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Abstract - A simple and efficient synthetic process was developed for preparing copper(Il) complexes derived from the Schiff
base ligand ((2-chloroquinolin-3-yl)methylene)-3-methoxyaniline. The ligand was synthesized through the condensation of
equimolar 2-chloroquinolin-3-carbaldehyde and 3-methoxyaniline in ethanol under mild conditions. The obtained product
has high purity within one hour. Subsequent reaction with copper(Il) chloride in ethanol produced air-stable coordination
complexes exhibiting various metal-to-ligand stoichiometries. Formation and purity were rigorously confirmed by multiple
spectroscopic techniques, '"H NMR verified the characteristic —CH=N- imine linkage via proton shifts; IR spectroscopy
displayed bands indicative of C=N bond stretching and metal-ligand coordination vibrations; HRMS confirmed molecular
structures through observed mass fragmentations ions. These outcomes highlight the method’s simplicity, high efficiency,
and reproducibility.
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3-methyoxyaniline.

1. Introduction

This persistent emphasis highlights the adaptability of
the quinoline platform as a fundamental chemical synthesis
and translational drug development cornerstone. The
ubiquity of quinoline units in a variety of natural products
and their use as adaptable building blocks for the synthesis
of pharmacologically powerful molecules are the driving
forces behind recent advancements in the laboratory.[1]
Quinoline derivatives are extensively researched for a
variety of biological activities, including strong antimalarial
[2] effects, anti-inflammatory,[3] anticancer,[4]
antimicrobial, DNA-binding,[5] antibacterial,[6]
Quinoline Schiff base complexes as anticancer, [7-8] anti-
tuberculosis, [9] antihistamine, [10] antifungal, [11] anti-
HIV, [12] antihypertensive, [13] and antiparasitic[14]
properties. Quinoline scaffolds are also often used in the
study of bioorganic and bioorganometallic processes. [15-
16]

Beyond their biological significance, quinoline
derivatives, particularly 2-chloroquinoline-3-carbaldehyde,
serve as essential building blocks for a variety of scaffolds
with significant medical applications. Meth-Cohn et al.
pioneered its synthetic flexibility, allowing for easy
functionalizations using nucleophilic substitutions and
condensations  to effectively access  bioactive
heterocycles.[1] A variety of nucleophiles, including
amines, thiols, alkoxides, and carbon-based groups like
enolates or organozinc compounds, can easily replace the 2-

chloro substituent in 2-chloroquinoline-3-carbaldehyde by
nucleophilic aromatic substitution. This reactivity expands
applications in medicinal chemistry by allowing the
modular production of 2-substituted quinolines, such as
Schiff bases, thioethers, and extended heterocycles.

The aldehyde group has also been converted into
derivatives of acrylic acid, hydrazones, and oximes. A wide
variety of fused quinoline systems, including thieno,
pyridazino, tropono, pyrano, and fluoroquinolines, have
been made possible by these and similar modifications.

This variation in the biological response profile has
sparked researchers’ interest in the various possible uses of
the quinoline skeleton as an active moiety. Quinolines are
special natural alkaloids that are important to the
pharmaceutical business and may be found in many
different synthetic and natural products [17].

In addition to these biological applications, quinolines
are employed as photoinitiators, sensors, fluorescent dyes,
photosensitizers, fluorescent probes, device components,
and materials for nonlinear optics [18]. Additionally,
hierarchical self-assembly of poly-substituted quinolines
may generate a variety of meso and nano structures with
enhanced photonic and electrical properties.

Quinoline-based scaffolds have developed into
versatile platforms for the development of selective
colorimetric and fluorescent chemosensors due to their
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exceptional w-reactive qualities, conjugation, nitrogen donor
sites, and modifiable photophysical properties. [19]

Schiff bases, also known as anils, imines, or
azomethines, are condensation products that result from the
nucleophilic addition of primary amines to aldehydes or
ketones together with the removal of water. They are
extremely useful in coordination chemistry and
pharmaceutical applications because of their characteristic
structural motif, the azomethine (C=N) functionality, which
provides unique reactivity and coordination characteristics.
Numerous investigations [20,21] have shown that the
azomethine group’s chemical reactivity and biological
activity are significantly influenced by the lone pair of
electrons on the sp*hybridized nitrogen atom. Schiff bases
are regarded as effective chelating agents because of their
high coordinating abilities through the (C=N) group,
simplicity of synthesis, and structural diversity [22-23].
Schiff base ligands’ flexibility and the wide range of
biological, analytical, and commercial uses for their metal
complexes have made this field of study a pillar of
contemporary coordination chemistry. With crucial roles in
bioinorganic modeling, biomedical treatments,
supramolecular assemblies, catalysis, materials science,
separation processes, and the synthesis of structurally new
molecules, this subject has grown significantly.

Schiff bases coupled with metal-forming complexes,
especially with copper, have demonstrated a variety of
biological activities, including antibacterial and antifungal
effects [24-25]. Their metal complexes have been
extensively studied for potential anticancer and herbicidal
properties [26], and they are often used as models for
biologically relevant systems. For example, o-
phenylenediamine-based Schiff bases exhibit clinically
relevant properties [27], while isatin-derived Schiff bases
have shown antiviral, anti-HIV, antiprotozoal, and
anthelmintic  activities [28], along with notable
anticonvulsant and other pharmacological effects [29].
Certain copper—Schiff base complexes have been identified
as potent antiviral agents [30], and Schiff bases derived from
4-dimethylaminobenzaldehyde have demonstrated
antibacterial activity. Moreover, Schiff bases have found
applications in medicine as anti-inflammatory agents and
antibody-related therapeutics [31].

It is necessary to construct and explore structurally
defined copper(Il) complexes obtained from strategically
functionalized quinoline-based Schiff bases in order to
understand the effect of substituent electronics on metal
coordination behavior.

In the present study, novel copper(Il) complexes were
synthesized using the Schiff  base ligand
((2-chloroquinolin-3-yl)methylene)-3-methoxyaniline,
generated via condensation of
2-chloroquinoline-3-carbaldehyde and 3-methoxyaniline,
and subsequently employed as a platform to explore
structure coordination relationships. Particularly with
regard to the effects of the electron-donating methoxy

substituent on ligand field strength, the structural
stabilization provided by the 2-chloro substituent, and
the structure—coordination relationship analysis in a
medicinal inorganic chemistry context, copper(Il)
complexes derived specifically from ((2-
chloroquinolin-3-yl)methylene)-3-methoxyaniline have not
been thoroughly studied. This work investigates the
synergistic interplay of the quinoline pharmacophore, the
labile 2-chloro handle, and the methoxy-substituted aniline
moiety, probing their influence on coordination geometry,
stability, and potential bioactivity in medicinal inorganic
chemistry.

2. Results and Discussion

The current work focuses on the synthesis of new
copper complexes of
((2-chloroquinolin-3-yl)methylene)-3-methoxyaniline,
using 2-chloroquinoline-3-carbaldehyde and 3-
methoxyaniline as starting materials (Scheme I). A series of
Schiff base ligands (4a-f) was initially synthesized by
condensing substituted 2-chloroquinoline-3-carbaldehydes
(3a-f) with 3-methoxyaniline in the presence of acetic acid,
using ethanol as the solvent at room temperature. The
reactions went successfully, producing the intended
complex in high yields 0f 95-98% (Table 1, entries 1-6). The
synthesized ligands (4a-f) were then reacted with copper(II)
chloride under reflux conditions in ethanol to generate
copper complexes (5a-f). These complexation processes
were performed in 10 hr, resulting in high yields of 86-88%
(Table 1, entries 7-12). The reproducibility of the synthesis
of the copper complex is confirmed by repeating the
experiment three times, and it is observed that the yield of
the end product remains the same, 87% (Table 1, entries 13,

(52)).

Chemical structures of freshly synthesized substances
were verified using IR, 1H NMR, and mass spectroscopy.
The azomethine (C=N) group was identified in the IR
spectra by a distinct absorption band at 1620-1680 cm™.
Metal-chloride (M-Cl) and metal-nitrogen (M-N) linkages
were identified in bands ranging from 420 to 600 cm™. A
peak at 2860 cm™ indicated N-H stretching, whereas a band
at 2924 cm™ represented C-H stretching vibrations. This is
in the agreements with the reported values, [32-34] which
thus confirms the formation of Schiff base and metal ligand
linkage bond in the synthesized compounds.

3. Materials and Methods
2-Chloroquinoline-3-carbaldehyde[1] was produced in
the lab using a previously described process.[1-4] Unless
otherwise noted, Spectrochem, Avra Chemicals, and S.D.
Fine Chem provided all solvents and reagents. Melting
points were obtained in open capillary tubes at atmospheric
pressure and are uncorrected. 'H NMR spectra were
obtained using a Bruker AVANCE NEO 500 MHz
spectrometer, with DMSO-ds as the solvent and Tetramethyl
Silane (TMYS) as the internal standard. The IR spectra were
acquired with a Shimadzu FTIR spectrometer. The
produced compounds’ molecular ion peaks were captured to
confirm the High-Resolution Mass Spectra (HRMS).
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Scheme-1: Synthesis of copper complexes of ((2-chloroquinolin-3-yl)methylene)-3-methoxyaniline

4. General Procedure

4.1. Preparation of ligand ((2-chloro-6-methylquinolin-3-
yl)methylene)-3-methoxyaniline (4b)

To a stirred solution of 2-chloro-6-methylquinoline-3-
carbaldehyde (1.02 g, 5 mmol) and 3-methoxyaniline (0.53
g, 5 mmol) in absolute EtOH (20 mL) was added glacial
AcOH (4 drops). The mixture was stirred at RT for 1 h. The
precipitated imine was collected by filtration, washed with
cold EtOH (5 mL), and dried under reduced pressure to
afford ((2-chloro-6-methylquinolin-3-yl)methylene)-3-
methoxyaniline. The product was used directly in the next
step without further purification.

4.2. Preparation of Copper complex of ((2-chloro-6-
methylquinolin-3-yl)methylene)-3-methoxyaniline (5b)

A clear solution was prepared by heating a stirred
solution of ((2-chloroquinolin-3-yl)methylene)-3-
methoxyaniline (0.59 g, 2 mmol) in 10 mL of ethanol. This
was followed by a gradual addition of a copper chloride
solution (0.25 g, 2 mmol) in 10 mL of ethanol, stirring
constantly. After heating the reaction mixture to reflux, the
reaction progress was monitored by TLC using an 8:2
hexane: ethyl acetate solvent solution. The mixture was
cooled to room temperature when the process was finished,
which took 10 hr. The required product was obtained by
filtering, washing with ethanol, and drying the resultant
solid.

The compound was fully characterized by IR, '"H NMR, and
mass spectroscopy.

4.2.1. Copper complex of ((2-chloro-7-methylquinolin-3-
yl)methylene)-3-methoxyaniline (5b)
IR (cm™)

445 (-M-Cl); 466 (-N-M); 1632 (-C=N); 2866 (-N-H);
2936 (-C-H);
'H NMR (DMSO, dppm)

2.35 (s, 3H, -CHs), 3.51 (s, 3H, -OCHs), 7.26 — 7.30 (s,
4H, Ar-H), 7.72 (d, 1H, Ar-H), 7.89 (d, 1H, Ar-H), 7.98 (s,
1H, Ar-H), 8.90 (s, 1H, H-C=N), 8.9 (s, 1H, Ar-H).

HRMS
756.16 (m+1) m/z.

A similar procedure was applied for the preparation of
compounds (5a-f) using an appropriate quantity of reagents.

4.2.2.  Copper complex of ((2-chloroquinolin-3-
vl)methylene)-3-methoxyaniline (5a)
IR (cm™)

438 (-M-Cl); 452 (-N-M); 1615 (-C=N); 2852 (-N-H);
2919 (-C-H).

! NMR (DMSO, Sppm)

3.48 (s, 3H, -OCHs), 7.22 — 7.25 (s, 4H, Ar-H), 7.61 (d,
1H, Ar-H), 7.68 (d, 1H, Ar-H), 7.82 (d, 1H, Ar-H), 7.92 (d,
1H, Ar-H), 8.88 (s, 1H, H-C=N), 8.92 (s, IH, Ar-H).

HRMS
727.12 (m+1) m/z.

4.2.3. Copper complex of ((2-chloro-7-methylquinolin-3-
yl)methylene)-3-methoxyaniline (5c)
IR (cm™)

4223 (-M-Cl); 457 (-N-M); 1628 (-C=N); 2883 (-N-H);
3020 (-C-H).

'H NMR (DMSO, dppm)

2.32 (s, 3H, -CH3), 3.53 (s, 3H, -OCH3), 7.23 — 7.33 (s,
4H, Ar-H), 7.65 (d, 1H, Ar-H), 7.92 (s, 1H, Ar-H), 7.95 (s,
1H, Ar-H), 8.86 (s, 1H, H-C=N), 8.91 (s, 1H, Ar-H).
HRMS
756.08 (m+1) m/z.



Datta A. Patil & Rajkumar U. Pokalwar/IJCER, 13(1), 1-6, 2026

4.2.4. Copper complex of ((2-chloro-8-methylquinolin-3-
yl)methylene)-3-methoxyaniline (5d)
IR (cm™)

4328(-M-Cl); 461 (-N-M); 1615 (-C=N); 2852 (-N-H);
2972(-C-H).

!H NMR (DMSO, Sppm)

2.27 (s, 3H, -CHs), 3.49 (s, 3H, -OCH3), 7.21 — 7.28 (s,
4H, Ar-H), 7.65 (d, 1H, Ar-H), 7.80 (d, 1H, Ar-H), 7.90 (s,
1H, Ar-H), 8.92 (s, 1H, H-C=N), 8.92 (s, I H, Ar-H).

HRMS
756.11 (m+1) m/z.

4.2.4. Copper complex of ((2-chloro-6-methoxyquinolin-3-
yl)methylene)-3-methoxyaniline (5e)
IR (cm™)

434 (-M-Cl); 456 (-N-M); 1622 (-C=N); 2928 (-N-H);
2985 (-C-H);

'H NMR (DMSO, dppm)
2.38 (s, 3H, -CHs), 3.42 (s, 3H, -OCH3), 3.50 (s, 3H, -
OCH3),7.29 — 7.38 (s, 4H, Ar-H), 7.68 (d, 1H, Ar-H), 7.85

(d, 1H, Ar-H), 7.88 (s, 1H, Ar-H), 8.93 (s, 1H, H-C=N), 8.95
(s, 1H, Ar-H)

HRMS
788.09 (m+1) m/z.

4.2.5. Copper complex of ((2-chloro-7-methoxyquinolin-3-
yl)methylene)-3-methoxyaniline (5f)
IR (cm™)

442 (-M-Cl); 480 (-N-M); 1624 (-C=N); 2872 (-N-H);
2931 (-C-H).

'H NMR (DMSO, Sppm)

2.38 (s, 3H, -CHs), 3.46 (s, 3H, -OCH3), 3.58 (s, 3H, -
OCH;), 7.24— 7.35 (s, 4H, Ar-H), 7.62 (d, 1H, Ar-H), 7.78
(d, 1H, Ar-H), 7.85 (s, 1H, Ar-H), 8.89 (s, 1H, H-C=N), 8.96
(s, IH, Ar-H).

HRMS
788.12 (M+1) m/z.

Table 1. Data on newly synthesized compounds

Entry | Compound R R: Rs Reaction Time (min) | Yield(%) | Melting Point(°C)
1 4a H H H 10 95 161-163
2 4b CH; H H 10 95 169-171
3 4c H CH; H 10 96 138-140
4 4d H H CH; 10 95 149-151
5 4e OCH; H H 10 95 132-134
6 4f H OCH3 H 10 97 145-147
7 Sa H H H 10 hr 87 229-231
8 5b CH; H H 10 hr 88 232-234
9 Sc H CH; H 10 hr 85 245-247
10 5d H H CH; 10 hr 88 257-259
11 Se OCH; H H 10 hr 86 244-246
12 5f H OCH3 H 10 hr 88 235-237

In this work, a series of novel copper (II) complexes
derived from the Schiff base ligand ((2-chloroquinolin-3-
yl)methylene)-3-methoxyaniline were efficiently
synthesized. The process began with the condensation
reaction between 2-chloroquinolin-3-carbaldehyde and 3-
methoxyaniline under mild conditions to form the imine
ligand in high yield, which was then coordinated to
copper(Il) ions using simple metal salt exchange in polar
solvents.

The target complexes exhibited excellent stability and
were comprehensively characterized by 'H NMR
(confirming —CH=N- formation), IR spectroscopy
(revealing C=N and M-N/M-O vibrations), and mass
spectrometry (verifying molecular compositions). These
findings validate a reproducible synthetic protocol,
highlighting the potential of such halogenated quinoline
complexes in catalysis, antimicrobial agents, and advanced
materials.

5. Conclusion

A series of structurally validated Cu(II) complexes
derived from a chloroquinoline-based Schiff base ligand
was successfully synthesized and thoroughly characterized.
Detailed spectral interpretation confirms azomethine
formation and nitrogen coordination to copper. The work
highlights the structural role of chloro substitution in
stabilizing the coordination framework. These findings
expand the understanding of quinoline-based copper
complexes and provide a foundation for future exploration
in catalysis, antimicrobial screening, and materials
applications.

Further studies involving single-crystal X-ray analysis
and biological evaluation are recommended to strengthen
structure—activity correlations. This work establishes an
efficient route for such quinoline-based complexes with
potential applications in bioactivity, catalysis, and materials
science.
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