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ABSTRACT

Two Schiff base ligands®Land 1> were obtained by the condensation of o-phenylemeide with p-
methylbenzaldehyde and p-methoxybenzaldehyde tesbhecTheir complexes with Co(ll) were preparedda
characterized by elemental analyses, molar conswgamagnetic susceptibility, IR, UV-Vis spectr&]R Mass
spectral studies, thermal behaviour and Powder X-défraction studies have also been carried odte TR data
demonstrate the bidentate coordination dfihd L. The XRD data show that Co(ll) complexes witarid L? have
the crystallite sizes of 70 and 72 nm respectivEiye DNA cleavage activities of the Schiff baseitsxddomplexes
were monitored by agarose gel electrophoresis niethdhe presence of hydrogen peroxide and thebaotérial
activities of the ligand and complexes have alsnlmarried out.

Key words: Schiff base complex, transition metal, specti@racterization, XRD, DNA cleavage, antibacterial
activity.

INTRODUCTION

Schiff bases have been playing an important pathéndevelopment of coordination chemistry. Schidse metal
complexes have been studied extensively becauseiofattractive chemical and physical propertied their wide
range of applications in numerous scientific ardasy play an important role in both synthetic atdictural
research, because of their preparative accesgibitidl structural diversity. Metal complexes of $thase derived
from the reaction of o-phenylenediamine with alifghand aromatic amines represent a series of cangso
containing nitrogen, sulphur and oxygen donor attimas has been widely studied [1]. Schiff base males afford
potential sites for bio chemically active compoutitkst are related to intermolecular hydrogen bagaind proton
transfer equilibria. Schiff bases of o0-phenyléaedne and its complexes have a variety of appboatincluding
biological, clinical and analytical.

The Schiff base ligand is found to be dibasic Wthdonor sites. Th&H-NMR, **C-NMR and Mass spectra confirm
the formation of N bidentate Schiff base chelate ligands. All the inetenplexes have been fully characterized
with the help of elemental analysis, molar conduocta magnetic susceptibility and spectral studiée analytical
data helped to elucidate the structure of the metahplexes. The complexes exhibit electrolytic idrain
ethanol. The IR spectral data suggest the cooidmatff azomethine nitrogen with the central metad [2]. The
magnetic data suggest an octahedral geometry f@if)@eetal complex The thermogravimetric analydiews that
Co(ll) metal complexes posses two aqua molecwesdinated in an octahedral environment. The corgslevere
subjected to powder XRD patterns with PAN-analytdifractometer with Cu-k radiation of wavelength 1.54060
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A operating at a voltage of 30 kV and a curred®imA. The nucleolytic cleavage activities of tlenplexes were
assayed on pUC19 DNA using gel electrophoresihénpresence of #, and the complexes show promising
nuclease activity [3, 4]. The compounds were subpbto antimicrobial activity screening and Minimunhibitory
Concentration (MIC) is determined. The complexesnsBignificant growth inhibitory activity againdte bacteria
like Bacillus cereusStreptococcus pyogenes, Listeria monocytogensefstia coliandSalmonella typhihan the
free ligands. The MIC of 31.25 pg/ml of complexé4 band L is noticeable.

MATERIALSAND METHODS

All the reagents were of AR grade and the solveme purified by standard methods. IR spectra (40@800cn)
taken on KBr disc using a Perkin EImer Spectrum ©ONE17-1159 Spectrophotometer. Micro analysis aboa,
hydrogen, nitrogen and sulphur were obtained usiemental analyzer, magnetic moments were meastinewbm
temperature on Vibrating Sample Magneto meter EG &lodel: 155 using Hg [Co(Chl)as standard. Electrical
conductances of the complexes were made on a sisstronductivity meter type 304 in DMSO with a dype cell
having platinum electrode. The UV- visible speatere run on a Hitachi U-2800 spectrophotometer {2000 nm)

in nujol mull. TGA-DTA analyses were obtained byings NETZCH STA-409C/CD thermal analyzer. Thd
NMR, *C NMR spectra were recorded on JKM-ECS 400 in DMf@®elvent. The mass spectrum was recorded
using WATERS-Q-T of premier- HAB213, electro spragization-MS.

Antibacterial activity and M1C values

The antibacterial screening of the compounds wasedaout against the Gram positive bacteBadillus cereus
Streptococcus pyogenasd Listeria monocytogenggnd Gram negative bacterigscherichia coliand Salmonella
typhi) on the free ligand and metal complexes by cup ptethod using the nutrient agar as medium. In &&yp
procedure, molten nutrient agar kept at 115°C —C2@as poured into a Petri dish and allowed to #glidhe
small wells (10 mm diameter with 1cm distance) weeale in the agar medium by carefully using alsteonrk and
these were completely filled with test solutionbeTplates were incubated for 24 hours at 37 °C.diameters of
the zones of inhibition for all the test compoumadse measured and the results were compared veittottstandard
Tetracyclineat the same condition. The antibacterial actigitieere done at 15.62, 31.25, 62.5 and {ghnl
concentration in DMSO solvent by using three G arnd two G —ve bacteria by the MIC method.

DNA cleavage studies

The pUC19 DNA at pH 7.5 in Tris- HCL buffered satut was used to form agarose electrophoresis. abixil
cleavage of DNA was examined by keeping the comagoh of the 3QuM of complex and 2L of pUC19 DNA
and made up the volume to jtB with 5mM Tris-HCL/ 5mM NacCl buffer solutiorlhe resulting solution was
incubated at C for 2 h and electrophoresed for 2 h at 50V irs-Btetate-EDTA (TAE) buffer using 1% agarose
gel containing 1.@ug/ml ethidiumbromide and photographed under UVtligtl the experiments were performed at
room temperature.

Synthesis of Schiff baseL?, L2

A solution of o-phenylenediamine (0.01mole) and gtmylbenzaldehyde / p-methoxy benzaldehyde / (0ddhin

1:2 molar ratio in ethanol was mixed with conststiftring. The resulting mixture was refluxed fovdihours in a
water bath. The concentrated solution was filtevet] washed with ethanol and recrystallized usirgplation of
chloroform and ethanol mixture, its purity was dkest by TLC.

» o-phenylenediamine + p-methylbenzaldehyde —— 31 (Fig-1)
= o-phenylenediamine + p-methoxy benzaldehyde — i (Fig-2)

Synthesis of metal complexes (ML*, ML?)

A hot ethanolic solution of Schiff base(LL?) with 1, 1’-binaphthyl-2, 2’-diol (BINOL) and arntteanolic solution
of metal acetate solution were mixed in 1:1:1 mo#io. The mixture was refluxed for abd# h in water bath
The mixture was cooled in ice. The resulting pritatp was then filtered, washed with ethanol armtystallized
using a solution of chloroform and ethanol mixtute purity was checked by TLC [5, 6].
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RESULTSAND DISCUSSION

Micro analysis

Co(ll) complexes are stable at room temperatusglifle in water but soluble in DMF and DMSO. Thegy/gical
properties and analytical data of the ligands &eit tomplexes are given in Table 1. Elementalyaisldata of the
complexes are in good agreement with theoretichlega The analytical data (Table 1) indicate thdemdar
formula of the complexes as [Co' BINOL) (H.0) ,], [Co L? (BINOL) (H,0) ;] and [Co L® (H.0) .
The Co(ll) complexes have lower molar conductanaiias indicating that the'land |> complexes are non-
electrolytes [7, 8].

Electronic Spectra

The electronic absorption spectra of free Schiffebiégands (£ and L) and their Co(ll) complexes were recorded in
ethanol solution (1® M) in the range 200-1000 nm at room temperatusblél 2. Schiff base ligands show two
bands at 241 -243 nm and 305-378 nm corresponding -+ n* transition of aromatic benzene moiety anebmt*
transition of azomethine C=N bond respectively [9].

All the complexes exhibit three bands at 12,6503:200 crit (v,), 15,185 — 16,450 ci(v,) and 21,420 — 21,760
cm™ (vs) which correspond to'Ti(F) — “To(F), “Tig(F) — “Axy(F) and * T1((F) — “ T1(P) respectively. The
observed magnetic moment values 4.66 BM and 4.56iftate that the Co(ll) complexes are paramagneti
having of three unpaired electrons in an octaheziraironment [10].

Infrared Spectra

The Schiff base ligands'Land I show v(C=N) azomethine bands observed at 1643 and 1619 ©n
complexation, this band was shifted to 1617 andlL181" regions due to the coordination of azomethineogin
[11] to the Co(ll) ion Table-3. Furthermore, thegence of coordinated water molecules is confirtnethe bands
at 3450 and 3408 chin Col! and Col> complexes may respectively attributed to O-Htshiag vibrations. In all
these complexes two new bands appear at in the 6ty - 492 cim and 536 - 545 crhrespectively the existence
of v(M-N) and v(M-O) bonds.

"H-NM R spectrum of Schiff base

'H-NMR spectral data of the Schiff base"Ywas recorded in CDg(Fig-3), shows peaks at 7.58-6.97 and 2.38-
2.32 ppm due to aromatic protons ands;Qjtoup respectively Table-4. The formation of Sthidse (°) was
further confirmed [12] by th&H-NMR spectra’H-NMR spectra of the ligand were taken in DMS@sdlvent (Fig-

4). The aromatic region gives a set of multipleghia range 6.8—-7.6 ppm for the Schiff base ligamkile the
azomethine protons were observed in the range .8.48m. The methoxy group protons show a peak3a6-3.8
ppm. The total number of protons present in theifSblase exhibited signals their respective in thetpected
region. It was also observed that DMSO did not shay coordinating effect on all the ligands [13].

3C-NM R spectrum of Schiff base

13C. NMR spectral data of the Schiff basé)(lvas recorded in CDg(Fig-5), shows peaks at 121.8 — 141.3 and
21.1 -21.5 ppm due to aromatic carbons [14] and dups respectively. The formation of Schiff bigand (%)
was confirmed by th&*C-NMR spectra. *C-NMR spectra of the ligand were taken in DMS@sdlvent (Fig-6).
The aromatic region shows a set of multiples inrdmge 114.13-162.8 ppm for the Schiff base ligavitile the
azomethine carbons were observed in the range 1§ilr8 All the total number of carbons present i@ 8chiff
base exhibited signals their expected regionsalt also observed that DMSO did not show any coatitig effect

on all the ligands.

M ass spectral fragmentation of the Schiff base

The mass spectrum of Schiff basé)(shows a base peak m/e+ at 313 which is due twiiserved molecular
weight of the prepared Schiff base (Fig-7). Thisvess the condensation of aldehyde and amine to foenSchiff
base [15]. The mass spectra of the ligand recomtedoom temperature were used to ascertain [16] the
stoichiometric composition. The Ligand?Lshows a molecular ion peak at m/z 345, whichesponds to [L+H]
peak as the calculated m/z being 344 (Fig-18).
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Thermal studies

The TGA curve of the cobalt complex [CO (BINOL) (H,0),] shows that it is stable up to 115°C. A weigtssids
observed [17] around 128-135°C corresponding to elirination of two coordinated water molecules. the
complexes [Co £(BINOL) (H,0) ] this loss of coordinated water is observed at128 °C respectively [18].

Powder X-ray diffraction studies

The XRD pattern of Co(ll) complexes show well defircrystalline peaks indicating that the samplescaystalline
in nature (Fig-9). The above complexes have spatifvalues which can be used for its characteiirat The
crystallite size of the complexesqg could be estimated from XRD patterns [19] by tlobeSrer's formula gkp =
0.9\/pB (Co9), wherel is the wavelengtlf is the full width at half maxima arfilis the diffraction angle. The XRD
shows that Co(ll) complexes have the average dliystaize of 70 and 72 nm respectively, suggestihe
complexes to be nanocrystalline [20].

DNA cleavage studies

Gel electrophoresis experiments were performedgupldC19 DNA with ligands and their complexes in the
presence and absence 0fGid Complexes exhibit cleavage ability at low concation (40uM). The ligand
exhibits no significant activity in the presence @fidant. The activity was much higher for the céemps in
presence of kD,. When the calf-thymus DNA is subjected [21] toctlephoresis, relatively fast migration will be
observed for the intact super coil form (Form f)sdission occurs on one strand (nicking), the sap# will relax

to generate a slower moving open circular form ifidl). If both strands are cleaved, a linear fofforfn Ill) that
migrates between Forms | and Il will be generaldet complexes show more activity in the presencexafant
which may be due to the reaction of hydroxyl rabdiwdéh DNA. These hydroxyl free radicals participan the
oxidation of the dexoyribose moiety followed by hgxlyl cleavage of sugar phosphate backbone [228. rESults
of DNA cleavage studies have been shown in (Fig-All)metal complexes were able to convert DNA (fok)
into open circular (Form I1). The'LCo(Il) complex was found to be highly active ieaving DNA in the presence
of hydrogen peroxide. The,B, is coordinated to the cobalt ion of the compldiqrding a peroxo - cobalt species.
This coordinated peroxide ion attacks the DNA plmage bond via a nucleophilic mechanism and hydes\the P—
O bond [23].

[DNA+ML!+Hh0p]> [DNA+12+ Hi0y]> [DNA+L!+ o2 ] > [ DNA + ML2 + Huy

Antibacterial activity

The antibacterial activity of the Co(ll) complexssre studied against five pathogenic bacteriargtraihe results
of the antibacterial activity studies for the coeygs and standard antibiotetracyclinewere evaluated by Muller
Hinton agar diffusion method and serial dilutiomsiévity test against [24] both Gram-positive &aBthm-negative
bacteria. DMSO solvent was also used as controlit Asuld be seen from these tables, both Gramtigesand
Gram negative bacteria were affected by these atdhbial agents antd.monocytogensvas the most sensitive
microorganism of the studied complexes (Fig-11). t@& other handk.coli, S. typhj B.cereus and S.pyogenes
were, to some extent, more resistant to these cong® It is previously reported that the presenée o
electronegative and electron donating groups onstiiphur part of the Schiff base increases thebaaterial
activity of their metal complexes.

The MIC was calculated as the highest dilution shgwcomplete inhibition of the tested strains aadarted in
(Table- 5 & 6). These Schiff base and complexes disturb the respiration process of the cell dnd thlock the
synthesis of proteins, which further restricts gnewth of the microorganisms. The Mtomplex has good activity
when compared to Schiff base and other metal cowmpl25].
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Table-1: Physical and analytical data of Schiff basesand their metal complexes

. . Found (Calcd.) % Am
Ligand /complex M.F(M.Wt.) | Yield % C H N o Sem? Mol
CoaHaoNa (LY 312.42 72 84.58 (84.52) 6.45(6.4D) 8.97 (8.94) - -
CooHaoN20; (L) 344.41 75 76.72 (76.70) 5.85(5.8P) 8.13(8.10) - -
[Co L' (BINOL) (H,0)] 691.6¢ 76 72.93 (72.9C | 5.25(5.21 | 4.05(4.00 | 8.52 (8.48 44.1(
[Co L2 (BINOL) (H;0),] 723.69 80 69.71 (69.67) 5.02(4.98) 3.97(3.92).1488.12) 46.30

Table-2: UV-Vis spectra of Schiff base and its complexes

Ligand / Complex Absc;‘rrtr)‘ance v/ em? Assignment Geometry | Magnetic moment (BM)

L1 241 41,150 T — i i
37¢ 26,45¢ n—n*

L2 243 41,152 T — . .
305 32,786 n—n*
790 12,650 | *Tiy(F) — “TofF)

[Co L* (BINOL) (H,0),] 626 15,960 | “Ti(F) — “Ay(F) | Octahedral 4.66
460 21,760 | “Ti(F) — *Ta(P)
763 13,100 | *Ti(F) — “TofF)

[Co L(BINOL) (H,0),] 608 16,450 | “Ti(F) — “Ay(F) | Octahedral 456
467 21,420 | “Ti(F) = *Ta(P)

Table-3: IR Spectral data of ligands and its metal complexes (cm™)

Ligand / Complex vO-H, vC=N vM-N | vM-O
L - 1643.28 - -
L2 - 1619.52 - -
[Co L} (BINOL) (H,O),] | 3450.14| 1617.84 545.1p 492.22
[Co L (BINOL) (H,0);] | 3408.48| 1611.31 536.76 461.38

Table-4: "H-NMR Spectral data of ligand and its metal complexes (& ppm) in dg-DM SO

®C-NMR spectra

Ligand *H-NMR Spectra
L1 8.32 (2H,s, CH=N), 6.97-7.58(12H,m, Ar-H), 21.1 -21.1(2C,-Ch), 121.8,124.6,130.2,134.5,141.3 (18C, Ar-{),
2.32-2.38(6H,-Ch) 161.5 (2C, CH=N)
_ ] 54.68-55.60(2C,-OC}),
L2 g'gg(g:%gg)‘ N). 6.8-7.6(12H,m, Ar-H), 114.7,1215123.8/127.8,129.6,131.4,162.8  (18C, CAr
' ' 161.8(2C, CH=N)
Table-5: Determination of M1C for antibacterial activity
Micro organisms L’ ML” L? ML®
9 a|b| c| d|l a bl ¢ d 4 t g ja |b [c |d
Bacillus cereus A e e O O s e e
Streptococcus pyogengs- | - | + | +| - | -| +| +| -| +| 4| +# -| -| +
Listeria monocytogens| - | - | + | +| - | +| +| +| -| +| +| +| - -| +
Escherichia co R R R
Salmonella typhi e O e e O O e e
a= 125 pg/ml, b=62.5 pg/ml, c= 31.25 pg/ml, d=@3 pug/ml: M= Co(ll) ion
Minus (-) indicates the absence of growth, Plusifelicates presence of growth
Table-6: Antibacterial activitiesM|C values
. . MIC values (1g/ml)
Micro organisms T TMLIT L2 | ML2
Bacillus cereus 125 | 62.5| 125| 62.5
Streptococcus pyogengs62.5 | 62.5| 125/ 62.5
Listeria monocytogens| 62.5| 125| 125 62.1
Escherichia co 62.5 | 62.5 | 62.F | 31t
Salmonella typhi 62.5| 125| 62.5 62.5
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Fig-1: Schiff basefreeligand (L")
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Fig-3: *H-NMR spectrum of the free Schiff base (LY
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Fig-5: *C-NMR spectrum of the free Schiff base (L%)
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Fig-7: Mass spectra of the Schiff base (L)

Fig-2: Schiff base freeligand (L?)
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Fig-4: 'H-NMR spectrum of the free Schiff base (L?)
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Fig-6: >C-NMR spectrum of the free Schiff base (L?)
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Fig-8: Mass spectra of the Schiff base (L?)
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L1Co(Il) complex

1.2Co(IT) complex
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Fig-9: XRD pattern of Co(ll) complexes

Fig-10: DNA cleavage Schiff base metal complexes

Anti-bacterial assay
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Fig-11: Antibacterial activity

CONCLUSION

In this paper we have reported the synthesis ofiffStiase ligands from o-phenylenediamine and p-
methylbenzaldehyde / p-methoxybenzaldehyde and €wll) complexes have been synthesized usingStteff
base ligands. The ligands and complex were chaizeteby spectral and analytical data. The eleatrspectral
data indicates that all the Co(ll) complexes amnaupeagnetic with octahedral geometry. The pUC19 Diigavage
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studies explain the total cleavage of pUC19 DNAGC(II) complexes in the presence of(d. The antibacterial
studies carried out with the complexes confirm thaty are good antibacterial agents. Their MIC galbeing 125
ug / litre.
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