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ABSTRACT

A novel Schiff base ligand was synthesized from Kanamycin and methyl ester of Amoxicillin in
stoichiometric ratio. Three metal chlorides viz. CuCl,.2H,0, CoCl,.6H,O and ZnCl, were used for the
synthesis of respective metal complexes from synthesized novel ligand. The proposed structure of the
complexes have been established by various microanalytical and spectral techniques like elemental
analysis, TG/DTA studies, conductivity measurement, IR, H NMR, Electronic and mass spectrometry.
Various shifting in the band positions in IR spectra of the complexes suggested coordination of metal ions
through azomethine N and O-atoms of the novel ligand. Spectral studies concluded pentadentate nature
of ligand. The correct stereochemistry of the complexes was optimized by MM2 calculations programmed
in CsChem3D Ultra-11 software. The crystal structures of the complexes have been determined by X-ray
powder diffraction techniques. The particle size calculation by Scherrer's formula suggested
nanocrystalline nature of the complexes. The Coats-Redfern equation was used to calculate the thermal
decomposition kinetic parameters of the metal complexes. Non-spontaneous decomposition of the
complexes has been suggested by positive AG and negative AS values. The pharmacological potentiality
of the Schiff base ligand and its metal complexes were assayed in vitro by Kirby Bauer paper disc
diffusion method against four bacterial pathogens viz. S. aureus, E. coli, B. subtilis and K. pneumoniae.
The results of these studies revealed moderate to better antibacterial potency of the complexed Schiff
base against uncomplexed.

Keywords: Kanamycin, B-Lactam, Antibacterial study, XRPD, Schiff base, MM2

1. INTRODUCTION

Aminoglycosides and B-lactam antibiotics are considered the new compounds for the formation of
Schiff base which is the condensation product of active carbonyl group and amine. Azomethine linkage (-
CH=N-) along with many potential donor atoms in it provides uniqueness in coordination chemistry.
Moreover, the multifunctional applications of transition metal complexes of Schiff base viz. antibacterial,
[1,2] antitumor, [3-5] antifungal, [6,7] catalytic [8-10] & luminescence [11-13] properties etc. have spurred
the interest of coordination chemists to develop new type of compounds with superior biological functions
and drew the researcher's intelligence in the field of chemical and medical sciences. Recently, Schiff
bases have considered as a privileged ligand, as most of the bio-molecules in the living system are
structurally similar to this class of compound, so more attentions have to be paid in its structural design
and synthesis [14]. The abundance of potential anchoring sites in this ligand, due to presence of various
donor atoms viz. N, O and S etc., make easy in the coordination process with metal ions of various types
at different oxidation states, which form stable chelate complexes [15]. T-electrons sharing in conjugation
with metal ions in the ring of metal complexes authenticate stability of the complexes [16,17].
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Kanamycin, in complex form has three component units: Kanamycin A [major component], B and
C. The disulphate of Kanamycin A, at its low concentration is a broad spectrum antibiotic, very actively
used to treat the infections caused by many gram-positive bacteria. In unmodified form, Kanamycin has
shown severe toxic effects like nephrotoxicity and ototoxicity which results in kidney failure and
irreversible loss of hearing respectively [18,19]. The four amine groups in Kanamycin A, in combination
with seven hydroxyl groups serve it as a better substrate to obtain semi synthetic and improved
antibiotics. Amine groups in sugar rings of Kanamycin A, not only provide anchoring sites for the metal
ions but also serve as the reactive site for the formation of Schiff base by the condensation with active
carbonyl groups. Besides four amine groups of Kanamycin, amine-1 is best-fit search for ligand formation
that has been supported by energy optimization calculation through MM2 software and minimum steric
structural effect. Amoxicillin is a class of B-lactam antibiotic, widely used in clinical therapy for the
treatment of severe infections caused by various gram-negative bacteria. The bio-functional activity of
amoxicillin is related to lactam ring that inhibits bacterial growth by proteolysis mechanism. Many of this
class of drugs are under bacterial resistance because of anti-chemical transformation by forming (-
lactamase enzyme, which are responsible for failures of antimicrobial therapy by hydrolyzing B-lactam
ring [20]. Several research papers revealed that classic drugs used to treat bacterial pathogens have
become outdated.

So, in order to address their therapeutic failures and serious limitations, their structural design in
derived form has considered as a topic of research [21]. In the present investigation, we report here the
synthesis, spectral characterizations coordination behavior and antibacterial activity of M(Il) complexes of
novel Schiff base ligand derived from Kanamycin and esterifies Amoxicillin, in order to study their
combined antibacterial activities against different species of bacteria. The chemical structures of these
antibiotics are given in the figure (1 & 2):

6" OH Glycosidic linkage
H,C
HO
6 5 4
3" i 6!\
amine 4 OH HoN NH, 5 NH
amine 3| 1 2 3 |amine 2 amine 1
Ring C Ring B _ Ring A
3-amino-3-Deoxy-D-Glucose [ rl?r?éoxystreptamme 6-Amino-6-Deoxy-D-Glucose

Figure 1: Molecular Structure of Kanamycin A [KA]

NH,

Figure 2: Molecular Structure of Methyl Ester of Amoxicillin [MEA]

Lactam ring
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2. EXPERIMENTAL DETAILS

2.1. Materials

The necessary chemicals and solvents used in the experiment were of analytical reagent grade
and were purchased from local dealers of BDH, Merk & Sigma Aldrich (USA). Methanol was redistilled by
standard techniques before use. The base chemicals used for the synthesis of Schiff base viz.
Kanamycin sulphate and Amoxicillin trihydrate in extra pure form were procured from Alfa-Aesar. Chloride
salts of Cobalt, Copper and Zinc viz. CoCl,.6H,0, CuCl,.2H,O and ZnCl, were used as supplied for the
synthesis of metal complexes of novel ligand. Distilled methanol mixed with double distilled water had
been used as solvent for the synthesis.

2.2. Physical Measurements

The elemental microanalysis (C, H and N) of the complexes were carried out on Elementar vario
EL Il (Germany) model Analyzer. Double check method was done to get the accuracy of the data.
Characteristic shifts in IR band positions had been analyzed by intimate observations of infrared spectra
of ligand and metal complexes that were run as KBr discs in the range 4000-400 cm’ on a Shimadzu
Infrared Spectrophotometer. '"H NMR spectra were recorded in DMSO-d6 solvent on a Bruker advance
400 MHz instrument using TMS as internal reference. Mass spectra were carried out TOF-MS on water
KC-455 model in DMSO. The electronic spectra that reveal d-d & n-m transitions of ligand and its
complexes were recorded in Perkin-Elmer spectrophotometer using DMSO as the solvent and internal
reference chemical. The TG and DTA studies were recorded on Shimadzu TGA-50H thermal analyser
scanning at a heating rate of 10°C min™. The XRD powder pattern was recorded on a vertical type Philips
PW 1130/00 x-ray diffractometer, operated at 40kV and 50 Ma generator using the monochromitised Cu
Ka line at wavelength 1.54056 A as the radiation source and measurements were taken over the range of
26 =10 - 80°. Crystallographic data were analyzed by CRYSFIRE and CHECKCELL software programme.
The molecular structure of the complexes was optimized by CsChem 3D Utra-11 programme.

2.3. Synthesis of Methyl Ester of Amoxicillin (MEA)

The compound MEA was prepared by mixing amOX|C|II|n trinydrate (4 mmol, 1.678 gm) in 30 ml
distilled methanol. The reaction mixture was then refluxed at 25°C for 4 hrs at pH 4.5 in the presence of
little amount of conc. H,SO,. The volume reduction of clear solution resulted colorless crystalline solid. It
was purified by re-crystallization process and dried under vacuum over anhydrous CaCl..

2.4. Synthesis of Novel Schiff Base Ligand [H.L]

To 4 mmol (2.33 g) of Kanamycin sulphate in 30 ml warm and homogenously stirred aqueous
methanol (1:1), was added a well stirred and hot solution of 4 mmol methyl ester of Amoxicillin (MEA)
dissolved in 30 ml distilled methanol, as reported in the previous literatures [22,23]. The pH 7 of the
solution was adjusted by adding few drops of NaOH solution. The mixture was stirred under heat on
magnetic stirrer and was refluxed for 15 hrs at 35 °C. The light yellow solid was obtained by reducing its
volume by placing over the hot plate. It was further re-crystallized and dried under vacuum over
anhydrous CaCly,, Yield 70% and m. p. 180 °C.

2.5. Synthesis of Metal Complexes of Schiff Base [ML]

To the hot and magnetically stirred 50 ml (1:1) aqueous methanolic solution of novel Schiff base
ligand (2 mmol, 1.662 gm), was added 5 ml (2 mmolg methanolic solution of metal chloride salts. The
mixture was then stirred and refluxed alternately at 45°C for another 15 hrs. On cooling, the precipitates
of metal complexes of different color were obtained, filtered and washed with methanol The complexes
were purified by re-crystallization from DMSO/H,O mixture. Yield 55-65%, m. p. > 275°C.



111
112

113
114

H
rIOH I\
—NH, H

C
HO

HoN
Reflux

HO O\C/ ©
CHjs
N\ N

Methanolic

sol". of
Novel Schiff

base Ligand MCl
Reflux

NH, S
HN NH,
(@) :
CH3
HO
\
HO HO
AN

HO o N )¥
o o
o HO H \p’
o
HO

- \O/
H
HoN
Metal complex
OH

Scheme 1: Proposed route for the Synthesis of Schiff base ligand & Metal complex

/O\

OH



115 2.6. Antibacterial Study

116 In vitro antibacterial potency of newly synthesized novel Schiff base and metal complexes were
117  assayed by Kirby Bauer paper disc diffusion method, [24,25] using Mueller-Hinton's nutrient agar media.
118  The pH was maintained at 7.4 for better bacterial growth. Several well isolated colonies of the fresh
119  cultures of standard bacteria viz. E. coli, B. subtilis, S. aureus and Klebsiella pneumoniae were collected
120  from microbiology laboratory of Suraksha Prashuti Hospital, Blratnagar Nepal and inoculated in 5 ml of
121 tryptone soya broth. The broth was incubated for 5 hrs at 37°C until there was visible growth shown by
122  opaqueness. The broth was spread over nutrient agar media, prepared as usual in Petri plates using stick
123  swab and the well sterilized Paper discs of 6 mm diameter (Whatman no. 1) impregnated with test
124  compounds at the concentration of 10 pg/pl in DMSO were stuck on the previously seeded bacterial
125  culture [26,27]. Gentamicin 30 pg per disc of 6 mm size (HIMEDIA co.) was used as standard (+ve
126 control). DMSO, which exhibited no antimicrobial activity against the test bacterial pathogens, was used
127  as negative control. Afterwards, the Petri plates were incubated at 37°C and the diameter of zone of
128 inhibition around each disc was measured by using antibiogram zone measuring scale after 48 hrs of
129 incubation.

130
131 3. Results and Discussion
132 Presence of -COOH group in amoxicillin might interfere in Schiff base formation that can interact

133  with amine group of Kanamycin, so this reaction of amide formation was inhibited by the formation of
134 MEA. Esterifies amoxicillin now safely interact with amine group of Kanamycin. The ligand was soluble in
135  hot methanol and polar solvents like DMSO and DMF. The melting points of ligand (180°C) and metal
136  complexes (> 275 C) suggest that the complexes are much more stable than the ligand and all of them
137  are air and moisture stable. Different colours of metal complexes were obtained by synthetic routes
138  proposed in Scheme-2. IR spectral measurements are completely in consistent with the proposed
139  formulation of the ligand and complexes. The metals are bound to the ligand through the azomethine
140  nitrogen, N-atom of amine-1 and cyclic O-atom of Kanamycin moiety and amide N and O-atoms of
141 Amoxicillin moiety, as evidenced by negative shift in band positions of such groups due to sharing of
142  electrons towards the metal centers. IR spectral data are presented in the table 2.

143 One H,O molecule coordinated with metal center in the inner sphere of the crystal system
144  satisfies the proposed crystal structure of the complexes. XRD measurements revealed the crystalline
145 nature of complexes with particle size in nanometer range, so called nano- structured molecules.
146  Thermograms of colored complexes revealed complete decomposition above 600 °C. Higher dehydration
147  temperature of the complexes suggested that the water molecule is coordinated to the metal ion, which is
148 also supported by broad IR absorptlon band above 3100 cm™. Molar conductance values of the soluble
149  complexes in DMSO (1 x 10 M) at room temperature vary from 5.1 to 20.1 Q"' cm®mol™ revealing non-
150  electrolytic nature of the complexes.

151

152  3.1. Elemental Analysis

153 The data for the elemental analysis and other physical measurements of the Schiff base and its
154  metal complexes are computed in the Table 1 and showed 1:1 ratio of the type ML.H,O. The results are
155 in good agreement with the proposed formulation of the ligand CzsHssN-O45S and revealed general
156 formula C35Hs53N7015SM.H,O (where M = Co, Cu & Zn), for the complexes.

157
158 Table 1: Elemental analysis and Physical properties measurement data
Ligand/ M. F. Mol. Colour  Yield Calculated (Found)
Complexes Wt. (%) (%)
C H N 0 S M
HoL CasHssN,015S 845.92 Light 71 49.72 6.48 11.64 28.40 3.75 -
yellow (49.12) (6.38) (11.75) (28.9) (3.91)
Co-L C35Hs5CoN;046S  920.85 Purple 65 45.70 6.10 10.62 27.85 3.53 6.40
(44.99) (6.20) (10.78) (27.89) (3.55) (6.51)
Cu-L C3sHs5CuN;046S  925.46  Light 68 45.38 5.89 10.64 27.71 3.45 6.89
blue (45.48) (5.92) (10.66) (27.75) (3.48) (6.92)
Zn-L CssHssN;046SZn 927.30  Yellow 56 45.39 5.95 10.52 27.55 3.51 7.15

(45.35) (5.88) (10.75) (27.68) (3.48) (7.21)
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3.2. Infrared Spectra

The IR spectra of the Schiff base and its metal complexes as presented in the table 2 suggest
that, the ligand binds to metal centre through five anchoring sites, behaving as a pentadentate ligand that
use N atom of azomethine and amide group and also O-atom of amide carbonyl group and ring O-atom.
The ligand behaves as a dinegative ion that coordinates to metal centre by forming covalent bond using
deprotonation of amine-2 and C-NH of lactam ring. The lactam v(C=0) band appears at 1774 cm™ in the
spectrum of MEA. The IR spectrum of ligand shows no band due to lactam v(C=0) vibrational mode
coming from MEA. The real coordination mode of the ligand towards metal ion has been deduced by IR
spectral comparison of the free ligand and coordinated ligand [28]. The siqnificant differences in the
absorption frequencies were observed in the region between 1775-1200 cm " and at lower frequencies
below 600 cm™. Some characteristic and recognizable spectral changes have been noticed in the IR
spectra of metal complexes compared to free ligand that provide additional support of the bonding mode.
The absence of lactam v(C=0) band in Schiff base ligand and appearance of new band at 1644 cm’ has
been attributed to v(C=N) of Schiff base ligand. The IR spectra of metal complexes display absorption
bands in the range of 1635-1641 cm™ range which can be assigned to (C=N) stretching frequencies of
coordinated ligand. In fact, in all the complexes, the absorption band for v(C=N) were shifted to lower
wave numbers, indicating their participation in the coordination with metal ions. The IR absorption band at
1675 cm™', due to amide carbonyl group in Schiff base ligand has undergone negative shift at 1660-1668
cm” in metal complexes. This confirmed the participation of amide $C=O) group for ligation with metal
ions. The C-N stretch band for amide and amine groups at 1442 cm™ in IR spectra of Schiff base ligand
have gone to negative shift in IR band positions in the range of 1424-1435 cm™ in metal complexes and
these suggest the participation of such groups in coordination process.

The metal-ligand binding was further substantiated by the appearance of a new absorption band
in the region of 420-435 cm™ and a medium intensity band in the region of 500-530 cm™ assignable for
vmn and vyo stretching vibrations, which were absent in free ligand [29]. These overall data suggest that
there is coordination of Schiff base ligand with metal ions through azomethine-N, amide-N, amine-2 N of
Kanamycin moiety, heterocyclic-O and amide-O of the ligand.

Table 2: Main vibrational IR band positions (cm™) of ligand and metal complexes

Ligand/ v(OH, NH) v(C=N) v(C=0) v(C-N) v(M-N) v(M-0O)
Complexes azomethines  amide amide/amine

H,L 3442 1644 (s) 1675 1442 - -

Co-L 3419 (br) 1641 (s) 1668 1434 429 (m)  502(m)
Cu-L 3425(br) 1637 (s) 1660 1428 425 (m) 528 (m)
Zn-L 3432(br) 1635 (s) 1663 1424 433 (m)  520(m)

3.3. 'HNMR Spectra

'H NMR spectral comparison of novel Schiff base ligand and its metal complexes was made to
confirm the binding nature of ligand with metal ions viz. Co(ll) , Cu(ll) and Zn(ll) . The integral intensities
of each signal in the 'H NMR spectra of ligand and metal ion complexes are found to agree with the
number of different types of protons present. In the 'H NMR spectrum of Schiff base ligand, single peak
attributed to CH3, COOCH3; and Ar-OH groups appeared at 1.79, 3.65 and 12.5 ppm respectively. These
peaks were still present in the metal complexes, indicating no participation of these groups in coordination
process. Multiple peaks in the range of 6.6-7.8 ppm due to Ar-H were also present. Doublet peaks at 4.75
and 5.45 ppm correspond to N-CH and N=C-CH protons on the B-lactam ring and at 9.05 ppm due to NH
proton lying between amide carbonyl and B-lactam ring were observed. Disappearance of NH proton
peak (9.05 ppm) in the metal complexes is the indication of deprotonation which involve in coordination
process. Side chain methylene proton of kanamycin moiety linked to azomethine nitrogen showed doublet
peak at 2.09 ppm. No appreciable shift in 'H NMR peak positions have shown in the spectra of metal
complexes that were due to kanamycin moiety except decrease in intensity of NH, peak. Ring protons of
kanamycin showed resonance as triplet at 3.5-3.8 ppm. The intense single peak at 3.2 and 4.07 ppm may



204
205
206

207
208

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

be attributed to NH, and OH protons of Kanamycin. The decrease in peak intensity of NH, protons in
metal complexes is also an indicative of its participation in coordination.
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Figure 3: 1H NMR spectra of Zn-complex
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3.4. Mass Spectra

The mass spectra of ligand and its metal complexes were recorded and are used to compare
their stoichiometric compositions. The mass spectrum of Schiff base ligand shows a molecular ion peak at
m/z 845. The molecular ion (MH)™" peaks for metal complexes appear at m/z 921, 925 & 927 for Co, Cu
and Zn complexes respectively and confirmed the stoichiometry of metal chelates as ML.H,O type. It was
in good agreement with the microanalytical data.

3.5. Electronic Spectra, Magnetic moment and Molar conductivity

The electronic transition spectrum of free ligand showing absorption band higher than 430 nm
have shifted to lower frequencies (bathochromic shift) due to coordination of the ligand with metal
centers. The entire complexes showed electronic absorption band in the visible region of spectrum which
may be attributed to charge transfer band. The eIectromc spectrum of Cu-complex showed absorption
band at 660 nm which may be assigned to A1g — B1g transition and corresponds to square planar
geometry of the complex. The magnetic moment value 1.81 BM of the complex further supports the
observed geometry. The electronic transition at 235 nm may be due to - transition and three closely
spaced bands at 325, 322 and 350 nm may be due to n-r transition [30, 31]. The d-d transition band
displayed at 670 nm is in good agreement with the square planar geometry of the Cu-complex. The
electronic absorptlon spectrum of Co(ll) complex display d-d transition band at 615 nm which
corresponds to T1g — T1g transition and revealed octahedral geometry of the complex. The observed
magnetic moment value of 3.12 BM further supports octahedral geometry. The electronic spectrum of
Zn(ll) complex exhibited a sharp band of high intensity at 365 nm, which has been due to ligand metal
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charge transfer and assigned tetrahedral environment around Zn(ll) ion. With a view to study the
electrolytic nature of the metal complexes, their molar conductivities were recorded in DMF at 10 M The
molar conductivity (Ay) values of the complexes are in the range of 5.1 - 20.1 Q"' mol' cm?® which
indicate their non-electrolytic nature. This further generates the idea of lack of any counter ions in the
proposed structure of the mononucleate metal complexes.

3.6. X-Ray Powder Diffraction Study

So far, single crystal growth of the complexes had been unsuccessful, X-ray powder diffraction
technique was carried to get useful crystal information data to deduce accurate cell parameters, crystal
system and the cell vqume [32] Powder diffraction patterns of ligand and the metal complexes were
recorded over the 26 = 10°-80° range and crystallographic data are listed in the table 3. The indexing
procedures were performed using Crysfire program package software. The diffraction pattern revealed
well defined crystalline peaks indicating crystalline nature of the complexes and the data confirmed the
triclinic crystal systems for ligand, Co and Cu complexes. Zn complex exhibited orthorhombic crystal
system. The average particle size of the crystalline metal complexes was calculated using Scherrer's
formula (dxgp = 0.9\ / CosB) by measuring the full width at half maximum of the XRD peaks [33-35]. The
average particle size in the range of 45-66 nm suggests nanocrystalline nature of the compounds.

Table 3: Crystal lattice parameters for Ligand and metal complexes

Compounds H,L Co-L Cu-L Zn-L
Formula C34H55N7015S 034H55CON70168 C34H55CUN701GS C34H55N7O1GSZn
FW 845.92 920.85 925.46 927.30
Temp (K) 298 K 298 K 298 K 298 K
Wavelength 1.54056 1.54056 1.54056 1.54056
Crystal System Triclinic Triclinic Triclinic Orthorhombic
Space group P1 P1 P1 Pmmm
Unit cell dimensions
a(A) 7.3029 5.7771 3.6035 23.2423
b(A) 6.9291 11.4059 10.4736 9.6121
c(A) 10.6422 19.394 23.4791 8.0821
o° 70.4605 77.569 46.473 90.00
B° 123.7612 101.502 69.481 90.00
Y 120.2416 51.169 61.6011 90.00
Volume (A % 385.66 832.62 564.84 1805.6
0 range (0) 10- 80 10- 80 10- 80 10- 80
Limiting indices -4<h<3 -2<h<0 -1<h<0 0<h<2
-4<k<3 -3<k<0 -3<k<4 0<k<1
017 0<1<8 0<I<tt 0<1<3
Particle size(nm) 47.35 51.23 58.29 65.45
Density 1.32 1.45 1.23 1.35
Z 1 1 1 2

3.7. Thermal Analysis

Thermal stablhty of the complexes was extensively studied by TG/DTA analytical techniques with
a heating rate of 10 °C / minute and their decomposition profiles were noticed at different stages of
temperature ranges, resulting various thermally stable products, as explained according to the scheme 2.
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Exothermic

1. C35H5500N7O16S C17H2500N3088
150°C
Exothermic
C17H25CON3OSS 0 > CO203
550°C Stable residue
Endothermic
2. CgsHs5CuN7O46S 23500 > Cy5H3CuN4OS
Endothermic
C15H23CUN4088 0 > CUO
500-600°C Stable residue
Exothermic
3. C35Hs5N7016SZn >  C2oH2oN407SZn
350°C
Exothermic
CZOH22N4O7SZH 0 > ZnO
470°C Stable residue

Scheme 2: Thermal decomposition of the complexes with respect to temperature

TG/DTA profile of the complexes revealed change in curve area corresponding to their decomposition at
various temperature ranges. Nearly 2% weight loss due to coordinated water molecule in all the
complexes occurred in the temperature range of 120-135 °C. Thermogram of Co-complex showed that
nearly 50% of the total mass of complex reduced at 150- 170°C, followed by considerable decomposition
above 550°C that corresponds to the decomposition of ligand moiety leaving Co,O3 as stable end
residue. Similarly, thermogram of Cu and Zn-complexes showed 50% weight loss in between 350-375°C
and final decomposition above 450-600 °c resulting into final pyrolysis product ie. stable metal oxide (CuO
and ZnO) residue [36,37]. Above this temperature, horizontal curve showed no further loss in weight. This
inferred metal oxide as the final residue. The calculated metal content in the oxide residue was compared
with that obtained from analytical determinations. Hence these decomposition patterns were in good
agreement with suggested formulae of the complexes.

Thermal Decomposition Kinetics

Thermal decomposition profiles obtained by thermo gravimetric (TG) and differential thermo
gravimetric (DTA) analysis were used to calculate thermodynamic and kinetic parameters for the non-
|sothermal decomposition of the complexes such as order of reactlon (n), enthalpy change of activation
(AH ), activation energy (E #), entropy change of activation (AS) and Gibb's free energy change of
activation (AG*) [38]. By the analysis of the non-isothermal TG, using the integral method of Coats-
Redfern relation, kinetic parameters of decomposition were calculated [39].

[ 1n(1 - cx)
n

[(p E¥]

Where a is the mass loss up to the temperature T, R is the gas constant E* is the activation energy in J
mole™ and ¢ is the linear heatlng rate. A straight line plot of left hand side of the equation against 1000/T
gave a slop from which E* was calculated while its intercept value corresponds to frequency factor (A).

The entropy of activation AS* in J K" mol™, enthalpy change (AH*) and Gibb's free energy change (AG")
[40] were calculated by using the equations:

AS* = R1 Ah]
0 it
AH* = E# — RT

AG* = AH* — T AS*
Where, kg is the Boltzmann constant, h the plank's constant and T is the DTG peak temperature. The
Coats-Redfern linearization plots, confirmed the first order kinetics for the decomposition process. The
calculated values of thermodynamic activation parameters for the decomposition steps of the metal
complexes are reported in Table 4. The high value of activation energy of the complexes revealed their
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high thermal stability. The positive sign of AG* and negative sign of AS* suggested that the thermal
decomposition steps are non-spontaneous process. Further negative entropies of activation of complexes
indicated that the studied complexes are in more ordered state and the decomposition reactions proceed
with a much slower rate than the normal. Among metal complexes, activation energy increases as Zn-
complex < Co-complex < Cu-complex. Thus, thermal stability of metal complexes follows the order Co-
complex > Zn-complex > Cu-complex.

Table 4: Thermodynamic activation parameters of the metal complexes

Complex Order/n Steps E*/ A/sec” AS*/J KT AH*/ AG*/ kJ kx10®  Thermal
kdmol™ mol Jmol”  mol s effect
Co-L 1 | 57.68  1.35x10° -147.68 11476 45.157 13.19 Exo.
[ 67.81  1.31x10° -147.89 7842 45186 13.16 Exo.
Cu-L 1 | 65.32  4.32x10° -143.95 125.76 89.806 42.65 Endo.
[ 75.45  6.45x10° -140.61 85.36  87.689 63.56 Exo.
Zn-L 1 | 4532 527 x10° -141.60 120.76 81.207 522  Exo.

Il 57.23 4.32 x10* -14325 65.32 82.151 4268 Endo.

3.8. Coordination sites

The novel Schiff base ligand obtained from Kanamycin and amoxicillin has many potential donor
atoms at various positions which can bind to metal center forming multinucleate chelate. In the present
investigation, spectral studies revealed penta-dentate nature of ligand, encapsulating metal through
azomethine nitrogen (C=N), carbonyl oxygen of amide group, cyclic oxygen of ring A, nitrogen of amine 2
of kanamycin moiety and nitrogen of CH-N of lactam ring. Besides these, there is coordination with one
water molecules and form octahedral geometry of Co-complex and square planar geometry of Cu-
complex.

3.9. Antibacterial Activity

The novel Schiff base ligand and its metal complexes were screened in vitro against four bacterial
pathogens viz, E. coli, B. subtilis, S. aureus and K. pneumoniae to assess their antibacterial potency. The
results are quite promising. The prescription of the antimicrobial results shown graphically reveals that
they exhibited moderate to better antibacterial activity [41, 42]. Further, metal complexes were found to
have higher biological activity than the parent Schiff base. Such increased activity of metal complexes
may be considered due to insertion of metal ions in chelation process with Schiff base that cause to
increase lipophilic nature of these complexes due to delocalization of 1r-electrons over the whole chelate
ring. This increased lipophilicity enhances the penetration of complexes into the lipid membranes and
blocks the metal binding sites in enzymes of microorganisms [43]. These complexes also disturb the
respiration process of the cell by deactivating enzymes responsible for this and thus block the synthesis
of proteins, which restricts further growth of the organism. The potential activity of the complexes against
bacterial pathogens may be related to cell wall structure of the bacteria which possibly occurs due to
inhibition of synthesis step of peptidoglycan layer of bacterial cell wall. The data revealed that the activity
of the ligand enhanced on complexation comparable to the standard used. Overall comparison of
observed data gave information that metal complexes are more active than free ligand against all
bacteria. Specifically, Zn-complex showed better antibacterial potency against S. aureus bacteria.
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4. MOLECULAR MODELLING

3D molecular modeling of the proposed structure of the metal complexes were studied by
CsChem 3D Ultra program package and optimized structures revealed octahedral geometry for Co,
square planar geometry for Cu and tetrahedral geometry for Zn-complexes [44]. This investigated
geometry of the complexes is also supported by several spectral techniques. The correct stereochemistry
was assured through, manipulation and modification of the molecular coordinates to obtain reasonable
and low energy molecular geometries. Energy minimization was repeated several times to find the
minimum [45-47]. The energy minimization values for the metal complexes suggested their maximum
stability. The change in bond length values of metal-nitrogen and metal-oxygen in the complexes
compared with ligand further suggested their coordination. The details of the bond lengths and bond
angles as per 3D structure of the metal complexes optimized by MM2 calculations are given in the table 5
and the optimized structures of the metal complexes are shown in the figure (4-6).
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5. CONCLUSION

In the present study, we have successfully synthesized referenced metal(ll)-complexes of novel
Schiff base ligand from Kanamycin and methyl ester of Amoxicillin. Instrumental protocols like spectral,
thermal and other analytical data measurements revealed the real correlation with the proposed and
suggested structure. The investigated Schiff base ligand act as neutral pentadentate ligand. The
electronic transition band observed at lower wavenumbers in metal complexes may be ascribed to d-d
electronic transition within the metal ions which were absent in the spectrum of free ligand. Molar
conductivity measurement recommended nonelectrolytic nature of the complexes. Further molecular
modeling and electronic spectral data measurement strongly recommend square planar geometry for Cu-
complex, octahedral geometry for Co-complex and tetrahedral geometry for Zn-complex. Negative
entropy values obtained by thermal decomposition calculation by using Coats-Redfern equation indicated
slow pyrolytic decomposition of metal complexes. Two antibiotics in conjugation with metals lead to better
antibiotic activities. The antibacterial screening of the synthesized ligand and its metal complexes against
various pathogenic bacteria suggested remarkable antibacterial activities. Comparable antibacterial
sensitivity test of the ligand and metal complexes showed that they bear strong activity against S. aureus.

REFERENCES

1. Anacona JR, Rodriguez JL, Camus, J. Synthesis , characterization and antibacterial activity of a
Schiff base derived from cephalexin and sulphathiazole and its transition metal complexes.
Spectrochim. Acta A. 2014; 129:96-102. doi: 10.1016/j.saa.2014.03.019

2. Arif M, Qurashi MMR, Shad MA. Metal-based antibacterial agents: synthesis, characterization,
and in vitro biological evaluation of cefixime-derived Schiff bases and their complexes with Zn(ll),
Cu(lly, Ni(ll), and Co(ll). J. of Coord. Chem. 2011; 64:1914-1930.
doi:10.1080/00958972.2011.582867

3. Amer S, EI-Wakiel N, EI-Ghamry H. Synthesis, spectral, antitumor and antimicrobial studies on
Cu(ll) complexes of purine and triazole Schiff base derivatives. J. of Molec. Struc. 2013; 1049:326-
335. doi: 10.1016/j.molstruc.2013.06.059

4. Aderoju A, Adeola A, Titilayo A. Synthesis , Spectral , Magnetic and In-Vitro Anticancer Properties
of Some Metal (Il') ylimino ) methyl ] napthalene-2-ol. International Research Journal of Pure and
Applied Chemistry. 2012; 2(3):211-220.

5. Bayrak H, Demirbas A, Karaoglu SA, Demirbas N. Synthesis of some new 1,2,4-triazoles, their
Mannich and Schiff bases and evaluation of their antimicrobial activities. Eur. J. of Med. Chem.
2009; 44:1057-1066. doi:10.1016/j.ejmech.2008.06.019

6. Patii  SA, Unki SN, Kulkarni  AD, Naik VH, Kamble U, Badami PS. Spectroscopic,
in vitro antibacterial, and antifungal studies of Co(ll), Ni(ll), and Cu(ll) complexes with 4-chloro-3-
coumarinaldehyde Schiff bases. J. of Coord. Chem. 2011; 64:323-336.
doi:10.1080/00958972.2010.541240

7. Keypour H, Shayesteh M, Rezaeivala M, Chalabian F, Elerman Y, Buyukgungor O. Synthesis,
spectral characterization, structural investigation and antimicrobial studies of mononuclear Cu(ll),
Ni(ll), Co(ll), Zn(Il) and Cd(ll) complexes of a new potentially hexadentate N,O, Schiff base ligand
derived from  salicylaldehyde. J. of Molec. Struc. 2013; 1032:62-68. doi:
10.1016/j.molstruc.2012.07.056

8. Guo HF, Pan Y, MaDY, Lu K, Qin L. Synthesis, characterization and catalytic activity of three
palladium(ll) complexes containing Schiff base ligands. Trans. Metal Chem. 2012; 37:661-669. doi
10.1007/s11243-012-9635-y

9. Islam SM, Paul S, Roy AS, Banerjee S, Mobarok M, Santra SC. Synthesis, catalytic activity and
phytotoxicity of a supported nickel(ll) Schiff base complex. Trans. Metal Chem. 2013; 38:855-864.
doi 10.1007/s11243-013-9759-8

10. Chang Y, Zha F, SuB, Wang Y. Oxidation of Styrene with Molecular Oxygen Catalyzed by
Polymer-Supported O-Aminobenzoic Acid Salicylaldehyde Schiff-Base Copper(ll) Complex. J. of
Macromolecular Science Part A. 2006; 43:923-931. doi: 10.1080/10601320600653772

11. Lo WK, Wong WK, Guo J, Wong WY, Li KF, Cheah KW. Synthesis, structures and luminescent
properties of new heterobimetallic Zn-4f Schiff base complexes. Inorg. Chimica Acta. 2004;
357:4510-4521. doi: 10.1016/j.ica.2004.06.041



410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ma DY, Zhang LX, Rao XY, Wu TL, Li DH, Xie XQ, Guo HF, Qin L. Structures, luminescence, and
antibacterial studies of two transition metal complexes involving Schiff bases. J. of Coord. Chem.
2013; 66:3261-3271. doi:10.1080/00958972.2013.832230

Govindaraj V, Ramanathan S. Synthesis, spectral characterisation, electrochemical, and
fluorescence studies of biologically active novel Schiff base complexes derived from E-4-(2-
hydroxy-3-methoxybenzlideneamino)-N-(pyrimidin-2-yl)benzene sulfonamide. Turkish Journal of
Chemistry. 2014; 38:521-530. d0i:10.3906/kim-1301-83

Sherif OE, Abdel-Kader NS. Spectroscopic and biological activities studies of bivalent transition
metal complexes of Schiff bases derived from condensation of 1,4-phenylenediamine and
benzopyrone derivatives. Spectrochim. Acta A. 2014; 117:519-526. doi: 10.1016/j.saa.2013.08.037
Hanif M, Chohan ZH. Design, spectral characterization and biological studies of transition metal(ll)
complexes with triazole Schiff bases. Spectrochim. Acta A. 2013; 104:468-476.
doi:10.1016/j.saa.2012.11.077

Kadhum AAH, Mohamad AB, Al-Amiery AA, Takrif MS. Antimicrobial and antioxidant activities of
new metal complexes derived from 3-aminocoumarin. Molecules. 2011; 16:6969-6984.
doi:10.3390/molecules16086969

Dhanaraj CJ, Johnson J, Joseph J, Joseyphus RS. Quinoxaline-based Schiff base transition metal
complexes: review. J. of Coord. Chem. 2013; 66:1416-1450. doi:10.1080/00958972.2013.782008
Szczepanik W, Dworniczek E, Ciesiolka J, Wrzesin’ski J, Skala J, Bojczuk MJ. In vitro oxidative
activity of cupric complexes of kanamycin A in comparison to in vivo bactericidal efficacy. J. of
Inorg. Biochem. 2003; 94:355—-364. doi:10.1016/S0162-0134(03)00029-1

D'Amelio N, Gaggelli E, Gaggelli N, Molteni E, Baratto MC, Valensin G, Bojczuk MJ, Szczepanik W.
NMR and EPR structural delineation of copper(ll) complexes formed by kanamycin A in water.
Dalton Trans. 2004; 3:363-368. doi: 10.1039/B313060F

White AR, Kaye C, Poupard J, Pypstra R, Woodnutt G, Wynne B. Augmentin
(amoxicillin/clavulanate) in the treatment of community-acquired respiratory tract infection: a review
of the continuing development of an innovative antimicrobial agent. J. of Antimicrob. Chemother.
2004; 53(lssue suppl 1):i3-i20. doi: 10.1093/jac/dkh050

Kursunlu AN, Guler E, Sevgi F Ozkalp B. Synthesis, spectroscopic characterization and
antimicrobial studies of Co(ll), Ni(ll), Cu(ll) and Zn(ll) complexes with Schiff bases derived from 5-
bromo-salicylaldehyde. J. of Molecul. Structure. 2013; 1048:476-481. doi:
10.1016/j.molstruc.2013.06.017

El-Sherif AA, Shehata MR, Shoukry MM, Barakat MH. Synthesis, characterization, equilibrium
study and biological activity of Cu(ll), Ni(ll) and Co(ll) complexes of polydentate Schiff base ligand.
Spectrochim. Acta A. 2012; 96:889-897. doi: 10.1016/j.saa.2012.07.047

Sallam SA. Synthesis and characterization of 3-amino-5-methylisoxazole Schiff bases and their
complexes with copper(ll), nickel(ll) and cobalt(ll). J. of Coord. Chem. 200; 60:951-971.
doi:10.1080/00958970600987990

Salehi M, Dutkiewicz G, Rezaei A, Amoozadeh A, Rahmani S, Grivani GH, Kubicki M. Synthesis,
Antibacterial Studies and Crystal Structures of Tridentate Schiff Base Ligand and It's Cobalt(lll)
Complex. J. of Chemical Crystallography. 2012; 42:871-878. doi: 10.1007/s10870-012-0329-2
Rudrapal M, De B. Chemistry and Biological Importance of Heterocyclic Schiff's Bases.
International Research Journal of Pure and Applied Chemistry. 2013; 3(3):232-249.

Yernale NG, Mathada MBH. In Vitro Cytotoxic Studies of Some Metal Complexes of Schiff Base
Ligand Derived from Thiazole and Quinoline Moiety. Bioinorg. Chem. and Applications. 2014;
Article ID 314963. doi: 10.1155/2014/314963

Rosu T, Pahontu E, Maxim C, Georgescu R, Stanica N, Almajan GL, Gulea A. Synthesis,
characterization and antibacterial activity of some new complexes of Cu(ll), Ni(ll), VO(II), Mn(1l) with
Schiff base derived from 4-amino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one. Polyhedron. 2010;
29:757-766. doi: 10.1016/j.poly.2009.10.017

Al-Resayes Sl, Shakir M, Abbasi A, Yusuf Amin KM, Lateef A. Synthesis, spectroscopic
characterization and biological activities of N,O, Schiff base ligand and its metal complexes of
Co(ll), Ni(ll), Cu(ll) and Zn(Il). Spectrochim. Acta A. 2012; 93:86-94. doi:10.1016/j.saa.2012.02.099
Singh VP, Singh S, Singh DP, Tiwari K, Mishra M. Synthesis, spectroscopic (electronic, IR, NMR
and ESR) and theoretical studies of transition metal complexes with some unsymmetrical Schiff
bases. J. of Molec. Structure. 2014; 1058:71-78. doi:10.1016/j.molstruc.2013.10.046



466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Alias M, Kassum H, Shakir C. Synthesis, physical characterization and biological evaluation of
Schiff base M(Il) complexes. J. of the Assoc. of Arab Universities for Basic and Applied Sciences.
2014; 15:28-34. doi:10.1016/j.jaubas.2013.03.001

Garza-Ortiz A, Camacho-Camacho C, Sainz-Espufies T, Rojas-Oviedo |, Gutiérrez-Lucas LR,
Carrillo AG, Vera Ramirez MA. Novel Organotin(lV) Schiff Base Complexes with Histidine
Derivatives: Synthesis, Characterization, and Biological Activity. Bioinorg. Chem. and Applications.
2013; Article ID 502713. doi:10.1155/2013/502713

Rahaman F, Mruthyunjayaswamy BHM. Synthesis, spectral characterization and biological activity
studies of transition metal complexes of Schiff base ligand containing indole moiety. Complex
Metals. 2014; 1:88-95. doi: 10.1080/2164232X.2014.889580

Basak S, Sen S, Marschner C, Baumgartner J, Batten SR, Turner DR, Mitra S. Synthesis, crystal
structures and fluorescence properties of two new di- and polynuclear Cd(ll) complexes with N,O
donor set of a ftridentate Schiff base ligand. Polyhedron. 2008; 27:1193-1200.
doi:10.1016/j.poly.2007.12.005

Hang ZX, Dong B, Wang XW. Synthesis, Crystal Structures, and Antibacterial Activity of Zinc(ll)
Complexes with Bis-Schiff Bases. Synth. and React. in Inorg. Metal-Orga. and Nano-Metal Chem.
2012; 42:1345-1350. doi:10.1080/15533174.2012.680128

Monshi A, Foroughi MR, Monshi MR. Modified Scherrer Equation to Estimate More Accurately
Nano-Crystallite Size Using XRD. World J. of Nano Science and Engineering. 2012; 2:154-160.
doi:10.4236/wjnse.2012.23020

Ceyhan G, Kése M, Timer M, Demirtas i, Yaglioglu AS, McKee V. Structural characterization of
some Schiff base compounds: Investigation of their electrochemical, photoluminescence, thermal
and anticancer  activity properties. J. of Luminescence. 2013; 143:623-634.
doi:10.1016/j.jlumin.2013.06.002

Refat MS, El-Sayed MY, Adam AMA. Cu(ll), Co(ll) and Ni(ll) complexes of new Schiff base ligand:
Synthesis, thermal and spectroscopic characterizations. J. of Molec. Struc. 2013; 1038:62-72.
doi:10.1016/j.molstruc.2013.01.059

Sharaby CM. Synthesis, spectroscopic, thermal and antimicrobial studies of some novel metal
complexes of Schiff base derived from [N1-(4-methoxy-1,2,5-thiadiazol-3-yl)sulfanilamide] and 2-
thiophene carboxaldehyde. Spectrochim. Acta A. 2007; 66:1271-1278.
doi:10.1016/j.saa.2006.05.030

Aly AAM, Osman AH, Abd EI- Mottaleb M, Gouda GAH. Thermal stability and kinetic studies of
cobalt (ii), nickel (ii), copper (ii), cadmium (ii) and mercury (ii) complexes derived from n-salicylidene
schiff bases. J. Chil. Chem. Soc. 2009; 54:349-353. doi:10.4067/S0717-97072009000400005
Al-Shihri AS. Synthesis, characterization and thermal analysis of some new transition metal
complexes of a polydentate Schiff base. Spectrochim. Acta A. 2004; 60:1189-1192.
doi:10.1016/j.saa.2003.07.005

Igbal MS, Bukhari IH, Arif M. Preparation, characterization and biological evaluation of copper(ll)
and zinc(ll) complexes with Schiff bases derived from amoxicilin and cephalexin. Appl.
Organometal. Chem. 2005; 19:864—869. doi:10.1002/a0c.918

Ajlouni AM, Mhaidat I, Momani WA, Ziyad A, Zouby MAI. Synthesis, Characterization and
Antibacterial Activity of New Cu(ll) and Zn(ll) Complexes of Schiff Bases Derived from 9-H-Fluoren-
9-one. Jordan Journal of Chemistry, 2013; 8(4):225-236.

Abdallah SM, Zayed MA, Mohamed GG. Synthesis and spectroscopic characterization of new
tetradentate Schiff base and its coordination compounds of NOON donor atoms and their
antibacterial and antifungal activity. Arabian J. of Chem. 2010; 3:103-113. doi:
10.1016/j.arabjc.2010.02.006

Padmaja M, Pragathi J, Gyana Kumari C. Synthesis, spectral characterization, molecular modelling
and biological activity of first row transition metal complexes with Schiff base ligand derived from
chromone-3-carbaldehyde and o-amino benzoic acid. J. of Chem. and Pharm. Research. 2011;
3:602—-613.

Chaudhary NK, Mishra P. In vitro antimicrobial screening of metal complexes of Schiff base derived
from streptomycin and amoxicillin : Synthesis , characterization and molecular modeling. Amer. J.
of Appl. Chem. 2014; 2:19-26. doi: 10.11648/j.ajac.20140201.15



520
521
522
523
524
525
526
527
528

46.

47.

Adly OMI, Taha A, Fahmy SA. Synthesis, spectral characterization, molecular modeling and
antimicrobial activity of new potentially N.O, Schiff base complexes. J. of Molec. Struct. 2013;
1054—-1055:239-250. doi:10.1016/j.molstruc.2013.09.037

Siddappa K, Mane SB, Manikprabhu D. Spectral characterization and 3D molecular modeling
studies of metal complexes involving the O, N-donor environment of quinazoline-4(3H)-one Schiff
base and their biological studies. The Scientific World Journal. 2014; Article ID 817365.
doi:10.1155/2014/817365



