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ABSTRACT

A novel Schiff-base ligand and its Ni(I1) & Cu(ll) complexes were synthesized and well characterized by elemental
analyses and spectral studies. Physical and analytical data suggest that the Schiff base acts as tridentate ligand
towards metal ions via azomethine-N, deprotonated-O of 2-aminophenol and O-atom of furan moiety. The
synthesized ligand, along with its metal complexes were screened for their in-vitro antibacterial activity against four
bacterial pathogens (E. coli, Bacillus subtilis, Staphylococcus aureus and P. vulgareous ). The results of these
studies revealed that the free ligand and its metal complexes showed significant antibacterial potency.
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INTRODUCTION

The bio-functional activity of metal based complexe medicine and chemotherapy has spurring thetprof
interest in the scientific world in the past fewcddes, after the successful clinical use of Cisirpkes an anticancer
drug [1-4]. Most of the metals being unnatural tortan body, because of having no effective mechaffisnts
rejection and toxic behavior, there has been ragmhnsion in research and development of novellatzd drugs
with improved pharmacological properties [5,6]. As#&ion metal chemistry of Schiff base has gainesnentum in
the late 19th century and since then metal basegsdsf Schiff bases drew significant interest ale@chers in the
medical science for their immense biological atigei [7,8]. Drug resistance against various pathede the major
cause of morbidity and mortality throughout the Mprso novel antimicrobial drugs are still in derdafor
biological monitoring of diseases [9-11]. Besidbsit biological importance, they are also considere perform
various catalytic functions due to chelating bebayil2] and capacity of stabilizing different metah various
oxidation states with unusual structural featux&gious studies reveal Azomethine linkage (C=Npohiff base, a
responsible part for the biological activities. Maeports have shown that some drugs have greeti®itya when
administered as metal complex as that as free mrgampounds [13,14].

In the present investigation, the synthesis andaderization of novel Schiff base ligand and rensition metal
complexes have been reported. The novel ligand been prepared by using 2-aminophenol and furan-2-
carbaldehyde. NiGlI6H,O and CuGl.2H,O salts have been selected for the synthesis dadlrmemplexes, due to
having high degree of affinity for coordination wisynthesized Schiff base at potential donor N @ratoms [15-
19]. In vitro antibacterial evaluation of the novgégand and metal complexes was carried againstdt, B.
Subtilis, S. aureus and P. vulgareous to know tterpiality of such compounds.
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MATERIALSAND METHODS

All the chemicals and solvents used for the synshesre of analytical grade and purchased fromlldealers of
BDH and Merck chemical co. They were used withauther purification. The infrared spectra of thgalnd and
metal complexes were run as KBr discs in the ra@20-400 cm' on aShimadzu Infrared Spectrophotometer.
Elemental analysis (C H N) was performed by usirfgjash EA 1112 Series elemental analy4¢rNMR spectra
were determined in DMSO (internal standard TMS)Byoker spectrometer. NigbH,0O and CuGl.2H,0O salts
were used for the synthesis of metal complexescbifSbase. Mass spectra were carried out, TOF-MSvater
KC-455 model in DMSO. The molecular structures loé tomplexes were optimized by CsChem 3D Utra-11
programme.

Synthesis of novel Schiff base ligand

The novel Schiff base ligand was prepared by cosatéan of 2-aminophenol (1.0905 gm; 10 mmol) withah-2-
carbaldehyde (0.9602 gm; 10 mmol) in 25 ml digdilethanol and the mixture was refluxed for 5 hr8@C. The
resulting solution was allowed to evaporate by stbffusion process in air for a week [20]. The ¢&s of novel
ligand were collected, washed several times wittiliid ethanol and recrystallized from hot ethaaotl dried in
vacuum desiccators.

Reflux
N NH2 e —_—l /

Azomethine linkage

OH

2-aminophenol furan-2-carbaldehyde (E)-2-(furan-2-ylmethyleneamino)phenol

Figure 1. Scheme for the synthesis of Novel Ligand [LH]. (Red mark groupsindicating donor sites)

Synthesis of M etal complexes

The synthesized novel ligand in hot ethanol waseddd hot ethanolic solution of 5 mmol of metalasides drop
wise and refluxed for 5 hours and dried at roomperature. A good crystalline form of the complexess
obtained. All the complexes were characterizedggcsal techniques accordingly.

Figure 2. Structure of metal complexes[ML ;]

In Vitro Antibacterial Assay

Antibacterial sensitivity of different compoundsnjugated with different metals was studied by Kitbguer paper
disc diffusion method, using Muller Hinton's agartnient media for bacterial growth. Fresh cultufestandard
bacteria viz. E. coli, B. subtilis, S. aureus andi?gareus were collected from Nepal public hekdtioratory Teku,
Kathmandu (Nepal) and the inoculum was spread ouéient agar media, prepared as usual in Peth dsng
stick swab and inoculated at%87for 24 hrs. Paper discs of 6 mm diameter (Whatma 1) impregnated with
different compounds at the concentration of 0.00dl gvere placed on the previously seeded bacteuidlire. Two
paper discs, one impregnated with Gentamicin (0.904l) and other with DMSO were used as positivel an
negative control respectively [21,22]. Afterwartise Petri plates inoculated with bacteria were lrated at 3%C
for 24 hrs and the diameter of inhibition zone abeach disc was measured in mm.
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RESULTSAND DISCUSSION
The synthesized compounds were crystalline, colonethygroscopic, and soluble in water. Compositonl
identity of the complexes were carried out by eletakanalysis. The structure of the synthesizednlijand its
metal complexes were established with the helppeicsal techniques. The spectroscopic data forniaely
synthesized metal complexes are in good agreeni#npvoposed formulation.
Elemental composition analysis

The elemental analysis (CHN) data for the novelrid, and its metal complexes are summarized itatile below.

Table 1. Elemental analysis data of the complexes

C H N o M
Compound Empirical Formula ~ Mol. WA. Colour % Yield Found | Found | Found | Found | Found
(Calc.) | (Calc.) | (Calc.) | (Calc.) | (Calc.)
81.5% 70.48 | 4.91 7.47 17.14
(1.5259g)| 70.58 | 4.85 7.48 17.09
75% 61.29 | 3.81 6.53 14.83 | 13.60
(1.613g)| 61.30 | 3.74 6.50 14.85 | 13.62
78% 60.60 | 3.76 6.47 14.00 | 14.55
(1.697g)| 60.62 | 3.70 6.43 14.08 | 14.58

Novel Ligand GiHoNO, 187.19 Dirty green

Ni(ll) Complex GoHi16N2NiO4 431.07 Creamson

Cu(ll) Complex G2H16CUN;O4 435.92 Yellowish brown|

Infrared spectral analysis

The IR spectra of novel ligand has been comparék thie spectra of metal complexes that revealechiheing
mode of ligands to metal ions which is preciselgfemed by change in the positions of absorptioakse The loss
of absorption peaks at 3317-3385tfor v(N-H) stretch of 2-aminophenol and at 1706 cfor v(C=0) of furan-2-
carbaldehyde and appearance of peak at 1643f@nmv(C=N) in novel ligand are good indicative fille formation
of Schiff base. One more medium intensity bandatregion of 3600-3640 chis assignable to phenolic OH group
whose negative shift in metal complexes indicatedahncoordination with phenolic oxygen [23]. Mediumtensity
bands in the range of 1643 ¢rdue tov(C=N) in the novel ligand undergone negative shfifout 25-40 ci which
was in the range of 1613 - 1595 trin metal complexes, indicating the imine nitrogetom involvement in
coordination to metal ions [24]. This fact is fiethsupported by the appearance of medium intebsihd in the
region below 500 crh assignable tay,.y vibration. The appearance of one more medium sitierband in the
region of 420 - 405 cthassignable due toy.o vibration, also indicated the metal oxygen bindingde in the
complexes [25]. Thus from the IR- spectral assigmsé is clear that the compounds may be bondedetal ions
through the imine nitrogen, deprotonated O anddDaaif furan ring .

'H NMR spectral analysis

'H NMR spectral comparison of novel ligand and mewminplexes was made to confirm the binding natidre o
ligand with metal ions viz. Ni (Il) & Cu(ll). Thentegral intensities of each signal in th& NMR spectra of novel
ligand and its metal complexes were found to agigethe number of different types of protons prese

Table 2. *H NMR spectral data

Compounds 3 (ppm)
CuHgNO; (Ligand) | 5.0 (s) [OH-Ar]; 6.5-7.7 [CH-Ar]; 8.45($CH imine]; 6.1-7.5(s) [CH furan ring
Ni(ll) complex 8.9(s) H-imine]; 6.5-7.7 [8'H Ar-CH]; 6.1-7.5 [CH furan ring]
Cu(ll) complex 9.10(s)*H-imine]; 6.5-7.7 [8'H Ar-CH]; 6.1-7.5 [CH furan ring]

TOF-Mass spectral analysis

The proposed molecular formula of metal complexess wonfirmed by the TOF mass spectral analysis by
comparing their formula weight with m/z values. Tihass spectra contain molecular ion peak)(st m/z 430.05

for Ni(Il) complex and 435.04 for Cu (ll) compleXhese data are in good agreement with the respectdlecular
formula.

Molecular M odeling

3D molecular modeling of the proposed structurehaf complexes was performed using CsChem3D Ulta -11
program package. The correct stereochemistry wasred through the manipulation and modificationthod
molecular coordinates to obtain reasonable low ggnenolecular geometries. The optimized structurbshe
complexes were performed by MM2 programme contai@&dchem. Office programme. They showed octahedral
geometry as suggested by molecular modeling [18631,
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Figure 3. ChemOffice simulated space filling molecular model
[ Ni-complex (left) & Cu-complex (right)]

Antibacterial Studies:

The results of the antimicrobial activities isummarized in Table3n vitro antibacterial screening of the liga

and metal complexes a8 assay¢ against various bacterial strains and guoentiality of the complexes wi

evaluated by measuring the diameterzone of inhibition in mm. Antimicrobiatesults showed that all tt

synthesized compounds possess biological actiComparative study of ligand and its metal complesieswed

moderate tdetter antibacterial activi [27]. Such increased activity of metal complexes magdmesidered due 1

chelation of metal ions with Schiff base with enhahdipophilicity due to delocalization ofi-electrons over the
whole chelate ring [28]This increased lipophilicity enhances the petietnaof complexes into the lipid membrar

and blocks the metal binding sites in enzymes afrooirganisms. These complexes also disturb theratism

process of the cell and thus block the synthesproteins, which restricts further growth of the amgsm.The data
revealed that the activity of the ligand enhanced complexation but less than the standard uOverall

comparison of observed data gives information thatal complexes are more ac than free ligand against ¢

bacteria.

Table 3. Diameter of zone of inhibition in mm

Compound - - Qrganisms
E. coli | Bacillussubtilis | Saureus | P.wlgareus
Control(Gentamicir 20 24 19 24
Free Ligan 14 18 15 16
Ni-comple; 17 22 18 19
Cucomple 15 13 17 22
DMSO -

Concentration of sample = 0.001 g/ m of DMSO
Concentration of control drug = 0.001g/ ml.
(-) = No activity
Zone of inhibition (mm): >19 highly active, >15 & <19 moderately active, <15 less active.

Antibacterial activity

B Gentamicin
(control)

M Free Ligand

Diameter of zone of nhibition
in mm

Ni-complex
N R ) o
© R &o &
S A S
> o \\S‘Q" M Cu-complex
Q .

Figure 4. Compar ative antibacterial activities of complexeswith standard drug
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CONCLUSION

Bio-active azomethine linkage (C=N) of tridentatevel ligand has been studied extensively and israity which
has interesting biological features. The ligandrdomtes to metal ions using the azomethine N @mtatonated O
atom of 2-aminophenol moiety. In spite of this,rthés also involvement of O atom of furan for cdoedion. The
free ligand coordinates to metal ions in the rafi@:1. The synthesized complexes were charactébyeslemental
analysis, MS, IR!H NMR and the structure was optimized by Chem @ffifitra-11 programme package. All the
synthesized compounds (free ligand and metal comap)ewere evaluated in vitro against four bactgrathogens
and showed better antibacterial activity.
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