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Abstract

N, O- donor Schiff bases and their metal complexes have potential applications in fields
like catalysis, analytical chemistry, and materials science. This study reports the synthesis,
structural characterization, and spectroscopic analysis of a copper(ll) complex derived from a
Schiff base ligand formed via condensation of 4-aminoantipyrine and salicylaldehyde. The
resulting ligand, Salicylidene Amino Antipyrine, was successfully complexed with CuCl. using
a biphasic method involving toluene and aqueous media. Characterization techniques including
FT-IR, UV-Vis spectroscopy, molar conductivity, solubility testing, and single-crystal X-ray
diffraction (SCXRD) confirmed the bidentate coordination of the ligand via azomethine
nitrogen and phenolic oxygen atoms. Spectral data revealed 1 — ¥, n — 7*, and d—d transitions
consistent with square planar geometry around the Cu(ll) center. The SCXRD analysis
confirmed a distorted square planar configuration, stabilized by hydrogen bonding and =-
stacking interactions. The complex exhibited good solubility in polar organic solvents,
indicating a neutral molecular nature. The findings underscore the structural versatility and
coordination potential of 4-aminoantipyrine-based Schiff bases for transition metal

complexation, with implications for future applications in catalysis and bioinorganic chemistry.
Key words:
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CHAPTER I:
INTRODUCTION



1- Introduction:

Schiff bases were first introduced in the 19th century by German Chemist Hugo Schiff,
who described them as the products of condensation reactions between primary amines and
carbonyl compounds, highlighting their unique properties and reactivity. In 1864, Hugo Schiff
synthesized Schiff bases through azeotropic distillation, using an aldehyde or ketone and a
primary amine [1-6]. In the years after Schiff's pioneering discovery, chemists explored the
principles behind Schiff bases more thoroughly. Prominent figures like Emil Fischer made
significant contributions by broadening the variety of Schiff base reactions and offering insights
into their stereochemistry [7, 8]. Now a day’s Chemists are increasingly interested in Schiff
bases that come from heterocyclic rings, using carbonyl compound as a key focus in various

fields such as biology, medicine, clinical studies, analytics, and pharmacology [9].

1.1-Chemistry of Schiff base

Schiff  bases are a group of organic compounds formed through the condensation
reaction between a primary amine (-C=N-) and a carbonyl compound, usually an aldehyde or
ketone, with the elimination of water [7]. Schiff bases are defined by a central carbon-nitrogen
double bond, referred to as an imine or azomethine group, which forms during the reaction,
with the general structure R1R.C =NR’ (where R’ # H) [1-7]. Schiff bases are a type of imine
where R’ is an alkyl aryl or heterocyclic groups (not hydrogen), while R1 and R2 can be
hydrogen [6, 9] (Figure 1.1 and 1.2). Depending on their structure, they may be considered

secondary aldimines or secondary ketimines [7].

R4

v

Oo—Zz

I—I/\R

Figure 1.1: General Structure of Schiff Base

According to IUPAC guidelines, Schiff bases are defined as chemical compounds (imines) that
contain a hydrocarbyl group attached to the nitrogen atom [10]. In synthetic chemistry, Schiff

bases are commonly known as imines or azomethine groups [11, 12]. While, in coordination



chemistry, Schiff bases are common ligands, which are derived from aromatic aldehydes and

alkyl diamines [13].

Schiff bases are versatile compounds with a rich structural chemistry. The imine linkage, along
with the nature of the substituents, plays an essential role in determining their reactivity,
stability, and potential applications in various fields, including coordination chemistry [6, 7].
The most major feature of Schiff bases is the imine group, where the nitrogen atom is double-
bonded to a carbon atom [14]. This bond is highly polar, with the nitrogen atom being more
electronegative than carbon, results in partial charges that impact the compound's reactivity and
interactions [14, 15].

Schiff bases are of significant importance in the fields of chemistry and materials science
because of their unique properties such as versatility, simplicity, and functionality [15]. The
properties of Schiff bases can vary widely depending on the nature of the substituents involved,
impacting their stability, solubility, and reactivity. Where, these properties are influenced by

both steric and electronic effects of the substituents [14-16].

For instance, electron-donating groups (such as alkyl groups) make the nitrogen more
nucleophilic, while electron-withdrawing groups (such as halogens) stabilize the Schiff base by
delocalizing the electron density [17-19]. In addition, structural stability and reactivity of Schiff
base can be affected by hydrogen bonds which can form when hydroxyl groups are present in
the substituents [19]. The type and position of these substituents can modify hydrogen bonding
interactions, thus affecting the properties of Schiff bases [18]. These compounds are often
crystalline solids, weakly basic, and can form insoluble salts with strong acids. Schiff bases
serve as intermediates in the synthesis of amino acids and as ligands for the preparation of metal
complexes with several structures [19, 20]. The imine group (-C=N-), which is highly reactive
can form various complexes with metal ions. Thus, Schiff bases are one of the most widely

used as chelating ligands in coordination chemistry [20].



Figurel. 2: General Structure of Schiff bases with examples

1.2- Structural and Coordination Chemistry

In coordination chemistry, Schiff bases as ligands have been widely studied because of
their ability, versatility and capacity to form stable complexes with transition metals, prompting
extensive research into their synthesis, characterization, and several applications [21, 22]. N,
O- donor Schiff bases and their metal complexes have potential applications in fields like
catalysis, analytical chemistry, and materials science, including magnetic and photoluminescent

materials [22].

The coordination chemistry of Schiff base metal chelates has been recognized for over a
century. Schiff bases, as ligands, are classified based on the number of donor atoms they
possess, such as mono-, bi-, tri-, and tetradentate ligands [14]. These ligands are highly reactive
due to the presence of lone pairs on their sp? hybridized atoms [19- 22]. The nitrogen and
oxygen atoms in Schiff bases interact with metal centers, influencing the coordination
environment and reactivity of the metal. In addition, Schiff bases often contain additional
functional groups, like hydroxyl (—OH), amine (—NHy), or thiol (~SH) groups, which enable
them to function as multidentate donors [21].

These ligands readily form stable complexes with metal ions in various oxidation states, such
as bidentate and tridentate complexes with Co(ll) and Ni(ll), or even tetradentate complexes
with metal ions like Ni(ll), Cu(Il), Pd(Il), and higher oxidation states such as V(IV), Ti(IV),
and U (111, 1V, V) [21].

The nitrogen and oxygen atoms of Schiff bases interact with metal ions through their lone pairs

of electrons, coordinating to the metal center. This coordination can occur through diverse



geometries depending on the nature of the Schiff base and the metal ion involved [19, 23]. The
number of coordination sites occupied by the Schiff base ligand can differ depending on the
metal's coordination preferences, which are influenced by the electronic configuration and the
ionic radius of the metal [15, 24].

As above-mentioned, Schiff bases are classified based on the number of donor atoms that can

coordinate to the metal center:

¢ A monodentate Schiff base binds to a metal center via a single donor atom (usually nitrogen)
donating a single pair of electrons to form a coordination bond with metal ions. The bonding
interaction is typically polar, where the nitrogen atom, being more electronegative than
carbon, donates electron density to the metal center [25]. The metal ion forms a stable complex
with the Schiff base ligand depending on its oxidation states. The geometry of the complex
can differ depending on the metal and its coordination number, with common geometries
being tetrahedral, square planar, or octahedral. For coordination number 4, the complex often
adopts a tetrahedral or square planar geometry. While for coordination number 6, the complex
typically adopts an octahedral geometry, where six ligands surround the central metal ion in
a symmetrical arrangement [26]. The Schiff base ligand's substituents, metal's size and charge,
can significantly affect the geometry, stability, and reactivity of the complex [25].

The stability of a monodentate Schiff base complex is affected by the electronic properties of
the Schiff base [25, 26]. Substituents that donate electron density to the metal such as hydroxyl
groups could increase the stability of the complex, whereas electron-withdrawing groups could
destabilize it [18].

N-salicylidene-ethylenediamine (where "salicylidene" refers to the salicylaldehyde derivative)
is an example of Schiff base that can coordinate to a metal ion such as Cu*? forming
monodentate complex. In this example, the geometry around the metal ion could be square
planar. The Schiff base will typically form a monodentate complex through nitrogen, with the
metal ion possibly having coordination with additional ligands like chloride ions or water
molecules (Figure 1.3) [26,27].



Figure 1.3: Structure of A monodentate Schiff base

e Bidentate and tridentate Schiff bases donate two pairs or three of electrons. These ligands
usually have two functional groups that can donate lone pairs of electrons to the metal ion,
forming two coordination bonds [23]. Typically, these donor atoms are the nitrogen of the
imine group (C=N) and another atom like oxygen or nitrogen from a hydroxyl or amine
group attached to the ligand [23-25]. Bidentate Schiff base ligands often form stable five-
and six-membered chelate rings with divalent metal ions such as Ni?*, Cu?*, Co*', and
Fe?".This chelation significantly increases the stability of the metal complex because of the
chelate effect. Chelation enhances the stability of the complex due to the formation of
multiple bonds between the ligand and the metal ion [26]. An example of a bidentate Schiff
base legend is Salicylideneamine. This legend contains a hydroxyl group and an imine
group, and both nitrogen and oxygen atoms coordinate to the metal ion, creating a stable
chelate (Figure 1.4) [28].

Figure 1.4: Structural of Copper (11) complex of the Schiff base ligand salicylaldoxime

The geometry around the metal ion in a bidentate Schiff base complex depends on the
coordination number (typically 2, 4, or 6). If the metal is coordinated by just two donor atoms



(i.e., a simple bidentate Schiff base), the complex will likely adopt a linear geometry (180°
bond angle). This is more common for metals like silver (Ag) or copper (Cu) in certain
oxidation states (such as +1) [29]. While, if the coordination number is 4, the most common
geometry would be tetrahedral or square planar. In tetrahedral geometry, the Schiff base ligand
coordinates to metal ion in a way where the metal ion is at the center of a tetrahedron. This can
occur with metals such as Zn(Il) or Cu(ll) (Figure 1.5) [27-30].

N Noommees N N

Ve

e VA a N
square planar geometry tetrahedron geometry

Figure 1.5: Structural formula of the complexes with coordination number 4

For metals with a coordination number of 6, such as Co(lll), Fe(lll), and Cr(lll), the metal
complex generally assumes an octahedral geometry. In this configuration, the bidentate Schiff
base ligand typically occupies two of the six. For metals with a coordination number of 6, such
as Co(ll1), Fe(lI1), and Cr(lI1), the metal complex generally assumes an octahedral geometry.
In this configuration, the bidentate Schiff base ligand typically occupies two of the six available
coordination sites, while the remaining positions are filled by other ligands, such as water,

halides, or other anions (Figure 1.6) [31]

H
CHs OH, =
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R=CIl & CHzs; M= Co (II), Ni (1) and Cu (I1)

Figure 1. 6: Structural formula of the complexe having formula of Octahedral Geometry



e Tridentate Schiff base has three functional groups that each donate a lone pair of electrons
to the metal ion, creating a chelate with the metal. The donor atoms can consist of nitrogen
(from the imine group or amine), oxygen (from hydroxyl or carboxyl groups), or other
heteroatoms capable of coordinating with the metal center [32]. The functional groups
attached to the Schiff base impact the electron density and availability of lone pairs for
coordination. The lone pairs of electrons from donor atoms (usually nitrogen and oxygen)
form covalent bonds with the metal ion [33]. A common example of tridentate Schiff base is
N, N’-bis(salicylidene) -1,2-diaminoethane, where two imine groups (-C=N-) and one
hydroxyl group (-OH) provide three donor atoms (two nitrogens and one oxygen) to

coordinate with the metal ion [33].

The coordination geometry of a tridentate Schiff base complex is influenced by both the
coordination number of the metal ion and the structural characteristics of the Schiff base ligand.
For tridentate Schiff base complexes, the coordination number of the metal is typically 4 or 6,
depending on the metal's electronic configuration and the steric properties of the ligand [32,
33]. The coordination geometries of coordination number 4 are square planer and tetrahedral.
In square planer geometry, the tridentate Schiff base ligand coordinates to the metal ion via
three donor atoms, with the fourth coordination site often occupied by a solvent molecule or
halide ion [33].

When it comes to tetrahedral geometry, the tridentate Schiff base ligand coordinates to the metal
ion in a way that the donor atoms (nitrogen and oxygen) occupy four corners of a tetrahedron
[32].

The geometry of coordination number 6 is octahedral. In this geometry, the tridentate Schiff
base ligand coordinates with the metal through three donor atoms, occupying three coordination
sites. The remaining three coordination sites are usually occupied by other ligands, such as
water molecules, halides, or other anions [34]. In the octahedral geometry, the metal ion is at
the center. Metal ions such as Fe**, Fe**, Co?", Cu*", and Cr*" typically form octahedral

complexes with six coordination sites [32- 34].

Tetradentate Schiff base ligands are multidentate compounds with four donor atoms, usually
nitrogen and oxygen, that coordinate with a metal ion to form stable complexes. These ligands
create four-membered chelate rings, donating four electrons to the metal center, which enhances
stability, especially with metals like nickel (Ni**), copper (Cu?*), and palladium (Pd>") that
prefer four coordination sites [35]. The resulting complexes can adopt various geometries, such
as octahedral, tetrahedral, or square planar, depending on the metal and ligand characteristics

[36]. In the coordination of tetradentate Schiff base with metal ion, two donor atoms may come
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from the imine (-C=N-) nitrogen atoms, while the other two donor atoms may come from other
functional groups, such as hydroxyl (-OH), ether (-O-), or phenolic groups (-OH) attached to
the ligand backbone. The remaining two coordination sites may be occupied by solvent

molecules or other ligands [35, 36].

A common example of a tetradentate Schiff base ligand is the salen ligand (N, N'
ethylenebis(salicylideneiminato)), which is created by reacting salicylaldehyde with
ethylenediamine. This ligand can bind to a metal ion, such as copper(ll), forming a complex

with an octahedral structure [37].

1.3- Synthesis and characterization

Schiff bases are generally bi- or tridentate ligands capable of forming very stable
complexes with transition metals. Schiff bases are compounds that contain an azomethine group
(-HC=N-), formed through the condensation of aldehydes or ketones and primary amines,
resulting in the elimination of water (Scheme 1.1). First discovered by Hugo Schiff in 1864,
their formation typically occurs under acidic or basic conditions or with heat, a process known
as the Schiff condensation [17]. The Schiff condensation, a process in which a primary amine
attacks the carbonyl carbon of an aldehyde or ketone, forms a tetrahedral intermediate, which
then undergoes dehydration to yield the imine linkage (C=N), producing the Schiff base [7, 17,
38]. Aldehydes create Schiff base ligands more easily than ketones. Aromatic aldehydes,
particularly those that have strong conjugation systems, produce stable Schiff bases. On the

other hand, aliphatic aldehydes tend to be unstable and disposed to polymerization.

N
Ry— CHO /C= N— R
H
aldehydes
-H20
R—NH, + — OR
O
R\C / R1
I /C= N— R
R R
ketones schiff bases

R1, R2 and / or R3 alkyle or aryle

Scheme 1.1: Synthesis of Schiff base



Schiff base metal complexes are characterized using a combination of analytical and
spectroscopic techniques to confirm the structure, coordination behavior, and properties of
Schiff base metal complexes. Elemental (CHN) analysis helps confirm the molecular
composition. Spectroscopic techniques such as UV-vis spectroscopy, infrared (IR)
spectroscopy, and nuclear magnetic resonance (NMR) spectroscopy are crucial for
understanding the structural features and properties of Schiff bases metal complexes [22]. UV-
vis spectroscopy provides information on electronic transitions, such as n—n*, n—n*, and d—
d transitions, especially the conjugation and electronic configuration of the carbon-nitrogen
double bond [39]. NMR, both proton (*H) and carbon (13C), provides detailed information about
the connectivity and positioning of atoms within the molecule.

Additionally, other analytical methods, including mass spectrometry (MS) and elemental
analysis, complement spectroscopic techniques by confirming molecular weight and elemental
composition. Mass spectrometry confirms molecular weight and fragmentation. For
paramagnetic metal centers, electron paramagnetic resonance (EPR) spectroscopy provides

additional data on oxidation state and coordination environment.

Infrared (IR) spectroscopy is used to identify functional groups in organic molecules by
analyzing vibrational transitions caused by radiation absorption. In Schiff bases, the presence
of the characteristic C=N (imine) group is confirmed by a band typically appearing in the 1600—
1700 cm™ region. Upon complexation with metal ions, the C=N band shifts to a lower
wavenumber, indicating coordination with the metal center. Additional bands may appear due
to metal-ligand bonds such as M-N and M-O. A broad band at 3300-3600 cm™* corresponds to
O-H stretching, indicative of phenolic or hydroxyl groups in the Schiff base structure [31,
35,37].

Single crystal X-ray diffraction (SCXRD) is the definitive method for characterizing the
structure of Schiff base metal complexes, providing accurate information about molecular and
crystal structures of Schiff base metal complexes. SCXRD provides detailed information about
the coordination geometry around the metal center, bond lengths and bond angles, ligand
conformation and packing, hydrogen bonding and crystal system. Through crystal growth, data
collection, and structure refinement, SCXRD reveals critical details such as the ligand binding

mode and the crystal symmetry [39, 40].

Due to the great flexibility and diverse structures aspects of Schiff bases metal complexes, a

wide range of these compounds and have been synthesized [7].

There are a variety of factors, advantages, and disadvantages to consider in choosing the most

efficient approach for the synthesis of Schiff base legends and their metal complexes due to
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environmental and green chemistry concerns. There are several methods and new techniques

for the synthesis of Schiff bases, some of them have been reported as following:

1.3.1- The conventional heating method

The conventional heating method for synthesizing Schiff base compounds involves
reacting a primary amine with a carbonyl compound (aldehyde or ketone) under reflux
conditions, often in the presence of a solvent [17, 22]. This process leads to the formation of an

imine bond (-C=N-) and the elimination of water [22].

A dehydrating agent may be used to enhance the reaction by removing water. While this method
is simple and widely used, it may require longer reaction times and higher temperatures
compared to newer techniques [14, 17, 22]. Venkatesh Rangaswamy et al 2021 were
synthesized Schiff base through reacting 4-nitro-o-phenylenediamine with 5-
methoxysalicylaldehyde in absolute ethanol, heating the mixture at 70°C for 6 hours with
constant stirring scheme (1.2).

N,0

OCH3

NH,
ethanol
————
T2 70 ¢ .stirrer 6h ” T|
NO; NH, HO H;CO- : CH HC : _OCHj3

OH HO

Scheme 1.2: Synthesis of Schiff base by heating method.

The synthesized Schiff base was characterized using infrared, ultra violet, molar conductance
measurements and nuclear magnetic resonance spectroscopy [40]. Several techniques,
including UV-vis spectroscopy, infrared spectroscopy (IR), and nuclear magnetic resonance
(NMR), were used to characterize the title compound. The IR spectrum exhibited a strong
absorption around 16001650 cm™!, corresponding to the imine (C=N) stretch. A broad peak
around 3200-3400 cm?, characteristic of the phenolic group. The UV-Vis spectrum displayed
absorption bands between 200-300 nm, attributed to aromatic 7—n* transitions, and additional
bands around 300-350 nm, associated with n—n* transitions of the imine linkage. The IH-NMR
11



spectra of the free ligands showed a singlet around 8-9 ppm for the imine (—-CH=N) proton,
aromatic protons between 6.5-8 ppm, and a signal around 10-12 ppm for the phenolic -OH
group [41].

1.3.2- Modern approaches and green chemistry aspects in Schiff base

synthesis

The synthesis of Schiff bases has developed significantly with the adoption of modern
approaches and green chemistry principles [42]. These methods emphasize sustainability by
using eco-friendly solvents like water and employing recyclable metal complexes or enzymes
as catalysts, thus reducing the environmental impact [42, 43]. Microwave-assisted synthesis has
become a popular energy-efficient technique, significantly shortening reaction times and
improving efficiency, in accordance with green chemistry goals. Additionally, modern
approaches often favor metal-free catalysis or the use of environmentally compatible metal

catalysts to ensure a greener process [41, 43].

1.3.2.1- Natural acid catalyst method

The synthesis of Schiff bases using natural acid catalysts is an eco-friendly method
that supports the principles of green chemistry [40- 42]. This method involves the condensation
of primary amines with carbonyl compounds (aldehydes or ketones) in the presence of natural
acids. Natural acids, such as citric acid, tartaric acid, lemon juice acetic acid (from vinegar),
and other bio-derived acids, have been explored as catalysts for the synthesis of Schiff bases
[42]. These catalysts are non-toxic, biodegradable, and readily available [42, 43]. The natural
acid catalyst facilitates the formation of the imine bond (C=N) by protonating the carbonyl
oxygen of the aldehyde or ketone, thus enhancing the electrophilicity of the carbonyl carbon.
This enhances the reactivity toward nucleophilic attack by the amine, leading to good yields of
Schiff bases. Natural acids typically work under mild conditions at room temperature or slightly
higher temperatures, reducing energy consumption compared to traditional methods that

involve high temperatures or strong acids [43].

1.3.2.2- Aqueous medium

Conventionally, Schiff's bases can be prepared by refluxing the amine and aldehyde
in an organic solvent like ethanol or methanol, which are toxic and volatile, causing
environmental harm. To reduce such disasters there is a need to use a safer reaction medium
like water. Using water as a safer solvent for the condensation reaction between an amine and

a carbonyl compound offers both environmental and cost benefits. Koteswara et.al (2010) has
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developed eco-friendly condensation reaction method for the green synthesis of various Schiff
bases, achieved by stirring 1,2-diaminobenzene with different aromatic aldehydes in water as
the solvent. This method is direct, clean, and efficient, offering high yields with shorter reaction
times. The product is easily purified through simple filtration, followed by washing with water
and drying [44] Scheme (1.3).

mgmwjbmééb

M e X

Scheme 1.3: Synthesis Schiff base by Aqueous medium

1.3.2.3 -Microwave Assistance

Microwave-assisted synthesis has become popular due to its ability to accelerate
chemical reactions, enabling reactions that previously took hours or days to be completed in
minutes. This method is eco-friendly, as it often requires no solvents or supporting reagents
[45, 46]. It offers many benefits, including increased reaction rates, higher yields, and simpler
processing. The microwave-assisted synthesis of Schiff bases involves the use of microwave
radiation to speed up the condensation between an amine and a carbonyl compound (either
aldehydes or ketones), leading to efficient and rapid formation of Schiff bases with improved

yields and reduced reaction times compared to traditional heating methods [45- 47].

1.4 -Applications and Significance

Schiff base metal complexes are widely recognized for their versatility, ease of
synthesis, diverse structures, and cost-effectiveness, making them an important focus in current
chemical research [47-49]. These compounds have wide-ranging applications due to their

adaptable structures, stability, and rich electronic properties.

Schiff base metal complexes exhibit a broad range of biological activities, such as
antimicrobial, anticancer, antioxidant, anti-inflammatory, antimalarial, antidiabetic, and anti-
Alzheimer effects [48, 49]. The majority of their bioactivity is attributed to the presence of the
azomethine (C=N) group, while their adaptability results from the ability of Schiff bases to
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form stable complexes with various metal ions [48, 49]. These complexes are not only
significant in the biomedical field, where they show promise for therapeutic applications and
combating antimicrobial resistance, but also play key roles in industrial catalysis, organic
transformations, and polymerizations due to their structural stability and reactivity.
Additionally, they are valuable in environmental and analytical chemistry, being used as
corrosion inhibitors, metal ion sensors, and in the development of biosensors for environmental
monitoring [50]. Their multifunctional nature extends to applications in clinical, analytical, and

agrochemical industries, underlining their relevance across numerous scientific disciplines.

1.4.1 -Biological Activity

Many Schiff base complexes exhibit interesting biological activities including
antimicrobial, anticancer, and enzyme-inhibitory properties [40, 48, 50, 51]. Several studies
have demonstrated that the condensation of salicylaldehyde with various heterocyclic
compounds and their derivatives [48, 50] results in products exhibiting significant antibacterial
and antifungal activities. Thus, Schiff base metal complexes have gained significant attention
for their enhanced antimicrobial properties, which are attributed to the synergistic effects of
metal coordination and the essential reactivity of the Schiff base ligands. These complexes have
demonstrated strong activity against a broad spectrum of microorganisms, including both
Gram-positive and Gram-negative bacteria, as well as fungi [22, 40, 48, 51]. Copper(ll) Schiff
base complexes derived from antipyrine have demonstrated a broad spectrum of biological
activities, including antimicrobial, anticancer, antioxidant, and anti-inflammatory effects. Their
enhanced antimicrobial efficiency, when compared to the free ligands, is primarily attributed to
metal chelation, which increases the complexes’ lipophilicity and facilitates their penetration

through microbial cell membranes [52, 53].

1.4.2- Catalysis

Schiff base metal complexes have proven to be efficient catalysts in both homogeneous
and heterogeneous reactions, with their catalytic behavior strongly influenced by the metal ion,
ligand structure, and coordination environment [53]. These complexes have shown
effectiveness as catalysts in diverse chemical transformations such as oxidation, reduction, and
polymerization, because of their ability to stabilize reactive intermediates and enhance
selectivity [53]. Copper(ll) Schiff base complexes, especially those derived from 4-
aminoantipyrine, demonstrate strong catalytic potential in various industrial and environmental

processes, owing to their structural flexibility and favorable electronic properties. Their
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catalytic activity extends to environmental applications, particularly the degradation of dyes in

wastewater treatment [54].

1.4.3 -Materials science

Schiff base metal complexes play a significant role in material science due to their diverse
structural properties, thermal stability, and rich electronic properties. The unique optical and
magnetic properties of Schiff base metal complexes have made them suitable for applications
in the development of sensors, magnetic materials, and the synthesis of metal oxide
nanoparticles [56, 57]. Schiff base copper complexes, particularly those derived from 4-
aminoantipyrine, have emerged as valuable precursors for the synthesis of metal oxide
nanoparticles, notably copper oxides (CuO, Cu20), These complexes decompose in a controlled
manner under thermal conditions, facilitating the formation of highly pure and uniformly
distributed nanoparticles without the need for external reducing or stabilizing agents [57-58].
The coordination environment provided by the Schiff base ligand plays a critical role in
determining the morphology, particle size, and surface characteristics of the resulting oxides
[59]. Consequently, nanoparticles synthesized from these precursors exhibit enhanced optical,
electronic, photocatalytic, and antimicrobial properties, rendering them attractive for
applications in photo catalysis, sensor technology, and biomedical fields [57-59].

1.5 4-Aminoantipyrine metal complex

4-Aminoantipyrine (4AAP), a pyrazole derivative (Figure 1.7) with an N-phenyl and
a polar carbonyl group, is a chemically versatile compound structurally similar to N- substituted
amides due to the presence of an N-phenyl group and a —CH> group next to a polar carbonyl
group [54, 55]. Its high dipole moment (5.48 D) and the presence of both carbonyl and amino
functional groups make it an excellent ligand for coordination with metal ions [55]. This
carbonyl center and notable basicity, making it a good donor site in coordination chemistry
[54,60]. It readily forms Schiff bases through condensation with aldehydes or ketones, with
reactivity influenced by the electronic nature and position of substituents on the aromatic ring
electron-withdrawing groups like nitro enhance coordination, while ortho-substituents may
hinder activity because of steric effects [55, 60]. These Schiff bases can act as bidentate or
polydentate ligands, coordinating through imine nitrogen and carbonyl or amino donor atoms,
forming stable metal complexes with diverse structural and electronic properties. The
coordination chemistry of 4-aminoantipyrine has been further expanded through reactions with
thiocarbazides, carbazides, and several heterocyclic aldehydes, yielding a wide array of ligands

[54, 55,60]. Its derivatives have been synthesized using building blocks such as aminothiazoles,
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aromatic aldehydes, isatin, triazole rings, and pyrazolones, resulting in heterocyclic frameworks
such as pyrazoles, pyrroles, and imidazoles. Specific Schiff bases, such as those formed with
3,4-dimethoxyphenyl or 2-hydroxy-5-methoxyphenyl substituents, have been well
characterized, demonstrating the tunable nature of 4-aminoantipyrine [55]. Its tautomeric
behavior, redox activity, and ability to form structurally diverse and stable metal complexes
make it a valuable framework in synthetic, analytical, and coordination chemistry. Metal
complexes of 4- aminoantipyrine exhibit significant potential in biological, clinical, analytical,
and pharmacological applications. Due to the combined presence of the antipyrine moiety and
azomethine linkage, Schiff bases and their metal complexes are of particular interest for
developing new chemotherapeutic agents [55]. Studies show that these metal complexes often
have higher antibacterial activity than the free Schiff bases. Various transition metal complexes,
including Cu(Il), Ni(11), Co(ll), Mn(1l), Zn(Il), VO(II), Pt(1V), Au(lll), and Pd(ll), derived from
4-aminoantipyrine-based Schiff bases have been synthesized and evaluated for their biological
activity [55, 60 - 62].

HoN CHs

) N’N\CHs

Figure 1.7: Structural formula of 4-Amino Antipyrine
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1.6-Previous Studies:

Lawal and colleagues (2023) synthesized three Schiff base ligands derived from
(4AAP) 4-aminoantipyrine through condensation reactions with several carbonyl compounds,
including hydrazine, ethylenediamine, and benzaldehyde combined with hydrazine. These
ligands were subsequently used to prepare stable copper(ll) complexes in good yield. The
structural features of the ligands and their corresponding metal complexes were investigated
using elemental analysis, Fourier-transform infrared (FT-IR) spectroscopy, and *H/ *3C-NMR
spectroscopy. The thermal decomposition behavior of the copper complexes was also studied,

revealing that the final decomposition product was copper(ll) oxide (CuO).

Further morphological analysis using scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDX) confirmed the formation of CuO with relatively uniform
particle structures. The findings suggest that these Schiff base copper complexes possess
significant thermal stability and could serve as precursors for producing nanostructured metal

oxides with Potential applications in materials science [63].

The research titled "Synthesis and Characteristic Study of Co(ll), Ni(ll), and Cu(Il) Complexes
of New Schiff Base Derived from "4-Amino Antipyrine™ investigates the creation and analysis
of new metal complexes formed from a Schiff base ligand synthesized using 4-amino-
antipyrine. The ligand was obtained through a condensation reaction and then reacted with
cobalt (Co), nickel (Ni), and copper (Cu) ions, chosen for their importance in biological and
catalytic systems. A range of techniques such as UV-Visible, infrared (IR), and nuclear
magnetic resonance (NMR) spectroscopy were used to confirm the structures of the synthesized
complexes. Their thermal stability was examined through TGA/DTA analyses, while magnetic
susceptibility and conductivity tests provided insights into their electronic configurations.
Results indicated that the Schiff base ligand coordinated to the metal ions either as a bidentate
or tridentate donor, bonding through nitrogen and oxygen atoms. The complexes exhibited
various structural geometries, including square planar and octahedral, depending on the metal
ion involved. The thermal behavior confirmed the compounds' stability at elevated temperatures
[64].

A. Kumar., et al (2024) synthesized Schiff base ligands by condensing 4-
Aminoantipyrine with aromatic aldehydes such as salicylaldenyde and 2-hydroxy-1-
naphthaldehyde, which were then complexed with transition metals including Cu(ll), Co(ll),
Ni(Il), and Zn(Il) to enhance their solubility in aqueous media. Characterization of these
complexes was performed using various spectroscopic techniques: FT-IR confirmed the

formation of the Schiff base linkage (C=N imine stretch) and metal coordination through peak
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shifts, UV-Vis spectroscopy suggested probable geometries (e.g., octahedral for Co(ll) and
square planar for Cu(ll)), while NMR and ESI-MS verified ligand purity and complex
stoichiometry. XRD analysis confirmed the crystalline nature of selected complexes, and
thermal studies (TGA) demonstrated their stability up to temperatures exceeding 200°C. Water
solubility of these complexes improved owing to the incorporation of polar functional groups
like —OH and SOsH into the Schiff base structure. Biological evaluations revealed significant
antimicrobial activity, particularly for zZn(ll) complexes, while Cu(ll) complexes showed
notable cytotoxicity against MCF-7 breast cancer cells. Additionally, the complexes exhibited

strong antioxidant properties [65].

In the study by Kargar et. al a (2021), a series of mononuclear copper(Il) complexes
were synthesized using Schiff base ligands derived from the condensation of 4-aminoantipyrine
with various substituted salicylaldehydes. These ligands functioned as bis-O, N-bidentate
donors, coordinating through the phenolic oxygen and azomethine nitrogen atoms. The
synthesized complexes were characterized using a combination of elemental analysis, FT-IR
spectroscopy, and (*H and *C) NMR spectroscopy. Single-crystal X-ray diffraction studies
revealed that one of the complexes adopts a highly distorted square planar geometry with a 2:1
ligand-to-metal stoichiometry, where the distortion is largely influenced by the steric and
electronic nature of the substituents on the salicylaldehyde moiety. The antimicrobial activity
of both the ligands and their Cu(ll) complexes was evaluated against Staphylococcus aureus
and Escherichia coli. The results demonstrated that the copper complexes exhibited
significantly higher antibacterial activity than their corresponding free ligands. This enhanced
bioactivity was attributed to the metal coordination and the nature of the substituents,
suggesting that structural modifications in the Schiff base structure can effectively adjust the

biological properties of such complexes [66].

The study titled "Synthesis and DFT Studies of 4-Aminoantipyrine-Derived Cu(ll) Schiff Base
Complexes, presents the synthesis, structural characterization, and theoretical analysis of
copper(ll) complexes derived from Schiff bases formed by the condensation of 4-
aminoantipyrine with various aldehydes. These ligands, containing both nitrogen and oxygen
donor atoms, successfully coordinated with Cu(ll) ions to form stable complexes. Structural
elucidation was achieved through a combination of spectroscopic techniques, including UV-
Vis, FT-IR, and NMR spectroscopy, confirming the successful formation of both ligands and
their corresponding metal complexes. Thermal analysis using TGA revealed that the resulting
complexes possessed significant thermal stability. Additionally, Density Functional Theory

(DFT) calculations were performed to optimize molecular geometries and explore electronic
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properties, which supported experimental observations by predicting square planar or slightly
distorted square planar configurations for the Cu(ll) complexes. The biological activity of these
complexes was also investigated, with results indicating notable antimicrobial effects against
selected bacterial strains. Overall, the findings underscore the potential of these 4-
aminoantipyrine-based copper(ll) Schiff base complexes in applications such as medicinal

chemistry and antimicrobial drug development [67].

Hadi Kargar et al (2020) were synthesized Copper (1) complexes formed with Schiff
base ligands derived from 4-aminoantipyrine. These ligands were synthesis through the
condensation of 4-aminoantipyrine with various aldehydes, yielding bidentate molecules that
coordinate to copper through azomethine nitrogen and carbonyl oxygen atoms. The resulting
complexes were analyzed using elemental analysis, IR, UV-Vis, NMR, mass spectrometry, and
single-crystal X-ray diffraction, which revealed that the copper centers adopt either square
planar or distorted square pyramidal geometries. Theoretical calculations using Density
Functional Theory (DFT) supported experimental data and provided further insight into
electronic structures, including HOMO-LUMO energy gaps and potential reactivity.
Spectroscopic studies confirmed the coordination mode and indicated ligand-to-metal charge
transfer transitions. Importantly, the synthesized Cu(ll) complexes exhibited notable
antibacterial activity against both Gram-positive and Gram-negative bacteria, outperforming
the free ligands. The study also demonstrated that the nature and position of substituents on the
Schiff base ligands significantly influenced the antibacterial efficacy, suggesting that electronic

effects play a key role in modulating biological activity [68].
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1.7- Aim of the Study

The present study aims to synthesize a copper(ll) Schiff base complex derived from
the condensation of 4-aminoantipyrine with salicylaldehyde, resulting in the formation of the
ligand 4-(salicylideneamino)-1,5-dimethyl-2-phenyl-1H-pyrazol-3(2H)-one. This ligand will
subsequently coordinate with copper(ll) chloride to form the target metal complex. The
synthesized ligand and its copper(11) complex will be characterized using infrared (IR) and UV-
Vis spectroscopy, molar conductivity measurements, solubility testing, and single-crystal X-
ray diffraction (SCXRD). SCXRD, a key analytical technique, will be employed to elucidate
the detailed molecular and crystal structure of the copper(ll) complex.
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2- Experimental:

2. 1-Starting Materials
List of chemicals and reagents used are given in (Table 2.1).

Table 2.1-List of chemicals and reagents used in the present study

Chemicals Source
4-Amino antipyrine Sigma Aldrich
Salisaldehyde Sigma Aldrich
Ethanol Sigma Aldrich
Toluene Sigma Aldrich
Sodium boro hydride BDH chemicals Ltd
Copper (I1) Chloride T-Baker Lab chemicals
Petroleum Ether T-Baker Lab chemicals

2.2- Synthesis:

2.2.1- Synthesis of Salicyliden Amino Antipyrine (SAAP)

The Schiff base ligand was synthesized by the condensation reaction between (4AAP)
4-aminoantipyrine and salicylaldehyde. Specifically, 4-aminoantipyrine (2.033 g, 10 mmol)
was dissolved in 40 mL of ethanol and stirred with 2-hydroxybenz -aldehyde (1.06 mL, 10
mmol) at room temperature for 1 hour. During the reaction, an orange color appeared, which
gradually shifted to a golden yellow shade, indicating the formation of the Schiff base. The
resulting yellow precipitate was filtered, dried, and recrystallized from ethanol to yield yellow
crystals (2.389 g). The purity of the product was monitored by TLC using chloroform and
ethanol (4:1). The melting point (M.P) of the purified compound was recorded at 198-200 °C.

2.2.2- Synthesis of the Metal Complex

The biphasic interfacial was used for the synthesis of copper(ll) Schiff base complexes.
In this method, ion transfer occurs between two immiscible liquid phases. lon transfer at
immiscible interfaces refers to the movement of metal ions across the boundary between two
immiscible liquid phases, typically an aqueous phase containing metal salts and an organic
phase containing Schiff base ligands [ 69].
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In this experiment, the process of preparing the metal Schiff base complex involved a reaction
between copper(ll) chloride and a synthesized Schiff base ligand in a 1:2 molar ratio of metal
to ligand. 0.15 grams of copper(Il) chloride were dissolved in 50 mL of distilled water, while
0.5 grams of the ligand were dissolved in 100 mL of toluene. These two solutions were then
mixed together, and the resulting biphasic mixture was stirred at room temperature for a
duration of three hours. Throughout this time, the color of the aqueous layer changed from blue
to brown, whereas the organic layer transitioned from light yellow to an orange-yellow.
Subsequently, sodium borohydride was gradually added in portions, using a solution of 0.33
grams in 50 mL of water. This addition caused bubbling to occur, and the aqueous layer turned
black, while the organic layer became dark green. As the reaction continued, both layers
eventually transformed into a dark brown color. The mixture was allowed to sit undisturbed in
a separating funnel overnight. On the next day, the two layers were carefully separated. The
organic layer was filtered and then covered, permitting the slow development of single crystals

at room temperature (0.326 g).

2.3 - Methodological Approaches and Challenge

The primary aim of this study was the synthesis of Schiff base complexes through
the condensation of 4-aminoantipyrine with various aldehydes, followed by coordination with
metal salts. Initial optimization of reaction conditions aimed at improving yield proved
insufficient for successful complexation with nickel, copper, and zinc chlorides, despite
employing strategies such as ethanol dissolution, prolonged stirring, and controlled-temperature
reflux. Subsequent efforts involved the reaction of the resulting Schiff base ligands (e.g., from
salicylaldehyde) with phenylenediamine in a 2:1 molar ratio using potassium carbonate as a
catalyst under extended reflux with TLC monitoring; however, these attempts, along with
parallel reactions using ethylenediamine, did not yield satisfactory results. Alternative
approaches, including microwave-assisted synthesis and inert-atmosphere reflux followed by
silica gel purification, were also ineffective, often resulting in decomposition or intractable
residues. A more promising method involved a biphasic organic—aqueous system, where metal
salts and ligands were dissolved in separate phases. Although initial trials employed phase-
transfer catalysts such as crown ether and tetrabutylammonium hydroxide, further optimization
showed these were unnecessary for successful complexation. Crystallization was achieved
either through slow evaporation of the organic layer at room temperature or by layered solvent
diffusion using petroleum ether and toluene, with both methods yielding isolable crystals. The
challenges encountered, such as low vyields, degradation under microwave conditions, and

sensitivity to atmospheric exposure, highlight the complexity of Schiff base complexation and
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its strong dependence on reaction parameters, while the biphasic method offers a promising

pathway that warrants further refinement for improved reproducibility and crystal quality.

2.4 - IR-Spectrophotometer

The infrared (IR) spectra of the synthesized 4-(Salicylideneamino)-1,5-dimethyl-2-
phenyl-1H-pyrazol-3(2H)-one Schiff base ligand and its Cu complex were recorded using a
Bruker FT-IR spectrophotometer equipped with OPUS software version 7.5.18. Samples were
analyzed in the solid state, and spectra were collected over the range of 4000-500 cm™. The
spectral data were processed and interpreted using the OPUS software suite, and key functional
group assignments were made based on standard IR absorption ranges and supported by

literature references.

2.5- UV Spectroscopy

UV-Vis spectroscopic analysis was performed to investigate the electronic transitions
of the synthesized Schiff base copper complex. The measurements were carried out using a
double-beam UV-Visible spectrophotometer (Cary 60 UV -Vis) in the wavelength range of
190-1100 nm. The complex was dissolved in toluene, a non-polar solvent, and in acetonitrile,
a polar solvent, at an approximate concentration of 1 x 10~* M. This helps in identifying d-d

transitions and charge transfer related to the ligand field [22].

2.6- Crystallography method

A suitable crystal of the complex CazsH32CuNsOs was mounted on X-ray
diffractometer, equipped with a monochromatic MoKa radiation source (A = 0.71073 A). The
crystal was kept at a constant temperature of 293(2) K throughout the data collection process.
The data were collected in the 20 range of 4.152° to 56.728° with a total of 76,483 reflections
recorded, resulting in 7,923 independent reflections after data reduction (Rint = 0.1233, Rsigma
=0.0641). All calculations were performed using the Olex2 software [70] for structure solution
and refinement. The structure was solved using the SHELXD program with Dual Space [70],
and refinement was carried out using the SHELXL package [72] with CGLS minimization [73].
The final refinement yielded a goodness-of-fit on F2 of 1.047. The final R1 and wR2 values for
reflections with I > 2o(I) were 0.0750 and 0.1859, respectively, while the final R1 and wR2
values for all data were 0.1187 and 0.2058. The largest positive and negative electron density

peaks were found at 1.38 /A3 and -0.78 e/A3, respectively.

The crystal data and structure refinement are summarized in (Table 2.2) as follows: empirical

formula CzsH32CuNgOs, formula weight 676.21, triclinic crystal system, space group P-1, unit
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cell dimensions a = 10.2264(12) A, b= 12.1948(14) A, ¢ = 13.8506(16) A, 0. = 75.926(4)°, B =
73.069(4)°, y = 81.503(4)°, volume = 1597.3(3) A3, Z =2, density (calc) = 1.406 g/cm?, and the

absorption coefficient () = 0.734 mm™. The F (000) value is 702.0, and the crystal size was
0.4 x 0.3 x 0.26.

Table 2.2- Crystal data and structure refinement for the copper(Il) complex (CssHs2CuNsQ4)

Parameter Value
Empirical formula C36H32CuN6Oa
Formula weight (g/mol) 676.21
Temperature (K) 293(2)
Crystal system Triclinic
Space group P-1
a (A) 10.2264(12)
b (A) 12.1948(14)
c(A) 13.8506(16)
a (°) 75.926(4)
£ (°) 73.069(4)
7 (°) 81.503(4)
Volume (A3) 1597.3(3)
z 2
Density (calc., g/cm?) 1.406
Absorption coefficient (mm™) 0.734
F(000) 702.0
Crystal size (mm3) 0.4 x0.3x0.26
Radiation MoKa (L =0.71073 A)
20 range (°) 4.152 — 56.728
Index ranges -13<h<13,-16<k<16,-18<1<18
Reflections collected 76,483
Independent reflections 7923 [Rint = 0.1233, Rsigma = 0.0641]
Data/restraints/parameters 7,923/01/428
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3- Result and Discussion:
3.1- Synthesis:

3.1.1 -Synthesis of Cu-complex of Salicylidene Amino Antipyrin

Schemes (3.1& 3.2) show the synthesis route for the copper complex [Cu(L)z]. Firstly,
the Schiff base ligand Salicyliden amino antipyrine, was synthesized via a condensation
reaction between 4-aminoantipyrine and salicylaldehyde in ethanol at room temperature. The
appearance of an orange to golden yellow color indicated the formation of the Schiff base,
which was isolated as yellow crystals after filtration and recrystallization, with a melting point
of 198-200 °C and a yield of 78%.

Subsequently, the corresponding copper(ll) complex was prepared by reacting the Schiff base
with copper(ll) chloride in a 1: 2 molar ratios (metal-to-ligand) gave an air-stable dark brown

solid in good yield (60%) suitable for characterization.

The successful formation of the [Cu(L)2] complex was confirmed by its solubility in the organic
phase and spectroscopic analysis. This synthesis approach employed the interface between two
immiscible solutions, representing a precise and efficient method for coordination compound
formation. In this interfacial method, copper(ll) ions from the aqueous phase undergo
controlled ion transfer and coordinate with the Schiff base ligands dissolved in the organic
solvent (toluene), forming lipophilic [Cu(L):] complexes that preferentially partition into the
organic phase. The ITIES offers a well-defined and tunable reaction zone, promoting selective
complexation and enhancing the thermodynamic stability of the resulting products [74].
Compared to conventional aqueous-phase synthesis, this approach reduces complications such
as metal ion hydrolysis or precipitation and allows better control over reaction parameters such
as pH and interfacial potential [75].

HoN N=CH
2 CH, OH HsC
N ethanol
N— 25c¢.1h N HO
CH3 ~
TN on NS
(0]

Scheme 3.1- Synthesis of ligand
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3.2 — Solubility and Molar Conductance

The solubility of the synthesized copper(Il) complex was evaluated in a range of
solvents with varying polarities, including water, ethanol, methanol, acetone, benzene,
dichloromethane, chloroform, petroleum ether, and diethyl ether. The complex exhibited good
solubility in polar organic solvents such as ethanol, methanol, and acetone, while showing
limited or no solubility in nonpolar solvents like petroleum ether and diethyl ether. This
solubility behavior indicates that the complex is a neutral molecular compound, and its
solubility is governed primarily by solvent polarity and compatibility with the compound’s

structural characteristics.

Molar conductance measurements were performed using a 1 x 10* M solution of the complex
in chloroform at room temperature. The results showed negligible conductivity, indicating that
the complex does not dissociate into free ions in solution. This non-electrolytic behavior
suggests the formation of a stable, neutral, and electronically saturated coordination complex
with no ionic species present in solution, further confirming its diamagnetic and non-ionic
nature [22].

3.3 - FT-IR Spectroscopic Analysis

The characteristic IR frequencies (cm™) of the ligands and it complex are shown
in (Table 3.1). The FT-IR spectra (Figure 3.1& 3.2) of the synthesized Schiff base ligand and
its copper(Il) complex were recorded to confirm the formation of the imine functional group

and to investigate the coordination behavior upon complexation.
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The free ligand exhibited a characteristic strong absorption band around 1590 cm™, attributable
to the azomethine (C=N) stretching vibration, confirming the successful condensation of the
primary amine with the aldehyde precursor. Upon complexation with Cu(ll), this band shifted
to a lower frequency (~1578 cm™), which is indicative of coordination of the imine nitrogen to
the metal center. This shift results from the electron density donation from the nitrogen lone
pair to the metal ion, which weakens the C=N bond and consequently lowers its stretching
frequency [60, 66]
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Figure 3.2: IR spectrum of the complex
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Additionally, the broad band observed in the free ligand at ~3036cm™, typically assigned to O—
H stretching of a phenolic group, disappeared or became significantly weaker in the spectrum
of the Cu(Il) complex. This suggests deprotonation and subsequent coordination of the phenolic
oxygen to the metal ion. New bands appearing in the 500-600 cm™ region in the spectrum of
the complex can be assigned to Cu—O and Cu-N stretching vibrations, further confirming the
coordination of both the azomethine nitrogen and the phenolioxygen atoms to the Cu(ll) ion.
The stretching frequency of the phenolate oxygen (C-O) band at 1363 cm™ for Schiff base (HL)
shifted to a lower frequency in complexes at 1350 cm™ supports coordination through the

phenolate oxygen [54, 60, 66].

The spectral changes collectively provide compelling evidence for the bidentate nature of the
Schiff base ligand, coordinating through both the azomethine nitrogen and the phenolic oxygen,

leading to the formation of a stable Cu(ll) complex.

Table 3.1- Characteristic IR frequencies (cm™) of the ligand and its Cu(l1) complex

Compound Functional Group  Observed Band (cm™) Assignment
Schiff base
ligand C=N (azomethine) ~1590 C=N stretching
O-H (phenol) ~3036 w bonded OH group
C=0 (carbonyl) ~1653 C=0 stretching
C-O (phenolate) ~1363 C-O bending in plane
Cu(Il) complex C=N (azomethine) ~1578 Shifted, coordination via N
C=0 (carbonyl) ~1653 C=0 stretching
C-O (phenolate) ~1350 Shifted, coordination via O

Metal-ligand bond
Cu-N/Cu-O 500-600 o
vibrations
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3.4- UV-vis spectroscopy

The UV-Visible spectrum of the Cu(ll) Schiff base complex derived from 4-
aminoantipyrine in toluene (Figure 3.3) exhibits characteristic ligand- and metal-centered
transitions. Absorption bands at 321 and 346 nm are assigned to 1 — n* and n — n* transitions
of the azomethine and aromatic moieties, respectively [56]. Broader absorptions in the 369—
417 nm range correspond to intra-ligand charge transfer (ILCT) transitions, consistent with
related Schiff base systems exhibiting bands at 336-360 and ~420 nm [76]. A characteristic
band at 508 nm with a broad spectral feature is attributed to a d—d transition of the d° Cu(Il)
ion, indicative of a square planar geometry. The breadth of this band suggests a slight distortion
from ideal planarity, probably due to ligand field effects [77]. The spectral features confirm
strong metal-ligand interactions and a geometry consistent with previously reported Cu(ll)
Schiff base complexes [78]. This result suggests that the ligand, salicyliden amino antipyrine

Schiff base, forms a complex with a copper(ll) ion.
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Figure 3.3: UV-Vis spectrum of Schiff base copper(ll) complex in toluene solvent

The UV-Visible spectrum of the copper(ll) Schiff base complex in acetonitrile (Figure3.4)
reveals several distinct absorption bands that provide insight into the electronic structure and
coordination environment of the complex. The UV—vis spectra of copper(Il) Schiff base
complex, as well as significant peaks, is shown in Figure 3.4. The spectrum displays prominent
peaks at 233 nm and 273 nm, which are attributed to 1 — ©* electronic transitions within the
aromatic rings and azomethine (C=N) group of the Schiff base ligand. A band at 316 nm is

observed, corresponding to n — w* transitions involving non-bonding electrons on nitrogen and
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oxygen atoms, particularly from the azomethine nitrogen and phenolic oxygen [79, 80]. These
transitions confirm the presence of a conjugated ligand framework and support the successful
formation of the Schiff base. In the longer wavelength region, broad absorption features appear
in the 396-415 nm range, which are indicative of ligand-to-metal charge transfer (LMCT)
transitions [77-81]. This suggests significant electron donation from the ligand to the Cu(ll)
center, highlighting the strong coordination between the donor atoms and the metal ion [81].
Finally, a weaker band at 507 nm is observed and assigned to a d—d transition (*Aig — *AzQ),
within the Cu(ll) ion [81]. The presence of this band supports a square planar around the copper
center. Overall, the spectrum in acetonitrile reflects strong solvation effects typical of polar
aprotic solvents, which enhance charge-transfer transitions and stabilize excited states, leading
to broader and more intense absorption bands compared to spectra recorded in non-polar

solvents like toluene.
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Figure 3.4: UV-Vis spectrum of Schiff base copper(ll) complex in acetonitrile solvent

The electronic spectra of complex in polar and non-polar solvents are summarized in
(Table 3.2). The UV-visible absorption spectra of the Salicylidene Amino antipyrine Schiff
base copper(ll) complex exhibit pronounced solvent-dependent behavior when measured in
polar (acetonitrile) and nonpolar (toluene) solvent. In polar acetonitrile, distinct absorption
bands appear at 233, 273, 316, 396, 415, and 507 nm, with high absorbance intensities reaching
up to 2.5 AU. These are primarily attributed to n—n*, n—n*, and LMCT transitions, which are
stabilized by the polar environment, enhancing charge-transfer character [82]. In contrast,
32



spectra recorded in nonpolar toluene show red-shifted and broader peaks at 321, 346, 369, 398,
417, and 508 nm, with reduced absorbance (~1.5 AU). The broader, less intense features
suggest weaker solvation and possible molecular aggregation, particularly affecting d—d
transitions. The observed blue shifts in acetonitrile for n—n* transitions (e.g., 321 — 316 nm)
align with dipole-induced ground-state stabilization, while shifts in LMCT and n—n* bands
imply specific solvent coordination effects [83]. These findings are consistent with previous
reports, confirming that polar solvents enhance solute-solvent interactions, reduce aggregation,
and selectively stabilize excited states [82- 85]. Overall, acetonitrile favors the observation of
high-energy ligand-centered transitions, while toluene allows better resolution of lower-energy
metal-centered bands. This highlights the critical role of solvent polarity in modulating the
optical and electronic behavior of Schiff base copper complexes [85].

Table 3.2: Electronic absorption spectra of Schiff base complex in toluene and acetonitrile

Solvent Absorption Peaks (nm) Notable Transitions
Toluene 321, 346, 369, 398,417, 508 n—1*, n—n*, (ILCT), d-d (Cu*)
Acetonitrile 233, 273, 316, 396, 415, 507 n1—71*, n—n*, LMCT, d—d (Cu?")

3.5 -X-ray crystal structure

A perspective drawing of the molecule is shown in (Figure 3.5). Selected bond
lengths, angles and hydrogen-bonding interactions are summarized in (Table 3.3, Table 3.4)
and (Table 3.5) respectively. The single-crystal X-ray diffraction analysis of the copper(ll)
complex with the molecular formula CssH32CuNsO4 reveals that it crystallizes in the triclinic
system with space group P—1. The unit cell parameters and volume (V = 1597.3 A3, Z = 2) are

consistent with mononuclear.
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Figure 3.5; Molecular diagram of Cu(SalAAP), complex
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copper(Il) complexes bearing extended Schiff base ligands. The copper center is coordinated
by two nitrogen atoms and two oxygen atoms, in a cis orientation, resulting in a distorted square

planar geometry.

From (Table 3.3), the Cu-O bond lengths are 1.903(3) and 1.886(3) A, while the Cu-N
distances are 1.971(3) and 1.968(3) A. The shorter Cu-O bond lengths compared to Cu—N are
attributed to the stronger m-donor capability of phenolic oxygen atoms, in agreement with
reported values in related complexes [38, 39, 45, 49]. From (table (3. 5), angular metrics such
as O1-Cul-N4 =144.08(13) °and 03-Cul-N1 = 143.35(12) ° support the distorted square
planar coordination, a common feature among Schiff base Cu(ll) complexes, often due to steric
hindrance and ligand backbone strain [18-21, 44, 46].

The refinement indicators (R: = 0.0750, wR2 = 0.2058, and goodness-of-fit = 1.047) confirm a
structural model, with minor residual electron density and slightly elevated displacement

parameters around outer atoms suggesting minor local disorder.

Additionally, hydrogen-bonding interactions are summarized in (Table 3.5). Several weak-to-
moderate intermolecular C—H---O hydrogen bonds (D---A = 2.9-3.4 A, angles = 113-157°)
contribute to crystal packing stabilization, consistent with known non-classical interactions in
Schiff base frameworks. Besides intermolecular hydrogen bonding, there are also
intramolecular C—H...O interactions in the structure. For example, the methyl hydrogens H11
and H23 of different ligands interact with the ketone oxygens O4 and O2. The first interaction
is C14-H11...04, where H11---04 = 2.39 A, C14---04 = 3.299(6) A, and the bond angle is
175.1°. The second is C28-H23...02, where H23---02 =2.47 A, C28---02 = 3.364(6) A, and
an angle of 155.3°. [41, 50].

The observed torsion angles and molecular conformation reflect the flexible nature of the ligand
system, typical of Schiff base ligands containing n-conjugated backbones and mobile
substituents, further confirming the structural adaptability and electronic delocalization
potential of such complexes [42, 43]. As illustrated in (Figure 3.5), the crystal structure of the
compound CssH32CuNe«O4 shows a complex with a central copper(ll) ion that is coordinated by
two bidentate Schiff base ligands. The structure crystallizes in the triclinic space group P-1 with
unit cell parameters a = 10.2264 A, b = 12.1948 A, ¢ = 13.8506 A, and angles a = 75.926°, p =
73.069°, and y = 81.503°, forming a unit cell volume of 1597.3 A3, Each unit cell contains two
molecules, consistent with the molecular packing shown in the (Figure 1.9), which is also
consistent with the value Z = 2 reported in the crystallographic data (Table 2.2). The copper ion
adopts square planar geometry, coordinated through two nitrogen atoms (N1 and N4) and two

oxygen
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atoms (O1 and O3) with Cu—N and Cu-O bond lengths ranging from approximately 1.886 to
1.971 A. These donor atoms originate from two symmetrical Schiff base ligands, which are
formed by the condensation of aromatic aldehydes and diamines, as evidenced by the presence
of azomethine (C=N) bonds and phenolic groups (C-O). The molecular packing is stabilized

by several weak intermolecular hydrogen bonds, such as C28-H---02 and C14-H---O4, which

help to reinforce the lattice and guide the arrangement of molecules within the crystal. The
visualization (Figure 3.6) shows two independent molecules per unit cell arranged in alternating
orientations, potentially engaging in extended hydrogen bonding [21, 44, 46]. Overall, the
compound forms a well-ordered crystalline framework supported by chelation and non-

covalent interactions.

Figure 3.6: Square planar geometry for the copper(l1) complex
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Table 3.3- Bond Lengths

Atom Atom Length/A Atom Atom Length/A
Cul 01 1.903(3) Ca C13 1.446(5)
Cul 03 1.886(3) C5 C6 1.494(5)
Cul N1 1.971(3) C7 C8 1.362(5)
Cul N4 1.968(3) c7 C12 1.373(6)
01 C1 1.298(4) Cc8 C9 1.388(6)
02 C13 1.227(4) C9 C10 1.365(7)
03 C19 1.302(4) C10 C11 1.368(7)
04 C35 1.235(4) C11 C12 1.375(6)
N1 C3 1.306(4) C15 C16 1.365(6)
N1 C4 1.408(4) C16 c17 1.389(7)
N2 N3 1.402(4) c17 C18 1.367(7)
N2 C5 1.372(5) C19 C20 1.424(6)
N2 Cl4 1.464(5) C19 C24 1.427(5)
N3 C7 1.425(5) C20 cal 1.422(5)
N3 C13 1.394(4) C20 C25 1.422(5)
N4 C25 1.303(4) c21 c22 1.371(6)
N4 C26 1.418(4) c22 c23 1.377(7)
N5 NG 1.404(4) c23 C24 1.372(6)
N5 c27 1.365(4) C26 c27 1.365(5)
N5 C28 1.466(5) C26 C35 1.442(5)
NG C29 1.430(5) c27 C36 1.489(5)
NG C35 1.390(5) C29 C30 1.381(6)
c1 C2 1.424(6) C29 C34 1.368(6)
c1 Cc18 1.420(5) C30 C3l 1.391(6)
c2 C3 1.419(5) Cc3l C32 1.371(8)
C2 C15 1.414(5) C32 C33 1.376(8)
C4 C5 1.357(5) C33 C34 1.381(6)
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Table 3.4- Selected bond angles

Atom Atom Atom Angle/* Atom Atom Atom Angle/
01 Cul N1 94.40(12) C12 c7 N3 120.2(3)
01 Cul N4 144.08(13) c7 Cs8 C9 118.9(4)
03 Cul o1 92.60(12) C10 C9 cs8 120.8(4)
03 Cul N1 143.35(12) C9 C10 C11 119.6(4)
03 Cul N4 95.56(11) C10 C11 C12 120.0(5)
N4 Cul N1 99.49(12) c7 C12 Cl1 120.0(4)
C1 01 Cul 125.7(3) 02 C13 N3 125.1(3)

C19 03 Cul 126.6(2) 02 C13 C4 130.6(3)
C3 N1 Cul 122.3(2) N3 C13 c4 104.3(3)
C3 N1 C4 117.8(3) C16 C15 C2 121.7(5)
C4 N1 Cul 119.6(2) C15 C16 C17 119.0(4)
C25 N4 Cul 122.0(2) C25 C20 C19 123.9(3)
C26 N4 Cul 120.7(2) C22 Cc21 C20 121.2(4)

(Figure 3.7) illustrates the crystal packing structure of a copper(ll) Schiff base complex in the
solid state, revealing a highly ordered and extended three-dimensional molecular arrangement.
The atomic composition, denoted by color coding, identifies carbon (grey), hydrogen (white),
copper (orange), nitrogen (blue), and oxygen (red) atoms. The copper(ll) centers are clearly
coordinated to nitrogen and oxygen donor atoms, most likely derived from the Schiff base
ligands, forming a distorted square planar geometry, which aligns with the typical coordination

preference of d° Cu(ll) ions.
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Figure 3.7: The Crystal Packing Structure of a copper(l1) complex

The overall structure suggests the formation of either discrete monomeric units or polymeric
chains through bridging ligands, contributing to a dense and stable crystal lattice. This extensive
coordination structure is indicative of a robust supramolecular architecture, potentially
stabilized through additional intermolecular interactions such as m—m stacking, hydrogen
bonding, or metal-ligand bridging. Such interactions not only enhance crystal stability but also

influence the material's physicochemical properties [49 -51].

Table: 3.5 - Hydrogen Bonds.

D H A d(D-HYA | d(H-A)A d(D-A)A D-H-A/°
Cc3 H12 02 0.93 2.43 2.971(5) 117.3
C12 H5 N1! 0.93 2.63 3.500(5) 155.2
Cl4 H11 04 0.96 2.39 3.299(6) 157.1
C25 H21 04 0.93 251 3.003(5) 1132
C28 H23 02 0.96 2.47 3.364(6) 155.3
C36 H32 03? 0.96 2.62 3.446(5) 144.9

11-X,1-Y,1-Z; 2 1-X,1-Y,2-Z

38



CHAPTER IV :
CONCLUSION



4 -Conclusion:

The successful synthesis and detailed characterization of a Schiff base ligand derived
from 4-aminoantipyrine and salicylaldehyde, along with its corresponding copper(1l) complex,
have been comprehensively achieved in this study. Structural analysis, including IR
spectroscopy, UV-vis spectroscopy and single-crystal X-ray diffraction, confirmed effective
bidentate coordination and a distorted square planar geometry around the copper center. The

biphasic synthesis method proved efficient for complex formation and crystal growth.

Based on the results of this study, it is recommended to extend the synthesis to other
transition metals such as cobalt, nickel, zinc and iron in order to compare their structural
features and properties. The biological activities of these compounds, particularly their potential
antimicrobial and anticancer effects, should also be examined. In addition, further research

could explore their catalytic applications in various reactions.
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Appendix:

Table 1 Crystal data and structure refinement.

Empirical formula CssH32CUNgO4
Formula weight 676.21
Temperature/K 293(2)
Crystal system triclinic

Space group P-1
alA 10.2264(12)
b/A 12.1948(14)
c/A 13.8506(16)
a/° 75.926(4)
p/e 73.069(4)
/° 81.503(4)
Volume/A3 1597.3(3)
4 2
Pealcd/cm?® 1.406
wmm 0.734
F(000) 702.0
Crystal size/mm? 0.4 x0.3x0.26

Radiation

MoKa (A = 0.71073)

20 range for data collection/°

4.152 t0 56.728

Index ranges

-13<h<13,-16<k<16,-18<1<18

Reflections collected

76483

Independent reflections

7923 [Rint = 0.1233, Rsigma = 0.0641]

Data/restraints/parameters

7923/0/428

Goodness-of-fit on F2

1.047

Final R indexes [[>=20 (I)]

R:1=0.0750, wR2> = 0.1859

Final R indexes [all data]

R:1=0.1187, wR> = 0.2058

Largest diff. peak/hole / e A’

1.38/-0.78
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Table 2 Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement

Parameters (A%x10°%). Ueq is defined as 1/3 of the trace of the orthogonalised Uy, tensor.

Atom X y z U(ea)
Cul 3966.8(4) 4879.1(3) 8411.3(3) 33.26(17)
01 3561(3) 6345(2) 8729(2) 44.4(7)
02 7973(3) 5179(3) 5533(2) 50.2(7)
03 2199(3) 4439(2) 9159(2) 41.0(6)
04 6618(3) 1428(2) 7805(3) 52.1(8)
N1 5128(3) 5418(2) 7008(2) 28.4(6)
N2 5788(3) 3290(3) 5477(2) 34.6(7)
N3 7097(3) 3667(3) 5246(2) 37.9(7)
N4 4924(3) 3373(2) 8754(2) 29.8(6)
N5 8609(3) 3408(2) 7963(2) 34.2(7)
N6 8450(3) 2467(2) 7605(3) 36.5(7)
C1 4264(4) 7216(3) 8260(3) 37.7(8)
c2 5220(4) 7308(3) 7269(3) 35.9(8)
Cc3 5556(4) 6435(3) 6700(3) 33.8(8)
C4 5638(3) 4657(3) 6341(2) 28.5(7)
C5 4954(4) 3861(3) 6201(3) 31.0(7)
Cé 3497(4) 3589(4) 6679(3) 43.3(9)
c7 8191(4) 3372(3) 4418(3) 34.7(8)
c8 9498(4) 3220(4) 4511(3) 47.3(10)
C9 10556(4) 2921(4) 3706(4) 59.5(13)
C10 10296(5) 2768(4) 2837(4) 66.3(14)
C11 8981(5) 2940(5) 2747(4) 62.3(13)
C12 7925(4) 3244(4) 3537(3) 49.0(10)
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Atom X y z U(eq)
C13 7030(4) 4584(3) 5699(3) 34.9(8)
C14 5745(5) 2067(3) 5609(4) 50.7(11)
C15 5909(5) 8307(3) 6820(4) 53.1(11)
C16 5737(5) 9164(3) 7335(5) 62.5(14)
C17 4816(5) 9070(4) 8307(4) 60.2(13)
C18 4077(5) 8144(3) 8752(4) 50.3(11)
C19 1857(4) 3406(3) 9564(3) 35.5(8)
C20 2817(4) 2437(3) 9635(3) 37.3(8)
c21 2330(5) 1353(4) 10136(4) 53.1(11)
C22 954(5) 1216(4) 10502(4) 61.6(13)
c23 28(5) 2152(4) 10406(3) 55.1(12)
C24 435(4) 3226(4) 9975(3) 47.5(10)
C25 4263(4) 2482(3) 9256(3) 35.2(8)
C26 6369(4) 3197(3) 8378(3) 30.1(7)
c27 7326(3) 3873(3) 8368(3) 29.8(7)
C28 9719(4) 4113(3) 7318(4) 47.7(10)
C29 9586(4) 1645(3) 7382(3) 36.6(8)
C30 9608(5) 1010(4) 6676(4) 52.9(11)
C31 10712(6) 211(4) 6456(5) 72.6(15)
C32 11766(6) 67(5) 6913(5) 74.5(16)
C33 11731(5) 717(4) 7606(5) 63.1(13)
C34 10624(4) 1492(3) 7852(3) 46.6(10)
C35 7073(4) 2260(3) 7914(3) 34.4(8)
C36 7140(4) 4952(3) 8734(3) 41.1(9)
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Table 3 Anisotropic Displacement Parameters (A2x103). The Anisotropic displacement

factor exponent takes the form: -2n2[h2a*2U114+2hka*b*U12+...].

Atom | Un Uz Uss Uzs Uss Uz

Cu | 35.0(3) | 26.9(2) | 35.5(3) |-7.46(17)|-3.28(18) -6.34(17)
01 |50.7(17) | 34.2(14) | 47.0(16) |-15.3(12) | -3.5(13) -7.2(12)
02 | 35.7(15) | 55.0(17) | 64.3(19) |-27.2(15) | -1.1(13) -18.2(13)
03 | 33.2(14) | 41.8(14) | 45.1(15) [-12.9(12) | -1.4(11) -6.1(11)
04 | 44.8(16) | 36.0(14) | 82(2) |-23.1(14)[-12.9(15) -12.5(12)
N1 | 28.1(14) | 27.1(14) | 30.7(15) | -5.3(11) | -8.1(12) -5.1(11)
N2 | 34.8(16) | 34.9(15) | 37.9(17) |-11.2(13) | -8.5(13) -10.6(13)
N3 | 32.2(16) | 43.7(17) | 42.5(18) |-20.4(14) | -3.6(13) -11.7(13)
N4 | 28.3(14) | 31.2(14) | 30.4(15) | -6.2(12) | -6.8(12) -7.0(11)
N5 | 30.4(15) | 29.9(15) | 46.9(18) |-10.4(13) | -12.1(13) -8.8(12)
N6 | 32.8(16) | 28.4(15) | 53(2) |-13.9(13)|-13.5(14) -5.2(12)
C1 39(2) |29.6(18) | 51(2) |-10.8(16)|-20.6(18) -1.0(15)
C2 |36.0(19) | 22.3(16) | 52(20) | -2.0(15) |-18.7(17) -5.6(14)
C3 [ 332(18) | 30.5(17) | 35.4(19) | -2.3(14) | -8.1(15) -5.9(14)
C4 | 31.7(17) | 28.6(16) | 24.6(16) | -2.1(13) | -5.8(13) -9.9(13)
C5 |[39.1(19) | 29.5(17) | 25.9(17) | -2.2(13) |-10.5(14) -9.6(14)
C6 402) | 50(2) | 45(2) |-15.9(18)] -6.0(17) -19.1(18)
C7 | 36.4(19) | 32.9(18) | 33.3(19) | -7.4(15) | -5.6(15) -5.2(15)
C8 40Q2) | 55(2) | 50(2) | -13(2) |-14.7(19) -4.5(19)
C9 292) | 64(3) | 85(4) | -21(3) | -10(2) -4(2)

C10 | 54(3) | 603) | 77(4) | -34(3) | 16(3) -13(2)
ci1 | 673) | 76(3) | 473) | -332) | -2(2) -9(3)
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Cl2 | 402) | 623) | 51(3) | -24(2) |-15.4(19) 2.4(19)
C13 [ 34.3(19) | 36.1(18) | 36.6(19) |-12.1(15) | -5.4(15) -10.9(15)
C14 | 58@3) | 35(2) | 62(3) |-12.9(19)| -13(2) -16.2(19)
C15 | 52(3) |28.6(19) | 76(3) | -4.4(19) | -18(2) -7.9(18)
C16 | 63(3) |23.8(19) | 105(4) | -11(2) | -29(3) -10.0(19)
C17 | 72Q) | 35(2) | 91(4) | -27(2) | -42(3) 3(2)
C18 | 60(3) | 34(2) | 67(3) | -242) | -28(2) 6.5(18)
C19 |[383(19) | 46(2) |24.9(17) [-13.2(15) | -2.9(15) -13.2(16)
C20 | 39(2) |39.4(19) | 31.8(19) | -1.7(15) | -5.1(16) -16.7(16)
C21 | 58(3) | 40(2) | 53(3) | 0.4(19) | -22) -21(2)
C22 | 593) | 61(3) | 58(3) | -7 | 4(2) -36(3)
C23 | 432) | 753) | 48(3) | -19(2) | 2.9(19) -30(2)
c24 | 372 | 113) | 37(2) | -212) | -27(17) -13(2)
C25 |[35.7(19) [ 32.7(18) | 36(2) | -3.1(15) |-10.0(16) -6.5(15)
C26 | 315(17) | 26.2(16) | 32.2(18) | -1.1(13) |-11.4(14) -3.9(13)
C27 | 31.9(18) | 25.1(16) | 33.9(18) | -2.8(13) |-13.3(14) -3.5(13)
C28 | 36(2) | 39(2) | 68(3) |[-12.7(19)| -8.6(19) -11.3(17)
C29 |[328(19) | 28.4(17) | 45(2) | -3.5(15) | -8.2(16) -3.3(14)
C30 | 54(3) | 523) | 593) | -21(2) | -19(2) 12)
C3l | 78(4) | 603) | 80(4) | -38(3) | -7(3) 5(3)
C32 | 53(3) | 55(3) | 109(5) | -29(3) | -12(3) 15(2)
C33 | 47(3) | 45(2) | 9(4) | -6(3) | -25(3) 7(2)
C34 | 46(2) | 37(2) | 57(3) | -8.3(18) | -16(2) -2.2(17)
C35 |34.6(19) [ 30.1(17) | 41(2) | -4.9(15) |-14.3(16) -7.1(14)
C36 | 42(2) |357(19) | 53(2) |-15.3(17)|-18.5(19) -5.0(16)
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Table 4 Bond Angles.

Atom |Atom |Atom  |Angle/ Atom Atom  |Atom  |Angle/
01 Cul N1 94.40(12) C12 c7 N3 120.2(3)
o1 Cul N4 144.08(13) c7 Cc8 c9 118.9(4)
03 Cul o1 92.60(12) C10 c9 Cc8 120.8(4)
03 Cul N1 143.35(12) c9 C10 C11 119.6(4)
03 Cul N4 95.56(11) C10 Cl1 C12 120.0(5)
N4 Cul N1 99.49(12) C7 C12 C11 120.0(4)
C1 o1 Cul 125.7(3) 02 C13 N3 125.1(3)
C19 03 Cul 126.6(2) 02 C13 C4 130.6(3)
C3 N1 Cul 122.3(2) N3 C13 c4 104.3(3)
C3 N1 C4 117.8(3) C16 C15 c2 121.7(5)
C4 N1 Cul 119.6(2) C15 C16 C17 119.0(4)
N3 N2 Cil4 115.7(3) C18 C17 C16 121.4(4)
C5 N2 N3 106.2(3) C17 C18 C1 121.3(5)
C5 N2 Cl4 120.7(3) 03 Cl9 [c20 124.0(3)
N2 N3 c7 121.8(3) 03 C19 C24 118.5(4)
C13 N3 N2 110.1(3) C20 Cl9 [c24 117.4(4)
C13 N3 C7 125.4(3) C21 C20 C19 119.3(4)
C25 N4 Cul 122.0(2) C25 C20 C19 123.9(3)
C25 N4 C26 117.0(3) C25 C20 C21 116.8(4)
C26 N4 Cul 120.7(2) C22 C21 C20 121.2(4)
N6 N5 c28 116.4(3) c21 c22 [c23 119.2(4)
Cc27 N5 N6 107.3(3) C24 C23 C22 122.2(4)
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Atom |Atom  |Atom  |Angle/ Atom Atom  |Atom  |Angle/°
c27 N5 C28 121.8(3) C23 C24 C19 120.5(4)
N5 N6 C29 119.8(3) N4 C25 C20 127.1(3)
C35 N6 N5 109.3(3) N4 C26 C35 124.7(3)
C35 N6 C29 125.9(3) c27 C26 N4 127.0(3)
01 C1 C2 124.0(3) c27 C26 C35 108.3(3)
o1 C1 C18 118.8(4) N5 c27  |c36 120.5(3)
C18 C1 c2 117.2(4) C26 c27 N5 109.6(3)
C3 C2 C1 123.7(3) C26 C27 C36 129.8(3)
C3 c2 C15 117.0(4) C30 C29 N6 118.1(4)
C15 c2 C1 119.3(4) C34 C29 N6 121.1(4)
N1 C3 C2 126.7(3) C34 C29 C30 120.8(4)
N1 C4 C13 124.4(3) C29 C30 C31 118.3(4)
C5 c4 N1 127.3(3) C32 C31  [c30 121.2(5)
C5 C4 C13 108.3(3) C31 C32 C33 119.6(5)
N2 C5 C6 120.0(3) C32 C33 C34 119.9(5)
c4 C5 N2 110.3(3) C29 C34 C33 120.2(4)
C4 C5 C6 129.6(3) 04 C35 N6 124.9(3)
C8 C7 N3 119.3(3) o4 C35 C26 130.1(3)
C8 C7 C12 120.5(4) N6 C35 C26 104.9(3)
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Table 5 Torsion Angles.

A B C D Angle/* A B C D Angle/°
cul |o1] c1 | c2 17.7(5) C7 | N3 | c13| 02 -9.3(6)
Cul |O1| C1 | C18 -162.5(3) C7 N3 | C13 | C4 169.0(3)
cul | 03] c19 | c20 9.5(5) c7 | c8 | c9 | c10 -0.7(7)
Cul | O3 | C19 | C24 -171.1(3) Cg8 | C7 | C12 | C11 1.2(7)
cul [N1] c3 | c2 -3.5(5) cs | co | ciwo | cua 1.7(8)
Cul [N1| c4 | c5 42.1(4) C9 | ci0 | ci1| c12 -1.2(8)
Cul |[N1| C4 | C13 -136.2(3) C10 | C11 | C12 | C7 -0.2(8)
Cul | N4 | C25 | C20 -0.6(5) Cl2 | C7 | C8 | C9 -0.8(6)
Cul | N4 | c26 | c27 45.0(5) C13 | N3 | c7 | cs8 54.2(5)
Cul | N4 | C26 | C35 -133.6(3) C13 | N3 Cr | C12 -125.7(4)

Table 6 Torsion Angles.

A A A A A Al A A A A A
cur| o1 | c1 | c2 17.7(5) C7 | N3 [ c13]| 02 -9.3(6)
Cul | O1 Cl | C18 -162.5(3) C7 N3 | C13 | C4 169.0(3)
Cul | O3 | C19 | C20 9.5(5) C7 | C8 | C9 | ClO -0.7(7)
Cul | O3 | C19 | C24 -171.1(3) C8 C7 | Cl12 | C11 1.2(7)
Cul | N1 | C3 | C2 -3.5(5) C8 | C9 | Clo | C11 1.7(8)
Cul | N1 C4 C5 42.1(4) C9 | C10 | C11 | C12 -1.2(8)
Cul | N1 C4 | C13 -136.2(3) C10 | C11 | C12 | C7 -0.2(8)
Cul | N4 | C25 | C20 -0.6(5) Cl2 | C7 | C8 | C9 -0.8(6)
Cul | N4 | C26 | C27 45.0(5) C13 | N3 C7 C8 54.2(5)
Cul | N4 | C26 | C35 -133.6(3) Ci13 | N3 | C7 | C12 -125.7(4)
Ol | Cul | O3 | C19 -155.6(3) Cl3 | C4 C5 N2 -2.2(4)

57




AlAlAT]A A Al A A]A]A A
oL | c1]c2]|cs3 -2.7(6) Cl3| ca | c5 | c6 | -179.8(4)
oL | c1 | c2 [c15| 178.7(4) Cla | N2 | N3 | c7 51.9(5)
Ol | c1 | c18|c17| 178.2(4) Cl4 | N2 | N3 [ c13| -145.9(3)
03 | C19 | c20 | ca1| 177.2(4) Cl4 | N2 | c5 | c4 | 141.009)
03 [ C19|C20 | C25 | -1.0(6) Cla | N2 | c5 | c6 | -41.1(5)
03 | C19 | C24 | Cc23 | 179.8(4) Ci5| c2 | c3 [ N1 | 174.009)
N1 | Cul | 03 | C19 | 103.4(3) Cl5 | C16 | C17 | C18 | -0.4(7)
N1 | c4a | c5 | N2 | 179.3(3) Cl6 | C17 | c18 | c1 2.8(7)
N1 | ca | c5 | c6 1.6(6) ci8| c1 | c2 | c3 | 177504)
N1 | c4 [ c13]| o2 -6.6(6) cis| c1 | cz[ci5| -120)
N1 | c4 [Cc13| N3 | 175.3(3) C19 | c20 | c21 | c22 3.6(7)
N2 [ N3 | c7 | c8 | -1465(4) C19 | C20 | C25 | N4 -3.7(6)
N2 | N3 | c7 [ c12| 336(5 C20 | C19 | c24 [ c23 | -0.8(6)
N2 [ N3 [c13| 02 | -170.7(4) C20 | Cc21 | Cc22|c23| -18(7)
N2 | N3 [ C13 | c4 7.6(4) c21 [ Cc20 [ c25 [ N4 | 178.1(4)
N3 | N2 | c5 | c4 6.8(4) C2l | c22 | c23 | caa | -14(7)
N3 | N2 | c5 | c6 | -175.3(3) C22 | c23 | c24 | c19 2.7(7)
N3 | c7 | c8 | co | 179.3(9) C24 [C19 [ c20 | c21| -220)
N3 | C7 [c12 | ci1| -178.9(4) C24 | C19 | C20 [ c25 | 179.6(3)
N4 |[cCul | 03 [ Cc19| -10.7(3) C25 | N4 | C26 | C27 | -140.6(4)
N4 | C26 | C27 | N5 | 178.9(3) C25 | N4 | C26 [ C35 | 40.9(5
N4 | C26 | C27 | C36 0.0(6) C25 | C20 | c21 | c22 | -178.1(4)
N4 | C26 | C35 | 04 -4.7(6) C26 | N4 | C25 [ C20 | -175.0(3)
N4 | C26 | C35 | N6 | 176.3(3) C27 | N5 | N6 | C29 | -164.2(3)
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Al AT]TAT]A A Al AT ATATA A
N5 | N6 | C29 | C30 | -154.7(4) C27 | N5 | N6 | C35 | -8.0(4)
N5 | N6 | C29 | C34 | 25.2(5) C27 | C26 | C35 | 04 | 176.5(4)
N5 | N6 | C35 | 04 | -172.7(4) C27 | C26 | C35 | N6 -2.5(4)
N5 | N6 | C35 | C26 6.4(4) C28 | N5 | N6 | C29 | 55.5(5)
N6 | N5 | C27 | C26 6.3(4) C28 | N5 | N6 | C35 | -148.4(3)
N6 | N5 | C27 | C36 | -174.7(3) C28 | N5 | C27 | C26 | 144.2(4)
N6 | C29 | C30 | C31 | 179.9(4) C28 | N5 | C27 | C36 | -36.9(5)
N6 | C29 | C34 | C33 | -178.2(4) C29 | N6 | C35 | O4 | -18.4(6)
CL|c2|c3| Nt -4.7(6) C29 | N6 | C35 | C26 | 160.7(3)
Cl | c2 |ci15]|cis 3.6(6) C29 | C30 | C31| C32| -11(8)
c2 | c1|cs|ciz| -196) C30 | C29 | Cc34 | C33 1.7(6)
C2 | c15 | cC16 | C17 | -2.8(7) C30 | 31 | C32 | €33 0.4(9)
C3 | N1 | ca | c5 | -1443(4) C31 | C32 | c33 | ca4 1.3(9)
C3 | NL | C4 | C13| 37.4(5) C32 | C33 | C34 | C29| -23(7)
C3 | c2 [ c15]| c16 | -175.2(4) C34 | C29 | c30 | ca1 0.0(7)
C4 | NL | C3 | C2 | -176.93) C35 | N6 | C29 | C30 | 53.4(5)
C5 | N2 | N3 | C7 | -171.2(3) C35 | N6 | C29 | C34 | -126.8(4)
C5 | N2 | N3 [ c13| -9.04) C35 | C26 | C27 | N5 -2.4(4)
C5 | ca | C13| 02 | 174.8(4) C35 | C26 | C27 | C36 | 178.8(4)
C5 | C4 | C13 | N3 -3.3(4)
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Table 7 Hydrogen Atom Coordinates (Ax10%) and Isotropic Displacement Parameters

(A?x10%).
Atom X y z U(eq)
H12 6141.22 6605.12 6038.88 41
H1 3062.36 3613.16 6145.57 65
H3 3021.02 4135.64 7083.4 65
H2 3472.36 2844.46 7115.16 65
H8 9678.63 3314.56 5104.72 57
H7 11454.06 2823.33 3758.58 71
H6 11009.65 2548.33 2309.39 80
H4 8800.19 2852.05 2150.74 75
H5 7031.29 3363.76 3474.29 59
H9 6315.89 1824.77 5000.43 76
H10 4818.07 1899.48 5717.49 76
H11 6071.87 1673.99 6194.73 76
H16 6494.73 8383.49 6157.49 64
H15 6229.33 9800.54 7039.4 75
H13 4699.26 9649.6 8661.48 72
H14 3438.93 8120.91 9390 60
H17 2957.95 725.96 10216.93 64
H20 648.69 499.88 10810.84 74
H18 -905.13 2052.17 10642.11 66
H19 -219.68 3841.09 9949.18 57
H21 4793.69 1801.74 9380.72 42
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Atom X y z U(eq)
H22 10545.32 3636.55 7127.74 72
H24 0864.13 4625.83 7697.35 72
H23 9473.25 4539.07 6706.38 72
H29 8902.82 1113.66 6355.55 64
H28 10735.62 -232.58 5991.28 87
H27 12500.85 -466.85 6754.69 89
H25 2451.27 634.25 7907.91 76
H26 10584.47 1911.86 8339.57 56
H30 7457.98 5557.96 8158.69 62
H32 7655.5 4874.61 9229.24 62
H31 6185.21 5117.8 9051.5 62
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Figure 5.1: Molecular diagram of Cu(SalAAP)2 complex
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