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ABSTRACT

The thesis entitledSynthesis and Characterisation of Some Medicinally
Important Spiro and Condensed Heterocycles througlGreen Approach’ is the
study with special emphasis on the design and dpwetnt of various green

approaches for the synthesis of biologically potesterocyclic compounds.

Heterocyclic compounds are well recognized for irtheultifaceted
pharmacological behaviour. They display an arraybiological activities. Many
modern pharmaceuticals which are in regular ther@pese are organic compounds
and contain heterocyclic moieties. Some of thesee haeen found to possess

significant biological properties and surprisingdyv toxicity towards humans.

Medicinal chemists nevertheless continue to sheght lon the structure
activity relationship that governs the field by d#sing new products and optimising
structural variables. The search for novel chemecdities has largely focussed on

the synthesis of heterocyclic compounds with phaotogical activities.
The present thesis has been divided into severtatsap

Chapter 1 begins with abrief introduction to heterocyclic chemistry, organ
synthesis, and description of ‘Green Chemistry’luding the twelve principles,
alternative methods (microwave, ultrasound andarefil irradiation), reaction media
(water, fluorous solvents, polyethylene glycol aidhic liquids) and catalysts
(nanocatalysts and biocatalysts) for the synthekiseterocyclic compounds. Two

hundred and nine references have been given anthef the chapter.

Chapter 2 describes a rapid and catalyst-free aqueous-mediatgpedient
multicomponent reaction capable of affording a coratorial library of medicinally
important pyrazolo[3,4][1,4]thiazepine derivativesn excellent yields in shorter
reaction times. This new protocol provides a sewembered ring system by the
one-pot three-component approach involving isaterapthaquinone/piperidines/
aromatic aldehydes, heterocyclic amines amdercapto carboxylic acids selectively
instead of expected five-membered ring system loergbossible isomers. In addition
to chemo and regioselectivity, interesting resulése also obtained with respect to

diastereoselectivity. The reaction constitutes siasnable and environment-friendly



approach for the development of biologically acte@mmpounds and opens a new

way for creating molecular complexity with maximsmplicity.

Chapter 3 reports the chemoselective synthesis of indolefikgBinoxaline
derivatives by the reaction of isatins with 1,2rdiaes in ethylene glycol under
microwave irradiation using Cu doped CdS nanogdagias a catalyst which have
been prepared by simple aqueous chemical methamEthod showed remarkable
selectivity for indolo[2,3s]quinoxalines over 3-imino-isatin, spirobenzimidbzo
and ring-opened quinoxalinone derivatives. Cu dopd& NPs play a dual role of
catalyst as well as susceptor, and enhances thallow@pacity to absorb MW in the
reaction mixtureCu doped CdS NPs have been characterized by vaaohsiques
such as FT-IR, XRD, TEM, SEM, EDAX, UV/VIS and IGKES.

Chapter 4 constitutes an efficient and inexpensive synthgtiotocol for the
synthesis of substituted-2,3-dihydroquinazolinH)-bne derivatives in refluxing
ethanol. The present methodology uses @Of-@anoparticles as a catalyst for the
three-component condensation reaction of isatdiy@mde, substituted anilines and
various aldehydes affording the desired productagmétically separable Copper
ferrite nanoparticles have been characterized lbipws techniques such as FT-IR,
XRD, SEM, EDAX and ICP-AES.

Chapter 5 deals with a direct and highly efficient protocalr fthe synthesis of
medicinally important spirooxindole derivativesdhgh a one-pot multi-component
reaction of substituted isatins, malononitrile anytlic ketones catalyzed by L-
proline as an inexpensive catalystaqueous ethanol. This multicomponent reaction
proceeds/ia sequential Knoevenagel condensation and Michadtiad reaction to
afford the desired products.

Chapter 6 describes a highly efficient methodology for thgnthesis of
spiro[indoline-3,4-pyrazolo[3,4b]pyridine] derivatives through a one-pot, three-
component reaction of isatin, malononitrile, an@rbino-3-methylpyrazole using

2,2,2-trifluoroethanol as a reusable green solueder microwave irradiation.

Chapter 7 deals with thea-amylase inhibition assay, antioxidant, antimicebpi
antitubercular and antimalarial activity of the qwwands synthesized against

various strains.

Vi



All the synthesized sixty five compounds were tédta purity by TLC, while IR,
'H NMR, °C NMR and Mass spectral studies have been usetidassignment of
structure of the title compound§he structure and relative stereochemistry of the

compounds was also confirmed by single crystal Weliffraction.
Conclusion

The present work is an attempt to explore newerdsdan the upcoming areas of
‘Green Chemistry’ by using sustainable approachesévising alternative methods
such as ultrasound irradiation, microwave irradiati nanocatalysts, alternative
solvents, etc. for the diversity-oriented synthedibiologically potent heterocycles.
The versatility of these techniques has been ddudiégerms of their synthetic utility

for medicinally important heterocyclic compounds.
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11 INTRODUCTION

The well-being of modern society is unimaginableheut the countless
products of industrial organic synthesis. Chemigtra branch of science in which
the composition, structure, properties and chanfyematter are studied. It is
primarily concerned with atoms and molecules aneirthnteractions and
transformations® Chemistry and chemical industries are continuowsiyking to
promote the longer life expectancy of the humamdmi higher quality of life,
improved safety, greater convenience and a betiderstanding of the universe.

The termsynthesisn Greek means ‘to put together’.

The modern definition of organic chemistry is ‘tbhemistry of carbon
compounds’. The term organic means "derived fronmdj organisms". Originally,
organic chemistry was limited to the study of tleenpounds produced from living
organisms. But now, chemists have learned to makiems of original compounds,
along with the synthetic versions of many orgamimpounds that are identical with
the "natural” compounds. Further, organic compousrds composed primarily of
carbon, hydrogen, oxygen, and nitrogen atoms bortdgdther to satisfy their
valences® Synthetic organic chemistry is the art of ‘builgiup’ of complex

organic molecules or compounds from readily avélaimnaller molecules.

Organic synthesis of valuable molecules has boosireze the synthesis of
urea from ammonium isocyanate in 1828 by WolérThis serendipitious
discovery negated the vital force theory, whichextdhat a substance produced by a
living organism could not be formed syntheticallhe discovery had an immense
significance, because it showed that, in principl,organic compounds can be

synthesized in a laboratoty.

The efforts of synthetic organic chemists are tloeeedevoted not only to
the synthesis of diverse compounds (diversity-doeersynthesis), but also to the
total synthesis of complex organic compounds (tangented synthesis), and the

development of new synthetic methods (method-cei@eynthesis}? (Figurel.1)

1. Diversity-oriented synthesis (DOS) has come ight as a powerful and
efficient tool. The goal of diversity-oriented skesis is the facile construction of

structurally complex diverse compounds from simgilerting materials. It features
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three types of diversity: substitutional diversisyereochemical diversity, and most
importantly skeletal diversity resulting in the leation of catalyst and drug

libraries.

The substitutional diversity can be achieved by lomatorial variation of
building blocks; the stereochemical diversity bye tluse of stereocontrolled
reactions. The most challenging facet of DOS, ahdritical importance to its
success, is the ability to incorporate skeletakbdiity into a compound collection,
i.e., the efficient generation of multiple moleautzaffolds from the same starting

materials.

2. Target-oriented synthesis aims to prepare eifsp&arget compound, which
can be a complex organic molecule, a natural prfpdny designer molecule, or any

drug molecule.

3. The method-oriented synthesis concerns with itherovement and the
development of a synthetic procedure with the haflpnew reagents, catalysts,
strategies and work-up procedures. As a result, viig organic diversity is
potentially rewarding which facilitates the leadhgeation in drug discovery process.

Organic Synthesis

|
' l l

1. Diversity Oriented Synthesis 2. Target Oriented Synthesis 3. Methods Oriented Synthesis

(Combinatorial Chemistry) (Total Synthesis) (Synthetic Methodology)

Squsietlszt;g/na| = Natural Products — | Reagents

— Ste[r)?\(/)ecrhstiatr;ical |, Designer Molecules —> Strategies
L g’i\k/glritig: ¢ l l I— = | Catalysts
Drug Candidates gfreuf gtslj[;gg |, | Tactics

Figure 1.1: Classification of Organic Synthesis

Organic compounds containing at least one heteliocytng which
comprises of carbon and hydrogen atoms alongwiéghasrmore hetero-atoms as, N,
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O, S, halogens, P etc. are known as heterocyadigpoonds. Heterocyclic chemistry
is the branch of chemistry dealing exclusively wakinthesis, properties and
applications of heterocyclic compounds as shownFigure 1.2 Heterocyclic
chemistry is one of the most multifaceted and festang branch of organic
chemistry and heterocyclic compounds comprisedhgekt and most diverse family
of organic compounds. Many aspects of heterocyimpounds are recognized as
disciplines of general implication that intrude amost all aspects of modern
organic chemistry, medicinal chemistry and bioctstrj etc. Heterocyclic
compounds offer an increased scale of structuvarslity and have been established

to be broadly and cost-effectively useful as thetgic agent$:®

Organic Compounds

l | 1

Acyclic

q Cyclic
com|p0un S compounds
Straight chain | Branched chain Homocyclic Heterocyclic
compounds compounds compounds compounds
Alicyclic Aromatic
compounds compounds

Figure 1.2 Classification of Organic compounds

The synthesis of varity of useful heterocyclic gmuands have shown their
importance not only in terms of varied synthetidesu but also on basis of
physiological relavenc®'® Heterocycles constitute an exceedingly importdass
of compounds and hold a special place among phautiaally significant natural
products and synthetic compounds. The field ofroetelic chemistry has emerged
to meet an increasing requirement of new compouodsdrug discoveryX ™
Heterocycles are among the most frequently encoeshtecaffolds in drugs and
pharmaceutically relevant substances have showaortance due to the presence of

their structural subunits which is found in mosttbé natural products such as
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vitamins, hormones, antibiotics, and alkaloids, aell as pharmaceuticals,

herbicides, dyes, efe:*

The exploration of heterocycles as privileged stmecin drug discovery is,
beyond doubt, one of the major areas of medicihahtstry*® The wide occurrence
of the heterocycles in bioactive natural producgsharmaceuticals, and
agrochemicafd*’has made them important synthetic targets. Syathetierocycles
act as antibacterial, antifungal, antimycobacteridtypanocidal, anti-HIV,
antileishmanial, genotoxic, antitubercular, antanal, herbicidal, analgesic,
antiinflammatory, muscle relaxants, anticonvulsaranticancer and lipid
peroxidation inhibitory, hypnotics, antidepressaantitumor, anthelmintic and
insecticidal agent&?° Heterocyclic compounds provide scaffolds on which
different type of pharmacophores can arrange tol yietent and selective drugfs®’
(Tablel.1)

Table 1.1 Representative heterocyclic compounds as bicactivieties

S. Name of the Structure of the Use of the compound
No. compound compound
1 HA14-1 Disrupts Bax/Bcl-2 interaction

O N
N6 | o and induces apoptosis of tumor
B J cells.
| )
O~ "NH,

2 UCPH-101 Selective non-substrate inhibitpr
of EAAT1.

3 Horsfiline N/ Horsfiline is an oxindole

MeO N alkaloid extracted fro

€ \ Horsfieldia superba which is

O used in traditional herbal

N L .
H medicine, has analgesic effects.

4 Riluzole FsCO S Riluzole is a drug which is used
/>—NH2 to treat amyotrophic lateral
N

sclerosis. It delays the onset |of
tracheostomy in patients.
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Fentiazec

Fentiazac, a novel alkanoic ad
derivative, is an
inflammatory agent which i
non-steroidal in

analgesic, antipyretic, and
N\ COOH platelet-inhibitory actions.
Zopolrestat Zopolrestat is a human
glyoxalase | inhibitor, selectively
HOOC I inhibits  aldo-keto  reductase
N- o members AKR1B10 angd
N AKR1B1.

antit

|72}

id

nature has

Amiphenazole NH, Amiphenazole is a respiratory
S/\< stimulant and is used as an
N antidote as well as for the
S : :
treatment of respiratory failure.
NH,
8 Fluproquazone F Fluprogquazone is A

quinazolinone derivative wit

—

O potent analgesic and antipyretic
effects and also ant|-
inflammatory action.
(LA
HsC )N\AO
H3C CH3
9 Diltiazem OCH; Diltiazem is a
nondihydropyridine member of
the class of drugs known as
S calcium channel blockers, used
@[ o) in the treatment of hypertension,
N — angina pectoris, and arrhythmia.
ho°
/N\

Synthetic organic chemistry is perhaps the mostresgive branch of the
science in view of its unlimited scope. To apprecidgs impact on the whole
mankind, one has to look around and recognizesyrghesis of organic compounds
is a mainstay behind the manufacture of pharmaxasfi high-tech materials,

polymers, fertilizers, pesticides, cosmetics, dnthing® (Table 1.2)
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Table 1.2 Examples of heterocyclic compounds in our dafy |

S. | Area Examples of the heterocyclic compounds
No.
1 Polymers | Polyimides, polybenzimidazoles, polybenzoxazole and

polybenzothiazoles, etc.

2 Pesticides | Chlorpyrifos, Diazinon and Metaldehyate,

3 Cosmetics | Derivatives of tetrahydrofuran (Ambroxid), macyolic
compounds (Exaltolid, Ambretollid, Cervolid and @aeton),
Poly(N-vinylpyrrolidone), Orotic acid, Zinc-pyritiee and Omadin,
etc.

4 | Clothing Polyester (tetrahydro-2,5-dimethgis furan and their derivatives
Fabric whiteners (imidazopyrimidines), etc.

5 High-tech | Anticorrosive agents (Triazoles), OptoelectronicsSpifo
materials | phenothiazine), Photographic  sensitizers and dpeed
(coumarine), Maodifier for rocket propellant fuefr¢pyleneimine)
Luminophores (pyrazoloquinolines), Light-emittingode (1,3,5-
tris(N-phenylbenzimidazol-2-yl) benzene), etc.

Thus, its significance as a research disciplinereds ahead of providing a
test for the state-of-the-art. It tenders the oppoty to discover and invent new
areas of sciences and related disciplines in a masiculous way to the young
practitioners whose expertise may feed many pergbhareas of science and

technology® (Figure1.3.

Organic Synthesis Drives Other Disciplines

Biology

!

Physics | <— New Organic «—» Medicine
Molecules

SN

Materials Science Nano-technology

Figure 1.3: Co-relation of Organic Synthesis with other Scesnc
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1.2  Green chemistry

Scientists working in the field of synthetic orgashemistry have followed
the foot steps of the predecusers in order to nhédddy complex molecules which
have specific properties with very versatile chexhstructures. This leads to the
day-by-day discoveries of new reagents and catalykich can enable the synthetic
chemists to utilise their vision for designing tkasy accessibility of complex
compounds. Many challenges still lie ahead, andsthetions need to be found out
not only in the field of chemistry but also in tiierdisciplinary sciences of physics,

biology and engineeriny.

This has served as the motivation for the disgpeémew term ‘sustainable
development’ which involves the protection of tleelay’'s environment for taking
care of the needs of future generation. As a careseze, Green Chemistry has
emerged in the last decadfe¥ enabling the synthetic chemists to produce greener
and more sustainable processes using the prinappl&een Chemistry. The most
important aspect of Green Chemistry is the conoéjplesign. The object of Green
Chemistry is to reshape the way of the synthesiwhith the chemists visualize;
necessarily focus on the development of alternasivstainable variants for the
existing ones; and the development of various ®fithstrategies including the
environmental considerations at the design stagepthemical process.

Green Chemistry definitions change based uporidties. Green Chemistry
or Sustainable Chemisf3”® can be defined as “the utilisation of a set ohgiples
that reduce or eliminate the use or generatioragatdous substances in the design,
manufacture and application of chemical producihé term Green Chemistry,
coined by staff at the US EPA in the 199b&elped to bring focus to an increasing
interest in developing more environmentally frigndthemical processes and
products. A variety of term have been postulated for Green Chemistry to lay
emphasis on the possibility of the use of chemprakesses. The most common
ones can be stated as follows:

. Sustainable Chemistry
. Environmentally Benign Chemistry
. Clean Chemistry

. Ecological Chemistry
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. Atom Economy

. Benign by Design Chemistry

. Environmentally Friendly Chemistry
. Ecochemistry

Green Chemistry is an emerging field which endeevdo work at the
molecular level for achieving sustainability. Theld has attained a global interest
as it goes beyond the research laboratory to tleisiny, education and the
environment due to its ability to control chemioathods to meet the economic and
environmental goals simultaneousfylt has simply become a new environmental
priority which provides a design for chemical exan and can direct the synthetic
chemists to accomplish sustainable practices dwiagnical research, development
and manufacturing. Green Chemistry can be portrdye the twelve principles
(Figure 1.4 and works as a cohesive system of these prirsciphech provided the
framework of sustainable desigh.Green Chemistry recognizes the relevant
chemical priorities and directs the research effootvards significant and timely
endeavours. These principlé® can deliver higher efficiency, reduced
environmental burden during synthetic chemical gsscand can provide a new
landscape for exploration of scientific processased upon the new measures of
Chemistry.
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12. Inheren

11. Real-ti safer chemis
analysis fo for accide
pollution DLEVEL L

. Prevention of

10. Design U
Gl | /.

9. Use of
catalysis and ¥ (——— Green — 3. Less hazard
atal i)c/ reage Chemistry hemical synth

8. Reduce / \ 4. Designing
- u_s pf safer chemice
4 5. Safer solvent
renewal - ili
6. Design

Figure 1.4: Principles of Green Chemistry

Following section is intended to provide a brieferview about the

principles of Green Chemistry.
1. Prevention of waste

This is the fundamental principle of Green Chemistry chhstates that
chemical processes should be designed as to menitines waste levels during the
process design rather than to treat or clean uftleewards generated waste. The
development of preventive strategies at the desigge of synthesis is of utmost
requirement for sustainability.

2. Atom economy

The term ‘atom economy’as one of the principlesGoéen Chemistry was
introduced by Barry Trost in 1998%° Atom economy is a simple yet useful tool
which refers to the concept of the maximum usentfal materials so that the final
product incorporates the maximum number of atomghef reactants. Thus, it
represents an efficient strategy towards the suabée synthesis.
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3. Less hazardous chemical syntheses

This Green Chemistry principle strives towards #spect of the hazards
associated with the chemicals and the chemistrgldped. As phrased by Anastas
and Warner? “wherever practicable, synthetic methods shouldiésigned to use
and generate substances which possess little doxiaty to human health and
environment”. Less toxic materials imply lower hatmato the workers in industry

and research laboratories and less pollution t@tivdonment.
4, Designing safer chemicals

Designing should become a fundamental aim of Gf&eemists to achieve
the desired function and properties of the prodhatghe sustainable view also pays
attention to its environmental profile minimisingetr toxicity to human being and

environment.
5. Safer solvents and auxiliary substances

Since solvents are the part and parcel of theareBeof a synthetic organic
chemist. The ideal situation would be not to usg aalvent as including any
auxiliary in the synthetic process always entdiks ¢fforts and energy to remove it
from the system. And if used, they should be regadaar reduced with the less toxic

chemical products.
6. Design for energy efficiency

Rising concerns over the depletion of sourcesnefgy and increase in the
consumption of energy together have pushed forsdach of renewable energy
sources and the development of more energy eftiptesses.

Reducing the energy barrier of a chemical reactionhoosing appropriate
reactants so that the synthetic transformations lbanconducted at ambient

temperatures and pressures.
7. Use of renewable feedstocks and raw materials

It has been calculated approximately that mostoof manufacturing
products are derived from petrochemical feedst6tRsThe depletion of these
resources can affect our consumer life and econamnybadly. Raw materials used
in the chemical process should be renewable or Yamelow toxicity.



Chapten-1 11

8. Reduced use of derivatives

This principle reminds chemists to modify theid avays of production of
chemicals with more chemical steps and additionailenmals. Nowadays, chemists
should aim towards reducing the unnecessary desatein in the synthetic routes,

i.e., use of any blocking groups, protection/degrtbn strategies, etc.
9. Use of catalysis and catalytic reagents

This principle is at the heart of the Green Chémigrinciples. Catalysis or
the use of catalytic reagents can improve theieffey of a reaction and yield of the
products by lowering the required energy input.géinerates less waste when

compared to the stoichiometric activating reageritis greater product selectivity.
10.  Design for degradation

Persistence of the chemical products in the enwment has been known
since the early stages of the industrial developr?feéri Most chemical products and
consumer items do not degrade easily causing thioemental problems. This
principle aims at designing of the materials anengical products in such a way that

they break down into biodegradable products sotttegt become eco-friendly.
11. Real-time analysis for pollution prevention

This principle is primarily process-oriented amadg its most relevance in
the industrial applications. Green Chemists must tato account the monitoring in

a reactor which is crucial in pollution control aactident prevention.
12. Inherently safer chemistry for accident prevention

Our working environment is plentiful of dangeraugbstances and processes.
All types of hazards whether its toxicity, or phoai hazards such as explosivity or
flammability, allergic to humans, etc. and globakards should be addressed in the

design of chemicals and processes.

Thus, Green Chemistry aims to stop or minimiseuse of materials which
are dangerous for the health and safety of workes consumers and should be

replaced by safer alternatives to prevent accidehtsever possible.
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1.3  Alternative methods used in Green Chemistry

The emerging areas of Green Chemistry visualigentmimum hazard as the
performance criterion while designing new chemijsaicesses. One of the thrust
areas for achieving this target is to explore aliéve reaction conditions and eco-
friendly reaction media to achieve the desired dbamtransformations with
minimum by-products wherever possible. Some ofnitve-conventional methods of

reaction activation used in organic synthesis &eudsed as follows:
1.3.1 Microwave irradiation

A microwave is a part of electromagnetic spectrbaying the wavelength
between 0.01 and 1 meter which operates in a frexyueange between 0.3 and 30
GHz.* The region of the electromagnetic spectrum whies in between the
infrared and radio wave is denoted as microwavdéoneg’® The microwave
radiations are non-ionising, unlike the other fomhsadiation such as X-rays anpd
rays and for this reason, do not modify the molacstructure of the compound
being irradiated. Microwave ovens are used in amaynthesis since old times and
various instruments used can be shown (Fiduseas:

Figure 1.5 Instruments using microwave irradiation for syedis

However, for the use at laboratory scale, a fraqueof 2.45 GHz is
preferred as this frequency is found to have tlghtridepth of penetration for
laboratory reaction conditions. Due to this, miceaw irradiation has become an
accepted way of heating samples. Microwave cheynistthe science of applying
microwave irradiation to chemical reactioi€” The use of microwave irradiation in
chemistry led to the introduction of new concepecduse the absorption and
transmission of energy is completely different frahe conventional modes of

heating. Revolution in organic synthesis has beaeatly endorsed by microwave-
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assisted method by which the small molecules caealsdy built up to larger ones
within a very small fraction of time as compared donventional methods of
heating?*®*

The pioneering work regarding the application ofcnowave energy in
organic synthesis dates back to the 1980s by Getgd” and Gigueret al®*Since
then, the production of microwave-assisted reastion organic chemistry has
experienced exponential increase due to the seberafits associated with the
proces$* Microwave-assisted organic synthesis has sigmifigaimproved the
speed, reduced the cost and energy making it aisabte process and is now far

and wide accepted as one of the ‘green chemistegsure$®

In the past, microwave chemistry was often usecenglier all other
techniques to perform a reaction had failed, orrveremely longer reaction times
or higher temperatures were required to complegaetion. But this practice is now
changing gradually, and routine synthetic transtdiams are being carried out using
microwave heating. Microwave heating has severah@aihges as compared to the

conventional methods of heating which are menticased

. Uniform heating occurs throughout the material.

. High efficiency of heating.

. Process speed is increased.

. Reduction in formation of by-products.

. Environmental heat loss can be avoided.

. Reduce the energy loss due to heating of reactsgsel.
. Low operation cost.

1.3.1.1 Principles involved in the microwave heatm

The basic mechanism behind the microwave heatwgjves the interaction
of the polar molecules or ions with the oscillatietectromagnetic waves of
particular frequency. The phenomenon of generabbrheat with the help of
electromagnetic irradiation can be either by dipofelarisation method or

conduction mechanisnit:®*

It is often assumed that microwave heating emplings ability of some

compounds (whether they are liquids or solids) dovert electromagnetic energy
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into heat. Similar to all other electromagneticiaéidns, microwave irradiation can
be divided into an electric field component and agnetic field component. The
advantage of the use of microwave irradiation & this rapid and volumetric, with
the whole material being heated simultaneously. Tetwef mechanisms are
proposed which are responsible for the microwaveatihg which can be

schematically shown (Figurk6) as:

0] Dipolar polarisation (i) Conduction mectism

( Oscillating field

'
ORSY

'
JONGY
JONSY
@
@
=]

Dipolar polarisation Conduction mechanism

Figure 1.6: Methods of heating by microwave irradiation
Dipolar polarisation

For a liquid mixture to interact with microwaveradiation, certain
requirements are there to be fulfilled. Polar moles or dipolar species are the
material for dipolar polarisation method. When Hogiid mixture is exposed to an
oscillating field of appropriate frequency, dipofgrecies try to re-orient themselves
with respect to the oscillating field. In this pess, they collide with each other due
to their random motion and energy is released as ltecause of molecular friction
and dielectric loss. The key requirement for thecpss of dipolar polarisation is that
the frequency of the oscillating field should béfisient enough to cause the ample
inter-particle interaction. The amount of heat gatien in the process is directly
related to the nature of the dipolar species aadréguency of the applied field.

If the oscillating field oscillates too quicklyrféhe molecules to respond, the
dipole does not have enough time to align itselfhvthe field before the field
changes the direction again. On the other hantheiffrequency of the oscillating
field is too low, the molecules follow the field sl that there is no random motion
generated between the dipolar molecules. Howevehei applied field is in the
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intermediate frequency region, the dipole has ehduge to respond and undergo

the random motion due to rapid collisions resulimthe generation of heat.
Conduction mechanism

In this mechanism, any mobile charge carriers. (elgctrons or ions, etc.)
will move through the liquid medium under the idhce of microwave’s electric
field. This results in the energy loss due to ti@eased collision rate of the charged
ions on conversion of kinetic energy to heat. Thev@ment of ions in the liquid
medium by the interaction with the microwave iredin is a much stronger
interaction as compared to the corresponding matibdipoles. Thus, when the
ionic species were exposed to the microwave irtediathey heat up extremely
quickly. And, this property can be utilised to irope the heating ability of non-

polar species upon exposure to microwave irradiatio

There has been some debate over the use of miedwejuency, which can
cause brain tumour. Microwave irradiation can leakand damage human cells and

tissues by weakened immune system and so manyithtiesises and infection.

1.3.1.2 Examples of the microwave heating

Singhet al.®®

reported an efficient and green synthesis of timetionalized
pyrazole derivatived using microwave irradiation under solvent-free dions by

the reaction of phenyl hydrazidealdehyde® and ethyl acetoaceta®dSchemel).

o o EtOOC
Sc(OTfg (5 mol% —
RINHNH, + RCHO + )l\/ll\ (O ( ) > l_(
OEt MW, 200W, 100°C, 3-6 min g2 \N,N\Rl
1
2 3 4
Scheme 1

87
|

Patelet al.”" accomplished the synthesis of 2-pyrazoli2eBom pyridine

based chalcong using microwave irradiation (Scher@e

N (@)
“ ] Z 2 __ NHNHH0
X P X ) acetlc amd MW
300 watt,4-6 min \
0 HN~
1

Scheme2
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Safariet al®® also developed a simple and one-pot synthesisitustisuted

imidazoles5 using aldehyde§, benzil2, amines3 and ammonium acetateunder
solvent-free conditions and microwave irradiatiatatysed by immobilized ionic

liquid on super paramagnetic nanoparticles as factefe catalyst (Schent.

CHO 0 O O R
N —
AN -
A o) MW N |
Rt 2 3 4 O Rt
1 5

Scheme3

Boruahet al® synthesized novel steroidal heterocycles contgidi6-diary!
substituted pyridine structural moiedyfrom the Michael reaction of steroidal ketones

1 with urea2 in presence of BFELO as the catalyst under microwave irradiation

(Schemet).
(0]
Rl H,N™ “NH,
2
BF;.OFt,
R2 o MW, solid phase ~ R2
0o ]
1

Schemed4

Xavier et al’® described an aqueous mediated protocol for théhegis of
pyrimidine derivatives 4 by the multicomponent reaction of aldehyde

ethylcyanoacetat2 and benzamidine hydrochloridunder microwave irradiation

(Schemeb).
o)
CN
o NH K,CO;,, water NC NH
P + h)l\ HCl — >
Ar” TH COOEt  PH~ ~NH, MW, 40 min PN
Ar” N” Ph

Schemeb
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1.3.2 Ultrasound irradiation

Ultrasound irradiation is the part of the electemmnetic spectrum which lies
in the range of about 20 kHz to 10 M¥Z® which can be sub-divided into three

main regions:

(@) Low frequency high power ultrasound (20-100 kHz)
(b) High frequency medium power ultrasound (100 kHz-izy1
(c) High frequency low power ultrasound (1 MHz-10 MHz).

Ultrasound irradiation has been an alternativac®wf energy for organic
reactions which are generally proficient when coragawith the conventional
methods of heating. Sonochemistry is the studyhefuse of ultrasound irradiation
to uphold the chemical reactiotfs® The study of sonochemistry is related to the
understanding of the effect of sonic waves anceftects on chemical reactions.
Since the last three decades, ultrasound-assistgdnio synthesis has been
developed as a green synthetic approach by tharotses at the global level which

is being used to enhance the organic reacticis.

The notable features of the ultrasound-assistgdnic approach works by
the process of ‘acoustic cavitation’ which involvédse formation, growth and
collapse of micro-bubbles under the effect of amasbnic field:** Ultrasonic bath
and ultrasound probe system are used in organitiesis since old times and they

can be shown (Figurk.7) as:

Figure 1.7: Instruments using ultrasonic irradiation for sydis
1.3.2.1 Principles involved in the ultrasonication

Ultrasound irradiation, when made to pass throaidgiguid medium, causes
the liquid to vibrate mechanically. As a resultgénerates the sound waves within
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the liquid. And, under normal conditions, the dlged gas molecules in the liquid
medium tend to grow and get collapsed under tHeracf ultrasound wave'$? The
whole phenomenon is known as “acoustic cavitatioftiere are three theories
proposed for the whole process of cavitation: tbedpot, the electrical and the
plasma theory. The most accepted and popular theorhe hot-spot theory.
Localised hot spots are generated from the vigoomliapse of the bubbles which
create drastically high temperatures and pressasete the collapsing cavity in the
liquid medium for an extremely shorter span of tirBeaormous amounts of energy
is produced by the bubble collapse in liquid medifvom the conversion of kinetic
energy of liquid medium for heating the contentshef bubble®® (Figure1.9
- ﬁ N
T
& < :>:>@<:n :>@<: {:} @ﬁw

]
Cav%tion @ ﬁ @

bubble growth Maximum
bubble size

Bubble collapse in compression Cycle is repeated:
New bubble growth

Figure 1.8: Phenomenon of acoustic cavitation

As a consequence, various strong physical effattside the bubble such as
shear-forces, jets and shock waves develop whiatiuces the molecular
fragmentation and highly reactive species are preduAs the formation of these
implosive bubbles concentrate the energy into wanall volumes to produce very
high temperature and pressure and causes the fomwdthigh-speed jets from the
liquid to the liquid surface which leads to thetietion and acceleration of chemical
transformationsg®**%

The diverse effects of the ultrasound include ificant improvements in
various fields such as material science, life smenmedicine and chemistry.
Consequently, sonication can efficiently conduct ngnahomogeneous and
heterogeneous as well as transition metal catalpsgdnic reactions at ambient
reaction conditions. Assistance of ultrasound iatin enhances the vyields,
selectivities and shortens the reaction timestt8ouse of ultrasound irradiation has

proved to be the way towards the green synthesis.
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But at high levels of exposure, ultrasound is bdpdo cause permanent
damage to biological tissues, including teratogeffiiects, pain and eventual rupture
of the ear-drum through heating, acoustic cavitaaod radiation force. And, for
diagnostic purposes, which are at lower levels xgfosure, ultrasound does not

generally cause heating beyond physiological range.
1.3.2.2 Examples of the ultrasonication

Nagargoje et al.'®® described a one pot, three-component reaction of
benzoin/benzil 1, an aldehyde2, and ammonium acetat8 using diethyl
bromophosphate as a mild oxidant for the synthafsisidazole derivativeg under

ultrasound irradiation (Schengg.

U L,

DEP N\
+ R—CHO+ NH,0Ac ————» | >—R
u.s., 1t N
o H
® T @
1 4
Schemeb

Mamaghaniet al®’

reported a simple and efficient ultrasound-asdiste
synthesis of novel 4-aryl-3-methyl-4,5-dihydrb-pyrazolopyridin-6-oned by the
one-pot three-component reaction of 5-amino-3-methiypyrazolel, meldrum’s

acid2 and various aryl aldehyd8Schemey).

Ar
(@) (0] Y
I\ Y'Y us.__, "]
N\N NH, * OO + ACHO EtOH, 60°C N N0
H x H H
1 2 3 4
Scheme7

Pachecoet al.'®®

reported Claisen-Schmidt condensation reaction4-of
acetamidoaceto phenofieand aromatic aldehyd@sunder ultrasonic irradiation for
the synthesis of acetylaminochalcor@svhich undergo cyclocondensation with
hydrazine4 to afford pyrazoline derivativesin the presence of sodium acetate and

agueous acetic acid under ultrasonic irradiatianémes).
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Park et al.'® reported a simple and eco-friendly route for thee qot
synthesis of biologically significant 2-aryl-1-anyéthyl-1H-benzimidazoles3/4 by
the reaction of phenylene diamideand various aldehydesin EtOH/H,O solvent
mixture using Amberlite IR-120 under ultrasounadiation (Scheme).

N — R
N A
I~
NH, Amberlite IR N N — _R
+ X o N\ /
| u.s., 50°C + N\ /
NH, /.  05-1.5h, EtOH/HO = N
R \ |/

H
4

1 2 3

R
Schemed

Ansari et al’® described the ultrasound-assisted synthesis of 3,4
dihydropyrimidin-2-thiones4 by the reaction of 1,3-dicarbonyl compoufdan
aldehyde?, diamino compoun@, using SnGl-2H,0 as a catalyst and acetonitrile as
a solvent. The authors also reported the synthesis 2-amino-1,4-
dihydropyrimidines6 via the reaction of an aldehyde, guanidine hydroctiéo§,
1,3-dicarbonyl compound and sodium bicarbonate aatalyst in DMF (Scheme
10).

Jw:k HIN- “NH Q R

R? N R! R2 3 R3 [
3 >

| J\ = - ) )i * Cl:HO 3 4 /g

R r|\| NH,  DMF/NaHCQ, , SnCh, CHCN R ;I\| X
Rl u.s., 70°C R . ° , u.s., 70°C Rl
6 4
SchemelO

1.3.3 Infrared irradiation

Infrared irradiation in organic synthesis has b#enfocus of considerable
attention in recent years. Infrared irradiatioalso an alternative energy source, and
is an economic process working under solvent-lesslitions, contributing towards
the development of environmentally benign methddis*® Infrared radiation could

be more extensively used, based on its abilityrtompte fast heating of solution.
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Infrared lamps are electrical device which emitanéd irradiation. They have many

uses, and are most commonly used in heating pratéss laboratory*3*°

However, exposure to infrared irradiation induagsrmal angiogenesis,
inflammatory cellular infiltration and cumulativeiidative DNA damage in humans,
interrupts the dermal extracellular matrix by inshgcmatrix metalloproteinases, and

modifies dermal structural proteins, thereby addngremature skin aging®

1.3.3.1 Examples of the infrared irradiation

Mirandaet al'*®

studied the condensation reaction of various ddehgdes
1 with ethyl acetoacetaiand urea/thioured to synthesize Biginelli and Hantzsch
esters4/5. The reaction was performed in solvent-less camubt under infrared

radiation (Schem#1).

« /\O /J% _2hIR
X solvent free

XOS

O

Schemell

Wanget al'*

reported the synthesis of substituted 5-oxo-oaedguinoline
derivatives4 by the condensation reaction of 5,5-dimethyl-1,8lalyexane-diond,
1,3-diaryl-2-propen-1-on@ and ammonium acetaBeunder infrared irradiation in

the absence of solvent (Schetri#.

O Ar
o o NH,OAc
3
+ Ar—C=—CH—CO—Ar ————»
H IR N~ TAr

H

1 2 4
Schemel?2

Vazquezet al®®

explained a simple and versatile synthesis lafpgran
derivatives 4 via a three-component cyclocondensation of aldehytegthyl
acetoacetat@, and malononitrile3, using ammonium hydroxide as the catalyst,

promoted by infrared irradiation (Scheh®.
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Schemel3

Dandia et al''® explored a simple and efficient methodology foe th
synthesis of pyrazolone derivativBdrom the reaction of ethyl acetoacetatand
substituted phenyl hydrazir®eusing cobalt doped ZnS nanoparticles as a redgclab
catalyst under infrared irradiation (Schefr®.

0] (e} Ry _
)j\/[j\ Co doped ZnS 'e)
R]_ O/\ + RzNHNHZ R - HN~ N
1 2 i?2
3
Schemel4

1.4 Alternative reaction media

Nowadays, the main goal of ‘sustainable chemissryo increase the process
selectivity, to maximize the use of starting matksii to develop environmentally
benign conditions, and to replace the hazardouseresive reagents and solvents
with eco-friendly materials. On the other handgsce and technology is shifting
emphasis on economically and environmentally bemigd sustainable processes.
Keeping this objective in mind, there is a needsé¢arch for alternative reaction
media which can replace volatile organic solvems hazardous chemicals in the

field of organic synthesis.
1.41 Water

With the increasing emphasis on the concerns tbxeenvironmental impact,
the list of organic processes performed efficieimtlyvater has been expanded with

the continuous increase of number of various oaansformations.

Water, which is nature’s solvent and also known uasversal solvent
possesses unique structural form, which is the esprence of its distinguished
physical and chemical properties. Water exhibitegréul hydrogen bonding, large
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dielectric constant, high heat capacity and a we&haperature range in which it
remains in liquid state. These advantageous clarsiits have contributed to many
factors, such as the hydrophobic effect, enhangdddlgen bonding in the transition
state, and high cohesive energy of watét!®

From both environmental and economic points oWyieater has emerged
as a relevant reaction medium to perform organéctiens since water addresses
several aspects of green chemistry such as easjakaMy, environmental
acceptability, safe handling, easy workup and edffstctiveness for small and bulk
scale process industries. In addition, reactiomfopaed in water are found to be
faster and more selective than in conventional micggolvents and also exhibit
unique reactivity and selectivity'*?° leading to the process development of
synthetic protocols.

Several types of terms have been used to dedtrbeeactions occurring in
water, viz., in-water, ‘onwater, etc. It is not possible to define markedly iketh
reaction is occurringin-water or ‘onrwater. However, certain attributes are there
to define these reactions: the extent of solubiitythe reactant(s) in water. If the
organic reactants are soluble giving clear solstionwater, the effects operating
simultaneously are (i) the hydrophobic effect, tiydrogen bonding effects, (iii)
solvent polarity effects; which may or may not decate the reaction rates. If the
organic reactants are insoluble in water, the reastare described as beiog
water involving the two-phase system which proceeds leyititeraction of phases
with transition states and reactahts'®

After the pioneering contribution based on studiese by Breslovi**?*and
Grieco*®*?® showing that water can be used to enhance the-Blgér reactions?’

one of the first cases of which was originally mégo using water as a reaction medium.

Microwave-assisted three-component reaction ofstswited benzene-1,2-
diaminel, tetronic acid2 and aldehyde8 in the presence of acetic acid proceeded
rapidly in water under microwave irradiation toatf benzoflazulen-1-onegt in
good yields as reported by Waetpl.***(Schemel5)
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An approach for the synthesis of spiro[indolinexaoolopyrido[2,3d]
pyrimidine]triones4 via the multi-component reaction of an barbituric atidsatin
2, and isoxazoleé in water usingp-toluene sulfonic acid as a catalyst had been
reported by Rahmasétal.*?® (Schemel6)

W - @lg: p-TSOH
g2 N F N Water 70°C
3

Schemel6
Abdolmohammadiet al**® developed a simple, efficient approach for the

Y

synthesis of indeno[1,Blquinolinediones5 through one-pot, four-component,
coupling reaction of indane-1,3-diofigaldehyde?, dimedone3 and primary amine

4 using TiQ nanoparticles as a heterogeneous catalyst in aguaedium (Scheme

17).

0
0 Tio, NPs O
2
N * RNH, =1 580°C
2 3 4

Schemel?

A simple and eco-friendly procedure for the synihed 2-substituted-2,3-
dihydroquinazolin-4(H)-ones 3 from the reaction of anthranilamidé with
aldehydes/ketone® using N-propylsulfamic acid supported onto magn&gO,
nanoparticles (MNPs-PSA) as a catalyst had beearided by Rostameét al.**

(Schemel)
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Schemel8

Three-component domino reaction of 1,3-diketo commgb (cyclohexane-
1,3-dione, indane-1,3-dione, dimedone, and 1,3-thyhearbituric acid) 2, 6-
aminouracil/4-aminocoumari@/4 and isatinl in the presence of PEG-O&D (20
mol%) proceeded rapidly in water at 70 and were completed within 1-2 h to
afford a library of uracil and coumarin fused spkmdole derivative$/6 in good
yields as reported by Da&s$ al.>**(Schemel9)

o)
)y
Ad., &)
o II\IZ NH, [ Y=o

F,.; Rl O N\R2
- O °

0
N
R i
\Cflg:oJf , _ PEG-OSQH H,
N H,0, 70°C
1 o)
2

Schemel9

wO

oo

1.4.2 Fluorous solvents

Environmentally benign methodologies have attaimegjor significance in
the field of organic synthesis, especially at thaustrial level. One of the interesting
advances in this field is provided by the extractad fluorinated compounds. The
last two decades witnessed a rapid developmeriteofilorous chemistry since the
birth and definition of fluorous biphasic concepy Blorvath and Rabdf****
Horvath introduced the term ‘fluorous’ analogous tte ‘aqueous’ for highly

fluorinated alkane, ether and tertiary amine sdiven
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Fluorous solvents have the advantage of therngalhgrolled miscibility with
the organic solvents>** That is, a fluorous/organic solvent system is ol to
be monophasic at elevated temperatures and rewvactsto the biphasic system at
lower temperatures. Thus, it maximises the reactitiniency by the elimination of
problems related to the mass transfer across thehases. Thus, the key to smooth

reaction is the attainment of homogeneous condition

Fluorous solvents are characterised by high densigh stability**”**®low
surface tension, good biocompatibility, sensitigenperature-dependent miscibility
with organic solvents, and hydrophobic propéry-*2

Caiet all®®

accomplished the catalytic condensation reactfaaldehydesl
and o-phenylenediamin@ for the synthesis of benzimidazole derivatiasising
Ytterbium perfluoro octanesulfonates (Yb(OfPfas catalysts in fluorous solvent

perfluorodecalin (Schenz)).

o NH Yb(OPf),
Ioas - Neow
R H NH, CioF1s 6 h )\R

N
1 2 3 H

Scheme20

Cai et al’** also proposed an efficient synthesis of substitduH-
dibenzoh,j]Jxanthenes3 by the one-pot condensation of aryl or alkyl aldbds 1
with B-naphthol2 by using Scandium bis(perfluorooctanesulfonyl)imoadenplex as

catalyst and perfluorodecalin as solvent (Sch2m)e

R
o OH  Sc[N(SQCgF17)2l3 O ‘
R o -
H CyoF1g 110 °C o

1
2

3

Scheme21

Khaksaret al!* explored the use of hexafluoroisopropanol (HFIR)aa
effective reaction medium for the synthesis of guadine derivative$ through the

reaction of 1,2-dicarbonyl compountisvith aryl 1,2-diamine& (Scheme2?2).
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Khaksar et al'*® described the four-component reaction of aldehyiles
ketones2, malononitrile3, and ammonium aceta# in trifluoroethanol for the
synthesis of 2-amino-3-cyanopyridine derivatiged his reaction proceedsa one-
pot four-component reaction using trifluoroethaasl a reusable reaction medium
(Scheme23).

R
NC R
O (@] CN A 2

TFE
+ + NH,OAC ———>»
)J\ R/u\/RZ * <C 4 Reflux, 6h | =

RO H Ry N H,N™ “N” TRy

1 2 3 4 5

Scheme23

1.4.3 Poly Ethylene Glycols

Polyethylene glycols (PEG)s is a family of sohgnihich has emerged as
an inexpensive substitute for volatile organic sate™*’**° PEG is a hydrophilic
polymer, easily soluble in water and other orgasutvents including toluene and
acetone, but is insoluble in less polar solventshsas hexane, cyclohexane or
diethyl ether, etd>***3

Polyethylene glycol (PEG) and its derivatives &mmwn to be relatively
nontoxic, thermally stable, easily recoverable, ligdge vapor pressure, easily

degradable and environmentally benign media fomita reactiong>**°’

A novel route had been reported by Kidvedial’® for the synthesis of
benzimidazole derivative3 by the reaction ob-phenylenediaminé andaldehydes
2 in good yields with small amount of CAN in PEG (pathylene glycol) (Scheme
24).
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Polyethylene glycol (PEG-408f had been used as non-toxic solvent for the
synthesis ofu-oxindoleo-hydroxyphosphonate derivativ8sby a one-pot reaction
of isatin 1 with trialkyl phosphites2 under catalyst-free conditions in excellent
yields (Schem@h).

E OR
v
0 HO
OR OR
04 RO F)/ PEG-400 o
+ RO— _ P >
\
N or 10h,50C N
\ \
1 H 2 3 H
Scheme25

An environmentally benign protocol had also beeedusy Raghtet al®°

for the synthesis of 3-(Pyridylmethyl)-3-hydroxyeindole derivatives3 by the
reaction of isatirl and substituted pyridin2under mild and catalyst-free conditions

using polyethylene glycol (PEG-400) as a solveshéne26).

0O
A \“/\_ Condition A, Bor C
X_: =0 * N Y >
|
1 R 2

Conditions: (A) HO/MW; (B) I,/Dioxane; (C) PEG- 400/6C
Scheme26

Singhet al!®* developed a one-pot ceric ammonium nitrate (CA&lysed
multi-component synthesis of 1,3-thiazine derivesi#¥ using ketoneg, aldehyde®
and thioure& in PEG-400 (Schemzy).
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1.4.4 lonic liquids

lonic liquids (ILs), a special class of moltentsalomposed of organic cations
and organic or inorganic anions, have drawn thentitin of numerous of chemists’
in the last two decadé®®*ILs are widely recognized as ‘green’ alternatives
classical molecular solvents in organic synthesezahse of their distinctive
physicochemical properties, such as low vapourspires high chemical and thermal
stability, solvating ability, behaviour as both dici or basic catalysts and ease of
recovery and reusg>*¢’

Interestingly, they are also known as ‘designéresus™®®

as their solubility,
viscosity, density, acidic or basic character,aetfive index and associated catalyzing
ability can be easily tuned by modification of thteucture of their anion/cation for
different applications. Due to these attractivedess, ionic liquids have emerged as
potent solvents, exhibiting nearly all kinds ofeardctions with reacting species,

where upon they give rise to improved yields arid emhancement§**°’

A simple approach for the synthesis of fused $pHepyran-oxindole]
derivatives 4 by the one-pot three-component reaction betweeatinisl,

malononitrile/ethyl cyano-acetat and various 1,3-dicarbonyl compoun8swvas

[ 169

reportedby Moghadanet al™>" under ionic liquid [bmim]BE at room temperature

(Scheme28).
O
R, O o
U o o P
N r.t.
LR ’ ?

X =CN, COOEt

Scheme28

A one-pot synthetic strategy for the synthesisovel dispiropyrrolidine-

[ 170

bisoxindole derivative5/6 had been reported by Jaihal.”" "~ via a three component
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1,3-dipolar cycloaddition reaction of isatln sarcosin€ and Knoevenagel adduct
3-aroylmethyleneindol-2-on8 or 3-(2-oxo-2-(thiophen-2-yl)ethylidene)indol-2-@n
4 in [omim]PK (Scheme9).

(0]
AN .
Xt o, N_ coon lbmimiP |
Z l\{ Stirring, 8C°C
R 2

Scheme29

Perumalet al.'”* described a general and efficient process forstiective
synthesis of novel 1-methyl-4-arylpyrrolo-(spiroardl,3"-dione)-spiro-1-methyl/
benzyl-8'-(arylmethylidene)pipe- ridin‘4one derivatives4 via one pot three-
component 1,3-dipolar cycloaddition reaction of hyidrin 1, sarcosine2 and
Knoevenagel addu@&in [bmim]Br ionic liquid (Schem@&0).

Ar H
Q2 R<y |
OH H bmim]Br
w + N ACO0H | o —>[ )
OH 100°C, 1.2 h
2
1 © \
Ar H
3
Scheme30
Pore et al.'’® reported glycine nitrate mediated protocol for fjzient

synthesis of novel spiro-1,2,4-triazolidinone datives3 by the one pot reaction of
isatin 1, semicarbazide/ thiosemicarbazi2len water with excellent yield (Scheme
31).
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Zang et al!” described an efficient synthesis of N-substitupgtroles 3
through the reaction of aminéswith 2,5-hexanedion2 under ultrasonic irradiation

using ionic liquid [hmim]HSQ@as catalyst (Scheng2).

o) /@ HSO,
Ar—NH, + )W i - /U\

e} us.,rt l?l
1 2 Ar
3

Scheme32

1.5  Alternative Catalysts
1.5.1 Nanocatalysts

Historically, catalysis has been understood asag W accelerate chemical
reactions. Initially in the field of catalysis, wieethe requirement was to make
simple reactions kinetically accessible, entiraufowas on the rate of reactitii”
However, in recent applications, more and more derpeaction networks are at
play, and there is a vital requisite not only tomote a given desired conversion but

also to avoid any undesirable side reactions.

In the present scenario, various economical afettefe alternative catalysts
have been developed as the core of various greandgies to meet the demands
of renewable energy in our sociéfy.So far, to achieve better reaction activity,
selectivity, and stability, a lot of research eféorhave been devoted for the
development of nanocatalysts and nano-catalysed reactidfis which have
attracted considerable attention with the aim mdifag significant applications in the

pharmaceutical and fine chemical industrigs."

The combination of catalysis and nanotechnologys lpened new
possibilities to create controlled structures argbrgetries to investigate and

optimize a broad range of catalytic processes. Esdgation and purification in
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organic synthesis is an essential requirement &edstmple separation of the
catalyst from the reaction mixture is an advantagerganic synthesis, particularly

for the pharmaceutical industt§f*8*

Magnetic nanoparticles have been known for sewerafs, but research on
their potential use in medicinal and pharmaceuticaustry'®*%*in particular, for
biomedical application¥>!%®is extensively research topic because of theiqumi

physicochemical properties.

Aronicaet al*®’ described the synthesis pactams2 from propargyl tosyl
amidesl catalysed by rhodium nanoparticles derived fronsitgkene-solvated Rh

atoms (Schema3).
Rl
R SIR®
re_| - _30aimCO, 10 mol % DBU RL‘—\(\
= - > N
XH 0.1 mol % Rh/C (MVS) s o
100°C, 4h 5

1

Scheme33

An efficient four-component sonochemical synthedig,2,4,5-tetrasubstituted
imidazoles5 from the reaction of benzll, an aldehyd@, primary aromatic amin@
and ammonium acetatieusing nanocrystalline MgAD, as an effective catalyst was
described by Safasit al*® (Scheme34)

Ph
Ph__O | 7\
Nanocrystalline MgAIO, h/2_>\
— Ph— NH, + NH,OAc » P Ar
MI + Ar—CHO + H 4 EtOH, US. N
PH” SO ) 3 4 Ph
5
Scheme34
Ziarati et al!® explored a simple and green process for the syisthaf

pyrazolones from the multicomponent reaction stibstituted phenyl hydrazirie
methyl acetoacetat2, p-naphthol3 and aldehydegl using Cul nanopatrticles as

reusable catalyst under reflux and sonication dardi (Schem@5).
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Keivanlooetal.'*® described an efficient green procedure for thehmgis of
highly substituted imidazolésfrom the reaction of an aldehydgebenzil2, primary
aromatic amin& and ammonium acetafeusing boehmite nanoparticles as catalyst
(Schemes6).

CHO o) O O R
N —
- 0 ) 120°C, 20-90 min N |
RU | 2 3 O c R

Scheme36

Ahmadietal.®* proposed a green procedure to synthesize azlac3dnem
the reaction of hippuric acitl and aromatic aldehydé&susing FgO3; nanoparticles
under ultrasonic irradiation. This reaction is a@amaple of the Erlenmeyer—Plochl

reaction. Reactions proceeid S\ pathway (Schema?).
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1.5.2 Biocatalysts

Over the last two decades, biocatalysis has ememge an important
scientific technology to meet the demand for theegrand sustainable synthesis of
pharmaceuticals and other chemical prodiitts® Biocatalytic processes are
attaining increasing importance in organic synthdsdm their unique selectivity

advantages over traditional methdds™*°
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Biocatalysis has many interesting features fronee@rChemistry point of
view as the reactions are generally performed undlel conditions of temperature
and pressure using eco-compatible biodegradabl@lystd, like enzymes, fruit
juices, etd?" ' Moreover, a high degree of selectivity is alsoested during the
chemical transformations without the need for thecfional group activation and

protection which is often required in traditionagjanic syntheseS°2%

Enzymes are well known as practical biocatalystsspssing vast potential
and, in particular, are being increasingly used amn industrial scale for bio-
transformatiorf®® preparation of fine chemicals, and synthesis o&nénpure
pharmaceutical®*2%Thus, more and more natural resources will be foamed
into organic products catalysed by biocatalyststhe near future. And, the
conventional chemical syntheses can be replacetthdse biocatalysed syntheses,
which often employ mild reagents and require lowrgg input.

Wanget al?°’found immobilized lipase froviucor miehei(MML) to be an
efficient biocatalyst for the synthesis of 2-alkgtizimidazole derivative8 under
solvent-free domino acylation/cyclization reactioofso-phenylenediaminel and
fatty acid ester2 (Scheme38).

NH, N
. Reoor—MML S+
50 °C, 60 h
NH, N

2
1 3

Scheme38

Baker's yeast is reported to be an efficient cataby Prataet al?°® for the
synthesis of polyfunctionalized Hdpyrans 4 via one-pot three-component
cyclocondensation of arylaldehydds malononitrile 2 and B-dicarbonyls 3 in
organic medium (Scheng9).

(@) R
CN O o] CN
Baker's yeast R
— + —_——— - 1
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Scheme39
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1.6  Objectives of the present work

Heterocyclic structural motifs occur in many bitae natural products and
synthetic drugé’ agrochemicafé and so many other industrially important
compounds of general use like dygaints™ etc. and these structural units serve
as important reactants as well as intermediatesganic synthesis*°

Heterocyclic compounds possess an array of bicdbgictivities. Most of the
clinically relevant drugs accessible in the maraet heterocyclic compounds. In
view of the enormous medicinal importance of hetgcbic compounds as potential
antiviral, antibacterial, antifungal, anti-inflamtoay, antihypertensive, antitumor,
antidepressants, agents?&t¢ synthesis of novel heterocyclic systems has always
been the primary objective of organic chemistshie ¢tontinuous search for newer

bioactive molecules.

The present work is an effort in the direction tbe development of
environmentally benign procedures using non-congeat methods and has been
carried out with the aim to explore newer greentsgtic approaches under the title
“Synthesis and Characterization of Some Medicinallyymportant Spiro and
Condensed Heterocyclic Compounds through Green Appach’ by using more
sustainable approaches for devising alternatiearglefficient, economic and nature
friendly methodology for diversity-oriented combioaal synthesis of potential

bioactive compounds.

The versatility of these techniques has been egglon terms of their
synthetic utility for bioactive heterocycles usigiggen methodologies.
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CHAPTER 2
Selective Synthesis and
Characterization of Pyrazolo
[3,4-e][1,4]thiazepinone
Derivatives in Aqueous Media
under Catalyst-free Condition
using Ultrasound Irradiation
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2.1 INTRODUCTION

Compounds containing heterocyclic ring systemsagreat importance and
receive special attention as they belong to thesabd compounds with proven utility
in medicinal chemistry. Thia-aza heterocycles have attracted considerable
prominence because of their wide biological and rplagological activitie$.
Among these heterocycles, 1,4-thiazepine derivathae attracted much attention
as an important structural motif in medicinal chstny owing to their significant

therapeutic and biological activitigs

In recent years, some thiazepinones have la¢®m described as calcium
channel antagonists, HIV-1 enzyme integrase, tgesinase enzyme inhibitér,
reverse transcriptase inhibitors, and antitumomegeNumerousheteroannulated
bioisosteric analogs of this core fragment werported as potent inhibitors of
Herpes simplex virus type 1 (HSV-Xgplication, compounds possessing H1l
antihistamine activityddopamine D2 receptors, and selective antagonisistof 1A
and vasoconstrictor agentsVarious thiazepine derivatives exhibits angiotensin
converting enzyme inhibitiohwhich is important for development of Temocapril
drug® used for the treatment of hypertension. Compouinds different 1,4-
benzothiazepine type structural classes, such #&3CG7 and Diltiazem have been
reported to inhibit mMNCE activity(Table 2.1)

Table 2.1:Medicinally relevant thiazepine derivatives

S. Name of the Structure of the Use of the compound*®*®
No. compound compound
1 Diltiazem OCH; The calcium channel blocker

Diltiazem lowers the heart rate |n
man which probably contributes

S to its clinical effectiveness in
@[ e} heart disease and hypertension.
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S. Name of the Structure of the Use of the compound®*®
No. compound compound
2 Clentiazem O— Clentiazem has been shown to have
cerebrovascular protective
al s properties. It has both vasorelaxing
\C[ o and negative inotropic actions.
N 77_
0 O
/N\
3 Temocapril o Temocapril is an ACE
Ho)J\ o (angiotensin  converting enzyme)
N inhibitor primarily used in the
s \( NH treatment of hypertension and
<\ /7‘ S congestive heart failure, diabetic
0 o nephropathy.
4 Quetipine HO Quetiapine is a dopamineg,
/\ j serotonin, and adrenergjic
(_N o antagonist, and a  potent
_) antihistamine  with  clinically
N N tested anticholinergic properties
: 'S
5 Tiazesim Triazesim has been found fo
posses coronary vasodilating and
S anti-depressant activity.
es
NS
/N
\
6 DTz323 OCHj; DTZ323 is the one of the most
potent C&" channel antagonists.
It has been reported to block
S~ _0CcOoCHs; voltage-dependent L-type
@[ OCH,4 calcium channel currents
NN selectively.
OCHj4
\
CHs
7 CGP37157 CGP37157 is widely used to

explore the role of mitochondr
in cell C&" handling, by its
blocking effect of the
mitochondrial N&Ca”
exchanger.
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Detailed literature survey shows that differerdtpcols have been developed

for the synthesis of medicinally important thiazepderivatives. They involve:

A series of new substituted [1,2,4]oxadiazolo[8]dyrido[3,4][1,5]
benzothiazepineéswere developed by Perurretial}’ by the two-step reaction of 1-
methyl-3,5-bis(arylidene)-4-piperidonds and o-aminothiophenol2, 2-methyl-11-
aryl-hexahydropyrido-benzothiazepindsand (2)-benzoyl chloride oximé in the

presence of a catalytic amount of triethylamineeiifux conditions (Schem®).

SH Ar cl OH Ar
Ar = S __ 7/ = .S
N H Hae™ N T N H™
HsC / NH, Q N Ph 4 N N\

2

O TTACOH (cat) Et:N, CsH HaC | = N>—Ph
\H MW, 4-10 min., reflux, 20 - 30 min., A~ O~
Ar 70-80 % Ar quantitative 5
1 3
Scheme 1
Calvo et al’® synthesized a wide library of substituted tetrabyd

[1,4]thiazepines3 by simple heating off-enaminonitrile 1 and thiazolidine

derivatives2 in acetonitrile (Schema®).

Ry
H R
R N 2 NC NH
A en (] e, Y
4 R
NS S A ?
2 S
R3 R4 S
1 2 R,
3

Scheme 2

Vicini et al’® discussed a one-pot reaction between 2-aminobdinzo[
isothiazolonel and alkyl propiolateg in the presence of triphenylphosphine leading
to the corresponding alkyl 4-amino-5-oxobenZi{1[4]thiazepine-3-carboxylate
derivatives3 (Schemes).

0
NH,
0 COOR N
N—NH, + e, COOR
NTNH PPhy /
S s

1 2
3

Scheme 3
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Synthesis of (E&,6E)-ethyl-5-amino-2,3-dihydro-7-mercapto-1,4-thiazepi
6-carboxylate derivative8 by the reaction of ethyl-2-cyano-3,3-dimercaptykate
dipotassium salll with 2-chloroethylamine hydrochlorid2 in water as a solvent
had been described by Bakavetial ° (Schemet)

EtOOC SK NH,CI
1 2

HS o
cl
NQ SK H,0, rt—= 80 °C /
>:< + > EtOOC
8h _
N
HAN™

Scheme 4

An efficient synthesis of novel spiro(imidazo-befiz8-€][1,4]thiazepine)-
indoline derivativest has been accomplished by Anisettial?* from isatinsl, 5-
amino-2-mercapto benzimidazof and mercapto acetic aci@ in acetonitrile
(Schemeb).

Ry

NH
R S N O o

+ N oM CHLCN, p-TSA
+ >

NSO />—_SH HS/\I]/ reflux, 24 h S
LoH H N N o} HS—4 )&
1 3 N N
2 H ©
4

ZT 1

1

Scheme 5

Raval et al??

synthesized a variety of thiazolyl-2-substituteldeipyl-2,3-
dihydrobenzd][1,4]thiazepine-3-carboxamide compoundsfrom the multistep
reaction of substituted amino-thiazoly#zZhromenonel, substituted chromenyl
thiazolyl butanamide2, aldehyde3, substituted arylidene-chromenyl thiazol-2-yl

butanamided, and 2-aminothiophend& under reflux conditions (Schergg
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o CH3OH/

CH3COCI-bCOOCZH5/ o 2% NaOH
Y 160 °C, 8h N reflux, 4 -5 hf  CHO
2 Z |
NH2 X\
o) 3

(@) (0]
R
CL;[\/\S / R C[SH 5 5 /l\

NH, —

HN B — S o)
S CH3OH/glacial 4 N=
\ CH3;COOH, reflux,
N 60-70 °C, 8-9 h HN
(6]
Scheme 6

Ma et al®® studied a transition metal-free route to syntteesitifferent
pyridazinopyrido[3,2[1,4]thiazepine dione derivative8 by the reaction of N-
substituted 2-mercaptonicotinamides 1 and 2-tetrahydropyranyl-4,5-

dichloropyridazin-3-oneg (Scheme’).

THP
@CONHRl ﬁ e KOH DMSO I X N
= z / N
N SH N S h
1 3

Scheme 7

Gogoi et al®** described the preparation of steroid/nonsteroid 2-
arylsubstituted fused bendj[1,4]thiazepines3 from Pd(OAc) catalyzed reaction
of steroidal/ nonsteroidal halovinyl aldehydesnd 2-aminothiophenof® in DMF

as solvent under reflux condition (Sche@)e

4 CHO SH Pd(OAc), (5 mol%), N
o e QX
+ — >
H,CO NH, DMF, 120°C S
1 2 3
OCH,

Scheme 8




Chapten-2 51

Use of substituted isatifh, 5-amino-3-methylpyrazol@, and thioacid3 as
the starting materials to construct spiro[indolpygazolo[3,4€][1,4] thiazepine]
dione derivatives have attracted considerable @dtenThe reported procedures for
this protocol involve a wide spectrum of reagentdtidingp-TSA in acetonitrilé®

bioglycerol-based sulfonic acid functionalized @artin acetonitrilé® (Scheme9)

p-TSA
LES R
o i bioglycerol-based
- OH glycerol-base
R + N\\ + HS/H( suifonic acid
1 R Rs 3 carbon
2
Scheme 9

Further, the use of substituted aldehyd@leanilines2, and thioacid3 as the
starting materials to construct pyrazolo[8]fit,4]thiazepine derivatives have been
also involved using microwave irradiation in watémicrowave irradiation under

solvent-free condition® under refluxing in toluen®.(Schemel0)

microwave
irradiation in water

R
NH microwave irradiation » S
R' 2 OH under solvent-free RO
| + )\ + HS Y condition -
CHO S o : N
1 : S 3 H 'O
4

refluxing in toluen

Scheme 10

Despite the novelty of these methods, low yields)gl reaction times,
difficult product isolation procedures and the o§golatile solvents are some of the
drawbacks of these procedures. However, straigh#iat and efficient one-pot
reactions are still limited. In summary due to thportance of these compounds
and lack of efficient methods for the synthesipyfazolo-thiazepines, development

of new methods for their synthesis is of greatrgge
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2.1.1 Use of water as solvent

With increasing environmental awareness in chelmeéseearch and industry,
the challenge of creating a sustainable environmals for development of clean
synthetic procedure®.In order to eliminate organic solvents, they angaeed by
water as a solvent for converting the conventiocta¢mical reactions into the
greener oned It is presumed that water facilitates the orgariction in non-polar
media by significant factotslike a hydrophobic effect, enhanced hydrogen bapdin
in the transition state and cohesive energy den$itgter is one of the most
environmentally benign, cheap and non-flammableiamedor carrying out organic
synthesis® Besides, catalyst-free synthetic methods haveciid immense interest
not only for laboratory synthesis but also in cheahindustry, because of reduced

pollution, lower cost, mild conditions, and easepofification*

Detailed literature survey shows that differerdtpcols have been developed

using water as a reaction medium. Some of thendiaceissed are as follows:

Gangulyet al® devised a convenient way to synthesize the emaetically
pure spirooxindolopyrrolizidine derivative$ involving a three-component 1,3-
dipolar cycloaddition reaction of N-phenyl isafirwith proline2 and (S)-4-benzyl-

3-cinnamoyloxazolidin-2-on8 in aqueous dioxane at 80-90 °C (Schdrhe

@ /g Dioxane, HO
COOH A 80-90 °C

1

Scheme 11

Raghunathan et al®

explained an efficient synthesis of dispiro
[oxindolecyclohexanone]pyrroloisoquinoline ring ®m 4 by the 1,3-dipolar
cycloaddition reaction of isati, tetrahydroisoquinoline-3-carboxylic ac&iwith

the (E)-2-arylidene-1-cyclohexanon84Schemel2).
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COOH R; aqueous
methanol
reﬂux 12-24 h

Scheme 12

Bazgir et al.®” undertook the synthesis of spiro[diberizdkanthene-13,3
indoline]-pentaone derivative8 through a cyclo-condensation reaction of 2-
hydroxynaphthalene-1,4-diorfewith isatins2 using water as the reaction medium
(Schemel3).

0 0
) OH+ X©f€=0 0-TSA, 24 h
N H,0,2
0 R
1 2

Scheme 13

Ji et al.® demonstrated a simple and atom economical apprémcithe
synthesis of highly functionalized’-@LH-indol-3-yl)-1',7-dihydrospiro[indoline-
3,4-pyrazolo[3,4b]pyridine]-2-one derivatived from the one-pot, three-component
reaction of 3-cyanoacetyl indoles, isatins 2, and H-pyrazol-5-amines3 in
H>O/HOACc in high yields (Schemk).

O HaC
CN o ° CH
AN 3
R S [+ x& + N;/ \ H,0:HOAC (1:1 vIv)
NNy Z SN0 ORI on ,
| H | Z \
R, 2 Rs

Scheme 14

Jain et al.* described an efficient and green protocol for syathesis of

3'H-spiro[indole-3,2-[1,3]benzothiazole]-2H)-ones 3 by the reaction of indole-
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2,3-diones 1 with 2-aminothiophenol2 using tetrabutylammonium bromide

(0) S
e NH, H,0, 60 °C @)
| )

R
3

(TBAB), as a surfactant in aqueous medium (Sch&Bhe

R
1 2

Scheme 15

Rahmatiet al.*° described a green and efficient one-pot, three-corept
condensation reaction of an alkyl cyanoacelataminopyrazole?, and isatin3 in
water to give 2,Bdioxo-1,5,6,7-tetrahydrospiro[indoline-3;4yrazolo[3,4b]
pyridine]-5-carbonitrile derivativegt at 90 °C, using BN as a catalyst with good
yields (Schemé6).

Rs
(@]
Et N, H,O
N NH 90 °C, reflux
1 |
R,

Scheme 16

41
|

Choudhuryet al™ synthesized pharmacologically proficient spirophide-
3,7-pyrrolo[1,2c]imidazole]-6-carbonitrile derivatives4 by a sequential three-
component one-pot reaction of the readily availaégting materials such as isatin
1, malononitrile 2 and substituted hydantoi catalyzed by BN in water, an

environmentally friendly reaction medium (SchebTg

o)
H
CN X
X N EtN, H,0
R—L 0O+ +
A HN 70°C, 7-10 h
N CN
R, 5

Scheme 17
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2.2 EXPERIMENTAL SECTION

The application of ultrasonic irradiation in orgameactions is a promising
technique. Ultrasonic irradiation has also found#oused to influence selectivity

and yields of reactiorf.

In this context, clean and rapid multicomponerdct®mns (MCRs) have
played an important role in this procédsAccording to the principles of green
chemistry; synthetic methods should be designadéosubstances that exhibit little
or no toxicity to human health and environment. §htte possibility of performing
multicomponent reactions in aqueous conditions undgasonic irradiation to
enhance their efficiency is attractive from an exuit as well as a green point of

view.

Hence, in continuation of our work to develop ngmeen chemical routes to
synthesize spiro heterocyclic derivatives usingawas solvent! and guided by the
following two objectives: (1) to develop a new pedare without utilizing
basic/acidic catalysts and volatile organic solsg(®) to evaluate the versatility and
selectivity of these procedures. Therefore, we havestigated a three component
reaction of isatinX), 5-amino-3-methylpyrazole), anda-mercaptocarboxylic acid
(3) under simple but effective catalyst-free condision water under sonication for
the first time Scheme 2.1
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H,0,US.,
20-35 min

(0) O

H,0,U.S.,
H3C R]_ 18-20 min.
! OH
N \ T Hs % o
o & 2\
2 3 N N
|
R>
H3C S
9 —
H,0. U.S Ry
oV, U. o, HN. ~
20-25 min. N N
H ©
10
Y
CHO =
N L
Y
Z HaC S
11 — R
Y 1
H,0, U.S., AN P
15-30 min. H o)
12

Scheme 2.1Synthesis of pyrazolo[3,dl{1,4]thiazepinone derivatives

2.2.1 Synthesis of spiro[indoline-3,4'-pyrazolo[&;€][1,4]thiazepine diones (4a-i)
An equimolar mixture of indole-2,3-diorfe(0.294 g, 2 mmol), 5-amino-3-
methylpyrazole2 (0.194 g, 2 mmol) and-mercaptocarboxylic acid3 (0.184 g, 2
mmol) in water (10 ml) were taken in a flask. Thtesk was attached to a 12 mm tip
diameter probe and the reaction mixture was sasuicédr the specified period at
50% power of the processor at 4 s pulse mode. &tetid of the reaction period,
TLC was checked and the flask was detached fronptbbe and the content was
transferred into a beaker. The formed product vileexydd and washed well with
water to afford the pure crystalline produ@cfieme 2.2 All the synthesized

compounds are summarizedTiable 2.2
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BN o HaQ Ry N
XT [ + N;/ \ + Hs)ﬁ(OH H,0, U.s. HsC
N —_—
N o N NH, o) 20-35 min.
R 3
1 2

Scheme 2.2Synthesis of spiro[indoline-3,4'-pyrazolo[¥}1,4]thiazepine diones

Table 2.2:Synthesis of spiro[indoline-3,4'-pyrazolo[3¥}1,4]thiazepine]dione
(4a-i) derivatives under sonication

Entry | Product X R R: | Time |Yield* | Mp (°C) | Color
(min.) | (%)
1 4a H H H 20 91 182-184 White
2 4b H H CHs 20 92 172-174 White
3 4c 5-CH; H H 25 90 279-281 White
4 4d 5-CH; H CHs | 30 89 317-319 Off-white
5 4e 5-Cl H H 25 90 194-196 Yellow
6 af 5-Br H H 35 88 329-331 Yellow
7 49 5,7-diCH; H H 30 90 324-326 White
8 4h H CHx-Ph| H 35 91 234-236 Off-white
9 4 H CH,-Ph| CH; | 30 90 255-257 Off-white

* = |solated Yield

2.2.2 Synthesis of spiro[acenaphthylene-1,4'-pyraio[3,4-€][1,4]thiazepine]
ones(8a-b)

An equimolar mixture of acenaphthylene-1,2-dign@.364 g, 2 mmol), 5-
amino-3-methylpyrazol€ (0.194 g, 2 mmol) and-mercaptocarboxylic acid8
(0.184 g, 2 mmol) in water (10 ml) were taken ifteak. The flask was attached to a
12 mm tip diameter probe and the reaction mixtuas wonicated for the specified

period at 50% power of the processor at 4 s pulséemAt the end of the reaction
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period, TLC was checked and the flask was detafrioad the probe and the content
was transferred into a beaker. The formed prodast filtered and washed well with
water to afford the pure crystalline produ@cfieme 2.3 All the synthesized
compounds are summarizedTliable 2.3

Q O HC R,
' . N}/ \5 . HS)\(OH H,0,U. S, HsC SO
OO H NH, I 18-20 min. HIL\ /L Ry
N™ N
7 2 3

Scheme 2.3Synthesis of spiro[acenaphthylene-1,4'-pyrazo{bE,
[1,4]thiazepine]one

Table 2.3: Synthesis of spiro[acenaphthylene-1,4'-pyrazotegf1,4]
thiazepine]long€8a-b) derivatives under sonication

Entry Product R1 Time Yield* Mp (°C) Color
1 8a H 20 91 275-277|  Yellow
2 8b CHs 18 90 272-274|  Yellow

* = |solated Yield

2.2.3 Synthesis of spiro[piperidine-4,4'-pyrazolo[3,4-€][1,4]thiazepine]ones

(10a-b)

An equimolar mixture of piperidinon® (0.378 g, 2 mmol), 5-amino-3-
methylpyrazole2 (0.194 g, 2 mmol) and-mercaptocarboxylic acid3 (0.184 g, 2
mmol) in water (10 ml) were taken in a flask. Thesk was attached to a 12 mm tip
diameter probe and the reaction mixture was sasuicédr the specified period at
50% power of the processor at 4 s pulse mode. &tetid of the reaction period,

TLC was checked and the flask was detached fronptbbe and the content was
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transferred into a beaker. The formed product vilkerdd and washed well with
water to afford the pure crystalline produ@ctieme 2.1 All the synthesized

compounds are summarizedliable 2.4

Ro
\
N
O HaC
3
Rl H3C S
VA . Hs)\(OH H,0, U. S. — o
. B —— 1
NH 20-25 min. HN. =
H
R, 2 3 10 ©
9

Scheme 2.4Synthesis of spiro[piperidine-4,4'-pyrazolo[&}it,4]thiazepine]ones

Table 2.4: Synthesis of spiro[piperidine-4,4'-pyrazolo[&Hit,4]thiazepine]one
(10a-b)derivatives under sonication

Entry | Product R1 R> Time Yield* Mp (°C) Color
(min.) (%)
1 10a H CH,Ph| 20 86 156-158 | Off-white
2 10b H BOC 25 88 152-154 White

* = |solated Yield

2.2.4 Synthesis of substituted-aryl pyrazolo[3,4}{1,4]thiazepines (12a-i)

An equimolar mixture of aldehyde$l (0.240 g, 2 mmol), 5-amino-3-
methylpyrazole2 (0.194 g, 2 mmol) and-mercaptocarboxylic acid3 (0.184 g, 2
mmol) in water (10 ml) were taken in a flask. Thesk was attached to a 12 mm tip
diameter probe and the reaction mixture was sasuicédr the specified period at
50% power of the processor at 4 s pulse mode. &tetid of the reaction period,
TLC was checked and the flask was detached fronptbbe and the content was
transferred into a beaker. The formed product vilkerdd and washed well with
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water to afford the pure crystalline produ@&cheme 2.5 All the compounds
synthesized are summarizedTiable 2.5

H,0, U.S.
OH 2% =2 o
—:i) B\ + HS)\"/ 15- 30 min.

12
Scheme 2.5Synthesis of substituted-aryl pyrazolo[&Jfit,4]thiazepinones

Table 2.5: Synthesis of substituted-aryl pyrazolo[&Jft,4]thiazepinong12a-i)
derivatives under sonication

'd Y\ )\
L/
HsC s
— /(Rl
HN., =
N N
H "o
L 12
Entry | Product Y Ri | Time | Yield* | Mp (°C) Color
(min.) (%)
1 12a 4-CHs H 15 90 299-301 White
2 12b 4-CH; | CHs 15 88 153-155 White
3 12c | 4-OCH; | H 15 89 267-269 White
4 12d | 4-OCH; | CH; 18 90 165-167 White
5 12e 4-F H 20 93 182-184 White
6 12f 4-F | CH| 20 91 154-156| Light-yellow
7 129 4-NG;, H 20 89 193-195 Yellow
8 12h 2-Cl H 30 83 126-128 White
9 12i 4-Br H 25 87 283-285 Yellow

* = |solated Yield

2.3 CHARACTERIZATION OF THE COMPOUNDS SYNTHESIZED

To confirm the structure of the compounds synttexband to know the
position of various functional groups and preserfcketeroatoms in the compounds,
characterized by their melting points, various spéstudies including IR, Mas&
NMR, **C NMR and single crystal X-ray analysis.



Chapten-2 61

2.3.1 IR and Mass spectral studies

IR spectra of the compounds synthesized was redood Shimadzu FT-IR
8400S spectrophotometer using KBr pellets. Masstepeof the representative
compound were obtained using Waters UPLC-TQD Masxtsometer at 70 eV.
(Table 2.6

Compound4b was isolated as white crystalline solid with nredtipoint as
172-174 °C. The IR spectrum showed absorption$@0,11710 cntwhich clearly
indicated two carbonyl groups. Further, the presesfcmolecular ion peak at m/z
315.0 (M+1) in the mass spectrum confirmed the &irom of thedb.

2.3.2 'H NMR and *3C NMR spectral studies

'H NMR and™*C NMR spectra of the compounds synthesized werded
in DMSO-d; using TMS as an internal standard on a Bruker 40@n&e Il
Spectrophotometer at 400, 100 MHz and Bruker Spplktitometer at 300, 75 MHz.
(Table 2.6

The'H NMR spectrum ofdb revealed a sharp singlet &tl.44 due to the
methyl protons present in the pyrazole ring. Thehyleprotons of the thiazepine
ring are observed to be appeared as a multiplét2ab0 and a quartet at4.52
(J = 6.6 Hz) was assigned as the CH proton at sanbematom. The —NH protons
in the compound showed three singlet peaksl4t.04, 10.79 and 12.49 and the four
aromatic protons appeared in the regsod.93-7.02 ppm. I°C NMR spectrum of
4b, the two carbonyl carbon atoms resonatedl Bt2.9, 178.0. Signal at48.9 can
be attributed to the spiro carbon and the signals 810.0-146.0 confirmed the
presence of aromatic carbons while methyl carbomatappeared at9.2 and 15.5
ppm. The relative configuration was also unambiglpwonfirmed by X-ray

crystallography of the compouwdb.

In the single crystal X-ray structure of the compd4b, the pyrazole ring is
fused with the thiazepine ring. Four atoms of ting,ri.e., C7, C9, C12 and N3 are
co-planar with the fused pyrazole ring whereasatibens S1, C14 and C13 are not in
the plane and are present above and below the platiee fused ring systefi.
Further, the isatin ring, which is attached witle #87 atom, is perpendicular with

respect to the plane of the seven-membered thiaeepig.
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Table 2.6:IR, Mass,'H NMR and**C NMR spectral data of the compounds syntheszesd), (8a-b), (10a-b) and (12a-i)

Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
1 H 3369 (NH), 3134301 miz ag 1.43 (s, 3H, CH), 3.04 (d,J =| 9.8 (CH), 29.5 (CH), 56.1
N (NH), 2918 (NH),| [M+H]*  for | 15.2 Hz, 1H, CH), 4.42 (dJ = | (spiro C), 106.1, 110.1, 122.6,
0 1708 (CO), 1650 CiH1,NJO,S | 15.2 Hz, 1H, CH), 6.96-7.32 (m,124.5, 129.0, 129.8, 137.4,
HLC S (CO), 1468, 1409, 771 4H, Ar-H), 10.09 (s, 1H, NH), 141.1, 146.1, 171.3 (C=O),
= 10.83 (s, 1H, NH), 12.48 (s, 111177.9 (C=0)
HN. 2 ,& NH)
N
H (@]
4a
2 N 3392 (NH), 3244 315 m/z as 1.44 (s, 3H, CH), 2.50 (m, 3H, 9.2 (CH), 15.5 (CH), 34.0
(NH), 3169 (NH),| [M+H]" for | CHs), 4.52 (q,J = 6.6 Hz, 1H,| (CH), 48.9 (spiro C), 104.1,
o 2915, 1710 (CO)} CisH14N4O.S CH), 6.93-7.02 (m, 4H, Ar-H)| 110.0, 122.5, 124.4, 128.6,
1660 (CO), 1360 10.04 (s, 1H, NH), 10.79 (s, 1H129.6, 141.0, 146.0, 162.p,
1414, 769 NH), 12.49 (s, 1H, NH) 172.9 (CO), 178.0 (CO)
3 3365 (NH), 3197315 m/z as 1.44 (s, 3H, CH, 2.21 (s, 3H| 9.9 (CH), 20.4 (CH), 29.4
(NH), 2981 (NH),| [M+H]" for | CHy), 3.02 (d,J = 15.2 Hz, 1H, (CH,), 48.2 (spiro C), 105.5,
2904, 1712 (CO)| CisHiN.O,S | CH), 4.43 (d,J = 15.2 Hz, 1H,| 109.8, 124.8, 128.8, 129.9,
1669 (CO), 1474 CH), 6.84-7.10 (m, 3H, Ar) 131.2, 138.5, 142.4, 147.0,
1403, 677 10.06 (s, 1H, NH), 10.69 (s, 1H1171.2 (C=0), 177.8 (C=0)
NH), 12.45 (s, 1H, NH)
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
4 H 3316 (NH), 3126329 miz ag 1.28 (d,J = 7.2 Hz, 3H, CH), | 10.5 (CH), 15.6 (CH), 19.8
N (NH), 2988 (NH),| [M+H]*  for | 1.45 (s, 3H, CH), 2.38 (s, 3H, (CHy), 32.6 (CH), 47.9 (spird
e o 2921, 1713 (CO), CigH:iN/O,S | CHy), 3.82 (q,J = 7.2 Hz, 1H, C), 110.3, 122.5, 124.0, 127.3,
Hac S 1665 (CO), 1492 CH), 6.91-7.23 (m, 3H), 9.64 (5130.7, 132.4, 134.1, 140.5,
= ,zCHS 1410, 709 1H, NH), 10.72 (s, 1H, NH), 145.8, 169.8 (C=0), 1745
HNL AN 11.23 (s, 1H, NH) (C=0)
H (@]
4d
5 H 3378 (NH), 3164 335 miz ag 1.70 (s, 3H, CH), 3.41 (d,J = | 10.2 (CH), 25.9 (CH), 45.9
N (NH), 2956 (NH),| [M+H]*  for | 14.8 Hz, 1H, CH), 4.67 (dJ = | (spiro C), 100.2, 110.5, 1241,
o 0 1708 (CO), 1665 CiH1:CIN,O,S | 14.8 Hz, 1H, CH), 6.85-7.23 (m,125.4, 127.3, 132.4, 141.1,
H.C S (CO), 1476, 1404, 724 3H, Ar), 10.02 (s, 1H, NH)} 152.2, 158.4, 170.4 (C=Q),
3 /& 10.59 (s, 1H, NH), 12.11 (s, 1H177.3 (C=0)
HN. = NH)
N N
H (6]
de
6 H 3336 (NH), 3145380 miz ag 1.52 (s, 3H, Ch), 3.39 (d,J = | 9.9 (CH), 23.9 (CH), 46.8
N (NH), 2964 (NH),|[M+H]*  for | 15.2 Hz, 1H, CH), 4.61 (dJ = | (spiro C), 105.6, 110.5, 123.L,
Br O 1709 (CO), 1670 CH11BrN4O,S | 15.2 Hz, 1H, CH), 6.83-7.20 (m,124.4, 126.3, 131.4, 145.1,
e S (CO), 1438, 1415, 834 3H, Ar-H), 10.04 (s, 1H, NH), 150.2, 154.4, 171.4 (C=O),
= 10.50 (s, 1H, NH), 12.05 (s, 1H176.3 (C=O)
HN. 2 ,& NH)
N N
H (0]
4f
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
7 3324 (NH), 3186329 miz ag 1.44 (s, 3H, CH), 2.15 (s, 3H, 10.5 (CH), 19.7 (CH), 20.4
(NH), 2912 (NH),| [M+H]*  for | CHy), 2.25 (s, 3H, CH), 3.05 (d,| (CHs), 29.4 (CH), 48.2 (spiro
1707 (CO), 1668 CieH1gN4O,S J=15.2 Hz, 1H, CH), 4.41 (d,| C), 109.8, 124.8, 128.8, 129.9,
(CO), 1472, 1429, 827 = 15.2 Hz, 1H, CH), 6.84-7.10131.2, 134.7, 136.7, 138.5,
(m, 2H, Ar-H), 10.10 (s, 1H| 1457, 171.2 (C=0), 177.8
NH), 10.59 (s, 1H, NH), 12.4R(C=0)
(s, 1H, NH)
8 3368 (NH), 3183391 miz ag 1.43 (s, 3H, Ck), 3.03 (d,J = | 10.4 (CH), 29.5 (CH), 48.2
(NH), 2991, 1702 [M+H]" for | 15.2 Hz, 1H, CH), 4.18 (d] =| (spiro C), 56.1 (Ck), 110.1,
(CO), 1680 (CO)| CrHiN.O,S | 14.8 Hz, 1H, CH), 4.85 (d, U115.4, 122.6, 123.6, 124.5,
1434, 1402, 737 =15.2 Hz, 1H, CH), 5.08 (d] = | 128.6, 129.0, 129.8, 135.5,
15.6 Hz, 1H, CH), 6.96-7.35 (m,137.4, 139.56, 141.1, 146.,
9H, Ar-H), 10.15 (s, 1H, NH), 171.3 (C=0), 177.9 (C=0)
10.80 (s, 1H, NH)
9 H 3326 (NH), 2982 405 miz ag 1.01 (s, 3H, Ch), 1.42 (d,J = | 9.5 (CH), 15.1 (CH), 34.0
. (NH), 2914, 1710 [M+H]*  for | 7.6 Hz, 3H, CH), 3.98 (q,J = | (CH), 48.8 (spiro C), 49.0,
(CO), 1680 (CO)| CroHyoN4O,S 7.2 Hz, 1H, CH), 4.79 (dJ =| 109.7, 122.0, 124.2, 128.p,
H4C S 1473, 1421, 785 15.2 Hz, 1H, CH), 5.10 (dJ) = | 128.9, 140.7, 173.5 (CO),
HN. - /(CHa 15.6 Hz, 1H, CH), 6.42-6.75 (m,178.1 (C=0)
‘N N 9H, Ar-H), 9.91 (-NH, s), 11.96
L © (-NH, s)
Ph
4
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR

(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
10 3346 (NH), 3173336 miz ag 1.37 (s, 3H, Ch), 3.13 (d,J = | 10.2 (CH), 28.9 (CH), 51.2
(NH), 2916, 1720 [M+H]*  for | 14.8 Hz, 1H, CH), 4.19 (dJ = | (spiro C), 102.3, 120.2, 122.
(CO), 1695 (CO)| CigH1aN30,S 14.8 Hz, 1H, CH), 6.28 7.10 (m,124.0, 127.3, 127.8, 128.
1481, 1415, 757 6H, Ar-H), 10.55 (s, 1H, NH)} 130.5, 136.2, 137.3, 169

12.23 (s, 1H, NH) (C=0), 196.8 (C=0)
11 3317 (NH), 2980 350 m/z as 1.14 (s, 3H, CH), 1.21 (d,J = | 9.8 (CH), 15.3 (CH), 35.4
(NH), 2929, 172Q [M+H]* for | 7.2 Hz, 3H, CH), 4.43 (q,J =| (CH), 53.7 (spiro C), 106.7
(CO), 1677 (CO)| CigH1sN:0,S 7.6 Hz, 1H, CH), 7.43-8.38 (m,111.4, 122.0, 124.2, 125.
1476, 1412, 692 6H, Ar-H), 10.13 (s, 1H, NH)} 129.2, 129.3, 129.3, 129.
12.52 (s, 1H, NH) 132.5, 138.9, 146.3, 172

(C=0), 198.7 (C=0)
12 CH,Ph 3321 (NH), 2974 343 miz ag 1.46 (s, 3H, Ch), 2.34 (m, 4H, 8.9 (CH), 30.4 (CH), 34.2
d (NH), 2937, 1722 [M+H]*  for | 2CH,), 2.53 (m, 4H, 2Ch), 3.20| (CH;), 48.2 (spiro C), 50.2
(CO), 1475, 1411] CigHN40OS (d, J = 15.2 Hz, 1H, CH), 4.1661.8, 107.1, 118.1, 129.
906, 824, 703 (d, J = 15.2 Hz, 1H, CH), 4.85137.4, 140.5, 142.1, 151.

H3C S (d, 1H, CH,J = 14.8 Hz,), 5.06 170.9 (C=0)
o /g (d, 1H, CH,J = 14.8 Hz,), 6.21]
‘N 7.20 (m, 5H, Ar-H), 9.55 (s, 1H,
H O NH), 12.23 (s, 1H, NH)
10a

N~
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
13 BOC 3280 (NH), 2963353 m/z as 1.23 (s, 9H, 3CH, 1.58 (s, 3H| 9.9 (CHy), 28.0 (CH), 315,
4 (NH), 2825, 1723 [M+H]*  for | CHs), 2.54 (m, 4H, 2Ch), 3.14| 35.1, 49.1 (spiro C), 50.7
(CO), 1697, 1479, C;oHisBN4O,S | (m, 4H, 2CH), 3.34 (dJ =15.2| 77.6, 108.0, 151.9, 153.
HaC. s 1378, 860, 765, 693 Hz, 1H, CH), 4.32 (dJ = 15.2| 160.7, 171.7 (C=0)
— Hz, 1H, CH), 9.52 (s, 1H, NH),
HNL N,\z 12.26 (s, 1H, NH)
H o
10b
14 HC 3197 (NH), 2953 274 m/z as 1.43 (s, 3H, CH), 2.20 (s, 3H| 10.5 (CH), 21.2 (CH), 33.4
(NH), 2906, 1704 [M+H]®  for | CHy), 3.03 (d,J = 14.8 Hz, 1H, (CH,), 42.8 (CH), 104.8
(CO), 1475, 1402, 687 C14H1sNz0S CH), 4.23 (d,J = 14.8 Hz, 1H, 116.2, 125.3, 127.5, 128.
CH), 5.24 (s, 1H, CH), 6.82-7.11141.7, 142.6, 148.4, 170
HC s (m, 4H, Ar-H), 9.86 (s, 1H, NH)| (C=0)
] 12.56 (s, 1H, NH)
Ny
10
12a
15 HoC 3283 (NH), 2976 288 m/z as 1.11 (d,J = 7.2 Hz, 3H, Ch), | 10.9 (CH), 18.9 (CH), 20.1
(NH), 2920, 1710 [M+H]*  for | 1.34 (s, 3H, Ch), 2.16 (s, 3H, (CHs), 30.4 (CH), 42.5 (CH)
(CO), 1488, 1418, 717 C;sH17N3OS CHg), 4.28 (q,J = 7.2 Hz, 1H,| 108.9, 118.2, 129.3, 137.
CH), 5.28 (s, 1H, CH), 6.74-7.05141.7, 142.6, 146.8, 148.
H4C s (m, 4H, Ar-H),9.98 (s, 1H, NH),| 173.4 (C=0)
] /(cm 12.64 (s, 1H, NH)
N
n H 0
12b

Falisd
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
16 HsCO 3321 (NH), 2989 290 m/z ad 1.98 (s, 3H, Ch), 3.07 (d,J = | 10.5 (CH), 33.5 (CH), 42.8
(NH), 2902, 1712 [M+H]*  for | 15.2 Hz, 1H, CH)3.72 (s, 3H, (CH), 55.0 (OCH), 99.8,
(CO), 1463, 1429, 770 C14H1sN:0,S OCH), 4.36 (dJ=15.2 Hz, 1H,| 104.8, 113.6, 128.9, 132.4,
CH), 5.24 (s, 1H, CH), 6.86-7.35138.6, 151.6, 158.1, 171{2
HyC s (m, 4H, Ar-H), 10.01 (s, 1H, (C=O)
] NH), 12.69 (s, 1H, NH)
Wy
10
12c
17 HyCO 3281 (NH), 2976 304 miz as 1.18 (d,J = 7.2 Hz, 3H, CH), | 10.9 (CH), 18.9 (CH), 30.4
(NH), 2925, 1703 [M+H]*  for | 1.45 (s, 3H, CH), 3.69 (s, 3H/| (CH), 43.2 (CH), 52.8
(CO), 1480, 1414, 714 C;sH17/N:0,S OCHg), 4.23 (q,J = 7.2 Hz, 1H,| (OCH,), 110.7, 119.2, 127.3,
CH), 5.29 (s, 1H, CH), 6.99-7.25138.5, 144.7, 145.6, 148.8,
HyC. s (m, 4H, Ar-H), 9.95 (s, 1H, NH)| 154.9, 172.4 (C=0)
] CHy 12.66 (s, 1H, NH)
Ny
o 1o
12d
18 F 3271 (NH), 3015278 miz as 1.34 (s, 3H, Ch), 3.08 (d,J = | 10.4 (CH), 30.7 (CH), 41.8
(NH), 2934, 1701 [M+H]*  for | 14.8 Hz, 1H, CH), 4.22 (d] = | (CH), 108.8, 126.3, 128.5,
(CO), 1465, 1397, 637 C13H1,FN;OS 14.8 Hz, 1H, CH), 5.25 (s, 1H,130.6, 142.7, 143.6, 1484,
CH), 6.83-7.09 (m, 4H, Ar-H), 154.7, 172.4 (C=0)
HaC S 10.18 (s, 1H, NH), 12.41 (s, 1H,
] /{ NH)
N.
l}l N
oo
12e
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
19 F 3304 (NH), 2988 292 miz ad 1.16 (d,J = 7.2 Hz, 3H, CH), | 10.1 (CH), 19.4 (CH), 33.5
(NH), 2941, 1708 [M+H]*  for | 1.47 (s, 3H, CH), 4.28 (q,J = | (CH), 44.1 (CH), 52.9, 111.7,
(CO), 1444, 1409, 817 C14H14FN;OS 7.6 Hz, 1H, CH), 5.31 (s, 1H,119.8, 126.8, 139.7, 145.8,
CH), 6.67-7.24 (m, 4H, Ar-H)| 148.9, 150.9, 1535, 172|9
HaC S 10.12 (s, 1H, NH), 12.12 (s, 1H(C=0)
B /(CH;; NH)
N.
'I\l N
n H 0
12f
20 ON 3295 (NH), 2973 305 m/z as 1.32 (s, 3H, CH), 3.15 (d,J = | 10.9 (CH), 314 (CH), 43.9
(NH), 2919, 1684 [M+H]*  for | 15.2 Hz, 1H, CH), 4.22 (d] = | (CH), 111.8, 122.3, 129.5,
(CO), 1538, 815, 764 | C13H1,N4O5S 14.8 Hz, 1H, CH), 5.29 (s, 1H,131.6, 143.7, 145.6, 1494,
CH), 6.29-7.05 (m, 4H, Ar-H), 156.7, 173.8 (C=0)
10.21 (s, 1H, NH), 12.73 (s, 1H,
NH)
21 3328 (NH), 3018 294 miz as 1.58 (s, 3H, Ch), 3.04 (d,J = | 10.4 (CH), 30.7 (CH), 42.5
(NH), 2951, 1693 [M+H]®  for | 14.8 Hz, 1H, CH), 4.04 (d] = | (CH), 108.8, 126.3, 128.35,
(CO), 1427, 1409, 757 C1zH1,CIN3OS | 15.2 Hz, 1H, CH), 5.19 (s, 1H,130.6, 142.7, 143.6, 148.4,
CH), 6.88-7.19 (m, 4H, Ar-H)| 154.7, 172.4 (C=0)
10.82 (s, 1H, NH), 12.44 (s, 1,
NH)
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Entry Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) ( in ppm) ( in ppm)
22 Br 3301 (NH), 2968 337 m/z as 1.79 (s, 3H, CH), 3.11 (d,J = | 11.2 (CH), 34.5 (CH), 40.3
(NH), 2911, 1709 [M+H]*  for | 15.2 Hz, 1H, CH)4.29 (d,J = | (CH), 105.0, 1225, 124.6
(CO), 1516, 1458, 639 C;sH1,-BrN;OS | 15.2 Hz, 1H, CH)5.22 (s, 1H,| 129.2, 139.5, 141.6, 147.
CH), 6.93-7.27 (m, 4H, Ar-H)| 152.8, 173.8 (C=0)
HaC 9.78 (s, 1H, NH), 12.19 (s, 1Hi,
T 3 NH)
N.
" N%
H 1 0°




Chapten-2 70

2.4 RESULTS AND DISCUSSION

The present reaction is chemo as well as regicdeteand three products
spiro[indoline-3,4'-pyrazolo[3,4}{1,4]thiazepine]diong4), spiro[indole[3,27] thiazoli-
dinone]-dione (5) and spiro[indoline-3,5'-pyrazolo[16jf1,3,5] thiadiazepine]-dione
(6) can be formed because in addition to >Njfbup, two nucleophilic centers are
present in 5-aminopyrazof8) (Scheme2.6). The formation of pentacyclic ring system
5 occurs if the reaction go through the intermed&iadolylimine B as observed in
our previous study. While the formation of heptdicydng system4 involves the
first formation of Baylis-Hillman type adduét. The X-ray crystal structure of the
representative compourb confirmed the chemoselective formationdofFurther,
the formation of regioisomes is ruled out due to the higher nucleophilicity of C-4

over N-1 in the 5-aminopyrazol&)( which is also proved by other workéfs.

Scheme 2.6Selective synthesis of spiro[indole-3,4'-pyrazo)df{g[1,4]thiazeping

derivatives

A mixture of isatinl, 5-amino-3-methylpyrazol@, and a-mercaptoacetic
acid 3 was irradiated under sonication at room tempegatoir 20 minutes in water
to furnish a white solid, characterised as 3'-me@g'-dihydrospiro[indoline-3,4'-

pyrazolo[3,4€][1,4]thiazepine]dioneda. Initially, a series of experiments were
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carried out for the one-pot, three-component reactio optimize the reaction
conditions Table 2.7). Reaction mixture was irradiated under sonicaimopresence
of various catalysts such as acf@¥SA, AcOH, InCk and surfactant CTABr. No
satisfactory results were obtained under a vanétatalytic conditions and tedious

work-up was also required for separation.

In order to evaluate the effect of solvent, vasi@olvents such as GEl,
DMF and ethanol were used for the model reactiaeusonic condition. As shown
in Table 2.7, low yield of the target produdta was obtained in hexane and DCM.
Reaction in DMF and ethanol resulted in 65 % and&®9ields, respectively. From
the economical and environmental point of viewOHvas chosen as the reaction
medium for all further reactions. Agax (maximum cavitation intensity) arfmax
(the temperature at which Imax is reached) of anlyemt has a profound effect in
sonochemical reactivity (for watékax is 100),Imax Of water is responsible for the

increase in the reaction rate compared to the atbleents for whichmaxis less?’

Table 2.7: Optimization of conditions for synthesis 4

Entry Solvent | Condition| Catalyst Time Yield® (%)
1 H.O us AcOH 30 min 72
2 H.O us p-TSA 30 min 75
3 H.0 us InCk 30 min 74
4 H,O us CTABr 30 min 78
5 H.O us - 20 min 92
6 Hexane us - 60 min 57
7 DCM us - 60 min 48
8 DMF us - 60 min 65
9 Ethanol UsS - 60 min 69
10 H-.0 Stirring - 20 min No reaction
11 H,O Stirring - 1lh Mixture of
products
12 H,O Reflux - 20 min Traces

& Reaction conditions: indole-2,3-dionela (2 mmol), 5-amino-3-methylpyrazol@ (2 mmol)
a-mercaptoacetic aci8a (2 mmol) in 10 ml solvent.

Pisolated yield.
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In order to verify the effect of ultrasound irration on this reaction, the
model reaction was also carried out in the absehcd#trasound under conventional
manners in both stirring and refluxing conditiorsng water as a solvent (entries
10-12). As shown inTable 2.7, under high speed stirring at magnetic stirrer, no
reaction was observed at same time but a mixturpr@ducts was obtained after
prolonged reaction time. While under at refluxcas of compound was detected by
TLC. Thus, ultrasonic irradiation was found to haleneficial effect on the
synthesis of pyrazolo[3,d}{1,4]thiazepinone derivatives which was supermithe
traditional method with respect to yields, reactiome, and particularly while

considering the basic green chemistry concept.

Encouraged by this success, the optimized reacboditions were extended
to other substituted isatins and thioacid, TabI2 showed that all the substrates
reacted smoothly and efficiently affordidg-i in good to excellent yields. A single
product was isolated in all the cases and no tohidke other isomers was formed

even after prolonged reaction time.

To further explore the potential of this protodok synthesis of other
pyrazolo[3,4€][1,4]thiazepine compounds and for assessing theergdity of
optimized reaction conditions, we have also ingagéd the present multicomponent
reaction using acenaphthylene-1,2-digheiperidinoned and substituted aromatic
aldehydes 11 to obtain spiro[acenaphthylene-1,4'-pyrazolod[4;4]thiazepine]
dione derivatives, spiro[piperidinone-1,4'-pyrazolo[3d-[1,4]thiazepine]dionel.0
and substituted ampgyrazolo[3,4€][1,4]thiazepinel?2 respectively (Table.3 2.4
and2.5).

2.4.1 Mechanism

Ultrasound waves passes through liquid mediumite gse to sinusoidal
variation in the bulk pressure, which induces @wit which creates, enlarges, and
implodes gaseous and vaporous cavities in an atedli liquid, involving
enhancement of mass transfer to start a chemieatioas?® Possible nuclei for
occurrence of cavitation events are gas pockeppédin the walls and crevices of
the solid and reactor wall, or they could be snbaibbles already present in the
medium. Thus, ultrasound irradiation activatesrdation mixture by inducing high

local temperature and pressure generated insidecdhéation bubble and its
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interfaces when it collapses which acceleratesréaetion rate and shorten the

reaction time.

The plausible role of water in promoting the reacttcan be rationalized by
the hydrogen bond formation between water and HeoarBonyl of isatin which
increases the electrophilic character of the 3-@audf the isatin. The hydrogen atom
of water works as a Brgnsted acid and activatédimeation of Baylis-Hillman type
adduct(A). Also, the oxygen of water may coordinate with Hy&rogen of thiol,
and as a result, functions as a Brensted base.dUiisactivation mod& by water
may be important in promoting Michael addition t&at of intermediatgA) with
thioacid more efficiently under neutral conditicielowed by dehydration forming

the final product. (Scheme 2.y

O —NH

H H N
! .. NH
eo (" P R
NH2 /\ OH
o * | — OH o) (@]
v =N y O -H,0 N 3
1 HsC 2 H
(A)

_NH
| NH
2OH
S o)
o)
N
H

Scheme 2.7Possible mechanism for the synthesis of pyrazaleg1,4]

thiazepinone derivatives

In addition to chemo and regioselectivity, intéirgs results were obtained
with respect to diastereoselectivity. The preseunltioomponent reaction led to the
formation of compounds with two asymmetric cenigts= CHs). Hence, the final
products4b, 4dand4i may be obtained either as diastereomeric pails (8R,6'S)-
or (3R,6'R)- relative configuration of these cester as their mixture. Th¢i NMR
spectrum of compoundb (Entry 2, Table 2.6)showed the formation of only one
diastereomer and the relative configuration of téieomer (3R,6'S) was
unambiguously confirmed by X-ray crystallograpRjgure 2.1).>°
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(3R,6'S)

Figure 2.1: The crystal structure of compousd

In addition, the X-ray structure also indicateattamong the two tautomeric

forms (1) and (Il) inFigure 2.2 only form Il was generated.

NH

0] D)

Figure 2.2: Two tautomeric forms (1) and (II) afb

2.5 CONCLUSION

In summary, we describe herein an efficient prokdaer the highly selective
multi-component reaction in water under ultrasouratiation. It is noteworthy that
the present reaction proceeded without the addidoany acid or base catalyst.
Compared with the conventional methods, the praeedifers several advantages
including excellent yields, shorter reaction tin@ean reactions, and minimal

environmental effects.
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ADS-05 in DMSO-D6
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Crystal data and structure refinement for 4b

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

shelxI

GsH1aNs O S

314.37

296(2) K

0.71073 A

Monoclinic

P 21/c

a=11.9823(6) A o=90°
b =8.3551(4) A
c=17.5510(9) A
1697.63(15) A
4

y=90°

1.230 Mghn

0.202 mmh

656

0.50 x 0.40 x 0.30 mm
1.76 to 25.00°

-14<=h<=14, -9<=k<=9, -16<=1<=20

24860
2982 [R(int) = 0.0211]
99.9 %
Semi-empirical from equivaken
0.9419 and 0.9058

Full-matrix least-squares én F
2982/ 0/ 206

1.153
R1 = 0.0735, wR2 2496
R1 = 0.0769, WR2 = 0.2592

0.042(8)

2.037 and -0.2693.A

B = 104.948(2)°
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CHAPTER 3
Chemoselective Synthesis and
Characterization of Indolo[2,3-b]
quinoxaline Derivatives catalyzed
by Copper Doped Cadmium
Sulphide Nanoparticles under
Microwave lrradiation
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31  INTRODUCTION

The study of heterocyclic compounds is of gredergst from both a
theoretical as well as a practical point of viewetéfocyclic compounds occur in a
variety of naturally occurring compounts.A large number of heterocyclic
compounds are essential in our day-to-day life.

The quinoxaline ring system is probably one of doenmon heterocyclic
scaffolds used to build pharmacologically and hiaally active molecule®® In
addition to their medicinal uses, quinoxaline datives have found various
technical applications as semiconducfordyes® and as ligands in coordination
chemistry?

Further, indole substituted diverse heterocyalgs have been found in a
fascinating array of bioactive natural products phdrmaceutical compoundg\n
indolo[2,3b]quinoxaline nucleus which accumulates quinoxaksewell as indole
moieties integrates properties of both, and theegyiam of both the heterocyclic
moieties in a single nucleus results in the foromatiof molecules with the

worthwhile biological activitie§.

Derivatives of indolo[2,3®]quinoxaline exhibit promising biological
activities such as anticancer, anticonvulsant,basterial and antiviral activity.
Further, @-indolo[2,3b]quinoxaline compounds, NCA0424 and NCAO0465
represent an important series of DNA intercalatggnts endowed with antiviral
and cytotoxic activiti€§ and Allosteric dual Aktl and Akt2 inhibitor affaed
modest activity in cell-based IPKA Akt ass&)<ompound B-220 (2,3-dimethyl-6-
(2-dimethylaminoethyl)-B-indolo[2,3b]quinoxaline) has shown remarkable
activity against herpes vird&®tricyclic benzofjquinoxaline acts as platelet derived
growth factor receptor kinase inhibitband NPS-2390 has been identified as an
active mGIuR1 fragmenif (Table 3.1)
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Table 3.1:Medicinally relevant quinoxaline derivatives

S. Name of the Structure of the compound Use of the compound
No. compound 8.9
1 |NPS-2390 _N NPS-2390 has been
§ \n):\ j@ identified as an active
I N mGIluR1 fragment
2 |Allosteric dual Aktl N o |Allosteric dual Aktl
and Akt2 inhibitor | N N M |and Akt2 inhibitor
4 j@[ _ " “NH|afforded modest
N N O @ activity in cell-based
IPKA Akt assays
3 |NCA0424 _N NCAO0424 represent an
- ]\_/© important series of
N °N DNA intercalating
éH3 agents endowed with
CH,OH antiviral and cytotoxic
H2041~CH3 activities
CH,OH
4 |B 220 CHs Compound B-220
@_gf S j§/_CH3 has shown remarkable
N =N activity against herpes
H virus
H3C'N\CH3
5 |NCAO0465 CH,OH NCAO0465 is a DNA
HsC CH, intercalating agent with
CH,OH cytotoxic activities
_N
L)
Nl
CHs;
6 |Tricyclic benzof] Tricyclic
quinoxaline N benzop]quinoxaline
~ acts as platelet derived
N/ growth factor receptor
kinase inhibitor

As a result of the above significant propertiedersive literature survey has
been reported by the various workers to synthegingoxaline derivatives through a
variety of approaches. Some of the conventionahous to synthesize quinoxaline

moiety are given as under:
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Antoniotti et al*® reported the Bi-catalyzed one-pot condensation of
epoxidesl and diamino derivative to access di-substituted quinoxalir2sThe

reaction proceeded in DMSO under molecular oxygethe presence of copper
triflate or triflic acid as additives (Schertg

R, H,N Big (5 - 10 mol%), R1 /N
Additive (2.5 - 2.7 mol%) |
o+ DMSO, 100 °C x
RS H,N R; N
3

Po, (1 atm)
Additive = Cu(OTf}, TfOH
Scheme 1

An efficient synthesis of quinoxalinéswas accomplished by Chet al*
when o-phenylene diamine& were made to react with an array of 1,2-didls
diglyme catalysed by ruthenium salt (Schezpe

R, N
j\ __RuCK(PPh); _ X
dlglyme =
R{ N Ro
3

Scheme 2

Meshramet al'? utilized DABCO as a catalyst to afford functiorzal

guinoxalines3 by the reaction of phenacyl bromidesndo-phenylene diamine?
(Schemes).

R
H,N R
Br 2 1
THF, RT
H,N R ~
R 2 2 N R,
3

Scheme 3

In an alternate approach, Meshranal®® also synthesized catalyst-free
qguinoxaline-2-carboxylate derivativB8dy the reaction of-halo-ketoesterd with

1,2-diamine2 using ionic liquid as an environmentally benigitveat (Schemd).

H,N R
O O 2 2
R)J\/U\ + j@i [bmlm]BF4 :[ Ijl\
OR
T HLN Rs
1
2

Scheme 4
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Besides traditional heating methods discussed,owave dielectric heating

has also been employed to shorten the reactiors tgigmificantly by Nagendrappa
et al'* for the synthesis of quinoxaline derivativedy the two-step reactions of
ketones 1 with substituted nitroso trimethyl chlorosilan2 and substituted
iminoketone3 with 1,2-diaminet (Schemeb).

HZND
- > > =
NaNG, JCl Ry NoH MW NZ ph
5

Ry
1 3

Scheme 5

Zhanget al*®> demonstrated a new approach for the synthesissab&tituted
quinoxalines3 by Ga(ClQ)s-catalyzed cycloaddition af-phenylenediamine$ and
a-hydroxyketone® (Schemeb).

Ga(ClOy)y N R
“Eon ' >
7 N
3

Scheme 6

Hulme et al'® described a facile one-pot multicomponent methmdtfie
construction of imidazo-[1,8}quinoxaline derivatives4 in which two aromatic
rings and four new chemical bonds are formed framous building blocks such as
substituted  carbamates 1, substituted  2-oxoacetaldehydes2 and

isocyanosulfonylbenzen@4Schemer).

R-Z
1
NH | 0 i NC N I
= 2 = 7 ﬁ\l/ MW irradiation L3
—
RiC | + R | + o Z
Rs K,CO;
A XN Ry ‘ /
NHBoc A
1 2 3 R3 N

Scheme 7

EtsN-catalyzed oxidative dehydrogenative coupling efunsubstituted
carbonyl compoundd with aryl diamines2 was invoked to give quinoxaline
derivatives3 using molecular oxygen as oxidant had been desthipeZhanget al*’
(SchemeB)
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H,N R, N
Rl/\n/ Ro . D Et;N (10 mol%) I |
toluene (2.5 mL), X
o H,N O,(1am),60°C R& N
1 2 3
Scheme 8

Ma et al'® introduced a copper-catalyzed process for the tnastion of
benzo[4,5]imidazo[1,&]quinoxaline derivatives3 from N-tosyl-2-haloanilinesl
and 2-(chloromethyl)Hi-benzof]imidazoles2 under mild conditions (Schen$.

NHTS _
Cu(OAc) H,0, L- prollne
/> :Rs CsCO; NMP, 80 °Caif 7 N

Scheme 9

An expedient and atom-economical method had beeelaj@ed by Cheoet
al.”® for the assembly of 2-aminoquinoxalines from readily availableo-

phenylenediamine$, aldehyde® and NaCN3 under aerobic conditions (Scheme

10).
P NH» o >i) 4A MS DMF I
R_\ | " H)I\R' (ii) NaCN o R_
2

1 NH, (in open flask)

Scheme 10

A general procedure for the synthesis of indolofdduinoxalines involves
the condensation reaction of isatin analogs withdlamines?® A literature survey
suggested that there are very few reports whenmeogaline moiety is assimilated
with indole moiety’>** The condensation reaction of 1,2-aryldiamines wilitB-

diketones is a primary route to construct the gxatiae ring.

The reported procedures for this protocol invohaesvide spectrum of
reagents including clayzfé® silicagel®?® zr(IV) modified silica gef?® alumina®*®
DABCO*® Sm(OTfp,?*" glycerol?® CeChL.7H,O in glycerine® FeClk with
morpholine®? triethylamine/Q,?? Ga(ClQ)s;,***and graphité?
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However, the reported methods suffered from onmare of the following

disadvantages like longer reaction times, low Wedfl the products, harsh reaction
conditions, and use of excessive amounts of reagédious workup procedures,
and co-occurrence of several side reactions wih Eelectivity of the process. In
addition, some of the catalysts and reagents grensive, toxic, and air sensitive.
Therefore, further development of the catalytic tesys will require advanced

materials that can selectively catalyze chemicatttens with high reactivity and

can be recycled through simple separation and sxgean processes.

Development in the field of catalysis is helpirge tscientists to face the
challenges related to the economy of world, suataiity and energy. The societal
pressure has been at the origin of the concept avfostience, which is an
exponentially growing research field in modern scethat involves the synthesis
and application of nanoparticles of different sizwsd shape¥ The exciting
prospect of nanoscience is showing its potentiang conceivable domain. Every
field from medicine and electronics to manufactgriand fashion stand to be
benefitted from advances in nanotechnolgithough nano-scale technology is
multifaceted in its application, the use of nanaemal as catalyst is perhaps the
most intriguing. Further, the nano-material cateti/sreactions provide the
advantages of high atom efficiency, simplified &w@mn of product, and easy

recovery and recyclability of the catalyst.

CdS and Cu doped CdS NPs is an important semictordowing to its
unique electronic and optical properties and itepimal applications in solar energy
conversion, nonlinear optical photoelectrochemicalls and heterogeneous
photocatalysié® Since the properties of the catalyst surfacesclsely correlated
with the catalytic activities, the precise modifioa of the catalyst surface by
introducing another component (dopant) or chantiwegmorphology could facilitate
the controlled tuning of the catalytic propertiésCu has been extensively
investigated as promoter elements to develop neimnproved catalytic system in

the past® Some of the reactions using the Cu NPs are disdusslow:

Alonso et al?®

synthesized the copper nanoparticles to produee th
substituted triazole3 using various azidesand alkyne in shorter reaction period

(Schemell).
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_ 10 mol% Cu NPs /
Rt =, -
Et;N, THF, 65 °C Ry R,

Scheme 11

Kumar et al*® developed an efficient and green methodology fue t
synthesis of naphthalene condensed oxazinone tleesd from aldehyded, urea

2 andp-naphthol3 in presence of copper nanoparticles as catalgste(8el?2).

(O
(0] OH
Cu-nanoparticles
RL N + JJ\ + P > (@]
I _ H,N NH, K,CO;, PEG-400, air /&
N
4

Scheme 12

o

13 studied a novel and efficient method for the sgsih of 2-

Patelet a
aminobenzothiazole derivativddrom thein situ generated 2-halothioureddy the
reaction of substituted 2-haloisothiocyanatobenzdnand a variety of secondary

amines2 in the presence of CuO nanoparticles (Sch&ghe

NCS

N N _fD A g O
X CuO,aq. KCO; _ R+~ \
R~— + CNH _Dneat _ |pfi T - > T >_
L 100 °C S
X

X S

2 4

3
Scheme 13

A simple, eco-friendly, green and efficient procexldor the synthesis of
polyhydroquinoline derivativeS from dimedonél, ethyl acetoacetat® ammonium

132 This reaction proceedsa

acetate3 and aldehyded was reported by Ghonet a
one pot multicomponent methodology using CuO narimes under solvent-free

conditions (Schem#4).
CHO

0 o]
OEt 7 CuO NPs
+ + NH40AC + Ry >
_~ Solvent-free, 140 °C
O O CHy 3
1 2

4

Scheme 14
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32  EXPERIMENTAL

As part of our efforts on the development of nogeten protocols for
heterocyclic frameworks and nanoparticle synth&sikerein, we describe the
synthesis, characterization and catalytic appbcatof CdS and Cu doped CdS
nanoparticles for the chemoselective synthesisndblo[2,3b]quinoxalines by the
reaction of isatins with 1,2-diamine in ethylengogll under microwave irradiation
(Scheme 3.1

Scheme 3.Xhemoselective synthesis of indolo[hJ8uinoxaline derivatives

In the reaction of isatins with 1,2-diamines, fbemation of the required
indolo[2,3b]quinoxalines is accompanied by the occurrence ®imino-isatin,
spirobenzimidazole, and ring-opened quinoxalinanside products and sometimes
these products have been isolated as the main girotlne present protocol gives
indolo[2,3b]quinoxalines selectively and exclusively.

3.2.1 Synthesis of Catalyst

Simple aqueous chemical metfibbas been used to prepare Cu doped CdS
nanoparticles. Nanoparticles of CdS were synthdsiae room temperature by
dropping simultaneously 50 ml of 1 M solution of &@, and 50 ml of 1M solution
of N&S into 200 ml of distilled water containing 50 nil@1M solution of EDTA,
which was vigorously stirred using a magnetic stiriThe high insolubility of CdS
formed out of the chemical reaction caused the &on of a number of new nuclei
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while preventing the growth of already existing nius limiting the particle size.

The role of EDTA was to stabilize the particlesiaghaggregation which may lead
to an increase in the particle size. The dopingogiper has been done by adding 2
wt% of metal sulphate (CuSPpto CdSQ (at the beginning of the reaction) for the
formation of CdS:Cu NPs. The precipitate was sdpdrdom the reaction mixture
and was dried at room temperature. After sufficidnting, the precipitate was
crushed to fine powder with the help of mortar pedtle.

3.2.2 Synthesis of indolo[2,®]quinoxaline derivatives (3a-j)

Indole-2,3-dioné€l (0.147 g, 1 mmol) and 1,2-diami2e(0.108 g, 1 mmol)
and 5 mol% of Cu doped CdS NPs in ethylene glyt0Inil) was introduced in a 50
mL round-bottomed flask. The flask was placed ie thicrowave cavity and
subjected to irradiation for appropriate time at 80using a maximum power of
300W. When the reaction was complete, ethyl acetsie used to extract the
reaction mixture and the organic layer was graguaimoved under reduced
pressure to obtain the crude product. The pure yotsdwere obtained by
crystallization from ethanol (Schen®2). All the synthesized compounds are

summarized iMable 3.2

N
O HoN =z X
X—/ | + 2 D Cu doped CdS NPs x—:\ || |: | B
A N YO H-N Z/ EG, MW N N 4
| 2 10-15 min. !
Y
M 3
1 2

Scheme3.2: Synthesis of indolo[2,B]quinoxaline derivatives
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Table 3.2:Synthesis of indolo[2,B]quinoxaline derivatives3a-j) under
microwave irradiation

Entry | Product X Y Z Time | Yield" | Mp (°C) Color

(min.) | (%)

1 3a H H CH | 10 95 | 292-294% Yellow
2 3b CHs H CH | 12 93 | 296-298% Yellow
3 3c Cl H CH | 10 96 287-289 Yellow
4 3d |5,7-diCH| H CH | 14 91 >300 Yellow
5 3e Br H CH | 10 96 | 289-291% Yellow
6 3f H CH,Ph| CH | 11 94 | 142-144° | Light-brown
7 39 H H N 10 96 | 244-246" Brown
8 3h CH; H N 12 95 >300°% Brown
9 3i Cl H N 12 97 294-296 Brown
10 3 |57-diCH| H N 15 92 >300°%® Brown

"= Isolated Yield
3.2.3 Procedure for the recyclability of the catalst

Reusabilityof the catalyst was evaluated by carrying out regzeeuns of the
reaction on the same batch of the catalyst in #se of the model reactioRigure
3.1). After each run, the catalyst could be recyclasilg simply by solvent extraction
of the product from the reaction mixture and washétl ethanol. It was then dried
and used for the next catalytic cycle. The camlgctivity of the catalyst was

observed to be recyclable up to five catalytic egd@Figure 3.1).

No. of Cycle 5

Figure 3.1: Recyclability of NPs
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33  CHARACTERIZATION OF THE COMPOUNDS SYNTHESIZED

3.3.1 Characterization of the catalyst
X-Ray Diffraction

Figure 3.2shows the X-ray diffraction patterns of all sanspdé CdS and Cu
doped CdS catalyst prepared by wet chemical methbd.samples show intense
and broad diffraction peaks & 2alues of about 26.55, 44.03 and 52.08 correspond
to the (111), (220) and (311) planes of cubic phldgedS. Addition of Cu into the
CdS matrix does not cause any significant changdeénXRD profile of Cd$>3°
The average particle size for pure CdS and Cu d@u&ihas been found to be 3 nm
and 2 nm respectively according to Scherrer's eouf

‘Cu Doped CdS

i . .
Pure CdS

_,A. -

' 46 a0
2 Theta

Intensity (Arb.)

1

Figure 3.2: XRD patterns of nanoparticles
Transmission Electron Microscopy

Size of the nanoparticles was characterized bynsiassion Electron
Microscopy Figure 3.3). TEM images confirmed that the particles arehia tange
of 2-4 nm and they are approximately sphericalhape, whose size distribution is

given by the histogrant{gure 3.4).

Pure Cds Cu Doped CdS

T

Figure 3.3: TEM image of nanopatrticles
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Cu Doped CdS

Fraction of Particles
Fraction of Particles

1 2 3 4 5 6 7 8
Particle Size (nm) Particle Size (nm)

1 2 3 4 5 6 7 B

Figure 3.4: Histogram of nanoparticles

Scanning Electron Microscopy

It can be seen that all the nanoparticles havavanage size in the 2-4 nm
range, which is in consistent with the results migtd through the calculation by
Scherrer's equation. This result was further suigagbrby the SEM image
(Figure 3.5).

Figure 3.5: SEM image of Cu doped CdS NPs

Energy Dispersive Absorption X-ray
EDAX of both the samples were shown kigure 3.6. The EDAX data
substantiate the doping of Cu in CdS matrix. Dopaoricentration of the catalyst

was also confirmed by ICP-AES analysis.
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Figure 3.6: EDAX spectrum of the nanopatrticles
Surface acidity measurements

The surface Lewis acidity of this material was feaomed through the
adsorption of pyridine vapoufson the surface of the NPs. FT-IR spectra of
pyridine adsorbed on the catalyst are includedogcsal information and the band
at around 1400 cthis attributed to the adsorbed pyridine at theaefLewis acid
site, the intensity of this band increases with déwing Eigure 3.7). From the
results of the acidity measurements, it can beloded that the incorporation of Cu
enhances the surface acidity, which increasesuhar of exposed metal sites
and therefore improve the metal-time yields and atsrease the reaction rate per

exposed metal site, i.e., the turn over frequency.

[SHmADZU ESHmADZ0

(‘;1) T R e M o (b) o
Figure 3.7: FT-IR spectra of the pyridine-adsorbed samplgsC¢s NPs (b) Cu
doped CdS NPs.
The TEM and XRD analysis of the nanoparticle réseathat the

morphology of the recovered NPs remains unaltergthg the recycling process,
which indicates that the catalyst is stable towaadation during the reaction.
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3.3.2 Characterization of the compounds syntheside

To confirm the structure of the compounds synttexband to know the
position of various functional groups and preserafe heteroatoms in the
compounds, they have been well established by thelting points, various spectral
studies including IR, Mas$H NMR, and"*C NMR analyses.

3.3.2.1 IR and Mass spectral studies

IR spectra of the compounds synthesized were takeShimadzu FT-IR
8400S spectrophotometer using KBr pellets. Masstepeof the representative
compound were obtained using JEOL SX-102 and Agil@a00 LC-MS
spectrometer. The structure of the compouBdg has been confirmed by their
melting points and spectroscopic data.

Compound3a was isolated as yellow crystalline solid with madtipoint as
292-294 °C. For instance, the IR spectrum of tradpet 3a showed characteristic
bands at 1625 cihcorresponding to the C=N group in the cyclic raygtem. In the
IR spectrum, the disappearance of two C=0 of thedmte ring along with the
appearance of a signal due to C=N further proved ftimation of quinoxaline
derivatives instead of other products. The masstgpa of 3a showed a molecular
ion peak at 219.0 (M+H)

3.3.2.2'H NMR and **C NMR spectral studies

'H NMR and™*C NMR spectra of the compounds synthesized werded
in DMSO-¢ and CDC} using TMS as an internal standard on a Bruker
spectrophotometer at 300, 75 MHz and 400, 100 MHz.

In the *H NMR spectrum of3a, only one hydrogen with chemical shift
between 11.94 and 12.21 ppm was observable. Thi®ggn can be assigned as the
NH of indole moiety of the final structure alongtkvicharacteristic signals with
appropriate chemical shift and coupling constamttfe eight protons of the two
aromatic moieties. Th&C NMR spectrum oBa demonstrated signals &t143.9
and 145.7 ppm due two C=N group in the tetra cyclic ring system. THé NMR
spectrum also confirmed the desired structure efpifoduct as in the spectrum, no
signals due to C=0 of oxindole ring and spiro carta@as observed.
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Table 3.3:IR, Mass,'H NMR and**C NMR spectral data of the compounds synthesi2asd)

Entry | Structure of the product IR spectra | Mass spectra H NMR ¥C NMR
(KBr, v, cm?) (m/z) (8 in ppm) (8 in ppm)
1 /N 3010, 1625219 m/z a$7.38 (t,J=7.6 Hz, 1H), 7.61 (dl1=8.0 Hz,111.9, 118.8, 120.6, 122.1, 125.8,
@\_/E D 1601, 1405, 776[M] " for 1H), 7.71-7.76 (m, 2H), 7.82 (,= 6.8 Hz|127.4, 128.6, 128.9, 131.2 (C),
NN C N 1H), 8.09 (d,J = 8.4 Hz, 1H), 8.27 (dJ =|138.5 (C-N), 139.7 (C-N), 140,0
H 1o 8.0 Hz, 1H), 8.37 (d) = 8.0 Hz, 1H), 12.06(C-N), 143.9 (C=N), 145.7
3a (s, 1H, NH) (C=N)
2 | HC _N 3095,  1622,234 m/z a$1.05 (t,J = 6.9 Hz, 3H), 7.42-7.53 (m, 2HR0.8 (CH), 111.6, 117.2, 119.9,
\©\_/E :@ 1607, 1418, 765[M+H]*  for|7.67-7.84 (m, 2H), 8.03-8.06 (dd; = 1.2/121.9, 125.7, 127.3, 128.5, 128.9
NN CasHNs Hz, J, = 1.2 Hz, 1H), 8.12 (d = 11.7 Hz|(C), 129.6 (C), 132.4 (C-N),
H 1H), 8.20-8.24 (ddJ, = 1.2 Hz,J, = 1.2 Hz,138.4 (C-N), 139.7 (C-N), 1420
3b 1H), 11.88 (s, 1H, NH) (C=N), 146.0 (C=N)
3122, 1619,253 m/z a$7.61 (d,J=8.4 Hz, 1H), 7.72-7.77 (m, 2H}18.3, 119.6, 123.4, 124.6, 126.4,
1604, 1467, 770[M]* and 2557.84 (t,J = 6.8 Hz, 1H), 8.09 (d] = 8.4 Hz{127.2, 130.2, 130.5 (C), 135.9

3 CI\: N:
4
\
N™ N
H

as [M+2]" for

1H), 8.26 (d,J = 8.4 Hz, 1H), 8.36 (s, 1H

)XC), 141.8 (C-N), 147.7 (C-N),

Hz, 1H), 8.23 (d,) = 8.4 Hz, 1H), 11.94 (
1H, NH)

\*2J

C1sHsCINg 12.02 (s, 1H, NH) 149.6 (C-N), 154.3 (C=N), 155|3
3c (C=N)
4 HsC _N 3187, 1621,247 m/z as$2.47 (t,J = 11.6 Hz, 3H), 2.55 (s, 3H), 7.360uld not be recorded due to low
- :© 1592, 1498, 762[M] " for (s, 1H), 7.71 (t) = 8.0 Hz, 1H), 7.79 (d] =| solubility
H N CuHiNs 6.8 Hz, 1H), 7.97 (s, 1H), 8.06 (d,= 8.4
CH,
3d
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Entry | Structure of the product IR spectra | Mass spectra H NMR ¥C NMR
(KBr, v, cm?) (m/z) (8 in ppm) (8 in ppm)
5 |Br _N 3148, 1614,298 m/z a$6.64 (t,J = 3.6 Hz, 3H), 6.71-6.80 (m, 2H}112.5, 114.0, 117.3, 120.0, 120.8,
m ]@ 1590, 1456, 773[M]*, and 3008.07-8.10 (ddJ; = 1.2 Hz,J, = 1.2 Hz, 1H)|124.3, 126.3, 127.5 (C), 129.1
NN [M+2]"  for|8.24-8.27 (dd}, = 1.2 Hz,J, = 1.2 Hz, 1H)|(C), 133.5 (C-N), 138.6 (C-N),
H 3 C1HgBrN; 12.23 (s, 1H, NH) 140.3 (C-N), 142.6 (C=N), 1458
e
(C=N)
6 _N 1625, 1610,310 m/z a$4.78 (s, 2H), 6.87 (d, 1H, = 5.7 Hz), 7.0846.1 (CH), 110.7, 113.1, 118.7,
m ]@ 1444, 754 [M+H] " for  |(d, 1H,J = 5.4 Hz ), 7.27-7.34 (m, 3H)122.2, 123.7, 124.9, 125.2, 1264.2,
N7 N CoHiN 7.42 (t,J=5.7 Hz, 1H), 7.63 (d] = 6.0 Hz|126.5, 127.2, 127.4, 128.6, 129.0,
(';Hzph 2158 1H), 7.74-7.79 (m, 2H), 7.86 @,= 5.1 Hz|131.3 (C), 132.4 (C), 136.1 (C-
af 1H), 8.11 (t,J = 6.3 Hz, 1H), 8.25 (dJ =|N), 143.5 (C-N), 144.0 (C-N),
6.0 Hz, 1H), 8.30 (d] = 6.0 Hz, 1H) 146.8 (C=N), 147.0 (C=N)
7 N AL 3121, 1618,221 m/z a$6.54-6.60 (m, 1H), 6.79-6.82 (dd, = 0.6/114.4, 116.1, 116.8, 119.6, 126.5,
m D 1575, 1443, 764[M+H]* for  |Hz, J, = 0.9 Hz, 1H), 7.12-7.18 (m, 1H131.0, 131.3, 135.7 (C), 143.2
N“NTON Ty 7.34-7.38 (q,J = 4.8 Hz, 1H), 8.04-8.01C), 148.8 (C-N), 149.3 (C=N),
3 e (dd,J; = 1.5 Hz,J, = 1.2 Hz, 1H), 8.21-8.24156.0 (C=N), 156.9 (C=N)
(dd,J; = 1.5 Hz,J, = 1.8 Hz, 1H)8.47-8.49
(dd,J; = 1.5 Hz,J, = 1.8 Hz, 1H), 12.87 (8,
1H, NH)
8 | HC N, |3098, 1621,234 m/z a$2.50 (t,J = 1.8 Hz, 3H), 6.79-6.82 (dd;, =|23.5 (CH), 114.4, 116.1, 116.8,
\@ Ij 1522, 1457, 749[M]* for 0.9 Hz,J, = 0.9 Hz, 1H), 7.12-7.18 (m, 1H}119.6, 126.5, 131.0, 131.3 (C),
N7 N7 N COHAN 7.34-7.38 (ddJ, = 4.8 Hz,J, = 4.8 Hz, 1H)| 135.7 (C), 143.2 (C), 148.8 (C-
H 3h 10T 8.03-8.07 (ddJ, = 1.5 Hz,J, = 1.8 Hz, 1H)|N), 149.3 (C=N), 156.0 (C=N),
8.21-8.24 (ddJ, = 1.5 Hz,J, = 1.5 Hz, 1H)| 156.9 (C=N)
8.47-8.49 (ddJ, = 1.5 Hz,J, = 1.8 Hz, 1H)
12.87 (s, 1H, NH)
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Chapter-3
Entry | Structure of the product IR spectra | Mass spectra H NMR ¥C NMR
(KBr, v, cm?) (m/z) (8 in ppm) (8 in ppm)
9 Cl _N N 3114, 1626,254 m/z a$6.72 (d,J=6.8 Hz, 1H), 7.17-7.23 (m, 2H116.4, 119.7, 123.5, 126.4, 13Q.
\m D 1569, 1449, 752[M]* and 2568.17 (d,J = 8.4 Hz, 1H), 8.26 (dJ = 8.4/130.4, 1359 (C), 141.9 (d
N7 N7 N [M+2]*  for|Hz, 1H), 8.56 (dJ = 7.2 Hz, 1H), 12.10 (5143.2 (C), 147.8 (C-N), 149
o CiH,CIN, | 1H, NH) (C=N), 154.4 (C=N), 1554
(C=N)
10 3087, 1612266 miz a$2.36 (t,J = 11.6 Hz, 3H), 2.59 (s, 3H), 6.4BL.1 (CH), 23.4 (CH), 115.4,
117.8, 122.4, 123.5, 124.3, 12

HsC /N XN
‘10
H N N
CH
3 3]

1546, 1452, 768[M+H.0]" for
ClSH12N4

(s, 1H), 7.23 () = 7.6 Hz, 1H), 7.68 (d] =
6.8 Hz, 1H), 7.92 (dJ = 8.4 Hz, 1H), 8.1
(d,J = 8.4 Hz, 1H), 11.95 (s, 1H, NH)

(C), 130.1 (C-N), 134.6 (C=N
140.5 (C=N), 142.9 (C=N)

5(C), 126.3 (C), 127.4 (C), 128.
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3.4 RESULTS AND DISCUSSION
3.4.1 Catalytic performance of Cu doped CdS NPs

To examine the catalytic activity of nanoparticiesthe chemoselective
synthesis of indolo[2,B]quinoxalines, isatin and ortho-phenylenediaminerewe
chosen as model substrates for the reaction inlegt@yglycol (5 ml) under
microwave irradiation. A control experiment was doated in the absence of
catalyst. The reaction was incomplete even aftend() though formation of a small
amount of &l-indolo[2,3b]quinoxaline 3a (31%) was observed. Thus the initial
efforts were focused on the systematic evaluatiomaoious catalyst systems. As
shown in Table.4, when the reaction was preceded with the usetafytec amount
of CdS NPs, the desired produz was isolated with 71% yield. Further, the study
of catalytic ability of Cu doped CdS nanopartick®wed that doping increases the
product yield up to 95% and reduces the reactime {10 min.) with the decreased
catalyst loading (5 mol %). It was found that thest result in terms of turnover
frequency (TOF) could be achieved by using Cu ddpd8 NPs catalyst (5 mol%
loading). It shows that the CdS NPs were activerdaction with a turn-over
frequency (TOF) of 767 his observed. When the Cu doped CdS NPs were tsed, t
activity was septupled to (TOF) 5415.hThis finding indicates that doping of Cu
promotes the activity and selectivity of CdS NPd aigher concentration of acidic
sites gives more products in the reaction. Theegfdower catalyst loading is
required for this transformation as compared toeotbatalytic systems, thus
showing that this method is superior to the othethwods in terms of yield and
reaction time.

Table 3.4 Comparison of catalytic activity of catalyst

Entry Catalyst Time (min.) | Yield (%)* | TOF (h™)

1 - 60 28 -

2 CdSQ (10 mol%) 38 42 298
3 CdCk (10 mol%) 36 44 330
4 CdNG; (10 mol %), 34 47 373
5 Powder CdS (10 mol%) 30 56 504
6 CdS NPs (10 mol%) 25 71 767
7 Cu doped CdS NPs (10 mol %) 10 95 2565
8 Cu doped CdS NPs (5 mol %) 10 95 5415

* = |solated Yield
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3.4.2 Effect of solvent

In order to ascertain the effect of solvent, tbaction was carried out using
different solvents. The superiority of ethylene agly as a solvent as compared
to commonly employed solvents is quite evident frbra results summarized in
Table3.5.

Table 3.5: Effect of solvent for the synthesis 8

Entry Solvent Time (min.) Yield (%)*
1 Ethanol 10 69
2 Methanol 10 54
3 Acetonitrile 10 46
4 Water 10 74
5 Ethylene glycol 10 95

* = |solated Yield

3.4.3 Comparison of catalytic activity of catalystunder different reaction

conditions

The model reaction was also investigated undderéifit nonconventional
and conventional conditions and the overall findimge given in Tabl8.6. Under
MW, the catalytic activity of Cu doped CdS NPs viasnd to be 18 times higher
than the conventional method (Tal¥€). The enhancement of catalytic activity in
MW might be due to the fact that nanocatalyst actaasusceptor and absorb
microwave irradiatiorf’ thus they can serve as an internal heat sourcehtor
reactions which enhance the overall capacity toddboMW in the reaction mixture
and prevented the deactivation of nanocatalystnduthe reactionThe model
reaction was also studied by varying microwave poamd temperature. It was
concluded that 300 W power output at 80°C was redquio accomplish maximum
conversion to product. Furthermore, to take adwgmnta the highly efficient green

protocol, the reaction was scaled up to 10 mmol.
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Table 3.6:Dependency of catalytic activity of catalysts undigierent

nonconventional and conventional conditions

Entry | Condition Catalyst Temp. | Time | Yield | TOF

(°C) | (min) | (®)* | (b

1 Conventional Cu doped CdS NPs 80 90 48 304
(5 mol%)

2 Ultrasound | Cu doped CdS NPs 80 60 54 513
(5 mol%)

3 Microwave | Cu doped CdS NPs 60 10 42 2394
(5 mol%)

4 Microwave | Cu doped CdS NPs 70 10 68 3876
(5 mol%)

5 Microwave | Cu doped CdS NPs 80 10 95 5415
(5 mol%)

6 Microwave | Cu doped CdS NPs 90 10 95 5415
(5 mol%)

* = |solated Yield

In order to study the generality of this procedwaevariety of substituted
isatins were subjected to this reaction (Taldl®). Isatins bearing electron
withdrawing groups reacted faster with slightly noyed yields as compared to the
isatins having electron donating counter parts. &pplication of the reaction to
heteroatomic diamines has also been explored. 8héts suggest that, the reaction

proceeds well in the optimized conditions.
3.4.4 Mechanism

A possible mechanism for the formation of produBtsj is shown in
Scheme3.3. The Lewis acid sites of NPs are coordinated &akygen of carbonyl
groups. The coordination of NPs with the carbonglgen ofl induces electrophilic
activation of isatin, which benefits the initialdaion of 2 with 1 to give an amino-
1,2-diol. The resultant amino-1,2-diol undergoebydieation to give indolo[2,8)

guinoxaline3 as the end product.
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Scheme 3.3Plausible mechanism for the synthesis of indo®fquinoxaline

derivatives
3.5 CONCLUSION

The present chapter describes the synthesis, atharation, and catalytic
activity of Cu doped CdS NPs. Cu doped CdS NPs sHayood catalytic activity
for the chemoselective synthesis of indolo[B]@uinoxalines by the reaction of
isatins with 1,2-diamines in ethylene glycol unaeicrowave irradiation. Under
microwave irradiation (MW), the catalytic activigf doped CdS NPs was about
18 times higher as compared to the conventionahoaetCatalytic processes with
shorter reaction times safeguard the catalyst fdeactivation and decomposition.
The positive effect of Cu doping in catalyst CdSsN#? reaction rate acceleration
was attributed to an increase in surface acidithis Tmethod offers several
advantages, including high vyield, short reactianeti simple work-up procedure,
ease of separation, and recyclability of the natabtgst, as well as the easier scaling
up for large scale synthesis while avoiding the afsgigh temperature, pressure and

toxic chemicals.
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CHAPTER 4
Synthesis and Characterization
of Quinazolinone Derivatives
catalyzed by highly efficient
Magnetically Separable Copper
Ferrite Nanoparticles
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4.1 INTRODUCTION

Synthetic strategies that allow the creation dtira product based diverse
molecular architecturéspresent an interesting and demanding challengésetart
of organic synthesis.In this regard, cascade reactions can be considerdall
under the banner of “green chemistry” to construmtsactive scaffoldé* Many
natural products are heterocyclic compounds, amgba@d number of them are
quinazolinone alkaloids.In recent years, numerous natural products with th
guinazolinone core structure have been isolated @mmified, exhibited various
pharmacological and biological activiti®5. In addition, many synthetic
quinazolinones show useful biological activitiesicls as histamine Hreceptor
inverse agonistd,antitumor, anticonvulsaritantiviral!® antihypertensivé® anti-
inflammatory*? analgesi¢? antihyperglycemic? cytotoxicity® antibacteridf and
angiotensin Il AT1 receptor anatagonistdvioreover, they also have plant growth
regulating abilities and act as powerful inhibitafthe epidermal growth factor
(EGF) receptors of tyrosine kinae.

Quinazolinone containing alkaloids include trygaimt, rutaecarpine and
febrifugine (Table 4.1) have interesting biological activity and haverdiere been
extensively investigated for the treatment of micab infections, headache and

malarial®??

Table 4.1: Structure of alkaloids incorporating quinazolindraanework

S. | Name ofthe | Structure of the compound Use of the compourtd?
No. compound
1 Trypanthrin o) Tryptanthrin has been reported
to have varioug
N pharmacological activities,
N/ including anti-microbial, anti
O inflammatory, immuno-
modulatory and anti-tumar
effects.
2 Rutaecarpine O Rutaecarpine has been reported
to exhibit anti-inflammatory
N anti-nociceptive  effects, and
N/ Z strongly inhibit prostaglandin
HN E2 synthesis.
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S. Name of the
No. compound

Structure of the compound

Use of the compourtd?®

3 Febrifugine

(0]

:
N

®)

Febrifugine is a quinazolinore

alkaloid and it is used i
treatment of malaria an
stomach cancer.

o -

4 Asperlicin C

Asperlicin C is a mycotoxin

which is used to act as
selective antagonist and al
found to be useful for a variet
of CCKA antagonists.

[92)
<05

5 Sclerotigenin

Sclerotigenin is a quinazolinone

alkaloid isolated from the
Penicillium sclerotigenum It
acts as an anti-insecticide.

A1

6 Circumdatin F

Circumdatin F is a

guinazolinone alkaloid and can
be isolated from the fungus

Aspergillusochraceous

In addition, quinazolinone is an important pharowre and the chemistry

of the quinazolinone alkaloids and analogues isl vileistrated in the form of

comprehensive reviews and is constantly updatéthinral Product Reporfs.

Above and beyond, quinazolinone derivatives ase #he structural motifs

of various marketed drugs like Prazo$imoxazosirf> etc. which are well known

medicines as antihypertensives. Some other drug$, as Afloqualone as muscle

relaxant, Proquazone and Fluproquazone exhibit st@midal anti-inflammatory

property, and Diproqualone possess sedative analgiects®® KF31327% is also

an important medicine for heart disease.
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Table 4.2: Structure of marketed drugs incorporating quinazotkeleton

S. Name of the Structure of the compound Use of the
No.| compound compound®?
1 Prazosin NH, Prazosin is a sympatholyt
HBCOJCKKN drug which is used to trea
P high blood pressure and
H,CO NTINTY | \ anxiety.
K(N d
o}
2 Doxazosin NH, Doxazosin, a quinazoline
H,CO SN compound is anl-
Jo o selective blocker used to
H4CO N U “Ji D treat high blood pressure.
o)
0
3 KF31327 KF31327 has been known
N as a heart disease remedy
HO\/Q and an impotence
HN medicine.
H
N S
s=< /)N
N N
Et/

4 Proquazone Proquazone exhibits non-
steroidal anti-inflammatory
properties.

L
HaC N’J*o
H3C CH3
5 Fluproquazone F Fluproguazone has potent
analgesic and antipyretic
O effects with anti-
inflammatory action.
LA
HaC N/J\O
H3C)\CH3
6 Afloquazone F Afloqualone is a
N\T) CH, GABAergic class drug anc
N has sedative and muscle-
HN relaxant effects.
o}
7 Diproqualone N, e Diproqualone is also a
= OH GABAergic class drug and
@K'( N _A_-OH has sedative, anxiolytic,
o} anti- histamine and

analgesic properties.

O
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Therefore, preparation of this heterocyclic nuslebas gained great
importance in organic synthesis. Several methods Haeen reported for the

synthesis of quinazoline derivatives which involve:

An approach for the multi-step synthesis of fumslised quinazolinones
via the Diels-Alder reaction of 1,3-diaziné with enaminones3 which were
prepared by the reaction of 1,3-dicarbonyle&nd ammonium aceta had been
reported by Masaguet al?® (Schemel)

N/
o} NH,OAC o) k\/Nj o)
Obvows CHIACOR || OCH ~Chaacon k\N| OCH,
1 3 5
Schemel

Dominguezet al®® described the synthesis of tetracyclic isoindo@H]
qguinazolin-12-onegl from easily accessible-acylanilines1l and o-aminobenzyl
alcohol 2 through a Mitsunobu reaction followed by spontarseoyclodehydration
of substituted indene-1,3-dioB4Scheme).

NH,

. NH Phthalimide, DEAD,
@;“:2 (i) SOCh,. reflux O/\/Z PPh, THF, 1t, 78 % O R O
OH | OH >
O-N (i) NaBH4 H,O, O,N .
2 0°C,54% 2 ON

1 O 2 3

o
HCONH,, Pd/C, i
9

EtOH, reflux, 79

N
\
/@/N
HoN

2!
4 (0]
Scheme2

List et al®* furnished the dihydroquinazolinone derivativés from

aminobenzamidé& and a variety of aldehyd@susing toluene as a reaction medium

(Schemes).
(0] (@]
NH, Toluene, -45 °C NH
+ RCHO —mM8M8m ™ )\
NH, 24 h

N~ R
1 2 H

Scheme3
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Shaabaniet al®! prepared the 3-(benzothiazolo)-2,3-dihydroquinazolin-
4(1H)-one derivativeg from the multicomponent reaction of 2-aminobeniazble

1, isatoic anhydride2 and aldehyde3 in the presence of 1-butyl-3-
methylimidazolium bromide [bmim]Br at 130 °C (Sche#).

o 5
N , S
@: D—NH, + ©\)\i + RCHO[bLmO]Br> ©\)\N
g N0 130 °C )<H

3
1 H N R
2 4
Scheme4
Truonget al** explored the ligand-free copper catalysed Ulimiirarylation

condensation reaction afFiodobenzaldehyde$ with amidine hydrochloride& to
affording the corresponding quinazoliréSchemeb).

o) NH, .HCI N \p
©ka RN Cul (10 mol %), ligand_ @/\/\
| K,COs, DMSO, 60 °C =N

1 3

Schemeb

Wang et al® reported an efficient methodology to synthesiz8H}
guinazolinone derivatives by the three-componentdeasation reaction of
anthranilic acid, ortho esters and amines at roemptrature under solvent-free
conditions catalysed by strontium chloride (Schéne

(6]
COOH SrCb.6H,0O N/Rl
1 mol %
NH r.t. N
2 2 3
1 4

Schemeb

SnCh.2H,0 was efficiently used by Stet al®* for the synthesis of "H-
spiro[indoline-3,2-quinazoline]-2,43'H)-dione derivatives 4/5 by the novel

reductive cyclization of 2-nitrobenzamidédsand isatin2/acenaphthenequinorg
(Schemey).
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o]

V. _R SnCh. 2H,0,

N

H EtOH, reflux o o
X

.
1

Scheme7

A combinatorial synthesis of 3-arylideneaminoqualiaz4(1H)-one derivatives
3 was illustrated by Wangt al® by the reaction of 2-aminobenzohydrazidesith
two equivalents of aldehyd@sn ionic liquids catalyzed by iodine (Scheije
o)

o)
N Ar
%
©\)LNHNH2 + 2 AcHo 2!t ©:K)N\ N
NH, 50°C N Ar
1 2 H
3
Schemes
Vasuet al®®

studied a greener solvent-free protocol for thetlsssis of 3-
substituted quinazolin-4t8one derivativeg by the three-component condensation

reaction of methyl anthranilatewith N,N’-dimethyl formamide dimethyl acetal
and various aniline3 (Scheme9).

O

o7 M/ A

+ >LN —_—

NH, —4 \ -2 MeOH
1 2

R
2 1)
é e L0
+
MeOH
N//kH
4

\z I\

Schemed

Two-component condensation reaction of various dghenonesl and
benzylamineg in the presence dért-butyl hydroperoxide as an oxidant catalysed

by graphite oxide to afford 2-phenylquinazolineidatives 3 had been reported by
Nageswaet al®’ (Schemel0)
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o NH, R
R, R
1

:@\)J\R ol X Graphite Oxide :@\)§N R,
. - P/
R, NH, X TB?E.}%F%N’ R N // |
1 Rs 3
2 N
Schemel0

A simple ionic liquid catalysed methodology for teynthesis of a series of
guinazoline derivative8/5 by the reaction of 2-aminobenzamideand triphosgene
2 /triethyl orthoformatet at 80 °C had been studied by Waet@l* (Schemel 1)

O

O] )]\ o

o)
R CH(OEt)y _R cl,co” ~occy R

z I, IL, 80 °C e
N 2 NH, l,, IL, 80 °C o

N
5 1 3

Schemell

Chauharet al* elucidated an efficient cyanuric chloride catatys@proach
for the synthesis of quinazolinone derivativ&sThe cyanuric chloride catalysed
reaction is followed by the cyclisation of anthtamide 1 and various
benzaldehyde?2 to give skeletal complexity (Scherh).

Cl
N SN
Q )l\ /)\Cl O
cl” N _
NHR . Ar/Het Ar (10mol %) N
NH; aldehyde CHCN, rt. N/kAr/Het Ar
1 2 H aldehyde
3
Schemel2

CuCl catalyzed tandem reaction of 5-(2-bromoary}dyrazolesl with
aldehyde2 and aqueous ammongafor the synthesis of 5,6-dihydropyrazolo[1,5-
cJquinazoline derivatived was efficiently demonstrated by Gabal*® (Schemel3)

Ry Ry
\ | N
N
R, /N,N cucl,DMF e N
H t Rs—CHO + NHngW A
Br 2 3 ’ N Rs
H
1
4

Schemel3
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Wang et al** reported a simple CuBr/@30; catalyzed intramolecular

alkyne hydroamination reaction of 2-amino-&tylbenzohydrazidd and alkynyl

diethyl acetal2 to access l-arylpyrazolo[5Hlguinazolin-9(H)-one derivatives3
(Schemel4).

O o) /Ar
NHAr
' /o CsCOy ' Y
Z NH, EtO $C0s P N7
1 2 3
Schemel4

Boulcina et al* focussed on a simple method to synthesize 1,2-
dihydroquinazoline derivativeg} catalysed by 4-(N,N-dimethylamino)pyridine
(DMAP) from aromatic or heteroaromatic aldehydgs2-aminobenzophenon2

and ammonium acetaB(Schemelb).

0
0 Ph DMAP (20 mol %) S
mol 7o N
¥ + NH,0A >
ArJ\H 4“27¢ TTEIOH, 40 °C O J-
1 NH, 3 N A
2

N T

Schemel5

The condensation reaction of isatoic anhydddsubstituted anilineg and

various aldehyde8 is one of the primary routes to construct the gmaline ring

(Schemel6).
o} o
©\)\i + RINH,+ RECHO—Catalysty ©\)L)N\
N” "R?
4

2
1

Schemel6

The reported procedures for this protocol invohaesvide spectrum of
reagents including montmorillonite K-& silica sulfuric acid*®° zinc(ll)
perfluorooctanoate Zn(PFEH? KAI(SOy)s.12H,0,%¢ Al(H.POy)s,*3" gallium(li)
triflate,**¥ molecular iodiné®" MCM-41-SQH,*® 1-butyl-3-methylimidazolium
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tetrafluoroborate [bmim]BE*®* and Amberlyst-13' B-cyclodextrin®™ silica-
bonded N-propylsulfamic acitf" Bi(NO3)s.5H,0,**° etc.

All of these procedures suffer from one or more thé following
disadvantages such as harsh reaction conditiontonged reaction times, use of
hazardous catalysts, excessive amounts of reagedtsedious workup procedures.
In addition lower yields are obtained along witle thoor selectivity under such
harsh conditions. In addition, some of the catalymbd reagents are expensive,
toxic, and air sensitive. Therefore, developmentusds of nontoxic reagent and a
new catalytic route for the synthesis of quinazmties which could be superior to
the existing ones in terms of handling and openaligimplicity is an active area of
research. Inexpensive and readily available catalydich can bring the organic
transformations in operationally simple way areajs/an attractive to both organic
and medicinal chemists. Careful tuning of catalysta synchronized manner will
lead to new synthetic transformations possessiggifsiant chemoselectivity in

functionally complex systems.

Over the past several decades, there has beetpanestial growth towards
the new understanding and mastery of catalysisticplarly in the field of
nanotechnolog§* Based on nanotechnology approaches, several nehodsaare
being develop for the synthesis of pharmaceutida¢ combination of catalysis and
nanotechnology has opened new possibilities totereantrolled structures and
geometries to investigate and optimize a broad eapigheterogeneous catalytic
processe$> Easy isolation and purification in organic syniees an essential
requirement and the simple separation of the csttédgm the reaction mixture is an

advantage in the organic synthesis, particulanyiie pharmaceutical industry.

There has been a growing interest in copper-mediiegactions for organic
synthesis as compared to transition metal catalgstst is environmentally benign
and economically viabl& Copper compounds exist in variable oxidation state
copper such as 0, +1, +2 and %3® Thus, due to their higher reactivity, low cost,
easy availability, efficient selectivity, variabtxidation states, copper compounds
are best suited for organic syntheé€i®Further, copper is apparently more versatile
catalyst which leads to high-yielding reactions ard established in numerous

industrial and academic applicatiotis.
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Some of the reactions using the CyB£NPs are discussed below:

Sreedharet al®? discussed an efficient method for the synthesis5-of
substituted M-tetrazole derivative8 using substituted benzonitrildsand sodium
azides2 catalysed by Cuk©®, nanoparticles (Scheniq).

NN
CN HN___ N
40 mol% CuF
R:—\ + NaN mol% Cu §O4= AN
_ 5 DMF, 120 °C R,—/
1
3

Schemel?

Pandaet al>® attempted the synthetic utility of copper fernitenoparticles
for the N-arylation of nitrogen containing heteroldy compounds3 by the reaction
of a variety of secondary amingsnd aryl halideg (Scheméel8).

CuFe0O,NPs
( NH + Br > (N
L BuOK, DMF, reflux
1 3

2

Schemel8

Nageswaret al>* achieved the synthesis of 1,4-disubstituted 1t2a2ole
derivatives4 using magnetically separable and reusable cogpetef nanopatrticles.
This one-pot method for the synthesis of 1,2,3d@s entails the initial substitution
of benzyl halided with sodium azid& to generatén situ benzyl azides followed by
copper ferrite catalyzed cycloaddition reactionhwatikynes3 in water at 70 °C
(Schemel9).

N
A AN A CuFeO,NPs AT
r — > —
X+ Nahg + An 70 °C, HO \—<
1 2 3 4 Arg

Schemel9

Nageswaet al>®

presented a simple ligand-free C—N cross-couphkagtion
of aryl halides/benzyl halideswith trans-4-hydroxy-L-prolin@ to afford aromatized
N-substituted pyrrole8 catalyzed by magnetically separable and recycl@hlegO,

nanoparticles in the presence 0£CS; in DMSO at 100 °C (Schenig).



Chapten-4 127

/
IV OH _CuFeO,NPs, Cs0; _ CN_R
N DMSO, 100 °C ~
1 o)
5 3
Scheme20

Dandia et al®® reported an efficient method to synthesize
spirohexahydropyrimidine derivativesby the multi-component reaction of cyclic
ketonesl, formaldehyde2 and aromatic amine&in the presence of catalytic amount

of magnetically separable Cuy&®r nanoparticles in ethanol at room temperature
(Scheme2l).

XN
| —+R
NH <
2

o) o o N
)J\ D | \_R CuFgO,NPs h
H o H G EtOH, r.t. stiming ¢ N | X
E—_— \\“I _R

1 2 3 4 ¥

Scheme2l
4.2 EXPERIMENTAL

As a part of our continued interest towards thgetment of greener
methodologies for synthesis of medicinally impottdeterocyclic moieties and
nanoparticles! herein, we dwell on the use of magnetically separ&CuFeO,
nanoparticles as a catalyst for the synthesis @fiagolinone derivatives by the
multicomponent condensation reaction of isatoicydnlde, substituted anilines and
aldehydes in aqueous ethanol under reflux conditi@cheme 4.1

. o)
CuFgO, NPs R!
o . , (10 mol %) N’
L + RINH, + RCHO = hanal, refiux, A »
N0 2-4h N° R
\ H
1 2 3 !

Scheme 4.1: $nthesis of substituted-2,3-dihydroquinazolin+4jdone derivatives

4.2.1 Synthesis of Catalyst

CuFeO4 nanoparticles were prepared without the use ofcapping agent

or surfactant by the combined sonochemical andreoipitation method in agqueous
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medium> Due to their magnetic nature, CuBe nanoparticles were easily
collected in the side walls of the reaction vesgelising a hand-held magnet during
the separation and washing process. Simple aqubeausical method has been used
to prepare CuR©, nanoparticles. Cuz®, nanoparticles of size 15-50 nm were
prepared by thermal decomposition of CugiCand Fe(NQ@)s; in water in the
presence of sodium hydroxide. Briefly, to a solatad Fe(NQ)3.9H,0 (3.34 g, 8.2
mmol) and Cu(N@2.3H,O (1 g, 4.1 mmol) in 75 ml of distilled water, 3(g5
mmol) of NaOH dissolved in 15 ml of water was addédoom temperature over a
period of 10 min. during which reddish-black prée was formed. Then the
reaction mixture was warmed to 9GQ and stirred under ultrasonic irradiation for
two hours. After 2 h, it was cooled to room tempéna and the magnetic particles
so formed were separated by a magnetic separateasithen washed with water (3
X 30 ml) and catalyst was kept in an air oven fgeroight at 80°C. Then the
catalyst was ground in a mortar-pestle and ket furnace at 700C for 5 h (step
up temperature 28C/min) and then cooled to room temperature slo@B0 mg of
magnetic CuFR®, particles of size 35-50 nm were obtained. Coppet &an
content in CuR#, nanoparticles were also estimated from ICP-AES Wwhias
found to be 27.5% and 47.2% respectively.

4.2.2 Synthesis of substituted-2,3-dihydroquinaziol-4(1H)-one derivatives

(4a-k)

To a solution of isatoic anhydride(0.326 g, 2 mmol) and anilirz(0.244 g,
2.2 mmol) and benzaldehyB8€0.212 g, 2 mmol) and a catalytic amount of C{llze
nanoparticles (10 mol%) in aqueous ethanol (5 ma$ wefluxed for the stipulated
times. After the reaction was completed as morstdrg TLC, 10 mL ethanol was
added to the reaction mixture and the catalyst gDf&as separated magnetically
using an external magnet. The reactants were gaveovernight time period for
completion of the reaction. The solid material vitasred off, washed with water (2
X 10 mL), dried and recrystallized from ethanol ftonish pure quinazolinone
derivatives (Schemé.1). All the synthesized compounds are summarizetainle
4.3
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Table 4.3:Synthesis of quinazolinone derivativés-k

'd O N\
Rl
d X
N~ "R2
H
4
_
Entry | Product R* R? Time |Yield | Mp (°C) | Color
(h) | (%)*
1 4a 4-F-CH, CeHs 2 95 | 229-231 White
2 4b 4-F-CGsH, 3,4-diOCH-CsH;| 3 88 | 214-216| Off-white
3 4c 3-Cl,4-F-GHs CeHs 3 90 | 200-202 White
4 4d 3-CI-C4H, CeHs 3 92 | 185-187 White
5 4e 4-CH,-CgH,, CeHs 3 94 | 210-212¢| Off-white
6 4f CeHs 4-OCH-CgH, 2 87 | 218-22t7| Off-white
7 49 4-Br-CgH, CeHs 2 86 | 250-25%¢| Off-white
8 4h | 3,4-diCH:-CgHs CeHs 3 89 | 218-226f"| White
9 4i 3-CR-CgH,4 CeHs 3 86 | 142-14# | Off-white
10 4 4-Cl-CeH, CeHs 2 90 | 220-22%¢| White
11 4k CeHs 3,4-diOCH-CsH;| 3 87 | 245-24F"| Off-white

* = isolated yield.

4.3 CHARACTERIZATION OF THE COMPOUNDS SYNTHESIZED
4.3.1 Characterization of the catalyst

The catalyst was fully characterised using varigligsicochemical techniques
including XRD (X-ray Diffraction), SEM (Scanning &dtron Microscopy), FT-IR
(Fourier Transform Infra-red) and EDAX (Energy Despive Absorption X-ray)
analysis. The wide angle X-ray diffraction pattefrthe sample was obtained using
Bragg-Brentanno geometry on PANalytical X'pert plifractometer in 8 range of
20-70° with Cu-K, radiation source\(= 1.5406 A). The X-ray tube was operated at
45 kV and 40 mA. Formation of copper ferrite nantipees was ascertained by

electron dispersive absorption X-ray (EDAX) anadysiombined with scanning
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electron microscope (SEM). SEM micrographs wereaiaked using ‘JEOL JSM-
6610LV’ Scanning Electron Microscope combined wWHDAX system (INCA
Analyzer). For SEM analysis, the sample was digzeo the aluminium stub used
for sample mounting. The sample was scanned at@eaxating voltage of 20 kV at
a working distance of 15 mm. The patrticle size ma&sasured at a magnification of 5

kX. IR spectra (KBr) were recorded on a ShimadzuR38400S spectrophotometer.
X-Ray Diffraction

Figure 4.1 shows the powder X-ray diffraction patterns of tk@mple
CuFeQ,, obtained at room temperature using Curidiation. The X-ray powder
diagram clearly confirms the presence of singlesphaith high crystallinity.
The XRD pattern of the as-produced CipBenanoparticles was indexed as the
standard tetragonal structure (JCP card no. 34)042m addition, the strong
and sharp peaks observed in the XRD pattern progectystalline nature of the
prepared CuR®, nanoparticles. The crystallite size was estimateminf the
Scherrer equation which is as:

D = 0.9\ cos6

Where, D is the average size of the crystallit@)(rk is the wavelength of
incident X-ray (1.540 A)p is the full width at half maximum (rad.), afdis the
angle between the incident and diffracted beamg.(d&he average crystallite size

was found to be in the range of 15-50 nm.

Intensity {au)
onsity (a.u.)

. T T T
20 30 40 50 &0
[2 Theta] [Copper Cu} (2 Theta] (Copper Cu)

(a) (b)
Figure 4.1: X-ray diffraction pattern of (a) fresh Cuje nanoparticles and (b)

reused CuFR®, nanoparticles after third cycle.
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Scanning Electron Microscopy

The structural morphology of the nano-sized plasiovas investigated using
scanning electron microscopy (SEM). SEM micrograpbk the CuFgO,
nanoparticles are shown kgure 4.2 It is quite evident from the micrographs that
CuFeO, have almost uniform structural morphology. The iplatsize estimated
using SEM micrograph was found to be in consisisith the particle size as

determined from XRD analysis.

-t
SEl  15kV WD18mm  SS33 x5,000 5um . e
Sample 0000 16 Jan 2012

mm 5547%' x5,000  5Spum T

0000 08 Feb 2012

(b)
Figure 4.2: SEM micrographs of the (a) fresh CyBgnanoparticles and (b) reused

CuFeO4nanopatrticles after third cycle.
Energy Dispersive Absorption X-ray

The compositional analysis was carried out usiDpAK (Figure 4.3). The
analysis of the nanoparticles showed that Fe, Gl @nare the main elemental
components. With the use of the two precursorsla{iz: Cu), a typical array of the
CuFeO4nanoparticles is analysed as Fe = 14.28 %, Cu$528.and O = 56.77 %.
The Fe/Cu ratio of as-produced CuBgnanoparticles is only 2:1, which confirms
the initial composition as CuK@;.

Figure 4.3: EDAX spectra of the (a) fresh Cuf&® nanoparticles and (b) reused
CuFeO4nanopatrticles after third cycle.
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Fourier Transform-Infra Red

The structure of the Cuf®, magnetic nanoparticles was further
characterised with FT-IR spectroscopygure 4.4) which was recorded in the range
of 400-4000 cnt. Two significant absorption bands in the rang&@d-700 crit are
observed in the spectra which correspond to th® Feexd Cu-O stretching. Hence,

confirmed the structure of the prepared Glz@anoparticles.

........

™ Fe,

(a) (b)
Figure 4.4: FT-IR spectra of the (a) fresh Cykr nanopatrticles and (b) reused

CuFeO4nanoparticles after third cycle.

From XRD, SEM, EDAX and FT-IR spectral studiesyés revealed that the
CuFeO4 nanoparticles remained in the same state, eventhéi¢hree cycles. From
the entire experimental data presented, it canobelasively proven that there was
no considerable change in the catalytic activityhaf CuFgO, nanopatrticles before
and after the utilization in the reaction. Furthibe analysis of the final product by

ICP-AES showed that there was no nanocatalyst pras¢he final product.
4.3.2 Characterization of the compounds syntheside

To confirm the structure of the compounds synttexband to know the
position of various functional groups and preserafe heteroatoms in the
compounds, they have been well established by thelting points, various spectral

studies including IR, Mas$H NMR, **C NMR and single crystal X-ray analyses.
4.3.2.1 IR and Mass spectral studies

IR spectra of the compounds synthesized were takeShimadzu FT-IR
8400S spectrophotometer using KBr pellets. Masstepeof the representative

compound were obtained using Waters UPLC-TQD Magssctsometer. The
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structure of the compoundta-k has been confirmed by their melting points and

spectroscopic data.

Compound4a was isolated as white crystalline solid with mrmdtipoint as
229-231 °C. The IR spectrum showed absorption8&2 -NH), 1619 (-C=0) cth
which clearly indicated the formation of quinazolive framework. Further, the
presence of molecular ion peak at m/z 319 (M+n)the mass spectrum confirmed

the formation of the compourdh.
4.3.2.2'"H NMR and **C NMR spectral studies

'H NMR and™*C NMR spectra of the compounds synthesized werded
in DMSO-d; and CDC} using TMS as an internal standard on a Bruker Aegdil
spectrophotometer at 400 and 100 MHz.

The'H NMR spectrum oflarevealed a sharp double doubletat.71-7.74
due to the proton present next to the —NH groue. FKH protons in the compound
showed one doublet peakd?.58 and the thirteen aromatic protons appearéaein
regiond 6.27-7.38 ppm. IF°C NMR spectrum ofla, the carbonyl carbon atom is
shown to be resonated@fl62.4. Signals & 161.0 can be attributed to the carbon
atom of the aniline ring attached to fluorine groapd the signals from 114.7-
158.6 confirmed the presence of aromatic carbontewine carbon atom between
the two nitrogen atoms in the pyrimidine ring appéaaté 72.9 ppm. The relative
configuration was also unambiguously confirmed bya¥ crystallography of the

compoundda.

In the single crystal X-ray structure of the compd4a, the quinazoline ring
system (N2/C12/C13/C14/C15/C16/C17/C18/N1/C5) isthe plane. The two
benzene ring systems attached to the N1 and Qeapendicular to the plane of the

guinazoline ring system.
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Table 4.4:IR, Mass,'H NMR and**C NMR spectral data of the compounds synthesizaek)
Entry [Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm?) (m/z) (8 in ppm) (8 in ppm)
1 F 3312 (-NH),|319 m/z as$6.27 (d,J = 2.4 Hz, 1H), 6.70-6.74 (m72.9, 114.7, 115.0, 115.1, 115.
0 1619  (-C=0)|[M+H]" for 1H), 6.74-6.77 (m, 1H), 7.11-7.15 (Md17.5, 126.7, 127.9, 128.3, 128.
1523 CothfN,O | 2H), 7.23-7.31 (m, 6H), 7.36-7.38 (di|128.7, 128.7, 133.7, 136.8, 136,
N =1.6 Hz,J, = 1.2 Hz, 2H), 7.58 (dl = 2.4/ 140.3, 146.7, 158.6, 161.0, 162.
\ Hz, 1H), 7.71-7.74 (ddJ, = 1.6 Hz,J, =|(C=0)
H 1.2 Hz, 1H)
4a
2 F 3319 (-NH)|379 miz a$3.66 (s, 3H), 3.67 (s, 3H), 6.19 (@@= 2.0/55.3 (OCH), 55.4 (OCH), 72.85
0 /O/ 1638  (-C=0)|[M+H]*  for|Hz, 1H), 6.72 (tJ = 8.0 Hz, 1H), 6.76 (d110.7, 111.0, 114.7, 115.1, 118,
N 1507 CooH16FNO3 J = 8.0 Hz, 1H), 6.81-6.86 (dd; = 8.8/117.4, 119.2, 127.8, 128.8, 132.
OCH, Hz, J, = 8.8 Hz, 2H), 7.00 (d) = 0.8 Hz,133.6, 136.9, 136.9, 146.9, 148.
H 1H), 7.11-7.15 (m, 2H), 7.25-7.30 (M48.8, 158.6, 161.0, 162.6 (C=Q
3H), 7.47 (d,J = 2.0 Hz, 1H), 7.70-7.72
4b OCH; (dd,J; = 1.2 Hz,J, = 1.2 Hz,1H)
3 F 3305 (-NH),|353 m/z a$6.34 (d,J = 1.2 Hz, 1H), 6.73 (t) = 7.6/72.8, 114.7, 116.4, 116.7, 117.
o) /@: 1645 (-C=O)|[M+H]*  for|Hz, 1H), 6.77 (dJ = 8.0 Hz, 1H), 7.24-118.9, 119.1, 126.9, 127.5, 127.
N o |1473 CoHuCIFN,O  |7.32 (m, 5H), 7.34-7.39 (m, 3H), 7.4928.4, 128.5, 128.9, 133.9, 137.
7.51 (dd,J; = 2.0 Hz,J, = 2.4 Hz, 1H)|139.8, 146.9, 162.5 (C=0)
HJ\@ 7.60 (s, 1H), 7.72 (d) = 7.6 Hz, 1H)
4c
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Entry [Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm™?) (m/z) (8 in ppm) (8 in ppm)
4 3291 (-NH),/ 335 m/z as$6.30 (s, 1H), 6.70-6.78 (m, 2H), 7.26-7/3R.5, 114.8, 115.0, 117.5, 126.6,
o 1652  (-C=O)|[M+H]*  for|(m, 6H), 7.37 (dJ = 8.0 Hz, 4H), 7.63 ($127.9, 128.1, 128.4, 128.5, 130.1,
N Cl 1496 C,0H1sCIN,O 1H), 7.72 (dJ = 7.6 Hz, 1H) 133.8, 139.5, 140.2, 146.6, 162.3
)\O (C=0)
N
H
4d
5 CH; [3309  (-NH)/315 miz ab2.63 (s, 3H), 4.73 (s, 1H), 5.98 (s, 1/91.2 (CH), 73.9, 114.3, 116.2,
0 /O/ 1642  (-C=0)|[M+H]*  for|6.57 (d, J = 7.6 Hz, 1H), 7.22-7.29 (m118.7, 125.3, 126.8, 127.5, 127.8,
N 1511 CorHiaN,O 1H), 7.33-7.37 (m, 1H), 7.39-7.44 (1128.1, 128.2, 128.4, 128.6, 129.4,
7H), 7.46-7.49 (m, 2H), 8.19 (d, = 8.0/135.4, 141.7, 142.6, 148.4, 162.4
H)\O Hz, 1H) (C=0)
4e
6 32906 (-NH)|331 miz a{3.39 (s, 3H), 5.74 (s, 1H), 6.41-6.69 (185.5 (OCH), 69.9, 114.2, 114.7,
o 1628  (-C=O)|[M+H]*  for|2H), 6.92-6.99 (m, 2H), 7.02-7.09 (h121.9, 123.2, 125.0, 126.2, 127.4,
N 1508 C,o1H1gN>O, 3H), 7.23-7.41 (m, 4H), 7.47-7.52 (M,28.7, 129.3, 132.0, 133.8, 142.7,
2H), 9.52 (dJ = 8.0 Hz, 1H) 152.2, 156.4, 161.7, 163.2, 190.8
N =
H (C=0)
4 OCH,
7 Br |3312 (-NH),380 m/z a$6.04 (s, 1H), 6.54-6.58 (m, 2H), 6.88-7/074.1, 120.9, 121.6, 125.0, 125.7,
0 O/ 1641  (-C=O)|[M+H]*  for|(m, 2H), 7.25-7.30 (m, 2H), 7.49-7.54 (1426.1, 126.5, 127.2, 127.4, 128.6,
N 1520 CoHisBrN,O  |5H), 7.82-7.87 (m, 2H), 8.19 (d, = 8.0/128.8, 131.6, 131.8, 142.3, 148.7,
Hz, 1H) 151.4, 154.6, 162.2 (C=0)
N’ I j
H
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Entry [Structure of the product IR spectra Mass spectra 'H NMR ¥C NMR
(KBr, v, cm™?) (m/z) (8 in ppm) (8 in ppm)
8 CHy |3296  (-NH)|329 m/z a$2.15 (s, 3H), 2.15 (s, 3H), 6.20 (= 2.4 Hz/ 18.8 (CH), 19.3 (CH), 72.7,
0 /@ 1634  (-C=0)|[M+H]*  for|1H), 6.70 (tJ = 8.0 Hz, 1H), 6.74 (d = 8.0/ 114.6, 115.4, 117.4, 123.5, 128,
1510 CooH,0N,O Hz, 1H), 6.92-6.95 (dd}, = 2.0 Hz,J, = 2.0/ 127.3, 127.8, 128.2, 128.3, 129.
©\)\N CHa Hz, 1H), 7.05-7.08 (m, 2H), 7.23-7.31 (33.5, 134.0, 136.3, 138.5, 140.
\ 4H), 7.36 (d,) = 6.8 Hz, 2H), 7.56 (d = 2.4| 146.4, 162.0 (C=0)
H Hz, 1H), 7.70-7.72 (dd} = 0.8 Hz,J, = 0.8
4h Hz, 1H)
9 3312 (-NH)|369 miz a$a.72 (s, 1H), 5.86 (s, 1H), 6.61 (#l= 8.0/ 74.1, 115.6, 118.9, 124.4, 125,
% O\ 1641  (-C=O)|[M+H]*  for|Hz, 2H), 6.73-6.79 (m, 2H), 6.88 (d,=|126.0, 126.1, 127.3, 128.0, 129.
dN CR [1527 CorHiesFaN,O | 8.2 Hz, 2H), 7.30-7.32 (m, 3H), 7.42-7/429.4, 130.8, 131.5, 132.7, 135.
N)\© (m, 2H), 7.68 (s, 1H), 7.92 (d,= 7.6 Hz, 137.6, 142.3, 148.7, 162.9 (C=C
H 1H)
4i
10 Cl [3315 (-NH)/335 m/z a{6.10 (s, 1H), 6.62-6.67 (m, 2H), 6.76-6/72.1, 120.9, 121.6, 125.0, 125.
0 /©/ 1618  (-C=0)|[M+H]*  for|(m, 1H), 7.25-7.30 (m, 10H), 9.76 (@=|126.1, 126.5, 127.2, 127.4, 128,
(:ﬁ‘\'\l 1523 C,0H1sCIN,O 7.6 Hz, 1H) 128.8, 131.6, 131.8, 142.3, 148.
151.4, 154.6, 162.2 (C=0)
H
4
11 3327  (NH)/361 miz a$3.59 (s, 3H), 3.61 (s, 3H), 6.09 @= 2.0/55.3 (OCH), 55.4 (OCH), 71.1,
o O 1632  (-C=0)|[M+H]*  for|Hz, 1H), 6.67 (tJ = 8.0 Hz, 1H), 6.79 (d]|120.9, 121.6, 125.0, 125.7, 128.
N 1511 CoHooNLO5 = 8.0 Hz, 1H), 7.00 (dJ = 0.8 Hz, 1H)|126.5, 127.2, 127.4, 128.6, 128.
OCH, 7.11-7.15 (m, 4H), 7.25-7.30 (m, 4H), 7/4B1.6, 131.8, 142.3, 148.7, 151.
N I I (d,J = 2.0 Hz, 1H), 7.49-7.52 (dd; = 1.2/ 154.6, 162.2 (C=0)
Hz,J, = 1.2 Hz, 1H)
4K OCH,
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4.4  RESULTS AND DISCUSSION
4.4.1 Catalytic performance of CuFgD,4 nanoparticles

In our initial study, we examine the reaction tbe synthesis ofla using
various catalysts such as Cul, CuO, Re€EO, NPs and magnetically separable
CuFeO4 NPs using aqueous ethanol under refuxing conditart the results are
summarized in Tabld.5. Among all the transition metal catalysts screeritedas
found that the bimetallic copper ferrite nanop#scsuccessfully promoted this
reaction with high isolated yields. Therefore, tbagalyst appears to be superior to
any of the other catalysts tested.

In the absence of catalyst, lower yield of thedoai was obtained under the
same reaction condition. The quantity of the catalplays a vital role for the
formation of the desired product. In evaluating dfilects of catalyst concentration,
the best yields were found in the presence of 10 %®f copper ferrite NPs. A
higher amount of catalyst did not improve the resstd an appreciable extent.

Table 4.5: Effect of different catalysts in aqueous ethamaer refluxing

conditions
Entry Catalyst Time (h) Yield (%)"
1 - 4 25
2 Cul 2 68
3 CuO 2 70
4 FeCk 2 63
5 Fe;04 NPs 2 63
6 CuFgO4NPs (5 mol %) 2 89
7 CuFeO4NPs (10 mol %) 2 95
8 CuFeO,NPs (20 mol %) 2 95

* = |solated Yield

4.4.2 Effect of solvent

Next, for the optimization of the reaction conaoiits, a screening was
performed with a variety of different solvents likeethanol, ethanol, toluene,
acetonitrile and water (Tab#e6). We noticed that the polar protic solvents aféatd
better yield than other solvents and the best ytatadctivity of nano copper ferrite
(20 mol %) was observed in aqueous ethanol (Entiiyable4.6). Hence, the effect

of nature of solvent on the reactivity is predominia the present reaction.
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Table 4.6:Optimization for the synthesis da

Entry Solvent Time (h) Yield (%)
1 Methanol 2 79
2 Aqueous Ethanol 2 95
3 Toluene 2 74
4 Acetonitrile 2 82
5 Water 2 80

* = |solated Yield

To demonstrate the versatility of this technique the generation of
guinazolinone framework, a multicomponent reactbmsatoic anhydride, a variety
of anilines and various aldehydes was employechénpresence of copper ferrite
nanoparticles as a catalyst in aqueous ethanok uefiexing conditions. (Tabld.3)

The results suggested that the reaction proceellgwtiee optimized conditions.
4.4.3 Mechanism

A possible mechanism for the formation of produdtsk is shown in
Schemed.2 In the first step, the Lewis acidic sites of NiPsre coordinated to the
oxygen of carbonyl carbon atom which increaselgstrophilicity and facilitated
the attack of N-nucleophilic amir#to form intermediaté\. Now, the intermediate
A undergoes decarboxylation reaction to produce hamointermediateB. The
2-amino-N-substituted amide is formedvia the proton transfer of the intermediate
B. Subsequently, the reaction of aldehyl¢activated by CuF€©, nanoparticles)
with the intermediateC proceeds to afford the imine intermediddewhich is

followed by the cyclization to yield the final proct 4.

O
s* —cd ~““2
/g J\Q NH Hg
O O-

A\N
A0
"8
o = CuFeO, NPs
R,- CHO g/—HR
1
i :[ J\ Sﬁ' )
D CH R2 B

Scheme 4.2Proposed mechanism for the synthesis of quinaZélii)-one derivatives
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4.5 CONCLUSION

In conclusion, an inexpensive synthetic methodplbgs been described to
synthesize substituted-2,3-dihydroquinazolinH)bne derivatives in refluxing
aqueous ethanol. The present methodology uses tejlyeseparable Cukz@,
nanoparticles as a catalyst for the three-compoo@miiensation reaction of isatoic
anhydride, substituted anilines and various aldebydffording substituted-2,3-
dihydroquinazolin-4(H)-one derivatives. The magnetically separable cofgreite
nanoparticles has been synthesized using a condnnat sonochemical and co-
precipitation methods in agueous medium withoutuhe of any surfactant or capping
agent. The magnetic nature of CyBgnanoparticles is particularly advantageous
for easy, quick, and quantitative separation ofdhilyst for reuse. The catalyst is
mild, magnetically separable and can be easilyalabje for several runs without
any noticeable decrease in its efficiency.
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Figure 4.5: FT-IR spectrum 08-(4-Fluorophenyl)-2-phenyl-2,3-dihydroquinazolin-4{1H)-one (4a)
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Figure 4.6:*H NMR spectrum 08-(4-Fluorophenyl)-2-phenyl-2,3-dihydroquinazolin-41H)-one (4a)
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Figure 4.7:3C NMR spectrum 08-(4-Fluorophenyl)-2-phenyl-2,3-dihydroquinazolin-41H)-one (4a)
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Acq. Data Name: 12AUGO046E Experiment Date/Time: 8/23/2012 12:54:58 PM
Internal Sample Id: ADSM-21 PROF ANSHU DANDIA 7124 Spec. Record Interval: 1.0[s]
lonization Mode: ESI+ Orifice1 Volt Sweep: 172V Ring Lens Volt: 32[V]
MS Calibration Name: YOKUDELNA_ES+_2000 Acquired m/z Range: 50.0..1000.0 Time of Maximum: 0.883[min]
Reduction History: Correct Base[5.0%];Average(MS[1] 0.133..0.964)
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Figure 4.8: Mass spectrum @&-(4-Fluorophenyl)-2-phenyl-2,3-dihydroquinazolin-41H)-one (4a)
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Crystal data and structure refinement4ar

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting Index ranges
Reflections collected
Independent reflections
Completeness to theta = 28.33°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

shelxI

GoHis FN:O

318.34

296(2) K

0.71073 A

Monoclinic

C2/c

a=10.5387(7) A o =90°.
b=13.7487(7) A B =96.230(2)°.
€ =22.3638(13) A y=90°.
3221.2(3) R
8

1.313 Mghn

0.090 mrh
1328

0.50 x 0.40 x 0.35 Mm
2.54 to0 28.33°
-13<=h<=14, -18<=k<=17, -29%<=29
15316
4001 [R(int) = 0.0227]
99.4 %
Semi-empirical from equivaken
0.9692 and 0.9564

Full-matrix least-squares én F
4001/0/ 217

1.030
R1 =0.0759, wR2 2P76
R1 =0.0941, wR2 = 0.2494

0.945 and -0.4273.A
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CHAPTER 5

Synthesis and Characterization of
Multi-functionalised Spirooxindole
Derivatives catalyzed by L-Proline
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51  INTRODUCTION

The chemistry of heterocyclic compounds is onetled most complex
branches of chemistry.Heterocyclic compounds are of particular interest i
medicinal chemistry. Heterocycles have enormousmi@t as the most promising
molecules as lead structures for the design of dewgs? A vast number of
combinations of carbon, hydrogen, and heteroatoams e designed, providing

compounds with the most diverse physical, chenzindl biological propertie’’

Spirooxindoles are attractive targets in organic anedicinal chemistry
owing to their potency and wide spectrum of biotediactivities including anti-
tumor? antituberculaf, anti-microbial’ anti-mycobacteridl, antifungal® anti-
malarial’® anti-oxidant'* etc. Synthetic or natural heterocyclic compoundtaining
spirooxindole framework is endowed with a wide mangf pharmacological
activities’® Naturally occurring spirooxindole alkaloids, suets horsfiliné**®
isolated from Horsfieldia superbaand elacoming isolated from Elaeagnus
commutatdind use as indigenous medicine. Spirotryprossatirand B®* found in
the secondary metabolites A$pergillus fugimatughibit mammalian cell cycle at
G2/M phase. Rhynchophylline isolated frasmcaria rhynchophyllahas been used
as antipyretic, antihypertensive and anticonvulsaetlications for the treatment of
headache, vertigo and epilefsgnd as noncompetitive antagonists of the NMDA

receptor (Table 5.1)

Table 5.1: Some naturally occurring spirooxindole alkaloids

S. Name of the Structure of the Use of the compountf??
No. compound compound
1 Horsfiline N Horsfiline is an oxindolg

| alkaloid isolated from thé
plant Horsfieldia superba is
used in traditional herbal
medicine. It has analgesic
effects.

D

HaCO. 0\

=

2 Elacomine NH ch, Elacomine, a hemiterpene
spirooxindole alkaloid

w _OCH3 isolated from Elaeagnus
commutata has cell cycle
HO N

inhibition activity.
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3 Spirotryprostatin A Spirotryprostatin A is an
indolic alkaloid found in the
Aspergillus fumigatus
fungus. It has been known to

have anti-mitotic properties.

4 Spirotryprostatin B Spirotryprostatin B inhibitg
mammalian cell cycle 3

G2/M phase.

—

5 Rhynchophylline Rhynchophylline is an
alkaloid extracted from th
Uncaria rhynchophylla It
has been used as antipyretic,
antihypertensive angd

anticonvulsant agent.

1)

The synthetic methods for spirooxindole derivadiveve been extensively
studied in the past because of the promising bicdébgpotential associated with
these moieties. This prevalence has led to interiesthe development of various
methods for the construction of diversely functioread spirooxindole derivatives
which are discussed below:

Raghunathanet al®* has reported an efficient synthesis of dispiro
[oxindolecyclohexanone]pyrroloisoquinoline ring ®m 4 by the 1,3-dipolar
cycloaddition reaction of isati, tetrahydroisoquinoline-3-carboxylic acl and

(E)-2-arylidene-1-cyclohexanon8gSchemel).

COOH Ry aqueous
methanol
reflux

Schemel

Bazgir et al.*® demonstrated an efficient synthetic protocol totsgsize
spiro[indoline-pyrazolopyridopyrimidine]trione dedtives 4 by the three-
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component condensation reaction of readily avalatdrting materials such all-1

pyrazol-5-amined, barbituric acid® and isating in aqueous media (Schere

e Oj S
|\|H2 reflux )\

N \n/ R, . X
R
1 2 3
Scheme2
Wang et al®® reported a simple and efficient multi-componersct®n of

isatin 1, malononitrile2 and a variety of 1,3-dicarbonyl compouriaffording the
corresponding spirooxindole pyran derivativesn aqueous micellar media, using

sodium stearate as a new type of Lewis base-sarfacombined catalyst (LBSC)
(Schemes).

O (0]
CN O O Sodium stearate d
0 < (10 mol%) / ~NH,
N 60 °C, HO @\
H F N OCN
1 2 3 H
4
Scheme3

Ji et al.?’ demonstrated a simple and atom economical apprémcithe
synthesis of highly functionalized dihydrospiro[olishe-pyrazolo[3,4b]
pyridine]lone derivatives4 from the one-pot, three-component reaction of 3-

cyanoacetyl indoleg, isatins2, and H-pyrazol-5-amines8 in H,O/HOACc in high
yields (Schemd).

H,0:HOAc
i (1 1viv)
[‘ I I NH
2 140 °C

Schemed
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Dandiaet al”® demonstrated an efficient green method for thehegis of

biologically important spirooxindole pyran deriwags 4 by the one-pot three-
component approach involving substituted isdtiractivated methylene reageit
and 3-methyl-1-phenyl-2-pyrazolin-5-o013ein water under sonication catalysed by
sodium chloride (Schents).

CeHs
o) I
x CN
| o. N )
R + < + N
Z >SN0 % | NaCl/Water
H
1 2 3
Schemeb

A highly convergent heteroannulation protocol floe synthesis of a library
of coumarin and uracil fused spirooxindole derivesi5,6 had been developed by
Dasetal.? The present reaction involves one-pot three-compodemino coupling
of a variety of 1,3-diketo compounds such as isatia variety of 1,3-dicarbonyl
compound2, such as cyclohexane-1,3-dione, indane-1,3-didimegdone, and 1,3-
dimethylbarbituric acid, etc. and 4-aminocoumararginouracil 3,4 respectively
mediated by PEG-OS#H (Schemeb).

_PEGSQH| R,
Ho.70°¢ | | "

Scheme6
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Choudhuryet al*® synthesized pharmacologically proficient spirofitide-

pyrrolo-imidazole]-6-carbonitrile derivatives4 by a sequential one-pot three-
component reaction of the readily available stgrtmaterials such as isatih
malononitrile 2 and hydantoin or thiohydantoi@ catalyzed by EN in water
(Schemey).

o)
X H
N <CN YN o EtN. H0
Ry o+ + \)': —
HN 70 °C
7 N CN R
1 R, 2 3

Scheme7

Although most of the recent methods have their ovarits, some methods
suffered by some limitations such as low yield, pboated workup procedure and
technical intricacy. One of the methods describgdPbrumalet al®* also suffers
from drawbacks such as use of pre-synthesizednisatlononitrile adducts. In
addition scope of cyano substrates have also nen bexplored. Thus, the
development of versatile, eco-friendly multicompoinprotocol is highly desirable
for an economical synthesis of this class of compisu

Current research in organic synthesis focuses cpbnany®? the
development of rapid and selective synthetic sffatetoward focused libraries of
functionalized heterocyclic structural units isgréat importance to both medicinal
as well as organic chemists, and still constitideshallenge for academic and
industrial points of view. In modern organic chetmjis owing to the increasing
economic and ecological pressure, investigatioesnamv focused on discovery of

methods that largely take into account the critedbsustainable chemist?y.

In this context, multicomponent reactions (MC3j which combine at
least three or more substrates in a one-pot operdtave emerged as a prominent
tool and complementary substrate-directed synthatiernatives to other known
methods®*® Domino reactions have emerged as potent toolsléav ghe rapid
increase of molecular complexity. These procesgesl dhe excessive handling and
isolation of intermediates generated, and reducstevgroductiorf® Domino

reactions have been reported extensively in tkealitire and have become ‘state-of-
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the-art’ in synthetic organic chemisffy. Moreover, these transformations

amalgamate the various classical concerns sucHiagrcy, selectivity, molecular

complexity and diversit§**®

L-Proline is the more common form of Proline,amino acid, one of the
twenty DNA-encoded amino acids. It is unique amtheg20 protein-forming amino
acids due to the fact that the nitrogen atom ofatfmne group is bound to two alkyl
groups, thus making it a secondary amine. Genelalbyoline hasS stereochemistry.
The characteristic cyclic structure of prolinedeschain gives proline an exceptional
conformational rigidity as compared to other amamads. It also affects the rate of
peptide bond formation between proline and othemanacids. When proline is
bound as an amide in a peptide bond, the nitrogem as not bound to any
hydrogen atom as it cannot act as a hydrogen bondrdbut it can proceed as
hydrogen bond acceptdt

In recent years, L-proline has drawn a lot of gigance in various organic
reaction§* and has been known to be an eco-friendly and geofi catalyst among
the amino acids. The versatile and experimentaplsstic naturéd®*° of L-proline
has been well illustrated by its considerable gétakfficiency in many reactions
and transformation€ Moreover, L-proline is an inexpensive catalystnoof the
reactions using the L-proline as an organocatdlgse discussed below:

Shi et al®® reported an efficient L-proline catalyzed multirggonent
reaction of isatinl, malononitrile2 and a variety of 1,3-dicarbonyl compouriis
affording the corresponding spirooxindole pyranidives 4 in aqueous media
(Schemes).

P P L-proli
-proline
o <CN (10 mol%)
N T Nen F O Tgo°c, HO
H o) ’
1

2 3

Schemes

Pyrido[2,3a]carbazoles4 were prepared by Indumattét al*® by the
multicomponent reaction of 6-methyl-tetrahydrocadial-onel, benzaldehyde,
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malononitrile3, and ammonium acetaden dry ethanol using L-proline as a catalyst
(Scheme9).

Ar

HaC HaC
CN . \
\ + Ar—cHo + <+ NH0Ac—=rroine N CN
Ethanol N=

, H 2 3 4 S NH,

Schemed

Ultrasound-assisted multicomponent synthesis ofehoerivatives of azo-
linked dihydropyridines4 from azo-linked salicylaldehydes, dimedone2, and
ammonium acetat@ in the presence of an inexpensive catalyst, Lipeolvas
reported by Zaret al*°(Schemel0)

R CHO o . Q NH
®N=NGOH + + NH4OAC _ L-Proline /7 \ o '
_ ) QN=N
=N )

3 o
1 ) OH
SchemelO
An efficient synthesis of spirooxindoldsvas accomplished by a one-pot
three-component condensation of isdtimalononitrile or cyanoacetic esézand

B-naphthol3 in the presence of L-proline as a catafy$Schemel 1)

O
CN OH
N X CHsCN, reflux
H
1 2 3

Schemell
5.2 EXPERIMENTAL

In continuation of our aim to develop new and &eendly synthetic
methodologies for the synthesis of biologicallyistspirooxindole derivative¥,
herein, we report a green and highly efficient blpre catalyzed synthesis of
medicinally important spirooxindole derivatives aqueous ethanol at room

temperature§cheme 5.1



Chapter-5 158

CN
o] CN Q L-proline ‘ NH,
‘2 CH; N (20 mol %) CN
N0 N ag. ethanol, CN
H CN r.t. stirring (0]
1 2 3 N
L 4

Scheme 5.1Synthesis of spirooxindole derivatives
5.2.1 Synthesis of spirooxindole derivative@a-|)

A mixture of indole-2,3-dioné& (0.147 g, 1 mmol), malononitri2 (0.132 g,
2 mmol) and cyclohexanor3(0.098 g, 1 mmol) was stirred at room temperaiure
the presence of L-proline (10 mol %) in aqueousuethfor the appropriate time till
a precipitate is formed. Afterwards, when the reactvas complete as shown by
TLC, the precipitate was filtered, washed and aflised from ethanol to afford the
pure productgla-l (Scheme 5.2 All the synthesized compounds are summarized in
Table 5.2

O .
O CN L-proline
O L 2o () e
N~ ~O cN b ag. ethanol,

| r.t. stirring

Scheme 5.2Synthesis of spirooxindole derivative&agl)

Table 5.2: Synthesis of spirooxindole derivativekal)




Chapter-5 159
Entry | Product R Ketone | Time | Yield Mp (°C) Color
(min.) (%)*

1 4a H 3a 75 96 240-24% | Off-white
2 4b H 3b 70 92 242-244 |  Off-white
3 4c H 3c 60 97 244-246 | Off-white
4 4d CH; 3a 45 93 260-262 | Off-white
5 4e CH; 3b 40 91 286-288 | Off-white
6 Af CH, 3c 33 94 274-276 | Off-white
7 49 | CH,CH=CH, | 3a 56 93 284-288 | Off-white
8 4h | CH,CH=CH, | 3b 44 92 258-260 | Off-white
9 4i CH,CH=CH, | 3c 35 95 226-228 |  Off-white
10 4 CH,Ph 3a 42 98 252-25%¢ | Off-white
11 4k CH,Ph 3b 34 93 268-270 | Off-white
12 4 CH,Ph 3c 25 97 286-288 | Off-white

* = |Isolated yield.
5.3 CHARACTERIZATION OF THE COMPOUNDS SYNTHESIZED

To confirm the structure of the compounds synttexbia-l and to know the
position of various functional groups in the compads, they have been well
established by their melting points, various sgedctudies including IR, MassH
NMR, and™C NMR analyses.

5.3.1 IR and Mass spectral studies

IR spectra of the compounds synthesized were takeShimadzu FT-IR
8400S spectrophotometer using KBr pellets. Masstepeof the representative
compound were obtained recorded on a THERMO FimigaQ Advantage max

ion trap mass spectrometer.

Compound4e was isolated as white crystalline solid with nmedtipoint as
286-288 °C. The IR spectrum showed absorptions48¥,33322 (—NH group),
1629 (—C=0) and 2279 (=0l) cm* which clearly indicated the formation of
spirooxindole framework. Further, the presenceezfkpat m/z 388 as [M+@]" in
the mass spectrum confirmed the formation of threpmundde
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5.3.2 H NMR and **C NMR spectral studies

'H NMR and™*C NMR spectra of the compounds synthesized werded
in DMSO-d; using TMS as an internal standard on a Brukertsmatotometer at
300 and 75 MHz respectively.

The'H NMR spectrum offe revealed a sharp singlet &7.57 ppm due to
the two protons of the —NHjroup. The aromatic protons appeared in the region
6.90-7.51 ppm in the form of two doublets and twipléts in the spectrum
observed. One singlet peakdaB.28 ppm indicated the presence of three protbns o
the methyl group attached to the nitrogen atomhefisatin and the protons of the
other methyl group attached to the six-memberegl ajppeared as doublet®0.77
ppm. In **C NMR spectrum of4e the carbonyl carbon atom is shown to be
resonated ai 171.9 ppm. Signals froh 122.2-144.6 ppm confirmed the presence
of aromatic carbons while the spiro carbon atonreapgd ab 81.9 ppm. The signals
at6 110.5, 111.0 and 115.9 ppm showed the presentteed cyano groups in the
structure of the compoundle And, the signals abé 21.9 and 23.3 ppm can be

attributed to the methyl groups present in the coumgl.
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Table 5.3:IR, Mass,'H NMR and**C NMR spectral data of the compounds synthesizad)

Entry Structure of the IR spectra Mass spectra 'H NMR ¥C NMR
product (KBr, v, cmi?) (m/z) (8 in ppm) (8 in ppm)
1 CN 3382, 3207, 2871, 342 m/zas |0.36 (q, 1H,J = 12.3 Hz), 1.68.39 (m, 5H)(20.0, 26.1, 29.9, 37.0, 52
‘ NH, 2292, 1739 [M+H]* for |2.72 (t, 1HJ = 10.5 Hz), 5.92 (t, 1H] = 7.8 Hz)|53.2, 82.3, 107.9, 108.1, 114
0 (C=0),1592,77¢ ., \ o |6:92(d, 1HJ=7.8Hz), 6.96 (d, 1H]=7.5Hz);115.0, 122.6, 124.9, 125
gNN 2001578 7.01 (t, 1HJ = 7.8 Hz), 7.30 (t, 1H) = 7.5 Hz)|127.3, 127.6, 140.8, 145
O e 7.81 (s, 2H, NH), 11.14 (s, 1H, NH) 173.2 (C=0)
H 4a
2 CN 3392, 3215, 2871, 356 m/zas |0.14 (q, 1H,J = 12.2 Hz), 0.75 (d, 3H) = 6.3(21.8, 28.9, 32.2, 33.8, 49
‘ NH, 2952, 1741 [M+H]* for |Hz), 1.43 (t, 2H, J = 13.5 Hz), 2.072.19 (m|53.0, 82.2, 110.0, 115.5, 117
‘ (C=0), 1589, 753 .\ \ o |[1H),2.49 (t, 1H)=18Hz), 2.93 (t, 1H]=10.2121.5, 122.3, 1245, 127
CN 21 7S Hz), 5.74-5.78 (m, 1H), 6.83 (t, 1d,= 6.0 Hz)|127.8, 129.9, 142.7, 147
O SN 6.88 (d, 1HJ = 1.5 Hz), 7.17-7.20m, 2H), 7.43159.5, 174.6 (C=0)
N (s, 2H, NH), 10.82 (s, 1H, NH)
H 4b
3 CN 3402, 3385, 2922, 400 m/zas |1.47 (t, 1H,J = 7.8 Hz), 2.25 (d, 2H) = 18.623.5, 35.5, 36.5, 42.1, 54
o) ‘ NH, 2316, 1723 [M+H]* for |Hz), 3.17 (d, 2HJ = 5.1 Hz), 3.72.94 (m, 4H)/80.6, 105.8, 110.0, 110
E ‘ (C=0), 1564,812 . \ o |5:78(t 1HJ=2.1Hz), 6.85(d, 1H]= 7.8 Hz)/110.8, 1153, 118.3, 120
O CN 2271758 16.96 (d, 1HJ = 4.2 Hz), 7.04 (t, 1H) = 7.8 Hz)]122.0, 123.8, 124.7, 129
O SN 7.40 (t, 1HJ = 7.8 Hz), 10.8 (s, 2H, NB 11.40131.1, 147.9, 158.9, 172
N 4. (s, 1H, NH) (C=0)
H
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Entry Structure of the IR spectra Mass spectra 'H NMR ¥C NMR
product (KBr, v, cmi?) (m/z) (8 in ppm) (8 in ppm)
4 CN 3395, 3362, 3207, 356 m/zas |0.29 (q, 1H,J = 11.7 Hz), 1.32.25 (m, 5H)(20.8, 23.6, 25.1, 27.3, 31
NH, |2871,2292,1729 [M+H]"for |3.02 (d, 1HJ = 10.2 Hz), 3.28 (s, 3H), 5.90 (36.8, 43.3, 55.7, 83.0, 110
0 (C=0), 1605, CoHoNoO |tHI=78Hz), 6.92(d, 1H = 7.5 Hz), 7.18t,|111.3, 112.3, 1158, 121
CCNN 1473, 776 2 TS 1H,J=7.5Hz), 7.25 (d, 1H] = 7.8 Hz), 7.49t,|122.4, 1245, 124.9, 125
O o 1H,J= 7.8 Hz), 7.72 (s, 2H, N§ 132.3, 143.7, 171.7 (C=0)
N
| 4d
5 CN 3407, 3322,3211, 388 m/zas |0.16 (q, 1H,J = 12.3 Hz), 0.77 (d, 3H) = 6.3[21.9, 23.3, 27.1, 32.0, 33
NH, |2981,2279, 1731 [M+H.0]" for |Hz), 1.33-1.70 (m, 4H), 3.02 (d, 1H,= 10.235.4, 38.0, 42.7, 54.6, 81
6 (C=0), 1629, CoH-N.O  |H2). 3:28 (s, 3H), 5.90 (s, 1H), 6.92 (d, 1H7|110.5, 111.0, 1159, 122
g\l\‘ 1503, 767 22 1978 7.8 Hz), 7.15 (t, 1H) = 7.5 Hz), 7.25 (d, 1H] =|124.0, 124.1, 125.1, 125
O o 7.8 Hz), 7.49 (t, 1HJ = 7.8 Hz), 7.57 (s, 2H131.5, 142.7, 144.6, 171
NH C=0
ll\l e 2) ( )
6 CN 3369, 3202, 2917, 414 m/zas |0.68 (q, 1H,J = 12.3 Hz), 1.10 (d, 2H) = 7.2{23.1, 27.9, 31.1, 34.8, 41
o) NH, 2318, 1704 [M+H]* for |Hz), 2.18 (d, 1HJ = 10.7 Hz), 3.19 (s, 3H), 3.6%5.7, 107.8, 110.9, 112
E ‘ (C=0),1661, | ~ \\ \.o. |3-76 (M, 4H), 5.57 (t, 1H] = 7.5 Hz), 6.89 (q113.3, 114.6, 120.8, 122
o g,’\\l‘ 1462, 784 23719558 11 3= 7.8 Hz), 7.12 (t, 1H) = 7.8 Hz), 7.31 (4123.9, 125.6, 127.4, 129
O o) 1H,J = 7.8 Hz), 7.42 (t, 1H) = 7.8 Hz), 7.89 (§130.7, 132.2, 144.9, 148
N

2H, NH)

173.9 (C=0)
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Entry Structure of the IR spectra Mass spectra 'H NMR ¥C NMR
product (KBr, v, cmi?) (m/z) (8 in ppm) (8 in ppm)
7 CN 3374, 3312,3194, 382 m/zas |0.28 (q, 1H,J = 12.3 Hz), 1.53.48 (m, 5H)[24.3, 27.2, 29.7, 31.1, 33
‘ NH, |2903,2307,1729 [M+H]"for |2.81 (t, 1H,J = 10.2 Hz), 4.32.47 (m, 2H)/38.9, 42.8, 53.0, 81.6, 110
0 (C=0), 1672, CoH-N.O  |5:22:5:27 (m, 2H), 5.76:87 (m, 2H), 6.90 (¢110.9, 116.2, 118.7, 121
gNN 1498, 779 23 1975 1H,J=7.2 Hz), 6.99 (t, 1H) = 7.5 Hz), 7.11 (1123.9, 124.6, 125.2, 132
O O 1H,J=7.5Hz), 7.36 (d, 1H] = 7.5 Hz), 7.67 (§143.3, 172.7 (C=0)
N 2H, NH,)
8 CN 3381, 3216, 2867, 396 m/zas |0.17 (q, 1H,J = 11.7 Hz), 0.75 (d, 3HJ) = 6.3(27.5, 32.1, 33.7, 38.2, 42
NH, 2291, 1710 [M+H] " for |Hz), 2.47-2.50 (m, 5H), 3.02 (t, 1H,= 10.854.5, 81.9, 110.6, 110.8, 110
‘ (C=0), 1602, CHN.G |H2): 4.43-4.48 (m, 2H), 5.18-5.24 (m, 2H), 5/5.9, 117.8, 122.1,124.1
gﬁ 1477, 759 247 T2ts 5.93 (m, 2H), 6.92 (d, 1H = 7.2 Hz), 7.14t,|124.1, 125.2, 125.5, 131
O o) 1H,J = 7.8 Hz), 7.42 (d, 1H] = 6.9 Hz), 7.59 (§142.7, 143.7, 171.8 (C=0)
N
H ah 2H, NHy)
9 CN 3376, 3220, 2903, 440 m/z as |0.63 (t, 1HJ=12.0 Hz), 1.04 (t, 2H] = 6.9 Hz)/32.6, 35.8, 37.2, 42.6, 64
o ‘ NH, 2315, 1709 [M+H]" for |2.19 (d, 2HJ = 3.0 Hz), 3.82-3.92 (m, 4H), 4.3906.1, 110.5, 111.3, 115
E ‘ c (C=0),1642, | ~ |\ \ o |445 (m, 3H), 5.185.22 (m, 2H), 5.B779 (m;118.3, 121.1, 1217, 123
S C,Z‘ 1381, 749 251728558 11H), 6.94-7.02 (m, 4H), 7.70 (s, 2H, BH 124.3, 125.0, 125.3, 126
O o) 130.1, 131.6, 143.2,143.6
N 171.5 (C=0)
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Entry Structure of the IR spectra Mass spectra 'H NMR ¥C NMR

product (KBr, v, cmi?) (m/z) (8 in ppm) (8 in ppm)
10 CN 3354, 3210, 2856, 432m/zas |0.12 (g, 1H,J = 11.7 Hz), 1.312.84 (m, 5H)[26.9, 31.5, 33.7, 38.3, 43
‘ NH, 2311, 1725 [M+H]* for |3.01 (t, 1H,J = 7.8 Hz), 4.98 (s, 2H), 6.64 |54.7, 81.5, 110.1, 110.9, 115
0 (C=0), 1627, coHNo  |1H) 687 (d, 1H)=7.5Hz), 7.08 (t, 1H] = 7.5122.5, 124.2, 125, 127.3
CN 1488, 782 2 ers Hz), 7.24 (d, 1H) = 7.2 Hz ), 7.29%.32 (m, 3H)|128.8, 129.1, 132.5, 133
O SN 7.36-7.45 (m, 3H), 7.64 (s, 2H, NH 135.5, 137.2, 144.6, 173

NI (C=0)
4
P

11 3348, 3207, 2831, 446 m/zas |0.07 (q, 1H,J = 11.7 Hz), 0.70 (d, 3H) = 6.3/27.3, 32.1, 33.6, 38.4, 43
2308, 1715 [M+H]* for |Hz), 1.29 (d, 1HJ = 12.0 Hz), 2.47250 (m|54.4, 81.9, 110.6, 110.8, 111
(C=0), 1607, colNo |3 305 (t 1H)=10.5 Hz), 5.06 (s, 2H), 5.4115.9, 1222, 124.1, 124
1479, 1387, 788 ¥ #7° (t, 1H,J= 2.7 Hz), 6.92 (d, 1H] = 7.2 Hz), 7.12125.2, 125.4, 128.0, 128
(t, 1H,J=8.1 Hz), 7.22 (d, 1H] = 7.8 Hz), 7.27-129.0, 131.4, 136.0, 142

7.29 (m, 2H), 7.32-7.35 (m, 1H), 7.3744 (m,143.7, 172.2 (C=0)

3H), 7.60 (s, 2H, NB

12 3415, 3316, 2916, 490 m/z as |0.34 (q, 1H,J = 12.3 Hz), 1.14 (d, 2H) = 7.2/21.8, 24.3, 28.1, 41.3, 42
2311, 1713 [M+H]* for |Hz), 1.36 (d, 2HJ = 10.5 Hz), 3.7®.76 (m/63.8, 108.3, 110.6, 111
(C=0),1618, | ~ .\ \.o. |4H), 5.02(s, 2H), 5.64 (t, 1H,= 7.2 Hz), 6.92:115.7, 122.2, 1228, 123
1450, 816 2917287558 16.99 (m, 4H), 7.04.40 (m, 5H), 7.88 (s, 2t124.6, 124.7, 125.3, 126
NH,) 126.9, 128.6, 129.3, 130
130.6, 131.2, 131.7, 145

145.8, 174.5 (C=0)
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54  RESULTS AND DISCUSSION

The choice of an appropriate reaction medium isratial importance for
successful synthesis. Initially, the pseudo foumponent reaction of isatifa,
malononitrile 2 and cyclohexanon8a using 10 mol % of L-proline as a simple
model substrate was investigated to establish ehsilility of the strategy and to
optimize the reaction conditionS¢heme5.1). Different solvents such as water,
ethanol, tetrahydrofuran, dimethylformamide, acetid®, dichloromethane, 1,4-

dioxane, and toluene were explored. The resultsarenarized iMable 5.3

Table 5.4:Optimization of the reaction conditions for the gasis of4a

S. No. Solvent L-proline (mol %) Time (min.) | Yield@o)®
1 Water 10 240 44
2 Ethanol 10 90 82
3 Ag. ethanol 10 75 96
4 THF 10 240 38
5 DMF 10 180 62
6 Acetonitrile 10 260 48
7 DCM 10 360 26
8 1,4-dioxane 10 420 39
9 Toluene 10 360 12
10 Ag. ethanol 5 75 89
11 Ag. ethanol 15 75 96

4= Isolated yield.

It was observed that a polar protic solvent sigeckthanol is found to be very
effective for good product yield. However, in cadevater, the yield is observed to
be lower as compared to ethanol due to the lowbddiuof the reactants. It is well
known that, if the charged species are involvethasase of Knoevenagel reaction,
the transition-state is better solvated by poldvesds in homogeneous phase,
decreasing the activation free enthalpy and enhgn@te and hence increase the
product yield®® When the reaction was carried out in 1:4 wateasmoh mixture (aq.
ethanol), we obtained 96% isolated yield of theregponding product. However,
the use of other solvents such as THF, DMF;C, DCM and toluene did not

produce good results.
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The reaction was further examined in presence ifférdnt amount of

catalyst (Entryl0, 11; Table 5.4). The yield generally increased with the incregsin
concentration of the catalyst from 5 mol % to 10 &0 However, further increase
of the molar concentration of the catalyst fromtd@5 mol % did not significantly
increase the yield of the product. Hence, a comagon of 10 mol % of L-proline

was chosen for the most favorable yield of spiradrie derivatives.

After optimization of the reaction conditions, tielineate this approach,
particularly in regard to library construction, shmethodology was evaluated by
using different isatins, malononitrile and cyclietknes under similar reaction
conditions to furnish the respective spirooxinddkerivatives(4a-l) in excellent

yields (Table 5.2) without the formation of any side products.
5.4.1 Mechanism

A plausible mechanism for the synthesis of spinodale derivativeg4a-I)
is depicted in Schem&.3. In the first step, it is believed that L-proliletivated
isatin 1 which facilitates the formation of the iminium igk Due to the higher
reactivity of the iminium ionA, it is assumed that the Knoevenagel condensation
reaction of isatin and malononitrile is facilitatedproduce isatylidene malononitrile
C. Similarly, vinyl malononitrile F is produced by the L-proline catalysed
Knoevenagel condensation reaction of cyclohexamamdemalononitrileF furnishes
vinylogous carbanion which attacks on isatylidenalanonitrile C via Michael
addition reaction. This step is followed by an amtiolecular nucleophilic addition
on the cyano group df which produces another intermedi&e The intermediate

G undergoes isomerisatida afford the desired produdt
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Scheme 5.3Plausible mechanism for the synthesis of spiradodia
derivatives(4a-l)

5.5 CONCLUSION

In conclusion, a facile, efficient and eco-friepdhethodology has been built
up to synthesize spirooxindole derivatives usingraline as an organocatalyst in
agueous ethanol. Easy separation of the catalysiinates the requirement of
catalyst filtration after completion of the reactjovhich is an additional greener
aspect of this reaction. Preliminaryvitro results of various biological screening of
the title compounds evidenced that some of the camgls have shown good to

significant inhibitory activity.
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CHAPTER 6

Synthesis and Characterization
of Pyrazolo[3,4-b]pyridine
Derivatives using 2,2,2-
Trifluoroethanol under
Microwave lrradiation
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6.1 INTRODUCTION

A single molecular framework integrating varioustdrocyclic moieties is
quite relavant to its enhanced biocidal profile.rigas heterocycles, such as
pyrazole, pyridine, and pyrimidine with fused hetgyclic compounds are observed
in numerous bioactive molecules have been used egs gharmacophorés.
Pyrazolopyridine is an important class of fused efmtyclic compounds.
Pyrazolopyridines are familiar substructural moof drug-like molecules and
potential drugs. BAY 41-2272, containing the fugggazolopyridine base, is a
stimulator of soluble guanylate cyclase (sGC) amduces vasodilatioh6-Aryl
pyrazolo[3,4b]pyridines are also reported as potent inhibitdrglgcogen synthase
kinase-3 (GSK-3§. Pyrazolopyridines are also known to exhibit a wgrief
biological activities such as potent cyclin deperidénase 1 (CDK1) inhibitof,
HIV reverse transcriptase inhibitot<{CR1 antagonissprotein kinase inhibitors,
and cGMP degradation inhibitors, alongwith sevemnatbicidal and fungicidal
activities® (Table 6.1).

Table 6.1: Medicinally relevant pyrazolopyridine derivatives

S. | Name of the| Structure of the compound Use of the compourfd™*2
No. | compound
1 Etazolate Y Etazolate is an anxiolytic drug and
l has unique pharmacological
o HN/N properties. It acts as a positive
allosteric modulator of the
NN | A GABA, receptor.
\N N’N

2 Cartazolate Cartazolate acts as a GABA
receptor positive allosteri
modulator and known to act as an
O HN adenosine antagonist. It also has
anxiolytic effects.

O
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3 | Tracazolate Tracazolate has primaril
anxiolytic and anticonvulsar
effects, with sedative and musc
O HN relaxant effects and is quite
selective for GABA receptors.

— <

o

4 BAY 41- BAY 41-2272 is a stimulator af
2272 soluble guanylate cyclase (sGC)
and induces vasodilation.

5 FK-838 FK-838 has been known to be
effective adenosine A

antagonists.

=

These examples underline the importance of fusesterdcycles,
pyrazolopyridines, as key constituents in bioactiwelecules. As a consequence,
literature survey has been extensively studiedhieyviarious workers involving the

synthesis of pyrazolopyridine derivatives whiclsusnmarized as follows:

An organocatalyzed Knoevenagel condensation olzmy5-aminesl,
tetronic acid 2 and aldehyde3, providing a new approach to synthesize
dihydrofuropyrido[2,3€]pyrazole derivatived was reported by Shit al*®(Scheme
1)

HsC R 0
H3G o} o $
EtOH, 80 °C 72
N/ \ + o+ )J\ L-proline N | | O
Sy NH R H N7
| o 3 pn H
Ph 2 4

Schemel
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Bazgiret al*® described a simple method to synthesize pyrazaidpy2,3-

d]pyrimidin-dione derivativeg} by the condensation reaction of barbituric adids

1H-pyrazol-5-amine® and aldehyde3 under solvent-free conditions (Sche®)e

Ph
Ph Ar O
"N”NH % NH
HNTONH + ArcHo PTSA 100°C N\N |l A
r Tree N~ "N” o
OMO solvent-free N N
3
1 4
Ry

Scheme2

Bazgir et al.'”®> also reported an efficient methodology to syntresi
spiro[benzoh]pyrazolo[3,4b][1,6]naphthyridine-indoline]-dione derivativekvia a
one-pot, three component reaction of 4-hydroxy-ihylquinolin-2(1H)-one 1, a
variety of isatin® and H-pyrazol-5-amine8 in water (Schema).

Ph

© reflux

1

Schemes3

Shietal.*® reported a simple one-pot ceric ammonium nitratalgsed three
component reaction involving 5-amino-3-methylpydazh isatin2 and a variety of
1,3-dicarbonyl compounds3 for the synthesis of spirooxindole pyridiné
derivatives in aqueous medium (Schethe
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HaG
7 \5 o« CAN (10 mol %)
Ny NH, " % ) smLno, 80 c
|

\

Schemed

A regioselective three-component reaction of 5-an8rmethyl-H-pyrazole
1, arylaldehydes2 and 2-indene-1,3-dione3 to afford fused polycyclic
pyrazolo[3,4b]pyridines4 in ethanol under ultrasound irradiation was depetbby
Mamaghankt al'’ (Schemeb)

o)
7\ Ult d
N + AICHO + ——Ttrasound _
N” O NH, ' EtOH, 60 °C
H 2
1 3 0
Schemeb

New four-component domino reaction was describe@éymalet al*® that
allow the one-pot synthesis of spiro[indoline-3yyrazolo[3,4b]pyridine derivatives
5 from the reaction of phenylhydrazink 3-aminocrotononitrile2, cyclic 1,3-
dicarbonyl compound8 and isatin4 in the presence of (x)-camphor-10-sulfonic
acid (CSA) (Schems).

_(#)-CSAHO
PhNHNH2 + >—\ f ©\_/E T reflux

Schemeb

Aggarwalet al®

explained a simple and efficient regiospecifictegsis of
6-trifluoromethyl-H-pyrazolo[3,4b]pyridine derivatives4 via a three-component
reaction of 2-hydrazinobenzothiazoled, o-cyanoacetophenones2 and

trifluoromethyl{3-diketones3 under solvent-free conditions (Sche)e
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3 and heating

N o} Q 0 p-TSA
\ —_—
R/E:[S>—NHNH2 + RI)J\/CN + R..JI\)J\CF3 g
2

1

Scheme7
Rahmatiet al.*® described a green and efficient one-pot, threepoorant
condensation reaction of an alkyl cyanoacelataminopyrazole?, and isatin3 in
water to give 2,Bdioxo-tetrahydrospiro[indoline-3'4yrazolo[3,4b]pyridine]-
carbonitrile derivatived at 90 °C using BN as a catalyst with good yields (Scheme

8).

ORl ‘ Cﬁg: 90 °C reﬂux

2

Schemes

Khuranaet al** developed a facile one-pot three-component conirniia
synthetic protocol of a variety of substituted pgi®[4,3€]pyridinone derivativeg
from 3-methyl-1-phenyl-pyrazol-5-aminegl, aldehydes2 and 1,3-dicarbonyl
compounds3 using INC} as catalyst in water (Scher@e

h Ar 0O
N,
N X .

NH, 7
© O oy Ho N | P
+ AICHO + e N
‘ K reflux
)
1 3 O -

Schemed

Inspired by the ‘medicinal’ scaffold of pyrazolof3]pyridinones, Perumal
et al*? documented a simple and efficient L-proline cataty synthetic strategy to
assemble substituted pyrazolo[®pyridin-6-amine frameworkd from the three-

component domino reaction of 3-methyl-1-arid-pyrazol-5-aminesl, aromatic
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aldehyde2, and N-methyl-1-(methylthio)-2-nitropropenami®é ethanol (Scheme

10).
h Ar
N, NH N NOZ
N 2 O,N _H : 7
I L-proline N, | P
[ —" .
R + AICHO + EtOH, reflux N™ N N

N s
2 H
1 3 R 4

SchemelO

Although the discussed methods had their own adgast there are still
some of the disadvantages such as lower yieldeoptbducts, longer reaction times,
tedious work-up procedures, use of harsh reactmditions and solvents which is
required to be overcome. Hence, there is an utmegtirement to develop a
protocol for the synthesis of fused heterocyclgsazolopyridine derivatives using a

much simpler and greener approach.

Multicomponent reactions (MCRs) are defined as -pote chemical
transformations in which at least three or moretagds form a product derived from
all of the inputs. MCRs have high proficiency whiegilitate the rapid assembly to
increase the molecular diversity for the synthesisomplex molecule&®?®The use
of MCRs have several significant advantages sucltaaergence, operational
simplicity, reduction in the number of workup stegxtraction and purification
processes, and hence minimize waste generati@me-pot MCRs shorten the
reaction time to a large extent, increase the divgield of the products rendering
the processes green. Therefore, the design andogevent of nhewer MCRs has
attracted great attention in the fields of orgasimthesis, drug discovery and

material science®.

Conventional methods for various chemical synthesee very well
documented and still in practidéThe methodological techniques for the synthesis
of organic compounds have been continuously matlifreough the decades. And,
the microwave technique has become an establisiodahtorganic synthesis, being
a significant approach towards the development rekry chemistry. Microwave

assisted technique has opened up new opportumt@ganic synthesis, because of
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the rate enhancements, higher yields, and verydfite improved selectivity which

is not feasible using conventional reaction condit®*

The advantages of this emerging technology haw mployed in the
fields of multistep synthesi,drug discovery® and recently gone through some
related fields, such as polymer synthé8idjiochemical processé§, material

sciences? and nanotechnology.

Recently, the remarkable properties of fluorinevehggained extensive
industrial concern in various significant fieldschuas pharmaceutical, chemical,
agricultural, electronic materials and many m8reéSince last decade, fluorous
solvents have gained recognition as green reaatesium in organic synthesis and
in various catalytic process&sThis eco-friendly and clean solvent significande o
fluorous solvents are owed to their various uniglgsicochemical properties, being

non volatile, nonflammable, highly polar, and highizing power.

In addition, their utilization in organic react®has proven to be very useful
due to some other distinguished properties sudbvesr boiling points and higher
melting points than their non-fluorinated countetpa strong hydrogen bond
donation properties and the ability to solvate walk@e high acidity to the hydrogen
atom of the hydroxyl group was furnished by thecetn-withdrawing character of
CF; group?? Besides these, reactions in fluorinated alcohelsegally have intense
effects on reaction rates and product selectivity ean be carried out without the
use of any reagent or catalyst, thus allowing gBstic isolation of the product and
afterwards, can be easily separated from the mractixture for subsequent use.
Further, fluorinated alcohols are poor nucleophded hence, the property of auto-

association is low facilitating the easy isolatfosm the reaction mixtur&’

Some of the reactions using the 2,2,2-trifluoraatht as a reaction medium

are discussed below:

Denget al** presented an efficient synthesis of substitutetzmles3 by
the reaction of electron-deficient N-arylhydrazoriesvith nitroolefins 2 using

trifluoroethanol at room temperature (Schehig
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N
Ri~n X R,
Rl\N' H%/ R, . Rs/\( NO, TFE, 10 eq. TFA= N
H R rt, 75 °C, air
1 4 Rs Ry

2 3

Schemell

Khaksaret al®®

reported the synthesis of 2-amino-3-cyanopyridiegvatives
5 by the multi-component reaction of aldehydeketones?, malononitrile3, and

ammonium acetaté using trifluoroethanol (Scheni).

R
CN NC R
O O < TFE Ny
+ R, * + NH,OAc ————» |
)J\ 2 CN reflux, 6h z
R™ H Ry 4 HN™ "N” "Ry
1 2 3 5
Schemel2

Rashmiet al*®

synthesized aryl substituted 3,4-dihydropyrimidiones4
by the multi-component reaction of aldehydesaromaticp-ketoester®, and urea
(or thiourea)3 without any catalyst in trifluoroethanol under lvef conditions

(Schemel3).

(@] R
O e) o) X
+ . _TFEE____ O NH
R)J\H )J\/U\OE': HZNJJ\HNZ reflux, 6-8 h ) | /k
1 2 3 Nt
4
Schemel3

Khaksaret al*’

developed a simple and efficient regio-selectiualsesis of
2-amino-3-cyano-A-chromenes and tetrahydrobenzojpyran derivatives$ by the
one-pot multi-component reaction of aldehydesnalononitrile2, and resorcino8

or dimedonet in trifluoroethanol (Schem#4).
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5
o <CN TFE | © ©
R)J\H cn reflux, 5h Q R
1, CN
4 L
mmz
6

Schemel4
6.2 EXPERIMENTAL

Hence, as a part of our program towards the designdevelopment of new
greener strategies for the synthesis of bioactierbcyclic moietie§® we have
investigated a three-component reaction of isatwaJononitrile and 5-amino-3-
methylpyrazole using 2,2,2-trifluoroethanol as asable green solvent under

microwave irradiation.§cheme 6.1

O

N CN / A\ TFE, MW
X1 o+ <+ N_ — =,
7 CN NH,  25-50 min.
1

N
2 3

—-=2

Scheme 6.1Synthesis of spiro[indoline-34yrazolo[3,4b]pyridine] derivatives
6.2.1 Synthesis of spiro[indoline-3,4pyrazolo[3,4-b]pyridine] derivatives (4a-j)

An equimolar mixture of Indole-2,3-dionel (0.147 g, 1 mmol),
malononitrile 2 (0.066 g, 1 mmol) and 5-amino-3-methylpyraz8l€0.097 g, 1
mmol) in 2,2,2-trifluoroethanol (10 ml) was intrazhd in a 50 mL round-bottomed
flask. The flask was placed in the microwave casitgl subjected to irradiation for
appropriate time at 15€ using a maximum power of 250 W. After the comiplet
of the reaction, the reaction mixture was checketh WLC and the flask was
detached from the microwave cavity and the conterst transferred into a beaker to
afford the crude product. The pure products wertined by crystallization from
ethanol Scheme 6.1 All the synthesized compounds are summarizéchbvle 6.2
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Table 6.2: Synthesis of spiro[indoline-34$yrazolo[3,4b]pyridine] derivatives

(4a-j) under microwave irradiation

=]

Entry | Product X R Time |Yield®| Mp (°C) Color
(min.) | (%)

1 4a 5-H H 45 95 | >306 White
2 4ab 5-CHs H 35 86 | >306P¢ White
3 Ac 5-Cl H 45 89 | >306 White
4 Aad 5-Br H 40 91 | >306 White
5 4e 5-NO; H 50 84 | >30tP¢ White
6 4f 5-F H 40 90 | 284-286  White
7 4g |5,7-diCHs H 32 86 >300 White
8 4h H CH,-CH=CH, | 35 87 | 262-264 Light-brow
9 4i H CH,-Ph 25 92 >300 White
10 4j H CHs 30 82 | 276-278 White

& = |solated Yield
6.3 CHARACTERIZATION OF THE COMPOUNDS SYNTHESIZED

To confirm the structure of the compounds synttezsiand to know the
position of various functional groups and preserafe heteroatoms in the
compounds, they have been well established by thelting points, various spectral
studies including IR, Mas$H NMR, and"*C NMR analyses.

6.3.1 IR and Mass spectral studies

IR spectra of the compounds synthesized were dedoon Shimadzu FT-IR
8400S spectrophotometer using KBr pellets. Masstepeof the representative
compound were obtained using JEOL SX-102 spectmdihe structure of the

compoundgla-j has been confirmed by their melting points anaspscopic data.
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Compound4i was isolated as white solid with melting point =300 °C. For

instance, the IR spectrum of the proddicshowed characteristic bands at 3446'cm
corresponding to the NiHgroup and broad peaks in the region of 3221-32#4 c
due to two —NH groups present in the cyclic ringtegn. In the IR spectrum, cyano
group in the compound appeared as sharp signal&t 2m" further proved the

formation of spiro[indoline-3,4pyrazolo[3,4b]pyridine] derivative. The mass

spectrum ofti showed a molecular ion peak at 382.07(M)
6.3.2 'H NMR and **C NMR spectral studies

'H NMR and®C NMR spectra of the compounds synthesized werrded
in DMSO-¢ and CDC} using TMS as an internal standard on a Bruker
spectrophotometer at 400 and 100 MHz respectively.

In the'H NMR spectrum ofdi, two -NH hydrogen atoms with chemical
shifts 11.87 and 9.25 ppm were observable. Totad protons of the final structure
resonated in the region of 6.94-7.41 ppm with th&racteristic signals and coupling
constants. A sharp singlet at 5.72 ppm confirmspit@sence of —NHgroup in the
compound. Thé*C NMR spectrum ofli demonstrated signals at177.8 ppm due
to C=0 group in the system. The aromatic carbomatresonated in the region of
121.0-146.5 ppm and the signal at 97.9 ppm confirtie presence of the spiro

carbon atom.
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Table 6.3:IR, Mass,'H NMR and**C NMR spectral data of the compounds synthes{zas)

Entry Structure of the IR spectra | Mass spectra H NMR ¥C NMR
product (KBr, v, cmi?) (m/z) (8 in ppm) (8 in ppm)
1 3364, 3215- 292m/zas | 1.46 (s, 3H, CH), 5.65 (s, 2H, Nk, 6.86| 8.8, 53.056.0, 98.3, 109.4, 121.0,
NH 3245, 2382, [M]*for | (d, 1H,J = 7.2 Hz), 6.96-7.04 (m, 2H), 7.20122.1, 124.9 128.9, 133.8, 134.96,
o 1712 (C=0) | CiHuNO | (t IH), 9.17 (s, 1H, NH), 10.38, 1H, NH),[ 141.2,146.5, 154.1, 179.6 (C=O
~ CN 11.84 (s, 1H, NH)
HN
N\ =
N N~ NH;
H
4a
2 3353, 3210- 306 m/zas | 1.53 (s, 3H, Ch), 2.24 (s, 3H, CH), 5.47 (s,| 8.7, 20.8, 48.2, 53.5, 97.4, 1086,
H.C NH 3239, 2278, [M] ™ for 2H, NH,), 6.72 (d, 1HJ = 7.6 Hz), 6.81 (s, 121.0, 123.4, 125.0, 128.5, 13018,
3 0 | 1700(C=0) | CyHuNO | LH), 6.93-6.96 (m, 1H), 9.07 (s, 1H, NH)132.7, 135.0, 138.4, 154.3, 179.5
~ CN 10.12 (s, 1H, NH), 11.66 (s, 1H, NH) (C=0)
HN\ _
N N NH2
H
4b
3 3368, 3214- 326 m/zas | 1.61 (s, 3H, CH), 5.71 (s, 2H, NH), 6.89| 8.9, 48.1, 54.1, 98.0, 109.2, 121}4,
NH 3247, 2268, [M]*for | (d, 1H,d = 7.2 Hz), 6.92 (s, 1H), 6.96-7.0222.3, 125.0, 128.7, 129.6, 131/1,
cl o 1710 (C=0) | CiHuCINGO | (M. 1H), 9.11 (s, 1H, NH), 10.26 (s, 1[4135.4, 1415, 1549, 179.4 (C=0)
~ CN NH), 11.78 (s, 1H, NH)
HN
N\ =
N N~ NH;
H
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Entry Structure of the IR spectra | Mass spectra 'H NMR ¥%C NMR
product (KBr, v, cm?) (m/z) (6 in ppm) (d in ppm)
4 NH 3342, 3221- 371 m/zas | 1.52 (s, 3H, CH), 5.72 (s, 2H, NB), 6.84| 8.4, 49.2,55.4, 98.2, 108.9, 121
Br 3238, 2274, [M] " for (d, 1H,J = 7.6 Hz), 7.07 (s, 1H), 7.35-7.3824.3, 125.9, 129.4, 132.3, 133
o 1715 (C=0) | CiHuBrN,O | (M, 1H), 9.23 (s, 1H, NH), 10.53 (s, 1H141.7, 145.0, 154.8, 179.1 (C=Q
i NH), 11.92 (s, 1H, NH)
N NH
H 2
4d
5 NH 3337, 3218- 337 m/zas | 1.61 (s, 3H, Ch), 5.72 (s, 2H, NB), 6.88] 8.6, 49.8, 56.1, 99.2, 110.9, 122
ON 3235, 2312, [M] ™ for (d, 1H,J = 7.2 Hz), 7.09 (s, 1H), 7.04—7.21123.4, 127.2, 129.1, 130.7, 132
gN 1706 (C=0) | CisHuN,0; | (M, 1H), 9.32 (s, 1H, NH), 10.76 (s, 1H141.3, 144.4, 154.3, 180.1 (C=Q
aN NH), 12.08 (s, 1H, NH)
N N~ NH
H
4e
6 NH 3341, 3219- 310 m/zas | 1.28 (s, 3H, CH), 5.69 (s, 2H, NB, 6.78]| 8.9, 48.6, 54.0, 98.2, 109.6, 121
= 3226, 2274, [M] ™ for (d, 1H,J = 7.6 Hz), 6.95 (s, 1H), 6.99-7.11122.2, 125.0, 128.3, 129.4, 131
C?N 1718 (C=0) CisHisFNgO | (M, 1H), 9.12 (s, 1H, NH), 10.24 (s, 1H135.2, 141.0, 154.5, 179.7 (C=0
N NH), 11.85 (s, 1H, NH)
N N~ NH;
H
4f
7 CHs 3356, 3227- 320m/zas | 1.36 (s, 3H, CH), 1.51 (s, 3H, Ch), 2.19 (s,| 8.8, 20.7, 48.4, 55.3, 98.4, 108
3238, 2319, [M] ™ for 3H, CH;), 5.65 (s, 2H, NB), 6.68 (d, 1HJ | 121.0, 122.7, 125.0, 128.5, 130
e NH 1714 (C=0) CiHieNeO | = 7.6 Hz), 6.91 (s, 1H), 6.92-6.98 (m, 1H)}32.8, 134.0, 137.3, 152.3, 174.
3 o 9.23 (s, 1H, NH), 10.19 (s, 1H, NH), 11.42C=0)
CN
HN\j (s, 1H, NH)
N
N NH2
49

4
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Entry Structure of the IR spectra | Mass spectra 'H NMR ¥%C NMR
product (KBr, v, cm?) (m/z) (6 in ppm) (d in ppm)
8 CHCH=CH, | 3341, 3219- 332mizas | 1.21(d, 3H, CH J=7.6 Hz), 4.74-4.82 (dd,8.8, 42.3, 48.2, 53.4, 97.6, 1080,
3225, 2289, [M] ™ for 2H, CH,, J;, J, = 15.2 Hz), 5.69 (s, 2H,121.2, 122.7, 123.8, 124.1, 12715,
o — NH,), 7.00-7.18 (m, 3H), 7.20-7.35 (m, 4H)127.8, 128.1, 128.6, 134.2, 134{8,
oN 1708 (C=0) | CitieNeO | 9195 ‘11 NH), 11.63 (s, 1H, NH) 176.3 (C=0)
HN
N N~ NH;
H
4h
9 3446, 3221- 382 m/zas | 1.26 (d, 3H, CH J=7.6 Hz), 4.84-4.99 (dd,8.5, 42.9, 48.3, 53.3, 97.9, 108|9,
3274, 2187, [M] * for 2H, CH,, J;, J, = 15.6 Hz), 5.72 (s, 2H,109.2, 121.0, 122.1, 123.0, 124{4,
_ NH,), 6.95 (d, 1H,J = 7.6 Hz), 7.00-7.07 127.4, 127.4, 128.2, 128.4, 134/0,
1715 (C=0) C22H16NeO (m, 2H), 7.18-7.23 (m, 1H) 7.24-7.33 (m134.1, 136.3, 141.7, 146.5, 154(7,
3H), 7.40 (d, 2H,) = 7.6 Hz), 9.25s, 1H,| 177.8 (C=0)
NH), 11.87 (s, 1H, NH)
10 3390, 3216- 306 m/zas | 3.34 (s, 3H, CH), 1.25 (d, 3H, CH{J=7.2| 8.9, 35.0, 96.2, 108.1, 1213,
3231, 2289, [M] ™ for Hz), 5.68 (s, 2H, Nb), 7.04-7.26 (m, 4H)| 122.5, 123.9, 124.4, 126.8, 127|3,
1710 (C=0) | CacHuNeO 9.66(s, 1H, NH), 10.46 (s, 1H, NH) 128.0, 128.5, 134.2, 134.7, 177.2

(C=0)
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6.4 RESULTS AND DISCUSSION

6.4.1 Comparison of the reaction under different eaction conditions

To examine the effect of microwave irradiation ahé solvent, we have
chosen the isatin, malononitrile and 5-amino-3-iyipyrazole as the model
substrates for the synthesis of’-&@nino-3-methyl-2-oxo-2,7’-dihydrospiro
[indoline-3,4-pyrazolo[3,4b]pyridine]-5'-carbonitrile derivatived4a using 2,2,2-
trifluoroethanol under microwave irradiation. Thedel reaction was studied under
conventional and microwave conditions. For thispose, the temperature of the
reaction mixture was varied from 80-150 °C and tiofidhe reaction was varied
from 8 to 30 min. and 30 min. to 4 h under the omuave and conventional
conditions respectively. Percentage (%) isolatetbyivas observed in each case and

the obsrvations are summarizediable 6.4

Table 6.4: Dependency of the process under varying conveaitienmd microwave

conditions
Teme)erature Conventional Microwave
e Time (h) Time (min.)
0.5 1.0 20| 3.0 4.0 8 10 15 20 30
80 15 21 | 30| 32| 32| 22| 28 56 7% 7%
100 20 38| 50| 60| 62| 44| 57 71 80 80
120 45 54 65 70 71 48 62 78 84 8%
150 58 70 72 73 73 77 83 88 92 92

From the Table6.4 clearly shows that the yield of spiro[indoline-3,4
pyrazolo[3,4b]pyridine] derivatives increased with the incregsirreaction
temperature and time under both processes. Futtteeyjeld of spiro[indoline-3,4
pyrazolo[3,4b]pyridine] derivatives was higher (up to ~30-40%)il reaction-time
ranges under the microwave process than underaimeentional thermal process.
Lower temperature and shorter time were requiretkuthe microwave process, in
comparison to that required for the conventionarriial process. High vyield,
reduced reaction temperature and time exhibiteceundcrowave process can be

attributed to a significant increase in the rateeaiction of reactive species.
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In order to develop a viable approach, the modattion was investigated

using different solvents under microwave irradiatand the observations are listed
in Table 6.5 Under microwave irradiation, 2,2,2-trifluoroetlohrwas found to be
the best as compared to other solvents such asnatcét, THF, benzene, DMF,

methanol and ethanol.

Table 6.5: Optimization of reaction conditions for the syrdiseof4a under

microwave irradiation

Entry Solvent Microwave
Temp °C) | Power (Watt) | Time (min.) | Yield (%)
1 Acetonitrile 150 250 70 48
2 THF 150 250 70 42
3 Benzene 150 250 60 45
4 DMF 150 250 70 50
5 Methanol 150 250 45 70
6 Ethanol 150 250 40 80
7 TFE 150 250 20 92

" = Isolated Yield

The model reaction was also studied by varyingomieve power (150, 180,
250 and 300 W) and it was concluded that 250 W pautput at 15C was

required to accomplish maximum conversion to prodac
6.4.2 Mechanism

The plausible mechanism for the synthesis of prtedda-j is shown in
Scheme6.2 It is believed that the electrophilic charactértlee carbonyl group is
activated by the high hydrogen bond donating abif CFRCH,OH which
facilitates than situ generation of intermediat® by the knoevenagel condensation
of isatin 1 and malononitrile2. Subsequent Michael addition of the electron-rich
heterocyclic amine to intermediateA ocurrs to provide another intermedidde
which then undergoes intramolecular cyclisatiorultesy in spiro ring systemg

andD. At last,D undergoes tautomerism to produce the final product
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Scheme 6.2Possible mechanism for the synthesis of spirofinde3,4 -

pyrazolo[3,4b]pyridine] derivatives
6.5 CONCLUSION

In conclusion, we have successfully developedraks, green and efficient
one-pot multi-component synthesis of spiro[indol3)4’-pyrazolo[3,4b]pyridine]
derivatives from easily available starting materiasing 2,2,2-trifluoroethanol as a
solvent under microwave irradiation. This protosofjreener synthetic strategy as it
can be easily operated under catalyst-free comditend quite useful in terms of

atom economy, shortened reaction time and reusabflthe solvent.
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Figure 6.1: FT-IR spectrum 06"-amino-7"-benzyl-3-methyl-2-oxo-Z-hydrospiro[indoline-3,4"-pyrazolo[3,4-b]pyridine]-5 "-
carbonitrile derivative (4i)
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Figure 6.2:*"H NMR spectrum o6’-amino-7’-benzyl-3-methyl-2-oxo-2 -hydrospiro[indoline-3,4’-pyrazolo

[3,4-b]pyridine]-5 "-carbonitrile derivative (4i)
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Figure 6.4: Mass spectrum @’-amino-7"-benzyl-3-methyl-2-oxo-Z-hydrospiro[indoline-3,4"-pyrazolo
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7.1 INTRODUCTION

Heterocyclic compounds hold a special place itolgical processes and are
widely spread as natural products. They are extelysfound in nature in a variety
of forms, particularly in nucleic acids, plant dtkds, as well as in haem and
chlorophyll. In addition, some vitamins, proteitrmones also contain aromatic
heterocyclic framework. Synthetically produced hatgcles intended by organic
chemists are used for instance as agrochemicalplaaunaceuticals which play a
key role in human life. Heterocycles have a hugemeal as the most promising
molecules as lead structures for the design ofarexys’ ™ The remarkable ability of
heterocyclic nuclei serves both as biomimetics eattive pharmacophores which
has largely contributed to their value as tradaidkey elements of numerous drugs.
Because of this, the synthesized heterocycles tenaved special attention within
combinatorial chemistry, which has matured to bez@rsignificant tool in many

aspects of chemistfy’

In our laboratory, we have synthesized a largeaetyarof heterocyclic
compounds which demonstrated interesting pharmgmalb and biological
activities. Representative number of compounds e screened far-amylase
inhibition assay, anti-oxidant, antimicrobial, anyicobacterial and antimalarial
activities. All the tables of biological activityre in accordance with the table

numbers and compound numbers mentioned in the efsapt

The said activities were carried out at variowiiates including Biogenics,

Dharwad, Karnataka and Microcare Laboratory, S@ajarat.
7.1.1 a-Amylase inhibition assay

o-Amylase is an important enzyme present in the beligh is responsible
for the hydrolysis of polysaccharides, such asagjetstarch. Inhibition of this
enzyme might be extremely advantageous for diakmitents because it could
lower the glucose levels in the blood. One of therdpeutic approaches adopted so
far to ameliorate post-prandial hyperglycemia inegl the retardation of glucose
absorption via the inhibition of carbohydrate hydrolyzing enzymesz.,

a-glycosidase anda-amylase in the digestive orgahsTherefore, there is a
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requirement to discover and develop new therapeggnts to avoid the emergence

of disease.
7.1.1.1 Method fora—Amylase inhibition assay

The chromogenic DNSA method had been used to pertbe a—amylase
inhibition assay. The total assay mixture composed of 140®f 0.05 M sodium
phosphate buffer (pH 6.9), 58 of amylase (Diastase procured from HiMedia,
Mumbai, Cat No. RM 638) and extracts at concerttrafi00, 250 and 500g were
incubated at 37°C for 10 min. After pre-incubati&@@O ul of 1% (w/v) starch
solution in the above buffer was added to each arnxkincubated at 37°C for 15
min. The reaction was terminated with 1.0 ml DNS#agent, placed in boiling
water bath for 5 min, cooled to room temperaturé #re absorbance measured at
540 nm. The control amylase represented 100% enagtngty and did not contain
any sample of analysis. To eliminate the absorbaposduced by sample,
appropriate extract controls with the extract ie tieaction mixture in which the
enzyme was added after adding DNS. The maltosealibe was determined by the
help of standard maltose curve and activities waakulated according to the
following formula:

Conc. of maltose liberated X mL of enzyme used

Activity = X dilution factor
Mol.wt. of maltose X incubation time (min.)

One unit of enzyme activity is defined as the amaf enzyme required to
release one micromole of maltose from starch per umider the assay conditions.
The inhibitory/induction property shown by the saenwas compared with that of
control and expressed as percent induction/inbititThis was calculated according

to the following formula:

Activity in presence of compound
% inhibition/induction = X 100

Control Activity
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Figure 7.1: Standard Maltose Curve
7.1.2 Anti-oxidant activity

Antioxidants are a class of diverse chemical stmas that are capable
decreasing or preventing oxidation of the sensitivelecules through differel
mechanisms like chelation of active metal ions,efr@dcals scavenging c
inhibition of prooxidant enzyme® The oxidative damage to proteins has &
found to be high in specific brain regions and eélevated during aging and in so

types of neurodegenerative disord®*°

7.1.2.1 Method
The compoundwerealsotested for antioxidant property by DPImethod®*
Reduction of 1,1diphenyl-2-picrylhydrazyl (DPPH) free radical (DPPH method):

The nitrogen centred stable free radica-diphenyl-2picrylhydrazyl DPPH)
has often been used to characteriztioxidants. It is reversibly reduced and the «
electron in the DPPH free radical gives a strorgpgtition maximum & = 517 nm.
which is purple in colour. This property makes uitable for spectrophotometr
studies. A radical scavenging antioxidireacts with DPPH stable free radical ¢
converts into 1,”dipheny-2-picrylhnydrazine. The resulting decolourization
stoichiometric with respect to the number of eleasr captured. The change in-

absorbance produced in this reaction has beento measure antioxidaiproperties.

Different concentrations (14, 5Qug and 10Qg) of samples as well as t
standard compound Butylated hydroxy anisole (BHAravtaken in different te

tubes and the volume was made uniform to 00y adding methanol. ve
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milliliters of a 0.1 mM methanolic solution of 1diphenyl-2-picryl hydrazyl
(DPPH) was added to these tubes and shaken vidgrdusontrol test tube without
the test compound, but with an equivalent amoumhethanol was also maintained.
Afterwards, the tubes were allowed to stand at reemperature for 20 min. and the
absorbance of the samples was measured at 517 mendifference between the

sample and the control experiments was taken.

Radical scavenging activity was expressed as #neeptage inhibition and

calculated using the following formula:

Absorption of control - Absorption of sample
Absorption of control

% free radical scavenging activity = X100

7.1.3 Antimicrobial activity
The global concern has been on the rise overékieldpment of multi-drug-

resistant pathogens which is causing a rigorousleno in the treatment of
disease$?™® To deal with this issue, continuous efforts hawerb done in the
direction to discover some solution to fight agathese resistant pathogens. One of
the solutions to conquer this problem is to findheonew structural moieties which
could act as a new drug against the resistant gatte’

7.1.3.1 Strains of bacteria

Antibacterial activity was screened against gramsifve Staphylococcus
aureus MTCC 96, Streptococcus pyogenesITCC 443) and gram negative
(Escherichia coliMTCC 442, Pseudomonas aerugino$dTCC 441) bacteria by
using Gentamycin, Ampicillin, Chloramphenicol, Gyfioxacin and Norfloxacin as
standard antibacterial agents. The selected bactge known to cause human
diseases whereaStaphylococcus aureusauses staph-related illness, internal
abscess and food poisonir§freptococcupyogenesauses scarlet fever and strep
throat, whileEscherichia colcauses bloody diarrhoea aRdeudomonas aeruginosa
causes respiratory system infections, dermatio#, tsssue infections, bacteremia
and urinary tract infections. Therefore, we havéeded these bacteria for the

screening process.
Escherichia coli

Escherichia colione of the most extensively studied organisms, ggam-

negative bacterium which abundantly occurs in tveer intestine of mammalg.
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coli is of major public health concern due to its highistance, low infectious dose,
and various other disease symptoms, ranging frold diarrhoea to hemorrhagic

colitis and the hemolytic-uremic syndrorte?

Figure 7.2: Escherichia coli

Pseudomonas aeruginosa

Pseudomonas aeruginogaa gram-negative, opportunistic bacterium which
is found everywhere in nature. It is quite ablénfect plants, nematodes, insects and
mammals. While it rarely infects healthy individsiathis bacterium is responsible
for life-threatening infections in the criticallif persons.’*1t is known to be one of
the most important causes of hospital-acquiredctidas, having a particularly high

mortality rate among people with compromised immsystems %

Figure 7.3: Pseudomonas aeruginosa

Staphylococcus aureus

Staphylococcus aureus a gram-positive bacterium which silently stags
our natural flora, and threatens our life as a iptst pathogen. It is gradually
becoming a health risk for both humans and aninkaladdition to its ability to take
in our immune system, its multi-drug opposition pbiype makes it one of the most

continual pathogenic bacteria in the history oflsintic chemotherap§*?
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Figure 7.4: Staphylococcus aureus
Streptococcus pyogenes

Streptococcus pyogenesa gram-positive bacterial pathogen which is-non
motile and spheri-cal in shape. It is responsibleaf range of human diseases, from
trivial to lethal®?* It is the major cause of pharyngitis accompanigdthroat
infections in humans and is the major causativenafge tonsillitis and may also

cause other invasive infections such as meningitid, necrotizing fasciitis, efe.

Figure 7.5: Streptococcus pyogenes

7.1.3.2 Strains of fungi

Antifungal activity was screened against three ghlnspeciesCandida
albicansMTCC 227,Aspergillus nigeMTCC 282 andAspergillus clavatus/TCC
1323 fungi by using Nystatin and Greseofulvin agandard antifungal agents. The
selected fungal species are known to cause humseasiis whereaSandida
albicanscauses pathological lesion of the skspergillus nigercauses black mold
of onions, while Aspergillus clavatuscauses occupational hypersensitivity
pneumonitis.Therefore, we have selected these fungal specieshéo screening

process.
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Candida albicans

Candida albicansthe most virulent Candida species, is an oppastien
fungus which embodies an important public healthflamt with a high economic
and medical significance due to the increased aafstsire, time of hospitalization

and high morbidity and mortality rates, especialtyimmuno-compromised human
beings?®?°

Figure 7.6: Candida albicans
Aspergillus niger

Aspergillus niger is a xerophilic, flamentous aadwidespread aerobic
fungus which grows on a large variety of substi3tedegrades celluloses and
hemicelluloses and causes biodeterioration of eilveéd lubricants, polyvinyl
chloride, and starch/polyethylene plasfits.

Figure 7.7: Aspergillus niger

Aspergillus clavatus

Aspergillus clavatusa filamentous fungus, is a potent lung allerdaut, it
seldom causes invasive disedselt may grow as blue-green mats on the
germinating malting floors and causes extrinsic allergic alveolitis called|tMa

workers lung®*
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Figure 7.8: Aspergillus clavatus

Thebroth microdilution method as described by Rawas used to carry o
the minimum inhibitory concentrations (MICs) the synthesized compour.®® All
MTCC cultures were collected from Institute of Mibial Technology, Chandiga
and tested against above mentioned known drugsliéfdtinton broth metod was
used as nutrient medium to grow bacteria and funguulum size for test stra
was adjusted to 2OCFU (Colony Forming Unit) per millilitre by compag the
turbidity.

Serial dilutions were prepared in primary and seéeoy screening. Th
control tube containing no antibiotic was immediatelyb seultured (befort
inoculation) by spreading a loopful evenly overuader of plate of medium suitak
for the growth of the test organism and put fouimation at 37°°C for bacteria an
22 °C for fungis. The tubes were then incubated overnight. The dfi@e contro
organism was read to check the accuracy of the damgentrations. The lowe
concentration inhibiting growth of the organism wasorded as the MIC. Ea
synthesized drug was diluted aining 2000 mg/ml concentration, as a st
solution. In primary screening 500, 250 and 125 mhg¢oncentrations of th
synthesized drugs were taken. The active synthésirggs found in this primai
screening were further tested in a second setlation against all microorganisn
The drugs found active in primary screening wenilarly diluted to obtain 10(
50, 25, 12.5, 6.250, 3.125 and 1.5625 mg/ml comagahs. The highest dilutic
showing at least 99% inhibition is taken as N

7.1.3.3 Methals for antimicrobial assay
7.1.3.3a Method for Antibacterial assa®®*’

Mueller Hinton agar medium (HiMedia, India) was dses the

bacteriological medium. The compounds were diluted00% dimethylsulphoxid
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(DMSO) at the concentrations of 5 mg/mL. The MueHgnton agar was heated to
melt followed by cooling upto 48-50 °C. To the meoltagar, a standardized
inoculum (1.5x18 CFU/mL, 0.5 McFarland) was then added asepticaily the
entire mixture was poured into petri dishes whigraevearlier made sterile to give a
solid plate. The wells which were prepared in theded agar plates were introduced
in the well (the wells were made through cork barertically to petriplate upto 10
mm). The incubation of the plates was done by kegphem overnight at 37 °C.
The antimicrobial spectrum of the extract was deteed for the bacterial species in
terms of zone sizes around each well. The diamefezene of inhibition produced
by the agent were compared with those produced hey commercial control
antibiotics, Streptomycin. For each bacterial strabntrols were maintained where
pure solvents were used instead of the synthetigpooind. For measurement of the
diameter of resulting zones, subtraction of thetrmrzones from the test zones were
carried out (the diameter is taken through theregmbint of zone of inhibition and a
zone of inhibition was calculated after adding shenple which can be visualized on
the surface of the plate inoculated with bactend fungi). To minimize the error,

the experiment was repeated three to four timeglandean values were presented.
7.1.3.3b Method for Antifungal assay?

Fungus colonies were subcultured onto Sabouradeidrose agar, SDA
(Merck, Germany) and respectively incubated at @7dr 24 h and 25°C for 2-5
days. Suspensions of fungal spores were preparsteiite PBS and adjusted to a
concentration of 106 cells/mL. Dipping a sterileaswinto the fungal suspension and
rolled on the surface of the agar medium. The platere dried at room temperature
for 15 min. Wells of 10 mm in diameter and aboumrmh apart were punctured in the
culture media using sterile glass tube. 0.1 mLedfesal dilutions of fresh extracts
was administered to fullness for each well. Platese incubated at 37 °C. After
incubation of 24 h, bioactivities were determineg measuring the diameter of
inhibition zone in mm. All experiments were madetiiplicate and means were

calculated.
7.1.4 Anti-mycobacterial activity

Tuberculosis (TB) is a disease which is caused Nbycobacterium

tuberculosis(Mtb), still remains a global health crisis whishthe cause of higher
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mortality rate worldwide. The World Health Orgartipa estimates that due to
Tuberculosis, approximately two million people dieery year® Overcrowding of

poor people living in huge cities also leads toightoccurrence of the disea®e.
This situation contributes to the greater incident@B at the accelerated speed.
Thus, there is a pressing need for new chemothetiapagents to combat the
emergence of drugs resistance and to shorten thati@u of treatment of

Tuberculosis to improve the patient compliances.
7.1.4.1 Strain of bacterium
Mycobacterium tuberculosis (M. tuberculosis)

Mycobacterium tuberculosiss a bacterial pathogen from the family
Mycobacteriaceae and is the causative agent ofdulosis. It is aerobic in nature
and requires high level of oxygen. It is primardypathogen of the mammalian

respiratory system and infects the lufig&

Figure 7.9: Mycobacterium tuberculosis

7.1.4.2 Method for antimycobacterial assay

MIC of compounds was determined agaiMsttuberculosidH37Rv strain by
using Lowenstein-Jensen medidfrDetermination of MIC of the test compounds
againstM. tuberculosisH37Rv were performed by L. J. agar (MIC) methocereh
primary 1000, 500 and 250 mg/ml and secondary 200, 62.5, 50, 25, 12.5, 6.25
and 3.25 mg/ml dilutions of each test compound vastéed liquid L. J. Medium
and then media were sterilized by inspissation$iotetA culture oM. tuberculosis
H37Rv growing on L. J. medium was harvested in @&aline in bijou bottles. All
test compounds make first stock solution of 2000/mhgconcentration of
compounds was prepared in DMSO. These tubes wereitisubated at 3T for 24
h followed by streaking olM. tuberculosisH37Rv (5 x 10 bacilli per ml). These
tubes were then incubated af@7Growth of bacilli was seen after 12 days, 22sday

and finally 28 days of incubation. Tubes having ¢cbexpounds were compared with
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control tubes where medium alone was incubated MittuberculosifH37Rv. The
concentration at which no development of coloniesuored or <20 colonies was
taken as MIC concentration of test compound. Thedsrd strairM. tuberculosis
H37Rv was tested with known drug isoniazid.

7.1.5 Anti-malarial activity

Malaria is a mosquito-borne infectious diseasesitayithe greatest mortality
worldwide® It is still one of the most severe parasitic digeaaused by the
multiplication of the protozoan parasiBasmodium falciparunin erythrocyte$?®
Estimated worldwide deaths due to malaria was cebf.881 million annually, out
of which 90% of them were from the African regifnHence, there is a growing
need to discover important lead compounds for thkeodery of more selective and

effectual antimalarial agents for both treatment prophylaxis*®4°

7.1.5.1 Strain for malaria
Plasmodium falciparum (P. falciparum)

Plasmodium falciparurs a protozoan parasite of the specieRlasmodium
which causes malaria in human beings. Female Ardepmeosquito is the carrier of
this parasite. In tropical areas, multi-drug resisPlasmodium falciparunis the

major health probler’

Figure 7.10:Plasmodium falciparum

7.1.5.2 Method for antimalarial assay

Thein vitro antimalarial assay was carried out in 96 well otitre plates
according to the micro assay protocol of Rieckmammd co-workers with minor
modifications. The cultures dP. falciparum strain were maintained in medium
RPMI 1640 supplemented with 25 mM HEPES, 1% D-gbeco0.23% sodium
bicarbonate and 10% heat inactivated human sertne.aS§ynchronous parasites of
P. falciparumwere synchronized after 5% D-sorbitol treatmenblbain only the
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ring stage parasitized cells. For carrying out #ssay, an initial ring stage
parasitaemia of 0.8 to 1.5% at 3% haematocrittimta volume of 200 pl of medium

RPMI-1640 was determined by Jaswant Singh Bhattgah@SB) staining to assess
the percent parasitaemia (rings) and uniformly nadied with 50% RBCs (Q.

A stock solution of 5mg/ml of each of the test ptem was prepared in
DMSO and subsequent dilutions were prepared wittut@i medium. The diluted
samples in 20 pl volume were added to the testswell as to obtain final
concentrations (at five fold dilutions) ranging ween 0.4 pg/ml to 100 pg/ml in
duplicate well containing parasitized cell preparat The culture plates were
incubated at 37°C in a candle jar. After 36 to 4ih¢ubation, thin blood smears
from each well were prepared and stained with J&Bn.s The slides were
microscopically observed to record maturation ofgristage parasites into
trophozoites and schizonts in presence of diffecentcentrations of the test agents.
The test concentration which inhibited the complet&turation into schizonts was
recorded as the minimum inhibitory concentratidd$Q). Chloroquine and Quinine
was used as the reference drug. The mean numbeingsd, trophozoites and
schizonts were recorded per 100 parasites fromichiplwells after incubation for
38 hours, and percent maturation inhibition witkprect to control group.

7.2 Results of biological screening

7.2.1 Chapter 2: a-Amylase inhibition assay and anti-oxidant activities of
pyrazol o[ 3,4-€][ 1,4]thiazepinone derivatives

CH,Ph
/
N
_ S
HN o 12
H O
4a (ARS-41) 4b (ARS-42) 4c (ARS-43) 8a (ARS-44) 10a (ARS-45)
H,CO
3C
CH3 I -
: HN. 2
,'4 N o ' N

12a (ARS-46) 12d (ARS-47) 12e (ARS 48) 4e (ARS-49) 4f (ARS-50)
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a-Amylase inhibition assay

The a-amylase inhibition assay of compounds (coddRS-41, ARS-42,
ARS-43 ARS-44 and ARS-45 was determined using the method described in the
introduction of the chapter. The screening datsshoavn inFigure 7.11

0.0450
0.0400 +~
0.0350 +~
0.0300
0.0250 -
0.0200 -
0.0150 -
0.0100 -
0.0050 +~
0.0000 <

m 100 ug
m500ug
= 1000 ug

Activity {umoles/ml/min)

Control

Figure 7.11:Graph showing the comparative analysiscoAmylase

inhibition assay

Table 7.1: Table showing the assay data

Concentration of Activit . .

Sample 5(4)18 r?:n Maltose liberated (ug)(umoles/m)I//min) % activity % inhibition
Control 1.87 150 0.0416 100.00 0.00
4a (100 pg) 1.62 130 0.0361 86.73 13.27
4a(500 pg) 1.35 108 0.0300 72.05 27.95
4a (1000 pg) 1.3 104 0.0289 69.38 30.62
4b (100 pQ) 1.85 148 0.0411 98.74 1.26
4b (500 ug) 1.56 125 0.0347 83.40 16.60
4b (1000 ug) 15 120 0.0333 80.06 19.94
4c (100 pg) 1.82 146 0.0405 97.41 2.59
4c (500 ug) 1.26 101 0.0280 67.38 32.62
4c (1000 ng) 1.14 92 0.0255 61.38 38.62
10a(100 pg) 1.85 148 0.0411 98.74 1.26
10a(500 pg) 1.28 103 0.0286 68.72 31.28
10a 000 pg) 1.23 98 0.0272 65.38 34.62
8a (100 ug) 1.81 145 0.0402 96.74 3.26
8a (500 pQ) 1.25 100 0.0278 66.72 33.28
8a (1000 pg) 1 81 0.0225 54.04 45.96

Results and inference:
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From theTable 7.1, it is quite clear that among all the samp8a substituted
with acenaphthaquinone group displayed better itibibat 1000 g concentratio
4c having methyl group on the indole ring al0a substituted with Naenzyl groug
have performed almost similarly, though a bettéikition was displayed b4c at
1000 pg concentration. And, the compoudb having methyl group on tr

thiazepine ring has poorly inhibited enzyme acyiwt all concentration:
Anti-oxidant activity

The antiexidant activityof compounds (codedARS-46, ARS-47, ARS-48
ARS-49 andARS-50) was determined using the DPPH method which isrdesd

in the introduction of the chapter. The screeniatadire shown iTable 7.2

Table 7.2: Results of anti-oxidant activity

ug of sample/ | ARS-46 | ARS-47 | ARS-48 | ARS-49 | ARS-5C | BHA
Samples (12a) (12d) (12e) (4e) (4f)
10 1.30 2.26 1.65 1.04 1.82 | 30.96
50 4.35 11.30 4.17 1.74 | 2.4 | 69.39
100 6.96 19.22 14.43 2.09 | 2.7C | 84.70

Results and inference:

All the screened compounds showed poor-oxidant activity as compare
to the standard, BHA.

90
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70
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50
40
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®10 pg
®50 ug
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12a 12c 12e 4e Af

BHA

Samples

Figure 7.12:Results of anti-oxidant activity
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7.2.2 Chapter 5:Antimicrobial, antimycobacterial and antimalarial activities of

spirooxindol e derivatives

CN

NH2 NH2 NH2 NHz NHz
CN
N

4a (ADSM 11) 4b (ADSM 12) 4c (ADSM 13) 4d (ADSM 14) de (ADSM 15)
CN
NH2 NH2 NH, CNNH
2
NH2 CN ‘0
(\ CN CN
o CN
N o)
N
P
4f (ADSM-16) 4g (ADSM 17) 4h (ADSM 18) 4i (ADSM 19) 4j (ADSM-20)

The antimicrobial activity of representative compds was determine
using broth micro dilution method, which is desedhln introduction of the chapte

The antimicrobial screening di are shown irFigure 7.13and7.14.

600

500
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o
o

300
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MIC in pg/mL
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M E. coli (MTCC 442 HP. aeruginosa (MTCC 44
M S, aureus (MTCC 9 ® S, pyogenes (MTCC 44

Figure 7.13: Antibacterial activity of the tested compounds (MiGig/mL)
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Table 7.3: Antibacterial activity of tested compounds and lasiotics (MIC* pg/mL)

Compound E. coli P.aeruginosa | S. aureus | S.pyogenes
(MTCC 442) | (MTCC 441) | (MTCC 96) | (MTCC 443)
4a 12.5 200 250 200
4b 200 250 125 200
4c 3.25 250 200 250
4d 200 250 12.5 12.5
4e 62.5 250 200 200
4f 200 62.5 25 50
49 125 200 500 500
4h 100 12.5 250 250
4i 62.5 250 200 100
4 62.5 125 500 500
Gentamycifi 0.05 1 0.25 0.5
Ampicillin® 100 - 250 100
Chloramphenicdl 50 50 50 50
Ciprofloxacir? 25 25 50 50
Norfloxacirf 10 10 10 10

& MIC = Minimum inhibitory concentration, the lowesdncentration of the compound which inhibits
the growth of the bacterium by at least 99 %.
®=Standard drug.

Results and inference:

As shown inTable 7.3 one of the synthesized compoundis having
dioxamethylene group on the naphthalene ring shothiedhighest anti-bacterial
inhibitory activity (MIC = 3.25 pg/mL) against thested microbial strairt. coli.
Other compounds showed excellent activity (MIC =512g/mL) against the tested
microbial strains, i.e.4a againstE. coli compound4d substituted with methyl
group at the nitrogen atom of the indole ring age$ aureusand S. pyogenuand
compound4h having allyl group at the nitrogen atom of thedledring againsP.
aeruginosa Compound4f substituted with methyl group at the nitrogen atinthe
indole ring and dioxamethylene group on the nagatiering showed good activity
(MIC = 25 and 50 pg/mL) again§. aureusand S. pyogenusespectively. The
significant results (MIC = 62.5 ug/mL) were obtaine case ofle substituted with
methyl group at the nitrogen atom of the indoleyramd on the naphthalene rjirg
having allyl group at the nitrogen atom of the iledong and dioxamethylene group
on the naphthalene ring adgisubstituted with benzyl group at the nitrogen atim
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the indole ring again<E. coli andcompound4f againstP. aeruginos. Rest of the

compounds exhibited moderate to poor inhibitoryivites against the teste

microbial strains.

1200

1000
800
600
400 -
200 -
0 - . . . . . .

H C.Albicans MTCC 22  ®mA.Niger MTCC 282 ®A.Clavatus MTCC 132

MIC in pg/mL

Figure 7.14:Antifungal activiy of the tested compounds (MIC jug/mL)

Table 7.4: Antifungal activity of the tested compounds (MICpig/mL)

Compound MIC @ (ug/mL)
C. albicans A. niger A. clavatus
MTCC 227 MTCC 282 MTCC 1323
4da 500 >1000 >1000
4b >1000 >1000 >1000
4c 500 >1000 >1000
4d >1000 >1000 >1000
de >1000 >1000 >1000
4f 500 >1000 >1000
49 250 1000 1000
4h 1000 250 1000
4 250 500 500
4j >1000 500 500
Nystatirf 100 100 100
Greseofulvifi 500 100 100

& MIC = Minimum inhibitory concentration, the lowestncentration of the compound which inhit
the growth of the fungus by at least 9¢
®= Standard drug.
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Results and inference:

As shown inTable 7.4, compound4g having allyl group at the nitroge
atom of the indole ring4i substituted with allyl group at the nitrogen atofttee
indole ring and dioxamethylene group on the napatierin¢ and4h having allyl
group at the nitrogen atom of the indole ring arethyl group on the naphthalel
ring exhibited thenhibitory activity (MIC = 250 pg/mL) against thested funga
strain, C. albicans and A. niger respectively The compounds4a, 4c having
dioxamethylene group on the naphthalene and4f substituted with rethyl group
at the nitrogen atom of the indole ring and dioxthmene group on the naphthale
ring exhibited thanhibitory activity (MIC = 500 pg/mL) against therfgal strain
C. albicans Compounds4i and 4j substituted with benzyl group at the niten
atom of the indole ringxhibited theinhibitory activity (MIC = 500 pg/mL) again:
the tested fungal strainé,. nigerandA. clavatus Rest of the compounds show

poor inhibitory activity against the tested fungahins.
Antimycobacterial activity

MIC of compounds was determir againstM. tuberculosisH37Rv strair
by using Lowensteidensen medium (conventional method), which is desd
in the introduction of chapter. The antimycobactiescreening data are shown
Figure 7.15
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Figure 7.15: Antimycobacterial activity of the tested compouedC in pg/ml)
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Table 7.5: Antimycobacterial activity of tested compoundsiageVlycobacterium

tuberculosigHs7Rv microbial strain

Compound MIC? (ug/mL)
4a 250
4b 1000
4c 0.52
4d 250
4e 100
Af 1000
49 3.25
4h 62.5
4i 1
4 1000

Isoniazid 0.20

Rifampicirf 0.25

#MIC = Minimum inhibitory concentration, the lowestncentration of the compound which inhibits
the growth of the mycobacterium by at least 99 %.

b = Standard drug.

Results and inference:

From Table 7.5 it was clearly concluded that compoudd having
dioxamethylene group on the naphthalene ring sholwghkest inhibitory activity
(MIC = 0.52 pg/mL) againstMycobacterium tuberculosisvhile compound4i
substituted with allyl group at the nitrogen atoni the indole ring and
dioxamethylene group on the naphthalene ring shogmad inhibitory activity
(MIC = 1 pg/mL). On the other hand, compou#ad having allyl group at the
nitrogen atom of the indole ring exhibited sigrdint inhibitory activity (MIC = 3.25
png/mL). Rest of the compounds showed a poor intmpidctivity.

Antimalarial Activity

Mean IC50 value of compounds was determined agdftasmodium
falciparum strain by using RPMI 1640 medium (Rieckmann methad)ich is
described in introduction of chapter. The antimyaabrial screening data are

shown inFigure 7.16
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2.5

Mean ICgyin pg/mL
o =
o [4;] = [4;] N

N I 2 C R R N T

® Plasmodium falciparum

Figure 7.16:Antimalarial activity of the tested compounds (Mé&50 inug/ml)

Table 7.6: Antimalarial activity of tested compounagainstPlasmodiur

falciparumstrain

Compound Mean ICsovalues(pg/mL)
4a 0.98
4b 0.56
4c 0.90
4d 0.45
4e 1.27
4f 1.56
49 2.00
4h 0.40
4i 0.42
4j 0.073
Chloroquin@ 0.020
Quininé 0.268

®MIC = Minimum inhibitory concentration, the lowest cemtration of the compound which inhib
the growth of thdlasmodiunfalciparurr by at least 99%.
®=Standard drug



Chapten-7 221

Results and inference:

From Table 7.6, it was concluded that the tested compounds wared to
exhibit good to moderate inhibitory activity agdinBlasmodium falciparum
Compound4j showed excellent activity (MIC = 0.073 pg/mL) agaiP. falciparum
Compoundsth substituted with allyl group at the nitrogen atofmthe indole ring
and methyl group on the naphthalene ring (MIC =00uy/mL), 4i having allyl
group at the nitrogen atom of the indole ring amolxamethylene group on the
naphthalene ring (MIC = 0.42 pg/mL), add substituted with methyl group at the
nitrogen atom of the indole ring1IC = 0.45 pg/mL) showed good activity. Rest of

the compounds showed a moderate to poor inhibéotiyity againsP. falciparum

7.2.3 Chapter 6:Antimicrobial, antimycobacterial and antimalarial activities of

spiro [indoline-3,4 -pyrazol o[ 3,4-b] pyridine derivatives

e NH NH NH NH
o 3 o Cl o Br o ON e)
CN =~ CN ~ CN ~ CN ~ CN
HN | BN | HN | N [
NH, N~ "NH, N= >N NH N™ NH N™ N7 NH
H N 2 N 2 H 2

4a (ADP-40) 4b (ADP-41) 4c (ADP-42) 4d (ADP-43) 4e (ADP-44)

CH,Ph
0
N CN
NH, NH;
4f (ADP-45) 4g (ADP-46) 4h (ADP-47) 4i (ADP-48) 4j (ADP-49)

Antimicrobial activity

The antimicrobial activity of representative corapds was determined
using broth micro dilution method, which is desedhn introduction of the chapter.

The antimicrobial screening data are showRigure 7.17.
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MIC in pg/mL
w
8

= N

o o

o o
1 !

o
1

SR
N QIR
G@ had &‘b& Q\Q é@
D
Q’Q
M E. coli (MTCC 442 H P, aeruginosa (MTCC 44
M S, aureus (MTCC 9 ® S, pyogenes (MTCC 44

Figure 7.17:Antibacterial activity othe tested compounds (MIC jg/mL)

Table 7.7: Antibacterial activity of tested compounds and laiotics
(MIC in pg/mL)

Compound MIC @ (ug/mL)
E. cali P. aeruginosa | S. aureus S. pyogenus
MTCC 443 MTCC 441 MTCC 96 MTCC 442
4a 10C 100 250 250
4b 10C 200 100 250
4c 25C 250 125 62.5
4d 20C 250 200 500
4e 25C 500 250 500
4f 50C 500 250 250
49 62.t 100 200 250
4h 10C 250 125 200
4i 25C 500 25 12.5
4i 25C 500 500 250
Gentamycifi 0.0¢ 1 0.25 0.5
Ampicillin® 10C - 250 100
Chloramphenicd 50 50 50 50
Ciprofloxacir? 25 25 50 50
Norfloxacirf 10 10 10 10

#MIC = Minimum inhibitory concentration, the lowesbncentration of the compound which inhik
the growth of the bacterium by at least 9¢
®=Standard drug.
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Results and inference

As shown inTable 7.7, some of the synthesized compounds shc
excellent activity (MIC = 12.5 pg/mL) against thested microbial strains, i.€4i
substituted with benzyl group at the nitrogen atofrthe indole ring againsS.
pyogenusand good inhibitry activity (MIC = 25 upg/mL) againsS. aureus
Compounds4c having chloro group at indole ri and 4g substituted with twe
methyl groups at indole ring showed moderate agtiWIC = 62.5 pg/mL) agains
S. pyogenusind E. coli respectively. The significant results (MIC = 100/mb)
were obtained in case da, 4b having methyl group at indole ri and 4h
substituted with allyl group at the nitrogen atofiihee indole ring again<E. coli; 4b
againstS. aureusand compound4a and 4g againstP. aeruginos respectively.
Moderate inhibitoryactivity was shown by compoun4c and4h againstS. aureus
All the synthesized compounds showed poor inhiitort-bacterial activity agains

the tested bacterial stra.

Anti-fungal activity

MIC in pg/mL

® C.Albicans MTCC 22  ®m A Niger MTCC 282 ™ A.Clavatus MTCC 132

Figure 7.18: Antifungal activity of representative compounds (Vih ng/mL)
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Table 7.8: Antifungal activity of representative compounds QMh ug/mL)

Compound MIC? (ug/mL)
C. albicans A. niger A. clavatus
MTCC 227 MTCC 282 MTCC 1323
4a 500 1000 1000
4b 500 >1000 >1000
4c 1000 1000 1000
4d 500 500 500
e 250 1000 1000
Af 500 1000 >1000
4q 1000 1000 1000
4h 1000 1000 >1000
4i 500 500 500
4 1000 1000 1000
Nystatirf 100 100 100
Greseofulvifl 500 100 100

& MIC = Minimum inhibitory concentration, the lowestncentration of the compound which inhibits
the growth of the fungus by at least 99 %.
®= Standard drug.

Results and inference:

As shown inTable 7.8 compound4e having nitro group at indole ring
exhibited the inhibitory activity (MIC = 250 pg/mlagainst the tested fungal strain,
C. albicans The compoundda, 4b substituted with methyl group at indole rirgl
having bromo group at indole ringf substituted with fluoro group at indole ring
and 4i having benzyl group at the nitrogen atom of tha@ola ring exhibited the
inhibitory activity (MIC = 500 pg/mL) against theurfgal strain,C. albicans
Compoundgid and4i exhibited the inhibitory activity (MIC = 500 pg/mlagainst
the tested fungal strainé.. nigerandA. clavatus Rest of the compounds showed
poor inhibitory activity against the tested fungahins.

Antimycobacterial activity

MIC of compounds was determined agaidsttuberculosidH37Rv strain by
using Lowenstein-Jensen medium (conventional méthwiich is described in the
introduction of chapter. The antimycobacterial soirg data are shown in
Figure 7.19
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Figure 7.19: Antimycobacterial activity of the tested compouiesC in pg/ml)

Table 7.9: Antimycobacterie activity of tested compounds agaiMycobacterium

tuberculosidHs;Rv microbial strain

Compound MIC @ (ug/mL)
4a 125
4b 500
4c 500
4d 1000
4e 250
Af 12.5
49 500
4h 25
4 500
4 250
Isoniazic® 0.20
Rifampicir® 0.25

& MIC = Minimum inhibitory concentration, the lowestncentration of the compound which inhit
the growth of the mycobacterium by at least 9

b = Standard drug.
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Results and inference:

FromTable 7.9, it was clearly concluded that compou4f substituted witt
fluoro group at indole ringhowed highest inhibitory activiftMIC = 12.5 pg/mL)
againstMycobacterium tuberculos while compound4h having allyl group at th
nitrogen atom of the indole ri showed good inhibitory activitgMIC = 25 pg/mL).
And, compound4a exhibited a significant inhibitory activit(MIC = 125 pg/mL.
Compounds4e substituted with nitro group at indole r and 4j having methy
group at the nitrogen atom of the indole exhibited a moderate inhibitory activi
(MIC = 250 pg/mL). Rest of the compounds showed padubitory activity agains

the tested strain.
Anti-malarial activity

Mean IC50 value of compounds was determined agaPlasmodiun
falciparum strain by using RPMI 1640 medium (Rieckmann methoahich
described in introduction of chapter. The antimycdbdal screening data a

shown inFigure 7.20Q
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Figure 7.20: Antimalarial activity of the tested compounds (Mé&50 inug/ml)
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Table 7.10:Antimalarial activity of tested compounds agaiRsmodium

falciparumstrain

Compound Mean ICsovalues (ug/mL)
4a 0.58
4b 0.25
4c 0.154
4d 0.025
4e 0.54
4f 0.19
49 0.026
4h 0.54
4i 0.012
4 0.14
Chloroquing 0.020
Quininé 0.268

®MIC = Minimum inhibitory concentration, the lowestncentration of the compound which inhibits
the growth of thdlasmodiunfalciparumby at least 99%.
b = Standard drug

Results and inference:

FromTable 7.10Q it was concluded that the tested compounds wared to
exhibit good to moderate activity agairRlasmodiumfalciparum Compound4i
having benzyl group at the nitrogen atom of theoladring showed excellent
activity (MIC = 0.012 pg/mL) againg®. falciparum as compared t&hloroquine
andQuinine Compoundégld substituted with bromo group at the indole ring Q=
0.025 pg/mL) andlg having two methyl groups at the indole ring (MIC0-026
pg/mL) were found to have comparable values as eoeaptoQuinine Compounds
4j substituted with methyl group at the nitrogen awfithe indole ring (MIC = 0.14
pag/mL), 4c having chloro group at the indole ring (MIC = 0.1p4y/mL), 4f
substituted with fluoro group at the indole ringl@®/= 0.19 pug/mL) andlb having
methyl group at the indole ring (MIC = 0.25 pg/mkhowed good activity.
Compoundsth substituted with allyl group at the nitrogen atofrtlee indole ring
and4e having nitro group at the indole ring (MIC = 0.54/mL) and4a (MIC =
0.58 pg/mL) showed moderate activity.
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LIST OF CONFERENCES/SEMINARS PRESENTED

“3' |nternational Conference on Heterocyclic Chemidtigid on December
10-13, 2011 in the Department of Chemistry, University of Rsfaan,
Jaipur.

19" ISCB International Conference (ISCBC-2013) titl&kcent Advances
and Current Trends in Chemical and Biological soési held on March 2-5,
2013 jointly organized by Indian Society of ChemistsdaBiologists,
Lucknow and Department of Chemistry, Mohanlal Suk&aUniversity,
Udaipur.

National Seminar on “Chemistry for Economic Growatid Human Comforts”
held on August 31,2013 organized by the Department of Chemistry,
University of Rajasthan]aipur.

National Seminar & Science Model Exhibition on “Gwvations in Science
and Technology for Inclusive Development” held amuary 16-172014
jointly organized by Dr. B. Lal Institute of Biotenology and Indian Science
Congress Association (Jaipur Chapterjamur .

National Conference on “Recent Trends in Researdhiemical Sciences”
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Manipal University Jaipur.

National Seminar on “Technological Advances and ifTHenpact on
Environment” held on April 22,2014 organized by the Department of
Chemistry, Poornima College of Engineeridgipur.

Seminar on “Atomic Energy for Robust National Deyghent” held on 8
September2014organized by BARC and MNITaipur.

LIST OF CONFERENCES/SEMINARS ATTENDED

UGC and CSIR Sponsored ‘National Symposium’ on ‘@ig Synthesis”
held on February 18-12011at ICG-The IIS UniversityJaipur.

UGC Sponsored Symposium on “Celebrating Internatioryear of

Chemistry” held on September 12011 at International College for Girls in

Jaipur.
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3. ‘One Day National Seminar’ on “Chemistry in ourds’ held on December
12, 2011 organized by the Centre of Advanced Studies, Doyt of
Chemistry, University of Rajasthadgipur.

4. ‘International Conference’ on “New Emerging Trenahs Chemistry” (A
satellite conference ofBIndo-German Conference on Modelling Chemical
and Biological (Re)activity) held on 3-4 MarcB013 organized by the
Department of Chemistry, The IIS Universidgipur.

5. Workshop on “Vision and contributions of Mahamana Madan Mohan
Malaviya” held on 7-8 August2013 organized by Malaviya National

Institute of Technologyjaipur.

LIST OF COMMUNITY DEVELOPMENT PROGRAMMES ATTENDED

1. “Cancer Awareness Programme” held at Malaviya Nutiolnstitute of
TechnologyJaipur on 19" November2014

2. “HIV-AIDS Awareness Programme” held at Malaviya Maial Institute of
TechnologyJaipur on T December2014
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