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various research groups.

INTRODUCTION

A nickel containing metalloenzyme, urease (Fig. 1), also
known as urea amido hydrolase [EC 3.5.1.5], belongs to the
family of amidohydrolases and phosphotriesterases and is pre-
valent in soil. Urease was initially crystallized from a plant
source, Canavalia ensiformis, marking the first crystallization
of a metalloenzyme from plants. Furthermore, this enzyme is
found in various bacteria [1,2], fungi [3], algae [4] and plants
[5]. Its role is pivotal in enabling the utilization of urea as a
nitrogen source for plants [6]. Urease catalyzes the hydrolysis
of urea, initially producing ammonia and carbamate, followed
by the decomposition of carbamate into another molecule of
ammonia and carbon dioxide [7]. In agricultural contexts, the
hydrolysis of urea by urease leads to soil nitrogen fertilization
reduction [8], which can result in soil and root damage, as well
as ammonia volatilization [9]. Consequently, urease inhibitors
are employed to manage urea hydrolysis in soil [10,11]. Besides
having advantages of increasing urea metabolism into soil [12],
urease have unfavourable side effects in organisms, such as
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The urease enzyme, found in plants, fungi and bacteria, plays a crucial role in catalyzing the hydrolysis of urea, a process integral to |
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organisms. Notably, urease activity in the human stomach, urinary tract and animal cells can lead to pathogenic outcomes. Schiff bases,
characterized by their carbonyl-type imine or azomethine linkage, are recognized for their diverse biological effects, including anti-urease |
activity. Additionally, the metal complexes derived from the Schiff bases demonstrate controlled urease inhibition activity, influenced by |
factors such as the type of metal, its oxidation state and the coordination environment. This inhibition occurs through the interaction of the |
Schiff base ligand with the nickel containing active site of urease or the protein sphere surrounding the metal, disrupting the ureolytic |
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inhibition of DNA synthesis [13], depressed bone marrow bio-
synthesis [14] and a heavy dose can result into teratogenesis
[15,16]. Urease inhibitors decrease environmental pollution [17]
and during the germination process, urease enhances nitrogen
metabolism pathways of plants [18]. The importance of urease
as urea hydrolyzing enzyme can be realized from the evidence
that uncatalyzed hydrolysis of urea takes place very slowly as it
has a half-life of 3.6 years while the urease catalysis does this
process in microseconds [19,20] (Scheme-I).

The urease enzyme is also pivotal in the hydrolysis of 30%
of the total urea production in the human gastrointestinal tract
[21]. Moreover, bacterial urease activity, after urea cleavage
in saliva, helps in preventing dental cavities by elevating pH
[22]. Helicobacter pylori, a microaerophilic pathogen, is
responsible for urinary [23] and gastrointestinal infections [24],
including those in humans [25]. H. pylori can survive within a
limited pH range (4.0-8.2) during colonization in the human
stomach [26]. Its survival in the low pH conditions of stomach
is attributed to the elevation of pH in its microenvironment
due to the production of ammonia through urease enzyme
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Scheme-I: Urease catalyzed hydrolysis of urea

activity. Consequently, the production of urease by the bacterium
poses significant health risks in the urinary and gastrointestinal
tracts, such as kidney stone formation [27], hepatic encephalo-
pathy [28], hepatic coma [29,30], pyelonephritis, urolithiasis
[31] and urinary catheter encrustation [32,33]. Urease inhibitors
are extensively employed to mitigate the adverse effects of urease
enzymes [34], thereby serving as effective antiulcer drugs [35]
and enhancing nitrogen uptake in the form of urea by plants
[36]. Therefore, urease inhibitors are garnering attention for
their active role in reducing the activity of this enzyme [37,38].

Over the past four decades, global agricultural food prod-
uction has increased seven-fold. The challenge for the upcoming
decades is to develop highly productive agriculture while pres-
erving environmental quality to meet the needs of the growing
world population [39]. Schiff bases, also referred to as “pri-
vileged ligands,” exhibit a wide range of biological activities,
such as antifungal [40], antibacterial [41], anticancer [42], anti-
inflammatory [43], trypanocidal [44], anti-HIV [45], anti-
malarial [46] and anti-urease properties. Due to the biological
activity associated with the imine group in Schiff bases, signi-
ficant research has been conducted on this moiety in the pursuit
of creating novel bioactive molecules [47,48]. Schiff bases
serve as versatile ligands capable of coordinating various metal
ions in different coordination geometries and oxidation states
[49]. Additionally, when incorporated with certain transition,

o
)I\J, i,
o
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alkali and alkaline earth metals, Schiff bases produce variable
urease inhibitory activity. Transition metal complexes of Schiff
bases have been identified for their ability to mitigate the
adverse effects of urease enzymes. In this review, we highlight
the significant contributions made by various research groups
worldwide in the synthesis and activity evaluation of Schiff
bases and their metal complexes in urease inhibition.

Compound classes as urease inhibitors: Various classes
of compounds have been extensively explored for their efficacy
in inhibiting urease activity, as depicted in Fig. 2. These inhi-
bitors can be broadly classified into two main categories.

Organic compounds constitute one category and encompass
acetohydroxamic acids [50], humic acid [51] and 1,4-benzoquinone
[52,53], along with a-hydroxyketones [54]. On the other hand,
inorganic inhibitors include heavy metal ions [55,56] such as
zinc(Il), cadmium(II), magnesium(Il), copper(Il) [57-61], boric
acid [62] and fluorides [63]. A diverse array of compound classes,
as illustrated in Fig. 2, have been utilized for urease inhibition.
Notable among these are hydroxamic acids, widely recognized
as some of the most effective urease inhibitors [64,65] and
phosphorous compounds, particularly phosphoramidates [66],
which have demonstrated remarkable efficacy.

Polyphenols, exemplified by gallocatechin [67], have also
emerged as effective urease inhibitors. Similarly, flavonoids like
quercetin [68] have been identified for their inhibitory effects
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Fig. 2. Major compound classes as urease inhibitors

on urease activity. Additionally, certain triazoles [69] and imid-
azoles [70-72] have shown promise as potent anti-urease agents.
Moreover, fluoride ions [73] and Schiff bases represent distinct
classes of compounds recognized for their inhibitory effects
on urease activity. Notably, metal complexes containing Schiff
base ligands have attracted significant attention in the scientific
community due to their potential as urease inhibitors. Further
investigation into the synthesis of such compounds is warranted
to develop more potent urease inhibitors with enhanced safety,
bioavailability and reduced toxicity, making them an attractive
target for researchers. Recent hypotheses suggest that certain
transition metal complexes with Schiff bases may possess urease
inhibitor activity [74]. In the following sections, we will explore
the urease inhibitory activity of Schiff bases and their transition
metal complexes as reported in the literature.

Schiff bases and their use as urease inhibitors: Schiff
bases, organic compounds first reported by Hugo Schiff in 1864
[75], feature a versatile pharmacophore comprising the imine (1)

or azomethine (2) functional group (-C=N-) as shown in Fig. 3
[76]. These compounds are synthesized through the conden-
sation of aldehydes (3) and primary amines (4), typically utilizing
organic solvents like methanol, THF and DCE (Scheme-II).
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Fig. 3. General structure of a Schiff base
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Scheme-II: Synthesis of Schiff base

Schiff bases are widely known for their many uses, span-
ning biological [77], clinical [78], analytical & industrial [79]
and catalysis [80], which include pigments, dyes and organic
synthesis [81]. They also play essential roles in enhancing the
stability of catalysts, both homogeneous and heterogeneous,
as well as in analytical and magneto-structural chemistry, lumin-
escent probes, agrochemicals and biological agents [82-84].
In medicinal chemistry, Schiff bases and their metal complexes
are highly valued due to their diverse biological functions. These
include their ability to combat bacteria, viruses, fungi, parasites,
tumors, HIV, protozoa and helminths [85-87]. Notable examples
of Schiff base derivatives with distinct biological activities
include ancistrocladidine (5), having antimalarial activity [88],
synthetic Schiff base N-(salicylidene)-2-hydroxyaniline (6) as
antibacterial activity [89] and natural product derived compound
e.g. chitosan-derived Schiff bases (7) as antifungal agent [90]
(Fig. 4).

Various research groups have reported a broad spectrum
of Schiff bases, which have been extensively evaluated for their
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Fig. 4. Structure of Schiff base derivatives
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ability to inhibit urease activity. For instance, Aslam et al. [91]
synthesized semicarbazide hydrazones (10) derived from thio-
semicarbazide (8) and various aromatic aldehydes (9) (Scheme-
III) and subsequently assessed their inhibitory effects on jack
bean urease. To gauge the potency of these compounds, urea
was employed as areference. Generally, aromatic rings bearing
electron-withdrawing groups exhibited heightened inhibition.
Molecular docking studies unveiled interactions between the
enzyme’s metal center (Ni) and the sulfur atom within the Schiff
base, with observed hydrogen bonding involving residues
Arg439 and Cme592 with the O- of the NO, group.

Thiazole derivatives, owing to their antimicrobial and
diverse biological activities, have attracted significant interest
within the scientific community. Recently, Schiff bases derived
from thiazoles have emerged as a novel class of urease inhibitors.
Chaudhary et al. [92] presented a series of potent urease inhib-
itors based on Schiff bases of thiazoles (11), while Saeed et al.
[93] described the inhibitory activity of thiosemicarbazide
derivatives against jack bean urease (Fig. 5). Their synthesized
thiosemicarbazide (12) and thiosemicarbazide Schiff base,
2-{hetero(aryl)methylene }hydrazine-1-carbothioamides (13),
demonstrated notable inhibitory effects, with compounds bear-
ing smaller heterocycles exhibiting enhanced potency, particu-
larly those incorporating a furan ring (compound 13).
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Fig. 5. Schiff base of thiazole ligand and thiosemicarbazide derivatives

The diverse applications of 1,2,4-triazole containing com-
pounds in medicinal chemistry acting as medication for anti-
cancer [94,95], anti-inflammatory [96], antidiabetic [97], anti-
malarial [98], antiproliferative [99], antimitotic, anti-vascular
[100], anticonvulsant [101], antifungal purposes and displaying
enzyme inhibition potential like urease [102] and o-fucosidase
[103], there has been a growing interest in synthesizing and
assessing triazole-based Schiff bases for their ability to inhibit
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urease. Rafiq et al. [104] conducted a study where they synthe-
sized a series of triazole-based Schiff bases (14,15) (Fig. 6) and
evaluated their effectiveness in inhibiting urease. All the synthe-
sized bases proved to be more potent inhibitors of urease compared

to thiourea.
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Fig. 6. 1,2,4-Triazole based Schiff bases as urease inhibitors

Nitrogen-containing benzimidazoles and sulphadiazine
(Fig. 7) exhibit a range of biological activities and hold potential
as drug candidates for the pharmaceutical industry. Aman et al.
[105] synthesized derivatives of chiral benzimidazoles (16)
and assessed their inhibition activity against jack bean urease.
There has been a vision to incorporate this moiety into the sulfo-
namide class of drugs. Additionally, Hamad et al. [106] synthe-
sized a series of Schiff base derivatives of drug sulphadiazine
(17) and evaluated their antiurease activity.
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Fig. 7. Schiff bases of benzimidazoles and sulphadiazine drug

The heterocyclic compound, isatin, is an indole derivative
that plays a significant role in the synthesis of medicines. Isatin
derivatives’ Schiff bases have shown effectiveness against micro-
organisms [107,108] and possess notable antiviral, antibacterial
and antifungal properties [109]. Consequently, Aziz et al. [110]
synthesized two new isatin derivatives, (1-allyl-2-oxo-indolin-
3-ylidene)-4-methylbenzenesulfonohydrazide (18) and (1-allyl-
2-oxoindolin-3-ylidene)-4-chlorobenzenesulfonohydrazide

RO

(10) /\R

EtOH

Reflux

Scheme-III: Synthesis of [1-(substituted benzylidene)thiosemicarbazides] derivatives
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(19) (Fig. 8) and tested their urease inhibition activity on the
urea enzyme of Bacillus pasteurii, achieving excellent yields.

A
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Fig. 8. Isatin derivatives as a Schiff base

Schiff base metal complexes in urease inhibition:
Currently, the transition metal-based drugs are captivating the
scientific community due to the pivotal role of metals in the
biological processes, occupying crucial positions in enzymes
and serving as catalysts. Furthermore, they hold significance
in redox enzyme systems and bioinorganic chemistry owing
to their reduced toxicity, target specificity, high pharmacolo-
gical effectiveness and capacity for non-covalent DNA binding.
The versatility of transition metals, characterized by their multi-
tude of reactive sites, has inspired the synthesis of transition
metal complexes for designer metallonucleases [111]. For instance,
cisplatin, a chemotherapy drug based on platinum, was resea-
rched by Rosenberg ez al. [112] for its anticancer properties
and remains in use against various cancers including testicular,
ovarian, bladder, cervical, lung and brain tumors.

Heavy metals, especially Ag* and Hg*, are known to inhibit
urease, although other heavy metals also exhibit urease inhibition
[113]. Relative urease inhibition order of transition metals is:

Ag"=Hg* > Cu* > Ni** > Cd** >
Zn** > Co™ > Fe™* > Pb™* > Mn*

Transition metals are integral to various metalloenzymes
responsible for metabolic processes. Consequently, coordination
compounds are increasingly being evaluated for their ability to
modulate the functioning of natural metal ions within living
organisms. Copper(II) complexes with Schiff bases, owing to
the well-established role of copper(Il) in biological systems,

exhibit potent anti-urease activity and have been extensively
synthesized and evaluated by researchers worldwide. Shi et al.
[114] reported transition metal complexes with nickel(II) (20),
manganese(I) (21) and cobalt(Il) (22) (Fig. 9) using ecofriendly,
inexpensive and commercially available reagents. Metal acetates
were reacted with N,N"-bis(salicylaldehyde)-1,3-propanedi-
amine (SALPD) and N, N ~bis(2-hydroxynapthylmethenylimine)-
1,3-propanediaminate (NAPTPD). These Schiff base transition
metal complexes displayed urease inhibitor activity against
jack bean urease. Notably, the complexes derived from nickel
and manganese showed greater inhibitory properties than
standard acetohydroxamic acid.

Li et al. [115] reported the synthesis of Schiff base trans-
ition metal(Il) complexes (23) [Cu(II)] from Schiff base ligands
derived from condensation of salicyaldehyde with glycine,
N-(2-aminoethyl)morpholine, 4-(2-aminoethyl)phenylic acid and
4-(2-aminoethyl)benzsulphamide with transition metals. These
complexes exhibited significant urease inhibition activity (Fig.
10). Chen et al. [116] synthesized a series of Schiff base transition
metal complexes (24) from Schiff base ligands obtained by
reacting 3,5-dibromosalicyaldehyde with 2-chlorobenzylamine,
benzylamine, cyclohexylamine and N,N’-dimethylethylenediamine
with Cu(Il) metal (Fig. 10). Docking studies of these complexes
revealed strong interaction between enzyme and complexes,
explaining their strong inhibition activity against urease.

Isatin derived thiosemicarbazones exhibit various biolo-
gical properties, including antiulcer, antibacterial, antifungal,
antineoplastic, antiviral, enzymatic inhibition [117,118]. Pervez
et al. [119] synthesized a class of N4-subsituted isatin-3-thio-
semicarbazone (28) from a common intermediate methyl-2-
(2-0x0-1,2-dihydroxy-3H-indol-3-ylidene)- 1-hydrazene-
carbodithioate (27) and this intermediate was synthesized by
condensation reaction of isatin (26) with methyl-1-hydrazine-
carbothionate (25) followed by reaction with amine (Scheme-
IV). These derivatives demonstrated cytotoxicity, antifungal,
antibacterial and urease inhibitor activity.

Ara et al. [120] synthesized vanadium complex (30) from
Schiff base hydrazide ligands (29) and vanady] sulfate (Scheme-
V), reporting urease inhibitory activity. The Schiff base ligands
were synthesized from hydrazine hydrate and esters in ethanol.

(20) (21)
Fig. 9. Nickel, manganese and cobalt based Schiff base metal complexes as synthesized by Shi et al. [48]

(22)
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Scheme-IV: Isatin based thiosemicarbazone Schiff bases

The inhibitory activity of the metal complex was attributed to
the vacant site in the pentacoordinated vanadium complex for
coordination with the enzyme. Metal complexes with cobalt(II)
and bis-Schiff base ligand N, N -bis(5-chloro-salicylidene)-1,3-
propanediaminate (CPDA) were reported by You & Zhou [121]
and trinuclear cobalt(IT) complex, Co[Co(CH3;COO)(CPDA)],
(33) were derived from the Schiff base ligand 4-chloro-2-[(3-
cyclohexylaminopropylimino)methyl]phenol (CCP) (31) by
reacting with metal salt (32), which is depicted in Scheme-VI.
These complexes exhibited excellent urease inhibition against
jack bean urease.

Wang et al. [122] reported the synthesis, characterization
and urease inhibitory activity of two copper complexes viz. [CuBrL,]

(0}

NH, VOS0,

Tz

EtOH
29

and [CuBrL;] derived from Schiff bases e.g. 1-[(2-diethylamino-
ethylimino)methyl]naphthalen-2-ol (34) and 2,4-dibromo-6-
[(2-diethylaminoethylimino)methyl]phenol (35) (Fig. 11). Both
complexes showed greater urease inhibition compared to the
Schiff bases and corresponding organic inhibitors (acetohydro-
xamic acids) [123]. You et al. [124,125] reported the synthesis
of azide-bridged zinc complexes from tridentate Schiff base
ligands (36 and 37) but their complexes have weak urease
inhi-bition activity. In a subsequent study, same group reported
Schiff base copper(Il) complexes and eight Cu-Zn heterodinu-
clear complexes, which showed strong anti-urease activity (Fig.
12).

H, H o 2+ SO*
= —N
R X O=V
N/N
0
30

Scheme-V: Hydrazide ligands used in the synthesis of vanadium(IV) complexes
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Fig. 11. Schiff base ligands for complexation with copper as elucidated by
Wang et al. [122]
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Fig. 12. Few Schiff bases used for complexation with metals by You et al.
[124,125]

The Schiff base manganese complexes exhibit catalytic
activity [126-129] and form polymeric structure through thio-
cyanato ligand. Recent studies indicated that Cu(Il), Cd(II),
Co(IL,IIT) and Ni(IT) complexes with Schiff base ligands display
urease inhibitor activity. Inspired by these findings, Zhang et
al. [130] synthesized thiocyanato-bridged polymeric Schiff
base manganese(II) complexes (41) from Schiff base ligands
derived from 4-methoxysalicyaldehyde with N-ethylethane-1,2-
diamine and 3-ethoxysalicyaldehyde with N-(2-hydroxyethyl)-

ethane-1,2-diamine, followed by reaction with ammonium thio-
cyanato (40) and manganese salt (39) (Scheme-VII). While
Schiff base ligands and Mn(II, IIT) salts individually did not
exhibit urease inhibitor activity [131], Schiff base Mn(III)
complexes showed moderate inhibition activity against urease.
It was also observed that Schiff base manganese complexes
displayed significant urease inhibitor activity against H. pylori.
Structure-activity relationship (SAR) studies of these complexes
revealed that the alkoxy group did not participate in urease inhib-
ition, whereas coordinated water molecules played a significant
role in inhibition through hydrogen bonding.

Cui et al. [132] synthesized new Schiff base transition metal
complexes (46) by reacting primary amines (44) with 3,5-
dibromosalicyaldehyde or 3,5-dichlorosalicyaldehyde (43) and
metal salts of Cu(II), Ni(II), Zn(IT) and Co(II) (Scheme-VIII).
It was observed that synthesized Schiff base copper(Il) comp-
lexes exhibited stronger urease inhibition against jack bean
urease. Docking studies also suggested that Schiff base copper(II)
complexes hold promise as future urease inhibitors. Lu et al.
[133] reported the synthesis of three new metal complexes of
Ni(II), Zn(II) and Co(II) with hydroxy group rich Schiff bases
(47) e.g. 2-{[1-(5-chloro-2-hydroxyphenyl)methylidene]-
amino }-2- methylpropane-1,3-diol (HL,), 2-{[1-(2-hydroxy-3-
methoxyphenyl)methylidene]amino }-2-ethylpropane-1,3-diol
(HL,) and 2-{[1-(5-bromo-2-hydroxy-phenyl)methylidene]-
amino }-2-methylpropane-1,3-diol (HL;) (Fig. 13). All these
Schiff bases are multidentate ligands and form dicoordinated
metal complexes. The resultant complexes were then evaluated
for their anti-urease activity. The Schiff bases showed signifi-
cant urease inhibitory activity, while the metal complexes were
comparatively less active against H. pylori urease. Overall, both
Schiff base and complexes exhibited lower activity than the
standard acetohydroxamic acid. The general formula of the
synthesized metal complexes was [M(L).]-H,O. Molecular

Z OH

Y \N

OH
OH

@7
Fig. 13. General structure of hydroxy rich Schiff base
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Scheme-VIII: Synthesis of transition metal complexes [Cu(II), Ni(Il), Zn(II) and Co(I1I)]

docking studies revealed that the bulkiness of the large comp-
lexes prevented them from properly fitting into the active enzyme
pocket, resulting in lesser activity against urease inhibition
compared to standard acetohydroxamic acid.

Kharat et al. [134] reported distorted trigonal bipyramidal
zinc(IT) complexes (48) from substituted terpyridine, chloride
and bromide Schiff base ligands and their structure were eluci-
dation by X-ray crystallography (Fig. 14). The metal complexes
exhibited moderate inhibitory activity against jack bean urease. Li
etal. [135] reported four Schiff base transition metal complexes
[Cu(L)(phen,)]-C,HsOH, [Zn(L)(phen),]-C;HsOH, [Ni(L)-
(phen),]-C,HsOH and [Co(L)(phen),]-C,HsOH [L=1-{(2-
hydroxynaphthalin- 1-yl)methylene } thiosemicarbazide (49)
and phen = 1,10-phenanthroline], which were synthesized from
Schiff base ligands derived from the condensation of 2-hydroxy-
I-naphthaldehyde with thiosemicarbazide and M(OAc), (M =
Cu, Zn, Ni, Co). These compounds were investigated for their
fluorescent and urease inhibitory potential (Fig. 14).

Lietal. [136] reported two Schiff base copper(Il) complexes
(50) synthesized from Schiff base derived from 5-chlorosalicyl-
aldehyde and 4-methoxysalicylaldehyde and evaluated them

Cl

O N NH
\N/ T 2
S
OH
49)

Q A O
Br/ Br

(48)

Fig. 14. Terpyridine based zinc metal complex and thiosemicarbazide Schiff
base

for their urease inhibitory activity (Fig. 15). Schiff bases were
prepared from the condensation of 5-chlorosalicylaldehyde
and 4-methoxysalicylaldehyde with n-butylamine in methanol
with a yield of up to 89%. The Schiff base copper(Il) comp-
lexes, bis(N-n-butyl-5-chlorosalicylaldiminato) copper(Il) and



Vol. 36, No. 4 (2024)

Recent Advances in Anti-Urease Activity of Schiff Bases and their Metal Complexes: A Review 787

bis(N-n-butyl-4-methoxysalicylaldiminato) copper(Il), were
synthesized using Schiff base derived from 5-chlorosalicyl-
aldehyde and 4-methoxysalicylaldehyde with the corresponding
copper(Il) salts. Bis(N-n-butyl-5-chlorosalicylaldiminato)-
copper(Il) complex exhibited a distorted square-planar geom-
etry, while bis(N-n-butyl-4-methoxysalicylaldiminato)-
copper(Il) displayed square planar geometry. Both copper(II)
complexes exhibited strong urease inhibition activity compared
to the acetohydroxamic acid standard. In 2015, Li et al. [137]
synthesized two silver(I) complexes (51) with Schiff base ligands
derived from 1,4-benzodioxane-6-carboxylic acid and 4,4’-
bipyridine (Fig. 15). Both complexes were evaluated for anti-
urease activity and found to be potent inhibitors of jack bean
urease.

Q\/ cl
a /AN

(51

Fig. 15. Urease inhibiting dinuclear silver(I) and copper(II) complexes derived
from Schiff base

Ikram ez al. [ 138] reported the synthesis and urease inhibitory
activity of metal complexes (53) of Co, Ni, Cu and Zn with
salicylaldehyde based Schiff base ligands viz. 2-{(E)-[(4-chloro-
phenyl)imino]methyl } phenol (CIMP) and 2-{(E)-[(4-bromo-
phenyl)imino]methyl }phenol (BIMP) (52) (Scheme-IX). Urease
inhibition was evaluated against jack bean urease. Among all

OH N

M(OAc),

the complexes evaluated, copper complexes were found to inhibit
the urease enzyme activity, attributed to the interaction of copper
with glycine residues present on the enzyme’s surface. Gou et
al. [139] reported the synthesis of two dimeric copper(Il) com-
plexes, [Cu(CoH;NO4)(Py)]>-2(CH30H), where Py = pyridine
and [Cu(C;3Hy NO;)(H,0)],, with Schiff base ligands. The Schiff
base ligands, HL, (54) and HL, (55), were synthesized starting
from glycine, 2,4-dihydroxybenzaldehyde and 2-hydroxy-1-
naphthaldehyde, respectively (Fig. 16). These synthesized
complexes were then assessed for their urease inhibitory activity
against jack bean urease and were found to exhibit moderate
activity.

COOH
COOH
N
/
N
/
oH
OH
OH HL, (55)
HL; (54)

Fig. 16. Glycine and aromatic aldehyde-based Schiff bases

Jing er al. [126] investigated the Schiff base ligands N*-
(2-hydroxy-5-methoxybenzylidene)-3-methylbenzo-
hydrazone, 2-[(2-dimethylaminoethylimino)methyl]-4-methyl-
phenol, N-(2-hydroxybenzylidene)-3-hydroxybenzohydrazide
and N,N “bis(5-methylsalicylidene)-O-phenylenediamine with
Co(II) metal and identified them as potential urease inhibitory.
It was observed during the investigation that complexes with a
square planner geometry demonstrated excellent urease inhibitor
activity. Consequently, Rauf ez al. [128] suggested that square
planar Ni(IT) complexes (58) with N,N,N -trisubsituted thiourea
(56) exhibited stronger urease inhibition against the enzyme
(Scheme-X).

Xu et al. [140] reported copper(Il), zinc(Il) and iron(II)
complexes derived from 1,2,4-triazolecarboxylic acid Schiff

—

\

Stir, room temperature

(52)

M = Co, Ni, Cu, Zn
X = Cl for CIMP, Br for BIMP

= X

O
c‘\\\

(53)

Scheme-IX: CIMP and BIMP based Schiff base metal complexes synthesized by Ikram ez al. [138]
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base ligands (62) (Scheme-XI) and the structures of these metal
complexes were determined using X-ray crystallography. It
was observed that copper(Il) complexes displayed stronger
enzyme inhibitory activity. Sangeeta et al. [141] synthesized
Ni(Il) and Cu(Il) complexes of Schiff base ligands derived
from 3,5-dichlorosalicylaldehyde (63) and o-anisidine (64)
(Scheme-XII) and evaluated them for inhibitory activity against
H. pylori. The complexes were prepared by addition of Schiff
base ligand solution (65) to methanolic solution of nickel and

(0] S
J
R)I\N N/
H

copper salts ([Ni(OAc),-4H,0] and [Cu(OAc),-H,O]). Strong
inhibition was exhibited by complexes (66, 67) (ICs, values
for Ni and Cu complexes or 5.5 = 2.0 uM and 4.2 + 2.3 uM,
respectively), compared to the Schiff bases and acetohydro-
xamic acid (28.1 = 3.6 uM) [142].

Continuing their research on isatin Schiff bases, Pervez et al.
[143] synthesized copper(Il) complexes of Schiff bases (70)
of 5-(un)-substituted isatin (69) and 2,2- diphenylethanamine
(68) by treating copper salt with the ligands, which were them-

N

Nl
s----S / \ S P— 7

Methanol
+  Ni(CH;C00), 4H,0 H3C—N, N—CH3
45-50 °C
(57
(56)
(58)
Scheme-X: Synthesis of thiourea based Schiff base metal complex of nickel
0 o N—N
NH, >\
| AN ﬂ/ cs, | AN T O/& SH
_—
N KOH, C,H;OH NH NH, H,0
/ 59) 2Hs N / (60) S 2. N Ho
acoo® ©1)
\)L “O“I‘h
(62)
Scheme-XI: Synthesis of Schiff base ligand by Xu et al. [140]
H,CO a
Cl OH
OCH,
OH H,N » 3
= =N
o Reflux in dry CgHg cl
F 2h
Cl
(63)
Cl
N
1
a N | Do, a O~a T
71 I /N/O 0
Cl N Cl
Cl
Cl
(66) @

Scheme-XII: Preparation of Schiff base ligand and metal complexes described by Sangeeta et al. [141]
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selves prepared by reacting isatin with 4-methyl-m-pheny-
lenediamine in ethanolic solution (Scheme-XIII). The metal
complexes exhibited lesser activity against the urease enzyme
than the Schift base ligands. The most potent ligand with a bromo
group exhibited an ICs, value of 0.04 + 0.004 M, which was
more efficient than the standard, thiourea. The incorporation
of metal ions with Schiff base ligands was found to diminish
the anti-urease potential of the ligands. All the synthesized
ligands as well as complexes were cytotoxic against observed
cancer cell lines.

Schiff bases with reduced structure possess more stability
than Schiff bases. Based on their stability and the known bio-
logical effects of copper complexes [ 144,145] on enzyme activity,
Duan et al. [ 146] synthesized copper(II) complexes with reduced
Schiff base ligand (71) and evaluated them for urease inhibitory
activity (Fig. 17). The Schiff base ligand was synthesized from
amethanolic solution of salicylaldehyde and 1,3-diaminopro-
pane, which was then reduced with sodium borohydride. The
synthesis of copper(Il) complex occurred when the methanolic
solution of copper perchlorate hexahydrate was mixed with a
solution of reduced Schiff base in acetonitrile. The synthesized
complexes were assessed for their anti-urease potential against
acetohydroxamic acid as standard. The copper complex was
found to have a square planar geometry, as confirmed by X-ray
crystallography. The Schiff base was less potent than the complex
for its anti-urease potential, with the complex an exhibiting
ICs value of 1.6 1.2 pmol L.

N/\/\N

H H

OH HO
(71)

Fig. 17. Reduced Schiff base ligand

EtOH-AcOH

Hanif et al. [147] synthesized Schiff base derivatives cont-
aining two triazole rings arranged in a cage-like structure and
investigated their urease inhibition activity. The Schiff base
complexes (73) with two triazole ring were synthesized by
reacting 4-amino-3-(4-methoxyphenyl)-1H-1,2,4-triazol-5(4H)-
one (72) with pyridine-2,6-dicarbaldehyde in the presence of
glacial acetic acid (3-4 drops) under reflux conditions for 8 h
(Scheme-XIV). The starting material 4-amino-3-(4-methoxy-
phenyl)-1H-1,2,4-triazol-5(4H)-one was synthesized from
4-methoxybenzoyl chloride and carbohydrazide in dichloro-
methane followed by refluxing for 3 h. The synthesized comp-
ounds were evaluated for their inhibition of urease activity,
revealing that the triazole cage containing oxygen and its metal
complexes exhibited stringer inhibition compared to those
containing sulphur and their corresponding metal complexes.
Molecular docking studies indicated that copper complexes
interacted strongly with jack bean urease and displayed favour-
able binding energy values.

Copper complexes with Schiff bases are renowned for their
anti-urease properties. Continuing in this line of research, Wang
et al. [148] synthesized copper(Il) and zinc(II) complexes with
Schiff bases (76) viz. 4-bromo-N'-(pyridin-2-ylmethylene)-
benzohydrazide (HL;) and 4-methoxy-N’-(pyridin-2-ylmethyl-
ene)benzohydrazide (HL,). To synthesize the Schiff bases HL;
and HL,, 2-pyridinecarboxaldehyde (74) was refluxed in methanol
with 4-bromobenzohydrazide and 4-methoxybenzohydrazide
(75), respectively (Scheme-XV). The copper and zinc comp-
lexes, [Cu(L;)(NCS)(CH3sOH)] (79) and [ZnCl,(HL,)]-CH;0H
(81) were obtained by treating the Schiff base ligands HL, and
HL, with copper perchlorate hexahydrate (78) and zinc chloride
in methanol, respectively (Scheme-XVI). The structures of
complexes were determined based on of IR and XRD data,
revealing the square pyramidal geometry of copper complex,

Reflux, 4-5h

CH;4
N N
r / \ )
0 O
N @ N

Scheme-XIII: Synthesis of isatin Schiff base ligand

CH;
[0
NH, R
+ o

N
H

NH, ©9)

(68)
H;CO.
NH,
Pyridine-2,6-
N dicarbaldehyde
0] >
\ Acetic acid
N ~—NH

H;CO

OCH;

(73)

Scheme-XIV: Synthesis of two triazole ring bearing Schiff base complexes



790 Yadav et al.

Asian J. Chem.

while the zinc metal atom exhibited trigonal bipyramidal geo-
metry. The urease inhibition potential was evaluated against
jack bean urease. The copper complex demonstrated strong
inhibitory activity against the standard acetohydroxamic acid
with ICs value of 1.4 £ 0.8 umol L. However, the zinc complex
and hydrazones exhibited lower potential for anti-urease activity.

Building on previous research regarding the efficacy of
transition metal Schiff base complexes in urease inhibition by
Wang et al. [149], they reported the synthesis and urease inhibi-
tory activity of copper complexes with 5-methoxy-2-[(pyridin-
2-ylmethylimino)methyl]phenol (HL’) (84) as the Schiff base
ligand. The Schiff base ligand (HL") was synthesized by reacting
4-methoxysalicylaldehyde (82) with 2-aminomethylpyridine
(83) in the presence of methanol as a solvent (Scheme-XVII).
Subsequently, the conversion of this Schiff base ligand into
an azido-bridged dinuclear complex (86) occurred through its
reaction with copper bromide and sodium azide in methanol at
room temperature (Scheme-XVIII). The binuclear copper(II)
complex exhibited excellent urease inhibition against jack bean

urease with an ICs; value of 0.71 + 0.32 mmol L™, which was
more efficient compared to the standard acetohydroxamic acid
drug. However, the Schiff base ligand itself was not active
against urease.

Zinc(II) based transition metal complexes are significant
in urease inhibition due to their biocompatibility and lower
toxic toxicity compared to other heavy metals. Therefore, Nayab
et al. [150] reported synthesis of Zn(II) complexes containing
thiophenyl and furyl based chiral amines and screened the
synthesized compounds for their anti-urease activity against
jack bean urease and bacterial urease (Scheme-XIX). The Zn(II)
chloride complex, (R)-1-phenyl-N-(thiophen-2-ylmethyl)ethan-
amine Zn(Il) chloride (89), [LAZnCl,], was synthesized by
reacting (R)-1-phenyl-N-(thiophen-2-ylmethyl)ethanamine
(88) with ZnCl, in ethanol and these Zn(II) complexes signifi-
cantly inhibited the tested enzymes. Molecular docking studies
revealed that the methyl substituents enabled thiophenyl moiety
to interact closely with the amino acid residues at the enzymes
active sites.

X
XX o
= N + H2N/
(74)
o

X
MeOH u
> N X
— N (0]

X= Br for HL, (76)
X=0OMe for HL,
(75)
Scheme-XV: Synthesis of hydrazide based Schift bases
Br Br
N N
XN XN X
+ Cu@O0y, 4+  NHNCS - | l
N o N o
Z amn 8 (40) Z T~
H,CHO NCS
(79
OMe
OMe
H N,
N X
XN MeOH N YO/
+ ZnCl, » ! o
N o} Z T~
F Zn CH;OH
(80)
Cl Cl

8D

Scheme-XVI: Synthesis of copper(Il) and zinc(II) complexes with hydrazide ligands

+
MeO OH NF

(82) @83)

— 70
|
MeO OH : /

84

Scheme-XVII: Synthesis of Schiff base ligand (HL")
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\N N
| + NaN; 4 CuBr, ———————
N
eO OH /

85)

oC \%

N—N:N
N_N_N N
a.
/ o OMe

Z N
N N

0

(86)

Scheme-XVIII: Synthesis of azido-bridged copper(II) complex

A [ e
X NaBH4 ZnCl, X
§_< MeOH EtOH /}n NA(
87) P cl \C l H "
R=H,Me ' 89)
X=8,0

Scheme-XIX: Synthesis of zinc complexes containing thiophenyl and furyl based chiral amines

The reaction between Schiff base 4-chloro-2-((pyridine-
2-ylmethylene)phenol derived from 2-pyridinecarboxaldehyde
and 2-amino-4-chlorophenyl and CuCl, afforded (4-chloro-
2-((pyridine-2-ylmethylene)amino)phenolato)copper(1l)
complex (90) (Fig. 18) as reported by Ji et al. [151]. Copper(1I)
complexes were found to be strongly inhibit jack bean urease
compared to the reference drug acetohydroxamic acid. Mole-
cular docking studies showed that Schiff base containing electron
withdrawing groups increase their biological activity.

a 1§/
/Ci‘\N / \
Cl
90
Fig. 18. Copper complex derived from Schiff base 4-chloro-2-((pyridine-2-
ylmethylene)phenol

Conclusion

The inhibition of the urease enzyme stands as a pivotal
factor in the treatment of gastrointestinal and urinary ailments,
prompting extensive research within the scientific community.
The involvement of Schiff bases and their metal complexes in
this inhibition process garners significant interest due to their
crucial role. Numerous studies underscore the importance of
Schiff base metal complexes in this context. Within this review,
aconcise overview of the urease inhibitory properties exhibited
by Schiff bases and their metal complexes. This review aims to
motivate researchers to develop economically feasible and environ-

mentally friendly Schiff-based metal complexes that inhibit the
urease enzyme.
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