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ABSTRACT

The Schiff base (4-(2-hydroxy-1,2-diphenylethylideneamino) benzoic acid)
was prepared from benzoin and 4-amino benzoic acid and the complexes of
divalent metalsof Co (I1). Ni (I1) and Cu (11) were synthesized. Theligand and
metal complexeswere characterized by elementa analysis, ultraviolet-visible
spectroscopy, infrared spectroscopy, nuclear magnetic resonance spectros-
copy, thermogravimetric analysis, mass spectroscopy and magnetic suscep-
tibility measurement. The ligand (HL) was synthesized by condensation of
benzoin (H) and 4-amino benzoic acid (L). The geometrical structuresof syn-
thesized complexes were identified. Magnetic susceptibility and electronic
spectral study of the complexes showed the octahedral geometry. The anti-
microbial activity of Schiff base and the metal complexeswere studied. The
results were compared with standard antibiotic. Surprisingly, theligand (HL),
the cobalt complex (HL-Co) and the nickel complex (HL-Ni) have shown to
be more active against the fungi Candida albicans and Aspergillus niger.
The cobalt complex is active against the microorganism Staphylococcus
aureus. The Pseudomanas aeruginosa is resistant to the ligand and al the
metal complexes. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Werner’s coordination theory brought out in 1893
wasthefirst attempt at explaning thebonding in coordi-
nation complexes¥. Thus, since 19" century, the coor-
dination compoundsstarted to beidentified. Thistheory
not only gaveinsight into thesteriochemica aspectsof
coordination complexesbut dsoinitiated moreresearch
work inthe preparation of avariety of complexes. Co-
ordination chemigry isoneof thevast areaswhichincor-
poratesinnumerabl egpplicationsin scienceand technol-
ogy, vizMaerid saence Andytica chemidry, Biochem-

istry, Medicina chemigtry, Industria chemigtry etc. Thus,
the characteristic of meta complexesmainly depends
upon metd ions, the donor atom, thestructureof ligand
andthemetd-ligandinteractions?. Thecomplexesformed
of ligandsderived from groupswithaminesand imida-
zoleareseento act asan activesiteof metdloenzymes3.
Transition metal complexeswith variousdonor groups
have been used in organometallic chemistry®. Numer-
ousmetal complexesof Schiff basederivativeshaving
nitrogen and sul phur asdonorswerestudied®. A large
number of Schiff base compounds have been synthe-
sized and structurally characterized®*3. The various
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classesof Schiff basesthat can be prepared by conden-
sation of different typesof aminesand carbonyl com-
poundsarevery popular duetodiversecheating ability.
A number of organic heterocyclic compoundshavebeen
used asantimicrobid agents, whosebiologicd activity
depends upon size, shapeand structureof molecules™.
Severd transition metal complexes have aso been
screened for their medicina propertieg851,

Inthis paper wereport the synthesisof ligand (HL)
(4-(2-hydroxy-1,2-diphenyl ethylideneamino) benzoic
acid) and its Co (I1), Ni (1) and Cu (1) metal com-
plexes. The synthesized ligand and metal complexes
werecharacterized by ultraviolet-visible, IR, *HNMR,
Mass spectroscopy, TG-DTG magnetic susceptibility
and a so screened for their biological activity.
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Materials

All reegentsused werepureAR grade such asben-
zoin, 4-amino benzoic acid, Copper chloride
(CuCl,2H.0), Nickel chloride (NiCl_6H,0), and Co-
balt chloride(CoCl_6H,0). The solventsused are etha-
nol, petroleum ether, ethyl acetate etc.

Synthesisof Schiff baseligand
Scheme 1

Thebenzoin (2.12gm) and 4- benzoicacid (1.37gm)
were dissolved in ethanol (30cm?®) separately in 1:1
molar ratio. Theethanolic solutionsweremixed together.
The mixturewasrefluxed on water bath for 3 hrs. On

A
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_——
EtOH

nol Ligand

Scheme 1: Synthesis Schiff bases.

cooling, acrystalline complex was separated by filtra-
tion and the crystal swerewashed with ethanol and an-
hydrous Et,O and dried over anhydrous CaCl %%,

Synthesis of metal complexes
Scheme 2
A ligand (3.31gm) [HL] wasdissolvedin (30 cm?®)

ethanol and added to a metal salt [Nickel chloride
(2.37gm), Copper chloride (1.70gm) and Cobalt chlo-
ride (2.37gm)] ethanolic solution (30 cm?®). Themeta -
ligand molar ratiowas (1:1). Themixturewasrefluxed
for 2hrs. On cooling, acrystallinecomplex was sepa-
rated by filtration and the crystals were washed and
dried as above?®22.
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M*2=Co*2, Ni*2, Cu™2. R = -COOH.
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Scheme2: Synthesisof metal complexes.
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RESULT AND DISCUSSIONS

Theligand and the metal complexes synthesized
were stable at room temperature and are yellow, yel -
lowish brown and Grey coloured. Theligand and the
metal complexesare solublein common polar solvents
likemethanal, ethanol and chloroform. They aresoluble
evenin DMF and acetone. Thesynthesized ligand and
themetal complexeswere characterized by e emental
anaysisand spectra andysis. Biologicd activity of the

—= Fyll Poper

ligand and themetd complexeswerea so sudied. Based
onther eemental and spectra studiesthe geometry of
the synthesized compounds hasbeen e ucidated.

Elemental study

By thedementd andyd's, thestoichiometry of ligand
and their metal complexesisconfirmed. Thee ementa
anadyssof ligand and themetd complexesarefoundin

agreement with the proposed structure of ligand and
themetal complexesarelistedinthe TABLE 1.

TABLE 1: Analytical and physical data of the compoundsstudied.

Compounds I\/'Izglrer::]tllzr Fo\r/\r/rgjla Colour M.P.0°C (C)bserved (Th|_e|oret|cal) %N

HL CxH17NOs 331  Faint Yellow 148 77.06 (76.12) 4.83(5.17) 4.73(4.23)
HL-Co C2H3sN,0gC0.2H,O  755.68  Yellowish Brown >250 67.38(66.70) 5.12(4.80) 4.09(3.70)
HL-Cu C42H36N,05Cu.2H,0 760  Grey >250  66.04 (66.30) 5.39(4.74) 4.16 (3.68)

Electronic spectra

The el ectronic spectraand magnetic moment are
very useful intheevauation of resultsobtained by other
methodsof sructurd investigation. Information regarding
the geometry of the complexesaround the Co (11), Ni

(11) and Cu (I1) ionswas obtai ned from el ectronic spec-
tral studiesand magnetic moments. Thed ectronic spec-
traof ligand and their metal complexeswererecorded
at room temperature using methanol asasolvent. The
gnment of theband of thed ectronic spectraof ligand

TABLE 2: Electronic spectral and magnetic moment data

Complex TT—> T* n— x* d—>d Assignment Heit. B.M. Geometry
HL 206 248 - - - -
HL-Co 207 251 450 Tig(P) = To(P) 4.94 Octahedral
545 Tig— Ay
734 Tig— “Tog
HL-Ni 204 250 288 Chargetransfer 3.04 Octahedral
517 3Asy(F) = *Tiy(P)
655 Aoy — *Tig(F)
HL-Cu 206 263 465 Typical octahedral transition 1.728 Octahedral
532 Typical octahedral transition
aa- and complexesislistedin TABLE 2 and the spectra
i arepresentedin Figure 1
] The dectronic spectraof ligand show bandsin the
region of about 204-206 nm but inthe complexesthey
™ aredightly shifted to higher frequencies. Theband be-
<« " tween 248 -263 can be assigned to n — IT* of transi-
v tion of azomethinegroup. In the spectraof complexes
vz, the bands of azomethine chromophoreIl — IT* trang-
- tionareshifted tolower frequenciesindicatesthat imine
u' . L“ - nitrogenisinvolvedintheco-ordination of metd ion. A

Figurel: Electronic spectraof ligand and metal complexes.

very week low intensity absorption band associated with
d-dtransitionfor Cu (I1) complexesat 465, 532 (typi-
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cd octahedral trangtion) Co (1) complexesat 450,525
and 734nm andfor Ni (1) complexesat 288 (Charge
transfer), 517, 655.nm respectively supportsthe octa-
hedral geometry of metal complexes®!.

M agnetic moment

The magnetic momentsobtained at room tempera
tureare asshown in TABL E 2 The magnetic moment
obtained at room temperature i ndi cates paramagnet-
ism. TheCo (I1) complex showsmagnetic moment of
4.94B.M., thespinfreeoctahedral complex of Co (I1)
arereported to exhibit magnetic moment intherange of
4.46-5.53 BM?+27, Hence, the observed magnetic
moment for the Co (I1) complex under study indicates
that it hasan octahedra configuration TheNi (I1) com-
plex shows magnetic moment of 3.04 B.M. Themag-
netic moment of octahedra Ni (1) complexesarere-
ported to exhibit magnetic moment intherange of 2.80
-3.40B.M.[=2 indicating spin orbital coupling contri-
bution from °A, and higher °T, states. Hence, the
observed magnetic moment for theNi (11) complex sug-
geststhat it may have octahedral geometry. The ob-
served magnetic moment of Cu (1) complex is1.728
B.M. indicatesoctahedra geometry!®2, Thusthedec-
tronic spectra dataand magnetic moment datasupport
theoctahedral geometry of the complexes.

IR spectra

The IR data of spectra of Schiff base (HL) and
their metal complexesarepresentedinTABLE 3. The
va uableinformation regarding the nature of group at-
tached to the metal atom can be obtained by IR spec-
tra. The R spectraof complexesare compared with
those of ligand in order to determine the coordination
stesthat may beinvolvedin chelation. Guide pesksin
the spectraof ligand werehelpful inachieving thisgod.
Thepostionand/ or intensitiesof thesepesksarechang-
ing upon chelation. New peaks are guide peaks, asis
water inchdation. The IR spectraof thecomplexesare
showninFigure2. Inthespectraof ligand (HL) v(C=N)
azomethinestretching vibrationisfound at 1620 cm?
indicatesclearly theformation of ligand. Inthe spectra
of complexes, v(C =N) gretching vibrationswasshifted
to lower frequencies 1603-1612 cnr?, indicating the
participation of azomethinenitrogen in coordination (M-
N)i2-32, Theassignment of the proposed coordination
sitesisfurther supported by gppearance of band at 506-

516 cm* suggesting the v(M-N) bond. The presence
of v(M-0O) stretching vibration at 629-648 cm* sup-
portstheinvolvement of oxygen atomin complexation
with metal ions. Theligand and metal complexeswere
characterized mainly usingtheazomethineand ‘—~OH’
bands. The band at the range of 3379-3385 cmtis
attributed to the presence of water molecules. There-
fore, fromthelR spectra, it isconcluded, that theligand
coordinated to themetal ionsviaazomethine nitrogen
and deprotonated oxygen atom of benzoin.

TABLE 3: IR spectral data

v v v v v v

A\
Complex (C=0) (C=N)

(C-0) (M-N) (M-O) (C-OH) (H.0)

Benzoin 1679 - - -
HL - 1620 1090 1093 3379
HL-Co 1612 1112 516 629 1314 3385
HL-Ni 1600 1112 506 645 1315 3383
HL-Cu 1603 1111 511 648 1318 3385

V’. ; ;

0E e 0

Figure2: IRspect}aof metal complexes
'H NMR spectra

Thereview of literaturereveal ed that NM R spec-
troscopy hasbeen proved to be useful in establishing
thenatureand structure of many Schiff bases. TheNMR
spectra of Schiff base is recorded in CDCl,, using
Tetramethylslane (TMS) asaninterna standard. The
H NMR spectraof benzoin show signalsat 6.03 ppm
assignable to —OH group, 6.09 ppm assignable to —
CH- group and 7.06.-8.01 ppm assignableto aromatic
protons. Inthe NM R spectraof ligand, thesignal due
to -OH shiftsto 5.960 ppm* moreover, addition of
D,Oresultsindiminishingthesigna dueto—OH group
supportstheinvolvement of —OH groupinthecomplex
formation. Since, Co*?, Ni*?2 and Cu*? complexesare
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paramagnetic; their tH NMR spectracould not be ob-
tained.[®

M ass spectra of the Schiff base

The mass spectraof Schiff base show abase peak
m/eat 331 whichisdueto originad molecular weight of
the prepared compound (Schiff base) (Figure3). This
meansthat the condensation of thereactantsgave pure
compound.

.
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Figure3: Massspectraof (Hm(jand o
Thermal analysis

Thethermogram of Nickel complexisasshownin
Figure4. Therma decomposition of Co(ll), Ni(Il) and
Cu(ll) metal complexes have been studied asafunc-
tion of temperatureby TGA and DTG, It exhibited two
step decompositionfor the Schiff basemetd complexes.
First decomposition takes place around 200 °C dueto
total cleavage of the base metal complex along with
hydroxideto oxidetransformation foll owed by concomi-
tant rel ease of water molecules. The second decompo-
sition takes place at 400°C attributed to therel ease of
intermedi ate organi c moi ety. The second dow and broad
decomposition around 500°C can be attributed to total
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Figure4: Thermal analysisof HL-Co
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decomposition of organic moiety into carbon dioxide
and other gases. Theremaining 20 %o weight istotally
dueto presence of inorganic metal oxide?+34,

Biological Activity

Theantibacteria and antifungd activity of the Schiff
bases and their metal complexes was tested on Sa-
phylococcus aureus, Pseudomanas aeruginosa, As-
pergillus niger and Candida albicans. The method
used for antibacterial activity wasAgar Well-Diffuson
method and for antifungal activity was Agar-Ditch
method™. Thebacteriaand fungi weresub-culturedin
Nutrient agar and Sabouraud’s agar respectively. The
stock solution Img/ml was prepared and was used to
prepare concentrations of 0.8, 0.6, 0.4 and 0.2 mg/
ml.The plateswereincubated at room temperaturefor
24h. In order to clarify theeffect of DMF onthebio-
logical screening, separate studieswerecarried out with
DMF and showed no activity againgt any bacteriaand
fungi. Theresultsareasshowninthe TABLE 4. The
ligand shows activity against the microorganism Sa-
phyl ococcus aureus and the fungi Aspergillus niger
and Candida albicans. HL-Co and HL-Ni complexes

TABLE 4: Biological activity of complexes.

Name Concentration Staphylococcus Pseudomonas Aspergillus Candida

mg/lit. Aureus Aeruginosa niger albicans
HL 200 +ve -ve +ve +ve
400 +ve -ve +ve +ve
600 +ve -ve +ve +ve
800 +ve -ve +ve +ve
1000 +ve -ve +ve ++ve
HL-Co 200 +ve -ve +ve +ve
400 +ve -ve +ve +ve
600 +ve -ve +ve +ve
800 +ve -ve ++ve ++ve
1000 +ve -ve ++ve ++ve
HL-Cu 200 -ve -ve -ve -ve
400 -ve -ve -ve -ve
600 -ve -ve -ve -ve
800 -ve -ve -ve -ve
1000 -ve -ve -ve -ve
HL-Ni 200 +ve -ve +ve +ve
400 +ve -ve +ve +ve
600 +ve -ve +ve +ve
800 +ve -ve +ve +ve
1000 +ve -ve +ve +ve
[+= Sensitive -= Resistant]
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show maximum activity against Aspergillusniger and  thecomplexesshowsremarkableantibacteria and anti-
Candida albicans. The complex HL-Co showsthe fungal activity against the Saphylococcusaureus, As-
activity against Saphylococcusaureusmicroorganism.  pergillusniger and Candidaalbicansorganismstested.
The Pseudomanas aeruginosa is found to beresis-
tant. All the organismsarefound to beresistant to the
HL-Cu complex. (Figure5(a)-(d)) Theresultsare com-
pared with standard antibiotics like Gentamycin and
Streptomycin.

Figure6: Sructureof metal complex

REFERENCES

J.D.Lee; Consice Inorganic Chem., 5th Edn.
A.A.Grinberg; Russ.Chem.Rev., 40 (1961).
[3] S.S.Singh, D.D.Ansari, M.N.Rana; J.Indian
Chem.Soc., 74(6), 448-541 (1997).
[4] A.R.Serkar, SMandal; Synth.React.Inorg.Met-
Org.Chem., 80, 1477 (2008).
[5] B.L.Shaw, S.D.Parera, M.Thornton-Pett, J.D.Vessey;
Inorg.Chem.Acta, 207, 175-178 (1993).
[6] Offiong E.Offiong; SpectrochimicaActa, 50, 2167
(1994).
[7] M.T.H.Tarafder, Ali M.Akbar; Can.J.Chem., 56,
2000 (1978).
[8] FM.Morad, EL.M.M.Ajaly, S.Ben Gweirif; J.Sci.
and ItsAppl., 1, 72 (2007).
[9] S.J.Swamy, A.Dharma Reddy; J.Ind.Chem.Soc.,
77, 336-338 (2000).
[10] B.D.Sharma, J.C.Bailur; J.Amer.Chem.Soc., 77,
5476 (1955).

‘ [11] F.P.Dwyer, M.S.Gill, E.C.Gyarfas, F.Lion;
& 1 ) - ‘ J.Amer.Chem.Soc., 79, 1269 (1957).

i ey &F \ & [12] SdibKar, SM.Elsayed, A.M.Elshabiny; Synth.React.
(d) HL-Ni complex againstAspergi‘IIusniger and Candidaalbicans Inorg.Met.Org.Chem., 21(10)_7 1511 (1991).

Figure5: Biological activity of ligand and complexes [13] B.A.Mahapatra, SK.Kar; Orient.J.Chem., 10(3),
259 (1954).

[14] PPHankare, PH.Bhoite, PS.Battse, K.M.Garadkar,

CONCLUSION A.H.Jagtap; Indian J.of Chem., 39A, 1145-1149
(2000).
All the complexes are octahedral geometry and  [15] H.w.Florey; “Antibiotics|I’, Oxford Medical Pub-
paramagnetic nature. On the basis of the spectral data lications, U.K., 1476 (1949).
and magnetic datathe structure of thecomplexesisas  [16] S.G.Shirodkar, PS.Mane, T.K.Chondhekar; Indian
showninFgure6. Also onthebasisof microbia study J.of Chem., 40A, 1114-1117 (2001).

Tnorganic CHEMISTRY
A Tndian ﬂammf



ICAIJ, 5(3) September 2010

A.H.Manikshete and S.K.Sarsamkar

111

[17] R.Rgavel, M.Senthil, Vadivu, C.Anitha; E.-J.of
Chem., 5, 620 (2008).

[ 18] Gangadhar B.Bagihalli, Prakash GoudaAvaji, Prema
S.Badami, Sangamesh A .Patil; J.Coord.Chem., 61,
2793 (2008).

[19] B.Mahapatra; Ind.Chem.Soc., 59, 988 (1982).

[20] B.B.Mahapatra, Debendra Panda; Trans.Met.
Chem., 9, 476-478 (1984).

[21] T.Narayan, Akinchan et al; Tran.Met.Chem., 19,
135 (1994).

[22] P.P.Hankare, A.H.Manikshete et al; J.Indian
Chem.Soc., 68, 557-559 (1991).

[23] A.A.Ahmed, S.A.BenGuzzi, A.A.Hadi; J.Sci.and
ItsAppl., 1, 79 (2007).

[24] Khlood’sAbou-Melha; J.Co-ordination Chem., 61,
2053 (2008).

[25] F.A.Cotton, GWilkinsons; ‘Advanced Inorganic
Chemistry’, 5" Ed., Wiley, New York.

[26] K.Siddappa, Tukaram Reddy, M.Mallikarjun,
C.V.Reddy; E.-Journal of Chem., 5(1), 155-162
(2008).

—= Fyl] Paper

[27] M.M .Bekhet, K.M.lbrahim; Synth.React.Inorg.Met.
Org.Chem., 16, 1135 (1986).

[28] Erdal Canpolat, Mehmet Kaya; Turk.J.Chem., 29,
409-415 (2005).

[29] Mohammad Shakir, Mohammad Azam, Shama
Parveen, Asad U.Khan, Farha Firdaus; Spectro-
chimicaActa, Al, 1851 (2009).

[30] M.R.Iskander, L.Ei-Syed, K.Z.lsmail; Trans.Met.
Chem., 4, 225 (1979).

[31] M.Thankamony, K.Mohanan; Ind.J.Chem., 46A,
249 (2007).

[32] Gehad Geindy Mohamed et a; Turk.J.Chem., 30,
361-382 (2006).

[33] Wang Bo, Liu Jinxia, Yang Shiyan, Jin Daosen; Poly-
hedron, 14, 895 (1995).

[34] Abdul Hakim, A.Ahmed, SalimaA.BenGuzzi, Soad
Agumati; J.of Sci.and ItsAppl., 2, 83 (2008).

[35] C.H.Cdllins, PM.Lyne, JM.Grange, EditorsCollins,
Lyne’s; ‘Microbiological Methods’, 7" Ed., Oxford:
Butterworth-Heinemann, 320 (1995).

== [H01jANIC CHEMISTRY

Au Tudian Journal



