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ABSTRACT

A series of Schiff base transition metal complefegeneral formula [MEL"] (wher M = Co(ll), Ni(ll), Cu(ll),

Zn(l1), and Cd(ll); I = Schiff base ligand derived from o-hydroxyacetopre and L-valine; 1.= 4,4-bipyridyl)

have been synthesized and characterized on the baslemental analyses, molar conductance andtrgseopic
studies such as UV-Visible, FTIR and ESR. A sqpkmear geometry has been assigned based on thgsewlin
vitro antibacterial and antifungal activities of I9ff base and metal complexes have been screeradsadgour
bacterial strains (Staphylococcus aureus, Pseud@s@eruginosa, Bacillus sps. and Escherichia catijl three
fungal strains (Aspergillus flavus, Rhizophus sped Mucor sps.) by the agar-well diffusion methdlde results
revealed that the synthesized metal complexesiexgjoibd antimicrobial activity. In addition, the aoxidant and
larvicidal activities were also carried out. TherVécidal activity against Culex quinquefasciatus grasized that
the metal complexes were more potent than theSfcbédf base ligand.

Keywords: Schiff base, metal complexes, spectroscopic sydietibacterial, antifungal, antioxidant and leidal
activities.

INTRODUCTION

Schiff bases are the important class of organiniigwhich is extensively used in coordination ctetmi Several

Schiff base metal complexes possess remarkablediial and medicinal applications like radio phaceicals,

antibacterial, antifungal, antimalarial, anti-infienatory, anti tuberculosis, antihelmintic, antigétib and anticancer
agents [1-17].

Amino acid Schiff bases are considered as an irapbrtlass of ligands because such ligands and theial
complexes have a variety of application includirigldgical, clinical, analytical, industrial, polymigation and
organic synthesis [18]. Ternary transition metahptexes derived from amino acids are of great irfgome from
the biological point of view [19, 20].

Herein, we report the synthesis and spectroscdycacterization of ternary Schiff base metal comxgdeof Co(ll),
Ni(Il), Cu(ll), Zn(ll) and Cd(ll) ions derived from-valine ando-hydroxyacetophenone. The metal complexes were
screenedin vitro for their antimicrobial activities against diffetespecies of bacteria and fungi. In addition,
antioxidant and larvicidal activities has also bserdied.
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EXPERIMENTAL SECTION

Materials
All chemicals and reagents used were of analyficadle and used as such.

Synthesis of the Schiff base metal complexes

L-valine (0.351 g, 3 mmol) and KOH (0.336 g, 6 mjnekre dissolved in water. To this an ethanolimgoh (25
mL) of o-hydroxyacetophenone (0.3 mL, 3 mmol) was addee. rElaction mixture was stirred for about 1 h at 60
°C. The solution turned yellow. To the above soloticobalt(ll) acetate tetrahydrate (0.75 g, 3 mmals added
and the reaction mixture was stirred for 1 h, feial by addition of 4,4’-bipyridyl (0.468 g, 3 mmoljhe mixture
was stirred for another 2 h at the same temperatire resultant dark brown colored product wagrfdtl, washed
with ethanol and dried.

Similar procedure was adopted for the preparatibotber transition metal complexes using nickel@betate
tetrahydrate (0.6 g, 3 mmol), copper(ll) acetatenalydrate (0.6 g, 3 mmol), zinc(ll) acetate dihydréD.66 g, 3
mmol) and cadmium(ll) acetate dihydrate (0.78 mrol) instead of cobalt(ll) acetate tetrahydrate.

Molar conductance

The molar conductance of the Schiff base transitiwetal complexes (10M) in DMF were recorded at room
temperature using Digital conductivity meter, DCIMI0O9GIlobal electronics. The cell constant of thedzanivity
cell used was 1.dm*.

CHN analyses
Elemental analyses were performed with Perkin-Elmedel 2004 series-1l C, H, N analyzer.

UV-Visible spectra
Electronic absorption spectra of the Schiff basedition metal complexes (1) in DMF were recorded using a
Systronics-2201 spectrophotometer in the waveleragige of 200-800 nm.

FTIR spectra
The FTIR spectra of the Schiff base transition metanplexes were recorded using Shimadzu specternethe
range of 4000-400 cthusing KBr pellet.

ESR spectrum
ESR spectrum of Cu(ll) complex was recorded in pojstalline state using Bruker EMX Plus spectromete

Antimicrobial studies (in vitro)

All the synthesized metal complexes and the Stiaiffe ligand were tested for their antimicrobiatigts byin vitro
method against the four bacterial strains and thregal strains. The Gram-positive bacteria sucBtaphylococcus
aureus(MTCC 3160) Gram-negative bacteria such Escherichia col(MTCC 581) Bacillus sps.(MTCC 1272)
Pseudomonas aeruginogITCC 4673) andhree fungal strainsuch asAspergillus flavus, Rhizophus spand
Mucor sps.were used as test microorganighmtimicrobial activities of the Schiff base transit metal complexes
was carried out by previously optimized procedusag Mueller Hilton agar for bacterial strains addbouraud
dextrose agar for the fungal strains [21]. Théstegere carried out in triplicates.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) is th@aest concentration at which the growth of a micgaoism is
inhibited [21, 22]. Stock solutions of synthesizegtal complexes were prepared by dissolving 1mgahthe
complexes in DMSO. The solutions were seriallytitl Finally the bacterial strains were incubate87a’C for 24
h, whereas the fungal strains were incubated ah teonperature for 48 h.

Antioxidant activity by DPPH radical scavenging acivity

DPPH radical scavenging activity is a rapid techeidor screening the radical scavenging activityspécific
compounds [23-28]. The free radical scavengingctdfef all the complexes with DPPH radical wereleated
using 2 mg/mL of the synthesized complexes in DMEhv mL of 0.01 M methanolic solution of DPPH. The
reaction mixture was incubated in the dark for 30 at room temperature. Then the absorbance wasurezh The
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control contained all reagents without the samphlevmethanol was used as blank. The antiradicavestging
ability of synthesized metal complexes was deteeshiny measuring the decrease in the absorbanc®BHDvas
measured using spectrophotometer at 517 nm. Therkebse decreased when the DPPH is scavenged by an
antioxidant, through donation of hydrogen to forretable DPPH molecule. This lower absorbance ofdhetion
mixture indicates higher free radical scavenginiyidg. The activity was compared with that @ftocopherol which

was used as a standard antioxidant. The absorhahees were converted into percent of inhibitior?4) of free
radical production from DPPH was calculated by gshre following formula given below [29].

P"c‘ - P"s
24 of inhibition = T x 100

c
where, Ac - absorbance of the control: As - absueban the presence of sample solution

Larvicidal bioassay

Culex quinquefasciaturvae were collected from Zonal Entomological Resk Centre, Vellore, Tamil Nadu.
Larvicidal activities of the synthesized metal cdexes and the Schiff base ligand was carried oupreyiously
optimized procedure [21]he percentage of mortality was reported from trexage of triplicates.

RESULTS AND DISCUSSION

All the synthesized Schiff base transition metamptexes are found to be freely soluble in DMSO, Dsifd
ethanol at room temperature. Co(ll), Ni(ll), Cu{lBn(ll) and Cd(ll) are partially soluble in wateFhe molar
conductances of the synthesized metal complexe8 (¥) in DMF were measured at 2&. The lower molar
conductivity value indicates their non-electrolytiature [32, 33]. The analytical data of the sysited metal
complexes are shown in Table 1.

Table 1. Analytical data of the Schiff base metalamplexes

Molecul Molecul D i Molar Elemental analyses found
Complex olecuar olecuar ecomposition Colour  conductance Ohm (calculated) %
Formula Weight point 1o 1
cm* mol C H N

a 2 Dark 58.39 5.17 7.57

[CoL®L7] CasH3s0sN4C0, 739 180C browr 1.13 (58.27 (5.07 (7.45

- a . < Pale 58.43 5.18 7.57

[NiLAL"] CssHzg06NaNi2 739 270C green 1.13 (5857) (5.07) (7.49)

a Dark 57.67 511 7.47

[CuL®L) CasH3s0sNsCli 749 1606C green 2.3 (5759) (502 (7.38)

a Dark 57.39 5.08 7.44

[ZnL3LY) CaeHasOsN4Zn, 752 216C brown 1.13 (57.45) (5.00) (7.38)

[CALALY]  CagHssONiClh 846 243C Yellow 113 51.02 452 6.61

(50.87) (4.43) (6.54)

where 2= Schiff base, t= 4,4"-bipyridyl

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

Compound Absorption (A max NM)
-1 n-m* d- d

L? 252 297 -
[ColL?] 275 387 550
[NiL2L"] 278 34¢ 65(
[Cul®L?] 265 356 600
[ZnL3L"] 272 369 -
[CdL?L"] 279 342

UV-Vis. spectra

The electronic spectral studies of Schiff baseniéand its metal complexes (1) were carried out in DMF
solution. The electronic spectral data of the Sdiase metal are represented in the Table 2. Thiéf ®ase ligand
showed an absorption band at 252 nm and 297 nm¢hwban be assigned tor* transition of aromatic
chromophore and n* transition of imine moiety, respectively [34]. Gromplexation, this band was shifted to
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higher wavelength region, suggesting the coordimatf azomethine nitrogen with metal complexes [39]he
spectra of metal complexes recorded in DMF showaatsitions in the range 400-500 nm, can be assitmeldarge
transfer transition. Transitions around 550-650 ware due to d-d transitions which are characterigtature of
transition metal complexes. No d-d transition wasesved for Zn(Il) and Cd(Il) complexes [36-39].

FTIR spectra
The characteristic FTIR bands used to study thedioating mode of the synthesized complexes arergim Table
3.

Table 3. FTIR spectral data of the Schiff base metaomplexes (crit)

COO°

Complex C=N (0 Av=[Uss] M-O M-N
[Col’L’] 1600 1546 1336 210 412 513
[NiL®L®] 1579 1521 1363 158 451 534
[Cul’’] 1589 1537 1375 162 425 547
[ZnL2L"] 1583 1528 1360 168 420 530
[CdL’L’] 1602 1560 1402 158 447 520

All the complexes exhibited an intense band ardlL6@R-1583 cnt due to the coordination of imine group with the
metal ions [40-42]. FTIR spectra are an importaot in investigating the coordination mode of #aboxylate
anion with the metal ions. The appearance of atisorpand between 1360 and 1402 'dior the Schiff base metal
complexes are assignable to the symmetric stradcfuistCOO) of carboxylate group present in the Schiff base
ligand [43]. Similarly, the asymmetric stretching{OO) was observed between 1521 and 1560 funthe Schiff
base metal complexes. The separation between adyitiaed symmetric frequenciesdy = [u, OO0 - v,LCOQO])

of the metal complexes were found to be greater that of free carboxylate anion (145 &mThis confirms the
monodentate coordination of the carboxylate ios@nein the Schiff base ligand [38].

The bands observed around 590 and 450 canfirms the M-N and M-O linkages in the coordioatcomplexes
[44]. FTIR data revealed that the Schiff base asts tridentate ligand via phenolic oxygen, imiiteogen and
oxygen atom present in the carboxylate group. lditeah, the characteristic bands of 4pyridyl appeared at
1219 and 800 cthin the FTIR spectra, indicated the coordinatiod @f-bipyridyl.

ESR spectrum
ESR spectrum of the Cu(ll) complex (Figure 1) relear in solid state at room temperature, exhibitadisotropic

peak with g, value of 1.8. This indicated a symmetric envireminaround Cu(ll) ion. Such a spectrum is expected
in complexes with elongated tetragonal-octahedlare planar geometries [41].

50000004 J
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Figure 1. ESR spectrum of Schiff base Cu(ll) comple

Based on physico-chemical and spectral studiepriy@osed structure of the Schiff base metal congslés given
in figure 2.
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where M = Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll)

Figure 2. Proposed structure of the Schiff base &l complexes

Antimicrobial activity

In vitro antimicrobial activity Schiff base ligand and itsetal complexes were screened against Gram-positive
bacteria such aS. aureus, Bacillusnd Gram-negative bacteria such Bs aeruginosaandE. coli by agar-well
diffusion method. Similarly, antifungal activity aigst fungi such a&. flavus, RhizopuandMucor.

The zone of inhibition was measured in mm. The zoh@hibition value less than 10 mm is considetede
resistant towards the corresponding microorganibhe standard drug gentamycin angstatin were used as a
positive control for antibacterial and antifungaldies respectively, and DMSO was used as negatim&ol. The
results of antimicrobial activity are summarizedlebles 5 and 6.

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

Zone of inhibition (mm)

Bacteria  — AR NILALT  [CuL°LY] [ZnL°LY] [CAL’L’] L° Gentamycn
S. aureus 26 10 15 16 21 10 17
P. aeruginos 11 13 1C 10 19 10 18
Bacillus 17 13 12 10 10 12 20
E. coli 10 12 10 14 10 10 11

Table 6. Antifungal activity of the Schiff base lignd and its metal complexes

Zone of inhibition (mm)
Fungi  [CoL?L°] [NiL®L®] [CuL®®] [ZnL3L°® [CdL®.°] L* Nystatin

A. flavus 21 10 10 17 14 10 12
Rhizopus 20 10 16 17 22 15 10
Mucor 14 12 18 25 20 15 13

In general, all the complexes exhibited very gootibacterial and antifungal activities when complat@the Schiff
base ligand. Among the synthesized metal compl®&®@l) and Cd(ll) complexes exhibited higher zoofe
inhibition againstS. aureuswith the values 26 mm and 21 mm respectively. Biry, Cd(Il) complexes showed 19
mm zone of inhibition again®. aeruginosaand the value was found to be greater than thelatd as well as the
Schiff base ligand. Cd(ll), Zn(ll) and Co(ll) coteges showed very good antifungal activities whempared to
the standard as well as the Schiff base ligangahticular, Co(Il) and Cd(ll) complexes showed 2@ mand 22 mm
zone of inhibition respectively, againRhizopusand Zn(ll) complex exhibited 25 mm zone of inhiiit against
Mucor, which is found to be higher among the series.

Minimum inhibition concentration
The MIC values of the complexes were obtained biyakdilution method and the results are givenable 7.

Among the metal complexes Co(ll) and Cd (ll) showesst MIC value of 2.;g/mL againstS. aureusand other
metal complexes and Schiff base ligand are exhihitederate MIC value. Similarly, Ni(ll) exhibitegdst MIC
value of 2.5ug/mL againsRhizopusandMucor, whereas, Cd(ll) exhibited least MIC value of ggmL againstA.

flavusandRhizopus.
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Table 7. MIC values of Schiff base ligand and the etal complexes img /mL against bacteria and fungi

Compound  S. aureus

P. aeruginosa Bacillus E.coli A. flavus Rhizopus Mucor
[CoL2L"] 25 10 10 5 5 5 5
[NiLL"] 5 1C 5 5 5 2.E 2.E
[CuLaLz} 5 5 10 5 5 5 5
[znLL 5 5 5 5 5 5 5
[CdLeLY] 25 10 5 5 25 25 5
L? 10 10 10 5 5 5 5

Antioxidant activity

An antioxidant can be defined as any substancenthah present at low concentrations, compared thitke of the
oxidizable substrate, significantly delays or intsloxidation of that substrate. DPPH method usittgcopherol as
standard was adopted to study time vitro antioxidant activity of the metal complexes and tlesults are

summarized in the Table 8.

Table 8. Antioxidant scavenging activity of the Sciff base metal complexes

Complex

% of antioxidant scavenging activity

[CoL®L"]
[NiL°L"]
[CuLl®L?]
[ZnL3LY]
[CdL?LY]

a-tocopherol

32%
30%
34%
38%
27%
89.45%

The results revealed that Zn(ll) complex showedhbsgg scavenging potential of 38% by DPPH methodreds all
the other synthesized complexes showed lower ddtiak activity in the range of 27-34%.

Larvicidal activity

The larvicidal activity of synthesized metal conygle was studied again€t quinquefasciatuand the values are
depicted in Tables 9 and 10. The average larvatatityr data were subjected to statistical analysiscalculating
standard deviation, chi-square valuesgd&hd LG, for synthesized metal complexes [45].

Table 9. Larvicidal activity of Schiff base metal omplexes

Concentration / mortality

Complex — oML 2mg/200mL__ 1mg/200mL 0 .5mg/200mL.
[CoL®LP) 11 8 5 3
[NiL3L"] 16 10 6 3
[CuLl®L?) 18 15 10 7
[ZnL2LY] 11 9 7 4
[CdL®L?] 14 10 8 5

Table 10. Statistical analysis of larvicidal actiuiy of the Schiff base metal complexes

c | Concentration /Mortality+SD LCso LCgo df
O X /2000 2mg/200nL__ 1mg/200nL _ 0.5mg/200nL _ (Mg/200 mL) ~ (mg/200 mL)

[Col’Ll] _ 55%6.40 402563 25+1.96 15+1.88 335 6.03 8.13

[NILLY]  80+6.40 50+6.28  30+4.75 15+1.88 2 36 19.19

[Cul’L’] 90587 75+4.81 50 + 6.28 35+ 6.90 1 18 16.78

[Znl’L"]  55+6.48 45+7.00 35+5.60 20+6.71 3 5.4 5.62

[CdLLY  70+6.57 50628 40 +3.66 25+1.96 2 36 8.69

Mean value of triplicates; Control-Nil mortality;fdsignificant at P< 7.81; L& -lethal concentration that kills 50% of the expb¢arvae; LGo
-lethal concentration that kills 90% of the expotadae.

The highest mortality of 90% was obtained for Cu¢idmplex, which was found to be higher than theepmetal
complexes. Minimum lethal concentration of the cteres indicates the more toxicity of the complewadods

larvae.
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CONCLUSION

Ternary Schiff base transition metal complexes Haeen synthesized and characterized by physicoichéend
spectral techniques. The lower molar conductantgeviadicates that all the complexes are non-edégtrs. Based

on FTIR spectra the coordinating mode of the ligands confirmed. Based on the spectral studiesreqlaner
geometry has been proposed. All the metal complexisited significant activities against the mises under
investigation. The antibacterial activity of Co(lgnd Cd(ll) complexes were found to be higher again
S. aureusHence, these preliminary studies showed thatthempounds can serve as good targets for therdesig
antimicrobial agents. All the complexes showed mnatgeantioxidant activities when compared to ttendardo-
tocopherol. The larvicidal activity againSulex quinquefasciatusmphasized that the metal complexes are highly
potent than the free Schiff base ligand.
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