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ABSTRACT

Complexes of 2-Aminobenz midazole-5-bromosalicylaldehyde (HL) with chlorides of nickel(I1) and manganese(ll)
were synthesized. The molar ratio metal:ligand in the reaction of the complex formation was 1:2. It should be
noticed that the reaction of the metal salts yielded bis (ligand) complexes of the general formula M(L), (M = Ni",
Mn'"). The complexes were characterized by elemental analysis, molar conductivity measurements, magnetic
susceptibility measurements, IR, electronic spectra, mass and thermal studies. Both the complexes have octahedral
configuration around the metal ion. In both the complexes, ligand act as tridentate (NNO donor) coordinating by
participation of the imidazole nitrogen of the benzimidazole ring, nitrogen of the azomethine group and oxygen of
the deprotonated hydroxyl group. The Schiff base and its metal complexes have been screened for their antifungal
activity against Candida albicans and Aspergillus niger.
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INTRODUCTION

Schiff bases are widely employed in synthetic oigamd inorganic chemistry. They were reportedhiove diverse
biological activity[1-4] and have many applicatioas ligands in coordination chemistry of transitioetals[5,6].
The chemistry of metal complexes with Schiff bagarids and their application have aroused conditeeettention
mainly because of preparative accessibility, dityerand structural variability[7]. Schiff bases bef to a widely
used group of organic intermediates important fe production of special chemicals, e.g. pharméazast or
rubber additives and as amino protective grompsrganic synthesis[8,9]. The Schiff base synttegkizom 4-
Aminobenzoic acid and 5-Bromosalicylaldehyde hatietptropic and thermotropic properties. Schiff tzagery
similar to this compound have shown microbiologiaetivity and antifungal properties[10]. The insiegy interest
in transition metal complexes containing a Sch#$é ligand is derived from their well-establishele iin biological
systems as well as their catalytic and pharmacdutipplications [11,12]. The metal complexes froitehtate
ligands have often been studied recently becausthedf applications in enhancement of drug acti®8,14].
Transition metals are essential for normal fundgtignof living organisms and are, therefore, of grederest as
potential drugs [15].The coordination chemistry of nitrogen donor ligansd an active area of research. Schiff
bases derived from salicylaldehyde are well known their interesting ligational properties and esole
applications in different fields [16, 17[n this paper, we are reporting the synthesis,asttarization and antifungal
activity of metal complexes of Schiff base deriiemn 2-Aminobenzimidazole derived on some pathogémngi.
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MATERIALSAND METHODS

Chemicals

All the chemicals used were of AR/GR grade. Pumapda of 2-Aminobenzimidazole (Ab), molecular forraul
C/H-N3, molecular weight 133.15 g/mol, melting point 2281°C was obtained from Himedia Pharmaceuticals Ltd.
Metal salts like NiGl.6H,O and MnCJ.4H,0O were of Merck chemicals. Solvents used were ethatetone and
DMF.
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Fig. 1: Structure of Pure Compound

Synthesis of Schiff base ligand(HL)

The Schiff base was synthesized from 5-Bromosalldghyde(BS) and 2-Aminobenzimidazole (Ab) by add00

ml of 5-Bromosalicylaldehyde ethanolic solution0@5 g; 0.01 M) to same volume of ethanolic solutan2-
Aminobenzimidazole (0.8144 g; 0.01M), the mixtur@swrefluxed for 2 hours and kept overnight at room
temperature. The resulting solution was evaporateétD% of its original solution and the productswallected by
filtration, washed several times with ethanol acnystallized from hot ethanol and then dried. Thalting point of
yellow crystals was found to be 245

O

HO

Fig.2: Structure of Schiff base

Synthesis of Complexes

For the synthesis of complexes, ligand-metal ratie determined by conductometric titration usinghowariation

method on systronics conductivity meter using gjmetelectrode. 20 ml of the ligand (0.01 M) wasiditl to 200
ml using pure ethanol and titrated against metits (0.02 M) solution prepared in the same sulv@onductance
was recorded after each addition of metal saltteoluGraph is plotted between corrected conduetamzl volume
of metal salt added. From the equivalence poirth@ngraph, it has been concluded that the commlerdtion of

the ligand with metal salts takes place in theoratil (L:M).

Conductometric titration supported 2:1 (L:M) raiiothe complex, which was further supported by dahethod of
continuous variation[18] as modified by Turner aderson [19] . The solid complexes were preparectxing

ethanolic solutions of the ligand L (0.31 g, 0] with solution of chlorides of Ni(ll), (0.059 @.005 M) and
Mn(11), (0.049 g, 0.005 M), separately in the sasplvent. The resulting solutions were checkedgoférand pH was
adjusted by adding few drops of N/10 NaOH solutihe solutions were refluxed for 4 hours and titured

solutions were kept for some days, solid crystalloomplexes appeared in the solution which weterdid off,

washed thoroughly with same solvent and finallyhwmdicetone, vacuo dried and weighed. Melting podrfitthe

complexes were recorded.

Analytical Procedure

Elemental analysis were carried out on Vario MICR®.20 Elementar Analysen Systeme GmbH, from IlIM,
Jammu. Metal contents were determined gravimelyj@8l]. The infrared spectra were recorded on FT-InfraRed
Spectrophotometer Model RZX (Perkin Elmer) usingriillets from SAIF, Punjab University, Chandigarh
Molar conductance measurements were made TIMLOMF solution on a Systronics direct reading Coatility
Meter (Model 303). The melting points of the ligaadd the complexes were recorded in open captlasie a
capillary melting point apparatus. Electronic speatere recorded on a UV-VIS-NIR-Spectrophotométedel
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Lambda 750 Perkin Elmer from SAIF, PU, Chandigditre magnetic susceptibility measurements wereezhout

on a Vibrating Sample Magnetometer (VSM) from IRQorkee. The mass spectra was recorded at SAIFRTI,
Chandigarh by LC-MS spectrometer Model Q-ToF Migaters. The thermo-gravimetric analysis was caroigd

in nitrogen atmosphere (0.00 I/min.) with a heatiate of 16C min® at ambient pressure using Perkin Elmer TG
Analyser within a temperature range from room terapee to 958C at Department of Chemistry, University of
Jammu, Jammu.

Antifungal activity

The antifungal activities of the ligand and theomplexes were tested in vitro for growth inhibitomgainst
Candida albicans and Aspergillus niger by agar well diffusion methodt different concentrations compared with
Griseofulvin as the positive control[21,22].

RESULTSAND DISCUSSION

Through a condensation reaction, an amino groufiadla in the pure compound was allowed to reach VB
Bromosalicylaldehyde to form a Schiff base ligaktlL which was subsequently, reacted with metal itmfrom
Schiff base metal complexes. The ligand and thelfigtcomplexes were isolated pure from EtOH irndyields.

The analytical data of the complexes correspond Wi2 (metal: ligand) stoichiometry. Thus, the gahéormula
[M(L) ,].2H,O where (M(Il) = Ni, Mn), have been assigned to tietal complexes, respectively. They are very air
stable solids at room temperature without decontiposifor a long time. The complexes are non-hygopsc,
insoluble in water and other common organic solvdmnit soluble in DMF and DMSOJ[23]. The magnetic neoin
data indicated both the complexes to be paramagimetiature. Thermograms of the metal complexeatd the
presence of lattice water molecules. The analytieth has been presented in Table 1.

Magnetic measurements

The magnetic moment data are presented in Tablbel Ni(ll) complex showed magnetic moment values2085
B.M. slightly higher than the spin only (2.B3V.) value, indicating an octahedral environmerauad Ni(ll)
ion[24]. The Mn(ll) complexshowed a value of 5.42 B.M., which is slightly lemthan the spin only value of
5.92B.M. for high spin octahedral Mn(Il) complex2s].

Electronic spectra

The electronic spectra of the complexes were rexbid the solution state. The energies of the aeskspin
allowed bands in all the complexes agreed withattahedral geometry. The electronic spectrum ddrpagnetic
Mn(ll) complex shows four weak bands at bands éti&f, 441 nm, 408 nm, and 382 nm which can be raditp
A0 — °T19(G)"1, °A1g — “T.g(G) "2, °A1g — “Eg(G)’; and °A,g — “T1g(G)",, respectively, for an Mn (I1) ion in
an octahedral field[26]. The electronic spectrurthe Ni(ll) complex displayed three bands at 655 540 nm and
440 nm, assigned tA,g(F)— °T,g(F) ‘1, *A.9(F)— *T.1g(F) ¥, and>A,g(F)s— °T,g(P) "5 transitions, respectively,
which indicate octahedral geometry[27] of the Ni¢omplex.

IR spectral studies

The comparison of the IR spectra of Schiff base,jHind its metal complexes indicated that the ligance
principally coordinated to the metal ions in thseays, thus acting as tridentate ligands. The bamaring at ~
1603 cn' due to azomethine linkage [28] in the ligands iétath by ~ 33—40 cm in the complexes, indicating the
participation of the azomethine nitrogen in intéi@t with the metal ion [29] . The band at ~ 1568’ assigned to
the nitrogen of the imidazole ring (C=N), is shift® lower frequency by ~ 7-12 ¢imwhich was indicative of the
involvement of the imidazole ring N in the coordina with metal ions[30]. A broad band appearibhg @200 cm

! assigned to hydroxyl group in the Schiff baseswa longer found in the spectra of the investigateetal
complexes[31,32]and instead, appearance of a new band at ~ 126580 due to (C-O)stretching vibrations,
indicated deprotonation[33] and coordination & ttydroxyl oxygen to the metal ion. Further cosila evidence
of coordination of these Schiff bases with the rhietas was shown by the appearance of low frequerey bands
at 440 cnit and 463 cif and at 620 crhand 635 cnl. These were assigned to the metal-nitrogen (M-Ad)raetal-
oxygen (M-0) vibrations, respectively and wereeastisd in the spectra of the investigated metal dergs and
not in the spectra of the uncomplexed Schiff battass confirming participation of the O and N atom the
coordination[34,35]. The appearance of bands a6 28&l 3325cmare due to lattice water molecules[36] which
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were futher confirmed by the appearance of new an®31 and 836chfrequencies due t®Hockingy The bands
at 544, 535 and 539c¢hare due t3C-Br stretching vibrations in the Schiff base ane tespective metal complexes.

Mass spectra

The mass spectrum of [MnfgE1,,NgBr.0,4)] shows molecular ion peaks Bt value 720.10 due to [Mn(L] ",
which is in accordance with the proposed formulahef complex. The other peaks"”é’tvalues of 403.7, 308.7,
267.9, 132.0, 271.9, 170.8 and 100.9 may be dtizetdifferent fragments. The base peaK@”alSZ.O may be due
to the metal Mn linked to the donor atoms of tlgatid. Such type of fragmentation pattern has beparted by
many workers [37,38].

Thermal Studies

The TGA for the complex was carried out within enperature range from room temperature to 450The TG
studies indicate that complex showed a slight degioa at 20-108C. The weight loss at this temperature range is
found to be equivalent to two water molecules far tomplex indicating to be the lattice water. rEadter, the
complex showed rapid decomposition of the orgamiestituents. The decomposition continues upto °©24nd
finally metal oxide gets formed in addition to ath@rganic constituents [39]. The complete restilth@rmal
analysis is shown in fig.3

Antimicrobial Activity

For antifungal activity, the ligand and its metahtplexes were screened agai@andida albicans and Aspergillus
niger and the findings are given in Table 3. These corgdeshowed higher activity with 13.45-17rth
inhibition than the ligand which showed only 11mM8 inhibition at the same concentration as thathef test
compound forCandida albicans. However, ligand and their complexes showed loaeivity as compared to
standard drug griseofulvin with 19.88n inhibition at the same concentration.

Antifungal activity studies of ligand and its coleyes againsAspergillus niger showed that all the complexes
with 14.33-21.22nm inhibition showed higher activity than the ligawhich showed only 10.38m inhibition
only. Ni(ll) complex showed higher activity thanastlard drug which showed 18122 inhibition at the same
concentration as that of the test drug. It is kndkat chelation tends to make the ligand act amorverful and
potent antimicrobial agent, thus inhibiting moretod microbes than the parent ligand[40,41].

Table-1: Analytical and physico-chemical data of Schiff base and its complexes

. Mol. Elemental Analysis Found (calcd.) (%) Colour M.Pt. Am Heff
Ligand / Complexes Wt C H N M| (yieldo) °C) SemPmol™ | (BM.)
54.21 3.55 13.7 -
[HL2] (C14H10N3BI'O) 316.14 (53 18) (3 19) (13 29) _ Yellow (58) 245 | e
E%%g%’;‘ﬁBrzoZ)]'ZHzo 725.0 (jg:gg) é:gg) (11%2(; (g:%) Yellow (53) 205 17.1 2.95
(Ab-BS-Mn) 2023 | 463y | @ony | (17 | (762)| OVe GO | pecomposition) 184 5.42

Table-2: Important IR spectral bands (cm™) of the ligand and its complexes

Ligand / Complexes | vCH=N | “C=N "OH ‘H,O | '"M-O | 'M-N | *C-Br
(C14H10N3BrO) 1281s | 1603s | S3200b| ---- 544 b
(CagH22N6Br04Ni) 1265s | 1636 m 3366s| 620m| 440s| 535b
(CagH2:NeBr,0sMn) 1302s | 1643s 3325s| 635s | 463s| 539s

Table-3: Antifungal activity of ligand and its metal complexes

Antifungal zone of inhibition (in mm
Ligands/complexes Candida albicaps  Aspergillusmige
(C14H10N3Br0) 11.4¢ 10.3¢
[Nl(ngngNaBrQOQ)]ZHQO 17.00 21.22
[M n(C2gH1gNeBr202)].2H20 13.45 14.33
Grisofulvin 19.38 18.22
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Fig. 3. TGA Spectrum of Ab-BS-Ni Complex

CONCLUSION
Based on stoichiometry and analytical data it carcéncluded that the ligand is neutral, tridentat@ordinating
through the ‘N’, ‘N’ and ‘O’ of the azomethine, idazole and phenolic groups, respectively. Bothe¢bmplexes
possesses:P(M:L) stoichiometry. Based on analytical and speatedh, octahedral structures have been proposed
for the complexes. The ligand and the complexesvel@ood activity against the selected microbes.

Hence, the proposed structure for the metal conegléxgiven as below in Fig.4
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Fig.4. Structure of metal complexes
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