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Abstract:

In this present study a series of new Fe(Il) metal complexes have been synthesized by the reaction of FeSO, with
Salicyloyl Pyrazole oximes in 1:2 stoichiometry. The synthesized complexes were characterized by elemental analysis
and spectral techniques such as IR, NMR and UV-Visible spectroscopy. The possible structures of these newly
synthesized complexes have been proposed on the basis of elemental analysis, spectroscopic study, molar conductance
and thermal methods of analysis. Four coordinate geometries have been assigned to these complexes. In Vitro study of
synthesized metal complexes against Bacillus subtilis, Staphylococcus aureus, Actinomycetes and Pseudomonas

aeruginosa shows moderate antimicrobial activities.
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Introduction :

In recent decades pyrazole and their oxime
derivatives have considerable interest in chemical and
pharmaceutical research because of their various
biological applications. Pyrazoleoxime derivatives are
broadly used as acaricide and anti tumor activities'™
Oxime containing molecules are observed to be willing
with organic and inorganic molecules to increase
conjugation and biotransformation. Such properties of
compounds are used to design novel synthetic
compounds that are capable to transform acyl group and
development of novel drug for treatment of various
diseases. For example oxime of furan in lipoid leukemia
cells inhibited the protein synthesis, DNA and RNA®, In

recent years oximes have received significant attention
owing to their diverse range of biological propertiess.

Besides this oxime and oxime derivatives have
attracted  considerable attention due to their
chemotherapeutic value such as antimicrobial’,
antiandrogenic’, cytotoxics, fungicidal’,  anti-
inflammatory'® antidote for phosphorous poisoning'',
sweetening agent propenif:s12 and other biological
activities'.

Oximes are versatile ligands, they can easily forms
complexes with transition metal ions"*, Several
transition metal complexes with 2-hydroxyoximes have
been reported previously. The coordination chemistry of
transition metal ion with 2- hydroxyoximes have shown
considerable interest due to large applications in various
fields'*'®. Oxime complexes have been used as cerebral
and myocardial perfusion imagine agent'”'®, The metal
complexes of oximes have structural features due to
formation of intramolecular hydrogen bonds and a
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packing configuration which gives rise to important
applications as  biochemical —model™  and
semiconducting materials**%. Schiff base and their
metal complexes show wide range of applications in
agriculture, pharmaceutical and industrial chemistry.
Oxime containing Schiff base copper complex shows
good catalytic activity in degrading various organic
dyeszs. The oxime containing Schiff base complexes
also shows antimicrobial®®, anti-cancer” activity. The
complexes derived from pyrazole and their derivatives
are widely used as herbicides, fungicides®® and anti-
inflammatory*’ agents.

Material and methods :

All the chemicals were commercial available,
solvents are research grade and used after purification.
Distilled water and ethanol always used. Melting points
are recorded on open capillary method and uncorrected.
Electrical conductivity recorded in 1X 10° M solution
in DMF on Elico digital conductivity meter model
(CM-180). The elemental data recorded at SAIF, Punjab
University, Chandigarh. The UV-Visible spectra and
FTIR spectra (4000-450 cm™ ) are recorded on
Shimadzu double beam spectrophotometer (UV-1800)

in range 700-190nm. The thermal analysis (TGA) was -

recorded at Department of Chemistry, New A,
Commerce and Science College, Ahmednagar. The
percentage of metal was carried out by volumetri¢
method®, The ligand salicyloyl pyrazole oxime Was
prepared using the method reported in OIHAPT'S"ious
1nvest1gat10n

General Procedure for Synthesis of Metal
Complexes : S
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uary 2.
Tron sulphate (0.001mole) was dissolved in distilled
water and acidified by concentrated hydrochloric acid.
The resulting acidic solution was made warm using hot
water bath. It was further treated with alcoholic ligand
solution (0.002 mole), The addition of ligand solution

was made slowly drop after drop. Slight excess of

ligand solution was added to ensure the complete
complexation. The resulting mixed solution was then
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treated with alcoholic ammonia to make it alkaline, The

solution was then digested on boiling water bath where
coloured complex precipitated out. The product was
filtered, washed first with little hot distilled water and
then by cthyl alcohol to remove excess of ligand. The
coloured precipitates of complexes were dried under
ambient conditions.

R
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oH NI/
Ry
\ \N N
N/ Alcohol + Water ]L
Ry o
Nickel Sulphate
Ry
R
R; Ry
R
Scheme - 1 : Synthetic route for synthesis of Fe(II) complexes of salicyloylpyrazoleoxime.
Table - 1 : Physical and Analytical data of Fe (II) complexes.
Compl Substituents Found (Caled.) % oM
omplex Colour | M.P.("C) | % Yield (ohmemmol)
R [R |R [ R M C H N
— 7.57 53.88 271 11.54
Fe-1 Cl H H | F Brown >300 93 .79) (53.58) @.81) (11.72) 60.6
8.43 60.11 3.99 12.66
Fe-2 CH;| H | H | F| Brown 280-282 77 8.26) (6037) 3.87) (12.42) 26.5
7.14 4791 2.86 10.23
Fe-3 Br | H| H|F | Brown 234-236 70 6.93) “767) 2.50) (10.42) 325
7.69 54.64 3.55 11.43
Fe-4 Cl |CH| H | F Brown 224-226 65 (7.49) (54.79) (3.25) (11.28) 33.6
— 7.32 48.61 2.45 10.51
Fe-5 Cl|H |Cl|F| Brown | 222:224 7 1.10) | @889) | @31 | (1069 323

Result and Discussion :

All the synthesized Fe(Il) complexes | of
salicyloylpyrazoleoximes are non-hygroscopic, air
stable and prepared by the stoichiometric reaction of the
corresponding metal salts with new Schiffs base ligands
in a molar ratio (M:L) of 1:2. The elemental analysis
data was also found to be in agreement with the
proposed formulae and also confirmed the ML2
composition of the complexes. All the metal complexes
are coloured solids which is different than colour of free
ligand. The melting points of all metal complexes were
determined by open capillary method and uncorrected.
All  the complexes were found to melt with
decomposition at higher temperature which is more than
free ligand this supports the complex formation. The
solubility of these complexes was examined in different

Printed by: PRASHANT PUBLICATIONS

solvents like water, polar and non-polar organic
solvents. All the synthesized complexes are soluble in
dimethylformamide ~ (DMF), dimethyl sulfoxide
(DMSO0) and insoluble in water, ethyl alcohol, acetone,
chloroform and dichloromethane. Solubility behavior
and elemental analysis data of complexes suggest that
the synthesized complexes are monomers.

Solution Conductivity :

The solution conductivities of all metal complexes
were measured using Elico digital conductivity meter
(Model CM-180) at Department of Chemistry,
Ahmednagar College, Ahmednagar. A known amount
of solid metal complex was transferred into standard 25
ml volumetric flask and dissolved in DMF (10° M).
The solution of metal complex was transferred in to
clean and dry 100 ml beaker and molar conductance

B
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were recorded at room temperature. The molar
conductance values for all synthesized complexes
indicated that the complexes are non-clectrolyte and
covalent in nature’®. This non-clectrolyte nature of
complexes supports chelating structure in complexes.
The molar conductance values are represented in table-
1,

IR spectra : The comparison of IR spectra of
ligands and their metal complexes indicate that the free
ligand exhibit broad band in the range 3391-3248 cm-1
assignable to free v(0-H) stretching frequency which is
obviously absent in the spectra of metal complexes
indicating deprotonation followed by the formation of
metal oxygen bond of phenolic group“'n. The band in
the range 3166-3131 cm™ assignable to hydrogen
bonded v(O-H) stretching frequency which undergone a
slight hypsochromic shift in the complexes, indicative
of the coordination of nitrogen atom and presence of
strong hydrogen bonding. Evidence for this
coordination also arise from the small shift towards
lower frequency of the band in the range 1563- 1542
cm’' assigned to azomethine linkage v(C=N) stretching

and v(N-O) stretching in the range 1282- 1226 cm’,
The shifting of these bands in metal complexes happens
because in the metal ligand complex the C=N groups
becomes conjugations along with the metal-ligand
bonds®>*. The medium to strong absorption peaks dye
to v(C-O) observed in the 1097-1073 cm™ region. The
spectra of free ligand moved towards low frequency in
the spectra of the complexes%. The observed downward
shift of this band on chelation supports bonding of the
metal ions to the phenolic OH after deprotonation®’%,
Further conclusive evidence of the coordination of
salicyloylpyrazoleoxime ligand with the metal ion was
proved by appearance of weak bands in the low
frequency region 557-546 cm’ and 461447 cm’ which
was assigned to v(M-0) and v(M-N) respectively’*'.
These frequencies were observed only in the spectra of
complexes and not in spectra of free ligand, thus
confiming participation of the oxygen and nitrogen
atoms in the coordination to the metal ion. The
significant peaks in FTIR spectra of synthesized ligands
and their metal complexes are summarized in Table-2.

Table - 2 : The significant peaks in FTIR spectra of free ligand and its Fe(II) complexes.

Gompoun dc Vo-H Ve=N VN-0 Vc-0 Vm-0 VM-N
HLI1 3391, 3131 1563 1232 1097 - .
Fe-1 3162 1545 1233 1057 | 546 461
HL2 3350, 3134 1542 1231 1097 - =
Fe-2 3147 1543 1228 1095 549 1455
HL3 3248, 3163 1546 1282 1073 - ¥
Fe-3 3157 1539 1230 1095 553 1447
HL4 3327, 3157 1548 1226 1093 |- K
Fe-4 3138 1539 1230 1095 557 459
HLS 3310, 3166 1545 1242 1088 - 3

__ Fes 3130 | 1539 1228 1082 551 447

'"H NMR spectra: '"H NMR spectra of selected
compounds was recorded in DMSO-ds as solvent and
TMS as internal standard. However due to presence of
metal ion, proton resonance was not effected and gave
broad peaks indicating the formation of metal
complexcs42.

The 'H NMR spectra of salicyloylpyrazoleoximes
showed two D;O exchangeable proton signals at~12 §
ppm and 10 dppm assignable to phenolic and oxime
protons respectively. In 'H NMR spectra of complexes
the proton signal at ~12 § ppm disappears, indicating
deprotonation followed by the formation of metal

oxygen bond of phenolic group. The proton signals at
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~10 3 ppm shifted to higher value. But the chemical
shift is smaller indicating the involvement of nitrogen
fltom in the formation of metal nitrogen bond and
intramolecular hydrogen bonding between ligands. The
?romatic protons in the metal complexes are appearing
in the range 6.5 to 9 § ppm. '

Powder X-ray diffraction: XRD pattern of metal
complexes were obtained in solid form. The powder X-
ray diffraction of some selected synthesized metal
c?mplexes were scanned on Goniometer powder
diffraction PW 3050/60 with Cu-K-alpha-1 radiation
(A=1.5406 A). The powder XRD patterns were.
measured in 2 theta range between 5.0084 and 89.9744
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ith step size 0.0170. The X-ray diffractogram of all
complexes showed 43broad peak, which indicate
polycrystalline nature ~. Though polycrystalline nature
of complexes Was observed they were generally not
soluble in non polar solvents.

Thermal Analysis :

In the present study, thermogravimetric analysis of
metal complexes was done by heating the system at 10
°C per minute. The weight loss was recorded as a
function of time when the temperature was increased at
uniform rate. The temperature range used in thermal
analysis was from 30 0C to 900 °C.Considering percent
loss in weight the thermal decomposition behavior of
Fe(Il) complexes of salicyloylpyrazoleoxime are
discussed on the basis of their TG curves as follows.

A close look at TG curve of complex Fe-1 and Fe-2
showed that there is no significant weight loss up to 200
°C indicating there is no lattice or coordinated water
molecules. The TG curve for Fe-1 and Fe-2 shows two
steps decomposition. The steps characterized by gradual
weight loss due to evolution of gaseous products such
as CO,, NH; etc. in the ligand molecules. The Fe(Il)
complexes decompose slowly involving loss of ligand
up to the temperature range 600- 650 C. The
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decomposition is completed leading to formation of air
stable residue of iron oxide as the end product. For Fe-
lobserved Fe,03 is 11.01% (Cal- 11.20%) and for Fe-2
observed Fe203 is 11.32% (Cal- 11.83%).

Electronic  absorption spectral study of
complexes :

The Iron (II) has dé-configuration and its ground
state of high spin system is 5D. The Fe(II) complexes
arc high-spin type, instead strong field is required for
the formation of spin-paired complexes. In case of iron
complexes, the d-d bands are generally forbidden and
obscured by strong charge transferred bands*. In
present study the absorption bands observed in the
range 280 nm and 330 nm due to n—n* and n—n*
transitions are shifted to lower value. From the spectra
of iron complexes with salicyloylpyrazoleoximes it can
be seen that complexes showed weak absorption bands
between 480 nm and 575 nm. These bands may be
assigned to charge transfer processes. Fe-1 complex
showed a week band at 572 nm and Fe-2 complex
showed weak band 481 nm. The electronic spectra of
Fe(Il) complexes suggest square planar geometry. The
electronic spectra of Fe(Il) complexes are displayed in
Figure- 1 and Figure-2

nm.

4.800 = . ;
w
4000 -
-
2000f —
~ No. Wavelength | Absorbance
£ ) . — 54100] 0040
2 0000 ] 2 47850 0.063
3 331.00 1.370
4 275.50 3.926
5 262.50 3677
-2.000 i -
-4.000 '] -
4800 L L
190.00 400.00 600.00 700.00

Figf - 1: Electronic absorption spectra of complex Fe-1

o

4.800
4000 -
2.000 =
o~
o i No. Wavelength | Absorbance
< 0000 1_ 638.00 0.006
2 481.50 0.025
3 325.50 2.689
4 286.00 3.870
-2.000 - -
-4.000 - -
4.800LL . L
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Fig.- 2: Electronic absorption spectra of compiex Fe-2
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Antibacterial activity :

All the synthesized compounds were evaluated for
antibacterial activity against various bacterial strains
like  Bacillus  subtilis,  Staphylococcus — aureus,
Actinomycetes and Pseudomonas aeruginosa.

Antimicrobial screening of synthesized Schiff base
metal complexes were found comparatively much more
active than free ligands. The antimicrobial activity of
metal complexes showed considerable zone of
inhibition compared to that standard drugs. Most of the
synthesized complexes showed antimicrobial activity
against Actinomycetes and Pseudomonasaeruginosa.
After coordination with metal ion, the compounds
which are biologically inactive becomes active and
biologically less active compounds becomes more
active’'. Such introduction and enhancement in the
activity of metal complexes were explained on the basis
of Overtone’s concept” and Tweedy’s chelation
theory™. According to Overton’s concept of cell
permeability, the lipid membrane that surrounds the cell
favors the passage of only lipid soluble materials due to
which liposolubility is considered to be an important
factor that controls the anti microbial activity.

The dissimilarity in the activity of the different
metal complexes against different bacteria depends
either on the impermeability of the cells of the microbes
or difference in the ribosomes in the microbial cells.
The metal complexes may also be a vehicle for
activation of the ligand as a cytotoxic agent. Moreover,
complexation may lead to significant reduction of drug
resistant. Besides this other factor such as solubility,
conductivity and dipole moment influenced by the
presence of metal ions may also be the possible reason
causing enhancement of the antimicrobial activity of
chelate complex as compared to free Schiff base
compounds.

Table — 3 : Antimicrobial activity of ligand and
Fe(II) metal complexes.

Fe-1 a | v |H|F[15]17]2 30
DS
Fez |cm3| H |H|F |- |15]19 25
Fe-3 Br | H [H|F |~ |16]15 -
Fe-4 cl |cH3|H|F|13|12]-~ -
Fe-5 ca | H |[a|lF|B|18|n2 2

Bacteria
Eormpiiing Substituents Gram-positive nfgr::lv_ e

R, R, Ri; | R | Sa | Bs | Am Pa

HLI cl H H|F|[23[19] 13 --
HL2 CH; | H H|F - - [ 18| 14 25
HL3 Br H H|F|18|18] 17 -

N HLA Cl |CH; |[H|F |17]18 :-- 31
HLS Cl H |Cl|F|-|16] 15 -
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