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ABSTRACT

A series of mononuclear Schiff base transition metal complexes of the type [ML'L?] (where, M = Mn(l1), Co(l1),
Ni(l1), Cu(ll) and Zn(ll) ; L'= Schiff base ligand derived from o-hydroxyacetophenone and L-cysteing; L? =
ethylenediamine) have been synthesized and characterized on the basis of elemental analysis, molar conductance
and spectroscopic studies such as UV-Visible, FTIR and EPR. A square pyramidal geometry has been assigned
based on the analyses. All the synthesized complexes and the Schiff base ligand were screened for their in vitro
antibacterial against Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae and Escherichia
coli and antifungal activities against Aspergillus niger, Aspergillus flavus and Penicillium notatum by well diffusion
method. In addition, the antioxidant and larvicidal activities were also done for all the metal complexes. The
percentage of antioxidant scavenging activity and mortality of the larvicidal activity were also determined.

Keywords: Schiff base transition metal complexes, spectioiscstudies, antibacterial, antifungal, antioxidantl
larvicidal activities.

INTRODUCTION

Coordination chemistry, comprise a large body afrent inorganic research. Schiff bases are widslgd as
ligands in coordination chemistry [1]. Schiff basge prepared by the condensation of aldehyd&stones with
primary amines. Schiff bases are used as ligamdisel preparation of transition metal complexesabee of their
preparative accessibility, solubility in common\saits, stereo chemical and electronic propertiestther, Schiff
base transition metal complexes exhibits promisipglications like biological activity and biologicenodeling

[2,3]. Since interdisciplinary research is foundo® a hallmark of coordination chemistry, many aeskers focus
on the areas like catalysis, photochemistry, mdégcmodeling and biological studies [4]. The physgical and
pharmacological activities of the complexes derifexn amino acid Schiff bases have gained impogafinom

research point of view [5-7]. L-cysteine is onetlé non-essential amino acids. The thiol group.-gf/steine
exhibit numerous biological activities [&]iological functions and has antioxidant properf#s

Based on the above facts the prime aim of our pteserk is to synthesis a series of Schiff basaditioon metal
complexes derived from L-cysteine and to charamtethhe synthesized metal complexes using varioadytcal
and spectral studies. Also, the synthesized noetaiplexes were screened for larvicidal anditro antioxidant
and antimicrobial studies.

EXPERIMENTAL SECTION

Materials
All chemicals and reagents used were of analytjicalie and used as such.
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Molar conductance
The molar conductance of the freshly prepared Sthi§e transition metal complexes €181) were recorded in
DMF at room temperature using Digital conductiviteter, Global electronics, Model: DCM 900.

UV-Vis. Spectroscopy
The Ultraviolet-Visible spectra of the complexeDMSO were recorded using Systronics 2201 spectriopheter,
between 200 to 800 nm.

FTIR Spectroscopy
The FTIR spectra of the complexes were recordedguShimadzu spectrometer in the range of 4000et00
using KBr pellet.

EPR Spectroscopy
The EPR spectra of the complexes were recordetieimpolycrystalline state at room temperature ugngker
EMX -10/2.7 Spectrometer.

Synthesis of Schiff base metal complexes

To an aqueous solution of L-cysteine (0.606 g, Sothrand KOH (0.562 g, 10 mmol) an ethanolic solataf o-
hydroxyacetophenone (0.68 g, 5 mmol) was addedapsd The reaction mixture was stirred for abbut in a
magnetic stirrer at 333 K. The solution turnedowl To this, an ethanolic solution of an apprafgimetal salt
[copper(ll) acetate (1.1 g, 5 mmol), cobalt chlerid.185 g, 5 mmol), nickel sulphate (0.77 g, 5 Mraad zinc
sulphate (1.435 g, 5 mmol)] was added and the imaatixture was stirred for another 1 h. Then &thgdiamine
(0.3 g, 5 mmol) was added in drops and the mixtuae stirred for additional 2 h at the same tempeeat The
resultant product was filtered, washed with ethamal dried.

Antimicrobial studies (in vitro)

All the synthesized complexes and the Schiff bagantl were tested for their antimicrobial studigsiib vitro
method against bacterial strains such Esgherichia coli, Klebsiella pneumoniae, Staphylococcus aureus,
Pseudomonas aeruginosa and fungal strains such Aspergillus flavus, Aspergillus niger and Pencillium notatum.

Modified antibacterial test was performed using #gar well diffusion method. The microorganismsrave
inoculated on Muller Hinton Agar and spread uniftymsing sterile spreader in Petri plates. Thredsngf 6 mm
in diameter were made on Muller Hinton Agar usingterile well puncher. The cut agar blocks weneftaly
removed by the use of forceps sterilized by flamirf puL and 100 uL of the freshly prepared solutid metal
complex (1 mg/mL) in DMSO were poured into two wedind negative control DMSO is poured in one wadl the
plates were allowed to stand for 1 h at room teatpee for the diffusion of the substances and leefiloe growth of
organism commenced, the plates were incubated &tC3%r 4 h. Antimicrobial activity was determindxy
measuring the diameter of zones showing compléieition.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) is theWest concentration at which the growth of a micgaoism is
inhibited [10]. A set of sterile test tubes were arranged in & raenL of sterile Muller-Hinton broth was taken in
all the test tubes. Stock solutions of synthesimedal complexes were prepared by dissolving thaptexes in
DMSO (1mg/1 mL). To the first test tube 1ml of gltesolution was added then it was serially dilutedix test
tubes using sterile pipette so that concentratiamnied. One drop of the test organism was addeadl the test tubes.
The same procedure was followed for fungal strasisg SDS nutrient broth. Finally the bacteriahits in the test
tubes were incubated at 37 °C for 24 h, whereafutihgal strains were incubated at room temperdarrd8 h.

Antioxidant activity

DPPH scavenging activity

DPPH radical scavenging activity is a standardyassatudy the antioxidant activities. It is aidpechnique for
screening the radical scavenging activity of specdmpounds [11-16]The free radical scavenging effects of all
the complexes and the ligand with DPPH radical ves@luated using concentrations 2 mg/mL of thelssgized
complexes in DMF with 2 mL of 0.05 M methanolic wdn of DPPH. The reaction mixture was incubdtethe
dark for 30 min at room temperature. The contitained all reagents without the sample while eeth was
used as blank. The antiradical scavenging alofityynthesized metal complexes was determined kasoming the
decrease in the absorbance of DPPH at 517 nm. abberbance decreased when the DPPH is scavengaad by
antioxidant, through donation of hydrogen to forrstable DPPH molecule. This lower absorbance efrdaction
mixture indicates higher free radical scavengintivitg. The percent of inhibition (I %) of free daal production
from DPPH was calculated by using the following &ttpn.
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|'_'_

94 of inhibition = ———= x 100

C
where, A - absorbance of the control; Aabsorbance in the presence of sample solution

Hydrogen peroxide scavenging activity

Hydrogen peroxide scavenging activity is one of biest method to study the antioxidant property 162- A
solution of hydrogen peroxide (40 mM) was prepareghosphate buffer (50 mM, pH 7.4). The concdiaraof
hydrogen peroxide was determined by absorptior3@triZn using a spectrophotometer. Synthesized compheith
the concentration of 2 mg/mL in DMF were addedydrbgen peroxide and absorbance at 230 nm wasntiett
after 10 min against a blank solution containinggghate buffer without hydrogen peroxide. The paage of
hydrogen peroxide scavenging is calculated as giv&PPH method.

Larvicidal bioassay

The eggs and egg rafts Glilex quinquefasciatus were procured from Zonal Entomological Unit, Vedp Tamil
Nadu. The eggs and egg rafts @f quinquefasciatus were dipped into a plastic bottle containing 500 of
dechlorinated water for 30-40 min to hatch out & They were maintained in the laboratory adifgeature [17].
Mosquito larvae were fed with powdered nutrienttbronce a day. After 4 days the hatched larvaeetliinto
larvae in early fourth stage and were subjecteduidher experiment.

The larvicidal activity was assessed by the prooedii WHO guide lines with some modification [1&or the
preliminary screening bioassay test a total of @red mosquito larvae @f. quinquefasciatus was placed in 200
mL of double distilled sterilized water containihd mg of synthesized metal complexes. The negatwtrol was
set up with sterile distilled water without metalneplex while the positive control was the commértaavicide
with test solution. Percentage of mortality waseased after 24 h of incubation. A number of daade in each
batch were counted every hour for 24 h exposurimgerThe treated larvae was mounted on a slideexathined
under a microscope for image capture.

Dose-response bioassay

Based on the preliminary screening results, allsgrghesized complexes were subjected to dose-nesfmoassay
for larvicidal activity against the larvae Gf quinquefasciatus. A total of 20 reared mosquito larvae wetaced in
200 mL of double distilled sterilized water coniaip various concentrations (4 mg, 2 mg, 1 mg, 0¢) wf
synthesized metal complexes. Percentage of mgriais assessed after 24 h of incubation. A nurobetead
larvae in each batch were counted every hour fdn 24posure period and the percentage of mortatity reported
from the average of triplicates.

RESULTS AND DISCUSSION
All the synthesized transition metal complexes faund to be freely soluble in DMSO, DMF and etharithe
analytical data of the synthesized metal compl@xesshown in Table 1. The lower molar conductivigyue of the

complexes (18M) in DMSO at 25 °C indicates their non-electratytiature [19, 20].

Table 1. Analytical data of the metal complexes

Complex '\l/l%lfniﬂll:r M\tl)vlgi(;Llqu?r Decopﬂipn(:sition Color Ocr]%\'\(/lljcgr:c?é:]g(lel Elemental analyses found (calculated) %
C H N
[MnLL7 CiHiONeSMn 338 >350C Brown 3.8 (ﬁ:gg) (g:(l)% (g:ig)
[CoL'L?  CyHi70sNsSCo 342 >350C Brown 3.3 (ﬁ:ig) (g:gg) (g:gg)
[NiL'?  CuHiONSNi 342 >360C Green 2.9 (ﬁ:ig) (g:gg) (g:gg)
[CUL'L]  CuHiONsSCu 346 >360C Green 33 (ﬂ:gi) (i:gg) (g:ﬁ)
[ZnL*?F  CyHi/0sNsSZn 348 >360C Yellow 3.8 (ﬂgg) (i:é‘z‘) (g:gg)

UV-Vis. Spectra
The electronic absorption spectra of Schiff baseameomplexes (18 M) were recorded in DMSO at room
temperature and the data are represented in tHe ZalThe band appeared around 276 nm and 34®mesponds
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to n—n* transition of aromatic chromophore and te>n* transitions of imine moiety respectively [21]. xé&&pt
zinc complex all the other complexes exhibited@aldrband between 526 to 660 nm due to d-d trangiid, 23].

Table 2. The UV-Vis. spectral data of Schiff base etal complexes

Absorption (A max NM)
n-n* n-n* d-d

[Mn L% 276 325 662
[Col'L?] 348 389 526
[NiL'Ly 273 339 585
[Cul? 353 411 565
[ZnL'L? 273 359 -

Complex

FTIR spectra

The characteristic FTIR bands of the synthesizadptexes are given in Table 3. All the complexesilgiid an
intense band around 1604 ¢iue to the coordinated imine group with the maiaki[24-26]. FTIR spectra is an
important tool in investigating the coordination aeoof the carboxylate anion with the metal ions.tHe present
case the difference between asymmetric and synur&tetching frequencies of the carboxylate graep &bove
the free carboxylate anion which is 192 tnThis confirms the monodentate coordination reafrthe carboxylate
ion with the metal ions [21, 23]. The bands obedraround 590 crhand 450 cri confirms the M-N and M-O
linkages in the coordination complexes [26].

Table 3. FTIR absorption bands of the Schiff basmetal complexes in crh

Complex C=N COO AUV=[Uss.U] M-O M-N
(Va9 (U)

[MnL'L? 1604 1598 1390 208 497 599

[Col'L?] 1604 1600 1400 200 470 580

[NiL'L%] 1598 1597 1394 203 457 578

[Cul? 1602 1598 1398 200 435 590

[ZnL'? 1606 1595 1390 205 418 599

EPR Spectra

The paramagnetic nature of the complexes was iigedstl with the help of EPR spectroscopy. EPR(tspledata
of the polycrystalline metal complexes at room terafure are given in Table 4. Zn(ll) complex isirid to be
EPR inactive and hence confirms the diamagnetiexgcted for the ' configuration. Whereas all the other
complexes were found to be paramagnetic in natlile g,values of the complexes shows axial symmetryg,g.,
= gy = G, Where all the axis are aligned parallel to thegipal axial. Such a spectra is expected for demgs
with symmetrical environment like octahedral, sgualanar and square pyramidal geometry [24].

Table 4. EPR spectral g value for Schiff base metabmplexes

Complex g value
[Col'L] 241
[NiLwL? 2.62
[Cul] 283
[Zn L'L7 -

Based on the physico-chemical and spectral anatiisgsroposed structure of the complexes are giv&igure 1.

o | NH
\ 2
M
=N O
H,;C
HS O

where M = Cu(ll), Ni(Il), Mn(ll), Co(ll) and Zn(l1).
Figure 1. Proposed structure of the metal complexes
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Antimicrobial activity

All the synthesized Schiff base ligand and its metenplexes were screenauvitro for their antibacterial activity
against bacteria such 8saureus, P. aeruginosa, K. pneumoniae andE. coli by well diffusion method. Similarly
antifungal activity against fungi such Asniger, A. f lavus andP. notatum.

The zone of inhibition values of the synthesizedaneomplexes against the growth of the selectexieba and
fungi are measured in mm. The zone of inhibiti@ue less than 10 mm is considered as resistararttsathe
corresponding microorganism. The standard Amjpicilas used as positive control for antibacteraivaty and
standard drug  Polymixin B sulphate was takepasstive control for antifungal activity and DMSCa# used as
negative control.

The antimicrobial activity results are depictedTiable 5-8. When compared to the Schiff base ligathdhe
complexes exhibited higher zone of inhibition agaithe bacteria under investigatiork. coli is found to be
resistant towards the Schiff base ligand and théahtomplexes. Cu(ll), Ni(ll) and Co(ll) complexexhibited
higher zone of inhibition (28 mm) agair&taureus.

AgainstP. notatum, except Co(ll) complexall the other metal complexehowedhigher zone of inhibition than the
standard drug Polymixin B sulphate and the Sclaffebligand against the fungi under study. Amoegctimplexes
Ni(Il) and Cu(ll) complexes showe82 mm zone of inhibition againét niger andP. notatum respectively. Co(ll)
and Cu(ll) complexes exhibite2® mm zone of inhibition againét niger.

The MIC value of the Schiff base ligand, Co(ll) aNdll) complexes againstA. niger, Schiff base ligand and
Ni(Il) complex againsi. flavus as well as Schiff base ligand and Cu(ll) complgaiastP. notatum showed least
MIC value of 1.251g/mL.

Table 5. Antibacterial activity of the Schiff basdigand and its metal complexes

Zone of inhibition(mm)

Bacteria MnL] [Coll] [NLL] [CulLi] [ZnLi] L Ampicillin (Standard)
S aureus 27 28 28 28 24 18 30
P. aeruginosa 22 18 23 18 22 14 25
K. pneumoniae 21 9 20 10 10 12 33
E. coli 9 10 10 9 13 10 16

Table 6. Antifungal activity of the Schiff base ligind and its metal complexes
Fungi Zone of inhibition(mm) Polymyxin B sulphate
MLY% [CoLL? [NiL'L?} [Cul®L?} [znL'L?y L! (Standard)

A. niger 28 29 32 29 26 18 11
A. flavus 20 17 20 18 19 14 11
P. notatum 27 10 26 32 25 14 11

Table 7. Antibacterial MIC values of Schiff base ljand and the metal complexes ipg /mL

Compound  S.aureus P.aeruginosa K. pneumonia E. coli

[Mn LY 25 5 25 5
[Co L'LY 1.25 5 5 5
[Ni L3 25 1.25 25 5
[Cu LY 25 5 5 5
[Zn L7 5 25 5 2.5

Lt 2.5 5 5 5

Table 8. Antifungal MIC values Schiff base ligand ad the metal complexes img /mL

Compound A.niger A.flawus P. notatum

[Mn L'L?] 25 25 25
[CoL'LY 1.25 10 10
[Ni L7 1.25 1.25 25
[Cu L7 25 25 1.25
[Zn L7 25 25 25
L! 1.25 1.25 1.25

Antioxidant activity
An antioxidant can be defined as any substancenthah present at low concentrations, compared thithe of the
oxidizable substrate, significantly delays or intstoxidation of that substrate. To study thevitro antioxidant
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activity of the metal complexes two methods werepaed viz., DPPH and J@, method. The results revealed that
Zn(ll) complex showed highest scavenging potentitl58.96% and 57.29% in DPPH and(4d method
respectively, whereas all the other synthesizedptexes showed moderate to mild antioxidant activagging
from 38-56%. The DPPH and,8, radical scavenging activity of standard antioxidartbcopherol was also
assayed for comparison [27] and the values aedlist Table 9.

Table 9. Antioxidant scavenging activity of the Sdiff base metal complexes

% of antioxidant scavenging activity

Complex

DPPH H,0,
[Mn L7 46.71 % 48.46 %
[Co L'LY 56.20 % 45.26 %
[Ni L3 43.85% 38.42 %
[Cu L'L? 56.49 % 50.26 %
[Zn L7 58.96 % 57.29 %
a-tocopherol 89.45% 68.72%

Larvicidal activity

The larvicidal activity of synthesized metal conyale was studied againgt quinquefasciatus and the values are
depicted in Table 10 and 11. The highest mortaliég obtained for Cu(ll) complex with 95%. The g larval
mortality data were subjected to statistical arialysr calculating standard deviation, chi-squaatugs, LG, and
LCy for synthesized metal complexes. Minimum letl@iaentration of the complexes indicates the moxeity
of the complex towards larvae. The calculated eslare lesser than table value hence the resutipwi.81 were
considered to be statistically significant. Thder% of mortality of the synthesized complexegiven below:
[CuL'? > [Zn L'F > [Ni L'LY > [Mn L'L? = [Co L'L?

Table 10. Larvicidal activity of Schiff base metatomplexes

Concentration / mortality

Complex 4 mg/200 mL  2mg/200 mL  1mg/200 mL  0.5mg/200 mL
™Mn L7 11 7 3 2
[Co L'L?] 11 8 4 !
[Ni LLF 18 13 13 5
[Cu L'L7] 19 11 10 6
[ZnL'L7 17 12 8 6

Table 11. Statistical analysis of Larvicidal activy of the Schiff base metal complexes

Complex Concentration /Mortality+SD LC50 LC90 df
P 4mg/200mL  2mg/200mL  1mg/200mL  0.5mg/200mL (Mg/200mL)  (mg/200n 42

[MnL'L? 55z 6.15 35 +6.90 15+1.88 10 +2.00 3.65 6.4 1235

[Col'L] 55+ 6.29 40 +3.66 20+15 05 +0.00 3.6 6.75 13.76

[NiL'L}] 90+ 587 65 +5.27 65+ 4.60 25 +5.45 1.8 4 218 3

[Cult] 95+ 6.56 55+ 6.19 50 + 6.28 30+4.75 1.6 3.75 18.17

[Zn L' 85+ 5.19 60 + 5.88 40 +£5.32 30+5.21 1.65 43 1418

Mean value of four replicates, Control-Nil mortality, df- significant at P< 7.81 LCs lethal concentration that kills 50% of the exposed larvae,
LCy lethal concentration that kills 90% of the exposed larvae.

CONCLUSION

In the present study ternary Schiff base transitioetal complexes has been synthesized and charactdry
various physico-chemical and spectral analysese mblar conductance of all the complexes suggekgsd non-
electrolytic nature. The coordinating mode of tlemor atoms of the ligand was confirmed by FTIRcg@e EPR
spectra substantiate the paramagnetic nature dhalcomplexes except Zn(ll) complex. Based ondfueglies
square pyramidal geometry has been proposed forcdneplexes. Larvicidal anéh vitro antimicrobial and
antioxidant studies were carried out. The reswt®aled that all the complexes were found to exkiry good
antifungal activity against the fungi under stud@o(ll), Ni(ll) and Cu(ll) complexes exhibited vegood anti
bacterial activity againss aureus. Ni(ll), Cu(ll) and Zn(ll) complexes showed higitemortality againstC.

quinquefasciatus. Among the synthesized complexes Zn(ll) complex feasd to have good antioxidant activity.
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