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ABSTRACT: Click chemistry is a set of easy, atom-economical reactions that are often
utilized to combine two desired chemical entities. Click chemistry accelerates lead
identification and optimization, reduces the complexity of chemical synthesis, and delivers
extremely high yields without undesirable byproducts. The most well-known click
chemistry reaction is the 1,3-dipolar cycloaddition of azides and alkynes to form 1,2,3-
triazoles. The resulting 1,2,3-triazoles can serve as both bioisosteres and linkers, leading to
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an increase in their use in the field of drug discovery. The current Review focuses on the cuick
use of click chemistry to identify new molecules for treating neurodegenerative diseases

and in other areas such as peptide targeting and the quantification of biomolecules.

1. INTRODUCTION

1.1. Click Reactions. Click chemistry (CC) refers to a
collection of potent, incredibly dependable, and specific
reactions that can produce molecules instantly by fusing
together small units through heteroatom connections.” CC was
devised by Sharpless in 2001,> and for his tremendous
contributions to the field, the 2022 Nobel Prize was jointly
awarded to Sharpless, along with Meldal and Bertozzi.® CC
encompasses almost all branches of chemistry, including
organic chemistry,” drug discovery,” polymers,”” bioconjuga-
tion,® and radiochemistry,” with a broad spectrum of
applications and advantages.'” “CC” originated as a way to
describe reactions that produce products with high yields by
the generation of carbon—heteroatom bonds. The term “click”
described the simple combining of molecular building blocks,
similar to how a seatbelt buckles two pieces that click
together.'" CC reactions are quick, extremely steciﬁc, easy to
carry out, and insensitive to oxygen and water.””~'* They can
also produce a wide range of structures in large quantities.
Additionally, these reactions require barely any chromato-
graphic purification during their workup, which makes it very
simple.* These reactions are commonly referred to as spring-
loaded reactions, i.e., thermodynamically driven reactions that
are rapid and nonreversible to produce the reaction product
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with high reaction selectivity."> The byproduct of the process
could be readily eliminated without needing any chromatog-
raphy techniques.'® The needed attributes of the reaction
comprise facile reaction conditions, easily accessible starting
components and reagents, and the utilization of no solvents or
a solvent like water or one that is quickly removed, along with
easy product isolation."” Based on all of the criteria, click
reactions were categorized into 4 types: (i) cycloaddition
reaction, including specifically hetero-Diels—Alder reactions,
and the Huisgen 1,3-cycloaddition reaction; (ii) nucleophilic
ring-opening reactions (epoxides, aziridines); (iii) reactions in
carbonyl chemistry ranging from the formation of oxime
ethers, hydrazones, and aromatic heterocycles; and (iv)
addition reactions to C—C multiple bonds including the
epoxidation and dihydroxylation, as well as Staudinger ligation,
a type of azide—phosphine coupling reaction'”'*~*" (Figure
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Figure 1. Different types of click reactions.
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Figure 2. Representation of the copper-catalyzed azide—alkyne cycloaddition reaction.

1). In addition to these reactions, numerous photochemical
reactions also meet these strict criteria when favored substrates
are utilized. A novel class of light-triggered click reactions,
which is referred to as photoclick chemistry, has been created
as a result of the fusion of click chemistry with harmless
photochemical techniques.

Among the several types of click reactions, the Huisgen 1,3-
dipolar cycloaddition reaction between an azide and a terminal
alkyne, which vyields the 1,4-disubstituted 1,2,3-triazoles, has
been widely explored as an effective synthetic technique for
creating compound libraries. The synthetic production of
1,2,3-triazoles using azides and alkynes can also be catalyzed by
Cu(0) turnings in addition to CuSO,/sodium ascorbate. The
active Cu(I) catalyst entity appears to be produced by either
oxidizing or reducing the Cu(0) and Cu(II) antecedents in
both cases. Thus, the reaction is also referred to as the Cu(I)-
assisted azide alkyne cycloaddition (Figure 2), and it is one of
the most popular reactions among the other four types. Azides
and alkynes are simple to work with as well as being less
reactive functional units in organic chemistry. The 1,2,3-
triazole ring is a desirable pharmacophore in the field of
medicinal chemistry, and molecules with this structure have
been discovered to exhibit significant biological properties,
making them particularly ideal for drug discovery. This is
brought on by the 1,2,3-triazole’s capacity to establish
hydrogen bonding along with additional noncovalent links
with several biological targets, including DNA, as well as its
improved solubility and stability in metabolism.'””**">® The
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click chemistry reactions simplify the steps needed for the
successive synthesis of diverse pharmaceutical compounds,
resulting in more efficient lead discovery and optimization
processes and enabling medicinal chemists to tackle the
shortcomings of traditional chemical synthesis.”” The bio-
compatibility of 1,2,3-triazoles and the cytotoxic copper
catalyst are two major limitations of click reactions that must
be taken into account. Alkyne homocoupling and Cu(I)
saturation are two additional less severe concerns. The
complexity mentioned above has also encouraged the
implementation of alternate synthetic methods, which are
copper-free cycloadditions, including strain-promoted azide—
alkyne cycloadditions (SPAAC) and inverse-electron-demand
Diels—Alder cycloadditions (IEDDA). Even though click
chemistry has a few limitations, there is no disputing its
significance in medical chemistry."***’

Medicinal chemists have largely benefited from the ease of
synthesizing an array of triazole derivatives for drug discovery
programs.”” Numerous biological actions, including antituber-
culosis, antifungal and antibacterial, anticancer and antiviral,
are demonstrated by the 1,2,3-triazoles.” CC is now widely
used in the era of modern drug discovery, and its focus on
neurodegenerative disorders (NDDs) is of interest.”"

1.2. Major Targets for the Treatment of Neuro-
degenerative Disorders. Neurodegenerative disorders
(NDDs) are characterized by particular protein accumulations
known as amyloid beta (Af) plaques and cerebral amyloid
angiopathy (CAA), tau-protein neurofibrillary tangles (NFTs),
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and neuropil threads (NTs) in the brains of the patients,
causing neuronal dysfunction and leading to the progression of
neurological impairment and mortality.”' The most common
types of NDDs are Alzheimer’s disease (AD), Parkinson’s
disease (PD), multiple sclerosis, and amyotrophic lateral
sclerosis.”> Neuronal dysfunction occurs in many ways,
including oxidative overload, free radical formation, collapse
of mitochondrial function, compromised biological energy,
neuronal malfunction, neuroinflammatory processes, and
neuronal structural and functional errors.”® Other mechanisms
have been identified, such as mutations in leucine-rich repeat
kinase 2 (LRRK2) and aggregation of a-synuclein in PD, and
mutations in amyloid precursor protein (APP), PS1, and PS2
(presenilin 1 and 2) in AD.”* The major targets that can be
used to treat neuronal disorders are monoamine oxidases
(MAO:s), acetylcholinesterase (AChE), acetylcholinesterase
(AChE), butyrylcholinesterase (BChE), and f-site amyloid
precursor protein cleaving enzyme 1 (BACEl). MAOs are
important biological targets in neurodegeneration as they cause
the deregulation of monoamine neurotransmitters.”>*® MAOIs
(monoamine oxidase inhibitors) were among the initial
antidepressants to be supplied in the market, originating in
the latter part of the 1950s with phenelzine, tranylcypromine,
isocarboxazid, and selegiline.”” The MAO-A specific inhibitors
tend to be developed as potential therapies for the manage-
ment of anxiety and depression, while MAO-B specific
inhibitors have proved to be highly efficient in the therapy of
PD and AD.” The irreversibility of certain MAOIs developed
several adverse effects compared to those of the reversible
MAOQIs. The sole remedy to this situation is the development
of more specific, and reversible, MAOIs.*® AChE is
predominantly associated with AD and PD and plays an
important role in tau protein deposition, Lewy body buildup,
and neuronal injury in the substantia nigra.*’ Reversible AChE
inhibitors, which have an indirect parasympathetic mimicking
effect, are used therapeutically to treat the cholinergic
deficiency in AD. Such inhibitors, by preventing the enzyme’s
action, preserve the cerebral availability of AChE and can
therefore mitigate but not prevent the disease’s effect on cell
death. Galantamine, donepezil, and rivastigmine are traditional
ACHhE inhibitors that are still in use.* BChE has been shown
to contribute to a key function in the development of neuritic
plaques, senile plaques, and Af accumulation, which are the
pathways involved in the pathogenesis of AD."* The targeted
BChE suppression improved learning and persistence in rats by
raising ACh levels. Similar results were obtained in a mouse
model of cholinergic deficiency, where in vivo BChE inhibition
improved learning, memory, and cognitive performance.”’
Tacrine, which was the first commercially available AChE/
BChE inhibitor that had a noncompetitive, readily reversible
inhibitory mechanism, was removed from the market in 2013
due to significant hepatotoxicity and is utilized solely as a
reference today."' The BACEL constitutes the buildup of
amyloid proteins within the brain cells, which results in plaque
formation.”* Since BACEL is highly abundant in the brain,
feasible BACEI inhibitors ought to be small and quickly cross
the blood—brain barrier (BBB). BACEI inhibitors can
effectively decrease the amount of Af in neurons and
throughout the brain by crossing the BBB. Verubecestat was
the initial small-molecule BACE1 antagonist with BBB
penetration; nonetheless, the phase 3 study of verubecestat
in mild to moderate AD patients was discontinued due to
insignificance.***

In every case, the insignificance and undesirable side effects
caused certain drugs to have limitations on their clinical use.
Also in spite of longer life expectancies, NDDs pose an
increasing challenge and are becoming a serious threat to
society. The need for patients to receive targeted, individu-
alized care is already anticipated as a result of both genetics
and environmental vulnerabilities. As a result, it is crucial to
discover new pharmaceuticals that reveal the specific pathways
underlying NDDs in order to gain insight into the challenges
and improve the therapy."” Using click chemistry, a wide
variety of chemical compounds can be synthesized, since the
reactions are rapid, incredibly precise, and simple to perform,
produce products in high yields, and may easily eliminate
byproducts without the use of chromatographic techniques.
Among the click reactions, CuCA offers a fast and accurate
synthetic approach for producing triazole motifs that are
typically present in pharmaceuticals and biologically active
substances. Due to its large dipole moments, this motif serves
as an excellent amide substitute in bioactive compounds. The
1,2,3-triazole is resistant to both oxidative and reductive
reactions as well as the process of hydrolysis (both acidic and
basic), demonstrating an extremely high aromatic stabilization
and a relative degree of resistance to metabolic breakdown.
Triazoles are further utilized as linkers and exhibit bioisosteric
impacts on aromatic rings, double bonds, peptide linkages, and
an imidazole ring despite protecting essential hydrogen bonds
and hydrophobic relationships. This might widen the structural
variety of chemical libraries and enhance the physicochemical
and pharmacokinetic attributes as well as the effectiveness of
lead compounds.””***

Herein, we present a detailed review of the applications of
click chemistry in numerous types of NDDs, with a particular
focus on drug discovery and diagnostic applications in AD.

2. DEVELOPMENT OF MONOANIME OXIDASE (MAO)
INHIBITORS USING CLICK CHEMISTRY REACTIONS

Jia et al. (2010) demonstrated the utilization of click chemistry
in high-throughput screening of inhibitory effects of 1,4-
disubstituted-1H-1,2,3-triazoles against MAO-A and MAO-B.
The synthesis of the titled triazoles was achieved by a
copper(I)-catalyzed 1,3-dipolar cycloaddition reaction
(CuCA) of alkynes and alkyl azides using CuSO, and sodium
ascorbate (i) in tert-butanol/H,O (Scheme 1). In total, 108

Scheme 1. Reagents and Conditions: (I) CuSO,, Sodium
Ascorbate, tert-Butanol/H,0, 24 h, Room Temperature (rt)

N=N
R
N () |
RI—N, + R*———H N /
R!
al b1 cl

compounds were tested for their ability to inhibit MAO-A/B
using a fluorescence-based microplate assay. Among them,
compounds 1 and 2 were the most effective inhibitors of
MAO-A, with half-maximal inhibitory concentration (ICy,) of
0.83 and 0.97 uM, respectively. Moreover, 1 showed the
highest selectivity index (SI) toward MAO-A (SI = 526.63).
This study showed that compounds with an amino substituent
had strong inhibitory effects on MAO-A, suggesting that prop-
2-yn-1-amine is a crucial component of the inhibitory activity.
Furthermore, upon comparison of the substituents at RI,
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Figure 3. Structure—activity relationship (SAR) of 1,2,3-triazoles toward MAO inhibition.

Scheme 2. Reagents and Conditions: (I) CuSO,, Ascorbic Acid, Na,CO;, H,0/DMF, Overnight, rt; (II) Methyl Iodide (MeI),
Sodium Hydride (NaH), Tetrahydrofuran (THF), 1.5—15 h, rt; (III) Phosphoric Acid (H;PO,), Methyl Chloride, 1.5—4 h, rt;
(IV) Propargyl Bromide, Cesium Carbonate (Cs,CO;) Acetone, 2—15 h, rt; or 0 °C, 2—2.5 h; or 0 °C for 30 min and Then rt
for 3 h
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unsubstituted benzene (compound 1) and pyridine (com-
pound 2) had a more robust inhibitory action against MAO-A.
A docking study showed that compound 1 binds very well with
MAO-A through #n—rm stacking interactions with Tyr444,
Tyr407, and FAD residues instead of MAO-B.>’

The click synthesis of 1,4-disubstituted-1H-1,2,3-triazoles
(c1) is illustrated in Scheme 1. The reaction was carried out
using CuCA, in which alkyl or phenyl azides (al) and alkynes
(b1) were reacted in the presence of CuSO, and sodium leads
to the generation of cycloaddition compounds.

The structure—activity relationship (SAR) of the 1,2,3-
triazoles is shown in Figure 3. The inhibitory effect against
MAO-A was stronger with an unsubstituted phenyl ring
(compound 1) on R'. Pyridine substitution on R' resulted in
increased MAO-A inhibition (compound 2) compared to that
with the unsubstituted phenyl ring. The amino group on R*
(propargylamine) resulted in an increased inhibitory activity.

Di Pietro et al. (2016) focused on CuCA for the synthesis of
several series of 1,2,3-triazole derivatives with aminoacetylenic
side chains at the 4-position of the triazole through an alkyl/
aryl bridging unit for their MAO inhibition activity (Scheme

https://doi.org/10.1021/acsomega.3c04960
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Scheme 3. Reagents and Conditions: (V) Trimethylsilylacetylene, THF, n-BuLi, —78 °C, 30 min, and Then ZnBr,, THF, —78
to 0 C° (VI) Silver Trifluoromethanesulfonate (AgOTf) and Methylchloride/MeOH/H,0 Overnight, rt; (I) Methyl Azide,
CuS0,-5SH,0, Ascorbic Acid, Na,CO;, H,0/Dimethylformamide (DMF), Overnight, rt; (VII) LiAlH,, THF, Reflux, 2 h;
(VIII) (Boc),0, THF, rt; (II) Mel, NaH, THF, 60 °C, 4 h; (VII) LiAlH,, THF, 0 °C, Reflux, 72 h; (III) H,PO,, CH,CL, tt,
1.5—3 h; (IV) Propargyl Bromide, Cs,CO;, Acetone, 0 °C for 3.5 h or 0 °C for 30 min and Then rt for 3 h

\/

_/?HCN W)
Br/_@ / /

_/(AITCN D /—<i/)(/);CN
J) > \ /7
VA

a3 T™S b3 «
D
. _NH, — N
n
(VIID) N\ / (VID) \ 7/
— B S —— -
. d3
/N\N e3 /N\N
o (VID)
|
H
_v/@vﬁ‘i — N~ =N
n \ 7/
\_ 7/ (111 _ \_/ (1) =
— N ,N
N - Ne 5-6
/N\I\j’ o3 AN h3 s N 5,n=0
6,n=1

2). They explained the design and click synthesis of 76
derivatives by substituting an essential structural feature of
typical irreversible MAO-B inhibitors, a propargyl amino
group, at the fourth position of the 1,2,3-triazole ring and by
incorporating some lipophilic groups at the 1 and 5 positions
to improve hydrophobicity. All of the synthesized compounds
were tested in vitro for their human MAO-A and MAO-B
inhibitory properties using selegiline and clorgyline as
references. The results demonstrated that compounds 3, 4,
S, and 6 exhibited a strong MAO-B inhibitory effect (ICs,
values for MAO-B are 3.5 + 0.4, 11.2 + 2.1, 0.6 & 0.1, and 5.2
+ 0.5 uM, respectively). Compound $ stood out as the most
effective MAO inhibitor, with submicromolar potencies against
both MAO-A and MAO-B (with ICs, values of 0.5 + 0.1 and
0.6 + 0.1 uM, respectively), and compound 6 had very high
selectivity toward MAO-B (SI value = 27.7). Reversibility
studies demonstrated that compound 3 irreversibly inhibited
MAO-B, because the inhibition persisted even after numerous
repeated centrifugations and buffer washes. The enzyme was
suppressed by 10 uM of 3 for various preincubation intervals
(0—360 min) in order to evaluate the time-dependent
inhibition of hMAO-B. Enzymatic efficiency revealed a sluggish
time-dependent suppression of MAO-B. A parallel artificial
membrane permeation assay (PAMPA), employing a combi-
nation of PBS/EtOH 70:30, was used to measure the in vitro
permeability (Pe) of the innovative 1,2,3-triazole-based
compounds via a lipid extract of the pig brain membrane. All
compounds from the second generation showed good brain—
blood barrier (BBB) permeation compared to those from the
third generation.>'

The preparation of compounds 3 and 4 is shown in Scheme
2. CuCA is the reaction that occurs in the first step using Boc-

protected propargylamine (a2), alkyl halide (b2) and sodium
azide (c2 to form 1-substituted triazole derivatives (d2).
Followed by methylation to produce e2, which, upon acidic
deprotection gave rise to secondary amines (f2). Finally, the
secondary amines were propargylated to obtain the desired
compounds (3, 4).

Compounds 5 and 6 were synthesized in seven to eight
steps, as shown in Scheme 3. The alkynes were initially
produced via the Negishi coupling of a3 and trimethylsilyla-
cetylene, followed by desilylation of the protected alkyne
derivative (b3). Subsequently, alkyne (c3) reacts with methyl
azide to generate the necessary triazole (d3). The subsequent
step involved reduction to produce the corresponding amines
(e3). The desired compound § was produced by using N-
methylation of f3 and acidic deprotection of g3 and
propargylation. When the methylation of an N-Boc-protected
amine is challenging, desired compound 6 can be obtained by
converting the N-Boc-protected amine to a secondary amine
(h3). This secondary amine then underwent reduction,
followed by propargylation to produce compound 6.

The SAR of N-methyl-N-[(1,2,3-triazol-4-yl)alkyl]-
propargylamines is shown in Figure 4. Compounds with a
benzyl substitution at the R position of the triazole ring may
have enhanced the potency toward MAO-B. The substitution
of a benzyl group at the R, position and a phenylmethyl group
at the R position of the triazole ring, with a chain length of
two carbons, produced a potent MAO-B inhibitor (compound
3). Compounds with enhanced MAO-B inhibitory properties
were established by incorporating a benzyl group between the
triazole and alkylamino groups (compounds 5 and 6).
Substituting the alkyl amino group at the para position of
the benzyl aromatic ring produced a potent derivative

https://doi.org/10.1021/acsomega.3c04960
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Figure 4. SAR of N-methyl-N-[(1,2,3-triazol-4-yl)alkyl]propargylamines.

Scheme 4. Reagents and Conditions: (IX) R,—Br, NaH, DMF, Reflux; (X) HBr, Acetic Acid, 115 °C, 15 h; (IV) Cs,CO;, DMF,
Propargyl Bromide, 60 °C, 3 h; (I) ArCH,N; or ArNj, CuSO,5H,0, Sodium Ascorbate, THF—H,O (1:1), rt
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(compound 5), which showed high effectiveness toward both
isoforms of MAO.

Haider et al. (2018) focused on creating an array of 26
harmine scaffolds combined with triazole using click chemistry
to evaluate their potential to inhibit MAO. In vitro tests were
performed on the newly synthesized harmine-conjugated 1,2,3-
triazole derivatives to determine their inhibitory effect on the
hMAO isoenzymes (MAO-A and MAO-B). The enzymatic
functions of MAO-A and MAO-B were assessed by using a
kynuramine-based fluorescence test. Six compounds with
significant activity against MAO were identified from the
inhibition assay (Scheme 4). Compounds 7 and 10 showed
greater selectivity against MAO-A compared to the other
compounds, with SI (MAO-A/B) values of 0.07 and 0.0S,
respectively. In contrast to harmine, the parent alkaloid,
compounds 8 (1.21 + 0.14 uM), 9 (0.26 + 0.04 uM), 11 (0.36
+ 0.001 uM), and 12 (1.08 + 0.02 uM) exhibited a more

44443

powerful suppression of MAO-B. In silico analysis incorporat-
ing the crystal structures of MAO-A and MAO-B and docking
studies helped to better explain the MAO inhibition findings.
The compounds were docked against the crystal structures of
MAO [MAO-A (PDB ID: 2Z5X) and MAO-B (PDB ID:
2V61)]. The synthesized compounds displayed 7-interactions
and H2 bonding with amino acid residues such as Phe343,
Asnl81, His90, Tyr398, His90, and Tyr43S in the binding
domain.>

The syntheses of compounds 7—12 are explained in Scheme
4. In the first step, harmine (a4) was N-alkylated. The alkylated
harmine (b4) underwent selective O-demethylation to
produce c4; in the third step, it was O-propargylated to
produce d4. Finally, in the fourth step, d4 was allowed to react
with various easily accessible azides to produce the desired
molecules.

https://doi.org/10.1021/acsomega.3c04960
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Figure 6. SAR of the hybrids of coumarin derivatives and hydroxypyridinones.

The SAR of harmine-conjugated 1,2,3-triazoles is shown in
Figure 5. MAO-A inhibition increased when an aromatic ring
possessing halogens at the para position was placed at the R,
position of the triazole ring. This inhibitory effect decreased
when the halogen was substituted with a cyano group. In
contrast to compounds with smaller n-butyl, n-propyl, or

44444

isobutyl groups, except for compound 10, those with a large 3-
phenylpropyl group at R; did not exhibit MAO inhibition.
When the R, substitutions included an unsubstituted aromatic
ring, an electron-withdrawing group (EWG), or an electron-
donating group (EDG), MAO inhibition decreased in the
following order: EDG > unsubstituted aromatic ring > EWG.
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Figure 7. SAR of azide-substituted flavones.

Mi et al. (2019) focused on creating a number of dual-target
compounds using click chemistry to treat AD. The structures
of hydroxypyridinones that chelate iron (known to have
potential as nontoxic medicinal agents in the management of
AD) and coumarin analogues (known to have MAO-B
inhibitory action) were coupled using click chemistry to
produce dual-target anti-AD therapeutics. Eleven compounds
were synthesized; their iron-chelating activities were measured
using HySS software, and their MAO-B inhibitory activities
were evaluated (Scheme S). All the compounds showed a

significant chelating effect. The most effective MAO-B
inhibitory activity was shown by compounds 13 (0.68 yM)

and 14 (0.86 uM).”?
The synthesis of the targeted compounds was carried out

when propylazide-tagged hydroxypyridinones (bS and dS)
with propargyl ethers (a$ and cS) were installed on either side
of the coumarin rings, that is, benzene (13) and the
heterocyclic ring (14), which led to two structurally diversified
triazole sandwiches. The reaction steps include the preparation

44445 https://doi.org/10.1021/acsomega.3c04960
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Scheme 7. Reagents and Conditions: (XIII) Imidazole-1-sulfonyl Azide Hydrogen Sulfate, CuSO,, NaHCO;, MeOH/H,0; or
BnCl, K,CO;, Acetone; (I) Terminal Alkyne (RC=CH), CuSO,, Sodium Ascorbate, DMF, 100 °C under Microwave (MW)

(XI1I)
> N;

NH
H,N

a7 b7

Jepo iy,

Scheme 8. Reagents and Conditions: (XIV) BnBr, K,CO;, EtOH, 90 °C; LiAlH,, DCM/THEF, 70 °C, N, (g); (XV) Azido
Amino Acid, HBTU, DIPEA, DMF; (I) Phenylacetylene, CuSO,, Sodium Ascorbate, t-BuOH/H,0/DCM (1:1:1); (XVI)

Morpholine/DCM (1:1); (XVII) Ac,O, Pyridine

a8 b8

@

Fmoc”™

ds

,le Neoor

LS

c8

Fmoc”

xvhp NN N
)n
HN
H,N
@)
19,n=1

(XVID)

N

Lo LT

20,n=1

of the triazole ring and subsequent demethylation of the ether
groups.

The SAR showed that the hydroxymethyl group at the
second position of the hydroxypyridinone ring was essential for
iron-chelating activity (Figure 6). The triazole ring, which
serves as a linker between the coumarin and hydroxypyr-
idinone, preserves the ability of the compounds to inhibit
MAO-B. The number of carbons in the alkyl chain connected
to triazole and hydroxypyridinone had a marginal influence on
their anti-MAO-B activities, and there was no large disparity in
the activities of the ethyl or propyl groups. Substitution at the
third or seventh positions of the coumarin ring showed a
noticeably greater MAO-B inhibitory effect than that of the 4-
substituted coumarin derivatives.

Jia et al. (2017) synthesized a library of 46 azide-substituted
flavones using click chemistry to evaluate their potential
inhibitory activity toward MAOs. The newly synthesized
flavone derivatives were tested in vitro to determine whether
they had an inhibitory effect on the hMAO isoenzymes (MAO-

A and MAO-B). The enzymatic activities of MAO-A and
MAO-B were assessed by using a fluorescent probe method.
Three compounds emerged from the inhibition assay with
significant action against MAO. Compound 17 showed greater
potency against MAO-A (1.6 = 0.2 uM) and MAO-B (2.1 +
0.7 uM). Compounds 16 (71.4 + 7.6 uM) and 15 (75.8 + 9.4
uM) displayed inhibition toward MAO-B. In silico analysis
incorporating the crystal structures of MAO-A and MAO-B
and docking studies helped to better explain the MAO
inhibition findings. The active site of MAO has three
functional domains (the substrate cavity, entrance cavity, and
“aromatic cage”). Docking studies revealed that these
inhibitors are probably located in both the substrate cavity
and the aromatic cage. Their results suggest that the
development of new MAO inhibitors from the Cg substitution
of flavone derivatives is significant and that these compounds
also have potential for the treatment of diseases associated with
MAOs.*"
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The preparation of compounds 15, 16, and 17 is shown in
Scheme 6. Here, the azides (a6 and c6) were reacted with their
respective alkynes (b6 and d6) to produce the target
compounds.

The SAR of the azide-substituted flavones (Figure 7)
showed that the inhibitory effect against MAO-A was stronger
when X was a chlorine substituent (compounds 16 and 17).
When the chain length n was equal to one, the para-
chlorophenyl substituent had greater potency; that is, when
R;= Cl, the para-fluorophenyl substituent was more potent
when n was 2 or 4 (R, = F). The replacement of fluorine at R;
with chlorine also diminished the efficacy toward the enzyme.
Figure 7 indicates that adding a secondary amine substituent at
the C4 position of the flavone is advantageous for MAO-
inhibitory activity. Compounds substituted with secondary
amines significantly inhibit MAO (17). Overall, the com-
pounds with amide bonds and amine functional groups at the
R-position were more effectively inhibited than those with an
ether group. In contrast, the compounds containing an ether
group at R demonstrated high selectivity. Co-MFA analysis of
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the synthesized compounds revealed that bulky groups at the
R, position boosted the inhibitory action against MAO-A and
MAO-B. This was consistent with the experimental results for
these compounds.

3. DEVELOPMENT OF ACETYLCHOLINESTERASE
(AChE) AND BUTYRYLCHOLINESTERASE (BChE)
INHIBITORS USING CLICK CHEMISTRY REACTIONS

de Andrade et al. (2019) used click chemistry to create two
series of N-piperidine-based compounds as novel, potent, and
effective human BChE (hBChE) inhibitors. Two series of
molecules were designed based on donepezil, a selective
human AChE (hAChE) inhibitor. The main goal of the design
phase was to preserve the N-benzylpiperidine moiety and
remove the 5,6-dimethoxy-1-indanone moiety from donepezil.
In the first series (Scheme 7), a 1,4-disubstituted 1,2,3-triazole
ring was used to replace it, whereas in the second series
(Scheme 8), 1-substituted 4-phenyl-1,2,3-triazoles were used.
In contrast to the second series, which has an indirect
coupling to the N-benzylpiperidine moiety through an amide

https://doi.org/10.1021/acsomega.3c04960
ACS Omega 2023, 8, 4443744457


https://pubs.acs.org/doi/10.1021/acsomega.3c04960?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04960?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04960?fig=fig8&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c04960?fig=fig8&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c04960?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs

.acs.org/journal/acsodf

EVE
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bond, the first series of compounds has direct coupling to the
N-benzylpiperidine moiety. All the compounds in the two
series were evaluated for their inhibitory activity and selectivity
toward hBChE and hAChE. Compound 18 (0.0065 + 0.002
uM) in the first series shows good potency and selectivity
toward hBChE, while the other compounds showed low
inhibitory action toward hAChE and hBChE. Compounds 19
(0.0099 + 0.0043 uM) and 20 (0.00017 + 0.000021 uM)
from the second series showed highly effective and selective
inhibition of hBChE. Cell viability was evaluated to determine
the cytotoxic effects of the compounds in the human
neuroblastoma SH-SYSY cell line. The mechanism of hBChE
suppression by compounds 19 and 20 was further evaluated by
using a kinetic study that considered the interaction between
two binding sites (catalytic and peripheral). Molecular docking
and molecular dynamics investigations were also performed to
learn more about the binding interactions and stability of

compounds 19 and 20. All the data showed that lead
compounds 19 and 20 could be beneficial in the study
strategies to learn more about the fascinating function of
hBChE in both physiological and pathological states, as well as
in the molecular mechanisms of disorders such as AD.
Furthermore, compound 20 emerged as one of the most
influential and specific hBChE inhibitors ever reported.”

The designed compound was synthesized in two steps
(Scheme 7). The first step involved the benzylation of
piperidin-4-ylmethanamine (a7) to give b7. Next, the
intermediate (b7) was converted to target compound 18
either by reacting with a terminal alkyne.

The synthesis of compounds 19 and 20 (Scheme 8) began
with the benzylation of isonipecotamide (a8), followed by
reduction to yield the key intermediate (b8). In the second
step, amide coupling occurred between the intermediate and
azido-amino acids to produce the Fmoc-protected azido-
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Figure 9. SAR of the quinazoline—triazole hybrids.

building block (c8). In the third step, phenylacetylene was
reacted with the azide to form a 1,2,3-triazole-1,4-disubstituted
ring (d8). The reaction with morpholine/DCM produced
compound 19, which was treated with acetic anhydride and
pyridine in the final step to produce compound 20.

The SAR (Figure 8) of the synthesized aryl-1,2,3-triazolyl
benzylpiperidines of the first series showed a decreased
inhibitory effect because of the lack of flexibility of the binding
site owing to the direct coupling of benzylpiperidine with the R
group through the 1,2,3-triazole ring. In the second series,
compounds with shorter side chains showed increased
inhibitory activity compared with those of compounds with
longer side chains. In addition, acetylation of the primary
amine group increased the potency and selectivity toward
hBChE.

To generate novel AChE inhibitor candidates, Le-Nhat-
Thuy et al. (2020) designed and synthesized several quinazo-
line—triazole hybrid compounds (Scheme 9). Twelve com-
pounds were synthesized through the click reaction and split
into three groups depending on the various amine moieties
attached to the quinazoline scaffold at the C-4 position,
specifically the 3-nitrophenylamine, benzylamine, and N-
methylpiperazyl groups. All of the synthesized compounds
were evaluated for their AChE inhibitory and anticancer
activities. Compounds 21 (first group) and 22 and 23 (second
group) showed good inhibitory activity against AChE with
IC,, values of 2.06 = 0.19 uM, 0.23 + 0.15 uM, and 1.10 +
0.27 uM, respectively. Compound 22 showed increased
potency, and compounds 24 (37.38 + 2.01 uM) and 2§

(15.79 + 0.18 uM) (from the third group) also exhibited the
inhibitory activity but less than the other three compounds.
Using the MTT assay, these compounds were tested for their
cytotoxicity against the human cancer cell lines KBCCL-17
(epidermoid carcinoma), HepG2-HB-8065 (hepatocellular
carcinoma), and SK-Lu-1 (nonsmall cell lung cancer);
however, they had no discernible cytotoxic effects on these
cell lines. Using ICM-Pro MolSoft 3.8-7, a molecular docking
study was performed to examine the interactions between
AChE and these compounds. The study showed that in the
active site of AChE, compounds 21, 22, and 23 bind to both
the peripheral anionic site (PAS) and the catalytic anionic site
(CAS). This suggests that these compounds may function as
dual-binding domain blockers. They also demonstrated
suitable physicochemical and pharmacokinetic properties for
use as potential medication candidates for AD treatment.*®

The synthesis of quinazoline—triazole hybrid compounds
(Scheme 9) began by the reaction of 2-nitro-S-hydroxyben-
zaldehyde (a9) to form 2-nitro-5-(prop-2-yn-1-yloxy)-
benzaldehyde (b9). In the second step, it was converted to
an aldoxime (c9). In the third step, aldoxime underwent
intramolecular dehydration to produce benzonitrile (d9).
Subsequently, the reduction occurred to produce the
corresponding amine (e9). Later it was converted into
formamidine (f9). Cyclization of formamidine produced 6-
(prop-2-yn-1-yloxy)quinazolin-4-amines (g9). In the last step,
the hybridization of g9 with different aryl azides yielded
quinazoline—triazole hybrids.
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Scheme 10. Reagents and Conditions: (XXIV) SOCI,, 80 °C; (XXV) 2-Aminobenzothiazole, 100 °C, MW, THF; (XXVI)
K,CO;, Propane-1,3-dithiol, THF, 80 °C
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The SAR of quinazoline—triazole hybrids showed that the
presence of a benzylamine moiety at the C-4 position of the
quinazoline displayed increased AChE inhibition (Figure 9).
The replacement of benzylamine with a N-methylpiperazyl
moiety resulted in decreased inhibitory activity. Higher anti-
ACHhE activity was produced by the nitro group attached to the
aryl ring connected to the 1,2,3-triazole. However, shifting the
ortho-nitrophenyl group to the meta-/para-nitrophenyl group
briefly decreased the AChE inhibitory activity. The structure—
activity correlations indicate that the type of amine linked to
the C-4 position of the quinazoline scaffold and the type of aryl

group attached to the triazole had a significant influence on the
anti-AChE efhicacy.

4. DEVELOPMENT OF BETA-SITE AMYLOID
PRECURSOR PROTEIN CLEAVING ENZYME 1
(BACE1) INHIBITOR USING THE CLICK CHEMISTRY
APPROACH

Nozal et al. (2021) hypothesized on the use of different linkers
to produce a BACEL1 inhibitor from the kinase inhibitor as the
starting fragment, thereby incorporating both activities in one
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Scheme 12. Reagents and Conditions: (I) CuSO,-SH,0, Sodium Ascorbate, DMF, rt
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Scheme 13. Reagents and Conditions: (I) CuSO,-5SH,0, Sodium Ascorbate, DMF, rt
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compound to obtain multitarget-directed ligands (MTDLs) to
tackle the hallmarks of AD. To test this hypothesis,
compounds 26 (Scheme 10) and 27 (Scheme 11) were
synthesized using a benzothiazole-based LRRK2 inhibitor as
the starting fragment. An aliphatic thioether chain and a
heterocyclic 1,2,3-triazole were used to link these kinase
inhibitors. Compounds 26 and 27 showed excellent inhibitory
activity (ICy, values of 7.14 and 3.72 uM, respectively) against
BACELl and protein kinase. Compound 27 was the leading
compound with both BACEI and protein kinase inhibitory
activities. Hence, the hypothesis was supported, and CuAAc
was chosen as the best way to connect the different
heterocyclic fragments. The ability of compound 27 to reduce
the toxicity of Ap40 and Af42 was also checked using human
neuroblastoma SH-SYSY cell lines (SK-APP cells). The

excellent results prompted researchers to focus on the
synthesis of further compounds.”’

The synthesis of 26 (Scheme 10) began with the reaction of
4-(bromomethyl)benzoic acid (al0) to form 4-
(bromomethyl)benzoyl chloride (b10). The compound was
then converted to benzamide (c10). Then, coupling with
propane-1,3-dithiol resulted in compound 26 (thioether
derivative).

The synthesis of compound 27 is explained in Scheme 11.
Azide (b11) was produced by reacting 4-(azidomethyl)benzoic
acid (all) with 1-ethyl-3-(3-(dimethylamino)propyl)-
carbodiimide (EDCI), 4-dimethylaminopyridine (DMA), and
DME, followed by treatment with 2-aminobenzothiazole. The
alkynes for CuCA were produced in three steps. The first step
involved a reaction of methyl 4-hydroxybenzoate (cl1) to
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produce the intermediate (d11). Later d11 was converted to
the corresponding product (ell), which then underwent a
reaction to form an adequate alkyne (f11) for CuCA. Finally,
the azide (b11) and alkyne (f11) reacted to form compound
27.

Furthermore, two azides from the LRRK2 and CKl1d
inhibitors and three alkynes from the LRRK2, GSK3b, and
CK1d inhibitors were used to synthesize the next set of
compounds (Scheme 12). Four compounds were synthesized
using CuAAC. The inhibitory activity of the compounds was
analyzed, and compound 28 showed good inhibition against
BACEIL, LRRK2, and GSK3b (3.31 + 0.27, 0.82 + 0.14, and
236 + 0.27, respectively). Among the four compounds,
compounds 28 and 29 showed a considerable reduction in
cytotoxicity. In addition, these two substances prevented tau
phosphorylation. Okadaic acid, which induces tau phosphor-
ylation, was used in the SH-SYSY cell line model to assess the
beneficial effects of 28 and 29 on tau phosphorylation. After
receiving therapy with the novel MTDLs, relief from the toxic
effects of okadaic acid was observed.

Scheme 12 illustrates the synthesis of compounds 28 and 29
through the click reaction.

In this study, we also showed how BACE1 could be used as
a template to identify fragments to obtain promising MTDLs.
Through this approach, it may be easier to recognize BACE1
binders, beginning with kinase inhibitor fragments, before
synthesizing them on a larger scale, thereby preserving
resources. The in situ click reaction with BACE1 was tested
using azides and alkynes. Both azide and alkyne were
combined in an aqueous buffer with or without BACE1, and
the resulting mixtures were analyzed by LC/MS-SIM. The
results revealed that the peak with the anticipated molecular
weight of triazole was found only in the presence of BACEL.
Six more compounds, 30—35 (Scheme 13) were prepared
(using CuCA) to verify this approach, two of which served as
negative controls. The inhibitory eflicacies of the six
compounds against BACE1 and other protein kinases were
evaluated. The results demonstrated that the compounds
chosen using BACE1 templated synthesis exhibited inhibitory
effects on this protease, whereas negative controls did not.
Finally, the BBB permeability of all the synthesized compounds
was assessed using PAMPA, which identifies the compounds
that are suitable candidates for the treatment of illnesses.

Scheme 13 shows the synthesis of compounds 30—3S. Here,
the azide and alkynes react to form the corresponding products
via a click reaction.

5. CLICK CHEMISTRY IN BIOORTHOGONAL
COUPLING

Du et al. (2019) reported that a self-triggered click reaction in
an AD model makes neurotoxic copper a useful AD
management tool. The Cu(I)-catalyzed azide—alkyne cyclo-
addition (CuCA) was exploited to synthesize drugs in living
cells and to activate fluorophores using an endogenous Cu
catalyst (Af40-Cu aggregates). The transformation of
coumarin from a nonfluorescent state to a fluorescent state
was chosen as the model reaction (Scheme 14). The
transformation efficacy was 96% based on fluorescence
intensity calculations. In living cells (PC12), a Caenorhabditis
elegans CL2006 transgenic AD model, and brain slices from
triple transgenic AD mice, the efficiency of AS40-Cu for
catalyzing the fluorogenic click reaction was evaluated. The
findings indicated a beneficial outcome.

Scheme 14. Click Reaction for the Synthesis of a
Fluorescent Probe
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The authors also discussed the in situ drug development
using the CuCA reaction to reduce the cytotoxicity brought on
by the AB-Cu aggregates. To effectively disintegrate AS-Cu
aggregates, compound 36 was developed and synthesized with
Ap-oxygenating and Cu-chelating capabilities (Scheme 15).
The chelating impact of compound 36 toward Cu, the photo-
oxygenating effect of suppressing A aggregation, the neuro-
protective ability on cytotoxicity caused by the Ap40-Cu
aggregates, and the capacity to disintegrate the ApS-Cu
aggregates by compound 36 were all evaluated. Finally, the
researchers examined the possibility that A$40-Cu aggregates
could catalyze the in-cell production of bifunctional drug 36.
To deliver the prodrugs to the targeted areas, mesoporous
silica nanoparticles treated with phenylboronic acid were used
as controlled-release nanocarriers. The in situ-produced drug
36 reduced the burden of A and dispersed AB-Cu aggregates,
inhibited Af-mediated immobility, and reduced the locomotor
abnormalities of the AD model CL2006 strain. This study
provides new insights into the in situ multifunctional drug
synthesis for the management of neurological illnesses by
exploiting endogenous neurotoxic metal ions.>”

Scheme 15 illustrates the rational synthesis of compound 36,
in which the compound forms a complex with Cu, indicating
the Cu-chelating properties of compound 36. Later, the
researchers performed the in situ synthesis of 36, where the
AP40-Cu aggregates act as the catalyst. Compound 36
dissociates into aggregates and forms a complex with Cu.
Therefore, reducing the neurotoxicity caused by the AB40-Cu
aggregation provides a new approach to the in situ synthesis of
drugs against AD.

6. ROLE OF CLICK REACTIONS IN TARGETING
AMYLOID BETA PROTEIN IN ALZHEIMER'’S
DISEASE

Sohma et al. (2006) developed phototriggered click peptide
isoform precursors of Af1-42 (Af} peptides) based on the O-
acyl isopeptide method (Scheme 16). This O-acyl isopeptide
method is a unique synthetic approach in the domain of
peptide chemistry because it destroys the undesirable 2°
structures of native peptides to enable the synthesis of peptides
with challenging sequences. Using an O-acyl isopeptide
protected by a photocleavable group, the researchers
developed a phototriggered counterpart of ApS1-42 which
lacked the ability to self-aggregate. It was anticipated that the
O-acyl isopeptide would be nonaggregative and capable of
converting into the intrinsic aggregative peptides by light-
irradiation “click” without the need for an extra fibril-inhibitory
entity. They used this method to create 26-N-Nvoc-26-
AIAp42, a phototriggered click peptide of Af1-42, in which
a photocleavable 6-nitroveratryloxycarbonyl (Nvoc) group was
introduced to produce a new biological review system that
would make it simple to manage the stimulation of the self-
assembly process. Under physiological conditions, these
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precursors do not demonstrate any self-assembly character- process. In conclusion, these click peptides may be a key
istics, owing to a single ester bond. However, they were method for advancing investigation into the bioactivity of Af1-
susceptible to porting to give the target Af1-42 in a quick and 42 in AD by initiating Af1-42 self-assembly in an inducible
straightforward one-way (hence the name “click”) conversion manner.””
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A propanol group gives a non-specific
interaction with AP peptides

Figure 10. SAR of phenol—triazole ligand scaffold.
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Scheme 16 explains the reaction of phototriggered click
peptide alé (26-N-Nvoc-26-AIAf42) in forming the target
ApP1-42 (37) in a quick and straightforward one-way
conversion process. Here, the click peptide underwent
photoirradiation, and the photocleavable Nvoc group was
removed to form intermediate 26-AIAf42 (b16). Then the
intramolecular acyl migration of b16 gives the target Af1-42
(37).

Jones et al. (2017) synthesized three multitarget phenol—
triazoles that could be used as AD therapeutics. The Huisgen
1,3-dipolar cycloaddition reaction was used to synthesize this
series (click chemistry). The Lipinski rule, log BB for drug
likeness, and BBB penetration were among the physiochemical
parameters of all of the tested series, and all compounds
displayed positive physiochemical traits. The phenol—triazole
series was also assessed for its metal binding affinity (Cu) and
antioxidant properties and checked for interaction with the A
peptide through 2D-NMR studies. Compound 38 showed a
greater number of interactions throughout the length of the Af
peptide, while compounds 39 and 40 exhibited close
interactions with particular residues of the peptides. The Af
aggregation profiles of this series were determined. Finally the
researchers investigated whether these substances could reduce
the neurotoxicity caused by Af in human neuronal cultures
and found that 38 and 40 showed neuroprotective effects.
These findings implied that the phenol—triazole ligand scaffold
can target various AD-related factors, thereby supporting
further therapeutic research.”

The click synthesis of compounds 38—40 is explained in
Scheme 17. Alkyne-substituted phenol 2-((trimethylsilyl)-
ethynyl)phenol (al7) and various azides (b17) were reacted
to form the final compounds.

The SAR of the phenol—triazole ligand scaffold is
demonstrated in Figure 10. The triazole ring plays a significant
role in ligand peptide interactions since the triazoles are able to
mimic and rigidify the conformation of the amide backbone
(peptide bond).”" The R group on the triazole ring influences
ligand-Af peptide interactions as well as neuroprotection.
When R was substituted with a propanol group, 38 exhibited
interactions across the entire peptide length. The propanol
group was replaced by morpholine (compound 39) and
thiomorpholine (compound 40), and the substitutions
displayed a superior specificity for the Af peptide residues.
In addition, these substitutions play a crucial role in Af
aggregation.

7. CLICK CHEMISTRY IN FLUORESCENCE IMAGING

Ahmed et al. (2019) reported dansyl azide (DNS-AZ) as a
fluorescent marking tool based on click chemistry for
biomolecular characterization. The fluorescence marking and
tag of biomolecules is a powerful method for examining various
biological activities. DNS-AZ has previously been reported as a
redox-based fluorescence marker. Click chemistry has also
been shown as an effective technique for bioorthogonal
labeling inside biological systems because of the use of
aqueous solutions and moderate reaction conditions. Rasagi-
line mesylate (RSM) is an MAO-B-specific irreversible
antagonist authorized for use as either primary or adjunctive
therapy for PD. Only a limited number of bioanalytical
techniques are available to determine RSM in plasma samples,
and because of the challenges encountered in quantifying RSM
using inadequate analytical processes, this study aimed to
create a new HPLC fluorescence approach for the selective
assessment of RSM in rat plasma using this fluorescent
marking tool.
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By combining RSM and DNS-AZ through a click reaction
(Scheme 18), the first step of the study was the production of
an inert fluorescent 1,2,3-triazole analogue. To generate a
highly fluorescent final product, all reagents, reaction temper-
atures, and durations were optimized. Selegiline was utilized as
an internal standard because it shares the same physicochem-
ical properties. The structure of the resulting compound 41
was verified by tandem mass ultraperformance liquid
chromatography. To ensure that the created method was
appropriate for the intended use, it was evaluated in
accordance with the U.S. FDA criteria. The linearity of the
devised method was assessed in rat plasma with concentrations
between 0.5 and 100 ng/mL (n = S), and it was found to be
linear with adequate precision and accuracy values. After
administering one oral dose of the RSM pill to rats, the devised
method was used to analyze RSM in pharmacokinetic studies
to establish its usability in real sample evaluations. The
proposed approach demonstrates the ability to measure the
RSM in actual samples and can be used as a tool in health
mamagement.é2

Scheme 18 shows the synthesis of the fluorescent
derivatization product. A reaction occurred between RSM
and DNS-AZ with the optimized reagents. A click reaction
occurred between the alkyne and azide to give the product.

8. FUTURE PERSPECTIVES

Research and development of drugs are especially challenging
when it comes to neurodegenerative diseases. The onset of
neurodegenerative diseases is mostly attributable to a
combination of genetic anomalies, environmental variables,
and aging. There is always a need for producing more
therapeutics in this field due to the increasing demands. In
comparison to the conventional method, click chemistry allows
for the rapid synthesis of a large number of chemical libraries.
Along with positive aspects like modularity, excellent yield and
high chemo- and regioselectivity facilitate lead optimization
and drug discovery. The 1,2,3-triazole scaffold is frequently
used in drug development processes, and various triazole-based
compounds have effectively evolved into marketed drugs. They
are beneficial not only for NDDs but also for many other
targets. For example: rufinamide (anticonvulsant), carboxya-
midotriazole (anticancer), tazobactam (antibacterial agent),
and so on.”’ The click reaction has several benefits as
mentioned and applications like bioconjugation, biomedical
imaging, proteomics (protein profiling, protein labeling, and
enzyme—inhibitor screening), and material science. Also, the
bioorthogonal properties of click reactions can be utilized as
tools for the selective tagging and characterization of biological
molecules in cellular extracts. All of these uses have sparked a
great deal of study and advancement in this area.
Consequently, it will satisfy the preclinical and clinical
requirements of many systemic and targeted diseases in the
near future.

9. CONCLUSION

CC reactions are quick, extremely specific, easy to carry out,
and intolerant of oxygen and water. In this Review, we discuss
the role of click reactions in major targets of the NDDs.
Among the several types of click reactions, the Huisgen 1,3-
dipolar cycloaddition reaction between an azide and a terminal
alkyne that yields the 1,4-disubstituted 1,2,3-triazoles has been
given more emphasis in this Review. From the reports
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reviewed, it is clear that the click reactions induce a fast
construction of numerous compounds under facile reaction
conditions with high reaction selectivity along with easy
product isolation. This Review also highlights the SARs of
compounds joined by the 1,2,3-triazole linker, providing
potential interactions with biological targets and being resistant
to metabolic depletion and thereby providing a neuro-
protective effect. The dual-target hybrids, i.e., with both iron
ion-chelating and MAO-B-inhibitory activities, can also be
synthesized through click reactions. Also, the self-triggered
click reaction in an AD model makes the neurotoxic copper a
useful tool as a catalyst in the Cu(I)-catalyzed azide—alkyne
cycloaddition to synthesize drugs in living cells for the
management of AD. From the merits discussed in the area
of neuroprotection, the click reactions, mainly the copper-
catalyzed azide—alkyne cycloaddition reactions, can potentially
accelerate the exploration for designing new therapeutics for
the treatment of neurological disorders.
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