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Abstract

Alzheimer’s disease (AD) is the most prevalent form of dementia in elderly populations and is associated with the reduction
of acetylcholine (ACh) neurotransmitter levels due to neuronal degeneration and acetylcholinesterase (AChE)-catalyzed hydrolysis.
Thus, AChE inhibition represents a primary therapeutic target for AD treatment. Current first-line therapies for mild to moderate
AD include acetylcholinesterase inhibitors (AChEIs) such as galantamine, donepezil, and rivastigmine. Donepezil inhibits AChE
activity through interactions with the peripheral anionic site (PAS), thereby impeding amyloid-beta aggregation. Conversely,
rivastigmine acts as a pseudo-irreversible inhibitor through carbamylation of the serine residue at the catalytic site (CS). In this
study, we designed a novel series of compounds capable of pseudo-irreversibly inhibiting AChE while simultaneously interacting
with the PAS. The coumarin nucleus was selected as the core structure for PAS interaction, with an additional carbamate group
incorporated as the key functionality for carbamylation reactions at the CS. Specifically, 7-hydroxycoumarin was linked to a phenyl
carbamate moiety using spacers of varying methylene units (2-7). Preliminary evaluations revealed that compound RKNU153
exhibited promising AChE inhibitory activity with 63.7% inhibition, and RKNU154 exhibited AChE inhibitory activity with
73.8% inhibition, at 100 LM concentration. However, carbamylation on the serine residue at the catalytic site of our compounds

was not successful, being unable to engage in this critical interaction.
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Introduction

Alzheimer’s disease (AD) represents a progressive neurodegenerative disorder and constitutes the
predominant cause of dementia in individuals aged 65 and above. The disease manifests primarily through
cognitive impairments, particularly learning and memory functions. In the United States specifically, the number
of people aged 65 and older with Alzheimer’s dementia is projected to increase dramatically to 13.8 million by
2050, from 4.7 million in 2010, with the largest growth in the 85+ age group, expected to reach 7.0 million.
The burden of disease in most countries has been showing an increasing trend. (Chaudhary et al., 2024; Chen
et al., 2025; Hebert et al., 2013; Lanctot et al., 2024; Liu et al., 2025)

The pathophysiology of AD involves complex interactions across multiple neurotransmitter systems. Three
principal hallmarks are considered central to AD pathogenesis: B—amyloid (AB) plaques, neurofibrillary tangles,
and neuronal cell death. AB plaques consist of insoluble peptides resulting from aberrant cleavage of amyloid
precursor protein (APP) through sequential processing by B-secretase and y-secretase. These insoluble AB
peptides aggregate into characteristic plaques that contribute significantly to neurotransmitter deficits and neuronal

death. Most notably, AD is characterized by substantial cholinergic neuron loss and consequent reduction in
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acetylcholine (ACh) levels, a neurotransmitter critical for cognitive function. Indeed, cholinergic abnormalities
represent the most significant neurotransmitter alterations observed in AD (Morrison & Lyketsos, 2005).

Acetylcholine is primarily hydrolyzed by acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE).
AChHE, in particular, plays a key role in the progression of AD and various neuronal deterioration processes
(Bennion et al., 2013; Gupta et al., 2011 ). Consequently, acetylcholinesterase inhibitors (AChEIs) have been
investigated as therapeutic agents to elevate ACh levels in the brain. Current clinical AChEIs are employed for
symptomatic management of mild to moderate AD (Dvir et al., 2010; Yiannopoulou & Papageorgiou, 2020).
Beyond increasing synaptic ACh concentration, these compounds demonstrate additional benefits, including
protection against free radical toxicity and AB—induced damage, while enhancing antioxidant production (Bartus
et al., 1982; Garcia-Ayllon et al., 2011).

Current AChEIs are classified into two categories (Cohen et al., 1991 ) based on their mechanism of action:
reversible and pseudo-irreversible inhibitors (Fig. 1). Reversible AChEIs such as galantamine and donepezil
competitively bind to AChE through non-covalent interactions (TT-TU stacking and cation-TU interactions).
X-ray crystallographic analysis reveals that donepezil interacts with Trp279 at the peripheral anionic site (PAS),
Trp84 at the mid-gorge site (MGS), and His440 at the catalytic site (CS) (Kryger et al., 1999). In contrast,
pseudo-irreversible AChEIs like rivastigmine form covalent bonds with the enzyme through carbamylation
reactions, specifically targeting a serine residue at the CS and resulting in significantly slower enzyme reactivation
rates than reversible inhibitors (Bar-On et al., 2002; Bartolini et al., 2007; Chaudhaery et al., 2010; Singh
et al., 202 3). The X-ray crystal structures of donepezil and rivastigmine with Torpedo acetylcholinesterase

(TcAChE) are shown in Fig. 2.
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Figure 1 Chemical structures of reversible acetylcholinesterase inhibitors (galantamine and donepezil) and pseudo-irreversible

acetylcholinesterase inhibitors (rivastigmine)
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Figure 2 X-ray crystal structures of donepezil/TcAChE (left) and rivastigmine/TcAChE (right) obtained from PCSB Protein

Data Bank: 1EVE and 1GQR, respectively. For clarity, some amino acids are omitted
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Recent advances in AChE inhibitor design have focused on developing dual-binding inhibitors capable of
simultaneously targeting both the active site and the PAS (de Souza et al., 2019; De Vita et al., 2016; Singh
et al., 2023; Song et al., 2021; Zueva et al., 2019). The significance of this approach lies in the established
interaction between AR peptides and AChE through a hydrophobic region proximal to the enzyme's PAS, which
promotes A fibril formation (Carvajal & Inestrosa, 2011; De Ferrari et al., 2001; Inestrosa et al., 2005).
Molecular dynamics simulations have identified that the TcAChE motif promoting A fibril formation contains
the conserved Trp279 (corresponding to Trp286 in human AChE), which constitutes a component of the PAS
(Inestrosa et al., 2008). Thus, compounds that interact with the PAS may provide the additional benefit of
inhibiting AB aggregation beyond their cholinesterase inhibitory activity.

Our laboratory recently identified a novel coumarin derivative (RKNU026) (see Fig. 3) as a potent AChE
inhibitor with an IC,, value of 0.3 uM (Hiranyaekaphap et al., 2014 ). This compound engages in non-covalent
TU-TU interactions with Trp279 at the PAS while its piperidine nitrogen interacts with Phe330 at the MGS
through cation-TU interactions, functioning as a reversible AChE inhibitor with additional Ap-aggregation
inhibitory properties (Amin et al., 2021; Bar-On et al., 2002; Lomlim & Nualnoi, 2011; Singbut & Kaewket,
2010; Sun et al., 2014). Despite these advances, a significant gap remains in the development of compounds
that combine pseudo-irreversible inhibition at the catalytic site with interaction at the PAS to potentially address

both cholinergic deficits and amyloid pathology simultaneously.
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Figure 3 2D diagram represents X-ray crystal structure of RKNU026/TcAChE (left) and rivastigmine/TcAChE (right) obtained

from PDB:1GQR. For clarity, some amino acids are omitted

In the present study, we designed a series of novel carbamate analogues incorporating a coumarin nucleus,
using RKNUO26 as a structural template. The design features a coumarin moiety linked to a carbamate
functionality via spacers of varying lengths, ranging from two to seven methylene units. We integrated the
carbamate group with the expectation that, similar to established carbamate AChEIs such as rivastigmine
(Fig. 3), these compounds would covalently bind to AChE in a pseudo-irreversible manner through
carbamylation of the serine residue at the catalytic site (CS). Simultaneously, we anticipated that the coumarin
portion would engage with the tryptophan residue at the peripheral anionic site (PAS), thereby potentially

disrupting the AB-aggregation process (Fig. 4).
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Figure 4 Proposed interaction model of novel coumarin-containing carbamate analogues with AChE: the coumarin moiety engages

with the peripheral anionic site (PAS), while the basic amine forms interactions with the mid-gorge site (MGS)

Materials and Methods

Materials

All reagents were purchased from commercial suppliers and were used without further purification. Solvents
used were either commercial or AR grade. All microwave (MW )-assisted reactions were carried out with Biotage
Initiator Classic. Thin-layer chromatography (TLC) was performed using silica gel plates (Merck Kieselgel 60
F254), and column chromatography was performed using Biotage Isolera One flash column chromatography
with silica gel SNAP cartridge (porosity 44 A, particle size 30-90 im, surface area 500-600 m®/g). Melting
points were determined on a Buchi B-535 melting point apparatus and are uncorrected. '"H NMR spectra were
recorded on a Bruker Advance 400 spectrometer at 400 MHz using the residual undeuterated solvent peak as
reference. High-Resolution Mass Spectra (HRMS) were obtained on an Agilent 6540 UHD Accurate-Mass Q-
TOF mass LC/MS spectrometer using electrospray ionization (ESI).

Methods

Compounds 1-4 were synthesized as illustrated in Figure 5. The commercially available 7-hydroxy
coumarin, 7-hydroxy-2H-chromen-2-one, was alkylated with corresponding dibromoalkanes in the presence
of potassium carbonate to give 7-bromoalkyloxy-2H-chromen-2-one (1a-f). Next, the compound 1a-1f was
treated with sodium azide in water to give the 7-(azidoalkyloxy)-2H-chromen-2-one (2a-2f). Then, the
compound 2a-f was treated with ammonium chloride in 25% water in ethanol with the presence of zinc to give
the 7-(aminoalkoxy)-2H-chromen-2-one (3a-3f). Finally, the compounds 3a-3f were reacted with phenyl
chloroformate in dichloromethane (DCM) with the presence of triethylamine (TEA) to give the desired

carbamate derivatives 4a-4f.
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Figure 5 Synthetic pathway for compound 4a-4f
Reagent and condition: (i) Br-(CH,),-Br, acetone, K,CO,, MW 140°C 1 hr. (ii) NaN,, water, MW 150°C 1 hr. (iii)
NH,Cl, Zn, ethanol/water (3:1), MW 150°C 1 hr. (iv) Phenyl Chloroformate, Triethylamine, Dichloromethane, 0°C for 30 min.

General procedures for synthesis of 7-bromoalkyloxy-2H-chromen-2-one derivatives (1a-1f)

7-Hydroxycoumarin (1 g, 6.16 mmol), powder of potassium carbonate (12.32 mmol), and corresponding
dibromoalkane (30.80 mmol) were added to acetone (20 mL), and the mixture was irradiated at 140°C for
60 min using a microreactor. The solvent was removed under reduced pressure, 40 mL. DCM was added, and
the mixture was washed with sodium carbonate solution (3 x 40 mL). The organic layer was dried over sodium
sulfate, and the solvent was removed under reduced pressure. The desired product was obtained after purification
using flash column chromatography (DCM).

7-(2-bromoethoxy)-2H-chromen-2-one (1a). A white solid (yield 85%). 'H NMR (400 MHz, CDCI,)
8: 3.67 (t, 2H, J = 6.09 Hz), 4.35 (1, 2H, J = 6.10 Hz), 6.27 (d, 1H, J = 9.49 Hz), 6.81 (d, 1H, J = 2.37 Hz),
6.87 (dd, 1H, J = 2.47 and 8.59 Hz), 7.38 (d, 1H, J = 8.60 Hz), 7.64 (d, 1H, J = 9.49 Hz).

7-(3-bromopropoxy ) -2H-chromen-2-one (1b). A white solid (yield 88%). 'H NMR (400 MHz, CDCI,) O:
2.24 (m, 2H), 3.41 (t, 2H, J = 6.88 Hz), 4.15 (t, 2H, J = 5.95 Hz), 6.27 (d, 1H, J = 9.49 Hz), 6.81 (d, 1H, J
= 2.37 Hz), 6.87 (dd, 1H, J = 2.47 and 8.59 Hz), 7.38 (d, 1H, J = 8.60 Hz), 7.64 (d, 1H, J = 9.49 Hz).

7-(4-bromobutoxy)-2H-chromen-2-one (1c). A white solid (yield 85%). '"H NMR (400 MHz, CDCI,) o
1.97-2.01 (m, 2H), 2.05-2.09 (m, 2H), 3.49 (t, 2H, J = 6.54 Hz), 4.05 (, 2H, J = 6.04 Hz), 6.24 (d, 1H, J
= 9.47 Hz), 6.79 (d, 1H, J = 2.34 Hz), 6.82 (dd, 1H, J = 2.38 and 8.54 Hz), 7.36 (d, 1H, J = 8.56 Hz), 7.63
(d, 1H, J = 9.44 Hz).

7-(5-bromopentyloxy)-2H-chromen-2-one (1d). A yellowish liquid (yield 89%). '"H NMR (400 MHz,
cDClL) 6: 1.61-1.66 (m, 2H), 1.82-1.86 (m, 2H), 1.92-1.95 (m, 2H), 3.43 (t, 2H, J = 6.69 Hz), 4.01 (t,
2H, J = 6.30 Hz), 6.22 (d, 1H, J = 9.46 Hz), 6.77 (d, 1H, J = 2.38 Hz), 6.81 (dd, 1H, J = 2.39 and 8.56 Hz),
7.35 (d, 1H, J = 8.59 Hz), 7.62 (d, 1H, J = 9.55 Hz).

7-(6-bromohexyloxy) -2H-chromen-2-one (1e). A white solid (yield 86%). 'H NMR (400 MHz, CDCl,) o:
1.51-1.59 (m, 4H), 1.82-1.91 (m, 4H), 3.40 (t, 2H, J = 6.72 Hz), 4.01 (t, 2H, J = 6.35 Hz), 6.24 (d, 1H, J
= 9.45 Hz), 6.78 (d, 1H, J = 2.40 Hz), 6.82 (dd, 1H, J = 2.42 and 8.54 Hz), 7.36 (d, 1H, J = 8.56 Hz), 7.62
(d, 1H, J = 9.46 Hz).

7-(7-bromoheptyloxy) -2H-chromen-2-one (1f). A white solid (yield 90%). 'H NMR (400 MHz, CDCl,) o:
1.41-1.49 (m, 6H), 1.80-1.89 (m, 4H), 3.41 (t, 2H, J = 6.79 Hz), 4.00 (, 2H, J = 6.45 Hz), 6.23 (d, 1H, J
= 9.45 Hz), 6.79 (d, 1H, J = 2.35 Hz), 6.83 (dd, 1H, J = 2.31 and 8.55 Hz), 7.35 (d, 1H, J = 8.56 Hz), 7.63
(d, 1H, J = 9.44 Hz).
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General procedures for synthesis of 7-(azidoalkyloxy)-2H-chromen-2-one (2a-2f).

7-Bromoalkyloxy-2H-chromen-2-one derivatives (1a-f) (3.72 mmol) and sodium azide (4.50 mmol)
were added to 20 mL of water, and the mixture was irradiated at 150°C for 60 min using a microreactor (set
to high absorption). The solvent was removed under reduced pressure, 30 mL DCM was added, and the mixture
was washed with water (3 x 30 mL). The organic layer was then dried over sodium sulfate, and the solvent was
removed under reduced pressure. The desired product was obtained after purification using flash column
chromatography (DCM:Hexane = 3:1).

7-(2-azidoethoxy) -2H-chromen-2-one (2a). A yellow liquid (yield 60%). '"H NMR (400 MHz, CDCl,) o:
3.65 (t, 2H, J = 4.86 Hz), 4.20 (t, 2H, J = 4.88 Hz), 6.27 (d, 1H, J = 9.49 Hz), 6.82 (s, 1H), 6.80 (d, 1H, J
=2.40 Hz), 7.32 (d, 1H, J = 8.59 Hz), 7.64 (d, 1H, J = 9.53 Hz).

7-(3-azidopropoxy ) -2H-chromen-2-one (2b). A yellow liquid (yield 629%). "H NMR (400 MHz, CDCl,) o:
2.09 (it, 2H, J = 6.23 and 6.22 Hz), 3.52 (t, 2H, J = 6.55 Hz), 4.10 (t, 2H, J = 5.92 Hz), 6.26 (d, 1H, J =
9.47 Hz), 6.83 (s, 1H), 6.85 (d, 1H, J = 2.41 Hz), 7.38 (d, 1H, J = 8.50 Hz), 7.64 (d, 1H, J = 9.49 Hz).

7-(4-azidobutoxy ) -2H-chromen-2-one (2c). A yellow liquid (yield 65%). 'H NMR (400 MHz, CDCI,) O:
1.74-1.84 (m, 2H), 1.87-1.94 (m, 2H), 1.87-1.94 (m, 2H), 3.37 (t, 2H, J = 6.71 Hz), 6.78 (s, 1H), 6.83
(d, 1H, J = 8.57 Hz), 7.36 (d, 1H, J = 8.57 Hz), 7.62 (d, 1H, J = 9.48 Hz).

7-(5-azidopentyloxy) -2H-chromen-2-one (2d). A yellow liquid (yield 70%). '"H NMR (400 MHz, CDCI,)
O: 1.56-1.63 (m, 2H), 1.69-1.73 (m, 2H), 1.78-1.89 (m, 2H), 3.32 (t, 2H, J = 6.62 Hz), 4.03 (t, 2H, J =
6.29 Hz), 6.25 (d, 1H, J = 9.47 Hz), 6.80 (s, 1H), 6.84 (d, 1H, J = 8.55 Hz), 7.36 (d, 1H, J = 8.55 Hz), 7.63
(d, 1H, J = 9.48 Hz).

7-(6-azidohexyloxy ) -2H-chromen-2-one (2e). A yellow liquid (yield 65%). '"H NMR (400 MHz, CDCI,)
0:1.43-1.54 (m, 4H), 1.61-1.68 (m, 2H), 1.80-1.86 (m, 2H), 3.29 (1, 2H, J = 6.83 Hz), 4.01 (t, 2H, J =
6.37 Hz), 6.24 (d, 1H, J = 9.48 Hz), 6.79 (s, 1H), 6.83 (d, 1H, J = 8.54 Hz), 7.36 (d, 1H, J = 8.55 Hz), 7.63
(d, 1H, J = 9.47 Hz).

7-(7-azidoheptyloxy ) -2H-chromen-2-one (2f). A yellow liquid (yield 68%). 'H NMR (400 MHz, CDCI,)
0:1.40-1.41 (m, 4H), 1.47-1.49 (m, 2H), 1.60-1.65 (m, 2H), 1.78-1.85 (m, 2H), 3.27 (t, 2H, J = 6.88
Hz), 4.02 (t, 2H, J = 6.43 Hz), 6.24 (d, 1H, J = 9.47 Hz), 6.82 (s, 1H), 6.84 (d, 1H, J = 2.33 Hz), 7.35 (d,
1H, J = 8.54 Hz), 7.63 (d, 1H, J = 9.47 Hz).

General procedures for synthesis of 7-(aminoalkoxy)-2H-chromen-2-one (3a-3f).

7-(azidoalkyloxy)-2H-chromen-2-one (2a-f) (4.32 mmol) and ammonium chloride (10.80 mmol)
were added to ethanol/water (3:1) (20 mL), and zinc powder (6.48 mmol) was added to the mixture. The
mixture was then irradiated at 150°C for 60 min using a microreactor (set to low absorption). The solvent was
removed under reduced pressure. Ethyl acetate 40 mL and aqueous ammonia 2 mL were added, and the mixture
was washed with brine, saturated sodium chloride, (3 x 40 mL). The ethyl acetate layer was dried over sodium
sulfate, and the solvent was removed under reduced pressure. The desired product was obtained after purification
with dissolve in acetone and HCI.

7-(2-aminoethoxy ) -2H-chromen-2-one (3a). A white solid (yield 60%). 'H NMR (400 MHz, CDCl,) o:
3.50 (t, 2H, J = 5.01 Hz), 4.38 (t, 2H, J = 4.99 Hz), 6.33 (d, 1H, J = 6.66 Hz), 6.99 (s, 1H), 7.04 (d, 1H, J
= 2.35 Hz), 7.59 (d, 1H, J = 8.65 Hz), 7.95 (d, 1H, J = 9.42 Hz)
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7-(3-aminopropoxy ) -2H-chromen-2-one (3b). A white solid (yield 62%). 'H NMR (400 MHz, CDCl,) o:
2.23 (tt, 2H, J = 6.80 and 6.07 Hz), 3.27 (1, 2H, J = 7.15 Hz), 4.29 (t, 2H, J = 5.72 Hz), 6.37 (d, 1H, J =
9.49 Hz), 7.03 (s, 1H), 7.05 (d, 1H, J = 2.39 Hz), 7.63 (d, 1H, J = 9.37 Hz), 8.00 (d, 1H, J = 9.48 Hz).

7-(4-aminobutoxy ) -2H-chromen-2-one (3c). A white solid (yield 60%). 'H NMR (400 MHz, CDCl,) o:
1.85-1.96 (m, 4H), 3.12 (t, 1H, J = 7.35 Hz), 4.15 (1, 2H, J = 5.65 Hz), 6.28 (d, 1H, J = 9.44 Hz), 6.87 (s,
1H), 6.95 (d, 1H, J = 8.68 Hz), 7.52 (d, 1H, J = 8.71 Hz), 7.91 (d, 1H, J = 9.45 Hz)

7-(5-aminopentyloxy ) -2H-chromen-2-one (3d). A white solid (yield 64%). '"H NMR (400 MHz, CDCI,)
8: 1.54-1.60 (m, 2H), 1.72-1.78 (m, 2H), 1.83-1.87 (m, 2H), 3.05 (t, 2H, J = 7.56 Hz), 4.07 (m, 2H),
6.22 (d, 1H, J = 6.23 Hz), 6.75-6.77 (m, 1H), 6.86-6.88 (m, 1H), 7.43-7.46 (m, 1H), 7.84-7.86 (m, 1H).

7-(6-aminohexyloxy)-2H-chromen-2-one (3e). A white solid (yield 65%). '"H NMR (400 MHz, CDCI,) o:
1.46-1.54 (m, 4H), 1.68-1.76 (m, 2H), 1.79-1.93 (m, 2H), 3.03 (t, 2H, J = 7.50 Hz), 4.08 (t, 2H, J = 6.50
Hz), 6.27 (d, 1H, J = 9.44 Hz), 6.82 (s, 1H), 6.90 (d, 1H, J = 8.69 Hz), 7.49 (d, 1H, J = 8.70 Hz), 7.89 (d,
1H, J = 9.45 Hz).

7-("7-aminoheptyloxy ) -2H-chromen-2-one (3f). A white solid (yield 65%). '"H NMR (400 MHz, CDCL,) o:
1.41-1.48 (m, 6H), 1.65-1.70 (m, 2H), 1.75-1.82 (m, 2H), 3.00 (t, 2H, J = 7.47 Hz), 4.05 (1, 2H, J = 6.47
Hz), 6.26 (d, 1H, J = 9.44 Hz), 6.79 (s, 1H), 6.88 (d, 1H, J = 8.71 Hz), 7.48 (d, 1H, J = 8.70 Hz), 7.87 (d,
1H, J = 9.44 Hz).

General procedures for synthesis of carbamate derivatives (4a-4f)

7-(Aminoalkoxy)-2H-chromen-2-one (3a-3f) (2.44 mmol) and triethylamine (3.65 mmol) were
added to dichloromethane (20 ml) and the mixture was stirred at 0°C) for 5 min. Phenyl chloroformate (3.60
mmol) was added to the mixture and stirred at 0°C) for 30 min. The solvent was removed under reduced
pressure. Ethyl acetate 50 mL was added, and the mixture was washed with sodium bicarbonate (3 x 100 mL),
and the ethyl acetate layer was then dried over sodium sulfate. The solvent was removed under reduced pressure.
The desired product was obtained after purification using flash column chromatography (10% EtOAc in DCM).

Phenyl (2-((2-oxo-2H-chromen-7-yl)oxy)ethyl)carbamate (4a). A white solid (yield 50%). mp = 162.1-
162.8 °C; 'H NMR (400 MHz, CDCL,) &: 3.71-3.75 (m, 2H), 4.18 (1, 2H, J = 5.05 Hz), 5.48 (s, 1H), 6.28
(d, 1H, J = 9.48 Hz), 6.84-6.89 (m, 2H), 7.13 (d, 2H, J = 7.72 Hz), 7.19-7.26 (m, 1H), 7.34-7.38 (m, 2H),
7.40 (d, 1H, J = 8.53 Hz), 7.65 (d, 1H, J = 9.49 Hz). HRMS (ESI-TOF) m/z: [M+H]" calcd for C, H,,NO,,
326.1028; found, 326.1028.

Phenyl (3-((2-oxo-2H-chromen-7-yl)oxy )propyl)carbamate (4b). A white solid (yield 52%). mp = 131.4-
132.0°C; "H NMR (400 MHz, CDCL,) 8: 2.13 (it, 2H, J = 6.23 and 6.19 Hz), 3.15 (m, 2H), 4.14 (t, 2H, J =
5.83 Hz), 5.27 (s, 1H), 6.26 (d, 1H, J = 9.48 Hz), 6.82-6.89 (m, 2H), 7.12 (d, 2H, J = 7.95 Hz), 7.19 (t,
1H, J = 7.44 Hz), 7.33-7.39 (m, 3H), 7.64 (d, 1H, J = 9.48 Hz). HRMS (ESI-TOF) m/z: [M+H]" calcd for
C,,H,,NO,, 340.1185; found, 340.1185.

Phenyl (4-((2-oxo-2H-chromen-7-yl)oxy)butyl)carbamate (4c). A white solid (yield 60%). mp = 95.5-
96.0°C; 'H NMR (400 MHz, CDCL,) O: 1.76-1.83 (m, 2H), 1.88-1.95 (m, 2H), 3.35-3.40 (m, 2H), 4.07
(1, 2H, J = 6.00 Hz), 5.12 (s, 1H), 6.25 (d, 1H, J = 9.48 Hz), 6.81-6.85 (m, 2H), 7.12 (d, 2H, J = 7.69 Hz),
7.19 (t, 1H, J = 7.40 Hz), 7.34-7.38 (m, 3H), 7.63 (d, 1H, J = 9.48 Hz). HRMS (ESI-TOF) m/z [M+H]"
caled for C, H, )NO;, 354.1341; found, 354.1339.
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Phenyl (5-((2-oxo-2H-chromen-7-yl)oxy)pentyl)carbamate (4d). A white solid (yield 65%). mp = 99.2-
99.8°C; "H NMR (400 MHz, CDCL,) O: 1.54-1.61 (m, 2H), 1.64-1.71 (m, 2H), 1.84-1.91 (m, 2H), 3.29-
3.74 (m, 2H), 4.03 (t, 2H, J = 6.28 Hz), 5.06 (s, 1H), 6.24 (d, 1H, J = 9.47 Hz), 6.80-6.85 (m, 2H), 7.11-
7.13 (m, 2H), 7.17-7.21 (m, 1H), 7.26-7.37 (m, 3H), 7.63 (d, 1H, J = 9.48 Hz). HRMS (ESI-TOF) m/z:
[M+H]" caled for C,,H,,NO,, 368.1498; found, 368.1498.

Phenyl (6-((2-oxo-2H-chromen-7-yl)oxy)hexyl)carbamate (4e). A white solid (yield 62%). mp = 86.8-
87.5°C; 'H NMR (400 MHz, CDCL,) O: 1.45-1.52 (m, 2H), 1.54-1.55 (m, 2H), 1.59-1.66 (m, 2H), 1.81-
1.87 (m, 2H), 3.27-3.32 (m, 2H), 4.02 (t, 2H, J = 6.37 Hz), 5.03 (s, 1H), 6.24 (d, 1H, J = 9.47 Hz), 6.80-
6.84 (m, 2H), 7.12 (d, 2H, J = 7.89 Hz), 7.17-7.21 (m, 1H), 7.26-7.37 (m, 3H), 7.36 (d, 1H, J = 9.48 Hz).
HRMS (ESI-TOF) m/z: [M+H]" calcd for C,,H,,NO,, 382.1654; found, 382.1663.

Phenyl (7-((2-oxo-2H-chromen-7-yl)oxy)heptyl)carbamate (4f). A white solid (yield 60%). mp = 97.0-
97.8°C; "H NMR (400 MHz, CDC,) O: 1.41-1.43 (m, 4H), 1.46-1.54 (m, 2H), 1.57 (s, 1H), 1.58-1.62
(m, 2H), 1.79-1.84 (m, 2H), 3.25-3.40 (m, 2H), 4.01 (t, 2H, J = 6.46 Hz), 50.1 (s, 1H), 6.24 (d, 1H, J =
9.48 Hz), 6.80 (m, 2H), 7.11-7.13 (m, 2H), 7.18-7.20 (m, 1H), 7.34 (s, 1H), 7.36 (d, 2H, J = 8.47 Hz),
7.63 (d, 1H, J = 9.48 Hz). HRMS (ESI-TOF) m/z: [M+H]" caled for C,,H,,NO,, 396.1811; found, 396.1820.

Pharmacological evaluation

The inhibitory activities of all compounds against acetylcholinesterases (AChEs) were evaluated using the
Ellman method (Ellman et al., 1961). In this method, ChE are obtained from an electric eel. The assay utilized
3.8 nM of acetylthiocholine chloride (ATCC) as a substrate for ChE. Upon enzymatic hydrolysis, ATCC was
broken down to thiocholine and acetate. The resulting thiocholine subsequently reacted with 3 mM of 5,5'-
dithiobis- (2-nitrobenzoic acid) (DTNB) to yield 2-nitrobenzoate-5-mercaptothiocholine and the yellow-
colored 5-thio—-2-nitrobenzoate (TNB) (Fig. 6). The rate of colour formation, directly proportional to ChE
activity, was monitored using a UV -visible spectrophotometer. Under UV -visible radiation, TNB exhibited a

characteristic absorption maximum (Amax) at 405 nm. Neostigmine was used as the positive control in this

study.
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Figure 6 Ellman reaction between thiocholine and DTNB, where the thiocholine was obtained previously from the hydrolysis of

acetylthiocholine chloride by ChE
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Results and Discussion

In this study, we designed a novel series of carbamate derivatives to develop compounds capable of interacting
with the PAS of acetylcholinesterase to inhibit 3-amyloid aggregation through a pseudo-irreversible mechanism.
We selected a coumarin nucleus as the core structure for PAS interaction and incorporated a carbamate group as
the key functionality to facilitate carbamylation reaction with the catalytic serine residue. Specifically,
7-hydroxycoumarin was linked to a phenyl carbamate moiety via spacers of varying methylene chain lengths
(2-7 carbon units) to yield compounds 4a- 4f. In our preliminary investigation, we evaluated the
acetylcholinesterase inhibitory activities of these synthesized compounds at 100 uM concentration using Ellman’s
colorimetric method.

As shown in Table 1, 4a and 4b, containing 2- and 3-methylene unit spacers, respectively, exhibited
minimal inhibitory activity (15.89% inhibition at 100 uM). Interestingly, progressive elongation of the spacer
resulted in enhanced inhibitory potency. 4c-4e demonstrated improved inhibitory activities with per cent
inhibition values of 22.9%, 36.1%, and 63.7%, respectively. 4f, featuring the longest spacer (7 methylene
units), exhibited the highest Electrophorus electricus acetylcholinesterase (EeAChE) inhibitory activity with
73.8% inhibition. However, when compared to the reference compound neostigmine (96.39% inhibition), none
of our synthesized derivatives demonstrated superior inhibitory capacity against EeAChE. These findings
prompted us to hypothesize that our designed compounds contain carbamate functionalities with a weaker
group-leaving properties. We postulated that extended compound-enzyme incubation periods during
pharmacological evaluation might allow sufficient time for the carbamylation reaction between the carbamate
functionality and the catalytic serine residue (Figure 7), potentially enhancing inhibitory activity. To test this
hypothesis, compounds 4e and 4f were subjected to additional assays with increased incubation times (30 and
60 min compared to the standard 15 min). Contrary to our expectations, the results revealed that prolonged
incubation times led to diminished inhibitory activities, with per cent inhibition values for both compounds
decreasing to below 40% (Fig. 8). This observation contrasted with the behavior of the pseudo-irreversible
inhibitor neostigmine, whose inhibitory activity remained unaffected by extended incubation periods. These
results strongly suggest that our designed compounds do not inhibit acetylcholinesterase through a
pseudo-irreversible mechanism as observed with neostigmine, indicating that the carbamate functionality fails

to carbamylate the serine residue at CS of the enzyme.

Table 1 Percent inhibition of carbamate derivatives, RKNUO026 and neostigmine against EcAChE

IOSOWUSSY
(o] (@) o*}*uko

No. n % Inhibition No. n % Inhibition”
4a 2 15.8 + 3.3 4e 6 63.7 £ 6.9
4b 3 15.8 £ 2.7 4f 7 73.8+ 4.5
4c 4 22.9 + 2.8 RKNU026 g
mw@ 98.2 = 0.4
o]
4d 5 36.1 +£ 4.5 Neostigmine )‘G/@o)ﬁ‘/ 96.3 £0.2

“% inhibition of compounds was measured at a concentration of 100 uM using Ellman’s method. The results are presented as

mean =+ standard error of the mean (SEM) of at least three independent experiments.
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Figure 7 Proposed carbamylation reaction of 4a-4f with amino acid serine at CS of AChE
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Figure 8 Graphical illustration showing the influence of incubation time on inhibitory activities against EeAChE of RKNU153

(4e), RKNU154 (4f), and neostigmine measured at a concentration of 100 uM using Ellman’s method

Structurally, 4f resembles a previously identified AChE inhibitor RKNU026, with both compounds featuring
a coumarin ring linked to a nitrogen atom via a 7-methylene unit spacer. However, 4f additionally contains a
carbamate functionality attached to the nitrogen atom. Comparative analysis revealed that this structural
modification resulted in decreased EeAChE inhibitory activity relative to RKNUO026. This observation suggests
that the basic nitrogen in RKNUO026 plays a crucial role in facilitating cation-T interactions with residues in the
MGS of the enzyme (Fig.9). Consequently, the reduced basicity of the nitrogen atom in 4f contributes to its
diminished inhibitory potency against EeAChE. Additionally, steric hindrance introduced by the pendant benzyl

group on the carbamate functionality may further contribute to the observed decrease in inhibitory activity.

. @Wuiog

Figure 9 2D-Diagram illustrates binding interaction between RKNU026 (left) and 4f (right), and EeAChE
Conclusion

In this study, we designed and synthesized a series of novel carbamate derivatives featuring a
7-hydroxycoumarin moiety linked to a carbamate functionality through spacers of varying methylene chain
lengths (2-7 carbon units). At a concentration of 100 uM, both compounds 4e and 4f demonstrated the most
potent EeAChE inhibitory activity with 63.7% and 73.8% inhibition. Unlike the reference compound

neostigmine, extended incubation periods during pharmacological evaluation led to diminished inhibitory
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activities for 4e and 4f. These findings provide compelling evidence that our compounds do not interact with
ACHE through a pseudo-irreversible mechanism.

Our pharmacological evaluation revealed significant mechanistic differences between compounds 4e and 4f
compared to neostigmine. While neostigmine effectively carbamylates the catalytic serine residue, compounds
4e and 4f do not engage in this critical covalent interaction. Additionally, unlike the previously reported
RKNUO026, compounds 4e and 4f lack the capacity to form cation—-Tt interactions with residues in the middle
gorge region, which accounts for their moderate inhibitory potency against AChE.

These structure-activity insights provide valuable direction for future optimization strategies to enhance both
binding affinity and mechanistic interactions with AChE. The findings presented herein establish a foundation
for the continued development of coumarin-based carbamate derivatives as potential AChE inhibitors with

improved pharmacological profiles.
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