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In this present work, a novel (E)-1-(4-fluorobenzylidene)-4-
(3,5-dimethylphenyl)thiosemicarbazone was prepared and 
characterized by elemental analysis, FT-IR, NMR and X-ray 
single crystal diffraction techniques. The synthetized 
compound crystallized in orthorhombic space group Fdd2 
with a = 55.69(2), b = 13.782(4), c = 8.243(3) Å, α = 90.00°, β 
= 90.00°, γ = 90.00°, C16H16FN3S, Mr = 301.38, V = 6327(4) 
Å3, Z = 16, Dc = 1.266 g·cm-1, F(000) = 2528, the final R = 
0.0562 and ωR (I > 2�(I)) = 0.1312. The conformers of the 
local and global minimum energy of the synthetized 
compound were obtained by potential energy surface (PES) 
scan. The intermolecular hydrogen bonds and strength were 
confirmed by Hirshfeld surface analysis. The intramolecular 
weak non-covalent interactions were exhibited through 
reduced density gradient (RDG) function. The electronic transitions between orbitals of the synthetized compound were discussed by 
UV-Visible spectra and HOMO-LUMO analysis. The nucleophilic and electrophilic reaction sites were predicted through 
electrostatic potential (ESP). The binding mode of the synthetized compound with receptor protein (1NMT) was evaluated by 
molecular docking. 
 
 
 

INTRODUCTION* 

Thiosemicarbazone is a representative class of 
Schiff base, and they could be easily prepared by 
condensation reaction of aldehyde or ketone with 
thiosemicarbazide.1,2 Thiosemicarbazone can also 
coordinate with metal ion to form metal complex due 
to the inherent =NNS― tridentate coordination 
skeleton.3,4 As is well-known, thiosemicarbazone 
possesses a broad range of biological activities such 
                                                  
 
  

as antiviral,5 antitumor,6 antifungal,7 antibacterial,8 
anti-inflammatory,9 antioxidant10 and others. And the 
previous literature reported that the biological 
activities are influenced by the lipophilic groups on 
the N4 group of thiosemicarbazone.11 What’s more, 
the metal complex is used to photochemistry, 
fluorescent reagent and electrochemistry material.12 

Therefore, thiosemicarbazone derivatives attract the 
attention of more researchers in recent years. 
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Mark A. Spackman and Dylan Jayatilaka 
proposed the Hirshfeld surface and indicated that it 
is mainly used to explain the intermolecular 
interactions of the crystal structure, such as 
hydrogen bond, π…π contact, Van der Waals force, 
etc..13, 14 Meanwhile, Erin R. Johnson et al. 
introduced the reduced density gradient (RDG) 
function, which is used to detect the intramolecular 
noncovalent interactions in real space on the basis 
of the electron density and its derivatives, allowing 
the simultaneous analysis and visualization of a 
series of noncovalent interactions types.15, 16 The 
above two approaches provide a rapid and rich 
representation for the inter- and intramolecular 
hydrogen bonds. Besides, the quantum chemical 
calculations are applied to elucidate the molecular 
structure and reactive sites in detail. B3LYP 
method have become the significant and frequently 
used quantum mechanical modelling method to 
examine the molecular electronic structure.17  

In this work, (E)-1-(4-fluorobenzylidene)-4-
(3,5-dimethylphenyl)thiosemicarbazone was 
synthetized. Then the synthetized compound was 
characterized by elemental analysis, FT-IR 
spectrum and NMR tools. The crystal structure of 
the synthetized compound was obtained by the  
X-ray single crystal diffraction technique. The 
conformers of the local and global minimum 
energy of the synthetized compound were obtained 
by potential energy surface (PES) scan. In 
addition, Hirshfeld surface analysis was used to 
discuss the intermolecular hydrogen bonds and 
strength. The reduced density gradient (RDG) 
function was performed to illustrate the 
intramolecular hydrogen bond and weak non-
covalent interactions of the synthetized compound. 
According to employing the B3LYP/6-31+G(d,p) 
basis set, UV-Visible spectrum, HOMO-LUMO 
orbital and electrostatic potential (ESP) of the 
synthetized compound were calculated. Finally, the 
binding mode of the synthetized compound with 
receptor protein (1NMT) was predicted through 
molecular docking. 

RESULTS AND DISCUSSION 

1. Chemistry 

The experimental FT-IR spectrum of the 
synthetized compound was recorded in the region 
of 4000–400 cm-1 and displayed in Figure S1. The 
medium-strong peaks lied in 3240 and 3128 cm-1 

were classified into the stretching vibrations of 
N―H. The symmetric stretching vibration of the CH3 
group located at 2977 cm-1, which was consistent 
with reported value.18 The observed C=N stretching 
vibration (1603 cm-1) was slightly different from the 
reported peaks (1630–1690 cm-1) due to the 
conjugation effect between the C=N double bond and 
benzene ring bearing the F atom.19 The band located 
at 1230 cm-1 was assigned to C―F stretching 
vibration in the FT-IR spectrum. The C=S stretching 
vibrations lied in 800-600 cm-1 in many thioureas.20 
Hence, the medium intensity band located at 707 cm-1 
in the FT-IR spectrum was arranged C=S stretching 
mode. 

The 1H NMR spectrum of the synthetized 
compound was shown in Figure S2. Obviously, the 
two N―H signals of the synthetized compound 
appeared at the downfield 11.76 and 10.00 ppm, 
respectively. The signal located at 8.13 ppm was 
assigned to CH=N proton. The proton signals on the 
benzene ring were observed at 7.98–6.82 ppm. In 
addition, the six protons on the two methyl groups 
were in the identical chemical environment, so the 
corresponding proton signals lied in 2.28 ppm.  

The 13C NMR spectrum of the synthetized 
compound was displayed in Figure S3. The peaks 
located at 175.85 and 141.49 ppm were arranged 
C=S and C=N signals, respectively. The signals 
situated at 138.53–123.22 ppm were attributed to 
carbons on the benzene ring. While, the signal lied 
in 161.92 ppm was assigned to carbon on the 
benzene ring linked to F atom. Clearly, the carbon 
on the benzene ring linked to F atom had a larger 
chemical shift than the other carbons on the 
benzene ring. The signal occurred at 20.79 ppm 
was attributed to the carbon on the methyl group. 

2. Crystal structure 

The synthetized compound formed the white 
block crystal, whose data collections and structure 
refinement details were summarized in Table 1. 
The crystal structure of the synthetized compound 
was shown in Figure 1. The selected experimental 
and theoretical geometrical parameters of the 
synthetized compound were listed in Table S1. The 
bond lengths of N(1)―C(3) (1.427 Å) and 
N(2)―C(9) (1.351 Å) were greater than 
N(3)―C(10) on experiment, but the electron 
delocalization around related atoms caused them to 
be smaller than average value (1.472 Å). Besides, 
the bond lengths of N(3)―C(10) and S(1)―C(9) 
experimentally measured were 1.284 and 1.691 Å, 
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which showed the characteristics of the expected 
double bond. The experimental and theoretical 
bond lengths of C―F were 1.365 and 1.357  
respectively, which was in accordance with the 
reported values.21 The bond angles of 
C(3)―N(1)―C(9), N(1)―C(9)―S(1) and C(9)― 
N(2)―N(3) experimentally measured were 124.2º, 
124.9º and 120.0º in turn. The torsion angles of 
C(3)―N(1)―C(9)―S(1), N(1)―C(9)―N(2)― 

N(3), S(1)―C(9)―N(2)―N(3) and C(9)― 
N(2)―N(3)―C(10) experimentally were  5.5º, 
0.2º and 178.8º and -178.9º, orderly, which proved 
that the central framework (=N—N—C(S)—N—) 
of the synthetized compound was almost coplanar. 
In conclusion, the experimental geometrical 
parameters of the synthetized compound were 
agreement with theoretical values by comparison. 

 

 
Fig. 1 – Crystal structure of the synthetized compound. Black dotted line represented intramolecular hydrogen bond. 

 
Table 1 

Data collections and structure refinement details of the synthetized compound 

Chemical formula C16H16FN3S 

Formula weight 301.38 
Temperature (K) 296(2) 
Wavelength (Å) 0.71073 
a (Å) 55.69(2) 
b (Å) 13.782(4) 
c (Å) 8.243(3) 
α (degree) 90.00 
β (degree) 90.00 
γ (degree) 90.00 
Volume (Å3) 6327(4) 
Z 16 
Dc (Mg/m3) 1.266 
Crystal system Orthorhombic 
Space group Fdd2 
Index ranges -68 < h < 67, -16 < k < 14, -9 < l < 10 
F (000) 2528 

Theta range for data 
collection (o) 2.903 to 25.918 

Reflections collected 2991 
Independent reflections 2776 
Rint 0.0562 
Goodness-of-fit on F2(S) 1.089 
R (all data) R1 = 0.0562, wR2 = 0.1312 
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Fig. 2 – Packing diagram of the synthetized compound viewed along c-axis. Red and black dotted lines  

represented intermolecular hydrogen bonds. 
 

Table 2 

Hydrogen bonds (Å, º ) of the synthetized compound 

D―H…A d(D―H) D(H…A) d(D…A) �D―H…A 

N(1)—H(3)…N(3) 0.88 2.24 2.63 107 

N(2)—H(1)…S(1)a 0.88 2.51 3.35 159 

N(1)—H(3)…S(1)b 0.88 2.75 3.51 145 

C(6)—H(6)…F(1)c 0.95 2.48 3.43 173 

C(8)—H(8B)…S(1)d 0.98 2.81 3.63 141 

N(16)—H(16)…S(1)b 0.95 2.86 3.77 159 

Symmetry codes: (a) -x, 1-y, z; (b) -x, 1/2-y, 1/2+z; (c) -1/4+x, 1/4-y, -1/4+z; (d) x, -1/2+y, 1/2+z. 
 

The packing diagram of the synthetized 
compound viewed along c-axis was depicted in 
Figure 2. Intra- and intermolecular hydrogen bond 
parameters were listed in Table 2. There was an 
intramolecular hydrogen bond N(1)―H(3)…N(3) in 
the synthetized compound, where N(1) acted as the 
donor atom and N(3) as the acceptor atom to form a 
five-membered ring, which maintained the planarity 
of the molecular skeleton and intramolecular  
stability. The intermolecular hydrogen bond 
N(2)―H(1)…S(1) (-x, 1-y, z) formed by two 
adjacent molecules constituted a central symmetrical 
R2 2(8) ring motif. Furthermore, the intermolecular 
hydrogen bonds N(1)―H(3)…S(1) (-x, 1/2-y, 1/2+z) 
and C(16)―H(16)…S(1) (-x, 1/2-y, 1/2+z) formed 
an asymmetrical R1 2(10) ring motif, which N(1) and 
C(16) atoms served as donors and S(1) as acceptor. 
Finally, the crystal structure of the synthetized 

compound was stacked along a and c axes through 
the intermolecular hydrogen bonds 
C(6)―H(6)…F(1) (-1/4+x, 1/4-y, -1/4+z) and 
C(8)―H(8B)…S(1) (x, -1/2+y, 1/2+z), respectively.  

3. Potential energy surface (PES) scan 

Potential energy surface (PES) scan coordinates 
were determined and visualized to understand the 
stable conformation of the synthetized compound 
at B3LYP/6-31+G(d,p) basis set. The PES scan of 
minimum and maximum energy conformer was 
performed for the dihedral angle C9—N1—C3—
C4 of the synthetized compound, which was the 
relevant coordinate for the conformational 
flexibility within the molecule. The dihedral angle 
was rotated 360°, and it was divided into 72 steps 
at where each step had 5° of freedom. The PES 
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scan plot of the synthetized compound was 
depicted in Figure 3. And the conformers with the 
local and global minimum and maximum energy 
were displayed in Table S2. The results showed 
that the most stable conformation of the 
synthetized compound was obtained at rotational 
angle (182.1°, 362.1°) values with the local and 
global minimum energy (-804266 Kcal/mol), while 
the structures were gained at rotational angle 
(267.1°, 452.1°) values with the local and global 
maximum energy (-804264 Kcal/mol). In our 
work, the most stable conformation of the 
synthetized compound was used to perform the 
quantum chemical calculations. 

4. Hirshfeld surface analysis 

Hirshfeld surface analysis is a novel and visual 
approach to investigation of the intermolecular 
interactions in crystal. The Hirshfeld surface and 
2D fingerprint plots of the synthetized compound 
were obtained using CrystalExplorer3.1 program 
package in this work.22-24 The Hirshfeld surface of 
the synthetized compound was exhibited by a fixed 
red-white-blue colour scheme (-0.1 Å to 0.4 Å) in 
Figure 4. And the red-white-blue colours indicated 
that the contact was shorter, approximate and 
longer than vdW separation (3.27Å) respectively. 
Moreover, the shorter intermolecular contact was 
characterised by the two identical red dots.13,14 
There were the red dots labelled 1, 2, 3, 4, and 5, 
which showed the intermolecular hydrogen bonds 
N(2)―H(1)…S(1) (-x, 1-y, z), C(6)―H(6)…F(1) 
(-1/4+x, 1/4-y, -1/4+z), N(1)―H(3)…S(1) (-x, 1/2-
y, 1/2+z), C(8)―H(8B)…S(1) (x, -1/2+y, 1/2+z) 
and C(16)―H(16)…S(1) (-x, 1/2-y, 1/2+z) in turn. 
Obviously, the red dots labelled 1 were bigger than 
the others, which elucidated that the intermolecular 
hydrogen bond N(2)―H(1)…S(1) (-x, 1-y, z) was 
the strongest hydrogen bond interaction. However, 
the strength of the other intermolecular hydrogen 
bonds was weak and similar. 

2D fingerprint plots of the main intermolecular 
contacts of the synthetized compound were 
displayed in Figure 5. The fingerprint plots were 
created by binning (di, de) pairs in intervals of 0.01 
Å. The overall contacts of the synthetized 
compound were presented by the grey areas of 
fingerprint plots. By comparison, we found that the 
dominant short contact of the synthetized 
compound was the cyclic H…H contact with 
44.1%, which showed up as a pair of spikes at the 
bottom left of the 2D plot (i.e. short di and de, the 
upper one associated with the donor atom, the 

lower one with the acceptor). A second principal 
contact of the synthetized compound was the 
C…H contact (20.5%) and had much greater 
values of (di, de). The presence of intermolecular 
hydrogen bonds N(2)―H(1)…S(1) (-x, 1-y, z), 
N(1)―H(3)…S(1) (-x, 1/2-y, 1/2+z), 
C(8)―H(8B)…S(1) (x, -1/2+y, 1/2+z) and 
C(16)―H(16)…S(1) (-x, 1/2-y, 1/2+z) led to the 
H…S contact (13.4%) and the value of (di, de) was 
1.4-1.6 Å. Besides, the intermolecular hydrogen 
bond C(6)―H(6)…F(1) (-1/4+x, 1/4-y, -1/4+z) 
resulted in the H…F contact with 12.3%. 
Importantly, the intermolecular hydrogen bonds in 
crystal packing of the synthetized compound were 
confirmed through Hirshfeld surface and 2D 
fingerprint plots again. 

5. Reduced density gradient (RDG) analysis 

Noncovalent interactions govern many areas of 
biology and chemistry, including the design of new 
materials and drugs. This class of interaction spans 
a wide range of binding energy and encompasses 
hydrogen bonds, dipole-dipole interaction, steric 
repulsion and London dispersion.25-27 Significantly, 
the noncovalent interactions are characterized by 
the low density and low reduced gradient values. If 
the sign(λ2)ρ of the noncovalent interaction is large 
and negative, which proves that it is an attractive 
interaction, such as dipole-dipole and hydrogen 
bond. On the contrary, if sign(λ2)ρ is large and 
positive, and it is a strong repulsive interaction. 
The RDG isosurface and scatter plot of the 
synthetized compound were displayed in Figure 6. 
And the two plots applied the uniform color scale 
[-0.035, 0.02], which matched with the actual blue-
green-red color scale in turn. The red spike located 
at sign(λ2)ρ = 0.02 a.u on the scatter plot and red 
fusiform shapes in the center of the benzene rings 
in RDG isosurface corresponded to the strong 
steric effect. Meanwhile, there was a bicolored flat 
surface between N, N and H atoms, which 
elucidated that the repulsion and attraction 
interactions coexisted around atoms. Thereinto, the 
green region and green spike located at -0.03 a.u < 
sign(λ2)ρ < -0.02 a.u on the scatter plot implied 
that the intramolecular hydrogen bond 
N(1)―H(3)…N(3) was a strong hydrogen bond. 
While, the red region and red spike situated at 
sign(λ2)ρ = 0.01 a.u on the scatter plot emphasized 
the N...N repulsion interaction. Besides, the green 
spikes located at -0.02 a.u < sign(λ2)ρ < -0.01a.u 
and sign(λ2)ρ = -0.01 a.u on the scatter plot would 
more probably correspond to the S...H and C...H 
attraction interactions, respectively. 



514 Fan Qi et al. 

 
Fig. 3 – PES scan curve of the synthetized compound along the C9—N1—C3—C4 dihedral angle. 

 

 
Fig. 4 – Hirshfeld surface of the synthetized compound (mapped with dnorm) along the different orientations. 

 

 
Fig. 5 – 2D fingerprint plots of the synthetized compound. 
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6. UV-Visible analysis 

Experimental and theoretical UV-Visible 
explorations are important for understanding the 
nature of electronic transitions within molecule. 
Thus, the experimental UV-Visible absorption 
spectrum of the synthetized compound was 
recorded in the range of 200–500 nm using ethanol 
as solvent. What’s more, the TD-DFT calculation 
on electronic absorption spectrum in ethanol was 
performed at the B3LYP/6-31+G(d,p) basis set. 
The comparative analysis about experimental and 
theoretical UV-Visible absorption spectra of the 
synthetized compound was shown in Figure 7. 
Meanwhile, the electronic transitions with λmax of 
experimental and theoretical maximum absorbance, 
excitation energy, oscillator strength and 
assignments were presented in Table S3. It could 
be noted that the theoretical maximum absorbance 

values of the synthetized compound mainly lied in 
329, 298 and 230 nm, while the experimental 
maximum absorbance values located at 320 and 
209 nm. Markedly, the experimental absorption 
band corresponding to the theoretical value (298 
nm) could not be noticed probably because it was 
covered by the more intense absorption band 
located at 320 nm. The maximum absorption bands 
occurred at 320 and 209 nm were mainly assigned 
to HOMO→LUMO (51%) and HOMO-5→LUMO 
(39%) transitions, which had the excitation 
energies of 3.77 and 5.08 eV, respectively. 
Importantly, the HOMO→LUMO transition with 
oscillator strength (f = 0.75) which describes the 
strength of electronic transition possessed the 
nature of π→π*, which was the primary formation 
of electronic transition due to the smallest 
excitation energy. 

 

 
Fig. 6 – RDG isosurface (left) and scatter plot sign(λ2)ρ vs RDG (right) of the synthetized compound. 

 

 
Fig. 7 – Experimental and theoretical UV-Visible absorbance spectra of the synthetized compound. 
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(a)                       (b)                        (c) 

Fig. 8 – (a) HOMO and LUMO molecular orbitals and the HOMO→LUMO energy gap, (b) HOMO-2 and LUMO molecular orbitals 
and the HOMO-2→LUMO energy gap, (c) HOMO-5 and LUMO molecular orbitals and the HOMO-5→LUMO energy gap of the 
                            synthetized compound calculated at 6-31+G(d,p) basis set. 
 

7. HOMO-LUMO analysis 

The highest occupied molecular orbital 
(HOMO), the lowest unoccupied molecular orbital 
(LUMO) and energy gap of HOMO and LUMO 
orbitals are important to predict the bioactivity and 
chemical activity of molecule.28 The HOMO 
orbital implies the ability to donate an electron, 
while the LUMO orbital hints the ability to accept 
an electron and energy gap (ΔE) emphasizes the 
stability of molecule.29 The HOMO, LUMO, 
HOMO-2, HOMO-5 molecular orbitals and 
electronic transitions of the synthetized compound 
calculated at the B3LYP/6-31+G(d,p) basis set 
were shown in Figure 8(a, b, c). The HOMO 
orbital was mainly composed of the phenyl linked 
to methyl and HOMO-2 orbital was spread over 
the entire molecule, while the LUMO orbital had 
almost no distribution on central skeleton of the 
synthetized compound. There was a little electron 
distribution in the HOMO-5 orbital. The energies 
of HOMO, LUMO, HOMO-2 and HOMO-5 
molecular orbitals were -5.99, -2.20, -6.15 and  
-7.84 eV. The corresponding energy gaps of 
electronic transitions of HOMO→LUMO, HOMO-
2→LUMO and HOMO-5→LUMO were 3.79, 3.95 
and 5.64 eV, respectively. The energy required for 
the HOMO→LUMO transition was minimal, so 
the electrons tended to this formation of transition 
for the synthetized compound, which was 
consistent with the results of UV-Visible analysis. 

8. Electrostatic potential (ESP) analysis 

The distribution of charges around molecule 
creates molecular electrostatic potential, so the 
molecular electrostatic potential is related to 
electron density and an extremely important 
parameter for explaining the molecular reactivity.30 
Moreover, the molecular electrostatic potential has 
a great impact on the binding site of receptor and 
ligand, because the receptor and ligand recognize 
each other on molecular surface.31 The electrostatic 
potential (ESP) plot of the synthetized compound 
obtained by using 6-31+G(d,p) basis set was 
exhibited in Figure 9. The regions that the 
electrostatic potential was positive were filled with 
red, while the regions that the electrostatic 
potential was negative were rendered by blue. The 
parts where the electrostatic potential was close to 
zero were filled with white. What’s more, the local 
maximum electrostatic potential (red dots) and 
minimum electrostatic potential (blue dots) were 
emphasized in Figure 9. As shown in Figure 9, the 
local maximum electrostatic potential of the 
synthetized compound was 42.78 Kcal/mol, which 
appeared around the C―H bond and happened to 
the strong repulsion of protons by the atomic 
nuclei. On the contrary, the blue regions nearby 
C=S bond represented the local minimum 
electrostatic potential (-25.92 Kcal/mol) and 
occurred the strong attraction of proton by the 
aggregate electron density in the molecule. 
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Fig. 9 – Electrostatic potential (ESP) plot of the synthetized compound calculated at 6-31+G(d,p) basis set.  

Local maximum electrostatic potential (red dots) and minimum electrostatic potential (blue dots). 
 

 
(a) 

 

 
(b) 

Fig. 10 – 3D(left) and 2D(right) binding modes of receptor protein (1NMT) with the synthetized compound (a) and co-crystal ligand (b). 
 

And this region was easily attacked by 
electrophiles, which was mainly due to the strong 
electronegativity of the S atom. Besides, there was 
a small number of white areas that electrostatic 
potential was extremely low and almost close to 
zero in the ESP plot. 

9. Molecular docking 

Molecular docking plays a significant role during 
the development of the novel drugs. Molecular 
docking utilizes the complete structural information 
of small molecule ligand and macromolecule 
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receptor protein to predict the best combination mode 
on the basis of the principles of energy matching, 
geometric matching and chemical environment 
matching.32, 33 In brief, the optimal configuration of 
the ligand could be obtained through molecular 
docking, which makes the free energy of the entire 
system minimized. N-myristoyltransferase (1NMT) 
is a cytosolic monomeric enzyme, which catalyzes 
the transfer of myristate from myristoyl-CoA to N-
terminal glycine residue of the several eucaryotic and 
viral proteins and forms N-myristoylation protein. 
Some N-myristoylation proteins are significant for 
the growth of fungal cells.34 Thus, N-myristoyl-
transferase (1NMT) has been a desired target enzyme 
for the development of novel fungicidal drugs in 
recent years. 

The docking results were exhibited in Table S4, 
including docking energy, hydrogen bond, the 
residue of active site and inhibition constant Ki. As 
shown in Figure 10, there were residues LYS167; 
ASP64; ASN166; LYS161; ILE63; ASN421; 
ARG423; THR218; LEU220; TYR422; LEU419; 
TYR418; PHE420; PRO217; VAL168; PRO219 and 
PRO217 around at active pocket. And the 
synthetized compound and co-crystal ligand formed 
the various binding interactions with the above 
residues, such as hydrogen bond, Van der Waals and 
Halogen etc. The docking energies of the receptor 
protein (1NMT) with the synthetized compound and 
co-crystal ligand were -4.99 and -3.06 Kcal/mol, 
respectively, which indicated that the synthetized 
compound had a higher affinity with receptor 
protein (1NMT) compared with the inherent co-
crystal ligand. Surprisingly, the residue ASN421 
formed a hydrogen bond with the synthetized 
compound and co-crystal ligand severally, showing 
the distance of 1.90 and 2.86 Å. What’s more, the F 
atom of the synthetized compound formed two 
Halogen interactions with residues THR218 and 
TYR422. These results illustrated that the 
synthetized compound could interact favorably with 
receptor protein (1NMT) and formed stable 
complex. Hence, the synthetized compound 
probably had an ideal antifungal activity. 

EXPERIMENTAL 

1. Materials and measurements 

All the used chemical reagents were analytical grade and 
used without further purification in this work. Melting point of 
the synthetized compounds was recorded using a Cossim 
KER3100-08S apparatus. Elemental analysis was performed 
by employing an ELEMENTAR Vario EL Ⅲ elemental 
analyzer. Solid phase FT-IR spectrum (KBr pellets) was 

recorded in the range of 4000-400 cm-1 on a Bruker 
EQUINOX 55 FT-IR spectrometer. 1H and 13C nuclear 
magnetic resonance (NMR) spectra were taped on a Bruker 
spectrophotometer on 400 MHz and 100 MHz at 295K using 
tetramethylsilane (TMS) as an internal standard, respectively. 
And the sample was dissolved in dimethylsulfoxide-d6 
(DMSO-d6). UV-Visible spectrum was recorded in the range 
of 200–500 nm using quarts cells (10 nm optical path length) 
with ethanol as solvent on a SHIMADZU UV-2600 
spectrophotometer.    

2. Synthesis 

Microwave synthesis was carried out using a BILON-CW-
1000 microwave synthesizer with the appropriate absorption 
power settings. The mixture of N-(3,5-dimethylphenyl) 
thiosemicarbazone (0.195 g, 1 mmol), 4-fluorobenzaldehyde 
(0.11 mL, 1 mmol) and 95% ethanol (30 mL) was stirred 
about 2 h at room temperature. Then the obtained white 
precipitate was filtered, washed with water and dried in vacuo. 
The synthetic route of the synthetized compound was 
illustrated in Scheme 1. Yield 0.89 g, 67.45%, m. p.: 179.8-
180.1℃. Elemental anal. (%) calcd. for C16H16FN3S (found): 
C 63.76(63.79), H 5.35(5.41), N 13.94(13.50). FT-IR spectrum 
(KBr): v, cm-1 : 3240 (NH, CN—H), 3128 (NH, NN—H), 
2977 (C—H), 1603 (C=N), 1230 (C—F), 707 (C=S). 1H NMR 
(400 MHz, DMSO-d6): δ, ppm 11.76 (s, 1H, NNH), 10.00 (s, 
1H, NH), 8.13 (s, 1H, CH=N), 7.98-6.82 (7H, Ar—H), 2.28 (s, 
6H). 13C NMR (100 MHz, DMSO-d6 ): δ, ppm: 175.85 (C=S), 
161.92 (C—F), 141.49 (C=N), 138.53-123.22 (benzene rings), 
20.79 (Ar—CH3). 

3. Crystallographic data collection and refinement 

The crystal was obtained by slow evaporation method from 
dichloromethane/petroleum solution of the synthetized 
compound at room temperature over a period of one week and 
applied X-ray diffraction. The crystal data was collected on a 
Bruker APEX-II CCD diffractometer with Mo Kα radiation (λ = 
0.071073 nm). Structure solution and refinement were solved by 
using the direct methods with SHELXS 97.35 The non-hydrogen 
atoms were refined by the full-matrix-block least-squares 
method on F2 with anisotropic thermal parameters by means of 
SHELXS 97. The hydrogen atoms were added according to the 
riding model. Deposition Number 2025647 included the 
supplementary crystallographic data for this paper and data was 
freely provided by the joint Cambridge Crystallographic Data 
Centre. The crystal structure and packing diagrams were 
generated using Diamond software and additional crystal data 
was calculated using PLATON tool.36  

4. Quantum chemical calculation 

Quantum chemical calculations of the synthetized 
compound were performed using Gaussian 09 and Gauss View 
5.0 software package.37 Geometry optimization was exhibited 
at DFT level using B3LYP/6-31+G(d,p) basis set. 
Intramolecular weak interactions of the synthetized compound 
were demonstrated through reduced density gradient (RDG) 
function by using Multiwfn and VMD1.9.1 software.38 
Besides, the electronic properties and reaction sites of the 
synthetized compound were predicted by HOMO-LUMO 
analysis and electrostatic potential (ESP), respectively. 
Meanwhile, the theoretical UV-Visible spectrum was 
calculated with Polarizable Continuum Model (PCM) in 
ethanol by TD-DFT method at B3LYP/6-31+G(d,p) basis set.
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Scheme 1 – Synthesis of (E)-1-(4-fluorobenzylidene)-4-(3,5-dimethylphenyl)thiosemicarbazone. 

 

5. Molecular docking 

Molecular docking was performed using AutoDockTools-
1.5.6 software and Lamarckian genetic algorithm was 
adopted.39 The three-dimensional crystal structure of N-
myristoyltransferase (PDB ID: 1NMT) was downloaded from 
protein data bank (PDB). In the meanwhile, the water 
molecule and co-crystal ligand was removed, and the polar 
hydrogen was added. Ligand structure of the synthetized 
compound in pdb format was generated by ChemDraw 17.1 
and Chem3D 17.1 software. Docking site of the synthetized 
compound and receptor protein (1NMT) was the same with 
co-crystal ligand. Binding interactions were depicted by 
Discovery Studio software.  

CONCLUSIONS 

The novel (E)-1-(4-fluorobenzylidene)-4-(3,5-
dimethylphenyl)thiosemicarbazone was synthe-
tized and characterized. The crystal structure of the 
synthetized compound was confirmed by X-ray 
single crystal diffraction technique. The 
conformers of the local and global minimum 
energy of the synthetized compound were obtained 
by using PES scan at B3LYP/6-31+G(d,p) basis 
set. The intermolecular hydrogen bonds and 
strength were illustrated by Hirshfeld surface 
analysis, which the intermolecular hydrogen bond 
N(2)―H(1)…S(1) (-x, 1-y, z) was regarded as the 
strongest hydrogen bond interaction. Besides, the 
intramolecular hydrogen bond N(1)―H(3)…N(3) 
was also considered as strong hydrogen bond 
interaction through RDG analysis. The UV-Visible 
spectra and HOMO-LUMO analysis indicated that 
the HOMO→LUMO transition was a primary 
formation of electronic transition and possessed the 
π→π* nature. The regions near C=S bond had the 
local minimum electrostatic potential and were 
easily attacked by electrophiles. Molecular docking 
elucidated that the synthetized compound had a 
higher affinity with receptor protein (1NMT). 
Therefore, the synthetized compound was expected 
to had an ideal antifungal activity.  
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