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Abstract. Synthesis and structural elucidation of a new type of hydrazone Schiff base 
(E)-N’-(4-Bromobenzylidene)-3-Methoxybenzohydrazide Monohydrate, and its struc-
ture were characterized by FT-IR, 1H, 13C NMR and mass spectroscopic analysis. The 
single crystals of (4-BRMBH) were grown from the DMSO solvent, orthorhombic sys-
tem with P212121 space group through single-crystal X-ray diffraction analysis. DFT 
calculations were performed to understand the electronic properties including frontier 
molecular orbitals (FMO), molecular electrostatic potentials, and global chemical reac-
tivity descriptors. Intermolecular interactions in the crystal structures were obtained 
using the Hirshfeld surface analysis. The majority contribution to the Hirshfeld surface 
is H···H (39.5%) contacts. The molecular docking study were carried out by in silico 
method to analyse their anti-tuberculosis aspect against InhA, the enoyl acyl carrier 
protein reductase from Mycobacterium tuberculosis. Finally, chemical absorption, dis-
tribution, metabolism, excretion, and toxicity (ADMET) properties were determined.

Keywords: hybrid crystals, π···π interactions, molecular docking, Hirshfeld surface, 
ADMET.

INTRODUCTION 

The compounds having azomethine functional group –C=N– are recog-
nized as Schiff bases [1]. Schiff bases are a class of mixes that can be effort-
lessly set up from the buildup of essential amines or amino alcohols with 
carbonyl mixes [2,3]. The presence of various substituents on both the amine 
and carbonyl-containing moieties could change their underlying and elec-
tronic properties of the compound. A little change in either moiety may 
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affect in a sizeable modification of their structural and 
functional behavior [1,4]. Such properties have energized 
researchers of various fields, for example, precious stone 
specialists, material researchers, organic chemists, and 
so forth to center their considerations on Schiff bases 
[5–17]. The Schiff base hydrazone core has addition-
ally pulled in much consideration in the fields of drug 
and restorative science [18, 19] due to hydrazide sub-
sidiary was recently announced as a powerful and spe-
cific inhibitor for antibacterial-antifungal [20], calming 
[21], antimalarial [22], Entamoebahistolyica [23], against 
tuberculosis exercises [24]. For every one of these rea-
sons underlying conduct of the Schiff bases has been 
accounted.

In the present study, we report the synthesis of com-
pound C15H15BrN2O3 derived from benzohydrazide via 
Schiff base route, bromophenyl ring attached to benzo 
hydrazidee complex has effective inhibitory activity 
against various antibacterial activities. Benzohydrazide 
heterocycles are very good bio isosteres of esters and 
aldehydes, which has a pharmacological activity by 
hydrogen-bonding interactions with receptors. In view 
with the above importance of compound, we have done 
the structural confirmation by single crystal X-ray crys-
tallography. Since, X-ray diffraction has become indis-
pensable tool in crystal chemistry as it helps in solving 
the molecular structure, magnitudes and directional 
characteristics. In view of these, in the present work the 
XRD analysis of title compound is reported to under-
stand its molecular interactions, conformation and pack-
ing modes along with studying configuration. Single 
crystal studies for the synthesized compound and the 
results are depicted here. The compounds were charac-
terized by IR, 1H, 13C and mass spectroscopy. DFT stud-
ies have been employed to explain the electronic prop-
erties of molecules as a dipolarophile. We report the 
spectral, structural and biological properties of the com-
pounds. Molecular docking and the Hirshfeld surface 
analysis with dnorm and 2D fingerprint plots were per-
formed and their results are discussed.

2. RESULTS AND DISCUSSION

2.1. Spectral data

The IR spectrum of the compound is showed that the 
IR (KBr, cm–1): (C=O amide, 1652), (NH, 3206), (CH ali-
phatic, 2837–3079), (C=N, 1580), (C–H aromatic, 3079). 
The 1H and 13C NMR spectra are the amide proton signal 
at 11.8 ppm, CH=N– signal at 8.4 ppm singlet (azome-
thine proton), the proton couplings between 7.81 and 
7.16 ppm indicate the presence of aromatic protons in 

1H NMR spectrum. The OCH3 proton was indicated by 
a singlet at 3.84 ppm. In 13C NMR spectrum is carbonyl 
(NH–C=O) signal was observed at 163 ppm, aromatic 
and CH=N– signals at 120–150 ppm, methoxy carbon 
signal at 55.8 ppm. The crystal structure supports the 
mass spectral data as well as the m/z = 333.10 [M+].

2.2. Single crystal XRD

The crystals of single crystal X-ray diffraction analy-
sis revealed that the title compoundwas crystallized in 
the Orthorhombic crystal system, with P212121 space 
group. The unit cell parameters for the compound are 
a = 4.7974(3) Å, b = 12.5672(9) Å, c = 25.3675(16) Å, b 
= 90.77° and Z = 4, 1529.40(17) Å3, and the symmetry 
code of the molecule in the crystal unit is (i) x–1/2, –
y+1/2; (ii) x+1/2, –y+1/2, z–1/2; (iii) x+1, y, z–1; (iv) x–1, y, 
z+1. The bond parameter such as bond length (Å), bond 
angle (°), dihedral angle (°) and hydrogen interactions 
are shown in Tables 2, 3 and 4 were measured. In this 
water also involved in the hydrogen bonding interaction, 
but it does not change symmetry, there was observed a 
negligible influence due to the water present. The struc-
ture parameters were calculated and compared with 
X-ray diffraction bond parameters, for example, the car-
bonyl (C=O) bond length was observed as about 1.229 
Å, were as the calculated value was about 1.228 Å. Simi-
larly, the observed C=N (1.262 Å), C–N (1.337 Å), C–O 
(1.375 Å), and C–C in ring (1.44–1.35 Å) bond lengths 
are matches well with the computed parameters. The 
hydrogen bonding (HB) interactions have been observed 
like D–H, H···A, D···A and D–H···A among the closest 
molecule, the donor nitrogen makes the intermolecular 
hydrogen bonding with the closest neighboring oxygen 
(O3) atom in the hydroxybenzylidene, its D···A hydro-
gen bonding distance is about 0.85 Å, similarly O(3)–
H(3B)···O(1)#1, O(3)–H(3A)···O(1)#2 (Table 4) shows the 
intermolecular hydrogen bonding value 0.84 and 0.83. 

The determined structure was optimized by density 
functional theory (DFT) calculation (Fig. 1). The ORTEP 
diagram of 4-BRMBH with displacement ellipsoids 
drawn at 50% probability level is shown in Fig. 2. The 
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Scheme 1. General produce of (E)-N¢-(4-bromobenzylidene)-3-
methoxybenzohydrazide.
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details of the crystal data and structure refinement are 
given in Table 1. The title compound exists in the amido 
form with a C8–O1 bond length of 1.228(7) Å. The mol-
ecule has an E conformation with respect to the azome-
thine bond, which is confirmed by the torsion angle C4–
C7–N1 of 179.1(6)°. The two aromatic rings (C1–C6 and 
C9–C13), are almost planar hydrazone moiety. There is 
an intramolecular O–HN, O–H, C–H hydrogen bonding 
present in the molecule as N2–H(2A)–O3, O3–H(3A)–
O1,O3–H(3B)–O1, C7–H7–O3. In this compound both 
intermolecular and intramolecular hydrogen bonding 
were occurs shown in Fig. 3a.

This compound is an example of a system where 
a single atom acts both as donor and acceptor. There 
are also C–HO (water) contacts present enclosing ring 
motifs (Fig. 3b). Finally, sheets are formed lying parallel. 

There are weak-interactions within the sheets involving 
the bromine-bearing aromatic ring of the molecule. A 
supramolecular network is built in the lattice by means 
of intermolecular N–H···O and two O···H–O interactions 
together with non-classical C–H···O interactions involv-
ing the lattice water molecule stacking the molecules 
along the b-axis direction shown in Fig. 3c.

The resulted bond lengths and bond angles are in 
good agreement with the standard values, and the list 
of all the bond lengths, bond angles and torsional angles 
are presented in Tables. 2 and 3. Both intermolecular 
and intramolecular hydrogen bonding details for com-
pound 4-BRMBH listed in Table 4.

2.3. Hirshfeld surface analysis

Three-dimensional (3D) molecular Hirshfeld surfac-
es and the two-dimensional (2D) fingerprint plots rep-
resent a new way of visualizing and analyzing intermo-
lecular interactions in molecular crystals. The molecular 
Hirshfeld surface [33] of a crystal is created by dividing 
space in the crystal into regions where the electron dis-
tribution of sum of atoms for the molecule dominates 
the corresponding sum over the crystal. Hirshfeld sur-
faces and their related fingerprint plots are generated 
using the program Crystal Explorer 3.0 [34]. The crys-
tallographic information file (cif) is given as input to 
the Crystal Explorer program. The Hirshfeld surface 

Table 1. Crystal data and structure refinement for 4-BRMBH crys-
tal.

Identification code 4-BRMBH 
Empirical formula C15H15BrN2O3

Formula weight 351.20
Temperature (K) 296(2) 
Wavelength (Å) 0.71073 
Crystal system Orthorhombic
Space group P212121

Unit cell dimensions
a = 4.7974(3) Å a = 90°

b = 12.5672(9) Å b = 90°
c = 25.3675(16) Å g = 90°

Volume (Å3) 1529.40(17) 
Z 4
Density (calculated) (g cm-3) 1.525 
Absorption coefficient (mm–1) 2.699 
F(000) 712
Crystal size (mm3) 0.150 ´ 0.100 ´ 0.100 
q Range for data collection (°) 2.281 to 25.019
Index ranges –4 £h £5, –14 £k £14, –30 £l £29
Reflections collected 19553
Independent reflections 2690 [R(int) = 0.0505]
Completeness to q =25.019° 99.7% 
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7451 and 0.5892
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 2690/4/201
Goodness-of-fit on F2 1.006
Final R indices [I> 2s(I)] R1 = 0.0403, wR2 = 0.0895
R indices (all data) R1 = 0.0822, wR2 = 0.1070
Absolute structure parameter 0.004(7)
Extinction coefficient n/a
Largest diff. peak and hole (e Å–3) 0.520 and –0.587
CCDC 1839157

Figure 1. Optimized molecular structure of 4-BRMBH crystal.

Figure 2. ORTEP of 4-BRMBH crystal.
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was obtained using the CIF file data from single crystal 
XRD analysis. The contact distances dnorm is based on de 
express the distances of the nearest nucleus external and 
di is the internal to the surface respectively. The shape 
index in the molecule structure indicates the shape of 
the electron density, surface around the molecular inter-
actions. In Fig. 3 (a–d), the deep in red circular indicates 
hydrogen bonding contacts, whereas the bright red areas 
in the surface plot indicate H···O and O···H dominant 
interactions. The light color range area represents longer 
and weaker contacts [35].

The intercontact in the crystal packing of the title 
compound 4-BRMBH are quantized using Hirsh-
feld surface computational analyses. The red-colored 
spots over the Hirshfeld surface indicate the intercon-
tacts involved in the intermolecular interactions [33,34] 

Table 2. Bond lengths (Å) and bond angles (°) for 4-BRMBH crystal.

Bond lengths (Å)

C(1)–C(6) 1.354(10) C(7)–N(1) 1.262(7) C(12)–H(12) 0.9300
C(1)–C(2) 1.371(10) C(7)–H(7) 0.9300 C(13)–C(14) 1.374(9)
C(1)–Br(1) 1.898(7) C(8)–O(1) 1.228(7) C(13)–O(2) 1.375(8)
C(2)–C(3) 1.363(9) C(8)–N(2) 1.334(8) C(14)–H(14) 0.9300
C(2)–H(2) 0.9300 C(8)–C(9) 1.494(8) C(15)–O(2) 1.398(9)
C(3)–C(4) 1.384(8) C(9)–C(14) 1.378(8) C(15)–H(15A) 0.9600
C(3)–H(3) 0.9300 C(9)–C(10) 1.380(8) C(15)–H(15B) 0.9600
C(4)–C(5) 1.378(8) C(10)–C(11) 1.373(10) C(15)–H(15C) 0.9600
C(4)–C(7) 1.448(8) C(10)–H(10) 0.9300 N(1)–N(2) 1.379(7)
C(5)–C(6) 1.387(9) C(11)–C(12) 1.365(10) N(2)–H(2A) 0.85(3)
C(5)–H(5) 0.9300 C(11)–H(11) 0.9300 O(3)–H(3A) 0.83(2)
C(6)–H(6) 0.9300 C(12)–C(13) 1.370(9) O(3)–H(3B) 0.84(2)

Bond angles (°)

C(6)–C(1)–C(2) 121.4(6) N(1)–C(7)–C(4) 122.5(6) C(12)–C(13)–C(14) 119.8(6)
C(6)–C(1)–Br(1) 120.0(6) N(1)–C(7)–H(7) 118.7 C(12)–C(13)–O(2) 124.7(6)
C(2)–C(1)–Br(1) 118.6(6) C(4)–C(7)–H(7) 118.7 C(14)–C(13)–O(2) 115.5(6)
C(3)–C(2)–C(1) 118.3(7) O(1)–C(8)–N(2) 122.1(6) C(13)–C(14)–C(9) 121.2(6)
C(3)–C(2)–H(2) 120.8 O(1)–C(8)–C(9) 120.9(6) C(13)–C(14)–H(14) 119.4
C(1)–C(2)–H(2) 120.8 N(2)–C(8)–C(9) 117.1(5) C(9)–C(14)–H(14) 119.4
C(2)–C(3)–C(4) 122.2(6) C(14)–C(9)–C(10) 118.7(6) O(2)–C(15)–H(15A) 109.5
C(2)–C(3)–H(3) 118.9 C(14)–C(9)–C(8) 116.7(5) O(2)–C(15)–H(15B) 109.5
C(4)–C(3)–H(3) 118.9 C(10)–C(9)–C(8) 124.6(6) H(15A)–C(15)–H(15B) 109.5
C(5)–C(4)–C(3) 118.1(6) C(11)–C(10)–C(9) 119.4(6) O(2)–C(15)–H(15C) 109.5
C(5)–C(4)–C(7) 123.2(6) C(11)–C(10)–H(10) 120.3 H(15A)–C(15)–H(15C) 109.5
C(3)–C(4)–C(7) 118.6(6) C(9)–C(10)–H(10) 120.3 H(15B)–C(15)–H(15C) 109.5
C(4)–C(5)–C(6) 119.9(6) C(12)–C(11)–C(10) 121.7(7) C(7)–N(1)–N(2) 116.0(5)
C(4)–C(5)–H(5) 120.0 C(12)–C(11)–H(11) 119.2 C(8)–N(2)–N(1) 119.3(5)
C(6)–C(5)–H(5) 120.0 C(10)–C(11)–H(11) 119.2 C(8)–N(2)–H(2A) 120(5)
C(1)–C(6)–C(5) 120.0(6) C(11)–C(12)–C(13) 119.1(6) N(1)–N(2)–H(2A) 120(5)
C(1)–C(6)–H(6) 120.0 C(11)–C(12)–H(12) 120.4 C(13)–O(2)–C(15) 119.2(6)
C(5)–C(6)–H(6) 120.0 C(13)–C(12)–H(12) 120.4 H(3A)–O(3)–H(3B) 113(4)

Figure 3. Hirshfeld surfaces of 4-BRMBH crystal: a) dnorm, b) de, c) 
di and d) shape index.
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[36–39]. The dark-red spots on the dnorm surface arise 
as a result of the short interatomic contacts, i.e., strong 
hydrogen bonds, while the other intermolecular interac-
tions appear as light-red spots. The 2D-fingerprint plots 
are used to plot intercontacts with respect to di and de 
(Fig. 4b). 

The intercontacts (quantification) were done using 
visualization of the Hirshfeld surfaces and 2D finger-
print plots in Fig. 4. The strong interactions in crys-
tal intercontacts were found to be H···O (15.3%), H···H 
(39.5%), C···H (12.5%) and weak interactions N···H 
(1.9%), C···C (5.7%), N···C (5.5%), O···C (0.8%) are pre-
sent. The 2D fingerprint plots of these intercontacts 
are shown in Fig. 5b. The major contributions are from 
H···H, C···H, and O···H when compared to other inter-
contacts. The C···C and C···H intercontacts are involved 
in C–H···O, N–H···O and C–O···p interactions. The dom-
inant interactions particularly H···O, O···H are mainly 
responsible for maintaining charge transfer leading to 
nonlinearity at the micro level.

2.4. Optimization of (E)-N-(4-bromobenzylidene)-3-meth-
oxybenzohydrazide 3

Molecular geometry, optimization of compound 
4-BRMBH 3 structures, and numbering of atoms mol-
ecules are shown graphically in Fig. 1 obtained at 
B3LYP/6-31G* method. Table 5 shows their geometri-
cal characteristics, including computed total energies, 
moments of dipoles, RMS, and maximum Cartesian 
force. The global minimum energies are found to be 
1326.0352 a.u (36083 eV) respectively. The RMS Car-
tesian force value is 0.01578. It is discovered that their 
maximal Cartesian forces are 0.05705. A molecule’s 
dipole moment, which represents the molecular charge 
distribution, is expressed as a three-dimensional vec-
tor. As a result, it may be used as a descriptor to clarify 
the movement of charges inside molecules. As a result 
of DFT/B3LYP/6-31G* calculations, the smallest dipole 
moment was observed for compound 3 (3.315386 Debye) 
Of course, the addition of other atoms has an influence 
on their stability. Moreover, it promotes the formation of 
hydrogen bonds. 

2.5. Frontier orbitals and quantum chemical calculations 
(FMO)

In molecular systems, frontier molecular orbitals 
(FMOs) frequently take the lead in molecular systems. 
The HOMO and LUMO are employed in the chemical 
stability of the molecule. Electronic transitions and their 
energies difference Eg energy gap and chemical reactivi-
ty descriptors are given in (Table 5). The HOMO, LUMO 

Table 3. Torsional angles (°) for 4-BRMBH crystal.

C(6)–C(1)–C(2)–C(3) –1.4(11) C(14)–C(9)–C(10)–C(11) 0.1(10)
Br(1)–C(1)–C(2)–C(3) 177.6(5) C(8)–C(9)–C(10)–C(11) 179.2(6)
C(1)–C(2)–C(3)–C(4) 0.2(10) C(9)–C(10)–C(11)–C(12) 2.0(11)
C(2)–C(3)–C(4)–C(5) 0.8(10) C(10)–C(11)–C(12)–C(13) –2.5(12)
C(2)–C(3)–C(4)–C(7) –178.6(6) C(11)–C(12)–C(13)–C(14) 0.9(11)
C(3)–C(4)–C(5)–C(6) –0.6(10) C(11)–C(12)–C(13)–O(2) –179.2(7)
C(7)–C(4)–C(5)–C(6) 178.7(6) C(12)–C(13)–C(14)–C(9) 1.2(10)
C(2)–C(1)–C(6)–C(5) 1.6(11) O(2)–C(13)–C(14)–C(9) –178.7(6)
Br(1)–C(1)–C(6)–C(5) –177.5(5) C(10)–C(9)–C(14)–C(13) –1.7(10)
C(4)–C(5)–C(6)–C(1) –0.5(11) C(8)–C(9)–C(14)–C(13) 179.1(6)
C(5)–C(4)–C(7)–N(1) –0.2(9) C(4)–C(7)–N(1)–N(2) –179.6(5)
C(3)–C(4)–C(7)–N(1) 179.1(6) O(1)–C(8)–N(2)–N(1) 0.1(9)

O(1)–C(8)–C(9)–C(14) 7.3(8) C(9)–C(8)–N(2)–N(1) –178.8(5)
N(2)–C(8)–C(9)–C(14) –173.8(5) C(7)–N(1)–N(2)–C(8) 176.4(5)
O(1)–C(8)–C(9)–C(10) –171.8(6) C(12)–C(13)–O(2)–C(15) –1.5(11)
N(2)–C(8)–C(9)–C(10) 7.1(9) C(14)–C(13)–O(2)–C(15) 178.3(6)

Table 4. Hydrogen bonds (Å and °) for 4-BRMBH crystal.

D–H···A d(D–H) d(H···A) d(D···A) <(DHA)

C(7)–H(7)···O(3) 0.93 2.50 3.304(8) 144.6
O(3)–H(3B)···O(1)#1 0.84(2) 1.99(3) 2.812(7) 169(8)
O(3)–H(3A)···O(1)#2 0.83(2) 2.08(4) 2.884(7) 161(8)
N(2)–H(2A)···O(3) 0.85(3) 2.06(3) 2.885(7) 163(7)

Symmetry transformations used to generate equivalent atoms: 
#1 –x+1, y–1/2, –z+1/2; #2 –x,y–1/2, –z+1/2.
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energies, and band gap of present compounds are depict-
ed in (Fig. 5). 

In the present investigations, the energy gap of 
compound 4-BRMBH is - 4.28 eV. A small energy gap 
of HOMO-LUMO means more chemical activity. this 
decrease in gap low shows that the compound can eas-
ily flow electrons, favoring the biological activity of the 
compound. EHOMO illustrates the capacity for elec-
tron donation, while ELUMO illustrates the capacity 
for accepting electrons. The resulting tittle compound 
global reactivity indexes are calculated and summarized 
in Table 6. The electronic chemical potential of 6.12 eV. 
The analysis of the global electrophilicity and nucleophi-
licity indexes helps in describing the biological activity 
of the molecule, shows that compound 3 acts as a strong 
electrophile (ω = 1.86 eV) and a strong nucleophile (N = 
3.65 eV). Analysis of the global CDFT indices confirms 
that 3 has a higher electrophilic and nucleophilic charac-
ter which does allow it participation in polar processes. 
Their 3D plots are illustrated in Fig. 5. It is clear from 
the figure of the acridine molecule that the HOMO and 

LUMO orbitals are localized essentially on the acridine 
and substituted systems. The density of states makes it 
clear that the green colour denotes the negative phase 
and the red colour, which corresponds to the positive 
phase.

Using the energies of FMOs, we calculated the reac-
tivity descriptors of (E)-N¢-(4-bromobenzylidene)-3-
methoxybenzohydrazide monohydrate molecules. A = 
- ELUMO: represent the electron affinity; I = - EHOMO rep-
resent the ionization potential and l = ½ (I + A) is the 
electronic chemical potential. The chemical hardness 
(η) is found to be 2.170 eV for compound 3, respectively. 
Based on the value found of the electrophilicity index, 
we can conclude that the (E)-N¢-(4-bromobenzylidene)-
3-methoxybenzohydrazide monohydrate is a good elec-
trophile. Therefore, it is able to accept an electron dou-
blet in order to form bonds with another reagent which 
is necessarily a nucleophile. Electronegativity is also 
determined (χ = (I + A)/2) and it is found to be χ) = 
3.980 eV.

Figure 4. Fingerprint plots of 4-BRMBH crystal. All; showing reciprocal contacts and resolved into (i) H...H, (ii) C...H, (iii) N...H, (iv) 
O...H, (v) C…Br, showing the percentage contact contributing to the total Hirshfeld surface of the molecule. Black arrows are show spikes 
for different interactions.
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2.6. Molecular electrostatic potential surface

The molecular electrostatic potential (MEP) is an 
elucidation tool the complete information of molecular 
properties and intermolecular interactions, it allows us 
to electrophilic and nucleophilic sites in the molecular 
system reactive biological activities, these sites provide 

electrophilic site indicates a strong attraction, while the 
nucleophilic site indicates a strong repulsion and polar 
and nonpolar sites of the molecule in color variations 
as shown in a pictorial form (Fig. 6). The regions of the 
molecule with positive values of the electrostatic poten-
tial are indicated by blue color, the red color characteriz-
es electrophilic reactivity (most negative). The green and 
gray colors correspond to an intermediate potential situ-
ated between the two extremes (red and dark blue). The 
yellow and light blue colors split the difference between 
the medium color (green) and the extremes (red/dark 
blue). As a result, MEP surfaces area between -7.623e-2 
a.u (deepest red) to 7.623e-2 a.u (deepest blue) molecule 
(Fig. 5), a maximum positive region is localized on the 
nitrogen N and hydrogen H atoms indicating a possible 
site for positive potential (blue and light blue) sites are 
found in the benzene and pyridine rings (electrophilic 
reactivity). From the MEP plots, it was concluded that 
the oxygen of hydroxy possessed high electropositive 
potential (red) and the activated possessed slightly low 
electropositive region (blue). 

(DOS) spectrum (Fig. 7) characterizes the energy 
levels per unit energy increment and its composition in 
energy. The green and red lines in these graphs, corre-
sponding to the displaying study per orbital, describe 
the HOMO and LUMO energy levels, respectively. As 
a result, the energy level of the HOMO orbital is about 
- 6.162eV, and the energy level of the LUMO orbital is 
about -1.84 eV. The HOMO-LUMO gap energy (Eg) of 
compound 3 is equal to 4.28 eV. This low energy value 
promotes the transfer of electrons in the acridine mol-
ecule. These values are compatible with those obtained 
by the DOS spectrum. The state HOMO-1 form another 
set of degenerate orbitals - 6.47 eV and +LUMO orbital 
lying at -0.96 eV, located on all the atoms of the rings. 
Eg close to - 5.52 eV in solution involves an expected 
high reactivity for compound 4-BRMBH.

Figure 5. Energy level of EHOMO, ELUMO and Egap for the syn-
thesized compounds 3 computed by B3LYP/6-31 G (d,p) method.

Table 6. Global Electronic Proprieties and Reactivity Indexes at 4 
Compounds (in eV).

E LUMO = - 1.84
E HOMO = - 6.12 
E HOMO -E LUMO (Eg) = - 4.28 
E LUMO +1 = - 0.96 
E HOMO-1 = - 6.47 
E HOMO-1 - E LUMO +1 = - 5.52
Reactivity descriptors
Ionization potential (I) = 6.12
Electron affinity (A) = 1.84
Chemical hardness (η) = 2.170
Chemical softness (x) = 1.070
electronic chemical potential (μ) = - 3.980
Electronegativity (χ) = 3.980
global electrophilicity (ω) = 3.650
Maximum charge transfer index D N Max = 1.86

Figure 6. MEP formed by mapping of total density over electrostat-
ic potential in gas phase for the synthesized compounds 3
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Computational results related to 1H NMR spectrum 
of H atom camB3LYP/6-311+g(d) (ppm) Experimental 
(ppm) Calculated and experimental FT-IR spectra. In 
this work, the B3LYP/6- 311 G (d,p) theoretical model 
was used to obtain the ground state geometries of select-
ed compound 3 in vacuo. Frequency calculations showed 
that there were no imaginary frequencies, which indi-
cates that the stationary points correspond to the equi-
librium geometries. The calculated molecular geometry 
was used as an input structure for further calculations 
IR for better understanding of electronic properties, 
the theoretical spectra have been calculated by TDDFT/
B3LYP method. 

2.7. Molecular docking

Docking studies were carried out to find the poten-
tial binding affinity and the interaction between the 
compounds for receptor protein as shown in Figs. 8-10. 
Compound 4-BRMBH has van der Waals interac-

tions with surrounding hydrophobic residues Try1637, 
Phe1670, Met1669, Asp1666, Thr1589, Lys1588, Ser1636 
and Phe1585. In compound Asn1640 is bridged through 
H2O forming hydrogen bonds through hydrazide group. 
The study also revealed that the benzohydrazide scaf-
folds are the key residues at the active site of prostate 
cancer, anti-tuberculosis etc. Moreover, compounds have 
minimum binding energy, which could be considered 
as a good inhibitor. The synthesized compounds were 
found to display good binding affinity to the receptor 
with minimum binding energy equal to –9.70 kcal/mol. 
From docking studies, we found that the compound 
showed highest glide score –9.27 kcal/mol and glide 
energy of –42.126 kcal/mol respective and their dock-
ing scores are shown in Table 7. These in silico results 

Figure 7. DOS spectrum of (E)-N¢-(4-bromobenzylidene)-3-
methoxybenzohydrazide 3.

Figure 8. The docked ligand compound 3 at the same catalytic site 
receptor.

Figure 9. A) Orientation of compound 4-BRMBH in the active sites 
of tuberculosis proteins PDB ID: 7vjt B) The docking poses of 3 in 
the binding site with Surface area.

Table 7. Molecular docking results showing CDock score and types of interactions.

Compound id CDocker 
Energy

Type and number of 
interactions Residues involved

4-BRMBH –27.28
van der Waals interaction-1 Between –OCH3 of methoxy benzo hydrazide and of amino acid residue: LYS: 165
van der Waals interaction-1 Between –C=O of methoxy benzo hydrazide and of amino acid residue: ILE: 194

Iisoniazid 
(Standard) –22.1896

Electrostatic interaction-2 Between –C=O of benzo hydrazide and of amino acid residue LYS A: 165

van der Waals interaction-1 Between hydrogen of benzohdrazide and LYS A: 165 of amino acid residue.
Between hydrogen of benzohydrazide and of amino acid residue ASP: 148
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revealed that the synthesized benzohydrazide com-
pounds may be an effective drug candidate for antitu-
berculosis.

The 3D crystal structure of the enzyme reported 
in this work was downloaded from the Protein Data 
Bank (PDB id: 7vjt) and was processed by the addition 
of hydrogen, assigning the bond order, identifying over-
laps, creating zero order bonds to metals and creating 
disulfide bonds. The 2D structures of the synthesized 
ligands were drawn from Chem Draw and saved as mol 
format and was examined so as to generate the best pose 
by analyzing the binding interactions. After the genera-
tion of the grid, the ligands synthesized were docked to 
identify the interaction with the active site of the pro-
tein. The scoring functions and hydrogen bonds formed 
with the surrounding amino acids were used to predict 
their binding modes, their binding affinities and orienta-
tion of these compounds at the active site of Mycobacte-
rium tuberculosis InhA protein. 

In order to find suitable inhibitor for M. tubercu-
losis docking studies was carried out for InhA protein. 
The enoyl-ACP reductase from M. tuberculosis, known 

as InhA, was a member of an unusual FAS-II system 
that prefers longer chain fatty acyl substrates for the 
purpose of synthesizing mycolic acids, a major compo-
nent of mycobacterial cell walls. Mycolic acids, which 
were essential building blocks of the waxy cell wall of 
mycobacteria. Inhibition of InhA blocks mycolic acid 
biosynthesis, thereby impairing the integrity of the cell 
wall and eventually leading to cell death [40 - 42]. New 
compounds that directly target InhA and dodge the acti-
vation step are promising candidates for combating mul-
tidrug-resistant strains of M. tuberculosis. There was a 
structural similarity between the synthesized compound 
and isoniazid, one of the standard antimycobacterial 
references. Therefore, the docking results of 4-BRMBH 
were compared with that of isoniazid and were tabu-
lated in Table 7. It was observed that the CDocker score 
of 4-BRMBH was comparable with that of standard iso-
niazid. Therefore compound 4-BRMBH may be suitable 
to overcome the drug resistance of M. tuberculosis. The 
protein–ligand interaction study was accomplished using 
LigPlot. the identification of such residues leads to sup-
port the observed activity M. tuberculosis exhibited by 
the studied compounds.

2.8. ADMET analysis

In-silico prediction of pharmacokinetics and drug-
likeness profiles. Clinical trials of newly investigated 
drugs are known to be read are the absorption, distri-
bution, metabolism, excretion, and toxicity (ADMET) 
belongings of the compound (Table 8). The drug-likeness 
of the compound is accessed based on the Lipinski’s rule 
of five (RO5) and the result shows no violation of the 
rule. Many parameters are studied using virtual screen-
ing methods, such as human intestinal absorption HIA, 
partition coefficient (log p), drug solubility (S), topo-
logical polar surface area (TPSA), cell permeability, and 
drug-likeness score. An available oral drug is chosen in 
accordance with Lipinski’s rule of + ve if the molecu-
lar weight < 500, the number of hydrogen bond donors 
< 5, the number of hydrogen bond acceptors < 10, and 
Log P is <5.41 The number of rotatable bonds is used 
to reflect molecular flexibility, which is important for 
oral bioavailability. Lipinski’s rule RO5 of result 0 vio-
lation showed that compound 4, possess good molecu-
lar weight (g/mol), two Hydrogen Bond Accepted and 
Hydrogen Bond Donor values two log P 2.45 which are 
significantly justified if their drug-likeness behavior were 
justifiable with the standard values. The RO5 deviation 
(Mol. Wt≥500 g/mol; HBD≥ 5; HBA > 10; and logP≥ 5). 
drug-likeness score is an amalgam of complex balance of 
several molecular properties and structure features that 

Figure 10. LigPlot+ Interaction of compound 4-BRMBH with 7vjt.
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determine the behaviour of molecules drug. 0.55 good 
drug score values, which depicted their wonderful drug-
like behaviour to be suitable drug candidates against 
cancer protein. The results got from the Swiss ADME 
and Molinspiration search engine are listed in Table 8.

The same observed in the BOILED-egg diagram (Fig. 
11) analysis shows that the compound is strong within 
the permissible range of standard drugs, where the dot 
in the yellow zone demonstrates blue dot indicates can-
not be affected by the P-glycoprotein of the CNS system 
by P-glycoprotein, point locate in Boiled Eggs yolk is a 
molecule passively permeate through the blood–brain 
barrier (BBB) the red color region demonstrates the abil-
ity to stay in the brain. In the current study, the synthe-
sized ligand and its complexes were initiated to be in a 
good pact with the criteria and can be said to possess 
good bioavailability the result proves that the compound 
is safe and unable to cause allergies on the skin. The drug 
scores of compounds, are remark clever and could be 
mentioned as moderate drug scores [43].

2.9. Target prediction

Nowadays, the probable targets of small molecules 
can be provided by established bio-/chemo-informatics 
approaches. Ligand-based target prediction has shown 

high-quality performance and the ability to quickly 
predict correct protein targets of compounds in drug 
discovery context. Predictions made using the Swiss 
Target web tool aim to predict the most probable pro-
tein targets of small molecules. The current analysis was 
restricted to the top 15 Homo sapiens targets. Molecule 
3 was estimated to have a 27.7 % probability of binding 
enzyme receptors. 

3. EXPERIMENTAL

3.1. Materials and methods

The reagents, solvents were obtained from commer-
cial sources like Sigma-Aldrich, Spectrochem, etc. and 
used without further purification. The reactions were 
monitored by Merck silica gel 60 thin layer chromatog-
raphy (TLC) and visualized in UV light chamber.

3.2. Characterization techniques

A Bruker AXS (Kappa Apex II) X-ray diffraction 
meter was used for single crystal XRD studies with 
graphite-monochromated MoKa radiation (l = 0.71073Å) 
at room temperature. The data collection, data reduc-
tion, and absorption correction were performed by 

Figure 11. BOILED-Egg models and Swiss ADME bioavailability radar reports of 4-BRMBH.

Table 8. Physicochemical descriptors and ADME parametersa.

M.W g/
mol RB H-

A
H-
D TPSA MR W log P 

(lipophilicity)
ESOL
log S

BBB
Permeant

log Kp
cms_1

Lipinski
Violations

PAINS
alerts

GI 
absorption 

Synthetic
Accessibility

255.27 1 4 3 73.58 Å2 75.09 2.73 -4.30 Yes -5.15 0 0 High 1.74

aR bond =Rotatable bond, H-A = Hydrogen bond acceptor, H-D =hydrogen bond donor, TPSA = topological polar surface area, BBB = blood 
brain-barrier, log P = lipophilicity, log S = water solubility, log Kp = permeability coefficient, PAINS = pan-assay interference structure.
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APEX2. The structure was solved by the direct method 
procedure and the non-hydrogen atoms were subjected 
to anisotropic refinement by full-matrix least squares on 
F2 using SHELXL-2016 [4]. The 1H and 13C NMR spec-
tra were recorded in Bruker AVANCE II at 400 MHz 
respectively using DMSO-d6 solvent at room tempera-
ture. The morphology of the crystals was examined with 
a JEOL JSM-5610 scanning electron microscope (SEM) is 
outfitted with BE detector [12]. Thermo gravimetric and 
differential thermal analysis (TG-DTA) was carried out 
using a NETZSCH STA 449 F3 thermal analyzer in the 
nitrogen atmosphere.

3.3. Computational studies

The theoretical calculations were carried out using 
the Gaussian 09W program package [13]. The geometry 
using density functional group theory (DFT) B3LYP 
method with LANL2MB as the basis set. Using the 
GaussView 09 molecular visualization program [14,15], 
the optimized structure of the molecules have been visu-
alized. Polarizability and first-order molecular hyperpo-
larizability were premeditated by using finite field meth-
od as default with DFT method 6-311G (d, p) as basis set 
[16–19]. The density of states (DOS) plots was obtained 
by using Gauss-Sum software. Global electronic propri-
eties, HOMO and LUMO, energy gap (DE), electron-
egativity (c) and reactivity indexes, including electronic 
chemical potential (μ), chemical hardness (η), softness 
(s), ionization potential (I), electron charge transfer 
(DN) global electrophilicity (ω), and global nucleophilic-
ity N were computed by the following expressions: μ = 
(EHOMO + ELUMO)/2 and η = (ELUMO − EHOMO), 

ω = μ2/2η, and N = EH − EH(TCE). The Parr functions 
were used to calculate the local reactivity indexes, name-
ly, local electrophilic (Pk+), and nucleophilic (Pk−), via 
the analysis of the Mulliken atomic spin density (ASD) 
all these global molecular reactivity descriptors are esti-
mated from the optimized structures.

Hirshfeld surfaces and fingerprint plots were gener-
ated from the CIF files of the desired compounds using 
the Crystal Explorer (Version 3.1). Intermolecular dis-
tance information on the surface can be shown in a two-
dimensional histogram of de and di, which is a unique 
identifier for molecules in a crystal structure, and is 
known as a fingerprint plot [20, 21].

3.4. In-silico molecular docking

Molecular docking studies were carried out by using 
Schrodinger software [22]. The protein structure of the 
androgen receptor (PDB:7vjt) were obtained from RCSB 
Protein Data Bank with the resolution of 1.70 Å and 
prepared using Protein Preparation Wizard in Maes-
tro 11.2. OPLS-2005 was used for the optimization and 
minimization until root mean square deviation reached 
0.3 Å [23]. Further grid was formed in the protein using 
Receptor grid generation. The ligands 4-BRMBH were 
prepared using ligand preparation wizard and optimized 
the structures. The docking was carried out using the 
ligand docking module with an extra precession method 
using GLIDE XP [24–26]. 

3.5. General procedure for synthesis of (E)-N’-
(4-bromobenzylidene)-3-methoxybenzohydrazide 

The hydrazone derivative used in the present work 
(Scheme 1). The 4-BRMBH single crystals were grown 
at room temperature. A mixture of 3-methoxybenzo-
hydrazide (2.20g, 2 mmol), and 4-bromobenzaldehyde 
(3.66g, 2 mmol), and 1 ml of aceticacid in methanol (50 
ml) were developed and the solution was blended to cre-
ate a homogenous solution at room temperature for 3 h. 
TLC verified the completion of the reaction. The solution 
was filtered, slightly warmed and allowed to evaporate 
very slowly. The crystallization took place within a peri-
od of 4–5 days and the grown yellow color crystals were 
harvested. Under reduced pressure, excess solvent was 
evaporated and the material (I) remaining was under 
reduced pressure, excess solvent was evaporated and the 
left material (I) recrystallized from methanol. 

3.6. X-ray crystallography

Data collection of C15H15BrN2O3 was performed 
using STOE IPDS 2 diffractometer equipped graphite 

Figure 12. Swiss Ligand-based target prediction of 4-BRMBH.



36 Kumar Ananthi et al.

monochromatic MoKa radiation 296 K [27]. The struc-
ture solution was solved by means of SHELXT [28] and 
refinement were carried out on F2 by full matrix least 
square technique. For obtaining the visualization, Mer-
cury Window [29] was used. The other two programs 
employed in preparation for publication are WinGX 
[30] and pubCIF [31]. A riding model was used for 
refinement of all hydrogen atoms C–H and NH atoms. 
Also PLATON [32] software was used to investigate the 
hydrogen bond in the crystal. The experimental details 
for C15H15BrN2O3 were summarized in Table 1.

3.7. DFT calculations

The GaussView program was applied to model the 
initial structures of (E)-N¢-(4-bromobenzylidene)-3-
methoxybenzohydrazide monohydrate 3. Then, their 
molecular optimizations of geometries were carried 
out in the gas phase with the density functional theory 
(DFT) with the Gaussian 09 software package [23]. All 
the quantum-chemical calculations have been performed 
using the hybrid B3LYP Becke’s Three Parameter Hybrid 
Functional using the Lee Yang-Parr correlation func-
tional at 6-31G (d, p) basis set [24, 25]. Furthermore, sev-
eral electronic properties for instance the frontier molec-
ular orbitals, gap energies, and reactivity descriptors. 

The density of states (DOS) plots was found by using 
Gauss-Sum software programm. Global electronic pro-
prieties, HOMO and LUMO, energy gap (DE), electron-
egativity (c) and reactivity indexes, including electronic 
chemical potential (μ), chemical hardness (η), softness 
(s), ionization potential (I), electron charge transfer (DN) 
global electrophilicity (ω), and global nucleophilicity N 
were computed by the following expressions: μ = (EHO-
MO + ELUMO)/2 and η = (ELUMO − EHOMO), ω = 
μ2/2η, and N = EH − EH(TCE). The Parr functions were 
used to calculate the local reactivity indexes, namely, 
local electrophilic (Pk+), and nucleophilic (Pk−), via the 
analysis of the Mulliken atomic spin density (ASD) all 
these optimized structures are utilized to estimate these 
global molecular reactivity characteristics.

3.8. ADME/Tox profile

ADME/Tox is used to predict important capacity to 
properties evaluate necessary Lipinski’s rule. The rule is 
beneficial for developing a prospective therapeutic mole-
cule and designing drugs. SWISS ADME and molinsper-
ation predictor web server tool to describe, molecular 
weight, Rotatable bonds, hydrogen bond acceptor, hydro-
gen bond donor (HBDs), absorption, distribution, molar 

refractivity, topological polar surface area (TPSA), water 
solubility (log S), lipophilicity, blood brain-barrier, skin 
permeability (log Kp), synthetic accessibility score (SA), 
percentage absorption, pharmacokinetics, drug- lead 
likeness. The use of these representations has specifical-
ly been contributive to drug optimization and avoiding 
late-stage failures.

CONCLUSION

In this present work, we have synthesized 4-BRMBH 
crystal and successfully grown from the solvent’s meth-
anol by slow evaporation technique. The structure of 
small molecules was determined by NMR and single 
crystal XRD analysis. The crystal structure is elucidated 
by with a P212121 space group. Theoretical calculations 
by DFT clearly support the experimental observations. 
The intermolecular interactions in the crystal structures 
were quantified using the Hirshfeld surface analysis, and 
the molecular docking studies, results showed that the 
compounds had very good binding affinity to receptor 
protein (7VJT) which can be a potent molecule for anti-
tuberculosis. ADMET prediction indicated that drug-
likeness outlines of the compound. As a result, it is pos-
sible to say that compound 3 as suitable applicant for the 
development of the new M. tuberculosis agent. The above 
remarkable considerations and pharmaceutical applica-
tions prompted us to give vital information for further 
development.
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