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Abstract

A novel series of Schiff base derivatives was synthesized starting from methylpiperazine
through a multistep reaction sequence involving esterification, hydrazide formation, and
condensation with various aromatic aldehydes. The resulting compounds (4a—g) were
characterized by FT-IR, 'H NMR, *C NMR, and EI-MS spectroscopy, which confirmed the
successful formation of the imine (C=N) linkage and the incorporation of functional groups such
as methoxy, hydroxyl, halogen, and heteroaryl moieties. Spectral data revealed characteristic
azomethine proton signals (7.19-8.93 ppm) and imine carbon stretches (1603-1623 cm™),
consistent with Schiff base formation. Mass spectrometry further supported the molecular
structures with well-defined molecular ion peaks and expected fragmentation patterns. The
synthetic strategy afforded high product yields (81-93%) under mild conditions, demonstrating
the efficiency of the condensation approach. The structural diversity and ease of modification
suggest that these Schiff bases represent valuable scaffolds for further biological evaluation and

materials research.

Keywords: Schiff bases, Methylpiperazine condensation, NMR, IR spectroscopy,

Characterization.
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Metilpiperazinden Tiireyen Yeni Schiff Bazi Bilesiklerinin Sentezlenmesi ve Kapsamh

Analizi
Oz

Metilpiperazinden baglanarak ¢cok basamakli bir reaksiyon dizisiyle (esterlesme, hidrazid
olusumu ve cesitli aromatik aldehitlerle kondenzasyon) yeni bir Schiff bazi tiirevleri serisi
sentezlenmistir. Elde edilen bilesikler (4a—g), FT-IR, 'H NMR, “C NMR ve EI-MS
spektroskopisi ile karakterize edilmis ve bu analizler, imin (C=N) baginin basarili bir sekilde
olustugunu ve metoksi, hidroksil, halojen ve heteroaril gibi fonksiyonel gruplarin bilesiklere dahil
edildigini dogrulamistir. Spektral veriler, Schiff bazi olusumuyla uyumlu olarak karakteristik
azometin proton sinyallerini (7.19-8.93 ppm) ve imin karbon gerilme bantlarii (1603—1623
cm') ortaya koymustur. Kiitle spektrometrisi, belirgin molekiiler iyon pikleri ve beklenen
parcalanma desenleriyle molekiiler yapilar1 desteklemistir. Sentez stratejisi, 1liml1 kosullar altinda
yiiksek {iriin verimleri (%81-93) saglamis ve kondenzasyon yaklagiminin etkinligini gdstermistir.
Yapisal cesitlilik ve modifikasyon kolayligi, bu Schiff bazlarinin biyolojik degerlendirme ve

malzeme aragtirmalari i¢in degerli iskeletler oldugunu gdstermektedir.

Anahtar Kelimeler: Schiff bazlari, Metilpiperazin kondenzasyonu, NMR, IR

spektroskopisi, karakterizasyon.
1. Introduction

Schiff bases are a highly versatile and significant class of organic compounds with a broad
range of applications in medicinal chemistry, organic synthesis, and industrial chemistry. The
term "Schiff base" originates from the work of Hugo Schiff, who in 1864 first described these
compounds as the products of the condensation reaction between primary amines and carbonyl
compounds (such as aldehydes or ketones), resulting in the substitution of the carbonyl group by
an imine or azomethine group (-C=N-) [1, 2]. This fundamental reaction forms the basis for the
synthesis of various Schiff bases, which are characterized by the general formula RHC=N-R1,
where R and R1 can be alkyl, aryl, cycloalkyl, or heterocyclic groups, contributing to a wide
diversity of chemical structures and properties [3, 4]. The nitrogen analogs of aldehydes and
ketones, Schiff bases play an integral role in organic chemistry, particularly due to their ability to
act as versatile intermediates for the synthesis of more complex molecules. They exhibit
remarkable reactivity because of the electron-rich nitrogen atom and the conjugated double bond
system, which allows for various chemical transformations [5]. This reactivity has been

extensively harnessed in fields such as medicinal chemistry, where Schiff bases are frequently



Uygun Cebeci (2025) ADYU J SCI, 10(1), 112-126

utilized in the design of bioactive compounds, as well as in materials science for the development

of functional materials like polymers and dyes [6].

Schiff bases are widely recognized for their diverse biological activities, which include
anti-inflammatory, analgesic, antibacterial, antifungal, antiviral, antimalarial, and antipyretic
properties [7, 8]. These biological effects are largely attributed to the presence of the imine group,
which plays a critical role in their mode of action by enabling Schiff bases to interact with
biological macromolecules such as enzymes and receptors. The azomethine linkage serves as an
essential pharmacophore that facilitates the binding to active sites of enzymes or targets in living
organisms, thereby influencing various biological pathways [9, 10]. Additionally, Schiff bases
and their metal complexes have shown potent antiproliferative effects against various cancer cell
lines, making them promising candidates in the development of new anticancer agents [11, 12].
The metal coordination ability of Schiff bases allows for the formation of stable complexes with
transition metals, which can enhance their biological activity by increasing the lipophilicity and

facilitating cellular uptake [13, 14].

The versatility of Schiff bases extends to their potential as enzyme inhibitors and their role
in the treatment of neurodegenerative diseases. For instance, Schiff bases derived from natural
aldehydes, such as cinnamaldehyde, have shown promising results as cholinesterase inhibitors,
which are crucial in the management of Alzheimer's disease [15, 16]. Furthermore, Schiff bases
with antioxidant properties have been explored for their neuroprotective effects in the treatment

of diseases such as Parkinson’s and Huntington’s [17].

In addition to their biological significance, Schiff bases have substantial industrial
applications. Their ability to form complexes with metal ions is extensively exploited in
coordination chemistry for the development of homogeneous and heterogeneous catalysts [18,
19]. These metal-Schiff base complexes are particularly useful in various catalytic processes,
including oxidation, hydrogenation, and polymerization reactions [20]. The catalytic activity is
often enhanced by the presence of the imine group, which facilitates electron transfer processes,

thus making Schiff base-metal complexes valuable in industrial chemical synthesis [21].

Schiff bases are also employed in material science for the synthesis of dyes and pigments
due to their chromophoric properties. The azomethine linkage can stabilize the dye molecules and
improve their lightfastness, making them suitable for various textile and industrial applications
[22, 23]. In polymer chemistry, Schiff bases are used as curing agents and stabilizers due to their
ability to form cross-linked networks with epoxy resins and other polymerizable materials [24].

Their utility as corrosion inhibitors is another noteworthy application, particularly in metal
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surface treatments, where Schiff bases form protective films that prevent oxidation and

degradation [25].

The structural diversity of Schiff bases can be attributed to the wide range of amine and
carbonyl compounds available for their synthesis, leading to derivatives with varying degrees of
saturation, aromaticity, and functional group substitutions. Such structural diversity facilitates the
fine-tuning of their physicochemical and biological properties, enabling the design of Schiff bases
tailored for specific applications [26]. The introduction of heteroatoms (e.g., sulfur or oxygen)
and functional groups into Schiff base structures can further enhance their reactivity and
coordination potential [27]. The incorporation of heterocyclic moieties, such as imidazole,
pyridine, or quinoline, into Schiff base frameworks has been shown to improve their bioactivity

by increasing target specificity and binding affinity [28].

The development of green synthetic methodologies for Schiff base synthesis is an area of
growing interest, aiming to reduce the environmental impact of chemical processes. Recent
advancements in solvent-free synthesis, microwave-assisted synthesis, and the use of renewable
resources have significantly improved the sustainability of Schiff base production [29, 30]. These
methods not only reduce the use of hazardous solvents but also improve reaction efficiency and

yield.

In summary, Schiff bases are a crucial class of compounds in chemistry due to their
extensive range of applications in medicinal, industrial, and synthetic chemistry. Their ability to
act as ligands in coordination chemistry, bioactive agents in drug development, and versatile
intermediates in organic synthesis highlights their importance. Future research will likely focus
on the development of novel Schiff base derivatives with enhanced biological activity, improved
synthetic methodologies, and new applications in emerging fields such as nanotechnology and

materials science.
2. Materials and Methods
2.1. Experimental

All chemicals were obtained from Fluka Chemie AG, Buchs, Switzerland, and used as
received without further purification. Melting points were determined in open capillaries using a
Biichi B-540 melting point apparatus and are reported uncorrected. Reaction monitoring was
conducted via thin-layer chromatography (TLC) on aluminum silica gel 60 F254 plates, with a
mobile phase consisting of a 1:1 mixture of ethyl acetate and diethyl ether, and detection achieved

under UV light. FT-IR spectra were recorded from potassium bromide pellets using a Perkin
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Elmer 1600 series FTIR spectrometer. For NMR analysis, both 'H and '*C NMR spectra were
acquired in DMSO-d6 on a Bruker Avance II 400 MHz spectrometer (operating at 400.13 MHz
for '"H and 100.62 MHz for *C NMR. Chemical shifts are given in parts per million (ppm) relative
to tetramethylsilane (TMS), with coupling constants (J values) reported in hertz. Mass spectra

were obtained using a Quattro EI-MS spectrometer at 70 eV.
Methyl (4-methylpiperazin-1-yl)acetate (2)

To a stirred solution of compound 1 (10 mmol) in tetrahydrofuran, triethylamine (20 mmol)
was added slowly under ambient conditions. The mixture was stirred for an initial period to ensure
thorough mixing. Following this, ethyl bromoacetate (10 mmol) was introduced dropwise to the
reaction mixture over a span of several minutes, allowing for controlled addition. The reaction
was then maintained at room temperature with continuous stirring for 24 hours to ensure complete
conversion. After this period, the formation of a white precipitate was observed. The solid was
separated by filtration, and the filtrate was concentrated by evaporating the solvent to yield the

crude product.

Yield: % 89, m.p: 85-87°C. FT IR (vmax, cm™): 1734 (C=0). 'H NMR (DMSO-d6, &
ppm): 1.1 7- 1.20 (3H, m, CHs), 1.99 (4H, s, 2CHy), 2.14 (2H, s, CHa), 2.30 (2H, s, CH,), 3. 17
(2H, s, CH3), 3.39 (2H, s, CHy), 4.06-4.10 (3H, m, CH3). *CNMR (DMSO-d6, & ppm): 14.57
(CHs), 46.17 (CHs), 53.24 (CHa), 55.06 (CHa), 58.98 (CHa), 60.20 (CH,), 63.93 (CH,), 170.36
(C=0). EI MS m/z (%):173.25 ([M+1]", 100), 195.40 ([M-+Na]", 70).

2-(4-methylpiperazin-1-yl)acetohydrazide (3)

Hydrazine hydrate (25 mmol) was added to a solution of compound 2 (10 mmol) in ethanol,
and the mixture was heated under reflux for 15 hours. After cooling, the reaction mixture was
stored overnight at low temperature, resulting in the formation of a white solid. The precipitate
was collected by filtration, and the crude product was further purified by recrystallization from

2:1 ethanol/water mixture.

Yield: % 85, m.p: 134-136°C. FTIR (vmax, cm™): 1734 (C=0). 'HNMR (DMSO-d6, &
ppm): 2.14 (3H, s, CHs), 2.30 (2H, s, CHa), 2.40 (4H, s, 2CH>),0 2.88 (4H, s, 2CH>), 3.75 (2H,
brs, NH»), 8.84 (1H, s, NH). 3C NMR (DMSO-d6, 8 ppm): 46.20 (CHs), 53.21 (2CH), 55.01
(2CHy), 60.37 (CHa), 168.69 (C=0). EI MS m/z (%): 173.89 ([M-+1]",100), 195.75 ([M+Na]",75).
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General method for the synthesis of compounds 4a—g

Compound 2 (10 mmol) and a suitable aldehyde (10 mmol) were mixed in absolute ethanol
and refluxed for 3 hours with continuous stirring. After cooling to room temperature, a white solid
formed. The crude product was collected by filtration and purified through recrystallization using
a 1:2 mixture of dimethyl sulfoxide and water. The final product was obtained by filtering,

washing, and drying the recrystallized solid.

N'-[(1Z)-(4-methoxyphenyl)methylene]-2-(4-methylpiperazin-1-yl)aceto  hydrazide
(42)

FT IR (vmax, cm™): 3089 (aromatic CH), 3215 (NH), 2943 (azomethine C-H) 1711 (C=0),
1603 (C=N), 1141 (-OCH3). '"H NMR (DMSO-d6, 8 ppm): 2.19 (3H, s, CH3), 2.21 (3H, d, J=4.0
Hz, CH3), 2.45 (2H, s, CH,),2.61 (2H, s, CH»), 2.91 (2H, s, CH»),3.07 (2H, s, CH»), 3.52 (2H, s,
CH»),7.79 (1H, s, Ar-H), 7.81 (1H, s, Ar-H), 7.93 (1H, s, Ar-H), 8.28 (1H, s, Ar-H), 8.62 (1H, s,
CH), 11.21 (1H, s, NH). *C NMR (DMSO-d6, & ppm): 14.50 (CH3), 47.85 (CH>), 49.41 (CHs),
50.10 (CH>), 51.27 (CH>), 53.78 (CH), 56.70 (CHy), 110.51 (CH), ArC: [112.74 (CH), 126.85
(CH), 127.89 (CH), 129.90 (CH), 133.45 (C), 140.41 (C)], 170.12 (C=0). EI MS m/z (%): 291.45
(IM+17]%, 100), 188.45 (85), 179.33 (71), 125.10 (55).

N'-[(12)-(4-fluorophenyl)methylene]-2-(4-methylpiperazin-1-yl)aceto hydrazide (4b)

FT IR (vmax, cm™): 3077 (aromatic CH), 3218 (NH), 2955 (azomethine C-H), 1722 (C=0),
1607 (C=N). '"H NMR (DMSO-d6, & ppm): 2.15 (3H, s, CH3), 2.41 (2H, s, CH»), 3.11 (2H, s,
CH>), 3.34 (2H, s, CH>), 3.60 (2H, s, CH»), 5.07 (2H, s, CH>), 6.77 (2H, d, J= 8.0 Hz, Ar-H), 6.90
(2H, d, J= 8.0 Hz, Ar-H), 7.19 (1H, s, CH), 7.96 (1H, s, NH). 3C NMR (DMSO-d6, & ppm):
15.10 (CHz3), 48.62 (CH), 49.11 (CH>), 50.78 (CH>), 51.21 (CH»), 52.55 (CHy), 112.21 (CH),
ArC: [113.78 (CH), 114.52 (CH), 115.06 (CH), 116.89 (CH), 128.52 (C), 131.70 (C)], 175.89
(C=0). EIMS m/z (%): 279.58 ((M+1]7, 100), 210.11 (85), 191.25 (71), 142.52 (51).

N'-[(12)-1H-indol-3-ylmethylene]-2-(4-methylpiperazin-1-yl)acetohydrazide (4c)

FTIR (vmax, cm™): 3081 (aromatic CH), 3215 (NH), 2978 (azomethine C-H), 1703 (C=0),
1621 (C=N). '"H NMR (DMSO-d6, & ppm): 2.19 (3H, s, CH3), 2.91 (2H, s, CH>), 3.07 (2H, s,
CH2), 3.46 (4H, s, 2CH>), 3.62 (2H, s, CH>), 7.49 (2H, d, J= 8.0 Hz, Ar-H), 8.37 (2H, d, J/= 8.0
Hz, Ar-H), 8.93 (1H, s, CH), 10.82 (1H, s, NH), 11.71 (1H, s, NH). 3C NMR (DMSO-d6, § ppm):
17.44 (CH3), 47.21 (CH»), 48.44 (CHy), 49.70 (CH>), 50.51 (CH>), 51.47 (CH>), 109.41 (CH),
111.20 (CH), ArC: [113.47 (CH), 115.51 (CH), 116.78 (CH), 120.14 (CH), 125.47 (C), 129.56
(O], 173.41 (C=0). EIMS m/z (%): 300.78 ([M+1]*, 100), 273.52 (79), 198.76 (52), 103.47 (33).
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N'-[(12)-(2-hydroxyphenyl)methylene]-2-(4-methylpiperazin-1-yl)acetohydrazide
(4d)

FT IR (vmax, cm™): 3411 (OH), 3065 (aromatic CH), 3209 (NH), 2966 (azomethine C-H),
1721 (C=0), 1516 (C=N). 'H NMR (DMSO-d6, & ppm): 2.08 (3H, s, CH3), 2.27 (4H, s, 2CH>),
3.12 (2H, s, CH,), 3.41 (4H, s, 2CH>), 6.95 (2H, m, Ar-H), 7.68-7.71 (2H, m, Ar-H), 8.52 (1H, s,
CH), 9.00 (1H, s, NH), 11.34 (1H, s, OH). 3C NMR (DMSO-d6,56 ppm): 15.12 (CH3), 46.52
(CH), 47.41 (CH»), 48.79 (CH>), 50.51 (CH>), 51.79 (CH), 106.45 (CH), ArC: [112.87 (CH),
118.09 (CH), 121.45 (CH), 136.47 (C), 137.82 (C)], 177.52 (C=0). EI MS m/z (%): 277.59
(IM+1]+, 100), 214.89 (89), 191.03 (71), 155.40 (49).

N'-[(E)-(4-chlorophenyl)methylidene]-2-(4-methylpiperazin-1-yl)aceto hydrazide
(d4e)

FT IR (vmax, cm™): 3039 (aromatic CH), 3209 (NH), 2981 (azomethine C-H), 1718 (C=0),
1519 (C=N), 861 (-C-Cl). 'H NMR (DMSO-d6, & ppm): 2.33 (3H, s, CH3), 2.50 (2H, s, CH>),
2.54 (2H, s, CH,), 2.66 (2H, s, CH,), 2.68 (2H, s, CH»), 3.21 (2H, s, CH>), 7.25 (2H, s, Ar-H),
7.44 (2H, s, Ar-H), 7.59 (1H, s, CH), 8.73 (1H, s, NH). 3C NMR (DMSO-d6, & ppm): 18.25
(CH3), 49.02 (CH,), 49.78 (CH»), 50.08 (CHz), 50.97 (CH»), 52.63 (CH>), 110.74 (CH), ArC:
[112.70 (CH), 113.40 (CH), 114.96 (CH), 119.56 (CH), 130.02 (C), 132.89 (C)], 172.88 (C=0).
EI MS m/z (%): 295.78 ([M+1]*, 100), 210.11 (78), 172.02 (42).

N'-[(E)-(5-methylfuran-2-yl)methylidene]-2-(4-methylpiperazin-1-yl)aceto hydrazide
(4D

FT-IR (vmax, cm™): 3289 (furan CH), 3178 (NH), 2973 (azomethine C-H), 1709 (C=0),
1610 (C=N). '"H NMR (DMSO-d6, & ppm): 2.14 (3H, s, CH3), 2.34 (3H, s, CH3), 2.52 (2H, s,
CH»), 2.54 (2H, s, CH), 2.68 (2H, s, CH>), 2.74 (2H, s, CH»), 3.17 (2H, s, CH>), 6.36 (1H, s,
furan-H), 6.50 (1H, s, furan-H), 7.97 (1H, s, CH), 8.13 (1H, s, NH). 3C NMR (DMSO-d6, &
ppm): 19.56 (CHs), 30.45 (CHz3), 47.41 (CH,), 48.63 (CH»), 49.55 (CH>), 50.08 (CH>), 51.78
(CH), 111.03 (CH), ArC: [118.42 (CH), 119.07 (CH), 132.78 (C), 135.44 (C)], 171.10 (C=0).
EI MS m/z (%): 265.89 ([M+1]*, 100), 188.10 (89), 112.25 (56).

2-(4-methylpiperazin-1-yl)-N'-[(1E)-2-phenylethylidene]acetohydrazide (4g)

FT IR (vmax, cm-1): 3041 (aromatic CH), 3209 (NH), 2989 (azomethine C-H), 1785
(C=0), 1623 (C=N). 'H NMR (DMSO-d6, 5ppm): 2.31 (3H, s, CH3), 2.45 (2H, s, CH>), 2.53 (2H,
s, CHy), 2.65 (2H, s, CH>), 2.67 (2H, s, CH>), 3.24 (2H, s, CH>), 3.59 (2H, s, CH>), 7.26 (2H, s,
Ar-H), 7.39 (3H, s, Ar-H), 7.46 (1H, s, CH), 9.21 (1H, s, NH). *C NMR (DMSO-d6, & ppm):
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20.03 (CHs), 30.90 (CHa), 48.78 (CHa), 49.09 (CH,), 49.89 (CH,), 50.60 (CHa), 51.44 (CHy),
112.52 (CH), ArC: [118.90 (CH), 120.52 (CH), 122.70 (CH), 123.03 (CH), 129.36 (CH), 134.70
(C)], 173.88 (C=0). EI MS m/z (%):275.78 ([M+1]", 100), 200.06 (80), 187.36 (55).

3. Results and Discussion

In this study, we aimed to synthesize a series of novel Schiff base compounds, starting from
the precursor methylpiperazine. The synthetic pathway was designed to introduce specific
functional groups through sequential reactions, leading to the formation of the desired imine
structures. The characterization and confirmation of the chemical structures of the final products
were carried out using a combination of spectroscopic techniques. The 'H NMR and *C NMR
spectra provided detailed information on the chemical environment and connectivity of the
hydrogen and carbon atoms in the molecules. FT-IR spectroscopy was employed to identify the
characteristic functional groups, including the imine (C=N) stretch, which is a key feature of
Schiff bases. Additionally, electron impact mass spectrometry (EI-MS) was utilized to determine
the molecular weights and fragmentation patterns, further confirming the structures of the

synthesized compounds.

The synthetic routes undertaken, including the starting materials, reaction conditions, and
the formation of intermediate and final products, are outlined in Scheme 1, which illustrates the
stepwise synthesis of the target Schiff base compounds. This approach allowed for systematic

modification and optimization of the reaction steps to achieve the desired molecular architecture.

(e} (¢} o)
i /N /—“—OCH CH ii /\ —”—NHNH — NHN
—N NH__ . _§ W\ i RN 2", N W TR
1 2 3 4a-g
R: 4a= E_QOCH3 4e= 5—@0
i: BrCH,CO,Et, Rt3N, 24 hr rt, ii: H,NNH,.H,O, EtOH, reflux,15 h, iii:EtOH, reflux, 3h .

4b=

Scheme 1: Scheme of the preparation of Schiff's bases from Methylpiperazine

In this study, a series of Schiff bases (4a-g) were synthesized through the refluxing of
methylpiperazine with various aromatic aldehydes in ethanol as the solvent. The reactions were
carried out under controlled conditions to ensure complete condensation between the amine and

aldehyde, forming the characteristic imine (C=N) linkage of Schiff bases. The process yielded
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high-efficiency results, with isolated product yields ranging from 81% to 93%, demonstrating the
effectiveness of the synthetic approach employed [31].

The structural characterization of the synthesized compounds was performed using
multiple spectroscopic techniques to confirm their identity and purity. 'H NMR and *C NMR
spectroscopy provided detailed information on the chemical shifts and coupling patterns of the
hydrogen and carbon atoms, indicating the presence of the expected functional groups and
confirming the formation of the imine bond. Infrared (IR) spectroscopy further corroborated the
presence of key functional groups, such as the C=N stretch characteristic of Schiff bases, along
with other absorption bands associated with aromatic rings and methyl groups. Additionally, mass
spectrometry (EI-MS) was employed to determine the molecular weight and fragmentation
patterns of each compound, providing further evidence for the successful synthesis of the target
molecules. The spectroscopic data indicated that not only the Schiff bases (4a-g) but also the
intermediate compounds (2 and 3) were synthesized with high efficiency and in accordance with
the expected structures. These findings were consistent across all analytical techniques,

confirming the integrity of the synthetic process.

Table 1 presents a comprehensive summary of the physical properties, such as melting
points, and analytical data, including elemental analysis, for the Schiff bases (4a-g), highlighting
the consistency and reproducibility of the synthesized products. This information provides a
thorough understanding of the compounds' characteristics and supports the successful synthesis

of the desired Schiff bases.

Table 1: New Schiff base compounds (4a-g)

Compound no Molecular Formula Melting Point (°C) Yield (%)

0
Y \N/—“—NHN,
—y

4a 79-81 81

OCH;

7\ /—(H:NHNi
4b NN b 110-112 89

F

[¢]
/N~ nn=
4c NN RaY 115-117 84

N
H

OH

(0]
4d *NCN/ NHN@ 93-95 88
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9]
L NEN—
4e NN b\ 105-107 80

Cl

0
RN
4f / b 77-79 90
0

O
H
4g —N ‘NfL N*“’x@ 122-124 93
__/

The infrared (IR) spectroscopy analysis of the synthesized Schiff bases revealed
characteristic absorption peaks that provided valuable insights into the functional groups present
in the compounds. Key absorption bands were observed in the IR spectra at approximately 3020,
2960, 1620, 1480, and 1330 cm™! which were indicative of specific chemical bonds. The bands at
around 3020 and 2960 c¢cm™ corresponded to the stretching vibrations of aromatic C—H bonds,
confirming the presence of aromatic rings within the molecular structure [32]. The absorption
peak at 1620 cm-1 was assigned to the azomethine (C=N) stretch, which is a defining feature of
Schiff bases, indicating successful formation of the imine linkage during the condensation
reaction. Additionally, bands at 1480 and 1330 cm™ were associated with other aromatic and

imine vibrations, further validating the structure of the synthesized compounds.

The stretching frequency of the aromatic C—H group contributed to the absorption bands
located between 3039 and 3089 cm-1, showing minor variations across different Schiff base
derivatives, likely due to the electronic effects of various substituents on the aromatic ring. In the
case of compound 4a, a strong absorption band was detected at approximately 1141 cm™ which
was attributed to the stretching vibration of the methoxy (CH30—-) group, confirming its presence

as a substituent on the aromatic system.

Compound 4d exhibited a significant broad absorption band at 3411 cm™', which was due
to the O—H stretching vibration, indicating the presence of a hydroxyl group in the structure. This
strong and broad band confirmed the characteristic stretching frequency associated with the

hydroxyl functionality, distinguishing compound 4d from other derivatives.

For compound 4e, a distinct absorption peak was observed at around 861 cm™, which
corresponded to the C—Cl stretching vibration, confirming the incorporation of a chloro
substituent in the molecule. This band was prominent and fell within the expected range for alkyl
halide stretching vibrations, supporting the successful introduction of the chlorine atom as part of

the Schiff base structure. Overall, the IR spectroscopic data for all synthesized Schiff bases

10



Uygun Cebeci (2025) ADYU J SCI, 10(1), 112-126

matched the expected range for the functional groups present in the molecules, thereby confirming
the successful synthesis of the target compounds. A detailed summary of the IR absorption bands
and their corresponding functional groups is provided in Table 2, illustrating the consistency of

the spectroscopic findings with the predicted molecular structures.

Table 2: IR spectral data (cm™)

Compound no Aromatic CH Azomethine C-H C=N
4a 3089 2943 1603
4b 3077 2955 1607
4c 3081 2978 1621
4d 3065 2966 1616
4e 3039 2981 1619
4g 3041 2989 1623

The '"H NMR spectroscopic analysis of the synthesized Schiff bases provided further
confirmation of their chemical structures, with characteristic signals corresponding to the various
functional groups. A key feature observed in the 'H NMR spectra was a singlet appearing in the
range of 7.19-8.93 ppm, which had an integration intensity corresponding to a single proton. This
signal was attributed to the azomethine proton (—-CH=N-), confirming the presence of the imine
linkage that is central to the structure of Schiff bases [33]. The chemical shift of the azomethine
proton varied slightly among different Schiff base derivatives, likely due to the electronic effects
exerted by substituents on the aromatic rings or other functional groups in the vicinity, which can

influence the deshielding of the imine proton.

The aromatic protons appeared as multiple peaks distributed between 6.67 and 8.37 ppm,
indicating the presence of different aromatic environments within the molecules. These multiplet
signals were consistent with the protons attached to the benzene ring or substituted aromatic
systems. The exact chemical shifts of the aromatic proton signals varied depending on the nature
and position of substituents on the ring, which can affect the electron density and result in slight
upfield or downfield shifts. The complex pattern of these peaks reflected the various coupling
interactions between neighboring protons, providing insights into the aromatic substitution

pattern and confirming the structural features of each Schiff base derivative.

The synthesized Schiff bases (4a—g) can theoretically exist as £ or Z isomers with respect
to the C=N double bond. The stereochemistry of the imine bond was assigned based on
spectroscopic data and literature precedents. In general, the £ configuration is favored due to

steric repulsion minimization between the azomethine hydrogen and the substituents on the
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aromatic ring. In some cases, intramolecular hydrogen bonding (e.g., between —-NH and —OH
groups in compound 4d, or between —NH and heteroatoms in 4c and 4f) stabilizes the Z isomer,
which is reflected in the downfield shift of the azomethine proton in the 'H NMR spectra.
Therefore, the observed isomerism of compounds 4a—g has been designated as £ or Z according

to the relative stability supported by the spectral evidence and substituent effects.

Additionally, the methyl protons of the methylpiperazine moiety (N-CHs) were clearly
identified in the "H NMR spectra, appearing as distinct peaks in the range of 2.08-2.33 ppm.
These signals were relatively sharp, reflecting the protons attached to the nitrogen atom in the
piperazine ring. The presence of these peaks in the specified region was consistent across all
Schiff base derivatives, indicating the successful incorporation of the methylpiperazine unit into

the molecular framework.

Overall, the "H NMR spectral data provided strong evidence supporting the successful
synthesis and structural integrity of the Schiff bases. The characteristic signals for the azomethine,
aromatic, and methylpiperazine protons matched the expected chemical shift ranges, thus

confirming the identity of the synthesized compounds.

4. Conclusion

This research demonstrates the successful and efficient synthesis of a series of novel Schiff
base compounds, achieved through the condensation of methylpiperazine with various aromatic
aldehydes. The synthesized compounds were thoroughly characterized using multiple
spectroscopic techniques to confirm their chemical structures and establish their purity. The
structural elucidation was performed using infrared (IR) spectroscopy, 'H NMR and '*C NMR
nuclear magnetic resonance (NMR) spectroscopy, as well as mass spectrometry, each providing

complementary information that confirmed the identity and composition of the new compounds.

IR spectroscopy was employed to identify key functional groups present in the molecules,
with characteristic absorption bands corresponding to the azomethine (C=N) stretch, aromatic C—
H stretching vibrations, and other functional groups such as methoxy, hydroxyl, or halide
substituents. These absorption peaks were in line with the expected spectral features of Schiff
bases and indicated successful formation of the imine linkage. The '"H NMR spectra provided
further insights, with distinct singlets corresponding to the azomethine protons observed between

7.19 and 8.93 ppm, confirming the formation of the imine bond in each compound. The aromatic
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protons appeared as multiple signals across the 6.67-8.37 ppm range, reflecting the complex

aromatic environments present in the Schiff bases.

Additionally, the methylpiperazine protons were detected in the 2.08-2.33 ppm range,
supporting the inclusion of the piperazine moiety in the structure. '>*C NMR spectra complemented
these findings by revealing the carbon environments, including signals for the azomethine carbon

and aromatic carbons, further verifying the molecular framework of the synthesized compounds.

Mass spectrometry was utilized to determine the molecular weights and fragmentation
patterns of the Schiff bases, providing additional confirmation of the molecular composition. The
molecular ion peaks observed in the spectra matched the calculated molecular weights of the
compounds, supporting the accuracy of the synthesized structures. Fragmentation patterns were
consistent with the expected breakdown of the molecular structure, giving further evidence for

the formation of the intended Schiff bases.

All the spectroscopic data, including 'H NMR and *C NMR spectra, have been compiled
and presented as supplementary information, providing a detailed overview of the spectral
characteristics and ensuring the reproducibility of the results. This supplementary data serves as
a comprehensive reference for the synthesized Schiff base compounds, offering valuable insights
into their structural features and confirming the success of the synthetic methodology used in this

study.
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