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Abstract

New crystal, E)-N'-(4-(dimethylamino)benzylidene)-5-methy/H-pyrazole-3-carbohydrazide
(3) has been synthesized and characterized by FNMR, ESI-MS and single crystal X-ray
diffraction (XRD). The optimized molecular struatsrof free base and cationic species3pf (
in gas phase and aqueous solution, vibrationaluéeges and, corresponding vibrational
assignments have been investigated experimentadlytteeoretically by using the B3LYP/6-
31G* and B3LYP/6-311++G** methods. High solvationeegy values are observed for both
species ofJ) in solution while the NBO and AIM studies supptite higher stability of the
cationic species in solution. The high energy valie, ., ~ and4E,_. » transitions, due to the
planarity of both CH groups linked to N atom, could support the highcteities of its free
base and cationic species, as compared with nagpxamtaine and scopolamine. Complete
vibrational assignments of 105 and 108 vibratiordesoexpected for free base and cationic
species ofJ) together with the corresponding harmonic forcestants are here reported.
vitro antidiabetic and antioxidant activities were rdgdafor (). The molecular docking
studies of the title compound revealed that it reglyibit anti-diabetic activity via inhibition

of a-glucosidase PDB:3A4A enzyme.

Keywords: Pyrazole; Crystal structure; Vibrational spectogsg DFT; NBO; Antioxidant

activity; Antidiabetic activity; Molecular docking.



1. Introduction

Hydrazones, carbohydrazides and similar derivatregsesent an important class of organic
compounds of interest in the medicinal and pharonzca fields [1-11] because one of many
studies has reported that hydrazones improve ttieimor selectivity and toxicity profile of
antitumor agents by forming drug carrier systemgpleging suitable carrier proteins [5].
Other studies have evidenced that many pyrazolealees present therapeutic activity [12-
17], some are pesticides [18-20] and, other exlabitide gamma of biological properties,
such as anti-inflammatory, anti-cancer, antioxidamintidepressants, antivirals, analgesics,
anti-parkinsons, anti-alzheimer, anti-glaucoma, i-diatbetic, anti-tubercular and anti-
leishmanial [21-35]. With this background set, tie@erminations of structural, electronic and
topological properties of these pyrazole derivatiage essential to know the influence of
different groups on the structures in order to usi@ad the connections of these groups with
their biological properties. On the other hand, tiwational analyses and, in particular the
vibrational assignments of all bands observed énetkperimental infrared and Raman spectra
are of great aid to identify all species in any maed especially when these studies are
combined with theoretical calculations derived frdemsity functional theory (DFT) [36-39].

In the present work, a new crystalline derivativas hbeen synthesizedE){N'-(4-
(dimethylamino)benzylidene)-5-meth¥H-pyrazole-3-carbohydrazide3)( and, then it was
characterized by using FT-IR spectrum in the selidhse,’H- and **C-NMR spectra in
DMSO-ds solution, ESI-MS and single crystal X-ray diffraet (XRD). These experimental
studies were accomplished with theoretical DFT Waltons by using the functional hybrid
B3LYP together with the 6-311++G** basis set in @rdo predict the structural, electronic,
topological and vibrational properties in the gasge [40,41]. Taking into account the wide
range of biological activities reported for pyrazalerivatives, this new derivative was here
evaluated byin vitro anti-diabetic and anti-oxidant activities. Hentlee reactivities of this
derivative in gas phase and in aqueous solutior wezdicted by using the frontier orbitals
with the B3LYP/6-311++G** method while their behaurs in both media were evaluated
calculating some descriptors useful for compounataiaing different type of rings [42-51].
All calculations in aqueous solution were perfornveith the self-consistent reaction field
(SCRF) method by using the integral equation forsnal variant polarised continuum
(IEFPCM) and universal solvation models [52-54]eTdands observed in the experimental
infrared spectrum were assigned by using the haonforce field calculated with the
SQMFF methodology and the Molvib program at the esdenel of theory [55-57]. Here, the



main scaled force constants by using the same [@védieory were reported for this new
pyrazole derivative. Comparisons among experimestal predicted FT-IR'H- and *°C-
NMR spectra have showed reasonable concordancegathem. In addition, the interactions
of the title molecule witha-Glucosidase PDB:3A4A and antioxidant peroxiredoXin

PDB:1HD2 receptors were investigated by molecutakihg studies.

2. Experimental section
2.1.General methods

All chemical reactions were purchased Sigma-AldriBeactions were checked with TLC
using aluminum sheets with silica gel 60 F254 fridlerck. Melting points were measured
using a Buchi B-545 digital capillary melting poiapparatus and used without correction.
The FT-IR spectrum was recorded with Perkin-EImd&RTEX 70 FT-IR spectrometer
covering field 400-4.000 cf'H and**C NMR spectra were recorded in solution in DMSO-
ds, on Bruker spectrometer (300 MHz). The chemicé#tshre expressed in parts per million
(ppm) by using tetramethylsilane (TMS) as interrederence. Mass spectra were collected
using APl 3200 LC/MS/MS system, equipped with an &firce.

2.2.Synthesis

General procedure for the synthesis of (E)-N'-(4iftethylamino)benzylidene)-5-methyl-
1H-pyrazole-3-carbohydrazidg) :

Target compound3) described here was facilely synthesized accordinghe literature
procedures [58-61] (Scheme 1). To a solution ofdihyl-1H-pyrazole-3-carbohydrazidd)(

(3 mmol) in 10 mL of ethanol was added an equimokmount of the 4-
dimethylaminobenzaldehyd&)(in the presence of two drops of acetic acid. fiirdure was
maintained under reflux for 2 h, until TLC indicdtéhe end of reaction. Then, the reaction
mixture was poured in cold water, and the predipifarmed was filtered out washed with

ethanol and recrystallized from ethanol.

Yield 81 %, M.p. 259-261 °C; IR (ATR)(cm™)) : 3233 (NH), 1648 (C=0), 1602 (N=CH);
'H-NMR (300 MHz, DMSOdg, 5(ppm)): 5 = 2.26 (s, 3H, Ch), 2.94 (s, 6H, N(Ch),), 6.45
(s, 1H, H-pyrazole), 6.72 (d, J = 8.7 Hz, 2H, H-Af)46 (d, J = 8.7 Hz, 2H, H-Ar), 8.30 (s,
1H, -NH), 11.24 (s, 1H, N=CH) 13.01 (s, 1H, NH-mote) ;*C NMR: (300MHz, DMSO-
ds, 3 (ppm)): 10.78, 40.28, 105.11, 112.26, 122.33, 228140.36, 146.60, 148.42, 151.84,
158.45. MS: m/z = 272.3 (M+H)
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Scheme 1The synthetic route of compouBid
2.3.Single crystal X-ray diffraction

X-ray single crystal data were collected by usingkd (4 = 0.71075 A) radiation on a
Rigaku R-Axis Rapid Il diffractometer equipped wiéim large-area curved imaging plate
detector (460.0 x 256.0 mm), 3-circle goniometedt Aigh-frequency 5 kW sealed tube. All
calculations were performed using the CrystalStmect[62] crystallographic software
package except for refinement, which was performsithg the software package Olex1.2
[63]. The structure was solved by direct methods r@&fined in a routine manner (SHELXL)
[64]. Non-hydrogen atoms were refined anisotropycallydrogen atoms were refined using
the riding model. Molecular graphics were generégdsing MERCURY 3.9 [65] and POV-
Ray software [66]. The details of the X-ray crysiata and the structure solution as well as
the refinement are given in Table 1. A summaryeadéasted bond lengths [A] and angles [°]
are given in Table S1 (ESI). CCDC 1989792.

2.4. Computational details

The initial theoretical structure ofE)-N'-(4-(dimethylamino)benzylidene)-5-methy/H-
pyrazole-3-carbohydrazid@)(was that experimental determined by X-ray crydtth taken
from the corresponding CIF file. The optimizationgyas phase and in aqueous solution were
performed with the Revision A.02 of Gaussian09 paoy [67] and the hybrid B3LYP/6-
311++G** method [40,41]. The cationic species 8j (vas also optimized because it is
expected in solution. The IEFPCM and universal &by methods were employed in the
optimization of 8) in solution because the solvent effects are demed with both models
[52-54]. The Moldraw program was used to compugvibiumes in both media [68]. Atomic
Merz-Kollman (MK) [69] and natural population ansily (NPA) charges, molecular
electrostatic potential (MEP) and stabilization rg;yewere predicted with the version 3.1 of
NBO program [70,71] while the topological propesti@ere computed by using the AIM2000
program [72]. The mapped MEP surface 8j (vas generating with the version 5.0 of
GaussViewprogram [73] while the normal internal coordinategether with the SQMFF

methodology and the version 7.0 of Molvib progrdis-p7] were employed in the vibrational



study. To perform the assignments, only potentrergy distribution (PED) contributiors
10 % were considered. The predicted Raman spedimuthe gas phase in activities was
corrected to intensities with the equations suggkst the literature [74]. The Ultraviolet-
visible spectrum was also predicted in aqueoustisallby using the Time-dependent DFT
calculations (TD-DFT) [67] by using NStates=100 &nel B3LYP/6-311++G** method. The
predicted*H- and **C-NMR spectra in solution by using the GIAO metH@8] with the
hybrid B3LYP/6-311++G** method were compared withose experimental obtained in
DMSO-ds solution. Finally, the reactivities and behaviowf (3) in both media were
predicted with the frontier orbitals calculated lwihe B3LYP/6-311++G** level of theory.
From the difference between both orbitals were admeyb the gap values and the chemical
potential f;), electronegativity x), global hardness ), global softness S, global
electrophilicity index ¢) and nucleophilicity indexes descriptors [36-39,42-51].

2.5. Antidiabetic activity

Thea-glucosidasef}-galactosidase angtamylase inhibition assays were conducted according

to previously reported protocols [31, 76].
2.6. Antioxidant activities

The antioxidant activities of the title compoundreveéleterminedn vitro by 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenziaizoline-6-sulphonic acid (ABTS) and
ferric reducing antioxidant pow@fRAP) methods according to the procedures destiie

our previous work [31].

3. Results and discussion
3.1. X-ray crystal structure description

The compound3 was analysed by single crystal X-ray diffractiohhe summary of
crystallographic information is listed in Table The compound3 crystalized in the
monoclinic space group2;/c. The molecule is almost planar and forms dihedrajles
between the central plane of the carbohydrazideety@nd the plane of the pyrazole ring
(6.64) or the plane of the benzene ring (12)6@he unit cell contains four molecules. The
crystal packing (Figure 1) shows that two by twolecales are arranged in parallel plans
within a distance of ~10.2A and there are no suptecular interactions between them.
Crystal packing foB alonga, b andc axes are shown in Figures S1-S3.

3.2. Optimization geometry and properties in both media



Calculated total and corrected by ZPVE energigsmldimoments and volumes &){N'-(4-
(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazide3)( as free base and
cationic species in gas phase and in aqueous @olate presented in Table 2 by using the
B3LYP/6-311++G** and B3LYP/6-31G* methods while tligeoretical optimized structure
for the free base can be seen in Figure 2 togetitér the atoms labelling. The cationic
structure is presented in Figure S4. The phengl isndentified as R1 in those two species of
(3 while R2 is designed to the pyrazole ring. Thalgses of the results show a very
important contraction in the volume aB)(as free base in aqueous solution and a strong
increase in the dipole moment value is also obsewith the B3LYP/6-311++G** method.
On the contrary, an expansion in the volume of fbase of 8) in aqueous solution is
observed with the other method and a slight dirhinig in the dipole moment value while the
cationic species with the B3LYP/6-31G* method rdseadecrease or contraction of volume
in aqueous solution. The expansion or contractiownlume observed for both species 8f (

in solution can be easily attributed to the presesfcgroup donors of H bonds, such as the O
and N atoms and, to the presence of acceptors Kotbg in the structure oB). Here, the
formations of H bonds in solution justify the vdidams of those two properties in solution
becauseq) is clearly a weak base. Table S1 shows the valtibkilliken, Merz-Kollman and
NPA charges, molecular electrostatic potentials PMENnd bond orders, expressed as Wiberg
indexes of free base a)(in gas phase and in agueous solution by usingrB36-311++G**
level of theory. In general, we observed that the &hd NPA charges present practically the
same signs on the five N atoms and the only O dtointhe values are different between them
and different from the Mulliken charges. Howevere tNPA charges practically do not
present changes in solution, as compared with threegponding values in gas phase.
Regarding the atomic charges in solution, it iseobsd that the cationic species 8§ ¢ould

be formed by the protonation of N11 and N23 atootghe higher Mulliken charges predict a
higher value on N11 atom while the MK charges predi most negative value on N23 (-
0.493 a.u.) than the corresponding to N11 (-0.24b) andicating, this way, that the
protonation could occur in the N23. Here, the dalions performed for both probable
cationic species have shown all positive frequenaiben the optimized cation is protonated
in the N23 while two imaginary frequencies are ol#d when the cation is protonated in the
N11. Consequently, the cationic species 3)fi( solution indicate the protonation of N23

atom.



Other interesting property studied here f)rdre the molecular electrostatic potentials (MEP)
calculated from the MK charges [69] on the N andt@ms whose results are given in Table
S1. Analyzing the MEP values on those atoms obdiafaethe free base oB) by using the
B3LYP/6-311++G** level of theory it is observed feghanges in solution, but when the
mapped MEP surface is evaluated f8)i(i gas phase with the other basis set from Fi@fre
different colorations are clearly observed on udgace. Thus, the strong red colours on the
016, N11 and N23 atoms indicate nucleophilic sitdesle on the H14 and H22 atoms that
belong to the N13-H14 and N19-H22 bonds are obdebhge colours that clearly indicate
electrophilic sites. Hence, reactions with potdngiectrophiles or nucleophiles biological

reactive take places on those two important reaites.

If now, the bond order (BO), expressed as Wibedgxnare analyzed foB) from Table S1, it

is observed that N19 atom presents the higher valbeth media because this atom is linked
to the most labile H22 atom and, for this reasbe, gtrong blue coloration on the mapped
MEP surface it is observed on this atom. In gendhad values for all atoms decrease in
solution with exception of BO for the N11 and N28ras which increase in this medium due

to the hydration with water molecules.

Taking into account the changes predicted f)ri solution, corrected and uncorrected
solvation energies by the total non-electrostagrens and by zero point vibrational energy
(ZPVE) of free base and cationic species &f jy using the B3LYP/6-311++G** and
B3LYP/6-31G* methods are compared in Table 3. Campas of corrected solvation energy
(AG,) for those two species oB)(with those predicted for the free base and catispecies

of naloxone [77], cocaine [78] and scopolamine [@@lusing the B3LYP/6-31G* method are
shown in the same table because these three sgbcessimilar solvation energy values in
aqueous solution although they present differeoliolgical properties. On the other hand, the
structure of 8) has two CH groups in the N33 atom, as also is observed irsthetures of
cocaine [78] and scopolamine [79] but, 8) that N23 atom has $jybridization, different
from the other compounds with*spybridization and only one GHyroup. On the contrary,
naloxone also presents the N atom iftsybridization but linked to an allyl chain andtteo
CH, of ring [77]. Structures of compared compounds lvarseen in Figure S6. Probably, the
sp? hybridization of N23 atom in3j could justify the differences in the biologicabperties
observed for this species, in relation to the ott@mpared species [77-79]. Despite the
calculations were performed with different methotihe values show thaB) as free base
presents a highexG, (-117.85 kJ/mol by using the 6-31G* basis set &t.50 kJ/mol by



using the other basis set) than the other onesewhi cationic species evidence higher
values, as expected because these species aredthad) for these reasons, they are hydrated
in solution. Note that the cationic species of §8sents &\G; value between the naloxone

and scopolamine species.
3.4. Geometrical parameters

The optimized geometrical parameters Bj-N'-(4-(dimethylamino)benzylidene)-5-methyl-
1H-pyrazole-3-carbohydrazid8)(as free base in gas phase and aqueous solutiasiryy the
B3LYP/6-311++G** method are presented in Table 4etber with the corresponding
experimental ones determined in this work. Rootsmeguare deviation (RMSD) values are
also included in that table to evaluate the diffiees between theoretical and experimental
results. Hence, good correlations are observetddnd lengths and angles with RMSD values
between 0.018 and 0.012 for bond lengths and ofahdB 1.2 for bond angles. The higher
deviations are clearly observed for dihedral andlesause the C1-C12-N11-N13 dihedral
angle in gas phase presents a negative value whé@ge at positive in solution, in
accordance to experimental one. On the contraeyCtt2-N11-N13-C15, N13-C15-C17-N23
and C15-C17-N23-N19 dihedral angles are prediateldoth media with negative signs but
experimentally they have positive signs and diffienealues. A contrary resulted is observed
for the other two N13-C15-C17-C18 and 016-C15-CPBNMihedral angles because they are
predicted in both media with positive signs andezkpentally both present negative signs
and different values. Evidently, the changes inghemetrical parameters d@)(in solution
are related to its hydration and to high solvatmergy observed in this medium. The good
correlations evidenced in the bond lengths andesnglespite the differences observed in
some dihedral angles, indicate that the optimizadcaires of 8) in both media by using the
B3LYP/6-311++G** method can be used to perform thbrational analysis and the
determination of force fields in the two media.

3.5. NBO and AIM studies

The study of stability of3) in both media is a very important factor takimgpi account that
structurally this species presents acceptors amwbrdogroups and, also reveais vitro
antidiabetic and antioxidant activities. Both NB@daAIM calculations are tools useful to
investigate the presence of different interactibysusing respectively the Second Order
Perturbation Theory Analysis of Fock Matrix in NB&asis and the topological properties

according to the Bader’s theory of atoms in molesUAIM) [70-72]. In the first study the



version 3.1 of NBO program was employed [70]. Hemaain delocalization energies for the
free base of3) by using the B3LYP/6-311++G** method in gas phase aqueous solution
are summarized in Table S2. The evaluation of tesliows that for3) in gas phase are
observed only four interactiondE . ;+, 4E.p _ &, 4E p_ » and4E+ _  interactions with low
energy values while in solution théE, . interaction together with other two additional
AE,_» and 4E, . » transitions with surprisingly high energy values abserved. In these
two latter interactions are involved transitionsboth rings and of N33 atom with both ¢H
groups. Hence, in total six interactions are obsegfor @) in agueous solution. Therefore, the
total energy value highly favours to the free bat€3) in solution whose value justifies its
high solvation energy value and high stability iater. Probably, this resulted indicates that
the free base species @) (s as a cationic species in solution becausehydrated.

NBO analyses have shown high stability 8fif solution, as compared with the values in gas
phase and, for this reason, the presences of ottegror intra-molecular interactions of free
base should be investigated in both media by usiagopological properties, according to the
Bader’s theory [71]. To perform these calculatiotig version 2000 of AIM program was
used [72]. Hence, in Table S3 is presented theysisabf the electron densityy(r), the
Laplacian values;?a(r), the eigenvalue§il, A2, A3) of the Hessian matrix and, thel|/A3
ratio calculated in the Bond Ciritical Points (BCBall Ring critical point (RCPs) for the free
base of E)-N'-(4-(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazide3)(

in gas and aqueous solution phases by using they B&-311++G** method. These results
show that in gas phase only the two expected RGFRihg 1 (R1) and RCP2 of ring 2 (R2)
are observed while two Bond Critical Points (C4-H531 and C7-H8---H35) and two new
Ring critical points (RCPN1 and RCPN2) appear ifutsan. Obviously, those two BCPs
present the characteristics of an interaction ianibighly polar covalent wher&l/A3< 1 and
0%0(r) > 0 (closed-shell interaction). In Figure 3 can bensibe molecular graphics o8)(in
agueous solution showing the two BCPs C4-H5---H81 @7-H8:--H35, two RCP1 and
RCP2 and, the two RCPN1 and RCPN2. The present®coBCPs in solution predict the
high stability of @) in this medium, as also was predicted by NBOwatwns.

3.6. Vibrational study

Both B3LYP/6-31G* and B3LYP/6-311++G** methods hawgtimized the structures of free
base and cationic species 8f (h gas phase and aqueous solution Witlsymmetry and due

to the presence of 37 atoms in the structure &f ii@se 105 vibration modes are expected for

10



this species while for the cationic one are exged@8 vibration modes. The vibration modes
of both species present activity in both spectre &xperimental FT-IR spectrum of the title
compound was recorded in a solid state using teflee (ATR) mode. A comparison of
experimental ATR spectrum of free base 8f i the solid phase with the corresponding
predicted for free base and cationic species inplf@se by using the B3LYP/6-311++G**
method can be seen in Figure 4. The group of IRIb&etween 2867 and 2633 tiogether
with the decreasing in the intensity of IR bandl@42 cmi* attributed to C=O stretching
mode, predicted with high intensity by SQM calcuaas, could probably justify the presence
of cationic species oB]. According Figure 4, the predicted ATR spectruneationic species
shows higher and lower intensities of bands astatiespectively to the stretching modes of
N-H group of pyrazine ring and C=0 bond. On theesotiand, the higher number of predicted
IR bands in approximately the same 4000-2000 afi)-®0cni* regions could also support
the presence of cationic species in the solid pHagbe determination of force fields for the
two species of3) the normal internal coordinates were employectttogy with the SQMFF
methodology and the version 7.0 of Molvib prografb-p7]. In the assignments, only
potential energy distribution (PED) contributiors10 % were considered. The predicted
Raman spectra for those two species in the gasepimasctivities were transformed to
intensities and both are observed in Figure S7sé&hemnsformations were performed with
the equations suggested in the literature [74]Téble 5 are summarized observed and
calculated wavenumbers and assignments for thebfiee and cationic species 8j {(n gas
phase by using the B3LYP/6-311++G** method. A bufcussion by regions is presented

below.

Band Assignments

4000-2000 crit region. This region is typical of N-H, C-H and GHtretching modes. Here,
the free base presents two N-H stretching modesligted at 3494 and 3348 &nwhile for

the cationic species are expected three N-H sirggamodes at 3401, 3316 and 2889'tm
where this latter band is attributed to N19-H22 doh pyrazine ring. In the cationic species,
the N19-H22 stretching mode is predicted very iséeim gas phase by B3LYP/6-311++G**
calculations. In heterocyclic compounds, the N-idtshing vibrations appears strongly in the
region 3500—3000 crh [36,50,80]. Pillai et al. [81] have reported NHesthing bands at
3517 cnt for pyrazole and at 3388 ¢hfor carbohydrazide (-CONH-N=). In the present
study, the FT-IR band appears at 3232 dsassigned to N—H stretching modes of vibrations

for pyrazole and carbohydrazide, respectively. Tl stretching vibrations of aromatic
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rings give rise to bands in the region 3200-3000 @maromatic compounds [38,43-48,77-
80]. The C-H stretching modes for the two species @edicted by SQM calculations in
approximately the same regions and, for these nsadbe ATR bands between 3141 and
2633 cnt* are assigned to these vibration modes. Here,ahd &t 3116 crhis assigned to C-

H stretching vibrations of pyrazole ring, whichinsgood agreement with the values reported
for pyrazole derivatives [81]The CH stretching modes for para-substituted bexxere
found in the region 3100-3000 &nj43-48,77-80]. The series of IR bands between 3026
2915 cnit were assigned as CH stretching modes of the 4tHjf@eninobenzyl ring. The C-

H stretching mode of azomethine appears as a waak kAt 2867 ch in the infrared
spectrum. Methyl stretching vibrations are obserivethe region 2975-2765 ¢h{36,43,45-
47,49-51,77-80]. Note that in the cationic spedhles symmetric Chl stretching modes of
three groups are predicted at 2810, 2796 and 27WY6 while for the free base are not
predicted bands in this region, for these reasthespresence of cationic species in the solid
phase could be clearly justified with the experitaéfR bands at 2806, 2723 and 2633'cm
The presence of an adjacent group such as a Nator® can result in a significant frequency
shift in the methyl (Ch) in-phase stretch to lower frequency. Due to thseace of
experimental Raman spectrum the symmetries of spporeling CH stretching modes were

not confirmed.

2000-1000 crit region. In this region are expected the C=0, C=C, C-C @rd stretching
modes, deformation and rocking modes of NH, CH @rld groups and, some deformations
of pyrazole and 4-dimethylaminobenzyl rings carm d&s observed. The C=retching mode

is usually one of the most representative in ararefl spectrum, it appears in a wavenumber
region relatively free of other vibrations (1800006cm?) [45-47,77-79]. This mode was
assigned at 1691 c¢hby Pillai et al. [81]. In our study, the SQM cadkiions predict that
stretching mode in the free base as an intense &ahfl1 crit while in the cationic species
this mode is also predicted intense at 1604 .c@n the other hand, the C7-H8 in-plane
deformation mode in free base is predicted withbd®intensity, as compared with the C=0
vibration, according Figure 4. However, such predic is no experimentally observed
probably due to the inter-molecular hydrogen baoetsveen N1-H1: O1li, as determined in
the experimental structure. Here, it is necessagyarify that the theoretical calculations were
performed in the gas phase where the packing fovee® not considered, hence, the
differences among the predicted spectra and thesmonding experimental one. Then, the
C=0 stretching modes for both species can be ass$ignthe strong IR band at 1648tm
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The C=C stretching of both species are predictégidmn 1611 and 1502 ¢hhence, these
modes are assigned to group of intense IR banagebat 1648 and 1522 ¢mPillai et al.
[81] have reported the stretching vibratior®=N at 1553 crit andvN-N at 1108 crit in
pyrazole derivative while in the carbohydrazide tbeN and C-N stretching bands are
expected in the range 1672-1566 tand 1275 + 55 cih respectively [82]. Therefore, the,
intense bands observed at 1611 and 1549 @ra assigned to C12=N11 stretching modes of
free base and cationic, respectively. In the fragebthe C-N stretching mode is assigned at
1549 cntt and C-N stretching mode is assigned at 1250.cPhe N-N stretching mode has
been reported at 1118 €nby Sheejat al. [82] at 1066 crit by Govindarasiet al.[83] and,

at 1156 crit by Freitaset al.[84]. The N19-N23 and N11-N13 stretching modeshia free
base and cationic species 8f are assigned respectively at 1170 and 1062 andl, at 1182
and 1020 cm, as predicted by calculations. In the cationiccimethe N11-N13 stretching
mode can be also assigned to the very strong IR bBari128 cnf because in that position

this mode is observed coupled with other vibratiwode.

In para substituted benzene, the C-H in-plane lgndr deformationsp) vibrations are
observed in the region 1400-1000 tmnd are usually of medium to weak intensity [36,49
51,77-79,81]. Here, some bands due to C-H in-plaeding vibration in both species
interact somewhat with other vibrations and they ba assigned to the bands in the region
between 1475 and 1136 ¢ The N13-H14 in-plane deformation corresponding to
carbohydrazide group in both species is predictddgher wavenumbers than the other N19-
H22 and N23-H38 ones. Hence, the IR bands at 154@8 and 1255 cthare assigned to

those vibration modes.

The deformation and rocking modes of the ;Gifoups in both species can be assigned
respectively to the IR bands observed between 1888/and 1158/961 chas predicted by
calculations and as observed in compounds withairgroups [45,47,50,78,79].

1000-10 cn region. In this region, the C-C and C-N stretching mod4${ and N-H out-of-
plane deformations, deformations, wagging and imgsinodes of C=0 group, twisting GH
and deformations and torsions modes of both pyeaaotl 4-dimethylaminobenzyl rings are
expected. These vibration modes were assignedgtakio account the SQM calculations
performed here and by comparison with assignmemtssimilar species [18-25,34-44]. A
detail is presented in Table 5. The Ca@plane deformation and the out-of-plane
deformation are expected in the regions 625 + 50 + 80 crit, respectively [81]. Here,
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the IR bands observed at 904 and 742" are assigned to these modes corresponding to free
base while these modes for the cationic speciepradicted at 667 and 362 ¢pfor which,
they can be assigned in this region.

The out-of-plane CH deformations are observed batv@0 and 600 ci36,37,39,45,48-
51,77-80]. Generally the CH out-of-plane deformasiaypical for para substituted benzenes
are assigned in the 840 + 50 tmegion [83]. In the present work, these vibratioodes in
the both species can be associated to the IR lbsgsved between 983 and 765 cwhile

the corresponding N-H out-of-plane deformations @redicted and assigned to the bands
observed between 734 and 501 tihe remaining vibration modes are assigned withén

characteristic region and reported in Table 5.

3.7. Force Fields

The character of different bonds can be also datsibyi the harmonic force constants and, for
these reasons, for free base and cationic spec(@} thhese parameters were calculated from
the corresponding harmonic force fields expresseadternal coordinates. Hence, the SQMFF
procedure and the Molvib program were employedJ%p-In Table 6 those constants for
both species in gas phase by using the B3LYP/6-8Gt* method were compared with the
reported for the free base and cationic speciesatiixone and scopolamine in the same
medium by using the B3LYP/6-31G* method [77,79].n@xaring first both species dB)( in

the cationic species it is observed that due tatiaddl N23-H38 bond the value of its force
constant obviously decreases from 6.42 mdyhi the free base to 5.72 mdyr*An the
cationic one. Also, th§ 1C=0) force constant in the cationic species decreasespmpared
with the corresponding to the free base. This dBfiee in the value can be clearly attributed
to the bond lengths between both involved atomsusez in the free base the predicted C=0
distance is 1.209 A while in the cationic ones 848 A. Comparisons with the other two
species show that the free base 8f resents approximately the same value than that
observed in scopolamine. On the other hand, the&-H)z, force constant of 4-
dimethylaminobenzyl ring in the two species 8j have practically the same values than
those observed for naloxone and scopolamine whigef(C-H)g, force constants for the
pyrazole ring decrease slightly in the cationiccsg® in relation to the free base [77,7B)e
f(IN-CHg) force constants have practically the same valueboih species of3] but in
naloxone and scopolamine the values change betaus#ionic species are formed in the N
atom that contain the GHyroups [77,79]. Note that tH@/C-N)chain force constant of cationic
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species presents a lower value than that obseoreithd free base, indicating this way, that
the carbohydrazide group is influenced by the N&8Hond. In the same way, t{eC-N),
f(UN-N)g, f(UN-N)chain and f(LC=C)r, force constants change in the cationic when they ar
compared with the corresponding to free base. Etiglethe f(UN-N): force constant (3.90
mdyn A% in the cationic species is most influenced tf{@N-N)ain force constant of
carbohydrazide group (6.73 mdyn™A as expected because the N23-H38 belong to pigrazo
ring. Moreover, the cationic species generate eease in thd(VC=C)g, force constant of
pyrazole ring, as compared with the correspondimg(C=C)g; force constant of 4-

dimethylaminobenzyl ring.
3.8. Ultaviolet-visible spectra

The electronic ultraviolet-visible spectra of frease and cationic species 8) (n aqueous
solution were also predicted by using the B3LYP18-8+G** method. The electronic spectra
predicted for those two species can be seen inr&ig§8. The predicted spectrum for the free
base shows a maximum at 343.6 nm with a shoulderain268.4 nm while for the cationic
form the maximum can be observed in c.a. 225 nne iAtense observed band in the
spectrum of free base and, expected for the catmme, can be assignedrto. Tt* transitions
due to the presence of C=C double bonds of botazoye and 4-dimethylaminobenzyl rings
and to carbohydrazide group and, also can be asbigm n-1t* transitions which are
predicted for the two species by NBO calculatidagijre S9). In the UV-visible spectrum of
cationic form thet- 1 and n- 1t transitions are predicted with low intensitiescasnpared
with the intense band attributed ¢o- o* and o 1t* transitions by using NBO analyses.
Here, the high values of these latter two transgipredicted for the cationic species overlap
to thert— 1* and n- 1* transitions. On the other hand, the shoulder ofegkin the predicted
UV-Vis spectrum for the free base in aqueous smtutiould be attributed to the cationic form
because it species is also expected in solutioesdlassignments for both species are in
agreement with those reported for species con@gsimilar rings [45-47,51].

3.9. NMR studies

The 'H and *C NMR spectra of the title compounds were obtaibgdusing TMS as an

internal standard and DMS@-as solvent. BotttH and*C NMR spectra can be seen in
Figures S10 and S11, respectively while the chdmsluéts are summarized in Tables 7 and 8
compared with the corresponding theoretical onegHe free base and cationic species in
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aqueous solution by using the B3LYP/6-311++G** @BENO methods [75]. ThéH NMR
spectra corresponding to compour8] &re presented in Figure S10, respectively. e
NMR spectra of the title molecule displayed a twwmkets até 2.26 and 2.94 ppm due to ¢H
and N(CH), protons, respectively. The chemical shifts of pgtazproton (C4-H) appear as a
singlet ats 6.45 ppm. The chemical shifts of the phenyl pretappeared as two doubletat
6.72 and 7.46 ppm. The chemical shifts of the azbme (N=CH) and amide (NHCO)
protons appear as a singlet at 8.30 and 11.24 mspectively. The chemical shifts of NH
pyrazole proton appeared as singletsal3.01 ppm. The®*C NMR spectra of the title
compound showed the chemical shifts of C=0 aréb8t4b ppm. The signals at 148.42 ppm
are clearly assigned for azomethine group (N=CHnubal shifts. The signals at 105.11,
146.60 and 151.84 ppm are assigned for pyrazoleonar while that the aromatic carbon
chemical shifts of the compound occurred in thegeanf 112.26-140.36 ppm. In general,
good correlations with low RMSD values are foundewtihe theoretical chemical shifts for
free base are compared with the corresponding emeetal ones by using the root-mean-
square deviation (RMSD) values. However, for théoo& species are observed higher
RMSD values than those predicted for free bases, tthe lows value predicted fos of H22
(2.8 ppm) could be attributed to H bond formatiorsolution while the high RMSD value of
the chemical shifts of C atoms in the cationic sgees due t@ of C17 (108.2 ppm) probably
because it atom is linked to N23 atom which cowdglotonated in aqueous solution.

3.10. ESI-MS study

The ESI-MS spectra show molecular ion peaks witk wdlues 272.2 correspond to the
molecular weight [M+H]. The m/z value 294.4 correspond to the sodiatetbcutar ion
peak [M+Na] (Figure S12). These values are in good agreemétft the proposed

composition for the title molecule {§41/Ns0).
3.11. Hirshfeld surface analysis

The Hirshfeld surface analysis of the (E)-N'-(4afdthylamino)benzylidene)-5-methyl-1H-
pyrazole-3-carbohydrazid€) was performed with Crystal Explorer 3.1 progrand][8o

determine the possible molecular packing, intra dntermolecular hydrogen bond
interactions in the structure. Additionally, thishadysis allows the visualization of
intermolecular interactions by such as red, blug white different colours [86, 87]. As an
input file in the program, Crystallographic Infortiza File (cif*) of the compound was used.

In Figure 5 was indicated,gnmapped on Hirshfeld surface for visualizing theerabntacts
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of the title compound and.gn value was obtained as -0.2548 (red points) to4U24.u.
(blue colors). As seen from the Figure 5, the daxk points near the C, O, N atoms result
from C=0...H interactions with 2.273 A and 2.782 Adax-H...N interactions with 2.337 A

were observed and these regions have a signifio@nin the molecular packing.

Additionally, the two-dimensional fingerprint plotaith their relative contributions or
percentage contributions to the Hirshfeld surfaeeenshown in Figure 6. The most important
interactions were determined with-HH (51.2%), C--H/H---C (18%), N:-H/H---N (12.4%),
O-*H/H---O (11%), and N-C/C--N (5.6%) contributions. Lastly, the percentage
contributions of other intermolecular contacts lass than 2% in the Hirshfeld surface.

3.12. Antidiabetic activity

Inhibition of a-glucosidase and-amylase can retard carbohydrate digestion, thusig a
reduction in the rate of glucose absorption inte tHood. Therefore, inhibition of these
enzyme activities in digestive organs is considéoelle a therapeutic approach for managing
diabetes (type 2)B-galactosidase is a tetrameric enzyme of historaadl scientific
importance. Moreover, the hydrolysis of lactoseegigalactose and glucose. Intramolecular
galactose transfer yields allolactose, the natadhicer of the lac operon. In the context, the
title compound was evaluated in vitro againsjlucosidaseg- amylase an@-galactosidase.
The result summarized in Table 9 and compared ¢ordierence drug Acarbose and the
phenolic compound Quercetin.

From the observed results in Table 9, ihevitro a-glucosidase inhibition study shows that
the producB3 show a better activity for a concentration of OBl with percent inhibition of
79.83%, higher than that of the Acarbose as a erber (29%). The results of the
galactosidase test reveal that the title compouasl & good inhibitory activity with a
percentage of 64.6%, comparable to that of Quer¢68%) for a concentration of 3.30 mM.
For the alpha-amylase inhibition test, the resolitained show that the compouBdave a
mean inhibitory activity (20.51%) relative to theea#bose with a percentage of 36% for a
concentration 3.53 mM.

3.13. Antioxidant activity

The antioxidant activity of the synthesized compmb@nhas been systematically evaluated
using three different assays at 3.70 mM. The saerecapacity is determined by measuring
the decrease in the absorption of the DPPH and ABd&als, and the results are expressed

as Trolox equivalents (TEu§ TE / mg of compound). Meanwhile, we have alsduatad
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the ability of synthesized compounds to reduc& e F€* by using the Ferric Reducing
Antioxidant Power (FRAP) test. These three assagsnainly used to measure the direct
involvement of the compound in improving the prignantioxidant activity.

One of the most widely used methods for evaluatiogl antioxidant activity is the
determination of DPPH% trapping activity by its pim rapid, sensitive and reproducible
procedure. The DPPH reagent allows us to detertmedntrinsic capacity of a substance
having groups (RH) such as -NH to give a hydrogeEmaor electrons. In our study, the
results are expressed as Trolox equivalents (lG) ET / mg of compound), the tile
compound3 present a promising free DPPH scavenging capadity 3.65 trolox equivalent
(Table 10).

The ABTS method is based on the ability of hydrogerelectrondonating antioxidants to
decolorize the performed radical monocation of
(2,2-azino bis(3-ethyl-benzthiazoline6-sulfonic acid) generated due to oxidation of ABTS
with potassium persulfate. The radical scavenginiitias showed by the tested compounds
towards this assay typically revealed that, thke tiholecule3 exhibit moderate radical
scavenging ability, expressed as trolox equival@usTrolox/mg of compound) with value
5.02 trolox equivalents, respectively. Subsequemtly also evaluated the capacity of the
synthesized compounds for reducing®e F&* by employing the ferric reducing antioxidant
power (FRAP) test. The compouBddisplays the higher effect in reducing ferric &rbus
iron, expressed as ascorbic acid (AA) equivalengsAA/mg of compound) reaching more

than 7.03 ascorbic acid equivalents (Table 10).
3.14. Frontier orbital and descriptors

The frontier orbitals studies of3) are of great importance due to the antidiabetid a
antioxidant activities that this synthesized spedias revealed. Hence, the gap energies in
both media were calculated for the free base from differences between the highest
occupied molecular orbital (HOMO) and the lowesbecupied molecular orbital (LUMO) by
using B3LYP/6-311++G** level of theory [42]. Thenthe chemical potential yj,
electronegativity ), global hardness;), global softnessS), global electrophilicity indexd)

and global nucleophilicity index (E) descriptorsrev@lso computed because these parameters
are useful to predict the chemical reactivity ameelc stability of these species [36-39,43-
51]. Thus, a low gap value indicates that the gsepresents high chemical reactivity and low
kinetic stability [42]. InTable S4are presented HOMO and LUMO orbitals, gap values a

descriptors for free base dd)(in gas and aqueous solution phases by using 8 IP/6-
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311++G** method. The values for the free base3fwere compared with those reported in
gas phase for the same species of naloxone, coaathecopolamine in gas phase by using
the B3LYP/6-31G* method [77-79]. Regarding the tesstor (3) in both media we observed
a slight increases in the reactivity of free bas€3pin water and comparing with the values
for the other three species, clearl8) (is most reactive than naloxone, cocaine and
scopolamine. The scopolamine species is the lesstive while the free base 08B)(in
aqueous solution has higher reactivity. The forarabf cationic species of8) in solution
could justify the high reactivity due to its highstability in solution, as suggested by NBO
and AIM calculations. Probably, the higher reatyivof (3) and its antioxidant and
antidiabetic activities can be attributed to N@gEHgroup because both Glgroups are planar
in (3) with the N33 atom in Sphybridization, different from the other comparexnpounds.
Hence, the higher reactivity o8)(in water is in agreement with the higher solvatemergy
values of free base and cationic species in saolutio relation, to the descriptors it is
observed that both global electrophilicity)(and global nucleophilicity (E) indexes present
higher and lower values, respectively B),(as compared with the naxolone, cocaine and
scopolamine [77-79]. These differences probablyccbe related to the dispositions planar of

two CH; groups in 8) while in those three alkaloids are no planar.
3.15. Molecular docking

The docking computations are very important techesgin structure-based drug design and
this method can estimate the binding-conformatiaadenwithin the target protein [88, 89]. In
this section, firstly having medical and pharmagaal importance (E)-N'-(4-
(dimethylamino)benzylidene)-5-methyl-1H-pyrazole&bohydrazide (3) molecule was
optimized with B3LYP/6-311++G(d,p) method/basis aatl was recorded as Protein Data
Bank (PDB) format. In second step, the target jpmetd°’DB:3A4A (-Glucosidase) and
peroxiredoxin 5-PDB:1HD2 (antioxidant) were ideietif with the help of literature and
experimental activity study and they were obtairfemn the Protein Data Bank [90].
Additionally in the proteins water molecules andfactors were cleaned and recorded PDB
format. Here the PDBQT formats of ligand and twoteins were prepared with Discover
Studio Visualizer 4.0 (DSV 4.0) software [91]. TAatoDock Vina program [92] was used
for molecular docking calculations. The dockingutes obtained during this research were

evaluated and were described as follows:
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In the first instance, the active sitesoe6Glucosidase protein-PDB:3A4A were determined as
ARG442, ASP352, HIS351, GLU277, VAL216, ASP215, ARG, PHE178, PHE159,
HIS112, TYR72, ASP69, ASP38, TRP36, ASP34, ASN32 A8P30 and according to these
active residues the grid boxes were determined eagrec x=33.212, centre_y=-9.817,
centre_z=22.508, size_x=88, size_y=46, size_z=pacisg=0.375. The obtained docking
results for 8)-PDB: 3A4A were given in Table 11 and Figure 7. rRrthe experimental
activity and theoretical docking results, the bestults were observed in the interaction
between (E)-N'-(4-(dimethylamino)benzylidene)-5-hyktlH-pyrazole-3-carbohydrazidés)
molecule anda-Glucosidase protein-PDB: 3A4A. According to theedretical affinity
binding energies, the best binding was determinigld w.9 (kcal/mol) energy and active two
hydrogen bonding. These two active hydrogen borsdmegre seen between ASP215 and H3
atom with 2.03 A bond distance, between ARG442 @fmicatom with 3.11 A bond distance.
Additionally van der Waals, attractive charge, carhydrogen bonds-cation,n-anion,n- n-

T shaped and-alkyl interactions were determined from the Figire

In the second instance, the active sites of ardant peroxiredoxin 5 protein PDB:1HD2
were determined as LEU149, THR147, GLN133, ARG18FER118, SER115, ASP113,
LYS93, GLU91, ALA90, GLN68, GLY66, ALAG4, LYS63, CS47, GLY46, PROA45,

THR44, PRO40 and according to these active resithegrid boxes were determined as
centre_x=10.129, centre_y=38.905, centre_z=22.B#de x=80, size y=82, size z=112,
spacing=0.375. Similarly, the obtained docking lssior (3)-PDB: 1HD2 were presented in
Table 11 and Figure 8. According to the affinitynding energies, the best binding was

determined with -6.2 (kcal/mol) energy and 1 actwe 1 non-active hydrogen bondings.

The active hydrogen bonding was observed betweed68land H3 atom with 2.07 A bond
distance, and non-active hydrogen bonding was wvbddretween GLN92 and N7 atom with
3.11 A bond distance. Additionally, van der Waaarbon-hydrogen bona-cation andn-
anion, interactions were also determined from tigeiie 8.

Finally, the inhibition constants foB)Y and PDB:3A4A and3)-PDB: 1HD?2 interactions
were calculated as 1.6190#M and 28.5343uM, respectively by using Ki=expG/RT)
equation, whereAG, R and T are the docking binding energy, gasteong1.9872036x1%
kcal/mol) and room temperature (298.15 K), respetti From the molecular docking results
of in silico antidiabetic and antioxidant, it is mmuded that (E)-N'-(4-
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(dimethylamino)benzylidene)-5-methyl-1H-pyrazole&bohydrazide(3) molecule can be

designed as potential antidiabetic agent .

4. Conclusions

Synthesis, crystal structure data, antioxidant amdidiabetic activities of K)-N'-(4-
(dimethylamino)benzylidene)-5-meth¥H-pyrazole-3-carbohydrazide3)( are reported. The
compound was experimentally characterized by us$iiglR, NMR, ESI-MS and single
crystal X-ray diffraction (XRD). The molecular sttures of free base and cationic species of
(3) were determined theoretically in gas phase ang@as solution by using B3LYP/6-31G*
and B3LYP/6-311++G** methods. High solvation energglues are observed for both
species ofJ) in aqueous solution while the NBO and AIM studsepport the higher stability
of the cationic species in solution. The high egergluesdE, . » and4E,._ » interactions
that involve transitions of both rings and of N3®m with both CH groups, due to the
planarity of both CH groups linked to N atom, could support the highctwities of its free
base and cationic species, as compared with nagpxoocaine and scopolamine. The
harmonic force fields for both species were rembtteether with the complete vibrational
assignments of 105 and 108 vibration modes expeetgabctively for free base and cationic
species ofJ). The harmonic force constants of free base atidria species of3) were also
reported together with the Raman spectra for the gpecies and their electronic spectra in
agueous solution. In addition, the frontier orlstatudies have evidenced high reactivity of
both species of3) which justify its significant antioxidant actiyit whilst showed the best
activity againsta-glucosidase higher than that acarbose, and shaegdity againsta-
amylase similar to Quercetin. Finally, The molecwdacking studies of the title compound
revealed that it may exhibit anti-diabetic activitia inhibition of a-glucosidase PDB:3A4A

enzyme.
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Caption Figures

Figure 1. Single crystal X-ray molecular structure of (EXM*(dimethylamino)benzylidene)-
5-methyl-1H-pyrazole-3-carbohydrazid8).( Thermal ellipsoids representation with 50%
probability. Olex and POV-Ray representation.

Figure 2. Theoretical molecular structure of free base ofE)-N'-(4-
(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazide3)( atoms labelling

and identification of their rings.

Figure 3. Molecular graphic for the free base &)-N'-(4-(dimethylamino)benzylidene)-5-
methyl-LH-pyrazole-3-carbohydrazid&)(in gas solution showing the geometry of all their
bond critical points (BCPs) and ring critical pantRCPs) by using the B3LYP/6-31G*
method.

Figure 4. Experimental infrared spectrum oE){N'-(4-(dimethylamino)benzylidene)-5-
methyl-LH-pyrazole-3-carbohydrazid&)(compared with the corresponding predicted for the
free base and cationic species by using B3LYP/6-3GE* level of theory.

Figure 5. dnorm mapped on Hirshfeld surface for visualizthg intercontacts of the title

compound.
Figure 6. Finger plots of the title compound.

Figure 7. The molecular docking results of compoujl With a-Glucosidase-3A4A protein,

surfaces around ligand (a) and 2D forms (b).

Figure 8. The molecular docking results of compouyl With antioxidant peroxiredoxin 5-

1HD2 protein, surfaces around ligand (a) and 2nfo(b).
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Table 1. Refinement parameters and crystal dat8for

CCDC Deposition Number 1989792

Crystal data

Molecular Formula C12H11N504
Molecular Weight 271.32

Crystal System, Space Group Monoclinic, P2;/c
Temperature (K) 293

a, b, c(A) 6.6916 (7), 21.3667 (18), 10.3400 (8)
B(°) 107.684 (4)

V (A% 1408.5 (2)

z 4

Dcalc (g- cm’) 1.279

Radiation type Mo Ka

p (mmh) 0.09

Crystal Dimension (mm)
Data collection

Diffractometer

0.40 x 0.20 x 0.10

Rigaku R-AXIS RAPID Il

No. of measured, independent and observetB74, 3119, 1790

[F? > 2.05(F?)] reflections
Rint

(SINO/M\)mas (A7
Refinement

R[F? > 26(F?)], wR(F?, S
No. of reflections

No. of parameters
H-atom treatment

APmas, APmin (€ A_3)

0.062
0.650

0.082, 0.216, 1.11

3119

181

H-atom parameters constrained
0.22, -0.29




Table 2. Calculated total and corrected by ZPVE enerdi®sdipole moments (1) and
volumes (V) of E)-N-(4-(dimethylamino)benzylidene)-5-methy/H-pyrazole-3-

carbohydrazide in gas and aqueous solution phases.

(E)-N'-(4-(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazide

B3LYP/6-311++G** Method

Free base
Medium E (Hartrees)  E ZPVE(Hartrees) i (D) VYA Av (AY)
GAS -892.9038 -892.6046 6.57 299.4 26
PCM -892.9459 -892.6450 11.89 296.8 '
B3LYP/6-31G* Method
Free base
GAS -892.6590 -892.3572 6.10 294.7 16
PCM -892.6961 -892.3930 10.4 296.3 '
Cationic
GAS -893.2125 -892.9039 12.89 303.3 0.4
PCM -893.3209 -893.0092 17.58 302.9 '




Table 3. Corrected and uncorrected solvation energies bytakal non-electrostatic
terms and by zero point vibrational energy (ZPVEjree base and cationic species of
(E)-N'-(4-(dimethylamino)benzylidene)-5-meth{H-pyrazole-3-carbohydrazid&)( by
using the B3LYP/6-311++G** method compared with ethspecies with similar
results.

B3LYP/6-311++G** method
Solvation energy (kJ/mol)

Species AG,” AGpe AG,
Free base
3 -105.97 23.53 -129.50
B3LYP/6-31G* methodl
3 -93.90 23.95 -117.85
Naloxoné -77.64 23.11 -100.75
Cocainé -42.75 28.51 -71.26
Scopolaming -56.66 18.81 -75.47
Cationic
3 -276.20 24.12 -300.32
Naloxon@ -269.64 32.81 -302.45
Cocainé -216.66 38.58 -255.24
Scopolaming -279.87 30.47 -310.34

AG,"= uncorrected solvation energyG,= total non-electrostatic terms due to the cawtgtiispersion
and repulsion energieAG.= corrected solvation energi€ghis work, "From Ref [75],°From Ref [76],
From Ref [77]



Table 4. Comparison of calculated geometrical parametefs (B)-N'-(4-
(dimethylamino)benzylidene)-5-meth{H-pyrazole-3-carbohydrazide in both media
with the corresponding experimental ones.

B3LYP/6-311++G** method

Experimentdl

Parameters Gas PCM

Bond lengths (A)
N11-C12 1.281 1.289 1.289(5)
N11-N13 1.359 1.372 1.383(4)
N13-C15 1.388 1.359 1.354(5)
C15=016 1.209 1.238 1.235(3)
C15-C17 1.496 1.482 1.472(4)
C17-N23 1.330 1.338 1.340(3)
N19-N23 1.343 1.342 1.346(4)
N19-C20 1.362 1.360 1.357(4)
C18-C20 1.380 1.382 1.380(4)
C20-C24 1.494 1.490 1.483(5)
N33-C6 1.383 1.382 1.376(5)
N33-C29 1.454 1.461 1.450(5)
N33-C34 1.455 1.462 1.425(8)
Cil2-C1 1.456 1.450 1.440(5)

RMSD 0.018 0.012

Bond angles (°)
C1-C12-N11 122.6 123.2 123.0(3)
C12-N11-N13 117.0 115.1 114.9(2)
N11-N13-C15 121.5 121.4 120.6(2)
N13-C15-016 124.1 123.0 122.4(3)
C17-C15-016 123.9 122.4 122.6(3)
C15-C17-N23 119.6 118.7 120.3(3)
C15-C17-C18 129.1 130.1 128.0(2)
C17-N23-N19 104.3 104.3 103.5(3)
N23-N19-C20 114.0 113.8 113.9(2)
N19-C20-C24 122.9 122.6 122.7(3)
C4-C6-N33 1215 121.6 121.4(3)
C7-C6-N33 121.3 121.3 121.9(4)
C6-N33-C29 119.5 118.8 120.3(4)
C6-N33-C34 119.7 118.9 122.5(3)

RMSD 12 13
Dihedral angles (°)
C1-C12-N11-N13 -179.3 179.8 179.3(3)
C12-N11-N13-C15 -174.4 -179.5 174.3(3)
N11-N13-C15-016 2.1 2.2 2.1(5)

N11-N13-C15-C17 -177.1 -177.8 -177.6(2)



N13-C15-C17-N23 -149.5 -168.1 6.6(4)

N13-C15-C17-C18 31.8 12.3 -176.4(3)

016-C15-C17-N23 31.2 11.8 -173.2(3)

C15-C17-N23-N19 -178.9 -179.8 177.9(3)
RM SD 246.7 210.2

#This work, RMSD values in bold letters



Table 5. Observed and calculated wavenumbersjcand assignments for the free
base and cationic species dE){\'-(4-(dimethylamino)benzylidene)-5-methy/H-
pyrazole-3-carbohydrazid8)(in gas phase by using the B3LYP/6-311++G** method

B3LYP/6-311++G** Method

Experimentdl
FREE BASE CATIONIC

ATR Calculatel Intensity ~ SQM Assignment’ som Assignment’
3232m 3645 111.8 3494 yN19-H22 3401 vN23-H38

3232m 3492 9.7 3348 VvN13-H14 3316 VN13-H14

3141w 3245 0.7 3111 vC18-H21

3116w 3210 12.7 3078 vC7-H8 3065 vC7-H8

3097w 3209 13.7 3076 vC4-H5 3062 vC4-H5

3079sh 3189 0.9 3057 vC9-H10 3050 vC18-H21

3064sh 3152 14.6 3022 vC2-H3 3049 vC9-H10

3026w 3129 44.3 2999 v,CH;(C34) 3010 vC2-H3

2987w 3119 8.3 2990 Vv.CHs(C24) 2974  v.CHs(C34)

2983sh 3117 2.5 2988 v,CH3(C29) 2966 v,CH3(C29)

2971w 3073 12.8 2946 v,CH5(C24) 2947 v, CH3(C24)

2960w 3056 38.3 2929 v,CH3(C34) 2937 v{LH3(C34)y.,CH3(C34)
2934sh 3051 34.5 2925 v,CH;(C29) 2929 v, CH3(C29)

2912w 3026 37.7 2901 v{CH(C24) 2889 VN19-H22

2867w 2992 67.0 2868 vC12-H28 2866 v, CH;(C24)

2853w 2980 136.7 2856 v,CH5(C34) 2862 vC12-H28

2806w 2972 81.5 2849 v.CHy(C29) 2810  V.CH(C34)y.CH(C34)
2723w,br 2796 v.CHy(C29)
2633w,br 2776 v.CHy(C24)

1742w 1774 364.8 1711 vC15=016IH-N?

1648s 1774 364.8 1711 vC15=016 1604 vC15=016yC15-C17
1611s 1670 15.9 1611 vC12-N11

1600vs 1647 430.3 1593 vC7-C9 1591 vC7-C9

1600vs 1609 15.7 1557 vC18-C20 1557 vC18-C20

1570m 1585 14.1 1538 vC4-C6yC1-C2 1539 vC1-C2

1549s 1562 5.9 1529 BN13-H14 1514 vC12-N11BN13-H14
1522vs 1540 704.2 1502 BC7-H8 1502 vC1-C12

1475m 1530 26.1 1468 §:CH3(C34)5.CH5(C29) 1485 [C7-H8

1468sh 1514 3.3 1452 5,CHy(C29),5.CHs(C34) 1461 5.CHs(C34)

1444m 1506 0.2 1448 §,CH;(C24) 1444 $,CH3(C29)

1438sh 1495 18.8 1431 3,CH3(C34),5,CH5(C29) 1438 [BN23-H385,CH3(C24)
1430m 1487 15.3 1423 §,CHy(C29),5.CHs(C34) 1427 8,CHy(C34)

1485 26.9 1422 5.CHy(C34)5,CH(C34) 1420 §,CHy(C29)
1484 7.9 1421 §.CH3(C24) 1419 3.CH5(C24)

1416sh 1466 27.8 1420 vC15-C17 1413 3/CH;(C34)

1408m 1462 11.9 1415 vC2-C4pC4-H5 1404 BC4-H5

1408m 1446 5.4 1394 vC17-N23BN19-H22 1396 3.CH;(C24)

1380sh 1438 5.9 1383 8,CH3(C34)5.CH3(C29)

1373sh 1429 33.4 1376 vC17-C18 1376 3,LCH5(C29)

1359s 1415 17.5 1355 8.,CH;(C24) 1352 [(3N19-H22

1359s 1385 18.9 1349 pC12-H28 1338 3,CH;(C24)

1359s 1378 317.4 1332 vC6-N33 1330 pC12-H28

1320m 1358 5.9 1320 BC9-H10BC2-H3 1310 BC9-H10

1255s 1339 26.3 1299 vC9-C1 1297 vC6-N33

1255s 1296 12.7 1255 vC20-N19 1291 (BN23-H38

1255s 1284 BN23-H38

1255s 1282 vC9-C1



1228vs 1266 40.3 1228 vC1-C12 1234 vN11-N13BC12-H28

1213sh 1260 57.2 1217 vC6-C7 1217 PBC18-H21
1182s 1228 226.6 1190 vC15-N13 1202 vC4-C6yC6-C7
1182s 1208 100.5 1174 BC2-H3BCY-H10 1180 VN11-N13
1182s 1191 57.9 1158 pCH3(C34)pCHy(C29)
1170s 1171 381.8 1132 yN19-N23 1171 BC2-H3
1170s 1155 1.8 1122 BC18-H21 1147  pCH5(C34),pCHs(C29)
1136w 1147 439 1113 PC18-H21yN11-N13 1136 BC18-H21yC20-C24
1136w 1139 82.9 1109 p'CHs(C29) 1119 p'CHy(C34)
1097sh 1130 0.4 1100 p'CHs(C34) 1109 vC2-C4
1062m 1085 2.6 1053 vN11-N13 1089  p'CHy(C29)
1062m 1078 235 1046 pCHs(C34)pCHs(C29) 1052  yN19-H22p'CH;(C24)
1062m 1062 1.4 1035 p'CHs(C24) 1040 pCHy(C34)
1020w 1045 5.3 1024 BRy(A2) 1006  VN19-N23
1007w 1019 0.8 998 BRy(AL) 995  BRy(AL)
983w 1008 11.0 986 BRy(A2) 989  p'CHs(C24)yN19-H22
983w 989 5.8 977 yC9-H10 981 vC15-N13yC17-N23
983w 967 pCH5(C24)
962w 986 1.9 961 pCHy(C24) 962 yC9-H10
948s 962 10.8 955 yC12-H28yC2-H3 930  vC34-N33yC29-N33
938sh 961 43.3 929 vC34-N33yC29-N33 920  vC34-N33yC29-N33
926w 934 2.7 925 yC2-H3yC12-H28 913  yC2-H3
904s 917 61.9 902 PBC15=016 861 vC20-N19
846w 852  VN19-N23BR,(A2)
846w 851 17.5 832 vC9-C15C1C12N11 839 yC12-H28
814s 833 426 823 yC7-H8 812 yC7-H8
814s 807 SC15N13N11
793s 811 20.9 801 yC18-H21 796  yC18-H21
7655 808 8.8 798 yC4-H5 784  yC4-H5
742m 773 20.1 762 yC15=016
734sh 746 5.7 729 PBR4(A1)vC6-N33 727 yN23-H38
722sh 736 0.5 715 TRy(AL) 715 yN23-H38PR:(AL)
682w 694 11.9 677 TRy(A2) 705 TRy(AL)
653m 675 19.4 658 vC20-C24 667 yC15=016
639w 659 14.1 647 PBRAAL), BRy(AL) 649  PBRy(AL),PR:(AL)
612m 652 1.0 641 TR,(A2) 607  PRy(A2), BR(A2)
590m 602 2.5 592 SC34N33C2%C1C12N11 591 SCIC12N11
518s 549 37.2 542 yN19-H22 538  yN13-H14
518s 536 315 524 yC6-N33yC1-C12 521  yC6-N33yC1-C12
501m 511 6.4 506 yN13-H14,5C34N33C29 506 yN13-H14
501m 508 46.9 504 yN13-H14
493sh 493 14.3 487 PBN33-C29BC6-N33 492 3C34N33C29
493sh 483 TR,(A2)
468w 457 5.6 451 BN33-C29BC6-N33 454  BN33-C29

432 0.8 415 TRy (Al)

419 0.7 411 5C34N33C29 408 TRy(Al)

403 0.9 385 TRy(AL), TRy(AL) 407  TR4(A1)

384 TRy (A1)TRy(Al)

368 45 360 vC15-C17BC15=016 362 BC15=016

347 45 343 BC20-C24 334 1R(A2)

302 338 296 yC20-C24yC17-C15 318 BC20-C24

286 0.8 281 [BC6-N33 293  BC6-N33

274 15.9 259 TRy(AL) 251  TR(AL)

234 3.5 220 1Ry(A1),1C12-C1 229 yC20-C24



212 2.6 206 PBC17-C15 208  TWCH,(C29),5C15N13N11
205 2.8 195 §CI5N13N1LTwWCH(C34) 206 1C12-Cl
194  TWCHs(C24),TRx(A2)
178  TwCH(C24)

172 1.6 161 TwCH3(C34),TwCH;(C29) 177 twCH;(C29)
168 51 155 r1Ci12-C1 162 TwCH;(C34)
149 0.5 143 1R;(Al), IN11-C12 159  twCH;(C34) tN11-N13
107 7.5 99  yN33-C29 114  1C15-C171R,(A1)
94 8C17C15N133C17-C15
BC1-C12
90 2.2 89 3C17C15N133C1-C12 91  1C15-C17%/C17-C15
79 4.2 73 yN33-C29TN11-N13
74 3.6 67  TN33-C6
57 0.1 51 TwCH;(C24) 60 YN13-H141N11-N137R,(Al)
47 11 43  1C15-C17
8N13N11C12
35 4.1 35 §C15N13N11, 37  ON13N11C12
6C1C12N1:
28 0.1 25  1N11-N13 33 tN11-N13
22 2.3 20  1™N13-C157N11-C12 22 TN33-C6
17 1N13-C15

Abbreviations:v, stretching;3, deformation in the planey, deformation out of planes, torsion; fg.
deformation ringtg, torsion ring; p, rocking; tw, twisting; d, deformation; a, antisymmetric; s,
symmetric; (A), Ring 1; (A), Ring 2;°This work,"Intensities in KM/MoleFrom B3LYP/6-311++G**
method “From scaled quantum mechanics force field.



Table 6. Scaled internal force constants for fi¢ the free base and cationic species of
(E)-N'-(4-(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazid&)(in
gas phase by using the B3LYP/6-311++G** method

(E)-N-G-
(dimethylamino)benzylidene)- .
Force constants  5-methyl1H-pyrazole-3- Naloxone Scopolaming
carbohydrazide
Free base Cationic Free base Cationic  Free base ({cation
f(UN-H) 6.49 5.72 5.75 6.04
f(LC=0) 11.69 9.15 12.47 12.76 11.65 12.08
f(VC-H)rs 5.13 5.10 5.16 5.20 5.14 5.15
f(VC-H)g; 5.29 5.10 4.84 4.85
f(UN-CHg) 4.83 4.80 4.68 3.51 4.76 3.93
f(VC-N)chair 7.46 6.10
f(VC-N)g 6.74 4.32 4.91 3.86 4.27 3.20
f(IN-N)g 5.85 3.90
f(UN-N)chair 5.56 6.73
f(LC=C)r, 6.24 6.15 5.72 7.33
f(LC=C)g; 6.84 7.31
f(VCHy) 4.75 4.62 4.81 5.11
f(OCHy) 0.55 0.55 0.58 0.56

Units are mdyn A for stretching and mdyn A r&dor angle deformations
#This work



Table 7. Observed and calculatetH chemical shifts & in ppm) for E)-N'-(4-
(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazid&)(in gas phase
and in aqueous solutions.

H at 6-311++G** Exi?
atom Free base Cation *P
3-H 7.1 6.6 7.46
5-H 6.7 6.5 6.72
8-H 7.0 6.6 6.72
10-H 8.6 8.2 7.46
14-H 8.1 7.4 8.30
21-H 6.0 5.2 6.45
22-H 9.1 2.8 13.01
25-H 2.2 1.9 2.26
26-H 2.3 2.0 2.26
27-H 2.2 1.8 2.26
28-H 7.7 7.2 11.24
30-H 2.4 2.1 2.94
31-H 3.3 3.3 2.94
32-H 25 2.2 2.94
35-H 35 3.4 2.94
36-H 2.6 2.3 2.94
37-H 2.3 2.0 2.94
RMSD 14 2.7

®This work GIAO/B3LYP/6-31G* Ref. to TMS



Table 8. Observed and calculatéiC chemical shiftsqin ppm) for the free base of
(E)-N'-(4-(dimethylamino)benzylidene)-5-methyH-pyrazole-3-carbohydrazid8)(by
using the B3LYP/6-311++G** method in aqueous soluti

6-311++G**

a
C atoms Free base Cation Exp

1-C 128.8 138.9 122.33
2-C 136.7 129.0 128.76
4-C 114.2 115.1 112.26
6-C 158.0 149.2 151.84
7-C 117.3 116.9 112.26
9-C 133.1 128.5 128.76
12-C 148.6 123.9 146.60
15-C 160.5 155.9 158.45
17-C 152.4 108.2 148.42
18-C 104.4 108.8 105.11
20-C 142.9 126.9 140.36
24-C 10.3 13.7 10.78
29-C 39.3 40.9 40.28
34-C 39.8 40.6 40.28
RMSD 40 13.8

*This work GIAO/B3LYP/6-31G* Ref, to TMS



Table 9. Antidiabetic activity(3)

% of inhibition

Compound
a-glucosidase  B-galactosidase a-amylase
3 79,83 64,29 20,51
Acarbose 29 - 36

Quercetin -- 68




Table 10. Antioxidant activity of B).

DPPH ABTS FRAP

Compound (,gET/mg)  (gET/mg)  (ug EAA/ mg)

3 4,88 +£0,10 5,03 £ 0,60 7,03 + 0,50




Table 11. AutoDockVina results of the binding affinity aRMSD values of different poses
in 3A4A and 1HD2 inhibitors of3) compound.

3 compound-3A4A 3 compound-1HD2
Modes Affinity rmsdl.b. rmsdu.b. Affinity rmsdl.b. rmsdu.b.
(kcal/mol) (kcal/mol)

1 -7.9 0.000 0.000 -6.2 0.000 0.000
2 -7.5 2.078 9.027 -5.6 21.022 21.845
3 -7.2 14.842 19.175 -5.6 20.659 23.131
4 -6.8 14.224 18.517 -5.0 7.053 9.854
5 -6.7 25.978 28.132 -4.9 15.578 18.500
6 -6.6 4.874 6.066 -4.7 6.450 8.855
7 -6.4 25.912 28.166 4.7 19.947 20.915
8 -6.2 15.156 17.764 -4.5 12.932 13.651
9 -6.2 2.091 9.625 -4.5 24.228 25.163
10 -6.1 19.252 21.121 -4.5 24.503 26.829
Inhibition Constant: 1.61904M Inhibition Constant: 28.5343M

Number of Hydrogen bonding: 2 active Number of Hygen bonding: 1 active+1 non-active
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Highlights

* A new pyrazole derivative was synthesized and characterized by spectroscopic methods.
 Two species of new derivative were studied theoretically in gas phase and aqueous
solution.

* High solvation energy values are observed for both species.
* NBO and AIM studies support the higher stability of the cationic speciesin solution.
»  Complete vibrational assignments for both species and the force constants are reported.

* The anti-diabetic and antioxidant activities were tested, and Molecular docking studies

were carried.
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