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ABSTRACT

Schiff bases plays vital role in various fields exsplly in industry and biology. In the presenidy, a series of
ternary mononuclear Schiff base transition metainptexes [ML(tmen)], (where M = Cu(ll), Ni(ll), Znfland
Co(ll) ions; L = Schiff base ligand derived fromtiyptophan and 2’-hydroxyacetophenone; tmen-N,WN’,
tetramethylethylenediamine) were synthesized ardacterized by molar conductance, elemental anslysid
spectral studies such as UV-Vis., and FTIR. Nootedgytic nature of the complexes were confirmedniglar
conductance. Tridentate coordination nature of 8dtase ligand was confirmed on the basis of FTpBcga. In
vitro antimicrobial studies were carried out agdifmcterial strains such as S. aureus, Bacillus,spscoli, and P.
aeruginosa and fungal strains such as A. flavusizéfius and Mucor. In addition, in vitro larvicidand
antioxidant studies were also performed for theif6blase ligand and synthesized metal complexes.

Keywords: Schiff base, transition metal complexes, specstaidies, in vitro antimicrobial, larvicidal and
antioxidant studies.

INTRODUCTION

Schiff bases are one of the most privileged orgdigiend showing integral feature in various fielidluding
medicine and agriculture [1, 2]. The chemistry ohi# base metal complex is undergoing rapid depeient due to
their essential roles in biological systems andibal industries. Schiff base ligands which usuabiytain oxygen
and nitrogen donor atoms have played an importdetin coordination chemistry [3, 4].

Recently, considerable attention has been paidaahemistry of Schiff base metal complexes derfveh amino
acids, containing oxygen and nitrogen donors feirtphysiological reasons [5, 6]. This may be htitéd to their
stability, biological activity and potential apmitions in many fields such as catalysis, electrotsiey etc [7, 8].
Though studies of new kind of Schiff bases are radtracting the attention of researchers for théatdgical

activity and perspective accessibility for pharmaisls, only less attention has been given to fSblaises metal
complexes derived from amino acids ankydroxyacetophenone.

As a part of our research work, herein we reporsitu synthesis and spectroscopic characterization biffStase

transition metal complexes derived froorhydroxyacetophenone and L-tryptopham.vitro biological activities
such as antibacterial, antifungal, antioxidant ndcidal activities have also been reported.
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EXPERIMENTAL SECTION

Materials
All chemicals and reagents used were of analygcadle and were used without purification.

Synthesis

The Schiff base metal complexes were preparedéfollowing procedure:

KOH (0.112 g, 2 mmol) was dissolved in 5 mL of dlistl water. To this ethanolic solution of L- trgghan (0.21
g, 1 mmol) was added slowly with constant stirriigen, 2’-hydroxyacetophenone (0.15 mL, 1 mmol) wdded
and the reaction mixture was stirred for aboutdt BO °C in a magnetic stirrer. The solution turgetlow. To the
above solution, metal(ll) acetates [copper(ll) ateetmonohydrate (0.2 g, 1 mmol), cobalt(ll) acetateahydrate
(0.25 g, 1 mmol), nickel(ll) acetate tetrahydré@e25 g, 1 mmol), and zinc(ll) acetate dihydrat220g, 1 mmol)]
was added and the reaction mixture was stirredLfbr followed by addition of tmen (0.15 mL, 1 mmolhe
mixture was stirred for another 2 h at the sameptmature. The resultant product was filtered, wdshi¢h ethanol
and dried.

Molar conductance

The molar conductance of 101 (DMF) Schiff base transition metal complexes evezcorded at room temperature
using Digital conductivity meter, DCM 900 Globaketronics. The cell constant of the conductivit}f oeed was
1.0 cm'.

CHN analyses
Elemental analyses (C, H & N) were performed wighkih-Elmer model 2004 series-1l CHN analyzer.

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

FTIR spectra
The FTIR spectra of all the metal complexes wecended using Shimadzu spectrometer in the rang®@d-400
cm® using KBr pellet.

Antimicrobial studies (in vitro)

The Schiff base and its metal complexes were serkéor antimicrobial activity against bacterialagtis such as
Staphylococcus aureugscherichia coli Bacillus sps. Pseudomonas aeruginosad three fungal strains such as
Aspergillus flavus Rhizophus spsand Mucor sps..Antimicrobial activities of the Schiff base transit metal
complexes was carried out by previously optimizestpdure [9] using Mueller Hilton agar for bactésaains and
Sabouraud dextrose agar for the fungal strainse tékts were carried out in triplicates. The minimimhibitory
concentration (MIC) is the lowest concentrationwdiich the growth of a microorganism is inhibitedo&k
solutions of synthesized metal complexes were peebhy dissolving 1 mg/mL of the complexes in DMSe
solutions were serially diluted. Finally the ba@kstrains were incubated at 37 °C for 24 h, whsrthe fungal
strains were incubated at room temperature for.48 h

Antioxidant activity by DPPH radical scavenging acivity
Antioxidant activity of the Schiff base transitionetal complexes was carried out by using previoogiymized
procedure [9].

Larvicidal studies
Culex quinquefasciaturvae were collected from Zonal Entomological &egsh Centre, Vellore, Tamil Nadu.
Larvicidal activities of the synthesized metal cdexes and the Schiff base ligand was carried oupreyiously
optimized procedure [9]. The percentage of mostalias reported from the average of triplicates.

RESULTS AND DISCUSSION

The synthesized transition metal complexes ardyfis@uble in DMSO, DMF and ethanol and partialbiuble in
water at room temperature. The synthesized Sch#€lransition metal complexes were dissolved irFCvid the
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molar conductivities of &M solution were measured at 25. The analytical data of metal complexes aremyine
table 1. The lower molar conductivity value of tbemplexes indicates their non-electrolytic natut®]{ The
elemental analyses of the complexes confirmedttteexperimental values are in good agreement thébretical
value.

Table 1. Analytical data of the metal complexes

Melting/ Molar Elemental analyses calculated
0,
Complex Molecular Mole_cular decomposition Colour con_guctgnce_ (found) %
Formula Weight VA Ohm™ cm® mol
point °C 1 C H N
Dark 61.31 6.68 11.00
[CoL(tmen)] GeHz405N4Co 508.93 230 browr 4.56 (6112 (6.40 (11.09
. . Pale 61.34 6.68 11.02
[N|L(tmen)] CoeH3403N4Ni 508.65 182 green 3.41 (6111) (638) (1123)
Dark 60.75 6.21 10.90
[CuL(tmen)] GeHz403N4Cu 513.54 220 green 4.56 (60.40) (6.26) (10.21)
Pale 60.78 6.62 1091
[ZnL(tmen)] GoeH3405N4Zn 513.36 140 yellow 4.56 (60.22) (6.13) (11.13)

where, L= Schiff base derived from 2'-hydroxyacetophenome la- tryptophan.

UV-Visible spectra

The UV-Vis. spectra of Schiff base ligand and isnplexes were recorded at room temperature in DMP i)
and the data are summarized in the table 2.

Table 2. The UV-Vis spectral data of the Schiff basligand and its metal complexes

Absorption (A ma nm)
a-n*  n-m* d- d

Compound

L 265 350 -
[CoL(tmen)] 270 345 610
[NiL(tmen)] 28C  36C 65C
[Cul(tmen)] 280 360 620
[ZnL(tmen)] 275 350 -

The absorption band appeared at 265 and 350 nnchoff Base ligand corresponds #en* and nat* transition
respectively. The metal complexes of Co(ll), Ni(Qu(ll), and Zn(ll) exhibited absorption band2&0, 280, 280
and 275 nm respectively, correspondsate* transition of aromatic chromophore [11]. The aipdion bands
observed at 345, 360, 360, and 350 nm for Ea\i(ll), Cu(ll) and Zn(Il) complexes respectivedye assigned to
n-n* transitions of lone pair of electrons presenthe imine moiety [12]. The absorption bands obs#re610,
650 and 620 nm for Co(ll), Ni(ll) and Cu(ll) compks respectively, are assigned to d-d transitioo. d\d
transition was observed for Zn(ll) complex due eonpletely filled d°configuration [13].

FTIR spectra

FTIR spectra is an important tool for identifyiniget coordination nature the ligand with the metaisioThe
synthesized complexes were characterized based&Nn(@&omethine), COOM-O and M-N absorption bands. The
assignments of characteristic infrared bands gmeesented in table 3.

Table 3. FTIR absorption bands of the metal comples in cm*

COO’

Complex C=N 020 AV=[Uss ] M-O M-N
[CoL(tmen)] 1604 1525 1338 187 465 565
[NiL(tmen)] 156€ 151¢ 133¢ 182 46C 52
[CuL(tmen)] 1622 1562 1350 212 493 580
[ZnL(tmen)] 1583 1546 1355 191 480 509

The strong absorption band appeared between 18583cm™ can be attributed to the coordinated imine moiety
with the metal ions [14-16]. Appearance of an apon band at 1338, 1336, 1350 and 1355 ¢ar Co(ll), Ni(ll),
Cu(ll) and Zn(Il) complexes respectively, are asalge to the symmetric stretching of carboxylatugr[17]. The
asymmetric stretchingufsCOQ) was observed at 1525, 1519, 1562 and 1546 fol)Chij(1l), Cu(ll) and zn(lI)
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complexes respectively. The separation between mgyrit and symmetric stretching frequencias f (V,sCOO
- vs COO)] were found to be greater than that of free ceylaie anion (177 cnt) [18]. This confirmed the
monodentate coordination nature of carboxylaterafii@, 19] present in the Schiff base ligand wita tnetal ions.
The bands appeared in the range 465, 460, 493 @dccd' for Co(ll), Ni(ll), Cu(ll) and Zn(ll) respectively,
confirms the formation of M-O coordination in corapés [20]. Similarly, the bands observed at 568, 530, and
509 cm' for Co(lIl), Ni(Il), Cu(ll), Zn(Il), and Cd(Il) corplexes respectively, is assignable to M-N cooriitima
[20]. FTIR data revealed that the Schiff base asts tridentate ligand, via phenolic oxygen, imiiteogen and
oxygen atom present in the carboxylate group.

Antibacterial activity

In vitro antibacterial activity of the Schiff base ligarmitlats metal complexes were screened against Gresitiye
bacteria such aStaphylococcus aureand Gram-negative bacteria sucHPagudomonas aeruginosa, Bacilkps.,
andE. coli using well diffusion method. The zone of inhibitivalues against the growth of the selected bacteri
were measured in mm. The zone of inhibition valassithan 10 mm is considered as resistant agdiast t
corresponding microorganism. The standard gentamyeias used as a positive control and DMSO was ased
negative control. The antibacterial activities digid by synthesized compounds are summarizedla ta

Table 4. Antibacterial activity of the Schiff basdigand and its metal complexes

Organism Zone of inhibition (mm)

(bacteria) [CoL(tmen)] [NiL(tmen)] [CuL(tmen)] [ZnL(tmen)] L G entamycin
S. aureus 11 10 11 10 10 17
P. aeruginosa 11 12 16 15 10 18
Bacillus 12 13 15 16 10 20
E.coli 12 15 20 24 10 15

All the metal complexes exhibited very good zonénbfbition when compared to the Schiff base ligaigainst the
bacteria under study. Cu(ll) and Zn(ll) complexbswed good zone of inhibition agairdt aeruginosa, Bacillus
andE.coli. Zn(Il) and Cu(ll) complexes showed 24 mm and 20 mume of inhibition againdt.coli, and the values
are greater than the corresponding Schiff basadiges well as the positive control, gentamycine.

Antifungal activity

The Schiff base ligand and its metal complexes assessed for thdm vitro antifungal activity by well diffusion
method against fungi such BhizopusAspergillus flavusand Mucor. The standard nystatin was used as positive
control and DMSO was used as negative control. fHsalts with reference tm vitro antifungal activities of
synthesized complexes are summarized in table &.aftimicrobial activity exhibited by the Schiffdsand its
metal complexes is depicted in figure 1.

Table 5. Antifungal activity of the Schiff base lignd and its metal complexes

Organism Zone of inhibition (mm)

(Fung) "[ColL(tmen)] [NiL(tmen)] [CuL(tmen)] [ZnL(tmen)] L N ystatin
A. flavus 17 14 18 15 11 18
Rhizopus 16 15 17 14 13 19
Mucor 18 16 20 19 13 20

Thein vitro antifungal activity of metal complexes showed vgopd inhibition activity than the Schiff base ligha
against the fungal strains under investigation.liCwomplex exhibited very good inhibition againat flavus,
Rhizopus,and Mucor showing 18 mm, 17 mm, and 20 mm values respeygtividhe MIC values of the metal
complexes against the microbial species is showhdrable 6.
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I [CoL (tmen)]
[ [NiL(tmen)]
I [Cul (tmen)]
I [ZnL(tmen)]
L

25

Zone of inhibition (mm)

S. aureusP. aeruginosa Bacillus E.coli A. flavus Rhizopus  Mucor

Figure 1. Pictorial representation of zone of inhiltion exhibited by Schiff base and its metal compbes

Table 6. MIC values of Schiff base ligand and its etal complexes g /mL)

Organism [CoL(tmen)] [NiL(tmen)] [CulL(tmen)] [ZnL(t men)] L

S. aureus 5 5 5 5 5
P. aeruginosa 5 5 5 2.5 10
Bacillus 5 5 25 5 5
E.coli 5 5 5 5 1C
A. flavus 5 5 5 5 5
Rhizopus 5 5 5 25 5
Mucor 5 2.5 2.5 5 5

The Cu(ll) complex showed least MIC value of gp/mL againsBacillusandMucor. Zn(ll) complex showed 2.5
ug /mL MIC value againg®. aeruginosandRhizopus.

Antioxidant activity

The main characteristic of an antioxidant is itsligbto trap free radicals. Research evidencesgests that
antioxidants reduce the risk for chronic diseagsekiding cancer and heart disease. Literature shioatsthe study
of antioxidant property of Schiff base metal comple [21, 22] has been increased recently. To sthey
antioxidant potential through free radical scavagdiy the metal complexes, the change in opticasitieof DPPH
radical were monitored.

The antioxidant scavenging activity of the synthedi metal complexes studied by DPPH method are suized

in table 7.a-tocopherol with 89.45 % of scavenging activity[2Bas used as positive control and DMF was used as
negative control. All the complexes exhibited maderantioxidant scavenging activity when comparétth the
standardi-tocopherol.

Table 7. Antioxidant scavenging activity of metal omplexes

Scavenging activity

Complex %
[CoL(tmen) 32.0C
[NiL(tmen)] 39.00
[CuL(tmen)] 40.00
[ZnL(tmen)] 37.0C
a-tocopherol 89.45
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All the complexes, exhibited 30-40% of scavengimgvity. Among the series Cu(ll) complex showedter
scavenging activity with 40% by DPPH scavenginghuedf whereas the Co(ll) complex showed lower aidimnt
activity with 32%. The order of scavenging activstyown by the metal complexes is given below.

[CuL(tmen)] > [NiL(tmen)] > [ZnL(tmen)] > [CoL(tmex

Larvicidal activity

Mosquitoes are the major vector of transmittingnfifal diseases such as malaria, yellow fever, filsis, and
dengue feveCulex quinquefasciatyshe southern house mosquito, transmits diseasds as lymphatic filariasis
and malaria. Hence, it is important to find nevertg to control mosquito vectors of disease [24]the present
study, the larvicidal activity of the synthesizeahpounds was performed agai@&ilex quinquefasciatuand the
mortality values of complexes are listed in tatdesnd 9.

Table 8. Larvicidal activity bSchiff base ligand and its metal complexes

Concentration / mortality

Compound
4 mg/200 mL  2mg/200mL  1mg/200mL  0.5mg/200mL
[CoL(tmen)] 16 11 7 3
[Ni L(tmen)] 17 12 8 5
[Cu L(tmen)] 19 16 9 6
[Zn L(tmen)] 18 10 6 3
L 3 2 1 0

Table 9. Statistical analysis of Larvicidal activiy of Schiff base ligand and its metal complexes

Concentration /Mortality + SD LC 50 LC 90 5 df
Compound X
4mg/200mL  2mg/200mL  1mg/200mL  0.5mg/200mL mg/200L  mg/200mL
[CoL(tmen)] 80+6.92 55+6.19 35+6.90 15+1.88 1.8 432 12.83
[Ni L(tmen)] 8545.19 60+5.88 40+5.63 25+15.45 15 72 16.56
[Cu L(tmen)] 95+6.56 80+6.92 45+6.86 30+4.75 1.9 423. 24.18
[zn L(tmen) 9045.2¢ 50+6.2¢ 30+4.7¢ 15+1.8¢ 1.8 3.2¢ 240¢ 3
L 15+1.28 1042.00 0.5+0.00 - - - -

Mean value of triplicates, Control-Nil mortalityf-csignificant at p< 7.81

All the synthesized metal complexes showed modecastronger toxic effect again€ulex quinquefasciatughe
highest mortality was obtained for Cu(ll) compleithn95%. Co(ll), Ni(ll) and Zn(ll) complexes exhtbd 80%,
85% and 90% of mortality respectively. The averkageal mortality data were subjected to statist@alysis for
calculating standard deviation and chi-square \&afoe synthesized metal complexes. The order off ¥hartality
of the synthesized complexes is given below.

[CuL(tmen)] > [ZnL(tmen)] > [NiL(tmen)] > [CoL(tm&)] > L
CONCLUSION

In the current study four new Schiff base transitietal complexes derived from 2'-hydroxyacetomimenand L-
tryptophan has been synthesized and characterizasgdrtral studies. The lower molar conductivitjuea of the
metal complexes revealed the non-electrolytic matBTIR spectra proved the tridentate nature of3bleiff base
ligand. All the complexes showed very good antiwlital activities against the microbes under studyong the
synthesized metal complexes Cu(ll) and Zn(ll) carpbk exhibited higher zone of inhibition agaigstcoli and
Mucor. All the metal complexes showed moderate antioXidectivity. The larvicidal studies againSt quinque
fasciatussuggested that Zn(1l) and Cu(ll) complexes shohigtiest mortality of 90% and 95% respectively.
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