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The molecular modelling studies of a series of dihydroalkoxybenzyl-
oxopyrimidine (DABO) derivatives have been undertaken by establis-
hing a quantitative structure activity relationship (QSAR) model towards
their reverse transcriptase activity. An efficient QSAR model based
on a sole descriptor, namely 'group chemical potential' has been established.
The QSAR model with this DFT based descriptor has a g* value 0.646
and r* value 0.650.
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INTRODUCTION

HIV-1 is aretrovirus which affects the cells of human immune
system causing acquired immunodeficiency syndrome (AIDS)
[1]. HIV-1 replicates through the action of resverse transcri-
ptase (RT) enzyme. Currently available drugs to treat AIDS
are based on their action towards inhibition of this reverse trans-
criptase enzyme. These drugs are broadly classified into two
categories viz., nucleosidic inhibitors and non-nucleosidic
inhibitors [2]. Some of the nucleosidic inhibitors currently in
use are 3’-azidomythidine (AZT) [3] and non-nucleosidic
inhibitors are HEPT [4], TIBO [5], etc. Drugs belonging to
both these categories are beset with problems of cytotoxicity
and drug-resistance [6]. Thus search is on for better drug mole-
cules to contain the activity of HIV-1 retrovirus.

Molecules based on dihydroalkoxybenzyloxopyrimidines
(DABO) have been reported to exhibit efficient anti-HIV-1
activity [7]. Design of better drug molecules is fundamentally
dependent on the clear understanding of the electronic nature
of a series of closely related molecules. Quantitative structure
activity realtionship (QSAR) is a standard methodology in this
direction in which one establishes a mathematical relationship
describing the activity of a particular class of motlecules in
terms of suitable descriptors that encode the common chemical
characteristics [8,9]. Choice of descriptors is the most crucial
part of establishing a successful QSAR model. A good QSAR
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model is one in which the activity can be described in terms of
minimum number of descriptors.

Recently a number of descriptors based on conceptual
DFT have been introduced in the literature, like chemical
hardness [9], NICS [10], Fukui function [11], group frontier
electron density [12], efc. Chemical potential is a classical
concept widely employed in chemistry to express the reactivity
of chemicals but it is not limited by its use only in chemistry,
instead it is widely used in describing diverse physical phenomena
and processes like phase transitions of materials, electric
currents in semiconductor junctions and nuclear reactions, efc.
[13]. Itis a generalized intuitive concept equally applicable in
the world of atoms, molecules and bulk materials as well.

Generally, the concept of chemical potential [14] is used
in a global sense - a single parameter that describes the nature
of the whole system. In case of atomic systems, this parameter
is sufficient to describe the system as a whole due to coinci-
dence of local and global nature. But for a molecular system
one feels the necessity of defining local chemical potential
specific to localized regions within a particular molecule which
is conceptually different from global chemical potential and it
is more appropriate in case of macro molecules. In the present
work, we introduce the concept of group chemical potential
which is defined as the chemical potential for a group of atoms
with in a large parent molecule. We used this as the sole descriptor
in establishing a QSAR model for reverse transcriptase (RT)
inhibition activity of a series of dihydroalkoxybenzyloxo-
pyrimidine (DABO) molecules. This new descriptor appears
to work successfully as the QSAR model based on this has
acceptable square correlation coefficient r* = 0.64.

EXPERIMENTAL

Chemical potential: Chemical potential (1) is a global
reactivity index for atoms, molecules and clusters [15-18]. It
is defined as the change of energy of a system due to the addition
or withdrawal of electrons from the system.

From density functional theory (DFT), it is also defined

as:
(_j T
aN v(r) ( )

where JE is the change of energy of a system of N electrons
due to the change of ON electrons of the system under a constant
external potential v(r).

The finite difference approximation of eqn. 1 gives:

h=- P+ EA) @

Where, EA and IP are the electron affinity and ionization
potential of the system, respectively.
According to Koopman's theorem [19], eqn. 2 reduces to

1
u= _E(EHOMO + ELUMO) 3)

where Enowmo is the energy of highest occupied molecular orbital
and E;uwmo is the energy of lowest unoccupied molecular orbital.

A detailed theoretical explanation was given by Sanderson
and Parr et al. [19-22].

Fukui function: The term 'Fukui Function' was introduced
by Parr and Yang [19]. Actually, it measures the sensitivity of
chemical potential of a system in response to an external
perturbation at a particular site or the sensitivity of electron
density of a system at a particular site if an infinitesimally
small number of electrons is excluded or added to the system.
Mathematically, it is defined as:

[ ow ) _(9p(r)
ol )

where p(r) is the electron density.

The reactivity of an atom of in a molecule can be described
by a single valued atomic Fukui functions (fi) which is obtained
by condensing values of f(r) around each atomic site k of the
molecule.

Using finite difference approximation, Yang and Mortier
[23] proposed approximated atomic Fukui indices as:

fk+ =pk(N+1)_pk(N)
fo =P (N)—p, (N-1)

For nucleophilic attacks  (5)

For electrophilic attacks  (6)

..
£l = 5( i+ ) For radical attacks (7

Local and group chemical potential: Local chemical
potential is the product of global chemical potential (i) and
the Fukui function indices at a particular atomic site.

For an atomic site 'k', the electrophilic, nucleophilic and
radical reactions are respectively described by the following
three local chemical potentials which are defined as:

He = fi'u
e =fin  (suited for studies of electrophilic attack) (9)
w’ =£"u  (suited for studies of radical attack) (10)

(suited for studies of nucleophilic attack) (8)

In the present paper, we introduce two new descriptors,
namely (i) electrophilic group chemical potential (u") and (ii)
nucleophilic group chemical potential (u,) which are defined
respectively as:

wy =y (11)

uy =>ut (12)

Here the summation extends over a group of n relevant atoms
within a parent molecule.

Selection of dataset: Anti-HIV activity data of a series of
DABO derivatives have been taken from the literature [24-
27] for the present QSAR study and has been listed in Table-
1. The biological profile of the compounds were evaluated in
HIV-1 RT affinity binding assays, using 3[H]-dGTP as the
radio-ligand. ICs, values of the compounds were transformed
into log (1/ICs), abbreviated as pICsy, ranges from 4.23 to
6.70 M. A training set of 34 molecules has been used to
generate the QSAR model whereas a test set of eight molecules
has been used to determine the external predictivity of the
resulting QSAR model. This test set evenly spanned the activity
range as well as the chemical and structural diversity of the
whole dataset.
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TABLE-1
CHEMICAL STRUCTURE AND HIV-1 REVERSE TRANSCRIPTASE
NON-NUCLEOSIDE INHIBITION ACTIVITY DATA OF DABO DERIVATIVES

X /H
| N
Ar )\
N Y

No. X Ar Y pICs, No. X Ar Y pICs,
1# Me 2-Naphthyl S-sec-Bu 4.23 22 H Ph S-Cyclopentyl 5.55
2# H 1-Naphthyl S-Cyclopentyl 4.31 23 H 3-Me-Ph S-Cyclopentyl 5.59
3 Me 1-Naphthyl S-Cyclopentyl 4.35 24# Me 3-Me-Ph S-Me 5.60
4 Me 4-F-Ph S-sec-Bu 4.59 25 Me 3-Me-Ph S-iso-Pr 5.60
5 Me 4-Cl-Ph S-sec-Bu 4.77 26 Me 3-Me-Ph S-Cyclohexyl 5.66
6 H 1-Naphthyl S-sec-Bu 4.79 27 Me Ph S-tert-Bu 5.72
7 H 2-Naphthyl S-sec-Bu 4.83 28 Me 2,6-di-Cl-Ph S-Cyclopentyl 5.80
8# H 4-Cl-Ph S-sec-Bu 5.02 29 H 2,6-di-Cl-Ph S-iso-Pr 5.89
9 H 3-Me-Ph 4-tert-Ph 5.09 30 Me 2,6-di-Cl-Ph S-iso-Pr 5.94
10# Me 2,6-di-Cl-Ph S-Cyclohexyl 5.31 31 Me 2,6-di-Cl-Ph S-n-Pr 5.94
11 Me Ph S-Me 5.31 32 Me 2,6-di-Cl-Ph S-tert-Pr 5.96
12 Me Ph S-sec-Bu 5.32 33# H 2,6-di-F-Ph S-Me 6.10
13 Me 3-Me-Ph S-tert-Bu 5.34 34 Me 2-Cl-Ph S-sec-Bu 6.10
14 Me Ph S-Cyclohexyl 5.37 35 Me 2-F-Ph S-sec-Bu 6.10
15 H 3-Cl-Ph S-sec-Bu 5.42 36# Me 3-NO2-Ph S-sec-Bu 6.10
16 Me 3-Me-Ph S-Cyclohexyl 5.47 37 H 2-F-Ph S-sec-Bu 6.22
17 H 2-Cl-Ph S-sec-Bu 5.49 38 H 3-NO2-Ph S-sec-Bu 6.22
18 Me 3-F-Ph S-sec-Bu 5.52 39 H 2,6-di-Cl-Ph S-tert-Bu 6.22
194 H 2, 6-di-Cl-Ph S-Me 5.52 40 H 2,6-di-Cl-Ph S-n-Bu 6.30
20 H Ph S-Cyclohexyl 5.52 41 H 2,6-di-Cl-Ph S-Cyclopentyl 6.40
21 H 3-Me-Ph S-iso-Pr 5.54 42 H 2,6-F-Cl-Ph S-n-Bu 6.70

# molecules belonging to the test set

Computation of molecular descriptors: The structures
of selected molecules have been optimized fully using the DFT
method [28-32] using B3LYP/6-31G(d,p), Becke's three para-
meter hybrid density functional. It include Hartree-Fock exchange
and DFT exchange correlation functional both using Gaussian
03W program [33]. The optimized structures were characte-
rized by harmonic-vibrational frequencies which established
that the obtained structures are at minimum on the potential
energy surface. Various global and local reactivity descriptors
have been calculated from the Gaussian 03 optimized geo-
metries by a customized software.

RESULTS AND DISCUSSION

Derivation and validation of 2D QSAR model: In order
to find out the relationship between anti-HIV activity of selec-
ted DABO derivatives and their chemical structures, we have
created various QSAR models using different combinations
of DFT based global and local reactivity descriptors such as
local chemical potential, group chemical potential, hardness,
softness and so on. The best QSAR model was searched based
on the logic that the number of descriptors should be as small
as possible and the model should have maximum correlation
coefficient for the HIV-1 RT inhibition activities. Surprisingly,
the best QSAR model was found to be dependent only on a
single descriptor i.e., electrophilic group chemical potential
(u."), calculated using eqn. 11 over the central ring. The model

has satisfactory statistical quality. The QSAR equation so
obtained is:

pICso = 4.121 + 0.103 g (13)

with 17 = 0.650, 3 = 0.635, q° = 0.646, P = 0.000, F = 58.36
and SEE = 0.327.

The high r* value and low SEE value both indicate a reliable
goodness of fit and a large F value indicates that the choice of
the descriptors in the model is not a chance occurrence. The
high T-test value (7.64) of the descriptor implies that the
descriptor is statistically signigicant.

The model was validated by calculating the cross-validated
squared correlation coefficient (q*) which also has a quite high
value (q> = 0.646). The experimental and predicted pICs, values
of the molecules given by eqn. 13 is given in Table-2, and the
graph of actual activity versus predicted activity of the training
set and test set has been illustrated in Fig. 1. The value of the
Thea 18 also quite high (0.715) which indicates that the model
has a high predictive ability.

From eqn. 13, one can see that anti-HIV activity of DABO
molecules solely depend on a new quantum chemical descri-
ptor, namely the electrophilic group chemical potential. The
electrophilic group chemical potential is a measure of how
easily a group of atoms within a molecule gets perturbed when
an elecrophile attacks a molecule. It characterizes the cohesive-
ness of a group of atoms that act as a local entity within the
parent molecular framework. The calculated values of the electro-
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TABLE-2
DFT BASED DESCRIPTOR ELECTROPHILIC GROUP CHEMICAL POTENTIAL (i)
AND PREDICTED pICs, VALUES ACCORDING TO QSAR eqn. 13

Mol. No. Obs. Act.  Descriptor (")  Pred. act. Res. Mol. No. Obs. Act. Descriptor (1,")  Pred. act. Res.
01# 4.23 7.9861 4.94 0.71 22 5.55 15.4494 5.71 0.16
02# 431 5.5849 4.70 0.39 23 5.59 11.2297 5.28 -0.31
03 4.35 7.7499 4.92 0.57 24# 5.60 10.9154 5.25 -0.35
04 4.59 8.5303 5.00 0.41 25 5.60 18.2347 6.00 0.40
05 4.77 10.8148 5.23 0.46 26 5.66 13.0537 5.47 -0.19
06 4.79 5.3801 4.68 -0.11 27 5.72 15.4036 5.71 -0.01
07 4.83 6.5093 4.79 -0.04 28 5.80 21.2749 6.31 0.51
08# 5.02 12.4041 5.40 0.38 29 5.89 15.7924 5.75 -0.14
09 5.09 12.2078 5.38 0.29 30 5.94 21.3651 6.32 0.38
10# 5.31 15.1992 5.69 0.38 31 5.94 20.4101 6.22 0.28

11 5.31 11.6983 5.33 0.02 32 5.96 19.3942 6.12 0.16
12 5.32 13.9393 5.56 0.24 33# 6.10 15.5155 5.72 -0.38
13 5.34 14.7198 5.64 0.30 34 6.10 13.1877 5.48 -0.62
14 5.37 11.0836 5.26 -0.11 35 6.10 16.6272 5.83 -0.27
15 5.42 12.9527 5.46 0.04 36# 6.10 21.1883 6.30 0.20
16 5.47 13.0463 5.46 -0.01 37 6.22 14.3149 5.60 -0.62
17 5.49 11.2283 5.28 -0.21 38 6.22 21.6839 6.35 0.13
18 5.52 14.5424 5.62 0.10 39 6.22 16.4138 5.81 -0.41
19# 5.52 15.3214 5.70 0.18 40 6.30 18.3920 6.02 -0.28
20 5.52 13.7250 5.53 0.01 41 6.40 18.9440 6.07 -0.33
21 5.54 12.8597 5.45 -0.09 42 6.70 19.6152 6.14 -0.56

# molecules belonging to the test set

7.0
n
6.5-4 ® Training set .
A Test set s = LY -
n n
6.0 - Empm
n
8 A gh A
2 554 T CLE
3 o up
k3]
8 5.0+ "
g > A
A s .
n
4.5+
n
4.0 T T T T T T T T T T T 1
4.0 4.5 5.0 55 6.0 6.5 7.0

Observed plCs,
Fig. 1. Plot of observed pICs, versus predicted pICs, values

philic group chemical potential computed over the group of
atoms constituting the core aromatic ring of the DABO mole-
cules is always positive which increases the pICs, values
described in eqn. 13. Molecule 42 has the highest electrophilic
group chemical potential and also exhibits highest activity. It
has an electron withdrawing normal butyl group at Y, which
draws the electrons from the central aromatic ring and thus
makes it difficult for an electrophilic group to perturb the electron
distribution in the ring. This translates into increased elctro-
philic group chemical potential. As can be seen from Table-1,
the series of DABO molecules 33 to 42 all of which has electron
withdrawing groups at Y either in the form of normal, sec- or
tert-butyl show higher anti-HIV activity compared to molecules
with other less effective electron withdrawing groups. Thus
QSAR model given by eqn. 13 indicates that stronger electron
withdrawing groups directly attached to the core aromatic ring

of DABO molecules are likely to increase the anti-HIV potency
of DABO molecules.

Conclusion

The salient feature of the present QSAR study is the intro-
duction of "group chemical potential" as a new DFT based descri-
ptor. A QSAR model with "group chemical potential” as the sole
descriptor successfully explains the anti-HIV activity of a series
of dihydroalkoxybenzyloxopyrimidine (DABO) derivatives.
The group chemical potential in the present study has been
computed collectively for the atoms constituting the central
ring of DABO derivatives. The present study shows that if
instead of the whole molecule, the chemical potential is assig-
ned to arelevant subset of atoms then it can capture the chemical
activity of molecule in a more specific manner. Present study
establishes that stronger electron withdrawing groups
substituted to the core aromatic ring of DABO molecules are
more appropriate to increase the anti-HIV activity.

REFERENCES

1. S.N.Lam, P. Acharya, R. Wyatt, P.D. Kwong and C.A. Bewley, Tyrosine-
Sulfate Isosteres of CCR5 N-Terminus as Tools for Studying HIV-1
Entry, Bioorg. Med. Chem., 16, 10113 (2008);
https://doi.org/10.1016/j.bmc.2008.10.005.

2. E.B. Kopp, J.J. Miglietta, A.G. Shrutkowski, C.K. Shih, PM. Grob
and M.T. Skoog, Steady State Kinetics and Inhibition of HIV-1 Reverse
Transcriptase by a Non-Nucleoside Dipyridodiazepinone, BI-RG-587,
using a Heteropolymeric Template, Nucleic Acids Res., 19,3035 (1991);
https://doi.org/10.1093/nar/19.11.3035.

3. T. Cihlar and A.S. Ray, Nucleoside and Nucleotide HIV Reverse
Transcriptase Inhibitors: 25 years After Zidovudine, Antiviral Res., 85,
39 (2010);
https://doi.org/10.1016/j.antiviral.2009.09.014.

4. M. Baba, H. Tanaka, E. De Clercq, R. Pauwels, J. Balza-rini, D. Schols,
H. Nakashima, C.F. Perno, R.T. Walker and T. Miyasaka, Highly Specific
Inhibition of Human Immunodeficiency Virus Type 1 by a Novel 6-
Substituted Acyclouridine Derivative, Biochem. Biophys. Res. Commun.,
165, 1375 (1989);
https://doi.org/10.1016/0006-291X(89)92756-3.



https://doi.org/10.1016/0006-291X(89)92756-3
https://doi.org/10.1016/0006-291X(89)92756-3

Asian Journal of Organic & Medicinal Chemistry 175

20.

21.
22.

23.

Z.Debyser, R. Pauwels, K. Andries, J. Desmyter, M. Kukla, P.A. Janssen
and E. De Clercq, An Antiviral Target on Reverse Transcriptase of Human
Immunodeficiency Virus Type 1 Revealed by Tetrahydroimidazo-[4,5,1-
Jjk1[1,4]benzodiazepin-2(1H)-one and -Thione Derivatives, Proc. Natl.
Acad. Sci. USA, 88, 1451 (1991);
https://doi.org/10.1073/pnas.88.4.1451.

D. Jochmans, J. Vingerhoets, E. Arnoult, L. Geeraert and J. Guillemont,
Antiviral Research: Strategies in Antiviral Drug Discovery, In: Human
Immunodeficiency Virus Type 1 Non-Nucleoside Reverse Transcriptase
Inhibitors, ASM Press: Washington, Chap. 3, pp. 33-50 (2009).

0.J. D’cruz and EM. Uckun, Novel Tight Binding PETT, HEPT and
DABO-based Non-Nucleoside Inhibitors of HIV-1 Reverse Transcriptase,
J. Enzyme Inhib. Med. Chem., 21, 329 (2006);
https://doi.org/10.1080/14756360600774413.

H. Kubinyi, QSAR Hansch Analysis and Related Approaches, VCH:
Weinheim (1993).

R.G. Parr and R.G. Pearson, Absolute Hardness: Companion Parameter
to Absolute Electronegativity, J. Am. Chem. Soc., 105, 7512 (1983);
https://doi.org/10.1021/ja00364a005.

A. Sarkar and G. Mostafa, Towards the Design of Cyclooxygenase
(COX) Inhibitors Based on 4’,5-Disubstituted bIphenyl Acetic Acid
Molecules: A QSAR Study with a New DFT Based Descriptor-Nucleus
Independent Chemical Shift, J. Mol. Model., 15, 1221 (2009);
https://doi.org/10.1007/s00894-009-0481-6.

R.G. Parr and W. Yang, Density Functional Theory of Atoms and Molecules,
Oxford University Press: New York (1989).

A. Sarkar, T.R. Middya and A.D. Jana, A QSAR Study of Radical Scav-
enging Antioxidant Activity of a Series of Flavonoids Using DFT Based
Quantum Chemical Descriptors-The Importance of Group Frontier Electron
Density, J. Mol. Model., 18, 2621 (2012);
https://doi.org/10.1007/s00894-011-1274-2.

G. Job and F. Herrmann, Chemical Potential-A Quantity in Search of
Recognition, Eur. J. Phys., 27, 353 (2006);
https://doi.org/10.1088/0143-0807/27/2/018.

F. Reif, Fundamentals of Statistical and Thermal Physics, McGraw-Hill,
New York (1965).

R.G. Parr, Density Functional Theory, Annu. Rev. Phys. Chem., 34,
631 (1983);

https://doi.org/10.1146/annurev.pc.34.100183.003215.

R.G. Parr and W. Yang, Density-Functional Theory of the Electronic
Structure of Molecules, Annu. Rev. Phys. Chem., 46, 701 (1995);
https://doi.org/10.1146/annurev.pc.46.100195.003413.

H. Chermette, Chemical Reactivity Indexes in Density Functional Theory,
J. Comput. Chem., 20, 129 (1999);
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1<129::AID-
JCC13>3.0.CO:2-A.

P. Geerlings, F. De Proft and W. Langenaeker, Conceptual Density
Functional Theory, Chem. Rev., 103, 1793 (2003);
https://doi.org/10.1021/cr990029p.

R.G. Parr and W. Yang, Density Functional Theory of Atoms and Molecules,
Oxford University Press: Oxford (1989).

R.T. Sanderson, Chemical Bonds and Bond Energy, Academic Press:
New York (1976).

R.T. Sanderson, Polar Covalence, Academic Press: New York (1961).
R.G. Parr and W. Yang, Density Functional Approach to the Frontier-
Electron Theory of Chemical Reactivity, J. Am. Chem. Soc., 106, 4049
(1984);

https://doi.org/10.1021/ja00326a036.

W. Yang and W.J. Mortier, The Use of Global and Local Molecular
Parameters for the Analysis of the Gas-Phase Basicity of Amines, J. Am.
Chem. Soc., 108, 5708 (1986);

https://doi.org/10.1021/ja00279a008.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

A. Mai, M. Artico, G. Sbardella, S. Massa, A.G. Loi, E. Tramontano,
P. Scano and P. La Colla, Preparation and Anti-HIV-1 Activity of Thio
Analogues of Dichydroalkoxybenzyloxopyrimidines, J. Med. Chem.,
38, 3258 (1995);

https://doi.org/10.1021/jm00017a010.

A. Mai, M. Artico, G. Sbardella, S. Quartarone, S. Massa, A.G. Loi, A.
De Montis, F. Scintu, M. Putzolu and P. La Colla, Dihydro(alkylthio)-
(naphthylmethyl)oxopyrimidines: Novel Non-Nucleoside Reverse
Transcriptase Inhibitors of the S-DABO Series, J. Med. Chem., 40,
1447 (1997),

https://doi.org/10.1021/jm960802y.

A. Mai, M. Artico, G. Sbardella, S. Massa, E. Novellino, G. Greco, A.G.
Loi, E. Tramontano, M.E. Marongiu and P. La Colla, 5-Alkyl-2-(alkyl-
thio)-6-(2,6-dihalophenylmethyl)-3,4-dihydropyrimidin-4(3H)-ones:
Novel Potent and Selective Dihydro-alkoxy-benzyl-oxopyrimidine
Derivatives, J. Med. Chem., 42, 619 (1999);
https://doi.org/10.1021/jm980260f.

R. Ragno, A. Mai, G. Sbardella, M. Artico, S. Massa, C. Musiu, M. Mura,
F. Marturana, A. Cadeddu and P. La Colla, Computer-Aided Design,
Synthesis, and Anti-HIV-1 Activity in vitro of 2-Alkylamino-6-[1-(2,6-
difluorophenyl)alkyl]-3,4-dihydro-5-alkylpyrimidin-4(3H)-ones as
Novel Potent Non-Nucleoside Reverse Transcriptase Inhibitors, Also
Active Against the Y181C Variant, J. Med. Chem., 47, 928 (2004);
https://doi.org/10.1021/jm0309856.

A.D. Becke, Density-Functional Exchange-Energy Approximation with
Correct Asymptotic Behavior, Phys. Rev. A, 38, 3098 (1988);
https://doi.org/10.1103/PhysRevA.38.3098.

A.D. Becke, A New Mixing of Hartree—Fock and Local Density-
Functional Theories, J. Chem. Phys., 98, 1372 (1993);
https://doi.org/10.1063/1.464304.

A.D. Becke, Density-Functional Thermochemistry. III. The Role of
Exact Exchange, J. Chem. Phys., 98, 5648 (1993);
https://doi.org/10.1063/1.464913.

S. Hirata, C.G. Zhan, E. Apra, T.L. Windus and D.A. Dixon, A New, Self-
Contained Asymptotic Correction Scheme To Exchange-Correlation
Potentials for Time-Dependent Density Functional Theory, J. Phys.
Chem. A, 107, 10154 (2003);

https://doi.org/10.1021/jp035667x.

M. Sulpizi, G. Folkers, U. Rothlisberger, P. Carloni and L. Scapozza,
Applications of Density Functional Theory-Based Methods in Medicinal
Chemistry, Quant. Struct. Act. Relat., 21, 173 (2002);
https://doi.org/10.1002/1521-3838(200207)21:2<173::AID-
QSAR173>3.0.CO:2-B.

M. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H.
Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino,
G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda,
J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T.
Vreven, J.R. Montgomery Jr., J.E. Peralta, F. Ogliaro, M. Bearpark,
J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, R. Kobayashi, J.
Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J.
Tomasi, M. Cossi, N. Rega, .M. Millam, M. Klene, J.E. Knox, J.B. Cross,
V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann, O.
Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. Ochterski, R.L. Martin,
K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador, J.J. Dannenberg,
S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J.
Cioslowski and D.J. Fox, Gaussian 09, Revision B.01, Gaussian Inc.:
Wallingford, CT (2009).



https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1<129::AID-JCC13>3.0.CO;2-A
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1<129::AID-JCC13>3.0.CO;2-A
https://doi.org/10.1002/1521-3838(200207)21:2<173::AID-QSAR173>3.0.CO;2-B
https://doi.org/10.1002/1521-3838(200207)21:2<173::AID-QSAR173>3.0.CO;2-B
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1<129::AID-JCC13>3.0.CO;2-A
https://doi.org/10.1002/(SICI)1096-987X(19990115)20:1<129::AID-JCC13>3.0.CO;2-A
https://doi.org/10.1002/1521-3838(200207)21:2<173::AID-QSAR173>3.0.CO;2-B
https://doi.org/10.1002/1521-3838(200207)21:2<173::AID-QSAR173>3.0.CO;2-B
https://www.researchgate.net/publication/330011750

