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PREFACE

Transition metals plays a pivotal role in the innovation of novel metal based drugs
and also in certain cosmetic formulation. Transition metal complexes are cation and
anionic or neutral species which contain co-ordination bond between ligand and
metal. There is significant role in application of transition metal complexes as drugs
to cure many human diseases. The mode of action of metal complexes drugs on living
organism is quite different from non-metals. With different oxidation state of
transition metals, it can exploited for designing new drugs. The metal complexes offer
a great diversity in their medicinal actions; like anti-cancer, ant-inflammatory, anti-
infective, anti-diabetic activities, etc. Transition metal complexes are also important

in catalysis. In material/polymer synthesis, photochemistry, etc.

Looking to above properties of transition metal complexes, It was thought to
synthesize the ligand having drug segment. With excellent pharmaceutical activity of
sulfa drugs, the novel ligands contain various sulfa drugs have been prepared. The
sulfa drugs; Viz; Sulfathiazole, Sulfapyridine, Sulfadiazine, Sulfaquinoxaline,
sulfapyrondazine and trimethoprim were selected. Each of these drugs having free
amine group. So these can easily condensed with tetrahydrophthalic anhydride. The
ligands were prepared and characterized duly. The research work has been presented

in four chapters;

Chapter — I: Literature pertinent to transition metal complexes, their applications,
ligand containing amide group (mainly derived by condensation of acid anhydride and

amines) are summarised.

Chapter — II: It presents materials and methods adopted in whole work. Details of
chemical reagents either analytical methods like elemental content, spectral
techniques, magnetic susceptibility, thermogravimetry, and antimicrobial activity are

also furnished in this chapter.

Chapter — III: Various ligand synthesis process based on tetrahydrophthalic anhydride
and sulfa drugs have been described in this chapter. Following this, the synthetic

details of ligands are given with structural characterisation.




Chapter IV: The measurement of metal-ligand ratio, magnetic moment, thermal

stability, and antimicrobial activity of metal chelates have been presented in this

chapter and discussed in terms of structural activity relationships.
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1.1 INTRODUCTION

A Lewis acid-base reaction product of organic ligand and metal ion via co- ordination
bond is known as metal complex. Here bases are ligands and metal ions are acids. The metal
complexes are known as co-ordination compounds and their physical/chemical properties

are almost different from parent ligands & metal ions.

1.1.1 History

Metal complexes are known from beginning of chemistry, the dye Prussian blue is
known from 1800s and it is well recognified by C. Blomstrand (1869)". He established the
theory of metal complexes and later on Jorgensen? improved the theory. He claimed that the
ammonium ion binds directly to metal ion in solution. Werner® established the metal
complexation theory. He explained that two possible ions could be located in co-ordination
sphere. The ions bound directly to metal ions within co-ordination cluster. The spatial

arrangement of ligands and metal ions in coordination sphere was also discussed.

1.1.2 Geometry

The structures of coordination compounds can be established by their coordination
numbers (Number of ligands coordinated to central metal ions). They are mostly 2 to 9.
The numbers are dependent on size, charge and electronic configuration of metal ions and

the ligands. The possible geometries of coordination compounds are given in the Table 1.1.



Table 1.1: Geometrics of coordination compounds

Geometry Coordination number Examples
Linear 2 [Ag(NH3)2]
Trigonal planar 3 [Cu(CN)3]*
Tetrahedral square planar 4 [NiCl4]*
Square pyramidal 5 [VO(CN)4]*
Octahedral 6 [CoCl6]*~
Pentagonal 7 [ZxF7]>
Square antiprismatic 8 [ReF8]*
Tricapped trigonal prismatic 9 [ReH9T*

The main Structure of the metal chelates are Square Planar, Octahedral and

Tetrahedral (Fig. 1.1).

Pentagonal bipyramid Square antiprism Dodecahedral

Fig. 1.1: Some Common Sphere of Complexes
Stereoisomerism is there in certain cases. These are cis- and trans- isomerism.
1.1.3 Classification
The co-ordination complexes are classified as follow:
(a) Classical or Werner complexes

In this structure metal binds by ligand via lone pair of electrons. e.g., H20,
NH;3, CI', CN". Some examples are:
2




Example

Structure

Cobalt-EDTA complex

NHE 3+
Hexamminecobalt(I1T) HNo, : CIO' o NH:
chloride H N/ | \NH (GF)s
3 3
NH-
O
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=~ % 0
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Q é O o
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(b) Organo-metallic compounds

Alkenes / alkynes, cycloalkyls with phosplines, hydride, CO, etc.

Cyclopentadienyliron dicarbonyl dimer is a good example




(©) Bioinorganic complexes

These complexes are obtained naturally. It includes side chains of

amino acids, co-factors, porphyrins, etc.

Some examples are:

Example Structure

Hemoglobin — Fe complex i ) ;
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Chlorophyll — Mg complex




Vitamin B12 — Co complex

Calcium oxalate — Ca O O
complex “}'@ f@,

All these complexes are most important for our human life.
1.2 METAL COMPLEXES IN PHARMACEUTICALS

Metal ions play a pivotal role in humans deficiency of some metal created diseases
like anemia, growth retardation, heart disease, etc. So, metal complexes in form of drug
become an important platform in medicinal chemistry. It is known that transition metal
complexes can be used as drug to cure several human diseases*®. Metal like platinum, gold,
lithium, zinc, silver, copper, lanthanium, bismuth, barium, mercury, etc. are useful for drug

applications.



Some important metal complexes are used (Anticancer agents). These metal

complexes are well known for their use as in vivo and in vitro anticancer activities’"°,
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Os Complexes

Fig. 1.2: Some Co, Ru, Pt and Os metal complexes exhibiting redox mediated

anticancer activity
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Fig. 1.3: Heterocyclic thiolate polynuclear gallium (III) derivatives with

anticancer activity.

11-24

Many metal complexes solved the problem created in insulin injection for

diabetic patients.

R o o
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Fig. 1.4: Structures of some insulin mimetic vanadium complexes.



The amyloid B-targeted metal complexes bear excellent anti Alzheimer’s diseases®.

Fig. 1.5: Metal complexes for potential applications in Alzheimer’s disease

Number of metal complexes of zinc, silver, mercury, etc. are used commonly as:

Antimicrobial:

The complexes with their antimicrobial activity?®32.

Structure

Activity

Cl

NN
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O

N
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cl
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Escherichia coli and

Staphylococcus aureus
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Entamoebahistolytica

Candida strains

X H,0

Escherichia coll,
Staphylococcus aureus,
Aspergillus flavusand

Candida albicans




Anticancer:

These complexes of Ti and Cu display anticancer activity>>-°.

Structure

o é N 5
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Cu(II) complex

Antimalarial:

Some metal chelates such of gold, ruthenium, cobalt, rhodium, copper, cobalt,

zinc, osmium and palladium show effective antimalarial activity®”+.

Structure
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=7

Cu(II) Complex
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Gold chloroquine

Anti-Alzheimer:

These metal complexes exhibited ability in blocking B-amyloid aggregation and
scavenging its toxicity. Some complexes of ruthenium (III) exhibited significant role as anti-

Alzheimer agents such as NAMI A, KP1019 and PMRU20.

H
B . PN B 7]
NH ) «NH} __ N7 NH /23 HN_ s
<\N> r\‘l \N/NH HNT XY \g /;
Ch_| _Cl
CI/\U\CI SRy cr| H
s ¢ | “cl N __NH
o7 \™ N Q\ \>/ ?
| _ HN/ \ S
NAMI A - -
PMru20
KP1019
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Antihypertensive:

Sodium nitroprusside was below used for lowering blood pressure.*’>

N
I
— C —
Na, N =C\|:| /C =N
e
pq;ECZ//// | \\\C3EEPQ
C
U
N
Sodium nitroprusside

Some metal complexes also find utility in cosmetics, photodynamic therapy more
particularly Covid-19 virus.>>>°

Structure

CH=CH, ChHs

H3C

HaC CHa
T He—=c=0
CH, |
| CooNa
CooNa
Copper chlorophyllin
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Bacteriochlorin

Iridium

NH,

1.3 COMMON AROMATIC LIGANDS

Some of aromatic ligands used mostly are bidentate and these are;

»  Salicylic acid

»  8-Hydroxy quinoline

»  Dimethylglyoxime

17

4 COOH N
OH
R
A %
R
A
Rl
—
N
. OH
jHZN—OH
CH=N—OH




1,10-Phenanthrene

Salicylaldehyde

o-Hydroxy acetophenone

Catechol

Schiff base

Phthalic acid

Phthalamic acid
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1.4 POLYDENTATE LIGANDS OF AMIDE GROUPS

Over the past few decades, revealed that peptides (Amides) have stability,
versatility, optical properties and ease of their availability and in modification®’. Their
transition metal complexes have prominent application as catalyst is organic synthesis. As
metal complexes of such ligands are more stable under physiological conditions, and they

also received attraction in the field of physics, biology and medicines®°.

The amide groups are based on acid-amine reactions. The easy reaction between

anhydride and amine afforded amide.

O

COOH
° T R CONHR

0

Such amide can display metal complexing capacity. Vishwanathan and Krishnan®’
studied the metal complexation of such amides prepared from maleic anhydride and

diamine.

H
N/\/N\/\
| H N
COOH

O
O
HOOC

Polydentate lignd

The structure as Mn?" Co?", Ni**, Cu**, Zn**, Cu*', Zn**, Cd**, and VO** complexes

have been studied.

Patel and Patel®® prepared ligand from the reaction between an azo dye/
aminopyrimidine and phthalic anhydride. They also prepare complexes of this ligand with

metal ions.

19



Basic azo dyes + Phthalic anhydride

0
COOH
O —m2
o Mt/2 o
NH NH
R R

Amino Pyrimidine + Phthalic anhydride

O
Ar\ArAr'
N| N + o)

N\fN Mt/2 NYN
HN. _O My2 <—HN O
AN
HooC 00C

Mt : Transition metal
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Zhu et al.”” Synthesized the ligand from amino isophthalic acid and biphenyl acid. The Mn*?
complex of this ligand was prepared and characterized by X-ray diffraction, IR spectroscopy

and thermogravimetry.

Mr{ M
n
Mn /
O \ /
O O
?
Mn
n

Chernyshova et al.!” Synthesized and used it for preparation of complexes of
europium, terbium and gadolinium derivatives. They also studied their luminescent

behavior. It was also indicated that Eu®>* and Tb>" complexes bear luminescence.

O

O

o Ln*3 . nH,O

NHAr

Where, Ln*"= Eu*’, GD*" and Tb>"

Deyakar and Lingaiah'”! reported ruthenium complexes of phthalamic acid and
observed their physicochemical properties. Ashok et al.'% also reported Ru** complexes at

phthalamic acid and reported their catalytic activity.

0 PPh,

|

00—, CO
Rul “h

o |

PPh3

HN.
R

R = Phenyl, 2-Benzimidazolyl, 1-Naphthyl
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1 103

Edozie et al."™” used sulfathiazole containing phthalamic acid as ligand. They

prepared Fe?" and Mn"? complexes and observed charge transfer intensity and antibacterial

activity. It was found that complexes show very good antibacterial activity.
N
7@%@
S
COO — Mt/2

Where, Mt/2 = Fe*2 & Mn*2

Shahid et al.!® synthesized organo tin complexes of phthalamic acid and

, 0
Br~©~N Sn~ Re
O 2

R =Me

characterized these.

Patel et al.!% reported the coordination polymer based on bistype phthalamic acid.
They synthesized ligand containing terephthalic acid with orthoarylaminocarbonyl

derivatives.
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0 0 NH,

O O + - =

0 0 OCH,
benzo[1,2-¢:4,5-¢'[difuran-

4-methoxyaniline
1,3,5,7-tetracne Xy
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O

H
N OOH
H N
HOOC \@\
OCHs

2,5-bis((4-methoxyphenyl)carbamoyl)terephthalic acid

Metal Salt

coo— M
L R
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=N,

Various ligands have been utilized from time to time to form complexes of metal

ions. These were found biologically active. There is great scope in making some new ligands

to prepare metal ion complexes and investigate their antimicrobial activity.
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2.1 MATERIALS USED

All the reagents employed in process investigation were received as analar grade

locally. The details of chemicals are in Table 2.1.

Table 2.1: Data about reagents and their supplier

Name and structure Supplier name

Otto Chemie Pvt. Ltd.

oioio

Tetrahydrophthalic anhydride

0 SN\
\ /,
S:HJ\\}

Enomark Healthcare

Q

H,N
Sulfathiazole

S X

"N N
H

Triveni Chemicals

Q

H-N

Sulfapyridine

s
OS,/O N
NS
°N N
H

4

Q

Macsen Laboratories
H,N

Sulfadiazine

X |
/©/ S ”)\/N Vea Impex Pvt. Ltd.

Sulfaquinoxaline
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Sulfachloropyradazine

A R Life Sciences

HoN_ _N_ _NH,

T D

N~

Kavya Pharma
H5CO OCH
OCH,
Trimethoprim
CllClz
Real Metal Chem Pvt. Ltd.
Copper (II) chloride
Cu(CH3COO),
Lakshita Chemicals
Copper acetate
Co(C2H302)2
P K Chlorochem
Cobalt (II) acetate
Ni(CH3COO)2
Mahavir Metal Chem
Nickel (II) acetate
Zn(CH3COO)2
Krishna Chemicals

Zinc acetate

Mn(CH3;COO),

Manganese (II) acetate

Kanha Life science
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2.2 TECHNIQUES USED

Different techniques were used in present investigation.
2.2.1 Melting point analysis

The melting points of all the compounds were measured on Digital melting

point apparatus (Lab India) and were uncorrected.
2.2.2 Elemental analysis

The elemental content in all the prepared oriental organic compounds were

determination Thermo- Scientific Flash Smart elemental analyzer.
2.2.3 Infrared spectroscopy

The IR spectra of all the compounds were performed on FT-IR Spectrometer -
6800 — JASCO Europe instrument. The analysis performed using anhydrous KBr in

the 4000-400 cm™! range. The transparent pallet was used for analysis.
2.2.4 NMR spectroscopy:

Proton NMR and *C NMR of ligands was performed on Brucker Avance I1I
HD 300 MHz wide-bore NMR Spectrometer. Tetra methyl silane (TMS) was used as

standard and deuterated Dimethyl formamide (DMF) was used as a solvent.
Brucker Avance I11 HD 300 MHz wide-bore NMR Spectrometer.
2.2.5 LC-Mass spectroscopy:

Liquid chromatography-mass spectroscopy (LC-MS) is the analytical
technique used for identification of unknown compounds as well as to elucidate the of
different compounds. The LC-Mass spectrometer (Brucker Avance II1 HD 300 MHz
wide-bore NMR) consists of ionization source, mass analyzer, detectors for data

interpretation and analysis and report results.
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2.2.6 Magnetism:

The magnetism of metal complexes is an important property which can be
anticipated based on molecular structure. This property based measured in terms of molar
magnetic susceptibility ((ym) by considering their molecular weight of test complex
magnetism are two types: (i) Diamagnetism exhibited due to changes of orbital and (ii)
Paramagnetism exhibited due to orbital electronic spin and angular momentum. It exists
only in organic molecules having impurities of electron with parallel spins diamagnetism, a
created from the interaction of paired electrons and the magnetic field. Magnetic area
compounds having electron creates two Paramagnetism which relate inversely with
temperature. In organic compounds two paramagnestism occurs of they are transition metal

ions unpaired electrons.

2.2.7 Reflectance / Electronic spectra:

Most of the transition metal complexes have unique UV-visible reflectance spectra,
which is useful to study their geometry and electronic structure. This technique is important
due to solid state structural chemistry not studied compared to aqueous solution. This
diffused electronic spectroscopy is better for study of solid state properties of materials. In
present studies the produced metal chelates are amorphous powder, their electronic spectra

have been scanned for getting molecular geometry
2.2.8 Thermogravimetric analysis

Thermogravimetric analysis is an analytical tool to analysis of thermal stability of
materials. In this method, changes in the weight of compounds are measured with increasing
temperature (°C). Percentage (%) moisture content and volatile content of a sample can be
measured by Thermogravimetric analysis techniques. Evaluation of the thermogravimetric

analysis.

The first stage of decomposition of these complexes was observed around 10% in 250-
500°C temperature range and, it may be due to associated water molecules. The second
stage of decomposition of all chelates is rapid and about 50% mass loss. This may be due

to metal oxide formation during degradation.
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2.2.9 Antimicrobial analysis
2.29.1 Antibacterial activity:
There are various methods used for the analysis of antibacterial activities,

2.2.9.1.1 Agar well diffuse method: This is most favorable method to monitoring

antimicrobial activity of test samples.
2.2.9.1.2 Agar plug diffusion method,
2.2.9.1.3 Cross streak method, and

2.2.9.1.4 Poisoned food method.

In this testing, the antimicrobial materials is transferred to test cultured
inoculated thin layer (coated) glass plate. After diffusion on such chromatogram agar
plate removed and there incubated from plate the growth inbition zone of

microorganism is measured.
The antimicrobial activity is calculated by,

Number of bacteria on test sample one day

Number of bacteria on without test sample in one day

BEFORE GROWTH AFTERGROWTH

Growth Time

—_—

~24 hours

No bacterial growth

Antibioticdisks Agarmedia, spread {Zone of inhibition)
on Petri dish

Bacterial growth

Fig. 2.1: Agar disk diffusion experimental test
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(i) Antifungal activity:
The antifungal test methods are divided into main three groups.
» Diffusion method,
» Dilution method,
» Bio-autographic methods and

Many organizations/Labs adopt modified methods for specific samples. In addition

to this, there are various test methods used for testing of fungal infections.
» Susceptibility testing (where sample of fungus isolated in culture)
» Antigen testing (Where sample are blood, urine, CSF, body fluids)
» Antibody testing [where sample are blood, urine, CSF, body fluids], and
» Molecular tests for DNA, RNA.

Three methods have been standardized for antifungal susceptibility testing of any

test sample of compounds.
> Broth dilution method,
» Disk diffusion method,

» Azole agar screening for Aspergillus, other common used methods include

gradient diffusion and the use of rapid automated instruments.

Antifungal susceptibility testing it has the become standard method for testing and

has a same role of the antibacterial susceptibility testing in microbiology laboratories.

In clinical laboratory Antifungal susceptibility testing (AFST) is pivotal test which
give MIC value to assists patient therapy.
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Antifungal susceptibility test (AFST)

Fig. 2.2: Antifungal susceptibility test (AFST)

000

42



CHAPTER — 111

SYNTHESIS AND
CHARACTERIZATION OF
LIGANDS




CONTENTS

3.1 INTRODUCTION

3.2 EXPERIMENTAL

3.3 CHARACTERIZATION OF LIGANDS




3.1 INTRODUCTION

Synthesized and characterized fine ligands based on sulfa drugs. These are
designated as TPAS-1 to TPAS-5. One bis-ligand was also synthesized from

trimethoprim and it was designated as TPTB.

Reaction of various sulfa drugs (as an amine source) were carried out with
tetrahydrophthalic anhydride to obtain ligand. The details of these ligands are given in
Table 3.1.

Table 3.1: List of ligands

Melting .
Molecular . Yield
Structure Name _ point
weight (%)
O
O
OH
O
H TPAS-1 407.46 181-182 86
T, s
SO,NH—Q ]
N
O
OH
O
HI TPAS-2 401.44 188-189 87
\ /
O
OH
O
HN TPAS-3 402.42 198-199 82
T n=
SONH— :/>
N
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TPAS-4

452.48

195-196

85

TPAS-5

436.87

178-179

86

NH

HsCO OCH3
OCHs

TPTB

594.61

166-167

87
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3.2 EXPERIMENTAL

3.2.1 Synthesis of Tetrahydrophthalamic acid derivatives as ligands [TPAS-1 to
TPAS-5].
Tetrahydrophthalamic acid derivatives of such drugs as ligands (TPAS-1 to
TPAS-5) were prepared by using/reacting tetrahydrophthalic anhydride and various
amine derivatives as Sulpha drugs. The method of preparation was based on earlier

literature'*.

100 mmol of Tetrahydrophthalic anhydride and few dops of pyridine were
mixed in 100 ml of 2-propanone solvent in a conical flask then 100 mmol of a sulfa
drug dissolved in 100 ml 2- propanol was added portion wise and stirred. The assembly
was stirred frequently by placing in an ice bath by maintaing temperature 0-5 °C. The
rection mixture was placed in on the table with stirring at room temperature. The
resultant solid product obtained was filtered off, washed with 2-propanone, Then
petroleum ether and air — dried (Ligands TPAS-1 to TPAS-5).

The reaction scheme are:
Ligand TPAS-1:

0 0.0 SN\
\S/ ~
SN
0 + H
HsN
0]

Tetrahydrophthalic anhydride 4-amino-N-(thiazol-2-yl)benzenesulfonamide
[Sulfathiazole]

HN
U &
SO,NH—( ]
N

6-((4-(N-(thiazol-2-yl)sulfamoyl)phenyl)
carbamoyl)cyclohex-3-enecarboxylic acid
[TPAS-1]
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Ligand TPAS-2:

0 00 [ ]
7
NN
H,N
o)
Tetrahydrophthalic anhydride 4-amino-N-(pyridin-2-yl)

benzenesulfonamide
[Sulfapyridine]

6-((4-(N-(pyridin-2-yl)sulfamoyl) phenyl
carbamoyl)cyclohex-3-enecarboxylic acid
[TPAS-2]
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Ligand TPAS-3:

0 0,0 N
S. X
N~ N
HoN
O
Tetrahydrophthalic anhydride 4-amino-N-(pyrimidin-2-yl)
benzenesulfonamide

[Sulfadiazine]

“CL

N=
SO,NH
= }

6-((4-(N-(pyrimidin-2-yl)sulfamoyl)phenyl)
carbamoyl)cyclohex-3-enecarboxylic acid
[TPAS-3]
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Ligand TPAS-4:

O Z
o, .0 N7
N7
0 + ©/S\NJ\/N
H
o) HoN

Tetrahydrophthalic anhydride  4-amino-N-(quinoxalin-2-yl)
benzenesulfonamide
[Sulfaquinoxaline]

sozNH[ D

6-((4-(N-(quinoxalin-2-yl)sulfamoyl)phenyl)
carbamoyl)cyclohex-3-enecarboxylic acid
[TPAS-4]
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Ligand TPAS-5:

Cl
0 NPY &
0 + H
HoN
0]

. . 4-amino-N-(6-chloropyridazin-
Tetrahydrophthalic anhydride 3-yl)benzenesulfonamide
[Sulfachloropyradazine]

OH
o)

HN
N=N
\QSOZNHUCI

6-((4-(N-(6-chloropyridazin-3-yl)sulfamoyl)phenyl)
carbamoyl)cyclohex-3-enecarboxylic acid
[TPAS-5]
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3.2.2 Synthesis of tetrahydrophthalamic trimethoprim bis-ligand (TPTB).

Tetrahydrophthalamic trimethoprim bis-ligand (TPTB) was prepared by condensing
2 mole of tetrahydrophthalic anhydride with trimethoprim. The reported method & were

used!.

Tetrahydrophthalic anhydride (0.2 mole) and 0.1 mL of pyridine in 100 mL acetone
were taken in round bottom flask, and stirred. Then a solution of Trimethoprim (0.1 mole)
in 100 mL acetone was added in parts within 30-60 min. The whole assembly was placed in
ice-cooled bath and maintaing the temperature between 0-5°C during the addition of sulfa
drug. The reaction mixture was kept aside with stirring for two hours at room temperature.
After completion of the reaction, the precipitates were filtered off, washed with acetone and

air-dried to give dry product (Ligand TPTB).
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Ligand TPTB:

O
HZNTN\ NH,
0 N A
+
0
Tetrahydrophthalic anhydride OCH
2 Mole] H3CO 3
OCHsy

Trimethoprim [1 Mole]
o) @)
HO [ I ;OH
@)
O
NH
HN

~

N~

H5CO OCHs;
OCHjs

[Bis ligand - TPTB]
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3.3 CHARACTERIZATION OF LIGANDS

3.3.1 General analysis:
The general analysis of ligands TPAS-1to TPAS-5 and Bis-ligand (TPTB) observed.

»  Melting points (°C) of all the compounds were measured by DSC method. All the

melting points checked are uncorrected.

» The yields of all compounds were also measured. All solvents used were distilled
and dried. The purity of the compounds was checked by TLC. Column
chromatography was also performed using silica gel having 60-120 mesh, if

required.

All the ligands were analyzed for their elemental contents. The C, H, N and S
elements of all the samples were measured by Elemental analyzer Thermofinigan flash1101
EA. The results are reported in Tables 3.2 and 3.3. The values are in consistence with the

proposed structures.

Table 3.2: Characterization of Ligands TPAS-1 to TPAS-5 and bis ligand TPTB

Yield

Ligand Molecular Formula Mol. Wt.
(%0)
TPAS-1 C17H17N305S2 407.46 87%
TPAS-2 C19H19N305S 401.44 85%
TPAS-3 Ci1sH1sN4OsS 402.42 86%
TPAS-4 C22H20N405S 452.48 85%
TPAS-5 CisH17N405SCl 436.87 86%

TPTB
C30H34N409 594.61 84%
(Bis Ligand)
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Table 3.3: Elemental analysis of ligands

Elemental analysis

Ligand No. C (%) H (%) N (%) S(%)

Cal. Found Cal. Found Cal. Found Cal. Found

TPAS-1 50.06 50.00 4.17 4.20 1030 | 10.30 | 15.70 | 15.70

TPAS-2 56.79 56.80 4.73 4.70 10.46 | 10.50 7.97 8.00

TPAS-3 53.67 53.70 4.47 4.50 13.91 14.00 7.95 8.00

TPAS-4 68.07 68.00 4.42 4.40 12.37 | 12.40 7.07 7.10

TPAS-5 49.44 49.50 3.89 3.90 12.82 | 12.80 7.32 7.30

TPTB
60.54 60.50 5.72 5.70 9.42 9.40 - -
(Bis Ligand)

The anticipated IR spectral frequencies of all the ligands are given in Table 3.3. The
infrared spectra of selected ligands are presented in Figures 3.1 to 3.3. The infrared spectra

of all the ligands indicate that-

I.  All the IR spectra are identical in almost all aspects. The important bands are

observed at their respective positions.

II.  The bands at 3450, 1680 and 1580 cm™ are due to —-CONH- (secondary amide)
group.

III. A strong band at 1700 cm™ is due to carbonyl group of -COOH group.

IV.  The bands at 3030, 1600 and 820 cm™' are mainly from 1, 4-disubstituted aromatic
ring.
V.  Thebands at 1160, 1350, 1610 and 3320 cm™! are due to —SO2NH- (sulphonamide)
group.
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Table 3.4:

IR spectral features for ligands TPAS-1 toTPAS-5 and TPTB (Bisligand)

IR frequencies

Groups
b (cm)
Amide group
3450, 1680, 1580
-NHCO-
Aromatic. 820, 1600, 3030
-C=0 of -COOH. ~ 1700
-SO,NH- 1160, 1350, 1610, 3320
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3.3.3 Proton nuclear magnetic resonance spectroscopy

It was observed that that all NMR spectra are almost identical in nature. The NMR
spectra of TPAS-1 to TPAS-5 and Bis-ligand TPTB are given in Figs: 3.5 to 3.7. All the
spectra comprise the multiplet at 6.3 to 8.1 6 ppm due to from aromatic protons including

NH of CONH group. The singlet at around 12 6 ppm might be responsible for H of COOH
group.
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3.3.4 Estimation of Number of carboxylic acid (-COOH) groups in ligands TPAS-1
to TPAS-5 and Bis ligand (TPTB).

The structure of ligand was tested by estimation of number of carboxylic groups (-
COORH) per mole of ligands. The nonaqueous conductometric titration was used for -COOH
group estimation by method reported in the literature’. The titrant used for this non-aqueous

titration was tetra-n-butyl ammonium hydroxide (TBAH) in pyridine.
Non-aqueous conductometric titration

The ligand sample was dried at 70°C and finely powdered. This dried sample was
used for non-aqueous conductometric titration. Exactly weighed amount of ligand sample

was dissolved in 40 mL of anhydrous pyridine.

The solution was allowed to stand overnight for complete solubility. This ligand
solution was transferred into conductance cell and it was then stirred magnetically. The base
tetran-butyl ammonium hydroxide (TBAH) (0.1 N), in pyridine was added to the
conductance cell at regular intervals of 0.01 mL of titrant beyond the stage of equivalence.
The conductance measurement after addition of each volume of titrant base was carried out
by allowing 2-3 mins lapse. During the titration, the temperature of solution was maintained
constant about 25°C when the point of equivalence was exceeded, there was a continuous
increase in conductance on addition of every additional aliquot of tetra-n-butyl ammonium
hydroxide (TBAH) indicating the stage of complete neutralization of all the -COOH groups
in the given amount of ligand sample. The volume of base added is converted into
millimoles of tetra-n-butyl ammonium hydroxide required for 100 g of ligand. A plot of
conductance against millimoles of tetra-n-butyl ammonium hydroxide per 100 g of ligand
sample was plotted in (Fig. 3.8 and 3.9). Inspection of such plot revealed one break. From
the plot, the millimoles per 100 g of ligand sample corresponding to the break were noted.

From this value, the number of -COOH groups were estimated from this value

e Thus millimoles of TBAH required for complete neutralization of —-COOH groups
present in the sample was found by following formula using break of the titration

curve. Finally one no. of COOH group calculated by:
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No. of -COOH Millimoles of TBAH Molecular weight of
Groups per mole of = per 100 gm of sample  x ligand x 107
Ligand

A=B xMx 107

e.g. For TPAS-2 A = 247X 401.44X 107

= 0.99

Thus value of -COOH group for all the ligands are preferred in Table 3.4.

Results and Discussion:
The Titration Plot of each ligands contain one break so the value of -COOH groups

is in the range of 0.99 to 1.02. The values confirming the structures.
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Table 3.5: Non-aqueous Conductometric titration of Ligands TPAS-1 to TPAS-5 and
Bis ligand (TPTB)

Estimation of -COOH groups.
Solvent: - Anhydrous pyridine.

Reagent: - 0.1 N tetra-n-butyl ammonium hydroxide (TBAH) in pyridine.

Molecular | Millimoles of TBAH at break | Estimated No. of
Ligands
Weight per 100 gm of sample. —COOH group.

TPAS-1 407.46 245 1.00
TPAS-2 401.44 247 0.99
TPAS-3 402.42 244 0.98
TPAS-4 452.48 225 1.02
TPAS-5 436.87 229 1.00

TPTB 594.61 168 2.00
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Fig. 3.9: Non-aqueous conductometric titration curve of ligand TPTB
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3.3.5 Thermogravimetric study

The TG analysis of all the produced ligand sample was done by “Perkin Elmer
Pyris 1 TGA” in an air. The test samples of 5.0 mg was placed in suspended platinum
boat. The boat was covered by glass tube and placed in instrument furnace. The
heating at the rate of 10°k/min was started with air flow. The automatic plot of wt. of
ion vs temperature up to 700°C was obtained. The data were noted and selected TG

thermograms are presented in Fig 3.10 to 3.12.

Inspection of the TG plot of all the samples reveals that (i) Each sample
degrade in two steps (i1) The initial wt. of ions observed below 200°C - 230 °C for all
samples in the range at 15 to 22%. This value id due to decarboxylation of ligand.
The ion of -Co2 is consisted with the value of sample weight. The next step of

degrading beyond 230°C was rapid which is depending upon the nature of the ligand.

The calculated value of Coz of each ligand and 1% step degradation are shown

in Table 3.6.
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Table 3.6: Degradation data of ligands

Wt. loss in 1%t stage of

Calculated value of

Ligand degradation. decarboxylation
(%) (%)
TPAS-1 12.10 12.04
TPAS-2 12.50 12.62
TPAS-3 12.00 11.84
TPAS-4 12.40 12.44
TPAS-5 12.00 12.05
TPTB 11.70 11.68

68




7-SVd.L Pue3I[ Jo werdourdy) VO L, :01'€ S

(D,) amnperadwa )
0o< 08z 08z ovZ 0zz 00z oSl 09l orl ozl 0oL oe 098 0%

% 057C) - A8

(wOL | SINAL) ¥3WI3 N>Y3d .

LVEL
SL

oe

se

06

S6

— (%) % MO

0oL

SOl

20l

69



€-SVd.L Puesdi| Jo weigouwrdy) VO I, 1 1°€ “31f

(D,) anperadwa |
oo 02z 08z orZ 0ZZ 00z o2 09l orL oclL 00L 08 09 0%
% 000k = A Bled i
|
|
(wOL | SIHAL) H3W3 NDiN3d :

09

S9

0L

Si

08

S8

06

S6

00l

SOl
201

— —— (%) % MORM

70



4.LdL Puesry jo weidowdy) VO L, 1€ "1

(D,) 2aneiadwa |

ooge (}=ra 08z orZ oz 0o ogsL 0glL orL ocL 0oL 0ng 09 0%
L L A L A L A L A A A A A i m.mh
- G2
- 06
% 0Ll = A ¥Eled
- S6
|
| ooL
(wOL | SIHAD) 4313 NIME3d
- SOL

- 901l

s (%) 9%, WIBIBAA

71



3.3.6 Differential scanning calorimeter [DSC]

Differential Scanning Calorimetry is generally applied for determine glass
transition temperature and curing temperature, and melting point and exothermic or
endothermic reaction of polymer or polymer systems. The ligands TPAS-1 to TPAS-
5 and TPTB are big molecules. Their melting points could not be measured properly
by capillary method. Hence, their melting points were determined by DSC. The
melting point of each ligand was measured on PerkinElmer (Diamond DSC). The
value of melting point was observed from DSC thermogram. Typical thermograms

are shown in Figs -3.13 to Figure-3.15.
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4.1 EXPERIMENTAL

The each ligands (TPAS-1 TO 5 and TPTB) was purified by dissolving in dilute

alkali solution and reprecipitated by diluted HCL solution. All the ligands were processed

up to dried amorphous powder state.

4.1.1 Preparation of Sodium Salt of Ligands

A purified and dried ligand sample (0.1 M) was mixed in 150 mL of acetone solvent

and stirred. Aqueous molar NaOH solution (calculated amount) was added drop wise to the

ligand solution. The thick solution was stirred for some hours till paste type precipitates

appeared. A fixed quantity of water was added to make clear solution. The resulting solution

was diluted to 250 mL water and this clear solution called as reagent solution. This aqueous

solution was used for preparing metal chelates.

4.1.2 Synthesis of Metal Chelates of Ligands TPAS-1 to 5.

>

Chelates with Cu?" Meatal ions:

25 ml of Na" reagent solution of ligand (containing 10 mmol) was mixed
dropwise to copper salt solution in 100 ml of deionized water, The pH of
resultant mixture was adjusted by addition solid sodium acetate. A greenish —
blue solid product was digested on boiling water bath for 2 hrs. It was filtered,
washed by acetone and air -dried. The powder was dried in oven at 100°C for

a one day. The yield was 75%.
Chelates with Ni?* Meatal ions:

25 ml of Na' reagent solution of ligand (containing 10 mmol) was
mixed dropwise to nickle salt solution in 100 ml of deionized water, The pH
of resultant mixture was adjusted by addition solid sodium acetate. A wet cake
product was digested on boiling water bath for 2 hrs. It was filtered, washed
by acetone and air -dried. The powder was dried in oven at 100°C for a one

day. The yield was 72%.
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» Chelates with Co*" Meatal ions

25 ml of Na' reagent solution of ligand (containing 10 mmol) was
mixed dropwise to cobalt salt solution in 100 ml of deionized water, The pH of
resultant mixture was adjusted by addition solid sodium acetate. A solid floppy
material was digested on boiling water bath for 2 hrs. It was filtered, washed
by acetone and air -dried. The powder was dried in oven at 100°C for a one day.

The yield was 66%.
> Chelates with Mn2* Meatal ions:

25 ml of Na' reagent solution of ligand (containing 10 mmol) was
mixed dropwise to manganese salt solution in 100 ml of deionized water, The
pH of resultant mixture was adjusted by addition solid sodium acetate. A wet
cake product was digested on boiling water bath for 2 hrs. It was filtered,
washed by acetone and air -dried. The powder was dried in oven at 100°C for

a one day. The yield was 75%.
> Chelates with Zn?* Metal lons:

25 ml of Na' reagent solution of ligand (containing 10 mmol) was
mixed dropwise to zinc salt solution in 100 ml of deionized water, The pH of
resultant mixture was adjusted by addition solid sodium acetate. A wet cake
product was digested on boiling water bath for 2 hrs. It was filtered, washed
by acetone and air -dried. The powder was dried in oven at 100°C for a one

day. The yield was 67%. The dried chelate was pale yellowish powder.
4.1.3 Elemental analysis of metal chelates.

The elemental contents i.e. C, H, N and S elements of metal chelates were
analyzing on elemental analyzer (Model: Thermofiniggan Flash 1101 EA). The results
of analysis are described in Tables 4.1 to 4.4. It indicate that the result are consistent

with the structure shown in scheme 4.1.
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4.2 METAL: LIGAND (M:L) RATIO

Metal % in chelate was estimated by literature prcoedure!. In this process fix amount
of ligand was taken in an evaporating dish and each one ml of Analar Concentrated HCL,
H>SO4, and HCLO4 were added. Then decompose the sample by evaporated to dryness. The
residue was dissolved in distilled water and diluted to mark. The position of this solution
was titrated against ethylenediamine tetra acetic acid (EDTA) solution and the metal % in
chelate calculated. The results are mentioned in Table 4.1 to 4.6. The results indicate that

Metal: Ligand (M:L) ration is 1:2 tor bivalent metals.
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4.3 ELEMENTAL ANALYSIS

Table 4.1: Properties of metal chelates of ligand TPAS-1

N
[ S—HNO,S
ST
HyO NH

\ o
O\M+2A//O

0O~ % o)

AY

HN H>O
T s
SONH— ]
N

Metal chelates of ligand TPAS-1

Metal Chelates Molecular Formula M.Wt. Y(l(,;l)()l
(TPAS-1)2 Cu®* | C34H32N6010S4 CuZ™ 2H20 912.45 74
(TPAS-12 Ni** | C34H32N6010S4 Ni2t 2H20 907.62 73
(TPAS-1)2 Mn*" | C34H32N6010S4Mn2* 2H20 903.92 76
(TPAS-1)2 Co* | C34H32N6010S4 Co2t 2H20 907.92 68
(TPAS-1)2 Zn*" | C34H32N6010S4 Zn2* 2H20 | 91432 66
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Metal chelates of ligand TPAS-2

Table 4.2: Properties of metal chelates of ligand TPAS-2

Metal Chelates Molecular Formula M.Wt. ‘?;:;1
(TPAS-2)2 Cu? C38H36N6010S2 Cu*" 2H20 900.38 75
(TPAS-2)2 Ni2* C38H36N6010S2 Ni** 2H20 895.58 74
(TPAS-2)2 Mn** | C38H36N6010S2 Mn*".2H20 891.88 77
(TPAS-2)2 Co?** C38H36N6010S2 Co*' 2H20 895.88 69
(TPAS-2)2 Zn** C38H36N6010S2 Zn** 2H20 902.28 65

84




8

or'.L 60°L 0€°6 1€°6 or'y ey 0508 €5°0S 0TL 0L ZUC-Svdl)
or'L vI'L 0v'6 LE6 0SY oy 0605 0605 099 859 200UT-SVdl)
0C’L LT'L 0r'6 (440 0S'Y 8y or'1s cris 029 919 UNUZ-SVdAL)
0C’L SI'L 0v'6 8¢'6 0SY vy 0605 16°0S 0S9 ¢¢9 AINUT-SVdAL)
or'L orc 0€°6 €e'6 vy 1474% 0908 7908 00°L SO'L A0 UT-SVdL)
punoyj | ‘pred | punoj | ‘prgd | punoj | ‘pe) | punoyj ‘PIeD punoyj ‘PIeD
S% N% H% % - SdePYD [BPIN

SISA[eUY [RIUIWI[H]

BRI %




Table 4.3: Properties of metal chelates of ligand TPAS-3

HN H,O
|G
SO,NH— :/>
N

Metal chelates of ligand TPAS-3

Yield
Metal Chelates Molecular Formula M.Wt. (%)
(TPAS-3), Cu?* C36H34N3010S2 Cu** 2H,0 902.34 76
2
(TPAS-3), NiZ* C36H34NsO10S2 Ni*' 2H20 897.54 75
2
(TPAS-3), Mn?* C36H34N5010S2 Mn*".2H20 893.84 76
(TPAS-3), Co?* C36H34Ng010S2 Co*" 2H20 897.84 70
2
(TPAS-3), Zn** CasH3aNsO1052 Zn"2H0 | 9494 66
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Table 4.4: Properties of metal chelates of ligand TPAS-4

Metal chelates of ligand TPAS-4

Yield
Metal Chelates Molecular Formula M. Wt.

(%)
(TPAS-4)2 Cu?* | C44H38N8010S2 Cu* 2H20 | 1002.46 75
(TPAS-4)2 Ni** C44H38N8010S2 Ni** 2H20 | 997.66 77
(TPAS-4)2 Mn?* | C44H38N8O10S2 Mn* 2H20 | 993.96 75
(TPAS-4)2 Co?* | C44H38N8010S2 Co* 2H20 | 997.96 72
(TPAS-4)2 Zn** | C44H38N8010S2 Zn** 2H20 | 1004.36 68
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Table 4.5: Properties of metal chelates of ligand TPAS-5

Metal chelates of ligand TPAS-5

Yield
Metal Chelates Molecular Formula M.Wt.

(%)
(TPAS-5)2 Cu* C36H32N8010S2CI2 Cu?' 2H20 | 971.24 76
(TPAS-5)2 Ni** C36H32N8010S2CI2 Ni** 2H20 | 966.44 75
(TPAS-5)2 Mn** | C36H32N8010S2CI2 Mn** 2H20 | 962.74 77
(TPAS-5)2 Co? C36H32N8010S2CI12 Co** 2H20 | 966.74 73
(TPAS-5)2 Zn** C36H32N8010S2CI12 Zn* 2H20 | 973.14 69

90




16

099 859 011 IST1 0L'¢ 0L¢ orvv 6¢TY 0L9 L9 IZUS-SVdL)
099 299 0911 8S°T1 0L'¢ Le OLvY 897t 019 019 00 US-SVdL)
099 S99 0911 €911 0L'¢ vL'¢ 06'tv L8 VY oL's ILS LINUS-SVdL)
099 299 0911 6511 0L'¢ Le OLvY 0LvY 019 L09 ANUS-SVAL)
099 659 0511 €SIl 0L'¢ 0L¢ 0Svv Vv 059 v$9 MO US-SVAL)
punoyj ‘PIed punoy ‘PIeD punoy ‘PIeD punoy ‘PIeD punoy ‘PIeD
S% N% H% % SdePYD [BPIN
sIsA[euy

SISA[eUyY [RIUWI[H]

BRI %




H3CO OCHs3

NCHA

Metal chelates of Bis-ligand TPTB

Table 4.6: Properties of metal chelates of Bis-ligand TPTB

Yield
Metal Chelates Molecular Formula M.Wt.
(%)
(TPTB)2 Cu? C60H64N8018Cu*" 2H20 1284.72 75
(TPTB)2 Ni* C60H64N8O18Ni*" 2H20 1279.92 77
(TPTB)2 Mn?* C60H64N8O18Mn*" 2H20 1276.22 74
(TPTB)2 Co?* C60H64N8018Co*" 2H20 1280.22 74
(TPTB)2 Zn** C60H64N8018Zn*" 2H20 1286.62 68
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4.4 INFRARED SPECTROSCOPY

The selected IR scans of metal chelates are presented in Figs. 4.1 to 4.8.
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The IR spectra of selected metal chelates are shown in Fig. 4.1 to 4.8.

An inspection of IR spectra of ligands and their corresponding chelates revealed

that:

>

All the IR spectra have identical bands at their respective positions.

Most of the bands appeared in the spectra of corresponding ligand are

observed at the similar position in the IR spectra of their metal complexes.

The band due to CO of COOH group appeared in the spectra of ligand is

almost absent in the spectrum of complexes.

The new strong band around 1600 cm™' appeared and this might be
responsible for COO" anion. This is expected as the COOH group of ligand

is participating in metal chelate formation.

Only a new band at 1090-2000 cm™ had appeared in the spectra of metal

chelates.

This may be assigned to V¢-o of C-O-Metal bond formation.

As the produced chelates have complex structure, all the bands not appear properly.
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4.5 ELECTRONIC SPECTROSCOPY

Electronic (i.e. UV — Visible) spectroscopy is important tool for structural

property study of metal chelates. This is for involving.
(1) Solid State properties,
(i1) Stereochemistry,
(iii))  Spectral properties
(iv)  Photochemistry
(v) Thermal reaction
(vi)  Analytical application

All the chelates are in powder forms, so the study has been carried in solid state.
Magnesium oxides has been used as reference. Metal chelates may bear four types of

transition in the solid spectral region 200 to 800 nm. Wave length.

The two most important types of absorption bands of transition metal chelates in uv-
visible region mainly because of metal and ligand and d-d or f-f electron transitions.
Kubelka-munk theory® can direct the calculation of absorption co-efficient. Many studies

have been done based on ligand — field theory®.

The electronic spectra of all metal produced metal chelates were run on Beckman-
Dk-2A spectrophotometer. MgO was used as reference. Spectra of selected samples are

presented in Fig. 4.9 to 4.12. Their assignments are included in Table 4.7 to 4.10.
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Fig. 4.9: Reflectance spectrum of (TPAS-1)2-Cu**
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Fig. 4.10: Reflectance spectrum of (TPAS-3):-Co?*
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Fig. 4.11: Reflectance spectrum of (TPAS-5).-Mn**
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Fig.4.12: Reflectance spectrum of [TPTB]2-Cu?*
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Table 4.7: Reflectance spectrum data of Mn** chelates

Observed transition energies (cm™)

Metal Chelates 6A1g—>
4A1g (4Eg) T2 (4G) 4T1g (4G)

(TPAS-1), Mn?* 24030 18650 16215
(TPAS-2), Mn?" 23880 18340 16845
(TPAS-3)> Mn** 23980 17643 15460
(TPAS-4), Mn** 23415 18592 16122
(TPAS-5), Mn*" 23785 18411 16723

(TPTB)> Mn?* 22125 18535 16100

Table 4.8: Reflectance spectrum data of Co”>* Chelates

Observed transition energies (cm™)

Metal Chelates T4 (F) —>
‘T2 (P) ‘Az T2 (F)
- 2 0
TPAS-1), Co** 24653 19982 8784
(TPAS-2), Co** 23956 18116 8743
(TPAS-3), Co** 24114 19723 8667
- 2 0
TPAS-4), Co** 22975 19035 8534
- 2 0
TPAS-5), Co** 24933 19893 7421
(TPTB), Co** 24117 19887 9823
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Table 4.9: Reflectance spectrum data of Ni** Chelates

Observed transition energies (cm™)

Metal Chelates
3A25 = 3T1g (P) 3A25 = 3T1g (F)
(TPAS-1)> Ni** 24122 15192
(TPAS-2), Ni** 22234 15793
(TPAS-3)> Ni** 22197 14120
(TPAS-4), Ni** 22495 13124
(TPAS-5), Ni** 22313 15717
(TPTB), Ni** 24962 14147

Table.4.10: Reflectance spectrum data of Cu®* Chelates

Observed transition energies (cm™)

Metal Chelates
CT 2By — 2Aug
(TPAS-1), Cu** 23368 15654
(TPAS-2), Cu** 23990 15765
(TPAS-3), Cu** 24385 15623
(TPAS-4), Cu** 24505 15762
(TPAS-5), Cu?* 24614 14971
(TPTB), Cu** 23993 15524
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4.6 MAGNETIC PROPERTIES

Magnetic behavior of metal chelates is an important property. Thos can be
anticipated based on metal and structural unit so for magnetic moment determinedly of metal
chelates the two parameter i.e magnetic molar susceptibility ([ /m) and molecular weight od
structural unit are required. The ([Jm) is defined as what extent the matter is susceptibility

magnetic field. There are two types of magnetic field. Paramagnetic and diamagnetic.
Paramagnetic Field: Associated by electron spin and their angular momentum

Diamagnetic Field: Associated by orbital charge particle contribution. This is due to para

electrons.

It occurs due to unpaired electron and free radicals. Paramagnetism is inversely
proportional to temperature. The compounds having transition metal with unpaired electron

are showing and having free radical showing paramagnetism.
Gauy method ° is useful to determined magnetic susceptibility of metal chelates.

In this method to measure the force created by interactive of applied magnetic field and
magnetic moment of the sample (i.e. metal chelates). This force D measured in terms of ¢

(chi) value.

The cylindrical long sample tube with sample D susceptibility in a Gauy balance.
The force is measured by applying the magnetic field. The tube constant were determined

by using calibrant mercury tetrathicynatocobaltate(Il) Hg[Co(CNS)4].

The mesh powder of metal chelate sample was inserted with tapping till filling Fixed
volume. However loose or tight packing of sample does not alter the susceptibility
measurements. The tight packing is more desirable for minimizes the orientation changes of
particles in the magnetic filed®. This tight packing of powder in the tube can be obtained by
inserting tiny equale portion of the powder in the tube with end part pounding of each
addition. The empty tube was suspendedcin between two magnet pole then weighed. Its
apparent weight (w) was noted in presence of magnetic field created by applying 4 and 6

amp electric current’. The difference in weight of tube (dw) at both current was noted.
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According to Figgis® reported that mercury tetrathiocyanatocobaltate (II)
Hg[Co(CNS)4] is best compound to be used as calibrant for magnetic susceptibility
measurement. Scientist suggest that this compound is non-volatile, do not absorb moisture
and its fine powder has good packing preparation. Its mass magnetic susceptibility (¥g) 1S
16.44 x 10°(20.5%) at 20°C. So filling compound into tube the tube constant (shown in
equation below) can be calculated. Thus the magnetic moment of unknown compound can

be estimate of

o+ B dws (1)
Xe ™ Ws
Where
o = Air pocket correction Factor,
B = Tube constants,
Ws = Sample wtin g,
dws = Weight difference of the tube filled with sample with magnetic field off

and on.

The value of a is estimated using equation

a =KV -.(2)
Where,
K = Volume of susceptibility of air (0.029 x 10" cgs unit), and
\Y = Volume of air.

The tube constant B is determined at different magnetic field strengths using
mercury tetrathiocynatocobaltate (II) as calibrant. The equation used to calculate this

constant is:
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Wr- KV ..03)

p= Ar dWr
Where,
y: = Magnetic susceptibility of calibrant(i.e. 16.44 x 10 c¢gs + 0.5 % at 20 °C)
Wr = Weight (g) of calibrant used in measurement

dWr — Difference in weight (g) of calibrant with and without magnetic field.
Volume susceptibility of air (0.029 x 10" cgs unit), and

V = Volume of air.

The formula (1) is applied to calculate specific susceptibility of sample from the

molecule magnetic susceptibility (m) per gram of sample calculated by

Am =Yg X Me (4)

Where,
M = Molecular weight of chelate.

The Diamagnetic corrections were made by using pascal’s constant*”.

Ymcorry = Ym— Pascal’s constant -(5)

Finally, the magnetic moment (lefr) was calculated by formula.

wetr = (7 T ...(6)

The unit of pesris in Bohr magneton. T is the absolute temperature.
The magnetic moment of all the metal chelates estimated and are presents in Table

4.11 to 4.16.

The Results indicate that the Cu™?, Ni**, Mn?" and Co?* metal chelates have magnetic
moment so these chelates are paramagnetic. However Zn** metal chelates are diamagnetic

as expected. The result pesrvalue of each chelates are consistent with theoretical value®!°.
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4.7 MEASUREMENT OF ELECTRICAL CONDUCTIVITY

Conductivity Bridge 305 was used for measuring electrical conductivity of solutions

metal complexes in DMF. The value of EC of all the metal chelates are presented in Table

4.11t04.16
The specific conductivity of metal chelates were calculated by,

Specific Conductivity = Cell constant x conductivity

1000

Molar conductivity = Sp. Conductivity x i

M : molarity of the solution.

Table 4.11: Magnetic and conductivity data of metal chelates of ligand TPAS-1

Magnetic Leff =
Metal -6 -6
Yex10 Y mx10 moment \/m Uett (BM) K
M
Chelates (cgs) (cgs) Expected
Hett (BM) BM
(TPAS-1), Mn** 17.55 14212 5.78 591 5.2-6.0 7.21
(TPAS-1), Co** 13.45 11125 5.25 3.87 4.4-5.2 19.20
-1)2 IN1 . . . J-3. .
TPAS-1) Ni** 5.65 4760 3.45 2.82 2.9-34 9.10
(TPAS-1), Cu®* 2.10 1815 2.15 1.73 1.7-2.2 7.10
(TPAS-1); Zn* - - - - D(*) 8.14
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Table. 4.12: Magnetic and conductivity data of metal chelates of ligand TPAS-2

LLeff
1076 1076 Magnetic - BM
Metal Chelates | *** Kom moment err (BM) A
(cgs) (cgs) etr (BM) n(n+2) | Expected

BM
(TPAS-2), Mn*" |  18.54 14676 5.98 591 5.2-6.0 7.09
(TPAS-2); Co* 14.10 11225 5.20 3.87 44-52 | 22.80
(TPAS-2), Ni** 5.80 4677 3.35 2.82 29-34 7.10
(TPAS-2); Cu** 2.42 1920 2.14 1.73 1.7-2.2 9.29
(TPAS-2), Zn** - - - - D(*) 9.81

Table. 4.13: Magnetic and conductivity data of metal chelates of ligand TPAS-3

. Heff
Magnetic
Metal xex10¢ | ymx10° oment _ pert (BM) .
AN
Chelates (cgs) (cgs) [n(n+2) | Expected Y
Hett (BM) i
BM
(TPAS-3); Mn*" 17.94 14780 5.97 591 5.2-6.0 9.10
(TPAS-3); Co** 13.19 10925 5.16 3.87 4.4-5.2 29.10
(TPAS-3); Ni** 5.68 4705 3.39 2.82 2.9-3.4 8.20
(TPAS-3); Cu** 2.39 1974 2.20 1.73 1.7-2.2 7.98
(TPAS-3), Zn** - - - - D(*) 10.02
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Table 4.14: Magnetic and conductivity data of metal chelates of ligand TPAS-4

Ueff
Magnetic
¥gx1076 | xmx106 = Heff (BM) .,
Metal Chelates moment A
(cgs) (cgs) Expected
g g ett (BM) n(n + 2) p
BM
(TPAS-4); Mn*" 18.55 14782 5.98 5.91 5.2-6.0 5.97
(TPAS-4); Co** 14.02 11219 5.20 3.87 4.4-5.2 23.68
(TPAS-4), Ni** 5.84 4682 3.38 2.82 2.9-3.4 9.20
(TPAS-4), Cu** 2.42 1956 2.19 1.73 1.7-2.2 7.10
(TPAS-4), Zn* - - - - D(*) 9.62

Table 4.15: Magnetic and conductivity data of metal chelates of ligand TPAS-5

Leff =
Magnetic
Metal xgx10® | ymx10 mo%nenlt Na(n+2)| perr (BM) «
Chelates (cgs) (cgs) it (BM) Expected a
BM
TPAS-
( Sz+5)2 17.83 14585 5.94 5.91 5.2-6.0 6.72
Mn
TPAS-
( §+5)2 12.90 10635 5.10 3.87 4.4-5.2 28.10
Co
( TPAE:S)Z 5.40 4435 3.27 2.82 29-34 9.10
Ni
TPAS-5
( o 2 2.32 1888 2.15 1.73 1.7-2.2 4.12
Cu
( TPAS-5),
o - ; ; - D(¥) 9.12
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Table 4.16: Magnetic and conductivity data of metal chelates of ligand TPTB

Metal Magnetic Hefr™
ta ¥gx10°6 | ymx10 . Jn(n+2) | Hetr (BM) .
momen A
(cgs) (cgs) Expected
Chelates g g tett (BM) p
BM
(TPTB), Mn?* 17.54 14733 5.97 591 5.2-6.0 7.92
(TPTB), Co*" 13.14 11102 5.21 3.87 4.4-5.2 27.20
(TPTB), Ni** 545 4598 3.36 2.82 2.9-3.4 9.65
(TPTB), Cu?* 2.25 1905 2.16 1.73 1.7-2.2 7.10
(TPTB), Zn** - - - - D(*) 9.12

The data show that metal chelates are less polar in DMF low value i.e < 10

Q! cm? mol! of metal chelates indicate that they are non- electrolyte'!.

4.8 MAGNETIC SUSCEPTIBILITY AND REFLECTANCE
SPECTRAL DATA CO- RELATION

Cu?* chelates

As electronic configuration Cu?* is 3d” the copper ion containing compounds bear
magnetic moment with 1.73 BM value. Theoretical magnetic of copper compounds is in
the range of 1.7 to 3.0 BM While the measured plesrmainly in the range of 1.7 to 2.2 BM.
The major Cu?* complexes have tetragonally distorted structure. There are four short co-

planer and two longer axial bands, so complexes to be square planer.

Geometrically broad band near 15,000 cm™ is observed so Cu?‘chelate have little
value for assignment of molecules structure. It was observed that tetragonal distortion is

common for Cu?* complex. Two main bands found'?!3. The energy levels are.
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The Cu?" ion in ground state is distorted octahedral field of D4y Symmetry. Its

is dx2-y2 (blg) electron orbital. The transition
’B, g—>2A1 g
’B1g—>’Bag
and ?B1g—>2Eg
assigned tetragonal state. All these exists at
12,000-17,000 cm!
15,000-18,000 cm!
and 17,000-20,000 cm™' respectively.

The six co-ordinated Cu**chelates are distorted octahedral structure (i.e. John

— Teller distortion).
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In present case (pefr) of all Cu”” chelates are in the range of 19-20 B.M. This assigned
that all Cu®* chelates have distorted octahedral geometry, This also agreed with earlier

researchers'*'>.

The bands around 15625-16000 cm™ and 23625-24000 cm™ observed in the
reflectance of all Cu?" chelates may attributed to Bj; — 2Ag and charge transfer

respectively. This also may assigned distorted octahedral geometry for Cu?* chelates.

Ni?™ Chelates

There are two unpaired electrons in 3d orbital of Ni*"i.e. Ni** (3d®). Thus, Ni** chelates
magnetic moment near to spin value for octahedral geometry. Its value of pefris high which
indicate distorted octahedral chelates. Six co-ordinated Ni2* bears following absorption

bands with their transition assignment.

Absorption band cm’! Transition assignment
7000-13000 3A2e —> 3Tag (F)
11000-20000 3A2e — 3Tig (F)
19000-27000 3A2e = 3Tig (P)

In present case the all Ni** chelates of their pefris in the range of 2.9 to 3.4 B.M.
Which shoe distorted octahedral geometry. High value of pesrmight be attributed to orbital
contribution'®. The electronic spectra of Ni*' chelates give two bands at 15625 and 22471
Cm!. May arised from transitions:

A1g(F) = *Tig(F)

and 3A14(F) = *T14(P)

Respectively. This indicated octahedral geometry for all Ni** chelates.

Table 4.9 show the assignment. The calculations given below
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3A29 - 3Tlg (F) V2 E =~ 18Dq
3A29 - 3Tlg (P) V3 E =~ 12Dq + 15B
It is possible to assign v, ~ 15,000 and

vi~ 22,000 cm'L.

2v,= 36Dq = 2x 15,000
= 30,000 cm'!

3v;= 36Dq + 45B

=3 x 22,000

= 66,000 cm'!

3vs-2v, = 66,000 — 30,000
45B = 36,000 cm'
15B = 12,000 cm™

B = 800 cm

12Dq + 15B = 22,000 cm'
12Dg = 22,000 - 12,000
= 10,000 cm!

10Dg = 12,000 x 10 /12
= 10,000 cm!

So, these Az — T2, will be 9,166 cm™ in agreement with the reported

value in literature for the octahedral Ni** complexes.
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Co?** chelates

Co”" ions have has 3d’ electronic configuration. So Co** chelates have
magnetic moment equal to spin only (3.87 B.M). The non generate ground sate
increases the spin- only value contributed from higher orbitally degeneration which
exists Hefr 4.5 to 5.5 B.M.

The spectra of Co?" due to d-d transition of octahedral species with Ty, or
’E, depends on spin value. The Cu**chelates in octahedral structure show bands

given below!”!%.

Spectral
Range Transitions
Cm’!
Near 8000-10000 4T 14(F) — “Tog(F)
Far 15000-17000 4T 14(F) — “Tog(P)

It is observed that magnitude of magnetic moments lie in the range of 4.4-
4.8 BM. These values indicate the possibility of octahedral complexes.
Examination of the electronic spectral data reported in table: 4.8 indicate that
transitions observed in the range are assigned to transition and another band in the

region and may be attributed to and transitions respectively.

Range Transition

8000-9000 cm’!

To(F) - 4T1g(P)

15625-16650 cm’!

4Tog(F) —> 4T1g(P)

23000 cm’!

To(F) - 4T2g(F)
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Sol based on magnetic moment and spectral Co®" chelates have octahedral

geometry as repeated!®-’.

The high spin Co?* chelates are with transition of octahedral structure which
are:

4Tig (F) > 4Ty (vi) E ~8Dq at ~ 8,000 cm
“Tig (F) > *Axg (v2) E ~18Dq at ~ 16,000 cm™
and “Tig (F) — *T1g (P) v3 E~6Dq + 15B at ~ 20,000 cm™!
In the present study all the Co?” complexes give three bands in the range at
8000 - 9000 cm’!
19,000 and — 20,000
22,000-25,000 cm’!
Which can be attributed to Above transition. There are shown in Table 4.8
3vi-v2 = 3 X 24,660 — 18,867
= 18Dq + 45B — 18Dq
= 45B

~. 15B = 18,371 cmt

vs = 24,660 = 6Dq + 18,371

-. Dg = 1048 cm!

vi = 8Dq = 8385 cm'!

This agrees well with the observed vi value of 8928 cm’!.
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Chelates Mn2*

Mn?" chelates are expected to pefrnear to spin only value i.e 5.92 B.M. for
unpaired electron in 3d orbital due to oxidation sate of Mn?"ion there are two value

of perr for Mn?* chelates?!.

Mn?* chelates give the band in 18000-20000 cm™! region and weak band in
23600-24350 cm! region for octahedral geometry'’.

A1z = *Tig(G),
61A1g —> 4Elg(G)
and SA1; = *A14(G) transitions.

In the produced study the magnetic moment (pet) of all Mn*? chelates is in
the range od 5.5 to 5.9 B.M. The low L.t value of produced chelates mainly
responsible from oxidation of Mn*> — Mn "3, due to spin exchange. The band exist
at 16225 cm™! arised from ®Aj; — *Tio(G) and second at 24050 cm™! attributed to

%A1g — *T2¢(G) transition'”.

All these features indicate octahedral geometry. Mn*? has a d° orbital so in
ground state Mn*?is ®A1,. This gives *G, “D, *P, “F and °S. These terms attributed
to field.

4G - 4A1g7 4Eg, 4T1g, 4T2g

P 4Ty,

4F - 4A2ga 4T1g, 4T28

‘D — “Eg, T
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Metal chelates of Zn*"

Zn*>" metal complexes are predicted to show diamagnetic nature as there is no

unpaired electron (3d'%). They have generally tetrahedral geometry®*
4.9 THERMOGRAVIMETRIC ANALYSIS

Thermogravimetric analysis of all the metal chelate of all ligands (i.e. of TPAS-1 to
TPAS-5 and TPTB) was carried out on Perkin- Elmer Pyris,1 TGA. The TGA data of all
the metal chelates are presented in Table- 4.17 to 4.22. Typical TG thermograms are given
in Figure 4.13 to 4.15. It was revealed that each complex degrades in two steps. The first
stage of decomposition of chelates is in range temperature of 250-500° C with a mass loss

of about 10%, which indicated the pressure of associated water molecules.
Examination of the TG curves of all the chelates and TG data shown revealed that:
e [Each chelate degrades in two steps.

e The degradation of all the chelates start in the temperature range of 200 to 350°C

depending upon the natures of chelate.

e The weight loss amount in this first stage is in between 5 to 7 % This may be due to

water molecules attached in to the chelates.

e The second stage of decomposition of all chelates is rapid with the loss of mass
about 50%. This is due to “in situ” formation of metal oxide during degradation,

which accelerated the degradation of chelate.

e The last stage of digression cause a mass loss of about 80%. This is due to loss of

molecular fragments of ligand.
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Table 4.17: Thermogravimetric analysis of metal chelates of TPAS-1

% Weight loss at temperature (OC)

Chelate
250 300 350 400
[TPAS-1] Cu** 6.5 7.7 15 29
[TPAS-1] Zn** 32 5.5 25 34
[TPAS-1] Co* 6.9 14.7 26 36
[TPAS-1]Ni** 7.6 21 29 42
[TPAS-1] Mn?** 7.9 253 32 46

Table 4.18: Thermogravimetric analysis of metal chelates of TPAS-2

% Weight loss at temperature (OC)

Chelate
250 300 350 400
[TPAS-2] Cu** 12.2 17 46 75
[TPAS-2] Zn** 13 18 50 72
[TPAS-2] Co** 14 19 55 71
[TPAS-2] Ni** 15.5 20.5 63 78
[TPAS-2] Mn?** 16.5 22 43 82
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Table 4.19: Thermogravimetric analysis of metal chelates of TPAS-3

% Weight loss at temperature (OC)

Chelate
250 300 350 400
[TPAS-3] Cu** 6.7 9.7 62 73
[TPAS-3] Zn** 5.6 10.4 61 76
[TPAS-3] Co? 7.7 11 65 73
[TPAS-3] Ni** 6.6 8 67 72
[TPAS-3] Mn?* 7.8 10.4 66.5 82

Table 4.20: Thermogravimetric analysis of metal chelates of TPAS-4

% Weight loss at temperature (OC)

Chelate
250 300 350 400
[TPAS-4] Cu®* 6.4 18.4 22 45
[TPAS-4] Zn** 11 19.6 24 44
[TPAS-4] Co* 7.8 18.7 24 51
[TPAS-4] Ni** 6.7 20.3 25 50
[TPAS-4] Mn?" 8.4 24 28 52
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Table 4.21: Thermogravimetric analysis of metal chelates of TPAS-5

% Weight loss at temperature (°C)

Chelate
250 300 350 400
[TPAS-5] Cu* 6.6 94 56 68
[TPAS-5] Zn* 5.6 10.4 61 72
[TPAS-5] Co** 7.4 11 64 75
[TPAS-5] Ni** 6.6 10 65 72
[TPAS-5] Mn?* 7.6 10.3 66 77

Table 4.22: Thermogravimetric analysis of metal chelates of TPTB

% Weight loss at temperature (OC)

Chelate
250 300 350 400
[TPTB] Cu?* 68 74 78 83
[TPTB] Zn** 73 75 80 82
[TPTB] Co* 71 81 84 87
[TPTB] Ni** 72 75 78 85
[TPTB] Mn?* 76 80 85 91
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4.10 ANTIBACTERIAL ACTIVITY

4.10.1 Materials and Methods

(1) All the ligand TPAS-1 to 5 and TPTB and their method chelates have been

monitored for antibacterial and antifungal activity.
(i1) Antibacterial activity evaluation:

This was confirmed out by Agra- dise diffusion method. First the culture medium was

prepared by talking following investigations.
Peptone: 1.0 g

Sodium Chloride: 0.5 g

Meat Extract (i.e. Beef): 0.3 g

Distilled Water: 100 ml

pH :7.6

Agar: 20 g

The components were dissolved in distilled water and pH was maintained to
7.6 then Agar powder was mixed with it. The syrup was taken in different glass tubes
which were plugged by cotton and sterilised at 121°C under 15 lbs /inch pressure for
quarter hour. This is called Nutrient Agar Broth (NAB)

(iii) Testing method

This study has been adopted as per method reported. NAB was melted in
hot water bath and cooled at 50°C with stirring. It was inoculated by 0.5 — 0.6 ml og
fresh bacteria culture (listed below) and mixed well. Then Poured (25ml) in to sterlied
each petri dish. The poured material was allowed to set (2 hrs) and then ‘wells’ were
made by punching in to NAB surface by steriled glass rod. Into these wells 0.1 ml of
test sample in one solution of test sample in DMF was added by micro pipette. The
plates were closed by lids. They kept aside for 7 days, Standard drugs were taken as

reference.

Following bacteria have been taken for the study.
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Staphylococcus aureus Gram positive

Streptococcus Pyogenes Gram positive
Escherrchia Gram negative
Pseudomonas areuginosa Gram negative

After seven days the zone of inhibition of growth of bacteria by the test sample was

measured in mm. The data are given in Table 4.23 to 4.26.

Chloramphenicol and Ciprofloxacin drugs have been taken as standard (Table 4.23).

Table 4.23: Antibacterial activity of standard drugs

Zone of Inhibition* (mm) (activity index)**

Standard Gram positive Gram Negative

S. aureus | S. Pyogenes | E. Coli| P. aeruginosa

Chloramphenicol 22 23 29 21

Ciprofloxacin 19 21 23 24
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Antifungal activity of standard drugs

Zone of Inhibition* (mm) (activity index)s*
Standard
C. albicans A. Niger
Nystatin 20 23
Greseofulvin 27 27

* =average zone of inhibition in mm,

Activity index = Inhibition zone of the sample / Inhibition zone of the standard
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Table 4.24: Antibacterial activity of ligands TPAS-1, TPAS-2 and their metal

chelates.

Zone of inhibition* (mm) (Activity index)’
Sample Gram Positive Gram Negative
S. aureus S. Pyogenus E. Coli P. aeruginosa

TPAS-1 08 09 11 11
(TPAS-1)2 Cu?* 14 15 15 17
(TPAS-1)2 Mn? 14 12 15 11
(TPAS-1), Co** 13 12 15 13
(TPAS-1)2 Zn?* 18 17 14 16
(TPAS-1)2 Nz 21 16 13 18

TPAS-2 11 10 08 09
(TPAS-2), Cu?* 10 13 12 17
(TPAS-2); Mn?* 14 09 13 17
(TPAS-2), Co** 16 17 11 16
(TPAS-2); Zn?* 18 21 11 16
(TPAS-2), Niz 11 16 18 19
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Table 4.25: Antibacterial activity of ligands TPAS-3, TPAS-4 and their metal

chelates.

Zone of inhibition* (mm) (Activity index)’

Sample Gram Positive Gram Negative

S. aureus | 8. Pyogenus E. Coli | P. aeruginosa

TPAS-3 11 10 08 11
(TPAS-3); Cu?* 16 19 17 18
(TPAS-3); Mn?* 13 14 15 13
(TPAS-3), Co** 17 14 16 17
(TPAS-3); Zn?* 14 15 16 18
(TPAS-3), Ni* 14 17 14 15
TPAS-4 17 18 18 20
(TPAS-4), Cu?* 21 20 21 22
(TPAS-4); Mn? 18 20 19 21
(TPAS-4), Co** 22 21 21 18
(TPAS-4); Zn? 20 20 23 20
(TPAS-4), Niz* 21 18 18 19
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Table 4.26: Antibacterial activity of ligands TPAS-5 and TPTB and their metal

chelates.

Zone of inhibition* (mm) (Activity index)**

Sample Gram Positive Gram Negative
S. aureus | S. Pyogenus E. Coli | P. aeruginosa

TPAS-5 12 11 10 11
(TPAS-5), Cu?* 11 10 12 13
(TPAS-5)2 Mn?* 15 15 11 09
(TPAS-5), Co** 17 18 16 14
(TPAS-5)2 Zn* 21 18 16 15
(TPAS-5)2 Nz 20 20 20 20
TPTB-5 08 10 11 09
(TPTB); Cu?* 11 16 12 16
(TPTB)2 Mn?* 18 09 15 14
(TPTB), Co** 10 10 08 08
(TPTB)2 Zn?* 12 13 12 11
(TPTB)2 Ni* 10 07 14 16
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4.11 ANTIFUNGAL ACTIVITY

For monitoring the antifungal activity of all the produced samples was
carried out by using plant pathogens. These are:

(a) C. albicans

(b) A. Nigar

The antifungal activity of all the ligand and their metal chelates was

evaluated
at 1000 ppm concentration of wave plant pathogens. Each of these fungus
inoculated on steriled potato dextrose. Agar (PDA) medium in a pre- steriled petri
dish (PDA prepared from 200 g Potato, 20 g Dextrose and 20 g of Agar and water
1 lit). Thus test sample was added in petri dish and then auto cooked 120°C for
15 min under 15 Ib/inch pressure. The petri dish were closed and kept for seven

days. After the zone of inhibition were measure in percentage by formula,
A-B

Zone of inhibition % = X 100
A

Where A : Area of colony control play
B : Area of colony in test play
The result are shown in Table 4.27 to 4.29.
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Table 4.27: Antifungal activity of ligand TPAS-1, TPAS-2 and their metal

chelates

Zone of inhibition (mm) (activity index)*¢
Sample
C. albicans A. Niger

TPAS-1 07 10
(TPAS-1); Cu?* 19 21
(TPAS-1)2 Mn? 18 20
(TPAS-1), Co** 17 19
(TPAS-1)2 Zn* 18 21
(TPAS-1)2 Ni 17 18

TPAS-2 10 11
(TPAS-2); Cu?* 16 17
(TPAS-2); Mn? 18 18
(TPAS-2), Co** 11 13
(TPAS-2)2 Zn** 13 16
(TPAS-2)2 Ni 17 18
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Table 4.28: Antifungal activity of ligand TPAS-3, TPAS-4 and their metal

chelates

Zone of inhibition (mm) (activity index)*¢
Sample
C. albicans A. Niger

TPAS-3 08 11
(TPAS-3), Cu?* 18 19
(TPAS-3); Mn?> 17 21
(TPAS-3), Co** 16 18
(TPAS-3)2 Zn** 20 18
(TPAS-3)2 Ni* 18 18

TPAS-4 08 12
(TPAS-4),; Cu?* 17 17
(TPAS-4); Mn? 16 18
(TPAS-4), Co** 13 15
(TPAS-4); Zn** 16 14
(TPAS-4)2 Niz* 16 13
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Table 4.29: Antifungal activity of ligand TPAS-5, TPTB and their Metal chelates.

Zone of inhibition (mm) (activity index)*¢
Sample
C. albicans A. Niger

TPAS-5 10 11
(TPAS-5), Cu?* 18 17
(TPAS-5); Mn? 19 20
(TPAS-5), Co** 18 18
(TPAS-5)2 Zn** 20 19
(TPAS-5)2 Ni* 18 19
TPTB 09 12
(TPTB), Cu?* 15 18
(TPTB)2 Mn?>* 17 19
(TPTB)2 Co** 13 14
(TPTB)2 Zn?** 15 13
(TPTB)2 Ni2* 18 11
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4.12 CONCLUSION

In the present study, sulfa drug containing ligands were prepared. The ligands were
proposed by simple condensation of tetrahydrophthalic anhydride and various sulfa drugs.
Five simple ligands and one bis ligands were prepared and characterised on the basis of
elemental analysis, spectral studies. thermogravimetric analysis and C, H, N, S-content.
IR/NMR spectral features of all the ligands are almost identical with slight variation of
group frequency and type of proton. The LC-MS data give the molecular mass peak for
ligands. All these facts confirmed the structure of ligands. The thermogravimetric analysis
of all the ligand support carboxylic group, which on thermal degradation eliminates CO>
gas. Such degradation of ligand was shown in thermogram, which agree with theoretical

value.

Metal complexes of Cu?*, Ni**, Co?", Mn?" and Zn?'metal ions with each ligand
were synthesized. All the metal complexes are insoluble in water and common organic
solvents. All the metal complexes suggest that M:L ratio is 1:2 while that of metal

complexes of bis ligand suggest M:L ratio is 1:1.

IR spectra of all the metal complexes of each series are almost identical in terms of
all aspects, only discernible difference is observed in IR spectra of metal complexes. The
broad band due to OH of COOH in the region 4000-2500 cm™ was narrowing due to
coordination bond formation of COOH with metal ion. However, the narrowing band may
be due to coordinated water molecule. The new band due to M-O was observed. The band
due to C=0 group of COOH in the ligand is almost vanished and the new band due to COO"

anion appeared. These IR spectral features confirm the metal complexation.

Thermal degradation of all the metal complexes suggest that each complex degrade
initially due to associated water. Then rapid degradation due to in situ acceleration by metal

oxide formation during thermal degradation.

The magnetic moment and reflectance spectra of all the metal complexes suggest
geometry of each type of ligand. The results suggested that Cu?>*and Ni** metal complexes
have tetrahedral geometry and paramagnetic. The Co?" and Mn?* complexes have octahedral

geometry and paramagnetic. As expected, Zn>* metal complexes are diamagnetic.
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The results of antimicrobial activity of all the ligands and their metal complexes
indicated that all these compounds are more or less toxic against bacteria and fungi. The

results show that the Cu?* metal complexes are more toxic.

004
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Abstract

The trimethoprem drug was condensed with tetrahyrothalic anhydride. The resultant
Bis tetrahydrophalamic acid of trimetroprem namely; 2, 4-Bis (5-carboxycyclone
hex -1-en-6carbomyl)-(3, 4, 5-trimethoxyphenyl) methyl pyrimidine, characterised
duly. The coordination polymers of this bis ligand were BTPT prepared by using
metal ions viz; Cu+2, CO+2, Ni+2, Mn+2, and Zn+2. The coordination polymers
and parent ligand BTPT were analysed by metal: ligand ratio, spectral features,
magnetic moment, large molecular weight and thermogravimetry. The antimicrobial

activity of all the Mn- ligands and polymers were evaluated by Agar-cup-method

Keywords: Coordination polymers, Spectral study, metalsalts ligand, magnetic
moment, Spectral study, thermogravimetry, Number average

molecular weight Mn-.
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Abstract

Sulphathiazole (ST), a drug on condensation with tetrahydrophthalic anhydride
(THPA) yield a ligand, 6-((4-(N-(thiazol-2-yl) sulfamoyl) phenyl) carbamoyl)
cyclohex-3-enecarboxylic acid (THPAST). Metal complexes of THPAST were
synthesised with transition metal ions i.e. Cu2+, Co2+, Ni2+, Mn2+, and Zn2+.The
synthesised ligands (THPAST) and its metal complexes were analysed by various
parameters like elemental analysis, Spectral analysis and magnetic moments. All the

samples were monitored against common fungi for their antifungal activity.

Keywords: Tetrahydrophthalaic anhydride, Metal complexes, elemental analysis,
Spectral analysis, magnetic moment and antifungal activity.
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