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Abstract

Schiff bases and their complexes are ti&¥seompounds synthesized from the
condensation of an amino compound with carbonyl pmumds and widely used for
industrial purposes and also exhibit a broad ravfgbiological activities including
antifungal, antibacterial, antimalarial, antiprefitive, anti-inflammatory, antiviral, and
antipyretic properties. Many Schiff base complegksw excellent catalytic activity in
various reactions and in the presence of moistOwer the past few years, there have
been many reports on their applications in homogese&nd heterogeneous catalysis.
The high thermal and moisture stabilities of maihi base complexes were useful
attributes for their application as catalysts iactens involving at high temperatures.
The activity is usually increased by complexatibaréfore to understand the properties
of both ligands and metal can lead to the synthekisighly active compounds. The
influence of certain metals on the biological atyivof these compounds and their
intrinsic chemical interest as multidentate ligahds prompted a considerable increase
in the study of their coordination behavior. Deystent of a new chemotherapeutic
Schiff bases and their metal complexes is now d@ibt@ the attention of medicinal
chemists. This review compiles examples of the npostnising applied Schiff bases
and their complexes in different areas.
Key words. Complex, Schiff base, Bio-inorganic Chemistrgt&ysis, Antimicrobial,
Dyes, Polymers
1. Introduction

Schiff bases are formed when any primary amgaets with an aldehyde or a

ketone under specific conditions. Structurally, chi base (also known as imine or
azomethine) is a nitrogen analogue of an aldehydketone in which the carbonyl

group (CO) has been replaced by an imine or azaneegroup.
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Fig. (1): General scheme for formation of Schiféés

Schiff base ligands are easily synthesized and fmsmplexes with almost all
metal ions. Over the past few years, there hava by reports on their applications
in biology including antibacterial, antifungal, &ancer, antioxidant, anti-
inflammatory, antimalarial, antiviral activity andsa as catalyst in several reactions
such as polymerization reaction, reduction of thiochloride, oxidation of organic
compounds, reduction reaction of ketones, aldattrea, Henry reaction, epoxidation
of alkenes, hydrosilylation of ketones, synthedidig(indolyl) methanes and Diels—
Alder reaction, hence the need for a review artegglighting the uses of Schiff base
ligands and their complexes.

2. Biological importance of Schiff base complexes:

The development in the field of bio-inorganic chdngishas increased the
interest in Schiff base complexes, since it hasmnbeeognized that many of these
complexes may serve as models for biologically irtgpd species. Thus, we report
them in the following:-

2.1. Anti-bacterial activity of Schiff base complex:

Metal complexes of Schiff base derived fronh®phene carboxaldehyde and
2-aminobenzoic acid (HL) and Fe(lll) or Co(ll) ori(N) or UOy(Il) showed a good
antibacterial activity againstEscherichia coli, Pseudomonas aeruginosa and
Saphylococcus pyogones. Fe(lll), Cu(ll), Zn(ll) and UQ(ll) complexes caused
inhibition for Escherichia coli. The importance of this lies in the fact that thes
complexes could be applied fairly in the treatm@#irdome common diseases caused by
Escherichia coli. However, Fe(lll), Co(ll), Cu(ll), Zn(Il) and U£I) complexes were
specialized in inhibiting Gram-positive bacteritdaghns &aphylococcus Pyogones and

Pseudomonas aeruginosa). The importance of this unique property of theestigated



Schiff base complexes lies in the fact that, itiddae applied safely in the treatment of
infections caused by any of these particular str@ilohamed et al., 2005).

Four Platinum(ll) Schiff bases complexes containifigsalicylaldehyde and 2-
furaldehyde with o- and p-phenylenediamine wereomen as antibacterial against
E.coli, B. subtilis, P. aereuguinosa, S aureus. The activity data show that the
Platinum(ll) complexes are more potent antimicrisbihan the parent Schiff base
ligands against one or more microorganisms (Galkz0ia7).

Metal complexes of a novel Schiff base derived framondensation of
sulphametrole and varelaldehyde were screened sidaaicterial specied€g¢cherichia
coli and Saphylococcus aureus). The newly prepared Schiff base and its metal
complexes showed a higher effect Brroli (Gram-negative bacteria) ar&l aureus
(Gram-positive bacteria) (Mohamed et al., 2010)islknown that the membrane of
Gram-negative bacteria is surrounded by an outermbngne containing
lipopolysaccharides. The synthesized Schiff bagk inmetal complexes seem to be
able to combine with the lipophilic layer in orderenhance the membrane permeability
of the Gram-negative bacteria. The lipid membrameosinding the cell favours the
passage of only lipid soluble materials; thus tpeghilicity is an important factor that
controls the antimicrobial activity. Also the inese in lipophilicity enhances the
penetration of Schiff base and its metal complarés the lipid membranes and thus
restricts further growth of the organism (Tumegrkt 1999; Imran et al., 2007; Raman
et al., 2009). The Schiff base and its metal corgdeare more toxic o8 aureus than
on E. coli, probably due to the sulphonic OH, O£I$ and CHCH,CH groups, which
might interact with the double membrane (Mohamedlet 2010). This activity is

related to the nature and structure of the complexe
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Fig. (2): The proposed structural formulae of metahplexes
2-Aminomethylthiophenyl-4-bromosalicylaldeleydschiff base and its
metal complexes have been screened for their ambinal activities using the disc

diffusion method against bacteria, the results mifnaicrobial activity show that the



metal complexes exhibit antimicrobial propertiesl ahey show enhanced inhibitory
activity compared to the parent ligand under expental conditions. The antibacterial
activity has been explained on the basis of chalatneory. Also, the results indicated
that tested complexes were more active against @msitive than Gram-negative
bacteria. It may be concluded that antibacteriiviig of the compounds is related to
cell wall structure of the bacteria. It is possibkcause the cell wall is essential to the
survival of many bacteria and some antibioticsabke to kill bacteria by inhibiting a
step in the synthesis of peptidoglycan (EI-Shetrdl., 2011).
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Fig. (3): Suggested structure of Schiff bagmrld and its metal(ll) complexes where MCa(ll),
Ni(ll) and zZn (ll).

Schiff base complexes of Co(ll), Ni(ll), Cu(ll) arzth(ll) incorporating indole-
3-carboxaldehyde and m-aminobenzoic acid were seteby disc diffusion method.
The activity order of the synthesized compoundasigollows: Cu(ll) > Co(ll) > Ni(ll)
> Zn(ll) > Ligand. The higher activity of the metabmplexes may be owing to the
effect of metal ions on the normal cell membranestd¥l chelates bear polar and
nonpolar properties together; this makes them Isleittor permeation to the cells and
tissues. In addition, chelation may enhance or agspthe biochemical potential of
bioactive organic species (Nair et al., 2012).

A series of new Iron(ll) Schiff base amino acid qbdexes derived from the
condensation of amino acid and sodium 2-hydroxyalelehyde-5-sulfonate have been
synthesized. The complexes were characterized dayegital, electronic, IR spectral
analyses and conductance measurements. The sgtanlit solubility of the prepared
complexes were determined. The antibacterial dagtvi the prepared complexes has
been tested againd®acillus cereus, Pseudomonas aeruginosa and Micrococcus
bacteria (Shaker et al., 2013)

Also a series of new iron(ll) complexes based ohifSdases amino acids

ligands have been designed and synthesized fromdeosation of 5-



bromosalicylaldehyde (bs) andi-amino acids L(-alanine (ala)L-phenylalanine
(phala),L-aspartic acid (aspa);histidine (his) and-arginine (arg)). The structure of
the investigated iron(ll) complexes was elucidatiethg elemental analyses, infrared,
ultraviolet—visible, thermogravimetric analysis, wasgll as conductivity and magnetic
susceptibility measurements. The structure of tbhenplexes was validated using
quantum mechanics calculations based on accuratd Dfethods. Geometry
optimization of the Fe-Schiff base amino acid coempk showed that all complexes had
octahedral coordination. Moreover, the prepared pmmds are screened for thieir
vitro antibacterial activity against three types of baat Escherichia
coli, Pseudomonas aeruginosa andBacillus cereus using disk diffusion method. The
results of these studies indicated that the metahptexes exhibit a stronger
antibacterial and antifungal efficiency than thearresponding Schiff base amino acid
ligands (Abdel-Rahmast al, 2013, 2014). Further more, the DNA interactiortiedse
complexes with was tested at pH = 7.2, by usingtedaic absorption spectra and
viscosity measurements. The experimental resulthcated that the investigated
complexes could bind to DNA via intercalative maaled showed a different DNA
binding according to the sequence: bsari > bshisalib> bsasi > bsphali (Abdel-
Rahmaret al, 2013, 2014).

Fig. (4): Schematic diagram for anti bacteriahatti and DNA interaction of the investigated comgs

Also, five novel Cu(ll) complexes derivedorin the condensation between 5-
bromosalicyaldhyde (bs) angtamino acids (L-alanine, L-phenylalanine, L-asmarti
acid, L-histidine and L-arginine) were synthesized characterized by their elemental
analyses, thermogravemetric analysis, IR, mass edextronic spectra, conductance
and magnetic measurements. Moreover, the stoichigraed the stability constants of

the prepared complexes have been determined spleatametrically using continuous



variation and molar ratio methods. The obtainedltesndicated that the Schiff bases
of the amino acids: L-alanine, L-phenylalanine, itidine and L-arginine behave as
tridentate ligands. The ligands are coordinatinghwihe Cu(ll) via azomethine
nitrogen, deprotonated carboxylate oxygen and pieeogygen. While in the case of
L-aspartic, the ligand acts as tetradentate duehé¢o coordination of the second
carboxylate group. Based on the studies of magnstiments and electronic spectra, a
square planar geometry has been proposed for a(ll)Caomplexes except
bromsalicylaldehydine aspartate complex which halistorted tetrahedral structure.
The representative Schiff bases and their Cu(imexes were testad vitro for their
antibacterial activity against two Gram-Positivecteaia (Micrococous luteus and
Bacillus cereus) and one Gram-negative bacterRsdudomonas aeruginosa). All the
complexes showed activity against the organismsrti@n the free Schiff base ligands
and the activity increases with the increase inceatration of test solution containing
the new complexes. The activity data show thatntle¢al complexes have a promising
biological activity comparable with the parent Sthiase ligand against bacterial
species (Abu-Dief and Nassr, 2015).
2.2. Anti-fungal activity of Schiff base complexes

Metal complexes Cu(ll), Co(ll), Ni(ll) and Mn(ll)are synthesized with Schiff
bases derived from o-phthalaldehyde and amino adids glycine L-alanine , L-
phenylalanine, then tested against three fungiisliclear that Cu(ll) and Ni(ll)
complexes exhibit inhibition towards all the stubtlimicroorganisms. However, Co(ll)
and Mn(Il) complexes exhibit less inhibition and {Kp complexes have no activity
towards the microorganisms (Neelakantan et al.8R00

The metal complexes of Cu(ll), Ni(ll) and Co(ll) twi Schiff bases of 3-(2-
hydroxy-3-ethoxybenzylideneamino)-5-methyl isoxazahd 3-(2-hydroxy-5-nitroben-
zylidene amino)-5-methyl isoxazole which were ofa by the condensation of 3-
amino-5-methyl isoxazole with substituted salicgkdlydes were screened against
Aspergillus niger andRhizoptonia solan. The ligands presented here and their transition
metal complexes gave better results against theitrof fungi. It is found that the
activity increases upon coordination. The increassity of the metal chelates can be
explained on the basis of chelation theory (Rantaal.e2001; Prashanthi et al., 2008).
The orbital of each metal ion is made so as tolapewith the ligand orbital. Increased
activity enhances the lipophilicity of complexesedio delocalisation of pi-electrons in
the chelate ring (Srivastava, 1981). In some caseeased lipophilicity leads to



breakdown of the permeability barrier of the céBupta et al., 1997; Cukurovali et al.,
2002). The results of anti-fungal screening, intidhat Cu(ll) complexes show more
activity than the other complexes. These resultg beadue to higher stability constant
of the Cu(ll) complexes than the other complexes.

A Schiff base ligand derived from 1,4-dicarbonykeplyl-dihydrazide and
chromene-2,3- dione (2 : 2) formed complexes witfI, Mn(lll), and Fe(lll) metal
salt in methanolic medium, then tested for thetinaicrobial activities to assess their
inhibiting potential. The antifungal experimentasults of the compounds were
compared with the standard antifungal drug (Micatazat the same concentration. All
the metal complexes exhibited greater antifungaivid¢ against Aspergillus sp.
However, they show slightly lesser activity agaiRstoctonia sp. than standard drug
Miconazole. The Cr(lll) and Fe(lll) complexes ar®nm effective againgPenicillium
sp. than the standard drug. From the data it has bésnobserved that the activity
depends upon the type of metal ion and varieserfahowing order of the metal ion:
Cr > Fe > Mn (Kumar et al., 2012).

The Gd(lll), Dy(lll) and Sm(lll) complexes of Schifbase derived from
acetoacetanilide and 1,3- diaminopropane,p{lLKl,)], where X= CI, NOs, NCS, have
been synthesized in alcohol and characterized Ileynetal analysis, electrical
conductance in non-agueous solvents, spectral ds agsemagnetic susceptibility
measurements. In these complexes, ligand ddtls as a tetradentate ligand coordinating
through the two azomethine nitrogen atoms and wiednolizable carbonyl group of
acetoacetanilide moiety. The antifungal activitytieé ligands LH and some of their
complexes were evaluated by agar diffusion metlyadnat the fungCandida Albicans

andF.Oxysporium usingFlucanozole as standard (Santhi and Namboori, 2013).
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Fig. (5): Proposed structure for the complexes
2.3. Anti-cancer activity of Schiff base complexes:
Cancer or malignant neoplasm is a class of disgasekich a group of cells

display uncontrolled growth, invasion and even somes metastasis (De Vita, 2005;



Thomas et al., 2007). It continues as a seriousiqbealth problem throughout the
world as the most feared diagnosis. It is the sedeading cause of human death after
cardiovascular diseases in developing as well ateweloped countries (Babasaheb et
al., 2010). Currently, the treatment for cancermprily includes surgery and
chemotherapy, but the curative effects of the mgsthemotherapeutic drugs are not
good enough and they have plentiful side effectee @evelopment of more effective
drugs for treating patients with cancer has beeraim attempt over the past 50 years. In
recent years, various Schiff bases derivatives lmeen found to be associated with
anticancer properties.

Five ternary complexes of the rare earth ions wHphenanthroline and Schiff
base salicylaldehyde L-phenylalanine were testedarascancer. Methyl thiazolyl
tetrazolium colorimetry and flow cytometry were dge test the anticancer effect of the
complexes with K562 tumor cell. The research shothatithe complexes could inhibit
K562 tumor cell’'s growth, generation, and inducegpsis. The inhibition ratio was
accelerated by increasing the dosage, and it lgmifisant positive correlation with the
medication dosage. The anticancer activities tgssimowed that all these complexes
exhibited excellent anticancer ability against K&6@or cell (Dongfang et al., 2008).

Three transition metal coordination complexes GgHigN30)2- 2CHOH (1),
ZNn(CygH16N302)2: 2CHCH, OH (2) and Cd(& Hig N3O2)2: 2CHOH (3), derived from
the same ligand of 2-acetylpyridine and L-tryptapli@sHieNs O,) are prepared, then
the anticancer activities of these three complexeMDA-MB-231 breast cancer cells
were also investigated. The results indicate tHabfahe three complexes can inhibit
the cellular proliferation. Furthermore, Cdg816N30,)2- 2CHOH (3) has the highest
anti-proliferative activity among the three commex In addition, complex (3) can
inhibit proteasomal chymotrypsin like activity aatbo can induce apoptosis on human
breast cancer MDA-MB-231 cells. Complex (3) haseptal to be used as a
proteasome inhibitor and anticancer agent (Zharady,€2012).

A series of water-soluble platinum(ll) complexesrefluced amino acid Schiff
bases as potential anticancer agents and charactetiem byH NMR, EA, MS, IR,
and molar conductivity. These compounds were tektedheir DNA interaction with
salmon sperm DNA, and their in vitro anticancentdés have been validated against
HL-60, KB, BGC-823, and Bel-7402 cell lines by thT assay. The cytotoxicity of
one complexHg) is better than that of cisplatin against BGC-828 HL-60 cell lines,
and show close cytotoxic effect against Bel-740Rlicee (Li et al., 2013)
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Antiproliferative effect of a coppei)(tomplex on HT-29 colon cancer cells
has been examined (Hajrezaie et al.,2014). The IGIAB), Schiff base compound
demonstrated a potent antiproliferative effect im-20 cells, with an IC50 value of
2.87ug/ml after 72h of treatment. HT-29 cells treated with Cu (ll) ngaexes
underwent apoptosis death, as exhibited by a pssye elevation in the proportion of
the G1 cell population. At a concentration of @@fnl, the Cu(BrHAP) compound
caused significant elevation in ROS productiondeihg perturbation of mitochondrial
membrane potential and cytochrome c release, asses$ by the measurement of
fluorescence intensity in stained cells. Furtheemtne activation of caspases 3/7 and 9
was part of the Cu (Il) complex-induced apoptosisich confirmed the involvement of
mitochondrial-mediated apoptosis. Meanwhile, thees no significant activation of
caspase-8. Taken together, these results implytileatCu(BrHAP) compound is a
potential candidate for further in vivo and clidicalon cancer studies to develop novel
chemotherapeutic agents derived from metal-baseqtsg
2.4. Antioxidant activity of Schiff bases:

The search for metal-derived antioxidarats feceived much attention and effort in
order to identify the compounds having high capaaitscavenging free radicals related
to various disorders and diseases associated widlatove damage, caused by reactive
oxygen species (ROS). Presently, synthetic anteowl are widely used because they

are effective and cheaper than natural antioxidabisrently a number of Schiff-base



metal complexes have been investigated as effestaengers of ROS, acting as
antioxidants.

Five kinds of Schiff bases of chitosard amarboxymethyl chitosan (CMCTS)
prepared and the antioxidant activity was studisitigian established system, such as
superoxide and hydroxyl radical scavenging. Obvidifferences between the Schiff
bases of chitosan and CMCTS were observed, whightrbe related to contents of the
active hydroxyl and amino groups in the moleculbains. The scavenging effect
increases with increases the concentration of th&f$®ases (Guo et al., 2005).

Glutamic acid—salicylaldehyde Schiff-base metal ptaxes are bound into
bovine serum albumin (BSA), which afforded BSA bngl Schiff-base metal
complexes (BSA-SalGluM, M = Cu, Co, Ni, Zn). It sted that the protein structures
of BSA kept after coordinating amino acid Schifisba metal complexes. The effect of
the antioxidant activity was investigated. The Hhssundicate that the antioxidant
capacity of BSA increased more than 10 times al®rding Schiff-base metal
complexes (Wang et al., 2007).

The antioxidant capacities of ferrocenyl Schiff dmsincluding o-(1-
ferrocenylethylideneamino)phenol  (OFP), m-(1-feemwgethylideneamino)phenol
(MFP), and p-(1-ferrocenylethylideneamino)phenoFRP were evaluated in 22
azobis(2-amidinopropane hydrochloride) (AAPH), ?Cu glutathione (GSH), and
hydroxyl radical (OH induced oxidation of DNA, and in trapping 2d2phenyl-1-
picrylhydrazyl (DPPH) and 2:2 azinobis (3—ethylbenzothia-zoline-6-sulfonatejrat
radical (ABTS), respectively. OFP, MFP and PFP possessed siattarities to trap
DPPH and ABTS. All the ferrocenyl Schiff bases employed hereiehdéved as
prooxidants in Cti / GSH and ‘OH induced oxidation of DNA except that OFP
exhibited weak antioxidant activity i®H induced oxidation of DNA. PFP, OFP and
MFP can terminate about 15.2, 11.3, and 9.4 raditain-propagations in AAPH-
induced oxidation of DNA. Especially, the introdioct of ferrocenyl group to Schiff
base increased the antioxidant effectiveness memeankably than benzene-related
Schiff bases (Li, 2011).

The developing of more efficient, less toxic, &rgspecific metal drugs and
evaluate their anticancer properties in termsxidation state and co-ligand sphere, a
sequence of Ru(ll), Ru(lll) complexes bearing 4+oyy-pyridine-2,6-dicarboxylic
acid and PPh3/AsPh3 were synthesized and strugtetsracterized (Kamatchi et al.,
2012). Biological studies such as DNA binding, axitlant assays and cytotoxic

10



activity were carried out and their anticancer\atiis were evaluated. Interactions of
the complexes with calf thymus DNA revealed tha thphenylphosphine complexes
could bind more strongly than the triphenylarsinemplexes. The free radical
scavenging ability, assessed by a series of i amtioxidant assays involving DPPHe
radical, hydroxyl radical, nitric oxide radical, paroxide anion radical, hydrogen
peroxide and metal chelating assay, showed that Rb@ll) complexes possess
excellent radical scavenging properties comparedhtzse of Ru(ll). Cytotoxicity
studies using three cancer lines viz. HelLa, HepB2p-2 and a normal cell line
NIH/3T3 showed that Ru(ll) complexes exhibited sahsal cytotoxic specificity
towards cancer cells.

2.5. Anti-inflammatory activity of Schiff bases:

Schiff base of functionalised 5-nitroisoquinoliness synthesized and the
vitro activity of these compounds against an ACC Nigeloroquine resistanP.
falciparum strain investigated (Rathelot et al., 1995). The scha$daN-[(1E)-(5-nitro-
1-naphthyl)methylene]-1-[2-(trifluoromethyl)phenylgthanamine  was the most
effective antimalarial agent among the synthest@droisoquinoline derivatives. The
concentration of this Schiff base necessary tobibtR. falciparum growth by 50%
(IC50) was 0.7 pg/mL.

A new series of complexes of the type [Cu (diend-28zn) Y;] and [Cu
(dienXXY>) (2a-5mt)] and of the type [Cu (dptaS)JGind [Cu (dptaS) Bt (dptaS V4 1,
3-propanediamine) or Schiff mono-base of dipropgtaamine with 2-thiophene-
carboxaldehyde, has been tested for anti-inflammadod antioxidant activity. The
tested compounds inhibit the carrageenin-induceédoaav edema (52.0-82.6%) and
present important scavenging activity. Compoundésmost potent (82.6%) in the in
vivo experiment. Lipophilicity-as RM values — haselp determined. The results support
that in general, adducts of the type [Cu (dienXX{2a-5mt)] exhibit increased activity
compared to the starting material of type [Cu (XN ,)]. An attempt to correlate the
biological results with their structural characséids and physicochemical parameters
has been made (Pontiki et al., 2008).

A series of novel 3-(4-(benzylideneamino) phenytia)i 4-fluoroindolin-2-one
derivatives were synthesized and characterizedpbygtsal (I.R'H NMR, mass). The
title compounds (NNig were evaluated for analgesic, anti-inflammatogand
ulcerogenic index activities. Results displayed tt@mpound Nexhibited significant
analgesic activity. Among the title compounds stddi N, N3, and Nexhibited

11



significant anti- inflammatory activity comparabte reference standard diclofenac
sodium. Interestingly, the test compounds showdg omld ulcerogenic side effect
when compared to aspirin (Nirmal et al., 2010).

Schiff base derived from 4-aminoantipyrine (4-aminb-dimethyl-2—
phenylpyrazole-3-one) and benzaldehyde derivativas wested for its anti-
inflammatory. The results showed promising antiamfmatory activity which could be
beneficial for use in the treatment of inflammataligeases. The results of this study
may lead to the development of a new therapeutentagseful in fighting diseases
caused by oxidative stress and inflammation (Alail.e2012).

A series of schiff base derivatives of 4-aminoplzena (4APZ-1,5-dimethyl-2-
phenyl-1,2-dihydro-Bl-pyrazol-3-one) with different aldehydes were sysikhed. The
synthetic compounds were screened for their afiarmmatory, analgesic and
antipyretic activities. Carrageen an-induced padeoga (CIPO) and histamine induced
paw oedema (HIPO) methods were used to determearth-inflammatory activity of
commercial sample of 4APZ and its synthesized &dbéfses in mice. The anti-
inflammatory activity was in the order of 4APZAB4APZBB > 4APZCB > 4APZVn
and all the test compounds exhibited considerate diependent inhibition of the paw
oedema. The effect of the compounds on membrabdizdéion was also determined
which showed that compounds 4APZ (120 and 240 mghkges), 4APZAB
(160 mg/kg) and 4APZVn (600 mg/kg) produced highdygnificant inhibition
(P <0.001) of hypotonicity-induced haemolysis. Farthit was also observed that
4APZ (120 and 240 mg/kg doses), 4APZBB (500 mg&gd APZCB (150, 300 and
600 mg/kg dose) produced highly significant inhdot (P < 0.001) of albumin
denaturation; a consistent dose dependent andinimflatory effect of test compounds as
compared to the standard drug. Analgesic activitthe compounds was investigated
by formalin-induced paw licking (FIPL) and aceticicgzinduced writhing (AIW)
methods in mice. It was observed that 4APZ (24kgjg/4APZAB (160 mg/kg),
4APZBB (500 mg/kg), 4APZCB (600 mg/kg) and 4APZVB0Q mg/kg) showed
analgesic effect with highly significant? & 0.001) reduction of paw licking and
writhing activity in the treated mice. The order afalgesic effect of the compounds
was 4APZAB > 4APZBB > 4APZVn > 4APZCB. Moreover, grtobarbitone-induced
sleeping time (PIST) in mice was also studied baoty 0600 mg/kg of 4APZVn
significantly increased the duration of inducedeplevhich also suggested its sedative
property. Brewer's yeast was used to induce feverrabbits and analysed the

12



compounds for their antipyretic activity. Differedbses of 4APZ for different time
durations (240 mg/kg-after 1 h, 120 and 240 mg/kged-after 2 h) produced highly
significant @ < 0.001) inhibition of hyperpyrexia. Other compdsnshowed good
antipyretic activity after 2, 3 and 4 h (Murtazaak, 2014).

2.7. Antiviral activity of Schiff bases:

Although there are many therapeutic options fomlvinfections, currently
available antiviral agents are not yet fully effeef probably due to the high rate of
virus mutation. They may also present any of a remalb side effects. Salicylaldehyde
Schiff bases of 1-amino-3-hydroxy-guanidine toylaire a good platform for the
design of new antiviral agents (Wang et al., 1%ram et al., 2006). In fact, from a
set of different 1-amino-3- hydroxyguanidine tosgtderived Schiff bases, 2-(3-allyl-2-
hydroxybenzylidene)-N-hydroxyhydrazinecarboxi-midden derivative was shown to
be very effective against mouse hepatitis virus {Hnhibiting its growth by 50%
when employed at concentrations as low as 3.2 uiva(8 et al., 2006).

A new series of 3-(benzylideneaming)k&nylquinazoline-4(3H)-ones were
prepared through Schiff base formation of 3-amiAah2nyl quinazoline-4(3)H-one
with various substituted carbonyl compounds. Thieemical structures were elucidated
by spectral studies. Cytotoxicity and antiviral ety were evaluated against herpes
simplex virus-1 (KOS), herpes simplex virus-2 (&gccinia virus, vesicular stomatitis
virus, herpes simplex virus-1 TK- KOS ACVr, pardluenza-3 virus, reovirus-1,
Sindbis virus, Coxsackie virus B4, Punta Toro vitffieéine corona virus (FIPV), feline
herpes virus, respiratory syncytial virus, influean® HLIN1 subtype, influenza A H3N2
subtype, and influenza B virus. Compound 2a shobetter antiviral activity against
the entire tested virus (Kumar et al., 2010).

3. The oxygen #inity of Schiff base complexes:
Oxygen absorption properties of collijlomplexes of N,N- bis (salicylidene)

-2, 2-dimethyl -1,3-propanediimine ligand derivativeermed CoSaldmpr, were
reported (Park et al.,, 1998). The complexes gagaifsiant results in 1-methyl-2-
pyrrolidinone (NMP) solution. The complexes witlcanopyridine (2M) as axial base,
loading of Co(3-methoxy-Saldmpr), measured in ¢g @ solution) remains about 35%
higher than Co(3-methoxy-Salen) for at least fdagaaiption/desorption cycles.
Oxygen absorption—desorption processes for squarepMn(ll), Co(ll) and

Ni(Il) complexes of tetradentate Schiff base ligaug@rived from condensation reaction
of ethylenediamine with salicyladehyde, o-hydroxgtaphenone or acetyl acetone in

DMF and chloroform solvents were investigated. Té@rption processes were
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undertaken in the presence and absence of (pyyidix@l-base in 1:1 M ratio of
(pyridine: metal(ll) complexes). Complexes in DMféicate significant oxygen affinity
than in chloroform solvent. Cobalt(ll) complexe®wied significant sorption processes
compared to Mn(ll) and Ni(ll) complexes. The presewf pyridine axial base clearly
increases oxygen affinity. This kind of material ¢@used as a catalyst in oxidative
addition reactions in the organic chemistry andqaétemicals, which is reproducible
and is considered environmentally friendly (Emdralg 2011).

4. Schiff base complexes as catalysts:

Many Schiff base complexes of metal ions show highalytic activity and
played a significant role in various reactions tdace their yield and product
selectivity. The convenient route of synthesis dhdrmal stability of Schiff base
ligands have contributed significantly for their piide applications in catalysis as metal
complexes (Gupta et al., 2008).

Schiff base complexes of transition metal ions eiffecient catalysts both in
homogeneous and heterogeneous reactions and thyaat these complexes varied
with the type of ligands, coordination sites andahmns. Chiral Schiff base complexes
are more selective in various reactions such aglation, hydroxylation, aldol
condensation and epoxidation. The catalytic agticit metal complexes has been
reported in various reactions as given below:

4.1. For polymerization reaction:

The polymerization reactions are catalyzed withoter catalysts and based on
experimental observations; the following conditioapply to the efficient use of
catalysts in the polymerization of different monomgsupta et al., 2008):

a) Catalyst must have high olefin-insertion ability.

b) Catalyst must have two available cis-located saepolymerization.

c) Catalyst must be stable enough under the usual maolyation
conditions.

Iron(lll) and cobalt(ll) complexes with pyridine d§imine) ligands showed
significant activity in the polymerization of ethgke These complexes were also used
successfully for copolymerization of ethylene witfhexene (Souane et al., 2002). The
iron(lll) Schiff base complexes showed higher yieldd activity than the cobalt(ll)
complexes (Souane et al., 2002).

The salen complexes also showed activity in ringnopg oligomerization or
polymerization of epoxides (Mason et al., 2000).

14



Catalytic oxidative polymerization of 2;8ihydroxybiphenyl (DHBP) was
performed by using both the Schiff base monomeMebmplex and Schiff base
polymer-Cu(ll) complex compounds as catalysts apdrdgen peroxide as oxidant,
respectively. The dependence of monomer conveesidmmolecular weight distribution
on various reaction parameters, including time, peerature, solvent as well as the
amount of catalyst and oxidant were investigatede Btructure of the poly-2;2
dihydroxybiphenyl (PDHBP) was confirmed by UV-vi$R, *H and *C NMR
spectroscopy techniques. The electrochemical agantd properties of PDHBP were
also studied. DSC data revealed that PDHBP wasmas (Blici et al., 2009).

4.2. For reduction of thionyl chloride:

the catalytic effects of some Co(ll), Cu(ll), and(IN Schiff base complexes
derived from 1, 2-bis (naphthylidene-imino) ethand,3-bis(naphthylidene-
imino)propane, 1,2-bis(naphthylideneimino) butamel d.,2-bis(naphthylidene-imino)
pentane on the reduction of thionyl chloride aglassy carbon electrode were studied
and the kinetic parameters with cyclic voltametgtedmined. The charge transfer
process during the reduction of thionyl chlorideaiéected by the concentration of
catalysts. Thermodynamic and kinetic parameterth@freduction process are affected
by the chelate ring size of the ligands (Choi et2000).

A symmetric tetradentate Schiff base ligand bis@hmoxysalicylidenep-
phenylenediamine (J) was prepared. A series of transition metal caxes with this
Schiff base ligand have been synthesized and atallst characterized by IR and
elemental analysis. The catalysis for reductiothadnyl chloride was studied by means
of constant resistance discharge. The result shbats[Mn(lIl)LCI(H,0)]CH3;OH and
[Co(IDHLCI(H20)] have a good catalytic activity for the reduntiof thionyl chloride,
which improves the cell voltage, the rate of disgea and the lifetime of LiI/SOCI2
batteries (Che et al., 2008).

4.3. Oxidation of organic compounds:

The reaction between ONS donor ligandsL{Hderived from salicylaldehyde
or its derivatives or 2-hydroxy-1-naphthaldehydd araminothiophenol) and [RuHCI(-
CO)(PPRh)3] afforded new ruthenium(ll) complexes of compasit{Ru(L)(CO)(PPh)]

(L = dianionic ONS donor Schiff base ligand). Thesmmplexes are found to be
effective catalysts for the oxidation of alcohols mom temperature using N-
Methylmorpholine-N-Oxide (NMO) as oxidant. This pides a general and simple
method for the oxidation of different kind of ala& under mild conditions. Benzylic
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primary and secondary alcohols are oxidized in gmodxcellent yields, and aliphatic
and cyclic alcohols give carbonyl compounds in nmatieyields (Tamizh et al., 2012).

Three complexes RulLCl, (L derived from salicylalged or 2-
hydroxyacetophenone or 3, 5-dibromosalicylaldehgdé ethylenediamine) were used
as catalysts in the oxidation of cyclo-octene atdaline in the presence of molecular
dioxygen associated with benzoic anhydride. Theieffcy of this oxidation reaction
was tested in the presence of two apical bases: 2-methylimidazole. All complexes
exhibit a quasireversible redox system. The elgai® experiments were carried out at
controlled potential for each complex, using défer substrates such as cyclo-octene
and tetraline. The oxidized products are cyclo{oetexide (turnover 6.7), a mixture of
1-tetralol and 1-tetralone (turnover 7.6) respetiivFor the oxidation of hydrocarbon
compound such as tetraline, higher yield and selgctvere observed in the presence
of 1-methylimidazole instead of its isomer 2-metmytlazole (Ourari et al., 2012).

Two mononuclear copper (Il) complexes have beepagrezl by the reaction of
two ONNO type Schiff base ligands, ([bis(2-hydrguppiophenone)2’aliimethyl-
propandiamine] (kL) and [bis(5-bromosalicylaldehyde)2d@methylpropandiamine]
(HoL2)) with Cu(OAch.H-O in 1:1 molar ratios. The catalytic performance tioé
prepared Cu(ll) complexes for the oxidation of ety and cyclooctene with tert-
butylhydroperoxide has been evaluated. The sekectxidation of styrene to
benzaldehyde was carried out with Schiff base cemphs catalyst using tert-
butylhydroperoxide 100% conversion was obtaineddBection of benzaldehyde in the
oxidation of styrene may be due to the further att@h of the epoxide formed with the
tert-butylhydroperoxide (Maurya et al., 2007; Hesltypour et al., 2012). The styrene
conversion was found to be strongly dependent enstilvent nature and maximum
conversion was obtained in the chloroform. Oxidatal cyclooctene with tert-butyl
hydro-peroxide gave cyclooctene oxide as the sadyzt (Heshmatpour et al., 2012).

Two Mo(VI) tetradentate Schiff base complexes dativfrom 2, 2
dimethylpropylenediamine and aromatic aldehydepamet, and catalytic performance
of the prepared molybdenum complexes for oxidatbrdifferent olefins with tert-
butylhydroperoxide was evaluated. These complexa® fiound to be an efficient and
selective catalyst for the homogeneous oxidatiomnapious olefins. Mogjsal- nptn(3-
OMe)} with a methoxy groups on the salicylidene ring tbe ligand promote the
effectiveness (Rayati et al., 2012).
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Kraft pulp has to be bleached to eliminate the wfophoric structures, which
cause a darkening of the pulp. In Nature, an etpmtaole is assumed by ligninolytic
enzymes such as lignin peroxidases, manganese ig@ses and laccases. The
development of low molecular weight manganese péase mimics may achieve
environmentally-safe bleaching catalysts for traustry. Herein we report the synthesis
and characterization of six manganese(lll) com@efe6, incorporating dianionic
hexadentate Schiff base ligands,l(MH,L%) and different anions. Complex 4,
Mn,L,2(H20)(DCA),was crystallographically characterized. Complexed4 éhave as
more efficient mimics of peroxidase in contrasbt®. We have studied the use of these
complexes as catalysts for the degradation of ign@nl model compound veratryl
alcohol. The biomimetic catalysts were used in @odjion with chlorine-free
inexpensive co-oxidants as dioxygen or hydrogeroxde. Yields up to 30% of
veratryl alcohol conversion to veratraldehyde hagen achieved at room temperature

in presence of air
OCH, OCHs flow using 0.5%
OH HO of catalyst
" (Gonzalez-
Riopedre et al.,
2013).

H,L! HoL? H,L3 H,L*
R L{L A L%
Br H Br H

Rz

Fig. (7): Structure of the Schiff base ligandd. HH,L*
4.4. For reduction reaction of ketones:

The asymmetric reduction of dialkyl ketones to hlbds (Jiang et al., 1998;
Fehring et al., 1998) is a difficult process butiBdiase complexes of transition metals
are efficient catalysts in carrying out these reidust (Nishibayashi et al., 1999; Langer
et al., 1996). Although the presence of formic d@g favored asymmetric reduction of
ketones (Petra et al., 2000; Fugii et al., 19969, dqueous phase reduction is of great
significance (Cornits et al., 1998; Himeda et @003 from an environmental point of
view.

The reduction of ketones using iridium and ruthemianalogous was also
performed (Faller et al., 2001; Cross et al., 200he reduction rate was affected by
central metals and decreased in orde>Rh>> Ru. The reduction of ketones was also
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carried using chiral complexes in place of bipyrelicomplexes. The reduction of
ketones (Faller et al., 2001; Cross et al., 2001yere better when carried out in the
presence of chiral Schiff base, which produced 1(pjenylethanol 99% vyield. A

variety of ketones were examined from which, it veiserved that enantioselectivity
was influenced by the position and electronic prioggerof ring substituents in aryl

ketones. The ortho substituted acetophenones were gnantioselective than meta-
and para- substituted ketones.

An silica supported chitosan-Schiff b&sKll) catalyst was prepared in a simple
way and characterized by XRD, FT-IR, SEM-EDS, X8 &G, and the ability of this
complex to catalyze hydrogenolysis of 1l-tetralont il,2,3,4-tetrahydronaphthalene
was also investigated in the presence of hydrolyéias been revealed that the catalyst
had high catalytic activity for hydrogenolysis cfetralone at ambient temperature and
normal pressure of hydrogen. Especially, the hyeinotysis of 1-tetralone in ethanol
solvent gave excellent results and the 100% cororersf 1-tetralone and the 100%
selectivity for 1,2,3,4-tetrahydronaphthalene weleained under optimized reaction
conditions. The influences of reaction temperatueaction time and solvent on the
hydrogenolysis of 1-tetralone were also investigatehas been also revealed that the
catalyst was efficient and eco-friendly for the fogknolysis of carbonyl that connected
with a benzene ring to give corresponding arontatdrocarbons (Gu et al., 2013).

4.5. For Aldol reaction:

Al(IIl) Schiff base complexes were used as catafgstreaction between 5-
methoxyoxazoles and benzaldehydes to produce bptactive cis-oxazoline adducts
(Evans et al., 2001).

Moreover, highly selective Aldol reaction of 1,3Bdnzoylmethanes with
formaldehyde catalyzed by tetradentate hydroxyd@balSchiff base complexes under
neutral condition (Maruyama et al., 1995).

Catalytic asymmetric synthesis of unnatural aminods with vicinal
tetrasubstituted chiral carbon stereocenters isridbesl. In the first part, direct catalytic
asymmetric aldol reaction of simple non-activatedtoke electrophiles withu-
substituteda-isothiocyanato ester donors was realized. A MgfSdiase catalyst
promoted the aldol reaction, aneaminof-hydroxy esters were obtained in up to 98%
ee and 98:2 d.r. In the second part, the Mg/Schiebaatalyst and a Sr/Schiff base
catalyst were utilized for stereodivergent diresyrametric Mannich-type reaction of
ketimines. The Mg/Schiff base catalyst gaye-o,p-diamino esters, while the Sr/Schiff

18



base catalyst produceutti-a,-diamino esters in good to high enantioselectiwiy,to
97% (Matsunaga and Yoshino , 2011).
4.6. For Henry reaction:

A series of Schiff bases derived from cinchona lalkda were developed as
chiral ligands for the copper(ll)-catalyzed asymmeeHenry reaction. The optimized
catalyst can promote the Henry reaction of bothmatec and aliphatic aldehydes with
nitromethane or nitroethane. Those reactions céorcafthe chiral f-nitro alcohol
adducts with high enantioselectivities (Wei et @011). Solvent always plays an
important role in various catalytic processes. Aeseof reaction solvents, such as THF,
toluene, diethyl ether, hexane, methanol, ethaisolpropanol, acetonitrile, acetone,
dichloromethane, DMF, and dioxane were tested enctitalytic enantioselective Henry
reaction between benzaldehyde and nitromethane. Wat-clearly the best choice for
this reaction in terms of yield and enantioseletti(Wei et al., 2011).

A series of novel Schiff bases bearitigazole structure complexed
with Mn(OAc),, then tested to catalyze Henry reaction aftroalkanes with
aldehydes to produce the corresponding@dymts of B-nitro alcohols. Mn(ll)
Schiff base complex was an effective catalyst far Henry reaction and producpd
hydroxy nitroalkanes in high yield. The procedurghwabove-mentioned catalyst has
several merits including simplicity of operation,iladnreaction condition and easy
isolation (Zhou et al., 2012).

4.7. For epoxidation of alkenes:

Cis-cyclooctene is often used as iagrbstic substrate whenever a
new catalytic system is synthesized. tFifee high stability of cis-
cyclooctenoxide, its main oxidation produatnables easy evaluation of the
catalyst efficiency. Besides, epoxides areryv useful intermediates in the
chemical industry, since they are thertisiga point for the preparation of a
wide variety of products.

A series of Schiff-base complexes has been symbadly the condensation of
1, 2-diaminocyclohexane with salicylaldehyde, 2ighyrecarboxaldehyde, and 2-
hydroxy-1-naphthaldehyde, followed by the metabatiwith manganese (1, 2, 3a),
cobalt (3b), copper (3c) and iron (3d) salts. Mmptex (3a) resulting from N/N bis
(2-hydroxy-1-naphthalidene) cyclohexanediaming) (igand was considerably active
for the catalytic epoxidation of styrene under naitohditions, in which the highest yield
of styrene oxide reached 91.2 mol%, notably highan those achieved from simple
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salt catalysts Mn(A¢)4HO and MnSQ@ H,O. However, another two salen—Mn
complexes 1 and 2 derived from ligands N,-bis (salicylidene)cyclohexanediamine
(L) and N,N - bis (2-pyridinecarboxalidene) cyclohexanediamiig) exhibited
relatively poor activity under identical experimaintonditions (Lu et al., 2006).

Six dioxomolybdenum(VI) complexes of Schiff-basesidatives of trans 1, 2 -
diaminocyclohexane and R-salicylaldehyde as welR-d&rydroxynaphthaldehyde have
been synthesised and characterized. The catalgticitees of the complexes in the
reaction of epoxidation of cyclohexene and 1-octevitl tert-butyl hydroperoxide
(TBHP) as oxidant have been studied. The synthgésgiexomolybdenum (V1)
complexes are found to be very selective catalgstshe epoxidation of cyclohexene
and l1-octene. High yield (90-100%) of epoxidatioaswiound for the first of the
reactions at 358 K; for the epoxidation of 1-octéme yield was in the range 15-74%.
The best results were obtained for [trans-N Mis-(4,6-dimethoxysalicylidene)-1,2-
cyclohexanediaminato]-dioxomolybdenum(V1) and [&d¥,N-bis-(2-hydroxynaphth-
ylidene)- 1,2 - cyclohexanediaminato] -dioxomolybdm. An increase in the reaction
temperature may lead to an increase in the yielthefepoxide (Ambroziak et al.,
2006).

Schiff-base derived from primary amined @ipyridine-carboxaldehyde
formed complexes with methyltrioxorhenium. Thesmptexes displayed high catalytic
activity and selectivity in the epoxidation of cghkexene with urea hydrogen peroxide
adduct (UHP) as oxidant in methanol, but poor permces in the case of hydrogen
peroxide (30%) as oxidant due to the decompositibthem (Qiu et al., 2009). Five
tridentate Schiff base ligands, containing a midedor set of ONN and ONO were
prepared by the reaction of benzhydrazide with appropriate salicylaldehyde and
pyridine-2-carbaldehyde and characterized. The ¢exeg of these ligands were
synthesized by treating an ethanolic solution o #ppropriate ligand and one
equivalent BN with an equimolar amount of MnCAH,O. These Mn(ll) Schiff base
complexes are highly selective catalysts for oxahabf cyclohexene by PhIO under
mild conditions. The only product of the reactioasacyclohexene oxide in the presence
of imidazole. Adding nitrogenous donor imidazole daacatalytic activity increase.
These kinds of complexes are potentially importaatalysts in quantitative
cyclohexene oxidation or similar oxidation processé hydrocarbons (Pouralimardan
et al., 2007).
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Nickel(ll) ~ schiff base complexes of NiKis(2-Hydroxylphenyl)
ethylenediimine and N/N2-hydroxyphenyl) acetylaldimine N-(2-hydroxyph&ny
acetamide were used for epoxidation of olefins, wyclohexene, 1-hexene, cis- and
trans-stilbenes, indene with sodium hypochloridedshy et al., 2002).

Vanadium(1V) reacted with Schiff base ligand N-eglidin-2-bromoethylimine
(L) to form vanadium(1V) complex, which tested agatyst for epoxidation of alkenes.
Various alkenes can be converted efficiently an@csekely to their corresponding
epoxides in the presence of catalytic amount oadghSchiff base complex (Grivani et
al., 2012).

A new heterogeneous catalyst by lmglgin oxo-molybdenum Schiff base on
a polyhedral oligomeric silsesquioxane (POSS) hbeen generatedia covalent
attachment (Leng et al.,, 2014). The resulting POB8&ed oxo-molybdenum Schiff
base complex catalyst was fully characterizedHbNMR, XRD, FT-IR, SEM, TGA,
and contact angle analysis, and its catalytic pi@tewas studied for the epoxidation of
alkenes using aqueouert-butyl hydroperoxide (TBHP) as the oxidant. Theabgt
was found to be highly efficient and showed higleatalytic reactivity than the
corresponding homogeneous analogues with addedfitisené facile recovery and
recycling of the heterogeneous catalyst. The PO®fgdd oxo-molybdenum Schiff
base complex was successfully reused for four witieout significant loss in activity.
The unique three dimensional network catalyst stirecand the hydrophobic properties
of the POSS units in the catalyst are revealed éordsponsible for the catalyst's

excellent performance in epoxidation reactions.
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Fig. (8): Mechanism of the catalytic reaction usimgestigated Mo complex

A series of tridentate Schiff base dioxonbolgnum(V1) complexes were tested as

catalyst. The prepared heterogeneous catalystusdfdo be highly reactive in the
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epoxidation of unfunctionalized olefins. Moreovéiese catalysts are of higher stability
and re-usability in the oxidation reactions and da reused ten times without
noticeable loss of activity. Excellent enantiomeg&cess was obtained for the
epoxidation oftr--methylstyrene in this oxidant system, which doingblved any costly
chiral ligand or additives, while the catalystsyoeffectively promote the process of
catalytic reactions (Baojiao et al., 2015).
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Fig. (9): Catalytic mechanism of catalyst CPS-[M@RI2GL)2]in epoxidation of cyclohexene to
cyclohexene oxide by TBHP
4.8. For hydrosilylation of ketones:

zinc schiff base complexes derived fromamino acids and 3,5-Di-tert-
butylsalicyldehyde were tested for the catalytignasietric hydrosilylation of ketones,
and the results showed that excellent yield valuese obtained, which are the
prominent examples of catalytic asymmetric hydgtailon of ketones catalyzed with
zinc complexes in the presence of readily availabid inexpensiver-amino acids
based Schiff base ligands (Liu et al., 2012).

4.9. For synthesis of bis(indolyl) methanes:

In recent years, a large trend towards synthesigiof{indolyl) methanes and
their derivatives has attracted much attentiontdudeir synthetic as well as biological
applications (Sadaphal et al., 2010; Yong et &113. Cu(ll) Schiff base complex is
found to be an effective catalyst for the condansateaction of indole with aldehydes
using ethanol as the solvent. An aldehyde was aetivby the catalyst and then carried
out an electrophilic substitution at C-3 of an iledoAfter ring-opening reaction, the
intermediate was served as an electrophile to katiasecond molecule of indole, the
target products were formed after loss of watere Pphoducts were obtained in high
yields (up to 98%). The solution diluted with satied sodium chloride solution and
extracted with ethyl acetate, dried by magnesiutfa®y solvent was removed under
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reduced pressure to give a crude product whichpuefed by column chromatography
on silica gel (ethyl acetate/petroleum ether 1:Th)s method offers several advantages
such as high vyield of product, short reaction tirseple work up procedures and
environmental friendly. Further work is in progrdesextrapolate the catalytic activity
of Schiff base complex to other organic transforarafYong et al., 2011).

5. For removal of uranium (VI) from aqueous solutions:

Magnetic Schiff base (ferroferric oxide/Schifise composite) was prepared
and could efficiently remove uranium(VI) ionfsom aqueous solutions. In this
study, the effect of adsorption parameters sucpHavalue, adsorbent dose, shaking
time, and temperature have been investigatedl optimized. It is found that the
maximum adsorption capacity of the magnetomgosite toward uranium(VI) is
94.30 mg.g obtained at pH = 6.0, adsorbent dose = 0.0dmgtact time = 6 h and
temperature = 25 °C. The adsorbed uranium(Vh) ba desorbed effectively (about
98.57%) by 0.1 M NaOH and the adsorption capasityat significantly reduced after
three cycles. It's suggested that this magn&uwhiff base can be used as a potential
adsorbent for sorption uranium(VIl) and alsmvides a simple, fast separation
method for removal of uranium(VI) ions from aquesotution (Zhang et al., 2012).

6. Urease inhibitory activities of Schiff base nétomplexes:

Transition metal schiff base complexes derived froetal acetate (M = Mn(ll)
or Ni(ll) or Co(ll) or Cd(Il)) and N, N- bis (salicylidene) -1, 3- propanediaminate
(SALPD) or N, N - bis (2-hydroxynaphthylmethenylimino)-1, 3-progdia- minate
(NAPTPD) were synthesized and crystallographicatlyaracterized. Their urease
inhibitory activities were evaluated. Three of thehhowed potent inhibitions against
jack bean urease. Mn(ll) complex possessed the fi@dtinhibitory activity with IC 50
of 8.30 £ 0.93 uM, which was much better than thaisthe corresponding ligand and
control ion. The investigation on the stability stants and the structure activity
relationships of the complexes indicated that thmmexes interacted with the enzyme
in the whole complex forms rather than the freesi(®hi et al., 2007).

Five mononuclear copper(ll) and nickel(ll) Schitide complexes derived from
4-hydroxyphenethylamine and 2-phenylethylamine vesreghesized and determined by
single crystal X-ray analysis. The inhibitory adiyvof all the obtained complexes was
tested in vitro againsfack bean urease. It was found that copper(ll) Schiff base
complexes, showed strong inhibitory activity agajask bean urease (16 =1.45-3.59
uM), while nickel(ll) Schiff base complex, exhibitegeak inhibitory activity (IG, > 50
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uM). The results indicate that inhibitory activities Schiff base metal complexes as the
urease inhibitor depend on not only the organiards but also the central ions (Shi et
al., 2007).

The Schiff base 2- )-(quinolin-3-ylimino)methyl]phenol (H-QMP) was
crystallized inPc space group and complexed with Ni(ll) and Co(H)[M(QMP)]
and Cu(ll) and Zn(ll) in [M(QMP)(CECOO)]H,O compositions. Elemental analyses,
mass spectrometry, IR, UV-vis spectroscopy, coramhoet study and magnetic
susceptibilities were used to characterize the ¢exag. The thermograms obtained in
the range of 30-1000 °C were used for kinetic dretmhodynamic calculations. The
activation energies and order of pyrolysis werecwlated using Horowitz—Metzger
method. The calculated activation energies werselently used for the calculations
of thermodynamic parameters including*, AH* and AG*. It was found that the
thermal stability and activation energy follow the order
Cu(Il) > Ni(Il) > Co(ll) > Zn(I1). All the compound were also studied for their urease
and a-chymotrypsin inhibition, showing medium to moderadctivities for both the
enzymes except nickel complex. Nickel complex sht@g = 9.9 £ 0.124M = SEM,
and the activity was rationalized by carrying owl@cular modeling studies (Ikrama et
al., 2013).

(4) Indyes

Chromium azomethine complexes, cobalt com@ehiff base (Befta , 1985),
unsymmetrical complex 1:2 chromium (Mennicke ands¥ghal, 1984) dyes give fast
colours to leathers, food packages, wools etc. gmaips containing metal complexes
(Dehnert and Juchemann, 1985) are used for dyilglase polyester textiles. Some
metal complexes are used to mass dye polyfiberal(K885). Cobalt complex [82] of
a Schiff base (salicylaldehyde with diamine) hasedlent light resistance and storage
ability and does not degrade even in acidic gaS€»)( Novel tetradentate Schiff base
acts as a chromogenic reagent for determinatioNiah some natural food samples
(Fakhari et al., 2005).

Four new azo dyes L1, L2, L3 and L4revprepared by linking benzaldehyde
p-aminobenzoylhydrazone (3), p-hydroxybenzaldehymtamino- benzoylhydrazone
(4), naphthaldehyde p-aminobenzoylhydrazone 4BYl p-methoxybenzaldehyde p-
aminobenzoylhydrazone (6) to resorcinol and tghouliazo-coupling reactions.

Mixed-ligand dinuclear complexes with general dt@mmetry [Cu2L(amino antipy.)2
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ICI2 (11, 12, 13 and 14) was synthesed from dgands and bidentate ligand (4-
aminoantipyrine) with copper. The structures othbazo dyes and their complexes
were identified by elemental analyses (C.H.N)TIRE H-NMR, UV-Vis, atomic
absorbtion and magnetic susceptibility (Jber et28l11)

Two low-dimensional oxime-containing Stihiase copper (I/11) complexes with
iodine-copper cluster [GU]* bridges, namely {[Culs;(pop)].(Cu,l,)}*(CHCN),H,O
(2) and [CU.lx(popk(Cu.l,)*(CH,.CN)], (3) (Hpop = 2-(hydro-xyimino)-N'-[1-(2-
yridyl)ethylidene]propane-ydrazone), have beenlssized from the reaction of [2x2]
grid-like compound {[CliI(pop)]}.*4H,O (1) with equivalent CWl, (iodine-copper
clusters) under solvothermal condition and chareted by elemental analysis (EA),
infra-red spectrum(IR), thermogravimetric analys{§GA), and X-ray single-
crystal/powder diffraction. The results show tiatis 0-D discrete structure from
assembly of one [GU]* unit and two [2x2] molecular gridd via us-| atom
coordinating to CUCU' atoms. However, compouripresents 1-D wave-like chain,
which is constructed by coordination @fl atoms from [CUl,]* units with CU atoms
in [2x2] molecular grids X). Moreover, catalytic experiments demonstratedt tha
compounds? and 3 have promising visible-light-driven catalytic adty in degrading
various organic dyes (Hong et al., 2014).
CONCLUSION

Schiff bases are considered as a wapportant class of organic compounds

because of their ability to form complexes withnsiion metal ions and of their
pharmacological properties. Transition metal comgdecontaining Schiff bases have
been of much interest over the last years, largebause of its various applications in
biological processes and potential applicationdesigning new therapeutic agents. But
still there is need to explore the biological pnties of these already synthesized
transition metal complexes and to synthesize nanpbexes with more properties.

List of Abbreviations

IR Infrared

Bs bromosalicylaldehyde
ala alanine

phala phenylalanine

aspa aspartic acid

his histidine
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arg arginine

X halide

NMR Nuclear Magnetic resonance
MS Mass spectroscopy

ROS reactive oxygen species

CMCTS carboxymethyl chitosan

BSA Bovine serum albumin

OFP 0-(1-ferrocenylethylideneamino)phenol
MFP m-(1-ferrocenylethylideneamino)phenol
PFP p-(1-ferrocenylethylideneamino)piie

AAPH 2,2/-azobis(2-amidinopropane hydrochloride
GSH glutathione
DPPH 2,2/-diphenyl-1-picrylhydrazyl

ABTS 3—ethylbenzothia-zoline-6-sulfonate

CIPO Carrageenan-induced paw oedema
HIPO histamine induced paw oedema

FIPL formalin-induced paw licking

AW acetic acid-induced writhing

PIST phenobarbitone-induced sleeping time
MHV mouse hepatitis virus

FIPV feline corona virus

salen salicylaldehydeethylendiamine

DHBP 2,2-dihydroxybiphenyl

PDHBP  poly-2,2dihydroxybiphenyl

NMO N-Methylmorpholine-N-Oxide

THF tetrahydrofurane

DMF dimethylformamide

UHP urea hydrogen peroxide

POSS polyhedral oligomeric silsesquioxane

TBHP tert-butyl hydroperoxide
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