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ABSTRACT: In this paper, the structure optimized and calculations of the  electronic properties  

for the study of two compounds which are 2 is Diethyl {5-[(2-hydroxy-5-methylphenyl) carbonyl] 

-2-thioxo-1,2,3,4-tetrahydropyrimidin-4-yl}-phosphonate (2), compound 4 is Diethyl {6-amino 

-1-(4-chlorophenyl) -5-cyano-3- [(2-hydroxy-5-methylphenyl)carbonyl] -1,2- dihydropyridin-2-

yl]}phosphonate (4) have been performed by using the DFT  method at the B3LYP/6-311++G (d, p) 

theory level. UV-Vis spectra, in both methanol and dioxane solvents, have been employed for two 

compounds 2 and 4 by density functional time-dependent theory (TD-DFT) calculations at the same 

level of calculation. The method of Coulomb-attenuating (CAM-B3LYP) and Corrected Linear 

Response Polarizable Continuum Model (CLR) PCM studied for theoretically obtaining the 

absorption electronic spectra in the gas phase, methanol, and dioxane, respectively; indicate a good 

agreement with the observed spectra and FT-IR, vibrational spectra were calculated. The GIAO 

method calculated the 1H and 13C NMR chemical shifts theoretically values which reflect better 

coincidence with the experimental chemical shifts. The dihedral angles result of calculations shows 

that two compounds 2 and 4 are non-planar. The stability of the two compounds 2 and 4, the hyper 

conjugative interactions, and the delocalization of the atomic charges was analyzed with the Natural 

Orbital Bond analysis (NBO). The relocation of electronic density and electronic structures were 

discussed. Studied functional density local descriptors, (MEP) Molecular Electrostatic Potential, 

molecular border orbitals, and absorption spectral. Analysis of the global descriptors revealed that 

compound 4 is the most reactive with an energy difference between the border orbital of ΔEgap = 3.605 eV. 

Furthermore, this compound 4 is the less stable, the softest, and has the greatest electronic exchange 

capacity of the other compound 2 studied. Studied by DFT calculations (SAR) structure-activity 

relationship and contacted with practical antimicrobial results for compounds 2 and 4. 
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INTRODUCTION 

Chromone derivatives have attracted considerable 

attention as very reactive compounds and can use as 

starting materials in the synthesis of strong two 

electrophilic centers with different series of heterocycles 

(the chromone system of carbon atoms C-2 and C-4) [1,2]. 

The highly polarized C2-C3p reactions bond with  

bi-nucleophiles occur predominantly via a nucleophilic 

attack on the accompanied ring-opening unsubstituted C2 

atom (1,4-addition) and form the carbonyl intermediate, 

which can undergo intramolecular heterocyclization [3,4]. 

On the other hand, phosphonates are important 

organophosphorus compounds that possess various 

biological activities [5,6]. Some of these biological activities 

are antiproliferative [7], enzyme inhibitory [8] antibiotic [9], 

and antitumor [10]. In continuation of our interest in the 

synthesis and reactivity of new phosphonates containing 

different bioactive heterocyclic rings, we study here the 

structures of novel phosphonates containing pyridine and 

pyrimidine rings by theoretical methods. 

Quantum theories of chemical reactivity currently 

make it possible to justify and/or predict rationally 

experimental region selectivity. The reactivity and 

selectivity predicting a chemical process are crucial.  

It is essentially based on two qualitative models which 

are the theory of border orbital and the conceptual DFT. 

Reactivity local to molecules and/or global descriptors 

has been an interest of to researchers in organic chemistry 

from Density Functional Theory (DFT) [11]. General 

chemical parameters such ionization potential (I / eV), 

electron affinity (A / eV), chemical hardness ( / eV), 

chemical potential (V / eV), electronegativity ( /eV), and 

electrophilicity ( /eV) and local reactivity descriptors such 

as local softness (S / eV). This is the framework for our 

previous work [12-14], which aims to study the properties 

of two compounds 2 and 4, and predict their applications. 

We provide a broad description of the chemical reactivity of 

two compounds 2 and 4 from the analysis of the Natural 

Bond Orbital (NBO) charge delocalization and chemical 

shift (NMR), FT-IR, Vibration analyses, DFT method was 

implemented of molecules were explored as well. The 

molecular modeling study with a hybrid quantum 

mechanical on this titled compound is not available. The 

structure and binding properties are new perceptions for this 

study. the electronic properties like the HOMO-LUMO 

energy gap, chemical hardness, and chemical potential.  

In addition, the Molecular Electrostatic Potential (MEP) and  

UV-Visible analyses were studied using theoretical 

calculations and experimental to provide spectra and 

structure electronic of pyridinyl and pyrimidinyl 

phosphonates compounds using CAM- B3LYP/6-311++G 

(d, p), Information on the charge transfer within each 

molecule. All calculations in this research have been done 

by using to DFT method at the B3LYP/6-311++G (d, P) 

theory level. Also, studied the relationship of structure-

activity (SAR) by using the antimicrobial activity 

application for compounds 2 & 4. 

 

EXPERIMENTAL SECTION 

Synthesis Compounds 

The structure of the two proposed molecules 2 and 4 

of pyridinyl and pyrimidinyl phosphonates compounds, 

is shown below, where compound 2 is Diethyl {5-[(2-

hydroxy-5-methylphenyl) carbonyl]-2-thioxo-1,2,3,4-

tetrahydropyrimidin-4-yl} - phosphonate (2), compound 

4 is Diethyl {6-amino-1-(4-chlorophenyl)-5-cyano-3-[(2-

hydroxy-5-methylphenyl) carbonyl]-1,2-dihydropyridin-

2-yl]}phosphonate (4). 

 

 

2 
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General procedure for the preparation of target 

compound 2 

A mixture of 6-methyl-3-formylchromone (1) (5 mmol, 

0.94 g), thiourea (5 mmol), and diethyl phosphite  

(10 mmol, 1.38 mL) was heated under reflux at 70−80 oC  
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for 2−8 hours. The reaction mixture was cooled then 

poured into ice and left for complete precipitation. The 

precipitate formed was filtered off, dried, and crystallized 

from ethanol. 

 

Diethyl {5-[(2-hydroxy-5-methylphenyl) carbonyl]-2-thioxo-

1,2,3,4-tetrahydropyrimidin-4-yl} - phosphonate (2) 

Pale brown crystals from EtOH in 53 % yield; mp 196–

198 oC. IR (KBr), (max, cm-1): 3293 (br, OH, NH), 3050 

(C–Harom), 2980, 2927 (C–Haliph), 1641 (C=O), 1619 

(C=C), 1214 (P=O), 1044 (P–O–C), 1165 (C=S).        1H-

NMR (300 MHz, DMSO–d6): 1.08–1.36 (m, 6H, 

OCH2CH3), 2.28 (s, 3H, Ar–CH3), 3.80–4.00 (m, 4H, 

OCH2CH3), 5.10 (d, 1H, J= 20 Hz, CH–P), 7.40–7.80 (m, 

3H, Ar–H and H–6`pyrimidine), 7.95 (s, 1H, Ar–H), 8.40 (brs, 

1H, NH exchangeable with D2O), 9.10 (brs, 1H, NH 

exchangeable with D2O), 9.80 (brs, 1H, OH exchangeable 

with D2O). MS (EI, m/z): 384 (M+). Anal. Calcd for 

C16H21N2O5PS (384.39):     C, 50.00; H, 5.51; N, 7.29; S, 

8.33%. Found: C, 49.71; H, 5.24; N, 6.97; S, 7.97%. 

 

General procedure for the preparation of target 

compound 4 

A mixture of diethyl [(4-chlorophenylamino) (6-

methyl-4-oxo-4H-chromen-3-yl)methyl]phosphonate (4) 

(2.30 mmol, 1 g) and malononitrile (2.30 mmol) in ethanolic 

sodium ethoxide solution (4.35 mmol, 0.10 g of sodium metal 

in 20 mL of absolute ethanol) was refluxed for 6−10 hours. 

The reaction mixture was cooled then poured into ice, 

neutralized with diluted hydrochloric acid (5%), and left for 

complete precipitation. The precipitate formed was filtered 

off, dried, and crystallized from methanol. 

 

Diethyl {6-amino-1-(4-chlorophenyl)-5-cyano-3-[(2-

hydroxy-5-methylphenyl) carbonyl]-1,2-dihydropyridin-

2-yl]}phosphonate (4) 

Orange crystals from methanol in 56% yield; mp 

155−157 oC.  IR (KBr), (max, cm-1): 3297 (br, OH and 

NH2), 3050 (C–Harom), 2983, 2917 (C–Haliph), 2228 (CN), 

1638 (C=O), 1593 (C=C), 1225 (P=O), 1025 (P–O–C). 1H-

NMR (300 MHz, DMSO–d6): 1.14 (t, 3H, J= 7.8 Hz,  

OCH2CH3), 1.22 (t, 3H, J= 7.8 Hz,  OCH2CH3), 2.30 (s, 

3H,   Ar–CH3), 3.94 (q, 2H, J= 7.8 Hz, OCH2CH3), 4.04 

(q, 2H, J= 7.8 Hz, OCH2CH3), 5.16 (dd, 1H, 2JP–CH= 23.1 

Hz and 3JP–O–C= 8.7 Hz,      CH–P), 6.44 (brs, 2H, NH2 

exchangeable with D2O), 6.67 (d, 2H, J= 8.7 Hz, Ar−H), 

7.06 (d, 2H, J= 8.7 Hz, Ar−H), 7.48 (d, 1H, J= 8.7 Hz, 

Ar−H), 7.60 (d, 1H, J= 7.2 Hz, Ar−H), 7.82 (s, 1H, Ar−H), 

8.46 (s, 1H, H−4pyridine), 9.60 (s, 1H, OH exchangeable 

with D2O). 13C-NMR (75 MHz, DMSO–d6): 16.3 

(OCH2CH3), 20.4 (CH3), 45.9 (d, J= 150 Hz, CH–P), 62.9 

(OCH2CH3), 96.7 (C–5pyridine), 106.1 (CN), 114.5 (C–

2`,6`), 118.3 (C–3), 119.9 (C–1), 120.8 (C–3pyridine), 122.2 (C–

4`), 124.3 (C–4pyridine), 128.2 (C–3`,5`), 128.6 (C–6), 130.0 

(C–5), 135.6 (C–4), 145.5 (C–1`), 153.8 (C–2), 155.8 (C–

6pyridine), 182.5 (C=O).  MS (EI, m/z): 504 (M+2), 502 (M+). 

Anal. Calcd for C24H25ClN3O5P (501.91): C, 57.43; H, 5.02; 

N, 8.37%. Found: C, 57.14; H, 5.30; N, 8.01%. 

 

Solvents 

Merck, AR- grade used methanol polar solvent and 

dioxane non-polar solvent without purification. 

 

Apparatus 

A Spectrophotometer using 1.0 cm fused quartz cells 

were used by A Perkin Elmer lambda 4B to measure  

the range 200-900 nm of the absorption electronic spectra.  

A digital Stuart SMP3 apparatus was used for melting 

point determination. FT-IR Nicolet IS10 spectrophotometer 

(cm-1) was applied to measure the Infrared spectra, using 

KBr disks. Mercury-300BB apparatus was used for 

measuring the 1H NMR (300 MHz) and 13C NMR (100 MHz) 

spectra, using DMSO-d6 as a solvent and TMS (δ) as the 

internal standard. GC-2010 Shimadzu Gas chromatography 

instrument mass spectrometer (70 eV) was used for measuring 

the mass spectra. Elemental microanalyses were performed  

at PerkinElmer 2400II at the Chemical War Department,  

the Ministry of Defense, and Egypt. The purity of the synthesized 

compounds was checked by thin-layer chromatography and 

elemental microanalysis. 

 

Antimicrobial Study 

Biological activities of synthesized compounds 2 and 4 

were studied for antibacterial and antifungal properties 

against different types of bacteria; Gram-positive- S. aureus, 

and B. subtilis and Gram-negative- S. Typhimurium and E. Coli 

also; Yeast -C. albicans for fungus. A. fumigatus. 

 

Computational Details 

The optimization of the geometry and the various 

parameters of quantum chemistry are carried out  

by the method of Density Functional Theory (DFT)  
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at the theoretical level B3LYP / 6-311++G (d, p) [15-17], 

it presents much fewer convergence problems than those 

commonly encountered for pure DFT methods. Therefore, 

the B3LYP method has been used in this document to 

perform quantum calculations using the Gaussian  

09 program [18] and the Gauss View 5.0 [19] or chem  

craft 1.6 [20] software packages molecular visualization 

program. The total static dipole moment (𝜇), ⟨Δ𝛼⟩, and ⟨𝛽⟩, 

values were calculated from the literature [21-23].  

The Time-Dependent-Density Functional Theory (TD-DFT) [24] 

calculated the maximum excitation wavelength (λmax) and 

relative intensities (oscillator strengths, f), of the electronic 

transition properties, using “A new hybrid exchange-

correlation functional using the Coulomb-attenuating 

method (CAM-B3LYP),” at the 6-311G (d, p) bases set [25].  

 

Global Descriptors 

PI = -EHOMO, AE = -ELUMO calculates the energies of 

the border orbital within the framework of the validity of 

Koopmans' theorem [26]. HOMO and LUMO energies 

theorem relate to the ionization potential (PI) and 

electronic affinity (AE) respectively. Table 1 calculated 

the chemical hardness (η) = (PI-AE)/2, electronegativity 

(X) = (PI+AE)/2, chemical potential (V) = - (PI+AE)/2, 

electrophilicity (ω) = μ2/ 2𝜂 and global softness (S) = 1/2η 

values. The molecule's ability to accept more electrons  

has the lowest LUMO value energy unoccupied molecular 

orbital. HOMO and LUMO energies, gap energy  

can be exploited to effectively predict the evolution  

of the reactivity and chemical stability of molecules 2 and 4. 

The energy gap (ΔE) lower value indicates a greater reactivity 

of the molecule and conversely low chemical stability. 

 

NBO (Natural Bond Orbital) 

Donor and acceptor types NBO intra and 

intermolecular interactions are presented in NBO analysis 

between (filled Lewis or binding NBO and empty Lewis 

NBO or anti-binder) and estimating their energy by 

second-order perturbation theory [27-28]. The stabilization 

energy E(2) [28] associated with the delocalization  

of electrons between the donor NBO (i) of electrons and 

the acceptor NBO (j), of electrons is evaluated according 

to the equation below. 

  ( )
ij i j iE E q F ij    

22  

𝐹(𝑖j) is an element of the off-diagonal NBO Fock 

matrix, 𝑞𝑖 represents the occupation of the donor orbital, 𝜀𝑖 

and 𝜀𝑗 are the energies of the diagonal elements of NBO 

orbitals of the acceptor and the donor, respectively. 

 

RESULT AND DISCUSSION 

Chemistry 

In recent years, much attention has been focused  

on the synthesis of phosphonate esters of N-heterocyclic 

systems (pyridine or pyrimidine) and their metal 

complexes, because of their potential applications and 

significant biological activities [29]. Thus, a fusion of  

6-methyl-3-formylchromone (1) with thiourea in the presence  

of an excess of diethyl phosphite afforded diethyl  

{5- [(2-hydroxy-5-methyl phenyl) carbonyl]-2-thioxo-

1,2,3,4-tetrahydropyrimidin-4-yl} phosphonate (2) in one-

pot as the first type of pyrimidinyl phosphonate 

(Scheme 1) [30]. On the other hand, diethyl 6-amino- 

1-(4-chlorophenyl)-5-cyano-3- [(2-hydroxy-5-methyl 

phenyl) carbonyl]-1,2-dihydro-pyridin-2-yl] phosphonate (4) 

was obtained from refluxing of compound 3 with 

malononitrile in ethanolic sodium ethoxide (Scheme 2) [31]. 

Describing of construction and spectral characterization of 

the synthesized compounds 2 and 4 were reported in our 

recently published articles [30,31]. 

A mixture of 6-methyl-3-formylchromone (1) (5 

mmol, 0.94 g), thiourea (5 mmol), and diethyl phosphite 

(10 mmol, 1.38 mL) was heated under reflux at 70−80 oC 

for 2−8 hours. The reaction mixture was cooled then 

poured into ice and left for complete precipitation.  

The precipitate formed was filtered off, dried, and 

crystallized from ethanol. Pale brown crystals from EtOH 

in 53 % yield; mp 196–198 oC. IR (KBr), (max, cm-1): (c.f. 

Fig. 1), 3293 (br, OH, NH), 3050 (C–Harom), 2980, 2927 

(C–Haliph), 1641 (C=O), 1619 (C=C), 1214 (P=O), 1044 

(P–O–C), 1165 (C=S).1H-NMR (300 MHz, DMSO–d6): 

(c.f. Fig. 3 and 4), 1.08–1.36 (m, 6H, OCH2CH3), 2.28 (s, 

3H, Ar–CH3), 3.80–4.00 (m, 4H, OCH2CH3), 5.10 (d, 1H, 

J= 20 Hz, CH–P), 7.40–7.80 (m, 3H, Ar–H and H–

6`pyrimidine), 7.95 (s, 1H, Ar–H), 8.40 (brs, 1H, NH 

exchangeable with D2O), 9.10 (brs, 1H, NH exchangeable 

with D2O), 9.80 (brs, 1H, OH exchangeable with D2O). 

MS (EI, m/z): (c.f. Fig. 7), 384 (M+). Anal. Calcd for 

C16H21N2O5PS (384.39):     C, 50.00; H, 5.51; N, 7.29; S, 

8.33%. Found: C, 49.71; H, 5.24; N, 6.97; S, 7.97%. 
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Fig. 1: Experimental and Calculated IR spectra for compound 2 at the B3LYP/6-311++G(d,p). 

 

A mixture of diethyl [(4-chlorophenylamino) (6-

methyl-4-oxo-4H-chromen-3-yl) methyl]phosphonate (4) 

(2.30 mmol, 1 g) and malononitrile (2.30 mmol) in 

ethanolic sodium ethoxide solution (4.35 mmol, 0.10 g of 

sodium metal in 20 mL of absolute ethanol) was refluxed 

for 6−10 hours. The reaction mixture was cooled then 

poured into ice, neutralized with diluted hydrochloric acid (5%), 

and left for complete precipitation. The precipitate  formed
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Fig. 2: Experimental and Calculated IR spectra for compound 4 at the B3LYP/6-311++G (d, p). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The 1H NMR spectrum Theoretical and Experimental of compound 2. 
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Fig. 4: The 13C NMR spectrum Thermotical and Experimental of compound 2. 
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Fig. 5: The 1H NMR spectrum Theoretical and Experimental of compound 4. 

 

was filtered off, dried, and crystallized from methanol. 

Orange crystals from methanol in 56% yield; mp 155−157 oC.  

IR (KBr), (max, cm-1): (c.f. Fig. 2), 3297 (br, OH and NH2), 

3050 (C–Harom), 2983, 2917 (C–Haliph), 2228 (CN), 1638 

(C=O), 1593 (C=C), 1225 (P=O), 1025 (P–O–C). 1H-NMR 

(300 MHz, DMSO–d6): (c.f. Fig. 5), 1.14 (t, 3H, J= 7.8 Hz,  

OCH2CH3), 1.22 (t, 3H, J= 7.8 Hz,  OCH2CH3), 2.30 (s, 3H,   

Ar–CH3), 3.94 (q, 2H, J= 7.8 Hz, OCH2CH3), 4.04 (q, 2H, J= 

7.8 Hz, OCH2CH3), 5.16 (dd, 1H, 2JP–CH= 23.1 Hz and 3JP–O–

C= 8.7 Hz, CH–P), 6.44 (brs, 2H, NH2 exchangeable with 

D2O), 6.67 (d, 2H, J= 8.7 Hz, Ar−H), 7.06 (d, 2H, J= 8.7 Hz, 

Ar−H), 7.48 (d, 1H, J= 8.7 Hz, Ar−H), 7.60 (d, 1H, J= 7.2 

Hz, Ar−H), 7.82 (s, 1H, Ar−H), 8.46 (s, 1H, H−4pyridine), 9.60 

(s, 1H, OH exchangeable with D2O). 13C-NMR (75 MHz, 

DMSO–d6): (c.f. Fig. 6), 16.3 (OCH2CH3), 20.4 (CH3), 45.9 

(d, J= 150 Hz, CH–P), 62.9 (OCH2CH3), 96.7 (C–5pyridine), 

106.1 (CN), 114.5 (C–2`,6`), 118.3 (C–3), 119.9 (C–1), 

120.8 (C–3pyridine), 122.2 (C–4`), 124.3 (C–4pyridine), 128.2 (C–

3`,5`), 128.6 (C–6), 130.0 (C–5), 135.6 (C–4), 145.5 (C–1`), 

153.8 (C–2), 155.8 (C–6pyridine), 182.5 (C=O).  MS (EI, m/z): 

(c.f. Fig. 8), 504 (M+2), 502 (M+). Anal. Calcd for 

C24H25ClN3O5P (501.91): C, 57.43; H, 5.02; N, 8.37%. 

Found: C, 57.14; H, 5.30; N, 8.01%. 

 

Electronic structures 

Geometry structure 

Figs. (9-11) and Table (1) show geometrical optimized 

and ground state energies of compounds 2 and 4 obtained 

using the B3LYB/6-311++G (d, p) level. From the analysis 

clear that: The optimized bond length of C=C in the phenyl 

ring falls in the range from 1.360 to 1.479A0 which are  

in good agreement with the experimental data 1.481A0, [32] 

for C=O bonds, the optimized length obtained by 

B3LYB/6-311++G (d, p) is slightly longer than the 

experimental data 1.229A0, [32]. The computed bond 

angles are largely affected by the presence of the C=O 

group in C4 and C18, in two compounds 2 and 4, 

especially <C4C8O9 in compound 2 is 120.26º and 

compound 4 is 119.34º also; <C18C8O9 in compound 2 is 

117.34º and compound 4 is 125.98º, respectively. (Fig.10). 

The most stable geometry of the studied compounds 2 and 

4 is the non-planar structure. 
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Fig. 6: The 13C NMR spectrum Thermotical and Experimental of compound 4. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: The mass spectrum of (2). 
 

Global reactivity descriptors and Ground state 

properties 

The study of the global chemical reactivity of 

molecules is based on the calculation of global indices 

deduced from electronic properties. The global 

descriptors of chemical reactivity of the studied 

compounds 2 and 4, the Ionization Energy (I.E) which 

measures the donating property (oxidation power), the 

Electron Affinity (E.A) which measures the accepting 

property (reducing power), the polarity or charge 

separation measurement theoretically by computed 

dipole moment (μ), are given in Fig. 11 and Table 1. 

The analysis in Table 1 shows that compound 4 which 

has the lowest energy difference values (ΔE = 3.60 eV) 

is the most reactive and less stable molecule. Thus,  

the following sequence can be established in order of  
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Fig. 8: The mass spectrum of (4). 
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Fig. 9: Optimized geometry, numbering system, vector of dipole moment, and bond length of  

compounds 2 and 4 using B3LYP/6-311++G(d,p). 

 

decreasing reactivity: ΔE: 4 > 2.  The other descriptor 

analyzed is the chemical hardness (η), always compound 4 

having the lowest value (1.8025 eV) to that of the other 

compound 2 indicating that it is the softest among  

the other compound 2 was studied. Furthermore,  

this compound 4 has the greatest electronic exchange 

capacity with the highest value of electronegativity (X),  

or chemical potential (V) (± 3.9628 eV). In summary,  

the global descriptors revealed that compound 4 is the most 

reactive, the less stable, and the softest and it has  

the greatest electronic exchange capacity of the other 

compound 2 studied. 
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Fig. 10: Bond angle and dihedral angle of compounds 2 and 4 using B3LYP/6-311++G(d,p). 

 

NBO Analysis 

The second-order interaction energies between the 

donor and acceptor orbits Table 2 measures electronic 

offshoring in the systems studied. The higher the value of 

the interaction energy, the more intense the interaction 

between the donor and the acceptor. Also, a greater value 

of the interaction energy E2 leads to greater stabilization of 

the molecular structure by this interaction. Analysis of the 

second-order perturbation theory of the Fock matrix shows 

strong intermolecular hyper-conjugative interactions 

formed by an orbital overlap. The results of NBO analysis 

of compounds 2 and 4 tabulated in Table 2 indicate that 

there is a strong hyper conjugative interactions LP (1) N26 

→ π*C18- C19, and π*C4-C5 → π*C1-C6, for 2 is 38.00, and 

217.24 kcal/mol, respectively, and LP (1) O14 → π*C4- C5, 

and π*C4-C5 → π*C1-C6, for 4 is 36.50, and 250.84 

kcal/mol, respectively. The C–N π orbital and amino group 

interact equally well with the pyridinyl ring. In fact, its 

interaction with the pyrimidinyl phosphonates ring is greater. 

Furthermore, the lone pair orbital of the nitrogen atom enjoys 

hyperconjugation with the C8–O9, and C1–C2 π* orbital. 

The oxygen and sulfur lone pair orbitals, on the other hand,   

interact essentially with the C23–N26 and C23–N24 π 

orbital of the pyrimidinyl phosphonates ring. It is 

surprising to notice a decrease in the population of  

the NBO P29–O30, C23–S27, P25–O26, C8–O9, and C4–C5 

reflecting a charge transfer away from the pyridinyl and 

pyrimidinyl phosphonates ring. In conclusion, 2 and 4 enjoy 

the linear conjugation that is responsible for the observed 

spectrum.  

 

Natural Charge  

The distribution of electrons in various sub-shells of 

their atomic orbital is described by the analysis of  

the natural population [33] performed on the electronic 

structures of compounds 2 and 4. The individual atom 

charges are presented in Tables 3 and 4. In the case of our 

studied compounds 2 and 4, the most negative centers are 

O9, O14, N26, S27, N28, O30, O45, O46-atoms, and O9, 

O14, N24, O26, O41, O42, N56, N57-atoms, respectively. 

According to an electrostatic point of view of the 

molecule, these negative atoms tend to donate an electron. 

Whereas the most electropositive atoms such as; P29  

and P25, Cl53-atoms respectively tend to accept an electron. 
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Fig. 11: HOMO, LUMO maps, energy gap, ESP, and 3D-MEP for the studied compounds 2 and 4 using B3LYP/6-311++G(d,p). 
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Table 1: The Optimized calculations of total energies (a.u.), Zero point vibrational energies (kcal.mol-1), Rotational constants 

(GHz), Entropies (cal.k-1 ), energy of HOMO and LUMO (eV), energy gap (eV) , total dipole moment (Debye),  the ionization 

potential (I /eV), electron affinity (A /eV), chemical hardness (𝜼 / eV), global softness (S/ eV-1), chemical potential (V/eV-1), 

electronegativity (𝝌 /eV), and global electrophilicity index, (ω/eV), for compounds 2 and 4 at the B3LYP/6-311++G(d,p). 

Parameters (2) (4) 

Total Energy, (ET) -2272.03052 -1847.95153 

Zero Point Vibrational Energy 185.07287 186.67287 

Rotational constant 

0.40608 0.61608 

0.06779 0.05449 

0.06297 0.05267 

Entropy   

Total 170.720 171.820 

Translational 43.813 44.713 

Rotational 36.471 37.571 

Vibrational 90.436 91.336 

Energy of highest occupied molecular orbital (EHOMO) -5.765312 -6.261984 

Energy of lowest unoccupied molecular orbital (ELUMO) -2.160224 -2.431408 

Energy Gap, (Eg) 3.605088 3.830576 

Dipole moment, (µ) 2.4559 5.7571 

I (eV) 5.765312 6.261984 

A(eV) 2.160224 2.431408 

X(eV) 3.962768 4.346696 

V(eV-1) -3.962768 -4.346696 

𝜂(eV) 1.802544 1.915288 

S(eV-1) 0.277386 0.261057 

ω (eV) 1.099215 1.134737 
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Table 2: Second Order Perturbation Interaction Energy Values Computed in the NBO Basis for the studied  

compounds 2 and 4, calculated at B3LYP/6-311++G (d, p). 

Compound Donor Acceptor E(2)a(kcal/mol) NBO Population 

2 πC1-C6 π*C4-C5 23.28 C1-C6 1.70450 

 πC4-C5 π*C8-O9 25.18 C4-C5 1.60003 

 LP(1) O9 RY*C8 10.88 LP(1) O9 1.96905 

 LP(2) O9 π*O14-H15 15.11 LP(2) O9 1.88046 

 LP(2) O14 π*C4-C5 37.30 LP(2) O14 1.81929 

 LP (1) N26 π*C18-C19 38.00 LP (1) N26 1.64306 

 LP (1) N26 σ*C23-S27 20.09 LP (2) S27 1.88302 

 LP (2) S27 σ*C23-N26 12.32 LP(2) O46 1.80604 

 LP(2) O46 σ*C20-P29 18.37 LP(3) O46 1.78886 

 LP (3)O46 σ*P29-O30 22.79 C4-C5 0.43454 

 π*C4-C5 π*C1-C6 217.24 π*C23-S27 0.30632 

 π*C8-O9 π*C4-C5 80.36 σ*P29-O30 0.16614 

 σ*C23-S27 σ*C23-S27 151.36 σ*P29-O45 0.18087 

 σ*P29-O30 σ*O30-C32 38.59   

 σ*P29-O45 RY*P29 11.87   

4 πC4-C5 π*C8-O9 24.78 C4-C5 1.60312 

 πC23-C54 π*C18-C19 24.13 C23-C54 1.68795 

 πC23-C54 π*C55-N56 24.68 LP(1) O9 1.96803 

 LP(1) O9 RY*C8 10.49 LP(2) O9 1.88289 

 LP(2) O9 π*O14-H15 15.64 LP(2) O14 1.82349 

 LP(2) O14 π*C4-C5 36.50 LP (1) N57 1.73596 

 LP (1) N57 π*C23-C54 52.92 LP(3) O42 1.79812 

 LP (3)O42 σ*P25-O26 21.39 LP(2) O42 1.81266 

 LP(2) O42 σ*C20-P25 17.82 LP (3)Cl53 1.92388 

 LP (3)Cl53 π*C46-C50 12.74 LP (1) N56 1.96856 

 LP (1) N56 RY*C55 16.60 C4-C5 0.43172 

 π*C4-C5 π*C1-C6 250.84 C8-O9 0.31248 

 π*C8-O9 π*C4-C5 76.48 C23-C54 0.46102 

 π*C23-C54 π*C55-N56 17.18 P25-O26 0.16074 

 σ*P25-O26 σ*O26-C28 43.34 P25-O41 0.17540 

 σ*P25-O41 RY*P25 11.05   

a E(2) means the energy of hyperconjugation interactions (stabilization energy). 

LP(n) is a valence lone pair orbital (n) on the atom. 
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Table 3: Natural Charge, Natural Population, and Natural electronic Configuration of active sites studied  

compounds 2 and 4 using B3LYP/6-311++G (d,p). 

Compound Atom No. Natural Charge Natural Population Natural electronic Configuration 

   Core Valence Rydberg total  

2 O9 -0.65309 1.999 6.644 0.0088 8.653 [core]2S( 1.70)2p( 4.95) 

2 O14 -0.66668 1.999 6.658 0.0086 8.667 [core]2S( 1.65)2p( 5.01) 

2 N26 -0.58452 1.999 5.570 0.0156 7.584 [core]2S( 1.24)2p( 4.33)3p( 0.01) 

2 S27 -0.21050 9.999 6.180 0.0317 16.21 [core]3S( 1.76)3p( 4.41)4S( 0.01)3d( 0.01) 

2 N28 -0.60045 1.999 5.582 0.0188 7.600 [core]2S( 1.24)2p( 4.34)3p( 0.01) 

2 P29 2.31896 9.998 2.550 0.1330 12.68 [core]3S( 0.80)3p( 1.75)3d( 0.10)4p( 0.02) 

2 O30 0.85024- 1.999 6.840 0.0101 8.850 [core]2S( 1.68)2p( 5.16) 

2 O45 -0.85237 1.999 6.842 0.0103 8.852 [core]2S( 1.69)2p( 5.15)3p( 0.01) 

2 O46 -1.06845 1.999 7.062 0.0067 9.068 [core]2S( 1.81)2p( 5.25) 

4 O9 -0.67471 1.999 6.666 0.0086 8.675 [core]2S( 1.70)2p( 4.97) 

4 O14 -0.67249 1.999 6.664 0.0086 8.672 [core]2S( 1.65)2p( 5.02) 

4 N24 -0.46210 1.999 5.446 0.0171 7.462 [core]2S( 1.16)2p( 4.29)3p( 0.01) 

4 P25 2.33194 9.998 2.539 0.1307 12.67 [core]3S( 0.80)3p( 1.74)3d( 0.10)4p( 0.02) 

4 O26 -0.84668 1.999 6.837 0.0102 8.847 [core]2S( 1.68)2p( 5.16) 

4 O41 -0.85381 1.999 6.844 0.0103 8.854 [core]2S( 1.69)2p( 5.16)3p( 0.01) 

4 O42 -1.08939 1.999 7.083 0.0065 9.089 [core]2S( 1.81)2p( 5.27) 

4 Cl53 0.00154 9.999 6.979 0.0193 16.99 [core]3S( 1.83)3p( 5.15)3d( 0.01)4p( 0.01) 

4 N56 -0.36178 1.999 5.342 0.0199 7.362 [core]2S( 1.58)2p( 3.76)3d( 0.01) 

4 N57 -0.75212 1.999 5.744 0.0088 7.752 [core]2S( 1.29)2p( 4.46)3p( 0.01) 

 

Table 4: Natural population of the total electrons in studied compounds 2 and 4 using B3LYP/6-311++G (d,p). 

Parameters 2 4 

Core 65.97936 ( 99.969% of  66) 83.97025 ( 99.965% of  84) 

Valence Lewis 131.91745 ( 96.998% of 136) 172.37212 ( 96.838% of 178) 

Total Lewis 197.89681 ( 97.969% of 202) 256.34237 ( 97.841% of 262) 

Valence non-Lewis 3.60444 (  1.784% of 202) 5.06067 (  1.932% of 262) 

Rydberg non-Lewis 0.49876 (  0.247% of 202) 0.59696 (  0.228% of 262) 

Total non-Lewis 4.10319 (  2.031% of 202) 5.65763 (  2.159% of 262) 

 

For the numbering system, see Fig. 9  

 

Nonlinear optical (NLO) Analysis 

In the literature no study around NLO experimentally 

or theoretically for the studied molecules, therefore, this 

Attention to this study. Non-linear optical properties are 

the ability of any compound to convert light of a longer 

wavelength into light of a shorter wavelength. Most 

applications of single crystals of any nonlinear materials 

are evident in the fields of semiconductors, infrared 

detectors, solid-state lasers, photosensitive materials, and 

crystalline thin films for microelectronics [34]. NLO 

parameters and the electronic structure relationship were 

investigated theoretically by using DFT/B3LYP/6-

311++G (d,p) of the studied compounds 2 and 4. Total 

static dipole moment (µ), the mean polarizability, ,  
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Table 5: Total static dipole moment (μ), the mean polarizability (˂ α˃ ), the anisotropy of the polarizability (Δα), and the mean  

first-order hyperpolarizability (˂ β˃ ), for studied compounds 2 and 4 by B3LYP/6-311++G (d,p). 

Property PNA 2 4 

μx  -4.3187Debye 0.9179Debye 

μy  0.5317Debye 2.0967Debye 

μz  3.7696Debye -0.8905Debye 

μ 2.44 Debye a 5.7570Debye 2.4559Debye 

αXX  -181.8339a.u. -202.3811 a.u. 

αXY  11.7509a.u. -1.6349 a.u. 

αYY  -160.8346a.u. -215.0525 a.u. 

αZZ  -156.2737a.u. -226.9397 a.u. 

αYZ  -3.7693a.u. -9.9104 a.u. 

αXZ  -2.2505a.u. 12.3524 a.u. 

˂ α> 22 × 10−24 cm3b 34.52 × 10−24 esu 44.12 × 10−24 esu 

Δα  45.13× 10−24 esu 55.20× 10−24 esu 

βxxx  -128.8290a.u. -123.7811a.u. 

βxxy  35.8124a.u. 22.4723a.u. 

βxyy  -53.6827a.u. 11.6665a.u. 

βyyy  68.9299a.u. 91.0158a.u. 

βxxz  61.9792a.u. 51.3682a.u 

βxyz  15.4675a.u. 24.8137a.u. 

βyyz  10.0424a.u. -3.3070a.u. 

βxzz  29.1339a.u. 44.9678a.u. 

βyzz  18.5023a.u. -43.4167a.u. 

βzzz  19.8387a.u. -197.2227 a.u. 

˂ β˃  15.5 × 10−30 esuc 24.61× 10−30 esu 35.82× 10−30 esu 

a, b, c) PNA results are taken from references [35–37]. 
 

the anisotropy of the polarizability ∆, the mean first-

order hyperpolarizability, (β) of the studied compounds 2 

and 4 are listed in Table 5. No experimental values of NLO 

properties of the studied compounds so; P-nitro aniline 

(PNA) was chosen as a reference. The values of, , β  

in Table 5 show that the order of increasing α with respect to 

PNA is: compounds 2 and 4 are ~ 1.5 and 2 times higher 

than (PNA), respectively. The analysis of the β parameter 

shows that compounds 2 and 4 are ~ 2 and 2.5 times higher 

than (PNA), respectively [35-37]. Therefore, the studied 

compounds show promising optical properties. 

 

Molecular Electrostatic Potential (MEP) 

The chemical reactivity of a molecule can be 

determined from Molecular Electrostatic Potential (MEP), 

which simultaneously displays molecular shape, size, and  
 

electrostatic potential in terms of color gradation. The 

electrostatic potential generated in the space around  

a molecule by the charge distribution is useful for 

understanding the electrophilic or nucleophilic properties [38]. 

DFT/B3LYP/6-311++G (d,p) method of calculation of 

studied compounds 2 and 4  are calculated 3D MEP and 

ESP from the optimized molecular structure are shown in 

Figs. (11-13).  Potential increases in the order following: 

red < orange < yellow < green < blue [39, 40]. The results 

show that the negative region (red) is mainly over the N, 

P, and O atomic sites, which is caused by the contribution 

of lone-pair electrons of nitrogen and oxygen atoms while 

the positive (blue) potential sites are around the hydrogen, 

sulfur, carbon, and Cl atoms. A portion of the molecule 

that has negative electrostatic potential will be susceptible 

to electrophilic attack—the more negative the higher  

the tendency for the electrophilic attack. 
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Atomic charge distribution 

 

Fig. 12: Atomic charge distribution (e) for compound 2 using 

B3LYP/6-311++G (d,p). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Atomic charge distribution 

 

Fig. 13: Atomic charge distribution (e) for compound 4 using 

B3LYP/6-311++G (d,p). 

NMR analysis 

DFT theory in the gas and DMSO solvent was calculated 
1H and 13C chemical shifts of the title molecules with  

the experimental NMR in DMSO solvent is gathered 

in Figs 3-6. Primarily, the full geometry optimization of 

the molecules was performed at the gradient-corrected 

DFT using the hybrid B3LYP method and GIAO [41-43]. 
1H and 13C chemical shift calculations of the compounds 

were made by the same method using a 6–311++G (d,p) 

basis set in gas and DMSO solvent. From the computed 

and experimental chemical shift values, H6, H7, H8 & H9 

attached to the carbon atoms of the benzene ring have 

smaller values than the other proton (H28) and carboxyl 

proton (H32) signals due to the electronic charge density 

around the ring. In the experimental 13C NMR spectrum 

(DMSO), the value of δ (chemical shift) of carbon atoms 

is absorbed between 16-183 ppm. The molecule has ten 

carbons however these carbons are differentiated into three 

groups (attached with benzene, pyrimidine, carboxyl) 

which is consistent with the structure and molecular symmetry.  

 

Vibration assignments of compounds 2 and 4 

Comparison of the vibration frequencies calculated  

at DFT/B3LYP/6-311++G (d,p) with experimental values 

(c.f. Table 6) and corresponding assignments of FT-IR 

Spectra of compounds 2 and 4 are listed in Figs. (1-2). 

Another attempt to follow up with the changes in the 

studied compounds 2 and 4 is carried out by studying 

vibration spectra. The occurrence of any contradiction 

between the calculated and the experimental vibration 

frequencies can be because the calculations were implemented 

onto a single molecule (i.e., gaseous state). The Assignment 

could be achieved extensively as in the following:  

The Computed vibration is assigned to be, OH, N–H 

twisting vibration at 3480, 3578 cm−1 for compounds 2 and 4 

which has shown a comparable agreement with 

experimental results at 3293, 3297 cm−1. The aromatic C–

H stretching vibrations [44] is in general observed in the 

region 3000–3100 cm−1. The Computed vibration  

is assigned to C–H aromatic stretching vibrations 

at 3271 cm−1 for compounds 2 and 4 which is comparable 

with experimental results at 3050 cm−1. The Computed 

vibration is assigned to symmetric C–H aliphatic 

stretching vibration in CH3 at 2995, 2950, 2990, 2890 cm−1 

for compounds 2 and 4 has shown a comparable agreement 

with experimental results at 2980, 2927, 2983, 2917 cm−1. 

The Computed vibration is assigned to asymmetric C≡N  

2.5           2          1.5          1          0.5           0          -0.5         -1        -1.5 

3        2.5         2         1.5         1        0.5         0        -0.5        -1       -1.5 



Iran. J. Chem. Chem. Eng. Abdel Halim Sh. et al. Vol. 41, No. 4, 2022 

 

Research Article                                                                                                                                                                1267 

Table 6: Experimental and computational calculated vibrational wave- numbers (harmonic frequency (cm-1)),  

IR intensities and assignments for studied compounds 2 and 4 by B3LYP/6-311++G (d,p). 

No. υexp.(cm-1) υthe.(cm-1) Intensity 
Assignment 

 2 4 2 4 2 4 

1 3293 3297 3480 3578 56.98 66.89 br, OH, NH twisting 

2 3050 3050 3271 3271 230.16 210.61 C–Harom , Sym Stretching 

3 2980, 2927 2983, 2917 2995, 2950 2990, 2890 220.66 217.16 C–Haliph , Asym Stretching 

4 ---------- 2228 --------- 2325 115.9 120.9 CN, Asym 

5 1641 1638 1665 1650 96.57 86.57 C=O , Sym Stretching 

6 1619 1593 1625 1630 31.47 51.47 C=C (in ring) 

7 1214 1225 1200 1220 105.25 112.25 P=O, Asym 

8 1044 1025 1010 1060 25.68 45.68 P–O–C, bending 

9 1165 --------- 1175 ------ 123.02 132.02 C=S, Sym 

 

Asym-stretching vibration at 2325 cm−1 for compound 4 

has shown a comparable agreement with experimental 

results at 2228 cm−1. Generally, the C=O vibrations [44] 

are observed in the region 1790-1810 cm 1. Vibrations  

are assigned to C=O stretching at 1665, 1650 cm−1 for 

compounds 2 and 4 which is comparable with 

experimental results at 1641, 1638 cm−1 respectively.  

The C=C vibrations [45] are in general observed in the 

region 1480-1630 cm 1. The Computed vibration is 

assigned to C=C stretching vibrations at 1625, 1630 cm−1 

for compounds 2 and 4 which is comparable with 

experimental results at 1619, 1593 cm−1. The Computed 

vibration is assigned to P=O stretching vibrations at 1200, 

1220 cm−1 for compounds 2 and 4 which is comparable 

with experimental results at 1214, 1225 cm−1. Vibrations 

are assigned to P-O-C binding stretching at 1010, 1060 cm−1 

for compounds 2 and 4 which is comparable with 

experimental results at 1044, 1025 cm−1 respectively.  

The Computed vibration is assigned to symmetric C=S 

stretching vibration at 1175 cm−1 for compound 2 and  

has shown a comparable agreement with experimental 

results at 1165 cm−1. 

Table 1 shows the Zero-Point Vibrational Energies (ZPVE), 

calculated thermal several parameters, and the entropy, 

SVib (T). The total energies and the change in the total 

entropy of compounds 2 and 4 at room temperature using 

B3LYP/6-311++G (d,p) are also presented. The most 

important orbital in a molecule is the frontier molecular 

orbital (highest occupied molecular orbital, HOMO, and 

lowest unoccupied molecular orbital, LUMO).  

TD-DFT Study of the Absorption Spectrum of studied 

compounds 2 and 4   

Using the TD-DFT method, we determined the 

theoretical absorption spectra of studied compounds 2 and 4 

from the ground state of each molecule. These theoretical 

absorption spectra are calculated in a vacuum at level 

B3LYP / 6-311++G (d, p). Tables 7 and 8 compare 

the wavelengths (λ) and the oscillator force (f) 

corresponding to the maximum absorption for compounds 

2 and 4 . Figures 14 and 15 show that the dimerization, 

therefore, has a hyperchromic effect on the absorption bands 

of compounds 2 and 4 studied. Figs. 14-15 and Tables 7-8 

present the experimental and theoretical electronic 

absorption spectra of 2 and 4 in dioxane and methanol. The 

spectrum of 2 and 4 is composed of four bands in the range 

of 200–450 nm. The spectrum in dioxane shows four intense 

bands at 338 nm, 299, 279, and 215 nm for compound 2, 

also: at 375 nm, 240 nm, 225 nm, and 215 nm for compound 

4. Increasing solvent polarity ongoing from dioxane to 

methanol results in a blue shift. The four observed bands are 

assigned as (π–π*) transitions, as indicated by the values of 

molar absorptive (ε =35000), and (ε = 45000). These results 

in an increase in the absorption intensity of these compounds 

2 and 4 studied compared to that of the pyrimidinyl 

phosphonates nucleus. There is also a displacement of the 

absorption bands towards the visible. This increase in 

wavelengths reflects a bath chromic effect due to dimerization. 

The pyrimidinyl phosphonates ring of compounds 2 and 4 

studied absorb in the ultraviolet and visible fields.  

The analysis in Tables 7 and 8 indicates that the absorption  
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Table 7: Theoretical and experimental UV spectra of compound 2 calculated at CAM-B3LYP/6–311++G (d, p). 

Experimental TD-Theoretical 

methanol  

Dioxane 
methanol Dioxane Gas phase 
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338 332 328 0.400 

0.155 

0.165 

-0.130 

0.632 

0.125 

 

98 -102 

100-102 

100-103 

101-102 

101-103 

330 0.410 

0.163 

0.114 

-0.180 

0.625 

 

98 -102 

100 -102 

100 -103 

101 -102 

325 0.320 

0.154 

-0.137 

-0.375 

0.531 

98 -102 

99 -103 

100 -102 

101 -102 

 

I 

299 297 295 0.111 

0.361 

0.214 

0.456 

-0.190 

-0.210 

 

98 -102 

99 -102 

100-102 

101-102 

101-103 

295 0.155 

0.420 

0.259 

0.404 

-0.131 

-0.213 

 

98 -102 

99 -102 

100 -102 

101 -102     

101 -103 

294 0.147 

0.471 

0.383 

0.231 

0.181- 

98 -102 

99 -102 

100 -102 

101 -103 

 

II 

279 275 270 0.263 

0.503 

-0.246 

0.139- 

0.331- 

0.151 

98 -102 

98 -103 

99 -102 

100-102 

100-103 

 

271 0.191 

0.121 

0.457 

0.199- 

0.250- 

0.121 

-0.326 

0.166 

96 -102 

98 -102 

98 -103 

99 -102   

99 -103 

100 -102 

100 -103 

 

273 0.127 

0.137 

0.416 

0.173- 

0.384- 

0.161 

-0.131 

-0.245 

96 -102 

98 -102 

98 -103 

99 -102   99 -

103 

100 -102 

101 -102 

 

III 

 

 

 

215 210 206 0.214 

-0.192 

0.265 

0.111- 

0.122- 

0.109- 

0.511 

0.245 

97 -102 

97 -103 

97 -105 

100-104 

101-103 

101-104 

101-105 

207 0.256 

0.183- 

0.248 

0.102- 

0.178- 

0.515 

0.220 

97 -102 

97 -103 

97 -105 

100 -104 

101 -104 

101 -105 

205 0.189 

0.207 

0.286- 

0.114 

0.220- 

0.311- 

0.114 

0.380 

-0.132 

97 -102 

97 -103 

97 -105 

99 -104  100 

-104 

100 -105 

101 -104 

101 -105 

IV 

 

the spectrum of studied compounds 2 and 4 have ionizing 

radiation between 200 and 400 nm. The compounds 2 and 

4 studied have four absorption bands in their UV spectrum. 

For compound 2, The experimental band at 338 nm  

(in dioxane) is reproduced theoretically by using PCM 

(dioxane), at 330 (state I) nm, and in the gas phase at 325 nm 

as shown in Table 7. Single-point energy (a state I), 

theoretical excitations band reproduce at 328 nm in 

methanol indicating that the calculated wavelength is lower 

than the observed wavelength. The experimental second 

band observed at 299 nm in dioxane, is reproduced 

theoretically at 295 nm (state II). The gas-phase calculation 

gives a wavelength of 294 nm. Moreover, in methanol, this 

same band appears at 297 nm, whereas theoretical 

calculations in methanol reproduce this band at 295 nm 

(state II), as shown in Table 7. The third (π-π*)1 state 

experimentally at 279 nm in dioxane, is reproduced 

theoretically at 271 nm (state II), which involves the orbital's 

φ98 and φ102, in the transition. The wavelength at 273 nm  

in gas-phase calculation gives (state III), at the same orbitals.  

In methanol, this same band appears theoretically at 270 nm, 

(state III), as shown in Table 7. The 215 nm experimental in 

dioxane, four-band is reproduced theoretically at 207 nm 

(stage IV). The gas-phase calculation gives a wavelength of 

205 nm. Moreover, in methanol, this same band appears at 

210 nm, whereas theoretical calculations in methanol 

reproduce this band at 206 nm (state IV), as shown in Table 7. 

The five orbitals” φ98, φ100, φ101, φ102, and φ104 respectively, 

involved in the theoretical transitions of 2, are shown in Fig. 16, 

where the first, second, third, and fourth bands involving 

φ100, φ101, φ98 & φ102, and φ104 show a delocalization of 

electron density, and Charge Transfer CT character. For 

compound 4, State (I) the non-polar solvent (dioxane), 

shows the spectrum band experimentally at 375 nm is reproduced 

theoretically at 367 nm (a state I), as shown in Table 8, 

which involves orbital's φ131 and φ132. The gas phase 

computed theoretically gives a vertical excitation at 365 nm 

(a state I). A blue shift of λmax due to increasing solvent 

polarity of this band to 370 nm. The polar solvent 

(methanol) appeared theoretically band at 366 nm (a state I). 

The state II at 240 nm experimentally in dioxane is reproduced 

theoretically at 235 nm, this transition indicates that  

the orbital's φ129 and φ132. Theoretical gas-phase calculations 

give a wavelength of 234 nm (state II), 
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Table 8: Theoretical and experimental UV spectra of compound 4 calculated at CAM-B3LYP/6–311++G (d, p). 
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375 370 366 
0.4

15 

0.675 

0.116 

131-132 

131-135 
367 0.489 

0.674 

-0.114 

131-132 

131-135 
365 0.395 

0.674 

0.117 

131-132 

131-135 
I 

240 237 234 
0.2

11 

0.149 

0.115- 

0.232 

0.367 

-0.291  

0.280 

-0.165 

125-132 

127-132 

127-133 

129-132 

129-133 

129-134 

131-134 

235 0.133 

0.147 

-0.114 

0.131 

0.467 

-0.292  

0.200 

-0.225 

125 -132 

127 -132 

127 -133 

129 -132 

129 -133 

129 -134 

131 -134 

234 0.113 

0.123 

0.381 

0.109 

0.145 

-0.328 

0.345 

-0.125 

0.117 

127 -132 

128 -132 

128 -133 

130 -132 

130 -133 

130 -135 

130 -137 

131 -132 

II 

225 220 218 
0.3

51 

0.289- 

0.152 

0.119- 

0.327 

-0.308 

-0.164 

0.213 

129-133 

129-135 

130-136 

131-136 

131-137 

131-140 

131-141 

217 0.344 

0.219- 

0.142 

0.129- 

0.367 

-0.318 

-0.264 

0.113 

129 -133 

129 -135 

130 -136 

131 -136 

131-137 

131 -140 

131 -141 

215 0.241 

0.273- 

0.163- 

0.116- 

0.315 

-0.300 

0.117 

-0.126 

0.223 

0.168 

129 -133 

129 -135 

130 -136 

131 -136  

131-137 

131 -138 

131 -140 

131-141 

131 -142 

III 

215 210 207 
0.2

52 

0.228 

0.147- 

0.204 

0.200 

0.290 

0.317 

0.250 

0.181 

128-132 

128-133 

128-135 

130-133 

130-136 

130-137 

131-136 

131-137 

208 0.261 

0.195 

0.133- 

0.173- 

0.175 

0.307 

0.384 

0.234 

0.211 

128 -132 

128 -133 

128 -135 

130 -133 

130-136 

130 -137 

131 -136 

131 -137 

207 0.152 

0.228 

0.147- 

0.204 

0.200 

0.290 

0.317 

0.250 

0.181 

128 -132 

128 -133 

128 -135 

130 -133 

130-136 

130 -137 

131 -136 

131 -137 

IV 

 

in methanol, observed at 237 nm, and reproduce theoretically 

at 234 nm, which is lower than the observed wavelength, 

where the transition orbitals are φ129 and φ132. The state III 

third band in dioxane at 225 nm, experimentally, and at 217 

nm theoretically, indicates that the orbital's φ131 and φ136 are 

involved in this transition. 215 nm theoretical gas-phase, and 

in methanol at 218 nm (state III), where the orbital's φ131 and 

φ136 are involved in this transition. The four-band observed 

experimentally in dioxane at 215 nm, is reproduced 

theoretically at 208 nm (stage IV), indicating that the orbital's 

φ130 and φ137 are involved in this transition. Theoretical gas-

phase calculations give a wavelength of 207 nm (stage IV). 

This same band is observed at 210 nm in methanol, whereas 

theoretical calculations in methanol reproduce this band  

at 207 nm (stage IV). The seven orbitals' φ128, φ129, φ130, φ131, 

φ132, φ136, and φ137 involved in the theoretical transitions of 4, 

are shown in Fig. 16. The first band which involves φ129 and 

φ130 has electron density delocalization, while orbital's φ128, 

φ131, φ132, φ136, and φ137 have a Charge Transfer CT character.  

 

Antimicrobial activity 

Biological activities of synthesized compounds 2 and 4  
 

were studied for antibacterial and antifungal properties 

against different types of bacteria; Gram-positive- S. 

aureus, and B. subtilis and Gram-negative- S. Typhimurium 

and E. Coli also; Yeast -C. albicans for fungus. A. fumigatus. 

Measuring recorded results of the growth inhibition (zone 

of inhibition) surrounding the disc of the material. Results 

showed in Table 9 and Fig. 17. Some antibiotics were 

evaluated for their antibacterial activities and their results 

were found ineffective for all bacteria and fungi. 

Compounds 2 and 4 give more explanation of the high 

antimicrobial activity against all tested bacteria and fungi 

in which the small size of compound 4 increases its 

absorption ability on the surface of the cell wall of 

microorganisms and the respiration process of the cell. 

Hence, compound 4 is essential for the growth-inhibitor effect. 

 

Structure-Activity Relationship (SAR) 

The biological activity of the prepared compounds 2 

and 4 can be correlated to the calculated ground state 

energetic and global properties. From (Table 1 and 9); The 

biological activity of the studied compound (2 and 4) 

obtained experimentally follow the order 4 > 2, Against  
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Fig. 14: Electronic absorption spectra of compound 2 (a) 

theoretical in the gas phase, (b) theoretical in dioxane, (c) 

theoretical in methanol, (d) experimental in dioxane, (e) 

experimental in methanol. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Fig. 15: Electronic absorption spectra of compound 4 (a) 

theoretical in the gas phase, (b) theoretical in dioxane, (c) 

theoretical in methanol, (d) experimental in dioxane, (e) 

experimental in methanol. 

 

G+, G-, and fungi. Theoretically, the chemical reactivity  

can be explained in terms of the energy gap, Eg, of the studied 

compound computed at B3LYP/6-311++G (d,p) following 

the same order obtained experimentally indicating that Eg is 

one factor contributing to the reactivity of the studied 

compounds,  EHOMO which measures the donating power, the 

order of EHOMO 4 > 2, and dipole moment which measure the 

charge separation, the order of the dipole moment 2 > 4, (c.f. 

Table 1). The theoretically computed global softness (S), 

global electrophilicity index, (ω), electronegativity (χ), and 

chemical potential (V) of the studied compounds follow the 

same order of the experimental biological activity which is  

4 > 2. Whereas the chemical hardness (η) follows the reverse 

order of the experimental biological activity 2 > 4.  In the case 

of natural charge from NBO and mean first-order 

hyperpolarizability (β), the order is 4>2 and 4>2 respectively, 

which violates the order of the experimental biological 

activity. In conclusion, the substituent in compounds 2 and 4 

increases its biological activity. 

 

Summary and Conclusion  

To know the reactive behavior of synthesized 

compounds 2 and 4, a study was carried out using (TD) 

DFT with the base game B3LYP/6-311++G (d, p). The 

molecules are soft (as the energy gap is less), considered 

as from HOMO & LUMO analysis, higher reactivity  

as an electrophilic (higher electrophilicity index), and 

more reactive (hardness is less), it is confirmed that global 

reactivity descriptors. The charges predicted by MEP  

were found supported by the chemical shift analysis from 

the NMR study. From NBO analysis, the most probable 

transitions in the molecules are identified. The vibrational 

wavenumbers computed theoretically were found to agree 

well with the experimental values. The excitation energies, 

maximum wavelengths, oscillator strength, and electronic 

transitions of each compound were determined using  

the TD-DFT method at level CAM-B3LYP/6-311++G (d, p) 

to reproduce the experimental spectra, indicating a good 

agreement between theory and experiment. These data 

allowed us to conclude that the absorption spectrum of 

compounds 2 and 4 is observed in the ultraviolet (200 - 400 nm). 

Electronic absorption spectra are investigated experimentally 

in a non-polar solvent (dioxane) and a polar solvent 

(methanol). The band maxima (λmax) and intensities  

of the spectra are found to have solvent dependence. The bands 

of compounds 2 and 4 show a blue shift. The intramolecular  
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Fig. 16: Electron density contours of compounds 2 and 4. 
 

electronic transitions which stabilize these compounds are 

LP (1) N26 → π*C18- C19, and π*C4-C5 → π*C1-C6, for 2  

is 38.00, and 217.24 kcal/mol, respectively, and LP (1) O14 

→ π*C4- C5, and π*C4-C5 → π*C1-C6, for 4 is 36.50, and 

250.84 kcal/mol, respectively, as stabilization energies.  

By studying the influence of the medium on compounds 
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Table 9: In vitro antimicrobial activities of the synthesized compounds at 500 and 1000 g/mL and the MIC values  

for some selected compounds. 

Compd. 
Conc. 

(g/mL) 

Zone of inhibition in mm* and (MIC values in g/mL) 

Bacteria 

Gram (+) ve 

Bacteria 

Gram ( ̶ ) ve 
Fungi Yeast 

A. 

fumigatus 

C. 

albicans 

E. 

coli 

S. 

typhimurium 

B. 

subtilis 

S. 

aureus 

2 500 - - - - 14 (250) - 

 1000 - - - - 20 - 

4 500 - - - - 12 - 

 1000 - - - - 16 - 

S** 
500 26 25 28 27 28 26 

1000 35 35 36 38 35 37 

* Low active: 6–12 mm; moderately active: 13–19 mm; highly active:      20–30 mm; –: No inhibition or inhibition less than 5 mm. 

S**: Standard drugs 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17: Antimicrobial activity for the studied compounds 2 and 

4 against gram-positive bacteria (G+), gram-negative bacteria 

(G-), and Fungi (F). 
 

2 and 4, it turns out that are more reactive and more soluble 

in polar solvents. Theoretically, the reactivity of the 

studied compounds follows the order: 4 > 2 which is the 

same order of reactivity towards G¯, G+, and fungus. 

Finally, the purpose of this reported theory result is to 

prove the stability of the optimized structure for two 

compounds 2 and 4. Also; we investigate theoretical 

analysis for an application used for these compounds such 

as optical properties, microorganisms, NBO analysis, etc. 
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