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a b s t r a c t 

( E )- N’ -4-methoxybenzylidene-5-methyl- 1H -pyrazole-3-carbohydrazide ( E-MBPC ) has been synthesized 

and characterized by FT-IR, 1 H & 

13 C NMR and ESI-MS spectroscopic methods. The ( E )-configuration of 

hydrazonoic group was confirmed by single-crystal X-ray diffraction. Theoretical structures of E-MBPC 

in both gas phase and aqueous solution have been optimized by using hybrid B3LYP/6-311 ++ G 

∗∗ cal- 

culations. Calculations in solution have shown that dipole moment increases from 7.97 D in the gas 

phase to 13.68 D in solution with solvation energy of −131.34 kJ/mol. Atomic charges have evidenced 

that the protonation of E-MBPC in solution could occur only in the N28 atom because those charges 

on this atom show negative values. Mapped MEP surfaces show that the nucleophilic sites is located 

on the O21 and N28 atoms including the N16 atom while the electrophilic sites are observed on the 

N24-H27 and N18-H19 bonds. NBO calculations support the high stability of E-MBPC in solution while 

frontier orbitals studies suggest low reactivity of E-MBPC in both media, as compared with the ( E )- N’ -(4- 

(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-3-carbohydrazide derivative. The vibrational assign- 

ments of 93 vibration modes expected for E-MBPC were reported together with the corresponding force 

fields and force constants in both media. The predicted Raman and Ultraviolet-visible spectra were also 

reported for E-MBPC at the same level of theory. Good correlations were obtained between the predicted 
1 H- and 13 C NMR spectra and the corresponding experimental ones. In addition, molecular docking stud- 

ies between the title ligand and 4AMJ protein were performed. Docking results revealed that the title 

compound can be designed as a potential anti-diabetic agent. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Studies of pyrazole derivatives have become of much interest

ecause among a wide variety of heterocycles these species are

nvestigated for the development of new active molecules [1] . A

ystematic investigation of this class of compounds revealed that

yrazole can be traced in a number of well-established drugs be-
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onging to different categories with diverse pharmacological activ-

ties [2–6] and pesticides [7, 8] ( Fig. 1 ). Pyrazole derivatives have a

ide range of biological activities, antifungal and pesticidal agents,

mong other [9–21] while compounds with hydrazone moiety rep-

esent an important class of organic compounds, especially in

edicinal and pharmaceutical chemistry [22, 23] . In view of the

harmacological importance of pyrazole derivatives, the investiga-

ion of their molecular geometric structure, electronic and ther-

odynamic properties are fundamental to know the influence of

ifferent groups on structures in order to discover the relation-

hip of these groups with their biological properties. In this con-

https://doi.org/10.1016/j.molstruc.2020.129072
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129072&domain=pdf
mailto:khalid.karrouchi@um5s.net.ma
mailto:brandansa@yahoo.com.ar
https://doi.org/10.1016/j.molstruc.2020.129072


2 K. Karrouchi, S.A. Brandán and Y. Sert et al. / Journal of Molecular Structure 1225 (2021) 129072 

Fig. 1. Selected examples of pharmaceutically relevant pyrazoles. 
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text, DFT calculations have become a very important and fre-

quently used tool to develop a close relationship between theo-

retical and experimental data by giving clues related to molec-

ular geometry, spectroscopic (FT-IR, Raman, UV–vis and 

1 H &
13 C NMR chemical shifts) electronic and thermodynamic proper-

ties. Consequently, these techniques have become very reliable

in predicting the properties of molecules with great precision

[24–28] . 

In this study, we report the synthesis of a new molecule

containing both pyrazole and hydrazone groups: ( E )- N’ -4-

methoxybenzylidene-5-methyl- 1H -pyrazole-3-carbohydrazide 

( 3 ) . This compound was fully characterized by IR, 1 H NMR,
13 C NMR, EIS-MS spectrometry and single-crystal X-ray diffrac-

tion. Furthermore, DFT calculations were carried in order to

study the molecular geometric structure, vibrational frequen-

cies, 1 H & 

13 C NMR chemical shifts, HOMO-LUMO energies,

NBO, AIM and molecular electrostatic potential (MEP) using

DFT/B3LYP method with 6-311 ++ G(d,p) basis. In addition, Hirsh-

feld surface analyses were performed to understanding molecular

packing and possible bonding. One of the most important tar-

gets of computational chemistry is to determine the tendency

of enzymes and proteins to bind small molecules. Molecular

docking is used to locate small molecules in the active site of

the target protein in other words the lowest energy confor-

mation of the ligand in the binding package of the protein is

investigated and scored, therefore lastly the molecular docking

analyses were investigated between ( E )- N’ -4-methoxybenzylidene-

5-methyl-1H-pyrazole-3-carbohydrazide (E-MBPC) and PDB: 4AMJ

protein. 

2. Experimental section 

2.1. General methods 

All chemical reactions were purchased Sigma-Aldrich. Reactions

were checked with TLC using aluminum sheets with silica gel 60

F254 from Merck. Melting points were measured using a Buchi

B-545 digital capillary melting point apparatus and used with-

out correction. The FT-IR spectrum of solid was recorded in re-

flectance (ATR) mode with a Perkin-Elmer VERTEX 70 FT-IR spec-

trometer covering field 40 0–4.0 0 0 cm 

−1 . 1 H and 

13 C NMR spec-
Scheme 1. The synthetic route
ra were recorded in solution in DMSO- d 6 , on Bruker spectrometer

300 MHz). The chemical shifts are expressed in parts per million

ppm) by using tetramethylsilane (TMS) as internal reference. Mass

pectra were collected using API 3200 LC/MS/MS system, equipped

ith an ESI source. 

.2. Synthesis 

General procedure for the synthesis of (E)-N’-(4-

etoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (E-

BPC): Target compound ( E-MBPC) described here was

acilely synthesized according to the literature procedures

29–32] ( Scheme 1 ). To a solution of 5-methyl- 1H -pyrazole-3-

arbohydrazide ( 1 ) (140 mg, 1 mmol) and 4-methoxybenzaldehyde

 2 ) (136 mg, 1 mmol) in ethanol (10 mL) was added two drops

f acetic acid. The mixture was maintained under reflux for 2 h.

hen, the reaction mixture was poured in cold water, and the

recipitate formed was filtered out washed with ethanol and

ecrystallized from ethanol. 

Yield 201 mg, 78%, M.p. 260–262 °C; IR (ATR, ν(cm 

−1 )) : 3214

NH), 1651 (C 

= O), 1605 (N 

= CH); 1 H-NMR (300 MHz, DMSO-d 6 ,

(ppm)): 2.26 (s,3H, CH 3 ), 3.77 (s, 3H, OCH 3 ), 6.47 (s, 1H, H-

yrazole), 6.98 (d, J = 8.7 Hz, 2H, H-Ar), 7.60 (d, J = 8.7 Hz, 2H,

-Ar), 8.39 (s, 1H, -NH), 11.44 (s, 1H, N 

= CH) 13.05 (s, 1H, NH-

yrazole); 13 C NMR: (300 MHz, DMSO-d 6 , δ (ppm)): 10.80 (CH 3 ),

5.74 (OCH 3 ), 105.22 (CH, C4-pyrazole), 114.76 (CH, C2-Ar), 127.55

CH, C3-Ar), 129.02 (C, C1-Ar), 140.45 (C, C3-pyrazole), 146.45 (CH,

 

= CH), 147.53 (C, C5-pyrazole), 158.72 (C, C 

= O) 161.13 (C, C–

CH 3 ). MS: m/z = 259.5 [M + H] + , 281.3 [M + Na] + . 

.3. Single crystal X-ray diffraction 

X-ray single crystal data were collected by using MoK α
 λ = 0.71075 Å) radiation on a Rigaku R-Axis Rapid II diffrac-

ometer equipped with an large-area curved imaging plate detector

460.0 × 256.0 mm), 3-circle goniometer and high-frequency 5 kW

ealed tube. All calculations were performed using the Crystal-

tructure [33] crystallographic software package except for refine-

ent, which was performed using the software package Olex1.2

34] . The structure was solved by direct methods and refined in

 routine manner (SHELXL) [35] . Non-hydrogen atoms were re-
 of compound E-MBPC. 
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Table 1 

Refinement parameters and crystal data for E-MBPC. 

CCDC Deposition Number 2003254 

Crystal data 

Molecular Formula C 13 H 14 N 4 O 2 

Molecular Weight 258.21 

Crystal System, Space Group Monoclinic, P 2 1 / c 

Temperature (K) 293 

a, b, c ( ̊A) 6.3744 (2), 20.0589 (7), 10.2754 (7) 

β ( °) 106.261 (8) 

V ( ̊A 3 ) 1261.29 (12) 

Z 4 

Dcalc (g •cm 

−3 ) 1.279 

Radiation type Mo K α

μ (mm 

−1 ) 0.10 

Crystal Dimension (mm) 0.60 × 0.15 × 0.10 

Data collection 

Diffractometer Rigaku R-AXIS RAPID II 

No. of measured, independent 

and observed [ F 2 > 2.0 σ ( F 2 )] 

reflections 

10133, 2897, 1790 

R int 0.035 

(Sin θ / λ) max ( ̊A −1 ) 0.649 

Refinement 

R [ F 2 > 2 σ ( F 2 )], wR ( F 2 ), S 0.045, 0.081, 1.11 

No. of reflections 2897 

No. of parameters 172 

	ρmax , 	ρmin (e Å −3 ) 0.20, −0.23 
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Table 2 

Calculated total energies ( E ), dipole moments (μ) and volumes (V) for ( E )- N’ -4- 

methoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (E-MBPC) in gas and 

aqueous solution phases by using the B3LYP/6-311 ++ G ∗∗ Method. 

E-MBPC 

B3LYP/6-311 ++ G ∗∗ Method 

Medium E (Hartrees) E ZPVE (Hartrees) μ (D) V ( ̊A 3 ) 	V ( ̊A 3 ) 

GAS -873.4558 -873.1968 7.97 272.0 -1.0 

PCM -873.4960 -873.2361 13.68 271.0 
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ned anisotropically. Hydrogen atoms were refined using the rid-

ng model. Molecular graphics were generated by using MERCURY

.9 [36] and POV-Ray software [37] . The details of the X-ray crystal

ata and the structure solution as well as the refinement are given

n Table 1 . A summary of selected bond lengths [ ̊A] and angles [ °]
re given in Table S1 (ESI). CCDC 2003254 contain the supplemen-

ary crystallographic data for the compound, and can be obtained

ree of charge from the Cambridge Crystallographic Data Centre via

ww.ccdc.cam.ac.uk/data _ request/cif . 

.4. Computational details 

The experimental CIF file structure determined by X-ray crys-

al data for ( E )- N’ -(4-methoxybenzylidene)-5-methyl- 1H -pyrazole-

-carbohydrazide ( E-MBPC ) was taken as initial theoretical one.

hen, that structure was optimized in gas phase and in aqueous

olution with the hybrid B3LYP/6-311 ++ G 

∗∗ method [38, 39] and

he Revision A.02 of Gaussian09 program [40] . The self-consistent

eaction field (SCRF) methodology with the IEFPCM and universal

olvation models were both employed in solution because these

chemes consider the solvent effects [41–43] while the volumes

nd its variations were computed with the Moldraw program [44] .

atural population analysis (NPA) and atomic Merz-Kollman (MK)

harges [45] , molecular electrostatic potential (MEP) and stabiliza-

ion energy were predicted in both media with the same level of

heory and the version 3.1 of NBO program [46] while the topo-

ogical properties were calculated with the version 20 0 0 of AIM

rogram [47, 48] . The version 5.0 of GaussView program was em-

loyed to generate the mapped MEP surface of E-MBPC [49] . On

he other hand, the SQMFF methodology and the version 7.0 of

olvib program were used to calculate the harmonic force fields

n both media together with the normal internal coordinates and

ransferable scaling factors [50–52] . Here, the vibrational assign-

ents were performed considering potential energy distribution

PED) contributions ≥ 10% while the predicted Raman spectrum

n activities was transformed to intensities by using known equa-

ions [53] . The GIAO method was used to predict the 1 H- and 

13 C-

MR spectra of E-MBPC in aqueous solution by using the hybrid

3LYP/6-311 ++ G 

∗∗ method [54] while the electronic spectrum in
he same medium was predicted by using NStates = 100 and the

3LYP/6-311 ++ G 

∗∗ method with the Time-dependent DFT calcu-

ations (TD-DFT) incorporate in the Gaussian09 program [40] . In

ddition, the frontier orbitals were calculated to predict reactiv-

ties of E-MBPC in both media by using the B3LYP/6-311 ++ G 

∗∗

evel of theory while the behaviours in both media were evalu-

ted with some descriptors of reactivity such as, chemical poten-

ial ( μ), electronegativity ( χ ), global hardness ( η), global softness

 S ), global electrophilicity index ( ω) and nucleophilicity indexes ( E )

alculated at the same level of theory [24, 26–28 , 55] . The Hirshfeld

urface analysis was performed with Crystal Explorer 3.1 program

56] . In final section, the molecular docking mechanism between

he ligand and 4AMJ protein were studied by using AutoDock Vina

ree software program [57] . The PDBQT formats of ligand and 4AMJ

rotein were adjusted with Discover Studio Visualizer 4.0 (DSV 4.0)

oftware [58] . 

. Results and discussion 

.1. X-ray crystal structure description 

The compound E-MBPC was analyzed by single crystal X-

ay diffraction ( Fig. 2 ). The summary of crystallographic in-

ormation is listed in Table 1 . The compound ( E-MBPC) crys-

alized in the monoclinic space group P 2 1 / c . The molecule

s planar and bond lengths are comparable comparing with

he (E)- N’ -(4-(dimethylamino)benzylidene)-5-methyl-1H-pyrazole-

-carbohydrazide structure published before [55] . The unit cell

ontains four molecules. The crystal packing ( Fig. 3 ) shows that

wo by two molecules are arranged in parallel plans within a

istance of ~9.407 Å and respective 10.408 Å and there are no

upramolecular interactions between them. 

.2. Optimizations and properties in both media 

Results of optimizations of ( E )- N’ -(4-methoxybenzylidene)-5-

ethyl- 1H -pyrazole-3-carbohydrazide ( E-MBPC ) in gas phase and

queous solution by using the B3LYP/6-311 ++ G 

∗∗ method can be

een in Table 2 while in Fig. 4 is given the optimized struc-

ure together with the atoms labelling. The identifications of

oth rings can also be seen in Fig. 2 where R1 is identified

s the phenyl ring while R2 is the pyrazole ring. The rela-

ive energy value was obtained from the difference between the

alue optimized in solution and the corresponding in gas phase

 −873.2361 + 873.1968 = −0.0393 Hartrees = 103.08 kJ/mol). An-

lyzing Table 2 we observed that the calculated total energies (E)

n both media show most negatives values, as compared with the

orrected values by ZPVE energies (E ZPVE ) while the dipole mo-

ent ( μ) increases from 7.97 D in gas phase to 13.68 D in solu-

ion. Hence, probably the cationic species of E-MBPC is presents

n solution due to notable increase in the dipole moment value

hile a slight contraction of −1.0 Å 

3 in the volume is observed

n solution. When the magnitudes and orientations of dipole mo-

ent vectors of E-MBPC in both media are, the directions and

http://www.ccdc.cam.ac.uk/data_request/cif
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Fig. 2. X-ray molecular structure of the E-MBPC compound with atoms numbering scheme. Thermal ellipsoids representation with 50% probability. Olex and POV-Ray 

representation. 

Fig. 3. Crystal packing along c axis-detail of the planar arrangement. 

 

 

 

 

 

 

 

Table 3 

Corrected and uncorrected solvation energies by the total non- 

electrostatic terms and by zero point vibrational energy (ZPVE) ( E )- N’ -4- 

methoxybenzylidene)-5-methyl-1H-pyrazole-3-carbohydrazide (E-MBPC) 

in aqueous solution by using the B3LYP/6-311 ++ G ∗∗ Method. 

B3LYP/6-311 ++ G ∗∗ method a 

Solvation energy (kJ/mol) 

Condition 	G un 
# 	G ne 	G c 

E-MBPC a -103.08 28.26 -131.34 

E-MABPC b -105.97 23.53 -129.50 

	G un 
# = uncorrected solvation energy; 	G ne = total non electrostatic 

terms; 	G c = corrected solvation energies. 
a This work. 
b From Ref [55] for (E-MABPC) ( E )- N’ -(4-(dimethylamino)benzylidene)- 

5-methyl- 1H -pyrazole-3-carbohydrazide. 

o  
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e  

t
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v  
orientations practically remain constants in both media and, only,

change in the magnitudes of μ is observed in solution (Fig. S1).

The volume contraction observed in solution could be attributed

to the hydration of donors (O and N atoms) and acceptors groups

(N 

–H) of H bonds present in the structure of E-MBPC . These new

H bonds formed in the weak base E-MBPC could justify the in-

crease of μ and the volume contraction in solution. The prediction
Fig. 4. Theoretical molecular structure of free base of (E)-N’-(4-methoxy)benzylidene)-5-

of their rings. 
f solvation energy of E-MBPC in aqueous solution is important

aking into account the presence of donors and acceptors groups

n its structure. Hence, corrected and uncorrected solvation en-

rgies by total non-electrostatic terms and by zero point vibra-

ional energy (ZPVE) of E-MBPC by using the B3LYP/6-311 ++ G 

∗∗

ethod are presented in Table 3 compared with the value

btained for ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -

yrazole-3-carbohydrazide (E-MABPC) in the same medium and at

he same level of theory [55] . Note that the relative energy value

03.08 kJ/mol corresponds to uncorrected solvation energy value

 	G un 
# ) from Table 3 . A comparison between both structures can

e observed in Fig. S2. The results show that the solvation energy

alue of E-MBPC is slightly higher (most negative) than the cor-
methyl-1H-pyrazole-3-carbohydrazide ( E-MBPC ), atoms labelling and identification 
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Table 4 

Comparisons of calculated geometrical parameters of ( E )- N’ -4- 

methoxybenzylidene)-5-methyl- 1H -pyrazole-3-carbohydrazide (E-MBPC) 

in both media with the corresponding experimental ones. 

B3LYP/6-311 ++ G ∗∗ Method a Experimental a 

Parameters Gas PCM 

Bond lengths ( ̊A) 

N16-C17 1.280 1.285 1.278(3) 

N16-N18 1.356 1.369 1.384(19) 

N18-C20 1.391 1.361 1.344(2) 

C20 = O21 1.208 1.236 1.231(19) 

C20-C22 1.495 1.482 1.477(2) 

C22-N28 1.330 1.338 1.331(2) 

N24-N28 1.343 1.341 1.344(2) 

N24-C25 1.362 1.360 1.345(3) 

C23-C25 1.380 1.382 1.370(2) 

C25-C29 1.494 1.490 1.496(3) 

C22-C23 1.421 1.416 1.392(3) 

C17-C2 1.460 1.456 1.454(2) 

RMSD 0.021 0.012 

Bond angles ( º) 

C2-C17-N16 122.2 122.6 123.7(15) 

C17-N16-N18 117.3 115.5 114.5(14) 

N16-N18-C20 121.3 121.2 120.3(13) 

N18-C20-O21 123.9 122.9 123.1(15) 

C22-C20-O21 124.1 122.5 122.2(17) 

C20-C22-N28 119.5 118.6 120.3(16) 

C20-C22-C23 129.2 130.2 127.8(14) 

C22-N28-N24 104.3 104.3 103.6(15) 

N28-N24-C25 114.0 113.8 113.6(13) 

N24-C25-C29 122.9 122.6 121.8(15) 

N24-C25-C23 105.0 105.4 105.6(16) 

C8-C7-O1 115.6 115.6 115.1(19) 

C7-O1-C11 118.7 118.6 118.1(18) 

RMSD 1.3 1.0 

Dihedral angles ( º) 

C2-C17-N16-N18 -179.2 -179.5 -179.3(14) 

C17-N16-N18-C20 -174.2 -178.7 -179.3(14) 

N16-N18-C20-O21 2.4 2.7 -1.6(3) 

N16-N18-C20-C22 -176.8 -177.2 178.0(13) 

N18-C20-C22-N28 -149.7 -167.4 -4.2(2) 

N18-C20-C22-C23 31.6 13.2 177.9(16) 

O21-C20-C22-N28 30.9 12.6 175.4(16) 

C20-C22-N28-N24 -178.9 -179.6 -178.4(14) 

RMSD 153.9 160.6 

a This work, RMSD values in bold letters. 
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esponding one to E-MABPC probably because in the R1 ring of

-MBPC, there is a O 

–CH 3 group different from E-MABPC where

he N(CH 3 ) 2 group is presents in the R1 ring instead of a methoxy

roup. Besides, the N atom linked to two methyl groups in the lat-

er compound has sp 

2 hybridization and both are planar, as shown

n Fig. S2. Possibly, these two CH 3 groups in MABPC limit the hy-

ration of water molecules in the N donor as compared to O donor

f methoxy group. 

Three atomic charges, molecular electrostatic potentials (MEP)

nd bond orders, expressed as Wiberg indexes are analyzed in the

ptimized structures of E-MBPC in the gas phase and in aqueous

olution by using B3LYP/6-311 ++ G 

∗∗ level of theory. Thus, atomic

ulliken, Merz-Kollman and NPA charges, molecular electrostatic

otentials (MEP) and bond orders, expressed as Wiberg indexes

re summarized in Table S1. Here, these properties are presented

nd analyzed only for the O and N atoms belonging to donors and

cceptors groups of E-MBPC in gas phase and in aqueous solu-

ion. The behaviours of three studied atomic charges in the dif-

erent media are shown in Fig. S3. Regarding this latter figure we

bserved that atomic MK charges on the six considered atoms

resent slightly different values and behaviours than those pre-

icted for Mulliken and NPA charges. Thus, the Mulliken charges

n the N16 atoms belonging to hydrazonoic group of E-MBPC in

oth media have positive and higher values than the other ones

hile the O21 atoms of C 

= O bonds present the most negative val-

es as compared with the O1 atoms belonging to methoxy groups.

n the other hand, the Mulliken charges predict higher values on

he six atoms as compared with the corresponding to NPA ones

hile the MK charges predict negative values on the six consid-

red atoms and where the O21 and N28 atoms present the higher

nd most negative values. The three types of charges show that

he protonation in aqueous solution could occur only in the N28

tom because the three charges show for these atom negative val-

es while on the N16 atom the Mulliken charges predicted positive

alues in both media. On the contrary, the three charges predicted

hat both oxygen atoms can be protonated in solution. 

If now the molecular electrostatic potentials (MEP) are evalu-

ted from Table S1, practically the same values are observed in

oth media and, only the expected tendency is observed, that is,

EP O atoms > MEP N atoms. Particularly, MEP on O21 is > than

1 while MEP N28 present higher values in the two media than

he other ones. Hence, these results are in agreement with those

bserved from the charge’s MK and NPA studies. The study of

apped MEP surface is also very important in order to analyze the

ain reaction sites where the reaction with potential nucleophiles

nd electrophiles take place. Here, this study was performed for E-

BPC in gas phase with the B3LYP/6-31G 

∗ method because with

he method of higher size failed. In Fig. S4 is presented the cal-

ulated electrostatic potential surfaces on the molecular surface of

-MBPC in the gas phase with the GaussView program [49] . An-

lyzing the different colorations on the mapped MEP surface, we

bserved that the intense red colour is located on the two O21 and

28 atoms which have higher MK values including the N16 atom.

ence, the nucleophilic region is wide while other less wide site

ith weak red colour is observed on the O1 atom. The strong blue

olour is observed on the N24-H27 bond and other weak region of

he same colour is observed on the other N18-H19 bond, revealing,

his way, two clear electrophilic sites. 

Other interesting properties analyzed for E-MBPC in both media

re the bond orders (BO). In this case they are expressed as Wiberg

ndex and the values are presented in Table S1. The results in both

edia show few changes in the values where the higher ones are

bserved for the O1 and N24 atoms. Probably, the higher value ob-

erved for the N24 atom is related to the higher lability of H27

tom which is linked to N24 atom. This result is in agreement with

he strong blue coloration observed on the N24-H27 bond when
he mapped MEP surface is graphed in Fig. S4. The BO values in

olution undergo a slight decrease, with exception of the N18 and

24 atoms. Possibly, the hydration with water molecules justifies

hese variations of the BO in solution. 

.3. Geometrical parameters 

In Table 4 are summarized the optimized geometrical pa-

ameters of ( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H -pyrazole-

-carbohydrazide ( E-MBPC) in gas phase and aqueous solution by

sing the B3LYP/6-311 ++ G 

∗∗ method. These parameters are com-

ared in the same table with the corresponding experimental ones

etermined in this work by using the Root-mean-square devia-

ion (RMSD) values. The exhaustive analysis shows that better cor-

elations are observed for E-MBPC in solution, with RMSD val-

es around 0.021 and 0.012 Å for bond lengths and of 1.3 and

.0 º for bond angles. Here, newly as observed in a similar pre-

iously studied derivative [55] , the dihedral angles related to hy-

razonoic group present the higher variations. In E-MBPC , the

3LYP/6-311 ++ G 

∗∗ calculations predict higher values in gas phase

153.9 º), as compared with those predicted in aqueous solution
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Fig. 5. Experimental infrared spectrum of ( E )- N’ -(4-methoxybenzylidene)-5-methyl- 

1H -pyrazole-3-carbohydrazide ( E-MBPC ) compared with the corresponding pre- 

dicted for the free base by using B3LYP/6-311 ++ G ∗∗ level of theory. 

p  

t  

h  

t  

f  

d  

F  

d  

3  

p  

p  

p  

w  

N  

h  

s  

d  

n  

t  

a  

w  

m  

f  

w  

n  

t  

t  

e  

l  

u  

t  

c

 

t  

M  

g  

t  

t  

t  

f  

a  
(160.6 º). The dihedral N16-N18-C20-O21 and N16-N18-C20-C22

angles have signs different from the experimental ones while the

other N18-C20-C22-N28, N18-C20-C22-C23 and O21-C20-C22-N28

angles present the same signs but values different from the exper-

imental ones. Here, the differences observed between theoretical

and experimental results can be attributed to the calculations be-

cause these were performed in the gas phase where the packing

forces of solid state were not considered. These comparisons have

demonstrated that despite of differences observed in the dihedral

angles both optimized structures by using the B3LYP/6-311 ++ G 

∗∗

method can be used to obtain the force fields of E-MBPC in both

media due to the predicted low RMSD values of bond lengths and

angles. 

3.4. NBO and AIM analyses 

The Second Order Perturbation Theory Analysis of Fock Matrix

in NBO Basis is an interesting calculation used to know different

types of interactions when there are acceptors and donors groups

present in a species, as in E-MBPC, by using the version 3.1 of NBO

program [46] . On the other hand, the topological properties allow

evaluating different types of interactions such as, inter- or intra-

molecular, ionic or of Hydrogen bonds interactions based in the

Bader’s theory of atoms in molecules (AIM) and by using the ver-

sion 20 0 0 of AIM program [47, 48] . Hence, with these two types

of calculations it is possible predict the stabilities of E-MBPC in

the two studied media. In the NBO study, the main delocalization

energies for E-MBPC in gas phase and aqueous solution by using

the B3LYP/6-311 ++ G 

∗∗ method are presented in Table S2. The deep

evaluation of that table shows the presence in E-MBPC of five in-

teractions in solution but only four in gas phase. The former inter-

actions observed in solution are: the 	E π→ π∗ , 	E n → π ∗ , 	E n → σ ∗ ,

	E σ → σ ∗ and 	E π∗→ π∗ interactions while the 	E σ → σ ∗ interac-

tion is not observed in gas phase. Consequently, the 	E π∗→ π∗ in-

teractions show the highest energy values in both media with a

value of 2073.24 kJ/mol in solution and of 1879.54 kJ/mol in gas

phase. The total energy of 4435.61 kJ/mol favours to E-MBPC in

solution suggesting its higher stability in this medium, as also was

observed for the ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl-

1H -pyrazole-3-carbohydrazide derivative in solution [55] . 

Here, the topological properties, which are, the electron density,

ρ(r) , the Laplacian values, ∇ 

2 ρ(r), the eigenvalues ( λ1, λ2, λ3) of

the Hessian matrix and, the | λ1|/ λ3 ratio calculated for E-MBPC

in both media in the Ring critical point (RCPs) are presented in

Table S3. The values of properties only show changes in the R2

ring in solution, as compared with the corresponding in gas phase

while the properties of R2 rings in both media are higher than the

observed for R2. Note that these properties are not presented in

the Bond Critical Points (BCPs) because from this study are not

observed intra-molecular, ionic or of Hydrogen bonds interactions.

For these reasons, only the RCP1 and RCP2 of both R1 and R2 rings

respectively are presented in Table S3 while the molecular graphic

of E-MBPC in gas phase is given in Fig. S5. The figure shows clearly

the two RCP1 and RCP2 and the BCPs of existent bonds while new

bonds are not formed. 

3.5. Vibrational study 

The experimental FT-IR spectrum of E-MBPC in the solid state

can be seen in Fig. 5 compared with the corresponding predicted

in the gas phase by using the B3LYP/6-311 ++ G 

∗∗ method. Rea-

sonable correlation was observed between both spectra because

a higher number of bands were experimentally observed in the

lower wavenumbers region, as compared with the theoretical one.

These differences can be justified by the calculations which were
erformed in the gas phase where the interactions due to crys-

alline packing were not considered. For the same reasons, in the

igher wavenumber (40 0 0–20 0 0 cm 

−1 ) region the band attributed

o N 

–H stretching modes is predicted at higher wavenumbers dif-

erent from the observed in the experimental spectrum. The pre-

icted Raman spectrum of E-MBPC in the gas phase is shown in

ig. S6 while in Fig. S7 can be seen comparisons between the pre-

icted IR spectra of E-MBPC in both media by using the B3LYP/6-

11 ++ G 

∗∗ level of theory. Strong changes in the intensities and

ositions of the bands related to N 

–H groups are observed in the

redicted IR spectrum in solution as a consequence of hydration

rocess. The theoretical Raman spectrum predicted in activities

as corrected to intensities by using known equations [53] . The

16 = C17, C3 = C5 and C8 = C10 stretching modes are predicted with

igher intensities in the Raman spectrum while in the infrared

pectrum only the C3 = C5 and C8 = C10 stretching modes are pre-

icted most intense than the other ones. According to the total

umber of atoms (33) present in the structure of E-MBPC a to-

al of 93 vibration modes are expected in both media and, where

ll of them present activity in both spectra because the structures

ere optimized in the two media with symmetries C 1 . The SQMFF

ethodology with the Molvib program were used to compute the

orce fields of E-MBPC in both media at the same level of theory

hile transferable scaling factors together with the normal inter-

al coordinates and the experimental IR spectrum were employed

o perform the complete vibrational assignments [50–52] . Only Po-

ential energy distribution contributions (PED) ≥ 10% were consid-

red in the assignments of vibration modes. Observed and calcu-

ated wavenumbers and assignments for E-MBPC in gas phase by

sing the B3LYP/6-311 ++ G 

∗∗ method are shown in Table 5 . After

hat, a brief discussion of assignments by regions is presented at

ontinuation. 

Assignments bands: 40 0 0–20 0 0 cm 

−1 region . In this region,

he stretching modes of N 

–H, C 

–H and CH 3 groups present in E-

BPC are expected. The bands characteristics of NH groups are

enerally observed around 3500–3300 cm 

−1 [55, 59] . This absorp-

ion is strongly influenced by the chemical environment, in par-

icular when NH groups are involved in the intramolecular or in-

ermolecular hydrogen bond [55, 60] . The NH stretching vibrations

or pyrazole are reported at 3142 cm 

−1 by Altürk et al. [61] and

t 3201 cm 

−1 by Sundaraganesan et al. [62] . González-Baró et al.
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Table 5 

Observed and calculated wavenumbers (cm 

−1 ) and assignments for ( E )- N’ -4-methoxybenzylidene)-5- 

methyl- 1H -pyrazole-3-carbohydrazide ( E-MBPC) in gas phase by using the B3LYP/6-311 ++ G ∗∗ method. 

( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H -pyrazole-3-carbohydrazide 

Experimental a B3LYP/6-311 ++ G ∗∗ Method a 

ATR Calculated b Intensity c SQM 

d Assignments a 

3322 w 3644 110.6 3494 νN24-H27 

3322 w 3493 6.9 3348 νN18-H19 

3188m 3245 0.6 3111 νC23-H26 

3152m 3206 12.6 3073 νC5-H6 

3116w 3202 2.7 3070 νC10-H15 

3060w 3187 2.5 3055 νC8-H9 

3025w 3158 12.4 3027 νC3-H4 

3135 23.2 3006 νa CH 3 (C11) 

2971w 3120 8.1 2991 νa CH 3 (C29) 

2932w 3074 12.4 2947 νa CH 3 (C29) 

2932w 3065 36.6 2939 νa CH 3 (C11) 

3027 35.1 2902 νs CH 3 (C29) 

2897w 3006 72.9 2882 νs CH 3 (C11) 

2897w 2999 63.7 2875 νC17-H33 

1675s 1779 348.3 1714 νC20 = O21 

1606m 1672 7.1 1612 νC17 = N16 

1568m 1647 190.2 1595 νC8-C10 νC3-C5 

1532s 1609 12.9 1556 νC23-C25 

1532s 1603 23.7 1552 νC5-C7 

1509s 1554 94.0 1510 βN18-H19 

1509s 1534 472.4 1488 βN18-H19 βC10-H15 

1464m 1506 0.6 1448 δa CH 3 (C29) νC25-N24 

1453m 1505 54.5 1442 δa CH 3 (C11) 

1444sh 1493 9.6 1428 δa CH 3 (C11) 

1420sh 1484 8.1 1421 δa CH 3 (C29) 

1420sh 1475 15.3 1419 νC22-N28 νC22-C20 

1405m 1465 21.8 1411 δs CH 3 (C11) 

1405m 1451 27.3 1407 νC8-C10 νC3-C5 

1385sh 1438 5.9 1394 νC22-N28 

1365w 1430 34.4 1376 νC22-C23 

1349m 1415 17.8 1355 δs CH 3 (C29) 

1313w 1386 10.5 1347 βC17-H33 

1285w 1342 65.7 1298 βC3-H4 νC5-C7 

1285w 1329 10.4 1295 νC2-C3 

1210vs 1296 12.1 1255 βN24-H27 νC25-N24 

1210vs 1275 365.3 1231 νC7-O1 

1210vs 1254 50.4 1216 νC2-C17 

1210vs 1226 202.5 1187 νC20-N18 

1177sh 1202 11.2 1170 ρCH 3 (C11) 

1166sh 1192 72.1 1158 βC3-H4 βC5-H6 

1154sh 1170 482.6 1137 ρ ’CH 3 (C11) 

1121w 1168 0.7 1130 νN24-N28 

1152 26.1 1118 βC23-H26 

1106m 1134 19.6 1101 βC8-H9 βC10-H15 βC5-H6 

1106m 1087 5.6 1054 νN18-N16 

1024m 1062 1.5 1035 ρ ’CH 3 (C29) 

1024m 1058 91.6 1024 βR 1 (A2) 

1024m 1045 9.0 1020 νC11-O1 

1003m 1023 0.2 1000 βR 1 (A1) νC7-C8 

995sh 1007 7.3 985 βR 2 (A2) 

995sh 994 0.4 985 γ C10-H15 

967m 989 3.7 961 ρCH 3 (C29) 

955sh 960 12.7 952 γ C17-H33 

935m 929 2.3 921 γ C3-H4 

898s 916 51.9 903 βC20 = O21 

855 34.3 844 γ C8-H9 

828vs 854 38.9 833 νC2-C10 

813 15.1 803 γ C5-H6 

804sh 811 20.7 801 γ C23-H26 

760m 781 5.7 766 γ C20 = O21 γ C23-H26 

760m 773 16.8 760 γ C20 = O21 

712w 732 0.2 711 τR 1 (A1) 

700sh 694 11.9 678 τR 1 (A2) 

676w 676 19.3 659 τR 1 (A2) νC25-C29 

637w 661 18.3 647 βR 3 (A1) 

638 651 1.4 641 τR 2 (A2) 

600w 615 13.2 607 βR 2 (A1) 

553vs 554 39.3 547 γ N24-H27 

537sh 540 27.5 526 γ C7-O1 γ C2-C17 

521vs 514 49.1 512 γ N18-H19 

505sh 508 20.8 502 δC7O1C11 βC7-O1 

473w 471 2.3 466 βC2-C17 

( continued on next page ) 
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Table 5 ( continued ) 

( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H -pyrazole-3-carbohydrazide 

Experimental a B3LYP/6-311 ++ G ∗∗ Method a 

ATR Calculated b Intensity c SQM 

d Assignments a 

453 3.8 447 βC7-O1 δC7O1C11 

433 0.3 416 τR 2 (A1) 

401 0.3 382 τR 1 (A1) τN16-C17 

370 2.1 364 νC22-C20 

347 2.9 343 βC25-C29 

303 7.3 295 γ C25-C29 γ C22-C20 

286 2.7 284 δC7O1C11 βC7-O1 

272 10.3 255 τN16-C17 

242 2.7 222 τwCH 3 (C11) 

216 3.6 208 τwCH 3 (C11) τN18-C20 

195 2.8 189 βC7-O1 δC20N18N16 

188 3.3 177 τR 3 (A1) 

158 2.8 152 τN16-N18 γ C22-C20 

116 1.9 107 τO1-C7 

95 1.3 94 δC22C20N18 βC22-C20 

81 3.9 74 τO1-C7 τN16-N18 

60 0.1 54 τwCH 3 (C29) 

49 0.8 44 τC20-C22 

38 2.7 38 δN18N16C17 δC20N18N16 δC2C17N16 

30 0.2 27 τN16-N18 τC17-C2 

26 0.4 24 τN18-C20 

Abbreviations: ν , stretching; β , deformation in the plane; γ , deformation out of plane; τ , torsion; βR . 

deformation ring τ R , torsion ring; ρ , rocking; τw, twisting; δ, deformation; a, antisymmetric; s, symmet- 

ric; (A 1 ), Ring 1; (A 2 ), Ring 2. 
a This work. 
b From B3LYP/6-311 ++ G ∗∗ . 
c Intensities in KM/Mole; method. 
d From scaled quantum mechanics force field. 
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[63] reported the NH stretching mode ( νNH ) of the hydrazonoic

group at 3157 cm 

−1 . In this case, the SQM calculations predict the

N24-H27 and N18-H19 stretching modes at 3494 and 3348 cm 

−1 ,

for which, the FT-IR band at 3322 cm 

−1 are assigned to those two

stretching modes corresponding to vibrations for pyrazole and hy-

drazonoic group (CONH 

–N 

= CH 

–), respectively. A very important

observation is that the N18-H19 stretching mode in the Raman

spectrum is predicted with higher intensity than the other one. 

Normally, in related compounds the C 

–H stretching vibrations

of aromatic rings are assigned in the region 320 0–30 0 0 cm 

−1 [26–

28 , 55, 59] . For E-MBPC , the CH stretching modes were predict by

calculations between 3111 and 3027 cm 

−1 , hence, the group of

bands between 3188 and 3025 cm 

−1 and the weak IR band at

2897 cm 

−1 are assigned to those vibration modes. Here, the C23-

H26 stretching mode corresponding to the pyrazole ring is in good

agreement with the value reported for 3,5-dimethylpyrazole (3,5-

DMP) [62] while the C17-H33 stretching mode corresponding to

hydrazonoic group is predicted the SQM calculations at 2875 cm 

−1 

and assigned accordingly. The absorption bands which appear be-

tween 3025 and 2897 cm 

−1 are assigned to the antisymmetric and

symmetric stretching modes of CH 3 groups belonging to hydra-

zonoic and methoxy groups. The symmetries of stretching modes

corresponding to the CH 3 groups were no attributed because the

Raman spectrum was not recorded but the SQM calculations pre-

dicted the symmetric modes with higher intensities than the other

ones. 

20 0 0–10 0 0 cm 

−1 region . The C 

= O, C 

= C, C 

–C and C 

–N stretch-

ing modes, deformation and rocking modes of NH, CH and CH 3 

groups and, some deformations of pyrazole and benzyl rings of

E-MBPC are characteristics of this region. In particular, the C 

= O

stretching mode is usually assigned free of other vibrations (1800–

1600 cm 

−1 ) [55, 59] . Here, the νC = O stretching mode is predicted

by calculation as a intense band at 1714 cm 

−1 , for which, is as-

signed to the strong IR band at 1675 cm 

−1 . For hydrazonoic groups,

that vibration mode was assigned at 1655 cm 

−1 by Sheeja et al.
64] and at 1656 cm 

−1 by de Freitas et al. [60] . The C 

= N stretch-

ng vibrations are reported at 1604 and 1603 cm 

−1 by Gali ́c et al.

65] for aroylhydrazones while in amide compound these C 

–N

tretching modes are assigned to IR bands between 1364 and

367 cm 

−1 . On the other hand, Sundaraganesan et al. [62] assign

he C 

–N stretching in 3,5-DMP at 1327 cm 

−1 . For E-MBPC , the

17 = N16 and C22-N28 stretching modes corresponding to hydra-

onoic and pyrazole groups, respectively are predict with low in-

ensities in the IR spectrum at 1612 and 1394 cm 

−1 and, hence,

hese modes are assigned at 1606 and 1385 cm 

−1 . Note that the

22-N28 stretching mode is also predicted coupled with the C22-

20 stretching mode, as observed in Table 5 . The N 

–N stretching

ode has been reported at 1156 cm 

−1 by de Freitas et al. [60] ,

t 1118 cm 

−1 by Sheeja et al. [64] and at 1112 cm 

−1 by Aruna-

iri et al. [65] . For E-MBPC , the N24 –N28 and N18 –N16 vibration

odes corresponding to pyrazole and hydrazonoic groups, respec-

ively are predict with different intensities at 1130 and 1054 cm 

−1 

nd, for these reasons, they are assigned to the weak and medium

ntensity IR bands at 1106 and 1121 cm 

−1 , respectively. The aro-

atic C 

= C stretching modes appear as characteristics bands as-

igned usually in the region 1200–1650 cm 

−1 [26–28 , 55, 62] . For

-MBPC , the series of IR bands observed at 1568, 1532, 1405,

365, 1285 and 1210 cm 

−1 can be easily assigned to the C 

= C and

 

–C stretching modes of phenyl and pyrazole rings, where clearly

he bands at higher wavenumbers have double bonds characters

hile the remain ones have partial double bonds characters. The

H in-plane deformation vibration is reported [62] at 1266 cm 

−1 

n 3,5-DMP and at 1210 cm 

−1 in hydrazonoic group [64] . In this

ase, the βN18-H19 vibration mode corresponding to pyrazole ring

s predicted with great intensity at 1488 cm 

−1 while the βN24-

27 in-plane deformation mode of hydrazonoic group is predicted

ith low intensity at 1255 cm 

−1 and, both are predicted coupled

ith other vibration modes. Hence, the intense IR bands at 1509

nd 1210 cm 

−1 are assigned to those two vibration modes. The

 

–H in-plane deformation vibrations are observed in the region
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30 0–10 0 0cm 

−1 and are usually of medium to weak intensity [26–

8 , 55, 66] . Here, some bands due to C 

–H in-plane bending vibra-

ions are coupled with other vibrations and they can be assigned to

he bands in the region between 1509 and 1106 cm 

−1 because the

QM calculations predict those modes in this region. The C7-O1

nd C11-O1 stretching modes are predicted at 1231 and 1020 cm 

−1 

or which they are assigned respectively to the strong of medium

ntensity IR bands at 1210 and 1024 cm 

−1 . 

10 0 0–10 cm 

−1 region . In this region, the C 

–C and C 

–N

tretching modes, C 

–H and N 

–H out-of-plane deformations, de-

ormations, wagging and twisting modes of C 

= O group, twist-

ng CH 3 and deformations and torsions modes of both pyra-

ole and 4-methoxybenzyl rings of E-MBPC are expected. In

he ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-

-carbohydrazide derivative, the C 

= O in-plane ( βC 

= O) and out-of-

lane ( γ C 

= O) deformations are assigned to 667 and 360 cm 

−1 , re-

pectively [55, 67] while in this derivative E-MBPC the βC20 = O21

nd γ C20 = O21 modes are predicted at 903 and 760 cm 

−1 .

ence, the IR bands observed at 898 and 760 cm 

−1 are as-

igned to those vibration modes. Here, the change of N(CH 3 ) 2 
roup in the benzyl ring of ( E )- N’ -(4-(dimethylamino)benzylidene)-

-methyl- 1H -pyrazole-3-carbohydrazide by methoxy group in E-

BPC evidently has influence on those two vibration modes. 

The out-of-plane CH deformations are predicted and assigned

etween 1100 and 600 cm 

−1 [26–28 , 55] . In this case, the IR

ands between 1024 and 760 cm 

−1 are assigned to those vibra-

ion modes, as detailed in Table 5 . On the other hand, the out-

f-plane N24-H27 and N18-H19 deformations are predicted prac-

ically with the same intensity, hence, the strong IR bands at 553

nd 521 cm 

−1 , respectively are assigned to those two deformation

odes. 

The deformation and torsion modes of pyrazole and benzyl

ings are predicted in approximately the expected regions [26–

8 , 55] . Here, in E-MBPC the three deformations of benzyl ring

R 1 (A1), βR 2 (A1) and βR 3 (A1) are predicted at 10 0 0, 607 and

47 cm 

−1 respectively while the torsion modes τR 1 (A1), τR 2 (A1)

nd τR 3 (A1) at 711, 416 and 177 cm 

−1 . The two deformation

odes of pyrazole βR 1 (A2) and βR 2 (A2) are predicted at 1024

nd 985 cm 

−1 while the corresponding torsion modes τR 1 (A2) and

R 2 (A2) at 678 and 641 cm 

−1 . Therefore, these vibration modes

nly were assigned until 473 cm 

−1 because the IR spectrum was

ecorded up to 400 cm 

−1 . For the same reason, remain modes were

redicted as observed in Table 5 but not assigned. 

.6. Force fields 

Scaled internal force constants for E-MBPC in gas phase

nd aqueous solution were calculated from the corresponding

armonic force fields by using the B3LYP/6-311 ++ G 

∗∗ method

ith the SQM methodology and the Molvib program [50–

2] . These parameters are presented in Table 6 compared

ith the predicted for the free base and cationic species

f ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-3-

arbohydrazide derivative at the same level of theory. Comparing

rst the force constants for E-MBPC in both media, it is clearly

bserved the variations in the values of f( νC = O), f( νC –N) Chain ,

 νC –N) R and f( νN 

–N) Chain force constants as a consequence of hy-

ration of these involved groups in aqueous solution. In general,

he values decrease in solution but in the f( νN 

–N) Chain force con-

tant, a slight increase is observed because the N18-H19 bond that

elong to N16-N18 bond of hydrazonoic group is probably hy-

rated and, hence, it produces a weakening of the other N16-N18

ond. When these force constants are compared with the other

erivative [55] changes in some values are observed although other

emains practically constants. Thus, the f( νC = O), f( νC –N) Chain ,

( νN 

–N) and f( νC = C) force constants in E-MBPC change be-
Chain R1 
ause, as observed from vibrational study, the change of N(CH 3 ) 2 
roup in the benzyl ring of ( E )- N’ -(4-(dimethylamino)benzylidene)-

-methyl- 1H -pyrazole-3-carbohydrazide by methoxy group has in-

uence on the involved bonds. 

.7. NMR studies 

The experimental 1 H and 

13 C NMR spectra of E-MBPC were ob-

ained by using TMS as an internal standard and DMSO- d 6 as sol-

ent (Figs. S8 and S9). The 1 H NMR spectrum of the title molecule

isplayed a two singlets at δ = 2.25 and 2.93 ppm due to CH 3 

H30, H31 and H32) and OCH 3 (H12, H13 and H14) protons, re-

pectively. The chemical shifts H26 of pyrazole proton appear as a

inglet at δ = 6.47 ppm. The chemical shifts of the phenyl pro-

ons (H6 & H9) and (H4 & H15) appeared as two doublets at

= 6.98 and 7.60 ppm, respectively. The chemical shifts of H33

f the azomethine ( N 

= CH) and H19 of amide (NHCO) groups ap-

ear as a singlet at 8.39 and 11.44 ppm, respectively. The chemical

hifts H27 of NH pyrazole appeared as singlet at δ = 13.05 ppm.

he 13 C NMR spectra of the title compound showed the chemical

hifts C7 and C20 for C–OCH 3 and C 

= O carbons are at 161.13 and

58.72 ppm, respectively. The signals at 146.52 ppm are clearly as-

igned for C17 of azomethine group ( N 

= CH). The signals at 105.22,

40.45 and 147.53 ppm are assigned for C23, C25 and C22 of pyra-

ole carbons, while that the aromatic carbon (C2, C3, C5, C8 and

10) chemical shifts of E-MBPC occurred in the range of 114.76–

29.02 ppm. On the other hand, the predicted 

1 H and 

13 C- chemi-

al shifts for E-MBPC in gas phase and in aqueous solution by us-

ng the GIAO/B3LYP/6-311 ++ G 

∗∗ method using as Ref. to TMS are

hown in Tables 7 and 8 , respectively compared with the corre-

ponding experimental ones [54] . Better correlations are obtained

or the H atoms (1.5–1.4 ppm) in solution than the C atoms (7.0–

.60 ppm), as observed from the RMSD values. 

.8. Frontier orbitals and descriptors of reactivity 

E-MBPC has evidenced remarkable antioxidant and an-

idiabetic activities, as was also observed in another ( E )-

’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-3- 

arbohydrazide derivative [55] , and for this reason, the predictions

f its reactivities and behaviours in both media are necessary

o explain those observed biological properties. Hence, the fron-

ier orbitals, its differences expressed as gap and the chemical

otential ( μ), electronegativity ( χ ), global hardness ( η), global

oftness ( S ), global electrophilicity index ( ω) and nucleophilicity

ndexes ( E ) descriptors were calculated in both media by us-

ng the B3LYP/6-311 ++ G 

∗∗ level of theory [24, 26–28 , 55] . These

arameters in both media are presented in Table S4 compared

ith those calculated for the free base and cationic species of

 E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-3- 

arbohydrazide at the same level of theory. When are compared

he gap values for E-MBPC in both media a slight decrease is

bserved in the gap value in solution, as compared with the value

n gas phase while when the two values are compared with the

orresponding to ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl-

H -pyrazole-3-carbohydrazide derivative higher gap values are

bserved for E-MBPC in both media. Hence, the two species of

ther derivative are most reactive than E-MBPC in both media.

vidently, the presence of N(CH 3 ) 2 group in the benzyl ring in

he ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl- 1H -pyrazole-

-carbohydrazide increase the reactivity of this derivative, as

ompared with E-MBPC . Hence, the methoxy group incorporate to

enzyl ring instead of N(CH 3 ) 2 group decrease the reactivity of E-

BPC . Probably, these results for E-MBPC justify its lower antiox-

dant activity against to ( E )- N’ -(4-(dimethylamino)benzylidene)-5-

ethyl- 1H -pyrazole-3-carbohydrazide. 
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Table 6 

Scaled internal force constants for ( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H -pyrazole-3-carbohydrazide ( E-MBPC) in gas phase 

by using the B3LYP/6-311 ++ G ∗∗ method. 

Force constants ( E )- N’ -4-methoxybenzylidene)- ( E )- N’ -(4-(dimethylamino)benzylidene)- 

5-methyl- 1H -pyrazole- 5-methyl- 1H -pyrazole- 

3-carbohydrazide 3-carbohydrazide b 

Gas PCM Gas Phase 

Free base Cationic 

f( νN-H) 6.50 6.45 6.49 5.72 

f( νC = O) 11.76 9.62 11.69 9.15 

f( νC-H) R1 5.13 5.15 5.13 5.10 

f( νC-H) R2 5.29 5.32 5.29 5.10 

f( νC-N) Chain 9.46 9.27 7.46 6.10 

f( νC-N) R 6.74 6.61 6.74 4.32 

f( νN-N) R 5.86 5.97 5.85 3.90 

f( νN-N) Chain 5.64 5.31 5.56 6.73 

f( νC = C) R1 6.31 6.27 6.24 6.15 

f( νC = C) R2 6.84 6.80 6.84 7.31 

f( νCH 3 ) 4.79 4.85 4.75 4.62 

f( δCH 3 ) 0.54 0.53 0.55 0.55 

Units are mdyn Å −1 for stretching and mdyn Å rad −2 for angle deformations. 
a This work. 
b From Ref [55] . 

Table 7 

Observed and calculated 1 H chemical shifts ( δ in 

ppm) for ( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H - 

pyrazole-3-carbohydrazide ( E-MBPC) in gas phase and 

in aqueous solution. 

H atom 6-311 ++ G ∗∗ Exp a 

Gas PCM 

4-H 7.14 7.14 7.60 

6-H 6.60 6.64 6.98 

9-H 7.17 7.24 6.98 

12-H 3.61 3.66 3.77 

13-H 4.01 4.04 3.77 

14-H 3.56 3.57 3.77 

15-H 8.60 8.55 7.60 

19-H 7.95 8.10 11.44 

26-H 6.08 5.98 6.47 

27-H 9.04 9.19 13.05 

30-H 2.27 2.24 2.26 

31-H 2.29 2.28 2.26 

32-H 2.20 2.23 2.26 

33-H 7.61 7.71 8.39 

RMSD 1.50 1.40 

a This work GIAO/B3LYP/6-311 ++ G ∗∗ Ref. to TMS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8 

Observed and calculated 13 C chemical shifts ( δ in 

ppm) for ( E )- N’ -4-methoxybenzylidene)-5-methyl- 1H - 

pyrazole-3-carbohydrazide ( E-MBPC ) in gas phase and 

aqueous solution by using the B3LYP/6-311 ++ G ∗∗

method. 

C atoms 6-311 ++ G ∗∗ Exp a 

Gas PCM 

2-C 133.43 132.98 129.02 

3-C 134.98 136.14 144.76 

5-C 110.29 110.63 127.55 

7-C 168.02 168.75 161.13 

8-C 123.82 124.25 127.55 

10-C 133.06 133.28 144.76 

11-C 54.90 56.27 55.74 

17-C 143.24 147.39 146.45 

20-C 158.89 160.70 158.72 

22-C 154.44 152.17 147.53 

23-C 106.94 104.39 105.11 

25-C 143.29 143.13 140.45 

29-C 10.40 10.33 10.80 

RMSD 7.00 6.60 

a This work GIAO/B3LYP/6-311 ++ G ∗∗ Ref. to TMS. 
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3.9. Ultaviolet-visible spectra 

The ultraviolet-visible spectrum of E-MBPC in aqueous solu-

tion was predicted in aqueous solution by using NStates = 100

and the B3LYP/6-311 ++ G 

∗∗ method with the Time-dependent DFT

calculations (TD-DFT), as integrate in the Gaussian09 program

[40] . In Fig. S10 is given the predicted electronic spectrum of

E-MBPC . This spectrum shows an intense band at λ = 313 nm

and a shoulder at c.a. λ = 250 nm. When the positions of

bands observed in this derivative are compared with those re-

ported for the ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl-

1H -pyrazole-3-carbohydrazide derivative in aqueous solution at the

same level of theory (maximum at λ = 343. nm and shoulder at

λ = 268 nm), we observed a shifting of bands in E-MBPC towards

lower wavelength due to change in the benzyl ring of N(CH 3 ) 2 
group by the methoxy group [55] . These bands can be assigned

to π→ π ∗ and n → π ∗ transitions due to the presence of C 

= C dou-

ble bonds of both pyrazole and benzyl rings and to carbohydrazide

group because NBO calculations predict these different transitions.

Here, as in the ( E )- N’ -(4-(dimethylamino)benzylidene) −5-methyl-
H -pyrazole-3-carbohydrazide derivative, the shoulder in the pre-

icted UV–vis spectrum could be attributed to the cationic form

hich is also expected in solution. These assignments are in agree-

ent with other reported for similar species [68, 69] . 

.10. ESI-MS 

The ESI-MS spectra show molecular ion peaks with m/z val-

es 259.5 corresponding to the molecular weight [M + H] + . The

/z value 281.3 corresponds to the sodiated molecular ion peak

M + Na] + (Fig. S11). These values are in good agreement with the

roposed composition for the title molecule (C 13 H 14 N 4 O 2 ). 

.11. Hirshfeld surface analysis 

In this part, the Hirshfeld surface analysis of ( E )- N’ -4-

ethoxybenzylidene-5-methyl-1H-pyrazole-3-carbohydrazide 

 E-MBPC ) compound was carried out to visualize the molecular

uantify and various intra/intermolecular interactions from surface

apped analysis. In computations and evaluations in the program,
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Fig. 6. d norm mapped on Hirshfeld surface for visualizing the intercontacts of the title compound. 
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Table 9 

AutoDockVina results of the binding affinity and RMSD values of different 

poses in 4AMJ inhibitors of E-MBPC compound. 

Modes E-MBPC-4AMJ 

Affinity(kcal/mol) rmsdl.b. rmsdu.b. 

1 -8.5 0.000 0.000 

2 -8.2 6.802 7.590 

3 -7.1 2.613 8.532 

4 -7.1 33.900 37.093 

5 -6.9 29.741 33.519 

6 -6.8 29.815 34.002 

7 -6.7 33.893 36.950 

8 -6.6 25.734 29.504 

9 -6.4 33.063 36.808 

10 -6.4 33.271 37.284 

Inhibition Constant: 0.588105 μM 

Number of Hydrogen bonding: 4 active + 1 non-active 
rystallographic Information File (cif ∗) of the E-MBPC compound

as used as an input file. When we look at Fig. 6 (d norm 

mapped

n Hirshfeld surface), we see that red, blue and white colors

xist. Each of these colors corresponds to a type of interaction,

n other words: short d norm 

range for red and long d norm 

range

or blue [70, 71] . Here, d norm 

value was achieved as −0.3014: red

oints to 1.3880 a.u: blue colors and white color region with a

norm value of zero. The dark red points near the O, N, H atoms

esult from N 

–H…N interactions with 2.298 Å (between pyrazole

 and carbohydrazide N); N 

–H…O interactions with 2.531 Å

between pyrazole H and carbohydrazide O) and 2.254 Å (between

arbohydrazide H and carbohydrazide O); C 

–O…H, interactions

ith 2.208 Å (between carbohydrazide O and pyrazole H) were

bserved. 

The 2D fingerprint plot discloses that percentage (%) contri-

ution to the Hirshfeld surface of each individual intermolec-

lar contact as shown in the Fig. 7 . According to this, the

aximum and minimum contributions were obtained as H…H

44.4%), O…H/H…O and C �H/H �C (16.9%), N �H/H �N (11.6%) and

 �C/C �N (6.3%), here the percentage contributions of other inter-

olecular contacts were less than 2% and not taken. 

.12. Molecular docking studies 

Molecular docking has become an increasingly important

ethod for both drug design and discovery, and has shed light

n many experimental studies so far. In general molecular dock-

ng could be interpreted as computational estimation (their confor-

ations and orientations) of protein and ligand complexes [72, 73] .

ndogenous cannabinoids (ECs) are lipid-signaling molecules that

pecifically bind to cannabinoid receptor types 1 and 2 (CB1R

nd CB2R) and are highly expressed in central and many periph-

ral tissues under pathological conditions. Activation of hepatic
B1R is associated with obesity, insulin resistance, and impaired

etabolic function, owing to increased energy intake and stor-

ge, impaired glucose and lipid metabolism, and enhanced oxida-

ive stress and inflammatory responses. Additionally, blocking pe-

ipheral CB1R improves insulin sensitivity and glucose metabolism

nd also reduces hepatic steatosis and body weight. Thus, target-

ng CB1R receptors may provide a potential therapeutic strategy

gainst obesity and insulin resistance [74] . During our current re-

earch concerning the design and synthesis of novel antidiabetic

ompounds [18, 55] , we found that pyrazole derivatives possess an

n vivo hypoglycemic effect due to its interactions with peripheral

B1R [75] . In present study, E-MBPC compound was prepared and

ptimized with B3LYP/6-311 ++ G(d,p), and the optimized structure

as converted into Protein Data Bank (PDB) format, then the pdbqt

ormat of the E-MBPC ligand was recorded considering the tor-
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Fig. 7. Finger plots of the title compound. 
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sion dihedrals in the structure. In order to corroborate the possible

mechanism of action of the title compound and understand the

detailed ligand-receptor interactions, we carried out a molecular

docking study in a CB1R. Such G protein-coupled receptor (GPCR)

was modeled by using the B chain of β1-adrenergic receptor from

M. gallopavo (PDB: 4AMJ, resolution of 2.30) target was retrieved

in PDB format from protein data bank (PDB) [76] and all hetero

atoms (co-factors) and water molecules were removed. During this

analysis, the obtained docking results were described as follows: 

The active sites of PDB: 4AMJ were fixed as TYR333, ASN329,

PHE315, ASN310, LEU308, PHE307, PHE306, TRP303, MET296,
Fig. 8. The molecular docking results of the E-MBPC compound wit
EU289, HIS286, TYR231, SER215, SER211, TYR207, ARG205,

SN204, PHE201, ASP200, CYS198, ASP195, TYR193, CYS192,

RP181, HIS180, PRO176, TRP166, THR164, ILE161, VAL160, ARG157,

ET153, ASP121, TRP117 and LEU101. Later docking grid pa-

ameters were determined by taking into consideration the re-

ions where active residues are concentrated as follows: cen-

er_ x = 10.397, center_ y = −8.579, center_ z = 25.227, size_ x = 64,

ize_ y = 54, size_ z = 74, spacing = 0.531. The obtained docking

cores and some important scales were given in Table 9 and Fig. 8 .

s seen from the Table 9 , the best binding mode was determined

ith −8.5 (kcal/mol) energy and active four + one non-active hy-
h 4AMJ protein, surfaces around ligand (a) and 2D forms (b). 
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Fig. 9. The molecular docking positions of the E-MBPC compound with 4AMJ pro- 

tein. 
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rogen bonding. These active hydrogen bondings were seen be-

ween ASN310 and O21 atom with 3.20 Å bond distance, ASN310

nd N16 atom with 2.97 Å bond distance, PHE201 and H19 atom

ith 2.22 Å bond distance, SER211 and O1 atom with 2.93 Å bond

istance; and non-active THR203 and N28 atom with 3.38 Å bond

istance. Additionally van der Waals, π-donor hydrogen bond and

-sigma interactions and occurred bond distances were shown in

ig. 8 and position (the best binding mode) of ligand in protein:

AMJ was shown in Fig. 9 . Additionally, the inhibition constants

or E-MBPC and PDB: 4AMJ were computed as 0.588105 μM with

he help of K i = exp( 	G/RT) equation, where, 	G, R and T are the

ocking binding energy, gas constant (1.9872036 ×10 −3 kcal/mol)

nd room temperature (298.15 K), respectively. From the results

t is concluded that ( E )- N’ −4-methoxybenzylidene-5-methyl- 1H -

yrazole-3-carbohydrazide (E-MBPC) compound can be designed as

otential antidiabetic agent. 

. Conclusions 

In the present work, the ( E )- N’ -4-methoxybenzylidene-5-

ethyl- 1H -pyrazole-3-carbohydrazide derivative ( E-MBPC ) was

ynthesized and characterized by using the FT-IR, 1 H & 

13 C NMR

nd ESI-MS spectroscopic methods and, then, the ( E )-configuration

f hydrazonoic group was confirmed by single-crystal X-ray diffrac-

ion. The theoretical structures of E-MBPC in both media were

etermined in gas phase and aqueous solution by using the hy-

rid B3LYP/6-311 ++ G 

∗∗ method. Calculations in solution were per-

ormed with SCRF method and the IEFPCM and universal solva-

ion models. The resulted have shown that dipole moment in-

reases from 7.97 D in gas phase to 13.68 D in solution with

 slight contraction in the volume with a solvation energy of

131.34 kJ/mol. The three types of charges studied have evidenced

hat the protonation in solution could occur only in the N28

tom because these charges on these atoms show negative val-

es while the three charges predict that both O atoms could be

rotonated in solution. The mapped MEP surfaces show that the

ucleophilic region is wide and is located on the O21 and N28

toms including the N16 atom while two clear electrophilic sites

re observed on the N24-H27 and N18-H19 bonds. NBO calcula-

ions support the high stability of E-MBPC in solution. The fron-

ier orbitals studies suggest low reactivity in both media, as com-

ared with the ( E )- N’ -(4-(dimethylamino)benzylidene)-5-methyl-

H -pyrazole-3-carbohydrazide derivative. The vibrational assign-

ents of 93 vibration modes expected for E-MBPC were reported

ogether with the corresponding force fields and force constants

n both media. The predicted Raman and Ultraviolet-visible spectra
ere also reported for E-MBPC at the same level of theory. Good

orrelations were obtained when the predicted 

1 H- and 

13 C-NMR

pectra are compared with the corresponding experimental ones.

n the basis of docking studies using 4AMJ protein, we can claim

he importance of considering the title compound as a biological

arget for the generation of more potent antidiabetic agent. 
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