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Synthesis, characterization and antimicrobial activities of some
transition metal complexes of biologically active asymmetrical
tetradentate ligands
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ABSTRACT

The synthesized metal complexes Cr(I11), Fe(I11), Co(Il), Ni(l11), Cu(ll) and
Zn(11) of Schiff base have been condensing by Dehydroacetic acid,
cinnamal dehyde and 6-methyl-1,3,5-triazine-2,4-diamine. The metal com-
plexes were obtained as aresult of interaction of Schiff base ligand. Schiff
base have been synthesized and characterized on the basis of elemental
analysis, Infrared, 'H NMR analysis, magnetic susceptibility measurements,
conductrometry, electronic spectra, X-ray diffraction. The ligand and its
complexes were screened for their antibacterial activity against bacterium
Saphylococcus aurious, B.subtilis (Gram positive) and Escherichia coli,
K.pneumonae (Gram negative). The result indicated that the complexes
exhibited good antibacterial activities. The Schiff base commonly coordi-
nates through the oxygen atom of phenolic OH group and the nitrogen
atom of azomethine group,which is confirmed by IR spectral data. Further
conclusive evidence of the co-ordination of the Schiff bases with the metal
ions was shown by the appearance of new bands due to v(M-N) and v(M-
O) inthe metal complexes. © 2015 Trade Science Inc. - INDIA
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INTRODUCTION eras, plantsand animalsare of great significance be-

causethey exhibit important functionsinthe environ-

Schiff basewasfirst reported by Hugo Schiffi*3 in
1864. Schiff bases are formed by the condensation of
primary aminewith compounds containing active car-
bonyl groupi®®. The Schiff basesarea so called imi-
nes*" anils, azomethine (>C=N)¥. Schiff basesare
used for preparation of metal complexeshaving ase-
riesof different structureswith different metal. These
complexeshaving aimportanceand roleof co-ordina
tion compoundsin living systemsiswell established.
The co-ordination complexeswhich arefoundin min-

ment. Thesynthesisof newer and newer organic chelat-
ing agentsthat can co-ordinate with transation metal
ions hastempted the researchersto synthesize more
and more co-ordinated compounds and have become
achallengeto the present day chemi<t.® Metal com-
plexesmakethe compoundseffective asasteriogpecific
catalyststowards oxidation, reduction, hydrolyss, bio-
logicd activity and other transformationsof organicand
inorganic chemistry Schiff basecomplexesplay avitd
roleindesigning metal complexesrelated to synthetic
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and natural oxygen carries.['>*® Theaim of presentin-
vedtigationisto synthesizevarioustrangtion meta com-
plexesof Schiff base condensed from Dehydroacetic
acid, cinnamd dehydeand 6-methyl-1,3,5-triazine-2,4-
diamine

MATERIALSAND METHODS

Reagents and solvents

Dehydroacetic acid obtained from Merck wasused
assupplied cinnamal dehyde and 6-methyl-1,3,5-triaz-
ine-2,4-diamine of AR gradewereused for synthesis
of ligand. AR grademetd nitratewere used for thecom-
plex preparation.

Synthesisof ligand

Theligand was prepared by amodification of the
reported methods®*4. Asymmetri ¢ tetradentate Schiff
base ligand has been synthesized via a stepwise ap-
proach. Inthefirst step mono-Schiff base compound
was prepared by refluxing 50 ml solution of 10 mmol of
dehydroacetic acid and 20mmol 6-methyl-1,3,5-triaz-
ine-2,4-diamine in super dry ethanol for about 4 h.
Mono-Schiff basethusformed wasthen refluxed with
10mmol cinnama dehydeto prepareasymmetricligand.
Asymmetric Schiff base thus formed was cooled to
roomtemperature and collected by filtration, followed
by recrystdlizationinethanal. (Yield: 71.50%).
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Figurel: Sructureof ligand
Synthesis of metal complexes

To a hot ethanol solution (25ml) of the ligand
(0.005mal), methnolic solution (25ml) of metal Nitrate
(0.0025mol) was added with constant stirring. ThepH
of reaction mixturewas adjusted to 7-8 by adding 10%
a coholicammoniasol ution and refluxed for about 3 h.
The precipitated solid metal complex wasfiltered off in
hot condition and washed with hot methanol, ethanal,
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petroleum ether (40°-50°) and dried over calcium chlo-
rideinvacuum desi ccator.(yie d: 63.62%)

Physical measur ement

IR spectra were recorded on FTIR(ATR)-
BRUKER -TENSORS37 spectrometer using KBr pel-
letsin therange of 4000-400 cm*. *H- NMR (varian
mercury 300MHZ ) spectraof ligand were measured
iInCDCl3using TM Sasinterna standard. X-RD were
recorded on BRUKER D8Advance. TGA- DTA were
recorded on Shimadzu. The carbon, hydrogen and ni-
trogen contentswere determined on Elementar model
vario EL-I11. The UV-visible spectraof the complexes
were recorded on model UV-1800, SHIMADZU
spectrometer. Molar conductance of complexeswas
measured on Elico CM 180 conductivity meter using
10-4 M solutionin DM SO. Magnetic susceptibility
measurements of the metal chelatesweredoneona
Guoy balance at room temperature using
Hg[Co(SCN),] asacdibrant.

RESULTSAND DISCUSSION

Physicd characteristics, microandytica and molar
conductance dataof ligand and metal complexesare
givenin TABLE 1. Theanalytical dataof complexes
revels1:2molar ratio (metd : ligand ) and corresponds
well withthegenera formula[ML] whereM= Cr(lll),
Fe(111), Co(I1), Ni(11), Cu(ll) and Zn(l1). the magnetic
susceptibilitiesof Cr(I11), Fe(l11), Co(Il), Ni(ll), Cu(ll)
and Zn(11) complexes at room temperatureare consis-
tent with octahedra structurewith twowater molecule
coordinated to metd ion. Themeta chelate solutionsin

TABLE 1: Physical characterization, analytical and molar
conductancedataof compounds

Compound M.P. Molar
I\?olgcular Mol . Wt. Dtt:;?gw.p Colour C?\)/rllﬁgc.
ormula °c Cm?mol™?

L 380.41 >300 white

L Cr 44140 >300 Gray 28.05

L Fe 44525 >300 Brown 19.23

L Co 44834 >300 Pink 41.68

L Ni 448.10 >300 Green 26.45

L Cu 45295 >300 Blue 15.43

L Zn 45480 >300 White 46.69
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DM SO Show low conductance and supportstheir non-
electrolytenature.

Elemental analysisof Co(l ) complex
Found
Compound (Calculated)
C H N M
L 6510 445 1820 0
(64.77) (491) (17.98)
L-Fe 56.66  4.33  15.69 12.59
(56.64) (4300 (1572 (12.54)

1H-NMR spectraof ligand

The'H-NMR. spectraof freeligand at room tem-
perature showsthefollowing signals. 2.13 6 (s, 3H,
C,-CH3), 2.505 (s, 3H, N=C-CH3), 7.00 to 7.905
(m,5H, Aromatic protonsof phenyl ring).

IR spectra

The characteristic IR frequeencies (cm?) of the
ligand and their complexesareshownin TABLE 2. The
IR spectrum of the free ligands show a broad weak
band 3273 cm! attributed to intramol ecular bonding
v(OH). Thebands 1663-1123 cm* areassigned to v
(C=N) (azomethine), v (C=C) (Arometic doublebond),
v (C-N) (aryl azomethine) and v (C-O) (enalic) stretch-
ing modes, respectively. The disappearance of IR band
at 3100-3300 cm'? (intramol ecul ar hydrogen bonding)
in the spectra of all the complexes indicates
deprotonation of enolic oxygen and azomethinenitro-
genin coordinationto the meta ion. Itisfurther sup-
ported by an downward shift in v (C-O) by 52-61 cnr
tinall complexes®. A upward shiftin v (C=N) by 6-
31 cntindicates parti cipation of azomethine nitrogen
incomplex formation*®. The IR spectraof themetal
complexes showed new bandsinthe 508-612 cm* and
468-510 cmt region, which can be assignedto v (M-
0) and v (M-N) vibrations respectively.[t-19

M agnetic measur ements and electronic absor p-
tion spectra

The el ectronic absorption spectrum of the Cr(111)
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complexesin DM SO solution showstheregion 13661
cmtand 31055 cmrt assignable to the transition
‘A, T, and chargetransfer bands. All Cr(l11) com-
plexesweredimagneticin nature. these dataand mag-
netic moment suggest octahedral geometry around
Cr(111)!2%, The el ectronic absorption spectrum of the
Fe(I11) complexes shows bands at 28818 cm! assign-
abletothechargetransfer bands. All Fe(111) complexes
were dimagnetic in nature. these dataand magnetic
moment suggest octahedra geometry around Fe(l11)Y.
Co(ll) complexes shows bands at 18214 cm™ and
36764 cmt assignable to 4Tlg—> 4A29(F) and charge
transfer transitions. All Co(ll) complexes were
dimagneticin nature. these dataand magnetic moment
suggest octahedral geometry around Co(11)?2., Ni(I1)
complexesshowsbandsat 13262 ct and 37735 cnr
‘areassignedto°A, — °T,, and chargetransfer transi-
tions. Theabsence of band below 10,000 cm* and Al
Ni(I1) complexesweredimagneticin nature indicates
octhedra geometry®3. Cu(Il) complexes showsbands
at 12903 cnrtand 39062 cm™. Thesetransitions may
beassignedto”B, — °A  and chargetransfer transi-
tions. All Cu(Il) complexeswere dimagneticin nature
indicates octhedral geometry??d. Zn(Il) complexesdid
not show any d-d bands and their spectrawere domi-
nated by the chargetransfer bands at 38314 cn. All
Zn(I1) complexeswere dimagneticin natureindicates
octhedral geometry!?,

Antibacterial activity

Inthepresent investigation, biologicd activity of the
ligand andtheir asymmetrica complexewith Co(11) have
been screened for antimicrobid activity againg E. Coli,
B.Subtilis, S. Aurious And K.Pneumonae by paper
disc method.?® The compounds were tested at the
concentrations 1250ppm 2500ppm 5000ppm and
10000ppm. DM SO and compared with known antibi-
otics viz Tetracyclin. comparsions of the biological
activity of the synthes zed compoundswith someknown
antibioticspresented in TABLE 3. it isclear that the

TABLE 2: CharacterigticIR frequencies(cm?) of theligandsand their complexes

Compound v (C=N) v (C=C) v (C-N) v (C-0) v (M-O) v (M-N)
L 1663 1547 1393 1123 -- --
L-Ni 1657 1538 1263 1062 612 510
L-Cu 1632 1407 1269 1071 508 468
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TABLE 3: Antibacterial activity of compounds
Diameter of inhibition zone (mm)
Bacterium (L) Tetracyclin
1250 ppm 2500 ppm 5000 ppm 10000 ppm 1000 ppm
E. cali 09 06 05 03 16
S. Aurious 06 07 02 08 14
B.Subtilis 05 04 04 07 12
K.Pneumonae 04 03 06 10 10
Diameter of inhibition zone (mm)
Bacterium (LM) Tetracyclin
1250 ppm 2500 ppm 5000 ppm 10000 ppm 1000 ppm
E. cali 15 13 08 08 25
S. Aurious 16 14 09 15 28
B.Subtilis 18 09 10 16 40
K.Pneumonae 10 08 11 17 20

inhibition by metd chdatesishigher thanthat of aligand
and resultsarein good agreement with previousfind-
ingswith respect to comparative activity of freeligand
anditscomplexe.”

Powder x-ray diffraction

Thex-ray diffractogram of Cr(I11), Fe(111), Co(ll),
Ni(I1), Cu(ll) and Zn(I1) complexes of L was scanned
in the range 20-80° at wavelength 1.543 A. The
diffractogram and associ ated datadepict the 20 value
for each peak, rd ativeintensity and inter-planar spac-
ing (d-vaues). Thediffractogram of Cr(I11) complex of
L had eighteen reflectionswith maximaat 20 = 14.74°
corresponding tod value 3.02A. The diffractogram of
Fe(111) complex of L had seventeen reflectionswith
maximaat 20 = 14.77° corresponding to d value 3.01A.
Thediffractogram of Co(Il) complex of L had nineteen
reflectionswith maximaat 26 = 32.87° corresponding
todvaue1.41A. The diffractogram of Ni(Il) complex
of L had seventeen reflections with maximaat 20 =
10.70° corresponding to d value 4.14A. The
diffractogram of Cu(Il) complex of L had seventeen
reflectionswith maximaat 20 = 14.78° corresponding
todvaue3.01A. The diffractogram of Zn(IT) complex
of L2 showstwenty reflectionswith maximaat 20 =
10.75° corresponding to d value 4.12 A.. The xray
diffraction pattern of these complexeswith respect to
major peaksof relativeintensity grater than 10% has
been indexed by using computer programme?® The
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aboveindexing method alsoyieldsMiller indices (hkl),
unit cell parametersand unit cell volume. Theunit cell
of Cr(l11) complex of L yielded valuesof |attice con-
stants, a=8.9853 A, b=9.6261 A, ¢ = 14.9519A and
unit cell volumeV=1119.98 A3, In concurrence with
these cell parameters, theconditionsuchasa=b=c
and o = =90° =y required for sample to be Mono-
clinicweretested and found to besatisfactory. Henceit
can beconcluded that Cr(I11) complex hasMonaoclinic
crystal system. Theunit cell of Fe(l11) complex of L
yielded values of lattice constants, a=9.8961 A,
b=8.9681A, c = 14.6085A and unit cell volume
V=1122.80 A3. In concurrencewith these cell param-
eters, thecondition suchasa=b=canda = =90°
#v required for sampleto bemonaclinic. Theunit cell
of Co(ll) complex of L yielded vaues of |attice con-
stants, a=10.3413 A, b=9.8876 A, c = 12.6863A and
unit cell volumeV=1123.40A3. In concurrence with
these cell parameters, theconditionsuchasa=b=c
and c required for sampleto bemonoclinic. The unit
cdl of Ni(Il) complex of L yielded valuesof |atticecon-
stants, a=10.9770 A, b=8.7018 A, c = 14.9943A and
unit cell volumeV=1240.37A3. In concurrence with
these cell parameters, theconditionsuchasa=b=c
and a = 3 = 90° # y required for sample to be mono-
clinic. Theunit cell of Cu(ll) complex of L yielded val-
ues of |attice constants, a=9.6292 A, b=8.9800 A, ¢
=14.2619A and unit cell volume V=1233.24A3. In
concurrence with these cell parameters, the condition
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suchasa= b= cand o= =7y =90° required for
sampleto beorthorhombic. Theunit call of Zn(Il) com-
plex of L yielded values of lattice constants,
a=10.1281A, b=8.9693 A, c = 18.6868A and unit cell
volumeV=1470.14A3. In concurrencewith these cell
parameters, theconditionsuchasa=b=candoa=p=
90° =y required for sampleto bemonoclinicweretested
and found to be satisfactory. Henceit can be concluded
Cr(111), Fe(I11), Co(11), Ni(l1), Cu(ll) and Zn(I1) com-
plex of L hasmonoclinic crystal system. The experi-
mentd dengity va uesof the complexesweredetermined
by using specific gravity method? and found to be
0.96,1.14, 1.0, 1.1, 0.98 and 1.36 gcm3for Cr(lIl),
Fe(111), Co(I1), Ni(ll), Cu(ll) and Zn(1l) complexes
respectively. By using experimenta density values, mo-
lecular weight of complexes, Avogadro’s number and
volume of the unit cell were calculated. Number of
moleculesper unit cell were cdculated by using equa:
tion p =nM/NV and wasfound Cr(I11), Fe(l11), Co(ll),
Ni(I1), Cu(ll) and Zn(11) complexesrespectively. With
these values, theoretical density were computed and
found to be 0.96,1.14, 1.0, 1.1, 0.98 and 1.36gcm
for respective complexes. Comparison of experimenta
and theoretical density showsgood agreement within
thelimitsof experimental error™.,
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Figure2: Theproposed structureof thecomplexes

when M= Cr(111), Fe(l11), Co(I1), Ni(1l), Cu(ll) and
Zn(I)

CONCLUSION

Based on the physicochemical and spectral data
discussed above octahedra geometry for the

Cr(111), Fe(l11), Co(I1), Ni(Il), Cu(ll) and Zn(l1)
complexes are proposed. The ligand behave as
tetradentate, coordinating through enolic oxygen and
imino nitrogen of dehydroacetic acid moiety. Thecom-
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plexesarebiologicaly activeand show enhanced anti-
microbid activitiescompared tofreeligand. The X-RD
study suggests monoclinic crystal system for Cr(l11),
Fe(111), Co(ll), Ni(ll), Cu(ll) and Zn(l) complexes.
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