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Abstract: By investigating their pharmacological activity, bisphosphonate drugs can be employed to 

prevent the loss of one density and treat bone diseases like osteoporosis. The capability of 

bisphosphonates is to be stuck and be kept within bone during osteoclast-mediated bone inorganic 

material decomposition. The main problem accompanied by their application is their low oral 

bioavailability. Several delivery systems, such as metal chelating, nanoparticles, and contrast agents, 

have been selected to modify their absorption and to conduct them to sites other than bone cells. In this 

contribution, we have investigated the pharmacological and clinical application of bisphosphonate 

drugs of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 using novel QM/MM applications of DFT, MC, and MD 

due to physicochemical properties of NMR, charge transfer, Gibbs free energy, electronic-kinetic and 

nuclear repulse energies in the pharmaceutical and biomedical fields. The bisphosphonate agent has 

been accomplished in chelation with the metal cation of Mg2+ and Cu2+ through the PDB structures of 

5AFX, 4QPF, 3DYG, 2I19, and 2F92 drugs. Since the metal binding of phosphonate groups is relatively 

bulky, with six oxygens having a negative charge more than pH= 4, which is high (approximately four 

per ligand), these structures are active in forming the chelated compounds through the drug design 

method. The connection between structure and activity methods play an important role in predicting the 

biological properties of target compounds and their physicochemical properties. In this article, 

Ramachandran plot in drug design has played an efficient function in target identification and designing 

novel drugs for exploring the parameters of amino acid sequence, molecular modeling, and the 3-D 

structure bisphosphonate agents of novel drugs of 5AFX, 4QPF, 3DYG, 2I19, and 2F92. 

Keywords: osteoporosis; bisphosphonate drugs; 5AFX; 4QPF; 3DYG; 2I19; 2F92; chelation; metal 
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1. Introduction 

Bisphosphonates with two phosphonates [PO (OH) 2] groups are a collection of drugs 

that keep the bone from the destruction of density, used to prevent and treatment of 

osteoporosis, malignancy-associated hypercalcemia, fibrous dysplasia, pediatric bone diseases, 

bone metastases, and other similar diseases [1-5]. In addition, they decrease the conditions 
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involving fragile, breakable bone and the probability of vertebral fracture in steroid-induced 

osteoporosis for postmenopausal women [6]. 

Bisphosphonates are analogs of pyrophosphates that happen physiologically and in 

which the atom of O in the heart of the P-O-P structure has been substituted by carbon (P-C-P 

group) (Scheme 1).  
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Scheme 1. The structure of pyrophosphate and of bisphosphonates. 

Further exchanges have synthesized a series of active bisphosphonates with each its 

characteristic potential activity and effect on bone. Therefore, every bisphosphonate has to be 

evaluated individually. 

The most common bisphosphonate drugs for the treatment of osteoporosis are 

alendronate, risedronate, intravenous pamidronate, strontium ranelate, or teriparatide which are 

used for refractory disease [7-13]. The bisphosphonates are divided into chemical groups based 

on the side chains of R1 and R2 (Table 1). 

Table 1. The categorization of the bisphosphonate class with R1, R2 side chains. 

Agent Side chain of R1 Side chain of R2 Subdivision into chemical groups 

Clodronate -Cl -Cl 
without nitrogen substitution 

Etidronate -OH -CH3 

Alendronate -OH -(CH2)3-NH2 

Aminobisphosphonates 
Pamidronate -OH -CH2-CH2-NH2 

Neridronate -OH -(CH2)5-NH2 

Olpadronate -OH -(CH2)2-N(CH3)2 

Ibandronate -OH  

-CH2-CH2N 

 

Aminobisphosphonates with substitution of 

the nitrogen atom 

Tiludronate -H 

ClS

 

without nitrogen substitution 

Risedronate -OH 

N  Bisphosphonates with basic heterocycles 

containing nitrogen Zoledronate -OH 

N N

 

Table 1 shows a central carbon in bisphosphonates with two side chains of R1, R2 (with 

and without nitrogen which acts differently in killing osteoclasts), and two phosphate groups 

that are binded to calcium cations for saving a high amount of this cation in bones of the human 

body (Scheme 2). 

Osteoclasts (the bone cells that break down bone tissue) release bisphosphonates which 

are bonded to bone tissue. Then, bisphosphonate molecules are joined to and enter osteoclasts, 

where they interrupt intracellular enzymatic functions necessary for bone resorbing [14]. 

 

CH3 

 (CH2)4-CH3 
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Scheme 2. Mechanism of chelating of bisphosphonates to the bone of the human body. 

Bone tissue endures fixing remaking and becomes in balance via osteoblasts producing 

bone and osteoclasts ruining bone. Bisphosphonates prevent the digestion of bone by 

motivating osteoclasts to endure apoptosis or cell death, which decreases the speed of bone 

destruction [15]. 

Bisphosphonates associate at sites of bone destruction by attaching to hydroxyapatite 

and are selectively entered by actively resorbing osteoclasts. The various bisphosphonates have 

various tendencies for hydroxyapatite structures. These differences in junction and impacts on 

mineral superficies attribute such as absorbing and keeping on the skeleton, diffusing the drug 

within the bone, delivering of absorbed drug from the bone, reusing the ability of the desorbed 

drug back onto surficial bone, impacting on mineral force power and cellular operators can be 

presented in the clinical differences between these bisphosphonates. 

Bisphosphonates might be prescribed orally as tablets or intravenously as infusions. 

The sorption of the intestine for new bisphosphonates is minimal to low (<1 to 3 %). Two 

attributes of bisphosphonates, including their low tendency for lipids which prevent passing 

through membranes and into the cell, and their polarity, which hinders para-cellular transition, 

approve their poor absorption. Bisphosphonate sorption decreases by ingesting food 

(particularly food rich in calcium), like milk and milk products, because they produce insoluble 

chelates with the calcium in these compounds (Scheme 2). 

Different compounds with side chains of R1 and R2 of bisphosphonates are bonded to 

albumin in the blood with a big difference in the strength of the albumin bonds, so, it takes 

time for them to be separated from the plasma and be joined to the blood. 

Skeletal retaining differs with various bisphosphonates, and an important parameter is 

the speed of bone torsion and the number of superficies of bone. This retaining in bone is 

identical to that of compounds like strontium, fluoride, and tetracyclines. The long-time 

superficies linkage of bisphosphonates indicates their expanded time of function. The shortest 

time for pharmacological impact is observed 24 hours after administrating. 

In our body, the bone cells are slowly being constantly taken away and substituted with 

new bone cells by osteoblasts throughout life. Bisphosphonates decrease osteoclast activity and 
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therefore decrease the overturn of bone or replacement of old bone. When we age, and in 

special diseases, the bone is damaged or removed more rapidly than our body can substitute it. 

This makes the bones weakened, thin, and much easier to break with even a small effect or a 

fall from a standing height. So, bisphosphonate medications help to keep our bone density and 

bone strength. 

2. Materials and Methods 

2.1. Ramachandran plot for bisphosphonate drugs. 

The Ramachandran diagram with [φ,ψ] has indicated the regions for backbone dihedral 

angles ψ against φ of amino acid residues in bisphosphonate drug of 4QPF (Figure 1) 

energetically. 

 
Figure 1. (a) 3-D structure of 4QPF by raswin software as Ribbon view (b) optimized structure of 

bisphosphonate agent of 4QPF chelated to metal cation of Ca2+, (c) sequence viewer of amino acids, (d) 

Ramachandran plot, and (e) 3-D histogram of Ramachandran using VMD (1.9.4) program package. 

Figure 1a shows shown 3-D structure of 4QPF in ribbon view state from high-resolution 

protein structures established by X-ray crystallography and deposited in the Protein Data Bank 

(PDB), which can be chelated with Ca2+ due to R2 side chain (Figure 1b). The sequence viewer 

in the Ramachandran plot (Figure 1c) has illustrated the data points (yellow points) from a 

large set of high-resolution structures and contours for favored and for allowed conformational 

zones for bisphosphonate of 4QPF (Figure 1d). A 3-D Ramachandran plot has been applied to 

present the conformations of the ψ and φ angles (Figure 1e) and the possibility for an amino-
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acid residue in the bisphosphonate drug, which indicates the empirical distribution of data 

points (yellow points) observed in 4QPF. 

The Ramachandran plots for four bisphosphonate drugs of 5AFX, 3DYG, 2I19, and 

2F92 in Figure 2 have depicted the data points from a large set of high-resolution structures 

and contours for favored (blue zone), allowed (green zone corresponds to conformations where 

atoms in the PDB structure come closer than the sum of their van der Waals radii.) and 

disallowed or outlier region (white zone) conformational regions for these drugs using Visual 

Molecular Dynamics (VMD 1.9.4) which is a software for molecular modeling and 

visualization of molecular dynamics simulations (Figure 2) [16].  

                                                                                            

 
Figure 2. The Ramachandran plots generated from bisphosphonate drugs with PDB ID, including 5AFX, 

3DYG, 2I19, and 2F92. The blue, green, and white regions represent the favored, allowed, and disallowed or 

outlier regions with yellow data points of the amino acid sequence. 

The Ramachandran plots for 5AFX, 3DYG, 2I19, and 2F92 in Figure 2 are based on 

non-bonded interaction statistics between various atom types computed by its precise structure 

database. 

It may be estimated that larger side chains of R2 in the bisphosphonate drugs of 5AFX, 

3DYG, 2I19, and 2F92 (Figure 2) would lead us to more constrictions and follow a smaller 

permissible zone in the Ramachandran plot. Still, the influence of side chains is lowercase. The 

main observable influence is the existence or lack of the methylene group. In Figure2, it has 

been denoted the most allowable zone for 2I19 with a much smaller van der Waals radius than 

the side chain of all other bisphosphonate drugs. The most diffusion of data points of amino 
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acids in the favorable and allowable zones is 2I19> 5AFX ≥3DYG > 2F92  ≥ 4QPF, 

respectively (Figures 1 and 2). These residues of bisphosphonate drugs might be modeled with 

minimized energy that points out more effective structures due to better stereochemical 

properties. 

2.2. Theory of bisphosphonate chelating agent with cations. 

A kind of bonding of ions and molecules to metal ions is chelation which deals with the 

formation or existence of two or more separate coordinate bonds between a multiple bonded 

ligand that is called chelating or sequestering agents and a single central metal atom. Chelation 

can be applied between drugs and metal ions. For instance, antibiotic drugs of the tetracycline 

and quinolone families are chelating agents of Fe2+, Ca2+, and Mg2+ ions [17,18]. 

The chelation of bisphosphonates with cations in bone cells has been investigated in 

this work by forming relatively stable complexes. Thus, a series of quantum theoretical 

approaches have been done to find the optimized coordination of [bisphosphonate cations 

of Ca2+ and Mg2+] cluster chelation in bone with NMR in the Gaussian09 program package 

[19]. 

Table 2 categorizes the PDB structures of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 as the 

bisphosphonate drugs which have been recommended for preventing the loss of bone density 

and osteoporosis treatment with the name and formula and two sides chains of R1, R2  using X-

RAY method. 

Table 2. The new categorization of the bisphosphonate drugs (5AFX, 4QPF, 3DYG, 2I19, 2F92) with R1, R2 

side chains based on PDB structure using X-RAY diffraction. 

Agent of 

bisphosphonat

e drugs 

Ribbon view of 

PDB structure 
R1 R2 

Name to structure 

formula 

5AFX 

 

-OH 

N
+

N

CH3

CH3 

[1-HYDROXY-2-(1-NONYL-1H-

3LAMDA~5~-IMIDAZOL-3-

YL)ETHANE-1,1-

DIYL]IS(PHOSPHONIC ACID ) 

C14H29N2O7P2 

4QPF 

 

 

-F 
N

N

CH3

 

[1-FLUORO-2-(IMIDAZO[1,2-

a]PYRIDIN-3-YL)ETHANE-1,1-

DYIL]BIS(PHOSPHONIC ACID) 

C9H11F N2O6P2 

 

3DYG 

 

 

-OH N
+

CH3

F 

3-FLUORO-1-(2-HYDROXY-2,2-

DIPHOSPHONOETHYL)PYRIDINI

UM 

 C7H11F N O7P2 
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Unlike their early ones, a new generation of bisphosphonates such as alendronate, 

risedronate, ibandronate, pamidronate, and zoledronic acid (Table 1) as the second and third 

generation of bisphosphonates, includes nitrogen atoms in the side chain of R2 which can 

promote osteoclast apoptosis (Table 2). Currently, patients achieve the treatment with more 

potent nitrogen-containing bisphosphonates than the earlier non-nitrogen-containing 

bisphosphonates, so this paper has focused more on recent bisphosphonate drugs such as 

5AFX, 4QPF, 3DYG, 2I19, and 2F92. 

These novel drugs have been employed for a new lower bone tendency for 

bisphosphonate drug design, efficiently curing diseases identified by abnormal bone resorption 

(4QPF). The development of selective protein farnesyl transferase (FTase) and protein 

geranylgeranyl transferase (GGTase) inhibitors as anticancer therapeutic agents has discovered 

3DYG, which is more active than current bisphosphonate drugs (Table 2) [20]. 

2I19 is a solid-state (13)C, (15)N, and (31)P magic-angle sample spinning (MAS) NMR 

and quantum chemical study of several bisphosphonates as pure compounds and bonded to 

FPPS for preparing information about side chain and phosphonate backbone protonation states 

when bound to the enzyme (Table 2) [21]. 

It has been exhibited the results of 925 potential prenyl synthase inhibitors against 

Trypanosoma brucei farnesyl diphosphate synthase (TbFPPS) and against T. brucei, the 

causative agent of African human trypanosomiasis. 5AFX is one of the most potent compounds 

lipophilic analogs of the bone resorption drug of the zoledronate family (Table 2) [22]. 

2F92 has been achieved by solving the crystals of human FPPS (farnesyl pyrophosphate 

synthase) in its unliganded state in a complex with the N-consisting of bisphosphonate (N-BP) 

medications of alendronate, ibandronate, pamidronate, zoledronate which provide a new 

accomplishing of the mechanism of FPPS catalysis and inhibition (Table 2) [23]. 

3. Results and Discussion 

3.1. NMR analysis. 

1H-NMR calculations on the active sites of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 

chelated to metal cations of Mg2+ and Ca2+ have been estimated to unravel the indicated atoms 

Agent of 

bisphosphonat

e drugs 

Ribbon view of 

PDB structure 
R1 R2 

Name to structure 

formula 

2I19 

 

-H 

 

NHN

CH3

 

[2-(PYRIDIN-2-

YLAMINO)ETHANE-1,1-

DIYL]BIS(PHOSPHONIC ACID) 

C7H12N2O6P2 

2F92 

 

-OH 

N

CH3

H

H

 

4-AMINO-1-HYDROXYBUTANE-

1,1-DIYLDIPHOSPHONATE 

C4H9N O7P2 
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of oxygen in the active sites of these complexes of bisphosphonate as the drugs for osteoporosis 

and similar diseases treatment through the formation of chelation bonding (Figure 3a-e). 

(a) 

 
(b) 

 

(c) 

 
(d) 

 
(e) 
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Figure 3. 1H-NMR spectra of (a) 5AFX, (b) 4QPF, (c) 3DYG, (d) 2I19, (e) 2F92 chelated to Mg2+ and Ca2+ 

through the drug design method by indicating the active zone of bisphosphonate in the drug design process. 

The 1H-NMR measurements demonstrate the active sites of side chains of R2 (Table 2) 

of each agent of bisphosphonate drugs, including 5AFX, 4QPF, 3DYG, 2I19, 2F92, while each 

active atom of oxygen in these compounds as the electronegative atoms for attaching to metal 

cations of Mg2+ and Ca2+ denotes the maximal shift in all levels in the NMR spectra; 

PPM=11.98 for four hydrogens in bisphosphonate agents of 5AFX, 4QPF, 3DYG, 2I19, 2F92 

drugs (Figure 3a-e). 

3.2. Charge distribution. 

In table 3, the atomic charge of certain atoms in active sites of 5AFX, 4QPF, 3DYG, 

2I19, and 2F92 chelated to Mg2+ and Ca2+ has been evaluated as playing an important role in 

the electron charge transfer. 

Table 3. The atomic charge for nitrogen, phosphorus, oxygen, fluorine, and metallic atoms of magnesium and 

calcium in molecules of [5AFX, 4QPF, 3DYG, 2I19, 2F92 - Mg2+/ Ca2+] complex chelation in water. 

A
to

m
 

5AFX 

A
to

m
 

4QPF 

A
to

m
 

3DYG 

A
to

m
 

2I19 
A

to
m

 
2F92 

Mg2+ Ca2+ Mg2+ Ca2+ Mg2+ Ca2+ Mg2+ Ca2+ Mg2+ Ca2+ 

P2 4.91     -3.00     N1 -2.99 -0.69 N3 1.78 5.06 N1 -2. 00 5.12 P2 3.84    5.06     

O3 6.00     -2.00     N9 -2.99 -1.69 P9 3.56 -3.00 N11 -3.00 4.16 O3 -2.00    0.22     

P4 4.99    -3.00     P12 5.14 -2.98 O10 -0.33 -2.00 P14 4.97 -3.13 P4 2.77     -2.91     

O5 3.98    -2.00     P13 -1.85 -1.19 P11 -2.99 -3.00 P15 -1.08 -3.00 O5 -1.63     -2.00     

O6 6.00     -2.00     F14 -0.34 -0.99 O12 -2.00 -2.00 O16 4.03 -2.00 O6 5.97     -2.00     

O7 4.01     -2.00     O15 6.00 -1.10 O13 -2.00 -2.00 O17 3.97 -2.00 O7 4.14     3.91     

O8 3.71     -2.00     O16 6.00 -2.00 O14 -2.00 -2.00 O18 -2.00 -2.00 O8 4.69     6.00     

O9 0.01     -2.00     O17 6.00 -1.10 O15 -1.83 -2.00 O19 4.02 -1.99 O9 5.98     6.00     

O10 0.15     -2.00     O18 5.98 -1.99 O16 2.51 1.82 O20 6.01 3.91 O10 1.06     6.00     

N15 5.00     -3.00     O19 -2.00 5.27 O17 4.24 -1.9 O21 6.00 -2.00 N17 -3.00    -0.1     

N18 -0.73     -3.26     O20 1.66 -1.56 F21 -0.99 6.00 M24 8.02 -6.00 M26 1.78     -5.99     

M53 -4.70     -6.00    M30 10.00 -4.01 M22 -6.00 -6.00       

 

In Figure 4, it has been plotted the changes in atomic charge of labeled nitrogen, 

phosphorus, oxygen, fluorine, and metallic atoms of magnesium and calcium through 

optimized [5AFX, 4QPF, 3DYG, 2I19, 2F92 - Mg2+/ Ca2+] complexes. So, the results of table 

2 in a polar medium of water solution declare the stability of these compounds in the human 

bone cells for the treatment of osteoporosis.  
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Figure 4. Changes of atomic charge versus labeled nitrogen, phosphorus, oxygen, fluorine, and metal cations 

through optimized [5AFX, 4QPF, 3DYG, 2I19, 2F92 - Mg2+/ Ca2+] complex chelation in water medium.  

The perspective of Figure 4 recommends the reason for existing observed various 

results of [5AFX, 4QPF, 3DYG, 2I19,2F92 - Mg2+/ Ca2+] complex chelation, which are 

principally bonded to the position of active cites of labeled nitrogen, phosphorus, oxygen, 

fluorine, and metallic atoms of magnesium and calcium in five structures which move the 

charge of electrons in polar bisphosphonates and water molecules. 

The partial charges have been obtained by fitting the electrostatic potential to a fixed 

charge of oxygen atoms of bisphosphonate chelated to cations due to [5AFX, 4QPF, 3DYG, 

2I19, 2F92  - Mg2+/ Ca2+] complexes. Therefore, the electrophilic side chains of 5AFX, 4QPF, 

3DYG, 2I19, and 2F92 conduct us to find the reason for the activity and the stability of these 

structures, which prevent the loss of bone density. 

3.3. Physico-chemical analysis using QM/MM method. 

Therefore, the physicochemical properties of dipole moment, Gibbs free energy, 

electronic-kinetic and nuclear repulse energies have determined the stability of bisphosphonate 

agents among 5AFX, 4QPF, 3DYG, 2I19, 2F92 as the drugs for preventing the loss of bone 

cells, treatment osteoporosis and other related diseases through the chelated bonding of these 
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compounds with metal cations of Mg2+ and Ca2+ using the drug design method (Table4 and 

Figure 5a&b).  

Table 4. Physico-chemical properties of chelated agents of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 with metal 

cations of Mg2+ and Ca2+ at 300 K. 

Agent 
Metal 

cation 

Gibbs free energy 

×10-4 (kcal/mol) 

Eelectronic-kinetic 

×10-4 kcal/mol) 

E nuclear repulsion 

×10-4
 (kcal/mol) 

Dipole moment  

(Debye) 

5AFX 
Mg2+ -98.3810 128.1543 189.9183 2267.8469 

Ca2+ -125.3981 158.0300 199.0882 2324.3960 

4QPF 
Mg2+ -112.0067 114.3417 139.2580 1010.3054 

Ca2+ -143.1310 147.2889 146.8782 400.0723 

3DYG 
Mg2+ -109.9116 113.6707 -235.1720 219.9404 

Ca2+ -128.6734 143.9328 132.5761 866.5199 

2I19 
Mg2+ -954.038 104.7628 120.4234 840.6712 

Ca2+ -119.3344 136.3243 131.9956 476.7009 

2F92 
Mg2+ -93.4191 98.9178 95.0508 597.7957 

Ca2+ -127.9327 129.1926 102.2586 502.8543 

 

 
Figure 5. Changes in physicochemical properties of (a) Gibbs free energy, electronic-kinetic, and nuclear 

repulse energies of bisphosphonate agents among 5AFX, 4QPF, 3DYG, 2I19, 2F92  as the drugs due to the 

chelated bonding of these compounds with Mg2+ and Ca2+ metal cations. (b) Dipole moment (Debye) for 5AFX, 

4QPF, 3DYG, 2I19, 2F92 chelated to Mg2+ and Ca2+ for evaluating the polarizability of these selected 

bisphosphonate drugs. 
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Figure 5a&b has illustrated the physicochemical parameters related to the biological 

activity of identified bisphosphonates, including 5AFX, 4QPF, 3DYG, 2I19, 2F92 chelated 

with Mg2+ and Ca2+ metal cations have been determined. The main goal of this work was to 

discover and bring forth molecular recognitions that influence the bioavailability of the above-

mentioned compounds as drugs for osteoporosis prevention and treatment. These recognitions 

are stability of energy, the energy of electronic-kinetic, energy of nuclear-repulsion, as well as 

dipole moment (Figure 5 a&b). The calculated properties describe solubility and permeability 

for selected bisphosphonates through biological membranes, which appear as efficient 

bioavailability indicators of investigated bisphosphonates which can be a sufficient 

methodology. 

The six atoms of oxygen in each site of the bisphosphonate agents (Scheme 1&2) 

chelated to metal cations of Mg2+ and Ca2+ in 5AFX, 4QPF, 3DYG, 2I19, 2F92  drugs have 

been minimized by an ab-initio method using DFT level which includes ECP calculations with 

theoretical levels of lanl1, lanl2 basis sets and pseudo key for the metal elements. Moreover, 

these compounds have been predicted by the quantum mechanics and molecular mechanics 

(QM/MM) method via an ONIOM level. In this investigation, various theoretical 

commutations have been accomplished towards comparing optimized energies and density 

diffusions with two approaches of AMBER and OPLS force fields of MM level applying 

Monte Carlo (MC) and molecular dynamic (MD) optimization. Besides, a professional 

HyperChem 8 program package [24] has been applied for some extra keywords like PM6 and 

PM3MM, pseudo=lanl2. 

DFT with the van der Waals densities functions had been discussed using modeling of 

solvent dielectric effects. All calculations of solvent interactions have been achieved by the 

Gaussian09 package. The data has been computed using the theoretical steps of m062x, m06-

L, and m06 for the chelation of bisphosphonate agents-metal cation complexes. The m062x, 

m06-L, and m06- HF levels have an appropriate correlation in non-bonded computations 

among solvent and solute. The ONIOM theoretical levels have been accomplished due to three 

levels of high (H), medium (M), and low (L) calculations which the DFT method has been 

utilized for the high layer, and the semi-empirical method of PM6 and PM3MM has been 

exploited for the medium and finally MC for low layers, respectively.  

In this research, the polarizable continuum model (PCM) has been used, which is the 

most popular SCRF model based on apparent surface charges diffusing to non-electrostatic 

effects with scaled point theory [25,26]. Kirkwood developed the most common levels of the 

SCRF model of multiple expansions with an algorithm based on applying a strict multipolar 

expansion up to the seventh order by Frisch that is currently accessible at semi-empirical and 

ab initio levels of theory [27, 28]. Onsager and Kirkwood have arranged an intention for 

different continuum solvation samples of a multiple expansion (MPE) of the solute charge 

distribution [29, 30]. Afterward, Wiberg and co-workers developed Onsager-SCRF for the 

Gaussian program [31]. Solvation is discussed in terms of a dipole moment with an iterative 

path of quantum mechanics calculations on the compound. The dielectric continuum models, 

like the self-consistent reaction field methodology, are sufficient in considering the long range 

of solute-solvent electrostatic interactions and the influence of solvent polarization. Another 

theoretical level is a combination of molecular mechanics (MM) solvent molecule with 

quantum mechanics level (QM) for the electronic structure of the solute molecule named 

QM/MM, which can modify the deficiency of the dielectric continuum model [32,33]. This 
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investigation has applied the QM/MM method for bisphosphonate drugs of 5AFX, 4QPF, 

3DYG, 2I19, and 2F92 chelated to metal cations of Mg2+ and Ca2+ in a water medium. 

So, Hyperchem program software has modeled a water medium for bisphosphonate 

drugs of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 chelated to metal cations of Mg2+ and Ca2+ using 

a periodic box of H2O molecules via various dimensions. The volume (V) of each box has been 

yielded by multiple of V= a× b× c with the smallest box enclosing solute (Å) including 

X≈5.5385, Y≈4.3766, and Z≈9.4774, periodic box size of 18.95492 Å, the maximum number 

of water molecules= 225 and maximum distance between solvents and solute atoms =2.3 Å for 

these compounds as the bisphosphonate group of drugs (Scheme 3). 

 

Scheme 3.The schematics of ab initio optimized coordination of 2I19- Mg2+ complex through representing the 

bond length of O- Mg2+=1.9199Å and bond angle of O- Mg2+  O- =118.27o calculated by 

m062x/cc-pvdz pseudo=lanl2 using QM/MM model in a periodic box of water medium. 

The average amount of optimized coordination for bisphosphonate drugs of  5AFX, 

4QPF, 3DYG, 2I19, and 2F92 chelated to metal cations of Mg2+ and Ca2+ has been achieved 

as the optimized bond length of O- Mg2+ and O- Ca2+, 1.9982 Å and 2.3831Å; the 

optimized bond angle of O- Mg2+  O-and O- Ca2+ O- , 101.739o and 85.1669o, 

respectively. In other words, some parameters, like interacting neighboring residues and the 

atoms involved along with the placement of residues, need to be discussed during the 

estimation of the validity of a model. In addition, the stereochemical properties of the model, 

including bond angles, bond lengths, proper chirality, and ring structure coupled with other 

geometric parameters, need to be evaluated.  

3.4. Monte Carlo simulation. 

In PDB structure, it can be seen that amines with a chiral carbon directly bonded to the 

nitrogen are applied due to their vast availability and their strong force on the structure. The 

chirality within some or all of the individual residues would be needed to direct the formation 

of a chiral helix because a helix should be chiral. So, molecular mechanics (MM) calculations 

can estimate the helical structure of PDB structures. In this research, Monte Carlo (MC) 

simulation has been accomplished on 5AFX, 4QPF, 3DYG, 2I19, and 2F92 chelated to metal 

cations of Mg2+ and Ca2+  at 300K energy via time scale (0-100) with max delta and time steps 

of 0.05 Å, 1, respectively. Optimal values are close to 0.5. Differencing the step size can have 
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a large influence on the acceptance ratio. The MC options dialog box lets us arrange the MC 

simulation parameters with 100 steps (Figure 6).  

 
Figure 6. The simulated potential energy of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 chelated to metal cations of 

Mg2+ and Ca2+ as the bisphosphonate drugs. 

It has been evaluated the possibility of bisphosphonate drugs of 5AFX, 4QPF, 3DYG, 

2I19, and 2F92 chelated to metal cations of Mg2+ and Ca2+ with a simulated model of solute-

solvent in a periodic box with a maximum number of water molecules, the minimum distance 

between solvent and solute molecules using program package HyperChem 8 [34-37]. It has 

been shown the potential energy graph of [5AFX, 4QPF, 3DYG, 2I19, 2F92 - Mg2+/Ca2+] 

chelated complexes in solvent via time scale (0-100) in 300 K using MC method (Max delta 

=0.05 Å, time steps=1). 

The results of the above observations strongly suggest that the different data observed 

of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 in the solvent is predominantly due to basis set 

functions persuaded by a shift in the polarization of the ambient. It is vivid that growth in the 

dielectric constants augments the resistance and efficiency of these bisphosphonate drugs for 

preventing the loss of bone density and osteoporosis treatment. 

3.5. Molecular dynamic force field. 

MD or Molecular dynamic simulation methods forecast how each atom in a protein or 

other molecular structures can move in the time scale based on a basic physics model through 

interatomic interactions. 

MD consists of conformation studies, thermodynamic factors, and movement 

instructions of the molecular mechanics and kinetic energy to the potential energy surface. MD 

simulation evaluates the future speeds and situations of atoms based on their current speeds 
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and situations. The simulation stimulates the force on each atom (Fi) as the time function 

through a negative gradient of the potential energy: 

Fi =   ∂V/ ∂ri      (1) 

where V is the potential energy function, and ri is the position of atom i. It can be found the 

acceleration (ai) of an atom by considering the force action on it by the atom mass: 

ai=Fi /mi      (2) 

The variety of velocities (vi) is the integral of acceleration over time. The variation in 

the position (ri) is the integral of speed over time. Kinetic energy (K) is measured as the speeds 

of the atoms [38]:  

  N 

K=1/2 ∑ mivi
2       (3) 

i=1 

The amount of total energy of the Hamiltonian system is the summation of the kinetic 

and potential energies: 

H (r, p) = K (p) + V (r)    (4) 

where r is the set of Cartesian coordinates and p is the momenta of the atoms [38,39]. 

The molecular dynamics method produces a series of time-correlated points in phase 

space in propagating a starting set of coordinates and speeds according to Newton’s second 

equation by a series of certain time steps. Unlike single point and geometry optimization 

calculations, molecular dynamics calculation is accounted for thermal motion due to kinetic 

and potential energy. This work has described in practical terms the types of information MD 

simulations for bisphosphonate drugs of 5AFX, 4QPF, 3DYG, 2I19, and 2F92 chelated with 

metal cations of Mg2+ and Ca2+ at 300 K (Table 5).  

Table 5. Molecular dynamic properties of bisphosphonate chelated agents of 5AFX, 4QPF, 3DYG,  2I19, and 

2F92 with metal cations of Mg2+ and Ca2+ at 300 K. 

Agent 
Metal 

cation 

Potential 

(kcal/mol) 

Kinetic energy 

(kcal/mol) 

5AFX Mg2+ 449.807 29.0368 

 Ca2+ 630.183 37.4792 

4QPF 
Mg2+ 432.873 17.5323 

Ca2+ 419.678   16.1815   

3DYG 
Mg2+ 411.443   10.0416   

Ca2+ 578.414   12.1883   

2I19 
Mg2+ 424.738 34.21   

Ca2+ 591.041 20.82   

2F92 
Mg2+ 411.074   9.9054 

Ca2+ 574.285   13.9996   

The spectral pattern of kinetic energy for 5AFX, 4QPF, 3DYG, 2I19, and 2F92 with 

metal cations of Mg2+ and Ca2+ at 300 K, and kinetic & potential energy for chelated 5AFX-

Cu2+ have been evaluated using molecular dynamic method (Figure 7 a&b). 
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Figure 7. Optimized (a) kinetic energy of 5AFX, 4QPF, 3DYG, 2I19, 2F92 with metal cations of Mg2+ and Ca2+ 

at 300 K, (b) kinetic and potential energy for chelated 5AFX-Cu2+ by molecular dynamic simulation method. 

The control patterns of these complexes were characterized by mechanics data, 

including RunTime=1 ps, Simulation Temperature=300K and Time Step=0.001 ps. 

MD Simulation methods can be trustable in the functional mechanisms of proteins and 

other biomolecules for unraveling diseases' basic structure and designing and optimizing small 

molecules, peptides, and proteins. 

4. Conclusions 

Bisphosphonates have changed the clinical treatment of some skeletal diseases depicted 

by increasing osteoclast-mediated bone resorption. Molecular modeling structures data quality 

with the Ramachandran plot, which spreads out, and more residues are likely to be found in the 

favored regions.  

Ramachandran plot has shown the most diffusion of data points of amino acids in the 

favorable and allowable regions is 2I19> 5AFX ≥3DYG > 2F92  ≥ 4QPF, respectively. These 

residues of bisphosphonate drugs might be simulated with optimized energy, which denotes 

more sufficient compounds due to better stereochemical parameters. 
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It has been investigated that [5AFX, 4QPF, 3DYG, 2I19, 2F92 - Mg2+/Ca2+] chelated 

complexes are founded on the axes of active parts of identified six oxygens in bisphosphonate 

agents in PDB structures of 5AFX, 4QPF, 3DYG, 2I19, 2F92 using QM/MM method through 

1H-NMR analysis which has highlighted the active site in R2 side chain in chelating with Mg2+ 

and Ca2+ cations. 

Moreover, the results of MC and MD calculations on 5AFX, 4QPF, 3DYG, 2I19, and 

2F92 have approved the stability and efficiency of these bisphosphonate drugs in different 

dielectric constants by inducing the change in polarity of ambient. 
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