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ABSTRACT

Schiff bases are important class of organic ligawtijch played an integral role in the expansiorcobrdination
chemistry and various aspects of biocoordinatioenatstry. Four new mononuclear Schiff base transitioetal
complexes [MEL"X], (where M = Cu(ll), Ni(ll), Zn(Il) and Co(ll); & = Schiff base ligand derived from L-tyrosine
and 2'-hydroxyacetophenone® E N,N,N’,N'-tetramethylethylene-1,2-diamine; X =®) have been synthesized.
The synthesized transition metal complexes wereactexized by molar conductance, elemental analys®s
spectral studies such as UV-Vis., FTIR and EPR.-&leatrolytic nature of the complexes was confirrhganolar
conductance. Tridentate coordination nature of 8ahiff base ligand was confirmed by FTIR spedinavitro
antimicrobial studies were carried out against k@l strains such as S. aureus, Bacillus, E. calid P.
aeruginosa and fungal strains such as A. flavusizéflus and Mucor. The mosquito larvicidal activitas
performed against Culex quinquefasciatus for tHafSbase ligand and the synthesized metal complexe

Keywords: Schiff base, transition metal complexes, spesttadiesjn vitro antimicrobial and larvicidal activities.

INTRODUCTION

Schiff bases are one of the most important orgenimpounds having an integral characteristic andvidely used

in the synthesis of therapeutic agents [1]. Theriby of Schiff base metal complex is undergoiagid growth

due to their significant roles in biological systeand chemical industries. Recently, consideratbémton has been
paid to the chemistry of the metal complexes ofifblases containing nitrogen and other donors3]2;This may

be attributed to their stability, biological actiwviand potential applications in many fields such axidation

catalysis, electrochemistry etc [4]. Transition ah@omplexes derived from amino acid Schiff baseseweported
to exhibit interesting biological properties liketanicrobial, antioxidant and DNA cleavage [5-7].

The main target of this paper is to synthesize 8ewiff base transition metal complexes derived filotyrosine
and o-hydroxyacetophenone with N,N,N’,N’-tetramethyldtnye-1,2-diamine and to characterize the synthdsize
complexes by physico-chemical and spectral studiesaddition, antimicrobial and larvicidal actie8 of the
synthesized compounds were carried out.
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EXPERIMENTAL SECTION

Materials and Physical measurements

All the reagents and chemicals were procured fromroercial sources and were used without purificatMolar
conductance of the complexes was measured in DNOF (1) solution using a direct digital conductometer.
Magnetic susceptibility of the metal complexes waieasured by the Gouy method at room temperatimg as<-
roy magnetic susceptibility balance and the effectnagnetic moments were calculated using theioalatys =
2.824 {m x T)Y? B.M., wherey,, is the molar susceptibility corrected using Pdsocebnstants for diamagnetism.
FTIR spectra of solid complexes were recorded ukiBgpellet in the region of 4000—-400 chon AVATAR 330
spectrophotometer. UV-Vis. spectra of the complexere recorded in the region of 200-800 nm usihfitachiU-
2800 spectrophotometer in DMF. EPR spectrum wasrded in solid state at room temperature using &riviX
-10/2.7 spectrometer.

Synthesis

To an aqueous solution of L-tyrosine (0.19 g, 1 mymand KOH (2 mmol), an ethanolic solution of
hydroxyacetophenone (0.15 mL, 1mmol) was addede réaction mixture was stirred for about 1 h inagmetic
stirrer at 333 K. The solution turned yellow. Tastlan ethanolic solution of respective hydratedaiatetates [1
mmol, M = copper(ll), cobalt(ll), nickel(ll) andrze(11)] was added. The reaction mixture was stifiedl h. Then,
N,N,N’N’- tetramethylethylene-1,2-diamine (0.15 ml ,mmol) was added in drops and the mixture warestifor
another 2 h at the same temperature. The respitadtict was filtered, washed with ethanol and dried

Antimicrobial studies (in vitro)

All the synthesized metal complexes and the Sdiaiffe ligand were tested for their antimicrobiatigs byin vitro
method against the four bacterial strains and thregal strains. The Gram-positive bacteria sucBtaphylococcus
aureus(MTCC 3160) Gram-negative bacteria such Escherichia coliMTCC 581) Bacillus sps.(MTCC 1272)
Pseudomonas aeruginog®ITCC 4673) and three fungal strains suchAapergillus flavus, Rhizophus spand
Mucor sps.were used as test microorganism. Antimicrobialvitees of the Schiff base transition metal compkexe
was carried out by previously optimized procedusag Mueller Hilton agar for bacterial strains a@dbouraud
dextrose agar for the fungal strains [2]. The testye carried out in triplicates. The minimum iritoby
concentration (MIC) is the lowest concentrationwdtich the growth of a microorganism is inhibited [Bas
measured by serial dilution, using the stock sohgiof synthesized compounds (1mg/mL) in DMSO. GPaul 5.0
version was used to present the graphical reprasemtof antimicrobial studies.

Larvicidal studies

Culex quinquefasciaturvae were collected from Zonal Entomological Resk Centre, Vellore, Tamil Nadu.
Mosquito larvicidal activities of the Schiff basgdnd and the synthesized metal complexes weréedaout by
previously optimized procedure [2]. The numbersde&d larvae were counted after 24 h of exposuretlaad
percentage of mortality was reported from the ayei& triplicates.

RESULTS AND DISCUSSION
Solubility
The synthesized transition metal complexes ardyfregluble in DMSO, DMF, ethanol and partially sble in
water, chloroform and acetonitrile at room tempamat
Molar conductance and Melting point

The synthesized Schiff base transition metal corgsiavere dissolved in DMF and the molar conduégisiof 10°
M solution were measured at Z5. The analytical data of metal complexes arergineable 1.
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Table 1. Analytical data of the Schiff base metalomplexes

Molecular Molecular Melting/ Molar Elemental analyses

Complex Formula Weight decomposition point Colour conductance found (calculated) %

9 °C Ohm™ cm mol™* C H N
a b Dark 56.41 6.75 8.63
[CoLl?L"X] C23H3305N3Co 490.46 184 brown 3.41 (56.32) (6.78) (857)
[NILLPX]  CogHasOsNoNi 490.22 160 Dark green 3.41 (gggg) (2'%) (g'g?)
[CULL®X]  CogHasOsNsCu 495.07 196 Dark green 4.56 (gg'gg) (2'32) (3'4513)
[ZNLL°X]  CogHasOsNaZn 496.92 130 Pale yellow 3.41 (gg'gg) (g'gg) (2'32)

where, P= Schiff base derived from o-hydroxyacetophenamklatyrosine; E = N,N,N'N'- tetramethylethylene-1,2-diamine;

X = H,0.
The lower molar conductivity values in the range3ofl to 4.560hm*cm?mol™ suggested the non-electrolytic
nature of the complexes [9]. The elemental analydehe complexes support the absence of the epions. The
analytical results are in good agreement with #mgegal molecular formula for the Schiff base metahplexes.

The Co(ll) complex showed a magnetic moment of BN suggesting high spin octahedral arrangemebit [The
nickel(ll) complex showed magnetic moment of 2.98Bcorresponding to two unpaired electrons [1fluggests
octahedral geometry of Ni(ll) complex. The Cu(lneplex showed magnetic moment of 1.91 BM obseroed fd

system with an unpaired electron. The Zn(ll) corrjitediamagnetic as expected for'd ebnfiguration.

UV-Visible spectra
The electronic absorption spectra of Schiff bagand and its transition metal complexes were rembid DMF
(10°M) at room temperature and the data are summairizeée table 2.

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

Absorption (A max NM)

Compound e a—— d
L® 290 350 -
[CoL?L°X] 260 350 650
[NiL2L"X] 27¢F 35¢ 65C
[CuL?L"X] 275 340 600
[ZnL?L"X] 265 350 -

The absorption band appeared at 290 and 350 nnohiff Base ligand corresponds ta-n* and n-z* transition
respectively. The metal complexes exhibited alismrdbands in the range of 260 to 275 nm correspdad-n*
transition of aromatic chromophore [12]. The abforpbands observed at 350, 340, 365 and 350 nnCdgH),
Ni(Il), Cu(ll), and Zn(ll) complexes respectivelgre assigned to @t transition of lone pair of electrons present in
the azomethine moiety [13]. The absorption bandsenked at 640, 650 and 600 nm for Co(ll), Ni(llpdaCu(ll)
complexes respectively, are assigned to d-d tiansifThe Zn(Il) complex didn't show any d-d traisit due to
completely filled d° configuration [14].

FTIR spectra
The assignments of characteristic FTIR spectratibar the Schiff base metal complexes are giveabie3.

Table 3. FTIR spectral data of the Schiff base mat complexes in crit

COO

Complex C-O C=N 0 ) AU=[Usd M-O  M-N

as S,
[CoLl®L°X] 1238 1641 1598 1371 210 435 520
[NiL°L®X] 1249 1579 1573 1369 204 440 524
[Cul®L’X] 127¢ 162¢ 1587 1371 21¢€ 45€ 53¢
[ZnL°L°X] 1246 1556 1514 1344 170 418 512

The FTIR spectra of the Co(ll), Ni(ll), Cu(ll), argh(ll) complexes displayed a strong absorptiondsaat 1641,
1579, 1624, and 1556 chrespectively, which are assigned to the coordiéhaténe nitrogen with the metal ions
[15-17]. The absorption band observed in 1344 t8118m" range for the metal complexes are assignableeo th
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symmetric stretching of carboxylate group [18]. Tdsymmetric stretchingy{(OO) of the carboxylate group of
Schiff base ligand was observed in the range 081611598 crif for the metal complexes. The separation between
asymmetric and symmetric stretching frequencias ¥ (L,LCOO - V.COO)] were found to be higher than that of
free carboxylate anion (187 €n[19]. This confirmed the monodentate coordinatidrthe carboxylate anion [7,
20] present in the Schiff base ligand. All the céemps showed a broad band around 3200 wich confirms the
presence of coordinated or lattice water molec2®. [

The FTIR spectral band found in the range of 123891cni" supported the coordinated pheonlic oxygen with the
metal ions [23]. The bands appeared between 418-cA% for the Schiff base metal complexes confirms the
formation of M-O coordination [24]. The bands olset at 520, 524, 538, and 512 tior Co(ll), Ni(ll), Cu(ll),

and Zn(ll) complexes respectively, can be assignfdyl M-N coordination [25]. FTIR data revealeattithe Schiff
base acts as a tridentate ligand, via phenolic @xygmine nitrogen and oxygen atom present in #rbaxylate
group.

EPR spectrum

The EPR spectrum of the copper(ll) complex recomtembom temperature exhibited unresolved signti thie g,
value of 2.1. The mononuclear nature of the complag also evident from the absence of a half gdal, due to
ms = 2 transitions, ruling out any Cu—Cu interactj@6].

Biological activities

Antibacterial activity

In recent years, researchers focus on the discoskernew drugs for controlling infectious diseasesised by
pathogenic microbes. Due to the great flexibiliglaiverse structural aspects of metal complexegdea range of
metal complexes have been synthesized and theipleaation behavior was studied [27]. The antibaatexctivity
shown by the Schiff base ligand and its metal cexgd are summarized in table 4 and the graphipatsentation
is given in figure 1.

Table 4. Antibacterial activity of the Schiff baseand its metal complexes

Organism Zone of inhibition (mm)

(bacteria)  TCoL®L°X] [NiL°L°X] [CuL®L°X] [ZnL°L°X] L?® Gentamycin
S. aureu 11 1C 11 17 10 17
P. aeruginosa 14 12 12 13 11 18
Bacillus 16 12 11 14 11 20
E.coli 23 22 21 22 10 15

All the synthesized metal complexes have shown madeleto very good activity against the bacteria arnd
investigation. Except Co(ll) and Cu(ll) complexegainstS. aureusand Cu(ll) complex again®acillus, all the
complexes exhibited very good antibacterial agtivithe antibacterial activity of the complexes Wasnd to be
greater than the corresponding Schiff base ligamdinong the series all the complex showed very gactility
againste. coli with the zone of inhibition 23 mm, 22 mm, 21 mmda&2 mm for Co(ll), Ni(ll), Cu(ll), and Zn(ll)
complexes respectively.

Antifungal activity
The results with reference to vitro antifungal activities (Figure 2) of the Schiff leaigand and the synthesized
complexes are summarized in table 5.

Table 5. Antifungal activity of the Schiff base andts metal complexes

Organism Zone of inhibition (mm)

(Fungi)  "[CoL3LPX] [NIiL°L°X] [CuL®L°X] [ZnL3L°X] L?* Nystatin
A. flavus 16 23 15 15 11 18
Rhizopus 23 26 18 15 13 19
Mucor 18 23 21 14 15 20
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Figure 1. Graphical representation of antibacterialactivity of the Schiff base and its metal complexe

All the complexes showed very good antifungal afstimgainst the fungi under investigation. Espkgi&i(ll) and
Co(ll) complexes showed 26 mm and 23 mm zone oibitibn againstRhizopusand this is greater than the
standard nystatin. In particular, Ni(ll) complexhibited very good anti fungal activity agaidMsicor andA. flavus
with 23 mm zone of inhibition. The Cu(ll) showedryegyood value of 21 mm zone of inhibition agaiMiicor.
Among the series Ni(ll) complex showed very goodifangal activity against all the fungi under studiyhe
inhibitory activities of almost all the complexegng greater than the corresponding Schiff baseadiga
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Figure 2. Graphical representation of antifungal ativity of the Schiff base and its metal complexes

The results from these studies proved that comptaxaf metals to Schiff base ligand serves to iover the
antimicrobial of the ligand. The higher antibaiknctivity of the metal complexes compared to 8ehiff base
ligand may be due to chelation and hence destrayilcgobes more forcefully [28]. In the present stlmlv activity
of the some metal complexes may be due to the lpeeetrating tendency of them through lipid membratence
this could neither block nor inhibit the growthtb& microorganisms [17].
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Minimum inhibition concentration

Growth of pathogens on each concentration was ediuidi determine the minimum concentration thathithithe
growth of the microorganism and the values aredish table 6.

Table 6. MIC values of Schiff base and its metal coplexes inpg /mL

Compound S.aureus P.aeruginosa Bacillus E.coli A.flavus Rhizopus Mucor
[CoL?LPX] 5 5 5 2.5 5 5 5
[NiL2L®X] 5 5 5 2.5 5 5 5
[CuLl®LX] 5 5 5 5 5 5 25
[ZnL?LPX] 5 5 5 2.5 5 5 5
L? 10 10 10 10 10 10 10

All the synthesized metal complexes showed leasimuim inhibitory concentration of pg/mL against Gram-
positive bacteria such &taphylococcus aureus, Bacilland Gram-negative bacteria suchHPasieruginosaCo(ll),
Ni(Il) and Zn(ll) complexes showed 2/mL MIC value againgE. coli. The MIC values of the Schiff base metal
complexes were found to be less when comparedet@dhresponding Schiff base ligand. Except Cu(®inplex
againstMucor, all other metal complexes showed MIC value pfFmL againsA. flavus, RhizopusndMucor.
Larvicidal activity

The larvicidal activity of the Schiff base liganthdathe complexes was performed against the larfa@utex
quinquefasciatuand the results of mortality values are listethinle 7 and the statistical analysis is shown liheta
8. The pictorial representation of larvicidal aitgiis given figure 3.

Table 7. Larvicidal activity of Schiff base and itsmetal complexes againsE. quinquefasciatus

Concentration / mortality

Compound = P00mL__2mg/200mL__ Img/200mL__0.5mg/200mL.
[CoL'LX] 17 10 6 3
[NILZL"X] 18 13 6 4
[CuLL"X] 19 17 10 >
[ZnLoL"X] 19 16 1 6

L8 3 2 1 0

Table 8. Statistical analysis of larvicidal activiy of Schiff base and its metal complexes againGt quinquefasciatus

Concentration / % Mortality+SD

Compound LC 50 LC 90 2 df
4mg/200mL  2mg/200mL  1mg/200mL  0.5mg/200mL mg/200L  mg/200mL
[CoL?LPX] 85+5.19 50+6.28 30+4.75 15+1.28 2 3.6 21.21
[NiL2LPX] 90+5.87 65+5.27 30+4.75 20+6.71 15 2.7 22.10
[CuL®LPX] 95:+4.5¢ 95:+4.5¢ 506.2¢ 2545 .4t 1.1 1.9¢ 25.5(
[ZnL2L°X] 95+4.56 80+6.92 55+6.19 30+4.75 0.9 1.62 20.93
L? 15+1.28 10£2.00 0.5+0.00 - - - -

LC50: lethal concentration that kills 50% of thepesed larvae.
LC90: lethal concentration that kills 90% of thepesed larvae.
Mean value of triplicates, Control-Nil mortalityf-csignificant at p< 7.8;#* chi-square.

All the synthesized complexes show moderate tongep toxic effect agains€Culex quinquefasciatusThe
percentage mortality was found for the synthesimedal complexes after 24 h of exposure period. dverage
larval mortality data were subjected to statisti@ahlysis for calculating standard deviation andsciuare values
for synthesized metal complexes. The calculatégegawvere lesser than table value hence the resithp < 7.81

were considered to be statistically significantheTorder of % of mortality of the synthesized coexgk is given
below:

[CUL®LPX] = [ZnL3L"X] > [NIiL 3L"X] > [CoL?L"X] > L?

The highest mortality of 95% was obtained for Cuéhd Zn(ll) complexes. The % moratality for Gpénd Ni(ll)
complexes was 90% and 85% respectively.
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Figure 3. % mortality of Schiff base and its metatomplexes against the larvae d@ulex quinquefasciatus
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CONCLUSION

In the current study, four Schiff base transitioetah complexes have been synthesized and chaesstehy
physicochemical and spectral techniques. The lon@ar conductance value indicates that all the deres are
non-electrolytes. FTIR spectra revealed the trigtent coordinating mode of the Schiff base ligandsd&l on
physicochemical and spectral studies an octahegraietry has been proposed for all the complexésthA
synthesized complexes agaistcoliand Zn(Il) complex again§. aureushowed very good antibacterial activity.
Ni(Il) complex againstA. flavus Co(ll) and Ni(ll) complexes again®Rizopusand Co(ll), Ni(ll) and Cu(ll)
complexes againdlucor showed very good antifungal activities when compawith the Schiff base ligand and the
standard drug nystatin. The larvicidal activity mgaCulex quinquefasciatusmphasized that the metal complexes
are highly potent than the free Schiff base liga@d(ll) and Ni(ll) complexes showed higher mortaldf 95%
against the larva€. quinquefasciatusHence, these preliminary studies showed that thesgounds can serve as
good targets to design antimicrobial as well agitédtal agents.
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