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PART I

SYNTHESIS AND CHARACTERIZATION



CHAPTER 1
INTRODUCTION AND REVIEW

Heterocyclic compounds can be simply defined as “Cyclic compounds
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having as ring members, atoms of at least two different elements”'. The non-
carbon atoms are assumed as replacements for the carbons in the ring and hence
called hetero-atoms. Heterocyclic chemistry is a very important branch of organic
chemistry which deals with the synthesis, properties and application of these
heterocyclic compounds®. The fact that two thirds of the organic compounds
discovered so far are heterocyclic compounds and the presence of the hetero
atoms makes them quite distinct from other molecules in terms of activity and
reactivity. This justifies the existence of heterocyclic compounds as a major class
of organic compunds

“Any of a major class of organic chemical compounds characterized by
the fact that some or all of the atoms in their molecules are joined in rings
containing at least one atom of an element other than carbon.” This is the
description for a heterocyclic compound, also called as a heterocycle in the
Encyclopadia Britannica®.

Heterocyclic compounds can be classified as two broad groups as aliphatic
and aromatic. The aliphatic heterocyclic compounds exhibit the reactivities
similar to their acyclic counterparts whereas aromatic heterocyclic compounds
exhibit much complex reactivities as they are combination of properties inherited
from aromatic systems and the influence of heteroatoms present in the ring and

are susceptible to manipulation by various synthetic methods. Most common



heteroatoms found in organic compounds are Nitrogen, Oxygen and Sulphur. But
those compounds containing other hetero atoms are also widely known.
Classification of heterocyclic compounds

A ring system can be theoretically made up of 3, 4, 5, 6 or more ring
members or atoms. Three membered heterocycles are usually more reactive due to
ring strain. But, introduction of one heteroatom renders it somewhat stable in
general. Common 3-membered heterocycles with one hetero atom are aziridine,
oxirane, thiirane, azirine, oxirene, thiirene etc. Four membered heterocycles are

considered as cyclobutane analogs where a —CH: group is replaced by a

heteroatom.
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The four-membered saturated heterocycles containing nitrogen, oxygen

and sulfur are known as azetidines, oxetanes and thietanes. These compounds



have less strain and therefore stable when compared to three membered ones and
hence ring rupture reactions are less common. Intramolecular cyclization which is
a tentative approach for 3 membered rings is not favorable here as the increase in
chain length diminishes the ring forming ability*.

Heterocyclic compounds having 5 or 6membered ring structures with at
least one heteroatom, are relatively stable and show aromaticity. With
heterocycles containing five atoms, the unsaturated compounds are frequently
more stable because of aromaticity. Saturated five-membered rings with one
heteroatom are pyrrolidine, tetrahydrofuran/oxolane, tetrahydrothiophene/
thiolane and unsaturated five-membered rings with one heteroatom are pyrrole,
furan, and thiophene. These unsaturated five membered ring compounds are
aromatic in nature®>. Most common, five membered ring heterocyclic compounds
with more than one heteroatom are pyrazole, imidazole, triazole, tetrazole,

oxazole, and thiazole.
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Pyrazole  Imidazole Triazole Tetrazole Oxazole  Thiazole

6-membered heterocyclic compounds pyridine, pyran and thiopyran bear
nitrogen, oxygen and sulfur in their ringed structures respectively. Trivalent
nitrogen forms conjugated bond system in pyridine facilitating aromaticity and
providing additional stability to the molecule. Divalent sulfur and oxygen do not
form conjugated bond systems with 6-membered ringed compounds and therefore

are non-aromatic compounds. Isomerspyridazine, pyrimidine, pyrazine are



examples which bear two nitrogen atoms and support aromaticity with a
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conjugated bond system®.

Fused heterocyclics or Condensed heterocyclics are formed due to the
condensation of two cyclic compounds, of which atleast one would be
heterocyclic compound. Examples are indole, quinoline and isoquinoline. In fused
heterocyclics, the number system starts from the heteroatom. The hierarchy for
heteroatoms, O followed by S and N for nomenclature is applicable here also’.
Importance of heterocyclic compounds

About sixty-five percent of organic chemistry literature is constituted of
heterocyclic compounds. These molecules are capable of rendering a variety of
reactions and their structures can be subtly manipulated to acquire a desired
functional modification. Most of the heterocyclic compounds can be included in
one of a few broad groups of structural architecture that show similarities in their
overall properties but significant variations within the individual members. The
structural variations possible include repositioning same heteroatom at different

positions of the ring and the change of one heteroatom for another ring. A glimpse



of their diverse characteristics can be realized when looking into these facts. They
may behave as acids or bases, forming anions or cations, depending upon pH of
the medium. Some of them interact readily with nucleophilic reagents, other with
electrophilic ones and yet others with both. Some are readily oxidized, but resist
reduction, while others undergo easy hydrogenation but stay stable towards the
action of oxidizing agents. Their ability to produce stable complexes with metal
ions creates a pathway to generate a large number of inorganic and bioinorganic

complexes which helps a multitude of synthetic and biochemical syntheses®.
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Heterocyclic compounds are extremely essential to life and are widely
distributed in nature. To start with, the genetic DNA is made up of purines and
pyrimidines which are heterocyclic bases’. For the treatment of diseases human
and veterinary, a large number of pharmacologically active heterocyclic
compounds are employed which includes both synthetic and natural

heterocycles!?.

In agriculture industry a large number of compounds find use as
insecticides, fungicides, herbicides etc. Their presence in Chlorophyll for

photosynthesis and oxygen transporting pigments (haemoglobin) are well known.
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Most of the vitamins, biomolecules and natural products are constituted by
heterocyclic moieties. Examples include vitamins thiamin (vitamin B1), ascorbic
acid (vitamin C), pyridoxol (vitamin Be), nicotinamide (vitamin B3) and riboflavin
(vitamin B2) and three amino acids out of twenty natural occurring ones, such as

histidine, proline and tryptophan are heterocyclic compounds’.
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Heterocyclic aminoacids

They are used as starting materials and reagents in synthesizing a variety
of organic compounds as synthetic intermediates, protecting groups'!, chiral
auxiliaries'?, organic catalysts'®> and organo-metallic ligands in asymmetric
catalysts and inorganic synthesis.

In material science area, they have a wide variety of uses including

1415, supramolecular materials'é, dyestuffs'’, fluorescent

polymeric materials
sensors'®1° brightening agents, information storage, plastics, analytical reagents,
developers, sensitizers, antioxidants, corrosion inhibitors and even as rocket

propellants. They act as organic conductors, semiconductors, molecular wires,

photovoltaic cells, organic light-emitting diodes (OLEDs), light harvesting



systems, optical data carriers, chemically controllable switches, and liquid
crystalline compounds.

One of the major applications for heterocyclic compounds is in the field of
corrosion prevention. Various research groups have published extensive articles
on corrosion prevention using heterocyclic compounds. By virtue of the electronic
and chemical behavior of these compounds, they are utilized for corrosion
prevention as inhibitors and as active ingredients in corrosion control products
used in various fields. The most common metal surfaces which these inhibitors
are capable of protecting are various varieties of steel, aluminium, copper etc. The
corrosion inhibiting property of these compounds is attributed to their molecular
structure. The planarity of the molecule, the n- electron cloud present and lone
pair of electrons present on heteroatom are the important structural features that
determine the adsorption of these molecules on the metal surface. The corrosion
inhibition and its mechanism are discussed in the part II of this thesis.
Heterocyclic compounds as corrosion inhibitors

Many reviews were written comprising corrosion inhibition by
heterocyclic compounds their mechanisms and so on?*?. In the review by Gece,
drug molecules of different classes having substituted benzene and heterocycles
such as pyridines, furans, thiophenes, imidazoles, isoxazoles, used as corrosion
inhibitors, were reported’®. And many of the green inhibitors which were plant
extracts also attribute their activity due to the presence of heterocyclic compounds
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in them This literature review intends to compile articles in which

heterocyclic compounds were used for corrosion inhibition.



In the report prepared for the European Federation of Corrosion Working
Party on Inhibitor by Schmitt a large number of compounds including N-
containing compounds (amines, Mannich bases, alkynoxymethylamines,
ammonium compounds heteroaromatics, oximes, nitriles, nitro compounds etc),
acetylenic alcohols, S-containing compounds (mercaptans, thioethers, sulphonium
compounds, sulphoxides, thioureas, thiocyanates, heteroaromatics, etc.) and
complexones were recommended as corrosion inhibitors depending on the metal

surface and application considered?’.
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Heterocyclic corrosion inhibitors

Ezhilarasi et. al., synthesized a heterocyclic derivative for studying the
anticorrosive properties. The compound was 1-acetyl-4,5-dihydro-5 phenyl-3-
(thiophen-2yl)pyrazole and it was characterized by FTIR, '"H NMR and *C NMR.
The structure of the compound again elucidated and confirmed by TLC. The
inhibition efficiency of this compound was investigated in 1.0M H2SO4 and 1.0M

HCI on mild steel®!.



1-acetyl-4,5-dihydro-5 phenyl-3-(thiophen-2yl)pyrazole

Bentiss et. al.,, reported corrosion inhibition studies of two 2,5-
disubstituted-1,3,4-oxadiazoles - 2,5-bis(2-pyridyl)-1,3,4-oxadiazole and 2,5-
bis(2-hydroxyphenyl)-1,3,4-oxadiazole on mild steel in acidic media using
gravimetric measurements, electrochemical impedance spectroscopy (EIS) and

potentiokinetic polarisation®?.
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The corrosion inhibition efficiency of thiazines derivatives were studied
by Hemapriya et. al., on mild steel in 1.0M sulphuric acid. They synthesized three
thiazine derivatives by cyclising the chalcones with thiourea. The structures of the

compounds were confirmed by different spectroscopic methods**.
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2- amino 1,3 thiazine derivatives

Bouklah et. al., studied inhibition of the corrosion of the steel in 0.5M

H2SO4 by thiophene compounds, 2-ethylamine thiophene and 3-ethylamine
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thiophene using weight loss and electrochemical polarization technique.
Inhibition activity was cathodic-type without modifying the mechanism of

hydrogen evolution®,

2-ethylaminothiophene 3-ethylaminothiophene

The compound 6,12,14-trithia-1,4,8,10-tetraaza tricyclo [9.4.0.0]
pentadeca-3(9),10-dien-2-one was synthesized by Meften . The compound was
used as corrosion inhibitor in 15% HCI on carbon steel type C38. The
heterocyclic compound analyzed and identified the structure by liquid

chromatography, mass spectroscopy (LC-MS), 'H and '*C nmr?>.
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6,12,14-trithia-1,4,8, 10 tetraaza-tricyclo [9.4.0.0] pentadeca-
3(9),10-dien-2-one

Fouda et. al., analyzed the corrosion protection of carbon steel in HCI
medium using heterocyclic compounds such as 2-styrylbenzo[d]oxazole, 4-((E)-2-
(benzo[d]oxazol-2-yl)vinyl-N,N-dimethyl benzenamine and 4-((E)-2-(benzo[d]
thiazol-2-yl)vinyl)-N,N-dimethyl benzenamine. The structural analysis was

carried out by using various methods>®.

11



Cr

2-styrylbenzo[d]oxazole

4-((E)-2-(benzo[d] oxazol-2-yl)vinyl)-N,N-dimethylbenzenamine

4-((E)-2-(benzo[d]|thiazol-2-yl)vinyl)-N,N-dimethylbenzenamine

The corrosion inhibition of mild steel by two new s-heterocyclic
compounds in 1.0 MHCI studied by et. al.. They prepared the compounds based
on thiophene carbaldehyde such as dibenzo[b,d] thiophene (DBTDA) and (EE’)-
N,N’-dibenzo[b,d]thiene-2,8-diylbis[1-thiophen-2-yl)methanimine] (SB). The
structures of the compounds were confirmed by elemental (C,H,N) analysis,

spectroscopic tools like UV-Vis, IR, "Hxmr, *Crnmr and mass®’.
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Nitrogen heterocyclic derivatives as corrosion inhibitors

Referring to the previous works on corrosion prevention, a large number
of compounds which are derivatives of nitrogen heterocycles were found having
moderate to high efficiency for corrosion prevention of metallic surfaces.
Aromatic nitrogen heterocycles posess high inhibition efficiency by their

electronic structure and planar geometry in which the n- electrons and nitrogen
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lone pair plays an important role. Further explorations for corrosion inhibitors
with nitrogen heterocycles is fueled by these studies and a brief literature review
of corrosion studies with nitrogen heterocycles is provided in this section.

Granese et. al.,, reported electrochemical and surface analysis
investigations of heterocyclic nitrogen organic compounds, n-hexadecyl
derivatives of pyridine, quinoline and acridine inhibitors with Fe and steel
surfaces in which acridine derivatives was the best and pyridine was the lowest.
Inhibition mechanism was explained by invoking a cooperative absorption model

between chloride electroactive species and organic cations?®.
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Lukovits et. al., correlated corrosion inhibition efficiencies of heterocyclic,
unsaturated (aromatic and nonaromatic) compounds (pyrimidines, benzothiazole
derivatives, aromatic amino acids, pyridines, and quinolines) on Fe with their
quantum chemical indices determined by Hiickel method and observed that the
energy gap between HOMO and LUMO plays a detrimental role in the

efficiencies obtained?’.
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Chetouani et. al., reported inhibitive activity of pyridazine derivatives 5-
benzyl-6-methyl pyridazine-3-thione and 5-benzyl-6-methyl pyridazine-3-one on
Fe in HCI media by weight loss, electrochemical polarization and electrochemical

impedance spectroscopy (EIS) measurements*.
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5-benzyl-6-methyl pyridazine-3-thione 5-benzyl-6-methyl pyridazine-3-one

Wahyuningrum et. al., prepared imidazoline derivatives such as ((z)-2-2(-
heptadec-8-enyl)-4,5-dihydroimidazol-1-yl)ethanamine, ((z)-2-(2-heptadec-8-
enyl)-4,5-dihydroimidazol-1-1yl)ethanol) and  (2-(2-heptadecyl-4,5-dihydro
imidazol-1-yl)ethanamine). For the synthesis, conventional (reflux) method and
microwave assisted organic chemistry (MAOS) method were used. They
characterized the product by FTIR, 'H and '3C NMR spectroscopy. These
heterocyclic derivatives were used as corrosion inhibitor on carbon steel in 1.0%

NaCl solution*!.
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Aljourani et. al.,, studied adsorption and inhibition -efficiency of
benzimidazole and its derivatives, 2-mercaptobenzimidazole and 2-
methylbenzimidazole against the corrosion of mild steel in 1.0M HCI solution and
calculated the thermodynamic adsorption parameters in absence and presence of
these inhibitors to justify the variation in efficiency with apparent activation

energy of corrosion*?.
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Ogretir et. al.,, conducted quantum chemical studies of nine methyl
derivatives of pyridine to get an insight to the selection and design of corrosion
inhibitors. The AM1, PM3, MINDO/3 and MNDO semi-empirical SCF molecular
orbital methods were employed for the studies. The observed results were in good

correlation with the reported experimental data®.
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Kosari et. al., studied the inhibition efficiency of pyridine derivatives
pyridine-2-thiol and 2-pyridyl disulfide for mild steel in HCIl solution under
stagnant condition and hydrodynamic flow employing potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) techniques were
employed. The inhibitors’ adsorption mechanism was also studied by Langmuir
isotherm and quantum chemical studies. It was observed that inhibitor
concentration has a positive effect on inhibition efficiency while for

hydrodynamic condition, it is vice versa**.
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Abd El-Maksoud et. al., studied the effect of pyridine derivatives, (22)-3-
imino-4-methyl-2-(pyridin-3-ylhydrazono)pentanenitrile, 4-(3,4-dichlorophenyl)-
2,6-dimethyl-1,2-dihydropyridine-3,5-dicarbonitrile,  1,4-diamino-5-cyano-2-(4-
methoxyphenyl)-6-oxo-1,6-dihydropyridine-3-carboxylicacid and ethyl 4-amino-
5-cyano-2-(dicyanomethylene)-6-phenyl-1,2-dihydropyridine-3-carboxylate ~ on
the corrosion of carbon steel in 2M HCI solutions by electrochemical polarization

method (potentiodynamic, Tafel extrapolation) as well as weight loss method®.
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Various functional groups and derivatives were explored on heterocycles
with nitrogen as corrosion inhibitors. Among these, imine class compounds were
having high inhibition efficiency, compared to other functional groups and
derivatives. The electronic properties and structural characteristics of heterocyclic
imines favor their enhanced corrosion prevention efficiency. The heterocyclic
imines, in addition to the electronic characteristics provided by the heterocyclic
part, have the © electrons from double bond in the azomethine moiety and the
nitrogen lone pair for the monolayer formation and coordination with the metal
surface. A brief introduction of imines and their application along with a review
of literature with focus on heterocyclic imines and nitrogen heterocycles are given
in the following section.

Heterocyclic derivatives: imines

Imines are organic compounds formed when a primary amine reacts with
an aldehyde or ketone and are analogous to aldehydes and ketones in the sense
they have a C=N in the place of a C=0 bond. According to their structure they are

divided as aldimines, originating from aldehydes and ketimines, from ketones. A
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prominent subclass of imines is Schiff bases which are secondary aldimines or
ketimines and are named after Hugo Schiff*®. Azomethine compounds refer to as
the subclass of these, specific to secondary aldimines.

R1
C—N general structure of imine
R? R?

R=alkyl oraryl —— Schiff's Base

R'=H —» Azomethine compound

General structure of imines

The general synthetic route involves the dehydration reaction involving a
carbonyl compound and an amine. Different amino compounds give rise to
different classes of imines. The most common imine derivatives include oximes,
hydrazones, semicarbazones, thiosemicarbazones etc. The imines with aryl or
conjugated substituents were seen to be more stable, compared to those with
aliphatic non-conjugated substituents. The formation of these imines are often
acid or based catalyzed and are usually reversible so that care should be taken to
regulate pH for an optimum yield. The nucleophilic attack of the amine on the
carbonyl group gives an unstable addition compound called carbinolamine and
this compound subsequently loses water by acid or base catalyzed pathway in
order to afford the imine compound. Usually this happens by acid catalyzed
reaction and is often the rate determining step but the acid concentration cannot
be very high as it will protonate the amine and hinder the nucleophilic attack on

the carbonyl group. This also will shift the equilibrium of these reversible
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reactions towards the unfavorable conditions which emphasize the pH control of

reaction conditions.

~o—

Mechanism of formation of imines
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Different classes of imines

Since the first synthesis by Schiff (1864)* in 19th century, a variety of
synthetic methods were discovered and reported*’*¥. The textbook synthesis of

amines utilize the condensation of a carbonyl compound with an amine along with
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azeotropic removal of water®’. However, this can also be achieved by the use of
molecular sieves’®3. Water elimination can also be done using dehydrating
solvents such as tetramethyl orthosilicate or trimethyl orthoformate in situ>,
Various catalytic reactions were also employed for the synthesis of imines with
TiO2*®, CeCl3:H20°7, Cu(NO3)2%%, Er(OTf)3*°, P20s5/A1203%, P20s5/Si02°%!,
NaHS04:Si02%2, Mg(Cl04)2%, TiCls®, MgSOs—pyridinium p-toluenesulfonate?,
ZnCL%, alumina®®, Ti(OR)4%7, CuS04%8, and montmorillonite K-10 clay®®.
Applications of imines

These compounds form coordination complexes with metal ions as the
binding ability of the ligands depends upon the nature and position of
coordinating atoms herein which are lone pair electrons present on the nitrogen
atom, the electron donating capability of the double bond and the low
electronegativity of nitrogen and hence, are used to prepare many important
catalytic systems such as Jacobsen’s catalyst’!, etc. A wide range of contexts were
checked out for their useful applications including catalysis, corrosion protection,
antimicrobial, antiviral and anti-cancer activities. Their biochemical activities are
also investigated including the various examples of formation of enzymatic
intermediates where amine residue from an amino acid reacts with an aldehyde or

ketone in a cofactor or substrate’? inhibition of amyloid-p aggregation’.

74,75 76,77

Imine compounds including Schiff bases’*”, oximes’®’” and hydrazones’®

were extensively used as strong absorbing colorful chromophores for making
chromogenic sensors for sensing biologically important metal ions such as

81, 82
)

copper’?, zinc®’, mercury etc.
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The largest used oxime is made from cyclohexanone as an intermediate in
the production of caprolactam, a precursor to Nylon-6. The oxime on acid
catalyzed Beckmann rearrangement gives the cyclic amide caprolactam®?

HO.

NH,OH H
—— e

Caprolactam synthesis

Imines are versatile pharmacophores for synthesis of various bioactive
lead compounds having anti-inflammatory, analgesic, antimicrobial,
anticonvulsant, antitubercular, anticancer, antioxidant, anthelmintic, antiglycation,

and antidepressant activities®*
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antimalarial antiviral

Clinical drugs with imine functionality
Non-Linear Optics (NLO) deals with the lights behavior in nonlinear
media and has significant importance in the fields of optical communication, data

processing and dynamic image processing®>. Various imines and their complexes
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provide vital materials for these nonlinear optical applications by virtue of their
various excited states and those of their complexes which are extensively tunable
according to the requirements®-38,

Imine compounds as corrosion inhibitors

The application of imines as corrosion inhibitors is based on their ability
to form a monolayer over the surface to be protected. A large number of various
imines have been investigated as corrosion inhibitors for different types of alloys
and pure metals. Their corrosion prevention properties are attributed to presence
of azomethine moiety, electron cloud on aromatic ring and the electronegative
atoms which can be incorporated in the molecule like oxygen, sulphur and
nitrogen.

Kuriakose et. al., investigated the efficiency of corrosion inhibition of
thiophene-2-carbaldehyde tryptophan on mild steel in 1.0M HCI with weight loss
analysis, EIS spectroscopy and potentiodynamic polarization analysis to reveal
the mixed type inhibitory action of the compound on mild steel®’.

N
H

thiophene-2-carbaldehyde tryptophan

Behpour et. al., conducted an electrochemical and theoretical investigation
on the corrosion inhibition of mild steel by imines which were thiosalicylaldehyde
derivatives namely 2-([(2-sulfanylphenyl)imino]methyl)]phenol, 2-([(2)-1-(4-
methylphenyl)methylidene]amino)-1-benznethiol, and 2-[(2-sulfanylphen-
yl)ethanimidoyl)]phenol using weight loss measurements, polarization and

electrochemical impedance spectroscopy (EIS) methods. Thermodynamic
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adsorption parameters (Kads, AGads) were calculated using the Langmuir
adsorption isotherm. Activation parameters such as activation energies (Ea),
activation enthalpies, (AH*), and activation entropies (AS*), were calculated from

the derived corrosion currents at different temperatures®.

OO0

2-([(2-sulfanylphenyl)imino]methyl)]phenol - 2-([(2)-1-(4-methylphenyl)methylidene]amino)  2-[(2-sulfanylphen-yl)ethanimidoyl)|phenol
-1-benznethiol

Abd El-Lateef et. al., assessed the adsorption behavior and inhibition
effect of two imine derivatives sodium 3-[([1-carboxy-3- (methylthio) propyl]
imino) methyl]-4-hydroxybenzenesulfonate and sodium 3-([(1-carboxy-2-
phenylethyl) imino] methyl)-4-hydroxybenzenesulfonate on the corrosion of mild
steel in 1.0M HCI using electrochemical techniques. This study also discussed the
relation between the inhibition efficiency and quantum chemical parameters

Enomo, ELumo and dipole moment®!.

s \:Q\//
\/I o// \O'

sodium 3-[([1-carboxy-3- (methylthio) propyl] imino) methyl]-4-hydroxybenzenesulfonate

HO.

\:Q\//

sodium 3-([(1-carboxy-2-phenylethyl) imino] methyl)-4-hydroxybenzenesulfonate

Abd El-Lateef et. al., assessed two assymetrical imines N,N’-ortho-
phenylene(salicylaldimine-acetylacetone), N,N’-ortho-phenylene(salicylaldimine-

2-hydroxy-1-naphthaldimine) as inhibitors for the corrosion of mild steel in 0.5M
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sulphuric acid by weight loss, electrochemical impedance and Tafel polarization
measurements and correlated the difference in efficiencies with chemical

structures involving the planarity and delocalized © electron cloud®?.

SO

N.N'-ortho-phenylene N.N'-ortho-phenylene
(salicylaldimine-acetylacetone imine) (salicylaldimine-2-hydroxy-1- naphthaldimine)

Li et. al., synthesized and investigated three triazole-imine derivatives 4-
chloro-acetophenone-O-1’-(1’,3”,4’-triazolyl)-metheneoxime, 4-methoxyl-
acetophenone-O-1’-(1",3’,4’-triazolyl)-metheneoxime and 4-fluoro-acetophenone-
O-1’-(1",3’,4’-triazolyl)-metheneoxime as new inhibitors for the corrosion of mild
steel in acid media. They also investigated relationship between molecular
structure and inhibition efficiency by ab initio quantum chemical calculations.
The electronic properties Enomo, Erumo, energy gap, dipole moment and

molecular orbital densities were also calculated”>.
CH,

| H N
2

Cl C—N——"0—C —N |

N

4-chloro-acetophenone-O-1'-(1',3',4'-triazolyl)-metheneoxime

i)

CHj

| H N
2

H3;CO C—N——0—C —N |

N

4-methoxyl-acetophenone-O-1'-(1',3',4'-triazolyl)-methencoxime

i)

CHs
|

H, N
F C=——=N—0—C —N |
N

4-fluoro-acetophenone-O-1'-(1',3',4'-triazolyl)-metheneoxime

()
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Imines with nitrogen heterocycles as corrosion inhibitors

By virtue of their electronic and structural features like the planarity of the
molecule, the n- electron cloud from azomethine moiety and the aromatic ring,
lone pair of electrons present on heteroatoms and the azomethine nitrogen,
aromatic imines with hetero atoms were found to be suitable candidates for
corrosion inhibitors. Combining the properties of heterocyclic compounds which
proved their efficiency as corrosion inhibitors and aromatic imines, new
generations of inhibitors are developed, heterocyclic imines which bridges both
imines and heterocyclic compounds as corrosion inhibitors.

Paul et. al., investigated corrosion inhibition efficiencies of 3-
formylindole-4-aminobenzoic acid on mild steel and copper in 1.0M HCI using
weight loss measurements, electrochemical impedance spectroscopy (EIS) and
potentiodynamic polarization studies reveal mixed type inhibition of the

compound®,

COOH

AN
/ N

3-Formylindole-4-aminobenzoic Acid

HN

Meng et. al., synthesized two new pyridine derivatives having an imine
moiety 3-pyridine carboxaldehyde-4-phenylthiosemicarbazide and  4-
pyridinecarboxaldehyde-4-phenylthiosemicarbazide and conducted theoretical and
experimental studies on their corrosion inhibition properties on mild steel in 1.0M HCl

including weight loss, electrochemical impedance spectroscopy, potentiodynamic
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polarization studies, quantum chemical calculations and molecular dynamics

simulations and hence deduced the mechanism of inhibition®.

O .0
N A /N\NH)J\NH

3-pyridinecarboxaldehyde-4-phenyl thiosemicarbazide

N| \ S
7 N )J\
NH NH

4-pyridinecarboxaldehyde-4-phenylthiosemicarbazide

Dohare et. al., synthesized and characterized three pyridine based Schiff
bases N2,N° bis(4-methylbenzylidene)pyridine-2,6-diamine, N2, N°-
dibenzylidenepyridine-2,6-diamine and N2 N°-bis(4-nitrobenzylidene)pyridine-
2,6-diamine. Their corrosion inhibition behavior on mild steel in 1M HCI was
conducted using electrochemical experiments, quantum chemical calculations and

Monte Carlo simulations”®.

R R

R= CHj , N%,N® -bis(4-methylbenzylidene)pyridine-2,6-diamine
R=H, N?,N° -dibenzylidenepyridine-2,6-diamine
R=NO, , N%N° -bis(4-nitrobenzylidene)pyridine-2,6-diamine

Ashassi-Sorkhabi et. al., investigated the substitution effect of chloride
and methyl group on the inhibitive properties of benzylidene-pyridine-2-yl-amine
on mild steel in hydrochloric acid. The compounds benzylidene-pyridine-2-yl-

amine, (4-methyl-benzylidene)-pyridine-2-ylamine and (4-chloro-benzylidene)-
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pyridine-2-yl-amine were employed as corrosion inhibitors on mild steel in 1M

HCI and efficiencies increase with decrease in ELumo®’

S g g
| AL )@/\N Ny J@AN N,
/ Cl

benzylidene-pyridine-2-yl-amine (4-methyl-benzylidene)-pyridine-2-ylamine (4-chloro-benzylidene)-pyridine-2-yl-amine

Raphael et. al., investigated the corrosion inhibition behavior of 3-
acetylpyridine phenylhydrazone by gravimetric and electrochemical analysis to
reveal the mixed type inhibition of the molecule on carbon steel in acidic medium
even if hydrolysed using Tafel polarization analysis and EIS analysis. Surface
analysis of the carbon steel using AFM was also conducted’®. A similar study was

also conducted for 3-acetylpyridine semicarbazone®.

D0 G
A /N\H F /N\”)J\NH2

3-acetylpyridine phenylhydrazone 3-acetylpyridine semicarbazone

Ansari et. al., reported corrosion inhibition effect by pyridyl substituted
triazoles (3-phenylallylidene) amino-5-(pyridine-4-yl)-4H-1,2,4-triazole-3-thiol,
3-mercapto-5 (pyridine-4-yl)-4H-1,2,4-triazole-4-yl) imino) methyl) phenol and
(4-nitrobenzylidene) amino)-5-(pyridine-4-yl)-4H-1,2,4-triazole-3-thiol for mild
steel in 1.0M HCI using gravimetric measurements, polarization measurements,
electrochemical impedance spectroscopy, scanning electron microscope (SEM)

and energy dispersive X-ray spectroscopy(EDX). Investigation was also
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conducted on effect of molecular structure on inhibition efficiency by theoretical

calculations using density function theory (DFT) methods'®.

|

S

(3-Phenylallylidene) amino-5-(pyridine-4-yl) 3-Mercapto-5(pyridine-4-yl)-4H-1,2,4- (4-Nitrobenzylidene) amino)-5-(pyridine
-4H-1,2.4-triazole-3-thiol triazole-4-yl)imino) melhyl)phenol -4-yl)-4H-1,2.4-triazole-3-thiol

Z—Z

To summarize, importance of heterocyclic compounds and their
derivatives in common were discussed in detail. Their structural characteristics
favouring their use as corrosion inhibitors were also explored by reviewing
various literature evidences and mentioned in brief; in which nitrogen containing
heterocycles is a major class. Similarly, imines - another class of corrosion
inhibitors which have a large number of compounds as potent inhibitors were also
introduced and reviewed. In order to make better corrosion inhibitors the
properties of these two classes were combined by introducing both heterocyclic
compounds and imine functionalities. A small number of available literatures are
also reviewed to gain insights to the structural design and activity of these
compounds.

Scope and objectives of the present investigation

Corrosion is one of the challenges in the modern world. Literature review

reveals that large number of methods is in practice for inhibition of corrosion in

which use of inhibitor is a prominent method for preventing corrosion in acidic
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media. The most common inhibitors used were heterocyclic compounds. Large
number of derivatives of imidazoles, oxazoles and other compounds were used
where pyridyl and indole compounds were less frequent. Imine compounds
showed high efficiency in inhibiting corrosion. Keeping these things in mind it is
rational to think that pyridyl and indole compounds having an imine moiety will
have high inhibition efficiency.

A series of pyridyl and indole compounds having an azomethine moiety
are to be synthesised in order to identify potential inhibitors for corrosion. The
compounds are designed and selected in such a way that it contains a heterocyclic
group, an aromatic ring and an azomethine moiety. These compounds will
facilitate an adsorbed inhibitor layer on the metal surface and prevent corrosion.
The synthesis of these compounds will give a synthetic pathway towards this
series of compounds and their characterisation using CHN analysis, NMR, Mass,
IR and UV-Vis Spectroscopy is also intended. These compounds are to be tested
for their corrosion inhibition potential and assessing their structural activity
relationship by computational methods is also a part of investigation which is

discussed in next part of this thesis.
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CHAPTER 2
MATERIALS AND METHODS

This section gives a brief description on reagents, methods and
characterization techniques adopted for the synthesis and structural elucidation of
the imines. Physico chemical analysis is for the characterization studies are
explained in this chapter.

Materials

The imine derivatives were synthesized from chemicals of analytical grade
purchased from Fluka, pyridine-2-aldehyde, pyridine-3-aldehyde, indole-3-
aldehyde, 2-aminobenzoic acid, 3-aminobenzoic acid, 4-aminobenzoic acid and
1,2-diaminocyclohexane. = The  reagents  semicarbazide  hydrochloride,
thiosemicarbazide, = 2-aminophenol,  hydroxylamine  hydrochloride  and
phenylhydrazine hydrochloride were obtained from E. Merck. Pure ethanol was
used as the solvent for the preparation. For the UV-visible spectral analysis of the
compounds DMSO (from E. Merck) was used as the solvent. The general
methods of preparation of imines are given in the following chapter.

Analytical methods
CHN analysis

CHN elemental analysis determines mass fractions or percentages of
carbon, hydrogen and nitrogen which is important to determine the structure of an
unknown compound and help to confirm the structure and purity of a compound
synthesized. The sample is burnt at high temperature and the volatiles analyzed
for the presence of the elements either qualitatively or quantitatively.
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Determination of carbon, hydrogen and nitrogen content of the synthesized imines
were determined by microanalysis using Elementar make Vario EL III model
CHN analyzer
Spectroscopic analysis

Spectroscopic tools like UV-Visible Spectroscopy, FTIR Spectroscopy,
"H nmr Spectroscopy, *C nmr Spectroscopy and GC-MS were used for the
characterization of imines.
Infrared spectra: The IR spectra help to distinguish and ascertain different groups
present in the imines since each group is characterized by definite frequency and
intensity which is measured in wave numbers or cm™'. The infrared spectra of all
the imines were recorded using KBr disc technique on a Shimadzu model FT-IR
spectrometer (Model IR affinity-1). The measurements were carried out in the
range 4000-400cm™'.
Electronic spectra: The electronic spectrum, ranges from 200 to 800 nanometers
in electromagnetic spectrum which comprises the UV and visible ranges, arises
when the light is absorbed for the change in distributions of electrons in the
molecule. This can be used as a characterization tool for organic molecules. The
UV-Visible spectra of the imines were recorded on a Shimadzu UV-Visible-1800
spectrophotometer. DM SO was used as solvent.
Mass spectra: Gas chromatography can separate compounds in a mixture and the
Mass spectrometry conducted thereafter can ionize them to sort the ions on the
basis of their charge to mass ratio. These fragmented species will be the

characteristic of their parent compound and can be used to identify the particular
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compound and is a characterization tool. Gas chromatography was conducted
prior to the mass spectral studies on the imines so that purities of the compounds
were confirmed. Mass spectra were recorded using QP 2010 model Shimadzu
GCMS at a source temperature of 300°C.

NMR spectra: Nuclear magnetic resonance spectroscopy observes localized
magnetic fields around atomic nuclei in a compound. Radio waves are used for
the excitation of nuclei and their response is detected in order to find out the
electronic environment of an atom/molecule and the functional group.'H nmr and
3C nmr spectral studies of imines were performed in dmso-ds solvent using the

instrument BRUKER AVANCE III HD
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CHAPTER 3

STUDIES ON HETEROCYCLIC IMINES DERIVED FROM
PYRIDINE CARBALDEHYDE

Seven heterocyclic imines, derived from pyridine carbaldehyde such as
pyridine-2-carbaldehyde  oxime, 2PCOX [or  N-hydroxy-1-(pyridin-2-
yl)methanimine], pyridine-3-carbaldehyde oxime, 3PCOX [or N-hydroxy-1-
(pyridin-3-yl)methanimine)],  pyridine-2-carbaldehyde-4-aminobenzoic  acid,
2PC4ABA [or 4-(pyridin-2-ylmethyleneamino)benzoic acid], pyridine-2-
carbaldehyde-3-aminobenzoic acid, 2PC3ABA [or 3-(pyridin-2-
ylmethyleneamino) benzoic acid], pyridine-2-carbaldehyde-2-aminobenzoic acid,
2PC2ABA [or 2-(pyridin-2-ylmethyleneamino)benzoic acid], pyridine-3-
carbaldehyde-3-aminobenzoic acid, 3PC3ABA [or 3-(pyridin-3-
ylmethyleneamino)benzoic acid] and pyridine-2-carbaldehyde-2-aminophenol,
2PC2AP [or 2-(pyridin-2-ylmethyleneamino)phenol] were synthesized and
characterized by different spectroscopic methods like mass, NMR, IR and UV-
visible spectroscopy and elemental analysis. The detailed discussion on the
synthesis and structural investigations on these seven heterocyclic imines are well
documented in this chapter.

Synthesis and characterization of the heterocyclic imine :

N-hydroxy-1-(pyridin-2-yl)methanimine
To an aqueous solution (5ml) of hydroxylamine hydrochloride (2mmol)
and sodium acetate (4mmol), ethanolic solution of pyridene-2-carbaldehyde

(2mmol) was added. The resulting mixture was refluxed on a water bath for 20
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minutes, cooled in ice bath, pale pink colored precipitate - pyridene-2-
carbaldehyde oxime (2PCOX) separated out, was filtered and dried. The melting
point of 2PCOX was found to be 108°C. The elemental analysis data of the

compound is given in the Table 1.1, which was found in correlation with the

calculated values.

Table 1.1 Microanalytical and spectral data of 2PCOX

Analysis Data and Assignment

CHN Found: C% : 58.45, H% : 4.54, N% : 22.56

Analysis Caled: C% :59.01, H% : 4.91,N% : 22.97

IR Yo 3449cm™, Venan 3189cm™) Yen (o) 3003cm™,Ve=n 1593

spectrum em™,Ve=c@n1565,1517,1434 cm’!, Yn0 983cm’!, In plane bending
1099,1019cm™!, out of plane bending 771, 734cm’!

UV-Visible | n—n": 39062cm™ (256nm), n—m": 29411cm™ (340nm)

spectrum

"H nmr OH: 9.6568(s), Ha: 8.568(d), CH=N: 8.275(s), Hi: 7.768(d),

spectrum Hs: 7.6556(t), H2: 7.226(dd)

BC nmr Ci: 151.81ppm, C2: 150.34ppm, Cs: 149.36ppm,

spectrum CH=N: 136.82ppm, Ca4: 124.05ppm, C3: 120.99ppm

Mass m/z: 122 [M]" (BP) [CsHeN20]", 123 [CsHsN20]",104 [CsHaN2]",

spectrum 92 [CéHeNT", 79 [CsHsN], 65 [CsHs]"

NMR spectral studies

The proton nuclear magnetic resonance spectrum of 2PCOX showed 6
signals corresponding to 6 protons in different electronic environments (Table
1.1). The characteristic peak appeared as a broad singlet at 9.60 was assigned to
hydroxyl proton and another singlet which appeared at 8.276 was assigned to
azomethine group (-CH=N-) proton. All other protons present in pyridine ring
showed their characteristic peaks between 7.22 to 8.560. A doublet observed in
the spectrum of 2PCOX at 7.766 was assigned to H-1 proton, having coupling

constant value 8Hz due to ortho coupling (Ji2). A weak meta coupling(Ji3) was
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also seen and the J value was 1Hz. The H-2 proton showed a characteristic peak
(dd) at 7.22ppm due to ortho coupling of (J23) and (J21) having coupling constant
values 8Hz and 4.8Hz respectively. A weak meta coupling J24 = 1.6Hz was also
found. A triplet appeared at 7.656 in the ratio 1:2:1 was assigned to H-3 proton,
the orthocoupling J34 and J32 were approximately equal and J = 8Hz. A weak
meta coupling appeared due to the coupling of H-1 proton having J31 = 1.6Hz.
The H-4 proton showed a doublet at 8.560 by ortho coupling with H-3 proton,
Jaz= 4.8 Hz. The H-2 meta proton weakly coupled with H-4 proton; Ja=1.6Hz.
The coupling constant value J is inversely propotional to electronegativity that is

why the variation in the J value is observed'®!.
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Figure 1.2 *Cnmr spectrum of imine 2PCOX
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The *Cnmr data of 2PCOX is provided in the Table 1.1. Six nonequivalent
carbon atoms at different chemical environments showed their own individual
peaks in the spectrum. The azomethine carbon showed its peak at 136.82ppm.
The other aromatic carbon atoms of the pyridine ring showed their characteristic
signals between 120.99 - 151.81ppm. From the *Cnmr spectrum of 2PCOX it
was clearly seen that the carbon atom C-1 showed very weak signal at 151.81ppm
due to lack of H atom on it while all other peaks were of significant intensity due
to the NOE effect'%2. The *Cnmr spectrum of 2PCOX is given in the Figure 1.2.
Mass spectral studies

The mass spectrum of 2PCOX is

122.06

100%

represented in the Figure 1.3. The base peak %7
appeared in the spectrum was the molecular ion o5
peak itself (at m/z 122) . The [M+1] peak was 753
observed at m/z 123 with relative abundance 8. =

The ratio of [M]": [M+1]" was 100:8, this indicated

1 65086

Relative Abundance
o
o
I

that the compound 2PCOX containing six carbon

79.06
atoms and two nitrogen atoms'®*'%. Due to the -

loss of water molecule a peak at m/z 104 was 2

20_:_ 92,97
observed and the formula of the corresponding [M- 15—;
105 . 104.06
H>0]" fragment is [CsN2Ha]". The loss of water 5 | 1|
h h l m/z‘ l-‘od ' \TSO

molecule was very difficult due to strong intra Figure 1.3 Mass spectrum
. . L of imine 2PCOX
molecular H-bonding which was indicated by the

low intensity of this peak. In 2PCOX there exists a possibility for the formation of
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6-membered geometricaly feasible intramolcular H-bonding. The fragment
[CsHeN]" formed by loss of NO showed a signal at m/z 92. The fragments
[CsHsN]" and [CsHs]" showed their respective signals at m/z 79 and 65.
IR spectral studies

The infrared vibrational frequency data of 2PCOX is given in the Table
1.1. The vibrational stretching frequency of O-H group was appeared at 3449cm™.
The stretching frequency of both aromatic and olefinic C-H bonds displayed their
characteristic signals at 3189cm™ and 3003cm™ respectively. Characteristic peak
observed at 1593cm™ was due to the presence of azomethine group (CH=N)'®.
The aromatic C=C stretching frequency was observed at 1565cm™, 1517cm™ and
1434cm™. The N-O stretching vibrations showed its signal at 983cm™. The
signals appeared at 1099, 1019cm™! were corresponding to in plane bending while
out of plane bending occurred at 771, 734cm™" in the FTIR spectrum of 2PCOX.
Electronic spectral studies

The heteroyclic derivative 2PCOX displayed its characteristic electronic
transition bands at 39062cm™ and 29411cm™ in the uv-visible spectrum which
corresponds to m—7" and n—m’ electronic transitions respectively.

Based on the spectroscopic and elemental analysis data the structure of

compound 2PCOX was derived and depicted in the Figure 1.4.

\_/

N OH

Figure 1.4 Structure of 2PCOX
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Synthesis and characterization of the heterocyclic imine :

N-hydroxy-1-(pyridin-3-yl)methanimine

The oxime of pyridine-3-carbaldehyde was prepared by the following
procedure. An aqueous solution of hydroxylamine hydrochloride and sodium
acetate in 1:2 ratio was taken in a beaker and an ethanolic solution of pyridine-3-
carbaldehyde was added to this mixture. The resulting solution was refluxed on a
water bath for 20 minutes. The solution was cooled in an ice bath to obtain the
white coloured pyridine-3-carbaldehyde oxime (3PCOX) or N-hydroxy-1-
(pyridin-3-yl)methanimine, which was filtered, washed with water and dried. The
melting point of 3PCOX was found to be 135°C. The elemental data of 3PCOX is
given in the Table 1.2.

Table 1.2 Microanalytical and spectral data of 3PCOX

Analysis Data and Assignment

CHN Found: C% : 58.29, H% : 4.44, N% : 22.47

Analysis Caled: C% :59.01, H% : 4.91, N% : 22.97

IR Yo-u 3419cm™,Yengr 3169cm™, Yeon (o1e) 3063ecm™,Ve-n 1633

spectrum em™,Ye=car) 1586,1519,1410cm™, Y0 988cm’!, In plane bending
1085, 988cm™!, out of plane bending 809,705cm’!

UV-Visible | n—n": 38986cm™ (256.5nm), n—m": 2941 1cm™ (340nm)

spectrum

"H nmr OH: 8.666(s), Hi: 8.808(s), Ha: 8.615(d), CH=N: 8.175(s),

spectrum H»: 7.956(d), Hs: 7.348(dd)

BC nmr Ci: 150.40ppm, Cs: 148.43ppm, Cs: 147.10ppm,

spectrum CH=N: 133.74ppm, C2: 128.59ppm, C4: 123.74ppm

Mass m/z: 122 [M]" (BP) [CsHsN20]", 123 [CcHsN20]",

spectrum 104 [CsHaN2]", 79 [CsHsN]", 77 [CsH3N]", 67 [CsH7]"

NMR spectral studies

The 'Hnmr spectrum of heterocyclic derivative 3PCOX showed a broad

peak as a singlet at 8.660 assignable to hydroxyl proton. A peak appeared at 8.175
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as a singlet which can be attributed to proton present in the azomethine group.
3PCOX had six nonequivalent protons and showed six signals in the spectra. The
remaining four peaks exhibited by 3PCOX molecule between 7.34-8.610
corresponds to protons present on pyridine ring. The H-1 proton showed a singlet
at 8.809, a weak meta coupling was possible due to Ji2=J14=1.5Hz. In the '"Hnmr
spectrum of 3PCOX, H-2 proton clearly showed a doublet at 7.956 due to the
ortho coupling, the coupling constant value was 8Hz. The meta coupling due to
J24 and Jaiwere equal and weak, having value 2Hz. The H-3 proton showed a
doublet of doublet at 7.340 because of the unequal ortho coupling of J32 and J34
having splitting constant values 8Hz and 4.8Hz respectively. A doublet appeared
at 8.610 was assigned to H4 proton due to ortho coupling of Js3. In addition to
these, weak meta couplings were also seen Ja2 = Jai= 1Hz. "Hnmr spectrum of

3PCOX is given in the Figure 1.5.

10 2] 8 T G 5 4 3 2 1 PRm

Figure 1.5 'Hnmr spectrum of imine 3PCOX

In the proton decoupled '*Cnmr spectrum of 3PCOX, all the six sp?
hybridized carbon atoms showed six separate signals since they all were in
different electronic environments. All carbon atoms present in the pyridine ring

resonated in the range 123-150ppm except the carbon in azomethine group. The
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carbon bearing the azomethine group resonated at 133.74ppm. The C-1 carbon
showed a signal at 150.40ppm. From the *Cnmr spectrum of 3PCOX, it was clear
that a weak peak observed at 128.59ppm by C-2, was due to the absences of H
atom on it. The other peaks observed at 148.43, 123.74 and 147.10ppm were

assigned to C-3, C-4 and C-5 carbon atoms respectively.

L] [
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160 150 140 130 120 110 100 Q0 80 TO 60 50 40 30 20 10 ppm

Figure 1.6 *Cnmr spectrum of imine 3PCOX

Mass spectral studies

The mass spectrum of 3PCOX is 100~ 122.04
shown in the Figure 1.7. The molecule :::%
3PCOX showed a signal at m/z 122 _Z;';
which is assigned to molecular ion peak ::E
as well as the base peak, indicating the % :z

stability of the compound. The [M+1]
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nitrogen atoms in the compound. The peak Figure 1.7 Mass spectrum of imine

3PCOX
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at m/z 104 appeared as a result of the formation of fragment [CsH4N2]" by the loss
of H20 molecule, which was comparatively easy due to the lack of intramolecular
H-bonding. The other significant signals appeared at m/z 79, 77 and 67 which can
be assigned due to the fragments [CsHsN]*, [CsH3N]" and [CsHs]" respectively.
IR spectral studies

The important characteristic stretching frequencies of 3PCOX molecule
appeared in the vibrational spectrum are Vcu-~ at 1633cm™, Yo.n at 3419cm™ and
Y~-0 at 988cm’!. The vibrational stretching frequency of Yc-Hear and Yc-mHeole) Were
3169cm™ and 3063cm™! respectively. The aromatic C=C bond vibrations can be
seen at 1586cm™, 1519cm™ and 1410cm™. The compound 3PCOX showed in
plane vibrations at 1085, 988 cm™' and out of plane bending vibrations at 809, 705
cm’!. The vibrational spectral data of 3PCOX is represented in the Table 1.2.
Electronic spectral studies

Two electronic transitions m—n" and n—n" were observed at 38986cm’™!
and 29411cm™ respectively in the uv-visible spectrum of 3PCOX molecule in
DMSO medium.

The above discussion establishes the structure of 3PCOX, and is

= OH
L

Figure 1.8 Structure of 3PCOX

represented in the Figure 1.8.
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Synthesis and characterization of the heterocyclic imine :

4-(pyridin-2-ylmethyleneamino) benzoic acid

4-aminobenzoic acid was dissolved in ethanol and heated on a water bath
and an equimolar amount of pyridine-2-carbaldehyde in ethanol was added to this
warm 4-aminobenzoic acid solution. The resulting reaction mixture was refluxed
for 3 hours and the volume of the solution was reduced. After cooling the solution
in ice bath, the precipitated pyridine-2-carbaldehyde-4-aminobenzoic acid
(2PC4ABA) or 4-(pyridin-2-ylmethyleneamino) benzoic acid was filtered,
washed with ethanol-water mixture and dried. Yield: 70%, colour: Pale yellow,
m.p. = 230°C.

The compound 2PC4ABA was subjected to elemental and spectroscopic
analysis to reveal the correct structure. Experimental values and the calculated
values of elemental analysis were in good agreement and are given in the
Tablel.3.

NMR spectral studies

Assignments of signals in the proton NMR spectrum of 2PC4ABA are
given in the Table 1.3. "Hnmr spectrum of 2PC4ABA showed eight characteristic
peaks corresponding to eight different protons and is given in the Figure 1.9. The
imine 2PC4ABA showed a characteristic peak at 10.016 as a singlet which can be
assigned to carboxylic acid proton. A singlet appeared at 8.840 corresponds to
azomethine proton. Except these, two multiplets in the range of 6.59-8.086 were
accounted for the six aromatic protons on both pyridine ring and benzenoid ring
in six electronic environments. The H-1 proton showed a doublet at 7.97¢6 due to

ortho coupling with H-2 proton having coupling constant 7.6Hz. In the proton
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NMR spectrum of 2PC4ABA, an overlapped signal of H-2 and H-3 appeared at
7.728. The H-2 proton had ortho coupling with H-1 and H-3 and meta coupling
with H-4. Similarly, H-3 proton coupled with H-4 and H-2 protons and one meta
coupling with H-1 proton. The ortho and meta coupling constant values are 7.6Hz
and 1Hz respectively. The peak observed at 8.060 corresponding to H-4 proton,
showed ortho coupling with H-3 proton (Ja3= 7.6Hz) and meta coupling with H-2
proton (J42=1Hz). From the spectrum of 2PC4ABA, it was clear that the H-6 and
H-7 proton mutually coupled each other with coupling constant value 8.5Hz. Both
signals had same intensity due to the same number of protons present in both

environments.
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Figure 1.9 'Hnmr spectrum of imine 2PC4ABA
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Figure 1.10 *Cnmr spectrum of imine 2PC4ABA
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Table 1.3 Microanalytical and spectral data of 2PC4ABA

Analysis Data and Assignment
CHN Found: C% : 68.81, H% : 4.36, N% : 12.10
Analysis Calcd: C% : 69.03, H% : 4.43, N% : 12.39
IR Yo-n 3436em™, Y@ 3059cm™, Yo (o1e) 2971em’™,
spectrum Ycoo (asymy 1701em™, Ycoo (sym 1630cm’, Ye=n 1595cm’™,
Ye=c@n 1568, 1473cm™, Yc.o 1267cm’) In plane bending
1107,1008 cm™!, Out of plane bending 854,776cm™!
UV-Visible | n—n": 34013cm™'(294nm), n—m": 29412cm™' (340nm)
spectrum
H nmr COOH: 10.015(s), CH=N: 8.845(s), Ha: 8.065(d), H1:7.965(d),
spectrum Hs: 7.736(dd), H»: 7.726(dd), H7: 7.668(d), He: 6.698(d)
BC nmr COOH: 193.67ppm, CH=N: 167.57ppm, C7: 153.02ppm,
spectrum Cio: 152.20ppm, C2: 150.178ppm, Cs: 137.69ppm,
Co: 131.20ppm, Ca: 128.41ppm, Cs: 121.83ppm,
Ci1: 116.89ppm, Cs: 112.64ppm
Mass m/z: 226 [M]" [C13H10N202]", 225(BP) [C13HoN202]",
spectrum 210 [C13H10N20]", 199 [C12H11N20]", 181 [C12H9N2]",

148 [CsHsNO2]", 121 [C7H502]", 105 [C7H50]", 79 [CsHsN],
65 [CsHs]", 52 [CaHa]"

The *Cnmr spectrum of 2PC4ABA is shown in the Figure 1.10. The

carboxylic acid carbon gave a characteristic signal at 193.66ppm. 2PC4ABA

showed 11 characteristic peaks of carbon atoms having different chemical

environment in its CMR spectrum. The azomethine carbon showed a signal at

167.57ppm. In the proton decoupled *Cnmr spectrum of 2PC4ABA, the C-1

carbon showed a signal at 116.89ppm, the intensity of the signal was low due to

the absence of H-atom on that carbon atom. The other carbon atoms present on

pyridine ring C-2, C-3, and C-4 showed their characteristic signals at 150.17,

121.83, and 128.41ppm respectively. The carbon atoms present on the benzenoid

ring C-7 and C-10 exhibited very weak signals at 153.0 and 152.20ppm

respectively. In 2PC4ABA, two set of carbon atoms of benzenoid ring C-8 and C-
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9 resonated at 112.64 and 131.20ppm respectively. C-9 showed more downfield
signal due to the electron withdrawing effect of -COOH at ortho position. All the
nine aromatic carbon and one azomethine carbon resonated at a range of 112.65-
167.57 ppm. The *Cnmr spectral analysis data of 2PC4ABA are listed in the
Table 1.3.
Mass spectral studies

The mass spectrum of the compound 2PC4ABA is shown in the Figure
1.11. The molecular ion peak was appeared at m/z 226. The [M-1]" peak appeared
as the base peak at m/z 225. Loss of one oxygen atom from the molecule resulted
the fragment [M-O]" having m/z 210. A prominent peak was observed at m/z 199
corresponding to the fragment [C12H11N20]". The peak at m/z 181 appeared in
mass spectrum of 2PC4ABA due to the loss of -COOH group from the molecule.
Significant signals observed at m/z 154, 148 and 121 were due to the formation of
the fragments [CiiHsN]", [CsHeNO2]'and [C7HsO2]" respectively. Signal
displayed at m/z 105 was attributed to the fragment [CsHsN2]". The other major
peaks observed were due to the fragments [C4HsN]", [CsHs] © and [C4H4] * at m/z

values 79, 65 and 52 respectively.
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Figure 1.11 Mass spectrum of imine 2PC4ABA
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IR spectral studies

The infrared spectral data of heterocyclic imine 2PC4ABA is provided in
the Table 1.3. A characteristic O-H stretching frequency was appeared at 3436
cm’!. The stretching frequencies at 3059cm™'and 2971cm™! were attributed to the
vibrations of aromatic and olefinic C-H bonds. The symmetric and asymmetric
stretching frequencies from the carbonyl group displayed their characteristic
peaks at 1630 and 1701cm 'respectively. A characteristic stretching frequency of
azomethine group was observed at 1595¢cm™. The vibrational stretching
frequencies of C=C(ar) showed signals at 1568 and 1473cm™'. The C-O stretching
frequency was observed at 1267cm’!. Peaks that appeared at 1107cm™ and
1008cm™! can be assigned to in plane bending vibrations and those seen at 854 and
776cm™ were assigned to the out of plane deformations in the molecule.
Electronic spectral studies

The heterocyclic compound 2PC4ABA showed two characteristic peaks at
34013cm™ and 29412 cm™ in the UV-visible spectrum which are due to n—n"
and n—m’ electronic transitions respectively.

From the above studies, the structure of compound 2PC4ABA, was

confirmed and represented in the Figure 1.12.

COOH

Figure 1.12 Structure of 2PC4ABA
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Synthesis and characterization of the heterocyclic imine :

3-(pyridin-2-ylmethyleneamino)benzoic acid

An equimolar amount of pyridine-2-carbaldehyde and 3-aminobenzoic
acid was mixed in ethanol, refluxed for 4 hours on a water bath, the volume was
reduced subsequently and the resulting solution was cooled in an ice bath. The
precipitated yellow coloured pyridine-2-carbaldehyde-3-aminobenzoic acid
(2PC3ABA) or 3-(pyridin-2-ylmethyleneamino) benzoic acid was collected,
washed with ethanol-water mixture and dried. Yield 72%, the melting point of
2PC3ABA was found to be 212°C. The CHN analysis data is shown in the Table
1.4 and found in agreement with the expected data.
NMR spectral studies

The 'Hnmr spectral data of 2PC3ABA are listed in the Table 1.4.
2PC3ABA showed ten characteristic peaks of protons resonating at different
chemical environments. The azomethine proton gave a signal at 8.600 as a singlet.
A singlet observed at 9.986 is due to the presence of -COOH proton. Another
singlet appeared at 7.189 can be attributed to H-9 proton. All other protons of
aromatic ring appeared as a multiplet in the range 6.78-8.150. The protons present
on the benzenoid ring H-6, H-7 and H-8 showed their characteristic peaks at 7.10,
6.78, and 7.566 respectively. The 'Hnmr spectrum of heterocyclic derivative
2PC3ABA is given in the Figure 1.13.

The *Cnmr spectrum of 2PC3ABA and assignment of signal are provided
in the Figure 1.14 and Table 1.4 respectively. Thirteen characteristic signals
corresponding to thirteen carbon atoms at different electronic environments were

observed in *Cnmr spectrum of 2PC3ABA. The signal due to the highly de-
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shielded carboxylic carbon was appeared at 193.66ppm. All the thirteen carbon
atoms were sp’ hybridized. Out of the twelve signals appeared in the range of
118.15-161.84ppm, eleven peaks were due to the presence of carbon atoms on
both pyridine and benzenoid rings. The remaining one peak at 161.84ppm was

attributed to the azomethine carbon atom.
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Figure 1.13 '"Hnmr spectrum of imine of 2PC3ABA
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Figure 1.14 *Cnmr spectrum of imine 2PC3ABA
Mass spectral studies
The mass spectrum and spectral data of 2PC3ABA are given in the Figure
1.15 and Table 1.4 respectively. The molecular ion peak was appeared at m/z 226.
The base peak occurred for 2PC3ABA was at m/z 225 due to the formation of
[M-1]" fragment. The peak at m/z 210 and 181 were due to the loss of one oxygen

and carboxylic acid group from the molecule respectively. The fragments
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[C11HoN]", [CsH6NO2]"and [C7H502]" exhibited their signals at m/z 155, 148 and

121 respectively. The peak at m/z 105 was due to the presence of [CeHsCO] *

fragment. The other major peaks observed at m/z 79 and 65 corresponding to

[CsHsN]" and [CsHs]" fragments respectively. The fragmentation ended with

[C4H4] " at m/z 52.

Table 1.4 Microanalytical and spectral data of 2PC3ABA

Analysis Data and Assignment

CHN Found: C% : 68.65, H% : 4.37, N% : 12.32

Analysis Caled: C% :69.03, H% : 4.43, N% : 12.39

IR Yo 3443cm™, Yy 3078cm™) Yewm (o) 300lecm™, Yco

spectrum 1298cm!,
Y00 (asym) 1705¢m™, Ycoo (sym) 1634cm™, Yen 1588cm™,
Ye=c@an 1578,1476cm™ | In plane bending 1096,1008cm™, Out of
plane bending 900,780cm’!

UV-Visible | n—n": 38023cm™(263nm), n—r": 30211cm™ (331nm)

spectrum

'H nmr COOH: 9.986(s), CH=N: 8.608(s), Ha: 8.156(d), H2: 7.956(m),

spectrum Hs: 7.936(m), Hi: 7.586(d), Hs: 7.566(d), Ho: 7.186(s), He:
7.108(d), H7: 6.7868(dd)

BC nmr COOH: 193.66ppm, CH=N: 161.84ppm, Ci: 153.56ppm, Cs:

spectrum 150.17ppm, C7: 148.61ppm, C3: 137.70ppm, Cii: 131.90ppm, Co:
129.76ppm, Cio: 128.42ppm, Cs: 127.41ppm, Ca: 125.92ppm,
Ca: 121.77ppm, Ci2: 118.15ppm

Mass m/z: 226 [M]" [Ci3Hi1oN202]", 225(BP) [Ci13HoN20:]", 210

spectrum [C13H10N20]", 199 [Ci2HuN20]", 181 [Ci2HoN2]", 148
[CsH6NO2]", 121 [C7H502]", 105 [C7H50]", 79 [CsHsN]", 65
[CsHs]", 52 [C4H4]"

10000&‘ ‘ !”\ - .!I\‘; ‘ T‘- T R I| T I‘TRI Al \J'lel : ‘T EITR—|| N

T
100 110 120 130 I_V.HO 150 160 170 180 190 200 210
m/z

Figure 1.15 Mass spectrum of imine 2PC3ABA
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IR spectral studies

The vibrational spectral details of 2PC3ABA are in given Table 1.4. The
O-H stretching frequency of carboxylic acid showed a peak at 3443cm™. Two
peaks observed at 3078cm™! and 3001cm™ correspond to the stretching vibrations
of aromatic and olefinic C-H bond respectively. The asymmetric and symmetric
stretching frequencies of carbonyl carbon were observed at 1705 and 1634cm’™
respectively. The vibrational frequency of C=N bond was found at 1588cm™. A
significant peak, observed at 1298cm™ was due to the stretching vibration of C-O
bond. At 1578 and 1476cm™, occurred the signals due to stretching frequency of
C=C(ar) bond. The compound 2PC3ABA also showed in plane bending
vibrations at 1096cm™ and 1008cm™ and out of plane bending vibrations at
900cm™ and 780cm™.
Electronic spectral studies

In the UV-visible spectrum of 2PC3ABA, two significant electronic
transitions m—n' and n—m  were observed at 38023cm” and 3021lcm’!
respectively.

From the elemental analysis and spectral data, the structure of 2PC3ABA

is established as represented in the Figure 1.16.
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Figure 1.16 Structure of 2PC3ABA
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Synthesis and characterization of the heterocyclic imine :

2-(pyridin-2-ylmethyleneamino)benzoic acid

The heterocyclic imine pyridine-2-carbaldehyde-2-aminobenzoic acid
(2PC2ABA), also named as 2-(pyridin-2-ylmethyleneamino) benzoic acid was
prepared by mixing equimolar amount of ethanolic solution of pyridine-2-
carbaldehyde and hot ethanolic solution of 2-aminobenzoic acid. The resulting
mixture was refluxed for 3 hours on a water bath, concentrated and cooled in an
ice bath. The pale yellow coloured precipitate was filtered, washed with small
quantity of water containing ethanol, dried and recrystalised from ethanol. Yield
79%, melting point = 135°C. Elemental analysis data of the compound is given in
the Table 1.5, and found in good agreement with the calculated values.

Table 1.5 Microanalytical and spectral data of 2PC2ABA

Analysis Data and Assignment

CHN Analysis | Found: C% : 68.68, H% : 4.29, N% : 11.95

Caled: C% :69.03, H% : 4.43, N% : 12.39

IR spectrum | Vo.n 3356cm’, Yen@n 3070cm™, Yen (01e) 3020ecm™, Yoo asym)
1675cm™ Ycoosym1621em™, Yeen 1581em™, Ye=c@ry 15009,
1432cm™,Yc.0 1232¢m™, In plane bending 1055,1012cm’!, Out
of plane bending 810,754cm™!

UV-Visible -7 : 38910cm™ (257nm), n—m": 28735cm! (348nm)
spectrum

'H nmr COOH: 9.988(s), Ha: 8.815(d), CH=N: 8.066(s), Ho: 8.545(d),
spectrum Hi: 7.948(d), Hz2: 7.926(dd), Hs: 7.786(m), H7: 7.776(m),

He: 7.478(d), Hs: 7.356(d)
BC nmr COOH: 193.71ppm, CH=N: 169.52ppm, Ci: 160.77ppm,
spectrum C7: 150.57ppm, Cs: 149.15ppm, Cs: 133.79ppm, Co:

131.65ppm, Cii:  128.34ppm, Cio:  122.41ppm, Ca:
121.52ppm, C2: 116.31ppm, Cs: 114.74ppm, Ci2: 112.49ppm

Mass m/z: 226 [M]" [Ci3H1oN202]", 210 [Ci3H10N20]", 197
spectrum [C12HoN20]",181 [C12HoN2]", 167 [C12HoN]", 146 [CsH4NO2]",
137 [CHNOJ]', 119 (BP) [C7H3Oa]", 92 [CsHeNT', 79
[CsHsN]', 65 [CsHs]", 52 [C4H4]"
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NMR spectral studies

The 'Hnmr spectrum of 2PC2ABA showed ten clear peaks of hydrogen
atoms in different environments. A singlet was seen at 9.980 due to presence of
carboxylic acid proton. The azomethine proton signal appeared at 8.060 as singlet.
All aromatic protons, both in pyridine and benzenoid ring gave their characteristic
signal in the range 7.35 — 8.816. Figure 1.17 shows the Hnmr spectrum of the
compound 2PC2ABA. The detailed assignments of signals are well depicted in
the Table 1.5.

The *Cnmr spectrum of heterocyclic derivative 2PC2ABA is exhibited in
the Figure 1.18. The signals assigned for different carbon atoms are provided in
the Table 1.5. In the *Cnmr spectrum of 2PC2ABA, thirteen characteristic peaks
were observed that can be assigned to thirteen different carbon atoms present in
the compound. All the carbon atoms are sp? hybridized, in which 11 carbon atoms
are aromatic, and the remaining two are olefinic carbon and carbonyl carbon.
BCnmr signal, seen at 193.71ppm, corresponds to carboxylic carbon and the
signal appeared at 169.52ppm can be assigned to azomethine carbon. The other

eleven peaks were observed in the range 112.49-169.52ppm.
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Figure 1.17 'Hnmr spectrum of imine 2PC2ABA
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Figure 1.18 *Cnmr spectrum of imine 2PC2ABA

Mass spectral studies

The Figure 1.19 shows the mass spectrum of heterocyclic derivative
2PC2ABA. It is clear from the spectrum that molecular ion peak was appeared at
m/z 226. The peak at m/z 119 showed highest intensity corresponding to the
fragment [C7H302]". The peak at m/z 210 shows the presence of [M-O]"
fragment. The loss of -COOH group from the molecule formed the fragment
[C12H10N2]" having m/z 181. The fragment [C12HoN20]" was appeared at m/z 197.
The other observed peaks at m/z 167 and 146 can be assigned to the fragments
[C12HoNT", [CsH4NO2]" respectively. The fragments [C7H7NO2]", [CsHsN]", and

[CsHs]" were appeared at m/z 137, 92 and 65 respectively.
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Figure 1.19 Mass spectrum of imine 2PC2ABA
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IR spectral studies

The heterocyclic imine 2PC2ABA showed characteristic stretching
frequencies in FTIR spectrum which is depicted in the Table 1.5. The stretching
frequency of azomethine group was observed at 158lcm. The frequency
appeared at 3356cm™ and 1675cm™! are assigned to stretching frequency of O-H
and carbonyl group respectively. The olefinic C-H and aromatic C-H stretching
frequencies appeared at 3020cm™ and 3070cm™! respectively. Peaks at 1055cm’™
and 1012cm™ indicated the in plane bending while signals appeared at 810cm™
and 754cm™! explain out of plane bending vibrations. A medium absorption peak
was obtained at 1232cm™ due to C-O stretching vibration.

Electronic spectral studies

Two characteristic peaks were exhibited by the heterocyclic imine
2PC2ABA, at 38910cm™! and 28735cm™! in the electronic spectrum. These signals
are due to m—n and n—m" electronic transitions respectively.

On the basis of spectral and elemental analysis data, the structure of

2PC2ABA was confirmed and is given in the Figure 1.20.

N COOH

Figure 1.20 Structure of 2PC2ABA
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Synthesis and characterization of the heterocyclic imine :

3-(pyridin-3-ylmethyleneamino)benzoic acid

The pyridine-3-carbaldehyde was dissolved in 5ml of ethanol and an
equimolar hot ethanolic solution of 3-amino benzoic acid was added with constant
stirring. The resulting reaction mixture was refluxed for 4 hours on a water bath
and the volume of solution was then reduced, cooled in ice bath and the
precipitated pyridine-3-carbaldehyde-3-aminobenzoic acid (3PC3ABA) or 3-
(pyridine-3-ylmethyleneamino) benzoic acid was collected through filtration,
washed with ethanol and dried. The melting point of 3PC3ABA is found to be
220°C. The characterization of the compound 3PC3ABA was done by elemental
analysis and NMR, Mass, FTIR, UV-visible spectral studies. The elemental
analysis and spectral data of 3PC3ABA are given in the Table 1.6.
NMR spectral studies

The proton NMR spectrum of 3PC3ABA (Figure 1.21) showed ten
characteristic signals for ten nonequivalent protons present in the compound. The
proton of -CH=N- group showed a singlet at 8.790. A singlet appeared at highly
deshielded region of 10.130 due to the presence of - COOH proton. H-9 proton
showed signal at 9.090, a weak meta coupling was also observed (J= 2.8Hz). The
H-4, H-2 protons appeared as doublet at 8.340 and 8.250 respectively. In the
proton NMR spectrum of 3PC3ABA two doublet of doublets observed at 7.626
and 7.120 corresponds to H-7 and H-3 protons respectively. H-1 proton exhibited
a singlet at 7.200, here ortho coupling was absent and a weak meta coupling with
coupling constant was 1.6Hz was observed. The aromatic protons of pyridine ring

and benzene ring showed their characteristic peaks at 9.09-6.800.
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Table 1.6 Microanalytical and spectral data of 3PC3ABA

Analysis Data and Assignment
CHN Found: C% : 68.85, H% : 4.37, N% : 12.32
Analysis Calcd: C% :69.03, H% : 4.43, N% : 12.39
IR Yo-n 3437cm’™, Yengr 3092ecm™, Ve (o1e) 3008cm™, Yoo 1698cm’!,
spectrum Yeen 1627cm™, Ye=c@n 1573,1425¢cm™, Yo 1293cm’!, In plane

bending 1085,1039cm’!, Out of plane bending 811, 759, 691cm’!
UV-Visible | n—n": 38168cm™ (262nm), n—7": 3021 1cm™ (331nm)
spectrum
"H nmr COOH: 10.135(s), Ho: 9.098(s), CH=N: 8.726(s), Ha: 8.348(d),
spectrum Ha»: 8.256(d), He: 7.868(d), H7: 7.626(dd), Hi: 7.208(s),

Hj: 7.126(dd), Hs: 6.808(d)
BC nmr COOH: 192.46ppm, CH=N: 159.74ppm, C4: 152.09ppm,
spectrum Cs: 151.20ppm, C7: 148.67ppm, C2: 135.14ppm, Ci1: 131.21ppm,

Co: 129.58ppm, Cio: 128.83ppm, Cs: 127.09ppm, Ci: 124.04ppm,

Cs3:121.43ppm, Ci2: 118.01ppm
Mass m/z: 226 [M]",(BP) [Ci3HioN202]", 225 [CisHoN202]", 182
spectrum [Ci2H1oN2]", 181 [Ci2HoN2]", 154 [C1iHioN]", 148 [CsHeNO2],

121 [C7H502]", 105 [C7Hs0]", 90 [CsHaN]', 79 [CsHsN]', 65

[CsHs]", 52 [C4H3]"
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Figure 1.21 'Hnmr spectrum of imine 3PC3ABA

All thirteen sp? hybridized carbon atoms exhibited thirteen different peaks
in the *Cnmr spectrum of 3PC3ABA and is shown in Figure 1.22. A peak
appeared at 192.46ppm is due to the presence of highly deshielded carbon atom of
carboxylic group. All other aromatic carbon atoms of pyridine ring and benzene
ring resonated between 118.01-159.74ppm. The prominent peaks observed at

152.09, 151.20 and 135.14ppm were assigned to the carbon atoms C-4, C-5 and
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C-2 respectively. The carbon atoms C-1, C-7 and C-11 showed their signals at
124.04, 148.67 and 131.21ppm respectively with low intensity due to the absence
of H atom on those carbon atoms. The positions of peaks and assignment of

carbon atoms are given in the Table 1.6.
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Figure 1.22 '*Cnmr spectrum of imine 3PC3ABA

Mass spectral studies

The high-resolution mass spectrum of the heterocyclic compound
3PC3ABA is given in the Figure 1.23. The molecular ion peak and the base peak
are the same, in the mass spectrum of 3PC3ABA at m/z 226. The [M-1] peak
observed at m/z 225 was due to the loss hydrogen atom from the molecule. The
peaks at m/z 181 and 182 corresponds to the fragments [Ci2HioN2]" and
[C12HoN2] " evolved by the elimination of CO2 molecule and -COOH group from
the molecule respectively. The fragments [C10HoN] ¥, [CsHsNO2] * and [C7H502]
showed signals at m/z 154, 148 and 121 respectively. The additional signals
appeared at m/z 105, 90, 79, 65, and 51 were assigned to the fragments

[C7H502]", [C7H50] ", [CeHaN] ", [CsHsN] ¥, [CsHs] " and [CaHa] * respectively.
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Figure 1.23 Mass spectrum of imine 3PC3ABA

IR spectral studies

The vibrational spectrum of the compound 3PC3ABA showed
characteristic frequencies for stretching and bending vibrations. Due to the
stretching frequency of —OH, a broad peak was observed at 3437cm! in the FTIR
spectrum. The characteristic peaks of C=O and CH=N groups were appeared at
1698cm™ and 1627cm’ respectively. The stretching vibration of C-O was
observed at 1293cm™. The vibrations of aromatic C=C bonds showed peaks at
1425cm'and 1573cm™. The in plane bending was observed at 1085cm™ and
1039cm™!, while out of plane deformation can be seen at 811cm™!, 759cm™ and
691cm™.
Electronic spectral studies

In the electronic spectrum of 3PC3ABA two significant electronic
transitions m—n' and n—m  were observed at 38168cm™ and 3021lcm’
respectively.

From the above results and discussions, the structure of 3PC3ABA was

established and the structure of 3PC3ABA is represented in the Figure 1.24.
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Figure 1.24 Structure of 3PC3ABA

Synthesis and characterization of the heterocyclic imine:

2-(pyridin-2-ylmethyleneamino)phenol

A hot ethanolic solution of 2-aminophenol was mixed with a solution of
pyridine-2-carbaldehyde in ethanol, and refluxed for 4 hours on a water bath. The
concentrated solution was cooled in an ice bath; brown coloured precipitate -
pyridine-2-carbaldehyde-2-aminophenol (2PC2AP) or 2-(pyridine-2-
ylmethyleneamino) phenol was filtered, washed with ethanol-water mixture and
dried. The melting point of 2PC2AP was found to be 80°C. CHN content in
the molecule was confirmed by elemental analysis and the data is given in the
Table 1.7.
NMR spectral studies

The proton NMR spectrum of heterocyclic imine 2PC2AP is provided in
the Figure 1.25. In the "Hnmr spectrum of 2PC2AP, the signals were visible due
to ten nonequivalent set of hydrogen atoms at different chemical environments.
The broad signal of —OH proton was appeared at 6.880. A weak signal observed
at 8.740 can be assigned to the presence of azomethine proton. Other aromatic
protons exhibited their characteristic signals between 8.36- 6.650.

The proton decoupled *Cnmr spectrum of 2PC2AP is given in the Figure

1.26 and the spectral data is provided in the Table 1.7. The '*Cnmr spectrum of
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2PC2AP showed characteristic signals for 12 different carbon atoms in different
chemical environments. The azomethine carbon exhibited a characteristic peak at
136.83ppm. All the other 11 aromatic carbon atoms of pyridine ring and

benzenoid ring showed different peaks between 114.45 -150.18ppm.
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Figure 1.25 'Hnmr spectrum of imine 2PC2AP
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Figure 1.26 *Cnmr spectrum of imine 2PC2AP

Mass spectral studies

In the mass spectrum of 2PC2AP, the molecular ion peak was found at
m/z 198. The [M-1] and [M-2] peaks were observed due to the loss of hydrogen
atoms from the molecule. A peak observed at m/z 182 was due to the loss of
oxygen atom from the molecule and formed the fragment [C12H11N2] ™. The base
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peak appeared at m/z 120 for the fragment [C7HsNO] * due to the loss of pyridine

ring. Signals at m/z 105 and 93 can be assigned to [CsHsN2] © and [CsHs0] *

fragments respectively. The other peaks observed at m/z 79, 65 and 52 were due

to the formation of fragments [CsHsN]", [CsHs]" and [C4Ha]" respectively. The

mass spectrum and spectral data are given in the Figure 1.27 and Table 1.7.

Table 1.7 Microanalytical and spectral data of 2PC2AP

Analysis Data and Assignment

CHN Found: C% :71.84, H% : 4.49, N% : 13.55

Analysis Caled: C% :72.72, H% : 5.05, N% : 14.14

IR Yo-u 3385cm™, Ve-ngn 3061cm™, Ve (o1e) 3008cm™,Ye=n 1590

spectrum em™, Ye=c@n 1510, 1461cm™, Yco 1387cm™, In plane bending
1102,1022cm™!, Out of plane bending 747cm’!

UV-Visible | n—n":38910cm™ (257nm), n—m": 28985cm™ (345nm)

spectrum

"H nmr CH=N: 8.745(s), Ha: 8.365(d), Hi: 8.0356(d), H2: 7.9358(dd),

spectrum Hs: 7.726(dd), He: 7.486(d), Hs: 7.446(dd), H7: 6.968(dd),
OH: 6.885(s), Ho: 6.658(d),

BC nmr Ci: 150.18ppm, Cs: 149.44ppm, Ci2: 137.67ppm, CH=N:

spectrum 136.83ppm, Cs: 128.21ppm  C7: 127.94ppm, C3: 126.24ppm,
Cio: 125.37ppm, Ca: 121.57ppm, Cz: 119.65ppm, Cii:
115.90ppm, Co: 114.45ppm

Mass m/z: 198 [M]" [Ci2H1oN20]*, 197 [C12HoN20]", 196

spectrum [C12HsN20]", 183 [Ci2H1uiN2]", 169 [Ci2H11N]", 120(BP)
[C7H6NO]Y, 105 [CsHsN2]", 93 [CeHsO]", 79 [CsHsN]', 65
[CsHs]", 52 [C4H3]"
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Figure 1.27 Mass spectrum of imine 2PC2AP
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IR spectral studies

The assignment of vibrational peaks of 2PC2AP is provided in the Table
1.7. In the IR spectrum of 2PC2AP, a broad peak of O-H stretching vibrations
was observed at a frequency of 3385cm!. The signals at 3061cm™ and 3008cm™
can are assigned to the stretching frequencies of aromatic and olefinic C-H bonds
respectively. A characteristic peak of azomethine group was observed at 1590cm’!
The C-O stretching was observed at 1387cm™. In plane deformations at 1102cm™!
and 1022cm™ and out of plane deformation at 747cm™ were also observed.
Electronic spectral studies

In the Uv-visible spectrum of 2PC2AP, m—nr'transition signal was
observed at 38910cm™ and the R band due to n—n" transition was exhibited at
28985cm’.

From the above studies, we can arrive into structure of 2PC2AP as

represented in the Figure 1.28.

Figure 1.28 Structure of 2PC2AP
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CHAPTER 4

STUDIES ON HETEROCYCLIC IMINES DERIVED FROM
3-FORMYLINDOLE CARBALDEHYDE

The four imine compounds namely 3-formylindole phenylhydrazone,
3FIPH [or 3-((2-phenylhydrazono)methyl)-1H-indole], 3-formylindole
semicarbazone, 3FISC [or 2-((1H-indol-3-yl)methylene)hydrazinecarboxamide],
3-formylindole thiosemicarbazone, 3FITSC [or 2-((1H-indol-3-yl)methylene)
hydrazinecarbothioamide] and 3-formylindole-1,2-diaminocyclohexane,
3FIDACH [or N!N2-bis((1H-indole-3-yl)methylene)cyclohexane-1,2-diamine]
were synthesized by the common procedure used for the synthesis of imines
available from literature. NMR, mass, IR, UV-visible spectroscopic methods and
elemental analysis were used for chacterisation of the imines. The details of
synthesis and characterisation of the four imines are discussed in this chapter.

Synthesis and characterization of the heterocyclic imine :

3-((2-phenylhydrazono)methyl)-1H-indole

A hot ethanolic solution of 3-formylindole carbaldehyde was mixed with
equimolar amount of phenyl hydrazine in ethanol water mixture and was refluxed
for 5 hours. The resulting solution was concentrated to reduce the volume and
cooled in an ice bath. The pale yellow coloured 3-formylindole phenylhydrazone
(3FIPH) 3-((2-phenylhydrazono)methyl)-1H-indole was filtered and washed with
ethanol-water mixture (1:1) and dried. The melting point of 3FIPH was found to

be 140°C. The elemental data of 3FIPH is given in the Table 1.8.
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Table 1.8 Microanalytical and spectral data of 3FIPH

Analysis Data and Assignment
CHN Found: C% : 75.92, H% : 6.02, N% : 18.13
Analysis Calcd: C% : 76.60, H% : 5.53, N% : 17.87
IR Yn-m 3385, 3277cm!, Yeen 1600cm™, Ye=c@n 1525, 1492cm™

spectrum Yen 1246cm™, In plane bending 1101,1056cm™, Out of plane
bending 754, 690cm™!

UV-Visible | m—n": 38910cm™ (257nm), 34602cm™ (289nm),

spectrum n—m:29197cm™! (342.5nm)

H nmr NH(5): 11.335(s). NH(8): 8.285(s), Ha: 8.265(d), He: 8.135(s),
spectrum CH=N: 7.635(s), Hi: 7.448(d), H2;3: 7.2268(t), Hio,12: 7.186(t),
Ho,13: 7.156(d), Hi1: 6.695(t)

BC nmr Cs: 146.17ppm, CH=N: 136.98ppm, C13: 134.94ppm,

spectrum C11:129.04ppm, Ci0:127.21ppm, C7: 124.22ppm, Ces:122.22ppm,
Cs: 121.58ppm, Ca: 119.95ppm, Cs: 117.47ppm, Cz2: 112.78ppm,
Ci: 111.65ppm, Ci2: 111.36ppm,

Mass m/z: 235[M]*(BP) [C15H13N3]", 236 [CisH13N3]",
spectrum 234 [C1sH12N2]", 117 [C7H7NT", 93 [CeH7N]T, 91 [CsHsN]",
77 [CeHs]*
NMR spectral studies

The 'Hnmr spectrum of 3FIPH displayed eleven signals for eleven
different hydrogen atoms. The spectrum of 3FIPH is given in the Figure 1.29. A
characteristic signal of azomethine group (CH=N) appeared at 8.130 as a singlet.
A broad signal appeared as a singlet at highly deshielded region 11.336 due to the
presence of NH proton on indole ring. The NH proton present on phenyl
hydrazine functionality showed a single broad signal at 8.280. The proton labelled
H-11 present on phenylhydrazine part displayed a triplet at 6.696 due to ortho
coupling with coupling constant 7.2Hz. The two protons present on benzenoid
ring having the same environment (H-9) showed their characteristic signal as a
doublet at 7.156 with a coupling constant 7.2 Hz due to ortho coupling. The

protons H-10 and H-2,3 showed triplet at 7.18ppm and 7.22ppm respectively. Due
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to allylic coupling the H-7 proton showed a doublet at 7.636 with J = 2.4Hz. The
protons of indole ring and the benzenoid ring displayed their significant peaks
between 6.69-8.266. The data of 'Hnmr spectrum of 3FIPH is given in the

Table 1.8.
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Figure 1.29 'Hnmr spectrum of imine 3FIPH
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Figure 1.30 *Cnmr spectrum of imine 3FIPH
The signals appeared in the '*Cnmr spectrum of the compound were
assigned to 13 carbon atoms which are given in the Table 1.8. The signal for the
azomethine carbon appeared at 136.98ppm. A signal appeared at 146.17ppm due
to C-8 carbon atom present on indole ring. Two equivalent sets of carbon atoms
C-11 and C-12 present on the benzenoid ring of phenyl hydrazine, which had the

same environment showed their signals with high intensity at 129.04 and
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111.36ppm respectively. All other aromatic carbon atoms present in the indole

ring and bezenoid ring showed their respective signals in the range 111.36-

146.17ppm.

Mass spectral studies

The mass spectrum and spectral
data of heterocyclic derivative 3FIPH is
provided in the Figure 1.31 and Table 1.8
respectively. The molecular ion peak in the
spectrum was observed at m/z 235,
[C1sH13N3]" which is also the base peak
.This indicates the enhanced stability of the
molecule. The ratio of [M]" : [M+1]" was

found to be 100:17.2, using this ratio the

number of carbon atoms present in the

molecule can be calculated. It was found to

be 15.64 which indicated 15 carbon atoms
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Figure 1.31 Mass spectrum of
imine 3FIPH

present in the molecule. The peak at m/z 236 was the [M+1]" peak. The other

significant signals observed at m/z 143 and 117 respectively were due to the

fragments [CoH7N2]" and [C7HsN2]" respectively. Peaks appeared at m/z 93, 91

and 77 can be assigned to the fragments [CsH7N]", [CsHsN]" and [CeHs]"

respectively.
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IR spectral studies

The frequencies for stretching and bending vibrations of 3FIPH molecule
can be obtained from the IR spectra of the compound. The IR spectral data is
given in the Table 1.8. Broad signals displayed at 3385cm™ and 3277cm'were
due to the stretching frequency of N-H bond. The stretching vibration of C=N
gave an intense peak at 1600cm™. Due to the C=C vibrations of aromatic ring,
two peaks arised in the IR spectrum at 1492 and 1525cm™. The stretching
vibration of C-N bond was observed at 1246cm™'. The typical bands that appeared
at 1101 and 1056cm™ can be assigned to the in plane bending, and out of plane
bending peaks were appeared at 754 and 690cm’.
Electronic spectral studies

The characteristic electronic transitions found in the molecule 3FIPH were
n—n and n—n. In the m—n'region two bands appeard at 38910cm™ and
34602cm™!. The n—nelectronic transition observed at 29197cm’!,

From the above data and discussion the structure of the compound 3FIPH
can be obtained and is given in the Figure 1.32.
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Figure 1.32 Structure of 3FIPH
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Synthesis and characterization of the heterocyclic imine :

2-((1H-indol-3-yl)methylene)hydrazinecarboxamide

The heterocyclic derivative 3-formylindole semicarbazone (3FISC) was
prepared by mixing equimolar amount of hot ethanolic solution of 3-formylindole
carbaldehyde with semicarbazide solution. The reaction mixture was refluxed for
3hours on a water bath, evaporated and cooled to obtain brown coloured 3-
formylindole semicarbazone (3FISC) or 2-((1H-indol-3-yl)methylene)hydrazine
carboxamide. The melting point of 3FISC was 256°C.

NMR spectral studies

The proton NMR spectrum of 3FISC is given in the Figure 1.33. The
spectrum showed nine different peaks for hydrogen atoms in nindifferent
electronic environments. A strong broad peak (quadrapole broadening) observed
at 3.50 was assigned to the terminal NHz protons. The NH proton of the molecule
showed a weak broad signal at 6.239, due to quadrapole broadening. The proton
bearing azomethine group showed a singlet at 9.899. The aromatic protons of
indole ring exhibited a multiplet which resonated between 7.18-8.175. A broad
and very weak signal of OH proton was observed at 7.139, which emerged due to
tautomerism in the molecule. A multiplet was observed in the spectrum of 3FISC,
due to the overlapping signals of H-3 and H-4 proton.

The Figure 1.34 shows the '*Cnmr spectrum of 3FISC. The molecule
displayed ten distinct peaks for ten carbon atoms in the spectrum. The carbonyl
carbon (C=0) showed a peak at 156ppm. A significant signal observed at
128.95ppm was assigned to azomethine carbon. Due to the absence of hydrogen

atom, C-5, C-6 and C-7 carbon atoms of indole ring showed their signals at
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124.05,136.95, and 137.25ppm respectively with low intensities. The signals for
the carbon atoms in the indole ring resonated in the range 111.65-137.55ppm. The
assignment of *Cnmr signals in the spectrum is provided in the Table 1.9.
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Figure 1.33 'Hnmr spectrum of imine 3FISC
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Figure 1.34 *Cnmr spectrum of imine 3FISC

Mass spectral studies

The mass spectrum and the assignment of molecular fragments are given
in the Figure 1.35 and Table 1.9 respectively. The molecular ion peak [M]" was
observed at m/z 202. The [M-OH] peak appeared at m/z 185 and formed the
fragment [C10HoN4]". A prominent peak was observed at m/z 159 due to the

presence of fragment [CoHoN3]". The fragment [CoHsN2]" showed high intensity
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peak at m/z 142, which was the base peak. The other important peaks observed at

m/z 129 and 116 were due to the presence of fragments [CoH7N]" and [CsHeN]*

respectively.
Table 1.9 Microanalytical and spectral data of 3FISC
Analysis Data and Assignment
CHN Found: C% : 61.40, H% : 4.93, N% : 27.38
Analysis Calcd: C% : 60.48, H% : 4.95, N% : 27.72
IR spectrum | Ynu 3399, 3774cm’, Yo 3209cm™, Yc-o 1668, Ve~ 1575,
Ye=c @) 1528, 1421cm™ , Yen 1248cm’!, In plane bending
1125,1095 cm’!, Out of plane bending 754cm™!
UV-Visible | n—n": 36364cm™ (275nm), 38910cm™! (257nm),
spectrum n—7 : 32573cm™ (307nm), 28490cm™ (351nm)
"H nmr NH(6): 11.4468(s), CH=N: 9.898(s), H2: 8.178(d), Hi: 8.095(s),
spectrum Hs: 7.426(d), Hs: 7.208(m), Ha: 7.188(m), OH: 7.1368(s), NH(8):
6.236(s), NHa: 3.56(s)
BC nmr C=0: 156.92ppm, Cs: 137.55ppm, Cs: 137.25ppm, Cs:
spectrum 136.95ppm, CH=N: 12895ppm, C7: 124.05ppm, Ca:
122.33ppm, C3: 121.73ppm, Ci: 120.22ppm Ca: 111.65ppm,
Mass m/z: 202[M]" [C10H10N4O]", 185 [C10HoN4]",
spectrum 159 [CoHoN3]", 142(BP) [CoHeN2]", 129 [CoHsN]",
116 [CsHeN]", 77 [CsHs]"
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Figure 1.35 Mass spectrum of imine 3FISC
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IR spectral studies

In the IR spectrum of 3FISC, NH stretching frequency was appeared at
3399cm™ and 3374cm’!. Important peaks appeared due to the vibrational
streching frequencies of Yc-o and Yc-n, were at 1668cm™ and 1575cm’
respectively. A signal observed at 1248cm™ can be assigned to the stretching
frequency of C-N. The vibrations of aromatic C=C bond occurred at 1528 and
1421cm!. The peaks at 1125 and 1095c¢cm™ were due to in plane bending and the
out of plane bending vibration showed signal at 745cm™. A weak band observed
at 3209cm™! can be attributed to the O-H stretching frequency of enol form, which
arises due to tautomerism of the molecule.
Electronic spectral studies

Two electronic transitions —n and n—n~ were showed by the molecule
3FISC. In the n—n" region two band appeared at 36364cm™and 38910cm™'. In the
n—m region also two distinct bands were visible at 32573cm™ and 28490cm’!

From the above discussion the structure of 3FISC was identified and is

given in the Figure 1.36.

NH, NH,
HN/< N%<
/ 0 OH
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Figure 1.36 Structure of 3FISC and its keto-enol tautomerism
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Synthesis and characterization of the heterocyclic imine :

2-((1H-indol-3-yl)methylene)hydrazinecarbothioamide

Smmol solution of 3-formylindole carbaldehyde in ethanol was heated on
a water bath and to this hot solution, 5mmol ethonolic solution of
thiosemicarbazide was added. The reaction mixture was refluxed on a water bath
for 4 hours, concentrated the solution and cooled in ice bath. The precipitated 3-
formylindole  thiosemicarbazone  (3FITSC), 2-((1H-indol-3-yl)methylene)
hydrazinecarbothioamide was separated through filtration, washed and dried. The
melting point of 3FITSC was found to be 180°C. Yield 75%.The elemental
analysis and spectroscopic results are discussed in following paragraph.

Table 1.10 Microanalytical and spectral data of 3FITSC

Analysis Data and Assignment
CHN Found: C% : 54.96, H% : 5.02, N% : 26.10
Analysis Calcd: C% : 55.05, H% : 4.59, N% : 25.69
IR Yam 3323.3236em™,Van 3161em’™, Vs 2355cm™,Veen

spectrum 1592cm™, Ye=c@n 1600, 1446cm™ | Yen 1257cm’!, In plane
bending 1116,1033cm™, Yc—s 858cm™,Out of plane bending
752cm’!

UV-Visible | n—n": 38910cm™ (275nm), 35461cm™! (282nm),

spectrum | n—m’: 30120cm™ (332nm),

Hnmr | SH: 11.586(s). NH: 11.165(s), CH=N: 9.965(s). H1: 8.315(s),
spectrum H2: 8.216(d), NH: 8.0358(s), Hs: 7.816(d), Hs: 7.186(m), Ha:
7.158(m), NHa: 2.56(s)

BC nmr C=S: 184.94ppm, CH=N: 140.81ppm, Cs: 138.36ppm,
spectrum Cs: 130.90ppm, Cs: 123.95ppm, Ce: 123.43ppm, Coa:
122.60ppm, C7: 120.79ppm, Ci: 120.59ppm, Cs: 111.10ppm

Mass m/z: 218 [M]" [CroHioNaS],, 201 [CioH7N:S]", 142(BP)
spectrum | [CoHeNa]", 131 [CsHsN2]", 116 [CsHeN]", 102 [C2HsN3ST", 89
[CH3N3S]"
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NMR spectral studies

The proton NMR spectrum of 3FITSC (Figure 1.37) showed nine signals
for nine distinct hydrogen atoms. A broad signal appeared as a singlet at 3.50 was
assigned to terminal NH2 proton present on thiosemicarbazide functionality. The
NH proton of thiosemicarbazide appeared at 8.030, which was broad. The SH
proton produced a signal at 11.580 as a singlet, due to the thioketo-thioenol
tautomerism. A singlet appeared at 11.160 corresponds to the NH proton present
on the indole ring. The azomethine proton displayed a signal at 9.966. The

aromatic protons of indole ring resonated in the range 7.15-8.214.
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Figure 1.37 'Hnmr spectrum of imine 3FITSC
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Figure 1.38 '*Cnmr spectrum of imine 3FITSC
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The *Cnmr spectrum and data are provided in the Figure 1.38 and Table
1.10 respectively. Ten signals appeared in the "*Cnmr spectrum of 3FITSC were
assigned for 10 carbon atoms at different chemical environments. A peak
observed at 140.81ppm was assigned to azomethine carbon (CH=N). All other
aromatic carbon atoms present in the indole ring appeared in a range 111.10-
138.36ppm.
Mass spectral studies

Mass spectrum of the compound 3FITSC is provided in the Figure 1.39.
The molecular ion peak in the spectrum was observed at m/z 218. The [M-NH3]
peak was observed at m/z 201, produced by the molecular fragment [C10H7N3S] .
The base peak appeared at m/z 142 due to the fragment [CoHeN2]". The other
significant signals which appeared at m/z 131,116,102 and 89 can be assigned to

the fragments [CsHsN2]", [CsH7N]", [C2H4N3S]" and [CH3N3S]" respectively.
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Figure 1.39 Mass spectrum of imine 3FITSC

IR spectral studies
The vibrational stretching frequencies of different functional groups are

given in the Table 1.10. The symmetric and asymmetric stretching vibrations of
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terminal -NHz group appeared at 3236 and 3323cm™ respectively. The vibration
of NH group was observed at 3161cm™. A signal appeared at 2355cm™ due to
Vs is an evidence for the tautomeric structure of the molecule. The azomethine
group stretching appeared at 1592cm™. The aromatic stretching vibrations of C=C
showed peaks at 1446 and 1600cm™. A characteristic stretching frequency of C-N
was appeared at 1257cm’’. The two in plane bending vibrations and one out of
plane bending vibration were appeared at 1116, 1033 and 752cm™ respectively.
Electronic spectral studies

‘The m—n’" and n—n" electronic transitions were displayed by the
molecule 3FITSC. The two n—n" bands were appeared at 38910 and 35120cm™.
The n—n’ band was observed at 30120cm™ in the UV-visible spectrum.

From the above results and discussion the structure of 3FITSC was

confirmed and it is given in the Figure 1.40.

NH, NH,
HN/< N%
S / SH
—N —N
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Figure 1.40 Structure of 3FITSC and its thioketo-thioenol tautomerism

Synthesis and characterization of the heterocyclic imine :

NL,N2-bis((1H-indol-3-yl)methylene)cyclohexane-1,2-diamine
A hot ethanolic solution of 3-formylindole carbaldehyde (2mm) and 1,2
diaminocyclohexane (Imm) in ethanol was mixed together in 2:1 ratio and

refluxed for 5 hours. The resulting solution was concentrated and cooled in an ice
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bath. The precipitated 3-formylindole-1,2-diaminocyclohexane (3FIDACH),
N!,N2-bis((1H-indol-3-yl)methylene)cyclohexane-1,2-diamine was filtered and
washed with ethanol-water mixture (1:1) and dried. The melting point of
3FIDACH was found to be 126°C. The elemental data of 3FIDACH is given in
the Table 1.11.
NMR spectral studies

The 'Hnmr spectrum of 3FIDACH showed ten signals for ten different
hydrogen atoms. The spectrum of 3FIDACH is given in the Figure 1.41. Signal
due to azomethine protons (CH=N) was appeared at 8.200 as a singlet. The NH
proton on indole ring exhibited its characteristic peak at highly deshielded region
9.860. Another singlet also appeared in the spectrum due to the presence of H-6
proton at 8.300. The protons present on the amino part of cyclohexane displayed
their signals at shielded region 1.64, 2.42, and 1.496 corresponding to H-8, H-9
and H-10 protons respectively. The protons of indole ring gave significant peaks
between 6.02-8.305. The data of '"Hnmr spectrum of 3FIDACH is given in the
Table 1.11.

The signals appeared in '*Cnmr spectrum of 3FIDACH were assigned to
12 sets of carbon atoms which are given in the Table 1.11. The signal for the
azomethine carbon appeared at 185.44ppm. The sp® hybridised carbon atoms
present on the cyclohexane C-10, C-11 and C-12 exhibited their characteristic
peaks at 72.34, 28.32, and 23.48ppm respectively. All other carbon atoms present
in the indole ring showed their respective signals in the range 112.88-138.92ppm.

The DEPT spectra of imine 3FIDACH exhibited in the Figure 1.43. The DEPT
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135 spectrum was useful to assign the exact signals for carbon atoms in *Cnmr.
The DEPT 135 of 3FIDACH exhibited only nine signals, and the signals
corresponds to C-5, C-6 and C-7 were absent because they are quarternary carbon
atoms. Two inverse peaks were observed in the DEPT 135 spectrum, which

indicated the presence of two different sets of methylene groups present in the

compound.

Table 1.11 Microanalytical and spectral data of 3FIDACH
Analysis Data and Assignment
CHN Found: C% : 78.64, H% : 6.36, N% : 15.02
Analysis Calcd: C% : 78.20, H% : 6.55, N% : 15.25
IR Yn-h 3338, 3170cm™!, Yen1639ecm™, Ye=cn 1524, 1446cm™
spectrum Yen 1240cm™, In plane bending 1125,1018cm™, Out of plane

bending 794,753cm’!
UV-Visible | n—n": 38910cm™ (257nm), 35364cm™ (295nm),
spectrum | n—m': 28540cm™ (336nm),
'H nmr NH: 9.868(s), He: 8.3056(s), CH=N: 8.206(s), Hi: 8.028(d),
spectrum Ha: 7.4458(d), H3: 7.156(m), H2: 7.028(m), Ho: 2.428(m),

Hs: 1.648(d), Hio: 1.496(d)
BC nmr CH=N: 185.44ppm, Cs: 138.92ppm, Cs: 124.58ppm, Coa:
spectrum 123.92ppm, C3:122.25ppm, Ci: 121.28ppm, Cs: 120.46ppm, C7:

118.63ppm, Ca: 112.88ppm, Cio: 72.34ppm, Cii: 28.32ppm,

Ci2: 23.48ppm
Mass m/z: 368 [M]" [C24H24N4]", 238 [C15H16N3]", 223 [C1sHisN2]",
spectrum 144 (BP) [CoHsN2]", 130 [CoHsN]", 116 [CsHsN]", 89 [CsH3N]"

7
Crd 3

10

Qg

N\\CH HC/:‘ !
Yo,

Wl

T T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 3 2 1 (i}

Figure 1.41 '"Hnmr spectrum of imine 3FIDACH
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Figure 1.43 DEPT 135 spectrum of imine 3FIDACH

Mass spectral studies

The mass spectrum and spectral data of heterocyclic derivative 3FIDACH
is provided in the Figure 1.44 and Table 1.11 respectively. The compound
3FIDACH showed its molecular ion peak at m/z 368 as very weak. A peak
appeared at m/z 238 corresponds to the fragment [CisHisN2]". The fragment
[CoHsN2]" showed highest intensity in the mass spectrum of 3FIDACH at m/z
144. The other significant signals were observed at m/z 223 and 130 are
responsible for the fragments [CisHisN2]" and [CoHsN]'respectively. Peaks
appeared at m/z 116 and 89 can be assigned to the fragments [CsHsN]™ and

[CsH3N] " respectively.
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Figure 1.44 Mass spectrum of imine 3FIDACH

IR spectral studies

The IR spectral data of the compound 3FIDACH is given in the Table
1.11. The stretching frequency of N-H bond showed broad signals at 3338cm’
and 3170cm™. At 1600cm™, an intense peak observed due to the stretching
vibration of C=N. Due to the C=C vibrations of aromatic ring, various peaks
arised in the IR spectrum at 1524 and 1446cm’. The C-N bond stretching
vibration of 3FIDACH observed at 1240cm™'. The typical bands appeared at 1125
and 1018cm™ are assigned to in plane bending, and out of plane bending

vibrations were appeared at 794 and 753cm’™.
Electronic spectral studies

The two characteristic electronic transitions found in the molecule
3FIDACH were n—n" and n—". In the m—n'region two bands were appeard at
38910cm™ and 35364cm™. The n—m'electronic transition was observed at

28540cm™.
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From the above data and discussion the structure of the compound

3FIDACH is derived and is given in the Figurel .45.

=

N N

CH HC//
Crd oo

Figure 1.45 Structure of 3FIDACH
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SUMMARY

Heterocyclic imines, derived from pyridine carbaldehyde such as pyridine-
2-carbaldehyde oxime (2PCOX), pyridine-3-carbaldehyde oxime (3PCOX),
pyridine-2-carbaldehyde-4-aminobenzoic  acid  (2PC4ABA),  pyridine-2-
carbaldehyde-3-aminobenzoic acid (2PC3ABA), pyridine-2-carbaldehyde-2-
aminobenzoic acid (2PC2ABA), pyridine-3-carbaldehyde-3-aminobenzoic acid
(B3PC3ABA), pyridine-2-carbaldehyde-2-aminophenol (2PC2AP) and imines from
3-formylindole carbaldehyde namely 3-formylindole phenylhydrazone (3FIPH),
3-formylindole semicarbazone (3FISC), 3-formylindole thiosemicarbazone
(3FITSC),  3-formylindole-1,2  diaminocyclohexane  (3FIDACH)  were
synthesized.

A series of pyridyl and indole derivatives were synthesised and evaluated
as potential anticorrosion compounds. From the literature survey it is much clear
that these molecules were designed and selected for the analysis based on their
expected structural and chemical properties. These compounds consist of a
heterocyclic ring, an aromatic ring and an azomethine moiety which can bind on
to the metal surface. The synthetic routes to these molecules were explained and
characterized them by various methods, such as CHN analysis, NMR, Mass, IR
and UV-visible spectroscopic studies.

The seven imines derived from pyridine carbaldehyde such as 2PCOX,
3PCOX, 2PC4ABA, 2PC3ABA, 2PC2ABA, 3PC3ABA and 2PC2AP were
synthesized by mixing the corresponding aldehyde and amine in 1:1 stoichiometry

and refluxed for definite time. The filtered imines were solid compounds and they
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were soluble in ethanol, dimethyl sulphoxide and acid solutions. The imines
2PC4ABA and 3PC3ABA were slightly soluble in dichloromethane. The yield of
synthesized two oximes, 2PCOX and 3PCOX was around 80%. The melting point
of these oximes was found to be above 100°C. The other imines of pyridine
carbaldehyde showed their yield above 70%. Among the imines of pyridine
carbaldehyde the highest melting point 232°C was noticed for 2PC4ABA and the
lowest value 80°C for 2PC2AP. The other imines exhibited their melting points
between 108-220°C.

The 3-formylindole carbaldehyde derivatives namely 3FIPH, 3FISC and
3FITSC satisfied 1:1 aldehyde and amine stoichiometry, while 3FIDACH
followed 2:1 ratio between them. Ethanolic medium were adopted for the
synthesis of imine. Refluxation and cooling method was employed in all cases.
The imine compounds are soluble in acetone, chloroform, dimethyl sulphoxide.
The imine 3FISC was sparingly soluble in dichloromethane and was thermally
stable with melting point 256°C. The other indole based imines showed their
melting point between 126-180°C.

The CHN analysis was done to identify the exact percentage of carbon,
hydrogen and nitrogen of the studied imines and found them in agreement with
theoretical data. All the imines showed two characteristic electronic transitions
n—n and n—n  which were confirmed by UV-visible spectroscopy. The
functional group identification such as the presence of -C=N, -OH and -COOH,
absence of -CHO and -NH: group was studied by FTIR spectroscopy. IR also

used for the identification of hydrogen bond formation in the imines. The keto-
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enol tautomerism was shown by the imines 3FISC and 3FITSC, which was also
identified by IR spectroscopy. Using 'Hnmr spectroscopy the number of protons
present in the imines and their difference in chemical environments were studied
in detail. The proton decoupled spectrum of *Cnmr gave the information about
the number and nature of carbon atoms present in the imine compounds. DEPT
135 spectrum was useful to assign the exact signals for carbon atoms in *Cnmr
spectrum of 3FIDACH. The fragmentation patterns of the imines were obtained
from mass spectrometry. The imines 2PCOX, 3PCOX, 2PC4ABA, 3PC3ABA
and 3FIPH were showed molecular ion peak as the base peak.

To conclude, eleven potential heterocyclic imine compounds derived from
2-pyridine  carbaldehyde, 3-pyridine carbaldehyde and 3-formylindole
carbaldehyde were synthesized and characterized using modern analytical
techniques. The synthesis and characterization details of eleven heterocyclic

imines were discussed well in this part.
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