Chapter — 2 Literature Review

2. Literature Review

The use of multitarget-directed ligands (MTDLs) in the treatment of complex,
multifactorial disorders such as AD is becoming more recognized by medicinal chemists
worldwide. By fusing two pharmacophores with distinct biological activity on separate
targets, a hybrid structure or molecule known as MTDLs is created. This hybrid technique

has been utilized to build a wide range of novel drugs.

The creation of MTDLs is acknowledged as one of the most promising drug discovery
strategies to treat AD-like conditions with a complicated etiology.l? Even with great affinity
and selectivity for their targets, drugs that only operate on one target may not have a
satisfactory impact on the enigmatic etiology of the disease. When compared to a molecule
that is just targeted, an MTDL with balanced but modest affinities for the targets can
nonetheless have a greater positive impact. MTDLs are better at changing the intricate
balance of the cellular network because they have simultaneous impacts on several

therapeutic targets.>*
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Fig 2.1: MTDL molecule possessing effects on multiple targets of AD.

The majority of the MTDLs that have been reported for the treatment of AD are
cholinesterase inhibitors that have affinity for both dual binding sites catalytic active site

(CAS) and peripheral anionic site (PAS), in addition to some other potential or property like
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metal chelating, antioxidant, Af aggregation inhibition, 3-site APP cleaving enzyme (BACE-
1), and monoamine oxidase-B (MAO-B) (Fig 2.1). The majority of these MTDLs were
created by altering the structure of the available AChE inhibitors.?

Several newly created MTDLs with various scaffolds including pyrazole, benzyl
piperidine, carbamate, benzofuran, vicinal diaryl and urea have been discussed in the

following section.
2.1. Pyrazole scaffold-based anti-AD agents

2.1.1. Pyrazole as cholinesterase inhibitor

Gopinath Gutti et al.® using de novo drug design approach, new 3,5-diarylpyrazoles
and spiropyrazoline derivatives were reported as acetyl cholinesterase inhibitors. Compounds
(6) and (7) among them produced favourable outcomes. Compound (6) showed ICso values of
1.937 + 0.066 pM against AChE and 1.166 + 0.088 puM against BuChE, respectively.
Similarly, compound (7) showed ICso values were 0.464 + 0.166 UM and 0.754 + 0.121 pM,
respectively. Propidium iodide was greatly displaced from PAS-AChE by both of the
compounds. At 50 pM, it exhibited 90% cell viability, and at 20 pM, there was a successful
reduction in metal-induced APi42 aggregation. According to in vivo investigations,
compounds (6) and (7) were safer for brain tissues, dramatically reduced the generation of

AP, and did not modify locomotor activity.

Compound AChE ICso BuChE ICso
6 1.937 £ 0.066 uM  1.166 £ 0.088 uM
7 0.464 +0.166 phM | 0.754 +0.121 pM

Multi-target directed edaravone-N-benzylpyridinium hybrid compound was designed
and synthesized by Zondagh et al.®. Of the synthesized derivatives, compounds 8 showed the
most promise as MTDL candidates for AD, exhibiting remarkable antioxidant and selective
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AChE inhibitory activities (ICso values of X=F 1.9 pM and X=CI 1.2 uM, respectively).
Compounds were also predicted to have a promising BBB permeability through in silico

prediction.

Compound 8 AChE ICso

8a-F 1.9 uM
8b-ClI 1.2 uM

Omania et al.,” reported a series of pyrazolopyridine scaffold as MTDL to treat AD.
Compound (9) showed remarkable activity as hAChE inhibitors with 1Cso values of 0.16 uM
and hBUuChE ICsp values 0.17 uM which is eight and two-fold more active than the reference
compound rivastigmine, respectively. Compound (9) GSK3p inhibition with ICsp value of
26 uM compared to L807mts. Compound (9) also showed 66.0 % tau protein aggregation
inhibitors;  and  Api42 self-aggregation  inhibitors ~ with ~ 79.0%  respectively.
Furthermore, compound (9) proved to have the ability to chelate bio-metals such as Fe?*,

Cu?*, and Zn?* preventing their oxidative damage in the brain of AD patients.

Compound hAChE  hBuChE  GSK3p Tau AP1-22 self-

1Cs0 1Cs0 1Cso protein aggregation aggregation
9 0.16uM  0.17 uyM 26 uM 66.0 % 79.0%
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Siti Munirah Mohd Faudzi et al® created and assessed novel series of
diarylheptanoids' pyrazole, phenylpyrazole, and pyrazoline analogues both computationally
and physiologically for the purpose of treating AD by inhibiting cholinesterase. Due to its
pyrazole scaffold, compound (10) (ICso 0.11 + 3.7 uM) proved to be suited for the selective
and efficient inhibition of BChE. Furthermore, compound (10) exhibited action against
AChE, with an ICsp value of 0.3 £ 0.0 puM.

Compound AChE ICso BuChE ICso

10 03+00puM 0.11+3.7puM

Tarana Umar et al.® examined pyrazolo[3,4-b]pyridine derivatives having potential to
treat AD. AP aggregation inhibitors 2-(piperazin-1-yl)-N-(1H-pyrazolo[3,4-b]pyridin-3-
yl)acetamide and potent and selective AChE inhibitors were designed and developed by
them. The substance potential to prevent Cu (I1)-mediated and self-mediated Ap aggregation,
as well as their inhibitory action on AChE and BuChE were evaluated. To show that 4-
substituted piperazine-pyrazolo-pyridin-3-yl-acetamide analogues have the potential to be
multi-target drug ligands with antioxidant properties, the study evaluated the analogues'
efficacy against important targets related to Alzheimer's disease, such as AChE inhibition and
AP aggregation/disaggregation, in vitro. With 1Cso values of 4.8 nM and 4.9 nM,
respectively, compound (11) and (12) were determined to have the highest AChE inhibition
activity and the best selectivity for AChE inhibition. Compound (13) exhibited a remarkable
79.47% activity against the suppression of AP aggregation. Further research on compound
(13) is warranted due to its potential as a lead molecule for MTDL treatment. Compound (13)
showed ICso value for AChE was 0.045 £ 0.010 uM.
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Compound AChE ICso AP aggregation

inhibition
11 4.8 nM -
12 4.9 nM -
13 45 nM 79.47%

Using the Cu(OTf)2 catalyst, Parham Taslimi et al.!° synthesized compounds that
were subsequently recognized as AChE and BUuChE enzymes inhibitors, with Ki values
ranging from 60.17 to 91.27 for AChE and BuChE inhibition. These compounds were
synthesized as 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives. Examining the
inhibition data for the cholinesterase enzymes, compound (14) was the best inhibitor, with
ICso values of 68.25 + 13.84, 60.17 £ 9.47 nM and Ki values of 94.37 and 98.25 for AChE
and BUChE respectively.

Compound AChE ICso BuChE ICso
14 68.25 £ 13.84 nM  60.17 + 9.47 nM
Ki 94.37 Ki 98.25
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2.1.2. Pyrazole as amyloid inhibitor

Nguyen Quoc Thai et al.'! synthesized chemical CID 9998128 compound (15), a tiny
molecule. The substance showed a promising multitarget activity for AD through in vitro and
in silico studies. The compound was found binding strongly to both APa4> fibrils and B-
secretase, with the van der Waals interaction outweighing the electrostatic interaction in
binding affinity. The results demonstrated that all of the complexes under study were unstable
due in large part to the compound's indazole moiety. With 1Cso and DCsp values of 42.6 uM
and 22.7 pM, respectively, compound (15) has shown in vitro trials to block Ap42's amyloid
fibrillization and to be capable of eliminating AP fibrils. With an ECso value of 15 uM, the
chemical demonstrated a dose-dependent reduction in the activity of the B-site amyloid

precursor protein cleaving enzyme (BACE-1).

Compound Apa2 1ICso APaz DCso BACE-1 ECso

15 426 UM 22.7 uM 15 uM

Pedro Gonzalez-Naranjo et al.*? reported a new class of multitargeting 5-substituted
indazole compounds that function as BACE1 and cholinesterase inhibitors. In the fight
against AD, the therapeutic potential of multitarget medications was quite encouraging.
AChE/BUChE and BACE1l enzyme in vitro inhibitory assays were included in the
pharmacological assessment. Furthermore, Oxygen Radical Absorbance Capacity (ORAC)
tests was used to assess the antioxidant properties. Furthermore, studies were conducted to
examine the anti-inflammatory characteristics of Raw 264.7 cells and the neuroprotective
effects on human neuroblastoma SH-SY5Y cells. The results showed that some of these 5-
substituted indazole derivatives, compounds (16) and (17), concurrently inhibit BACE1 and
AChE/BUChE. The compounds with the highest potencies against BUChE were compounds
(16) and (17), with 0.17+0.05 uM and 0.57+0.2 uM, respectively. However, with 1Csg
values of 2.1+0.2 uM and 1.9+0.1 uM, respectively, these compounds were found to be
most effective against BACE1. Additionally, a few indazole compounds demonstrated
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antioxidant and neuroprotective qualities against Ap-induced cell death in human
neuroblastoma SH-SY5Y cells.

Compound BuChE ICsp BACE-1 ICxo

16 0.17+0.05uM 2.1+0.2 uM

17 0.57£02puM  1.94£0.1 uyM
Khambete et al.!® reported novel compounds containing the N-acetylpyrazoline
moiety to inhibit AP aggregation. Five compounds containing pyrazoline were created and
designed, and compound (18) demonstrated a significant inhibition of AB42 aggregation at a
concentration of 20uM, with a 76% inhibition, respectively. Further, two more series of
compounds with or without an ethylene linker, were synthesized and assessed. Compound
(19) and (20) had the highest percentage of AP aggregation, with 84.6 and 84.1 % inhibition,

respectively.

Compound AP aggregation inhibition (%)

18 76%
19 84.6%
20 84.1%

Faculty of Pharmacy, The Maharaja Sayajirao University of Baroda Page 35



Chapter — 2 Literature Review

2.1.3. Pyrazole as MAO inhibitor

Badr Jismy et al.* repported new MAO inhibitors from derivatives of pyrimido[1,2-
blindazoles. A number of compounds including derivatives of pyrimidoindazole were
produced and subsequently subjected to biological and in silico evaluation. Compound (21)
showed the highest potency against the MAO-B target among the reported series of
compounds, with an ICsg value of 0.130 £ 0.008 puM. It also showed minimal toxicity and

neuroprotective properties in a cell-based Parkinson's disease model.

Compound MAO-B ICso

21 0.130 + 0.008 uM
22 0.063 = 0.0042 pM

Nair et al®® investigated the inhibitory action of MAO-A and B for compounds of
halogenated pyrazolines. With an inhibitory concentration of I1Cso 0.063 = 0.0042 uM, 3-(4-
ethoxyphenyl)-5-(4-fluorophenyl)-4,5-dihydro-1H-pyrazole, compound (22) had the best
efficacy against MAO-B among the reported series of compounds. According to the
Selectivity Index (SI), compound (22) was found to be the most selective in relation to MAO-

B. Additionally, it is reported as a competitive and reversible inhibitor of MAO-B.

Compound hMAO-AICss  hMAO-B ICso

23 3.63+0.50 pM  0.38 £ 0.06 uM
24 3.03+0.60 pM 0.44 +0.028 pM
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Paolo Guglielmi et al.’® synthesizeda modest library of new N-acetyl/N-
thiocarbamoylpyrazoline derivatives in order to create novel MAO inhibitors. Compounds
(23) and (24) from the synthesized compounds exhibited a strong and noteworthy inhibition
of hMAO-A and hMAO-B, with ICsp values of 3.63 = 0.50 uM, 3.03 + 0.60 uM, 0.38 + 0.06
MM, and 0.44 + 0.028 UM respectively.

Umut Salgin-Goksen et al.l” reported 1-[2-(5-substituted-2-benzoxazolinone-3-
ylacetyl]-3,5-disubstitutedphenyl-2-pyrazoline and N'-(1,3-disubstitutedphenylallylidene)-
containing compounds skeleton for the inhibition of MAO enzyme (2-(5-substituted-2-
benzoxazolinone-3-yl)). Compounds (25) and (26) exhibited the best selectivity and
inhibition against MAO-A, according to an in vitro assessment, with 1Cso values of (25)
0.009 uM and (26) 0.001 uM, respectively.

Compound hMAO-A ICso

25 0.009 M
26 0.001 M

2.2.  Benzyl piperidine scaffold based anti-AD agents

It is well known that already marketed drug Donepezil (1) which is one of the most
commonly prescribed molecule in treatment of AD contains two pharmacophores, a 4,5-
dimethoxyindanone ring which is attached to a benzyl piperidine ring with the help of a
methyl spacer. Benzyl piperidine is responsible for binding at the CAS site of the enzyme
thereby inhibiting the esterase enzyme. Therefore, a thorough literature was conducted on
benzyl piperidine and its activities on various targets of AD which is described as follows.

Rochais et al.*® announced the use of a few donecopride analogs as MTDLs to treat
AD. A range of nanomolar ICso values was observed for all the compounds in the series,
indicating potential ChE inhibitory action. In comparison to the reference donepezil (ICso
value of 6 nM), compound (27) showed the most effective and selective AChE inhibition in

the series, with an 1Csg value of 8.5 nM.
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Novel N-benzylpiperidine-indole hybrids with a carboxamide linker were reported by
Wang et al.'® Compound (28), which has a spacer of two carbons, demonstrated adequate
inhibition of AChE and BuChE. It also showed good antioxidant activity (3.28 Trolox
equivalent by ORAC test), with an average suppression of AP aggregation of 56.3% at 20
mM. Additionally, compound (28) chelated metal ions were able to pass across the blood-
brain barrier and reduced the oxidative stress-induced mortality of PC12 cells. A mixed-type
inhibitor that binds to both the CAS and PAS of AChE concurrently is represented by the
molecular docking studies of compound (28). Based on the propargylamine's indole
derivative and the donepezil's benzylpiperidine part, Bautrisa-Aguilera et al.?° reported a
variety of multi-target compounds. N-((5-(3-(1-benzylpiperidin-4-yl)propoxy)-1-methyl-1H-
indol-2-yl) methyl)prop-2-yn-1-amine (29) was found to be the most effective inhibitor

among reported series.

Compound AChE ICso BUChE ICso MAO-A ICsoc  MAO-B ICso

28 273 nM 73 nM - -
29 190 nM 830 nM 5.5nM 56 nM

Tripathi et al.?! linked N-benzylpiperidine and 5-phenyl-1,3,4-oxadiazole hybrids
with -NH and -NHCH: linkers to generate multi-target hybrids. This allowed them to produce
unique donepezil hybrids. 1,3,4-Oxadiazole increased the binding affinity toward the PAS, it
was found that this led to the N-benzylpiperidine moiety being extended deeper into the CAS
of AChE and BuChE, producing effective dual inhibitors of ChE. hAChE, hBuChE, and -
secretase-1 (hnBACE-1) were all significantly inhibited by compounds (30) and (31) out of

those studied.
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Compound hAChE ICso hBACE-1 BACE-1

30 0086 uM  0.143puM  0.114 pM
31 0.055pM | 0.186 UM | 0.146 pM

“Donepezil hybrids compound (32) was reported by Wu et al. 222% In theoretical
pharmacokinetic study, compound (32) showed appropriate druglikeness features and
moderate inhibition against MAOs and ChEs (rMAO-A, ICsp 6.2 uM; rMAO-B, ICso 10.2
uM; eeAChE, ICso 1.8 uM; eqBUChE, ICso 1.6 uM). High affinity for chelating copper and
zinc ions as well as modest in vitro antioxidant capabilities were demonstrated by hybrids
(32).

Compound eeAChE ICs0 eeBuChE hrMAO-A hrMAO-B

32 1.8 uM L6uM  62pM 102 pM

Razia et al.,?* reported indole-piperidine derivatives as MTDLs for AD. The 5,6-
dimethoxy-indole N-(2-(1-benzylpiperidine) carboxamide compound (33) was found to
inhibit hAChE and hBACE-1 with 1Cs values of 0.32 and 0.39 uM, respectively having a
mixed-type inhibition with K; values of 0.26 uM and 0.46 uM, respectively. The PAMPA-
BBB assay, demonstrated CNS permeability of compound (33), thus making the compound
suitable for further investigation.
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H3C/O \ H
HsC. I j: > Q
3 o H 0
(33)
Compound eeAChE ICso0 eqBuChE hAChE hBACE-1

33 0.52pM  19.16 M  032uM  0.39 uM

Samadi et al.?>2® along with Bautista et al.?>?" reported compound (34) as a strong,
effective, and irreversible MAOI in the nanomolar range (hMAO-A, ICso 6.3 nM; hMAO-B,
ICs0 183.6 nM). It was also BBB permeable and showed inhibitory action of ChEs which was
moderate and nearly equipotent (hAChE, ICsp 2.8 uM; hBUChE, 1Cs0 4.9 uM). Every kind of
linker had benefits in terms of selectivity and inhibitory efficacy when it comes to inhibiting
MAOs. Compound (35) was the most powerful (ICso 5.5 nM, SI = 27 versus hMAO-B) and
moderately potent (ICso 190 nM) inhibitor of eeAChE and egBuChE, respectively, and
hMAO-A selective inhibitor (ICso 830 nM) in this series. Pyridine or naphthyridine
substitution for the indole core dramatically reduced the inhibition of MAOSs but increased
that of ChEs. Furthermore, compound (36) demonstrated modest potency over MAOs but
efficient and selective eeAChE (ICsp 16 nM) inhibitory actions. The pharmacophore of
histamine receptor subtype 3 (H3R) antagonists was then fitted to the ASS234 and consisted
of an alkyl spacer, a tertiary basic amine, and an indolylpropargylamine moiety. With good in
vitro pharmacological characteristics (hnMAO-A, ICsp 145 nM; hMAO-B, ICso 78 nM;
hAChE, ICsp 0.53 puM; hBuChE, ICso 1.69 pM; hH3R: Ki 10.80 nM), (36) is a BBB
permeable antioxidant and neuroprotectant. Comparing contilisant (standard antioxidant drug
for AD) to ASS234, the latter showed lower hydrophilicity and better in vitro radical
scavenging capabilities (ORAC 3.74 TE). Furthermore, contilisant outperformed donepezil

and ASS234 in the in vivo AP1-42 oligomers caused cognitive impairment test on the Y-maze

o OO
WN_\E OWN_\E

and radial arm-maze.

CH, CHs
(34) (35)
(o
N
CH,
(36)
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34 2.8 uM 4.9 uM 6.3 uM 183.6 nM
35 190nM 830 nM 5.5nM 150 nM
36 053 uM  1.69 uM 0.14 uM 10.80 nM

2.3. Carbamate moiety-based anti-AD agents

A medication from the AChE inhibitor family, Rivastigmine (2) was authorized for
clinical use in the treatment of AD in 2000. It is a pseudo-irreversible ChEI that inhibits
BuChE in addition to having less selectivity for AChE than donepezil. Numerous
cholinesterase inhibitors based on rivastigmine that contain the carbamate group of
rivastigmine as their active pharmacophore have been documented in the literature mentioned
as follows:

Sterling et al. 28 created and synthesized many new N-propargylphenethylamines and
N-propargylaminoindans that have a carbamoyl group replaced. Actually, rivastigmine-
rasagiline/selegiline hybrids (37-39) with strong MAO and ChE inhibitory action were used
to generate these compounds. It's interesting to note that all four of these hybrids (ICso values

43.9, 52.4, and 3.06 nM, respectively) showed strong AChE inhibition.

CH G

?HS _CH
J ) Y@W“
HN
H3C/ N CH3

HN
O (0] 0 0
T Y
HsC” j HsC~ N\|
Cl
H,;C

CH; ClI
CHs
(37) (38) (39)
Compound AChE ICso
37 43.9 nM
38 52.4 nM
39 3.06 nM

Mohammad Shahrivar Gargari et al,®® used the pharmacophore-based design
technique to synthesize a novel series of indanone—carbamate hybrid as AChE and BuChE
inhibitors. The compound (40) produced potent AChE inhibitory activity which had an ICso
value of 3.04 uM. Furthermore, compound (40) was also found to be potent inhibitor of AB1-

40 aggregation.
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(40)

Liu et al.,*® developed a series of tacrine-sibiriline based carbamate derivatives and
evaluated as potential AD agents. Compound (41) exhibited potent inhibitory activities
against NAAChE  1Cs0 30.35+2.07nM and hBuChE 1Cs5048.03+£6.41nM  with
minimal neurotoxicity. Further investigations demonstrated compound (41) to exhibit a
remarkable capacity to safeguard PC12 cells against H2O.-induced apoptosis and effectively
suppressed the production of reactive oxygen species (ROS). It also decreased the levels
cytokines in an inflammation model of BV2 cells induced by lipopolysaccharide (LPS). In
the scopolamine-induced AD mouse model, compound (41) (20 mg/kg) significantly reduced

ChEs activity in the brain of the mice.
F

Iz
ZN

6
N NHNJ\O
H H
(41)
Compound  hAChE ICsp hBuUuChE ICso
41 30.35+2.07nM 48.03 + 6.41 nM

Lopez et al® reported that compound (42) can inhibit AChE and p-secretase,
inhibiting the aggregation of AP and production of fibrils (fAB) from ABi-42. Compound (42)
demonstrated an I1Cso value of 15.4 nM for B-secretase-1 inhibition and a Ki value of 0.17 pM
for acetylcholinesterase inhibition. Compound (42) showed capacity to suppress
amyloidogenesis in an in vivo model following scopolamine treatment. The findings indicated
that, in astrocytes, compound (42) had a somewhat protective effect against AP1-42 because it

reduced the levels of free radicals and TNF-a in cell cultures.
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ch><cH3)oL

H5;C

HsC
H
N\/\/@

OH O
(42)

Compound BACE-1 AChE Ki

42 15.4nM  0.17 pM

2.4.  Benzofuran moiety-based anti-AD agents

One common alkaloid used to treat AD is galantamine (3). The Food and Drug
Administration (FDA) authorized it in 2001 to treat Alzheimer's disease. AChE is
competitively and reversibly inhibited by galantamine.®? Galantamine has an antioxidant
action in addition to its anti-AChE activity, which allows it to be used as a multi-target
strategy against the development and progression of AD.*® Reports on various galantamine-

based cholinesterase inhibitors including the benzofuran group, is described below:

Montanari S. et al,> synthesized 2-arylbenzofuran derivatives and evaluated these
derivative towards cholinesterases and cannabinoid receptors. Compound (43) showed best
inhibitory activity against cholinesterases and cannabinoid receptors. Compound (43)
showed butyrylcholinesterase 1Cso value 13.4 = 0.5 pM. Compound (43) also evaluated in
human SH-SY5Y neuroblastoma cells using the MTT assay showed the neuroprotective

activity.

DRaWa
0 CH

(43)

Compound BuUChE ICso

43 13.4+0.5 uM
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Chowdhury et al,® designed, synthesized and evaluated a series of benzofuran
piperidine derivatives as multifunctional AP antiaggregant to treat AD. Among them
compound (44) showed Ap2s.3s aggregation inhibition 57.71% and hAChE ICso value 21
mM. In addition, compound (44) stops the production of intracellular ROS and the cell death
that Aposas peptides cause in SH-SYS5Y cells. Compound (44) showed 80.8%
neuroprotective and 10.81 + 1.08% antioxidant activity. Based on all data, compound (44)

was concluded as potent multifunctional AP  antiaggregant, useful candidate for the

treatment of AD.
(>j\>_<:/\
O

(44)

Compound hAChE ICso  Apzs-3s inhibition

44 13.4 + 0.5 uM 57.71%

Fancellu, G. et al, % developed a novel range of hybrids by connecting the well-
known AChE inhibitor tacrine to derivatives of benzofurans. Compound (45) demonstrated
AChE ICs value 0.13 uM and AP aggregation inhibition 57.8%. The benzofuran framework
aims to endow the conjugate molecules with ability for inhibition of AChE and amyloid-beta
peptide aggregation, in addition to providing metal (Fe, Cu) chelating ability and concomitant

anti-oxidant activity among the new tacrine-benzofuran derivatives.

Qﬁ%‘)
O HN
.0 _\ﬁ -
NN
cl

HsC HN

(45)

Compound AChE ICso AP inhibition

45 0.13 uM 57.8%

Zha, X. et al,* assessed novel tacrine-benzofuran hybrids to be used in AD therapy.
The majority of the hybrids between tacrine and benzofuran had strong inhibitory effects on
AChE and B-secretase-1. Compound (46) among the 26 hybrids had sub nanomolar selective
inhibitory activity against hAChE, with an 1Csg value of 0.86 nM, and against human [-
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secretase-1 (hBACE-1), with an ICso value of 1.35 pM. Compound (46) functioned as a
sluggish, tight-binding, mixed-type inhibitor, according to kinetic tests. Research conducted

in vivo verified that compound (46) did not demonstrate noteworthy hepatotoxicity.

m
(@) HN

6

HN N
46) \ 7,

Compound AChE ICso hBACE-1
46 0.86nM  1.35 uM

Pisani et al.,*® reported novel family of compounds with a 6'-substituted (E)-2-
(benzofuran-3(2H)-ylidene)-N-alkylacetamide skeleton as monoamine oxidase inhibitors.
Outstanding affinities to MAO-A/B were demonstrated by 6’-sulfonyloxy derivatives. The
related 6'-benzyloxy compounds (47) demonstrated significant MAO inhibition and reversed
selectivity profile. By utilizing docking simulations and targeted structural alterations,

important molecular factors contributing to the high affinity for both MAO isoforms were

found.
H3C,
NH
o]
S Pes
II\ O
(47)
Compound  MAO-A MAO-B
47 9.1+0.9nM 17 + 2.4 nM

2.5.  Vicinal diaryl scaffold-based anti-AD agents

Accordingly, Sinha et al.*® reported a unique series of 24-triazine, 5,6-diaryl-1
derivatives and assessed each compound's anticholinesterase action. Using the Ellman
approach, in vitro tests were conducted to assess the impact of ChE inhibition. Compounds
(48-49) were proved to be potent inhibitors of AChE and BuChE. When compared to
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BuChE, these compounds showed superior efficacy and selectivity towards AChE.
Compound (48) (ICso AChE 4.23 uM and ICso BUChE 13.3 puM), compound 49 (ICso AChE
5.79 uM and 1Cso BUChE 163.4 puM). Moreover, compounds (49) and (50) in the active cite
of AChE and hBuChE were shown to have a very good binding activity by molecular

docking experiments.

‘ H3C
" (s
N " NH N NH
N/)\H/\/NJ N/)\N/\/’\Q
H
Cl

(48) (49)

Compound AChE ICso BUuChE ICso

48 4.23 uM 13.3 pM
49 5.79 uM 163.4 uM

In order to create a new class of multitarget-directed ligands that may be used to treat
Alzheimer's disease (AD), Shidore et al.*’ the pharmacophoric characteristics of
diarylthiazole and the cholinesterase inhibitor donepezil were combined. Among the
compounds, compound (50) had the greatest activity ICso value of 0.30 = 0.01 uM for AChE
and 1.84 £ 0.03 uM for BuChE, indicating considerable in vitro anticholinesterase (anti-ChE)
activity. In the experiments on enzyme kinetics, compound (50) exhibited mixed inhibition of
AChE. A few substances had discernible antioxidant and antiapoptotic qualities in vitro,
along with moderate to strong suppression of AChE-induced Api-42 aggregation. Significant
in vivo anti-ChE and antioxidant effects were demonstrated by compound (50). Moreover,
compound (50) showed in vivo neuroprotection by reducing aberrant levels of APi1-42, p-Tau,

cleaved caspase-3, and cleaved PARP proteins, hence reducing A1-42 toxicity.

H5C

(50)
Compound AChE ICso BuChE ICso
50 0.30+ 0.01 uM 1.84 + 0.03 pM
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2.6.  Urea derivative-based anti-AD agents

OH

_N
/C/
O/
(1)

A novel class of urea/thiourea derivatives were effectively reported via the reaction of
selective isocyanates/isothiocyanates with L-3-hydroxytyrosine. By using the 1,1-diphenyl1-
2-picrylhydrazyl (DPPH) radical test and the ferric reducing antioxidant power assay, all
synthesized compounds were evaluated for their antioxidant activity. Additionally, their
molecular docking interaction patterns were examined against the enzymatic proteins IN8Q
and 3NRZ. These studies have also revealed that the compounds may be bound to the amino
acid residues ASP490 and ASP361 in chain A of the IN8Q protein and GLN1194 in chain L
of the 3NRZ protein, where they may be responsible for potential antioxidant activity.

Promising antioxidant activity showed by urea derivative compound (51). 4

: @/ Br
(52)

Lachhi et al. ** reported a number of 1-(2,3-dihydro-1H-indan-1-yl)-3-
arylurea/thiourea derivatives via using 2,3-dihydro-1H-inden-1-amine with different aryl
isocyanates/isothiocyanates. Following an in-vitro screening process to assess their
antioxidant activity against NO and DPPH free radicals, compound (52) was identified as a
potent antioxidant. The recorded in silico binding affinities showed to have a strong
association with the in vitro antioxidant findings when the acquired in vitro results were
compared with the results of the molecular docking, ADMET, QSAR, and bioactivity studies
conducted for them. The strong hydrogen bonding connections between produced ligands
and the ARG 160 residue of the protein tyrosine kinase (2HCK) enzyme were shown by

molecular docking research, and this contact effectively inhibits the enzyme.
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