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 In the present study, the complete structural and vibrational analysis of 3-
methyle-4-(4-nitrophenyl)-4,8-dihydropyrazolo[4',3':5,6]pyrano[2,3-
d]pyrimidine-5,7(1H,6H)-dione (MNDPPD) were evaluated using the 
theoretical and experimental methods. Then, the molecular structure of this 
drug optimized using the Gaussian 09 software with Hartree-Fock (HF) and 
density functional theory (DFT) methods with 6–311+G(d,2p) basis set. The 
1H and 13C NMR spectra were computed using the gauge-invariant atomic 
orbital (GIAO) method, showing a good agreement with the experimental 
ones. The calculated vibrational frequencies and chemical shift values were 
compared using the FT-IR and NMR analysis. The last one UV–vis absorption 
spectra were analyzed at the presence of five solvent (H2O, DMSO, CH3CN, 
CH3NO2 and CH3CHCl2), saved at the range of 200–550 nm. The hyper-
conjugative interaction energy and electron densities of donor and acceptor 
bonds were calculated using the natural bond orbital (NBO) analysis. In 
addition, frontier molecular orbitals analysis, non-linear optical (NLO) 

activity, electro negativity, ionization energy, global hardness, global softness, 
and the energy gap between the highest occupied molecular orbital (HOMO) 
to the lowest unoccupied molecular orbital (LUMO) were calculated. The 
results showed that the experimental and computational data are consistent 
with each other. 
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Introduction  

Chemical drugs have been widely used to treat 

various diseases. Nitrogenous heterocyclic 

compounds such as pyrazole, pyrazolone and its 

derivatives, have a special place in chemistry as 

they have an approved biological and 

pharmaceutical activities such as antimicrobial 

[1-9], antidiabetic [10], antioxidant [11], 

antitumor [12], antidepressant [13], Alzheimer’s 

disease [14], Pyrazole is used to treat the 

inflammatory bowel syndrome [15], antipyretic 

[16], fungicides [17], pesticides [18] and 

herbicidal [19]. 

In recent years, many studies have been 

conducted to identify the therapeutic 

characteristics and molecular structure of drugs 

in laboratories. However, scientists are looking 

for ways to make their studies less costly and 

easier. One of the best methods for studying and 

simulating molecules in the gas phase is the use 

of computational methods and one of the best 

computational methods is the quantum 

mechanics method at various levels. Among the 

useful methods in quantum mechanics can be 

mentioned Hartree-Fock (HF) and density 

functional theory (DFT) [20]. This study 

calculated the molecular structure and 

spectroscopic properties on the MNDPPD 

antitumor drug using HF and B3LYP methods 

with 6-311+G(d,2p) basis set. 

Experimental 

All the chemicals with a purity of over 95% have 

been purchased from the Aldrich and Merck 

Chemical Company. The reaction progress was 

monitored by (TLC; silica-gel 60 F254, n-hexane: 

Ethyl acetoacetate (4:1)). FT–IR spectra were 

recorded on 4000–400 cm–1 (KBr) with a FT–IR 

JASCO–680. The 1H, 13C–NMR spectra were 

obtained on a Bruker (DPX–400 MHz and 100 

MHZ Avance 2 model) instrument DMSO-d6 [21]. 

Synthesis of MNDPPD 

Ethyl acetoacetate (1 mmol), hydrazine hydrate 

(1 mmol) and catalyst were added to H2O/EtOH 

(5 mL, 50/50) over 20 min. Then, aldehyde (1 

mmol) and barbituric acid (1 mmol) were added 

to the mixture and the mixture was heated under 

reflux. The reaction mixture was filtered and the 

resulting solid material was washed with EtOH 

(10 mL) in Soxhlet for 3 h and dried in a vacuum 

oven at 110 °C (Scheme 1) [21]. 

Scheme 1. Synthesis of MNDPPD 
antitumor drug 

 

 
 

Computational Details 

All the calculations were performed with Chem 

Bio Draw Ultra, Gaussian 09 [22], Gauss View 5.0 

suite software. The calculations of the systems 

contain C, H, O and N described by the standard 

HF and B3LYP methods with 6–311+G(d,2p) 

basis set. At first, the drug structure was drawn 

up by Chem Bio Draw Ultra software and then 

optimized with Gaussian 09 software, and 

calculated the minimum energy, bond lengths 

and bond angles between the bonding atoms. The 

calculated stretching and bending harmonic 

vibrational frequencies for this drug by using 

these methods and the computational and 

experimental values were compared to each 

other [23]. The chemical shift values between 

protons, carbons and nitrogen were calculated by 
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using Chem Bio Draw Ultra and Gauge-invariant 

atomic orbital (GIAO) method and compared 

with experimental data [24]. Also, the non-linear 

optical (NLO) were used to calculate the 

polarizability and first hyper polarizability [25]. 

In addition, the natural bond orbital (NBO) 

were used to calculate the hybridization, global 

hardness, global softness, Mulliken charges, 

natural atomic charges, the type of electron 

transfer between the atoms, the energy 

difference between the highest occupied 

molecular orbital (HOMO) to the lowest 

unoccupied molecular orbital (LUMO) [26] and 

absorbed wavelengths were calculated by using 

UV–vis spectra and these methods in the 

presence of five solvent (H2O, DMSO, CH3CN, 

CH3NO2, and CH3CHCl2) [27].   

Result and Discussion 

Geometry optimization 

Figure 1 depicts the MNDPPD antitumor and 

antibacterial drug studied in this work with atom 

numbering scheme which were optimized the 

Gaussian 09 software and DFT/B3LYP method 

with 6–311+G(d,2p) basis set. The most 

important bond lengths and bond angles of this 

drug in the gas phase are demonstrated in the 

Table 1. The results revealed that the C12─C17 at 

the junction of two rings has the maximum bond 

length which were calculated with HF/6–

311+G(d,2p)=1.531( ), B3LYP=1.535 ( ) and 

C11─C15─C16 in the Pyrazole ring had the 

maximum bond angle which were calculated 

with HF/6–311+G(d,2p)=  and B3LYP 

= . These calculated numbers depend on 

the position of the atoms in the bonds and they 

are valuable in their place [28]. 

Table 1. Optimized geometrical parameters of MNDPPD antitumor drug by HF and DFT (B3LYP) 
methods with 6-311+G(d,2p) basis set 

Parameter 
Methods 

Parameter 
Methods 

HF DFT (B3LYP) HF DFT (B3LYP) 
Bond 

lengths ( ) 
6-311+G(d,2p) 6-311+G(d,2p) 

Bond angles 
(°) 

6-311+G(d,2p) 6-311+G(d,2p) 

N1─C2 1.366 1.380 C2─N1─C6 127.261 127.757 
C2─N3 1.375 1.394 N1─C2─N3 113.392 112.655 
C2─O7 1.186 1.210 N1─C2─O7 124.110 124.770 
C4─C5 1.338 1.357 N3─C2─O7 122.495 122.572 
C4─O9 1.339 1.363 C2─N3─C4 123.212 123.500 
C5─C12 1.524 1.526 N3─C4─C5 123.646 123.373 
C6─O8 1.191 1.217 N3─C4─O9 110.730 110.984 

C10─C11 1.347 1.367 C5─C4─O9 125.621 125.637 
C10─N13 1.327 1.345 C4─O9─C10 113.791 112.896 
C11─C15 1.429 1.426 O9─C10─C11 127.646 127.875 
C12─C17 1.531 1.535 O9─C10─N13 122.544 122.830 
N13─N14 1.346 1.362 C11─C10─N13 109.807 109.284 
N13─H29 0.898 1.004 C10─C11─C15 102.764 103.440 
C15─N14 1.297 1.330 C5─C12─C17 112.202 111.632 
C17─C18 1.387 1.397 C1O─N13─N14 110.116 110.491 
C17─C22 1.391 1.399 C11─C15─C16 127.816 128.180 
C19─C20 1.379 1.390 C17─C18─C19 120.925 120.891 
C20─C23 1.464 1.477 C19─C20─N23 119.116 119.167 
N23─O24 1.188 1.225 C20─N23─O24 117.617 117.665 
N23─O25 1.187 1.224 O24─N23─O25 124.701 124.598 
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Figure 1. Molecular structure of MNDPPD 
antitumor drug by DFT(B3LYP) method and 6-
311+G(d,2p) basis set with atom numbering 
scheme 

 
 
Vibrational assignments 

The optimized molecular structure for the 

MNDPPD antitumor drug showed that the drug 

contains 36 atoms, molecular formula 

C15H11N5O5, symmetric point group C1, 102 

normal vibrational modes, all of these vibrational 

modes are active in the FT–IR. Stretching and 

bending harmonic vibrational frequencies were 

ccalculated for this drug using the FT–IR JASCO-

680 in laboratory conditions, and HF and B3LYP 

methods with 6-311+G(d,2p) basis set which are 

shown with (υ–stretching, π–in plane bending, α–

out of plane bending). The computational data 

compared with experimental data and their 

spectrum (Figure 2 and 3). In addition, the 

computational frequencies are larger than 

experimental frequencies. Therefore, the scaling 

factor was used to correct the computational 

frequencies. Based on these calculations, the 

scaling factor (0.90) was used HF/6–

311+G(d,2p) and scaling factor (0.96) was used 

B3LYP/6–311+G(d,2p) to correct the calculated 

frequencies [29]. 

 

Figure 2. FT-IR spectra of MNDPPD antitumor drug by experimental method 

The results revealed that the stretching 

frequency of the experimental spectrum was 

appeared in the range of 3456–1518 , when 

computing with HF/6–311+G(d,2p) has 

appeared in the region 3526–1458 , with 

B3LYP/6–311+G(d,2p) was appeared at the 

range of 3526–1490 . Also, in plane 

bending frequency of the experimental spectrum 

has appeared in the region 1349–1109 , 

when computing with HF/6–311+G(d,2p) has 

appeared in the region 1401–874 , with 

B3LYP/6–311+G(d,2p) has appeared in the 

region 1338–1065 . Also, out of plane 

bending frequency of the experimental spectrum 

has appeared in the region 953–690  when 

computing with HF/6–311+G(d,2p) has 
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appeared in the region 763–127  , with 

B3LYP/6–311+G(d,2p) has appeared in the 

region 713–111 . 

HF/6-311+G(d,2p) 

 
B3LYP/6311+G(d,2p) 

 

Figure 3. FT-IR spectra of MNDPPD antitumor drug by DFT/B3LYP and HF methods with 6-
311+G(d,2p) basis sets 

FT-IR spectral data for MNDPPD antitumor drug 

Experimental 

IR (KBr, ): υ=3456, 3138, 3041, 2907, 

1678, 1597, 1518, 1349, 1109, 953, 841, 690.  

HF/6–311+G(d,2p) 

IR ( ): υ=3526 ( , 3478 ( , 

3458 ( , 2937 ( , 1781 ( , 

1743 ( , 1672 ( , 1643 ( , 

1608 ( , 1556 ( , 1458 

( , π=1401 ( , 1281 ( , 

1242 ( , 1106 ( , 1714 

( , 874 ( , α=763 ( , 739 

( , 700 ( , 603 ( , 470 

( , 425 ( , 127 ( . 

B3LYP/6–311+G(d,2p) 

IR ( ): υ=3526 ( , 3476 ( , 

3453 ( , 3088 ( , 2993 ( , 

2952 ( , 1711 ( , 1656 ( , 

1608 ( , 1576 ( , 1564 ( , 

1494 ( , 1490 ( , π=1338 

( , 1291 ( , 1285 ( , 

1150 ( , 1141 ( , 1065 

( , α=713 ( , 679 ( , 636 

( , 583 ( , 466 ( , 408 

( , 111 ( . 
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NMR spectrum analysis 

1H, 13C and 15N–NMR chemical shifts values of 

the MNDPPD antitumor drug were calculated 

experimentally in the laboratory using the 

Bruker (DPX–400 MHz and 100 MHZ Avance 2 

model) instrument DMSO-d6 (Figure 4). Also, the 

chemical shift values of protons, carbons and 

nitrogen were calculated by using Chem Bio 

Draw Ultra software, Gaussian 09W software 

with HF and B3LYP methods with 6–311+G(d,2p) 

basis set and gauge-invariant atomic orbital 

(GIAO) methods in the presence of five solvent 

(H2O, DMSO, CH3CN, CH3NO2 and CH3CHCl2) were 

used of the references TMS B3LYP/6–

311+G(2d,p) GIAO and NH3 B3LYP/6-

311+G(2d,p) GIAO. The computational and 

experimental values were compared with each 

other. 

 
(A) 

 
(B) 

Figure 4. The calculated (A) 1H, (B) 13C NMR isotropic shifts (ppm) of MNDPPD antitumor drug by 
experimental method 
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Based on the results, chemical shift values of 

protons in the experimental method were 

calculated in the range of 13.37–2.26 ppm and 

Chem Bio Draw Ultra software in the area 12.57–

1.93 ppm and HF/6–311+G(d,2p) in the range of 

8.60–1.00 ppm and the B3LYP/6–311+G(d,2p) in 

the area 9.32–1.66 ppm. Also, chemical shift 

values of carbons in the experimental method 

were calculated in the range of 159.99–9.96 ppm, 

and Chem Bio Draw Ultra software in the range 

of 163.70–13.10 ppm, and HF/6–311+G(d,2p) in 

the range of 155.86–1.30 ppm and B3LYP/6–

311+G(d,2p) in the range of 166.87–13.26 ppm. 

In addition, the chemical shift values of nitrogen 

were calculated by using HF/6–311+G(d,2p) in 

the range of 433–112 ppm and B3LYP/6–

311+G(d,2p) in the range of 404–145 ppm [30]. 

1H, 13C–NMR spectral data for MNDPPD antitumor 
drug 

Experimental 

1H NMR (DMSO-d6, 400 MHz, δ ppm): 13.37 (br, 

1H), 10.27 (s, 2H), 8.11 (d, 2H, J=8.0 Hz), 7.33 (d, 

2H, J=8.0 Hz), 2.26 (s, 3H); 13C NMR (DMSO-d6, 

100 MHz, δ ppm): 159.99 (CO), 159.90 (C), 

151.20 (C), 150.63 (C), 145.54 (CO), 143.64 (C), 

131.78 (CN), 127.98 (CH), 123.12 (CH), 114.47 

(CH), 104.86 (CH), 91.02 (C), 39.85 (C), 31.04 

(CH), 9.96 (CH3). 

Chem bio draw ultra  

1H NMR (d ppm): 12.57 (s, 1H), 10.98 (s, 1H), 

10.81 (s, 1H), 8.17 (d, 2H), 7.70 (d, 2H), 4.74 (s, 

1H), 1.93 (s, 3H); 13C NMR (d ppm): 163.70 (d, 

2CH) , 155.10 (C), 150.70 (CO), 148.40 (C), 

144.90 (C), 139.10 (C), 129.90 (d, 2CH), 123.80 

(d, 2CH), 113.40 (C), 81.30 (C), 34.90 (CH), 13.10 

(CH3).  

HF/6-311+G(d,2p) 

1H NMR (DMSO, d ppm): 8.60 (s, 1H), 8.52 (s, 

1H), 8.50 (s, 1H), 7.88 (s, 1H), 7.14 (s, 1H), 6.55 

(s, 1H), 6.35 (s, 1H), 4.38 (s, 1H), 1.72 (s, 1H), 

1.66 (s, 1H), 1.00 (s, 1H); 13C NMR (DMSO, d 

ppm): 155.86 (CO), 150.55 (C), 146.42 (C), 

144.79 (C), 140.43 (CO), 140.01 (C), 135.62 (CN), 

122.78 (CH), 120.52 (CH), 120.26 (CH), 119.62 

(CH), 83.13 (C), 75.82 (C), 17.54 (CH), 1.30 (CH3); 
15N NMR (DMSO, d ppm): 433.61 (NO2), 285.74 

(N―N), 162.05, 142.25, 112.29 (C―N). 
1H NMR (H2O, d ppm): 8.62 (s, 1H), 8.53 (s, 1H), 

8.50 (s, 1H), 7.87 (s, 1H), 7.15 (s, 1H), 6.54 (s, 

1H), 6.36 (s, 1H), 4.39 (s, 1H), 1.71 (s, 1H), 1.65 

(s, 1H), 1.01 (s, 1H); 13C NMR (H2O, d ppm): 

155.90 (CO), 150.59 (C), 146.46 (C), 144.81 (C), 

140.46 (CO), 140.05 (C), 135.62 (CN), 122.76 

(CH), 120.55 (CH), 120.26 (CH), 119.66 (CH), 

83.12 (C), 75.81 (C), 17.53 (CH), 1.31 (CH3); 15N 

NMR (H2O, d ppm): 433.67 (NO2), 285.52 (N―N), 

162.07, 142.29, 112.38 (C―N). 
1H NMR (CH3NO2, d ppm): 8.61 (s, 1H), 8.52 (s, 

1H), 8.50 (s, 1H), 7.88 (s, 1H), 7.13 (s, 1H), 6.55 

(s, 1H), 6.34 (s, 1H), 4.37 (s, 1H), 1.72 (s, 1H), 

1.67 (s, 1H), 1.00 (s, 1H); 13C NMR (CH3NO2, d 

ppm): 155.84 (CO), 150.52 (C), 146.39 (C), 

144.78 (C), 140.41 (CO), 139.99 (C), 135.62 (CN), 

122.79 (CH), 120.50 (CH), 120.25 (CH), 119.63 

(CH), 83.13 (C), 75.82 (C), 17.54 (CH), 1.30 (CH3); 
15N NMR (CH3NO2, d ppm): 433.56 (NO2), 285.89 

(N―N), 162.03, 142.23, 112.23 (C―N).  
1H NMR (CH3CN, d ppm): 8.60 (s, 1H), 8.52 (s, 

1H), 8.51 (s, 1H), 7.87 (s, 1H), 7.12 (s, 1H), 6.54 

(s, 1H), 6.33 (s, 1H), 4.36 (s, 1H), 1.70 (s, 1H), 

1.66 (s, 1H), 1.00 (s, 1H); 13C NMR (CH3CN, d 

ppm): 155.83 (CO), 150.51 (C), 146.38 (C), 

144.77 (C), 140.40 (CO), 139.98 (C), 135.61 (CN), 

122.78 (CH), 120.49 (CH), 120.25 (CH), 119.62 

(CH), 83.11 (C), 75.81 (C), 17.52 (CH), 1.29 (CH3); 
15N NMR (CH3CN, d ppm): 433.52 (NO2), 285.91 

(N―N), 162.04, 142.22, 112.21 (C―N).   
1H NMR (CH3CHCl2, d ppm): 8.58 (s, 1H), 8.49 

(s, 1H), 8.47 (s, 1H), 7.88 (s, 1H), 7.09 (s, 1H), 

6.53 (s, 1H), 6.27 (s, 1H), 4.35 (s, 1H), 1.71 (s, 

1H), 1.69 (s, 1H), 1.00 (s, 1H); 13C NMR 

(CH3CHCl2, d ppm): 155.54 (CO), 150.17 (C), 

146.10 (C), 144.65 (C), 140.18 (CO), 139.73 (C), 
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135.65 (CN), 122.89 (CH), 120.28 (CH), 120.19 

(CH), 119.73 (CH), 83.15 (C), 75.87 (C), 17.55 

(CH), 1.28 (CH3); 15N NMR (CH3CHCl2, d ppm): 

433.06 (NO2), 287.57 (N―N), 161.80, 141.98, 

112.59 (C―N).   

B3LYP/6-311+G(d,2p) 

1H NMR (DMSO, d ppm): 9.32 (s, 1H), 8.68 (d, 

2H), 8.66 (s, 1H), 8.29 (s, 1H), 7.55 (s, 1H), 7.33 

(s, 1H), 7.10 (s, 1H), 5.30 (s, 1H), 2.21 (s, 1H), 

2.14 (s, 1H), 1.66 (s, 1H); 13C NMR (DMSO, d 

ppm): 166.87 (CO), 160.57 (C), 159.53 (C), 

154.08 (C), 153.89 (C), 153.00 (C), 151.35 (CO), 

136.79 (C), 133.83 (CH), 128.88 (CH), 127.71 

(CH), 103.31 (C), 97.29 (C), 39.05 (CH), 13.26 

(CH3); 15N NMR (DMSO, d ppm): 405.14 (NO2), 

301.16 (N―N), 190.93, 177.38, 146.72 (C―N).  
1H NMR (H2O, d ppm): 9.33 (s, 1H), 8.67 (d, 2H), 

8.65 (s, 1H), 8.28 (s, 1H), 7.56 (s, 1H), 7.31 (s, 

1H), 7.11 (s, 1H), 5.31 (s, 1H), 2.21 (s, 1H), 2.13 

(s, 1H), 1.64 (s, 1H); 13C NMR (H2O, d ppm): 

166.90 (CO), 160.61 (C), 159.57 (C), 154.09 (C), 

153.89 (C), 153.04 (C), 151.38 (CO), 136.78 (C), 

133.87 (CH), 128.89 (CH), 127.69 (CH), 103.32 

(C), 97.28 (C), 39.02 (CH), 13.24 (CH3); 15N NMR 

(H2O, d ppm): 405.20 (NO2), 300.96 (N―N), 

190.98, 177.40, 146.81 (C―N). 
1H NMR (CH3NO2, d ppm): 9.31 (s, 1H), 8.68 (d, 

2H), 8.63 (s, 1H), 8.27 (s, 1H), 7.54 (s, 1H), 7.32 

(s, 1H), 7.09 (s, 1H), 5.30 (s, 1H), 2.19 (s, 1H), 

2.15 (s, 1H), 1.65 (s, 1H); 13C NMR (CH3NO2, d 

ppm): 166.85 (CO), 160.53 (C), 159.51 (C), 

154.07 (C), 153.89 (C), 152.98 (C), 151.33 (CO), 

136.80 (C), 133.81 (CH), 128.87 (CH), 127.72 

(CH), 103.31 (C), 97.28 (C), 39.05 (CH), 13.26 

(CH3); 15N NMR (CH3NO2, d ppm): 405.11 (NO2), 

301.29 (N―N), 190.91, 177.36, 146.66 (C―N). 
1H NMR (CH3CN, d ppm): 9.29 (s, 1H), 8.66 (d, 

2H), 8.64 (s, 1H), 8.29 (s, 1H), 7.55 (s, 1H), 7.30 

(s, 1H), 7.05 (s, 1H), 5.29 (s, 1H), 2.21 (s, 1H), 

2.14 (s, 1H), 1.62 (s, 1H); 13C NMR (CH3CN, d 

ppm): 166.84 (CO), 160.50 (C), 159.49 (C), 

154.03 (C), 153.86 (C), 152.97 (C), 151.32 (CO), 

136.79 (C), 133.80 (CH), 128.85 (CH), 127.70 

(CH), 103.29 (C), 97.26 (C), 39.03 (CH), 13.24 

(CH3); 15N NMR (CH3CN, d ppm): 405.10 (NO2), 

301.31 (N―N), 190.90, 177.36, 146.65 (C―N). 
1H NMR (CH3CHCl2, d ppm): 9.27 (s, 1H), 8.68 

(d, 2H), 8.63 (s, 1H), 8.27 (s, 1H), 7.51 (s, 1H), 

7.31 (s, 1H), 7.02 (s, 1H), 5.29 (s, 1H), 2.18 (s, 

1H), 2.17 (s, 1H), 1.65 (s, 1H); 13C NMR 

(CH3CHCl2, d ppm): 166.62 (CO), 160.17 (C), 

159.23 (C), 154.02 (C), 153.88 (C), 152.73 (C), 

151.10 (CO), 136.85 (C), 133.52 (CH), 128.79 

(CH), 127.80 (CH), 103.30 (C), 97.23 (C), 39.04 

(CH), 13.25 (CH3); 15N NMR (CH3CHCl2, d ppm): 

404.68 (NO2), 302.81 (N―N), 190.58, 177.16, 

145.96 (C―N). 

UV–vis spectrum analysis  

The absorption spectrum of the MNDPPD 

antitumor drug exhibits features of three 

important wavelengths have been calculated 

which using HF method and 6–311+G(d,2p) basis 

set in the presence of DMSO, H2O, CH3CN, CH3NO2 

and CH3CHCl2 solvents. 

In addition, three important wavelengths were 

calculated using the B3LYP method and 6–

311+G(d,2p) basis set in the presence of DMSO 

solvent with (λmax=382.61, 340.43 and 322.94 

nm), at the presence of the H2O solvent with 

(λmax=383.49, 340.83 and 323.51 nm), at the 

presence of CH3NO2 solvent with (λmax=382.01, 

339.90 and 322.53 nm), in the presence of CH3CN 

solvent with (λmax=381.94, 339.74 and 322.48 

nm) and in the presence of CH3CHCl2 solvent 

with (λmax=375.31, 335.24 and 318.64 nm). The 

most absorption for transfer from electron level 

of 88 → 89 was calculated (Figure 5) [31]. 

 
 
 

 



M. Khajehzadeh et al. / Adv. J. Chem. A, 2021, 4(1), 42-57 

 

50 
 

 

 

 

 

Figure 5. The UV–vis absorption spectrum in DMSO solvent of MNDPPD antitumor drug 

Frontier molecular orbital (FMO) analysis 

As seen in Table 2, the electro negativity (χ), 

ionization energy (I) (1), global hardness (η) (3), 

global softness (S) (4), electrophilicity index (ω) 

(6) and highest occupied molecular orbital 

(HOMO) and lowest unoccupied molecular 

orbital (LUMO) for MNDPPD antitumor drug 

were calculated using the HF/6–311+G(d,2p) and 

B3LYP/6–311+G(d,2p) at the presence of five 

solvent (DMSO, H2O, CH3CN, CH3NO2 and 

CH3CHCl2). The highest softness for this molecule 

was calculated by HF/6–311+G(d,2p) in the 

presence of a DMSO solvent is equal to 2.57745 

eV, in the presence of a H2O solvent is equal to 

2.57864 eV, in the presence of CH3CN solvent is 

equal to 2.57585 eV, in the presence of CH3NO2 

solvent is equal to 2.57599 eV and in the 

presence of CH3CN solvent is equal to 2.56370 

eV. In addition, the highest softness for this 

molecule was calculated using the B3LYP/6–

311+G(d,2p) in the presence of a DMSO solvent 

is equal to 7.26427 eV, in the presence of a H2O 

solvent is equal to 7.27907 eV, in the presence of 

CH3CN solvent is equal to 7.25268 eV, in the 

presence of CH3NO2 solvent is equal to 7.25373 

eV and in the presence of CH3CN solvent is equal 

to 7.13979 eV. This indicated that the molecule 

had a high polarization. Furthermore , the HOMO 

→ LUMO was electron transfer from electron 

levels of 88 → 89. And ΔEHOMO–LUMO is called 

energy gap. Also, electron transfers of HOMO–1 

→ LUMO and HOMO–2 → LUMO were calculated 

[32]. 

I= – EHOMO                                                                                                  (Eq. 1) 
A= – ELUMO                                                                                                 (Eq. 2) 

η=  (I – A)                                                                                                (Eq. 3) 

S=                                                                                                                  (Eq. 4) 

χ=  (I + A)                                                                                               (Eq. 5) 

ω=                                                                                         (Eq. 6) 
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Table 2. HOMO and LUMO energy value calculated by HF and DFT (B3LYP) methods with 6-
311+G(d,2p) basis set for MNDPPD antitumor drug 

Method 
Solvents 

DMSO H2O CH3CN CH3NO2 CH3CHCl2 
HF 

EHOMO (eV) –0.34788 –0.34770 –0.34802 –0.34801 –0.34941 
ELUMO (eV) 0.04016 0.04010 0.04020 0.04020 0.04066 

EHOMO – 1 (eV) –0.35317 –0.35302 –0.35329 –0.35328 –0.35444 
EHOMO – 2 (eV) –0.36302 –0.36294 –0.36306 –0.36306 –0.36360 

ΔEHOMO – LUMO gap (eV) 0.38804 0.38780 0.38822 0.38821 0.39007 
I (eV) 0.34788 0.34770 0.34802 0.34801 0.34941 
A (eV) –0.04016 –0.04010 –0.04020 –0.04020 –0.04066 
η (eV) 0.19399 0.19390 0.19411 0.19410 0.19503 
S (eV) 2.57745 2.57864 2.57585 2.57599 2.56370 
χ (eV) 0.15386 0.15380 0.15391 0.15367 0.15437 

ω (eV) 0.06099 0.06095 0.06101 0.06083 0.06109 
DFT 

EHOMO (eV) –0.24970 –0.24952 –0.24983 –0.24982 –0.25122 
ELUMO (eV) –0.11203 –0.11213 –0.11195 –0.11196 –0.11116 

EHOMO – 1 (eV) –0.26348 –0.26332 –0.26361 –0.26360 –0.26484 
EHOMO – 2 (eV) –0.26996 –0.26950 –0.26978 –0.26977 –0.27104 

ΔEHOMO – LUMO gap (eV) 0.13767 0.13739 0.13788 0.13786 0.14006 
I (eV) 0.24970 0.24952 0.24983 0.24982 0.25122 
A (eV) 0.11203 0.11213 0.11195 0.11196 0.11116 
η (eV) 0.06883 0.06869 0.06894 0.06893 0.07003 
S (eV) 7.26427 7.27907 7.25268 7.25373 7.13979 
χ (eV) 0.18086 0.18082 0.18089 0.18089 0.18119 
ω (eV) 0.23761 0.23795 0.23817 0.23817 0.23439 

HOMO → LUMO (88 → 89), global hardness (η), global softness (S), electrophilicity index (ω), electro negativity 
(χ) 

Natural bond orbital (NBO) analysis 

Natural bond orbital analysis (NBO) is an 

important method to determine the electric 

charge of the atoms, hybridization and natural 

electron configuration in orbitals s, p, d and f 

[33]. The NBO data for the occupancies and 

hybridization of C─N, C═O, N─O, N─H and N─N 

bonds are presented in Table 3. According to the 

NBO result, the C atom forms a sigma bond with 

N and the σ(C─N) bond is formed from an  

hybrid on C (which is a mixture of 32.71% s, 

35.64% p, and 0.11% d AO) and hybrid on 

N (wich is a mixture of 67.19% s, 64.31% p, and 

0.05% d AO). One the other hand, the π(C═O) 

bond was formed from an  hybrid on C 

(wich is a mixture of 0.04% s, 99.44% p, and 

0.52% d AO) and  hybrid on O (wich is a 

mixture of 0.05% s, 99.84% p, and 0.12% d AO). 

NBO analysis can show us occupancy and the 

interaction between the bonding atoms and 

showing the electron transfer between the atoms 

which are electron donor and electron acceptor 

[34]. NBO analysis for MNDPPD antitumor drug 

were calculated by HF/6–311+G(d,2p) and 

B3LYP/6–311+G(d,2p) in the presence of DMSO 

solvent Table 4. Results include information such 

as acceptor (j), donor (i), type, ε(i) – ε(j)
b, 

occupancy, , F(i, j)
c that  was calculated 

using the Equation 7. 

=  =                                                                        (Eq. 7) 
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Where  is the value of donor orbital,  and  

are diagonal elements,  is the off- diagonal 

NBO Fock matrix element. Whatever the value of 
 is more, it indicates that the interaction 

between the atoms is more. Based on the results, 

most electron transfer is of the type π → , 

which were calculated with HF/6–311+G(d,2p), 

between π(C17─C18) → (C19─C20) with = 

56.39 kcal/mol and with B3LYP/6-311+G(d,2p), 

between π(C19─C20) → (N23─O25) with = 

28.86 kcal/mol. 

Table 3. The NBO Results for occupancies and hybridization of C─N, C═O, N─O, N─H and N─N bonds 

B3LYP/6-

311+G(d,2p) 
[AO]% 

NBO 
Occupa

ncy 
%   %  %  S. P. C(A─B)% Hybridation 

(A─B) bond  A B A B A B A B  

σ (C2─N1) 1.98 32.71 67.19 35.64 64.31 0.11 0.05 38.02 61.98 
0.61( )C+ 

0.78( )N 

π (C2═O7) 1.99 0.04 0.05 99.44 99.84 0.52 0.12 27.57 72.43 
0.52( )C+ 

0.85( )O 

σ (N23─O7) 1.99 31.73 25.13 68.13 74.73 0.13 0.14 48.87 51.13 
0.69( )N+ 

0.71( )O 

σ (N1─H26) 1.98 27.68 99.91 72.28 0.09 0.04 0.00 72.11 27.89 
0.84( )N+ 

0.52( )H 

σ (N13─N14) 1.98 30.47 21.36 69.46 78.48 0.07 0.15 55.07 44.93 
0.74( )N+ 

0.67( )N 

S. P. C: Square of polarization co-efficients 

Table 4. Second order perturbation theory of Fock matrix in NBO Basis for MNDPPD antitumor drug 
by HF and DFT (B3LYP) methods with 6-311+G(d,2p) basis set 

HF 

Donor(i) Types Acceptor(j) Types  E(i)–  
 

C4─C5 π C6─O8 
 

37.43 0.60 0.13 

C10─C11 π N14─C15 
 

50.41 0.55 0.15 

C17─C18 π C19─C20 
 

56.39 0.46 0.14 

C17─C18 π C21─C22 
 

34.68 0.49 0.11 

C19─C20 π N23─O25 
 

34.91 0.33 0.10 

LP(1)N1  C2─O7 
 

66.61 0.63 0.18 

LP(1)N1  C6─O8 
 

68.60 0.60 0.18 

LP(1)N3  C2─O7 
 

62.29 0.65 0.17 

LP(1)N3  C4─C5 
 

64.37 0.60 0.17 

LP(2)O9  C4─C5 
 

44.21 0.73 0.16 

LP(1)N13  C10─C11 
 

86.92 0.55 0.19 

LP(1)N13  N14─C15 
 

41.69 0.55 0.13 



M. Khajehzadeh et al. / Adv. J. Chem. A, 2021, 4(1), 42-57 

 

53 
 

DFT (B3LYP) 

Donor(i) Types Acceptor(j) Types  E(i)–  
 

C4─C5 π C6─O8  24.49 0.31 0.08 

C10─C11 π N14─C15  27.04 0.29 0.08 

C17─C18 π C19─C20  25.05 0.27 0.07 

C17─C18 π C21─C22  18.14 0.28 0.06 

C19─C20 π N23─O25  28.86 0.13 0.05 

LP(1)N1  C2─O7  61.08 0.27 0.11 

LP(1)N1  C6─O8  50.41 0.28 0.10 

LP(1)N3  C2─O7  53.51 0.28 0.11 

LP(1)N3  C4─C5  46.11 0.30 0.10 

LP(2)O9  C4─C5  30.77 0.37 0.09 

LP(1)N13  C10─C11  46.31 0.29 0.10 

LP(1)N13  N14─C15  25.36 0.29 0.07 
a =means energy of hyper conjugative interaction (stabilization energy), bEnergy difference between donor 

and acceptor i and j NBO orbitals. cF(i, j) is the Fock matrix element between i and j NBO orbitals 

Hyperpolarizability calculations 

Non-linear optical (NLO) activity arises from 

frequency shifting, optical interconnections, 

optical memory and optical switching [35]. 

Total dipole moment (μtotal), the first order 

hyperpolarizability (βtotal), linear polarizability 

(α) and (Δα) were calculated using the following 

formula for MNDPD antitumor drug were 

calculated by using Gaussian 09 software with 

HF/6–311+G(d,2p) and B3LYP/6–311+G(d,2p). 

Table 5. 

βx = βxxx + βxyy + βxzz                                                                      (Eq. 8) 

βy=βyyy + βxxy + βyzz                                                                        (Eq. 9) 

βz=βzzz + βxxz + βyyz                                                                      (Eq. 10) 

 =                        (Eq. 11) 

μ =                                   (Eq. 12) 

 =                                                       (Eq. 13) 

Δα=

                                                                                (Eq. 14) 

Based on calculated results, the most 

μtotal=8.764 Debye, the most αtotal= –161.912, the 

most Δα=36.088 and βtotal=285.730  

Natural population analysis 

The natural atomic charges played an important 

role in determining the vibrational properties, 

the state of electrons on the atoms in the Lewis 

structure, positive and negative charge of atoms, 

dipole moment, polarizability, formation of the 

bond between atoms for MNDPPD antitumor 

drug [36].  

In this research study, the Mulliken charges and 

natural atomic charges distribution of the 

molecule were calculated on HF and B3LYP levels 

with 6–311+G(d,2p) basis set. The illustration of 

Mulliken and natural charge plot is depcted in 

Figure 6, respectively. The nitrogen atoms are N1, 

N3, N13 and N14 negative charge. However, the N23 

have a positive charge. This was due to the 

structure of NO2, oxygen atoms that have more 

electro negativity. So it absorbs nitrogen 

electron. In addition, there were five oxygen 

atoms in the molecular structure this drug and all 

of them have a negative charge. Also, C2 and C6 
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atoms which are present in the carboxyl group 

have a positive charge. In addition, all the 

hydrogen atoms have a positive charge [37]. 

 
Table 5. The electronic dipole moment (μ) (Debye), polarizability (α) and first hyper polarizability (β) 
of MNDPPD antitumor drug by HF and DFT (B3LYP) methods with 6-311+G(d,2p) basis set 

parameter HF a.u. B3LYP a.u. 
μx –7.528 –7.598 
μy 4.243 4.297 
μz –0.492 –0.775 

μtotal 8.655 8.764 
αxx –181.296 –180.244 
αxy –4.356 –4.481 
αyy –164.562 –162.948 
αxz 13.291 13.903 
αyz –2.984 –3.679 
αzz –139.878 –139.881 

αtotal –161.912 –161.034 
Δα 36.088 35.074 
βxxx –265.550 –268.349 
βxyy 39.786 38.268 
βxzz –21.748 –24.129 
βyyy –42.189 –38.970 
βxxy 145.729 141.220 
βyzz 24.874 26.544 
βzzz –15.172 –18.318 
βyyz 7.162 5.525 
βxxz 36.580 33.548 
βtotal 280.301 285.730 

 

 

Figure 6. Mulliken charge and natural atomic charges distribution of MNDPPD antitumor drug by HF 
and B3LYP methods with 6-311+G(d,2p) basis set 

In this study, molecular electrostatic potential 

counter map (MESP) constricted by HF/6–

311+G(d,2p) and B3LYP/6–311+G(d,2p) method 

using Gauss View 5.0 program. (MESP) correlates 

with electro negativity (χ), dipole moment (μ) 

and site of chemical reactivity of the molecule 
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Fig. 7. In the molecular structure of this drug, the 

negative regions are mainly localized on the 

oxygen and nitrogen atoms, N1, N3, N13, N14 and 

O7, O8, O9, O24, O25 atoms. Molecular electrostatic 

potential counter map shows that the negative 

potential site on electronegative atoms (N and O) 

as well as the positive potential site is around the 

hydrogen atom. 

 

Figure 7. Molecular electrostatic potential (MESP) in gas phase of MNDPPD antitumor drug by HF and 
B3LYP methods with 6-311+G(d,2p) basis set 

Conclusion 

Pyrazole, pyrazolone and its derivatives, have a 

special place in chemistry as they have biological, 

pharmaceutical, and therapeutic activities. In this 

work, the molecular structure of the MNDPPD 

antitumor drug was analyzed. First, the 

stretching and bending harmonic vibrational 

frequencies were ccalculated using the FT–IR 

experimental spectrum and HF and B3LYP 

methods with 6–311+G(d,2p) basis set. 1H, 13C 

and 15N–NMR chemical shifts values were 

determined using the experimental and 

computational spectra in the presence of DMSO 

solvent. Electro negativity (χ), ionization energy 

(I), global hardness (η), global softness (S), 

electrophilicity index (ω), HOMO and LUMO were 

calculated by using FMO analysis. Also, NBO were 

used for determining the charge of atoms, 

hybridization, natural electron configuration in 

orbitals, occupancies, hybridization and natural 

atomic charges. The highest softness for this 

molecule was calculated by HF/6–311+G(d,2p) 

in the presence of a DMSO solvent is equal to 

2.57745 eV, and the highest softness for this 

molecule was calculated using the B3LYP/6–

311+G(d,2p) in the presence of a DMSO solvent 

is equal to 7.26427 eV. These results show that 

the molecule has a lot of softness and the softer 

the molecule, the greater its polarity. 
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