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A B S T R A C T   

A series of ten novel pyridine N-oxide-bearing 5-aminoisoxazoles was efficiently synthesized in moderate yields 
by reacting 2-(cyanomethyl)pyridine 1-oxide with α-chlorooximes, employing sodium ethoxide as a base. The 
synthesized compounds were verified with a variety of spectra. Subsequently, the inhibitory potency of com
pounds 4c, 4e, 4f, 4h, and 4i against AChE and BChE, primary targets in Alzheimer’s disease, was assessed. In 
silico docking analyses were conducted to evaluate the interaction of compounds 4c, 4e, 4f, 4h, and 4i with 
AChE and MAO-B. Among the tested compounds, 4e and 4h demonstrated remarkable AChE inhibition, 
exhibiting IC50 values of (0.050 µM and 0.039 µM, respectively), comparable to the inhibition achieved by 
donepezil (IC50 = 0.020 µM). Additionally, compounds 4c, 4e, 4f, 4h, and 4i displayed potent MAO-A inhibition, 
with IC50 values of (0.203, 0.067, 0.083, 0.044, and 0.159 µM, respectively), surpassing the efficacy of moclo
bemide (IC50 = 6.061 µM). Compounds 4e, 4f, and 4h also inhibited MAO-B, with IC50 values of (0.076, 0.058, 
and 0.049 µM, respectively), close to the inhibitory effects of Selegiline (IC50 = 0.037 µM). Compound 4h 
emerged as a multi-target inhibitor, effectively inhibiting AChE, MAO-A, and MAO-B. These findings underscore 
the therapeutic potential of these novel compounds in the treatment of Alzheimer’s disease, warranting further 
investigation into their clinical application.   

1. Introduction 

Alzheimerʼs disease (AD) [1] is a progressive neurodegenerative 
disorder, characterized by the gradual decline of cognitive, functional, 
and behavioral abilities, making it the most common form of dementia, 
especially among the elderly. This condition deeply impacts brain re
gions responsible for cognitive functions, such as memory, reasoning, 
and emotional responses, causing significant distress for patients and 
caregivers alike. With over 55 million individuals affected globally and 
projections, suggesting a staggering 135 million cases by 2050 due to 
population aging [2], the urgent need for effective treatments is evident. 
Currently, there is no cure for AD, highlighting the critical necessity for 
potent medications capable of slowing or halting its relentless 

progression. In the field of pharmacology, compounds containing iso
xazole are emerging as promising candidates. These compounds have 
shown promising results across various biological domains [3–6], 
including cancer, tuberculosis, and neurodegenerative diseases like 
Parkinsonʼs and Alzheimerʼs. They act as potent inhibitors of crucial 
enzymes, notably monoamine oxidases (MAOs) [7–10], which play a 
pivotal role in neurotransmitter breakdown and are essential targets for 
neurological conditions. These enzymes, relying on flavin adenine 
dinucleotide, are situated within the outer mitochondrial membrane of 
various mammalian cells encompassing glia and neurons. [11] Addi
tionally, isoxazoles have demonstrated remarkable potential as selective 
inhibitors of acetylcholinesterase (AChE) in vitro studies, showing 
effectiveness across various species [3,12,13]. This discovery holds 
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significant promise for the management of AD. 
The synthesis of N-oxide and their derivatives [14] has significantly 

boosted the potential of compounds with N-oxide moieties in various 
biological activities, including antileishmanial, antifungal, antibacterial 
[15], antiviral [16], and therapeutic agents [17]. Among them, 
N-oxidation of isoxazoles exhibits drug-like properties, particularly in 
addressing neuropsychiatric disorders [18]. The review explores the 
therapeutic potential of isoxazoles and their N-oxide derivatives, 
emphasizing their unique mechanisms of action [19], which not only 
hold promise for addressing neuropsychiatric disorders but also open 
diverse avenues in drug discovery [17]. In Fig. 1, a visual illustration of 
various molecules containing N-oxide functionalities and their respec
tive roles as therapeutic agents. Notable examples of known drugs 
include Acipimox, an antilipolytic agent; Minoxidil, an antihypertensive 
vasodilator; Ongentys, a COMT inhibitor; Otamixaban, an antith
rombotic; and Ancriviroc, a CCR5 antagonist. 

Current AD treatments, including galantamine, donepezil, and 

rivastigmine, are cholinesterase inhibitors [20,21]. Donepezil and gal
antamine selectively target AChE, while rivastigmine inhibits both AChE 
and butyrylcholinesterase (BChE). The cholinergic system in the brain, 
crucial for cognitive functions, relies on AChE and BChE enzymes, which 
hydrolyze acetylcholine [22,23]. AChE inhibitors are preferred for 
maintaining normal ACh levels due to their superior hydrolytic activity. 
Previous research highlights AChE’s narrow gorge housing five 
ligand-binding sites [24], including catalytic anionic side (CAS) and 
peripheral anionic side (PAS) being the primary regions where Trp86, 
Glu202, Tyr337, Tyr72, Tyr124, Trp286, and Asp74 residues are located 
[25]. Notably, compounds like donepezil, tacrine dimers, and their an
alogs bind concurrently to PAS and CAS [26]. Studies suggest AChE 
inhibitors should have a linker group connecting the basic center and 
primary ring structure, with options including methylene, oxygen, or 
amide derivatives [27]. Fig. 2 illustrates a structural comparison among 
donepezil, rivastigmine, and pyridine N-oxide containing 5-aminoisoxa
zoles. In this comparison, the pyridine N-oxide serves as the central basic 

Fig. 1. Some chemical structures of N-oxide-based drugs.  

Fig. 2. Isoxazole ring as a linker of basic center and aromatic ring.  
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moiety, while the aromatic substituted serves as the core ring with the 
isoxazole ring acting as the linker. Having the 5-aminoisoxazole ring as a 
linker has the potential to augment interactions with related enzymes, 
owing to its unique structural characteristics. 

Building upon the previous work related to the cyclization/cyclo
addition of hydroximoyl chlorides with active methylene compounds 
[28,29] to form hybrid molecules, the synthesis of these novel 
aromatic-substituted 2-(5-aminoisoxazol-4-yl)pyridine 1-oxides 4a-j is 
reported in this study. The research outlined in this paper investigates 
the efficiency of synthesized compounds, their biological effects, and the 
computational analysis of interaction mechanisms. The findings have 
the potential to be extremely valuable and could offer a convenient 
foundation for the creation of novel MAO-A, MAO-B and AChE in
hibitors to combat neurodegenerative disease. This, in turn, may 
significantly expedite the drug development process. 

2. Materials and methods 

2.1. Experimental 

Sigma Aldrich provided the commercial chemicals and reagents used 
in this experiment. Merck silica gel F-254 plates were utilized for 
analytical thin-layer chromatography (TLC). MELTEMP apparatus was 
employed to measure the melting points (m.p.) in open capillary tubes 
and no corrections were made. The synthesized molecules were viewed 
through UV-4LC. SHIMADZU FT-IR-8400S was used to record Fourier 
Transform Infrared (FT-IR) spectra. The NMR spectra were obtained at 
room temperature using Bruker Biospin 500 MHz NMR spectrometer in 
DMSO‑d6, and the chemical shifts are expressed in parts per million 
(ppm), with the coupling constants (J) given in Hertz (Hz). The splitting 
patterns were assigned as follows: s (singlet); d (doublet); m (multiplet); 
dd (doublets of doublet); td (triplets of doublet) (Supplementary data). 
Lastly, high-resolution mass spectra were performed on a Bruker Dal
tonics micrOTOF-Q mass spectrometer (Bruker, Billerica, MA, USA) 
using electrospray ionization. 

2.2. Procedure for the synthesis of N-oxide intermediate 1 

m-Chloro-perbenzoic acid (15 mmol, 2588 mg) was added portion
wise into the solution of 2-pyridylacetonitrile (10 mmol, 1181 mg) in 
dichloromethane and the mixture was stirred at room temperature for 
four hours. The solvent was evaporated and purified by column 
chromatography. 

2.2.1. 2-(cyanomethyl)pyridine 1-oxide 1 
Light brown solid, (685 mg, 51 %), Rf : (EtOAc: MeOH-7:1) = 0.47, 

mp = 129–131, νmax (KBr, cm-1): 3051–3024 (Ar-CH), 2935–2906 
(CH2), 2249 (C ≡ N). HRMS: required for C7H7N2O [M + H]+ 135.0558 
and found 135.0561. 1H NMR (500 MHz, DMSO-d6) δ 8.38 (dd, J = 6.4, 
0.7 Hz, 1H, PyH5), 7.65 (dd, J = 7.8, 2.1 Hz, 1H, PyH3), 7.50 – 7.44 (m, 
1H, PyH2), 7.43 – 7.38 (m, 1H, PyH4), 4.15 (s, 2H, CH2). 13C NMR (126 
MHz, DMSO-‑d6) δ 141.8(PyC1), 139.5(PyC5), 126.8(PyC3), 126.7 
(PyC2), 126.0(PyC4), 116.9(C ≡ N), 20.1(CH2). m/z (TOF ES+) 135 (M 
+ H). 

2.3. General procedure for the synthesis of compounds 4a-j 

The solution of the corresponding aryl N-hydroximoyl chloride (2 
mmol) in ethanol was added dropwise into a stirring solution of 2- 
(cyanomethyl)pyridine 1-oxide (1 mmol, 134 mg) and sodium metal (60 
mg) in 5 mL ethanol at room temperature. After 10 min of stirring, the 
solvent was evaporated and the crude material was extracted with ethyl 
acetate and water (30 mL: 30 mL) ×3. The combined organic phase was 
washed with brine solution, dried with Na2SO4. The solvent was evap
orated under reduced pressure. Finally, the products were recrystallized 
with ethyl acetate and hexane mixture. 

2.3.1. 2-(5-amino-3-(4-chlorophenyl)isoxazol-4-yl)pyridine 1-oxide (4a) 
Light yellow solid, (168 mg, 59 %), Rf : (EtOAc: MeOH-9:1) = 0.62, 

mp = 195–197, νmax (KBr, cm− 1): 3074 (Ar-CH), 1637 (C––N), 3265 
(NH2), HRMS: required for C14H10ClN3O2 [M + H]+ 288.0540 and found 
288.0542. 1H NMR (500 MHz, DMSO-d6) δ 8.34 (dd, J = 6.5, 0.7 Hz, 1H, 
PyH5), 7.50 (d, J = 8.54 2H, Ph H3 and PhH5), 7.39 (d, J = 8.68 2H, Ph 
H2 and PhH6), 7.34 (s, 2H, NH2), 7.33 – 7.29 (m, 1H, PyH4), 7.23 (td, J 
= 7.8, 1.3 Hz, 1H, PyH3), 6.97 (dd, J = 8.0, 1.9 Hz, 1H, PyH2). 13C NMR 
(126 MHz, DMSO-d6) δ 169.6(C–NH2), 161.4(Ph-C), 141.6(PyC1), 
140.4(PyC5), 135.0(PhC4), 130.1(PhC3 and PhC5), 129.4(PhC2 and 
PhC6), 128.5(PhC1), 128.1(PyC2), 126.1(PyC3), 124.5(PyC4), 85.6 
(PyC). m/z (TOF ES+) 290 (M + 2). 

2.3.2. 2-(5-amino-3-(4-nitrophenyl)isoxazol-4-yl)pyridine 1-oxide (4b) 
Yellow solid, (207 mg, 69 %), Rf : (EtOAc: MeOH-9:1) = 0.68, mp =

228–230, νmax (KBr, cm− 1): 3082 (Ar-CH), 1629 (C––N), 3389 (NH2), 
HRMS: required for C14H10N4O4 [M + H]+ 299.0780 and found 
299.0786. 1H NMR (500 MHz, DMSO-d6) δ 8.34 (dd, J = 6.5, 0.7 Hz, 1H, 
PyH5), 8.25 (d, J = 8.89 Hz, 2H, PhH3 and PhH5), 7.66 (d, J = 8.90 Hz, 
2H, PhH2 and PhH6), 7.41 (s, 2H, NH2), 7.36 – 7.31 (m, 1H, PyH4), 
7.26–7.21 (m, 1H, PyH3), 7.05 (dd, J = 8.0, 1.8 Hz, 1H, PyH2). 13C NMR 
(126 MHz, DMSO-d6) δ 169.8(C–NH2), 160.9(Ph-C), 148.5(PhC4), 
141.2(PyC1), 140.4(PyC5), 136.3(PhC3 and PhC5), 129.5(PhC2 and 
PhC6), 128.3(PhC1), 126.2(PyC3), 124.8(PyC2), 124.4(PyC4), 85.6 
(PyC). m/z (TOF ES+) 299 (M + H). 

2.3.3. 2-(5-amino-3-(4-bromophenyl)isoxazol-4-yl)pyridine 1-oxide (4c) 
White solid, (200 mg, 60 %), Rf : (EtOAc: MeOH-9:1) = 0.63, mp =

189–191, νmax (KBr, cm− 1): 3063 (Ar-CH), 1631 (C––N), 3232 (NH2), 
HRMS: required for C14H10BrN3O2 [M + H]+ 332.0035 and found 
332.0042. 1H NMR (500 MHz, DMSO-d6) δ 8.34 (dd, J = 6.5, 0.7 Hz, 1H, 
PyH5), 7.63 (d, J = 8.55 Hz, 2H, PhH3 and PhH5), 7.36 – 7.28 (m, 5H, 
PhH2 and PhH6(2H), PyH4(1H), NH2(2H)), 7.23 (td, J = 7.8, 1.2 Hz, 
1H, PyH3), 6.97 (dd, J = 8.0, 1.9 Hz, 1H, PyH2). 13C NMR (126 MHz, 
DMSO-d6) δ 169.6(C–NH2), 161.4(Ph-C), 141.6(PyC1), 140.4(PyC5), 
132.3(PhC4), 130.3(PhC3 and PhC5), 128.9(PhC2 and PhC6), 128.1 
(PhC1), 126.1(PyC2), 124.5(PyC3), 123.7(PyC4), 85.6(Py-C). m/z (TOF 
ES+) 334 (M + 2). 

2.3.4. 2-(5-amino-3-phenylisoxazol-4-yl)pyridine 1-oxide (4d) 
Yellowish solid, (200 mg, 60 %), Rf : (EtOAc: MeOH-9:1) = 0.68, mp 

= 198–200, νmax (KBr, cm− 1): 3061 (Ar-CH), 1626 (C = N), 3223 (NH2). 
HRMS: required for C14H11N3O2 [M + H]+ 254.0930 and found 
254.0933. 1H NMR (500 MHz, DMSO-d6) δ 8.35 (d, J = 6.0 Hz, 1H, 
PyH5), 7.49 – 7.40 (m, 3H, PhH3,H4 and PhH5), 7.39–7.35 (m, 2H, 
PhH2 and PhH6), 7.32 (s, 2H, NH2), 7.31 – 7.26 (m, 1H, PyH4), 7.18 (td, 
J = 7.9, 1.2 Hz, 1H, PyH3), 6.90 (dd, J = 8.0, 1.9 Hz, 1H, PyH2). 13C 
NMR (126 MHz, DMSO-d6) δ 169.5(C–NH2), 162.4(Ph-C), 142.0 
(PyC1), 140.4(PyC5), 130.2(PhC3 and PhC5), 129.6(PhC2 and PhC6), 
129.3(PhC4), 128.4(PhC1), 128.0(PyC2), 126.0(PyC3), 124.3(PyC4), 
85.8(Py-C). m/z (TOF ES+) 254 (M + H). 

2.3.5. 2-(5-amino-3-(2‑chloro-4-methoxyphenyl)isoxazol-4-yl)pyridine 1- 
oxide (4e) 

Yellowish solid, (158 mg, 50 %), Rf : (EtOAc: MeOH-9:1) = 0.56, mp 
= 221–223, νmax (KBr, cm− 1): 3099–3012 (Ar-CH), 2976–2941 (CH2), 
1641 (C––N), 3252 (NH2). HRMS: required for C15H13ClN3O3 [M + H]+

318.0645 and found 318.0654. 1H NMR (500 MHz, DMSO-d6) δ 8.35 
(dd, J = 11.2, 5.3 Hz, 1H,PyH5), 7.43 (d, J = 2.1 Hz, 1H, PhH3), 7.35 – 
7.26 (m, 4H, PH5(1H),Ph6(1H) and NH2(2H)), 7.24 (td, J = 7.9, 1.2 Hz, 
1H, PyH4), 7.19 (d, J = 8.6 Hz, 1H, PyH3), 7.01 (dd, J = 8.0, 1.9 Hz, 1H, 
PyH2), 3.88 (s, 3H, OCH3). 13C NMR (126 MHz, DMSO-d6) δ 169.5 
(C–NH2), 160.9(pH–C), 156.0(PhC4), 141.8(PyC1), 140.4(PyC5), 
129.4(PhC6), 128.5(PhC5), 128.2(PyC2), 126.1(PyC3), 124.5(PyC4), 
122.7(PhC1), 121.8(Ph3), 113.5(Ph2), 85.5(Py-C), 56.7(OCH3). m/z 
(TOF ES+) 320 (M + 2). 
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2.3.6. 2-(5-amino-3-(2‑chloro-4,5-dimethoxyphenyl)isoxazol-4-yl) 
pyridine 1-oxide (4f) 

White solid, (179 mg, 52 %), Rf : (EtOAc: MeOH-9:1) = 0.59, mp =
212–214, νmax (KBr, cm− 1): 3055 (Ar-CH), 2931 (CH2) 1639 (C––N), 
3236 (NH2). HRMS: required for C16H15ClN3O4 [M + H]+ 348,0751 and 
found 348.0762. 1H NMR (500 MHz, DMSO-d6) δ 8.32 (d, J = 5.9 Hz, 
1H, PyH5), 7.37 (s, 2H, NH2), 7.25 (td, J = 7.1, 2.0 Hz, 1H, PyH4), 7.18 
(td, J = 7.9, 1.2 Hz, 1H, PyH3), 7.12 (s, 1H, PhH3), 7.07 (s, 1H, PhH6), 
6.78 (dd, J = 8.1, 1.9 Hz, 1H, PyH2), 3.81 (s, 3H, Ph-p–OCH3), 3.79 (s, 
3H, Ph-m–OCH3). 13C NMR (126 MHz, DMSO-d6) δ 169.0(C–NH2), 
161.0(pH–C), 150.8(PhC5), 148.3(PhC4), 142.2(PyC1), 140.3(PyC5), 
126.5(PyC2), 125.7(PyC3), 124.0(PyC4), 123.8(PhC1), 120.0(PhC3), 
114.4(PhC6), 113.5(PhC2), 87.8(Py-C), 56.5(pH-p–OCH3), 56.3(Ph- 
m–OCH3). m/z (TOF ES+) 350 (M + 2). 

2.3.7. 2-(5-amino-3-(4-fluorophenyl)isoxazol-4-yl)pyridine 1-oxide (4g) 
Yellow solid, (180 mg, 66 %), Rf : (EtOAc: MeOH-9:1) = 0.65, mp =

185–187, νmax (KBr, cm− 1): 3074 (Ar-CH), 1647 (C––N), 3267 (NH2). 
HRMS: required for C14H10FN3O2 [M + H]+ 272.0835 and found 
272.0840. 1H NMR (500 MHz, DMSO-d6) δ 8.35 (d, J = 6.1 Hz, 1H, 
PyH5), 7.43 (d, J =,8.81 Hz, 2H, PhH3 and PhH5), 7.32 (s, 2H, NH2), 
7.31 – 7.24 (m, (1H) PhH2, (1H) PhH6 and (1H) PyH4), 7.21 (td, J = 7.9, 
1.0 Hz, 1H, PyH3), 6.94 (dd, J = 8.0, 1.9 Hz, 1H, PyH2). 13C NMR (126 
MHz, DMSO-d6) δ 169.6(C–NH2), 163.3 (d, 1JC-F = 246.9 Hz), 161.5 
(pH–C), 141.8(PyC1), 140.4(PyC5), 130.7 (d, 3JC-F = 8.6 Hz), 128.1 
(PyC2), 126.1 (d, 4JC-F = 3.2 Hz), 126.0(PyC3), 124.4(PyC4), 116.4 (d, 
2JC-F = 21.8 Hz). 85.7(Py-C). m/z (TOF ES+) 272 (M + H). 

2.3.8. 2-(5-amino-3-(2,4-dichlorophenyl)isoxazol-4-yl)pyridine 1-oxide 
(4h) 

White solid, (181 mg, 57 %), Rf : (EtOAc: MeOH-9:1) = 0.71, mp =
226–228, νmax (KBr, cm− 1): 3066 (Ar-CH), 1647 (C––N), 3248 (NH2). 
HRMS: required for C14H9Cl2N3O2 [M + H]+ 322.0150 and found 
322.0158. 1H NMR (500 MHz, DMSO-d6) δ 8.31 (d, J = 6.4 Hz, 1H, 
PyH5), 7.72 (d, J = 1.8 Hz, 1H, PhH5), 7.65 – 7.52 (m, 2H, PhH3 and 
PhH6), 7.42 (s, 2H, NH2), 7.31 – 7.22 (m, 1H, PyH4), 7.19 (dd, J = 11.4, 
4.1 Hz, 1H, PyH3), 6.77 (dd, J = 8.0, 1.7 Hz, 1H, PyH2). 13C NMR (126 
MHz, DMSO‑d6) δ 169.2(C–NH2), 160.2(Ph-C), 141.8(PyC1), 140.3 
(PyC5), 135.9(PhC4), 133.7(PhC2), 133.4(PhC3), 130.1(PhC5), 128.5 
(PhC1), 127.9(PyC2), 126.4(PyC3), 125.8(PhC6), 124.1(PyC4), 87.6 
(Py-C). m/z (TOF ES+) 324 (M + 2). 

2.3.9. 2-(5-amino-3-(2,6-dichlorophenyl)isoxazol-4-yl)pyridine 1-oxide 
(4i) 

Light yellow solid, (145 mg, 45 %), Rf : (EtOAc: MeOH-9:1) = 0.72, 
mp = 240–242, νmax (KBr, cm− 1): 3082 (Ar-CH), 1658 (C––N), 3255 
(NH2). HRMS: required for C14H9Cl2N3O2 [M +H]+ 322.0150 and found 
322.0158. 1H NMR (500 MHz, DMSO-d6) δ 8.32 (d, J = 6.4 Hz, 1H, 
PyH5), 7.69 – 7.60 (m, 2H, PhH3 and PhH5), 7.56 (dd, J = 8.9, 7.1 Hz, 
1H, PhH4), 7.47 (s, 2H, NH2), 7.25 (dd, J = 9.7, 3.9 Hz, 1H, PyH4), 7.17 
(dd, J = 17.1, 9.4 Hz, 1H, PyH3), 6.70 (d, J = 7.9 Hz, 1H, PyH2). 13C 
NMR (126 MHz, DMSO‑d6) δ 169.4(C–NH2), 158.5(Ph-C), 141.2 
(PyC1), 140.5(PyC5), 135.1(PhC2 and PhC6), 133.0(PhC3 and PhC5), 
129.3(PhC1), 128.0(PyC2), 126.6(PyC3), 124.7(PhC4), 124.0(PyC4), 
87.4(Py-C). m/z (TOF ES+) 324 (M + 2). 

2.3.10. 2-(5-amino-3-(p-tolyl)isoxazol-4-yl)pyridine 1-oxide (4j) 
White solid, (126 mg, 47 %), Rf : (EtOAc: MeOH-9:1) = 0.59, mp =

209–211, νmax (KBr, cm− 1): 3093–3063 (Ar-CH), 2924 (CH2) 1635 (C =
N), 3232 (NH2). HRMS: required for C15H13N3O2 [M + H]+ 268.1086 
and found 268.1094. 1H NMR (500 MHz, DMSO-d6) δ 8.35 (d, J = 6.5 
Hz, 1H PyH5), 7.32 – 7.21 (m, PyH4(1H), NH2(2H),PhHs(4H)), 7.19 (td, 
J = 7.9, 1.2 Hz, 1H, PyH3), 6.90 (dd, J = 8.0, 1.9 Hz, 1H PyH2), 2.33 (s, 
3H, CH3). 13C NMR (126 MHz, DMSO‑d6) δ 169.5(CNH2), 162.2(PhC), 
142.1(PyC1), 140.4(PyC5), 139.8(PhC2 and PhC6), 129.9(PhC3 and 
PhC5), 128.3(PhC1), 128.0(PyC2), 126.6(PhC4), 126.0(PyC3), 124.2 

(PyC4), 85.7(Py-C), 21.4(CH3). m/z (TOF ES+) 268 (M + H). 

3. Results and discussion 

3.1. Chemistry 

The present study describes the preparation and characterization of a 
series of novel aromatic substituted 2-(5-aminoisoxazol-4-yl)pyridine 1- 
oxides 4a-j. The compounds were synthesized via the reaction of 2- 
(cyanomethyl)pyridine 1-oxide with the corresponding aryl N-hydrox
imoyl-chlorides in ethanol, using freshly prepared sodium ethoxide as 
the base. The resulting compounds were purified by recrystallization 
and characterized by various spectroscopic techniques. The character
ization data obtained from 1H and 13C NMR, mass spectrometry, and 
infrared spectroscopy confirm the successful synthesis and structure of 
compounds 4a-j. The 1H NMR spectra showed broad singlets in the 
range of 7.2–7.4 ppm corresponding to the amine protons NH2, while 
the remaining protons signals were observed within their usual chemical 
shifts. The carbon peaks were also consistent with the expected struc
tures of the compounds, as summarized in Table 1. 

The synthesis strategy used in this study, which involves the oxida
tion of pyridine to produce a very stable active methylene, was effective 
in increasing the pyridinyl proton acidity, enabling its deprotonation 
using freshly prepared sodium ethoxide as the base. This approach 
avoids the use of strong bulky bases t-BuOK or LDA [30], which could 
have resulted in unwanted side reactions. The prepared compounds 4a-j 
could potentially have interesting biological activities and could serve as 
valuable intermediates for the synthesis of various bioactive com
pounds. Overall, this study contributes to the development of new 
methods for the synthesis of isoxazole-containing heterocyclic com
pounds, and provides useful insights into the reactivity of pyridine de
rivatives towards N-hydroximoyl chlorides (Table 2). 

The study reported successful chlorination of aldoximes using an 
excess of N-chlorosuccinimide (NCS) in DMF. Notably, the chlorination 
of 4-methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde oximes 
resulted in substitution of both the iminic carbon and the aromatic rings 
at the ortho-position. This finding is significant as it highlights the po
tential of using excess NCS to achieve substitution at multiple sites in 
organic molecules. 

The supplementary material on compounds 4e and 4f provides 
further evidence of the effectiveness of this approach. While the exact 
mechanism of novel compounds 4a-j remains uncertain, the experi
mental results suggest a possible mechanistic pathway, as illustrated in 
Scheme 1. Firstly, the base initiates the removal of hydrogen on the 
active methylene group, resulting in the formation of a carbon anion. 
The anion then reacts with the in situ formed nitrile oxide. Secondly, 

Table 1 
13C NMR peaks for compounds 4a-j.  

Carbon atoms on the molecules 13C NMR chemical shift (ppm) 

Isoxazole C1 160.2–162.4 
Isoxazole C2 85.6–87.8 
Isoxazole C3 169.0–169.8 
Pyridine C1 140.3–140.4 
Pyridine C2 126.5–128.6 
Pyridine C3 125.7–126.6 
Pyridine C4 124.0–124.5 
Pyridine C5 141.2–142.2  
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oxygen intermolecularly attacks the electrophilic carbon of the nitrile, 
resulting in the formation of a cyclic intermediate. Finally, the inter
mediate undergoes tautomerization, leading to the formation of 5-ami
noisoxazoles 4a-j. This proposed mechanism provides a useful 
framework for understanding the transformation, although further 
investigation is needed to confirm its validity. 

3.2. In vitro ChE enzymes inhibition assay 

Utilizing the modified Ellman approach as detailed in several, 
research studies [32–35], the inhibitory activities of these compounds 
(4c, 4e, 4f, 4h and 4i) against AChE and BChE were assessed. Human 
AChE (CAS No. 9000-81-1) and human BChE (CAS No. 9001-08-5) were 
employed as the enzymatic targets in the experiments, with donepezil 
and tacrine serving as the reference drugs. Tacrine, the pioneering AChE 
inhibitor used in clinical settings, was withdrawn from the market due to 
hepatotoxicity. Despite the availability of drugs such as donepezil, 

galantamine, and rivastigmine, their efficacy remains limited. Conse
quently, the pursuit of novel (AD) drug candidates continues to be a 
prominent research area [36–38]. 

As depicted in Table 3, the AChE and BChE inhibitory activities of the 
selected compounds were evaluated against human AChE and BChE 
enzymes. The results revealed that compound 4e and 4h exhibited the 
most potent inhibition against AChE, with IC50 values of 0.050 ± 0.002 
and 0.039 ± 0.001 µM respectively. While compound 4c, 4f and 4i 
demonstrated less activity with IC50 values of 0.255 ± 0.010, 0.116 ±
0.004 and 0.228 ± 0.011 µM respectively, when compared to the control 
drug donepezil with an IC50 value of 0.0201 ± 0.0001 µM. However, all 
the tested compounds displayed weak or negligible inhibition against 
BChE, with IC50 values greater than 100 µM, when compared with 
tacrine the control with an IC50 of 0.0064 ± 0.0002 µM. To sum up, 
optimizing the aryl group of these compounds has the potential to 
augment their inhibitory activity against AChE, and potentially BChE, 
making them promising candidates for further exploration. However, 

Table 2 
Reaction schemes, isolated yieldsa and melting points of 4a-j.  

Entry Ar aYield (%) m.p. (◦C) 

4a 4-ClC6H4 59 195–197 
4b 4-NO2C6H4 69 228–230 
4c 4-BrC6H4 60 189–191 
4d C6H5 60 198–200 
4e 2-Cl-4-MeO-C6H3 50 221–223 
4f 2-Cl-4,5-DiMeOC6H2 52 212–214 
4g 4-FC6H4 66 185–187 
4h 2,4-Cl2C6H3 57 226–228 
4i 2,6-Cl2C6H3 45 240–242 
4j 4-MeC6H4 47 209–211  

Scheme 1. A proposed mechanism towards the formation of pyridine-N-oxides containing 5-aminoisoxazoles.  
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the observed limited efficacy against BChE indicates a preference for 
AChE as the primary enzymatic target. 

3.3. In vitro MAO enzymes inhibition assay 

The fluorometric methodology, as delineated in previous reports 
[39–42], was utilized to assess the inhibitory effects of the synthesized 
compounds 4c, 4e, 4f, 4h, and 4i against MAO-A and MAO-B. Recom
binant human MAO-A and MAO-B enzymes with moclobemide and 
Selegiline serving as the reference drugs. Both moclobemide and sele
giline are considered second-generation monoamine oxidase inhibitor 
(MAOI), which are generally safer than the much older, non-selective 
MAOIs. They are associated with a lower risk of dietary restrictions 
compared to the older MAOIs. However, they still require careful 
monitoring, and individuals taking these medications should be aware 
of potential interactions with certain foods and other medications [43, 
44], which could lead to uncertain implications and health challenges. 
Hence, the investigation into alternatives is centered on identifying 
potential drugs that do not induce adverse reactions or negative in
teractions with food or other medications. 

Table 3 illustrates the evaluation of MAO-A and MAO-B inhibitory 
activities for the selected compounds against human MAO-A and MAO-B 
enzymes. Notably, 4h, 4e, and 4f exhibit lower IC50 values of 0.044 ±
0.002, 0.067 ± 0.002, and 0.083 ± 0.003 µM, respectively, compared to 
4i and 4c, which have IC50 values of 0.159 ± 0.007 and 0.203 ± 0.009 

µM. This suggests that 4h, 4e, and 4f have more potent inhibitors of 
MAO-A than 4i and 4c. Furthermore, the control drug moclobemide has 
a significantly higher IC50 value of 6.0613 ± 0.262 µM, indicating lower 
potency against MAO-A. Thus, these selected compounds emerge as 
promising candidates for MAO-A inhibition. For MAO-B studies, 4h, 4f, 
and 4e display IC50 values of 0.049 ± 0.002, 0.058 ± 0.002, and 0.076 
± 0.003 µM, respectively, with 4h exhibiting the lowest IC50 value 
among the tested compounds. This suggests that 4h is the most potent 
inhibitor of MAO-B, closely approaching the potency of Selegiline, a 
control drug, which has the lowest IC50 value of 0.0374 ± 0.0016 µM. 
Compounds 4c and 4i with IC50 values of 0.128 ± 0.005 and 0.195 ±
0.009 µM, respectively, also show notable potency against MAO-B. To 
sum up, the compounds demonstrate varying degrees of potency against 
both MAO-A and MAO-B, with some exhibiting stronger inhibitory ef
fects. Comparatively, the control drugs Moclobemide and Selegiline 
serve as references, with the IC50 values of the selected compounds being 
lower than that of moclobemide. Although their IC50 values are higher 
than Selegiline, they particularly stand out for their potency against 
MAO-B. 

3.4. In silico docking between AChE/MAO-B and compounds 4(c-e-f-h-i) 

Prior to conducting the docking studies, the 10 molecules included in 
this study were evaluated for their potential as drugs based on the Lip
inski rule Table 4. Only those molecules that adhered to this rule were 
selected for the docking process. Additionally, the molecules that con
formed to the Lipinski rule were compared based on their logP, molec
ular weight, H-acceptor, H-donor, number of aromatic rings, and 
rotatable bonds. The Lipinski rule of five is a useful tool in identifying 
drug-like compounds and differentiating them from non-drug-like 
compounds. It predicts the likelihood of success or failure for com
pounds that follow two or more of the rules due to their drug-like 
characteristics [31]. 

➢ These filters can assist in early preclinical development and poten
tially prevent expensive failures in late-stage preclinical and clinical 
trials.  

➢ Compounds with a lower lipophilicity, characterized by a logP value 
of less than 3.4, are generally expected to exhibit high absorption 
rates. In contrast, highly lipophilic compounds tend to undergo rapid 
metabolism, which can result in low solubility, decreased absorption, 
and high turnover. Extremely high levels of lipophilicity may even 
cause toxicity and metabolic clearance issues [51].  

➢ The compounds 4c, 4e, 4f, 4h, and 4i, not highlighted in red in 
Table 4, were utilized as ligands during the docking protocol. 

DeepSite was used to identify the binding pockets of the enzymes 
[45] and the location of the ligand that was co-crystallized with the 

Table 3 
IC50 value of the selected compounds against the AChE, BChE, MAO-A and MAO- 
B enzymes.  

Compounds IC50 values (µM) 

AChE 
enzyme 

BChE 
enzyme 

MAO-A 
enzyme 

MAO-B 
enzyme 

4c 0.255 ±
0.010 

>1000 0.203 ±
0.009 

0.128 ±
0.005 

4e 0.050 ±
0.002 

>100 0.067 ±
0.002 

0.076 ±
0.003 

4f 0.116 ±
0.004 

>100 0.083 ±
0.003 

0.058 ±
0.002 

4h 0.039 ±
0.001 

>100 0.044 ±
0.002 

0.049 ±
0.002 

4i 0.228 ±
0.011 

>1000 0.159 ±
0.007 

0.195 ±
0.009 

Donepezil 0.0201 ±
0.0001 

– – – 

Tacrine – 0.0064 ±
0.0002 

– – 

Moclobemide – – 6.0613 ±
0.262 

– 

Selegiline – – – 0.0374 ±
0.0016  

Table 4 
Properties of compounds according to Lipinski rule [31].  
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complex file can be determined by examining the deposited file in the 
Protein Data Bank (PDB; www.rcsb.org) [46] accession no: 2V5Z and 
4EY7 [47]. 

Molecular docking is a widely used technique for modeling and 
monitoring binding free energy and investigate interactions. The process 
involves utilizing a scoring function to evaluate the sum of both inter
molecular and intramolecular interactions within the Autodock Vina 
algorithm [48]. Autodock Vina’s calculation algorithm evaluates the 
Gibbs free energy of the ligands based on their binding affinity [49]. To 
conduct further analysis and investigate detailed interactions, Biova 
Discovery Studio[BIOVIA, Dassault Systèmes, [Discovery Studio Visu
alizer], [v21.1.0.20298], San Diego: Dassault Systèmes, 2021] and 
Chimera [50] were also utilized. 

3.5. Molecular docking study 

The docking protocols used in this study were tested and approved 
by Stefano forli and his colleagues [52]. The results demonstrate that 
compounds 4h and 4i exhibit the highest binding affinities, corrobo
rating the findings of the in vitro study on Table 3. In general, the in
teractions of compounds 4c, 4e, 4f, 4h, and 4i with the pocket region of 
the AChE enzyme reveal consistent patterns: Trp-A: 86 invariably in
teracts with the pyridine ring, Tyr-A: 124 interacts with the oxygen of 
amine oxide, and Tyr-A: 341 interacts with the substituted phenyl group. 
These interactions are similar to donepezil. Moreover, Phe-A: 338 and 
His-A: 447 which are part of catalytic triad of AChE, interact with the 

isoxazole ring. Additionally, residues Trp-A: 286, Phe-A: 297, and Gly-A 
exhibit variable interactions with halogens attached to the phenyl 
group. Detailed interactions are illustrated in Fig. 3 (Table 5). 

Regarding the MAO-B enzyme, compounds 4c, 4e, 4f, 4h, and 4i 
exhibit multiple interactions. Cys 172 and Leu 171 formed conventional 
hydrogen bonds with the oxygen of amine oxide. Tyr 398 had a pi–pi 
stacked interaction with isoxazole. Flavosine adenosine dinucleotide 
(FAD) forms pi–alkyl interaction with the pyridine ring. The interactions 
of these residues are similar to safinamide. The reason for the docking 
score being lower than expected is that the important residues Gln 206 
and Phe 343 are not interacted with 4c, 4e, 4f, 4h, and 4i. Detailed 
interactions are illustrated in Fig. 4. In summary, the inclusion of the 

Fig. 3. A) Hydrogen donor-acceptor interactions in the pocket region of AChE with 4h. B) Position of ligand 4h in the pocket region of AChE. C) 3D diagram of ligand 
4h interaction with AChE residues. D) 2D diagram of 4h interactions. 

Table 5 
Docking results between AChE and MAO-B with the compounds 4c, 4e, 4f, 4h, 
and 4i.  

Compounds Binding affinity with AChE 
(Kcal/mol) 

Binding affinity with MAO-B 
(Kcal/mol) 

4c –9.2 –8.60 
4e –9.2 –7.20 
4f –9.5 –4.90 
4h –10.4 –7.3 
4i –10.8 –5.1 
Donepezil − 11.9  
Safinamide  − 10.1  
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isoxazole ring as a linker enhances interactions in the pocket regions of 
both AChE and MAO-B enzymes. 

4. Conclusion 

In the study, a novel series of ten pyridine N-oxide-bearing 5-amino
isoxazoles yielded moderate results. Compounds 4c, 4e, 4f, 4h, and 4i 
showed potent inhibition of MAO-A, surpassing Moclobemide. Com
pounds 4e, 4f, and 4h also inhibited MAO-B, while 4e and 4i inhibited 
AChE. Compound 4h emerged as a multi-targeting MAO-A, MAO-B, and 
AChE inhibitor, as indicated by in silico docking analysis with MAO-B 
and AChE. These compounds show promise in AD treatment, opening 
avenues for potential therapeutic applications. 
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