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 Xanthone derivatives have attracted considerable interest owing to their broad 
spectrum of biological activities, making them promising scaffolds for the 
development of multifunctional therapeutic agents. In this study, 1-hydroxy-6-
methoxyxanthone (MX1) was synthesized via cyclodehydration using Eaton’s 
reagent, affording the target compound in 18.50% yield, and structurally 
characterized by FTIR, LC–MS, and NMR spectroscopy. MX1 was obtained as a 
yellow solid in 18.50% yield, with a melting point of 145–147°C. The 
α- glucosidase inhibitory and antibacterial activities of MX1 were evaluated in 
comparison with those of previously reported hydroxyxanthone derivatives 
(HX1–HX3), while molecular docking was performed to investigate their binding 
interactions with α-glucosidase. Among the evaluated compounds, MX1 exhibited 
the most potent α-glucosidase inhibitory activity with an IC50 value of 203.23 
μg/mL, followed by HX2 (223.53 μg/mL), whereas HX1 and HX3 showed weaker 
inhibition, with IC50 values of 463.74 and 482.86 μg/mL, respectively. Molecular 
docking demonstrated that all compounds occupied a common binding pocket 
and formed favorable interactions with key active-site residues through 
hydrogen bonding, π–π, and π–anion interactions, supporting the proposed 
structure–activity relationships. In contrast, MX1 exhibited limited antibacterial 
activity, with MIC values of 500 μg/mL against Pseudomonas aeruginosa and 
Bacillus subtilis and >1000 μg/mL against Escherichia coli and Staphylococcus aureus. 
Collectively, these findings indicate that replacement of the C-6 hydroxyl group 
with a methoxy group enhances α-glucosidase inhibitory activity while reducing 
antibacterial activity, underscoring the pivotal role of C-6 substitution in 
modulating the biological activities of xanthone derivatives. 

 

1. Introduction 

Diabetes mellitus (DM) is a prevalent metabolic 
disorder characterized by chronic hyperglycemia, which 
can lead to severe complications, including 

cardiovascular diseases, nephropathy, neuropathy, and 
retinopathy [1]. Among the therapeutic strategies for 
controlling postprandial hyperglycemia, inhibition of 
intestinal α-glucosidase has proven effective by delaying 
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the hydrolysis of dietary carbohydrates into absorbable 
monosaccharides [2]. Clinically available α-glucosidase 
inhibitors, such as acarbose and miglitol, effectively 
reduce postprandial glucose and insulin responses [3]. 
However, their clinical use is frequently associated with 
gastrointestinal adverse effects, including flatulence, 
abdominal pain, abdominal discomfort, and diarrhea, 
highlighting the need for safer and more effective α-
glucosidase inhibitors [4]. 

In addition to diabetes, antimicrobial resistance 
(AMR) has emerged as another major global health 
challenge, compromising the effectiveness of existing 
antibiotics and increasing the morbidity and mortality, as 
well as the economic burden, associated with bacterial 
infections [5] Moreover, the rapid emergence of 
multidrug-resistant bacteria has substantially limited 
available treatment options, emphasizing the urgent 
need to develop novel antibacterial agents with improved 
efficacy and distinct mechanisms of action [6]. 
Collectively, these challenges have stimulated growing 
interest in developing multifunctional compounds with 
both antidiabetic and antibacterial activities, a promising 
strategy in medicinal chemistry. 

Xanthones are an important class of oxygen-
containing heterocyclic compounds that have attracted 
considerable attention in medicinal chemistry for their 
diverse pharmacological properties, including 
antioxidant, anti-inflammatory, antimicrobial, 
antidiabetic, and anticancer activities [7, 8, 9, 10, 11]. 
Among the numerous xanthone derivatives, 
hydroxyxanthones have attracted particular attention 
because hydroxyl substitution substantially influences 
their biological activities and provides valuable insights 
into the structure–activity relationships of xanthone-
based compounds [12]. The importance of hydroxyl 
substitution has been further demonstrated by studies on 
α-glucosidase inhibition. Liu et al. [13] synthesized a 
series of mono-, di-, tri-, and tetrahydroxyxanthones 
and demonstrated that hydroxyl substitution markedly 
enhanced α-glucosidase inhibition compared with the 
parent xanthone. Notably, polyhydroxylated xanthones 
exhibited the highest inhibitory activities, indicating that 
both the number and position of hydroxyl substituents 
play important roles in modulating enzyme inhibition. 

Hydroxyxanthone derivatives have also shown 
promising antibacterial activity, which is strongly 
influenced by the position and number of hydroxyl 
substituents on the xanthone scaffold. Yuanita et al. [14] 
reported the antibacterial activity and molecular docking 
of hydroxyxanthone derivatives against several bacterial 
pathogens. In our previous study, 1,5-
dihydroxyxanthone (HX1), 1,6-dihydroxyxanthone 
(HX2), and 1,7-dihydroxyxanthone (HX3) exhibited 
distinct antibacterial profiles against Gram-positive and 
Gram-negative bacteria. HX1 and HX3 showed MIC values 
of 15.62 μg/mL against S. aureus and B. subtilis, whereas 
HX2 showed MIC values of 31.25 μg/mL against both 
bacteria. All three compounds showed an MIC of 15.62 
μg/mL against P. aeruginosa, but none inhibited E. coli at 
concentrations up to 1000 μg/mL [15]. However, the α-
glucosidase inhibitory activities of HX1–HX3 were not 

investigated in our previous study, leaving the 
relationship between their hydroxyl substitution patterns 
and α-glucosidase inhibition unexplored. Although 1-
hydroxy-6-methoxyxanthone (MX1) has been reported 
previously, its biological evaluation varies across the 
available studies. Wang et al. [16] synthesized MX1 by 
methylation of a hydroxyxanthone precursor and 
evaluated its α-glucosidase inhibitory activity. Heilman et 
al. [17] reported MX1, a xanthone isolated from a plant 
source; however, they did not report experimental 
antibacterial activity for MX1. 

In the present study, MX1 was synthesized via a one-
pot cyclodehydration reaction, offering an alternative 
synthetic approach. This provides an opportunity to 
comparatively investigate the biological profile of MX1 
alongside hydroxyxanthones with different hydroxyl 
substitution patterns. In particular, comparison of MX1 
with HX2 is of interest because these compounds share 
the same xanthone framework and differ only in the 
substituent at the C-6 position. Such a comparison may 
clarify how hydroxyl-to-methoxy substitution at C-6 is 
associated with differences in α-glucosidase inhibitory 
and antibacterial activities under the same experimental 
conditions, rather than implying a causal structure–
activity relationship. 

Therefore, this study aimed to synthesize and 
characterize MX1 and comparatively evaluate its α-
glucosidase inhibitory and antibacterial activities 
alongside those of the previously reported 
hydroxyxanthones HX1–HX3. Molecular docking was 
further performed to investigate their interactions with 
α-glucosidase and provide structural insights into the 
observed inhibitory activities. 

2. Experimental 

Commercially available chemicals and solvents were 
obtained from Sigma-Aldrich and Merck and used 
directly without further purification unless otherwise 
stated. The progress of all reactions was monitored by 
analytical thin-layer chromatography (TLC) on silica gel 
60 F254 plates (Merck), with detection under UV 
irradiation at 254 and 366 nm. 1H and 13C NMR spectra 
were recorded on a Bruker Ascend 700 MHz NMR 
spectrometer at operating frequencies of 700 and 176 
MHz, respectively, using CD3OD as the deuterated solvent. 
Chemical shifts were reported in ppm (δ) relative to the 
residual solvent signal. Mass spectra were acquired using 
an LC-MS/MS Xevo G2-XS QTOF mass spectrometer 
(Waters MS Technologies) equipped with an electrospray 
ionization (ESI) source, while FTIR spectra were recorded 
on a Shimadzu Prestige-21 spectrometer. 

2.1. Synthesis of 1-hydroxy-6-methoxyxanthone 
(MX1) 

A mixture of 2,6-dihydroxybenzoic acid (2.5 mmol) 
and 3-methoxyphenol (2.5 mmol) was prepared in 
commercial Eaton’s reagent (phosphorus pentoxide 
(P2O5) in methanesulfonic acid (MSA), Sigma-Aldrich) 
(2.5 mL) in a three-neck round-bottom flask. The 
reaction mixture was maintained at 80°C with continuous 
stirring for 3 h under a reflux condenser. The progress of 
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the reaction was monitored by TLC using a hexane/ethyl 
acetate (2:1, v/v) solvent system. 

After completion of the reaction, cold distilled water 
was added to the mixture, followed by stirring for an 
additional 30 min to promote product precipitation. The 
precipitate was collected by filtration, washed with 
distilled water, and dried in an oven for 24 h. The resulting 
crude product was purified by column chromatography 
using hexane/ethyl acetate (2:1, v/v) as the eluent. The 
purified 1-hydroxy-6-methoxyxanthone (MX1) was 
obtained as a yellow solid (18.50% yield) with a melting 
point of 145–147°C. The identity and purity of MX1 were 
supported by FTIR, 1H NMR, 13C NMR, and LC–MS 
characterization. 

Yellow solid; yield: 18.50%. FTIR (cm−1) 3718, 2947, 
1602, 1441, 1278, 1123, 765. 1H NMR 1H-NMR (700 MHz, 
CD3OD) δ 8.17 (d, J = 8.7 Hz, 1H, H-8), 7.64 (t, J = 8.3 Hz, 
1H, H-3), 7.08–7.03 (m, 2H, H-5 and H-7), 6.99 (dd, J = 
8.4, 1.0 Hz, 1H, H-4), 6.78 (dd, J = 8.2, 1.0 Hz, 1H, H-2), 
3.98 (s, 3H, OCH3). 13C-NMR (176 MHz, CD3OD) δ 181.33 (C-
9), 166.33 (C-6), 161.61 (C-1), 158.41 (C-4b), 156.46 (C-
4a), 136.25 (C-3), 126.88 (C-8), 113.88 (C-8a), 113.55 (C-
7), 109.96 (C-2), 108.20 (C-8b), 106.61 (C-4), 99.87 (C-
5), 55.29 (C-10, OCH3). LC-MS/MS (ESI-QTOF) m/z 
243.0650 [M+H]+ (calcd for C14H11O4

+, 243.0652), 
consistent with the proposed molecular formula of MX1. 
The chemical structures of HX1–HX3 and MX1 are shown 
in Figure 1. 

2.2. α-Glucosidase Inhibitory Assay 

The α-glucosidase inhibitory activities of the 
synthesized hydroxyxanthone derivatives (HX1–HX3) 
and MX1 were evaluated using p-nitrophenyl-α-D-
glucopyranoside (pNPG) as the substrate. The assay was 
performed according to Wibawa et al. [18], with slight 
modifications. Stock solutions of the test compounds 
were prepared by dissolving 2 mg of each compound in 
250 μL of dimethyl sulfoxide (DMSO) to obtain a 
concentration of 8 mg/mL. The stock solutions were 
subsequently diluted with DMSO to prepare test solutions 
at final concentrations ranging from 12.5 to 800 μg/mL. 

An aliquot (5 μL) of each sample solution was 
transferred into a 96-well microplate containing 45 μL of 
phosphate buffer (0.1 M, pH 6.8), followed by the addition 
of 25 μL of 5 mM pNPG solution. The mixture was pre-
incubated at 37°C for 5 min, after which 25 μL of α-
glucosidase from Saccharomyces cerevisiae (1.5 U/mL) was 
added to initiate the enzymatic reaction. The reaction 
mixture was further incubated at 37°C for 15 min and 
subsequently terminated by adding 100 μL of 0.2 M 
Na2CO3 solution. The absorbance was measured at 405 nm 
using a microplate reader (Epoch, BioTek Instruments, 
Winooski, VT, USA). 

 

Figure 1. Chemical structures of HX1–HX3 and MX1 

For each test concentration, an enzyme-free sample 
blank was prepared using the corresponding sample 
solution without α-glucosidase. Quercetin was used as the 
positive control at concentrations ranging from 0.782 to 
50 μg/mL. A DMSO vehicle control was included at an 
equivalent concentration to that present in the assay 
wells. All experiments were performed in triplicate. The 
percentage inhibition of α-glucosidase activity was 
calculated according to Equation (1). 

 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =  
[(𝐴𝑏1−𝐴𝑏0)−(𝐴𝑠1−𝐴𝑠0)]

(𝐴𝑏1−𝐴𝑏0)
× 100% (1) 

where Ab1 is the absorbance of the control reaction 
containing enzyme but without inhibitor, Ab0 is the 
absorbance of the control blank without enzyme, As1 is the 
absorbance of the sample in the presence of enzyme, and 
As0 is the absorbance of the sample blank without enzyme. 

2.3. Antibacterial Activity 

The antibacterial activity of MX1 was evaluated 
against a panel of reference bacterial strains obtained 
from the Research Center for Pharmaceutical Ingredients 
and Traditional Medicine, National Research and 
Innovation Agency (BRIN), Indonesia. The tested strains 
included Pseudomonas aeruginosa (P. aeruginosa) ATCC 
9027, Escherichia coli (E. coli) ATCC 8739, Bacillus subtilis 
(B. subtilis) ATCC 6633, and Staphylococcus aureus (S. 
aureus) ATCC 25923. The minimum inhibitory 
concentration (MIC) and minimum bactericidal 
concentration (MBC) of MX1 were determined using the 
broth microdilution method [19]. 

MX1 was dissolved in methanol and serially diluted 
twofold to obtain concentrations ranging from 7.81 to 
1000 μg mL−1. The prepared solutions were mixed with 
Mueller–Hinton broth (MHB) and dispensed into sterile 
96-well microplates to obtain a total volume of 100 μL per 
well. Bacterial cultures were adjusted to a 0.5 McFarland 
standard using 0.85% NaCl before being inoculated into 
the wells. The microplates were incubated at 37°C for 24 h 
with shaking at 150 rpm. Tetracycline was used as the 
positive control, and methanol as the negative/vehicle 
control. A sterility control containing MHB without 
bacterial inoculum was also included. The MIC was 
defined as the lowest concentration of MX1 showing no 
visible bacterial growth. For MBC determination, aliquots 
from the MIC well and higher concentrations showing no 
visible growth were transferred onto Mueller–Hinton 
agar (MHA) and incubated at 37°C for 24 h. The MBC was 
defined as the lowest concentration at which no bacterial 
colonies were observed. All experiments were performed 
in triplicate. 

2.4. Molecular Docking 

The molecular structures of HX1–HX3 and MX1 were 
constructed using Avogadro and subsequently optimized 
at the DFT/B3LYP/6-31G level using the ORCA program. 
The optimized structures were exported in PDB format for 
molecular docking studies [20, 21]. The crystal structure 
of Saccharomyces cerevisiae α-glucosidase (PDB ID: 3A4A) 
was retrieved from the Protein Data Bank and prepared 
using UCSF Chimera by removing crystallographic water 
molecules, co-crystallized ligands, and unnecessary 
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heteroatoms, followed by the addition of hydrogen atoms 
and assignment of partial atomic charges [22]. 

The docking protocol was validated by re-docking 
the co-crystallized ligand into the enzyme active site 
using AutoDockTools 1.5.6 and AutoDock4 [23]. The 
alpha-D-glucopyranose (GLC) ligand was used 
exclusively for docking validation and was not included as 
a compound in the in vitro α-glucosidase inhibition assay. 
The accuracy of the docking protocol was evaluated by 
calculating the root-mean-square deviation (RMSD) 
between the crystallographic and re-docked GLC poses, 
with an RMSD value of ≤2.0 Å considered acceptable. 

A 30 × 30 × 30 grid box with a spacing of 0.375 Å was 
centered on the active site. Docking simulations were 
performed using the Lamarckian Genetic Algorithm 
(LGA), with 50 independent runs per ligand. The validated 
protocol was subsequently used to dock HX1–HX3 and 
MX1. The binding pose with the lowest predicted binding 
energy was selected for subsequent protein–ligand 
interaction analysis using BIOVIA Discovery Studio 
Visualizer [24]. Quercetin, used as the positive control in 
the in vitro assay, was also subjected to molecular docking 
to compare with the synthesized xanthone derivatives. 

3. Results and Discussion 

3.1. Synthesis of 1-hydroxy-6-methoxyxanthone 
(MX1) 

MX1 was successfully synthesized via a one-pot 
cyclodehydration reaction between 2-hydroxy-6-
methoxybenzoic acid and 3-methoxyphenol using 
Eaton’s reagent as both the solvent and dehydrating 
agent (Scheme 1). The reaction proceeded smoothly under 
reflux at 80°C for 3 h, affording MX1 as a yellow 
crystalline solid after purification. The isolated yield of 
MX1 was 18.50%. The relatively low yield may be 
attributed to the substrate-dependent selectivity of 
Eaton’s reagent-mediated xanthone synthesis. Bosson 
[25] demonstrated that the electronic properties and 
substitution patterns of both salicylic acid and phenol 
substrates strongly influence the reaction outcome, with 
electronically unfavorable substrates potentially 
undergoing competing reactions and forming 
benzophenone or regioisomeric products. In contrast, 
highly electron-rich phenols such as phloroglucinol favor 
xanthone formation. Thus, the use of 2-hydroxy-6-
methoxybenzoic acid and 3-methoxyphenol may 
contribute to the modest isolated yield of MX1. 

 

Scheme 1. Synthetic route of MX1 

 

Figure 2. FTIR spectra for compound MX1 

The structure of MX1 was confirmed by FTIR, LC–
MS, and NMR spectroscopy. The FTIR spectrum exhibited 
a sharp absorption band at 3718 cm−1, assigned to phenolic 
O–H stretching, and a strong band at 1602 cm−1, 
attributed to the conjugated carbonyl (C=O) stretching 
vibration of the xanthone framework. This assignment is 
consistent with previous reports on xanthone and 
hydroxyxanthone derivatives, in which the characteristic 
xanthone carbonyl absorption has been reported in the 
~1600–1660 cm−1 region, with hydroxyl substitution 
capable of shifting the carbonyl stretching frequency to 
lower wavenumbers [14]. Additional absorption bands at 
1278 and 1123 cm−1 were assigned to C–O stretching 
vibrations of the methoxy and aryl ether groups, 
respectively (Figure 2). 

The LC–MS spectrum displayed a protonated 
molecular ion peak at m/z 243.1 [M + H]+, consistent with 
the molecular formula of MX1 and confirming its 
molecular weight. Additionally, the 1H NMR spectrum of 
MX1 was consistent with the proposed molecular 
structure. A singlet integrating for three protons 
appeared at δ 3.98 ppm, corresponding to the methoxy 
group (-OCH3) (Figure 3). The relatively upfield chemical 
shift is characteristic of methyl protons attached to an 
oxygen atom and is consistent with values reported for 
structurally related methoxyxanthone derivatives. 

The aromatic region displayed six proton resonances 
in accordance with the substitution pattern of the 
xanthone nucleus. The signals at δ 6.78 (dd, J = 8.2, 1.0 Hz) 
and δ 6.99 (dd, J = 8.4, 1.0 Hz) were assigned to H-2 and 
H-4, respectively, each exhibiting ortho and meta 
coupling with neighboring aromatic protons. The 
overlapping signals observed at δ 7.08–7.03 ppm were 
attributed to H-5 and H-7. Meanwhile, H-3 resonated as 
a triplet at δ 7.64 ppm (J = 8.3 Hz), indicating coupling 
with two adjacent aromatic protons. The most downfield 
signal at δ 8.17 ppm appeared as a doublet (J = 8.7 Hz) and 
was assigned to H-8. 
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Figure 3. H-NMR spectra for compound MX1 

 

Figure 4. C-NMR spectra for compound MX1 

The 13C NMR spectrum of MX1 exhibited 14 carbon 
resonances, consistent with the proposed molecular 
structure (Figure 4). The signal at δ 55 ppm was assigned 
to the methoxy carbon (C-10), characteristic of a methyl 
carbon bonded to an oxygen atom. The resonance at δ 181 
ppm corresponded to the carbonyl carbon (C-9) of the 
xanthone skeleton, confirming the presence of the 
conjugated ketone functionality. Two downfield signals 
at δ 166 and 161 ppm were attributed to the oxygenated 
aromatic carbons C-6 and C-1, respectively, bearing the 
methoxy and hydroxyl substituents. In addition, the 
resonances at δ 158 and 156 ppm were assigned to the 
bridgehead carbons C-4b and C-4a, respectively, which 
are bonded to the central ether oxygen of the xanthone 
framework. The remaining resonances in the δ 100–137 
ppm region were assigned to the aromatic carbons of the 
xanthone skeleton. Overall, the combined FTIR, LC–MS, 
1H NMR, and 13C NMR spectroscopic data were in good 
agreement with the proposed structure, confirming the 
successful synthesis of MX1. 

3.2. α-Glucosidase Inhibitory Activity 

The α-glucosidase inhibitory activities of the 
previously synthesized HX1–HX3 and the newly 
synthesized MX1 were evaluated using the pNPG assay, 
and the results are presented in Table 1. The pNPG assay 
is based on the enzymatic hydrolysis of pNPG by α-
glucosidase, which releases p-nitrophenol (pNP) and 
glucose. Under alkaline conditions, pNP is converted to its 
yellow p-nitrophenolate form, allowing the enzymatic 
reaction to be monitored spectrophotometrically at 

approximately 405 nm. The tested xanthone derivatives 
do not directly react with pNPG but inhibit α-glucosidase, 
thereby reducing pNPG hydrolysis and the subsequent 
formation of pNP. Consequently, stronger enzyme 
inhibition results in lower absorbance, and the inhibitory 
activity is expressed as the IC50 value [26]. 

All compounds exhibited measurable inhibitory 
activity against α-glucosidase, although their inhibitory 
potencies remained substantially lower than that of 
quercetin, the positive control. Among the 
hydroxyxanthone derivatives, HX2 showed the lowest 
IC50 point estimate, with an IC50 of 223.53 ± 45.72 μg/mL, 
whereas HX1 and HX3 showed IC50 values of 463.74 ± 
176.40 and 482.87 ± 105.98 μg/mL, respectively. MX1 
showed a slightly lower IC50 point estimate than HX2, at 
203.24 ± 9.34 μg/mL under the assay conditions used. 
However, its inhibitory potency was substantially lower 
than that of quercetin, which exhibited an IC50 value of 
6.74 μg/mL. Thus, MX1 exhibited measurable but limited 
α-glucosidase inhibitory potency relative to quercetin, 
and further optimization and biological evaluation are 
required to assess its potential as a lead compound. 

The differences in inhibitory activity suggest that the 
α-glucosidase inhibitory potential of xanthone 
derivatives is strongly influenced by the substitution 
pattern on the xanthone scaffold. Although HX1–HX3 
possess the same number of hydroxyl groups, their 
inhibitory activities varied considerably, indicating that 
the position of the hydroxyl substituents plays an 
important role in enzyme inhibition. Furthermore, MX1 
showed a slightly lower IC50 point estimate than HX2 
under the assay conditions used, suggesting that the 
methoxy-substituted xanthone exhibited a modest 
difference in α-glucosidase inhibitory activity compared 
with the corresponding hydroxy analog. 

3.3. Molecular Docking Analysis 

To elucidate the molecular basis of the observed α-
glucosidase inhibitory activities, molecular docking 
simulations were performed using the α-glucosidase 
active site. The calculated binding energies and ligand–
protein interactions are presented in Table 2. All 
xanthone derivatives exhibited favorable binding 
affinities, with binding energies ranging from −5.69 to 
−6.43 kcal/mol, although these values were slightly 
higher than those of the native ligand α-D-glucopyranose 
(−6.99 kcal/mol) and quercetin (−7.01 kcal/mol). Among 
the synthesized compounds, HX1 showed the lowest 
binding energy (−6.43 kcal/mol), followed by HX2 (−6.37 
kcal/mol), MX1 (−6.26 kcal/mol), and HX3 (−5.69 
kcal/mol). 

Table 1. α-Glucosidase inhibitory activity of compounds 
HX1–HX3 and MX1 

Compound IC50 (µg/mL) 

HX1 463.74 ± 176.40 

HX2 223.53 ± 45.72 

HX3 482.87 ± 105.98 

MX1 203.24 ± 9.34 

Quercetin 6.74 ± 0.36 
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Table 2. Binding energies and 2D interaction diagrams of compounds HX1–HX3 and MX1 

Compound 
Binding energy 

(kcal/mol) 
2D-interactions 

HX1 −6.43 

 

HX2 −6.37 

 

HX3 −5.69 

 

MX1 −6.26 
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Compound 
Binding energy 

(kcal/mol) 
2D-interactions 

α-D-glucopyranose −6.99 

 

Quercetin −7.01 

 

 

Overall, the docking results showed a qualitative 
relationship with the experimental α-glucosidase 
inhibitory activities. Quercetin exhibited the most 
favorable binding energy (−7.01 kcal/mol) and the 
strongest inhibition (IC50 = 6.74 μg/mL), while HX3 
showed the least favorable binding energy (−5.69 
kcal/mol) and the weakest inhibition among the 
xanthone derivatives (IC50 = 482.86 μg/mL). HX2 and MX1 
also exhibited comparable binding energies (−6.37 and 
−6.26 kcal/mol) and similar inhibitory activities (IC50 = 
223.53 and 203.23 μg/mL, respectively). HX1 was the main 
deviation, exhibiting a relatively favorable binding 
energy (−6.43 kcal/mol) but weaker inhibitory activity 
(IC50 = 463.74 μg/mL). This deviation indicates that 
docking energy alone may not fully account for the 
experimental inhibitory activity, although the overall 
binding-energy and IC50 trends provide qualitative 
support for the observed structure–activity relationship 
[27, 28, 29]. 

Analysis of the binding modes revealed that all 
xanthone derivatives occupied a similar binding pocket 
and interacted with several common amino acid residues 
through conventional hydrogen bonds, π–anion, π–π T-
shaped, and hydrophobic interactions (Table 2). The 
major interacting residues included Arg213, Arg442, 
Asp352, Tyr72, Tyr158, Glu277, and Glu411, indicating 
that the xanthone scaffold was well accommodated 
within the active site of α-glucosidase. Among the 
hydroxyxanthones, HX2 and MX1, which exhibited the 

lowest IC50 values, showed distinct predicted interaction 
patterns with the α-glucosidase active site compared with 
HX1 and HX3. HX2 formed three conventional hydrogen 
bonds with Glu411, Glu277, and Arg213, together with a 
π-anion interaction with Asp352 and a π-cation 
interaction with Arg442, as well as π–π T-shaped 
interactions with Tyr72 and Tyr158. In comparison, MX1 
formed conventional hydrogen bonds with Arg213 and 
Asp352, together with π-anion interactions involving 
Asp215 and Glu411, a π-cation interaction with Arg442, 
and π–π T-shaped interactions with Tyr72 and Tyr158. 
These findings indicate distinct predicted interaction 
patterns among the xanthone derivatives. 

Although MX1 showed a slightly lower IC50 point 
estimate than HX2 under the assay conditions used, the 
docking results alone do not establish that methoxy 
substitution enhances α-glucosidase inhibitory activity. 
Notably, HX2 and MX1 differ only in the substituent at the 
C-6 position. In HX2, the C-6 hydroxyl group formed a 
conventional hydrogen bond with Glu411, whereas this 
interaction was not observed for MX1 after replacement 
of the hydroxyl group with a methoxy group. This 
substitution removes the hydrogen-bond donor 
capability of the C-6 substituent and consequently alters 
the interaction pattern within the binding site. 
Nevertheless, MX1 retained interactions with other key 
residues, including Arg213, Asp352, Arg442, Asp215, 
Tyr72, and Tyr158. 
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Table 3. Antibacterial activity of compounds HX1–HX3 and MX1 

Compound 
MIC (μg/mL) 

Reference 

E. coli P. aeruginosa S. aureus B. subtilis 

HX1 >1000 15.62 15.62 15.62 [14] 

HX2 >1000 15.62 31.25 31.25 [14] 

HX3 >1000 15.62 15.62 15.62 [14] 

MX1 >1000 500 >1000 500 This work 

Compound 
MBC (μg/mL) 

Reference 
E. coli P. aeruginosa S. aureus B. subtilis 

HX1 >1000 15.62 15.62 31.25 [14] 

HX2 >1000 31.25 >62.5 >62.5 [14] 

HX3 >1000 31.25 >31.25 31.25 [14] 

MX1 >1000 >1000 >1000 500 This work 

3.4. Antibacterial Activity 

The antibacterial activities of the previously reported 
HX1–HX3 and the newly synthesized MX1 were evaluated 
against two Gram-negative bacteria (E. coli and P. 
aeruginosa) and two Gram-positive bacteria (S. aureus and 
B. subtilis). The MIC and MBC values are summarized in 
Table 3. Consistent with the previous study, HX1–HX3 
exhibited antibacterial activity against P. aeruginosa, S. 
aureus, and B. subtilis, with MIC values ranging from 15.62 
to 31.25 μg/mL, whereas no inhibition was observed 
against E. coli at the highest tested concentration (MIC 
>1000 μg/mL). In contrast, the newly synthesized MX1 
was inactive against the tested bacterial strains, 
exhibiting MIC values of 500 μg/mL against P. aeruginosa 
and B. subtilis, and no inhibitory activity against E. coli and 
S. aureus at the highest concentration tested (MIC >1000 
μg/mL). A similar trend was observed for the MBC values, 
where HX1–HX3 exhibited bactericidal activity at 
relatively low concentrations, whereas MX1 showed 
bactericidal activity only against B. subtilis at a relatively 
high concentration (MBC = 500 μg/mL). 

HX2 and MX1 differ only in the substituent at the C-
6 position, where the hydroxyl group in HX2 is replaced 
by a methoxy group in MX1. The antibacterial activity data 
for HX1–HX3 were previously reported in our earlier 
study [14], whereas the data for MX1 are reported for the 
first time in the present study. The compounds were 
evaluated under the same assay conditions, allowing 
direct comparison of their antibacterial activities. Under 
these comparable assay conditions, MX1 showed lower 
antibacterial activity than HX2, suggesting that C-6 
methylation may be associated with reduced antibacterial 
activity. Despite this subtle structural modification, MX1 
was inactive against the tested bacterial strains at the 
concentrations evaluated, whereas HX2 exhibited 
substantially greater antibacterial activity, highlighting 
the contribution of the C-6 hydroxyl group to the 
antibacterial activity of xanthone derivatives. The 
presence of a free hydroxyl group at the C-6 position may 
facilitate hydrogen-bond formation with bacterial 
molecular targets or promote stronger interactions with 
bacterial cell components, whereas methylation of this 

functional group reduces its hydrogen-bond donor 
capability, thereby diminishing these interactions. 

In contrast, the same structural modification exerted 
the opposite effect on α-glucosidase inhibition, with MX1 
exhibiting greater inhibitory activity than HX2. This 
observation highlights the distinct role of the C-6 
substituent in modulating the biological profile of 
xanthone derivatives, where methylation was associated 
with reduced antibacterial activity but enhanced α-
glucosidase inhibition. Collectively, these findings 
demonstrate that substitution at the C-6 position is a key 
structural determinant governing the biological activities 
of xanthone derivatives and that the structural 
requirements for antibacterial and α-glucosidase 
inhibitory activities are fundamentally different. 

4. Conclusion 

In this study, 1-hydroxy-6-methoxyxanthone 
(MX1) was successfully synthesized through 
cyclodehydration using Eaton’s reagent and structurally 
confirmed by FTIR, LC–MS, and NMR spectroscopy. 
Biological evaluation demonstrated that MX1 exhibited 
the strongest α-glucosidase inhibitory activity among the 
xanthone derivatives evaluated, although its potency 
remained substantially lower than that of quercetin. In 
contrast, MX1 was inactive against the tested bacterial 
strains at the concentrations evaluated. Molecular 
docking revealed that all compounds interacted with key 
residues within the α-glucosidase active site, providing 
structural insights into the observed activity. Comparison 
between MX1 and HX2, which differ only in the 
substituent at the C-6 position, demonstrated that 
replacement of the hydroxyl group with a methoxy group 
enhanced α-glucosidase inhibitory activity but abolished 
antibacterial activity under the tested conditions. These 
findings highlight the C-6 substituent as an important 
structural determinant of the biological profile of 
xanthone derivatives and provide a useful structure–
activity relationship framework for further optimization 
of xanthone derivatives targeting α-glucosidase. 
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