ethyl-N-
methylcarbamate fragment, which as we proved, determines the
pseudo-irreversible mode of action. Its inhibitory potency against
eqBuChE is higher than rivastigmine's (ICsg of 455 nM vs 2195 nM)
and it has a high affinity for 5-HTgR (K; = 15 nM). Compound 35
displays impressive anti-aggregation properties at 10 uM with 79%
inhibition of tau aggregation, and 37% and 68% of inhibition of AP
aggregation in cellulo and in vitro respectively. It has a good meta-
bolic stability (40% metabolized after 2 h) and it is membrane-
permeable according to the PAMPA assay. Similarly to compound
17 it shows no or little influence on CYP isoenzymes 3A4 and 2D6
activity up to 10 pM and displays ICs¢ of 21 uM in MTS test on
HepG2 cell line.

Summing up, the research described herein allowed for the
identification of novel multifunctional ligands with balanced ac-
tivities against 5-HTgR and ChEs displaying antiaggregation prop-
erties. We regard compounds 17 and 35 as promising candidates for
broader studies and an excellent starting point for further optimi-
zation, due to their promising in vitro biological activities and
ADMET profile.

4. Experimental section
4.1. Chemistry

4.1.1. General procedures

All reagents were purchased from commercial suppliers and
were used without further purification unless stated otherwise.
Tetrahydrofuran (THF) and dichloromethane (DCM) were distilled
under nitrogen immediately before use. The drying agent used for
THF was sodium/benzophenone ketyl, and for DCM, calcium hy-
dride. Microwave reactions were performed in a Discover LabMate
(CEM Corporation). Reactions were monitored by thin-layer chro-
matography carried out on aluminium sheets precoated with silica
gel 60 F»54 (Merck). Compounds were visualized with UV light and
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Fig. 5. The influence of increasing concentrations of compounds 17 and 35 (0.1, 1, 10 and 25 uM) and references (KE, ketoconazole; QD, quinidine) on CYP3A4 (A) and CYP2D6 (B)
activity. Statistical significance was evaluated by one-way ANOVA with post-hoc Bonferroni test (**p < 0.01, ****p < 0.0001).

by suitable visualization reagents (solution of ninhydrin). Com-
pounds were purified with flash chromatography on Isolera™
Spectra (Biotage) with silica gel 60 (63—200 pm; Merck) as a sta-
tionary phase. Analytical RPLC-MS was performed by tandem
quadrupole mass spectrometry (Waters Acquity TQD), with
detection by UV using a diode array detector with a UPLC BEH C18
column (1.7 um, 2.1 x 100 mm; Acquity). An MeCN/H;0 gradient
with 0.1% HCOOH was used as the mobile phase, at a flow rate of
0.3 mL/min '"H NMR and '3C NMR spectra were recorded on Varian
Mercury 300 MHz (Varian, Inc., Palo Alto, CA) or Jeol 500 MHz (Jeol
Inc., Peabody, MA). The chemical shifts are reported in ppm and
were referenced to the residual solvent signals (CDClz 'H: 7.26 ppm,
13¢: 77.16 ppm; CDs0D 'H: 3.31 ppm, *C: 49.00 ppm), coupling
constants are reported in hertz (Hz). Purities of the final com-
pounds were determined using analytical RPLC-MS (Waters Acq-
uity TQD) with a UPLC BEH C18 column (1.7 pm, 2.1 x 100 mm,
Aquity), with detection set to 214 nm and 254 nm. An MeCN/H,0
gradient with 0.1% HCOOH was used as the mobile phase, at a flow
rate of 0.3 mL/min. The target compounds showed purities of >95%
and these are given for each compound in the following descrip-
tion. HRMS analyses were performed on MALDI-TOF/TOF mass
spectrometer UltrafleXtreme from Bruker Daltonics (Bremen, Ger-
many) with a-cyano-4-hydroxycinnamic acid (CHCA) MALDI ma-
trix after standard dried droplet preparation on ground steel target
plate.

Previously reported compounds.
4-(Benzyloxy)-1-(phenylsulfonyl)-1H-indole (1) [80], 1-(phenyl-
sulfonyl)-1H-indol-4-ol (2) [81], 2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy)ethan-1-amine (4) [82].

4.1.2. Synthesis of 4-(benzyloxy)-1-(phenylsulfonyl)-1H-indole (1)

To an ice-bath solution of potassium tert-butoxide (3.02 g,
26.9 mmol, 1.2 equiv.) and 18-crown-6 ether (1.18 g, 4.48 mmol, 0.2
equiv.) in 150 mL THF, 4-(benzyloxy)-1H-indole (5.00 g, 22.4 mmol,
1 equiv.) dissolved in 65 mL THF was added dropwise; after 30 min,
benzenesulfonyl chloride (4.31 mL, 33.6 mmol, 1.5 equiv.) was
added and the mixture was stirred at ambient temperature for 18 h.
After that time, the solvent was removed in vacuo, the residue was
dissolved in DCM, washed with water and brine, dried over NaySO4
and concentrated in vacuo. The crude product was purified by
crystallization (chloroform/methanol). Yield: 7.14 g (81%), white
solid. "TH NMR (300 MHz, CDCl3) 6 7.85-7.91 (m, 2H), 7.62 (d,
J = 8.46 Hz, 1H), 7.50—7.56 (m, 1H), 748 (d, ] = 3.59 Hz, 1H),
7.29-7.47 (m, 7H), 7.22 (t, ] = 8.21 Hz, 1H), 6.84 (dd, J = 0.77,
3.85 Hz, 1H), 6.72 (d, J] = 7.95 Hz, 1H), 5.15 (s, 2H). Formula:
C21H17NOsS; MS: m/z 364 (M + H+).

4.1.3. Synthesis of 1-(phenylsulfonyl)-1H-indol-4-ol (2)

To 4-(benzyloxy)-1-(phenylsulfonyl)-1H-indole (1) (7137 g,
19.6 mmol) dissolved in 150 mL THF 10% Pd/C (2.600 g, 36% w/w)
was added and the resulting mixture was hydrogenated at 45 °C for
3 h. Then, the solution was filtered through Celite® and concen-
trated in vacuo. The resulting solid was used in further steps
without purification. Yield: 5.357 g (100%), white solid. '"H NMR
(300 MHz, CDCl3) ¢ 7.85—7.90 (m, 2H), 7.39—-7.60 (m, 5H), 7.14 (t,
J=8.08 Hz, 1H), 6.76 (dd, ] = 0.77, 3.59 Hz, 1H), 6.62 (dd, J = 0.77,
7.95 Hz, 1H), 5.47 (s, 1H). Formula: C14H{1NOsS; MS: m/z 274
(M + H").
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4.1.4. Synthesis of 4-(2-bromoethoxy)-1-(phenylsulfonyl)-1H-
indole (3)

The mixture of 1-(phenylsulfonyl)-1H-indol-4-ol (2) (5.439 g,
19.9 mmol, 1 equiv.), 1,2-dibromoethane (8.574 mL, 99.5 mmol, 5
equiv.) and K,COs (8.251 g, 59.7 mmol, 3 equiv.) in 150 mL EtOH
was stirred at 80 °C for 48 h. After that time, the mixture was
filtered, concentrated in vacuo and purified using flash chroma-
tography (0—50% EtOAc in petroleum ether). Yield: 4.762 g (63%),
white solid. 'TH NMR (500 MHz, CDCls) 6 7.84—7.88 (m, 2H), 7.63 (d,
J = 8.59 Hz, 1H), 7.50—7.54 (m, 1H), 748 (d, ] = 4.01 Hz, 1H),
7.39—7.44 (m, 2H), 7.21 (t, ] = 8.02 Hz, 1H), 6.79—6.82 (m, 1H), 6.62
(d, J = 8.02 Hz, 1H), 4.36 (t, ] = 6.30 Hz, 2H), 3.63—3.68 (m, 2H).
Formula: C1gH14BrNOsS; MS: m/z 380 (M + H™).

4.1.5. Synthesis of 2-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)isoindoline-1,3-dione (3a)

A mixture of an 4-(2-bromoethoxy)-1-(phenylsulfonyl)-1H-
indole (3)(3.705 g, 9.74 mmol, 1 equiv.), potassium phthalimide salt
(1.912 g 10.32 mmol, 1.06 equiv.) and 18-crown-6 ether (77 mg,
6.29 mmol, 0.03 equiv.) in 60 mL DMF was stirred at 50 °C for 24 h.
After that time, the solvent was removed in vacuo, the residue was
dissolved in DCM, washed with water and brine, dried over Na;SO4
and concentrated in vacuo. A crude product was purified by crys-
tallization (EtOAc). Yield: 3.686 g (85%), white solid. 'TH NMR
(300 MHz, CDCl3) ¢ 7.80—7.86 (m, 4H), 7.68—7.72 (m, 2H), 7.56 (d,
J = 8.46 Hz, 1H), 746—7.52 (m, 1H), 7.35—7.43 (m, 3H), 717 (t,
J=8.08 Hz, 1H), 6.72 (dd, ] = 0.77, 3.85 Hz, 1H), 6.60 (d, ] = 7.69 Hz,
1H), 4.27 (t, ] = 5.13 Hz, 2H), 4.15 (t, ] = 5.39 Hz, 2H). Formula:
Co4H1gNy05S; MS: m/z 447 (M + H+).

4.1.6. Synthesis of 2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy Jethan-
1-amine (4)

A mixture of 2-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)isoindoline-1,3-dione (3a) (3.686 g, 8.26 mmol) and 40%
aqueous solution of CH3NH; (80 mL) was stirred at 50 °C for 2.5 h.
After that time, the mixture was cooled to ambient temperature,
1 M NaOH,q) was added (80 mL) and the mixture was stirred for
1 h. Next, the mixture was extracted with DCM, combined organic
fractions were washed with brine, dried over Na;SO4 and concen-
trated in vacuo. The product was used without further purification.
Yield: 2.613 g (100%), brownish solid. "TH NMR (300 MHz, CDCl3)
0 7.80—7.87 (m, 2H), 7.57—-7.62 (m, 1H), 7.33—7.51 (m, 4H), 7.17 (t,
J =791 Hz, 1H), 6.82 (d, ] = 3.52 Hz, 1H), 6.56 (d, ] = 8.21 Hz, 1H),
5.39 (br. s., 3H, —NH#%), 4.05 (t, ] = 4.98 Hz, 2H), 3.14 (t,] = 4.98 Hz,
2H). Formula: C1gH1gN»03S; MS: m/z 317 (M + H™).

4.1.7. Synthesis of N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)ethane-1,2-diamine (9)

A mixture of 4-(2-bromoethoxy)-1-(phenylsulfonyl)-1H-indole
(3) (342 mg, 0.90 mmol, 1 equiv.) and ethylenediamine (1023 pL,
15.30 mmmol, 17 equiv.) in 30 mL MeCN was stirred at 80 °C for
2.5 h. After that time, the mixture was cooled to ambient temper-
ature, mixed with 30 mL EtOAc, washed with water and brine, dried
over NaySO4 and concentrated in vacuo. The product was purified
using flash chromatography (DCM/MeOH/NH3(,q) 90:10:0.5). Yield:
268 mg (83%), yellowish solid. '"H NMR (300 MHz, CDCls)
07.82—7.90 (m, 2H), 7.59 (d, ] = 8.21 Hz, 1H), 7.48—7.55 (m, 1H), 7.46
(d,J =3.52 Hz, 1H), 7.37—7.45 (m, 2H), 7.21 (t, ] = 8.21 Hz, 1H), 6.78
(d,J=3.52 Hz, 1H), 6.65 (d,] = 8.21 Hz, 1H), 4.16 (t,] = 5.27 Hz, 2H),
3.05 (t,J = 5.27 Hz, 2H), 2.71-2.85 (m, 4H), 1.68 (s, 3H). Formula:
Cy18H21N303S; MS: m/z 360 (M + H+).

4.1.8. General procedure for the synthesis of compounds 5—8 (GP1)
A 5 mL microwave-transparent vial was charged with the
appropriate w-(bromoalkyl)isoindole-1,3-dione (1 equiv.), 2-((1-
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(phenylsulfonyl)-1H-indol-4-yl)oxy)ethan-1-amine (4) (1 equiv.),
K>CO3 (1.2 equiv.) and MeCN. The vial was capped and exposed to
microwave heating at 100 °C for 60 min. After the mixture was
cooled to room temperature, acetonitrile was removed, the residue
was treated with saturated solution of NaHCOs(,q) and extracted
with DCM. Combined organic fractions were washed with brine,
dried over NaySO4 and concentrated in vacuo. The crude product
was purified by flash chromatography (5% MeOH in DCM).

4.1.8.1. 2-(3-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino )propyl)isoindoline-1,3-dione (5). Following GP1, compound
5 was prepared using 2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethan-1-amine (4) (150 mg, 0.47 mmol), 2-(3-bromopropyl)iso-
indoline-1,3-dione (126 mg, 0.47 mmol), K,CO3 (77 mg, 0.56 mmol)
in 3 mL MeCN. Yield: 130 mg (55%), yellowish solid. '"H NMR
(300 MHz, CDCl3) ¢ 7.83—7.89 (m, 2H), 7.75—7.82 (m, 2H), 7.62—7.70
(m, 2H), 7.58 (d, J = 8.21 Hz, 1H), 7.48—7.55 (m, 1H), 7.37—7.47 (m,
3H), 7.19 (t, ] = 8.21 Hz, 1H), 6.83 (d, J = 3.52 Hz, 1H), 6.62 (d,
J=8.21Hz,1H),4.11(t,] =5.27 Hz, 2H), 3.78 (t,] = 6.74 Hz, 2H), 3.01
(t,] = 5.27 Hz, 2H), 2.73 (t, ] = 6.74 Hz, 2H), 1.89 (quin, ] = 6.74 Hz,
2H), 1.77 (s, 1H). Formula: C7H;5N305S; MS: m/z 504 (M + H™).

4.1.8.2. 2-(4-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino)butyl)isoindoline-1,3-dione (6). Following GP1, compound 6
was prepared using 2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethan-1-amine (4) (200 mg, 0.63 mmol), 2-(4-bromobutyl)iso-
indoline-1,3-dione (177 mg, 0.63 mmol), K;CO3 (105 mg,
0.76 mmol) in 3 mL MeCN. Yield: 162 mg (50%), yellowish solid. 'H
NMR (300 MHz, CDCl3) 6 7.78—7.89 (m, 4H), 7.66—7.74 (m, 2H), 7.58
(d,] = 8.21 Hz, 1H), 7.38—7.55 (m, 4H), 7.20 (t, ] = 7.91 Hz, 1H), 6.79
(d,J =2.93 Hz, 1H), 6.63 (d, ] = 7.62 Hz, 1H), 4.14 (t,] = 5.28 Hz, 2H),
3.70 (t,J = 7.03 Hz, 2H), 3.03 (t, ] = 5.27 Hz, 2H), 2.73 (t,] = 7.03 Hz,
2H), 2.16 (br. s., 1H), 1.68—1.80 (m, 2H), 1.50—1.62 (m, 2H).
Formula: CogHy7N305S; MS: m/z 518 (M + H™).

4.1.8.3. 2-(5-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino)pentyl)isoindoline-1,3-dione (7). Following GP1, compound 7
was prepared using 2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethan-1-amine (4) (200 mg, 0.63 mmol), 2-(5-bromopentyl)iso-
indoline-1,3-dione (187 mg, 0.63 mmol), K;CO3 (105 mg,
0.76 mmol) in 3.5 mL MeCN. Yield: 159 mg (47%), white solid. 'H
NMR (300 MHz, CDCl3) § 7.78—7.88 (m, 4H), 7.65—7.72 (m, 2H), 7.59
(d, J = 8.21 Hz, 1H), 7.37—7.55 (m, 4H), 7.19 (t, J = 8.21 Hz, 1H),
6.78—6.81 (m, 1H), 6.62 (d, ] = 7.62 Hz, 1H), 4.17 (t,] = 5.27 Hz, 2H),
3.66 (t,] = 7.03 Hz, 2H), 3.08 (t, ] = 5.27 Hz, 2H), 2.69—2.78 (m, 2H),
1.89 (s, 1H), 1.54—1.74 (m, 4H), 1.34-1.40 (m, 2H). Formula:
C9H29N305S; MS: m/z 532 (M + H™).

4.1.8.4. 2-(6-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino )hexyl)isoindoline-1,3-dione (8). Following GP1, compound 8
was prepared using 2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethan-1-amine (4) (200 mg, 0.63 mmol), 2-(6-bromohexyl)iso-
indoline-1,3-dione (195 mg, 0.63 mmol), K;CO3 (105 mg,
0.76 mmol) in 3.5 mL MeCN. Yield: 83 mg (24%), white solid. 'H
NMR (300 MHz, CDCl3) 6 7.79—7.89 (m, 4H), 7.66—7.74 (m, 2H), 7.59
(d, ] = 8.79 Hz, 1H), 7.37—7.55 (m, 4H), 7.20 (t, ] = 8.21 Hz, 1H), 6.79
(d,] = 3.52 Hz, 1H), 6.63 (d, ] = 7.62 Hz, 1H), 4.16 (t, ] = 4.98 Hz, 2H),
3.66 (t,] = 7.33 Hz, 2H), 3.05 (t, ] = 4.98 Hz, 2H), 2.62—2.75 (m, 4H),
1.67 (quin, J = 7.18 Hz, 2H), 1.46—1.59 (m, 2H), 1.31—1.40 (m, 3H).
Formula: C3gH31N305S; MS: m/z 546 (M + H™).

4.1.9. General procedure for the synthesis of compounds 13—16
(GP2)

Compounds 13—16 were prepared in two-step synthesis. Step 1.
To a solution of secondary amine 5—8 (1 equiv.) and TEA (3 equiv.)
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in 2 mL of anhydrous THF cooled on an ice-bath, di-tert-butyl
dicarbonate (1.1—1.2 equiv.) solution in 2 mL anhydrous THF was
added dropwise. The reaction was stirred overnight at room tem-
perature and then the solvent was removed in vacuo. The resulting
residue was treated with saturated solution of NaHCO3(q) and
extracted with DCM. Combined organic fractions were washed with
brine, dried over Na;SO4 and concentrated in vacuo. The crude
product was purified by flash chromatography (20—55% EtOAc in
petroleum ether). Step 2. A mixture of the product from Step 1 and
40% aqueous solution of CH3NH; (10 mL for 1 mmol of a compound)
was stirred at 50 °C for 2.5 h. After that time, the mixture was
cooled to ambient temperature, 1 M NaOH(,q) was added (10 mL for
1 mmol of a compound) and the mixture was stirred for 1 h. Next,
the mixture was extracted with DCM, combined organic fractions
were washed with brine, dried over Na;SO4 and concentrated in
vacuo. The crude product used in further steps without purification.

4.19.1. Tert-butyl (3-aminopropyl)(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )ethyl)carbamate (13). Compound 13 was prepared
following GP2. Step 1. 2-(3-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)amino)propyl)isoindoline-1,3-dione  (5) (155 mg,
0.31 mmol, 1 equiv.), TEA (130 pL, 0.93 mmol, 3 equiv.), di-tert-butyl
dicarbonate (74 mg, 0.34 mmol, 1.1 equiv.) in 4 mL dry THF. Yield:
148 mg (79%), white solid. Formula: C33H33N307S; MS: m/z 604
(M + H™). Step 2. Product from Step 1 (148 mg, 0.25 mmol), 40%
aqueous solution of CH3NH; (2.5 mL), 1 M NaOH(,q) (2.5 mL). Yield:
95 g (80%). Formula: C24H31N305S; MS: m/z 474 (M + H™).

4.19.2. Tert-butyl (4-aminobutyl)(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )Jethyl)carbamate (14). Compound 14 was prepared
following GP2. Step 1. 2-(4-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)amino)butyl)isoindoline-1,3-dione  (6) (162 mg,
0.31 mmol, 1 equiv.), TEA (130 pL, 0.93 mmol, 3 equiv.), di-tert-butyl
dicarbonate (74 mg, 0.34 mmol, 1.1 equiv.) in 4 mL dry THEF. Yield:
191 mg (100%), white solid. Formula: C33H35N307S; MS: m/z 618
(M + H*). Step 2. Product from Step 1 (191 mg, 0.31 mmol), 40%
aqueous solution of CH3NH; (3.1 mL), 1 M NaOH(aq) (3.1 mL). Yield:
140 mg (93%). Formula: C5H33N305S; MS: m/z 488 (M + H™).

4.1.9.3. Tert-butyl (5-aminopentyl)(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )ethyl)carbamate (15). Compound 15 was prepared
following GP2. Step 1. 2-(5-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)amino)pentyl)isoindoline-1,3-dione  (7) (155 mg,
0.29 mmol, 1 equiv.), TEA (121 pL, 0.87 mmol, 3 equiv.), di-tert-butyl
dicarbonate (76 mg, 0.35 mmol, 1.2 equiv.) in 4 mL dry THF. Yield:
160 mg (82%), white solid. "H NMR (300 MHz, CDCl3) ¢ 7.86—7.89
(m, 1H), 7.80—7.86 (m, 3H), 7.67—7.75 (m, 2H), 7.58 (d, ] = 8.21 Hz,
1H), 7.37—7.55 (m, 4H), 7.20 (t, ] = 8.21 Hz, 1H), 6.72 (d, ] = 3.52 Hz,
1H), 6.63 (d, J = 8.21 Hz, 1H), 4.14—4.19 (m, 2H), 3.60 (br. s., 2H),
3.29(t,J = 6.74 Hz, 2H), 1.53—1.77 (m, 6H), 1.41 (br. s., 9H), 1.29—1.36
(m, 2H). Formula: C34H37N307S; MS: m/z 632 (M + H™). Step 2.
Product from Step 1 (158 mg, 0.25 mmol), 40% aqueous solution of
CH3NH; (2.5 mL), T M NaOH(aq) (2.5 mL). Yield: 116 mg (92%).
Formula: C2gH35N305S; MS: m/z 502 (M + H™).

4.1.9.4. Tert-butyl (6-aminohexyl)(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )ethyl)carbamate (16). Compound 16 was prepared
following GP2. Step 1. 2-(6-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)amino)hexyl)isoindoline-1,3-dione (8) (93 mg,
0.17 mmol, 1 equiv.), TEA (72 pL, 0.51 mmol, 3 equiv.), di-tert-butyl
dicarbonate (41 mg, 0.19 mmol, 1.1 equiv.) in 2 mL dry THF. Yield:
105 mg (96%), white solid. Formula: C35H39N307S; MS: m/z 646
(M + HY). Step 2. Product from Step 1 (105 mg, 0.16 mmol), 40%
aqueous solution of CH3NH; (1.6 mL), 1 M NaOH,q) (1.6 mL). Yield:
73 mg (88%). Formula: C27H37N305S; MS: m/z 516 (M + H™).
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4.1.10. General procedure for the synthesis of compounds 10—12
(GP3)

A mixture of phthalimide derivative (5—7) and 40% aqueous
solution of CH3NH; (10 mL for 1 mmol of a compound) was stirred
at 50 °C for 2.5 h. After that time, the mixture was cooled to
ambient temperature, 1 M NaOH(,q) was added (10 mL for 1 mmol
of a compound) and the mixture was stirred for 1 h. Next, the
mixture was extracted with DCM, combined organic fractions were
washed with brine, dried over Na;SO4 and concentrated in vacuo.
The crude product was used in further steps without purification.

4.1.10.1. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy Jethyl)pro-
pane-1,3-diamine (10). Following GP3, compound 10 was prepared
using 2-(3-((2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy Jethyl)
amino)propyl)isoindoline-1,3-dione (5) (130 mg, 0.26 mmol), 40%
aqueous solution of CH3NH; (2.6 mL), 1 M NaOH,q) (2.6 mL). The
product was used without further purification. Yield: 77 mg (79%),
yellowish oil. '"H NMR (300 MHz, CDCl3) 6 7.84—7.89 (m, 2H), 7.60
(d, J = 8.21 Hz, 1H), 7.39—-7.56 (m, 4H), 7.21 (t, J = 8.21 Hz, 1H),
6.76—6.79 (m, 1H), 6.65 (d, ] = 8.21 Hz, 1H), 4.16 (t, ] = 4.98 Hz, 2H),
3.04 (t,] = 5.27 Hz, 2H), 2.72—2.81 (m, 4H), 1.65 (quin, J = 6.89 Hz,
2H), 1.48 (s, 3H). Formula: C1gH23N303S; MS: m/z 374 (M + H™).

4.1.10.2. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy Jethyl)butane-
1,4-diamine (11). Following GP3, compound 11 was prepared using
2-(4-((2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl )Jamino)
butyl)isoindoline-1,3-dione (6) (123 mg, 0.24 mmol), 40% aqueous
solution of CH3NH> (2.4 mL), 1 M NaOH(,q) (2.4 mL). The product
was used without further purification. Yield: 78 mg (84%),
yellowish oil. 'TH NMR (300 MHz, CDCl3) 6 7.86 (d, ] = 8.21 Hz, 2H),
7.60 (d, ] = 8.21 Hz, 1H), 7.38—7.56 (m, 4H), 7.21 (t, ] = 8.21 Hz, 1H),
6.78 (d,] =3.52 Hz, 1H), 6.65 (d, ] = 7.62 Hz, 1H), 4.16 (t,] = 4.98 Hz,
2H), 3.04 (t,] = 5.27 Hz, 2H), 2.70 (t, ] = 6.74 Hz, 4H), 1.45—1.57 (m,
7H). Formula: CogH5N303S; MS: m/z 388 (M + H™).

4.1.10.3. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy)ethyl)
pentane-1,5-diamine (12). Following GP3, compound 12 was pre-
pared using 2-(5-((2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino)pentyl)isoindoline-1,3-dione (7) (159 mg, 0.30 mmol), 40%
aqueous solution of CH3NH; (3.0 mL), 1 M NaOH,q) (3.0 mL). The
product was used without further purification. Yield: 96 mg (80%),
yellowish oil. 'TH NMR (300 MHz, CDCl3) é 7.83—7.90 (m, 2H), 7.59
(d, J = 8.21 Hz, 1H), 7.38—7.55 (m, 4H), 7.21 (t, J = 8.21 Hz, 1H),
6.77—6.80 (m, 1H), 6.65 (d, J = 7.62 Hz, 1H), 4.16 (t, ] = 5.27 Hz, 2H),
3.03 (t, ] = 5.27 Hz, 2H), 2.68 (t, ] = 7.03 Hz, 4H), 1.78 (s, 3H),
1.31-1.58 (m, 6H). Formula: C2;H27N303S; MS: m/z 402 (M + H™).

4.1.11. General procedure for the synthesis of compounds 17—21
(GP4)

Step 1. A mixture of BOC-protected amine (13—16) or N'-(2-((1-
(phenylsulfonyl)-1H-indol-4-yl)oxy)ethyl)ethane-1,2-diamine (9)
(1 equiv.), 9-chloro-1,2,3,4-tetrahydroacridine (1 equiv.) and pen-
tan-1-ol was placed in a 5 mL microwave-transparent vial. The vial
was capped and exposed to microwave heating at 190 °C for
120 min. After the mixture was cooled to room temperature,
acetonitrile was removed, the residue was treated with saturated
solution of NaHCO3(,q) and extracted with DCM. Combined organic
fractions were washed with brine, dried over Na;SO4 and concen-
trated in vacuo. The crude product was purified by flash chroma-
tography (DCM/MeOH/NH3,q) 95:5:0.5). This yielded BOC-
protected derivatives of compounds 19—21 and final products 17
and 18. In case of compound 18 a spontaneous BOC-deprotection
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took place during microwave-assisted reaction. Step 2. Next, BOC-
protected derivatives of compounds 19—21 were dissolved in
MeOH, 1 M HCl in EtOAc was added and the resulting mixture was
stirred overnight at room temperature. After that time, the solution
was concentrated on rotary evaporator, the residue was treated
with saturated solution of NaHCOs3(,q) and extracted with DCM.
Combined organic fractions were washed with brine, dried over
Na,S04 and concentrated in vacuo. The crude product was purified
by flash chromatography (DCM/MeOH/NH3(,q) 95:5:0.5).

4.1.11.1. N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)-N°-
(1,2,3,4-tetrahydroacridin-9-yl)ethane-1,2-diamine(17).

Following GP4, compound 17 was prepared using N'-(2-((1-(phe-
nylsulfonyl)-1H-indol-4-yl)oxy)ethyl)ethane-1,2-diamine 9)
(49 mg, 0.13 mmol), 9-chloro-1,2,3,4-tetrahydroacridine (28 mg,
0.13 mmol), pentan-1-ol (0.5 mL). Yield: 35 mg (50%), yellowish
solid. Purity 97% (UPLC/MS). 'H NMR (300 MHz, CD30D) 6 8.18 (d,
J = 8.79 Hz, 1H), 7.82—7.88 (m, 2H), 7.68—7.73 (m, 1H), 7.49-7.64
(m, 3H), 7.31—7.47 (m, 4H), 7.17 (t,] = 8.21 Hz, 1H), 6.66 (dd, ] = 1.76,
5.27 Hz, 2H), 411 (t, ] = 4.98 Hz, 2H), 3.79 (t, ] = 6.15 Hz, 2H),
2.96—3.08 (m, 4H), 2.79—2.88 (m, 2H), 2.53 (t, ] = 6.15 Hz, 2H),
1.57—1.75 (m, 4H). 13C NMR (75 MHz, CD30D) ¢ 153.9, 144.3, 143.1,
139.4, 137.6, 135.4 (2C), 131.8, 130.6, 128.0 (2C), 127.0, 126.1, 125.6,
125.5,124.5,122.6, 119.5, 115.3, 111.5, 107.8, 107.4, 105.9, 69.3, 54.9,
32.0, 31.0, 30.9, 25.3, 23.4, 22.8. Formula: C31H3,N403S. HRMS: m/z
found [M + H"] 541.2215, C31H32N403S requires 541.2273.

4.1.11.2. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy Jethyl)-N>-
(1,2,3,4-tetrahydroacridin-9-yl)propane-1,3-diamine (18).
Following GP4, compound 18 was prepared using tert-butyl (3-
aminopropyl)(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)ethyl)
carbamate (13) (95 mg, 0.20 mmol), 9-chloro-1,2,3,4-
tetrahydroacridine (43 mg, 0.20 mmol), pentan-1-ol (1 mL).
Yield: 46 mg (41%), brownish solid. Purity 96% (UPLC/MS). '"H NMR
(300 MHz, CDCls3) 6 8.03 (dd, J = 2.05, 8.50 Hz, 2H), 7.81—-7.87 (m,
2H), 7.33—7.63 (m, 6H), 7.16—7.25 (m, 2H), 6.72 (d, ] = 3.52 Hz, TH),
6.63 (d,J = 7.62 Hz, 1H), 4.18 (t, ] = 4.98 Hz, 2H), 3.82 (t,] = 6.15 Hz,
2H), 3.10 (t,J = 4.98 Hz, 2H), 2.92—3.03 (m, 4H), 2.52 (t, ] = 6.45 Hz,
2H), 1.89 (quin, J = 5.86 Hz, 2H), 1.48—1.68 (m, 4H), NH signals not
detected. >C NMR (75 MHz, CDCl3) 6 155.0, 152.8,152.1,143.9, 138.0,
136.0, 133.8, 129.6, 129.2 (2C), 126.7 (2C), 125.6, 125.3, 124.7,123.7,
123.6, 121.0, 118.1, 113.5, 106.7, 106.0, 104.3, 67.3, 49.3, 48.8, 31.4,
30.1,30.0, 24.8, 22.3, 21.7. Formula: C33H34N403S. HRMS: m/z found
[M + H*] 555.2473, C35H34N405S requires 555.2430.

4.1.11.3. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)-N*-
(1,2,3,4-tetrahydroacridin-9-yl)butane-1,4-diamine (19).
Compound 19 was prepared following GP4. Step 1. Tert-butyl (4-
aminobutyl)(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)

carbamate (14) (140 mg, 0.29 mmol), 9-chloro-1,2,3,4-
tetrahydroacridine (63 mg, 0.29 mmol), pentan-1-ol (1.25 mL).
Yield: 57 mg (29%), pale yellow solid. Formula: C3gH44N405S; MS:
m(z 669 (M + H™). Step 2. Product from Step 1 (57 mg, 0.09 mmol),
1 M HClI in EtOAc (1 mL). Yield: 28 mg (55%). Purity 100% (UPLC/
MS). 'H NMR (300 MHz, CDCl3) 6 7.92 (t, ] = 9.67 Hz, 2H), 7.81—7.88
(m, 2H), 7.60 (d, | = 8.79 Hz, 1H), 7.47—7.56 (m, 2H), 7.45 (d,
J = 3.52 Hz, 1H), 7.37—7.44 (m, 2H), 7.27—7.34 (m, 1H), 7.21 (t,
J = 8.21 Hz, 1H), 6.75 (d, ] = 3.52 Hz, 1H), 6.64 (d, ] = 8.21 Hz, 1H),
414 (t,] = 5.27 Hz, 2H), 3.50 (t, ] = 6.74 Hz, 2H), 2.98—3.08 (m, 4H),
2.64—2.76 (m, 4H),1.81—-1.94 (m, 4H), 1.55—1.79 (m, 4H), NH signals
not detected. 3C NMR (75 MHz, CDCl5) 6 158.3, 152.3, 150.7, 147.3,
138.2, 136.2, 133.8, 129.2 (2C), 128.6, 128.3, 126.7 (2C), 125.7, 124.8,
123.6,122.8, 121.2, 120.2, 115.9, 106.7, 106.2, 104.5, 67.6, 49.3, 48.7,
33.9,31.5,29.4, 276, 24.8, 23.0, 22.7. Formula: C33H3N403S. HRMS:
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mj/z found [M + H"] 569.2527, C33H36N403S requires 569.2586.

4.1.11.4. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy Jethyl)-N°-
(1,2,3,4-tetrahydroacridin-9-yl)pentane-1,5-diamine (20).
Compound 20 was prepared following GP4. Step 1. Tert-butyl (5-
aminopentyl)(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)ethyl)
carbamate (15) (40 mg, 0.08 mmol), 9-chloro-1,2,3,4-
tetrahydroacridine (17 mg, 0.08 mmol), pentan-1-ol (0.5 mL).
Yield: 18 mg (33%). Formula: C3gH46N405S; MS: m/z 683 (M + H™).
Step 2. Product from Step 1 (18 mg, 0.026 mmol), 1 M HCl in EtOAc
(1 mL). Yield: 8 mg (53%), brownish oil. Purity 98% (UPLC/MS). 'H
NMR (300 MHz, CDCl3) 6 7.88—7.96 (m, 2H), 7.82—7.87 (m, 2H), 7.59
(d,J=8.21 Hz, 1H), 7.46—7.57 (m, 2H), 7.36—7.46 (m, 3H), 7.32 (ddd,
J=1.17,6.89, 8.35 Hz, 1H), 7.20 (t, ] = 8.21 Hz, 1H), 6.73—6.78 (m,
1H), 6.64 (d, ] = 8.21 Hz, 1H), 4.14 (t, ] = 5.27 Hz, 2H), 3.47 (t,
J = 7.33 Hz, 2H), 2.98—3.08 (m, 4H), 2.67 (t, ] = 7.03 Hz, 4H),
1.83—1.95 (m, 4H), 1.67 (quin, ] = 7.33 Hz, 2H), 1.39—1.59 (m, 4H),
NH signals not detected. Formula: C34H3gN403S. HRMS: m/z found
[M + H"] 583.2746, C34H33N405S requires 583.2743.

4.1.11.5. N'-(2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)-N°-
(1,2,3,4-tetrahydroacridin-9-yl)hexane-1,6-diamine (21).
Compound 21 was prepared following GP4. Step 1. Tert-butyl (6-
aminohexyl)(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
carbamate (16) (73 mg, 0.4 mmol), 9-chloro-1,2,3,4-
tetrahydroacridine (30 mg, 0.14 mmol), pentan-1-ol (0.5 mL).
Yield: 49 mg (50%). Formula: C4oH4gN405S; MS: m/z 670 (M + H™).
Step 2. Product from Step 1 (49 mg, 0.07 mmol), 1 M HCl in EtOAc
(1.5 mL). Yield: 25 mg (60%), pale yellow solid. Purity 99% (UPLC/
MS). '"H NMR (300 MHz, CDCls3) 6 7.89—7.97 (m, 2H), 7.82—7.88 (m,
2H), 7.59 (d, ] = 8.21 Hz, 1H), 7.47—7.57 (m, 2H), 7.37—7.47 (m, 3H),
7.33 (ddd,J = 1.17,6.89, 8.35 Hz, 1H), 7.20 (t, ] = 8.21 Hz, 1H), 6.76 (d,
J = 3.52 Hz, 1H), 6.64 (d, ] = 8.21 Hz, 1H), 4.15 (t, ] = 5.28 Hz, 2H),
3.47 (t, ] = 7.33 Hz, 2H), 2.98—3.10 (m, 4H), 2.62—2.73 (m, 4H),
1.85—1.96 (m, 4H), 1.66 (quin, J = 7.18 Hz, 2H), 1.45—1.56 (m, 2H),
1.34—1.43 (m, 4H), NH signals not detected. 3C NMR (75 MHz,
CDCl3) ¢ 158.3, 152.3, 150.8, 147.2, 138.2, 136.2, 133.8, 129.2 (2C),
128.6,128.4,126.7 (2C), 125.7,124.8,123.6,122.8,121.2,120.1, 115.8,
106.6, 106.2, 104.6, 67.7, 49.7, 49.4, 48.7, 33.9, 31.7, 30.0, 27.0, 26.9,
24.8,23.0, 22.7. Formula: C35H49N403S. HRMS: m/z found [M + H"]
597.3077, C35H49N403S requires 597.2899.

4.1.12. General procedure for the synthesis of compounds 22—35
(GP5)

To an adequate amine (1.3 equiv.) dissolved in MeOH, aldehyde
(1 equiv.) and glacial acetic acid (catalytic amounts) were added.
After 1 h of stirring at ambient temperature, the reaction mixture
was cooled on an ice bath and NaBH3CN (3 equiv.) was added. The
reaction was stirred 18 h at room temperature. Then, the solvents
were removed in vacuo, the residue was treated with water and
extracted with DCM. Combined organic fractions were washed with
brine, dried over Nay;SO4 and concentrated in vacuo. The crude
product was purified by methods described below.

4.1.12.1. N'-Benzyl-N*>-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)ethane-1,2-diamine (22). Following GP5, compound 22 was
prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-y1)oxy)
ethyl)ethane-1,2-diamine (9) (66 mg, 0.18 mmol), benzaldehyde
(14 pL, 0.14 mmol), glacial acetic acid (20 pL), NaBH3CN (26 mg,
0.42 mmol) in 3 mL MeOH. Purification: column chromatography
(DCM/MeOH/NH3(aq) 90:10:0.5). Yield: 45 mg (71%), colourless oil.
Purity 100% (UPLC/MS). 'H NMR (300 MHz, CDCl3) 6 7.83—7.90 (m,
2H), 7.60 (d, ] = 8.21 Hz, 1H), 7.48—7.55 (m, 1H), 7.37—7.47 (m, 3H),
7.17—-7.33 (m, 6H), 6.78 (d,J = 3.52 Hz, 1H), 6.65 (d, ] = 8.21 Hz, 1H),
415 (t, J = 5.27 Hz, 2H), 3.79 (s, 2H), 3.03 (t, ] = 5.27 Hz, 2H),
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2.73—2.85 (m, 4H), 187 (br. s, 2H). 3C NMR (75 MHz,
CHLOROFORM-d) ¢ 152.3,140.3, 138.2, 136.1,133.7,129.2 (2C), 128.3
(20), 128.0, 126.9, 126.7 (2C), 125.6 (2C), 124.7, 121.2, 106.6, 106.3,
104.5, 67.7,53.8, 49.1, 48.7, 48.5. Formula: Cy5H,7N303S. HRMS: m/z
found [M + H"] 450.1939, C5H27N303S requires 450.1851.

4.1.12.2. N'-Benzyl-N3-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)propane-1,3-diamine (23). Following GP5, compound 23 was
prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-y1)oxy)
ethyl)propane-1,3-diamine (10) (77 mg, 0.21 mmol), benzaldehyde
(16 pL, 0.16 mmol), glacial acetic acid (20 pL), NaBH3CN (30 mg,
0.48 mmol) in 3 mL MeOH. Purification: column chromatography
(DCM/MeOH/NH3s(aq) 95:5:0.5). Yield: 38 mg (51%), yellowish oil.
Purity 95% (UPLC/MS). 'H NMR (300 MHz, CDCl3) 6 7.83—7.89 (m,
2H), 7.60 (d, ] = 8.21 Hz, 1H), 7.48—7.54 (m, 1H), 7.46 (d, ] = 4.10 Hz,
1H), 7.37-744 (m, 2H), 7.25-7.31 (m, 4H), 7.17-7.25 (m, 2H),
6.74—6.78 (m, 1H), 6.65 (d, ] = 7.62 Hz, 1H), 4.15 (t, ] = 5.28 Hz, 2H),
3.77 (s, 2H), 3.03 (t,] = 5.27 Hz, 2H), 2.77 (t,] = 7.03 Hz, 2H), 2.72 (t,
J = 6.74 Hz, 2H), 1.87 (br. s., 2H), 1.73 (t, / = 7.03 Hz, 2H). 3C NMR
(75 MHz, CDCl3) 6 ppm 152.3, 140.0, 138.2, 136.1, 133.7, 129.2 (2C),
128.3 (2C), 128.0, 126.8, 126.7 (2C), 125.6 (2C), 124.7, 121.2, 106.6,
106.3,104.6, 67.6, 53.9, 48.7, 48.4, 47.8, 29.9. Formula: Cp6H29N303S.
HRMS: m/z found [M + H'] 464.1979, CyeHgN303S requires
464.2008.

4.1.12.3. N'-Benzyl-N*-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)butane-1,4-diamine (24). Following GP5, compound 24 was
prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)butane-1,4-diamine (11) (78 mg, 0.20 mmol), benzaldehyde
(15 puL, 0.15 mmol), glacial acetic acid (20 pL), NaBH3CN (28 mg,
0.45 mmol) in 3 mL MeOH. Purification: column chromatography
(DCM/MeOH/NH3(aq) 95:5:0.5). Yield: 31 mg (43%), yellowish oil.
Purity 96% (UPLC/MS). 'H NMR (300 MHz, CDCl3) 6 7.83—7.88 (m,
2H), 7.60 (d, ] = 8.21 Hz, 1H), 7.48—7.55 (m, 1H), 7.47 (d, ] = 3.52 Hz,
1H), 7.37—7.45 (m, 2H), 7.29—7.33 (m, 3H), 7.17—7.29 (m, 3H), 6.77
(d,J=3.52Hz,1H), 6.64 (d, ] = 7.62 Hz, 1H), 414 (t, ] = 5.28 Hz, 2H),
3.77 (s, 2H), 3.03 (t, ] = 5.27 Hz, 2H), 2.61—-2.73 (m, 4H), 1.68 (br. s.,
2H), 1.52—1.60 (m, 4H). 3C NMR (75 MHz, CHLOROFORM-d) 6. 3C
NMR (75 MHz, CDCl3) 6 152.3, 138.2, 136.1, 133.7, 129.2 (2C), 128.7,
128.3 (20), 128.1, 126.9, 126.7 (2C), 125.6 (2C), 124.7, 121.2, 106.6,
106.2, 104.5, 67.6, 53.9, 49.6, 49.1, 48.6, 27.9, 27.8. Formula:
Cy7H31N303S. HRMS: m/z found [M + H+] 478.2169, C7H31N303S
requires 478.2164.

4.1.12.4. N'-Benzyl-N’-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)pentane-1,5-diamine (25). Following GP5, compound 25 was
prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)oxy)
ethyl)pentane-1,5-diamine (12) (96 mg, 0.24 mmol), benzaldehyde
(18 uL, 0.18 mmol), glacial acetic acid (20 pL), NaBH3CN (34 mg,
0.54 mmol) in 3 mL MeOH. Purification: column chromatography
(DCM/MeOH/NH3(aq) 97:3:0.25). Yield: 20 mg (23%), colourless oil.
Purity 100% (UPLC/MS). 'H NMR (300 MHz, CDCl3) 6 7.83—7.89 (m,
2H), 7.60 (d, ] = 8.21 Hz, 1H), 7.48—7.55 (m, 1H), 7.38—7.48 (m, 3H),
7.28—7.34 (m, 4H), 7.18—7.25 (m, 2H), 6.78 (d, ] = 3.52 Hz, 1H), 6.65
(d,J =762 Hz,1H), 4.15 (t,] = 5.27 Hz, 2H), 3.76—3.80 (m, 2H), 3.03
(t,J=5.27 Hz, 2H), 2.59—2.72 (m, 4H), 1.64 (br. s., 2H), 1.48—1.57 (m,
4H), 1.36—1.43 (m, 2H). 3C NMR (75 MHz, CDCl3) ¢ 152.3, 140.3,
138.2, 136.2, 133.7, 129.2 (2C), 128.4 (2C), 128.1, 126.9, 126.7 (2C),
125.7 (2C),124.7,121.2,106.6, 106.3,104.6, 67.7, 54.0, 49.7,49.3, 48.7,
30.0, 29.7, 25.0. Formula: CogH33N303S. HRMS: m/z found [M + H*]
492.2363, C3H33N303S requires 492.2321.
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4.112.5. N'-(2-Chlorobenzyl)-N°-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )ethyl)ethane-1,2-diamine (26). Following GP5, compound
26 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)ethane-1,2-diamine (9) (65 mg, 0.18 mmol), 2-
chlorobenzaldehyde (16 pL, 0.14 mmol), glacial acetic acid (20 pL),
NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification: flash
chromatography (DCM/1% NH3 in MeOH 93:7). Yield: 54 mg (80%),
colourless oil. Purity 97% (UPLC/MS). '"H NMR (300 MHz, CDCl3)
6 7.83—7.89 (m, 2H), 7.60 (d, J = 8.21 Hz, 1H), 7.47—7.55 (m, 1H),
7.29—7.47 (m, 5H), 7.14—7.24 (m, 3H), 6.76 (d, ] = 2.93 Hz, 1H), 6.64
(d, J = 7.62 Hz, 1H), 4.16 (t, ] = 5.27 Hz, 2H), 3.88 (s, 2H), 3.05 (t,
J = 5.27 Hz, 2H), 2.75—2.88 (m, 4H), 2.29 (br. s., 2H). '*C NMR
(75 MHz, CDCl3) 6 152.2,138.1,137.3,136.1, 133.7, 133.7,130.1, 1294,
129.2 (2C), 128.3,126.8, 126.7 (2C), 125.6, 124.7,121.2, 106.6, 106.3,
104.5, 67.4, 51.1, 48.8, 48.4, 48.2. Formula: Cy5H;6CIN303S. HRMS:
m|z found [M + H"] 484.1406, C25H»5CIN303S requires 484.1461.

4.112.6. N'-(3-Chlorobenzyl)-N°-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy )ethyl)ethane-1,2-diamine (27). Following GP5, compound
27 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)ethane-1,2-diamine (9) (63 mg, 0.18 mmol), 3-
chlorobenzaldehyde (16 uL, 0.14 mmol), glacial acetic acid (20 pL),
NaBH;3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification: flash
chromatography (DCM/10% NHs in MeOH 90:10). Yield: 57 mg
(84%), colourless oil. Purity 98% (UPLC/MS). TH NMR (300 MHz,
CDCl3) 6 7.82—7.89 (m, 2H), 7.60 (d, J = 8.21 Hz, 1H), 7.48—7.55 (m,
1H), 7.37—7.47 (m, 3H), 7.31 (s, 1H), 7.15—7.24 (m, 4H), 6.77 (d,
J = 3.52 Hz, 1H), 6.64 (d, ] = 7.62 Hz, 1H), 4.16 (t, ] = 5.27 Hz, 2H),
3.76 (s, 2H), 3.04 (t, ] = 4.98 Hz, 2H), 2.80—2.86 (m, 2H), 2.71-2.79
(m, 2H), 2.15 (br. s., 2H). 13C NMR (75 MHz, CDCl3) 6 152.2, 142.2,
138.2, 136.1, 134.2, 133.8, 129.6, 129.2 (2C), 128.1, 127.1, 126.7 (2C),
126.2, 125.6, 124.8, 121.2, 106.7, 106.3, 104.5, 67.4, 53.2, 48.8, 48.4,
48.3. Formula: CpsHpgCIN303S. HRMS: m/z found [M + HT]
484.1556, Co5H,6CIN303S requires 484.1461.

4.112.7. N'-(4-Chlorobenzyl)-N°-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy Jethyl)ethane-1,2-diamine (28). Following GP5, compound
28 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-yl)
oxy)ethyl)ethane-1,2-diamine (9) (66 mg, 0.18 mmol), 4-
chlorobenzaldehyde (20 mg, 0.14 mmol), glacial acetic acid
(20 pL), NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification:
flash chromatography (DCM/1% NH3 in MeOH 90:10). Yield: 61 mg
(90%), colourless oil. Purity 95% (UPLC/MS). 'H NMR (300 MHz,
CDCl3) 6 7.87—7.93 (m, 2H) 7.64 (d, ] = 8.2 Hz, 1H) 7.51-7.59 (m, 1H)
7.41-7.51 (m, 3H) 7.21-7.28 (m, 4H) 6.79 (d, ] = 2.9 Hz, 1H) 6.67 (d,
J = 7.6 Hz, 1H) 4.18 (t,] = 5.3 Hz, 2H) 3.79 (s, 2H) 3.07 (t, ] = 5.3 Hz,
2H) 2.82—2.89 (m, 2H) 2.75—2.81 (m, 2H) 2.25 (s, 3H). 3C NMR
(75 MHz, CDCl3) ¢ 152.2,138.3,136.1,133.8, 132.7, 129.5 (2C), 129.2
(2C), 128.5 (2C), 126.7 (2C), 125.6, 124.7, 121.2, 110.0, 106.7, 106.2,
104.5, 67.4, 52.9, 48.7, 48.4, 48.2. Formula: C;5H,6CIN303S. HRMS:
m/z found [M + H"] 484.1504, C25H26CIN303S requires 484.1461.

4.1.12.8. N'-(3,5-Dichlorobenzyl)-N?-(2-((1-(phenylsulfonyl)-1H-
indol-4-yl)oxy Jethyl )ethane-1,2-diamine (29). Following GP5, com-
pound 29 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-
indol-4-yl)oxy)ethyl)ethane-1,2-diamine (9) (63 mg, 0.18 mmol),
3,5-dichlorobenzaldehyde (25 mg, 0.14 mmol), glacial acetic acid
(20 pL), NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification:
flash chromatography (DCM/1% NH3 in MeOH 90:10). Yield: 64 mg
(88%), colourless oil. Purity 98% (UPLC/MS). 'H NMR (300 MHz,
CDCl3) 6 7.82—7.90 (m, 2H), 7.60 (d, ] = 8.79 Hz, 1H), 7.37—7.55 (m,
4H), 713—7.25 (m, 4H), 6.77 (d, ] = 3.52 Hz, 1H), 6.64 (d, ] = 7.62 Hz,
1H), 4.17 (t, ] = 4.98 Hz, 2H), 3.73 (s, 2H), 3.05 (t, ] = 4.98 Hz, 2H),
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2.78—2.87 (m, 2H), 2.70—2.77 (m, 2H), 2.30 (br. s., 2H). 3C NMR
(75 MHz, CDCl3) 6 143.9, 138.2, 136.1, 134.8, 133.8 (2C), 129.2 (20),
1271, 126.7 (2C), 126.4 (2C), 125.6, 124.8, 121.2, 106.8, 106.7, 106.2,
104.5, 67.4, 52.8, 48.8, 48.4, 48.4. Formula: C5H,5C1,N303S. HRMS:
m/z found [M + H*] 518.1061, C25H,5CloN303S requires 518.1072.

4.1.12.9. N'-(4-Fluorobenzyl)-N?-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy Jethyl)ethane-1,2-diamine (30). Following GP5, compound
30 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-y1)
oxy)ethyl)ethane-1,2-diamine (9) (65 mg, 0.18 mmol), 4-
fluorobenzaldehyde (15 uL, 0.14 mmol), glacial acetic acid (20 uL),
NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification: flash
chromatography (DCM/1% NH3 in MeOH 90:10). Yield: 56 mg (86%),
colourless oil. Purity 97% (UPLC/MS). 'TH NMR (300 MHz, CD;0D)
6 7.85—7.93 (m, 2H), 7.42—7.61 (m, 5H), 7.27—7.36 (m, 2H), 7.22 (t,
J=8.21Hz, 1H), 6.94—7.05 (m, 2H), 6.84 (d, ] = 3.52 Hz, 1H), 6.73 (d,
J = 7.62 Hz, 1H), 4.17 (t, ] = 5.27 Hz, 2H), 3.71-3.77 (I, 2H), 3.04 (t,
] = 4.98 Hz, 2H), 2.80—2.87 (m, 2H), 2.72—2.79 (m, 2H), —NH—
signals non-detectable due to H—D exchange. >C NMR (75 MHz,
CD50D) ¢ ppm 162.1 (d, ] = 244.20 Hz), 152.2, 137.8, 136.1, 134.7 (d,
J = 2.30 Hz), 133.8,130.1 (d, J = 8.06 Hz, 2C), 129.0 (2C), 126.5 (2C),
1254, 124.7, 121.2, 114.8, 114.6, 106.3 (d, | = 18.43 Hz, 2C), 104.4,
66.6, 51.9, 48.4, 48.2, 47.9. Formula: Cy5H6FN303S. HRMS: m/z
found [M + H"] 468.1809, C5H»6FN303S requires 468.1757.

4.1.12.10. N'-(4-Nitrobenzyl)-N*-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy Jethyl))ethane-1,2-diamine (31). Following GP5, compound
31 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-y1)
oxy)ethyl)ethane-1,2-diamine (9) (65 mg, 0.18 mmol), 4-
nitrobenzaldehyde (21 mg, 0.14 mmol), glacial acetic acid (20 pL),
NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification: flash
chromatography (DCM/1% NH3 in MeOH 93:7). Yield: 50 mg (72%),
dark orange oil. Purity 100% (UPLC/MS). '"H NMR (300 MHz, CDCl3)
0 8.08—8.16 (m, 2H), 7.84—7.90 (m, 2H), 7.61 (d, J = 8.21 Hz, 1H),
7.38—7.56 (m, 6H), 7.22 (t, ] = 8.21 Hz, 1H), 6.76 (d, ] = 4.69 Hz, 1H),
6.65 (d,J = 7.62 Hz, 1H), 4.16 (t,] = 4.98 Hz, 2H), 3.88 (s, 2H), 3.05 (t,
J =4.98 Hz, 2H), 2.80—2.87 (m, 2H), 2.71-2.79 (m, 2H), 1.95 (br. s.,
2H). 13C NMR (75 MHz, CDCl3) 6 152.2, 148.1, 146.9, 138.1, 1361,
133.8, 129.2 (2C), 128.5 (2C), 126.7 (2C), 125.6, 124.7, 123.5 (2C),
1211, 106.6, 106.1, 104.5, 67.5, 53.0, 48.9, 48.7, 48.5. Formula:
C25H26N405S. HRMS: m/z found [M + H"] 495.2026, C25H26N405S
requires 495.1702.

4.1.12.11. N'-(4-Methoxybenzyl)-N-(2-((1-(phenylsulfonyl)-1H-
indol-4-yl)oxy Jethyl)ethane-1,2-diamine (32). Following GP5, com-
pound 32 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-
indol-4-yl)oxy)ethyl)ethane-1,2-diamine (9) (65 mg, 0.18 mmol), 4-
methoxybenzaldehyde (17 pL, 0.14 mmol), glacial acetic acid
(20 pL), NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification:
flash chromatography (DCM/1% NHs in MeOH 90:10). Yield: 43 mg
(64%), yellowish oil. Purity 100% (UPLC/MS). 'H NMR (300 MHz,
CDCl3) 6 7.82—7.88 (m, 2H), 7.59 (d, ] = 8.21 Hz, 1H), 7.47—7.55 (m,
1H), 7.37—7.46 (m, 3H), 7.15—7.28 (m, 3H), 6.75—6.85 (m, 3H), 6.62
(d,J = 8.21 Hz, 1H), 413 (t,] = 5.27 Hz, 2H), 3.78 (s, 2H), 3.76 (s, 3H),
3.19 (br. s., 2H), 3.01 (t, J] = 4.98 Hz, 2H), 2.83—2.89 (m, 2H),
2.75—2.82 (m, 2H). 13C NMR (75 MHz, CDCl3) 6 159.0, 152.1, 1381,
136.1, 133.8, 129.8 (2C), 129.6, 129.2 (2C), 126.7 (2C), 125.6, 124.8,
121.1,113.9 (2C), 106.7, 106.3, 104.5, 67.3, 55.2, 52.4, 48.2, 47.7, 47.3.
Formula: CpygHpgN304S. HRMS: m/z found [M + H™] 480.1933,
C6H29N304S requires 480.1957.

4.1.12.12. N'-(3-Methylbenzyl)-N°-(2-((1-(phenylsulfonyl)-1H-indol-
4-yl)oxy Jethyl)ethane-1,2-diamine (33). Following GP5, compound
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33 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-indol-4-y1)
oxy)ethyl)ethane-1,2-diamine (9) (86 mg, 0.24 mmol), 3-
methylbenzaldehyde (21 pL, 0.18 mmol), glacial acetic acid
(20 pL), NaBH3CN (34 mg, 0.54 mmol) in 4 mL MeOH. Purification:
flash chromatography (DCM/1% NHs in MeOH 90:10). Yield: 43 mg
(41%), colourless oil. Purity 100% (UPLC/MS). 'H NMR (300 MHz,
CDCl3) ¢ 7.82—7.88 (m, 2H), 7.59 (d, J = 8.21 Hz, 1H), 7.46—7.54 (m,
1H), 7.36—7.46 (m, 3H), 7.09—7.24 (m, 4H), 7.05 (d, ] = 7.03 Hz, 1H),
6.75—6.81 (m, 1H), 6.62 (d, | = 7.62 Hz, 1H), 4.14 (t, | = 5.28 Hz, 2H),
3.81 (s, 2H), 3.38 (br. s., 2H), 3.02 (t, ] = 5.27 Hz, 2H), 2.84—2.91 (m,
2H), 2.76—2.84 (m, 2H), 2.29 (s, 3H). >C NMR (75 MHz, CDCl3)
0152.1,138.2,138.1,137.5,136.1,133.7,129.3,129.2 (2C), 128.4,128.3,
126.6 (2C), 125.6, 125.5, 124.8, 121.1, 106.7, 106.3, 104.5, 67.1, 52.9,
48.1, 47.6, 47.2, 21.3. Formula: CygH9N303S. HRMS: m/z found
[M + H'] 464.2049, Co6H29N303S requires 464.2008.

4.1.12.13. N'-(3-Trifluoromethylbenzyl)-N*-(2-((1-(phenylsulfonyl)-
1H-indol-4-yl)oxy Jethyl)ethane-1,2-diamine (34). Following GP5,
compound 34 was prepared using N'-(2-((1-(phenylsulfonyl)-1H-
indol-4-yl)oxy)ethyl)ethane-1,2-diamine (9) (64 mg, 0.18 mmol), 3-
trifluoromethylbenzaldehyde (19 pL, 0.14 mmol), glacial acetic acid
(20 pL), NaBH3CN (26 mg, 0.42 mmol) in 3 mL MeOH. Purification:
flash chromatography (DCM/1% NH3 in MeOH 90:10). Yield: 46 mg
(63%), dark orange oil. Purity 100% (UPLC/MS). 'H NMR (300 MHz,
CDCl3) 6 7.83—7.89 (m, 2H), 7.35—-7.63 (m, 9H), 7.21 (t, ] = 8.21 Hz,
1H), 6.74—6.78 (m, 1H), 6.64 (d, ] = 7.62 Hz, 1H), 4.16 (t, ] = 5.27 Hz,
2H), 3.84 (s, 2H), 3.04 (t, ] = 4.98 Hz, 2H), 2.81-2.87 (m, 2H),
2.73—2.80 (m, 2H), 2.02 (br. s., 2H). *C NMR (126 MHz, CDCl3)
0 151.8,139.8, 138.1, 136.1, 133.8, 131.7, 130.7 (d, ] = 32.0 Hz), 129.2
(2C),129.0,126.7 (2C), 125.6,124.9 (br d, ] = 3.6 Hz), 124.9, 124.2 (br
d,J = 4.2 Hz), 121.1,124.0 (q, ] = 272.2 Hz), 107.0, 106.3, 104.5, 66.1,
52.7, 47.7, 47.6, 46.7. Formula: CysH26F3N303S. HRMS: m/z found
[M + H*"] 518.1878, Co6H26F3N303S requires 518.1725.

4.1.12.14. 3-(((2-((2-((1-(Phenylsulfonyl)-1H-indol-4-yl)oxy )ethyl)
amino ethyl)amino)methyl)phenyl  ethyl(methyl)carbamate (35).
Following GP5, compound 35 was prepared using N'-(2-((1-(phe-
nylsulfonyl)-1H-indol-4-yl)oxy )ethyl)ethane-1,2-diamine (9)
(64 mg, 0.18 mmol), 3-formylphenyl ethyl(methyl)carbamate
(29 mg, 0.14 mmol), glacial acetic acid (20 uL), NaBH3CN (26 mg,
0.42 mmol) in 3 mL MeOH. Purification: flash chromatography
(DCM/1% NH3 in MeOH 90:10). Yield: 41 mg (53%), colourless oil.
Purity 100% (UPLC/MS). 'H NMR (300 MHz, CDCls) ¢ 7.82—7.89 (m,
2H), 7.59 (d, ] = 8.79 Hz, 1H), 7.47—7.55 (m, 1H), 7.37—7.47 (m, 3H),
7.08—7.30 (m, 4H), 6.98 (d, ] = 7.62 Hz, 1H), 6.79 (d, ] = 3.52 Hz, 1H),
6.63 (d, ] = 8.21 Hz, 1H), 4.16 (t, ] = 5.27 Hz, 2H), 3.80 (s, 2H),
3.30—3.46 (m, 2H), 3.04 (t, ] = 4.98 Hz, 2H), 2.97 (d, ] = 18.76 Hz,
3H), 2.75—2.87 (m, 4H), 2.55 (br. 5., 2H), 1.17 (t, ] = 13.48 Hz, 3H). 13C
NMR (75 MHz, CDCl3) ¢ 152.1,151.6, 140.8, 138.1, 133.8,129.3, 129.2
(20), 129.2,126.7 (2C), 125.6, 125.0, 124.8, 121.6, 121.2, 120.7, 120.6,
106.7, 106.3, 104.5, 67.0, 53.1, 48.3, 48.1, 47.7, 44.0, 13.2, 12.4. For-
mula: CpgH34N405S. HRMS: m/z found [M + H'] 551.2234,
C9H34N405S requires 551.2328.

4.2. Molecular docking studies

Prediction of protein-ligand interactions was based on molec-
ular docking to the previously developed homology models of the
5-HTg receptors and experimental structures of BuChE. Procedure
for obtaining ligand-optimized models of high predictive value,
utilizing induced fit docking (IFD), was characterized in detail
previously [66,83]. The 5-HTg receptor model was based on the 5-
HTp serotonin receptor crystal structure (PDB ID: 4IAR) [84] and
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the BuChE receptor was based on the previously determined X-ray
structure in complex with a similar family ligand (PDB ID: 7AWG).
Ligand structures were optimized using LigPrep tool and docked by
Glide SP flexible docking procedure using OPLS3 force field. H-bond
constraint, as well as centroid of a grid box were located on
Asp3.3219 residue for 5-HTR and on the bound ligand in human
BuChE. Selection of the binding mode was based on scoring func-
tion and manual interaction analysis. The docking procedure was
followed by system relaxation into a local energy minimum using a
hybrid method of the steepest decent and the LM-BFGS algorithms.
Small-Molecule Drug Discovery Suite (Schrodinger, Inc.) was
licensed for Jagiellonian University Medical College.

4.3. 5-HTg receptor binding assay

Preparation of solutions of test and reference compounds.
10 mM stock solutions of tested compounds were prepared in DMSO.
Serial dilutions of compounds were prepared in 96-well microplate
in assay buffers using automated pipetting system epMotion 5070
(Eppendorf). Each compound was tested in 8 concentrations from
10—5 to 10—12 M (final concentration). Radioligand binding was
performed using membranes from CHO—K1 cells stably transfected
with the human 5-HTg receptor (PerkinElmer). All assays were car-
ried out in duplicates. 50 pl working solution of the tested com-
pounds, 50 pl [*HJ-LSD (final concentration 2.5 nM) and 150 pl
diluted membranes (15 pg protein per well) prepared in assay buffer
(50 mM Tris, pH 7.4,10 mM MgCl,, 0.1 mM EDTA) were transferred to
polypropylene 96-well microplate using 96-wells pipetting station
Rainin Liquidator (MettlerToledo). Methiothepin (10 M) was used to
define nonspecific binding. Microplate was covered with a sealing
tape, mixed and incubated for 60 min at 27 °C. The reaction was
terminated by rapid filtration through GF/B filter mate presoaked
with 0.5% polyethyleneimine for 30 min. Ten rapid washes with
200 pl 50 mM Tris buffer (4 °C, pH 7.4) were performed using
automated harvester system Harvester-96 MACH Il FM (Tomtec).
The filter mates were dried at 37 °C in forced air fan incubator and
then solid scintillator MeltiLex was melted on filter mates at 90 °C for
5 min. Radioactivity was counted in MicroBeta2 scintillation counter
(PerkinElmer). Data were fitted to a one-site curve-fitting equation
with Prism 6 (GraphPad Software) and K; values were estimated
from the Cheng—Prusoff equation.

4.4. Functional assays for 5-HTg receptor

Materials and methods. Test and reference compounds were
dissolved in dimethyl sulfoxide (DMSO) at a concentration of
10 mM. Serial dilutions were prepared in 96-well microplate in
assay buffer and 8 to 10 concentrations were tested. For the 5-HT6,
adenylyl cyclase activity were monitored using cryopreserved
1321N1 cells with expression of the human serotonin 5-HT6 re-
ceptor (PerkinElmer, USA). Thawed cells were resuspended in
stimulation buffer (HBSS, 5 mM HEPES, 0.5 IBMX, and 0.1% BSA at
pH 7.4) at 3 x 10° cells/ml. The same volume (10 pl) of cell sus-
pension was added to tested compounds. Samples were loaded
onto a white opaque half area 96-well microplate. The antagonist
response experiment was performed with 22 nM serotonin as the
reference agonist for 5-HT6 receptor. The agonist and antagonist
were added simultaneously. Cell stimulation was performed for
30 min at room temperature. After incubation, CAMP measure-
ments were performed with homogeneous TR-FRET immunoassay
using the LANCE Ultra cAMP kit (PerkinElmer, USA). 10 ul of
EucAMP Tracer Working Solution and 10 pl of ULight-anti-cAMP
Tracer Working Solution were added, mixed, and incubated for
1 h. The TR-FRET signal was read on an EnVision microplate reader
(PerkinElmer, USA). IC59 and ECsg were determined by nonlinear

14

European Journal of Medicinal Chemistry 225 (2021) 113783
regression analysis using GraphPad Prism 7.0 software.
4.5. Cholinesterases in vitro inhibitory activity (eeAChE, eqBuChE)

The reagents used to perform cholinesterases inhibitory activity
assays were purchased from Sigma—Aldrich (Steinheim, Germany).
The protocol based on spectrophotometric Ellman's method [68] was
followed, with small modifications, using 96-well microplates.
Aqueous stock solutions of the enzymes (eeAChE, eqBuChE) in the
concentrations of 5U/mL were diluted before use, giving the final
concentrations of 0.384 U/mL. Stock solutions of the tested com-
pounds were prepared in DMSO. Prior to starting the reaction, the
mixture of 25 pL of the target compound (or water or mixture of
DMSO/water in appropriate ratio; i.e. blank samples) was incubated
in 0.1 M phosphate buffer (200 uL, pH = 8.0) with DTNB (20 pL;
0.0025 M) and the enzyme (20 pL; eeAChE, eqBuChE). The incuba-
tion and final reactions were performed at room temperature (25 °C)
for eeAChE or eqBuChE. After 5 min of pre-incubation, the final re-
actions were started by adding 20 pL of ATC (0.00375 M) or BTC
(0.00375 M) solutions (depending on the enzyme used). Following
the next 5 min, the changes in absorbance were measured at 412 nm,
using a microplate reader (EnSpire Multimode; PerkinElmer, Wal-
tham, MA, USA). All the target compounds were tested at the
screening concentration of 10 pM. Based on equation 100-(S/
B) x 100 (where S and B were the respective enzyme activities with
and without the test sample, respectively) the percent of inhibition
of each enzyme for each compound was calculated. Compounds with
the enzyme inhibitory activity at 10 uM better than 50%, were further
evaluated to obtain ICsp values. To determine ICsg value, seven
different concentrations of each compound were tested giving
enzyme inhibition between 5% and 95%. The experiments were
performed in triplicate. The ICsyp values were calculated using
nonlinear regression (GraphPad Prism 5; GraphPad Software, San
Diego, CA, USA) by plotting the residual enzyme activities against the
applied inhibitor concentration. Tacrine, donepezil and rivastigmine
were used as the reference compounds.

4.6. 100-Fold dilution assay

Following the modified protocol described by Kosak et al. [72],
the recovery of eqBuChE activity was measured after 30 min,
60 min, and 120 min of the pre-incubation of the mixture con-
taining 10-fold the ICsqg of the target compound and 100-fold the
final enzyme concentration (at room temperature 25 °C). After the
pre-incubation time, 2.85 pL of mixture was diluted into each well's
solution containing 242.15 pL of phosphate buffer (0.1 M; pH = 8)
and 20 pL of DTNB (0.0025 M). Next, 20 uL of BTC (0.00375 M) was
added, to start the final reaction. After 5 min, the absorbance was
measured at 412 nm by a microplate reader (EnSpire Multimode;
PerkinElmer, Waltham, MA, USA). Tacrine and donepezil (reversible
enzyme inhibitors), as well as rivastigmine (pseudo-irreversible
enzyme inhibitor), were used as the controls. The blank samples
were prepared analogically to the tested ones, using preincubated
enzyme with water mixture (or enzyme with appropriate ratio of
water/DMSO) instead of the mixture of enzyme and the target
compound. Two independent experiments were performed for the
tested compounds, each one in quadruplicate.

4.7. In vitro AB4aggregation inhibition - thioflavin-T (ThT)
fluorometric assay [74]

The inhibition of AB4; aggregation was measured fluorimetrically
as described previously [85]. Briefly, HFIP-pretreated APy (Merck
Millipore, Darmstadt, Germany) at 1.5 uM, the test compound (10 uM
final concentration) and Thioflavin-T (10 uM final concentration)
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were incubated at room temperature in 96-well microplate covered
with aluminum foil with continuous shaking for 24—48 h. The
fluorescence intensity (Aex = 440 nm; Aem = 490 nm) was measured
every 3 min (Synergy™ H4 plate reader, BioTek Instruments, Inc. VT,
USA). The assay was run in quadruplicates. For the ICsy determina-
tion, a serial dilution of compounds 17 and 35 were prepared
(30 nM—30 M, final concentrations). The percentage of inhibition
was calculated as described above and the ICsg values were deter-
mined using GraphPad Prism 9.0 [GraphPad Software, San Diego,
CA]). The ICsg values are reported as mean + SEM of three inde-
pendent experiments.

4.8. In cellulo AB4, and tau aggregation inhibition - thioflavin-S
(ThS) fluorometric assay

The assays were performed according to the previously
described procedures [73,86,87]. DP-128 was used as a reference
compound [78]. Final data are the average of three independent
experiments.

4.9. ADMET

General information. ADMET parameters of 17 and 35 were
performed here according to described previously assays and pro-
tocols [79,88—91]. Statistical significances were analyzed by
GraphPad Prism™ 8 software using One-way ANOVA and Bonfer-
roni's Multiple Comparison Post Test. All references used during
this study: caffeine (CFN), norfloxacin (Nfx), doxorubicin (DOX),
ketoconazole (KE) and quinidine (QD) were obtained from Sigma-
Aldrich (St. Louis, MO, USA).

4.9.1. Permeability PAMPA assay

Pre-coated PAMPA Plate System Gentest™ was obtained from
Corning, (Tewksbury, MA, USA). The compounds and the references
(CFN and Nfx) were tested at 200 uM. The used solutions were
prepared in PBS buffer (pH = 7.4) and added to the donor wells (300
uL/well), whereas 200 pL/well of PBS was added to the acceptor
wells. All compounds were analyzed in triplicate. The plate was
incubated at room temperature for 5h. Then, the 50 uL was aspi-
rated from each well and diluted next with 50 ul solution of an
internal standard (IS). The compounds’ concentrations in acceptor
and donor wells were estimated by the UPLC-MS analyses per-
formed by LC/MS Waters ACQUITY™ TQD system with the TQ De-
tector (Waters, Milford, USA). The permeability coefficients (Pe, cm/
s) were calculated according described previously formulas [79].

4.9.2. Influence on CYP activity

The potential drug-drug interactions were predicted using
CYP3A4 and CYP2D6 assays purchased from Promega (Madison,
WI, USA). The compounds were tested in triplicate in following
concentrations: 0.1, 1,10 and 25 uM. The study was performed with
use of the 1 uM concentration of respective reference CYP in-
hibitors: KE and QD.

4.9.3. Hepatotoxicity assays

Hepatotoxicity was estimated using hepatoma HepG2 (ATCC®
HB-8065™) cell line. The CellTiter 96® AQueous Non-Radioactive
Cell Proliferation Assay (MTS) used for estimation of cells viability
was purchased from Promega (Madison, WI, USA). The compounds
were tested in quadruplicate at four concentrations (1, 10, 50 and
100 uM) and incubated with cells for 48h. The antiproliferative
drug DX in dose 1 pM and mitochondrial toxin CCCP (10 uM) were
used as positive control.
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4.9.4. Metabolic stability

The in silico prediction of most probable sites of metabolism was
done by MetaSite 6.0.1 software (Molecular Discovery Ltd, Hert-
fordshire, UK).

The metabolic pathways determination in vitro was performed
by 120 min compounds incubation with mouse liver microsomes
(MLMs) purchased from Sigma-Aldrich, St. Louis, MO, USA. The
reactions were conducted in 10 mM Tris—HCI buffer (pH 7.4) at
37 °C in the presence of NADPH Regeneration System (Promega,
Madison, WI, USA). UPLC/MS analyses were done by Waters ACQ-
UITY TQD system with the TQ Detector (Waters, Milford, USA).
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