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THEORETICAL STUDY OF THE CHEMICAL REACTIVITY OF A SERIES OF 2,3-

DIHYDRO-1H-PERIMIDINE. 

 

 

Abstract 

This reactivity study was performed on seven molecules of a 2,3-dihydro-1H-perimidine series 

using density functional theory at the B3LYP / 6-311 G (d, p) level. Calculation of the dipole 

moment showed that compound 4 is more soluble in aqueous medium. The study of frontier 

molecular orbitals, in particular the energy gap (ΔE), electronegativity (), chemical hardness (η) 

and the electrophilic index (ω) has provided a better overview molecular properties. Thus, the 

compound 5 with the highest energy gap between the boundary orbitals is the most stable and the 

least reactive. Analysis of local descriptors and the electrostatic potential map identified nitrogen 

atoms N26 and N28 as the preferred sites of electrophilic attack and the carbon atom C26 as the 

preferred site of nucleophilic attack. 
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Introduction 

Heterocycles are chemical compounds consisting of rings in which one or more carbon atoms 

have replaced by a heteroatom such as nitrogen, oxygen, phosphorus, sulfur, etc. These chemical 

compounds are of great scientific interest because of their potential for application in many fields. 

The most well-known are heterocycles containing nitrogen and oxygen atoms [1]. Among others, 

2,3- dihydro -1H -Perimidines are defined as the product resulting from the condensation of 1,8-

diaminonaphthalene (1,8 - DAN) with carbonyl derivatives (Aldehyde). The 1H - perimidines are 

a class of heterocyclic compounds which have great structural variety. This allows their use in 

various scientific fields. They are characterized by either a bond deficit or an excess π bond due 

to the electron density movements of the nitrogen atoms present in the fused ring system [2]. 

These compounds have a are of ongoing interest because of their polyvalent [3], optoelectronic, 

chemotherapeutic, thermochromic, and photochromic properties. In this work, a series of seven 

(7) molecules of 2,3-dihydro-1H-perimidine were used (Table 1). The aim of this work is to 

theoretically determine, on the one hand, the reactivity of these 2,3-dihydro-1H-perimidine 

derivatives and on the other hand to identify the likely sites of nucleophilic / electrophilic attacks 

by different methods of quantum chemistry. 
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Table 1: Molecular structures of 2,3-dihydro-1H-perimidines studied 

Compounds Structures Compounds Structures 

1 

 

 

 

2 

 

3 

 

 

4 

 

5 

 

 

6 

 

7 

 

 

2. Material and Methods 

2.1. Natural Population Analysis 

The determination of the natural atomic charge is essential for the study of molecular systems in 

quantum chemistry. For the quantitative description of a molecular charge distribution, the 

compound is divided into well-defined atomic fragments. The objective is to share the charge 

density at each point between the different atoms in proportion to their free atom densities at the 

corresponding distances from the nuclei [4]. In our manuscript, the atomic charge values were 

calculated from the natural population analysis (NPA). The optimization of the geometry of the 

molecules was done by the DFT calculation method with the B3LYP function [5] in the basis 6-

311G (d, p) using the Gaussian 09 [6]. This Hybrid functional gives better energies and is in line 

with high-level ab initio methods [7]. The geometries are conserved for cationic and anionic 

systems at computational level B3LYP/6-311G (d, p) to which a calculation of energy has been 

made. 
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2.2. Frontier Molecular Orbitals Theory  

The frontier molecular orbital is fundamental in the visualization of chemical reactivity [8]. The 

most occupied molecular orbital (HOMO) is the highest orbital containing electrons and tends to 

give up these electrons. On the other hand, the lowest unoccupied molecular orbital (LUMO) is 

the lowest orbital containing vacant slots to accept electrons. While the HOMO energy is directly 

related to the ionization potential, the LUMO energy is directly related to the electron affinity. 

The difference in energy between HOMO and LUMO is called the energy gap and represents an 

indicator of stability for molecules. The HOMO-LUMO energy gap allows to characterize the 

chemical reactivity and the chemical stability of the molecule. [8]. A molecule with a high energy 

gap (ΔE) is less polarizable and is generally associated with low chemical reactivity and high 

kinetic stability [9] 

 

2.3. Reactivity Descriptors  

2.3.1. Global Descriptors  

In order to predict the reactivity and chemical stability of the compounds the quantum descriptors 

related to the conceptual DFT were determined: (ionization potential (I), electron affinity (A), 

electronegativity (χ), global softness (s), global hardness (η) and global electrophilicity (ω)) [10]. 

The different descriptors quoted have been calculated from the optimized molecules. The 

descriptors related to the molecular boundary orbitals have been calculated by the Koopmans 

approximation method [11]. The LUMO energy characterizes the capacity of the molecule to a 

nucleophilic attack, and as for the HOMO energy it characterizes the capacity of a molecule to an 

electrophilic attack. The electronegativity (χ) reflects the capacity of a molecule to attract 

electrons. The global softness (s) expresses the capacity of a system to the modification of its 

electron number. The global electrophilicity index characterizes the electrophilic power of the 

molecule. These different descriptors are determined from the equations (1):  
         

         

                       

                                                                                             

     
  

  
 

         

The chemical potential (μ) characterizes the tendency of the electron to escape from equilibrium. 

With respect to overall hardness, it measures the resistance to deformation of atoms, ions, or 

molecules under the influence of the chemical reaction. Parr et al. initiated the concept of 

electrophilicity as an index of overall reactivity similar to chemical hardness and chemical 

potential. 

2.3.2. Local and Dual Descriptors  

The Fukui indices of a molecule allow to determine the local reactivity of this molecule. The 

atom with the highest Fukui number is more reactive than the other atoms in the molecule [12]. 

These indices are the qualitative interpretation of the reactivity of the atoms in the molecule. The 
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Fukui function predicts the local reactivity for most chemical systems with some reliability. We 

calculated Fukui indices to determine the selectivity of electrophilic and nucleophilic atoms in 

perimidine compounds. Ayers and Parr [13] explained that molecules tend to react where Fukui’s 

function is greatest when attacked by soft reagents and in places where Fukui’s function is 

smaller when attacked by hard reagents. Using the natural atomic charge of the ground state 

optimized compounds, the Fukui function (fk
+
 fk

−
), the local softness (sk

+
, sk

−
) and the local 

electrophilia indices (ωk
+
, ωk

−
) [14] have been determined. The functions of Fukui are calculated 

using equation (2):  
  

                                                                                          

    
                                                                                        

fk
+
: for nucleophilic attack  

fk
−
: for electrophilic attack  

qk(N): Electron population of the atom k in the neutral molecule.  

qk(N+1): Electron population of the atom k in the anionic molecule.  

qk(N−1): Electron population of the atom k in the cationic molecule.  

 

Local softness and electrophilicity indices are calculated using (3)  
  
     

                                                                                       

         
     

                                                                                        

  
     

                                                                                   

  
     

                                                                                      

The values of the dual descriptors [15] are obtained from the equations (4)  
     

    
                                                                             

3. Results and Discussion 

3.1. Dipoles moment of compounds μ (D). 

The dipole moment is an essential parameter for the prediction of the solubility of compounds in 

aqueous medium. The values of the dipole moment are reported in Table 2. 

Table 2: Dipoles moment of compounds 

compounds 1 2 3 4 5 6 7 

μ (D) 0.793 4.077 4.618 4.154 4.828 4.180 4.758 

 

The dipole moment values of the compounds range from 0.793 Debye to 4.828 Debye. The 

decreasing order of the dipole moment of the compounds is as follows: 

μ (Compound 5)> μ (Compound 7)> μ (Compound 3)> μ (Compound 6)> μ (Compound 4)> μ 

(Compound 2)> μ (Compound 1). 

The order shows us that compound 5 has the greatest dipole moment value. Compound 5 is 

therefore more soluble in aqueous medium. 

 

3.2. Analysis of frontier molecular orbital  
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The values of the HOMO and LUMO frontier molecular orbitals of 2,3-dihydro-1H-perimidine 

obtained by the B3LYP/6-311G method (d, p) are presented in the table below. 

Table 3: Energy parameters of the compounds studied 

compounds EHOMO (eV) ELUMO (eV) ∆Egap (eV) EI (eV) A (eV) 

1 -4.905 -1.597 3.308 4.905 1.597 

2 -4.884 -1.958 2.926 4.884 1.958 

3 -4.838 -1.276 3.562 4.838 1.276 

4 -4.790 1.179 5.969 4.790 -1.179 

5 -4.759 -0.547 4.211 4.759 0.547 

6 -4.812 -1.739 3.073 4.812 1.739 

7 -4.731 -0.670 4.060 4.731 0.670 

The values in the table show compound 2 has the smallest value of the energy gap (ΔEgap = 

2.926 eV), therefore it is the most reactive one consequently it presents a low chemical stability 

compared to all the studied molecules. On the other hand, compound 4 has the largest value of 

the energy gap (ΔEgap = 5.969 eV), therefore it is the least reactive and therefore the most stable 

compound. 

3.3. Reactivity descriptors 

3.3.1. Global reactivity descriptors  

The overall reactivity indices of the studied 2,3-dihydro-1H-perimidine were calculated from 

equations (1) and placed in Table 4.  

Compound 2 shows a value of the overall hardness (η = 1.463 eV), this value is the lowest of all 

the molecules. Thus, we can say compound 2 is the most reactive out of all the compounds 

studied. Moreover, we notice that compound 2 has a significantly higher electronegativity value 

(χ = 3.421 eV) than the other compounds; it then appears as the best electron acceptor. Moreover, 

the electrophilic index value of compound 2 (ω = 4.000 eV) indicates that it is the most 

electrophilic. 

Table 4:  Global descriptors of chemical reactivity of 2,3-dihydro-1H-perimidine 1- 

compounds µ(eV) ƞ(eV) ω(eV) χ(eV) s(eV
-1

) 

1 -3.251 1.654 3.195 3.251 0.605 

2 -3.421 1.463 4.000 3.421 0.683 

3 -3.057 1.781 2.623 3.057 0.561 

4 -1.806 2.985 0.546 1.806 0.335 

5 -2.653 2.106 1.671 2.653 0.475 

6 -3.276 1.537 3.491 3.276 0.651 

7 -2.701 2.030 1.796 2.701 0.493 
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3.3.2. Local reactivity descriptors  

3.3.2.1 Molecular Electrostatic potentials and fukui functions 

Regions of electrostatic surface potential are represented by colors ranging from red to blue. The 

potential increases in the following order: red <orange <yellow <green <blue, where red indicates 

the most negative potentials and blue the most positive potentials [16] passing successively 

through orange, yellow and green. The surfaces of the electrostatic potentials of the studied 

molecules were represented after optimization at the level DFT/B3LYP / 6-311 G (d, p). They are 

presented in Figure 1 obtained from Gaussian 09 [6]. 

 
 

  

  

Compound 1 
Compound 2 

 

Compound 3  Compound 4 

 

Compound 5 

 

Compound 6 
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Figure 1: Surface of molecular Electrostic potentials of 2,3-dihydro-1H-perimidine 

We also determined the local reactivity indices for each molecule according to equations (2), (3) 

and (4). All the atoms of the compounds are concerned in this study except the hydrogen atoms. 

These different local indices and reactivity descriptors are grouped in tables 5 to 11. 

The values of the local descriptors of compound 1 calculated at B3LYP/6-311G (d, p) show that 

the N26 and N28 nitrogen atoms are the preferred sites of electrophilic attack. According to this 

same level of calculation, nucleophilic attack will preferentially occur on the C32 atom with a 

value in Table 5. 

Table 5: Compound 1 reactivity descriptors calculated using Natural Population Analysis (NPA) 

 

Sites   

Local descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C32 0.523 -0.419 0.966 -0.773 0.252 -0.201 0.602 -0.482 

C10 0.128 -0.041 0.237 -0.076 0.062 -0.020 0.148 -0.048 

C31 0.128 -0.041 0.237 -0.076 0.062 -0.020 0.148 -0.048 

C30 0.079 -0.073 0.145 -0.135 0.038 -0.035 0.090 -0.084 

C16 0.133 0.006 0.245 0.010 0.064 0.003 0.153 0.006 

C3 -0.027 -0.027 -0.049 -0.049 -0.013 -0.013 -0.031 -0.031 

C5 -0.131 0.278 -0.241 0.512 -0.063 0.134 -0.150 0.320 

O33 -0.200 0.310 -0.368 0.572 -0.096 0.149 -0.230 0.357 

O34 -0.324 0.355 -0.597 0.655 -0.156 0.171 -0.372 0.408 

N28 -0.312 0.419 -0.576 0.774 -0.150 0.202 -0.359 0.482 

N26 -0.312 0.419 -0.576 0.774 -0.150 0.202 -0.359 0.482 

Compound 7 
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The results in Table 6 predict that the N28 and N30 azote atoms are most favored to attack 

electrophilic species. As regards the nucleophilic attack, it occurs preferentially on carbon C26. 

 

Table 6: Compound 2 reactivity descriptors calculated using Natural Population Analysis (NPA) 

 

Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C26 0.538 -0.367 0.993 -0.677 0.259 -0.176 0.619 -0.422 

C42 0.425 -0.025 -0.450 0.476 -0.900 0.926 0.489 -0.029 

C10 0.103 -0.043 0.190 -0.079 0.049 -0.021 0.118 -0.049 

C33 0.103 -0.043 0.190 -0.079 0.049 -0.021 0.118 -0.049 

C32 0.071 -0.073 0.132 -0.134 0.034 -0.035 0.082 -0.084 

N34 -0.224 0.198 -0.413 0.366 -0.108 0.095 -0.258 0.228 

O33 -0.277 0.296 -0.511 0.547 -0.133 0.142 -0.318 0.341 

O34 -0.340 0.356 -0.627 0.657 -0.163 0.171 -0.391 0.410 

N28 -0.319 0.418 -0.589 0.772 -0.153 0.201 -0.367 0.481 

N30 -0.320 0.420 -0.590 0.776 -0.154 0.202 -0.368 0.484 

In the Table 7, the azote atoms N28 and N30 are most favored for electrophilic attack. As regards 

the nucleophilic attack, are occurs preferentially on C26 and C39 carbon.  
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Table 7: Compound 3 reactivity descriptors calculated using Natural Population Analysis (NPA) 

 

Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C26 0.417 -0.345 0.770 -0.636 0.201 -0.166 0.480 -0.397 

C39 0.428 -0.004 -0.432 0.435 -0.863 0.867 0.492 -0.004 

C10 0.138 -0.043 0.255 -0.080 0.067 -0.021 0.159 -0.050 

C33 0.138 -0.043 0.256 -0.080 0.067 -0.021 0.159 -0.050 

C32 0.083 -0.073 0.153 -0.136 0.040 -0.035 0.095 -0.085 

O40 -0.299 0.303 -0.552 0.559 -0.144 0.146 -0.344 0.348 

N34 -0.297 0.328 -0.549 0.605 -0.143 0.158 -0.342 0.377 

O41 -0.341 0.351 -0.630 0.647 -0.164 0.169 -0.393 0.404 

N30 -0.310 0.419 -0.572 0.774 -0.149 0.202 -0.357 0.483 

N28 -0.310 0.420 -0.573 0.775 -0.1493 0.202 -0.357 0.483 

Table 8 predicts that the N28 and N30 azote atoms are most favored against electrophilic attacks. 

As regards the nucleophilic attack, are occurs preferentially on C26 and C45 carbons.  
 

 

Table 8: Compound 4 reactivity descriptors calculated using Natural Population Analysis (NPA) 

 

Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C26 0.401 -0.349 0.740 -0.644 0.193 -0.168 0.462 -0.402 

C45 0.437 -0.010 -0.447 0.46 -0.894 0.904 0.503 -0.012 

C10 0.140 -0.052 0.258 -0.096 0.067 -0.025 0.161 -0.060 

C33 0.139 -0.050 0.257 -0.093 0.067 -0.024 0.160 -0.058 

C32 0.076 -0.077 0.141 -0.143 0.037 -0.037 0.088 -0.089 
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O46 -0.301 0.303 -0.556 0.559 -0.145 0.146 -0.347 0.349 

N34 -0.297 0.333 -0.549 0.614 -0.143 0.160 -0.342 0.383 

O47 -0.345 0.354 -0.636 0.654 -0.166 0.170 -0.397 0.408 

N30 -0.307 0.414 -0.567 0.764 -0.148 0.199 -0.353 0.476 

N28 -0.308 0.416 -0.568 0.768 -0.148 0.200 -0.354 0.479 

The results in Table 9 predict that the N26 and N28 azote atoms are most favored for electrophilic 

attacks. As regards the nucleophilic attack, it occurs preferentially on carbon C36. 

Table 9: Compound 5 reactivity descriptors calculated using Natural Population Analysis (NPA) 

 

Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C36 0.496 -0.078 -0.574 0.652 -1.148 1.226 0.571 -0.090 

C23 0.165 -0.155 0.3045 -0.286 0.079 -0.075 0.190 -0.179 

C31 0.188 -0.046 0.347 -0.085 0.090 -0.022 0.216 -0.053 

C10 0.188 -0.046 0.347 -0.085 0.090 -0.022 0.216 -0.053 

C30 0.089 -0.074 0.164 -0.137 0.043 -0.036 0.102 -0.086 

O32 -0.244 0.258 -0.450 0.477 -0.117 0.124 -0.281 0.298 

O37 -0.238 0.286 -0.440 0.528 -0.115 0.138 -0.274 0.329 

O38 -0.342 0.359 -0.632 0.663 -0.165 0.173 -0.394 0.413 

N28 -0.310 0.419 -0.573 0.774 -0.149 0.202 -0.357 0.483 

N26 -0.310 0.419 -0.573 0.774 -0.149 0.202 -0.357 0.483 

The values of the local descriptors calculated show that the azote atoms N26 and N28 are the 

preferred sites of electrophilic attack. According to this same level of calculation, a nucleophilic 

attack will preferably take place on the C32 atom having a value in the Table 10. 

 

 

 

 

Table 10: Compound 6 reactivity descriptors calculated using Natural Population Analysis 

(NPA) 
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Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C32 0.494 -0.120 -0.615 0.735 -1.230 1.350 0.569 -0.139 

C36 0.433 -0.137 -0.570 0.706 -1.140 1.276 0.499 -0.157 

C23 0.120 -0.070 0.222 -0.129 0.058 -0.033 0.138 -0.080 

C31 0.126 -0.045 0.233 -0.082 0.061 -0.021 0.145 -0.051 

C10 0.126 -0.045 0.233 -0.082 0.061 -0.021 0.145 -0.051 

O33 -0.163 0.279 -0.300 0.516 -0.078 0.134 -0.187 0.322 

O38 -0.262 0.288 -0.484 0.532 -0.126 0.139 -0.302 0.331 

N34 -0.317 0.305 -0.585 0.564 -0.152 0.147 -0.365 0.352 

N28 -0.315 0.420 -0.582 0.776 -0.152 0.202 -0.363 0.484 

N26 -0.315 0.420 -0.582 0.775 -0.152 0.202 -0.363 0.483 

In the Table 11, the azote atoms N26 and N28 are most favored for electrophilic attack. As regards 

the nucleophilic attack, it occurs preferentially on C45 carbon.  

Table 11: Compound 7 reactivity descriptors calculated using Natural Population Analysis 

(NPA) 

 

Sites   

Locals descriptors   

f+ f- ω+ ω- s+ s- η+ η- 

C45 0.520 -0.094 -0.614 0.708 -1.229 1.323 0.599 -0.108 

C34 0.429 -0.071 -0.500 0.571 -1.000 1.071 0.493 -0.082 

C23 0.146 -0.073 0.270 -0.134 0.070 -0.035 0.169 -0.084 

C10 0.160 -0.047 0.295 -0.086 0.077 -0.022 0.184 -0.054 

C31 0.160 -0.047 0.295 -0.086 0.077 -0.022 0.184 -0.054 

O46 -0.299 0.301 -0.553 0.556 -0.144 0.145 -0.345 0.347 

N32 -0.324 0.311 -0.599 0.574 -0.156 0.149 -0.373 0.358 



 

12 
 

O47 -0.325 0.354 -0.600 0.654 -0.156 0.170 -0.374 0.408 

N28 -0.308 0.420 -0.568 0.775 -0.148 0.202 -0.354 0.483 

N26 -0.308 0.420 -0.568 0.776 -0.148 0.202 -0.354 0.484 

 

3.3.2.2. Dual reactivity descriptors. 

The numerical values of the dual reactivity descriptor were also determined for each molecule 

according to (2). All the constituent atoms of the different compounds are concerned in this study 

with the exception of the hydrogen atoms. These different local indices and descriptors of 

reactivity are grouped together in graphs 1 to 6 (Fig. 3). The numerical values of the double 

descriptor of the compounds were calculated at the level B3LYP / 6-311 G (d, p), show that the 

nitrogen atoms N26 and N28 for some compounds and N28 and N30 for others are generally the 

preferred sites of electrophilic attack. 
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Graph 1: Dual descriptor (∆f) of compound 1 
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Graph 3: Dual descriptor (∆f) of compound 3 
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Graph 4: Dual descriptor (∆f) of compound 4 
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Figure 2: Values of the dual descriptor for the heavy atoms of compounds 1-7 

Conclusion 

In this work, the methods of Quantum Chemistry and Molecular Modeling were used on seven 

(7) molecules of the 2,3-dihydro-1H-perimidine family with a view to study their reactivity. The 

dipole moment, global and local descriptors were used to study the reactivity of different 

nucleophilic, electrophilic and radical sites. The dipole moment showed that compound 5 is more 

soluble in aqueous medium. As for the global descriptors; they revealed that compound 4 is more 

stable and less reactive. Analysis of local descriptors confirmed the likely sites of electrophilic 

and nucleophilic attack. In order to accurately determine the sites of attack, the Fukui indices and 

dual descriptors were calculated from the Natural Population Analysis (NPA). The latter showed 

that for the series of molecules studied, nitrogen atoms N26 and N28 are the privileged sites of 

electrophilic attack and the carbon atom C26 is the preferential site of nucleophilic attack. 
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Graph 6: Dual descriptor (∆f) of compound 6 
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Graph 7: Dual descriptor (∆f) of compound 7 
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