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a b s t r a c t 

In this study, we present the synthesis of novel pyridazin-3( 2H )-one derivative namely ( E )-4-(4- 

methylbenzyl)-6-styrylpyridazin-3( 2H )-one ( MBSP ). The chemical structure of MBSP was characterized 

using spectroscopic techniques such as FT-IR, 1 H NMR, 13 C NMR, UV–Vis, ESI-MS, and finally, the struc- 

ture was confirmed by single X-ray diffraction studies. The DFT calculation was performed to compare the 

gas-phase geometry of the title compound to the solid-phase structure of the title compound. Further- 

more, a comparative study between theoretical UV–Vis, IR, 1 H- and 13 C NMR spectra of the studied com- 

pound and experimental ones have been carried out. The thermal behavior and stability of the compound 

were analyzed by using TGA and DTA techniques which revealed that the compound is thermostable up 

to its melting point. Finally, the in silico docking and ADME studies are performed to investigate whether 

MBSP is a potential therapeutic for COVID-19. 

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

Pyridazin-3( 2H )-ones are a very important family of bi-nitrogen 

romatic heterocycles. They occupy a very important place in het- 

rocyclic chemistry due to their great chemical reactivity [1] al- 

owing access to a multitude of new products of this family [ 2 , 3 ].

esides, to their chemical reactivity, the place of pyridazinones in 

edicinal chemistry has not ceased to increase in recent years, 

ue to their wide range of products with interesting pharmaco- 

ogical activities such as anticancer, anti-hypertensive, antibacte- 

ial, anti-HIV, antinociceptive, anti-inflammatory, antidepressants, 

nti-convulsant, cardiotonic and diuretics [4–12] . Moreover, several 

yridazinone-based products are already present in the pharma- 

eutical market such as Minaprine, Azanrinone, Emorfazone, Indol- 

dan, Levosimendan, Primobendan, and Bemoradan [13–19] ( Fig. 1 ). 

urthermore, many studies have shown that pyridazinones are 
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ood corrosion inhibitors [20] and that they can be used as or- 

anic extractants of certain metal ions in the aqueous phase [21] . 

ue to the numerous biological and therapeutic properties of the 

yridazin-3( 2H )-ones, the synthesis and investigation of new pyri- 

azinone derivatives have attracted considerable attention from re- 

earchers and have been the subject of many studies such as phys- 

cal, chemical, spectroscopic, and pharmacological properties [22–

5] . Given the importance of these derivatives, the studies of the 

eometric and electronic properties of pyridazin-3(2H)-ones are 

ssential to know the influence of different groups on structures 

o discover the relationship of these groups with their pharma- 

ological properties. In particular, computational approaches con- 

titute a solid complement to experimental data for the interpre- 

ation of results. Density functional theory (DFT) has become a 

ery important and frequently used tool for researching experi- 

ental data and in studies of biological systems. A varied range 

f calculations using DFT helps to develop a close relationship 

etween theoretical and experimental data by giving clues re- 

ated to molecular geometry, electrical and spectroscopic proper- 

ies. These techniques have become very reliable in predicting the 

https://doi.org/10.1016/j.molstruc.2020.129435
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129435&domain=pdf
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Fig. 1. Example of drugs with pyridazinone ring. 
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roperties of molecules with great precision [26–30] . In a continu- 

tion of our effort s to obt ain new pyridazin-3( 2H )-one compounds 

 21 , 31–33 ], we were inspired to design and synthesize ( E ) −4-(4-

ethylbenzyl) −6-styrylpyridazin-3( 2H )-one ( MBSP ). The chemical 

tructure attributed to the title molecule was characterized using 

T-IR, UV–vis, 1 H NMR, 13 C NMR, ESI-MS, and the ( E )-configuration 

as confirmed by single-crystal X-ray diffraction. Besides, DFT cal- 

ulations were performed to compare the gas-phase structure with 

he solid-phase one of the title compound. Furthermore, the theo- 

etical UV–Vis and IR spectra of the studied compound were also 

btained to compare with the experimental ones. The electronic 

haracters and molecular geometry of the target compound were 

xplored with the aid of DFT calculations. The Hirshfeld surface 

nalysis was executed for the title molecule. Also, TGA/DTA ther- 

al analyses were studied. 

SARS-CoV-2, the virus from the family Coronaviridae, was de- 

ected in Wuhan, China. It has caused an associated disease, 

OVID-19. Common symptoms of COVID-19 include fever, cough, 

nd shortness of breath. Other symptoms may include fatigue, 

uscle pain, diarrhea, sore throat, loss of smell, and abdomi- 

al pain [34] . As aforementioned, some pyridazinone derivatives 

ave pharmaceutical potentials. Therefore, the in silico docking and 

DME study are adopted to investigate whether the title com- 

ound is a potential therapeutic for COVID-19. 

. Experimental section 

.1. General methods 

The reaction was checked with TLC using aluminum sheets with 

ilica gel 60 F254 from Merck. The Melting point was measured 

sing a Tottoli digital capillary melting point apparatus and uncor- 

ected. The FT-IR spectrum was recorded with Perkin-Elmer Parg- 

mon 10 0 0 PC FT-IR spectrometer over the range 40 0–40 0 0 cm 

−1 .
 H and 

13 C NMR spectra were recorded in the DMSO–d 6 solution 

n a Bruker Avance DPX250 spectrometer. The chemical shifts are 

xpressed in parts per million (ppm) from tetramethylsilane (TMS) 

s an internal reference. The Mass spectrum was obtained using an 

B SCIEX API 30 0 0 LC/MS/MS system equipped with an ESI source. 

GA/DTA curves were recorded in a platinum crucible in a pure 

ir atmosphere at a flow rate of 20 mL/min and over-temperature 

ange 0–700 °C with a heating rate of 10 °C/min using Shimadzu 

hermogravimetric analyzer DTG-60H. Chemical reagents were pur- 

hased from Fluka and Sigma-Aldrich chemicals. 

.2. Synthesis 

General procedure for the synthesis of (E) −4-(4-methylbenzyl) −6- 

tyrylpyridazin-3(2H)-one ( MBSP ): To a solution containing 1 mmol 

f ( E ) −6-styryl-4,5-dihydropyridazin-3( 2H )-one 1 and 1 mmol of 

-methylbenzaldehyde in 30 ml of ethanol, sodium methanoate 

0.065 g, 1.2 mmol) was added. The reaction mixture was refluxed 

or 6 h, and then stirred overnight at room temperature. The reac- 

ion was monitored by TLC. The reaction mixture was cooled, di- 

uted with cold water and acidified with concentrated hydrochlo- 

ic acid. The precipitate was filtered, washed with water, dried 
2 
nd recrystallized from ethanol. White single-crystals were ob- 

ained by slow evaporation at room temperature. Yield = 61%; 

. p = 164–166 °C; FT-IR ( ν(cm 

−1 )) : 3021 (NH), 2875–2958 (CH), 

652 (C 

= O), 1589 (C 

= N), 1547 (C 

= C); 1 H NMR (500 MHz, DMSO–

 6 ) δ (ppm): 12.98 (s, 1H, NH), 7.76 (s, 1H, H-Ar), 7.62 – 7.56 

m, 2H, H-Ar), 7.38 (dd, J = 8.4, 6.9 Hz, 2H, H-Ar), 7.34–7.24 

m, 2H, H-Ar), 7.23–7.17 (m, 2H, H-Ar), 7.10 (d, J = 7.9 Hz, 2H, 

 

= CH and H4-pyrdz), 7.02 (d, J = 16.6 Hz, 1H, CH 

= C), 3.77

s, 2H, CH 2 ), 2.25 (s, 3H, CH 3 ). 
13 C NMR (126 MHz, DMSO–d 6 )

(ppm): 160.83, 143.78, 141.88, 136.01, 135.32, 135.09, 131.56, 

28.94, 128.87, 128.76, 128.38, 127.18, 126.81, 126.55, 124.45, 34.62, 

0.60. ESI-MS: m/z = 303.2 [M + H] + . 

.3. Computational details 

.3.1. DFT computation 

The gas-phase structure of MBSP was optimized using density 

unctional theory. The DFT calculations were performed by the hy- 

rid B3LYP method, which is based on the idea of Becke and con- 

ider a mixture of the exact (HF) and DFT exchange utilizing the B3 

unctional, together with the LYP correlation functional [35–37] . In 

onjunction with the basis set def2-SVP, the B3LYP calculation was 

one [38] . After obtaining the converged geometry, the harmonic 

ibrational frequencies were calculated on the same theoretical 

evel to confirm the number of imaginary frequency is zero for the 

tationary point. Based on the converged geometry of MBSP , the 

arbon, the hydrogen isotropic chemical shielding, and the vertical 

xcitation energies to the lowest ten excited states were calculated 

n the B3LYP-GIAO, and the time-dependent CAM-B3LYP/def2-SVP, 

espectively [ 39 , 40 ]. 

Theoretically, the chemical shielding depends on the orientation 

f the molecule in the applied magnetic field. Therefore, the chem- 

cal shielding can be described by a matrix ( σ ) containing nine 

omponent Cartesian tensors. 

= 

[ 

σxx σxy σxz 

σyx σyy σyz 

σzx σzy σzz 

] 

(1) 

Unfortunately, in conventional NMR experiments, the trace of 

he tensor can only be determined. Then the isotropic chemical 

hielding, σ iso , is defined as 

iso = 

1 

3 

( σxx + σyy + σzz ) (2) 

To do a more direct comparison between the B3LYP-calculated 

hemical shielding and the experimentally measured one, the 

hemical shielding of the commonly used internal reference, TMS 

as calculated on the same theoretical level. 

Due to the poor description of the long-range exchange po- 

ential as −0.2 r −1 instead of the exact value −r −1 , the time- 

ependent version of B3LYP functional failed to deal with the ex- 

itations for Rydberg states and charge transfer (CT) transitions 

41–46] . Therefore, in 2004, Handy and his co-workers proposed a 

ybrid functional called CAM-B3LYP incorporating the long-range 

orrection into the hybrid qualities of B3LYP. All calculations were 

one with the Gaussian 16 program [47] . The theoretical infrared 
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Table 1 

Crystallographic and refinement data for MBSP. 

CCDC Deposition Number CCDC 1,985,486 

Chemical formula C 20 H 18 N 2 O 

M r 302.36 

Crystal system, space group Triclinic, P-1 

Temperature (K) 296 

a, b, c ( ̊A) 6.5290 (11), 9.0411 (16), 14.837 (3) 

α, β , γ ( °) 105.930 (14), 91.650 (15), 104.307 (14) 

V ( ̊A 3 ) 811.7 (3) 

Z 2 

Radiation type Mo K α
μ (mm 

−1 ) 0.08 

Crystal size (mm 

3 ) 0.59 × 0.24 × 0.05 

Data collection 

Diffractometer STOE IPDS 2 

Absorption correction Integration ( X-RED32 , [65] ) 

T min , T max 0.001, 0.012 

No. of measured, independent and observed [ I > 2 σ ( I )] reflections 5986, 2831, 1079 

R int 0.071 

(sin θ / λ) max ( ̊A −1 ) 0.596 

Refinement 

R [ F 2 > 2 σ ( F 2 )], w R ( F 2 ), S 0.081, 0.220, 0.89 

No. of reflections 2831 

No. of parameters 208 

H-atom treatment H-atom parameters constrained 


ρmax , 
ρmin (e ̊A −3 ) 0.23, −0.19 
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Table 2 

Hydrogen-bond geometry ( ̊A, °) for MBSP . 

D —H 

•••A D —H H •••A D •••A D —H 

•••A 

N1—H1 •••O1 i 0.86 2.01 2.863(5) 174.9 

C19—H19 •••N2 ii 0.93 2.55 3.470(7) 170.5 

Symmetry code: (i) -x + 2, -y + 2, -z + 2 ; (ii) -x, -y + 1, -z + 2 
nd UV–Vis spectra of the title compounds were obtained by the 

auss Sum program 3.0 [48] . 

.3.2. The Docking study 

For generating the docking input file of the title compound, the 

FT-B3LYP optimization output was converted to the sybyl .mol2 

le by the OpenBabel program [49] . The nsp9 RNA binding pro- 

ein (PDB ID: 6W4B), nsp3 macro X domain (PDB ID: 6WEY), 3c- 

ike protease (PDB ID: 6XHU), panpin-ike protease (PDB ID: 6YVA), 

pike protein (PDB ID: 6M0J), nucleocapsid phosphoprotein (PDB 

D: 6WKP), and the co-factor complex between nsp7 and the C- 

erminal domain of nsp8 (PDB ID: 6WQD) of SARS-CoV-2 were 

onsidered as the target for MBSP [50–56] . The molecular docking 

o investigate whether a bound complex could be spontaneously 

ormed between the chosen targets and MBSP was performed by 

he SwissDock [ 57 , 58 ]. The results of the molecular docking stud-

es are opened and saved as images by the UCSF Chimera program 

59] . 

.3.3. The ADME study 

ADME is the abbreviation for "absorption, distribution, 

etabolism, and excretion" in pharmacokinetics and pharma- 

ology and describes the distribution of drugs in organisms. ADME 

ffects drug levels and the exposure of the drug to tissues and 

hus affects a compound’s performance and pharmacological 

ctivity as a drug. In this study, the AMDE study is performed by 

he SwissADME [60] . 

.4. X-ray crystallography studies 

X-ray single-crystal diffraction for MBSP was collected at 296 K 

n a STOE IPDS II diffractometer equipped with an X-ray generator 

perating at 50 kV and 1 mA, using Mo-K α radiation of wavelength 

.71073 Å. The hemisphere of data was processed using SAINT [61] . 

he 3D structure was solved by direct methods and refined by 

ull-matrix least-squares method on F 2 using the SHELXL program 

 62 , 63 ]. All the non-hydrogen atoms were revealed in the first dif-

erence Fourier map and were refined with anisotropic displace- 

ent parameters. At the end of the refinement, the final difference 
3 
ourier map showed no peaks of chemical significance and the fi- 

al residual was 0.0641. The molecular and packing diagrams were 

enerated using DIAMOND [64] . 

. Results and discussion 

.1. Crystal structure of MBSP 

A white colored stick-shaped crystal of dimensions 

.59 × 0.24 × 0.05 mm 

3 of MBSP was chosen for an X-ray 

iffraction study. The single-crystal X-ray diffraction data show 

hat it crystallizes in a space group, P-1 . The crystal belongs to the 

riclinic system with the following lattice parameters: a = 6.5290 

11) Å, b = 9.0411 (16) Å, c = 14.837 (3) Å and α = 105.930

14) ( °), β = 91.650 (15) ( °), γ = 104.307 (14) ( °), its unit cell

olume is 811.7 (3) Å 

3 . The details of the crystal data and structure 

efinement are given in Table 1 . 

The molecular structure of the title compound composed of 

hree rings. These rings are pyridazine, styryl, and 4-methylbenzyl, 

espectively. Pyridazine is connected to oxygen atom in the 3- 

osition, 4-methylbenzyl in the 4-position of the ring, and styryl 

n the 6- position. The molecule is not planar as seen in Fig. 2 , the

enzene ring C15/C20 is nearly planar to pyridazinone ring with a 

ihedral angle of 3.915 (329) °, the C2/C7 ring is nearly perpendic- 

lar to pyridazinone ring making a dihedral angle of 72.908 (121) °. 
In the crystal, no significant C—H �π or π–π interactions 

re observed, hydrogen bonds were effective in the formation of 

he packing structure. The molecules are connected two-by-two 

hrough N 

–H �O hydrogen bonds, with an R 2 
2 (8) graph-set motif 

nd form inversion dimers. Pyridazinone rings are connected to the 

15/C20 rings by C 

–H �N bonds getting R 2 
2 (16) graph-set motif. 

ydrogen bond geometries are given in Table 2 . In Fig. 3 , packing
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Fig. 2. The molecular structure of MBSP, with atom labeling. Displacement ellipsoids are drawn at the 40% probability level (a), visualizing of dihedral angles within the 

molecule (b). 

Fig. 3. Packing diagrams with intermolecular interactions of the title compound. 
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Fig. 4. The B3LYP-optimized geometries of the title compound (bond lengths in Å; 

nitrogen in blue, oxygen in red, carbon in gray, hydrogen in white). 

h

h

l

C

F

C  

C

a

C

(

b

C

c

N

1

C

e

N

C

o

−
p

iagrams of the molecules are given with intermolecular H bonds. 

he N 

–H �O interactions are indicated by pink lines, C 

–H �N inter-

ctions are illustrated by green lines. 

.2. The DFT-B3LYP results 

.2.1. The brief comparison between the gas-phase geometry of MBSP 

ptimizing by B3LYP and that of the crystallographic study 

The converged geometry of MBSP is depicted in Fig. 4 . Struc- 

ural parameters compared with the experimental crystal struc- 

ure data are summarized in Table S1. For the pyridazinone ring, 

he bond lengths of C9-O1 = 1.238(5) Å (XRD), 1.224 (DFT), C12- 

2 = 1.303(5) Å (XRD), 1.317 Å (DFT) and C10-C11 = 1.338(6) Å 

XRD), 1.363 Å (DFT) confirm the double bond character. On the 

ther hand, the experimental N 

–N bond length of the pyridazi- 

one ring has a single bond character and its length in the iso- 

ated pyridazine ring is given as 1.33 Å [66] . In the present case,

he N1-N2 bond length in the pyridazinone ring of the title com- 

ound was found to be 1.348(5) Å (XRD), 1.330 Å (DFT). The cal- 

ulated C 

–C bond length in styryl ring varies from 1.393–1.411 Å 

hich is larger than the experimental result 1.352–1.394 Å. Like- 

ise, C 

–C bond length of the 4-methylbenzyl ring varies from 

.395–1.510 Å, these values are also larger than the experimental 

RD values 1.238–1.504 Å. By the XRD, the bond length C5 –C6 
4 
as the lowest value (1.238 (5) Å) and the C2-C1 bond length 

as the highest value (1.504 (8) Å) compared to other C 

–C bond 

engths. However, the DFT study shows discrepancies exist for the 

5-C6 bond length (1.401 Å) and the C1-C2 bond length (1.510 Å). 

or benzene rings, Maheswari et al. [67] reported the bond angles 

4 –C5 –C6 = 120.0 °, C3 –C2 –C7 = 118.6 °, C13-C12-C17 = 117.1 ° and

14-C15-C16 = 120.4 ° In the present case, the bond angles in styryl 

nd 4-methylbenzyl are C4-C5-C6 = 117.2 ° (XRD), 118.1 ° (DFT), 

3-C2-C7 = 117.1 ° (XRD), 117.6 ° (DFT), and C16-C15-C20 = 116.3 °
XRD), 117.8 ° (DFT). 

According to our previous work [68] for pyridazinone ring, the 

ond angles N2-N1-C10 = 128.0 °, O1-C10-N1 = 115.1 °, N1-C10- 

9 = 115.1 °, and N2-C11-C12 = 121.3(3) °. In the present case, the 

orresponding bond angles in the title molecule are found as N2- 

1-C9 = 116.4 ° (XRD), 129.2 ° (DFT), O1-C9-C10 = 124.3 ° (XRD), 

26.3 ° (DFT), N1-C9-C10 = 114.5 ° (XRD), 113.0 ° (DFT) and N2-C12- 

11 = 121.6 ° (XRD), 120.6 ° (DFT). For the pyridazinone ring, Daoui 

t al. [69] reported the torsion angles C10-N1-N2-C11 = −2.3(5) °, 
2-N1-C10-O1 = −176.7(5) °, N2-N1-C10-C9 = 1.2(5) °, and N1-N2- 

11-C12 = 1.9(5) ° experimentally. For the title molecule, we have 

btained −0.7(6), 179.3(4), 1.1(6), and −0.4(6) ° experimentally and 

0.45 °, 179.86 °, 0.32 °, and 0.01 ° theoretically. The detailed com- 

arison between the experimentally measured structure and the 
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Fig. 5. The molecular electrostatic potential for MBSP (the isodensity value = 0.0 0 04). 

Table 3 

The B3LYP-calculated Mulliken atomic charges (in a.u.) of MBSP (The atomic designa- 

tions can be seen in Fig. 2 (a)). 

Atom Charge Atom Charge Atom Charge Atom Charge 

O1 −0.2266 H11 −0.0240 C6 −0.0525 C20 −0.0863 

N2 −0.0342 C13 0.0507 H6 0.0176 H20 0.0444 

N1 −0.0507 H13 −0.0165 C4 −0.0905 C17 −0.0000 

H1 0.1444 C8 0.2204 H4 0.0966 H17 0.0208 

C9 0.1762 H8A 0.0193 C3 −0.0321 C19 −0.0224 

C15 0.1030 H8B −0.0123 H3 0.0135 H19 0.0207 

C12 −0.0437 C14 0.0056 C18 −0.0828 C1 0.0632 

C5 −0.0394 H14 −0.0270 H18 0.0263 H1A −0.0244 

C2 −0.0340 C16 −0.0306 C7 −0.0618 H1B −0.0109 

C10 −0.1528 H16 −0.0257 H7 0.0147 H1C −0.0304 

C11 0.0195 

B

T

e

w

3

f

r

a

c

s

i

s

i

i

r

r

i

a

t

d

N

T

i

s

i

3

D

c

a

c

c

h

a  

−

3

m

t

s

p

i

f

o

t

t

T

v

b

3LYP calculated one were summarized in Table S1. As listed in 

able S1, for the title compound MBSP , a difference between the 

xperimentally measured structure and the DFT calculated one, 

hich may be rationalized by the crystal packing [70–72] . 

.2.2. Molecular electrostatic potential (MEP) 

Fig. 5 shows the molecular electrostatic potential (MEP) sur- 

ace of the title compound constructed using B3LYP/def2-SVP. Red 

egions represent electron-rich regions (partial negative charge), 

nd blue regions represent electron-poor regions (partial positive 

harge). On the other hand, fewer electrons containing regions are 

hown in yellow, while neutral regions (zero potential) are shown 

n green [73] . MEP maps contain important information as they 

how the chemical bonding and chemically active sites of the stud- 

ed compound. The MEP of the title compound was calculated bas- 

ng on the B3LYP-converged geometry for predicting reactive sites 

esponsible for the electrophilic attack. As expected, the negative 

egion is mainly on the oxygen atom bound to the carbon atom 

n the pyridazine ring. This indicates that the O atom in this neg- 

tive region could act as the acceptor in hydrogen bonding, and 

he blue region represents a partial positive charge around the hy- 

rogen bound to N2 nitrogen in the pyridazine ring. Therefore, the 

2-H group could act as a donating group in the hydrogen bond. 

hus, Fig. 5 confirms there should be N 

–H •••O hydrogen bonding 

n the title compound, which agrees with the crystallographic re- 

ults. The color code of these maps (studied with the DFT method) 

s in the range between −0.0525 a.u. (red) to 0.0525 a.u. (blue). 
5 
.2.3. The Mulliken atomic charges 

For MBSP , the calculated Mulliken charges using 

FT/B3LYP/def2-SVP were listed in Table 3 . The Mulliken atomic 

harge is highly effective in detecting nucleophilic or electrophilic 

ttacks and regions sensitive to other molecular interactions. Ac- 

ording to our DFT-B3LYP result, all hydrogen atoms are positively 

harged in MBSP . The hydrogen atoms bound to nitrogen have a 

igh positive charge with a value of 0.14 4 4. Moreover, the oxygen 

tom of the C 

= O group has a high negative charge with the value

0.2266. 

.3. Infrared spectra 

The experimental FT-IR spectrum of the title compound is sum- 

arized in Fig. 6 a. Furthermore, we performed a comparison be- 

ween the DFT-calculated IR spectra and the experimental FT-IR 

pectra. For comparing easily, the theoretical IR spectrum is de- 

icted in Fig. 6 b. It is noteworthy that the theoretical IR spectra 

s drawn by scaling the normal mode frequencies with a scaling 

actor 1.0044 and choosing a full width at half maximum (FWHM) 

f 10 cm 

−1 [74] . The comparison shows a clear blue shift in the 

heoretical spectra concerning the experimental one. 

The NH group is very characteristic, and their stretching vibra- 

ions are observed, in many cases, around 320 0–350 0 cm 

−1 [75] . 

his absorption, however, is highly influenced by the chemical en- 

ironment, mainly when the NH group is involved in hydrogen 

onding [76] . The ν(N 

–H) in the pyridazinone ring has been re- 
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Fig. 6. Experimental (a) and simulated (b) FT-IR spectra of the title compound. 

Fig. 7. Experimental (a) and simulated (b) UV–vis spectra of the title compound. 

Fig. 8. The frontier orbitals of MBSP (the isodensity value = 0.02). 
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orted at 3337 cm 

−1 by Bahçeli et al. [77] . The corresponding sig- 

al in the title compound is observed by a sharp band of weak in-

ensity at 3294 cm 

−1 in IR spectra and 3583 cm 

−1 in DFT. For sub-

tituted benzene, the C 

–H stretching vibrations give rise to bands 

n the region 30 0 0 – 3100 cm 

−1 [75] . For MBSP , a series of in-

rared absorptions between 2905 and 3045 cm 

−1 were assigned as 

H stretching modes of the benzene rings. The C 

–H in-plane defor- 

ation vibrations are observed in the region 10 0 0 –130 0 cm 

−1 and

re usually of medium to weak intensity [75] . The bands due to 
6 
–H in-plane deformation vibration are observed as several bands 

n the region 1291 and 1017 cm 

−1 in IR. The CH out-of-plane 

eformations are observed between 600 and 900 cm 

−1 [75] . For 

ono-substituted benzenes, the bands are observed between 770–

35 cm 

−1 , and between 860 - 800 cm 

−1 for 1,4-substituted ben- 

enes [75] . In the present work, the observed wavenumbers with 

eak intensity at 840, 810, 731, 634, and 593 cm 

−1 for MBSP in 

TIR spectrum are identified as C 

–H out-of-plane deformation vi- 

ration. 

The ν(C 

= O) absorption is usually one of the most represen- 

ative in an infrared spectrum and is also likely its most intense 

pectral feature. It appears in a wavenumber region relatively free 

f other vibrations (160 0–180 0 cm 

−1 ) [75] . The ν(C 

= O) in pyri-

azinone ring has been reported at 1684 cm 

−1 by El-Mansy et al. 

75] , at 1674 cm 

−1 by Bahçeli et al. [76] and at 1634 cm 

−1 by Dede

t al. [77] . In this study, ν(C 

= O) vibration of the pyridazinone ring

n the molecule originates one of the strongest bands of the exper- 

mental infrared spectrum, at 1650 cm 

−1 for the title compound. 

n the other hand, the C 

= N stretching vibration in the pyridazi- 

one ring is observed at 1599 cm 

−1 in IR. The DFT calculation gives 

his mode at 1587 cm 

−1 . The C 

= C ring stretching vibrations occur 
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Fig. 9. The experimental (a) 1 H and (b) 13 C NMR spectra of MBSP. 

7 
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Table 4 

The 1 H and 13 C isotropic chemical shieldings ( σ iso s) of MBSP (The atomic designations can be 

seen in Fig. 2 (a)) . 

Atoms 1 H chemical shielding (in ppm) a Atoms 13 C chemical shielding (in ppm) a 

H1 8.67 C9 154.18 

H4 7.94 C10 143.46 

H20 7.65 C12 139.97 

H11 7.29 C5 135.31 

H19 7.14 C2 134.53 

H17 7.11 C15 134.46 

H18 6.95 C14 129.02 

H3 6.94 C16 128.72 

H16 6.90 C4 127.67 

H6 6.87 C3 126.75 

H13 6.83 C7 126.27 

H7 6.79 C19 125.78 

H14 6.55 C17 125.78 

H8A 4.16 C18 125.37 

H8B 2.76 C6 124.96 

H1A 2.34 C13 123.53 

H1B 2.27 C11 121.93 

H1C 1.67 C20 120.88 

C8 38.66 

C1 21.70 

a The values were calculated by taking TMS as the internal reference. 

Fig. 10. d norm mapped on Hirshfeld surfaces for visualizing the interactions of the 

title compound. 

Fig. 11. Curvedness and shape indexes are shown for MBSP. 
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Fig. 12. Fingerprint plots of the whole molecu

8 
n the region 1430–1625 cm 

−1 , the actual position of these modes 

epends on the nature of the substituents and the substitution pat- 

ern around the ring [75] . For MBSP , the infrared bands observed 

t 1552, 1509, 1460, and 1427 cm 

−1 are assigned as C 

= C stretching 

ibrations of vinyl and benzene rings. 

.4. UV–vis spectra 

The experimental UV–vis absorption spectrum of MBSP was 

ecorded in methanol in the range 20 0–50 0 nm at 25 °C and has

hown in Fig. 7 . The absorption spectrum of MBSP is characterized 

y two bands; a longer wavelength band (LW) with a maximum 

round 331 nm. The LW band can be attributed to the π → π ∗

ransition within the heterocyclic moiety. 

To obtain the theoretical electronic absorption spectrum, the 

ime-dependent version of the DFT CAM-B3LYP functional was 

sed to calculate the vertical excitation energies of the ten excited 

tates for the title compound. Additionally, the non-equilibrium 

olvation effect of methanol is taken into account by the IEFPCM 

odel [78] . After the vertical excitation energy calculations, an 

WHM of 10 0,0 0 0 cm 

−1 was used to draw the theoretical UV–

is spectra of MBSP ( Fig. 7 ). Also, the theoretical UV–Vis spec- 

ra are similar to the experimental one. Based on the TD-CAM- 

3LYP results, the strongest transition for MBSP is S 0 /S 1 occurred 

t 296 nm with an oscillator strength of 0.8405. 

Furthermore, according to the TD-CAM-B3LYP result, the 

 → S electronic transition is mainly contributed by the 
0 1 

les and the most effective interactions. 



F.E. Kalai, E.B. Çınar, C.-H. Lai et al. Journal of Molecular Structure 1228 (2021) 129435 

Table 5 

The estimated 
G (in kcal/mol) of MBSP concerning the chosen targets. 

Target 6W4B 6WEY 6XHU 6YVA 6M0J 6WKP 6WQD 

�G (kcal/mol) 3.35 −6.40 −6.21 −5.38 28.70 −5.62 −5.71 
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OMO → LUMO orbital transition. Therefore, the frontier orbitals 

f the title compound are depicted in Fig. 8 . As depicted in Fig. 8 ,

he transition from the HOMO to LUMO of MBSP could be ascribed 

o a π → π ∗ transition. 

.5. NMR studies 

The experimental 1 H and 

13 C NMR chemical shifts of the title 

ompound were obtained using TMS as an internal standard and 

MSO–d 6 as solvent. The proton NMR spectrum of MBSP displayed 

wo singlets at δ 2.25 and 3.77 ppm due to methyl (CH 3 ) and 

ethylene (-CH 2 -) protons, respectively, and two doublets at δ 7.02 

nd 7.10 ppm due to (-C H 

= C H -) and pyridazinone (H-4) protons. 

he chemical shifts of the aromatic protons appeared as singlet at 

.76 ppm, doublet of doublets at 7.38 ppm, and three multiplets in 

he normal range between 7.62–7.56, 7.34–7.24, and 7.23–7.17 ppm. 

he chemical shift of the NH proton of pyridazinone appeared as a 

inglet at δ 12.98 ppm. 

The carbon NMR spectrum showed the chemical shifts of C 

= O 

t 160.83 ppm. The signals at 143.78, 141.88, and 136.01 ppm 

re clearly assigned for C 12 , C 11 , and C 10 carbons of pyridazinone 

ing. The signals at 135.32 and 124.45 ppm are assigned for ethy- 

ene group chemical shifts (CH 

= CH). The aromatic carbon chemi- 

al shifts of the title compound occurred in the range of 135.09–
Fig. 13. TGA , DTA , and DrTGA cur

9 
26.55 ppm. The signals at 34.62 and 20.60 ppm are assigned for 

ethylene (CH 2 ) and methyl (CH 3 ) groups. 

The B3LYP-GIAO method provides a powerful tool to check the 

ignals of the 1 H and 

13 C NMR spectra for a compound. Therefore, 

n this study, the gage-independent atomic orbital method was 

dopted on the B3LYP/def2-SVP theoretical level, and the result- 

ng theoretical 1 H and 

13 C isotropic chemical shieldings of MBSP 

ere collected as Table 4 shows, which is in agreement with the 

forementioned data of the 1 H and 

13 C NMR spectra. Moreover, the 

xperimental NMR spectra were depicted in Fig. 9 . 

.6. The Hirshfeld surface analysis 

The Hirshfeld surface was analyzed to visualize and get an idea 

bout the hydrogen bonds and intermolecular interactions. Hydro- 

en bonds and intermolecular interactions were revealed and in- 

estigated in the crystal structure of MBSP using the CrystalEx- 

lorer program [79] . Moreover, two-dimensional fingerprints and 

lectrostatic potentials were shown using the same program. The 

olecular Hirshfeld surfaces; d norm 

, curvedness, and shape index 

ere carried out using a standard (high) surface resolution. The 

hree-dimensional d norm 

surfaces mapped over a fixed color scale 

f −0.584 (red) to 1.507 (blue). Atoms make intermolecular con- 

acts smaller than the sum of their van der Waals radii, these con- 
ves of the title compound. 
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Fig. 14. The results of the docking studies of MBSP concerning the chosen targets. 

Fig. 14. Continued 
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10 
acts will be highlighted in red on the d norm 

surface. Longer con- 

acts are blue, and contacts around the sum of van der Waals radii 

re white. The definition of d norm 

close contacts, which show up 

n the Hirshfeld surface as red spots, must occur in pairs of iden- 

ical size, either on another region of the same Hirshfeld surface, 

r on a neighbouring one. The 3D d norm 

surface of the title com- 

ound is illustrated in Fig. 10 . The red spots symbolize N—H �O 

ontacts for MBSP and negative d norm 

values on the surface and 

ale-red spots symbolize N—H �C interactions as seen in Fig. 10 . In 

ig. 11 , the curvedness and shape index surfaces of the molecule 

re given. The shape index surface indicates whether π- π interac- 

ions have occurred with adjacent red and blue triangles. Looking 

t the shape index map of the molecule, there are no obvious tri- 

ngles. This is evidence that no significant π- π interactions were 

bserved in the molecule. 

All interactions that contribute to the Hirshfeld surface and 

nteractions that contribute more than 4% are indicated by two- 



F.E. Kalai, E.B. Çınar, C.-H. Lai et al. Journal of Molecular Structure 1228 (2021) 129435 

Fig. 15. The possible targets of MBSP. 

Fig. 16. The SwissADME result. 

11 



F.E. Kalai, E.B. Çınar, C.-H. Lai et al. Journal of Molecular Structure 1228 (2021) 129435 

Scheme 1. Synthetic route of ( MBSP ). 
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imensional fingerprint plots in Fig. 12 . The largest interac- 

ion is H •••H contributing 54.0% to the overall crystal packing. 

 

•••O/O 

•••H contacts make 9.3% contribution to the Hirshfeld sur- 

ace. The contacts are represented by a pair of sharp spikes in the 

egion d e + d i ~ 1.85 Å in the fingerprint plot. H 

•••O/O 

•••H in-

eractions arise from the intermolecular N—H 

•••O hydrogen bond- 

ng ( Table 2 ) and H 

•••O/O 

•••H contacts. The contributions of the

ther contact to the Hirshfeld surface is C •••H/H •••C (25.0%), 

 •••C/C •••N (3.7%), N •••H/H •••N (2.9%), N •••N (0.9%). 

.7. Thermogravimetric analysis (TGA) and differential thermal 

nalysis (DTA) 

To study the behavior of the sample material against temper- 

ture, differential thermal analysis (DTA) and thermogravimetric 

nalysis (TGA) of the title compound in the temperature range 

rom 50 to 700 °C with a heating rate of 10 °C min 

−1 , were stud-

ed. Fig. 13 shows the TGA, DrTGA, and DTA curves of MBSP. Dif- 

erential thermal analysis (DTA) is a method in which the tem- 

erature difference between the sample and the inert reference 

ubstance is measured as the function of the applied temperature. 

he TG analysis showed that the title compound is stable up to 

78.00 °C with no phase transition and decomposes at higher tem- 

eratures in two steps. The first decomposition with the major 

eight loss of the title compound has initiated at about 178.00 °C 

nd has been completed at 371.61 °C where 83.49% weight loss has 

een observed. The weight loss occurs immediately after melting. 

n the DTA curve, the endothermic peak at 181.54 °C which may be 

ue to the melting point of the substance, and second sharp peak 

round 372 °C indicates the major decomposition of the substance. 

he substance undergoes a total decomposition in the temperature 

ange of 371.96 - 593.42 °C, with 18.89% weight loss. 

.8. The molecular docking study 

The results of the molecular docking studies are summarized 

n Fig. 14 and Table 5 . Accordingly, although the nsp9 RNA bind- 

ng protein and spike protein of SARS-COV-2 are not possible tar- 

ets for MBSP , the nsp3 macro X domain, 3c-like protease, panpin- 

ke protease, nucleocapsid phosphoprotein (PDB ID: 6WKP), and 

he co-factor complex between nsp7 and the C-terminal domain of 

sp8 (PDB ID: 6WQD) of SARS-CoV-2 should be possible targets for 

BSP . The title compound should be a candidate for the treatment 

f COVID-19. Furthermore, the interference of other possible tar- 

ets of MBSP is also considered in this study. After converting the 

FT optimization output file into the .smiles file, the possible tar- 

ets of MBSP are predicted by the SwissTargetPrediction program 

80] . The obtained docking results of the title ligand and targets 

ere presented in Fig. 15 . As depicted in Fig. 15 , the treatment of

OVID-19 with MBSP might be interference by an oxidoreductase 

ith a probability of 30.8%. 

.9. The ADME study 

The result of the SwissADME is shown in Fig. 16 . According to 

he docking and ADME results, MBSP should be a potential thera- 
12 
eutic for COVID-19. Thus, further in-vitro and in-vivo tests should 

e performed to confirm these results. 

. Conclusion 

In summary, novel pyridazin-3(2H)-one derivative, namely, 

E) −4-(4-methylbenzyl) −6-styrylpyridazin-3( 2H )-one ( MBSP ) has 

een synthesized and characterized by FT-IR, UV–vis, 1 H NMR, 13 C 

MR, ESI-MS, and single-crystal X-ray diffraction study. Further- 

ore, the theoretical IR and UV–Vis of the studied compound were 

lso obtained to compare with the experimental ones. The molec- 

lar geometry and electronic characters of the target compound 

ere explored with the aid of DFT calculations. The DFT result 

howed that the gas-phase geometry should slightly differ from 

he solid-phase one. The Hirshfeld surface analysis and fingerprint 

lots give the nature of intramolecular interactions and percent- 

ge contribution from the individual contact. The thermal behavior 

nd stability of the compound were analyzed by using TGA and 

TA techniques which revealed that the title compound is ther- 

ostable up to its melting point. Finally, docking and ADME re- 

ults displayed that MBSP possessed a good binding profile against 

hosen target proteins. Also, a further in-vivo or in-vitro test about 

BSP for the treatment of COVID-19 should be performed. 
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66] N. Dilek , B. Güne ̧s , E. Ş ahin , S. Ide , S. Ünlü, 6-[3-Phenyl-5-(trifluoromethyl)

pyrazol-1-yl] pyridazin-3 (2H)-one, Acta Cryst. E 62 (2006) 4 46–4 48 . 
67] R. Maheswari , J. Manjula , Vibrational spectroscopic analysis and molecular 

docking studies of (E)-4-methoxy-N 

′ -(4-methylbenzylidene) benzohydrazide 
by DFT, J. Mol. Struct. 1115 (2016) 144–155 . 

68] S. Daoui , E.B. Cinar , F.El Kalai , R. Saddik , K. Karrouchi , N. Ben-
chat , N. Dege , Crystal structure and Hirshfeld surface analysis of 

4-(4-methylbenzyl)-6-phenylpyridazin-3 (2H)-one, Acta Cryst E75 (2019) 

1352–1356 . 
69] S. Reichman , F. Schreiner , Gas-phase structure of XeF2, J. Chem. Phys. 51 (1969)

2355–2358 . 
14 
70] M.S. Liao , Q.E. Zhang , Chemical bonding in XeF2, XeF4, KrF2, KrF4, RnF2, XeCl2,
and XeBr2: from the gas phase to the solid state, J. Phys. Chem. A 102 (1998)

10647–10654 . 
[71] C.-.H. Lai , A comparison of diamino- and diamidocarbenes toward dimeriza- 

tion, J. Mol. Model. 19 (2013) 4387–4394 . 
72] M. Drissi , A. Chouaih , Y. Megrouss , F. Hamzaoui , Electron charge density distri-

bution from x-ray diffraction study of the 4-methoxybenzenecarbothioamide 
compound, J. Crystallogr. 2013 (2013) 1–7 . 

73] M.K. Kesharwani , B. Brauer , J.M.L. Martin , Frequency and Zero-Point Vibrational 

Energy Scale Factors for Double-Hybrid Density Functionals (and Other Se- 
lected Methods): can Anharmonic Force Fields Be Avoided? J. Phys. Chem. A 

119 (2015) 1701–1714 . 
[74] D.W. Mayo , F.A. Miller , R.W. Hannah , Course Notes On the Interpretation of

Infrared and Raman spectra, John Wiley & Sons, 2004 . 
75] M.A.M. El-Mansy , M.S. El-Bana , S.S. Fouad , On the spectroscopic analyses of 

3-Hydroxy-1-Phenyl-Pyridazin-6 (2H) one (HPHP): a comparative experimental 

and computational study, Spectrochim. Acta A. 176 (2017) 99–105 . 
[76] S. Bahçeli , H. Gökce , A Study on Spectroscopic and Quantum Chemical Calcu- 

lations of Levosimendan, Indian. J. Pure. Ap. Phy. 52 (2014) 224–235 . 
77] B. Dede , D. Avcı, S. Bahçeli , Study on the 

4-ethoxy-2-methyl-5-(4-morpholinyl)-3 (2H)-pyridazinone using FT-IR, 1H 

and 13C NMR, UV-vis spectroscopy, and DFT/HSEH1PBE method, Can. J. Phys. 

96 (9) (2018) 1042–1052 . 

78] E.K. Sarıkaya , S. Bahçeli , D. Varkal , Ö. Dereli , FT-IR, micro-Raman and
UV–vis spectroscopic and quantum chemical calculation studies on the 

6-chloro-4-hydroxy-3-phenyl pyridazine compound, J. Mol. Struct. 1141 (2017) 
44–52 . 

79] M.J. Turner , J.J. McKinnon , S.K. Wolff, D.J. Grimwood , P.R. Spackman , D. Jayati-
laka , M.A. Spackman , CrystalExplorer 17, University of Western Australia, 2017 . 

80] A. Daina , O. Michielin , V. Zoete , SwissTargetPrediction: updated data and new 

features for efficient prediction of protein targets of small molecules, Nucleic 
Acids Res 47 (2019) W357–W364 . 

http://10.2210/pdb6wkp/pdb
http://10.2210/pdb6wqd/pdb
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0057
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0057
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0057
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0057
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0058
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0058
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0058
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0058
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0059
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0060
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0060
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0060
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0060
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0061
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0061
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0062
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0062
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0063
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0063
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0064
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0064
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0064
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0065
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0066
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0067
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0067
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0067
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0068
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0069
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0069
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0069
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0070
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0070
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0070
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0071
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0071
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0072
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0072
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0072
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0072
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0072
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0073
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0073
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0073
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0073
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0074
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0074
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0074
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0074
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0075
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0075
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0075
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0075
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0076
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0076
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0076
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0077
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0077
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0077
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0077
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0078
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0078
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0078
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0078
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0078
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0079
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0080
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0080
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0080
http://refhub.elsevier.com/S0022-2860(20)31750-6/sbref0080

	Synthesis, spectroscopy, crystal structure, TGA/DTA study, DFT and molecular docking investigations of (E)-4-(4-methylbenzyl)-6-styrylpyridazin-3(2H)-one
	1 Introduction
	2 Experimental section
	2.1 General methods
	2.2 Synthesis
	2.3 Computational details
	2.3.1 DFT computation
	2.3.2 The Docking study
	2.3.3 The ADME study

	2.4 X-ray crystallography studies

	3 Results and discussion
	3.1 Crystal structure of MBSP
	3.2 The DFT-B3LYP results
	3.2.1 The brief comparison between the gas-phase geometry of MBSP optimizing by B3LYP and that of the crystallographic study
	3.2.2 Molecular electrostatic potential (MEP)
	3.2.3 The Mulliken atomic charges

	3.3 Infrared spectra
	3.4 UV-vis spectra
	3.5 NMR studies
	3.6 The Hirshfeld surface analysis
	3.7 Thermogravimetric analysis (TGA) and differential thermal analysis (DTA)
	3.8 The molecular docking study
	3.9 The ADME study

	4 Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgements
	References


