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During the last decade, the one drug-one target strategy has resulted to be inefficient in facing diseases
with complex ethiology like Alzheimer’s disease and many others. In this context, the multitarget
paradigm has emerged as a promising strategy. Based on this consideration, we aim to develop novel
molecules as promiscuous ligands acting in two or more targets at the same time. For such purpose, a
new series of indolylpropyl-piperazinyl oxoethyl-benzamido piperazines were synthesized and evalu-
ated as multitarget-directed drugs for the serotonin transporter (SERT) and acetylcholinesterase (AChE).
The ability to decrease b-amyloid levels as well as cell toxicity of all compounds were also measured.
In vitro results showed that at least four compounds displayed promising activity against SERT and AChE.
Compounds 18 and 19 (IC50 ¼ 3.4 and 3.6 mM respectively) exhibited AChE inhibition profile in the same
order of magnitude as donepezil (DPZ, IC50 ¼ 2.17 mM), also displaying nanomolar affinity in SERT.
Moreover, compounds 17 and 24 displayed high SERT affinities (IC50 ¼ 9.2 and 1.9 nM respectively)
similar to the antidepressant citalopram, and significant micromolar AChE activity at the same time. All
the bioactive compounds showed a low toxicity profile in the range of concentrations studied. Molecular
docking allowed us to rationalize the binding mode of the synthesized compounds in both targets. In
addition, we also show that compounds 11 and 25 exhibit significant b-amyloid lowering activity in a
cell-based assay, 11 (50% inhibition, 10 mM) and 25 (35% inhibition, 10 mM).

These results suggest that indolylpropyl benzamidopiperazines based compounds constitute prom-
ising leads for a multitargeted approach for Alzheimer’s disease.

© 2020 Elsevier Masson SAS. All rights reserved.
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Abbreviation

AD Alzheimer’s Disease
Ab b-Amyloid
AChE Acetylcholinesterase
SERT Serotonin transporter
APP Amyloid precursor protein
MTDL Multi-Target-Direct-Ligand
NMDA N-Methyl-D-Aspartate
DPZ Donepezil
BOC N-tertbutoxycarbonyl
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide
PAS Peripherial Anionic Site
PDB Protein Data Bank
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1. Introduction

Alzheimer’s disease (AD) is a chronic, progressive and fatal
neurodegenerative disorder affecting cognition, behavior and
function, being one of the most common causes of mental deteri-
oration in elderly people. Indeed, around 50e60% of the overall
dementias correspond to AD. World Health Organization estimates
that about 46.8 million of people worldwide currently suffer from
AD, thus becoming a major public health concern as the world’s
population ages [1]. The number of AD patients is expected to
double every 20 years, and thus the population with AD is esti-
maded to reach 74.7 million in 2030 [1]. AD often starts with mild
symptoms but ends with severe brain damage and people with
dementia lose their abilities at different rates [1e4]. In spite of
multiple efforts, the detailed pathogenesis of AD remains so far
unclear, and despite huge social and economic incentives, big
pharmaceutical companies are pulling out AD research programs
given the continuous failed results in the clinical phases [5e7]. At
present, cholinesterase inhibitors donepezil, rivastigmine, galant-
amine, and the NMDA receptor antagonist memantine, are the only
approved treatments used in AD [8]. However, these treatments
only improve the symptoms associated with this disease without
modifying the underlying pathology [9,10].

The multifactorial nature of the disease has been a problem for
developing novel drugs with therapeutic potential [11e14]. At
present, different hypotheses concerning AD are being considered
[15]. These include, abnormal deposits of amyloid b (Ab) proteins
[16,17], intracellular tau protein accumulation involving twisted
fibers [18,19], inflammation and oxidative stress [20,21], cholin-
ergic neuron damage (cholinergic hypothesis) [22,23], and more
recently the serotonin hypothesis [24,25].

Currently, several different targets have been identified as
possible sites of action for anti AD drugs. These include, among
others, b and g-secretase [26e29], acethylcholinesterase (AChE)
and butyrylcholinesterase (BuChE) [22,23], g-aminobutyric acid
(GABA) [30], dopamine D2 receptor [31,32], serotonin 5-HT6 and 5-
HT4 receptors [33e35], serotonin transporter (SERT) [36], SFRP1
[37], ApoE [27] and a large list of other different targets [13,38e41].

In this context, the multi-target strategy has powerfully drawn
attention, especially in the last 15 years, as a potential solution for
the treatment of diseases with complex etiology like AD
[14,42e45] The current paradigm ‘one drug-one target’ has now
been shifted by the mentioned multitarget approach. Thus, com-
plex disorders like AD are more likely to be treated or alleviated
through simultaneous modulation of two or more protein targets
[46e48].
Indole and benzamide derivatives have drawn attention for
their affinity on the serotonin systems [49,50]. In addition, other
studies have reported an AChE inhibitory activity in compounds
containing similar structural frameworks [51e53]. Interestingly,
new data suggest that the decrease in cholinergic activity and the
accumulation of b-amyloid plaques are related [54].

In consequence, based on the multi-target directed ligands
(MTDL’s) strategy, we decided to explore the development of novel
compounds acting as promiscuous ligands [35,55e60]. In such
sense, a series of indolylpropyl benzamidopiperazines have been
synthesized and biologically evaluated at the following targets/
functions: AChE, SERT, amyloid-beta levels, and cell viability.

2. Results and discussion

2.1. Chemistry

Substituted N-benzamidepiperazines 1a-k were synthesized
according to previously reported procedures [61e65], and were
reacted with 4-chloroacetyl-piperazine-1-carboxylic acid tert-butyl
ester and K2CO3 to give N-Boc protected bis piperazinyl derivatives
2a-k in good to excelent yields (75e90%, Scheme 1). After purifi-
cation by column chromatography, Boc removal was achieved by
dissolving 2a-k in a 1:1 TFA-CH2Cl2 mixture at room temperature
for 2 h. The resulting unprotected free amines were immediately
reacted with tosylates A, B and C [59] using K2CO3 in dry MeCN in a
two-step one-pot procedure. After purification, compounds 3e35
were obtained in moderate to excelent yields (61e89%, Scheme 2).
1H and 13C NMR assignement and conclusions drawn from it,
confirmed the structure of intermediates and final molecules. All
the compounds displayed in 1H NMR spectra characteristic singlets
at downfield corresponding to the indolic NH alongwith two sets of
differentiated aromatic signals, between 7.80 and 6.80 ppm corre-
sponding to the indole and benzoyl rings, while piperazine meth-
ylenes signals appeared as broad singlets at highfield. Methylene
and propylene connecting chains provided the expected highfield
signals confirming the final structure. ESI-HRMS characterization
provided the molecular ions for each single intermediate 2a-k and
the final compounds 3e35.

2.2. Acetylcholinesterase inhibition

The in vitro anticholinesterase activity of compounds 3e35 was
determined using AChE from human blood plasma. In this study,
donepezil (DPZ) was used as an AChE inhibitor control while cit-
alopram was used for comparative purposes. The IC50 values (mM)
are summarized in Table 1. All compounds were soluble at pH ¼ 7.4
in the studied concentration range (See Experimental Section).

Our results revealed that nearly half of the synthesized com-
pounds exhibited a significant activity against AChE. The unsub-
stituted compound 3 (R1 ¼ R2 ¼ H) displayed no inhibitory AChE
properties in the whole range of concentrations studied
(IC50 > 50 mM).

Compounds 25e35 which bear the strong electron donating
methoxyl group at the 5-indolic position, resulted to be inactive,
excepting compound 34, which showed a moderate inhibitory ac-
tivity (IC50 ¼ 37.3 mM). Thus, the presence of a methoxyl group at
this position led to low activity or inactive compounds.

On the other hand, the presence of a hydrogen or fluorine atom
at the 5-indolic position, led tomoderate to very active compounds,
depending on the benzamide substituent. Thus, compounds 11
(R1 ¼ H, R2 ¼ 3-Br, IC50 ¼ 23.0 mM) and 13 (R1 ¼ H, R2 ¼ 2-Br,
IC50 ¼ 20.2 mM) displayed moderate activity. Interestigly, switching
R1 from H to F in these analogues, led to less active compounds 22
(R1 ¼ F, R2 ¼ 3-Br, IC50 ¼ 37.3 mM) and 24 (R1 ¼ F, R2 ¼ 2-Br,



Scheme 1. Reagents and conditions: K2CO3, 4-chloroacetyl-piperazine-1-carboxylic acid tert-butyl ester, dry CH3CN, reflux (80 �C), 16 h. Yields (75e90%).

Scheme 2. Reagents and conditions: i) 1:1 TFA-CH2Cl2, rt, 2 h ii) Tosylates A, B or C, K2CO3, dry CH3CN, reflux (80 �C), 16 h. 61e89% (two step overall yield).

Table 1
Values for AChE inhibition, SERT affinity and toxicity profiles for all measured compounds.

Compound R1 R2 cLogPa IC50 h-AChEb (mM) IC50 h-SERTc (nM) Cell Viability IC50 HEK-293 (mM) Cell Viability IC50 SH-SY5Y (mM)

Donepezil e e 3.76 2.17 ± 0.15 >1000 >200 >200
Citalopram e e 4.21 73.3 3.0 ± 0.2 >200 >200
3 H H 2.49 >50 >1000 >200 >200
4 H 4-Cl 3.01 35.2 ± 5.8 >1000 98.2 ± 7.6 139.0 ± 14.4
5 H 4-OMe 2.24 25.1 ± 3.3 >1000 155.6 ± 29.1 147.9 ± 19.5
6 H 4-Br 3.26 35.7 ± 9.4 >1000 71.9 ± 6.4 59.3 ± 6.0
7 H 4-Me 2.96 29.4 ± 6.9 >1000 158.5 ± 10.3 >200
8 H 4-F 2.63 39.4 ± 5.1 >1000 140.9 ± 18.9 188.4 ± 52.3
9 H 3-Cl 3.01 32.4 ± 7.3 >1000 99.1 ± 7.4 120.2 ± 18.8
10 H 3-OMe 2.24 >50 >1000 142.9 ± 6.1 >200
11 H 3-Br 3.28 23.0 ± 2.7 >1000 80.7 ± 5.3 80.5 ± 7.8
12 H 3-F 2.63 >50.0 >1000 181.6 ± 30.4 165.2 ± 7.7
13 H 2-Br 3.28 20.2 ± 4.0 >1000 133.4 ± 8.6 82.6 ± 12.6
14 F H 2.63 >50 320 ± 87 147.6 ± 13.6 145.5 ± 21.3
15 F 4-Cl 3.15 22.3 ± 3.4 546 ± 213 44.5 ± 5.2 125.0 ± 18.6
16 F 4-OMe 2.38 14.4 ± 1.9 133 ± 35 140.9 ± 18.9 160.7 ± 21.7
17 F 4-Br 3.42 39.4 ± 5.0 9.2 ± 1.4 60.5 ± 4.3 47.4 ± 11.1
18 F 4-Me 3.10 3.6 ± 0.4 122 ± 32 140.9 ± 18.9 118.9 ± 13.0
19 F 4-F 2.77 3.4 ± 0.4 212 ± 61 101.9 ± 6.7 121.1 ± 8.0
20 F 3-Cl 3.15 18.4 ± 2.2 149 ± 54 66.2 ± 5.2 59.8 ± 5.2
21 F 3-OMe 2.38 19.4 ± 0.1 83 ± 4.0 87.1 ± 7.4 79.4 ± 11.4
22 F 3-Br 3.42 37.3 ± 7.1 181 ± 64 40.6 ± 2.7 71.6 ± 9.5
23 F 3-F 2.77 >50 69 ± 33 83.0 ± 6.5 168.7 ± 23.4
24 F 2-Br 3.42 33.3 ± 4.9 1.9 ± 0.5 77.1 ± 4.7 79.1 ± 14.3
25 OMe H 2.24 >50 >1000 >200 >200
26 OMe 4-Cl 2.75 >50 >1000 117.2 ± 15.4 158.5 ± 15.0
27 OMe 4-OMe 1.98 >50 >1000 190.1 ± 27.3 189.7 ± 11.4
28 OMe 4-Br 3.03 >50 >1000 80.5 ± 3.8 150.3 ± 12.2
29 OMe 4-Me 2.70 >50 >1000 146.9 ± 15.9 >200
30 OMe 4-F 2.38 >50 >1000 >200 >200
31 OMe 3-Cl 2.75 >50 >1000 142.6 ± 7.2 >200
32 OMe 3-OMe 1.98 >50 >1000 >200 >200
33 OMe 3-Br 3.03 >50 >1000 57.0 ± 5.7 105.0 ± 9.4
34 OMe 3-F 2.36 37.3 ± 8.2 >1000 >200 >200
35 OMe 2-Br 3.03 >50 >1000 162.9 ± 9.3 111.2 ± 11.7

a Calculated with ChemAxon/chemicalize add-in from MarvinSketch 20.4.
b from blood plasma.
c HEK-293 cells (PerkinElmer).
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IC50 ¼ 33.3 mM). Furthermore, compounds 18 (R1 ¼ F, R2 ¼ 4-CH3,
IC50 ¼ 3.6 mM) and 19 (R1 ¼ F, R2 ¼ 4-F, IC50 ¼ 3.4 mM) exhibited the
best AChE inhibitory properties (Fig. 1), with IC50 values very
similar to that of DPZ (Fig. 3, IC50 ¼ 2.17 mM).

Remarkably, the replacement of the substituents at the C-4 of
the benzamidemoiety (4-Me in 18 or 4-F in 19) by a hydrogen atom
or methoxyl group lead to inactive compounds (14 and 16).
For the series 3e24 (R1 ¼ H, F) the highest activities were
observed when the substitution occurs in the 4-position of the
benzamide ring. Nevertheless, good activities were also present
with substituents at the 3-position (compounds 11, 20, 21, 22, and
34) or even in the 2-position (compounds 13 and 24) indicating that
indolylpropyl benzamidopiperazines with an appropriate substi-
tution pattern can result in relevant AChE inhibitory activity,



Fig. 1. Inhibition curve of compounds 18 (IC50 ¼ 3.6 mM) and 19 (IC50 ¼ 3.4 mM) and
other selected compounds against AChE from human blood plasma. Each determina-
tion was made in triplicate and the data were expressed as the mean ± SD.

Fig. 2. hSERT affinity curve of compound 14, 17, 20, 23 and 24, showing IC50 in the
nanomolar range. Each determination was made in triplicate and the data were
expressed as the mean ± SD.
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offering a remarkable broad chemical space for further
optimization.

To complement these results, cell viability assays were carried
out by a standard MTT test in HEK-293 and SH-SY5Y cell lines. Most
of compounds displayed a relatively low toxicity (in most cases
with IC50 values in themedium to highmicromolar range), showing
in the case of most active compounds (18 and 19) a potency dif-
ference of more than 30-fold when comparing their AChE inhibi-
tory properties and their ability to produce cell toxicity. Remarkably
both compounds are compatible with blood brain barrier (BBB)
crossing properties according to calculated LogP values. (Table 1).
Fig. 3. AChE inhibition and SERT for more active compounds. Citalopram and Done-
pezil were used as validation.
2.3. Serotonin transporter affinity

Among the 33 tested molecules, only those carrying a fluorine
atom in the 5-position of the indole ring were able to displace [H3]-
paroxetine from hSERT in binding experiments. This finding was
previously described by Heinrich et al. [49] and Evrard et al. [66]
and corroborated by us in similar systems [57,59], where this small
and electron-withdrawing atom in the indolic moiety would be the
main responsible for high hSERT affinity. In our case, this condition
was mandatory in order to achieve high binding affinities. As
shown in Table 1, all 5-fluorinated compounds displayed nano-
molar affinity towards this protein. The parent compound 14 car-
rying no substitution at the benzamide moiety, displayed the
second lowest affinity (IC50 ¼ 320 nM), while compounds 18
(R2 ¼ 4-CH3, IC50 ¼ 122 nM), 19 (R2 ¼ 4-F, IC50 ¼ 212 nM), 20
(R2 ¼ 3-Cl, IC50 ¼ 149 nM), 23 (R2 ¼ 3-F, IC50 ¼ 69 nM) and 24
(R2 ¼ 2-Br) showed affinities in the nanomolar range. Moreover,
compounds 17 (R2 ¼ 4-Br, IC50 ¼ 9.2 nM) and 24 (R2 ¼ 2-Br,
IC50 ¼ 1.9 nM) showed the highest potency of the series (Fig. 2),
with IC50 values similar to the widely used antidepressant cit-
alopram (Fig. 3), employed as positive control. In this series, the
best affinity was exhibited by compounds containing the bulky
bromine substituent on the 4 or 2 position, while the correspond-
ing 3-brominated derivative showed a lower affinity. Interestingly,
compounds 17,18,19 and 24 also displayed a good inhibition profile
in AChE. As can be deducted from Table 1, none hSERT active ligand
was toxic in the IC50 activity range.
2.4. Docking simulations

In order to rationalize the pharmacological results of the
designed compounds in hAChE and hSERT, docking studies were
carried out and the ligand-protein molecular interactions were
analized in the light of their experimental affinities. Before to carry
out the docking studies, we investigated which are the protonated
states of the designed compounds at pH ¼ 7.4 (Supplementary
Material). To answer to this question, a theoretical approach, based
on quantum chemical calculations, for aqueous pKa calculations
was applied, by coupling accurate electronic structure methods for
gas-phase energy changes with solvation methods as is explained
in detail in the SupplementaryMaterial. The results for the two first
deprontation (pKa1(a) ¼ 7.48 vs. pKa1(b) ¼ 8.02) show that the
compounds can be found as an equilibrium mixture of di- and
mono-protonated species, being the diprotonated state in major
ratio (see Fig. S8). Therefore, since at physiological pH the dipro-
tonated species is predicted to be predominant, all docking simu-
lations were performed considering this state.

2.4.1. hAChE
Docking simulations were carried out for the two most active

derivatives 18 (IC50 ¼ 3.6 mM) and 19 (IC50 ¼ 3.4 mM) and other
selected compounds (Supplementary Material) in the human AChE
structure (PDB 4EY7). Docking poses for compounds 18 and 19 span
the length of the enzyme cavity without reaching the deeper cat-
alytic site similar to the described binding mode of DPZ [67,68]
(Fig. 4). In both cases, the indole moiety binds at the bottom of the
cavity where it can participate in aromatic p-stacking interactions
with Trp86 and Tyr337. The protonated propyl piperazine nitrogen
is located midway down the gorge near the described enzyme
bottleneck formed by Tyr124 and Tyr341 [69] where it can form a
hydrogen bond with Tyr124 and a possible p-cation interaction
with the aromatic residue Tyr341 [70,71]. On the other side, the
second piperazine ring interacts with peripherial anionic site (PAS)
residues at the entrance of the active-site gorge [72]. Here the
charged benzamide piperazine nitrogen can form a p-cation



Fig. 4. Overlapped docking poses obtained for the two most active compounds in AchE
(PDB 4EY7). Compounds 18 (cyan) and 19 (yellow). Main interactiong residues are
shown in gray sticks. Magenta dashed lines represent hydrogen bonds, green dashed
lines reoresent aromatic interactions and p-cation interactions are denoted by purple
dashed lines. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

J. Rodríguez-Lavado et al. / European Journal of Medicinal Chemistry 198 (2020) 112368 5
interaction with Trp286 while the benzamide moiety extends to-
wards the surface of the enzyme and can form interactions with
surface loops residues. Particularly, the benzamide carboyl group
can form hydrogen bonds with Ser293 at the entrance of the
binding cavity. These stabilizing interactions observed in com-
pounds 18 and 19 were not observed in less active derivatives
(Supplementary Material).
2.4.2. hSERT
Docking simulations were carried out for the two most active

derivatives 17 (IC50 ¼ 9.2 nM) and 24 (IC50 ¼ 1.9 nM) and other
selected compounds (Supplementary Material) in the human SERT
structure (PDB 5I73). The binding modes show that both com-
pounds interact with the binding site adopting a U shape confor-
mation. In the case of compound 24, an additional H-bond is
observed between the carbonyl group of the amide, and the Tyr95
residue, which justifies its higher potency. Compound 17 shows a
p-stacking interaction between the benzamide fragment and
Trp103 and a halogen bond with Arg104. In the case of compound
24, the p-stacking occurs between the benzamide fragment and the
Tyr176 residue, and a halogen bond with the carbonyl backbone of
Tyr95. Both compounds exhibit a p-stacking interaction between
the indole ring and Phe335, which allows the stabilization of the
bonding of the molecules to the hSERT pocket and facilitates the
formation of the H-bond between the indole hydrogen and Glu494.
A p-stacking interaction between cationic hydrogen of piperazine
and Phe335 is observed for both analogues. A new p-stacking
interaction between the piperazine cationic nitrogen of compound
17 and Tyr176 is observed. The most potent compounds (17 and 24)
contain a bromine atom at positions 4 or 2, respectively, and
adopted a common docking pose which favors p-stacking in-
teractions with Trp103 and Tyr176 respectively (Fig. 5). In addition,
a hydrogen bond interactionwas observed between Arg104 and the
bromine atom (Fig. 5). These drug-target interactions stabilize the
complex as compared to the less active molecules 3 and 25
(Supplementary Material), and are in agreement with those
described in the crystal structure of the hSERT in complex with
paroxetine [73]. Noteworthy, compounds 17 and 24 showed the
best binding energy values with a salt brigde, an hydrogen bond
and a p -stacking interaction stabilizing their binding modes (see
ESI, Table S2). On the other hand, compounds 3 and 25 showed poor
binding energies and low affinities. Thus, theoretical data are in
agreement with the obtained IC50 values in the binding
experiments.

2.5. Effect of compounds on Abeta levels in cells in culture

N2A mouse neuroblastome cells stably transfected with APP-
695 were incubated for 16 h with 10 mM of selected compounds.
As shown in Fig. 6 compounds 11 and 25 were able to lower Ab40
levels by 50% (11, ***p < 0.001) and 37% (25, **p < 0.01). For 11,
Western blot analysis indicated that the C99 C-terminal fragment of
APP was decreased, without change in total APP levels (Supple-
mentary Material) In the conditions of these experiments, toxicity
was not observed. Further experiments are needed to determine if
the decrease in C99 is the result of decreased beta-cleavage or
increased degradation. These results show that in addition to
modulating neurotransmitter signaling, these compounds also
modulate APP metabolism, given that the inhibition mechanism of
11 and 25 towards Ab40 levels is still unknown, no correlation can
be made between activity of such compound in AChE/SERT and
Ab40.

3. Conclusions

This study demonstrates the possibility to generate a series of
hSERT and AChE ligands with promising capabilities as dual-target
AD modulators. Among the 33 studied compounds, nine of them
display affinities for both targets. The 5-Fluorine substitution at the
indole moiety always resulted in hSERT nanomolar affinity and
remarkably, these indolic-fluorinated compounds are also between
the best structures for AChE inhibition. Compounds 17,18,19 and 24
exhibited IC50 values in the micromolar and nanomolar range for
AChE and SERT, respectivel. In this study, none of the best per-
forming molecules on the mentioned targets demonstrated to be
active as b-amyloid deposition inhibitors, while two compounds of
the whole series presented promissing anti Ab properties, espe-
cially compound 11. These results suggest that indolylpropyl
benzamidopiperazines-based compounds could contribute to the
field of multitarget directed ligands for Alzheimer’s Disease,
althoughmuchmore efforts are needed to develop novel molecules
with multitarget action that may reduce the progression of AD.

4. Experimental part

4.1. General methods

All commercially available reagents were purchased fromMerck
AG or Aldrich and used without further purification. TLC was car-
ried out on aluminum sheets coated with Sílica Gel 60 F254 Merck
(0.25 mm). Column chromatography was performed on Chromagel
(SDS silice 60 AC.C 35e70 mm or 70e200 mm). Melting points were
recorded by MP90 digital melting point apparatus (Mettler Toledo,
Ohio, USA) and are uncorrected. 1H and 13C NMR spectra were
recorded on a Bruker AVANCE 300. The chemical shifts (d) and
coupling constants (J) are expressed in parts per million and Hertz,
respectively. High Resolution Mass Spectra (HRMS) were obtained
on an orthogonal time-of-flight and electrospray ionization source
(ESI-ToF) mass spectrometer (QTof Micro, Micromass UK) or on a
Thermo Q exactive focus.



Fig. 5. A, B) Two-dimensional diagrams of the main interactions between the ligand and the residues involved in the recognition of the ligand to the h-SERT binding site (PDB: 5I73)
(in A compound 24, in B compound 17). Magenta lines represent hydrogen bonds, blue-red lines to salt bridges and green line p-stacking. Amino acids in green indicate hydrophobic
residues, in red, negatively charged, in sky-blue polar and in purple positively charged. C) Best pose obtained of compound 24, and D) Best pose for 17. The ligand is represented in
gray. Segmented lines correspond to each interaction between the ligand and the receptor residues (in yellow hydrogen bonds, in purple salt bridges, in magenta bond with halogen,
and in sky-blue p-stacking). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 6. % of Ab40 inhibition on N2A cells at 10 mM of all compounds. Results shown as mean ± SD. **p < 0.01, ***p < 0.001, Statistical test: one-way ANOVA and post-hoc Dunnett’s
multiple comparison test vs untreated group.
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4.1.1. General procedures for synthesis of derivatives 2a-k
To a solution of the corresponding N-piperazinyl benzamide 1a-

k in dry CH3CN (10 mL/mmol of 1a-k) was added 4-chloroacetyl-
piperazine-1-carboxylic acid tert-butyl ester (1 eq) and K2CO3 (3
eq) and the resulting suspension was stirred at reflux temperature
(80 �C) under N2 for 16 h. Solvent was evaporated under reduced
pressure and AcOEt (20 mL) and water (20 mL) were added. The
organic layer was collected, dried (MgSO4) and concentrated. The
residue was purified by column chromatography CH2Cl2:MeOH
30:1 / 9:1 yielding the pure product with good to excellent yields
(69e91%).

4.1.1.1. Tert-butyl 4-(2-(4-benzoylpiperazin-1-yl)acetyl)piperazine-1-
carboxylate (2a). From 0.55 g (2.9 mmol) of 1a were obtained
0.85 g (71%) of 2a as a white solid. Mp.: 128e130 �C; 1H-RMN
(300MHz, CDCl3, 298 K): d¼ 7.23 (m, 5 H, Ar), 3.63 (bs, 2 H, CH2Pip),
3.40 (bs, 4H, CH2Pip), 3.26 (m, 6 H, CH2Pip), 3.26 (s, 2 H, COCH2N),
2.38 (bs, 4 H, CH2Pip), 1.30 (s, 9 H, C(CH3)3). 13C NMR (75 MHz,
CDCl3, 298 K): d ¼ 170.3, 167.2 (CONH), 154.5 (COcarbamate), 135.6
(COCq), 129.7, 128.5 (2C, CHAr), 127.0 (2C, CHAr), 80.3 (C(CH3)3),
60.9 (COCH2N), 53.1 (2C, CH2Pip), 45.5 (2C, CH2Pip), 42.0 (2C,
CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3. HRMS: (ESI-TOF) m/z
calcd. for C22H32N4O4: 416.2424. Found: 416.2434.

4.1.1.2. Tert-butyl 4-(2-(4-(4-chlorobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2b). From 0.395 g (1.76 mmol) of 1awere
obtained 0.69 g (87%) of 2b as a white solid. Mp.: 112e113 �C; 1H-
RMN (300 MHz, CDCl3, 298 K): d ¼ 7.37 (m, 4 H, Ar), 3.78 (bs, 2 H,
CH2Pip), 3.67e3.31 (m, 10 H, CH2Pip), 3.25 (s, 2 H, COCH2N), 2.54
(bs, 4 H, CH2Pip), 1.48 (s, 9 H, C(CH3)3). 13C NMR (75 MHz, CDCl3,
298 K): d ¼ 169.2, 167.6 (CONH), 154.6 (COcarbamate), 135.9 (CqCl),
133.9 (COCq), 128.8 (2C, CHAr), 128.6 (2C, CHAr), 80.5 (C(CH3)3),
60.7 (COCH2N), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 42.0 (2C,
CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3. HRMS: (ESI-TOF) m/z
calcd. for C22H31ClN4O4: 450.2034. Found: 450.2052.

4.1.1.3. Tert-butyl 4-(2-(4-(4-methoxybenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2c). From 0.452 g (2.00 mmol) of 1cwere
obtained 0.65 g (71%) of 2c as a pale brown solid.Mp.: 119e121 �C;
1H-RMN (300 MHz, CDCl3): d ¼ 7.37 (d, 2 H, JH,H ¼ 7.9 Hz, Ar), 6.91
(d, 2 H, JH,H ¼ 8.5 Hz, Ar), 3.83 (s, 3 H, CH3), 3.74e3.34 (m, 12 H,
CH2Pip), 3.24 (s, 2 H, COCH2N), 2.53 (bs, 4 H, CH2Pip), 1.47 (s, 9 H,
C(CH3)3). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 170.3, 167.6 (CONH),
160.8 (CqOCH3), 154.6 (COcarbamate), 129.1 (4C, CHAr), 127.6 (COCq),
113.23 (COCq), 80.4 (C(CH3)3), 61.0 (COCH2N), 55.4 (OCH3), 53.1 (2C,
CH2Pip), 45.5 (2C, CH2Pip), 43.5 (2C, CH2Pip), 41.6 (2C, CH2Pip), 28.4
(3C, C(CH3)3). HRMS: (ESI-TOF) m/z calcd. for C23H34N4O5:
446.2529. Found: 446.2518.

4.1.1.4. Tert-butyl 4-(2-(4-(4-bromobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2d). From 1.75 g (6.50 mmol) of 1d were
obtained 2.42 g (75%) of 2d as a white solid. Mp.: 148e150 �C; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 7.54 (d, 2 H, JH,H ¼ 8.5 Hz, Ar),
7.28 (d, 2 H, JH,H ¼ 8.5 Hz, Ar), 3.78 (bs, 4 H, CH2Pip), 3.56 (m, 4 H,
CH2Pip), 3.46 (m, 4 H, CH2Pip), 3.24 (m, 2 H, COCH2N), 2.54 (bs, 4 H,
CH2Pip), 1.47 (s, 9 H, C(CH3)3). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 169.3, 167.6 (CONH), 154.5 (COcarbamate), 134.4 (COCq), 131.7 (2C,
CHAr),128.8 (2C, CHAr),124.1 (CqBr), 80.5 (C(CH3)3), 60.8 (COCH2N),
53.1 (2C, CH2Pip), 47.5 (2C, CH2Pip), 45.4 (2C, CH2Pip), 41.6 (2C,
CH2Pip), 28.3 (3C, C(CH3)3). HRMS: (ESI-TOF) m/z calcd. for
C22H31BrN4O4: 494.1529. Found: 494.1538.

4.1.1.5. Tert-butyl 4-(2-(4-(4-methylbenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2e). From 0.48 g (2.35 mmol) of 1e were
obtained 0.79 g (78%) of 2e as a white solid. Mp.: 102e104 �C; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 7.30 (d, 2 H, JH,H ¼ 8.3 Hz, Ar),
7.22 (d, 2 H, JH,H ¼ 8.3 Hz, Ar), 3.78 (bs, 4 H, CH2Pip), 3.46 (m, 4 H,
CH2Pip), 3.52 (m, 4 H, CH2Pip), 3.24 (m, 2 H, COCH2N), 2.53 (bs, 4 H,
CH2Pip), 2.38 (s, 3 H, CH3), 1.47 (s, 9 H, C(CH3)3). 13C NMR (75 MHz,
CDCl3): d ¼ 170.5, 167.8 (CONH), 154.6 (COcarbamate), 139.9 (CH3Cq),
132.2 (COCq), 129.1 (2C, CHAr), 127.2 (2C, CHAr), 80.3 (C(CH3)3), 61.0
(COCH2N), 53.2 (2C, CH2Pip), 45.5 (2C, CH2Pip), 43.9 (2C, CH2Pip),
41.7 (2C, CH2Pip), 28.3 (3C, C(CH3)3) 21.4 (CH3). HRMS: (ESI-TOF)m/
z calcd. for C23H34N4O4: 430.2528. Found: 430.2507.

4.1.1.6. Tert-butyl 4-(2-(4-(4-fluorobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2f). From 1.00 g (4.80 mmol) of com-
pound 1f were obtained 1.81 g (87%) of compound 2f as a white
solid. Mp.: 128e130 �C; 1H NMR (300 MHz, CDCl3, 298 K): d ¼ 1H
NMR (300 MHz, CDCl3): d ¼ 7.38 (m, 2 H, Ar), 7.07 (t, 2 H,
JH,H ¼ 8.7 Hz, Ar), 3.74 (bs, 4 H, CH2Pip), 3.54 (m, 4 H, CH2Pip), 3.40
(m, 4 H, CH2Pip), 3.22 (m, 2 H, COCH2N), 2.53 (bd, 4 H, CH2Pip), 1.45
(s, 9 H, C(CH3)3). 13C NMR (75MHz, CDCl3): d¼ 169.4, 167.5 (CONH),
165.1 (CqF), 154.5 (COcarbamate), 131.6, 131.5, 129.3, 115.7, 115.4,
(CHAr), 80.4 (C(CH3)3), 60.8 (COCH2N), 55.4 (2C, CH2Pip), 45.4 (2C,
CH2Pip), 43.7 (2C, CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3).
HRMS: (ESI-TOF) m/z calcd. for C22H31FN4O4: 434.2329. Found:
434.2337.

4.1.1.7. Tert-butyl 4-(2-(4-(3-chlorobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2g). From 2.08 g (9.28 mmol) of com-
pound 1g were obtained 3.21 g (77%) of compound 2g as a pale
brown solid. Mp.: 84e86 �C; 1H NMR (300 MHz, CDCl3, 298 K):
d¼ 7.40 (m, 2 H, CHAr), 7.35 (t,1 H, JH,H¼ 7.7 Hz, CHAr), 7.72 (bs,1 H,
CHAr), 4.06e3.66 (bs, 4 H, CH2Pip), 3.84 (s, 2 H, COCH2N), 3.54 (m,
2 H, CH2Pip), 3.48e3.31 (m, 6 H, CH2Pip), 3.25 (Bs, 4 H, CH2Pip), 1.46
(s, 9 H, C(CH3)3). 13C NMR (75MHz, CDCl3): d¼ 168.8, 163.4 (CONH),
154.4 (COcarbamate), 136.1 (COCq), 134.9 (CqCl), 130.6, 130.2, 127.3,
125.1 (CHAr), 80.6 (C(CH3)3), 56.6 (COCH2N), 51.9 (2C, CH2Pip), 45.0
(2C, CH2Pip), 43.5 (2C, CH2Pip), 41.7 (2C, CH2Pip), 28.3 (3C, C(CH3)3).
HRMS: (ESI-TOF) m/z calcd. for C22H31ClN4O4: 450.2034. Found:
450.2041.

4.1.1.8. Tert-butyl 4-(2-(4-(3-methoxybenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2h). From 0.70 g (3.17 mmol) of com-
pound 1h were obtained 1.21 g (85%) of compound 2h as a pale
yellow oil. 1H NMR (300 MHz, CDCl3, 298 K): d ¼ 7.25 (t, 1 H,
JH,H¼ 7.27 Hz, Ar), 7.89 (m, 3 H, Ar), 3.08 (s, 3 H, OCH3), 3.77 (bs, 4 H,
CH2Pip), 3.55 (m, 4 H, CH2Pip), 3.41 (m, 4 H, CH2Pip), 3.22 (s, 2 H,
COCH2N), 2.55 (bd, 4 H, CH2Pip), 1.47 (s, 9 H, C(CH3)3). 13C NMR
(75 MHz, CDCl3): d ¼ 170.0, 167.7 (CONH), 159.7 (CqOCH3), 154.5
(COcarbamate), 136.9 (COCq), 129.5, 119.5, 115.6, 112.3 (CHAr), 80.3
(C(CH3)3), 60.9 (COCH2N), 55.4 (CH3), 53.1 (2C, CH2Pip), 45.4 (2C,
CH2Pip), 43.6 (2C, CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3).
HRMS: (ESI-TOF) m/z calcd. for C23H34N4O5: 446.2529. Found:
446.2535.

4.1.1.9. Tert-butyl 4-(2-(4-(3-bromobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2i). From 0.52 g (1.93 mmol) of com-
pound 1i were obtained 0.87 g (91%) of compound 2i as a pale
yellow solid. Mp.: 128e129 �C; 1H-RMN (300 MHz, CDCl3, 298 K):
d ¼ 7.46 (m, 2 H, CHAr), 7.26e7.16 (m, 2 H, CHAr), 3.71 (bs, 2 H,
CH2Pip), 3.47 (m, 4 H, CH2Pip), 3.35 (m, 4 H, CH2Pip), 3.16 (s, 4 H,
COCH2N), 2.47 (bs, 4 H, CH2Pip), 1.39 (s, 9 H, C(CH3)3). 13C NMR
(75 MHz, CDCl3): d ¼ 168.5, 167.5 (CONH), 154.5 (COcarbamate), 137.5
(COCq), 132.8, 130.1, 130.0, 125.5, (CHAr), 122.6 (CqBr), 80.4
(C(CH3)3), 60.8 (COCH2N), 53.6 (2C, CH2Pip), 45.4 (2C, CH2Pip), 43.7
(2C, CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3). HRMS: (ESI-TOF)
m/z calcd. for C22H31BrN4O4: 494.1529. Found: 494.1535.



J. Rodríguez-Lavado et al. / European Journal of Medicinal Chemistry 198 (2020) 1123688
4.1.1.10. Tert-butyl 4-(2-(4-(3-fluorobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2j). From 0.19 g (0.91 mmol) of com-
pound 1j were obtained 0.34 g (83%) of compound 2j. as a white
solid. Mp.: 116e118 �C 1H-RMN (300 MHz, CDCl3, 298 K): d ¼ 7.36
(m, 1 H, CHAr), 7.15 (dt, 1 H, JH,H ¼ 1.09 Hz, JH,H ¼ 7.6 Hz, CHAr),
7.12e7.06 (m, 2 H, CHAr), 3.76 (bs, 2 H, CH2Pip), 3.54 (m, 4 H,
CH2Pip), 3.42 (m, 6 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.55 (m, 4 H,
CH2Pip), 1.45 (s, 9 H, C(CH3)3). 13C NMR (75 MHz, CDCl3): d ¼ 168.8
(d, 4JC,F ¼ 2.1 Hz, CON), 167.5 (CON), 162.6 (d, 1JC,F ¼ 249 Hz, CqF),
154.5 (COcarbamate), 137.6 (d, 3JC,F ¼ 6.5 Hz, COCq), 130.3 (d,
3JC,F ¼ 7.5 Hz, CHAr), 122.7 (d, 4JC,F ¼ 2.1 Hz, CHAr), 116.8 (d,
2JC,F ¼ 21.3 Hz, CHAr), 114.3 (d, 2JC,F ¼ 22.4 Hz, CHAr), 80.4 (C(CH3)3),
60.8 (COCH2N), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip), 43.3 (2C,
CH2Pip), 41.6 (2C, CH2Pip), 28.4 (3C, C(CH3)3). HRMS: (ESI-TOF) m/z
calcd. for C22H31FN4O4: 434.2329. Found: 434.2333.

4.1.1.11. Tert-butyl 4-(2-(4-(2-bromobenzoyl)piperazin-1-yl)acetyl)
piperazine-1-carboxylate (2k). From 1.02 g (3.79 mmol) of com-
pound 1k were obtained 1.41 g (75%) of compound 2k as a white
solid. Mp.: 115e116 �C. 1H-RMN (300 MHz, CDCl3, 298 K): d ¼ 7.58
(d, 1 H, JH,H ¼ 8.2 Hz, CHAr), 7.33 (t, 1 H, JH,H ¼ 7.5 Hz, CHAr), 7.23 (t,
2 H, JH,H ¼ 7.5 Hz, CHAr), 3.82 (m, 2 H, CH2Pip), 3.55 (m, 4 H,
CH2Pip), 3.40 (m, 6 H, CH2Pip), 3.21 (s, 2 H, COCH2N), 2.59 (m, 4 H,
CH2Pip), 1.45 (s, 9 H, C(CH3)3). 13C NMR (75 MHz, CDCl3): d ¼ 167.6
(CONH), 154.5 (COcarbamate), 137.5 (COCq), 132.8, 130.3, 127.7 (CHAr),
119.1 (CqBr), 80.4 (C(CH3)3), 60.9 (COCH2N), 53.0, 52.7, 46.6, 45.5,
43.5, 43.3, 41.6, 41.4 (CH2Pip), 28.4 (C(CH3)3). HRMS: (ESI-TOF) m/z
calcd. for C22H31BrN4O4: 494.1529. Found: 494.1537.

4.1.2. General procedures for synthesis of derivatives 3e35
To a solution of 2a-k in dichlorometane (5 mL/mmol of 2a-k)

was added trifluoroacetic acid in 1:1 ratio. The solution was stirred
at rt for 2 h. After reaction completion upon TLC, solvents were
evaporated by an air flow for 1 h, until neutral pH of the steam.
After that, dry MeCN (20 mL/mmol of starting material 2a-k) and
K2CO3 (6 Eq) were added, followed by addition of the appropriate
tosylateA, B or C. The suspensionwas refluxed (80 �C) under N2 and
stirred for 16 h. Solvent was evaporated, EtOAc (20 mL) and water
(2 � 20 mL) were added, and the organic layer was dried (MgSO4)
and concentrated. The residue was purified by column chroma-
tography CH2Cl2:MeOH 30:1 / 9:1 yielding the pure product with
good to moderate to good yields (58e79%).

4.1.2.1. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-
benzoylpiperazin-1-yl)ethan-1-one (3). From 0.16 g (0.38 mmol) of
compound 2a and tosylate A were obtained 0.15 g (83%) of com-
pound 3 as awhite solid. Mp.: 69e71 �C.; 1H NMR (300MHz, CDCl3,
298 K): d ¼ 1H NMR (300 MHz, CDCl3): d ¼ 8.04 (s, 1 H, NHInd), 7.59
(d, 1 H, JH,H ¼ 8.0 Hz, ArInd), 7.39 (m, 5 H, C6H5), 7.33 (t, 1 H,
JH,H ¼ 7.3 Hz, ArInd), 7.17 (t, 1 H, JH,H ¼ 7.4 Hz, ArInd) 7.09 (t, 1 H,
JH,H ¼ 7.4 Hz, ArInd), 6.95 (bs, 1 H, ArInd), 3.80 (bs, 2 H, CH2Pip), 3.60
(dt, 4 H, JH,H ¼ 4.0, JH,H ¼ 16.8 Hz, CH2Pip), 3.44 (bs, 2 H, CH2Pip),
3.22 (s, 2 H, COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.3 Hz, ArCH2CH2CH2N),
2.53 (m, 8 H, CH2Pip), 2.42 (m, 2 H, ArCH2CH2CH2N), 1.91 (q, 2 H,
JH,H ¼ 7.7 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3): d ¼ 170.4
(NCOAr), 167.4 (NCOCH2), 136.4 (CqNH), 135.7 (Cqbenz), 129.7 (2C,
CHbenz), 128.5 (2C, CHbenz), 127.0 (CHbenz), 127.4 (CqInd) 121.8,
121.2, 119.0, 118.0, 116.0 (CHArInd), 111.1 (CqInd CH2CH2CH2), 60.7
(COCH2N), 58.1 (CH2CH2CH2N), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.2 (ArCH2CH2CH2N), 22.8
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H35N5O2:
473.2791. Found: 473.2799.

4.1.2.2. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(4-
chlorobenzoyl)piperazin-1-yl)ethan-1-one (4). From 0.20 g
(0.44 mmol) of compound 2b and tosylate Awere obtained 0.162 g
(72%) of compound 4 as a white solid. Mp.: 118e122 �C.; 1H NMR
(300MHz, CDCl3, 298 K): d¼ 1H NMR (300MHz, CDCl3): d¼ 8.10 (s,
1 H, NHInd), 7.59 (d,1 H, JH,H¼ 7.9 Hz, ArInd), 7.42e7.31 (m, 5 H, C6H4,
ArInd), 7.18 (td, 1 H, JH,H ¼ 1.13 Hz, JH,H ¼ 7.3 Hz, ArInd), 7.10 (td, 1 H,
JH,H ¼ 1.13 Hz, JH,H ¼ 7.3 Hz, ArInd), 6.97 (d, 1 H, JH,H ¼ 1.5 Hz, ArInd),
3.79 (bs, 2 H, CH2Pip), 3.60 (m, 4 H, CH2Pip), 3.44 (bs, 2 H, CH2Pip),
3.22 (s, 2 H, COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.3 Hz, ArCH2CH2CH2N),
2.54 (m, 8 H, CH2Pip), 2.44 (m, 2 H, ArCH2CH2CH2N), 1.92 (q, 2 H,
JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d¼ 169.3 (NCOAr), 167.3 (NCOCH2), 136.3 (CqNH),135.9 (CqCl), 133.9
(COCq), 128.8 (2C, CHbenz),128.6 (2C, CHbenz),127.0 (CHqInd), 121.9,
121.2, 119.1, 118.8, 116.0 (CHArInd), 111.1 (CqIndCH2CH2CH2), 60.6
(COCH2N), 58.1 (CH2CH2CH2N), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.2 (ArCH2CH2CH2N), 22.8
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H34ClN5O2:
507.2401. Found: 507.2404.

4.1.2.3. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(4-
methoxybenzoyl)piperazin-1-yl)ethan-1-one (5). From 0.14 g
(0.31 mmol) of compound 2c and tosylate Awere obtained 0.137 g
(88%) of compound 5 as a white solid. Mp.: 108e109 �C.; 1H NMR
(300MHz, CDCl3, 298 K): d¼ 1H NMR (300MHz, CDCl3): d¼ 8.22 (s,
1 H, NHInd), 7.60 (d, 1 H, JH,H ¼ 8.0 Hz, ArInd), 7.37 (d, 2 H,
JH,H ¼ 8.7 Hz, Arbenz), 7.32 (s, 1 H, ArInd), 7.17 (td, 1 H, JH,H ¼ 1.0 Hz,
JH,H ¼ 7.4 Hz, ArInd), 7.10 (td, 1 H, JH,H ¼ 1.0 Hz, JH,H ¼ 7.3 Hz, ArInd),
6.97 (d,1 H, JH,H¼ 2 Hz, ArInd), 6.90 (d, 2 H, JH,H¼ 8.7 Hz, Arbenz), 3.82
(s, 3 H, OCH3), 3.62 (m, 6 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.79 (t,
2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.53 (bs, 4 H, CH2Pip), 2.43 (m,
6 H, CH2Pip, ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.5 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 170.4 (NCOAr),
167.4 (NCOCH2), 160.8 (CqOCH3), 136.3 (CqNH), 129.2 (2C, CHArbenz),
127.6 (CHqInd), 127.4 (COCq), 121.9, 121.2, 119.0, 118.8, 116.0 (CHAr-
Ind), 113.7 (2C, CHArbenz), 113.7111.1 (CqIndCH2CH2CH2), 60.8
(COCH2N), 58.2 (CH2CH2CH2N), 55.4 (OCH3), 53.6 (2C, CH2Pip), 53.1
(2C, CH2Pip), 45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.2
(ArCH2CH2CH2N), 22.9 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C29H37N5O3: 503.2896. Found: 503.2890.

4.1.2.4. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(4-
bromobenzoyl)piperazin-1-yl)ethan-1-one (6). From 0.20 g
(0.40 mmol) of compound 2d and tosylate A were obtained 0.19 g
(86%) of compound 6 as a pale brown solid. Mp.: 185e187 �C.; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 8.30 (s, 1 H, NHInd), 7.59 (d, 1 H,
JH,H ¼ 7.5 Hz, ArInd), 7.53 (d, 2 H, JH,H ¼ 8.4 Hz, Arbenz), 7.33 (s, 1 H,
ArInd), 7.27 (d, 2 H, JH,H ¼ 8.4 Hz, ArInd), 7.17 (dt, 1 H, JH,H ¼ 1.0 Hz,
JH,H ¼ 7.0 Hz, ArInd), 7.09 (dt, 1 H, JH,H ¼ 1.0 Hz, JH,H ¼ 7.0 Hz, ArInd),
6.95 (bs,1 H, ArInd), 3.71 (bs, 2 H, CH2Pip), 3.63 (m, 2 H, CH2Pip), 3.57
(m, 2 H, CH2Pip), 3.43 (bs, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.79
(t, 2 H, JH,H ¼ 7.4 Hz, ArCH2CH2CH2N), 2.53 (bs, 4 H, CH2Pip), 2.43
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.4 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 169.3 (NCOAr),
167.3 (NCOCH2), 136.4 (CqNH), 134.4 (COCq), 131.8 (2C, CHArbenz),
128.8 (2C, CHArbenz), 127.4 (CqInd), 124.1 (CqBr), 121.8, 121.3, 119.1,
118.8, 115.9 (CHArInd), 111.1 (CqIndCH2CH2CH2), 60.5 (COCH2N), 57.3
(CH2CH2CH2N), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C,
CH2Pip), 41.7 (2C, CH2Pip), 29.7 (ArCH2CH2CH2N), 22.8
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H34BrN5O2:
551.1896. Found: 551.1906.

4.1.2.5. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(4-
methylbenzoyl)piperazin-1-yl)ethan-1-one (7). From 0.13 g
(0.30 mmol) of compound 2e and tosylate Awere obtained 0.116 g
(77%) of compound 7 as a pale yellow solid. Mp.: 88e90 �C.; 1H
NMR (300 MHz, CD3OD, 298 K): d ¼ 7.56 (m, 1 H, ArInd), 7.39e7.01
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(m, 8 H, ArInd, Arbenz, NHIndol), 6.98 (m, 1 H, JH,H ¼ 8.7 Hz, ArInd), 3.74
(bs, 2 H, CH2Pip), 3.59 (m, 2 H, CH2Pip), 3.57 (m, 2 H, CH2Pip), 3.41
(m, 4 H, CH2Pip), 3.21 (bs, 2 H, COCH2N), 2.78 (m, 2 H,
ArCH2CH2CH2N), 2.65e2.39 (m,10 H, CH2Pip, ArCH2CH2CH2N, CH3),
1.92 (m, 2 H, CH2CH2CH2). 13C NMR (75 MHz, CD3OD, 298 K):
d ¼ 171.0 (NCOAr), 167.7 (NCOCH2), 140.2 (CqCH3), 134.4 (CqNH),
132.1 (COCq), 129.1 (2C, CHArbenz), 127.0 (2C, CHArbenz), 127.4 (CqInd),
121.5, 121.4, 118.7, 118.5, 115.1 (CHArInd), 111.1 (CqIndCH2CH2CH2),
60.4 (COCH2N), 58.1 (CH2CH2CH2N), 53.4 (2C, CH2Pip), 53.3 (2C,
CH2Pip), 45.5 (2C, CH2Pip), 41.5 (2C, CH2Pip), 26.8 (ArCH2CH2CH2N),
22.1 (ArCH2CH2CH2N), 21.2 (CH3). HRMS: (ESI-TOF) m/z calcd. for
C29H37N5O2: 487.2947. Found: 487.2950.

4.1.2.6. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(4-
fluorobenzoyl)piperazin-1-yl)ethan-1-one (8). From 0.20 g
(0.46 mmol) of compound 2f and tosylate Awere obtained 0.149 g
(64%) of compound 8 as a pale yellow solid. Mp.: 82e83 �C.; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 8.11 (s, 1 H, NHInd), 7.59 (d, 1 H,
JH,H ¼ 7.6 Hz, ArInd), 7.44e7.31 (m, 3 H, Arbenz, ArInd), 7.18 (dt, 1 H,
JH,H ¼ 1.0 Hz, JH,H ¼ 7.1 Hz, ArInd), 7.13e7.04 (m, 3 H, Arbenz, ArInd),
6.97 (bs,1 H, ArInd), 3.75 (bs, 2 H, CH2Pip), 3.60 (m, 4 H, CH2Pip), 3.47
(m, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.4 Hz,
ArCH2CH2CH2N), 2.54 (bs, 4 H, CH2Pip), 2.43 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.4 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 169.5 (NCOAr), 167.3 (NCOCH2), 165.1
(CqF), 136.3 (CqNH), 131.6 (COCq), 129.4 (2C, CHArbenz), 127.4 (CqInd),
121.9, 121.2, 119.1, 118.8, 116.0 (CHArInd), 115.6 (2C, CHArbenz), 111.1
(CqIndCH2CH2CH2), 60.5 (COCH2N), 57.3 (CH2CH2CH2N), 53.5 (2C,
CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.2
(ArCH2CH2CH2N), 22.9 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C28H34FN5O2: 491.2697. Found: 491.2690.

4.1.2.7. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(3-
chlorobenzoyl)piperazin-1-yl)ethan-1-one (9). From 0.20 g
(0.44 mmol) of compound 2g and tosylate Awere obtained 0.164 g
(73%) of compound 9 as a white solid. Mp.: 148e150 �C.; 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.14 (s, 1 H, NHInd), 7.59 (d, 1 H,
JH,H ¼ 7.6 Hz, ArInd), 7.42e7.29 (m, 4 H, Arbenz, ArInd), 7.09 (dt, 1 H,
JH,H ¼ 1.0 Hz, JH,H ¼ 7.0 Hz, ArInd), 7.18 (dt, 1 H, JH,H ¼ 1.0 Hz,
JH,H ¼ 7.1 Hz, ArInd), 7.10 (dt, 1 H, JH,H ¼ 1.0 Hz, JH,H ¼ 7.1 Hz, ArInd),
6.96 (bs,1 H, ArInd), 3.76 (bs, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.47
(m, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.6 Hz,
ArCH2CH2CH2N), 2.54 (bs, 4 H, CH2Pip), 2.43 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.6 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 168.7 (NCOAr), 167.2 (NCOCH2), 137.4
(COCq), 136.4 (CqNH),134.6 (CqCl), 129.4 (2C, CHArbenz), 127.5 (CqInd),
127.2 (CHArbenz), 125.1 (CHArbenz), 121.9, 121.2, 119.1, 118.8, 116.0
(CHArInd), 111.1 (CqIndCH2CH2CH2), 60.6 (COCH2N), 58.1
(CH2CH2CH2N), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C,
CH2Pip), 41.8 (2C, CH2Pip), 27.2 (ArCH2CH2CH2N), 22.8
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H34ClN5O2:
507.2401. Found: 507.2411.

4.1.2.8. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(3-
methoxybenzoyl)piperazin-1-yl)ethan-1-one (10). From 0.18 g
(0.40 mmol) of compound 2h and tosylate Awere obtained 0.149 g
(75%) of compound 10 as a pale brown oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.14 (s, 1 H, NHInd), 7.59 (d, 1 H, JH,H ¼ 7.7 Hz,
ArInd), 7.36e7.26 (m, 2 H, Arbenz), 7.17 (dt, 1 H, JH,H ¼ 1.0 Hz,
JH,H ¼ 7.5 Hz, ArInd), 7.09 (dt, 1 H, JH,H ¼ 1.0 Hz, JH,H ¼ 7.5 Hz, ArInd),
7.00e6.89 (m, 4 H, Arbenz, ArInd), 3.80 (s, 3 H, OCH3), 3.77 (bs, 2 H,
CH2Pip), 3.62 (m, 4 H, CH2Pip), 3.44 (m, 2 H, CH2Pip), 3.21 (s, 2 H,
COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.56 (bs, 4 H,
CH2Pip), 2.47 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.93 (q, 2 H,
JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 170.1 (NCOAr), 167.4 (NCOCH2), 159.7 (CqOCH3), 136.9 (COCq),
136.4 (CqNH), 129.6 (2C, CHArbenz), 127.4 (CqInd), 121.9, 121.2, 119.1,
119.0, 115.8 (CHArInd), 115.6 (CHArbenz), 122.4 (CHArbenz), 111.1
(CqIndCH2CH2CH2), 60.7 (COCH2N), 58.0 (CH2CH2CH2N), 55.4
(OCH3), 53.4 (2C, CH2Pip), 52.9 (2C, CH2Pip), 45.3 (2C, CH2Pip), 41.5
(2C, CH2Pip), 26.9 (ArCH2CH2CH2N), 22.7 (ArCH2CH2CH2N). HRMS:
(ESI-TOF) m/z calcd. for C29H37N5O3: 503.2896. Found: 503.2892.

4.1.2.9. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(3-
bromobenzoyl)piperazin-1-yl)ethan-1-one (11). From 0.20 g
(0.40 mmol) of compound 2i and tosylate A were obtained 0.183 g
(82%) of compound 11 as a pale brown oil. 1H NMR (300 MHz,
CDCl3, 298 K): 1H NMR (300 MHz, CDCl3, 298 K): d ¼ 8.08 (s, 1 H,
NHInd), 7.62e7.50 (m, 3 H, Arbenz, ArInd), 7.38e7.24 (m, 3 H, Arbenz,
ArInd), 7.18 (dt, 1 H, JH,H ¼ 1.1 Hz, JH,H ¼ 7.3 Hz, ArInd), 7.10 (dt, 1 H,
JH,H ¼ 1.3 Hz, JH,H ¼ 7.9 Hz, Arbenz), 6.95 (d, 1 H, JH,H ¼ 2.0 Hz, ArInd),
3.79 (bs, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.43 (m, 2 H, CH2Pip),
3.23 (s, 2 H, COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.4 Hz, ArCH2CH2CH2N),
2.58 (bs, 4 H, CH2Pip), 2.43 (m, 6 H, CH2Pip, ArCH2CH2CH2N),1.91 (q,
2 H, JH,H ¼ 7.4 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 168.6 (NCOAr), 167.4 (NCOCH2), 137.6 (COCq), 136.3 (CqNH),
132.8 (CHArbenz), 130.2, 130.0 (CHArbenz), 127.4 (CqInd), 125.6 (CqBr),
122.8 (CHArbenz), 121.9, 121.2, 119.1 (CHArInd), 118.8 (CqInd), 116.1
(CHArInd), 111.1 (CqIndCH2CH2CH2), 60.6 (COCH2N), 58.1
(CH2CH2CH2N), 53.5, 53.0, 45.5, 41.8 (CH2Pip), 27.1
(ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C28H34BrN5O2: 551.1896. Found: 551.1899.

4.1.2.10. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(3-
fluorobenzoyl)piperazin-1-yl)ethan-1-one (12). From 0.15 g
(0.33 mmol) of compound 2j and tosylate A were obtained 0.138 g
(84%) of compound 12 as a pale yellow oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.17 (s, 1 H, NHInd), 7.59 (d, 1 H, JH,H ¼ 7.5 Hz,
ArInd), 7.40e7.29 (m, 2 H, Arbenz, ArInd), 7.21e7.00 (m, 5 H, Arbenz,
ArInd), 6.96 (bs, 1 H, ArInd), 3.79 (bs, 2 H, CH2Pip), 3.60 (m, 4 H,
CH2Pip), 3.42 (m, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.78 (t, 2 H,
JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.59 (bs, 4 H, CH2Pip), 2.43 (m, 6 H,
CH2Pip, ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.6 Hz, CH2CH2CH2). 13C
NMR (75 MHz, CDCl3, 298 K): d ¼ 168.8 (NCOAr), 167.3 (NCOCH2),
162.5 (d, CqF), 137.7 (d, COCq), 136.4 (CqNH), 130.3 (d, CHArbenz),
127.4 (CqInd), 122.7 (d, CHArbenz), 121.9, 121.2, 119.1, 118.8, 116.0
(CHArInd), 116.9 (d, CHArbenz), 116.0 (CHArbenz), 114.4 (d, CHArbenz),
111.1 (CqIndCH2CH2CH2), 60.6 (COCH2N), 58.2 (CH2CH2CH2N), 53.5
(2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip),
27.2 (ArCH2CH2CH2N), 22.9 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C28H34FN5O2: 491.2697. Found: 491.2687.

4.1.2.11. 1-(4-(3-(1H-indol-3-yl)propyl)piperazin-1-yl)-2-(4-(2-
bromobenzoyl)piperazin-1-yl)ethan-1-one (13). From 0.15 g
(0.303mmol) of compound 2k and tosylateAwere obtained 0.136 g
(81%) of compound 13 as a pale yellow solid. Mp.: 75e77 �C.; 1H
NMR (300 MHz, CDCl3, 298 K): 1H NMR (300 MHz, CDCl3, 298 K):
d ¼ 8.05 (s, 1 H, NHInd), 7.58 (m, 2 H, Arbenz), 7.39e7.30 (m, 2 H,
Arbenz, ArInd), 7.28e7.20 (m, 2 H, Arbenz, ArInd), 7.18 (dt, 1 H,
JH,H ¼ 1.0 Hz, JH,H ¼ 7.1 Hz, ArInd), 7.10 (dt, 1 H, JH,H ¼ 1.0 Hz,
JH,H ¼ 7.1 Hz, ArInd), 6.97 (bs, 1 H, ArInd), 3.84 (t, 2 H, JH,H ¼ 5.0 Hz,
CH2Pip), 3.62 (m, 4 H, CH2Pip), 3.27 (m, 2 H, CH2Pip), 3.22 (s, 2 H,
COCH2N), 2.79 (t, 2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.70e2.35 (m,
10 H, CH2Pip, ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.5 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 167.6 (NCOAr),
167.3 (NCOCH2), 137.9 (COCq), 136.4 (CqNH), 132.8, 130.4 (CHArbenz),
127.7 (2C, CHArbenz), 127.5 (CqInd), 121.9, 121.2 (CHArind), 119.1 (2C,
CHArind), 116.1 (CHArInd), 118.8 (CqBr), 111.1 (CqIndCH2CH2CH2), 60.7
(COCH2N), 58.1 (CH2CH2CH2N), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.2 (ArCH2CH2CH2N), 22.8
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(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H34BrN5O2:
551.1896. Found: 551.1895.

4.1.2.12. 2-(4-benzoylpiperazin-1-yl)-1-(4-(3-(5-fluoro-1H-indol-3-
yl)propyl)piperazin-1-yl)ethan-1-one (14). From 0.16 g (0.38 mmol)
of compound 2a and tosylate B were obtained 0.11 g (61%) of
compound 14 as a white solid. Mp.: 74e75 �C.; 1H NMR (300 MHz,
CDCl3, 298 K): d¼ 8.11 (s, 1 H, NHInd), 7.23 (bs, 5 H, Arbenz), 7.11e7.03
(m, 2 H, ArInd), 6.83 (bs, 1 H, ArInd), 6.74 (dt, 1 H, JH,H ¼ 2.0 Hz,
JH,H ¼ 9 Hz, ArInd), 3.64 (bs, 2 H, CH2Pip), 3.44 (m, 4 H, CH2Pip), 3.28
(m, 2 H, CH2Pip), 3.05 (s, 2 H, COCH2N), 2.55 (t, 2 H, JH,H ¼ 7.7 Hz,
ArCH2CH2CH2N), 2.39 (bs, 2 H, CH2Pip), 2.31 (bs, 2 H, CH2Pip), 2.22
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.69 (q, 2 H, JH,H ¼ 7.7 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 169.3 (NCOAr),
166.3 (NCOCH2), 157.5 (d, 1JC,F ¼ 235 Hz, CqFInd), 134.6 (COCq), 131.8
(CqInd), 128.4 (2C, CHArbenz), 127.6 (CHArInd), 126.9 (2C, CHArbenz),
123.0 (CHArbenz), 122.1 (CHArInd), 116.1 (d, 4JC,F ¼ 4.5 Hz, CArInd),
111.7 (d, 3JC,F ¼ 4.5 Hz, CArInd), 110.1 (d, 2JC,F ¼ 26.5 Hz,
CqIndCH2CH2CH2), 103.6 (d, 2JC,F ¼ 23 Hz, CArInd), 60.6 (COCH2N),
57.9 (CH2CH2CH2N), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C,
CH2Pip), 41.7 (2C, CH2Pip), 27.1 (ArCH2CH2CH2N), 22.6
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H34FN5O2:
491.2697. Found: 491.2705.

4.1.2.13. 2-(4-(4-chlorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-fluoro-
1H-indol-3-yl)propyl)piperazin-1-yl)ethan-1-one (15). From 0.20 g
(0.44 mmol) of compound 2b and tosylate B were obtained 0.192 g
(83%) of compound 15 as a white solid. Mp.: 78e80 �C.; 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.31 (s, 1 H, NHInd), 7.37 (d, 2 H,
JH,H ¼ 8.4 Hz, Arbenz), 7.32 (d, 2 H, JH,H ¼ 8.4 Hz, Arbenz), 7.22 (m, 2 H,
ArInd), 6.99 (bs, 1 H, ArInd), 6.74 (dt, 1 H, JH,H ¼ 2.3 Hz, JH,H ¼ 9.0 Hz,
ArInd), 3.76 (bs, 2 H, CH2Pip), 3.59 (m, 4 H, CH2Pip), 3.43 (bs, 2 H,
CH2Pip), 3.22 (s, 2 H, COCH2N), 2.73 (t, 2 H, JH,H ¼ 7.5 Hz,
ArCH2CH2CH2N), 2.53 (bs, 4 H, CH2Pip), 2.41 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.87 (q, 2 H, JH,H ¼ 7.7 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 169.3 (NCOAr), 166.7 (NCOCH2), 157.6
(d, 1JC,F¼ 235 Hz, CqFInd), 135.6 (CqCl), 133.9 (COCq), 132.8 (CqNHInd),
128.8 (2C, CHArbenz), 128.6 (2C, CHArbenz), 127.8 (d, 3JC,F ¼ 9.5 Hz,
CHArInd), 123.1 (CHArInd), 116.1 (d, 4JC,F ¼ 5.0 Hz, CArInd), 111.7 (d,
3JC,F ¼ 5.0 Hz, CHArInd), 110.2 (d, 2JC,F ¼ 26.2 Hz, CqIndCH2CH2CH2),
103.2 (d, 2JC,F ¼ 23 Hz, CArInd), 60.6 (COCH2N), 57.9 (CH2CH2CH2N),
53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip), 41.7 (2C,
CH2Pip), 27.0 (ArCH2CH2CH2N), 22.7 (ArCH2CH2CH2N). HRMS: (ESI-
TOF) m/z calcd. for C28H33ClFN5O2: 525.2307. Found: 525.2311.

4.1.2.14. 1-(4-(3-(5-fluoro-1H-indol-3-yl)propyl)piperazin-1-yl)-2-
(4-(4-methoxybenzoyl) piperazin-1-yl)ethan-1-one (16). From 0.14 g
(0.31 mmol) of compound 2c and tosylate B were obtained 0.141 g
(86%) of compound 16 as a pale yellow oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.41 (s, 1 H, NHInd), 7.37 (d, 2 H, JH,H ¼ 9.0 Hz,
Arbenz), 7.26e7.19 (m, 2 H, ArInd), 7.00 (bs, 1 H, ArInd), 6.93 (m, 1 H,
Arind), 6.89 (d, 2 H, JH,H ¼ 9.0 Hz, Arbenz), 3.82 (s, 3 H, OCH3),
3.75e3.53 (m, 8 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.73 (t, 2 H,
JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.54 (bs, 4 H, CH2Pip), 2.41 (m, 6 H,
CH2Pip, ArCH2CH2CH2N), 1.87 (q, 2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C
NMR (75 MHz, CDCl3, 298 K): d ¼ 171.2 (NCOAr), 170.3 (NCOCH2),
160.8 (CqOCH3), 157.5 (d, 1JC,F ¼ 235 Hz, CqFInd), 132.8 (CqNHInd),
129.1 (2C, CHArbenz), 127.8 (d, 3JC,F ¼ 9.5 Hz, CHArInd), 127.6 (COCq),
123.2 (CHInd), 116.1 (d, 4JC,F ¼ 5.0 Hz, CArInd), 113.74 (2C, CHArbenz),
111.7 (d, 3JC,F ¼ 9.5 Hz, CqIndCH2CH2CH2), 110.1 (d, 2JC,F ¼ 25.0 Hz,
CHArInd) 103.6 (d, 2JC,F ¼ 23.0 Hz, CArInd), 60.7 (COCH2N), 58.0
(CH2CH2CH2N), 55.4 (OCH3), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.4 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.1 (ArCH2CH2CH2N), 22.7
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C29H36FN5O3:
521.2802. Found: 521.2808.
4.1.2.15. 2-(4-(4-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-fluoro-
1H-indol-3-yl)propyl)piperazin-1-yl)ethan-1-one (17). From 0.16 g
(0.32 mmol) of compound 2d and tosylate B were obtained 0.163 g
(88%) of compound 17 as a pale brown solid. Mp.: 200e202 �C.; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 8.45 (s, 1 H, NHInd), 7.53 (d, 2 H,
JH,H¼ 7.5 Hz, Arbenz), 7.26 (d, 2 H, JH,H¼ 7.5 Hz, Arbenz), 7.26e7.18 (m,
2 H, ArInd), 7.00 (bs, 1 H, ArInd), 6.89 (dt, 1 H, JH,H ¼ 9.0 Hz
JH,H, ¼ 2.5 Hz, ArInd), 3.77 (bs, 2 H, CH2Pip), 3.68e3.56 (m, 4 H,
CH2Pip), 3.43 (bs, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.73 (t, 2 H,
JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.54 (m, 4 H, CH2Pip), 2.42 (m, 6 H,
CH2Pip, ArCH2CH2CH2N), 1.87 (q, 2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C
NMR (75 MHz, CDCl3, 298 K): d ¼ 169.3 (NCOAr), 167.3 (NCOCH2),
157.8 (d, 1JC,F ¼ 235 Hz, CqFInd), 134.4 (COCq), 132.8 (CqNHInd), 131.8
(2C, CHArbenz), 128.8 (2C, CHArbenz), 127.8 (d, 3JC,F¼ 9.5 Hz, CHArInd),
124.1 (CqBr), 123.1 (CHArInd), 116.0 (d, 4JC,F ¼ 5.0 Hz,
CqIndCH2CH2CH2), 111.8 (d, 3JC,F ¼ 9.5 Hz, CArInd), 110.1 (d,
2JC,F ¼ 25.0 Hz, CHArInd), 103.7 (d, 2JC,F ¼ 25.0 Hz, CHArInd), 60.5
(COCH2N), 58.0 (CH2CH2CH2N), 53.5 (2C, CH2Pip), 52.9 (2C, CH2Pip),
45.4 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.1 (ArCH2CH2CH2N), 22.7
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H33BrFN5O2:
569.1802. Found: 569.1812.
4.1.2.16. 1-(4-(3-(5-fluoro-1H-indol-3-yl)propyl)piperazin-1-yl)-2-
(4-(4-methylbenzoyl)piperazin-1-yl)ethan-1-one (18). From 0.15 g
(0.35 mmol) of compound 2e and tosylate B were obtained 0.145 g
(82%) of compound 18 as a white solid. Mp.: 94e96 �C.; 1H NMR
(300MHz, CD3OD, 298 K): 7.34e7.24 (m, 5 H, Arind, Arbenz), 7.20 (dd,
1 H, JH,H ¼ 7.9 Hz, JH,H ¼ 2.5 Hz, ArInd), 7.1 (s, 1 H, ArInd), 6.85 (dt, 1 H,
JH,H ¼ 9.2 Hz JH,H, ¼ 2.5 Hz, Arind), 3.76 (bs, 2 H, CH2Pip), 3.65 (m,
4 H, CH2Pip), 3.48 (bs, 2 H, CH2Pip), 3.28 (s, 2 H, COCH2N), 2.76 (t,
2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.65e2.42 (m, 10 H, CH2Pip,
ArCH2CH2CH2N), 2.39 (s, 3 H, CH3), 1.93 (q, 2 H, JH,H ¼ 7.5 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CD3OD, 298 K): d ¼ 172.6 (NCOAr),
169.9 (NCOCH2),158.7 (d, 1JC,F¼ 235 Hz, CqFInd), 141.6 (CqCH3),134.7
(COCq), 133.6 (CHInd), 130.2 (2C, CHArbenz), 128.1 (2C, CHArbenz),
129.0 (d, 3JC,F¼ 9.5 Hz, CqInd), 125.0 (CHArInd), 115.9 (d, 4JC,F¼ 5.0 Hz,
CqInd), 112.9 (d, 3JC,F ¼ 9.5 Hz, CHArInd), 110.8 (d, 2JC,F ¼ 25.0 Hz,
CHArInd), 103.9 (d, 2JC,F ¼ 25.0 Hz, CHArInd), 60.9 (COCH2N), 59.0
(CH2CH2CH2N), 54.3 (2C, CH2Pip), 53.8 (2C, CH2Pip), 46.1 (2C,
CH2Pip), 42.4 (2C, CH2Pip), 27.9 (ArCH2CH2CH2N), 23.6
(ArCH2CH2CH2N), 21.3 (CH3). HRMS: (ESI-TOF) m/z calcd. for
C29H36FN5O2: 505.2853. Found: 505.2860.
4.1.2.17. 1-(4-(3-(5-fluoro-1H-indol-3-yl)propyl)piperazin-1-yl)-2-
(4-(4-fluorobenzoyl)piperazin-1-yl)ethan-1-one (19). From 0.20 g
(0.46 mmol) of compound 2f and tosylate B were obtained 0.195 g
(83%) of compound 19 as a pale yellow solid. Mp.: 107e108 �C.; 1H
NMR (300 MHz, CD3OD, 298 K): 7.48 (m, 2 H, Arbenz), 7.32e7.16 (m,
4 H, Arbenz, ArInd), 7.11 (s, 1 H, Arind), 6.85 (dt, 1 H, JH,H ¼ 9.2 Hz
JH,H, ¼ 2.5 Hz, Arind), 3.77 (bs, 2 H, CH2Pip), 3.65 (m, 4 H, CH2Pip),
3.48 (bs, 2 H, CH2Pip), 3.29 (s, 2 H, COCH2N), 2.77 (t, 2 H,
JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.65e2.42 (m, 10 H, CH2Pip,
ArCH2CH2CH2N), 1.94 (q, 2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CD3OD, 298 K): d ¼ 170.1 (NCOAr), 168.4 (NCOCH2), 165.4
(CqFbenz), 160.5 (d, 1JC,F ¼ 231 Hz, CqFInd), 133.3 (COCq), 131.4 (d,
4JC,F ¼ 3.3 Hz, CqNHInd), 129.3 (d, 2C, 4JC,F ¼ 9.0 Hz, CHArbenz), 127.5
(CHArInd), 123.6 (CHArInd), 115.2 (d, 2C, 2JC,F ¼ 22.5 Hz, CHArbenz),
114.3 (d, 4JC,F ¼ 5.0 Hz, CqInd), 111.5 (d, 2C, 2JC,F ¼ 10.0 Hz, CHArInd),
108.8 (d, 2JC,F ¼ 25.0 Hz, CqInd), 102.5 (d, 2JC,F ¼ 25.0 Hz, CHArInd),
59.5 (COCH2N), 57.7 (CH2CH2CH2N), 52.9 (2C, CH2Pip), 52.4 (2C,
CH2Pip), 44.7 (2C, CH2Pip), 41.0 (2C, CH2Pip), 26.6 (ArCH2CH2CH2N),
22.3 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for
C28H33F2N5O2: 509.2602. Found: 509.2610.
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4.1.2.18. 2-(4-(3-chlorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-fluoro-
1H-indol-3-yl)propyl)piperazin-1-yl)ethan-1-one (20). From 0.20 g
(0.44 mmol) of compound 2g and tosylate B were obtained 0.155 g
(67%) of compound 20 as a white solid. Mp.: 166e167 �C.; 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.20 (s, 1 H, NHInd), 7.43e7.20 (m, 6 H,
ArInd, Arbenz), 7.01 (bs, 1 H, ArInd), 6.92 (dt, 1 H, JH,H ¼ 9.0 Hz
JH,H, ¼ 2.2 Hz, Arind), 3.79 (bs, 2 H, CH2Pip), 3.60 (m, 4 H, CH2Pip),
3.43 (bs, 2 H, CH2Pip), 3.23 (s, 2 H, COCH2N), 2.74 (t, 2 H,
JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.59 (bs, 2 H, CH2Pip), 2.50 (bs, 2 H,
CH2Pip), 2.42 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.88 (q, 2 H,
JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 168.8 (NCOAr), 167.3 (NCOCH2), 157.7 (d, 1JC,F ¼ 234 Hz, CqFInd),
137.7 (CqInd), 134.6 (CqCl), 132.8 (COCq), 129.9 (2C, CHArbenz), 127.8
(d, 3JC,F ¼ 9.5 Hz, CqInd), 127.2 (CHArbenz), 125.1 (CHArbenz), 123.1
(CHArbenz), 116.2 (d, 4JC,F ¼ 3.5 Hz, CqIndCH2CH2CH2), 111.7 (d,
3JC,F ¼ 10.0 Hz CHArInd), 110.2 (d, 2JC,F ¼ 23.0 Hz, CHArind), 103.8 (d,
2JC,F ¼ 25.0 Hz, CHArInd), 60.6 (COCH2N), 57.9 (CH2CH2CH2N), 53.6
(2C, CH2Pip), 53.0 (2C, CH2Pip), 45.8 (2C, CH2Pip), 41.8 (2C, CH2Pip),
27.1 (ArCH2CH2CH2N), 22.7 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C28H33ClFN5O2: 525.2307. Found: 525.2319.
4.1.2.19. 1-(4-(3-(5-fluoro-1H-indol-3-yl)propyl)piperazin-1-yl)-2-
(4-(3-methoxybenzoyl) piperazin-1-yl)ethan-1-one (21). From 0.18 g
(0.40 mmol) of compound 2h and tosylate B were obtained 0.157 g
(75%) of compound 21 as a pale brown oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.25 (s, 1 H, NHInd), 7.29 (t, 1 H, JH,H ¼ 2.2 Hz,
Arbenz), 7.25e7.19 (m, 2 H, ArInd, Arbenz), 7.00 (bs, 1 H, ArInd),
6.96e6.87 (m, 4 H, Arbenz, Arind), 3.80 (s, 3 H, OCH3), 3.78 (bs, 2 H,
CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.44 (bs, 2 H, CH2Pip), 3.22 (s, 2 H,
COCH2N), 2.73 (t, 2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.57 (bs, 2 H,
CH2Pip), 2.48 (bs, 2 H, CH2Pip), 2.42 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.88 (q, 2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 170.1 (NCOAr), 167.4 (NCOCH2), 159.6
(CqOCH3), 157.7 (d, 1JC,F ¼ 236 Hz, CqFInd), 136.9 (COCq), 132.8
(CqNHInd), 129.6 (CHArbenz), 127.8 (d, 3JC,F ¼ 9.5 Hz, CqInd), 123.1
(CHArind), 119.0 (CHArbenz), 116.1 (CqIndCH2CH2CH2), 115.6 (CHAr-
benz), 112.4 (CHArbenz), 111.7 (d, 3JC,F ¼ 9.5 Hz CHArInd), 110.1 (d,
2JC,F ¼ 28.0 Hz, CHArind), 103.3 (d, 2JC,F ¼ 23.0 Hz, CHArInd), 60.7
(COCH2N), 57.9 (CH2CH2CH2N), 55.4 (OCH3), 53.6 (2C, CH2Pip), 53.0
(2C, CH2Pip), 45.4 (2C, CH2Pip), 41.7 (2C, CH2Pip), 27.0
(ArCH2CH2CH2N), 22.7 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C29H36FN5O3: 521.2802. Found: 521.2813.
4.1.2.20. 2-(4-(3-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-fluoro-
1H-indol-3-yl)propyl)piperazin-1-yl)ethan-1-one (22). From 0.184 g
(0.37 mmol) of compound 2i and tosylate B were obtained 0.163 g
(78%) of compound 22 as a pale yellow oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.28 (s, 1 H, NHInd), 7.57e7.50 (m, 2 H, Arbenz),
7.35e7.18 (m, 4 H, ArInd, Arbenz), 7.00 (d, 1 H, JH,H ¼ 2.2 Hz, ArInd),
6.92 (dt,1 H, JH,H¼ 9.1 Hz JH,H,¼ 2.3 Hz, Arind), 3.79 (bs, 2 H, CH2Pip),
3.60 (m, 4 H, CH2Pip), 3.43 (bs, 2 H, CH2Pip), 3.23 (s, 2 H, COCH2N),
2.79 (t, 2 H, JH,H ¼ 7.4 Hz, ArCH2CH2CH2N), 2.59 (bs, 2 H, CH2Pip),
2.50 (bs, 2 H, CH2Pip), 2.42 (m, 6 H, CH2Pip, ArCH2CH2CH2N),1.88 (q,
2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 168.3 (NCOAr), 167.3 (NCOCH2), 157.6 (d, 1JC,F ¼ 235 Hz, CqFInd),
137.6 (COCq), 132.8 (CHArBenz), 130.2 (2C, CHArbenz), 130.0 (2C,
CHArbenz), 127.8 (d, 3JC,F ¼ 9.6 Hz, CqInd), 125.5 (CHArbenz), 123.1
(CHArind), 122.7 (CqBr), 116.2 (d, 4JC,F ¼ 5.0 Hz, CHArInd), 111.7 (d,
3JC,F ¼ 9.7 Hz CHArind), 110.1 (d, 2JC,F ¼ 26.0 Hz, CqIndCH2CH2CH2),
103.7 (d, 2JC,F ¼ 23.0 Hz, CHArInd), 60.6 (COCH2N), 57.9
(CH2CH2CH2N), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C,
CH2Pip), 41.8 (2C, CH2Pip), 27.1 (ArCH2CH2CH2N), 22.7
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C28H33FBrN5O2:
569.1802. Found: 569.1809.
4.1.2.21. 1-(4-(3-(5-fluoro-1H-indol-3-yl)propyl)piperazin-1-yl)-2-
(4-(3-fluorobenzoyl)piperazin-1-yl)ethan-1-one (23). From 0.20 g
(0.46 mmol) of compound 2j and tosylate B were obtained 0.18 g
(77%) of compound 23 as a pale brown solid. Mp.: 140e141 �C.; 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 8.36 (s, 1 H, NHInd), 7.37 (m, 1 H,
Arbenz), 7.28e7.19 (m, 2 H, ArInd, Arbenz), 7.19e7.06 (m, 3 H, Arind,
Arbenz), 7.00 (bs, 1 H, ArInd), 6.91 (dt, 1 H, JH,H ¼ 9.0 Hz JH,H, ¼ 2.5 Hz,
Arind), 3.80 (bs, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.42 (bs, 2 H,
CH2Pip), 3.23 (s, 2 H, COCH2N), 2.73 (t, 2 H, JH,H ¼ 7.5 Hz,
ArCH2CH2CH2N), 2.59 (bs, 2 H, CH2Pip), 2.49 (bs, 2 H, CH2Pip), 2.42
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.88 (q, 2 H, JH,H ¼ 7.5 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 168.9 (d,
4JC,F ¼ 2.2 Hz, NCOAr), 167.3 (NCOCH2), 162.4 (d, 1JC,F ¼ 249.3 Hz,
CqF), 157.7 (d, 1JC,F ¼ 235 Hz, CqFInd), 137.6 (d, 3JC,F ¼ 236 Hz, COCq),
132.8 (CqNHInd), 130.4 (d, 3JC,F ¼ 8.3 Hz, CHArbenz), 127.8 (d,
3JC,F ¼ 9.5 Hz, CqInd), 123.1 (CHArind), 122.6 (d, 4JC,F ¼ 3.4 Hz,
CHArbenz), 116.9 (d, 3JC,F ¼ 25.0 Hz, CHArbenz), 116.1 (d, 3JC,F ¼ 5 Hz,
CHArInd), 114.3 (d, 2JC,F ¼ 23 Hz, CHArind), 111.7 (d, 3JC,F ¼ 9.5 Hz
CHArInd), 110.1 (d, 2JC,F ¼ 27.0 Hz, CqIndCH2CH2CH2), 103.3 (d,
2JC,F ¼ 23.0 Hz, CHArInd), 60.6 (COCH2N), 58.0 (CH2CH2CH2N), 53.5
(2C, CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip), 41.7 (2C, CH2Pip),
27.1 (ArCH2CH2CH2N), 22.7 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C28H33F2N5O2: 509.2602. Found: 509.2609.

4.1.2.22. 2-(4-(2-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-fluoro-
1H-indol-3-yl)propyl)piperazin-1-yl)ethan-1-one (24). From 0.136 g
(0.27 mmol) of compound 2k and tosylate B were obtained 0.12 g
(77%) of compound 24 as a pale brown solid. Mp.: 88e90 �C.; . 1H
NMR (300 MHz, CDCl3, 298 K): d ¼ 8.13 (s, 1 H, NHInd), 7.57 (m, 1 H,
Arbenz), 7.40e7.19 (m, 5 H, ArInd, Arbenz), 7.00 (bs, 1 H, ArInd), 6.92 (dt,
1 H, JH,H ¼ 9.0 Hz JH,H, ¼ 2.5 Hz, Arind), 3.84 (t, 2 H, JH,H ¼ 5.2 Hz
CH2Pip), 3.62 (m, 4 H, CH2Pip), 3.28 (m, 2 H, CH2Pip), 3.22 (s, 2 H,
COCH2N), 2.74 (t, 2 H, JH,H ¼ 7.5 Hz, ArCH2CH2CH2N), 2.61 (m, 4 H,
CH2Pip), 2.43 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.88 (q, 2 H,
JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 167.6 (NCOAr), 167.3 (NCOCH2), 157.7 (d, 1JC,F ¼ 236 Hz, CqFInd),
137.8 (COCq), 132.8 (CqNHInd), 130.3 (2C, CHArbenz), 127.9, (2C,
CHArbenz), 127.8 (CqInd), 123.0 (CHArind), 119.0 (CqBr), 116.2 (d,
4JC,F ¼ 5.0 Hz, CArInd), 111.7 (d, 3JC,F ¼ 9.6 Hz CHArInd), 110.2 (d,
2JC,F ¼ 26.0 Hz, CqIndCH2CH2CH2), 103.7 (d, 2JC,F ¼ 23.0 Hz, CHArInd),
60.7 (COCH2N), 57.9 (CH2CH2CH2N), 53.6 (2C, CH2Pip), 53.0 (2C,
CH2Pip), 45.4 (2C, CH2Pip), 41.5 (2C, CH2Pip), 27.0 (ArCH2CH2CH2N),
22.7 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for
C28H33FBrN5O2: 569.1802. Found: 569.1815.

4.1.2.23. 2-(4-benzoylpiperazin-1-yl)-1-(4-(3-(5-methoxy-1H-indol-
3-yl)propyl)piperazin-1-yl)ethan-1-one (25). From 0.150 g
(0.36 mmol) of compound 2a and tosylate C were obtained 0.125 g
(68%) of compound 25 as a pale brown oil. 1H NMR (300 MHz,
CDCl3, 298 K): d ¼ 8.00 (s, 1 H, NHInd), 7.39 (bs, 5 H, Arbenz), 7.22 (d,
1 H, JH,H ¼ 8.8 Hz, ArInd), 7.02 (d, 1 H, JH,H ¼ 2.3 Hz, ArInd), 6.94 (bs,
1 H, Arind), 6.84 (dd, 1 H, JH,H ¼ 2.3 Hz, JH,H ¼ 8.8 Hz, ArInd), 3.85 (s,
3 H, OCH3), 3.79 (bs, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.44 (bs,
2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.75 (t, 2 H, JH,H ¼ 7.7 Hz,
ArCH2CH2CH2N), 2.57 (bs, 2 H, CH2Pip), 2.49 (bs, 2 H, CH2Pip), 2.43
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.90 (q, 2 H, JH,H ¼ 7.7 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 170.4 (NCOAr),
167.4 (NCOCH2), 153.8 (CqOCH3), 135.6 (COCq), 131.5 (CqNHInd),
129.7 (CHArBenz), 128.5 (2C, CHArbenz), 127.8 (CqInd), 127.0 (2C,
CHArbenz), 122.0 (CHArind), 115.7 (CHArind), 111.9 (CHArind), 111.8
(CqIndCH2CH2CH2), 101.0 (CHArInd), 60.7 (COCH2N), 58.2
(CH2CH2CH2N), 56.0 (OCH3), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.0 (ArCH2CH2CH2N), 22.8
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C29H37N5O3:
503.2896. Found: 503.2890.
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4.1.2.24. 2-(4-(4-chlorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-methoxy-
1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (26). From 0.10 g
(0.22 mmol) of compound 2b and tosylate C were obtained 0.09 g
(73%) of compound 26 as a white solid. Mp.: 172e173 �C.; 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.14 (s, 1 H, NHInd), 7.38 (d, 2 H,
JH,H ¼ 8.7 Hz, Arbenz), 7.33 (d, 2 H, JH,H ¼ 8.7 Hz, Arbenz), 7.25 (d, 1 H,
JH,H ¼ 7.2 Hz, ArInd), 7.02 (d, 1 H, JH,H ¼ 2.3 Hz, Arind), 6.94 (bs, 1 H,
ArInd), 6.84 (dt, 1 H, JH,H ¼ 8.7 Hz, JH,H, ¼ 2.5 Hz, Arind), 3.86 (s, 3 H,
OCH3), 3.78 (bs, 2 H, CH2Pip), 3.60 (m, 4 H, CH2Pip), 3.43 (bs, 2 H,
CH2Pip), 3.22 (s, 2 H, COCH2N), 2.75 (t, 2 H, JH,H ¼ 7.6 Hz,
ArCH2CH2CH2N), 2.59 (bs, 2 H, CH2Pip), 2.50 (bs, 2 H, CH2Pip), 2.44
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.90 (q, 2 H, JH,H ¼ 7.6 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 169.3 (NCOAr),
167.3 (NCOCH2), 153.7 (CqOCH3), 135.9 (CqCl), 133.9 (COCq), 131.5
(CqNHInd), 128.8 (2C, CHArbenz), 128.6 (2C, CHArbenz), 127.8 (CqInd),
122.1 (CHArind), 115.7 (CHArind), 111.9 (CHArInd), 118.8
(CqIndCH2CH2CH2), 100.9 (CHArInd), 60.6 (COCH2N), 58.2
(CH2CH2CH2N), 56.0 (OCH3), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.1 (ArCH2CH2CH2N), 22.9
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C29H36ClN5O3:
537.2507. Found: 537.2518.
4.1.2.25. 1-(4-(3-(5-methoxy-1H-indol-3-yl)propyl)piperazin-1-yl)-
2-(4-(4-methoxybenzoyl) piperazin-1-yl)ethan-1-one (27).
From 0.140 g (0.31 mmol) of compound 2c and tosylate C were
obtained 0.142 g (84%) of compound 27 as a pale yellow oil. 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.31 (s, 1 H, NHInd), 7.37 (d, 2 H,
JH,H ¼ 8.7 Hz, Arbenz), 7.31 (d, 1 H, JH,H ¼ 8.7 Hz, ArInd), 7.00 (bs, 1 H,
ArInd), 6.93 (bs, 1 H, Arind), 6.90 (d, 2 H, JH,H ¼ 8.7 Hz, Arbenz), 6.83
(dd, 1 H, JH,H ¼ 8.7 Hz, JH,H, ¼ 2.3 Hz, Arind), 3.85 (s, 3 H, OCH3Ind),
3.81 (s, 3 H, OCH3benz), 3.72e3.52 (m, 8 H, CH2Pip), 3.22 (s, 2 H,
COCH2N), 2.74 (t, 2 H, JH,H ¼ 7.7 Hz, ArCH2CH2CH2N), 2.53 (bs, 4 H,
CH2Pip), 2.43 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.90 (q, 2 H,
JH,H ¼ 7.7 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 170.4 (NCOAr), 167.4 (NCOCH2), 161.6 (CqOCH3Benz), 153.7
(CqOCH3Ind), 131.6 (CqNHInd), 129.1 (2C, CHArbenz), 127.8 (CqInd), 127.6
(COCq), 122.2 (CHArInd), 115.6 (CHArind), 113.7 (2C, CHArbenz), 111.9
(CHArind), 111.8 (CqIndCH2CH2CH2), 100.8 (CHArInd), 60.7 (COCH2N),
58.2 (CH2CH2CH2N), 56.0 (OCH3Ind), 55.4 (OCH3Benz), 53.6 (2C,
CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 41.7 (2C, CH2Pip), 27.0
(ArCH2CH2CH2N), 22.9 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C30H39N5O4: 533.3002. Found: 533.3010.
4.1.2.26. 2-(4-(4-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-
methoxy-1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (28).
From 0.14 g (0.28 mmol) of compound 2d and tosylate C were
obtained 0.144 g (89%) of compound 28 as a pale brown solid. Mp.:
205e208 �C.; 1H NMR (300 MHz, CDCl3, 298 K): ¼ 8.10 (s, 1 H,
NHInd), 7.53 (d, 2 H, JH,H ¼ 8.5 Hz, Arbenz), 7.27 (d, 2 H, JH,H ¼ 8.5 Hz,
Arbenz), 7.22 (d, 1 H, JH,H ¼ 8.9 Hz, ArInd), 7.02 (d, 1 H, JH,H ¼ 2.3 Hz,
Arind), 6.94 (bs, 1 H, ArInd), 6.84 (dt, 1 H, JH,H ¼ 8.9 Hz JH,H, ¼ 2.4 Hz,
Arind), 3.86 (s, 3 H, OCH3), 3.78 (bs, 2 H, CH2Pip), 3.59 (m, 4 H,
CH2Pip), 3.43 (bs, 2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.77 (t, 2 H,
JH,H ¼ 7.1 Hz, ArCH2CH2CH2N), 2.57 (bs, 2 H, CH2Pip), 2.49 (bs, 2 H,
CH2Pip), 2.43 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.90 (q, 2 H,
JH,H ¼ 7.1 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 169.3 (NCOAr), 167.3 (NCOCH2), 153.8 (CqOCH3), 134.4 (COCq),
131.7 (2C, CHArbenz), 131.5 (CqNHInd), 128.8 (2C, CHArbenz), 127.8
(Cqind), 124.1 (CqBr), 122.1 (CHArInd), 115.8 (CHArInd), 111.9 (CHArInd),
111.8 (CqIndCH2CH2CH2), 100.9 (CHArInd), 60.6 (COCH2N), 58.2
(CH2CH2CH2N), 56.0 (OCH3), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip),
45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.0 (ArCH2CH2CH2N), 22.7
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C29H36BrN5O3:
581.2002. Found: 581.2015.
4.1.2.27. 1-(4-(3-(5-methoxy-1H-indol-3-yl)propyl)piperazin-1-yl)-
2-(4-(4-methylbenzoyl) piperazin-1-yl)ethan-1-one (29). From
0.170 g (0.39 mmol) of compound 2e and tosylate C were obtained
0.124 g (61%) of compound 29 as a pale yellow solid. Mp.:
84e86 �C.; 1H NMR (300 MHz, CDCl3, 298 K): ¼ 8.10 (s, 1 H, NHInd),
7.30 (d, 2 H, JH,H ¼ 8.0 Hz, Arbenz), 7.25 (m,1 H, CHArInd), 8.00 (d, 2 H,
JH,H ¼ 8.0 Hz, Arbenz), 7.04 (d, 1 H, JH,H ¼ 2.3 Hz, Arind), 6.97 (d, 1 H,
JH,H ¼ 2.1 Hz, ArInd), 6.84 (dd, 1 H, JH,H ¼ 8.7 Hz JH,H, ¼ 2.4 Hz, Arind),
3.88 (s, 3 H, OCH3), 3.78 (bs, 2 H, CH2Pip), 3.64 (m, 4 H, CH2Pip), 3.52
(bs, 2 H, CH2Pip), 3.24 (s, 2 H, COCH2N), 2.77 (t, 2 H, JH,H ¼ 7.1 Hz,
ArCH2CH2CH2N), 2.55 (bs, 4 H, CH2Pip), 2.47 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 2.39 (s, 3 H, ArCH3), 1.93 (q, 2 H, JH,H ¼ 7.1 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 170.5 (NCOAr),
167.4 (NCOCH2), 153.8 (CqOCH3), 134.4 (CH3Cq), 132.7 (COCq), 131.6
(CqNHInd), 129.0 (2C, CHArbenz), 127.9 (Cqind), 127.9 (2C, CHArbenz),
122.1 (CHArInd), 115.7 (CqIndCH2CH2CH2), 111.9 (CHArInd), 111.8
(CHArInd), 101.0 (CHArInd), 60.7 (COCH2N), 58.1 (CH2CH2CH2N), 56.0
(OCH3), 53.6 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 41.7
(CH2Pip), 27.0 (ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N), 21.3
(CqCH3). HRMS: (ESI-TOF) m/z calcd. for C30H39N5O3: 517.3053.
Found: 517.3065.

4.1.2.28. 2-(4-(4-fluorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-methoxy-
1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (30). From 0.20 g
(0.46 mmol) of compound 2f and tosylate C were obtained 0.155 g
(65%) of compound 30 as a pale yellow solid. Mp.: 82e83 �C.; 1H
NMR (300MHz, CD3OD, 298 K):¼ 7.46 (m, 2 H, CHArbenz), 7.26e7.14
(m, 3 H, CHArbenz, CHArInd), 7.00 (m, 2 H, CHArInd), 6.76 (dt, 1 H,
JH,H ¼ 8.7 Hz JH,H, ¼ 2.4 Hz, Arind), 3.82 (s, 3 H, OCH3), 3.76 (bs, 2 H,
CH2Pip), 3.59 (m, 4 H, CH2Pip), 3.46 (bs, 2 H, CH2Pip), 3.25 (s, 2 H,
COCH2N), 2.77 (t, 2 H, JH,H ¼ 7.1 Hz, ArCH2CH2CH2N), 2.55 (bs, 4 H,
CH2Pip), 2.45 (m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.92 (q, 2 H,
JH,H ¼ 7.1 Hz, CH2CH2CH2). 13C NMR (75 MHz, CD3OD, 298 K):
d¼ 170.0 (NCOAr),168.4 (NCOCH2), 169.2 (d, 1JC,F¼ 249 Hz, CqFBenz),
153.4 (CqOCH3), 132.0 (CqNHInd), 131.4 (d, 4JC,F ¼ 3.5 Hz, COCq), 129.3
(d, 2C, 3JC,F ¼ 8.8 Hz, CHArbenz), 127.6 (Cqind), 122.3 (CHArInd), 115.3
(d, 2C, 2JC,F ¼ 22.2 Hz, CHArbenz), 114.0 (CHArInd), 111.4 (CHArInd),
110.0 (CqIndCH2CH2CH2), 100.1 (CHArInd), 59.5 (COCH2N), 57.9
(CH2CH2CH2N), 54.9 (OCH3), 53.1 (2C, CH2Pip), 52.6 (2C, CH2Pip),
44.9 (2C, CH2Pip), 41.2 (2C, CH2Pip), 26.7 (ArCH2CH2CH2N), 22.5
(ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z calcd. for C29H36FN5O3:
521.2802. Found: 521.2811.

4.1.2.29. 2-(4-(3-chlorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-methoxy-
1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (31). From 0.20 g
(0.44 mmol) of compound 2g and tosylate C were obtained 0.166 g
(70%) of compound 31 as a pale yellow oil. 1H NMR (300 MHz,
CDCl3, 298 K): ¼ 8.10 (bs, 1 H, NHInd), 7.42e7.19 (m, 5 H, CHArInd,
CHArbenz), 7.02 (d, 1 H, JH,H ¼ 2.3 Hz, Arind), 6.94 (bs, 1 H, CHArInd),
6.84 (dd, 1 H, JH,H ¼ 8.7 Hz, JH,H, ¼ 2.4 Hz, Arind), 3.86 (s, 3 H, OCH3),
3.77 (bs, 2 H, CH2Pip), 3.60 (m, 4 H, CH2Pip), 3.42 (bs, 2 H, CH2Pip),
3.22 (s, 2 H, COCH2N), 2.75 (t, 2 H, JH,H ¼ 7.6 Hz, ArCH2CH2CH2N),
2.54 (bs, 4 H, CH2Pip), 2.43 (m, 6 H, CH2Pip, ArCH2CH2CH2N),1.90 (q,
2 H, JH,H ¼ 7.6 Hz, CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K):
d ¼ 168.8 (NCOAr), 167.3 (NCOCH2), 153.8 (CqOCH3), 137.4 (COCq),
134.6 (CqCl), 131.5 (CqNHInd), 129.9 (2C, CHArbenz), 127.9 (Cqind),
127.2 (CHArBenz), 125.1 (CHArbenz), 122.1 (CHArInd), 115.7 (CHArInd),
111.9 (CqIndCH2CH2CH2), 111.8 (CHArInd), 100.1 (CHArInd), 60.6
(COCH2N), 58.1 (CH2CH2CH2N), 56.0 (OCH3), 53.6 (2C, CH2Pip), 53.0
(2C, CH2Pip), 45.5 (2C, CH2Pip), 41.8 (2C, CH2Pip), 27.0
(ArCH2CH2CH2N), 22.9 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C29H36ClN5O3: 537.2507. Found: 537.2520.

4.1.2.30. 1-(4-(3-(5-methoxy-1H-indol-3-yl)propyl)piperazin-1-yl)-
2-(4-(3-methoxybenzoyl) piperazin-1-yl)ethan-1-one (32).
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From 0.180 g (0.40 mmol) of compound 2h and tosylate C were
obtained 0.173 g (80%) of compound 32 pale brown oil. 1H NMR
(300 MHz, CDCl3, 298 K): d ¼ 8.15 (bs, 1 H, NHInd), 7.29 (t, 1 H,
JH,H¼ 7.6 Hz, Arind), 7.21 (d, 1 H, JH,H¼ 8.8 Hz, CHArbenz), 7.01 (d, 1 H,
JH,H ¼ 2.3 Hz, Arind), 6.96e6.90 (m, 4 H, CHArbenz, CHArInd), 6.84 (dd,
1 H, JH,H ¼ 8.8 Hz JH,H,¼ 2.3 Hz, Arind), 3.85 (s, 3 H, OCH3Ind), 3.80 (s,
3 H, OCH3Benz), 3.77 (bs, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.43 (bs,
2 H, CH2Pip), 3.21 (s, 2 H, COCH2N), 2.74 (t, 2 H, JH,H ¼ 7.6 Hz,
ArCH2CH2CH2N), 2.56 (bs, 4 H, CH2Pip), 2.44 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.90 (q, 2 H, JH,H ¼ 7.6 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 170.1 (NCOAr), 167.4 (NCOCH2), 159.7
(CqOCH3Benz), 153.8 (CqOCH3Ind),136.9 (COCq),131.6 (CqNHInd),129.6
(CHArbenz), 127.8 (Cqind), 122.1 (CHArInd), 119.0 (CHArbenz), 115.7
(CHArInd), 115.6 (CHArbenz), 112.4 (CHArbenz), 111.9
(CqIndCH2CH2CH2), 111.8 (CHArInd), 100.1 (CHArInd), 60.7 (COCH2N),
58.1 (CH2CH2CH2N), 56.0 (OCH3Ind), 55.3 (OCH3Benz), 53.5 (2C,
CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip), 41.7 (2C, CH2Pip), 27.0
(ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N). HRMS: (ESI-TOF) m/z
calcd. for C30H39N5O4: 533.3002. Found: 533.3007.
4.1.2.31. 2-(4-(3-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-methoxy-
1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (33). From0.140 g
(0.28 mmol) of compound 2i and tosylate C were obtained 0.123 g
(75%) of compound 33 as a pale orange oil. 1H NMR (300 MHz,
CDCl3, 298 K): ¼ 8.02 (bs, 1 H, NHInd), 7.55 (m, 1 H, Arbenz), 7.53 (m,
1 H, CHArbenz), 7.30 (m, 1 H, Arbenz), 7.28e7.21 (m, 2 H, CHArbenz,
CHArInd), 7.02 (d, 1 H, JH,H ¼ 2.4 Hz, Arind), 6.95 (d, 1 H, JH,H ¼ 2.1 Hz,
Arind), 6.85 (dd, 1 H, JH,H ¼ 8.8 Hz JH,H, ¼ 2.4 Hz, Arind), 3.86 (s, 3 H,
OCH3), 3.79 (m, 2 H, CH2Pip), 3.61 (m, 4 H, CH2Pip), 3.43 (bs, 2 H,
CH2Pip), 3.22 (s, 2 H, COCH2N), 2.75 (t, 2 H, JH,H ¼ 7.6 Hz,
ArCH2CH2CH2N), 2.59 (bs, 4 H, CH2Pip), 2.45 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.6 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 168.6 (NCOAr), 167.3 (NCOCH2), 153.8
(CqOCH3), 137.6 (COCq), 132.8 (CArbenz), 131.6 (CqNHInd), 130.2
(CHArbenz), 130.1 (CHArbenz), 127.5 (Cqind), 125.5 (CHArbenz), 122.6
(CqBr), 122.1 (CHArInd), 115.8 (CHArInd), 111.9 (CqIndCH2CH2CH2),
111.8 (CHArInd), 100.1 (CHArInd), 60.6 (COCH2N), 58.1 (CH2CH2CH2N),
56.0 (OCH3), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip),
41.7 (2C, CH2Pip), 27.0 (ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N).
HRMS: (ESI-TOF) m/z calcd. for C29H36BrN5O3: 581.2002. Found:
581.2796.
4.1.2.32. 2-(4-(3-fluorobenzoyl)piperazin-1-yl)-1-(4-(3-(5-methoxy-
1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (34). From 0.20 g
(0.46 mmol) of compound 2j and tosylate C were obtained 0.159 g
(67%) of compound 34 as a pale brown oil. 1H NMR (300 MHz,
CDCl3, 298 K):¼ 8.16 (bs,1 H, NHInd), 7.36 (m,1 H, CHArbenz), 7.21 (d,
1 H, JH,H ¼ 8.9 Hz, CHArbenz),7.15 (m, 1 H, CHArbenz), 7.10 (m, 2 H,
CHArbenz, Arind), 7.01 (d, 1 H, JH,H ¼ 2.3 Hz, CHArInd), 6.93 (bs, 1 H,
CHArind), 6.83 (dd, 1 H, JH,H ¼ 2.3 Hz, JH,H ¼ 8.8 Hz, CHArInd), 3.84 (s,
3 H, OCH3), 3.78 (bs, 2 H, CH2Pip), 3.59 (m, 4 H, CH2Pip), 3.43 (bs,
2 H, CH2Pip), 3.22 (s, 2 H, COCH2N), 2.74 (t, 2 H, JH,H ¼ 7.3 Hz,
ArCH2CH2CH2N), 2.57 (bs, 2 H, CH2Pip), 2.48 (bs, 2 H, CH2Pip), 2.43
(m, 6 H, CH2Pip, ArCH2CH2CH2N), 1.89 (q, 2 H, JH,H ¼ 7.6 Hz,
CH2CH2CH2). 13C NMR (75 MHz, CDCl3, 298 K): d ¼ 168.8 (NCOAr),
167.3 (NCOCH2), 162.6 (d, 1JC,F ¼ 243 Hz, CqF), 153.8 (CqOCH3), 137.9
(d, 3JC,F ¼ 7.3 Hz, COCq), 131.6 (CqNHInd), 130.4 (d, 3JC,F ¼ 7.8 Hz,
CHArbenz), 127.8 (Cqind), 122.7 (d, 4JC,F ¼ 3.0 Hz, CHArbenz), 122.1
(CHArInd), 116.8 (d, 2JC,F ¼ 22.3 Hz, CHArbenz), 115.6 (CHArInd), 114.3
(d, 2JC,F ¼ 28.0 Hz, CHArbenz), 111.8 (CqIndCH2CH2CH2), 111.8 (CHAr-
Ind), 100.9 (CHArInd), 60.6 (COCH2N), 58.1 (CH2CH2CH2N), 56.0
(OCH3), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.5 (2C, CH2Pip), 41.8
(2C, CH2Pip), 27.0 (ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N). HRMS:
(ESI-TOF) m/z calcd. for C29H36FN5O3: 521.2802. Found: 521.2609.
4.1.2.33. 2-(4-(2-bromobenzoyl)piperazin-1-yl)-1-(4-(3-(5-
methoxy-1H-indol-3-yl)propyl) piperazin-1-yl)ethan-1-one (35).
From 0.140 g (0.28 mmol) of compound 2k and tosylate C were
obtained 0.11 g (67%) of compound 35 as a pale brown solid. Mp.:
84e85 �C.; 1H NMR (300MHz, CDCl3, 298 K):¼ 7.97 (bs,1 H, NHInd),
7.57 (m,1 H, CHArbenz), 7.35 (m,1 H, CHArbenz), 7.25 (m, 3 H, CHArind,
CHArbenz), 7.02 (d, 1 H, JH,H ¼ 2.3 Hz, Arind), 6.95 (bs, 1 H, CHArInd),
6.85 (dd, 1 H, JH,H ¼ 8.8 Hz JH,H, ¼ 2.3 Hz, CHArind), 3.86 (s, 3 H,
OCH3), 3.85 (m, 2 H, CH2Pip), 3.62 (m, 4 H, CH2Pip), 3.27 (m, 2 H,
CH2Pip), 3.22 (s, 2 H, COCH2N), 2.75 (t, 2 H, JH,H ¼ 7.5 Hz,
ArCH2CH2CH2N), 2.60 (m, 4 H, CH2Pip), 2.44 (m, 6 H, CH2Pip,
ArCH2CH2CH2N), 1.91 (q, 2 H, JH,H ¼ 7.5 Hz, CH2CH2CH2). 13C NMR
(75 MHz, CDCl3, 298 K): d ¼ 167.6 (NCOAr), 167.3 (NCOCH2), 154.0
(CqOCH3Ind), 137.8 (COCq), 132.8 (CArBenz), 131.6 (CqNHInd), 130.3
(CHArbenz), 127.8 (Cqind), 127.7 (CHArbenz), 127.0 (CHArbenz), 122.1
(CHArInd), 119.1 (CqBr), 115.7 (CHArInd), 111.9 (CqIndCH2CH2CH2),
111.8 (CHArInd), 100.1 (CHArInd), 60.7 (COCH2N), 58.1 (CH2CH2CH2N),
56.0 (OCH3), 53.5 (2C, CH2Pip), 53.0 (2C, CH2Pip), 45.4 (2C, CH2Pip),
41.7 (2C, CH2Pip), 27.0 (ArCH2CH2CH2N), 22.8 (ArCH2CH2CH2N).
HRMS: (ESI-TOF) m/z calcd. for C29H36BrN5O3: 581.2002. Found:
581.2011.

4.2. Biological assays

4.2.1. Acetylcholinesterase inhibition assay
The inhibition of AChE by synthesized compounds was evalu-

ated according to literature procedures [55]. Briefly, the assayswere
carried out in a total volume of 200 mL per well containing human
blood plasma 180 mg protein/mL, DTNB 500 mM, synthesized
compound in concentrations from 1 to 100 mM or DMSO 1% v/v
(control), ATC 500 mM in Phosphate Buffer 50 mM pH 7.4. The
general procedurewas as follows: Human blood plasma, DTNB, and
the synthesized compounds (dissolved in DMSO 1% v/v) in phos-
phate buffer 50 mM pH 7.4 were mixed and incubated at 37 �C for
15min. After incubation, substrate ATCwas added into themixture.
The reaction was recorded for 10 min measuring the absorbance at
412 nm using a Biotek Cytation5 multiplate reader. Data were
plotted using GraphPad Prism 8.0 software (GraphPad Software
Inc.) to obtain IC50 values. All values were expressed as the
mean ± SD of three independent assays each in triplicate.

4.2.2. Radioligand binding assay at hSERT
Binding for hSERT was determined using [3H]-paroxetine as

radioligand and the clonal cell line HEK-293 that overexpresses
SERT (PerkinElmer), as previously described [56]. Briefly, assays
were carried out in a total volume of 250 mL TriseHCl buffer, pH 7.4,
120 mM NaCl, 5 mM KCl, membrane solution (100 mL; 9.0 mg/per
tube assay) and (50 mL, 2 nM) of [3H]paroxetine and 100 mL of a
compound solution in buffer at different concentrations (10�12e
10�5 M). After 30 min at 27 �C, incubations were terminated by
rapid filtration, with three 3-mL washes of cold buffer, through
Whatman GF/C filters that were presoaked with buffer containing
0.5% of polyethyleneimine, using a cell harvester (Brandel In-
struments, Gaithersburg, MD). The radioactivity was measured by
liquid scintillation spectrometry (MicroBeta 2450 microplate
counter, PerkinElmer) with an efficiency of approximately 50%.
Nonspecific binding for [3H]-paroxetine was defined in the pres-
ence of 3 mM citalopram. Data were plotted using GraphPad Prism
8.0 software (GraphPad Software Inc.) to obtain IC50 values. All
values were expressed as the mean ± SD of three independent
assays each in triplicate.

4.2.3. Cell culture
Neuroblastoma (N2a) cells stably transfected with human

APP695 were maintained in a medium containing 50% DMEM, 50%
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Opti-MEM, supplemented with 5% fetal bovine serum, 200 mg/mL
of G418, and Pen/Strep antibiotics (GIBCO). Two hundred thousand
N2A/APP695 cells were seeded in 6 well plates and incubated for
16 h with 10 mM of selected compounds. Next, the conditioned
media was analyzed by ELISA to measure Ab40 levels.

4.2.4. ELISA
Supernatants of conditioned media from N2A/APP695 cells

were diluted in buffer and incubated in a 96-well plate with Ab40
antibody for 3 h at room temperature. After washes of unbound
material, a secondary antibody conjugated to horseradish peroxi-
dase (HRP) was added for 30 min. Unbound secondary antibody
was washed, and subsequently samples were incubated with a
developing reagent for 30 min. Stop solution was added to block
further reaction between HRP and the colorimetric substrate. An
absorbance multiplate reader was used to quantify the colorimetric
reaction at 450 nm.

4.2.5. Western blot
Cultured cells were lysed in a buffer composed of 50 mM

Tris,HCl, pH 7.5, 150 mM NaCl, supplemented with 1% Triton X-100
and a protease inhibitor mixture (Complete-EDTA free; Roche). The
cell lysates were disrupted with a probe-type sonicator for 10 s
twice, centrifuged, and the protein levels in the supernatant
measured by the BCAmethod. The samples were boiled in standard
protein sample buffer, and subjected to SDS/PAGE followed by
protein transfer onto a PVDFmembrane and incubated overnight at
4 �C with the following antibodies: anti-APP (6E10, mouse mono-
clonal, 1:1000; Covance) for total APP and C99 and anti-actin
(rabbit polyclonal, 1:1000; Santa Cruz).

4.2.6. MTT cell viability assay
The effect of synthesized compounds on HEK293 and SH-SY5Y

cell lines was analyzed using MTT viability assay. Briefly,
1 � 105 cells/ml were seeded in a 96-well flat bottom plate and
incubated overnight in Dulbecco’s Modified Eagle Medium sup-
plemented with 5% fetal bovine serum. After incubation, synthe-
sized compounds were added in concentration from 0.1 to 100 mM
or DMSO 1% v/v (control) and plates were incubated for 72 h. After
incubation, medium was removed and 100 ml of 5 mg/ml MTT so-
lution in non-supplemented medium. Plates were incubated for 4 h
and then 100 ml of an acidic solution of SDS 10% was added to
dissolve the formazan crystals. Absorbance was measured at a
wavelength of 590, using a reference at 690 nm in a Cytation5
multiplate reader (Biotek). Datawere plotted using GraphPad Prism
7.0 software (GraphPad Software Inc.) to obtain IC50 values. All
values were expressed in mean ± SD of three independent assays in
triplicate.

4.3. Molecular docking studies

4.3.1. Acetylcholinesterase
Docking simulations were carried out for the two most active

derivatives 18 and 19 in their diprotonated states. Docking of other
selected compounds in their diprotonated state and compounds 18
and 19 in their monoprotonated states was also performed (Sup-
porting Information). The crystal structure of the recombinant
human Acetylcholinesterase enzyme (rhAChE, PDB ID: 4EY7) pro-
tonated at pH 7.4 was used. The energetic minimization and pro-
tonation of the proposed compounds were carried out using the
LigPrep tool in the program Maestro Schr€odinger suite v.11.8
(Schr€odinger, LLC). Docking studies were performed using Auto-
Dock Vina following the standard docking procedure for rigid
protein [74]. A grid of 26 � 26 � 26 points in the x, y, and z di-
rections was built centered on the coordinates �14.86, �43.744,
29.5 (x,y,z) near the putative ligand-binding site with grid spacing
of 0.1 Å. Default settings were used for all other parameters.
Protein-ligand complexes were built using the lowest free-energy
binding positions. The resulting structure files were analyzed us-
ing the Visual Molecular Dynamic (VMD) visualization program
[75]. Validation of the docking protocol was preformed using the
co-crystallized ligand Donepezil.

4.3.2. SERT
The energetic minimization and protonation of the proposed

compounds were carried out using the LigPrep tool in the program
Maestro Schr€odinger suite v.11.8 (Schr€odinger, LLC) For the induced
molecular docking the crystallized serotonin transporter complex
(hSERT) was used. The structure was obtained from the Protein
Data Bank database (PDB: 5I73) [73]. The optimization was carried
out using the Protein Preparation Wizard available in the Maestro
program. The water molecules were removed and the hydrogen
bonds corresponding to pH 7.0 were added. Appropriate ionization
states for acid and basic amino acid residues were considered. The
OPLS3e force field was used to minimize protein energy. The active
site of h-SERT was defined as a 14 Å radius grid around the co-
crystal (S-Citalopram) and the only restriction was the formation
of a hydrogen bond with the COO group of the residue Glu494. This
interaction is highly conserved in almost all known complexes
between hSERT and related ligands [76]. The Glide Induced Fit
Docking protocol [77] was used for the final coupling. This takes
into account the flexibility of the compounds and the protein. In the
first stage, a preliminary induced couplingwas performed using the
ligand coupling algorithm based on the energy grid (Glide v7.0,
Schr€odinger v.11.2). In the second stage, the iterative combination
of rigid receptor couplings was carried out, as well as the remod-
eling of proteins by the lateral chain. Search and minimization
techniques were applied using the Prime module [78]. The ligands
were then re-coupled to the refined receptor structure using Glide.
Themolecules were punctuated by the Glide scoring function in the
extra-precision mode (Glide XP; Schr€odinger, LLC) [79]. Finally, the
molecules were filtered on the basis of the best scores and best
RMSD values (less than 1 unit as a cutting criterion).
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