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ABSTRACT

Two new metal complexes of Cu (1) and Ni (I1) ions with a Schiff base derived from Glutaraldehyde and L-Valine
have been investigated. The resulting complexes were characterized by elemental analysis, X-ray Diffraction
studies, thermogravimetric analysis, Uvivis IR, '"H NMR spectral studies, molar conductance, magnetic
susceptibility measurements and antimicrobial activity. The molar conductance measurements indicates that the
complexes are non electrolytes. The IR data demonstrate the tetradentate binding of the ligand. The XRD data
shows that CuL; and NiL; complexes were microcrystalline in nature. The invitrio antimicrobial activity of the
compounds is tested against the bacteria Klebsiella sps, Escherichia coli, Staphylococcos aureus and fungi Candida
sps, Aspergillus niger and Aspergillus fumingatus by the Disc diffusion method. The complexes show stronger
antimicrobial activity than the free ligands.
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INTRODUCTION

Metal complexes play an essential role in agricaltypharmaceutical and industrial chemistry. Ligaadmetal
surrounded by a cluster of ions or molecule, isduk® preparation of complex compounds named asffSch
bases[1], which are condensation products of psiraanines and aldehydes or ketones (RCH=, NRere R&R’
represents alkyl and / or aryl substituents). Metbrdination complexes have been widely studiedtfeir
antimicrobial and anticancer properties[2]. Manyugl possess modified pharmacological and toxicoébgi
properties when administered in the form of metadibmplexes [3]. This inspires synthetic chemistsearch for
new metal complexes for bioactive compounds. VariGopper and Nickel complexes have been reportethioit
bacterial, fungal, yeast, algal, mycoplasma, amdl growth, as well as to cause the death of theganisms[4,6].
This prompted us to investigate some novel Coplieaifid Ni (II) complexes using Schiff base ligan@®r, the
coordination chemistry of Schiff base ligands icohsiderable interest due to their biological imi@oce [7,8] A
literature search revealed that no work has beee da the metal complexes of Schiff base ligandvddrfrom L-
Valine and Glutaraldehyde. Hence in this paper escdbe the synthesis of the ligand and the metalpdexes.
Further insight into the bonding and possible geoig® structure has been made by micro analytiéglUV-vis,
'H NMR, and XRD spectral studies, as well as magnétiermo gravimetric and conductivity data. Theviinio
antimicrobial activity of the compounds is alsai¢elsagainst few bacteria and fungi.

EXPERIMENTAL SECTION

Analytical grade nickel () nitrate, Copper (Iljtrate was used as such without further purifiaatiGlutaraldehyde
and L-Valine were obtained from Sigma Aldrich. Qi) fitrate and Ni (Il) nitrate were obtained fromerck
(LTD). Solvent was distilled and purified accorditg standard procedures. [9,10The metal contents of the
complexes were determined by EDTA titration. Eletaéanalysis was carried out in a Vario EL 111 edatal
analyzer at Sophisticated Analytical Instrumentsility, CUSAT, Kochi. The molar conductance valuesre
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measured in DMSO (19M) solutions using a Systronic digital conductiviteter. The room temperature magnetic
susceptibility measurements of the complexes reddrt the present study were made by the Guoy'siadetising
copper sulphate as calibrant. The electronic spagftrall the complexes in DMSO solution M) in the visible
region were recorded on Shimadzu double beam &isipectrophotometer, using a quartz cell of 1 cticalppath.
Infrared spectra of all the ligands and their methplexes were recorded in KBr disc on a PerkimeIFT-IR
spectrometer model 1600 in the region 4000-400.chme pellets were prepared by taking necessamapt®ns
inorder to avoid moisture. The instrument calitmativith respect to wave number and present trasgmisvas
confirmed by recording the spectrum of standarggigiene film. From the spectra, the characterigtaups were
assigned the respected frequencies [1#}NMR spectra (300 MHz) of the samples were recoideDMSO-g by
employing TMS as internal standard at NIIST Trivamd. XRD was recorded on a computer controlled X-ra
diffractometer system JEOL JDX 8030. Double distillvater was used throughout the experimental work.

Thermal Analysis (TG and DTA) were carried out ontrolled nitrogen atmosphere on a Perkin-EImemigiad
thermal analysis at NIIST, Trivandrum, by recordittee change in weight of the complexes on increasin
temperature upto 960 at the heating rate of 1@/min. The antimicrobial activities of ligands atiteir mixed
ligand complexes were screened by Disc Diffusiothoe [12].

Synthesis of Schiff base:-
The ligand under investigation was prepared byctiredensation of the corresponding aldehyde andeamini:2
molar ratio by refluxing in distilled methanol[13].

The Schiff base was synthesized by the condensafighutaraldehyde and L-Valine (1:2 molar ratiim),150 ml of
absolute methanol. The resulting reaction mixtuees wefluxed for 1 hour. The yellow solid precipgtaif Schiff
base obtained was filtered, washed with distilledewvdried, recrystallised and finally preserved idesiccators.
Synthesis of Schiff base complexes:-

A metal (II) nitrate (1.0 mmol) dissolved in metlohmvas added slowly with constant stirring to ausion of Schiff
base ligand (1.0 mmol). The resulting mixture weftuxed and stirred for 8 hours. The product wageslied on a
hot water bath for half an hour. The complex tharsned was filtered out, washed with aqueous alctiilwed by
distilled water and dried in vaccum over fused GaCl

RESULTSAND DISCUSSION

The analysis data along with some physical propenif the complexes are summarized in table. M#)abalts
react with Schiff base ligand in 1:1 molar ratio atcoholic medium to afford dark green and greenistiow
complexes. The analytical data show that the ntetdigand ratio is 1:1. They are soluble in comnaganic
solvents. The low molar conductance values of thregdexes reveal their non-electrolytic nature [14].

IR spectra:

In order to study the binding mode of Schiff baseartetal in the complexes, IR spectrum of the figand was
compared with the spectra of the metal complexhs. 3chiff base ligand show V(C=N) azomethine baoskosed

at 1625 crit. On complexation, this band was shifted to 1598 4619 crit regions due to the coordination of
azomethine nitrogen to the Cu (ll) ion and Ni (Bps. The IR spectra of the complexes also showsesother
bands at 1320 and 1330 ¢mwhich may be ascribed to the presence of freg §®up. The spectra of the
complexes illustrate broad bands in 3320 and 3348 assigned to the presence of water molecules L8l
and NiL; complexes. The coordination through nitrogen afragthine and oxygen of (C-O) group of ligands are
further evidenced by the appearance in the complekeon-ligand bands in 544 and 564 twhich is due to M-O
bond and bands in 428 and 4467cia due to M-N bond.[16]
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Fig-1: IR spectrum of Cu Complex
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Fig-2: IR spectrum of Ni Complex

UV/Vis Spectra:

The electronic spectral studies of Schiff baseniygomplexes of Cu (II) and Ni (Il) was carried outDMSO
solution. The electronic spectra of the metal caxgs recorded in UV region exhibit intra ligand afthrge
transfer transitions. The Schiff base ligand dhow the absorption band at 260 nm which is aesigo n-n°
transition of the C=N chromophore. On complexatihis band was shifted to lower wave length regib234 nm
and 240 nm suggesting the co-ordination of azomethitrogen with Cu (I1) and Ni (ll) ions [17]. Ttepectra also
shows the other transitions in the range of 340#4®0and 310-450 nm which can be assigned to* riransition.
The spectra of metal complexes in DMSO recordeitiénvisible region show transitions in the rang8-800 nm,

ascribed to charge transfer transition. Transitiamaind 600-650 nm may be ascribed to d-d tramsitishich are
characteristic feature of transition metal comp$epde3].
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Fig -3 UV Spectrum of Cu complex
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Magnetic Studies:

The magnetic moments of the metal complexes wdrilagéed from the measured magnetic susceptitslisitter
employing diamagnetic corrections. The observgdvalues presented in Table 1 suggest the octahgdoahetry
for Cu (II) and Ni (II) complexes. The magnetic mamts of the compounds investigated support thelgsions.

'H NMR spectra:

'H NMR spectra of the Ligand;lrecorded in DMSO solution. It shows a multipleRe, 1.6 ppm due to the methyl
protons. ThéH NMR spectra of the Schiff base complexes in DMS@ibits signals at 8.2, 7.3 ppm and 8.4, 7.5
ppm, attributed to CH=N- and — NH protons respe&tyiv The azomethine proton signal in the spectrdnthe
corresponding complexes is shifted down field comgato the free ligand, suggesting deshielding hef t
azomethine group due to the coordination with tlegamion. There is no appreciable change in akotignals of
the complexes. The n.m.r results obtained furtbppsrts the i.r inferences. [19].
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Fig-6: *H NMR Spectrum of Ni complex

Thermogravimetric analysis:

The TG and DTA studies of the complexes have beearded in the nitrogen atmosphere at the conkeating
rate of 10 ¢/ minute.

Thermal study on the ligand metal complexes in rodleid nitrogen atmosphere was carried out to wtdad the
stages and temperature range of decomposition.

The most probable decomposition pattern of the dexas is proposed on the basis of the careful exation of
TG and DTA curves. The TG of the complexes showsttiey are thermally quite stable but to varyiegree. The
complexes show gradual loss in weight due to deositipn by fragmentation with increasing temperaturhe
complexes lose their weight in the temperature eahf0-210 ¢ and 150-300corresponding to two coordinated
water molecules with an endothermic peak in DTAveurAfter the total loss of water, the organic nipie
decomposes on further increasing of temperature. cdmplete decomposition of ligands occurs at ~°©@nd
600 ¢ and the observed residue corresponds to theatagp oxide. The occurrence of endothermic peak an
elimination of the two water molecules at compardsi higher temperature unambiguously confirm oarlier
observation based upon the IR spectrum that therwadlecules are coordinated in the metal complexes
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Table 1. Physical and analysis data of the Schiff base ligand of its complexes

Compound Formula Colour EI((e:mentaI ana||_)|/sis four;\ld [calc] Sf)) Mgs:)%%r;gumc;?{me Uert (B.M)
Ly CiHaN0;, | Yellow 59.83 [60.36] [g%] [g:gg] - - -
[CU(L)(H:0)s] | CiHagN:0Cu | Pale green [jg':gg] [;'é] [7‘?&] [ig:gé] 13 1.79
[N(L)(H:0)] | CisHaoN:O6Ni | Greenish Yellow [jg:éf] [;:ég’] [‘73:?52’] [ﬁ:gi] 15 3.08
XRD study:-

Single crystals of the complexes under study cowldbe obtained because the metal complexes welsddd as
powder rather than single crystals, in additionthieir insolubility in most organic solvents, thue definitive
structure can be described [ZDhe X-ray powder diffraction pattern throws lightlp on the fact that each solid
represents a definite compound of a definite stinectvhich is not contaminated with starting matsria

X-ray diffraction patterns of Cu(ll) and NI (II) agplex shows sharp crystalline peaks. The above g have
specific ‘d’ values which can be used for its clotgazation. The crystallite size of the complexikgy could be
estimated from XRD patterns by the Scherre’s foanul

Dyrp = 0.91 / B ( COSO)

Where) is the wavelengthj is the full width at half maxima an@l is the diffraction angle. The X-ray analysis
shows the complexes were microcrystalline in nature

Antimicraobial activity:

The in vitrio biological screening effects of thevéstigated compounds were tested against somerizdcind
fungal species by the disc diffusion method [21je Tesults of the antibacterial and antifungahéots are given in
Table 2. The results show that the Schiff basenligsave moderate activity in the antibacterial &mec

Table2: Anti microbial data of theligand and their mixed ligand complexes

Schiff base/ Comple - - Zone of inhibiFion - - -
Klebsiella sps | E.coli | Staphylococcusaureus | Candida sps | Aspergillusniger | Asp fumingatus
Ly - - - 25 2.0 15
Cul, 115 135 10.5 135 115 115
NiL , 12.5 15.5 135 26.5 22.0 21.0

The Schiff base ligand doesnot show any activitgiagt all the bacterial species. The complex axhibits high
activity against all the tested bacteria expecstaphylococcus aureus. It shows high activity mgjahe bacteria E-
coli However, the complex NiLhad the highest effect against E-coli and modestiget against Klebsiella sps.

The results on antifungal activity of the ligandsow very less activity towards all the fungal spscsuch as
candida asps, Aspergillus niger and Aspergillusifigatus. However, both Culand NilL; complexes shows higher
activity in Candida sps and quite lesser activity\spergillus niger and Aspergillus fumingatus.

From the observation it is understood that the drighhibition of microbial growth is due to uncoordted hetero
atoms and carboxylic moieties present in complexes.

CONCLUSION

Novel tetradentate Schiff base ligands derived fglotaraldehyde and L-Valine and also their caarpt have
been characterized by analytical and spectral tgabe. From the electronic absorption absorptiecsp and the
stoichiometric analysis, Octahedral geometry wasigasd for the synthesized complexes. The very low
conductivity values indicate that all the compleses non-electrolytes. From the microbial screemibgervation
and from the available literature knowledge, thesime ways to inhibit the microbial growth usirge tcomplexes
were explained. The redox properties of metal the, presence o> C=N group, carboxylate moiety also
substituents are responsible for their increas¢ichamobial activity.
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OH: Where M is Ni, CuarCo
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