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ABSTRACT: Synthesis of new organometallic Schiff bases complexes with
general formula [ML)xH,O] [where M = Mn(ll), Ni(ll), Cu(ll) Pd(ll) and
Pt(I1), L=2,2-{(1R,1'S)-1,1'Ferrocen-2,4-dien-1-yl-2,2'-diyl bis [(Z)methyl-
ylidenenitrilo]}bis(3-iodophenol)] have been prepared and characterized by

elemental analysis, magnetic susceptibility, Conductivity IR, UV-Visible,
Mass spectra and TGA/DTA. Organometallic Schiff base is tetradentate and
co-ordination through nitrogen of azomethine (>C=N-) and oxygen of
Hydroxyl group. The complexes have octahedral geometry with six
coordination number. Electronic spectra of the complexes were recorded and
its parameters like Nephelauxetic effect (B), bonding parameter (b*?) and
Sinha’s parameter (6 %) are calculated. TGA and DTA results of [Pt (C,4H1s
Fel,N,0,).2H,0] and [Pd (C,;H1s Fel,N,0,).2H,0] are reported, Complexes
were losing weight due to exothermic and endothermic process. The mass
spectra of prepared ligand (Cx4Hig Fel, N,O,) and its complex such as [Mn
(CosHigFeloN,0,).2H,0] were used to compare their stoichiometric
composition and it found that near about equal to the theoretical mass of the
complex and prepared ligand. Synthesis of nanoparticles of OMNPs
(organometallic Nanoparticles) of Cu(ll) Complex with SEM and EDX were
recorded and particle size is in between 52-60nm. The ligand and complexes
have been screened for its anti-fungal activities against three fungi Alternaria
brassicae, Aspergillus niger, Fusarium oxysporum.
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INTRODUCTION: Metal complexes of organo-
metallic Schiff bases have been play an important
role in biological system !. The organometallic
Schiff bases are used in various dye and drugs
industries due its potential applications ** and also
in Polymer industry ®> and so on. The metal
complexes of organometallic Schiff bases are also
found to exhibit luminescence properties °.
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The transition metal complexes of organometallic
Schiff bases have been reported with anticancer
and antitumor activity ® 7. Similarly, Medicinal
properties have been reported for the organo-
metallic based Schiff bases ® ~ '°. In biological
applications the metal complexes of organometallic
Schiff bases have been studied mainly for their
fungicidal and insecticidal activity **. The synthetic
reversible oxygen carrying complexes are of
interest as model compounds in the study of the
reversible oxygenation mechanism involved in
complex natural oxygen carriers such as
haemoglobin 2. In this paper the synthesis of
new organometallic Schiff base compound and
their complexes were characterized on the basis of
elemental analysis, magnetic  susceptibility,
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Conductivity IR, UV-Visible, Mass spectra and
TGA/DTA.

MATERIALS AND METHODS: All reagents
and chemicals were used an analytical grade and
used without any further purification. Ferrocene
aldehyde compound obtained from Aldrich. The
All solvents were purified and distilled by
distillation before they are used. Elemental analysis
was carried at IIT Mumbai. The conductivity
measurements were made on an Elico conductivity
bridge in  college laboratory.  Magnetic
Susceptibility measurement were carried out using
[HgCO(CNS),] as a calibrate and infrared spectra
recorded Perkin-Elmer paragon-500 Spectro-
photometer using KBr Pallets. Mass spectrum of
the prepared complexes and organometallic Schiff
base recorded at IPCA Laboratory. Electronic
spectra recorded on Cintra-5 GBC UV-Visible
Spectrophotometer. X-ray powder diffraction was
recorded on Joel-8030 double Goniometer X-ray
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powder Diffractometer. The densities of the
complexes were calculated using specific density
bottle in toluene solvent. TGA, DTA were recorded
on Mettler Toledo star® system, in the range 250 to
1000 °C in atmospheric Nitrogen. Iron metal
estimated by Gravimetric Analysis, Pt(ll) and Pd
(1) metal content estimated by AAS.

Preparation of Organometallic Schiff Base
Compound: 1, 1'- Ferrocen- 2, 4- dien- 1- yI- 2, 2'-
dicarbaldehyde (2.34g) and 2-amino-3-iodophenol
(2.04g) were separately dissolved in 20cm® of
ethanol and mixed with equimolar ratio. Stir
vigorously on magnetic plate for 30 minutes,
during stirring 2-3 drops of alcoholic acetic acid
were added. The resulting solutions were kept in
microwave oven for 10 minutes. After that, this
solution will keep overnight for cooling in dark
place, solid separate out. Filter the solid through
whatmann 41 filter paper. The % yield of the
product is 82%.

H H H H
H H H H
0 0 0
H |
H H
H H NH2 Micro wave Synthesis 'Q l/\l
+ >
Fe i 'H H
H ? oH Alweak acid H H ]
Fe
H Ho H H  H
2-amino-3-iodophenol H H
H H _ _
(1R,1'S)-1,1-Ferrocen-2,4-dien-1-yl 2,2-{(1R,1'S)-1,1'Ferrocen-2,4-dien-1-yl-2,2"-diyl
-2,2"-dicarbaldehyde bis [(Z)methylylidenenitrilo]}bis(3-iodophenol)

Physical Properties of Schiff Base: Appearance: Formula: CyHigFel;N2O,.  Molecular  weight:
Reddish yellow crystalline powder; Molecular 676.06.
TABLE 1: ELEMENTAL ANALYSIS OF LIGAND
Molecular formula of Molecular Elemental data % calculated
Ligand Weight C N H Fe
CpqHis FeloN,0, 676.06 42.64(42.24)* 4.14(4.01)* 2.68(2.51)* 8.26(8.18)*

Preparation of Metal Complexes: The solutions
of organometallic Schiff base ligand base (0.2M)
were prepared in ethanol and metal chloride
solution prepared in double distilled water. The
equi-molar solutions of organometallic Schiff base
(L) 0.2M and of metal chloride solution (0.2M)
were keep on hot plate for 30 minutes for constant
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magnetic stirring. After thirty minutes 2-3 drops of
alcoholic Ammonia were added and keep near
about fifteen minutes in hot microwave oven. After
cooling solid reappears, this solid were filtered,
washed with alcohol and dried at 60 °C in dry oven
for 12 hrs. The yield of product is in between 62-
77%.
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RESULT AND DISCUSSIONS: The prepared
complexes are stable at room temperature and are
non-hygroscopic on heating they decompose to
high temperature. The complexes are insoluble in
water but soluble in DMF/DMSO. The analytical
data and physical properties are summarized under
Table 2. All the prepared complexes are colored
and stable at room temperature*. The complexes
are insoluble in organic solvents like toluene,
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methanol, ethanol, acetonitrile and chloroform but
they are soluble in dimethyl sulfoxide and dimethyl
formamide. They are decomposed in the range 195-
255 °C. The melting point and decomposition point
reported in open capillary and are uncorrected. The
conductivity values of the complexes are observed
in dimethyl sulfoxide in 10 molar solution and
they were non-electrolytic in nature *'.

TABLE 2: PHYSICAL AND ANALYTICAL DATA (*EXPERIMENTAL VALUES)

Ligand / Complexes % of Yield C% N% Fe% M% BM (pefr)
(Co4H;gFel;N,0,) 82 42.6 4.14 8.26 - -
42.45% 4.02* 4.15%

[Mn(C,4H16Fel,N,0,).2H,0] 72 37.7 3.66 7.30 7.18 5.64
37.54 3.57 7.21 7.01

[Co(Cy4H;6Fel;N,0,).2H,0] 65 37.5 3.64 7.26 7.66 4.55
37.37 3.49 7.12 7.54

[Ni(CyHysFel;N,0,).2H,0] 70 37.5 3.64 7.26 7.63 3.27
37.32 3.51 7.17 7.49

[Cu(Cy4H;6Fel;N50,).2H,0] 73 37.3 3.62 7.22 8.21 1.85
37.15 3.48 7.07 8.09
[PAC,4H16Fel,N,0,).2H,0] 71 35.3 3.43 6.84 13.03
35.14 3.28 6.70 12.89
[Pt(Cy4H16Fel,N,0,).2H,0] 77 31.9 3.09 6.17 21.55
31.77 2.95 6.01 21.40

Magnetic Properties: The corrected magnetic
moment (uefr) in Bohr magneton (BM) units of the
complexes. The magnetic moments of the
complexes are recorded at room temperature and
below room temperature '®. This indicates slight
participation of the 3d electron in bond formation.
The pesr, values of complexes are listed in Table 1.

Infrared Spectra of Ligand: The Infra red spectra
of the ligand shows band at 1619cm™ which is
corresponding to v(>C=N-) of azomethine group *°.
The broad band in the region 3360-3440cm™ is
corresponding to v(O—H) groups. The IR spectra
of ligand shows the bands at 1600 — 1700cm *
which attributes towards the presence of v(C=0)
and v(C=N). In general, the (C-N) bands occur as a
sharp peak in the ranges 1421 - 1431cm™ respectively.

Infrared Spectra of the Metal lon Complexes:
The IR spectra provide valuable information
regarding the nature of functional group attached to
the metal atom. In order to study the bonding mode
of Schiff bases to metal complexes. Relevant IR
bands that provide considerable structural evidence
for the formation of ligand and complexes are
reported in Table 3 and Fig. 1A and 1B. The
infrared spectra of complexes were compared with
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ligand and their substituted moieties %°. The IR
band assignments of all metal complexes exhibit
broad bands in the range of 3375-3390 cm™ and
3480-3510cm™ indicating the presence of two
coordinated water molecules?. A band at 1619cm™
in free ligand is due to v (>C = N-) vibrations. The
shifting of this group to lower frequency (1592-
1558cm™) in the metal complexes when compared
to free ligand, suggests the coordination of metal
ion through nitrogen atom of azomethine group
with metal atom would reduce the electron density
in the azomethine link and thus lower the —-HC=N
absorption %,

A broad band at 3420cm™ was observed in the
spectra of the ligands due to v(OH) stretching
vibrations but this band disappeared in the spectra
of all the complexes; instead a new band appeared
at 1272-1285cm™ due to the v(C-O) frequency,
which strongly supports the observation that during
chelation, deprotonation of the hydroxyl group
occurred . New bands, which are not present in
the spectrum of ligand appeared in the spectra of
complexes in the range of 520 - 554cm™,
corresponding to vM-N 2% and 414-435cm™ to vM-
O vibrations support the involvement of N and O
atoms in complexion with metal ions *°.
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TABLE 3: IR SPECTRAL DATA OF THE LIGAND AND ITS COMPLEXES IN cm™

Ligand / Complexes -OH >C=N- M-N M-O H,O
(Cy4H1gFel;N,0,) 3420 1619 - - -
[Mn(CyyH16FeloN,0,).2H,0] - 1574 538 418 3382,3480
[Co(Cy4H16Fel;N,0,).2H,0] - 1592 547 424 3375,3495
[Ni(Cy4H16Fel;N,0,).2H,0] - 1588 554 432 3380,3499
[Cu(Cy4H16Fel;N,0,).2H,0] - 1572 527 435 3384,3510
[PdCy4H;6Fel;N,0,).2H,0] - 1558 520 414 3390,3504
[Pt(Cp4H16Fel,N,0,).2H,0] - 1565 532 428 3378,3492

FIG. 1A: LIGAND (CyHigFel;N,0Oy)

Electronic Spectra: The electronic spectra of the
Co™ and Ni*® metal ion complexes have been
recorded as DMF solutions in the wavelength range
380-900nm. The spectral parameters and their
assignment are listed as in Table 4. The electronic
d-d transition bands normally show weak
perturbation due to complexation an increase in the
intensity, shift to the red region and also splitting of
some bands are observed on comzplex formation.
The position shapes and of Co™ and Ni*? are
observed in solution phase using ethanol and
dimethyl sulfoxide. The Co*? and Ni*? complexes
have lower energies as compared to those of aqua

FIG. 1B: COMPLEX [Cu(CpsHi6Fel,N,0,).2H,0]

complex. The magnitude of the bathochromic shift
of the bands in each case meagre Nephelauxetic
effect (B) %, the bonding parameter (b*?) % and
Sinha’s parameter (5%) 2° have been calculated.
The bonding parameter reflects the participation of
3d orbital. The b*? value obtained for the present
complexes indicates a decreasing order of 3d-
orbital participation in the Co*and Ni*? complexes.
The average value of Sinha’s parameter (5 %) and
n obtained in each case is positive and smaller,
indicating the presence of weak covalent bonding
character in the complexes.

TABLE 4: ELECTRONIC SPECTRA OF THE COMPLEXES AND PARAMETERS

Complexes Absorption bands cm™ Assignments Spectral Parameter

[Co(CasH16Fel,N,0,).2H,0] 22270 A>T, (F), p=0.9712
16590 *A>A; (F) 5=1.4929

11430 AT, (P) b2 =0.0848
n=0.0147
[Ni(Ca4H1sFel,N,0,).2H,0] 22580 *Asg (F) >°T,g(F) p=0.9548
15395 *Ag (F) > “Tog 8=2.3984

13540 2A,0(P) ©>°%T,g (P) b*? =0.1063
n=0.0234

Thermal Analysis:  Thermogravimetric  and
differential thermal analysis results of [Pt (Cy4His
Fel, N202). 2H20] and [Pd(C24H16 Fel, NzOz).
2H,0] are reported below. Complexes lose weight
due to exothermic and endothermic process 3.
These complexes are thermally stable at room
temperature and decompose in four steps.

International Journal of Pharmaceutical Sciences and Research

It is found from the figure that the heating rates
were suitably controlled at 20 °C min™* under
nitrogen atmosphere and the weight loss was
measured from the ambient temperature up to 800
°C. The schemes of the both complexes are given
below.
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100-180 °C
[Pd(Ca4His Fel; N202). 2H;0]

220-400 °C
[Pd(CisH7 Felh02) ]
_C<HI (Loss 44.1%)

- 2H,0, C,Hs (Loss 10.45)

= [Pd (CmHz FeIO:)]

180-200 °C
= [Pd (CaoHi2 Fela N20O2)]

- .
- CsHsNy(Loss 22.2%)

400-800 °C
= PdO

30-150 °C
[Pt(C2sH16Fela N2 02). 2H,0]

330-520 °C

———=> [Pt (C22H14Fela N202).H20]
- H,0, C;H,(Loss 4.95%)

150-330 °C
-— =
H,0, CsHs(Loss 16.4%)

530-800 °C

[Pt(C17Hs Fel> N2O2)] = [Pt(C10HsFeO;)] =PtO
-C7Hs LN; (Loss 52.1%)
Mass Spectra Ligand and Cu(ll) Complex: molecular ion peak at m/z 675.1, which

These complexes show molecular ion peaks in
excellent contact with the empirical formula
suggested by elemental analysis. The mass spectra
of prepared ligand (CyHis Fel, N,O;) and its
complex such as [Mn(Cy4HisFeloN207).2H,0]
were used to compare their stoichiometric
composition. The ESI mass spectra of the metal
complexes recorded at room temperature are used
to compare their composition and are listed in Fig.
3A and 3B. The Ligand (C24H1sFel2N207) shows a

corresponds to peak as the calculated m/z being
676.06. The mass spectra of [Mn(CyHisFel;
N,0O,)] complex shows a molecular ion peak at m/z
= 765.01 and in the mass spectra peak at 766.3 m/z.
The spectra of the Schiff base and complexes
shows characteristic molecular ion peaks at their
m/z values confirming their monomeric forms.
Here the molecular weight of metal complex is

shown without water molecule, which is corrected
32
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FIG. 3: A) MASS SPECTRA OF LIGAND (CyH1gFel;N,0,) B) COMPLEX [Mn(CaHisFelN,05)]
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Synthesis of Nano particles: The ligand and metal
solutions were mixed in equi-molar concentration
and centrifugated at 4000 rpm for 2 hours. After
two hours, the solution was concentration to get
CuNPs. The Fig. 4 of SEM and EDX of [Cu

Signal A= InLens  Date : 20 Oct 2016
Mag=21761KX  TIFR Mumbai Photo No. = 2497
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(Ca4H1sFel;N20,).2H,0] Complex. The nanoparticle
further given for analysis. The EDX and SEM of
these prepared nanoparticles was recorded. The
size of CuNPs particles is 52-60nm **,

T Spacrum
Cu

Ful Scale 22907 s Cunor: 9454 (158 s} g

FIG. 4: SEM AND EDX OF [Cu(CyH:sFel,N,0,).2H,0] COMPLEX

Antifungal Activity: The prepared organometallic
Schiff base ligand and its complexes were
evaluated for their antifungal activities against
fungal strains named as Alternaria brassicae,
Aspergillus niger, Fusarium oxysporum. The
ligands and its complexes show variable anti-fungal
activities against the fungal strains. The study
indicates that the results obtained by the tested
organism with diameter of inhibition zones range
of 0.81-1.05cm. The activity of the ligand were
effective than prepared complexes expect Pt(ll),
Pd(Il) and Cu(ll) complexes. The ligand anti-
fungal activity becomes more noticeable on
coordination with the metal ions under the same
experimental conditions. The increasing in
antifungal activity of the metal complexes may be

due to the effect of the metal ion on the normal cell
process. Complexation considerably reduces the
polarity of the metal ion because of partial sharing
of its positive charge with the donor group and
possible m-electron delocalization within the entire
chelate ring system that is formed during
coordination 3. In addition to this, the mode of
action of the compounds may involve the formation
of a hydrogen bond through the azomethine
nitrogen atom (>C=N) with the active centers of
cell constituents, resulting in interference with the
normal cell process *. The results show that the
Cu(lt), Pt(I1) and Pd(Il) complexes exhibit higher
activity against the fungus compared with other
analogous complexes containing Mn(l11), Co(ll) and
Ni(Il) metal ions.

International Journal of Pharmaceutical Sciences and Research

FIG. 5: STRUCTURE OF THE COMPLEX [Pd(CH1sFelN,05). 2H20]
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CONCLUSION: The ligand and its metal
complexes of Mn(ll), Co(ll), Ni(ll),Cu(ll), Pd(lI)
and Pt(11) have been structurally characterized. The
analytical data show that the metal ligand
stoichiometry in all these complexes is 1:1. All the
complexes are non-electrolytes in nature due to
chloride ion are absent. The spectral data show that
the ligand act as neutral and bidentate coordinating
through nitrogen atom of the imino group and
oxygen of Hydroxy groups. Based on analytical,
molar conductance, magnetic and spectral data all
these complexes are assigned to be in octahedral
geometry. The size of nanoparticles is 52-60nm.
The antifungal activity tests for the ligands and
their complexes show enhancement of the ligands
activity against the tested organism on chelation
with metal ions. We are proposed the following
probable structure of the complex [Pd(CysHy6 Fels,
N.0,).2H,0].
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