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Abstract

This research focuses on synthesizing novel tetrahydroquinoline-1,2,3-triazole hybrids as
potential agents for neurodegenerative diseases, particularly Alzheimer’s disease (AD).
The series of structurally distinct hybrid compounds synthesized in this study are previ-
ously unreported in the literature. The synthetic strategy involved a diastereoselective
imino Diels-Alder reaction (Povarov reaction) to construct the tetrahydroquinoline (THQ)
core, where various catalysts, including phthalic acid, lewis acids, KSF (montmorillonite),
and ceric ammonium nitrate (CAN), were screened. Phthalic acid was selected as the most
efficient catalyst for this crucial step. Following this, efficient click chemistry was em-
ployed to introduce the triazole moiety, adhering to green chemistry principles through-
out the process. The chemical structure of the synthetized compounds was assigned using
analysis of Nuclear Magnetic Resonance (NMR), Mass Spectrometry (MS) and Infrared
(IR) spectroscopy. Furthermore, in silico analyses performed with Swiss ADME and OSI-
RIS Property Explorer indicated that most compounds exhibited excellent drug-like char-
acteristics and favorable pharmacokinetic profiles. The synthesized compounds were
evaluated as inhibitors of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
using the modified Ellman’s methodology. The inhibitory activity is presented as ICso val-
ues for each enzyme and compared to galantamine as a reference standard. These findings
offer promising directions for the development of new therapeutic agents for AD based
on organic synthesis.
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1. Introduction

Alzheimer’s disease (AD) is the leading cause of dementia, accounting for roughly
70% of cases and affecting tens of millions worldwide [1], and its multifactorial pathology
produces progressive loss of memory and other cognitive functions [2]. Among patho-
genic hypotheses, the cholinergic theory remains therapeutically tractable: degeneration
of basal forebrain cholinergic neurons and decreased acetylcholine (ACh) levels in hippo-
campus and cortex contribute directly to deficits in attention, learning and memory [3]. In
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pharmacological view, the inhibition of acetylcholinesterase (AChE) and Butirylcholines-
terase (BChE) increases the bioavailability of acetylcholine (ACh) and can partially restore
cholinergic signaling in the central nervous system (CNV) [4,5]. The actual authorized
drugs from the FDA are not completely useful, because that not very selective and have
secondary adverse effects. Here we report the continuation of our last advance [6], now
involves design, synthesis, in-vitro evaluation of potential inhibitors and their ADME/Tox
profiles predicted in-silico.

2. Results and Discussion
2.1. Synthesis
2.1.1. Povarov Reaction to THQ

The Povarov reaction was not explored with this combination of reactives, and the
results show a great advance in our last report [6] and other alternative methods to obtain
THQ core [7,8]. The test of 4 different catalysts probes the importance of molecular con-
version and product distribution. Phthalic acid demonstrates to be the most effective cat-
alyst, reaching yields of 85% (Table 2). On the other hand, the Lewis acid (InCls) produced
lower yields and slower conversions; notably, KSF and CAN, though effective in some
Povarov variants proved less suitable for our substrate set and did not improve yields,
which suggests that their modes of activation are suboptimal for the electron-density pat-
terns present in our anilines and dienophiles. These results highlight the importance of
matching an optimal catalyst accord to the specific electronic and steric demands of the
chemical systems and their reaction patterns. In this case Phthalic acid rises as the better
choice.

2.1.2. Click Chemistry to Triazole Hybrids

The copper-catalyzed azide-alkine cycloaddition (Click Chemistry) was adapted to
conjugate aryl azides onto the THQ core to produce the new 3 THQ-triazole hybrids, that
synthetized compounds were not reported in the literature. This reaction results very ef-
ficiently in the isolated yields (up to 99%) and in the reaction times (around 1 h). The click
chemistry was able to merge 2 pharmacophore chemical skeletons, expanding molecular
diversity. It's important to note the stereoselectivity of click chemistry [9], was a relevant
tool to make just 1 molecule and facilitate the purification and the posterior evaluation.
Table 1 show the results of the synthesis procedure including yield, molecular weight and
IUPAC name, since the THQ (A) and the 3 hybrids compounds (B, C, D).

Table 1. Compound abbreviation, nomenclature, reaction yield and structure of synthesized tetra-

hydroquinoline and tetrahydroquinoline/1,2,3 triazole hybrids compounds.

Compound Ab- Molecular Weight Reaction Yield .
. . Nomenclature Chemical Structure
breviation (g/mol) (%)
1-methyl-2-(2,3-dihydroindene)-1,2,3,4- .
A N 273.15 85%
tetrahydroquinoline
\Q\\
2-methyl-5-((1-(p-tolyl)-1H-1,2,3-triazol- O
B 4-yl)methyl)-6,6a,7,11b-tetrahydro-5H- 406.22 80% O. %
indeno[2,1-c]quinoline <
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2-methyl-5-((1-phenyl-1H-1,2,3-triazol-
C 4-yl)methyl)-6,6a,7,11b-tetrahydro-5H- 392.20 99%
indenol2,1-c]quinoline

5-((1-(4-ethylphenyl)-1H-1,2,3-triazol-4-
D yl)methyl)-2-methyl-6,6a,7,11b-tetrahy- 420.56 72%
dro-5H-indenol2,1-c]quinoline

Table 2. Summary of yields of every tested catalyst.

Catalyst Yield (%)
Phthalic acid 85%
Cesium and nitrate ammonium (CAN) 69%
Montmorillonite (KSF) 44%
Indium III chloride (InCls) 45%

2.2. In Silico Predicction

In the first step the ADME properties were evaluated for the four compounds, the
pharmacological target (AChE and BChE) are in the SNC, with this focus, we emphasized
properties that enable central exposure [10]: Predicted blood-brain barrier (BBB) permea-
bility. For this case every compound were able to cross that barrier according to the pre-
diction, and it’s relevant to note, the compound A was evaluated before, but this result
showed the THQ-triazole core was able to cross too [11,12]. On the other hand, the efflux
flow show, was evaluated according to the P-glycoprotein (P-gp) substrate criteria [13],
the result shows for all compound a positive for P-gp substrate, demonstrating that the
fusion of THQ with triazole group doesn’t change this property of the Indene-THQ (com-
pound A) previously reported. From a translational perspective, the P-gp liability implies
that measured in vitro potency may overestimate in vivo CNS efficacy unless efflux is
mitigated by structural modification, higher free fraction, or co-administration strategies;
it also highlights the need to include P-gp assays and brain-penetration studies early in
the screening cascade.

The evaluation of toxicity risk outcomes across mutagenicity, tumorigenicity, repro-
ductive toxicity and irritancy (Table 3), strengthening the case for advancing several series
members to enzymatic and cellular assays [14]. This result indicates an outlier in the mu-
tagenicity of compound D, this value means a moderate risk of mutagenicity in this case
and is due to the ethyl bond to benzyl group near the triazole. That information is key to
avoiding toxicity for similar structures in the formation of hybrids and warrants immedi-
ate experimental follow-up (e.g., Ames test, micronucleus assay) before further resource
investment.
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Table 3. Summary of pharmacological and toxicity profiles of every compound. (@) nontoxic; (@)

high toxicity.
PGP .
Compound! BBB Penetration2 PAINS?3 MUT ¢ TUM S IRRI ¢ REP”
Substrate !
A Yes Yes 0 (@) (@) (@) (@
B Yes Yes 0 (@) (@) (& @
C Yes Yes 0 © © @ %
D Yes Yes 0 @ @ @ @

! P-Glycoprotein (P-gp) substrate; 2 BBB: Blood barrier penetration; 3 PAINS: Interference com-
pounds in assays; * MUT: Mutagenic; > TUM: Tumorigenic; ¢ IRRI: irritant; 7 REP: Reproductive ef-

fects.

2.3. Biological Activity

The activity profile reveals a clear and tunable effect of the triazole substituent on
both potency and enzyme selectivity. The parent THQ (compound A) (ICseAChE =5.5 uM;
ICs0 BChE =316 uM) is very AChE-preferring (selectivity index AChE vs BChE = 57), while
the three THQ-triazole hybrids (compounds B, C and D) shift potency by more than an
order of magnitude and split into distinct selectivity patterns (Table 4). For AChE the hy-
brids measured: B=1.03 uM, C=0.18 uM and D = 4.02 uM. For BChE they measured: B =
0.26 uM, C=27.81 uM and D > 500 uM. Calculated selectivity (ICsoBChE/ICs0AChE) there-
fore shows that the B is BChE-biased (SI = 0.25), D is strongly AChE-selective (SI = 155),
and C is strongly AChE-selective (SI > 124).

These results carry two important implications. First, incorporation of the triazole
does not simply increase potency uniformly but reprograms target preference depending
on the aryl substituent (Table 4), indicating that small electronic or steric changes at the
triazole handle substantially alter interactions within the catalytic gorge of each cholines-
terase, that result is expected because the wide spectrum of benefits for triazole in drug-
related molecules [15]. Second, the D compound (ICso AChE = 0.18 uM; SI = 155) emerges
as a highly selective AChE inhibitor that matches the programmatic aim of central AChE
augmentation with minimal BChE engagement, a profile that can reduce off-target pe-
ripheral cholinergic effects and simplify interpretation of in vivo pharmacology [16,17].
Conversely, C compound displays sub micromolar BChE potency (ICs = 0.26 uM) is no-
table: selective BChE inhibition has therapeutic relevance in later AD stages where BChE
activity increases and may complement or offer an alternative symptomatic strategy. [18]
The mixed profile of the compound B (high AChE selectivity) suggests the same mode of
action of compound C, with less potency and selectivity. But bring valuable data for un-
derstanding the interactions between the series compounds and the biological targets.

Mechanistically, the divergent selectivity suggests that the substituents modulate key
interactions for example, by altering fit in the peripheral anionic site, hydrogen-bonding
networks, or orientation toward catalytic residues rather than merely changing overall
lipophilicity. These differential outcomes validate the hybridization approach to tune both
potency and selectivity and identify distinct leads for either AChE-focused or BChE-fo-
cused therapeutic strategies.
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Table 4. Enzymatic inhibition of the synthesized compounds.

Compound ICso AChE ICso BChE Selectivity
(uM) (uM) (AChE/BChE)
A 5.58 316.88 56.8
B 1.03 0.26 0.25
C 4.02 >500 >124
D 0.18 27.81 154.5
Galantamine 0.10 8.00 80.0

3. Conclusions and Perspectives

Phthalic acid proved to be an efficient and practical promoter of the Povarov reaction,
affording the THQ core in yields up to 85%, while the subsequent click chemistry step
delivered THQ-triazole hybrids in excellent yields (up to 99%).

Biological evaluation demonstrated that triazole hybridization markedly enhanced
AChE inhibitory potency compared with the parent THQ, with substituents dictating the
selectivity profile. Among the series, compound D emerged as the most potent and selec-
tive AChE inhibitor (ICso = 0.18 uM), approaching galantamine potency and showing no
major predicted toxicity alerts, while the remaining derivatives also displayed favorable
safety predictions. In silico ADME analysis supported blood-brain barrier permeability
across the series but consistently flagged all compounds as P-gp substrates, highlighting
a potential limitation for in vivo brain exposure.

Taken together, these findings identify THQ-triazole hybrids as a promising scaffold
for cholinesterase inhibition in AD. Future work should prioritize compound D and se-
lected analogues for confirmatory enzymatic and genotoxicity assays, while leveraging
focused SAR around the aryl-triazole substituent to retain potency, mitigate mutagenicity
risks, and reduce P-gp recognition. Docking and molecular modeling studies will be es-
sential to rationalize substituent effects and guide optimization toward candidates with
improved CNS pharmacological profiles.

4. Materials and Methods

4.1. General Information

All reagents were purchased from Merck (Darmstadt, Germany) or Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA) and used without further purification. The obtained
products were characterized by spectroscopic and spectrometric methods (IR, MS, 'H-
NMR, BC-NMR). The progress of the reactions was monitored by thin layer chromatog-
raphy on aluminum TLC plates. Column chromatography was performed using silica gel
(60-120 mesh) and the solvents used were of analytical grade.

4.2. Synthesis
4.2.1. Synthesis of N-Propargyl Toluidine

In a round bottom flask, 3 g of toluidine (28 mmol), 1.5 and 0.3 equivalents of K2COs
and KI respectively were added in 10 mL of DMF and left in agitation for 15 min in ice
bath (0 °C), additionally, a solution of 0.8 equivalents of propargyl bromide in 5 mL of
DMF was prepared. After 15 min the solution was added drop by drop in the flask, fin-
ished the dripping, the reaction was maintained at room temperature for 2 h. Monitoring
by thin layer chromatography. The solution was extracted with 20 mL of Brine solution
and 20 mL of ethyl acetate (20 mL x 3). The organic phase was separated and filtered in
5% approximately of Sodium Sulfate. Finally, the product of interest was purified by lig-
uid chromatography on silica gel, eluting with a mixture of ethyl acetate and petroleum
ether.
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4.2.2. Synthesis of Tetrahydroquinolines

In a round bottom flask, the resulting propargyl-Toluidine was added in 10 mL of
Acetonitrile, formaldehyde (70%) (5-6 mL) was added in excess, kept in agitation and be-
tween 30 and 35 °C for 15 min. After this time the Indene was added dropwise, slightly in
excess. It kept shaking for 24 h. The solution was extracted with 20 mL of Brine Solution
and 20 mL of ethyl acetate (20 mL x 3). It was filtered in 5% approximately of Sodium
Sulfate. Finally, the product of interest was purified by liquid chromatography on silica
gel, eluting with a mixture of ethyl acetate and petroleum ether.

4.2 3. Synthesis of Triazole Hybrids

In a round bottom flask, 100 mg of the THQ and 1 equivalent of each aryl azide was
added in 11 mL of a mixture 5:3:3 of THF: MeOH: H20 solvent. After 15 min 40% of so-
dium ascorbate was added, after another 15 min 8% of CuSO4 * 5H20 was added as cata-
lyst and the reaction was maintained at room temperature for 1-4 h. The solution was
extracted with 20 mL of Brine solution and 20 mL of ethyl acetate (20 mL x 3). The organic
phase was separated and filtered in 5% approximately of Sodium Sulfate. Finally, the
product of interest was purified by liquid chromatography on silica gel, eluting with a
mixture of ethyl acetate and petroleum ether.

4.3. Biological Activity

The Ellman method was used to determine the inhibition of cholinesterases; this pho-
tometric method has been widely used to determine AChE and BChE activity through
changes in color intensity produced by fast and sensitive coupling reactions [19].

To evaluate the inhibitory activity of compounds A-D, the samples were prepared
using 96-well plates (50 pL) with a phosphate buffer (K2HPOs 8 mM, NaH:POs4 2.3 mM,
NaCl 150 mM and 0.5% Tween 20, pH 7.6). AChE or BChE solution (50 pL, 0.30 units/mL)
from Electrophorus electricus and equine serum respectively, was added to the same buffer.
Then, the solutions to be tested were pre-incubated with the enzymes at room tempera-
ture for 30 min. Subsequently, the substrate solution (Na2zHPOs (40 mM), acetylthiocholine
(ATC)/butyrylthiocholine (BTC) (0.24 mM) and 5,5-dithio-bis(2-nitrobenzoic acid)(0.2
mM, DTNB, Ellman’s reagent)), was added, incubated for 5 min and measured absorbance
at 405 nm. Enzyme activity was calculated as a percentage of inhibition and compared
with the control. Compounds were tested in a dilution range of 500 to 0.002 ug/mL in
triplicate. ICso values were determined by regression analysis. Galantamine was used as
the reference compound.
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