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ABSTRACT

A new series of transition metal Complexes of GUYO(IV), Mn(ll), Co(ll), Ni(ll) and Zn(ll) witha Schiff base
derived from  2-AminomethylBenzimidazole and  4-aflenzaldehyde(1-(1H-benzimidazol-2-yl)-N-[4-
chlorobenzylidene) methanamine-BCTM) were sucdgssynthesized. The complexes have been charaeteri
using chemical analysis, spectroscopic methodsyMRVisible," H NMR and ESR), conductometric and magnetic
data. According to these data, we propose an ochahgeometry to all the metal complexes. Antibdatectivity

of the ligand and its metal complexes were studigdinst two gram negative bacteria: Escherichiai,col
Pseudomonas aeruginosa, and two gram positive bactBacillus subtilis, Staphylococcus aureus. #shbeen
found that all the complexes are antimicrobiallytiae and show higher activity than ligand. The eace activity

of the above metal complexes were assessed biegebphoresis assay and the results show that Incetaplexes
can cleave pUC19 DNA in presence of hydrogen paeccompared to the ligand.

Keywords: Schiff base,2-aminomethyl benzimidazole,P-chloeazaldehyde.

INTRODUCTION

Compounds containing imines bases have not onlydaxtensive application in organic synthesis, davteral of
these molecules display significant biological atfi [1-4]. In the last decade Schiff base ligarids/e received
more attention mainly because of their wide apfibcain the field of catalysis and due to theiribatterial[5,6],
anti-tuberculosis [7], and antitumour activity[8kecticidal activity[9]. They easily form stablengplexes with
most transition metal ions. Schiff base complexasved from heterocyclic compounds have increasegfést in
the field of bioinorganic chemistry[10]. Benzimidde and its derivatives are the important classamimatic
heterocyclic compounds with broad spectrum of Igjmal activities such as antimicrobial [11], angircer [12],
anti-inflammatory [13], antivirus [14], anticonvalst [15]. Benzimidazole was confirmed to have matinvitro
anti-HlVeffect.[16] In last decades,heterocyclimmbienidazoles, their derivatives and transition rhetamplexes
have received considerable attention in coordinatbemistry, because of their well-documented jicial
activities. It was found that such complexd®wed larger antimicrobial activities than theeftigands[17,18]In
continuation of our research work[19] on transitimetal complexes with Schiff bases, in the pregpagmer we
report the synthesis and characterizatbérCu(ll), Co(ll), Ni(ll), OV(IV), Mn(ll)and Zn(Il) complexesof Schiff
base derived from 2-aminomethyl benzimidazole.2H€Id P-chloro benzaldehyde. These complexes hese b
characterized by various physiochemical methods.
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EXPERIMENTAL SECTION

Materials:-

All the chemicals used were of analytical grader@i#omethylbenzimidazole.2HCI was of sigma Aldrich
chemicals. 4-chloro benzaldehyde,Vanadylsulphat®©5ldopper chloride, nickel chloride, zinc acetat@nganese
chloride and cobalt chloride were of SD’s fine clieats.

Instrumentation

The percentage compositions of C, H, and N of cexgd were determined by using by using micro aicalyt
methods on Perkin Elmer 240C (USA) elemental amalyinfrared spectra the ligand and its complexesew
carried out by using KBr pellets in the range (4d00 cm-1) on Perkin Elmer Infra red model 337. Elextronic
absorption was carried out by using a Shimadzu B¥1lusing DMSO as solvent. The Mass spectra wemded
by ESI technique on VG AUTOSPEC mass spectrometgruiment. TheéH NMR spectrum was recorded on
Varian Gemini Unity Spectrometer by employing TMS iaternal standard. Melting points of the liganta
decomposition temperature of complexes were debtaanbn Polmon instrument (model No.MP-96). The Mola
conductance measurements were carried out in DMS®NI) using Digisun Electronic Digital conductivityeter
of model: DI-909 having a dip-type cell calibrateith KCI. The Magnetic susceptibilities of complexeere
determined on Gouy balance model 755Q3tIC. The diamagnetic corrections were made by Pascahstant
and Hg[Co(SCNj] was used as a calibrant.ESR spectra were recond®MSO solution on a JOEL.TE-3X.X-
Band spectrometer equipped with a 100KHZ field ntatilon unit, central university, Hyderabad.

Synthesis of Schiff base:-

2-aminomethyl benzimidazole.2HCI (1.10g, 5mmol) veissolved in 15ml of water and neutralized by addi
aqueous NAO; solution. A stirred solution of 4-chloro benzalddby0.560 g, 5mmol) in 8ml of methanol was
added drop wise to the above solution with stirnvith in 1 hr. During this period, yellow solid sity separated
out .the solid was filtered off, washed thoroughligh water followed by petroleum ether and driedvaccuo at
room temperature. Structure of the Schiff basédswve in the Fig.1.

Fig-I:-Structrure of BNCM
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Synthesis of metal complexes:-

Methanolic  solution of ligand (0.005mol) and metblim solution of corresponding metal
salts(0.005mol)(MXwhere M= Cu(ll), Ni(ll), Co(ll), Zn(ll), Mn(Il) andVO(IV);(X=Cl/Acetate/SQ) were mixed
together with constant stirring. The mixture wafluseed for 4 hours at 80/C. On cooling colored solid metal
complexes were precipitated out. The products Viikezed, washed with petroleum ether and driedesndaccuo
over Cadj.

Gel electrophoresis

The cleavage of pU& DNA was determined by agarose gel electropho2@js[The gel electrophoresis
experiments were performed by incubation of themasicontaining 4@M pUC'® DNA,50 uM metal complexes
and 50uM H,O, in Tris-HCI buffer (pH 7.2) at 3T for 2 h. After incubation, the samples were etgaioresed for
2 h at 50 V on 1% agarose gel using Tris-acetid-&E TA buffer (pH 7.2). The gel was then stainethgd pg cm

3 ethidium bromide (EB) and photographed under vilbtat light at 360nm. All the experiments werefoemed at
room temperature unless otherwise mentioned.

RESULTS AND DISCUSSION

The complexes were found to be stable in air amthygroscopic. The complexes are soluble in DMS@e T
physical properties and analytical data of the dewgs are given in Table-1.
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Table-1. Physical properties and analytical data oSchiff base and its metal complexes

Compound masd M Mgﬁ:nciggg:#gﬁnce - I_iFound(cslculated)é| -
BNTM 270 | 168 (22:;2) (j:ig) (|1%.5581) (ﬁ::g)
T R R R A AR
[CO(BNCM)CLICL, XH,0 | 470.9| 228 220 (33%21. é:ig, (g:g; (377.;11; (g:ig
[Ni(BNCM)Cl4]Cl, 540 | >300 290 (333) é;éé) 7('77.;5) (331111) &823(1))
[Zn(BNCM)OAC(HO)]™ | 430 | 210 18 (j;:g) (j:g) (332% (g:ig) (igﬁ)
[Mn(BNCM)CIS(H,O)ICI | 490 | 292 65 (gg:;) (gigi) (g:i;) ég:gé) (ﬂiig)
[VO(BNCM)SO4(HO)I"* | 451 | >300 13 (23333,) (33.911) (gjzlt) (;:g;) (1111.59)

IR spectral studies-

The most important infrared spectral bands thavigdeconclusive structural evidence for the Cocatlon of the
ligands to the central metal ions are given inTable2 and IR spectrum of Co-BNCM shown in the Fég8. The
ligand shows a strong band at 1643coharacteristic off (C=N) stretching vibration[21], this band undergae
negative shift in the complexes indicating thetipgration of the azomethine nitrogen in coordioati[22]..
Generally the 1R spectra of the free ligands shdwoad band around 3450¢mvhich can be attributed to NH
stretching vibration of benzimidazole moiety. Thasipion of this band remains at nearly the samguigecy in the
spectra of the metal complexes suggesting the nordmation of this group[23].Appearance of a brdwhd in
3000 to 3300cim region was observed in the spectra of metal coxepléndicating the presence of coordinated or
lattice water molecules[24]. Water molecules arerdmated, confirmed by the occurance of additidzald at 815-
845cm’ arising due to OH rocking vibrations[25]. Othembaof M-N appears at around 430826]. In addition,
vanadyl complex shows a band at 98Gcattributed to V=0 frequency[27-30]. The IR speuairof the complex 1
shows a band at 1591&mvhich may be attributed 10 ,5,{COQO) stretching Vibration. A band at 1402 ¢rim the
IR spectrum of the compleray be assigned 1q,,(COO) stretching vibration [31,32]. the band appeaahd591
cm® in the spectrum of the zn complex can be consitlasean overlapped band due to two stretching tiins of
C=N and asymmetric coordinated COO

1

H NMR:-

The'H NMR spectral data of the ligand is summarizethia Table-4 and shown in the figure-2. A sharp Isinat
8.55 assignable to azomethine proton (-CH=N-) cardfithe formation of the ligand as proposed

Table.2 Characteristic IR bands (cnit) of the compounds studied

Compound| vCH=N | v M-N v M-OH v V=0
BNCM 1643

CuBNCM 1593 434 3202,836

CoBNCM 1602 433 3195,841

NiBNCM 1628 427

MnBNCM 1605 432 3191,820

VOBNCM 1625 461 3054,844 980

Zn-BNCM 1591 434 3353,83%

Electronic spectra and magnetic moment

The magnetic susceptibility and electronic spededh of the metal complexes are given in Tabl€h& magnetic
susceptibility data showetthat all the metal complexes, except zinc compéeg, paramagnetic. The values show
that the manganese and cobalt complexes are highaspl the zinc complex is diamagnetic. The valass
consistent with octahedral geometry, which is fertsupported by electronic spectral data. The La@mplex
showed one broad band at 13568cassignable to th&Eg—“T,g transition that is characteristic of an octahkdra
environment[33].The electronic spectrum of Co(bjrplex showed bands at 14970,20366
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24881cnt,which are assignable {#,9(F)~*T.g(F)/T:g(F)—*A,g(F) and'T,g(P)~*T.g(F)

transitions respectively, that are characterisfiooctahedral configuration[33]. The Ni(ll) complexhibited 3
transitions (shown in the figure-4) at 14858,2439864cnt, which are assignable t8A,g—°T.g (F),
3A,g—T.g(F) and3A,g—°T,g(P) transitions. Electronic spectra of Mn(ll) cdmp display absorption bands at
24813,25241,25188,28490¢m characteristic of octahedral geometry correspumdio °A.g— “T.g(‘G),
°A.0—Exg(“D), °A1g—*T1g(*P) and®A,g—*Eg('G) transitions respectively. The VO(IV) complex #ited three
transitions at12658,17857,23809¢mwhich are assignable t&—?B,, °B,—°B,& ?A,;—’B, respectively, that are
characteristic of octahedral geometry[33].The dignedic Zn(ll) complex did not show any d-d bandsl &neir
spectra are dominated by charge transfer bands0235000crt was assigned due to transition possibly in an
octahedral environment.

Fig-3:-IR spectrum of Co-BNCM:- Fig-4:- UV _Visible spectrum dfli-BNCM
‘?!‘3', CENTRAL FACILITIES - OSMANIA UNIVERSITY
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Table-3 Electronic spectral data and magnetic monre data

Complex Heft Frequency(cn™) Assignmentt
Cu-BNCM 1.72 13568 Eg—"Tog
14970 T9(F—"T9(F)
Co-BNCM 43 20366 *T1g(F)—*Asg(F)
24881 “T,9(P)~*T:g(F)
14858 3A.0—°T.g(F)
Ni-BNCM 2.8 24390 3A,0—T19(F)
30864 3A.0—°T1g(P)
12658 E 7B,
VO-BNCM 1.67 17857 B, 7B,
23809 A1 —%B,
24813 ZAlg—iTlgEng
25241 A1g—"Eg('D
Mn-BNCM 4.82 25188 6Alg_’4Tlg(4P)
2849( 5A.0—*Eg(‘G)
Zn-BNCM Diamagnetic - -

ESR spectra of Cu(ll) complex-

The ESR spectral studies of Cu (II) complex providermation of the metal ion environment. The E§#ectrum
of the Cu (Il) complex was recorded in DMSO at ldjnitrogen Temperature(LNT). This complex in thiezen
state at 77 K shows four slightly resolved peakmwafintensities in the low field region and onéeimse peak in the
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high field region. In distorted octahedral and sgqualanar complexes, the unpaired electron Iieﬂae’en(;f_y2 orbital
giving °B;g as the ground state with gll>¢2.18>2.05) & gy is calculated as 2.097, which suggests That the
complex is having distorted octahedral geometryisoAt is supported by the fact that the unpairkstteon lies
predominantly in the ﬂyz orbital. ESR spectrum of Cu-BNTM is given in thigdre.5. The spin-orbit coupling
constant) value (— 330 cr) calculated using the relationg,g = 1/3[gll+ 2g] and ga.= 2(1-2/10Dq), is less
than the free Cu(ll) ion (-832 ¢ which also supports covalent character [34] ollNbend in the complex.

Fig-2:- NMR spectrum of BNCM
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Tabe-4.'H NMR data of the Schiff base

'H
.0 ppm Assighment
8.55(1H,s) -CH=N-
5.1(2H,s) -CH2-
13.1(1H,s -NH-
7.65(m) Benzimidazole & p-chloro benzaldehyde ripgstons

Molecular modeling studies:-

The possible geometries of metal complexes wertuated using the molecular calculation with Argbisk0.1
version software. The metal complexes were built g@ometry optimization was done using moleculachaaics
uniform force field (UFF) method. The molecular rebdg pictures and the energies of metal complexeshown
in the Figure6.

Antibacterial studies:-

The new Schiff base and the complexes were testednfvitro antibacterial activity again®acillus subtilis,
Staphylococcus aureus, Escherichia coli, Pseudomaeruginosausing diffusion method.[35] The diffusion
method requires filter paper disks, the medium useduller-hinton agar with 2% of glucose and tli@nkter of
inhibition zone is visually read at 24hrs afterdbation at 37C.The compounds are added on to the filter paper
containing this medium. The antimicrobial actiwias estimated on the basis of the size of inhibiione formed
around the paper disks on the seeded agar platept@nycin was used as standard.
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Fig-5:-ESR spectrum of Cu-BNCM
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Fig-6:- Molecular modelling structures for metal canplexes

[Zn (BNCM)(H0),0ACc]
(46K.cal/mol)

[Mn(BNCM)(CI)3H,0]
(303K.cal/mol)

[Ni(BNCM)(CH)
(178K.cal/mol)

[VO(BNCM)(H0)SQJ] [Co(BNCM)(CD [Cu(BNCM)(ED)(Cl)q]
(267K.cal/mol) (21.08K.cal/mol) (97K.cal/mal)

DMSO was used as solvent control for antimicrobilvities. The Schiff base and the complexes étddbvarying
degrees of inhibitory effect on the growth of tlested bacterial species. The values reveal thaSahdf base
became more effective when coordinated to the metal Such increased activity of the metal chsléaedue to
lipophilic nature of the metal ions in complexe8][3F-urthermore, the mode of action of the compoundsy
involve the formation of a hydrogen bond througle tizomethine nitrogen with the active centres ef ¢l
constituents resulting in interferences with thenmal cell process[37]. The results are presentédarmable 5.
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Table-5:-Antibacterial actiivity data for Schiff base and its metal complexes

Compound B.Subtilis S.Aureu E.coli P. Aeruginosi
30ul | 60ul | 30ul| 60ul| 30u| 60l 304l  60ul

Ligand --- - + ++ + ++ + +++
Cu complex + ++ + ++ + ++ + ++
Co comple: | --- --- - - - - — —
Ni comple) ++ | + +++ + +++ + +++
Zn complex + e+ | | A | A ]
OV complex| ++ +++ + +++ ++ | 4 ++ +++
Mn complex | ++ | ++++ + ++ ++ ++ ++ +++

*C = 10mg/L. Inhibition zone diameter : +=8-10mmt+=10-14mm ; +++= 14-18mm; ++++=18-26mm ; - -=noactivity

DNA cleavage studies

DNA cleavage is measured by relaxation of supeedopUC® DNA to nicked circular conformation and linear
conformation. During electrophoresis process suplet DNA will migrate faster when compared with BNn
nicked and linear confirmations.Figurdéiustrates the gel electrophoresis experimentsvatp the cleavage of
plasmid pUC® DNA induced by the metal complexes interest of gshely. The control experiments did not show
any apparent cleavage of DNA (lane 1 & 2).Cu, Zn@&¥omplexes in the presence of(d (lane 6, 12 & 14) at
50uM concentration shows more cleavage activity whemgared in absence ot®,. Ni complex has shown good
comparable activity with other compounds and isdemnt by complete degradation of DNA resulting ire th
disappearance of bands on gel. The supercoiledmpa®NA was completely degraded resulting in the
disappearance of bands on agarose gel [38].Futiberesence of a smear & decreased intensityrafdia the gel
diagram indicates the presence of radical cleaja@je

Fig-7-:-DNA Cleavage activity

Lanel-DNA alone,2 - DNA + 4@, ,3 — DNA + BCTM,4-DNA + 0, +BCTM,5-DNA + Cu(ll)complex,6—-DNA +J®, +
Cu(ll)complex,7 — DNA + Ni(ll)complex,8 — DNA %®} +Ni(ll)complex,9 — DNA + Co(ll)complex,10 — DNAH,O, +
Co(ll)complex,11 — DNA + Zn(ll)complex,12 — DNA +®4 + Zn(Il)complex,13 —DNA + OV(IV)complex,14 — DNA +
H,0,+0V(IV)complex,15 — Marker

CONCLUSION

Cu(ll),Co(1),Ni(1),Mn(1),OV(IV) and Zn(ll) compkxes of the Schiff base derived from 2-Amino methyl
benzimidazole and p- chloro benzaldehyde were peep@nd characterized. The study reveals that

(i) zZn(l), VO(IV) complexes are non-electrolytesich Cu(ll), Mn(ll) are 1:lelectrolytes and Co(ll)(N)
complexes are 1:2 electrolytes;

(i) The Schiff base behaves as a neutal bi derigésd and is coordinated through the azomethiitvogen,
pyridyl nitrogen of benzimidazole moiety;

(i) All the metal complexes have octahedral getwye

(iv) The biological activity of all the complexes ligher than that of the free schiff base ligand,;
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(v) The interaction of these complexes with pUC1BIADwas investigated by gel electrophoresis. From th
observation, Cu, Zn and OV complexes cleave DNAc@®pared to control DNA and other complexes in the
presence of bD..
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