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ABSTRACT: The new piperazine-based Schiff base hydrazone with N, O donor set of atoms, LPE, 

has been prepared by the condensation reaction of new piperazine-based diamine, APE, with 

salicylaldehyde. The structure of newly prepared compounds was characterized by using FT-IR, UV-Vis, 
1H NMR, and 13C{1H]-spectroscopic methods as well as elemental analysis data. Furthermore,  

the structure of piperazine-based compounds, APE and LPE, has been optimized and the geometrical 

structures of a diamine compound, APE, and Calcium atom have been investigated at the level  

of density functional theory (DFT). The 6-311++G(d,p) basis set was utilized for ligands in the gas phase. 

The optimized structures contain N…Ca interactions and piperazine rings have boat structure in most 

of them.  The chelating structures of piperazine rings show most stabilization among other 

interactions, the stabilization energy is -1493.9667 kJ mol-1. Also, the prepared compounds  

were evaluated for preventive effect on apoptotic motor neurons in adult mouse spinal cord slices. 

The APE inhibited apoptosis in the motor neurons and significantly increased viability in these neurons. 
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INTRODUCTION 

Recent years have seen much-heightened interest  

in the synthesis, structural characterization, and physical property 

measurements of piperazine compounds, because of these 

special chemicals, physical and biological properties [1-4]. 

Piperazine compounds represent an important class of 

organic molecules because of their flexible structure.  

 

 

 

The four distinct conformations can be devoted to 

piperazine moiety: chair, boat, twist-boat, and half-boat, 

which the former is the most favorable thermodynamically [5]. 

The piperazine unit, in the boat and twist-boat forms, 

chelates one or bridges two metal ions while in the chair 

conformation, each nitrogen can bridge pair metals [5-7].  
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This special behavior can cause piperazine to show special 

structures with various properties such as molecular switch [8], 

molecular magnetism [9], anthelmintic [10], antimicrobial 

[11-12], acetylcholinesterase inhibition [13], melanocortin-4-

receptor (MC4-R) [14], drug designer [15], anti-PAF [16], 

anti-HIV [17] and anti-obesity [18] activities.  

Recently, piperazine-based ligands have also attracted 

increasing attention due to their interesting chiral/achiral 

and geometrical features in connection with their 

application for molecular memory storages [19], nonlinear 

optical elements [20] and biological–medical studies 

[21,10]. Therefore, several studies have been published  

on the synthesis and spectral properties of piperazine-based 

hydrzone compounds, as well as their transition metal 

complexes [22–25]. Among the plethora of new synthetic 

piperazine- based ligands those containing N, O and S 

donor atoms are of particular interest for several reasons. 

Compounds with more donating atoms are noteworthy 

compounds with rich and well-known chemistry [26–28]. 

The incorporation of various donating atom type into 

acyclic and/or macroacyclic ligands has facilitated  

the isolation of a wide range of transition metal complexes 

with interesting biological and magnetic properties [29–31]. 

Also, their chelating properties make them suitable  

for analytical studies [32,33].  

On the other hand, symmetrical N donor compounds 

have been found a key pharmacological element or  

an important structural cradle in a large number of drugs 

that include a wide range of biochemical goals [34,35]. 

Among them, symmetrical piperazine-based hydrazones 

with more donor atoms are used as a building block in drug 

synthesis and macromolecular building blocks because 

piperazine moiety is a good hydrogen-bond acceptor, 

which can adopt various conformations or acts as chelating 

agent [36]. Some representative examples include 

photochromic properties [37], analytical applications [32] 

and also acting as neuroprotective substances in a variety 

of neurons such as mesencephalic [38], cerebral [39] and 

substantia nigra [40] neurons.  

Based on an abiding interest in designing Schiff base 

ligands, especially with various donor atoms, for selectively 

discriminating metal ions, and incorporating distinctively 

pharmacological moieties, we report here the newly 

prepared piperazine-based compounds (Fig. 1). The compounds 

have been characterized by spectroscopic methods (1H NMR, 

UV–Vis and IR) as well as elemental analysis data.  

We hypothesized that the prepared compounds might display 

neuroprotective effect and delay apoptosis in motor 

neurons. To test this hypothesis, we used adult mouse spinal 

cord slices to examine the effect of piperazine-based compounds 

on the apoptosis of motor neurons in cultured slices. 

Fluorescent staining was used to determine apoptotic cell 

death based on morphological changes. Surprisingly,  

the 1,2-bis(4-(2-aminoethyl)piperazine)ethane, APE, 

shows neuron protective effect. Also, the structure of new 

piperazine-based compounds have been optimized with 

the B3LYP functional; and the interaction of calcium and 

APE (in 1:1 ratio), based on neuroprotection effects,  

have been studied at the level of Density Functional 

Theory (DFT) using 6-311++G(d,p)  basis set. 

 

EXPERIMENTAL AND THEORETICAL SECTION 

Materials  

All of involved reagents and solvents were of 

analytically grade and used as received without further 

purification. Salicylaldehyde, 2-aminoethylpiperazine, 

phthalic anhydride and dibromoethane were obtained  

from Aldrich and Merck.  

 

Instrumentation  

The structure of all synthesized compounds was 

confirmed by 1H NMR and 13C{1H] spectra, recorded  

on a Bruker AV 300 MHz spectrometer. FT-IR spectra 

were recorded as pressed KBr discs, using Unicom Galaxy 

Series FT-IR 5000 spectrophotometer in the region of 400-

4000 cm-1. Melting points were determined on 

Electrothermal 9200 apparatus. C.H.N. analysis were 

performed on a Vario EL III elemental analyzer. Electronic 

spectral measurements were carried out using Agilent hp 

8453 spectrophotometer in the range 300-800 nm using  

1 cm path quartz cells. The measurements were performed 

at 25 (±0.5) °C.  

 

Theoretical calculations 

The structure data in gas phase were calculated using 

Gaussian-03 [41] series of programs. A starting molecular 

mechanics structure for the DFT calculations was obtained 

using the HyperChem 5.02 program (Hypercube, Inc. 

Gainesville). The geometry of the prepared compound  

was fully optimized at the B3LYP/6-311++G(d,p) level. 

Vibrational frequency analysis, calculated at the 6-31+G* 

level of theory, indicate that the optimized structure is  
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Fig. 1: The synthesized piperazine-based compounds. 

 

at the stationary points corresponding to global minima 

without any imaginary frequency.  

 

Animals and the culture of spinal cord slices 

Adult female NMRI mice (23-25 gr) were purchased 

from Pasture Institute, Tehran, Iran. The animals were 

housed in plastic cages at 20C, a 12-Hours light/ dark 

cycle with water and food ad libitum. The experiments 

were approved by the local ethical committee at Arak 

University. The animals were deeply anesthetized by  

intraperitoneal injection of sodium pentobarbital  

(60 mg/kg) and subsequently killed by heart puncture.  

The spinal cord was dissected and placed in ice-cold 

phosphate-buffered saline (PBS, pH 7.4). The thoracic 

region of the spinal cord [42] was then sliced transversally 

into 500 µm-thick sections using a McIlwain tissue 

chopper (Stoelting, USA). The slices were cultured  

in a medium (50% minimum essential medium, 25% 

Hanks balanced salt solution, 25% horse serum, 25 mM 

HEPES, 6g/L glucose and penicillin-streptomycin, pH 7.3-7.4) 

in the absence (control) or presence of piperazine 

derivatives. The cultured slices were then incubated at 37C in 

a humidified atmosphere of 5% CO2 in air for 24 hours. 

 

Fixation and sectioning 

Freshly prepared (0 hour) and cultured slices were fixed 

in Stefanini’s fixative (2% paraformaldehyde, 0.2% picric 

acid in 0.1 M phosphate buffer, pH 7.2) for at least 2 hours. 

The fixed slices were washed in PBS (3×5 min)  

and incubated overnight in 20% sucrose in PBS at 4C. 

The slices were cut into 10 µm-thick sections in a cryostat. 

The sections were collected and mounted on Poly-L-lysine 

coated glass slides. 
 

Assessment of apoptosis 

To study morphological features of apoptosis,  

a combination of propidium iodide (Sigma, USA, 10 µg/mL 

in PBS, 15 min at room temperature) and Hoechst 33342 

(Sigma, USA, 5 µg/ml in PBS, 1 min at room temperature) 

was used. The cryostat sections were washed in PBS (3×5 min) 

and mounted in glycerol/PBS (1:1) and coverslipped. 

Photographs were taken with an Olympus camera attached 

to an Olympus fluorescence microscope (Olympus Optical 

Co Ltd, Japan) using the appropriate excitation and 

emission filters. 

 

Chemicals 

All the synthesized materials were dissolved in PBS  

as stock solutions. Each solution was directly added to the 

medium and tested with 25, 50, 100, and 200 µM to find 

the effective concentration. The controls received  

a corresponding amount of PBS.  

 

Statistical analysis 

Results were expressed as mean SD. The statistical 

significances were analyzed by analysis of variance 

(ANOVA). In all cases, tests were considered significant 

at the level of p<0.05. 

 

Synthesis  

Synthesis of 1,2-bis(4-(2-aminoethyl)piperazine)ethane, 

APE 

The diamine compound was prepared according to the 

literature method [43]. 2-Aminoethylpiperazine (2.58 g, 

20 mmol) and phthalic anhydride (2.96 g, 20 mmol)  

were mixed in appropriate beaker and fused at 180 °C with 

constant stirring for 15 min. After lowering the temperature 

(at about 160 ͦ C), dibromoethane (1.88 g, 10 mmol)  

was also added and fused together with constant stirring 

for 30 min. The resulting solid was washed in two steps 

with hot ethanol, pulverized and heated under reflux  

with HCl (300 ml, 25%) for 12 h. The phthalic acid which 

was formed on cooling was filtered off and the filtrate  
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Scheme 1: The processes of synthesis of 1,2-bis(4-(2-aminoethyl)piperazine)ethane, APE, and1, 

2-bis(4-(2-((E)- (imino)methyl)phenol)piperazine)ethane LPE 

 

was evaporated to small bulk and poured into absolute 

ethanol. The resulting viscous precipitate was recrystallized 

from EtOH/H2O, washed with a small amount of cooled 

absolute ethanol and diethyl ether, and the resulting yellow 

powder was dried (see supporting information); and 

characterized as the pure compound (Scheme 1). Yield: 

2.15 g (31%), m.p:>300 ºC. IR (KBr, cm-1); 3464(N-H 

stretch), 1631, 1471, 1438, 1396, 1356, 1003, 927, 885, 

717, 530. 1H NMR δH (DMSO -d6, ppm): 3.79 (t, CH2, 4H), 

2.66 (bs, piperazine and CH2, 10H).Anal. Calc. for 

C14H38Cl4N6O: C, 37.56; H, 8.49; N, 18.75. Found: C, 37.6; 

H, 8.4; N, 18.7%. 

 

Synthesis of 1,2-bis(4-(2-((E)- (imino)methyl)phenol) 

piperazine)ethane, LPE 

A solution of KOH (0.112 g, 2 mmol) in absolute 

ethanol (10 mL) was added to a suspension of the 

appropriate APE salt (0.166 g, 0.5 mmol) in absolute 

ethanol (10 mL). The mixture was stirred at room 

temperature for a few minutes then filtered, and the 

precipitate was washed well with absolute ethanol (0.122 g, 

10 mL). The washings and the filtrate were combined and 

this solution was added to a hot solution of salicylaldehyde 

(1 mmol) in absolute methanol (20 ml). After refluxing, 

the solution was filtered for 24 h The precipitate  

was filtered and washed with hot ethanol three times (Scheme 1). 

The resulted product was dried in air (see supporting 

information).Yield: 67.8 %, m.p 162 ºC. IR (KBr, cm-1); 

1635 υ(C=N), 1610(C=C), 1579, 1498, 1462, 1305, 1282, 

1161, 1136, 1006, 895, 858, 754, 738. UV-Vis 

λmax(nm)(ε (M-1cm-1)) in DMSO: 260(52667), 

315(14167). 1H NMR δH (DMSO -d6, ppm): 13.64(s,br,OH, 

2H), 8.55(s, imine, 2H,), 7.42(dd, phenyl, 2H, J1= 1/40 Hz,  

J2= 7/60 Hz ), 7.32 (dt, phenyl, 2H, J1= 1/60 Hz,  J2= 7/80 

Hz), 6.87(m, phenyl, 4H), 3.69(t, CH2, 4H), 2.57 (t, 

CH2,4H), 2.51(m, piperazine, 16H), 2.36 (s, CH2,4H). 13C 

{1H} δC (DMSO-d6, ppm): 52.835, 53.146, 55.414, 58.084, 

116.551, 118.272, 118.568, 131.523, 132.215, 160.965, 

166.304. Anal. Calc. for C28H42N6O3: C, 65.85; H, 8.29; N, 

16.46 %. Found: C, 67.1; H, 8.0; N, 16.3 %.  

 

RESULT AND DISCUSSION 

Characterization    

The IR spectrum of LPE contains stretching bands  

at 1635 cm-1 which are assigned for azomethine, C=N band 

[44-45]. The 1H NMR spectrum of the LPE contains 

slightly broad signals in the region 13.64 ppm assigned to 

OH protons, as were confirmed by deuterium exchange 

when D2O was added to d6-DMSO solution. The CH=N 

imine protons exhibit a singlet resonance in 8.55 ppm. 

Electronic absorption spectra of the LPE recorded  

in DMSO, display mainly two bands. The first band located 

around 260-295 nm may be assigned for to π-π* aromatic 

rings transitions [46]. The weak broad absorption band  

at 310–355nm may be assigned to the n– π* and π-π* 

electronic transition associated with the C=N. In the IR 

spectrum of APE three bands at 3464, 1396 and 717 cm-1 

can be attributed to N-H stretch, C-N stretch and N-H wag. 
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Respectively. The 1H NMR spectrum of the APE contains 

broad signals in 2.66 ppm are assigned to piperazine and 

ethyl protons. One slight broad triplet signal at 3.79 ppm 

can be assigned to CH2 protons. 

 
Computational results: Interaction energy and geometry 

The APE and calcium atom interactions have been 

investigated using optimized structure of the most stable 

configurations of corresponding APE compound (see 

supporting information). All the found minima have been 

gathered in Fig. 2 with some of the intermolecular distances. 

Association of a calcium atom with APE gives two 1:1 

interactions which are denoted as CaAPE1 and CaAPE2 

(Fig. 1). In CaAPE1 complex, one of the NH2 moieties 

points toward the position of the Calcium atom.  

The calculated distance between the interacting atoms is 

2.568 A°. The stabilization energy obtained for this structure 

is only -1482.4321 kJ/mol. In the CaAPE2 binary complex, 

one of the N moieties of piperazine ring interacts with 

Calcium atom. The N-Ca interacting found 2.619 A°,  

and the stabilization energy of the complex is  

-1481.0711 kJ/mol. 

In the other interaction, one configuration minima was 

obtained upon optimization, CaAPE3. In the stable 

structure, the calcium atom acts as a bridge between 

nitrogen atoms of amine and piperazine moieties.  

In the other stable conformation, CaAPE4, the piperazine 

ring has a boat structure and calcium interacts with three 

nitrogen atoms. The stabilization energies of these 

interactions are -1487.2987 and -1487.0700 kJ/mol, 

respectively. 

In the other optimized interactions, two minima 

denoted as CaAPE5 and CaAPE6 were predicted at DFT 

level. In the most stable configuration, CaAPE6, the four 

nitrogen atoms trap calcium atom in the hole in which  

the interaction energy is –1493.9667 kJ/mol. In the CaAPE5 

configuration, one piperazine ring has a boat structure and 

the other piperazine ring has a slight interaction toward 

calcium. The stabilization energy of this confirmation  

(-1490.8732 kJ/mol) is about 3.0935 kJ/mol which is less 

than the one calculated for CaAPE6. Finally, in the 

CaAPE7 configuration, the APE diamine acts as a chelate 

ligand. The interaction energy of this conformation is less 

than the other one (-1489.6220kJ/mol) which is slightly 

smaller than the other structures which were denoted  

to infrastructure pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Molecular graph of calcium and APE at the B3LYP/6-

311++G(p,d) level and interatomic distances (A°) of the 

intermolecular interactions. 

 

Neuroprotective effects 

Fluorescent staining was used to determine apoptotic 

cell death based on morphological changes (Fig. 3).  

In freshly prepared slices (0 hour) motor neurons showed 

a large cell body, large nucleus, and the expected distribution 

of nuclear material, and no apoptotic signs could be observed 

within the motor neurons (Fig. 3a). After 24 hours,  

many motor neurons displayed morphological futures  

of apoptosis such as cell shrinkage as well as nuclear  

and chromatin condensation (Fig. 3b). The application  
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Table 1: Percentage of motor neuron viability and diameter of motor neuron nucleus at 0 hour and 24 hours  

in the absence (control) or presence of APE (50 µM) and LPE (25, 50, 100 and 200 µM) 

 Oh 24h (control) APE LPE 

Motor neuron viability (%) 99.930.10a 46.173.19a 90.171.60a 47.832.32a 

Diameter of motor neuron nucleus ( 10.750.60a 6.740.19a 8.820.16a 7.030.51a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: The inhibition of apoptosis in motor neurons. Motor neurons were stained with a combination of propidium iodide (red) 

and Hoechst (blue). a: Motor neurons with no apoptotic sign at 0 hour. b: Motor neurons from slices cultured for 24 hours 

(control) showed nuclear and chromatin condensation. APE, 50 µM, (c) inhibited nuclear apoptotic changes after 24 hours 

compared to the control. However, LPE (d) with the concentration of 25, 50, 100 and 200 µM had no effect. Arrows  

show motor neurons. Magnification: 400X. 

 

of APE (50 µM), as an effective concentration, 

considerably prevented the appearance of nuclear 

apoptotic changes in the motor neurons after 24 hours  

(Fig. 3c and Table 1) compared to the control (Fig. 3b). 

Furthermore, APE significantly (p<0.001) increased the 

percentage of motor neuron viability in the ventral horns 

after 24 hours as compared with the control (Table 1). 

However, LPE (25-50-100-200 µM) had an effect neither 

on apoptosis inhibition nor on the viability of the motor 

neurons (Fig. 3d and Table 1).  

Piperazine-compounds have demonstrated to exert  

a neuroprotective role [47]. How and by which mechanism 

APE could effectively prevent apoptosis in the motor 

neurons remained to be investigated. One possibility might 

be related to its amine groups. Although polyamines  

have shown to induce apoptosis in breast cancer cells [48], 

more evidence points to the involvement of polyamines in cell 

growth, cell viability, and the inhibition of apoptosis [49]. 

Excessive intracellular calcium concentration is  

a major contributor to neuronal death in spinal cord injuries 

and neurodegenerative disorders [50]. Under pathological 

conditions, an elevated cytosolic Ca2+ concentration can 

activate Ca2+-dependent proteases, calpain, and/or 

endonucleases [42], leading to apoptosis. Increased 

calpain activity has also been reported in the motor 

neurons of adult mouse spinal cord slices in culture [42]. 
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Studies have also shown that EGTA as a potent calcium 

chelator could inhibit apoptosis in the motor neurons  

of the spinal cord [42]. We, therefore, hypothesized that 

apoptosis may induce in the motor neurons of cultured spinal 

cord slices by an increase in intracellular Ca2+ concentration.  

If our hypothesis was true, the application of calcium 

chelators could prevent the occurrence of apoptosis  

in the motor neurons. In this study, we showed that  

the application of APE not only inhibited apoptosis  

in the motor neurons but also significantly increased viability 

in these neurons. Since diamine compound display Ca2+ 

chelating property [42, 51], it is therefore reasonable  

to assume that APE with its property in chelating Ca2+ acts 

as an anti-apoptotic agent which in turn exerts its 

neuroprotective effect on apoptosis of the motor neurons.  

In this study, we showed that LPE could not prevent 

the apoptosis of the motor neurons. It may be due to inter 

and/or intramolecular hydrogen bonds between 

azomethine and phenol moieties [52] and therefore  

the compound is not able to coordinate with the cations  

as effective as APE. This weakness might explain why LPE 

with the used concentration had no effects on the inhibition 

of apoptosis in the motor neurons. 

 

CONCLUSIONS 

Synthesis, FT-IR, 1H and 13C{1H}NMR and UV–Vis 

data of new piperazine-based compounds, APE and LPE, 

are reported. The prepared compounds were evaluated  

for their preventive effect on apoptotic motor neurons in adult 

mouse spinal cord slices. The application of LPE not only 

inhibited apoptosis in the motor neurons but also 

significantly increased viability in these neurons; while 

diamine compound, APE, display Ca2+ interaction 

property. This LPE behavior may be due to inter and/or 

intramolecular hydrogen bonds between azomethine and 

phenol moieties which are not able to coordinate to 

calcium ions. 

Also, the Optimized geometries of prepared 

compounds were also obtained. The geometrical structures 

of APE and Calcium atoms in the gas phase have been 

investigated and the interaction structures characterized 

contain N…Ca attractive interaction with stabilization 

energies in the range -1481.0711– -1493.9667 kJ/mol. 
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