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Abstract

Reducing the quantity of hazardous substances utilized in synthesis
and their release into the environment is the aim of green synthesis.
Green procedures need to reduce reaction time, increase selectivity, and
make product separation easier than with standard methods. The
pharmacological effects of schiff base ligands and their metal
complexes are widely recognized, and they find extensive application
across various industries. They perform a number of vital biological
and pharmacological tasks. The goal of this study is to identify the most
effective, environmentally friendly, and time- and labor-efficient
methods for synthesizing Schiff bases while concentrating on
environmentally friendly synthetic processes. The study examines
seven green synthesis techniques for creating Schiff base ligands and
their metal complexes, such as irradiating the material using
microwaves, using water as a green solvent, grinding, using natural
acids as catalysts, Ultrasonic, Ball milling method and from industrial
waste.

Corresponding Author E-mail : suhad.k@uokerbala.edu.iq, Zainab.m@uokerbala.edu.iq,
mustafa.abdulrasool@uokerbala.edu.iq
Peer review under responsibility of Iraqi Academic Scientific Journal and University of Kerbala.

20


mailto:suhad.k@uokerbala.edu.iq
mailto:Zainab.m@uokerbala.edu.iq
mailto:mustafa.abdulrasool@uokerbala.edu.iq

Journal of Kerbala University, Vol. 22, Issue 1, March , 2025

1. Introduction

Because schiff bases are organic molecules
with a variety of uses, including as catalysts,
their metal complexes have been thoroughly
studied. [1] In the 1800s, Hugo Schiff
documented the first instance of Schiff bases
(imines) being synthesized. An aldehyde with
a C=N group (azomethine -N=CH- group)
instead of a C=0 group is referred to as a
Schiff base [2, 3]. It is typically created when
primary amines and aldehydes react. [4]
RCH=NR1 (where R and R1 describe aryl or
alkyl substituents) is the usual chemical
expression for Schiff bases [5]. The NH;
group is regularly added nucleophilically to
the C=0 of the aldehyde to form a hemiamine
compound under an azeotropic reflexing
condition. ~ Water is  simultaneously
eliminated, and the compound dehydrates to
produce an imine. [6,7] This gave rise to its
name, and these bases were given various
names as well, such as Anil and Ketimines
when they were produced from ketone. And
(Aldimimes) when the carbonyl group and
primary amines condense to produce them
from aldehyde.

An intermediate molecule is created when the
carbon of the carbonyl group of the aldehyde
or ketone is added to the mono alkyl amine
(NH2-R) or monoaryl amine (NH2-Ar).
Carbinolamine Substitutedimine-N is created
by losing a water molecule after this. This
serves as the ultimate representation of
Schiff's rule. The scientific community has
given Schiff base metallic complexes a lot of
attention because of their special qualities and
numerous uses in a variety of sectors,
including biology and industry. The
biological activity of these complexes include
cytostatic, antiviral, antibacterial, anticancer,
and antifungal effects. Furthermore, they
exhibit remarkable catalytic activity for an
extensive variety of chemicals. [8]

2. Schiff bases prepared

mechanically:

The carbonyl group must be joined by a
nucleophile in order to create Schiff bases. It
entails reacting an aldehyde or ketone's amine
and carbonyl groups to form the stable
chemical carbonylamine, which undergoes
multiple ways of losing a water molecule by
the use of an acid or base catalyst.[9]
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Figure 1. Preparation Imine Schiff base from Carbonyl group and Primary anime.

If the amine group is protonated, the
nucleophilic addition reaction does not occur
because the primary amine is no longer a
nucleophile that can react. The reactions to

prepare Schiff bases include two types of
reactions: a nucleophilic addition reaction and
a water molecule deletion reaction.

R 9
R—NH, - R—NH,

Figure 2. Protonation of amine group.
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3. Schiff base preparation It is the most significant and widely used
Schiff bases can be prepared in a variety of approach because it includes the removal of a
ways, which are summed up as follows: water molecule after the primary amine is
added nucleophilically to the aldehyde or

3.1. The primary amine and ketone. [9]
aldehyde or ketone's reaction.

\ p— —

=0 +R—NH, _»= JC=N=R+H,0

Figure 3. Preparation of Schiff base from primary amine and aldehyde or ketone.

3.2. Alcohol oxidation When Schiff bases are formed, the alcohol is
oxidized to produce an aldehyde or ketone,
which then reacts with the primary amine

Catalyst /\ / +H,0

Figure 4. Preparation of Schiff base from alcohol oxidation.

N

R] OH + RZ_NH2

4. Phenol ether and nitriles react known as a Schiff base derivative or ketone.
When acid is present as a catalyst, alkyl or It is better to combine nitriles with ether and
aryl cyanide combines with phenol or phenol phenol, then add hydrochloric acid to achieve
ether derivatives to produce ketamine, also this reaction.[9]
(a) NH
OH OH
S HCI
| 4+ R—C=N —— = R
/
(b) H,C——CH,
HC——N N——CH
OH HO

Figure 5. Preparation of Schiff base a) and (b) from phenol ether and nitriles react.
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41. The method of microwave

irradiation

Since the last few decades, chemists have
found microwave-assisted synthesis to be a
very exciting green chemistry technique. The
chemical transformations carried out by
microwave irradiation are pollution-free,
environmentally benign, inexpensive, and
provide excellent yields. together with ease of
handling and processing. Using non-
conventional synthesis methods is a key
component of green chemistry due to its ease
of isolation, little or no solvent needs, eco-
friendliness, short reaction times, high target
molecule purity, and good yield [10-11]. The
synthesis of organic compounds has seen the
appearance of microwave-supported organic
reactions as a contemporary tool. Not only
does this technique improve yield and product
quality, but it also has significant advantages
over traditional approaches, including a
simpler procedure and an exceptionally
accelerated reaction rate that minimizes
reaction period [12].
Piperonal-chitosan, a novel Schiff base of
chitosan synthesized by Dheeraj Singh
Chauhan et al. (2020), was created by
microwave Irradiation and studied by
spectroscopic methods. In 15% HCI Media,
the new Schiff base's capacity to inhibit
corrosion on carbon steel was evaluated using
gravimetric and electrochemical techniques.
In the acidifying environment of an oil well,
this is the first investigation to use chemically
functionalized chitosan as a corrosion
inhibitor [13]. have documented synthesizing
SBs using a grindstone approach in addition
to a UV Chamber sonicator. SBs have been
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synthesized by Valvi et al. in both insolvent-
free conditions and CH;OH solvent under
microwave irradiations. Without a catalyst
Synthesis of SBs at room temperature using
grindstone chemistry Synthesis of SBs in a
MWe-irradiated water medium Naqvi et al.
have also documented the synthesis of SBs in
DMSO solvent in literature [14].

A 100 mL conical flask was filled with 1 mL
of cashew shell extract, 1 mmol of aromatic
amine, and 1 mmol of aromatic aldehyde.
Aluminum foil was used to cover this conical
flask. The reaction mixture was maintained at
600 W in the microwave. The preparation of
Schiff bases under microwave irradiation
takes 80-120 seconds on average. There was
no solvent used in this process. TLC was used
to track the reactions (Scheme 1). Following
the reaction's completion, the reaction mass
was discovered utilizingl5 mL of ethyl
acetate. It lasted for three minutes. Then,
Na,SO, was used to dry this organic layer.
The crude product was obtained by
evaporating this organic layer using a rotatory
evaporator. Using column chromatography
with a stationary phase of 60—120 mesh silica
gel and a mobile phase of 0-5% n-
hexane/ethyl acetate, this crude product was
refined. The FTIR, 1H NMR, 13C NMR, and
GC-MS methods were used to describe the
refined Schiff base derivative. Every prepared
Schiff base is identified, and their spectral
data agrees with the values described in the
literature.[15]. These spectral data are
provided in the Supporting Information.
Scheme 1 shows the flow chart for the
synthesis of Schiff bases.
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Preparation of cashew shell extract by using 10.0
gm of cashew shell powder with 100 ml of double
distaled water in a 250 mL beaker.

Added aromatic aldehyde (1 mmole),
aromatic aniline (1 mmolo) in a 100
. . mL conical Bask.

Above mixture warmed for 20 mides.

The mixture was filtered & collected in

stoppered bottle & stored at 4°C in
refrigerator.

Added 1.0 mL
of Cashew
extract.

Heat this reaction mixture in a
microwave at 600 W (80 seo - 120
sec) solventless condition.

4

After completion of reaction, the
reaction mass was extracted by using
15 ml thyl acetate & this organin layor
was dried by using Na,SO,.

v

[ This organic layer was evaporated on

rotatory evaporator to get crude product.

v

This crude product was purified by using column
chromatography on silion gel (00-120 mash) as a stationary
phase & 0.5% of mobile phase (n-hexane ethyl acetate)

v

[ Schiff base product wore characterised by using J

FTIR, TH-NMR, 130-NMR & GO-MA

Scheme 1. Schiff Base Derivatives Prepared under a Microwave Irradiation Mechanism.
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5. Green synthetic methods for Schiff
bases

5.1. Water as a green solvent

The use of water as a reaction Medium
offers several advantages as it is Cheap, non-
inflammable, non-toxic and Safety to use
[16,17, 18]. Undoubtedly the best alternative
as there are generally no harsh reaction
conditions and no need of Vigorous drying of
the solvents. Schiff’s bases have been playing
vital roles in Pharmaceuticals, rubber
additives [19] General Synthesis of the Schiff
Derivatives. Aldehyde (1 mmol) and the
corresponding amine (1.1 mmol) were taken
in dry MeOH and refluxed for 12 h. The
reaction mixture was Cooled to room
temperature and washed with MeOH several
Times to obtain the title compound as a solid.
In the case of Compound 2, after completion
of the reaction, the solvent was Removed on a
rotary evaporator and then subjected to
column Chromatography on a 60-120 mesh
silica gel column using Hexane as the eluent
to obtain the desired [20]
S.H. Shirangi et al. (2022) synthesised Schiff
bases of pyrimidoazepine derivatives in high
yields by combining reactions Involving
stains, alkyl bromides, activated acetylenic
compounds, Guanidine, and aldehydes with a
high-performance  catalyst made  of
Fe;04/Cu0/Zn0O, Multi Walled Carbon
Nanotubes (MWCNT). Using Petasites
hybridus rhizome water extract as a green
media and mild Base, Fe304,/CuO/Zn0O
MWCNT is synthesised. The disc diffusion
test Was used to demonstrate the antibacterial
activity of various synthetic Substances
against both Gram-positive and Gram-
negative bacteria [21]

5.2. Natural acid-catalyzed

methods

Due to these beneficial properties, concern
for the Environmental demands and strong
interest in the Development of green
chemistry, new sustainable catalysts And new
environmentally benign processesl0 have
been  Investigated which are  both
economically and Technologically feasible
[22]. Present study also involves some Eco-
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friendly and inexpensive natural catalysts like
grapes  (Vitis  lanata)  juice,  sweet
lemon(Citrus limetta) juice and Aqueous
extract of mango (Magnifier indica) for the
Synthesis of Schiff bases Preparation of
Solanum Lyopersicum juice Fresh Solanum
Lyopersicum fruits were procured locally and
washed with tap water followed By distilled
water and were pressed into fruit juicer to get
semisolid mass which was then Filtered with
cotton to get liquid juice to use as
catalyst.[23]

The metal complexes were prepared by the
stoichiometric reaction of the corresponding
Metal chloride with Schiff base ligand in the
molar ratio (M:L) of 1:2. Metal salt (Immol
in 15mL ethanol) was added to the ligand
(2mmol in 20mL methanol) with continuous
stirring. The obtained colored products were
separated by filtration, washed with distilled
water and Methanol, and dried under vacuum.
Recrystallization from hot methanol gave the
metal Complexes. Purity of the complexes
was confirmed by TLC[24]. Alikhani (2018)
has synthesized Schiff base from the reaction
of aldehyde and 4,6 diamino-2-thiol
pyrimidine with a catalyst (lemonjuice) and
stirred it at 55 »C. The focus of this work is on
the significance of fruit juice in exclusively
natural and biocatalytic organic
transformations. Fruit juice is advantageous
for  organic  synthesis  because  of
environmental profile, and acidic qualities.
The synthesized product was evaluated for its
physical characteristics, melting point, and
TLC before being tested for in vitro
antibacterial activity against gram-positive
and gram-negative strains [25]. its low cost,
economic viability, enzymatic activity.

As well as, by using lemon juice as a
naturally catalyzed acid under solvent-free
Circumstances, Bentoum et al. (2022)
synthesized a novel Schiff Bases containing
2-0x0-3H-benzoxazole scaffold. All
molecules were Separated with moderate
yields following shorter reaction durations.
The in vitro antioxidant properties of several
synthesized compounds Were evaluated. The
findings of the test to see if the synthesized
molecules could pass the clinical test using
the ADMET prediction showed That the
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compounds  have
qualities [26].
5.3.Grinding method

Many exothermic reactions can be
accomplished in high yield by just grinding
solids together using a mortar and pestle, a
technique known as “grindstone chemistry”,
Which is one of the “green chemistry
techniques”. Reactions are initiated by
grinding, with the transfer of very Small
amounts of energy through friction [ 27].
Mixture of p-toluidine (2.5mmol), substituted
benzaldehyde (2.5mmol) and a piece of garlic
were grinded together in a mortar with a
pestle in a completely solvent free condition
for specific time duration. The mixture turns
pasty after few minutes of grinding. The
progress of the reaction was successively
monitored by checking TLC. The solid crude
product obtained at the end of the reaction,
was recrystallized from absolute ethyl alcohol
to get pure SBs as white/yellowish solid. The

outstanding  drug-like

characterizations of obtained SBs were done
by melting point, IR and NMR. The melting
point, IR and NMR spectra of the obtained
compounds were identical to those of reported
ones.[28]

Ma’rufah, L. et al. (2021) have used a
grinding process to create Schiff bases (47) by
combining vanillin and p-aminoacetophenone
with lime juice (Citrus aurantifolia) as a
natural acid catalyst. The yield of synthesised
chemicals was estimated, and physical
characteristics including colour and melting
point were also established. The NaOH
reaction was also used to describe the
product. NaOH reacts with 1-(4- hydroxy-3-
methoxybenzylidene)-amino]-phenyl)-
etanone to form a bright yellow. Substances
have an inhibitory effectiveness ranging from
23.11 % to0 86.16 % (Scheme 13).[29]

Grinding 50 min.

-

HO

NH,

With lime juice

HO

O

Figure 6. Synthesis of Schiff bases by grinding vanillin and p-aminoacetophenone with lime
juice as a natural acid catalyst.

5.4. Ultrasonic methods

Green chemistry techniques have attracted
in many areas, especially in the field of
Synthetic organic chemistry. Microwave and
ultrasound mediated organic synthesis have
Become an increasingly used techniques for
the production of new molecules. [30] This
method proposes Benefits such as minimizing
reaction Time, mild condition and higher
yields. They made a mixture of azo-linked
Aldehydes and aminopyrazole in 10 mL
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Ethanol, and then they irradiated the Mixture
in a water bath by (45 kHz) Ultrasound at
60°C for (5-15min). The Pure products
collected in 85-96% Yields. They conducted
that the higher Yield and less reaction time by
ultrasonic Method attributed to the developed
Bubbles burst, which develops elevated
Temperature and pressure that assist the
Intermolecular reaction. [31]
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5.5.Ball milling method

The Schiff base ligand (H,I1H) produced by
R. Shah et al. (2020) were synthesised using
the standard condensation procedure of 3-(2-
thiazolylamino)-3-oxopropanehydrazide and
isatin in an ethanol solvent at reflux for three
hours. Using a green method called ball
milling, UO,(Il), Co(ll), Cu(ll), Pd(ll), and
Zn(1l) complexes were made using a new
Schiff base ligand (H2IH). High-yielding
products were producedusing a simple,
solvent-free  procedure, and excellent
inhibitory activity for the H2IH ligand was
identified in the biological screening. In-silico
research supports the in-vitro findings by
confirming the ligand’sinteraction
characteristics with the amino acid residues of
various pathogen proteins [32]. T. A. Yousef
(2020) synthesised schiff base via the
condensation ~ of  2-hydrazino-2-oxo-N-
phenylacetamide with 2-hydroxy-1-
naphthaldehyde and its Cu () complexes
from the conventional reflux and ball mining
methods. Studies on molar conductance have
supported the metal complexes’ non-
electrolytic character [33].
In order to create pure Ni(ll), Co(ll), Cu(ll),
Zn(ll), Pd(ll), and Cd(ll) complexes with a
high yield (99 %), the waste-free and simple
solid-state ball milling process was utilised.
Theoretical, analytical, and spectroscopic
methods were used to characterise all
substances. Long-term biological screening
was conducted to assess all novel compounds’
efficacy in comparison to established
medications. The most potent molecules
against different microorganisms, free radical
generators, and colorectal cancer cell lines
were the ligand and its Zn(Il) complex [34].
Ball milling, which is thought of as a green
technique of preparation, was utilized to
create novel Schiff-base complexes from
Co(ll), Fe(lll), Ni(ll), and Zn(ll) ions. To
investigate the antibacterial activity of ligands
and complexes against TOS aureus, E. coli,
and the Candida albicans fungus, standard
procedures were used. ABTS-antioxidant
screening and cytotoxicity tests against liver
cancer cells (HepG2) were also carried out to
evaluate their inhibitory impact. Regarding
the chosen microorganisms and liver cancer
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cell line, most complexes showed medium to
significant activity [35]. Fe (I1I), Cu (II), Zn
(1), and Ni (I1)-Schiff’s base complexes were
synthesised by ballmilling from 2-oxo-N-
(pyridine-2-yl)-2-(2-(1-(pyridine-2-
yl)ethylidene)hydrazinyl) acetamide (H,L)
ligand. AIll of the substances exhibited
noteworthy biological characteristics both
against A. flavus and C. albicans as antifungal
and against E. coli, P. aeuroginosa, B.
subtilis, and S. aureus as antibacterial. [36]

5.6. From industrial waste

In order to create certain substituted amino
benzothiazoles from 2,4- dimethylaniline,
ubashshir Ahmed et al. (2022) used industrial
waste (a mixture of NaCl and NaBr In
comparison to reference medications, 3-(1E)-
1- [2-(4, 6-dimethyl-1, 3-benzothiazol-2-yl)
hydrazinylidene] ethyl-2-hydroxy-6-
methyltetrahydro-4H-pyran-4-one was shown
to be the most effective against all of the
studied bacteria and fungi. Because it saves
on labour, time, utilities, human health, and
safety, this technique is very beneficial from a
business standpoint. Because industrial trash,
which is essential to dispose of, was utilized,
it is environmentally good. [37]

6. Another green syntheses of Schiff
bases

6.1.Magnetic nanoparticles

Magnetic nanoparticles (MNPs) considered
as fascinating and desirable stuffs due to their
high surface area and exceptional magnetic
characteristics [38]. Nezhad and Tahmasebi
(2019) consume ionic liquid carried on
magnetic nanoparticles as an effective and
recyclable  eco-friendly  catalyst  for
benzimidazoles synthesis in solvent or
solvent-free environments. A mixture of o-
phenylenediamine and corresponding
aldehyde was well-stirred with catalyst (Fe304
magnetic nanoparticles) in 10 mL of water, or
under solvent-free conditions at 80 °C, both
methods for 25-40 min. The benefits of this
methods were its easiness procedure,
minimum reaction times in comparison to the
other procedures, and the good vyields of
products. In addition, the catalyst can be
reused several times and recovered easily by
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simple magnetic decantation with no loss of
activity [38].

6.2. Mixing at room temperature

While Ariyaeifar and coworker (2018)
synthesized a series of chiral Schiff base
compounds by the addition of 3,5-
dichlorosalicylaldehyde to an aqueous
solution of (R)-3-Amino-1,2-propanediol at
25°C which vyielded a yellow precipitate
almost immediately [39].

6.3. Garlic as natural biocatalyst
Bedi and coworkers (2020) established the
use of natural biocatalyst(garlic) for eco-
friendly synthesis for a group of Schiff bases,
they utilizing ptoluidine and many aromatic
aldehydes as reactants. The Schiff bases
produced high yields by merely grinding the
reactants collectively with a pestle in a

Antiviral
activity

Anticancer
activity

~_Anti- SZEgiE?;e$§z?d Antitubercula
1nﬂammatory r activity
activity complexes

Antifungal
activity

Antifungal
activity

mortar with the existence of a piece of garlic
in solvent free procedure. Their method was
very easy, eco-friendly, efficient, cost-
effective it is within the green chemistry
protocols [40].

7. Application of Schiff bases and its

metal complexes

Schiff bases and their metal complexes find
widespread use in various industries and
applications, including the food industry, the
agrochemical industry, the dye industry,
analytical ~chemistry, catalysis, energy
storage, environmental, chemo- sensing, bio-
sensing, nanotechnology, and biomedical

applications.

Anti-
bacterial
activity

Antitumor
activity

Scheme 2. Applications of Schiff base ligands and its metal complexes in various
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7.1.Catalysis:

Catalytic activity is enhanced in both
homogeneous and heterogeneous reactions by
Schiff base metal complexes. The ligands,
coordination sites, and metal ions employed
in a given compound determine its activity.
Many  different  reactions, such as
polymerization, ring-opening polymerization,
oxidation, epoxidation, allylic alkylation,
reduction of
ketones, hydrazination of acetophenones, the
Michael addition reaction, the decomposition
of hydrogen peroxide, the annulation reaction,
the Heck reaction, the carbonylation reaction,
and the Diels-Alder reaction, have been used
to critically evaluate the catalytic activity of
metal complexes. There is significant
potential for Schiff base ligands to be used as
metal complexes in catalysis due to their
simple synthesis method and heat stability.
The catalytic activity of Schiff base
complexes differed greatly depending on the
structure and kind of ligands used [41,42]

7.2.Dye industry:

The dyeing technique employs a wide range
of Schiff bases and complexes, many of
which have been synthesized, investigated,
and employed as mordents [43]. As a dye,
transition metal complexes such asiron (1),
nickel (Il), cobalt (1), and copper (II)
complexes, among others, have been prepared
from a variety of Schiff bases and employed
to produce a variety of transition metal
complexes. Aldehyde groups that include azo
dyestuff are known to
synthesized many azomethine linkages  that
contain azo dyes due to condensation with
primer amines. The textile industry utilizes
these dyestuffs to color a variety of materials.
Outside the textile sector, the field of
photochemistry places a significant emphasis

on wusing azo dyes that include the
amine group. The Schiff base
on fluorene showed  desirable  properties

including sensitivity to pH, as well as heat
and color stability. For making a water-based
ink, it showed promise as a functional
pigment material [44]
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7.3. Food industry:

Various research groups have recently
concentrated on producing natural novel and
active materials for food packaging
applications. Because of their antibacterial
action, chitosan-derived Schiff base films
developed may not only boost the safety of
such foods and hence lengthen their shelf life,
but also provide a flavor that is well- accepted
by the consumer. Schiff's base (SB) modified

zirconium dioxide reinforced PLA
(Poly(lactic acid) or polylactide (PLA), a
biodegradable polyester produced from

renewable resources, is used for various
applications (biomedical, packaging, textile
fibers and technical items). Due to its inherent
properties, PLA has a key-position in the
market of biopolymers, being one of the most
promising candidates for further
developments). bio-composite film serves as
an alternate packing material to replace single
waste synthetic manufactured materials that
pollute the environment. For
active packaging applications, Schiff base
(SB) modified poly lactic acid (PLA) film can
provide improved barrier and antifungal
qualities [45-47] .

7.4. Agrochemical industry:

Metal complexes with diverse Schiff base
ligands have attracted the attention of
chemists in recent years due to their
agricultural applications, such
as pesticidal, nematicidal, and insecticidal.
Unsymmetrical Schiff bases glyoxal
salicylaldehyde succinic acid dihydrazide and
its  Ni(ll), Co(ll), 2Zn(ll), and Cu(ll)
complexes have been synthesized and studied;
at greater concentrations, they display
considerable insecticidal action [48]. H,L [2,
2'-[(1E, 2E)-ethane-1,2-
diylidenedi (E) azany-
lylidene] dibenzenethiol] and its new Zn(ll),
Ni(ll) metal complexes have been employed
as insect repellent agents [49]. Coumarin-
based Schiff base and its earth metal
complexes [50] have been used to treat pests
(Tribolium castaneu) and worms
(Meloidogyneincognita).
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7.5.Analytical applications:

Schiff bases have been used as analytical
probes or reagents by researchers. These are
used to analyze primary amines, carbonyl
compounds, and functional groups. In
complexes, azomethine bonds are formed
through complex formation reactions or
changes in their spectroscopic properties
caused by pH and solvent variations (pH of
solvent polarity indicators). Schiff bases are a
great carrier for the selective and efficient
extraction of certain metal ions. They are
well-known for their effective chelating
capabilities. Schiff bases extract metal ions,
essential in regulating heavy metal pollution.
N, N-bis(3-methylsalicylidene)-ortho-
phenylene diamine, Schiff base used in
spectrophotometric detection of nickel. The
approach has been used successfully to
quantify trace quantities of nickel in natural
food samples [51]. Schiff bases are renowned
for their ability to form complexes and serve
as good chelating ligands. They have been
widely employed as analytical reagents due to
their ligation property. Schiff bases made of
salicylaldehyde are employed in gravimetric
and spectrophotometric analyses. In addition,
the same reagent was recently employed for
the spectrophotometric detection of Ni (II) at
a trace level. Cu2+ ions have been detected
using the  fluorescent  4-(1-phenyl-1-
methylcyclobutane3-yl)-2-(2-hydroxy- 5-
bromobenzylidene) aminothiazole  Schiff
base. This chemical sensor operates in the
visible region, has a wide dynamic operating
range, and may be used over a wide pH range
[52].

7.6.Energy storage:

There is a resurgence of interest in the
search for effective, clean, and sustainable
energy sources (like wind and solar) as well
as cutting-edge energy conversion and storage
technologies as are salt of the rapid growth of
the world economy, the depletion of fossil
fuels, and rising environmental pollution.
Energy storage technologies are more
important in our lives since the sun does not
shine at night and the wind does not blow all
the time. Currently, there is a lot of interest in
electrical energy storage technologies
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including batteries and electrochemical
capacitors  (super-  capacitors).  Recent
research has shown that organic oligomeric
Schiff bases and electro active polymeric
(linear or hyper branched) Schiff bases
perform satisfactorily as negative electrodes
(anodes) in sodium-ion batteries. [53]

Lithium-ion batteries have also made use of
nitrogen-rich carbon nano sheets produced by
the Schiff base reaction in a molten salt
solution as anode materials [54]. The linear
polymeric Schiff bases developed by Armand
et al. [55] as a consequence of
the condensation of

aromatic dialdehydes with  aliphatic  and
aromatic diamines performed well as anodes
for sodium-ion batteries. Polymeric Schiff
bases are also produced by
combining terephthalic-

aldehyde, phenylenediamine, and polyether
amine blocks, resulting in polymers with high
adhesive qualities that can be used as redox-

active binders for sodium-ion anodes.
Similarly, Zhang et al. [56] developed
another INCOF (Imine  bonds  containing

covalent organic frameworks) that performed
again as an anode material for lithium-ion
batteries derived from 2,4,6-
triaminopyrimidine and terephthalaldehyde

7.7.Environmental applications:

Most firms worldwide need copper, silver,
lead cadmium, aluminum and cobalt. These
metals can be present in nearly all dairy
products. Their widespread prevalence in
industrial processes, chronic metal
contamination from occupational contact, and
health risks associated with these metals
necessitate their identification and control in
biological and dietary samples. Metals are
used in electroplating, alloy production, and
battery manufacturing. As a result, excessive
metal concentrations have been discovered in
diverse water sources, soil, and plants.
Products such as cigarettes, beers, oils, and
supplements necessitate metals monitoring
and quality control. [57]

Metal corrosion has a tremendous impact on
the national economy and critical safety and
pollution issues. Although many inhibitors
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have good inhibitory proper- ties, they are
insufficient for environmental protection and
sustainable  development initiatives for
various reasons (such as difficulty in
degradation, toxicity or high- temperature
resistance). Stable, efficient, and ecologically
friendly inhibitors are the inhibitors of the
future. Many inhibitors,
including imidazolines, Mannich bases, and
Schiff bases, contain heteroatoms (N, S, O) or
chemical interactions with electrons (p

7.8.Chemo-sensing applications:

Schiff base-based fluorescent probes have
recently been invented for detecting and
monitoring numerous hazardous analyses in
biological systems. Schiff base compounds
with nitrogen-oxygen-rich coordination asa
receptor site provide a stable platform for
fluorescence sensing with significant, visible
color shifts. Detecting metal ions with diverse
mechanisms inan accurate sample using
Schiff base-based sensors is appealing
currently. In the recent decade, Schiff base
probes based on fluorescence live-cell
imaging have been used to detect metal ions
such as Co*, Cu**, Zn**, Hg**, Ag", AI**, and
CIO ions [59-61]

7.9.Bio-sensing applications:

Within  cells, Schiff base compounds
have been used as biosensors for H,O,,
glucose, and Oncomarker CA-
125 [62] Evaluation of the sensitivity and
specificity of the gold Schiff base complex-
doped sol gel nano optical sensor for the
detection of CA-125 in ovarian cancer patient
samples was performed and compared to
results obtained from samples taken from
healthy ~women servingas a control
group [63]. Sheta M. Sheta et al. created an
ultrasensitive method of detecting human
creatinine using a cerium(lll)-isatin Schiff
base complex as an optical sensor [64].

7.10. Biomedical applications:

Schiff bases and their metal complexes have
numerous applications in various biomedical
pharmaceuticals such as antimicrobial, anti-
malarial, anticancer, antiviral, anti-
inflammatory, antioxidant, anticonvulsant,
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bonds). N, O, and S heteroatoms, as well as
unsaturated >C=N- bonds, can create strong
and durable corrosion-inhibiting adsorption
films on metal surfaces,
demonstrating outstanding inhibitory effects.
At the same time, Schiff base compounds are
attractive to researchers due to their
inexpensive  cost, ease of synthesis
and purification, strong water solubility, and
low toxicity. [58]

anti-anthelmintic, bio printing, tissue
regenerating, enzyme inhibition and drug
delivery. In biological systems,
the azomethine nitrogen of Schiff bases
serves as a binding site for metal ions to
attach to diverse biomolecules such as
proteins and amino acids for anti-germ
activity. Our bodies' Schiff bases catalyzed
many metabolic events in the form of
enzymes that are active against certain
bacteria. Several studies have been conducted
to improve the bio-functions of Schiff bases
and their metal complexes. Schiff bases can
fight cancer, fungus, germs, ulcers, and
viruses, depending on which transition metal
ions they contain. [65-67]

7.11. DNA interaction:

Schiff bases ligands and the metal
complexes The DNA cleavage study showed
the ability of some nano sized Schiff bases
complexes to degrade DNA and surrounding
to DNA and carried out necrosis. The ability
of Schiff bases nano-sized complexes to
cleavage DNA has been tested by the gel
electrophoresis method with two experimental
procedures: fixed concentration of DNA with
different concentrations of complex, and fixed
concentration of complex with different
concentrations of DNA.  Electrophoretic
separation of DNA induced by these
complexes The obtained results showed the
ability of investigated nano-sized complex, at
the concentration of 15 ug/mL, to degrade
DNA at the concentration of 100 mg, which
supporting the activity of these complexes as
strong antitumor agent capable to DNA-
binding, and inhibits growth of the tumor cell.
While, some complexes have no ability to
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cleavage DNA at different concentrations.
However, the obtained results reveal to
another type of binding occurred between the
investigated complexes and DNA. Where, a
non-covalent bond may be formed between

©

the complex and a phosphate group of DNA
strands. Formation of this bond led to
surrounding of the complex to DNA, in a
process called necrosis, which affect on DNA.

(@)

Figure 7. Electrophoretic separation of DNA induced by nano-sized Cu(ll) complexes.
[68,69]

7.12. Semiconducting Properties:

The electrical conductivity study confirmed
that some of Schiff bases ligands and there
complexes had semiconducting
properties.From the electrical conductivity
studies which indicated the semiconducting
character for the Schiff base ligand, and there
investigated complexes within the
temperature range 308-408 K, and the
conduction process is carried out via the
hopping mechanism.

7.13. Molecular docking:

Molecular docking studies are very
important for predicting the possible binding
modes of the Schiff base ligand and its metal
complexes against the receptors of breast
cancer mutant oxido reductase (PDB ID:
3HB5), crystal structure of Rotavirus NSP4
(PDB ID: 3MIW), crystal structure of human
Astrovirus capsid protein (PDB ID: 5IBV),
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crystal structure of human Enterovirus D68
(PDB ID: 4WMS8). Docking is an interactive
molecular graphics program that can be used
to calculate and display feasible docking
modes of the receptors with HL ligand and
complex molecules. It necessitates the ligand,
its complex and the receptors as input in PDB
format. The water molecules, co- crystallized
ligands and other unsupported elements (e.g.,
Na, K, Hg, etc.,) were removed but the amino
acid chain was kept. [72,73,74] The structure
of the ligand and it complex in PDB file
format was created by Gaussian software. The
crystal structures of 3HB5, 3MIW, 5IBV and
4WM8 were downloaded from the protein
data bank. These studies were examined by
using MOE 2008 software that it is rigid
molecular docking software. [75,76]
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CONCLUSION

Green  chemistry  offers  significant
environmental and financial benefits above
traditional synthetic methods. The green
synthetic methods must enhance the
selectivity, shorten reaction time, and make
the purification of products simpler than the
traditional methods. A Schiff bases formed by
condensation of primary amines with
aldehydes. This study focused on the green
synthetic methods that are used for Schiff
bases synthesis in order to find the best
technique that offers higher yields in a shorter
time in ecofriendly environment. The review
considered many green synthetics techniques,
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