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PREFACE

The use of plants and their active principles in the preventiortraatiment of chronic dis
eases is based on experience of traditional system of medicine. The potential of medicinal
plantsas source for new drugs is still largely unexplored. Now a days there is wide spread
interest in drugs derived from plants. This m primarily stems from the belief that green
medicine is safe and dependable compared to synthetic drugs. One among the few medicinal
plants that has been the subject of scientific investigation is the Turr@nicufma longa
Linn).Turmeric and its acte chemical constituents, curcuminoids have been reported 4o pos
sess awide spectrum of biological actions such as antinflammatory, antioxidant, anticancer,
antidiabetic, antiallergic,antiviral, antiprotozoal,antibacteial and antifungal activities.
Curcumin , the bioactive yellow orange pigment is the most important fraction which is
responsible for the biological activities of turmeric. The utility of curcumin is limited by its
colour, lack of water solubility and relatively low invivo bioavaililgi Structurally
curcuminoids are 1;7diaryl heptanoids .They are a group of naturally occurring 11,3
diketones in which diketo function is directly attached to olefinic groups. It has three
chemical entities in its structure, two aromatic rsygtems containing-aethoxy phenolic
groups connected by a seven carbon linker consisting @ ab unsaturated b- diketone
moiety. They are ideally suited to act as chelating ligands towards a variety of metals
and to form complexesimilar to diketones. Literature review has revealed the enhanced
biochemical activities of synthetic analogues of curcuminoids and their metal complexes
especially as cytotoxigntibacterial and antifungal agents. The present study is mainly on the
syntresis and characterization of a series of curcuminoid analogueslidtyf heptanoids)

and their metal complexes with Cu(ll) ,Zn(ll),Ni(ll) and VO(IV).The cytotoxic, antitumour,
antibacterial and antifungal activities of these compounds and their metplec@s were

also studied. The thesis is divided into four parts.



Partl. Introduction

The medicinal properties of Turmeric have been attributed mainly due to Curcumin, the
bioactive yellow orange pigment. Curcumin has already been the subject of sdnaral

trials and has been reported to possess medicinal properties. Curcumin is one of the most
potent and multi targeting phytochemical against a variety of diseases. Synthetic chemical
modifications of curcumin have been studied intensively to ileatimpounds with similar

or enhanced properties of curcumin. Fourteen curcuminoid analogues structurally related
with natural curcumin were synthesized in the present work. In the synthesized compounds
the U, b unsaturated diwkheu roodiffo@tionendythe phenylrirgt a i n e
part in natural curcumin has been modified .The phenyl ring part has been substituted with
heterocyclic rings, polynuclear rings, substituted polynuclear rings trisubstituted and
disubstituted phenyl rings with Isstituents different from that of natural curcumin. The
structural and spectral properties were studied by IB®/,'*H NMR**C NMR,2D-COSY

NMR, Mass Spectral techniques etc. Research in the field of coordination chemistry of
biologically important ligands ra their synthetic analogues has gained considerable
momentum in recent years. It has been revealed that the biological significance of these
ligands is enhanced by complex formation with metal ions. Curcuminoids are excellent
chelating ligands which calmind with metal ions to form stable metal complexes. Metal
compl exat i oniunsawratedtl;Biketores ths Ibd to effective changes in their
biological activities including antitumour ,antibacterial and antifungal activity. In the present
invedigation transition metal ions namely €1Zn %*,Ni ** and VO ?*were complexed with
synthetic curcuminoid analogueiological activities investigated in the present work
include Cytotoxic activity, antibacterial activity and antifungal activity of ssides

compounds.



Part Il .Literature Review

This part includes the review of literature related with the chemical and biological studies

of curcuminoids, its allied derivatives and metal chelates. The biological activities of
curcuminoids likeantiinflammatory, antioxidant, antiprotozoal, nematocidal, -batterial
antiviral, antitumour activity etc are discussed in this part. The importance of synthetic
analogues of curcumin and the metal complexes as biologically significant agents have been
well established. Studies related with the cytotoxic nature of curcuminoid analogues and their
metal chelates have been extensively discussed in this part. The enhanced pharmacological
significance of the compounds due to complexation has also been rewvestéd part. This

part explains the necessity of synthesis of curcumin analogues and their metal chelates and
their biological significance.

Part 1. Materials, Methods and Experime ntal techniques

This part is a general description on various chemiaads methods employed, instruments
used and various experimental techniques. The methods used for the synthesis of
curcuminoid analogues ,their transition metal chelates and purification of compounds are
given.Various spectral techniques involved in chamazation of the compounds have been
explained. The biological studies conducted include Invitro cytotoxic study, Invivo
anttumour study, effect of compounds on solid tumour, Antibacterial and Antifungal studies.
Materials, cell lines, animals, chemicatsethods etc employed in the studies are given.

Part IV. Synthesis,Characterization and Bioche mical activities of 1,7diaryl heptanoids

This part is divided into six chapters .Each chapter is further divided into five sections.
Chapter |. The chapter ehals with the Synthesi§ haracterization and Biochemical activities

of methyl substituted 1;diaryl heptanoids and their Transition metal chelates.

Section |: Synthesis and Characterization of-His{2 methyl phenyl)heptd,6-diene3,5

dione(la) and,7-bis(2,5dimethyl phenyl) heptd.,6-diene 3,5-dione(1b).



Section II: Synthesis and Characterization of Transittion metal chelates-bis{2-imethyl
phenyl)heptal,6-diene3,5dione(1a) and 1;bis(2,5dimethyl phenyl) heptd,6-diene3,5
dione(1b) wih Cu(ll),Zn(I1),Ni(ll) and VO(IV).ESR Spectrum of Cu(ll) complex is also
included.

Section IlI: Antitumour studies of Methyl substituted -Hidryl heptanoids and the transition
metal chelates.The studies include Invitro cytotoxic study of ligands and mhetal
complexes [Cu(ll),Zn(Il),Ni(ll) and VO(IV)]by Trypan blue dye exclusion methodvivo
anttumour studies were conducted in mice with the liganebis(2,5dimethyl phenyh
1,6-heptadiene3,5-dione(Lb) and its Cu(ll) & VO(IV) complexes. The bogpds 1a and 1b

and their copper complexes were used to find the effect on solid tumour development in
mice.

Section IV: Antibacterial studies of methyl substituted -Hiaryl heptanoids and their
Cu(l),Zn(Il) and Ni(ll) metal complexes.

Section V: Anifungal studies of methyl substituted 4diaryl heptanoids and their Zn(Il) and
VO(IV) metalcomplexes.

Chapter Il. The chapter deals with the Synthesis, Characterization and Biochemical
activities of 1,#dithiophenyl heptanoids and their Transitiontahehelates.

Section I:'Synthesis and Characterization of-di(fthiophenr2-yl)heptal,6-diene3,5-dione

(2a) and 1,7bis(3 methyl thiophefR-yl) heptal,6-diene 3,5-dione @h).

Sectionll: Synthesis and Characterization of Transition metal chelates afd2abawith
Cu(ll), Zn(11), Ni(ll) and VO(IV).

Section Ill: Antitumour studies of 1,dithiophenyl heptanoids and the transition metal
chelates. The studies include Invitro cytotoxic study of ligands and their metal complexes
[Cu(ll), Zn(1), Ni(ll) and VQIV)]by Trypan blue dye exclusion method towards DLA and

EAC cell lines.In vivoantitumour studies were conducted in mice with the ligands 2a and 2b



and their Cu(ll) complexes. The effectl@fands 2a and 2b and their copper complexes on
solid tumour @velopment in mice were also studied.

Section 1V: Antibacterial studies ol,7-dithiophenyl heptanoids and their Zn(ll),Ni(ll) and
VO(IV) metalcomplexes.

Section V: Antifungal studies of 1-dithiophenyl heptanoids and their Zn(ll) and VO(IV)
metal corplexes.

Chapter 1l . The chapter deals with the Synthesis, Characterization and Biochemical
activities of chloro substituted Xdaryl heptanoids and their Transition metal chelates.
Section |: Synthesis and Characterization of-His{4-chloro phenyl) heptal,6-diene3,5
dione@a),1,7-bis(2-chloro phenyl)heptd,6-diene3,5dione@b), and 1,7bis(3,4dichloro
phenyl)heptal,6-diene3,5-dione@c). They were characterized by UV, IRH NMR, 3C
NMR and Mass spectral techniques.

Section Il: Synthesiand Characterization of Transition metal chelates 038a&and 3c with
Cu(I1),Zn(I1),Ni(ll) and VO(IV).

Section lll: Cytotoxic and Antitumour studies of chloro substituteddiphenyl heptanoids
and their transition metal chelates. The studies inclagiérd cytotoxic study of ligands and
their metal complexes [Cu(ll),Zn(ll),Ni(ll) and VO(IV)]by Trypan blue dye exclusion
method towards DLA and EAC cell linéla vivoantitumour studies were conducted in mice
with the ligand 1,7bis(4-chloro phenyl) hpta1,6-diene3,5-dione@a)and their Cu(ll) and
Zn(I)complexes.

Section IV: Antibacterial studies of chloro substituted -Hiphenyl heptanoids and their
Zn(11),Cu(ll) and VO(IV) metal complexes.

Section V: Antifungal studies of chloro substituted-dlighenyl heptanoids and their VO(IV)

metal complexes.



Chapter IV. The chapter deals with the Synthesis, Characterization and Biochemical
activities of 1,7diaryl heptanoids with di and tri substituted phenyl ring and their Transition
metal chelates.

Section |: Synthesis and Characterization of-His{3-ethoxy4-hydroxyphenyl)heptd.,6-
diene3,5dione@da), 1,7bis(2,4dihydroxy phenyl)heptd,6-diene3,5-dioneédb), and 1,7
bis(3,4,5trimethoxy phenyl) heptd,6-diene3,5-dione@dc) .They were characteed by UV,

IR, *H NMR, *C NMR ,2D COSY and Mass spectral techniques.

Section Il: Synthesis and Characterization of Transition metal chelates, 4l 4and 4c with
Cu(Ih,Zn(ID,Ni(l) and VO(IV).The metal chelates were also characterised by various
spectal techniques .

Section IlI: Cytotoxic and Antitumour studies of curcuminoid analogues with di and tri
substituted aryl rings and their transition metal chelates. The studies include Invitro cytotoxic
study of ligands and their metal complexes [Cu(lIJENi(ll) and VO(IV)]by Trypan blue

dye exclusion method towards DLA and EAC cell linesvivo antitumour studies were
conducted in mice wh the ligands 1;bis(24-dihydroxyphenyl)heptal,6-diene3,5
dione(4h, 1,7bis(3,4,5trimethoxy phenyl) heptd,6-diene3,5dione(4c) and their Cu(ll)
complexes.

Section IV:Antibacterial studies of 1;diphenyl heptanoids with di and tri substituted phenyl
ring and their Zn(Il),Cu(ll) and VO(IV) metal complexes.

Sectin V: Antifungal studies of 1;diphenyl heptanoids with di and tri substituted phenyl
ring and their VO(IV) metal complexes.

Chapter V. The chapter deals with the Synthesis, Characterization and Biochemical

activities of 1, #dianthracenyl heptanoids atfteir Transition metal chelates.



Section I: Synthesis and Characterization of-His{9-anthracenyl)heptd,6-diene3,5
dioneba) .The ligand was characterized by UV, | NMR, *C NMR and Mass spectral
techniques.

Section 1I: Synthesis and Characterigat of Transition metal chelates of 5a with
Cu(ll),Zn(ID,Ni(l) and VO(IV).The metal chelates were also characterised by various
spectral techniques .

Section Ill: Cytotoxic and Antitumour studies of curcuminoid analogues with anthracenyl
ring and its trasition metal chelates. The studies include Invitro cytotoxic study of ligand
and its metal complexes [Cu(ll),Zn(ll),Ni(ll) and VO(IV)]by Trypan blue dye exclusion
method towards DLA and EAC cell linels1 vivoantitumour studies were conducted in mice
with the ligand and its Cu(ll) and VO(IV) complexes. Invivo cytotoxic study on solid tumour
development was conducted with the ligand and t@ICcomplex.

Section 1V:Antibacterial studies of 1;dianthracenyl heptanoid and their Zn(Il),Cu(ll) and
VO(IV) metal complexes.

Section V: Antifungal studies of l-@ianthracenyl heptanoids and their VO(IV) metal
complexes.

Chapter VI. The chapter deals with the Synthesis, Characterization and Biochemical
activities of curcuminoid analogues with naphthyl antssituted naphthyl ring and their
Transition metal chelates.

Section I: Synthesis and Characterization ofdimaphthyl1,6- heptadiene3,5-dione Ga),
1,7-bis(2 methoxynaphthyl)1 $eptadiene3,5-dione@b),1,7-bis(2-hydroxynaphthyl)1,6
heptadiene3,5dionefc). They were characterized by UV, IRINMR, **CNMR ,2D COSY

and Mass spectral technigques. Thermogravimetric and magnetic studies were done.



Section Il: Synthesis and Characterization of Transition hodtalates of 6a6b and 6¢ with
Cu(ll), Zn(ll), Ni(l) and VO(IV).The metal chelates were also characterised by various
spectral techniques .ESR Spectrum of Cu(ll) complex is included.

Section lll: Cytotoxic and Antitumour studies of curcuminoid analogwés substituted
naphthyl rings and their transition metal chelates. The studies include Invitro cytotoxic study
of ligands and their metal complexes [Cu(En(I1), Ni(ll) and VO(IV)]by Trypan blue dye
exclusion method towards DLA and EAC cell linds. vivo antitumour studies were
conducted in mice with the ligands 4% (2 methoxynaphthyl)1 feptadiene8,5 dione(6b),
1,7-bis(2- hydroxynaphthyl)1,6heptadiene3,5-dione (6¢) and their Cu(ll) complexes.

Section 1V: Antibacterial studies of 1;dinaphtlyl heptanoids and their Zn(ll),Cu(ll) and
VO(IV) metalcomplexes.

Section V: Antifungal studies of L@inaphthyl heptanoids and their VO(IV) metal

complexes.
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ABBREVIATIONS

ROS T T Reactive Oxygen Species
COX-2 I T Cyclooxygenase 2

LOX T T Lipoxygenase

NF-a B T T Nuclear Factor kappa B

cPLA T T Cytosolic Phospholipase

HBC T T Hydrazinobenzoylcurcumin
DMC T T Demethoxy curcumin

BDMC i 1 BisDemethoxy curcumin

INOS T T inducible nitric oxide synthetase
GST T 1T Glutathione S transferase

AD iT Al zhei mer 6s disease
DMSO T T Dimethyl Sulphoxide

EAC T 1 Ebhrilich Ascites Carcinoma
COSsY T T Correlation Spectroscopy

DLA T 1T Daltons Lymphoma Ascites

ILS T T Increase in life span
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GENERAL INTRODUCTION

Plants have been used as a source of food and medicine since ancient times. Today the
universal movement towards more natural life style has brought about resurgence of interest
in medicinal plants as they are capable of bringing the body into harmorheattl. The use

of plants and their active principles in the prevention and treatment of chronic diSéases
based on experience of traditional system of medicine. For centuries medicinal plants have
been used throughout the world for the treatmentasibus diseases. The prospective of
medicinal plants’as source for new drugs is still largely unexplored. Now a days there is
wide spread interest in drugs derived from plants. This awareness primarily stems from the
belief that green medicine is safadadependable compared to synthetic drugs. One among
the few medicinal plants that has been the subject of scientific exploration is the Turmeric
(Curcuma longd.inn).

Curcuma longas a medicinal plafitthat belongs to Zingiberaceae family (Chattopadieay

al., 2004). Turmeric powder, obtained from the rhizom€olonga is commonly used as a
spice, food preservative, and foadloring agent.*'(Aggarwallet al, 2007; Di Marioet al,

2007; Menon ath Sudheer, 2007). It also has a long history of curative (§dattopadhyay

et al.,2004).Curcumin[1,7-bis (4- hydroxy3-methoxypheny)l,6-heptadiene3,5dione;
Diferuloylmethane], a yellow bioactive pigment, is the major component of turrtetic
(Mohammadiet al, 2005;Menon and Sudheer, 2007; Hatcheral, 2008). Curcumin
exhibits a wide range of biological actions such as antinflammétbtpunithavathiet
al.,2000;Siddiquiet al, 2006), antioxidant(tMohammaet al, 2005; Menon and Sudhee
2007),anticancer® (LoTempio et al., 2005), antidiabetic (Aggarwal et al., 2007),antialférgic
(Suzukiet al, 2005), antivirdf (Siet al, 2007), antiprotozodf® (Reddyet al, 2005) and
antifungal activities (Chattopadhyay al, 2004). The antbacterial activity of curcumin has

also been establisi®dChattopadhyagt al, 2004; Di Marioet al, 2007;Raiet al, 2008).



The above mentioned activities have been confirmed both in cultured cells and in animal
models?’?*, and have paved the wayrfongoing human clinical triafs.

Curcumin, a naturally occurring highly lipophilic molecule has wide spectrum of
pharmacological activitié§ .The curative activity of Curcumin is ascribed mainly to its
chemical configuraticdi?® and distinctive physical, chemical, and biological properties. It is

a diferuloyl methane molecule [t[¥is (4hydroxy3- methoxyphenydl,6-heptadiene3,5
dione)]with two ferulic acid residues connected by a methylene bridge. It has three principal
functionalities: an aromatic-mme t ho xy p he nealnisa t griikatd paodetyl@nd b

a seven carbon link&3!. Extensive studies in the last two decades has given confirmation
for the role of these different functionajroups in its fundamental bigical activities>**®
However, its limited aqueous solubilty and degradation at alaline pH restricts its

bioavailability 3+3°

. Due to the numerous therapeutic activities ascribed to curcumin,
however, there is an i nt aithsuetheseegpmwilemmb. Veriaus a
approaches are being sought to triumph over these limitations. These include discovery of
natural curcumin analogues from turmeric; finding natural curcumin analomgpes by

Mot her Nat ur e; snp d e b ermniagaloguds; rgfomaulationf curcumin

with inhibitors of metabolisnte.g., piperine); preparation of liposon&land nanoparticle
formulation4'*? of curcumin; conjugation of curcumin prodrugs;preparation of micellar
formation4® and connecting curenin with polyethylene glycol**.New allieds with
enhanced activify*° are being synthesized with modifications on specific functionalities of
curcumin. Structural homologues involving modification of all the groups present in
curcumin have been preparddeeping in view the significant importance of curcumin as
antibacterialantifungal and cytotoxic agentd)is research study was conducted to support

the possibility of using synthetic curcuminoid analogues and its transition metal complexes as

alternaives of curcumin.Fourteen curcuminoid analogues structurally related with



natural curcumin were synthesized in the present workdn the synthesized compounds the
U, b unsaturated diketo moiety is retained
pat in natural curcumin has been modifiékche phenyl ring part has been substituted with
heterocyclic rings,poly nuclear ringssubstituted polynuclear rings,trisubstituted and
disubstituted phenyl rings with substituents different from that of naturalicunc Pabon in
1964 developed a general mettbdor synthesizing curcuminoids and related -dligryl
heptanoids in good yields from aromatic aldehyalegtyl acetoneB,Os in presence of n
butyl amine and tri(sebutyl)borate. In this present work fourteen different aromatic
aldehydes were condensed with the di@&tone (acetyl acetone) in dry ethyl acetate medium
and the suitable temperature range for condensation wa8@tC.

The series of curcumin analogues prepared wamaracterized both chemically and
biologically. The structural and spectral propertied were studied by UV,IRH NMR,*3C
NMR,2D-COSY NMR,Mass Spectral techniques eBpectral analysis established that the
1,7-diaryl heptanoids synthesized exist entirgl the intramolecularly hydrogen bonded enol
form. Thermogravimetric studies were also conducEidlogical activities investigated in

the present work include Cytotoxic activity, antitumour nature, antibacterial activity

and antifungal activity of curcumin analogues.

Cancer chemopreventive effects of curcumin and its analogues

ChemopreventioR*which is defined as the use of non toxic natural or synthetic chemicals to
interfere in multistage carcinogenesis has emerged as a promising and realistic medical
approach to reduce the risk of candgurcumin is one of the most widely investigated and
well defined chemopreventive phytochemiéal

The anticarcinogenic effects of curcumin have been investigated in several animal tumour
systems”.Chemopreventive studies are mainly conducted in animal models They provide an

effective means of identifying compounds which can be used safely and also provide an



information base for developing intervention trials in hunfdesent studies have found tha
curcumin has a dose dependent chemopreventive effect in several animal tumour bioassay
systems including colof intestinal’, stomact®, oesophageal® and ordl® carcinogenesis.

It has been shown to reduce tumours induced by benzapyrene and 7, dthytlim
benzaanthracef®? (Singh et al, 1998; Deshpandet al, 1997; Azuine and Bhide,
1992),tumour promotion induced by phorbol estéigiuanget al, 1988)on mouse skin,

on carcinogennduced tumorigenesisin the fore stomach and -BthyFN MNjitro-N-
nitrosoguanidinénduced duodenal tumoufé(Huanget al,1994. Low incidence of bowel
cancer in Indians has been attributed to the use of turmeric in Indian c8okilyhandas

and Desai, 1999).Administration oyrsthetic curcumin in the diet during the progression
stage appreciabljnhibited the multiplicity of persistent adenocarcinomas of the c8%on
(Kawamoriet al,1999).Curcumin has been demonstrated to induce apoptosis in a variety of
cells including prostate cancer céllgDoraiet al, 2007).It has also been shown to affect the
activity of a number of enzymes such as cyclooxygef&@hanget al, 1999), protein
kinase C®° (Liu et al, 1993) and protein tyrosine kinasé€s (Chen and Huang, 1998).
Recently, it has been suggested that curcumin affected arachidonic acid metabolism by
blocking the phosphorylation of cytosolic phospholipgdsPLA(2)) and decreasing the
expression of cyclooxygenase(COX-2). Furthermore, it also inhibited catalytic activities of
5-lipoxygenase (LOX)'! (Honget al, 2004). These activities may contribute to the-anti
inflammatory and amtarcinogenic actions of curcumin and its analogye®.ng et al,

2004).

Curcumin was found as a good aatigiogenesis agefit explaining its chemopreventive
effect at the level of tumour promotion. Anticancer effect of curcumin seems to be
potentialized in the presence of oestrogen in breast cancer cells and it inhibits genes which

are under the influence of the oestrogen remep. it allows sensitising ovarian cancer cells



to cisplatin, enhancing chemotherapettic treatm&nNumerous studies have reported that
curcumin has potential against several cancers including leukemia, lymphoma, melanoma,
and sarcoma,as well as gasttestinal, genitourinary, breast, ovarian, head and neck, lung,
and neurological cancefS(Anandet al, 2008. Curcumin acts at several stages of cancer
development. It blocks transformation,tumor initiation, tumor promotion, invasion,
angiogenesis, and metastasis.In vitro and animal studies have revealed that curcumin
suppresses carcinogene$isand inhibits the proliferation of a wide variety of tumor cells
(Aggarwalet al, 2003.

Research has also reveatbd enhanced cytotoxic nature of certain curcumin derivatives and
analogues. A monecarbonyl analog of curcumin was synthesized and In vitro assays showed
that this curcumin derivative had greater antiproliferative effects on colon cancer cells than
curcumin had’’(Zhenget al, 2013).Another derivative, hydrazinobenzoylcurcumin (HBC),
exhibits potent inhibitory activitie$® against the proliferation of several tumor cell lines
(Shim et al, 2004). The curcumin derivative bHieHydroxyCurcumin (bDHC) ab has

been shown to induce autophagy on human colon cancef ¥Btsileet al, 2013).So in the
present investigationthe antitumour activity of a series of synthetic analogues of natural
curcuminoids have been studied by in vitro and in vivo methods

Curcumin and allieds as antimicrobial agents

Curcumin and synthetic allieds inhibits the growth of varieties of pathogenic microbial
organisms such as viruses, bacteria and some®f§@giaiet al 2005).Anti microbial effects

of curcumin has been webstablisheff (Negi et al 1999). Development of bacterial
resistance to the availablantibiotics and increasingpopularity of traditional medicine has

led researchers to investigate the antibacterial compounds in plants. Synthetic modification of

previously described antibacterial agents has been prominent in the development of new



compounds which may possess aimated antibacterial activity or new pharmacological
properties.

Both curcumin and the oil fraction suppress growth of several bacteri&tikptococcus
Staphylococcys Lactobacillu§? etcThe aqueous extract of turmeric rhizomes has
antibacterial effes®®. Curcumin also prevents growth BiElicobacter pyloriCagA+ strains

in vitro®. Ether and chloroform extracts and oil 6f longa have antifungal effect&>®’,

Crude ethanol extract also possesses antifungal aflivityrmeric oil is also active against
Aspergillus flavusA.parasiticusFusariummoniliformeandPenicillium digitatuni®.

Considering the potentiality of curcumin and analogues as a source of antimicrobial drugs
with reference to antifungal and antibacteragentss systematic investigation was

undertaken to screen the antibacterial and antifungal activity of the synthesized

curcuminoid analogues.
Metal binding chemistry of Curcumin and its Analogues

The most interesting feature @furcuminoids from a coordination chemists point of view is
that structurally they are X:@ketones ,in which the diketo function is directly attached to
ol efinic -glketogpup exhiithketenbltautomerism.The methine proton in the
keto form and hydroxyl proton in the enol form are acidic and their removal generates 1,3
diketonate anion which forms chelates with almost all metal and metalloid®{hs
Complexation refers to the formation of cyclic complex by coordination of a metaliitba
polydentate ligandT he nat ur e odketandderivatives were first £lucilated by
Werner® and Morga®®.Numerous metal 1,8iketonates have been synthesized and their
applications in various fields were studied.

Curcuminoids are excelte chelating ligands which can bind with metal ions to form stable
metal complexesThe preparation of Bore@urcumin comple¥X in the determination of

trace amounts of Boron dates back to the 9%8e colour change when turmeric is mixed



with slaked line is due to the interaction between €aions and curcuminoids.Recently
stable C&",Ni?*,Co?*,zn?* Pd?* complexes®of synthetic curcuminoids were reported.A
2:1 curcumin Hg(ll) complex was synthesized and characterized by Angulo (1986).Curcumin
is more active when it interacts with copper and Sfoand this has been proposed by the
mechanism of action in Alzheimers disease animal model.Anttumoural effects of a
heteroleptic Palladium (1) complex of curcumin on human prostate cancel’telisre
reported by A.Valentinet alCurcumini Al(lll)complexes®! were prepared and their effect

in Alzheimers disease were studied.Rare earth complexes (Sm,Eu,Dy) of cdféunmire

been synthesized by Yu Min Soegjal and the complexes exhibited excellent antibacterial
activity than that of curcuminA mononuclear 1:1 copper complex of curcumin was
synthesizetP® and examined for its superoxide dismutase activity. Rutheaiene
complexes of curcumifi* were preparedral studied for their cytotoxic activityTransition
metals usually form stable metal complexes with,Mtochiometry where M is metal and L

is ligand. They can be synthesized by the reaction between stochiometric amounts of
curcumin and metal salts in Qalile organic solvents and the mixture is refluxed for few
hours and the complex precipitates othis is separated and purified either by column
chromatography and repeated crystallization.

Met al compl e x aitursatunatea I;8iketoimes has tetd effective changes in
their biological activities including antitumour activity,antibacterial and antifungal activity.In
the present investigatiomansition metal ions namely Cd*,Zn 2*Ni 2* and VO %* were
complexed with synthetic curcuminoid analogues.Their structural characterization

were also done by spectral techniques.The in vitro and in vivo anticancer activity, in
vitro antibacterial activity and antifungal activities of the synthesized transition metal

complexes were also evaluatedMany metal complexes of curcumin are shown to be



cytotoxic with cancer causing cells. The most widely used complex in chemotherapy is cis

dichlorodiamine fatinum(ll), commonly known asisplatin.

Cu(ll) based chelates as cytotoxic agents

Substituted [phenglyoxal bis(4 methyt3-thiosemicarbazone)] copper(ll) chelates show
considerable cytotoxic activity. The presence of eleettonating substituents increased
cytotoxicity'®. Anticarcinogenic activity of copper-@chiff bases (two novel®chiff bases
coadinated with active center analogs of,Zum, superoxide dismutase) effectively catalyzes
the production of hydroxyl radicals in the presence of polymorphonuclear leukocytes, which
causes reduction in tumor size, delay of metastasis and a significeaada in life span of

the host¥’®. Copper(ll) complexes of N-isonicotinoy3- methyt4- (p-hydroxybenzilidene)
2-pyrazolin5-one(IMHBP)alsoexhibited significant antitumor activit{)’.

Copper complexes of synthetic curcuminoid dogues gave enhaed antitumoractivity®>.
Foursyntheticcurcuminoids, 1,7bis(4-hydroxy3-methoxyphenybl,6-heptadiene3,5dione
(curcuminl);1,7-bis (piperonyl}1,6-heptadiene3,5dione (piperonylcurcumin);1,7-bis
(2-hydroxynaphthyh1,6-heptadiene2,5dione(2hydroxy naphthyl curcumin); cinnamyl
curcumin and their copper(ll) complexes were investigated for their cytotoxic and antitumor
activities and were found to be very active-vimo administration of Copper(ll) complexes

of N-SalicyloykN’-p-hydroxythiobenzohyrazide and MNoenzoyN’-thiobenzohydrazide
complexes had shown an increase of life time of Dalton's Lymphoma cells bearin@mice
The exposure of tumor cells to the mixtures of ascorbate and copper chelates, especially
CU*-o-phenanthroline and G2, 9-dimethyto-phenanthroline complexes resulted in the
destruction of a large fraction of cell populatittis Copper(ll) complex of N{(2-hydroxy
phenyl) carbonothioyl] pyridin@-carbohydrazide inhibits the expression eSic, a non
receptor tyrosine ikase, which plays a significant role in the growmkdiated signalling

pathway, thus showing cytotoxicity against the colon cancer cell*'fineTris
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(hydroxymethylphosphine copper(l) complexes with the new bis(1;t2azo}1-yl)acetate
ligand had exibited invitro antitumor activity comparable with that of cisplatin, the most
used metabased antitumor drid.Copper(ll) chelate of trarsis(salicylaldoximato) showed
cytotoxicity comparable to that of adriamycin by inducing cell cycle arrest and
apoposis ' Thus the importance of Cu (ll) ion in cytotoxic activity is well established.
Vanadyl i curcumin complex inhibits mouse lymphoma cell proliferatidnefficiently
compared to curcumin according to Kathereteal (2004). The medicinal applicationd o
Vanadyl curcumin complex as cytotoxic agetitsvere studied by Khosro Mohammaeti al
(2005).Studies by Moamen .S.Refat revealed that complexes of Ni(ll),Cu(ll) and Zn(ll) with
curcumin ligand has antitumour activity. The metal complexes also exhilitantibacterial
activity against E.coli,S.aureus,B.subtilis and Pseudomonas aeuroginosa and fungicidal
activity against Aspergillus flavus and Candida albicans.
Hence the present study was undertaken with the following objectives:
1. Synthesis andtructural characterization of a series of curcuminoid analogues.
2. Synthesis and structural characterization of transition metal complexés, @f*,
Ni 2*,VO #")of synthetic curcuminoid analogues.
3. To evaluate the antitumour activity of a ®ariof synthetic analogues of natural
curcuminoids and their synthesized transition metal chelates.
4. To evaluate the antibacterialtivity of a series of synthetic analogues of natural
curcuminoids and their synthesized transition metal chelates.
5. To evaluate he antifungalactivity of a series of synthetic analogues of natural

curcuminoids and their synthesized transition metal chelates.
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CURCUMINOIDS, THEIR ANALOGUES & METAL CHELATES -

CHEMICAL AND BIOLOGICAL STUDIES -A REVIEW

INTRODUCTION

The importance of medicinal plants in traditional health care practices
providing clues to new areas of researchis now well recognized . Severdfplant
species are known to exert wide range of physiological effects in addition to aroma and
flavour . Even inthe modern world nature is still the greatest source of drugs.The
number of plant derived compounds known to be pharmacologically acdtivesry
large. WHO estimates that approximately 80% of the developing 'svgrtgbulation
meet their primary health care needs through traditional plant metfifigannerman
1982). Traditionally many plants and plant paks lleaves, roots, barks, peels, bulb
etc have been used for medicinal purposes .There are many medicinal plants
recommended'®for their therapeutic values. Medicines derived from plants have played a
pivotal role in the health caref many cultures'*'?° both ancient and modern. [Newman,
Cragg (2007); Butler M.S(2004)] Phytomedicines are beginning to link traditional
medicine and modern medicine.Regardless of all the developments in Synthetic chemistry
and Biotechnolog plants are still a vital source of medicinal preparations both
precautionary and therapeutic. Right from the beginning, the documentation of
traditional knowledge especially on the medicinal use of plants, has provided many
important drugs of modern d&y With the advent of modern techniques it has become
possible to isolate and characterize the bioactive chemical compounds present in
Medicinal plants. The Indian subcontinent is gifted with rich and varied local health
customs wieh is harmonized with an equally rich and varied plant genetic resources.In

this context one of the best known example is Turmérié?1?*(Curcuma longa.inn ).
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Foods from plant source have many bioactive chemical constituents called

5124126 They fit into several classes of organic compounds such as sulphur

phytochemica
containing compounds, terpenoids, flavanoids, polyphenols, carbonyl compounds etc. Most
of the healing and biological properties of these plants are due to theeoweuof these
type of compounds. Some of the naturally occurring carbonyl compounds and their main
plant sources are Piperine (Black pepper), Curcuminoids (Turmeric), Cassumunin A
(Indonesian medicinal ginger), Nomillin (citrus fruits), Elagcid (fruits, nuts), Quercetin
(cereal, grains) eté’.Amongst the diverse naturally occurring carbonyl compounds,
Curcuminoids enjoy a variety of remarkable structural features and abundant practical
applications.
TURMERIC : THE GOLDEN SPICE

India has a rich history of using plants in medicinal fields. Turme&uruma
longa Linn ) has been an inevitable drug used in traditional medicine as a household

remedy for various diseasé&®*3°

including hepatic disorders, sinusitis, anorexiaugh,
wounds,rheumatism, chicken pox e@urcuma longa.. belongs to the family Zingiberaceae

and is a perennial, tropical herb that is cultivated widely in Asia. Its rhizome is used
extensively for imparting colod¥**%and flavour to foods. Turmeri@ powder from the

dried rhizomes, is used for medicinal purposes (Srimal 1997). Turmeric is used as a food
additive (spice), preservative and colouring agent in Asian countries. Turmeric has been
termed the multi antispice in herbal medicine. Over st few years, numerous studies
have been conducted to identify the medicinal propeltids’ of turmeric. The use of
turmeric dates back nearly 4000 years to the vedic culture in India where it was used as

a culinary spice and had som&igious significance . India produces nearly all of the

worldés turmeric crop and consumes 80% of

t
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Turmeric contains3&4!

moisture (9%), curcumin {6.6%), extraneous matter
(<0.5%), volatile oils (<3.5%), sesquiterpenoids, polysaccharidesteipro vitamins,
calcium, potassium etc( Bal akr i s h3fattpacidsdO 0 7
a n d lindkeic acid**¥Goud, Polasa and Krishnaswamy 1993).

Curcuminoids is mainly responsible for the yellow colour of turmeric andposes

Curcumin | (94 %),Curcumin 1l (6%) and Curcumin lll (0.396)'*(Chainani Wu, 2003).

Cures Ache e

® Facepack
Heals Wounds ¢

# Prevents Skin Damage

Cures Psoriasis @

Prevents Cancer OT.- . o Exfoliating Agent

Growth Cells '

# Tightens Skin

——8 Gives you a Glowing

Prevents @ —Zadl , Skin
Inflammation m i : -0 Lightens Facial
: Hair
Treats ®
Diabetes - , ——=# Reduces
Controls Bloode—— ‘ Cholesterol
Pressure

TURMERIC AND CURCUMINOIDS:

Curcumin, the bioactivé*>®

yellow orange pigment is the most crucial fraction
which is accountable for the biological actions of turmeric . Curcumin is the main
colouring substance in Curcuma longa and two related compounds demethoxy curcumin

(DMC ) and bis demethoxyurcumin ( BDMC), are altogether known as curcuminoids.

Curcumin is the active ingredient of the dietary spice Turmeric. The curcuminoids can be

) .
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extracted from Turmeric usingSoxhlet extractot®! and isolation and purificatiori®#*%
was carried out by column chromatograpHy’( Srinivasan etal 1953). The sightingf
curcumin dates back to around two centuries when Vogel and Peifétietreported the
separation of Ayell ow colouring mat tter o fr

curcumin.

usg

Turmorlc
9 Curcumin(osg)

= Rhizome == Dried rhizome ==+ Blend == Extractin §5%
(Turmeric) ethanol for 24 h,
filter and dry

Curcuma longa

In 1910 , Milobedzka and Lamp@3! chemically established the structure of curcumin
as diferuloyl methane or 1j7bis (4 hydroxy-3- methoxy phenyl)l,6heptadiené 3,51

dione .The structures of CurcuriyCurcuminll and Curcuminlll are given below.
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H,CO OCH,

HO Curcumin OH

(Curcumin I)

O O

S = OCH,
HO ‘ C OH

Demethoxyeurcumin
(Curcumin I1)

O o

(J A
HO OH

Bis-demethoxyvcurcumin
(Curcumin ITI)

In 1937 Pabon etaf reported its first synthesis fromthe chioride of carbomethoxy
ferulic acid. Later they reporteal modified simple procedure for its synthesis. In this
method the methylengroup of acetyl acetone was blocked with boric anhydride and reacted
with Vanillin and the product formation takes place via Knoevenagel condensation. Boron
based reagents suchlasron oxide, boric acid act &swis acids with thd diketone system
ard reduces the nucleophilicity of the L position. The two terminal methyl groups then
undergo dialdol condensation with two Vanillin molecules. Hydrolysis of the intermediate in

acid medium results in the formation of Curcumin.
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Synthesis of curcumin by the general method proposed by Pabon

- 1+

o o ]

, 0.0 .

2 A At oes P8 H,BO;
CH; CH; 0 r’

ch)\"" .

} 1. Substituted benzaldehyde

2. Primary amine
3. Alkyl borate

4. HCI
0 OH
HiCO. \/\M\/\/E,ocm
)
2 L

o N = “OH

CURCUMIN -PROPERTIES & BIOAVAILABILITY

Research has identified Curcumin as the agent responsible for most of the biological

§760 164 r.&65—1 70 |7 1-173
)

activity of turmeric lke anti inflammator , antioxida , antiprotozod
nematociddl’® antibacteridi’>*"® antiviral’®, antitumouf®818 activity etc.Structurally
curcuminoids are 1;7diaryl heptanoids®® They are typical 1,3 diketones in which
diketo function is directly attached to olefinic groups. The chemical structure of curcumin
shows three cheigal functionalities, two phenyl ring systems with methoxy and hydroxy
substituentsconnected by a seven carbon linker which issanb unsaturated b- diketone

part. Curcumin display$®® typical ketoenol tautomerism . It is a hydrophobic molecule

which is almost insoluble in water and readitylublein polar solvents like DMSO, ethanol,

methanol, ethyl acetate, chloroform etc.
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B-diketone

0 OH

0CH; —> HLOL ALAAAA AL
O O

OH HO OH

Curcumin Curcumin
(dliketone form) (keto-enol form)

Curcumin has been proved to be safe in investigational studies in humans even at high
daily doses of up to 8 gt with very less side effects.The main problem faced in
clinical trials with curcumin is its poor bioavailability in plasma and tissue .The limited
aqueous solubility of curcumin in water, poor absorption, rapid metabolism and systemic
elimination fave been the main reasons for reducing its bioavailaBfit}>. Bioavailability
can be increased by encapsulation of curcumin in the cavities of cyclodéXrarsthe

f91,192

development o nanoparticles and ceramic particles, develop new fatouis based

on biocompatible organic substances like liposdiignicelles %

glycols, cellulose

biopolymers etc.Some methods to increase the bioavailability is described below.
NanoparticlesWith the advent of nanoparticle technology it is possibldevelop

targeted and triggered drug delivery systems with nano particles.These have been prominent

solutions to the bioavailability of therapeutic agents. Nanopaibiased delivery systems

will certainly be suitable for highly hydrophobic agents I cumin,thus overcoming the

limitation of poor aqueous solubility.A recent study by Bishtal reported the synthesis,

physicochemical characterization and cancer related application of a pdigsent
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nanoparticle of «c¢ur cumhlessthaa h06 hnysizéi Naaatwonimim ¢ u mi
was found to have similar in vitro activity as that of free curcumin in pancreatic cell lines.

Liposomes are excellent systems used in delivering drugs since they can carry both
hydrophilic and hydrophobic moleculelsi. et al studied the in vitro and in vivo antitumor
activity of liposomal curcumin against human pancreatic carcinoma cells and verified that
liposomal curcumin can prevent pancreatic carcinoma growth and, in addition, exhibits
antiangiogenic effects. Rylet al also reported the anticancerous and antioxidant activities
of neutral unilamellar liposomal curcuminoids in mice.

Micelles and phospholipid complexes can improve the gastrointestinal absorption of
natural drugs, thereby giving higher plasma leeaid lower kinetic elimination resulting in
improved bioavailability. The intestinal absorption of curcumin and micellar curcumin
formulation with phospholipid was evaluated using an in vitro model consisting of everted rat
intestinal sacs.

Researchers hopte achieve improved biological activity of curcumin by structural
modifications. Numerous studies dealing with the enhanced biological activity of curcumin
derivatives and analogué®>'%®can be found in the literature. A review by Moslketyal
systemé#cally describes several studies dealing with the biological activity relationships of
curcumin and its derivatives.

Another strategy to increase the biological activity of curcumin is to complex it with

113114 and form coordination compoundsi€@umin molecule becomes an excellent

metals
ligand for complexation due to the presence of two phenolic groups and one active methylene
group . Several metal chelates of curcumin are reported to possess biological activity over

that of free curcumin.
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Curcumin : Biological actions and medicinal applications

For the last few years, extensive work has been done to establish the biological
behavior and pharmacological actions of curcumin. Curcumin, the yellow bio active
component of turmeric has been shown to have a wide variety of biological attions
These comprise its anti inflammatory, antidiabetic, antibacterial, antifungal, antioxidant

antiprotozoal, antiviral, antiulcer, hypotensive and hypocholesteremic activities.
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Curcumin is a dietary phytochemical with low toxicity . Numerous therapeutic
adivities,its pharmacological safety and its colour qualifies curcumin as Indian solid gold.
Some important biological activities of Curcumin are listed below.

Pharmacological actions of curcumin as an antinflammatory atjehtive been
examined by Smal and Dhawan (1973) . Thergportedt h a t A Curcumin was
acute as well as chronic modelsinflammation. The potency afurcumin is equal to a
standard drug , phenylbutazone in the carrageénin nd uc ed edema test
Mukophadhgy etal (1982) demonstrated the activity of curcumin and sodium curcuminate
in cotton pellet granuloma models of inflammation in fdfsand has found that the
compounds possessed anti inflammatory activity. Ghatak and Basu (@83&¢d the
acion of sodium curcuminaté®®as an anti inflammatory agent. According to Huang etal
(1992), ACur c umi 1y effects han whe groliferatiboif lblood aonononuclear
cells and vascul 8YAmmomat al {1992)tensrsttated coreulris am
Ainhibitor of |leucotriene formation *®n rat
Curcumin offers antinflammatory effect through inhibition of Nuclear Factor Kapp&'B
(NF-a B) , a molecule that t ravel s genes telated tohe nu
inflammation. The anti inflammatory role of curcumin is also mediated through down
regulation of cycloxygenase2 (COX-2) and inducible nitric oxide synthetase (INOS)
through suppressffn of NFaB activation

The antioxidant nature of curcumin was studied as early as 1975 (Sharma O.P).The
active antioxidant principle i€urcuma longahas been identified as Curcunift??% (Choiu
et al (1983), Mokenet al (1984). Curcumin happens to be a potent anti oxidant that
nuetralise free radicals due to its chemical structure.According to Pulla Reddy and Lokesh
(1992) ACurcumin c anr®bypreserwingl themdtidn of @ntiogidamnt d a t i

enzymes like superoxide dismutase , catalase and glutathiome opx i de 6. They
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observed that curcumin is capable of scavenging oxygen free radicals such as superoxide
anions and hydroxyl radicals which initiate lipid peroxidation.According to Joe and Lokesh
1994, 0Curcumin can hi ndexygentspeeies RO8)pB@aabdi on o f
nitrite radical generato®®whi ch has a significant role in
been concerned in the advance of various pathological conditions curcumin has the
prospective to control these dise#8é€®throughits potent antioxidant activity. Joe Bt al
reported that AThe phenolic and médkbtongy gr o
system in curcumin seems to be an important structural feffumhich contribute to its
antioxidant aatcatobservet that the pBemaic hydroxyl groups are essential
for antioxidant activity and an increase in the number of this functignalip confers better
activity than c udketanenimoietyl forethe ramtidxidant cadtivityb was
suggestethy Sugiyamaet al®*°.

The continuous development of bacterial resistance to presently available antibiotics
has necessitated the search for novel and effectual antimicrobial compounds, especially of
plant origin. Curcuma oil was found to inhibit the growth of bacterial strdikes
Staphylococcus albus and S. aur€dgChopraet al1941).Bhavani Shankar and Murtf
(1979) investigated thactivity of curcumin against intestinal bacteria in vitro and observed
inhibition of growth of Lactobacill. Mahadgt al reported®t hat ACurcumin al s
growth of Helicobacter Pyloricag”s t r ai ns i n vdonducted by DipteRags t ud i e
al (2008) hasreported®t hat ACurcumin, a dietary polyphe
to have a potent antibacterial activitgaanst a number of pathogenic bacteria including
Staphylococcus aureus, Staphylococcus epidermidis and Enterococcus. Curcumin inhibits
FtsZ assembfy® an attractive mechanism for its antibacterial activity. Curcumin inhibited
the assembly of FtsZ prottdments and also increased the GTPase activity of FtsZ.

Curcumin reduced the bundling of FtsZ protofilaments in vitro. The results indicate that the
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perturbation of the GTPase activity of FtsZ assembly is lethal to bacteria and suggest that
curcumin inhibis bacterial cell proliferation by inhibiting the assembly dynamics of FtsZ in
the Zr i ngo. (Fts 2z, a prokaryotic homol ogue
polymerizes to form a-Zing at the mid cell that orchestrates bacterial cell division).

Curcumin exhibits antiprotozoan activity. Curcumin and synthetic derivatives has
anti Leishmania and anti-lamazonensieffect?**#> Curcumin has been shown to exhibit
activity against Plasmodium falciparum,which is a protozoan. Curcumin exhiliitgrain

activity. Mazumberet al (1995) demonstratetf®t hat A Cur c u mi integlasei n g

a

inhibitor may be developed asamii ds dr ugo. Eigner a%tdat Schol

curcumin had anti HIVV 1 and HI\A2 activities.

Curcumin hadappreciable inhibitory activity against fungal contaminatidhs
Curcumin possessed activify® against fungi species namely R.Solani, Pu.recondita and
P.infestans.Curcumin exhibited antifungal effect against two phytophagous fungi, namely
Fusarium solani and Helmintho sporium oryZde Shadomyet al 1985 used diffusion disc
method to test the semptibility of fungi to curcumin and has found to be very effective
against fungal cultures. An in vivetudy conducted in guinea pigénfected with T.rubrum
established that dermal application of turmeric oil caused the lesions to viangh
days The study of curcumin with fourteen different strains of Candida species showed
that curcumin exhibit significant fungicidal activity against them even ata concentration
of 250¢eg/ ml . The possi bleetwasnieuodhoaba itlse ndowno r
regulation of ERG3 leading to significant reduction in ergosterol of fungal cell. When
there is a reduction in formation of ergosterol this will result in accumulation of
biosynthetic precursors of ergosterahich causes cell death by generation of R&S
Reduction in proteinase secretion and alteration of membasseciated properties of

ATP ase activity are other possible critical factors for antifungal activity of curédmin

t F
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Curcumin acts as an effective anti carcinogéciompound .There are various
mechanisms for its activity where induction of apoptosis has a significant role.
R.S.Ramsewak etal 2000,showed the activity of curcuminoid comptemgsinst leukemia,
colon,melanma,renal and breast cancer cell lines .His studies revealed that as polarity
increased from Curcumin | to Il ,the cytotoxic activity decreased and so the methoxy groups
are very important for cytotoxicity exhibited by curcumins. According to (Gheai 1998,
Acurcumin induces acpcte progeessiof$ both are dhfluénaidh iim i t s«
preventing cancerous cell growth in rat ai
may be mediated through inhibition of protein tyrodfriease, protein Kinase C and il
m RNA expression. Curcumin produces apoptotic cell death by causing damage to DNA in
human cancer cell liné43 According to Duvoix etad®*2 003, HAExpress4 on o
S transferase R1 ( GSTPYI) is associated to carcinogenesis and curcumin has been shown
to induce apoptosis in K526 leukaemia cells by inhibiting the expression of-G&TP
transcription level. Colon carcinoma is prevented by curcumin through arrest of cell
cycle progressio independent of inhibition of prostaglandin syntHésisCurcumin also
suppresses tumour growth. Nitric oxide( NO) and its derivatives play a major role in
tumour promotion . Curcumiinhibits INOSand COXi 2 productiorf?® by suppression
of NFa B activation.

Curcuminoids and allied derivatives as chelating ligands

Curcuminoids are rare examples of naturally occurbingliketone ligands.Similar to
other 1,3diketones curcumin act as complexing ligands with differmatals®?>"** and
form complexes.Researchers have shown increased interest in preparation, characterization
and biological studies of metal curcumin complexes.Coordination compounds with curcumin
and its analogues as ligands have been reportethofstrmetallic elements in the periodic

tab |e48,23023l
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The a , b - unsaturatedb - diketo moiety of curcumin is an excellent chelating agent.
Curcumin is a monobasic bidentate ligand and fostable complexes with metals (/)
forming stable structures with 2:1 ( ligand : metal) stochionfé&r$*® Metal coordination of
curcumin occurs through the enolic group, where the enolic proton is replaced by the metal
ions.

Chemical studies on metal chelates of naturally happeligand systems and their
significance in biology and medicine comprise one of the most vibrant area of modern
inorganic chemistry.Biochemical activity of many plant chexfscare known to be allied
with their ability to form chelates with metal ion.

Metal complexes of curcumin and allied derivatives : Biological Activities

The potential medicinal applications of curcumiriaieetal complexes are as diverse as
those of curcuminoids itself. Mdtacurcumin complexes have beeeported to exhib
significant antiarthritic activits?, antimicrobiad®®, antifungal, antivirdf®, anti HIV,
anticancel®® antioxidative’” effects, anti A1 z h e i me P°adivityeic.s e a s e

Curcuminoids act as good chelating ligands and form a large anwflco mplexes with
various main group metdfs, d transition metals and- felements!®?*™® Several Boron,
Aluminium 238239 Gallium?*°2*! Indium complexes with curcuminoid anaisgligands have
been prepared Among transition metals Fe, Cu, MNj, Zn, V, Ru, Re, etc forms a series
of curcumin analogue complexé€2*. Curcumin complexes have been prepared for
lanthanide elements (Sm, Eu, Dy, La) as well as Thorium and Urafffif-2*

The most exciting aspect ofietalcurcuminoid analogue complexes is that many of
them exhibit very diverse andghly potential health effectas given below.Experimental
studies on anticancer nature of metatlcumin complexes date back to the year
1998.Numerous transition metabrmoplexes of curcuminoid ligands have been effectively

testedin vitro and in vivofor anticancerous effect4®?*” Among a series of VO(IV),Co(ll),
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Ni(ll), Cu(ll), Zn(ll) complexes, the copper complexes turned out to exhibit highest
selective cyatoxicity and also showed considerable reduction in solid tumour volume in
ascites tumour burden miteVO(Curcu) exhibited antioxidant,anti rheumatic activity,
inhibited angiogenesis in smooth muscle cells and shows significant anticancer activity in
mowse lymphoma cell§31 vO(Curcu) proved to be harmless and showed no negative
symptoms when used as drug at doses upto 2 mmol/kg/dayLc@umin complexes
showed anticancer , gastro protective and afepressant effects in rat&® Studes
conducted with metal curcuminoid complexes of group 13 elements, Al, Ga and In, the
first row transition metals V, Fe, Zn, Cu, the second row transition metals Ru, Pd as well as
some rare earth metals revealed their antitumour activity.Copper lexesp showed
enhancedantitumour activityagainstthree Human cancercell lines namely ASPG 1

(Pangeatic Carcinoma), MCH (breast cancer) and HelLa(Cervical Carf¢€r)

It has been observed that Mefalcurcuminoid complexes which can act as
potenti al agents to fight Al zhei mer 6s disea
Al z h e idmeaselb-amyloid plaques are formed around neurons. Metal ions which can
act as significant risk cofactors in At3°include, AI**, Mn2*, Fe3*, Ci#*and ZA*. Meta}
curcumin complexeare inhibitors of metal induceauerotoxicity. Gallium, Technetiunand
Rhenium complexeof curcumin and some of its derivatives were successfully tested for
selective staining ot - amyloid plaques of AB° It has been proved that-A¢urcumin
complexes are very active in preventing proteins from the formation of amyloid fibrils and
even removing the preformed amyloid deposits.

Antioxidant activities have been presented by curcumin coxepleof gallium,
indium , vanadyl, manganese and copper . Curcumin complexes of Cuand Mn have been
studied for their SOD( super oxide dismutase, which control the formation of super oxide

radical anion) activity, freeradical scavenging ability ar@htioxidant potential. According
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to Barik Aetal it he biological activities of me t
ligand variations, Cu(Cur)2 is a less powerful antioxidahthan Cu[cur] [OAc][ OH],

(OAci ac et alh e aase of coppdlf complexes, the distorted orthorhombic 11
complex Cu(Curc)(OAc)(OH) (OAc = acetate) and the scmaear homoleptic 12
complex Cu(Curg)have been investigated.These two complexes display different
antioxidant potentials due to different geometfycomplexes. The 11 Cu(l)i curcumin
complex Cu(Curc)(OAc)(OH) with the larger distortion from the sqyaa@ar structure
showed a nearly ten times higher SOD activity than th2 domplex Cu(Curg) From this

study it was concluded that the: 1 complex would be able to undergo and sustain the
distortion from square planar geometry to the distorted tetrahedral one during its reaction
with superoxide radical. This allows for the compound to undergo many redox cycles and
hence work as a very competeanttioxidant. The homoleptic 2 complex Cu(Cureg)is

planar but rigid and hence cannot undergo the distortions and therefore is a less powerful
antioxidant. Singh et al prepared goldcurcumin conjugates and reporte exhibit
antioxidant activity by DPPH assay.

Antiarthritic activity have been reported for vanadyl and gold complex of
curcumin. The activity of the five coordinated curcugmd(l) complex were assessed in
adjuvanti induced rat polyarthrig model and a reduction in paw swelling was seen after 3
weeks of treatmer®* K.H.Thompsoret alr e por t ed t hathbitéd signdicantc ur c )
antiarthritic activity compared with curcumin alone.lts activity was obseteele twice that
of curcunin & Antiviral studies were done with boron and copper complexes of curcumin
and they were found to be active. A-Curcumin complex was found to be effective and
was used in the preparation of a vaginal gel against viral infections. &t @uhave found
A Cur ciuBoiomcomplexX®?is a modest inhibitor of HWV1 and HIV-2 proteases.

Potential anti osteoporotic activify® was recently reported by Y.Mawani and C.Orvig, 2014
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for three homoleptic rarearth metal curcumin complexes.Homoleptcompounds
Ln(Curck (Ln = Eu, Gd, Lu) were prepared and the toxicity of these complexes was
investigated in M&3 cell lines, an osteoblabke cell line derived from a human
osteosarcoma, for potential activity as antiosteoporotic agents. lestablished that the
three lanthanide curcumicomplexes possessed cytotoxicity toward J@&cells similar to
cis-platin (cis-diamminedichloroplatinumil)).

According to M.A.Subhaetali Eu, Ce, La, Y, Cr and Pd comy

had shown antibactal activity 23°

against Klebsiella Pneumonia and Escherichia
Colio. Complexes had DNA cleaving ability.
nanoparticles have been shown to display antimicrobial actvtypy R Sakey and S
Hatamie,2012 .GrcuminAg (I)complex is quite effective against bacterial strains viz
S.aureus,E.coli,B.Subtilis and Bacillus ceréts Mixed ligandcurcumin complexes with

rare earth metals like Samarium,Europitand Dysprosium in the +3 stathowed
antibacterial activity.Saeed Tajbaksthal suggested that In (cyrjvas found to have more
antibacterial effect>® than curcumin.

Curcuminoids are bioactive compounds with powerful medicinal properties
present in Turmeric.The present investiga is an endeavour to synthesize synthetic
analogues of the dynamic chemical constituent namely Curcuminoids seen in the herbaceous
Indian medicinal plant Turmeric.Coordination chemistry of biochemically important plant
products have gained significamhomentum in recent years.This is evident from the
numerous reports on medicinal and other aspects of metal complexes of Curcuminoids and
allied derivatives.The main aim of this study is to synthesize,characterize and study the

biochemical activities ofrainsition metal complexes of a series of synthetic curcuminoid

analogues.
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MATERIALS, METHODS AND INSTRUMENTAL TECHNIQUES

3.1 Materials for synthesis of curcuminoid analogues and metal complexes

All the chemicals used in this study for synthesis and analytical purposes were
of analar grade and purchased from Sigma Aldrich,USAurrteen different aldehydes
namely 2 methylbenzaldehyde, 2&imethylbenzaldehyde, Thiophefealdehyde,
3-methyt Thiophene2-aldehyde, zZhlorobenzaldehydd-chlorobenzaldehyde,
3,4-dichlorobenzaldehyde3, 4,5 trimethoxybenzalde hyde,8thoxy4-hydroxybenzalde hyde,
2,4-dihydroxybenzaldehyde -fiap hthalde hyde;2nethoxy naphthalde hyde;t8/droxy
naphthaldehyde and Anthrace®ecarboxaldehyde were used along with the -1,3
diketone,acetyl acetone.Metal salts used for the synthesis of metal complexes include copper
(I) acetatemonohydrate, nickel (Il) acetate tetrahydrate,zinc(ll) acetate and vanadium(lV)
oxide sulphate.Commercial solvents were distilled and used for synthesis.
3.2 Methodsfor synthesis of curcuminoid analogues and their metal complexes

Cu(l1), Zn(I),Ni(ll)  &VO(IV).
3.2.1 Synthesis of different curcuminoid analogues
Acetyl acetone (0.005mol, 0.5g) was stirred for ~ 1 hour with boric oxide (0.0035mol,

0.25g) to obtain acetyl acetob®ron complex. To this reaction mixture, the aldehyde
(0.01mol) dissolvedn dry ethyl acetate (7.5ml) containing tri(seatyl) borate (0.02mol,5.4
ml) were added and the temperature was kept abdi@. e reaction mixture was stirred
and while stirring routyl amine (0.1ml dissolved in 1ml dry ethyl acetate) was added drop
wise during 40min. Stirring was continued for an additional period of ~ 4h and the solution
was set aside overnight. Hot (°6) HCI (0.4M, 7.5ml) was added and the mixture again
stirred for ~ 1h. Two layers were separated and the organic layer was eitratiiesml

ethyl acetate. The combined extracts were evaporated and the residual pasty material was
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stirred with HCI for ~1h. The solid product separated was collected, washed with water and
dried in vacuum. The product obtained was a mixture ofdigiyl heptanoid and -aryl
hexanoid. The products obtained were quantitatively separated by column chromatography
using silica gel (60 120 mesh) as detailed below.

3.2.2 Separation and purification of 1,7diaryl heptanoids

The solid product obtained on adidation was dissolved in minimum quantity of
ethyl acetate and placed over the column densely packed with silica gel. The eluting solvent
used was 15 (v/v) acetone:chloroform mixture. As the elution proceeds, two bands were
developed in the column. Thdudon was then repeated by using a 1:2 (v/v) mixture of
acetone and chloroform and collected in aliquots, checked by tlc and the combined extracts
onremoving the solvent in vacuum yield -diaryl heptanoid in 60 70% yield. The isolated
1,7-diaryl hepanoids were recrystallised twice from hot benzene to get chromatographically
pure compound.

3.3 Synthesis of metal complexes with Cu(ll),Zn(11),Ni(ll) &VO(IV)

The Cu(ll) complexes were prepared by adding a methanolic solution of copper(ll)
acetate (2 ml, 0.001mol) to a solution of curcuminoid analogue ( 25 ml, 0.002 mol ) in
methanol and refluxed gently for 2 h. After reducing the volume to half, the solution was
cooled to room temperature. The precipitated complex was filtered, washed with 1:1,
methanol:water mixture and recrystallised from hot methanol. The Cu(ll) complexes were
synthesized and characterized.

The Zn(ll) complexes were prepared by adding a methanolic solution of
zinc(lacetate(25ml,.001mol)to a solution of curcuminoid analogue(2&3Rimol)in
methanol and refluxed gently for 2h. The precipitated complex was filtered, washed with 1:1,
methanol:.water mixture and recrystallised from hot methanol.

The Oxovanadium(lVV) complexes were prepared by adding a methanolic solution
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of vanadium(lV) oxidesulphatg25ml,.001mol) to a solution of curcuminoid analogue
(25ml,.002mol) in methanol and refluxed gently for 2h. The precipitated complex was
filtered, washed with 1:1, methanaater mixture and recrystallised from hot methanol.

The Ni(ll) complexes were prepared by adding a methanolic solution of nickel
acetate(25ml,.001mol)to a solution of curcuminoid analogue(25ml,.002mol)in methanol and
refluxed gently for 2h. The precipitated complex was filtered, washed with 1:1, methanol:
watermixture and recrystallised from hot methanol.

3.4 Characterisation of the ligands and metal complexes:

The ligands and metal complexes were characterized by various spectral and
analytical techniques. The spectral techniques involve IBY*H NMR,**C NMR,2D COSY
NMR,Mass spectra and ESR spectra for Cu(ll) complexes.Elemental analysis of compounds
were done to find C,H,S and metal percentage in them by Vario EL lll analyzer.The analysis
was carried out at STIC,Cusat.

UV-Visible Spectra

The absorption of dhation in the UWVis region of the spectrum is dependent on the
electronic structure of the absorbing species. UV spectra are characterized by two parameters,
the position of the maximum of absorption be
and * thérisitions can be achieved by energies in the-@00nm region. Only those
molecules are likely to absorb light in Wi s region which contains
electrons. The important transitions observed in the spectrum of analyzed compounds are
nY and “~Y * transitions. Absorbance spectros

VIS -1601 spectrophotometer.
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IR spectra
IR spectra is the absorption spectra of compounds that are a unique reflection of

their molecular structure.IR spectroscopy afien used to identify structures because
functional groups give rise to characteristic bands both in terms of intensity and position
(frequency).Molecules experience a wide variety of vibrational motions, characteristic of
their component atoms Compouralssorb IR radiations that corresponds in energy to these
vibrations. The IR spectra of synthesized compounds are characterized by bands
corresponding to C=0C=C phenyl, C=C alkenyl ,CH=CH trans groupsHGribrations etc.
The observed position and intégsof the bands in the spectra helps us to identify the
presence of hydrogen bonding, conjugation etc in the molecule. It helps to detect the
tautomeric structure of the compound. The position and intensity of the carbonyl stretching
band depends on the ofecular structure in its immediate vicinity and is useful in
characterizing the type of carbonyl function.IR spectra (KBr pellets) of compounds were
recorded on 8101 Schimadzu FTIR spectrophotometer.
'H NMR spectra

NMR spectroscopy is a research technique that exploits the magnetic properties of
certain nuclei. It relies on the phenomenon of nuclear magnetic resonance and provide
detailed information about the structure and chemical environment of molecules. Differen
functional groups are obviously distinguishable and identical functional groups with different
neighboring substituents give distinguishable signals. The position and nature of splitting of
the signals depends on the mode of the coordination, naturabstiteents and extent of
delocalization in the chelate ring. The position of functional groups like methine, enol,
alkkenyl and aryl protons can be identified in the spectrtffr®.The'H NMR spectra were

recorded on a Varian 300 NMR spectrophotometer.
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13C NMR spectra

The Carbon atoms of a molecule could be probed by NMR in the &h@n as
hydrogen atoms. Th®C NMR spectrum of a compound displays a single sharp signal for
each structurally distinct carbon atom in a molecule. The dispersidffchemical shifts
iIs nearly 20 times greater than that for protons, and this together with the lack of signal
splitting makes it more likely that every structurally and magnetically distinct carbon gives
only a single peak so that they can be easily ifletit In *3C NMR, chemical shifts appear
over a range 0 to 220ppm .Saturated carbon atoms, carbonyl carbon,alkenyl and aromatic
carbon atoms can be identified from their positions in the spectra. The carbonyl carbon
usually appears at the lowest fieldlues and have the largest chemical shifts due to the
electronegative oxygen attached to it which produces deshielding. Anisotropy is responsible
for the large chemical shifts of carbon in aromatic rifig®e *3C NMR spectra were recorded
on a Bruker, AVA007 AVANCE Il NMR spectrophotometer.
2D COSY NMR

Correlation spectroscopy is one type of two dimensional NMR spectroscopy which is
best known by its acronym,COSY.Two dimensional NMR spectra provide more information
about a molecule than one dimensioRMR spectra.In two dimensional experiments,there
are two coordinate axes representing ranges of chemical shifts.The signal is presented as a
function of each of these chemical shift ranges.The data are plotted as a grid, with two axes
representing chemicadhift ranges and third dimension constitutes the intensity of the
observed signal.The result is a form of contour plot in which contour lines correspond to
signal intensity?®.The two dimensional experiments includeH-correlation spectroscopy,
COSY andheteronuclear correlation spectroscopy ,HETC@RSY NMR spectra were

recorded using Bruker, AV 40BVANCE IlIl FT-NMR spectrophotometer.
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Mass Spectroscopy

Mass spectrometry has been an important analytical tool for many years.This works
by ionizing chemial compounds to generate charged molecules or molecule fragments and
measuring their mass to charge ratio.The x axis of mass spectrum is the m/z ratio(mass to
charge) and y axis,the ion abundance. The value of m/z at which the molecular ion appears on
the mass spectrum gives the molecular weight of the molecule.Fragmentation of the
molecular ion produces fragment ions at m/z values corresponding to their individual
masses.This technique gives idea about the molecular weight of a molecule and its
fragmentation pattern .The potential of mass spectroscopy in the structural elucidation of
coordination compound$®'2%? has been demonstrated by Chaston,Reid et al.Metal
compl exes o{dkewned mveibéen dtudied exiensively by electron impact mass
spectrometry. The FAB mass spectra were recorded on a Joeli1®X mass
spectrophotometer from CDRI, Lucknow, India.
C, H, N analysis

C, H, N analysis is very much important in studying the structure of organic parts in
metal complexes. £HN Analyzeris ascientific instrumentvhich can determine the
elemental composition of a sample. The analyzer usesnaustiorprocess to break down
substances into simple compounds which are then quantified, usuallynfiared
spectroscopyC, H, N analysis was done usigrio EL Ill analyzer. Metal percentage was
also calculated using standard methods.
ESR spectroscopy

Electron spin resonan¢&S R)spectroscopys a technique for studying materials with
unpairedelectrons The basic concepts of EPR are analogttushose of NMR, but it is
electron spins that are excited instead ofsgasofatomic nuclei EPR spectroscopy is

particularly useful for studying metal complexes. An unpaired electron can move between the
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two energy levels by either absorbing or emittinghaton EPR spectra can bgenerated by
either varying the photon frequency incident on a sample while holding the magnetic field
constant or doing the reverse. In practice, it is usually the frequency that is keptThed.
unpaired electrons are excited to a high energy statkeruthe magnetic field by the
absorption of microwave. The excited electron changes its direction of spin and relaxes into
the ground state by emitting phonons. Microwave absorption is measured as a function of the
magnetic field by ESR spectroscopy.1l,kedone copper complexes are popular for ESR
studies.
3.5 Thermogravimetric studies

Thermogravimetry (TG) is the branch of thermal analysis which examines the mass
change of a sample as a function of temperature in the scanning mode.TG is used to
characterize the decomposition and thermal stability of materials under a variety of
conditions and to examine the kinetics of the physicochemical processes occurring in the
sample. Thermogravimetric curves are characteristic for a given compound betahese
unique sequence of the physiochemical reaction that occurs over specific temperature ranges
and are function of the molecular structure. TG curves are normally plotted with the mass
change (e&em) expressed as a peatucdindramngé@)oon t he
the horizontal axis. A TGX*makes a continuous weighing of a small sample in a controlled
atmosphere as the temperature is increased at a programmed linear rate. The thermogram
illustrates the temperature at which the compobedins to decomposdgecrease in weight
loss, formation of intermediate compound,temperature of final decomposition etc. TG studies

were conducted using Perkin Elmer Diamond Thermal Analyser System.


https://en.wikipedia.org/wiki/Photon
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3.6 Magnetic studies

The magnetic moment is a ugefjuantity because it is related to the number of
unpaired electrons in a sample. An experimental magnetic moment can be calculated from the
following equation.

G =C x L (RRo)/W x10
[C = calibration factor, L = length of sample, R = samgleding , Ro = empty tube reading
and W = weight of sample]
Gn= g)Xemol.wt
e = 2,838 (6

Therefore by comparing actual to experimental values it is possible to determine the number
of unpaired electrons in a sample.The magnetic moments werainegassing Gouy type
magnetic balance.
3.7 Biological studies of Curcuminoid analogues and their Transition metal chelates
The biological studies conducted include Invitrocytotoxic studgyvivoantitumour
study,effect é compounds on solid tumour, Antibacterial and Antifungal studies. Materials,
cell lines, animals, chemicals etc employed in the studies are given.
3.7.1 Invitrocytotoxicity study
Materials

All reagents and chemicals used in the study are of agiaide.

Celllines:Dal t ons Lymphoma Ascites (DLA) and Ehrl

lines were obtained from the Adayar Cancer Research Institute, Chemtai, The cells
were maintainedin mice by intraperitoneal inoculation.The cells were ir@sp from the

peritoneal cavity of the mouse from théMday of induction of tumour cells.
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Preparation of Reagents:

Normal Saline: This was prepared by dissolving A.R.NaCl (0.85¢) in 100 ml distilled
water.Normal Saline is essential for preparing sadipension, as the osmotic pressure due to
it is isotonic with the fluids inside the cells and this will not cause death of the cell.

Phosphated Buffer Saline(PBS):It is used for maintaining the pH and isotonicity of
the cells, failing which the cells masapture during experiments. It is prepared by dissolving
NaCl (89),KCI(0.2g),NagHPO,.2H,0O(1.44g) and KEHPO4(0.29) in one litre distilled water.
Trypan Blue dye: Cell viability was determined using this dye which penetrates into dead
cells and makes theadtification of dad cells easier. It is preparbg dissolving 1 g trypan
blue in 100 ml distilled water.
Method
In vitro cytotoxicity studies were carried out using the diketonm&al complexes which are
dissolved in minimum quantity of DMSO. The tumour cells (DLA & EAC), aspirated from
the peritoneal cavity of tumour bearing mice after 15 days of inoculation were washed with
PBS (Phosphate buffered saline) and centrifuged a 1ot for 5 min. Cell viability was
determined by trypan blue exclusion method. Viable cells (3edis in 0.1 ml) were added
to tubes containing various concentrations of the test compounds (200, 100, 50, 20 & 10
eg/ ml) and the vol umsang MBS.sConnal tllee cantains oy cdll m
suspension. These mixtures were incubated for 3 h @@.3Further, cell suspension was
mixed with 0.1ml of 1% trypan blue and kept for32minutes and loaded on a
haemocytometer. Dead cells take up the bluewodf trypan blue while live cells do not
take up the dye.The number of stained and unstained cells were counted and percentage
cytotoxicity (cell death) was evaluated by Trypan blue dye exclusion method

% cytotoxicity= [No:of dead cells/ No:of deackls+No:of live cells] x 100
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3.7.2 Invivo antitumour studies
Cell linesEAC and DLA cell lines were maintained as ascites tumours in Swiss Albino
mice.The cells were aspirated ,washed thrice with PBS.The cells were suspended in saline
so as to get eell suspension of 1 million cells/ml.One ml of the cell suspension was injected
into the peritoneal cavity of fresh Swiss albino mice.The test animals were given normal diet
and within 1014 days ascites fluid that contain cancer cells were accumuiatéhe
abdomen.The animals grow with this tumour and die withii2@8days.These cells are
propagated regularly by transferring it to other normal mice as mentioned above and thus the
cell lines were maintained.
Animals: Swiss albino mice(B weeks oldweighing 2530 g,male) were obtained from the
Small Animal Breeding Station (SABS), Kerala Veterinary and Animal Sciences University,
Mannuthy, Thrissur, Kerala. They were kept in well ventilated cages under standard
conditions of temperature and humidityanimal house of Amala Cancer Research Centre.
The animals were provided with standard mouse chow (Sai Durga Feeds,Bangalore,India)
and waterat libitum. All animal experiments in this study were carried out with the prior
approval of the Institutional Aimal Ethics Committee (IAEC) and were conducted strictly
according to the guidelines of Committee for the Purpose of Control and Supervision of
Experiments on Animals (NACRC/IAEC/1601/(1) constituted by the Animal Welfare
Division, Govt. of India.
Preparation of drug suspension

For animal studies, drug suspension was prepared by using carboxy methyl cellulose
(CMC), ie, by dissolving 0.05 gm carboxy methyl cellulose in 10 ml distilled water. For
preparing the drug, 0.01 gm idiaryl heptanoids ahtheir metal complexes were dissolved
in 5ml of ethanol. Mix both solutions and keep the mixture in a water bath for evaporation of

ethanol to get the drug in the slurry form.
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The standard drug cyclophosphamide was prepared by dissolving 25mg/kg body
weight of mice in phosphate buffered saline (PBS) solution. About 0.01 ml of this std. drug
was given to each mouse for ten days.

Methods

Determination of the effect of compounds in reducing ascites tumour development

Groups ofSwiss Albino mice (5nos/groldipvere injected intraperitoneally with EAC

celis(1x16cells/animal).One group was kept as control: oral administration of 0.1ml of
distiled water /animal without drug treatment. Another group was kept as standard :
cyclophosphamide 25mg/kg body weight.| Ather groups of mice were simultaneously
injected (ip) with the test compounds in different concentrations (20 pg/ml,10pug/ml,5ug/ml)
from the second day of tumour induction upto 10 days.The animals were observed for survival
for 1 month from the 18 dayonwards and their increase in life span(ILS) was calculated using
the formulae,

[% ILS= {( Ti C )/ C} X 100, where T and C are mean survival of treated and control mice

respectively.]

Normal Swiss Albino mice

Tumour bearing mice .
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Determination of the effect of compounds on solid tumour developmén

Solid tumours were induced in groups of Swiss Albino mice (5nos/gp) by
subcutaneous injection of DLA cells on the right hind limbs.One group was kept as control
that is not treated with any drug, another group as standard ie given std. drug. Other groups
were simultaneously injected (ip) with the test compounds (200 pmol/kg body weight) and
continued for 10 days.Tumor diameter was measured every third day for 1month and the
tumor volume was cal cul a’ &whereusridm are thehminorf or mu |
and major radii respectively.
3.8 Antibacterial assay (Agar well diffusion method)
Agar plates were prepared using steviieller
-Hinton (MH) agar medium. Bacteristrains
of Escherichia Coli,Klebsiella Pneumoniae
and Bacillus Subtilisof 24 h culture were
evenly spread into the surface of the agar
plates using sterile swab sticks. Wells were cut

into agar plates with sterile gel puncture. The

curcuminoid analogues and their metal
chelates in the concentration 5 mg/mDMSO were added in the wells. The pure solvent
DMSO act as negative control and streptomycin (5mg/ml) served as positive control. The
plates were incubated at%®7for 24 h and observed for zones of inhibition. The antibacterial
activity was measured terms of mean diameter of the zone of inhibition in mm.
3.9 Antifungal activity by Kirby Bauer or Disc Diffusion Method
Antifungal test was carried out by disc diffusion method. The fungal cultures were
maintained in Sabouraudés Dextrose broth. E

plates using sterile swabs. Sterile filter paper discs of 3mm diameter were piatke
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surface of SD agar plates at a distance of 2cm using sterile forceps. 2 % DMSO was used to
dissolve the drug, which was found to have no adverse effect on the fungal cultures. Drugs of
different concentrationgl00,250,500ug/mljwere added on eaadisc with a micropipette.
Disc with DMSO but, without drug was used as control. Then the plates were incubated at
room temperature for-3days. After incubation, zone diameter in mm was measured.
Media used and their composition

Muller Hinton Agar Melium (1 L) The medium was prepared by dissolving 33.9 g of
the commerciallyavailable Muller Hinton Agar Medium (HiMedia) in 1000ml of distilled
water. The dissolved medium was autoclaved at 15 Ibs pressure atfd218minutes. The
autoclaved mediunwas mixed well and poured onttOOmm petriplates (2830ml/plate)
while still molten.

Nutrient agar mediavas used for maintaining pure fungal / bacterial culture and to
lawn the fungus / bacteria for detecting the anti microbial activity. It was prepared b

dissolving peptone (1g), meat extract (0.5g), NaCl (0.5g) and agar (2.59) in distilled water

(100ml) and adjusting the pH of the mediumto v.Z . 4 using 10% NaOH.

Dextrose broth was used for maintaining pure culture for fungi samples. prepared by
dissolving peptone (19), -Blucose (4g) and agar (2.5g) in distilled water (100ml) and
adjusting the pH of the medium about 5.6.0 using 10% HCI. A suspension of fungal /
bacterial spores in normal saline (by dissolving 0.95g of NaCl in Idiétiled water) was

used for lawning / spreading. Solutions of the test compounds were prepared in DMSO and

for sterilizing, all the media used were autoclaved af@Zar 20min.

rnm
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SECTION |

SYNTHESIS AND CHARAC TERIZATION OF
1,7-BIS(2-METHYL PHENYL)1,6-HEPTADIENE -3,5DIONE AND 1,7-
BIS(2,5DIMETHYL)1,6 -HEPTADIENE -3,5DIONE

1.1.1 Synthesis of methyl substituted 1idiaryl heptanoids

The 1,7 diaryl heptanoids with monomethyl and dimethyl substituted phenyl rings were
synthesized by the condent®n of aldehydes, {Pnethyl benzaldehyde and 2,5 dimethyl
benzaldehyde) with acetylaceteheron complex (prepared by stirring acetyl acetone and
B,Os for 1 hr)in ethyl acetate medium in presence of trisatyl) borate and 4butyl amine

as condensing agent. The reaction leads to the formation ofdiatytheptanoid which is
formed by the condensation of two equivalents of aldehyde with one equidlacetyl

acetone.lt is represented in a schematic wecimeme 1.1.1.

=]
Ry !
CHO H;C CH; OHC
T T
O o
=3
R, :

13.—R1=CH3_.RJ=H 1b—R1=CH3_.RJ=CH3

t-butyl borate’ n-butyl amine

Scheme 1.1.1
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The products 1;:bis(2methyl phenyl)heptd,6-diene3,5-dione(la) and 1;bis(2,5
dimethyl pheny)l heptal,6-diene3,5dione(1b)were purified by column chromatography
over silica gel (60 120 mesh ) using 4:1 (v/v) chloroform:acetone mixture as the eluent and
recrystallised twice from hot benzene to get pure crystalline material. The aldehyderused f
synthesis, structures of the compounds prepared,its systematic name, and yield are given in
Tablel.1.1.

Table 1.1.1 Synthetic details of methyl substituted 1,dipheny| heptanoids

Aldehyde Yield
Compound |  used for Structure of Ligands Systematic name | o
Synthesis
la | 2methyl / \ lﬁ?'}{’lf'meﬁl i
henzaldehye pact y) f_'ptEl ~
L el L diene-3.5-dione
1, 7-bis(2,3-
1b 1,5-dimethyl dimethyl phenvl) | 73
benzaldehyde hepta-1,6-diene-
3.5-dione

Both the compounds la & 1b are coloured poomds,orange and yellowish
respectively, crystalline in nature and show sharp melting points. They were obtained in good
yields nearly 62 and 75% respectively. They are readily soluble in organic solvents like

acetonegthanol,methanolchloroform. The oberved C, H percentage and molecular weight
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determination (Tablel.1.2) together with mass spectral data of the compounds clearly suggest
the formation of biscondensation product.

Table 1.1.2 Analytical & UV spectral data of 1a & 1b

g MP.(°C) Elemental analysis (%) Molecular uv

3 .

S c H weight & ma X
€ (nm)

8 Found/(Calculated)

la 123 81.91(82.89) 6.19(6.57) 302(304) 276, 387

1b 159 82.45(83.13) 6.95(7.22) 331(332) 281, 393

1.1.2. Characterisation of methyl substituted 1,i7diaryl heptanoids

The compounds 1;Bis(2methyl phenyl)heptd,6-diene3,5-dione(la) and 1;7
bis(2,5dimethyl phenyl) heptd,6-diene 3,5 dione(1b) synthesized were characterized using
various spectral techniques like UV, I& NMR, *C NMR,2D COSY NMR andVass
spectra. The spectral data of synthesized ligands are discussed below.
UV spectra

The UV spectra of the compound 1la in methanol show two absorption maxima at
387nm &276nm respectively due to the® iz and“ © “ z transitions (Tablel.1.2). The
value & 270-300nm are due to © “ z transition and at 36d60nm are due t®° “ 2
transitions based on earlier reports. The pre
of carbonyl absorption maxima.The high energy band at 276nm is dug t6 z transiion
of the fully conjugated system.Th&)V spectra of the compound 1b in methanol show two
absorption maxima at 393nm &281nm respectively due to the “ A and “ © “ z

transitions (Table1.1.2).The UV spectra of 1b is given below (Fig.1.1.1).



nm

Fig.1.1.1 UV spectra of 1,7bis(2,5dimethyl phenyl) hepta-1,6-diene-3,5-dione

IR spectra

In compoundsla & 1b, the position and intensity of the carbonyl stretching frequency

depends on the molecular structure in its immediate vicinity and is usefbaracterizing

the type

these molecules can be very well established using IR spectroscopy (Table 1.1.3)

of car bonyli ufsatuated 1,3adiketo moidy peeseet rinc e

Table1.1.3 IR spectral data of methyl substituted 1,7-diarv] heptanoids
Compounds
Probable IR assignments
la 1b
1625 1622 V(C=0) chelated
1598,1571 1564,1554 V(C=C) phenyl
1545 1 V(C-C) alkenvl
1516 1496 V .(C-C-C) chelate ring
1452 1430 V,(C-C-C) chelate ring
1134,1041 1132,1067 B(C-H) chelate ring
970 968 V(CH=CH) trans

47
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IR spectra of 1a and 1b are characterized by the presersteornd bands at 1625
cm?! and 1622 cm respectively due to the enolised conjugated C=0O group. The stretching
frequency of acetyl carbonyl group and carbonyl stretching frequency of aroyl group are at ~
1710 crit and at ~ 1660 cthrespectively. The €0 frequency decreases due to hydrogen
bonding and increased conjugation. There is no other band in the regior18GOG T
which is assignable due to free or bound C=0 group.This shows that the compound exist in
the intramolecularly hydrogen bondedéa form.

In the spectra, the intramolecular hydrogen bonded enolic group shows a broad band
in the region 255600 crt. There are a number of medium intensity vibrations observed
in the region 105450 cnit due to various stretching vibrations détphenyl group, alkenyl
& chelate ring.The band in the region 970 and 968 is assigned to the trans CH=CH vibrations.
The IR spectrum of compound 1a is given below in Fig.1.1.2.

IR spectrum of compound 1b is depicted in Fig.1.1.3.

>’ 1 |

'r A
A il
W 37513
[33159 >
1
, R148.6 )

wpree
R s

0.0 — : ‘w \

40.0 -

4000.0

Fig.1.1.2 IR Spectrumof 1,7-bis(2-methyl phenyl) heptal,6-diene-3,5dione
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Fig 1.1.3 IR Spectrum of 1,7-bis(2,5dimethyl phenyl) hepta1,6-diene-3,5-dione

'H NMR spectra

The 'H NMR spectra of methyl substituted igiaryl heptanoids also supports the
enolic structureof the compound. The peaks corresponding to enolic, methine, alkenyl,
methyl and phenyl groups can be observed in the speckabi( 1.1.4).Ligands1la & 1b
displayed a one proton singlet at ~ 16ppm assignable to strong intramolecularly hydrogen
bonded enlic proton. Another one proton singlet at ~ 5.8ppm can be assigned to the strong
intramolecularly hydrogen bonded methine proton. The various proton signals observed in

the spectra are given in Table 1.1.4
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Table 1.1.4 'H NMR spectral data of methyl substituted 1, Zdiaryl heptanoids

é Chemical shifts (0 pp
3

£

8 Enolic Methine Alkenyl Phenyl Methyl
1a | 16.025 5.838 6.5207.954 | 7.07:7.415 2.463
1b | 15.941 5.835 6.5367.977 7.1997.269 22‘1‘;’

The aryl protons show signals in the region 7.Z.5ppm and the alkenyl protons

show signals in the region of 6i58.0ppm. The methyl group on aryl ring in 1a showed a

signal at 2.463 where the two methyl groups on aryl ring of 1b are present a2.4 pgam.

The’H NMR spectra of1a and 1b are brought oWig1.1.4 & Fig.1.1.5respectively.
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13C NMR spectra
The 13C NMR spectral details of 1a & 1b are given in Table 1.1.51.&.6

respectively. The peak corresponding to methine (C1) carbon is present at positions 106.58 &
101.82ppm respectively. Here also there is a possibility of-&etd tautomerism which
makes the shift of C1 carbon to ~ at 200ppm. C2 carbon of carbopsgdes at a position at~
190ppm. The alkenyl carbon are present at a position nearer to the phenyl ring system. Out
of the two alkenyl carbon C3 is downshielded and is present ~ at 139ppm. The aromatic
carbon atoms are present between 12540 ppm.}*C NMR spectra of la & 1b are
reproduced inFig.1.1.6 & 1.1.7.

Structure representing different carbon atoms in la.

Table 1.1.5 '*C NMR spectral data of 1a (chemical shift in ppm)

C1 cC2, C2 cC3,C3 C4,C4 C5,CHC6, (

106.58 196.67 139.3,138.7 | 124.4,124.1| 133.1,134.4| 140.34

c7,C7 c8, C8 cg9,C9 Ci10,C] C11, C

131.7,130.1 | 128.8,128.4| 126.88,125.9 | 132.1,132.6 | 29.29,31.12

In 1a & 1b the carbon which is attached to the alkenyl carbon atom (C5) is down
shielded and present at a position ~ at 134ppm. The methyl carbon on the aryl ring of 1a is
present at a position ~ at 30ppm whereas two methyl carbons of 1b are present at postions
20.9 & 19.3 respectively. The carbon atom(C6) which is attached to megtbyp is

downshielded and is ~ at 140ppm.
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Structure representing different carbon atoms in 1b.

Table 1.1.6

13C NMR spectral data of 1b (chemical shift in ppm)

Ci1 cC2,CZ2 C3,C3 C4, C/4 C5,C5 C6, C
101.82 183.48 138.33 126.76 133.92 135.72
cr,C3y C8,Cq C9,C9g C10,cC €Cc11,cCc1Cc12, ¢
130.81 130.77 134.92 124.82 20.98 19.33

55



56

q1 Jo wnadads PN ¢y LI 181

SL 094 0L+ 08k 064 002
- ‘—a B B NS - N PN | PP i
Y
|

1—1 |

0

5 SEhh =
” ..AL ”h, ML < -4 vl .I.-
N D » w « N ENEXE SR x
: ) e~ .~ y & -~

uys0) JIVS

(S-LS)TO-H6ITICIINNAIVS




57

2D COSY NMR
2D HB6 COSY NMR spectrum of 1b (Fig. 1.1,
information to the!H NMR spectrum. On comparing the spectrum with that of Fig.1.1.5, it
was found that methine, alkkenyl, phenyl and methyl protons are exactly at the same position
as mentioned earlier.
2D iICH6 COSY NMR spectrum of 1b wd8&al so
1.1.10. On comparing tH€C NMR spectrum of 1b , the values of the methine and alkenyl
carbon atoms were ascertained. The methine carbon atom has a value 101.82ppm, apart from
the usual value of ~ 50ppm. This is because the carbon atom is flagtkeekln two carbonyl
groups. Out of the two alkenyl carbon atoms the C3 carbon has a value of 138.33ppm and C4

has a value of 124ppm. This is very clearly established by the COSY NMR.

SAIFNM150310A-05(C1) H'-H' COSY ' SATK

DR | IUUM L1

L

|
I

8

& )

A;u_ﬂJﬂLLLl o

"_..
-l

10

N R |
10 9 8 7 6 5 4 3 ppm

-

Fig.1.1. 8TH6 COSY NMR HOopectrum of 1b
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Mass spectra

The most important application of mass spectra is in the determination of molecular
weight of compounds. The molecular ion peaks as well as fragmepe @ks are observed in
the spectra. The mass spectra also gives idea about the various fragmentation modes of the
compound. The mass spectra of both compounds showed intense molecular ion peaks.
Elimination of important groups like GHC,H»,GH,O,CH,=C=0 from the molecule gives
different fragments .Important peaks appeared in the spectra of compounds can be
conveniently accounted by the fragmentation pattern as shown in (Scheme 1.1.2) and the
values are brought out in Table 1.1.7.

Table 1.1.7 Masspectral data of 1a & 1b

Fragments* | Ligands Mﬁm 1 A B C D E F G H
la
Mass 305 165 | 145| 105 | 123 | 90 | 115 | 214 | 186
pattern 1b 332 173 | 159 | 115 | 128 | 106 | 127 | 227 | 202

*The alphabets corresponds to the fragments giv&tieme 1.1.2
The (M+1) ion of 1a is observed at 305 and the M+ ion of 1b is observed at 332. Other
important peaks of 1a &1b are due to fragment ion peaks which can be explained from their
fragmentation patterns.Mass spectrum of 1a and 1b are giveig.ihl.11and Fig.1.1.12
respectively In the mass spectrum of 1a,there is an intense molecular ion peak at 305.The
base peak is observed at 145 which is due teGArFCH COJ+(Ar=2-methyl phenyl). The
peak at 115 is due to [AEH=CH]+ and at 105 is due to [AZH]+. In the mass spectrum of
1b,the molecular ion peak is observed at 332.The base peak is observed at 159 and can be
assigned to the peak of F&H=CHCO]", (Ar=2,5-dimethyl phenyl). The peak at 299 is
due to the removal of 2 oxygen atoms from the moledalaThe peak at 173 is due tofAr

CH=CH-CO-CH]+.
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Scheme1.1.2 Ar => 2-methyvlphenyvl,
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SECTION-II
SYNTHESIS AND CHARACTERISATION OF TRANSITION METAL

CHELATES OF METHYL SUBSTITUTED 1,7 -DIARYL HEPTANOIDS

1.2.1 Synthesiof metal complexes of methyl substituted 1;diaryl heptanoids

Copper(ll), Zinc(I1),Nickel(Il) and Oxovanadium(lV)complexes of dhB(2methyl
phenyl)heptal,6-diene3,5dione(1a) and 1;bis(2,5dimethyl phenyl) heptd,6-diene3,5
dione(1b) were synthe=d by the following general method.

To a refluxing solution of the diketor{®.002 mol) in methanol(25ml),an aqueous
solution of metal salt (0.001mol)jwas added and the reaction mixture was refluxed for nearly
2 hrs and cooled to roommperature. The precipitated complex was filtered, washed with
1.1, methanol:water mixture and recrystallised from hot methanol.

Preparation of Cu(ll) complex of the ligands

The Cu(ll) complexes were prepared by adding a methanolic solution of
copper(llaetate (25 ml, 0.001mol) to a solutond &1b (25 ml, 0.002 mol) in methanol
and refluxed gently for 2 h. After reducing the volume to half, the solution was cooled to
room temperature. The precipitated complex was filtered, washed with 1:1, methanol:water
mixture and recrystallised from hot methanol
Preparation of Zn(Il) complex of the ligands

The Zn(ll) complexes were prepared by adding a methanolic solution of zinc acetate
(25 ml, 0.001mol) to a solution dfa&lb (25 ml, 0.002 mol) in methanol and refluxed
gently for 2 h. After reducing the lume to half, the solution was cooled to room
temperature. The precipitated complex was filtered, washed with 1:1, methanol:water mixture

and recrystallised from hot methanol.
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Preparation of Ni(ll) complex of the ligands

The Ni(ll) complexes were prepared by adding a methanolic solution of nickel(ll)
acetate (25 ml, 0.001mol) to a solution td &1b (25 ml, 0.002 mol) in methanol and
repeating the above procedure.
Preparation of Oxovanadium(lV) complex of the ligands

The VO(IV)complexes were prepared by adding a methanolic solution of
vanadium(IlV)oxide sulphate (25 ml, 0.001mol) to a solutioha®1b (25 ml, 0.002 mol) in
methanol and refluxed gently for 2 h. After reducing the volume to half, the solution was
cookd to room temperature. The precipitated complex was filtered, washed with 1:1,

methanol: water mixture and recrystallised from hot methanol.

The reaction involved in the formation of complexes is represented below in Scheme 1.2.1

M (acetate)y  M={Cu.Zn Ni)

Vanadum(IV) oxide sulphate M=(VO (IV))
A
+ J /f Plalh \\. Ar

— coo
i/ \ Ox“ A
) q/ \?
0 0 L
Ar ‘.\\a o ..-"'"’ Af

Scheme 1. 2.1
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1.22 Characterisation of metal complexes of methyl substituted 1;diary!l he ptanoids

Transitionmetal chelates (Cu, Zn,Ni, Vanadyl) of ligarkis& 1b were characterized
using physical,analytical and spectral datas. Elemental analysis (C, H and metal geg)enta
physical data & spectral data of metal complexes of 1a &1b are given in Table 1.2.1 and
Table 1.2.2 respectively. The datas given below suggest a dwtichiometry for all

complexes prepared. Magnetic moment measurements show that Ni(ll)complexes are

diamagnetic. Cu(ll),VO(IV) chelates show paramagnetic moment.

Table 1.2.1  Analytical and spectral data of metal complexes of 1hi&(2-methyl

phenyl)he pta-1,6-diene-3,5-dione

Elemental analysis (%)

Characteristic IR

[%)]
]
s Heit stretching
Q Found/(calculate d) uv bands (cni)
S | MP.
S 0 BM & ma
o (C) (nm)
= C H Metal (C=0) | (c-CC) | (M-O)
7528 | 5.67 | 948 | 176 | 279 464,
Cu(ll 161 1598 1522
(76.43) | (5.81) | (10.01) 389 415
75.82 | 5.71 8.82 | 280, 465,
Ni(l) | 165 1595 | 1516
(76.33) | (6.39) | (9.04) 390 426
75.06 5.65 9.74 282 465,
Zn(ll) | 160 1592 | 1520
(76.21) | (6.34) | (10.20) 392 433
73.15 5.01 7.95 1.78 281, 456,
VO(IV | 167 1585 1521
(74.88) | (5.65) (7.49) 393 428
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Table 1.2.2 Analytical andspectral data of metal complexes of 1;6is(2,5dimethyl
phenyl)he pta-1,6-diene-3,5-dione
Elemental analysis (%) Characteristic IR
uv stretching
M.P. Found/(calculated) bands (cn)
Metal o> ma
chelates °C)
C H Metal nm (C=0)| (C-CC)| (M-0)
75.9 6.23 8.65 284, 460,
Cu(ll) 175 1608 1523
(76.085) (6.340) (8.75) 394 430
76.4 6.02 8.04 286, 465,
Ni(Il) 179 1602 1513
(76.59) (6.38) (8.14) 395 435
74.93 6.21 8.89 289, 470,
Zn(Il) 182 1610 1526
(75.88) | (6.323) (8.99) 397 420
75.5 6.21 6.81 290, 479,
VvOo(Ilv) | 183 1611 | 1532
(75.72) (6.310) (6.98) 398 438
UV spectra

The UV absorption bands of the ligands were almost unaffected by complexation with

metal ions. The spectra of complexes closely resembles the specspedtive ligands. So

there is no much change in the structure due to complex formation. There is a bathochromic

shift of absorption maxima to longer wavelength which indicate the involvement of the

carbonyl moiety in chelate formation. For comparisthe, UV spectra of ligand 1b and its

Cu(ll) complex is shown in Fig 1.2.1
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Fig 1.2.1 UV spectra of 1b and its Cu(ll) complex

IR spectra

The absence of a strong band in the region 488D cm is one characteristic
feature of the metal complex. But the peak due to intramolecularly hydrogen bonded carbonyl
group which is present at ~ 1630 ¢mlisappeared and a new band appeared at ~ 1595 cm
The new band can be assigned to the metal codedlirarbonyl group .The replacement of
enolic proton by a metal ion is also evident from the absence of the broad band in the region
of 2600-3500 cnitt present in the ligand. The IR spectra of Cu(ll) complekinfs depicted

inFig.1.2.2

The spectra offie complexes also showed two medium intensity bands in the region
of 4007 490 cmtd u e t-@ vibratidns. This also gives evidence for complex formation.
There is no change in the nature of alkenyl carbon as evidenced by the peak in the region at ~

1520cm*.Trans CH=CH vibrations are observed in the region 968 cm
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Fig 1.2.2 IR spectrum of Cu(ll) complex of 1b

'H NMR spectra

The main feature of NMR spectra of metal complex is the absence of singlet signal at
a ~ 16ppm which was due to the enolic prot
replacement of enolic proton by metal atom in metal complexes. The phenyl amylalk
protons are not altered much since they are not involved in metal complexation. There is a
slight shift of methine signals to the downfield of the spectra. Thus the spectra of ligand and

complexes are much similar except those of enolic proton.!FINMR spectra of Ni(ll)

complex of ligand 1ais givenin Fig 1.2.3.
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Mass spectra

In their mass spectra, all the complexes showed relatively intense peaks at m/z
corresponding to M4 stochiometry, where M is metal and L is ligand. Mass spectral
fragments are another important tool in elucidating the structure of metal complexes. In all
the cases [M4]+ ion,the molecular ion peak is observed in the spectra. Smaller groups like
O, OH,CH etc. are also eliminated.

It was found that some fragments rearrange to form stable cyclic species as shown in
the Scheme. The mass spectral analysis shows that stepwise removal of aryl groups is a
characteristic feature of all the complexes. Peakstal(iglL]+ ,L+ and fragments of L+ are
also detected in the spectrum .The fragmental patterns of the metal chal&teld follow
the Scheme 1.2.2Mass spectrum o€u(ll) complex of 1ais given inFig.1.2.4andNi(ll)
complex oflb is given inFig.1.2.5 The mass spectral details of metal chelates of the ligands
are tabulated in Table.1.2.3 & Table 1.2.4.
Table 1.2.3 Mass spectral fragme ntal pattern of metal chelates of Iig(2-methyl

phenyl)he pta-1,6-diene-3,5-dione

M+/
M+1)/
Fragments Metal (
J chelates (M+2) A B c D E
on
Cu(l 671 | 489 | 369 | 121 | 307 | 186
Zn(1n 660 | 487 | 367 | 121 | 305 | 182
Mass
Pattern Ni(IT) 664 | 482 | 362 | 121 | 300 | 179
Vo(v) 672 | 490 | 370 | 121 | 308 | 188

*The alphabets corresponds to the fragments giv&atiemel.2.2



71

I QUOIP-S E-2UIP
~o*1-erdaq(jiuayd Ayowmi-7)siq-2°1 Jo xapdwod (ypn) jo minayodads ssejy $£°7°1 511

&.&\.

as9
A 1 A

=B~ DU TOCrI ot s,

Tt
V4
\



72

The peaks in the mass spectrum of Cu(ll) complex of compound 1la may be explained
with the help of Scheme given below.The peak at 671 is due to M+2 ion peak.The peaks at
489 and 307 are due to the removal of two and four aryl groups respectivalyttie
molecular ion peak.The peak at 591 is due to the removal of Cu and oxygen from molecular
ion. The removal of eH, group from the fragment ion (A) gives a peak at 460.The peak at
154 is the base peak.The peaks at 154,145,137 are the fragmeatksngd the ligand
which can be identified in the mass spectrum of the ligand.The peak at 120 is due to the

cyclic species given in the scheme.

Table 1.2.4 Mass spectral fragme ntal pattern of metal chelates of 1hi5(2,5dimethyl

phenyl)he pta-1,6-diene-3,5-dione

2 M+/

e M+1)/

S Metal (

8 chelate (M+2) A B c D E

T ion
cu(ll) 726 516 395 121 306 | 185

Mass

Patlem | 7 728 518 397 121 308 | 187
Ni(IT) 721 511 390 121 301 | 180
VO(IV) 729 519 398 121 309 188

*The alphabets corresponds to the fragments giv&tireme 1. 2.2
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In the mass spectrum of Ni(Il) complex of h%(2,5dimethyl phenyl)heptd,,6-diene 3,5

dione ,a very intense molecular ion peak is observed at 720.The next inte nsesgeaikais

333 which is due to the ligand.The peak at 510 is due to the fragment ion formed by the

removal of 2 Aryl groups (Ar=2;8limethyl) rom the molecular ion.The peak at 301 is

formed when 4 aryl groups are removed from the molecular ion.

N
\ﬂfn

=
=

Scheme 1.2.2

The observed UV, IR'HNMR and Mass spectral data clearly reveals that metal

chelates of Cu,Zn,Ni &Vanadyl are having M&toichiometry(metal ligand ratio is 1:2).The

confirmed structure of metal chelates is given below.

Ar

Ar



75

THERMOGRAVIMETRIC ANALYSIS

Thermogram of 1,7-bis(2,5dimethyl phenyl)heptd,6-diene3,5dione and its Cu(ll)
complex are represented below in Fig.1.2.6 and Fig.1.2.7 respectively.Thermogravimetric
analysis were done in the temperature rang® 89 73% and at liquid nitrgen
temperature.The thermogram of the ligand shows a two stage decomposition pattern .The
compound is stable upto 18@nd then the decomposition begins slowly with a sharp drop in
the mass (31.5%) up to about 337°7Bhis corresponds to the removal afaryl group from

the compound.The second stage of decomposition continues to a temperatur8vaiffs50

mass loss of 68% which is due to the removal of second aryl group.The peak temperature in

DTG is at 393.16.The final product was found to be anlagsoup.

Filename: D:ASAIF DATALZ \SAIFDT1502811A-01(T1).stad
Operator 10
Sample ID: SAIFDT150811A-01(T1)
Sample Weight: 23.104 mg
Comment:
PerkinElmer Thermal Analysis
2400 3 r 0.1838
- F 0.0
22 o I S—
™
r-02
20
04
184
0.6
164
I g
. r-oe @2
g7 =1
]E“ 1.0 §
5 =
Z 124 E
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12 8
104
-14
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1.8
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18
33776 °C l:lr -
4 -1.863 mgimin T/ 3g310°C .
\.|/ -1.996 mg/min - - - Lon
205 T T T T T T T -21m
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Fig.1.2.6 = Thermogramof 1b
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Filename: D:ASAIF DATANZ..\SAIFDT150811A-02(T2).stad
Cperator ID:

Sample 1D: SAIFDT150811A-02(T2)

Sample Weight: 2228 mg

Comment:

PerkinElmer Themmal Analysis
237 r 0.05708
- 0.05
224

204

- 0.00

=]
=
=

Wesght (mg) - - -
Pa
T
=]
=

A

Dearivative Wiesgiht {mgfimin )

101 VARSI TP b
' / 0118 mg/min

0.8+

0.6+

r-0.20

4 300140/
20,222 malhin

0.2354 T T T T T T 0.2373
39.67 100 200 300 400 500 300 700 7288

Tamreratirs (*C1

Fig.1.2.7 Thermogram of Cu(ll) complex of 1b

The thermogram showed a two stage decomposition pattern.The first stage of decomposition
is between 22band 358 with a peak temperature at 30D.The loss of one ligand occurred

in this step.The % mass loss (45.6%) during decomposition of one of the ligand from the
complex agrees well with the theoretical value.The second stage of decomposition begins at
350 ° and continues upto 450 with a peaktemperature of 39F.This is due to the
decomposition of the second ligand according to the mass loss percentage(91.1%).The end

product appears to be CuO since the mass loss from TG curve agrees well with theoretical

value.
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ESR Spectrum of Cu(ll) complexof 1,7-bis(2,5dimethyl phenyl)hepta-1,6-diene-3,5

dione

The basic object of ESR studies in the transition metal complexes is to obtain as much
information as possible about the mettaligand bond, the unpaired electron distribution and

the order of th energy levels.It has been demonstrated that the effectiveabin coupling

constant and nuclear hyperfine structure of an ion will vary with the covalent character of
metalligand bond.Complexes of Cu(ll),a° dnetal ion is very well studied using ESR
Spectra.Cu(ll) with a nuclear spin of 3/2 gives rise to a clearly resolvable nuclear hyperfine
structure.

The esr spectrum of Cu(ll) complex of 1b in DMF solution at 77K is given in Fig.1.2.8.In
general complexed Cif ion in solution exhibits four hypéne lines in its esr spectrum.The

o// and g, values were found from the spectrum to be 2.2734 and 2.06180 respectively. The
observed g values indicates ¢gxhQuangesystemandondir
the metalligand bond has considerablevatent character. The solvent used for measuring the
spectra is a strongly coordinating solvent and therefore the geometry of the complex may
change.So the observed values cannot be interpreted as due to a square planar copper
complex.So it is likely thathe geometry of the complex will be tetragonally elongated

octahedron.
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Fig.1.2.8 ESR Spectrum of Cu(ll) complex of 1;Bis(2,5dimethyl phenyl)hepta1,6-

diene-3,5-dione
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SECTION I
ANTITUMOUR STUDIES O F METHYL SUBSTITUTED 1,7-DIARYL

HEPTANOIDS AND THEIR TRANSITION METAL CO MPLEXES

This section describes the antitumour activities of methyl substitutedidryl heptanoids

namely 1,7bis(2 methylphenyl)heptd,6-diene 3,5 dione(la)& 1,7-bis(2,5dimethyl phenyl)

heptal,6-diene 3,5 dione(b)and their metal complexes [Cu(ll),Zn(11) ,Ni(IN&VO(IV)]. The

cytotoxicity of both ligands and their transition metal chelates were studied by different

methods. The methods adopted are giveawel

1)In vitro cytotoxicity study against EAC cells by Trypan blue exclusion method

2)In vitro cytotoxicity study against DLA cells by Trypan blue exclusion method

3)Determination of the effect of compounds in reducing ascites tumour development in
mice(In vivo cytotoxicity study)

4)Determination of the effect of compounds on solid tumour development

1.31.In vitro Cytotoxic studies of 1,7bis(2-methyl phenyl)hepta-1,6-diene-3,5dione(1a)

and their metal complexes[Cu(Il),Zn(l1),Ni(l) & VO(IV)]

Cytotoxic studies were done using -hig(2 methyl phenyl)heptd,6-diene 3,5 dione(La)

and its metal complexes towards tumour bearing cells DLA & EAC using trypan blue
exclusion method. The synthetic curcuminoid analogue and its metal chelates wdvedlisso

in  minimum quantity of DMSO.The test compounds were taken in different
concentrations(:2 0 0 € g/ ml )and the solution was dil u
ml stock solution containing nearly 1 million cells)was added to tubes containingediffe
concentration of the test compounds.These assay mixture was incubated for 3 hrs at
37°C.Then the cell suspension was mixed with 0.1ml of 1% trypan blue dye and kept for 5

mts and loaded on a haemocytomelidad cells take up the blue colour of trypan blue while
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live cells do not take up the dye.The number of stained and unstained cells are counted and

% cell death is found. The results of cytotoxic activity are giveraible 1.3.1.

Table 1.3.1.In vitro Cytotoxic studies of 1,7bis(2-methyl phenyl)hepta-1,6-diene-3,5

dione(L1) and their metal complexes towards EAC

Drug % Cell death
Con. .
eg/n L, Cu(Ly). | Zn(L 1), Ni(L 1)2 VO(L 1),
200 26 63 44 48 53
100 19 46 30 31 39
50 14 27 18 20 26
20 8 13 9 10 11
10 2 8 4 5 6
70
60 =

50 /./
40

—6—HL1

=
§ 30 - —B—Cu(L1)2
8 20- - Zn(L1)2
< / —eNi(L1)2
o 10 _

—5—VO(L1)2

0 v T T T T 1
0 50 100 150 200 250

Drug Concentration

Fig.1.3.1. In vitro Cytotoxic studies of 1,7bis(2-methyl phenyl)hepta1,6-diene-3,5

dione(HL1) and their metal complexes towards EAC
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Comparing the ligand and its metal complexes ,it is observed that all the metal

complexes are more cytotoxic than the ligand .Among the metal complexes,Cu(ll) showed

enhanced cytotoxicity towards EAC cells.All the test compounds possessed maximum

activity

at

higher

concentration namely 200

concentration of the compounds increases % cell death produced increases.For a given

concentration 200

€ g /[ ml

t he

% cVPliWwt oxi ci

complexes were 26,63,44,48 and 53% respectively.The Zn and Ni complexes showed

comparable activity with respect to EAC cells.For metal complexes the cytotoxic nature

follow the order Cu(l1)>VO(IV)>Ni(ll)>Zn(ll).

In vitro Cytotoxic studies ofla and their metal complexes towards DLA are given in

Table.1.3.2 & Fig 1.3.2.

Table 1.3.2 In vitro Cytotoxic studies of 1,7bis(2-methyl| phenyl)hepta-1,6-diene-3,5

dione(L;) and their metal complexes towards DLA

Drug Con. % Cell death
e g/ ml La Cu(L,), Zn(L4), Ni(L 1), VO(L 1),
200 31 70 47 50 58
100 23 50 32 35 45
50 18 29 20 25 27
20 10 15 12 13 14
10 2 9 6 7 8
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Fig 1.3.2 Invitro Cytotoxic studies of 1,#is(2-methyl phenyl)hepta1,6-diene-3,5

dione(L;) and their metal complexes towards DLA

Results in Table 1.3.2 shows that the ligand (1a) is little more cytotoxic towards DLA cells
compared to EAC cells.The ligand showed 31% cytotoxicity towards DLA cells at a
concentration of 200¢ g/ towards ERG eetlsavera26% athhat % c
particular concentration.The metal complexes of the ligand also showed a comparable
increase in % cell death similar to the ligand.Here also metal complexation has increased %
celldeath.Cu(ll) complex showed maximumigity with 70% cell death and its activity was

nearly more than twice that of ligand.VO(IV)complex stood second in activity and Zn(ll)
complex showed minimum activity. The % cell death produced by ligand and complexes was

less at lower concentration.
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1.32. Invitro Cytotoxic studies of 1,7bis(2,5dimethyl phenyl)hepta-1,6-diene-3,5

dione(1b) and their metal complexes[Cu(ll),Zn(Il),Ni(ll) & VO(IV)]

In vitro Cytotoxic studies of 1;bis(2,5dimethyl phenyl)heptd.,6-diene3,5-dione(1b) and
its metal omplexes were conducted with  EAC and DLA cells using Trypan blue exclusion

method as described in 1.3.1.The results are givéalifel.3.3andFig. 1.3.3.

Table 1.3.3.In vitro Cytotoxic studies of 1,7bis(2,5dimethyl phenyl)hepta-1,6-diene-

3,5dione(L,) and their metal complexes towards EAC

% Cell death
Drug Con.

e g/ mil L, Cu(L ) Zn(L »), Ni(L 2)2 VO(L »)2
200 20 80 34 38 43
100 10 66 20 21 40
50 5 47 8 13 20
20 4 35 5 6 7
10 2 15 4 5 5

The ligand 1b with two methyl groups showed less cytotoxic activity when compared with
the ligand 1a with one methyl group on the phenyl ring.The Cu(ll) complex of ligand 1b
gave 80% cell death at higher concentrations. adtvity of the Cu(ll) complex is about
four times that of the ligand.The complex was quite effective in producing cell death.The
Zn(1D),Ni(ll) and VO(IV) complexes showed comparable activities and their cytotoxic

nature was greater than ligands.
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Fig1.3.3 In vitro Cytotoxic studies of 1,7bis(2,5dimethyl phenyl)hepta-1,6-diene-3,5

dione (Ly) and their metal complexes towards EAC

Table1.3.4. In vitro Cytotoxic studies of 1,7bis(2,5dimethyl| phenyl)hepta-1,6-diene-3,5

dione(L,) and their metal complexes towards DLA

% Cell death
Drug Con.
eg/ m L, Cu(L2). n(L 2). Ni(L 2). VO(L 2).
200 18 78 31 36 40
100 10 64 16 18 20
50 5 45 12 14 16
20 4 32 6 8 9
10 2 13 4 5 7
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Fig1.3.4.In vitro Cytotoxic studies of 1,7bis(2,5dimethyl phenyl)hepta-1,6-diene-3,5

dione(L;)and their metal complexes towards DLA

The ligand 1b was not very effective against DLAcells.The % cell death was only 18% for
the ligand where as for Ci)lcomplex it was 78%.It is found that the metal copper has an
inevitable role in cytotoxicity.All the metal complexes were more cytotoxic than the

ligands.The VO(IV) complexes showed cytotoxicity of 40% which is twice that of ligand. The

Zn(Il) complex shaved minimum activity.
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IN VIVO ANTITUMOUR STUDIES O F 1,7-BIS(2,5DIMETHYL PHENYL) -1,6-

HEPTADIENE -3,5-DIONE AND THEIR C u(ll) AND VO(IV) META L COMPLEXES

In vivo antitumour studies were conducted in mice with the liganebik@2,5
dimethyl phenybh1,6-heptadiene3,5-dioneb) and its Cu(ll) & VO(IV) complexes.These
two metal complexes were found to be active against DLA and EAC cells in invitro studies
conducte.So they were selected for this particular study and the results are discussed in
Table 1.3.5.The three compounds were given to tumour bearing mice groups (11 groups,
each with 5 animals)as drug.All the test compounds were injected intraperito mebllyedr
effect in reducing ascites tumour development in mice were studied.The no. of days survived
by the control group,the animals given standard drug,and the animals treated with test
compounds and their % increase in life span is given in the talble.be
Table 1.3.5 Effect of 1,7is(2,5dimethyl phenyl)-1,6-heptadiene3,5-dione(L2) and

their metal complexes on ascites tumour reduction

Animal groups | Concentration | No.ofanimals | No. of days % ILS
€ g/ ml | withtumour Survived
1. Control 5/5 17.3:1.10
2.Standard drug 5/5 30.6:0.489 76.87
3.L, 20 5/5 20.2+2.83 16.76
4. L, 10 5/5 19.0+1.85 9.8
5. L, 5 5/5 18.5-1.16 6.9
6.Cu(Ly). 20 5/5 28.4+1.04 64.16
7. Cu(lb); 10 5/5 25.4* 1.16 46.28
8. Cu(Ly): 5 5/5 21.2+ 1.78 22.54
9.VO(Ly), 20 5/5 22.9+052 32.36
10. VO(Ly). 10 5/5 21.4+1.16 23.69
11. VO(L), 5 5/5 19.8+ 1.50 14.40
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Figure 1.3.5 Effect of 1,7bis(2,5dimethyl phenyl)-1,6-heptadiene3,5dione(L2) and

their metal complexes on ascites tumour reduction

The test compoundsamelyl,7-bis(2,5dimethyl phenybl1,6-heptadiene3,5dione(») and

their metal complexes Cu(ll) & VO(IV) were given as drug in different concentrations

namely 5,10, 20¢gg/ ml

. The no.

of

days

sur vive

standard drugcyclophosphamide it is 30.6£0.489.There wasim@arease in life span (%

ILS)of 76.87% for the animals injected with std.drug.The ligand produced only 16.76% ILS

at a

concentration

of

20¢e g/ ml .

But

t

he

Cu(l 1)

of 64.16% at the same concentration which is nearly four times that of ligand.This is

comparable with the increase in life span produced by the std.drug. The animals treated with

VO(IV) complex survived for 22.9 days and produced a % ILS of 32.36 at higher

concentration.Comparing the ligand,Cu(ll) and Vanadyl complexes it was observed that

Cu(ll) complex was most effective in increasing the life span of tumour burden mice.
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INVIVO CYTOTOXIC STUDY ON SOLID TUMOUR DEVELOPMENT

1.3.3 Effect of 1,7bis(2-methyl phenyl)heptal,6-diene-3,5dione (1a) and 1,7bis(2,5

dimethyl phenyl) hepta-1,6-diene-3,5-dione (1b) and their Cu(ll) complexes on solid

tumour development

The ligands 1a and 1b and their copper complexes were used to find the effect on solid
tumour dev®pment in mice.Solid tumours were induced in groups of mice by subcutaneous
injection of DLA cells on the right hind limb.One group was kept as control,one group was
treated with standard drug and other groups were simultaneously injected withisthe t
compounds(200egmol/Kg body weight) for 10 da

third day for 1 month and tumor volume was calculated.The results of the study are given

below.
Table 1.3.6 Effect of Compounds on solid tumour
Compounds Tumour volume on 3% day
Control group 5.042 cm
la (L) 4.08 cmi
1b (L) 4.68 cmi
Cu (Ly)2 3.65cm
Cu (Lo)2 3.05 cni
Std.drug 1.982 cm

All the compounds produced a significant reduction of solid tumour volume in
mice.Compared to ligands ,their respective Cu(ll) chelates were more effective in bringing
about reduction in solid tumour volume.The measured tumour volume was 5.04®rcm

the control group on the 3% day and it were 4.08 c¢hand 4.68 crhfor 1a and 1b

respectively.Comparing with that of the control group,the ligands produced a decrease in
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volume of 0.962 crhand 0.362 crhrespectively. Among the ligands ,1a was mdifecéive

than 1b in reducing the tumour volume.The tumour volumes on day 31 for copper
complexes of 1a and 1b were 3.65°cand 3.05 crhrespectively. The decrease in tumour
volume was 1.392 chand 1.992 crhirespectively with respect to control group. The Cu(ll)

complex of 1b had shown a pronounced effect in reducing tumour volume.
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SECTION-IV

ANTIBACTERIAL STUDIE S OF METHYL SUBSTITUTED 1,7-
DIARYL HEPTANOIDS AN D THEIR C u(ll),Z n(IN&N i(IHMETAL

COMPLEXES

1.4.1. Antibacteral studies of 1,7#bis(2-methyl phenyl)heptal,6-diene-3,5dione (1a)
and 1,7his(2,5dimethyl phenyl) hepta-1,6-diene-3,5-dione (1b) and their Cu(ll),Zn(Il)
and Ni(ll) complexes

The compounds and thesomplexes were evaluated for their antibacterial activities.The
invitro antibacterial studies were performed on three types of bacterial strains namely
Escherichia Coli, Klebsiella Pneumoniae & Bacillus Subtilis using Agar well diffusion
method. The testompounds showed varying degree of inhibition against different bacterial
strains.All synthesized compounds have shown to be susceptible to excellent potency against
the different bacterial strains. The results of the antibacterial activity of metlstitsitdd
1,7-diaryl heptanoids and their complexes revealed that the ligands and their complexes
possess comparable antibacterial activity to that of standard drug streptoirahle {.4.1

& Tablel1.4.2).The activity is expressed in terms of diameter of zone of inhibition in mm. In

all the cases metal complexes possess better antibacterial activity than that of ligands, which
means that metal complexation enhance the activity.

The ligand 1b was very aeé against E coli bacteria and produced a zone of inhibition with
diameter 16mm.It exhibited only some degree of activity against Bacillus Subtilis and
moderate activity against Klebsiella Pneumoniae.The ligand 1a had shown comparable
activities agaist all the three bacterial strains.So comparing the ligands ,1b exhibited greater
antibacterial activity.The activity of metal complexes followed the order
Cu(Ih>Zn(1D>Ni(Il). The copper and zinc complexes of ligand 1b had shown enhanced

activity and produced a zone of inhibition of 19mm and 18 mm respectively which is
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comparable with the diameter of zone of inhibition produced by the standard drug

streptomycin ie 20mm.

Table 1.4.1. Antibacterial studies of 1la (L) and their Cu(ll),Zn(ll) and Ni(ll)

complexes
Diameter of Zone of Inhibition in mm
Bacteria
L1 CU(L 1)2 Zn(L 1)2 N i(L 1)2

E Coli 11 155 13.5 12
Klebsiella 10 14.5 12.5 10
Bacillus 8.5 13 11 7.5
Standard 20 20 20 20

25
20
15 mll
m Cu(L1)2

mZIn(Ll)2
m Ni[L1)2

10

Diameter of Zone of Inhibition in mm

E Codi Klebsiella Bacillus standard

Fig.1.4.1. Antibacteral studies of 1,7bis(2-methyl phenyl)hepta1,6-diene-3,5-dione

(L1) and their Cu(ll),Zn(Il) and Ni(ll) complexes.
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Table 1.4.2. Antibacterial studies of 1b (k) and their Cu(ll),Zn(ll) and Ni(ll)

complexes
Diameter of Zone of Inhibition in mm
Bacteria
Lo Cu(L2)2 Zn(L 2)2 Ni(L 2)2

E Coli 16 19 18 16.5
Klebsiella 10 18 16 12
Bacillus 7.5 14 15 11
Standard 20 20 20 20

25

Diameter of Zone of Inhibition in mm

E Coli

Klebsiella

Bacillus

Standard

mL2
® Cu(L2)2
" Zn(L2)2
" Ni(L2)2

Fig.1.4.2. Antibacterial studies of 1,7is(2,5dimethyl phenyl)hepta-1,6-diene-3,5

dione(Lz) and their Cu(ll),Zn(I1) and Ni(ll) complexes
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SECTION-V
ANTIFUNGAL STUDIES OF METHYL SUBSTITUTED 1,7-DIARYL

HEPTANOIDS AND THEIR Zn(I)&VO(IV)METAL COM PLEXES

1.5.1. Antifungal Activity of methyl substituted 1,#diaryl heptanoids (1a, & 1b) and

their Zn(ll) and VO(IV) complexes

Invitro antifungal activities of methyl subted 1,7diaryl heptanoids (1a & 1b) and their
metal complexes namely Zn(ll) &VO(IV)were investigated against three fungal cultures
namely Aspergillus Niger, Penicillium Chrysogenum aAdternaria Alternate by Kirby
Baurer method.The test compounds were prepared in different concentfdfi®ns250,
500ug/ml] by dissolving in 2% DMSO solvent.This method was standardized using
flucanazole drugA control disc was used with DMSO only and without drug.For comgsu
effective against fungal cultures,the growth of fungus is inhibited as zonantiangal
activities are measured in terms of zone of inhibition in mm.The results of the studies are
given in Tablel.5.1.and1.5.2

Table 1.5.1. Antifungal studies of I7-bis(2-methyl phenyl)hepta1,6-diene-3,5-dione( Ly

and its Zn(ll) & Vanadyl complexes

Diameter of zone of inhibition in mm

Fungi L Zn(L 1), VO(L 1)2

100|250{500§100¢ 250¢ 5009100|1250(500

Aspergillus | 4.5 7 8.5 5 8 9.5 6.5 10 11

Penicillum | 6.5 8 10 6.5 8 11 7 11 12

Alternaria 5 6.5 8 55 9 10 7.5 12 12.5
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Diameter of zone of inhibition in mm

WL1100g W L1250 M L1500
¥ Zn(L1)2 108g ® Zn(L1)2 258g  Zn(L1)2 508y
W VO(L1)2 1089 M VO(L1)2 258y 1 VO(L1)2 508y

12.5

Aspergillus Penicillium Alternaria

Figure 1. 5.1. Antifungal studies of 1,3bis(2-methyl phenyl)hepta-1,6-diene-3,5-dione

L, and its Zn(ll) & Vanadyl complexes

Table 1.5.2 Antifungal studies oflL,7-bis(2,5dimethyl phenyl) hepta-1,6-diene-3,5-dione

(L2)and its Zn(I1) & Vanadyl complexes

Diameter of zone of inhibition in mm
Fungi L Zn(l- 2)2 VO(L 2)2
100(2504500/,1009g250¢50041004¢25094500
Aspergillus 8 10.5 12 10 11 14 12 14 16
Penicillium 11 13 14.5 12 15 17 14 17 19
Alternaria | 10.5 12.5 15 11 13 16 13 16 17
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HL2100g W L2250q M L2500 W Zn(L2)2108g M Zn(L2)2 2589

Zn(L2)2508g VO(L2)2 108y & VO(L2)2 258y  VO(L2)2 508g
19
171

14534,
o

_ I 4
1 -

Diameter of zone of inhibition

Aspergillus Penicillium Alternaria

Figure 1.5.2 Antifungal studies of 1,7bis(2,5dimethyl phenyl) hepta1,6-diene-3,5-dione
(L2) and its Zn(Il) & Vanadyl complexes

For all the tested compounds thefiow maximum antifungal activity at a higher
concentration of 500eg/ ml . It IS observed
concentration of the compounds.The ligand 1a exhibited a zone of inhibition of 10mm against
Penicillium where as its activity agst Alternaria and Aspergillus is comparable ie zone of
inhibition produced is 8.5 and 8 mm respectively at higher conc.The ligand 1b exhibited more
antifungal activity against Alternaria with a zone of inhibition of 15mm.Comparing the
ligands,1b haghown more antifungal activity towards all fungi species than 1a. Comparing
Zn(ll) and VO(IV) complexes of both ligands, it was observed that vanadyl complexes
exhibited more antifungal activity. The Zn(ll) complexes gave inhibitory activity against
fungal cultures which was only slightly greater than the ligands.But the VO(IV) complexes of
both ligands especially of 1b had appreciable antifungal activity against all fungal cultures. It
produced a maximum zone of inhibition of 19mm against Penicilliunchvis comparable

with the zone of inhibition produced by the std.drug (21mm).
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CHAPTER-II

SYNTHESIS, CHARACTERISATON AND BIOCHEMICAL
ACTIVITIES OF 1,7 -DI(THIOPHEN -2-YL)HEPTA -1,6-DIENE -
3,5DIONE AND 1,7-BIS(3-METHYL THIOPHEN -2-YL)
HEPTA-1,6-DIENE-3,5DIONE AND THEIR TRANSITION
METAL CHELATES WITH Cu (), Zn(Il), Ni(ll) &

OXOVANADIUM(IV)
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SECTION-1

SYNTHESIS AND CHARACTERISATON OF 1, 7-DI (THIOPHEN -2-
YL)HEPTA -1,6-DIENE -3,5DIONE AND 1,7-BIS (3-METHYL
THIOPHEN 2-YL) HEPTA-1,6-DIENE-3,5DIONE

2.1.1 Synthesif 1,7 dithiopheny| heptanoids

This chapter deals with the synthesis and characterization of two curcuminoid analogues with
heterocyclic ring(thiophenyl ring). The compounds synthesized Biedi(thiophen2-
yl)heptal,6-diene3,5dione @a) and 1,7bis(3 methyl thiopher2-yl) heptal,6-diene3,5

dione @b) .They were prepared by the condensation of heterocyclic aldehydes (thighene
carboxaldehyde andi &ethyl thiophenig2-carboxaldehyde) wh acetylacetondoric oxide
complex in ethyl acetate medium in presence of tributyl borate aindutyl amine.The
reacti on us uansatwyated d-Bikb®ned waith Reterbeyclic rings attached to
it.Studies on ligands with a heteroaryl ringstem instead of a phenyl ring in the unsaturated
diketone moiety has not been much. The productsd{tdiophen2-yl)heptal,6-diene3,5

dione @a) and 1,7bis(3 methyl thiophe-yl) heptal,6-diene3,5dione @b) were purified

by column chromatographyver silica gel ( 607 120 mesh ) using 4:1 (v/v)
chloroform:acetone mixture as the eluent and recrystallised twice from hot benzene to get
pure crystalline material. The product formation can be represented in a schematic way

(Scheme 2.1.1).
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oHC (]
B:0s:/Tri(sec-butyl)borate

n-BuMNH-

L= L=

Scheme 2.1.1

The compounds 1;di(thiophenr2-yl)heptal,6-diene3,5dione @a) and 1,7bis(3
methyl thiopherR-yl) heptal,6-diene3,5dione @b) are black in colour,crystalline in nature
and obtained in good yield nearly 75%. They show sharp melting point asdlalde in
organic solvents like ethylacetate, acetone,ethanol,chloroform etc.The aldehydes used for
synthesis,structures of the ligands prepared,its systematic name and yield are given in Table
21.1

Table 2.1.1 Synthetic details of ligands

3 £
= Aldehyde &
E; used for Structure of Ligands Systematic name %
g Synthesis -
o
c“s".’;"x’f"?“-l.ﬁ" H_l.fﬂ}__,..i;-;ﬂf; 1,7-di(thiophen-2-
1a Thiophene - o O vljhepta-1,6- 75
- 2-aldehyde diene-3,5-dione
CH, H.C 1,7-bis(3-methvl
J-methyl- | 77 77 | thiophen-2-y)
b thiophene-2- | g~ ~F Sy oy ~g~ | hepta-1.6-diene- | 70
aldehvde o O 3,5-dione
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The observed C, H percentage and molecular weight determination (Table 2.1.2) together

with mass spectral data of the compounds clearly suggest the formatiorcoht&snsation

product in which two equivalent of aldehyde condensed with one equivalent offsettne

as shown in Gheme 2.11.

Table 2.1.2 Analytical & UV spectral data of 1,7 dithiophenyl heptanoids

Ele mental analysis (%)
Compounds M.P.(°C) C H Molecular uv
Found/(Calculated) weight amax (
2a 114 61.63(62.5) | 3.84(4.16) 287(288) 233, 331
2b 143 63.75(64.55) | 4.47(5.06) 314(316) 247, 341

2.1.2. Characterisation of 1,vdithiophenyl heptanoids

The 1,7dithiophenyl heptanoidda & 2b synthesized were characterized by various spectral
techniques like UV, IRHNMR, *C NMR and Mass spectral techniques.The spectral
techniques used are discussed below.

UV spectra

The UV spectra of the compounds are characterized by the presence olbdorptian
maxima (Table 2.1.2)the low energy band and high energy band in the spectra corresponds
tor® “zand “ O “ z transitions respectively which are present in- ldketones. The

“ 0 “ z fransitions are generally intense while # z transitions a@ weak. The value at
230-290nm are due to © “ z transition and at 33@70nm are due ta® “ z transitions. The
ligand l1la showed two broad bands at 233 and 331nm respectively dueCtd* z and

nC “ z transitions. The ligand 1b gave two bands at 24Y 241nm respectively due to

“0 “zagndnO “ ztransitions and has shown a bathochromic shift.
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The UV spectra of 2ais given inFig.2.1.1.

1 595L - T
1,500 7]

|

1,000 :f

1

0.500+ n

T

0.000 S - ST —

0.144 1
200.00 400.00 600.00 800.00

Fig.2.1.1 UV spectrum of 1 ,7%di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a)

IR spectra
Importance ofR spectra in establishing the kedon o | t a u-{diketoles s been well
established.The spectra mainly gives idea about the nature of the carbonyl group

present, whet her free or I n t hieunsatyrdtionoigteen b o n-
compound can be very well established using IR spectroscopy .The IR spectral datas of

compounds 2a & 2b are given in (Table 2.1.3).



Table 2.1.3 IR spectral data (cr) of 1,7 dithiophenyl heptanoids

Compounds

Probable IR assignments
2a 2b
1641 1652 . (C=0) che
1585 1591 .(C=C) thio
1546 1534 . () akenyl
1517 1521 « afC-C-C) chelate ring
1411 1410 . s(C-C-C) chelate ring

1145,1037 1179,1023 b {)Chelate ring

972 961 . (CH=CH) ¢tr

The val ues

cCor r e ar bBdildandn I$52 tcldor 2a (&b @3pectively.

Usually free carbonyl group gives stretching frequency at ~ 1718 There is no peak in

that region indicating that the C=0 group is not in the keto form,instead it is in the enolic

form due to peaks ithe range ~ 1650 ¢h The shift is a result of internal hydrogen

bonding.Resonance also contributes to the lowering of carbonyl frequency in the enol form.

Thus the observed position and intensity of these bands indicate that the compound exists in

strongintra molecular hydrogen bonded enolic form.A welafgad OH stretch is observed

for the enol form at 326@400 cri. There are a number of medium intensity vibrations

observed in the region 158600 crfd ue t o

group. Ot her
ring
also

| RC)p eaal kkgéCrGyQ &

characterized by t he

vari ous "

(C=0)

t bel 4(C€-Cychelatg , .

-&) clfielaté 1@hg are present in the spectra. The IR spectra of these compounds are

transé& 96 €rt=CH)

respectively foRa & 2b. The IR spectra of 2a & 2b are given beld®.spectrum oRa is

given inFig.2.1.2 an@b in Fig.2.1.3.

vibr.

\
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Fig.2.1.2. IR spectrum of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a)

[0

4500 e 4000 ars 3500 R0 000 HE! 2500 Frecl] 2000 1750 1500 1250 1000 750 500

Fig.2.1.3. IR spectrumof 1,7-di(3-methylthiophen-2-yl)hepta-1,6-diene-3,5-dione (2b)
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'H NMR spectra

The different types of protons have characteristic values of chemical shiftd MMR
spectra . The numerical value in ppm of the chemical shift for a proton gives a clue regarding
the type of proton originating the signal. The -l1dithiophenyl heptanoids show specific
peaks corresponding to enolic, methine, alkenyl and thiophemyfoms(Table.2.1.4).
Compound=2a & 2b displayed a one proton singlet at ~ 16ppm assignable to strong intra
molecularly hydrogen bonded enolic proton . Another one proton singlet at ~ 5.9 ppm
corresponds to the strong intra molecularly hydrogen bonded meepinoton.The spectral

data suggests the structure given below.

Enolic structure of 1,7- dithiopheny| heptanoids

Table 2.1.4 Characteristic’H NMR spectral data of 1,7 dithiophenyl heptanoids

Chemical pmhifts (0 p
Compounds
Enolic Methine Alkenyl Thiophenyl Methyl
2a 16.1 5.8 6.7-7.9 7.07.1 -
2b 16.15 5.9 6.97.6 7.07.3 2.4

Other signals appearing in tHd NMR spectra are that of the thiophenyl protons present in
the rangell 771 7.3pm and alkenyl protons in the range of 6.7.9ppm. The methyl
group on the thiophenyl ring of compoud showed an additional peak at 2.4ppm as

expected. ThéH NMR spectra o2b is given in Fig.2.1.4.
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Fig.2.1.4 'H NMR spectrum of 1,7-bis(3-methyl thiophen-2-yl) hepta-1,6-diene-3,5-dione

e
98¢ "
6EY"
sy’
oLy’
S8y’
0zs’
LES®
0SS”
829"’
899°
LyL’
S8L°
608"

TN
| 1’ .’/./ I
gEEE

SRS DWW WY OO NN NN N -
)
6

$30.32005040 s
Ladd
3
e Ha
<
1.00
T
13

.-----,---..-
14




105

13C NMR spectra
The*3C NMR spectral data of 1;@i(thiophen2-yl)hepta1l,6-diene3,5dione @a) and 1,7

bis(3- methyl thiophefR-yl) heptal,6-diene3,5dione @b) are givenin Table 2.1.5 & 2.1.6.

Structure representing different carbon atoms in 2a.

Table 2.1.53C NMR spectral data of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5dione

(che mical shift in ppm)

C1 C2, C21 c3, C3 C4, C44
106.80 190.99 140.26 129.32
C5, C5 C6, C6 cr, C7 C8, C8{
143.2 133.67 131.73 127.45

In 13C spectra ,nearly every non equivalent carbon atom in an organic molecule gives rise to
a peak with a different chemical shift.lt helps in the identification of chemically and
magnetically distinct carbons. The peak corresponding to C1 (methine) is pegsant
position ~ at 107ppm in 2a & ~101ppm in 2b . Usually,@Brbon which is flanked between

two carbonyl groups appears at a position nearer to 55ppm. Instead, there is a possibility of
keto-enol tautomerism which makes the methine to become an alkenyl carbon. Thus there is a

down ward shift in the peak of C1.
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The C2 carbon of carbonyl appears at a position at~ 190ppm in 2a & ~183ppm it &D. In
NMR,the carbons of carbonyl groups have the largest chemical shifts.The alkenyl carbon of
both 2a & 2b are present at a position nearer to the thiophenyl ring syshem.are seen
at140,138ppm(C3) &129,126ppm (C4)of compounds 2a and 2b respectively. The thiophenyl
carbon atoms are present between 12¥43ppm. The carbon (C5)which is attached to the
alkenyl carbon atom is downshielded and present at a position 143pgnml3bppm
respectively. Thé3C NMR spectrum o2b is given in Fig.2.1.5. In thtC NMR spectrum of

2b the carbon to which the methyl group is attached is shifted to 134.92ppm. Albdha

methyl group is present at a position ~ 20ppm.

Structure representing different carbon atoms in 2b.

Table 2.1.6 **C NMR spectral data of 1,7bis(3-methyl thiophen-2-yl) hepta-1,6-diene-

3,5dione (chemical shiftin ppm)

C1 C2,C2C3,C3C4,C44qC5, C5

101.82 183.50 138.35 126.78 135.72

C6,CqqC7,C7qC8, C8C9, CIq

134.92 130.8 124.85 20.98, 19.33
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Mass Spectra

In mass spectrum, ions are detected as a function of their m/z (mass to charge)ratio. The value
‘of m/z at which the molecular ion appears on the mass spectrum helps to find the molecular
weight of the compound.The molecular ion undergoes fragmentationignod a series of
molecular fragments called fragment ions.These ions appear at m/z values corresponding to
their individual masses.The mass spectrun2a& 2b are represented in Fig.2.1.6 &2.1.7
respectively. The mass spectrum2afshows a moleculapn (M+2) peak at 290 and a base
peak (most intense peak)at 109 which is due to fragment F in Scheme 2.1.2. Removal of
different groups from the molecular ion, according to the scheme, leads to smaller fragments
which can be easily identified in the sperirand are given in Table 2.1.7. Mass peaks due

to the elimination of small groups like S, O, OH, CQHg; CH,=C=0,CH=C=0,CH,C;H-0

etc. are also present in the spectra. In the mass spectrarseferal small fragments are
observed apart from the fragmtal pattern described in Scheme 2.1.2. A strong peak is
observed at 246 due to the removal of a sulphur and CH group. Removal of additional CH

groups leads to the peaks at 229, 217 and 206(G).

Table 2.1.7  Mass spectral fragme ntal pattern dff, 7-dithiophenyl heptanoids

M+/
(M+1)/
Fragment | | ivand | M+2) | A | B | C D E F G | H
ion
2a 290 152 | 137 | 99 | 109 | 83 | 109 | 206 | 184
Mass
pattern
2b 317 166 | 151 | 111 | 123 | 103 | 122 | 218 | 193

*The alphabets corresponds to the fragments givéaheme.2.1.2
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The mass spectrum f@b shows a much less intense molecular ion(M+1) peak at 317.The
fragment peak at 151 due to B(@H=CHC=0)" is the most intense in the mass
spectrum.The next intense peak is observed at m/z 111 which is due to fragment C(Ar
CH").All other peaks in the spectrum can be explained from the fragmentation pattern given
in scheme.Removal of Bethyl thiophenyl group,8,,C,H0,GH,,CH,=C=0,CH=C=0 etc

give rise to different fragment ions.A strong peak is observed at 275 which is due to the
removal of one S and CH group. Again removal of the second S and CH group leads to the

peak at 233. The mass spectrun2bfis given in Fig.2.1.7.

123.31

Fig.2.1.7 Mass spectrum of 1,7-bis(3-methyl thiophen-2-y1) hepta-1,6-diene-3,5-dione
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Scheme 2.1.2 Ar = Thiophen-2-yl, 3-methyl thiophen-2-y1.

Thermogravimetric analysis

Thermogravimetric studies oft,diheteroaryl heptanoids (Table 2.1.8) gives some important
results regarding the structure of molecules. The thermogram of 2a shows a one stage
decomposition pattern as shown in Fig.2.1.8. The compound is stable upto a temperature of

21°C and then decomposition begins slowly with a sharp drop in the mass upto a
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temperature of 42C. The peak temperature in DTG is found at 3%Z.5There appears a
shoulder in the DTG curve at a temperature of°@66The sample was heated upto a

temperature of 74T and the remaining portion was found to be an aryl group.

Table 2.1.8 Thermogravimetric studies of 1;/diheteroaryl heptanoids

Compound | Temp. range| Peak Mass loss % Pyrolysis Final
(mol. mass)| inTG (°C) | Temp. % product
(°C) TG Theoretical
2a (288) 210- 427 347.5 59.39 60.63 70.13 | Thiophenyl
2b (316) 236- 469 365 56.35 57.13 73.62 3-methyl
Thiophenyl

Sample Weight: 24.384 mg
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1) Heat from 40.00°C to 730.00°C at 10.00°C/min

Fig.2.1.8 Thermogravimetric studies of 1,7#di(thiophen-2-yl)hepta-1,6-diene-3,5-dione
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SECTION-II

SYNTHESIS AND CHARACTERISATION OF TRANSITION METAL
CHELATES OF 1, 7 -DITHIOPHENYL HEPTANOIDS & METHYL
SUBSTITUTED DERIVATIVE

2.2.1 Synthesis of metal complexes of idithiophen-2-yl)hepta-1,6-diene-3,5-dione (2a)

and 1,7bis(3-methyl thiophen-2-yl) hepta-1,6-diene-3,5dione (2b)
Copper(ll),Zinc(ll),Nickel(I)and Oxovanadium(lV)compxes of 1,7di(thiophen2-yl)hepta
1,6-diene3,5dione (2a) and 1;bis(3methyl thiopher-yl) heptal,6-diene3,5dione (2b)

were synthesized by the following general method.

To a refluxing solution of the diketone(0.002 mol) in methanol(25ml),a methanolic solution
of metal salt (0.001lmol)was added and the reaction mixture was refluxed for nearly 2 hrs
and cooled to room temperature. The precipitated complex fikared, washed with 1:1
methanol:water mixture and recrystallised from hot methanol.

Preparation of Cu(ll) complex of the ligands

The Cu(ll) complexes were prepared by adding a methanolic solution of copper(ll)acetate (25
ml, 0.001mol) to a solution &a&2b (25 ml, 0.002 mol) in methanol and refluxed gently for

2 h. After reducing the volume to half, the solution was cooled to room temperature. The
precipitated complex was filtered, washed with 1:1 methanol:.water mixture and recrystallised
from hot mebanol.

Preparation of Zn(ll) complex of the ligands

The Zn(I1) complexes were prepared by adding a methanolic solution of zinc acetate (25 ml,
0.001mol) to a solution dfa&2b (25 ml, 0.002 mol) in methanol and refluxed gently for 2

h. After reducing ta volume to half, the solution was cooled to room temperature. The
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precipitated complex was filtered, washed with 1:1 methanol:water mixture and recrystallised
from hot methanol.

Preparation of Ni(ll) complex of the ligands

The Ni(ll) complexes were ppared by adding a methanolic solution of nickel(ll) acetate (25
ml, 0.001mol) to a solution &a &2b (25 ml, 0.002 mol) in methanol and repeating the
above procedure.

Preparation of Oxovanadium(lV) complex of the ligands

The VO(IV) complexes were prepared by adding a methanolic solution of vanadium
(IV)oxide sulphate (25 ml, 0.001mol) to a solutiorRa®&2b (25 ml, 0.002 mol) in methanol
and refluxed gently for 2 h. After reducing the volume to half, the solution vedsccto

room temperature. The precipitated complex was filtered, washed with 1:1 methanol:water
mixture and recrystallised from hot methanol.

The reaction involved in the formation of complexes is represented below in Scheme 2.2.1

M (acetate); (M= Cu.Zo.Ni)
Vanadium(TV)oxide sulphate A

Scheme 2.2.1
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2.2.2 Characterisatian of metal complexes of methyl substituted 1;dithiophenyl

heptanoids

Transitionmetal chelates (Cu, Zn,Ni,Vanadyl) of ligargs& 2b were characterized using
physical,analytical and spectral datas. The spectral techniques used in characterizatien includ
UV,IR,NMR and Mass spectral analysis. Elemental analysis (C, H and metal percentages) ,
physical data and UV ,IR spectral data of metal complexes of 2a are given in Table 2.2.1 and
metal complexes of 2b are given in Table 2.2.2 respectively. The dats below suggest

a ML, stochiometry for all complexes prepared.

Table 2.2.1 Analytical and UV, IR spectral data of metal complexes of 2a
Ele mentalanalysis (%)
Characteristic IR
Found/(calculated) uv stretching bands (cmt)
Metal M.P. & ma
chelate | (°C)
C H Metal (hm) | (C=0)| (C-C-C) | (M-O)
56.47 3.45 9.99 234 490,
Cu(ln) 139 1614 | 1531
(57.25) (4.00) (10.01) 336 430
. 56.89 3.47 9.27 233, 485,
Ni(I1) 141 1583 | 1520
(58.01) (4.20) (10.90) 337 431
56.30 3.44 11.22 235 473,
Zn(I1) 150 1616 | 1532
(56.91) (3.61) (11.90) 337 420
56.16 3.43 7.94 236, 484,
VO(lv) | 173 1592 | 1528
(57.30) (3.52) (8.05) 334 432
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Table 2.2.2 Analytical and UV, IR spectratiata of metal complexes of 2b
Ele mental analysis (%)
Characteristic IR
Metal M.P. Found/(calculate d) Uv stretching bands (cm")
ama X
chelates | (°C)
nm
C H Metal (C=0) | (C-CC) | (M-0O)
58.05 4.25 9.00 249, 485,
Cu(ll) 189 1589 1519
(58.83) | (4.32) (9.15) 344 442
_ 58.55 4.20 8.05 251, 486,
Ni(I1) 192 1602 | 1525
(59.24) | (4.35) (8.52) 346 443
58.50 4.25 9.01 250, 483,
Zn(ll) 194 1595 | 1521
(58.67) | (4.31) (9.40) 345 445
57.75 4.26 7.03 255, 473,
VO(IV) | 196 1594 | 1510
(58.54) | (4.31) (7.30) 350 437

2.2.3. Characterization by various spectral techniques

UV spectra

The spectra of metal complexes also show two UV transitibaes; © “ z 4 GEi 'Q@¢

& nO “ z 3 GEi"G8E. The UV absorption bands of the ligands were almost unaffected by

complexation with metal ions. The spectra of complexes closely resembles the spectra of
respective ligands. So there is no much change in the structure due to complex formation.The
no “z transition of the dicarbonyl chromophore of the free ligand showed a slight red

shift indicating involvement of the dicarbonyl moiety in chelate formation. For comparison,

the UV spectra of ligand 2a and its Zn(ll) complex are shown in Fig.2.2.1
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Fig.2.2.1 UV spectra of 1;di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a) and its

Zn(Il) complex

IR spectra

Instead of the intramolecularly hydrogen bonded carbonyl band at 1641fonligand 2a

and the band at 1652 émfor ligand 2b, astrong band assignable to the stretching of the
coordinated carbonyl moiety appears in the region 15830 crit in the spectra of all metal
complexes.Involvement of the carbonyl group in coordination is further supported by the
observation of two mediu intensity bands in the region of 400490 cmtdue t® M
vibrations(MetalOxygen). The replacement of enolic proton by a metal ion is also evident
from the absence of the broad band in the region of 28800 crit present in the ligand. All

these spport the formation of metal complexes. There is no change in the nature of alkenyl

carbon due to metal complexation.The IR spectra of Cu(ll) complex a$ 2epicted in

Fig.2.2.2 and the IR spectra of VO(IV) complex ofi@lalepicted in Fig.2.2.3
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Fig.2.2.2 IR spectra of Cu(ll) complex of 1,-li(thiophen-2-yl)hepta-1,6-diene-3,5
dione (2a)
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Fig.2.2.3 IR spectra of VO(IV) complex of 1,7#bis(3-methyl thiophen-2-yl)hepta-1,6-

diene-3,5-dione (2b)
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'H NMR spectra

A characteristic feature dH NMR spectra of metal complexes is the absence of singlet
signal at U0 ~ 16ppm which suggests the repl
atom in metal complexes. The phenyl and alkenyl protons are not altered much since they

are not invaled in metal complexation.However the observed downfield shift of the methine
proton signals is consistent with decreased electron density around the central atom of the
psuedo aromatic metal chelate ring.Thus the spectra of ligand and complexes are much
similar except those of enolic proton. Thd NMR spectra of Zn(ll) complex of ligand 2b

is givenin Fig2.2.4.

SAIFNMI30130A-01(STI) SAIF Cochin

14 13 12 1 10 9 8 7 6 5 4 3 2 1 ppm

Fig.2.2.4 'H NMR spectra of Zn(II) complex of 1,7-bis(3-methyl thiophen-2-yl)
hepta-1,6- diene-3,5-dione (2b)
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Mass spectra

In their mass spectra,all the complexes showed relatively intense peaks at m/z corresponding
to ML, stochiometry,where M is metal and L is ligand.Mass spectral fragments are another
important tool in elucidating the structure of metal complexes.

In all the cases [Mi]+ ion peak,the molecular ion peak is found. The mass spectral
analysis shows thatepwise removal of aryl groups is a characteristic feature of all the
complexes. Smaller molecules like O, OH, CH etc. are also eliminated.Peaks duelte, [ML
L+(fragment F in Table) and fragments of L+ are also detected in the spectrum. It was found
that some fragments rearrange to form stable cyclic species as shown in the Scheme. The
fragmental patterns of the metal chelaBss& 2b can be identified fronScheme 2.2.2.

which is given below.The fragment F given below in the table corresponds tofttia o

ligand peak. Mass spectrum of VO(IV) complexXdfis given in Fig.2.2.5

Table 2.2.3 Mass spectral fragme ntal pattern of metal chelates of 2a
M+/
Fragments| Metal (M+1)/ A B C D E F
(M+2)

chelates ion

Cu(ll) 637 471 350 | 121 303 184 289

Mass Zn(Il) 639 473 | 352 | 121 305 184 289

Pattern Ni(Il) 633 467 | 346 | 121 301 180 289

VO(IV) 641 475 | 3%4 | 121 309 188 289

*The alphabets corresponds to the fragments giveaheme 2.2.2




Table 2.2.4 Mass spectral fragme ntal pattern of metal chelates of 2b
NI+
Metal (M+1)/
Fragments ™M+2) | A | B| c | D E F
chelates lon
Cu(lh 604 | 500 | 379| 121 | 306 | 184 | 317
Mass | 20D 696 | 501 | 381| 121 | 308 | 187 | 317
Pattern NI
689 | 495 | 374| 121 | 301 | 180 | 317
VOV) | 697 | 503 | 382| 121 | 300 | 188 | 317

*The alphabets corresponds to the fragments givécheme 2.2.2
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In the mass spectrum of VO(IV) complex of -hié (3-methylthiopher2-yl)heptal,6-diene
3,5dione a less intense M+2 peak is observed at 699.The peak at 646 is due to the removal
of Vanadium from the molecular ion.The intense peak at 613 is due to the removal of
Vanadyl and one oxygen from moleculaniThe peak at 503 is due to the fragment ion
formed by the removal of 2 Ar groups from molecular ion (Am8thylthiophenyl). The peak

due to the ligand is observed at 317.The peaks at 275 and 233 are due to fragments of ligand
and are observed in the sprim of ligand.The peak at 275 is due to the removal of one S and

CH group from ligand and the base peak at 233 is due to the removal of the second S and CH

group.
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SECTION-III
CYTOTOXIC AND ANTITU MOUR STUDIES OF 1,7
DITHIOPHENY L HEPTANOIDS AND TH EIR TRANSITION METAL

CHELATES

This section deals with the cytotoxic and antitumour activities of -dih&teroaryl
heptanoids namely 1-di(thiophen2-yl)heptal,6-diene3,5dione Qa)and 1,7bis(3 methyl
thiophen2-yl) heptal,6-diene3,5-dione@b) and their metal chelates Cu(ll),Zn(ll),Ni(ll)
&VO(1V). Invitro cytotoxic activity against DLA and EAC cell lines were studied. The Invivo
anttumour activity was determined by using DLA cell line induced solid tumour and EAC
cell line induced ascites tumour model in mice and its comparison with a std.anticancer drug
cyclophosphamide.
2.3.1.Invitrocytotoxic activity:

Short term cytotoxic activity of compounds 4d{thiophen2-yl)heptal,6-diene3,5dione
(2a) and 1,7bis(3 methyl thiopher2-yl) heptal,6-diene3,5dione @b) and their metal
chelates Cu(ll),Zn(I1),Ni(ll) &VO(IV) were assayed by determining the percentage viability

of DLA and EAC cells using Trypan blue dye exclusion technique (Moleealkl978).

2.3.2.In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a)

and their metal complexes [Cu(ll),Zn(Il),Ni(ll) &VO(IV)] towards EAC cells

The curcuminoid analogue di(thiophen2-yl)heptal,6-diene3,5dione @a) and their

metal complexe were used foin vitro cytotoxicity study towards EAC cells. All the test
compounds were prepared in different concen
cytotoxic nature of the compounds were determined in terms of % cell death produced by
them.The results of the study is given in Tal@8.1 and represented diagrammatically in

Fig.2.3.1.



Table 2.3.1. In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5

dione(HL;) and their metal complexes towards EAC
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% Cell death
Drug Con.
e g/ ml HL Cu(L4). Zn(L 1), Ni(L 1)z VO(L 1),
200 40 92 84 75 82
100 28 80 73 65 12
50 14 65 58 49 56
20 8 48 43 37 42
10 5 32 28 21 25
100
90 —A
. ——
/(
70
2 60 - ——HL1
(O]
> 50 % —=- Cu(L1)2
9): 40 / Zn(L1)2
= 30 —{/( / —4—Ni(L1)2
20 / —%—=VO(L1)2
10 ,
O T T T T 1
0 50 100 150 200 250
drug concentration

Fig.2.3.1.In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5

dione(HL;) and their metal complexes towards EAC

The ligand 2a produced 40% cell death towards EAC cell lines at a concentration of

200eg/ ml . At | ower concentration the

activit
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complexes produced greater % of cell death.They warie gactive even at lower
concentrations.As concentration increases the % of cell death increases.All the metal
complexes showed marked cytotoxic adtivihe % cell death produced b@u(ll),

Zn( 1 1), Ni(ll) and VO(I V) c¢ o mp2l % respectivedyiThe2 0 0 € ¢
Cu(ll) complex of ligand was very effective in producing a cell death of 92% indicating its
potent cytotoxic nature.The Zn(ll) and VO(IV) complexes showed comparable cytotoxic
activity nearly 80% which is twice that of the ligamte Ni(ll)complexes possessed
minimum activiy among complexes,but even thé&ncould produce 75% cell death.The
results indicate that metal chelation enhance cytotoxicity of compounds considerably.

2.3.3In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a)

and their metal complexes [Cu(Il),Zn(11),Ni(ll) &VO(IV)] towards DLA cells

The % cell death were also calculated with DLA cell lines.The results of the study in terms of
% cell deathis represented in Tab®3.2and diagrammatically in Fig.3.2.

Table.2.3.2 In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5dione

(HL 1) and their metal complexes towards DLA

% Cell death
Drug Con.
eg/ m HL, Cu(L,), Zn(L 1), Ni(L 1), VO(L 1),
200 38 89 80 73 79
100 23 75 72 63 69
50 12 62 55 45 54
20 8 45 40 35 39
10 3 30 27 19 23
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Fig.2.3.2 In vitro Cytotoxic studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5

dione(HL;) and their metal complexes towards DLA

The results of the study indicate that the activity of compound 2a and metal complexes
towards DLA cells follows a similar pattern as that with EAC cells.The ligand as well as the
metal complexes showed a slight decrease in activity when comparedheiitiattivities
towards EAC cells.But all the metal complexes showed enhanced activity when compared
with the ligand.The compound 2a produced 38% cell death where as its Cu(ll) complex
produced 89% cell death.The activity of metal complexes followed adinder
Cu(ID>Zn(ID>VO(IV)>Ni(ll) and the % cell death produced by them were 89,80,79 and 73

respectively. The values show that all the metal complexes possess significant cytotoxic

nature.
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2.3.4. In vitro Cytotoxic studies of 1,7bis(3-methyl thiophen2-yl) hepta-1,6-diene-3,5

dione(2b) and their metal complexes [Cu(ll),Zn(Il),Ni(ll) &VO(IV)] towards EAC cells

In vitro Cytotoxic studies were done using -hig(3methyl thiophe2-yl) heptal,6-diene
3,5-dioneb) and their metal complexes towards EAC cell lines.The observations are given
in Table2.3.3and graphically in Fig2.3.3. The ligand 2b which has a methyl group on the
thiophenyl ring as compared to ligand 2a gave lesser % of cell death with EA@ltells.
metal complexes possessed more cytotoxic activity than ligands.But comparing with the
metal complexes of 2a,the metal complexes of 2b produced lesser % of cell death.The % cell
death produced by Cu(ll) complex of 2b was 80% and t is less active tifipc@ mplex of
2a.Comparing the ligand and metal complexes,the complexes were twice more active than the

ligand.

Table 2.3.3.In vitro Cytotoxic studies of 1,7bis(3-methyl thiophen-2-yl) hepta-1,6-diene-

3,5Dione( HL,) and their metal complexes toward€£AC

Drug Con. % Cell death
€ g/ ml HL, Cu(L>), Zn(L ,), Ni(L 2)2 VO(L ,),
200 37 80 74 65 72
100 25 68 63 54 62
50 12 53 48 37 46
20 6 36 33 25 32
10 3 20 18 11 21
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Fig.2.3.3. In vitro Cytotoxic studies of 1,7bis(3-methyl thiophen-2-yl) hepta-1,6-diene-

3,5dione (HL,) and their metal complexes towards EAC

2.3.5 In vitro Cytotoxic studies of of 1,7bis(3-methyl thiophen-2-yl)hepta-1,6-diene-3,5

dione( HL,) and their metal complexedowards DLA

The results of the study are given in Talld.4 and represented graphically in Fig.
2.3.4The ligand 2b and its metal complexegere not as effective as ligand 2a and its metal
complexes in its activity against DLA cells.

All the resultss how t hat little activity was found
ligand and complexes show maximum activity towards EAC cells than DLA. Even though all

the metals are divalent better results are observed for Cu(ll).



Table 2.3.4 In vitro Cytotoxic studies of of 1,7bis(3-methyl thiophen-2-yl)hepta-1,6-

diene-3,5-dione( HL,) and their metal complexes towards DLA
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drug concentration

Drug Con. % Cell death
€ g / ml HL2 CU(L2)2 Zn(l_ 2)2 Nl(L 2)2 VO(L 2)2
200 34 76 70 61 68
100 21 64 59 50 58
50 12 49 44 33 42
20 6 32 29 21 28
10 4 16 14 7 17
80
) /
60
50
e
g //- ——HL2
% 40 / —B- Cu(L2)2
o
< —A—Zn(L2)2
30 / — Ni(L2)2
/ / —¥—=VO(L2)2
20 - / /
10
L~
O T T T T 1
0 50 100 150 200 250

Fig.2.3.4 In vitro Cytotoxic studies of of 1,7bis(3-methyl thiophen-2-yl)hepta-1,6-die ne-

3,5dione (HL,) and their metal complexes towards DLA
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Moderate results of cytotoxic activity was fouith 1,7-bis(3 methyl thiophe2-yl) hepta
1,6-diene3,5-dione@b) and their metal complexes towards DLA. Here, even though the
values were doubled with metal chelation, comparable results are obtained with all the three

metals except Cu.

Conclusion

A comparative study of the complexes of the ligandsdifhiophen2-yl)heptal,6-diene
3,5-dione a) andl,?bis(3 methyl thiopher2-yl) heptal,6-diene3,5dione@b) shows that
ligand 2a and its metal complexes gives good results than thalolboth tavards EAC &
DLA. So, out of the two hetero ligand2a, the unsubstituted thiophene ligand and its

complexes are more active than methyl substituted ones in the in vitro studies conducted.
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IN VIVO ANTITUMOUR STUDIES O F 1,7/-DITHIOPHENYL
HEPTANOIDS AND THEIR Cu(ll) METAL COMPLEXE S

The dfect of 1,7di(thiophen2-yl)heptal,6-diene3,5diong2a) and 1,7-bis(3methyl
thiophen2-yl) heptal,6-diene3,5dione@b) and their Cu(ll) complexes on tkervival rate

of ascites tumour bearing animals were studied.Swiss Albino mice (RBaledgeks old )

weighing 2830g were divided into 14 groups of five animals each.Viable EAC cells in 0.1ml

of PBS were injected into the peritoneal caviByoupl, Contrd: Oral administration of 0.1

ml of distilled water/animal without drug treatme@roup 2, Standard: Cyclophosphamide

25mg/kg body weighGroup 3-5: Ligand, 1,7di(thiophen2-yl)-1,6-heptadiene3,5

dond2a)wi t h concentrations 2Was gvemds drugkrOup &3 ml an
Cu(l'l) complex of 2a as drug with concentrat
Group 9-11: Ligand 1,7bis(3methyl thiophet2-yl) heptal,6-diene3,5dione@b) with
concentrations 20¢egg/ ml, nBhDdrugGmup 1214 dCu(l € g/ ml
complex of 2b as drug with concentrations 20
2.3.6 Effect of 1,7di(thiophen-2-yl)-1,6-heptadiene 3,5-dione(2a)and the Cu(ll) complex

on ascites tumour

All the test compounds were injectédtraperitoneally and their effect in reducing ascites

tumour development in mice were studied.The no. of days survived by the control group,the
animals given standard drug,and the animals treated with test compounds and their %

increase in life span i®bind and the results are presented in TAIF&.
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Table 2.3.5 Effect of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (L1) and its Cu(ll)

complex on ascites tumour reduction

Animal groups | Concentration N(?.of animals No. ofdays % ILS
€ g/ ml| with tumour Survived

1. Control 5/5 17.3:1.10
2.Standard drug 5/5 30.6+ 0.489 76.87
3.L 20 5/5 26.8:2.9 54.9
4.1, 10 5/5 26.4-3.6 52.21
5L 5 5/5 24.4+3.26 41.04
6.Cu(Ly). 20 5/5 30.2+ 1.04 74.61
7. Cu(Ly), 10 5/5 30.1£ 1.16 73.98
8. Cu(Ly), 5 5/5 28.8:1.78 66.50

The treatment with test compounds namejy-di(thiophen2-yl)heptal,6-diene 3,5-dione

(L1) and its Cu(ll) complex in different ¢
average life span of tumour bearing animals. The nalagé survived by control group is
17.3N1.1 where as for standard drug cycloph
concentrations,the ligand 2a increased the survival rate of animalR4by 3.26,

26.4 3.6,26.8 + 2.9 daysrespectivelyThe ligand produced 54% ILS at a concentration of
20egg/ ml . But the Cu(ll) complex could produce
at 5,10, 20eg/ ml concentrations respectively.
the life span of ascitestumour bearing animals.The % ILS due to Cu(ll) complex is

comparable to the results obtained with standard drug.
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Fig.2.3.5 The % ILS with different conc. of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5

dione (L1) andits Cu(ll) complex
2.3.7 Effect of 1,7-bis(3-methyl thiophen-2-yl)-1,6-heptadiene-3,5-dione(2b) and the
Cu(ll) complex on ascites tumour
All the test compounds were injected intraperitoneally and their effect in reducing ascites
tumour development in mice were studied. The no. of daysvear by the control group,the
animals given standard drug,and the animals treated with test compounds and their %

increase in life span is found and the results are presented in ZTaléland in Fig2.3.6
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Table 2.3.6 Effect of 1,7 bis(3-methyl thiophen-2-yl)hepta-1,6-diene-3,5-dione (L2)

and its Cu(ll) complex on ascites tumour reduction

1. Control 5/5 17.3:1.10

2.Standard drug 5/5 30.6+ 0.489 76.87
3.L 20 5/5 25.0: 3.7 4417
4.1, 10 5/5 24.4+ 326 41
5L 5 5/5 21.0t2.09 21.38
6.Cu(L,). 20 5/5 29.2+1.04 68.81
7. Cu(Ly), 10 5/5 28.8:1.16 66.58
8. Cu(Ly), 5 5/5 27.0:1.78 56.06

The mice with EAC induced ascittésmour survived for a period of 143.10 days.The

administration of standard drug cyclophosphamide increased

30.&0. 489days. The

%l LS produced

the life span

by t

he

to

l i ganc

respectively where as for Cu(ll) complexthe same concentrations the %ILS are 56, 66,

68% respectively.All the compounds exhibited greater activity at higher concentrations. The

Cu(ll) complex was quite active even at lower concentration. The activity of the complex is

comparable with the std.drug

Comparing the ligands 2a and 2b and their Cu(ll) complexes ,the lig@ndid(3- methyl

thiophen2-yl)heptal,6-diene3,5dione (L2)and its complex was not as effective as 2a and

its complex in increasing the life span of animals.The Cu(ll) complek,@fdi(thiophen2-

yl)heptal,6-diene3,5dione (L1) is found to be the most active compound in the invivo

cytotoxic study conducted and is very effective in increasing the life span of EAC induced

ascites tumour bearing mice.
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INVIVO CYTOTOXIC STUDY ON SOL ID TUMOUR DEVELOPMENT

2.3.8 Effect of compounds on solid tumour development

DLA cells were injected subcutaneously on the right hind limb of mice to produce solid
tumour.Swiss Albino mice were divided into six groups.Group 1:control(treated with DLA
cells), Group 2:cyclophosphamide 10mg/kg b.wt.(reference drug) + DLA cells, Group
3:ligand 2a + DLA cells,Group 4:Cu(ll) complex of 2a + DLA cells, Group 5:ligand 2b+

DLA cells, Group 6:Cu(ll) complex of 2b+ DLA cells.

The ligands 2a and 2b atideir copper complexes were used to find the effect on
sold tumour development in mice.At 24 h,after tumour inoculation, the test
compounds(200egmol/ Kg body weight) were injec
of the tumour was measured usingnier calipers every third day for 1 month and tumor
volume was calculated.

Table 2.3.7  Effect of Compounds on solid tumour

Compounds Tumour volume on 3%"day
Control group 5.042 cm
2a (L) 3.08cm
2b (L) 3.98 cni
Cu (L2 2.25cm
Cu ()2 3.05cm
Std.group 1.982 cm
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All the compounds produced a significant reduction of solid tumour volume in
mice.Compared to ligands ,their respective Cu(ll) chelates were more effective in bringing
about reduction in solid tumour volume. Theasured tumour volume was 5.042°cfor

the control group on the 3% day.The std.drug treated mice showed the reduced tumour
volume 1.982 crhThe ligand 2a and 2b treated groups significantly decreased the tumour
volume to 3.08 crhand 3.98 crh repectively.Comparing with that of the control group,the
ligands produced a decrease in volume of 1.962amd 1.062 crrespectively. Among the
ligands ,2a was more effective than 2b in reducing the tumour volume.The tumour volumes
onday 31 for coppesomplexes of 2a and 2b were 2.28and 3.05 crhrespectively. The
decrease in tumour volume was 2.79Z2amd 1.992 chrespectively with respect to control
group. The decrease in tumour volume for std.drug was 3.080Tdw Cu(ll) complex of
1,7-di(thiophen2-yl)heptal,6-diene3,5dione (L1had shown a pronounced effect in

reducing tumour volume.



139

SECTION-IV

ANTIBACTERIAL STUDY OF 1,7-DITHIOPHENYL HEPTANO DS
AND THEIR Z n(ll),N i(IN&VO(IV)METAL COM PLEXES

Antibacterial studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a) and 1,7
bis(3-methyl thiophen2-yl)hepta-1,6-die ne-3,5dione(2b)and their metal chelates
Zn(I),Ni(ll) &VO(IV)

Antibacterial screening of ligands and metal complexes were daotieby using Agar well
diffusion method.Bacterial cultures included in the study are Escherichia Coli, Klebsiella
Pneumoniae & Bacillus Subtilis.The test compounds showed varying degree of inhibition
against different bacterial strains.All synthesizedhpounds have shown to be susceptible to
excellent potency against the different bacterial strains. The results of the antibacterial
activity of synthesized ligand with a heterocyclic ring attached to the unsaturated diketo
moiety part and their complexegvealed that the ligands and their complexes possess
comparable antibacterial activity to that of standard drug streptomycin. The activity is
expressed in terms of diameter of zone of inhibition in mm. In all the cases metal complexes
possess better antittarial activity than that of ligands, which means that metal complexation
enhance the activity .

2.4.1 Antibacteral studies of 1,7di(thiophen-2-yl)hepta-1,6-diene-3,5dione (2a) and
their metal chelates Zn(l1),Ni(Il) &VO(IV)

The ligand 2a demonstrated comparable antibacterial activity against Bacillus Subtilis and
Klebsiella Pneumoniae species by producing a zone of inhibition of 20 mm.The activity of
the ligand was only half of the activity exhibited by the std.drug. Alldtwaplexes elicited

inhibitory activities against all three bacterial strains and were more effective than ligand.The
ligand 2a gave a zone of inhibition of 8.5mm against E.coli species where as its VO(IV)

complex exhibited maximum inhibitory activity agat E.coli species with a zone of
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inhibition of 18 mm which is comparable with the activity of streptomycin.The std.drug
produced a zone of inhibition of 20 mm against all bacterial strains.The Zn(Il) and Ni(ll)
complexes had shown a slight marginal inceeas activity compared with the ligand.The
Vanadyl complex was quite effective against all the three bacterial strains.The results of
antibacterial study of 2a and its metal complexes are givéabie.2.4.1

Table 2.4.1 Antibacterial studies of 1,#li(thiophen-2-yl)hepta-1,6-diene-3,5-dione (L1)
and their metal chelates Zn(l1),Ni(ll) &VO(IV)

Diameter of zone of inhibition in mm
Bacteria
L, VO(L 1), Zn(L 1), Ni(L 1),
E Coli 8.5 18 12 9
Klebsiella 10 14 11 10.5
Bacillus 10 14 10.5 10.5
Standard 20 20 20 20
75
o 20 4
E —_ mll
S £
= =
S 2s
5 S VO[L1)2
T =
3=
& 80
] r Zou1)2
5 4 I )
m NiL1)2
0 ’ ;
E Coli Klebsiella Bacillus Standard |

Fig. 2.4.1 Antibacterial studies of 1,4i(thiophen-2-yl)hepta-1,6-diene-3,5dione (L1)

and their metal chelates Zn(I1),Ni(ll) &VO(IV)
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2.4.2 Antibacterial studies of 1,7 di(3-methyl thiophen-2-yl)hepta-1,6-diene-3,5-dione

(2b) and their metal chelates zn(ll),Ni(Il) &vVO(IV)

The ligand 2b was more active against E coli bacteria and produced a zone of inhibition with
diameter 10.5mm compared with its activity against BecBSubtilis(8.5mm) and against
Klebsiella Pneumoniae(9mnihe activity of metal complexes followed the order
VO(IV)>Zn(Il)>Ni(Il). The vanadyl complex of ligand 2b had shown enhanced activity and
produced a zone of inhibition of 17.5mm which is compkravith the diameter of zone of
inhibition produced by the standard drug streptomycin ie 20mm.The vanadyl complex was
active againsBacillus Subtilis and Klebsiella Pneumoniae and produced a zone of inhibition
of 15mm and 13.5mm respectively. The Zn@dmplex exhibited moderate activity against

all bacterial strains.The results of antibacterial study of 2b and its metal complexes are given

in Table 2.4.2and represented graphicallykig. 2.4.2

Table 2.4.2 Antibacterial studies of 1,7di(3-methylthiophen2-yl)hepta-1,6-diene-3,5
dione (L2) and their metal chelates zZn(ll),Ni(ll) &VO(IV)

Bacteria Diameter zone of inhibition in mm
L, VO(L ), Zn(L>); Ni(L,),
E Coli 10.5 17.5 13 11
Klebsiella 9 13.5 11 10
Bacillus 8.5 15 12 10
Standard 20 20 20 20
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Fig 2.4.2 Antibacterial studies of 1,7i(3-methylthiophen-2-yl)hepta-1,6-diene-3,5-dione

(L2) and their metal chelates Zn(l1),Ni(ll) &VO(IV)
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SECTION-V
ANTIFUNGAL STUDY OF 1,/-DITHIOPHENYL HEPTANO IDS AND

THEIR Z n(ll) &/O(IV)METAL CO MPLEXES

Antifungal Activity of 1,7-di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a) andl,#di(3-
methyl thiophen-2-yl) hepta-1,6-diene-3,5-dione(2b)and their Zn(ll) and VO(IV)

complexes

The curcuminoid analogues with thiophenyl ring and their metal complexes namely Zn(ll)
&VO(IV)were studied for their antifungal activity against three fungal cultures namely
Aspergillus Niger, Penicillum Chrysogenum awdternaria AlternatKirby Baurer dsc

plate method was used to test the susceptibility of the fungi species to the test compounds.
Different concentrationgL00, 250, 500ug/miby dissolving in 2% DMSO solvent were used

for all the test compounds and results were compared with the stdfldoanozoleThe
antifungal activities are measured in terms of zone of inhibition in mm.The data of the study
revealed that the synthesized -tlithiophenyl heptanoids and their Zn(ll) &VO(IV)

complexes possess comparable antifungal activities to tkéd.dfug.

2.5.1 Antifungal Activity of 1,7-di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (2a) and

their Zn(ll) and VO(IV) complexes

The inhibition zone of the test compounds with the three fungi species in comparison to

flucanazole(std.drug) is showin Table2.5.1
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Table 2.5.1. Antifungal studies of 1,-di(thiophen-2-yl)hepta-1,6-diene-3,5-dione (L1

and its Zn(ll) & Vanadyl complexes

Diameter of zone of inhibition in mm

Fungi L, Zn(L 1)2 VO(L 1)2

1004250(500¢/100¢/250|500¢[100¢e[250eg500°¢

Aspergillus 8 11 13.5 9.5 13 15 10.5 13.5 18

Penicillium 9.5 | 115 15 11 13.5 16 12 14 17.5

Alternaria 9 12.5 16 10 14 17 11 14.5 18.5

e 25
£
=
5 20
S
e
€ 15
©
O]
c
S 10 - HL1500g
IS B Zn(L1)2 508g
(O]
b 5 - VO(L1)2 5089
E
]
a
0 .
2 & &
o & w
Fungi

Fig. 2.5.1. Antifungal studies of 1,-¢i(thiophen-2-yl)hepta-1,6-diene-3,5-dione (L;

and its Zn(ll) & Vanadyl complexes
The ligand 2a exhibited moderate antifungal activity against all organisms at a concentration
of 100pg/disc. The compound was found to be very active against all species in 500ug/disc

concentration. The ligand showed maximumfangal activity with Alternaria with a zone of
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inhibition of 16mm.The Zn(ll) and VO(IV) complexes had shown significant actagty
expected.It is observed thaanadyl complex of the ligand exhibited the most effective
antifungal activity against all éhthree fungal cultures. The zone of inhibition produced by the
VO(IV)complex is 18mm,17.5mm and 18.5mm against Aspergillus, Penicillum and
Alternaria respectively.This is comparable with the zone of inhibition (21 mm) produced by
the std.drug.

2.5.2Antifungal Activity of 1,7-bis(3-methyl thiophen-2-yl) hepta-1,6-diene-3,5

dione(2b)and their Zn(Il) and VO(IV) complexes

The inhibitory effect ofligand and its metal complexes against the fungal cultures is
represented infable 2.5.2.For all the teted compounds they show maximum antifungal
activity at a higher concentration of 500¢ g/
with the concentration of the compounds.The ligand 2b exhibited a zone of inhibition of
15.5mm against Penicilliumlere as zone of inhibition produced is 16.5 and 14 mm against
Alternaria and Aspergillus respectively at higher conc.The ligand 2b exhibited more
antifungal activity against Alternaria . The Zn(ll) complexes gave inhibitory activity against
fungal culures which was only slightly greater than the ligands.The VO(IV) complexes were
quite effective against all fungi at all concentrations.The vanadyl complex of ligand 2b
demonstrated promising antifungal activity producing a zone of inhibition of 19.5rttm wi
Alternaria species.It has been found to be a potent antifungal compound.

Comparing the ligands, 2b had shown a slight increase in antifungal activity towards all
fungi species than 2a.The ligand 2b has a methyl group on the thiophenyl ring complared w
2a. Comparing Zn(Il) and VO(IV) complexes of both ligands, it was observed that vanadyl
complexes exhibited more antifungal activity. The VO(IV) complexes of both ligands

especially of 2b had appreciable antifungal activity against all fungal cultures
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Table 2.5.2 Antifungal studies of 1,#is(3-methyl thiophen2-yl) hepta-1,6-diene-3,5

dione (L) and its Zn(ll) & Vanadyl complexes

Diameter of zone of inhibition in mm
L2 Zn(L2)2 VO(L2)2
Fungi
100|250| 500¢/ 1009 250¢l 500¢/ 1009g250|500
Aspergilus | 8° | 115| 14 9 115 15 11 | 13| 17
Penicillium 10 12 15.5 11 14 16 14 17 19
Aternaria | 1 | 13 | 165 | 12 14 17 15 | 175/ 195
25
IS
1S
£ 20
c
8
2
€ 15
©
o EL150Gg
R 10 - m Zn(L1)2 508g
o
3] B VO(L1)2 508
2
s O
)
0 .
Aspergillus Penicillium Alternaria
Fungi

Fig. 2.5.2 Antifungal studies of 1,7bis(3-methyl thiophen-2-yl) hepta-1,6-die ne-3,5dione

(L2) and its Zn(Il) & Vanadyl complexes
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CHAPTER-III

SYNTHESIS, CHARACTERISATION AND BIOCHEMI CAL
ACTIVITIES OF CHLORO SUBSTITUTED
1,7-DIARYLHEPTA -1,6-DIENE-3,5-DIONES AND THEIR
TRANSITION METAL CHE LATES WITH C u(ll), Zn(ll),
Ni(Il) & OXOVANADIUM(IV)
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SECTION-I

SYNTHESIS AND CHARAC TERIZATION OF 1,7 -BIS (CHLORO -

SUBSTITUTED ARYL) -HEPTA-1,6-DIENE -3,5DIONES

This chapter deals with the synthesis and characterization of three curcuminoid analogues
with chloro substitutegghenyl ring. The compounds synthesized are-tig(4-chloro phenyl)
heptal,6-diene 3,5 dione@a), 1,7-bis(2-chloro phenyl)heptd ,6-diene3, 5-dione@b) and
1,7-bis(3,4dichloro phenylhheptal,6-diene 3,5dione@c). Section 1 deals with the synthesis

and characterization of the ligands. Section 2 deals with the synthesis and characterization of
the transition metal chelates of the ligands with Cu(ll),Zn(Il),Ni(ll) and VO(IV). Section 3 in
this chapter includes the cytotoxic study both invivo and owvixf the curcuminoid
analogues and their transition metal complexes.Sectiaxi this chapter deals with the
Antibacterial activity of the ligands and metal complexes and Section 5 is about their
Antifungal activity.

3.1.1. Synthesis of chloro analogues curcuminoid derivatives

The chloro substituted 1;7diaryl heptanoids were prepared by the condensation of chloro
substituted benzaldehydes¢hloro benzaldehyde,-éhloro benzaldehyde and 3gchloro
benzaldehyde) with acetylacetone¢tiRetone)inpresence of boric oxide in ethyl acetate
medium in presence of tri(sdmutyl) borate and 4butyl amine. Thecondensation reaction
actually leads tanono condensation and bis condensation products.They should be separated

and purified. The product formatiaan be represented in a schematic {&ohe me 3.1.1
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Ry
R
' -
0 o
R, Ry
33-R1._R:=H,R3=C1, 3E-R1=H,R1, R3=C1
ib-R=CLR;, R;=H B,0;/ Tri(sec-butyl)borate
n-BuNH»

Scheme 3.1.1

The products 1,7-bis(4chlorophenyl)heptd.,6-diene 3,5-dione@a),1, 7-bis(2chloro
phenyl)heptal,6-diene3,5dione@b) and 1,7-bis(3,4dichlorophenyl)heptd,6-diene3,5
dione@c) were purified by column chromatography over silica gel { 820 mesh ) using
4:1 (v/v) chloroformacetone mixture as the eluent and recrystallised twice from hot benzene
to get pure crystalline matial. The aldehydes used for synthesis, structures of the

compounds prepareds systematic name, and yield are given in Table 3.1.1.
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Table 3.1.1 Synthetic details of Chlorosubstituted 1;diarylheptanoids

= -
:,-._ 'udegli'_:;l:::f for Structure of Ligands Systematic name E,
s -
o o
1.7-bis(4-chloro
3a 4-chloro ‘ ‘ phenvl) hepta- 72
benzaldehye 7 p 1,6-diene-3,5-
! dione
1.7-bis(2-chloro
ib 2_chloro phenvlihepta- 59
benzaldehyde 1,6-diene-3,5-
dione
[ [¥]
1,7-bis(3 4-
3c 3.4-dichlore L dichlorophenvl) | 65
benzaldehyde ' ! hepta-1_6-diene-
g u 3.5-dione

All the chloro compounds are crystalline in nature, dark red in colour, show sharp melting
points and are soluble in organic solvents.The elemental analysis results, MeltingPoint,
molecular weight determination and UV spectral data are giv&éabie 3.1.2

Table 3.1.2 Analytical & UV spectral data of chloro analogues of 1idiaryl heptanoids

Ele mental analysis (%)

Compounds| M.P.(°C) C H Molecular uv
Found/(Calculated) weight amax (
3a 97 65.31(66.07) | 3.72(4.05) | 342(345) 225, 307
3b 91 65.12(66.08) | 3.61(4.05) | 344(345) 230, 308

3c 118 54.32(55.07) | 2.39(2.88) | 412(414) | 246,332
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The observed C, H percentage and molecular weight determination (Table 3.1.2) together
with mass spectral data of the compounds clearly suggest that two mole aldehyde has
condensed with 1 mole of the diketone as showscineme 3.1.1.

3.1.2. Characterisaton of chloro substituted 1,7 diphenyl heptanoids

The compounds 1;Bis(4chloro phenyl) heptd,6-diene3,5dione@a), 1,7-bis(2-chloro
phenyl)heptal,6-diene 3,5-dione@b), and 1,7bis(3,4dichloro phenyl)heptd,6-diene3,5
diong3c) synthesized were characterized by UV, 1R,NMR, 13C NMR and Mass spectral
techniques. The spectral data of synthesized ligands are discussed below.

UV spectra

The UV spectra of all the synthesized ligands are characterized by the presence of two
absorption maxima (Table 3.1.2) in the range-238nm and300-340nm These peaks can

be assigned due to© “ z and ? “ z transitions which are present in diketon€ke value

at 225250nm are due to© “ z transition and at 30340nm are due ton©® * z
transitions.A band of low intensity usually indicates & ‘hz transition which is a
forbiddentransition and the more intense band usually indicate8 & z transition which

is an allowedransition. The UV spectra of compound 3a is reproduced below in Fig 3.1.1.

4,400 ¢ e

4 000 ¢

AL

1.000}

S -1 - —
,'L):J 00 400.00 60000 800 .00

Fig 3.1.1. UV spectra of compound 3a
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IR spectra

The IR spectra of the compounds show prominent bands at 16391680 crit and1628
cmtassignable respectively to the chelated 3
position and intensity of the carbonyl stretching band depends on the molecular structure in

its immediate vicinity and therefore very useful in characterizing the typeadionyl

function present in the compound.Compared with the frequency of the free carbonyl group
here the decrease in frequency of vibration is due to extended conjugation and the presence of
enolised conjugated :@keto group. Thus the observed positaoml intensity of these bands

indicate that the compound exists in strong intramolecular hydrogen bonded form.The
occurrence of an intense band in the region 38800 crit also supports the presence of

hydrogen bonding.

The occurrence of bands in the ilmy1565 crit -1595citmay be assigned due
phenyl vibrati on sCakényltwvidrationsaemipservechid the range 1495

1515 crit for the ligands. The bands in the range 14800 crit are due to 6C-C chelate

ring and GH chelate ring vibrations.A medium intensity band at nearly 970" ciia
characteristic of trans CH=CH vibrations.The important IR absorptions and their probable
assignments are given in Tal8el.3The IR spectra ol,7-bis(4chloro phenyl) heptd,6
diene3,5dione@a) and 1,7bis(2chloro phenyl)heptd,6-diene3,5dione@b) has been

depicted inFig.3.1.2andFig 3.1.3respectively.



Table 3.1.3 IR spectral data of chloro substituted curcuminoid derivaties
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Compounds
Probable IR assignments
3a 3b 3c
1639 1620 1628 . (C=0) <che
1593 1568 1572 . (C=C) phe
1513 1509 1498 « ( €€)akenyl
1489 1459 1461 « afC-C-C) chelate ring
1412 1436 1411 . (C-C-C) chelate ring
1091,1014 1128,1043 1101,1052 b (-B) chelate ring
983 974 963 « (CH=CH) ¢t
90
%T
a5
80 ;
‘e = b
? 7
58
75 gs {
’ES:
70 -
$
05 ...............
T et agm | aon % 8o . . 1000, * ava

Yiem

Fig.3.1.2 IR spectrum of 1,7bis(4-chloro phenyl) hepta1,6-diene-3,5-dione(3a)
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M/

Fig.3.1.3 IR spectrum of 1,7bis(2-chloro phenyl) hepta1,6-diene-3,5-dione(3b)

'H NMR spectra
TheHNMR spectra distinguishes the different types of protons present in the molecule.Each
type of proton has a characteristic value of chemical shift. The protons of chloro analogues of
1,7-diphenyl heptanoids which can be identified frdhh NMR spectra inclde enolic,
methine, alkenyl and phenyl protons (Table 3.1.4) .All the compoBad8b& 3cdisplayed
a one proton singlet downfield at ~ 16ppm assignable to strong intramolecularly hydrogen
bonded enolic proton .This confirms the enolic structure ofribiecule.All compounds also
gave another one proton singlet at ~ 5.9ppm corresponding to the methine proton. Phenyl
hydrogens appear in a range downfield rom7.9ppm.The hydrogens in an aromatic ring

are deshielded by the large anisotropic field ggriee d by el ectrons i n t
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alkenyl protons are observed in the range&2 ppm.The protons directly attached to the
double bonded carbon are also deshieldgue *HNMR spectra of ligands 3a and 3b are
brought out inFig 3.1.4 and Fig 3.15 respectively. TheHNMR spectral data of the

compounds are given ifable 3.1.4.

Table 3.1.4 *H NMR spectral data of chloro analogues of curcuminoids

Chemical shifts (U p
Compounds
Enolic Methine Alkenyl Phenyl
3a 16.024 5.82 6.57-8.04 7.37.63
3b 16.025 5.92 6.43-8.088 7.1647.789
3c 16.02 59 6.4-8.1 7.357.75

' " v " T "W ¥ [} F [ 3 “ 1 i L ]

Fig 1.1 4'H SR uperdirmm of 1.7 - basid - chloro pheas i) bepis 1.6 divas X5 diomei ¥a)
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13CNMR spectra

The *CNMR spectra helps to identify the non equivalent carbon atoms in a molecule..Each
chemically and magnetically distinct carbon give rise to a single peak>ChMMR spectral
details of chloro analogues of 1,@iaryl heptanoids representifdC chemical shifts are

given inTable 3.1.5,3.1.6 & 3.1.7.

Fig.3.1.6 Chemically distinct Carbons in 1,7-bis(4-chloro phenyl) heptal,6-diene-3,5

dione

Table 3.1.5 !*CNMR spectral data of 3a

C1l C2,CZ3 C3,C] C4,C4 Cb5, C5

103.4 191.09 139.6 132.4 134.1

ce, Cf Cc7r,Cqg C8,C{ C9,C9g Cc10, C

129.4 130.3 139.6 131.0 129.6
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Fig. 3.1.7 Chemically distinct Carbons in 1,7bis(2-chloro phenyl) heptal,6-diene-3,5

dione

Table 3.1.6 *CNMR spectral data of 3b

C1 C2,C2 C3, C3 C4, C4 C5, C5

105.6 193.4 137.5 131.4 135.4

Ce, C cC7,C7 C8, C8 CcC9, C9 Ci10, C|

137.3 130.9 129.6 128.9 130

Fig.3.1.8 Chemically distinct Carbons in 1,7-bis(3,4dichloro phenyl) hepta-1,6-diene-

3,5-dione



Table 3.1.7 *C NMR spectral details of 3c
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C1 c2, C2 cC3, C3 C4, C44 C5, C5
109.5 193.6 138.6 133.1 137.5
C6, C6 c7, C7 c8, C8 c9,C9q C10, C12
135.7 139.6 138.4 129.6 128.3

The chemical shift due to C1 (methine) is present at a position ~ at 107ppm. Here also there

Is apossibility of keteenol tautomerism which makes the shift of C1 carbon to ~ at 107ppm.

C2 carbon of carbonyl appears at a position at~ 190ppm and appears at the lowest field

values. The C atoms to which the electronegative atom Chlorine is at@e8ed 3a,C6 in

3b and C7,C8 in 3c) shows a large downfield shift because electronegativity produces

deshielding effect. The alkkenyl carbon C3 is present at a position at ~ 140ppm where as C4 is

present at a position at ~ 135ppm. The carbon atoms in the Ipivengre present between

1307 143ppm. The carbon which is attached to the alkenyl carbon atom is down shielded.

Mass spectra

The mass spectral details of lhB(4-chloro phenyl) heptd,6-diene3,5dione(3a), 1,7

bis(2-chloro phenyl) heptd,6-diene 3,5-dione(3b), 1,7bis(3,4dichloro phenyl) heptd.,6-

diene3,5-dione(3c) are given below ifable 3.1.8.

Table 3.1.8 Masspectral fragments of 3a, 3b & 3c
M+/
Fragments* | Ligands | M+1 | A B C D E F G H
ion
3a 342 | 175| 169 | 125 | 140 | 115 | 141 | 230 | 204
Mass 3b 345 | 178| 165 | 125 | 138 | 115 | 141 | 231 | 207
Pattern
3c 413.6| 216| 202 | 165 | 178 | 152 | 179 | 263 | 238

*The alphabets corresponds to the fragments givéaheme 3.2
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Mass spectrum of 3a shows distinct molecular M, ion peak at m/z=342. The base peak

in the spectrum is observed at m/z=141 and is due teCAxCH]+ where(Ar=4
chlorophenyl). The nexintense peak is observed at m/z=169 and is due teCHA+CH
C=0]+.Elimination of important groups like ,8,,CH,=C=0,C=0,GH,0,CH-CH=C=0

from the molecule gives different fragments and the values are depicted in Table 3.1.8.All
other peaks are due to fragn ions which can be observed from the fragmentation pattern

given inScheme 3.1.ZThe mass spectrum 8&is given in Fig.3.1.9.

The mass spectrum &b is given in Fig.3.1.10.The mass spectrum shows an intense
molecular ion peak at m/z=345.The othmiominent peaks in the spectrum are due to
fragment ions.Smaller fragments like O,0OH,Cl, {Hc. are removed from the molecular
ion.The peaks at m/z=138 and 165 are very prominent in the spectra and are due to [Ar

CH=CH]+ and [A-rCH=CHC=0]+respectivel where Ar=2chlorophenyl.

The mass spectrum dc is reproduced in Fig.3.1.11.The molecular ion peak3ofis
observed at m/z= 413.6.The base peak in the spectrum is observed at m/z=178 and is
assigned to the fragment ion f&IH=CH,]+,where Ar=3,4dichlorophenyl. Important peaks
appeared in the spectra of the compounds can be conveniently accounted by the

fragmentation pattern given $theme 3.1.2.
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Scheme 3.2.2 Ar=>4-chloro phenyl,
2-chloro phenyl,
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SECTION-II
SYNTHESIS AND CHARACTERISATION OF TRANSITION METAL

CHELATES OF CHLORO SUBSTITUTED 1,7 -DIARYL HEPTANOIDS

3.2.1 Synthesis of metal complexes of 1ih&(4-chloro phenyl) heptal,6-diene-3,5
dione(3a), 1,7bis(2-chloro phenyl) heptal,6-diene-3,5dione(3b) & 1,7-bis(3,4dichloro
phenyl) heptal,6-diene-3,5dione(3c)
Copper(ll), Zinc(ll), Nickel(l) and Oxovanadium(lVromplexes of chloro substituted
curcuminoid analogues were synthesized by the following general method.

To a refluxing solution of the ligand(0.002 mol) in methanol(25ml)gahanolic solution of
metal salt (0.001mol)was added and the reaction mixture was refluxed for nearly 2 hrs and
cooled to room temperature. The precipitated complex was filtered, washed with 1:1,
methanol:.watermixture and recrystallised from hot metiohn
Preparation of Cu(ll) complex of the ligands

The Cu(ll) complexes were prepared by adding a methanolic solution of copper(ll)acetate
(25 ml, 0.001mol) to a solution &&,3b and 3¢(25 ml, 0.002 mol) in methanol and refluxed
gently for 2 h. After redaing the volume to half, the solution was cooled to room
temperature. The precipitated complex was filtered, washed with 1:1, methanol:.water mixture
and recrystallised from hot methanol.
Preparation of Zn(ll) complex of the ligands

The Zn(ll) complexes were prepared by adding a methanolic solution of zinc acetate (25 ml,
0.001mol) to a solution &fa,3b and 3c(25 ml, 0.002 mol) in methanol and refluxed gently
for 2 h. After reducing the volume to half, the solution was cooled to room temperature. The
precipitated complex was filtered, washed with 1:1, methanol:.water mixture and

recrystallised from hot methanol.
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Preparation of Ni(ll) complex of the ligands

The Ni(ll) complexes were prepared by adding a methanolic solution of nickel(ll) acetate
(25 m| 0.001mol) to a solution of3a,3b and 3¢25 ml, 0.002 mol) in methanol and
repeating the above procedure.

Preparation of Oxovanadium(lV) complex of the ligands

TheVO (IV) complexeswere prepared by adding a methanolic solutiov ahadium(lV)

Oxide sulphate (25 ml, 0.001mol) to a solution®&d, 3b and 3¢(25 ml, 0.002 mol) in

methanol and refluxed gently for 2 h. Afteeducingthe volume to half, the solution was

cooled to room temperature. The precipitated complex was filtered, washed with 1:1

methanolwater mixture and recrystallised from hot methanol.

The reaction involved in the formation of complexsgepresented below iBcheme 3.2.1.

M (acetate)s M=(Cu.Zn Ni)
Vanadium(TV) oxide sulphate M=(VO (TV))

N P~ AN SLI
— &
4 AN
: " o
0 L
D Ar \.\ N '\..‘_‘ﬂ f Ar

Ar = 4-chloro phenyl, 2chlorophenyl, 3,4dichlorophenyl

Scheme 3.2.1
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3.2.2 Characterisation of transition metal complexes afhloro analogues of 1,7diaryl
heptanoids

Transitionmetal chelates (Cu, Zn,Ni,Vanadyl) of 4y%(4-chloro phenyl) heptd,6-diene
3,5-dione(3a), 1,7bis(2chloro phenyl) heptd,6-diene3,5dione(3b), 1,7bis(3,4dichloro
phenyl) heptal,6-diene3,5dione(3c) were characterized usinghysical,analytical and
spectral datas. Elemental analysis (C, H and metal percentdsing point, UV and IR
spectral datas of metal complexes of3aand 3c are given ifable3.2.1, Table 3.2.2nd

Table 3.2.3 regectively. The datas given below suggest a MIistoichiometry for all
complexes prepared. Magnetic moment measurements show that Ni(ll)complexes are

diamagnetic ,Cu(ll),VO(IV) chelates show paramagnetic moment.

Table 3.2.1 Physical, Analytical and spectral data of transition metal chelates of 1,7

bis(4-chloro phenyl) heptal,6-diene-3,5dione

i 0
Elemental analysis (%) Characteristic IR
stretching
Found/(calculated) UV bands (cni)
Metal M.P Het | oma
chelates| (°C) BM (nm)
C H Metal (C=0)| (c-cC) | (M-0O)
60.67 3.46 7.85 232, 465
Cu(ll) | 140 1.78 1592 1495
(61.24) | (3.79) | (8.10) 312 420
60.52 | 3.451 | 8.680 229, 454,
Zn(11) 143 1590 1502
(61.05) | (3.76) | (9.10) 311 419
60.96 3.41 7.82 233, 462,
Ni(Il) 145 1594 1512
(61.30) | (3.75) | (7.52) 312 425
60.39 3.45 6.75 237, 463,
VO(IV) | 147 1.73 1598 1511
(61.52) | (3.56) | (7.10) 315 420
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Table 3.2.2 Physical, Analytical and spectral data of transition metal chelates of 1,7

bis(2-chloro phenyl) heptal,6-diene-3,5dione

Ele mental analysis (%)

Characteristic IR

Metal I\/(I).P. Found/(calculated) a»Ur\n/ a X bztnrﬁ;c?é?gl)
chelates | (°C) (nm)
C H Metal (C=0)| (C-CLC)| (M-O)
61.23 3.78 8.11 230, 465,
Cu(ll) 125 1591 1494
(60.67) (3.46) (7.85) 310 424
61.03 3.75 9.02 227, 453,
Zn(Il) 128 1589 1501
(60.52) (3.451) | (8.680) 309 419
61.29 3.76 7.50 231, 460,
Ni(l1) 130 1593 1512
(60.96) (3.41) (7.82) 310 425
61.51 3.55 7.01 235, 465,
VO(IV) 132 1598 1510
(60.39) (3.45) (6.75) 315 419

Table 3.2.3 Physical, Analytical and spectral data of transition metal chelates of 1,7

bis(3,4dichloro phenyl) hepta-1,6-diene-3,5-dione

is (O
Elemental analysis (%) Characteristic IR
uv stretching
Metal M.P. Found/(calculated) 1
chelates | (°C) e();] rrrr1])a bands (cn)
C H Metal (C=0) | (c-Cc-C) | (M-0O)
51.02 2.45 7.03 240, 475,
Cu(ll) 156 1608 1520
(51.26) (2.473) (7.138) 340 441
50.99 2.449 7.25 243, 481,
Zn(Il) 160 1589 1526
(51.17) (2.46) (7.33) 337 427
51.25 2.475 6.52 245, 485,
Ni(IT) 165 1593 1521
(51.44) (2.486) (6.63) 339 428
50.98 2.39 5.67 248, 488,
VO(IV) 168 1595 1525
(51.06) (2.463) (5.704) 341 442
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The UV spectra of ligands and their corresponding complexes are quite similar.There is no

much shift in the absorption values ‘0P “ z and ® “ z transitions.The complexes also

show two absorption maxima corresponding“t®@ “ z and ® “ z transitions.Theras a

slight shift of absorption maxima to longer wavelength which indicate the involvement of the

carbonyl oxygens in metal complexation.The UV spectra of liggand its Zn(ll) complex

are shown in Fig.3.2.1.

3000

2000- 2000+

1000+ 1.000F

0.000+ 2000k

039 : |

200.00 400.00 -0.3%
im 20000 400.00
Fig.3.2.1 UV spectra of 1;bis(4-chloro phenyl) hepta-1,6-diene-3,5-dione
and its Zn(ll) complex

IR spectra

The absence of a strong band in the region 1BEED crit is one of the characteristic feature

of metal complexes of 1;8iketones. In the IR spectra of metal complexes, the pdak

inramolecularly hydrogen bonded carbonyl moiety which is present at ~ 1630 cm

disappeared and a new band appeared at ~ 158%biuh is due to metal chelated carbonyl
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group . The broad band in the region of 268800 crit present in the ligand is reduced i

the spectra of complexes. Thigdicates that the enolic proton in ligand is replaced by the
metal ion during complexation. The involvement of carbonyl group in chelate formation is
further evident from the appear@&nof two medium intensity bands in the region of 4G®0
cm'due t-@ vibrafitns. There is no change in the nature of akenyl carbons due to

complex formation. The IR spectra of Cu(ll) complex 3ifis depicted inFig.3.2.2.

PP kA A& P o -
4000 3500 3000 2500 2000 1500 1000 500
' The

/ecm

Fig.3.2.2 IR speata of Cu(ll) complex of 1,7-bis(4-chloro phenyl) heptal,6-diene-3,5

dione
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'H NMR spectra

The 'H NMR spectra of metal complexes are in conformity with structure,in which enolic

proton present in the ligands is replaced by metal ion in metal complexes. This is evident by
the disappearance of the signal at adyl~ 16pp
protons are not altered much since they are not involved in metal complexation. There is a
slight shift of methine signals to the downfield of the spectra indicating the decreased
electron density around the central carbon of the metal chelate riegrsyBhus the spectra

of ligand and complexes are much similar except those of enolic proton.

Fig 323 . (1) ¢ exof 3a

Mass spectra
The suggested structure of complexes are in agreement with the observed mass spectra of
complexes.The molecular ion peak gives idea about the stochiometry of the complex with

metal ligand ratio 1:2. The probable fragmentation pattern of the complexes drasbe
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observed peaks has been illustrate®aheme 3.2.2The fragment F in the table is that due
to the ligand. Mass spectral details of the transition metal chelaBss 8b& 3c are given

in Table 3.2.4, 3.2.5 & 3.2.6. Mass spectrum of Zn(ll) ctexpf 3a is given in Fig.3.2.4 and
Cu(ll) complex oBb is given in Fig.3.2.5.

Table 3.2.4 Mass spectral fragme ntal pattern of metal chelates of 1hi&(4-chloro

phenyl) heptal,6-diene-3,5-dione

M+/
Fragments | Metal (M+1)/ A B C D E F G
Chelate | (M+2)
ion
Cu(ll 749 527 | 408| 121 | 307 185 | 345 | 223
Mass Zn(11) 754 531 | 410| 121 | 308 187 | 345 | 223
Pattern
Ni(11) 747 524 | 403| 121 301 180 | 345 | 223
VO(IV) 755 532 | 411| 121 | 309 188 | 345 | 223

*The alphabets corresponds to the fragments givSeleme 3.2.2 .

Table 3.2.5 Mass spectral fragme ntal pattern of metal chelates of his(2-chloro

phenyl) hepta1,6-diene-3,5-dione

M+/
Fragments | Metal (M+1)/ A B C D E F G
chelates| (M+2)
ion
Cu(ll) 749 527 | 408| 121 | 307 | 185 | 345 | 223
Mass Zn(ll) 754 531 | 410| 121 | 308 | 187 | 345 | 223
Pattern
Ni(11) 747 524 | 403| 121 301 | 180 | 345 | 223
VO(IV) 755 532 | 411 121 | 309 | 188 | 345 | 223

*The alphabets corresponds to the fragments givecheme 3.2.2 .
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Table 3.2.6 Mass spectral fragmentgattern of metal chelates of 1,7bis(3,4-dichloro

phenyl) heptal,6-diene-3,5-dione

M+/
Fragments | Metal (M+1)/ A B C D E F G
(M+2)
chelates ion
Cu(ll) 890 508 | 477 | 121 | 306 185 414 | 292
Mass Zn(1T) 892 600 | 479 121 | 308 187 414 | 292
Pattern Ni(IT) 885 503 | 472 | 121 | 301 180 414 | 292
VO(IV) 893 601 | 480 121 | 309 188 414 | 292

*The alphabets corresponds to the fragments giveaheme 3.2.2.

Peaks corresponding to stepwise elimination of aryl groups is a characteristic feature of all
thecomplexes. The molecular ion peak corresponding toJMlion is present in the mass
spectra of complexes.The fragment ion peaks can be identified from the fragmentation
pattern given in Scheme 3.2.2. Smaller molecules are eliminated from the moleceteato g

large number of peaks beyond the peaks discussed in the Scheme.Certain fragments rearrange
to form stable cyclic species.Peaks due to [ML]+,L+ and fragments of L+ are also detected in

the spectrum.
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. +. T K
A —‘ Ar
3
o1
/
Ar

_‘ +, —‘ +
J° ° 0
O>M{; f . 8;>"“
E

Scheme 3.2.2  Fragme ntatiopatte m of metal complexes

In the mass spectrum of Cu(ll) complex of 3b ,the molecular ion peak is present at 749 which
IS not a very intense peak.The peak at 683 is due to the removal of Cu from molecular ion and
the removal of Cu and Oxygen gives feak at 667.The peak at 527 is due to the removal

of 2Ar groups and the peak at 307 is due to the removal of 4Ar groups where Ar=2
chlorophenyl group. The peak at 391 is due to the removal of a ligand group and oxygen from
the molecular ion.The peaks &861154 are also observed in the mass spectra of ligand and
they are due to fragment ions of ligand.The peak at 121 is assigned to the rearranged cyclic
species in the Scheme.

In the mass spectrum of Zn(ll) complex of 3a ,the molecular ion peak is pre3&udt ahich

is not a very intense peak..The peak at 531 is due to the removal of 2Ar groups and the peak
at 308 is due to the removal of 4Ar groups where Achibrophenyl group.The peak at 345

Is due to the ligand and the peaks at 278 and 208 ar® dagment ions of the ligand and

are observed in the spectrum of the ligand.The peak at 410 is assigned to the fragment B in

the Scheme.
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The observed UV, IR, NMR and Massspectral details suggest that the metal complexes

formed has a 1:2 metal ligandoghiometry(ML) as given below.

n = 2 for Cu(1I),Zn(II),Ni(1I), VO(IV)

Ar = chloro substituted phenvl
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SECTION-III
CYTOTOXIC AND ANTITU MOUR STUDIES OF CHLORO
ANALOGUES OF 1,71 DIPHENY L HEPTANOIDS AND TH EIR

TRANSITION METAL CHE LATES

This section dealsvith the cytotoxic and antitumour activities of chloro substituted- 1,7
diaryl heptanoids namely fis(4-chloro phenyl) heptd,6-diene 3,5 dione(3a), 1,7bis(2-
chloro phenyl)heptd,,6-diene 3,5dione(3b)and1bis(3,4dichloro phenyl) heptd,6-diene
3,5dione(3c) and their metal chelates Cu(ll),Zn(ll),Ni(ll) & VO(IV). Invitro cytotoxic
activity against DLA and EAC cell lines were studied.The Invivo antitumour activity was
determined by using EAC cell line induced ascites tumour model in mice amdiarison
with a std.anticancer drug cyclophosphamide.

3.3.1. Invitro Cytotoxic activity of ligands and metal chelates

Short term cytotoxic activity of compounds dhB(4chloro phenyl) heptd,6-diene3,5
dione(3a),1,7bis(2chlorophenyl)heptd.,6-diene 3,5-dione(3b), 1,7bis(3,4dichloro phenyl)
heptal,6-diene3,5dione(3c) and their metal chelates Cu(ll),Zn(ll),Ni(ll) &VO(IV) were
assayed by determining the percentage viability of DLA and EAC cells using Trypan blue

dye exclusion technique (Moldget al1978).

3.3.2. In vitro Cytotoxic studies of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5

dione(3a), and their metal complexes [Cu(ll),Zn(Il),Ni(ll) &VO(IV)] towards EAC cells

The curcuminoid analogue is(4-chloro phenyl) heptd,6-diene3,5dione and their

metal complexes were used farvitro cytotoxicity study towards EAC cells. All the test
compounds were prepared in different concen

cytotoxic nature of the compounds were determined in terms oél¥@eath produced by
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them.The results of the study is given in TaBl8.1 and represented diagrammatically in
Fig.3.3.1.

Table 3.3.1. In vitro Cytotoxic studies of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5

dione (L1) and their metal complexegowards EAC

Drug Con. % Cell death

e g/ mli L, Cu(L 1), Zn(L 1) Ni(L 1), VO(L 1),
200 25 76 62 47 26
100 21 65 49 35 22
50 11 45 35 23 12
20 5 26 20 18 6
10 3 16 11 9 4

80

o /.

60 /

50

/ / ——Lu

40 / / - cu
20 Zn(L1)2
/ = Ni(L1)2
20 - /( #—VO(L1)2
10 -

0 T T T T 1
0 50 100 150 200 250

% cell death

drug concentration

Fig.3.3.1.In vitro Cytotoxic studies of 1, 7bis(4-chloro phenyl) heptal,6-diene-3,5

dione (L1) and their metal complexes towards EAC
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The ligand 3a produced only 25% cell death towards EAC cell lines at a concentration of
200¢eg/ ml . At | ower C 0 n c eomgound ts iquten nedligibée. Alatleet i v i t
metal complexes produced greater % of cell death compared with the ligands.They possessed
less activity at lower concentrations.As concentration increases the % of cell death
increases.The % cell death produced by IGdn(Il),Ni(ll) and VO(IV) complexes at
200eg/ ml are 76,62,47 & 26 % respectively. An
of ligand possessed maximum activity and VO(I1V) complex exhibited minimum activity. The
vanadyl complex only showed a very sligincrease in activity compared with ligand.The

cytotoxic nature of compounds follow the sequence Cu(ll)> Zn(ll) > Ni(ll) >VO(IV) >ligand.

3.3.3In vitro Cytotoxic studies of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5dione (L1)
and their metal comdexes [Cu(Il),Zn(11),Ni(ll) &VO(IV)] towards DLA cells
The ligand and the metal complexes were studied for their activity against DLA cells.
The % cell death were also calculated with DLA cell lines.The results of the study in terms of
% cell death is regsented in Tabld.3.2and diagrammatically in Fi®.3.2.
Table.3.3.2 In vitro Cytotoxic studies of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5

dione (L1) andtheir metal complexes towards DLA

Drug Con. % Cell death
eg/ m [ Cu(L 1), Zn(L 1), Ni(L 1), VO(L 1)
200 23 74 60 45 24
100 20 63 47 33 21
50 10 41 31 20 11
20 6 22 19 17 7
10 3 14 10 8 3
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80
20 /.

50 ——L1
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/ Zn(L1)2
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Fig.3.3.2 In vitro Cytotoxic studies of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5-dione

(L1) and their metal complexes towards DLA

The results of the study indicate that the activity of compound 3a and metal complexes
towards DLA cells follows a similar pattern as that with EAC cells.The ligand as well as the
metal complexes showed a slight decrease in activity when comparedheiitiattivities
towards EAC cells.The compound 3a produced 23% cell death where as its Cu(ll) complex
produced 74% cell death,which is thrice the activity of ligand.The activity of metal
complexes followed the order Cu(ll)>Zn(11)>Ni(ll)> VO(IV) and the €ll death produced

by them were 74,60,45 and 24% respectively.

3.3.4. In vitro Cytotoxic studies of 1,7bis(2-chloro phenyl) heptal,6-diene-3,5dione

and their metal complexes [Cu(ll),Zn(ll),Ni(ll) &VO(IV)] towards EAC & DLA cells

In vitro Cytotoxic studies were done using -hig(2chloro phenyl) heptd,6-diene3,5

dione(3b) and their metal complexes towards EAC & DLA cell lines.The % cell death
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towards EAC & DLA cells are given in Tab®%3.3and Table3.3.4respectively. The results
arealso depicted in Fi.3.3&3.3.4respectively.
Table 3.3.3. In vitro Cytotoxic studies of of 1,7bis(2-chloro phenyl) heptal,6-diene-3,5

dione ( L) and their metal complexes towards EAC

% Cell death
Drug Con.

e g/ ml L, Cu(Ly), Zn(L ), Ni(L 2)2 VO(L ,),
200 22 74 60 45 25
100 20 63 45 33 21
50 9 43 32 22 10
20 8 24 18 17 9
10 4 14 9 8 5

80
70
60 /

50 /

/ ——L2
o
20 Zn(L2)2

/ — —4— Ni(L2)2
20 - e

—#=VO(L2)2

% cell death

10 1+

0 50 100 150 200 250

drug concentration

Fig.3.3.3. In vitro Cytotoxic studies of 1,7bis(2-chloro phenyl) heptal,6-diene-3,5

dione ( L) and their metal complexes towards EAC
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Table 3.3.4 In vitro Cytotoxic studies of 1,7bis(2-chloro phenyl) heptal,6-diene-3,5

dione ( L) and their metal complexes towards DLA

Drug Con. % Cell death
eg/ m
L2 CU(L 2)2 Zn(l_ 2)2 N|(L 2)2 VO(L 2)2
200 20 72 58 43 22
100 19 60 44 31 20
50 8 39 30 19 9
20 4 21 18 16 5
10 3 13 9 7 4
80
50 /
k5 ——
g // x L2
= 40 —B- Cu(L2)2
o
S / / —A—2Zn(L2)2
30
/ / = Ni(L2)2
20 H*—VO(L2)2
10 A
0
0 50 100 150 200 250
drug concentration

Fig.3.3.4 In vitro Cytotoxic studies of 1,7bis(2-chloro phenyl) heptal,6-diene-3,5

dione ( L) and their metal complexes towards DLA
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The ligand 3b with chloro substituent in ortho position of the phamg was less effective

than ligand 3a with chlorine in para position.The ligand and metal complexes possessed very

little activity at lower concentrations.The ligand 3b could not produce much cell death even

at higher concentration with DLA and EAC celllsit the Cu(ll) and Zn(ll) complexes of the

ligand exhibited activity against both cell lines,nearly 70 and 60% respectively. The Vanadyl

complexes have the lowest value among the metal complexes.They produced only 25% cell

death.

3.3.5 Invitro Cytotoxic studies of 1,7bis(3,4dichloro phenyl)hepta1,6-diene-3,5

dione(3c) and their metal complexes towards EAC & DLA cells

In vitro Cytotoxic studies were done using-hig(3,4dichloro phenyl) heptd,6-diene3,5

dione@c) and their metal complexes towartumour bearing cells DLA & EAC. Ligand and

compl exes

wer e

gi ven

as drug

with concentrat

% cell death towards EAC cells are givenTmble 3.3.5& Fig.3.3.5and towards DLA cells

are given inTable 3.3.6& Fig.3.3.6.

Table 3.3.5 In vitro Cytotoxic studies of 1,7bis(3,4dichloro phenyl)hepta-1,6-diene-3,5

dione (L3) and their metal complexes towards EAC

% Cell death
Drug Con.
€9 [ ml L3 CU(LS)Z Zn(L 3)2 N|(L 3)2 VO(L 3)2
200 20 49 35 32 24
100 15 34 23 19 16
50 11 20 18 15 12
20 6 11 8 7 5
10 0 2 1 0 0
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Zn(L3)2
—<—Ni(L3)2

% cell death

—#—VO(L3)2
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drug concentration

Fig.3.3.5 In vitro Cytotoxic studies of 1,7bis(3,4dichloro phenyl)hepta-1,6-diene-3,5

dione(Ls3) and their metal complexes towards EAC

The results show that the ligaidd7-bis(3,4dichloro phenyl)heptd.,6-diene 3,5 dione(Ls)
and their metal complexes could not significantly inhibit the growth of EAC cells.They were

guite i1inactive at | ower concentrations. Cu( |

produced maximum ct i vi ty (49 %) . Even with a concent

only 20% cell death.However the metal complexes were a little more active than the ligand

against EAC cells.
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Table3.3.6 In vitro Cytotoxic studies of 1,7bis(3,4dichloro phenyl)hepta-1,6-diene-3,5

dione(L3) and their metal complexes towards DLA

% Cell death
Drug Con.
€ g/ mi Ls Cu(L ), Zn(L 3)» Ni(L 2)2 VO(L 3)2
200 15 45 30 29 20
100 8 28 18 16 12
50 5 18 13 12 10
20 3 9 6 4 3
10 0 2 1 0 0

The % cell deatbroduced by the ligand with dichloro substituted phenyl ring and Ni(ll) and
Vanadyl complexes is zero with con. 10&gg/ ml.
negligible even at all concentrations. Out of the metal complexes, Cu complexes have the

maximum value (45%) where as VO(IV) complexes have the least(20%). The ligand as well

as the metal complexes were not effective in bringing cell death with DLA cells.

50

45 /I

40
g P // ——L3
8 30
S . - = —m- Cu(L3)2
& 2 - — » Zn(L3)2
X / .

0 K%*WV

10 ! —#=VO(L3)2

5 .

0 .

0 50 100 150 200 250
rug concentration

Fig.3.3.6. In vitro Cytotoxic studies of 1,7bis(3,4-dichloro phenyl)hepta1,6-diene-3,5

dione(Ls3) and their metal complexes towards DLA
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Conclusion

A comparative study oih vitro cytotoxicity of chloro analogues of curcuminoids, i.e,-1,7
bis(4-chloro phenyl) heptd,6-diene3,5dioneBa), 1,7-bis(2-chloro phenjjheptal,6-diene
3,5-dione@b) & 1,7-bis(3,4dichloro phenyl)heptd,6-diene 3,5 dione@c)were done. It was
observed thaBa has the maximum activity both towards EAC & DLA. The order of activity
among the chloro compounds aBa > 3b > 3c. Among the metacomplexes Cu(ll)
possessed maximum activity. This may be due to the steric factor of chloro grd@ap(4n

chloro) the steric factor is minimum where as in di chl@@ (t is maximum.
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IN VIVO ANTITUMOUR STUDIES O F 1,7-BIS(4-CHLORO PHENYL)
HEPTA-1,6-DIENE-3,5DIONE ( L,) AND THEIR

Cu(ll) AND Z n(ll) METAL COMPLEXES

The effect of 1,7bis(4chloro phenyl) heptd,6-diene3,5dione ( L) and their Cu(ll) and

Zn(ll) metal complexeson the survival rate ofscitestumour bearing animals were
studied.Swiss Albino mice (male® weeks old)weighing 280g were divided into 11

groups of five animals each.Viable EAC cells in 0.1ml of PBS were injected into the
peritoneal cavity so as to develop tumour in animals. The alsiwere then injected with test
compounds as drug in different concentratioBsoupl was kept as control without drug

treatment. Group 2 was treated with Standard dru@yclophosphamide( 25mg/kg body
weight).Ligand 1,7bis(4chloro phenyl) heptd,6-diere-3,5dione  with concentrations

20e g/ ml , 10eg/ ml and 5¢ g/Group 3vbeespectiveldGraum i st er €
68 Cu(1 1) complex of l igand as drug with ¢
respectively is given as i.p(intraperitoneal injen}. Group 9-11: Zn(ll) complex of ligand

as drug wi t h concentrat i/rol mespectivele §/givén,as 10 ¢ g |

intraperitoneal injection.

3.3.6.Effect of 1,7bis(4-chloro phenyl) heptal,6-diene-3,5dione and the Cu(ll) &Zn(ll)
complexes orascites tumour

All the test compounds were injected intraperitoneally and were given as drug and their effect
in reducing ascites tumour development in mice were studied.The no. of days survived by the
control group,the animals given standard drug,ancathimals treated with test compounds

and their % increase in life span is found and the results are presented ir8.3able
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Table 3.3.7 Effect of 1,7/bis(4-chloro phenyl) heptal,6-diene-3,5dione(L2) and the

Cu(ll) &Zn(ll) complexes on ascitestumour reduction

Animal groups Concentration No.of animals No. of days % ILS
e g/ ml with tumour Survived

1. Control 5/5 17.3:1.10
2.Standard drug 5/5 30.6+ 0.489 76.87
3.L 20 5/5 20.0+1.095 15.60
4.1, 10 5/5 18.8:0.74 8.67
5.1, 5 5/5 17.5£1.16 1.15
6.Cu(L,). 20 5/5 24.6+1.04 42.19
7. Cu(Lo) 10 5/5 20+1.095 15.60
8. Cu(L.), 5 5/5 19.8+ 1.469 14.45
9.Zn(L,), 20 5/5 20.5+ 1.20 18.49
10.Z n(Ly), 10 5/5 18.9£ 045 9.24
11.Zn(L,), 5 5/5 17.9+ 0.50 3.46

The test compounds namelly7-bis(4-chlorophenyl) heptal,6-diene 3,5-dione(L) and their

Cu(ll) and zn(ll) metal complexewere given as drug in different concentrations namely

5,10, 20

e g/ mli

. The

no.

of

days surv

i ved

drug cyclophosphamide it i903+0.489.The animals which were given the drughist4

chloro phenyl) heptd,6-diene3,5dione survived for20.0+1.095 days

concentration

20¢ g/ ml

and

produced

with the

an

by ¢

ncr e

untreated animals.The ligand mwler concentrations is not very effective in increasing the

l i fe span

of a

ni mal s.

The

treat ment

wi t h

Cu (I

the life span of tumour bearing animals by 42% where as the Zn(ll) complex increased the

life span of tmour bearing animals only by 18%.Compared with the increase in life span

produced by the std.drug (76%) ,the ligand and Zn complexes possessed little antitumour

ctivity.But the Cu(ll) complex has shown significant activity and the animals treated with the

compound survived for 24461.04 days.
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SECTION-IV
ANTIBACTERIAL STUDIE S OF CHLORO SUBSTITUTED 1,7-
DIARYL HEPTANOIDS AN D THEIR C u(ll),Z n(1)&VO(IV)METAL

COMPLEXES

3.4.1 Antibacternial studies of 1,#bis(4-chloro phenyl) hepta-1,6-diene-3,5-dione(3a) 1,7-
bis(2-chlorophenyl)he pta1,6-diene-3,5-dione(3b) and their Cu(ll) ,Zn(ll) and VO(IV)

complexes

The compounds and their complexes were evaluated for their antibacterial activities.The
invitro antibacterial studies were performed on three types oftebal strains namely
Escherichia Coli, Klebsiella Pneumoniae & Bacillus Subtilis using Agar well diffusion
method. The test compounds showed varying degree of inhibition against different bacterial
strains. The results of the antibacterial activity dfloco substituted 1;diaryl heptanoids

and their complexes revealed that the ligands and their complexes possess antibacterial
activity (Table 3.4.1).The activity is expressed in terms of diameter of zone of inhibition in

mm.

Table 3.4.1 Antibacterial studies of 1,7-bis(4-chloro phenyl) heptal,6-diene-3,5
dione(Ly ),1,7-bis(2-chloro phenyl)hepta-1,6-diene-3,5-dione(L,) and their
Cu(ll) ,Zn(ll) and VO(IV) complexes

Diameter zone of inhibition in mm
Bacteria
L, Cu(L1)2 | Zn(L 1)z | VO(L )2 L, Cu(L2)2 | Zn(L2). | VO(L2)2
E Coli 13.5 17.5 13 15 13 18 14 17
Klebsiella 11 15 12 13 12 16 13 15
Bacillus 4.5 8.5 6 7 6 11.5 7 10.5
Standard 20 20 20 20 20 20 20 20
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M Zn(L1)2
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Fig.3.4.1

. Antibacterial studies of 1,7#is(4-chloro phenyl) hepta1,6-diene-3,5-dione (L;)

and their complexes
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= VO(L2)2

Fig.3.4.2 Antibacterial studies of 1,7bis(2-chloro phenyl)hepta-1,6-diene-3,5-dione (L)

and their complexes
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The results given in Table 3.4.1 reveals that the curcuminoid analogues with chloro
substitutedphenyl ring was more active against E.Coli species producing a zone of inhibition
of 13.5mm.Both the ligands were less active against Bacillus species.All the metal complexes
possessed better antibacterial activity than that of ligands.Out of the thr@lecomplexes,

Cu(ll) complexes show maximum activity against all bacterial strains.The Cu(ll) complexes
of both the ligands exhibited significant antibacterial effect to E.Coli &Klebsiella species
producing a zone of inhibition of 18 mm and 16 mm respeftiVhis is comparable with the
activity of the std.drug. The VO(IV) complexes also could significantly inhibit the growth of
E.Coli &Klebsiella strains.The Zn(ll) complexes had minimum activity.All the compounds

were less active against Bacillus species.

3.4.2 Antibacterial studies of 1,#is(3,4-dichloro phenyl)hepta-1,6-diene-3,5-dione and
their Cu(ll) ,Zn(1l) and VO(IV) complexes

The antibacterial screening of dichloro substituteddlaryl heptanoids and their complexes

were done with three types b bacterial strains namely Escherichia ColiKlebsiella
Pneumoniae & Bacillus Subtilis using Agar well diffusion method.The antibacterial activity
was measured in terms of diameter of zone of inhibition in mm.The curcuminoid analogue
and their metal chelas in the concentration 5mg/ml in DMSO were used for the study.The
solvent acts as negative control and streptomycin served as positive control. The results of the

study are presented Trable.3.4.2.
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Table 3.4.2 Antibacteral studies of 1,7bis(3,4dichloro phenyl)hepta-1,6-diene-3,5

dione(L3) and the metal complexes.

Diameter of zone of inhibition in mm
Bacteria
L3 CU(L3)2 Zn(L 3)2 VO(L 3)2
E Coli 11 14 11.5 12.5
Klebsiella 7.5 12 9 10.5
Bacillus 4 7 45 6
Standard 20 20 20 20

The dichloro substituted I-diaryl heptanoids exhibits less antibacterial activity when

compared with mono chloro substituted ligands.The ligand L3 and metal complexes were

most active against E.Coli species. Thentibacterial effect with Bacillus is negligible.All

metal complexes were more active than ligands.Zn(ll) complex showed almost comparable

activity with the ligand.The VO(IV) complexes were slightly more effective than the ligand

in inhibiting bacterial gswth and the Cu(ll) complexes exhibited maximum activity.

25

E Coli

Klebsiella

Bacillus

standard

mL3
H Cu(L3)2
" Zn(L3)2
¥ VO(L3)2

Fig.3.4.3 Antibacterial studies of 1,7is(3,4dichloro phenyl)hepta-1,6-diene-3,5-dione

(L3) and their complexes.
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SECTION-V
ANTIFUNGAL STUDIES O F CHLORO SUBSTITUTED 1,7-DIARYL

HEPTANOIDS AND THEIR VO(IV)IMETAL CO MPLEXES

3.5.1 Antifungal studies of chloro substituted curcuminoid analogues and their VO(IV)
complexes

The Chloro derivatives afurcuminoid analogues namely 4h(4-chloro phenyl) heptd.,6-
diene 3,5-dione(3a) 1,7-bis(2-chloro phenyl)heptd,6-diene3,5-dione(3b), and 1;bis(3,4
dichloro phenyl)heptd.,6-diene 3,5-dione(3c) and theiO(IV) complexeswere studied for
their antifungal nature.The activity was determined with the fungi spésjesrgillus Niger,
Penicilium Chrysogenum andlternaria Alternate by Disc diffusion methotligands and
their Vanadyl metal complexes with different concentratifi@, 250, 500ug/mlijwere
used as drugsThe results of the antifungal studies are representédhbfe 3.5.1, 3.5.2 and
3.5.3.

Table3.5.1 Antifungal studies of 1,#is(4-chloro phenyl) hepta-1,6-die ne-3,5-dione (L1)

and its VO(IV) complexes

Diameter of zone of inhibition in mm

Fungi
L, VO(L 1)2
100c¢ 250 500c¢ 100eq¢ 250¢ 500¢
Aspergillus 9.5 11 14 12 15 175
Penicillium 10 12 155 12.5 15 18
Alternaria 10 13 16 13 16 18.5
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Table 3.5.2 Antifungal studies of 1,#bis(2-chloro phenyl)heptal,6-diene-3,5dione (L)

and its VO(IV) complexes

Diameter of zone of inhibitionin mm

Fungi L VO(L 2).

1008 250¢ 500¢ 100c¢ 250¢ 500¢

Aspergillus 10 12 13.5 12.5 16 18
Penicillium 10.5 12 15 13 15 19
Alte rnaria 11 13 15.5 13.5 16 19.5

It is observed from the results that as concentration of the test compound increases ,the
antifungal nature increases.All the compounds show maximum results with a drug
concentration of 500egg/ ml.For the ligand wit
activity was seen with Alternaria species,with a zone of inhibition of 16 mm.But thedlig

was also quite active against Aspergillus and Penicillium at higher concentrations.The
VO(IV) complexes were highly active against all fungi species.The zone of inhibition
produced is 17.5mm,18mm,18.5mm with Aspergillus, Penicilium and Alternaria

resgectively.

The ligand with para chloro substituted phenyl ring was slightly more active than the ortho
substituted derivative against all species.The VO(IV) complexes exhibited higher potency
against all fungi species.The results are comparable witle thbsreference which showed

remarkable activity with zone of inhibition 21 mm.
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Table3.5.3 Antifungal studies of 1,7is(3,4dichloro phenyl)hepta-1,6-diene-3,5-dione

(L3) and its VO(IV) complexes

Diameter of zone of inhibition in mm
Fungi Ls VO(L 3),
100c¢ 250¢eq¢ 500c¢ 100e| 250¢| 500¢
Aspergillus 11.5 14 17 17.0 20 21
Penicillium 11 13 16 13.5 16 19
Alternaria 12 15 17 14.5 18 18.5

The ligand with dichloro substituted phenyl ring as well as its Vanadyl complex showed
remarkable antifungalactivity and
derivative.The ligand as well as the complex possess significant activity at all concentrations.
The ligand gave 73% activity and the complex showed 91% activity against Aspergillus
species as copared with the activity of standard drug flucanazole.The VO(IV) complex

exhibits promising antifungal nature.A comparative study of their activity is represented

graphically in Fig.3.5.1.

iS more active than the monochloro substituted
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Fig.3.5.1 VO(IV)complexes of chloro analogues ofL,7-diaryl heptanoids against

Aspergillus

The VO(IV) complex of dichloro compound gave a maximum of 21mm zone of inhibition
against fungi Aspergillus with a con. 500¢g.
activity was found with VO(IV) complexo3 ¢ against Aspergillus wi
values of VO(IV) complexes of chloro analogues with varying concentrations against

Aspergillus are depicted in Fig.3.5.1. The results are in comparison with control disc.
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CHAPTER-IV

SYNTHESIS, CHARACTERISATION AND BIOCHEMI CAL
ACTIVITIES OF DI&TR |SUBSTITUTED
1,7-DIARYLHEPTA -1,6-DIENE-3,5DIONES AND THEIR
TRANSITION METAL CHE LATES WITH C u(ll), Zn(ll),
Ni(Il) & OXOVANADIUM(IV )
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SECTION |
SYNTHESIS AND CHARAC TERIZATION OF 1,7 -BIS(ARYL)HEPTA -

1,6-DIENE -3,5-DIONES WITH DI &TRIS UBSTITUTED PHENYL RI NG

This chapter deals with the synthesis of curcuminoid analogues with a disubstituted and
trisubstituted phenyl ring in them.These compoundsgatige similar to natural curcumin in
structure which is 1;bis(3 methoxy4-hydroxy phenybheptal,6-diene3,5dione.lt is a
symmetrical disubstituted compound.Here three compounds namelyis{3/ethoxy4-
hydroxyphenyl)heptal,6-diene 3,5dione(4a),17-bis(2,4dihydroxy pheni)heptal,6-diene
3,5dione(4b) and 1,7bis(3,4,5trimethoxy phenyl) heptal,6-diene3,5dione(4c)are
synthesized.The ligand 4a contains an ethoxy and hydroxyl group on the phenyl ring. The
ligand 4b contains a disubstituted pheniylg with hydroxyl group in 2,4 positions.The
ligand 4c has been prepared with a trisubstituted phenyl ring with methoxy groups in 3,4,5

positions.

4.1.1. Synthesi®f di and tri substituted 1,7 diphenyl heptanoids

The curcuminoid analogues with di and trisubstituted phenyl rings in them were prepared by
the condensation of disubstituted benzaldehydesthi8xy4-hydroxy benzaldehyde, 2,4
dihydroxy benzaldehyde) and trisubstituted benzaldehyde{8jmBthoxy benzlehyde)

with acetyl acetonéoric oxide complex in ethyl acetate medium in presence of tri(secbutyl)
borate and 4butyl amine. The product formation can be represented in a schematic way in

Scheme 4.1.1.
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R. M
Ry cHo  HC WCH} one Re
0 0
Rs Ry
Re Ry
4a- Ry=-OCH,-CH; ,R;=-OH, R, Ry=H
4b-R;, Ry =-OH R;,Ri=H
dc-Ry = H, Ry, Ry & Ry = -OCH;
Re Ry
Ry Ra
R = N Ry
R, 0 0 R
Scheme 4.1.1

Here 2 moles of aldehyde reacts with 1 mofel(8-diketone to form the 1;diphenyl
heptanoids. The above reaction produces two products namedyaty? heptanoids as major
product and @ryl hexanoids as minor product. The major products were purified by column
chromatography over silica gel (80L20 mesh ) using 4:1 (v/v) chloroform:acetone mixture

as the eluent and recrystallised twice from hot benzene to get pure crystalline material. The
aldehyde used for synthesis, structures of the compounds prepsuggte matic name, and

yield are give in Table 4.1.1.
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Table 4.1.1 Synthetic details of Di and Trisubstituted 1;{diaryl)hepta-1,6-diene-3,5

diones
Aldehyde Vield
Compounds used for Structure of Ligands Systematic name :;ﬁ
Synthesis
i 1,7-bis(3-ethoxy-
ia 3:,:3::;.4_ 4-hydroxyphenvl) | 72
benzaldehye hEPta: 1.6-diene-
: 3.5-dione
1. 7-bis(2,4-
b dihi'::"ltun dihydroxy 65
benzaldehyde phenylhepta-1.6-
. diene-3,5-dione
1,7-b1s(3,4,5-
4c rrii’:ﬁf;n trimethoxy 80
benzaldehyde phenyl) hepta-1.6-
: diene-3,5-dione

The compounds 4a, 4b &c are crystalline in nature,brownish black in colour and show

sharp melting points.They are soluble in organic solvents like acetone, ethyl
acetate, chloroform,methanadtc. The observed C,H percentage and molecular weight
determination as given in Tablel1l4?2 together with mass spectral data of the compounds

suggest the structure of the compound is as given in Scheme 4.1.1. above.
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Table 4.1.2 Physical, Analytical & UV spectral data of di & trisubstituted 1,7diaryl

heptanoids
Elemental analysis (%)
Compounds| M.P. c H Molecular uv
(°C) Found/(Calculated) weight amax (
da 176 68.81(69.69) 5.71(6.06) 394(396) 337, 441
4b 179 66.81(67.05) 4.52(4.70) 339(340) 265, 431
4c 193 64.083(65.78) 5.96(6.14) 453(456) 269, 445

4.1.2 Characterisation of the compounds 4a,4b,4c.

The compoundsl;Bis(3-ethoxy4-hydroxyphenyl)heptd ,6-diene 3,5-dione(4a),1,7bis(2,4

dihydroxy phenf)heptal,6-diene3,5dione(4band 1,7bis(3,4,5trimethoxy phenyl) hepta
1,6-diene3,5-dione(4c) synthesized were characterized by UV,'HRNMR, *C NMR and

Mass spectral techniques.

UV spectra

The electronic spectra of the compounds was recorded in methanol and the data are given in
Table 4.1.2.All the compounds in methanolic solution showed a broad characteristic UV
visible absorption at around 3@DOnm with maximum absorption band at wavegténn the

range 2668340 nm and a weak absorption band in the range4420nm.The maximum
absorption is due to the electronic dipole allowed© “ z excitations of its extended
conjugation system.The weak absorption band corresponds to dipole forbi@dér n

excitations.
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IR spectra

The IR spectrum of all the compounds 4a, 4b & 4c showed a broad band at a range from

32003600 crit whichisd ue t o 3 OH group in enol form. The

the region 250000 crit are assigned to the r 0 ma t-H dbrations @nd methyl group

motions.The important absorption band at nearly 1625 cafresponds to the stretching

vibrations of C=0 in the compounds.This is the most useful functional group available for IR

elucidation. The value of carbginabsorption is less than the value of the free ,unbound C=0

group .This is a proof for C=0 in conjugation with C=C and the existence of intra molecular

hydrogen bonding. The probabl e | RC)alesyiecn me nt s

are given in @ble 4.1.3.The bands in the range 1237'dmelong to the in plane @
vibrations of phenyl ring and at 880 ¢nis due to out of plane & vibrations of aromatic
ring. Al l compounds showed peakFelRspectra a

compoundgla, 4b and 4c are present in Fig.4.1.1 , Fig.4.1.2 & Fig.4.1.3 respectively.

Table 4.1.3 IR spectral data of di and tri substituted 1,7diaryl heptanoids

Compounds Probable IR assignments

4a 4b 4c

1634 1624 1630 . (C=0) chel

1578 1547 1580 .(C=C) phef

1508 1512 1539 . ( €)alkenyl

1477 1480 1503 . af C-C-C) chelate ring

1438 1462 1454 . s(C-C-C) chelate ring
1116,1038 1130,1064 1120,1039 b (-1 chelate ring

969 966 994 « (CH=CH) tr

. ( CH
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Fig.4.1.1 IR spectrunof 1,7-bis(3-ethoxy-4-hydroxyphenyl)hepta-1,6-diene-3,5dione
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IR spectrum of 1,4bis(2,4-dihydroxy phenyl)hepta-1,6-diene-3,5-dione
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Fig.4.1.3 IR spectrum of 1,4is(3,4,5trimethoxy phenyl)hepta-1,6-diene-3,5dione

'H NMR spectra

The 'H NMR spectra of di & tri substituted diaryl heptanoids show specific peaks
corresponding to enolic, methine, alkenyl, methyl, phenyl and phenolic gragise(4.1.9.

Table 4.1.4 *H NMR spectral data of di and tri substituted 1,Zdipheny! heptanoids

- Chemical shifts (0 ppm)
% Substitue nt
o

Enolic Methine | Alkenyl Phenyl ;
§ I | y Y OCH, | OCHs Phenolic CHs

6.042 417 1.480

4a | 16.02 5.89 7611 7.0527.135 422 - 9.832 1514
4b 6.971 .

16.08 6.09 8 35 7171 7.9 10.04
4c 6.52 3.9t

16.10 5.913 7623 7.157.289 - 306 - -
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Ligandsdisplayed a one proton singlet at ~ 16ppm assignable to strong intra molecularly
hydrogen bonded enolic proton . Another one proton singlet at ~ 6ppm corresponds to the
strong intra molecularly hydrogen bonded methine proton.The enolic proton and methine
proton can be identified from the structure given below. Phenyl protons are present at a very
specific region of 7.0 7.9 ppm whereas alkenyl protons are distributed over a regionbf6.4

8.35ppm. ThéH NMR spectra of 4a & 4c are depicted in Fig.4.1.5:i8.4.1.6 respectively.

Fig.4.1.4 Enolic structure of di and tri substituted 1,7-diphenyl heptanoids
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Fig.4.1.5 H NMR spectrum of 17-bis(3-ethoxy-4-hydroxyphenyl)hepta-1,6-diene-

3,5dione
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The methyl protons of 4a are observed at a region of 11484 whereas that 6fOCH,-
protons are present at a region4017-4.22 ppm. Methoxy protons of 4c are observed at
3.96ppm. The phenolic proton of 4a is seen at 9.832 ppm whereas that of 4b is observed at

10.04ppm.
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Fig.4.1.6 'H NMR spectrum of 1,7-bis(3,4,5trimethoxy phenyl) hepta-1,6-diene-3,5

dione)
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13C NMR spectra

The *C NMR spectral data of 4a, 4b & 4c are given in Table 4.1.5, 4.1.6 & #*CNMR

spectra of 4a & 4care depicted in Fig.4.1.7 & 4.1.8. The peak corresponding to methine
(C1) carbon is present ~ at 105ppm. Here also ther@assibility of keteenol tautomerism

which makes the shift of C1 carbon to ~ at 100ppm. C2 carbon of carbonyl appears at a
position at~ 185 ppm. The alkenyl carbon are present at a position nearer to the phenyl ring
system. The aromatic carbon atoms arespnt between 115 160 ppm. In 4a C7 carbon

which is attached to the ethoxy group is seen at 160.927ppm whereas that of C8 attached to
hydroxyl group is seen at 148.018 ppm. The ethoxy carbon atoms of 4a are observed at 64.63
& 29.63 ppm.

Table 4.1.5 3C NMR spectral data of 4a (chemical shift in ppm)

127 7
H:CH-CO

C1 c2,C2 c3, C3 C4, C4 C5,C5 C6, Cf¢
110.64 183.29 140.631 122.71 146.108 127.263
c7,C c8,Cs8 cg9,C9 C10,C}] C11,Cj C12,C
160.927 148.018 121.707 114.826 64.638 29.69
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Fig.4.1.8 DEPTF135 spectrum of 17-bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-diene-3,5

dione
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The DEPT-135 spectrum helps to identify the carbon atoms which bear no hydrogen atoms

by comparison with thé*C NMR Spectrum.It also gives idea aboutt®H2 groups present

in the compound since the signals arising from the group forms a negative peak.Here the
peak at 65 is a negative peak and so it is confirmed that C11 is a methylene
carbon.Comparing witht*C NMR spectrum,the peaks absent in DEPT spectrum are due to

C2,C5,C7 and C8 which are carbons with no hydrogens on it.

Table 4.1.6 *°C NMR spectral data of 4b (chemical shift in ppm)

C1 c2,C26 C3,C360 C4, C49 C5, C5
102.43 185.5 139.54 121.46 134.82
C6, C6 C7,C76 cC8,C86 c9,C94q C10, CJ
134.35 130.32 135.65 122.45 130.82

In 4b, the C1 carbon seen between two carbonyl groups gave a peak at 102 ppm. The C2
carbon ofthe carbonyl group produced a peak at 185.5 pprhyfinexyl groups are attached
to carbons C6 & C8 and the peaks are observed at positions 134.35 & 135.65 respectively.

The carbons in the aromatic ring are observed in the ranggé320pm.
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Table 4.1.7 3C NMR spectral data of 4c (chemical shift irppm)

13 3
QCH; QCH;

C1 c2,C4 C3,C3 C4,C4 C5,CH Cb,Cq C7,C

105.34 191.09 140.620 106.770 131.72 140.15 153.67

c8,C C9,Cc9gCi10,C  Cc11,CcJC12,C| C13, C

163.67 153.494 123.407 56.197 61.016 56.298

In 4c methoxy groups are attached to carbon atoms C7, C8 & C9. The peaks are down
shielded and are observed at position 163.67 ppm for C8 and 153.4 for C7 & C9. Methoxy

carbon atoms are present at positions 56.29ppm & 61.01ppm.

123.407

191.097
~130.528

——&1.016
56,298

. 56.197

"-153.45¢
>
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Fig.4.1.9 13C NMR spectrum of 1,7-bis(3,4,5trimethoxy phenyl) hepta-1,6-diene-3,5

dione)
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2D COSY NMR

The proton NMR Spectrum of the compound being studied is plotted along both the
horizontal and vertical axes.The important peaks in the spectrum are the off diagonal
spots.The presence of off diagonal spots in the spectrum correlates the differentprtton s
and confirms the different protons coupled with each other.The 2B GOSY NMR
Spectrum of 4a is given below in Fig.4.1.10.The protons that are not coupled to other protons
in the molecule do not show off diagonal peaks.The different protons in thpoaod and

their couplings can be identified from the spectrum.The 2B BETCOR Spectrum of 4a is
given below in Fig.4.1.11.This spectrum gives the correlations between proton peaks and
carbon peaks.The spots in the spectrum helps to identify the diffeydrogens attached to

the different carbons.Here the spots are observed corresponding to their peak$® i@ the

NMR Spectrum.
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Fig.4.1.10 2 D HH COSY NMR Spectrum of 1,7-bis(3-ethoxy-4-hydroxyphenyl)he pta-

1,6-diene-3,5-dione
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Fig.4.1.11 2 D GH COSY NMR Spectrum of 1,7-bis(3-ethoxy-4-hydroxyphenyl)hepta-
1,6-diene-3,5dione

Mass spectra

The mass spectra of 4a shows distinct M+1 ion peak at 397. Elimination of important groups
from the molecule gives different fragments (Scheme 4.1.2) and thesvare depicted in

Table 4.1.8. The mass spectrum of 4a is given in Fig.4.1.12. Smaller fragments like O, OH,
CH, etc. are removed from the molecular ion and give the corresponding peaks in the

Spectrum.



Table 4.1.8 Mass spectral data of 4a, 4b &

214

M+/
Fragments* | Ligands | M+1 A B C D E F G H
lon
4a 397.6| 205 | 191 | 151 | 163 | 139 | 162 257 233
Mass 4b | 341 | 176 | 162 | 121 | 134 | 110 | 133 | 230 | 205
pattern
4c 456 234 | 221 | 180 | 207 | 168 | 206 288 263
*The alphabets corresponds to the fragments giveaheme 4.1.2
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Fig.4.1.12 Mass Spectrum of 1;Bis(3-ethoxy-4-hydroxyphenyl) hepta-1,6-diene-3,5

dione
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o Scheme 4.1.2 Ar => 3-ethoxy-4-hydroxy phenyl
2. 4-dihydroxy phenyl
3.4.5-trimethoxy phenyl
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SECTION-II

SYNTHESIS AND CHARACTERISATION OF TRANSITION METAL
CHELATES OF 1,7-DIARYL HEPTANOIDS WITH DI &TRI

SUBSTITUTED PHENYL RING

4.2.1 Synthesis of metal complexes of ik (3-ethoxy-4-hydroxyphenyl)hepta-1,6-diene-
3,5dione(4a),1,7bis(2,4dihydroxyphenyl)hepta-1,6-diene-3,5dione (4bandl,7bis(3,4,5
trimethoxy phenyl) hepta-1,6-diene-3,5-dione(4c)

Copper(l), Zinc(ll), Nickel(ll) and Oxovanadium(lVtomplexes of curcuminoid analogues
with dihydroxy,ethoxy hydroxy and trimethoxy substituted phenyl rings were synthesized by
the following general method.o a refluxing solution of the ligand(0.002mol)rmethanol

(25ml),a methanolic solution of metal salt (0.001mol)was added and the reaction mixture
was refluxed for nearly 2 hrs and cooled to room temperature.The metal salts used were
Copper acetateZinc acetate,Nickel acetate and Vanadium (IV)oxide Ighate for the
preparation of Cu(ll),Zn(ll), Ni(ll) & VO(IV) complexes respectively.The preciptated
complex was filtered, washed with 1:1, methanol:water mixture and recrystallised from hot

methanol.The general reaction involved in the formation of cexgsl is given below in

Scheme.4.2.1.
M (acetate); A= Cu.Zn.XNi"
Vanadivm(IV)oxide sulphate Are e = M
. - ¥ 1
O O
L] H__;-j’h"a Hmwf__ﬁﬁ:h,f :-_, _\.{:
- O
4] O . e o i
AP _,_,.o-'-"_"‘ﬂ-u.:a\_._..___,_.,—r'I‘-a__\._: -~ pr

Scheme 4.2.1
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4.2.2 Characterisation of transition metal complexes of curcuminoid analogues with di

& tri substituted phenyl rings

Metal chelates (CuZn, Ni, Vanadyl) of ligands 4a, 4b & 4c were characterizechgisi
analytical and various spectral techniques lke UR, NMR and mass data. Elemental
analysis (C, H and metal percentages), physical dfaand IR spectral data are given in
Table 4.2.14.2.2 & 4.2.3. The analytical data together with mass spetdtal suggest a

ML, stoichiometry for all the synthesized complexes.

Table 4.2.1 Analytical and spectral data of metal complexes of ibhris(3-ethoxy-4-

hydroxyphenyl)hepta-1,6-diene-3,5-dione (4a)

Ele mental analysis (%) Characteristic IR
uv .
Metal stretching
M.P. Found/(calculated ama )
chelates ( ) bands (cni)
(°C) (nm)
C H Metal (C=0) | (C-C-C) | (M-O)
63.65 5.37 7.15 345, 457,
Cu(ll) 210 1586 1505
(64.675) (5.39) (7.44) 449 425
64.11 5.31 7.501 347, 450,
Zn(ll) 208 1581 1508
(64.531) | (5.378) (7.646) 450 426
64.73 5.13 6.75 349, 455,
Ni(ll) 205 1582 1509
(65.041) (5.42) (6.915) 451 423
64.31 5.07 5.87 352, 475,
VO(IVv) | 216 1596 1510
(64.41) (5.368) (5.944) 453 428
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Table 4.2.2  Analytical and spectral data of metal complexes of 1hi&(2,4
dihydroxyphenyl)hepta-1,6-diene-3,5dione
Elemental analysis (%) Characteristic IR
Metal | M.P. Found/(calculated) uv streiching
chelates| (°C) ama bands (cn)
C H Metal nm (C=0) | (C-C-C) | (M-O)
Cu(ll) 189 61.02 3.837 8.31 273, 1615 | 1530 460,
(61.49) | (4.046) | (8.564) | 439 428
Zn(Il) 164 61.47 3.95 7.05 275, 1604 | 1527 474,
(61.89) | (4.072) | (7.967) | 440 423
Ni(Il) 166 61.05 4.03 8.85 278, 1564 | 1517 464,
(61.34) | (4.036) | (8.79) 442 428
VO(IV) | 168 61.13 4.08 6.358 283, 1587 | 1515 480,
(61.21) | (4.627) |(6.838) | 446 419

Table 4.2.3 Analytical and spectral data of metal complexes of 1,7bis(34fBnethoxy

phenyl) hepta1,6-diene-3,5-dione

Elemental analysis (%) Characteristic IR
stretching
Found/(calculated) uv .
Metal M.P. bands (cnY)
& ma
chelates | (°C)
C H Metal nm | (C=0)|(C-CC)| (M-O)
60.87 5.24 6.354 446, 461,
Cu(ll) 254 1594 1525
(61.63) (5.547) (6.523) 271 432
61.19 5.44 6.61 449, 468,
Zn(ll) 239 1593 1516
(61.51) (5.536) (6.705) 273 429
61.02 5.28 5.98 446, 469,
Ni(l1) 241 1592 1525
(61.93) (5.575) (6.059) 274 424
61.04 5.27 5.02 448, 478,
VO(IV) | 250 1589 1517
(61.41) (5.527) (5.214) 274 417
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UV spectra

The UV spectra of complexes are quite similar to that of the spectra of respective ligands

with two absorption maxima or responding to nY * transitio
complexes showed maximum absorption shifted 8nd which indicate the involvement of

the carbonyl oxygens of compounds in metal complexation.The variation of absorption peak
depends on the natuof the metal ion. For comparison, the UV spectra of ligand 4a and its

Cu(ll) complex are shown in Fig.4.2.1.

A

26000 30000 40000

0000l — _— —
500,00 5000 26000 300.00 35000 40000 45000 500,00

Fig.4.2.1 UV spectra of 4a and its Cu(ll) complex

IR spectra

The IR spectra of all metal complexes are similar but different fieath of the ligands.A
representative IR spectra of the complex has been depicted in Fig.4.2.2.The spectral details
are summarized in Tables 4.2412.2& 4.2.3.In complexes the bands due to C=0 stretching

is shifted to lower frequencies during complexatithe peak of carbonyl moiety which is
present at ~ 1630 chdisappeared and a new band appeared at ~ 1590 Eims suggests

that the ligand coordinates with the central metal ions through the C=0 group.The broad band

in the region of 2600-3500 crit present in the ligand also reduced in the spectra of
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complexes which indicate replacement of the chelated proton by the metal ion during
complexation.The new bands occurred in the range 460 and 42bfarther supports the
formation of MO bond.(metabxygen). The IR spectrum of Cu(ll) complex of 4a is depicted

in Fig.4.2.2. The IR spectrum of Ni(ll) complex of 4b is depicted in Fig.4.2.3.

96

4000 3500 3000 2500 2000 1500 1000 450
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Fig.4.2.2. IR spectrum of Cu(ll) complex of 4a
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Fig.4.2.3 IR spectrum of Ni(ll) complex of 4b



'H NMR spectra

The enolic proton present in the ligands is replaced by metal atom in metal complexes. This

and alkenyl protons are not altered much since they are ndvéaven metal complexation.

There is a slight shift of methine signals to the downfield of the spectra. Thus the spectra of

S ev

dent

by

t he

di sappearance

ligand and complexes are much similar except those of enolic proton.

Mass spectra

Mass spectral fragments are another important tool in elucidating the structure of metal

of

222

t

he

complexes. The fragmental patterns of the metal chelatéa,afb & 4c follow the Scheme

4.2.2.Mass spectral pattern of metal chelatedaf4b& 4c are given in Table 4.2.4,4.2.5 &

4.2.6. respectively. The mass spectrum of VO(IV) complex of 4a is given below.

It was found that some fragments rearrange to form stable cyclic species as shown in the

Scheme. Peaks corresponding to stepwise eliminatianybfroups are present in the mass

spectra of metal complexes. In all the cases JMlon is the most intense peak.

*The alphabets corresponds to the fragments givecheme 4.2.2.

Table 4.2.4 Masss

pectral fragme ntal pattern of metal chelates of 4a

M+/
Frag ments Metal (M+1)/ A B C D E F G
Chelates | (M+2)
ion
Cu(ln 853.5 579.5| 4585 | 121 | 305.5 | 184.5| 397 | 274
Mass Zn(11) 855.4 581.4 | 460.4 | 121 | 307.4 | 186.4 | 397 | 274
Pattern
Ni(Il) 848.69 | 574.6 454 121 | 300.6 | 179.6 | 397 | 274
VO(IV) 856.94 | 582.9 | 461.9 | 121 | 308.9 | 187.9 | 397 | 274

S

gn.



223

1005 461.23064
953
903
853
803
753
703
655
8 803 57529083
£ 553
§50§
o 403 355.16788
35§
303
255
20§ 856.34104
15; 397.26380
103 52233663 8426727
53 L 582.21440 L?zs.zmo
DE ” |"'|""|"'|"'I |'.':|"'|""l'l|""|'|"" "‘Jll'LwI‘“|"'J|"’"'L"|‘""‘|I"l'|'l"|"J"l"'l""|""|*"'|‘"'|'*'|'"|"'|"L'|"'|"'f"'|"'|"'f+"| T I"'|"'LI"L'I"'}"'I"'|"'I.'"'I"'I"'ll"'|"'I"'I"'
300 400 500 600 700 800 900 1000 1100 120
miz
Fig.4.2.4 Mass Spectrum of VO(IV) complex of 4a.
Table 4.2.5 Mass spectral fragmental pattern of metal chelates of 4b
% M+/
M+1)/
= Metal (M+1)
2 (M+2) A B C D E F G
T chelates .
ion
Cu(ll) 741.5 524 | 402.5| 121 | 305.5| 184.5| 341 | 218
Zn(11) 7434 | 525.4| 404.4| 121 | 307.4| 186.4| 341 | 218
Mass
Pattern
Ni(ll) 736.6 519 | 398 | 121| 300.6| 179.6| 341 | 218
VO(IV) 74494 | 526.9| 405.9| 121 | 308.9| 187.9| 341 | 218

*The alphabets corresponds to the fragments givéaheme 4.2.2
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Table 4.2.6 Mass spectral fragme ntal pattern of metal chelates of 4c

M+/
Fraament Metal (M+1)/
IMENS 1 chelates| (M+2) | A B C D E F G
ion

Cu(ll) 974 640 | 518.5| 121 | 305.5| 184.5| 456 | 334

Mass Zn(11) 976 642 521 121 | 308 187 456 | 334

Pattern Ni(I1) 969 635 513 121 | 301 180 456 | 334

VO(IV) 977 643 523 121 | 309 188 456 334

*The alphabets corresponds to the fragments giveaheme 4.2.2

y \ / /
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D’,M\\C' { o” ™o { o
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Scheme 4.2.2
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From the observed UV, IRH NMR and Mass spectral data, the metal complexes of the

compounds have a Mktoichiometry as given below.

n = 2 for Cu(II),Zn(IN),Ni(Il) & VOIV)

Ar = d1 & tr1 substituted phenyl
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SECTION-III

IN VITRO ANTITUMOUR STUDIES O F CURCUMINOID

ANALOGUES WITH DI AN D TRISUBSTITUTED AR YL RINGS AND
THEIR TRANSITION MET AL COMPLEXES
Short term cytotoxic activity of the compounds -b;ig(3-ethoxy4-hydroxy phenyl)hepta

1,6-diene3,5-dione@da), 1,7-bis(2,4dihydroxy phenyl)heptal,6-diene3,5dione@db) & 1,7-
bis(3,4,5trimethoxy phenyl) heptd,6-diene3,5dioneéc) and their Cu,Zn,Ni & Vanadyl
metal complexes are described in this chapter. The activity was assayed by determining the
percentage viabilityof DLA and EAC cells using the Trypan blue dye exclusion
technique. The results of the study are given below.

4.3.1.In vitro Cytotoxic studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-diene-
3,5dione(4a) and their metal complexes

In vitro Cytotoxic studies are caed out with 1,7bis(3-ethoxy4-hydroxy phenyl)heptd.,6-
diene3,5diong4a) and their metal complexes.The effect of these compounds against cells
EAC & DLA is found in terms of % cell death.The results with EAC cells are described in
Table 4.3.1andFig.4.3.1and the results with DLA cells are describedlable 4.3.2and
Fig.4.3.2.

Table 4.3.1.In vitro Cytotoxic studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-

diene-3,5-dione(L;) and their metal complexes towards EAC

% Cell death
Drug Con.
e g/ ml .
g L, Cu(L1). Zn(L4). Ni(L 1)2 VO(L 1)2
200 26 85 70 40 80
100 14 73 58 30 68
50 8 58 42 21 52
20 2 41 26 10 36
10 0 20 5 1 15
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Fig.4.3.1.In vitro Cytotoxic studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-

diene-3,5-dione(L;) and their metal complexes towards EAC

Table 4.3.2 In vitro Cytotoxic studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-

diene-3,5-dione(L;) and their metal complexes towards DLA

% Cell death
Drug Con.
e g/ ml .
g L. Cu(Ly), Zn(L 1), NiL), | VO(L)»
200 28 87 73 41 82
100 19 75 61 31 70
50 11 56 42 22 51
20 7 44 29 11 38
10 2 21 7 2 17
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Fig.4.3.2.In vitro Cytotoxic studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-

diene-3,5-dione(L;) and their metal complexes towards DLA

The ligandl,7-bis(3-ethoxy4-hydroxy phenyl)heptd.,6-diene 3,5-dione have shown
comparable % cell death towards EAC and DLA with 26 and 28 % respectively.The Cu(ll)
and VO(IV) complexes of the ligand were found to be significant in their cytotoxic activity
with a %cell death of 87 and 82 % respectively.The cell death produced was slightly greater
with DLA cells.The Cu(ll) and VO(IV) complexes were almost thrice more active than the
ligand.The Zn(ll) complex has also produced a % cell death in the range 73%.The Ni(
complex has presented greater activity than the ligand (41%) but has least activity among the
complexes.The cytotoxic nature of copper and Vanadyl complexes were high.Metal

complexation results in an increase of the cytotoxic activity of the ligand.
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4.3.2 In vitro Cytotoxic studies of 1,7bis(2,4dihydroxy phenyl)hepta-1,6-diene-3,5
dione(4b) and their metal complexes

In vitro Cytotoxic studies of 1;bis(2,4dihydroxy phenyl)heptd,6-diene3,5
dione@b) and their metal complexes Cu(ll),Zn(N)i(ll) & VO(IV) were extensively carried
out using EAC and DLA cells. All the results are projectedable 4.3.3& Table 4.3.4.
Table 4.3.3.In vitro Cytotoxic studies of 1,7bis(2,4dihydroxy phenyl)hepta-1,6-diene-

3,5dione(L,) and their metal complexes towards EAC

% Cell death
Drug Con.

&g/ ml L, Cu(L2), Zn(L ), Ni(Lz), | VO(La2)s
200 30 52 40 30 45
100 15 35 23 18 28
50 10 17 8 10 10
20 5 10 5 5 7
10 0 0 0 0 0
60
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_a
o _—

S
© /.// ——L2
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Fig.4.3.3. In vitro Cytotoxic studies of 1,7bis(2,4-dihydroxy phenyl)hepta-1,6-diene-3,5

dione(L,) and their metal complexes towards EAC
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Table 4.3.4In vitro Cytotoxic studies of 1,7bis(2,4dihydroxy phenyl)hepta-1,6

diene3,5dione(L,) and their metal complexes towards DLA

Drug Con. % Cell death
e g/ mli
L Cu(L ) Zn(L 2). Ni(L »), VO(L 5),
50 10 20 12 10 14
20 4 13 9 7 11
60

N "
. .
// s e

e
5 30 —B-Cu(L2)2
% Zn(L2)2
O 20 - —4Ni(L2)2
=
(=)
—¥—VO(L2)2
10 -
0 .
0 50 100 150 200 250

drug concentratiorrg/ml

Fig.4.3.4. In vitro Cytotoxic studies of 1,7bis(2,4-dihydroxy phenyl)hepta-1,6-diene-3,5

dione(L,) and their metal complexes towards DLA



231

The ligand 1,#bis(2,4dihydroxy phenyl)heptd,6-diene3,5dione has given a %
cell death of 30% at concentration 200 pg/ml. The metal complexation has not increased the
activity much. TheCu(ll) complex has shown % cell death of 50%.All other metal complexes
have shown very less activity which is less than 50%.The conc.of the metal complexes
needed to bring about 50% cell death was 200 pg/ml.The Cu(ll) and VO(IV) complexes
possess almostomparable activities against cancer cells.The Ni(ll) complex had shown
almost same activity as that of the ligand.The ligand as well as the metal complexes were not
at all active at lower concentrations.Even at a conc.of 50 pg/ml their activity is bdegligie
cytotoxic nature has increased only slightly even after metal complexation.
4.3.3.In vitro Cytotoxic studies of 1,7bis(3,4,5trimethoxy phenyl) hepta-1,6-diene-3,5
dione(4c) andtheir metal complexes

In vitro Cytotoxic studies of 1;bis(3,45-trimethoxy phenyl) heptd,6-diene3,5
dione@c) and their metal complexes towards EAC are depictékhbie 4.3.5& Fig.4.3.5
The activity of the compounds with DLA cells are giverable 4.3.6& Fig.4.3.6
Table 4.3.5.In vitro Cytotoxic studies of 1,7bis(3,4,5trimethoxy phenyl) hepta-1,6-

diene-3,5-dione(L3) and their metal complexes towards EAC

% Cell death
Drug Con.
e g/ ml )
g Ls Cu(Ls), Zn(L s, Ni(Ls), | VO(Ls)
200 40 90 75 45 85
100 24 78 63 35 73
50 16 59 42 26 54
20 11 46 31 15 41
10 5 25 10 6 20
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Fig.4.3.5. In vitro Cytotoxic studies of 1,7is(3,4,5trimethoxy phenyl) hepta-1,6-diene-

3,5dione(Ls) and their metal complexes towards EAC

Table 4.3.6. In vitro Cytotoxic studies of 1,7bis(3,4,5trimethoxy phenyl) hepta-1,6-

diene-3,5-dione(Ls) and their metal complexes towards DLA

% Cell death
Drug Con.
e g/ mli
L3 CU(L3)2 Zn(l_ 3)2 N|(L 3)2 VO(L 3)2
200 42 92 76 47 88
100 26 80 64 37 75
50 18 61 44 28 57
20 13 49 33 17 44
10 7 28 12 8 21
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Fig.4.3.6 In vitro Cytotoxic studies of 1,7bis(3,4,5trimethoxy phenyl) hepta-1,6-diene-

3,5dione(L3) and their metal complexes towards DLA

The data given in Table revealed that the ligandhbis{3,4,5trimethoxy phenyl)
heptal,6-diene 3,5 dione(Ls) possess goodytotoxic activity against both EAC and DLA
cells at high concentration.All the metal complexes except Ni was found to be highly active
against cancerous cells. Metal complexation has enhanced the cytotoxic nature
significantly. The metal complexes espelyidhat of Cu and Vanadyl were quite cytotoxic to
both DLA and EAC cells.The effect of ligands and metal complexes against both DLA and
EAC cells gave similar results.The complexes showed cytotoxic activity even at lower
concentrations. The activity of thmetal complexes were doubled when compared with the
ligand.The Cu(ll) and VO(IV) complex gave almost 92 and 88% cell death at a concentration

of 200 pg/ml.
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Conclusion

In this chapter then vitro studies of three ligandéa, 4b & 4c and their Cu,Zn,Ni and
Vanadyl complexes have been discussed. A comparison among the ligands shows that the
cytotoxic activity followed the order 4c >4b >4a.The ligand with trimethoxy substituent on
phenyl ring was most active and the one with hydroxyl substituent on phenylesag
moderately active.The ligand with ethoxy and hydroxyl substituted phenyl ring exhibited
least activity. The comparison of the activities of the metal complexes shows that maximum
activity was observed with the metal Cu.The most cytotoxic compoundowad to be the

Cu(ll) complex of 1,7bis(3,4,5trimethoxy phenyl) heptd,6-diene3,5dione producing

90% cell death. A comparative study of ligand and its Cu(ll) complex is givEigy.i#h.3.7

100

M Ligand

%Cell Death

B Cu(ll)complex

Fig.4.3.7 Comparison oin vitro cytotoxicity studies of ligands and Cu(ll) complex

towards DLA
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THE IN VIVO ANTITUMOUR STUDIES O F 1,7BIS(2,4DIHYDROXY PHENYL) -

1,6HEPTADIENE -3,5DIONE AND THE C u(ll) COMPLEX

Animals were divided into 8 groups and ascites tumour was induced in them.Thelligand
bis(2,4dihydroxy phenyl)-1,6-heptadiene3,5-dione and its Cu(ll) complexwere given as

drug to tumour bearing mice in different concentrations namely 20,50. Antitumour

study was done and the number of days survived by the animals treated with drug was noted
and the increase in life span of animals were found. The values of No. of days survived are
means of five determinations O (standard deviation)l#e results of the study are given in
Table4.3.7

Table 4.3.7 Effect of 1 ,7bis(2,4dihydroxy phenyl)-1,6-heptadiene3,5-dione(L) and its

Cu(ll)complex on ascites tumour reduction

Animal groups | Concentration No.of animals No. of days % ILS
e g/ mi with tumour Survived
1. Control 5/5 17.31.1
2.Standard drug 5/5 30.6: 3.1 76.88
3.L 20 5/5 21.0x24 21.38
4. L 10 5/5 19.2£1.23 10.98
5L 5 5/5 18+ 1.16 4.046
6. Cu(L), 20 5/5 244+ 1.15 a1
7. Cu(L), 10 5/5 22.1+0.99 27.74
8. Cu(L), 5 5/5 18.7£0.87 8.09

The percentage increase in life span of ascites tumour burden animals was 76% when treated
with standard drug cyclophosphamide.Compared with the std.drug the %ILS produced by the
ligand L was one third its value ,21% at concentration 20pugiml that produced by its

Cu(ll) complex was nearly half of its value,41% at concentration 20ug/ml.For the complex



236

the no:of days survived by the animals wa&4+ 1.15 days.Both the ligand and metal

complex were more active at higher concentrations. Thel)Caglmplex was twice more

active than the ligand in increasing the life span of tumour burden animals.

THE IN VIVO ANTITUMOUR STUDIES O F 1,7BIS(3,4,5TRIMETHOXY
PHENYL)-1,6-HEPTADIENE -3,5DIONE AND Cu(ll) COMPLEX
The compound 17-bis(3,4,5trimethoxy phenybl,6-heptadiene3,5dionel1) and its Cu(ll)
complex was given by intraperitoneal injection from the first day of tumour induction as
drug to mice groups. The death pattern of animals due to tumor burden was noted and the

percentage increase in life span was found. The results are discusissualeirnt.3.8

Table 4.3.8 Effect of 1 ,7bis(3,4,5trimethoxy phenyl)-1,6-heptadiene-3,5dione(L1) and

the Cu(ll)complex on ascites tumour reduction

Animal Concentration No.of No.of days | %ILS
groups (ng/ml) animals survived
with tumour

1.Control 17.3+1.1
2.Std.drug 30.6£3.1 76.88
3. L1 20 5/5 26.2+2.1 51.45
4. L1 10 5/5 24.1+2.6 39.31
5. L1 5 5/5 18.0+2.60 8
6. Cu(L1)2 20 5/5 29.3+3.1 70.01
7.Cu(L1)2 10 5/5 26.7+2.4 54.34
8. Cu(L1)2 5 5/5 19.6+2.65 20.1

The compound and its Cu(ll) complex when administered intraperitoneally could produce

significant increase in the life span of mice bearing ascites tumour. The animals of the
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control groupsurvived for a period of 17.3x1.1 days and those treated with std.drug
cyclophosphamide for a period of 30.6£3.1days. Cu(ll) complex of the compound produced
an increase in life span of tumour bearing mice compared with that of the ligand . The
percentage increase in life span(%ILS) of tumour bearing mice were 51.45, 39.31 and 8%
for Ligand at diffferent concentrations namely 20,10,5ug/ml respectively. For the Cu(ll)
complex the % increase was 70.01 % at a concentration of 20pug/relviag an increase

in the average life span ofanimals for both the ligand and the metal complex.But the studies
reveal that Cu(ll) complex is very effective in reducing tumour development in mice and
increasing the life span of the animal. The Cu(ll) c@ampexhibits significant antitumour

activity in invivo studies.
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SECTION-IV

ANTIBACTERIAL STUDY OF 1,7-DIARYL HEPTANOIDS WI TH
DI&TRISUBSTITUTED PH ENYL RING AND THEIR Cu(ll),

Zn(ID&VO(IVIMETAL COM PLEXES
4.4.1 Antibacterial studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-diene-3,5

dione(4a), 1,7bis(2,4dihydroxy phenyl)hepta-1,6-diene-3,5-dione (4b) and 1,7bis(3,4,5
trimethoxy phenyl) hepta-1,6-diene-3,5dione (4c) and their Cu(ll),Z n(I)&VO(1V)
complexes

The compounds and their complexes were evaluated for their antibacterial activities.The
invitro antibacterial studies were performed on three types of bacterial strains namely
Escherichia Coli, Klebsiella Pneumoniae & Bacillus Subtilis using Agar well dffus
method. The test compounds showed varying degree of inhibition against different bacterial
strains. The results demonstrated promising antibacterial activity for hydroxyl and methoxy
substituted 1, fiaryl heptanoids and their complexes.The study redetat the ligands and

their complexes possess comparable antibacterial activity to that of standard drug
streptomycin .The activity is expressed in terms of diameter of zone of inhibition in mm. In
all the cases metal complexes possess better antibdetetivity than that of ligands, which
means that metal complexation enhance the activity . The results of antibacterial activity are
given inthe Tables below.

Table 4.4.1 Antibacterial studies of 1,7bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-diene-

3,5dione(L1) and their Cu(ll),Z n(IN&VO(IV) complexes

Bacteria Diameter of zone of inhibition in mm
L, Cu(L 1), Zn(L 1) VO(L 1)2
E Coli 13 17 14.5 16
Klebsiella 13.5 17.5 15 17
Bacillus 12 16 13.5 15.5
Standard 20 20 20 20
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Fig. 4.4.1 Antibacterial studies of 1,7is(3-ethoxy-4-hydroxy phenyl)hepta1,6-diene-

3,5dione(L1) and their Cu(ll),Z n(IN&VO(IV) complexes
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Table 4.4.2 Antibacterial studies of 1,%is(2,4dihydroxy phenyl)hepta-1,6-diene-3,5

dione(L2) and their Cu(ll) ,Zn(ID&VO(IV) complexes

Diameter of zone of inhibition in mm

Bacteria L Culy), | Znl., | VoL,
E Coli 17 19.5 16.5 18.5
Klebsiella 15 18 15 17
Bacillus 14 16.5 13 16.5
Standard 20 20 20 20
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Fig. 4.4.2 Antibacterialstudies of 1,7bis(2,4dihydroxy phenyl)hepta-1,6-diene-3,5

dione(L; )and their Cu(ll), Zn(ll) & VO(IV) complexes
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Table 4.4.3 Antibacterial studies of 1,7is(3,4,5trimethoxy phenyl)hepta-1,6-diene-3,5

dione(L3) and their Cu(ll),Z n(IN&VO(IV) complexes

Diameter of zone of inhibition in mm

Bacteria L, Cully), | Zn(La), | Vo(La,
E Coli 15.5 18.5 15.5 17
Klebsiella 13.5 16.5 13.5 16
Bacillus 12 15 12.5 14.5
Standard 20 20 20 20
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Fig.4.4.3Antibacterial studies of 1,7-bis(3,4,5trimethoxy phenyl) hepta-1,6-diene-3,5

dione (Ls)and their Cu(ll),Z n(I)&VO(1V) complexes

Among the three ligands discussed in this chapter,the one with dihydroxy substituted
benzene ring (L2) was found to be very aetagainst all bacterial strains.It gave a zone of
inhibition of 17mm,15mm and 14mm against E.coliKlebsiella and Bacillus species.The
ligand with trimethoxy substituted benzene ring (L3)had also shown significant anti bacterial
activity. The L3 compound wit methoxy groups was less active than L2 compound with
hydroxyl groups.It has been proved in earlier studies that hydroxyl groups and methoxy
groups play an important role in antibacterial activity.The least activity was exhibited-by 1,7
bis(3-ethoxy4-hydroxy phenyl)heptd,6-diene 3,5-dione(L1).

All the metal complexes displayed better antibacterial activity than the corresponding
ligands.The Cu(ll) complex of all the ligands had shown maximum activity among metal
complexes.The Cu(ll) complex is a potamtibacterial compound against E.coli species.The

Cu(ll) complex of 1,7bis(2,4dihydroxy phenyl)heptd.,6-diene 3,5 dione(L2)has produced
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a zone of inhibition of 19.5mm which is almost same as the activity of the standard
drug.Antibacterial nature of ¢hmetal complexes follow the order Cu(l)>VO(1V)>Zn(ll). The
same order is observed in the case of metal complexes of all ligands.The VO(IV) complexes
also possess significant activity with a zone of inhibition in the range 17mm.The std.drug
streptomycin ha given a zone of inhibition of 20mm against all bacterial strains.The Zn(ll)
complexes had shown a slight marginal increase in activity when compared with the

corresponding ligands.
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SECTION-V
ANTIFUNGAL STUDY O F 1,7-DIARYL HEPTANOIDS WI TH
DI&TRISUBSTITUTED PH ENYL RING AND THEIR VO(IV)METAL

COMPLEXES

4.5.1 Antifungal studiesof di & tri substituted 1,7-diaryl heptanoids (4a, 4b & 4c) and
their VO(IV) complexes

The curcuminoid analogues with dihydroxy substitute@rph ring,trimethoxy substituted
phenyl ring and ethoxy hydroxy substituted phenyl ring and their VO(IV) metal complexes
were studied for their antifungal activity against three fungal cultures naisplgrgillus

Niger, Penicillium Chrysogenum anfliternaria AlternateKirby Baurer disc plate method

was used to test the susceptibility of the fungi species to the test compounds. Different
concentration$100, 250, 500ug/mlpy dissolving in 2% DMSO solvent were used for all the
test compounds and results were compared with the std.drug flucambeodmtifungal
activities are measured in terms of zone of inhibition in mm.The data of the study revealed
that the synthesized Zdiaryl heptanoids with di and trisubstituted phenyl rings and VO(1V)
complexes possess comparable antifungal activities to that of std.drug.

The inhibition zone of the test compounds with the three fungi species in comparison to
flucanazole(std.drugs shown in Tabld.5.1Table4.5.2&Table4.5.3

Table 4.5.1 Antifungal studies of 1,bis(3-ethoxy-4-hydroxy phenyl)hepta-1,6-diene-3,5

dione(L1), and its VO(IV) complexes

Diameter of zone of inhibition in mm

Fungi L, VO(L 1)>
100¢g 250¢ 500¢ 100¢ 250eq 500c¢
Aspergillus 11.5 13 14.5 12.5 15 17
Penicillium 10.5 12 14 11 13 15

Alternaria 11 13.5 15 11.5 14 17.5




244

Table 4.5.2 Antifungal studies of 1,4is(2,4-dihydroxy phenyl)hepta-1,6-diene-3,5-dione

(L2) andits VO (IV) complexes

Diameter of zone of inhibition in mm

Fungi L, VO(L ),
100¢g 250c¢ 500¢| 100¢e| 250c¢ 500¢
Aspergillus 13 16.5 18 14 17 19
Penicillium 12.5 16 17 14 17.5 19
Alternaria 12 15 16 13 18 19.5

Both ligands and metal complexes have shown maximum antifungal activity at a higher
concentration of 500ug. The ligand Lhas shown almost comparable and moderate activities
against all fungi species producing a zone of inhibition in the range 15mm.Ate figngi
species,Alternaria was most sensitive toahd its VO(IV) complex.The Vanadyl complex
exhibited significant activity with a zone of inhibition of 17.5mm.

The ligand L had shown appreciable antifungal nature against all fungi species.It was mos
effective against Aspergillus species .The VO(IV) complex of the ligarat BOO pg conc.
exhibits promising antifungal activity.The complex showed highest activity against Alternaria

species with zone of inhibition 19.5mm,where as zone of inhibitiostédbdrug is 21 mm.
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Table 4.5.3 Antifungal studies of 1,#is(3,4,5trimethoxy phenyl) hepta-1,6-diene-3,5

dione (L3) and its VO(IV) complexes

Diameter of zone of inhibition in mm
Fungi Ls VO(L 3)2
100¢ 250§ 500¢g 100¢g250 500¢
Aspergillus 14 17 19 15 18.5 20
Penicillium 13 16 18 15 17 19
Alte rnaria 13.5 17 19 14 18 20

The ligand 1,7bis(3,4,5trimethoxy phenyl) heptd,6-diene3,5-dione (L) and its VO(IV)
complex exhibited remarkable potency agaaisfungi species. They were most effective in
their ability to inhibit the fungal cultures.The ligand produced a zone of inhibition of 19mm
against both Aspergillus and Alternaria and has also given 18mm zone of inhibition against
Penicillium species.Btitthe ligand as well as the complex were very effective even at lower
concentrations.The VO(IV) complex of the ligand has proved to be the most active
compound against all fungi species producing a zone of inhibition of 20 mm.The activity of

the compoundsialmost the same as that of the std.drug.
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Fig.4.5.1 Comparative study of Antifungal activity of VO(IV)complexes
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CHAPTER-V

SYNTHESIS, CHARACTERISATION AND BIOCHEMI CAL

ACTIVITIES OF 1,7 -DIANTHRACENYLHEPTA -1,6-DIENE-

3,5DIONES AND THEIR TRANSITION METAL CHE LATES
WITH C u(ll), Zn(ll), Ni(Il) & OXOVANADIUM(IV )
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SECTION |
SYNTHESIS AND CHARAC TERIZATION OF CURCUM INOID

ALLIED WITH ANTHRAC ENYL RING

5.1.1. Synthesis of 1jgtlianthracenyl he ptanoids

The compoundl,7-di(9-anthracenyl)heptd,6-diene3,5-dione (5a)was synthesized by the
condensation of anthracenecl@rboxaldehyde with acetyl aceteheric oxide complex in
ethyl acetate medium in presence of tributyl borate amityl amine. The synthesized
curcumimid analogue with anthracenyl ring was purified by column chromatography over
silica gel (607 120mesh) using 4:1 (v/v) chloroformacetone mixture as the eluent and
recrystallised twice from hot benzene to get pure crystalline material. The productidorma

can be represented in a schematic wa§aheme 5.1.1.

H.C CH,
Ar-CHO  + + OHC-Ar

Ar = 0-Anthracenyl

Ar / \\ Ar

Scheme 5.1.1
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The aldehyde used for synthesis, structure of the ligand, systematic name, colour and yield

has been included in the table given below.

Table 5.1.1 Synthetic details of 1;dianthraceny| heptanoid (5a)

S | Aldehyde o Colour
£ | usedfor Structure of Ligand Systematic name :;]
= | Synthesis
1,7-di(8-
5 S:EIEEE anthraceny()hepta | 85 | Orangish
-1,6-diene-3,5- red
carbox e
aldehyde

The compound is crystalline in nature and has sharp melting point.It is soluble in organic

solvents

like acetonemethanol, ethylacetate etc.The vyield was maximum for the

compound.The elemental analysis results and molecular weight determination of the

compound is given in the Table below.The data suggests that two equivalents of aldehyde

have condensed with one equivalent cdtgl acetone to form 21.@ianthracenyl heptanoid.

Table 5.1.2 Analytical & UV spectral data of 1,7di(9-anthracenyl)hepta-1,6-diene-3,5

dione
Elemental analysis (%)
M.P. Molecular uv
Compound C H )
(°C) weight amax (
Found/(Calculate d)
5a 190 87.35(88.23) | 4.71(5.04) 473(476) 286, 420
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5.1.2. Characterisationof 1,7di(9-anthracenyl)hepta1,6-diene-3,5dione

The compound 1;di(9-anthracenyl)heptd,6-diene3,5-dione(5a) synthesized as per the
above method was characterized by various spectral techniques like U4 NRYIR, *3C

NMR and Mass spectral techniques.The data collected from the various spectria help
establishing the correct structure of the compound.The different spectral techniques
employed are given below.

UV spectra

The UV spectra of the compound 5a showed two absorption maxima which are assigned to
the ® “ 2z and“ © “ z transttions. The higlenergy band at 286 nm is due“t® *“ z
transition and at 420 nm is due n§ “ z transitions.The n® “ z absorption of carbonyl
chromophore occurs at hi gher Jwsateationralgot h an
increases the wavelength of carbonyl absorptiaxima. The UV spectra of the compound is

given below in Fig.5.1.1

Abs

(Y| S — —  I——— e R A I - —
255.00 300.00 350,00 400,00 450.00 500.00
nm

Fig.5.1.1 The UV spectra ofl,7-di(9-anthracenyl)hepta-1,6-diene-3,5-dione
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The IR spectra of 1;dianthracenyl heptanoid is characterized by the presence of a strong

band in the region 1624 cthwhi c h i s

due to

t

he

w

(C=

O) <chel

band in the region 1600800 cmi*.This indicates that the carbonyl groimpthe compound is

existing not as a free group but as intramolecularly hydrogen bonded enolic group.The IR

spectra give

peaks

cor.r(e@) oanldk @ @)lthelate rifgC = C) p

etc.A broad band in the region 368600 cm* shows the mesence of hydroxyl group which

is present in the intramolecular hydrogen bonded enolic group.The peak at 958 ciue

to . (CH=CH)

trans

vibrations.

Thus

I R

spectr a

bonded enolic structure of the curcumohoanalogue.Characteristic IR data and the

corresponding probable assignments are given in Table.5.1.3.The IR spectra of the compound

Is depicted below in Fig.5.1.2.

Table 5.1.3 IR spectral data of 1/di(9-anthracenyl)hepta1,6-diene-3,5dione

5a Probable IR assignments

(compound)
1624 . (C=0) chel
1552 . (C=C) phe
1542 . ( ©)akenyl
1506 » aC-C-C) chelate ring
1440 . s(C-C-C) chelate ring

1163,1047 b (- chelate ring
957 . (CH=CH) ¢t
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Fig.5.1.2 IR spectrum ofL,7-di(9-anthracenyl)hepta1,6-diene-3,5-dione

'HNMR spectra

The enolic existence of the compound is supported by the factthdMR spectra of 17
dianthracenyl heptanoid showed a one proton singlet at ~ 16ppm assignable to strong intra
moleculary hydrogen bonded enolic proton and another one proton singlet at ~ 6ppm
assignable to methine proton.The peaks due to alkenyl protons are seen distributed in the
range 6.648.99 ppm and that due to aryl protons are seen distributed in the range8001
ppm.The NMR spectra of the compound is reproduced in Fig.5.1.4 and assignments of

various signals are brought out in Table 5.1.4.The enolic structure of the compound as per

spectral datas is given below.
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Ar=0-Anthracenyl
Fig.5.1.3 Enolic structure of poly nuclear compound of 1,]—diaryl heptanoid

Table 5.1.4 *H NMR spectral data of 1,Zdi(9-anthracenyl)hepta1,6-diene-3,5-dione

Compound Chemical shifts (U0 p
Enolic Methine Alkenyl Aryl
5a
16.14 5.62 6.6138.99 7.0147.808

Fig.5.1.4 'H NMR spectrum of 5a
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13C NMR spectra
The 13C NMR spectral data of 1-@i(9-anthracenyl)heptd,6-diene3,5dione is given in
Table.5.1.5 below.The Structure representing different non equivalent C atoms in the

compound is given in Fig.5.1.5. TA%C NMR spectra of the compound is given in Fig.561.

Fig.5.1.5 Different non equivalent C atoms in the compound.

C1 cC2,C] C3, C| C4, C/4 C5, C5 C6, C
104.68 | 193.037 | 135.25 123.83 134.12 129.30
cr,Cl C8,C{ C9,C|I C10,C| C11,cC]C12, (Q
124.76 127.23 131.11 132.16 131.11 125.716
ci3,C14,gC15, ¢ C16, C| C17,C}1C18, (C
124.76 129.15 123.65 122.58 121.55 121.35

Table 5.1.5 ¥*CNMR spectral data of 1,7di(9-anthracenyl)hepta-1,6-diene-3,5-dione
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Fig.5.1.6 23C NMR spectral data of 1,7di(9-anthracenyl)hepta-1,6-diene-3,5dione

In 5a all the aryl carbon atoms are present in the range between 120ppm and 132ppm. Only
the carbon which is attached to the alkenyl group is downshielded and present at 134.12ppm.
The C1 carbon atom which is flanked between two carbonyl group is present at position
104.68 ppm & C2 carbon atom which is present in the carbonyl group is seen at 193.037
ppm.

Mass spectra

The mass spectrum of the compound shows molecular ion pea&. &héother peaks in the
spectrum are due to fragment ions shown according to the scheme below.The mass spectrum
is given in Fig.5.1.7 and mass spectral data is represented in Table.5.1.6.

Table 5.1.6 Mass spectral data of 5a

M+/
Fragments* | Ligand | (M+1)ion A B C D E F G| H

Mass
pattern 5a 476 245 | 232 | 189 | 205( 178 | 204 | 298| 278

*The alphabets corresponds to the fragments givéaheme 5.1.2
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SECTION-II

SYNTHESIS AND CHARACTERISATION OF TRANSITION METAL

CHELATES OF 1,7-DIANTHRACENYL HEPTANOIDS

5.2.1 Synthesis of transition metal complexes of gfanthracenyl heptanoids

Copper(ll), Zinc(ll), Nickel(ll) and Oxovanadium(lV)complexes of curcuminoid alligth
polynuclear anthracenyl ring were synthesized by the following general method.

To a refluxing solution of the ligand(0.002 mol) in methanol(25ml),a methanolic solution of
metal salt (0.001mol)\was added and the reaction mixture was refluxed ftyr 2lesrand

cooled to room temperature.The metal salts used were Copper acetate,Zinc acetate,Nickel
acetate and Vanadium (IV)oxide sulphate for the preparation of Cu(ll),Zn(Il),Ni(ll)
&VO(1V) complexes respectively.The precipitated complex was filteredshea with 1:1,

methanol:water mixture and recrystallised from hot methanol.

5.2.2 Characterisation of metal complexes of 1-di(9-anthracenyl)hepta-1,6-diene-3,5

dione

Metal chelates (Cu,Zn,Ni,Vanadyl) of ligand 5a were characterized w@siatytical and
various spectral techniques like UV, IR, NMR and mass data. Elemental analysis (C, H and
metal percentages), physical dat&d/ and IR spectral data are given in Table 5.2.1. The
analytical data together with mass spectral data suggestastdichiometry for all the

synthesized complexes.
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Table 5.2.1 Analytical and spectrablata of metal complexes of 1;di(9-

anthracenyl)hepta-1,6-diene-3,5-dione

Ele mental analysis (%) Characteristic IR
Metal M.P. uv stretching
chelates| (°C) Found/(calculate d) ama bands (cni’)
C H Metal nm (C=0) | (c-c-C) | (M-0O)
81.98 4.37 6.15 288, 466,
cu(ll) 185 1594 | 1520
(82.88) | (4.53) | (6.265) | 421 427
82.11 4.31 6.301 287, 462,
Zn(ll) 195 1593 1521
(82.72) (4.53) (6.44) 422 426
82.73 4.33 5.75 287, 458,
Ni(11) 198 1590 | 1512
(83.27) (4.56) (5.818) 421 424
82.31 4.07 4.97 289, 475,
VO(IV) | 202 1596 | 1517
(82.600) | (4.52) (5.009) 424 425

UV spectra

The UV spectra of metal complexes closely resembles the spectra of respective ligands. This
indicates that no structural change has taken place during complex formation. In certain cases
there is a slight shift of absorption maxima to longer wavelengtichwindicate the

involvement of the carbonyl oxygens in metal complexation.

IR spectra

In the IR spectra of metal complexes, the peak of carbonyl moiety which is present at ~ 1630
cm? disappeared and a new band appeared at ~ 1590 mbroad band in the region of
2600-3500 crit present in the ligand also reduced in the spectra of metal complexes. This is
an indication of the replacement of the chelated proton by the metal ion during complexation.
The new bands occurred in the range 466 420 cm further supports the formation of-M

O bond(metabxygen). The IR spectrum of Ni(ll) complex of 5a is depicted below in

Fig.5.2.1
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Fig.5.2.1 IR spectrum of Ni(ll) complex of 5a

'H NMR spectra

The enolic proton present in the ligands is replaced by metal atom in metal complexes. This

i's evident by the disappearance of the sign.
and alkenyl protons are not altered much since they are not involveetan complexation.

There is a slight shift of methine signals to the downfield of the spectra. Thus the spectra of

ligand and complexes are much similar except those of enolic proton.

Mass spectra

The use of mass spectroscopy for the establishment of the stochiometry of metal 1,3
diketonates has been well established.Mass spectral analysis shows that stepwise removal of
aryl group is a characteristic feature of the complexes.Electronic and sfectcadfthe group
attached to the diketo function strongly influences the stability of various fragments formed
under mass spectral condition. The suggested structure of the complexes are in agreement
with the observed spectra of complexes.From the obsepeatts in the spectrum of

complexes ,it is suggested that certain fragments rearrange to form stable cyclic species.Peaks



260

due to [ML]+,L+(fragment F in Table) and fragments of L+ are also detected in the
spectrum.The spectrum gives strong evidence fop Btbchiometry for the complex.The
Mass spectrum of Cu(ll) complex of idi(9-anthracenyl)heptd,6-diene 3,5-dione is given

in Fig.5.2.2.

Table 5.2.2 Mass spectral fragme ntal pattern of metal chelates of 1gi{9-

anthracenyl)hepta-1,6-diene-3,5-dione

M+/
(M+1)/
Fragments | Metal (M+2) A B C D E E G
chelates ion

Cu(ll) 1014 660 | 539 | 120 | 306 185 476 | 354

Mass Zn(1l) 1016 662 | 541 | 120 308 187 476 354
Pattern

Ni(lT) 1009 655 | 534 | 120 | 301 180 476 | 354

VO(IV) 1017 663 | 542 | 120 | 309 188 476 | 354

*The alphabets corresponds to the fragments givScleme 5.2.1

+ + i
Ar ?‘ ' N —‘ i ’
/ 4 /
0
|:| -:.‘:\ |:| 0 +
i DKH re N }M( — ¢ Ty
B C
\ A A A
o Ar b Ar
HJ' ".‘.J -Ar

~4Ar

Scheme 5.2.1
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Fig.5.2.2 Mass spectrum of Cu(ll) complex of 1;di(9-anthracenyl)hepta-1,6-diene-3,5

dione
The mass spectrum of Cu(ll)complex shows an intense molecular ion pE2idathe peak
at 660 is due to the removal of two anthracenyl groups from the complex and the peak at 306
is due to the removal of four anthracenyl groups from the complex. The peak at 476 is that of
the ligand.The base peak at 281 is due to fragment ithedigand and is observed in the

spectrum of the ligand.
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SECTION I
INVITRO CYTOTOXIC ST UDIES OF CURCUMINOID ANALOGUES
WITH ANTHRACENYL RIN G AND THEIR TRANSIT ION METAL
COMPLEXES

5.3.1.In vitro Cytotoxic studies of 1,7-di(9-anthracenyl)hepta-1,6-diene-3,5-dione and

their metal complexes Cu(ll), Zn(Il), Ni(ll) and VO(IV)

In vitro cytotoxic activity of 1,7di(9-anthracenyl)heptd,6-diene3,5-dione and their
transition metal complexes against DLA and EAC cances ggdlre evaluated. The cytotoxic
nature was determined in terms of the % cell death produced by them.Both the ligand and all
the metal complexes showed considerable cytotoxic activity in both DLA and EAC cell lines
in a dose dependant manner.The resultt@ttudy with EAC and DLA cancer cell lines are

given inTable 5.3.1& Table 5.3.2respectively

Table 5.3.1. Invitro Cytotoxic studies of 1,:ti(9-anthracenyl)hepta-1,6-diene-3,5

dione (L) and their metal complexes towards EAC

% Celldeath
Drug Con.
/ ml .
eglm L cu(L), Zn(L), Ni(L) 5 VO(L) »
200 70 98 86 80 90
100 45 75 68 65 70
50 25 60 55 50 58
20 15 46 42 40 44
10 5 25 20 18 23
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Fig.5.3.1. Invitro Cytotoxic studies of 1,7i(9-anthracenyl)hepta-1,6-diene-3,5

dione(L) andtheir metal complexes towards EAC

Table5.3.2 In vitro Cytotoxic studies of 1,7di(9-anthracenyl)heptal,6-diene-3,5

dione(L) and their metal complexes towards DLA

% Cell death
Drug Con.
| .
eg/m L cu(L), Zn(L), Ni(L) » VO(L) »
200 68 96 84 80 89
100 42 74 66 63 69
50 20 58 53 50 56
20 10 44 40 39 43
10 5 24 19 17 21
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Fig.5.3.2 In vitro Cytotoxic studies of 1,7di(9-anthracenyl)hepta1,6-diene-3,5dione(L)

and their metal complexes towards DLA

The results reveal that the compouwnatl its metal complexes display significant cytotoxic
property.70 % cytotoxicity to DLA and EAC was observed at a concentration of 200 pg/ml
for the ligand and 98 % cytotoxicity was given by its Cu(ll) complex at the same
concentration.All the metal compdes gave good results with more than 80 % cell death at
higher concentrations.The metal complexes were quite effective even at lower
concentrations.The concentration of metal complexes required for 50 % cell death (IC 50)
was found to be 50 pg/ml.The metdielates presented activity in the order Cu ,Vanadyl,Zn
and Ni.But the activity of Cu and Vanadyl complexes are comparable producing 90 % cell
death.The activity of the compounds towards DLA cells is slightly less than their activity
towards EAC cells.Tis it is concluded that the ligand and metal complexes with the

polynuclear anthracenyl ring has profound effect in bringing about cell death.
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IN VIVO ANTITUMOUR STUDIES O F 1,7-DI(9-ANTHRACENYL) -1,6-
HEPTADIENE -3,5DIONE AND THEIR META L COMPLEXES

In this study the anticarcinogenic activities of the polynuclear ligandi{97anthracenyh
1,6-heptadiene3,5-dione and their Cu & Vanadyl complexes were evaluated in vivo.The
effect of these compounds to increase the life span of ascites tumougbaamals were
studied.Viable EAC cells were injected into the peritoneal cavity of mice so as to develop
tumour in them.Drugs (ligand and metal complexes) were administered as ip injection at
different concentrations for 10 days after tumour injectioe.d@bath pattern of animals due

to tumour burden was noted and the % increase in life span calculated. The results of the
study are given iTable 5.3.3.

Table 5.3.3 Effect of 1,#i(9-anthracenyl)-1,6-heptadiene3,5 dione(L) and their metal

complexes(Cu(ll) & VO(IV) ) on ascites tumour reduction

Animal | Concentration| No.of animals | No.of days
: : %ILS
groups (ng/ml) with tumour survived
1. Control 5/5 17.3x1.1
2.Standard 5/5 30.6£3.1 | 76.88
drug
3L 20 5/5 28.8+2.7 | 66.47
4. L 10 5/5 27.8+3.1 | 60.71
5 L S 5/5 24.9+2.10 | 43.93
6.Cu(L)2 20 5/5 30.9+2.2 | 78.62
7. Cu(L), 10 5/5 29.6+3.0 | 71.70
8. Cu(L)s S 5/5 27.6x2.8 | 56.59
9.VO(L)» 20 5/5 29.0+2.2 | 67.63
10.VO(L), 10 5/5 28.1x1.75 | 62.42
11.VO(L)2 S 5/5 25.0+2.01 | 44.50
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The study revealed that intraperitoneal administration of ligand, its Cu(ll) and
Vanadyl complexes significantly increased the life span of EAC induced ascites tumour
bearing mice.The ligand as well as the metal complexes exhibited very promine mhautitu
activity. The life span of animals was found to be significantly increased to 28,31 and 29 days
for ligand,Cu(ll) and VO(IV) complexes when the control animals survived for an average
of 17 days after tumour induction. The % ILS for ligand,Cu(llJ &anadyl complexes with
concentration 2& g / wak found to be 66.47 ,78.62 and 67.63 % respectively which is
comparable with the value 76.8 % for the standard drug cyclophosphaiiigemaximum
value for the no.of days of survival was observed withllEuomplex of 1,7di(9-
anthracenybl,6-heptadieni3,5 dione ie 30.9 days which is greater than 30.6 days for the
standard drug.The Cu(ll) complex exhibited almost the same activity as the std.drug.So the
studies reveal that Cu(ll) complex is very effee in reducing tumour development in mice

and increasing the life span of the animal.
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Fig.5.3.3 The % ILS with different conc. of 1,7di(9-anthracenyl)-1,6-heptadiene3,5
dione(L) and their metal complexes (Cu& VO(IV))






