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ABSTRACT

A series of Ni(ll), Co(ll), Cu(ll),and VO(IV) coreges have been synthesized from the Schiff ligs®dliThe Schiff
base ligand is(2-[(2)-{(2-(1H-Benzimidazole-2yl)ply#imino} methyl] — 4 - Chloro phenol(-BMCP) hasdn
synthesized by the reaction between 2-(2-Aminopfieryi-Benzimidazole and 5- Chloro Salicylaldehydé@e
resulting complexes were characterized by elenheaalysis, magnetic moment measurements, conduyctiv
measurements, IR, UV-VISH NMR, mass spectra, and ESR spectral studiesh@lcomplexes were tested for
their antibacterial activity From the data, an octahedral geometry around thered metal ion has been suggested
for all the metal complexes except Cu(ll) complexich has square planar geometry. Antimicrobiaivaty of the
ligand and its metal complexes were studied agairtsto gram negative bacteria: E.Coli,
Pseudomonas.flourescence, and two gram positiveetiac Bacillus.subitilis, Staphylococcus.aureusTactivity
data show that the metal complexes are more pthentthe free ligand.

Keywords: Schiff base, 5-Chlorosalicylaldehyde,2-(2-Aminepkl)1-H- Benzimidazole, Metal complexes,
Bacteria.

INTRODUCTION

The chemistry of the carbon-nitrogen double boraypla vital role in the progress of chemistry soéh].Schiff
base compounds have been used as fine chemicalsedidal substrates. In the field of coordinatidrermistry,
Schiff base metal complexes have a curious his2g8y[ Metal ions play vital roles in the vast numbébiological
processes. Metal complexes with Schiff base ligdrad&e been studied for their application in biotadi clinical,
analytical and pharmacological areas [4].

Schiff bases derived from the salicylaldehydes wal known as polydentate ligands[5], coordinates i
deprotonated or neutral forms.

Benzimidazole and their derivatives were reportedhave wide biological activities like antitumomnt@moebic,
antihistaminic, anthhelmintic and antihypertensacévity.

Benzimidazoles are very useful intermediates ferdbvelopment of Molecules of biological interé&ubstituted
benzimidazole derivatives have found applications aintifungals, anticancers, and antiulcers etc (phi
continuation of our studies on complexes of Schi#$es derived froBa(2-Aminophenyl)1- H-Benzimidazole and
5- Chloro salicylaldehyde ,In this paper effortsravetaken for the synthesis, characterization aménécrobial
studies of transition metal Complexes of bidentature of the ligand which coordinates through tibxtiary
Nitrogen of the imidazole ring ,the exocyclic iminigrogen of2-(2-Aminophenyl)1-H- Benzimidazole .
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EXPERIMENTAL SECTION

Chemicals:

All chemicals and solvents used in this work wergktical grade2-(2- Amino phenyl)1-H- Benzimidazole and
5-chloro salicylaldehyde was of Sigma Aldrich cheafs.Vanadyl sulphate,Copper chloride ,Nickel ddier and
Cobalt chloride, DMSO, of SD’s fine chemicals.

Instrumentation:

The percentage compositions of C, H, and N of cewxgs were determined by using micro analyticahmgs of
PerkinElmer 240 (USA) elemental analyzer. Infragpéctra of ligands and their complexes were rexbrmah
Perkin Elmer Infrared model 337 spectrometer in Kigtlets in the range of (4000-400cm-1).The UViMis
spectra were recorded on a Schimadzu UV spectrorrethe wavelength range 200-1100nm.The mass rgpect
were recorded by ESI technique on VG AUTOSPEC nspestrometer instrument. THel NMR spectra was
recorded on Varian Gemini Unity Spectrometer by leyipg TMS as internal standard. Melting pointsthé
ligand and decomposition temperature of complexesevdetermined on Polmon instrument (model No.MP-96
The Molar conductance measurements were carriedino@MSO (10° M) using Digisun Electronic Digital
conductivity meter of model: DI-909 having a digp¢ycell calibrated with KCI. The Magnetic susceifitibs of
complexes were determined on Gouy balance moded #323C. The diamagnetic corrections were made by
Pascal’s constant and Hg[Co(SGNWas used as a calibrant..Electro spin resonapeetrs of powered Cu(ll),
complex was recorded on JOEL.TE -3X .X-Band specéter.

Synthesis of Schiff base:

A mixture of 2-(2-Aminophenyl)1-H-Benzimidazole (2.09g; 0.01 mahd 5-chloro salicylaldehyde (1.56g; 0.01
mol) and a drop of acetic acid was dissolved in R&imethanol and heated on a steam bath f&8Qt&in .The
reaction mixture was allowed to stand at room tenapee for 24hr,the yellow solid product was sefmtaut and
dried under vaccum at room temperature.

Structure of the Schiff base is shown below

a

T

2-{(D{[2-(1H-benzimidazol-2-yI) pheryl]iminopmethyl]-4-chlorophenol
Figure 1 Structure of Schiff Base

Synthesis of Metal complexes

Hot ethanolic solution of ligand (0.005 mol) artbanolic solution of corresponding metal salts @8.@nol) (MX;,

where M= Ni (Il), Co (ll),Cu (Il) and VO(IV) X=Cl/Saoj/acetates ) were stirred constantly. The resultiigtion
was boiled under reflux for 4-5 hrs and then leficobol. The precipitated complex was filtered efhshed with
anh.ethanol and dried in vacuum at room temperature

RESULTS AND DISCUSSION
Physical properties:
All the complexes are stable at room temperatuck @&e non-hygroscopic. On heating, they decompbsega

temperatures. The complexes are insoluble in watérare soluble in DMSO. The analytical data angsptal
properties of the ligand and complexes are summiiz table 1.
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Elemental analysis:

It is clear from the data that the experimentaligalshown for each of the compound are in goodeaggrt with
the theoretical values calculated for 1:1 ratioe Tdomposition assigned to the ligand and its corgslemay,
therefore be formulated as presented in Table 1.

Molar Conductance: The Molar Conductance of metal complexes were ntedsusing 13M DMSO solvent, the
obtained values (Tablel) suggest the presenceohalectrolytic nature and that no anions aregmeoutside the
coordination sphere.

Table 1. Analytical data and Physical properties ofhe Ligand and its Complexes

. . c H| N M
Emperical Mol. | M.P |Yield Q
Compoun o o Found|Found Found| Found 1 1
Formula Wt. [ (°C)|(%2) (Cale)| (Cc.)] (cale)| (Calc) Ohmi*cn?mol-Y)
Ligand 68.50 | 4.05 | 12.15
@Mcp) | [CodtiaNOCI | 348 175 95 | (50'g6 (4 09)(12.06] - -
cu(lly 4958 | 2.81| 8.49 | 13.01
Complex| [CUC2HLNOCK] 1482.5186| 80 | 4q 7415 90) (8.70)|(13.16) 24
Ni(ll) . 46.54| 3.48| 8.10 | 11.11
Complex| [NIC2oHisN-OCli] | 514 1>300 69 | 456y 3'50) (8.17)| (11.47 16
Co(ll) 4599 | 3.35| 8.00 | 11.00
Complex | [COCHNsOClL] | 514 1>300 85 | 45'cq) 3'50) (8.17)| (1147) 20
VO(IV) 50.11| 3.15| 8.58 | 10.52
Complex | VOIC20HisNOClISal 478 | 2801 90 | 5050 (3 34y (8.78)| (10.66) 12
M.P=Melting Points,@=Molar Conductance in Ohrenfmol*
Table-2 Mass spectra of the schff base and its cotepes
Compound Calculated mass Obtained mgss Peak assigned
[CacH14 N2OCI] 348 348 M
[CUC,cH1NsOCK] 4825 486.8 M+4
[NICcH1eN3O:Clo] 514 537 M+23
[COCyeH1eNs05Cly] 514 537 M+23
VO[CcH1eN30:ClIS0y 478 501 M+23

Infrared Spectra of the Schiff Base and Its Compless:

The IR spectra provide valuable information regagdihe nature of functional group attached to thetaiatom
[11].In order to study the bonding mode of schifisb to the metal complexes, the IR spectrum ofrdesligand
was compared with the spectra of the complexes.ntéin IR bands and their assignments are listéabie 2.

> The IR band assignments of all metal complexes bitxhiroad bands in the range of 3354 to 3423 tm
indicating the presence of coordinated water maddescfi2]..

> A band at 1618 cm in free Schiff base is due wC = N stretching vibration [13].

»But in complexes, the azomethine (C=N) frequencgwsha down field or up field indicating coordirati
through N-atom [14].

> IR spectra of the free ligand show a broadbandratd®;350 cri* which can be attributed to NH stretching
vibration of benzimidazole moiety.

> The appearance of broadband around 3,400'cmegion was observed in the spectra of metal dexep
indicating the presence of coordinated water mobésc Water molecules are coordinated, confirmedthsy
occurrence of additional band at 800- 880 tarising due to OH rocking vibrations [15] ami-N bands at 450-
485 cm™ In addition Vanadyl complex shows a band at 95I'arorresponding to V=0 frequency. [16-19].
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Figure 2 - Mass Spectra of the Ligand

‘100_“ 259.11

‘ \

| |

\ \

| 3 |

| |

| | |

o |

e

e |

‘ | 112.96

| ‘ g |

Ll |

e 1286.04

i {i)/1686.83 l ‘ 356,1437208 1011.20

‘ i ! 537.14 799.04.819.71 X 1058.09
e TR BN l/ S R LB il R BRRAL T s )

Figure 3 - Mass Spectra of Ni (I)Complex
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Table 3: Characteristics IR bands (cnt) of the compounds studied

Compound VCH=N | VM-N | VM-OH | vW=0

Ligand(BMCP)| 1618 - - -
Cu- BMCP 1610 461 3370 -
Co- BMCP 1629 471 3372,826 -
Ni -BMCP 1631 446 3335,828 -
OV -BMCP 1589 471 3383,820 95]

1556

|

|

1325.80 1407.39 \
T il 17 1 T |



Matangi. Sunitha et al J. Chem. Pharm. Res,, 2012, 4(3):1553-1561

CENTRAL FACILITIES - OSMANIA UNIVERSITY

FTIR ANALYSIS REPORT

3301
1007 — —
035
818

3350
90

Transmittance [%]

9
38
2
3
2
8
°
R
2
3
2
2
Q
<
2
8
=)
&

3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure 4 — IR Spectra of the Ligand (BMCP)
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Figure 5 — IR Spectra of OV (IV) Complex

Magnetic moments & Electronic Spectral Data:

The electronic spectral data was used to studygéuenetry the synthesized complexes based on theisiMe
spectrum and the complexes were shown to have tahéural geometry except the Cu (Il) complex whiels the
square planar geometry The electronic spectralietudf the metal complexes of Ni (II), Co (II),Gl) and
VO(IV) with Schiff bases were carried out in DMSO solutidine absorption spectrum of the Co (II) complex
shows bands at 18,018, 18,867, 21,367 cmhich are attributed tor1(F) — *Too(F) V1) , “Tag(F) - *Asg(F) (v2)
and 4Tlg(F) _>4Tlg(P) (v3) transitions respectively, that are characteristioctahedral Configuration [20]. The Co
(I1) has magnetic moment 4.3 B.M also suggest atal@ziral geometry.

Table 4: Magnetic moments & Electronic Spectral Daa for the complexes:

Complex | g« B.M | Frequency gm™) Assignments
29,585 INCT
Cu-BMEP 1.78 24,937 INCT
21,231 By *Ayg
18,018 “Tig(F) - “Tof(F)
Co-BMEP 4.3 18,867 “Tig(F) - *Asg(F)
21,367 “Tug(F) = *T1(P)
22,222 *Azg—*Tag(F)
Ni-BMEP 2.8 25,000 g *T1g(F)
27,397 T2 *Tiy(P)
23,980 E. B,
VO-BMEP 1.6 24937 %8, . %8,
29,940 A, 5B,

Ni (1) complex exhibits 3 electronic spectral barat 22,222, 25,000, 27,397 chtan be assigned fé - *Tog
(F)YV1) , *Agg—-°Ti(F) (v2) and  °Ty5 —°T1(P) ©3) in an Octahedral field. The Ni (Il) complex haggnetic
moment 2.8 BM also suggest an Octahedral geomety.electronic spectrum of Cu(ll) complex showsdsaat
29,585,24,937, and 21,231¢nmespectively,the first band at 29,585 trand second band at 24937 “trare

assigned for the inter-nuclear charge transfer ®die third band at 21,231&mis assigned foFBlg_fAlg
transition, characteristic for square-planar geoyndthe absence of band below 10000"a@mcludes the possibility
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of tetrahedral geometry. The observed magnetic mbwedue for Cu (II) complex is 1.78 BM suggestifesquare
planar nature for the Complex.

The VO(IV) complex exhibited 3 transitions 23,980, 24,937920,cm* which are assignable & B, “B;-
’B,and %A, - ?B, respectively, that are characteristic of octahkegeometry.[20]

4,000,

6.000 00, 800.00

Figure 6— UV Spectra of Ni (II) Complex

'H NMR Spectra:
TheH NMR spectrum of the ligand in CDC$hows the following signals given in Table 4. Eharp singlet at 7.4
attributed to azomethine proton (-CH=N-) confirrhe formation of the ligand as proposed.

Table 5:*H NMR data of Schiff base

Chemical Shift§,ppm) | Functional Group assighed
7.4(1H,s) -CH=N-
10.5 (1H,s) -NH-
6.8-7.3 Phenyl ring
8.0 Benzimidazole

Figure 7— NMR Spectra of the Ligand BMCP

ESR Spectra of Cu(ll) complex:

The ESR spectral studies of Cu(ll) complex provitermation of the metal ion environment. The E§RRarum

of Cu(ll) was recorded in DMSO at Liquid Nitrogesmperature (LNT). This complex in frozen state & Bhows
four slightly resolved peaks low intensities in tbe field region and one intense peak in the Highd region. In
square planar complexes,the unpaired electronnitse dx2-y2 orbital givinéBlg as the ground state with thg||
>gl , from the observed g values,it is clear tjp(2.450) >gL ( 2.084) > 2.0023,which suggests that the complex
is square planar[21-23].Also it is supported by fiet that the unpaired electron lies predominaimlthe dx2-y2
orbital for the copper complex., The value of exd@®interaction term G, estimated from the follogvexpression
is5.6
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G =g|| - 2.002341 - 2.0023

According to Hathway,If G>4.0, the local tetragonaaks are aligned parallel or only slightly misaéd. If G<4.0,
significant exchange coupling is present and ngsatient is appreciable. The observed value for #tolhange
interaction term G suggests that the local tetrajares are alingned parallel or slightly misaligraad consistent
with dx2-y2 ground state. complex has distortedaloetiral geometry,and the Schiff base ligand forn@udgll)
complex is considered as strong field ligand.

Cu-BMCP
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Figure 8 — ESR Spectra of Copper (II) Complex

Molecular Modeling studies:

The possible geometris of metal complexes wereuatad using the molecular calculation with Arguls 0.1
version software. The metal complexes were built geometry optimization was done using moleculachmaics
uniform force field (UFF) method.The molecular mibag pictures and the energies of metal complexesshown
in figure9:

Figure 9: Molecular modeling structures for metal @mplexes:

Cu(BMCP) [Co(BMCP){B).Cl, [Ni(BMCP)(HO).Cl,]
( 151K.cal/mol) (136 K.cal/mol) (116 K.cal/mol)

[VO (BMCP) (H;0)soq
(149K.cal/mal)
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Antibacterial studies

The synthesized Schiff bases and their correspgnaiatal complexes were screened agalissherischia.Coli,
Staphylococcus aureus, Bacillus.subtilis and Pseudomonas. Fluorescence to assess their potential as antimicrobial
agent by diffusion method [24]. Compounds contajni*C=N group have enhanced antimicrobial activitgrt
>C=C< group. The growth of certain microorganis@aisetplace even in the absence pff0comparative study of
growth inhibition zones values of Schiff base atsdciomplexes indicate that metal complexes exhiliher anti-
bacterial activity than the free ligands and theweds indicated from the results given in the taBleThis is
probably due the greater lipophilic nature of thmmplexes.Such increased activity of the complexes can be
explained on the basis of Overtone's concept[2i4]. Bweedy's Chelation theory[26,27]. According tee@one’s
concept of cell permeability, the lipid membranattsurrounds the cell favors the passage of opig lsoluble
materials due to which liposolubility is an impartdactor which controls the anti-microbial actiwviOn chelation,
the polarity of the metal ion will be reduced taqyeeater extent due to overlap of the ligand orkéiradl partial
sharing of positive charge of metal ion with dogooups [28,29] Further, it increases the delocttimaof thet
electrons over the whole chelate ring and enhatteedipophilicity of the complex. This increaseg@dphilicity
enhances the penetration of the complexes intd lipgmbrane and the blocks the metal binding sitesnaymes of
microorganisms. [30] These metal complexes alstuidisthe respiration process of the cell and thiegkthe
synthesis of proteins, which restricts further giftowf the organism [31].

The diffusion method requires filter paper diske tmedium used is Muller-Hinton agar with 2% of glse and
diameter of inhibition zone is visually read att®urs after incubation at 32. The compounds are added on to the
filter paper containing this medium.The antimicadlactivity was estimated on the seeded agar pl&tesptomycin
was used as standard.DMSO was used as solvenbkadrtie zones of inhibition based upon zone sipairzd the
discs were measured. The measured zone of inhibéiminst the growth of various microorganismssted in
table 5. It is found that metal complexes have @ighnti-bacterial activity than the free ligand.nde the
complexation increases the microbial activity [32lich increased activity of metal complexes wadaéxed on the
bases of Chelation [33].

Table6: Growth Inhibition Zone of Microbes in mm

Compound E.coli | P.fluorescencel B.subitilis | S.aureus

Schiff base 10 9 11 9

Cu(ll) Complex 16 11 12 13

Co(Il) Complex 14 11 14 15

Ni(ll) Complex 13 12 10 17

VO(IV) Complex | 15 14 17 11
[=

Figure 10 — Anti Microbial Activity of Metal Comple xes

CONCLUSION

The bidentate Schiff base ligand and its metal dergs of Ni(ll), Co(ll) Cu(ll),and VO(IV) have been structurally
characterized by analytical and spectral technigbiesm the electronic absorption spectra, Masstspeactahedral
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geometry was assigned for all the synthesized ocexegl| except for the Cu(ll) complex which is assijmvith
square planar geometry. The analytical data shaiwthie metal Ligand stoichiometry in all these ctexes is 1:1.
All the complexes are non-electrolytes in DMSO. Tépectral data show that the ligand is bidentatéchvh
coordinates through the tertiary Nitrogen of thédimaole ring, the exocyclic imine nitrogen {2-Amino phenyl)
1-H-Benzimidazole [34].From their From their magaetusceptibility and ESR spectral data the mon@meature
of the complex was confirmed.Biological studiestbése complexes reveal that these complexes shtter be
activity compared to the ligand.
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