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a b s t r a c t 

As small-molecule (E)-methyl 2-(1-phenylethylidene)hydrazinecarbodithioate has been prepared and 

characterized by X-ray single-crystal analysis. In order to elucidate the nature of the intermolecu- 

lar interactions in the structural lattice, the Hirshfeld surface analysis (HSA) calculation was corre- 

lated to the XRD-packing result. Moreover, the XRD bond lengths and angles were compared to their 

DFT/B3LYP/6-311G(d,p) relative parameters. Considering the thione isomer as a kineticly favoured iso- 

mer, the single proton intra-migration from H-N to form S-H thionethiol tautomerization process was 

successfully computed via QST2 model. Additionally, Mulliken Atomic Charge (MAC), Natural Popula- 

tion Analysis (NPA), and Molecular Electrostatic Potential (MEP) analyses were carried out to confirm 

this process. The electron transfer and optical behavior of the ligand in DMSO have been exanimated 

with TD-DFT and HOMO/LUMO calculations. The thermal behavior of the compound was determined in 

an open room condition via TG/DTG. The two identified isomers of (E)-methyl 2-(1-phenylethylidene)- 

hydrazinecarbodithioate (thione and thiol forms) were docked against TcAChE (PDB:1EVE) revealed, con- 

spicuous, different protein–drug structures, however, reflects identical docking scores ( −7.2 Kcal/mol 

each), which is compared to the standard donepezil drug used in this study. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Schiff Bases with nitrogen and sulfur donor atoms are an inter- 

sting class of organic ligands that have attracted great attention 

n the past century [ 1 , 2 ]. A wide range of biological activities

as been reported such as antibacterial, antifungal anticancer, 

nd DNA binding [3–10] . The hydrogen bonding through the 

mino group has tolerated good chelating in biological application 

10] . As ligands, the Schiff bases and their metal complexes are 

romising leads for synthetic, structural, and electrochemical ap- 

lications [11–15] . Other applications include health and skincare 

roducts and paint manufacturing [16] . S-benzyldithiocarbazate 

SBDTC) has been thoroughly investigated [ 9 , 15–18 ], whereas 
∗ Corresponding authors. 
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-methyldithiocarbazate (SMDTC) remains, relatively, open for 

ore research, hence, we were inspired to produce this research 

aper. 

The elaboration of efficient density functional theory (DFT) has 

ommissioned the responsible implementation of large atom num- 

er molecules (100 atoms); therefore, it became one of the best 

uantum methods in computations [ 16 , 19–21 ]. Recently, with the 

elp of XRD and HSA analysis, the optimization structure param- 

ters using DFT-theory was updated and enhanced and acquired 

ore confidence and interconnectedness between the three meth- 

ds [20–22] . Moreover, it helped in evaluating the convergence of 

ractical measurements from theory simulations [23–25] . 

Docking of compounds is a good theoretical method for learn- 

ng the drug-molecular interactions mode for example DNA or 

ther proteins via short interactions [26–30] . Theoretical dock- 

ng together with experimental results helps to explore inorganic 

omplexes or organic compounds for potential medicine nominees 

https://doi.org/10.1016/j.molstruc.2021.130461
http://www.ScienceDirect.com
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http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130461&domain=pdf
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Fig. 1. (a) ORTEP digram, and (b) B3LYP/6–311G(d,p) optimized structure of (E)-methyl 2-(1-phenylethylidene) hydrazinecarbodithioate. 
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30] . Alzheimer’s disease (AD) is the most common cause of de- 

entia, hence it has received a substantial amount of attention 

31] . Cholinesterase inhibitors (ChEIs) are the best-known class of 

edications that have shown genuine opportunity in treating the 

unctional symptoms of AD [32] . Unfortunately, the approved drugs 

y the U.S. Food and Drug Administration for Alzheimer’s disease 

hich belong to a category of acetylcholinesterase inhibitors were 

ound to have side effects [33] , hence the door is widely open 

or more research. In this research paper, we present a molecular 

ocking study against 1EVE as a leading step towards finding an 

ffective drug for AD and clarify the inhibition mode of the more 

ctive compound. 
Fig. 2. (a) DFT/XRD bond distances, (b) DF/XRD graphical correlation of bond distan

2 
A literature survey of (E)-methyl 2-(1-phenylethylidene) 

ydrazinecarbodithioate revealed that the XRD and DFT/B3LYP 

hione ⇔ thiol tautomrization have not been reported. As a good 

ethod, QST2 has been selected for such an intra-migration 

ingle proton process. MAC/NPA/MPE-/HSA/XRD-packing analysis 

elped in understanding the interactions in the crystal lattice. 

oreover, the XRD-structure parameters and FT-IR result have 

een successfully matched to their DFT relative data. The TD- 

CF/DFT/B3LYP and HOMO/LUMO calculations were compared to 

he experimental absorption and Tuac �E g analysis, respectively. 

he thione andthiol isomers showed low docking score and 

nteresting different protein-ligand structures. 
ces, (c) XRD/DFT angles, and (d) DFT/XRD graphical correlation of the angles. 
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. Experimental section 

.1. Materials 

All chemicals and solvents were of reagent grade. Chemicals 

uch as hydrazine hydrate (90%); carbon disulfide and potassium 

ydroxide were purchased from (Fluka-sigma) while benzyl chlo- 

ide and acetophenone were obtained by Manchester salt and 

atalysis ltd UK. Methyl iodide wasobtained from FlukaChemica 

Switzerland). UV–Vis. measurements were performed in methanol 

olvent using TU-1901 double-beam spectrophotometer. The FT- 

R (MID. 40 0 0–20 0 cm 

−1 ) was recorded in solid state using

erkinElmer Spectrum 10 0 0 FT-IR Spectrometer. The NMR were 

easured on JOEL 600 MHz spectrometer using CDCl 3 solvent. 

.2. (E)-methyl 2-(1-phenylethylidene)hydrazinecarbodithioate 

The Schiff base, Methyl(2E)-2-(phenylmethylidene)dithiocarbazat

as synthesized by using the procedure [15] . To a solution of 
Fig. 3. Representation of all the interactions in the desired ligand lattice, (a) 2D-2S(7

3 
MDTC (5 g, 0.04 mol) in 40 ml of ethanol, 4.8 mL, 0.04 mol of

cetophenone was added to the SMDTC mixture. The reaction mix- 

ure was refluxing for ~ 3 h, the yellow precipitate was filtrated 

nd washed well by ethanol and dried in desiccator over silica gel 

o give a crude white product with 6.8 g, 74% yield. 
1 H NMR ( δH ppm, CDCl 3 ): 2.1 (s, 3H, CH 3 ), 2.5 (s, 3H, SCH 3 ), 7.3

m, 3H, p & m -Ph), 2.88 (dd, J = 8.7 Hz, 2H, o -Ph), 12.6 (s, 1H, NH).
3 C NMR ( δc ppm, CDCl 3 ): 13.1 (1C, CH 3 ), 18.2 (1C, SCH 3 ), 126.2,

28.4 and 138.2 (6C, Ph), 145.8 (1C, C = N), 200.1 (1C, C = S). IR, Ph

C-H 3110 cm 

−1 , Me υC-H 2940–2880 cm 

−1 , and υS = C 1030 cm 

−1 , 

V–vis. in CHCl 3 λmax values at 225, and 312 nm, the m.p 143 °C. 

.3. HSA, and DFT calculation 

HSA analysis was performed using CRYSTAL EXPLORER 3.1 pro- 

ram [34] . The DFT-B3LYP 6–311G(d)-computations were carried 

ut in gaseous phase at DFT/B3LYP level of theory using Gaus- 

ian09 software [35] . 
) synthons, (b) 2D-S(14) synthons, and (c) 1D non-polar covalent interactions. 
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.4. X-ray crystallography 

A colorless single-crystal suitable for XRD-measurment was 

ollected via direct evabluration of CHCl 3 from diluted solu- 

ion of the ligand to form block crystal with the dimension of 

.48 × 0.25 × 0.19 mm. The structure was solved using SHELXL 

nd SHELXS programs, respectively [36] . 

.4. Docking in silico studies 

Docking study of (E)-methyl 2-(1-phenylethylidene) 

ydrazinecarbodithioate as thione and thiol isomers of the ti- 

le ligand and the standard ligand, donepezil, were performed 

sing the AutodockVina wizard in PyRx 0.8 suit based on scoring 

unctions [37] . PyRx 0.8 suit is a known and reliable software to 

how the target protein and ligands innate binding conformation 

nd protein-ligand interaction [38–40] . Settings in the program 
Fig. 4. (a) d norm mapped, (b) Shape index and, (c

4 
nclude: grid box exhaustiveness = 8, center x = 3.08836236887, 

enter y = 61.8742805208, center z = 64.9907970034, size 

 = 23.3016576571, size y = 25.0, size z = 24.9905004153 for 

ocking against 1EVE. Ligand and the standard donepezil were 

onverted into PDB style for input to Autodock Vina in PyRx. The 

cAChE (PDB: 1EVE) was saved in PDB format after deletion of the 

ater and inhibitor molecules. The PyMOL molecular viewer was 

sed to present the output [41] . 2-D LIGPLOT software was also 

sed for the representation of the protein-ligand interactions [42] . 

. Result and discussion 

.1. Synthesis, XRD and DFT-structure analysis 

The titled compound (E)-methyl 2-(1-phenylethylidene) 

ydrazinecarbodithioate was prepared [15] and illustrated as 

n Scheme 1 . 
) Fingerprint H…X atoms HSA calculations. 
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Fig. 5. The structure and energy profile of the thione < = > thiol one-step proton intra-migration. 

Fig. 6. FT - IR of (E)-methyl 2-(1-phenylethylidene)hydrazinecarbodithioate: (a) Exp., (b) DFT, and (c) DFT vs. XRD graphical relation. 

5 
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Fig. 7. (a) MEP and (b) MAC(—)/NPA(—) charge population. 

Fig. 8. (a) Abs. and TD-DFT, (b) exp. Tauc’s �E g and, (c) �E HOMO/LUMO of the ligand dissolved in DMSO. 

6 
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Table 1 

Crystallographic refined parameters of the solved structure of desired Schiff base. 

Empirical formula C 10 H 12 N 2 S 2 

CCDC 1503555 

Formula weight 224.34 

Temperature 566(2) K 

Wavelength 0.71073 Å 

Crystal system Triclinic 

Space group P-1 

Unit cell dimensions a = 5.8730(9) Å α= 82.277(3) °@@@@b = 8.2189(13) Å β= 80.044(3) °

Volume 553.24(15) Å 3 

Z 2 

Density (calculated) 1.347 mg/m 

3 

Absorption coefficient 0.443 mm 

-1 

F(000) 236 

Crystal size 0.48 × 0.25 × 0.19 mm 

3 

Theta range for data collection 1.77 to 27.87 °
Index ranges -7 < = h < = 7, -10 < = k < = 10, -15 < = l < = 15 

Reflections collected 5254 

Independent reflections 2630 [R(int) = 0.0127] 

Completeness to theta = 27.87 ° 99.5 % 

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.9205 and 0.8155 

Refinement method Full-matrix least-squares on F 2 

Data/restraints/parameters 2630/0/130 

Goodness-of-fit on F 2 1.046 

Final R indices [I > 2sigma(I)] R1 = 0.0384, wR2 = 0.1025 

R indices (all data) R1 = 0.0458, wR2 = 0.1086 

Extinction coefficient 0.015 (4) 

Largest diff. peak and hole 0.228 and -0.235 e. ̊A −3 

Fig. 9. TG/DTG behavior of the desired ligand. 
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The desired compound was crystallized in a Triclinic system 

ith P-1 space group with Z = 2 per cell, the crytal data de- 

ails were illustracted in Table 1 . The compound was isolated as 

hioneform isomer and not thiol with N-H Schiff base ligand and E - 

someraround C = N bond. The S-Me, and N-N functional groups are 

n the same direction parallel with the phenyl group that makes 
Scheme 1. Synthesis of the (E)-methyl 2-(1-ph

7 
he compound as planar S, N bidentate ligand as seen in Fig. 1 a.

he XRD-structure parameters showed all the bond lengths and 

ngles are in their expected values and similar to the reported 

nes [43] . Only the S = C functional group showed longer bond 

ength thione which supports the possibility of tautomerization 

rocess to form the thiol isomer. The B3LYP/6-311G(d,p) optimized 

n the gaseous phase consistent with XRD result as seen in Table 2 

nd Fig. 1 b. 

The calculated DFT and measured XRD bond distances are in an 

xcellent agreement ( Table 2 and Fig. 2 a), with a correlation coeffi- 

ient = 0.9931 ( Fig. 2 b). Similarly, XRD/DFT angles are also in good 

greement as seen in Fig 2 c, with a correlation coefficient = 0.9371 

 Fig. 2 d). 

.2. XRD/HSA-interactions 

In the crystal lattice of the ligand two types of polar inter- 

ctions are present: the first one formed 2D-2S(7) synthons via 

wo C = S…H-N H-bond with 2.731 Å and the second C = S…H-C Me 

ith 2.744 Å ( Fig. 3 a). Fig. 3 b showed the formation of 2D-S(14)

ynthons via two C Me -H…πPh with 2.878 Å. Interestingly, one 

on-polar covalent interaction with two 1D H….H self-assembly 
enylethylidene)hydrazinecarbodithioate. 
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Table 2 

Experimental XRD and calculated DFT bond lengths and angles values. 

Bond No. Bonds ( ̊A) Exp. XRD DFT Angle No. Angles ( o ) Exp. XRD DFT 

1 S1 C9 1.748(2) 1.8246 1 C9 S1 C10 101.34(9) 100.44 

2 S1 C10 1.797(2) 1.8844 2 N2 N1 C1 119.3(1) 119.46 

3 S2 C9 1.656(2) 1.7092 3 N1 N2 C9 117.9(1) 121.8 

4 N1 N2 1.377(2) 1.3768 4 N1 C1 C2 125.2(2) 122.73 

5 N1 C1 1.284(2) 1.3059 5 N1 C1 C3 115.1(1) 116.23 

6 N2 C9 1.347(2) 1.3631 6 C2 C1 C3 119.7(1) 121.04 

7 C1 C2 1.492(3) 1.5134 7 C1 C3 C4 121.1(1) 119.97 

8 C1 C3 1.486(2) 1.4816 8 C1 C3 C8 121.2(2) 121.65 

9 C3 C4 1.390(2) 1.4126 9 C4 C3 C8 117.6(2) 118.38 

10 C3 C8 1.385(2) 1.4088 10 C3 C4 C5 121.0(2) 120.68 

11 C4 C5 1.379(3) 1.3935 11 C4 C5 C6 120.3(2) 120.4 

12 C5 C6 1.378(3) 1.4021 12 C5 C6 C7 119.7(2) 119.51 

13 C6 C7 1.362(3) 1.3978 13 C6 C7 C8 120.2(2) 120.27 

14 C7 C8 1.389(3) 1.3986 14 C3 C8 C7 121.1(2) 120.76 

15 S1 C9 S2 125.1(1) 126.01 

16 S1 C9 N2 113.0(1) 113.53 

17 S2 C9 N2 121.9(1) 120.46 

Scheme 2. Thione < = > thiol tautomerization isomerization process. 
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upramolecular interactions with 2.297 Å lengths were recorded as 

een in Fig. 3 c. 

To achieve furthermore information about the interaction types 

n the 3D lattice HSA was carried via the crystal CIF file in the 

ange -0.588 to 1.755 a.u [44–48] ; the results were illustrated 

n Fig. 4 . The d norm 

-normalized reflected the presences of four 

ig red spots due to the formation of 2N-H….S, and 2C-H…S 

hort H-bonds that is consistent with XRD-packing H-bond for- 

ation as seen in Fig. 4 a. Moreover, the formation of H…π pH 

nteraction can be detected via the shape index model as seen 

n Fig. 4 b. The 1D self-assembly supramolecular interaction can 

e conformed via the 2D-finger print plot since the H…H atoms 

atios analysis reflected such interaction as a major one with 

6.6% percentage as seen in Fig. 4 c. Meanwhile, the rest of the 

ther atoms interactions were calculated in the following order 

 

••••S(9.2) > C 

••••H(6.7) > N 

••••H(2.6) > N 

••••H. 

.3. One-step single proton intra-migration tautomerization 

Since the compound structure of the desired ligand has been 

olved by XRD as thione isomer, then it is a more stable isomer 

ompared to the thiol structure. Therefore, one can consider it as 
8 
inetically favored isomer, and whereas, the thiol is the thermody- 

amically favored isomer as seen in Scheme 2 . 

As shown in Scheme 2 , the desired ligand may exist only in 

wo tautomeric thiol and thione forms. The both thione < = > thiol 

somer and transition state (T.S.) geometries were optimized at the 

3LYP/6-311 ++ G(d,p) level of theory and gausses state. The DFT- 

omputation revealed the thione tautomer the lowest energy com- 

ared to the thiol isomer which is consistent with the XRD data 

20–23] . 

The DFT calculation supported the single H of N-H in the thione 

somer transferred to the neighbor S of S = C to form thiol via 

ntra-migration-four-membered [N-H…S = C] T.S one-step, as seen 

n Fig. 5 . In T.S ring the S….H bond found to be longer than

….H with 1.81 and 1.45 Å, respectively. Moreover, the imagi- 

ary vibrational frequency of the detected [T.S.] in this processes 

s 1489i cm 

−1 , this value is consistent with the single proton intra- 

igration of previously recorded processes [20–23] . 

The gaseous minimum global energy principle profiles reflected 

he thiol with 87.9 kJ/mol higher than the reference thione kinetic 

avor isomer, meanwhile, the T.S. state is 155.8 kJ/mol higher than 

he thione, as seen in Fig. 5 . This DFT-computation supported the 

heory of one-step single proton intra-migration tautomerization as 

ell as correspond to similar scientifically reported processes [46] . 
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Table 3 

MAC and NPA charges values. 

Atom No. Atom NPA MAC Atom No. Atom NPA MAC 

1 S 0.29965 0.165882 14 C -0.15209 -0.10003 

2 S -0.24551 -0.29387 15 H 0.16891 0.0979 

3 N -0.3319 -0.2605 16 C -0.14995 -0.06837 

4 N -0.33982 -0.21731 17 H 0.16914 0.099853 

5 H 0.35827 0.279281 18 C -0.15432 -0.09285 

6 C 0.31348 0.141456 19 H 0.17015 0.098729 

7 C -0.59658 -0.1705 20 C -0.15328 -0.05629 

8 H 0.19435 0.099501 21 H 0.16815 0.097933 

9 H 0.20924 0.12602 22 C -0.09325 -0.08171 

10 H 0.21807 0.151262 23 C -0.61241 -0.42166 

11 C -0.07785 -0.19971 24 H 0.19657 0.16251 

12 C -0.13658 -0.00231 25 H 0.20308 0.152832 

13 H 0.17826 0.127168 26 H 0.19621 0.164768 
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.4. IR investigations 

The solid-state experimental IR of (E)-methyl 2-(1- 

henylethylidene)hydrazinecarbodithioate reflected the existence 

f various functional groups in the backbone of the ligand. The 

bsence of stretching vibrations of N-H confirmed the formation 

f intra-hydrogen N-H…S = C bond [43] . Moreover, νC ph -H was 

etected at ~ 3110 cm 

−1 , νC CH3 -H sited at 2940–2880 cm 

−1 

nd νC = S sited at 1030 cm 

−1 as seen in Fig. 6 a.The functional

roups stretching vibrations like N-N, C-O, C = C, C-N, C-C, and C-S 

ttributed to their known vibrational positions [4–7] . 

In the gaseous DFT-IR stretching vibrations the N-H was de- 

ected at 3580 cm 

−1 , the νC ph -H was detected at ~3280 cm 

−1 ,

C CH3 -H sited at 3100–2820 cm 

−1 and νC = S sited at 1050 cm 

−1 

s seen in Fig. 6 b. Moreover, the high degree of Exp./DFT-IR com- 

atibility was supported by the unity graphical correlation (0.998) 

s seen in Fig. 6 c. 

.5. MEP and MAC/NPA charges 

The molecular electrostatic potential (MEP) compoutions are 

erved to get more insights of chemical reactivity of the desired 

olecule that related the negative with red and yellow color and 

ositive with blue color potential sites in match with the to- 

al electron density surface of the compouted molecule. The MEP 

ontour map of desired S.B was determined using DFT/B3LYP/6- 

11G(d) process. The MEP presence here of a strong nucleophilic 

unctional groups like S = C with red color and moderate nucle- 

philic around the S-Me with yellow color. On an other hand, the 

rotons of N-H, CH 3 , and H-of Ph were reflected as electrophilic 

ites with blue color as seen in Fig. 7 a. Morover, since both nu-

leophilic and electrophilic functional groups are recorded on the 

olecule surface by MEP, therefore, polar interactions (blue….red) 

ike H….S, and H…πPh are possible to be established between 

olecules packed to form the lattice, such seen is agreed with 

RD and HSA results [48] . To identify the charge of the atoms 

hat composed any molecule, researchers resort to compoute the 

harge using DFT-theoretical method, there are many models for 

stimating the values of the charge for each atom, but Mulliken 

tomic Charge (MAC), Natural Population Analysis (NPA) are the 

ost famous and trusted models, the convergence in the charges 

alculated by MAC and NPA models increases the confidence in 

uch calculations. MAC and NPA population charges revealed dig- 

tal e-rich and e- poor, N, N, S 2 = C, and all the carbons except

 = S atoms are nucleophilic sites with negative charges ( Table 3 ).

n the other hand, all protons, C = S, and S 1 atoms are elec-

rophilic sites with positive charge as in Fig. 7 b. Herein, it can 

e seen that MEP and MAC/NPA plays an important role in esti- 

ating the charge of the atoms, especially the outer atoms con- 
9 
tituents of the surface of the compound, therefore, the bind- 

ng behavior of the compound with its neighbor to build the 

rystal lattice can be established. The NPA and MAC result in 

his study matched well with the MEP and HSA/XRD-packing 

esult. 

.6. Absorbance/TD-SCF-B3LYP and �Eg/HOMO-LUMO 

UV–Vis absorption spectrum of the (E)-methyl 2-(1- 

henylethylidene)hydrazinecarbodithioate dissolved in DMSO 

n region 20 0–80 0 nm was determined as seen in Fig. 8 a. Two

bsorption bands centered at λmax = 225 and λmax = 312 nm with 

= 2605 and 3820, Lmol −1 cm-1, have been recorded respec- 

ively. These UV-peaks can be assigned to π→ π ∗ and n → π ∗

lectron transition, respectively. No other bands in the visible 

rea were detected. Time-dependent DFT/B3LYP computation has 

een carried out to understand the theoretical UV–Vis electronic 

ransitions using the same solvent, and then compare it with 

he experimental result. The calculated wavelength (nm) and 

scillator strength (f) with the aid of the method are summa- 

ized in Table 4 . The experimental peaks of the desired ligand 

ave been matched by means of TD-DFT calculations as seen 

n Fig. 8 b. The experimental band at λmax = 225 nm ( π→ π ∗) 

atched well to the TD-DFT band observed at 226.8 nm ( �λ
 1.8 nm) can be dominated by the HOMO-4 → LUMO(30%), HOMO- 

 → L + 1(28%), HOMO-1 → LUMO + 2(24%) major contributions 

nd HOMO-3 → LUMO(4%), HOMO-3 → LUMO + 1 (2%), HOMO- 

 → LUMO + 1(4%), HOMO → LUMO + 5 (3%) as minor contributions 

lectron transfer. The experimental peak at λmax = 312 nm (n → π ∗) 

as matched well to TD-DFT band at 315.1 nm ( �λ = 3.1 nm) 

hereas corresponded to HOMO + 1 → LUMO (97%) as major con- 

ributions and HOMO-2 → LUMO + 2 (3%) as minor contributions 

lectron transfer. 

The Tauc �E g [49] direct experimental optical band gap energy 

as recorded in DMSO, the measured �E g found to 4.30 eV as 

een in Fig. 6 c, this result isapproximated with the HOMO → LUMO 

heoretical electron transfer energy, �E HOMO/LUMO = 4.34 eV as can 

e seen in Fig. 8 c. 

.7. Thermal behavior 

The TG/DTG-curves of Methyl-(E)-2-(phenylmethylidene) 

ithiocarbazatewereperformed in a temperature range of 20 to 

00 °C under 5 °C/minute heating rate and open O 2 -atmosphere, 

he result is shown in Fig. 9 a. The ligand showed a high degree of

hermal stability, it was stable up to 198 °C. Above this tempera- 

ure, the ligand decayed from 99% to ~1 mass% up to 300 °C in a

road one-step decomposition process with TDTG = 218 °C as in 

ig. 9 b. 
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Table 4 

TD-DFT electron transfer detail data of the desired ligand dissolved in DMSO. 

No. λ (nm) Osc. Str. (f) Major contributions Minor contributions 

1 366.58 0.001 HOMO- > LUMO(91%) HOMO- > L + 1(7%) 

2 315.10 0.712 H-1- > LUMO(97%) H-2- > L + 2(3%) 

3 290.09 0.095 H-2- > LUMO(96%) H-1- > L + 2(4%) 

4 263.86 0.019 H-3- > LUMO(74%), H-1- > L + 2(11%) HOMO- > L + 1(7%) 

5 263.49 0.002 HOMO- > L + 1(82%) H-3- > LUMO(6%), HOMO- > LUMO(7%) 

6 250.13 0.001 H-5- > LUMO(97%) –

7 242.07 0.029 H-4- > LUMO(25%), H-1- > L + 1(69%) –

8 231.10 0.044 H-4- > LUMO(20%), H-3- > LUMO(10%), H-1- > L + 2(50%) H-3- > L + 1(2%), H-2- > L + 1(5%), H-1- > L + 1(8%) 

9 226.81 0.200 H-4- > LUMO (30%), H-2- > L + 1 (28%), H-1- > L + 2 (24%) H-3- > LUMO(4%), H-3- > L + 1(2%), H-1- > L + 1(4%), HOMO- > L + 5(3%) 

10 212.70 0.014 H-3- > L + 1 (19%), H-2- > L + 2 (69%) H-4- > LUMO 2%), H-3- > LUMO(3%) 

Fig. 10. (a) The superposition of the desired ligand (thione-magenta and thiol-white isomers) and donepezil-deepteal sticks [50] docked under identical conditions; (b) The 

superposition of donepezil and the title ligand (thione and thiol) without the 1EVE protease for clarity, and (c) Thethione and thiol isomers in the active sites of the AChE. 

3

l

a

a

2

t  

i

o

t

F

d

b

(

i

p

i

c

d

F

f

p

(

t

.8. Docking analysis 

The aim of this docking study is to inspect how the prepared 

igand, in its different forms; thione and thiol, might bind with the 

ctive site of the TcAChE enzyme (PDB, 1EVE) as possible selective 

cetylcholinesterase inhibitors. The docked ligand of (E)-methyl 

-(1-phenylethylidene)-hydrazinecarbodithioatehas interacted with 

he active site of 1EVE as shown in Fig. 10 . Noticeably, the dock-

ng results revealed that the thione isomer has overlapped most 

f thiol isomer indicating an obvious similarity in the interac- 

ion behavior between the thione and thiols isomers against 1EVE 

ig. 10 (c). The title ligand appeared perpendicular to the stan- 

ard donepezil, in the active site of the TcAChE enzyme. The 
10 
inding affinity against the Torpedo California acetylcholinesterase 

TcAChE), (PDB, 1EVE) is related to the number of hydrogen bond- 

ng and hydrophobic interactions. Interestingly, the title liganddis- 

layed good binding affinity against the TcAChE enzyme with dock- 

ng score, -7.2, -7.2 kcal/mol for thione and thiol respectively in 

omparison to our standard compound, donepezil (-11.2 kcal/mol) 

ocked under identical conditions. 

Superimposition of our ligand and donepezil are presented in 

ig. 10 demonstrating the structure of the protein–drug complex 

ramework within the active site of 1EVE. The interactions of the 

repared ligand and donepezil against the active site of AChE 

1EVE) are well presented by the intensive hydrophobic interac- 

ions between the ligand and the active amino acid residues of the 
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Fig. 11. (a) A schematic 2-D LIGPLOT representation of 1EVE against donepezil (brown sticks) showing hydrophobic interactions and (b) A schematic 2-D LIGPLOT represen- 

tation of 1EVE against the ligand (brown sticks) showing H-bonds and hydrophobic interactions (red dashed lines are omitted for clarity) [42] . 
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eceptor, mainly via the π•••π stacking and the lone pair of elec- 

rons on the S, O and N atoms in Fig. 11 . Unexpectedly, the interac-

ion of donepezil against AChE (1EVE) shows no H-bonds, whereas, 

wo hydrogen bonds were observed between the title ligand and 

sp-72 (3.03 A 

o ) and Tyr-121 (3.33 A 

o ). It is observed here as it has

een well documented that the active amino acid residue (Trp84) 

f the receptor was considered as the main component of the an- 

onic site [51] . It is also worth noting that at the bottom of the

orge, π–π hydrophobic interaction was seen between one ring of 

onepezil and the phenyl moiety of His440, the active amino acid 

esidues of the catalytic triad in the active site of AChE [52] , which

s completely absent in the case of our ligand against AChE (1EVE). 

hese interactions observed in donepezil might be, in part, respon- 

ible for the low binding energy to the enzyme hence improves the 

nhibition effect. Importantly, the low docking score of our ligand 

-7.2 kcal/mol) and the many common interaction residues found 

etween our ligand against AChE (1EVE), from one side, and the 

tandard donepezil against AChE (1EVE), on the other side (PHE331, 

YR334, PHE330, TRP84, T YR70, and T YR121, Fig. 11 ), might sug- 

est that our ligand may serve as a potential drug for treating AD. 

. Conclusion 

(E)-methyl 2-(1-phenylethylidene)hydrazinecarbodithioate as 

hione simple-model kinetically favored structure has been proved 

y the XRD-crystal structure. The DFT optimized structure and 

tructural parameters agreed well with their XRD-structure rel- 

tives. Moreover, HSA/MEP/MAC/NPC charge density quantum 

arameters clarified the presence of H…..S and H…. π-pH inter- 

ctions agreeing with the XRD-packing result. QST2/DFT method 

ucceeded to explain the thione ⇔ thiol single proton tautomer- 

zation process. The TD-SCF/DFT and HOMO/LUMO energy level 

alculations correlated to an excellent degree with experimental 

lectron transfer and Tauc’s energy �E g , respectively.The com- 

ound as most of the organic material decomposed in one-step 

echanism but with a significant degree of thermal stability. The 

wo identified isomers of our ligand showed a closer feature to 
11 
he standard donepezil drug used in this study creating hope to 

e a possible selective acetylcholinesterase inhibitor. 
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