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ABSTRACT:

Background : Aldehyde and amine buildup can shape Schiff's base complex of metal. Amino and
carbonyl mixtures address a sizable group of ligands used to make Schiff bases that can facilitate
with metal particles by the nitrogen iota of an azomethine particle. There has been much interest in
these ligands. The C=N connect, in which different azomethines have been researched and
professed to overwhelm massive organic activity, like impacts against microorganisms, growths,
and infections, as well as against jungle fever and disease, might be the reason for the significance
of azomethine replacements. Schiff base metal complexes have recently proven valuable compounds
in various fields, including industry and medicine. Schiff's bases are the ideal substance with
unmatched organic and inorganic chemistry service. because
of the extensive range of biological movements that ~ Schiff base ligand display and  their
complexes collection, use in clinical applications is observed to have affected the chemistry of
Schiff bases, their derivatives, synthesis methods, and
the specific biological applications for these compounds, along with the ones for antibacterial,
antifungal, anticancer, and antiviral objectives, are defined on this overview. The manufacture,
characterization, and biological results of Schiff bases and their derivatives can be discussed in
this assessment.

Keywords: Biological Use, Antiviral, Antifungal, And Antibacterial Characteristics Of
Schiff's Base.
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INTRODUCTION
Schiff bases' chemistry

According to Scheme 1. compounds of Schiff's base with a primary amine and a carbonyl molecule
condense to form the chemical compound azomethine (-CH=N-).

O R\
I
R—NH,+ R—C— R —M— /C—N—R
R

Scheme 1: Condensation reaction resulting in a Schiff's base structure

Hugo Scientist made the preliminary discovery of Schiff base compounds in 1864. That attaches
with the nitrogen atom to an alkyl organization (or aryl organization) in the carbon-nitrogen double
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bond makes up the Schiff base.R1R,C=NRj; is a standard chemical formula for Schiff's
headquarters, where R3 denotes an alkyl or phenyl group [1-3].

Numerous molecules, including amino
thiazoles, amino acids, triazole rings,
thiosemicarbazides, and isatin compounds,
have been exploited to create the Schiff
bases[4]. Aliphatic aldehydes Compared to
aromatic aldehydes, which are more stable
and have a strong conjugation system
existence, Schiff's bases can be eagerly
polymerized and are generally unstable. When
interacting with various transition metals on
five- or six-membered chelate metals, Schiff
bases, commonly di, tri, or tetradentate
ligands, generate centered stable complexes.

The imine nitrogen of the azomethine group's
low essential strength, monodentate Schiff
bases cannot form stable complexes.
Additionally, to interact with -OH/SH groups
and azomethine, many metal ions can interact
with dentate or tridentate Schiff base
ligands[5], stabilizing them at various
oxidation levels during chelation.

Since they may create carbon-nitrogen bonds,

Schiff base reactions are crucial in
synthesizing organic compounds. In many
enzymatic processes where an enzyme
interacts with an amino or carbon group in a
substrate, Schiff bases can also be essential.
In a process known as catalysis, an enzyme's
initial amine commonly referred to as a base
for Schiff [6-8]. In several procedures,
including building molecular ferromagnets,
catalysis, biological modeling, and complex
cluster assembly, Schiff bases have been
used. Schiff base metal complexes interest
coordination chemists due to their simple
synthesis, varied structural makeup, and wide
range of uses. The uses of Schiff base metal
complexes in organic chemistry are
numerous. Potentiometric sensors use Schiff-
based ligands as cation carriers because they
provide targeted cations with good selectivity,
sensitivity, and stability. Potentiometric
sensors have used metal ions as cation
carriers, such as Ag(l), Al(I1), Co(lIl), Cu(ll),
Gd(l11), Hg(11), and Ni(11)[10-12].

Additionally, olefin molecules can be
hydrogenated with the aid of Schiff bases.
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Because a monolayer naturally forms on the
surface to prevent corrosion, these materials
can be employed in corrosion applications
[10]. Inorganic, analytical, and biological
chemistry are just a few fields where Schiff
bases are helpful. Because of a wide range of
bodily effects, including their anti-
inflammatory qualities. There are several uses
for  Schiff bases in medicine and
pharmaceuticals, including analgesic [8-12],
antibacterial [16-17], anticonvulsant [18],
antitubercular [19], anticancer [20, 21],
antioxidant [22], and anthelmintic [23]. This
nitrogen atom may be particularly relevant
[24, 25]. Due to their wide range of
therapeutic ~ activity,  thiosemicarbazone
transition metal complexes have recently
attracted attention. [26-29]This calls for
several compounds with different functions.
[30].

Recent developments in medicinal chemistry
have focused on complexes of sulfur-
containing ligands. According to research,
isatin  Schiff and Mannich bases have
biological  effects like  antibacterial,
antifungal, antiviral, anti-HIV, antiprotozoal,
and antihelminthic activities [37-39]. Md
developed several Schiff grounds and their
metal complexes. Saddam Hossain and Md.
Kudrat-E-Zahan [40-45]. It has been
demonstrated that isatin and
diethyldithiocarbamate Schiff base create a
[46].

The creation of Schiff bases and their
synthesis

Developed Schiff bases by condensing
primary amines and carbonyl compounds
[48]. A ketone (or aldehyde) that mimics
Schiff base, commonly known as imine or
azomethine, has the imine or azomethine
group replaced for the carbonyl group (C=0)
[49-52]. A molecule with an aryl or alkyl
group (R) and a nitrogen atom connected, but
not to hydrogen, is referred to as a Schiff base
or a Schiff's base.

Copyright © The Author(s)
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The same thing as an azomethine is a Schiff

and they share the following characteristics in

base. Hugo Schiff's name was given to these general,  illustrated in  Scheme 2.
substances in recognition of the Nobel Prize,
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Schema 2: Schiff's overall organization

Generally speaking, Schiff bases may
stabilize various metals with various
oxidation states, improving their performance
in several catalytic processes [54]. The
oxygen atoms in NO or N,O,-donor groups
are a typical component of Schiff bases;
however, Sulfur, atoms of nitrogen or
selenium, where R is an alkyl or aryl group,
can alternatively be used to substitute the
oxygen atoms. Compared to their alkyl
equivalents, aryl Schiff bases are far more

stable and less complicated to produce
aldehydes aliphatic[58-60]. Compared to
effectively conjugated aromatic, Schiff
grounds are more brittle and highly
polymerizable than aldehydes[56-57]. The
first stage in producing a Schiff base is the
synthesis of Schiff base ketones, as depicted
in Figure 1. This reversible reaction
frequently occurs during heating or when an
acid or base is catalyzed.

)t
R—NH,+ R—C—R

Aldehyde or
ketone

Primary amine

(l)H
R*le*R
HN—R

Carbinolamine

I'nl—R

Figure 1 shows the reversible reaction of an aldehyde or ketone forming a Schiff base.

Removal of water, product separation, or a
combination of the two processes produces
this formation. Additionally, Numerous Schiff
bases can hydrolyze back to their primary
components (aldehydes, ketones, and amines)
in an aqueous or basic. A different method of
producing Schiff bases exists to address the
issue of nucleophilic addition to the carbonyl
group. The amine serves as the nucleophile in
this instance. The amine combines with the
aldehyde or ketone in the first step of the

Copyright © The Author(s)

Schiff base production pathway to create the
unstable addition chemical carbinolamine. We
can use acid or base-catalyzed routes to
extract water from carbinolamine.
Carbinolamine  undergoes acid-catalyzed
dehydration since it is an alcohol. Usually,
carbinolamine dehydration is viewed as the
phase that determines how quickly Schiff
bases develop, and then acids are used to
catalyze the reaction. Due to the basicity of
amines, the acid concentration is to be
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maintained. The amine no longer becomes
nucleophilic if it is protonated, which causes
equilibrium to be tugged to the left and
prevents  carbinolamine from  forming.
Therefore, it is desirable to synthesize a lot of
Schiff bases in a somewhat acidic media.
When exposed to bases, carbinolamines may
lose moisture more quickly.

Except that it is not a coordinated reaction,
this reaction is the same as removing E; alkyl
halides. When an anionic intermediate is
present, it passes through two processes:
addition and subtraction [61].

Schiff base utilized in biology and its
derivative is

Derivative of the curcumin Schiff base

The Schiff base method was used to assess
the antibacterial and antifungal activity of
particular ligands and their complexes against

the microorganisms Candida albicans,
Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Streptococci, and

Pseudomonas aeruginosa. All investigated
compounds demonstrated more significant
biological potential than the unstudied ligand.
On the other hand, the Zn(Il) complex had
solid antibacterial activity (Zone of Inhibition
in mm: 9-14).

M= CuI1), W1} Coqll}, Zn{lE) and VO(I)
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The structure of curcumin Schiff base derivatives is shown in Figure 2.

Curcumin can be transformed into the keto
tautomer by the Knoevenagel condensation,
which increases the likelihood that it will
react with amines to form Schiff bases.
Tharmaraj and colleagues employed this
technique to convert indole-3-aldehyde into a
di-ketone that curcumin cannot metabolize.
The synthetic process was then used to grow
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the metal(Il1) complexes. They identified the
compounds' nonlinear features, which are
important in several photonic applications,
and their pharmacological characteristics. In
curcumin, Schiff base two, conjugated
electron complexes can produce sizable
nonlinear polarizabilities.

Copyright © The Author(s)
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Additionally, the substances' effectiveness
against fungi, including Aspergillus flavus
and Penicillium digitatum, and bacteria like
Streptococcus S. aureus with Streptococcus
pyogenes. All metal(1l) complexes had higher
activity levels than compound 2's. Compared
to amikacin, the copper complex showed
stronger antibacterial activity Inhibitory zone
against Staphylococcus aureus in mm: 23
[66,67]. The completed item and a green
synthesis were then used to functionalize
copper oxide nanoparticles [68]. Bio-
functionalized copper oxide nanoparticles
have demonstrated strong antibacterial action,
especially against Aspergillus niger and
Bacillus subtilis. The zone of inhibition is 19
mm. The spectroscopic methods in the UV-
visible, emission, and circular dichroism
ranges were used to examine the calf's
thymus.

Porphyrins, tetra azo macrocycles occurring
in nature, could be used as models for this
structure [68], and showed greater interaction
than the other chemicals. Figure 2 illustrates
how Revathi improved curcumin using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
in the presence of methylene and keto groups.
The generated 4-hydroxy benzaldehyde and
N, N-dimethyl amino benzaldehyde were less
energetic than curcumin (IC50 values about
50 M). By substituting at the keto site,
compound 4's antioxidant activity was
reduced, and even at 250 M, the compound's
IC50 value was not reached [69]. Camp and
D'hooghe assessed the labile-like structure in
charge of curcumin's low bioavailability. As a
result, they produced thirteen new -

enaminone compounds using Figure 2, which
illustrates microwave irradiation. DPPH was
used to investigate the antioxidant activity,
and ferric can reduce plasma (FRAP) testing
accuracy.

In both experiments, the antioxidant activity
of compounds 5a—f was exceptional and on
par with that of curcumin. In the aromatic
rings of substances, the -OCH3 group is in the
same ortho position as the phenol group as it
is on curcumin 5a through f. According to
both investigations, the ortho methoxy-free
molecules (5g-i) had very little antioxidant
activity. No antioxidant action was detected in
compounds 5j-m with phenolic groups
retained after acetylation. different cell lines,
including HT-29 and Caco-2, were tested
against curcumin compounds in differentiated
and undifferentiated conditions.

The results showed that differentiated Caco-2
cells were not cytotoxic to any derivatives.
These cells resemble the enterocytes seen in
the inner lining of the digestive tract[70]. The
compounds and curcumin were both soluble
in water. The solubility of the -enaminone
molecule in water is improved by adding
more polar amines, without affecting the
biological activity of the resultant
curcuminoids, according to studies by Camp
and D'hooghe. Curcumin and hydroxyalkyl or
methoxy alkyl amines were mixed, and polar
hydroxyl and methoxy groups were to
produce eight novel -enaminone analogs (6a-
h) [71].
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Figure 3 Depicts the proposed method for the manufacture of dihydropyridine-4-ones 7a-c.
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A unigue curcumin Schiff base 13, illustrated in Figure 2, has recently been discovered due to its
high solubility in aqueous solutions and ability to operate during environmentally friendly
manufacture. Compound 13 was more effective against E. coli and P. aeruginosa than curcumin but
less effective against S. aureus and B. subtilis [72]. The experimental compounds (1-13)

demonstrate a wide range of biological activity, synthesis methods, and yields.

Table 1 Lists the properties of compounds 1 through 13.

Compound H Condition of synthesis H Yield (%0) ‘ Activity H Outcome H Reference
1 6 hreflux of precursors in EtOH 80 Antibacterial Zn(IT) complex showed the highest 73
activity but was not compared with
curcumin
2 6 h stirrer of precursors in EtOH at room 72 Antibacterial and Cu(IT) complex showed the highest 74
temperature and in presence of piperidine antifungal activities but was not compared with
curcumin
3 24 h reflux of precursors in MeOH No reported DNA cleavage Cu(II) complex showed the highest Ki 75
4 6 h stirrer of precursors in MeOH at room 56.9 Antioxidant L ower antioxidant activity compared to 76
temperature and in presence of piperidine curcumin
Sa—i Heating of precursors in 2-methyl-THF or] 11-58 Anticancer and antioxidant|| 5a—f showed comparable antioxidant 77
CHCls under microwave irradiation for activity to curcumin, 5i was strongest
1-1.75 h at 80 °C in presence of MK 10 anticancer agent
clay and acetic acid
5j—m Heating of 5d—g and acetic anhydride in 42-67 Anticancer and antioxidant No antioxidant activity and low 78
2-methyl-THF in presence of pyridine anticancer activity
6a-h Heating of precursors in 2-methyl-THF or]| 840 Anticancer and antioxidant || Enhanced water-solubility and anticancer 79
EtOH or DMF under microwave activity and comparable antioxidant
irradiation for 1-1.5 h at 70100 °C in activity (6a—d) to curcumin
presence of MK 10 clay and acetic acid
Ta—c Heating of precursors in EtOH under 3-12 Anticancer and antioxidant || Enhanced water-solubility compared to 80
microwave irradiation for 1-1.5 h at 70— curcumin
100 °C in presence of MK 10 clay and
acetic acid
8 12 hreflux of precursors in MeOH 74 Antibacterial and Cu(II) complex showed the highest 81
anthelmintic activities but was not compared with
curcumin
9 4 hreflux of precursors in EtOH 66 Antibacterial/antifungal Cu(IT) complex showed the highest 82
and DNA cleavage activities but was not compared with
curcumin
10 3 hreflux of precursors in EtOH 75 Antibacterial/antifungal Cu(IT) complex showed the highest 83
and DNA cleavage activities but was not compared with
curcumin
11 24 hreflux of precursors in EtOH in | Noreported | Antibacterial/antifungal Cu(IT) complex showed the highest 84
presence of anhydrous K>CO3 and anticancer activities but was not compared with
curcumin
12 6 h reflux of precursors in MeOH 74 Anticancer and antioxidant | Cu(IT) and Zn(IT) complexes showed the 85
highest activities but was not compared
with curcumin
13 6 h reflux of precursors in EtOH in Higher activity against Gram-positive and|
presence of acetic acid 85 Antibacterial lower activity against Gram-negative 86
bacteria compared to curcumin
Sulfonamide Schiff bases curcumin.  Compounds 14a-e with one

The pharmacological compounds used in the
development of novel drugs Figure 4. The
ability of A. niger, A. flavus, C. lunata,
Trichoderma viride, S. aureus, Bacillus
cereus, Salmonella typhi, Pseudomonas
aeruginosa, and Salmonella typhi to suppress
the growth of these substances was
investigated. Several chemicals were tested
for cytotoxicity in the cancer cell lines Hela,
Hep-G2, QG-56, and HCT-116. Paw edema
caused by carrageenan was used to test the in
vivo efficiency of an anti-inflammatory drug.
The bioassay results revealed their activity
increases when sulfonamides are coupled with
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sulfonamide molecule had higher antibacterial
and antifungal activity than compounds 15a-e
with two sulfonamide molecules connecting
both carbonyls of curcumin. 14b-e and 14e
(MIC 20 M against all bacteria) were the most
efficacious compounds (MIC 20 M against all
fungi except A. flavus). Among the 15a-e
compounds, only 15e (IC50 values 25-50 M)
surpassed  curcumin in  cytotoxicity.
Furthermore, the anti-inflammatory effects of
compounds 15e and 14e were the strongest,
with percentage inhibitions of 40.3 and 38.7,
respectively. This study's overall findings [87]
show that the enolic group may be used for
biological activities.

Copyright © The Author(s)
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Figure. 4 depicts curcumin sulfonamide derivatives.

Ahmed et al. investigated the synthesis of various curcumin-Schiff bases, including one or two
benzenesulfonamide moieties, as shown in Figure 4. (17a-f) and (16a-f). all demonstrated; also, it
was revealed that 16a had powerful synergistic effects when combined with ciprofloxacin, a
common antibacterial drug, or nystatin, a common antifungal drug. When combined, compound 16a
(7.8 g mL1) with ciprofloxacin (0.12 g mL1) was eight times more efficient at preventing the
growth of MRSA [88]. These substances are moderate to suitable inhibitors of the urease enzyme,
according to in vitro experiments that this research team did on them [89]. 14-17 Materials Table 2
details their synthesis, yields, and biological activity.

Copyright © The Author(s) MSJAR Page 73
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Table 2 summarizes the properties of compounds 14 through 17.

Compound |  Condition of synthesis | Yield (%) Activity Outcome Reference
14a-¢ 34 hreflux of precursors in | 87-91 | Antibacterial/antifungal and |  14b—e showed higher 90
EtOH anti-inflammatory activity compared fo
cureumin
15a—e |23 hheating of precursors in|  91-94 | Antibacterial/antifungal and | Only 15e showed higher 91
EtOH at 60 °C in presence of anti-inflammatory activity compared to
acetic acid curcumin
16a- | Reflux of precursors in EtOH||71.5-92.5| Antibacterial/antifungal and |  16a was most potent 9
fand 17a-f || 1in presence of acetic acid anti-inflammatory compound

Schiff base metal compounds that are
macrocyclic

Organic chemicals have piqued the interest of
researchers in this sector more than inorganic
and coordination compounds, which comprise
most medications. Certain inorganic and
coordinated  compounds have  shown
favorable bioactive properties in recent
decades [93-100]. The treatment for
malignancies such as ovarian and testicular
cancers [101-103]. Surprisingly, only two of
the thousands of cisplatin analogs created and
proven to be prospective anticancer
medications  operate  (carboplatin  and
oxaliplatin). The others have remained
dormant and have all been exhausted in the
therapeutic  management of  neoplastic
disorders [104-106]. Even though the
equivalent frequently [107]. The capacity to
explain elements of the reactivity of Schiff
base coordination compounds that are usually
impossible to investigate using less stable
similar complexes of non-cyclic ligands has
sparked interest in this class of substances.
Several Schiff base macrocycles have been
used for various purposes, including the
modeling of cationic, anionic, and cationic-
anionic metal-bio site neutral receptors [109].

The role of macrocyclic Schiff base-type
ligands in metal ion complexes is gaining
attention. The features and applications of
naturally occurring biological macrocycles
and their complexes have also been improved
via synthetic macrocyclic chemistry [110].
Among all the macrocyclic Schiff base
complexes, those produced by functionally
substituted ligands with diverse donor groups
are the most intriguing binuclear complexes
that can be formed utilizing compartmental
ligands [111].

Many  medications based on  this
pharmacophore are already in use or are in
advanced clinical studies. As antibacterial
treatments, macrocyclic Schiff bases and their
metal complexes hold immense biological
promise. For instance, the
acetylcholinesterase (AChE) inhibitor imperil
has previously been used to treat Alzheimer's
illness, even though dBET57 is an effective
chimeras class medication that inhibits cancer
proteolysis [112]; figure 5 shows how these
intercalator's Pt (II) conjugates were created
using direct Schiff base cyclo-condensation.
This article describes a novel class of
platinum-based antitumoral agents [113].
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Figure 5: The structural features of platinum-based antitumoral
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Figure 6. Show microbes, which included E. coli, S. aureus, S. epidermidis, B. subtilis, K.
pneumonia, P. aeruginosa, and S. aureus bacteria strains [114].

Figure 6. structures of macrocyclic

Figure 7 shows microbes and well-known antibacterial medications used to test each one's
antibacterial potency. These compounds were all more efficient than streptomycin and ampicillin
[115].
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In Figure 7, the structures of ten compounds under investigation are displayed.

After non-template, o-phthalaldehyde is condensed with aromatic amino alcohols. P.M. Reddy and
associates created a variety of novel macrocyclic compounds. Figure 8 demonstrates this approach.
The substances' antimicrobial properties were discovered. The fungus A. flavus and Fusarium sp.
also put the macro-cycles to the test in vitro [115].

.
O
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XN= alkwyl, aryl or N-containing heterocyclic substituents.

Figure 8 displays the structures of the compositions
Several Schiff base metal complexes

Schiff's fundamental assumptions Figure 9 depicts the results of Gehad and colleagues'
investigations into metal complexes derived from 2-furan carboxaldehyde and o-phenylenediamine,
2-thiophene carboxaldehyde, and 2-amino thiophenol
[116].
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The compounds produced during the synthesis are depicted in Figure 9.

The condensation reaction of 2-aminopyrazine with salicylaldehyde and acetamido benzyl aldehyde
produced some physiologically active pyrazine-derived Schiff base ligands, as shown in Figure 10

N
=

N=——=CH

U

‘r‘,.r"'
N
HO

The compositions under research are shown in Figure 10

SARI et al. discovered several new amino acid Schiff bases.

their synthesis and antibacterial activity [119]
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Discovered are shown in Figure 11 in
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Figure 11 displays the structures of the artificial compounds

When O-hydroxybenzaldehyde condenses with amine, it produces transition metal complexes with
Schiff base ligands Cu*?, Ni*?, and Co™?, as shown in Figure 12. The ability of the compounds to

battle bacteria and fungi was investigated and reported on [120]

NH; OHGC N=—=CH
+ | —_—
OH HO OH o
NH,
QHC N—CH
+ : :
HO HO
OH oH

Figure 12: Compound structures from the synthesis

Figure 13 illustrates the research conducted by Daniel et al. on the chiral Schiff base Ruthenium
(1) complex as well as diagnostic, catalytic, and antibacterial applications. For each of the novel
compounds, these authors suggest an octahedral structure. These compounds also have proven

catalytic and antibacterial properties [121].

Copyright © The Author(s)
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Figure 13 shows the compositions" structures.

Figure 14 depicts the findings of a study by Baluja et al. [122] on the biological activities of Schiff
bases and their metal complexes.

0
S0,NH, =
+ —_—
F:1
NHE H

S0,NH;

‘: Fl1
N—C R
H

Figure .14 depicts the structures of the synthesized compounds.

Figure 15 shows how to produce three novel
chitosan Schiff bases by combining chitosan
with 2-chloroquinoline-3-carbaldehyde,
quinazoline-6-carbaldehyde, and oxazole-4-
carbaldehyde, in that order. Nuclear magnetic
resonance (1H and 13C NMR) and FT-IR
spectroscopy were wused to verify the
structural integrity of the newly generated
derivatives.  Gram-positive and  Gram-
negative bacteria, including E. coli, Klebsiella
pneumoniae, Staphylococcus aureus, and
Streptococcus mutants, were used to test the
antibacterial  activity of the produced
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compounds. Candida  albicans  with
Aspergillus fumigatus, two different kinds of
fungi, were also tested. An MTT screening
test was used to gauge the novel chitosan
Schiff bases' cytotoxicity. The results showed
no cytotoxic action and a critical activity
increase of the synthesized molecule
compared to chitosan, typically examined by
bacteria and fungus. According to our
findings, these brand-new chitosan Schiff
bases are fresh biomaterial contenders with
improved  antibacterial and  nontoxic
properties for biology and medicine use [123].
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Figure 15: Creating new chitosan Schiff bases derivatives

CONCLUSION

This review paper may address the most
recent advances in the research of Schiff
bases and their derivatives, as well as their
structure, characterization, and biological
uses. These ligands and their metal complexes
have found widespread application in
industrial and medical settings. The Schiff
bases are the primary investigators for
industrial sector applications. As a result,
further investigation into the biological effects
of this class of Schiff base compounds is
required. Despite the fact that Schiff bases
and their derivatives have a growing body of
research, more studies have recently focused
on their potential as antibacterial and antiviral
medicines.

Copyright © The Author(s)
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