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Abstract : In the present research, we studiedthe properties of some coumarin derivatives by
using semi — empirical methods (ZINDO/1, ZINDO/S and PM3),We carried out to determine
the binding energy AED , heat of formation AH°F , and dipole moment for some coumarin
derivatives. Also the electronic transitions and vibration frequencies were calculated for these
compounds. Electrostatic potential , HOMO and LUMO energies were calculated to determine
the reactive sites of these compounds.
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Introduction:

Coumarins are natural planted -derived and synthetically taken polyphenolic substances. between
them, coumarins are a group of benzopyrones (1,2-Benzopyrones or 2H-1-benzopyran-2-ones) and possess a
wide variety of cytoprotective and modulator functions, which could be really translated to beneficial potentials
for several diseases’.

Coumarin (1,2-Benzopyrone) the parent molecule of coumarin derivatives, It is the simplest compound of a
big class of naturally taking place phenolic substances made of combined benzene and apyrone rings® .

O o

o

Fig 1: Structure of Coumarin

Interest in coumarin chemistry has flourished for several years, mainly as a result of the wide spread
use of coumarin derivatives®. The coumarin having a wide range of activities such as anti-inflammatory,
antioxidant, Anticancer and antimicrobial. The researchers are developing new coumarin derivatives, according
to therapeutic agents*, many of these agents are designed during the model of molecular hybridization and have
shown various pharmacological activities This multifunctional characteristic makes them probable treatment
candidates for the treatment of diseases such as AIDS, Al Zheimer’s disease , cancer, metabolic syndromes .
coumarins are also used as sweeteners, fixatives of perfumes, additives in food, cosmetics, odor stabilizers in
tobacco and an odor masker in paints and rubber .
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The coumarin derivatives are quite exciting subjects for both synthesis and pharmacological screening.
Their reactivity towards nucleophiles provides a useful route to prepare a variety of re-arranged products and
novel heterocyclic systems®.

In this study, we deal with coumarin derivatives havingdifferent substitutedgroups at C6 and C7
positions, the structure of coumarin derivatives is shown below:
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Fig 2: structure of coumarin derivatives

Computational Method

Electronic spectra, Vibrational spectra, Molecular geometry optimization, and Energies calculations
were carried outby the hyper chem.8 software by using semi- empirical methods, the ZINDO/1 method was
used to calculatethe dipole moment (i), binding energy (AEb) and total energy heat of formation (AHf)’, for
the coumarin derivativescompounds in Table 2.

Table 1:The Chemical properties of the Coumarin derivatives

176.17 CyH;sN2O,

178.14 CoHsO4
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202.21 C1oH1004

206.19 C11H1004

PM3 or Parameterized Model number 3 used for calculating the wave number of the coumarin
derivatives at the optimized mode to make sure that no imaginary frequencies were achieved confirming which
it corresponds to a local minimum on the potential energy surface,Table 3. ZINDO/S method used to evaluate
electronic transitions for these compounds®.

Results and Discussion
Theoretical Study

The program Hyper Chem-8 was used for the semi-empirical and molecular mechanical calculation of
optimized energies®, the result of the ZINDO/1 method of calculation in the gas phase for dipole moment (L),
binding energy (AEp)andheat of formation (AH f)for all compoundstable(2). PM3 was used for calculating the
wave number of the coumarin derivatives, .ZINDO/S method was used to calculate electronic transitions for
the compounds to explain the transitions®.

Table (2): Conformation energetic (in K.J.Mol™) and dipole moment (in Debye) for the Coumarin
derivatives .

C1 -18745.716 -28368.682 8.14
C2 -17529.705 -26269.486 8.85
C3 -22827.644 -34335.221 3.31
C4 -22031.149 -33072.917 8.18

The strength of the dipole moment depends upon the difference in the electronegativity of the atoms in
the molecule .

As shown in table 2 the heat of formation of C2 compound has the highest dipole moment because it
contains four Oxygen atoms. The second order comes C4 compound it also contains four Oxygen atoms. C3
compound is smaller than other compounds, thus, we expected that, the formed compound is to be
thermodynamically more stable.
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Theoretical Vibration Frequencies of compounds

Vibration frequencies of the coumarin compounds were calculated using PM3 method™ because this
method is closer agreement with experimental data than others figures 3 (A,B,C and D).
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Fig.3(A):Theoretical Vibrational Modes For the Active Chemical Group In C1 compound
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Fig.3(B): Theoretical Vibrational Modes For the Active Chemical Group In C2 compound
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Fig.3(C): Theoretical Vibrational Modes For the Active Chemical Group In

C3 compound
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Fig.3(D): Theoretical Vibrational Modes For the Active Chemical Group In C4 compound

Theoretical UV-Spectra of compounds

The theoretical UV-spectrum of compounds was calculated using the ZINDO/S method. The serial
number of atoms was plotted in the structure of compounds in order to determine the type orbitals than type of
transition figure.The theoretical UV-spectrum of compound Cl1 showed Ans at.258.74 nm assigned to
n—1*(09—C9) or (N13—C6, N12— C1).The spectrum of C2 exhibited Anax at 232.18 nm assigned to
n—71*(011—-C9) or (O13—Clor O12— C6).The spectrum of C3 showed Apax at 228.58 nm assigned to
n—7* (0O11—C9) or (O18—C16).The UV- spectrum of C4 exhibited Anay at 236.81nm ,the quantum data refer
that these peaks are generated basically from n—n* transition (O11—C9)™.

Table3:Ultraviolet spectra of coumarin derivatives from ZINDO/S calculation .

258.74 n—m* C1l
232.18 n—m* C2
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Figure 4 : Serial number of atoms view of Coumarin derivatives.
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Figure 5: Theoretical UV-spectra of coumarin derivatives

Electrostatic potential and Frontier Molecular Orbitals.
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The electrostatic potential (E.P.) describes the interaction of energy of the molecular system with a

positive point charge.(E.P) of the ligand were plotted as two

dimensions contours to investigate the

electrophiles and nuclephiles in terms of the properties of frontier orbital’s (HOMO & LUMO). Overlap
between the HOMO and LUMO is a governing factor in many reactions. The HOMO and LUMO value were
plotted in two dimensions counter to get more information about these molecules(Fig 6)**.
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Figure 6: HOMO , LUMO and Electrostatic potential as 2 counters for the coumarin derivatives.

References :

147

1.

2.

10.

11.

12.

RehanaAnjumRashid . A Simple And Ecofreindly Synthesis Of Coumarins. Golden Research Thoughts
.Volume 2, Issue. 3, Sept 2012

P. K. Jain and HimanshuJoshi . Coumarin: Chemical and Pharmacological Profile . Journal of applied
Pharmaceticul science . 02 (06); 2012: 236-240 .

Hitesh R. Dholariyas Ketan S. Patel ,Jiten C. Patel « Atul K. Patel » Kanuprasad D. Patel . Thermal,
kinetic, spectroscopic studies and anti-microbial, antituberculosis, anti-oxidant properties of clioquinol
and benzocoumarin derivatives mixed complexes with copper ion . Medicinal Chemistry Research
December 2013, Volume 22, Issue 12, pp 5848-5860 .

Jelena Klenkar and Maja Molnar . Natural and synthetic coumarins as potential anticancer agents .
Journal of Chemical and Pharmaceutical Research, 2015, 7(7):1223-1238 .

E. O. lwalewa, L. J. McGaw , V. Naidoo and J. N. Eloff . Inflammation: the foundation of diseases
and disorders. A review of phytomedicines of South African origin used to treat pain and inflammatory
conditions. African Journal of Biotechnology. 6 (25), 2868-2885 .

Musiliyu A. Musa , John S. Cooperwood and M. Omar F. Khan . A Review of Coumarin Derivatives
in Pharmacotherapy of Breast Cancer . Current Medicinal Chemistry, 2008, 15, 2664-2679 .

Hasanain Gomhor Jasim. Comparison Study of the Stability and Properties of Vibrational Spectra For
Some Flavonols Compounds by Quantum Mechanical Calculations . Journals kufa for chamical . 2014;
47-59 .

Issa ZainAlabdin Hassan, Moayyed N. Fat-hulla , Abdul-Hakim Sh. Mohammed. Semi-empirical
Investigation of Geometrical and Electronic Properties of Transition Metal-Phthalocyanines
(metal=Co,Ni,Cu) . Diyala Journal For Pure Science . 2015;(11): 41-57 .

Merabet Nora, Madi Fatiha, Nouar Leila @, Haiahem Sakina, Khatmi DjamelEddine. Density functional
study of inclusion complex of Albendazole/cucurbit [7]uril: Structure, electronic properties, NBO,
GIAO and TD-DFT analysis . Journal of Molecular Liquids 211 (2015) 4047 .

Shaimaa R. Bakir, Nafeesa J. Kadhim and Mahasin F. Alias. Synthesis, Structural Study and Theortical
Treatment of New Some Metal Complexes with 2-hydroxy-4- nitro Phenyl 2-N(4-N,N dimethyl )
Benzyliden. Al- Mustansiriya J. Sci . 2010 (21): 41-56 .

Rehab M. Kubba* and Khalida A. Samawi. Studying of Frequencies, Normal Modes of Vibration and
Electronic Charge Densities of 5Radialene molecule. Iragi Journal of Science, 2013, (54),:753-760 .
Castro, Maria; Percino, M.; Chapela, Victor; Soriano-Moro, Guillermo; Ceron, Margarita; Melendez,
Francisco . Comparative theoretical study of the UV/Vis absorption spectra of styrylpyridine
compounds using TD-DFT calculations .Journal of Molecular Modeling;May2013, Vol. 19 Issue 5.
2015-2026.


http://link.springer.com/journal/44
http://link.springer.com/journal/44/22/12/page/1
http://iasj.net/iasj?func=search&query=au:%22Hasanain%20Gomhor%20Jasim%20%22&uiLanguage=en
http://iasj.net/iasj?func=search&query=au:%22Hasanain%20Gomhor%20Jasim%20%22&uiLanguage=en
http://iasj.net/iasj?func=issues&jId=128&uiLanguage=en
http://iasj.net/iasj?func=search&query=au:%22Hasanain%20Gomhor%20Jasim%20%22&uiLanguage=en
http://www.iasj.net/iasj?func=issues&jId=170&uiLanguage=ar

Ahmed Abdulrazaq Hadi /International Journal of ChemTech Research, 2016,9(10),pp 139-148. 148

13. Noureddinelssaoui , HoucineGhalla , S. Muthu b , H.T. Flakus , BrahimOujia . Molecular structure,
vibrational spectra, AIM, HOMO-LUMO, NBO, UV, first order hyperpolarizability, analysis of 3-
thiophenecarboxylic acid monomer and dimer by Hartree—Fock and density functional theory.
2016;(173)(6-12).

%k Kk %k k



