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A library of eighteen thienocycloalkylpyridazinones was synthesized for human acetylcholinesterase (hAChE)
and butyrylcholinesterase (hBChE) inhibition and serotonin 5-HTg receptor subtype interaction by following a
multitarget-directed ligand approach (MTDL), as a suitable strategy for treatment of Alzheimer’s disease (AD).
The novel compounds featured a tricyclic scaffold, namely thieno[3,2-h]cinnolinone, thienocyclopentapyr-
idazinone and thienocycloheptapyridazinone, connected through alkyl chains of variable length to proper amine
moieties, most often represented by N-benzylpiperazine or 1-(phenylsulfonyl)-4-(piperazin-1-ylmethyl)-1H-
indole as structural elements addressing AChE and 5-HTg interaction, respectively. Our study highlighted the
versatility of thienocycloalkylpyridazinones as useful architectures for AChE interaction, with several N-ben-
zylpiperazine-based analogues emerging as potent and selective hAChE inhibitors with ICs in the 0.17-1.23 pM
range, exhibiting low to poor activity for hBChE (ICs9p = 4.13-9.70 pM). The introduction of 5-HTg structural
moiety phenylsulfonylindole in place of N-benzylpiperazine, in tandem with a pentamethylene linker, gave
potent 5-HTg thieno[3,2-h]cinnolinone and thienocyclopentapyridazinone-based ligands both displaying hAChE
inhibition in the low micromolar range and unappreciable activity towards hBChE. While docking studies pro-
vided a rational structural explanation for AChE/BChE enzyme and 5-HT¢ receptor interaction, in silico pre-
diction of ADME properties of tested compounds suggested further optimization for development of such
compounds in the field of MTDL for AD.

1. Introduction biological function as AChE for hydrolysis of ACh in a healthy human

brain, even if playing a minor role in regulating ACh levels. Indeed, the

Acetylcholinesterase (AChE) belongs to the a/f hydrolase fold pro-
tein superfamily' whose principal physiological function is the rapid
hydrolysis of acetylcholine (ACh) in the synapse and neuromuscular
junction, resulting in the termination of nerve impulse. Low levels of
ACh in the cerebral cortex and other brain areas appear to have a critical
role in the development of cognitive and neurodegenerative disorders in
Alzheimer’s disease (AD, cholinergic hypothesis).? Butyrylcholinester-
ase (BChE), another cholinesterase present in the brain, has similar
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AChE activity is dominant in the healthy brain (80%), while the BChE
activity becomes dominant in brain during the development of AD.>*
Furthermore, it is noteworthy that AChE facilitates amyloid beta (Ap)
protein aggregation by the peripheral anionic binding site (PAS) of the
enzyme® and participates in the abnormal phosphorylation of the t
protein,® thus playing a crucial role in the development and progression
of AD. To date, current treatments of AD make use of drugs that can
increase cholinergic neurotransmission by inhibiting AChE or/and
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BChE,” which include donepezil,® rivastigmine,’ and the alkaloid gal-
antamine'® (Fig. 1). Unfortunately, although these drugs offer some
cognitive improvements in AD, they can only slow down the progression
of the disease and are effective only for a limited time. Furthermore,
several adverse drug reactions associated with cholinesterase inhibition,
such as nausea, diarrhea and vomiting may occur.'' These findings,
together with the increasing incidence of AD as the main cause of de-
mentia, prompted intensive and dedicated search aiming at identifying
novel safer cholinesterase inhibitors'>'® endowed of minimal adverse
effects or new biological targets for the treatment of AD.'*

Within this frame, the serotonergic system and several of its re-
ceptors (especially 5-HTj,, 5-HT4, 5-HTg and 5-HT7) raised a great in-
terest as important players influencing different aspect of cognitive
dysfunction as cognitive deficits, learning and memory decline in
neurodegenerative diseases.'”'° In particular, the localization of 5-HTg
receptors mainly within the CNS in brain areas involved in learning and
memory processes as striatum, hippocampus and cerebral cortex,
contributed to the identification of such serotonin receptor subtype as a
putative target for AD.'”*° Microdialysis studies have shown that
blockade of 5-HTjg receptors induced an increase of ACh levels, as well as
reversed cognition deficits induced after the administration of anticho-
linergic agents.'”*?! A plethora of studies evidenced that these effects are
mediated by the involvement of multiple neurotransmitter systems as
cholinergic, glutamatergic and GABAergic.>*>° Furthermore, blockade
of 5-HT¢ receptors may result in other beneficial neuropharmacological
effects for AD treatment as anxiolytic and antidepressant activity.?®%’
The pharmacological relevance of 5-HTg receptor target for the treat-
ment of AD emerged from Phase II clinical study highlighting the
improved cognitive function elicited by the potent and selective 5-HTg
antagonist idalopirdine in donepezil-treated patients with moderate
AD.?®?? Fig. 2 depicts the structures of significant 5-HTg receptor an-
tagonists belonging to different chemotypes.'”>*°.

Despite early positive findings, larger Phase III trials failed to
demonstrate any significant impact on cognition for idalopirdine in
combination to cholinesterase inhibitor donepezil.>'>? Beyond the
inability of idalopirdine to provide satisfying effects in AD patients,
several other issues, as a risk of elevated liver enzymes or vomiting may
be attributed to its Phase III failure. However, the positive results
observed in Phase II became the rationale for the design of multitarget-
directed ligands (MTDL)*® as cholinesterase inhibitors and 5-HTg re-
ceptor antagonists, potentially useful for treatment of AD. Accordingly,
different classes of AChE/BChE inhibitor ligands with 5-HT¢ receptor
antagonist properties have been synthesized, several of them endowed
with anti-aggregation properties against amyloid-beta and tau or anti-
oxidant/metal chelating activity.>*>® Such results may provide a
promising starting point for further in-depth biological studies and for
the development of an effective anti-AD therapy.

Several diverse molecular architectures suitable for cholinesterase
interaction were reported in the literature.'>'® In particular, we focused
our attention on a series of thienocycloalkylpyridazinones of general
formula B (Fig. 3), sharing the tricyclic scaffold linked through linear
polymethylene chains of variable length to an amine portion (Q), most
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AChE: ICsg = 0.017 uM
BChE: ICx, = 4.80 uM

AChE: ICy, = 2.07 uM
BChE: ICy, = 0.37 uM
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Fig. 2. Structure and K; values of 5-HT¢ antagonists belonging to
different chemotypes.

often represented by a substituted piperazine. Pharmacomodulation of
thienocycloalkylpyridazinone nucleus in combination with a proper
linker/amine moiety provided several compounds displaying high AChE
inhibition in the low micromolar to sub-micromolar range and low
selectivity over BChE that, in a few cases, was even inverted. Our
structure-activity relationship (SAR) study evidenced the versatility of
such tricyclic core as useful scaffold for interaction to target cholines-
terases.’’ Compound 1, incorporating the thieno[2,3-h]cinnolinone
core, emerged for its high affinity for AChE, accompanied by a low af-
finity for BChE.>® Continuing with our interest in expanding structur-
e-activity relationship (SAR) studies on AChE and/or BChE, we
embarked on a study aimed to prepare new cholinesterase ligands
related both to thienocycloalkylpyridazinones B and its representative
derivative 1. Within this frame, taking into consideration the pharma-
cological relevance of serotonin receptors and particularly of 5-HT¢ for
the treatment of neurodegenerative diseases as AD, the aim of this study
was to combine AChE and/or BChE inhibition activity and 5-HTg re-
ceptor interaction. Thus, shift of the sulfur atom of the thieno[2,3-h]
cinnolinone core in compound 1 from position 7 to 9 and homologation
of the carbocyclic central ring of the tricyclic core, gave rise to novel
thienocycloalkylpyridazinones, namely thieno[3,2-h]lcinnolinone C,
thienocyclopentapyridazinone D and thienocycloheptapyridazinone E.
Looking at the reference compound 1, we planned the insertion of N-
benzylpiperazine and simple alkyl/cycloalkyl amines, as well as the
phenylsulfonyl-piperazin-indole derivative A (Fig. 2), endowed with
high affinity for 5-HTs receptor.’’ Novel compounds that varied the
tricyclic pyridazinone core, the amine moiety and the alkyl linker were
designed (Tab. 1 and 2) for cholinesterases’ inhibition and serotonergic
interaction. In this paper, we report the synthesis of compounds 2a-1, 3a-
e, 4a, together with preliminary aspects of their cholinesterase affinity,
selectivity, serotonergic receptor affinity and biological activities and
molecular modeling studies. In silico evaluation of the pharmacokinetic
properties are reported, with the aim at gaining preliminary information
concerning their potential drug-like profile.

rivastigmine

galantamine

AChE: ICg, = 0.35 uM
BChE: IC5y = 19.10 uM

Fig. 1. Structures and ICs, values of donepezil, rivastigmine and galantamine versus cholinesterases.
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thienocycloalkylpyridazinones
Q = piperazines/piperidines
n=2,3
m=2,3,4,5,6,7
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1
thieno[2,3-h]cinnolinone

AChE: IC5 = 0.86 uM
BChE: IC5 = 3.3 uM

0. .0

thienocycloheptapyridazinone

(see Tables 1 and 2)

Fig. 3. Structure of thienocycloalkylpyridazinones.

2. Chemistry

The chemistry employed to prepare title compounds 2a-1, 3a-e, 4a
(Tab. 1 and 2) is outlined in Schemes 1-3, and profited from our
consolidated  experience in the synthesis of polycyclic
pyridazinones,**~!

Scheme 1 depicts the synthetic route to most of the title compounds
presented in this paper, based on standard nucleophilic substitution
reaction of bromine derivatives 5-15 and appropriate amines. In-
termediates 5-15 were synthesized by alkylation of key tricyclic pyr-
idazinones 2-4 with the appropriate alkyl dibromide, using, in most
cases, phase-transfer conditions and were obtained in good yields. The
new tricyclic pyridazinones 3 and 4 were synthesized following the
procedure (Scheme 2) applied in our lab for the synthesis of thieno[3,2-
h]cinnolinone 2.%° Accordingly, the starting ketones 16**** and 17**
were submitted to Mannich reaction to furnish 18 and 19, which were
converted with NaCN in CH3OH into the nitriles 20 and 21. Hydrolysis
of nitriles in refluxing HCI led to the y-ketoacids 22 and 23 whose re-
action with hydrazine hydrate afforded the desired pyridazinones 3 and

5n=2R= ¥ B
6:n=27n=18n=3R=% 5
9n=210n=1,R= ¥ >""p;
M:n=212n=1R= 5w "B

13:n=214n=1,R= % ~>">">"pr

15:n=2,R =
Br

4. The synthesis of compound 2g was accomplished by treatment of
pyridazinone 2 with formaldehyde and N-benzylpiperazine (Scheme 3).

3. Biology
3.1. AChE and BChE inhibition assay.

Compounds 2a-1, 3a-e, 4a were tested for their inhibitory activity
toward human isoforms of acetylcholinesterase (hAChE) and butyr-
ylcholinesterase (hBChE) by the classical spectrophotometric Ellman’s
alssay.45 Inhibitory activities were determined as ICsq values, except for
less active compounds (% inhibition at 10 pM < 50%). Inhibition ki-
netics on hAChE of compound 2f were determined at different concen-
trations of both inhibitor and acetylcholine substrate by using the
Michaelis-Menten approach.

3.2. Serotonin receptor binding assays.

All title compounds were tested for their affinity in human HEK cell

—X-R 0. .0
N.S
2 ATO
—(CHz)m—N\_/N

(see Tables 1 and 2)

Scheme 1. Reagents and conditions: i) method a: halogen derivative, NaH 60%, dry DMF, rt, 1 h (compound 5 and 8); method b: halogen derivative, n-BusNHSOj4,
CH,Cl,, NaOH 28%, H,0, 40 °C, 2.5 h (compounds 6, 7, 9-14); method c: 1,4-bis(bromomethyl)benzene, Ko,CO3, CH3CN, 80 °C, 30 h (compound 15); ii) appropriate

amine, K,CO3 KI, CH3CN, 80 °C, 1 h.
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Scheme 2. Reagents and conditions: i) CH,0 37%, (CH3)>NH-HCI, rt, Ac,0, 75 °C, 4 h; ii) NaCN water solution, CH30H, 55 °C, 4 h; iii) HCl 6 M, 100 °C, 7 h; iv) NH,-
NH,-H,0, EtOH, 80 °C, 3 h.

lines overexpressing 5-HT,, 5-HTg and 5-HT; receptors, by means of
radioligand binding competition studies. [3H]-8-OH-DPAT, [3H]-LSD
and [°H]-SB269970 were employed as radiolabeled ligands for 5-HTja,
5-HTg and 5-HT7 receptors, respectively. Affinity data were expressed as
the percentage of radioligand displacement at 10 pM. K; values were
calculated from concentration-response curves for those compounds

2
showing a percentage of radioligand displacement higher than 43% at
Scheme 3. Reagents and conditions: i) dry EtOH, CH;0 37%, N-benzylpiper- 10 pM. The affinity values for tested compounds are shown in Tables 1
azine, N, 80 °C, 3 h. and 2. Functional experiments on 5-HT, receptors were carried out in
Hela-5-HT}4 cells, measuring the fluorescence change induced by cal-
cium mobilization.
Table 1
S
, N. .X-R
Biological activity data of compounds 2a-h, 3a, 4a. /1 N
n 6}
Compd. n X R ICso (1M) or K; (nM) or
(% inhibn. @ 10 uM) (% inhibn. @ 10 pM)
hAChE hBChE® 5-HTg 5-HT;, 5-HT,
2a 2 (CHa)q NERY 0.756 + 0.010 45+3) 3298 + 534 496 + 117 995 + 137
O
2b 2 (CHa)q NMe, 6.36 + 0.06 ni (36 +4) B7+1) 24+ 4
2¢ 2 (CH2)4 NEt, 2.93 +0.15 ni (27 £2) 8631 + 1696 (10 +£1)
2d 2 (CHp)4 N/\\ 1.16 £ 0.04 (14+1) (33+4) 3528 £ 508 (16+1)
N
2e 2 (CHp)4 N > 2.09 £+ 0.08 ©+2) (30 £3) 4299 + 1118 (18 £ 2)
N
of 2 (CHa), NERY 0.170 + 0.020 5.11 £ 0.08 1667 + 639 1084 + 164 (26 + 6)
O
2g 2 CH, NN 13.6 £ 2.5 5.58 + 0.43 (28 +2) 24+ 1) (23 +2)
O
2h 2 HzCOCHz N/jN 3.65 + 0.57 9.70 £1.70 1261 + 240 786 + 177 2108 + 626
O
3a 1 (CHp)4 N"jN 0.538 + 0.052 (11+1) 3969 + 641 614 + 85 1003 + 199
O
4a 3 (CHp)4 N/‘\N 1.23 £ 0.09 4.13 +0.43 1430 + 183 414 + 104 976 + 137
/
O
Donepezil 0.016 + 0.002 4.80 = 1.00

(), ni: no inhibition at 10 pM concentration.
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Table 2
Biological activity data of compounds 2i-l, 3b-
S /~\
[ e No NN ~
e.
N
n ¢} ;s(@
o 0
Comp. m n ICs0 (1M) K; (nM) or (% inhibn. @ 10 pM)
hAChE 5.HT, 5-HT;a 5-HT} 5-HT,
2i 4 2 7.61 + 236 + 2840 + ni 2009 +
0.59 83 773 702
2j 5 2 4.44 + 63 + (35+1) ni 1690 +
0.77 13 628
2k 6 2 9.80 + 102 + (23+2) 12+ (33 £6)
1.21 36 2)
21 7 2 4.56 + 87 + (33 £6) (16 = (43+£2)
0.42 22 4)
3b 4 1 3.55 + 193 + 4610 + (26 = 2018 +
0.87 48 1525 4) 347
3c 5 1 6.89 + 84+2 3580 + ni 1802 +
1.01 1343 305
3d 6 1 9.18 + 68 + 5160 + ni (39+1)
0.49 13 1405
3e 7 1 7.18 + 80 + 6620 + ni 3759 +
1.49 19 1604 664
Methiothepin 1.3+ 1.7 £ 0.3
0.1
GR113808 1.4+
0.2
5-CT 0.2+0.1

(®), ni: no inhibition at 10 pM concentration.
4. Results and discussion
4.1. AChE/BChE enzyme inhibition and serotonin receptor binding assay.

Compound 2a, incorporating the thieno[3,2-h]cinnolinone core,
exhibited high potency in inhibiting AChE activity, with an ICsq value
(ICs0 = 0.76 pM) very similar to that of its positional isomer 1 (ICsg =
0.86 pM), indicating that the shifting of sulfur atom from position 7 to 9
did not significantly influence the affinity for the enzyme. Notably, such
modification induced loss of affinity for BChE (45% inhibition at 10 pM,
versus compound 1, IC50 = 3.3 pM).

Compared to 2a, compounds 2b-e, bearing smaller alkyl/cycloalkyl
amines exhibited a slightly decreased affinity for AChE and an almost
total loss of affinity for BChE, most likely due to the lack of benzyl
portion responsible for a more efficient interaction at the enzyme
binding site. Compounds 2f-h were designed to investigate the effects on
inhibition potency and selectivity at the target enzymes of the poly-
methylene linker joining the thieno[2,3-h]cinnolinone core with the

0.0015+
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basic moiety. In particular, shortening of the polymethylene linker from
4 (compound 2a) to 2 or 1 carbon units (compounds 2f, 2g) induced a
significant impact on AChE/BChE affinity/selectivity. While 2f exhibi-
ted the highest potency for AChE among all tested compounds (ICs5¢ =
0.17 pM), the homologue compound 2g resulted 80-fold less potent than
2f and, notably, endowed with the least AChE potency. Compound 2h,
sharing a para-xylyl linker with lower conformational flexibility if
compared to 2a, resulted in a 5-fold decreased affinity for AChE.

The inhibition mechanism of 2f was assessed through an inhibition
kinetics study by means of the Michaelis-Menten equation and the
double reciprocal linearization according to Lineweaver-Burk (Fig. 4).
From this study 2f resulted in a competitive inhibitor with K; = 0.123 +
0.016 pM, thus evidencing a reversible interaction at the catalytic
binding site of hAChE.

Homologation of thieno[2,3-h]cinnolinone core of 2a, to give thie-
nocyclopentapyridazinone 3a and thienocycloheptapyridazinone 4a
induced a slight impact on AChE affinity. Looking at the BChE inhibition
values, almost all compounds exhibited poor to low activity with a high
degree of selectivity versus AChE, with the only exception of compound
2g.

By pursuing our interest in expanding the biological activity of
thienocycloalkylpyridazinones to 5-HTg receptors, novel derivatives
were designed through molecular hybridization. In particular, based
upon the high 5-HT¢ receptor affinity of 1-(phenylsulfonyl)-4-(piper-
azin-1-ylmethyl)-1H-indole compound A (5-HTg K; = 7.84 nM, Fig. 2)*°
it was postulated that the introduction of phenylsulfonyl indole in place
of benzyl as the structural element addressing 5-HTg activity, might
provide new AChE ligands with mixed affinity at 5-HTg receptors. Thus,
two series of compounds were prepared, namely the thieno[2,3-h]cin-
nolinones (2i-1) and the thienocyclopentapyridazinones (3b-e), Table 2.

The study at the target enzymes was extended at additional seroto-
ninergic receptors, namely 5-HTj 5, 5-HT4 and 5-HT; receptors, in order
to obtain a preliminary profile of selectivity within the wide 5-HT re-
ceptor (5-HTR) family. We decided to include in our assays these sub-
types because of their recognized role in AD*® and the presence in our
molecules of main structural pharmacophoric elements for 5-HTR
interaction, namely the indole moiety bound by a polymethylene
bridge to a core tricyclic structure. 5-HT4 subtype activates ACh release
in the frontal cortex and hippocampus, with memory enhancing effects,
and modulates GABA and dopamine homeostasis.”” 5-HT; receptor has
been recently described for its involvement in AD through enhancement
of neuronal plasticity, neuroprotection from excitotoxicity, cognitive
sustainment.*® Concerning 5-HT;a subtype, its modulation is by far
recognized for the treatment of psychiatric disorders in AD;*° never-
theless, its role in many neuronal networks®” recommends to exclude, at
a preliminary evaluation stage, possible undesired effects due to its
inhibition.

5" 15000+
3.
3.
3T
.
H
b
0.0010- NG NG R £ 10000-
£ 20 E
g ° = 100 :‘ )/
> A 200 £
= v 300nM E
0.0005- 2 5000 .
v,
A
CJ
0.0000- r T T T )
0.00 0.05 0.10 0.15 0.20 0.25 e 10 20 30 40
[Substrate] mM 1/[Substrate], mM""'

Fig. 4. Michaelis-Menten plot (left) and Lineweaver-Burk linearization (right) of AChE inhibition kinetics of 2f. Inset: graph of residual % of Vyax for competitive

inhibition type.
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Compounds 2i and 3b, featuring a linker of 4 carbon units as in 2a
and 3a, exhibited interesting 5-HTg binding affinity reaching K; values
of 236 and 193 nM, respectively. Conversely, both exhibited decreased
affinity for AChE, if compared to N-benzylpiperazine congeners 2a and
3a. Increasing the length of linker from 4 to 7 carbon units (compounds
2j-1 and 3c-e) induced a significant impact on 5-HT¢ receptor interac-
tion. In particular, looking at thienocyclopentapyridazinone-based de-
rivatives 3c-e, the pentamethylene chain appeared to be the most
favorable spacer for 5-HT¢ receptor interaction, with the homologue 3¢
reaching an outstanding K; value of 8.4 nM, very close to that of 5-HTg
ligand A. Even within the thieno[2,3-h]cinnolinone series 2j-1, the
pentamethylene-bearing derivative 2j reached the lower K; value of 63
nM, with an ameliorated AChE affinity if compared to 3¢ (AChE 2j: ICs5¢
= 4.44 pM versus 3c: ICsg 6.89 pM). Concerning the other 5-HT subtypes,
all phenylsulfonyl indole derivatives displayed high selectivity for target
5-HTg, in some cases reaching up to three orders of magnitude. Notably,
all of these indole-based derivatives retained fair AChE inhibition with
ICsps in the 3-10 pM range and showed unappreciable activity towards
BChE (data not reported). Our SAR study highlighted that all the newly
prepared compounds bearing the phenylsulfonyl indole motif behaved
as potent and selective 5-HT¢ inhibitors with additional activity as AChE
inhibitors.

For the sake of comparison, all the compounds from Table 1 were
also tested on serotonin receptors, excluding 5-HT4. Interestingly,
reference compounds 2a, 3a and 4a resulted in poorer 5-HTg but
increased 5-HTj5 and 5-HT; potencies, thus displaying a slight selec-
tivity for 5-HTj,, although with submicromolar K; values. Shortening
the polymethylene bridge (2f, 2g) had an overall detrimental effect on 5-
HT receptors, while pruning the basic distal moiety (2b-e) resulted in an
almost complete loss of activity.

Fig. 5 summarizes and highlights the general effects of structural
changes on cholinesterases/serotonine subtype receptors activities,
carried out on thienocycloalkylpyridazinones. The results of our SAR
study, in terms of multitarget profile, led to the identification of com-
pound 2j, featuring the phenylsulfonyl-indol-piperazine motif in tandem
with the thieno[3,2-h]cinnolinone core, connected with a pentam-
ethylene linker, as the best compromise achieved in terms of multitarget
affinity.

These features confirmed the role of phenylsulfonyl indole moiety as
a key structural element for 5-HT¢ selectivity, and at the same time the
potential of further development of this class of compounds as multi-
target agents for AD-related biological targets.

5>6>7>>4in tandem with B: positive modulation for 5-HT

{2 > 4 in tandem with A: positive modulation for FZAChE

1> 2> 3 in tandem with A: positive modulation for FZAChE
N 11> 2 in tandem with B: positive modulation for 5-HT,

2j

N
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4.2. Molecular modeling studies

In order to elucidate the main modes of interaction of all synthesized
ligands with the targets under investigation, we proceeded with mo-
lecular docking calculations, starting from the X-ray crystallographic
structures of hRAChE (PDB code = 7E3H)' and hBChE enzymes (PDB
code = 4BDS).”” In particular, the three-dimensional structures of the
two proteins were detailed in presence of the ligands donepezil (7E3H)
and tacrine (4BDS), respectively. This piece of information allowed us to
apply a re-cross docking procedure for the 7E3H and 4BDS co-
crystallized inhibitors in order to evaluate the most adequate docking
protocol to be exploited for simulating the experimental data, based on a
procedure described in the literature.® Herein, the two series of re-cross
docking calculations were managed thanks to MOE software Dock
module (see the experimental section for details).”*

The top five best scored docking positioning obtained for donepezil
and tacrine as hAChE and hBChE inhibitors, as docked within the
aforementioned complexes are shown in Table S1. Among these, the best
scored conformers turned to be fully comparable to the co-crystallized
tacrine and donepezil conformers (see Fig. S1), giving a good valida-
tion of the applied docking protocol.

Thus, the following molecular docking studies involving the newly
designed series of compounds, have been performed applying the same
docking protocol based on the 7E3H and 4BDS PDB codes, by MOE Dock
(the corresponding scoring functions related to these docked compounds
are listed in Tables S2-S3).

As regards the hAChE inhibition, the reference compound donepezil
was engaged in several hydrophobic and n-n stacking with the enzyme
cavity involving: (i) the inhibitor benzyl group and Trp86, (ii) the ter-
minal bicyclic core and Tyr72, Tyrl24, Trp286, Tyr341, Leu289. In
addition, the previously mentioned benzyl ring displayed also a further
cation-n contact with the surrounding His447 while the central piperi-
dine ring experienced cation-n stacking with Trp86 and Tyr337 and an
ionic interaction with Asp74, thanks to the protonated nitrogen atom of
the inhibitor (Fig. S2).

As a result, the choice of at least two terminal aromatic fragments
properly tethered to a central protonatable group is thought to guar-
antee the design of promising AChE inhibitors, able to feature a number
of molecular interactions with the described highly aromatic enzyme
cavity. Accordingly, among the newly designed compounds, those
bearing the benzyl-substituted piperazine group tethered by an aliphatic
chain spacer (ideally from two to four carbon atoms) to the terminal
tricyclic aromatic ring proved to be the most promising (see 2a, 2f, 3a

effective for FZAChE
slightly favourable for ZBChE - i | D
unfavourable for 5-HT,, 5-HT, , 5-HT, A

highly effective for 5-HT
slightly favourable for A/AChE
unfavourable for ABChE, 5-HT, ,, 5-HT,

hAChE: IC5, = 4.44 uM

5-HT4: K; =63 nM

Fig. 5. SAR of thienocycloalkylpyridazinones on cholinesterases/serotonine subtype receptors.
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and 4a; hAChE IC5p = 0.17-1.23 pM). The following structure-activity
relationship (SAR) discussion in terms of molecular modeling data has
been developed based on compound 2a, taken as representative of the
most developed chemical series of analogues herein proposed. As shown
in Fig. 6, compound 2a (hAChE ICso = 0.756 pM), featuring a four
carbon atom aliphatic chain as spacer between the terminal six-
membered carbocyclic-based core and the terminal benzyl-substituted
piperazine group, showed a quite comparable docking mode with
respect to the donepezil bioactive conformer.

While the terminal benzyl group of 2a was engaged in n-t stacking
with Trp86 and Tyr133, the aliphatic chain and the main tricyclic core
were properly folded surrounding and simulating the positioning
featured by the reference donepezil. In this way the compound was
allowed to display a number of hydrophobic contacts with Phe297 and
Tyr341, thanks to the aliphatic chain, and n-n stacking between the
thieno-containing tricyclic ring and Tyr72, Trp286. The protonated ni-
trogen atom of the piperazine ring of 2a was projected towards the
oxygen atom of the Tyr337 backbone. On this basis, while the reported
contacts proved to guarantee the hAChE inhibition as exerted by com-
pound 2a, the lower potency value of this inhibitor (2a; hAChE ICsy =
0.756 pM), in comparison to that of donepezil (hAChE ICso = 0.017 pM),
might rely on a lower number of n-n stacking than the reference com-
pound and on the absence of ionic interaction involving residue Asp74.
Despite of this, the choice of a four-carbon atoms aliphatic spacer, led to
most effective hAChE inhibitor among the newly synthesized, thus
supporting and experimentally validating the reported docking study.
On the other hand, the introduction of a five-membered carbocyclic core
in place of the previous and bulkier six-membered one featured by 2a,
led to the analogue 3a (hAChE ICsy = 0.538 pM), endowed with a
comparable potency as hAChE inhibitor. Indeed, the related best scored
3a docking pose was also efficiently overlapped onto the bioactive pose
featured by donepezil (see Fig. 7).

Maintaining the six-membered carbocyclic central ring of the tricy-
clic main core and inserting a shorter aliphatic spacer between the tri-
cyclic scaffold and the terminal benzyl group, led to the less and to the
most potent analogues of the series, 2g (one carbon atom-based spacer;
hAChE ICsp = 13.6 pM) and 2f (two carbon atom-based spacer; hAChE
ICsp = 0.17 pM), respectively. Notably, the presence of only one carbon
atom tethering the piperazine ring and the tricyclic core (compound 2g)
shifted the terminal tricyclic pendant with respect to the donepezil

lle451 Glyaas

His447

Phe338
. Phe295

Tyr72

Fig. 6. Docking mode of the newly designed 2a within the 7E3H PDB code. The
hAChE inhibitor has been reported in brown, in presence of the co-crystallized
donepezil (C atom; green).
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bicyclic ring. This feature impaired the number of hydrophobic contacts
with the surrounding residues, while the choice of a two carbon atom-
based spacer, as featured by 2f, was the most advantageous making
the molecule able to fulfill perfectly the positioning of the benzyl portion
as well as of the bicyclic core of the reference compound donepezil (see
Fig. §3). This kind of positioning allowed the compound to achieve also
a ionic interaction between the protonated nitrogen atom of the piper-
azine ring and Asp74 residue.

The search of putative hBChE inhibitors led to the novel compound
4a as the most interesting derivative among the newly developed
compounds, even if endowed of low affinity for hBChE with IC5p = 4.13
uM, close to that of ligand 1 (ICso = 3.3 pM). Its calculated docking
positioning (see Table S3) was analyzed and compared with the bioac-
tive conformation featured by tacrine, as reference compound co-
crystallized within the enzyme catalytic site (PDB code 4BDS).

According to our docking results, the hBChE inhibitor tacrine was
stabilized within the enzyme binding site by: (i) n-r stacking involving
the compound aromatic portion and the surrounding residues Tyr332,
Trp430 and Tyr440 and (ii) hydrophobic contacts between the tacrine
carbocyclic group and Trp82, Thr120 and Tyr128 (see Fig. 54, left side).

In addition, the protonated nitrogen atom of the compound pyridine
ring, was H-bonded to the oxygen atom of the His438 carbonyl group,
thus properly arranging the compound at the enzyme crevice.

Further molecular docking calculations of the hBChE inhibitor
donepezil (hBChE ICsy = 4.80 pM) allowed to explore the putative
docking mode of a more flexible chemotype with respect to the rigid
scaffold experienced by tacrine. In addition, donepezil was also taken
into account as reference compound for the biological assays and for the
previous SAR discussion about the herein disclosed new anti-
cholinesterase agents.

Based on our results, the benzyl substituent of donepezil was
engaged in 7-x stacking with Trp430 and Tyr440, while the bicyclic core
of the compound was projected towards Gly117, Thr120, Ser198 and
His438 detecting van der Waals contacts (see Fig. S4, right side). This
kind of positioning was partially superposed with that of the co-
crystallized ligand by means of the donepezil aromatic ring and was
allowed by the presence of the protonated nitrogen atom on the piper-
idine ring of the inhibitor. Indeed, this turned in intra-molecular cation-
n stacking with the inhibitor bicyclic ring, leading to the described fol-
ded positioning (U-shape) and contacts of the molecule.

As regards the novel derivatives herein described, compound 4a,
bearing a seven-membered carbocyclic central ring and a four-carbon
atom-containing spacer, also showed a similar positioning (see Fig. 8,
left side). Indeed, the benzyl-piperazine group of 4a highly mimicked
the positioning featured by the benzyl piperidine moiety of donepezil,
displaying the same n-t stacking with Tyr332, Trp430 and Tyr440.
Moreover, the folded terminal tricyclic ring overlapped the bicyclic one
of donepezil, thus occupying the enzyme pocket delimited by Gly117,
Thr120, Ser198 and His438.

Accordingly, in the experimental tests, 4a resulted the most inter-
esting hBChE inhibitor among the newly developed compounds,
featuring a comparable potency value with respect to donepezil.

The key role played by the introduction of (i) proper extended
aliphatic chains and (ii) the dimension of the tricyclic ring, was
confirmed by the lower potency trend as hBChE inhibitors experienced
by the analogue 3a (hBChE = 11% inhibition, @ 10 pM) featuring a five-
membered carbocyclic ring, and 2f (hBChE IC5yp = 5.11 pM), bearing a
six-membered carbocyclic central ring in tandem with a two-carbon
atom spacer. As shown in Fig. 8 (right side), compound 2f maintained
the previously cited U-shape thanks to the intra-molecular cation-n
contact involving the piperazine protonated nitrogen and the terminal
tricyclic ring. The compound displayed an adequate positioning within
the enzyme pocket if compared with that of donepezil and of the most
potent analogue 4a.

These results highlight once again the aforementioned structural
requirements of the inhibitor: the ligand should be folded and should
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Six-membered carbocyclic central ring

4 carbon atom
spacer

2a
hAChE ICg, = 0.756
uM

i

Five-membered carbocyclic central ring
4 carbon atom
spacer

3a
hAChE ICg, = 0.538
uM
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Maintained six-membered carbocyclic
central ring

2 carbon atom
spacer

2f

1 carbon atom
spacer

hAChE IC5, = 13.6
uM

Fig. 7. Scheme of the applied structural variation at the prototype 2a (C atom; brown) leading to the highly related analogues 3a (C atom; cyan), 2f (C atom; orange)
and 2g (C atom; purple) in tandem with the related hAChE inhibitory potency values. The figure reports the best pose of each ligand as derived from docking
calculations. The X-ray crystallographic pose of donepezil in hAChE is depicted in green (PDB code = 7E3H).

ly439\\ lled42

Glu197
Met437

Thr120

° Gly117

lled42
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Tyr332

Fig. 8. Docking mode of the best scored donepezil conformer (C atom; light pink) within the 4BDS PDB code superimposed with inhibitors 4a (C atom; deep green)
(left) and 2f (C atom; brown) (right). The most relevant amino acids involved in the hBChE-inhibitor molecular interactions are reported and labelled (4.5 A far from

the ligand).

show adequate occupancy of the enzyme cavity, so as to achieve van der
Waals contacts with Gly117, Thr120, Ser198 and His438.

To pursue new hints for the design of further compounds conceivably
endowed with 5-HT¢ targeting ability, we deemed interesting also
exploring the docking mode of most potent inhibitors 3c and 2j. In order
to achieve more comprehensive information, docking studies of the
serotoninergic antagonist methiothepin (5-HT¢ K; = 1.3 nM), taken as
reference compound, were also performed. The corresponding scoring
function values obtained for the best ranked poses are shown in
Table S4.

In absence of X-ray crystallographic data of the serotoninergic 5-HTg
receptor, we relied on the protein model as generated by AlphaFold
protein structure database.”>°° This resource has been reported in
literature as a very recent and useful tool for the accurate prediction of

tridimensional protein structures, based on deep learning methods.””->®

Then, in order to identify the putative 5-HTg binding site, structural
similarity with the homologous protein 5-HT;5 was evaluated. In this
way we could rely on our previous knowledge about the 5-HTj 5 binding
sites.

Briefly, in previous papers some of us reported deep molecular
docking studies on several chemotypes endowed with 5-HT 4 targeting
ability®® such as dioxolane-based compounds and spiroderivatives,
whose affinity trend towards the mentioned biological target was sup-
ported by a proper basic feature of the ligand, as interacting with a
conserved aspartic acid (Asp116).°%°! Accordingly, a number of studies
from literature reported a unique receptor site involved in the 5-HT5
full agonists, partial agonists and antagonists binding involving
Asp116,°%°% in accordance with our previous computational results.
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Herein, based on the structural similarity between 5-HT; 4 and 5-HTg
receptors (pairwise percentage residue identity PPRI = 25% calculated
by MOE software), we planned to identify the putative 5-HTg binding
site by means of a consensus approach, initially involving the search of
the putative druggable cavities calculated by the MOE Site Finder tool.>*
Then, the resulting information was compared with that obtained on the
basis of the two proteins conserved residues analysis. Indeed, the pu-
tative 5-HTg binding site was identified by a comparison of the previ-
ously described 5-HTjs binding site with the corresponding 5-HTg
cavity. As a consequence, at the putative receptor binding cavity, the
previously mentioned 5-HT;5 key residue Asp116 corresponded to the
residue Asp106 in the 5-HTg 3D-model.

According to our calculations, the 5-HT¢ antagonist methiothepin
(chosen as template) was engaged in a salt bridge between the proton-
ated nitrogen atom of the piperazine group and the carboxylic function
of Asp106, while the bulky tricyclic ring featured n-n stacking and van
der Waals contacts with Phe284, Phe285 and Val107, Cys110, Val189,
Alal92, respectively (see Fig. 9, left side).

Among the newly developed derivatives, compound 3¢ (5-HTg K;j =
8.4 nM) emerged as the most potent 5-HTg ligand, if compared to the
other analogues, maintaining the required key contact with Asp106 (see
Fig. 9, right side). Indeed, the protonated nitrogen atom of the pipera-
zine guaranteed the required salt bridge with the conserved Asp106,
while the arylsulfonamide portion was projected towards the hydro-
phobic residues, Cys110, Leul82 and Phe285. The presence of the five-
carbon atom spacer tethered to the piperazine ring allowed to arrange
the terminal tricyclic core in a deep pocket delimited by Asn86, Trp102
and GInl179. In this way, the same tricyclic ring was able to perform
efficient interactions within the receptor binding relying on hydropho-
bic contacts.

The analogue 2j (5-HT¢ K; = 63 nM), exhibiting the six-membered
ring-based tricyclic core instead of the five-membered ring of 3c,
maintained a lower 5-HTg targeting ability, due to weak ionic in-
teractions involving the protonated piperazine nitrogen atom of the
ligand and the key residue Asp106 (see Fig. 10, left side).

The bulkier 2j terminal tricyclic ring reversed the ligand docking
positioning, with respect to 3¢, moving the six-membered ring and the
aryl sulfonyl group towards Vall07, Vall189, Phe284, Phe285 and
Val29, Argl81, Trp307, respectively. This allowed the compound to
detect van der Waals contacts with the biological target, even if with
expense of n-1 stacking.

Interestingly, 2j (hAChE ICso = 4.44 pM) experienced slightly

Cy180
Thr306

Phe302

1le289

Ser193

Ala192

Thr196
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ameliorated AChE inhibitory ability if compared to 3¢ (hAChE ICsy =
6.89 pM), opening the possibility for the design of further new analogues
as dual acting compounds. Indeed, the choice of the six-membered ring
in presence of the five carbon atom-based spacer, as shown by 2j,
properly fulfilled the steric requirements of the enzyme crevice (see
Fig. 10, right side). According to our calculations, the folded positioning
featured by 2j guarantees the proper occupancy of the enzyme cavity,
moving the tricyclic ring and the sulfonyl aryl-based group in proximity
of Tyr337, Phe338 and Leu76, Trp286, Tyr341, respectively. This turns
in a number of van der Waals and 7-n stacking with the enzyme, in
tandem with the salt-bridge involving the protonated piperazine nitro-
gen and the Asp74 side chain.

4.3. In silico prediction of ADME properties

As deeply described in the literature,’*°° the process of drug dis-
covery takes advantage of the absorption, distribution, metabolism,
excretion properties (ADME) in silico prediction. In the search of novel
promising hit compounds to be further developed as anti-AD agents,
herein we evaluated in silico pharmacokinetic properties (ADME pa-
rameters) of the new 24 series. The results are shown also for the drugs
donepezil and methiothepin.

Thus, we considered putative violation of the well-known Veber’ rule
%7 and Lipinski’ rule, °® as prediction for logarithmic ratio of the octa-
nol-water partitioning coefficient (cLogP), the molecular weight (MW)
of derivatives, for the H-bonding acceptor number (N_accH), or donor
groups (N_donH), and for the number of rotatable bonds (nRot_bond).
The topological polar surface area (TPSA) and putative oral bioavail-
ability as a percentage (F%) have been also estimated (see Table S5).
Based on the Lipinski’s rule, drug-like compounds feature MW < 500,
cLogP < 5, HBA < 10 and HBD < 5, while the rule proposed by Veber
represents drug bioavailability as nRot_bonds < 10, sum of HBA and
HBD < 12 and for TPSA values < 140 A2,

According to our pharmacokinetic (PK) parameters prediction, all
the derivatives fulfil both the Lipinski’s rule and the Veber’s rule, with
the exception of the 2i, 2j, 2k, 21 and 3b-e series of compounds (see the
nRot_bond and/or MW descriptor(s) in Table S5).

Then, in silico prediction of ADME parameters was also performed
taking into account human intestinal absorption (HIA), estimation of the
plasmatic protein binding event (%PPB), volume of distribution (Vd),
ligand affinity toward human serum albumin (LogKa HSA), prediction of
the ability to pass the blood brain barrier (BBB) (see Table S6).

Asn86
Alag3 f’ A GIn179
Trp102 P } :2
Tyr3 -
q Asp303

Leul82

XN \-» |
lle114 J Ser193

Thr196

Fig. 9. Docking mode of the best scored methiothepin conformer (C atom; light green) within the human 5-HTs model (left) and of 3¢ (C atom; light pink) (right).
The most relevant amino acids involved in the ligand-receptor interactions are reported and labelled (4.0 A far from the ligand).
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Fig. 10. Docking mode of the best scored 2j conformer (C atom; light green) within the human 5-HTe model (left) and the hAChE as 7E3H PDB code (right). The most
relevant amino acids involved in the ligand—protein interactions are reported and labelled (4.0 A far from the ligand).

As shown in Table S6, all the newly developed compounds are highly
absorbed (HIA% = 100%), being the most effective as hAChE/BChE
inhibitors (2a-h, 3a, 4a) also able to pass the blood brain barrier (BBB).
Conversely, the novel 5-HT¢ antagonists are predicted as inactive at the
CNS, suggesting for further PK optimization as prosecution of this work.

5. Conclusions

The design of MTDL for the development of an effective anti-AD
therapy, currently is highly pursued by the scientific community, due
to several limitations of standard therapy which is based on the use of
AChE inhibitors. Within this frame, using a consolidated experience in
the synthesis of thienocycloalkylpyridazinones, we designed and syn-
thesized novel MTDL acting as AChE or/and BChE inhibitors endowed of
5HTg receptor antagonist properties. The results presented herein
highlight the suitability of thieno[3,2-h]cinnolinone, thienocyclo-
pentapyridazinone and thienocycloheptapyridazinone as useful archi-
tectures for interaction with target cholinesterase enzymes/5-HTg
serotonin receptor subtype, through the modulation of the amine moiety
and the alkyl spacer. In particular, the N-benzylpiperazine in tandem
with a four or two-carbon atom spacer was the preferred modification
giving potent hAChE inhibitors 2a, 2f, 3a, 4a with ICs¢ in the 0.17-1.23
puM range and low to poor activity versus hBChE (ICso = 4.13-9.70 pM).
Docking studies provided a rational structural explanation for the ability
of these novel derivatives to act preferentially as AChE inhibitors.

The introduction of phenylsulfonyl indole as favorable element for 5-
HTg activity, in place of benzyl- on thieno[3,2-h]cinnolinone and thie-
nocyclopentapyridazinone scaffolds evidenced an objective difficulty in
obtaining multitarget ligands with potent AChE or/and BChE efficacy.
SAR and docking studies conducted on both tricyclic-based derivatives
allowed us to identify the phenylsulfonyl indole-based derivative 3c,
featuring the thienocyclopentapyridazinone scaffold in tandem with five
carbon atom spacer, as the most potent and selective 5-HTg receptor
ligand (5-HTe K; = 8.4 nM; hAChE ICsp = 6.89 pM; unappreciable ac-
tivity versus hBChE). While our results confirmed the role of phenyl-
sulfonyl indole moiety as a key structural element for 5-HTj selectivity,
it will be necessary to investigate the mode of action of most potent
derivatives by means of functional assays and animal models of
scopolamine-induced memory impairment. The modulation of the size
of the tricyclic core appeared to have some impact on AChE with
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compound 2j (5-HT K; = 63 nM; hAChE ICsy = 4.44 pM) endowed with
slightly ameliorated AChE inhibitory ability compared to the homologue
3c. Such compound represents the best compromise achieved in terms of
affinity for AChE enzyme and 5-HT¢ receptor subtype. This affinity trend
may suggest there is room for possible further development of such
compounds as MTDL for the treatment of AD.

In silico prediction of ADME properties conducted on 2a-1, 3a-e, 4a,
suggested further structural refinement for pharmacokinetic optimiza-
tion, along with further in-depth pharmacological studies, determina-
tion of intrinsic toxicity, as an ideal prosecution of this work in the field
of MTDL.

6. Experimental section
6.1. Chemistry

6.1.1. General methods

All moisture-sensitive reactions were conducted in anhydrous sol-
vents (Sigma-Aldrich) under dry nitrogen atmosphere. All solvents and
reagents were obtained from Sigma-Aldrich, Lancaster, or Merck and
used without further purification. Reactions were monitored by
analytical thin-layer chromatography (TLC) using Merck silica gel 60
TLC plates F254 and were visualized by UV light. Flash chromatography
(FC) was performed using Merck silica gel 60 (230-400 mesh ASTM).
Melting points were obtained on a Koffler melting point apparatus and
are uncorrected. IR spectra were recorded as thin films on NaCl plates or
as KBr pellets with a Jasco FT/IR 460 plus spectrophotometer and are
expressed v (cm’l). NMR spectra were taken on a Bruker AVANCE III
Nanobody 400 MHz spectrometer with 'H and 13C being observed at 400
and 100.6 MHz, respectively. Chemical shifts for 'H and '3C spectra are
reported in & (ppm) downfield from tetramethylsilane, and coupling
constants (J) are expressed in Hertz. Multiplicities are recorded as s
(singlet), br s (broad singlet), d (doublet), t (triplet), dd (doublet of
doublets), m (multiplet). Electron ionization mass spectra (70 eV) were
recorded with an Agilent 6850-5973 MSD gas chromatograph-mass
spectrometer. High-resolution mass spectra (HRMS) were acquired on
a Thermo Finnigan Q Exactive instrument with API-HESI source.
Elemental analyses were performed with a PerkinElmer 2400 analyzer,
and results were within + 0.3% of the calculated values. Compounds
A% 2,%016"** and 17" were synthesized as reported in the literature.
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6.1.2. General procedure I. Synthesis of Mannich bases 18,19

A mixture of dimethylamine hydrochloride (1.3 equiv.) in 37%
formaldehyde (1.3 equiv.) was stirred at room temperature for 0.5 h.
Acetic anhydride (4.9 equiv.) was dropwise added at 30-35 °C and the
mixture was kept at 70-75 °C for 1 h. The appropriate ketone (16 or 17,
1 equiv.) was added and the whole stirred at 70-75 °C for 3 h. After
cooling, the solution was evaporated under reduced pressure and the
resulting crude residue was triturated with ether to afford the desired
product, which was used in the next reaction with no further
purification.

6.1.2.1. N,N-dimethyl-1-(6-oxo-5,6-dihydro-4H-cyclopenta[b]thiophen-5-
yDmethanaminium Chloride (18). Compound 18 was synthesized by
following general procedure I starting from 4,5-dihydro-6H-cyclopenta
[b]lthiophen-6-one 16 (1.30 g, 9.40 mmol) in 62% (1.35 g) yield; white
powder; mp 170-171 °C. 'H NMR (400 MHz, DMSO-dg, 5/ppm): 2.81 (s,
6H); 3.13 (dd, 1H, J = 2.8 and 17.6 Hz); 3.35-3.40 (m, 2H); 3.47 (dd,
1H, J = 3.6 and 13.2 Hz); 3.62-3.66 (m, 1H); 7.30 (d, 1H, J = 4.8 Hz);
8.38 (d, 1H, J = 4.8 Hz); 10.92 (bs, 1H). '3C NMR (100 MHz, DMSO-d,
8/ppm): 29.7 (CHjy); 34.0 (CH); 48.2 (CHs); 48.4 (CH3); 57.5 (CHy);
124.7 (CH); 138.4 (C); 147.2 (CH); 168.4 (C); 194.6 (CO).

6.1.2.2. N,N-dimethyl-1-(8-0x0-5,6,7,8-tetrahydro-4H-cyclohepta[b]thio-
phen-7-yl)methanaminium Chloride (19). Compound 19 was synthesized
by following general procedure I starting from 4,5,6,7-tetrahydro-8H-
cyclohepta[b]thiophen-8-one 17 (0.60 g, 3.61 mmol) in 87% (0.81 g)
yield; white powder; mp 114-142 °C, dec. 'H NMR (400 MHz, CDCl3,
8/ppm): 1.56-1.75 (m, 2H); 2.23-2.45 (m, 2H); 2.74 (d, 3H, J = 4.8 Hz);
2.89 (d, 3H, J = 4.8 Hz); 2.95-3.15 (m, 3H); 3.56-3.65 (m, 1H);
3.85-3.96 (m, 1H); 6.97 (d, 1H, J = 4.8 Hz); 7.56 (d, 1H, J = 4.8 Hz);
11.09 (bs, 1H). 3C NMR (100 MHz, CDCls 8/ppm): 25.0 (CH,); 28.4
(CH,); 28.6 (CH,); 42.2 (CH); 45.2 (2 x CHs); 57.9 (CHy); 131.3 (CH);
133.2 (CH); 139.0 (C); 151.8 (C); 192.7 (CO).

6.1.3. General procedure II. Synthesis of nitriles 20, 21

To a solution of appropriate Mannich base (18 or 19, 1 equiv.) in
CH3O0H (5 mL per 2.59 mmol of Mannich base) an aqueous solution of
NaCN (5.5 equiv.) was dropwise added at room temperature and the
whole stirred at 55 °C for 4 h. The mixture was poured into ice water and
extracted with CHCls. The organic phase was washed with H,0, dried
and evaporated to give the desired product, which was used in the next
reaction with no further purification.

6.1.3.1. 2-(6-oxo0-5,6-dihydro-4H-cyclopenta[b]thiophen-5-yl)acetonitrile
(20). Compound 20 was synthesized by following general procedure II
starting from 18 (4.40 g, 19.00 mmol) in 85% (2.86 g) yield; brown oil.
IR (v /cm™~1): 1701 (CO); 2249 (CN). 'H NMR (400 MHz, CDCl3, /ppm):
2.64 (dd, 1H, J = 8.0 and 16.8 Hz); 2.75-2.95 (m, 2H); 3.17-3.28 (m,
1H); 3.22(dd, 1H,J=7.2 and 17.2 Hz); 7.02 (d, 1H, J = 4.8 Hz); 7.92 (d,
1H, J = 4.8 Hz). 13C NMR (100 MHz, CDCl3, 8/ppm): 18.1 (CHy); 28.9
(CHy); 47.0 (CH); 116.7 (C); 123.1 (CH); 138.3 (C); 141.2 (CH); 165.7
(C); 193.4 (CO). GC-MS (m/2): 177.0 (M™, 37%).

6.1.3.2. 2-(8-0x0-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophen-7-yl)
acetonitrile (21). Compound 21 was synthesized by following general
procedure II starting from 19 (1.55 g, 5.96 mmol) in 88% (1.08 g) yield;
brown oil. IR (v /em™!): 1711 (CO); 2247 (CN). 'H NMR (400 MHz,
CDCl3, 8/ppm): 1.60-1.80 (m, 2H); 2.08-2.20 (m, 2H); 2.54 (dd, 1H, J =
8,0 and 17.2 Hz); 2.77-2.85 (m, 2H); 2.95-3.08 (m, 2H); 6.89 (d, 1H, J
= 4.8 Hz); 7.49 (d, 1H, J = 4.8 Hz). 1*C NMR (100 MHz, CDCl3 8/ppm):
19.3 (CHy); 24.6 (CHy); 27.8 (CHy); 28.6 (CHy); 45.4 (CH); 118.8 (C);
131.1 (CH); 133.1 (CH); 139.5 (C); 149.8 (C); 192.3 (CO). GC-MS (m/2):
205.1 (M ", 100%).
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6.1.4. General procedure III. Synthesis of acids 22, 23

A mixture of appropriate nitrile (20 or 21, 1 equiv.) and HCI 6 M (23
mL per 2.60 mmol of nitrile) was refluxed at 100 °C for 7 h (TLC). After
cooling to room temperature, the dark solution was poured into ice and
extracted with CHCl3. The resulting organic layer was washed with H50,
dried and evaporated to give a crude residue which was used in the next
reaction with no further purification.

6.1.4.1. 2-(6-oxo0-5,6-dihydro-4H-cyclopenta[b]thiophen-5-ylacetic acid
(22). Compound 22 was synthesized by following general procedure III
starting from 20 (0.46 g, 2.60 mmol) in 70% (0.36 g) yield; orange solid;
mp 144 °C. IR (v /em™1): 1736; 1650 (CO). 'H NMR (400 MHz, CDCl3,
8/ppm): 2.58 (dd, 1H, J = 8.8 and 17.2 Hz); 2.65-2.76 (m, 1H); 2.97
(dd, 1H, J = 4.0 and 17.2 Hz); 3.28-3.37 (m, 2H); 6.98 (d, 1H, J = 4.8
Hz); 7.87 (d, 1H, J = 4.8 Hz); 9.51 (bs, 1H). 13C NMR (100 MHz, CDCls,
8/ppm): 31.1 (CHy); 35.4 (CHy); 48.5 (CH); 124.0 (CH); 139.8 (C); 141.3
(CH); 167.2 (C); 177.3 (CO); 197.3 (CO). GC-MS (m/2): 196.0 (M",
79%).

6.1.4.2. 2-(8-0x0-5,6,7,8-tetrahydro-4H-cyclohepta[b]thiophen-7-yDace-
tic acid (23). Compound 23 was synthesized by following general pro-
cedure III starting from 21 (1.10 g, 5.36 mmol) in 88% (1.06 g) yield;
black solid; mp 104 °C. IR (v /em™1): 1709; 1649 (CO). 'H NMR (400
MHz, CDCl3 8/ppm): 1.52-1.75 (m, 2H); 1.88-2.13 (m, 2H); 2.40 (dd,
1H, J = 5.6 and 16.8 Hz); 2.80-3.05 (m, 3H); 3.17-3.28 (m, 1H); 6.86 (d,
1H, J = 4.8 Hz); 7.44 (d, 1H, J = 4.8 Hz); 10.47 (bs, 1H). 13¢ NMR (100
MHz, CDCl3, &/ppm): 24.9 (CHy); 28.2 (CHy); 28.6 (CH>); 35.8 (CHy);
45.1 (CH); 130.9 (CH); 132.3 (CH); 140.2 (C); 149.5 (C); 178.3 (CO);
194.7 (CO). GC-MS (m/z): 224.0 (M*, 2%).

6.1.5. General procedure IV. Synthesis of pyridazinones 3, 4

To a solution of appropriate acid 22 or 23 (1 equiv.) in EtOH (5 mL
per 1.00 mmol of acid), hydrazine hydrate (1.3 equiv.) was added and
the whole refluxed for 3 h. After cooling to room temperature the solvent
was evaporated to give a crude residue which was purified by FC.

6.1.5.1. 2,4,4a,5-tetrahydro-3H-thieno[3',2'-4,5]cyclopenta[1,2-c]pyr-
idazin-3-one (3). Compound 3 was synthesized by following general
procedure IV starting from 22 (0.36 g, 1.83 mmol) in 66% (0.23 g) yield;
brown solid (purification by FC: AcOEt/hexane 9:1); mp 182-185 °C. IR
(v /em™1): 1660 (CO). 'H NMR (400 MHz, CDCl3, 8/ppm): 2.39 (t, 1H, J
=16.4 Hz); 2.56 (dd, 1H, J = 4.8 and 16.4 Hz); 2.82 (dd, 1H, J = 6.8 and
16.4 Hz); 3.25 (dd, 1H, J = 7.6 and 16.4 Hz); 3.40-3.50 (m, 1H); 6.90 (d,
1H, J = 4.8 Hz); 7.51 (d, 1H, J = 4.8 Hz); 8.37 (bs, 1H). 3C NMR (100
MHz, DCl3 &/ppm): 32.6 (CH»); 33.7 (CHy); 40.7 (CH); 123.2 (CH);
135.0 (CH); 136.2 (C); 156.9 (C); 157.5 (C); 166.8 (CO). GC-MS (m/2):
192.1 (M", 100%).

6.1.5.2. 2,4,4a,5,6,7-hexahydro-3H-thieno[3',2'-6,7]cyclohepta[1,2-c]
pyridazin-3-one (4). Compound 4 was synthesized by following general
procedure IV starting from 23 (0.95 g, 4.23 mmol) in 71% (0.66 g) yield;
yellow solid (purified by FC: AcOEt/hexane 6:4); mp 155 °C. IR (v
/em™1): 1681 (CO). 'H NMR (400 MHz, CDCl3, 8/ppm): 1.71-1.85 (m,
1H); 1.86-2.00 (m, 3H); 2.39 (dd, 1H, J = 12.4 and 17.2 Hz); 2.64 (dd,
1H, J =6.8 and 16.8 Hz); 2.85-2.99 (m, 2H); 3.00-3.10 (m, 1H); 6.83 (d,
1H, J = 5.2 Hz); 7.23 (d, 1H, J = 5.2 Hz); 8.86 (bs, 1H). *C NMR (100
MHz, CDCl3, 8/ppm): 24.5 (CHy); 29.2 (CHy); 30.1 (CHy); 33.6 (CHy);
35.8 (CH); 126.8 (CH); 130.7 (CH); 134.8 (C); 142.3 (C); 152.0 (C);
167.4 (CO). GC-MS (m/2): 220.1 (M™, 100%).

6.1.6. General procedure V. Synthesis of haloalkyl pyridazinones 5-14.
Method A. To a solution of appropriate pyridazinone 2 or 4 (1 equiv.)
in dry DMF (4 mL per 0.92 mmol of pyridazinone), NaH (60% in mineral
oil, 3 equiv.) was added at room temperature and the whole stirred for 5
min. The appropriate halogen derivative (3 equiv.) was added, the
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resulting mixture stirred at room temperature for 1 h and then poured
into cold H20. The mixture was extracted with CHCls, the organic phase
evaporated, to give a crude residue which was purified by FC.

Method B. The appropriate pyridazinone 2 or 3 (1 equiv.), halogen
derivative (1.2 equiv.) and tetrabutylammonium hydrogensulfate (0.05
equiv.) were dissolved in CHCly (0.9 mL per 0.76 mmol of pyr-
idazinone) and 28% NaOH (0.9 mL) and H,O (0.3 mL) were added. The
whole was vigorously stirred and heated at 40 °C for 2.5 h. The reaction
mixture was then diluted with CH,Cl, (1 mL) and H,O (0.5 mL) and the
phases were separated. The organic phase was dried and evaporated to
give a crude residue which was purified by FC (AcOEt/petroleum ether
1:1).

6.1.6.1. 2-(2-bromoethyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3
(2H)-one (5). Compound 5 was synthesized by following general pro-
cedure V (method A) starting from 2 (0.10 g, 0.48 mmol) and 1,2-dibro-
moethane in 93% (0.14 g) yield; yellow solid (FC, AcOEt/petroleum
ether 1:1); mp 99-101.°C. IR (v /cm’l): 1669 (CO). H NMR (400 MHz,
CDCls, 8/ppm): 1.56-1.70 (m, 1H); 2.12-2.20 (m, 1H); 2.24 (t, 1H, J =
15.6 Hz); 2.57-2.90 (m, 4H); 3.50-3.60 (m, 2H); 4.00-4.10 (m, 1H);
4.19-4.29 (m 1H); 6.80 (d, 1H, J = 4.8 Hz,); 7.26 (d, 1H, J = 5.2 Hz). 13C
NMR (100 MHz, CDCls, 8/ppm): 24.9 (CHy); 28.9 (CHy); 30.2 (CHy);
33.3 (CH); 34.2 (CHjy); 49.0 (CHy); 127.7 (CH); 128.6 (CH); 131.6 (C);
144.5 (C); 148.7 (C); 165.7 (CO). GC-MS (m/z): 313.1 (M™).

6.1.6.2. 2-(4-bromobutyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3
(2H)-one (6). Compound 6 was synthesized by following general pro-
cedure V (method B) starting from 2 (0.15 g, 0.73 mmol) and 1,4-dibro-
mobutane in 88% (0.22g) yield; white solid; mp 85 °C. IR (v /em™1):
1665 (CO). 'H NMR (400 MHz, CDCl3, &/ppm): 1.55-1.68 (m, 1H);
1.72-1.88 (m, 4H); 2.12-2.21 (m, 1H); 2.21 (t, 1H, J = 15.6 Hz);
2.55-2.89 (m, 4H); 3.39 (t, 2H, J = 6.4 Hz); 3.65-3.73 (m, 1H);
3.81-3.89 (m, 1H); 6.80 (d, 1H, J = 4.8 Hz); 7.25 (d, 1H, J = 5.2 Hz). 3¢
NMR (100 MHz, CDCl3, &/ppm): 25.0 (CH»); 26.8 (CH»); 29.8 (CHy);
30.2 (CHy); 33.4 (CHy); 33.4 (CH); 34.3 (CHj); 46.9 (CHy); 127.8 (CH);
128.4 (CH); 131.9 (C); 144.2 (C); 148.1 (C); 165.5 (CO). GC-MS (m/2):
340.0 (M ", 19%); 342.0 (M " + 2, 19%).

6.1.6.3. 2-(4-bromobutyl)-2,4,4a,5-tetrahydro-3H-thieno[3',2'-4,5]cyclo-
penta[1,2-c]pyridazin-3-one (7). Compound 7 was synthesized by
following general procedure V (method B) starting from 3 (0.10 g, 0.52
mmol) and 1,4-dibromobutane in 82% (0.14 g) yield; white solid; mp
75-83 (dec). IR (v /em™!): 1655 (CO). 'H NMR (400 MHz, CDCl3,
8/ppm): 1.72-1.90 (m, 4H); 2.35 (t, 1H, J = 16.4 Hz); 2.53 (dd, 1H, J =
4.0 and 16.0 Hz); 2.80 (dd, 1H, J = 6.4 and 16.0 Hz); 3.22 (dd, 1H, J =
7.6 and 16.4 Hz); 3.30-3.41 (m, 3H); 3.63-3.71 (m, 1H); 3.84-3.93 (m,
1H); 6.90 (d, 1H, J = 5.2 Hz); 7.50 (d, 1H, J = 4.8 Hz). '3C NMR (100
MHz, CDCl3, §/ppm): 26.7 (CHz); 29.9 (CHy); 32.5 (CHy); 33.4 (CHyp);
34.5 (CHy); 40.8 (CH); 47.2 (CHy); 123.2 (CH); 134.9 (CH); 136.4 (C);
157.1 (C); 157.5 (C); 164.5 (CO). GC-MS (m/z): 246.0 M+ — 81, 93%).

6.1.6.4. 2-(4-bromobutyl)-2,4,4a,5,6,7-hexahydro-3H-thieno[3',2'-6,7]
cyclohepta[1,2-c]pyridazin-3-one (8). Compound 8 was synthesized by
following general procedure V (method A) starting from 4 (0.40 g, 1.81
mmol) and 1,4-dibromobutane in 20% (0.13 g) yield; yellow oil (FC,
AcOEt/hexane 4:6). IR (v /cm’l): 1668 (CO). 1H NMR (400 MHz, CDCl3,
&/ppm): 1.53-1.90 (m, 8H); 2.28 (dd, 1H, J = 13.2 and 16.4 Hz); 2.52
(dd, 1H, J = 6.4 and 16.4 Hz); 2.82 (t, 2H, J = 6.0 Hz); 2.85-2.92 (m,
1H); 3.39 (t, 2H, J = 6.0 Hz); 3.70-3.84 (m, 2H); 6.74 (d, 1H, J = 5.2
Hz); 7.14 (d, 1H, J = 5.2 Hz). '3C NMR (100 MHz, CDCls, 8/ppm): 24.5
(CHy); 26.7 (CHy); 29.5 (CHy); 29.8 (CHy); 30.1 (CHy); 33.3 (CHy); 34.5
(CHy); 36.3 (CH); 46.8 (CHy); 126.9 (CH); 130.7 (CH); 135.0 (C); 142.0
(C); 152.0 (C); 165.3 (CO). GC-MS (m/z): 354.0 (M, 39%); 356.0 (M
+ 2, 38%).
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6.1.6.5. 2-(5-bromopentyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3
(2H)-one (9). Compound 9 was synthesized by following general pro-
cedure V (method B) starting from 2 (0.15 g, 0.73 mmol) and 1,5-dibro-
mopentane in 81% (0.21 g) yield; white solid; mp 88 °C. IR (v /cm’l):
1662 (CO). 'H NMR (400 MHz, CDCls, 5/ppm): 1.37-1.43 (m, 2H);
1.57-1.65 (m, 3H); 1.79-1.86 (m, 2H); 2.12-2.19 (m, 1H); 2.19 (t, 1H, J
= 16.0 Hz); 2.55-2.92 (m, 4H); 3.33 (t, 2H, J = 6.8 Hz); 3.62-3.67 (m,
1H); 3.68-3.75 (m, 1H); 6.80 (d, 1H, J = 5.2 Hz); 7.25 (d, 1H, J = 5.2
Hz). 3C NMR (100 MHz, CDCls, 5/ppm): 25.0 (CHp); 25.1 (CHy); 27.1
(CHy); 30.2 (CHy); 32.3 (CHy); 33.3 (CH); 33.8 (CHy); 34.2 (CHy); 47.5
(CHy); 127.7 (CH); 128.2 (CH); 131.9 (C); 144.1 (C); 147.9 (C); 165.2
(CO). GC-MS (m/2): 354.0 (M", 27%); 356.0 (M" + 2, 28%).

6.1.6.6. 2-(5-bromopentyl)-2,4,4a,5-tetrahydro-3H-thieno[3,2':4,5]
cyclopenta[1,2-c]pyridazin-3-one (10). Compound 10 was synthesized
by following general procedure V (method B) starting from 3 (0.10 g,
0.52 mmol) and 1,5-dibromopentane in 53% (0.09 g) yield; yellow oil.
IR (v /em™1): 1660 (CO). 'H NMR (400 MHz, CDCls, 5/ppm): 1.35-1.49
(m, 2H); 1.60-1.71 (m, 2H); 1.80-1.90 (m, 2H); 2.34 (t, 1H, J = 16.4
Hz); 2.52 (dd, 1H, J = 4.4 and 16.0 Hz); 2.79 (dd, 1H, J = 6.8 and 16.0
Hz); 3.22 (dd, 1H, J = 7.6 and 16.4 Hz); 3.30-3.40 (m, 3H); 3.60-3.70
(m, 1H); 3.80-3.90 (m, 1H); 6.90 (d, 1H, J = 4.8 Hz); 7.50 (d, 1H, J =
4.8 Hz). 13C NMR (100 MHz, CDCl3, 8/ppm): 25.2 (CHy); 27.1 (CHy);
32.4 (CHy); 32.5 (CHy); 33.7 (CHy); 34.5 (CHy); 40.8 (CH); 47.8 (CHy);
123.2 (CH); 134.9 (CH); 136.3 (C); 157.0 (C); 157.5 (C); 164.3 (CO).
GC-MS(m/2): 340.1 (M*, 17%); 342.1 (M + 2, 17%).

6.1.6.7. 2-(6-bromohexyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3
(2H)-one (11). Compound 11 was synthesized by following general
procedure V (method B) starting from 2 (0.15 g, 0.73 mmol) and 1,6-
dibromohexane in 86% (0.23 g) yield; yellow solid; mp 83-90 °C
(dec.). IR (v /em™1): 1666 (CO). 'H NMR (400 MHz, CDCls, §/ppm):
1.20-1.31 (m, 2H); 1.33-1.42 (m, 2H); 1.55-1.67 (m, 3H); 1.76-1.83
(m, 2H); 2.12-2.25 (m, 2H); 2.55-2.92 (m, 4H); 3.38 (t, 2H, J = 6.8 Hz);
3.62-3.71 (m, 1H); 3.75-3.86 (m, 1H); 6.81 (d, 1H, J = 4.8 Hz); 7.26 (d,
1H, J = 4.8 Hz). 13C NMR (100 MHz, CDCls, 5/ppm): 24.9 (CHy); 25.7
(CHy); 27.8 (CH3); 27.9 (CHy); 30.2 (CHy); 33.3 (CHy); 33.9 (CH); 34.3
(CHy); 34.4 (CHy); 47.8 (CHy); 127.7 (CH); 128.2 (CH); 131.9 (C); 144.0
(C); 147.9 (C); 165.2 (CO). GC-MS(m/z): 369.2 (M, 5%).

6.1.6.8. 2-(6-bromohexyl)-2,4,4a,5-tetrahydro-3H-thieno[3',2':4,5]cyclo-
penta[1,2-c]pyridazin-3-one (12). Compound 12 was synthesized by
following general procedure V (method B) starting from 3 (0.10 g, 0.52
mmol) and 1,6-dibromohexane in 55% (0.10 g) yield; yellow oil. IR (v
/em™1): 1659 (CO). 'H NMR (400 MHz, CDCls, §/ppm): 1.26-1.35 (m,
2H); 1.39-1.49 (m, 2H); 1.60-1.69 (m, 2H); 1.71-1.85 (m, 2H); 2.34 (t,
1H, J = 16.0 Hz); 2.52 (dd, 1H, J = 4.0 and 16.0 Hz); 2.79 (dd, 1H, J =
6.8 and 16.0 Hz); 3.21 (dd, 1H, J = 7.6 and 16.0 Hz); 3.30-3.40 (m, 3H);
3.60-3.70 (m, 1H); 3.80-3.90 (m, 1H); 6.89 (d, 1H, J = 4.8 Hz); 7.50 (d,
1H, J = 4.8 Hz). 13C NMR (100 MHz, CDCls, 8/ppm): 25.8 (CHy); 27.8 (2
x CHg); 32.5 (CHg); 32.7 (CHy); 33.9 (CHy); 34.5 (CHy); 40.8 (CH); 48.1
(CHy); 123.2 (CH); 134.8 (CH); 136.4 (C); 156.9 (C); 157.4 (C); 164.3
(CO). GC-MS (m/2): 354.1 (M", 18%); 356.1 (M" + 2, 19%).

6.1.6.9. 2-(7-bromoheptyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3

(2H)-one (13). Compound 13 was synthesized by following general
procedure V (method B) starting from 2 (0.15 g, 0.73 mmol) and 1,7-
dibromoheptane in 75% (0.21 g) yield; yellow oil. IR (v /em™b): 1660
(CO). 'H NMR (400 MHz, CDCls, 5/ppm): 1.19-1.40 (m, 6H); 1.52-1.65
(m, 3H); 1.70-1.80 (m, 2H); 2.10-2.25 (m, 2H); 2.52-2.89 (m, 4H); 3.29
(t, 2H, J = 6.8 Hz); 3.60-3.69 (m, 1H); 3.72-3.81 (m, 1H); 6.78 (d, 1H, J
=5.2Hz,); 7.23 (d, 1H, J = 5.2 Hz). 13C NMR (100 MHz, CDCls, §/ppm):
25.0 (CHy); 26.4 (CHy); 27.9 (CH,); 28.0 (CHy); 28.4 (CH,); 30.2 (CHy);
32.7 (CHy); 33.3 (CH); 34.0 (CHy); 34.3 (CHy); 47.9 (CHy); 127.7 (CH),
128.2 (CH); 132.0 (C); 144.0 (C); 147.9 (C); 165.3 (CO). GC-MS (m/2):
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383.1 (M™, 6%); 385.1 (M™ + 2, 6%).

6.1.6.10. 2-(7-bromoheptyD)-2,4,4a,5-tetrahydro-3H-thieno[3',2'-4,5]

cyclopenta[1,2-c]pyridazin-3-one (14). Compound 14 was synthesized
by following general procedure V (method B) starting from 3 (0.10 g,
0.52 mmol) and 1,7-dibromoheptane in 39% (0.07 g) yield; brown oil.
IR (v /em™1): 1655 (CO). 'H NMR (400 MHz,CDCls, 8/ppm): 1.20-1.39
(m, 6H); 1.55-1.65 (m, 2H); 1.60-1.72 (m, 2H); 2.33 (t, 1H, J = 16.0
Hz); 2.52 (dd, 1H, J = 4.4 and 16.4 Hz); 2.78 (dd, 1H, J = 6.8 and 16.0);
3.20 (dd, 1H, J = 8.4 and 16.4 Hz); 3.29-3.38 (m, 3H); 3.55-3.65 (m,
1H); 3.75-3.87 (m, 1H); 6.88 (d, 1H, J = 4.8 Hz); 7.48 (d, 1H, J = 4.8
Hz). 13C NMR (100 MHz, CDCls, 8/ppm): 26.4 (CH,); 27.9 (CHy); 28.0
(CHy); 28.4 (CHj); 32.5 (CHj); 32.7 (CHy); 34.0 (CHy); 34.5 (CHy); 40.8
(CH); 48.2 (CHyp); 123.2 (CH); 134.7 (CH); 136.4 (C); 156.9 (C); 157.4
(C); 164.3 (CO). GC-MS (m/2): 368.1 (M*, 18%); 370.1 (M ™" + 2, 18%).

6.1.7. Synthesis of 2-(4-(bromomethyDbenzyl)-4,4a,5,6-tetrahydrothieno
[3,2-h]cinnolin-3(2H)-one (15)

Method C: To a solution of 2 (0.20 g, 0.97 mmol, 1 equiv.) in CH3CN
(12 mL), K5COs, (0.40 g, 2.90 mmol, 3 equiv.), 1,4-bis(bromomethyl)
benzene (0.76 g, 2.90 mmol, 3 equiv.) were added and the whole
refluxed for 30 h. The reaction mixture was cooled to room temperature,
extracted with CHCls, and the organic phase dried and evaporated, to
give a crude residue which was purified by FC (AcOEt/hesane 1:1). 63%
(0.24 g) yield; white solid, mp 141 °C. IR (v /cm ™ 1): 1663 (CO). 'H NMR
(400 MHz, CDCl3 &/ppm): 1.63-1.79 (m, 1H); 2.20-2.37 (m, 2H);
2.62-2.98 (m, 4H); 4.49 (s, 2H); 4.87 (d, 1H, J = 14.8 Hz); 5.08 (d, 1H, J
= 14.4 Hz); 6.88 (d, 1H, J = 5.2 Hz); 7.32-7.44 (m, 5H). 13C NMR (100
MHz, CDCl3, 8/ppm): 25.0 (CHy); 30.3 (CHy); 33.4 (CHy); 33.5 (CH);
34.3 (CHy); 51.7 (CHy); 127.7 (CH); 128.5 (CH); 128.6 (2 x CH); 128.7
(2 x CH); 131.9 (C); 136.8 (C); 137.9 (C); 144.3 (C); 148.2 (C); 165.3
(CO). GC-MS (m/z): 389.0 (M™).

6.1.8. General procedure VI. Synthesis of compounds 2a-f, 2h-1, 3a-e, 4a.

To a solution of appropriate bromoalkylpyridazinone (1 equiv.) in
CH3CN (3 mL per 0.38 mmol of bromoalkylpyridazinone), the appro-
priate amine (1.06 equiv.), K2CO3 (1.06 equiv.) and KI (2 mg) were
added and the whole refluxed for 1 h. The reaction mixture was cooled
to room temperature, evaporated and the residue diluted with HyO. The
mixture was extracted with CHCls, the organic phase dried and evapo-
rated to give a crude residue which was purified by FC (CHCls/CHsOH
9:1).

6.1.9. General procedure VII. Synthesis of fumarate salts.

A solution of the free base (1 equiv.) and fumaric acid (1 equiv.) in
CH3O0H (10 mL per 0.13 mmol of free base) was stirred at room tem-
perature for 0.5 h. The solution was evaporated and the crude residue
was triturated with ether, filtered and dried to give the fumarate salt of
the title compound as amorphous solid.

6.1.9.1. 2-(4-(4-benzylpiperazin-1-yDbutyl)-4,4a,5,6-tetrahydrothieno

[3,2-h]cinnolin-3(2H)-one (2a). Compound 2a was synthesized by
following general procedure VI starting from 6 (0.13 g, 0.38 mmol) and
N-benzylpiperazine in 98% (0.16 g) yield; brown oil. General procedure
VII was used to prepare the corresponding fumarate salt. mp (fumarate,
white solid) 195-197 °C. IR (v /em™): 1667 (CO). 'H NMR (400 MHz,
CDCls, 8/ppm): 1.40-1.50 (m, 2H); 1.58-1.68 (m, 3H); 2.10-2.25 (m,
2H); 2.30-2.63 (m, 12H); 2.68-2.88 (m, 2H); 3.43 (s, 2H); 3.62-3.70 (m,
1H); 3.78-3.85 (m, 1H); 6.79 (d, 1H, J = 4.8 Hz); 7.13-7.25 (m, 6H). 13¢
NMR (100 MHz, CDCl3, &/ppm): 23.8 (CH»); 25.0 (CHy); 26.1 (CHy);
30.3 (CHyp); 33.4 (CH); 34.4 (CHp); 47.8 (CH3); 52.9 (CHy); 53.1 (3 x
CH); 58.3 (CHy); 63.0 (CHy); 127.0 (CH); 127.7 (CH); 128.2 (3 x CH);
129.2 (2 x CH); 132.0 (C); 138.1 (C); 144.1 (C); 148.0 (C); 165.4 (CO).
HRMS (ESI, m/z): [M + H] " calculated for Co5H33sN40S 437.2375; found
437.2372. Anal. calcd. for CosH3oN40S-C4H404: C 63.0, H 6.6, N 10.1;
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found: C 63.1, H 6.4, N 10.0.

6.1.9.2. 2-(4-(dimethylamino)butyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cin-
nolin-3(2H)-one (2b). Compound 2b was synthesized by following
general procedure VI starting from 6 (0.30 g, 0.88 mmol), dimethyl-
amine hydrochloride and K>CO3 (2.12 equiv.) in 82% (0.22 g) yield;
brown oil. General procedure VII was used to prepare the corresponding
fumarate salt. mp (fumarate, white solid) 102-105 °C. IR (v /em™b):
1668 (CO). 1 NMR (400 MHz, CDCl3, &8/ppm): 1.50-1.70 (m, 5H);
2.12-2.25 (m, 2H); 2.30 (s, 6H); 2.42-2.50 (m, 2H); 2.55-2.68 (m, 2H);
2.72-2.89 (m, 2H); 3.62-3.72 (m, 1H); 3.80-3.88 (m, 1H); 6.80 (d, 1H,
J = 5.2 Hz), 7.25 (d, 1H, J = 5.2 Hz). '*C NMR (100 MHz, CDCl;,
8/ppm): 23.7 (CHy); 25.0 (CHy); 25.8 (CHy); 30.2 (CHy); 33.2 (CH); 34.3
(CHy); 44.8 (2 x CH3); 47.4 (CHy); 58.9 (CHy); 127.8 (CH); 128.3 (CH);
132.1 (C); 144.3 (C); 148.2 (C); 165.5 (CO). HRMS (ESI, m/2): [M + H] "
calculated for C1gH24N30S 306.1635; found 306.1635. Anal. caled. for
C16H23N30S-C4H404: C57.0, H 6.5, N 10.0; found: C56.9, H6.7, N 10.1.

6.1.9.3. 2-(4-(diethylamino)butyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cin-
nolin-3(2H)-one (2c). Compound 2c¢ was synthesized by following
general procedure VI starting from 6 (0.20 g, 0.59 mmol), diethylamine
in 78% (0.15 g) yield; brown oil. IR (v /em™1): 1667 (CO). *H NMR (400
MHz, CDCl3, &/ppm): 1.08 (t, 6H, J = 7.2 Hz); 1.50-1.70 (m, 5H);
2.13-2.26 (m, 2H); 2.54-2.71 (m, 8H); 2.73-2.89 (m, 2H); 3.63-3.74
(m, 1H); 3.79-3.89 (m, 1H); 6.80 (d, 1H, J = 5.0 Hz); 7.25 (d, 1H, J =
5.0 Hz). '3C NMR (100 MHz, CDCl3, 8/ppm): 10.6 (2 x CH3); 22.7 (CHy);
25.0 (CHp); 25.9 (CHy); 30.2 (CHy); 33.4 (CH); 34.3 (CHyp); 46.8 (2 x
CHy); 47.4 (CHy); 52.1 (CHy); 127.8 (CH); 128.3 (CH); 131.9 (C); 144.3
(C); 148.3 (C); 165.5 (CO). HRMS (ESI, m/2): [M + H]" calculated for
C18H2gN30S 334.1948; found 334.1949. Anal. calcd. for C1gH,7N308S: C
64.8, H 8.2, N 12.6; found: C 65.0, H 8.0, N 12.8.

6.1.9.4. 2-(4-(pyrrolidin-1-yl)butyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cin-
nolin-3(2H)-one (2d). Compound 2d was synthesized by following
general procedure VI starting from 6 (0.20 g, 0.59 mmol), pyrrolidine in
83% (0.16 g) yield; brown oil. IR (v /em™): 1661 (CO). H NMR (400
MHz, CDCl3 8/ppm): 1.50-1.80 (m, 10H); 2.13-2.23 (m, 2H); 2.45-2.68
(m, 7H); 2.70-2.90 (m, 2H); 3.63-3.72 (m, 1H); 3.79-3.88 (m, 1H); 6.79
(d, 1H, J = 5.2 Hz); 7.24 (d, 1H, J = 5.2 Hz). '3C NMR (100 MHz, CDCl3,
8/ppm): 23.4 (2 x CHy); 25.0 (CHy); 25.4 (CHy); 26.1 (CHj); 30.3 (CHy);
33.4 (CH); 34.3 (CHy); 47.6 (CHy); 54.1 (2 x CHy); 56.0 (CHy); 127.7
(CH); 128.2 (CH); 132.0 (C); 144.1 (C); 148.1 (C); 165.4 (CO). HRMS
(ESI, m/2): [M + H]" calculated for C;gH6N30S 332.1791; found
332.1790. Anal. calcd. for C;gH5N30S: C 65.2, H 7.6, N 12.7; found: C
65.5, H7.85, N 12.8.

6.1.9.5. 2-(4-(piperidin-1-yDbutyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cin-

nolin-3(2H)-one (2e). Compound 2e was synthesized by following
general procedure VI starting from 6 (0.20 g, 0.59 mmol) and piperidine
in 86% (0.17 g) yield; brown oil. General procedure VII was used to
prepare the corresponding fumarate salt. mp (fumarate, white solid)
143 °C. IR (v /em™!): 1651 (CO). 'H NMR (400 MHz, CDCl, 8/ppm):
1.33-1.80 (m, 12H); 2.12-2.25 (m, 2H); 2.30-2.50 (m, 4H); 2.55-2.68
(m, 2H); 2.70-2.89 (m, 3H); 3.63-3.71 (m, 1H); 3.78-3.88 (m, 1H); 6.80
(d, 1H,J =5.2 Hz); 7.25 (d, 1H, J = 5.2 Hz). 13C NMR (100 MHz, CDCl3,
8/ppm): 25.2 (2 x CHy); 26.1 (CHy); 30.2 (2 x CHy); 33.4 (CH); 34.3 (2
x CHa); 47.6 (CH,); 54.3 (3 x CHb); 58.7 (CH,); 127.7 (CH); 128.2 (CH);
132.0 (C); 144.2 (C); 148.1 (C); 165.4 (CO). HRMS (ESI, m/2): [M + H]™
calculated for C19HgN30S 346.1948; found 346.1948. Anal. calcd. for
C19H57N30S-C4H404: C 59.85, H 6.8, N 9.1; found: C 59.65, H6.9, N 9.3.

6.1.9.6. 2-(2-(4-benzylpiperazin-1-yDethyl)-4,4a,5,6-tetrahydrothieno

[3,2-h]cinnolin-3(2H)-one (2f). Compound 2f was synthesized by
following general procedure VI starting from 5 (0.11 g, 0.35 mmol) and
N-benzylpiperazine in 78% (0.11 g) yield; white solid. General
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procedure VII was used to prepare the corresponding fumarate salt. mp
(fumarate, white solid) 96-102 °C. IR (v /cm_l): 1653 (CO). 'H NMR
(400 MHz, CDCl3, &/ppm): 1.55-1.65 (m, 1H); 2.10-2.25 (m, 2H);
2.30-2.90 (m, 14H); 3.42 (s, 2H); 3.78-3.87 (m, 1H); 3.88-3.99 (m, 1H);
6.77 (d, 1H, J = 4.8); 7.12-7.35 (m, 6H). 13C NMR (100 MHz, CDCls,
8/ppm): 24.0 (CHy); 30.2 (CHy); 32.3 (CH); 33.3 (CHy); 44.4 (CHy); 52.0
(4 x CHy); 54.7 (CHy); 62.0 (CHy); 126.0 (CH); 126.7 (CH); 127.1 (2 x
CH); 127.2 (CH); 128.3 (2 x CH); 131.0 (C); 136.9 (C); 143.1 (C); 147.0
(C); 164.4 (CO). HRMS (ESIL, m/2): [M + H]™ calculated for Co3HagN4OS
409.2057; found 409.2059. Anal. calcd. for Cy3HgN40S-C4H404: C
61.8, H 6.15 N 10.7; found: C 62.0, H 6.3, N 10.6.

6.1.9.7. 2-(4-((4-benzylpiperazin-1-yDmethyl)benzyl)-4,4a,5,6-tetrahy-
drothieno[3,2-h]cinnolin-3(2H)-one (2h). Compound 2h was synthe-
sized by following general procedure VI starting from 15 (0.15 g, 0.38
mmol) and N-benzylpiperazine in 73% (0.14 g) yield; white solid.
General procedure VII was used to prepare the corresponding fumarate
salt. mp (fumarate, white solid) 203-205 °C. IR (v /em™D): 1659 (CO).
1H NMR (400 MHz, CDCl3, §/ppm): 1.50-1.64 (m, 1H); 2.06-2.85 (m,
14H); 3.39 (s, 2H); 3.41 (s, 2H); 4.75 (d, 1H, J = 14.4 Hz); 4.98 (d, 1H, J
=14.4 Hz); 6.75 (d, 1H, J = 5,2 Hz); 7.10-7.30 (m, 10H); *C NMR (100
MHz, CDCl3, 8/ppm): 25.0 (CH»); 30.3 (CHy); 33.5 (CH); 34.3 (CHp);
51.8 (CHy); 53.0 (4 x CHy); 62.7 (CHy); 63.0 (CHy); 127.0 (CH); 127.7
(CH); 128.2 (2 x CH); 128.3 (2 x CH); 128.4 (CH); 129.3 (4 x CH);
132.0 (C); 136.4 (C); 137.0 (C); 138.0 (C); 144.1 (C); 148.1 (C); 165.3
(CO). HRMS (ESI, m/2): [M + H]™ calculated for CogH33N4OS 485.2370;
found 485.2372. Anal. calcd. for Co9gH35N40S-C4H404: C 66.0, H 6.0, N
9.3; found: C 66.1, H 6.3, N 9.2.

6.1.9.8. 2-(4-(4-benzylpiperazin-1-yDbutyl)-2,4,4a,5-tetrahydro-3H-
thieno[3',2'-4,5]cyclopenta[1,2-c]pyridazin-3-one (3a). Compound 3a
was synthesized by following general procedure VI starting from 7 (0.06
g, 0.18 mmol) and N-benzylpiperazine in 51% (0.04 g) yield; yellow oil.
General procedure VII was used to prepare the corresponding fumarate
salt. mp (fumarate, white solid) 190-192 °C. IR (v /em™D): 1651 (CO).
'H NMR (400 MHz, CDCl3, 8/ppm): 1.42-1.51 (m, 2H); 1.59-1.68 (m,
2H); 2.30-2.55 (m, 11H); 2.78 (dd, 1H, J = 6.8 and 16.0 Hz); 3.20 (dd,
1H, J=7.6 and 16.0 Hz); 3.28-3.45 (m, 2H); 3.46 (s, 2H); 3.60-3.70 (m,
1H); 3.81-3.90 (m,1H); 6.88 (d, 1H, J = 4.8 Hz); 7.12-7.26 (m, 5H);
7.48 (d, 1H, J = 4.8 Hz). '3C NMR (100 MHz, CDCl3 &/ppm): 22.6
(CHy); 25.0 (CHy); 31.4 (CHy); 33.5 (CHy); 39.8 (CH); 47.0 (CHy); 51.7
(2 x CHy); 52.0 (2 x CHy); 57.2 (CHy); 61.9 (CHy); 122.1 (CH); 126.0
(CH); 127.2 (2 x CH); 128.2 (2 x CH); 133.7 (CH); 135.4 (C); 136.9 (C);
155.9 (C); 156.4 (C); 163.4 (CO). HRMS (ESI, m/2): [M + H] " calculated
for Cy4H31N40S 423.2213; found 423.2217. Anal. caled. for
C24H30N4OS'C4H404Z C 62.4, H 6.4, N 10.4; found: C 62.3, H 6.5, N
10.65.

6.1.9.9. 2-(4-(4-benzylpiperazin-1-yDbutyl)-2,4,4a,5,6,7-hexahydro-3H-
thieno[3',2':6,7]cyclohepta[1,2-c]pyridazin-3-one (4a). Compound 4a
was synthesized by following general procedure VI starting from 8 (0.12
g, 0.33 mmol) and N-benzylpiperazine in 66% (0.10 g) yield; yellow oil.
General procedure VII was used to prepare the corresponding fumarate
salt. mp (fumarate, white solid) 181 °C. IR (v /em™1): 1668 (CO). 'H
NMR (400 MHz, CDCl3, §/ppm): 1.40-1.51 (m, 1H); 1.55-1.70 (m, 2H);
1.73-1.90 (m, 2H); 2.20-2.52 (m, 16H); 2.75-2.90 (m, 2H); 3.44 (s, 2H);
3.65-3.72 (m, 1H); 3.74-3.83 (m, 1H); 6.72 (d, 1H, J = 5.2 Hz); 7.12 (d,
1H, J = 5.2 Hz); 7.14-7.27 (m, 5H). 13C NMR (100 MHz, CDCl3, 5/ppm):
23.7 (CHyp); 24.5 (CHy); 26.0 (CHy); 29.4 (CH3); 30.1 (CHy); 34.6 (CHy);
36.2 (CH); 47.7 (CHy); 52.7 (2 x CHy); 53.0 (2 x CHy); 58.2 (CHy); 63.0
(CHy); 126.8 (CH); 127.1 (CH); 128.2 (2 x CH); 129.2 (2 x CH); 130.6
(CH); 135.1 (C); 138.0 (C); 141.8 (C); 151.9 (C); 165.3 (CO). HRMS (ESI,
m/z): [M + H]™ calculated for CogH35N40S 451.2526; found 451.2528.
Anal. calcd. for CogH34N40S-C4H404: C 63.6 H 6.8, N 9.9; found: C 63.7,
H 6.6, N 10.1.
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6.1.9.10. 2-(4-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyl)piperazin-1-
yDbutyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3(2H)-one (2i). Com-
pound 2i was synthesized by following general procedure VI starting
from 6 (0.18 g, 0.53 mmol) and 1-(phenylsulfonyl)-4-(piperazin-1-
ylmethyl)-1H-indole in 66% (0.21 g) yield; yellow oil. General proced-
ure VII was used to prepare the corresponding fumarate salt. mp
(fumarate, white solid) 97-104 °C, dec. IR (v /cm ™ 1): 1659 (CO); 1373
(SO2). "H NMR (400 MHz, CDCl3, §/ppm): 1.55-1.72 (m, 5H); 2.10-2.30
(m, 2H); 2.50-2.96 (m, 14H); 3.60-3.72 (m, 3H); 3.75-3.83 (m, 1H);
6.76-6.81 (m, 2H); 7.09 (d, 1H, J = 7.2 Hz); 7.16-7.21 (m, 1H); 7.23 (d,
1H, J = 5.2 Hz); 7.35-7.41 (m, 2H); 7.45-7.49 (m, 1H); 7.50 (d, 1H, J =
3.6 Hz); 7.80-7.86 (m, 3H). '3C NMR (100 MHz, CDCls, 5/ppm): 23.4
(CHa); 24.9 (CHy); 26.0 (CHy); 30.2 (CHy); 33.3 (CH); 34.2 (CHy); 47.6
(CHy); 52.6 (2 x CHy); 53.0 (2 x CHy); 58.0 (CH3); 60.3 (CH3); 108.1
(CH); 112.3 (CH); 123.9 (CH); 124.4 (CH); 125.8 (CH); 126.7 (CH);
127.8 (CH); 128.2 (CH); 129.3 (3 x CH); 130.4 (C); 131.1 (C); 131.8 (C);
133.8 (CH); 134.8 (C); 138.1 (C); 144.2 (C); 148.1 (C); 165.4 (CO).
HRMS (ESI, m/z): [M + H]" calculated for C33H3gN505S, 616.2411;
found 616.2411. Anal. calcd. for C33H3;N503S2-C4H404: C 60.7 H 5.65,
N 9.6; found: C 61.0, H 5.8, N 9.7.

6.1.9.11. 2-(5-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyDpiperazin-1-
yDpentyl)-4,4a,5,6-tetrahydrothieno[ 3,2-h]cinnolin-3(2H)-one 2j).
Compound 2j was synthesized by following general procedure VI
starting from 9 (0.09 g, 0.25 mmol) and 1-(phenylsulfonyl)-4-(piper-
azin-1-ylmethyl)-1H-indole in 33% (0,05 g) yield; yellow oil. General
procedure VII was used to prepare the corresponding fumarate salt. mp
(fumarate, white solid) 106-114 °C, dec. IR (v /em™b): 1655 (CO); 1372
(SO5). 'H NMR (400 MHz, CDCl, 5/ppm): 1.20-1.32 (m, 2H); 1.55-1.72
(m, 5H); 2.10-2.30 (m, 2H); 2.49-2.99 (m, 14H); 3.60-3.70 (m, 3H);
3.75-3.83 (m, 1H); 6.77 (d, 1H, J = 5.2 Hz); 6.79 (d, 1H, J = 3.2 Hz);
7.08 (d, 1H, J = 7.2 Hz); 7.15-7.21 (m, 1H); 7.21 (d, 1H, J = 5.2 Hz);
7.34-7.40 (m, 2H); 7.45 (d, 1H, J = 7.2 Hz); 7.49 (d, 1H, J = 3.6 Hz);
7.79-7.86 (m, 3H). 13C NMR (100 MHz, CDCls, /ppm): 24.2 (CHy);
24.9 (CHy); 27.7 (CHy); 30.2 (CHy); 33.4 (CH); 34.3 (CHy); 47.7 (CHy);
51.7 (CHy); 52.7 (CHy); 58.0 (CHy); 60.1 (CH3); 107.9 (CH); 112.5 (CH);
124.0 (CH); 124.5 (CH); 125.9 (CH); 126.8 (2 x CH); 127.7 (CH); 128.2
(CH); 129.3 (2 x CH); 130.4 (C); 130.6 (C); 131.9 (C); 133.8 (CH); 134.9
(C); 138.2(C); 144.2 (C); 148.1 (C); 165.4 (CO). HRMS (ESI, m/2): [M +
H]" calculated for Cs4H4oN503S2 630.2567; found 630.2569. Anal.
caled. for C34H39N503S2-C4H404: C 61.2, H 5.8, N 9.4; found: C 60.9, H
5.7, N 9.5.

6.1.9.12. 2-(6-(4-((1-(phenylsulfonyl)-1H-indol-4-yDmethyDpiperazin-1-
yDhexyl)-4,4a,5,6-tetrahydrothieno[3,2-h]cinnolin-3(2H)-one (2k).

Compound 2k was synthesized by following general procedure VI
starting from 11 (0.10 g, 0.27 mmol) and 1-(phenylsulfonyl)-4-(piper-
azin-1-ylmethyl)-1H-indole in 20% (0,03 g) yield; yellow oil. General
procedure VII was used to prepare the corresponding fumarate salt. mp
(fumarate, white solid) 117-125 °C, dec. IR (v /em™ b: IR(v/em™1): 1660
(CO); 1372 (SO2). 'H NMR (400 MHz, CDClg, 5/ppm): 1.15-1.33 (m,
5H); 1.40-1.70 (m, 5H); 2.10-2.24 (m, 2H); 2.30-2.90 (m, 13H);
3.55-3.68 (m, 3H); 3.71-3.85 (m, 1H); 6.76 (d, 1H, J = 5.2 Hz); 6.80 (d,
1H,J=3.6 Hz); 7.08 (d, 1H, J = 7.6 Hz); 7.15-7.20 (m, 1H); 7.21 (d, 1H,
J=4.8Hz); 7.33-7.40 (m, 2H); 7.44 (d, 1H, J = 7.6 Hz); 7.48 (d, 1H, J =
3.6 Hz); 7.77-7.86 (m, 3H). '3C NMR (100 MHz, CDCls, 5/ppm): 25.0
(CHa); 26.0 (CHy); 26.4 (CHy); 27.0 (CHy); 27.9 (CHy); 30.3 (CHy); 33.4
(CH); 34.4 (CHy); 47.9 (CHy); 52.3 (CHy); 53.0 (CHy); 58.3 (CHy); 60.3
(CHy); 108.0 (CH); 112.5 (CH); 124.0 (CH); 124.4 (CH); 125.9 (CH);
126.8 (2 x CH); 127.7 (CH); 128.2 (CH); 129.3 (2 x CH); 130.5 (C);
130.9 (C); 132.0 (C); 133.8 (CH); 134.9 (C); 138.3 (C); 144.1 (C); 147.9
(C); 165.3 (CO). HRMS (ESI, m/z): [M + H]" calculated for
C3sH4oNs503S,; 644.2724; found 644.2720. Anal. caled. for
C35H41N503S2-C4H404: C 61.6 H 6.0, N 9.2; found: C 61.8, H 6.1, N 9.4.
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6.1.9.13. 2-(7-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyl)piperazin-1-
yDheptyD)-4,4a,5,6-tetrahydrothieno[ 3,2-h]cinnolin-3(2H)-one .

Compound 21 was synthesized by following general procedure VI
starting from 13 (0.10 g, 0.26 mmol) and 1-(phenylsulfonyl)-4-(piper-
azin-1-ylmethyl)-1H-indole in 60% (0,10 g) yield; yellow oil. General
procedure VII was used to prepare the corresponding fumarate salt. mp
(fumarate, white solid) 102-110 °C, dec. IR (v /em™D: IR(v/em™): 1655
(CO); 1372 (SOy). 'H NMR (400 MHz, CDCl3, 8/ppm): 1.12-1.32 (m,
8H); 1.42-1.68 (m, 4H); 2.10-2.22 (m, 2H); 2.30-2.88 (m, 13H);
3.55-3.68 (m, 3H); 3.72-3.82 (m, 1H); 6.75 (d, 1H, J = 5,2 Hz); 6.80 (d,
1H,J = 3,6 Hz); 7.08 (d, 1H, J = 7,6 Hz); 7.12-7.19 (m, 1H); 7.21 (d, 1H,
J=5,2Hz);7.33-7.39 (m, 2H); 7.44 (d, 1H, J = 7,6 Hz); 7.49 (d, 1H, J =
3,6 Hz); 7.77-7.85 (m, 3H). '*C NMR (100 MHz, CDCls, 5/ppm): 25.0
(CHy); 25.7 (CHy); 26.4 (CHy); 27.2 (CHy); 27.9 (CHy); 28.9 (CHy); 30.2
(CHy); 33.4 (CH); 34.4 (CHy); 48.0 (CHj); 52,0 (CHy); 52.9 (CHy); 58.3
(CHy); 60.2 (CHy); 108.0 (CH); 112.3 (CH); 124.0 (CH); 124.5 (CH);
124.7 (CH); 126.8 (2 x CH); 127.7 (CH); 128.2 (CH); 129.3 (2 x CH);
130.5 (C); 130.8 (C); 132.0 (C); 133.8 (CH); 134.9 (C); 138.3 (C); 144.1
(C); 147.9 (C); 165.3 (CO). HRMS (ESI, m/z): [M + H]™ calculated for
C36H44N503S,  658.2880; found 658.2878. Anal. caled. for
C36H43N50352-C4H4O4Z C62.1H 6.1, N 9.05; found: C 62.0, H 6.4, NO9.3.

6.1.9.14. 2-(4-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyl)piperazin-1-
yDbutyl)-2,4,4a, 5-tetrahydro-3H-thieno[3',2':4,5]cyclopenta[1,2-c]pyr-
idazin-3-one (3b). Compound 3b was synthesized by following general
procedure VI starting from 7 (0.04 g, 0.12 mmol) and 1-(phenyl-
sulfonyl)-4-(piperazin-1-ylmethyl)-1H-indole in 87% (0.06 g) yield;
yellow oil. General procedure VII was used to prepare the corresponding
fumarate salt. mp (fumarate, white solid) 103-111 °C, dec. IR (v / em™1):
IR(v/em™1): 1610 (CO); 1370 (SO). 'H NMR (400 MHz, CDCls, &/ppm):
1.60-1.80 (m, 4H); 2.35 (t, 1H, J = 16.4 Hz); 2.51 (dd, 1H, J = 4.0 and
16.4 Hz); 2.69-2.75 (m, 10H); 2.79 (dd, 1H, J = 7.2 and 16.4 Hz); 3.22
(dd, 1H, J = 7.6 and 16.4 Hz); 3.40-3.45 (m, 1H); 3.60-3.75 (m, 3H);
3.80-3.92 (m, 1H); 6.77 (d, 1H, J = 3,6 Hz); 6.88 (d, 1H, J = 4.8 Hz);
7.09 (d, 1H, J = 7,2Hz); 7.16-7.21 (m, 2H); 7.36-7.42 (m, 2H);
7.45-7.53 (m, 2H); 7.80-7.86 (m, 3H). '3C NMR (100 MHz, CDCls,
8/ppm): 25.3 (CHy); 29.7 (CHy); 32.5 (2 x CHy); 34.5 (2 x CHy); 40.9
(CH); 46.8 (CHy); 52.3 (2 x CHy); 57.1 (CHy); 59.7 (CHjy); 107.7 (CH);
112.8 (CH); 123.2 (CH); 124.1 (CH); 124.6 (CH); 126.1 (CH); 126.8 (2
x CH); 129.3 (2 x CH); 130.4 (C); 133.9 (CH); 134.9 (C); 135.0 (CH);
136.2 (C); 138.2 (C); 157.5 (C); 157.8 (C); 164.8 (CO). HRMS (ESI, m/2):
[M + H]' calculated for C3pH3eN503Ss 602.2254; found 602.2250.
Anal. caled. for C32H35N503S5-C4H404: C 60.2 H 5.5, N 9.8; found: C
60.4, H 5.4, N 9.9.

6.1.9.15. 2-(5-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methylDpiperazin-1-
yDpentyD-2,4,4a,5-tetrahydro-3H-thieno[3',2':4,5]cyclopenta[1,2-c]pyr-

idazin-3-one (3c). Compound 3c was synthesized by following general
procedure VI starting from 10 (0.08 g, 0.23 mmol) and 1-(phenyl-
sulfonyl)-4-(piperazin-1-ylmethyl)-1H-indole in 45% (0,06 g) yield;
yellow oil. General procedure VII was used to prepare the corresponding
fumarate salt. mp (fumarate, white solid) 107-109 °C. IR (v /em™D: IR
(v/em™1): 1654 (CO); 1372 (SO2). 'H NMR (400 MHz, CDCls, 5/ppm):
1.15-1.35 (m, 2H); 1.49-1.70 (m, 4H); 2.32 (t, 1H, J = 16.4 Hz);
2.40-2.70 (m, 11H); 2.77 (dd, 1H, J = 6.8 and 16.0 Hz); 3.20 (dd, 1H, J
= 7.6 and 16.4 Hz); 3.27-3.42 (m, 1H); 3.55-3.70 (m, 3H); 3.75-3.88
(m, 1H); 6.7 (d, 1H, J = 4.0 Hz); 6.87 (d, 1H, J = 4.8 Hz); 7.08 (d, 1H, J
= 7.2 Hz); 7.14-7.19 (m, 1H); 7.34-7.39 (m, 2H); 7.42-7.50 (m, 3H);
7.79-7.83 (m, 3H). 13C NMR (100 MHz, CDCls, 5/ppm): 24.3 (CH,);
25.2 (CHy); 27.7 (CHy); 32.4 (CHy); 34.5 CHy); 40.8 (CH); 47.9 (CHy);
51.8 (CHy); 52.7 (2 x CHy); 58.0 (CHy); 60.1 (CHy); 67.0 (CHy); 107.9
(CH); 112.5 (CH); 123.2 (CH); 124.0 (CH); 124.5 (CH); 126.0 (CH);
126.8 (2 x CH); 129.3 (2 x CH); 130.5 (C); 130.6 (C); 133.8 (CH); 134.8
(CH); 134.9 (C); 136.4 (C); 138.2 (C); 157.0 (C); 157.5 (C); 164.4 (CO).
HRMS (ESL, m/z): [M + H]" calculated for C33H3sNsO3Sy 616.2411;
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found 616.2411. Anal. calcd. for C33H37N50352-C4H404: C 60.7 H5.65,
N 9.6; found: C 60.6, H 5.85, N 9.8.

6.1.9.16. 2-(6-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyl)piperazin-1-
yDhexyl)-2,4,4a,5-tetrahydro-3H-thieno[3',2':4,5] cyclopenta[1,2-c]pyr-

idazin-3-one (3d). Compound 3d was synthesized by following general
procedure VI starting from 12 (0.07 g, 0.19 mmol) and 1-(phenyl-
sulfonyl)-4-(piperazin-1-ylmethyl)-1H-indole in 62% (0,07 g) yield;
yellow oil. General procedure VII was used to prepare the corresponding
fumarate salt. mp (fumarate, white solid) 115-119 °C. IR (v /em™b: IR
(v/em™1): 1655 (CO); 1372 (SO5). 'H NMR (400 MHz, CDCls, 5/ppm):
1.25-1.41 (m, 4H); 1.45-1.68 (m, 4H); 2.30-2.70 (m, 12H); 2.77 (dd,
1H, J = 6.8 and 16.0 Hz); 3.19 (dd, 1H, J = 8.0 and 16.4 Hz); 3.26-3.36
(m, 1H); 3.55-3.68 (m, 3H); 3.76-3.90 (m, 1H); 6.79 (d, 1H, J = 3.6 Hz);
6.87 (d, 1H, J = 5.2 Hz); 7.08 (d, 1H, J = 7.2 Hz); 7.14-7.19 (m, 1H);
7.33-7.40 (m, 2H); 7.42-7.50 (m, 3H); 7.78-7.85 (m, 3H). '3C NMR
(100 MHz, CDCls, 8/ppm): 25.7 (CHy); 26.3 (CHy); 27.0 (CHy); 27.8
(CHy); 32.4 (CHy); 34.5 (CHy); 40.8 (CH); 48.1 (CHy); 52.0 (CHy); 52.8
(CHy); 58.2 (CHy); 60.2 (CH3); 108.0 (CH); 112.5 (CH); 123.2 (CH);
124.0 (CH); 124.5 (CH); 125.9 (CH); 126.8 (2 x CH); 129.3 (2 x CH);
130.5 (C); 130.8 (C); 133.8 (CH); 134.7 (CH); 134.9 (C); 136.4 (C);
138.2 (C); 157.0 (C); 157.4 (C); 164.3 (CO). HRMS (ESI, m/z): [M + H]"
calculated for C34H49N503S5 630.2567; found 630.2580. Anal. calcd. for
C34H39N503S2-C4H404: C 61.2, H 5.8, N 9.4; found: C61.5, H5.9, N 9.7.

6.1.9.17. 2-(7-(4-((1-(phenylsulfonyl)-1H-indol-4-yl)methyl)piperazin-1-
yDheptyD-2,4,4a,5-tetrahydro-3H-thieno[3,2':4,5]cyclopenta[1,2-c]pyr-
idazin-3-one (3e). Compound 3e was synthesized by following general
procedure VI starting from 14 (0.05 g, 0.14 mmol) and 1-(phenyl-
sulfonyl)-4-(piperazin-1-ylmethyl)-1H-indole in 60% (0,05 g) yield;
yellow oil. General procedure VII was used to prepare the corresponding
fumarate salt. mp (fumarate, white solid) 120-123 °C. IR (v /em™): IR
(v/em™1): 1654 (CO); 1371 (SO2). 'H NMR (400 MHz, CDCls, 5/ppm):
1.12-1.35 (m, 6H); 1.42-1.65 (m, 4H); 2.28-2.70 (m, 12H); 2.77 (dd,
1H, J = 6.4 and 16.0 Hz); 3.19 (dd, 1H, J = 7.6 and 16.4 Hz); 3.28-3.40
(m, 1H); 3.58-3.62 (m, 3H); 3.80-3.88 (m, 1H); 6.79 (d, 1H, J = 4.0 Hz);
6.87 (d, 1H, J = 4.8 Hz); 7.08 (d, 1H, J = 7.2 Hz); 7.14-7.19 (m, 1H);
7.33-7.40 (m, 2H); 7.42-7.50 (m, 3H); 7.78-7.85 (m, 3H). 13¢ NMR
(100 MHz,CDCls,8/ppm): 25.7 (CHy); 26.4 (CHjy); 27.2 (CHyp); 27.9
(CHy); 28.9 (CHy); 32.4 (CHy); 34.6 (CHy); 40.8 (CH); 48.2 (CHy); 52.0
(CHy); 52.8 (2 x CHy); 58.2 (CHy); 60.1 (CH3); 107.9 (CH); 112.5 (CH);
123.2 (CH); 124.0 (CH); 124.5 (CH); 125.9 (CH); 126.8 (2 x CH); 129.3
(2 x CH); 130.4 (C); 130.8 (C); 133.8 (CH); 134.7 (CH); 134.9 (C); 136.4
(C); 138.2(C); 156.9 (C); 157.4 (C); 164.3 (CO). HRMS (ESI, m/z): [M +
H]' calculated for CzsH4oN503S, 644.2724; found 644.2721. Anal.
calced. for C35H41N50352~C4H404Z C61.6 H 6.0, N 9.2; found: C 61.7, H
6.2, N 9.4.

6.1.10. 2-((4-benzylpiperazin-1-yDmethyD)-4,4a,5,6-tetrahydrothieno
[3,2-h]cinnolin-3(2H)-one (2g)

To a solution of 2 (0.10 g, 0.48 mmol) in dry ethanol (5 mL), 37%
formaldehyde (0.43 mL, 5.76 mmol, 12 equiv.), N-benzylpiperazine
(0.18 mL, 1.06 mmol, 2.2 equiv) were added and the whole was refluxed
under nitrogen atmosphere for 3 h. The reaction mixture was cooled to
rt, then the solvent was evaporated under reduced pressure and the
residue was taken-up in water and extracted with chloroform. The
combined organic phase was dried (NaySOy), filtered and concentrated
in vacuo, to give a crude residue which was purified by flash chroma-
tography (CH3Cl,/CH30H 9.5:0.5). 89% (0.17 g) yield; yellow oil.
General procedure VII was used to prepare the corresponding fumarate
salt. mp (fumarate, white solid) 170-175 °C. IR (v /em™1): 1670 (CO).
'H NMR (400 MHz, CDCl3, 5/ppm): 'H NMR (400 MHz, CDCl3, 8/ppm):
1.67-1.74 (m, 1H); 2.26-2.55 (m, 6H); 2.69-3.00 (m, 7H); 3.38-3.43
(m, 1H); 3.50 (s, 2H); 4.52 (d, 1H, J = 13.2 Hz); 5.03 (d, 1H, J = 13.2
Hz); 6.87 (d, 1H, J = 4.8 Hz); 7.24-7.42 (m, 6H). °C NMR (100 MHz,
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CDClg, 8/ppm): 24.9 (CHy); 30.2 (CHy); 33.4 (CH); 34.3 (CHy); 50.2 (2
x CHy); 53.4 (2 x CHy); 63.1 (CHy); 68.9 (CHy); 127.0 (CH); 127.7 (CH);
128.1 (2 x CH); 128.3 (CH); 129.2 (2 x CH); 132.1 (C); 137.8 (C); 144.0
(C); 147.2 (C); 166.8 (CO). HRMS (ESI, m/z): [M + H]™ calculated for
CooHy7N408S 395.1900; found 395.1902. Anal. caled. for CooHygN4OS--
C4H404: C61.2, H 5.9, N 11.0; found: C 61.4, H6.1, N 11.3.

6.2. Biological methods

6.2.1. Cholinesterase inhibition

An already reported methodology was used, reproducing the clas-
sical Ellman’s spectrophotometric method in a 96-well plate proced-
ure.”> All enzymes and reagents were from Sigma-Aldrich Italy.
Experiments were performed in 96-well plates (Greiner Bio-One,
Kremsmenster, Austria) using a plate reader Infinite M1000 Pro
(Tecan, Cernusco sul Naviglio, Italy) and were run in triplicate. Enzyme
kinetics were performed by incubating six concentrations of substrate
acetylthiocholine (from 0.033 to 0.2 mM) and four concentrations of
inhibitor (0-300 nM). The ICso values and kinetic parameters were
obtained by nonlinear regression using Prism software (GraphPad Prism
version 5.00 for Windows, GraphPad Software, SanDiego, CA).

6.2.2. Competition binding in human 5-HT;, receptor

Serotonin 5-HT;, receptor competition binding experiments were
carried out in a polypropilene 96-well plate and were run in duplicate. In
each well was incubated 10 pg of membranes from HEK-5-HTj #11 cell
line prepared in our laboratory (Lot: A005/17-01- 2018, protein con-
centration = 5714 pg/ml), 1 nM [3H]—8—hidroxy—DPAT (162 Ci/mmol, 1
mCi/ml, Perkin Elmer NET929250UC) and compounds studied and
standard. Non-specific binding was determined in the presence of 5-HT
10 pM (Sigma H9523). The reaction mixture (Vt: 250 pl/well) was
incubated at 37 °C for 120 min, 200 pl was transferred to GF/C 96-well
plate (Millipore, Madrid, Spain) pretreated with 0.5% of PEI and treated
with binding buffer (50 mM Tris-HCl, 5 mM MgSO4, pH = 7.4), after was
filtered and washed four times with 250 pl wash buffer (50 mM Tris-HCI,
pH = 7.4), before measuring in a microplate beta scintillation counter
(Microbeta Trilux, PerkinElmer, Madrid, Spain).

6.2.3. Competition binding in human 5-HT¢ receptor

Serotonin 5-HTg receptor competition binding experiments were
carried out in a polypropilene 96-well plate and were run in duplicate. In
each well was incubated 5 pg of membranes from HEK-5-HTj cell line
prepared in our laboratory (Lot: A001/02-03-2010, protein concentra-
tion = 2624 pg/ml), 2 nM [3H] -LSD (82.9 Ci/mmol, 1 mCi/ml, Perkin
Elmer NET638250UC) and compounds studied and standard. Non-
specific binding was determined in the presence of 5-HT 100 pM
(Sigma H9523). The reaction mixture (V¢ 250 pl/well) was incubated at
37 °C for 60 min, 200 pl was transferred to GF/C 96- well plate (Milli-
pore, Madrid, Spain) pretreated with 0.5% of PEI and treated with
binding buffer (50 mM Tris-HCl, 10 mM MgCl,, 0.5 mM EDTA, pH =
7.4), after was filtered and washed four times with 250 pl wash buffer
(50 mM Tris- HCl, pH = 7.4), before measuring in a microplate beta
scintillation counter (Microbeta Trilux, PerkinElmer, Madrid, Spain).

6.2.4. Competition binding in human 5-HT; receptor

Serotonin 5-HT; receptor competition binding experiments were
carried out in a polypropilene 96-well plate and were run in duplicate. In
each well was incubated 2 pg of membranes from HEK-5-HT7#14 cell
line prepared in our laboratory (Lot: A006/21-07-2016, protein con-
centration = 3316 pg/ml), 2 nM [3H]-SB269970 (34.5 Ci/mmol, 0.25
mCi/ml, Perkin Elmer NET1198U250UC) and compounds studied and
standard. Non-specific binding was determined in the presence of clo-
zapine 25 pM (Sigma C6305). The reaction mixture (Vy: 250 pl/well) was
incubated at 37 °C for 60 min, 200 pl was transferred to GF/C 96-well
plate (Millipore, Madrid, Spain) pretreated with 0.5% of PEI and
treated with binding buffer (50 mM Tris-HCl, 4 mM CaCl;, 1 mM
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ascorbic acid, 0.1 mM pargiline, pH = 7.4), after was filtered and
washed four times with 250 pl wash buffer (50 mM Tris-HCl, 4 mM
CaCly, 1 mM ascorbic acid, 0.1 mM pargiline, pH 7.4) before
measuring in a microplate beta scintillation counter (Microbeta Trilux,
PerkinElmer, Madrid, Spain).

6.2.5. Functional study in human 5-HT, receptor: measurement of Ca*?
release produced by human serotonin 5-HT,4 receptor activity

Serotonin 5-HT4 receptor functional experiments were carried out in
Hela-5-HT4 cell line and were run in duplicate. The day before the assay,
20,000 cells were seeded on a 384 well black plate (Greiner 781091).
Using the FLIPR Calcium 6 Kit (Molecular Devices R8190), medium was
replaced for 25 pl DMEM (Sigma Aldrich D5671) and 25 pl of Calcium 6
dye solution. The cells were incubated for 2 h at 37 °C. After incubation
compounds tested and standard were added. Changes in fluorescence
owed to intracellular calcium mobilization (Aex = 480 nm, Aem = 540
nm) were measured using a calcium imaging plate reader system
(FDSS7000EX, Hamamatsu®) every second after the establishment of a
baseline line. The agonist calcium peak in response to agonist addition
occurred from 10 to 20 s following stimulation.

6.3. Molecular modeling

All the studied newly developed compounds as well as the reference
ligands (donepezil, tacrine and methiothepin) were manually built
within the MOE Builder program and then were parametrized choosing
AM1 partial charges as calculation protocol. They were then energy
minimized with the Energy Minimize tool included in MOE software,
using MMFF94x forcefield.”* Root mean square gradient was set equal to
0.0001 (being the root mean square gradient the norm of the gradient
times the square root of the number of unfixed atoms allowed to produce
a single low-energy conformation for each molecule). All possible en-
antiomers were taken into account. Since many molecular species exist
in solution as an ensemble of tautomers and protonation states, the tool
“MOE ligand wash via protonation” command was exploited to create
protomers and tautomers using specified pH setting, 7.4 value. In
particular, the option dominant was applied, in order to replace the
molecule with the dominant protomer/tautomer at the specified pH.

The exploited 4BDS and 7E3H X-ray data, including the hAChE and
hBChE in presence of tacrine and donepezil, respectively, were collected
from the Protein Data Bank.®® The related re-cross docking calculations
and the following docking runs, including the newly synthesized com-
pounds, were performed by means of MOE software. Evaluation of the
RMSD values between the co-crystallized ligand and the related docking
positioning were calculated by Pymol [The PyMOL Molecular Graphics
System, Version 1.2r3pre, Schrodinger, LLC]. With regard to the 5-HTg
protein, a model of the receptor was obtained by means of the AlphaFold
protein structure database.”>°° In any case, the biological target was
energy minimized and refined by means of the MOE QuickPrep tool and
protonate3D option, prior to molecular docking calculation.

In the case of docking studies performed on the hAChE and hBChE
proteins, the DOCK tool implemented in MOE was exploited, based on
the template similarity methodology. The tool works by placing ligands
in the active site based on one or more reference structures (templates).
It aligns template and input molecules based on triplet matching, which
works taking into account the ligand undirected heavy-atoms and pro-
jected features. The scoring function incorporates terms for reference/
ligand similarity as well as a protein-ligand clash term. In the case of
molecular docking studies involving the 5-HTg protein model, MOE
DOCK tool was applied, referring to the best scored druggable cavity as
identified by the MOE Site Finder module, whose details are reported in
a previous paper.70

In any case, calculation of the enthalpy-based affinity AG scoring
function allowed to score the generated fifty poses while the Induced Fit
method has been exploited to refine the previous poses to the final five
docking poses, maintaining the Affinity AG as final scoring function for
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the definitive pose ranking.
The Affinity AG function estimates the enthalpic contribution to the
free energy of binding using a linear function:

AG = C_hb f_hb + C_ion f_ion + C_hmlig f_mlig + C_hh f_hh + C_hp f_hp
+ C_aaf aa (@D)]

where the f terms fractionally count atomic contacts of specific types and
the C’s are coefficients that weight the term contributions to the affinity
estimate.

The individual terms are subscripted with: (i) hb, interactions be-
tween hydrogen bond donor-acceptor pairs, (ii) ion, a Coulomb-like
term is used to evaluate the interactions between charged groups, (iii)
mlig: metal ligation (such as those involving Nitrogens/Sulfurs and
transition metals), (iv) hh, hydrophobic interactions, for example, be-
tween alkane carbons (these interactions are generally favourable); (v)
hp, interactions between hydrophobic and polar atoms (these in-
teractions are generally unfavourable), (vi) aa, an interaction between
any two atoms. This interaction is weak and generally favourable.
Further details are reported in previous papers.”’”?

Induced Fit approach allows to maintain flexible protein sidechains
within the selected binding site, which are to be included in the
refinement stage. The derived docking poses were prioritized by the
score values of the lowest energy pose of the compounds docked to the
protein structure, as follows: S: the final score (which herein corre-
sponds to affinity AG), which is the score of the last stage of refinement,
E_place: score from the placement stage; E_scorel and E_score2 score
from rescoring stages 1 and 2; E_refine: score from the refinement stage,
calculated to be the sum of the van der Waals electrostatics and solvation
energies, under the Generalized Born solvation model (GB/VI).

6.4. In silico prediction of ADME properties.

The prediction of all the reported ADME descriptors was performed
by means of the Advanced Chemistry Development (ACD) Percepta
platform [ACD/Percepta Platform; Advanced Chemistry Development,
Inc.: Toronto, ON, Canada, 2015. [(accessed on August 2022)]. Avail-
able online: https://www.acdlabs.com]. The software prediction are
managed based on the implemented training libraries, which refer to
different series of derivatives whose pharmacokinetic and safety prop-
erties has been experimentally evaluated and reported in the literature.
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