SYNTHESIS, CHARACTERIZATION AND
BIOLOGICAL STUDIESOF 3d-METAL
COMPLEXES OF SCHIFF BASES OF
AMINOGLYCOSIDESAND B-LACTAM
ANTIBIOTICS

A THESIS SUBMITTED TO THE
CENTRAL DEPARTMENT OF CHEMISTRY
INSTITUTE OF SCIENCE AND TECHNOLOGY
TRIBHUVAN UNIVERSITY
NEPAL

FOR THE AWARD OF
DOCTOR OF PHILOSOPHY
IN CHEMISTRY

BY
NARENDRA KUMAR CHAUDHARY
JULY, 2018



SYNTHESIS, CHARACTERIZATION AND
BIOLOGICAL STUDIESOF 3d-METAL
COMPLEXES OF SCHIFF BASES OF
AMINOGLYCOSIDESAND B-LACTAM
ANTIBIOTICS

A THESIS SUBMITTED TO THE
CENTRAL DEPARTMENT OF CHEMISTRY
INSTITUTE OF SCIENCE AND TECHNOLOGY
TRIBHUVAN UNIVERSITY
NEPAL

FOR THE AWARD OF
DOCTOR OF PHILOSOPHY
IN CHEMISTRY

BY
NARENDRA KUMAR CHAUDHARY
JULY, 2018



DECLARATION

Thesis entitled" SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL
STUDIES OF 3d-METAL COMPLEXES OF SCHIFF BASES OF
AMINOGLYCOSIDES AND B-LACTAM ANTIBIOTICS', which is being
submitted to Central Department of Chemistry, tosti of Science and Technology
(IOST), Tribhuvan University, Nepal for the award the degree of Doctor of
Philosophy (Ph. D.), is a research work carried lmuine under the supervision of
Professor Dr. Parashuram Mishra, Department of @igm Mahendra Morang
Adarsh Multiple Campus, Biratnagar, Tribhuvan Unsity, Nepal.

This research is original and has not been suliné@gelier in part or full in this or
any other form to any University or Institute, hereelsewhere, for the award of any

degree.

Narendra Kumar Chaudhary



RECOMMENDATION

This is to recommend tha¥r. Narendra Kumar Chaudhary has carried out
research entitted SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL
STUDIES OF 3d-METAL COMPLEXES OF SCHIFF BASES OF
AMINOGLYCOSIDES AND B-LACTAM ANTIBIOTICS' for the award of
Doctor of Philosophy (Ph. D.) irChemistry under my supervision. To my
knowledge, this work has not been submitted forather degree.

He has fulfilled all the requirements laid down the Institute of Science and
Technology (IOST), Tribhuvan University, Kirtipuoirf the submission of the thesis
for the award of Ph. D. degree.

Professor Dr. Parashuram Mishra

Supervisor

Department of Chemistry,

Mahendra Morang Adarsh Multiple Campus, Birathagar

Tribhuvan University, Nepal

July 2018



CERTIFICATE OF APPROVAL

Date: 25/07/2018

On the recommendation of Professor Dr. Parashurashrl] this Ph. D. thesis
submitted by Narendra Kumar Chaudhary, entitled SYNTHESIS,
CHARACTERIZATION AND BIOLOGICAL STUDIES OF 3d-METAL
COMPLEXES OF SCHIFF BASES OF AMINOGLYCOSIDES AND 8-
LACTAM ANTIBIOTICS" is forwarded by Central Department Research
Committee (CDRC) to the Dean, IOST, T. U.

Dr. Ram Chandra Basnyat
Professor,

Head,

Central Department of Chemistry,
Tribhuvan University

Kirtipur, Kathmandu,

Nepal



ACKNOWLEDGEMENTS

The text free of errors is difficult in a rapidlp&nging field, where today's knowledge
is soon replaced by tomorrow's. At this momentadfoamplishment, first of all | pay

my deep sense of gratitude to all, who provideg lagld support to me in the journey
of my research work. | am extremely thankful tofBssor Dr. Parashuram Mishra,
who offered me the chance to do research in the diecoordination chemistry under
his supervision. His constant guidance, invaluabiscussions, and perpetual

inspiration always acted as motivating factors forasearch work.

It's my fortune to gratefully acknowledge Profesddahendra Narayan Yadav,
Campus Chief, and Mr. Sitaram Gupta, Head, Departrok Chemistry, Mahendra
Morang Adarsh Multiple Campus Biratnagar, for themcouragement and necessary
facilities provided for pursuing the research waikords may fail to express gratitude
to my research colleagues Professor Dr. NagendesaBr Sah, Professor Dr.
Devendra Adhikari, Professor Dr. Damodar Thapa,Raju Ram Thapa, Dr. Ajaya
Bhattarai, and Dr. Ram Prasad Koirala, who so mglly gave their time and expertise

for successful completion of the research work

| would like to express my deepest gratitude tofédsor Dr. Megh Raj Pokhrel,
former Head, Central Department of Chemistry, Kirtifor extending his warm hand
for me to achieve the goal of research. | am veuachmindebted to Professor Dr.
Vinay Kumar Jha, Professor Dr. Paras Nath Yadad, Rmofessor Dr. Amar Prasad
Yadav of Central Department of Chemistry, for hisvaluable suggestions and

guidance at every moment of my research journey.

| also express my gratitude to Dr. Shiv Narayanakad-ormer Head, Department of
Microbiology and Mr. Tara Nand Yadav, Head, Depamninof Botany for their
immense help during the various stages of my reeedram very much thankful to

all nonteaching staffs of the Departments fortadit help and support.

| am indebted to Nepal Academy of Science and Taodgy (NAST), Nepal for
providing me Ph. D. fellowship. | am happy to ackfexige the services of SAIF,



STIC Cochin, SAIF, CDRI Lucknow, SAIF, IIT, Mumband IIT, Delhi, India for
their help in sample analyses. | also extend mgtdgnenor to the entire team of Solid
State and Structural Unit, Indian Institute of $ce, Bangalore, India for their

cooperation in recording the spectra of some comgsu

Last but not least, | would like to pay high regatd my lovable wife Mrs. Kalpana
Chaudhary, my daughter Nabina and son Rahul whosealmsupport and
encouragement energized me to pursue the researth Above all, | would like to
thank God, The Almighty, for having made everythpassible by giving me strength

and courage to do this work.

Narendra Kumar Chaudhary
July, 2018

Vi



ABSTRACT

The menace of drug resistance has been hauntirguthan world in the recent years
and there is an urgent need to discover new charaghutic agents with novel
bioactivities and functionalities to address thevese challenges of multidrug
resistance. Over a few decades of intensive rdsesrmetal-based drugs, Schiff base
metal complexes have been considered as the afiglce of research in the
coordination chemistry. The present research workluates the bio-functional
activities of some aminoglycosides afidactam antibiotics in their derived form.
Their structural modification by the formation oftff base and metal complexes,
and their correlation with bio-functional activéidas been a subject of much interest
in the medicinal chemistry research. In view ofttlthree novel Schiff base ligands
(KMAXC, AXCPC3, and AXCPC2) have been prepared anthplexed with four
transition metal ions viz. C§ Ni*?, Cu? and Zi? The ligands and complexes were
fully characterized with various physicochemicat apectroscopic techniques, like
CHNS analysis, conductivity measurement, meltingipmeasurement, FT-IRH
NMR, 2C NMR, electronic absorption, mass spectrometrygmetic susceptibility
and EPR studies.

Thermal stability and kinetic properties of the qbexes were analyzed by
thermogravimetric and differential thermal analy§iBSGA/DTA) technique. The
Coats-Redfern method was applied to extract theymanatic parameters to explain
the kinetic behavior of the complexes. Thermal datagaled high thermal stability
and non-spontaneous nature of the various decotipossteps in most of the

complexes.

The crystalline nature of the complexes was chedkegowder X-ray diffraction
study. XRPD data were analyzed in X'pert high scoféwvare and the diffractograms
were carefully analyzed to extract the informateout the nature of complexes.
Some complexes were found crystalline and some veanerphous. The cell
parameters and space group of the complexes wesstigated by computing data in
CHECKCELL and CRYSFIRE program package softwaree $trface morphology
of the ligands and complexes were evaluated bynsicgrelectron microscopy (SEM)

Vil



study and revealed their varying surface structufé® evaluated geometry of the
complexes by spectroscopic techniques has bedrefistipported by the information
gathered from the molecular modeling study. Thecstire optimization by MM force
field calculation was achieved by running the pimEb molecular structures in
CsChem3D Ultra-11 and ArgusLab 4.0.1 software @ogr

The biological potency of the synthesized compoumndss investigated by
antibacterial activity study, which was done by ified Kirby-Bauer paper disc
diffusion technique. For this purpose, clinicabsis of both gram-positive and gram-
negative bacteria have been isolated and culturgtle laboratory. They have been
interacted with synthesized compounds at varialdacentrations in a solution
prepared in DMSO. In most of the study, metal caxes$ of the prepared Schiff base
ligands were found biologically active with enhathgmtency, compared to the free

ligand and starting compounds.
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CHAPTER 1

INTRODUCTION

1.1  General Perspective

Coordination chemistry of transition metal compxe gaining much popularity in
the recent years due to their versatile applicatiarthe various fields of chemical and
medical sciences and comprises a large body ofnbigranic chemistry research. It
has inspired the chemical researchers to desigriadmmtate novel metal complexes,
all over the world. Metal ions make bridge betwetie drug substances and
pathogenic organisms and thus the field of metaigdinteraction chemistry is
growing rapidly in the medical and chemical scienddicrobial interaction with a
variety of metal ions at various oxidation stasametimes beneficial or detrimental
that depends on the physical and chemical natutkeoimetal ions (Abdallahkt al,
2009). Treatment of diseases by pure herbal mexidrom nature's chest has been a
guest of mankind since ancient times. Currentlgreéhs a substantial decline in the
use of pure herbal medicines because of complaxitiieir chemical extraction and
slow interaction with diseases (Diat al, 2012). Pharmaceutical research has
expanded after the Second World War to include assma screening of
microorganisms for new antibiotics because of tiseavery of penicillin. With the
successful record of synthetic medicinal chemistitye identification of new
metabolite from living organisms would be the cpharmaceutical discovery efforts.
However, the menace of drug resistance is haurthegmedical science and the
discovery of synthetic drugs is today's therapeddisire of pharmaceutical research.
Still, many natural product based drugs are irctimecal practices that need extensive
research (Bérdy, 2012; Li & Vederas, 2009).

The first metal based drug that emerged in the 18fecentury was cisplatin whose
serendipitous discovery as a potent anticancer dpened the gate of unexplored

world of metal-based chemotherapeutic agents. # tha most effective anticancer



drug in the market (Chakrabortgt al, 2010; Gibson, 2016). The resounding
therapeutic success of cisplatin and its analogsthggered tremendous effort in

search of alternative metal-based chemotherapageats in the past few decades.
Since then the metal-drug interaction in the fielccoordination chemistry has been

focused well and considered as an active fieldeséarch (Romero-Caneldn & Sadler,
2013). There is a great battle between antibi@search and increased antibacterial
resistance in the medical science which provideglarscope for the generation of a
new class of antibiotics with high-grade biologieativities. There is an urgency to

discover and characterize new drugs with enhancetivity, selectivity,

bioavailability and fewer side effects than convamal drugs to treat current diseases.

The compounds of interest for the present reseammtk are the Schiff bases of
biologically active aminoglycosides arfidlactam antibiotics and their fabrication
with some selected 3d-metal ions. Incorporationmetallo-elements in the cage of
novel Schiff base ligand containing various dortones change the physiological and
biological profiles of such molecules (Vardhah al, 2015). In our study, the

azomethine linkage of Schiff base is a key partitef structure that provides
multifunctional activities in the various fields atiences. The ligands not only
control the reactivity of metal of the complexest lalso play a critical role in

determining the nature of interactions involvedratognition of biological target

sites. There are many biologically active and radlyrderived compounds whose
structures are very similar to Schiff bases thasspes various bio-functional
activities, as an antibiotic, anti-microbial, antmor, analgesic, anti-inflammatory
and several others (Chaturvedi & Kamboj, 2016). fuwential interest in the

research of Schiff base metal complexes is alsotaues linkage with a number of
interdisciplinary research areas that include nmterscience, catalysis,

magnetochemistry, and electronics. The applicatialectronics is widely expanding
in the recent years.

1.2  Schiff Basesand Their Chemistry

Schiff bases comprise one of the most widely usedilfes of organic compounds,
formed as the condensation product of the chemezdtion of the active carbonyl

group and a primary amine. Their discovery and dbiynare the results of great
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pioneer work of a German chemist Hugo Schiff in thear 1864. This has
revolutionized the chemical research in the fidid@ordination chemistry in the late
19" century (Brodowska & todyga-Chruscinska, 2014; &id.i, 2013). In doing
research in aniline chemistry, he studied the r@astof aniline with many other
aldehydes and finally reached to the discoveryhefitine-based organic compound
called Schiff base. They are also called anilshesior azomethines. This class of
compounds is mainly recognized by the presence @lctive imine (-CH=N-) group
that carry potential binding site for the metalsgdhrough nonbonding electrons of the
nitrogen atom (Da Silvat al, 2011). In the present research work, the strattumit

of Schiff bases also possesses many other hetemteats like oxygen and sulphur as
main component elements for chelate formation witétals. The nature of donor
atoms that act as coordination site, their eleetgativity and steric factors largely
determine the bonding ability of the ligands. Bytwe of the presence of lone pair
electrons on N-atom, electron donating characterthef double bond and low
electronegativity of nitrogen, N-atom of the azonme¢ group (>C=N) acts as a very
good donor site and Schiff bases are considerextiase ligands (Kostova & Saso,
2013).

Recently, Schiff bases occupy a leading positiometal coordination chemistry and
provide a significant attraction in creating novedd due to their simplicity in
preparation, variation in properties, biomedicaliochemical and industrial
applications (Jayaseelaet al, 2016). There are several amines and carbonyl
compounds in the library of organic chemistry teagble the synthesis of Schiff
bases with diverse structural features. For thehggmns of Schiff bases, the basic
carbonyl group may be aldehydes (aromatic or aliphar a ketone. The stability of
imine group is controlled by the presence of stistit groups attached to (>C=N)
linkage. The general reaction for the formationSahiff base is illustrated in the

Scheme 1.



0] Azomethlne group

R—NH, + R—C—R — @—R + HO

Primary amine Aldehyde or Ketone
Schiff base

Scheme 1: Reaction scheme for Schiff base formation

Where R represents an alkyl, aryl, cycloalkyl otehecyclic groups which may be
variably substituted and*Rnay be an alkyl, aryl group or H atom. The forioraif

Schiff base is a reversible process and generaltigst place by refluxing the mixture
under the neutral condition or in the presencecaf ar base catalysts. The formation

is generally driven to the completion by the sefpaneof product or removal of water.
1.3  Schiff Base Transition Metal Complexes

Many research papers have been published duringasdtefew decades on the
synthesis and pharmacology of Schiff base metalpbexes. Schiff bases are versatile
pharmacophores that cave in metal ions within theurctural unit due to the presence
of various donor atoms (Kajak al, 2013; Kostova & Saso, 2013). Transition metal
complexes of Schiff bases are generally formed h®y ¢helation of Schiff base
ligands with metal ions at variable oxidation stat€he vacant d-orbitals of metal
ions make available space for the easy coordinatioronbonding electrons of donor
atoms of ligand and even sometimes this ligatidkedaplace by deprotonation
process. There is a general rule of coordinaticgnustry that chelation makes the
complex compounds more stable due to electron lation inside the ring and
changes the physiological profile of the complei@syhanet al, 2011; Sumrraet
al., 2014). In fact, their stability increases whea thelate ring is five or six member.
The aryl group bonded to the nitrogen or to thebaarof the azomethine group
prevents them from rapid decomposition and polynagion.

A lone pair electron in $phybrid orbital of azomethine nitrogen is of coresible
chemical and biological importance since it makasyecoordination with metals.
Variation in the denticity of Schiff bases makestcol over the stereochemistry of

metal complexes which affects in their physiologmafiles. These complexes carry
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a wide range of applications in catalytic chemistgnalytical, clinical and
biochemical fields and in addition, they also pssseonsiderable physiological
activities (Abou-Hussein & Linert, 2014; Cozzi, Z006hebl, 2014). Multifunctional
activities of such metal complexes are the prim&res of metal-based research in
the chemical science. Many drug substances havenétal ion that plays a key for
the better success of biological activities (Bamh& Bush, 2014). Several research
papers describe the enhanced activities of metadptexes compared to the free
ligand. Recently a large volume of research repamtSchiff bases highlights them as
a type of potential antibiotic which by chelationttwmetals further enhance their
potency. Chelation causes a drastic change initiegical properties of the ligands
and the metal moiety (Majumdet al, 2003). It has been reported that chelation is
the cause and cure of many diseases including caibe present study of the
research focuses the formation of several Schgeb@ands from different precursor
compounds and their metal complexes with 3d-metas.i These chelated complexes
of Schiff bases are easily absorbed in the humtastinal cells and increase their
antibacterial strength.

1.4  Biological Applications of Schiff Basesand Their Metal Complexes

Recent advances in coordination chemistry revehlffSoase as a privileged ligand
since most of the bio-molecules in the living sgstare structurally similar to this
class of compound. The biofunctional activity oftatdased complexes in medicine
and chemotherapy has spurred the growth of interele scientific world in the past
few decades, after the successful clinical apptioabf Cisplatin as a potential
anticancer drug. So, metal drug interaction in medscience is becoming a subject
of great research interest (Farrell, 2002; Hanr&fi)7; Reedijk, 2008). Transition
metal chemistry of Schiff bases has gained momerituthe late 19 century and
since then metal-based drugs of Schiff bases digsv dignificant interest of
researchers in the medical science for their immdmslogical activities. Most of the
metals being unnatural to the human body, becalusaving no effective mechanism
for their rejection and toxic behavior (Murtagaal, 2012), there has been a rapid
expansion in research and development of novellrbated drugs with improved
pharmacological properties. Several medical problémt arise due to free metal ions

toxicity may be ameliorated by their chelation wlittands.
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Schiff base metal complexes have important bioklgapplications as antibacterial,
antifungal, antitumor, analgesic, anti-inflammat@myd antimicrobial agents. It has
found, that some drugs have greater activity whdmiaistered as metal complexes
than as free organic compound (Leelavathy & Aruagt 2013; Shoaikt al, 2013).
The discussion in this report is limited to the pamable antibacterial study of Schiff
base ligands and their metal complexes. The palebivlogical activity of Schiff
base metal complexes is related to the presentmmefpair electrons that participate
in anchoring of bio-molecules in the living body.

1.5  Other Applications of Schiff Basesand Their Metal Complexes

Besides the bio-medical applications, Schiff bastaincomplexes also bear various
important applications in chemical, industrial agléctronic fields. In the material
science, they are found to have good corrosiorbitdry activity (Madkour & Elroby,
2015). This phenomenon is the spontaneous formafianmonolayer on the surface
to be protected. A large number of Schiff base hhaiemplexes are identified by an
excellent catalytic activity in a variety of syntite chemical reactions at high
temperature (> 100 °C) and in the presence of mm@stMany research reports
display their use in homogeneous and heterogeneatadysis. In many biological
systems, Schiff bases and metal complexes showeggdérticipation in the synthesis
of some life molecules like enzymes and biopolym@iameedet al, 2017).
Numerous scientific publication reports, appearanually in the recent years,
highlight the keen interest of researchers in metahplexes in which Schiff bases
play a critical role as ligands. Due to excellegsiestivity, sensitivity and stability of
Schiff bases for specific metal ions, a large numddeSchiff base ligands have been

used as cation carriers in potentiometric sensors.

In modern technology fields, Schiff bases and metahplexes deliver important
applications because of their photo- and thermouolooproperties (Rawat et al.,
2015). They have applications in optical computéos,measure and control the
intensity of radiation, in imaging systems, as vaallin the molecular memory storage
devices. Due to photochromic properties, they fioncas photo stabilizer, dyes for

solar collectors and solar filters. Schiff bases also be used as stationary phase in



gas chromatography, due to their thermal stabiliBrodowska & todyga-
Chruscinska, 2014).

1.6  Aminoglycoside under Investigation

The antibiotic therapy to prevail over the diseasehe treatment process is the
principal concept of modern medical science. Thadproblem we are facing with
antibiotic therapy is that after a new antibioticintroduced, resistance to it will,
sooner or later, arise. Thus there is a continuage between the discovery and
development of new antibiotics (Aminov, 2010; Wa&MWencewicz, 2013). Out of
the several classes of antibiotics, the one of interest is aminoglycosides. The
aminoglycosides are a valuable class of antibiatieg exhibit versatility in their
biological activities. The naturally occurring araglycosides have also recently been
investigated as antifungal agents (Fossal, 2015). These are highly potent, broad-
spectrum antibiotics with many desirable propertfes the treatment of life-
threatening infections. Chemically, they are ammodified sugars with ring units
linked by glycosidic linkage and are consideredttses first important therapeutic
agents produced by bacterial fermentation. Streptom was the first
aminoglycosidic antibiotic emerged in 1944 and ¢hdter, a series of milestone
compounds like kanamycin, gentamicin, and tobramy@s been introduced which
established the usefulness of this class of aidsidfor the treatment of gram-
negative bacterial infections. In the recent yearany semi-synthetic and modified
aminoglycosides have been introduced in the medidabry, with improved
antibacterial sensitivity. Almost all of the amigpgpsides have essentially the same
mode of antibacterial action; they inhibit bactepaotein synthesis by binding to
specific sites on the 30S subunit of the 70S pryakar ribosome (Wilson, 2014). In
addition to their potential antibacterial effica@ll aminoglycosides can cause toxic
effects to the kidneys and inner ear. This nephroity is reversible, while the
ototoxicity is the permanent effect of the ear. Toric effects of aminoglycosides
were initially discovered in the first clinical a&ts of streptomycin. Within the internal
ear, streptomycin preferably damages the vestibmigan and in some cases, also
damage cochlea that results in permanent heargggdotinnitus (Kalkandeleet al,
2002). The other aminoglycosides like kanamycing amikacin are cochleotoxic

(Mingeot-Leclercg et al, 1999). In the present research work, kanamycin is

7



undertaken for the generation of novel Schiff base,combination with other

compounds.

Kanamycin

Kanamycin, in complex form, has three componenttsurkanamycin A (major
component), B, and C. The disulphate of kanamyciat As low concentration is a
broad spectrum antibiotic, very actively used &atrthe infections caused by many
gram-positive bacteria. In unmodified form, kanamytias shown severe toxic
effects like nephro- and ototoxicity which resuitskidney failure and irreversible
hearing loss respectively (Schweitzet al, 1984). The four amine groups in
kanamycin A, in combination with seven hydroxyl gps, serve it as a better
substrate to obtain semi-synthetic and improvedbmics. Amine groups in sugar
rings of kanamycin A, not only provide anchoringesifor the metal ions but also
serve as the reactive site for the formation ofiféddase by the condensation with
active carbonyl groups. The structure of kanamigpresented in the Figure 1.

OH
HO OH
HO_
CH, o~ Yo %’NHZ
HO HO NH, 2
H,N O
OH NH,

Figure 1. Structure of Kanamycin

1.7  p-Lactam under Investigation

B-Lactams are the most successful class of antibéwveloped so far and the pace of
their discovery is illuminating these days (Lew2§13). Despite the high level of
clinical success, a serious mechanism of resisttadeemerged which could render
the penicillin inactive by the production pflactamase (Geddes al, 2007). Several
attempts have made to overcome the effe@tlattamase and we have reached to the

discovery of fourth generation semi-synthditactam. The first clinically available
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B-lactam antibiotic, benzyl penicillin was identdiend developed in the year 1920s
and came into clinical use during Second World Wagspite its narrow range of
antibacterial activity and unsuitability for oratirainistration, several efforts were
made to generate new penicillin based therapeggata (Ligon, 2004). This enabled
research into the effects of adding various sid@inshand the generation of semi-
synthetic penicillin has emerged. A research figdin the year 1940s, thg-
lactamase enzyme produced Byaphylococcus aureustrain that inactivated the
penicillin available at that time, broke the ramdd widespread clinical use of
penicillin. Thus the research endeavor was direcedleveloping penicillin that
overcomes the effect @¥-lactamase enzyme. Further penicillin researcthenyear
1961, led to the important discovery of ampicillthe first orally available broad-
spectrump-lactam antibiotic with upgraded activity againstrious gram-negative
organisms. In continuation of the penicillin resgra single change to the side chain
of ampicillin resulted in developing amoxicillim the year 1972. Amoxicillin had the
same potent broad spectrum antibiotic activityrapiaillin, but with much better oral
absorption and showed more rapid bactericidal #gtiggainst certain bacterial

pathogens.

Amoxicillin Trihydrate

Amoxicillin trihydrate (Figure 2) is a bacteriolgtp-lactam antibiotic drug of class
penicillin, structurally similar to ampicillin ant used against a similar variety of
infections. It is the 4-hydroxy analog of ampicilliThe bio-functional activity of

Amoxicillin is related to lactam ring that inhibitsacterial growth by proteolysis
mechanism (Chaudhary & Mishra, 2014; Igledlal, 2005). The presence of the
amine group in this compound is suggested it aebetarting compound for the
synthesis of new Schiff base. Being unstable inatidic medium in our stomach,
Amoxicillin requires stability for better antibaci@ functions which is achieved by
complexation with metal ions in the form of Schifise, containing potential donor
atoms like N, O, and S (Chaudhary, 2013).



N
I ﬁ%cm .3H,0
HO K COOH

Figure2: Structure of Amoxicillin Trihydrate
1.8  PyridineDerivatives Used for the Preparation of Schiff Bases

Heterocyclic compounds are widely distributed ituna and play an essential role in
various biochemical processes. Pyridine belongseterocyclic aromatic compound
with distinctive fishy odor. It deserves its poaitiin the various fields of chemistry
due to its intensive application. A large number pfridine-based heterocyclic
compounds are associated with diverse pharmacalogoperties such as
antimicrobial, anticancer, antiviral, anti-HIV, #uohgal and several other activities
(Altaf et al, 2015). Many drug chemicals like isoniazid andotie (anti-
tuberculosis drug) and vitamin B compounds likecmiand pyridoxal have pyridine
ring as a structural component (Chaudhary & Misi@l7). Thus insight into the
aldehyde derivatives of pyridine has been constléwe the research. In the present
investigation, pyridine-2-carbaldehyde and pyridiearbaldehyde were used for the
generation of novel Schiff base ligands with amibxictrinydrate. The presence of
aldehyde group is the best precursor for the Stlaiffe condensation reaction with —
NH group of amoxicillin. The chemical structures loé$e compounds are shown in

the Figure 3.

Figure 3: Structures of (a) Pyridine-2-carbadehyde (b)diyd-3-carbadehyde
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1.9 Amoxicillin Derived Schiff Bases
Schiff Base Ligands:

Multidrug therapy is considered as a new evolviaghhique to prevail over the
bacterial infections. Many of the previous antilwstare under the bacterial resistance
which causes the substantial burden to the humpulgioon. In the days of penicillin,
this was only the drug to treat bacterial infecsidnut in the coming days, as the report
says; many antibiotics have lost their effectivenesyainst common bacterial
infections (Hecht, 2004; Ventola, 2015). In thesa& investigation, we have worked
for the synthesis of amoxicillin derived Schiff leasby the interaction with
kanamycin, pyridine-2-carbaldehyde, and pyridineaBaldehyde compounds. This
is aimed to enrich the medical library with a nelass of antibiotics with better
activities. Schiff base ligands have attractedificant and increasing interest for the
researchers due to complex formation behavior wittals. They possess various
donor sites that facilitate coordination propertidbe presence of aldehydes and
amino groups in such compounds are the basic fationl to consider for the
preparation of Schiff base ligands. Further, theows pharmaceutical importances of
Schiff base ligands forced us to do research wotkis field. The structure of Schiff
base ligands is given in the Figures 4 - 6.

OH OH
H,N OH CH,

5 HO OH 0. 0
HO OH
e} 0~ o N=—N CH;
TG
HN

NH,

H,N NH,

OH

Figure4: Structure of KMAXC Schiff base Ligand
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Figure5: Structure of AXCPC3 Schiff base Ligand
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Figure6: Structure of AXCPC2 Schiff base Ligand

1.10 Choiceof Metallo-Elementsunder Investigation

Many life-critical processes require metal ions #mr role varies across structural to
catalytic. Transition metal ions have a rich chengidue to close lying energy bands
made up of partly filled d-orbitals, and thus seagunique agents in a variety of
biological processes. The ability to recognizeutmlerstand at the molecular level,
and to treat diseases caused by insufficient metafunction constitutes an important
aspect of medicinal bioinorganic chemistry. Normmetabolic functions and immune
systems in the livings essentially require someafsah trace and ultra trace amounts
whose presence significantly change the physioddgicofile of the bio-molecules
and work at the molecular level in the cells (Peedhet al, 2015). Such metals play
important structural, electrochemical and catalftiections in the body. There is a
long history of the use of metals in medicines imatal-based drugs now become a
pioneer research work in the medical science. Theseals at high and low
concentrations poison living bodies and give bigh many kinds of diseases.
Transition metals have special ability to coordenatith ligands and form stable
complexes in the biological systems (Abu-Dief & Mwmed, 2015). Many biological

12



pieces of evidence in the living system displayftet that increased concentration of
some metal ions block the transport site for otlaerd cause depletion of some other
metal ions. Besides the various drug substancesy m@aman food ingredients
containing bio-molecules are essentially the bionstators and bio-ligands which are
capable of coordinating some of the metallo-eleshand thus alter their homeostasis
behavior (Holmet al, 1996). In the present research work, four 3d-legtéz. Co(ll),
Ni(ll), Cu(ll) & Zn(Il) have been considered fordHormation of stable complexes.
These metals have partly filled d-orbitals whicHeofa significant role in the

coordination behavior with ligands.

1.10.1 Cobalt

Cobalt belongs to first-row transition metal ser@@s displays three oxidation states,
+1, +2 and +3. Its +3 oxidation state is extremahstable but nevertheless is
important in biology. +2 oxidation state of the atibis the most stable and bears
significant importance in the biological systemisltan essential element for life in a
very trace amount and constitutes a central compgord the vitamin B
(cyanocobalamin), which is essential in proteinnfation and DNA regulation.
Cobalt is used to treat anemia in pregnant womeause it stimulates the production
of red blood cells (RBC). However, its high concahbn may damage human health
(Sinha, 2014). Several literatures reveal importaatfunctions of cobalt complexes

as having antibacterial, anti-tumor and others.

1.10.2 Nickel

Nickel is the earth's"™7 most abundant transition metal, which exists myoistl +2
oxidation state in its complexes. Its role in thatenial science is unforgettable. The
alloying behavior of nickel with various other metaand nonmetals is a very
interesting field of research in material scien®é!> may have a variety of
coordination numbers and geometries in the compMixkel complexes mostly
configure octahedral, tetrahedral and square plg@a@ametries. The enzyme chemistry
in the bio-medical science highlights nickel as essential component of large
numbers of enzymes in the human body, without which normal metabolic

functions are inconceivable (Boet al, 2013). Literatures report the multifunctional
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bio-activities of nickel complexes of Schiff basesl hence nickel has considered for

the research.

1.10.3 Copper

Copper belongs to 3d-transition metal series andabrdination chemistry is limited
to its two accessible oxidation states, +1 andIt#&. an essential element due to its
bio-essential activity, oxidative nature and itgdlvement in complex formation in
many biological processes (Lakshmipraba & Arunaamal2010). It was first to be an
essential biological element in the 1920s when a@memas found to result from
copper deficient diets in animals and the additedncopper salts corrected this
adversity (Matalket al, 2013). It serves as a catalytic component in mamgymes.
Copper in trace quantity is required by all liviogganisms to maintain proper cellular
functions. Excessive copper concentration, howeigegextremely toxic due to its
chemical reactivity. Wilson's disease and Menke&kihair disease are the two lethal
hereditary disorders caused due to malfunctiomngppper absorption (Bandmaen
al., 2015). Its +1 oxidation state has a diamagneficetéctronic configuration and
forms complexes without any crystal field stabiliaa energy. Its complexes are
biologically relevant due to its reductive actieatitowards molecular oxygen. Its +2
oxidation state exists as & electronic configuration which favors coordinatiaith
various ligands that assume square planar to thstactahedral geometries. Crystal
field stabilization energy of its complexes makésless labile towards ligand
exchange phenomenon and is regarded as the belta@nfor incorporation into
pharmaceutical industries. However, its +3 oxidastate is relatively rare.

1.104 Zinc

Zinc offers +2 oxidation states in most of its @ioation compounds because of its
complete d-shell electronic configuration. Th8 dlectronic configuration of Zn(ll)
ion affords no crystal field stabilization energgdathere is no evidence that it is
oxidized or reduced in biological reactions. Gehlgran(ll) complexes favor four
coordinated tetrahedral structure but in its vasiozomplexes, six coordinated
octahedral geometry has also observed. It is stgmifly one of the most important

essential metallo-element, necessary to all fornislife. Its d electronic
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configuration tends to form stable complexes witbt@ins and enzymes. Its role in
the biological system is supposed to be due tonbavement in the maintenance of
vitamin A level in blood by releasing it from livgCabralet al, 2005). Zinc is
believed to participate in the synthesis and swrafyinsulin inp-cells. It is an
essential cofactor in many metabolic enzymes agdlaéory proteins. Many enzymes
show their functions only in the presence of ziBesides its role in biological
systems, it has also antiseptic properties whiehvadely used in cosmetics. Several
research findings in the field of bioinorganic chsimy reveal zinc complexes as
potential drug candidates in clinical practices.wedwer excess zinc in the human
body is toxic and interfere with the normal funasoof the metalloproteins (Jabali &
Abu Ali, 2016).

1.11 Objectivesof the Present Study

1.11.1 General Objective

The world is running out of antibiotics. The emerge of superbugs is at the heart of
the gradual demise of the antibiotic era. Therends discovery of new potent
antibiotics in the past few decades. The antibiet is likely to fade away, sooner
rather that later. So, growing interest in metalgdcomplexes has become a potential
field of research in coordination chemistry and roaldscience. The search for more
efficient and safer antibiotics generates the ideadesign and modify the existing
drug libraries. The current research publicatiohslrog substances reveal that the
drug resistance has become a great problem irettent years (Ramaet al, 2007),
for the treatment of many infectious diseases @hbgebacterial pathogens and other
causative agents. Schiff base complexes are foortthte immense application in
various fields of sciences. Although a number otrmbtherapeutic agents are
available in the market there is a global threath@ medical science because the
pathogenic organisms are developing resistanceegetagents. So, it is important to

search more effective and safer chemotherapeutictsag

The present research work was attempted with a wesynthesizing novel Schiff
base ligands of aminoglycosides githctam antibiotics and encapsulation of some

3-d transition metals inside their cage. The reldiierature search has revealed that
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there was no extensive study done for the generatio Schiff bases from the
antibiotics of these types. Due to the large simedlecular structure of these
antibiotics, much precautions and reaction cond#ithave been applied to get the

ultimate results.
1.11.2 Specific Objective

The present research work has been undertakertheittollowing specific objectives:

* To synthesize novel Schiff base ligands and analymr structures by
spectroscopic techniques such as'fR& *C NMR, MS, UV-visible (EAS),
ESR, TGA/DTA, magnetometry, X-ray powder diffracticand elemental
analysis.

* To synthesize metal complexes of prepared ligamttsng Co(ll), Ni(ll),
Cu(ll) and Zn(ll) salts and their structural ana@ysby spectroscopic
techniques such as IRH & *C NMR, MS, UV-visible (EAS), ESR,
TGA/DTA, magnetometry, X-ray powder diffraction aatmental analysis.

» To investigate the physical parameters of syntleescompounds such as pH,
melting point, and conductivity.

» To familiarize the surface topography of ligandsl anetal complexes by
scanning electron microscopy (SEM) study.

« To screen the antibacterial activities of synthesidigands and metal

complexes.

1.12 Justification of the Study

Active participation of drug substances for theréipeutic success is a matter of great
concern for the researchers in the pharmaceutnchistries. There is a challenging
demand in medical science for the better searclpdtentially active drugs that are
used for the treatment of diseases. Increasedaatditial resistance terrorizes human
health that requires myopic thinking in the scigntworld and so insight into
modifications of previous drugs has to be visiomnedl. Metallo-elements in trace and
ultra-trace amounts are also very essential fonthvenal physiological function of the

human body. No research works related to Schiffebasf aminoglycosides
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(kanamycin) ang-lactam antibiotics (amoxicillin) are in the litéuae search. With
this expectation, metal complexes of novel Schifasds derived from
aminoglycosides ang-lactam antibiotics will be the new hope for bettnug

substances in the clinical practices.
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CHAPTER 2

LITERATURE REVIEW

21 General Overview

This chapter explores the research works relatesctoff base metal complexes that
had been carried in the past. Due to their veesafiplications in various fields of
sciences, there is a vast dimension of researclihenfield is expanding enormously.
Almost one hundred and fifty years of study, in fledd of Schiff bases and their
transition metal complexes, forecasts the resemteest of the scientists and this
field is growing enormously in the recent yearss lhot worth to say that the research
of this type plays a key role in the advancementardination chemistry. In the
recent decades, a large volume of research workbemistry has been dedicated to
the synthesis, characterization and biological iappbns of metal complexes of
Schiff bases. Schiff base is the most familiar aveey of Hugo Schiff, who has
called one of the founders of modern chemistry. Woek of Professor Wohler
excluded the concept ofs-vitalistheory, demonstrating that there is no metaphlysica
difference between organic and inorganic substanthe great pioneer work of
Berzelius, Wohler and Hugo Schiff changed the wvisab thinking about the organic
chemical substances. Professor Schiff memorizeddiinby the word: "Remember
that you descend from Berzelius because Berzeught chemistry to the old Wohler
and the old Wohler taught me". Professor Schife tmtive of Germany, has
continued his research work in Italy and introdubédself as an Italian chemist (Qin
et al, 2013; Raniet al, 2015). After the novel work of Schiff in 1864, ma
researchers were involved in this research field gat success in synthesis and

structural design of this class of compounds.

For the continuation of Schiff base research, Kadoaoh Fidaner (1990) synthesized a
novel Schiff base ligand by the condensation ofatytarboxaldehydes with p-
phenetidine and characterized by spectral techeice@ur octahedral Mn(Il), Co(ll),
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Ni(Il) and Cu(ll) complexes and one tetrahedra{lBrcomplex of new Schiff base
ligand 1,2-bis(2'-pyridylmethyleneimino)benzene izied from 2-
pyridinecarboxaldehyde and 1,2-phenylenediamineweepared by Kasselouri et al.
(1993). They have been characterized by variousipalyand spectral techniques.
Maclachlanet al. (1996) have reported the synthesis of Cu(ll) @ complexes
of an open chain (1:2) Schiff-base ligand ,l(H), derived by the template
condensation of diaminomaleonitrile (DMN) and sghidehyde, and dicopper(ll)
complexes of (2:2) macrocyclic Schiff-base ligadésived by template condensation
of diformylphenols and diaminomaleonitrile and aiswestigated their crystalline
structure by X-ray diffraction study. The work hasen expanded enormously in the
early 2f' century after the successful applications of 3chédises and metal

complexes in various disciplinary sciences.

Recent investigations in coordination chemistry ardg Schiff base organic
compounds as one of the most employed classesgahds. The research area
encompassing the coordination compounds with tleenathine group as the main
character is widely expansive due to their poténtiderest aroused in various
interdisciplinary fields. Metal coordination to @mgc ligands brings a dramatic
change in physiological and pharmacological prefdéchelated compounds (Haas &
Franz, 2009). Chelation also provides stabilitytted compounds. Schiff bases are
generally the drug substances which are used incalestience as chemotherapeutic
agents. Chemotherapy, in general, refers to tregntient of disease with chemicals.
When used in reference to infectious diseases, tdven is antimicrobial
chemotherapy. Besides their chemotherapeutic atigics, they have played major
roles in other fields also. Simple preparative madtand easy structural design further
popularize Schiff base and its metal complexeshenresearch field. This literature
review highlights some areas of interest to Sdhaffes and metal complexes based on
their applications.

2.2 Pharmaceutical and Biomedical Applications

There are numerous publications covering the piaentse of Schiff bases in
therapeutic and biological fields either as potntirug candidates or diagnostic

probes and analytical tools. Moreover, Schiff bages present in various natural,
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semi-synthetic and synthetic compounds and have demonstrated to be essential
for their biological activities. The review artictf Abu-Dief & Mohamed (2015);
Prakash & Adhikari (2011); Da Silvet al, (2011) and Ananet al, (2012) have
summarized the important applications of Schiffdsaand their metal complexes. A
huge number of Schiff base metal complexes are abénpial biological interest
because of their remarkable biomedical applicafibeghg used as successful models
of biological compounds. They have important amtlans as anticancer
(Chakrabortyet al, 2010; Sahuet al, 2012), antibacterial (Al-Sha’alan, 2007;
Keypour et al, 2014), antiviral (Shebl, 2014), antifungal (Japaur et al, 2004;
Sherif & Abdel-Kader, 2014), analgesics (Osowole Balogun, 2012), anti-

inflammatory and several others.

Salicylaldehyde is a very important drug comporieanhd in many drugs that contain
its cyclic system. Some piperazine derivativesadse known to possess antimalarial
activities. Therefore to widen the applicationgldse class of compounds, El-Sherif
et al. (2012) have synthesized Schiff base ligand 1,Ais
hydroxybenzaldehyde)propyl]piperazine (BHPP) frasicylaldehyde and 1,4-bis(3-
aminopropyl)piperazine. They further metalize tigahd with three divalent metal
ions (Cd2, Ni*?, and C(i® and investigated their structure and biologicaivity. The
hexadentate Schiff base ligand (BHPP) was foungdssess better antibacterial
activity against both gram-positive and gram-negabiacteria. Three complexes also
exhibited moderate activity against the fungalisgavhen compared with standard

Amphotericin. The structure of BHPP ligand is preed in the Figure 7.
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Figure7: Chemical structure of (BHPP)
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The Schiff base compound, Salicylidene Anthraniicid (SAA) derived from
Salicylaldehyde and 2-substituted aniline andlite¢ metal complexes with Cu(ll),
Ni(ll) & Co(ll) have found to possess good antilamhmatory and anti-ulcer activity.
However, the copper complex of this compound showeitased antiulcer activity.

A binuclear tetradentate Schiff base ligand waspamed from 3,3',4,4-
tetraminobiphenyl and 2-aminobenzaldehyde (Figgranl its three transition metal
complexes with Cif, Ni*? and VO?have been synthesized (Mahalakshmi & Rajavel,
2010). The structure of the ligand and its metanpglexes was established by
spectral, analytical and electrochemical studié® antibacterial evaluation of ligand
and its metal complexes showed the higher antibattactivity of the complexes
compared to the free ligand.

SR

NH, NN NH,
X

|
Q

Figure8: Structure of binucleated tetra dentate Schifeldagmnd

Urease has the detrimental effect on human heglitabsing peptic ulcers, stomach
cancer etc. Transition metal complexes of someffSbhses are also found to have
potential urease inhibitors. Chenal. (2010) prepared four Schiff base ligandsHiL
by the reaction of 3,5-dibromosalicylaldehyde withchlorobenzylamine ),
benzylamine (F), cyclohexylamine (£) and N,N’-dimethylethylenediamine {L
These were complexed with four transition metalsi,(Co, Ni, and Zn). Their
evaluation for the inhibitory activity on jack bearease suggested stronger effect and
greater urease inhibitory power. The proposed stra®f copper the complex of L

is shown in Figure 9.
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Figure9: Proposed structure of Cu complex with HL

Many of the Schiff bases and their metal compleatesreported to have anti-cancer
properties. Benzamide and its derivatives possestianal values as antibacterial,
antifungal, analgesic, antihelmintic, anti-inflamiory, antimalarial, antitumor and
antiallergic activities and also employed in theeparation of aromatic ligand.
Similarly, the role of thiophene derivatives in thredicinal chemistry is very well
known for their therapeutic applications. Ni(ll) carzn(ll) complexes of general
composition M(L)% and M(LpX, (X = CI', OAc?) of Schiff base (Figure 10)
obtained by the condensation of 2-aminobenzamidle Whiophene-2-carbaldehyde
are reported to have better anti-proliferation ffen human breast cancer cell line
(MCF-7) and human hepatocellular liver carcinomH lbee (HepG2) compared to
the of free ligand (Tyagt al, 2015).

Figure 10: Structure of Schiff base ligand

Samantat al. (2007) reported the synthesis of tetradentatefSuhse ligands 1, L?
and L® from 2-acetyl pyridine with 1,3-diaminopropane ahgN-dimethyl-1,3-
diaminopropane for Land %, and Pyridine-2-carbaldehyde with 1,4-diaminobatan
for L* ligands. Anti-microbial activities of these Schiféise ligands and their metal
complexes against Candida tropicalis and Bacillegaterium have shown to possess

interesting biochemical functions.
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Reisset al. (2014) have synthesized four metal complexes eftype [MLy(H20);]

(M = Co(ll), Ni(ll), Cu(ll) and Zn(Il)) with Schiffbase ligand of cefotaxime and
salicylaldehyde. Cefotaxime isalactam antibiotic under the class cephalosporoh an
possesses increased antibacterial activity. Inpt@sent work, they have tried to
enhance antibacterial activity by the formation S¢hiff base ligand and metal

complexes. All the compounds were testedifowitro antibacterial activity against

pathogenic bacterial strains. The results revetidledsuperior antibacterial activity of

the metal complexes than the Schiff base.

Three new transition metal complexes of the type.BH,O [M = Co(ll), Ni(ll) and
Cu(Il)] have been synthesized with Schiff basewastifrom 3-substituted-4-amino-5-
mercapto-1,2,4-triazole and 4-chloro-3-coumarinaydie. Their structures have been
proposed from physical measurements and spectdinitgpes. Thein vitro
antibacterial and antifungal studies revealed higimimicrobial activities of metal

complexes than the free ligand (Patilal, 2011).

A series of three metal (oNi", and CUl) complexes have been synthesized with the
Schiff base derived from 4-aminoantipyrine and B¥g-7-hydroxy-4-
methylcoumarin/5-formyl-6-hydroxycoumarin and thbgve coordinated to metal
ions through ONO donor sites (Manjunahal, 2016). The compounds have been
investigated for antibacterial, antifungal and DMNAeavage studies. The results
showed promising antibacterial and antifungal proge of the complexes. The €o

and NI' complexes also showed interesting anthelmintiwvities.

Abdel-Rahmarnet al. (2016) have reported the synthesis of three ttatenSchiff
bases amino acids by the direct condensation ofetBamysalicylaldehyde or 4-
diethylaminosalicylaldehyde with various-amino acids. They were further
metallized with copper and produced Cu(ll) compgex&he experimental results
suggested the octahedral geometry of Cu(ll) congdexf Schiff bases amino acids.
The in vitro antimicrobial study of Schiff bases amino acidgd aheir Cu(ll)
complexes with pathogenic bacterial and fungairstreevealed stronger antibacterial
and antifungal efficiency compared to their cormesping ligands.
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Ghoshet al. (2016) have investigated the antibacterial anéatailase activities of
Co(lll) and Ni(Il) Schiff base complexes. In thesearch study, the Schiff base ligand
was prepared by four-hour reflux of salicylaldehydeith 2-(pyridine-2-
ylthio)ethanmine by the following reaction scheme 2

OH
r Ny
SN EtONa
U2 QT O
= HyN
2 \/\Cl

2-(pyridine-2-ylthio)

ethanmine ngand

Scheme 2: Preparation of ligand from salicyladehyde and @ifine-2-ylthio)ethanmine

The fair analysis of antibacterial activities oftthéhe compounds revealed that Ni(ll)
complex showed better activity againBt subtilis than E. coli whereas Co(ll)

complex showed fair activity agairt subtilisand was inactive againit coli.

Purine and triazole based organic compounds and deevatives are reported to
have relevant biological functions and many of theme naturally occurring
compounds. Ameet al. (2013) have prepared a series of Cu(ll) compl@teSchiff
bases derived from 7H-2,6-diaminopurine and 4HeBabrino-1,2,4-triazole with 2-
pyridinecarbaldehyde, salicylaldehyde, 2,4-dihygtmenzaldehyde, and 2-hydroxy-
1-naphthaldehyde. The tetradentate ligands weredowied to the metal center
through the N-atom of azomethine group and theastad-atom of it or O-atom of
OH group. Than vitro antibacterial and antifungal results showed mddeaativity
againstE. coliandS. aureusSimilarly, thein vitro antitumor activity of the complex
showed a moderate activity against the studiedioe.

The metal-based antibiotics are reported to hatterggharmacological properties. To
derive additional knowledge about antibiotic actiddnaconaet al. (2015) have
reported the isolation and characterization of Ki€ta@omplexes containing a Schiff
base ligand derived from the condensation of cephial and sulfadiazine. The
antibacterial study revealed the higher bactericafivity of Cu(ll) and Zn(ll)

complexes than the uncomplexed cephalothin anduliadiazine against the bacteria
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strains. The Mn(Il), Co(ll) and Ni(ll) complexesashed to be less toxic than the two

referenced drugs and the Schiff base ligand.

Caoet al. (2016) have synthesized and investigatedrthatro anticancer activities of
four new amino acid Schiff base oxovanadium(lV) etemes. X-ray structural
analysis showed that the V(IV) atoms in all foumgexes are six-coordinated in a
distorted octahedral environment. The anticanaedystevealed moderate activities
toward human lung carcinoma and human hepatoméreesl

Ceyhanet al. (2013) have reported the synthesis of three neviffSmse ligands derived
from benzaldehyde derivatives atmens-1,4-cyclohexanediamine and also investigated
electrochemical, photoluminescence, thermal anidamter activity properties. These
were screened for their cytotoxicity against Hebd &ero and C6 cancer cell lines.
The results showed that all of the compounds halleselective activity against all
the cell lines. Moreover the Schiff base compouB4 B has been found to show the

highest antiproliferative activity against HeLaldgle.

Anticancer property of copper complexes is conjextuto be less toxic and more
potent. Copper is a biologically relevant metal iass associated with various
biomolecules related to essential physiologicalvdEs. In a research work of
Chakrabortyet al. (2010), the anticancer activities of a family ah8f base copper
complexes of general formula [Cu(PyimpyClvere tested. The results indicated

prominent anticancer propertigsvitro as well as in vivo.

2.3  Catalytic Aapplications

Transition metal complexes are powerful catalystsr fvarious organic

transformations. They play important roles in ot processes employed in
laboratory synthesis and chemical industries. I ridicent years, Schiff bases and
their metal complexes have been extensively ingatd due to their wide range of
applications as valuable catalysts. The Schiff bem®pounds have the ability to
stabilize many metals in various oxidation stated aontrol the performance of

metals in several catalytic transformations.
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The Schiff bases and their transition metal derreatare known to possess catalytic
activity for the oxidation of alcohols and alkemeseveral synthetic organic reactions
because of their cheap, easy synthesis, their #lesmd chemical stability. Abdel-
Rahmanet al. (2016) have synthesized a new series of hexa-owiedl Cu(ll)
complexes of tri and tetradentate Schiff base ligaThe ligands were prepared by
the condensation of 2-hydroxy-l1-naphthaldehyde wAtaminopyridine for npap
ligand, 4-nitro-o-phenylenediamine with isatin aridbromosalicylaldehyde for
bsisnph and 4-nitro-o-phenylenediamine with isata 2-hydroxy-1-naphthaldehyde
for npisnph ligands. These ligands were derivatitoedcopper (l1I) complexes. The
resulted compounds were tested for catalytic oldatof benzyl alcohols to
corresponding aldehydes and ketones. The detailezbtigation showed that copper
complex of bsisnph Schiff base ligand possess kxtetatalytic activity than other

compounds.

Various lanthanide and ruthenium compounds are lalgawn to possess excellent
catalytic activity in several organic synthetic cheal reactions and deserve
themselves as a very good catalyst. In the simitak of Bhowonet al. (2004), some
ruthenium and lanthanide Schiff base complexes vedri from pyrrole-2-
carboxaldehyde and 3,4-diaminotoluene, 1,2-diamyjiclobexane, 1,8-
diaminonaphthalin, 1,3-diaminopropane, 1,2-phergdgamine, 1,2- diaminoethane
and aminophenol were prepared and characterizegly iave been investigated as
catalysts for the oxidation of primary alcohols ithe presence of N-
methylmorpholine-N-oxide as an oxidant. The catalgctivity results revealed that
the synthesized metal complexes of Schiff bases feemd to be better catalysts than

other ruthenium and lanthanide catalysts.

A number of transition metal complexes are knownatalyze transfer hydrogenation
of ketones (Venkatachalam & Ramesh, 2006). In tiied paper, The catalytic
transfer hydrogenation of imines to amines wasagoeréd by one of the synthesized
ruthenium(lll)  bis-bidentate  Schiff base complexegRuCI(PPRh)(L1),]

in the presence of isopropanol/KOH. The catalygutts were found to be accessible
and even better than other normal catalysts whtblerwise difficult to achieve or

even impossible.
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Rhodium and Iridium complexes are mostly catalysts have potential industrial
applications to lead very efficient chemical prames Biswaset al. (2015) have
synthesized novel Rhodium(lll)-triphenylphosphiramplex, [Rh(PP$)(L)Cl,](PFs)
with thioether containing NNS donor ligand 2-(méthip)-N-((pyridine-2-
yl)methylene)benzenamine and investigated its yatadhctivity. The results showed
that the complex effectively catalyzed the tran$fgdrogenation reaction of ketones

with high yield in 2-propanol.

In the recent years, the interest in the vanadiampdexes in coordination chemistry
has grown enormously due to their multifacetedvams. Tahmasebeét al. (2016)
have carried out the synthesis, characterizatiehcaystal structure determination of
oxovanadium Schiff base complexes. Additionallygythave studied and observed
the catalytic activity of synthesized vanadium cterps in the epoxidation of
alkenes. The results of this study showed thaepuwxidation of alkenes takes place

more efficiently even in a small concentration gbwanadium catalyst.

24  Applicationsin Modern Technology

The metal-containing organic polymers incorporat®chiff base complexes offer
considerable interest in the recent years becalisigem novel electronic, magnetic
and catalytic properties. The coordinating abildy metals within the polymer
backbone permits them to act as good sensors asul lalilding blocks for
supramolecular structure. Besides of biologicalenest of Schiff base metal
complexes, they have been extended for their usthanadvancement of modern
technology. Over exploitation of fossil fuels amdreasing air pollution problems can
be overcome by the use of organic polymers thptttra solar energy more efficiently
providing zero emissions of both air pollutants @meéenhouse gases. In the present
review of the literature, it has attempted to summeasome of such importance of
Schiff base metal complexes in the field of modeaence. The recent research
popularizes Schiff base metal complexes as a ofasasluable chemicals that are used
in optical computers, to measure and control thensity of the radiation, in imaging
systems, as well as in the molecular memory storageorganic materials in

reversible optical memories and photodetectorsatogical systems.
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Several research investigations suggested thajpdhemers of Schiff base metal
complexes have applications as organic photovohaaderials with good stability,
electroactivity and electrical conductivity (Jeeaadnet al, 2014). Ther-electron

conjugated system provides space for the electedocdlization along the polymer
chain and to the possibility of high charge carneobility. The substituted Schiff

base polymers in organic solar cells have theneiged performance.

Kaya and Kamaci (2012) have synthesized novel lamdlgap and thermally stable
poly(azomethine-urethane)s (PAMUS) to investigdiphatic and aromatic group
effects on some physical properties such as therstability, optical and

electrochemical properties. The PU-VANDAP has adeslectrochemical band gap
than the PU-VANDAH, which suggests that the aromgtoup is more suitable for
the photovoltaic purpose than aliphatic groups. Trwestigation thus showed that
Schiff bases with aromatic groups could be moraéd in photovoltaic applications,

than their aliphatic groups.

Kaya et al. (2015), in their another paper have measured lietrechemical and
optical band gaps of a series of polymeric Schdkds containing methyl and
carboxyl groups in the structure by cyclovoltametng UV-visible techniques. They
have carried out the synthesis of Schiff bases (&8WAP, CBAAS5MP, and

CBAA3MP) which differ from each other based on fwssition of methyl group. The
derived monomers were changed into their polymerd k(P-CBAA4AMP, P-

CBAA5MP, and P-CBAA3MP) by oxidative polycondensati in the aqueous
alkaline medium using NaOCI as the oxidant. Thetedehemical and optical band
gap studies revealed that the P-CBAAS5MP possessaeased conductivity and
suggested to be used as semi-conductive polymeletironics, optoelectronic and

photovoltaic cells.

Photochromism is the phenomenon of reversible aramatic change in the
photochemical behavior of chemical species wheadiated by electromagnetic
radiation in the ultraviolet or visible region. Tkheemical species differ from one to
another form in their frequency of absorption @hl. The absorption of radiation
leads to a photochemically stable but thermodynaltyienetastable state, with the

different colour from that of original state (Ravedtal, 2015). One of the important
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applications of photochromism is the colour chagdenses for sunglasses used as
eyeglasses. Schiff bases are the model compouatprissent photochromism. Due
to photochromic properties, Schiff base compourglsalse as photostabilizers dyes
for solar collectors and solar filters. They arsoaused in optical sound recording
technology. In the research work of Tanakal. (2010), the photochromic properties
of novel calixsalen type chiral Schiff base macadey (Figure 11) have been studied
and found colour change from yellow to orange-rg@bru photoirradiation on
enantiomerically pure crystals of (S,S,S,S,S,S)-tompound. The  orange-red

crystals returned to their initial yellow stateeafstorage for 1 h in the dark.

7 Ne

Omy 2 0D
N N
\\_©_//

Figure 11: Calexsalen type chiral Schiff base macrocycle

In the similar work of Lianget al. (2007), the photochemical properties of novel
Schiff bases based on calyx[4]arene were studie€H3CN by UV-visible and
fluorescence spectral techniques. The study redethle important applications of
these Schiff bases in supramolecular devices ttrawmnbining the photochromic

behavior with non-linear optical or charge trangfeperties.

Zhu et al. (2016) have synthesized a series of three o-
hydroxynaphthaldehydehydrazone derived Schiff basasd studied their
thermochromism and photochromism behavior. The qaiwbmism of the
compounds was investigated by IR and UV-visiblecep@hotometry which is time
variable under irradiation of 254 nm UV light. Thaitudy suggested the probable
mechanism of photochromism and thermochromism hehasf the compounds

which may be due to keto-amine and enol-imine taetism.
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25  Surfactant and Corrosion Inhibition Applications

Iron and its alloys (steel) are the important matsrused in various industrial and
engineering applications. However, their regulag usthe industrial process requires
cleaning of the metal surface and for this purpasé] solutions are used to remove
undesirable scale and corrosion products. Thisos@mn can cause serious damage to
the metal and degrade its properties. To prevenh fthis acidic corrosion, some
organic inhibitors possessing donor atoms are reduwhich prevent the metal
surface from acidic attack. Some Schiff base comgsicontaining imine group and
donor atoms like nitrogen, oxygen, and sulfur dfective to prevent corrosion of

metal surface in acidic medium.

Aouniti et al. (2016) have synthesized Schiff base (E)-2-methytHibphen-2-
ylmethylidene) aniline from 2-acetyl thiophene astlidied corrosion inhibition
behavior on steel/1.0 M HCI interface by using graetric and electrochemical
methods at 308 K. Their study revealed that theostn inhibition might take place
through its adsorption at the metal/solution irdeef. The synthesized Schiff base
demonstrated good inhibitive properties for miléestcorrosion and its efficiency

increases with increasing concentration of thelid.

Some Schiff base like (E)-2-(3-nitrobenzylideneyltazine carbothioamide and (E)-
2-(4-(dimethylamino) benzylidene) hydrazine carlmdimide are the efficient
corrosion inhibitor for mild steel in industrial vea. Their inhibition efficiency
increases with the increase of Schiff base conatotr and decreases with rising
temperature. The inhibition performance and adsmiptbehavior have been
investigated by gravimetric, potentiodynamic pdation and electrochemical

impedance spectroscopy technique (Shivakumar & Mah2013).

Singh and Quraishi (2012) have investigated theos@n inhibitory efficiency of
some Isatin based bidentate Schiff bases for ntédl sn 1.0 M HCI solution. The
study revealed excellent inhibition effect for th@rosion. They have explained the
high inhibition efficiencies of Schiff bases whidre attributed to the adherent

adsorption of the inhibitor molecules on the miige$ surface.
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El-Baradieet al. (2014) have synthesized Co(ll), Ni(ll) and Cu@hmplexes of L-
histidine Schiff base derived from 2,4-dihydroxybeldehyde and 2-
hydroxynaphthaldehyde and studied their corroantibition effect on Aluminium in
2M H,SOy by weight loss method. The obtained data indicitede compounds as
efficient corrosion inhibitors with increased intiibn efficiency on increasing the
inhibitor concentration and temperature which iggastive of a chemical adsorption

process.

The sulphur as a donor atom in the Schiff basesskeatrong affinity on transition
metal surfaces. A Schiff base of such type, namé2-hydroxybenzylidene)
thiosemicarbazide (HBTC) was investigated as aoson inhibitor for carbon steel
in saline water by using various electrochemicahsoeements. The investigation has
suggested the Schiff base compound, a good comrastobitor of carbon steel in
diluted acidic medium (Samide & Tutunaru, 2011).

Oxazepine compounds have potential medicinal ararnpdiceutical applications.
Several research studies put the information thatheterocyclic residues containing
Schiff bases possess excellent biological actaitidamak and Eissa (2013) have
synthesized a series of Schiff base by the contiensef 1,4-Bis(3-aminopropyl)-
piperazine and various aromatic aldehydes in etharibe presence of the acetic acid
catalyst. Their oxazepine derivatives have beepgresl by the treatment of Schiff
base with phthalic anhydride. The corrosion inlmigitaction of these compounds has
been investigated on steel in 1IM30, by electrochemical techniques. The study
revealed the effective corrosion inhibiting aciegt of all the synthesized compounds.

Corrosion in metallic surfaces is much concerneth vihe material loss in the
technological activities. Saline media is one & lgkading agents that cause corrosion.
The formation water produced during petroleum potida in the deep oil wells
contains a variety of dissolved organic and inorg@ompounds. These compounds
have aggressive properties to corrode the matsuldstances and for this purpose,
inhibitors are commonly used. Corrosion inhibitblsck the active sites and enhance
the adsorption process and thus decrease the icorroste to extend the life of
equipment. Nitrogen-based organic surfactants Hmeen used successfully as the

corrosion inhibitor in the oil and gas fields eveithout an understanding of the
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inhibition mechanism. Migaheet al. (2011) have synthesized a new family of Schiff
base nonionic surfactants and evaluated their smmadnhibition effect on X-65 type
tubing steel in deep oil wells formation water. Tiesults showed good inhibition
properties for the corrosion. This is attributedth@ strong adsorption ability of

surfactant molecules on the metal surface.

Negm et al. (2011) have synthesized a new series of catiociuffSbases and
evaluated the corrosion inhibitory effect on carlsteel in acidic medium (2N HCI) at
25 °C using the weight loss technique. The reslitsved the decreasing corrosion

rate by increasing the doses of Schiff base suafast
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CHAPTER 3

MATERIALSAND METHODS

This chapter delineates the chemicals/reagents fasdtie synthesis of novel Schiff
base ligands and the metal complexes. The varibysigal, analytical and spectral
techniques employed for the characterization valldiscussed here and the details of
the antibacterial activity study will also be adsked. Procedural details regarding the
synthesis of Schiff base ligands and their metatmexes will be discussed. The X-
ray powder diffraction study will be reported aethppropriate subchapter that will
provide the information regarding the crystallindgfthe compounds. The technique
for the detailed antibacterial activity study valso be presented here.

3.1 Materials/ Reagents

All the chemicals and the reagents used for thestigation were of analytical grade
and used without further purification. The drugmmiheals were procured from various
international standard companies and also fromrpaegutical companies through
the local dealers of the market. The distilled raathl was used as the solvent for the
synthesis. The distillation of methanol was donestandard techniques before use.
Four metal chloride salts (M&xH,O, M = Co(ll), Ni(ll), Cu(ll) and Zn(ll)) were
used for the synthesis of metal complexes. Du@wel solubility of Kanamycin in
alcohol, 90% methanol was used for this purpose Glimical strains of human
pathogenic bacterial organisms needed for the actebal sensitivity study were
collected from the microbiology laboratory of Nobkledical College Teaching
Hospital and Suraksha Hospital, Biratnagar. Listlsémicals and reagents used for
the synthesis of Schiff bases and metal complexeswammarized in the Table Al.

The instruments and glass apparatus used in treximent are listed in the Table A2.
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3.2  Synthesisof Schiff Base Ligands

Out of several synthetic methods of Schiff basenfdron, solvent free synthesis by
microwave irradiation technique is considered &srétent and fast method with no
chemical pollution that supports green chemistryHas limitations in its use (Jain &
Mishra, 2012; Pandet al, 2013). However, synthesis by reflux method issidered

as a traditional method but used widely in the aes® Three series of Schiff base
ligands were prepared by the chemical reactionsdmfy substances in their

stochiometric ratios.

3.2.1 KMAXC Schiff Base Ligand

Initially, amoxicillin trihydrate (4 mmol, 1.678 gjvas dissolved in 30 mL hot
methanol and was refluxed at 25 °C for 4 hours undastant stirring condition. The
pH of the solution was maintained to 4.5 by addew drops of sulphuric acid. In the
next operation of this synthetic process, kanamygctilphate (4 mmol, 2.33 g) was
dissolved in 30 mL (90%) hot methanol and homogaskgostirred for few hours

under hot condition. These two were mixed and i fmixture was refluxed for 15

hours at 35 °C. During its preparation, the pHh& mixture was adjusted to neutral
by adding few drops of 0.1N NaOH solution (Chaugh&arMishra, 2015). The light

yellow solid was obtained after volume reductionwhs recrystallized and dried
under vacuum over anhydrous calcium chloride. Tdiel roduct was stored in an

airtight vial, till its further use.

3.2.2 AXCPC2 Schiff Base Ligand

The novel Schiff base ligand (AXCPC2) ((E)-6-(2Kydroxyphenyl)-2-(pyridine-2-
methyleneamino)acetamido)-3,3-dimethyl-7-oxo-4-thiaza—nbicyclo[3.2.0]
heptanes-2-carboxylic acid) was prepared by refigithe equimolar mixture (1:1) of
amoxicillin trinydrate and Pyridine-2-carbaldehyidemethanol solvent medium. For
this purpose, 5 mmol (2.0975 g) amoxicillin trihgtlr in 30 mL methanol was stirred
under hot condition over the magnetic stirrer fevesal hours and 5 mmol (0.471
mL) pyridine-2-carbaldehyde was added. The pH ef thixture was checked and

maintained neutral by adding 0.1N NaOH solutione Thixture was refluxed for 4
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hours till it became clear yellow color (Chaudhé&rishra, 2018). The solution was
left undisturbed for better crystal formation andggbt yellow solid was separated
after volume reduction. The solid was recrystatliZzeom hot methanol and dried in
the desiccator using anhydrous CaChe ligand was stored in the airtight vial in the

refrigerator till its further use.

3.2.3 AXCPC3 Schiff Base Ligand

The novel Schiff base ligand AXCPC3 was preparetbbews: 5 mmol (2.0975 g)
amoxicillin trinydrate in 30 mL methanol was caiéfistirred under magnetic stirrer
at the hot condition. Solubility in Methanol was nked at the temperature elevation
state. Meanwhile, the pH of the amoxicillin was ustigd to 7 to make a neutral
solution by adding 0.IN NaOH solution. 5 mmol (@4%L) pyridine-3-
carboxaldehyde (nicotinaldehyde) was added dropteiske hot amoxicillin solution
under constant stirring condition (Chaudhary & M&h2017). Finally, the solution
was refluxed for 4 hours and bright yellow solidswseparated after volume reduction
(Yang & Sun, 2006). The solid was filtered and ystallized from hot methanol and
dried in the desiccator using anhydrous GaCThe ligand was stored in the air tight

vial in the refrigerator till its further use.

3.3  Synthesisof Metal Complexes

The synthesis of metal complexes was attemptedhdptandard procedure reported
in the literature (Khaet al, 2013; Naeimet al, 2013; Jain & Mishra, 2012; Singh &

Singh, 2014). In our investigation, the mixture lgfand and appropriate metal

chloride salts in the calculated volume of methama$ refluxed under the constant
stirring condition by using magnetic stirring beadlke crystalline product was dried
in the desiccator and kept in the airtight viathe refrigerator till its further use.

3.3.1 Metal Complexes of KMAXC Schiff Base Ligand

To the hot and homogeneously stirred 50 mL aqueawoeshanolic solution of
KMAXC (2 mmol, 1.662 g), was added 5 mL methanaidution of metal chloride

(2 mmol) salts. The mixture was then refluxed unither stirring condition at 45 °C
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for 15 hours. On cooling, the precipitates of metahplexes of different color were
obtained, filtered and washed with methanol. Theagexes were re-crystallized and

stored in the airtight vial in refrigerator tillefr further use.

3.3.1.1 Synthesis of Co-KMAXC

General procedure for the synthesis of metal coxesglas depicted in the sub unit
3.3.1. For the preparation of Co-KMAXC complex, 3 mnethanolic solution of
CoCh.6H,O (2 mmol, 0.4758 @) salt was used. The purple redlosolid was
precipitated after the volume reduction of the 8otu The solid product was filtered
and washed with methanol. It was stored in thagairtvial in refrigerator, till its

further use.

3.3.1.2 Synthesis of Cu-KMAXC

General procedure for the synthesis of metal coxeglas depicted in the sub unit
3.3.1. For the preparation of Cu-KMAXC complex, 3 mmethanolic solution of
CuCh.2H,O (2 mmol, 0.3409 g) salt was used. Light blue wlosolid was
precipitated after the volume reduction of theuedld solution. The solid product was
filtered and washed with methanol. It was storethaair tight vial in refrigerator, till

its further use.

3.3.1.3 Synthesis of Zn-KMAXC

General procedure for the synthesis of metal coxeglas depicted in the sub unit
3.3.1. For the preparation of Zn-KMAXC complex, 3. rmmethanolic solution of

ZnCl, (2 mmol, 0.2725 g) salt was used. The yellow cosolid was precipitated
after the volume reduction of the solution. Thadsgpkoduct was filtered and washed

with methanol. It was stored in the airtight vialrefrigerator, till its further use.

3.3.2 Metal Complexes of AXCPC2

The Schiff base ligand under this category wasanep by the procedure reported in
the section 3.2.2. Co(ll), Ni(ll), Cu(ll) and ZnYIsalts were used for the preparation
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of respective complexes. To the hot and homogemestised solution of ligand (1
mmol, 0.454 g) in 20 mL methanol, was added haitgm of metal salts dissolved in
methanol and refluxed for several hours using lgekater condenser. The physical
change observed in the solution was the simpleatidin for the complex formation.
The specific reaction conditions applied during ¢henplex formation is described in

the following subsequent units.

3.3.2.1 Synthesis of Co-AXCPC2

To the hot and homogeneously stirred solutiongdnd (1 mmol, 0.454 g) in 20 mL
methanol, was added hot solution of Co@H,O (0.5 mmol, 0.1189 g) in 10 mL
methanol. The mixture solution was refluxed for &ifs under hot water bath with
constant stirring. The stirring is done to homogenihe molecules and to facilitate
bonding of the ligand with metal ions. The coffetoced Co-AXCPC2 complex was
obtained by volume reduction of the solution. Thkdswas separated, washed with
methanol and dried in the desiccator. The complasg stored in the airtight vial in

the refrigerator, till its further use.

3.3.2.2 Synthesis of Ni-AXCPC2

General procedure for the synthesis of metal coxeglas depicted in the sub unit
3.3.2. For Ni-AXCPC2 complex, 10 mL methanolic smno of NiCl.6H,O (0.5

mmol, 0.1188 g) salt was used. Beaver colored su#id separated after the volume
reduction of the solution. The solid product wédtefed and washed with methanol. It

was stored in the airtight vial in the refrigeratilt its further use.

3.3.2.3 Synthesis of Cu-AXCPC2

General procedure for the synthesis of metal coxeglas depicted in the sub unit
3.3.2. For Cu-AXCPC2 complex, 10 mL methanolic solu of CuC}.2H,O (0.5

mmol, 0.085 g) salt was used. Rifle green colo@al roduct was separated after
the volume reduction of the solution. The solidduat was filtered and washed with

methanol. It was stored in the airtight vial in tieérigerator, till its further use.
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3.3.2.4 Synthesis of Zn-AXCPC2

General procedure for the synthesis of metal coxeglas depicted in the sub unit
3.3.2. For Zn-AXCPC2 complex, 10 mL methanolic solu of ZnCh (0.5 mmol,

0.0681 g) salt was used. Ruddy brown colored seéd separated after the volume
reduction of solution. The solid product was filerand washed with methanol. It

was stored in the airtight vial in the refrigeratil its further use.

3.3.3 Metal Complexes of AXCPC3

Four metal chloride salts have been selected fersgmthesis of metal complexes
under this category of Schiff base ligand. Theyen@o(ll), Ni(ll), Cu(ll) and Zn(ll)
complexes of AXCPC3 Schiff base.

3.3.3.1 Synthesis of Co-AXCPC3

The novel ligand was prepared by the procedureritbestin 3.2.3. The Co-AXCPC3
complex was prepared by adding hot solution of G&6ELO (0.5 mmol, 0.1189 g) in
10 mL methanol to the hot solution (approx. 60 8€the AXCPC3 Schiff base (1
mmol, 0.454 g) in the same solvent (20 mL methanidie mixture was stirred over
magnetic stirrer under hot condition. The resultmixture was refluxed for 2 hours
for the complex formation. Alternate stirring oktmixture was also done to facilitate
the bonding of ligand with the metal ion. The baaored Co-AXCPC3 complex was
obtained by slow cooling of the solution at roormperature. The solid was filtered,
washed with methanol and dried in the desiccatorguanhydrous calcium chloride.

The complex was stored in the airtight vial in th&igerator, till its further use.
3.3.3.2 Synthesis of Ni-AXCPC3

The similar experimental procedure was appliecha3.3.3.1 for the synthesis of the
Ni-AXCPC3 complex of AXCPC3 Schiff base ligand. Ni®H,O (0.5 mmol, 0.1188

g) in 10 mL methanol solution was used for the prapon of Ni-AXCPC3 complex.

Green colored solid product was collected by fiitna process and washed with hot
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methanol. It was dried in the desiccators usingydrdus calcium chloride and was

stored in the airtight vial in the refrigeratotl itis further use.

3.3.3.3 Synthesis of Cu-AXCPC3

The similar experimental procedure was appliecha3.3.3.1 for the synthesis of the
Cu-AXCPC3 complex of AXCPC3 Schiff base ligand. CuZH,O (0.5 mmol,
0.0852 g) in 10 mL methanol was used for the pgpar of Cu-AXCPC3 complex.
Green colored solid product was collected by fiitna process and washed with hot
methanol. It was dried in the desiccator using dntwys calcium chloride and was

stored in the airtight vial in the refrigeratotl itis further use.

3.3.3.4 Synthesis of Zn-AXCPC3

The experimental procedure was similar to that mlesd in the earlier sections.
ZnCl, (0.5 mmol, 0.0681 g) in 10 mL methanol was useadttie preparation of Zn-
AXCPC3 complex. The light yellow colored solid prumtl was collected by filtration
process and washed with hot methanol. It was dni¢ke desiccator using anhydrous
calcium chloride and was stored in the airtight wmathe refrigerator till its further

use.

34  Characterization Techniques

The physical and spectral characterization of ymthesized compounds furnishes the
important information which is essential for stuwret elucidation and stereochemistry.
The characterization techniques employed for thesemt research are elemental
microanalysis, pH measurement, conductivity measard, FT-IR, Electronic
absorption spectral studyH & *C NMR, ESI-MS, EPR, XRPD study, SEM and
TGA/DTA analysis. They will be discussed belowla appropriate subchapters.

3.4.1 Elemental Microanalysis

Elemental (CHN) microanalysis supports in the dtecdetermination by providing

percentage composition of the elements which arglicable to discover the
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molecular formula. Its information is also accelsito ascertain the structure and

purity of the synthesized compounds.

3.4.2 pH Measurement

The legational behavior of Schiff base ligandstfa formation of metal complexes is
generally driven by deprotonation reaction andvdgation in pH value is considered
as an important evidence of chemical reactiongymhetic chemistry. The formation
of metal complex can be predicted by the decreaspH value in general case.
Therefore the pH values of the synthesized compopuvete determined in suitable
solvents. For the present research, this measutewss carried by dissolving the
compounds in DMSO and/or methanol solvents. Inwark, the pH measurement
was done in Elico-16 pH meter in Bio-inorganic avidterials Chemistry Research

Laboratory of Mahendra Morang Adarsh Multiple CamypBiratnagar.

3.4.3 Conductivity Measurement

Conductivity measurement is an important physieahbique to gain supportive
information about the metal complex formation imnation chemistry. The molar
conductance values of the complexes were measured/L000 solution of
synthesized compounds in either of DMSO or methawdents. The change in
conductance values from ligand to complex formai®ra necessary clue for the
chelation of ligands with metal ions. The condutyivneasurement was done in
Labtronics auto digital conductivity meter (Modell416) in Bio-inorganic and
Materials Chemistry Research Laboratory of Mahendi@ang Adarsh Multiple

Campus, Biratnagar.

3.4.4 Electronic Absorption Spectra (EAS) and Maigndoment Study

Electronic absorption spectroscopy (also called wiBible spectroscopy) is an
important instrumental tool for the coordinationenfists to draw the important
information about the structural aspects of the glemes. For the present research
work, the electronic absorption spectral study aesieved in M/1000 solution of the

synthesized compounds in DMSO and/or methanol stdveThe study was
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conducted in Labtronics UV-visible spectrophotomeia Surface Chemistry
Laboratory of Mahendra Morang Adarsh Multiple CamypBiratnagar. The magnetic
moment of the metal complexes was analysed in lekesVSM 7410 model
instrument and the data were collected from SATRMIadras, India.

3.4.5 FT-IR Spectral Study

The IR spectral study is another important instnotaletool for the characterization of
the ligands and complexes. Basically, it gives rimfation regarding the presence of
functional groups, other structural components dahd metal ligand bonding
parameters. The instrument uses infrared radiatdribe electromagnetic spectrum
for the vibrations of the bonds in the compoundsimf which wealth of information
can be achieved. The data of the IR bands candmegsed to derive the presence of
structural components of the molecules. The bamndstd metal-ligand coordination
are mainly observed in the far IR region around 580. The IR spectra were
recorded as KBr pellets on a Perkin Elmer 783 FBiectrophotometer in the range
of 4000-400 crif.

3.4.6 'H & *C NMR Spectral Study

The'H & *C NMR spectral data provide valuable informatiogamling the structure
of Schiff base ligands and metal complexes. NMRcspscopy is such a modern
instrumental tool without which a chemical researctannot think for the design of
the proper structure of unknown compounds. Theibghdnode of the ligand with
metal centers in diamagnetic complexes can beaggikeved by theitH & **C NMR
spectral comparison. For the present research weRH & *C NMR spectra were
recorded on Bruker Avance Ill, 400 MHz spectrometsing DMSO-d6 as solvent
and TMS as the internal reference chemical.

3.4.7 ESI-MS Spectral Study

Mass spectrometry is also an important instrumetaal for the determination of
molecular mass of the synthesized compounds. Thelaton of molecular mass

with microanalytical data provides the informataout the molecular formula of the

41



compounds. Recently mass spectrometry uses elpsomnization technique and it
is also called ESI-MS. This is advantageous forftheation of molecular ion peaks
because this is soft ionization technique andeliftlagmentation occurs in the
compounds. It is also suitable for the determimatocd molecular mass of metal
complexes, since, in LC-MS, the metal ions mayamberthe column. For the present
investigation, ESI-MS spectra were recorded in tpasimode on Agilent Q-TOF
mass spectrometer equipped with an electron spmaigation source in the mass
range of 200 to 1100 at SAIF-CDRI Lucknow, India.dnother investigation, MS
spectra were carried out TOF-MS on water KC-455 ehaastrument at 1IT Delhi,

India.

3.4.8 TGA/DTA Study

For the present investigation, thermal events (THAY) of the compounds were
recorded on Perkin-Elmer thermal analyzer withnedr heating rate of 10 °C rflin
and 20 °C mitt in the range of 40-730 °C at SAIF, STIC Cochinditn In another
case, TGA/DTA studies were carried on Shimadzu T8BA thermal analyzer
scanning at a linear heating rate of 10 °C han University of Delhi, India and their
decomposition profiles were noticed at differerdgsts of temperature ranges. The
thermogram of the complexes reveals the changarirearea corresponding to their

decomposition at various temperatures.

3.4.9 EPR Study

Electron paramagnetic resonance (EPR) spectrogsapyery powerful instrumental
tool that provides valuable structural and georoetrinformation about a wide
variety of complexes with unpaired electrons. Aisiothe biochemists and biological
researchers, EPR technique holds successful appfisato solve several pertinent
biological problems (Sahet al, 2013). It requires the presence of an unpaired
electron spin and thus the paramagnetic substamugsafford this behavior. The
room temperature X-band ESR-JEOL spectra of theptmxas were recorded on
JES-FA200 ESR spectrometer at SAIF, IIT Bombayidnt@ihe standard lines that are
used in the EPR model are of Mn, which has beertedin the graph.
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3.4.10 X-ray Powder Diffraction Study

The powder diffraction is a scientific instrumentaichnique that uses X-ray as
electromagnetic radiation that strikes on powdemarocrystalline samples for the
structural characterization of material substan@é® instrument dedicated for this

study is called X-ray powder diffractometer.

In our research, single crystal growth was unswsfoesso the structure and
crystallinity of the compounds were checked by pemdiffraction technique. Several
crystalline parameters can be achieved by the wagen of diffractograms of the
compounds. The XRD powder pattern was recordedwanrteacal type Philips 1130/00
X-ray diffractometer operated at 40 kV and 50 Managators using the
monochromitized CuK line at the wavelength 1.54056 A as the radiasionrce and
this was done at Delhi University, India. In anatlexperiment, this event was
accomplished using Bruker AXS D8 Advance X-ray rdittometer with the
monochromatised Cu<Kline at wavelength 1.5406 A as the radiation sewned the
measurements were taken over the rangeddfl@ to 70°). The diffractogram of the
compounds was obtained by solving the raw data'jirerk Highscore Plus software
program. Further crystallographic information walstamned by CRYSFIRE and
CHECKCELL software program.

3.4.11 Surface Morphology Analysis

The scanning electron microscope (SEM) uses a é&ocusam of high energy
electrons that scan the surface of solid mateeats generate a surface image. The
high energy electronic interaction with atoms ire ttnolecules produces various
signals that contain information about the surfexgography, chemical composition
and crystalline structure (Kareeshal, 2016). This interaction on the sample surface
dissipates secondary electrons and backscattexetiazls which are used for imaging
samples. The secondary electrons originate frorhinvih few nm from the surface
and provide topographic information. The backscatteelectrons originate from
much deeper within the sample and interact muatngty (Hafner, 2007). In our
study, this analysis was performed in JEOL JSM-6390 scanning electron

microscope.
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3.5 Molecular Modding Study

Molecular modeling is a computer simulation teclweicto design the molecular
graphics and optimize the molecular geometry of pheposed structures. In our
investigation, 3D molecular modeling of the progbstructure of the Schiff base
ligands and metal complexes was achieved by ChemBEaUltra program package
and ArgusLab 4.0.1 version software program pack&ygghet al, 2014; Souzat
al., 2008). ChemDraw is molecular modeling software ste@etch the chemical
structures of the molecules. It is supported byousrtools to design the molecules in
2D and 3D forms. ArgusLab is a program to build ptyia representations of
molecular models. The various tools of this sofevanable to optimize geometry,
calculate energy, build surfaces and perform Gauossalculations to customize the
molecular model. It assists in visualizing molecutabitals, electron densities,
electrostatic potentials and spin densities onsiinidace of molecules. Electrostatic
potential mapped electron density on the surfac@aécules can also be visualized.
This is also supported by various molecular propertalculations like single point
energy calculation and geometry optimization calttah to draw the stable molecular

geometry of the proposed molecules.

3.6  Antibacterial Sensitivity Study

Recent antibacterial resistance data of the popadibiotics are terrorizing the
medical science. Antibiotics are one of the coregdrfor the treatment of several
kinds of diseases and are said to be the miracig olr the modern medicine (Bérdy,
2012; Li & Vederas, 2009; Walsh & Wencewicz, 2018)edical practitioners
prescribe antibiotics in every prescription. Thghhdose use of antibiotics is the main
cause for cell toxicity in the human body and madyerse effects can be seen, that
sometimes may cause death. Improper use of antbicd also the cause for the
failure of this drug (Anacona & Lopez, 2012; Garblgguraet al, 2011; Reiset al,
2014). Hence it is essential to revive them eithemodified drug design or by their
complexation with various transition metals. Litera review search described in
chapter 2 reveals the potential use of Schiff baséstheir transition metal complexes

as valuable antibiotics. They bear potential phaotagical properties and thus, this
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class of compounds is considered as the valuablarn@tophore in the

pharmaceutical science.

In the present investigation, the antibacterialdgtinas been carried to show the
biological potency of synthesized Schiff bases #rair transition metal complexes.

This has been executed by modified Kirby-Bauer pdpse diffusion technique.

3.6.1 Sterilization of Equipments

Sterilization is a process to kill all the typesnaitro-organisms from the objects. This
can be achieved by various techniques like expdsuneat, chemical treatment, high
pressure or sensitive membrane filtration procksthe present investigation, all the
essential equipment were first thoroughly washetth wetergents and distilled water
and then sterilized by exposure to dry heat in aamooven at 200 °C for 2 hours.

They were kept in laminar flow till their furthese.

3.6.2 Procedure for the Preparation of Media

For most of the antibacterial study, nutrient agedium was used for better growth
because it contains sufficient nutrients requiredthe growth of micro-organisms.
The nutrient agar suspension was prepared by tbeided guidelines of the
manufacturing company. The petri dish, agar suspenand other glass accessories
were autoclaved at 120 °C for 15 minutes. The daved suspension was cooled for
few minutes and then carefully poured into eachepl@he plates were kept in UV
laminar flow to create a sterile zone and to prébawcterial contamination. The plates

were left on the sterile zone until the agar hdislisied.

3.6.3 Preparation of Culture

Both gram-positive and gram-negative pathogeniddoachave been examined for
the antibacterial investigation. They wele coli, P. vulgaris, K. pneumonia, B.
subtilis and S. aureus fresh culture of such clinical bacterial straimas collected

from the microbiological laboratory of Nobel Medi€ollege and Teaching Hospital,

Biratnagar and also from Suraksha Hospital Pvt, Bichtnagar, Nepal.
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3.6.4 Organism Information

Escherichia coli

It is a type of gram-negative and nonsporulatingtérdum, typically of rod-shaped
and about 2um long. The morphological evidence ssiggthat the diameter of the
bacterial cell ranges from 0.25-1 um, with cellurake 0.6-0.7 urh It belongs to
Enterobacteriaceaémily. Its cell wall is composed of a thin pemtgdycan layer and
an outer membrane. This outer membrane provideasr@ebto antibacterial agents

and thus most of the antibiotics are under redistathis organism.

About hundred strains d&. coli bacteria have been isolated and known so far, that
inhabit the large intestine of many mammals, iniclgcdhuman. Most of the strains are
harmless to us that help in digestion of food aeepkharmful bacteria under control.
Some of the strains help in the metabolism of vitak and B complex formation.
However, some strains oE. coli cause severe food poisoning leading to
enterohemorrhagic diarrhea. This bacterial straistrdys the cells lining the wall of
the large intestine and damages the blood vessalsing internal bleeding. Such
condition is dangerous for small children and caugk for death (Hieet al, 2008).
People with weak immune systems, such as younglrehilor elderly are more
vulnerable to this bacterial strain. In the preseméstigation, the antibiotic study has

been conducted with clinical strains of human pgémickE. coli.

Proteus vulgaris

Morphologically,Proteus vulgarigs a rod shaped gram-negative bacillus, belongs to
the bacterial family of Enterobacteriaceae. It isoanmon inhabitant of the human
intestinal tract as a part of normal human intedtitora along withE. coli and
Klebsiella species and a urinary tract pathogen. In humansan cause many
different types of infections including urinary ¢tanfection and wound infection. It is

a common cause of sinus and respiratory infec®pecially in South East Asia.
Proteus vulgarisan be deadly in the respiratory infection if lefitreated or if treated

with antibiotics that have only an intermediatesetfon the pathogen. The course of
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treatment is very long for the respiratory infenficeven if treated by sensitive

antibiotics.

Proteus vulgarigs a type of motile bacterium whose mobility isedio peritrichous
flagella. The bacterial cell possesses extracysopia@ outer membrane which in the
environment share with other gram-negative bact&iavulgaris has the ability to
produce urease and to alkalinize the urine by Hydimg urea to ammonia and this
environment is favorable for its survival. Ureaseduction, together with the
presence of bacterial motility and fimbriae mayoafavor the upper urinary tract

infection. It also causes sepsis neonatorum anieivée with fever and neutropenia.

Klebsiella pneumoniae

Klebsiella pneumoniaés a gram-negative, nonmotile and rod-shaped baoteof
Enterobacteriaceae family. German microbiologisdwi Klebs, in 18 century
studied this organism and hence nank@dbsiella This organism normally lives
inside human intestine, where it does not causeades Clinically it is considered as
the human pathogenic organism that specificallyseauestructive changes in lungs.
The most common disease caused by this organisroraschitis (also called
bronchopneumonia) which in acute form can causefats death of people. In
addition, Klebsiellacan also cause infections in the urinary tractielobiliary tract,
bloodstream and surgical wound sites. Mostly thddheraged and older people are
more vulnerable to this disease. Healthy peopleallysudo not get Klebsiella
infections. The patients who require external devitke ventilators or intravenous
catheters and the patients who are taking longsesuof certain antibiotics are most
at risk for this infection. There is no evidence ludcterial spread through the
atmospheric air; however, it spreads through persorperson contact or less
commonly by the contaminated environment. Recesgarch report suggests the high

risk of resistance to antibiotics in the courséreatment of this organism.

Bacillus subtilis

Bacillus subtilisis rod-shaped gram-positive strained bacterium wbielongs to the

family Bacillaceae The bacterial cell is externally covered by adrigell wall which
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is composed of the polymers of sugars and amindsazalled peptidoglycan. They
form tough and protective endospore to survive mherate extreme environmental
conditions of temperature. Endospores can stay a@atrfor a long period of time and
reactivates under the favorable condition. Gengr#itley are found in soil and also
inhabit the gastrointestinal tract of humans. lovgg well in the oxygenated
environment but can adapt in low to no oxygen cowli The mobility of bacteria is
due to the presence of flagella found around itdyb&xcept for few species, the
majority of Bacillus species is non-pathogenic drad never been associated with
disease in human. The clinical spectrum of infedi@caused by Bacillus species
includes food poisoning, localized infections rethto trauma, deep-seated soft tissue
infections and other infections (e.g. meningitisidecarditis, osteomyelitis, and
bacteremia).

B. subtilisis not a frank human pathogen but has on sevecalstans been isolated
from human infections. Infections attributed B. subtilis include bacteremia,

endocarditis, pneumonia, and septicemia. Howevesset infections were found in
patients in decreased immune states. There alse Ibeen several reports of food
poisoning attributed to large numbers Bf subtilis contaminated food. Unlike
several other specie8. subtilisis not considered toxigenidt does produce the
extracellular enzyme subtilisin that has been repborto cause allergic or
hypersensitivity reactions in individuals repeayeeikposed to it. OveralB. subtilis

has a low degree of virulence.

Staphylococcus aureus

Staphylococcus aureuwas discovered by the surgeon Sir Alexander Ogston
Scotland in 1880 in the pus from surgical abscedsas a Gram-positive coccal
bacterium that belongs to the bacterial famil\Stdphylococcaceadt can grow very

well on all culture media. It is a facultative ar@@c organism which can grow even
in the absence of oxygen. The commonest infect@assed by this organism are
those of skin and superficial tissues of the bolfycan also cause respiratory
infections such as sinusitis and food poisoningnadical literature, this bacterium is

often referred to a$. aureusand in a group, it appears as grape-like clustrs.
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aureusis morphologically small round shaped and non-leatbcci. Transmission of
this pathogenic organism occurs through air drgphthen an infected person coughs
or sneezes, the bacterial suspension of small eiopf saliva or mucous spreads in
the air and then transmits to others. Another commethod of transmission is
through direct contact with bacterially contamimbtébjects. Approximately 30% of

healthy individuals carry this organism in theises, pharynx and on their skin.

Besides the commonest skin infection, it can cauiker infections like pneumonia,
meningitis, osteomyelitis, and endocarditis. Theoll infection by pathogeni§.
aureusorganism results in the symptoms like fever, shilnd hypotension. In skin
infections, it results in the pus-filled abscesseth drainage of pus. In food
poisoning, this bacterium releases a toxin intofthes and the people taking this
contaminated food can suffer from severe nausea@miting. In the recent years the
antibacterial resistance . aureusstrains of the bacterium has been increasing and
the ability of this organisms to spread in bothpiad and community settings has
increased (Naber, 2009).
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Figure 12: E. coli(a&b), P. vulgaris(c), K. pneumonidd), B. subtiis(e), S.aureugf)

(Source: Interngt
3.6.5 Preparation of Paper Disc
Whatman filter paper no. 1 was used for the premaraf paper disc. The filter paper
was cut by paper punching machine to the size ahd 6 mm. The paper disc was

heated to remove the moisture and to activate pbsorcapacity. The disc was
sterilized before loading of the synthesized conmaisu
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3.6.6 Loading of Chemicals

The different concentrations of synthesized chelwicgere prepared in DMSO
solvent and the paper disc was loaded with chesgdh the help of a capillary tube.
The loaded paper was dried by blowing hot air tghohair drier machine and the

maximum amount of solution was absorbed.

3.6.7 Inoculation of Organism and Measurement @vin Inhibition Zone

Few colonies of organisms were suspended in trgptenya broth to make
homogenous suspension and kept for two hours &C3ibr uniform growth. The

bacterial culture was then swabbed on agar medtative help of sterile stick swab.
The loaded paper discs were stuck on the swabbedlameand the plates were
incubated at 37 °C for 24 — 36 hours in the incoibakhe discs of both negative and
positive control drugs were also stuck on the méaliiacomparison of the inhibition

zone. The diameter of the zone of inhibition waamed and measured with the

help of antibiogram zone measuring scale.
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CHAPTER 4

RESULTSAND DISCUSSION

4.1  Physical Measurements

The better understanding of the behavior of metaimpmlexes can be well
accomplished by the study of their physical prapsrt which includes colour,
solubility, melting point, pH and conductivity messments. These are essential to
gain supportive information, regarding the ligamal @omplex formation during the
chemical processes. The different chemicals hasie timique physical properties and
their detailed study helps in designing the medrarof the reaction and also helps in

predicting the nature of the compounds.

4.1.1 Colour

The interaction of electron cloud of the ligandhwitegenerate d-orbitals of metal ions
split them into different energy levels, correspogdto the geometry of the
complexes. Exposure of electromagnetic radiationsteh complexes leads to
characteristic absorption of energy and electraraosition from lower to higher
energy level takes place. If the complex absorlesteimagnetic radiation in the
visible region of the spectrum, then it emits egeopmplementary to absorbed
radiation and produces colour of the chemicals. ngbain the colour of the
complexes is due to the different range of eledtrabsorption, either by bonding
or nonbonding or by free electrons. Generally, theomophores in presence of
auxochromes show electronic absorption in UV-vesilbegion and provide the
characteristic colour of the substances. Conjugdiiother enhances the intensity of
colour. The free electrons of metals in their caampk exhibit electronic absorption
and furnish various colours of the metal complexdse different colours of the

synthesized compounds have been referenced iratfie 2-4.
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4.1.2 Solubility and Melting Points

The solubility and melting points are the charaster physical properties of the
chemicals. The solubility of the ligands and metainplexes was examined in water
and various organic solvents. Their solubility data reported in the Table A3. The
observation of solubility data revealed that thgatids and metal complexes were
insoluble in water but soluble in organic solvenihie ligands were soluble in
methanol, DMSO, and DMF whereas metal complexe® weluble in DMSO and
DMF. The melting points were determined by fillifigely powdered sample in a

glass capillary and heating in GallenKamp meltioghpapparatus.

4.1.3 Conductivity Measurement

Conductivity data evaluates the nature of the cemgd as electrolytes or non-
electrolytes. In the present investigation, thedemtivities of the complexes at the
concentration of M/1000 were measured at room teatpes and their data are
presented in the Table 1. The observation of dataaled the non-electrolyte type of
the metal complexes which is indicated by theirdranivity values below 100 puS

cmt,

4.1.4 pH Measurement

The complexation in coordination chemistry is ofsmtompanied by deprotonation
of ligand which is the true cause of the variatadpH in the solution phase. In the
general case, there is drop down in pH valuesestiution in moving from ligand to
metal complexes. The variation in pH values is caieh to being the indication of
the complex formation during the reaction. The pdiues of ligands and their metal
complexes are reported in the Table 1. The datwshbe variation of pH values
from 3.98 to 6.3. Moreover, the ligands have higpét values than the metal

complexes.
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Table 1: Molar conductivityXy) and pH data

SN.  Compounds Geometry Ay inpS/icm @' mol*cn?)  pH

1 KMAXC - - 6.23

2 AXCPC3 - - 5.58

3 AXCPC2 - - 5.60

4 Co-KMAXC Octahedral 20.1 4.32
5 Cu-KMAXC Square Planar 18.9 4.28
6 Zn-KMAXC) Tetrahedral 5.1 5.69
7 Co-AXCPC3 Octahedral 21.8 4.56
8 Ni-AXCPC3 Square Planar 19.9 4.35
9 Cu-AXCPC3 Tetrahedral 35.2 4.23
10 Zn-AXCPC3 Tetrahedral 5.6 5.12
11 Co-AXCPC2 Octahedral 25.6 3.98
12 Ni-AXCPC2 Square Planar 20.9 4.25
13 Cu-AXCPC2 Tetrahedral 31.1 4.11
14 Zn-AXCPC2 Octahedral 8.7 5.10

4.2  Microanalytical Results

Elemental analysis is an analytical technique Far tapid determination of carbon,
hydrogen, nitrogen, and sulphur in the organic imegrand other types of materials
either qualitatively or quantitatively. CHNS anatyss a cost-effective technique that
can provide crucial information on the purity amhposition of chemical substances.
The instrument used for this purpose is called etgal analyzer. In our research
work, the microanalytical results of the Schiff edigands and their metal complexes
are reported in the Table 2-4. The microanalytresllts are in good consistent with
the proposed stoichiometry of the compounds.
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Table 2: Physical properties and microanalytical data diAXC Schiff base ligand and metal

complexes
Complex Empirical Formula Color Yield Calculated (Found) (%)
Formula Weight %
C H N O S
KMAXC CzsHs5N7045S 845.92 Light 71 49.72 6.48 11.64 2840 3.75
yellow (49.12) (6.38) (11.75) (28.9) (3.91)

Co-KMAXC  CaHssCON-OicS  920.85 Purple 65  45.70 6.10 10.62 27.85 3.53
(44.99) (6.20) (10.78) (27.89) (3.55)

Cu-KMAXC  CaHssCuNOieS 92546  Light 68 4538 589 10.64 27.71 3.45
blue (45.48) (5.92) (10.66) (27.75) (3.48)

Zn-KMAXC) CaHssN;0SZn 927.30  vyellow 56 4539 595 1052 27.55 7.15
(45.35) (5.88) (10.75) (27.68) (7.21)

Table 3: Physical properties and microanalytical data ®C®RC3 Schiff base ligand and metal

complexes
Complex Empirical Formula Color M.P. Calculated (Found) (%)
Formula Weight (°C)
C H N 0] S
AXCPC3 CooH2oN4OsS (L) 454.13 Bright 140 58.14 4.88 12.33 1760 7.06
yellow (58.21) (4.81) (12.25)  (17.57) (6.95)
Co-AXCPC3 G H.,CoNgO1,S, 1001.2 Blue 285 52.74  4.63 11.18 19.16  6.40
(CoL,.2H,0) (52.69) (4.69) (11.26)  (19.20) (6.64)
Ni-AXCPC3  CuHiNgNiO3S, 964.18  Green 270 54.73 4.38 11.60 16.57 6.64
(54.55) (4.59) (11.59)  (16.45) (6.44)
Cu-AXCPC3 GHiCuNgOypS, 969.18  Green 160 54.45 4.36 11.55 16.49 6.61
(54.52) (4.49) (11.63) (16.55) (6.73)
Zn-AXCPC3 GHsNgOS,Zn 970.18  Light 250 54.35  4.35 11.52 16.45 6.60
yellow (54.41) (4.43) (11.57)  (16.49) (6.57)
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Table 4: Physical properties and microanalytical data ®C®RC2 Schiff base ligand and metal

complexes
Complex Empirical Formula Color Calculated (Found) (%)
Formula Weight
C H N O S
AXCPC2 CoHoN4OsS (L) 454.13 Cocoa 58.14 488 1233 1760 7.06

Brown (58.18) (4.82) (12.29) (17.62) (7.01)

Co-AXCPC2 G4Hi2CoNgO1S, 965.18  Coffee 54.71 4.38 11.60 16.56 6.64
(54.69) (4.40) (11.58) (16.51) (6.67)

Ni-AXCPC2 CiHaNgNiO1S, 964.18  Beaver 54.73 438 11.60 16.57 6.64
(54.69) (4.37) (11.55) (16.55) (6.60)

Cu-AXCPC2 GHi2CuNgO1S, 969.18 Rifle 54.45 4.36 1155 16.49 6.61
green (54.39) (4.41) (11.48) (16.52) (6.56)

Zn-AXCPC2 GsH4eNgO1.S,Zn 1006.2  Ruddy 52.41 4.60 11.11 19.04 6.36
(ZnL,.2H,0) brown (52.42) (4.63) (11.15) (19.12) (6.32)

4.3  Spectroscopic Results and Discussion
4.3.1 FT-IR Spectral Study
4.3.1.1 FT-IR Spectra of KMAXC and Metal Complexes

The FTIR spectral comparison of Schiff base ligamdl metal complexes provide
crucial information about the metal-ligand interactand coordination mode of the
ligand to the metal ions (Aziet al, 2012). In our work, the pentadentate KMAXC
ligand displayed various IR spectral bands charstie of the groups present in it,
which have been shifted and even diminished in soases after coordination with
the metal ions. The broad absorption bands infhspectra at 3442 ¢cMKMAXC),
3419 cm' (Co-KMAXC), 3425 cni (Cu-KMAXC) and 3432 cril (Zn-KMAXC)
complexes are attributed to the coalesce(OFH / N-H) stretching bands (Rahaman
& Mruthyunjayaswamy, 2014). The symmetric and aswinio v(C-H) stretching
frequencies of the CHgroup in the spectra of KMAXC ligand and metaigmdexes
are noticed around 3000 &m(Coates, 2000). The significant differences in the
absorption frequencies are observed in the regitwden 1775 and 1200 ¢nand at
lower frequencies below 600 €mThe intense band due to azomethif€=N)
stretch is perceived at 1644 ¢rfor the KMAXC (Krishnapriyaet al, 2008) and it
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has shifted to lower wave numbers in the spectranetial complexes (Naiet al,
2012). The IR spectra of metal complexes displesogiiion bands in the region of
1635-1641 cni characteristic t#(C=N) stretching frequencies. The IR spectral bands
for v(C=N) stretch of Co-KMAXC, Cu-KMAXC, and Zn-KMAXC amplexes were
observed at 1641, 1637, and 1635 craspectively. In fact, in all the complexes, the
absorption band for(C=N) stretch has shifted to lower wave numberdjcating
their participation in the coordination with metaihs. The IR absorption frequency at
1675 cnt due to amide(C=0) stretch in ligand has undergone negative shif 668
cm?, 1660 cn and 1663 ¢ corresponding for Co-KMAXC, Cu-KMAXC and Zn-
KMAXC complexes (Liouet al, 2005). This confirms the participation of amide
(C=0) group for ligation with metal ions. Th€C-N) stretching frequency for amide
and amine groups at 1442 ¢rin IR spectrum of KMAXC has shifted to 1434 ¢m
for Co-KMAXC complex, 1428 cifor Cu-KMAXC complex and 1424 cfor Zn-
KMAXC complex respectively and these nicely suppibwt participation of such
groups in the coordination process with metal iofise metal-ligand bonding has
further substantiated by the appearance of absorand in the region of 420-435
cm™* and a medium intensity band in the region of 580-6ni' assignable for(M-

N) and v(M-O) stretching vibrations, which were absent ire tspectrum of free
KMAXC ligand (Abdallahet al, 2010; Osowole & Daramola, 2011) These overall
data suggest the ligand metal interaction throumgimeethine-N, amide-N, amine-2 N
of Kanamycin moiety, heterocyclic-O and amide-Qha ligand. The FT-IR data are
summarized in the Table 5 and the correspondingtispare displayed in the Figures
13- 16.

Table5: FTIR spectral data of KMAXC Schiff base liganddanetal complexes

Complex v(NH, v (C=N) v(C=0) v(C-N) v(M-N)  v(M-O)
OH) azomethine amide amide/amine
KMAXC 3442 1644 1675 1442 - -
Co-KMAXC 3419 1641 1668 1434 429 502
Cu-KMAXC 3425 1637 1660 1428 425 528
Zn-KMAXC 3432 1635 1663 1424 433 520
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4.3.1.2 FT-IR Spectra of AXCPC3 and Metal Complexes

The most significant IR spectral bands are presemt¢he Table 6. The IR spectrum
of free ligand (AXCPC3) and all the metal complex€®-AXCPC3, Ni-AXCPC3,
Cu-AXCPC3, and Zn-AXCPC3) reveal characteristicdor@bsorption bands in the
region between 3100 and 3500 tntorrespondingv(N-H) and v(O-H) phenolic
stretch. The azomethindC=N) stretching vibration band for AXCPC3 is neticat
1640 cn which has shifted to 1633, 1625, 1636 and 1629 fan Co-AXCPC3, Ni-
AXCPC3, Cu-AXCPC3 and Zn-AXCPC3 complexes respetyiv implying its
coordination to the metal center through azometmitegen (Imaniet al, 2015;
Rama & Selvameena, 2015). The IR absorption bandsAXCPC3 and metal
complexes in the region of 1510-1513 trand 1433-1437 cthare attributed to
asymmetric and symmetric stretching vibrations d®@H groups respectively
(Anaconaet al, 2013). These absorption bands in the free ligéanCPC3) and its
metal complexes are almost in the same regioncatidg its non-coordination with
metal ions. The well-resolved bands at 3417'cfor Co-AXCPC3 complex
corresponds to the(O-H) stretching vibrations (Figure 18) (Pahomtual, 2013).
The less intense band at 606 tis assignable to bending vibration of two lattice
water molecules of the outer sphere region. Thalrigand bonding in Co-AXCPC3
is evidenced by the observation of new bands indher frequency regions at 425
and 526 crit characteristic to(Co-N) andv(Co-O) stretching vibrations, that are not
seen in the IR spectrum of AXCPC3. The Ni-AXCPC3nptex attributes specific
bands at 1625 civ(C=N) azomethine, 3337 ¢h/(O-H), 429 cnt v(Ni-N) and 687
cm* for outer sphere lattice water molecules. The {ERC3 complex executes a
strong azomethine band at 1636 tmhich has undergone a negative shift by 4'cm
relative to that of the free ligand. The other figant FTIR bands are observed at
3379 cntt v(O-H), 444 cnt v(Cu-N) and 686 ci for outer sphere lattice water
molecules. The formation of the Zn-AXCPC3 complex @videnced by strong
azomethine band at 1629 ¢m(C=N) which has shifted by 11 ¢htowards a lower
wave number relative to the free ligand AXCPC3jadating metal coordination with
azomethine nitrogen. The metal nitrogen coordimaisofurther evidenced by a sharp
peak at 415 cih corresponding tov(Zn-N) stretch (Joshi & Habib, 2014). The
bending vibration of lattice water molecules is fooned by the less intense peak at

657 cm'. FT-IR spectrum in combination with other specstidies also reveals the
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coordination of metal with the nitrogen of amideogp. The spectra of metal

complexes are shown in the Figures 17 — 21.

Table6: FTIR spectral data of AXCPC3 Schiff base ligand anetal complexes

Complex V(NH) & v(C=N) vaymCOOH) vgn{COOH) py HO v(M-N)  v(M-O)
v(OH) (imine)

AXCPC3 3303 1640 1510 1433 - - -

Co-AXCPC3 3417 (b) 1633 1510 1433 606 425 526

Ni-AXCPC3 3337 1625 1513 1435 687 429 -

Cu-AXCPC3 3379 1636 1512 1436 686 444 -

Zn-AXCPC3 3340 1629 1512 1437 657 415 -
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Figure 17: FTIR spectrum of AXCPC3 ligand
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4.3.1.3 FT-IR Spectra of AXCPC2 and Metal Complexes

The FT-IR spectra of ligand and metal complexessamvn in the Figures 22 - 26.
The IR spectrum of AXCPC2 ligand exhibits broadaapson band in the region
between 3600 and 2800 ¢rwith a peak at 3336 cfrand two shoulder peaks at 2963
and 2928 cnl corresponding ta/(N-H), v(O-H) andv(C-H) overlapping stretching
vibrations. The shoulder peaks associated with thisad absorption band are
attributed to methyl(C-H) symmetric and asymmetric stretch. The mebahglexes
also exhibit broad absorption band corresponding/(k-H), v(O-H) and v(C-H)
overlapping stretching vibrations in the similagioms, with highest peak intensity at
3397, 3391, 3395 and 3308 ¢nfor respective Co-AXCPC2, Ni-AXCPC2, Cu-
AXCPC2 and Zn-AXCPC2 complexes. ThEC=N) stretch attributed to azomethine
bond for AXCPC2 at 1657 cfnhas observed to experience a downward shift of 7 t
13 cm* upon complexation with metal ions (Arésal, 2013; Reiset al, 2014). The
relatedv(C=N) stretch peak for Co-AXCPC2, Ni-AXCPC2, Cu-ARC2 and Zn-
AXCPC2 complexes are observed at 1650, 1644, 16471851 crit respectively.
The IR spectrum of AXCPC2 exhibitg(COOH) symmetric and asymmetric
stretching vibration bands at 1439 and 1514.8 emd no appreciable change of this
value is observed in the IR spectra of metal corgdeThe carboxylie(C=0) stretch
for the ligand is observed at 1737 tmnd this value has shifted to 1710, 1740, 1725
and 1740 cil for Co-AXCPC2, Ni-AXCPC2, Cu-AXCPC2 and Zn-AXCPC2
complexes. This shift in positions may be attribut®d change in electronic
environment after complexation (Zivet al, 2012). Most of the IR absorption bands
of the complexes in the fingerprint region are famiproviding their identity. Metal-
nitrogen bonding in the complexes is ascribed leyappearance of less intense peaks
in the region of 418 to 463 ¢(Table 7). The Co-AXCPC2 and Zn-AXCPC2
complexes also exhibit less intense IR absorptiesikg at 568 and 525 cimnwhich
correspond to metal-oxygen bonding.
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Table7: FTIR spectral data of AXCPC2 Schiff base ligand anetal complexes

Complex v(NH) & v(C-H) v(C=N) vagym Vsym v(C=0) v(M-N)  v(M-O)
v(OH) methyl (imine) (COOH) (COOH) -carboxylic

AXCPC2 3336 2963, 1657 1514.8 1439 1737 - -

2928
Co-AXCPC2 3397 (b) 2959, 1650 1514.42 1440 1710 463.47 567.92
2927
Ni-AXCPC2 3391 1644 1514.49 144096 1740 422 -
Cu-AXCPC2 3395 2957, 1647 1513.52 1440.24 1725 418 -
Zn-AXCPC2 3308 2960, 1651 1514.35 1438 1740 418.32 525.21
2926
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Figure22: FTIR spectrum of AXCPC2 ligand
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4.3.2 'H & *C NMR Spectral Study

NMR spectroscopy is used to identify the carbonrbgdn framework of the organic
ligand and metal complexes. Due to the differeattebnic environment of protons in
the molecules, they show the resonance peaks fatatif regions of the spectrum,
depending on their extent of shielding and deshigl@ffects. The shielded protons
deliver NMR signal towards low chemical shift valaed deshielded protons deliver
the signal at high chemical shift value region Igiet al, 2007; Silversteinet al,
2005). Furthermore, the splitting of signals intaltiplets furnishes important
information regarding the types of protons presanthe molecule. Sometimes the
loss of signal in the NMR spectrum of metal compkexelative to ligand also
executes important information about the point whcment of ligand with metal
center (Claridge, 1999).

4.3.2.1'H NMR Spectra of KMAXC Schiff Base and Zn-KMAXC Caiex

The formation of Schiff base (KMAXC) ligand and itkamagnetic Zn-KMAXC
complex is supported by th#H NMR spectral study. The spectral comparison
delivers the idea about the binding nature of lggda metal ions. The integral
intensities of each signal in th#d NMR spectra of KMAXC and Zn-KMAXC
complex are found to agree with the number of chiffié types of protons present. In
our study, théH NMR spectrum of KMAXC ligand displays the resonarsignals at
1.79, 3.65, and 11.5 ppm assigned to;GEHOOCH;, and Ar-OH protons respectively.
No change in the positions of these signals hasroed in the'H NMR spectrum of
Zn-KMAXC complex, indicating non-involvement of the groups in the coordination
process. The spectrum of KMAXC ligand exhibits altiplet in 6.6-7.8 ppm region
which may be assigned to Ar-H protons. Doublet peak4.75 and 5.45 ppm are
assigned to N-CH and N=C-CH protons of fi#actam ring and at 9.05 ppm are
assignable to NH proton lying between amide carbang thep-lactam ring of the
ligand. However, the resonance signal assigned b p¥oton in free ligand
disappeared in the'H NMR spectrum of Zn-KMAXC complex, indicating
deprotonation of this group and the involvementcirelation process. Side chain
methylene proton of kanamycin moiety linked to aetiine nitrogen exhibits

doublet peaks at 2.09 ppm. No appreciable shifHhnNMR peak positions has
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observed in the spectrum of Zn-KMAXC complex thashbeen assigned to
kanamycin moiety except the decrease in intengityH, peak. The change in peak
position of NH protons in Zn-KMAXC complex is also an indicatiasf its
participation in coordination. The intense singkalp at 3.2 and 4.07 ppm may be
attributed to NH and OH protons of Kanamycin. ThE NMR spectra of KMAXC
and Zn-KMAXC are respectively shown in the Figu?&sand 28.

T J 1
12 11 10 9 B 7 6 5 4 3 2 1 0 =1 ppm

Figure 27: 'H NMR spectrum of KMAXC
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Figure 28: H NMR spectrum of Zn-KMAXC

4.3.2.2'"H NMR Spectra of AXCPC3 Schiff Base and Zn-AXCPGahlex

The *H NMR spectra of the AXCPC3 ligand and its diamaign&n-AXCPC3
complex were recorded in the DMS@-blvent and their spectral comparison was
made to confirm the binding mode of ligand to thetah centers. ThéH NMR
spectral data of the mentioned compounds are cadpathe Table 8 and the spectra
are shown in the Figures 29 and 30. In the specwtirAXCPC3, the signal for
carboxylic proton appears at10.122 ppm, which is still present in the spectmim
Zn-AXCPC3. The signal for a phenolic OH proton inthh AXCPC3 and Zn-
AXCPC3 appears at 9.425 ppm as a broad peak. The pyridine ring pogxecute
multiple peaks in the range 8f8.535 - 8.864 ppm for AXCPC3 and this peak range
is still present in the spectrum of Zn-AXCPC3, walight variations (Carrefiet al,
2015). The azomethine proton in AXCPC3 exectkeNMR signal at5 9.094 ppm
which has shifted downfield &t9.295 ppm, suggesting its coordination with ziog i
of Zn-AXCPC3 (Asadiet al, 2014). Two doublets observed®6.718 - 7.625 for
AXCPC3 ands 6.72-7.66 ppm for the complex are attributed tornaatic ring
protons. The methyl protons of amoxicillin moietytioth AXCPC3 and Zn-AXCPC3
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appear as a singlet peak in the regior df118-1.562 ppm. Amide NH proton for

AXCPC3 executes signal at 8.241-8.271 ppm, whicbgent in the spectrum of Zn-

AXCPC3, and this confirms the coordination of amii@tom with metal center via

deprotonation (Naglaét al, 2015).

Table8: 'H NMR spectral data of AXCPC ligand and Zn-complex

Comp. Chemical shifts) ppm Assignment

Ligand AXCPC3 AXCPC2
10.122 (s) 10.122 (s) Carboxylic proton
9.425 broad 9.723 broad Phenolic OH proton (May be due to H-bond)
9.094 (s) 9.225 (s) Azomethine proton

8.535 -8.864 (m) 8.197-8.443
8.241 - 8.271 (s) 8.008-8.130
6.718 - 7.625 two (d) 6.691-7.767

Pyridine ring protons
Amide NH proton
Ar-H protons

1.118 - 1.562 1.146 - 1.495 Methyl protons
Zn-complex  Zn-AXCPC3 Zn-AXCPC2
10.123 (S) 10.123 (S) Carboxylic proton
9.425 broad 9.75 broad Phenolic OH proton (May be due to H-bond)
9.295 (s) 9.440 (s) Azomethine proton

8.534 -8.865 (m) 8.187-8.594
6.720 - 7.660 two (d) 6.713-7.784
1.118 - 1.571 1.229 - 1.521

Pyridine ring protons
Ar-H protons
Methyl protons
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Figure 29: 'H NMR spectrum of AXCPC3 ligand
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Figure 30: 'H NMR spectrum of Zn-AXCPC3
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4.3.2.3'"H NMR Spectra of AXCPC2 Schiff Base and Zn-AXCPGahplex

The'H NMR spectra of AXCPC2 ligand and diamagnetic 24@%C2 complex are
presented in the Figures 31 & 32 and their chensbdt data are documented in the
Table 8. The structure of the ligand and Zn-AXCR®&plex under this category is
almost similar to AXCPC3 and therefore the speotsgblanation is similar to the

above section.
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Figure31: 'H NMR spectrum of AXCPC2 ligand

73



L

Figure32: 'H NMR spectrum of Zn-AXCPC2

4.3.2.4%C NMR Spectra of AXCPC2 Schiff Base

13C NMR spectral study furnishes idea about the diffe kinds of carbon atoms and
their electronic environment in the molecules. @ NMR spectrum of AXCPC2
Schiff base ligand delivers a signal for carboxylarbon at 174.05 ppm. The signal
for azomethine carbon appears at 152.279 ppm. Tdmalsat 171.043 ppm is
attributed to lactam carbonyl carbon and the sigoabther carbons of lactam and
thiazole ring appear in the range of 40.229 to BbApm. The aromatic ring carbons
deliver the signal in the range of 115.622 to 183.@pm and the signals in the range
of 137.492 to 149.636 are attributed to pyridinggrcarbons. The methyl carbons
show the signal at 29.450 ppm. The recorded spaafuAXCPC2 ligand is given in
the Figure 33 and the spectral data are reportdteiiiable 9.

74



Table9: *C NMR spectral datas(ppm) of AXCPC2 ligand

AXCPC2 Ligand Assignment Chemical Shifppm
COOH 174.05
7\ C=0 171.043
—\ CH=N 152.279
H(;\ Pyridine ring carbon 149.636, 149.027, 137.492
H Aromatic ring carbon 131.259, 128.283, 123.083,
N S, CH; 122.526, 115.622
HO O OJ;I\'I/%CPB Lactam & thiazole ring 55.177, 40.785, 40.507,
COOH  carbon 40.229,
DMSO 39.951, 39.673, 39.396,
39.118
CH; 29.450
L cesggees

_._.."'_
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Figure33: *C NMR spectrum of AXCPC2 Schiff base ligand
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4.3.3 Mass Spectral Study

4.3.3.1 Mass Spectra of KMAXC and Metal Complexes

The mass spectra of KMAXC ligand and its metal claxgs were recorded and are
used to compare their stoichiometric compositione Thass spectrum of KMAXC
ligand shows a molecular ion peak at m/z 845, wiimtiesponds to formula weight
of the compound. In addition, other peaks for liband are observed at m/z 683,
506, 414, 373, 341 and 266 with significant intgnand they correspond to fragment
ion peaks. The molecular ion (MA)peaks for metal complexes appear at m/z 921,
925 & 927 for Co-KMAXC, Cu-KMAXC and Zn-KMAXC compixes respectively
and confirmed their formula weights. For Co-KMAXGraplex, the various peaks at
m/z 740, 712, 684, 657, 629, 464, 396, 363 and ®tBlate fragment ion peaks.
Likewise for the Cu-KMAXC complex, the fragment igpeaks are observed at m/z
869, 711, 681, 655, 628, 362, and 341. The Zn-KMActinplex delivers fragment
ion peaks at m/z 785, 657, 483, 466, 359 and 3@8. mass spectra of ligand and

metal complexes are presented in the Figures 34 — 3

- S — KCass|

M1 18 (D.292) AM (Top.8, Ht,5000.0,0.00,1.00); Sb (1,80.00 }; Sm (SG, 1x2.00) TOF MS ES+
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| i
— . 507.8721
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| 2186889 i | l415.0045 539 4697
| N || 2345197 | I I | ?7“-27“0 “,esa.osas 845.822
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Figure 34: Mass spectrum of KMAXC ligand
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Figure 35: Mass spectrum of Co- KMAXC
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Figure 36: Mass spectrum of Cu- KMAXC
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KC455
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Figure 37: Mass spectrum of Zn- KMAXC

4.3.3.2 Mass Spectra of AXCPC3 and Metal Complexes

The TOF mass spectrum of the synthesized compowadscarried in ES positive
mode which revealed molecular ion peak [M+Hht m/z 455 for the free ligand
AXCPC3 and this corresponds proposed molecular d@amveight of the ligand.
Besides this, some additional peaks at m/z 414, 382, 250 and 172 are due to the
fragment peaks produced by fragmentation of moé¥doin. The molecular ion peak
for metal complexes such as Co-AXCPC3, Ni-AXCPC3-AXCPC3, and Zn-
AXCPC3 appear at m/z 1001.2, 964, 969 and 970 c&ispy, which are consistent
with their proposed molecular formula (Table 3)eT®o-AXCPC3 delivers fragment
ion peaks at m/z 734, 553, 531, 473, 431, 385 &advidth considerable intensity.
The fragment ion peaks for Ni-AXCPC3 are observieah/a 882, 854, 726, 685, 641,
507 and 434. Likewise the Cu-AXCPC3 delivers fragmen peaks at m/z 813, 682,
668, 628, 419, 369, 327 and 307. The Zn-AXCPC3vddithis type of peaks at m/z
726, 685, 619, 507, 456, 412 and 384. The masdgrapet AXCPC3 and metal
complexes are presented in the Figures 38 - 42.
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Figure 38: Mass spectrum of AXCPC3 ligand
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Figure 39: Mass spectrum of Co-AXCPC3
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Figure4l: Mass spectrum of Cu- AXCPC3
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Figure 42: Mass spectrum of Zn- AXCPC3

4.3.3.3 Mass Spectra of AXCPC2 and Metal Complexes

The mass spectra of AXCPC2 ligand and its four heaenplexes are presented in
the Figures 43 - 47. The peak at m/z 456 in thereig3 signifies molecular ion peak
[M+H] " for AXCPC2 ligand. The Figure 43 also delivers metto high intensity

peaks at m/z 413, 390, 316, 284, 210 and 196. Tpes&s are associated to
fragmentation of the molecular ion peak of therdidaThe metal complexes viz. Co-
AXCPC2, Ni-AXCPC2, Cu-AXCPC2 and Zn-AXCPC2 delivexspective molecular

ion peaks at m/z 966, 965, 970 and 1006.2, whichngty support proposed
molecular formula of the complexes. In addition,-@&6CPC2 complex delivers

fragment ion peaks at m/z 643, 574, 499, 396, 389, 241 and 214. Likewise the
Ni-AXCPC2 complex delivers similar peaks at m/z 5483, 411, 381, 379, 363, 292,
270 and 240 that are due to fragmentation of théecntar ion. The fragment ion
peaks for Cu-AXCPC2 complex are observed at m/z 683, 396, 364 and 182. For
Zn-AXCPC2 complex, the peaks at m/z 807, 711, B8, 385, 320 and 210 report
various fragments of the molecular ion. All thesstadof the molecular ions and

fragment ions nicely correlate the proposed mokeogiometry of the compounds.
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Figure44: Mass spectrum of Co-AXCPC2
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Figure 45: Mass spectrum of Ni-AXCPC2
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Figure46: Mass spectrum of Cu-AXCPC2
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Figure47: Mass spectrum of Zn-AXCPC2
4.3.4 Electronic Absorption Spectra (EAS) and Magndoments Analysis

4.3.4.1 EAS of KMAXC and Metal Complexes

Besides of the high energy—n transition bands, attributed to aromatic ring of
amoxicillin moiety, the appearance of additionals@iption band at 356 nm
corresponds to-pr intra ligand charge transfer band with the involeamof C=N
group of the ligand. The electronic absorption spee of Co-KMAXC complex
displays rRon” transition band at 324 nm. The ligand-metal chargesfer band
(LMCT) for this complex is deduced by the absonmptiand observed at 364 nm. The
additional d-d transition band at 615 nm corresgoidT,(F)—*T,(P) transition and
represents the octahedral geometry of this comf{ii:Sherifet al, 2012). For Cu-
KMAXC complex, the appearance of three closely spgaabsorption bands at 322,
325 and 350 nm may be due te>n transition. The electronic absorption band at
660 nm may be assigned ¥o,(F)—’B4(P) transition and corresponds to the square
planar geometry of this complex. This is furthepmorted by d-d transition band
displayed at 670 nm. The electronic absorption tspecr of Zn-KMAXC complex
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displays a high-intensity absorption band at 365 which has been assigned to
ligand-metal charge transfer band and revealsitatiedral geometry. The concern
geometry of these complexes is also supported dy tdbserved magnetic moment
values. The Co-KMAXC and Cu-KMAXC complexes, witthserved magnetic
moment values 3.12 and 1.81 BM suggest their pagastec nature and execute 2
and 1 unpaired electrons respectively. The zincptexmwas found diamagnetic. The
electronic absorption data for KMAXC ligand andntgtal complexes are reported in
the Table 10.

Table 10: Electronic absorption spectral data of KMAXC atsdmetal complexes

No. Compound Peak  positionsAssignment

(nm)
1 KMAXC 356, 430 n—-m

Intra ligand CT band

2 Co-KMAXC 324,364 n—n  LMCT band

615 T1F)—>*T1P)
3 Cu-KMAXC 322, 350 n—n’ LMCT band

660, 670 ’A1F)—°B14(P), d-d transition
4 Zn-KMAXC 365 n—n’ LMCT band

4.3.4.2 EAS of AXCPC3 and Metal Complexes

The electronic absorption spectrum of AXCPC3 ligafisblays ron intra ligand
charge transfer band at 356 nm which may be dulketanvolvement of C=N group
of the ligand moiety (Dewt al, 2014). Moreover, the additional bands in the argh
wavelength region are observed in the complexed #ignify metal-ligand
coordination. The Co-AXCPC3 complex exhibits twecstolict bands in the high
wavelength region of the spectrum at 457-488 nm %4 nm. The former band is
assignable td'TioF)—"T1o(P) and latter band indicatéd(F)—"To(F) transition,
confirming its octahedral geometry (Sherif & Abd&@der, 2015). The magnetic
moment value (4.75 BM) executes high spin stateobflt with 3 unpaired electrons
and this further supports this geometry. The higargy bands for this complex are
observed at the range of 346-371 nm, assignaliiesto ligand metal charge transfer
(LMCT) transition. The electronic absorption speotr of Ni-AXCPC3 complex
displays d-d transition band at 460 nm assignab}éiﬁlBlg transition along with
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the bands in the low wavelength region at 346 nod(Rriet al, 2016; Kundwet al,
2016). Diamagnetic nature of this complex is sutigesof complete distortion of
octahedral geometry and confirms its square plgeametry. The magnetic moment
value (1.82 BM) for Cu-AXCPC3 executes 1 unpairéecteon and the electronic
absorption spectrum of paramagnetic Cu-AXCPC3 cermpkhibit absorption band
in the high wavelength region at 485 nm, attributedT,—E transition which is
suggestive of tetrahedral geometry (Jabhal, 2012). Other high energy bands for
this complex are observed at 337 and 344 nm whactesponds to »n ligand
metal charge transfer (LMCT) transition. The Zn-ARC3 complex displays an
absorption band at 346 nm assignable to the LMG@hsition, compatible with
tetrahedral geometry and this is further suppotigdits diamagnetic nature and
absence of a d-d band, due to its compléleelctronic configuration. The data are

summarized in the Table 11.

Table 11: Electronic absorption spectral data of AXCPC3 imdnetal complexes

No. Comp. Peak positionsAssignment
(nm)

1 AXCPC3 356 n—n intra ligand CT band

2 Co-AXCPC3  346-371 n—n’ LMCT band
457-488 T1(F)—"Ti(P)
549 “T1(F)—"TooF)

3 Ni-AXCPC3 346 n—n LMCT band
460 'A15—"B1g

4 Cu-AXCPC3 337,344 n—n LMCT band
485 T,—E

5 Zn-AXCPC3 346 n—n LMCT band

4.3.4.3 EAS of AXCPC2 and Metal Complexes

The electronic absorption spectral data for AXCHI@and and its corresponding
metal(ll) complexes are presented in the Tablerb2. electronic absorption spectrum
of AXCPC?2 ligand shows a peak at 301 nm, whichssignable to #»n" transition.
The intra ligand charge transfer band for the ligappears at 361 nm. Thesm
transitions in metal complexes appear at the simviavelength regions with minor

variations in the data and this may be due to lfamge in electron density around the
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target group. Besides these absorption peaks, roetaplexes deliver peaks in the
high wavelength regions and this probably describeggeometry around metal ions.
The octahedral Co-AXCPC2 complex displays thre@gdt®on peaks at 465, 590 and
853 nm, assignable tdTi(F)—'Tiy(P), Tig(F)="Ax(F), and “Ti(F)—*ToyF)
transitions respectively. The ligand metal chamgegfer band (LMCT) is attributed
by the absorption peak at 409 nm. The observed eti@gmoment value (5.32 BM)
executes high spin state of cobalt with 3 unpaexttrons and further confirms
octahedral geometry of this complex (El-Shetifl, 2012; Singlet al, 2013; Zhang
et al, 2012). The Ni-AXCPC2 complex exhibits two absmmpt bands at high
wavelength region at 516 and 690 nm, which may be tb 'A;;—'B;y and
'A1,—"Byg transitions respectively and these assign squiamap geometry of the
complex. The tetrahedral geometry for the Cu-AXCRG&iplex has been proved by
T,—?E transition with corresponding absorption bandeaped at 508 and 625 nm.
This is further supported by observed magnetic mmmalue (1.75 BM), with one
unpaired electron. The diamagnetic Zn-AXCPC2 compleivers high energy bands
at 308 and 402 nm, which correspond tem and ligand metal charge transfer band.
Due to the complete '8 electronic configuration, d-d transition band wast
observed. Association of two,8 molecules in the zinc complex has been suggested
by thermal analysis study and coordination numbehas favored around Zhion in
the complex. Based on the experimental evidenceroamnalytical, spectral and
thermal studies, an outer orbital octahedral gepnfeds assigned for zinc complex
(Igbal et al, 2005).
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Table 12: Electronic absorption spectral data of AXCPCd &is metal complexes

No. Comp. Peak positionsAssignment
(nm)

1 AXCPC2 304, 361 n—n , intra ligand CT band

2 Co-AXCPC2 309, 410, n—n’, LMCT band
465, T1(F)—"T1(P)
590, “T1o(F)—"AsgF)
853 T1o(F)—"T2o(F)

3 Ni-AXCPC2 307, 420, n—n, LMCT band
516, 'A15—"B1g
690 'A15—"Bog

4 Cu-AXCPC2 310, 396, n—n, LMCT band
508, 625 T,—°E

5 Zn-AXCPC2 308, 402 n—n, LMCT band

4.3.5 EPR Spectral Analysis

Electron paramagnetic resonance (EPR) spectrossapyery powerful tool that can
provide valuable structural and dynamic informatadrthe molecules. It requires the
presence of an unpaired electron spin in the mt#@seciThe unpaired electrons have a
small magnetic field, which in the presence of speseter's magnet, either will align
(ms = -1/2) or oppose (g +1/2) the direction of the magnetic field. Theparation

of energy states depicts the mathematical relatipngE = hv = gfH, where g is
Lande's splitting factor an@l is conversion constant called Bohr magneton (Myrph
2009).

In EPR spectroscopy, the transition of electroriestdetween the Zeeman levels
occurs upon the absorption of a quantum of radiaticthe microwave region. For a
free electron, the value of g is 2.0023192778 anddeviation from this value is due
to orbital contribution to the magnetism in the q@bexes. The EPR spectrum
provides valuable information regarding the g tensalues (g, g, andga,) and
exchange coupling interaction parameter (G). Thiievaof G is calculated by
Hathaway expression;

_ 912

G
g_._—z
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The g, value averaged over all directions is calculatgthle expression;

1
Jav = § [g” + 29.]

Here g denotes g tensor in the z-axis)(gnd g denotes g tensor in x and y-axis (g
and g). The data of g tensor and G values are used tawkthe electronic
environment and the possible geometry of the coxegleAccording to Hathaway, if
the value of G is greater than 4.0, the exchangelow interaction is negligible and
if G is lesser than 4.0, a considerable exchangglow is present in the complex
(Bharti et al, 2010; Mahmoucet al, 2016; Mishraet al, 2013; Rajasekaet al,
2010). Kivelson and Nieman have reported that foioaic environment gis 2.3 or
larger, but for a covalent environmenty, ig less than 2.3 (Abdel Aziet al, 2012;
Ahmed & Khaled, 2015; Aziet al, 2012).

4.3.5.1 EPR of Cu- AXCPC3

The solid state X-band EPR spectrum of the Cu- ARGRomplex (Figure 48) was
recorded at room temperature under the frequendy.886 MHz with no marker
lines used and the center line at 316.213 mT, a&s sethe graph. The standard lines
that are used in EPR model are of Mn which has bestted in the graph. The EPR
spectrum of the metal complex provides useful mfation about the metal ion
environment within the complex. The highly symnmehEPR spectrum of the Cu-
AXCPC3 complex (Figure 47) exhibits a single ispteosignal with g value 2.18
and g value 2.08 (EI-Gammaét al, 2015). The absence of the poorly resolved
hyperfine signal may be attributed to the consider@xchange coupling interaction
between Cu(ll) ions in the complex. The order dftspg factors g > g > 2.0023
clearly indicates that the unpaired electron isliaed in the d orbital of Cu(ll) ion
and is characteristic of axial symmetry (Bagihatlial, 2008; Patilet al, 2011). The
calculated g, value is 2.11 whose deviation from the free etett{2.003) is due to
the covalent character of the metal-ligand bonds Téact is further supported by g
value less than 2.3. The value of exchange coutitagaction parameter 'G' is 2.25

which indicates considerable exchange interactiotheé complex (Abdel Aziet al,
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2012). All these parameters are inconsistent with tetrahedral geometry of Cu-
AXCPC3 complex.
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Figure 48: EPR spectrum of Cu- AXCPC3 Schiff base ligand

Table 13: g tensor data of Copper Complexes

g tensor values

Compound

g oL Gav G
Cu-AXCPC3 2.18 2.08 211 2.25
Cu-AXCPC2 2.149 2.04 2.076 3.72

4.3.5.2 EPR of Cu- AXCPC2

The solid state X-band EPR spectrum of the Cu-AXZeamplex is presented in the
Figure 49. The EPR spectrum was recorded at roampdeature under the frequency
of 9445.144 MHz with center line at 314.187 mT. Thensor data for this complex,
reported in the Table 13 showg galue 2.149 and.gvalue 2.04. The order of
splitting factorg| > g+ > ge (2.0023) is complementary to EPR spectrum of Cu-
AXCPC3 complex and is characteristic of axial syrtrjneThe calculated gvalue is
2.076 and exchange coupling interaction paramedérev(G) is 3.72. The G < 4

indicates considerable exchange interaction irctimeplex.
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Figure 49: EPR spectrum of Cu- AXCPC2 Schiff blagand

4.4  Thermal Analysis

Heat sensitive physical and chemical propertiehefcomplexes are well studied by
thermal analysis techniques and have found widdicapions in the recent years in
characterizing the chemicals by measuring changesproperties at elevated
temperatures as a function of increasing temperatieasurements are used
primarily to determine the composition of substanaed also to predict their thermal
stability. The thermogravimetric analysis (TGA) reeges the changes in weight of
substance as a function of temperature (Al-Res&3@8); Ebrahimi-Kahrizsangi &
Abbasi, 2008; Sharaby, 2007). The instrument usaddasure thermal events of the
chemicals is called thermal analyzer. The samphlieumvestigation is heated at a
controlled rate in an atmosphere of nitrogen amdrtass loss of the substances is
recorded as a function of temperature. The refualts thermogravimetric run may be
presented by (i) weight versus temperature cumirned to as thermogravimetric
(TG) curve, or (ii) rate of the weight loss versemperature curve, referred to as the
differential thermogravimetric (DTG) curve. The wghki of the substances in the

thermogram may be scaled as true weight scale apascentage of total weight. The
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differential thermogravimetric (DTG) curve measuties rate of weight loss and its
correlation with TG curve affords the way of anahgg physico-chemical properties
of the substances. The peak of DTG curve corregptmdhe curved portion of TG
curve, whereas the peak maximum in DTG curve isitidal with the point of
maximum slope of TG curve. The height of curve abde line of (dw/dt = 0)
affords a measure of the stability of the intermaggl. Any change in the rate of
weight loss can be seen as a trough in the DTGegumdicating two consecutive
thermal reactions, or as a shoulder to a peakcatidg two overlapping reactions.
The thermal events in TG curve are sometimes redrigl resolved, but in DTG

curve, these are more clearly seen.

Thermogravimetric data can be used to evaluatetikingarameters of thermal
reactions involving weight loss or gain. It is cenient and advantageous over
conventional isothermal studies in determining km@arameters. Using a single
sample and with considerably less thermal datagstirall the kinetic parameters can
be evaluated.

Coats & Redfern (1963) used different integratapgproximation and developed a
popular equation to solve the kinetic parametemnfthermal data. The Coats-
Redfern equation is as follows:

In(1-a)| AR E*
l"l_ T2 l_ln[ﬂE*]_ RT

Where,a represents fraction decomposed={ % , WhereW = initial weight of
i~Wr

sample,W; = weight of the sample & K, W = final weight of the sample) at
temperaturel K, £ denotes linear heating ratelT(dt) E* andA are the activation
energy and Arrhenius pre-exponential factor respelgt R represents a general gas

constant. Molding the equation for straight lines(ynx + c), a linear plot of left side
In [— ln(;—;“)] versus1000/T of Coats-Redfern equation gives a straight linbpse

slope E*/R) furnishes activation energy parameter and theeppenential factorA)
can be determined from the intercept (Abdel-Rahetaal, 2016; Abdel Azizet al,
2012; Dganet al, 2009; Singh & Singh, 2012). In the present wakkyeral kinetic
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parameters were calculated by using Coats-Redfequat®n. The other
thermodynamic parameters such as entropy of aivédS*), enthalpy of activation
(4H*) and free energy of activatio@*) have been calculated by using the
following formula:

Ah

AS* = Rin [kB_T

AH* = E*— RT
AG* = AH® — TAS*
In the equationkg represents Boltzmann constant &meépresents Plank's constant.
4.4.1 TGA/DTA Study of Metal Complexes of AXCPC3

The TGA/DTA studies of the metal complexes of AXCP@ere carried out within
the temperature range from room temperature to°@5@ith the linear heating rate of
20 °C/ minute in the nitrogen atmosphere. The cdetpthermal decomposition data
in the Table 14 are in good agreement with the ssiggl microanalytical data in
Table 3. The following findings have been achiewedur research analysis.

The thermogram of the Co-AXCPC3 complex (Figure 58howed four
decomposition steps in the temperature range ¢od 380 °C. The first decomposition
step in the range of 50 to 110 °C with % mass t§s6826% (0.226 g) is assignable
to loss of two lattice water molecules in the ousgthere region. The DTG
temperature for this step is 80.85 °C and corredipgnDTA temperature is 103.68
°C and reveals endothermal effect. The second lardi decomposition steps with %
mass loss of 25.923% and 33.837% in the temperedage of 241 - 273 °C and 279-
300 °C respectively are considered to be due ®dbsrganic ligand moiety. The last
decomposition step represents complete loss ohdiglom the complex in the
temperature range of 338 - 380 °C, leaving nead9% cobalt oxides as end residue.
The corresponding DTG temperatures for the consecsecond, third and fourth
steps are 268.38 °C, 284.05 °C, and 357.21 °C casply. The Ni-AXCPC3

complex exhibited the decomposition in two stepsgyfe 51). The first
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decomposition step in the temperature range ofo4418 °C with % mass loss of
5.6% (0.153 g) is assignable to loss of latticeewaholecules in the outer sphere
region, with DTG temperature 85.91 °C. The DTA tengpure (105.33 °C) of this
step reveals endothermal effect. The second stepgvies % mass loss of 30.861 %
(0.484 @) in the temperature range of 232 to 403MtB corresponding DTG and
DTA temperature 278.16 °C and 382.91 °C respegtivhis step attributes the loss
of ligand moiety. The DTA data suggests exotherefédct of this step. The Cu-
AXCPC3 complex decomposed in four steps (Figure &Ry the results are
complementary to Co-AXCPC3 complex. For this complbe first decomposition
occurred in the temperature range of 49 to 105 i€ ¥% mass loss of 2.699% (0.1 g)
and DTG temperature 76.79 °C. The second deconmpositep corresponds to %
mass loss of 8.814 % in the temperature range @f tH4 163 °C with DTG
temperature 159.86 °C. The third and fourth decaitipn steps correspond to %
mass loss of 21.635% and 42.395% respectively. THegomposed in the
temperature range of 187 to 246 °C and 293 to 3O0respectively. The DTG
temperatures for third and fourth steps are 237C1and 326.01 °C respectively. The
DTA peak at 385.92 °C for the fourth step inferstbermal effect. The Zn-AXCPC3
complex exhibited decomposition in three steps yfg 53) and are also
complementary with the Co-AXCPC3 complex. The fs&p involves % mass loss
of 3.047% in the temperature range of 46 to 10Wf@ DTG temperature 75.46 °C
and DTA peak temperature at 115.75 °C, which cpoed endothermal effect. The
next step involves 18.233 % mass loss in the teatyer range of 230 to 287 °C with
DTG temperature 260.99 °C. The third step invoBfesnass loss of 36.441% in the
temperature range 310 to 410 °C, with correspondii® temperature 330.41 °C.
Nearly 8.5% mass remains as stable end residueobxide. For this step, the DTA
peak temperature is 365.88 °C and this executethexoal effect. The calculated
thermal data of all the metal complexes nicely dbscand support their composition
and geometry.

Kinetic Parameter

The calculated data of thermodynamic parametergh®warious decomposition steps
of the metal complexes are listed in Table 15. Tilgh and increasing values of

activation energy in the subsequent steps for tb&incomplexes reveal high thermal
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stability which may be due to the covalent bondrabir. The positivelG* values
justify the non-spontaneous nature of the decontipassteps. The variation inS*
values for the complexes (both negative and p@itare attributed to more ordered
activated state than the reactants in some stdps pdsitivedH* values reveal the
endothermic nature of the various decompositiorpsstéKianfar et al, 2015;
Mahmoudet al, 2014).
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Figure50: Thermogram of Co-AXCPC3
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Figure53: Thermogram of Zn-AXCPC3
Table 14: Thermal decomposition data of metal complexeSXEPC3 ligand
Comp. Ste TG range {C) DTA
p Amos found T T¢ Tore Mass loss T Peak
Co-AXCPC3 1 4.826 50 110.2 80.85 -0.226 103.68 endo
2 25.923 241.63 276.73 268.38 -0.829 - -
3 33.837 279 300 284.05 -0.729 - -
4 52.247 338 380 357.21 -0.306 334.9 endo
Ni-AXCPC3 1 5.601 44 113 85.91 -0.153 105.33 endo
2 30.861 232 403 278.16 -0.484 382.91 exo
Cu-AXCPC3 1 2.699 49 115 76.79 -0.100 111.23 endo
2 8.814 148 163 159.86 -0.395 - -
3 21.635 187 246 237.13 -0.310 - -
4 42.395 293 390 326.01 -0.244 385.92 exo
Zn-AXCPC3 1 3.047 46 107 75.46 -0.121 - -
2 18.233 230 287 260.99 -0.491 - -
3 36.441 310 410 330.41 -0.238 365.88 exo
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Table 15: Kinetic and thermodynamic parameters of metalperes of AXCPC3 ligand

Comp. Step r A (sh T max(K) E* (kJ/mol) AS* (J/IK.mol) AH* (kJ/mol) AG*(kJ/mol)
Co-AXCPC3 1 -0.98495  5.62 x 16 353.85 58.36 -117.92 55.4719 97.19789
2 -0.99209  5.06 x 16° 541.38 229.22 126.559 224.718 156.202
3 -0.99052 1.19 x 16° 557.05 403.95 18.3647 399.319 389.089
4 -0.99343 1.14 x 16° 630.21 288.1474 170.339 282.907 175.525
Ni-AXCPC3 1 -0.99453  7.054x 16 358.91 59.62 -40.236 56.634 71.075
2 -0.9887 1.35 x 18° 551.16 160.7139 35.4267 160.288 140.762
Cu-AXCPC3 1 -0.99401  4.064x16 349.79 63.4725 -110.3698 60.564 64.191
2 -0.99698 10.06 x 16" 432.86 447.68 765.803 444.080 112.594
3 -0.99643  5.98x 16! 510.13 129.453 -24.716 125.2115 137.819
4 -0.99604  6.55x10 599.01 93.1345 -140.1638 92.6438 176.603
Zn-AXCPC3 1 -0.99448  5.89x16 348.46 57.8981 -117.3976 55.00 95.908
2 -0.99491 292 x16° 533.99 176.7582 45,523 172.318 148.00
3 -0.99118  7.64x106 603.41 96.5845 -103.320 91.567 153.911
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4.4.2 TGA/DTA Study of Metal Complexes of AXCPC2

The TGA/DTA of the AXCPC2 ligand and its metal cdexes were carried within
the temperature range from room temperature to°Z5@ith the linear heating rate of
10 °C/ minute in the nitrogen atmosphere. The tlatghata have been extracted from
the intimate analysis of their thermograms anddduwa are presented in the Table 16.

The following findings have been achieved in owearch analysis.

The thermogram of AXCPC2 Schiff base ligand showedtinuous decomposition
from 54 to 619.73 °C with major four decompositgieps and after this temperature,
the ligand leaves no residue. The decompositiop Btethe temperature range of
53.89 to 101.43 °C with the small mass loss of D.4g (2.849%) is associated with
loss of moisture and makes no sense for the therstalility. The second
decomposition step in the temperature range ofd#i7@. 232.11 °C with mass loss of
0.954 mg (16.842%) may be attributed to the losdig#nd moiety. Two small
shoulder peaks are associated with second decotoposiep. The mass loss of 2.46
mg (43.529%) is associated with third decomposisitap with the temperature range
of 276.47 to 298.54 °C Gk = 284.35 °C). This decomposition step is alsalatted

to the loss of ligand moiety. pfo peak at 296.5 °C for this step concludes
endothermal effect. The last decomposition stepessmts complete loss of ligand
molecule in the temperature range of 528.17 to ®L9C with Torg = 574.22 °C.

Tora peak at 551 °C for this step shows exothermal effec

The Co-AXCPC2 complex exhibits decomposition in tvgteps. The first
decomposition step with mass loss of 0.571 mg @8& occurred in the
temperature range of 194.91 to 309.61 °C and shassigned to the loss of organic
moiety of the ligand. The second decomposition steplves the mass loss of 2.406
mg (69.647%) in the temperature range of 527.368%.06 °C with Brc peak at
547.88 °C and this may be attributed to the corepless of ligand part. The
thermogram after this temperature gave horizoritdbp and nearly 8% mass residue
represents cobalt oxide as end product. The assedcigra peak at 510 °C shows
exothermal effect. The thermogram of Ni-AXCPC2 ctempexhibits decomposition
in two steps, very much similar to Co-AXCPC2 compl€he first step involves the

decomposition in the temperature range of 191.2688.04 °C with prc peak at
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211.37 °C. The second step involves the decompasiti the temperature range of
489.65 to 551.22 °C withpkg peak at 513.88 °C andhfa peak at 511.16 °C. This
step shows exothermal effect. After the second mgosition step, the thermogram
shows horizontal platue with approximately 7.75%kel oxide as stable residue. The
thermogram of Cu-AXCPC2 complex showed decompasiiio three major steps.
The first step involves the mass loss of 2.062 285733%) in the temperature range
of 175.76 to 244.81 °C and this may be attributedhe loss of ligand moiety. The
second step involves the mass loss of 3.927 m§§4%o) in the temperature range of
271.37 to 299.93 °C withpkg peak at 281.73 °C. The third step involves majassn
loss of the substance with 6.056 mg (69.336%) entémperature range of 441.02 to
502.57 °C and after this the thermogram becameatal, indicating complete loss
of organic moiety and leaves nearly 8.2% copped@xs stable residue. Therk
peak associated with this step is 458 °C and shewathermal effect. The
thermogram of the Zn-AXCPC2 complex also exhibitgjon three decomposition
steps as like Co-AXCPC2 complex but with severausder peaks. Nearly 3.5%
weight loss at ¢ = 86.01 °C is associated to loss of two molecuofdsttice water

in the thermogram of the Zn-AXCPC2 complex. Thestfidecomposition step
involves the mass loss of 0.865 mg (12.557%) inténeperature range of 189.04 to
226.83 °C with Brg = 209.54 °C. This may be attributed to the lossrgfanic parts
of the ligand. The second decomposition step ire®Ilthe mass loss of 1.922 mg
(27.928%) in the temperature range of 262.92 ta4BAC. This step is associated
with one shoulder peak ab1s = 307.37 °C. This step of the thermogram involes
loss of ligand moiety. The third and final steptl® temperature range of 582.67 to
672.77 °C with brec = 618.27 °C is associated with the complete ldssgand
moiety and leaves nerly 8% zinc oxide as stablielues This can be concluded by the
horizontal portion of thermogram after 672.77 °@eTlpta peak for this step at 619
°C concludes exothermal effect. The thermogranSaiiff base ligand and its metal
complexes are presented in the Figures 54 — 58.

Kinetic Parameter

The thermodynamic and kinetic parameters of thanligand metal complexes have
been extracted from thermogravimetric (TG) andedéhtial thermal analysis (DTA)

curves and the computed values are presented ifalble 17. These parameters were
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evaluated graphically by employing the Coats-Redf@ethod. Following remarks
can be pointed out:

(1) The activation energyef) values of the subsequent steps are increasimpiog
from one to another decomposition steps and thigale the decreasing rate of
decomposition of complexes. The rate of decompmosibf ligand parts from the
complex is becoming slow and this reflects the tgrestability of the complex (Gaber
et al, 2015).

(2) The negative entropy of activation$S*, values in the most of the decomposition
steps reveals slow reaction process with more eddactivated complex. Moreover,
positive values ofiS* are also seen in some decomposition steps andetihests
spontaneous decomposition process (Montazerozehatj 2014).

(3) The positive value of enthalpyH*, in all the decomposition steps means that the
decomposition processes are endothermic (Mahrabat 2014).

(4) The endothermic decomposition processes ofomaridecomposition steps are
further supported by positive values #46* in most of the steps and justify non-
spontaneous nature (Kianftral, 2015).
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Figure54: Thermogram of AXCPC2 Schiff base ligand
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Table 16: Thermal decomposition data of metal complexesX€RC?2 ligand

Complex Step TG range {C) Mass DTA
loss
Amos found T, T Tore ToTa Peak
(Cal.)
AXCPC2 1 2.849 53.89 101.43  74.39 0.162 - -
2 16.842 17294 232.11 193.53 0.954 - -
3 43.529 276.47 298.54 284.35 2.46 296.5 Endo
4 81.667 528.17 619.73 574.22 4.631 551 exo
Co-AXCPC2 1 16.525 19491 309.61 208.77 0.571 - -
2 69.647 527.36 585.06 547.88  2.406 510 exo
Ni-AXCPC2 1 16.454 191.4 267.04 211.37 0.564 - -
2 74.754 489.65 551.22 513.88 2.566 511.16 exo
Cu-AXCPC2 1 23.733 175.76 24481 205.71 2.062 - -
2 44.964 271.37 299293 281.73 3.927 - -
3 69.336 441.02 502.57 456.89 6.056 458 exo
Zn-AXCPC2 1 12.557 189.04 226.83 209.54 0.865 - -
2 27.928 262.92 284.46 270.89 1.922 - -
3 75.299 582.67 672.77 618.27 5.189 619 exo
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Table 17: Kinetic and thermodynamic parameters of metalpleres of AXCPC2 ligand

Comp. Step r A (sh T max(K) E* (kJ/mol) AS* (J/K.mol) AH* (kJ/mol) AG*(kJ/mol)
AXCPC2 1 -0.98242  3.94x 16 347.39 71.9763 -82.425 69.087 28.702
2 -0.98265  2.93 x 16° 466.53 108.96 -49.05 105.081 22.988
3 -0.99165 1.897 x 16°  557.35 332.7696 328.75 328.135 -182.9
4 -0.98539 1.56 x 16* 847.22 221.028 -40.106 213.983 34.19
Co-AXCPC2 1 -0.98253  9.2x 16 481.77 51.091 -192.96 47.086 93.009
2 -0.98148  2.23x16* 820.88 419.258 212.009 412.43 -173.6
Ni-AXCPC2 1 -0.98108  1.16 x 16 484.37 80.665 -133.64 76.63 64.8
2 -0.98349 1.86 x 10° 786.88 325.358 115.128 318.81 -90.27
Cu-AXCPC2 1 -0.981 3.13x 16 478.71 99.86 -87.005 95.88 41.74
2 -0.98863  4.66 x 16° 554.73 408.458 451.134 403.84 -249.8
3 -0.98164  1,5x 10’ 729.89 275.889 75.675 269.82 -54.9
Zn-AXCPC2 1 -0.98843  1.3x 16’ 482.54 213.025 154.5 209.01 -74.34
2 0.98989 2.089 x 167 543.89 305.09 272.32 300.57 -147.8
3 0.98545 5.93 x 16° 891.27 277.84 8.864 270.43 -7.629
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4.5  X-ray Powder Diffraction (XRPD) Study

X-ray powder diffraction study of the substances hacome a valuable tool for the
characterization of complexes in the field of canation chemistry. Crystal structure
determination from powder diffraction data is munbre difficult and complicated

than from single crystal data. This is becauserethse the collapse of the three
dimensions of crystallographic information onto #iagle dimension of a powder
diffraction pattern. Although the single crystalpapach is much more suitable and
straightforward than the powder diffraction techugdor structure determination, the

formation of single crystal for all the chemicahgplexes is not accessible.

45.1 XRPD Study of Metal Complexes of KMAXC

Single crystal growth of the complexes was unswgfogsso X-ray powder diffraction
technique was carried to get useful crystal infdromadata to deduce accurate cell
parameters, crystal system, and the cell volumevdeo diffraction patterns of
KMAXC ligand and its metal complexes were recordedr the range (2 theta = 15°
80°) and crystallographic data are listed in TakBle The indexing procedures were
performed using Crysfire program package softwdree diffractogram of Cu-
KMAXC and Zn-KMAXC complexes are presented in thigufes 59 & 60. The
diffraction pattern reveals well-defined crystadlipeaks indicating crystalline nature
of the ligand and its complexes and the data awmsfithe triclinic crystal systems for
KMAXC, Co-KMAXC and Cu-KMAXC complexes with spaceraup P1. Zn-
KMAXC complex exhibits orthorhombic crystal systemith space group Pmmm.
The cell dimensions for the ligand and metal cogsepresented in the Table 18 are
in good agreement with the refined crystal systehime average particle size in the

range of 45-66 nm suggests nanocrystalline natutleeaccompounds.
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Table 18: Crystal lattice parameters of kanamycin-amoxitilSchiff base ligand and Metal
Complexes

Compounds KMAXC Co-KMAXC Cu-KMAXC Zn-KMAXC)

Formula GaHssN7015S  GgHssCoN;O416S Cs4H55CUN;O46S GaaHssN7016SZn

FwW 845.92 920.85 925.46 927.30

Temp (K) 298 298 298 298

Wavelength 1.54056 1.54056 1.54056 1.54056

Crystal System Triclinic Triclinic Triclinic Orthorhombic

Space group P1 P1 P1 Pmmm

Unit cell dimension

a(h) 7.3029 57771 3.6035 23.2423

b(A) 6.9291 11.4059 10.4736 9.6121

c(R) 10.6422 19.394 23.4791 8.0821

a® 70.4605 77.569 46.473 90

pB° 123.7612 101.502 69.481 90

Y 120.2416 51.169 61.6011 90

Volume (&) 385.66 832.62 564.84 1805.6

6 range () 15 - 80 15 - 80 15 - 80 15 - 80
-4<h<3 -2<h<0 -1<h<0 O<hs<2
-4<k<3 -3<k<0 -3<k<4 0<k=<1

Limiting indices 0<l1<7 0<l<8 O<l=<11 0<l<3

Particle size(nm) 47.35 51.23 58.29 65.45

Density 1.32 1.45 1.23 1.35

4 1 1 1 2
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4.5.2 XRPD Study of Metal Complexes of AXCPC3

Single crystal growth of the synthesized compoumds unsuccessful, so their
crystallinity was assured by X-ray powder diffractistudy. X-ray diffractogram of
compounds AXCPC3, Co-AXCPC3, Ni-AXCPC3, and Zn-AXC3® were of
relatively very poor quality and suggested theirogshous nature. The crystal
structure of compound Cu-AXCPC3 was ascertainedtswell resolved crystalline
peaks (Figure 61) which crystallize in triclinicystal system with space group P121.
The diffractogram of Cu-AXCPC3 registered 22 rdil@t peaks in the range off(R

0 to 50° with maxima at 15.974° corresponding tspdcing value of 5.584 A. The
cell dimensionsa(6.2282 A). b(109390 A),c(20.3388 AJ63.1588), 5(113.57283)
andy(64.269) are in good agreement with refined triclinic crystgstem. The unit
cell volume for this compound was calculated to78&.4131 Awith FOM 31. The
details of crystallographic data are summarizedable 19. The crystallite size was
calculated from Scherrer's formua= 0.9/fCo%), wherel is the wavelengthf is
the full-width half maximum of the characteristiegk and is the diffraction angle
for the hkl plane (Grivaret al, 2014; Mahapatrat al, 2013). The calculated average

value of crystallite size 69.34 nm suggests itoogystalline nature.
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Figure61: Diffractogram of Cu-AXCPC3
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Table 19: Diffraction data of Cu-AXCPC3

Peakno. & [z Siry Sirf 0 RP+k>+12 hk d FWHM % Int. an nm
1 7.2685  3.63425  0.06338 0.004017 1 001 12.162382244  16.00 61.22
2 13.7483 6.87415  0.11968 0.014323 1 010 6.44119.6731  21.90 20.37
3 15.9738  7.9869 0.13894 0.019304 2 110 5.54843.0936  100.00  146.64
4 16.3780 8.189 0.14243  0.020286 10 10-3  5.412420.1496  42.23 91.65
5 21.1607 10.58035 0.18361 0.033712 9 122 4.19868.2244  6.47 61.102
6 222011 11.10055 0.19253  0.03706 11 1-1-3 2004 0.2244  33.02 61.102
7 235966 11.7983  0.20446 0.041803 1 100 3.77048.1870  28.72 73.323
8 26.0686 13.0343  0.22553  0.050863 112 3.41828).1309  44.73 104.747
9 27.7288 13.8644  0.23962 0.057417 4 020 3.21726).1496  38.35 91.654
10 28.4032 14.2016  0.24533 0.060186 10 130 301424 0.1496  42.24 91.654
11 32.3941 16.19705 0.27894 0.077807 20 20-4 3296 0.1122 70.54 122.205
12 33.2184 16.6092  0.28584 0.081704 40 20-6 DPBY7 0.2057 91.73 66.657
13 345584 17.2792  0.29702 0.088220 13 20-3 B®95 0.2244 13.44 61.103
14 35.6718 17.8359  0.30629 0.093813 2 1-10 2617002244 8091 61.103
15 37.2666 18.6333  0.31951 0.102086 20 240 274128 0.3739  7.05 36.671
16 40.3520 20.176 0.34490  0.11895 80 048 2.235210.2617  23.89 52.394
17 43.0415 21.52075 0.36683  0.13456 9 1-2-2 B101 0.4487 11.08 30.5585
18 443550 221775  0.37747 0.14248 30 251 2.04239.2244  11.90 61.103
19 45.3976 22.6988  0.38588  0.14890 69 21-8 13978 0.2244  15.90 61.103
20 47.7559  23.87795 0.40478 0.16384 25 340 14045 0.1870  16.97 73.324
21 48.6714 243357  0.41211  0.16983 58 30-7 1B7080.2991 5.79 45.843
22 49.3094 24.6547  0.41714 0.174 18 330 1.84658 .2736  7.79 50.116
Average crystallite size 69.3474

110



4.5.3 XRPD Study of Metal Complexes of AXCPC2

The single crystal growth of metal complexes of #WECPC2 ligand was not
successful and the crystallinity was studied by gewX-ray diffraction technique.
The diffractogram of Co-AXCPC2 (Figure 62) display® reflection peaks with a
most intense peak at 15.992° corresponding to drspaalue of 5.54217 A. The cell
dimensionsr =b =8.29 A, ¢ = 16.71 Ag = = y = 90°, represents tetragonal crystal
system with p3 space group. The calculated unit\a@ume for this complex is
1147.36 R. The average crystallite size of 51.02825 nm etescmanocrystalline
nature of this complex. The details of crystallgdna data are summarized in the
Table 20. The diffractogram of the Ni-AXCPC2 compl@igure 63) registered 24
well-resolved reflection peaks with peak maxima 185777° corresponding to
interplanar d spacing value of 4.7762 A. The ceflehsionsa = b = 12.333 A, ¢ =
20.713 A,a = p = y = 90°, represents tetragonal system and the space group is
P42BC. The calculated unit cell volume is 3150%7aAd the average crystallite size
has measured 46.5554 nm and this represents natalting nature of the complex.
The crystallographic data for this complex is présd in the Table 21. Thirty
reflection peaks have been registered in the diifigram of the Cu-AXCPC2
complex. The diffractogram for the Cu-AXCPC2 comples shown in the Figure
64. The most intense peak with 100% intensity hesonded at 16.2628° with
interplanar d spacing value 5.4505 A. The unit dathensionsa = 13.179 A, b =
16.931 A, ¢ = 7.274 Ay = y = 90°, p = 102°, suggest monoclinic crystal system with
space group p2l. The calculated unit cell volumehisf complex is 1581 A The
average crystallite size 57.3205 nm suggests ngsiadiine nature of this complex.
The crystallographic data of this complex is présénin the Table 22. The
diffractograms of AXCPC2 and Zn-AXCPC2 revealedrtlaenorphous nature.
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Figure 63: Diffractogram of Ni-AXCPC2
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Table 20: Diffraction data of Co-AXCPC2
Peak No. Pos.[°2Th.] Height [cts] FWHM [°2Th.] ¢acing [A] Rel. Int. [%] ain mm
1 7.4154 725.19 0.1122 11.92174 20.22 74.03
2 13.6477 314.71 0.2244 6.48842 8.77 37.06
3 15.9920 3587.09 0.0935 5.54217 100.00 89
4 18.3661 1148.50 0.0935 4.83075 32.02 89.07
5 20.9198 810.49 0.3365 4.24647 22.59 24.77
6 30.4417 565.72 0.1122 2.93645 15.77 74.64
7 32.3858 740.94 0.1122 2.76449 20.66 74.72
8 32.8751 1421.90 0.2617 2.72444 39.64 32.05
9 37.2894 532.92 0.2244 2.41145 14.86 37.489
10 39.3005 310.67 0.2244 2.29256 8.66 37.54
11 40.7898 206.85 0.4487 2.21223 5.77 18.8
12 43.5793 433.21 0.3648 2.07516 12.08 23.17
Average crystallite size 51.02825

a=b=829A c=16.71 Ay = =y =90° V = 1147.36 A Crystal system = Tetragonal, Space

group = P3
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Table 21: Diffraction data of Ni-AXCPC2

Peak No. Pos.[°2Th] Height[cts] FWHM [°2Th.] @acing [A] Rel. Int. [%] ain mm

1 5.0900 196.14 0.1496 17.36177 7.14 55.5
2 7.5926 766.86 0.1496 11.64385 27.92 55.52
3 8.7166 158.37 0.1870 10.14478 5.76 44.42
4 13.8981 1181.56 0.1122 6.37208 43.01 74.12
5 15.9848 1950.63 0.1122 5.54465 71.01 74.17
6 16.2928 1842.52 0.1122 5.44052 67.07 74.17
7 16.8352 737.55 0.1496 5.26642 26.85 55.64
8 18.0546 579.13 0.1496 491341 21.08 55.66
9 18.5777 2747.05 0.1683 4.77620 100.00 49.489
10 25.3372 778.31 0.1496 3.51526 28.33 55.83
11 26.1422 584.74 0.2244 3.40881 21.29 37.24
12 27.4645 366.11 0.2617 3.24762 13.33 31.95
13 30.0245 529.20 0.2244 2.97630 19.26 37.31
14 30.7166 1405.73 0.1870 2.91079 51.17 44.79
15 31.8454 379.78 0.1870 2.81015 13.83 44.82
16 32.7564 653.46 0.1870 2.73405 23.79 44.85
17 33.4709 838.90 0.1309 2.67730 30.54 64.1
18 35.4419 569.25 0.2617 2.53280 20.72 32.1
19 37.4912 670.38 0.2991 2.39893 24.40 28.13
20 41.5184 374.71 0.2617 2.17508 13.64 32.25
21 44.0104 206.99 0.4487 2.05753 7.53 18.85
22 46.1410 378.70 0.1870 1.96736 13.79 45.31
23 47.9809 380.82 0.2244 1.89613 13.86 37.82
24 49.1731 183.60 0.3648 1.85138 6.68 23.29
Average crystallite size 46.5554

a=b=12333A ¢=20.713 & = = y = 90°, V = 3150.7 A Crystal system = Tetragonal, Space
group = P42BC,

114



Table 22: Diffraction data of Cu-AXCPC2

Peak No. Pos.[°2Th.] Height[cts] FWHM [°2Th] ¢acing[A] Rel. Int.[%] ain mm

1 5.2647 36.73 0.3739 16.78629 0.59 22.21
2 6.3082 2822.61 0.1309 14.01161 45.36 63.44
3 7.5178 2718.12 0.1309 11.75954 43.68 63.45
4 10.5455 1021.70 0.1122 8.38912 16.42 74.07
5 11.1337 1914.99 0.1309 7.94720 30.77 63.489
6 12.6512 850.62 0.1122 6.99718 13.67 74.1

7 14.8775 428.11 0.1496 5.95472 6.88 55.61
8 16.2628 6222.57 0.1309 5.45050 100.00 63.58
9 16.6517 2577.96 0.1122 5.32405 41.43 74.17
10 17.3634 1322.77 0.1496 5.10740 21.26 55.65
11 20.6922 746.13 0.1309 4.29267 11.99 63.68
12 21.4376 1235.69 0.1309 4.14507 19.86 63.7
13 22.4437 1922.63 0.1309 3.96148 30.90 63.72
14 23.8721 757.74 0.1496 3.72758 12.18 55.79
15 24,9273 62.62 0.3739 3.57213 1.01 22.33
16 26.3830 1532.36 0.1122 3.37824 24.63 74.48
17 28.0151 1084.08 0.1309 3.18503 17.42 63.89
18 28.7013 1388.37 0.1122 3.11042 22.31 74.57
19 29.5545 240.10 0.1870 3.02255 3.86 44.76
20 31.8202 152.02 0.0935 2.81231 2.44 89.65
21 32.7118 3177.93 0.1122 2.73768 51.07 74.75
22 33.4831 3898.48 0.0935 2.67635 62.65 89.74
23 34.8491 522.94 0.2617 2.57451 8.40 32.089
24 35.9416 390.12 0.1496 2.49872 6.27 56.179
25 40.6242 628.59 0.1870 2.22086 10.10 45.1
26 44.4599 72.38 0.7478 2.03777 1.16 10.74
27 45.6453 646.92 0.2244 1.98757 10.40 37.739
28 48.9512 261.18 0.2617 1.86079 4.20 32.46
29 57.7173 776.70 0.1122 1.59730 12.48 76.39
30 68.3228 233.99 0.2280 1.37179 3.76 38.089
Average crystallite size 57.3205

a=13179 A b=16931 A c=7.274 A=y=90°p =

monoclinic, Space group = P21
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4.6  Scanning Electron Microscopy Study

4.6.1 SEM Study of AXCPC3 and Metal Complexes

The metal coordination to the ligand significanthyanges the surface morphology of
the complexes and this was investigated by SEMyaisalThe SEM micrograph of
AXCPC3 ligand and its metal complexes are showrFigure 65. It is seen the
differences in surface morphology of the metal clexgs due to change in the metal
ions (Modi et al., 2015; Shakat al, 2015). The SEM micrograph of AXCPC3 ligand
demonstrates non-uniform platelets structure ofiabée lateral dimensions.
Moreover, the inhomogeneous matrix with brokenlike structure has observed in
the SEM micrograph of the Ni-AXCPC3 complex. Thecragraph of Cu-AXCPC3
complex displays agglomerated morphology with smealked grains scattered in the
homogeneous matrix and give the appearance of d&ealstructure. In the SEM
micrograph of Zn-AXCPC3 complex, small sized pdesccrumbled together to give
rock like structure with somewhere cotton like agma@ce (Justin Dhanara] &
Johnson, 2014; Leelavathy & Arulantony, 2013).
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Figure 65: SEM micrograph images of metal complexes of AXGPC

4.6.2 SEM Study of AXCPC2 and Metal Complexes

An intimate observation of SEM micrographs of AXCPdigand and metal
complexes reveals the fact that there is a sigmitidifference in their images, which
may be attributed to change in the metal ions. $B& images of AXCPC2 ligand
and metal complexes are shown in the Figure 66.3HE8 micrograph of AXCPC2
ligand displays non-uniform sized and irregularligaged crystalline structure.
However, Co-AXCPC2 complex shows sharp edged neltecrystal. The Ni-
AXCPC2 complex reveals ice like crystalline struetand agglomerated morphology
is seen for the Cu-AXCPC2 complex. The broken rbio& structure with layered
morphology has observed in the SEM micrograph & #m-AXCPC2 complex
(Shakiret al, 2015).
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Figure 66: SEM micrograph images of AXCPC2 Schiff base Idyand its metal complexes

4.7 Proposed Molecular Structures and Geometry

A very intimate study of the analytical, magnetidaspectroscopic results and the
application of computational software are led topmse the molecular geometry of
the complexes. A set of principles and databaseirex@porated in the computer
software to design the structure of the compleXasious bonding parameters like

bond lengths, bond energies and bond angles atbenudetal center can be exercised
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by the overlook of proposed molecular structures. the present study, the
computational software for designing the molecwechitecture of the ligand and
complexes are ChemDraw and ArgusLab program pacKdmggepossible structures of
the complexes under investigation, on the basisexgjerimental evidence are

presented in the Figures 67 - 77.
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Figure 67: Proposed structure of Co-KMAXC ligand
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Figure 68: Proposed structure of Cu-KMAXC ligand

119



OH OH
HoN

5 OH C|H3
o HO OH 0. O
HO OH
O @) O Nﬁ CH,
" cH
HoN N @N }

H
HO O
NH,

Figure 69: Proposed structure of Zn-KMAXC ligand

Figure 71: Proposed structure of Ni-AXCPC3 ligand
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4.8 Molecular Modeling Study

Molecular modeling is a computational tool to gavenuch more accurate assessment
of theoretical predictions regarding the structafehe molecules. Various physical
and chemical information of the molecules can bet lschieved by molecular
modeling software program package (Pirhatial, 2016). Theoretical predictions
like electron density and electrostatic potentiaps) provide a clear picture of the
behavior of the molecules. In our investigatiore ttorrect stereochemistry of the
complexes has been assured through, manipulatebmalification of the molecular
coordinates to obtain reasonable and low energyecutdr geometries. Energy
minimization has repeated several times to findnth@mum (Padmaj&t al, 2011).
The change in bond length values of metal-nitrogetihe complexes compared with
ligand further suggests their coordination. The tmstable conformer was fully
optimized with molecular orbital functions PM3 sopi@d in ArgusLab molecular
modeling software (EI-Sher#t al, 2012). The minimum geometrical energy of the
complexes, optimized by MM2 calculation in CsCheih 3ltra software was similar

to the calculations made in ArgusLab software.

4.8.1 Molecular modeling study of metal complexEKMAXC

The details of the bond lengths and bond anglepeas3D structure of the metal
complexes optimized by MM2 calculations are givenTable 23 and the optimized
structures of the metal complexes are shown inFigares 78 - 80. 3D molecular
modeling of the proposed structure of the metal glexes was studied by CsChem
3D Ultra program package and optimized structuessaled octahedral geometry for
Co-KMAXC, square planar geometry for Cu-KMAXC aretrahedral geometry for

Zn-KMAXC complexes. This investigated geometry difetcomplexes is also

supported by several spectral techniques. The gmaigimization values for the

metal complexes suggested their maximum stabilitye change in bond length
values of metal-nitrogen and metal-oxygen in thenglexes compared with ligand

further suggests their coordination.
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Figure78: Optimized structure of Co-KMAXC

Figure79: Optimized structure of Cu-KMAXC
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Figure 80: Optimized structure of Zn-KMAXC
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Table 23: Selected bond lengths and bond angles of metaplexes of KMAXC Schiff base ligand

Co-KMAXC Cu-KMAXC Zn-KMAXC

Bond lengths (A) Bond lengths (A) Bond lengths (A)
0(58)-Co(59) 1.059  N(25)-Cu(59) 1.369  N(25)-Zn(59) 1.938
0(60)-Co(59) 1.215  O(60)-Cu(59) 1.858  0O(60)-Zn(59) 1.926
0(15)-Co(59) 1.197  Cu(59)-0(58) 1.834  Zn(59)-0(58) 1.911
N(25)-Co(59) 1.854  O(15)-Cu(59) 1.866  O(15)-Zn(59) 1.941
N(26)-Co(59) 1.860  N(26)-Cu(59) 1.860  N(26)-Zn(59) 1.930
N(42)-Co(59) 1.824  N(42)-Cu(59) 1.879  N(42)-Zn(59) 1.951
Bond angles (°) Bond angles (°) Bond angles (°)
0(58)-Co(59)-0(60) 98.308 N(25)-Cu(59)-0(60) 91.570 N(25)-Zn(59)-0O(60)  95.362
0(58)-Co(59)-0(15) 117.640 N(25)-Cu(59)-0(58) 109.978 N(25)-Zn(59)-0(58) 131.455
0(58)-Co(59)-N(25) 157.046 N(25)-Cu(59)-0O(15) 94.527 N(25)-Zn(59)-O(15) 78.095
0(58)-Co(59)-N(26) 88.509  N(25)-Cu(59)-N(26) 164.131 N(25)-Zn(59)-N(26)  127.588
0(58)-Co(59)-N(42) 84.499  N(25)-Cu(59)-N(42) 91.908 N(25)-Zn(59)-N(42)  72.477
0(60)-Co(59)-0(15) 105.039 O(60)-Cu(59)-O(58) 156.406 O(60)-Zn(59)-0(58) 76.493
0(60)-Co(59)-N(25) 90.790  O(60)-Cu(59)-O(15) 83.091 0O(60)-Zn(59)-O(15) 91.984
0(60)-Co(59)-N(26) 163.160 O(60)-Cu(59)-N(26) 82.572 O(60)-Zn(59)-N(26)  135.402
0(60)-Co(59)-N(42) 85.927  O(60)-Cu(59)-N(42) 128.450 O(60)-Zn(59)-N(42)  86.165
0(15)-Co(59)-N(25) 79.650 O(58)-Cu(59)-O(15) 85.650 O(58)-Zn(59)-O(15) 148.519
O(15)-Co(59)-N(26) 85.026  O(58)-Cu(59)-N(26) 78.885 0O(58)-Zn(59)-N(26) 81.859
O(15)-Co(59)-N(42) 152.633 O(58)-Cu(59)-N(42) 62.399 O(58)-Zn(59)-N(42) 59.392
N(25)-Co(59)-N(26) 77.576  O(15)-Cu(59)-N(26) 99.361 O(15)-Zn(59)-N(26)  86.610
N(25)-Co(59)-N(42) 75.129 O(15)-Cu(59)-N(42) 147.628 O(15)-Zn(59)-N(42)  150.187
N(26)-Co(59)-N(42) 79.386  N(26)-Cu(59)-N(42) 80.454 N(26)-Zn(59)-N(42) 115.163
Co(59)-0(58)-C(41) 108.810 Cu(59)-O(58)-C(41) 107.965 Zn(59)-O(58)-C(41) 108.006
Co(59)-N(42)-C(43) 135.675 Cu(59)-N(42)-C(43) 110.956 Zn(59)-N(26)-C(11) 120.989
Co(59)-N(42)-C(41) 70.740 Cu(59)-N(42)-C(41) 96.622 Zn(59)-N(25)-C(44)  119.075
Co(59)-N(26)-C(11) 116.164 Cu(59)-N(26)-C(11) 127.557 Zn(59)-N(25)-C(24)  109.051
Co(59)-N(25)-C(44) 120.265 Cu(59)-N(25)-C(44) 115.600 Zn(59)-O(15)-C(16) 112.492
Co(59)-N(25)-C(24) 114.600 Cu(59)-N(25)-C(24) 109.417 Zn(59)-0O(15)-C(14) 139.324
Co(59)-O(15)-C(16) 126.875 Cu(59)-O(15)-C(16) 104.264

Co(59)-O(15)-C(14) 135.084 Cu(59)-O(15)-C(14) 141.376
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4.8.2 Molecular Modeling Study of Metal Complexé AXCPC3

Computational study of the compounds provides clefga about the three-
dimensional arrangement of different atoms in thelecules. The energy
optimization of the AXCPC3 ligand and metal comgexvas done by Universal
Force Field (UFF) technique with minimum RMS gradie€.100, supported in
ArgusLab 4.0.1 version software (Kavitha & Ananttekshmi, 2015; Sharmet al,
2015). The details of the bonding and energy patammeoptimized by molecular
modeling calculations of the metal complexes apgated in Table 24. For AXCPC3
ligand, single point energy calculation with Hammilian AM1 revealed final SCF
energy and heat of formation, -132288.8349 and 68.0kcal/mol respectively
(Chaudhary & Mishra, 2015). After the geometry pptation by molecular
mechanics (UFF) technique, the final geometricatrgm of AXCPC3 has been
reported to 139.2725 kcal/mol. In ESP mapped a@aadtiensity surface of AXCPC3
(Figure Al), red colour indicates the highest etattdensity region which is around
O-atom. The second highest electron density reigianound azomethine N-atom that
is shown by mixed green and yellow colours. Thishis region for the stability of
metal ions after coordination and supports itsdgek with azomethine N-atom. It
seems clear that the coordination with O-atom®ssricted due to greater electronic
repulsion and field obstruction. In the Ni-AXCPCB8naplex, the higher electron
density around coordinated azomethine N-atom, aidat by red colour is in favor of
its proposed geometry. Similar studies and comjmutak data of the metal complexes
are in good support of their proposed structurdsge ©ptimized structures of the
ligand and metal complexes are reported in therEg81 — 85.
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Figure 81: Molecular modeling of AXCPC3 Schiff base Ligand

Figure 82: Molecular modeling of Co-AXCPC3
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Figure 83: Molecular modeling of Ni-AXCPC3

Figure 84: Molecular modeling of Cu-AXCPC3
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Figure 85: Molecular modeling of Zn-AXCPC3
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Table 24: Selected bond lengths and bond energy paranafterstal complexes of AXCPC3 ligand

Complex Atoms Bond length Bond energy Atoms Bond Bond angle Final Geom.
A (Kcal/mol) angle energy (Kcal/mol) Energy
Co-AXCPC3 N(3)-Co(34) 1.957 273.796 N(3)-Co(34)-N(20) 90.00 300.46 349.2538
N(20)-Co(34) 1.972 267.453 N(3)-Co(34)-N(35) 90.00 304.025 (Kcal/mol)
Co(34)-N(35) 1.957 273.796 N(3)-Co(34)-N(52) 90.00 300.46 (0.556 au)
Co(34)-N(52) 1.972 267.453 N(3)-Co(34)-0(104) 90.00 273.401
Co(34)-0O(104) 1.964 244,913 N(3)-Co(34)-0(113) 90.00 273.401
Co(34)-0(113) 1.964 244,913 N(35)-Co(34)-N(20) 90.00 300.46
N(52)-Co(34)-N(20) 90.00 296.982
0(104)-Co(34)-N(20) 90.00 270.214
0(113)-Co(34)-N(20) 90.00 270.214
N(35)-Co(34)-N(52) 90.00 300.46
N(35)-Co(34)-N(104) 90.00 273.401
N(35)-Co(34)-N(113) 90.00 273.401
N(52)-Co(34)-0(104) 90.00 270.214
N(52)-Co(34)-N(113) 90.00 270.214
Ni-AXCPC3 N(2)-Ni(33) 1.870 313.824 N(2)-Ni(33)-N(19) 90.00 344.228 324.5763
N(19)-Ni(33) 1.885 306.275 N(2)-Ni(33)-N(34) 90.00 348.473 (Kcal/mol)
N(34)-Nli33) 1.870 313.824 N(2)-Ni(33)-N(51) 90.00 344.228 (0.517 au)
N(51)-NI(i3) 1.885 306.275 N(34)-Ni(33)-N(19) 90.00 344.228
N(51)-Ni(33)-N(19) 90.00 340.090
N(34)-Ni(33)-N(51) 90.00 344.228
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Table24: Contd.

Selected bond lengths and bond energy parametenstaf complexes of AXCPC3 ligand

Complex Atoms Bond length Bond energy Atoms Bond Bond angle energy Final Geom.
(A (Kcal/mol) angle (Kcal/mol) Energy
Cu-AXCPC3 N(2)-Cu(33) 2.016 181.007 N(2)-Cu(33)-N(19) 109.47 158.764 373.488
N(19)-Cu(33) 2.031 176.938 N(2)-Cu(33)-N(34) 109.47 160.587 (Kcal/mol)
N(34)-Cu(33) 2.016 181.007 N(2)- Cu(33)-N(51) 109.47 158.764 (0.595 au)
N(51)-Cu(33) 2.031 176.938 N(34)- Cu(33)-N(19) 109.47 158.764

N(51)- Cu(33)-N(19) 109.47  156.977
N(34)- Cu(33)-N(51) 109.47  158.764

Zn-AXCPC3  N(2)-Zn(33)  1.888 164.142 N(2)-Zn(33)-N(19) 109.47  193.167 352.3697
N(19)- Zn(33) 1.903 160.260 N(2)- Zn(33)-N(34) 109.47  195.503 (Kcal/mol)
N(34)- Zn(33) 1.888 164.142 N(2)- Zn(33)-N(51) 109.47  193.167 (0.561 au)

N(51)- Zn(33) 1.903 160.260 N(34)- Zn(33)-N(19) 109.47  193.167

N(51)- Zn(33)-N(19) 109.47  190.879

N(34)- Zn(33)-N(51) 109.47  193.167
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4.8.3 Molecular Modeling Study of Metal Complexé AXCPC2

The molecular modeling of AXCPC2 ligand and its rfanetal complexes was
achieved by optimizing their structures in CsChefit®f3D Ultra program package.
The energy optimization was done several timesetongnimum geometrical energy
and to register the maximum stability of the compke The details of the bond length
and bond angles of the complexes, optimized by MidRulations are given the
Table 25 and the optimized structures are showthenFigures 86 - 90. The Co-
AXCPC2 complex exhibits maximum geometrical eneofj3881.6644 Kcal/mol and
is relatively less stable than others. The tordienargy for this complex is 119.7329
Kcal/mol. Due to the large size of this moleculesre has a deviation of bond angles
and bond lengths from the normal for octahedral nggoy. The optimized
geometrical and torsional energy for the Ni-AXCR&@Mplex are 233.2716 Kcal/mol
and 48.383 Kcal/mol. The bond angle and bond lenigtia supports square planar
geometry of this complex. The tetrahedral geometryCu-AXCPC2 complex is
evidenced by bond angle and bond length data teatamputed in the Table 25. The
optimized energy and torsional energy for this claxpare measured 170.8828
Kcal/mol and 66.8742 Kcal/mol respectively. The rgygedata suggests maximum
stability of this complex. The IR and electronicsaiption spectral study reveal the
octahedral geometry of Zn-AXCPC2 complex which usttier supported by bond
angle and bond length data. The final geometricatgy and torsional energy for this
complex are 178.8377 Kcal/mol and 92.2682 Kcal.mnegpectively. The stability of
the complexes follows the order, Cu-AXCPC2 > Zn-AXC2 > Ni-AXCPC2 > Co-
AXCPC2.
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Figure 86: Molecular modeling of AXCPC2 Schiff base Ligand

Figure 87: Molecular modeling of Co-AXCPC2
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Figure 88: Molecular modeling of Ni-AXCPC2

Figure 89: Molecular modeling of Cu-AXCPC2
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Figure 90: Molecular modeling of Zn-AXCPC2
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Table 25: Selected bond lengths and bond energy paranafterstal complexes of AXCPC2 ligand

Complex Atoms Bond length Atoms Bond Final Geom.
A Angle (°)  Energy
(Kcal/mol)
Co-AXCPC2 0(59)-Co(32) 0.6801 0(59)-Co(32)-0(39) 106.5764 381.6644
0(39)-Co(32) 1.1215 0(59)-Co(32)-N(30) 73.3276  (Kcal/mol)
N(30)-Co(32) 2.0047 0(59)-Co(32)-N(16) 112.7752
N(16)-Co(32) 2.0698 0(59)-Co(32)-N(28) 124.7521
Co(32)-N(28) 1.8101 0(59)-Co(32)-N(11) 78.1462
Co(32)-N(11) 2.1069 0(39)-Co(32)-N(30) 113.3071
0(39)-Co(32)-N(16) 136.8934
0(39)-Co(32)-N(28) 71.5159
0(39)-Co(32)-N(11) 84.0389
N(30)-Co(32)-N(16) 94.6027
N(30)-Co(32)-N(28) 59.4005
N(30)-Co(32)-N(11) 149.8053
N(16)-Co(32)-N(28) 98.6275
N(16)-Co(32)-N(11) 87.3484
N(28)-Co(32)-N(11) 150.0385
Ni-AXCPC2  N(45)-Ni(59) 1.8521 N(45)-Ni(59)-N(16) 76.0495  233.2716
N(16)-Ni(59) 1.8306 N(45)-Ni(59)-N(40) 70.0498  (Kcal/mol)
N(40)-Ni(59) 1.8245 N(45)-Ni(59)-N(11) 91.1137
N(11)-Ni(59) 1.8215 N(16)-Ni(59)-N(40) 130.7710
N(16)-Ni(59)-N(11) 88.8005
N(40)-Ni(59)-N(11) 125.6416
Cu-AXCPC2 N(45)-Cu(59) 1.3338 N(45)-Cu(59)-N(16) 120.9419 170.8828
N(16)-Cu(59) 1.3396 N(45)-Cu(59)-N(40) 88.8246  (Kcal/mol)
N(40)-Cu(59) 1.8536 N(45)-Cu(59)-N(11) 101.1583
N(11)-Cu(59) 1.8509 N(16)-Cu(59)-N(40) 105.3507
N(16)-Cu(59)-N(11) 104.0951
N(40)-Cu(59)-N(11) 137.8060
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Table 25: Contd.

Selected bond lengths and bond energy parametenstaf complexes of AXCPC2 ligand

Complex

Atoms

Bond length Atoms

A

Bond
Angle (°)

Final Geom.
Energy

(Kcal/mol)

Zn-AXCPC2

0(59)-Zn(32)
0(39)-Zn(32)
N(30)-Zn(32)
N(16)-Zn(32)
Zn(32)-N(28)
Zn(32)-N(11)

1.8804
1.8931
1.9458
1.9358
1.9576
2.0234

Zn(32)-0(59)-C(15)
0(59)-Zn(32)-0(39)
0(59)-Zn(32)-N(30)
0(59)-Zn(32)-N(28)
0(59)-Zn(32)-N(16)
0(59)-Zn(32)-N(11)
0(39)-Zn(32)-N(30)
0(39)-Zn(32)-N(28)
0(39)-Zn(32)-N(16)
0(39)-Zn(32)-N(11)
N(30)-Zn(32)-N(28)
N(30)-Zn(32)-N(16)
N(30)-Zn(32)-N(11)
N(28)-Zn(32)-N(16)
N(28)-Zn(32)-N(11)
N(16)-Zn(32)-N(11)

133.3517
132.0569
76.3639
148.0973
87.4666
76.0839
89.7547
67.9057
139.5210
90.0544
79.6744
111.4034
142.4048
81.9590
134.0984
92.3833

178.8377

(Kcal/mol)
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4.9  Antibacterial Sensitivity Study

The use of metals in the drug system, as an impiocteemotherapeutic agent, is the
recent advances in pharmaceutical research (Wa@hi&, 2008). Metals not only
provide a template for synthesis, but they alsmdhce functionalities that enhance
drug delivery vectors (Obaleyet al, 2012). The pure metals are considered,
biologically inactive. However, the activity of naétcations depends upon their
bioavailability and the presence of bio-ligandsrégget al, 2013). Many organic
drugs require interaction with metals for theirtbetctivity (Anacona & Diaz, 2008;
Dyson, 2010). It is therefore of great interesineestigate antibacterial potency of
Schiff base transition metal complexes againstdsettpathogens. So, an attempt to
investigate the advancement of antibacterial dgtiias been carried with novel

Schiff base ligands and their metal complexes.

A general survey of the experimental results of #mibacterial efficacy study
revealed remarkable enhancement of activity of lipgnds and metal complexes
against all the bacterial pathogens. The antib@attagents perform an action to
bacterial pathogens by various mechanistic pathweaiyiser by blocking the protein
synthesis or by breaking cell wall causing the ldeditthe organisms (Arugue&t al,
2013). In the metal complexes, there is the greex¢ent of dispersal of positive
charge of the metal ions in the chelate ring ardlices the polarity of the metal
atoms. This dispersal of charge is supported byptieeence of donor atoms of the
ligand, after chelation. This is called Tweedy'glation theory and this is supposed
to be the convincing cause for the increased a&gtofithe metal complexes (Anacona
et al, 2014; Sathyat al, 2010; Sumathi & Halli, 2014). Chelation providsability
as well as increase the lipophilicity of the conxgle which favors its permeation
through the lipid layers of the bacterial membrar@kelate complexes deactivate
various cellular enzymes and disturb the metalmdithways of organisms (Shukla,
2016). Various physical properties of the complekese been affected by the
presence of metal ions and may also increase bi@wmgical activity. In our study,
the experiments were conducted with clinical (Labory collection) strains of both
gram-positive and gram-negative bacteria and tlevihr inhibition data was found

varied in the separate experiments by the intematith some similar compounds.
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4.9.1 Antibacterial Sensitivity Study of KMAXC amdetal complexes

For this investigation, four clinical strains ofdbarial pathogens have been selected
for theirin vitro interaction with prepared KMAXC ligand and its mletomplexes.
Such bacterial pathogens wee coli, B. subtilis, S. aureus and K. pneumoniae
Comparison of the inhibition zone was recorded tredato the control drug
gentamicin and negative control as DMSO. The smiutif the compounds was made
in DMSO which exhibits no bacterial growth inhibii. The antibacterial activity
results are presented in the Table 26. The reatdtguite promising. The prescription
of the antimicrobial results shown graphically (g 91) reveals that they exhibited
moderate to better antibacterial activity. Furtiibg metal complexes (Co-KMAXC,
Cu-KMAXC & Zn-KMAXC) were found to possess highemtdacterial activity than
the parent Schiff base KMAXC. Based on Tweedy'dattma theory, the increased
lipophilicity enhances the penetration of complexe® the lipid membranes and
blocks the metal binding sites in enzymes of miogaaisms. These complexes also
disturb the respiration process of the cell by teatng enzymes responsible for this
and thus block the synthesis of proteins, whichricts further growth of the
organism. The potential activity of the complexgaiast bacterial pathogens may be
related to cell wall structure of the bacteria vihpossibly occurs due to inhibition of
synthesis step of the peptidoglycan layer of thedyal cell wall (Mingeot-Leclercq
& Décout, 2016; Rodriguez-Hernandez, 2017). Tha datealed that the activity of
KMAXC enhanced on complexation comparable to thendard used. Overall
comparison of observed data puts information thetalcomplexes are more active
than KMAXC ligand against all the bacteria. Spealfiy, Zn-KMAXC has shown

better antibacterial potency agaifstaureus
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Table 26: Antibacterialactivity of KMAXC Schiff base ligand and metal comple

Diameter of zone of inhibition in mm

Compounds E. coli B. subtilis S.aureus K. pneumonia
KMAXC 12 14 11 10
Co-KMAXC 11 15 16 14
Cu-KMAXC 18 15 17 13
Zn-KMAXC) 19 17 19 15

Control (Gentamycir 20 24 19 21

DMSO 0 0 0 0

BE, coli
m B. subtilis

B S. aureus

B K. pneumoniae

Zone of Inhibition in mm

Figure 91: Bar graph showing antibacterial activity of KMAX{@&nd and its metal comple»

4.9.2 Antibacterial Sensitivity Study of AXCPC3 and Me@bmplexe

In this investigation, four clinical strains of egal pathogenswviz. E. coli, P.
vulgaris, K. pneumoniae and S. aurdhave been selected for thin vitro interaction
with prepared AXCPC3 ligand and its metal complex@owth inhibition zone c
the prepared compounds was compared with the contug dmikacii (30 pg/disc)
and parent drug amoxicillin. The solution of thenpmunds was made in DMS

which exhibited no bacterial growth inhibition ansked as negative conti

141



The antibacterial results are presented in theelabl The results report biologically
active nature of AXCPC3 ligand and its metal cometesuch as Co-AXCPC3, Ni-
AXCPC3, Cu-AXCPC3 & Zn-AXCPC3, with significantlyneanced antibacterial
activity. Cu-AXCPC3 has shown little activity agsinall the bacterial pathogens
compared to AXCPC3 and other metal complexes. TRERC3 delivers activity
even greater than parent drug amoxicillin and @rdrug amikacin. Moreover, the
complexes deliver better antibacterial activity their higher concentration. Two
different concentrations (100 & 50 pg/uL) of thempmunds have been selected for
antibacterial assay. Precise observation revealsthie compounds are less active
againstS. aureusand more active again&. coli and P. vulgaris bacteria. This
enhanced activity may be attributed due to chetatibSchiff base with metal ions
that provide stability and more susceptibility mamistatic effect against the bacterial
pathogens (Al-Amiergt al, 2012; Jesmirt al, 2008). It has been suggested that the
structural components possessing additionraNCbond with nitrogen and oxygen
donor systems inhibit enzyme activity due to tligiactivation by metal coordination.
This permits their efficient permeation through tiy@d layer of organisms and
destroys their activity (Bagihalét al, 2008). Comparative bar graph of antibacterial

sensitivity study has presented in the Figures &3&

Table 27: Antibacterial activity activity of AXCPC3 Schiffase ligand and metal complexes

Diameter of zone of inhibition in mm

Compounds E. coli K. pneumoniae P. vulgaris S. aureus
Concentration

(ng/pL) 100 50 100 50 100 50 100 50
AXCPC3 26 10 15 9 24 12 15 13
Co-AXCPC3 24 12 16 11 21 15 13 10
Ni-AXCPC3 23 10 12 8 20 16 14 13
Cu-AXCPC3 12 8 10 8 11 9

Zn-AXCPC3 22 0 11 0 18 12 8 7
Amox. 25 0 14 12 18 16 11 11
Amk. 21 21 18 18 17 17 17 17
DMSO 0 0 0 0 0 0 0 0
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Figure 92: Bar graph showing antibacterial activity of AXCP{&fand and its metal complexes at 1

Mg/uL concentration
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Figure 93: Bar graph showing antibacterial activity of AXCPG8hiff base ligand and meit
complexes at 50 pg/pL concentration
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4.9.3 Antibacterial Sensitivity Study of AXCPC2dakletal Complexes

The AXCPC2 ligand and its metal complexes undes tlategory were tested for
vitro to access their growth inhibitory activity agairst coli, K. pneumonia,P.
vulgaris and S. aureusbacterial pathogens by the standard Kirby Baugepalisc
diffusion method (Abdel Azizet al, 2012; Nairet al, 2012). Three different
concentrations of the compounds (100, 50 and 2%ilyghave been used for this
purpose and the growth inhibitory data are sumradrin the Table 28. Amoxicillin
with different concentrations was used as referestaedard to compare the growth
inhibition zone with synthesized complexes. Thekatin 30ug per disc was used as
control drug to compare the relative antibacteaetivity of the complexes. The
antibacterial results are presented in the barhgrdfigures 94 - 96. The results
declare significant antibacterial activity of AXCRJigand relative to parent drug
amoxicillin. All the metal complexes deliver bettantibacterial activity at higher
concentration and they deliver considerable agtigitlower concentrations. The Co-
AXCPC2 complex is found less active with all thecteaial pathogens excegd.
aureus bacteria. At 25 pg/uL concentration, the Co-AXCP@Qimplex is found
almost resistant t&. coli, P. vulgaris,and K. pneumoniaebacteria. However, Ni-
AXCPC2 and Cu-AXCPC2 complexes showed better actibial activity. The Zn-
AXCPC2 complex also delivers considerable actiatyhigher concentration. The
computed antibacterial data concludes greater iwhjbeffect of ligand and metal
complexes withP. vulgarisand S. aureusbacteria. The antibacterial activity of the
metal chelates can be explained by overtone conae@tthe Tweedy chelation
theory. The variation in the activity of complexaagst different organisms depends
either on the impermeability of the microbial cedisdifference in ribosomal parts of
the organisms (Abu Akt al, 2015; Chaturvedi & Kamboj, 2016; Hasainal, 2016;
Manimaranret al, 2011).

144



Table 28: Antibacterialactivity of AXCPC2 Schiff base ligand and metal comple

Diameter ¢ zone of inhibition in mm

Compounds E. coli K. pneumoniae P. vulgaris S. aureus
Concentration
(ng/uL) 100 50 25 100 50 25 100 50 25 100 50 25
AXCPC2 24 18 17 11 10 10 13 11 10 23 14 12
Co-AXCPC2 11 0 0 15 11 10 8 19 13 10
Ni-AXCPC2 14 13 12 15 11 12 11 8 16 14 14
Cu-AXCPC2 14 14 12 19 14 11 15 14 13 20 19 19
Zn-AXCPC2 12 0 0 14 11 0 15 14 12 18 18 18
Amoxicillin 24 15 12 14 12 18 16 10 19 15 14
Amikacin 20 20 20 18 18 118 27 27 27 26 26 26
MeOH 0 0 0 0 0 0 0 0 0 O 0 0
30 - mE. coli

£ o5 - E K. pneumoniae

E m P. vulgaris

:é 20 1 B S. aureus

% 15 -

£

s 10 -
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Figure 94: Bar graplshowing antibacterial activity of AXCPC2 Schiff lealigand and met:

complexes at 100 ug/pL concentration
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Figure 95: Bar graph showing antibacterial activity of AXCP&ghiff base ligand and met
complexes at 50 pg/pL concentration
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Figure 96: Bar graph showing antibacterial activity of AXCP&ghiff base ligand and met

complexes at 25 pug/uL concentration
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CHAPTER S

CONCLUSION AND RECOMMENDATION

The Schiff bases belong to a highly remarkable sclak ligands in coordination
chemistry. Simple synthetic procedure and easydioation with metals for the
formation of complexes are considered the distiectess of the compounds. They
have gained increasing attention in recent yeaestdiutheir versatile applications in
various fields such as medicine, catalysis, eledts) industrial and material science.
In our work, the metal complexes of Schiff baseskahamycin and amoxicillin
derivatives have focused on observing the pharroga@l potency in terms ah
vitro antibacterial evaluation test. Details of the madon synthesis, spectral
characterization, thermal, powder XRD study, thefag@ morphological study by
SEM analysis and antibacterial evaluation by digfusion technique of the Schiff

bases and metal complexes are presented in tisis.the

51 Conclusion

Growing interest in the success of metal-basedsdaggchemotherapeutic agents is
the basic foundation of Schiff base research. ThkifSbases and their metal
complexes are the promising materials in mediooh&mistry, as most of them have
biological functions. Besides of the biological ergst, their applications in other
fields as in the electronic field, material scieac® in very broad fields of chemistry,
give an impetus of this investigation. The presemestigation has devoted for the
synthesis of three types of Schiff base ligands,A@, AXCPC2, and AXCPC3.
They have interacted with Co(ll), Ni(ll), Cu(ll) drizn(ll) ions for the formation of
their metal complexes. The maximum availabilitydoinor atoms of the Schiff base
ligands has made their successful coordination mi¢hal ions. The nitrogen atom of
azomethine linkage of Schiff base ligand is a quad, whose presence changes the
physicochemical profile of the molecules. The legatof Schiff base ligands with

metal ions further changes their various properties
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In the present thesis, the manuscript of the swhaf various kinds of Schiff base
ligands and their metal complexes has been docwuentthe proper sections and
they have been characterized by various physiahlsgectral techniques, like CHNS
analysis, conductivity measurement, FT-tl{ & °C NMR, ESI-MS, electronic

absorption and EPR studies. Their structure chenaation has been further
validated by XRPD, TGA/DTA, and molecular modelirsjudies. The surface
morphology, which informs about the surface strieeas well as crystalline structure,
has been authenticated by SEM analysis study. A ithasinating part of the work

is the antibacterial activity study which has bematomplished by disc diffusion

technique.

Structural analysis of all the Schiff base ligaoh&l metal complexes, by applying
spectral techniques has revealed the participationitrogen atom of azomethine
group in the legation process with metal ions. TRebsorption data, as well 44
NMR data are in support of this fact. Molar conalitt values of the compounds fall
below 100 uSiemen/cm range and this has recommemaleelectrolytic nature of
the complexes. The electronic absorption and ERR niaely support the concerned
geometry of the complexes. This has been furtheistesl by molecular modeling
study. The powder XRD data of the complexes and pheicle size calculation
through Scherrer's formula revealed their nanoalysé nature.

In our work, the antibacterial activity study ofl ahe synthesized ligands and
complexes, against the clinical strains of bactepathogens, show remarkable
inhibition growth. The metal complexes of KMAXC Si¢lbase ligands show higher
bacterial inhibition growth compared to free Schifdase ligand. Moreover, the
complexes delivered strong antibacterial sensytivaigainst S. aureus bacterial
pathogens. This study with AXCPC3 Schiff base lyamd metal complexes also
revealed the strong antibacterial potency agaithghe bacterial pathogens at their
higher concentration. For this class of compouraigjbacterial study had been
conducted at 100 and p@/uL concentrations. Furthermore, AXCPC3 ligand showed
greater potency than parent drug amoxicillin andti@d drug amikacin. This greater
activity might be due to azomethine linkage andetwtoms present in these
compounds. A similar study with AXCPC2 Schiff bdggand and metal complexes

also revealed better antibacterial activity. Hdre study has conducted with three
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different concentrations of the ligand and metamptexes. The Co-AXCPC2
complex was found less active with all the bactepathogens excepB.aureus

bacteria.

5.2 Recommendation

Research is a continuous process and the followl)gctives are planned for the
future studies.
* To explore the MIC measurement of synthesized Sbhse ligands and metal
complexes.
* To investigate their antioxidant, antifungal andéiGancer activities.
» To obtain single crystal for all the Schiff basgainds and metal complexes
and to explore their crystal structures.
* To investigate the vivo antibacterial study of the compounds.
* To investigate the catalytic, surfactant and etattemical studies of the

compounds.
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CHAPTERG

SUMMARY

The thesis has documented in six chapters. Thedari@fly summarized as follows:

Chapter 1 presents a general introduction and &tgmof Schiff bases and their
metal complexes with cobalt(11), nickel(ll), coppdr and zinc(ll). The discussion on
the synthetic design and various biological appiliees of the Schiff bases and metal
complexes are presented. The structure and cheimicaimation of the precursor
compounds such as aminoglycoside (kanamydgidgactam antibiotic (amoxicillin)

and pyridine carbaldehyde derivatives are alsoemtesl. Biometals in trace amount
are essential for the regulation of metabolic @ty in livings. Chemistry and

biology of such metallo-elements are briefly desedi in this chapter. The objectives

and scope of the present work are highlightedeaetid of this chapter.

Chapter 2 deals the detailed literature revievhefrelevant work which is essential to
authenticate the research. Here the literaturerégiswed on the basis of various

potential applications of the Schiff base and metahplexes.

Details regarding the materials used in the curstuidy and various characterization
methods used to study the synthesized ligands aatdl momplexes are presented in
chapter 3. Experimental details for the synthesid eharacterization of the Schiff
bases and metal complexes are included in thistehaphe procedure used for
carrying out antibacterial studies and the organigiormation has briefly described

here.

Chapter 4 presents details of results and disausdithe experimental work. This is
considered skeletal part of the thesis. The praposelecular geometry of the Schiff
base ligands and metal complexes is portrayed ia thapter. The spectral

characterizations, thermal decomposition, Powder DXRscanning electron
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microscopy study and molecular modeling data haxadyaed and the results have
computed and discussed in this chapter. Tabledigmaes representing the analyzed
data are positioned at the proper places in thedkthis chapter. The antibacterial
evaluation data of the synthesized Schiff baseswetdl complexes are highlighted at
the end.

.In chapter 5, the conclusion of the research wioak documented. The future
prospects and recommendations for the continuatfopresent research work are

highlighted.

Chapter 6 presents a brief summary of all the @ramf the thesis.
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APPENDIX

Table Al: List of chemicals and reagents

S.N. Chemicals and reagents Source

1 Amoxicillin trihydrate Duchefa Biochemie, Nethands
2 Kanamycin Alfa-Aesar

3 Pyridine-3-carboxaldehyde Spectrochem Mumbaiandi
4 Pyridine-2-carbaldehyde Spectrochem Mumbai India
5 Thiophene-2-carboxaldehyde Spectrochem Mumbaa Ind
6 Methanol Merck

7 Ethanol Merck

8 CoC}. 6H,0 Qualigens

9 NiCl,. 6H,O Qualigens

10 CuC}. 2H,0 Qualigens

11 ZnC}, Qualigens

12 Acetone Merck

13 Dimethylsulphoxide (DMSO) Qualigens

14 Sodium hydroxide Himedia co.

15 Nutrient agar Himedia co.

16 MHN agar Himedia co.

17 pH buffer capsule Merck

18 Hydrochloric acid Merck

19 Tryptone soya broth Himedia co.

20 Peptone water Himedia co.
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Table A2: List of instruments and glass apparatus

S.N. Instruments and glass apparatus Source

1 Magnetic stirrer Vitco co. India
2 Heating mantle Local company
3 Digital balance (4 digits)

4 Conical flask (100 mL) Borosil

5 Beaker (100 mL) Borosil

6 Magnetic beads Local

7 Condenser Borosil

8 Pipette Borosil

9 Measuring cylinder Borosil

10 Pipette pump Polylab

11 Glass adaptors Borosil

Table A3: Solubility data of Schiff base ligands and metahplexes

S.N. Compounds Methanol Water Ethanol CHCI DMSO DMF
1 KMAXC IS IS IS IS S S
2 AXCPC3 S IS IS IS S S
3 AXCPC2 S IS IS IS S S
4 Co-KMAXC IS IS IS IS S S
5 Cu-KMAXC IS IS IS IS S S
6 Zn-KMAXC IS IS IS IS S S
7 Co-AXCPC3 IS IS IS IS S S
8 Ni-AXCPC3 IS IS IS IS S S
9 Cu-AXCPC3 IS IS IS IS S S
10 Zn-AXCPC3 IS IS IS IS S S
11 Co-AXCPC2 IS IS IS IS S S
12 Ni-AXCPC2 IS IS IS IS S S
13 Cu-AXCPC2 IS IS IS IS S S
14 Zn-AXCPC2 IS IS IS IS S S

IS = Insoluble
S = Soluble
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Figure A2: Electrostatic potential mapped electron densitfage of Ni-AXCPC3
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Figure A3: Antibacterial activity against pathogenic bactavith AXCPC3 Schiff base ligand and

metal complexes
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Figure A4: Antibacterial activity against pathogenic bactavith AXCPC2 Schiff base ligand and

metal complexes

Figure A6: Sample picture of AXCPC2 Ligand and metal compdexe

183



LIST OF PUBLICATIONSAND SCIENTIFIC PAPER PRESENTATIONS

List of Publications

1. Chaudhary, N. K., & Mishra, P. (2017). Bioactivity of some divalent(lN}

complexes of penicillin based Schiff base ligangintsesis, spectroscopic

characterization, and thermal studgurnal of Saudi Chemical Sociewpl. 22,
2018, pp. 601-613. doi: 10.1016/}.jscs.2017.10.003
2. Chaudhary, N. K., & Mishra, P. (2017). Metal complexes of a novel iich

base based on penicillin: characterization, mobeclodeling and antibacterial

activity study. Bioinorganic Chemistry and Applicationd/ol. 2017, doi:
10.1155/2017/6927675
3. Chaudhary, N. K., & Mishra, P. (2015). Spectral investigation aimdvitro

antibacterial evaluation of Niand Cll complexes of Schiff base derived from

amoxicillin and a-formylthiophene ¢ft). Journal of Chemistry,Vol. 2015,
Article ID 136585. doi: 10.1155/2015/136285
4. Chaudhary, N. K., & Mishra, P. (2015). Synthesis, structure delir@atand

antibacterial activity study of metal(ll) complexet Schiff base derived from

kanamycin and methyl ester of amoxicillimternational Research Journal of
Pure and Applied Chemistry,Vol. 7(4), 2015, pp. 165-180. doi:
10.9734/IRIJPAC/2015/17013

Scientific Paper Presentations

1. Scientific paper presentation entitlédioactivity of some divalent M(lI)
complexes of Penicillin based Schiff base ligand: Synthesis, Spectroscopic
characterization and Thermal study" at the National Conference on Recent
Innovations in Science, Engineering and Technol®@RISET) held at New
Delhi, India on 24th September, 2017.

2. Scientific paper presentation entitled Coordination chemistry and
antimicrobial screening of Ni'' and Cu" complexes of asymmetric Schiff
base of Streptomycin and anilin€" in the 7th National conference on Science
and Technology, organized by NAST, Nepal on 29-3frd¥A, 2016.

184



Scientific paper presentation entitletdV/visible investigation and antibiotic
study of metal complexes of Schiff base derived from Amoxicillin and
Thiophene-2-carbaldehyde” in the 18 International Symposium on Eco-
materials Processing and Design (ISEPD-2015), ételichthmandu, Nepal.
Scientific paper presentation entitlédBio-coordination and Antibacterial
screening of Cu(ll), Co(l1) and Zn(l1) Complexes of Schiff base derived
from Kanamycin and Amoxicillin" in the International conference on
Emerging Trends in Science and Technology on Ma2@h23, 2014 at
Biratnagar, Nepal.

Scientific paper presentation entitlédBio-coordination behavior of Cu(ll)
and Ni(l1) ionswith biologically active Streptomycin and Amoxicillin mixed
ligands. Synthesis, spectroscopic characterization and molecular modeling”

in the scientific seminar of "Modern trends in $cie and Technology" on 98

29" December-2012, at Biratnagar, Nepal.

185



Journal of Saudi Chemical Society (2018) 22, 601-613

King Saud University

agesudlloll BER

Journal of Saudi Chemical Society

King Saud University L)

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Bioactivity of some divalent M(II) complexes of () cosn
penicillin based Schiff base ligand: Synthesis,
spectroscopic characterization, and thermal study

N.K. Chaudhary, P. Mishra "~

Bio-inorganic and Materials Chemistry Research Laboratory, Tribhuvan University, M.M.A.M. Campus, Biratnagar, Nepal

Received 5 August 2017; revised 17 September 2017; accepted 17 October 2017
Available online 31 October 2017

KEYWORDS Abstract A series of four novel metal complexes of Co(II), Ni(II), Cu(II) and Zn(II) were synthe-
Schiff base metal complexes; sized from Schiff base derived from amoxicillin (AMX) and picolinaldehyde (PC2). The ligand and
Kinetic parameters; metal complexes were fully characterized by physical and spectral techniques such as elemental
Antibacterial activity; microanalysis, conductivity, FT-IR, 'H & '3C NMR, UV-vis, mass spectra, EPR, magnetic
Molecular modeling; moment measurement, TGA/DTA, PXRD and antibacterial activity study. The spectroscopic study
Penicillin revealed 1:2 metal ligand ratio and coordination sites in the ligand for metal ions were evaluated by

analysis of the spectral results. The surface morphology of the complexes was evaluated by SEM
analysis. Molar conductivity implies non-electrolytic nature of the complexes. UV—vis. spectral
study nicely supports octahedral geometry for Co(Il) and Zn(II) complexes and tetrahedral geom-
etry for Cu(Il) complex. The kinetic parameters were extracted from Coats-Redfern equation. The
PXRD study revealed nano-crystalline nature of Co(I11), Ni(II) & Cu(II) complexes and amorphous
nature of Zn(II) complex. The proposed geometry of the complexes was optimized by MM2 calcu-
lation supported in Cs-ChemOffice Ultra-11 program. The ligand and metal complexes were
screened for antibacterial potency against four human pathogenic clinical strains of bacteria and
the data revealed their promising antibacterial activity.
© 2017 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Schiff bases and related complexes cover a wide range of appli-
cations in medicinal and pharmaceutical fields and are of great

* Corresponding author. - _ research interest [1]. Due to the formation of stable complexes
E-mail address: prmmishra(@rediffmail.com (P. Mishra). with transition metal ions and participation of azomethine
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as a model compound and play an active role in the develop-
ment of coordination chemistry [2]. The lone pair electron of
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various metal ions, leading to potential biomedical applica-
tions, easy removal of toxic metals from the biological systems
and also from waste materials [3,4]. Metal ions make bridge
between the drug substances and pathogenic organisms and
thus the field of metal drug interaction chemistry is growing
rapidly in the medical and chemical sciences [5]. Chemically
Schiff base is an imine group containing compound whose clin-
ical profile attribute it a versatile pharmacophore in the
biomedical field [6]. The applications in electronics as a very
good sensor, catalytic activity in various reaction pathways
in chemical science [7,8] and as dyes and paints in industries
further increase the importance of this class of compound
[9,10]. Recent progress in the field of coordination chemistry
including Schiff base metal complexes offers a big platform
for the advancement of chemical research. The Schiff bases
containing heterocyclic moiety prove special attention because
of their significant role in biological processes as a very good
chemotherapeutic agent and also an important antioxidant
chemical [11,12]. Their role in removing toxic chemicals from
the biological system is fantabulous. This research is mainly
focused on the antibacterial evaluation of amoxicillin derived
Schiff base and its metal complexes. The current literature
search has highlighted antibacterial resistance in community
pathogens as a major problem and to overcome from this,
the antibiotics of the new generation should be revived [13,14].
In continuation of our ongoing interest in the design and
development of novel bioactive Schiff base materials [15,16],
we have focused the attention in deriving novel Schiff base
ligand from amoxicillin and picolinaldehyde, and its four
metal derivatives with divalent 3d-metal (Co "2, Ni*2, Cu*?
and Zn*?) ions. This investigation has extended to spectral
characterization, thermal stability study, powder X-ray
diffraction study and molecular modeling of the synthesized
compounds. Several research papers computed amoxicillin as
an old generation antibiotic because of its resistance to various
bacterial pathogens [17]. Picolinaldehyde (also called pyridine-
2-carbaldehyde) is a pyridine based aromatic aldehyde that
bears potential ability for the synthesis of many drug candi-
dates [18]. We report here a simple condensation reaction
between the aldehyde moiety of picolinaldehyde and the inner
amino group of amoxicillin for the formation of Schiff base.

2. Experimental section

2.1. Materials and reagents

Amoxicillin trihydrate was purchased from Duchefa Bio-
chemie, Netherland. Picolinaldehyde in extra pure form was
procured from Spectrochem Mumbai, India. M(II) chloride
(M =Co"2, Ni*? Cu™? and Zn"?) salts were purchased
from Merck. Double distilled methanol was used as a solvent
for the synthesis. Triple distilled water was used for rinsing
the required apparatus and they were dried in the oven before
use. All the chemicals used in this research were of analytical
reagent grade and used as commercially obtained without fur-
ther purification.

2.2. Instruments

The molar conductance of solid complexes in 10~ (M) DMSO
was measured in Labtronics auto digital conductivity meter

(LT 16 model). The CHNS micro-elemental analysis of the
compounds was performed on Elementar Vario EL III model
analyzer. The infrared spectra were recorded on a Perkin-
Elmer FT-IR spectrophotometer as a KBr discs in the range
of 400-4000 cm~!. The 'H NMR and '*C NMR spectra were
recorded on Bruker Avance III, 400 MHz spectrometer, using
DMSO-d; as solvent and tetramethylsilane as an internal stan-
dard. The electronic spectra of the complexes were recorded on
single beam microprocessor Labtronics UV—Vis spectropho-
tometer (LT-290 model) in the range 200-1000 nm in DMSO
solvent. X-band electron spin resonance (ESR) measurement
of solid Cu(Il) complex was recorded on JES-FA200 ESR
spectrometer with no marker lines used. The positive mode
ESI-MS spectra of the compounds were analyzed on Agilent
Q-TOF mass spectrometer. The X-ray powder diffraction
study was accomplished in Bruker AXS D8 Advance X-ray
diffractometer with the monochromatised Cu-Ka line at wave-
length 1.5406 A as the radiation source. The TGA/DTA study
was performed in Perkin-Elmer thermal analyzer with a linear
heating rate of 10 °C min~' in the range of 40-750 °C. JEOL
JSM-6390 LV scanning electron microscope was used to
record the micrograph of the compounds. The molecular mod-
eling of the synthesized compounds was accomplished by run-
ning energy optimization job through MM2 calculation
supported in ChemOffice software program.

2.3. Synthesis of ligand (AXCPC2)

The Schiff base ligand (AXCPC2) ((E)-6-(2-(4-hydroxyphe
nyl)-2-(pyridine-2-methyleneamino) acetamido)-3,3-dimethyl-
7-0x0-4-thia-1-aza—Dbicyclo[3.2.0] heptanes-2-carboxylic acid)
was prepared by refluxing the equimolar mixture (1:1) of
amoxicillin trihydrate and Pyridine-2-carbaldehyde in metha-
nol solvent media. For this purpose, 5 mmol (2.09725 gm)
amoxicillin trihydrate in 30 ml methanol was stirred under
hot condition over the magnetic stirrer for several hours
and 5mmol (0.471 ml) pyridine-2-carbaldehyde was added
dropwise. The pH of the mixture was checked and main-
tained neutral by adding 0.1 N NaOH solution. The resulting
mixture was refluxed for 4 h till it became clear yellow color.
The solution was left undisturbed for better crystal formation
and bright yellow solid was separated after volume reduc-
tion. The solid was recrystallized from hot methanol and
dried in the desiccators using anhydrous CaCl,. The ligand
was stored in the airtight vial in the refrigerator until its fur-
ther use.

2.4. General method for synthesis of metal complexes

The solid metal complexes were prepared by adding hot
methanolic solution of metal salts containing 0.5 mmol of
CoCl,-6H,O (0.1189 gm), NiCl,-6H,O (0.1188 gm), CuCl,-
-2H,0 (0.085 gm) and ZnCl, (0.0681 gm) to the hot and homo-
geneously stirred solution of AXCPC?2 ligand (1 mmol, 0.454
gm) in 20 ml methanol. The solution was refluxed for several
hours under hot water bath with constant stirring. The stirring
is done to homogenize the molecules and to facilitate the bond-
ing of the ligand with metal ions. Different colored solid M-
AXCPC2 (M = Co "2, Ni"2, Cu"? & Zn"?) complexes were
obtained by volume reduction of the solution. The solid was
separated, washed with methanol and dried in the desiccators.
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The solid was stored in the airtight vial in the refrigerator, until
its further use.

2.5. Antibacterial assessment

The synthesized Schiff base and its corresponding metal(II)
complexes were screened for antibacterial activity against some
human pathogenic organisms. Four different bacterial organ-
isms were selected for this study purpose. The organisms were
very carefully revived in MHN agar media and diffused in
tryptone water before seeding in the agar plate. Kirby-Bauer
paper disc diffusion technique was applied in order to show
the antibacterial potency of the compounds. The fresh clinical
culture of organisms was procured from biochemistry labora-
tory of Suraksha Hospital, Biratnagar. It’s detailed and the
minute study was done in Bio-inorganic and Materials Chem-
istry Research Laboratory of Mahendra Morang Adarsh Mul-
tiple Campus, Biratnagar. The organisms selected for the study
were E. coli, P. vulgaris, K. pneumoniae, and S. aureus. They
were tested against three different concentrations of the syn-
thesized compounds.

3. Results and discussion

3.1. Physical characterization

Micro analytical, molar conductance and other physical prop-
erties of the ligand and metal complexes are presented in
Table 1. The molar conductance values clearly indicate non-
electrolytic nature of the ligand and its metal complexes. The
micro analytical data of the complexes revealed ML, type
geometry with 1:2 metal ligand ratios. The ligand was soluble
in methanol and the metal complexes were soluble only in mild
polar organic solvents like DMSO and DMF. They were
found insoluble in water. The proposed structure determina-
tion and confirmation of the complexes (Fig. 1) is well
explained on the basis of the rigorous study of their physical
data in combination with spectral results.

3.2. Spectral characterization

3.2.1. FT-IR spectroscopy

The significant IR spectral bands of Schiff base (AXCPC2)
ligand and its corresponding metal complexes are documented

in Table 2. These bands deliver valuable information about the
nature of functional groups attached to the metal atoms. The
IR spectrum of AXCPC2 ligand exhibits broad absorption
band in the region between 3600 and 2800 cm ™' with a peak
at 3336 cm ™! and two shoulder peaks at 2963 and 2928 cm ™!
correspond to v(NH), v(OH) and v(CH) overlapping stretch-
ing vibrations. The shoulder peaks associated with this broad
absorption band are attributed to methyl v(C—H) symmetric
and asymmetric stretch. The metal complexes also exhibit
broad absorption band which corresponds to v(NH), v(OH)
and v(CH) overlapping stretching vibrations in the similar
regions, with highest peak intensity at 3397, 3391, 3395 and
3308 cm™! for respective Co-AXCPC2, Ni-AXCPC2, Cu-
AXCPC2 and Zn-AXCPC2 complexes. The v(C=N) stretch
attributed to azomethine bond for AXCPC2 at 1657 cm™"
has observed to an experience downward shift of 7-13 cm™"
upon complexation with metal ions [19,20]. The related v
(C=N) stretch peak for Co-AXCPC2, Ni-AXCPC2, Cu-
AXCPC2 and Zn-AXCPC2 complexes are observed at 1650,
1644, 1647 and 1651 cm ™' respectively. The IR spectrum of
AXCPC2 exhibits v(COOH) symmetric and asymmetric
stretch vibration bands at 1439 and 1514.8 cm ™" and no appre-
ciable change of this value is observed in the IR spectra of
metal complexes. The carboxylic v(C=O0) stretch for the
ligand is observed at 1737 cm ™' and this value has shifted to
1710, 1740, 1725 and 1740cm™' for Co-AXCPC2, Ni-
AXCPC2, Cu-AXCPC2 and Zn-AXCPC2 complexes. This
shift in positions may be attributed to change in electronic
environment after complexation [21]. Most of the IR absorp-
tion bands of the complexes in the fingerprint region are sim-
ilar, providing their identity. Metal-nitrogen v(M—N) bonding
in the complexes is ascribed by the appearance of less intense
peaks in the region of 418-463 cm™!. The Co-AXCPC2 and
Zn-AXCPC2 complexes also exhibit less intense IR absorption
peaks at 568 and 525 cm™!, which corresponds to metal-
oxygen v(M—O) bonding.

3.2.2. '"H & 3C NMR spectral analysis

The 'H NMR spectral comparison of AXCPC2 ligand and its
diamagnetic Zn-AXCPC2 complex furnishes information
about the proton environment of the molecule and their chem-
ical shift data are reported in Table 3. The azomethine proton
of ligand resonated as a sharp singlet at 9.225 ppm and on
complexation, this signal was shifted to 9.440 ppm. This indi-
cates the involvement of azomethine group in chelation pro-

Table 1 Physical properties and micro analytical data of ligand and metal complexes.
Complex Empirical formula Formula weight Color Calculated (found) (%)
C H N (0] S
AXCPC2 CH5»N,4058 454.13 Cocoa brown 58.14 4.88 12.33 17.60 7.06
(58.18) (4.82) (12.29) (17.62) (7.01)
Co-AXCPC2 Cy4H4,CoNgO4S, 965.18 Coffee 54.71 4.38 11.60 16.56 6.64
(54.69) (4.40) (11.58) (16.51) (6.67)
Ni-AXCPC2 C44H42N8Ni010S2 964.18 Beaver 54.73 4.38 11.60 16.57 6.64
(54.69) (4.37) (11.55) (16.55) (6.60)
Cu-AXCPC2 Cy4H4,CuNgO,S, 969.18 Rifle green 54.45 4.36 11.55 16.49 6.61
(54.39) (4.41) (11.48) (16.52) (6.56)
Zn-AXCPC2 Cy4H46NgO15S-Zn 1006.2 Ruddy brown 52.41 4.60 11.11 19.04 6.36
(52.42) (4.63) (11.15) (19.12) (6.32)
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Fig. 1  Structure of metal complexes.
Table 2 FTIR spectral data of AXCPC2 Schiff base and metal complexes.
Complex v(NH) & V(C—H) V(C=N) Vasym Veym v(C=0) v(M—N) v(M—0)
v(OH) methyl (imine) (COOH) (COOH) carboxylic
AXCPC2 3336 2963, 2928 1657 1514.8 1439 1737 - -
Co-AXCPC2 3397 (b) 2959, 2927 1650 1514.42 1440 1710 463.47 567.92
Ni-AXCPC2 3391 1644 1514.49 1440.96 1740 422 -
Cu-AXCPC2 3395 2957, 1647 1513.52 1440.24 1725 418 -
Zn-AXCPC2 3308 2960, 2926 1651 1514.35 1438 1740 418.32 525.21
. . Zn-AXCPC2 complex. Other aromatic and methyl proton sig-
Table 3 "H NMR spectral data of AXCPC2 ligand and Zn- nals have appeared at similar positions in "H NMR spectra of
complex. ligand and complex.
Comp. Chemical shift Assignment 13C NMR spectral study furnishes idea about the different
(8) ppm kinds of carbon atoms and their electronic environment in the
13 . .
AXCPC2 10.122 (s) Carboxylic proton molecgles, The °C NMR spectrum of AXCPC2 hgagd deliv-
9.723 broad Phenolic OH proton ers a signal for carboxylic carbon at 174.05 ppm. The signal for
(may be due to H-bond) azomethine carbon appeared at 152.279 ppm. The signal at
9.225 (s) Azomethine proton 171.043 ppm is attributed to lactam carbonyl carbon and the
8.197-8.443 Pyridine ring protons signal for other carbons of lactam and thiazole ring appeared
8.008-8.130 Amide NH proton in the range of 40.229-55.177 ppm. The aromatic ring carbons
6.691-7.767 Ar-H protons deliver the signal in the range of 115.622-131.259 ppm and the
LS5 sl jpusiiors signals in the range of 137.492-149.636 are attributed to pyri-
Zn-AXCPC2 10.123 (S) Carboxylic proton . . .
. dine ring carbons. The methyl carbons showed a signal at
9.75 broad Phenolic OH proton 29,450 Th ded " £ AXCPC? licand i
@iy B 6 20 L Bwiad) 9.450 ppm. The recorded spectrum o 2 ligand s
9.440 (s) Azomethine proton given in Fig. 2 and the spectral data are reported in Table 4.
8. 187-8.594 Pyridine ring protons Due to resonance effect in diamagnetic and paramagnetic nat-
6.713-7.784 Ar-H protons ure of the complexes, there was no marked change in '*C
1.229-1.521 Methyl protons NMR spectrum of Zn-AXCPC2, compared to the ligand.

cess. The pyridine ring protons of ligand resonate in the range
of 8.197-8.443 ppm and these signals were found between
8.187 and 8.594 ppm in the 'H NMR of the Zn-AXCPC2
complex. The signal for amide NH proton has appeared
between 8.008 and 8.130 ppm in the "H NMR of ligand which
has almost vanished in the '"H NMR spectrum of Zn-AXCPC2
complex and this indicated its participation in the coordina-
tion with the metal atom. Phenolic proton signal at 9.723
ppm as a broad signal for ligand has almost resumed in the

3.2.3. Mass spectral analysis

The mass spectra of AXCPC?2 ligand and its four metal com-
plexes revealed the peaks at various positions of m/z values.
The peak at m/z 456 in the mass spectrum of AXCPC2 ligand
signifies molecular ion peak [M + H] . The metal complexes,
such as, Co-AXCPC2, Ni-AXCPC2, Cu-AXCPC2 and Zn-
AXCPC2 deliver respective molecular ion peaks at m/z 966,
965, 970 and 1006.2, which strongly support proposed molec-
ular formula of the complexes. These molecular mass values
combined with other spectral studies are essential to generate
the structure of the compounds.
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Fig. 2 '>C NMR spectrum of AXCPC?2 ligand.

3.2.4. Electronic absorption and conductivity measurement

The electronic absorption spectral data for AXCPC2 ligand
and its corresponding metal(II) complexes are presented in
Table 5. The electronic spectrum of AXCPC2 ligand shows a
broad peak at 266 nm assignable to m — n* transition and a
peak at 301 nm is assignable to n — n* transition. The intra
ligand charge transfer band for the ligand appears at 361
nm. The n — n* and n — ©" transitions in metal complexes
appear at the similar wavelength regions with minor variations

Table 4 The '>C NMR spectral data (8 ppm) of AXCPC2 ligand.

in the data and this may be due to change in electron density
around the target group. Besides these absorption peaks, metal
complexes deliver peaks in the high wavelength regions and
this probably describes the geometry around metal ions. The
octahedral Co-AXCPC2 complex displays three absorption
peaks at 465, 590 and 853 nm, assignable to 4Tlg(F) -
4T1g(P), 4T]g(F) - 4A2g, and 4T1g - 4T2g transitions respec-
tively [22]. The ligand metal charge transfer band (LMCT) is
attributed by the absorption peak at 409 nm. The magnetic
moment value (5.32 BM) further confirms octahedral geometry
of this complex [23,24]. The Ni-AXCPC2 complex exhibits two
absorption bands at higher wavelength region at 516 and 690
nm due to 'Alg - 1B1g and 'Alg - 'Bzg transitions respec-
tively and these assign square planar of the complex. The tetra-
hedral geometry of the Cu-AXCPC2 complex has been
demonstrated by szg - 2Eg transition with corresponding
absorption band appeared at 508 and 625 nm. This is further
supported by magnetic moment value (1.75 BM), with one
unpaired electron [25]. The diamagnetic Zn-AXCPC2 complex
delivers high energy bands at 269, 308 and 402 nm, which cor-
respond to T — n*, n — n* and LMCT band. Due to the com-
plete d'° electronic configuration, d-d transition band was not
observed. Association of two H,O molecules in the zinc com-
plex has been suggested by thermal analysis study and coordi-
nation number six has favored around Zn*? jon in the
complex. Based on the experimental evidence, microanalytical,
spectral and thermal studies, an outer orbital octahedral geom-
etry has assigned for zinc complex [26].

The molar conductivity data of the complexes are reported
in Table 5 and the data reveals their non-electrolytic nature.
This also reflects non-ionic nature of the complexes [27].

AXCPC2 ligand Assignment Chemical shift 6 ppm
7\ COOH 174.05
C=0 171.043
—N CH=N 152.279
HC Pyridine ring carbon 149.636, 149.027, 137.492

Aromatic ring carbon

Il:[I Lactam & thiazole ring carbon
S cu, DMSO
o CH;
- N CH;
(0]

131.259, 128.283, 123.083, 122.526, 115.622
55.177, 40.785, 40.507, 40.229, 39.951, 39.673, 39.396, 39.118

29.450

Table 5 Electronic spectra, magnetic moments and molar conductivity data of ligand and its metal complexes.

No. Comp. Peak positions (nm)  Assignment Magnetic moment (BM) Conductance (u siemen/cm)

1 AXCPC2 266, 304, 361 n— 7, n— 1, intraligand CT band

2 Co-AXCPC2 268, 309, 410, m—>mn,n—mn, LMCT band 5.32 25.6
465, 4T 1o(F) — *T)o(P)
590, *T14(F) - *Ay,
853, T - T

3 Ni-AXCPC2 268, 307, 420, n—n,n—n, LMCT band = 20.9
516, 'Alg = 'Byg
690, 'Arg = 'Byg

4 Cu-AXCPC2 269, 310, 396, > n,n—n, LMCT band 1.75 31.1
508, 625, T,y — °E,

5 Zn-AXCPC2 269, 308, 402 m—mn,n—mn, LMCT band — 8.7
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3.2.5. EPR analysis

The solid state X-band EPR spectrum of the Cu-AXCPC2
complex is presented in Fig. 3. The EPR spectrum was
recorded at room temperature under the frequency of
9445.144 MHz with center line at 314.187 mT. The g tensor
and G values are the useful parameters of ESR spectrum which
are used for gaining information about the electronic environ-
ment and the possible geometry of the complex. The exchange
coupling interaction parameter (G) has been calculated by
Hathaway expression [28.29]. The g tensor data for this com-
plex displays g|| value 2.149 and g, value 2.04. The order of
splitting factor g|| > g; > g (2.0023) is the characteristic fea-
ture of axial symmetry of the complex and also indicates the
presence of the unpaired electron in the d-orbital of Cu(Il)
ion. The calculated g, value is 2.076 and exchange coupling
interaction parameter value (G) is 3.72. Since G value is less
than 4, this shows appreciable exchange interaction in the
complex [30].

1500 —
1000
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Intensity
(=]
1

-500

-1000

-1500

-2000 T T T T
250 300 350 400

Magnetic Field (mT)

Fig. 3 EPR spectrum of Cu-AXCPC2.

3.3. Thermal properties

The TGA/DTA of the AXCPC2 ligand and its metal com-
plexes were carried within the temperature range from room
temperature to 750 °C in the nitrogen atmosphere with the lin-
ear heating rate of 10 °C/min. The thermal data have been
extracted from the intimate analysis of their thermogram and
the data are presented in Table 6. The following findings have
been achieved in our research analysis.

The thermogram of AXCPC2 Schiff base ligand showed
continuous decomposition from 54 °C to 619.73 °C with major
four decomposition steps and after this temperature, the ligand
leaves no residue. The decomposition step in the temperature
range of 53.89-101.43 °C with the small mass loss of 0.162
mg (2.849%) is associated with loss of moisture and makes
no sense for the thermal stability. The second decomposition
step in the temperature range of 172.94-232.11 °C with mass
loss of 0.954 mg (16.842%) may be attributed to the loss of
ligand moiety. Two small shoulder peaks are associated with
second decomposition step. The mass loss of 2.46 mg
(43.529%) is associated with third decomposition step with a
temperature range of 276.47-298.54 °C (Tprg = 284.35 °C).
This decomposition step is also attributed to the loss of ligand
moiety. Tpta peak at 296.5 °C for this step concludes endo
thermal effect. The last decomposition step represents com-
plete loss of ligand molecule in the temperature range of
528.17-619.73 °C with Tprg = 574.22 °C. Tpta peak at 551
°C for this step shows exo thermal effect.

The Co-AXCPC2 complex exhibits decomposition in two
steps. The first decomposition step with mass loss of 0.571
mg (16.525%) occurred in the temperature range of 194.91—
309.61 °C and this is assigned to the loss of organic moiety
of the ligand. The second decomposition step involves the mass
loss of 2.406 mg (69.647%) in the temperature range of
527.36-585.06 °C with Tptg peak at 547.88 °C and this may
be attributed to the complete loss of ligand part. The thermo-
gram after this temperature gave horizontal platue, indicating
cobalt oxide as stable residue. The associated Tpta peak at
510 °C shows exo thermal effect. The thermogram of Ni-
AXCPC2 complex exhibits decomposition in two steps, very
much similar to Co-AXCPC2 complex. The first step involves

Table 6 Thermal decomposition data of ligand and metal complexes.

Complex Steps TG range (°C) DTA
A0 found (Cal.) T; Ty Torc Mass loss Tota Peak

AXCPC2 1 2.849 53.89 101.43 74.39 0.162 - -

2 16.842 172.94 232.11 193.53 0.954 = =

3 43.529 276. 47 298.54 284.35 2.46 296.5 Endo

4 81.667 528.17 619.73 574.22 4.631 551 Exo
Co-AXCPC2 1 16.525 194.91 309.61 208.77 0.571 - -

2 69.647 527.36 585.06 547.88 2.406 510 Exo
Ni-AXCPC2 1 16.454 191.4 267.04 211.37 0.564 - -

2 74.754 489.65 551.22 513.88 2.566 511.16 Exo
Cu-AXCPC2 1 23.733 175.76 24481 205.71 2.062 — —

2 44.964 271.37 2992.93 281.73 3.927 - -

3 69.336 441.02 502.57 456.89 6.056 458 Exo
Zn-AXCPC2 1 12.557 189.04 226.83 209.54 0.865 - -

2 27.928 262.92 284.46 270.89 1.922 - -

3 75.299 582.67 672.77 618.27 5.189 619 Exo
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the decomposition in the temperature range of 191.4-267.04
°C with Tptg peak at 211.37 °C. The second step involves
the decomposition in the temperature range of 489.65—
551.22 °C with Tptg peak at 513.88 °C and Tpra peak at
511.16 °C. This step shows exo thermal effect. After the second
decomposition step, the thermogram shows horizontal platue,
indicating nickel oxide as stable residue. The thermogram of
Cu-AXCPC2 complex showed decomposition in three major
steps. The first step involves the mass loss of 2.062 mg
(23.733%) in the temperature range of 175.76-244.81 °C and
this may be attributed to the loss of ligand moiety. The second
step involves the mass loss of 3.927 mg (44.964%) in the tem-
perature range of 271.37-299.93 °C with Tprg peak at 281.73
°C. The third step involves major mass loss of the substance
with 6.056 mg (69.336%) in the temperature range of
441.02-502.57 °C and after this the thermogram became

horizontal, indicating complete loss of organic moiety and
leaves copper oxide as stable residue. The Tpra peak associ-
ated with this step is 458 °C and shows exo thermal effect.
The thermogram of the Zn-AXCPC2 complex also exhibits
major three decomposition steps as like Co-AXCPC2 complex
but with several shoulder peaks. Nearly 3.5% weight loss at
Torg = 86.01 °C is associated to loss of two molecules of lat-
tice water in the thermogram of the Zn-AXCPC2 complex [31].
The first decomposition step involves the mass loss of 0.865 mg
(12.557%) in the temperature range of 189.04-226.83 °C with
Torg = 209.54 °C. This may be attributed to the loss of
organic parts of the ligand. The second decomposition step
involves the mass loss of 1.922 mg (27.928%) in the tempera-
ture range of 262.92-284.46 °C. This step is associated with
one shoulder peak at Tptg = 307.37 °C. This step of the ther-
mogram involves the loss of ligand moiety. The third and final

Table 7 Thermodynamic and kinetic parameters of ligand and metal complexes.

Comp. Step A6 Tmax K)  E kJ/mol)  4S" (J/Kmol)  AH (kJjmol)  AG" (kJ/mol)
AXCPC2 1 —0.98242  3.94 x 10° 347.39 71.9763 —82.425 69.087 28.702
2 —0.98265  2.93 x 10'° 466.53 108.96 —49.05 105.081 22.988
3 —0.99165 1.897 x 0% 557.35 332.7696 328.75 328.135 —182.9
4 —0.98539  1.56 x 10" 847.22 221.028 —40.106 213.983 34.19
CoAXCPC2 1 —0.98253 9.2 x 10? 481.77 51.091 —192.96 47.086 93.009
2 —0.98148 223 x 10** 820.88 419.258 212.009 412.43 —173.6
NiAXCPC2 1 —0.98108 1.16 x 10° 484.37 80.665 —133.64 76.63 64.8
2 —0.98349  1.86 x 10" 786.88 325.358 115.128 318.81 —90.27
Cu—AXCPC2 1 —0.981 3.13 x 10° 478.71 99.86 —87.005 95.88 41.74
2 —0.98863  4.66 x 10°° 554.73 408.458 451.134 403.84 —249.8
3 —0.98164 1,5 x 107 729.89 275.889 75.675 269.82 —54.9
Zn-AXCPC2 1 —0.98843 1.3 x 10*! 482.54 213.025 154.5 209.01 —74.34
2 0.98989 2.089 x 107 543.89 305.09 272.32 300.57 —147.8
3 0.98545 5.93 x 10" 891.27 277.84 8.864 270.43 —7.629
VVV o WV VWY VYV VY Y VWY VYWY VY v vy oy v v
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Fig. 4 X-ray diffractogram of Cu-AXCPC2.
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step in the temperature range of 582.67-672.77 °C with Tprg
= 618.27 °C is associated with the complete loss of ligand moi-
ety and leaves zinc oxide as stable residue. This can be con-
cluded by the horizontal portion of thermogram after 672.77
°C. The Tpta peak for this step at 619 °C concludes exo-
thermal effect.

3.3.1. Kinetic parameter

The thermodynamic and kinetic parameters of the ligand and
metal complexes have been extracted from thermogravimetric
(TG) and differential thermal analysis (DTA) curves and the
computed values are presented in Table 7. These parameters
were evaluated graphically by employing the Coats-Redfern
method [32,33].

o[22

. P

20kv  X3,500 5um 0000 11 50 SEI

20kv  X3,500

20kV X3,500 S5pm

Fig. 5

where, o represents the decomposition fraction at temperature
T K, f denotes linear heating rate (dT/dt). E* and A denote the
activation energy and Arrhenius pre-exponential factor respec-
tively. R represents gas constant. A linear plot of left side ver-
sus //T of Coats-Redfern equation gives a straight line, whose
slope E*/R furnishes activation energy parameter and the pre-
exponential factor (4) can be determined from the intercept.
The other thermodynamic parameters such as entropy of acti-
vation (4S™), enthalpy of activation (4H") and free energy of
activation (4G™) have been calculated by using the following
relation:

) Ah
AH" = E* — RT

AG* = AH" — TAS®

20kV  X3,500 S5um 0000 11 50 SEI

20kV  X7,000 2uym 0000 11 50 SEI

whsiy.
‘e

0000 11 50 SEI

SEM micrograph images of AXCPC2 ligand and its metal complexes.
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Following remarks can be pointed out:

(1) The activation energy (E”) values of the subsequent
steps are increasing on going from one to another decomposi-
tion steps and this reveals the decreasing rate of decomposition
of complexes. The rate of decomposition of ligand parts from
the complex is becoming slow and this reflects the greater sta-
bility of the complex [34].

(2) The negative entropy of activation, 45", values in the
most of the decomposition steps reveals slow reaction process
with more ordered activated complex. Moreover, positive val-
ues of AS™ are also seen in some decomposition steps and this
reflects spontaneous decomposition process [35].

(3) The positive value of enthalpy, 4H", in all the decompo-
sition steps means that the decomposition processes are
endothermic [36].

(4) The endothermic decomposition processes of various
decomposition steps are further supported by positive values

of AG* in most of the steps and justify non-spontaneous
nature.

3.4. XRPD study

The crystal parameters of metal complexes of AXCPC2 ligand
were studied by powder X-ray diffraction technique. The
diffractogram of Co-AXCPC2 ligand displays 12 reflection
peaks with a most intense peak at 15.992° with corresponding
d spacing value of 5.54217 A. The cell dimensions o = b =

829A,c=1671A4,0 = f =7y = 90°, represent tetragonal
crystal system with p3 space group. The calculated unit cell
volume for this complex is 1147.36 A’. The average crystallite
size of 51.02825 nm executes nanocrystalline nature of this
complex. The diffractogram of the Ni-AXCPC2 complex reg-
istered 24 well-resolved reflection peaks with peak maxima at
18.5777° with corresponding interplanar d spacing value of

Table 8 Selected bond lengths and bond energy parameters of metal complexes of AXCPC2 ligand.

Complex Atoms Bond length (A) Atoms Bond angle (°) Optimized energy
Co-AXCPC2 0(59)-Co(32) 0.6801 0(59)-Co(32)-0(39) 106.5764 381.6644
0(39)-Co(32) 1.1215 0(59)-Co(32)-N(30) 73.3276 Tor. 119.7329
N(30)-Co(32) 2.0047 0(59)-Co(32)-N(16) 112.7752
N(16)-Co(32) 2.0698 0(59)-Co(32)-N(28) 124.7521 VDW
Co(32)-N(28) 1.8101 0(59)-Co(32)-N(11) 78.1462 198.1346
Co(32)-N(11) 2.1069 0(39)-Co(32)-N(30) 113.3071
0(39)-Co(32)-N(16) 136.8934
0(39)-Co(32)-N(28) 71.5159
0(39)-Co(32)-N(11) 84.0389
N(30)-Co(32)-N(16) 94.6027
N(30)-Co(32)-N(28) 59.4005
N(30)-Co(32)-N(11) 149.8053
N(16)-Co(32)-N(28) 98.6275
N(16)-Co(32)-N(11) 87.3484
N(28)-Co(32)-N(11) 150.0385
Ni-AXCPC2 N(45)-Ni(59) 1.8521 N(45)-Ni(59)-N(16) 76.0495 233.2716
N(16)-Ni(59) 1.8306 N(45)-Ni(59)-N(40) 70.0498 Tor. 48.383
N(40)-Ni(59) 1.8245 N(45)-Ni(59)-N(11) 91.1137 VDW
N(11)-Ni(59) 1.8215 N(16)-Ni(59)-N(40) 130.7710 25.8868
N(16)-Ni(59)-N(11) 88.8005
N(40)-Ni(59)-N(11) 125.6416
Cu-AXCPC2 N(45)-Cu(59) 1.3338 N(45)-Cu(59)-N(16) 120.9419 170.8828
N(16)-Cu(59) 1.3396 N(45)-Cu(59)-N(40) 88.8246 Tor. 66.8742
N(40)-Cu(59) 1.8536 N(45)-Cu(59)-N(11) 101.1583 Dip. 11.1601
N(11)-Cu(59) 1.8509 N(16)-Cu(59)-N(40) 105.3507 VDW 40.2188
N(16)-Cu(59)-N(11) 104.0951
N(40)-Cu(59)-N(11) 137.8060
Zn-AXCPC2 0(59)-Zn(32) 1.8804 Zn(32)-0(59)-C(15) 133.3517 178.8377
0(39)-Zn(32) 1.8931 0(59)-Zn(32)-O(39) 132.0569 Tor. 92.2682
N(30)-Zn(32) 1.9458 0(59)-Zn(32)-N(30) 76.3639 Dip./Dip.
N(16)-Zn(32) 1.9358 0(59)-Zn(32)-N(28) 148.0973 16.2998
Zn(32)-N(28) 1.9576 0(59)-Zn(32)-N(16) 87.4666 VDW
Zn(32)-N(11) 2.0234 0O(59)-Zn(32)-N(11) 76.0839 45.9981
0(39)-Zn(32)-N(30) 89.7547
0(39)-Zn(32)-N(28) 67.9057
0(39)-Zn(32)-N(16) 139.5210
0(39)-Zn(32)-N(11) 90.0544
N(30)-Zn(32)-N(28) 79.6744
N(30)-Zn(32)-N(16) 111.4034
N(30)-Zn(32)-N(11) 142.4048
N(28)-Zn(32)-N(16) 81.9590
N(28)-Zn(32)-N(11) 134.0984
N(16)-Zn(32)-N(11) 92.3833
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4.7762 A. The cell dimensions a = b = 12.333 A, c=20713
A, o= B = vy = 90° represents tetragonal crystal system
and the space group is P42BC. The calculated unit cell volume
is 3150.7 A* and the average crystallite size is 46.5554 nm and
this represents nanocrystalline nature of the complex. Thirty
reflection peaks have been registered in the diffractogram of
the Cu-AXCPC2 complex (Fig. 4). The most intense peak with
100% intensity has recorded at 16.2628° with interplanar d
spacing value 5.4505 A. The unit cell dimensions a = 13.179
A b=16931 A4, ¢c=7274 4,0 =7y = 90°, f = 102°, suggest
monoclinic crystal system with space group p21. The calcu-
lated unit cell volume of this complex is 1581 A3, The average
crystallite size 57.3205 nm suggests nanocrystalline nature of
this complex. The diffractograms of AXCPC2 and the Zn-
AXCPC2 revealed their amorphous nature.

3.5. SEM study of AXCPC2 and metal complexes

An intimate observation of SEM micrographs of AXCPC2
ligand and metal complexes reveals the fact that there is a sig-
nificant difference in their images, which may be attributed to
change in the metal ions. The SEM images of AXCPC2 ligand
and metal complexes are shown in Fig. 5. The SEM micro-
graph of AXCPC2 ligand displays non-uniform sized and
irregularly shaped crystalline structure. However, Co-
AXCPC2 complex shows sharp edged needle like crystal.
The Ni-AXCPC2 complex reveals ice like crystalline structure
and agglomerated morphology is seen for the Cu-AXCPC2
complex. The broken rock like structure with layered morphol-
ogy has observed in the SEM micrograph of the Zn-AXCPC2
complex [37].

3.6. Molecular modeling study

The molecular modeling of AXCPC?2 ligand and its four metal
complexes was achieved by optimizing their structures in
CsChem Office 3D Ultra-11 program package. The energy
optimization was done several times to get minimum geomet-
rical energy and to register the maximum stability of the com-
plexes [38]. The details of the bond length and bond angles of
the complexes, optimized by MM2 calculations are given
Table 8. The Co-AXCPC2 complex exhibits maximum geo-
metrical energy of 381.6644 kcal/mol and is relatively less
stable than others. The torsional energy for this complex is
119.7329 kcal/mol. Due to the large size of this molecule, there
has a deviation of bond angles and bond lengths from the

normal value of octahedral geometry [39]. The optimized geo-
metrical and torsional energy for the Ni-AXCPC2 complex are
233.2716 kcal/mol and 48.383 kcal/mol. The bond angle and
bond length data support square planar geometry of this com-
plex. The tetrahedral geometry of Cu-AXCPC2 complex is evi-
denced by bond angle and bond length data that are computed
in Table 8. The optimized energy and torsional energy for this
complex have measured 170.8828 kcal/mol and 66.8742 kcal/-
mol respectively. The energy data suggests maximum stability
of this complex. The IR and electronic absorption spectral
study reveal the octahedral geometry of Zn-AXCPC2 complex
which is further supported by bond angle and bond length
data. The final geometrical and torsional energy for this com-
plex are 178.8377 kcal/mol and 92.2682 kcal.mol respectively.
The stability of the complexes follows the order, Cu-
AXCPC2 > Zn-AXCPC2 > Ni-AXCPC2 > Co-AXCPC2.

3.7. Antibacterial sensitivity studies

The AXCPC2 ligand and its metal complexes under this cate-
gory were tested for in vitro to access their growth inhibitory
activity against E. coli, K. pneumoniae, P. vulgaris and S. aur-
eus bacterial pathogens by the standard Kirby Bauer paper
disc diffusion method [40.,41]. Three different concentrations
of the compounds (100, 50 and 25 mcg/mcl) have been used
for this purpose and the growth inhibitory data are summa-
rized in Table 9. Amoxicillin with different concentrations
was used as reference standard to compare the growth inhibi-
tion zone with synthesized complexes. The amikacin 30 mcg
per disc was used as control drug to compare the relative
antibacterial activity of the complexes. The antibacterial
results are presented in the bar graphs Figs. 6-8. The results
declare the higher antibacterial activity of AXCPC?2 ligand rel-
ative to parent drug amoxicillin. All the metal complexes deli-
ver better antibacterial activity at higher concentration and
they deliver considerable activity at lower concentrations.
The Co-AXCPC2 complex is found less active with all the bac-
terial pathogens except S. aureus bacteria. At 25 mcg/mcl con-
centration, the Co-AXCPC2 complex is found almost resistant
to E. coli, P. vulgaris, and K. pneumoniae bacteria. However,
Ni-AXCPC2 and Cu-AXCPC2 complexes showed better
antibacterial activity. The Zn-AXCPC2 complex also delivers
considerable activity at higher concentration. The computed
antibacterial data concludes greater inhibitory effect of ligand
and metal complexes with P. vulgaris and S. aureus bacteria.
The antibacterial activity of the metal chelates can be

Table 9 Antibacterial data of AXCPC2 Schiff base ligand and metal complexes.

Compounds Diameter of zone of inhibition in mm
E. coli K. pneumoniae P. vulgaris S. aureus

Concentration (mcg/mcl) 100 50 25 100 50 25 100 50 25 100 50 25
AXCPC2 24 18 17 11 10 10 13 11 10 23 14 12
Co-AXCPC2 11 - - 15 11 - 10 8 - 19 13 10
Ni-AXCPC2 14 13 12 15 11 - 12 11 8 16 14 14
Cu-AXCPC2 14 14 12 19 14 11 15 14 13 20 19 19
Zn-AXCPC2 12 - - 14 11 - 15 14 12 18 18 18
Amoxicillin 24 15 12 14 12 8 18 16 10 19 15 14
Amikacin 20 20 20 18 18 18 27 27 27 26 26 26
MeOH 0 0 0 0 0 0 0 0 0 0 0 0
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explained by overtone concept and the Tweedy’s chelation the-
ory [42]. The variation in the activity of complex against differ-
ent organisms depends either on the impermeability of the

microbial cells or difference in ribosomal parts of the organ-
isms [39,43-45].

4. Conclusion

The penicillin based Schiff base ligand derived from amoxi-
cillin and pyridine-2-carbaldehyde is of promising research
interest and its coordination with metals (M = Co(II), Ni
(I1), Cu(Il), & Zn(II)) has afforded variable structural geome-
try of the complexes. From the analytical and spectral data
analysis, it has observed the octahedral geometry for Co-
AXCPC2 and Zn-AXCPC2 complexes, square planar geome-
try for Ni-AXCPC2 and tetrahedral geometry for the Cu-
AXCPC2 complex. Theoretical data obtained from the energy
optimization through molecular modeling software and the
analysis of the bond lengths and bond angles data nicely inter-
prets the concerned geometry and provides in line support. The
antibacterial screening showed that the ligand and the com-
plexes have well antibacterial potency against all the tested
human pathogenic organisms. Furthermore, the growth inhibi-
tory effect of the complexes is seen higher at 100 mcg/mcl con-
centration of the complexes. However, the interaction of the
ligand and metal complexes with P. vulgaris and S. aureus bac-
teria is highly noticeable. These biological findings of our study
would be the new hope for the development of more potent
metal based therapeutic drugs.
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A novel Schiff base ligand of type HL was prepared by the condensation of amoxicillin trihydrate and nicotinaldehyde. The metal
complexes of Co™?, Ni*?, Cu*?, and Zn"? were characterized and investigated by physical and spectral techniques, namely, elemental
analysis, melting point, conductivity, 'H NMR, IR, UV-Vis spectra, ESR, SEM, and mass spectrometry measurements. They were
further analyzed by thermal technique (TGA/DTA) to gain better insight about the thermal stability and kinetic properties of the
complexes. Thermal data revealed high thermal stability and nonspontaneous nature of the decomposition steps. The Coats-Redfern
method was applied to extract thermodynamic parameters to explain the kinetic behavior. The molar conductance values were
relatively low, showing their nonelectrolytic nature. The powder XRD pattern revealed amorphous nature except copper complex
(Ic) that crystallized in the triclinic crystal system. The EPR study strongly recommends the tetrahedral geometry of 1c. The structure
optimization by MM force field calculation through ArgusLab 4.0.1 software program supports the concerned geometry of the
complexes. The in vitro antibacterial activity of all the compounds, at their two different concentrations, was screened against four
bacterial pathogens, namely, E. coli, P. vulgaris, K. pneumoniae, and S. aureus, and showed better activity compared to parent drug

and control drug.

1. Introduction

Schift bases containing penicillin and heterocyclic structural
units with N, N donor atoms are considered the most promi-
nent research area in the field of coordination chemistry [1-
3]. The various donor atoms in them offer special ability
for binding metals. The incorporated metals in the lattice of
donor atoms of Schiff base change the physiological, mor-
phological, and pharmacological activities of the compounds.
The penicillin based Schiff base is of promising research
interest owing to the widespread antibacterial resistance of
the medical science. Moreover, the revival of research is
essential to generate new Schiff base metal complexes with
a diverse range of applications. Schift base complexes have
been used as drugs and have valuable antibacterial [4, 5],
antifungal [6-8], antiviral [9, 10], anti-inflammatory [11], and
antitumor activities [12]. Besides these, they also bear strong

catalytic activity in various chemical reactions in chemistry
[13] and surfactant activities [14] and as memory storage
devices in electronics [15-17]. One of the compounds used
to prepare ligand is amoxicillin, a 3-lactam antibiotic. It is a
broad spectrum, semisynthetic penicillin type antibiotic that
has potent bactericidal activity against many gram positive
and gram negative bacterial pathogens [18]. It takes action
against bacteria by preventing them from forming the cell
wall and stopping them from growing. In medical science, it
has important application for the treatment of bronchitis, ear
infection, pneumonia, throat infections, tonsillitis, typhoid,
and urinary tract infections. In combination with other
antibiotics, it bears potential applications for the successful
treatment of many pathogenic infections. However, synthetic
modification in amoxicillin by coordination with metal ions
of various types has been found to bear enhanced credibility,
as documented in several research papers. Cisplatin is the
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ScHEME 1: Synthetic scheme for the ligand (HL) and its metal complexes.

first metal based drug that emerged in the 20th century and
enlightened the world as a promising anticancer drug [19].
Since then several research findings culminated the ideas of
inclusion of metals in medicine. Many biological molecules
containing pyridine moiety as a part of their structural unit
bear enzymatic functions as well as the compounds of diverse
biological interest. The pyridine derivatives are reported to
have herbicidal, fungicidal, and insecticidal activities and
also constitute the major core part of biological enzymes,
important vitamins, and toxic alkaloids. Its wide applications
in agroindustry and as pharmaceutical ingredients in drug
discovery are the key points for this research investigation.
Nicotinaldehyde (also called pyridine-3-carboxaldehyde) is a
class of heterocyclic compound that has pyridine ring and
an aldehyde group at meta-position [20]. Among the other
pyridine aldehydes, nicotinaldehyde is suitably preferred for
the prevention and treatment of Acne vulgaris, a kind of skin
disease [21].

In the present paper, we have focused on the synthesis of
novel Schiff base ligand, by the condensation of amoxicillin
trihydrate and nicotinaldehyde and its four metal com-
plexes with cobalt(II), nickel(II), copper(II), and zinc(II) salts
(Scheme 1). The coordination behavior of the ligand towards
transition metal ions was fully investigated by various spectral
and thermal techniques. The geometry of the complexes was
confirmed by energy optimization through MM2 calculation
supported in ChemOffice and ArgusLab software program.

In continuation of our antibiotic research, we have also
evaluated the antibacterial efficacy of ligand and its metal
complexes against S. aureus, E. coli, K. pneumoniae, and P.
vulgaris bacteria.

2. Experimental Section

2.1. Materials. All the chemicals and solvents used were of
analytical reagent grade. The title compounds amoxicillin
trihydrate and nicotinaldehyde in extra pure form were
procured from Duchefa Biochemie, Netherlands, and Spec-
trochem, Mumbai, India, and used without further purifica-
tion. Distilled methanol (Qualigen) was used as solvent for
the synthesis. The metal salts (Co™, Ni*?, Cu*?, and Zn"?
chlorides) (Merck) were used for the synthesis of metal
complexes.

2.2. Physical Measurements. Elemental microanalysis of the
compounds was performed on EURO VECTOR EA 3000
micro analyzer. Melting points of the ligand and its complexes
were recorded on an OMEGA melting point apparatus. The
pH measurement was done on the Elico-16 pH meter. The
infrared (FTIR) spectra of the prepared ligand and metal
complexes were recorded on Perkin-Elmer Spectrum version
10.03.06 FT-IR spectrometer that was run as KBr discs
in the range 4000-400cm™". The 'H NMR spectra were
recorded on Bruker Avance II1, 400 MHz spectrometer, using
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DMSO-dg as solvent. The electronic absorption spectra of
the complexes were recorded on single beam microprocessor
Labtronics UV-Vis spectrophotometer (LT-290 model) in the
range 200-1000 nm in DMSO solvent. EPR-JEOL spectra of
the complexes were recorded on JES-FA200 ESR spectrome-
ter with X-band at room temperature. ESI-MS spectra were
recorded in positive mode on Agilent Q-TOF mass spec-
trometer equipped with an electron spray ionization source
in the mass range of 200 to 1100. X-ray powder diffraction
determinations were accomplished using Bruker AXS D8
Advance X-ray diffractometer with monochromatized Cu-
Ka line at wavelength 1.5406 A as the radiation source and the
measurements were taken over the range of 20 (10 to 70°). The
thermal events of the compounds (TGA/DTA) were recorded
on a Perkin-Elmer thermal analyzer with a linear heating
rate of 20°Cmin™" in the range of 40-730°C. The surface
morphology of the synthesized ligand and metal complexes
was analyzed by scanning electron microscopy technique.
JEOL JSM-6390 LV scanning electron microscope was used
for this investigation.

2.3. Synthesis of Ligand (HL). Amoxicillin trihydrate (2.097 g,
5mmol) in distilled methanol (30 ml) was stirred under hot
conditions for 3 hs. Solubility in methanol was marked at the
temperature elevation state. Its pH was adjusted to neutral
by adding 0.IN NaOH solution. Nicotinaldehyde (0.5378 g,
5mmol) was added slowly to the well stirred amoxicillin
trihydrate solution and refluxed under stirring condition for
4hs. A clear bright yellow solution was left undisturbed for
crystallization by slow solvent evaporation process for three
days. The resulting solid product was separated, recrystallized
with methanol, and dried in desiccator over anhydrous
CaCl,. The ligand was stored in the airtight vial in the refrig-
erator till its further use. M. pt. 140°C. Anal. C,,H,,N,O;S
(454.13): Calcd. C58.14, H 4.88, N 12.33, 0 17.60, S 7.06; Found
C58.21,H4.81,N 12.25,017.57,S 6.95. IR (KBr pellet, selected
bands): v,,,, = 3303 (b, N-H and O-H str.), 1640 (s, C=N),
1510, 1443 (s, COOH). '"H NMR (400 MHz, [Dg] DMSO):
6 =10.122 (s, 1 H, COOH), 9.425 (b, 1H, Ar-OH), 9.094 (s,
1H imine), 8.535-8.864 (m, 4H pyridine ring), 8.241-8.271
(s, 1H NH-amide), 6.718-7.625 (d, C-H aromatic), 1.118-1.562
(C-H methyl) ppm. UV/Vis: A, = 206, 262, 356 nm. ESI-
MS, positive: m/z = 455 [M + H]". Conductivity: A, =
10.8 uS/cm.

2.4. Synthesis of Metal Complexes

2.4.1. Co(1I) Complex (1a). A solution ofligand (HL) (0.454 g,
1 mmol) in 10 ml methanol was stirred for 1h under warm
condition and a solution of CoCl,-6H,0 (0.119 g, 0.5 mmol)
in 5ml methanol was added dropwise with continuous
stirring condition. Then after the mixture solution was
refluxed for 1h over water bath with stirring, till blue colored
precipitate resulted. The precipitate was filtered from the
supernatant liquid, washed with methanol, and dried over
anhydrous calcium chloride, yield (65%). M. pt. 285°C. Anal.
CyH,CoNgO,,S, (1001.2): Caled. C 52.74, H 4.63, N 1118, O
19.16, S 6.40; Found C 52.69, H 4.69, N 11.26, O 19.20, S 6.64.
IR (KBr pellet, selected bands): v,,,, = 3417 (b, O-H str.), 1633

max

(s, C=N), 1510, 1443 (s, COOH), 606 (p,, H,0), 526 (Co-0),
425 (Co-N). UV/Vis: A, = 263, 346-371, 457-488, 549 nm.
ESI-MS, positive: m/z =1001.2 [M + H]". Conductivity: A ,,
=21.8 uS/cm.

2.4.2. Ni(II) Complex (1b). The nickel complex (1b) was pre-
pared according to the procedure adopted for the preparation
of la. A solution of NiCl,-6H,0O (0.1188 g, 0.5 mmol) in 5ml
methanol was used for this purpose. The mixed solution of
ligand (HL) and Ni*? salt was refluxed for 1 and 1/2h over
water bath which resulted in green colored complex, yield
(62%). M. pt. 270°C. Anal. C,,H,,NgNiO, S, (964.18): Calcd.
C 54.73, H 4.38, N 11.60, O 16.57, S 6.64; Found C 54.55,
H 4.59, N 11.59, O 16.45, S 6.44. IR (KBr pellet, selected
bands): v,,,, = 3337 (b, O-H str.), 1625 (s, C=N), 1513, 1435
(s, COOH), 687 (p,, H,0), 429 (Ni-N). UV/Vis: A, = 261,
346, 460, 549 nm. ESI-MS, positive: m/z = 964.18 [M + H]*.
Conductivity: A ; = 19.9 uS/cm.

2.4.3. Cu(ll) Complex (Ic). The copper complex (lc) was
also prepared according to the procedure adopted for the
preparation of la and 1b. A solution of CuCl,-2H,O (0.085g,
0.5mmol) in 5 ml methanol was used for this purpose. The
mixed solution of ligand (HL) and Cu™ salt was refluxed for
1 and 1/2h over water bath which resulted in green colored
complex, yield (65%). M. pt. 260°C. Anal. Cy,H,,CuNgO,,S,
(969.18): Calcd. C 54.45, H 4.36, N 11.55, O 16.49, S 6.6];
Found C54.52, H 4.49,N 11.63, 0 16.55, S 6.73. IR (KBr pellet,
selected bands): v, = 3379 (b, O-H str.), 1636 (s, C=N), 1512,
1436 (s, COOH), 686 (p,, H,0), 444 (Ni-N). UV/Vis: A, =
227,259, 337, 344, 485 nm. ESI-MS, positive: m/z = 969 [M +
H]". Conductivity: A ,; = 35.2 uS/cm.

2.4.4. Zn(Il) Complex (1d). The zinc complex (1d) was pre-
pared according to the above procedure and by using Zn*?
salt (0.07 g, 0.5 mmol). The mixed solution was refluxed for
2h over water bath which resulted in light yellow colored
complex, yield (57%). M. pt. 250°C. Anal. C,,H,,NgO,,S,Zn
(970.18): Caled. C 54.35, H 4.35, N 11.52, O 16.45, S 6.60;
Found C 54.41, H 4.43, N 11.57, 0 16.49, S 6.57. IR (KBr pellet,
selected bands): v,,,, = 3340 (b, O-H str.), 1629 (s, C=N),
1512, 1437 (s, COOH), 657 (p, H,0), 415 (Zn-N). '"H NMR
(400 MHz, [D¢] DMSO): § =10.123 (s, 1 H, COOH), 9.425 (b,
1H, Ar-OH), 9.295 (s, 1H imine), 8.534-8.865 (m, 4H pyridine
ring), 6.720-7.66 (d, C-H aromatic), 1.118-1.571 (C-H methyl)
ppm. UV/Vis: A = 263, 346 nm. ESI-MS, positive: m/z =
970 [M + H]". Conductivity: A ; = 5.6 uS/cm.

2.5. Antibacterial Susceptibility Test. The antimicrobial
potency of the synthesized compounds was done by assaying
antibacterial activity study. The experimental portion of the
study was accomplished in the laboratory of the Department
of Microbiology at Mahendra Morang Adarsh Multiple
Campus, Biratnagar. The compounds (HL and la-1d) were
tested in vitro by standard Kirby-Bauer paper disc diffusion
method against some gram positive and gram negative
human pathogenic bacteria [12, 22, 23]. The recommended
NCCLS guideline was followed for the study [24]. Well
sterilized filter paper discs of 5mm size (Whatman-model)



were used as antibiotic assay discs for testing of compounds.
The discs were loaded with test compounds at two different
concentrations (100 and 50 mcg/mcl in DMSO) under UV
laminar flow to reduce bacterial contamination [25]. The
loaded discs were dried in the laminar flow chamber by
blowing hot air through hair drier. Sterilized nutrient agar
media were carefully poured in the Petri plate and kept in
rest for few hours in the sterilized zone for solidification.
Fresh bacterial culture, revived before injection, was swabbed
on the media and the loaded discs were stuck over it. One
disc soaked with DMSO was used as the solvent control
and amikacin (30 mcg/disc) was used as positive control.
Inoculated plates were incubated at 37°C for 24 hs, and
the diameter of the zone of inhibition was measured by
antibiogram zone measuring scale [26].

3. Results and Discussion

3.1. Physical Characterization. The physical properties and
the microanalytical data of the ligand (HL) and metal com-
plexes (la-1d) are summarized in the experimental section.
The analytical results show (1:2) metal ligand ratio, that is,
ML, type. The color change from ligand to metal complexes
is in support of metal ligand interaction which is further
reinforced by conductivity and pH change. The ligand (HL)
was soluble in methanol. The complexes were soluble in
DMSO and DME. The nickel complex (1b) was found to be
hygroscopic. The suggested molecular formulae of the ligand
(HL) and metal complexes (la-1d) have been achieved by
microanalytical results in combination with various spec-
tral techniques. The experimental molar conductivity data
of HL and metal complexes was found in the range of
5.6-35.2 uS/cm and suggests their nonelectrolytic nature. The
pH of ligand and complexes was almost in the neutral range.

3.2. Spectral Characterization. The formation of HL was
confirmed by ESI mass spectrometry, which showed peaks
at m/z = 455, attributable to [M + H]". The FTIR spectrum
is also in line with the proposed structure of HL, with
characteristic stretching vibrations at 1640 cm™" assignable
to azomethine group [27]. A broadband with absorption
maximum of 3303cm ™" is possibly due to collapse of N-H
and O-H stretching peaks. Other significant strong bands
at 1510 and 1433cm™ for HL are attributed to »(COOH)
asymmetric and symmetric stretch. The '"H NMR spectrum
of HL executes a sharp singlet at 9.09 ppm corresponding
to azomethine proton. On complexation, ¥(C=N) stretching
band for HL has shifted to lower absorption frequency of
1633cm™! (1a),1625cm ™" (1b), 1636 cm ™ (1¢), and 1629 cm ™
(1d), indicating the coordination of azomethine nitrogen
atom to the metal ion [28]. This lower frequency shift of
azomethine group in the complexes is due to the decrease
in electron density and force constant of the metal with the
azomethine nitrogen lone pair. In all the complexes, FTIR
absorption bands corresponding to ¥(O-H) execute in the
range 3337-3417 cm ™" relative to 3303 cm ™" for HL. The com-
plexes exhibit ¥(COOH) stretching vibrations at the equiva-
lent positions of the ligand, suggesting their noncoordination
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with the metal centers. The formation of cobalt complex (la)
was confirmed by ESI-MS peak at m/z = 1002, attributable
to [M + H]'. The well resolved IR band at 3417 cm™, for
complex (la), corresponds to the ¥(O-H) stretching vibration
(Figure 1) [29]. The evidence of bonding in 1la is also shown
by the observation of new bands in the lower frequency
regions at 425 and 526 cm™! characteristic to »(Co-N) and
1(Co-0) stretching vibrations that are not observed in the IR
spectrum of ligand. The less intense IR band at 606 cm™ is
assignable to bending vibration of two lattice water molecules
of the outer sphere region. The observed molecular mass
of nickel complex (Ib) was evidenced by ESI mass spec-
trum peak value at m/z = 964, assignable to molecular
ion peak. The formation of this complex was verified by
FTIR spectroscopy, where specific bands are observed at
1625cm™ »(CH=N), 3337 cm™" »(O-H), 429 cm™" »(Ni-N),
and 687 cm™" for outer sphere lattice water molecules. The
copper complex (1c) executes a strong azomethine band at
1636 cm™" which has undergone a negative shift by 4cm™
relative to that of the free ligand. The other significant FTIR
bands are observed at 3379 cm™! »(O-H), 444 cm™! »(Cu-
N), and 686cm™" for outer sphere lattice water molecules.
The formation of the complex 1c is further evidenced by the
ESI-MS peak at m/z = 970, attributed to [M + H]". The
positive ion ESI mass spectrum showed peaks at m/z = 971
for zinc complex (1d), attributed to [M + H]*. Its formation
was strongly evidenced by FTIR and 'H NMR spectral
data. The strong azomethine band at 1629 cm™! »(CH=N) for
this complex has shifted by 11cm™" towards a lower wave
number relative to that of the free ligand, indicating metal
coordination with azomethine nitrogen. The metal nitrogen
coordination is further evidenced by a sharp peak at 415 cm™
in the FTIR spectrum of 1d. The 'H NMR spectrum is also
consistent with the suggested structure. The downfield shift
of "H NMR signal for azomethine proton from & 9.094 ppm
for ligand to 6 9.295 ppm for zinc complex (1d) also supports
coordination of the azomethine nitrogen to the zinc(II)
ion. Two doublets observed at § 6.718-7.625 for HL and ¢
6.72-7.66 ppm for zinc complex 1d are attributed to aromatic
ring protons. The methyl protons of amoxicillin moiety in
both HL and 1d appear as a singlet peak in the region of &
1.118-1.562 ppm. Amide NH proton for HL executes signal
at 8.241-8.271 ppm, which is absent in the spectrum of 1d,
and this confirms the coordination of amide N-atom with
metal center via deprotonation [30]. In the spectrum of HL,
the signal due to carboxylic proton appears at § 10.122 ppm,
which is still present in the '"H NMR spectrum of zinc
complex (1d).

3.3. Electronic Absorption Spectra and Magnetic Moment Mea-
surement. The electronic absorption spectrum of ligand (HL)
displays high energy bands in the ultraviolet region at 206 and
262 nm, corresponds to 7 — 71" transitions of the aromatic
and pyridinium ring, and, at 356 nm, corresponds to n —
7" intraligand charge transfer band with the involvement
of C=N group [31]. However, the additional bands in the
higher wavelength region are observed in the complexes
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FIGURE 1: IR spectrum of cobalt complex (1a).

which signify metal ligand coordination. The cobalt complex
(1a) exhibits two distinct bands in high wavelength region of
the spectrum at 457-488 nm and 549 nm. The former band
is assignable to 4T1g(F) — 4T1g(P) and latter band indicates
4T1g . A, transition, confirming its octahedral geometry
[32]. The magnetic moment value (4.75 BM) further supports
this geometry. The high energy bands for this complex are
observed at 263 and 346-371nm, assignable to 7 — 7~
and n — 7" LMCT transitions, respectively. The electronic
absorption spectrum of nickel complex (1b) displays d-d tran-
sition band at 460 nm assignable to ' Ay — 1Blg transition
along with the bands in the low wavelength region at 261 and
346 nm [33, 34]. The diamagnetic nature of this complex is
suggestive of the complete distortion of octahedral geometry
and confirms its square planar geometry. The magnetic
moment value (1.82 BM) and electronic absorption spectrum
of paramagnetic copper complex (1c) exhibit absorption band
in the high wavelength region at 485 nm, attributed to > Ty =

2Eg transition which is suggestive of tetrahedral geometry
[35]. Other high energy bands for this complex are observed
at 227 and 259nm for 7 — 7* transition and 337 and
344nm for n — 7* LMCT transition. The zinc complex
(1d) displays an absorption band at 346 nm assignable to
the LMCT transition, compatible with tetrahedral geometry,
and this is further supported by its diamagnetic nature and
absence of d-d band, due to its complete d'* electronic
configuration.

3.4. TGA/DTA Studies. The TGA/DTA curves for the com-
plexes were carried out within the temperature range from
room temperature to 700°C with the linear heating rate
of 20°C/min in the nitrogen atmosphere. Correlation of
the thermal events at elevated temperatures with kinetic
parameters provides useful physicochemical information
of the compounds. Thermo gravimetric analysis is one
such important instrumental technique to observe thermal
changes with respect to increase in temperatures [36]. The
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FIGURE 2: Thermogram of cobalt complex (la).

computed thermal decomposition data in Table 1 are in
good agreement with the suggested microanalytical data.
The following findings have been achieved in our research
analysis.

The thermogram of cobalt complex (1a) (Figure 2) exhib-
ited four decomposition steps in the temperature range of
50-380°C. The first decomposition step in the temperature
range of 50-110°C with % mass loss of 4.826% (0.226 mg) is
assignable to the loss of two lattice water molecules from the
outer sphere [37, 38]. The second and third decomposition
steps with % mass loss of 25.923% (0.829 mg) and 33.837%
(0.729 mg) in the temperature range of 241-273°C and
279-300°C have considered the loss of organic ligand moiety.
The last decomposition step with % mass loss of 52.247%
(0.306 mg) represents a complete loss of ligand from the com-
plex in the temperature range of 338-380°C, leaving cobalt
oxide as stable residue. The nickel complex (1b) exhibited
thermal decomposition in two distinct steps. The first step
with % mass loss of 5.6% (0.153 mg) is assignable to the loss of
outer sphere lattice water molecules in the temperature range
of 44-113°C. The exothermic peak with 30.86% (0.484 mg)
mass loss in the temperature range of 232-403°C is attributed
to loss of ligand moiety. The thermograms of other two
complexes Ic and 1d are complement to the analyzed data of
la and 1b. The first step decomposition in 1c and 1d occurred
in the temperature range around 45-107°C with Tppg 76.79
and 75.46°C and this again suggests the loss of two lattice
water molecules. The final thermal decomposition step in
all the metal complexes is noticed above 400°C, which is
indicated by the formation of the horizontal TG curve. This
step interprets the formation of stable metal oxide residue.

Kinetic Parameters. The thermal dehydration and decompo-
sition of the complexes were studied by using an integral
method applying a very popular Coats-Redfern method [39,
40]. The thermodynamic activation parameters of decompo-
sition processes are essential to describe the thermal stability
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TaBLE 1: Thermal decomposition data of metal complexes.
Comp.  Step TG range ("C) DTA
A, found T; Ty Torg Mass loss Tga Peak

1 4.826 50 110.2 80.85 -0.226 103.68 Endo

la 2 25.923 241.63 276.73 268.38 —-0.829 — —
3 33.837 279 300 284.05 -0.729 — —
4 52.247 338 380 357.21 -0.306 334.9 Endo

b 1 5.601 44 13 85.91 -0.153 105.33 Endo
2 30.861 232 403 278.16 —-0.484 382.91 Exo
1 2.699 49 105 76.79 -0.100 111.23 Endo

1c 2 8.814 148 163 159.86 -0.395 — —
3 21.635 187 246 23713 -0.310 — —
4 42.395 293 390 326.01 —0.244 385.92 Exo
1 3.047 46 107 75.46 -0.121 115.75 Endo

1d 2 18.233 230 287 260.99 —-0.491 339.24 Endo
3 36.441 310 410 330.41 —-0.238 365.88 Exo

as well as the nature and rates of thermal decomposition of
the complexes. These parameters are evaluated graphically
by plotting of data based on Coats-Redfern relation in the
following form:

In(1-a)] _ AR _E_*
lr1 [—T:I —ln[ﬁE*] RT, (1)

where o represents the decomposition fraction at tempera-
ture T K and 8 denotes linear heating rate (dT/dt). E* and A
denote the activation energy and Arrhenius preexponential
factor, respectively. R represents gas constant. Molding the
equation for the straight line (y = mx + ¢), a linear plot of
left side versus 1/T of Coats-Redfern equation gives a straight
line, whose slope E*/R furnishes activation energy parameter
and the preexponential factor (A) can be determined from
the intercept. The other thermodynamic parameters such as
entropy of activation (AS"), enthalpy of activation (AH"),
and free energy of activation (AG™) have been calculated by
using the following relation:

AS” :Rln[A—h]
kT

AH" = E* - RT @

AG" = AH" — TAS".

The computed data of thermodynamic activation parameters
of various decomposition steps of the metal complexes are
listed in Table 2. In the present work, the plot of left hand
side of Coats-Redfern equation versus 1000/T in all the
decomposition steps of all complexes shows a best fit for
first-order reaction kinetics [41]. The high and increasing
values of activation energy in the subsequent steps of all the

complexes reflect high thermal stability, which may be due
to covalent bond character. The entropy of activation value
of first decomposition step in all the complexes is negative,
which indicates nonspontaneous dehydration reaction pro-
cess. Most of this value of other steps is positive and infers
the dissociation character of decomposition [42]. This also
attributes more ordered activated state than the reactants.
The positive AG™ values of all the complexes justify the
nonspontaneous nature of decomposition steps. The enthalpy
of activation values (AH™) in most of the decomposition steps
is positive which reveal endothermic processes. However, this
nature also depends upon the value of other thermodynamic
activation parameters. The computed data of correlation
coefficient (r) obtained from the graphical plot reflect a good
fit of the data with linear function [43, 44].

3.5. XRPD Study. Single crystal growth of the synthesized
compounds was unsuccessful, so their crystallinity was
established by X-ray powder diffraction study. The ligand
(HL) and complexes (1a, 1b, and 1d) were found amorphous.
The crystal structure of copper complex (1c) was worked
out by its well resolved crystalline peaks (Figure 3), which
crystallized in a triclinic crystal system with P1 space group.
The diffractogram of this complex registered 22 reflection
peaks in the range of (26) 0 to 50° with maxima at 15.974° with
corresponding d spacing value of 5.584 A. The cell dimen-
sions a (6.2282 A), b (109390 A), ¢ (20.3388 A), o (63.1585),
B (113.5723%), and y (64.269°) are in good agreement with the
refined triclinic crystal system. The unit cell volume of this

compound was calculated to be 747.4131 A® with FOM 31. The
details of crystallographic data are summarized in Table 3.
The particle size was calculated from Scherer’s formula «
= 0.91/f cos 0, where A is the wavelength, 8 is the full-
width half maximum of the characteristic peak, and 6 is the
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TABLE 2: Kinetic and thermodynamic parameters of metal complexes.

Comp.  Step r A(s™ T ax (K) E* (kJ/mol) AS™ (J/K-mol)  AH”™ (kJ/mol)  AG" (kJ/mol)
1 —0.98495 5.62 x 10° 353.85 58.36 -117.92 55.4719 9719789
la 2 —-0.99209 5.06 x 10" 541.38 229.22 126.559 224.718 156.202
3 —0.99052 119 x 10% 557.05 403.95 18.3647 399.319 389.089
4 —-0.99343 114 x 10% 630.21 288.1474 170.339 282.907 175.525
b 1 —0.99453 7.054 x 10° 358.91 59.62 —40.236 56.634 71.075
2 —-0.9887 1.35 x 10" 551.16 160.7139 35.4267 160.288 140.762
1 —-0.99401 4.064 x 10’ 349.79 63.4725 —110.3698 60.564 64.191
lc 2 —-0.99698 10.06 x 10°! 432.86 44768 765.803 444.080 112.594
3 —0.99643 5.98 x 10" 510.13 129.453 -24.716 125.2115 137.819
4 —-0.99604 6.55 x 10° 599.01 93.1345 —140.1638 92.6438 176.603
1 —0.99448 5.89 x 10° 348.46 57.8981 -117.3976 55.00 95.908
1d 2 —-0.99491 2.92x 10" 533.99 176.7582 45.523 172.318 148.00
3 —-0.99118 7.64 x 10° 603.41 96.5845 -103.320 91.567 153.911
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FIGURE 3: X-ray diffractogram of copper complex (1c). -1000 +
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3.6. EPR Analysis. The solid state X-band EPR spectrum of
the copper complex (Ic) was recorded at room temperature
under the frequency 9447.606 MHz with no marker lines
used and center line at 316.213 mT. The standard lines that
are used in EPR model are of Mn, which has been omitted
in the graph. The EPR spectrum of complex provides useful
information about the metal ion environment within the
complex. The highly symmetrical EPR spectrum of copper
complex (Ic) (Figure 4) delivered a single isotropic signal
with g value of 2.18 and g, value of 2.08 [47]. The absence
of poorly resolved hyperfine signal may be attributed to the
considerable exchange coupling interaction of the Cu™ ions
in the complex. The order of splitting factors g; > g, >
2.0023 clearly indicates the localized unpaired electron in the
d orbital of Cu*? ion and is characteristic of axial symmetry
[6, 48]. The calculated g,, value is 2.11 whose deviation
from the free electron (2.003) is due to covalent character
of the metal ligand bond. This fact is further supported

FIGURE 4: EPR spectrum of copper complex (1c) at room tempera-
ture.

by g, value less than 2.3. The value of exchange coupling
interaction parameter “G” = 2.25 is less than 4 and suggests
considerable exchange interaction in the complex [49]. All
these parameters are in support of tetrahedral geometry of
copper complex (Ic).

3.7 SEM Analysis. The metal coordination to ligand signifi-
cantly changes the surface morphology of the complexes and
this was investigated by SEM analysis. The SEM micrograph
of ligand (HL) and metal complexes are shown in Figure 5
and the differences are seen in surface morphology of the
metal complexes due to changes in the metal ions. The SEM
micrograph of ligand demonstrates nonuniform platelet-like
structure with variable lateral dimensions [50]. Moreover,
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TABLE 3: X-ray powder diffraction data of copper complex (1c).
Peak number 20 0 Sin 0 Sin’0 Wk +1P hkl d FWHM % int. ain nm
1 7.2685 3.63425 0.06338 0.004017 1 001 12.16238 0.2244 16.00 61.22
2 13.7483 6.87415 0.11968 0.014323 1 010 6.44119 0.6731 21.90 20.37
3 15.9738 7.9869 0.13894 0.019304 2 110 5.54843 0.0935 100.00 146.64
4 16.3780 8.189 0.14243 0.020286 10 10-3 5.41242 0.1496 42.23 91.65
5 21.1607 10.58035 0.18361 0.033712 9 122 4.19868 0.2244 6.47 61.102
6 22.2011 11.10055 0.19253 0.03706 11 1-1-3 4.00421 0.2244 33.02 61.102
7 23.5966 11.7983 0.20446 0.041803 1 100 3.77046 0.1870 28.72 73.323
8 26.0686 13.0343 0.22553 0.050863 112 3.41826 0.1309 44.73 104.747
9 27.7288 13.8644 0.23962 0.057417 020 3.21726 0.1496 38.35 91.654
10 28.4032 14.2016 0.24533 0.060186 10 130 3.14240 0.1496 42.24 91.654
11 32.3941 16.19705 0.27894 0.077807 20 20-4 2.76379 0.1122 70.54 122.205
12 33.2184 16.6092 0.28584 0.081704 40 20-6 2.69707 0.2057 91.73 66.657
13 34.5584 17.2792 0.29702 0.088220 13 20-3 2.59550 0.2244 13.44 61.103
14 35.6718 17.8359 0.30629 0.093813 2 1-10 2.51700 0.2244 8.91 61.103
15 37.2666 18.6333 0.31951 0.102086 20 240 2.41287 0.3739 7.05 36.671
16 40.3520 20.176 0.34490 0.11895 80 048 2.23521 0.2617 23.89 52.394
17 43.0415 21.52075 0.36683 0.13456 9 1-2-2 2.10157 0.4487 11.08 30.5585
18 44.3550 221775 0.37747 0.14248 30 251 2.04234 0.2244 11.90 61.103
19 45.3976 22.6988 0.38588 0.14890 69 21-8 1.99783 0.2244 15.90 61.103
20 477559 23.87795 0.40478 0.16384 25 340 1.90454 0.1870 16.97 73.324
21 48.6714 24.3357 0.41211 0.16983 58 30-7 1.87083 0.2991 5.79 45.843
22 49.3094 24.6547 0.41714 0.174 18 330 1.84658 0.2736 7.79 50.116
Average particle size 69.3474

inhomogeneous matrix with broken ice-like structure has
been observed in the SEM micrograph of nickel complex
(1b). The SEM micrograph of copper complex (lc) displays
agglomerated morphology with small sized grains scattered
in homogenous matrix and gives the appearance of coral-like
structure. In the SEM micrograph of zinc complex (1d), small
sized particles crumbled together to give rock-like structure
with somewhat cotton-like appearance.

3.8. Molecular Modeling. The computational study of the
compounds furnishes a clear idea about the three-dimen-
sional arrangement of different atoms in the molecules. The
energy optimization of the ligand (HL) and metal complexes
(la-1d) was done by Universal Force Field (UFF) technique
with minimum RMS gradient 0.100, supported in ArgusLab
4.0.1 version software [51, 52]. The details of the bonding
and energy parameters optimized by molecular modeling
calculations of the metal complexes are depicted in Table 4.
For ligand, single point energy calculation with Hamiltonian
AM1 revealed final SCF energy and heat of formation,
—132288.8349 and 45.0637 kcal/mol, respectively [53]. After
the geometry optimization by molecular mechanics (UFF)
technique, the final geometrical energy of HL has been
reported to 139.2725kcal/mols. On ESP mapped electron
density surface of HL (Figure 6), red color indicates the
highest electron density region which is around O-atom.

The second highest electron density region is around an
azomethine N-atom which is shown by mixed green and
yellow colors. This is the region for stability of coordinated
metal ions and supports its linkage with azomethine N-atom.
It seems clear that the coordination with O-atoms is restricted
due to greater electronic repulsion and field obstruction. In
the nickel complex (1b), the high electron density (Figure 7)
around the coordinated azomethine N-atom, indicated by red
color, is in favor of its proposed geometry. Similar study and
computational data of the complexes (1a to 1d) are in good
support of their proposed structures.

3.9. Antibacterial Activity Study. The antibacterial efficacy
of the ligand (HL) and metal complexes (la-1d) was tested
against S. aureus, E. coli, K. pneumoniae, and P. vulgaris
bacteria. The antibacterial results are presented in the bar
graph (Figure 8). Two different concentrations (100 and
50 mcg/mcl) of the compounds have been selected for
antibacterial assay. The results suggest enhanced antibacterial
activity of the ligand (HL) and metal complexes (la-1d). The
compound (1c) showed little activity against all the bacterial
pathogens, compared to ligand and other metal complexes.
The ligand bears activity, even greater than parent drug amox-
icillin and control drug amikacin at higher concentration.
This higher activity of ligand is possibly due to interference in
the normal cell process of organism caused by the formation
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FIGURE 5: SEM micrographs of HL, 1b, 1c, and 1d.

FIGURE 6: Electrostatic potential mapped electron density surface of
HL.

of hydrogen bond through the azomethine group with the
active center of cell constituents [54]. Further, the uncoor-
dinated heteroatom of pyridine moiety also contributes to
microbial growth inhibition. Moreover, the complexes deliver
better antibacterial activity at their higher concentration.
Precise observation reveals that the compounds are less active
against S. aureus and more active against E. coli and P. vulgaris
bacteria. This enhanced activity of the complexes may be
attributed to chelation of Schiff base with metal ions that
provide stability and more susceptibility against the bacterial

FIGURE 7: Electrostatic potential mapped electron density surface of
nickel complex (1b).

pathogens [55, 56]. It has been suggested that the structural
components possessing additional (C=N) bond with nitrogen
and oxygen donor systems inhibit enzyme activity due to
their deactivation by metal coordination. This permits their
efficient permeation through the lipid layer of organisms and
destroys their activity [6].
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TABLE 4: Selected bond lengths and bond angles of metal complexes.
Complex Atoms lenBond el?lc;?;y Atoms Bond I:r?;‘: Final geom.
gth (4) (Kcal/mol) angle energy energy
N(3)-Co(34) 1.957 273.796 N(3)-Co(34)-N(20) 90.00 300.46
N(20)-Co(34) 1.972 267453 N(3)-Co(34)-N(35) 90.00 304.025
Co(34)-N(35) 1.957 273.796 N(3)-Co(34)-N(52) 90.00 300.46
Co(34)-N(52) 1.972 267453 N(3)-Co(34)-0(104) 90.00 273.401
Co(34)-0(104) 1.964 244.913 N(3)-Co(34)-O(113) 90.00 273.401
Co(34)-0(113) 1.964 244,913 N(35)-Co(34)-N(20) 90.00 300.46 3492538
la N(52)-Co(34)-N(20) 90.00 296.982 (Kcal/mol)
(0.556 au)
0(104)-Co(34)-N(20) 90.00 270.214
0O(113)-Co(34)-N(20) 90.00 270.214
N(35)-Co(34)-N(52) 90.00 300.46
N(35)-Co(34)-N(104) 90.00 273.401
N(35)-Co(34)-N(113) 90.00 273.401
N(52)-Co(34)-0(104) 90.00 270.214
N(52)-Co(34)-N(113) 90.00 270.214
N(2)-Ni(33) 1.870 313.824 N(2)-Ni(33)-N(19) 90.00 344228
N(19)-Ni(33) 1.885 306.275 N(2)-Ni(33)-N(34) 90.00 348.473 3945763
b N(34)- Ni(33) 1.870 313.824 N(2)-Ni(33)-N(51) 90.00 344,228 (Kcal/mol)
N(51)- Ni(33) 1.885 306.275 N(34)-Ni(33)-N(19) 90.00 344.228 (0.517 au)
N(51)-Ni(33)-N(19) 90.00 340.090
N(34)-Ni(33)-N(51) 90.00 344.228
N(2)-Cu(33) 2.016 181.007 N(2)-Cu(33)-N(19) 109.47 158.764
N(19)-Cu(33) 2.031 176.938 N(2)-Cu(33)-N(34) 109.47 160.587 173488
le N(34)-Cu(33) 2.016 181.007 N(2)-Cu(33)-N(51) 109.47 158.764 (Kcal/mol)
N(51)-Cu(33) 2.031 176.938 N(34)-Cu(33)-N(19) 109.47 158.764 (0.595 au)
N(51)-Cu(33)-N(19) 109.47 156.977
N(34)-Cu(33)-N(51) 109.47 158.764
N(2)-Zn(33) 1.888 164.142 N(2)-Zn(33)-N(19) 109.47 193.167
N(19)- Zn(33) 1.903 160.260 N(2)-Zn(33)-N(34) 109.47 195.503 352.3697
1d N(34)- Zn(33) 1.888 164.142 N(2)-Zn(33)-N(51) 109.47 193.167 (Kcal/mol)
N(51)- Zn(33) 1.903 160.260 N(34)-Zn(33)-N(19) 109.47 193.167 (0.561 au)
N(51)-Zn(33)-N(19) 109.47 190.879
N(34)-Zn(33)-N(51) 109.47 193.167

4. Conclusion

The novel ligand (HL) and the metal complexes (1la-1d) were
successfully synthesized. The ligand can complex the metal
ion via N donor atoms. The electronic absorption spectral
analysis in combination with ESR data revealed octahedral
geometry for cobalt complex (la), square planar geometry
of nickel complex (1b), and tetrahedral geometry for both
copper complex (1c) and zinc complex (1d). Several spectral
data nicely support the above concerned geometry of the

complexes. Furthermore, the metal complexes were screened
in vitro for antibacterial assay. Based on the results of this
study of synthesized compounds, it has been concluded
that the ligand bears greater potency than amoxicillin and
control drug amikacin. The complexes la, 1b, and 1d were
even highly active against all the bacterial pathogens at their
higher concentration; however the copper complex (1c) was
less active than others. This greater activity might be due
to azomethine linkage and heteroatoms present in these
compounds.
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FIGURE 8: Bar graph of antibacterial evaluation study.
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