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ABSTRACT: In this study, 5-benzoyl-6-phenyl-4- (4- (trifluoromethoxy) phenyl) - 1,2,3,4-

tetrahydroxypyrimidine (1); 5-benzoyl-6-phenyl-4- (4- (trifluoromethoxy) phenyl) -1,2,3,4-

tetrahydrothioxypyrimidine (2) and 5-benzoyl-6-phenyl-4- (3,5-dimethoxy) phenyl) -1,2,3,4- 

tetrahydrothioxypyrimidine (3) compounds were prepared via Biginelli condensation reaction using 

Metal-organic framework (MIL-101) as an active catalyst. It was established to be an active 

heterogeneous catalyst for a three-component Biginelli condensation reaction with good yields (75-80 %). 

Moreover, the catalyst could easily be recovered and recycled without any significant loss of its 

catalytic activity. Also the compounds 5-benzoyl-6-phenyl-3-acetyl-4-(4-hydroxyphenyl)-1,2,3,4-

tetrahydrothioxypyrimidine (4) and 5-benzoyl-6-phenyl-3-acetyl-4-(4-trifluoromethoxy)phenyl)-

1,2,3,4-tetrahydrothioxypyrimidine (5) were obtained acetylation reaction.  The structures  

were characterized on the basis of 1H-NMR, 13C-NMR, FT-IR, and elemental analysis. And also 

molecular characterizations of compound 4 were analyzed by X-ray crystal analysis. In addition, 

 the corrosion inhibition activity of synthesized compounds was examined with theoretical calculation 

using DFT method at the level of B3LYP / 6-31G (d, p).  
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INTRODUCTION  

The one-pot multicomponent cyclo condensation 

reaction has become a remarkable area of research, 

particularly in organic chemistry. The one-pot character 

furnishes fewer by-products in comparison to classical  

 

 

 

a stepwise synthetic route with lower cost, time, and 

energy. Among the multicomponent reactions, Biginelli  

is one of the most studied reactions. It is possible to obtain 

pyrimidine-derived compounds in good yield with  
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with Biginelli reaction [1-7]. A large number of pyrimidine-

derived are biologically important as antagonists, antihypertensive 

agents, significant calcium channel blockers, and 

neuropeptide antagonists [8-10]. Various classical methods 

are available for the synthesis of pyrimidines employing 

Lewis acids [11,12]. Heteropolyacids are also used as an acid 

catalyst for this transformation [13]. MIL-101 (Materials  

of the Institut Lavoisier no. 101) is a mesoporous Metal-

Organic Framework (MOF). The MOF provides many 

advantages improving molecular accessibility which has a 

relatively low surface, facile catalyst recovery, recycling, etc. 

The MIL-101 exhibits good catalytic performance in the 

esterification reaction of n-butanol with acetic acid in the 

liquid phase [14], Knoevenagel condensation [14], oxidative 

desulfurization [15], selective oxidation of alkenes with 

aqueous hydrogen peroxide [16], hydrolysis and esterification 

reaction [17] and Biginelli reaction [18]. We have studied its 

catalytic activity in the Biginelli reaction. The catalyst is 

easily recoverable and reused up to three times without 

significant loss of its activity. Hence, short reaction time, 

facile recovery, and recycling of the catalyst make our process 

more advantageous to that of the other processes. So  

in continuation of our previous work [19], and our long-term 

interest in the synthesis of biologically important pyrimidine 

derivatives, herein we report the synthesis of new pyrimidine 

derivatives.  

The wide variety of biological activities observed 

for these compounds turned pyrimidine derivatives into 

environmentally benign compounds. The requirement  

for a good corrosion inhibitor, i.e. organic compounds 

which can donate electrons to the unoccupied d-orbital  

of the metal surface to form coordinate covalent bonds and 

can also accept free electrons from the metal surface  

by using their anti-bonding orbital to form feedback bonds, 

which is also fulfilled by the pyrimidine molecule. Hence 

pyrimidine derivatives are expected to be excellent 

corrosion inhibitors at the industrial level, not only due to 

their efficiency but also due to their non-toxic nature [20].  

Acidic environments are widely used in several 

industrial operations, such as oil well acidification, acid 

pickling, acid cleaning, and acid descaling, which 

generally lead to serious metallic corrosion. Despite  

the relatively limited corrosion resistance of carbon steel,  

it is widely used in marine applications, chemical 

processing, petroleum production and refining, 

construction, and metal-processing equipment due to its 

excellent mechanical properties and low cost. Out of 

several methods, the usage of corrosion inhibitors is one  

of the most important techniques for controlling corrosion. 

Many organic inhibitors have been tried for the corrosion 

inhibition of steel, out of which organic compounds  

with more than one heteroatom-containing -electrons  

are found to exhibit high inhibiting properties by providing 

electrons that interact with metal surfaces [21]. However, 

the use of several heterocyclic inhibitors has caused 

negative effects on the environment because of their 

toxicity and nonbiodegradability. In this context, 

pyrimidine derivatives are found to attract great interest 

due to their environmentally benign properties [22].  

Quantum Chemical Calculations (QCCs) have been 

widely used in the reactivity of organic compounds for 

corrosion inhibition [23]. In this work, the theoretical 

calculations for the inhibition potentials were explained 

using QCCs based on Density Functional Theory (DFT). 

The EHOMO and ELUMO energies of the molecules were calculated 

in the Gaussian 09 [24].  

The effectiveness of an inhibitor can be related  

not only in its spatial molecular structure but also in its 

molecular electronic structure. According to frontier 

orbital theory, the reaction of reactants mainly occurred  

on Highest Occupied Molecular Orbital (HOMO) and 

Lowest Unoccupied Molecular Orbital (LUMO), and  

the formation of a transition state is due to an interaction 

between the frontier orbitals of the reactants. So, it was 

important to investigate the distribution of HOMO and 

LUMO for the exploration of inhibition mechanisms. 

Organic substances with a higher energy level of HOMO 

easily donate electrons from HOMO to an empty orbital  

of appropriate acceptors and ELUMO denotes the ability  

of the molecule to accept electrons. 

The difference between ELUMO and EHOMO energies  

is called the energy gap (ΔE). It was generally 

acknowledged that low values of ΔE will provide  

good inhibition efficiency because the energy for removing 

an electron from the last occupied orbital will be low [25]. 

For the theoretical calculation of the inhibitory effect 

of a molecule, it is necessary to know the ionization 

potential (I), the electron affinity (A), the chemical 

hardness-softness (S), the global electrophilicity index (ω), 

the interaction between the transmitted electron fraction  
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index (ΔN) and the interaction between back donations.  

All these values were calculated according to Shojaie et al. [26].  

 

EXPERIMENTAL SECTION 

Melting points were determined on an Electrothermal 

Gallenkamp apparatus and are uncorrected. Microanalyses 

have been performed on LECO CHNS 932 Elemental 

Analyzer. The FT-IR spectra were obtained as potassium 

bromide pellets using a Mattson 1000 FTIR spectrometer. 

The 1H and 13C-NMR spectra were recorded on Bruker 400 MHz 

spectrometers, using TMS as an internal standard. All 

experiments were followed by TLC using DC Alufolien 

Kieselgel 60 F 254 Merck and Camag TLC lamp (254/365 nm). 

 

General procedure for synthesis compounds (1-3).  

A mixture of 1.6 mmol dibenzoylmethane, 1.1 mmol 

arylaldehyde, 1.1 mmol urea for 1, 3, or thiourea for 2 and 

20 mL of glacial acetic acid containing a catalytic amount 

of MIL-101 (0.01g) was heated under reflux for 12 h. The 

reaction was cooled to room temperature and the resulting 

suspension was filtered off and recrystallized from suitable 

solvents.  

 

Data for the Compounds 1-3 

Compound 1: Yield 75%, mp 216-2170C. FTIR 

(KBr/cm-1) 3217 and 3120 (NH), 1608 (benzoyl) and 1562 

(C=O, C=N “tautomer”). 1H-NMR (400 MHz DMSOd6, 

δ/ppm) δ 10.4(s, 1H, N3H),  9.8 (s, 1H, N1H), 8.4- 7.3 (m, 

14H, Harom.),  5.4 (s, 1H, C4H). 13C-NMR (DMSOd6, 

δ/ppm) δ 195.6, 167.0, 166.4, 152.4, 148.7, 145.4, 139.4, 

138.8, 135.6, 134.6, 133.7, 133.2, 130.6, 129.2, 128.7, 

126.8, 111.7, 55.1. Anal. Calcd. For C24H17F3N2O3: C, 

65.75; H, 3.91; N, 6.39. Found: C, 65.74; H, 3.90; N, 6.40. 

Compound 2: Yield 80%, mp 202-2030C. FTIR 

(KBr/cm-1) 3178 and 3105 (NH), 1639 (C=O), 1257 

(C=S). 1H-NMR (400 MHz DMSOd6, δ/ppm) δ 10.9(s, 1H, 

N3H),  10.0 (s, 1H, N1H), 8.4- 7.0 (m, 14H, Harom.),  5.4 

(s, 1H, C4H). 13C-NMR (DMSOd6, δ/ppm) δ 196.4, 176.3, 

165.4, 153.4, 149.7, 147.4, 140.4, 138.8, 135.6, 134.6, 

133.7, 133.2, 130.6, 129.2, 128.7, 126.8, 111.7, 56.1. Anal. 

Calcd. For  C24H17F3N2O2S: C, 63.43; H, 3.77; N, 6.16. 

Found: C, 63.42; H, 3.76; N, 6.17. 

Compound 3: Yield 78%, mp 220-2210C. FTIR 

(KBr/cm-1) 3232 and 3109 (NH), 1701 and 1627 (C=O). 
1H-NMR (400 MHz DMSOd6, δ/ppm) δ 9.8 (s, 1H, N3H),  

8.2 (s, 1H, N1H), 7.0- 7.5 (m, 13H, Harom.),  5.7 (s, 1H, 

C4H), 3.7 (s, 6H, 2CH3). 13C-NMR (DMSOd6, δ/ppm) δ 

195.6, 176.3, 165.4, 153.4, 149.7, 147.4, 140.4, 138.8, 

135.6, 134.6, 133.7, 133.2, 130.6, 129.2, 128.7, 126.8, 

111.7, 56.1 (-OCH3). Anal. Calcd. For  C25H22N2O4: C, 

72.45; H, 5.35; N, 6.76. Found: C, 72.46; H, 5.36; N, 6.75. 

 

5-benzoyl -6-phenyl -3-acetyl -4-(4-hydroxyphenyl)-

1,2,3,4-tetrahydrothioxypyrimidine (4) 

A mixture of 6 [19] (1 mmol) was boiled in acetic 

anhydride (3 mL) for 3 h, then the reaction mixture was 

allowed to cool to room temperature, poured over crushed 

ice, and stirred for several minutes. The separated solid 

was filtered off, washed with water, and recrystallized 

from 2-prophanol to give compound 4: Yield 60%, mp 

200-2020C. FTIR (KBr/cm-1) 3278 (NH), 1702 and 1645 

(C=O), 1258 (C=S). 1H-NMR (400 MHz DMSOd6, δ/ppm) 

δ  10.5 (s, 1H, -OH), 9.7 (s, 1H, NH), 7.4- 6.8 (m, 14H, 

Harom.),  5.4 (s, 1H, C4H), 2.8(s, 3H, CH3). 13C-NMR 

(DMSOd6, δ/ppm) δ 195.2 (C=Obenzoyl), 178.6 (C=S), 174.3 

(C=O), 147.2, 144.4, 138.7, 132.2, 131.8, 131.3, 131.2, 

129.8, 128.5, 128.2, 127.9, 126.2, 126.1, 114.8, 55.03, 

28.0 (CH3).  Anal. Calcd. For  C25H20N2O3S: C, 70.07; H, 

4.70; N, 6.54. Found: C, 70.06; H, 4.71; N, 6.55.  

 

5-benzoyl-6-phenyl-3-acetyl-4- (4-trifluoromethoxy) 

phenyl)-1,2,3,4-tetrahydrothioxy pyrimidine (5) 

A mixture of compound 2 (1 mmol) was boiled in 

acetic anhydride (3 mL) for 3 h, then the reaction mixture 

was allowed to cool to room temperature, poured over 

crushed ice, and stirred for several minutes. The separated 

solid was filtered off, washed with water, and 

recrystallized from ethanol to give compound 5: Yield 

65%, mp 190-1910C. FTIR (KBr/cm-1) 3240 (NH), 1693 

and 1646 (C=O), 1256 (C=S). 1H-NMR (400 MHz 

DMSOd6, δ/ppm) δ 9.8 (s, 1H, NH), 8.5- 7.2 (m, 14H, 

Harom.),  5.6 (s, 1H, C4H), 2.9 (s, 3H, CH3). 13C-NMR 

(DMSOd6, δ/ppm) δ 196.6 (C=Obenzoyl), 178.3 (C=S), 173.4 

(C=O), 153.4, 149.7, 147.4, 140.4, 138.8, 135.6, 134.6, 

133.7, 133.2, 130.6, 129.2, 128.7, 127.3, 126.8, 114.3, 

56.3.  Anal. Calcd. For  C26H19F2N2O3S: C, 62.90; H, 3.86; 

N, 5.64. Found: C, 62.91; H, 3.85; N, 5.65. 

 

Crystallography 

For the crystal structure determination, single-crystal 

of compound 4 was used for the data collection on a four-

circle Rigaku R-AXIS RAPID-S diffractometer (equipped 
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Scheme 1: Obtain compounds 1-3. 

 

with a two-dimensional area IP detector). Graphite-

monochromated Mo-Kα radiation ( = 0.71073 Å) and 

oscillation scans technique with w = 5º for one image 

were used for data collection. The lattice parameters were 

determined by the least-squares methods on the basis of all 

reflections with F2> 2(F2). Integration of the intensities, 

correction for Lorentz and polarization effects, and cell 

refinement was performed using CrystalClear 

(Rigaku/MSC Inc., 2005) software [27]. The structures 

were solved by direct methods using SHELXS-97 [28]  

and refined by a full-matrix least-squares procedure using 

the program SHELXL-97 [28]. All nonhydrogen atoms 

were refined anisotropically and H atoms were positioned 

geometrically and refined using a riding model. The final 

difference in Fourier maps showed no peaks of chemical 

significance. Crystal data for 4: C25H20N2O3S, crystal 

system, space group: monoclinic, P21/n; (no:14); unit cell 

dimensions: a = 11.207 (2), b = 13.138(2), c = 15.580(3) 

Å, α= 90, β = 106.768(6), γ = 90º; Volume: 2196.4 (7) Å3; 

Z = 4; calculated density: 1.296 g/cm3; absorption 

coefficient: 0.176 mm-1; F(000): 896; θ-range for data 

collection 2.4–29.2º; refinement method: full matrix least-

square on F2; data/parameters: 4470/281; goodness-of-fit 

on F2: 1.051; final R-indices [I > 2(I)]: R1 = 0.078, wR2 = 0.215; 

largest diff. peak and hole: 0.240 and -0.280 e Å-3.  

Crystallographic data that were deposited in CSD 

under CCDC-1544962 registration numbers contain the 

supplementary crystallographic data for this Letter. These 

data can be obtained free of charge from the Cambridge 

Crystallographic Data Centre (CCDC) via 

www.ccdc.cam.ac.uk/data_request/cif and are available 

free of charge upon request to CCDC, 12 Union Road, 

Cambridge, UK (fax: +441223 336033, e-mail: 

deposit@ccdc.cam.ac.uk). 

 

RESULTS AND DISCUSSION 

Chemistry 

The Biginelli reaction is one of the Multicomponent 

cyclo condensation reactions. There are three possible 

mechanisms for this reaction.  The first mechanism was 

recommended by Folkers in 1933 [29], the second by Sweet 

in 1973 [30], and the latest in 1997 by Kappe [31]. 

In this work, we used the Biginelli reaction with a catalytic 

amount of MIL-101 to obtain compounds 1-3 (Scheme 1).   

MIL-101 (Fig. 1), a kind of Metal-Organic Framework 

(MOFs), has attracted attention in recent years with its 

promising applications in the chemical industries. MIL-

101 is also known as “Porous Chromium Terephthalate”. 

It has a very high surface area and pore volume. MIL-101 

exhibits exceptional stability against moisture and other  

https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjB09SdiJbNAhUDQBQKHTulCXgQFggbMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0040402008017365&usg=AFQjCNGmXBusRyNOOVP2knv38HwAQMA_hQ&cad=rja
https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjB09SdiJbNAhUDQBQKHTulCXgQFggbMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0040402008017365&usg=AFQjCNGmXBusRyNOOVP2knv38HwAQMA_hQ&cad=rja
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Table 1: The optimization of reaction conditions for compound 1. 

Rate of A:B: C:D(mmoles) Solvent Temp(0C) Time(h) Yield (%)(1) 

1(A):1(B):1(C) Ethanol r.t 10 - 

1(A):1(B):1(C):0.001(D) Ethanol 75 6 - 

1(A):1(B):1(C):0.01(D) Ethanol 75 10 10 

1(A):1(B):1(C) Acetic acid r.t 10 - 

1(A):1(B):1(C):0.001(D) Acetic acid r.t 10 - 

1(A):1(B):1(C):0.001(D) Acetic acid 110 10 45 

1.6(A):1.1(B):1.1(C):0.01(D) Acetic acid 110 6 75 

 

 

Fig. 1: MIL-101, [Cr3F(H2O)2O{O2CC6H4(CO2)}3.nH2O]. 

 

chemicals. It also consists of coordinately unsaturated 

Cr- sites with high concentrations are available for 

catalysis and adsorption applications [32]. 

In our present protocol, the three-component condensation 

reaction between aryl aldehyde, dibenzoylmethane, and 

urea (and thiourea) was carried out using MIL-101 as  

a catalyst. This protocol gives a good yield to the products. 

The catalytic efficiency of the heterogeneous MIL-101 

catalytic system was monitored. The results of the 

reactions pointed to the optimized performance of  

0.6 mol% of MIL-101. 

We chose the reaction of compound 1 as a model 

reaction to optimize the reaction conditions. A series of 

experiments were performed to evaluate the feasibility of 

the formation of pyrimidines. The results were shown in 

Table 1. It can be said that dibenzoylmethane(A)/ 

arylaldehyde(B)/urea (or thiourea)(C)/MIL-101(D) 

(1.6:1.1:1.1: 0.01 mmol) at 1100C in acetic acid are the 

best result.  

Compounds obtained as a result of the Biginelli 

reaction were characterized on the basis of their spectral 

data and elemental analyses. 

In 1H-NMR spectra of compound 1 showed that δ 10.4 

and  9.8 ppm (s, 1H, NH) and 5.4 (s, 1H, C4H). The 13C 

NMR spectrum of compound 1 revealed signals at  195.6 

(C=O, benzoyl) and 167.0 ppm (C=O). All other spectral 

data are in accordance with the proposed structures for 

compound 1.  

In 1H-NMR spectra of compound 2 showed that δ 10.9 

and 10.0 ppm (s, 1H, NH) and 5.4 (s, 1H, C4H). The 13C 

NMR spectrum of compound 2 revealed signals at  196.4 

(C=O, benzoyl) and 176.3 ppm (C=S). All other spectral 

data are in accordance with the proposed structures for 

compound 2.  

In 1H-NMR spectra of compound 3 showed that δ 9.8 

and 8.2 ppm (s, 1H, NH) and 5.7 (s, 1H, C4H). The 13C 

NMR spectrum of compound 3 revealed signals at  195.6 

(C=O, benzoyl) and 176.3 ppm (C=O). All other spectral 

data are in accordance with the proposed structures for 

compound 3.  

On the other hand, 3-acetyl pyrimidine derivatives 4 

and 5 were prepared via the reaction of compounds 2  

and 6 [19] with acetic anhydride (Scheme 2). 

The molecular structure of the 1-[5-benzoyl-6-(4-

hydroxyphenyl)-4-phenyl-2-sulfanylidene-3,6-

dihydropyrimidin-1(2H)-yl]ethan-1-one (4) was 

characterized by single crystal X-ray diffraction analysis 

(Fig. 2). Novel compound 4 crystallized as a red prism and 

were solved in the monoclinic space group P21/n with four 

molecules in the unit cell. The structure has 

hydroxyphenyl, phenyl, benzoyl, ethanone, and sulfur 

units attached to the pyrimidine core. Molecules 4 form 

centrosymmetric dimers connected by O3-H∙∙∙O1 [D∙∙∙A = 

3.398(3) Å] hydrogen bonds. These dimeric units form  

a polymeric structure with adjacent dimers. The hydrogen 

bonds N1-H∙∙∙O2, d(N1∙∙∙O2) distances of 2.857(3) Å  
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Scheme 2: Synthesis of compounds 4 and 5. 

 

 
Fig. 2: The molecular structures of compound 4. Displacement 

ellipsoids are drawn at the 50% probability level. 

 

causes the formation of the 2D-polymeric form (Fig. 3). 

Meanwhile, the π-π stacking interactions between the 

delocalized π-electrons of the phenyl rings are relatively 

weak. The distance between the ring centroids is  

in the range of 4.21–5.52  Å.  

 
Calculation Analysis 

All synthesized compounds were performed using 

GAUSSIAN 09 software [33]. For geometry 

optimizations, Becke’s three-parameter exact-exchange 

functional (B3), combined with the gradient-corrected 

correlation functional of Lee–Yang–Parr (LYP) of the 

density functional theory methods (B3LYP) [34-36]  

were used with 6-31+G (d, p) basis set. The optimized 

structures were characterized as true minima by 

vibrational frequency calculations.  

The higher occupied molecular orbital (HOMO) and 

lowest unoccupied molecular orbital (LUMO) diagrams 

are illustrated using B3LYP method with 631+G (d, p) 

basis set in the gas phase in Fig.4 and their Et, EHOMO, 

ELUMO, ΔEgap and dipole moment values determined and 

showed in Table 2.  

Very useful information can be obtained by the 

quantum chemical calculations to examine the corrosion-

inhibiting effects of organic compounds. The quantum 

chemical parameters of all compounds such as μ, IP, A, χ, 

η, w, S, ΔN, and ΔEback donation were calculated according to 

Shojaie. et al. (Table 3). 

The inhibitory effect of a particular compound  

is usually attributed to the adsorption of the molecule  

to the metal surface. When the chemisorption occurs, one 

of the species entering the reaction behaves as an electron 

pair donor, and the other acts as an electron pair receiver. 

The basic state geometry of the inhibitor and the 

structure of HOMO and LUMO play a role in the activity 

properties of the inhibitors. Remarkable, the shape 
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Fig. 3: (Up) Depiction of the N-H∙∙∙O hydrogen bonds found in (4) that form chains propagating along the [010] direction. (Down) 

2D H-bonding geometry with the unit cell viewed down along the a-axis. 

 

of HOMO and LUMO is structurally dependent. The electron 

density of the HOMO site in the inhibitors examined is often 

distributed over atoms with delocalized characters, indicating 

that they are the favorite adsorption domains.  

The inhibitors could not only donate electron metal 

ions to un-emissive d orbitals but can also accept electrons 

from the d-orbital of the metal, which leads to a feedback 

bond. The electrons found in the HOMO can easily donate. 

EHOMO also plays a most important role during  

the corrosion inhibition course and this is directly related 

to the ionization potential. Increasing EHOMO leads  

to a higher inhibition effect. 

Another parameter of the molecular structure is  

the LUMO, which determines the polarizabilities of the 

compound. The lower the value of ELUMO, the more 

probable the molecule would accept electrons, and the 

energy of the LUMO is directly related to the electron 

affinity. 

Similar relations were found between the rates of 

inhibition and the energy gap. Larger values of the energy 

gap will provide low reactivity to a molecule. Lower 

values of the energy gap render good inhibition efficiency 

because the energy required to remove an electron from 

the lowest occupied orbital will be low. 

Dipole moment (μ Debye) is another important electronic 

parameter for corrosion inhibitors. The high value of the 

dipole moment probably increases the adsorption between 

the chemical compound and the metal surface.  

On the other hand, absolute hardness (η), softness (S), 

global electrophilicity index (ω) electrons transferred 

(ΔN), and ΔEback donation values are important properties 

used to measure the stability and reactivity of a molecule 

(Table 3).  

The chemical hardness fundamentally signifies the 

resistance toward the deformation or polarization of the 

electron cloud of the atoms, ions, or molecules under small 
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Table 2. The total energies (Et), EHOMO, ELUMO, Egap and dipole moment for molecules 1-5. 

Compounds Et (a.u.) EHOMO(eV) ELUMO(eV) ΔEgap(eV) Dipole Moment (Debye) 

1 -1559.083009 -5.2040 -2.0112 3.1927 6.480535 

2 -1882.031664 -5.2551 -2.0411 3.2139 6.397064 

3 -1375.865447 -5.0451 -1.8874 3.1576 4.187706 

4 -1697.028044 -5.3732 -3.3277 2.0454 5.665492 

5 -2034.739317 -5.1240 -2.1502 2.9737 7.378537 

 

 HOMO LUMO 

  
1 

  

  
2   

  
3   

 
4   

 
5   

Fig. 4: The optimized structures of molecules 1-5 obtained at B3LYP/631+g(d,p). 
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Table 3: The quantum chemical parameters for all compounds. 

 1 2 3 4 5 

Ionization potential “IP(eV)” 5.2040 5.2551 5.0451 5.3732 5.1240 

Electron affinity “A(eV)” 2.0112 2.0411 1.8874 3.3277 2.1502 

Chemical hardness “η(eV)” 3.1928 3.2140 3.1577 2.0455 2.9738 

Chemical softness “S” 0.3132 0.3111 0.3167 0.4889 0.3363 

Electronegativity “χ(eV)” 3.6076 3.6481 3.4663 4.3505 3.6371 

Transferred electrons fraction “(ΔN)” 0.5313 0.5215 0.5596 0.6496 0.5654 

Electrophilicity index “(ω)” 6.5768 6.3663 2.7768 7.8459 9.1537 

ΔEback donation -0.7982 -0.8035 -0.7894 -0.5114 -0.7435 

 

perturbation of chemical reaction. A hard molecule has a large 

energy gap and a soft molecule has a small energy gap.  

The global electrophilicity index was introduced by 

Parr as a measure of energy lowering due to maximal 

electron flow between donor and acceptor this index 

measures the propensity of chemical species to accept 

electrons. A good, more reactive, the nucleophile is characterized 

by a lower value of µ, ω; and conversely a good electrophile 

is characterized by a high value of µ, ω. This new reactivity 

index measures the stabilization in energy when the system 

acquires an additional electronic charge ∆N from the 

environment. Thus the fraction of electrons transferred from  

the inhibitor to the metallic surface.  

According to the simple charge transfer model for 

donation and back-donation of charges, an electronic  

the back-donation process might be occurring governing 

the interaction between the inhibitor molecule and the 

metal surface. The concept establishes that if both 

processes occur, namely charge transfer to the molecule 

and back-donation from the molecule, the energy change 

is directly proportional to the hardness of the molecule. 

The ∆Eback donation implies that when η > 0 and ∆Eback 

donation <0 the charge transfer to a molecule, followed  

by a back donation from the molecule, is energetically 

favored. In this context, hence, it is possible to compare 

the stabilization among inhibiting molecules, since there 

will be an interaction with the same metal, then, it is 

expected that it will decrease as the hardness increases [37-45].  

According to the calculations, compounds 4 and 5 

appear to be good inhibitors for corrosion. 

 

Non-linear Optical (NLO) properties 

The non-linear optical properties of molecules 1-5 

were calculated using the B3LYP/6-31+G(d, p) method  

in the gas phase. The total dipole moment µtot, mean 

polarizability (αtot), and the average value of the first 

hyperpolarizability (βtot) can be calculated using the 

following equations. 

2 2 2
tot x y zµ  µ µ µ    

 tot xx yy zz 3      

   
2 2

tot xxx xyy xzz yyy yxx yzz    
           


 

 
2

zzz zxx y

1

 z

2

y   


   

The calculated values and related components are 

given in Table 4. For more active NLO properties,  

the higher values of dipole moment, molecular 

polarizability, and hyperpolarizability are important. 

According to the results, molecules 2 and 5 with  

the highest hyperpolarizabilities have more active NLO 

properties than the others.  

The calculated values and related components are given 

in Table 4. For more active NLO properties, the higher 

values of dipole moment, molecular polarizability, and 

hyperpolarizability are important. According to the results, 

molecules 3 and 4 with the highest hyperpolarizabilities have 

more active NLO properties than the others. 

The geometrical parameters (bond lengths, bond angles, 

and dihedrals) were calculated for molecule 1 (Table 5) 

following the atom numbering scheme given in Fig. 5.  

 

Molecular Electrostatic Potentials (MEPs) 

It is well known that the molecular electrostatic 

potential (MEP) provides information about reactive sites 
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Table 4: Electric dipole moment µ, polarizability α and first hyperpolarizability β obtained for molecules 1-5  

by B3LYP level with the 6-31+G (d, p) basis set. 

Parameters (a.u) 1 2 3 4 5 

βxxx 21.9952 18.2324 70.8298 57.3553 -29.1977 

βxyy -26,4910 -25.3353 7.3981 10.1086 14.6965 

βxzz -14.3665 -15.2244 -3.7685 -16.7916 13.2682 

βyyy -65,5949 -64.1935 -64.9665 -85.2256 -62.1871 

βyxx -17,1444 -24.4920 -29.8154 0.7259 -24.8174 

βyzz -3.3103 -8.18329 1.8575 -9.4992 -8.9190 

βzzz 0.1742 0.22261 0.2308 3.7245 0.8950 

βzxx -0,3869 -0.38493 0.2804 -3.1321 -1.2202 

βzyy -0.6538 -0.71710 0.2435 -2.7876 -5.3863 

βtot (esu) 10-33 761.1007 858.8544 1028.7557 922.7603 830.2479 

αxx -61.7917 -65.3764 -46.8762 -69.2149 -70.4216 

αyy -87.6218 -90.1952 -86.9597 -77.3413 -98.8615 

αzz -63.5994 -66.8475 -66.1957 -70.1375 -73.3945 

αtot (esu) 10-33 -613.4277 -640.5148 -576.0454 -624.0281 -698.8560 

µx 2.0393 1.9516 -0.4521 1.8042 -2.3586 

µy -1.5310 -1.5898 -1.5844 -2.2944 -1.6413 

µz -0.0209 -0.0210 0.0244 0.7974 -0.4163 

µtot (esu) 10-33 2.55013 2.51727 1.6478 3.0259 2.9035 

 

 

Fig. 5: The atom numbering for molecule 1. 
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Table 5. The calculated values are of selected bond lengths (Å), angles (o), and dihedrals (o) for molecule 1.  

The calculated values are given for the gas phase. 

 Bond lengths Bond Angles Dihedral Angles 

C(4)(1,3,2) 1.3948292 30.0036507 178.9641441 

O(5)(2,1,4) 1.2584001 150.0137783 179.9619213 

N(6)(3,1,4) 1.3948252 90.0083836 179.9674314 

H(7)(6,3,1) 1.0000001 66.2257267 169.2577089 

N(8)(2,1,4) 1.3947122 30.0009942 -179.9719853 

H(9)(8,2,1) 1.0000001 168.5444773 120.6148450 

C(10) (1,4,3) 1.5400001 120.0043196 -179.9798413 

C(31)(4,1,8) 1.5400001 120.0079967 179.9891754 

O(32) (31,4,1) 1.2584001 120.2269461 -180.0000000 

H(44) (3,1,4) 1.0700001 90.0132439 89.9742219 

O(45) (28, 26,23) 1.4300001 120.0248586 -179.9563255 

C(46)(45,28,26) 1.4300001 109.5000004 89.7787921 

F(47) (46,45,28) 1.3500001 109.4712303 59.7921488 

 

 

               

                          1                                                                 2                                                                      3 

 

                       

                                                       4                                                                               5 
 

Fig. 6: MEPs of all molecules. 
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Scheme 3: The original Biginelli reaction. 

 

for the electrophilic and nucleophilic attack as well as 

hydrogen-bonding interactions in the molecules. MEPs  

at the B3LYP/6-31+G (d, p) for all molecules were obtained 

and given in Fig. 6. In the figure, the negative (red) regions  

of MEP were related to electrophilic reactivity and the positive 

(blue) regions to nucleophilic reactivity.  

 

CONCLUSIONS 

The original Biginelli reaction is the three-component 

one-pot condensation of benzaldehyde, ethyl acetoacetate, 

and urea in the presence of strong acid as a catalyst  

in ethanol to give substituted 3,4-dihydropyrimidin-2(1H)-

one (Scheme 3). 

In this work, the pyrimidine derivatives were 

synthesized via the Biginelli reaction with a catalytic 

amount of MIL-101 in good yields (75-80%). All new 

structures were determined by using FT-IR, 1H/13C NMR, 

and elemental analyses. The compounds were investigated 

as corrosion inhibitors using density functional theory 

(DFT) at the level of B3LYP/6-31G (d, p).  

As presented in Tables 2, 3 the compound which have 

the lowest energetic gap is compounds 4 and 5. This lower 

gap allows it to be the softest molecule.  

The two properties like I (potential ionization) and A 

(affinity) are so important, that the determination of these two 

properties allows us to calculate the absolute electronegativity 

(χ) and the absolute hardness (η). These two parameters are 

related to the one-electron orbital energies of the HOMO and 

LUMO respectively. Compounds 4 and 5 have the lowest 

value of the potential ionization (I), so they will be the better 

electron donor. Compounds 4 and 5 have  

the largest value of the affinity (A), so it is the better 

electron acceptor. The chemical reactivity varies with  

the structure of molecules. 

The chemical hardness (softness) values of compounds 

4 and 5 are lesser (greater) among all the molecules. Thus, 

compounds 4 and 5 are found to be more reactive than all 

the compounds. The value of ω for compounds 4 and 5 

indicates that there is a stronger nucleophile than all other 

compounds.   

The increase in inhibitory performance is due to more 

coverage of the metal surface because of the adsorption  

of the pyrimidine derivatives molecules onto the steel 

surface, which finally reduced the attack of acid. This 

finding suggests that the molecular structure of pyrimidine 

derivative molecules has a great influence on the inhibition 

efficiency values. In this study, the inhibitor molecules had 

π electrons in the aromatic ring and non-bonding electrons 

on the heteroatoms, such as oxygen, sulfur, and nitrogen, 

which helped the inhibitor to adsorb onto the steel surface. 

The number of electron-donating functional groups could 

also affect the adsorption tendency of the inhibitor, i.e., with 

more electron-donating functional groups, the adoption 

would be stronger and the inhibition efficiency would be 

higher. Thus, in the present case, compounds 4 and 5 had  

the highest protection ability due to the presence of an extra acetyl 

group. Therefore, the inhibition efficiency order was 4=5>3-1. 

According to all of the calculations, compounds 4 and 5 

appear to be good inhibitors for corrosion than other molecules. 
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