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ABSTRACT

A novel series of transition metal complexes ofllzdNi(ll), Cu(ll) and Zn(ll) have been synthesiz from their
corresponding metal chlorides and macrocyclic 8dbase ligand derived from, 4-aminoantipyrine,-Bigadion
and O-Phenylenediamine. Several tools like elenhemialyses, magnetic susceptibility, molar condoce Mass,
FT-IR, Far IR, UV-Vis, VSM'H NMR, *C NMR, SEM, EDX and ESR have been used to obtaircttamical
structures of synthesized transition metal com@eXbae UV-Vis, magnetic susceptibility and ESRsgieetral data
reveal that all complexes are found to have octeddegeometry. The antimicrobial screening testicates that the
metal complexes of Cu(ll) have good antimicrobizthaty than other metal complexes. DNA cleavagediss show
the effectiveness cleavage of all the complexes.

Keywords. Macrocyclic complex; 2,3-butadion; 4-aminoantipg; O-Phenylenediamine and antimicrobial
activity.

INTRODUCTION

The cyclic and acyclic organic substrates whicHegremntially interact with particular metal ionsa$ fundamental
importance in many areas of chemistfyln model studies, the majority of the ligand syssds derived from Schiff
bases. Amino heterocyclic compounds containing two or epotential donor centers play an important roléhen
study of comparative reactivity of bidentate fida system$.n this paper, we are reporting a novel tetra atent
Schiff base [1+2+1] derived from 4-aminoantipyri@ePhenylenediamine and 2,3-butadion and its charaat®n
using several spectroscopic and analytical methods.

MATERIALSAND METHODS

To the methanolic solution of 4-aminoantipyrine4®g, 0.1 mmol), 2, 3-Butadion (0.04 g, 0.01 mnvedls added
and the reaction mixture was kept over magnetitestiand stirred well for 3 h. The light brown cad solid

separated out from the mixture was filtered andystallized from methanol and dried over vacuume 8hlid thus

obtained is refluxed witlO-Phenylenediamine (0.040 g, 0.05 mmol) dissolvedGnmL ethanol for 30 h. The
brown colored solid separated out was filteredaoff dried over Cagl

Synthesis of Complexes

A solution of metal (II) chloride in methanol (Or2mol) was refluxed with methanolic solution of t&ehiff base
(0.2 mmol) for 6 h. The volume of the solution when reduced to one third by keeping on a hot wad¢h. The
solid complex precipitated was filtered, washedalighly with methanol and dried in a vacuum. (Schdn
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Analytical and physical measurements

All the reagents, such as benzil, 4-aminoantipy©-Phenylenediamine and various metals(ll)chloridesenof
Aldrich and Merck products. The solvents like meila DMSO and DMF were purified and dried by stadda
procedures>® The micro analytical data of the compounds weoerded in [ISC Bangalore. The mass spectra of
the ligands were recorded at IIT Madr3d.and,>C NMR spectra were recorded on a Bruker DPX - 308zM
spectrometer using MeOD as solvent and TMS as ternal standard at IIT Madras. Far IR spectra & th
complexes were recorded on a Perkin —Elmer 783tspeeter in the range of 400-0 ¢rasing KBr disks at 11SC,
Bangalore. The UV-Visible spectra were recordedacBchimadzu UV spectrometer in the range 200-70(ahm
CLRI, Madras. The magnetic susceptibility of thenpdex was recorded by vibrating sample magneton{stgm)

at IIT Madras. The molar conductance was measuneBldCO CM-180 using DMSO as the solvent at room
temperature. SEM-EDX for legends and its complexere recorded in [ISC Bangalore. The antibactextdivity

of Schiff base ligands and their metal complexesvatudied against bacteria likecoli, S.Aureusand fungus like
A.Niger and A.Flavas. The DNA cleavage ability of the newly synthesizesinpound was examined by gel
electrophoresis method.

Antimicrobial activity

The antimicrobial activity was determined for theéstigated compounds against the bactérieoli, S.aureusand
fungus: A.niger and A.flavaswell diffusion method using agar nutrient as thediani. The stock solution was
prepared by dissolving (100 mg) of compounds in @M$n a typical procedure a well was made in tharag
medium inoculated with the microorganism. The wedls filled with the test solution using micropigetind the
plate was incubated 24 h for bacteria and 72 Hugi at 35 °C. During this period the test solntiffused and
the growth of the inoculated microorganisms waeéd.

DNA cleavage activity

The DNA cleavage ability of the newly synthesizenpound was examined by gel electrophoresis methiog.
electrophoresis of the samples was done accordine following proceduréSam brook et al., 1989)The
compounds were added separately to the DNA sanipke.sample mixtures were incubated at 37 °C for 250

mg of agarose well dissolved in 25 mL of TAE bufér84 g Tris base, pH 8.0, 0.5 M EDTA/1000 mL). &dlthe

gel attains ~58C, it was poured into the gel cassette fitted wittomb. When the gel gets solidified the comb was
removed and the gel was placed in the electroplsootmmber flooded with TAE buffer 2@ of DNA sample
(mixed with bromophenol blue dye @ 1:1 ratio), waarefully loaded into the wells, along with starti®NA
marker and the constant 50 V of electricity wassgd for around 45 min. The gel was removed alyednd
stained with an ETBR solution (1@/mL) for 10-15 min and the bands were observecubty transilluminator.

RESULTSAND DISCUSSION
The complexes are soluble in methanol and DMSO.Gatdty measurement of these complexes in® M

solution DMSO indicated the non-electrolyte (bel2v® cndmol™). The analytical data of the reported complexes
are as follows.

Co (GoH3oNg) Cl, (1): yield: 60 %; F.W; 658; Anal. calcd :C,58.3;4.90; N,17.02; C0,8.95 %. Found: C, 58.31;
H, 4.86; N, 17; Co, 8.91 %

Ni (Cs.H3Ng) Cl, (2): yield: 65 %; F.W; 658.20; Anal. calcd: C,38; H,4.90; N,17.02; Ni,8.92 % Found: C,58.34;
H,4.86; N,17.02, Ni, 8.90 %

Cu (GoH3z2Ng) Cl, (3): yield: 70 %; F.W; 663.10; Anal. calcd: C,56,.%,4.86; N,16.90; Cu,9.58 % Found: C,57.91;
H,4.83; N,16.89; Cu, 9.56 %

Zn (CsH3zNg) Cly (4): yield: 68 %; F.W; 664.90; Anal. calcd: C,50,84,4.85; N,16.85; Zn, 9.83 % Found:
C,57.75; H,4.81; N,16.84; Zn, 9.90 %
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FTIR spectral analysis

In all the complexes, the peaks corresponding t@agaied primary amines or carbonyl groups wererab3éde
presence of a strong absorption band at 1656 assigned ta(C=N), **° in the spectrum of the ligand has been
found shifted to the low frequency (40-50Yrside of the spectrum of the metal compleX&4 A band appeared
at 1488-1592 cih assigned to/(C=C) of the legend is not much altered in the spec of the complex these
observations suggesting the involvement N atonCafl) in the complex formation. Th€C-N) of the complexes
occurs in the region 1197-1339 ¢t The bands at 450 — 570 Crare due ta(M-N). %’

Far IR spectral analysis

From the Far IR spectrum of each complex, it hamnbevealed that the bands appeared at 260 — 347ncafl
complexes has been assigned {®1-Cl). *®* These two frequencies support the formation of Mwd M—Cl bonds.
The results of the study are shown in Table I.

Tablel. Infrared spectral data v/cm™, of the divalent of Co(I1), Ni(11), Cu(l1) and Zn(l1) complexes derived from 4-aminoantipyrine,
2,3-butadion and o-phenylenediamine

Complex v(C=N) v(C=C) v(C-N) v(M-N) v(M-Cl)

(CszH32Ng) 1650 1496-1592 1275 -

Co(GszH3:Ng)Cl;  1606.89 1491.69 1197 450 318
Ni(CszHs2Ng)Cl,  1606.93 1491.47 1199 454 336
Cu(GCszH3:Ng)Cl, 1597 1488 1339 480 347
Zn(Cs;H3:Ng)Cl, 1602 1492 1328 490 260

3C NMR Spectra
The spectrum of the ligand was recorded in MeODwshibthe following signal®: 140.79(-C=N), &: 128.94
aromatic carbord: 48.18 & 36.01 (N-Ch), (C-CHs) group present in the ringf’

'H NMR Spectra
5: 2.9 (S, 6H) (=C-Ch), &: 3.33 (S ,6H) (N-CH), , &: 7.3— 7.86 (M ,14) aromatic protéh. The results of the
study are shown in Figure. |
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Figurel. (a, b) *C NMR & *H NMR Spectra of theligand

Electronic spectra
UV-Vis spectra of the complexes were revealed usiM methanolic solution of the complex.

Cobalt complexes:The solution spectra of Co(ll) complexes exhibito bands at 17850 ¢hmand 21674 ch
were assigned t8T,g(F)—*A,g(F) and“T:g(F)-'T.g(P) transition respectively .This confirms the atwdral
arrangements for Co(ll) ioff.

Nickel complexesThe solution spectra of Ni(ll) complexes exhilsihe band at 19540 chare assigned ttA,g
(F) —°T.g (P) transitiorf? This confirms the octahedral arrangements forINigh.
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Copper complexeOnly one broad is observed at 16500cm the electronic spectrum of Cu(ll) complex agd i

assigned t6Eg—?T,g transition. This broad confirms the octahedralrgetry of Cu(ll) complex®

Magnetic susceptibility measurement

The Vibrating scanning magnetization study wasiedrout for the entire complex at room temperatlites results

of the study are shown in Table Il & figure II.

Tablell. Magnetic moment values of the Schiff base metal(l1) complexes

Complex

Observed Magnetic moment (BM)

[C_O(C42H36N3)C|z
[Ni(C42H36Ng)Cly]
[Cu(Cys2H36Ns)Cl

2.16
3.55
1.81

L

Feal)

Magnetization (Ma): 761.11E-6 emu
Betentivity (Mr): 32.396E-6 em

Coercivity (Hzi): 502.54 C
Fumber of Pointa: 151
Tine Constant: 1 sec

Average Time: 3 sec
Masa: £.0000E-3 g
Sensitivity: -6.1000 em

VSM picture of Co(Il) complex
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Time Constant: 1 sez

Magnetization (Ms): 735.352-6 ema
Retentivity (Mr): 44.1415-6 em

Average Tine: 3 sac
Maes: 9.0000E-3 g
Sensitivity: -6.1000 emy

VSM picture of Ni(Il) complex
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Figurell. (a, b and c)VSM spectra of the Co(I1),Ni(l1), Cu(ll) complexes

Cobalt complexThe magnetic moment of the Co(ll) complex was tbimthe range 2.16 BM. The lower magnetic
moments of monomeric Co(ll) complex suggested that complex was not pure octahedral and is flattgni
towards planar arrangemefit?’

Nickel complexThe magnetic momemtf Ni(ll) complex was found in the range 3.55 BM. Thagnetic moment
value ranges 3.14-3.68 BM reported earlier Xidfil) octahedral comple¥ This increase in magnetic moments
from spin only value (2.83 BM) is due to slighttdigion from pure octahedral to,® symmetry.
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Copper complex: The magnetic moment of the Cu(ll) complex wasnfbun the range 1.81 BM indicates the
paramagnetism complex due to one unpaired elecirbe@ magnetic moment of the complex, which istglig
higher than the spin only value (1.77 BM) whictplains that the complex is monomeric in nature trggle is no
metal-metal interaction along axial position in tmmplex and have distorted octahedral environnignt.

Mass spectra

The stoichiometry composition of ligand [L] and @spper complex were compared using the mass spddte
molecular ion peak of Schiff base mass 528 obeysitiogen rule since the compound contains 8 getnoatoms.
The copper complex exhibit molecular ion peak a 638 confirms the stoichiometry of metal of chetahs ML
type.**The results of the study are shown in Figure. 3
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Mass Spectrum of the ligand Mass Spectrum of the Cu(Il) Complex
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Figure. I11. (a,b) Mass spectra of theligand and its Cu(ll) complex

SEM- EDX analysis
The surface morphology of ligand and Cu(ll) compkexave been examined using scanning electron soimpe at
a magnification of 2000 X. The distinct morphologfythe free ligand and Cu(ll) complex can be obsdrnFrom
the SEM analysis, it is observed that, the Cu@bmplexes are highly porous when compared to e figand.
The results of the study are shown in Figure. IV

C e " el 4
Sem image of the Cu(Il) complex in 50 um

Sem image oftheligand in 50 pm
@ (b)
Figure. 1V (a, b). SEM images of the ligand and its Cu(l1) complex

EDX analysis is used to calculate the percentagal l&f various elements present in the metal cormplbe results
by energy dispersive x-ray analysis (EDX) indicatieat there was no contamination .The percentafjelements
present in the complex are in agreement with tb@@sed structure. The results of the study are shiowigure. V
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Figure.V EDX of the Cu(l1) complex

ESR spectra

The ESR spectra of Cu(ll) complexes were recordedoom temperature (300 K). The four well resolpedks in
the low filed region corresponding ¢ (2.274) andy. (2.095). The trendg) (2.274) >g. (2.095) >ge (2.0023)
observed in copper complex suggests that the wpaiectron is localized in &y orbital for copper ion®*3*
According to Hathaway if the value of G is gredten four (G > 4), the exchange interaction is igdgke whereas
when the value of G is less than four (G < 4), astterable exchange interaction is indicated inctt@plex. It is
observed that the G value for these complexes ese than four (G < 4), indicating considerable axrcfe

interaction the complexe¥** The spin orbit coupling constart yalue (-750 ci) calculated using relations
Oa = 1/3@) + 29v) andgav = 2(1 — 2/10Dq) is less than the free Cu(ll) ion (-832 Bnwhich also supports

covalent character of the M-L bond in comptésthe covalency parameteic  is calculated using the following

equation. o (Cu) =—(A/0.036) + (g — 2.0023) + 3/7(g- 2.0023) + 0.04. If the value of = 0.5, it indesta
complete covalent bonding, while the valuecdt=1.0 suggest complete ionic bonding .The obsenadevof o

(0.87) of the complex is less than unity which @ades that the complex has some covalent charactke ligand
environment®® The results of the study are shown in Figure.VI

Figure.VI ESR spectra of Cu(l1) complex

Based on the above physical methods and spectabisisithe structure of the complex is proposed.
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Proposed structure of synthesized complexes, wiereCo(ll) ,Ni (Il), Cu (Il) or Zn(ll) and X = Cl

Antibacterial activity

In vitro antimicrobial activity was studied met&dq(Il),Ni(Il),Cu(ll) and Zn(ll)]chloride solutionsPMSO solvent,
free ligand and DMSO solution of metal complex. Tast was studied against the bacteacoli, S.Aureusand
fungi: A.Niger and A.FlavasFrom the result of the antimicrobial, it has beevealed that the metal complexes are
found as higher activity than the free ligand. Tisiexplained by chelation theoty the polarity of the metal ion
will be reduced to a greater extent due to the lapesf the legend orbital and partial sharing & fgositive charge
of the metal ion with donor groups. This causesdase in delocalization of theelectrons over the whole chelate
ring and enhances the penetration of the complienedipid membranes and blocks the metal bindiitgssin the
enzymes of micro organisms. These complexes aktarbithe respiration process of the cell and thlosk the
synthesis of proteins, which restricts further gitowf the organism& The results of the study are shown in Plate
1: Anti bacterial activity, Plate 2:Anti Fungal adty

Plate 1: Anti bacterial activity

Plate 1: Anti bacterial activity
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Plate 2:Anti Fungal activity

Plate 2: Anti Fungal activity

DNA cleavage activity

It is evident from gel electrophoresis analysig thecause of the difference in molecular weightvieen the control
and the treated DNA samples, the ligand and itehoetmplexes have acted on DNA. Compared to comA,
the difference in the migration of the lanes of iBdtase ligand (L) and its metal(ll)complexes wn clearly in
the present gel electrophoresis. It has been shbamligand and its [Co(L)G] complex completely cleaves the
super coil. On the other hand, there is only placteavage of super coil by [Ni(L)g}| [Cu (L) Cl;] and [Zn(L)Ck]
complexes. From the studies, it is evident thay dimé control DNA does not show any apparent clgayvaut the
ligand and its metal complexes show the appare@velge. From the finding of this study, we can €dmthe
conclusion that all the newly synthesize compoural good inhibitors of pathogenic microorganisms,civhis
evident from the observation on the DNA cleavabee results of the study are shown in Figure.7

Agarose gel clectrphoretic pattem of CT DNA induced by
H,0, and metal complexes M:DNA alone(lane 1),C:
Control DNA (lane 2), Ligand (lane 3), [NiL|C1, (lane 4),
[CuLIC); (lane 5), [CoLIC, (lane 6), [ZaL]Cl, (lane 7)

Figure. VII DNA cleavage activity
CONCLUSION

The elemental analyses magnetic susceptibilityamebnductance, mass, FT-IR, FAR-IR, UV-Vis, NMR, *C
NMR, ESR and SEM EDS suggests that Zinc(Il) compiave octahedral geometry, where as Cobalt(lIpead)
and nickel(ll) complexes have distorted octahededmetry from the data it is established that ymthesized
Schiff base is a tetra denate ligand which cootdmahrough its four azomethine nitrogen. Cu(limpbexes
posses greater antimicrobial activity than othenglexes. The interaction of these complexes with-@NA was
investigated by gel electrophoresis. From the ofadiem, interestingly the DNA band was found toftshp in
molecular weight by treating with sample Co(ll) quex though significant DNA cleavage was found.
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