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Abstract 

This piece of work is concerned with characterization and studying the overgrown natural products known as Xanthananolide 

derivatives, by applying quantum mechanical model represented by PM3 (Parametric Method) as a semi-empirical method. 

Energy minimization was first carried out. The molecular structure with minimized energy was indemnified and assigned as 

the most stable conformation. 

 The molecular orbital energy HOMO and LUMO are determined and they were used as descriptor for the estimation of the 

reactivity of the nucleophilic cite.Simulation of ADMET (Absorption Distribution Metabolism Excretion Toxicity) was 

performed related to skin permeability, blood brain barriers (BBB), binding of protein CYP2D6( cytochrome p4502D6), 

absorption of gastrointestinal binding. 

Good oral bioavailability was noted by compound 5. 
Key words: Docking, PM3, ADMET 

1. Introduction 

The determination of molecular structure and 

related activity can be achieved by molecular 

modeling program [1]. Many software and other 

sustainable tools are available now days for 

studying molecular geometry and modeling can 

give a clear picture and visualizing the structure of 

the compound to be considered in such analysis. 

Generation of a structure with stable geometry 

become possible by computation chemistry. 

Addition parameters related to drug activity such 

as heat of formation, steric energy and energies of 

the molecular orbitals (HOMO and LUMO) can 

facilitate the simulation ADMET behavior inside 

the human body [2-4].The process of ADMET 

simulation normally spotlighting on the discovery 

and designing new drugs. Such drug are employed 

in the early stage of the process of the research 

giving preference in terms of financial cost and 

helps to develop a new drugs by using animals for 

such study [5-7]. 

In the development of inhibitors of cytochrome 

CYP450 type 2D6 of Xanthanolides derivatives 

that is an active inflammatory in the traditional 

Chines medicine having a fused system could be 

synthesized from the reaction of compound(1) 

with a nucleophile (malonate)via the 

rearrangement reaction of Kom Blum 

DeLaMar[8].Such studies can be performed by 

using the result of standard study molecule 

docking and design of drugs. Docking 

examination was accomplished for the considered 

goal molecules to CYP4502D6 online using 

mcule.com/apps/1-click docking. 

Material and Methods 

1- Computational specifications 

The computational are achieved on NVidia/ 

GEFORCE GTX-670MX personal computer Intel 

core i7-3630, 24GB RAM, hard 1 tera os :win 8 , 

the operating system consisted used card and 

Microsoft windows 8.1.The codes used are 

belonging to free license of academic use. 

Calculations were performed using Gaussian 09 

program [9]. 

1-1 Energy minimization of molecular 

structure 
The energy minimizations of the compounds 

under consideration is carried out by using 

geometry optimization technique in which the 

system is taken into a near local minimize energy 

by moving over the potential surfers toward the 

direction of the decrease of energy (10,11).  

In this work all compounds (12) were achieved by 

employing the PM3 (Parametric Method) as a 

semi-empirical method base on quantum 

mechanical method with Hamiltonian. A number 

of molecular properties were determined by using 
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MOE program to find a reliable and exact image 

of biologically energetic compounds. 

 

1-2 Frontier Molecular Orbitals (FMOs), 

MESP and Descriptors Reactivity  

The mean orbital in quantum chemistry are the 

frontier molecular orbitals (FMOs) which is 

represented by the (HOMO) and (LUMO) orbital 

these orbitals are very important when chemical 

stability is considered [13]. LUMO represents the 

electron affinity, HOMO as an ionization potential 

[14].The different between HOMO - LUMO 

molecular orbital known as energy gap which is an 

important and give indicator to the stability of the 

compound under consideration   [15]. The HOMO 

and LUMO energies of compounds calculated by 

MP3 methods are listed in Table (1) closed to the 

pictures represented by their HOMO-LUMO 

dispensing and their related negative and positive 

region listed in Table (1). 

Negative and positive field indicate by red and 

blue colour respectively. 
 

Table 1: HOMO-LUMO structure with the energy level diagram of compounds

 

1-3 Global Reactivity Descriptions 

Descriptors representing global chemical 

reactivity for the compounds selected for this 

study such as hardness (η) and softness (S) were 

evaluated by using the data of HOMO & LUMO 

as frontier molecular orbitals by applying the 

explanation Parr and Person as well as the 

Koopmans theorem [15,16]. The energies of the 

HOMO and LUMO (ε) are representative of the 

ionization potential (I) and electron affinity (A). 

Equation (1) and (2) were used to calculate these 

values.  

 

 

Where ∆E = is gap, I is ionization potential, A is 

the LUMO orbital ability of compounds to accept 

electrons and called as electron affinity. This 

refers the softness as measure the extend of 

chemical activity. This is equal to the invers of the 

hardness [17].  

1-4 In Silico ADMET and Molecular Docking 

Screening  
The properties of absorption, metabolism and 

carcinogenicity of all compounds were predicted 

by utilizing ADMET SAR online database [18]. 

These data are derived from different experiments 

for various compounds with proximally chemical 

structure [19, 20].  

Code 
Formula 

M.wt 
Structure HOMO-LUMO 

Energy level 

diagram 

1 
C7H10O3 

142.15 

  
 

2 
C10H12O3 

180.20 

  
 

3 
C12H16O6 

256.25 

   

4 
C13H16O5 

252.27 

   

5 
C13H16O5 

252.25 
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Analysis was carried out in order to know 

whether the compounds are a cytochrome of 

family as isoform inhibitor (p450cyp) as like 

cup2D6. Finally molecular docking simulation 

was performed by mucle.com, 1-click docking 

online for all compounds to obtain binding energy 

for them. Table 2 shows binding energy and 

pharmacokinetic parameters of all compounds. 

 

 
Table 2: Binding energy and pharmacokinetic parameters of all compounds 

Comp

. no 

Binding 

energy 

 kcal/mol 

Blood brain 

barrier 

(BBB) 

Human 

intestinal 

absorption 

p-glyco-

protein 

inhibitor 

Carcinogen 

 binary 

Actual oral 

toxicity 

Cyp2D 

inhibitor 

1 -4.8 +0.9522 +0.8771 -0.9776 -0.9000 III 0.4273 -0.9231 

2 -6.8 +0.9248 +0.9990 -0.9717 -0.9714 III 0.6118 -0.9674 

3 -5.7 +0.9486 +0.9530 -0.9273 -0.9571 III 0.5085 -0.9500 

4 -5.4 +0.9735 +0.9857 -0.8920 -0.8714 III 0.5323 -0.9566 

5 -5.7 +0.9643 +0.9911 -0.8938 -0.8857 III 0.4342 -0.9324 

 
Result & Discussions 

In order to determine the initial structure for the 

considered compounds (Table 1) with minimum 

energy conformation, free Gaussian (09) was 

used. The semi-empirical (PM3) method a good 

selection for modeling a medium size molecules  

. Experimentally, a pre-established of parameters 

was achieved for reducing the integrals when 

solving the SchrȌdinger equation (equation 3) 

[21,22]. 

 

− ℏ2

2𝑚
△2𝜓 + 𝐸𝑝𝜓 = 𝑖ℏ

𝜕𝜓

𝜕𝑡
… … . (3)  

 

Where   Ep is the potential energy in the 

considered region, m is the mass of the particle 

accompanied with the wave function  𝜓/𝜕𝑡 . This 

function representing a partial derivative of the 

wave function in time order, 2 𝜓 in a 

mathematical operator of 𝜓 named as Laplacian 

.The electronic and nuclear movement were 

decouples using Born-Oppenheimer 

approximation and by assuming a certain 

distance of fix position between the electrons and 

nuclei in the compound to be solved by 

SchrȌdinger equation. The state of global energy  

where screening is obtained after conformational 

analysis. The conformation that could be 

considered as more stable thermodynamically. 

The more stable geometries resulted from energy 

of minimization is taken to estimate the global 

chemical reactivity descriptors of compounds. 

The value of calculated parameters such as 

potential energy (IP= -HOMO), electron affinity 

EA = ( – LUMO), hardness and softness are listed 

Table (3). 

As can be seen in Table(3), the compound with 

lowest gab energy is compound (1) which has 

(∆Egab  = 0.3626 ev) this gab of lower energy 

indicates to the softest molecules. Compound No. 

(3) has the largest gab (∆Egab  = 0.3868 ev). The 

compound that with the highest energy of 

molecular orbital (HOMO)(lowest IP) (EHOMO= -

0.8132 ev). The higher value of HOMO energy 

increases its ability to donate electron. Meanwhile 

compound (3) has the lowest energy of LUMO 

(highest EA) among the studied compounds 

(ELUMO=-0.0152 ev) indicating  to the ability as 

electron acceptor.     

 

Table 3:Quantum Chemical Descriptors of Compounds 

Comp. no IP = -HOMO EA = -LUMO η = (I-A)/2 S= 1/ η 
∆Egap 

Ev 

1 0.3813 -0.0184 0.1998 5.0037 0.3629 

2 0.3927 -0.0202 0.2364 4.8449 0.3725 

3 0.4020 -0.0152 0.2086 4.7938 0.3868 

4 0.3993 -0.0258 0.2125 4.7040 0.3732 

5 0.3986 -0.0327 0.2156 4.6380 0.3659 

 

To obtain the initial structure (structure with 

minimize energy) with easily visible 

conformations, the Gaussian program was used . 

The PM3 method (semi-empirical method) has 

become a vital disband for modeling molecules 

of medium sizes, experimentally, they employ a 

pre-stabilized parameters. These parameters 

working introducing the number of integrals used 

for solving the schrodenger equation. 

 

−
ℏ2

2𝑚
△2𝜓 + 𝐸𝑝𝜓 = 𝑖ℏ

𝜕𝜓

𝜕𝑡
… … . . (3) 

 

Where Ep is the potential energy in the considered 

region m is the mass of the particles      

As shown in Table 3, the compound which have 

the lowest energetic gap is the compound (1) 

(∆Egap= 0.3626 ev).this lower gap allows it to be 

softest molecule. The compound that have the 

highest gap is compound (3) (∆Egap= 0.3868 ev), 
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the compound that has the highest HOMO energy 

(lowest IP) compound (1) (EHOMO = -3.813 ev) 

this higher value allows it to be the best electron 

donor. The compound that has lowest LUMO 

energy (highest EA) is the compound (3) (ELUMO 

= 0.0152 ev) which signifies that it can be best 

electron acceptor. The two properties like IP 

(ionization potential) and EA (electron affinity) 

are so important these allow us to calculate the 

hardness and softness. 

The values of IP and EA proved to be very 

important in calculating the values of softness 

and hardness employing the data generated 

during the structural optimization of modeling 

techniques helping in understanding the type of 

interaction through the studying the surface map 

electrostatic potential (MESP) [23]. Three type of 

charge distribution were very important for the 

analysis and determination of the region 

representing the higher and lower electronic 

density. These regions of the highest and lowest 

electron density forming a good indicator for the 

behavior of the different site being either 

electrophile or nucleophile. The descriptor 

analysis could assess the understanding of the 

molecular interactions by illustrating the 

behaviors of molecule in which can interact with 

other one with different charge [24]. Sometime 

the red color is used as an indication to the lowest 

energy of electrostatic potential, which 

determinate the higher electron density region. 

The blue color marking the high region of 

electrostatic energy potential into a relative loss of 

electron density. The green color representing an 

intermediate value of electrostatic potential. The 

map shows the distribution of the electrostatic 

potential of molecules can be used to identify the 

region of high electron density (nucleophile), 

indicated by red color and located close to the 

oxygen atom (figure1). The region indicate to the 

position of high electron density, which give a due 

to the location of possible electrostatic interaction 

due to hydrogen bond [25].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Map of the distribution of electrostatic potential obtained by MP3 method 

 

A positive response was noticed for all 

compounds blood brain barrier (BBB) when 

applying ADMET SAR2 as criteria for 

predicting whether compounds, can get 

through the BBB. All compounds show III 

category harmless for oral administration. 

AdemtSAR2 measurement indicated that all 

compounds are not-carcinogenic. So the 

compounds should be topically saved to use. 

 P-glycoprotein compounds are not-

inhibitor, whereas the p-glycoprotein 

inhibition can block the absorption. 

permeability and retention of the 

compounds(26). 

Docking estimation of the compounds 

was achieved by http://www.Mcule.com . 

Docking was done against the active site of the 

cytochrome P450 2D6 (Quinoprotien Methanol 

Dehydrogenase 1G72), Figure(3) show contact 

sites of compounds with cytochrome amino 

acids. 

Table (2) show binding energy of 

compounds, compound (2) showed  highest 

value of binding energy compare with other 

compounds (-6.8 kcal/mol) and there is contact 

   
               comp.1                                comp.2                            copm.3 

                                                                 
                                      comp.4                               comp.5 
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between two oxygen atoms with three amino 

acid (three hydrogen bonds) of Arg(109) , Thr 

(153)  and Ser(108), compound (1) display 

binding energy (-4.8 kcal/mol) and it's contact  

by forming hydrogen bonds  between carbonyl 

group with NH group  of Arg(109), Ter(153) 

and Asp(175) amino acids. 

The values of the binding energy 

revealed by compound (3) (-5.7 kcal/mol) 

indicate to (hydrogen bond type) happened 

between hydroxyl group on the cycloheptane 

ring and cys (123) amino acid. 

The energy of the binding revealed by 

compound (4) equal to (-5.4 kcal/mol) 

representing a single hydrogen bond existing 

between oxygen of carbonyl group in furan 

ring with Gly(546) amino acid. 

Compound (5) display binding energy 

(-5.7 kcal/mol) and there is no hydrogen bond 

with amino acid. 

The result of the calculation carried 

out by employing ADMET SAR and listed in 

Table2, for all the compounds are positively 

responded exhibiting three type of verbal acute 

toxicity, so it can be predicted. The ADMET 

SAR results can also predict compounds one 

relating harmless for oral academic institution, 

also the ADMET SAR calculation can indicate 

that the compounds are not carcinogenic and 

be safety used. 

In addition the p-glycoprotein is non-

inhibitor. The p-glycoprotein as disincentive 

can block the permeability, absorption and 

retaining the compounds. 

All molecules showed non-inhibiting 

properties for known cyp2D6 inhibitor.      

Pharmacokinetic Investigation   

From ADMET SAR calculation 

shown in Table (2), it is found that all 

compounds show positive response for blood 

brain barrier (BBB), show (III) category acute 

oral toxicity so it can be predicted that they are 

relatively harmless for oral administration 

admetSAR calculation predicts, all compounds 

are non-carcinogenic, so the compounds are 

expected to be safer for topical use, also they 

are p-glycoprotien non-inhibitor. p-

glycoprotien inhibition can block the 

absorption, permeability and retention of the 

compounds(27). However, all, molecules 

showed non- inhibitory properties for human 

cyp2 D6 inhibitor. 

 
Comp.no Bonding interaction Docked Conformation 

1 
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Fig.2.Docking of compounds into active site of CYT450 2D6 
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