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The natural sesamol, present in the seeds and oil of sesame, has attracted considerable interest for its powerful 
antioxidant properties. Its ability to neutralise free radicals and to inhibit lipid peroxidation highlight its potential as a 
therapeutic agent to reduce the oxidative stress. This explains the beneficial effects of sesamol as an effective 
protector against the damaging effects of reactive oxygen species (ROS). The antioxidant activity of sesamol and its 
ortho- mono- and di-substituted amino (R= NH2, NHMe and NHCN) derivatives has been investigated at the 
SMD//M06-2X/6-311+G(d,p) computational level. The calculations have been performed in the gas phase and in non-
polar (toluene) and polar (ethanol and water) solvents. The main mechanisms, namely, HAT, SPLET and SET-PT 
have been thoroughly investigated and analysed. The obtained results put in evidence that HAT and SPLET are the 
thermodynamically favoured mechanisms in non-polar and polar media respectively, while SET-PT is found to be a 
disfavoured mechanism in all media. The obtained results also show that di-substitution with strong electron-donating 
groups in the ortho- position leads to significant increase in their antioxidant activity compared to the reference 
molecule (sesamol). The antioxidant activity of the sesamol derivatives has also been evaluated by molecular docking 
to explore the possible interactions of each compound with the Xanthine Oxidase (XO) enzyme which is responsible 
for ROS generation and the obtained results show that these derivatives exhibit high binding affinities to the active 
site of the XO enzyme. Finally, the studied compounds satisfy both Lipinski and Veber drug likeness properties and 
could be considered as good radical scavengers. 
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Free radicals have a potential role in the regulation of 
many cellular biochemical processes, in particular 
reactive oxygen species (ROS), which are implicated 
in neurodegeneration1. However, their excessive 
production disrupts the balance of antioxidant 
homeostasis, leading to a state of oxidative stress2. 
This imbalance between free radicals and antioxidant 
defence systems in physiological processes damages 
proteins, lipids and DNA3, contributing to 
neurodegenerative disorders such as Alzheimer's and 
Parkinson's diseases2,4, as well as other conditions 
such as cardiovascular disease5, cancer and early 
aging6. This justifies the beneficial effects of 
endogenous and exogenous antioxidants as effective 
protectors against the harmful effects of ROS. Given 
the growing number of reports of complications 
associated with oxidative stress, compounds with 
antioxidant activities are attracting keen interest as 
potential candidates for preventing disease and 

slowing the aging process. This is the background to 
the study of sesamol’s effect on oxidative stress. 

Natural sesamol, also known as lignan, found in the 
seeds and oil of sesame7, a tropical oilseed plant 
ubiquitous throughout the world, has long been 
valued and employed as a traditional health 
supplement. It is a phenol derivative which possesses 
several biological activities and therapeutic 
properties, making it a promising candidate for the 
treatment of many ROS-induced diseases, whose 
protective functions have been widely reported, 
including anti-inflammatory8–10, anti-mutation11,12, 
anti-cancer13,14, anti-aging15,16, neuroprotective17–19 
and lipid peroxidation inhibitory effects16,20,21 due to 
its antioxidant properties10,12,21–30. 

Numerous experimental7,10,18,21,31–33 and 
theoretical12,22–24,34 studies reported in the literature 
have highlighted the potential role of sesamol as an 
antioxidant. For instance, Palheta et al.22 investigated 
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by molecular modelling at the B3LYP/6-31+G(d,p) 
and B3LYP/6-311++G(2d,2p) levels of theory, 
the antioxidant activity of sesamol through a 
molecular modification strategy by alkylation, 
inspired by natural and synthetic antioxidants. All the 
proposed derivatives22 were compared with  
related classical antioxidants such as Trolox,                                              
t-butylhydroxytoluene (BHT) and t-butyl hydroxy
anisole (BHA) and their results show that alkyl
substitutions at the ortho position to the phenolic
moiety were more effective than all other positions.
In another work, Palheta et al.12 found that the
antioxidant activity of sesamol is comparable to
Trolox. Castro-Gonzalez et al.23 performed a
computational design of sesamol derivatives, using a
computer assisted protocol, by inclusion of different
functional groups in ortho and meta positions of
sesamol and found that the antioxidant activity in
enhanced by electron donating groups. Najafi et al.24

carried out a theoretical study of several ortho and
meta mono-substituted sesamol derivatives by
B3LYP/6-31G(d,p) method in gas phase and in water.
Their results show that electron-donating substituents
in the ortho position increase remarkably the
antioxidant capacity. This says that ortho mono-
substitution is better than meta mono-substitution of
sesamol. Moreover, Najafi et al.24 also found
that amino groups (NH2, NHMe, NMe2) are better
than the other electron donating groups (t-Bu, Et,
Me, Ph, CH=CH2, OH, OMe). However, the influence
of di-substitution of sesamol by amino electron-
donating groups in the two ortho positions remains to
be explored.

Our aim in the present work is to carry out a 
computational study of the antioxidant activity of 
sesamol SES and its ortho mono-substituted A1-A3, 
B1-B3 and di-substituted C1-C3 amino derivatives 
(Fig. 1). More specifically, we analyse and compare 
the effect of mono-substitution in each of the two 
ortho positions, as well as the effect of di-substitution 
by amino electron-donating groups (NH2, NHMe, 

NHCN). This enables us to identify the position 
offering the best antioxidant power and radical 
scavenging capacity. This present study aims to 
highlight the thermodynamically most favourable 
mechanism (HAT/SPLET/ SET-PT) in non-polar and 
polar environments and to predict the most promising 
sesamol derivatives by the calculation of the suitable 
thermochemical descriptors. We are also analysing 
the binding affinity of sesamol and its potential amino 
derivatives to the active site of the enzyme xanthine 
oxidase (XO). The drug-likeness properties of these 
derivatives are also being evaluated on the basis of 
Lipinski and Veber rules. 

Computational Details 
The optimisation of the geometries of the studied 

compounds was  performed with the Gaussian 09 
package35 using the density functional theory (DFT) 
at the M06-2X36 level of theory and the standard 
6-311+G(d,p) basis set. The vibrational frequencies
of the studied compounds were calculated at the
same level of theory in order to confirm that all the
stationary points correspond to real minima on the
potential energy surface. The M06-2X functional has
been chosen because of its high performance in
thermochemistry and for its accuracy in reactions
involving free radicals36,37. It was also successfully
used in the estimation of bond dissociation energies
and kinetics37–40. This study was carried out in the
gas phase (=1) and in a variety of solvents, namely
toluene ( = 2.37), ethanol ( = 24.85) and water
(= 78.35) in order to simulate the lipid (non-polar)
and polar (extracellular and blood serum)
environments41. The implicit universal solvation
model based on solute electron density (SMD) was
used because it is  suitable for both charged and
uncharged solutes in a wide range of solvents and
liquid media42. It has also been shown to be
appropriate for geometry optimisation and
vibrational calculations in solution43. The three well-
known mechanisms of antioxidant activity24,44–50

have been explored and analysed, namely hydrogen
atom transfer (HAT), sequential proton loss followed
by electron transfer (SPLET) and single electron
transfer followed by proton transfer (SET-PT). The
overview of the three mechanisms is shown in
Scheme 1, also detailed in equations (1), (2a), (2b),
(3a) and (3b) given below. The thermodynamic
parameters associated with the studied antioxidant
mechanisms were computed using the provided

Fig. 1 — Chemical structures of Sesamol and its designed
derivatives 
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equations at a temperature of 298.15 K and pressure 
of 1 atm.  
 
 HAT (Hydrogen Atom Transfer)  
 

 BDE Bond Dissociation Enthalpy H Ar
O• H H• H Ar OH      ... (1) 
 

 SPLET (Sequential Proton Loss-Electron Transfer)  
(Step 1): 
PA Proton Af inity H Ar O H H
H Ar OH                 ... (2a) 
(Step 2): 
ETE Electron Transfer Enthalpy H Ar O•

H e H Ar O                ... (2b) 
 
 SET-PT (Single Electron Transfer-Proton Transfer)  
(Step 1): 
IP Ionisation potential H Ar OH•

H e H Ar OH                ... (3a) 
(Step 2): 
PDE Proton Dissociation Enthalpy H Ar
O• H H H Ar OH•               ... (3b)  
 

The favoured mechanism is determined by the lower 
values of BDE, PA and IP. In other words, the lowest 
value of the descriptor of the first step of the 
mechanism (HAT/SPLET/SET-PT) implying that the 
enthalpy of the first step is determining51,52. The 
ranking of the antioxidant activity of the studied 
compounds in different environments was evaluated 
by the thermodynamic values of BDEmin for HAT, 

(PA+ETE)min for SPLET and (IP+PDE)min for  
SET-PT4,40. 
 
Results and Discussion 

Geometry optimisation 
The equilibrium geometries of the studied 

compounds, namely, sesamol SES and its derivatives 
A1-A3, B1-B3 and C1-C3 were optimised at the 
M06-2X/6-311+G(d,p) computational level. It should 
be noted that the optimised geometry of sesamol was 
obtained using the X-ray structure, downloaded from 
the CCSD database53, and used as an initial guess. 
The perfect atom-by-atom superimposition between 
the X-ray and optimised structures (Fig. 2), together 
with the very low value of the root-mean-square 
deviation (RMSD=5.93×10–7 Å), show that the used 
level of theory is suitable for geometry optimisation 
of sesamol derivatives. 
 

Standard enthalpies of hydrogen atom, proton, 
and electron in vacuum and in polar and non-polar 
solvents 

It's important to note that the accurate assessment 
of the thermodynamic descriptors responsible for 
antioxidant activity requires the knowledge of the 
standard enthalpies of the hydrogen atom (H•), the 
proton (H+), and the electron (e–), both in vacuum (gas 
phase) and in different solvents. The estimated values 
of the standard enthalpies of these three species in 
vacuum and in the considered solvents were obtained 
from the literature4,54–56 and are presented in Table 1. 
The standard enthalpy of a solvated species X was 
calculated using the following equation: 
 

H°(Xsolvated) = H°(X)vacuum + ΔH°solvation(X)          ... (3)  

where X denotes either a hydrogen atom (H•), a 
proton (H+), or an electron (e–). 
 

Theoretical study of the antioxidant activity in 
polar and non-polar environments  
 

Antioxidant activity in non-polar environments 
Table 2 and Table 3 show the calculated 

thermochemical descriptors for sesamol and its 
derivatives in the gas phase and in toluene, 
respectively. 

From the results obtained in Table 2 and Table 3, 
HAT was found to be the dominant mechanism in gas 
phase and in toluene. This is justified by the low BDE 
values compared to PA values (first step of SPLET) 
and IP values (first step of SET-PT). This statement is  

 
 
Scheme 1 — Schematic representation of the three mechanisms
HAT, SPLET and SET-PT of the antioxidant activity 
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Fig. 2 — (a) X-Ray structure (red), (b) gas phase optimised structure (green) and (c) atom by atom superimposition of the X-ray and 
optimised structures of sesamol (RMSD=5.93×10–7 Å) 
 

Table 1 — Standard enthalpies (in kJ.mol–1) of hydrogen atom, proton, and electron in vacuum and in the studied solvents. 

Species Enthalpy H° Solvation Enthalpy ΔH°solv (kJ.mol–1) 

Vacuum Solvents 

Gas phase Toluene Water Ethanol 

Hydrogen atom (H•) –1306.553a 5.1d –4d 3.7d 
Proton (H+) 6.197b –911.7c –1055.7c –1064c 

Electron (e–) 3.146c –15.2c –77.5c –56.3c 
 

 a from the Ref. 4 
 b from the Ref. 56 
  c from the Ref. 54 
  d from the Ref. 55 

 
 

Table 2 — Calculated thermodynamic parameters (in kJ.mol–1) of sesamol and its designed derivatives in gas phase 

 
Ligand 

HAT SPLET SET-PT 
BDE PA ETE PA+ETE IP PDE IP+PDE 

SES 337.80 1444.38 209.32 1653.70 739.33 914.37 1653.70 
 

A1 311.40 1440.54 186.76 1627.30 727.69 899.61 1627.30 
A2 304.20 1435.15 184.95 1620.10 718.50 901.60 1620.10 
A3 317.63 1375.72 257.81 1633.53 775.58 857.95 1633.53 

 
B1 288.63 1434.18 170.35 1604.53 660.52 944.01 1604.53 
B2 280.51 1433.04 163.37 1596.41 640.32 956.09 1596.41 
B3 302.42 1370.75 247.56 1618.32 731.76 886.56 1618.32 

 
C1 266.74 1424.20 158.43 1582.64 641.75 940.89 1582.64 
C2 265.56 1431.49 149.96 1581.45 625.59 955.86 1581.45 
C3 279.69 1305.22 290.37 1595.59 755.80 839.79 1595.59 
 

Table 3 — Calculated thermodynamic parameters (in kJ.mol–1) of sesamol and its designed derivatives in toluene 

 
Ligand 

HAT SPLET SET-PT 
BDE PA ETE PA+ETE IP PDE IP+PDE 

SES 338.90 421.01 301.78 722.80 604.74 118.06 722.80 
 

A1 314.24 419.47 278.66 698.13 597.10 101.03 698.13 
A2 306.90 415.99 274.81 690.79 591.68 99.11 690.79 
A3 322.32 370.99 335.23 706.22 632.88 73.34 706.22 

 
B1 289.99 415.88 258.00 673.88 531.48 142.40 673.88 
B2 281.47 415.47 249.89 665.36 515.77 149.59 665.36 
B3 307.34 368.94 322.30 691.24 596.44 94.80 691.24 

 
C1 271.57 408.98 246.49 655.46 517.47 137.99 655.46 
C2 268.74 416.44 236.20 652.63 505.81 146.83 652.63 
C3 287.92 320.23 351.59 671.82 619.42 52.40 671.82 
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verified for sesamol SES and all its derivatives A1-
A3, B1-B3 and C1-C3. Il turns out that all the 
designed derivatives are better than the reference 
molecule SES (BDE=338.90 kJ.mol–1). Moreover, for 
mono-substituted derivatives, B1-B3 are better than 
A1-A3. On the other hand, the di-substituted 
derivatives C1-C3 are better than mono-substituted 
derivatives B1-B3. Consequently, the following 
increased sequence order of the antioxidant activity is 
obtained:  
 

SES < B3 < B1< B2 < C3 < C1< C2 (in gas phase 
and in toluene)  
 

It is great of interest to note that presence of the 
strong electron donating NHMe group (in B2 and C2) 
decreases remarkably the BDE value compared to 
other amino groups (i.e. NH2 and NHCN). We notice 
the presence of strong hydrogen bonding between the 
oxygen atom of the final Ar-O• radical and the 
hydrogen atom of the amino group of the studied 
compounds and this intramolecular stabilising 

interaction is absent in tertio amino groups  
(for instance NMe2).     
 
Antioxidant activity in polar environments 

The calculated thermochemical descriptors in 
ethanol and water are given in Table 4 and Table 5 
respectively. 

Based on the results given in Table 4 and Table 5, 
the PA values are lower than BDE and IP values. 
Accordingly, SPLET is the thermodynamically most 
favoured mechanism in polar solvents, namely 
ethanol and water. In addition, PA values decrease 
with increasing solvent polarity, indicating that the 
deprotonation process is more favoured in strong 
polar solvents. We note that the SET-PT mechanism 
is disfavoured in all solvents. 

On the other hand, the comparison of (PA+ETE) 
values of the studied compounds leads to conclude 
that the (PA+ETE)min values of C1-C3 derivatives are 
lower than those of B1-B3 and A1-A3 derivatives and 
the parent molecule SES, indicating that the ortho 

Table 4 — Calculated thermodynamic parameters (in kJ.mol–1) of sesamol and its designed derivatives in ethanol 

 
Ligand 

HAT SPLET SET-PT 

BDE PA ETE PA+ETE IP PDE IP+PDE 
SES 339.36 166.99 364.27 531.26 480.85 50.41 531.26 

 
A1 309.01 158.12 342.78 500.90 476.44 24.47 500.90 
A2 311.43 165.24 338.09 503.33 482.87 20.46 503.33 
A3 329.03 145.84 375.09 520.92 503.66 17.27 520.92 

 
B1 290.47 166.84 315.53 482.37 416.43 65.94 482.37 
B2 282.65 165.94 308.60 474.54 404.39 70.16 474.54 
B3 314.34 145.75 360.49 506.24 468.27 37.97 506.24 

 
C1 279.88 163.84 307.93 471.77 417.98 53.80 471.77 
C2 271.27 164.89 298.28 463.17 415.78 47.39 463.17 
C3 301.35 120.39 372.86 493.25 485.52 7.73 493.25 
 

Table 5 — Calculated thermodynamic parameters (in kJ.mol–1) of sesamol and its designed derivatives in water 

 
Ligand 

HAT SPLET SET-PT 
BDE PA ETE PA+ETE IP PDE IP+PDE 

SES 330.46 160.11 357.05 517.16 457.05 60.11 517.16 
 
A1 300.67 151.24 336.13 487.37 453.54 33.83 487.37 
A2 294.78 148.61 332.87 481.48 440.42 41.06 481.48 
A3 320.82 141.67 365.85 507.52 479.68 27.84 507.52 

 
B1 281.23 159.97 307.96 467.93 393.54 74.39 467.93 
B2 274.12 158.77 302.05 460.82 382.75 78.07 460.82 
B3 305.66 141.56 350.80 492.36 444.08 48.28 492.36 

 
C1 271.80 156.81 301.68 458.49 396.12 62.37 458.49 
C2 262.97 155.62 294.04 449.67 391.57 58.10 449.67 
C3 294.17 129.76 351.11 480.87 461.46 19.41 480.87 
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disubstituted amino derivatives of sesamol are the 
better antioxidants of the studied series. The 
comparison of (PA+ETE)min of C1-C3 gives the 
following order of the antioxidant capacity: C3 < C1 
< C2 (in ethanol and water). We note that the methyl 
group (in NHMe of C2) increases the antioxidant 
activity while the cyano group (in NHCN of C3) 
decreases it. 
 
Spin density distribution 

Reactive oxygen species (ROS) are considered 
harmful and potentially dangerous free radicals due to 
their high spin density (close to unity) on the oxygen 
atom which gives them a high degree of reactivity. In 
order to illustrate the stability of the final Ar-O• 
radicals (Scheme 1), the atomic spin densities  
were calculated. The spin density distributions 
corresponding to the radical forms of sesamol SES 
and its derivatives A1-A3, B1-B3 and C1-C3 in gas 
phase are given in Fig. 3. 

The results show that the spin density values of the 
oxygen atom of all the studied radicals, in gas phase, 
are between 0.25 and 0.33, meaning that the spin 
density is not concentrated on the oxygen atom of  
Ar-O• radicals but delocalised over the entire 
molecule, indicating that the great stability of Ar-O• 
radicals is due to spin density delocalisation. We can 
conclude that sesamol and its amino derivatives are 
good candidates for the antioxidant activity since they 
generate stable radicals. 
 
Molecular Docking  

The sesamol SES and its designed derivatives  
(A1-A3, B1-B3 and C1-C3) have demonstrated a 
promising capacity to neutralize free radicals.  
To better assess whether these compounds might  
have inhibitory potential against enzymes known  
to generate reactive oxygen species (ROS)57, a 
molecular docking study was carried out. One of these 
enzymes is xanthine oxidase (XO), which is being 

 
 

Fig. 3 — The spin density distributions in Ar-O• radicals of sesamol and its designed derivatives in gas phase 
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studied in particular due to its implication in the 
pathophysiology of various human diseases58. XO 
catalyses the oxidation of xanthine and hypoxanthine 
into uric acid59. This process is accompanied by the 
release of reactive oxygen species60, which can induce 
oxidative stress and contribute to the development of 
gout61. The inhibition of this enzyme contributes  
to attenuating oxidative stress, thereby offering 
protection against the development of several 
diseases. In light of this, the studied compounds have 
been docked onto the active site of XO. The crystal 
structure of bovine xanthine oxidase co-crystallised 
with quercetin (PDB ID: 3NVY, resolution 2 Å)62 was 
obtained from the PDB database63. Protein/ligand 
preparation, receptor grid generation and docking 
were performed with Auto-Dock tools 1.5.7 (Ref. 64) 
by adding missing hydrogen atoms, fusing non-polar 
hydrogen atoms and assigning Kollman charges for 
protein preparation, as for ligand 3D structures, they 
were prepared and optimised using Gaussian software 
then, with ADT Gasteiger partial charges were added 
and rotating bonds were defined. Grid maps of 

dimensions 40 - 40 - 40 Å were prepared with a 
spacing of 0.375 Å using Auto-Grid. Other Auto-
Dock parameters were set to their default values. 
Molecular docking used the Lamarckian genetic 
algorithm (LGA). The figures were created using 
BIOVIA Discovery Studio65. 

By examining Table 6, where the binding affinity 
and amino acids are reported, it turns out that the 
studied ligands are able to interact with the active site 
of xanthine oxidase and to exhibit a strong binding 
affinity towards XO. Indeed, the calculated binding 
free energies for SES, A1, A2, A3, B1, B2, B3, C1, 
C2 and C3 derivatives are -5.91, -6.49, -6.68, -7.07, -
6.63, -6.5, -7.02, -6.92, -6.96 and -7.66 kcal.mol–1 
respectively. 

Fig. 4 shows that the studied compounds are 
surrounded by several amino acid residues identified 
as catalytic. The studied ligands establish hydrogen 
bonds with ARG880, GLU802, THR1010, GLU1261, 
SER876 and ALA1079, among which GLU802, 
GLU1261 and ARG880 play an essential role in  
the catalytic   function of the  XO  enzyme62,66. Ligand  

Table 6 — Results of molecular docking of sesamol and its designed derivatives with the XO enzyme 

Ligand Binding free 
energy (kcal.mol−1) 

Ki  
(μM) 

Amino acids involved 

SES –5.91 46.57 ARG880, THR1010, SER876, GLU802, VAL1011, LEU873, ALA1079, LEU1014, PHE914,
PHE1009 
 

A1 –6.49 17.39 ARG880, THR1010, SER876, GLU802, GLU879, VAL1011, LEU1014, LEU873, ALA1079, 
PHE914, PHE1009 
 

A2 –6.68 12.74 ARG880, GLU802, SER876, Val1010, SER1008, ALA910, THR1010, PHE1009, PHE914,
LEU1014, LEU873, PRO1076, ALA1078, ALA1079 
 

A3 –7.07 6.52 GLU802, ALA1079, THR1010, PHE1009, PHE914, Val1011, LEU1014, ALA1078,
ARG880, SER1008, SER876, LEU873, PRO1076 
 

B1 –6.63 13.74 ARG880, GLU802, ALA910, PRO1076, LEU873, LEU1014, SER876, Val1011, THR1010,
PHE914, PHE1009, ALA1078, ALA1079 
 

B2 –6.5 17.12 ARG880, THR1010, GLU802, GLU1261, SER876, SER1008, PHE914, PHE1009, Val1011, 
LEU1014, ALA1078, ALA1079 
 

B3 –7.02 7.17 ARG880, THR1010, SER876, GLU802, GLU1261, SER1008, VAL1011, LEU1014, 
ALA1078, ALA1079, PHE914, PHE1009 
 

C1 –6.92 8.41 THR1010, GLU802, GLU1261, ARG880, PHE1009, PHE1005, GLY913, ALA910,
PRO1076, LEU873, LEU1014, SER876, Val1011, ALA1078, ALA1079 
 

C2 –6.96 7.89 THR1010, GLU802, ARG880, SER876, PRO1076, LEU648, LEU873, SER1008, LEU1014, 
ALA1079, Val1011, PHE1009, PHE914 
 

C3 –7.66 2.43 ARG880, GLU802, SER876, THR1010, VAL1011, LEU873, LEU1014, PRO1076, ALA910,
GLU1261, PHE914, PHE1009, ALA1078, ALA1079 
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Fig. 4 — 2D representation of complexes formed between ligands SES, A1-A3, B1-B3, C1-C3 and XO enzyme by molecular
docking 



INDIAN J. CHEM., NOVEMBER 2025 
 
 

1046

stabilisation in the active site is enhanced by the 
presence of other residues, such as LEU1014, 
LEU648, LEU873, PHE914, PHE1009 and 
VAL1011. 

These findings lead to the conclusion that the 
designed derivatives act as potential inhibitors of the 
XO enzyme and interact favourably with certain 
amino acid residues which are important for the XO 
catalytic function, confirming their antioxidant 
capacity. 
 
Drug likeness properties of sesamol and its 
derivatives  

The parameters of drug likeness are criteria used to 
assess whether a chemical substance has the potential 
to become an effective and safe medicament or food 
supplement. These parameters are typically based on 
rules or physicochemical descriptors that have been 
associated with the success of drugs on the market. 
The Lipinski and Veber rules are two well-known 
examples of drug likeness criteria. The Lipinski rules 
are based on four criteria: molecular weight less  
than 500 Daltons, LogP (octanol/water partition 
coefficient) less than 5, the number of hydrogen bond 
donors (HBD) less than or equal to 5, and the number 
of hydrogen bond acceptors (HBA) less than or equal 
to 10. If a molecule satisfies these rules, it is 
considered to have a good chance of success as a 
drug. The Veber rules focus on the polarity and 
flexibility of the molecule. They state that the number 
of rotatable bonds (NRB) in the molecule should not 
exceed 10, and the total polar surface area (PSA) 
should not exceed 140 Å2. These criteria aim to 
ensure good intestinal absorption and cellular 
permeability. In this study, we evaluated the drug 
likeness parameters for sesamol SES and its designed 

derivatives using the ADMETlab server67. Based on 
the parameters, given in Table 7, the studied 
molecules (SES, A1-A3, B1-B3 and C1-C3) verify all 
these criteria. Consequently, the studied systems can 
be considered as promising candidates for food 
supplement development. 
 
Conclusion 

The present work highlights the crucial role of 
ortho di-substitution by strong electron-donating 
groups, showing increased efficiency compared to 
mono-substitution. The obtained results reveal that the 
introduction of amino electron-donating substituents 
in the two ortho positions relative to the phenolic 
group leads to a notable stabilisation of free radicals 
and a significant enhancement of the antioxidant 
activity of sesamol derivatives compared to the 
reference system. The SET-PT mechanism is 
disfavoured in all environments, while the HAT 
mechanism is favoured in non-polar solvent and the 
SPLET is preferred in polar media. The di-
substitution of sesamol with NH2, NHMe, NHCN 
amino groups demonstrated potent antioxidant 
capacity, even better than sesamol, particularly 
NHMe, which proved to be the most effective 
substituent, due to the presence of the hydrogen bond 
in radical species, exhibiting the lowest BDE value in 
lipidic medium and the lowest value of the sum 
(PA+ETE) in polar medium. According to docking 
scores, the studied compounds show a strong binding 
affinity with the active site of the XO enzyme. These 
results suggest that the studied compounds could act 
as potential inhibitors of xanthine oxidase, paving the 
way for the development of new treatments for 
reducing the oxidative stress. The assessment of the 
drug likeness properties of sesamol and its derivatives 

Table 7 — Drug-likeness parameters for sesamol SES and its designed derivatives A1-A3, B1-B3 and C1-C3 

Compd Smiles Lipinski rules Veber rules 

MW (amu) 
≤500 

Log P 
≤5 

HBD 
≤5 

HBA 
≤10 

TPSA (Å2) 
≤140 

NRB 
 10 

SES O1c2ccc(O)cc2OC1 138.122 1.121 1 3 38.69 0 
A1 
B1 

O1c2ccc(O)c(c2OC1)N 
O1c2cc(c(O)cc2OC1)N 

153.137 0.703 2 4 64.71 0 

A2 
B2 

O1c2ccc(O)c(c2OC1)NC 
O1c2cc(c(O)cc2OC1)NC 

167.164 1.163 2 4 50.72 1 

A3 
B3 

O1c2ccc(O)c(c2OC1)NC#N 
O1c2cc(c(O)cc2OC1)NC#N 

178.147 1.014 2 5 74.51 1 

C1 O1c2cc(c(O)c(c2OC1)N)N 168.152 0.285 3 5 90.73 0 
C2 O1c2cc(c(O)c(c2OC1)NC)NC 196.206 1.204 3 5 62.75 2 
C3 O1C2=CC(C(O)C(=C2OC1)NC#N)NC#N 220.188 –1.029 3 7 110.33 2 
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indicates that all parameters fall within the expected 
ranges and comply with Lipinski's and Veber rules, 
this suggests that the compounds under investigation 
possess favourable oral bioavailability and 
satisfactory drug likeness properties. In summary, it is 
clear that the NHMe ortho disubstituted sesamol 
predicted to be the most effective radical scavenger 
among the other derivatives studied in all 
environments and could represent a promising 
compound for scavenging free radicals.  
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