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Abstract

Equimolar reaction of [M(sb)Cl], with sodium salt of AI(OPr); affords the hetero-bimetallic complexes of the
general formula [M(sb)(u-OPr'),Al(OPr'),] 1-6 [where M = Cu, 1-3; Co, 4-6; sb = Schiff base; salicylidene-4-
methyl-1-aminobenzene (smabH) 1, 4; salicylidene-1-aminobenzene (sabH) 2, 5 and salicylidene-4-chloro-1-
aminobenzene (scabH) 3, 6]. These complexes have been characterized by elemental analysis (C, H, N and Cu),
IR, ESI-MS, ESR, PXRD and SEM-EDX studies. These hetero-bimetallic compounds were tested for their in
vitro antimicrobial activity against S. aureus (MTCC 902), P. aeruginosa (MTCC 741) and E. coli (MTCC
1687) bacterial strains.
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1. INTRODUCTION

The application of Schiff base metal complexes covers a broad area of research in the field of catalytic as well
as bioinorganic chemistry [1, 2]. The Schiff base complexes of cobalt and copper play a significant role in the
field of bioinorganic chemistry such as antibacterial [3], antifungal [3], antioxidant [4] etc. In literature many
hetero-bimetallic complexes were reported having different type of metal centers present in their backbone [5,
6]. Therefore their structures and reactivity are different from that of their monometallic precursors [7]. A large
number of hetero-bimetallic alkoxide are reported which can be used as single-source precursors in the synthesis
of oxide ceramics [8]. In recent years, the application of bridged alkoxide as secondary ligands attracted
significant attention in main group and transition metal chemistry because of their role as building blocks in the
ceramic materials obtained by sol-gel processing [9, 10].

The enriched reactivity of aluminium isopropoxide towards hydrolysis or nucleophilic attack in general, requires
more precautions and adaptations when used as precursor for any synthesis [11, 12]. The approach of bridging
binuclear Co/Cu and Al complexes with isopropoxide groups was doing well and adjusting the packed tetra
coordinated transition state on each metal center by the bridging two isopropoxide groups. The greater reactivity
towards nucleophilic attack is caused by the lower electronegativity and resulting higher Lewis acidity of the
aluminium metals [9]. Taking note of all these facts, we put effort to develop the chemistry of isopropoxide
bridged hetero-bimetallic complexes containing Schiff base. All these synthesized color solid complexes are
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highly moisture sensitive and soluble in polar organic solvent. The important antibacterial property of metal
Schiff base complexes promoted to screen the antimicrobial activity of these hetero-bimetallic complexes.

In present course of investigation, we report herein the synthesis and spectroscopic characterization of
isopropoxy bridge hetero-bimetallic complex. The representative synthetic route is given in scheme 1.
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Scheme 1: Synthetic route for hetero-bimetallic complex, where X = CHz (1, 4), H (2, 5) and CI (3, 6), M = Cu
(1-3) and Co (4-6).

2. MATERIAL AND METHOD

2.1 Analytical methods and physical measurements

All chemicals used throughout the experiments were of AR and GR grade. All synthesis were carried out strictly
under anhydrous condition. Solvents were purified and dried according to standard procedures describe in
literature [12]. [Na{AI(OPr'),}] and [M(sb)ClI], were synthesized as described in the literature [14, 15]. Cu was
estimated gravimetrically as reported earlier through iodometric titration [16, 17]. The infrared spectra (4000-
450 cm'™) were recorded on a Perkin-Elmer 1000 FT-IR spectrophotometer. Elemental analyses were performed
on Haraeous Carlo Erba 1108 elemental analyzer. Powder X-ray diffraction (PXRD) were recorded on X’ Pert
Pro XRD. HRMS were recorded in ESI mode. X band ESR spectra were done on JES-FA200 Spectrometer.
SEM-EDX was recorded on JEOL, Japan (JFC 1600, Auto Fine Coater).

2.2 Synthesis of [(sb)Cu(u-OPr'),Al(OPr'),] (1 - 3)

All synthesis were done according to standard literature procedure [14, 15]. A methanolic solution of
[Cu(smab)Cl], (1.00g, 1.61 mmol) was added to isopropanolic solution of [Naf{AI(OPr'),}] (0.46g, 1.61 mmol)
in 1:1 molar ratio(s). The stirring of resulting mixture was followed by refluxing over ~5h. The resulting
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solution was distilled and dried under reduced pressure. A colored crystalline product [(smab)Cu(p-
OPI'),Al(OPr"),] 1 was obtained. Similar procedures were adopted for synthesis of complexes 2 and 3.

[(smab)Cu(u-OPr'),Al(OPr'),] (1): Yield, 48%; Anal. Found: C, 58.66; H, 7.73; N, 2.46; Cu, 11.43%. Calc. For
C27H43AICUNOS: C, 58.73; H, 7.85; N, 2.54; Cu, 11.51%.

[(sab)Cu(u-OPr'),AI(OPI'),] (2): Yield, 53%; Anal. Found: C, 57.97; H, 7.52; N, 2.53; Cu, 11.71%. Calc. For
Ca6H41AICUNOs: C, 58.03; H, 7.68; N, 2.60; Cu, 11.81%.

[(scab)Cu(u-OPr"),Al(OPr"),] (3): Yield, 44%; Anal. Found: C, 54.42; H, 6.98; N, 2.38; Cu, 11.01%. Calc. For
C6H40AICICUNOs: C, 54.54; H, 7.04; N, 2.45; Cu, 11.10%.

2.3 Synthesis of [(sb)Co(u-OPr'),Al(OPr'),] (4 - 6)

Similar procedures were done to synthesize complexes 4, 5 and 6 as describe in 2.2.
[(smab)Co(u-OPr'),Al(OPr"),] (4): Yield, 47%; Anal. Found: C, 59.16; H, 7.83; N, 2.43%. Calc. For
CorHisAICONOs: C, 59.23; H, 7.92; N, 2.56%.

[(sab)Co(u-OPr'),Al(OPr'),] (5): Yield, 51%; Anal. Found: C, 58.45; H, 7.68; N, 2.52% Calc. For
C26H41A|CONO5C, 5853,H, 7.75; N, 2.63%.

[(scab)Co(u-OPr'),AI(OPr'),] (6): Yield, 47%; Anal. Found: C, 54.88; H, 7.01; N, 2.36%. Calc. For C,
C26H40AICICONOs: 54.98; H, 7.10; N, 2.47%.

3.RESULT AND DISCUSSION

3.1 IR Spectra _ _

The characteristic IR bands for all the complexes [M(sb)(u-OPr'),Al(OPr'),] 1-6 when compared with those of
its monometallic precursor, give positive indications about complex formation. A characteristic band observed
in the region 800-900 cm™ is due to bridging isopropoxide group between two metal centers [14]. A band in the
region 1174 -1190 cm* is found due to terminal isopropoxide group. Some useful bands in all complexes are
found in the region 1610-1630 cm'™, 1440-1470 cm™ and 1230-1260 cm™ due to v(C=N), v(C=C) and v(C-O)
[15]. IR bands in the region 542-693 cm™ are due to Al-O stretching [14].

3.2 ESI mass

The ESI mass spectra [18] of complexes [(smab)Cu(u-OPr'),Al(OPr'),] 1 and [(smab)Co(u-OPr'),Al(OPr'),] 4
{Figure 1(a) and (b)} were recorded in positive mode exhibiting peaks at m/z 553.4925 and 548.4213 due to
complex [Ca7HasAICUNOs + H]™ (calcd. m/z 552.1616), and [CyH4AICONOs + H]™ (caled. m/z 547.5488)
respectively. The result shows there is good 1:1 binding mode between Schiff base metal complex and
aluminium isopropoxide.
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Figure 1 (a): ESI-MS spectra of complex [(smab)Cu(p-OPr'),Al(OPr),] (1).
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Figure 1 (b): ESI-MS spectra of complex [(smab)Co(u-OPr'),Al(OPr'),] (4).

3.3 ESR spectra

To get information about the stereochemistry and the site of the metal ligand bonding, the X-band EPR
spectrum (Figure. 2) of all copper (1) complex 1-3 were recorded at room temperature in methanolic solution.
The different parameters are listed in table 2. The spin Hamiltonian parameters for the copper(ll) complex is
used to originate the ground state[19]. Kivelson and Neiman noted that the g, value is an important function for
indicating the metal-ligand bond character, for covalent character g, < 2.3 and for ionic character g, > 2.3,
respectively [20]. All copper (1) complexes exhibited anisotropic signals with g, values in the range 2.155—
2.108 whereas the values of g in the range 2.071-2.032. This shows the covalent metal-ligand bond character.
The spectrum exhibited an isotropic signal with g, = 2.0579(1), 2.0913(2) and 2.0875(3) calculated from the
formula,

Oav = [gu+291)/ 3

The trend of variation in the g values in the order g, > g.> g, (2.0023) showed that the unpaired electron is
localized in the dx’*~y? orbital and predicts a square planar geometry around copper (I1) ions [21].

The geometric value (G) is the measure of extent of exchange interactions and explained by Hathaway
expression which stated that G= (g, — 2)/( gL - 2). According to Hathaway and Billing, if the G value is greater
than 4, the exchange interaction between the copper centers is negligible, whereas if its value is less than 4, the
exchange interaction is noticed. A significant exchange coupling interaction between two copper (II) ions is
present in solid complexes. This is usually the case for all copper(ll) complexes with G value 3.35, 1.85 and
2.88 for complex 1, 2 and 3, respectively[21].
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Figure 2: ESR spectra of complexes 1-3.

Table 1: ESR data of copper complexes

S.N. Complex au gL Oav G

1 [(smab)Cu(u-OPr'),Al(OPr'),] 1 2.1089 2.0325 2.0579 3.3507
2 [(sab)Cu(u-OPr'),Al(OPr'),] 2 2.1319 2.0711 2.0913 1.8551
3 [(scab)Cu(u-OPr"),Al(OPr),] 3 2.1554 2.0538 2.0875 2.8884

3.4 PXRD Spectra

The X-ray powder diffraction analysis [22] of the complexes has been performed in order to determine the
structural information of polycrystalline material as it was difficult to isolate suitable single crystal for X-ray
crystallography. The powder diffraction analysis of metal complexes 1, 3 and 4 show amorphous in nature. The
average crystallite size for the above mentioned complexes were calculated using Debye Scherrer’s formula

[22];
D = 0.9/p.Cos0

Where constant 0.9 is the shape factor, 1 is the X-ray wavelength of Cu Ka radiation (1.5406 A), 6 is the Bragg
diffraction angle and B is the full width at half maximum (FWHM). The experimental average grain sizes of 1, 3
and 4 complexes were found to be 38.30, 24.25, 18.89 nm respectively.
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Figure 3(a): PXRD pattern of Figure 3(b): PXRD pattern of
[(smab)Cu(u-OPr'),Al(OPr'),] 1. [(smab)Co(u-OPr'),Al(OPr'),] 4.

3.5 SEM-EDX analysis
The morphology of the hetero-bimetallic complexes has been illustrated by the scanning electron micrograph

(SEM) [23]. The SEM micrographs of the complexes 1 is shown in figure 4(a). From the SEM micrographs it
was noted that there is a uniform matrix showing rod like morphology. EDAX of complex 1[Figure 4(b)] shows
the presence of Cu and Al and other constituent indicated about purity of complexes.

Figure 4(a): SEM and EDAX image of [(sab)Cu(p-OPr'),Al(OPr),] 3.
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Figure 4(b): EDAX of [(sab)Cu(u-OPr'),Al(OPr'),] 3.

4. ANTIMICROBIAL ACTIVITY

The antibacterial activities [24] of complex 1 and 4 (named as AC3 and AC4) were screened against potential
bacterial agents in methanolic solution with help of Agar well diffusion method. Pathogens against which
antibacterial activity screened are E. coli (MTCC 1687), P. aeruginosa (MTCC 741) and S. aureus (MTCC
902). The antibacterial activities were established by the creation of clear inhibition zones around the discs
which was measured in millimeters using a zone reader. The obtained results were compared with Tetracycline
as standard reference drugs and given in table 2. The result shows moderate antibacterial activity of these
complexes against all bacterial strain.

E.Coli P. aeruginosa

Figure 5: Antibacterial activity of AC3(1), AC4(4) against three different pathogens (right to left; E. coli, P.
aeruginosa, S. aureus) marked in a circle.

Table 2: Antibacterial activity of sample AC3 (1) and AC4 (4) against different pathogens

Zone Of Inhibition (mm)
S. No. | Pathogen AC3 (1) AC4 (4) | Methanol | Tetracyclin
1. E. coli 14mm 14mm 15mm 11.5mm
2. P. aeruginosa | 12mm 12mm 0 12mm
3. S. aureus 15mm 16mm 10mm 11mm
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5. CONCLUSION

In this paper, we report the synthesis, spectral, morphological and antimicrobial studies of isopropoxide bridge
hetero-bimetallic complexes. Spectroscopic studies indicated about tetra coordination around each metal ion.
ESR spectra of complexes 1-3 shows a square planar geometry around Cu(ll) ion. PXRD shows amorphous
nature of these complexes. SEM image shows a rod like morphology and EDAX indicated about purity of these
complexes. These all complexes also show a moderate antibacterial activity.
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