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Abstract: 

The behavior of nuclei and electrons is described by quantum mechanics, which also provides an 

explanation of the distribution and motion of molecular interactions. It is essential to comprehend the 

bonding electronic orbitals of atoms and molecules as well as to characterize the quantized energy levels. 

Significant progress has been made in the past ten years in applying quantum mechanics (QM) to 

biological issues that have medicinal implications. The goal of this review paper is to demonstrate how 

ligand-receptor interactions can be better understood using QM-based techniques. The next step is to apply 

this knowledge to the structure-based design of novel and powerful inhibitors, like transition state (TS) 

analogues that mimic the enzyme TS’s structure and physicochemical characteristics. Considering the 

outcomes and promise that QM has so far expressed. The implementation of QM in structure-based drug 

design will probably rise given the outcomes and promise shown thus far by QM-based methods in 

studying biological challenges, turning these formerly prohibitively expensive computations into a 

regularly used tool for drug design. The idea and uses of quantum mechanics in the pharmaceutical and 

drug design fields are highlighted in this article. 

 

Keyword: Quantum mechanics, Schrodinger wave equation QM, MM Quantum mechanics. Structure 

Based Drug Design. 

 

Introduction: 

One particularly effective computational method for describing the structure, dynamics, reactivity, and 

energetics of (bio)molecules is quantum mechanics (QM)¹. However, the significant computational cost 

(i.e., time) linked to QM’s high precision limits its usefulness. In fact, molecular mechanics (MM)-based 

methods, which are significantly less computationally intensive (and much less accurate), are mostly used 

in computational tools for drug design².Wave functions are a set of solutions to a wave equation, each of 

which represents a distinct electron energy level. The time required to complete the mathematics for all 

but the most basic systems is so great that only solutions can be found at this time, but in the future, 

extremely fast computers will change this. Nevertheless, quantum mechanics provides solutions that are 

so consistent with the facts that it is currently acknowledged as the most successful method for 
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comprehending the structure of atoms and molecules.The emphasis will be on exemplary uses of QM 

techniques on therapeutically relevant SBDD targets. In this review study, LB medication design is not 

discussed. In summary, the energy, geometry, and electronic characteristics (such as orbitals, dipole 

moment, atomic charges, etc.) of tiny organic molecules have all been studied using QM in LB. Then, 

using this data, 3D QSAR investigations and quantitative structure-activity relationship (QSAR) analyses 

are carried out for ligand design and optimization³. 

 

Wave equation phase: 

We stated in our initial explanation of atomic and molecular structure that electrons exhibit both particle 

and wave characteristics. We need to take a closer look at the electron wave and understand how it relates 

to chemical bonding. Let’s start by examining some general wave characteristics. Let’s look at the standing 

waves, also known as stationary waves, that are produced, for example, while a guitar string is plucked. 

Nodes are the locations where the amplitude is zero. The wave’s opposing phases are represented by 

displacements upward and downward. We randomly give the amplitude algebraic signs to differentiate 

between phases: plus for upward displacement, for example, and minus for downward displacement. 

Similar waves would cancel each other out if we were to superimpose them perfectly out of phase, so that 

their crests and troughs would line up. In other words, their amplitudes added together would equal zero. 

It was discovered that local-field effects were essential to the computations, and that ignoring them 

produced much bigger findings. The refractive index of liquid 1,4-dioxane 10 was also computed to test 

the DRF model, and it was discovered to be in good agreement with the experiment⁴.A wave equation is 

the differential equation that characterizes the wave. The amplitude,?, as a function of the wave’s length, 

x, is obtained by solving this equation. We refer to such a function as a wave function. A wave equation 

of the same general form as that for string waves now describes electron waves. In order to explain motion 

in three dimensions, the wave functions that are acceptable solutions to this equation once more provide 

the amplitude, this time as a function. It is referred to as orbitals or electron wave functions.There are an 

infinite number of solutions to any wave equation; in fact, each one corresponds to a distinct energy level. 

 

Using QM to calculate energies and optimized structure: 

For precise energy and electronic structure computations, as well as for investigating the potential energy 

hypersurface of tiny molecules, QM is superior to traditional FF-based techniques. Two-thirds of the 

bioactive configurations of small-molecule inhibitors, according to their data, are located within 0.5 

kcal·mol−1 of a local minimum, while configurations with penalties exceeding 2.0 kcal·mol−1 are 

typically caused by errors in structure determination. But because QM can only be used with small 

molecular systems, it must be simplified to fit the computing power available. For example, use 

polarizable continuum modeling to simulate the solvent and protein, and pure QM to a small fraction of 

atoms⁶. 

 

Linear scaling QM Methods : 

Where N is the number of basis functions, the calculation time of QM varies from N 3 (semi-empirical) 

to N 5 (second order Møller-Plesset perturbation theory (MP2) and various post-Hartree-Frock (HF) 

approaches)⁷. One of the common LSQM strategies, the divide-and-conquer (D&C) approach, breaks 

down a complex system into numerous subsystems and determines the density matrix of each subsystem 

independently. Ultimately, the aggregate of the contributions from each subsystem yields the system’s 
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overall density matrix and energy⁸.Raha and Merz investigated the ion-mediated ligand binding process 

and created a semi-empirical D&C-based scoring function [18]. Their research demonstrates the necessity 

of QM for metal-containing systems since the types and properties of metal atoms in the majority of 

classical FFs are insufficiently precise to characterize the nature of interactions between a metal ion and a 

tiny molecule in the active site⁹. Examined the process of ion-mediated ligand binding. Because the atom 

types and properties of metal atoms in the majority of traditional FFs are insufficiently precise to 

characterize the nature of the interactions between a small molecule and a metal ion in the active site, their 

study demonstrates the necessity of QM for metal-containing systems¹⁰. 

 

QM/MM : 

The QM/MM computational procedures (see to J. Gascon’s review article on page) combine the 

advantages of the molecular mechanics (MM) (efficiency) and QM (accuracy) approaches, and are 

frequently used to model chemical reactions and other electronic processes in bimolecular systems¹¹. 

Small molecule and protein structures can be created using QM/MM, including X-ray structures, 

optimizing the binding poses derived from docking, and fine-tuning the geometries of enzyme active sites 

derived from a harmonically restrained minimization with MM¹². According to their research, ligand 

polarization brought on by the protein environment significantly contributes to the total binding energy 

because of the extremely favorable dipole-dipole interaction between the protein and the peptide agonist. 

Gao and colleagues investigated the reaction dynamics between pyrimidine nucleoside phosphorylase and 

a substrate using docking, molecular dynamics (MD), and QM/MM techniques¹³. 

 

QM simulation : 

One helpful method for figuring out the mechanism of reactions is QM simulation.QM simulation 

frequently collaborates with the traditional MD simulation in the drug design domain, which deals with 

biological macromolecules.Metalloenzyme farnesyltransferase (FTase) catalytic pathway was explained 

by Ho and colleagues using the Car-Parrinello MD version of QM(B3LYP density functional theory 

(DFT))/MM(Amber FF[59]) dynamics. T¹⁴. Enhancing the precision of interaction energy and 

conformational space sampling is another benefit of combining QM with classical MD. Feenstra and 

colleagues compared substrate activation barriers at various sites from MD simulations in the enzyme and 

computed activation energy barriers using semi-empirical QM.¹⁵The free energy perturbation (FEP) 

approach can make use of QM/MM. The relative solvation free energies (root mean square deviation 

(RMSD)) for a variety of small molecules were determined using QM/MM FEP using experimental data 

< 1.02 kJ·mol−1. Using the same technique, the lack of electrostatic interactions and the absence of 

hydrogen bonds were cited as the reasons for the > 2000-fold drop in the affinity for fructose-1,6-

bisphosphatase of an adenosine monophosphate (AMP) analogue (phosphonate 4) as compared to AMP. 

 

Protonation states: 

Strong techniques for identifying hydrogen locations are necessary due to the exponential increase in the 

amount of protein structures identified by X-ray crystallography, especially for active site residues in 

enzymes.The majority of structure-based drug design techniques, including as all-atom MM, MD, 

docking, and electrostatic calculations, require explicit hydrogen atoms. A new study confirms that scoring 

techniques’ capacity to identify the native binding pose is influenced by the protonation state in the active 

site¹⁶. Enhancing the precision of interaction energy and conformational space sampling is another benefit 
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of combining QM with classical MD. Feenstra and colleagues compared substrate activation barriers at 

various sites from MD simulations in the enzyme and computed activation energy barriers using semi-

empirical QM. The pKa of titratable side chains served as a benchmark for their accelerated QM/MM 

technique, which makes use of a classical reference potential and an updated mean charge distribution. 

The variation for Asp3 in the bovine pancreatic trypsin inhibitor was approximately 1 pKa unit (1 

kcal·mol−1). The divergence for Lys102 in the T4-lysozyme mutant was 2.4 pKa unit (about 3 

kcal·mol−1). Because Lys102 is strongly embedded in the hydrophobic surface, its protonation status may 

have an impact on the protein’s shape. Consequently, there is a far greater chance of obtaining notable 

mistakes when calculating the pKa of its side chain¹⁷. 

 

Cation-pi and pi-pi interactions: 

Chemical and biological recognition relies heavily on cation-π and π-π stacking interactions. Because of 

the specific FF parameters or the absence of charge delocalization in fixed-charge models, classical FFs 

might occasionally fall short in describing these interactions. Due to the incompleteness of electronic 

correlation, even HF techniques have limits when it comes to recording π-interactions¹⁸. They noted that 

the enthalpies determined by AM1 and counterpoise-corrected MP2/6-31G(d) showed a good correlation, 

with the exception of cation-π interactions. Nevertheless, there is no consistent correlation between the 

structures determined by AM1 and DFT and those determined by MP2. Wu and McMahon used DFT and 

MP2 to determine the augmentation of binding energies brought on by cation-π interactions and to 

optimize the structures of the most stable isomers of protonated Tyr and ammonia or methylamine. 

Dispersive forces, together with electrostatic and exchange-repulsion forces, are the main stabilizing 

factors in π-stacked complexes, according to Møller-Plesset perturbation and coupled-cluster methods¹⁹. 

Some researchers have coupled HF theory with DFT to achieve forecasting power comparable to high-

level ab initio approaches. They have then used modest basis sets to mimic the potential energy surface of 

higher level computations for several π-stacking cases. 

 

 
 

QM- Based studies Of Pharmaceutical Relevant Targets: 

A few exemplary QM/MM investigations of therapeutically important enzymes are the main topic of this 

review paper. The chosen research will demonstrate how QM-based techniques enable scientists to study 

enzymatic processes, such as metal-assisted reactions and proton transfer events, and to characterize 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250136707 Volume 7, Issue 1, January-February 2025 5 

 

dynamic aspects of the catalytic region of the enzyme. The sections that follow are not all-inclusive. A 

number of reviews pertaining to computational research of enzymatic catalysis are recommended for the 

interested reader²⁰. A strong inhibitor, or TS analogue, is a ligand that shares the TS’s shape and 

physicochemical characteristics. High-level electronic structure computations are required to identify 

which TS traits to use as a template for constructing TS analogues because of the transient nature of the 

TS reaction, which precludes direct experimental observation of its geometry or chemical aspects. In the 

end, these strong inhibitors may provide as a solid foundation for logical medication development²¹. 

 

 
 

Here are a few chosen examples from two different types of metalloenzymes. The metallophosphatases, 

which catalyze the transfer of the phosphate group in a wide variety of proteins, including several 

significant drug development targets, are representative of the first class of proteins. We specifically go 

over two proteins that catalyze the phosphoryl transfer reaction and serve as prime examples of QM-based 

computations applied to targets that are relevant to pharmacology. 

 

Using QM To Calculate Molecular Properties : 

It has long been known that a precise assessment of the standard free energy change of complexation of 

biologically active molecules would help to clarify the first principles design of medications and other 

compounds as well as provide a deeper understanding of molecular recognition in biology²². Highly 

precise QM calculations of free energies are not possible with the current computing capability, especially 

for proteins and ligands in solution. Furthermore, it is too expensive to use QM approaches for high-

throughput docking. As a result, QM is better suited to create models for forecasting than for the direct 

assessment of binding free energy. QSAR and classical FFs are two instances of trade-offs between 

efficiency and accuracy. 

 

QM derived FFs : 

FFs do not have all the parameters needed to describe drug-like substances because of the vast chemical 

space of molecules. QM is frequently used to determine atomic charges for proteins, DNA, and especially 

tiny molecules, optimize geometries, and fit torsion parameters. Spiegel and coworkers developed a new 

set of FF parameters of platinated moiety via a force matching procedure of the classical forces to ab initio 

forces obtained from QM/MM trajectories, and extended the classical MD simulation to describe slow 

converging rearrangement of dinuclear Pt compounds and DNA duplex²³. For the atoms close to the active 

site, which are often highly polarized, as well as metal atoms for which FF parameters are unavailable, 

Sugiyama and colleagues employed DFT to compute partial charges and FF parameters²⁴. The point 
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charges, dipoles, quadruples, and octuplets in the ME model must be damped in order to take charge 

penetration effects into consideration. For short-range energies, the dampening techniques are especially 

important. For instance, when ME is used to calculate electrostatic potentials or electric fields on a 

molecule’s solvent-accessible surface or van der Waals (vdW), damping techniques must be employed. 

 

QM- derived partial charges: 

The technique utilized to derive partial charges has a substantial impact on the computed physical 

parameters, as well as the following docking and scoring, in molecular simulations with fixed charge 

models.Using explicit water MD simulations, Mobley and colleagues examined the hydration free 

energies of small molecules whose partial charges are assigned based on several levels of QM, such as 

AM1, HF, DFT, and MP2²⁵. For calculating charges, they discovered that the AM1 bond charge correction 

method performs nearly as well as any of the more computationally demanding ab initio methods. Fischer 

et al. Calculated the binding free energies of four ligands to the human retinoic acid receptor of isotype γ 

and eleven ligands to the human estrogen receptor subtype α (ERα) in order to compare FF-based scoring 

functions with QM-based scoring functions²⁶. Until the charge and reaction fields converged, the QM and 

PB equations were solved self-consistently. The computations considered spreading out of the electron 

cloud and polarized electronic wave function asymmetric distortion. Specifically, a portion of the solute’s 

electron density enters the solvent when it undergoes QM treatment. 

 

QM descriptors in QSAR/QSPR Models: 

Since QM provides more accurate information than FFs, more reliable QSAR and/or QSPR models 

incorporating QM descriptors are anticipated.Because of their ease of use and informative nature, partial 

charges are the most often used descriptors in QSAR/QSPR models. In a CoMFA model, Occhiato and 

associates used atomic partial charges obtained from DFT electrostatic potential to create novel 5α-

reductase 1 inhibitors²⁷. They stated that compared to semi-empirical PM3 charges, QSAR models formed 

from DFT charges have a greater predictive power. In addition to partial charges, QSAR/QSPR models 

are frequently constructed using other QM descriptors. Yamagami and colleagues employed a number of 

quantum chemical descriptors that are effective in characterizing chemical reactivity, such as frontier 

energy and frontier electron density²⁸.Their CoMFA approach demonstrates that both hydrogen bonding 

between the 2-hydroxy group and the receptor and substituents that extract electrons enhance the 

antimutagenic actions. A QSAR model of testosterone derivatives using multiple QM parameters, 

including as electronegativity and absolute hardness, was created by Singh and colleagues²⁹. In order to 

examine the variables influencing the inhibitory potency of a number of analogues of the MK886 inhibitor 

of microsomal prostaglandin E2 synthase-1, Pasha and colleagues created QSAR models using a variety 

of QM descriptors. According to these QM models, the inhibitory potency is influenced by the steric 

characteristics as well as hydrophobic and electrostatic interactions. 

 

Molecular Quantum Similarity: 

For almost 15 years, CADD has employed molecular similarity metrics. Malde and colleagues used QM 

to study boron analogs of natural peptides in order to determine the secondary structural preferences and 

the effects of various boron substitutions on stability. The B(OH)−NH isostere has recently been 

demonstrated to be an intriguing stand-in for the peptide bond due to its stability against proteolytic 

enzymes, comparable shape, and barrier for rotation around the backbone dihedral angle ω³⁰.Carbó et al. 
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Created a novel QSAR descriptor called molecular quantum similarity measures (MQSM) after measuring 

the similarity of electron density determined by QM. The first order electronic density function serves as 

the molecular description for the MQSM. To produce optimal molecular superposition, estimated 

functions and a maximizing approach are required prior to analyzing the similarities of electronic density 

functions. The toxicity and substituent effect in an aromatic series that is typically characterized by the 

empirical Hammett equation were then predicted using the MQSM³¹. Their findings showed that the 

electronic characteristics of the parent molecule’s C2−C1−O−H fragment, which can be thought of as 

frontier bonds in the O-methylation reaction, have a significant impact on the rate constant of esterification 

of phenols. These examples demonstrate how the electron density of the bond between the scaffolds and 

the substituents affects the effects of replacements, making molecular quantum similarities an appropriate 

method for researching substitutive effects. 

 

Vibration particle Number Approach For Molecular Design: 

The enormous number of accessible chemical structures spans the high-dimensional molecular region 

known as “chemical space.” One of the most challenging issues in de novo drug design is usually how to 

effectively sample the chemical space. Generally speaking, attempts at compound design typically try to 

relate a particular chemical system to the relevant observable. However, the opposite question—that is, 

which alteration of a particular chemical will result in a desired molecular property—applies in structure-

based drug design. This question has recently been the subject of two separate research groups. By adding 

the chemical potential for nuclei (alchemical potential) to the conceptual DFT, Lilienfeld and colleagues 

created a method that can investigate chemical space less heuristically³². By improving the interaction 

energy between the inhibitor and the target, they transformed a peptidic inhibitor of an anticancer target 

(human X-chromosome related inhibitor-of-apoptosis-proteins) into a nontectonic inhibitor. Wang and 

colleagues used a similar technique to tune molecule polarizability and hyperpolarizability nearly 

simultaneously. Mapping discrete chemical entities onto a continuous hypersurface is the fundamental 

concept behind these approaches. In this instance, a methodical optimization of the parameters added in 

the mapping process can prevent listing the astronomical number of discrete chemical structures. These 

techniques are currently only used to optimize a few molecular characteristics, such as polarizability and 

hyperpolarizability, which are easily computed using QM³³. 

 

Conclusion: 

The use of QM-based techniques to investigate the enzymatic reaction mechanism of therapeutically 

relevant enzymes has been the main focus of this review. One of the most intriguing study topics is still a 

thorough grasp of how enzymes function, where scientists are frequently astounded by the sophisticated 

ways that nature executes particular chemical interactions. The next step is to use this understanding to 

the development of novel enzymatic inhibitors. A few representative enzymes from the classes of 

metalloproteins have been reviewed here. There has been discussion of two metallophosphatase enzymes. 

The phosphatase activity in the soluble epoxide hydrolase (sEH), which is a promising target for 

hypertension and inflammatory conditions, and the endonuclease activity performed by the ribonuclease 

H (RNase H) protein, which is a promising target for anti-HIV drug design, come first.Numerous QM-

based techniques are presently crucial at several stages of CADD and will become even more significant 

in the future due to advancements in computing power.Diagrammatic illustration of how a linear 

combination of atomic potentials optimizes molecular characteristics. Electronic polarizabilities for 
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potential structures are represented by bar heights. The smooth (hyper)surface is used to optimize the 

property; just two degrees of freedom are indicated.Crucially, before to initiating CADD, the project status 

must be assessed, as this determines the quantity and variety of molecules to be assessed as well as the 

accuracy requirement. The best approach must then be chosen in accordance with the results. Recognition 

This research was funded by a Swiss National Science Foundation grant. 

 

Reference: 

1. N. H. March and C. C. Mathai: The application of Quantum chemistry and condensed matter theory 

in Studying amino-acids, protein folding and anticancer drug Technology. Theor. Chem. Acc., 125(3-

6), 193-201(2009) 

2. W. L. Jorgensen: The many roles of computation in drug Discovery. Science, 303(5665), 1813-1818 

(2004). 

3. E. G. Occhiato, A. Ferrali, G. Menchi, A. Guarna, G. Danza, A. Comerci, R. Mancina, M. Serio, G. 

Garotta,A. Cavalli, M. De Vivo and M. Recanatini: Synthesis, Biological activity, and three-

dimensional quantitative Structure-activity relationship model for a series of Benzo[c]quinolizin-3-

ones, nonsteroidal inhibitors of Human steroid 5 alpha-reductase 1. J. Med. Chem., 47(14), 3546-

356(2004). 

4. XiaoX,CushmanM.J.Org.Chem.2005Nov11;70(23),9584-7. 

5. Bombasaro, J. A.; Masman, M. F.; Santagata, L. N.; Freile, M. L.; Rodriguez, A. M.;Enriz, R. D. A 

comprehensive conformational analysis of bullacin B, a potent inhibitor of Complex I. Molecular 

dynamics simulations and ab initio calculations. J. Phys. Chem. A2008, 112, 7426–7438. 

6. Buyback, V.; Mladenovic, M.; Engels, B.; Schirmeister, T. Rational design of improvedAziridine-

based inhibitors of cysteine proteases. J. Phys. Chem. B 2009, 113, 5282–5289. 

7. Van der Vaart, A.; Gorgonian, V.; Dixon, S. L.; Merz, K. M. Linear scaling molecular orbital 

Calculations of biological systems using the semi empirical divide and conquer method. J.Compute. 

Chem. 2000, 21, 1494–1504. 

8. Grade, S. R.; Shirsat, R. N.; Limaye, A. C. Molecular tailoring approach for simulation of Electrostatic 

properties. J. Phys. Chem. 1994, 98, 9165–9169. 

9. Raha, K.; Merz, K. M. A quantum mechanics-based scoring function: Study of zinc ionmediated ligand 

binding. J. Am. Chem. Soc. 2004, 126, 1020–1021. 

10. Raha, K.; Merz, K. M. A quantum mechanics-based scoring function: Study of zinc ionmediated ligand 

binding. J. Am. Chem. Soc. 2004, 126, 1020–1021. 

11. Gao, J. L.; Truhlar, D. G. Quantum mechanical methods for enzyme kinetics. Annu. Rev.Phys. Chem. 

2002, 53, 467–505. 

12. Fanfrlik, J.; Brynda, J.; Rezac, J.; Hobza, P.; Lepsik, M. Interpretation of protein/ligand Crystal 

structure using QM/MM calculations: case of HIV-1 protease/metallacarboraneComplex. J. Phys. 

Chem. B 2008, 112, 15094–15102. 

13. Gao, X.; Huang, X.; Sun, C. Role of each residue in catalysis in the active site of pyrimidine 

Nucleoside phosphorylase from Bacillus subtilis: A hybrid QM/MM study. J. Struct. Biol.2006, 154, 

20–26. 

14. Cornell, W. D.; Cieplak, P.; Bayly, C. I.; Gould, I. R.; Merz, K. M.; Ferguson, D. M.;Spellmeyer, D. 

C.; Fox, T.; Caldwell, J. W.; Kollman, P. A. A second generation force field For the simulation of 

proteins, nucleic acids, and organic molecules. J. Am. Chem. Soc. 1995,117, 5179–5197. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250136707 Volume 7, Issue 1, January-February 2025 9 

 

15. Feenstra, K. A.; Starikov, E. B.; Urlacher, V. B.; Commandeers, J. N. M.; Vermeulen, N.P. E. 

Combining substrate dynamics, binding statistics, and energy barriers to rationalize Regioselective 

hydroxylation of octane and lauric acid by CYP102A1 and mutants. Protein Sci. 2007, 16, 420–431. 

16. Klein, C. D. P.; Schiffmann, R.; Folkers, G.; Piana, S.; Rothlisberger, U. Protonation states of 

Methionine aminopeptidase and their relevance for inhibitor binding and catalytic activity. J.Biol. 

Chem. 2003, 278, 47862–47867. 

17. Riccardi, D.; Schaefer, P.; Cui, Q. pKa calculations in solution and proteins with QM/MMFree energy 

perturbation simulations: a quantitative test of QM/MM protocols. J. Phys. Chem.B 2005, 109, 17715–

17733. 

18. Hobza, P.; Selzle, H. L.; Schlag, E. W. Potential energy surface for the benzene dimer. Results Of ab 

initio CCSD(T) calculations show two nearly isoenergetic structures: T-shaped and Parallel-displaced. 

J. Phys. Chem. 1996, 100, 18790–18794. 

19. Sinnokrot, M. O.; Valeev, E. F.; Sherrill, C. D. Estimates of the ab initio limit for π–πInteractions: The 

benzene dimer. J. Am. Chem. Soc. 2002, 124, 10887–10893. 

20. H. M. Senn and W. Thiel: QM/MM Methods for Bimolecular Systems. Angewandte Chemie-

International Edition, 48(7), 1198-1229 (2009). 

21. V. L. Schramm: Enzymatic transition states and Transition state analogues. Curr. Opin. Struct. Biol., 

15(6), 604-613 (2005). 

22. McCammon, J. A. Free energy calculations in rational drug design. Abstracts of Papers of The 

American Chemical Society 2004, 227, U896–U896. 

23. Spiegel, K.; Magistrato, A.; Maurer, P.; Ruggerone, P.; Rothlisberger, U.; Carloni, P.; Reedijk, J.; Klein, 

M. L. Parameterization of azole-bridged dinuclear platinum anticancer drugsVia a QM/MM force 

matching procedure. J. Comput. Chem. 2007, 29, 38–49. 

24. Sugiyama, A.; Takamatsu, Y.; Nishikawa, K.; Nagao, H.; Nishikawa, K. Docking stability And 

electronic structure of azurin-cytochrome c551 complex system. Int. J. Quantum Chem.2006, 106, 

3071–3078. 

25. Mobley, D. L.; Dumont, E.; Chodera, J. D.; Dill, K. A. Comparison of charge models for Fixed-charge 

force fields: Small-molecule hydration free energies in explicit solvent. J. Phys.Chem. B 2007, 111, 

2242–2254. 

26. Fischer, B.; Fukuzawa, K.; Wenzel, W. Receptor-specific scoring functions derived from Quantum 

chemical models improve affinity estimates for in-silico drug discovery. Proteins2008, 70, 1264–1273. 

27. Occhiato, E. G.; Ferrali, A.; Menchi, G.; Guarna, A.; Danza, G.; Comerci, A.; Mancina, R.;Serio, M.; 

Garotta, G.; Cavalli, A.; De Vivo, M.; Recanatini, M. Synthesis, biological Activity, and three-

dimensional quantitative structure-activity relationship model for a series Of benzo[c]quinolizin-3-

ones, nonsteroidal inhibitors of human steroid 5 α-reductase 1. J.Med. Chem. 2004, 47, 3546–3560. 

28. Yamagami, C.; Motohashi, N.; Akamatsu, M. Quantum chemical- and 3-D-QSAR (CoMFA)Studies 

of benzalacetones and 1,1,1-trifluoro-4-phenyl-3-buten-2-ones. Bioorg. Med. Chem.Lett. 2002, 12, 

2281–2285. 

29. Singh, P. P.; Srivastava, H. K.; Pasha, F. A. DFT-based QSAR study of testosterone and its Derivatives. 

Bioorg. Med. Chem. 2004, 12, 171–177. 

30. Malde, A. K.; Khedkar, S. A.; Coutinho, E. C. The B(OH)–NH analog is a surrogate for the Amide 

bond (CO–NH) in peptides: An ab initio study. J. Chem. Theory Comput. 2007, 3,619–627. 

31. Girones, X.; Carbo-Load, R.; Ponec, R. Molecular basis of LFER. Modeling of the electronic Substitu- 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250136707 Volume 7, Issue 1, January-February 2025 10 

 

ent effect using fragment quantum self-similarity measures. J. Chem. Inf. Comput.Sci. 2003, 43, 2033–

2038. 

32. Von Lilienfeld, O. A.; Lins, R. D.; Rothlisberger, U. Variational particle number approach for Rational 

compound design. Phys. Rev. Lett. 2005, 95, Doi 10.1103. 

33. Von Lilienfeld, O. A.; Tuckerman, M. E. Molecular grand-canonical ensemble density Functional 

theory and exploration of chemical space. J. Chem. Phys. 2006, 125, 154104–154113. 

https://www.ijfmr.com/

