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ABSTRACT

Hydrazine functionalized Schiff base, 1,2-di(benzylidene)hydrazine has been synthesized
through a condensation between hydrazine and benzaldehyde under reflux, and structurally
characterized. The crystal structure analysis reveals that the Schiff base crystallizes in an
orthorhombic crystal system with the Pbcn space group. Crystal data for Ci4Hi2N2: a =
13.130(2) A, b= 11.801(2) 4, c= 7.5649(16) A, V= 1172.1(4) A%, Z= 4, T= 298.0(2) K,
w(MoKa) = 0.071 mm-1, Dcalc = 1.180 g/cm3, 10252 reflections measured (6.206° < 20 <
65.352°), 2027 unique (Rint = 0.0381, Rsigma = 0.0283) which were used in all calculations.
The final R1 was 0.0627 (I > 20(1)) and wRz was 0.2462 (all data). It is evident that the imine
protons are intramolecularly locked with the imine-N bond, and the phenyl rings exist in
anti orientation with respect to the =N-N= bond adopting a nearly planar conformation. The
Schiff base grows a one-dimensional framework in the crystalline phase through long-
distant C-H---m interaction. Hirshfeld surface and energy framework analyses have also been
performed to understand the supramolecular forces and their contributions meticulously.
The hydrazine functionalized Schiff base showed an excellent antidiabetic activity through
a-amylase inhibitory assay relative to a standard compound, acarbose under an identical
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1. Introduction

Hydrazine-containing compounds have gained the utmost
importance as they serve as a fundamental unit in the areas of
pharmaceuticals [1], agrochemicals [2], a precursor to poly-
merization catalysts [3,4], fuel [5,6], chemosensors [7], etc. The
expanding research on the hydrazine-based molecule is evident
from the world hydrazine market value which is US$424 million
in 2020 as per the report by Future Market Insight (FMI) and in
2021 the value surpassed US$426 million [8]. On the verge of
the development of efficient hydrazine-based materials, many
functionalizations have been achieved [9-12]. The functiona-
lization of hydrazine improves the efficiency of the materials
and may create new properties in it. Among various functiona-
lizations, one with Schiff base is trending due to the diverse
properties of Schiff base including antibacterial [13,14], anti-
fungal [15-17], antioxidant [18-20], antiviral [21], antitumor
[22], anti-inflammatory [23,24], biomimics [25], luminescence
[26] and catalytic activity [27-29]. A brief literature survey
shows that Biswas et al. has successfully designed a Schiff base
functionalized with hydrazine and employed it for the synthesis
of nanoaggregates that showed blue emission properties [30].
Additionally, Roy et al. developed an analogue of hydrazine-
functionalized Schiff base and used it for cascade sensing for
fluoride and bisulphate [7]. On the other hand, the tremendous

rise in the field of pharmaceutical and medicinal chemistry has
drawn the attention of researchers toward the formulation of
efficient drugs even for the treatment of diseases as complex as
diabetes mellitus. Diabetes mellitus, one of the global health
issues, is due to irregular insulin production that can lead to a
series of other diseases. Recently, functionalized Schiff bases
are found to be a promising candidate in this field [31]. In
various studies conducted to investigate insulin-mimetic
properties, hydrazine derivatives of Schiff base have some
interesting results, for example, Szklarzewick's group showed
the antidiabetic potentiality of a Schiff base [32]. In this context,
we report the synthesis, crystal structure, Hirshfeld surface,
and energy framework analysis of novel hydrazine functiona-
lized Schiff base. We have also evaluated the antidiabetic
activity of the prepared Schiff base by a-amylase inhibitory
assay.

2. Experimental
2.1. Instrumentations
The percentage contribution of the elements of the Schiff

base was determined on a Perkin Elmer 2400 CHN Elemental
Analyzer.
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Table 1. Crystal data and structure refinement for the Schiff base.

Empirical formula

Formula weight
Temperature (K)

Crystal system

Space group

a, (8)

b, (A)

¢ (&)

Volume (43)

Z

Pcalc (g/cm3)

f (mm-1)

F(000)

Crystal size (mm3)
Radiation

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 (I)]
Final R indexes [all data]
Largest diff. peak/hole (e.A3)

C14H12N2

208.26

298.0(2)

Orthorhombic

Pbcn

13.130(2)

11.801(2)

7.5649(16)

1172.1(4)

4

1.180

0.071

440.0

0.5 x 0.14 x 0.09

MoKa (A= 0.71073)
6.206 to 65.352
9<h<18,-15<k<15,-10<1<8
10252

2027 [Rint = 0.0381, Rsigma = 0.0283]
2027/0/73

1.007

R1=0.0627, wR2 = 0.1795
R1=0.1270, wRz2 = 0.2462
0.15/-0.18

o H
Ethanol Q \
H T HyN NH, > N

Reflux

)

Scheme 1. Synthetic procedure of the compound.

An FTIR-8400S Shimadzu spectrophotometer was
employed to record the infrared spectrum (KBr) in the range of
400-3600 cm-t The UV-Vis spectrum of the synthetic
compound was measured on a Hitachi U2910 spectrometer.

2.2. Synthesis

High purity hydrazine monohydrate (Merck, India) and
benzaldehyde (SRL, India) were obtained from commercial
sources and used as received. All the reagents and solvents
were of analytical grade. Hydrazine monohydrate (0.032 g, 1
mM) was refluxed with benzaldehyde (0.212 g, 2 mM) in a 1:2
stoichiometric ratio in 30 mL of ethanol. The reaction mixture
was filtered and upon slow cooling of the reaction, the solution
produced suitable colourless crystals. The crystals were
collected and washed with n-hexane. Further, the crystals were
dried and kept over silica gel indicator for subsequent uses
(Scheme 1). Yield: 0.188 g (~90%). Anal. calcd. for C14H12N2: C,
80.74; H, 5.81; N, 13.45. Found: C, 80.71; H, 5.85; N, 13.52. IR
(KBr, v, cm1): 1614, 1587 (C=N). UV-Vis (Amax, nm): 227, 254.

2.3. Single crystal X-ray diffraction study

Single crystal X-ray diffraction data were recorded with a
Rigaku XtaLABmini diffractometer on a Mercury375R (2x2 bin
mode) CCD detector using a graphite monochromated MoKa
radiation (A = 0.71075 A) at 293(2) K using » scans. The data
were reduced and the space group was determined by Crystal-
clear suite [33] and OLEX2, respectively [34]. The structure was
resolved and refined by full-matrix least-squares procedures
with SHELXL-97 [35] and OLEX2 suite [34] (Table 1).

2.4. Hirshfeld surface and energy framework analysis
Hirshfeld surface and 2D fingerprint plots were generated

by Crystal Explorer 17.5 program [36,37]. The energy
framework analysis of the synthetic Schiff base was pursued

with Crystal Explorer software with B3LYP/6-31G(d,p) basis
sets using TONTO software for the cluster environment of 3.8 A
surrounding a particular molecule of interest [38]. The total
interaction energy is articulated as Ewt = KeleE ele + KpolE pol +
kdispE disp + krepE'rep, where the k values belong to the scale
factors for benchmarked energy models. E’ele represents the
electrostatic energy, E'po represents the polarization energy,
E’disp represents the dispersion energy, and E’rep represents the
repulsive energy.

2.5. Antidiabetic study

The antidiabetic study of the synthetic Schiff base was
carried out following a review of the literature [39]. The
reaction mixture was prepared by adding 25 mL of sample
solution (100-400 pg/mL), 50 pL of a-amylase (10 p/mL)
solution in phosphate buffer (pH = 6.9) and 50 pL of starch
solution (0.05%). The reaction was stopped by adding 25 pL of
1 M HCI followed by adding up 100 mL of iodine-potassium
iodide solution. The solution mixture was incubated for 10 min
at 37 °C followed by measuring the absorbance at 630 nm.
Acarbose was used as a positive control. The following formula
was used to calculate the a-amylase inhibitory activity.

% Inhibitory activity = [(Ao - A1)/Ac]x100 (@8]

Ao = Absorbance of the control and A1 = Absorbance of the
test samples. After determining the a-amylase inhibitory
activity of the different concentrations, the ICso values were
determined for the acarbose and samples.

3. Results and discussion
3.1. Synthesis
The hydrazine functionalized compound was synthesized

by condensing hydrazine with benzaldehyde under reflux in
ethanol.
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Table 2. Bond distances, bond angles and torsion angles for the Schiff base.

Diyali et al. / European Journal of Chemistry 13 (2) (2022) 234-240

Bond distances

Atom Atom Length (A) Atom Atom Length (A)
N1 N11 1.419(3) c7 Cé6 1.376(3)
N1 C1 1.265(2) C3 C4 1.382(3)
C2 C1 1.464(2) Cé c5 1.368(3)
C2 c7 1.388(2) C4 c5 1.375(3)
C2 C3 1.391(2)

Bond angles

Atom Atom Atom Angle (°) Atom Atom Atom Angle (9)
C1 N1 N1t 112.93(17) Cé c7 c2 120.22(18)
c7 c2 C1 121.72(16) C4 c3 c2 120.58(18)
c7 c2 C3 118.58(17) C5 Cé6 Cc7 120.83(18)
C3 c2 C1 119.69(15) C5 C4 c3 119.90(19)
N1 C1 C2 122.51(16) Cé C5 C4 119.9(2)
Torsion angles

Atom Atom Atom Atom Angle (°) Atom Atom Atom Atom Angle (°)
N1 N1 C1 c2 179.43(14) C1 c2 c7 cé6 -179.07(17)
C1 N1 N1/ Cli 180.00(15) C3 c2 c7 Cé -0.4(2)

N1 C1 C2 C3 178.99(16) C2 c3 C4 C5 0.6(3)

N1 C1 C2 c7 -2.3(3) C3 C4 c5 Cé -0.9(3)

C1 c2 C3 C4 178.79(17) C4 c5 Cé6 c7 0.6(3)

c7 c2 C3 C4 0.0(3) C5 Cé6 c7 Cc2 0.1(3)

i Symmetry code: 1-x, 1-y, 1-z.

Table 3. Geometrical parameters of C-H+- interactions (4, °) are involved in the supramolecular construction. D = Donor, A = Acceptor (4, °).

D-H-A (A) d(D-H) d(H+A)

d(D-A)

ZD-H-+A Symmetry

C(3)-H(3)--Cg(1) 0.95 2.96

391

143 3/2-x,1/2-y,-1/2+z

Figure 1. ORTEP diagram of the Schiff base (1) i: 1-x, 1-y, 1-z.

Upon slow cooling of the hot ethanolic reaction mixture,
suitable crystals were obtained. The crystals were diffracted
with the X-ray diffraction technique. The composition was
established by spectral analysis and X-ray crystallography. The
synthetic scheme is given by Scheme 1.

3.2. Crystal structure and supramolecular interactions

The crystal structure analysis of the Schiff base reveals that
the synthetic compound exists in an orthorhombic crystal
lattice with the Pbcn space group. An ORTEP diagram of the
asymmetric unit is shown in Figure 1. The crystallographic
refinement parameters for the Schiff base are summarized in
Table 1 and the bond angles and distances are presented in
Table 2.

The crystal structure analysis shows that the hydrazine
functionalized Schiff bases exist in a locked state with strong
intramolecular H-bonded interactions and adopt anti-
conformation (Figure 1). In the asymmetric unit, the
azomethine bond distance between C1 and N1 atoms was found
to be 1.265(2) A while the N1-N1! bond distance value was
marked as 1.419(3) A. The bond distance values corroborate a
pure double and single bond character for C1-N1 and N1-Nla
bonds, respectively (Table 2) [40]. Further, the bond angles C2-
C1-N1 and C1-N1-N1/ (i: 1-x, 1-y, 1-z) are estimated as
122.51(16) and 112.93(17)° attributing to the planarity of the
asymmetric unit in the crystalline phase [41]. The measure-
ment of torsion angles further supports the planar geometry of
the molecule (Table 2). The role of supramolecular interactions
is also assessed for the construction of a long-range

architecture. It is revealed that the Schiff base functionalized
with hydrazine develops a one-dimensional supramolecular
framework through long-distant C-H---m interactions [42]
(Figure 2, Table 3). In the formation of the long-range
supramolecular architecture, the azomethine-N of the synthetic
Schiff base involves very little interaction in the intermolecular
hydrogen bonding as it is intramolecularly locked with imine-
proton while the phenyl-H contributes to a great extent through
C-H---minteractions.

Figure 2. Stacking of asymmetric units through weak C-H---m interactions.
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Figure 3. 2-Dimensional fingerprint plot of the main intermolecular interactions in the crystal structure of the title compound.

Dispersive energy

Total energy

Figure 4. Energy framework diagrams for title compound, showing their respective type of energies.

The role of C-H:-m interaction in the supramolecular
framework was also confirmed by Hirshfeld surface analysis
(Figure 3). It is observed that N---H hydrogen bonding only
makes 9.2% and C-H---m interactions cover 22.1% of the total
surface area in the long-range architecture for the synthetic
Schiff base. Other non-classical interactions were not significant
as evidenced by the Hirshfeld 2D fingerprint plots (Figure 3).

Further, the energy framework analysis suggests that the
dispersive force (-92.0 kJ/mol) made a significant contribution
to the overall framework energy diagram of the Schiff base
(Figure 4). C-H---m interactions remain the origin to cause the
dispersive force in the supramolecular framework (Table 4).
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Table 4. Energy framework detail of interaction with symmetry operations (symop) and distances between molecular centroids (R).

Color N Symop R Electron density Eele Epol Eais Erep Etot
- 4 x+1/2,-y+1/2,-z 8.83 B3LYP/6-31G(d,p) -2.7 -0.8 -15.6 8.9 -11.5
2 XYz 13.13 B3LYP/6-31G(d,p) 0.2 -0.2 -8.8 0.0 -7.6
2 X, Yy, -z+1/2 13.66 B3LYP/6-31G(d,p) -0.4 -0.2 -6.0 0.0 -5.8
2 X, Yy, -z+1/2 13.66 B3LYP/6-31G(d,p) 0.8 -0.1 -3.2 0.0 -2.0
4 -x+1/2,-y+1/2,-z+1/2 9.60 B3LYP/6-31G(d,p) -3.8 -0.5 -15.3 6.2 -13.9
2 -x,y,-z+1/2 3.78 B3LYP/6-31G(d,p) -5.8 -2.0 -43.1 28.3 -27.6
Total -11.7  -3.8 -92.0 43.4 -68.4

* Interaction energies (k] /mol), R is the distance between molecular centroids (mean atomic position) in A., Total energies, only reported for two benchmarked

energy models, are the sum of the four energy components.

Table 5. a-Amylase inhibitory activity of acarbose and Schiff base.

Sample Concentration (pg/mL) % Inhibition

Acarbose 100 79.98 £2.29
200 83.87+0.29
300 85.78+0.37
400 94.24+1.74

Schiff base 100 66.98+1.37
200 70.40+0.45
300 78.70+2.29
400 85.12+0.44

3.3. Antidiabetic study

The antidiabetic activity of the synthetic compound was
evaluated in a dose-dependent manner. For the treatment of
diabetes mellitus, inhibitory action on carbohydrate digesting
enzymes like a-amylase and a-glucosidase is preliminary.
Conventionally used starch iodine method for a-amylase
inhibitory activity making use of the synthetic Schiff base has
some intriguing results. The dose-dependent a-amylase
inhibition assay (Table 5) reveals that on an average ~75%
inhibition activity is found for the synthetic Schiff base.
Acarbose is used as a standard antidiabetic agent which showed
a slightly higher ~86% inhibition activity [43-45]. The ICso
values for the synthetic Schiff base and acarbose are also
determined to be 74.67 and 62.05 pg/mL, respectively. The ICso
values are comparable and express the potential capacity of the
synthetic Schiff base to turn out as an excellent anti-diabetic
agent.

4. Conclusions

We have reported a straightforward synthesis of a
hydrazine-functionalized Schiff base and its structural
characterization with spectroscopy and X-ray crystallography.
Crystal structure analysis suggested that the Schiff base adopts
a nearly planar structure with an anti-orientation of phenyl
rings with respect to =N-N= linkage. More interestingly, the
imine-Hs are locked with the N-atom of the azomethine group
attributing a hindrance to the excited state electron transfer
phenomenon. Moreover, the asymmetric unit of the Schiff base
displays the formation of a 1D supramolecular framework
through long-distant C-H---m interactions in crystallizing phase.

The significant contribution of C-H---1 interactions for the long-
range crystalline framework of the synthetic Schiff base was
evidenced by the 22.1% coverage of the Hirshfeld surface and
the estimated dispersive force, -92.0 kJ/mol to the overall
energy of the Schiff base (-68.4 kJ/mol). The synthetic Schiff-
based showed an excellent a-amylase inhibition activity. The
comparable ICso value of the Schiff base relative to the standard
antidiabetic agent, acarbose holds a great promise for designing
a cost-effective antidiabetic agent.
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