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Abstract 

Nicotinic acid (Niacin), also known as vitamin B3, is an organic compound primarily used in treatment of 

high cholesterol along with many other pharmaceutical features. Cholesterol is transferred in blood 

plasma via lipoproteins that can exist in various types. Therefore, investigation of interactions between 

niacin and these proteins is vital. Thus, this study focuses on exploration of electronic structure of niacin 

and its derivatives, namely nicotinic acid N-oxide, 2-chloro, 6-chloro, 2-bromo-, and 6-bromonicotinic 

acid, and their molecular docking characteristics with lipoproteins. Electronic structure features were 

calculated at DFT-B3LYP/6-311(d, p) level of theory. Molecular docking properties were determined by 

the scoring technique based on chemical potential and total energy based calculations. Dependence of 

binding affinities in docking on halogen, position of halogen in substitution, and oxygen at the nitrous 

group was investigated. The relations among the electronic structures, spectroscopic features, and 

docking characteristics were obtained. Moreover, reactive sites causing binding affinities in niacin 

derivatives were investigated by Fukui analysis. 

 

Keywords —DFT, Electronic structure, Fukui analysis, Molecular docking, Niacin derivatives. 

 

 
1 Introduction 
Nicotinic acid (Niacin), also known as Vitamin B3, is 

a member of pyridine carboxylic acids. It has the 

molecular formula of C6H5NO2 and 3-pyridine car-

boxylic acid as formal name. Niacin and many simi-

lar pyridine carboxylic acids have great importance 

in biological and pharmacological applications. 

Proper functioning of the body, especially digestion 

system, requires medication of the body with niacin 

at appropriate dozes. Actually, this vital molecule is 

produced by the metabolism according to needs of 

the body, however, it may not be satisfactory in some 

cases especially high cholesterol foods are consumed 

or overstressed situations. Mild deficiency of niacin 

in metabolism may results in indigestion, fatigue, 

canker sores, vomiting, poor circulation, and depres-

sion symptoms. Even some pellagra cases may be 

observed if the deficiency is so high [1-5]. 

 

Recently, niacin has become highly popular in treat-

ment of cholesterol depended health issues. Niacin, 

when used at pharmacological dozes, lowers the 

level of total cholesterol, low density lipoprotein 

(LDL), and Lipoprotein A, and increases the level of 

high density lipoprotein (HDL). It especially triggers 

the change in the Apolipoprotein (Apo A1) level 

significantly [6]. Circulation of niacin in the metabo-

lism is achieved by holding on these proteins that 

exist in the blood plasma, so become very effective in 

reducing the fatal and coroner events. 

 

It is highly possible that niacin derivatives can also 
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show similar type of activities. Therefore, numerous 

studies have been conducted on investigation of 

structural and spectroscopic features of these type 

ligands [1-3, 7-9]. In those studies, isolated ligand 

molecules were investigated in monomeric or dimer-

ic forms, and rarely in comparison among similar 

types. General methodology followed in previous 

studies is determination of geometrical structures 

using X-ray crystallography, FT-IR, Raman, UV-Vis, 
1H and 13C NMR spectroscopies, and computation of 

the same properties obtained experimentally and 

further detailed information such as nonlinear opti-

cal properties, visualization of molecular orbitals, 

and population densities by using quantum chemis-

try calculations. 

 

Notwithstanding, previous studies have brought out 

some indirect explanations on the active nature of 

isolated ligands, this study provides more direct and 

felicitous explanations through Fukui function anal-

ysis and molecular docking techniques. Molecular 

docking methodologies used in this study are based 

on both chemical potential based scoring function 

and total energy based scoring function. Niacin de-

rivatives of this study, seen in Figure 1, were selected 

in such a way that the effect of halogen in the struc-

ture and the position of that on the docking mecha-

nism or energetics can be discussed. Human 

apolipoprotein A I (PDB ID: 1av1) was used as target 

macromolecule because it is a carrier of the niacin in 

blood plasma. 1av1 has a nearly symmetric structure 

as seen in Figure 2 [10]. 

 
Figure 1: Niacin derivatives of this study 

 
Figure 2: The crystal structure of human apolipoprotein A-

I (pdb code: 1av1) 

 

Study is organized as follows: computational and 

analysis techniques are given in Section 2. Section 3 

starts with conformational analysis of molecules to 

determine the lowest energy states. Using quantum 

chemical calculations, some properties that are relat-

ed to binding affinities in molecular docking and 

dynamic of molecules such as total energies, Gibbs 

free energies, vibrational energies, nonlinear optical 

properties of these optimized structures were pre-

sented. Electrostatic surface properties and electro-

philic or nucleophilic regions were further analyzed 

using Fukui analysis and condensed dual descriptor, 

thus binding situations to protein structure were 

explored. Section 3 ends with the report of results 

obtained in molecular docking studies. 

 

2. Methods 

Conformational analysis and frequency depended 

calculations were carried out using Gaussian 09 pro-

gram [11] and the structure properties were visual-

ized in Gauss View 5.0 [12]. B3LYP [13] hybrid func-

tional was used with 6-311G(d,p) basis set in DFT 

[14] calculations. This calculation set is in accordance 

with the previous studies [15-17] that focus on the 

individual study of molecules explored here. Reac-

tive site on the molecular surfaces were determined 

on the basis of Fukui function analysis [13] using 

Multiwfn_3.3.8 [18] program. Molecular docking 

situations were explored via Lamarckian Generic 

Algorithm (LGA) [19] in Autodock Vina [20] and 

Pharmacological Scoring Function [21] in 

iGEMDOCK [22].While only the binding affinities 

were determined in AutodockVina, iGEMDOCK was 

employed in determination of binding energies, sta-

bility of docking method, and interactions in binding 

sites. 
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3. Results and Discussions 
3.1. Conformational analysis 

Niacin molecule has a carboxylic group that can be 

oriented in four possible ways; two ways depending 

on the orientation of hydroxyl group whether 

towards the ring or away from the ring, and two 

ways depending on the position of hydroxyl fragment 

in the group. Among these configurations, it is no doubt 

that the hydroxyl fragment would always point away 

from the ring, thus only two higher stability conforma-

tions can be taken as Conf1 and Conf2 as shown in 

Figure 3. This situation is valid for the other molecules 

studied here, too. Another issue is the symmetry of 

these conformations. Depending on whether molecu-

les are planar or not, each conformation can be in the 

Cs or in the C1 symmetry group. Deviations from 

highest symmetry or flexibility in conformational 

changes are, in fact, play important role in molecular 

docking studies. 

 
Figure 3: Two higher stability conformations of Niacin 

Table 1 contains the conformational energies of the 

most possible conformations and the symmetry of 

these conformations. 

 
Table 1: Conformational energies and symmetry situations 

of the ligands 

Molecules Conf. Sym. 
Energy 

(Hartree) 
Energy  

(kcal/mol) 

Niacin Conf2 C1 -436.977 -274204.09 

NiacinNO Conf2 C1 -512.159 -321381.16 

2-ClNiacin Conf2 Cs -896.590 -562612.82 

6-ClNiacin Conf2 C1 -896.600 -562619.25 

2-BrNiacin Conf1 C1 -3010.509 -1889103.57 

6-BrNiacin Conf2 Cs -3010.520 -1889110.51 

 

Conformational energies of ligands differ significant-

ly. Energies of ligands with bromide atom are nearly 

seven times lower than that of niacin. Energy of Ni-

acinNO is also lower than that of niacin; however, 

difference is not as sharp as in the case of halogenat-

ed ligands. The energies do not show a significant 

dependency on the positioning of the halogens. Dis-

cussion on these energies will be considered when 

the docking results are reported to explore whether 

there is any correlation between them. Interestingly, 

2-BrNiacin prefers to be in Conf1 while the other 

ligands are in Conf2. It is most probably due to elec-

tron cloud around the bromide atom is being larger 

and repels the hydrogen atom more than chloride 

atom in 2-ClNiacin. Actually, the energy difference 

between Conf1 and Conf2 of 2-BrNiacin is only 

0.0670 kcal/mol, but we prefer to consider the Conf1 

over Conf2 because it might be highly important in 

reactivity of the molecule. Moreover, in terms of 

symmetry, ligands are prone to be in C1 symmetry 

except 2-ClNiacin and 6-BrNiacin which are planar. 

The final optimized structures are given in Figure 4 

 
Figure 4: Optimized structure of niacin derivatives studied 

in this work 

 

3.2. Thermal Properties 

Thermal properties might play a critical role in un-

derstanding the reactivity and docking situations. 

We basically considered four thermal parameters 

and explored their dependency on the structures: 

sum of electronic and thermal free energies, thermal 

energies, heat capacity, and entropy. 
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Free energies have the similar trend with the con-

formational energies i.e. bromide ligands has the 

lowest energy, chloride energies are at lower energy, 

N oxide has slightly lower in energy than niacin. 

Thermal energies are nearly the same for halogenat-

ed ligands (64 kcal/mol), and higher for Niacin (69 

kcal/mol), and the highest for NiacinNO (73 

kcal/mol). This distribution is directly a reflection 

vibrational contribution to the total thermal energy, 

because translational and rotational energies were 

calculated to be the same for all ligands. Interesting-

ly, heat capacity and entropy do not show analogy 

with total thermal energy. Halogenated ligands have 

total heat capacity as high as NiacinNO (30 

cal/mol.K) except 2-ClNiacin (28 cal/mol.K). Heat 

capacity of niacin (26 cal/mol.K) is the lowest 

among all. Finally, the entropy of ligands with bro-

mide is the highest, and that of niacin is the lowest. 

Entropy consideration does not give any logical or-

der such as dependent of position of the halogen on 

the ring or type of it. 

 

3.1. Optical Properties 

Non-linear optical (NLO) properties are highly im-

portant in understanding the dynamics of materials 

and respond to external excitations. Because the pro-

tein molecule is a sort of an external field source for 

the ligand molecule, the positioning of the ligand in 

such an environment is very dependent on how the 

ligand will respond to that field. 

For the purpose of qualitative description of non-

linear properties of niacin and its derivatives, the 

electric dipole moment, polarizability, anisotropy of 

polarizability, and first hyperpolarizability were 

determined theoretically. Frequency calculations 

generate the polarizability (xx,xy,yy,xz,yz,zz,) 

and hyperpolarizability 

(xxx,xxy,xyy,yyy,xyz,xzz,yzz,zzz,) tensors in atomic 

units. The mean polarizability (0), anisotropy of 

polarizability () and the average of first hyperpo-

larizability () can be calculated via equations 1-3.  

 

𝛼0 =
1

3
(𝛼𝑥𝑥 + 𝛼𝑦𝑦 + 𝛼𝑧𝑧) (1) 

Δ𝛼 =
1

√2
[(𝛼𝑥𝑥 − 𝛼𝑦𝑦)

2
+ (𝛼𝑦𝑦 − 𝛼𝑧𝑧)

2
+ (𝛼𝑧𝑧 −

𝛼𝑥𝑥)2 + 6𝛼𝑥𝑧
2 + 6𝛼𝑥𝑦

2 + 6𝛼𝑦𝑧
2 ]

1

2
 (2) 

〈𝛽〉 = [(𝛽𝑥𝑥𝑥 + 𝛽𝑥𝑦𝑦 + 𝛽𝑥𝑧𝑧)
2

+ (𝛽𝑦𝑦𝑦 + 𝛽𝑦𝑧𝑧 +

𝛽𝑦𝑥𝑥)
2

+ (𝛽𝑧𝑧𝑧 + 𝛽𝑧𝑥𝑥 + 𝛽𝑧𝑦𝑦)
2

]

1

2
 (3) 

 

Result of these calculations are listed in Table 2 in 

electronic units (esu) which converted from a.u. 

through the conversion factors of 1 a.u.=0.1482x10-24 

esu for polarizabilities and 1 a.u.=8.6393x10-33 esu for 

molecular hyperpolarizability along with the total 

dipole moment given by Equation (4). 

𝜇𝑡𝑜𝑡𝑎𝑙 = (𝜇𝑥
2 + 𝜇𝑦

2 + 𝜇𝑧
2)

1

2 (4) 

 

 

Table 2: Nonlinear optical properties of the ligands 

Optical 
Properties 

Urea Niacin NiacinNO 2-ClNiacin 2-BrNiacin 6-ClNiacin 6-BrNiacin 

μtotal 1.5 0.2 0.1 0.9 0.6 0.8 0.5 1.7 1.1 0.7 0.5 0.6 0.4 

α0 5.0 10.7 2.1 12.1 2.4 12.5 2.5 13.4 2.7 12.8 2.5 13.8 2.7 

Δα 9.9 28.1 2.8 27.2 2.8 31.0 3.1 33.9 3.4 38.1 3.9 26.6 2.7 

〈β〉 780.3 1403.4 1.8 3017.2 3.9 2431.7 3.1 3405.2 4.4 5673.0 7.3 6918.4 8.9 

 

NLO properties of urea have been used as a standard 

to decide whether the molecules show nonlinear 

optical properties. Therefore, each column reserved 

for the ligands is split into two; the second columns 

made bold show the ratio of the properties of the 

ligand to that of urea. Highest ratios were obtained 

for the average first hyperpolarizability for all lig 

 

ands except niacin which shows the highest ratio in 

anisotropy of polarizability with  

 

(Δ𝛼𝑛𝑖𝑎𝑐𝑖𝑛 Δ𝛼𝑢𝑟𝑒𝑎⁄ = 2.8).  The average first hyperpo-

larizability of ligand shows a position and halogen 

dependency as well; ligands halogenated from sixth 

carbon have approximately two times larger 〈𝛽〉 than 
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that from second carbon and halogenation with bro-

mide results in higher 〈𝛽〉 values than with chloride. 

Average polarizabilities of all ligands are nearly the 

same, and dipole moments are weaker than that of 

urea except 2-BrNiacin (𝜇𝑡𝑜𝑡𝑎𝑙𝑛𝑖𝑎𝑐𝑖𝑛
𝜇𝑡𝑜𝑡𝑎𝑙𝑢𝑟𝑒𝑎

⁄ = 1.1). 

Overall, all niacin derivatives show higher nonlinear 

optical properties than niacin; therefore, interactions 

with external excitations and their reorientation in an 

environment are supposed to be more probable.   

 

3.2. Reactive site analysis 

Determination of reaction sites from DFT calculation 

is based on average local ionization energies on the 

molecular surfaces [23]. Here, we used Fukui func-

tion analysis to be more deterministic in assignment 

of nucleophilic, electrophilic, and radial attack re-

gions by using optimized structures of anion and 

cation forms of the ligand as well as its neutral form. 

Fukui function [13] is defined as 

 

𝑓(𝒓) = [
𝜕𝜌(𝒓)

𝜕𝑁
]

𝜈
(5) 

where 𝑁 is number of electrons in the present sys-

tem, the constant term 𝜈 in the partial derivative is 

external potential. Using the electron density from 

anion (N+1), neutral (N), and cation (N-1) forms of 

the ligands, attack region can be calculated as  

Nucleophilic attack: 𝑓+(𝒓) = 𝜌𝑁+1(𝒓) − 𝜌𝑁(𝒓) (6) 

Electrophilic attack: 𝑓−(𝒓) = 𝜌𝑁(𝒓) − 𝜌𝑁−1(𝒓) (7) 

Radial attack: 𝑓0(𝒓) = [𝑓+(𝒓) 𝑓−(𝒓)⁄ ] 2⁄  (8) 

 

The difference in nucleophilic and electrophilic char-

acters Δ𝑓(𝒓) = 𝑓+(𝒓) − 𝑓−(𝒓) is defined as dual de-

scriptor which is a simultaneous representation of 

both effects. Dual descriptor can be approximated to 

the difference in the spin density of cation and anion 

state as  

Dual descriptor from spin states: Δ𝑓(𝒓) ≈ 𝜌𝑁+1
𝑠 (𝒓) −

𝜌𝑁−1
𝑠 (𝒓) (9) 

 

Positive and negative values of Δ𝑓(𝒓) gives the nu-

cleophilic and the electrophilic regions in a molecule. 

Table 3 includes the surfaces for 𝑓+(𝒓), 𝑓−(𝒓), and 

Δ𝑓(𝒓) having visualizations taken at the same isosur-

face value of 0.003 with green indicate the positive and 

purple is for negative values. 

 

 

Table 3: Isosurface of Fukui functions and dual descriptor 

Visual state Niacin Niacin-NO 2-ClNiacin 2-BrNiacin 6-ClNiacin 6-BrNiacin 

Electrophilic 

attack 

 
      

Nucleophilic 

attack 

 
      

Dual 

Descriptor: 

 
      

 

Interestingly, whole surface of NiacinNO and 6-

BrNiacin is appropriate for nucleophilic attacks. Ox-

ygens in carboxyl groups and on the ring in Ni-

acinNO are always candidate for nucleophilic attack 

as expected due to lone electron pair on them. Ac-

cording to dual descriptor surfaces, halogens are the  

 

highly attractive regions except for 2-BrNiacin be-

cause the orientation of carboxyl group in this ligand 

is different from that of the others. In the case of 2-

BrNiacin, a special region between bromide and car-

boxyl group appears to be nucleophilic. This sug-

gests that chemical reactivity of this ligand might 
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show different aspects. 

 

Another way of using this analysis is to obtain atom-

ic charges from population analysis, and calculate 

condensed Fukui functions and dual descriptor for 

individual atoms in molecules. Charge densities in 

equations (6-9) are replaced with the atomic charges 

in these calculations. Atomic charges can be obtained 

from different ways such as Mulliken, Löwdin, 

Becke, and Hirshfeld population analysis. We’ve 

preferred using Hirshfeld charges because it is more 

basis set independent, thus results would be less 

biased by the calculations. Condensed dual de-

scriptor values for individual atoms in molecules are 

tabulated in Table 4. The table is separated in two 

sections; atoms in ring and in carboxyl group. Con-

densed dual descriptor maxima and minima are 

highlighted with pink and blue, respectively. Minima 

are located in halogens in ligands with chloride, 

bromide, and oxygenated. A minimum for Niacin is 

on the nitrogen in the ring. These results are expected 

commonly because the electronegativities of halo-

gens (Cl: 3.16, Br: 2.96), oxygen (3.44), and nitrogen 

(3.04) are higher than that of carbon (2.55) and hy-

drogen (2.20) atoms. Interestingly, the bromide at-

oms are more nucleophilic than chloride atoms in 

our case, and the nucleophilic character of nitrogen 

and oxygen is nearly the same. The most electrophilic 

atom is the carbon atom in the carboxyl group in 

general. In the case of 2BrNiacin, however, the max-

imum occurs in the sixth carbon on the ring. 

 
 

Table 4: Condensed dual descriptor values of atoms in molecules 

Niacin  Niacin-NO  2-BrNiacin  2-ClNiacin  6-BrNiacin  6-ClNiacin 

Atom f  Atom f  Atom f  Atom f  Atom f  Atom f 

N -0.184  N 0.016  N 0.014  N 0.006  N 0.012  N -0.021 

C -0.012  C -0.034  C 0.010  C -0.034  C -0.022  C -0.015 

C 0.014  C 0.025  C 0.062  C -0.017  C -0.033  C -0.025 

C 0.029  C -0.056  C 0.034  C 0.040  C 0.036  C 0.034 

C -0.011  C 0.005  C 0.010  C -0.067  C -0.035  C -0.020 

C 0.050  C 0.014  C 0.065  C 0.029  C 0.031  C 0.029 

H 0.003  H -0.007  H 0.006  H 0.005  H 0.006  H 0.005 

H -0.005  H 0.000  H 0.009  H -0.007  H -0.002  H -0.001 

H -0.015  H 0.003  H 0.018  H 0.007  Br -0.181  Cl -0.092 

H -0.026  H -0.008  Br -0.222  Cl -0.139  H 0.000  H -0.004 

   O -0.183             

C 0.068  C 0.082  C 0.040  C 0.069  C 0.074  C 0.063 

O 0.033  O 0.071  O -0.030  O 0.042  O 0.052  O 0.009 

O 0.041  O 0.052  O -0.015  O 0.050  O 0.044  O 0.027 

H 0.015  H 0.020  H -0.001  H 0.017  H 0.018  H 0.011 

 
3.3. Molecular Docking 

Docking investigations were performed on two differ-

ent platforms; Autodock Vina [20] and iGEMDOCK 

[22]. Autodock Vina uses a scoring function on the 

basis of Gibbs free energy within the Lamarckian Ge-

neric Algorithm. iGEMDOCK, on the other hand, uses 

Generic Evolutionary Method with an empirical scor-

ing function that is obtained from nearly thousand 

protein-active complexes interaction profiles. Both 

cases, the energies are defined in terms of three basic 

interactions; electrostatic, hydrogen bonding, and Van  

 

der Waals. Table 5 summarizes the docking energies 

given in kcal/mol. Autodock results suggest that dock-

ing energies very close to each other and do not show 

any dependency to halogen or position of the halogen 

on the ring. However, chemical reactivity analysis and 

exploration of NLO properties indicates that niacin 

derivatives have tendency to be docked with higher 

energies. A quick docking in iGEMDOCK indicates 

that halogenated ligands nearly 30% higher docking 

capability than niacin. Quick docking methodology, 

however, takes the accuracy at the lowest level. A step 
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forward analysis with standard settings of the pro-

gram generates totally different results. Therefore, we 

performed this docking study with five different set-

tings of population size-number of generations-

number of solutions settings until we obtain a repro-

ducibility of results. Stable docking settings suggested 

by the program, for example, produces similar results 

with the quick docking results in terms of ordering of 

docking energies, but significant differences in energy 

values. Variations in the results indicate that the num-

ber of solutions searched is the most critical parame-

ter. Two further docking were performed with Cus-

tom1 and Custom2 settings, which generated the same 

ordering of docking energies and very close values. 

 

 

Table 5: Comparison of molecular docking results 

Autodock Vina 
iGEMDOCK : 

Population size, Generations, Number of solutions 

Lamarckian Quick: 150, 70, 1 Standard : 200, 80,2 

6-BrNiacin -5.9 6-ClNiacin -70.1257 2-ClNiacin -70.6338 

NiacinNO -5.6 2-ClNiacin -70.1036 Niacin -69.3058 

2-ClNiacin -5.5 6-BrNiacin -68.6039 6-BrNiacin -68.4331 

Niacin -5.5 2-BrNiacin -64.0913 6-ClNiacin -67.7666 

2-BrNiacin -5.2 NiacinNO -56.6055 2-BrNiacin -66.4337 

6-ClNiacin -5.1 Niacin -53.3964 NiacinNO -63.9057 

iGEMDOCK : Population size, Generations, Number of solutions 

Stable:300,80,10 Custom1: 300, 80, 20 Custom2: 300, 80, 40 

6-ClNiacin -73.8272 6-ClNiacin -74.6879 6-ClNiacin -74.9559 

2-ClNiacin -72.7254 NiacinNO -74.4013 NiacinNO -74.4345 

6-BrNiacin -72.2856 6-BrNiacin -73.6022 6-BrNiacin -74.0587 

2-BrNiacin -71.2073 2-ClNiacin -72.2046 2-ClNiacin -72.7759 

NiacinNO -70.9625 2-BrNiacin -70.05 2-BrNiacin -71.2326 

Niacin -69.8142 Niacin -69.2472 Niacin -70.1515 

 

Interaction energies resolved in terms of their type 

from the Custom2 settings and the lowest energy 

poses are given in Table 6.  Overall evaluation of the 

results shows that the most important factor in de-

termination of bioactivity is the position of active 

atoms in molecules. All ligand have two distinct re-

gion that can play role in interactions; carboxyl 

group and nucleophilic atoms (halogens, oxygen, or 

nitrogen). The further this region from each other, 

the higher the docking possibility and energy is ob-

tained. This result is in consistency with the results 

of analysis of NLO properties. Secondly, it is shown 

that the bioactivity is closely related to electronega-

tivity of halogen in the structure. Binding affinities of 

ligands with the chloride are higher than that of lig-

ands with bromide. 

 

Interaction energy profile also shows that the niacin 

derivatives establishes two or three times more hy- 

 

drogen bonding and electronic interactions are total-

ly different from niacin. This indicates that binding 

sites in the protein structure is not the same. Figure 5 

shows the docking situations of the ligands and their 

geometries in binding sites. 

Binding sites differ on the basis of position of halo-

gen on the ring. 6ClNiacin and 6BrNiaicin are 

docked to the same site as 2ClNiacin and 2BrNiacin 

do. Ligand molecules also experience some structur-

al modifications at binding sites. Orientation of hy-

droxyl fragment of carboxyl group in Niacin is re-

versed in comparison to the optimized structure in 

isolated state as shown in Figure 4. The same effect 

appears in 6ClNiacin and 6BrNiacin ligands as well. 

NiacinNO and 2BrNiacin do not experience any sig-

nificant structural changes. As oppose to the situa-

tion of 2BrNiacin, 2ClNiacin experiences a deproto-

nation, and becomes a carboxylate ligand. Whether 

these structural changes affect the behavior of the 
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protein is a question that can be answered from 

pharmacological perspective only. Our investigations 

answers to the question of how these niacin deriva-

tives docks to the structure, what type of interactions 

exist between protein and ligands, and what are 

some relations between electronic structure features 

of the ligands and the docking situations to Apolipo-

protein A I. 

 

 

 

Table 6: Energy analysis for the best docked poses by Custom2 processes 

Protein  Ligand Total Energy VDW H-Bond Electronic 

1AV1  6-ClNiacin, pose #12 -74.9559 -45.72 -26.8299 -2.40604 

1AV1  NiacinNO, pose #2 -74.4345 -55.2428 -15.1524 -4.03939 

1AV1  6-BrNiacin, pose #7 -74.0587 -45.1902 -26.4361 -2.43243 

1AV1  2-ClNiacin, pose #28 -72.7759 -48.5619 -21 -3.21396 

1AV1  2-BrNiacin, pose #22 -71.2326 -46.9451 -20.9167 -3.37082 

1AV1  Niacin, pose #17 -70.1515 -63.8302 -7 0.678664 

 

 
Figure 5: Molecular docking binding sites for niacin and derivatives, and their geometries as best docked poses

 

Conclusions 
Geometrical structure, thermal, nonlinear optical, 

and reactivity properties of niacin, niacin N-oxide, 

and four halogenated niacin derivatives were inves-

tigated. Former features were obtained from DFT 

calculations directly, and reactive nature was ex-

plored by Fukui function analysis from both sur 

 

face mapping of nucleophilic/electrophilic regions 

and dual descriptor values calculated on the basis of 

Hirshfeld population analysis. Using Autodock Vina 

and iGEMDOCK, possible docking situations were 

investigated. While the Autodock does not indicate  

 

any dependency on the structure of ligands, 

iGEMDOCK results show that the most important 

factor in determination of bioactivity is the position 

of active atoms in molecules and the tightness of 

docking is depend on the electronegativity of halo-

gen in the structure. 
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