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 Abstract: This work focuses on synthesizing new imidazolin-4-one derivatives (2a-c), 
akin to leucettamine B analogs, via microwave-assisted transamination reactions. This 
reaction was carried out between 3-alkyl-5-dimethylamino-2-thioxo-imidazolidin-4-one 
(1a-c) and aniline. The structural integrity of the synthesized compounds was confirmed 
using NMR and MS spectroscopy, and their configurations were validated through DFT 
calculations. Analyses encompassed molecular electrostatic potential, frontier molecular 
orbitals, HOMO-LUMO energies, energy band gap, and global chemical reactivity 
descriptors, providing comprehensive insights into their characteristics. The investigation 
extended to the biological domain, employing substance activity spectra prediction 
(PASS) and molecular docking with Autodock Vina4 program. Notably, this holistic 
assessment aimed to gauge the potential regulatory effect of the compounds on cholesterol. 
This integrated approach contributes to compound design understanding and potential 
applications, spanning drug design and broader biomedical contexts. 

Keywords: DFT calculations; imidazolin-4-ones derivatives; HOMO-LUMO energies; 
microwave irradiation; molecular docking 

 
■ INTRODUCTION 

Marine natural products have evolved considerably 
and have become very interesting sources of inspiration 
for new drug discovery [1]. Most of the compounds have 
spurred improvements in organic chemistry, especially in 
synthesis methodologies, thereby paving the way to 
synthesize analogs with improved pharmacological or 
pharmaceutical properties [2-5]. From this point of view, 
marine sponges provide without a doubt a vast store of 
unique and physiologically active natural compounds that 
need to be studied. 

The study of 2-thiohydantoin derivatives as well as 
2-aminoimidazolin-4-one has attracted the interest of 
many researchers both in synthesis and in the study of 
their properties [6-7], particularly as a material first for 
the preparation of synthetic intermediates with a wide 
range of applications in several fields as therapeutic 
agents [8-9] antifungals, herbicides [10-11], antitumors 
[12], and other biological activities [13]. As a 
consequence, the development of solvent-free organic 
synthesis using microwaves has gained much interest 
[14-15]. 
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The purpose of this study is to synthesize new 
molecule derivatives of 2-thiohydantoins using aniline as 
the aromatic amine in the transamination step, and then 
we conducted in silico investigations using DFT 
calculations, activity prediction, and molecular docking. 
Chérouvrier et al. [16] used this strategy to obtain 
analogues of leucettamine B. However, aniline was not 
used in this reaction. 

As far as we know, the transamination of 5-
dimethylaminomethylene-3-alkyl-2-thioxoimidazolidin-
4-ones (1a-c) using aniline under microwave irradiation 
(M.W.I.) has not been described previously. In this 
framework, we report our first results concerning this 
strategy for the synthesis of new derivatives of imidazolin-
4-ones according to Scheme 1. 

It is widely established that in organic frameworks 
with large delocalized π-systems, π-electrons are more 
polarizable due to their further enhancement by the 
donor and acceptor substituents incorporation at the 
extremities of the conjugated system [17]. The magnitude 
of the charge transfer is largely determined by these 
groups at the opposite ends. 

The compounds 1a-c and 2a-c were calculated using 
the density functional theory (DFT) method with 
B3LYP/6-311G(d,p) basis set. The molecular electrostatic 
potential (MEP) shape is a plot of electrostatic potential 
mapped onto the constant electron density surfaces, 
which provides information about charge density 
distributions, nucleophilic, and electrophilic reaction 
sites for hydrogen bonding interactions in a molecule. 

The MEP map and the energies (HOMO and LUMO) 
of the compound were determined using DFT/B3LYP 
method with 6-311G(d,p) basis set in Gaussian 09 software 

 
Scheme 1. Reagents and conditions: (i) Ph-NH2 (4 eq), 
MW, for 2a: R = Me, 70 °C, 5 min; for 2b: R = Bu, 70 °C, 
5 min for 2c: R = Ph, 70 °C, 10 min 

program. In addition, the prediction of activity spectra 
for substances (PASS) and molecular docking methods 
were employed to conduct a comprehensive 
investigation, yielding essential information for 
determining the biological activity of the investigated 
compounds. 

■ EXPERIMENTAL SECTION 

Materials 

The reagents used in this study without any further 
purification are N,N-dimethylformamide dimethyl 
acetal 94% (DMF-DMA) and aniline (≥ 99%). 

Instrumentation 

A Bruker Ascend TM 300 was used to record the 
1H-NMR and 13C-NMR spectra at 300 and 75 MHz, 
respectively. Shifts () are presented in ppm relative to 
the residual proton signal of DMSO-d6 at 2.50 ppm (m). 
A Q-exactive mass spectrometer and electrospray 
ionization (ESI) were used to record mass spectra. 
Sample injection (MeOH as solvent) was carried out 
using UHPLC without a column (50 L and 3 min 
acquisition at 0.200 mL/min). The acquisition was 
carried out with a full scan at 60,000 resolutions. The 
capillary temperature was 350 °C and the source voltage 
was 3.5 kV. Spectra were recorded in positive mode and 
calibrated using the Pierce™ LTQ Velos ESI Positive Ion 
Calibration Solution (Thermo Fisher Scientific). A 
Kofler melting point apparatus was used to determine 
the melting points (m.p.) of all products with a 
temperature reading scale graduated from 50 °C to 
260 °C. 

Procedure 

Synthesis and characterization of 5-
dimethylaminomethylene-3-alkyl-2-
thioxoimidazolidin-4-ones (1a-c) 

5-Dimethylaminomethylene-3-alkyl-2-
thioxoimidazolidin-4-ones (1a-c) were synthesized 
following procedures described in the literature [16,18]. 
Briefly, a mixture of 3-alkyl-2-thioxo-imidazolidin-4-
one and DMF-DMA (1.2 eq) was reacted in a microwave 
for 30 min at 70–80 °C. After cooling at room 
temperature, the crude products were washed with 
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ethanol. The aminomethylenation products (1a-c) were 
obtained as a solid in yields ranging from 74 to 77%. 

General method for the synthesis of 3-alkyl-5-
phenylaminomethylene-2-thioxoimidazolidin-4-ones 
(2a-c) 

A mixture of 5-dimethylaminomethylene-3-alkyl-2-
thioxoimidazolidin-4-one (1a-c) and aniline (4 eq) was 
reacted in a microwave at 70 °C for 5 to 10 min (Scheme 
2). When the reaction was completed, the crude reaction 
mixture was allowed to cool down at room temperature, 
and then ethanol was added until the compounds had 
completely precipitated. The expected compounds were 
obtained after filtration on sintered glass. 

■ RESULTS AND DISCUSSION 

The new imidazolin-4-ones 2a-c were obtained by a 
simple transamination reaction between 3-alkyl-5-
dimethylamino-2-thioxo-imidazolidin-4-ones 1a-c and 
aniline using the eco-friendly solventless methodology 
under microwave irradiation. The expected compounds 
were obtained in good yields ranging from 70 to 84% after 
filtration and by adding the ethanol. 1H-NMR, 13C-NMR, 
and mass spectrometry were used to confirm the obtained 
product structures. The 1H-NMR shows that the reaction 
is stereospecific. In fact, only one stereoisomer is observed 
in 1H-NMR of the reaction product. The exocyclic double 

bond proton C=CH has a chemical shift of about 9 ppm. 
The coupling constant 3J = 13.2 Hz [19] for compounds 
2a and 2b that exists between the exocyclic vinyl proton 
C–H and the amino proton N–H lead to the suggestion 
of the trans relation between these two hydrogens about 
the C–N bond which acquires partial double character 
due to conjugation. However, this vinylic C–H appears 
as a singlet in the case of 2c caused by the fast exchange 
of the proton of the amine group. The appearance of the 
signals of phenyl and N–H groups at respectively 7.00 
and 7.40 ppm (2b) affirm the transamination reaction. 
This result is confirmed by 13C-NMR, which shows the 
signals of sp2 carbons of the phenyl group varying from 
108 to 138 ppm. Moreover, the comparison between 
experimental and theoretical 1H- and 13C-NMR spectra 
obtained by Gaussian 09 confirms the obtaining of 
imidazolin-4-ones derivatives (2a-c) (Fig. S9). 

NMR and MS Spectroscopies Results 

3-Methyl-5-phenylaminomethylene-2-
thioxoimidazolidin-4-one (2a) 

Yield: 70%; yellow powder; m.p. > 260 °C. 1H-NMR 
(300 MHz, DMSO-d6): δ 3.13 (s, 3H, NCH3), 7.00 (t, J = 
7.3 Hz, 1H, Ar), 7.16–7.19 (m, 2H, Ar), 7.30–7.40 (m, 3H, 
Ar, NH), 9.09–9.13 (d, J = 13.2 Hz, 1H, C=CH), 11.35 
(br s, 1H, NH) (Fig. S1). 13C-NMR (75 MHz, DMSO-d6): 

 
Scheme 2. Synthesis of 3-alkyl-5-phenylaminomethylene-2-thioxoimidazolidin-4-ones (2a-c) with mechanism 
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δ 27.33 (NCH3), 108.34 (C-Ar), 115.58 (2 C-Ar), 119.13 
(NHC=CH), 123.01 (C-Ar), 130.17 (2 C-Ar); 140.62 
(C=CH), 163.18 (C=O), 171.76 (C=S) (Fig. S2). HRMS, 
m/z: 234.0697 found (calculated for C11H12N3OS, [M + 
H]+ requires: 234.0696) (Fig. S7). 

3-Butyl-5-phenylaminomethylene-2-
thioxoimidazolidin-4-one (2b) 

Yield: 82%; light brown powder; m.p. = 224–226 °C. 
1H-NMR (300 MHz, DMSO-d6): δ 1.06 (t, J = 7.0 Hz, 3H, 
NCH2CH2CH2CH3), 3.10–3.17 (m, 4H, 
NCH2CH2CH2CH3), 3.42–3.47 (q, J = 7.0 Hz, 2H, 
NCH2CH2CH2CH3), 7.02 (t, J = 7.3 Hz, 1H, Ar), 7.19 (d, J 
= 8.0 Hz, 2H, Ar), 7.32–7.41 (m, 3H, Ar, NH), 9.10–9.13 
(d, J = 13.1 Hz, 1H, C=CH), 11.36 (br s, 1H, NH) (Fig. S3). 
13C-NMR (75 MHz, DMSO-d6): δ 19.01 
(NCH2CH2CH2CH3), 27.34 (NCH2CH2CH2CH3), 39.60 
(NCH2CH2CH2CH3), 56.50 (NCH2CH2CH2CH3), 108.34 
(C-Ar), 115.63 (2 C-Ar), 119.22 (NHC=CH), 123.06 (C-
Ar), 130.21 (2 C-Ar), 140.64 (C=CH), 163.21 (C=O), 171.80 
(C=S). (Fig. S4). HRMS, m/z: 276.1169 found (calculated 
for C14H18N3OS, [M + H]+ requires: 276.1165) (Fig. S8). 

3-Phenyl-5-phenylaminomethylene-2-
thioxoimidazolidin-4-one (2c) 

Yield: 84%; dark brown powder; m.p. ˃ 260 °C. 1H-
NMR (300 MHz, DMSO-d6): δ 7.12 (t, J = 7.4 Hz, 1H, Ar), 
7.35–7.40 (m, 2H, Ar), 7.48–7.58 (m, 3H, Ar), 7.66–7.70 
(m, 4H, Ar), 8.09 (s, 1H, C=CH), 9.97 (s, 1H, NH), 13.03 
(br s, 1H, NH) (Fig. S5). 13C-NMR (75 MHz, DMSO-d6): 
δ 120.22 (NHC=CH), 123.17 (C-Ar), 123.86 (C-Ar), 
124.35 (C-Ar), 126.44 (2 C-Ar), 128.82 (C-Ar), 129.36 (2 
C-Ar), 129.44 (3 C-Ar), 137.78 (C-Ar), 138.87 (C=CH), 
156.07 (C=O), 164.24 (C=S) (Fig. S6). 

Computational Results and Discussion 

The Gaussian 09 set of quantum chemistry codes 
were used to perform the ground state calculations [20]. 
Gauss View 5 software was used to visualize the output 
files [21]. The structural properties of compounds 1a-c 
and 2a-c were determined by applying Becke’s three-
parameter hybrid functional (B3) for the exchange part 
and the Lee-Yang-Parr (LYP) correlation function [22] 
with 6-31G(d,p) level in order to obtain the optimized 
geometrical parameters of the compound. The MEP and 

HOMO–LUMO energies were calculated at the same 
level. Additionally, the global reactivity descriptors and 
the dipole moment are also calculated to understand the 
reactive nature of the compound. For a more in-depth 
study to provide additional information as a basis for 
determining the biological activity of the studied 
compounds, we used PASS and the molecular docking 
method using Autodock Vina4 [23]. 

We harnessed Autodock Vina4 for conducting 
molecular docking and leveraged the Pass Online tool to 
predict the biological activity of the identified 
compounds namely, lig1 (2a), lig2 (2b), and lig3 (2c). 
Our discerned results substantiate the potential of these 
compounds to function as enhancers of HMGCS2 
expression. Employing molecular docking, we delved 
into the preferred orientations and binding mechanisms 
of these molecules within HMGCS2's active site. This 
comprehensive exploration facilitates insights into 
intricate molecular interactions, encompassing 
hydrogen bonding, hydrophobic interactions, and 
electrostatic forces. These interactions collectively 
underscore the fundamental stabilizing factors 
governing the system's integrity. 

Frontier molecular orbital’s (FMOs) studies: Global 
reactivity descriptors 

The charge transfer placed within the molecule was 
explained by analyzing the HOMO and LUMO. Both 
orbitals named as FMOs. The FMOs energies (EHOMO, 
ELUMO) were employed to determine the global chemical 
reactivity descriptors of the molecule such as the 
ionization potential electron affinity, the 
electronegativity, the global hardness, the global 
softness, the chemical potential, and the electrophilicity 
index [24-25]. Two important molecular properties, 
electronegativity and hardness, are useful for 
interpreting and understanding the stability and 
reactivity of molecular systems [26]. 

The HOMO-LUMO energy gap explains the 
concluding charge transfer interaction within the 
molecule and is useful in determining molecular 
electrical transport properties. A molecule with a small 
frontier orbital gap (HOMO-LUMO energy gap) has 
high chemical reactivity and low kinetic stability [27-29] 
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because it is energetically favorable to add an electron to 
the high-lying LUMO in order to remove electrons from 
the low-lying HOMO. Therefore, HOMO-LUMO energies 
are used to determine different chemical properties such 
as the global reactivity descriptors (ΔE), ionization 
potential (IP = −EHOMO), electron affinity (EA = −ELUMO), 
global chemical hardness (η = (IP−EA)/2), global chemical 
softness (s = 1/2η), electronegativity ( = (IP+EA)/2), 
chemical potential (μ = −(IP+EA)/2) and electrophilicity 
index ( = μ2/2η). 

The HOMO-LUMO gap energy and the dipole 
moment listed in Table 1 of the title compound were 
computed with DFT/B3LYP/6-311G(d,p) method. The 
calculated values of the global reactivity descriptors are 
also listed in Table 1. The FMO's atomic orbital 
compositions can be seen in Fig. 1 and 2. 

In the group of 2a-c, the best electron donor is 
compound 2b, which has the highest HOMO energy 
(EHOMO = −5.385 eV) and the lowest ionization value 
(IP = 5.385 eV), while the best electron acceptor is 
compound 2c, which has the lowest LUMO energy 
(ELUMO = −1.673 eV), the highest electron affinity 
(EA = 1.673 eV), and the highest ionization value 
(IP = 0.5413 eV) (Table 2). Furthermore, compound 2c 
showed the smallest orbital energy gap (ΔE = 3.74 eV) 
among the investigated products as the consequence of 
the highest chemical reactivity, least kinetically stable 
"soft molecule", and the most polarizable form (Fig. 2). 
The reactivity of these compounds is the greatest based 
on energy gap (ΔE) parameters, which support that 
compound 2a is the most stable as compared to others 
as follow the  order 2a > 2b > 2c (Fig. 2).  It is important  

Table 1. Some quantum chemical molecular descriptors computed of the 1a-c compounds using DFT/B3LYP/6-
311G(d,p) 

Compounds 
Compound 

1a 
Compound 

1b 
Compound 

1c 
EHOMO (eV) −5.277 −5.252 −5.279 
ELUMO (eV) −1.281 −1.265 −1.321 
|EHOMO−ELUMO| (eV) 3.996 3.987 3.957 
Dipole moment μ (Debye) 6.784 6.584 6.741 
IP (eV) 5.277 5.252 5.279 
EA (eV) 1.281 1.265 1.321 
η (eV) 1.998 1.993 1.979 
S (eV−1) 0.250 0.251 0.253 
 (eV) 3.279 3.258 3.300 
μ (eV) −3.279 −3.258 −3.300 
 (eV) 2.690 2.662 2.753 

 
Fig 1. The molecular orbitals and energies for the HOMO and LUMO with the numbering of atoms for the 5-
dimethylaminomethylene-3-alkyl-2-thioxoimidazolidin-4-ones (1a-c) 
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Table 2. Some computed quantum chemical molecular descriptors of the 2a-c compounds using DFT/B3LYP/6-
311G(d,p) 

Compounds 
Compound 

2a 
Compound 

2b 
Compound 

2c 
EHOMO eV −5.423 −5.385 −5.413 
ELUMO eV −1.645 −1.626 −1.673 
|EHOMO−ELUMO| (eV) 3.777 3.758 3.740 
Dipole moment μ (Debye) 5.783 5.577 5.668 
IP (eV) 5.423 5.385 5.413 
EA (eV) 1.645 1.626 1.673 
η (eV) 1.889 1.879 1.870 
S (eV−1) 0.265 0.266 0.267 
 (eV) 3.534 3.505 3.543 
μ (eV) −3.534 −3.505 −3.543 
 (eV) 3.305 3.268 3.356 

 
Fig 2. The molecular orbitals and energies for the HOMO and LUMO with the numbering of atoms for the titles 
compounds3-alkyl-5-phenylaminomethylene-2-thioxoimidazolidin-4-one (2a-c) 
 
to measure other important parameters such as η, S, and 
μ to measure the stability of the compound. 

Mulliken population analysis 
Quantifying the electronic structure changes caused 

by atomic displacements can be done by using atomic 
charge calculations, which can be used to explain changes 
in molecular properties. The Mulliken [30] population 
analysis is the most widely known of all models for 
predicting individual atomic charges, and it is highly 
computationally popular due to its simplicity. It was 
observed that Mulliken charges are highly dependent on 
basis sets and unpredictable, with significant fluctuations 
in partial charges [31]. 

The atomic charge values calculated by Mulliken 
analysis for 1a-c and 2a-c at the BPV86 functional with 
the 6-311G(d,p) basis set are summarized in Table 3 and 

4. According to Mulliken results, all of the hydrogen 
atoms are positively charged. In these molecules, the H1 
and H3 atoms have high positive Mulliken charges of 
0.273 and 0.279 e, respectively. These charges are 
important compared to the other hydrogen atoms due to 
the electronegative character of the N2 and N3 atoms. 
The large positive charge values of hydrogen atoms 
indicate the presence of intra and inter-molecular 
hydrogen bonding in the crystal packing. On the other 
hand, the sulfur, oxygen, and nitrogen atoms have the 
most negative charges in the four title molecules. The 
carbon atoms bound to the sulfur, oxygen, and nitrogen 
atoms have positive charges due to their electron-
withdrawing nature. The calculated Mulliken charges 
are in complete agreement with the molecular 
electrostatic potential results using the BPV86/6-
311G(d,p) level of theory. 
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Table 3. Atomic charges distribution for 5-
dimethylaminomethylene-3-alkyl-2-thioxoimidazolidin-
4-ones (1a-c) calculated by Mulliken method using the 
BPV86/6-311G(d,p) level in the gas phase 

Compound 1a Compound 1b Compound 1c 
1C 0.553 1C 0.555 1C 0.556 
2C 0.214 2C 0.272 2C 0.275 
3C 0.360 3C 0.360 3C 0.362 
4N −0.498 4N −0.499 4N −0.509 
5S −0.288 5S −0.270 5S −0.271 
6N −0.631 6N −0.624 6N −0.626 
7C 0.121 7C 0.077 7C 0.077 
8H 0.140 8H 0.145 8H 0.145 
9N −0.422 9N −0.606 9N −0.607 
10C −0.176 10C −0.176 10C -0.176 
10HA 0.126 10HA 0.126 10HA 0.126 
10HB 0.125 10HB 0.125 10HB 0.125 
10HC 0.136 10HC 0.136 10HC 0.136 
11C −0.190 11C 0.289 11C −0.190 
11HA 0.138 11HA 0.138 11HA 0.138 
11HB 0.127 11HB 0.127 11HB 0.127 
11HC 0.130 11HC 0.130 11HC 0.130 
12H 0.273 12H 0.273 12H 0.273 
13O −0.527 13O −0.527 13O −0.527 
14C −0.176 14C −0.050 14C 0.264 
14HA 0.144 14HA 0.113 15C -0.081 
14HB 0.145 14HB 0.134 15HA 0.104 
14HC 0.146 15C −0.176 16C −0.104 
  15HA 0.118 16HA 0.081 
  15HB 0.108 17C -0.074 
  16C −0.178 17HA 0.085 
  16HA 0.100 18C −0.103 
  16HB 0.096 18HA 0.090 
  17C −0.319 19C −0.064 
  17HA 0.107 19HA 0.110 
  17HB 0.104   
  17HB 0.100   

Molecular electrostatic potential 
Generally, the electrophilic and nucleophilic sites of 

a molecule can be located by studying electrostatic 
potential (ESP) [32]. It is a valuable and useful tool for 
molecular modeling studies. Predicting the interaction 
between different geometries can be done easily using the 
MEP contour map [33]. The total charge distribution of a 
molecule can be  used to define the  MEP at a  given point  

Table 4. Atomic charges distribution for and3-alkyl-5-
phenylaminomethylene-2-thioxoimidazolidin-4-ones 
(2a-c) calculated by Mulliken method using the 
BPV86/6-311G(d,p) level in the gas phase 

Compound 2a Compound 2b Compound 2c 
1C 0.555 1C 0.556 1C 0.553 
2C 0.272 2C 0.275 2C 0.273 
3C 0.360 3C 0.362 3C 0.359 
4N −0.499 4N −0.509 4N −0.613 
5S −0.270 5S −0.271 5S −0.255 
6N −0.624 6N −0.626 6N −0.523 
7C 0.077 7C 0.077 7C 0.078 
8H 0.145 8H 0.145 8H 0.146 
9N −0.606 9N −0.607 9N −0.606 
11C 0.289 11C 0.289 11C 0.289 
24C −0.176 24C −0.050 15O −0.508 
24HA 0.146 24HA 0.139 10H 0.276 
24HB 0.147 24HB 0.130 12C −0.139 
24HC 0.148 15O −0.525 13C −0.113 
14H 0.286 10H 0.276 14C −0.091 
15O −0.519 12C −0.139 15H 0.119 
10H 0.270 13C −0.113 16C −0.088 
12C −0.139 14C −0.091 17H 0.089 
13C −0.113 15H 0.119 18C −0.083 
14C −0.091 16C −0.088 19H 0.105 
15H 0.119 17H 0.089 20H 0.098 
16C −0.088 18C −0.083 21H 0.096 
17H 0.089 19H 0.105 24C 0.261 
18C −0.083 20H 0.098 25C −0.052 
19H 0.105 21H 0.096 26C −0.061 
20H 0.098 27C −0.175 27C −0.103 
21H 0.096 28H 0.108 28H 0.110 
  29H 0.118 29C −0.103 
  30C −0.179 30H 0.103 
  31H 0.100 31C −0.073 
  32H 0.096 32H 0.091 
  33C −0.319 33H 0.090 
  34H 0.101 34H 0.087 
  35H 0.104   

around it and it is connected to dipole moments. By 
analyzing the electron density, it can be used to 
determine electrophilic reactivity, nucleophilic 
reactivity, and hydrogen-bonding interactions [34-35]. 
The electrostatic potential, V(r⃗) at any point r⃗ is given by 
Eq. (1) [35]: 
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V (r⃗) = ∑ ఽ

 ⃓ሬୖሬ⃗ ఽି୰ሬ⃗ |  -   ሺ୰ሻୢ୰ᇱሬሬሬ⃗ሬሬሬሬሬሬሬሬሬሬሬ⃗

⃓୰ᇲି୰⃓ሬሬሬሬ⃗ሬሬሬሬሬሬሬሬሬሬሬሬ⃗  (1) 
where ρ (r⃗) is the electronic density function molecule, ZA 
is the charge on the nucleus A located at Rሬሬ⃗ , and rᇱ is the 
dummy integration variable. In order to predict the 
molecular reactive sites, the electrostatic potential surface 
maps have been plotted for the title compounds with 
B3LYP/6-311G(d,p) level shown in Fig. 3. 

According to this MEP map, there are two 
possibilities for the electrophilic attack on the oxygen 
atoms (red), while the nucleophilic attack sites are located 
over the hydrogen atoms (yellow). These sites give 
information about the intermolecular interactions of our 
compounds. As a result, the compounds can have non-
covalent interactions. 

Molecular docking 
Molecular docking serves as a crucial tool for 

investigating the optimal interaction between ligands 
and proteins. In our study, we employed the Pass Online 
tool [36] to identify promising biological activities 
associated with the ligands under examination, aiding us 
in selecting the most relevant protein targets (Table 5). 
Notably, HMGCS2 holds a pivotal role within the 
mevalonate pathway, a significant process for 
cholesterol synthesis. The potential to modulate 
HMGCS2 expression offers an innovative avenue for 
managing elevated cholesterol levels in cases of 
hypercholesterolemia. Interestingly, the ligands 2a, 2b, 
and 2c, as indicated by Pass Online, exhibit the capacity 
to enhance this  particular enzyme  Protein PDB file was  

 
Fig 3. Molecular electrostatic potential maps calculated at B3LYP/6-311G (d,p) level 

Table 5. Biological activity of ligands 2a-c predicted by Pass Online 
Compound 2a Compound 2b Compound 2c 

Biological activity PA PI Biological activity PA PI Biological Activity PA PI 

HMGCS2 expression enhancer 0.858 0.004 HMGCS2 expression enhancer 0.793 0.005 HMGCS2 expression 
enhancer 0.869 0.003 

Chloride peroxidase inhibitor 0.712 0.009 Chloride peroxidase inhibitor 0.526 0.044 Chloride peroxidase 
inhibitor 

0.740 0.007 

N-methylhydantoinase (ATP-
hydrolyzing) inhibitor 

0.613 0.010 Antineurotic 0.563 0.085 Mcl-1 antagonist 0.672 0.005 

Nicotinic α2β2 receptor antagonist 0.642 0.039 Glutaminyl-peptide 
cyclotransferase inhibitor 0.472 0.005 Antineoplastic (breast 

cancer) 0.554 0.014 
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downloaded from the RSCB protein database using the 
URL (https://www.rcsb.org/). The binding energy for 
ligands 2a-c are listed in Table 6. 

The lig2 (2b) shows better binding energy to 
HMGCS protein, suggesting that phenyl substituent is 
better than methyl and butyl substituents in lig1 (2a) and 
lig2 (2b). Visualization is done on Discovery Studio [19] 
of lig1 (2a), lig2 (2b), and lig3 (2c) and they are depicted 
in Fig. 4, 5 and 6, respectively. Despite the fact that the 
docking was carried out with the same active site, each 
ligand has interactions with different residues. In lig1 
(2a), Asn164 residue formed two conventional hydrogen 
bonds with nitrogen atoms labeled 4 and 15, exhibiting 
distances of 2.60 and 2.45 Å, respectively. Additionally, 
the phenyl substituent displayed two π-alkyl interactions 
with Ala165 and Lys243 residues, at distances of 4.84 and 
4.14 Å, respectively. Furthermore, a carbon-hydrogen bond  

Table 6. HMGCS expression enhancer predicted Pa and 
Pi by molecular docking 

Ligand Binding energy (kcal/mol) 
lig1 (2a) −6.5 

lig2 (2b) −6.2 
lig3 (2c) −7.1 

 
Fig 4. Molecular docking results of lig1-HMGCS2 
complex 

 
Fig 5. Molecular docking results of lig2-HMGCS2 
complex 

 
Fig 6. Molecular docking results of lig3-HMGCS2 
complex 

was observed between the carbon atom labeled 13 and 
Phe241 residue, with a favorable distance of 3.71 Å (Fig. 
4). 

In the case of lig2 (2b), an alkyl interaction was 
established between the carbon atom labeled 27 and 
Ala165 residue, displaying a distance of 4.87 Å. 
Moreover, a pi-sulfur interaction occurred between 
Tyr242 and a sulfur atom labeled 7, with a distance of 
5.70 Å. Lys243 residue exhibited both a conventional 
hydrogen bond and a π-alkyl interaction with the 
nitrogen atom and the phenyl group, respectively, at 
distances of 2.21 and 5.23 Å. Additionally, π-sigma and 
π-alkyl interactions were formed between the phenyl 
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group and residues of Ile134 and Leu246, featuring 
distances of 3.69 and 5.46 Å, respectively (Fig. 5). 

For lig3 (2c), the phenyl substituent engaged in both 
π-alkyl and π-π interactions with Pro244 and Tyr239, 
separated by distances of 5.42 and 5.15 Å, respectively. 
Furthermore, a conventional hydrogen bond formed 
between Asn164 and the nitrogen atom, with a distance of 
2.39 Å. Two additional π-alkyl interactions were 
identified, involving the second phenyl group in the 
molecular structure and residues Lys243 and Ala165, with 
distances of 4.89 and 4.06 Å, respectively (Fig. 6). 

■ CONCLUSION 

In conclusion, the successful synthesis of 3-alkyl-5-
phenylaminomethylene-2-thioxoimidazolidin-4-ones (2a-
c) using microwave technology has been achieved with 
good yields. Structural confirmation was established 
through comprehensive NMR and MS spectroscopic 
analyses. Theoretical analysis of the electrostatic potential 
distribution within the compounds revealed distinct 
regions of electropositive and electronegative potential, 
aiding in the identification of donor and acceptor groups 
as well as charge transfer patterns and intramolecular 
contacts. Among the evaluated ligands, lig2 exhibited the 
most favorable binding energy, indicating robust 
potential for meaningful interactions with the target 
protein. The lig2 formed pivotal π-alkyl and π-π 
interactions with Pro244 and Tyr239, in conjunction with 
a conventional hydrogen bond involving Asn164. These 
interactions, coupled with the favorable binding energy, 
underscore the high affinity and strong molecular 
recognition between lig2 and the binding site. While lig1 
displayed conventional hydrogen bonds with Asn164, 
along with π-alkyl interactions with Ala165 and Lys243, 
lig3 demonstrated alkyl interaction with Ala165, pi-sulfur 
interaction with Tyr242, and both conventional hydrogen 
bond and π-alkyl interaction with Lys243. However, lig2's 
superior binding energy positions it as a more promising 
candidate for forming a stable complex with the target 
protein. This highlights the potential of lig2 as a lead 
compound or viable drug candidate in the realm of drug 
discovery and development. Continued exploration and 
optimization of lig2 could further capitalize on its 

favorable binding attributes, potentially paving the way 
for enhanced therapeutic efficacy. 
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