ISSN : 0974 - 746X Volume 10 Issue 4

I norganic CHEMISTRY
0 Tndian ﬂacmmﬂ

— [ful] Peper

ICAIJ, 10(4), 2015 [142-147]

Synthesis, char acterization and antimicrobial activitiesof sometran-
sition metal complexesof biologically activebidentateligands

D.T.Sakhar e, S.G.Shankarwar?, A.G.Shankar war %

Department of Chemistry, Shivaji Arts, Science & Comm. College Kannad, (INDIA)
Department of Chemistry, S.B.E.S. College of Science, Aurangabad, (INDIA)
*Department of Chemistry, Dr. Babasaheb Ambedkar M arathwada University, Aurangabad, (INDIA)
E-mail-sakhar edhondiram@yahoo.com; shankarwaranill4@gmail.com

KEYWORDS

Schiff bases;
Transition metal complexes,
Powder X-ray diffraction;
Antimicrobial activity.

ABSTRACT

A new solid complexes of Mn(ll) and Fe(l1l) complexes with bidentate
Schiff base ligand derived from 2-amino 4,6 dihydroxypyrimidine and P-
chlorobenzaldehyde, P-nitrobenzaldehyde have been reported. The com-
plexes have been characterized by elemental analysis, magnetic suscepti-
bility measurements, conductrometry, electronic and infrared spectra, X-
ray diffraction, 1H-NMR spectraand therogravimetric analysis. The ligand
and its complexes were screened for their antifungal and antibacterial ac-
tivity against Aspergillus niger, Penicillium chrysogenum, Fusarium
moneliforme and Aspergllus flavus. and Escherichia coli,.
Salmonellatyphi, Saphylococcus aurious, B.subtilis. The result indicated
that the complexes exhibited good antifungal and antibacterial activities.
The Schiff base commonly coordinates through the oxygen atom of phe-
nolic OH group and the nitrogen atom of azomethine group,which is con-
firmed by IR spectral data. Further conclusive evidence of the co-ordina-
tion 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) in the metal complexes.
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INTRODUCTION aly, metal pyrimidinederivative complexesareaso

biologically active materials. The variety of bio-

Compounds containing pyrimidine and purine
play asignificant rolein many biological systems¥,
where both exist in nucleic acids, several vitamins,
coenzymes, and antibiotics. Pyrimidine-derived
metal ion complexes have been extensively investi-
gated because of their biological activity!>". More-
over, recent studies® showed that introduction of
substituent groups at C_and C, positions of pyrimi-
dine can increase the biological activity. Addition-

logical applications of those compoundswas corre-
lated with the chelating property of the pyrimidine
derivatives toward traces of metal ions. These pro-
vide potential binding sites for metal ions, and in-
formation on their coordination propertiesisimpor-
tant in understanding the role of the metal ionsin
biologica systems. Many compounds of therapeutic
importance contain pyrimidinering system. Pyrimi-
dine compounds are al so used as hypnotic drugs® 9.
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Pyrimidine nucleus is imbedded in alarge number
of compoundswith diverse pharmacological activi-
ties, such as antitumor¥, antiviral™, anti-inflam-
matory*?, antibacterial™, and antifungal™. Here,
we present the synthesis and properties of a new
heterocyclic ligand containing pyrimidine ring and
their Mn(11) and Fe(l111) complexes. All the synthe-
sized compounds were investigated for
physiochemical propertiesand antimicrobial activi-
ties. The aim of present investigation is to synthe-
sizetransition metal complexes of Schiff base con-
densed from 2-amino 4,6 dihydroxypyrimidine and
p- chlorobenzal dehyde, P-nitrobenzal dehyde.

MATERIALSAND METHODS

Reagents and solvents

2-amino- 4, 6 dihydroxypyrimidine (Aldrich
sigma) and P- chlorobenzaldehyde, P-
nitrobenzaldehyde (AR grade) were used for syn-
thesis of ligand. AR grade metal nitrate were used
for the complex preparation.

Synthesisof ligand

Theligand L., L, was prepared by a modifica-
tion of the reported methods*>*". The Schiff base
ligand L, has been synthesized by refluxing a mix-
ture of 0.01 mol (1.4057 g) of, P-
chlorobenzaldehyde and 0.01 mol (1.2710 g) of 2-
amino-4, 6-dihydroxypyrimidine and ligand L, has
been synthesized by refluxing amixtureof 0.01 mol
(1.5110q) of, P- nitrobenzaldehyde and 0.01 mol
(1.2710 g) of 2-amino-4, 6-dihydroxypyrimidinein
50 ml super dry ethanol refluxed for about 4h. Schiff
base thus formed was cooled to room temperature
and collected by filtration, followed by recrystalli-
zation in ethanol and dried in vacuo over anhydrous
calcium chloride (Yield:70% and 72%).

Synthesis of metal complexes
To ahot ethanol solution (25ml) of theligand L,

OH
Xy
| )—N=C Ar
HO N H

Figure 1: Sructure of ligand; When Ar = CI, NO,
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(2 mol) and (25ml) of metal Nitrate (Imol) was
added with constant stirring. The pH of reaction mix-
ture was adjusted to 7-8 by adding 10% alcoholic
ammonia solution and refluxed for about 3 h. The
precipitated solid metal complex wasfiltered off in
hot condition and washed with hot ethanol and dried
over calcium chloridein vacuum desiccators. (Yield:
60%). To ahot ethanol solution (25ml) of theligand
L, (2 mol) and (25ml) of metal Nitrate (1mol) was
added with constant stirring. The pH of reaction mix-
ture was adjusted to 7-8 by adding 10% alcoholic
ammonia solution and refluxed for about 3 h. The
precipitated solid metal complex wasfiltered off in
hot condition and washed with hot ethanol and dried
over calcium chloridein vacuum desiccators. (Yield:
65%).

Physical measurement

IR spectra were recorded on FTIR (ATR)-
BRUKER -TENSOR37 spectrometer using KBr pdl-
letsin the range of 4000-400 cm™. *H- NMR (varian
mercury 300MHZ) spectraof ligand were measured
inCDCI, using TMSasinternal standard. X-RD was
recorded on BRUKER D8Advance. TGA- DTA was
recorded on Shimadzu. The carbon, hydrogen and
nitrogen contents were determined on Elementar
model vario EL-IIl. The UV-visible spectra of the
complexes were recorded on model UV-1800,
SHIMADZU spectrometer. Molar conductance of
complexes was measured on Elico CM 180 con-
ductivity meter using 10-4 M solution in DM SO.
M agnetic susceptibility measurements of the metal
chelates were done on a Guoy balance at room tem-
perature using Hg [Co (SCN) ] asacdlibrant.

RESULTSAND DISCUSSION

Physical characteristics, micro analytical, and
molar conductance data of ligand and metal com-
plexesaregivenin (TABLE 1 and 2) The analytical
data of complexes revels 2:1 molar ratio (ligand:
metal) and corresponds well with the general for-
mula[ML(H,0O),] (whereM=Mn(Il) and Fe(lll). The
magnetic susceptibilities of Mn(ll) and
Fe(lll)complexes at room temperature are consis-
tent with two water molecules coordinated to metal
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TABLE 1 : Physical characterization, analytical and molar conductance data of compounds

Compound Molecular formula Mol.Wt. M.P. Decomp temp.°C ~ Colour Molar Conduc Mho. Cm?mol™
Ly 249.66 82 Yellow -
L, 260.21 110 Yellow
MnL4 590.28 >300 Dark Brown 31.36
FelL, 591.18 >300 Brown 82.26
MnL, 611.38 >300 Faint Brown 44.59
Fel, 612.29 >300 Brown 42.79
TABLE 2 : Elemental analysisof Mn (I1) anf Fe(l11) complex
Compound Found (Calculated)
C H N M
Ly 52.92 (43.20) 3.23(3.95) 16.83 (16.93)
L, 50.78 (39.29) 3.10 (3.67) 21.53 (17.55) -
MnL 44.76 (55.83) 3.41(3.35) 14.23 (14.12) 9.30(9.15)
FelL, 44.69 (44.55) 3.40 (3.35) 14.21 (14.10) 9.44 (9.30)
MnL, 43.22 (43.12) 3.29 (3.15) 18.32 (18.12) 8.98 (8.85)
Fel, 43.15 (43.09) 3.29 (3.15) 18.30 (18.20) 9.12 (9.00)
TABLE 3 : Characteristic IR frequencies (cm?) of the ligands and their complexes
Compound v (C=N) v (C=C) v (C-N) v (C-0) v (M-0O) v (M-N)
Ly 1641 1487 1207 1091 - --
L, 1672 1516 1346 1197 - --
Mn-L, 1615.10 1440.87 1346.36 1209.41 503.10 426.28
Fe-L; 1627.97 1408.08 1227.48 1161.19 543.94 450.22
Mn-L, 1604.83 1450.15 1348.29 1213.27 5.08.15 450.00
Fe-L, 1615.47 1460.16 1348.29 1224.10 542.02 426.28

ion. Themetal chelate solutionsin DM SO show low
conductance and supports their non-electrolyte na-
ture.

1H-NMR spectraof ligand

The'H-NMR. Spectraof freeligand L, at room
temperature shows the following signals. 5.9 6 (s,
2H, Phenolic (OH) hydrogen of pyrimidine ring),
6.66 3(s, 1H, Hydrogen bonded to pyrimidinering),
7.94 5 (s, 1H, hydrogen bonded to azomethine car-
bon), 7.69-7.28 5 (D,4H, Aromatic H_, H,, protons
of phenyl ring). The 1H-NMR. Spectraof freeligand
L, at room temperature showsthefollowing signals.
3.79 6 (s, 2H, Phenolic (OH) hydrogen of pyrimi-
dinering), 6.07 &(s, 1H, Hydrogen bonded to pyri-
midine ring), 8.07 6 (s, 1H, hydrogen bonded to
azomethine carbon), 7.369-8.18 6 (D,4H, Aromatic
H_, H,, protons of phenyl ring).

IR spectra

The characteristic IR frequeencies (cm?) of the
ligand L, and L, and their metal complexesareshown
in TABLE 3. The IR spectrum of the free ligands
shows a broad weak band 3331 cm™ and 3327 cm'?
attributed to intramolecular bonding v(OH). The
bands 1641-1091 cm* and 1672-1197 cm™ are as-
signedto v (C=N) (azomethine), v (C=C) (Aromatic
double bond), v (C-N) (aryl azomethine) and v (C-
O) (enolic) stretching modes, respectively. Thedis-
appearance of IR band at 3100-3300 cm'! (intramo-
lecular hydrogen bonding) in the spectra of all the
complexes indicates deprotonation of enolic oxy-
gen and azomethine nitrogen in coordination to the
metal ion. It is further supported by a downward
shiftin v (C-O) by 52-61 cm™ in all complexes?el.
An upward shift in v (C=N) by 6-31 cm indicates
participation of azomethine nitrogen in complex for-
mation®®. The IR spectra of the metal complexes
showed new bandsin the 503-543 cm™,408-542 cmr
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TABLE 4 : Antifungal activity of ligands

Antigungal growth

Test Compound

Aspergillusniger Penicillium chrysogenum Fusarium moneliforme Aspergillus flavus

1% 2% 1%

2% 1% 2% 1% 2%

Ly -ve -ve -ve

L, e RG RG
Mn-Lq -ve -ve -ve
Fe- L, -ve +ve -ve
Mn- L, +ve RG +ve
Fe-L, -ve +ve RG
+ve control +ve +ve +ve

-ve control (Griseofulvin) -ve -ve -ve

-ve -ve -ve -ve -ve
-ve RG -ve e +ve
-ve -ve -ve -ve -ve
-ve -ve -ve -ve -ve
-ve RG RG +ve +ve
RG RG RG -ve RG
+ve +ve +ve +ve +ve
-ve -ve -ve -ve -ve

Ligand& metal : +ve— growth (antifungal activity absent); -ve - growth (antifungal activity present); RG - reduced growth (more

than 50% reduction in growth observed)

Land 426-459 cm?, 426-450 cmt region, which can
be assigned to v (M-0O) and v (M-N) vibrations re-
spectivelyl20-22,

M agnetic measur ements and electronic absor p-
tion spectra

The €electronic absorption spectrum of the L,
Mn(lI1) complexes shows bands at 13368 cm-1 and
24875 cm-1 are assigned to °A g — “T_g and charge
transfer transitions. All Mn(I1) complexeswere para-
magnetic in nature indicates octahedral geometryZ,
L, Fe(lll) complexes shows bands at 29239 cm-1.
Thesetransitionsmay be assigned to charge transfer
transitions. All Fe(111) complexeswere paramagnetic
in natureindicates octahedral geometry®. L, Mn(l1)
complex exhibits electronic spectral bandsat 13966
and 24875 cmattributed to °A, - “T, (G) which
can be assigned to charge transfer in an octahedral
field®. L, Fe(I11) complex exhibits el ectronic spec-
tral bands at 29239 cm™* which can be assigned to
charge transfer in an octahedra field?27- All the
Mn (I1) and Fe (111) complexes were paramagnetic
innature.

Antibacterial activity

Antifungal activity and Antibacterial activity of
ligand and metal complexes were tested in vitro
against fungal such asAspergillusniger,Penicillium
chrysogenum,Fusarium moneliforme, Aspergillus
flavus and bacteria such as E. Coli, B.Qubtilis, S
Aurious And Bacillus subtlis by paper disc plate
method?3Y. The compoundsweretested at the con-

centrations 1% and 2% in DM SO and compared with
known antibiotics viz Griseofulvin and Penicillin.
(TABLE 4 and 5). From TABLE 4 and 5, itisclear
that the inhibition by metal chelates is higher than
that of aligand and results are in good agreement
with previous findings with respect to comparative
activity of freeligand and its complexes? Such en-
hanced activity of metal chelates is due to the in-
creased lipophilic nature of the metal ionsin com-
plexes. Theincreasein activity with -concentration
is dueto the effect of metal ions on the normal cell
process. The action of compounds may involve the
formation of hydrogen bond with the active centre
of cell congtituents, resulting ininterferencewith the
normal cell process

Powder x-ray diffraction

The X-ray diffractogram of Mn(1l) and Fe(l1)
complexesof L, was scanned inthe range 20-80° at
wavelength 1.543 A. The diffractogram and associ-
ated data depict the 2 6 value for each peak, rela
tive intensity and inter-planar spacing (d-values).
The diffractogram of Mn(l1) complex of L, had fif-
teen reflections with maxima at 26 = 13.34A° cor-
responding to d value 6.63A. The diffractogram of
Fe(l11) complex of L, had thirteen reflections with
maxima at 260 = 6.63A° corresponding to d value
6.66A. The diffractogram of Mn(II) complex of L,
had eleven reflections with maxima at 20 = 6.65°
corresponding to d value 6.64A. The diffractogram
of Fe(lll) complex of L, had ten reflections with
maxima at 20 = 6.64° corresponding to d value
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TABLE 5 : Antibacterial activity of ligands and their metal complexes

Diameter of inhibition zone (mm)

Test Compound E. Coli Salmonella typhi Staphylococcu saureus Bacillus subtlis
1% 2% 1% 2% 1% 2% 1% 2%

L, -ve 12mm -ve 11mm -ve 17mm -ve 15mm

L, -ve 14mm -ve 15mm -ve 19mm -ve 19mm

Mn-L; -ve -ve -ve -ve 14mm 18mm 18mm 18mm

Fe- L, -ve -ve -ve -ve 13mm 18mm 16mm 18mm

Mn- L, -ve -ve -ve -ve 19mm 21mm 18mm 18mm

Fe-L, 11mm 11mm -ve 11mm 17mm 19mm 14mm 17mm
DMSO -ve -ve -ve -ve -ve -ve -ve -ve

Penicillin 14mm 14mm 17mm 17mm 30mm 30mm 19mm 19mm

Ligand & Metal: - ve - No Antibacterial Activity; Zone of inhibition - —mm

N

H7 o) —’.1\‘1 . ()H

- w—c@

OH
Figure 2 : The proposed Structure of the complexes,
When M= Mn(I1) and Fe(l11), Ar = CI, NO,

6.66A. The x-ray diffraction pattern of these com-
plexeswith respect to major peaksof relativeinten-
Sty greater than 10% has been indexed by using com-
puter programme® The aboveindexing method also
yields Miller indices (hkl), unit cell parameters and
unit cell volume. The unit cell of Mn(11) complex of
L, yielded values of lattice constants, a=9.23 A,
b=10.23 A, ¢ = 18.95A and unit cell volume
V=1789.31386A3. In concurrence with these cell
parameters, the condition suchasa=b=canda =
B =y =90° required for sample to be Orthorhom-
bic. The unit cell of Fe(lll) complex of L, yielded
values of |attice constants, a=9.345 A, b=8.345 A,
€=17.456A and unit cell volume V=1178.91101A3.
In concurrence with these cell parameters, the con-
ditionsuchasa=# b= cand a = =90° = y
required for sample to be monoclinic were tested

Inorﬂamc CHEMI[STRY C—

and found to be satisfactory. The unit cell of Mn(l1)
complex of L, yielded values of lattice constants,
a=9.345 A, b=7.789 A, ¢ = 16.567A and unit cell
volumeV=1044.32461A3, In concurrence with these
cell parameters, the condition suchasa= b = c and
a = =90° = y required for sample to be mono-
clinic. Theunit cell of Fe(l11) complex of L, yielded
values of lattice constants, a=9.898 A, b=7.895A, ¢
=14.678A and unit cell volume V=994.04065A3. In
concurrence with these cell parameters, the condi-
tionsuchasa= b= canda = =90° # y required
for sample to be monoclinic. Hence it can be con-
cluded Mn(l1) and Fe(l11) complex of L, and L, has
monoclinic crystal system. The experimental den-
sity values of the complexes were determined by
using specific gravity method®! and found tobe 1.11,
1.05, 1.08, 1.10 gcm-3 for Mn(11) and Fe(l11) com-
plexes respectively. By using experimental density
values, molecular weight of complexes, Avogadro’s
number and volume of the unit cell were cal cul ated.
Number of molecules per unit cell were calculated
by using equation o =nM/NV and wasfound Mn(I1)
and Fe(111) complexes respectively. With these val-
ues, theoretica density were computed and found to
be 1.10, 1.03, 1.06, 1.08 gcm® for respective com-
plexes. Comparison of experimental and theoretical
density shows good agreement within the limits of
experimental error!®,

CONCLUSION

Based on the physicochemical and spectral data
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discussed above octahedral geometry for the
Mn(l1) and Fe(111) complexesare proposed . The
ligand behave as bidentate, coordinating through
phenolic oxygen and imino nitrogen asillustrated in
Figure 2. The complexesare biologically active and
show enhanced antimicrobia activities compared
tofreeligand. The X-RD study suggestsmonaoclinic
crystal system for Mn(11) and Fe(l11) complexes.
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