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PREFACE

Coordination chemistry has been enriched due tostmehesis and
characterization of several transition metal comggein which the metal is
coordinated by nitrogen, oxygen and sulphur donoiganids.
Thiosemicarbazones and their metal complexes hese the subject of great
interest due to their wide range of applicatiorst ttretch from their use in
analytical chemistry through pharmacology to nuclegdicine. Literature
survey revealed the fascinating ligational behavimtuC=N-NH-C=S group
and the complexation behaviour of thiosemicarbagzonk was noticed that
condensation of N(4)-substituted thiosemicarbamdh 3-diketo derivatives
leads to the formation of new class of N(4)- substd thiosemicarbazones
with significant and interesting structural propest Coordination of N(4)-
substituted thiosemicarbazones with transition fedeads to the formation
of new metal complexes with novel structures. €hewetal complexes of
substituted thiosemicarbazones have attracted ratteimtion due to their
antibacterial-, antifungal- and antitumour propesti They were also found to

be useful inhibitors of metal corrosion.

Earlier reports on the synthesis, characterizadod antimicrobial
studies of some transition metal complexes of #nusarbazones are
encouraging and useful for further research. Henhweas considered to be
worthwhile and interesting to synthesize N(4)-métyenyl)thiosemi-

carbazones of 1,3 diketo derivatives and severapéexes of these ligands.

In the present programme of research work, fiveedknt ligands i.e.,
acetylacetone N(4)-methyl(phenyl)thiosemicarbazdrenzoylacetone N(4)-
methyl(phenyl)thiosemicarbazone, acetoacetanilide  (4)Mhethyl-
(phenyl)thiosemicarbazone, wo—bromoacetoacetanilide N(4)-methyl-

(phenyl)thiosemicarbazone and N-ethylacetoace@mai(4)-methyl(phenyl)

(i)



thiosemicarbazone were synthesised and four of tvene characterized.
Their complexing behaviour towards several typtcahsition metal ions like
Co(Il), Ni(ll), Cu(ll), Zn(Il) and Cd(Il) were studd and new solid complexes
were prepared. These complexes were charactarsing various analytical
techniques. Based on these analysis, tentatinectstes for these complexes

were suggested.

The matter in this thesis is divided in to two Barbnsisting of 9
Chapters. Chapter | of Part |, ‘Synthesis and @ttarization’, gives a brief
description of the history, importance and appiwe of coordination
complexes. Brief review on the complexes of thiosarbazones and the
significance and scope of the present investigasi@ also included in this

chapter.

The materials used, methods adopted for the prieparaf the ligands
and the physico-chemical techniques employed fer dharacterization of

complexes are given in Chapter II.

The synthesis and characterization of the ligaadstylacetone N(4)-
methyl(phenyl)thiosemicarbazone, benzoylacetone )-N@thyl(phenyl)-
thiosemicarbazonem—bromoacetoacetanilide N(4)-methyl(phenyl)thiosemi-
carbazone and N-ethylacetoacetanalide N(4)-methgi(pl)thiosemicar-
bazone and their transition metal complexes areritbesl in Chapters I, IV,

V and VI, respectively. These six chapters artuohed in Part | of the thesis.

In addition to the synthesis and structural studieshe compounds,
their Electrochemical- and Biotoxic evaluations édeen carried out and the
results are presented in Part Il The corrosiohibition effect of
acetylacetone N(4)-methyl(phenyl)thiosemicarbazone and o—
bromoacetoacetanilide N(4)-methyl(phenyl)thiosembeaone in 1M HCI

(ii)



medium on mild steel has been investigated at rwonperature. This study

is included in Section A of Part Il in the thesis.

Apart from this, three ligands, acetylacetone N@thyl(phenyl)-
thiosemicarbazonem—bromoacetoacetanilide N(4)-methyl(phenyl)thiosemi-
carbazone and N(4)-ethylacetoacetanalide N(4)-ni{gthgnyl)thiosemicar-
bazone and their metal complexes were screenedaritibacterial- and
antifungal activities against selected microbia¢@ps. The details of these

studies are presented in Section B of Part Il nthesis.

The cytotoxic - and antitumour studies of acetcatatide N(4)-
methyl(phenyl)thiosemicarbazone and its metal cengsd were conducted.
Copper complex of acetoacetanalide N(4)- methylggh#tiosemicarbazone
was selected forin vivo antitumour studies. The details of these

investigations are presented in Section C of Pamtthe thesis.

The references cited in the text are arrangedrialswder at the end of

each chapter /section.

(iii)
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CHAPTER |
INTRODUCTION

Coordination compounds are those in which therakmetal atom is
linked to a number of ions or neutral moleculedechligands by coordinate
bonds, (i.e. by donation of lone pair of electrdnsthese ions or neutral
molecules to the central metal atom). For e.g.aliti&tra carbonyl, [Ni(CQ])
in which carbonyl molecules are linked to the cantmickel atom by
coordinate bonds. Coordination compounds arecled as complexes. The
complex ion with positive charge is called catiooamnplex, eg. [Cu(Ng)¢]**
and the complex ion with negative charge is cabibnic complex, eg.
[Fe(CN)Y]*. If the complex carries no net charge it is edlla neutral

complex or simply complex, eg. [CofNH3)3].
1. History of coordination compounds

The earliest known coordination compound used dhalms the bright
red alizarin-dye which is a calcium aluminium chelaof hydroxy
anthraquinone. The first scientifically recorddzbervation about complexes
was made by the German Alchemist, Andreas Libawiusl597. He
explained that the blue colour formed, when limetewvacontaining
ammonium chloride (NECI) comes in to contact with brass is due to the

formation of a typical complex ion, [Cu(NM]*. The coordination



compound, Prussian blue, ferriferrocyanide, hadnbemsed from the
beginning of 18 century and it was known as Artist's Pigment.1#60, the
coordination compound, potassium hexachloroplaithdt Ko[(PtClg)], was
prepared to refine platinum. The systematic dguaknts of modern
coordination chemistry have begun with the discp\wra compound formed
from ammonia solution of cobalt chloride in 1798 te French Chemist,
B.M. Tassaert. Even though he failed to followhig discovery, his attempts
in this area persuaded other scientists and tldgtésl an independent, stable
new chemical compound, [Co(NJ|CI; from cobalt chloride and ammonia.
Its properties were found to be different from twastituent compounds. A
series of coordination compounds of cobalt, iridiand platinum were
prepared in the next fifty years. In 1862, the &sle Chemist, Christian
Wilhelm Blomstrand, suggested different structdoesCo(NH;)¢Cl; based on
the amount of AgCI precipitated upon the additidnsidver ions and he
suggested that there must be two different typesctdbrides in these
complexes. However, some of the structures thairbposed were incorrect.
In 19" century, more complexes were discovered and eiftetheories were
proposed to account their formation and propertiese most successful and
widely accepted theory among them was the chainryhsuggested by
Blomstrand in 1869. This theory was modified by thanish Chemist,
Sophus Med Jorgensen. He prepared a lot of congplard this provided

experimental foundation for the coordination thesuggested by the German



scientist, Alfred Werner in 1893. Werner's theorpasnvbased on accurate
conductivity measurements. Werner explained thdiaparrangement of
ligands around the metal ions of complexes by ssijge two types of
valencies, primary- and secondary valencies. Wexigeas became popular
and he prepared first optically active octahedoahplex that does not contain
carbon. In 1913, Werner was awarded Nobel Prizehi® work and he is
universally recognized as the founder of CoordoratiChemistry and

Structural Inorganic Chemistry.

Even though Werner's theory described the strestuof many
coordination compounds, it was unable to explaia tature of bonding
within the coordination sphere and also it failecatcount for the preference
of 4- and 6 coordination humbers among complex@siumber of attempts
have been made to extend the existing differenorieg to explain the

bonding of coordination compounds.

Sidgwick introduced an electronic concept of camation to explain
the bond between the ligand and the metal ion.oAlng to him, the ligands
donate electron pairs to the central metal ion twmf coordination
compounds. In this concept, ligands are electromocs and central metal
jons are acceptors and the bonds are dative- ordicabe bonds. The
Effective Atomic Number rule (EAN), also known & t18-electron rule was

suggested by Sidgwick. This rule states that tital number of electrons



around the central metal ion including those gaittedugh coordination by
the ligands is EAN and in many cases this numbezqisal to the atomic
number of the next higher inert gas. Most of therdmation compounds

obey EAN rule.

There are other structural theories based on mogeanciples of
bonding such as Valence Bond Theory (VBT), Crysield Theory (CFT),
Ligand Field Theory (LFT) and the Molecular Orbitheory (MOT). The
concept of donation of electron pairs to metal itorsning coordinate bonds
was applied to coordination compounds by Linus iRguhnd Slater. This
theory is concerned with the shapes and magnetmavieurs of metal
complexes, which is called the Paulings theoryarhplexes or Valence Bond
Theory (VBT). This theory was very useful in predig both physical- and
chemical properties of the complexes. But motisfe&tory explanation for
the bonding and the properties of the complexes aeasloped by Hans
Bethe and John Vleek and is called Crystal Fieleorir. This theory was
very effective in describing the metal-ligand iatetion and visible absorption
spectra of metal complexes. According to this themetal ion is placed in
an electrostatic field formed by the ligand molesubr ions. This electric
field changes the energies of the d electrons enctlise of transition metal
ions and the properties of the complexes are cl@mtehese energy changes.
As these interactions are similar to those betwteenions in a crystal, it is

called Crystal Field Theory. Valance Bond Theampgiders the metal-ligand



bond to be covalent, but Crystal Field Theory cdess the bond to be ionic.
In the mid 1960’s coordination chemists dependedoother theory called
Molecular Orbital Theory (MOT) which accounts batmic- and covalent

nature in the bonding interactions.
2. Importance and applications of coordination compounds

Coordination compounds are widely present in tieenals, plants and
animals and are known to play many important fumgiin the area of
analytical chemistry, metallurgy, biological syseenmdustry and medicine.
Hardness of water is estimated based on the phintigt the C& and Md*
ions form stable complexes with EDTA. Certain neetike silver and gold
are extracted by the complex formation. Similagyrification of metals can
be carried out through the formation of coordimatmmpounds. Certain
articles can be electroplated with silver and goldch more smoothly and
evenly from solutions of their complexes. Coordmatcompounds are used
as catalysts for many industrial processes. lfcthraplex ions formed are of
metal chelate type, they can be widely used instrguand laboratory for the
softening of hard water, in the separation of lantdes and actinides, in the
detection of metals in qualitative analysis anthi quantitative estimation of
nickel, magnesium and copper ions. The interaatibtransition metal ions
with biological molecules provide one of the mosssdinating areas of

coordination chemistry. Many metal complexes aseduas drugs and



chemotherapeutic agents. The pigment responsibie photosynthesis,
chlorophyll is a coordination compound of magnesittemoglobin, the red
pigment of blood which acts as oxygen carrier c®ardination compound of
iron. Vitamin By, is a coordination compound of cobalt. Thus thenaistry

of coordination compounds is an important and eingiing area of modern

Inorganic Chemistry.

3. Transition metal ionsand their complexes

Transition elements with incomplete 3d-, 4d- addsGbshells are also
called‘d’ block elements. Except mercury, all saion elements have typical
metallic structure and metallic properties. Fa thblock elements, the partly
filled 3d-, 4d- and 5d orbitals project well ouetperiphery of the atoms and
ijons, so that the electrons occupying them arenglyoinfluenced by the
surroundings and in turn, are also able to infleertbe environment
significantly. This is the reason why d block netare very prominent and
important in coordination chemistry. A large numbé&rcomplex compounds
are formed by transition metal ions with very us$efuroperties like
antifungal-, antibacterial-, antitumour-, antitubi@osis- and good catalytic
properties. The role of these complexes in cheemaffy and chelation

therapy has opened a new path in coordination dtgmi

Transition elements form complexes easily due wrtemall size,

large effective nuclear charge, large charge/s&m® rand the presence of



vacant d orbitals to accept the lone pair of etedrdonated by the ligands.
The capacity to form complex compounds vary froement to element. The
oxidation state and coordination number of the me&ia determine the
physical- and chemical properties of the complexeShe coordination

numbers 4- and 6 are the most prominent ones.
4. Schiff basesasligands

Schiff bases, named after Hugo Schiff are the ensdtion products of
primary amines and carbonyl compounds with a géfenaula RCH = NR,
where R and Rrepresent alkyl or aryl substituents. The N-sitiltsidl imines
called azomethines contain carbon-nitrogen doubledbwith nitrogen atom
connected to an aryl or alkyl groupiith a general formula /R*C = NR,
where R’s are organic side chains. The chain ennitrogen makes the
Schiff base a stable imine. The N-substituted @siform an important class
of compounds with various applicatiohsespecially in medicinal- and
pharmaceutical fields. They show biological acisgtincluding antibacterial-

34 antifungal>® and antitumouractivities.

Hydrazones are azomethines characterized by tlesepce of

triatomic group, > C=N-N < as shown in Figure 1.
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/ \

X Y
Figure 1.

where R, R X and Y are different groups. In the Figure 1, i
R; = NH,CO the compound is semicarbazone and jf=RNH, CS it is

thiosemicarbazone.

5. Thiosemicar bazone and their metal complexes - a brief review

Thiosemicarbazone and related compounds show keto-e

tautomerism as in Figure 2.

R——M MH

NH, ———= —_—

b Se—
>
T

Figure 2.
where X = O, S or Se

It is observed that in most of the metal complexiemsemicarbazone
coordinates in the keto form. The coordinationhi® inetal atoms takes place
in the cis- configuration, as in Figure 3, bonding througfoltisulphur- and

hydrazine nitrogen atoms in a bidentate manner.



H.N

Figure 3.

If the thiosemicarbazone molecule is in ttians- configuration, bonding

takes place only through the sulphur atom as inreid.

Figure 4.

If an additional coordinating atom is present ia groximity of S,N donating

centres, thiosemicarbazone will act as tridenigent as in Figure 5.

0

Ty 5 H
A
Cc—N
/"
C’;’F‘i TNH
H
Figure 5.

Due to the high polarizability of electrons on thelphur atom and the

unoccupied 3d orbitals available for back bondiadarge number of metal



lons combine with sulphur containing ligands giviagvariety of metal
complexes. The structural- and stereochemical &spefctransition metal
complexes of thiosemicarbazones and semicarbazaees reviewed by
Campbeft and George Kauffmmia Earlier works in this area have been
carried out by Livingstor!® and later by Akbar Ali and Livingstofie The
chemistry of thiosemicarbazones has attracted nsamgntists due to their
structural diversity, variable bonding modes, praing biological activities
and ion sensing abilitf** Thus thiosemicarbazones are now considered as
the main class of sulphur donor ligands particyléol transition metal ions.
The review of the literature reveals the importarazed applications of

thiosemicarbazones as ligands in the field of coattcbn chemistry.

Schiff base compounds, including thiosemicarbagponan react with
metal ions giving a number of complexes and chetaimpounds with
industrially- and  biologically important propertids Studies on

thiosemicarbazones @-diketones by Samust al*®

showed that they are
good tridentate O, N, S ligands forming complexathwu(ll), Ni(ll) and

Co(ll) ions.

Douglas X Wesket al*’ studied the properties of iron(ll) complex of
thiosemicarbazone derived from 2-acetylpyridine amgborted that this
complex inhibited the growth of various bactétiaThe physico- chemical-

and structural characteristics of dioxo-molybdenuocomplexes of

10



thiosemicarbazones were studied by Neeta Kanocsigal®

and they
confirmed the significant antimicrobial activity dhese compounds. The
utility of transition metal complexes of substitditecuminaldehyde
thiosemicarbazone in DNA binding and nuclear astiwvas studied by
Panchangam Murali Krishnat al®®. Considerable work was done on the
thiosemicarbazone derived from salicylaldehyde an2-hydroxy
acetophenone, particularly those with substituibithe N(3) position of the
thiosemicarbazone moiély The research programme related to the biological
activity of Ni(ll) and Cu(ll) complexes of benzylg»benzaldehyde-4-phenyl-
3-thiosemicarbazone were conducted by Prathémlid>. They evaluated the
in vitro antibacterial and antioxidant activities of thesempounds.
Synthesis, characterization and biological acggitof some transition metal
complexes of thiosemicarbazone derived from 4[téthylphenyl sulfonyl)-
1H-indol-3-yl] but-en-2-one were studied by J. Qu @ a® and they

proposed tentative coordination structures fordhwmsmplexes.

Monomeric  oxovanadium(lV) complexes of cyclohexamo
semicarbazone and thiosemicarbazone of the ty@d {X] X, where L is
the ligand and X = GIBr or 0.5 SGQ", have been prepared and studied by
Chandra and Pandéya These complexes have tetragonal structures with
anions interactingrans- to the oxygen atoms. This proved that geometries
other than octahedral and square planar are pedsibthese complexes. Jain

et a®® have described dimeric vanadyl(lV) complexes ofpyridyl

11



thiosemicarbazone of the type [LViI®k),VOL]X,, where L= the ligand,
x=0H, Cl or CN and X = KD, Cl or CN. The vanadyl ions have square-
pyramidal geometry with the oxygen at the apex, anith the bidentate
ligand coordinatingvia the pyridine nitrogen and thione sulphur. Iron(lll
complex of substituted salicylaldehyde thiosemieadme was synthesized
and its structural- and magnetic features wereiatiigy Ryabovat al®®. The
antitumour studies of Co(ll) and Cu(ll) thiosemizcazones of methyl- or
ethylacetoacetates were conducted by Jaydsré@adhan and Rao reported
octahedral complexes of manganese(ll) with acethiwsemi- carbazor
The ligands like pyruvic acid thiosemicarbazohe
4-nicotinamide  thiosemicarbazdfle and  thiosemicarbazones  of
benzaldehyde-, salicylaldehyde- and acetophehdhwere selected for this
study. Paramagnetic octahedral complexes of the [@rLs], where L is the
para substituted benzaldehydethiosemicarbazone wepapze and studiéd
The wuse of iron(lll) complex of a-(N)-heterocyclic carboxal-
dehydethiosemicarbazone and 2-acetylpyridine caildekydethiosemi-
carbazone in chelation therapy was found out byp@piet al®*%. M.C. Jair®
showed that 4-benzylamidothiosemicarbazone and o)-fufyl-4-
benzylamidothiosemicarbazone formed tetragonallgtodied octahedral
complexes with Cu(ll) ions. Their tetragonal symmetvas confirmed by

ESR spectra. The activities of Zn(ll) and Cd(llpetates of vanillin

12



thiosemicarbazone against pathogenic fungi wasrteghdoy Thimmaiah et

al®.

The Pt(Il) complex of 4-phenyl-1-benzaldehydethiogcarbazone was
prepared and characterized by elemental analysigntitumour activity was
also studied®’. According to this report, the complex had a tettlear
geometry and it showed antitumour activity. Yingy Liu e al*®
synthesized a new ligand by condensing p-amino opbenone with
thiosemicarbazide and acetylacetone. The Zn(ll) Mif) complexes of this
new ligand, 4N-(acetylacetone amine) acetophenaysgmicarb- azone were
subjected to X-ray diffraction analysis and fouade of distorted tetrahedral
configuration. The studies on salicylaldehyde N(4)-
cyclohexylthiosemicarbazone copper(ll) complex Bindu and Kurup’
revealed the distorted square pyramidal struct@irdh@ complex. Previous
work on thiosemicarbazones derived from 2-acetyljoye and related
ketones showed that they were capable of inhibitireggrowth of bacterfa,
Dilworth et al.** synthesized and characterized Cu(l) and Cu(ll)eres of
pyridylhydrazinethiosemicarbazone. The trigonapylbamidal geometry of
Cu(l) and Cu(ll) complexes of 1-salicylaldehydei@micarbazone was

reported by El-Shazlgt al*.

Ruthenium(ll) complexes of NSO donor ligands swh ring-

substituted 4-phenylthiosemicarbazones of salidglayde and o-hydroxy-

13



acetophenone were described by Parbatl®. Ni(ll) complexes of ONS
chelating thiosemicarbazones with triphenylphosphino-ligands were
studied bySiikriye et al*. Douglas et al® studied iron(lll) complexes of
thiosemicarbazones derived from 2-acetyl- pyrididen interesting series of
sulphur-bonded unusual bicoordinated thallium(lnptexes of the type TIL,
where L is the anion of a monobasic bidentate #mosarbazone have been
prepared and studied by Bhardaj Kiran et al*’ reported 'H- and
3C-NMR spectral studies of several new complexeSiofil) and Bi(lll)
with thiosemicarbazones of furfuraldehyde and thee-2-carbaldehyde.
Cobalt(ll) complexes of 4-acetamidobenzaldehyde )N(bstituted
thiosemicarbazones have been prepared in ethasoligion and their
magnetic susceptibilities and molar conductivityasieements were reported

by Douglaset al®®.

A latest paper dealing with the synthesis and yosinase mech-
anism of p-hydroxybenzaldehydethiosemicarbazone gmd methoxy
benzaldehydethiosemicarbazone was published bygL&nal®. In these
studies, both compounds were evaluated for thdwibmon activity on
mushroom by tyrosinase and this research supplied dasis for the
development of new food preservatives and cosmedidditives.
A novel di-2-pyridylthiosemicarbazone was synthediand studied for its
antiproliferative effect by Jun Yuaet al®®. Transition metal complexes of

|51

furan-2-aldehydethiosemicarbazone was reported unygKet al>* and found

14



that furan oxygen was not involved in the complesnfation. The platinum
complexes of salicylaldehydethiosemicarbazone wdhable coordination

mode were studied by Indranipet al?

and observed that in these complexes
the ligand coordinated to the metal as a bideratedonor, forming a four
member chelate ring. Anticonvulsant activity ofylarand heteroaryl
semicarbazone and thiosemicarbazone was report¥ddsswariet al*>. The
partial transformation of thioamide group into mér in pyridine-2-

carbaldehydethiosemicarbazonatocopper(ll) entities aqueous- basic

medium was reported by Saieieal”.

The preparation and spectral properties of nicKelflixed-ligands
complexes derived from 2-acetylpyridinethiosemieadnes and some
nitrogen/sulphur monodentate ligands such as tleioph ammonia, picoline,
pyridine and aniline were described by Iniasial >>. These complexes had
been characterized on the basis’df- and *C-NMR, IR- and electronic
spectra. These data revealed that the primary digaras a tridentate
thiosemicarbazone that coordinated in a squareaplaonformation to
nickel(ll) via azomethine N, pyridyl N, thiolate S atoms and @nadentate
donor molecule. Unusual coordination modes of #masarbazone ligands
were found out by Falguret al®® in benzaldehydethiosemicarbazone. They
observed that the benzaldehyde thiosemicarbazoorelicated to the metals

through the hydrazinic nitrogen and sulphur withita angle of 67°, forming

15



a four-membered chelate ring. But acetaldehydséimocarbazone
coordinated through the imine nitrogen and sulfomning a five-membered
chelate ring with a bite angle 8B1°. The studies on copper(ll) complexes of
hybrid hydroxyquinolinethiosemicarbazone ligands raveconducted by

Hickey et al®’

and they observed that the ligands formed stabieptexes
with Cu(ll), where the copper ion was four coordehand essentially square
planar as characterised by single crystal X-raystatiography. The
preparation and spectroscopic study of a seriedenf heterobimetallic
compounds containing Fe and Sn, in which ferroceleeived semi-
carbazones and thiosemicarbazones reacted withnairgaacceptors of
RSnC} and RSnC}, types were carried out by Eugemtoal®®. The reactivity
of the phosphinothiosemicarbazone ligand, 2-[2Hdip/l-

phosphino)benzylidnej-ethylthiosemicarbazone, (HLPEt) toward M(l)

halides (M = Cu, Ag, Au) was studidd

Even though the metal complexes of thiosemicarbegbnand
oxime$! were studied separately, there are only a few wwrkthe metal
complex containing both thiosemicarbazone and oxas\éigands. Structural
studies of two N(4)-substituted thiosemicarbazgmrepared from 1—phenyl-
1,2-propanedione-2-oxime and their binuclear nidgRelcomplexes were
conducted by Kaminskgt al®>. Both oximes and thiosemicarbazones can

function as neutral or anionic ligands and both eapable of acting as

16



bridging ligands between metal centers in binucl€r(ll) and Ni(ll)
complexe®’. Complex formation between the organotin (IV) etgiand the
anions of 2,3-dihydroxybenzaldehyde thiosemicarbazoand 2,3-
dihydroxybenzaldehyde 4-methylthiosemi- carbazonecuoed. These
complexes were proposed to have tetrahedral gepmétre studies by
Abdurazaget al® revealed the above facts. Maiaal®. synthesized Pd(ll)
complexes from 2-acetylpyridinethio- semicarbazdhagcetylpyridineN(4)-
methylthiosemicarbazone and 2-acetylpyridine N(4)
phenylthiosemicarbazone. It was observed that tmenoanionic
thiosemicarbazonate ligands acted in a tridentaidembinding to the metal
through the pyridine nitrogen, the azomethine g and the sulfur atoms.
The cytotoxic activity against the breast cancer loee, MDA-MB231 and
Mycobacterium tuberculosis, Hs;Rv ATCC 27294 were evaluated for these
compounds. Amakt al®® prepared and studied the crystal and molecular

structure of 2-amino- acetophendw)-dimethylthiosemicarbazone.
5.1. Conclusion

Thiosemicarbazones have been the subject of greaest of several
researchers for a number of years due to the diyeirs chemical- and
structural properties shown by them. Besides,etfemsnpounds are blessed
with wide spectrum of biological activities whicimclude antibacterial-,

antifungal-, antimalarial-, antiviral-, antineopias and antileprotic

17



activitie®”®® The reason behind this is that thiosemicarbaz¢RE&R*C=N°-
N?H-(C=S)-N'R°R} posses several donor atoms liké 8 and N which can
binds with biologically important metal ions likeeFCu and Ni forming

different chelate complex®s'2

Our literature survey revealed that there are anfgw reports on the
synthesis, characterization and application of smicarbazones frorf-
diketones. Therefore, in the present programnresdarch, we have decided
to discuss the synthesis, characterization and apglications of metal
complexes of N(4)-methyl(phenyl)thiosemicarbazonesf [-diketo

derivatives.
6. Significance and scope of the present investigation

Thiosemicarbazones and their metal complexesngpertant owing
to their significant antifungal-, antibacterial-caanticancer activities. From
our literature survey, it is observed that the exysttic investigations on the
coordination behaviour of thiosemicarbazonespafiketo derivatives may
provide many useful informations. If the hydrogatom of the active
methylene group or imino group or phenyl group detb derivative is
substituted by halogen or alkyl group, changesaligational behaviour of
the resulting compounds are anticipated. By vidtighe presence of active
thiosemicarbazone moiety, we hope that their corgsawill be potentially

useful chemotherapeutic agents.
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In the present investigation, we have synthesi2é@)-methyl
(phenyl)thiosemicarbazones of 1,3-diketo derivatiaad several complexes
of these ligands. The main ligands that we haepamed during our studies

and their abbreviations are given below :

1. Acetylacetone N(4)-methyl(phenyl)thiosemicarbazone
(Aac MPTCH)
2. Benzoylacetone N(4)-methyl(phenyl)thiosemicarbazone
(Bac MPTCH)
3. Acetoacetanilide N(4)- methyl(phenyl)thiosemicarnirae
(A acd MPTCH)
4. w-Bromoacetoacetanilide N(4)-methyl(phenyl)thioseami@zone
(w-BAacd MPTCH)
5. N-Ethylacetoacetanilide N(4)-methyl(phenyl)thioseatbazone

(EAacd MPTCH)

We have prepared the complexes of these ligands @o(ll), Ni(ll),
Cu(ll), Zn(Il) and Cd(ll) ions. These metal compdsxwere characterized by
various physico-chemical methods like elemental lyesis electrical
conductance, magnetic susceptibility, IR-, UV-ViseddH-NMR techniques.
Tentative structures of the compounds have beegestgd. The synthesis
and characterization of the ligands and the congslexe included in Part | of

the thesis.
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Besides the structural studies of the complexeshase conducted
corrosion inhibition studies of  Acetylacetone N@ethyl-
(phenyl)thiosemicarbazone(AacMPTH and w-Bromoacetoacetanilide
N(4)- methyl(phenyl)thiosemicarbazoner-BAacd MPTCH) wusing mild
steel in 1M hydrochloric acid. Inhibition effectgere investigated by weight
loss- and electrochemical methods, including patdghamic polarization,
electrochemical impedance [EIS] spectroscopy, qd®or- and surface
morphological studies. The details of these stdre presented in Part Il of

the thesis (Section A).

We have also carried out investigations on antdyaadtand antifungal
behaviour of selected ligands and the complexdse r&sults are included in

Part Il of the thesis (Section B).

Literature survey, revealing the antitumour adiat of thiosemi-
carbazones, persuaded us to conduct the cytotart-antitumour studies of
acetoacetanilide N(4)-methyl(phenyl)thiosemicarlezAacd MPTCH) and
its complexes. Copper(ll) complex of acetoacetdaili N(4)-
methyl(phenyl)thiosemicarbazone was selected fordaoting thein vivo
antitumour- and for the long term cytotoxicity (MTdssay) studies. The

results are included in Part 1l of the thesis (lB&cC).

20



References

10.

11.

12.

13.

14.

Nic M., Jirat J., Kosata B., Schiff base IUPAC Cangdium of
Chemical Terminology (2006).

Dey K., Scient., J. Ind. Res. 33 (1974)76.

Abu-Hussen A.A.A., J. Coord. Chem. 59 (2006) 157.

Karthikeyan M.S., Prasal D.J., Poojary B., Bhat K.Bolla B.S.,
Kumar, N.S., Bio. Org. Med. Chem. 14 (2006) 7482.

Singh K., Barwa M.S., Tyagi P., Eur. J. Med. Chémh(2006) 147.
Paneerselvam P., Nair R.B., Vijayalakshmi G., Soiansian E.H.,
Sridhar S.K., Eur. J. Med. Chem. 40 (2005) 225.

Mladenova R., Ignatova M., Petrova T., PetrovaRashkov, Eur.
Polym. J. 38 (2002) 989.

Michel J.M., Campbell., Coord. Chem. Rev. 15 (19759.

George B., Kauffman S., Padhye, Coord. Chem. R2y1885) 127.
Living Stone S.E., Quarterly Rev. Chem. Soc. 156)3B86.

Akbar Ali M., Livingstone S.E., Coord. Chem. Ré (1974) 101.
Mishra D., Naskar S., Drew M.G.B., ChattopadhyaiK.S Inorg.
Chem. Acta. 369 (2006) 585.

Kizilcikli 1., Ulkuseven B., Dasdemir Y., Akkurt B. Synth. Inorg.
Met. Org. Chem. 34 (2004) 653.

Casas J.S., Garcia M.S., Tasende. J. Co-ord. CRem. 209 (2000)

197.

21



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Paul R., Chandra S.L., J. Inorg. Nucle. Chem.1369) 2753.

Samus N.M., Tsapkov V.l., Gulya A.P., Russian Jen&al
Chemistry, 74 (2004) 1428.

Douglas X. West, Patricia M., Ahrweiler ,Gozoen dant John P.
Scovill, Daniel L. Klayman, Judith L. Flippen-Ang®n, Richard
Gilardi, Clifford George, Lewis K. Pannel, Transiii Met. Chem. 10
(1985) 264.

Emery C.E., Stancato F.A., Brown R.E., Prichard D.AVolfe A.D.,
Life Science 33 (1983)1285.

Neeta Kanoongo, Sunita Bohra, Rajendra Mathur, MatN.K.,
Transition Met. Chem. 17 (1992) 322.

Panchangam Mural Krishna, Katreddi Hussain Reddy, Brakash
Pandey , Dayanauda Siddavattam, Transition MetnCIg3 (2008)
661.

Lu Z.,White C.,Rheingold A.L.,Crabtree R.H.,Inofghem. 32 (1993)
3991.

Prathima B., Subba Rao Y., Adinarayana Reddy ®&4dR Y.P.,
Varada Reddy., A. Spectrochemica Acta Part A T4(2 248.

Qu J.Q., Sun G.C., Wang L.F., Qu L., InstituteCbemistry Slovak
Academy of Sciences (2006) DO1:10, 2478/S/ 11 63®@D38-4.
Chandra S.,Pandeya K.B., Trans.Met. Chem. 6 (1981)1

Jain C.L., Saxena R.C., Gupta R.K., Curr. Sci.} 978) 766.

22



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ryabova N.A., Ponomavev V.l., Antomyan L.O., Zel8uv V.V.,
Shipilov V.1., Sov. J. Coord. Chem. 4 (1976) 95.

Jayasree S., Aravindakshan K.K., Polyhedron 12319287.
Pradhan B., Ramana Rao D.V., J. Indian. Chem.3Bb¢1977) 136.
Bologa D.A., Belichuk N.l., Ablov A.V., Russ. J.drg. Chem. 23,
(1978) 1036.

Sahni S.K., Jain P.C., Rana V.B., Indian J. ChE8(1979) 161.
Bellitto C., Tomlinson A.A.C., Furlani C., De G. Muoo., Inorg.
Chem. Acta 27 (1978) 269.

Maurya P.L., Agarwala B.V., Dey A.K., Indian. Jhé&mn. 23 (1978)
1036.

Pandey U.N., J. Indian Chem. Soc. 55 (1978) 645.

Spingarn N.E., Sartorelli A.C., J. Med. Chem. 2879)1314.

Jain M.C., Srivastava A.K.,Jain P.C., Inorg. Chekata 23 (1977)
199.

Thimmaiah K.N., Chandrappa G.T., Lioyed W.D., PaskeC., Trans.
Met. Chem. 10 (1985) 299.

Wilfredo Hernandez, Juan Paz, Abraham Vaisberggé&wia Spodine,
Rainer Richter, Lothar Beyer, Bioinorg. Chem. ApR008) Article
ID 69095d, dol. 10, 1155/2008/690952.

Ying-Ying Liu, Lain — Fang M.A., Jin Yang., J. CabrChem. 60

(2007) 1579.

23



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bindu P., Kurup M.R.P., Trans. Met. Chem. 24 (1)9978.

Emery C.E.,Stancato F.A.,Brown R.E.,Prichard D.Al& A.D.,Life
science 33 (1983) 1285.

Andrew R. Cowley, Jonathan R. Dilworth, Paul S. Belly, Jonathan
M. White., Inorg. Chem. 45 (2006) 496.

Rafat M. El-Shaely, Al-Haszmi, G.A., Ghazy, S.EE|-Shahani, M.S.,

El-Asmy, A.A., J. co.ordn. Chem. 1-15 Preview Algi¢2005).

Parbati  Sengupta, Rupam  Dinda, Saktiprosad  Ghosh.,

J.Chem.Soc.Dalton Trans.Met.Chem.23 (2002) 4307.

Sukriye Glveli, Tulay Bal-Demirci, Namik Ozdemir.,rans. Met.
Chem.34 (2009) 383.

Douglas X. West, Patricia M. Ahrweiler, G6zen Erterdohn P.
Scovill, Daniel Klayman, Juditht L., Flippen Anders Richard, Lewis
K. Pannel, Trans. Met. Chem. 10 (1985) 264.

Bhardwaj N. C., Proceedings of the Indian AcaderhySoiences -
Chemical Sciences (1994) 12.

Kiran Singh, Jagdish P., J. Therm. Analysis 38 £)9933.

Douglas X. West, Heloisa Beraldo, Amal A. Nassdrans. Met.
Chem. (1999).

Liang-Hua Chen, Young-Hua Hu, Weisong, KangkanggSokuan
Liu, J. Agric Food Chem. Feb. 60 (2012) 1542.

Junyuan, David B. Lovejoy, Des Richard Son 104 £0@150.

24



51.

52.

53.

4.

95.

56.

S7.

58.

99.

60.

61.

Kurup M.R.P., Joseph M., Synth. react. Inorg. Metg. Chem. 33
(2003) 1275.

Indranipaul, Falguni Basuta and Samaresh BhattgahaProc. Indian
Acad. Sci. (Chem. Sci.) 114 (2002) 255.

Yogeeswari P., Thirumunugan R., Kavya R., Sanlugl, Stables
Sriram J. D., Eur. J. Med. Chem. 39 (2004) 729.
G-Saiz P., G-Garcia R., Maestro M.A., Pizarro J.RArriortua
M.l.,Lezama L., Rojo T., Goja J.G., Eur. J. Inofghem. 17 (2005)
3409.

Inlama G.E., Offiong O.E., Nifor E., Ayi A.A.,Global Journal of
Pure and Applied Sciences 14 (2008) 411.

Falguni Basuli, Shie-Ming Peng, Samaresh Bbhtrya, Inor. Chem.
39 (2000) 1120.

Hickey J.L., Crouch P.J., Mey S.,Caragounis \Ahite J.M., White
A.R., Donnelly P.S., Dalton Trans. 14 (2011) 1338.

Eugenio J.C., Graudo, Speziali N.L., AbrasHorner M., Filgueiras
C.A.L., Alfonso Castineiras and Rosa Pedrido Dalfoans. 39 (2010)
3572.

Alfonso Castifieiras,Rosa Pedrido, Dalton Tr&$s(2010) 3584.

Gil M., Bernejo E.,Castineiras A., Beraldo M/gst D.X. Z., Anorg.
Allg. Chem. 626 (2000) 2353.

Reddy P.S., Reddy K.H., Polyhedron 19 (200@)/16

25



62. Werner Kaminsky, Jerry P. Jasinski, Richard Wémberg, Karen 1.
Goldberg, Douglas X. West, J. Mol. Str. 608 (20025%.

63. Maekawa M. Kitagava S.,Nakao Y.,Sakamato SamMatA.,Mori
W.,Kashino S.,Munakata M.,Inorg.Chim Acta 293 (1999

64. Abdurazag T. Swesi, Yang Farina, Ibrahim Ba®Bains Malaysiana 36
(2007) 21.

65. Maia Pedro I, Da Sg al. J. Brazilian Chemical Society. 21 (1910)
117.

66. Amal A. Nassar, Simon Hernandez-Ortega, Jesalsieg-Martinez,
Douglas X. West., Rev. Soc. Quin. Mex. 46 (2002) 3.

67. Bauer, D.G., International encyclopedia of rpiecology 1 (1972)
35.

68. Williams D.R., Chem. Rev. 72 (1972) 203.

69. Sorkin E., Roth W., Erlenmeyer H., Helv. ChiActa., 35 (1952)
1736.

70. Cymerman J.C., Wills D., Rubbo, S.D., J. Ed§&ture, 176 (1955)
34.

71. Chattopadhyay S.K., Hossain M., Guha A.K.hogh S., Trans. Met.
Chem. 15 (1990) 473.

72. Palenik G.J., Rendle D.F.,Carter W.S., AatgsCB.30 (1974) 2390.

26



CHAPTER II

REAGENTS, APPARATUSAND
PROCEDURAL DETAILS

A brief account of the general reagents used, raxpatal details and
procedure adopted for the analysis of the ligamiksthe complexes are given
in the following pages. The different types of trasnents, with their
operational characteristics and reference materizded for the physico-
chemical studies of the compounds are also givelowever, all specific
synthetic procedures and experimental set up apéierd in the relevant

chapters.
1. Metal salts

Mainly acetates of Co(ll), Ni(ll), Cu(ll), Zn(lland Cd(ll) were used

for the synthesis of complexes. The metal salexl wgere of BDH AnalaR

guality.
2. Solvents

The solvents used for the synthesis, extractiahranrystallisation of
the ligands and the complexes were ethanol, methafiethyl ether,
petroleum ether, etc. Commercially available soisehke ethanol and

methanol were purified by standard methods. OthergE. Merck reagents
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and used as such. The solvents, such as methdin@thylsulfoxide and
dimethyl formamide, used for spectral and conditgtimeasurements were

of spectroscopic grade.
3. Ligands

The ligands were synthesized from three differBntketoanilides;

acetoacetanilidap-bromoacetoacetanilides and N-ethyl acetoacetiendnd
two differentp-diketones, acetylacetone and benzoylacetone, hglersing
them with N(4)-methyl(phenyl)- thiosemicarbazide. Acetylacetone,
acetoacetanilide, benzoylacetone, etc. were puechagom Merck.
Carbondisulphide, N-methylaniline, hydrazinehydratesodiumhydroxide
pellets, sodium chloroacetate, conc. HCI, etccenaf AnalaR grade and
were used as such. Details of the synthesis dighads will be given in the
respective chapters. Substituted acetoacetanivees prepared and purified
according to the reported proceddrds(4)-methyl(phenyl)thiosemicarbazide

and the substitutefd-ketoanilides were prepared as follows.

3.1. Synthesis of N(4)-methyl(phenyl) thiosemicarle
3.1.1. Preparation of carboxymethyl N-methyl(phenyl)dithiocar bamate

A mixture of 12.0 ml (15.2 g, 0.20 mol) of carbdrsulphide and
21.6 ml (21.2 g, 0.20 mol) of N-methylaniline wasated with a solution of

8.4 g of (0.21 mol in 250 ml) NaOH . It was stirradroom temperature for
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about 2 h, when a pale orange coloured homogensmugon resulted. To
this solution was then added in small portions at812 g (0.20 mol) of
sodium chloroacetate with stirring. The solutioasvallowed to stand for 6-7
h. To the resulting pale golden yellow solution vaasled 25 ml of conc. HCI
and the resulting solid was collected and driedelfy 82%; M.P. = 197-

198°C).

3.1.2 Preparation of N(4)-methyl (phenyl)thiosemicarbazide

A solution of 17.7 g of (0.0733 mol) carboxymdtiiN-(4)methyl-
(phenyl)dithiocarbamate in 20 ml of 98% hydrazinglrate and 10 ml of
water was heated on a water bath for about 10 esnuthen colourless
crystals began to appear. The heating was contifarednother 5 minutes,
filtered washed with water, and dried under IR lanifhe crude product was
recrystallised from a mixture of ethanol and wateget colourless , triclinic

crystals. (Yield: 81%; M.P. = 126).

3.2. Preparation of substituted acetoacetanilide

3.2.1 wBromoacetoacetanilide

To a magnetically stirred solution of acetoacdi@@i (0.1 mol) in
glacial acetic acid (150 ml) containing tracesarfine, a solution of bromine
(5.2 ml, 0.1 mol) in glacial acetic acid (80 ml) svadded slowly. The

mixture was stirred for 1 h and kept overnight am temperature. On
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pouring the reaction mixture in to water (4 litr@jhite crystalline product
was obtained, which was filtered, washed succegsiwath cold water,
aqueous ethanol and petroleum ether and dried.pfbe@uct obtained was

recrystalized from benzene. ( Yield : 70%; M.PL2€°C).
3.2.2 N-Ethylacetoacetanilide

N-ethylacetoacetanilide was obtained as its soddemvative. N-
ethylaniline (12.6 ml, 0.1 mol) and ethylacetoate{d1.4 ml, 0.1 mol) were
heated on a sand bath at boiling temperature fonibtites. The oily product
was cooled and treated with 2N NaOH (200 ml). Tete product that
formed was filtered, washed successively with dietther and petroleum
ether. The product, sodium-N-ethylacetoacetanii@des recrystallised from
ethanol. (Yield: 66%; M.P.=17€). This sodium derivative was used for the

preparation of the ligand.
4. Analytical methods

Semi-micro analysis were carried out by standarthaus to check the
purity of the compounds. Carbon, hydrogen andgén were estimated by
microanalysis using Hitachi CHN-O rapid analyseSaphisticated Test and
Instrumentation Centre, Kochi. For the estimatodrmetals and sulphur, a
known amount of the complex was digested with atunexof conc.HN@ (10
ml) and 2 or 3 drops of perchloric acid. The digesprocess was repeated

for 3 or 4 times by adding fresh amount of conc.HNBEnally, the process
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was carried out with conc. HCI. The digested mass extracted with
distilled water and used for estimations. Coppesent in the solution was
estimated iodometrically, using standard sodiumodhiphate solution.
Cobalt, zinc and cadmium were determined by EDTtAmetric methods.
Manganese, iron, nickel and sulphur were estimgtadimetrically. Sulphur
was estimated as barium sulphate and bromine wdsnaged as

silverbromidé.
5. Physico-chemical methods

The physico-chemical analysis of the ligands dreddomplexes were

accomplished using magnetic-, IR--NMR- and electronic spectral studies.
5.1. Magnetic measurements

The magnetic susceptibility measurements of theptexes were
carried out on a Gouy-type magnetic balance. Alhsurements were done at
room temperature, using Hg[Co(NGBas calibrant and Magway MSBMK1
Magnetic Susceptibility Balance. Diamagnetic coiicns using Pascal’s
constants were applied by adding the diamagnetitriboitions of various
atoms and structural units. The effective magnetioments in Bohr

Magneton (B.M.) were calculated from the correcatemlar susceptibilities.
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5.2. Electronic spectra

UV-visible spectra of the soluble complexes weeorded using their
solutions (10M) in ethanol, methanol, dimethyl sulphoxide and
dimethylformamide on UV-1601 Shimadzu spectrophat®mn with a

scanning range of 10000 — 50000tm
5.3. Infrared spectra

The infrared spectra of the ligands and the corgsein the range
4000-400 crif, were recorded using KBr pellets on FTIR DR — 818

Shimadzu spectrometer.
5.4 'H-NMR spectra

The'H-NMR spectra of ligands and the diamagnetic Zn@®mplexes
were recorded in CDglor DMSO-@ by using 300 MHz, Bruker Advanced

DPX spectrometer.
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CHAPTER Il

SYNTHESIS AND CHARACTERIZATION OF
TRANSITION METAL COMPLEXES
OF ACETYLACETONE NM4)-METHYL
(PHENYL) THIOSEMICARBAZONE

1. Introduction

The chemistry of transition metal complexes of skimicarbazones has
played an important role in the development of dowtion chemistry as a
whole. Thiosemicarbazones are considered as ey kigands because they
can be easily attached to the metal ions formingblst coordination
compounds. The earlier studies revealed that chgldahiosemicarbazones
with S, N and O donor atoms form metal complexdh wteresting physico-

chemical properties and pronounced biological @& > Besides, several

thiosemicarbazone complexes act as very goodysmséf. Thiosemicar-
bazones and their transition metal complexes aee as anticancet-antit-
ubercular? and antibacteridlreagents. This may be due to the presence of
lone pair of electrons in either mor sg hybridized orbital or trigonally

hybridized nitrogen in the >C=N-group.

Literature survey revealed that comparatively Mssk has been done
on transition metal complexes of ligands derivednfracetylacetone and
substituted thiosemicarbazonel herefore, in the present work, a new ligand

formed by the condensation of acetylacetone and)-Methyl(phenyl)
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thiosemicarbazide, acetylacetone N(4)-methyl(phémglsemicarbazone,

(AacMPTCI—g) (L2H) has been reported and used as a chglagjand for

the preparation of Co(ll), Ni(ll), Cu(ll), Zn(lland Cd(Il) complexes. The
ligand and the complexes were characterized aneldtésr different uses. The

structure of the ligand is given in Figure 1.

HsC,
0
N\ S
HsC HN
N_CH3
Figure 1.

Acetylacetone N(4)-methyl(phenyl)thiosemicarbazone
(AacMPTCHI (L2H)*

2. Experimental
2.1. Materials and methods

Details regarding the chemicals usedi the methods adopted for the

characterization of the compounds are describ&hampter II.

*IUPAC Name:
(E)-N-methyl-2-(4-oxopentan-2-ylidene)-N-phenylhg@dinecarbothioamide
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2.2. Preparation of the ligand, (AacMPTZQI(LZH)

A mixture of N(4)-methyl(phenyl)thiosemibazide (0.005 mol) in
methanol (30 ml) and acetylacetone (0.005 mol) vedluxed for 2h on a
water bath. The reaction mixture was allowed tandtéor one day. The
pale yellow coloured solid separated was washed \pietroleum ether

and dried in a desiccator. The product was rediygsd from ethanol

(Yield: 80%, M.P = 92C).
2.3. Preparation of the complexes

A methanolic solution of metal acetate (0.025 mak® ml) was added

to a methanolic solution of AacMPTgf(D.OS mol in 40 ml) and the mixture

was refluxed for 4h. The reaction mixture was evafeal and cooled. The
solid complex that formed was filtered off, washseveral times with
methanol. It was dried in a desiccator. All the ptemes were prepared using
a reaction mixture containing metal acetate andnligin 1:2 molar ratio.

Yield and M.P. of the complexes were noted.
3. Results and discussion

The data obtained from the analytical and physttemical studies
have been correlated to explain the propertieacttre and bonding of the

compounds.
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3.1. Characterization of the ligand

The ligand, pale yellow coloured crystals, wasubl@d in methanol,
ethanol, etc. TLC technique was adopted for testitey homogeneity and
purity of the ligand. The ligand was characterizged elemental analysis
(Table 3.1.1), electronic- (Table 3.1.2), IRfTable 3.1.3 and Figure 2) and

'H NMR- (Table 3.1.4 and Figure 3) spectral studies.
3.1.1. Analytical data

The ligand was subjected to elemental amalgaia CHN-O instrument.
The experimentally found out- and calculated pesages of C, H, N and S
were in good agreement confirming the moleculamida of the ligand as

C13H17/N30S.

Table 3.1.1. Physico-chemical and analytical data of the ligand

_ Elemental analysis (%) found
Compound | Colour \E:;;l)d '(\(/)ICI; (calculated)
C H N S
. Pale 60.53 | 7.10 | 16.20 | 12.06
Ligand | vojiow | 8 92 1(59.00)| (6.46) | (15.96)| (12.16)

3.1.2. Electronic spectrum

The electronic spectrum of the ligand showed aense band at

260 nm (38461ci) which can be attributed to— T transition. Similarly a

37



band at 390 nm (25641¢cMin the ligand spectrum may be attributed te n

Tt* transitiorf. The data are given in Table 3.1.2.

Table 3.1.2. Electronic spectral bands of the ligand

Spectral bands Assignments
(nm) (cm™)
260 38461 - T
390 25641 no Tt

3.1.3. IR spectrum

IR spectral data of the ligand with the probableigrements are given
in the Table 3.1.3 and Figure 2. There is a pd#sibof thione-thiol
tautomerism in the ligand due to the presence ¢1-EN(=S)-NR group. But
the absence of a band ~ 2500 groharacteristic of thiol form, ruled out this
possibility in the ligand The band at 3434 chin the ligand spectrum
account forvy.y stretching vibratio. The enolic —OH stretching band
around 3500 cfhwas absent in the ligand spectrum. The bands 2t aad
2852 cni' represent the asymmetric-and symmetric stretchibgations of
—CH group®. The band at 3066 chmay be due toc. (aromatic) stretching
vibration. The band due t--o appears at 1638 ¢ The band at 1594 cin
represents the azomethine stretching vibration @uec—y moiety)?. The

bending vibration of C=S is found at 79Itmvhile the band due to
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stretching vibration is seen at 1125°trif. The band at 1021c¢hmay be

assigned toy. ™

Table 3.1.3. Sgnificant IR spectral bands of the ligand

Bands(cm') Assignments

3434 Vn.H (Stretching)
3066 Vc.n (@aromatic)
2921 Ve (@asymmetric stretching)
2852 Ve (Symmetric stretching)
1638 Vc=o
1594 Vesn
1125 Vc=s(stretching)
1021 VNN

791 Oc=s (bending)
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3.1.4. *H NMR Spectrum

The'H NMR spectrum of the ligand was recorded in DMSQO-dnd
the assignments are given in Table 3.1.4 and Figufée multiplet observed
between 7.49-7.12 ppm has been assignedtg frotons>. A sharp singlet
at 5.80 ppm in the spectrum of the ligand is asgimto -NH proton and
since this is a low value, the compound may b&éng forni®'”. A singlet at
1.86 ppm is due to CHproton adjacent to the C=N group. A singlet at
3.9 ppm is due to CHproton of acetyl group. The signals appeared 2@ 3.
ppm are due to the active methylene protons. The [@éton adjacent to the

phenyl group was observed as a singlet at 2.30 ppm.

Table 3.1.4. *H NMR assignments of the ligand.

oppm Proton
7.49 —-7.12 Aromatic
5.80 -NH
1.86 -CH (adjacent to C=N)
3.90 -CH (acetyl group)
3.30 -CH (active methylene group)
2.30 -CH (adjacent to phenyl group
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3.2. Characterization of the complexes

The elemental analytical data of the complexeswbtained from the
CHN-O rapid analyzer. Most of the complexes weren-hggroscopic,
air- and photo stable. Generally, they were solublethanol, methanol and
DMSO. The electrical conductance measured in DM80 the calculated

molar conductance values indicated that they wereatectrolyte¥.
3.2.1. Elemental analysis

The analytical data and physical propsrtiof the ligand
(AacMPTCH)(L2H) and its complexes are listed in Table 3.2The
complexes were found to have a general formula R¥()X,], where

M=Co(ll), Ni(ll), Zn(ll) or Cd(ll) and X=CH; COO and [Cu(L2H)(OH2].

Table 3.2.1. Physico-chemical and analytical data of the ligand and its

complexes
Compounds Colour Yield | MP | Elemental analysis (%) found (calculated)
%) | (C) | c H N S | Metal
Ligand Pale 80 92 60.53 7.10| 16.20) 12.06
Yellow (59.00)| (6.46)| (15.96)| (12.16)
[Co(L2H):X] Brownish | 72 285 50.01 5.30| 11.10| 8.79 8.29
Black (51.20)| (5.60)| (11.95)| (9.10)| (8.59)
[Ni(L2H) 2X 2] Greenish | 74 289 50.19 5.48| 11.10| 8.90 8.40
Yellow (51.20)| (5.60)| (11.96)| (9.10)| (8.48)
[Cu(L2H)(OH)] Dark 70 290 42.14 4.68| 11.23| 8.10| 18.20
Green (43.00)| (4.72)| (11.66)| (8.88)| (18.44)
[Zn(L2H).X ] White 80 266 50.08 5.14| 11.34| 8.90 9.98
(50.21)| (5.60)| (11.84)| (9.02)| (10.01)
[Cd(L2H)2X )] Pale 70 | 278 | 46.31 5.14| 10.98/ 8.00| 14.16
Yellow (47.59)| (5.28)| (11.10)| (8.46)| (14.88)
X= CH3COO
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3.2.2. Magnetic behaviour

The magnetic moment values of the complexes cakuildrom the

corrected magnetic susceptibilities are given ibl@8.2.2.

Table 3.2.2. Magnetic moments of the complexes

Compound Hett (B.M)
[Co(L2H),X ] 4.75
[Ni(L2H) 2X 2] 2.64
[Cu(L2H)(OH),] 1.97
T=304K s = Effective magnetic moment
X =CH3COO B.M. = Bohr Magneton

Octahedral- and tetrahedral Co(ll) complexes diffetheir magnetic
properties®. The intrinsic orbital angular momentum in the Hipin
octahedral ground statéT(Lg) results in a considerable orbital contribution
and leads to magnetic moment values between 4d6.20 B.M at room
temperature. Low-spin octahedral Co(ll) complex daground tern12,Eg and
the observed magnetic moment is close to the spiy-walue for one

unpaired electron (1.72 B.M).

Tetrahedral Co(ll) complex, with ground terffAf), has no orbital
contribution and the expected value of magnetic emms 3.89 B.M.

However, if there is mixing up of thé'T) state by spin-orbit coupling
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perturbation, the magnetic moment value, observdd be in the range,
4.40-4.70 B.M. It is generally assumed that higimgpcoordinate complexes

are tetrahedral.

Square planar Co(ll) complexes are of low-spmpet and show

magnetic moments between 2.20 to 2.90 B.M.

The Co(ll) complex reported in this chapter, [C2),X,] registered
a magnetic moment value of 4.75 B.M. This valugetber with colour of

complex clearly indicates octahedral geometry adatwe Co(ll) ion.

Tetrahedral Ni(ll) complexes show high magnetiameats in the range
3.60 to 4.00 B.M. which is due to the orbital cdmition of T ground state
towards the spin-only value of 2.83 B.M, correspogdto two unpaired
electrons. Large distortions in the field of thewbnated ligands are found to
produce magnetic moments with small orbital contitn and the observed
values are as low as 3.20 BMSquare planar Ni(ll) complexes have a spin -

singlet ground state and hence are diamagnetic.

Octahedral Ni(ll) complexes should register magnetoments nearly
equal to the spin-only value, as the ground st#atéatks orbital contribution.
However, observed magnetic moment values fall & rfmge 2.60 to 3.30
B.M due to spin-orbit coupling or higher state mgxiwith the ground state.
The Ni(ll) complex, [Ni(L2HYX,] investigated here registered a magnetic

moment value 2.64 B.M indicating its octahedralmgety.
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Magnetic moment values of Cu(ll) complexes areeathsensitive to
stereochemistry. A regular octahedral Cu(ll) compihows a magnetic
moment which ranges from 1.80 to 2.10 B.M. Slightigher than the spin-
only value is due to the fact that spin-orbit canglin the ion can mix the
ground state, representing no orbital momentun tiigher level of identical
multiplicity. For regular tetrahedral Cu(ll) comglea room temperature
moment value of about 2.20 B.M is predicted. Hosrewvthe observed
moment fall in the range 1.95 to 2.00 B?M The copper complex obtained
here showed a magnetic moment of 1.97 B.M indigatis square planar

structure.
3.2.3 Electronic spectra

The important electronic spectral bands of thendyaCo(ll), Ni(ll)

and Cu(ll) complexes and their assignments arengivéhe Table 3.2.3.
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Table 3.2.3. Electronic spectral bands of the ligand and complexes

Bands
Compound 1
(nm) (cm™)
Linand 260 38461
g 390 25641
405 24691
[Co(L2H),X ] 620 16129
1045w 9569
410 24390
[Ni(L2H) »X ;] 630 br 15873
1020 w 9803
415 24096
Cu(L2H)(OH
[Cu(L2H)(OH) ] £69 17574

br = broad, w = weak

For octahedral Co(ll) complexes,

generally observed

N Tlg(F) - 4Tlg(P)’ ! Tlg(F) - 4A29(F)

and Ty(F) - “TaF)

the following

sdions are

Among these,“T;(F) - “Ti(P) corresponds to highest energy

transition. In octahedral system, since ‘ihgg(F) level and 4Tlg(P) level are

very close, the transitions to these two levels @s® close together. In

octahedral complexes, the spin allowed transiﬁ‘ﬁfb(F) - 4T29(F) takes

place generally in the near infrared region.
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The known transitions for tetrahedral Co(ll) conxae are :

‘AF) - Ty(F) 0 1580 nm
‘AF) - TH(F) O  660nm
‘ANF) - TyP) O 510 nm

The visible spectrum of tetrahedral of Co(ll) complis dominated by

the highest energy transitiot,(F) — “T1(P). The transitiofA,(F) - *T(F)

occurs in the infrared region. In the case of Qaitimplexes, the dark colour

together with some weak and broad bands presetiiein spectra in the

region 1000-1200 nm are characteristic of squaaraslgeometry.

In the present investigation, [Co(L2PX)] registered three bands at

405, 620 and 1045 nm which may be due to, respedygfi

N Tlg(F) - 4Tlg(P)’ ! Tlg(F) - 4A29(F)

and “T1(F) — “Tx(F) transitions of an octahedral complexes.
For octahedral Ni(ll) complexes, the knawansitions are :

Aof(F) - 3TaF) 0 1160 nm
SANF) - CTiF) 0 740 nm
Ax(F) - TEyD) 0 640 nm
Ay (F) - 'AG) 0 540 nm

A (F) - 3TiP) 0 390 nm
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The spectra usually consist of bands in the infraegion at11160 nm,
a close pair of bands 640 nm followed by a weaker band540 nm and a
stronger band in the blue ent390 nm. A large number of octahedral Ni(ll)

complexes have been examined and the assignmetremeitions have been

made conclusivefy.

The spectrum of tetrahedral Ni(ll) complex is expécto consist of

three spin- allowed transitions,

3TYF) - 3TF)  v13300 ~ 2000 nm
STUF) -~ 3Ax(F)  v»1540 - 1000 nm

TP - S°Ti(P) V2840 ~ 590 nm

Thev, band is often marked by the absorption of eitlrganic part of
the molecule or the solvent. The, band has an appreciable molar
absorptivity €15 to 50) and); band is found to be in the visible region and
shows and intense absorpti@l@0 to 200). The planar Ni(ll) complexes are
generally red, yellow or brown, due to the presesican absorption band of

medium intensity in the 450-600 nm region. Howewdner colours do occur

when additional absorption bands are prééent

In the present case, [Ni(L2kX,] registered an intense banhd410 nm
and two broad bands at about 630 and 1020 nm. ey be due to the

following transitions of a typical octahedral Nj)(Bomplex:
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Axg(F) - “Ti(P)
3A29 (F) - 3Tlg (F)

Ax(F) - To(F)

Generally, all Cu(ll) complexes are blue or greencbplour. This
colour is due to the presence of absorption bamdsel 600-900 nm region of
the spectrum. The single d-d transition that octai@ssigned as ET,. The
energy level diagram for a Cu(ll) complex havinghBBymmetry predicts

three vibronically induced transitionsz, °B;y — ‘A, “Big — “Byy and
’B1g — By

In tetrahedral- or pseudo-tetrahedral Cu(ll) comese the d-d
transitions occur in the range 1430 — 1000 nm.théfregion 1000-500 nm,
where the square planar or distorted octahedrall)XCegmplexes normally
absorb, is blank, it is reasonable to infer that edomplexes have tetrahedral
geometry. The energy of the bands of tetrahedréll)Ciwcomplexes are low
compared to those of the square planar or tetrdgonaplexes. In the present
investigation, the 4—coordinate [Cu(L2H)(QHegistered two bands at 415
and 569 nm, which may be respectively, duéBtg — °Byy and’Biq — “Axq

transitions of square planar Cu(ll) complex.
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3.2.4. Infrared spectra

The significant IR spectral bands of the ligaffrigure 2) and the
complexes (Figures 4-8) along with their prdbassignments are given in
Table 3.2.4. These assignments are made by theacmop of the IR spectra
of acetylacetone, thiosemicarbazide, thiosemicamwaz of similar (-

dicarbonyl compounds and their metal compléXes

The ligand and all the metal complexasept that of copper(ll)
exhibited a broad region with a few characteribdads around 3500 ¢hin
their IR spectra. This may be assigned as thechtrgf frequency of —NH
groug®. But in the case of the copper(ll) complex, ttend due to -NH
group is found to at 2958 ¢m This change may be due to the presence of the

OH group in the copper(ll) complex.

The IR spectrum of the ligand shows characterlstieds in the 2800-
2900 cni region, which may be assigned to the symmetric- @asymmetric
stretchings of —CH grodp In the spectra of all the complexes these barels a

retained in the same region.

The ligand spectrum shows a band at 1638.cFhis may be assigned
to Ve—o- . In the spectra of the complexes, there is nothmtlange in the

position of this band, indicating the non-partit¢ipa of this group C=0 in
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coordination. The small change in the frequencypeug the hydrogen bond

formatiorf® with the —NH group in the thiosemicarbazone moiety

A strong band at 1594 ¢hin the ligand spectrum may be assigned to
Veen 22 In the spectra of all the complexes this barfdusd to be shifted to a
lower frequency region by a few Emindicating the participation of

azomethine nitrogen in coordinatfon

The band at 1021 ¢hin the spectrum of the ligand may be assigned to
v In the spectra of the complexes this band is dotnbe shifted to a
higher frequency region, indicating the participatiof azomethine nitrogen

in coordination.

Medium bands around 450 €nin the spectra of all the complexes

may be assigned to M-N boiid

The bending vibrations due to C=S , found at 791’ @and the
stretching vibrations at 1125 ¢hin the ligand spectrum, are shifted to lower
frequency by 20-30 cin the spectra of the complexes . This may betdue
the coordination through the sulphur atom of —NHSGgroup of the ligand

(without enolisation) to the metal iofis

The broad feature of medium intensity dueq, around 3550 crhin

the IR spectrum of the copper(ll) complex
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The band at ~ 1610 ¢his assigned t®asym coo and another one at
~ 1420 cnit to Vsym coo. The presence of these bands in all the complexes,

except that of copper(ll), indicates the coordimatnf the acetate anion to the

metal ions in a unidentate manifer
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Figure 5.
IR spectrum of Ni(II) complex of acetylacetone N(4)-methyl(phenyl) thiosemicarbazone



—UD 1S I
£, LUL G50 453

P

£TTF wret
SR
VD 659356

eI BE Y e g 19
ST (28

- R A 3]

reme— [T 5274561
SR A
—— e D 34 TTLL

== pum b gBIL

TUD L0'REL

e [0 634481

T [T §2°6THL
i

<
T LD 9 E6RL

LU0 B6H 894

e
TRV 189651
B UD S5 LE9L

T zoser
S T

e e

Srw greser
o

§

8

o
E"

-

LU L 4L

‘,w(‘*i’lu‘»avl\;,

A

o

-

56

400

1
2e00

1
3000

Wavenumber [cm-1]

Figure 6.

IR spectrum of Cu(Il) complex of acetylacetone N(4)-methyl(phenyl) th

icarbazone

iosemicar

[Cu(L2H)(OH),]



=1
-

—1UD 2y 4L

—LuT 1 1501

— L 5 GSTL

I T SRR 1T S

Wavenumber [cm-1]

o
- 2
=1
™~
R
1 95626
e 48
v =]
[
N
\t
——1vT By ek
/
L
5
2
%
2
!
H 1 1 1 1 L ;g
p = = )
b ks g 8 S

T

57

bazone

iosemicar

Figure 7.
[Zn(L2H)X ]

IR spectrum of Zn(II) complex of acetylacetone N(4)-methyl(phenyl) th



["X“(HZDPO]
duozeqredrwasoryy (JAuayd)[Ayiow-(4)N 9u039e[A129® JO X[dwod (1)pD JO wnxnoads Y|
'Q N1

[1-wo] vaquinuaao s

e i 2007 3008 m”.oom(
£ 4
T T T T T T
b w«m &
o £ g Juz
E e |
" b 3 | _
81
Z |
.‘m. 21 i Jop
| = =l
Jdeo
|
|
| 7
! y
| - |
e Jdosg
M \\\ it s SRR /‘
{ hs
k .
% aaaant T
Wr\ A

58



Table 3.2.4. Sgnificant infrared spectral bands (cm™) of the ligand and its

metal complexes

Ligand [Co(L2H),X,] | [Ni(L2H) 2X5] | [Cu(L2H)(OH) 5] | [Zn(L2H) ,X;] | [Cd(L2H) ,X,] Arﬁzir?tr;-
- - - 3419 - - V(O-H)
3434 3435 3425 2958 3433 3440 V(N-H)
2921 2922 2922 2913 2923 2923 | VEh)
asy.str
2852 2852 2852 2852 2855 2059 | VEH)
sym.str
1638 1629 1630 1631 1610 1629 | Vc-o)
1594 1521 1518 1520 1556 1555 | V(-
- 1494 1493 - 1433 1493 | v(coo)
1125 1048 1023 1111 1051 1054 | V=9
stretching
791 772 760 768 770 776 Oc=s
bending
- 445 464 422 449 424 | v
X=CH;COO

4. Conclusion

Coordination compounds of Co(ll), Ni(ll), Cu(ll),ndl), and Cd(ll)

with a multidentate ligand, acetylacetone N(4)-rgphenyl)thiosemicar-

bazone were prepared and their physico-chemicapepties have been

studied. The complexes have the general formula@.ZM),X,], where

M=Co(ll), Ni(ll), Zn(ll) or Cd(ll) and X= CH3COQO The structure of the

complex is given in Figure 9. Based on magneticsueaments and various
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spectral studies, geometries have been assignieé womplexes. Except the

Cu(ll) complex, all the others were found to beabetral. The Cu(ll)

complex, [Cu(L2H)(OH)] was found to be 4-coordinate with square

planar geometry. The suggested structure is givan Figure 10.
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Figure 9.

Suggested structure of the complexes of the forifi{a2H) ,X],
where M = Co(lIl), Ni(ll), Zn(ll) or Cd(ll)
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H.C H Cuw\S

Figure 10.
Suggested structure of [Cu(L2H)(OH)
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CHAPTER IV

SYNTHESIS AND CHARACTERIZATION OF
TRANSITION METAL COMPLEXES
OF BENZOYLACETONE N@4)-METHYL-
(PHENYL)THIOSEMICARBAZONE

1. Introduction

Literature survey revealed that 1,3-diketones atated com- pounds
received considerable attention on ligaffdsSchiff bases of acetylacetone,
benzoylacetone, dibenzoylmethane, and thienoyorfl- acetone with
ethanolamine and 2-aminophenol were synthesized cnadlacterized by
various analytical and spectral studieRamadanet al* synthesized and
characterized benzoylacetone isonicotinoyl hydrazcomplexes of divalent
transition metals. Investigations on the synthesid toxic effects of Ni(ll)
and Cu(ll) complexes of benzoylacetone S-methifliscarbazone on
Paramecium caudetum was conducted by Kurasow al®. Later, structural
investigations on Ni(ll) and Fe(lll) complexestbke same ligand were also
conducte®’.  Recently, influence of mononuclear Cu(ll) and (I
complexes of this ligand on the activity of enzyrsgsthesized by the fungal
stain, Aspergillus niger was investigated by Mariet al®. However, there are
no reports on the coordi- nation behavior of N-stlted thiosemicarbazone
of benzoylacetone. Hence it appeared worthwhikd iateresting to prepare

benzoylacetone  N(4)-methyl(phenyl)thiosemicarbazondBacMPTCH)
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(L2H) and to study its reactions with several tgbitransition metal ions so
as to isolate these solid complexes. The struatfithe ligand is given in

Figure 1.

o)
_N\ S
H,C HN
N_CH3
Figure 1.

Benzoylacetone N(4)-methyl(phenyl)thiosemicarbazone

(BacMPTCHy)(L2H)*

*IUPAC Name :

(E)-N-methyl-2-(4-oxo0-4-phenylbutan-2-ylidene)-Natylhydrazinecarbo-

thioamide
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2. Experimental

2.1. Materials and methods

Details regarding the chemicals used and the methddpted for the

characterization of the compounds are describ&hapter II.

2.2.Preparation of the ligand, (BacMPTgHL2H)

Benzoyl acetone in 30 ml methanol (0.05 mol) wadeadto N(4)-
methyl(phenyl)thiosemicarbazide in 30 ml metha®005 mol) and refluxed
on a water bath for 2h. The product was washed petholeum benzene for

several times and dried in vaccum. (Yield: 60%, M.82°C )

2.3.Preparation of the complexes

A methanolic solution of metal acetate (0.025 maB® ml) was added
to a methanolic solution of BacMPTGKD.05 mol in 40 ml) and the mixture
was refluxed for 4h. The product was filtered arakiaed with methanol for
several times and dried. Yield and the melting {oof the complexes were

noted.

3. Results and discussion

The data obtained from the analytical and phystwemical studies
have been correlated to explain the propertiesctsire and bonding of the

compounds.
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3.1. Characterization of the ligand

The ligand, benzoylacetone N(4)-methyl(phenyl)tbiogarbazone
(BacMPTCH) (L2H) obtained was a colourless solid, soluble metha-
nol, ethanol, etc. This ligand was characterizg@lemental analysis (Table
3.1.1.), electronic- (Table 3.1.2), IR- (Table .3.5and Figure 2) andH

NMR- (Table 3.1.4 and Figure 3) spectral studies.
3.1.1. Analytical data

The ligand was subjected to elemental analysis aonCHN-O
instrument. The experimentally found out- and glalted percentages of C,
H, N and S were in good agreement confirming thdemgar formula,

Cis H1gN3OS.

Table 3.1.1 Physico-chemical and analytical data of the ligand

_ Elemental analysis (%) found
Compound | Colour Yield M.P (calculated)
(%) (C)
C H N S
. Colour 65.10 | 5.12 | 12.70 | 9.34
Ligand ess | 0 92 | (66.40)| (5.84) | (12.92)| (9.84)

3.1.2. Electronic spectrum

The electronic spectrum of the ligand showed aenis¢ band at

280 nm (37037 cil) due to Tt 1** transition. The band at 350 nm (28571
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cm) in the ligand spectrum may be attributed tom transitiod. The data

are given below.

Table 3.1.2 Electronic spectral bands of the ligand

Spectral bands Assignments
(nm) (cm)
280 37037 - TC*
350 28571 n- 1t*

3.1.3. IR spectrum

IR spectrum of the ligand with the probable assignis are given in
the Table 3.1.3. and Figure 2. The spectrum sdobands of medium
intensities at 3377 and 3045 ¢rdue tovy., andve. (aromatic) respectively.
The bands at 2923 and 2853 trare due to asymmetric- and symmetric
stretching vibrations of —CH grodf. The band at 1614 chis due tovco.
This shows that ligand exists in the keto form with enolisatioft. Ligand
shows a band at 1594 &mwvhich is the characteristic of azomethine grdup
The bands at 1117 and 804 trare assigned to stretching and bending
vibrations of C=S, respectively. This indicates that the enolisatidn o
—NH—-C(=S) group to —N=(C—SH) has not taken pfacehere is a band at

1059 cm' due tovyn**
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Table 3.1.3 Sgnificant IR spectral bands of the ligand

Bands(cniY) Assignments
3377 Vn.H (Stretching)
3045 Vc.y (aromatic)
2923 Ve (@symmetric stretching)
2853 Vc.n (Symmetric stretching)
1614 Vc=0
1594 Ve=n
1117 Ve=s(stretching)
1059 VN-N
804 Oc=s(bending)
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3.1.4. "H NMR spectrum

The deshielding multiplets at 7.48—-7.40 and 7.365-ppm in the
spectrum of the ligand are due to the aromaticomsbt of thiosemicarbazone
part and benzoylacetone moiety, respectively. Ahhagshielding singlet
observed at 13.60 ppm is due to —NH pr&torA singlet at 2.20 ppm is due
to —CH; protons, adjacent to the C=N group. A deshieldimglet at 3.30
ppm is due to —CHgroup. CH protons adjacent to the phenyl group of
thiosemicarbazone moiety are observed as a simgl&.80 ppY. The

assignments are given in Table 3.1.4. and Figure 3.

Table 3.1.4 *H NMR assignments of the ligand

o ppm Proton
7.48 —-7.40 Aromatic (from thiosemicarbazone pairt)
7.35-7.16 Aromatic (from benzoylacetone)
13.60 -NH
2.20 -CH (adjacent to C=N group)
2.80 -CH (adjacent to thiosemicarbazone)
3.30 -CH

12
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3.2.

Characterization of the complexes

Benzoylacetone N(4)-methyl(phenyl)thiosemicarb&zéormed stable

complexes with various transition metal ions, whatle soluble in DMSO,

DMF, etc. These complexes were characterized &sv®l:

3.2.1. Elemental analysis

The analytical data and physical properties ofliteend, BacMPTCH

and its complexes are listed in Table 3.2.1. Thepiexes were found to have

a general formula [M(LH], where LH is the monovalent anion of the ligand

(L2H).

Table 3.2.1 Physico-chemical analytical data of the ligand and its complexes

Elemental Analysis (%) found

Compound | Colour \E(i)/eol)d ('\‘{ICI?) (calculated)

C H N S Metal
Ligand ng: | 6o | 92 (gg:ig) (2:;421) (E;g) (3:23) N
[Co(LH).] b[?S‘Jvkn 68 | 279 (28:88) (218% (ﬁég) (gigg) (gég)
[(NI(LH) 2] ;'riﬁtn 66 | 280 (géigg) (gfég) (ﬁf}g) (ﬁg) (g:gg)
[Cu(LH)2] | Darkblue| 64 | 281 (28:28) (3132) (ﬁg% (2:?1;) (giég)
[Zn(LH)2] | Colourless 69 | 280 (28::2-;3) (giég) (ﬁ:;ﬁ) (2:4113) (g:ii)
[Cd(LH)2] yzl?éﬁv 62 | 283 (gg:ég) (2:33) (ﬁ:gg) (iiig) (1451:32)
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3.2.2. Magnetic behaviour

The calculated magnetic moment values arengin the Table 3.2.2.

Table 3.2.2 Magnetic moments of the complexes

Compound Vet (B.M)
[Co(LH),] 491
[Ni(LH) ] 3.20
[Cu(LH),] 1.91
T= 304K Hest = Effective magnetic moment

B.M = Bohr Magneton

The octahedral- and tetrahedral Co(ll) complex&$erd in their
magnetic properties. The intrinsic orbital angutammentum in the high- spin
octahedral ground statéT(Lg) results in a considerable orbital contribution
and leads to magnetic moment values between 4.dG&0 B.M at room
temperaturf. In the present case, the Co(ll) complex showedagnetic
moment value of 4.91 B.M. This clearly indicates tctahedral geometry of

the Co(ll) complex.

Octahedral Ni(ll) complexes should register metgg moments nearly
equal to the spin-only value, as the ground staké lacks orbital
contributiort®. However, the observed magnetic moment valudsirfahe

range 2.60 to 3.30 B.M due to spin-orbit couplimdhigher state mixing with
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the ground state. The Ni(ll) complex investigaktesie registered a magnetic

moment value 3.20 B.M indicating its octahedralmgetry.

For regular octahedral Cu(ll) complexes, fall thagnetic moments in
the range from 1.80 to 2.10 B.M. This is highwart the spin-only value and
is due to spin-orbit couplify For a regular tetrahedral Cu(ll) complex, a
room temperature moment value of about 2.20 B.Mrexdicted. However,
the observed moments fall in the range 1.95-2.00. Bhe copper complex
obtained in this investigation, showed a magnetemant of 1.91 B.M

indicating its octahedral structure.
3.2.3 Electronic spectra

The important electronic spectral bands of thenlidgand Co(ll), Ni(ll)

and Cu(ll) complexes are given in the Table 3.2.3.

Table 3.2.3. Electronic spectral bands of the ligand and complexes

Bands
Compound 1
(nm) (cm™)
Ligand 280 37037
350 28571
410 24390
[Co(LH),] 615 16260
1030 9708
. 400 25000
NI(LH)] 625 16000
[Cu(LH),] 650 15384
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In the spectrum of the Co(ll) complex, three baads observed at

24390, 16260, 9708 cwhich may be due to the following transitions :

Ti(F)- “T1(P) vi 24390 crit
4Tlg(F)—> 4Azg(|:) v, 16260 cnt

Ti(F)~ “To(F) vs 9708 crit

The bands may be assigned to the transitidnanooctahedrally

coordinated Co(ll) ioff.

The nickel complex has two absorption band25100 and 16000 ¢

and are due to the following transitions :

*A2y(F) - *T14(P) v 25000 crit

*A1(F) - *T1(F) v, 16000 crit

These observations supported an octahedral steufiiuthe complek
In the electronic spectrum of [Cu(L}}) a peak observed at 15384 tmiue
to the transition, E— T,y indicated an octahedral structure for the conflex
Based on the electronic spectra, it has been asktiratall these complexes

have octahedral geometry.
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3.2.4. Infrared spectra

The significant IR spectral bands of the ligandg(ffe 2) and the
complexes (Figures 4 — 6) along with their probassignments are given in

the Table 3.2.4.

In the IR spectra of the complexes, the bands dug.t; , andvc.y
around 3300 and 3000&m respectively are retained. A sharp band observe
at 1614 crit in the ligand, due twc-=0) has undergone a shift to lower
frequency region which demonstrates the involvenoérthe carbonyl group
in complex formation with the metal ions. The atved band in the metal
complexes around 1050 €nmay be assigned twc.o formed as aesult of
enolization of C=0 during coordinatith The strong band at 804 &rin the
spectrum of ligand, due tdc-s is found to be shifted to lower frequency
region, due to the participation of sulphur atontaordination. Absence of
the characteristic band ofc.s in spectra of the complexes, rule out the
possibility of enolization of C=S group. This obsaion can be correlated to
the coordination through sulphur atom without ezation and deprotonation

in all the complex&s.

A band of medium intensity at 1594 ¢rin the spectrum of the ligand

may be assigned ta--n. However, in the spectra of the complexes, thisdb
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is found to be shifted to a lower frequency redigra few crit indicating the

participation of azomethyl nitrogen in coordinafion

The mode of coordination of the ligand through Q.aNd S is further

supported by they.o andvy.y at ~ 420 and 520 cf respectively, in the

spectra of complexé&%s

Table 3.2.4. Sgnificant infrared spectral bands (cmi?) of the ligand and its
metal complexes

Ligand | [CO(LH) 2] | [Ni(LH 2)] | [Cu(LH) 2] | [Cd(LH) 2] | [Zn(LH) ] Arﬁzir?tg'
3377 | 3425 3433 3428 3414 3429| vy
2023 | 2923 2923 2923 2923 2923| Ve asy
2853 | 2853 2853 2853 2853 2853 Ve sym.
1614 = - - - - Ve=o
1594 | 1520 1520 1516 1514 1521 veo
- 1049 1024 1026 1054 1023| veo
804 774 764 761 776 773 s
- 510 496 508 512 523 | v
- 417 414 419 412 418 | Vo
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4. Conclusion

The Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) comexes of benzoyl-
acetone N(4)-methyl(phenyl)thiosemicarbazone(BacMR)(L2H) were
synthesized. Based on the magnetic and spectrdiesiuthese complexes
were assigned octahedral geometries. The struofutee complexes is given

in Figure 7.

Ha
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Figure 7.
Suggested structure of the complex of the formM@_H) 5],
where M = Co(ll), Ni(ll), Cu(ll), Zn(Il) or Cd(lI)
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CHAPTER V

SYNTHESISAND CHARACTERIZATION OF
TRANSITION METAL COMPLEXESOF
W-BROMOACETOACETANILIDE N@4)-

METHYL(PHENYL)THIOSEMICARBAZONE

1. Introduction

Detailed investigations on the coordination chemistf amides and
anilides are fascinating in view of their similgeg to peptides and proteins,
which are essential constituents of life. As liganthiosemicarbazones of
B-keto anilides haven't received the kind of attentihat they really deserve.
Earlier reports on acetoacetanilidesemicarbazonad- thiosemicarbazones
showed that they possess antitumour activitjRecently, it has been shown
that substitution on the™4nitrogen of thiosemicarbazone can enhance its
biological activity. We have also observed the effective substitutidn
acetoacetanilide changes considerably the chemroglerties and ligational
behavior of compounds derived fron™ it With this view, a detailed
investigation on the synthesis and characterizatioof -
bromoacetoacetanilide N(4)- methyl(phenyl)thiosearb@azone, ¢-BAacd-
MPTCH,) (L2H) and its transition metal complexes is preged in this

chapter. The structure of the ligand is giveniguFe 1.
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Br N——CHj
Figure 1.

w-Bromoacetanilide N(4)-methyl(phenyl)thiosemicartaz
(w-BAacd MPTCH)(L2H)*

2. Experimental

2.1. Materials and methods

Details of the chemicals used for the synthests draracterization of

the ligand and the complexes are given in Chapter |

*IUPAC Name:

(2)-4-bromo-3-{2-[methyl(phenyl)carbamothioyl]hydm@no}-N-
phenylbutanamide
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2.2. Preparation of the ligandyBAacd MPTCH)(L2H)

A solution of N(4)- methyl(phenyl)dsemicarbazide in ethanol
(0.1 mol, 250 ml) was added t@bromoacetoacetanilide in ethanol (0.1 mol,
250 ml) and refluxed for 3 h. The solution obtadiveas evaporated, cooled
and stirred several times with petroleum ether. e Holid product that
separated was filtered and kept in a desiccatoemuretluced pressure over
anhydrous calcium chloride. The product was rdatlysed from acetone

(Yield : 40% , M.P = 110°C).
2.3. Preparation of the complexes

To the ethanolic solution of the ligand (0.005 molkb0 ml) added a
methanolic solution of metal acetate (0.0025 moRtml) and stirred for
1 h. The solid complex formed was filtered, washeth water and finally

with methanol. The products were dried over anhysdroalcium chloride.

Yield and M.P. of the complexes were noted.

3. Resultsand discussion

Using the data obtained from the analytical angsjgo- chemical

studies, the structure and geometries of the ocexeglwere discussed.
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3.1. Characterization of the ligand

The ligand, w-bromoacetoacetanilide N(4)-methyl(phenyl)thiosemi-
carbazonedBAacdMPTCH)(L2H) was soluble in methanol, ethanol, etc. It
was characterized by elemental analysis (Tablel.klectronic- (Table
3.1.2), IR- (Table 3.1.3 and Figure 2.) drtINMR (Table 3.1.4 and Figure

3) spectral studies.
3.1.1. Analytical data

The ligand was subjected to elemental analysis aonCHN-O
instrument .The experimentally found out- and clalimd percentages of
C, H, N and S were in good agreement confirmingritdecular formula as

C18H19N4OSBr.

Table 3.1.1 Physico-chemical and analytical data of the ligand

Elemental analysis (%) found

Yield | M.P (calculated)

Compound | Colour (%) (°C)

C H N S

48.99 | 4.22 | 12.53 | 8.01

Ligand Colourless 40 110 (51.60)| (4.55)| (13.39)| (7.65)

3.1.2. Electronic spectrum

The electronic spectrum of the ligand showed &ense band at 268

nm (37313 ci) which can be attributed ta — 1t* transition. Similarly a
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band at 412 nm (24271 &hin the ligand spectrum may be attributed to

n - Tt* transition. The data are given in Table 3.1.2.

Table 3.1.2 Electronic spectral bands of the ligand

Spectral bands
. Assignments
nm cm
268 37313 T T
412 24271 n- 1t*

3.1.3. IR spectrum

IR spectral data of the ligand (Figure 2) witk firobable assignments
are given in the Table 3.1.3. The assignments a@enn comparison with

the spectra of similar type of compouhds

The broad bands in the spectrum of the ligandhénhigher frequency
region may be due te\.; (3500-3300 cr)). A medium band at 1676 ¢hin
the spectrum may be assignedvtQoaniigey @and a band at 1598 émnay be
assigned twc-y. Thevy.y band in the ligand spectrum appears at 1020.cm
The strong band at 503 &nin the spectrum of the ligand may be assigned to

Ve The strong band at 1075 ¢rim the ligand spectrum may be assigned to

Vc=s
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Figure 2.
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Table3.1.3. Sgnificant IR spectral bands of the ligand

Bands (cm™) Assignments
3500 _
3000 Vn-H andvc.y (aromatic)
1676 Vc=0 (anilide)

1598 Ve=n
1075 Vc=s
1020 VN-N
503 Vc-ar

3.1.4. *H NMR spectrum

The spectrum of the ligand shows two singlets0a23 and 6.8 ppm
which may be assigned to NH protons of anilide ramgl thiosemicarbazide
moieties, respectively. The multiplets observed.d2-7.30 ppm and 7.20-
7.10 ppm may be assigned to aromatic ring of aahidrt and the phenyl ring
of the substituted thiosemicarbazide moiety, refbpely. The singlets
observed at 3.64 and 3.42 ppm may be assignedld, andw-CH, protons,
respectively. The singlet observed at 2.72 ppm beagssigned to GHyroup
of the substituted thiosemicarbazide. The assaégtsnare given in Table

3.1.4. and Figure 3.
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Table 3.1.4. '"H NMR assignments of the ligand

o(ppm) Proton

10.23 -NH(anilide)

7.42-7.30 Aromatic (anilide)

7.20-7.10 Aromatic (substituted thiosemicarbazide)
6.80 -NH (thiosemicarbazide)
3.64 a-CH,
3.42 w-CH,
2.72 -CH (substituted thiosemicarbazide)

3.2. Characterization of the complexes

The ligand, (-BAacdMPTCH)(L2H) formed stable complexes with
transition metal ions. The complexes were solublBMSO, DMF, etc. They

were characterized as follows :
3.2.1. Elemental analysis

The analytical data and physical properties of lthand -BAacd
MPTCH,) (L2H) and its complexes are listed in Table B.2ZThe complexes
were found to have general formulae [Co(klH) [NiL(H,O);] and
[ML(H ,0)], where M=Cu(ll), Zn(ll) or Cd(ll) and LHis the monovalent

anion- and L is the bivalent anion of L2H.
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Table 3.2.1. Physico-chemical and analytical data of theligand and its
complexes

_ Elemental Analysis (%) found
Compound | Colour Yield | MP (calculated)
(%) | (°C)
C H N S Metal
Ligand Colour | 40 | 110| 48.99 | 4.22 | 1253 | 8.01 B
less (51.60)| (4.55)| (13.39)| (7.65)
[Co(LH),] Dark 65 | 282| 49.20 | 3.10 | 13.60 | 7.91 6.89
brown (48.20)| (3.79)| (12.50)| (7.15) | (6.58)
[NIL(H,O)3] | Dark 64 | 274| 40.70| 4.70 | 10.55 | 12.05 | 6.03
green (42.09)| (4.18)| (11.32)| (12.60)| (6.82)
[CuL(H0)] | Dark 65 | 278| 44.60 | 4.60 | 12.04 | 6.10 | 12.90
green (43.20)| (4.20) | (11.20)| (6.40) | (12.70)
[ZnL(H20)] Off 68 | 272| 44.11 | 5.02 | 12.21 | 7.18 | 13.90
white (43.08)| (4.18)| (11.16)| (6.38) | (13.04)
[CdL(H20)] Pale 70 | 275| 40.14 | 412 | 10.88 | 6.12 | 21.46
yellow (39.38)| (3.82)| (10.21)| (5.83) | (20.49)

3.2.2. Magnetic behaviour

The calculated magnetic moments of the complexesgiven in the

Table 3.2.2.

Table 3.2.2 Magnetic moments of the complexes

Compound Hert(B.M)
[Co(LH),] 4.64
[NIiL(H 20)3 2.79
[CuL(H0)] 1.90

T=304K Hest = Effective magnetic moment

B.M = Bohr Magneton
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The Co(ll) complex registered a magnetic momenueaf 4.64 B.M.
Based on this value, we can assign octahedral geprfoe this complex.
The Ni(ll) complex registered a magnetic momenugabf 2.79 B.M. which
is in agreement with octahedral geometry. The raagmoment value of the
copper(ll) complex was 1.90 B.M. and thereforenéty be assigned a square
planar structure Both the Zn(Il) and Cd(ll) complexes were fourndbe

diamagnetic.
3.2.3. Electronic spectra

The important electronic spectral dsmiand the assignments of the
ligand and the Co(ll), Ni(ll) and Cu(ll) complexese given in the Table

3.2.3.

Table 3.2.3. Electronic spectral bands of the ligand and complexes

Bands
Compound 1
(nm) (cm™)
: 268 37313
Ligand
412 24271
448 22321
[Co(LH),] 616 16233
1025 9756
390 25641
[NIL(H ,0)3] 666 15015
1018 9823
440 22727
[CuL(H0)]
525 19047
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The bands shown by the Co(ll) complex at 448, 6ib 2025 nm were
assigned t0*Ti4(F)— “Tiy(P), “Ti(F)~ “Ax(F) and *Ty(F)— *“TafF),
respectively. These bands are characteristic tdhedral geometry of the

Co(ll) complex.

The Ni(ll) complex registered all the three bandsracteristic for
6-coordinate octahedral Ni(ll) ion at 390, 666, al@ll8 nm. They may
be assigned respectively t3 Ay(F) — *Ti(P), *An(F) - *Ti((F) and

*Asy(F) — *ToiF) transitions.

The Cu(ll) complex, showed two weak bands corredpmnto the
transitions of a square planar Cu(ll) compI%Bq,g - 2Eg and? Big - szg at

440 and 525 nm respectively.
3.2.4 Infrared spectra

The significant IR spectral bands of the ligandg(ffe 2) and the
complexes along with their probable assignmentgyaen in the Table 3.2.4
and Figures 4-8. The assignments were made @agenparison with the

spectra of similar type of compoufids

As we have mentioned earlier, a broad band inhigker frequency
region, 3500-3000 cthis present in the spectra of the complexes off)\i(l
Cu(ll), Zn(Il) and Cd(ll). This region is found twe broad due to the presence

of water coordination. The anilide carbonyl sthétig frequency at 1676 ¢
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in the ligand is found to be lowered in the spectrof the Co(ll) complex,
indicating the patrticipation of carbonyl oxygendnordination. But in the
spectra of complexes of Ni(ll), Cu(ll), Zn(ll) ar€d(Il) this band disappears
and a new band around 1150 tris observed due to the enolisation of
—CH,-C=0 to —CH=C-OH followed by the participation okmfotonated
oxygen in coordination. The stretching frequentyzomethine nitrogen is
observed at 1598 c¢hin the ligand spectrum. This band is found to be
lowered in the complexes due to the participatib@azmmethine nitrogen in
coordination. A strong band at 1075 tin the ligand spectrum, due ¥@--s)
disappears and new bana®und 750-850 cthdue tovc.s appears in the
spectra of all the complexes. This is due to thaization of =N-NH-C=S to

=N-N=C-SH, followed by the coordination through depnated sulphur.

A medium band around 1020 ¢mis observed both in the case of
ligand and complexes, is due to the presenocg@f A strong band around
505-510 crit in the spectra of the ligand and the complexes beagssigned
to vcg. The other bands in the spectra of the complexesnd 550-450

cm? may be assigned g,y and vy.o.
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Table 3.2.4. Sgnificant infrared spectral bands (cmi’) of the ligand and its

metal complexes

Ligand | [Co(LH):] | [NIL(H;0)] | [CUL(H.O)] | [ZnL(H0)] | [CdL(H;0)] | /9T
VN-H),
3500 | 3695 3652 3570 3600 3414 VoH
3300 | 3286 3250 3315 3282 3195 VicH)
aromatic
1676 1597 - -- -- - Ve=o
V(c-0)
1156 1155 1155 1155 anilide
1598 1546 1550 1598 1599 1549 | Vi)
1075 - -- - - - Vic=s)
1020 1022 1022 1115 1027 1020 | v
Vet
~ 843 874 756 839 874
V(c-N)
503 507 502 503 507 507 | Ve
-- 542 532 541 530 530 | v
-- 455 455 457 435 460 | Vo
3.2.5. H NMR spectrum of Zn(I1) complex

Figure 9 shows the significant NMR spectral linafs the Zn(ll)

complex. The signals due to -NH proton of anilgteup, aromatic ring of

anilide group and the substituted aromatic ringargerved at 10.19,

7.26 and 7.05-6.90 ppm, respectively. The

7.32-

-NHtgorosignal which is

present at 6.80 ppm in the ligand spectrum disappsdi#e to the enolisation

of =N-NH-C=S to

complex formation.
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=N-N=C-SH and subsequent deprdianaduring

The-CH, proton which appears at 3.64 ppm in the




ligand spectrum is not observed in the spectruth@fcomplex. But another
signal is observed at 4.60 ppm duext€H proton formed by the enolization
of —CH,-C=0 to —CH=C-OH during complex formation. Twohet signals
are observed at 3.60 ppm and 2.50 ppm due@H, and -CH (substituted),

respectively.

Table 3.2.5. Sgnificant *H NMR spectral assignments of Zinc(l1) complex

oppm Proton
10.19 -NH(anilide)
7.32-7.26 Aromatic (anilide)
7.05-6.90 Aromatic (Substituted thiosemicarbazide)
6.94 -NH
4.60 a-CH
3.60 «-CH,
2.50 -CH (Substituted thiosemicarbazide)
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4. Conclusion

The Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll) compxes of w-BAacd-
MPTCH, (L2H) were synthesized. Based on the magnetic spettral
studies, Co(ll) and Ni(ll) complexes were assigonethhedral structures and
Cu(ll), Zn(Il) and Cd(ll) were assigned tetrahedyabmetry (Figures 10, 11
and 12). The presence of water in some of the cexeplwas established by

IR studies.

NH X CH,Br

BrH,C — HN

Figure 10.
Suggested structure of [Co(L#})
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Figure 11.

suggested structure of [NIL{D)s]
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Figure 12.
Suggested structure of the complex of the formMla(H ,O)],
where M = Cu(ll) , Zn(ll) or Cd(ll)
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CHAPTER VI

SYNTHESISAND CHARACTERIZATION OF
TRANSITION METAL COMPLEXES OF
N-ETHYLACETOACETANILIDE N(4)-
METHYL(PHENYL)THIOSEMICARBAZONE

1. Introduction

The study of the coordination behaviour of thiosmmbazones
towards transition metal ions showed that the tegulcomplexes possess
diverse solubility, stability and beneficial biologl activities. It has been
reported that replacing the hydrogen atom of theH -Njroup of
acetoacetanilide by straight chain alkyl groupsages their solubility and
thereby improves their chelating abifityln continuation of our investigations
on thiosemicarbazones ¢ 1,3-diketo derivatives, it was found to be
worthwhile and interesting to synthesize and chaera®e 4-N-substituted
thiosemicarbazone of  N-substituted acetoacetanilahd their metal
complexes. Therefore, in this chapter, we presanstudies on the synthesis
and characterization of N-ethylacetoacetanilide  )Méthyl
(phenyl)thiosemicarbazone (EAacdMPTEHKL2H) and its complexes with a
few typical transition metal ions. The structuretle ligand is given in

Figure 1.
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HaCH,C

N
o)
N\ S
HsC HN
N_CH3
Figure 1.

N-Ethylacetoacetanilide N(4)-methyl(phenyl)thioseatbazone

(EAacdMPTCH) (L2H)*

2. Experimental

2.1. Materials and methods

Details regarding the chemicals used and the methddpted for the

characterization of the compounds are describ&hapter II.

*IUPAC Name :

(E)-2-(5-(ethyl(phenyl)amino)-4-oxopentan-2-ylidg+N-methyl-N-

phenylhydrazinecarbothioamide
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2.2. Preparation of the ligand, (EAacd MPTLHL2H)

N(4)-methyl(phenyl)thiosemicarbazide in 150 ml etbla(0.05 mol)
was added to sodium N-ethylacetoacetanilide in mb@thanol-water (4:1)
mixture (0.05 mol) and refluxed on a water bath #r. The resulting
solution was evaporated to reduce the volume an@dtfor 2h. The pale-
yellow solid which formed was filtered off, washseveral times with water
and dried in a desiccator over anhydrous calciutoricle. The product was

recrystallised from methanol (Yield : 45% , M.P 602C).
2.3. Preparation of the complexes

To a magnetically stirred hot methanolic solutidntlee ligand (0.005
mol in 20 ml), added slowly a methanolic solutidmtetal acetate (0.005 mol
in 15 ml). The mixture was stirred for 1h. Thdidaomplex that formed
was filtered off, washed with water and finally winethanol. It was dried in
a desiccator over anhydrous calcium chloride. ddednd melting points of

the complexes were noted.
3. Resultsand discussion

The data obtained from the analytical and physterucal studies
have been correlated to explain the propertiesctsire and bonding of the

compounds.
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3.1. Characterization of the ligand

The ligand, N-ethylacetoacetanilide N(4)-methyl(pyig¢ thiosemi-
carbazone (EAacdMPTGIH(L2H) is a colourless solid soluble in methanol,
ethanol, etc. From the elemental analysis, (Table 3.1.1.) thdoohg
empirical formula, GoH,4N,OS was assigned to the ligand. It was further
characterized by electronic-(Table 3.1.2) and IRb{& 3.1.3 and Figure 2)

spectral studies.

3.1.1. Analytical data

The ligand was subjected to elemental analysis aonCHN-O
instrument. The experimentally found out and dalimd percentages of C, H,
N and S were in good agreement confirming with thaecular formula,

CooH24N4OS.

Table 3.1.1 Physico-chemical and analytical data of the ligand

Elemental analysis (%) found

Compound | Colour Yield M.P (calculated)
(%) | (°C)
C H N S

66.40 | 7.10 | 15.90 | 9.01

Ligand Colourless 45 160
9 (65.21)| (6.52) (15.21)| (8.69)

3.1.2. Electronic spectrum

The electronic spectrum of the ligand showed aenis¢ band at

282 nm (35460 cif) due to T Tt* transition. A band at 345 nm
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(28985 cnl) in the ligand spectrum may be attributed tom transition.

The data are given in Table 3.1.2.

Table 3.1.2 Electronic spectral bands of the ligand

Spectral bands Assignments
nm cm'
282 35460 - Tt
345 28985 n- 1*

3.1.3. IR spectrum

IR spectrum (Figure 2) of the ligand with the pable assignments
are given in the Table 3.1.3. The IR spectrum watbbands at 3573 and
3417 cn due tovcy andvy.y, respectively. Bands at 1607 and 1556 ¢m
corresponded toc-o andvc-y respectively. The band at 1051 tmmay be

assigned toc-s There was a band at 1023 tdue tovy.y.

Table 3.1.3. Sgnificant IR spectral bands of the ligand

Bands (cm™) Assignments
3573
3417 Ve UnH
1607 Vo
1556 Ve
1051 Vc=s
1023 VNN
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3.2.

Characterization of the complexes

N-ethylacetoacetanilide N(4)-methyl(phenylpgemicarbazone formed

stable complexes with general transition metal ,iamsich were soluble in

DMSO, DMF, etc. The complexes were characterizefbidows :

3.2.1. Elemental analysis

The analytical data and physical properties of ligand, (EAacd

MPTCH,) (L2H) and its complexes are listed in Table B.Zhe complexes

were found to have a general formula [ML(®Js], where L?is the divalent

anion of the ligand, L2H.

Table 3.2.1 Physico-chemical and analytical data of the ligand and its

complexes
_ Elemental Analysis (%) found
Compound | Colour Yield I\O/IP (calculated)
(%) | (°C)
C H N S | Meal
. Colour- 66.40 | 7.10 | 15.90 | 9.01
Ligand less | *° | 80| 6521 (6.52)| (15.21)| (8.69)|
Dark | oo | g, 50.34 | 7.80 | 12.10 | 6.98 | 14.40
[COL(H,0)q] brown (49.90)| (6.23)| (11.60)| (6.65)| (12.24)
. Light 50.70 | 7.40 | 12.20 | 7.10 | 13.30
INILH20)] | green | 89 | 280| (a9.92)| (6.64)| (11.23)| (6.65)| (12.21)
52.40 | 6.98 | 11.94 | 6.98 | 14.14
[CUL(HO)] | Darkblue| 58 | 278 g 13| .17)| (11.53)| (6.59)| (13.07)
56.10 | 6.12 | 13.23 | 8.01 | 16.30
[2nL(H20)] | Colourless 60 | 282 5550y 555) | (12.92)| (7.38) | (15.08)
Pale 46.30 | 5.92 | 11.30 | 6.71 | 22.30
[CdL(H0)s] yellow 5 | 280 (44.90)| (5.61)| (10.40)| (5.98)| (21.00)
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3.2.2. Magnetic behaviour

The calculated magnetic moment values are givéineimable 3.2.2.

Table 3.2.2 Magnetic moments of the complexes

Compound Mess (B.M)
[CoL(H20)4] 4.85
[NiL(H 20)3] 3.11
[CuL(H20)s] 2.10

T=304 K K = Effective magnetic moment

B.M = Bohr Magneton

The Co(ll) complex registered a magnetic momen?d.85 B.M.,
indicating its high-spin octahedral structure. ™i@ll) complex registered a
magnetic moment of 3.11 B.M. This value indicéates octahedral geometry
around Ni(ll) ion. The magnetic moment value otifCH,0);] was observed
to be 2.10 B.M. which is the characteristic of 6-acoordinated Cu(ll)
compleX. The complexes of Zn(ll) and Cd(ll) were found be

diamagnetit
3.2.3. Electronic spectra

The important electronic spectral bands of thenliga Co(ll), Ni(Il)

and Cu(ll) complexes and their assignments arengivéhe Table 3.2.3.
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Table 3.2.3 Electronic spectral bands of the ligand and complexes

Bands
Compound I
(nm) (cm™)
: 282 35460
Ligand
345 28985
465 21505
[CoL(H:0)4] 555 br 18018
1045 w 9569
409 24449
[NIL(H 20)3] 620 16129
1010 w 9900
[CuL(H,0)3] 639 15649

br =broad, w=weak

In the spectrum of the Co(ll) complex, three baads observed at
21505, 18018 and 9569 €mmay be due to the following transitions,

respectively,
4Tl g (F) - 4Tlg(P)
4Tl g (F) - 4A29(F)
T1g(F)~ ToofF)

The Ni(ll) complex had three absorption bands at4®4 16129, and

9900 cni which may be due to the following transitions petively,

*Azg(F) - “Tiy(P)
3AZ g (F) - 3Tl g (F)
*Azg(F) - “Tog(F)

12C



In the UV-visible spectrum of [CuL(®D)s;] we observed a peak at

15649 cnil, which indicated the electronic transition, E T, The above

observations are consistant with octahedral gegmieir all the complexes.

3.2.4. Infrared spectra

The significant IR spectral bands of the ligéRjure 2) and the complexes

(Figures 3 - 7) along with their probable assignta@me given in Table 3.2.4.

Table 3.2.4 . Sgnificant infrared spectral bands (cmi?) of the ligand and its

metal complexes

. : Assign-
ngand [COL (H 20)3] [NIL(H20)3] [CUL(H20)3] [CdL(H20)3] [ZnL(H20)3] met?ts
- 3397 3408 3426 3426 3407 Vo-H
3417 2923 2955 3059 2923 3060 Veon
3573 - - - - -- VK
1607 -- - -- -- - Vc=0
1556 1494 1494 1498 1493 1494 | veen
~- 1117 1118 1116 1116 1118 | vco
(new)
1051 -- - -- -- - Vc=s
1023 1022 1023 1023 1023 1024 | vyn
~- 865 863 873 873 872 Ves+
Ve
~- 548 551 551 551 553 V M-N
- 440 457 465 451 494 V M-0
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The strong band at 1607 &nn the ligand spectrum may be assigned
to V(c-0) anilide®. In the spectra of all the complexes, this baisagbeared
and a new band appeared around 1118 dihis may be due to enolization of
—CH,-C=0 to —-CH=C-OH and subsequent coordination thnoube
deprotonated oxygen. In the spectrum of ligandseabe of a band at
2353 cnt indicated its thioketo nature in the solid stat&.strong band at
1051 cm' in the ligand spectrum may be attributedvte-sy This band
suffered considerable changes during complex foamatin the spectra of all
the complexes, this band disappeared and a new appdared at about
865 cm' due tov c.s) with some contribution fromyc.y). The enolization of
=N-NH-C=S to =N-N=C-SH and subsequent coordinatidhrough

deprotonated sulphur atom might have taken place he

The strong band at 1556 ¢min the spectrum of ligandmay be
assigned toc-n). In the spectra of all the complexes, this bamdtex! to
lower frequency region by a few &m indicating the participation of

azomethine nitrogen in coordination.

The band at 1023 chin the spectrum of the ligand may be assigned to
V(N-N)7. A shift of this band to a higher frequency regiwas noticed in the
spectra of all the complexes, indicating the pgrdton of azomethine

nitrogen in coordination.



In the spectra of all the complexes, broad bandsral 3500 cril due
to v oy together with strong bands around 660 'csmggest the presence of
coordination of water molecules. The other bandsth@ spectra of the

complexes around 550-450 ¢may be due to y.y andv y.o.
4. Conclusion

Complexes of Co(ll), Ni(ll), Cu(ll), Zn(Il) and GH) with N-ethyl
acetoacetanilide N(4)-methyl(phenyl)thiosemicarlmezo (EAacdMPTCH)
(L2H) were synthesized and their physico-chemical pragserhave been
studied. On the basis of magnetic moments, eleictre and other spectral
data, all the complexes were assigned octahed@heiey with a general
molecular formula [ML (HO)], where M = Co(ll), Ni(ll), Cu(ll), Zn(ll) or

Cd(Il), which is given in Figure 8.
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H3CH,C

~— 0H,

Suggested structure of the complex of the formMa (H,0)5],
where M= Co(ll), Ni(ll), Cu(ll), Zn(ll) or Cd(II)



References

1. Jeevana R., Ph.D. Thesis, Calicut University (2013)

2. Deepa K.P., Ph.D Thesis, Calicut University (1998).

3. Sharma Y.R., Elementary Organic Spectroscopy, $i€hand
Company Limited (1993).

4. John B Goodenough. ‘Magnetism and Chemical Bontbhn Wiley
and Sons, New York (1966).

5. Cotton F.A, Wilkinson G., Advanced Inorganic Chetry Wilety
interscience, New York (1980)

6. Bellamy L.J., The Infrared Spectra of Complex Molles, Chapman
and Hall, London (1975).

7. John R. Dyer, Applications of Absorption Spectrgecamf Organic

Compounds. Prentice Hall of India Private Limitdgw Delhi (1971).

13C



CHAPTER I
CORROSION

1. Introduction

Any process of deterioration and consequent losa sblid metallic
material through an unwanted chemical or electrosbal attack by its
environment, starting at its surface is called @sion. In simple words,
corrosion can be defined as the destruction of Isjetar alloys by the
surrounding, or the environment through chemical edectrochemical
changes. The father of corrosion science UlickEfans, the British scientist
described corrosion as an electrochemical progesgjich the destruction by
chemical or electrochemical agencies takes plac&ontana, a famous
scientist defined corrosion as the destructionslegerioration of a material
because of reaction with its environnfenfrhe word corrosion includes not
only the destruction of metals alone, but the desitvn of non-metallic
materials also. The deterioration of paint andoartby sunlight or chemicals
will also come under corrosion in this sense. @xion can be fast or slow.
Polythionic acid will attack the sensitized steelf in hours. However,the

railway track will resist corrosion for a long pedi

Corrosion is a spontaneous slow chemical intenacof metal or
alloy with its environment, resulting in the fornmat of one of its compounds

such as oxide, hydrated oxide, carbonate, sulplsulehate, etc. Extraction
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of metals from their ores is an endothermic procesiire metals, being
highly energetic have natural tendency to revecklia their combined metal

ores.

Metal Ores =" Metall

4—
Corrosion

Thus in metals, corrosion is a process of revefsextsaction. The
most familiar examples of corrosion are rustingroh when exposed to the
atmospheric conditions and the formation of grekn 6f basic carbonate on

the surface of copper when exposed to moist aitaiming carbondioxide.

The phenomenon of corrosion is often complicated the
simultaneous occurrence of two or more forms ofasion. Chemical- or
electro chemical reaction, physical factors, susls@aface forces often play

an important role in corrosion
1.1. The mechanism of corrosion
The mechanism of corrosion involves 3 steps.

I Metal undergoes oxidation releasing electrons.
Fe—+» F& + 2€ at the anode region.

. At the cathodic region, reduction of,0On presence of water to
hydroxyl ions takes place

O, + 2H,0 + 4é - 40H
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iii. The metal ions formed at the anode combine withrdwy ions
formed at the cathode to produce metallic hydroxi&e(OH), which
on further oxidation forms hydrated ferric oxida).
2F€" + 40H —» 2Fe(OH)

2Fe(OH}+0O,+(X-2)H,0 — Fg05.X.H,0
1.2. Gravity of corrosion problem

The process of corrosion is slow and occurs onlsuafiace of metals,
but the losses incurred, due to corrosion are eooesmvaste which includes
destruction of machines, equipments and differgoégs of metallic products.
Losses occurring due to corrosion cannot be medsareerms of the cost of
metals alone, but the high cost of fabricationoieguipment, machine tool or
structures should also be considered. The sevefityie problem may be
made clear by the approximate loss of metal dueotoosion, as 2 to 2.5
billion dollars per annum all-over the world. Obusly, we must understand
the mechanism of corrosion, if its effects are ¢oninimized and then only
we can avoid corrosion conditions and provide mtite against corrosidn
Corrosion is one of the most significant problenasedd by advanced
industrial societies. It is estimated that abo0t48% of iron and steel
produced annually is used just to replace the duste materials. Corrosion
costs of automobiles, fuel systems, radiators, esthsystems are in billions.

Corrosion affects all appliances used inside aridid® home, on the road, in
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the sea, in power plants and in aerospace vehities.very surprising to see
that the total annual cost of floods, hurricangssf lightning and earthquakes

are less than the cost incurred due to corrosion.

1.3. Types of electrochemical corrosion

1.3.1. Galvanic (Differential metal) corrosion

When two dissimilar metals (eg. zinc and coppee) iarcontact with
each other, in a corrosive environment, the meithl lew reduction potential
(anode) undergoes oxidation (corrosion) and metdh viigh reduction
potential (cathode), undergoes reduction. Thise tgp corrosion is called
galvanic corrosion. As the difference between #lectrode potentials

increases, the corrosion rate increases.

1.3.2. Concentration cell (Differencial aeration) corrosion

This type of corrosion occurs when a metal is egpoto differential

air concentrations or oxygen concentrations.

1.3.3. Waterline corrosion

In this type of corrosion, the metal portion jusidw the waterline is
more anodic and undergoes corrosion compared tgpéingon above the
waterline. Ocean going ships, water storage ste&k and water lifting pipes

suffer this type of corrosion.
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1.3.4. Crevicecorrosion

Crevice corrosion generally occurs in the area Vefis oxygen. Since
oxygen cannot penetrate a crevice (eg. joints,spaiuts, washers, etc.)

corrosion takes place rapidly.

1.3.5. Pitting corrosion

This type of corrosion arises when a metallic stefs defective (with
cracks) or occupied by dust, sand or water dropis Type of corrosion is

usually seen in chloride medium.

1.3.6. Stresscorrosion (Stress cracking)

The internal stress of metal due to mechanical aijmers such as
pressing, hammering, bending, welding, etc, bringss corrosion. The metal
stressed part becomes more reactive, acts as amoldendergoes corrosion
under specific corrosion environments. Cracking bolss and caustic
(seasonal cracking) embrittlement of steel boilers the two examples of

stress corrosion.

1.3.7. Intergranular corrosion (Grainboundary corrosion)

This type of corrosion involves the attack of csrom products on the
grains boundaries of a metal, generally observedlloys. Such corrosion
can be observed in stainless steel (18% Cr, 8% didaining more than 0.1%

carbon when it is heated to very high temperataceaoled slowly.
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1.3.8. Microbiological corrosion

This type of corrosion involves the degradatiomr@dterials by fungi,
moulds, bacteria or their bye products, bascilhlgae diatoms, etc , as a
result of the consumption of oxygen by the bacternidoich results in

corrosion.

1.3.9. Soil corrosion

Soil contains moisture, ionic species ltkdorides, micro organisms like

bacteria which enhance the corrosion, and this sameder soil corrosion.

1.3.10.Erosion corrosion

The corrosion on the surface of a metal due to @maichl wear and
tear leads to the relative motion of the corrodigeid over the metal surface

and leads to erosion corrosion. It is commonlyeobsd on copper tubes.

1.4. Factors affecting corrosion

The rate of corrosion is influenced by two factorBrimary factors

related to the metal and secondary factors relatéfte environment.

1.4.1. Primary factors

I Nature of the metal :- The tendency of a metaldoarle depends on

its nature. The metals with low reduction potdntidl corrode easily
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14.2.

eg. Li, Na, Mg and Zn. The noble metals with higbuction potential

will resist corrosion.

Electrode potential difference: - When two metate & contact,

greater is the difference in electrode potenti@sveen the cathode
and anode, the faster is the rate of corrosioh@fnode.

Surface state of the metal: - Corrosion at theaserfof the metal is
accelerated in the presence of water droplets st plarticles. If the

metal has a tendency to form a passive protectaddesfilm (usually

metal oxide), the further corrosion of the metdl & prevented.

Secondary factors

pH :- In general, lower the pH of the corrosiondmen, higher is the
corrosion rate, i.e., acidic media (pH < 7) are enoorrosive than
alkaline and neutral media. But it is observed thatals like Al, Zn
and Pb undergo fast corrosion in highly alkalinelime.

Temperature :- With the increase of temperatureros®mn rate is
enhanced. This is because, increases in temperahareases the
conductance of the medium, reduces passivity of rietal and
increases the rate of corrosion.

Humidity :- The rate of corrosion increases witke tincrease in

humidity up to a certain value called critical hudlity.



V. Relative areas of anode and cathode parts :- elfrdiio of anode to
cathode region is small, i.e., smaller anode regiod larger cathode
region, the overall corrosion will be more effeetivThe corrosion will

be less intense if the anodic area is larger coetp@r cathodic region.

1.5. Protection against corrosion

Corrosion control is more realistic than corroswavention. Some of

the corrosion control methods are mentioned here.

1.5.1. Design and material selection

The materials with greater number of angles, c@;nedges, etc.,
should be avoided since it will be difficult forfiefent surface treatment.
Metal corrosion rate can be reduced by the use sihgle metal than the
dissimilar metals. If two dissimilar metals are aontact, the area of the

anode should be larger than the area of the cathode

1.5.2. Protective coatings

Protecting the surface of an object by the appboadf coating is the
oldest of the common procedures for corrosion preer. Protective
coatings include metallic coatings, chemical cosier coatings and organic

coatings.
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1.5.3. Cathodic protection

The principle involved in this method is that tHemenation of anode
site and conversion of the entire metal into caithoglte by providing
electrons from the external source, so that thecism:n always remains

cathode.

1.5.4. Anodic protection

Certain metals like, Ti, Ni and Cr will become pass by the
application of suitable anodic current. Few metasl alloys like steel
exhibits passivity by forming their oxide layersThus the prevention of

corrosion by impressed anodic current is calledlanprotection.

1.6. Corrosioninhibitors

There are the substances which minimize the camobly retarding
either anodic or cathodic reactions. Thus a cayromhibitor can be defined
as a substances which when added in small quariititne aqueous corrosive
environment, decreases the corrosion rate of thalmé&here are different

type of inhibitors.

I Anodic inhibitors :- Chromates, phosphates, tusigst and other
anions with high oxygen content will form sparinglsoluble

compounds with newly formed metal ions at the anaahel will get



adsorbed on the metal surface forming a protedéiyer and reduces
the corrosion rate.

. Cathodic inhibitors :- In this, the corrosion isloeed by slowing down
the diffusion of H ions to the cathode by the organic inhibitors like
amines, heterocyclic nitrogen compounds, substituteourea, etc.,
which are capable of being adsorbed at the metdhs The
adherent deposit film at the cathode increaseshydrogen over
voltage and there by decreases the corrosion.

1 Mixed inhibitors :- Substances which affect bo#tthodic and anodic
reaction are called mixed inhibitors. They aneidglly film forming
compounds that cause the formation of precipitatettee surface,
blocking both cathodic and anodic sites indirectfiihe most common
inhibitors of this category are the silicates ahdgphates.

V. Green inhibitors :- They are a special class bititors important due
to their non-toxic and environment friendly naturelThey do not
contain heavy metals. The extract of the leave&miilaria crassna is

a very good green inhibitor.
1.6.1. Limitations of inhibitors

Eventhough inhibitors reduces the corrosion of tseta many

environments, there are some limitations for tiysetof corrosion prevention.
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I The addition of inhibitor to the corrosive systerayrcontaminate the
environment.

. Some inhibitors are toxic and one cannot use peny (Arsenic salts)

iii. Certain inhibitors will lose their ability as thermcentration and the

temperature of the environment increases.
1.7. Schiff bases as corrosion inhibitors

Among the organic compourifs Schiff bases, the condensation
products of amines and ketones or aldehydes haaetad immense attention
in the field of corrosion inhibition scien€¥. This is because, they can easily
be synthesized from inexpensive starting material$heir ecofriendly
properties also contribute to this. Schiff basessps many coordinating
centres, which enhance their inhibitory propetfieDue to their synergistic
effect, they act like a bridge between the inhibgation and the metal surface
in acid solution¥"*> The solubility of Schiff bases in acids is a méctor
for their selection as industrially suitable inldss. The presence of -N=CH
(imine) group in the Schiff bases are very helpfustudying the mechanism
of the reactions in chemical systems. The maimtpbehind the corrosion
inhibition nature of Schiff base is the presence efectrons in triple bonds or
conjugated double bonds and the electronegativetiumal groups. The
literature review mentioned here will reveal thgortance of Schiff bases as

effective corrosion inhibitors.
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Sorkhabi et &f determined the inhibition efficiency of pyramidine
Schiff bases towards mild steel in 1M HCI medium Wwegightloss- and
polarization methods. These studies showed thatctmpounds are good
corrosion inhibitors even at low concentrations.e Tadsorption followed
Langmuir isotherm.  The corrosion inhibition stugli®f Schiff base
compounds (derived from diamines and o-hydroxy- esrdethoxy aromatic
aldehydes) with stainless steel in tap water ant $hGwed that they possess
93% inhibition efficiency. The adsorption obeyednbenuir isotherrv.
Emregal and Atakd! observed the inhibition property of N-(2-
hydroxyphenyl) salicylaldimine on iron in 1M HCI ing weight-loss,
polarization and EIS technique and they obtaineditipe results. The
corrosive nature of zinc in HCI solution containirgyutaraldehyde and
methionine showed 92.5% inhibition efficiency. was a cathodic inhibitor

which followed Tempkim adsorption isothefin

The capacity of Schiff base compounds to decrdasedrrosion rate
was confirmed by the studies of Li and co-workerdJsing polarization and
EIS techniques, they showed that Nd\phenylen-bis (3-
methoxysalicylidenimine) is a good corrosion intobion copper in 1M HCI.
Conversion of an amine to Schiff base will imprale inhibitory action. This
was confirmed by Desat al**, based on their studies of Schiff bases derived
from benzaldehyde and aromatic- and aliphatic prynaanines on aluminium

alloy steel in HCI. The presence of electronegaitoms like chlorine and
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bromine as para substituents on phenol ring witkease the inhibition
capacity. The studies of Schiff base, like 5-breaicylaldehyde-
etansulphonylhydrazone and 5-chlorosalicylaldehtateseilphonylhydrazine
on AA 3102 Aluminium in 1M HCI by EIS technique ahgdrogen evolution
test, conducted by Aytaet al®® proved this. Bansiwaét al®® carried out
weight loss and thermometric studies to evaluage itthibition effects of
different Schiff bases such as 2-anisalidine- pgad2-anisalidenepyrimidine
on the corrosion of aluminium in HCI solution ankowed that they are

efficient corrosion inhibitors.
1.8. Thiosemicarbazones as corrosion inhibitors

The corrosion inhibition property of thiosemicarbags and their
derivatives was studied by many scientf§st§ They are considered as
efficient inhibitors of corrosion, because they temm good =n-electron
conjugation increasing its coordination and an abance of heteroatoms
increasing their adsorption on to the surface efrttetal’. These compounds
will get adsorbed on the metal surface throughldime pair of electrons on
nitrogen and sulphur atoms and also through #thelectrons in the

moleculed®>>

Thiosemicarbazones of pyrazole carboxaldehyde alives were
prepared and their corrosion inhibition efficierscigere studied using carbon

steel in HCI and observed that they were mixed typgabitors. Their
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inhibition efficiencies increases with increasimthibitor concentration and
temperatur®. The corrosion inhibition of furoin thiosemicadome towards
mild steel in | M HCI solution was studied using igig loss, Tafel
polarization and electrochemical impedance spewtmms techniques and
observed that it is an efficient corrosion inhibieven at low concentratidh
U.J. Ekpeet al®® showed that 2-acetylpyridine 4-phenylthiosemicacpe
and 2-acetylpyridine 4-methylthiosemicarbazone Ileixddl maximum
inhibition efficiency on the corrosion of mild stee HCI. Inhibition effect of
3-pyridinecarboxaldehydethiosemicarbazone on tmeosmn of mild steel in
| M HCI was studied using weight loss, potentiodyia polarization and
electrochemical impedance spectroscopy. The reshibwed that it is an
effective inhibitor for mild steel. It followed lomuir adsorption isotherm

and acted as a mixed type of inhibitor.
2. Scope of the present investigation

Mild steel is an important raw material used inrpletum - and power
generation. Hydrochloric acid solution is commonbed for pickling, acid
cleaning and for other applications. The systensgfuments or vessels will
get damaged due to the corrosive nature of hydoochacid. Mild steel is
used in the gas - and oil industries because oé#istance against corrosion.
But unfortunately, it will easily undergo pittingorcosion in acid media,

especially in HCI. Thus, it has become a challetmgénd out methods to
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provide longer life time to the metallic instrument The use of corrosion
inhibitors is considered as the most effective métfor the protection of
mild steel in HCI. It is observed that the adsiorptof inhibitors takes place
through hetero atom such as nitrogen, oxygen, ptosg, sulphu?,
multiple bonds or aromatic rings. The order ofilmtton efficiency is O < N
< S < P. Sulphur compounds showed great affirtytfansition metal and
will get coordinated to the metal surface edSilyThe aim of this work is to
evaluate the inhibitory action of two thiosemicartwaes (i.e., acetylacetone
N(4)-methyl(phenyl)thiosemicarbazone and-bromoacetoacetanilide N(4)-
methyl(phenyl)thiosemicarbazone on mild steel in IMICI at room
temperature by weight loss measurements, electniché analysis,

adsorption studies and surface morphological ssudie
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CHAPTER I

MATERIALS, METHODS AND
INSTRUMENTS

1. Introduction

In the present work the corrosion inhibition eficcy of
thiosemicarbazones on mild steel in | M HCI wasleated by four methods.
They are, weight loss measurements, electrochenaicalysis, adsorption
studies and surface morphological studies. Thetrelehemical methods
include potentiodynamic polarization- and electeroical impedance
spectroscopic techniques. The weight loss coupethad is considered as a
classical corrosion test method, which involves die¢ermination of weight
loss of metal coupons exposed to the corrosiveremwient using laboratory
immersion corrosion testing method. This is aitradal and most widely
used corrosion inhibition testing method. The pbbelynamic polarization
method is based on the idea that the electrochéooceosion is a activation
controlled process. In such process, an activationtrolled reaction is
involved for which the rate of reaction is contedl by the rate of
electrochemical charge transfer process on thelrsatéace. This type of
analysis is also referred as Tafel slope analy$tse percentage of inhibition
efficiency is calculated using the corrosion curmensities. Electrochemical

independence spectroscopy is a powerful techniguehé characterization of
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electrochemical systems and provides a wealth étid- and mechanistic
informations. Adsorption studies and surface molpgical studies are

considered as the important methods for studying tietal - inhibitor

interactions.
2. Materials
2.1. Mild steel

Mild steel is an iron-carbon alloy containing lebsin 0.25 percent
carbon and is comparatively mild. Due to its fememnetic properties, a large
number of electrical devices are manufactured ugingy Mild steel having
99.22% Fe, 0.019% Mn, 0.28% Ni and 0.30% carbodedsrmined by the
chemical analysis (by X-ray fluorescene spectropimeter) with size 48 mm
x 19 mm x 1 mm were used for the weight loss messents. The same
pieces with 1 cfharea were used in electrochemical studies. Tkeimen
pieces were polished with different grade emeryepapgo mirror polish.
These coupons were accurately weighed using etectrbalance after
washing with methanol, acetone and distilled waed drying. ASTM
standard G1- 72 procedures, were followed. Themisions were recorded

at the room temperature™
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2.2. Inhibitor solution

Thiosemicarbazones were prepared by the methcstgibled in the
Part 1. Solutions of different concentration ofibitors were prepared by
dissolving the required amount in | M HCI at rooemiperature. 80 ml of | M

HCI without inhibitor was used as blank test salnti
2.3. Medium

The medium for the study was prepared from reageade HCI (E.
Merck) and doubly distilled water. The inhibitoas/dissolved in | M HCI
and the experiments were conducted under standenditons and at room

temperature.
3. Methods

The following methods were adopted for ascertairimg corrosion

inhibition efficiency.
3.1. Weight loss method

This is a conventional and widely used method demheination of
corrosion inhibition. This involves the calculati@of weight loss of metal
specimens exposed to corrosive environment usibgrdéory immersion
corrosion testing method fdn situ corrosion monitoring*> The basic
principle of this method is that from the weightsdoof metal coupons,

measured at regular time intervals exposed in saligtion, we can calculate
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the corrosion rate and the corrosion inhibitioncgfhcy. The calculation of
weight loss and corrosion rate of mild steel specisnin HCI is based on the
standard procedure for laboratory immersion coomgesting published in

1990 by American Society for Testing Materials (A®TG 3-72%%47.

For the weight loss measurements, mild steel spatitoupons with a
very a small hole at one end for the passage eathis used. After weighing
accurately, the specimens were immersed in 100eakdr which contained
80 ml I M HCI with- and without the addition of f#rent concentrations of
inhibitors at room temperature (8). All the acid solutions were kept open
to air. They were exposed for a period of 96 h medsurements were taken
at an interval of 24 h. After 24 h, the specimemse taken out, washed with
acetone and water, dried and weighed accuratehg s analytical balance.
The weight losses of the specimens were recorded apperiod of 96 h at an

interval of 24 h.

The percentage corrosion inhibition efficienay% was calculated
using the relation,
W, -W,

nN%= —— x100
W

where W, and W are the weight loss of metal in the uninhibitetlgson and

the inhibited solution , respectively.
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The average corrosion rates of the coupons in wargnvironments

were determined by using the relafir,

534W
Corrosion rate (mpy) = ——
DAT

where W is the weight loss is milligram, D is thendity of the metal in
mg/cn?, A is the area of coupon in inches, T is the empmsime in hours and
mpy is milliinches of corrosion per year. The prdpnality constant, 534
varies depending on the units required for the osion rate. Surface
coverage of the inhibitor can also be obtained fre@ight loss method. The
surface covered by the inhibitdr,s obtained by the relation,

No-Ni
6 =

No

werern), andn; are the corrosion rates of coupons without- and wahibitor,

respectively.
3.2. Electrochemical studies

The corrosion is an electrochemical phenomenorih&onechanism of
corrosion can be studied by employing the elechentdcal methods which
are fast and accurate. They are used for the dw@iuaf corrosion inhibitor

efficiency’. There are various methods in the electrocheraicalysis, like,
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potentiodynamic polarization, galvanodynamic- aoteptiokinetic measure-
ments and cyclic polarization. For the presenegtigation, the common
electrochemical techniques, potentiodynamic pcaddion and electrochemical
impedance spectroscopy were used. The instrumsesthown in Figure 1.
Electrochemical tests were carried out in a thrieet®de cell with metal
specimen as the working electrode, platinum sheetnf surface area) as
auxiliary electrode and the saturated calomel mldet as the reference
electrode. At first the working electrode is kapthe test solution. Then a
steady state open circuit potential will be develbp A Gill AC computer

controlled electrochemical work station (model Nd@.75, ACM, UK) was

used for the measurements. Potentiodynamic patasizcurves (Tafet plots)
were obtained in the potential range of -250 m\+2560 mV at a sweep rate
of 1 mVi/s. The electrochemical impedance speatqusc (EIS)

measurements were carried out with an amplitudel®fmV alternating

current.
3.2.1. Electrochemical impedance spectroscopy (EIS)

The electrochemical Impedance spectroscopy involvdse
measurement of a circuit's tendency to resist (opdde) the flow of an
alternating electric current. The real - and imagy components of the
impedance response of the system represent thsetamese and capacitance.

In this method, we are applying a sinusoidal ad@ng potential signal to the
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test system with a range of frequency and a frequdependent impedance Z
(w) will be obtained?as ,
V(i) Ysinwt

Z(Q)) = =
) olsin(i+o)

wherew is the frequency; t is the timey)/= V, sin wt sinusoidal alternating
potential signal, | (t) =lsin (@t + 0) is the time dependent current response
and 0 is the phase angle betweer Vand |,. Impedance is given by a
complex number with a real component' (@) and an imaginary component

Z' (w) as given in the equation,
Z(w) = Z' () +jZ ()

where j=v-1.
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Figure 1.

Gill A.C., computer controlled electro chemical watation

(Model No. 1475, ACM, UK)

15¢



The experimental arrangements for the impedancesunement
consist of an electrochemical cell (the system ustlely), a potentiostat and
a frequency response analyzer. A very small voligg® 10 mV) is applied
between the specimen and a reference electrodee impedance of the
system is determined by the analysis of sine wayvéhe analyzer. The plot
with Z* (w) against 2* (w), called Nyquist plot (cole-cole plot) is obtainey
applying different frequencies. The plot is obtairees a semi circle in the
complex plane, which intercepts the real axis twicereal case , Nyquist
plots are depressed semicircles due to the roughaes other non -
homogeneities of the metal surface (dispersing cbffe (R, is the
uncompensated resistance between the working etiectand reference
electrode (solution resistance), R the polarization resistance at the metal-
solution interface. At high frequency, the impedat the system is due to
ohmic resistance, Rand at maximum frequency; the semicircle touckés |
most end of the semicircle searching the X axishe Tight end of the
semicircle corresponds to the lower frequency). Terosion inhibition

efficiency is calculated by the relation,

R'— R,

R,

IE % =

x 100

where R and R' denote polarization resistance of electrode with aithout
inhibitor, respectively. Shapes of impedance pkts same for both the

inhibited and uninhibited electrodes, even though presence of inhibitor
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increases the impedance. This study shows depreapacitive loop at high
frequency range (HF) whose diameter increases hibitor concentration

followed by an inductive loop that is observedat frequency (LF) region.
The depressed capacitive loop with centre belowélé axis may be due to
the contribution from surface roughness, distrimutiof active sites,
adsorption of inhibitior and formation of porougédas. The HF capacitive
loop can be attributed to charge transfer reactioBy analyzing Nyquist
plot, the transfer resistance,Rand double layer capacitancey Qvere

determined. The inhibition efficiency at differenbncentrations can be

calculated from the charge transfer resistancegitbie following equation,

[g—ai
IE% = - x100
R

where R, and R, are the charge transfer resistance in the presande
absence of inhibitor. The values of; Rcrease with the increase in inhibitor
concentration and this indicates that charge teansfocess mainly controls
the corrosion process. The value of Gecreases due to adsorption of
inhibitor molecules, which displaces water molesubeiginally adsorbed on
the metal surface and decreases the active suafaee The decrease in the
values of double layer capacitance with increas@nlmbitor concentration
indicates that inhibitor molecules act by adsorptat the metal-solution

interface, leading to the formation of a protectiilm on the metal surface

15¢



and decreasing the extent of dissolution reactidhis is also helpful in the

study of rate inhibitor performance, and passiyedaharacteristicd™°
3.2.2. Potentiodynamic polarization method

In potentiodynamic polarization measurements, tneent- potential
curves were recorded by polarizing the specimeme mixed potential theory
provides the basis for the determination of coowosirate by Tafel
extrapolation. It starts at a potential of abd&@80 mV cathodically and +250
mV anodically with respect to open circuit potehtiha scan rate of 1mV/s.
The electrode potential is plotted against the fitiga of current density and
this is called Tafel plot. The line describing tehavior in the Tafel region
can be extrapolated to the corrosion potentialeti@minine the corrosion rate
Ec.or The extrapolation of these regions to the rablrspotential of
oxidation and reduction reactions provides a meaetithe exchange current
density of the reaction. In this method, when tietal is kept in an acid
solution, the cathodic and anodic processes tdles pwhich depends on the
rate of electron transfer reaction at the metaflasar The rate of oxidation-
reduction reaction which is responsible fggHs expressed in terms of their
electron flow per unit time or current. For a systat E,,, the oxidation
reaction occurs at a rate equal to that of theatalu reaction, i.e., ifok = ireq,
the current flowing through the specimen will beaze But in order to

measure the current for getting the corrosion matential other than.; is
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applied which leads to the polarization of metalolution interface. As a
result, either oxidation or reduction reaction Wik accelerated which will
increase the current flow. The value gf or iq IS extrapolated to get the
corrosion currentqg.. If Ecorr IS accelerating the oxidation reaction, it is edll
anodic current and if &, is accelerating the reduction reaction it is chlle

cathodic current.

The percentage inhibition efficiency is calculatesing the corrosion

current densiti¢2°%%

*

dorr = leorr
IE% = — x100

*
C&I’I’

where L., and o, are uninhibited and inhibited corrosion densities,
respectively. Tafel equatim®® represents the anodic and cathodic

polarization of metal surface.

[
n=plog —
Cbl’l’
wheren is the over voltage (difference between the paénot the metal and

its corrosion potential)3 is Tafel constant.d,, is the corrosion current and i

is the current at over voltage On rearranging the equation we get,

n-= B (|Og i — |09 Lorr)



A plot of n against log | will give a straight line with a pb®[, the Tafel
constant. 3, and 3. represent the anodic- and cathodic portions ofTiiel
plot, respectively. On extrapolation, these Impartions will intersect at a
point. The current at this intersection poind,, i(current density) is
proportional to the corrosion rate. The slopesaabdic - or cathodic
polarization curves decide whether the inhibitoamodic, cathodic or both

(mixed).
3.3. Adsorption studies

The mechanism of effective corrosion inhibition daa explained by
the adsorption of corrosion inhibitors on metafgce which is determined by
their chemical structure, nature and surface chafdhe metal and nature of
the medi&*® It is believed that the inhibitors form a prdtee film on the
metal surface through the adsorption and sepdnatenetal surface from the
corrosive medium. The adsorption process can hesidered as the
substitution process between the organic inhibitothe aqueous solution

(Inhg,) and water adsorbed at the metal surfac©)°°.
INhso + X HyOads) «—>  INfgs)+ HaOso

where X represents the number of water moleculgisced by one molecule
of adsorbed inhibitor. The relationship betweea #mount of substance

adsorbed in a liquid or gas phase and the condmmrat constant
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temperature is known as adsorption isotherm. Tikeraction between the
inhibitor and surface of the metal can be explainsd the adsorption
isotherm. There are several types of adsorpti@mthé&sms, but most
commonly used ones in connection with the metaibitdr interaction are
Langmuir-, Freundlich- and Tempkin isotherms. Pp&m adsorption
isotherm is regarded as the best one for providifgymation regarding the
behavior of Schiffs basés The relationship connecting the surface

coverage and concentration of inhibitor is giverthoy following equations.

For the Langmuir isotherm,

KadsC

1+ KeL
ie, Ch=1/Kyst C

where 6 is the degree of surface coverage, C is the malaibitor
concentration in the bulk solution and K is the ikloium constant of the

adsorption process
For the Freundlich,
0 = Kygs C”

where n is a positive integer.



For Temkin,
KC = ¢?®
Where ‘a’ is molecular interaction parameter.

The plot for Langmmir isotherm is 10§ versus log C and that for Tempkin
10

isotherm isB versus log C. The values are plotted and the teguavhich
gives a straight line will be the suitable isothefion the particular inhibitor.
Using the percentage inhibition efficiency obtairiemm weight loss method,

0 can be calculated using the following relation.

Percentage inhibition efficiency

100

The thermodynamic parameter can be calculatedlasvio

The Kygsis given by the relation,

0
Kads
(1-6)Cinn

where 0 is the degree of coverage on the metal surface @ng, the
concentration of inhibitor in mol £ We can calculate the standard free

energy of adsorption using the relation,

AG°,4s= RTIN(55.5K49
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where R is the universal gas constant, T is the&sature in absolute scale,
K is the equilibrium constant for adsorption praceand 55.5 is the

concentration of water in the solution expresselates.

3.4. Surface morphological studies (SEM)

The surface morphology of the samples under stondye absence -
and presence of inhibitors was investigated udwegristrument, JEOL JSM —
5600 LV, Scanning Electron microscope. All micragins of the specimens

were taken at a magnification of fn.
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CHAPTER Il

CORROSION INHIBITION STUDIES OF
ACETYLACETONE N(4)-METHYL(PHENYL)-
THIOSEMICARBAZONE ON MILD STEEL IN

1M HYDROCHLORIC ACID

1. Introduction

Steel is the most important engineering and coastnu material in the
world. Acid solutions are widely used in industespecially hydrochloric
acid. There are a number of situations in whigelstomes in contact with
hydrochloric acid and the corrosive attack of th&l a@n steel causes a lot of
problems. Therefore, the development of corrogaiibitors of steel in acid
solution has become a subject of great interesterdture survey revealed
that Schiff bases and thiosemicarbazones are @y gorrosion inhibitors
for steel in acid, particularly in hydrochloric dci With this view, attempt
has been made to synthesize new thiosemicarbaxzadmeb can be used as
corrosion inhibitors. The present work describbe study of corrosion
inhibition action of acetylacetone N(4)-methyl(pgbthiosemicarbazone
(AacMPTCH,) on mild steel in 1 M HCI solutions by differentethods like
weight loss, potentiodynamic polarization, eledr@mical impedance
spectroscopy (EIS), adsorption and scanning elecinacroscopy (SEM).
The selection of the compound is based on molestiacture considerations.

Existence of N, S and O atoms, aromatic rings andlestron§®®® on
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AacMPTCH is expected tenhances its interaction on the mild steel surface.

The structure (Figure 1) and name of the compouad@en below.

HaC
0
_N\ S
H,C HN
N_CH3
Figure 1.

Acetylacetone N(4)-methyl(phenyl)thiosemicarbaz(hacMPTCH,)(L2H)

2. Experiments

The results obtained from weight loss experimeatsctrochemical
analysis and SEM analysis were used to find theosmn inhibition

efficiencies of AacMPTCH The results are presented in this chapter.
3. Results and discussion
3.1. Weight loss measurements

The inhibition efficiency, the surface coverage atie corrosion rate

(mpy) under different intervals of time (24, 48, B® h) in the absence- and
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presence of different concentrations (50 ppm, 1p6 @mnd 150 ppm) of
AacMPTCH as inhibitor are given in Table 3.1. The resufisveed that the
inhibition efficiency is high in a time interval 24. Corrosion inhibition
efficiency of AacMPTCH increases with inhibitor concentration at different
time intervals. Here an efficiency of 96.5% wastagied at lower
concentrations of 50 ppm and a maximum efficient®©9% was obtained
at a concentration of 150 ppm after 24 h. It whk® abserved that the
inhibition efficiency of AacMPTCHdid not further increase after 150 ppm.
l.e. 150 ppm is optimum concentration for AacMPT,CH T The surface
coveraged was increasing with increasing inhibitor concetndra But as the
immersion time increasésvalues decreases. The corrosion rate was found to
decrease with increase in the concentration ofbitdri molecule added.
Table 3.1 clearly indicates these trends. Fig@ré&sand 4 show the variation
of corrosion rate with concentration of ligand, igion of inhibition
efficiency with concentration of ligand and the iadion of inhibition

efficiency with time, respectively.
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Table 3.1. Variation of inhibition efficiency and surface coverage of
AacMPTCH, and corrosion rate of mild steel with concentration of inhibitor
added and time of immersion.

AacMPTCH Conc. Time in hours
2 (ppm) 24 48 72 26
50 96.50 | 92.40, 87.70 85.00
eff'igggg%‘%) 100 | 97.10| 93.10 91.30 89.90
150 | 97.90| 96.00 93.90 91.90
0 | 1058.32 539.80| 191.80| 280.80
. e (mpy) 50 36.70 | 40.09] 44.96 41.97
orro. rate (Im
PY) ™700 | 30.60| 36.80 31.49 2821
150 | 22.00| 2098 21.99 22.49
50 0.965| 0.924 0.877 0.850
S“rface(ec)o"erage 100 | 0.971| 0931 0913 0.899
150 | 0979 | 0960 00939 0.919
1200 q
1 . —=—24hrs
1000 —e—48 hrs
S w00l 72 hrs
£ —v—96 hrs
9 6004
© °
§ 400
ol —— v

T T T T T T T T T 1
-20 0 20 40 60 80 100 120 140 160
Concentration (ppm)

Figure 2.

Variation of corrosion rate with concentration igland AacMPTCH
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Variation of inhibition efficiency with time of imersion for ligand

AacMPTCH
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3.2.

Electrochemical analysis

3.2.1. Electrochemical impedance spectroscopic method

presence of AacMPTC}are given in Figure. 5 and Table 3.2.1. .

Nyquist plot and the impedance parameters deriveoh it in the

The results of electrochemical studies indicatet e values of

charge- transfer resistancejRincreases and corrosion rate decreases by

increasing the inhibitor concentration.

The valugs corrosion rate in

electrochemical studies are in good agreement tvidke obtained in weight

loss method. But the values vary in different mndthdue to the difference in

the immersion time in each method. However, thsreonsistency in the

trends.

Table 3.2.1. The Ry (Ohm cmz), Ca (F), Icorr(mA/cmz) and corrosion rate
(mm/year) for the mild steedd in 1M HCI without and with different
concentration of AacMPTCH,

Conc.

Rct (Ohm

I corr

Corr. rate

(ppm) cm?) Cal(F) (mA/cm? | (mml/year) n%

0 11.28 1.454 x 16 2.313 26.800 --
50 1427 1.766 x 1D 0.01828 0.2119 99.2
100 2266 3.451 x 10 0.01151 0.1334 99.5
150 3296 1.878 x 10 0.007915 0.09173 99.7




1- Blank

1500 — 2- 50 ppm —
3-100 ppm

4-150 ppm

0 | | | | | | | _

0 500 1000 1500 2000 2500 3000 3500
Z' (ohm.cm?)

Figure 5.
EIS plot for ligand AacMPTCH

3.2.2. Potentiodynamic polarization method

Polarization studies on mild steel have been madéhe AacMPTCH
in I M HCI. Cathodic-and anodic curves were recdrgetentiodynamically
with a sweep rate of 1000 mV/min and in a potentaalge from -250 to
+250mV. Cathodic- and anodic potentiodynamic poédion curves
obtained with selected concentrations (50 ppm, @ and 150 ppm) of
AacMPTCH, are shown in Figure 6. Electrochemical parametaush as
corrosion potential g, corrosion current.,, anodic- and cathodic Tafel
slopes fBa andpc) were obtained from this experiment and are givenhahble

3.2.2.
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Table 3.2.2. Parameters from Tafel plot

AacMPTCH; | Ecor Ba Be | corr CR 0
Conc. (ppm) | (MV) | (mv dec?) (mV dec?) (mA/cm?) | (mmlyear) n%
Blank -453 97.381 126.200 0.8916 10.333 --
50 ppm -499 45.398 107.530 0.010b 0.1216 98.8
100 ppm | -493 44.815 99.924 0.008P 0.1029 99.0
150 ppm | -444 32.545 136.270 0.0045 0.0517 99.5

Form the Tafel plot and based og,E 3. and3. values it is observed

that the compound may be acting as mixed typelaobitor.

Potential (mV)

-250

-350

-450

-550

-650

750 =1 !

1- Blank
2-50 ppm |
3-100 ppm
4-150 ppm  —|

-4 -3

10 10

107
Current (mA/cm?)

10" 10°

Figure 6.

Tafel plot for ligand AacMPTCH



3.3. Adsorption studies

The mechanism of corrosion inhibition by AacMPTLdh the mild
steel surface was studied on the basis of adsargaherm. The values of
surface coveragef) for AacMPTCH are taken for these studies and are

shown in Table 3.3(a).

Table 3.3(a). Surface coverage @values

Conc. (ppm) Surface coveragef)
50 0.965
100 0.971
150 0.979

Attempts were made by fitting the surface coveraglees to various
isotherms like Langmuir, Frumkin and Tempkin isothe for which it is
suitablé®. It was observed that Langmuir isotherm wasébto provide
best description of the adsorption behavior of ARIIH, i.e., the plot of
concentration on X axis versesfCon Y axis gave a straight line, which
confirmed that the corrosion inhibition mechanismlldws Langmuir

adsorption isotherm as shown in Figure 7.
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Figure 7.
Langmuir adsorption isotherm for ligand AacMPTCH
Using theB values and concentration in molesgddvas calculated using the

relation,

S 1
Kags™ — X—

B C
The thermodynamic parametekG°,4s was calculated knowing the
value of Kys using the relatiomdG°,4s= -RT In (55.5 K4). Negative value
of AG®,qs indicates the spontaneity of the adsorption pro@esd since the
value of AG° is lower, the process may be physisorption. s€healues are

shown in Table 3.3(b).
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Table 3.3(b) Parameters from Langmuir adsor ption isotherm

24 hours
Conc. ppm
Kads AG oads(kijl -l)
50 145036.44 -40.87
100 88066.17 -38.30
150 81744.77 -38.30

3.4. Scanning electron microscopy (SEM) analysis

SEM photographs of the metal pieces were takengusaiution of
200 ppm inhibitor concentration. Figure 8 représeahe plain metal piece.
Figure 9 represents the metal piece dipped in 1M wi@out the inhibitor.
This SEM photograph reveals the presence of mdse gtigure 10 exhibits
the formation of monolayer adsorption of the intohi AacMPTCH on the
metal surface. Due to the presence of this filmirazion of metal is
prevented and its surface seems to be smootherinTdges were taken after

an immersion time of 24 h and at a magnificatio®@fim.
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28km 18432 MIIST SEM

Figure 8.
Plain metal piece

1848 MNIIST SEM

Figure 9.
Plain metal piece in 1M HCI



28km 1845 MIIST SEM

Figure 10.
Plain metal piece in 1M HCI with inhibitor

3.5. Conclusion

The results of the interaction of AacMPTgEiith mild steel in | M
HCI have been studied and the final conclusionsualibe behavior of
AacMPTCH in the acid medium and its efficiency as corrogmmbitor are

given below.

AacMPTCH is a very good inhibitor of corrosion of mild stee | M
HCIl. The inhibition efficiency increases with thenciease in

concentration of the inhibitor. This may be due ite structural
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Vi.

characteristics, i.e., with hetero atoms, aromahgs, multiple bonds,
etc.

The potentiodynamic polarization curves (Tafel gjoindicate that
AacMPTCH is a mixed type of inhibitor.

The values of corrosion rate are consistent ireckfit methods.

The adsorption of inhibitor molecule on the metafface is indicated by
the decrease of £values.

The mechanism of adsorption process follow Langmagisorption
isotherm.

The negative value &G°%qsindicates that the process is spontaneous.
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CHAPTER IV

CORROSION INHIBITION STUDIES OF
W—BROMOACETOACETANILIDE
N(4)-ETHYL(PHENYL)THIOSEMICARBAZONE
ON MILD STEEL IN
1M HYDROCHLORIC ACID

1. Introduction

Corrosion is an important, serious problem in assimn with the
usage of metals. The damage caused by corrosi@nyshigh and that need a
lot of money for the maintenance. Mild steel isedisunder different
conditions for various purposes in acid media dmsl will lead to corrosion
of the metals. One of the best ways of protectnggals from corrosion is to
use corrosion inhibitors. The review of literatueyealed that the structural
characteristics of Schiff bases have consideraibldition efficiency than the
amine and aldehyde from which they are preparesi pék the earlier studies,
this is due the presence of unoccupiedrbital in the Schiff base, which
enables the back donation from the transition nekalbitals, stabilizing the
metal inhibitor bond, which is not possible in aesnThe aim of the present
work is to study the corrosion protection charastms of w-
bromoacetoacetnilide  N(4)-methyl(phenyl)thiosentieamone ¢-BAacd
MPTCH,) using mild steel in 1M hydrochloric acid. Theepence of the
features for a good corrosion inhibitor in thisaliigl persuaded us to undertake
this work. The structure (Figure 1) and name of acbmpound are given in

below.
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NH

o}
N\ S
H,C HN
Br N——CH,
Figure 1.

w-Bromoacetanilide N(4)-methyl(phenyl)thiosemicanae (>-BAacd
MPTCH,)(L2H)

2. Experiments

Different concentrations (50 ppm, 150 ppm and 2@dn)p of the
ligand, w-BAacdMPTCH in 1M HC1 was prepared. The corrosion inhibition
efficiency and the related characteristic properté this ligand using mild
steel in 1M HC1l was conducted by weight loss measants,
electrochemical analysis (Electrochemical impedarspectroscopy and

Potentiodynamic polarization method) and SEM anslys



3. Results and discussion

3.1. Weight loss measurements

From the study of weight loss measurements, iteigra¢hat in the case
of this ligand its corrosion inhibition efficienag high and it increases with
increasing concentration of the ligand. But astiime of immersion in HCI
increases the inhibition efficiency decreases. séheariations are shown in
Table 3.1. Surface coveragé, values increase with the increase of
concentration of the inhibitor, while the corrosi@te decreases with increase
in the concentration of the inhibitor. Figures3Zzand 4 show the variation of
corrosion rate with concentration of the ligandriatton of inhibition
efficiency with concentration of ligand and the iaion of inhibition

efficiency with time for the ligand, respectively.
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Table 3.1. Variation of inhibition efficiency and surface coverage of w
BAacdMPTCH, and corrosion rate of mild steel with concentration of
inhibitor added and time of immersion.

w-B Aacd conc. Time in hours

MPTCH (PPm) | 24 | 48 72 96

50 97.40| 94.70 92.70 90.6

0
100 98.50| 96.60 94.20 92.10
0
0

Inhibition
efficiency (%) 150 98.60| 96.70 94.90 92.5
200 98.80| 97.60 96.30 94.0
0 1028 | 559 | 379.30288.35
50 27.13| 30.26 27.78 27.08
100 15.62| 18.64 21.983 22.74
Corro. rate (mpy)
150 14.25| 18.54 19.4% 21.57
200 11.32| 13.27 14.18 17.37
50 0.974| 0.947, 0.927 0.906
100 0.985| 0.966 0.942 0.921
Surface coverage
®) 150 0.986| 0.967 0.949 0.925
0

200 0.988| 0.976 0.963 0.941
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Variation of corrosion rate with concentrationlighnd w-BAacd MPTCH
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Variation of inhibition efficiency with concentrat of ligand
w-BAacd MPTCH
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Figure 4.

Variation of inhibition efficiency with time of imersion for
ligand w-BAacd MPTCH

3.2. Electrochemical analysis

3.2.1. Electrochemical impedance spectroscopy (EIS)

This is a rapid and convenient method to measuee itihibition
efficiency of a compound. In this method, the noe@sents were carried out
with an amplitude of 10mV ac sine wave at a fregyerange of 10 KHz to
10 Hz with reference to standard calomel elect(@&{E). The Nyquist plots
for the mild steel after 1 h exposure in uninhititend inhibited 1M HCI are
given in Figure 5. The semicircular appearancehefimpedance diagram

shows that a charge-transfer process mainly centife corrosion of mild
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steel’. The important parameters obtained from the iraped spectra, R

and G, values, have opposite trends throughout the aisaly3hese are
shown in Table 3.2.1. The decrease in electricabtilayer capacitance with
increase in inhibitor concentration may be attiouto the formation of a
protective layer on the electrode surface and tledlsicing corrosion rate.
The result obtained from the electrochemical meaments supported the

data obtained from the weight loss measurements.

Table 3.2.1. The Ry (Ohm cn), Cq (F), leor(mA/en?) and corrosion rate
(mm/year) for the mild steel in IM HCI without and with different
concentration of wBAacdMPTCH,

Ret
pom | O S | omigeany | 1
0 11.28 1.454 x 16| 2.3130 26.800 --
50 1298 1.606 x 10| 0.0201 0.2329 99.1
100 1925 1.543 x 10| 0.01355 0.1571 99.4
150 2317 1.361 x 10| 0.01126 0.1305 99.5
200 2658 1.175 x 10| 0.009815 0.1138 99.6
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Figure 5.
EIS plot for ligandw-BAacdMPTCH

3.2.2. Potentiodynamic polarization studies

Potentiodynamic polarization studies of mild steellM HCI in the
absence and presence of inhibitors were carriedhoaitpotential range from
-250mV to +250mV and with a sweep rate of 1000 mwines. The
cathodic-and anodic polarization curves obtainednfidd steel in 1M HCI
with various inhibitor concentrations are given iRigure 6. The
electrochemical parameters like, corrosion potéria,,), cathodic- and
anodic Tafel slopeq3{ and[3,) and corrosion current density.J) obtained
from Tafel extrapolation of polarization curve gigen in Tabel 3.2.2. These

results suggest thato-B AacdMPTCH acts as mixed type corrosion
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inhibitor’2. It was noted that when the concentration of iitbibis increased,

the corrosion current density is decreased.

Table 3.2.2. Parameters from Tafel Plot

w-BAacdMPTCH, Ecorr Ba Bc l corr CR %
Conc. (ppm) (MV) | (mVdec! | (mVdecl | (MA/cm?) | (mmiyear) d
Blank -453 97.381 126.200 0.891¢ 10.3330 -
50 ppm -489 52.766 111.180 0.011p0 0.7278 98.8
100 ppm -509 70.411 104.920 0.0097 0.1119 98.9
150 ppm -490 63.663 112.900 0.007/6 0.0876 99.2
200 ppm -488 60.907 88.427 0.0046 0.0537 9|9.5
[ T [ T I |
250 —
-350 e _
-~ 4 = " " 1Blank _
E G ’ 2-50ppm
~-450 |- S 3-100ppm
© = e 4-150ppm |
= I ' 5-200ppm
@ _
o -550 -
o 15 RN -
650 |- -
750 bt | ! . I |
10" 10°  10° 10" 100 100 10

Current (mA/cm?)

Figure 6.

Tafel plot for ligandw-BAacdMPTCH

184



3.3. Adsorption studies

The mechanism of corrosion inhibition byBAacd MPTCH on the
mild steel was studied on the basis of adsorpsotherm studies. The values
of surface coveragé) for w-BAacdMPTCH are taken for these studies and

are shown in Table 3.3(a).

Table 3.3(a). surface coverage @values

Conc. (ppm) Surface coverage€)
50 0.974
100 0.985
150 0.986
200 0.988

These studies were conducted on the basis of adsorigotherm
which provides the basic information on the intéoac of inhibitor with the
metal surfacé®™® Adsorption isotherm was obtained by the surfameerage
values @) for different concentrations of inhibitor in IMCH Using these
data, different graphs have been constructed t dat the most suitable
adsorption isotherm. A plot of log8/1-6 against log C gave a straight line,
indicating that the adsorption @b-BAacdMPTCH on mild steel surface

obeys Langmuir adsorption isotherm as shown inréigu
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Using 0 values and concentration in moleggdvas calculated using

the relation,

S 1

1 C

The thermodynamic paramet&¥(G°,4s was calculated knowing the value of
Kags and using the relatioddG°,qs = —RT 1n (55.5 Ky). Negative value of
AG°,4sindicates the spontaneity of the adsorption pmeesl since the value

of AG® is lower, the process may be physisorption. s€halues are shown in

Table 3.3(b).

Table 3.3(b). Parameters from Langmuir adsor ption isotherm

24 hours
Conc. ppm
Kads AGoads(kijI -1)
50 191130.29 -40.750
100 167474.28 -40.426
150 119735.75 -39.580
200 104976.8 -39.240
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Figure 7.

Langmuir adsorption isotherm
3.4. Scanning electron microscopy (SEM) studies

SEM was employed to confirm the nature of inteactf the inhibitor
molecules on the metal surface. The scanning electricrographs of mild
steel specimen before and after exposure to 1Ma#€khown in Figures 8,9
and 10. Figure 8 gives the micrographs of plaindmstieel specimen before
immersing in 1M HCI. Figure 9 clearly shows that Surface is covered with
pits due to corrosion, when immersed in 1M HCI. Trifeuence of addition of
200 ppm ofw-B AacdMPTCH in 1M HCI decreases the corrosion rate due to

the formation film on the metal surface. This igdewnt from the Figure 10.



2B8km 1841 MIIST SEM

Figure 8.

Plain metal piece

28km 1822 MIIST SEM

Figure 9.
Plain metal piece in 1M HCI
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2B8mm 1843 MNIIST SEM

Figure 10.
Plain metal piece in 1M HCI with inhibitor

3.5. Conclusion

The conclusions drawn on the basis of the resudtailmed from the
corrosion inhibition studies ab-BAacdMPTCH in 1M HCI using mild steel

are given below.

I. The compoundw-BAacdMPTCH in 1M HCI possesses excellent
inhibition efficiency for mild steel corrosion aiom temperature.
il. The percentage of inhibition efficiency increasesithw the

concentration of the ligand and decreases with sxgotime.



As the concentration of the inhibitor increases;rasion inhibition
efficiency and charge - transfer resistance ina@gas

The inhibitor molecule affects both anodic- andchodic processes and
hence it is considered as a mixed type inhibitor.

The adsorption of the inhibitor obeys Langmuir agon isotherm

model.
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CHAPTER |

METAL COMPLEXES AS
ANTIMICROBIAL AGENTS

l. Introduction

Thiosemicarbazones and their metal complexes shmlg range of
biological activities and therefore, they are giaespecial importance in the
pharmaceutical field. For the last fifty years, felient types of
thiosemicarbazones have been evaluated as antivialtibacterial-,
antifungal-, and antimalarial ageht3he biological activities of thiosemicar-

bazones are found to be enhanced on complex famaith metal ions®.
1.1  Transition metal complexes as antimicrobial agents

The studies on N-methylacetoacetanilide isonigtitiydrazone and its
metal chelates revealed that they are active aigs@veral pathogenic fungal
strains®. It is concluded that, eventhough both ligand aredal chelates were
active against all fungal strains, the chelatesewieund to be more active
than the ligand. Synthesis amd vitro study of Co(ll), Ni(ll), Cu(ll) and

1** As reported by

Zn(ll) complexes of3-diketone were done by Javetl a
Vinod and Anshu, the transition metal complexes agktone- and p-
aminoaceto- phenone benzoylhydrazone showed signtfi antifungal

activity against Aspergillus and Penicillidfm In vitro antimicrobial studies



of transition metal complexes of cyclohexylaminadithiocarbamate have
been reported to be promising fungicitfesThe mixed ligand complexes of
lomefloxacin drug with transition metals were foutaw exhibit enhanced

activity on bacteria and fungi
1.2  Schiff bases as antimicrobial agents

A large number of Schiff bases and their compldx@ge been studied
for their important biological properties. Schifaides posess some unique
properties like the ability to bind with oxygen egsibly>, transfer of an
amino group’ and photochromic effett Biological screening studies of
complexes of Schiff bases derived from salicylidhaminoantipyrine and-
2-aminophenol were carried out by Ranearal®. Metal complexes of Schiff
bases derived from 2-furanocarboxaldehyde and oypeediamine were
screened for their antibacterial activity againsictierichia coff. The
biological activities of Schiff bases derived fr@ythiophenecarboxaldehyde
and 2-aminobenzoic acid and their metal complexesewested against
bacterial species and the metal complexes weredftmbe more potent than
the parent Schiff bas®s Antimicrobial activity of copper(ll) complexes o
1,10- phenanthroline have been tested against IBaamhagaterium and a
candidatropical®. Studies on antimicrobial activity of Co(ll), M and
Zn(l) complexes of Schiff base derived from nintipeé and glycin&

showed that the free ligands are highly activeragidt-coli and moderatively
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active against P.mirabifi§ The mixed ligand complexes containing N, O and
S donor atoms are important due to their signiticamtifungal and
antibacterial activiti€s. The relevant antibacterial - and antifungal adtwit

of a new series of compounds, 3-amino-2methyl-4H){3quinazolinone
prepared by the condensation reaction of differsmbstituted aromatic
aldehydes were reported by Hosakere af>. The antibacterial- and
antifungal activities of Schiff bases of sulphamilde were studied by
Santosh Kumaet af® and concluded that among these, compounds bearing
tri-methoxy group, methoxy group and furan ring éa@hown higher activity
against microbes. The ligand and the metal coneglesf Schiff bases
derived from 2-furanocarboxaldehyde and 2-aminobenzacid showed
activity against some bacterial speéfesThe literature survey revealed that
Schiff bases and their metal complexes are veesaliss of compounds due
to their important medicinal-, biological-, anabgail-, clinical- and industrial

properties.
1.3  Thiosemicabazones as antimicrobial agents

Thiosemicarbazones and their complexes are givermense
importance due to their pharmacological- and bidlalg activitie$®.
Literature survey showed various interesting atéigiof thiosemicarbazones
like antibacterial?® antiviral->*° antifungal-®* and other biological

propertie&?. Studies on salicylaldehyde -4-phenylthiosenfiaaone by



Novak et af® revealed that it posess antiviral-, antibacteriand
antiinflamatory activities.  Prathimat af* established the biological
activities of Mn(ll) and Co(ll) complexes of benaylybenzaldehyde -4-
phenyl-3-thiosemicarbazone and concluded that te&lntomplexes were
more biologically active than the ligand. Howevéire ligand has exhibited
higher antioxidant activity than its metal complex8uganet af° conducted
antimicrobial studies of the ligand synthesized iy condensation of
thiosemicarbazide with benzyl. They prepared sdvéransition metal
complexes of this ligand and observed that all ¢cbenplexes were more
powerful antibacterial agents than the ligand. Biodogical studies of Cu(ll)
and Ni(ll) complexes of benzyloxybenzaldehyde -&ipfi-3-thiosemicarb-
azone revealed that the antibacterial activity fed tigand increased upon
complexation, particularly with Cu(fi§®”. The relationship connecting the
structure and the antimicrobial activity of 2-adpyyidine thiosemicarbazone
was suggested by Colliret af®. The antimicrobial activities of a series of
stable complexes of 4-hydroxycoumarin -3-thiocastshzone with Cu(ll),
Ni(ll), and Co(ll) ions were carried out by Mosa af®. Baldini et af®
reported the synthesis and biological evaluation asketoglutaricacid
thiosemicarbazone and its Cu(ll) and Zn(ll) compkex Oteroet af!
conducted a study an vitro growth inhibition activity of Pd(ll) complexes

of 5-nitrofuryl-3-acroleine thiosemicarbazone agaifirypansoma cruzi.
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1.4  Scope of the present investigation

Scientists were interested on the biologicatopprties of
thiosemicarbazones even at the beginning of 20tiucg They suggested
metal complexes as medicines against leprosy abdrdulosi§®*® The
antiviral properties of the thiosemicarbazones watiscovered and
methisazone, a drug for small- pox was introdéitedrollowed by this, the
anticancer drug, Triapine (3-aminopyridine-2-caridehyde
thiosemicarbazone) was discovered Presently, thiosemicarbazones are
considered as versatile, and promising compoundg vantitumor-,

antiprotozoal-, antibacterial-, antiviral- and &mtigal activities.

In our present investigation, the antibacteriald antifungal activities
of some thiosemicarbazones and their complexes stedéged and the results
were analysed. The methods and the observatiomspr@sented in the

following chapter.
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CHAPTER I

ANTIMICROBIAL STUDIES OF
THIOSEMICARBAZONES AND THEIR
METAL COMPLEXES

In view of the increasing interest of organic-, rig@nic- and
coordination compounds from the biological point wéw, it has been
decided to evaluate the anti bacterial- and amig&l activities of some of the
thiosemicarbazones and their metal complexes thlatheve synthesized
during this programme. For the sake of convenigitibese studies are

presented in the following three sub-sections is thapter.
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SUB-SECTION |

l. ANTIBACTERIAL ACTIVITY OF ACETYLACETONE N(4)-
METHYL (PHENYL)THIOSEMICARBAZONE (AacMPTCH )

AND ITS METAL COMPLEXES

Evaluation of antibacterial activities of the lighand its Co(ll), Ni(ll),
Cu(ll), Zn(ll) and Cd(ll) complexes was carried awging Kirby Bauer or

Disc Diffusion Method. The structure of the IigamxthPTCI—g IS given in

Figure 1.
HaC
o)
_N\ S
HaC HN
N——CHj
Figure 1.

Acetylacetone N(4)-methyl(phenyl)thiosemicarbazone

(AacM PTCI—%)
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1. Materials and methods

1.1. Bacterial cultures used

Three Gram positive bacteriaStaphylococcus{TCCNO 3103)
StreptococcusM TCCNO 1938) BacillusMTCCNO 869)spand three Gram
negative bacteriaKlebsiella MTCCNO 2653) Escherichia colifMTCCNO
68) and PseudomonaMTCCNO 2642)sp. were used in this study. The
pure cultures were purchased from Microbial Typdt@@a Collection and

Gene Bank, Institute of Microbial Technology, Cdmarh, India.

1.2. Media used

Nutrient Broth

(HiMedia Laboratories Pvt Ltd, Mumbai)

Peptic digest of animal tissue g 5

Sodium chloride . 5g

Yeast extract : 1.5¢

Distilled water : 1000ml (pH - 7.4)
Nutrient Agar

(HiMedia Laboratories Pvt Ltd, Mumbai)
Peptic digest of animal tissue g 5

Sodium chloride . 59
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Yeast extract : 1.5¢9
Distilled water : 1000ml (pH - 7.4)

Agar : 15¢
1.3. Antibacterial activity by Kirby Bauer or Disc Diffion Method

Antibacterial tests were carried out by disc difmsmethod® (with
some modifications). The bacterial cultures (merdgtb above) were
maintained in nutrient broth. Each culture was amifly distributed on
Nutrient agar plates using sterile swabs. Steriterfpaper discs of 3mm
diameter were placed on the surface of Nutrient aigtes at a distance of
2cm using sterile forceps. DMSO (2 %) was usedgsalive the drug, which
was found to have no adverse effect on the batteulres. Drugs of
different concentrations [100, 250, and 500 pgivéje added on each disc
with a micropipette. Disc with DMSO but without drwas used as a control.
The plates were then incubated atc3for 24 hrs. After incubation, the zone
diameter was measured. The greater diameters shypwre compounds than

the control indicated their antibacterial activity.
2. Results

After incubation, the diameter of zone inhibitialas measured. The
results of disc diffusion method are shown in Tab®1. - 2.5 and Figures 2
and 3. The experimental results showed that theptexes of acetylacetone

N(4)-methyl(phenyl)thiosemicarbazone, AacMPTCHshowed activity
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against the tested strains of bacteria in a doperdknt manner. However,

the ligand was not found to possess any antibat®ctivity.

Table 2.1. Antibacterial activity of [Co(L2K;]

DRUG ZONE DIAMETER (mm)
(ng/ml)
Tay E.coli | Klebsiella | Pseudomonas | Streptococcus | Staphylococcus | Bacillus
DMSO NA* NA* NA* NA* NA* NA*
100 NA* NA* NA* NA* NA* NA*
250 7 12 16 5 10 6
500 15 14 22 8 16 10
NA*= No activity
Table 2.2. Antibacterial activity of [Ni(L2KX]
DRUG
(ng/mi) ZONE DIAMETER (mm)
Taa) | E.coli | Klebsiella | Pseudomonas | Streptococcus | Staphylococcus | Bacillus
DMSO | NA* NA* NA* NA* NA* NA*
100 NA* NA* NA* NA* NA* NA*
250 10 9 11 9 10 9
500 15 12 14 14 14 13

NA*= No activity
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Table 2.3. Antibacterial activity of [Cu(L2H)(OHl)

ag}r’n?) ZONE DIAMETER (mm)
Tagy E.coli | Klebsiella F:nsit:g; Streptococcus | Staphylococcus | Bacillus
DMSO | NA* | NA* NA* NA* NA* NA*
100 NA* NA* NA* NA* NA* NA*
250 16 8 20 6 15 5
500 20 12 26 9 24 9
NA*= No activity
Table 2.4. Antibacterial activity of [Zn(L2EX,]
DRUG ZONE DIAMETER (mm)
(Hg/ml)
T4y | E.coli | Klebsiella | Pseudomonas | Streptococcus | Staphylococcus | Bacillus
DMSO | NA* NA* NA* NA* NA* NA*
100 NA* NA* NA* 6 NA* NA*
250 11 13 9 9 21 14
500 15 18 12 12 25 18
NA*= No activity
Table 2.5. Antibacterial activity of [Cd(L2K;]
DRUG
(Lg/ml) ZONE DIAMETER (mm)
Tsay) | E.coli | Klebsiella | Pseudomonas | Streptococcus | Staphylococcus | Bacillus
DMSO | NA* NA* NA* NA* NA* NA*
100 5 13 14 7 18 19
250 8 16 18 16 21 23
500 13 20 23 22 29 26

NA*= No activity




Figure 2.

Antibacterial activity of Cd(ll) complex on the &bsiella species

Figure 3.

Antibacterial activity of Cd(Il) complex on the &slomonas species
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3.

Discussion

The antibacterial activities of the complexes weoenpared on the

basis of the consolidated Table 3.1. choosing aeamnation of 500(ug/ml).

Table 3.1. Consolidated antibacterial activitiefstioe complexes, Conc. 500

(ng/ml)
- Zone Diameter (mm)
No. | COmPOUNd | E. | ella | PSBudo- | Strepto- | Staphylo- | gy o
coli monas | coccus | Coccus
1 Ligand NA* NA* NA* NA* NA* NA*
AacMPTCI—%

2 [Co(L2H),X ] 15 14 22 8 16 10
3 [Ni(L2H),X] 15 12 14 14 14 13
4 [Cu(L2H)(OH) )] | 20 12 26 9 24 9
5 | [Zn(L2H)%X,] 15 18 12 12 25 18
6 [CA(L2H),X ] 13 20 23 22 29 26

Of the complexes, those of Cu(ll) and Cd(ll) exted higher

inhibition than Co(ll), Ni(ll) and Zn(ll) complexesHowever, for the

different species of bacteria, the complexes showadation in their

activities. For eg. Cd(ll) complex exhibited greatctivity for Bacillus

species but lesser activity towards E.coli. It iasnd that all the complexes

showed greater activity than the ligand. Prelimyr&iudies showed that most

of the complexes were active towards all the sbtdr@al species and hence a

detailed study in this regard will be interesting.




SUB-SECTION I

ANTIBACTERIAL ACTIVITY OF -
BROMOACETOACETANILIDE N(4)-
METHYL(PHENYL)THIOSEMICARBAZONE (w-BAacdMPTCH),)
AND
N-ETHYLACETOACETANILIDE N(4)-
METHYL(PHENYL)THIOSEMICARBAZONE (EAacdMPTCH ) AND
THEIR METAL COMPLEXES

Evaluation of antibacterial activity of Co(ll), ), Cu(ll) and Zn(ll)
complexes of ®-bromoacetoacetanilide N(4)-methyl(phenyl)-
thiosemicarbazonep-BAacdMPTCH and Co(ll), Ni(ll), Cu(ll) and Zn(ll)
complexes of N-ethylacetoacetanilide N(4)-methy¥ipyl)thiosemicarbaz-
one, EAacdMPTCHKwere carried out using Kirby Bauer or Disc Diffusio
Method®. The structures of the ligands;BAacdMPTCH (Figure 1.) and

EAachPTCI—; (Figure 2.) are given below.
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NH

0
_N\ S
H,C HN
Br N——CHj
Figure 1.

o-bromoacetoacetanilide N(4)-methyl(phenyl)thioseariazone
®-BAacdMPTCH

HaCH,C
N
0
N\ S
HsC HN
N_CH3
Figure 2.

N-ethylacetoacetanilide N(4)-methyl(phenyl)thioseanbazone

EAacdM PTCI—A
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1. Materials and methods

The bacterial cultures used, media and procedued usr the

antibacterial activity of all the complexes by dididfusion method were

already mentioned in 1.1, 1.2, and 1.3 sectiortkignchapter.

2. Results

Antibacterial activities of the samples were tessaginst aset of

clinically important bacterial strains. The sampdé®wed activity against all

the bacterial strains studied. Some of them shdewdactivity. The results

are given in Tables 2.1- and 2.2.

Table : 2.1. Antibacterial activity ab-bromoacetoacetanilide N(4)methyl -

(phenyl)thiosemicarbazone and its complexes

,\?(I). Organism [Co(LH);] | NiL(H ;0)3 | [CuL(H ,0)] | [ZnL(H ,0O)] | Ligand | S | D
1 | Proteus Vulgaris - - - 8 12| 14
2 | Bacillus cereus 11 9 11 9 14 15
3 | Eschericia coli - - - - 12| 10-
4 |Serata 10 12 9 : 12 | 16-
marcescens

5 Pseuqlomonas 13 i i i 9 14 -
aeruginosa
Bacillus suitilis 20 17 - 19 21| 11-
Salmonella typh - - - - - 12| -

8 Staphylococcus 14 i 19 i 20 | 21 -
aureus

9 KIebS|eIIa_ 23 18 i i i 1d -
pneumonia

+ve control S = Streptomyces

-ve control

D = DMSO
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Table : 2.2. Antibacterial activity of N-ethylaoatetanilideN(4)-methyl-
(phenyl)thiosemicarbazone and its complexes

,\Sklj' Organism [COL(H,0)3] | [NIiL(H 20)3] | [CuL(H 0)4] | [ZnL(H ,0)4] | Ligand | S

1 | Klebsiella 8 . . 12 10 | 14
pneumonia

5 Es_cher|C|a 9 14 . 14 7 15
coli

3 Salmonella i i i 12 9 10
typhi

4 | Serratia 11 10 i 12 | 14
marcescens

5 | Pseudomona i 13 i i ~ 14
S aeruginosa

g | Proteus 19 20 i 21 12 | 1
vulgaris

7 | Bacillus 8 7 i 18 11 | 14
suitilis
+ve control S = Streptomyces
-ve control D = DMSO
3. Discussion

It was found that the

methyl(phenyl)thiosemicarbazone exhibited greatestividy than

complexes. Another observation is that the Co(tlinplex showed greater

ligand,o-bromoacetoacetanilide N(4)-

the

activity for most of the samples. However, Cu(l@n(ll) and Ni(ll)

complexes exhibited medium inhibition, less thaat of the ligand.
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The results of the antibacterial activity of N-dHuetoacetanilide
N(4)-methyl(phenyl)thiosemicarbazone and its comgderevealed that they
possess considerable activity. It was observedtiealigand exhibited almost
same inhibition effect as that of the complexesweler, the complexes of
Ni(ll) and Zn(ll) exhibited higher inhibition efféchan the parent ligand
towards most of the bacterial strains. On the obiaerd, the Cu(ll) complex

exhibited no activity towards any one of these g®c
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SUB-SECTION Il

ANTIFUNGAL ACTIVITY OF ACETYLACETONE N(4)-
METHYL(PHENYL)THIOSEMICARBAZONE (AacMPTCH ,) AND
ITS METAL COMPLEXES

Evaluation of antifungal activities of Co(ll), Ni(, Cu(ll), Zn(ll) and
Cd(Il) complexes of AacdMPTCHwas carried out using Kirby Bauer or

Disc Diffusion Method.

1. Materials and methods

1.1. Fungal cultures used

Three fungal culturesPenicillium, Fusarium and Aspergillus species
were used in this study. The pure cultures wdtertdrom the stock culture
maintained in the Department of Microbiology, Stryla College, Thrissur,

Kerala, India.

1.2. Media used

Sabouraud Dexrose Broth

(HiMedia Laboratories Pvt Ltd, Mumbai)

Mycological peptone : 10g
Dextrose : 409
Distilled water : 1000ml (pH - 5.02)
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Sabouraud Dexrose Agar

(HiMedia Laboratories Pvt Ltd, Mumbai)

Mycological peptone : 10g
Dextrose : 409
Agar : 15g
Distilled water : 1000ml (pH - 5.02)

1.3. Antifungal activity by Kirby Bauer or Disc Diffush Method

Antifungal activity was studied by disifdsion method®. The fungal
cultures were maintained in Sabouraud’s dextrosthbrFrom this, 0.1 ml of
each culture was uniformly distributed on Sabouislextrose Agar (SDA)
plates. Sterile filter paper discs of 2mm diametere placed on the surface
of SDA plates. Drugs of different concentratioa®@, 250, and 500ug/mi]
were added on each disc using a micropipette. DNM&¥) was used as
control. The plates were kept at room temperatare2fdays. After incub-

ation, the zone diameters were measured.
2. Results

The antifungal activities were evaluated agaihgt following three
species,Penicillium, Fusarium and Aspergillusy disc diffusion method.
After incubation, the diameters of zones of inhdritwere measured. The

results of disc diffusion method are presentedahlds 2.1. - 2.5 and Figures
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1 and 2. Acetylacetone N(4)-methyl(phenyl)thiosear@zone
(AacdMPTCH ) was not found to possess any antifungal activywever,

the complexes showed antifungal activity in a disjgendent manner.

Table- 2.1. Antifungal activity of [Co(L25R,]

ZONE DIAMETER (mm)
DRUG (pg/ml)
Penicillium Fusarium Aspergillus
DMSO NA* NA* NA*
100 NA* 5 NA*
250 6 8 NA*
500 8 11 NA*

NA*= No activity

Table 2.2. Antifungal activity of [Ni(L2EKX]

ZONE DIAMETER (mm)
DRUG (ug/ml)
Penicillium Fusarium Aspergillus
DMSO NA* NA* NA*
100 NA* NA* 6
250 NA* NA* 7
500 NA* NA* 9

NA*= No activity




Table- 2.3Antifungal activity of [Cu(L2H)(OH)]

ZONE DIAMETER (mm)
DRUG (pg/ml)
Penicillium Fusarium | Aspergilus
DMSO NA* NA* NA*
100 6 6 16
250 8 9 22
500 14 11 28
NA*= No activity
Table. 2. 4. Antifungal activity of [Zn(L25X}]
DRUG ZONE DIAMETER (mm)
(g/ml) Penicillium Fusarium Aspergillus
DMSO NA* NA* NA*
100 5 NA* NA*
250 8 NA* NA*
500 10 NA* NA*

NA*= No activity

Table 2. 5. Antifungal activity of of [Cd(L2PX}]

DRUG ZONE DIAMETER (mm)
(ng/mi) Penicillium Fusarium | Aspergillus
DMSO NA* NA* NA*

100 18 NA* 20

250 25 NA* 25

500 30 NA* 33

NA*= No activity
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Figure 1.

Antifungal activity of Ni(ll) complex on the Aspgitlus species

Figure 2.

Antifungal activity of Cu(ll) complex on the Asggllus species



3.

Discussion

The antifungal activities of the complexes were pamed on the basis

of the consolidated Table 3.1 choosing a conceotratf 500(pg/ml).

Table 3.1. Consolidated antifungal activity of céexes, Conc. 500 (ug/ml)

ZONE DIAMETER (mm)

NScl)'. Compound — _ _
Penicillium Fusarium | Aspergillus

1 Ligand, AachPTCIEI NA* NA* NA*

2 [Co(L2H )X ] 8 11 NA*

3 [Ni(L2H)X ] NA* NA* 9

4 [Cu(L2H)(OH) ] 14 11 28

5 [Zn(L2H),X ] 10 NA* NA*

6 [CA(L2H )X ] 30 NA* 33

The antifungal studies revealed that the metal d¢exeis were more

potent than the parent ligand. The studies shdhacall the complexes were

active towards three fungal stains in different meam From the studies,

Cu(ll) and Cd(ll) complexes were found to have maxn activity, while

Co(I), Ni(ll) and Zn(ll) complexes exhibited lessactivity.
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CHAPTER |

METAL COMPLEXES AS
ANTITUMOUR AGENTS

1. Introduction

Now a days cancer, medically know as malignant lasop, is one of
the most dangerous diseases in the world. EmineitisiB oncologist, Sir
Ruport Willis defined cancer as an abnormal mastisstie, the growth of
which exceeds and is uncoordinated with that of nleemal tissues and
persists in the same direction in an excessive Bragwven after the cessation
of the stimuli which evoked the charlg@he word cancer was suggested by
Hippocrates, a Greek physician. Cancer is a broadpgof various diseases,
all involving unregulated cell growth due to theanlge or mutation in DNA.
Each mutation alters the behavior of the cell. Narncells will be
transformed to a cancer cells due to the genetiaraalation which is called
carcinogenesis. The substances that are capab®ddicing tumours in any
test species by any route and at any dose levedadier! carcinogefisThere
are two types of tumours. The first type which angerous and cancerous is
called Malignant and the second type, that carebeved surgically and not
life threatening is called Benign There are over 200 different known cancers

that affect almost every organ of the human bodies.
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1.1. Causes of cancer

Determination of causes of cancer is complex affttdit as most of
the cancers have multiple possible causes. Amattevas made in 1895 for
the identification and observation of cancer byearzan urologist, Rehn. He
observed three men with Urinary bladder cancer wgrkin a dye
manufacturing factory. Cancer causation can aésetbdied in experimental
settings. Such studies are complex and diffiaupeérform, but many permit
a straight forward judgment of causation of canCEne causes of cancers are
as diverse as the nature of disease. They indng@onmental, life style,

physical, chemical, biological and genetic factors.

More than 90% of cancer is due to the environmetfatetiors which
include air, water, ground, etc. Our environmanpolluted with carcinogens
like asbestos fibers, tobacco, smoke, benzene,Bd#ozene exposure at 50 to
100 ppm/year in the environment will cause leukemianimalé. About
45% of cancer is attributed to life style factorsldwo-third of these results
from smoking, which is one of the most importanttéas shown to cause
lung cancer. Cancer of oral cavity, larynx, stohegcetc, will be caused by
the use of tobac38. Habit of chewing tobacoo is one of the main oeasor
oral cancet According to  Mooret al®, oral cancer is one among the ten
common cancers. Alcohol is a typical chemical icengeri. Physical

inactivity will produce negative effect on immunand endocrine system
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which increases body weight and contribute to canik'®. Chemical
carcinogens include organic- and inorganic chemicghich may induce
changes in DNA. (Examples are benzypyrene, afiatetc). Pure metals
like selenium, aluminium, zinc, mercury and theahg tryptophan are

reported to cause canter

Certain viruses called Oncovirus cause cancer. . (@gvical
carcinoma, T-cell leukemias, etc). Similarly, certabacteria like
Helicobacterpylom induce gastric carcindfmaParasitic infections can also

cause cholangiocarcinomia

Radiations, including both ionizing (radon gas) amon-ionizing
(ultraviolet) cause about 10% of invasive cafiter Effect of radiation
becomes more dangerous when it is combined witlerotiancer causing

agents>.

Diets play a prominent role in causing cancer. t igh excess salt
may produce gastric cancer. Diet consisting ofrgtaanimal fats, red meat
and low quality fruits, vegetables and grains anenected with different

types of cancers.

Cancer is a genetic disease too. Approximately 50% of cancers

are hereditary which are caused by inherited geulefiects.
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1.2. Treatment of cancer

Cancer is one of the major causes of death in trédw According to
world Cancer Report from the International Agenoy Research on cancer,
cases of cancer doubled globally between 1975 @00,2will double again
by 2020, and will nearly triple by 2050 Therefore, cancer is regarded as
diseases that must be fought to end. Here liesiniportance of cancer
research, which includes the intense scientifiorésf to understand the
disease processes and to discover the possibleaptesr Surgery,
chemotherapy, radiation therapy and palliative @aeethe main options for
the treatment of cancer. In the case of solid eemaf the diagnosis and
biopsies are perfect, surgery play an importarg fol prolongation of the
survival. Chemotherapy is very useful for differedgpes of cancers like
breast cancer, pancreatic cancer, ovarian cartcer)reradiation therapy, the
symptoms of cancer will be removed particularlyhead and neck cancers.
Sometimes radiation is used in addition to surgeny chemotherapy. There
are various forms of therapy that are viewed asptementary and alternative
cancer treatment which include acupuncture, hontegpaetc. Instead of
conventional medicine, palliatives are often usedhie treatment of cancer,
when people approach the end of life. In this, niexdicine gives temporary

relief from the symptoms of the disease but doé¢saially cure the disease.
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1.3. Meal complexes as anticancer agents

Coordination compounds play an important role agwanour agents.
Their use is mainly due to the fact that may ofritege soluble and thus make
the metal available to the biological systems whichy not be otherwise
easily available. Literature survey reveals certaiatal complexes show
anticancer activities due to their toxicity towardancer cells. Although
metals were used in the medical fi€|dthe actual roles and potentials of
metal based anticancer agents have been fully stodet after the discovery
of the Dbiological activity of cisplatin, cis-dichlordiammninePt(Il)
compound®. Since the discovery of tumour inhibiting proyeof cis-platin
in 1960's®, it and carboplatin still play prominent role inancer
chemotherapy % But it is noted thatis-platin is inactive towards some
tumours that are very common (eg. lung tumouts)addition, it is having
neuro-hepato- and nephrotoxiéity As the therapeutic efficiency of platinum
compounds are limited by cellular resistance, sgenwere persuaded to
develop other anticancer drugs with new metalslta/Bergeret al*® studied
the cytotoxic activity of drugs of gallium, lantham, bismuth, ruthenium, etc,
prepared at the Institute for Inorganic chemistyenna. The anticancer
nature of half sandwich, piano-stool ruthernium@nd osmium(V) arene
complexes were suggested eaffiePrevious studies of ruthenium complexes
show that they are good anticancer agénitd Ruthenium complex based

drugs showed patrticular efficiency to control thievgth of metasis of mouse
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carcinomas and human xenograttsGold(lll) complexes are isoelectronic
and isostructural with Pt(Il) complexes and aredum anticancer studi€s
Novel gold(lll) complexes, due to their low toxigcitand more stability,
showedin vitro pharmacological properti€s™ In vitro inhibitory effect of
gold(l) antiarthritic drug, triethylphosphinegoli(ltetracetatothioglucose
(auranofir) was confirmed by Teikirdt al*. Thein vivo anti tumour studies
of 5 - fluorouracil and its Cr(lll), Fe(lll) and Alll) complexes were carried
out on C3H/He mice against P 815 murine mastocgtonmThe complexes

4041 and Au(1f**9 with aromatic tertiary

of coinage metals [Cu@J®° Ag(l)
phosphines and disphosphines were investigatethéarin vitro anti tumour
activities. The structure-activity relationshipsdiphosphine ligands and their
complexes were ascertained. Studies on the angcaproperties of

gallium(lll) salts have been started since 187% Gallium nitrate was proved

to be an effective drug for the treatment of hypkremia of malignancy.
1.4. Thiosemicarbazones as anticancer agents

Literature survey revealed that transition metalmplexes of
thiosemicarbazones have been ascribed special tamoer due to their
antitumour propertied™3 The antitumour activities of Co(ll), Ni(ll), Cujl
and Zn(ll) complexes of the thiosemicarbazones vddri from 3-
acetylumbelliferone were studied. It was confirntbet Co(ll) and Cu(ll)

complexes produced more inhibitory effects compated the other
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complexe¥’. Previous studies reported that a series of mlrdylketone
thiosemicarbazone (HDPT) complexes showed seleatitisumour activity.

It has been reported that the divalent Ni(ll), Quénd Zn(ll) complexes of
thiosemicarbazone dissociate inside the cell lfiegathe respective free
thiosemicarbazone which is responsible for thehitioin of tumour growtF?.
Thus, the divalant complexes of thiosemicarbazarieas transport vehicles
of the ligand in to the cell, where they decompimskberate the free chelator
which show the antitumour propetfy The metal complexes of Triapine (3-
aminopyrdine-2-carboxaldehydethiosemicarbazone) aimdilar thiosemi-
carbazones were accepted as the strong antitunagents due to their
ability to inhibit ribonucleotide reductase (RNA)zyme which promotes the
DNA synthesid®®® The antitumour activity of palladium(ll) and praum(ll)
thiosemicarbazone complexes have been reg8rted The effect of these
complexes against leukemia P 388 was confiffhefihe antitumour property
of novel gallium(lll) complex of 2-acetylpyridene -dimethylthiosemi-
carbazone was reported by Vladingr al™. The bis-thiosemicarbazone of
gold(l) and gold(lll) showed anticancer activityaagst Jurkat, HL-60 and
MCF-7 human cancer cell lin€s The cytotoxic activities of iron(lll) and
nickel(ll) complexes of S-methyl thiosemicarbazonegere studied.
Anticancer activity of iron(lll) complex oN'-3-methoxysalicylidene — N4-
methoxysalicylidene —S — methyl- thiosemicarbazagainst K 562 Chronic

myeloid leukemia cell was confirm&d Thus the literature survey revealed
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that thiosemicarbazones posess a wide range dbimotur activities due to
their ability to inhibit the biosynthesis of DNAylblocking the enzyme
ribonucleotide diphosphate-reductase and bindinghto nitrogen base of
DNA. They also block base replication and makeolesiin DNA helix by

oxidative ruptur& ™
1.5. Copper complexes of thiosemicarbazones as antituagrnts

Since the cost of platinum is very high, cheapetafselike copper,
iron, etc, were tried in cancer chemotherapy. Adcwy to Petering,
copper(ll) alone will not have any antitumour aiti’. But will act as an
inhibitor of tumour growth in the chelate fofti’. Even though the actual
pathway by which the copper chelate inhibits thecea growth is not known,
it is believed that this will be on the basis alsture - activity correlation as
in the case otis-platin (DNA intercalatiorf’. Earlier studies, based on the
inhibition of DNA biosynthesis showed that copp@mplexes were more
active as antitumour agents than Fe(lll) compounde to reversible
reduction processes at accessible electrode paitefitcopper compountfs
Secondly, four coordinate planar copper(ll) compkexvill get attached to
nitrogen base of DNA (nitrogen adduct formation)hus blocking base
replicatiorf* leading to the inhibition of tumour growth. Prews studies
showed that the copper(ll) complex of 2-formylpym@ thiosemicarbazone is

more powerful antitumour agent than the free liJand Copper(l)
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diphosphine complex also showed cytotoxic actiuityhese tumour models
in mice®. Literature review showed that a large number ahpgounds in
chelation with copper were found to be of therageuse with promising
result§’. This is because the cancer cells have showretidency of taking
more amount of copper than normal ¢&f& Moreover, copper metabolism

is having connection with angiogené8iand metastasts
2. Scope of the present investigation

Cancer is one of the major causes of death in tirkdw Therefore, the
research and the discovery of new compounds faregment is an important
area in  medicinal chemistry. Thiosemicarbazones an@is)-
thiosemicarbazones are famous for their cytotoxitvly against tumour

cells bothin vitro and in vivo®®*

This property is due to the capacity of
thiosemicarbazones to inhibit ribonucleotide redset the enzyme used in
the synthesis of DN&R The pharmacological properties of
thiosemicarbazones are enhanced when they areicated to metal ioré
This inhibitory action is thought to be due to tteordination of metal ions
to thiosemicarbazones with N-N-S-ligating systeihe therapeutic effect of
thiosemicarbazone is stimulated when copper gésledd to it. As per the
previously published papers the mechanism behiadatiticancer property of

copper(ll) complex is due to the intracellular gextien of reactive oxygen

species (ROS) through thiol induced reduction ofiicto Cu(l); even though
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it is mentioned that this is not the major deteiminfactor’. The reduction
potential of the copper complex, the strength ef liand field and various
spectral properties account for the inhibitory\agtiof copper(ll) complexes
of thiosemicarbazones. Literature survey described/ariety of copper
complexes of thiosemicarbazones with antitumour peribes which
persuaded me to conduct the cytotoxic and antitumetudies of
acetoacetanilide  N(4)-methyl(phenyl)thiosemicarlmezo (AacdMPTCH

Ligand) and its complexes with a special emphagist® copper complex.
The copper(ll) complex was also subjected toitheivo antitumour studies

and long term cytotoxicity (MTT assay) studies.
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CHAPTER II
MATERIALS AND METHODS

A brief account of the chemicals used and the mhoees adopted for

the evaluation of antitumour activities are giverihe following pages.
1. Materials
1.1. Chemicals

All chemicals used were of AnalaR quality and pasdd from Merck.
Commercial solvents used for the synthesis werdfigdir by standard
method®®. Hydrated metal salts were used as such for rgapation of the

complexes.
1.2. Synthesis of acetoacetanilide thiosemicarbazonedM&TCH,)

The ligand, AacdMPTCHwas prepared by refluxing an equal molar
mixture of acetoacetanilide and N (4)-methyl(ph@mybsemicarbazide for
4 h (Figure 1). The detailed procedure for thetlsgsis of the ligand is

described elsewhete
1.3. Synthesis and characterization of thiosemicarbazonglexes

The complexes of Fe(ll), Co(ll), Ni(ll), Cu(ll), £H) and Cd(ll) were

prepared by refluxing AacdMPTGHith the respective metal salt in 2:1 ratio
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for 4 h (Figure 1). The compounds were charaadrizy elemental analysis,

magnetic moment measurements, IR-, UV-visible- 83HdNMR spectral

O
O

studies®.

=N S
H;C HN
N—CH,
Figure 1.

Acetoacetanilide N(4)methyl(phenyl)thiosemicarbazacdMPTCH)

ol

H,C”~
HsC CH
_N\\%\N/ >
H
/
O
(O
Figure 2.

The complex of AacdMPTCH
(M = Fe(ll), Co(ll), Ni(Il), Cu(ll), Zn(ll) or Cd(l))
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1.4. The preparation of drug

Fifty milligram of the compound was dissolved inml of dimethyl
sulphoxide (DMSO). Fom vitro studies, the drug was dissolved in DMSO
and forin vivo studies 50 mg of drug was first dissolved in 1DMSO and

further it was diluted using distilled water to ofed concentrations.

1.5. Animals

Swiss albino female mice (20-25 g) were obtainemimfrthe Small
Animal Breeding Station (SABS), Mannuthy, Thrisserala. They were
kept under standard conditions of temperature amdidity in animal house
of Amala Cancer Research Centre. The animals prenaded with standard
mouse chow (Sai Durga Feeds and Foods, Bangalwl&)land water and
libitum. All the animal experiments in this studsere carried out with the
prior approval of the Institutional Animal Ethico@mittee (IAEC) and were
conducted strictly according to the guidelines airnittee for the Purpose
of Control and Supervision of Experiments on AnisnalCPCSEA)

constituted by the Animal Welfare Division, Goveremb of India.

1.6. Celllines

Mouse lung fibroblast (L929 cells) were culturedDMEM medium
supplemented with FBS (10% v/v), streptomycin (1§fop) and penicillin

(100pg/ml) and kept at 37°C in an incubator with ¥%@,. Dalton’s
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Lymphona Ascites (DLA) and Ehrlich’'s Ascites Camma (EAC) cells

maintained in intraperitoneal cavity of mouse wased for the study.

Ehrlich ascetic tumour is a rapidly growing carcime with very
aggressive behavioll. It is able to grow in almost all strains of mic&he
Ehrlich ascetic tumour implantation induces a locdlammatory reaction
with increasing vascular permeability which resultsan intense edema
formation, cellular migration and a progressiveetiscfluid formatiort®’
The ascetic fluid is essential for tumour growthcsi it constitutes a direct

nutritional source for tumour cetlf§.
1.7. Preparation of phosphate buffered saline (PBS)

NaCl (8.00g), KC1 (0.20 g), NHPO,2H,0 (1.44g) and KKPO, (0.20
g) were dissolved in distilled water and the solutivas made up to 1 lit.

(pH=7.2).
1.8. Preparation of PBS-EDTA

EDTA (0.02g) was dissolved in 100 ml PBS. Thduson was

autoclaved and used for experiments.
1.9. Preparation of Trypsin (0.2%)

Dissolved EDTA (0.02g), glucose (0.02 g) angsip (0.2 g) in 100
ml PBS. The solution was filtered under sterile dibons and used for

trypsinization.
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1.10. Preparation of normal saline (0.85 %)

It was prepared by dissolving AR Nacl (0.85 g)1L00 ml distilled

water.
1.11. Preparation of Minimum Essential Medium (MEM)

MEM (5.37 g) and 50 ml of goat serum were addedti0 ml of
autoclaved double distilled water. The mixture wtged well on a magnetic
stirrer and the pH was adjusted to 7.2 by addinglisquantities of sodium

bicarbonate. It was sterilized by filteration anghsferred to culture bottles.
2. Methods
2.1. Short termin vitro cytotoxic analysis — Trypan blue exclusion method

AacdMPTCH and its metal complexes (test compounds) weraestud
for short termin vitro cytotoxicity using Dalton’s lymphoma ascites cells
(DLA). The tumour cells aspirated from the peritaheavity of tumour
bearing mice were washed thrice with PBS or norsadine. Cell viability
was determined by Trypan blue exclusion methodbMiaell suspension (1 x
10° cells in 0.1 ml) was added to tubes containingousr concentrations of
the test compounds and the volume was made upnib uUsing Phosphate
Buffered Saline (PBS). Control tube contained ar#yl suspension. These
assay mixtures were incubated for 3 h at 37°C.thieuy the cell suspension

was mixed with 0.1 ml of 1% Trypan blue and kept 283 minutes and
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loaded on a haemocytometer. Dead cells take upltiecolour of Trypan
blue while live cells do not take up the dye. Ht@ined and unstained cells
were counted separately. The percentage of ddBsdwaes determined using

the haemocytometer.

2.2. Long termin vitro cytotoxic analysis — MTT assay

For long term cytotoxicity, L929 cells were used'he cells were
seeded in to 96 well flat bottom titre plates (5@@ls/well) containing 20du
MEM with 10% FCS (Fetal Calf Serum) and incubatedZ4 h at 37°C with
5% CG atmosphere for the attachment of cells. Afteubation, various
concentrations of the test compounds were adddabetavells in triplicates
and the incubation was continued for 48 h. 126UMTT (5 mg/mL in PBS)
was added to each well before 4 h of the complationcubation. After the
incubation period, the plates were centrifuged, esogtant liquid was
removed and 100 ml of DMSO was added to each witle plate was then
incubated at room temperature for 15 minutes apdofitical density (O.D)
was measured at 540 nm, using ELISA reader. Theeptage of dead cells

was determined using the formula,

% of dead cells = (1 — O.D of drug treated / Oz@ftrol) x 100.
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2.3. Toxicity studies with metal complexes

Twenty four Swiss albino mice divided into 4 groufis animals /

group). Animals were divided as follows:

Group 1 : 1 mg/kg b.wt, treated, Group 2 : 5 mdikgt, treated

Group 3 : 10 mg/kg b.wt, treated and Group 4 : 28kab.wt, treated

The drug was administrated once daily (I.P) andtinaed for 10

weeks. The animals were observed for their maytali
2.4. Invivo Studies

2.4.1. Effect of copper complex of AacdMPTCH, on the survival rate of

ascites tumour bearing animals

Animals (female, 6-8 weeks old) weighing 28-30 geveivided into 5
groups of 6 animals each. Viable EAC cells (1 % 10 0.1 ml of phosphate

buffered saline (PBS) were injected in to the paeal cavity.

Group 1 : control, Group 2 : 1 mg/kg b.wt, tesht
Group 3 : 5 mg/kg b.wt, treated and Group 4 : 10kigpdp.wt, treated,

Group 5 : Standard drug (cyclophosphamide)

Drugs (cyclophosphamide for group 5) were giveniriigaperitoneal

injection from the first day of tumour inductionThe death pattern of the
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animals due to tumour burden was noted and theep&xge of increase in life

span (%ILS) was calculated as follows :

%ILS = [T-C/C x 100],
where ‘T and ‘C’ are mean survival of treated andontrol mice,

respectively.

2.4.2. Effect of copper complex of AacdMPTCH, on solid tumour

devel opment

Swiss albino mice (female, 5-6 weeks old) weighi@®25 g were
divided into 5 groups comprising of 6 animals ircleagroup for the above
studies. Tumour was induced by injecting DLA céllsL ml of 1 x 18 cells
per mouse) in to the right hind leg of mice. Grdupas kept as control and
groups 2, 3 and 4 were treated with copper compiedacdMPTCH. Group
5 was treated with cyclophosphamide. The tumoueld@ment in animals of
each group was determined by measuring the diamétermour growth in
two perpendicular planes using a digital vernidipea starting from seventh
day of toumor induction, up to 84day. The tumour volume was calculated
using the formula, V=4/&,°r,, where [ was the minor diameter angl was

the major diameté®
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CHAPTER Il

CYTOTOXIC AND ANTITUMOUR STUDIES
OF ACETOACETANILIDE N@4)-
METHYL(PHENYL)THIOSEMICARBAZONE
AND ITS TRANSITION METAL

COMPLEXES

In 2008, approximately 12.7 million cancer patiemtsre diagnosed
and 7.6 million people died of cancer. The moshiemn being, lung cancer,
stomach cancer, liver cancer and breast canceoughFhmany diseases (such
as heart failure) may have worse effect on thee$pcit is believed that

cancer is the most dangerous, deadly diseasetezgflecthe society.

Bearing in mind that the N-N-S or O-N-O donor systis a common
feature for many of the compounds with carcinostptitency, we proceeded
with the antitumour studies of the complexes oaids with same nature i.e.

AacdMPTCH and its complexes. We got promising results.

Cancer is a fatal disease rating at the top ofthhee causes of death
due to the lack of effective druds The unique properties of metal ions are
very useful in the preparation of new drugs. Dugh®toxic side effect of the
common chemotherapeutic agems-platin, several other new metal based
anticancer agents were developed by the chemistalBe of their biological
activity, including antitumour and anticarsinogéfiic properties, metal

complexes of thiosemicarbazones with transitionamsehave been given

243



much importance. The most active compounds of natirpm antitumour
agents include the copper complexes of thiosemazanes. The previous
studies showed that copper complexes of 3-ethomyebutyraldehyde
thiosemicarbazones, (CuKT&) and N-heterocyclic thiosemicarbazotfés
are important compounds of this class. Keepingtladse facts in mind,
copper complex of acetoacetanilide N(4)-methyl(pthémosemicarbazone

has been selected for the antitumour studies.
1. Results

The results obtained from the short tenmvitro cytotoxic analysis,
long termin vitro cytotoxic analysis (MTT Assay) solid tumour redant

experiment and the survival rate of ascites tunaoermresented here.
1.1. Short termn vitro cytotoxic analysis

AacdMPTCH ligand and its complexes of Fe, Co, Ni, Cu, Zn &ul
showed marked cytotoxic activity for DLA cell linélTable.1, Figure 1). The
copper complex showed maximum activity and the eatration required for
50% death (IG) was found to be 46 pug/ml. The AacdMPTLhyand
showed only very low cytotoxic activity. Figures 3, 4, 5, 6, and 7 shows
the cytotoxic activity of Fe, Co, Ni, Cu, Zn and Complexes respectively,

in comparison with the ligand.
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Table 1.1. In vitro cytotocicity of ligand and its different complexes

Concentr- Percentage cytotoxicity of complexes Ligand
ations
(Lg/ml) Fe Co Ni Cu Zn Cd | (AacdMPTCH,)
10 0 0 3 18 7 2 0
20 2 0 7 24 14 9 0
50 6 5 11 58 20 12 0
100 10 8 20 70 35 36 2
200 20 18 33 92 58 42 4
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1.2. Long termin vitro cytotoxic analysis (MTT Assay)

The results of long teram vitro cytotoixicity of the copper complex of
AacdMPTCH showed that it is non- toxic up to 0.5pug/ml tonwseak®29 cells

(Table 1.2).

Table 1.2. Long term in vitro cytotoxicity (MTT) of copper complex of
AacdMPTCH,

Concentrations (pg/ml) % cytotoxicity
Control 0
0.05 0.376.03
0.1 0.5190.03
0.25 0.616.03
0.5 1.056.03

1.3. Toxicity studies

The result of toxicity studies of copper complexacdMPTCH on 24
Swiss albino mice, 4 groups, at four different carteations (25, 10, 5 and
1mg/kg body weight) showed that 25 mg/kg body weightoxic to the
animals. And this concentration was avoided and5l@nd 1 mg/kg body

weight were selected fon vivo studies.
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1.4. Invivo Studies

1.4.1. Effect of copper complex on ascites tumour development

The animals of the tumour control group survived & period of
15.840.65days. The animals treated with cyclophosphansidrvived for
26.63#.8 days and those treated with the copper comalek0, 5 and 1
mg/kg body weight increased the survival rate afmats by 21£.1 days.
19.6#1.4 days, and 18.8+2 days, respectively [Table 1.4.1 (a)]. Thus th
copper complex was also found to be effective araasing the average life
span of animals by 32.9, 24.05 and 17.7% daysgeotisply, at 10, 5 and 1
mg/kg body weight [Table 1.4.1.(b)]. The pictusthe normal mice and

ascites tumour bearing mice are shown in figuras®9 respectively.

Table 1.4.1(a). Effect of copper complex of AacdMPTCH, on the mean
survival rate of ascites tumour bearing mice.

Treatment Mean survival rate
Control 15.8+0.65
10mg/kg b.wt 21+2.1
5mg/kg b. wt 19.6+x1.4
1.5mg/kg b.wt 18.6+1.2
Standard (Cyclophosphamide) 26.63+1.8
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Table 1.4.1(b). Effect of copper complex of AacdMPTCH,, on the life span of

ascites tumour bearing mice

Treatment Increase in life span (%)
Control

10mg/kg b.wt 32.90

5mg/kg b. wt 24.05

1mg/kg b.wt 17.70
Standard-Cyclophosphamide (10mg/kg b.wt 68.40
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Normal mice

Figure 8.

Ascities tumour bearing mice

Figure 9.
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1.4.2. Effect of copper complex on solid tumour devel opment

In control animals, the volume of tumour was ineeghto 2.973 cf
on 34" day while in copper complex treated animals; theas a significant
reduction of tumour volume. (Figurel0). At 10 kybody wt, the volume
was 1.1605 cr while at lower concentrations (5 and 1 mg/kg bedy the
tumour volumes were 1.4692 and 2.1011% craspectively, Treatment with
cyclophosphamide reduced the tumour volume to 0&83(Table 1.4.2).
The pictures of the control- and treated mice &@wh in the figures 1land

12 respectively.

Table 1.4.2. Effect of copper complex of AacdMPTCH, on the reduction of
tumour volume.

No of days observation

Treated
mg/kg : | Initial 10 13 16 19 22 25 28 31 34
b.wt

Mean

volume 0.0986| 0.6594| 0.8353| 1.3440| 2.0350 2.283p 2.5140 2.6360 2.8800 2.9Y30

10mg/kg

b wt 0.0747| 0.4361| 0.5759| 0.7555| 0.833§ 0.8899 1.0316 1.05845 1.1053 1.1605

5 0.0799| 0.5113| 0.8774| 1.1676| 1.2633 1.4080 1.3512 1.4402 1.4553 1.4692

1 0.0832| 0.7139| 0.8850| 1.3141| 1.4945 1.7766 1.9121 1.9293 1.9806 2.1011

(o))

Std. 0.0800| 0.2200| 0.2600| 0.2900| 0.3700 0.400p 0.4700 0.5100 0.57Y00 0.5830
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Control
Figure 11.

Copper complex treated (10mg/kg b. wt)

Figure 12.
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2. Discussion

In vitro studies on AacdMPTCHIligand and different complexes
showed cytotoxicity against DLA cell lines. The pep complex showed

maximum cytotoxicity and its 1§ value was found to be 46 pug/ml.

The copper complex of AacdMPTGHvas found to be effective
against DLA induced solid tumour and EAC induceditas tumour. The 10
mg/kg body weight was more effective than the otiagr concentrations (5

and 1 mg/kg b.wt) in both the cases.

The increased activity of the copper(ll) complexcmmparison with
the ligand may be due to lipophilicity of the drugs a result of metal
coordination. Hydrogen bonding also plays a rolantitumour mechanism of
the drugs. Adenine, guanine and cytocine have amgmops, which are
capable of forming hydrogen bonds with the drugastreducing normal cell
metabolism. Ehrlich ascetic tumour is a rapidlgvgng carcinoma with very
aggressive behaviff. It is able to grow in almost all types of micehel
Ehrlich ascetic tumour implantation induces a locdlammatory reaction
with increasing vascular permeability which resultsan intense edema
formation, cellular migration, and a progressiveetis fluid formation®.
The ascetic fluid is essential for tumour growthcsi it constitutes a direct

nutritional source for the tumour cefl$
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3. Conclusion

The present study indicates tle vitro cytotoxic and antitumour
properties of the copper complex of acetoacetamnilidN(4)-
methyl(phenyl)thiosemicarbazone (AacdMPT{Hsuggesting its potential

use as an anticancer agent.
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