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PREFACE

Medicinal chemistry is a science whose roots lie in all branches of chemistry and biology
dealing with the discovery or design of new chemicals and their development as potential
therapeutic agents. It also concerns with the understanding and explanation of the
mechanisms of the actions of drugs. It revolves around the synthesis of new compounds,
investigations of the relationships between the structure of natural and/or synthetic
compounds and their biological activities, elucidation’s of their interactions with
receptors of various kinds including enzymes and DNA. It involves the determination of
their absorption, transport and distribution properties, and studies of the metabolic
transformations of these chemicals into other chemicals. It also attempts to link
biodynamic behavior to the chemical reactivity and physical properties of the therapeutic

agents. Thus, medicinal chemistry provides the chemical basis for the interdisciplinary

field of therapeutics.

The earliest drug discoveries were made by random sampling of higher plants. Herbal
drug discovery continues to be a potential source. Although many natural products are
used in pharmaceuticals in their original chemical structures, successful efforts have been

made to improve their pharmaceutical and therapeutic properties by structural

modifications.

Another approach to improve therapeutic properties is to identify the selective portion of
a natural molecule responsible for its biological activity and synthesise new molecules on
that structural basis. As a result of advances made in synthesis and separation methods
and in biochemical techniques since late 1940’s, a rational approach to drug discovery

has been possible, namely, one which involves the element of design.

Modern drug design, as compared with, Let’s make a change on an existing compound or
Synthesise a new structure and see what happens, is a fairly recent discipline. It is still in
infancy based on modern chemical techniques utilizing recent knowledge of disease

mechanisms and receptor properties.



In general, clinically used drugs are not discovered. What is more likely discovered is
known as a lead compound. The lead is a prototype compound that has the desired
biological or pharmacological activity, but may have many other undesirable
characteristics, for example, high toxicity, other biological activities, insolubility, or
metabolism problems. All these characteristics form a basis of Informatics, in a typical

drug discovery research cycle.

Discovery Research Cycle

Design -\
/ Synthesis
\ Informatics /

'\

Screening

Analysis

Evaluation

The structure of the lead compound is then modified by further design and synthesis to
specify the desired activity and to minimise or eliminate the unwanted properties, the

follow-up of which leads to further directions in a drug discovery process.

This will make the processes as rational as possible to avoid - redundant synthetic work
and biological screening covering the extensive pharmacological aspects in picking new

drug molecules.

The present thesis work describes the synthesis and pharmacological evaluation of two
series of molecules based on the arylpiperazine structure for their modulatory effects at

the 5-Hydroxytryptamine Receptor.

In the first series of compounds an attempt has been made to discover a new
arylpiperazine, and the second series is an attempt to structurally modify 5-
Hydroxytryptamine itself, which has led to the synthesis of N-4-Substituted-1,2-dihydro-

iv




2-acenaphthylenyl piperazines and  Substituted Piperazinyl Indolyl Propanones

respectively.

The thesis consists of different chapters, an Introduction- which gives an overview of all
important serotonergic molecules acting at various 5-HT receptor subtypes, Statement of
Problem- which encompasses the basic framework analysis and reasoning for the design
of the target molecules, Experimental Reaction Scheme and Experimental-which gives
the synthetic routes adopted and description of the experimental procedures, Results and

Discussion, Conclusions and References.

The Serotonin Club Nomenclature Committee of [UPHAR has permitted the usage of
either 5-HT or Serotonin to denote 5-Hydroxytryptamine interchangeably. The same has

been adopted in this thesis.
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Chapter - 1

INTRODUCTION



Introduction

Serotonin (5-hydroxytryptamine, 5-HT) (1) is widely distributed in animals and plants,
occurring in vertebrates, fruits, nuts, and venoms. Serotonin was first isolated from blood
serum, but is found in many other cells including neurons and has been shown to
constrict smooth muscle tissue. Even more interesting is serotonin’s neuromodulatory
action on neuronal excitability. While only 1-2% of all serotonin is located in the brain, it

is thought to play an important role in mediating behavior and moods.

A number of congeners of serotonin are also found in nature and have been shown to
possess a variety of peripheral and central nervous system activities. Of particular interest
over the years is the psychotomimetic activity displayed by several serotonin-related
compounds such as N,N-dimethyltryptamine, 35-hydroxy-N,N-dimethyliryptamine
(bufotenine), and 4-phosphoryloxy-N,N-dimethyl-tryptamine (psilocybin).

NH,

NH

oy

Although serotonin may be obtained from a variety of dietary sources, endogenous 5-HT
is synthesized insitu from tryptophan through the actions of the enzymes tryptophan
hydroxylase and aromatic L-amino acid decarboxylase. Both dietary and endogenous
5-HT are rapidly metabolized and inactivated by monoamine oxidase and aldehyde

dehydrogenase to the major metabolite, 5-hydroxyindoleacetic acid (5-HIAA).

Of the chemical neurotransmitter substances, serotonin is perhaps the most implicated in
the etiology or treatment of various disorders, particularly those of the central nervous
System, including anxiety, depression, obsessive-compulsive disorder, schizophrenia,
stroke, obesity, pain, hypertension, vascular disorders, migraine and nausea. The most
important factor in our understanding of the role of 5-HT in these disorders is the rapid

advance made in understanding the physiological role of various serotonin receptor
subtypes in recent years.'
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In 1948, Page and coworkers’ isolated serotonin from blood for the first time and was
later reported to be present in the central nervous system. Like most neurotransmitters,
serotonin has a relatively simple chemical structure but displays complex
pharmacological properties. Based on the similarity of its structure to the structures of
norepinephrine and dopamine, it is not surprising that serotonin, like its-catecholamine
counterparts, possesses a diversity of pharmacological effects, both centrally and
peripherally. It is found in three main areas of the body: the intestinal wall (where it
causes increased gastrointestinal motility); blood vessels (where large vessels are

constricted); and the central nervous system (CNS).3

The most widely studied effects of serotonin have been those on the central nervous
system. The functions of serotonin are numerous and appear t0 involve control of
appetite, sleep, memory and learning, temperature regulation, mood, behavior (including
sexual and hallucinogenic behavior), cardiovascular function, muscle contraction,
endocrine regulation and depression. Peripherally, serotonin appears to play a major role
in platelet homeostasis, motility of the gastrointestinal tract, and carcinoid tumor
secretion. This represents quite a broad spectrum of pharmacological and psychological
effects, considering the fact that the average turn over in human adult is only about 10 mg
of 5-HT.* Page and coworkers have also stated that there is no physiological substance

known to possesses such diverse actions in the body as 5-HT.?

Chemical neurotransmitters (CNT’s) produce their effects as a consequence of
interactions with appropriate receptors. Serotonin like other chemical neurotransmitters
is synthesized in brain neurons and stored in vesicles. Upon a nerve impulse, it is released

into the synaptic cleft, where it interacts with various postsynaptic receptors.’

The actions of 5-HT are terminated by three major mechanisms: diffusion; metabolism;
and uptake back into the synaptic cleft through the actions of specific amine membrane

transporter systems.” These events are summarized in Figure 1.
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Figure 1. Actions of 5-Hydroxytryptamine

Thus, the actions of 5-HT can be theoretically modulated by, Stepl: Agents that
Stimulate or inhibit its biosynthesis; Step 2: Agents that block its storage; Step 3: Agents
that stimulate or inhibit its release; Step 4: Agents that mimic or inhibit its actions at its
various postsynaptic receptors; Step 5: Agents that inhibit its uptake back into the nerve

terminal; Step 6: Agents that affect its metabolism.
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Of all the chemical neurotransmitters, 5-HT presents the most perplexing array of
receptor interactions. In 1957, Gaddum suggested that 5-HT interacted on two different
receptors in isolated tissues, one on smooth muscle and the other one on nervous tissue.®
Since, dibenzyline selectively antagonized smooth muscle, and morphine was selective
for nervous tissue, these receptors were named “D” and “M” receptors, respectively.
Since 1948, and especially in the past decade, there has been a great progress in 5-HT
receptor identification. In 1986, Bradley and coworkers suggested a more formal
definition of 5-HT rcceptors.’ A 5-HT; system of nomenclature has been proposed for the
classification of 5-HT receptors. They proposed that there are three main groups of 5-HT
receptors, viz., 5-HT,, 5-HT; and 5-HT3 receptors.

The current approach for classifying 5-HT receptors and their characterization is based on
the “finger print” criteria required to characterize a particular receptor. The three main
criteria are operational (i.e., drug-related characteristics), transductional (receptor-effect
coupling events), and structural (gene and receptor structural sequences for their

nucleotide and amino acid components) respectively.®

It now appears that there are at least four populations of receptors for serotonin: 5-HT,,
5-HT,, 5-HT3 and 5-HTy. Recent cloning studies suggest the existence of 5-HTs, 5-HT;
and 5-HT7 subtypes as well, but the receptors are yet to be fully characterized

operationally and transductionally in intact tissues, and as such their appellations must be

considered provisional.

This classification has become furthermore complicated because, evidence has been
presented that seven distinct subtypes of the 5-HT; (5-HT a.8.0, 15 1%, 1P & 15), three
subtypes of the 5-HT, (one of which was formerly named the 5-HT)c receptor, a name

that still appears in the literature) and two subtypes of the 5-HTs receptors exist.’

The physiological function of each receptor subtype has not been established and is
currently the subject of intensive investigation. With the exception of the 5-HT; receptor,
Wwhich is a ligand-gated ion channel’ related to N-methyl-D-aspartic acid (NMDA),
¥-amino butyric acid (GABA) and nicotinic receptors, all of the 5-HT receptor subtypes
belong to the group of G-protein linked receptors,'° which in turn belong to the family of

S€Ven transmembrane (7TM) receptors, coupled to their intracellular effectors via
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guanine nucleotide binding proteins (G-proteins). The evolution of 5-HT receptor and

classification is given in Table 1.

A brief summarization of our understanding of the main function of the most widely
studied 5-HT receptors is given below followed by an insight into reported drug

molecules / compounds for individual receptors and their subtypes.

5-HT, receptors

These receptors appear to be involved in the processes of smooth muscle relaxation,
contraction of some cardiac and vascular smooth muscle, rejunctional inhibition of
neurotransmitter release and effects in the central nervous system. Seven subtypes have
"been pFOPOSCd (5-HT 1A.1B,1C,ID, IE, IF & IP{cripheral)» four of which appear to play a major

role in humans:

5-HT ;4

This represents perhaps the most widely studied 5-HT receptor subtype. These
receptors are located primarily in the central nervous system. Agonists facilitate male
sexual behavior in rats, hypotension, increase food intake, produce hypothermia, and

act as anxiolytics. This receptor has also been widely implicated in depression.

5-HT;p

These may serve as autoreceptors; thus, activation causes an inhibition of
neurotransmitter release. Agonists inhibit aggressive behavior and food intake in
rodents. These receptors, which have been identified only in rodents and are
apparently absent in humans, are thus only of theoretical interest at present. These

receptors may be the counterpart of the 5-HT)p receptor found in other species.

5-HT)c

These receptors belong to the same receptor subfamily as the 5-HT, receptor and
have been recently renamed as 5-HTc receptors. This receptor is located in high
density in the choroid plexus and regulates cerebrospinal fiuid production and
Cerebral circulation. This subtype is speculated to be involved in the regulation of

analgesia, sleep and cardiovascular function.
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Table 1

EVOLUTION OF 5-HT RECEPTOR AND CLASSIFICATION

1957
Gaddum &
Picarelli

1979
Peroutka &
Snyder

1986
Bradley et al

1986 - 1992
E. Zifa et.al.

1992-
Hoyer et. al.

1997-
Hoyer &
Martin

D M

SHT, SHT;

SHTl- SHT) SHTS
like

SHTIA SHTz 5HT3 5HT4
SHTIB

SHT¢

SHTp

SHT,e

SHTI P(eripherasl)

ORPHAN / RECOMBINANT RECEPTORS

SHT:,
SHTs
Shtg ----
Shty -
SHT,, SHT;, SHT: SHTgs SHTsA SHTG ——.
SHTs S5BTs SHTs SHTss S5HT, ---
SHTc SHT,
SHTIDu
SHTpp
SHT
SHTyr
SHTy¢ B
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5-HTp

This receptor is reported to be located primarily in the central nervous system and
plays a role as a presynaptic heteroreceptor or as a terminal autoreceptor, being thus
involved in the inhibition of neurotransmitter release by mediating a negative
feedback effect on transmitter release. This subtype is the most abundant 5-HT,
receptor in the central nervous system, but is also found in vascular smooth muscle
mediating contraction. While the role of activation of this receptor subtype is not fully
understood, agonists at this site are effective in treating acute migraine headaches.
The development of selective antagonists of this receptor would clarify the functional

role of 5-HT;p receptors in the central nervous system.
5-HT; receptors

The 5-HT, family includes 5-HT,45-HT,p and 5-HT,c receptor subtypes. These are
located in the vascular smooth muscle, platelets, lung, central nervous system, and the
gastrointestinal tract. These subtypes appear to be involved in gastrointestinal and
vascular smooth muscle contraction, platelet aggregation, hypertension, migraine, and
neuronal depolarization. Their antagonists have potential use as antipsychotic agents.
Since, these receptors belong to the same receptor subfamily as the former 5-HT,¢

receptors, they have been recently renamed as 5-HT,4 receptors.
5-HT, receptors

The classical M receptors (5-HTy receptors) are now termed 5-HTj receptors and are
located in peripheral and central neurons. These receptors appear to be involved in the
depolarization of peripheral neurons, pain and the emesis reflex. Potential uses of agents

acting at this site include migraine, anxiety, and cognitive and psychotic disorders.
5-HT, receptors

These receptors are found in the central nervous system, the heart, and the gastro
intestinal tract. Their activation produces an increase in cyclic adenosine monophosphate
(CAMP) and appears to involve activation of neurotransmitter release. The gastric

Prokinetic activity of metoclopramide has been attributed, in part, to its ability to activate

5-HT, receptors.
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Research in the area of serotonin has continued at a rapid pace. Never before has a
single neurotransmitter been implicated in the etiology or treatment of so many medical
problems. The ability to treat distinctive disease states arises from differential drug
interactions at multiple 5-HT receptor subtypes. Great strides are being made in the
elucidation of the physiological components linked to these multiple receptor subtypes.
The challenge or forefront of 5-HT research today involves the search for agents that

selectively interact with one receptor subtype.'!

The 5-HT, receptor is reported to be a high affinity-binding site, while its subtypes exert
different functions at both the cellular and behavioral levels.'> The 5-HTa receptor is
broadly distributed in the central nervous system, occurring as a somatodendritic
autoreceptor on 5-HT neurons located in the raphe nuclei and postsynaptically in the
other areas such as the hippocampus.'*'* Several classes of agents are known to bind at
5-HT; receptor sites, viz., aminotetralins, indolylalkylamines, aryloxyalkylamines, alkyl
piperidines, arylpiperazines, phenylalkylamines, ergolines and (aryloxy)propanamines.
Arylpiperazines are the most notable class of agents that bind at the various 5-HT, sites.!’
The 5-HT s receptor subtype has been widely implicated in anxiety and depression. '’

It has been reported that 8-hydroxy-2-di-n-propyl amino tetralin [8-OH-DPAT] (2) is a
prototypical 5-HT,, agonist and in its radiolabelled form is used to characterize the
5-HT;a receptor. It binds specifically to the 5-HT4 receptor subtype and at low dose
levels has been reported to have preferential action on serotonin autoreceptors, whereas at

high dose levels it acts at postsynaptic receptors.'®%

CHj

OH

R\
) \/\:H3
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A large amount of data indicates that compounds in the arylpiperazine class have
anxiolytic and antidepressant properties in man. Two arylpiperazine derivatives 1-[3-
(trifluoromethyl) phenyl] piperazine, [TFMPP] (3) and its chloro analogue
(m-chlorophenyl) piperazine, [mCPP] (4) have been extensively investigated. These two
compounds have shown affinity to 5-HTi5 receptors. Further, 1-(4-chlorophenyl)
piperazine [pCPP] (5) and 6-chloro-2-(1-piperazinyl) pyrazine, [MK-212] (6) have been

reported to produce a dose dependent suppression of spontaneous ambulatory behaviour

in rats.’!
N NH /\
\_/ N NH
\__/
F ci
3 @
~
/~ \ o X
C N NH
Q \_/ P
) (6

Sills and coworkers have reported that TFMPP (3) and mCPP (4) possess 30-70 fold
selectivity for 5-HT;g sites.'® 1-Naphthyl piperazine, [1-NP] () has been reported by
Dourish and coworkers, to be a 5-HT; antagonist at peripheral smooth muscles.?? Sillg
and coworkers have also reported that, 1-NP (7), mCPP (4) and TFMPP (3) are 5HT,g
agonists, ! Glennon and coworkers have described, Quipazine [2-(1-piperazinyl)

Quinoline] (8), as a non-indolic serotonergic agent having affinity towards 5-HT,, 5-HT,
and 5HT; sites.??
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On removal of quinoline nitrogen atom from quipazine, 2-naphthyl piperazine, [2-NP)
(9) having enhanced affinity for 5-HT, sites rather than 5-HT, sites was obtained.
Further, removal of the fused phenyl ring from 2-NP (9) afforded 1-phenyl piperazine
(10), a compound which has a very high affinity for 5-HT; sites comparable to that of
1-NP ().%

N (M

€2 (10

A novel piperazine derivative, 1-(m-Trifluoromethyl phenyl)-4-(p-aminophenyl ethyl)
piperazine, [PAPP] (11), based on the chemical structure of TFMPP (3) has been reported
to be a central serotonin agonist whose neurochemical and behavioral evidence for its
agonist action at central 5-HT receptors, has been reported by Hutson and coworkers.?
The binding of PAPP (11) to 5-HT), sites, provided a clear cut example of a shift in the
selectivity pattern of 5-HT receptor substrate towards 5-HT) 4 activity from 5-HT,g which
is exhibited by TFMPP, as a result of N-substitution.?®

Another arylpiperazine, 2-methoxy phenyl piperazine (12) has been reported to bind to
5-HT), sites with an affinity equal to that of 1-phenyl piperazine (10). Both have been

reported to show a several-fold activity for 5-HT) versus 5-HTp sites,’

10
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A new class of novel compounds i.e., the azapirones, with the general structure (13), have
been recently developed as anxiolytics. The main point of distinction is that, this class of
compounds are non-benzodiazepine derivatives. These comprise of an arylpiperazine
moiety and do not interact with the benzodiazepine-GABA Chloride Channel ionophore

complex.” Further, their behavioral effects are not blocked by benzodiazepine
antagonists,”’

(13)
The azapirones are hence classified as “Second Generation Anxiolytics” (SGA’s). The
second-generation anxiolytic (SGA) buspirone (14) is an arylpiperazine and has beep
reported by Peroutka® and Titler and coworkers’® to bind with high affinity and

selectivity for 5-HT4 sites.

</_: %u“ﬂ_k‘:

(14)

13
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Taylor and coworkers,”> proposed a dopaminergic mechanism of action for buspirone
due to its interaction with pre and post synaptic dopamine receptors apart from its
affinity for the 5-HT,a receptor. Buspirone was therefore, considered to be a partial
agonist at the 5-HT;, receptor and this opened up venues for further research for full
agonists at the 5-HT;, receptor so that affinity and selectivity could be enhanced
accordingly. Ipsapirone (15) [TVX Q7821}, and gepirone (16) are structurally related
compounds and both these compounds, unlike buspirone, are reported to lack direct
interaction with dopamine receptors but bind like buspirone with high affinity to 5-HT),

sites. 334

= J\O

N
0
N
Hy
CH,
(15) (16

Kuribara has reported SUN 8399 (17), to be highly selective towards 5-HT, receptors
and has also been reported to display some dopamine (D7) and alpha adrenergic activity
in vivo.* Umespirone, [KC-9172] (18) was reported by Krijer and Krahling, to have an
anxiolytic potency superior or equal to diazepam or buspirone and antipsychotic potential

superior or equal to clozapine.*

12
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Hibert and coworkers have described that, all these long chain aryl piperazines have two
structural features necessary for recognition of ligands by the 5-HT4 sites, an aromatic

ring and a strongly basic nitrogen atom at a distance of 5.2-5.6 angstroms.*’

In order to find clinically useful antidepressants and anxiolytics, evaluation of
compounds belonging to another class of arylpiperazines led to the discovery of
eltoprazine (19), its benzofuranyl analogue (20), befiperide (21) and flesinoxan (22). Van
Steen and coworkers have reported, all of them to be highly selective for the 5-HT 4 site’®
and flesinoxan® (22) is described to be a highly selective and full agonist for the
5-HT; site.

eVs INVs,

O

(19) 20)

13
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Van Steen and coworkers also synthesized a series of N4-Imidoethyl derivatives of
1-(2,3-Dihydro- 1,4-benzdioxin-5-yl) piperazine (eltoprazine) in order to establish their
affinity for the 5-HT) 4 receptor, among them, the azaspiro decane dione analog (23) has
shown the highest affinity for the 5-HT receptor.®

The naphthyl piperazine, S-14671 (24) was reported by Hirotsu and coworkers as a potent
agonist at 5-HTia receptors having a selectivity of 30 fold over 5-HTc and 5-HT,

P tap 41
receptors, where it is an antagonist.

While the selective 5-HT;, antagonists have remained elusive, the most commonly used
5.HT,, antagonists are spiperone, propranolol and (-)pindolo], though they lack
selectivity. They have been reported to block various effects produced by the 5-HTa-
selective agonist 8-OH-DPAT (2). Glennon and coworkers have reported that NAN-190,
1-(2-methoxy phenyl)-4-[4-(2-phthalimido) butyl] piperazine (25) binds with high
affinity at 5-HT;, sites, as a useful 5-HTya antagonist,?

14
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Wozniak and coworkers have reported WAY 100135 (26) as the first selective anxiolytic
to act as an antagonist in both pre- and post-synaptic receptor models.* Fletcher and
coworkers reported that the antagonist RK-153 (27) binds at 5-HT;A receptors with 160

fold selectivity compared to alpha-1- -adrenergic receptors

A series of indolyl butyl piperazines have been reported by Perregaard and coworkers, as
being 5-HT;, receptor antagonists of which LU-27079 (28) was the first compound,
which showed only a seven fold selectivity for 5-HT1a binding sites compared to alpha

and dopamine (D2) sites.®?

15



Introduction

NH

CHg

g O,

HN><CH3
HyC  CHs

- (26) 2D

Perrone and coworkers have reported a new model of 4-alkyl-1-arylpiperazines
containing a terminal dihydronaphthalene fragment on the alkyl chain, 4-[3-(1,2-dihydro-
6-methoxynaphthalene-4-yl)-n-propyl]- 1-(2-methoxyphenyl)piperazine (29) which shows
nanomolar affinity for 5-HT) 5, D; and low affinity for 5-HT rec:eptors."6

Mokrosz and coworkers have reported 4-allyl-1-(o-methoxy phenyl) piperazine
containing a terminal benzotriazole moiety, 4-[3-[(benzotriazol-1-yl) propyl]-1-(2-

methoxy phenyl) piperazine (30) as a new potent 5-HT5 antagonist.!’

Orjales and coworkers have reported that 2-(methoxy phenyl) piperazine derivatives (31)
Containing a terminal cycloalkyl amide fragment increases the affinity towards 5-HT;,
sites. These derivatives bind at 5-HT;, site with 2-10 fold higher affinity than NAN-190

and aré¢ devoid of antagonistic activity at a-1 and adrenergic receptors.*®
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(28) (29

Nor-borane-2-y
. (30) 3L
Fletcher and coworkers have suggested that for effective management of central nervous
system and relative disorders, the silent 5.HT s receptor antagonists can be used as vital
research tools for new drug research.*® The discovery of SDZ-216525 (32) by Hoyer and
coworkers® and WAY-100135 (26) by Fletcher and coworkers, opened up new research

in the area of silent 5-HT)a receptor antagonists.s !
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(32)

Although the 5-HTyp receptor is found in rats and mice, its presence has not been
demonstrated in humans,”? where the 5-HT)p receptor, which is found in similar brain
locations in man, has been proposed to have an analogous function. Hoyer and
Schoeffter, have reported TFMPP (3) & mCPP (4) to display less than three-fold
selectivity for 5-HT)g sites and are frequently used as selective ligands.™

Although only few selective ligands are available, the recently described agonist,
CP - 93129 (34) a tetrahydropyridine, does appear to be 5-HTs selective.® Macor and
coworkers have reported CGS-12066B (35) a pymrolo[1,2-a]quinoxaline derivative, as

the only compound to be 5-HT;j selective, as an agonist.“

(34) (33)
At the same time, no good selective antagonists are reported to be available, however
some indole B-adrenoceptor antagonists are potent 5-HTp receptor antagonists, but their
potency at S-HT,4 receptor has also been reported to be similar.
It has been found that most agents that bind at 5-HT)c receptors also bind at 5-HT>

receptors, because the 5-HTc receptor is coupled to the same second messenger system

as the 5-HT: receptor. Quipazine (8) and mCPP (4) have been utilized as 5-HTic

18



Introduction

agonists, yet are far from being selective.® Middlemiss and coworkers reported bromo
and iodo derivatives of 1-(2,5-Dimethoxy) phenyl -2-amino propanes, DOB (36) and
DOI (37) as probable 5-HTc agonists, but also as prototypical 5-HT; receptor ligands.“’

The literature does not describe any selective ligand for 5-HT)c receptor sites.

NH, NHy
H3C H3C
Br o—C H3 Oo—C H3

36 (3D

In the late 1980’s, Heuring and Peroutka® were the first to report 5-HT)p receptors. The
high potencies of the 5-HT agonist 5-carboxamido tryptamine and the antagonist
methiothepin justified classification of these receptors as 5-HT-like.”” To date, there are
no reported selective 5-HTp receptor ligands. The only agent that has received
considerate attention is sumatriptan (38). Sumatriptan (GR-43175) has been shown to be
clinically effective in the treatment of acute migraine.'* Peroutka and McCarthy have
reported that sumatriptan binds at 5-HT,p receptors with high affinity but with limited

sclcctivity.58

NH,

\
NH
/
H3C

NH

€LY
The affinity of arylpiperazines for the 5-HTip receptor has been reported to depend on
the nature of the N4-substituent. Phenyl piperazine (10) binds with low affinity whereag

1-naphthyl piperazine (1-NP] (7) binds with a significantly high affinity.> Boulenguez
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and coworkers, have reported newer naphthylpiperazines (39) and (40) to show a split
in affinity for 5-HTp receptor™ and also reported that the naphthylpiperazine derivative

(39) binds with very high affinity.

OH HiCo OH
¢
J Q

H3C

39 (40)

Skingle and coworkers have identified, N-[4-Methoxy-3-(4-methyl-1-piperazinyl)
phenyl]-2’-methyl-4’-(5-methyl-1,2,4-oxadiazol-3-yl)-[1,1-biphenyl]-4-carboxamide,[GR
127935] (41) as a very potent and the only selective 5-HT)p receptor antagonist.®!

4D

Recently, Avitriptan (42), [BMS-180048] has been reported to be a new 5-HTp;p
receptor agonist, in experimental models predictive of antimigraine activity and coronary

side-effect potential.%?
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The 5-HT; receptor has been more completely characterized than some of the other types
of 5-HT receptors, due to the availability of selective 5-HT, antagonists. The 5-HT,
receptor is reported to mediate a variety of pharmacological effects.’” Agonists at 5-HT,
receptors in mice produce head twitches and selective 5-HT; antagonists block this effect.
Clinically, 5-HT, agonists have been associated with hallucinogenic events and
antagonists are indicated in the prophylactic treatment of migraine.®?

In general, agents that display a high affinity for 5-HT; sites are those that are usually
considered as being serotonin antagonists. Classical 5-HT agonists, on the other hand,
commonly display a relatively low affinity for 5-HT; sites.®

The most prototypical 5-HT; receptor agonists reported are DOB (36) and DOI (37).
Though they are not selective, DOI (37) has equal affinity, for 5-HT, and 5-HT;c
receptors.®® Glennon has also reported that quipazine (8), the non-indolic serotonin
agonist, binds both to the 5-HT; and 5-HT; sites, and that some of its effects are mainly
due to its action at the 5-HT; receptors.® Ketanserin (43) has been reported to be a
prototypical 5-HT, antagonist, though not selective. Van Nueten and coworkers have
reported that, ketanserin is an antagonist at alpha-1 adrenoceptors.*® Barret has reported,
Irindalone (44), a piperazinyl aryl indan derivative, acting as a 5-HT; receptor antagonist

and is currently under development as an antihypertensive agent.®’

21



Introduction

Cx)) (44)
Owens and coworkers have reported, Ritanserin (43) to be a more selective 5-HT,
receptor antagonist and to produce only modest behavioral and biochemical effects in
man. These include increasing the release of dopamine (DA) and 5-HT in the nucleus
accumbens, thus implying potential use as an antipsychotic. They have also suggested a

mixed Dy/5-HT, blocking effect to contribute to the clinical efficacy of atypical

antipsychotics.**%

1D

‘ Z 0
(;

(45)
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The 1990’s promise to be an interesting decade in both the clinical and preclinical
development of new antipsychotics, showing significantly divergent characteristics,
including effects upon negative symptoms and a low leve! of extrapyramidal side effects
(EPS) which are observed in conventional antipsychotics which are D; receptor
antagonists. One of the most revolutionary events in the research on new antipsychotics
is the recognition of the antipsychotic effects of clozapine (46). Clozapine has provided a
hope that it is possible to develop new antipsychotics with a profile of low D; receptor
blockade and antagonism of other receptor types such as Dy and D, Gerlach and Casey,
have described the importance of 5-HT; receptors particularly, because there has been an

- . » " ’ . 70
emphasis of a specific role for serotonin in psychosis and drug side effects.

Kinon and Lieberman have described various criteria used to define atypical
antipsychotics which include: (i) decrease, or absence of the capacity to cause acute extra
pyramidal side effects (acute EPS) and tardive dyskinesia (TD); (ii) increased therapeutic
efficacy reflected by improvement in positive, negative, or cognitive symptoms; (iii) and
a decrease, or absence of the capacity to increase prolactin levels.”!

The pharmacological basis of atypical antipsychotic drug activity has been the target of
intensive study. Three notions have been utilized conceptually to explain the distinction
between atypical versus typical antipsychotic drugs: (i) dose-response separation between
particular pharmacologic functions; (i) anatomic specificity of particular pharmacologic

activities; (iii) neurotransmitter receptor interactions and pharmacodynamics.”"

Many of the established “New” antipsychotics are reported to have the first two qualities
of the criteria used to define atypicality; though to a lesser degree. This is true of
sulpiride (47) and risperidone (48).”> However, in the relatively high doses required to
treat some severe psychoses, lose their potential advantages in relation to extra pyramidal

side effects (EPS) and negative symptoms and thus act like traditional D, antagonists,”™
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Newer antipsychotic agents like olanzapine (49), seroquel (30) and sertindole (31) are
reported to have a relatively low blockade of D receptors, which is the first requirement

for a significantly lower risk of both acute and tardive extra pyramidal side effects

(EPS).”’TS
H3 | ~ ~N HN
/
| :: . ; i
|

Hy
o—N NQ
\
CHy
(48) (49)
Some arylpiperazines have also been reported to be potential atypical antipsychotics.
Davis and coworkers have reported HRP-392 (52) , a benzisoxazole derivative, 1o display

a preclinical profile of an atypical antipsychotic. This compound comprises the

arylpiperazine m(:nicty.'"S

The benzisothiazolyl piperazine moiety is also a common pharmacophore in several new
combined D,/5-HT, antagonists. Thus, tiospirone (53) has been reported to be a mixed
antagonist, but with comparatively less antagonism for 5-HT; receptor as result of which

1t does cause negative symptoms.
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Howard and coworkers have reported Ziprasidone (54), to show a high affinity and
selectivity for 5-HT; vs D, receptors.” A series of benzimidazolones (55) have also been

described by Damour and coworkers, to be selective for 5-HT, antagonism.”®

\ o
(52)
> ON/\/\,-N
(53)
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Newer 5-HT, receptor antagonists reported are (+) CV-5197 (86) by Devaud and
Hulligsworth, and a naphthosultam [RP-62203) (57) by Janssen and coworkers, wherein
both have shown potent affinity for the 5-HT, receptor and also possess long lasting

5-HT; antagonism.”>*°

(56) (3D
3-HT; receptors are found to be exclusively associated with neurones of both central®
and periphera® origin. The majority of putative indications for 5-HT; receptor

compounds include anxiety,® migraine,*schizophrenia® and cognition disorders.®

.
R i
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Many 5-HT3 receptor antagonists also have affinity for the 5-HT, receptor. A large
number of compounds have been prepared which bind at the 5-HT, receptor as
antagonists, many of them are clinically effective in reducing the nausea caused by
radiation and chemotherapy in cancer treatment.¥*® These compounds are structurally
unique compared to agents with high affinity for the other 5-HT receptor subtypes. Most
analogs fall into two general structural classes, the mopine-like (bridged bicyclic amineé)
and the imidazole-containing compounds. The two early examples, MDL-72222 (58)
and tropisetron [ICS-205930] (59), were reported by Marty and coworkers, to have anti-
emetic properties.® In addition (59) also possesses affinity for 5-HTs receptor and is

currently available as a 5-HT, antagonist.

o .
cl o
!
HN
i
(538) (3]

The main focus of interest in the 5-HT3; mediated models of emesis inhibition is due to
interest in developing drugs as conjuncts to cancer chemotherapy. Cancer radiation and
cancer chemotherapy increase the level of 5-HT in the area postrema as well as activating
sensory fibers in the gut, leading to nausea.’® The anti-nausea effect of these 5-HT
antagonists is believed to be due to their antagonist activity at both peripheral and central
5-HT, receptors. Peripherally, it is thought to be the result of blocking the sensory input
at the sites of sensory nerve endings in the gut. The central nervous system effect is due

to the blockade of 5-HT3; receptors in the area postrema.

Zatosetron (60) [LY-277359), has been reported by Higgins and coworkers, as a highly
selective 5-HT, antagonist and has been shown to inhibit emesis in dogs without causing

any effect on gastric emptying.’! Ondansetron (61) [GR-38032] has been shown to be
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clinically effective in blocking radiation and cancer chemotherapy induced nausea, and
suggested to involve activation of 5-HT3 receptors in the area postrema. Rasmussen and
coworkers have also reported Ondansetron, to possess anxiolytic and antipsychotic
actions.”

It is to be noted that the presently available 5-HT, antagonists viz., zatosetron (60),
ondansetron (61) etc., have some drawbacks, i.e., they are effective only for a shont
period and the activity usually decreases rather rapidly to a degree insufficient for

treating a delayed response emesis effectively.”

HyC .
HNW

\
Cl h

Hj

(60) (61)

The key pharmacophoric elements of 5-HT; antagonists generaily include an aromatic
moiety, a linking acyl group, and a basic amine,” as are present in the case of drugs like
MDL-72222 (38), tropisetron (59) or ondansetron (61). King and Sanger have reported
Granisetron (62), [BRL-43694], an indazole derivative to be a potent and highly selective
SHT5 receptor antagonist.gs Other 5-HT; antagonists include a thiazole ring between the
aromatic and basic moieties, and it has been suggested that the nitrogen atom in the
thiazole ring may represent a bioisostere equivalent to the carbonyl group ¥ Iy
addition, compounds such as quipazine (8) and other arylpiperazines, which bind with
high affinity to 5-HTj3 receptors, do not share the above mentioned common structural
requirements,

Arylpiperazines, depending upon the presence and location of pendant substituent groups
are known to bind at 5-HT; and 5-HT; sites.”® With regard to the 5-HT; sites, it was
hence better to understand the structure-affinity relationships of these aryl piperazines

before any rational drug design can be attempted. Glennon and coworkers have
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investigated and reported the binding affinities of a series of aryl piperazine derivatives
at central 5-HT; sites.”

Features determined to be important for binding of aryl piperazines include the N-4
piperazine nitrogen atom (but not the N-1 piperazine nitrogen atom). In general, the
quinoline nucleus of quipazine imparts a higher affinity than that noted for any of the
monocyclic derivatives, and the quinoline nitrogen atom, though not essential, is

important for binding.

(62)
Quipazine (8), in spite of its high affinity for 5-HT, receptors, has not generally been
used as a lead for the synthesis of more selective 5-HT3 antagonists; the reason being its
ability to interact with other 5-HT receptor subtypes. As a result, newer research
programs were initiated for the discovery of new quipazine derivatives, wherein
modifications of the heteroaromatic portion of quipazine (8), such as indeno fusion,
reported by Anzini and coworkers, at the ¢-face to yield indenoquipazines (63) and (64).
These two derivatives have shown high affinity and selectivity for 5-HT; receptors.”® The
affinity and the selectivity for 5-HT; sites for the indenoquipazine derivatives (63) and
(649) could be modulated by changes in the structure of the heteroaromatic portion. These
modifications lead to the discovery of the benzopyrano-(3,4-c]-quinoline derivative (65),
also by Anzini and coworkers, which displayed an affinity reported for quipazine (8)
along with an improved selectivity, or rather 5-HTj3 receptor antagonism, with potencies

in the same range as the best known 5-HT; antagonists ondansetron (61), tropisetron (59)
100
etc.
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A series of piperazinyl quinoxaline derivatives were synthesized by Monge and
coworkers, and their 5-HT; receptor antagonism has been evaluated.'” Of these, VC-605

(66) a piperazinyl cyanoquinoxaline was evaluated to be approximately three orders of
magnitude more potent than ondansetron (61).'%

CN
AN
-
k
H
(66)

2—Piperazinyl benzothiazole derivative (67) and 2-piperazinyl benzoxazole derivative
(68), have also been reported by Monge and coworkers to antagonize the effect of 5-HT

at the longitudinal muscle myenteric plexus (LMMP) preparation of the guinea pig
tleum 103
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A series of 2-piperazinyl benzimidazoles were synthesised by Ohtaka and Fujita, and
evaluated for their 5-HT, antagonism.'® The antagonism of 2-piperazinyl benzimidazole
(69) was reported 10 be comparable to that of ondansetron (61). Since this particular

v . . - e . I.OS
compound also showed potent histamine H,;-antagonistic activity,

the 2-piperazinyl
benzimidazole structure was taken as the prototype and structural optimization of the
prototype was carried out to make the activity more selective for 5-HT3 antagonism and
increase its potency.'® Structural optimization of (69) was carried out with the aid of
quantitative structure-activity relationship studies (QSAR) and as a result, one of the
compounds KB-6933 (70), was found to be the most potent 5-HT3 antagonist with the
lowest toxicity and showed the longest duration as well as the best bioavailability indices

amang compounds such as ondansetron (61) etc., which were taken as positive control, '™

N — c N
\>_N N-—CH \> / \
(IN \_/ 3 . ) N N-—CH,

Hy H,

(69) 10

While all information on 5-HTs3 antagonists is available, there is little known information
On specific 5-HT; agonists and their therapeutic potential. The list of the available
Selective and potent agonists is limited than that for the antagonists, the most frequently
mentioned derivatives being the 2-methyl-5-hydroxytryptamine A}

_ » the (m-chloro
phenyl) biguanide (mCPBG) '*® (72) and the Quipazine (8).
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Recently, a series of piperazinopyrrolothienopyrazines (PPTP) were reporied by Rault
and coworkers as a first attempt towards novel selective and partial agonists of 5-HT;
rec:eptt:}rs.lmr One of the compounds characterized as a partial agonist (73) has shown in

vivo a potent anxiolytic-like activity at a very low dose.

7
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Receptors of the 5-HT, type have been identified both peripherally and centrally, 108109

Agonists at the 5-HT4 receptors are reported to cause contractions of the guinea pig ileum
and colon , mediated by activation of the cholinergic system, enhancements of “twitch”
responses in electrically stimulated guinea pig ileum, and relaxation of the muscularis
mucosae preparation. They have also been implicated in certain cardiac effects''® and in
the release of corticotropin-releasing factor (CRF).""! In the central nervous system
5-HT, agonists have been shown to activate adenylate cyclase'® and induce an increase
in eléctroencephalograph (EEG) energy.!> The design of potent and selective ligands
for the 5-HT, receptor opens up avenues to new therapies for gastrointestinal as well as
central nervous system disorders. The activity of prokinetic agents of the benzamide

class viz., cisapride (74), metoclopramide (75) etc., is attributed to agonism at the 5-HT,
receptor,'?
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Recently, 2-{1-(4-piperonyl) piperazinyl] benzothiazole, (VB20B7) (Z6) was reported by
Ramirez and coworkers as a novel 5-HT-ergic agent with gastrokinetic activity. It
showed a weak affinity for 5-HT; receptors like cisapride (74) and lacked affinity at other
5-HT receptors or at dopaminergic D, receptor and behaved as a 5-HT4 receptor

agonist.l 14
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A new series of piperazinyl quinoxaline derivatives were synthesized recently, as agents
with affinity for peripheral 5-HT; and 5-HT; receptors. Of these, JB-25 (77) has shown
weak antagonism at the 5-HT, receptor and prominent 5-HT4 agonism. The agonistic
property of JB-25 (77) is reported to be comparable to that of cisapride (74). The gastro-
prokinetic effect of JB-25 (77) has been reported to be mediated through the 5-HT,

receptor. 15117
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The possibility of different pathophysiological roles for the 5-HTj; receptor would seem
to conflict with the absence of clear 5-HT, receptor-related side-effects that are
associated with the widespread use of partial 5-HT, receptor agonists, cisapride (74) and
metoclopramide (75) in the correction of gut gastroparesis (reflux oesophagitis,
dyspepsia, constipation). The physiology of the 5-HTy receptor is now being explored
with the newly identified, selective 5-HT, receptor antagonists.'’® A significant advance
in the search for 5-HT, receptor antagonists has come with the discovery of GR-113808
(78), which was claimed to be highly potent and selective. The most potent and selective
5-HT, receptor antagonist reported so far is SB-204070 (79)."”

CHy
Cl
N CHy
{ HyN 0~)
CH,
(18) (79)

Putative indications for 5-HT, receptor antagonists include transient and prolonged
activities, with reference to central nervous system; gastrointestinal tract involving
neurogastroenterology, functional bowel disorders and emesis; urinary bladder;
cardiovascular effects and on aldosterone secretion.'>’ The compounds like GR-113808
(78) and SB-204070 (79) will no doubt help to further refine the characterization of this
Teceptor, but more importantly they will be useful to define the ultimate therapeutic

Potential for this class of agents.''?

The design of specific agonists and antagonists for each receptor system offers much
Promise for new drug development. The various representative agonists and antagonists
acting at 5-HT receptor subtypes launched and under clinical trials is given in Table 2.
The therapeutic potential of agonists and antagonists at 5-HT receptor subtypes as

described in current literature and patents is presented in Table 3.
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Agonists and antagonists at 5-HT receptor subtypes launched (year of

Introduction) and under clinical trials.

5-HT,, Agonists/Partial Agonists

5-HT, Antagonists

Buspirone HCI (1985)-Bristol-Myers Squibb

Amperozide - Ferrosan

Flesinoxan hydrochloride - Duphar

ICI-204636 - Zeneca

Gepirone hydrochloride - Bristol-Myers Squibb

Kelanserin (1988) - Janssen

Ipsapirone hydrochloride - Bayer

Risperidone - Janssen

Lesopitron hydrochloride - Esieve

Ritanserin - Janssen

Tandospirone citrate - Pfizer

RP-62203 - Rhone-Poulenc Rorer

Zalospirone hydrochloride - Wyeth-Ayerst

Sertindole - Lundbeck

Ziprasidone* - Pfizer

5-HT,. Silent Antagonists

SDZ-216525 - Sandoz

5.HTp Agonists

WAY - 100135 - American Home Products

Sumatriptan succinate (1991)- Glaxo

5-HT; Antagonists

5-HT,

Antagonisis)

Agonists (also  5-HT;

Alosetron hydrochloride - Glaxo

Cisapridc hydrate (1988) - Janssen

Azasetron hydrochloride - Yoshitomi

FK-1052 - Fujisawa

BRL-46470A - SmithKline Beecham

Metoclopramide (1964) - Delagrange

DAU-6215 - Boehringer Ingelheim

Renzapride HC! - SmithKline Beecham

Dolasetron Mesylate - Marion Merretl Dow

Granisetron HCI (1991) - SmithKline Beecham

5.-HT, Antagonists

Ondansetron hydrochloride {1990) - Glaxo

GR-113808 - Glaxo

Tropisetron (1992) - Sandoz

SB-204070 - SmithKline Beecham

WAY-100286 - American Home Products

1 YM-060 - Yamanouchi

Zacopride - Delalande

Zatosetron Maleate - Lily

" Also dopamine D, antagonist
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Table 3. Therapeutic applications of agonists and antagonists at 5-HT receptor subtypes,

as described in current literature and patents.

5-HT,, Agonists 5-HT; Antagonists
Anxiety Anxiety
Depression Depression
Obsessive compulsive behavior Psychoses

Alcohol abuse Migraine
Cognition disorders Alcohol abuse
Eating disorders Drug dependency

Sexual dysfunction

Cognition disorders

Sleep apnea

Eating disorders

Hypertension

Sexual dysfunction

Congestive Heart Failure

Sleep disorders

Gastric Ulcer

Hyperiension

Thrombosis

5-HTix Antagonists

Anxiety

5-HT; Antagonists

Emests secondary to cytotoxic drugs

5-HT;p Agonists Anxiety
Obesity Psychoses
Depression
5-HT;c Antagonists Migraine
Sleep disorders Cognition disorders
Anxiety Irritable bowel syndrome
Migraine Visceral pain
Depression

5-HT, Agonists

5-HT;p Agonists

Gastrointestinal motility disorders

Migraine

5-HT, Antagonists

5-HT;p Antagonists

Gastrointestinal disorders

Depression

CNS & CVS disorders

Urinary Bladder disorders
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Serotonergic ligands belong to relatively few chemical families (Table 4). However, (a)
a significant amount of bioisosteric replacement is allowed, and (b) substituent groups
(specific groups and spacer lengths) can dramatically alter potency (agonist or antagonist
potency), intrinsic activity, affinity and selectivity. This has resulted in an enormous
number of serotonergic agents that now number in the hundreds, if not thousands. The
classification given in Table 4 encompasses most major classes of serotonergic ligands;
however, many bioisosteres are not listed separately but are considered here as belonging
to the category with which they are bioisosteric. In addition, too little is known about
selective ligands for certain types of serotonin receptors (e.g. 5-HTs, 5-HTg and 5-HT5)

making chemical classification of agents for these receptors premature at this time.

One of the newest, and certainly one of the least investigated, is the 5-HTs population.
Plassat and coworkers first described the mouse 5-HTs receptors and it was demonstrated
soon thereafier that there are two different members of the 5-HTs family: 5-HTs, and
5-HTsg receptors.'!'? It has been speculated that 5-HT; receptors may be involved in
brain development'®? and non-neuronally, the regulation of gliosis. Because disruption of
serotonergic neuronal-glial interactions is thought to play a role in several CNS
pathologies, including Alzheimer’s disease, Down’s syndrome and drug-induced
developmental deficits, 5-HTs receptor ligands might represent a novel class of
potentially useful psychotherapeutic agents.' 5-HTs, receptors are positively coupled to
adenyl cyclase , whereas the 5-HTsg receptors are G-protein coupled,but not coupled to
adenyl cyclase or phospholipase C.'* To date, no 5-HTs selective agents have been
reported. 5-HT binds only with modest affinity at 5-HTsa receptors. Development of
selective agents generally requires one of the two approaches: (a) screening of a large
number of agents, or (b) application of structure affinity relationships to specifically
design novel agents. No structure affinity investigations have been reported for 5-HTs,
and 5-HTsg binding.

Unlike the classic 5-HT receptors, the 5-HTs receptor was first discovered by cloning
from rat striatal cDNA but had not been previously identified as a pharmacological entity

In physiological or radioligand binding experiments.
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Table 4. Chemical Classification of Serotonergic Agents

Introduction

5-HT, Ligands

5-HTya Ligands
5-HT,p Ligands

5-HT,/5-HT,c Ligands

S'HT;; ngands

S-HT, Ligands

(a) Indolealkylamines

(b) 2-Aminotetralins
{c) Arylpiperazines

{d) Aryloxyalkylamines
{e) N-Alkylpiperidines
{f} Miscellaneous

(a) Indolealkylamines
(b) Simple arylpiperazines

{a) Indolealkylamines
(b) Miscellaneous agents

(a) Indolealkylamines

(b) N-Alkylpiperidines

(c) Arylpiperazines

(d) Phenylalkylamines
(e) Tricyclic analogues
(f) Miscellaneous agents

(a) Indolealkylamines
(b) Arylpiperazines
(c) Arylbiguanides
(d) Keto compounds

Tryptamines

Ergolines

Partial ergolines

Other indolealkylamines

Simple arylpiperazines
Long-chain arylpiperazines

Tryptamines
Ergolines

Others
Acylpiperidines
Piperidine methanols

Benzoic acids derivatives

Ketoindoles

Ureas and carbamates
Heteroaryl acid derivatives

{e) Miscellaneous agents

(a) Ketocompounds

(b) Arylpiperazines
{¢) Heteroaryl acid derivatives
(d) Miscellaneous agents

Benzamides

Benzoates
Benzamides

Indolecarboxylic esters
Indolecarboxamides
Benzimidazoles
¥-Carbolines
Carbazoles

—
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The 5-HT, receptors are positively coupled to adenyl cyclase and may be involved in
modulation of acetylcholine release in the brain. Many nonselective compounds, such as
tricyclic antidepressant drugs and a large number of antipsychotic agents, tryptamine, and
ergoline derivatives, interact with the 5-HTg receptor. Because no selective ligands are
available, identification of functional 5-HTg receptors in physiological preparations can

be only tentative.'?

The recently cloned 5-HT; receptor seems to be a suitable candidate for responses
mediated by the atypical, sumatriptan-insensitive 5-HT)-like receptors. 5-HT7 receptors
are positively coupled to adenyl cyclase and may be involved in sleep/wake rhythms.

Todate, no selective 5-HT7 receptor ligands have been reported.'®

The tremendous recent interest and advances in serotonin receptors, coupled with the
intensive research programs in industry and academia for selective agonists and
antagonists at the various 5-HT receptors and its subtypes, offer great promise for the

development of important new therapeutic agents.
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Statement of Problem

The neurotransmitter serotonin has been implicated to play a vital role in the control of
appetite, memory, thermoregulation, sleep, sexual behavior, anxiety, depression and
hallucinogenic behavior. The exact role of serotonin i.e., primary or modulatory in nature
is yet to be established; nevertheless, 1t does seem to be involved in numerous actions that
would be difficult to explain on the basis of the interactions of a single neurotransmitter
with a single type of receptor. The recent discovery of multiple populations of central
serotonin binding sites has brought about a renewed interest in this neurotransmitter,
particularly in the light of the possibility that its interaction with different types of central
sites might explain its various actions. There has been a spillover effect in that there is

also increased interest in peripheral serotonergic systems.

The entire issue of central serotonin binding sites is relatively new, fraught with
controversy, and still in the developmental stage. New binding sites are being reported,
multiple-state binding and regulatory processes are being examined, and the functional
significance of these sites is being explored. This is probably the most exciting period
that serotonin has enjoyed since the pioneering days of serotonin research in the late

1950s and early 1960s.

One of the most significant problems facing serotonin research today is a lack of site-
selective agonists and antagonists; a continued lack of such tools surely has retarded
further advances in this field. Investigations of functional correlates of central binding,
are highly dependent upon the availability of these tools; i.e., site-selective agonists and

antagonists,

In general, the chemical neurotransmitter amines by themselves act as agonists at the
respective receptor. These chemical neurotransmitter amines have such common
structural elements as an aromatic ring and an aminoethyl side chain. The specific
Phanhacology which the neurotransmitter amine, serotonin displays, is related to the
Specific physicochemical characteristics of the aromatic moiety. The binding specificity
of the aromatic moiety could be controlled by the hydrogen-bond formation and
electrostatic functionalities on or within the aromatic ring in addition to the hydrophobic

bonding of the entire ring structures with counterparts on receptors. The side chain amino
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group, which exists in a protonated form under physiological conditions, will interact
with anionic sites of receptors, the characteristics of which depend upon the aromatic

structures in individual amines.

Analogs of neurotransmitter amines “properly” modified at the aromatic and/or side-
chain moieties are expected to interact with the receptor sites in manners very similar to
endogenous agonists and to retain respective agonistic activities. This means that, even if
the structures belonging to a certain agonist class seem to be miscellaneous, there should
be topographical arrangements of functional moieties (pharmacophores) in nearly
common manners essential for the interactions with corresponding receptor sites.
Structural modifications such as those resulting in distortions of physicochemical features
of the pharmacophore, introduction of unnecessary subsiructural elements and

elimination of essential functional groups are expected to lead to antagonists.

The current interest involves the study of modulatory role of central serotonergic
receptors. Arylpiperazines and Indolylalkylamines are the prominent structural classes of
compounds (Table 4) with affinity for all of the 5-HT receptor subtypes. Selectivity for a
particular 5-HT receptor subtype is normally achieved by the incorporation of appropriate
substituent groups on the piperazinyl nitrogen. The lipophilicity of the ary! group in
arylpiperazines plays an important role in determining the central nervous system

activity.

Considerable interest has been generated in the study of indole-containing compounds in
biological systems. The prominent indole derivatives aimed at central nervous system
activities include indoleacetamides, glyoxamides and tryptamines; all of them could be
directly or indirectly belong to the parent class of indolylalkylamines. The central
nervous system activities associated with the above categories of indoles and other
miscéllaneous indole derivatives include behavior, potentiation of hexobarbital-induced
sleep, inhibition of motor activity, antagonism of bufotenine induced pawing,
potentiation of antagonism of a number of agents and invitro inhibition of enzymes. In

addition, various other derivatives of indole have been tested and reported to have
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diuretic, hypotensive, pharmacodynamic, anti-inflammatory, hypoglycemic, uterine
relaxant and antifertility properties.

In lieu of the promising central nervous system activities, which the indole moiety is
capable of exhibiting, the incorporation of a suitable arylpiperazine as the amine in an
indolylalkylamine offers scope for the discovery of new chemical substances with

serotonin-modulatory effects for prospective central nervous system activities.

Hence, the initial attempt was to synthesize a new arylpiperazine, and its substitution
products for central nervous system activities as the first series in this investigation. The
second series in this investigation involves the synthesis of suitable indolylalkylamines,
incorporating known arylpiperazines as the amine component as serotonin modulators for
prospective central nervous system activities.

Most arylpiperazines reported todate comprise an aromatic phenyl; substituted phenyl
(2,3 and 4-chloro and methoxy; 4-fluoro; 3-trifluoromethyl etc.,); benzfused phenyl
(1&2-naphthyl; 1-indanyl etc.,); heteroaryl (2-pyridyl and pyrimidinyl etc.,); benzfused
heteroaryl (2-quinolinyl; -quinoxalinyl; -quinazolinyl; -benzimidazolyl; -benzoxazolyl;
-benzothiazolyl etc.,) groups attached to one of the piperazinyl nitrogen atom. All such
arylpiperazines have been reported to have peripheral actions along with anticipated

central serotonergic modulatory effects.

In order to target an arylpiperazine for specific action on the central nervous system,
lipophilicity of the aryl group was chosen as the main criteria and the fact that,
carbocyclic systems offer a higher lipophilic potential than heterocyclic systems, was
kept in mind while searching for a new arylpiperazine with potential central nervous

System activities.

Carbqcyclic systems such as 1-Naphthyl piperazine (7) and 2-Naphthyl piperazine (9)

have been reported to have affinities at the 5-HT; and 5-HT? sites respectively, which are

the predominant 5-HT receptor subtypes in the central nervous system,*2*

The antagonists of the 5-HT, receptors have been reported to have potential use as

antipsychotic agents, 212

42



Statement of Problem

RP-62202 (57), a naphthosultam derivative, comprising a 4-fluorophenyl piperazine
moiety, has been reported to have potent affinity for the 5-HT, receptor with long lasting
antagonism,’® indicating that the naphthosultam moiety plays a major role in determining

the affinity for the S-HT3 receptor type.

The carbocyclic bioisostere of naphthosultam, ie., 1,2-dihydroacenaphthylene was
therefore chosen as the aryl component, which would offer high lipophilicity onto which
the incorporation of the piperazine moiety could be brought about to afford a new

arylpiperazine - 1,2-dihydro-2-acenaphthylenyl piperazine.

"’ oy

The first stage in the present investigation was to establish a method to synthesize,
characterize and to evaluate the new aryl piperazine, i.e., 1,2-dihydro-2-acenaphthylenyl
Piperazine and its substitution products [Type I and II] as serotonin modulators for

prospective central nervous system activities.

Majority of clinically effective antipsychotic agents have been reported to have
characteristically high affinity for Dopamine (D) sites and produce extrapyramidal side-
effects (EPS). It has also been suggested that properly balanced D,/D, receptor
interactions in combination with 5-HT; receptor blockade favour an atypical
antipsychotic profile,'® having greater clinical efficacy, and/or reduced lability to
produce EPS. The combination of dopaminergic and serotonergic antagonistic activity
necessary for antipsychotic activity with minimum EPS liability offers the prospect of a

novel “atypical” antipsychotic agent.

The strategy adopted to achieve incorporation of the requisite dopamine-blocking
activity into the serotonergic 1,2-dihydro-2-acenaphthylenyl piperazine nucleus is based

on the concepts established by Ariens.'*® Briefly, this approach involves modification of
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the structure of a receptor agonist, i.e., dopamine, with a large serotonergic lipophilic
group on the amino position, which binds to the accessory binding site adjacent to the
agonist binding site and transforms the agonist into an antagonist. With 1,2-dihydro-2-
acenaphthylenyl piperazine as the serotonergic lipophilic group connected to the basic

amine, the modification shown below can be envisaged.

@
H

I
H P — ‘.

Dopamine, agonist Dopamine antagonist

HyN

It was of our interest to test the hypothesis that whether hydrogen-bonding (donating or
receiving) group is necessary to mimic the catechol group of dopamine. This hypothesis
is based on studies of the 32 adrenergic receptor, which show a pair of serine residues that

131

coordinates with the catechol group of noradrenaline.””" A similar pair of serine residues

is present in the analogous position in the sequence determined for the cloned dopamine
(D7) receptor gene.'*

In the case of 1,2-dihydro-2-acenaphthylenyl piperazine moiety (bound at the accessory
binding site), an appropriate hydrogen-bonding group could be held by a phenethyl side
chain so as to reach these serine residues, as shown in the depiction of D, receptor in

figure 2,

In this figure, which is based on a published model of the B-adrenergic receptor,' the
trans~membrane helices which comprise the ligand binding domain of the receptor are
viewed end-on from above the plane of the membrane and are arranged in analogy to the
Structure found from low-resolution X-ray studies of rhodopsin.'®® The residues that
interact with dopamine are then depicted as projecting from their respective helices, and
the proposed accessory binding site is depicted at one end of the ligand binding site

where only antagonists can reach it.
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Figure 2.
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QI_/
OH  Ho
v
-’
N OH HO
O,

Accessory
Binding site
Iv
I
lL D, Receptor-Agonist Binding
Q/
Accessory
Binding site

NQ + __/_@(OHH)O r

D, Receptor-Antagonist Binding

Model of D; Receptor, based on studies of the -adrenergic receptor,
showing proposed agonist and antagonist binding sites in Receptor

antagonist design.

Therefore, heterocyclic groups, both fused and appended to the phenethyl side chain were

selected, which would offer various modes of hydrogen-bonding interactions with the D,

Teceptor serine residues. There is considerable literature precedent for the molecules of

the appended type [Type IIT} (heterocyclic groups appended to the phenethyl side
chain)'*® and fused type [Type IV] (heterocyclic groups fused to the phenethyl side
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chain)'*® as ligands for the dopamine D, receptor, which suggests that the interactions

being envisaged are reasonable.

Based on literature reports,””” 2- and -5- substituted thiazoles were chosen which were
appended to the phenethyl moiety and S5-(2-chloroethyl)-1,3- and-6-substituted-2,3-
dihydro-1H-indole-2-ones and an isosteric 6-(2-bromoethyl)-benzoxazol-2(3H)-one, were
chosen as the fused heterocyclic groups, that would offer various modes of hydrogen-
bond interactions with the D, receptor serine residues.

The molecules proposed for synthesis in this series are

5-o-

Where, R = methy), ethyl, n-propyl, isopropyl, n-allyl and n-butyl

Type 1

phenyl, 3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl, 2-methoxy
phenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-trifluoromethyl phenyl, 2-
pyridyl, 2-pyrimidinyl, benzoyl, 4-fluorobenzoyl and piperonyl

A

Whefe, R = hydroxy, amino, dimethylamino, diethylamino, pyrrolidiny], piperidinyl,

Type I1

morpholinyl and phenyl
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Type III

0 'S

Where, R = NH, 7
R= CHs Z
R=NH, - Z= CHs
R = NH-CH; Z
R = NH-CH,-CH=CH; Z
R=OH 7

Type IV

N

Where, N, ' G— Y----
NH-CO-CH;

- N(CHs;)-CO-CH;
NH-CO-CH(CHas)
N(CHj;)-CO-CH(CHs)
N(C;Hs)-CO-CH,
NH-CO-CH; Cl
NH-CO-CH;
0-CO-NH

o & T I oo N

o
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The second series of molecules involved the synthesis of various piperazinyl indolyl
propanones (an indolylalkylamine in which the amine is a substituted piperazine) to

evaluate their affinity at the 5-HT receptor mediated central nervous system effects.

5-HT [3-(B-aminoethyl)-5-hydroxy indole] itself is an indolyalkylamine. Numerous
synthetic or naturally occuring congeners of 5-HT have varying degrees of peripheral and
central serotonergic activity. The second series of the study consists of the basic
structural class of compounds - the indolylalkylamines.

The major structural features of indolylalkylamines which are to be considered are, (a)
the terminal amine function, (b) the side chain, (c) the indole-1 position, and (d) other

substituents.

Offermeier and Ariens,”>’ suggested that the terminal amine group of 5-HT interacts with
the receptor in an electrostatic manner. As a result, steric bulk of the amine group plays
an important role in determining affinity. These authors have also determined that the
terminal amine is a prerequisite function in order to possess an affinity for 5-HT
receptors. They have reported that decreasing the length of the side chain from two to one
methylene unit decreases the affinity. Increasing the length of the side chain from two to
three or four methylene units shows varying affinity for the 5-HT receptor, depending on

the other substituents present.

The first position on the indole (NH), is a vital component in determining the affinities
for the 5-HT receptor. Depending on the substituent present on the indolyl nitrogen,
selectivity can be achieved for a particular 5-HT receptor subtype. The other structural
features, which can be considered, include a hydroxyl group at the 5" position, which is a
vital component of 5-HT itself. Various indole derivatives have been reported, as already
described in first chapter, for their affinity at the 5-HT receptor, which lack the hydroxyl
group at the 5™ position. Thus, primarily the structural modifications possible are at (a}

the terminal amine, (b) the side-chain and at (c) the indolyl nitrogen.

48



Statement of Problem

In the present investigation, the primary amine of 5-HT is to be replaced with known
substituted arylpiperazines, the reason being the well-known fact that arylpiperazines

constitute one of the important structural templates for 5-HT receptor affinities.

The side-chain length was increased to three methylene units. This is to be brought about
by the incorporation of a propionyl group at the 3" position of the indole nucleus. In this
case, the carbon atom attached to the indole nucleus, bears a doubly bonded oxygen atom
to provide a carbonyl function in the place of one of the three methylenes - the propionyl
side-chain in anticipation that the carbony! functionality in the sidechain would result in
antagonists rather than agonists. The substituent on the indolyl nitrogen determines
affinity for 5-HT receptor in a large way and also determines selectivity for a particular
5-HT receptor subtype. Most of the compounds which have an affinity for the S-HT
receptor carry a small alkyl group on the indolyl nitrogen, i.e., a methyl group as in the
case of Ondansetron (61), which is a 5-HTj; antagonist, or a substituted aryl group i.e.,
4-fluoro phenyl group as in the case of Serrindole (51), which is an antagonist at the
5-HT; receptor and is used as an atypical antipsychotic. This concept of varying the
substituent on the indolyl nitrogen (NH) gives varying affinities at different 5-HT
receptor subtypes, thereby increasing the therapeutic applications of the molecules.
Hence, the substituents proposed, in this investigation are methyl [Type V], ethyl [Type
V1], 4-fluoro phenyl [Type V] and 4-fluoro benzoyl [Type VIII] groups for the indolyl

nitrogen.

The molecules proposed for synthesis in this series are

Type V

[I\N-'R
N

CI-I3

49



Statement of Problem

Type VI

Type VII /"'\ R
N

\
N ;
Type VIII F

Where, R = phenyl, 3-chlorophenyl, 4-chlorophenyl, 4-fluorophenyl, 2-methoxy
phenyl, 3-methoxyphenyl, 4-methoxyphenyl, 3-trifluoromethyl phenyl,

2-pyridyl and 2-pyrimidinyl
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Thus, the specific goal of the present study was :

Series T

)

To identify and synthesize a new arylpiperazine that would bind at 5-HT sites,
with a scope for the development of new molecules with potent central nervous

system activities.

(i) To structurally modify this arylpiperazine by incorporating various substituents at
the N-4 nitrogen atom of the piperazine and study the effect of the substitutions
for 5-HT sites.

(iif)  Evaluation of the new arylpiperazine and its substitution products for 5-HT
receptor modulatory activity and it's comparison with standard drug substances
available.

(ivy  Pharmacological characterization of the new arylpiperazine and its potent
substitution products for their affinity at specific 5-HT receptor subtypes and
other receptors if any, and their therapeutic application.

Series ITT

@ To identify and synthesize a novel indolyl substrate interms of generating an
indolylalkylamine.

() To incorporate various substitutions on the indolyl nitrogen, inorder to study their
modulatory effects on the 5-HT receptor.

(i)  To incorporate a suitable sidechain with the required number of methylene units
on the indolyl substrate identified above.

()  To bring about the incorporation of a substituted arylpiperazine moiety as the
terminal amine portion at the end of the alkyl side chain.

(v) Evaluation of the new indolyl piperazines for 5-HT receptor modulatory activity
and comparison with standard drug substances available.

(v) Pharmacological characterization of the potent indolyl piperazines for their

affinity at specific 5-HT receptors and other receptors if any, and their therapeutic

application.
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Experimental Reaction Scheme

The reaction schemes given below describe the preparation by which the syntheses of the
proposed compounds were achieved in this work.

Series - |

L. Synthesis of 1,2-dihydro-2-acenaphthylenyl acetate

H3C

SO RI-"""S § g W
S S

Synthesis of 1,2-dihydro-2-acenaphthylenol

H3C

O.’ L en 9 H

Synthesis of 2-Bromo-1,2-dihydroacenaphthylene

‘ diethylether "
OH 4+ PBn - Br
‘ anhydrous ‘
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4.

5.

Experimenial Reaction Scheme

Synthesis of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine

K2C01/MNa.CO;
+ H:N('\JNH ethanol ," NC/NH

Synthesis of N4-Substituted-1-(1,2-dihydro-2-acenaphthylenyl) piperazine

PO w e G0,

where, R= ethyl
i-propyl
n-propyl
n-butyl
allyl

Synthesis of N4-Substituted-1-(1,2-dihydro-2-acenaphthylenyl) piperazines

-0 GO

where, R = methyl
phenyl
1-(3-chlorophenyl)
1-(4-chlorophenyl)
1-(4-flucrophenyl)
1-(2-methoxyphenyl)
1-(3-methoxyphenyl)
1-(4-methoxyphenyl)
1-(3-trifluoromethyl) phenyl
1-(2-pyridyl)
I-(2-pyrimidinyl)
benzoyl
1-(4-fluorobenzoyl)
piperonyl
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Experimental Reaction Scheme

Synthesis of 1-(1,2-dihydro-2-acenaphthylenyl)-4-{(2-substituted) ethyl]-
piperazines

e ()
K:CO¥Na:COs ‘
\\\R

where R= hydroxy
amino
dimethylamino
diethylamino
pyrrolidinyl
piperidinyl
morpholinyl
phenyl

Q‘p e V.

Synthesis of 4-(2-Chloroacetyl)-1-(2-chloroethyl) benzenes |

a CICOCH(R)Cl
’
\/\O AICl:/ CICHCH:Cl

Cl

Cl

where, R = H
methyl
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Experimental Reaction Scheme

Synthesis of 4-[4-(2-Chloroethyl)phenyl]-2- and -5-substituted thiazoles
C
Cl
ZC(S)NH,
Acetone
Cl
I N,
(i) KSCN/Acetone R
(ii) ethanol/ IN HCl
C
where, R= H Z=NH,
R=H Z=CH,
R=CH; Z = NH,
\ R=H Z = NHCH;
B H R=H Z = NH-allyl
10.  Synthesis of 4-(4-{2-[4-(1,2-dih_ydro—2—acenaphthylenyl) piperazin-1-yl] ethyl}
phenyl)-2- and -5- substituted thiazoles
C
O’ NazCO0y, Nal O.
SRR G Ry
MIBK, DIPEA k/_u
R 0 z
Dt
R

where, R= H Z=NH;

R=H Z=CH,

R= CH; Z= NH;

R=H Z = NHCH,
R=H Z = NH-allyl
R=H Z=0H
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11.

12,

13.

Experimental Reaction Scheme

Synthesis of 5-(2-Chloroacetyl)-1,3- and -6-substituted-2,3-dihydro-1H-indol-2-
ones and 6-(2-Bromoacetyl)-benzoxazolin-2(3H)-one.

CICOCHLCI
Y AICl;, CS:
Cl or Br Y
T
or
z X BrCH:COOH
PPA 7 X

Synthesis of 5-(2-Chloroethyl)-1,3-and -6-substituted -2,3-dihydro-1H-indol-2-
ones and 6-(2-Bromoethyl)-benzoxazolin-2(3H)-one.

o)
Clor Br. Y (CoHs):SiH Clor Br Y
—_—p
CF:COOH
yA X yA X

Synthesis of 5-{2-[4-(1,2-dihydro-2-acenaphthylenyl) piperazin-1-yl] ethyl}-1,3-
and -6-substituted-2,3-dihydro-1A-indol-2-ones apd 6-(2-[4-(1,2-dihydro-2-
acenaphthylenyl) piperazin- 1-yl] ethyl)-benzoxazolin-2(3H)-one.

Y L0

. Clx B N8zCO;, Nal O
+ ———
MIBK, DIPEA
Z

where, accX=-Youo

NH-CO-CH,
N(CH,)-CO-CH,
NH-CO-CH(CH,)
N(CH,)-CO-CH(CHy)
N(C;Hs)-CO-CH,
NH-CO-CH,
NH-CO-CH,
0-CO-NH

TTMOELESED N
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Experimental Reaction Scheme

Series - 1!

1. Synthesis of 1,3-diacetyl indole

(CH;CO):0 \

NH 24 hours, reflux N

2, Synthesis of 3-acetyl indole

A\ CH,OH

—_——i
+ NaOH @‘
()\cug, NH
3. Synthesis of N-methyl-3-acetyl indole
@%A
N
\

Hj
H3 H3

NaOH
\ + (CH;0),80; —————=

NH
CH3
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4.

5.

Experimental Reaction Scheme

Synthesis of N-ethyl-3-acetyl indole

NaOH
A\ +  (CH50),80, ————» \

Synthesis of N-(4-fluoro phenyl)-3-acetyl indole
H3
H3
CuBr, C d b
NH — K.COs, NMP i
: F

Synthesis of N-(4-Fluoro benzoyl)-3-acetyl indole

H3
H3 R
(C:HshN \
i
N * CeHs

Ci
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7.

Experimental Reaction Scheme

Synthesis of (4-substituted piperazin-1-yl) mannich products of N-substituted-3-
acetyl indoles

\

Hy

+ (CHO),

+

—N\—/Q/ \ ethanol
H —X — -
where, R =  meithyl
ethyl
4-fluorophenyl
4-fluorobenzoyl
X =  phenyl
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Experimental

All melting points were determined on a Buchi model 530 melting point apparatus and
are uncorrected. Infrared spectra were recorded on JASCO IR Report-100 Infrared
spectrophotometer and are given in cm™and were recorded as a mull, unless specified.
The 'H NMR spectra, were recorded using Varian EM-390 - 90 MHz NMR
spectrophotometer or Brucker AC 300F NMR spectrophotometer or Jeol GSX 400 NMR
spectrophotometer and are reported in & units (ppm) relative to tetramethylsilane as
internal standard. Mass spectra were recorded on a Finnigan MAT 8230
spectrophotometer. Elemental analyses are indicated by the symbols of the elements and
were within + 0.45% of the theoretical values.

SERIES - [

1,2-dihydro-2-acenaphthylenyl acetate (80)

The procedure described by Feiser and Cason was adopted for this preparation, 33139 A
solution of 1,2-dihydro-2-acenaphthylene, 154 gm (1 mol) in 1100 ml of glacial acetic
acid, was stirred at 60 - 70°C, at which point the source of heat was removed and treated
with 820 gm of red lead, added in 50 gm portions as soon as the colour due to the
Previous portion had been discharged. During this operation, which required 30-40
minutes, the temperature was maintained at 60-70°C by external cooling. Shortly after
each addition of red lead, the presence of lead tetra acetate was detected with moistened
starch-iodide paper. The reaction was complete when a portion of the solution gave no
test for lead tetra acetate. The dark syrupy solution (which contained a few suspended
Particles of red lead and lead di oxide) was poured into 2 litres of water. An oily product
Which separated was first extracted with a 350 ml portion of ether and then with a 250 ml
Portion, respectively. The total extract was washed first with 100 ml of water and then
with 300 ml of saturated sodium chloride solution. The extract was finally dried over
anhydrous sodium sulphate. The ether was evaporated and the residual oil was distilled
under reduced pressure to give 170-175 gm (80-82%) of the acetate which distilled
almost entirely at 166-168°C/Smm, as a yellow oil which had a density of 1.21 gm / m)

(lit.b.p. 169 °C/5mm).
IR(cm™) [Neat] :1725 (C=0); 1230 (C-O); 1617,1600 (Aromatic); 800, 775 (1,2,3-
trisubstituted benzene) -

l,2-d}hydro-2-acenaphthylen0| (81)

The method described by Feiser and Cason, was adopted for this preparation_ 38139 The
acetate (8Q) was dissolved in 275 ml of methanol in a 2 litre round bottom flask and a
solution of 40 gm (1.2 equiv.) of NaOH in 400 ml of water was added. The reaction
mixture was refluxed for 2 hours and then cooled below 20°C. The yellow crystalline
acenaphthylenol was filtered and washed well with water. The crude product was air-
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Experimental

dried (142 gm) and then dissolved in boiling benzene. The solution was treated with

activated charcoal and filtered. The orange red filtrate was concentrated to about one

fourth of the initial volume and was allowed 10 crystallize which gave aboutr 119 gms

(70%) of the 1,?.-dihydro-Z-acenaphthylenol as colourless needles, melting at 144.5-

145.5°C.
IR(cm™): 3225 (C-OH); 1600,1617 (Aromatic); 800, 775 (1,2,3-risubstituted benzene).

' NMR(CDCI):7.72-7.19 (m,6H, Ar-H; 5.63 (¢, 1H.CH); 3.65 (d, 2H,CH,); 2.10 (5 1H,
CH). Anal. Caled. for CyzH,;00. Caled. C = 84.70 ; H = 5.88; Found. C=84.97; H=5.95.

2-Bromo-1,2-dihydroacenaphthylene (82)
The procedure described by Bachmann and
To a cooled solution of 6 gm (0.025 mob) of
of anhydrous ether was added 1.23 ml (0.012 mol) of phosphorus tribromide. After
standing for one and half-hour, the mixture was

quantity of water. The ethereal Jayer was washed wi
and again with water. The sthereal layer was dried over anhydrous sodium sulphate and

evaporated. The residual oil solidified immediately. The solid was recrystallised from
°C) and cooled, where upon yellowish leaflets of 2-bromo-1,2-
obtained, melting at 70-71°C, (lit. m.p. 72.5°C) in 89%
lene is not stable, it was prepared when

Sheenan, was adopted for this preparation.'*

1.2-dihydro-Z-acenaphthylenol (81) 1n 50 ml

hydroiyzed by the addition of a small

th water, sodium bicarbonate solution

petroleum ether (40 - 6U
dihydroacenaphthylene were
yield. Since, Z-l)mmo-1.2-d'xhydmuccnuphxhy

required and used immediately .

1'(1,2-dihydro-Z-acenapmhyieuyi) piperazine (83) | |
The following procedure was devised for this preparation. A mixture of 23.3 gms (0.1

mol) of 2-bromo-1,2—dihydroacenaphlhylcnc (82), 17.23 gms (0.2 mol) of anhydrous
gms of anhydrous sodium bicarbonate in 100 ml of 95% ethanol was

bonate was filtered off in a hot condition and the
d pressure (0 give an oily substance. This oil was
hed with three portions of distilled water. The

ether solution was dried over anhydrous sodium sulphate and evaporated, to give an oil
(d=1.179 gm/ml), which gave & semisolid substance on prolonged cooling in a
refrigerator. This substance On trituration with diisopropyl ether afforded 1.5.47gm (65%)
of 1-(1,2-dihydm-2—acenaphthylenyl} piperazine as & pale yellow .CTYSI'aHmB substance,
melting at 66°C. A small qu:lnlil_v of the product was convertefd into its hydrochloride
(dihydrochloride) melting at 254°C; and it’s mono fumaraie melting at 108°C.

matic); 1560 (C-N); 800,775 (1,2,3-trisubstituted
223 (C1eHirN); 182 (Ciablia); 153 (CpoHy); 127

piperazine and 8.5
refluxed for 6 hours. The sodium bicar
filterate was concentrated under reduce

taken up in 75 ml diethyl ether and was

Rem™y: 2470¢'NHCI); 1600 (Aro
benzene). Mass: 238 (M, C16H18N2)’
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(CioHy): 85 (CiHoNy) ; 56 (C;HsNy). 'H NMR (D;0): 7.79-7.30 (m,6H, Ar-H); 5.16
(s,JH, C-H); 3.55-3.23 (m,l10H, methylenes); 3.01 (s,1H, N-H). Anal.Calcd. for
CyeHysN,.C= 80.67 %; H=7.61%; N=11.76%. Found.C=80.93%; H=7.64%; N=11.79 %.

I'(1s2-Dihydr‘o-Z-acenaphthylenyl)-d-methyl piperazine (84)

The following procedure was devised for its preparation. A mixture of 1.16 gms (0.005
mol) of 2-bromo-1,2-dihydroacenaphthylene (82), 0.748 ml (0.005 mol) of N-methyl
piperazine and 1.5 gms of anhydrous potassium carbonate was placed in 20 ml of methyl
ethyl ketone (MEK) and refluxed for 8 hours. The potassium carbonate was filtered while
hot and the solvent was removed under reduced pressure. An oily substance was obtained
which could not be crystallised. The oily substance was converted into its hydrochloride
in acetone. The hydrochloride obtained was recrystallised from ethanol-ether, to give

1.10 gm (60%) of the product, melting at 244°C.

IR(cm™):2650 (CH;-N); 2470 ( +NHCY); 1600 (Aromatic); 1560 (C-N); 800,775 (1,2,3-
trisubstituted benzene). 1 NMR(D:0) : 7.75 (m,6H, Ar-H); 5.40(s,1H,CH); 3.8 (m,10H,
methylenes); 3.20 (s, 3H, CHs). Anal. Calcd. for Ci7HaoN2.2HCL N= 8.61%. Found.

N=8.64%

phthylenyl)-4-ethyl piperazine (8%

A mixture of 2.38 gms (0.01 mol) of 1-(1,2-djhydro-Z—acenaphthylen?'l) piperazine (83),
0.81 ml (0.01 mol) of Ethyl iodide and 2 gms of anhydrous. potassium carbonate was
placed in 20 ml of MEK and refluxed for 8 hours. The potassium carbonate was filtered
while hot and the solvent was removed under reduced pressure. An oily substance was
obtained which was converted into its hydrochloride in acetone. The hydrochloride
Obtained was recrystallised from ethanol- ether, t0 give 1.762 gm (52%) of the product,

melting at 244°C.

IR(cm™):2470 (
stituted benzene); 720 (CHa)-
CHa): 3.71.3.51(m,8H, piperazinyl me
CisHgy Ny 2HCL N= 8.25%. Found. N= 8.28%.

1-(1,2-Dihydro-2-acena

/NHCI); 1600 (Aromatic); 1160,1080 (C-N); 800,775 (1,2,3-trisub-
lH NMR (DZO) 775'760 (m!GHs' AI'-H), 5.48 (S,BH, CH,
thylenes); 1.29 (s,3H,CHs). Anal. Caled. for

) i -4-n-propyl piperazine (86)
:(ri,ii-tl:rl: ):;l'; ézélc,f,:a{glg? ﬂi‘;;’gf 1-(1?2—dihydro-2-acenaphthylen3t1) piperazine (83),
0.938 m] (0.01 mol) of -n-propyl bromide, 2 gM$ of anhydrc:ius potass;u;n carb-Onate and
2mg of potassium iodicie was placed in 25 ml of MEK and prepared according to the
Procedure described for (8- The oily
hydrochloride in acetone.The hydrochlorid e e
Sther, to give 1.063 gm (31%) of the product, melting & ,

substance obtained was converted into its
e obtained was recrystallised from ethanol-
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IR(cm™):2400 ( *NHCI); 1600 (Aromatic); 1020 (C-N); 800, 775 (1,2,3-tisubstituted
benzene); 720 (CHy). 'H NMR (D;0): 7.54 (m,6H,Ar-H); 5.54(d,1H.CH); 3.62 (m,8H,
piperazinyl methylenes); 3.24 (m,2H,CHa); 1.77 (m,2H,CHy); 1.00 (,3H, CHs). Anal.
Caled. for CyoHas No.2HCL N=7.93 %. Found. N=7.96 %.

1'(1,Z-Dihydro-z-acenaphthylenyl)-4-allyl piperazine (87)

A mixture of 2.38 gms (0.01 mol) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
0.84 ml (0.01 mol) of allyl bromide, 2 gms of anhydrous potassium carbonate and 2mg of
potassium iodide was piaced in 25 m! of MEK and prepared according to the procedure
described for (85). The oily substance obtained was converted into its hydrochloride in
acetone. The hydrochloride obtained was recrystallised from ethanol-ether, to give 1.29

gm (38%) of the product, melting at 267°C.

IR(cm™):2400,2475 ( *NHCI); 1600 (Aromatic); 1025 (C-N); 800 (1,2,3-trisubstituted
benzene); 1290, 925, 900 (allyD). 1H NMR (D;0): 7.50 (m,6H,Ar-H); 6.00 (m,1H,CH);
5.52 (d,2H,CH>); 3.52 (m,8H, piperazinyl methylenes); 3.27 (m,2H,CH;); 1.77 (m,2H,
CH,): 1.00 (t,3H,CH,). Anal. Calcd. for CyoHz2N2.2HCL N=7.97 %. Found. N=7.94 %.

enyl)-4-isopmpyl piperazine (88)
A mixture of 2.38 gms (0.01 moD of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),

0.938 ml (0.01 mo)) of ii-propyl bromide, 2 gms of anhydrous potassium carbonate and
2mg of potassium iodide was placed in 25 ml of MEK and prepared according to the

procedure described for (85). An oily substance was obtained which was converted into

its hydrochloride in acetone. The hydmchloride obtained was recrystallised from ethanol-
ether, to give 1.40gm (41%) of the product, melting at 232°C.

IR(cm™); 2425 ( *NHCI); 1600 (Aromatic); 1140,1175 (skeletal i-propyl); 1075 (C-N);
800, 775 (1,2,3-trisubstituted

penzene). 'H NMR (D20 7.60 (m,6H,Ar-H); 5.54 (d,1H,
CH);3.34(m,8H piperazinylmethylenes);S.24 (m,CHo); 1.37 (s,3H,CHy); 1.35 (5,3H,CH;).
Anal.Caled, for CigHas N2.-2HCL N=

1-(1,2-Dihydro-2-acenaphthyl

7.93 %. Found.N=7.96 %.

1'(1,2-Dihydro-2-acenaphthylenyl)-‘l-n-bllty_' piperazine (82) o

A mixture of 2.38 gms (0.01 moD) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
1.078 ml (0.01 mol) of n-butyl bromide, 2 gMS of anhydrous potassium Carbf)nate and
2mg of potassium iodide Was placed in 25 ml of MEK a'nd PfePafed aCCOrdmg. to the
Procedure described fQ‘r (85). The oily substan'ce obtained was f:0nverted mto its
hydrochloride in aceto ne.The hyd;ochloride obtained was recrystallised from ethanol-

$ 0
Sther, to give 1.43 gm (39%) of the product, melting at 260°C.
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IR(cm™):2400 ( *NHCI); 1600 (Aromatic); 1280 (C-N); 800, 775 (1,2,3-trisubstituted
benzene): 720 (CH,). 'H NMR (D;0): 8.02-7.46 (m,6H,Ar-H); 5.63 (d,1H,CH); 3.70
(t, 2H, CH;); 1.68 (m, 2H, CHy); 1.36 (m,2H,CHy);

(m,8H, piperazinyl methylenes); 3.22
2HCIL N= 7.62 %. Found. N=7.65%.

0.90 (t, 3H,CH,). Anal. Caled. for CzoHagNz.

1-(1,2-Dihydro-2-acenaphthylenyl)-4-phenyl piperazine (30)
A mixture of 1.16 gms (0.005 mol) of »_bromo-1,2-dihydroacenaphthylene (82), 0.760

m} (0.005 mol) of 1- phenyl piperazine and 1.38 gms of anhydrous potassium carbonate
was placed in 25 ml of MEK and prepared according to the procedure described for (84).
The oily substance obtained was converted into its hydrochloride in acetone. The
hydrochloride obtained was recrystallised from ethanol- ether, to give 0.737 gm (47%) of

the product, melting at 210°C.

IR(cm™): 2400,2350 ( *NHCI); 1595 (Aromatic);1180 (C-N); 820, 795 (1,2,3-trisub-

stituted benzene); 695 (monosubstituted benzene). 'H NMR (DMSO-d¢): 8.20-6.72
(m,11H,Ar-H); 5.66 (d,2H,CHz ); 3.80 (t,1H,CH); 3.44 (m,8H, piperazinyl methylenes).
Anal. Calcd. for Cy2H22N2.2HCL N= 7.23 %. Found.N= 7.25 %.

1-(3-Chloro phenyl)-4-ij1,2-Dihydm-z-acenaphthylenyl) piperazine (91

A mixture of 1.16 gms (0.005 mol) of 2-bromo-1,2-dihydroacenaphthylene (82), 1.1657

gms (0.005 mol) of 1-(3-chlorophenyl) piperazine hydrochloride and 1.5 gms of
anhydrous sodium carbonate was placed in 25 ml of MEK and prepared according to the

procedure described for (84). The oily substance obtained was converted into its
hydrochloride in acetone.The hydroch ride obtained was recrystallised from ethanol-

ether, to give 1.08 gm (62%) of the pro

lo
duct, melting at 199°C.
omatic); 1025 (C-CD; 810 (1,2,3-trisubstituted

IR(cm™):2200-2400 ( "NHCL) 1595 (Ar
'] NMR (DMSO-d ¢): 8.23-7.19 (m,10H, Ar-

benzene); 780 (1,3disubstituted benzene).
H); 5.61 (d,1H,CH); 4.51 (t,1H, CH); 4.30 (t,1H, CH); 4.00-3.56 (m,8H,piperazinyl

methylenes). Anal. Calcd. for Cy3Hy N2CL2HCL N= 6.64 %. Found. N=6.66 %.

phthylenyl) piperazine (32)

1 ,2-dihydroaccnaphthylene (82), 1.1657

henyl) piperazine hydrochloride and 1.5 gms of
MEK and prepared according to the

ed in 25 ml of
ly substance was obtained which crystallised on

m acetone O give 0.90 gm (54%) of the

(1,2-Dihydro-2-acena

1-(4-Chloro pheny!)-4-
) of 2-bromo-

A mixture of 1.16 gms (0-005 mol
gms - (0.005 mol) of 1-(4-chlorop
anhydrous sodium carbanate Was plac
Procedure described for (84 AP oi
Standing. The product was recrystallised £r0

Product ag the free base, melting at 156°C.



Experimental

IR(cm™): 1595 (Aromatic); 1495 (C-N); 1010 (C-Cl) ; 800 (1,2,3-trisubstituted benzene);
815 (1,4-disubstituted benzene). 'H NMR (DMSO-d ¢): 7.71-6.77 (m,10H,Ar-H); 4.98
(m,1H,CH); 3.49 (d,2H,CH2); 3.18-2.55 (m,8H, piperazinyl methylenes). Anal.Calcd. for
CHyN,CL N= 8.03 %. Found. N= 8.06%.

1-(1,2-Dihydro-2-acenaphthylenyl)-4-(2-methoxy phenyl) piperazine (93)

A mixture of 1.16 gms (0.005 mol) of 2-bromo-1,2-dihydroacenaphthylene (82), 1.143
gms (0.005 mol) of ]-(2-methoxyphenyl) piperazine monohydrochloride and 1.59 gms
(0.015 mol) of anhydrous sodium carbonate was placed in 25 ml of MEK and prepared
according to the procedure described for (84). The oily substance obtained was converted
into its hydrochloride. The hydrochloride obtained was recrystallised from methanol, to

give 1,32 gm (65%) of the product, melting at 219°C.

IR(cm™): 2350 ("NHCI); 1600 (Aromatic); 1257 (Arom-O-CHs); 1020 (C-N); 810
(1,2,3-trisubstituted benzene); 745 (1,2-disubstituted benzene). 'H NMR (DMSO-d):
8.30-6.93 (m,10H,Ar-H); 5.55 (d,2H,CHp); 3.81 (1,3H,Ar-O-CHs); 3.36-3.15 (m,8H,
piperazinyl methylenes). Anal Caled. for Ca3HaeN20.2HCL N=6.17%. Found.N=6.16 %.

1-(l,z.l)ihydro-z-acenaphthylenyl)-4-(3-methoxy phenyl) piperazine (94)
bromo-1,2-dihydroacenaphthylene (82), 1.32

A mixture of 1.16 gms (0.00 mol) of 2- : :
gms (0.005 mol) of 1—(3-mcthoxyphenyl) piperazine dihydrochloride and 2.0 gms (0.02
mol) of anhydrous sodium carbonate was placed in 25 m] of MEK and prepared

according to the procedure described for (84). The oily substance obtained was converted
into jts hydrochloride in acetone.The hydrochloride obtained was recrystallised from

methanol, to give 1.41 gm (68%) of the product, melting at 208°C.

IRcmy: 2350 ("NHCI); 1610 (Aromatic); 1260 (Arom-O- CHj); 1024 (C-N); 815
3- disubstituted benzene). 'H NMR (DMSO-de);

(1,2,3-trisubstituted benzene);770 (1,
d,2H,CHz); 4.04 (t,3H,Ar-O-CHs); 3.90-3.52(m,8H,

7.89-6.82 (m,10H,Ar-H); 5.58 (
Piperazinylmethylenes)-Anal. Calcd, for CrHauN20.2HCL N=6. 17%. Found. N= 6,199%,

-4-(4-methoxy phenyl) piperazine (35)
f 2-bromo-1,2—dihydroacenaphthylene (82), 0.959

ems -(0.0036 mol) of 1€ 4 metho xypheny) piperazine.dihydrochloride and 1.11 gms
(0.0105 mol) of anhydrous sodium carbonaté was placed in 15 ml of MEK and prepared

accc.rdjng‘ to the procedure described for (84). An oily substance was obtained which
m acetone to gi
Tystallised on standing. The Pro¢ 0 give 0.940 gm

¢t was recrystallised fro
(35%) of 5 crystalline substance me

1~(1,2-Dihydro-z-acenaphthylenyl)
A mixture of 0.842 gms (0.0036 mol) 0

1
king at 129°C.
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IRcm™):1595 (Aromatic); 1040,1240 (Arom-O- CHs); 1038 (C-N); 810 (1,2,3-
trisubstituted benzene); 780 (1,4-disubstituted benzene). 'H NMR (DMSO-dg): 7.71-6.79
(m. 10H.Ar-H): 4.99 (q,1H,CH); 3.75 (s,3H,Ar-O-CH); 3.52 (q,2H.CHy); 3.10-2.57 (m,
8H,piperazinyl methylenes). Anal. Caled. for CasHzN20. N= 8.13%. Found. N=8.14%.

1"(1,2-Dihydro-2-acenaphthylenyl)-4-(4-ﬂuoro phenyl) piperazine (96)
A mixture of 0.58 gms (0.0025 mol) of 7.bromo-1,2-dihydroacenaphthylene (82), 0.63

gms (0.0025 mol) of 1-(4-fluorophenyl) piperazine dihydrochloride and 2.0 gms (0.02
mol) of anhydrous sodium carbonate Was placed in 15 ml of MEK and prepared
according to the procedure described for {84). The oily substance obtained was converted
into its hydrochloride in acetone. The hydrochloride obtained was recrystallised from
methanol-ether, to give 1.062 gm (64%) of the product, melting at 233°C.

IR(cm™):2300 (*NHCL); 1610 (Aromatic); 1725, 1230(monofluorobenzene); 800 (1,2,3-
trisubstituted benzene);780 (1,4—disubstituted benzene). 'H NMR (DMSO-dg): 8.23-7.06
(m,10H,Ar-H);5.57(d, 1H,CH);4.52 (s,2H,CH2); 4.05-3.17 (m,8H,piperazinylmethylenes).
Anal. Calcd. for CaoHaN2F.2HCL N= 6.91%. Found. N= 6.94%.

yl)-4-(3-trinuoromethyl phenyl) piperazine (97)
A mixture of 0.58 gms (0.0025 mol) of 2-bromo-1,2—djhydroacenaphthylene (82), 0.5675
gms (0.0025 mol) of 1-(3-triﬂuoromethyl phenyl) piperazine and 1.59 gms (0.015 mol)
of anhyd_rous sodium carbonate was placed in 15 ml of MEXK and prepared accordjng to

the procedure described for (84). The oily substance obtained was converted into its
hydrochloride in acetone. The hydrochloride obtained was recrystallised from ethanol, to

give 1.42 gm (63%) of the product, melting at 223°C.

R(cm'): 2390-2360 ("NHCD); 1600 (Aromatic); 1120 ECFa); 1495 (C-N); 800 (1,2,3-
trisubstituted benzene); 778 (1,3—disubstituted benzene). H NMR @MSO'%): 8.12-6.99
(vaOH,Ar-H);S.S1(s,1H,CH); 4.52 (s,2H,CHa); 4.05-3.17 (m,8H,piperazinyl methylene).

Anal. Calcd. for C23H21N2F3.2HC1. N=6.15%. Found. N= 6.19%.

1- (l,Z-Dihydro-2-acenaphthylen

1‘(l,Z-Dihydro-Z-acenaphthylenyl)-4-(2-Pyl‘idyl] pioerazine (2.
A mixture of 0.812 gms (0.0035 mol) of Z-bromo-1,2-d1hydroacenaphthy1ene (82), 0.826

gms (0.0035 mol) of ,1-(2-pyridyl) piperazine dihydrochloride and 1.11 gms (0.0105

according to the procedure described for (84). The oily substa.nce obained was converted

into jrg hydrochlgride sgﬁt in acetone. The hydrochloride obtained was recrystallised from
3 <]

®thanol- acetone, to give 1.34 gm (69%) of the product, melting at 262°C,



Experimental

IR(cm): 2650-2275 ("NHC)); 1610 (Aromatic); 1540 (C=N); 1495 (C-N); 795 (1.2,3-
trisubstituted benzene);755 (2-pyridyl). ' NMR (DMSO-de): 8.10-6.94 (m,10H,Ar-H);
S'58(5’1H,(:I‘I);éir.firéi-2.59(m,1OH.methylenes).Anal.Calcd.for Cz1H2N3.2HCLN=10.82%.

Found. N=10.86%.

1'(1,2-Dihydro-z-acenaphthylenyl)-4-(2-pyrimidinyl) piperazine (99)

A mixture of 1.16 gms (0.005 mol) of 2-bromo-1,2-dihydroacenaphthylene (82), 0.82
gms (0.005 mol) of 1-(2-pyrimidinyl) piperazine dihydrochloride and 1.06 gms (0.01
mol) of anhydrous sodium carbonate was placed in 25 ml of MEK and prepared
according to the procedure described for (84). The oily substance obtained was converted
into its hydrochloride in acetone. The hydrochloride obtained was recrystallised from

ethanol, to give 1.26 gm (65%) of the product, melting at 248°C.

IR(cm): 2490-2390 ("NHCI); 1605 (Aromatic); 1542 (C=N); 1495 (C-N); 805 (1,2,3-
trisubstituted benzene). IH NMR (DMSO-ds): 8.35-6.56 (m,9H,Ar-H); 5.43 (s5,1H,CH);
4.89(t,2H,CH2);4.00—3.OO(m,8H,piperazinylmethylenes).Anal. Calcd.for CaoHooN4.2HCL.

N=14.39%. Found. N=14.43%.

2-acenaphthylenyl) piperazine (100>

of 2-br0mo—1,2-dihydroacenaphthy1ene (82), 0.6575
gms (0.005 mol) of 1-Benzoyl piperazine dihydrochloride [the procedure described by
Cymerman-craig and co-workers 141 yas followed, and was prepared from piperazine
hexahydrate and benzoyl chloride} and 1.11 gms (0.0105 mol) of anhydrous sodium
carbonate was placed in 15 ml of MEK and prepared according to the procedure
described for (84). The oily substance obtained was converted into its hydrochloride in
acetone. The hydrochloride obtained was recrystallised from ethanol, to give 1.289 gm

(62%) of the product, melting at 254°C.
IR(cm™): 2375 ¢ NHCI); 1610 (Aromatic); 1700 (C=]O); 1495 (C-N);800(1,2,3-trisub-
stituted benzene); 710 (monosubstituted penzene). 'H NMR (DMSO-dg): 8.12-7.35
(m,11H,Ar-H); 5.50 (d,1H,CH); 3.95-3.80 (m,10H, methylenes). Anal. Calcd. for

CsHyN,O.2HCL N=6.74%. Found. N= 6.75%.

(4-fluoro benzoyl) piperazine (101)

) of 2—bromo—1,2-dihydroacenaphthylene (82),
fluoro benzoyl) piperazine dihydrochloride [the
4 co-workers ¥ was followed with minor
from piperazine hexahydrate and 4-fluoro benzoyl
] and 1.11 gms (0.0105 mol) of anhydrous sodium
d according to the procedure

1-Benzoyl-4-(1,2-Dihydro-
A mixture of 0.58 gms (0.0025 mol)

l"(lsz-Dihydro-z-s;lcenafphthylenyl)-‘i-
A mixture of 0.435 gms (0.00187
0525 gms (0.005 moh) of 1%
Procedure described by Cymer
Modifications, and was prepared

chloride instead of benzoyl chiorid®
Carbonate was placed in 15 ml of MEK and prepare
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described for (84). The oily substance obtained was converted into its hydrochloride in
acetone. The hydrochloride obtained was recrystallised from methanol, to give 1.69 gm
(67%) of the product, melting at 248°C.

IR(cm™): 2375 ('NHCI); 1610 (Aromatic); 1700(C=0); 1495(C-N); 800(1,2,3-
trisubstituted benzene); 710 (monosubstituted benzene). 'H NMR (DMSO-dg): 8.16-7.06
(m,10H,Ar-H); 5.51(d,1H,CH); 3.96-3.20 (m,10H,methylenes). Anal. Calcd. for

Cy3Hy N,FO.2HCL N=6.46%. Found. N=6.51%.

1-(1,2-Dihydro-2-acenaphthylenyl)-4-(1-piperonyl) piperazine (102)
A mixture of 0.425 gms (0.00183 mol) of 2-bromo-1,2-dihydroacenaphthylene (82)

0.420 gms (0.005 mol) of 1-piperonyl piperazine and 1.11 gms (0.0105 mol) of
anhydrous sodium carbonate was placed in 15 ml of MEK and prepared according to the

procedure described for (84). The oily substance obtained was converted into its
hydrochloride in acetone.The hydrochloride obtained was recrystallised from ethanol. to

give 1.57 gm (69%) of the product, melting at 262°C.

IR(cm™): 2375 ("NHCI); 1610 (Aromatic); 1495(C-N); 1025 (5-membered cyclic ether) ;
800 (1,2,3-trisubstituted benzene);710 (monosubstituted benzene). 'H NMR (DMSO-dj):
7.83-6.78 (m,9H,Ar-H); 5.50 (d,1H,CH); 3.91 (s,2H,CHy); 3.79-3.70 (m,8H, piperazinyl
methylenes);3.52(3,2H,CH2). Anal. Caled. For CpsH2aN202.2HCL N= 6.29%. Found,

N= 6.34%.
2-acenaphthylenyl)-4-(2-hydroxy ethyl) piperazine (103)

The procedure described by Van Steen and co-workers, was adopted for thjs
0 A mixture of 2.38 gms (0.01 mol) of 1-(1,2-dihydro-2-acenaphthyleny)
1.2 ml (0.015 mol) of 2-chloroethanol, 2 gms of anhydrous potassium
carbonate, 2 ml of diisopropyl ethyl amine (DIPEA) and 2mg of potassium iodide wags
placed in 25 ml of acetonitrile and refluxed for 8 hours. The potassium carbonate wag
filtered while hot and the solvent was removed under reduced pressure. An oily substance
was obtained which could not be crystallised and was hence converted intg its
hydrochloride in acetone. The hydrochloride obtained was recrystallised from ethano].
ether; 1o give 1.63 gm (46%) of the product, melting at 270°C.

IR(cm™): 3625, 3425 (free OH); 9380 (*NHCI); 1600 (Aromatic); 1495 (C-N); 8og
(1,2,3-trisubstituted benzene). 'H NMR (D0 7.73-7.47 (m,6H,Ar-H); 5.50 (d,1H,CR),
3.91-3.47 (m,8H,piperazinyl methylenes) 3.37-3.22 (m,4H,methylenes). Anal. Calcq,
for CygH,,N,0.2HC]. N=7.88%. Found. N=7.94%.

1-(1,2-Dihydro-

preparation.“
piperazine (83),
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1-(1,2-Dihydro-2-acenaphthyleny!)-4-(2-amino ethy!) piperazine (104)

The procedure described by Van Steen and co-workers, was modified and adopted for
this preparation.*’A mixture of 2.38 gms(0.01 mol) of 1-(1,2-dihydro-2-acenaphthylenyl)
piperazine (83), 1.16 gm (0.015 mol) of 2-chloroethyl amine hydrochloride, 2 gms of
anhydrous potassium carbonate, 2 ml of DIPEA and 2mg of potassium iodide was placed
in 25 ml of MEK and refluxed for 8 hours. The potassium carbonate was filtered while

hot and the solvent was removed under reduced pressure. An oily substance was obtained

which was taken up in hot acetone and refrigerated for 2 days, where upon yellow

crystals separated. The crystalline substance was filtered through a sintered glass funnel.

The product, 1.06 gm (38%), 50 obtained was further recrystallised from hot acetone, to
give the product melting at 164°C.

IR(cm™):3250 (amino); 1600(Aromatic); 1180 (C-N); 795 (1,2,3-wrisubstituted benzene) ;
720 (CH,). 'H NMR (DMSO-de): 7.91-7:45 (m,6H,Ar-H); 5.56 (s,JH,CH); 3.69-3.52
(m,12H,methylenes). Anat.Calcd. for CigHas Na, N=14.93%. Found.N=15.01%.

-4-(2-Dimethy} amino ethyl) piperazine (105)

The method described for (103) was modified and adopted for this preparation. A mixture
of 2.38 gms (0.01 mol) of ]-(1,2—djhydro-2-acenaphthylenyl) piperazine (83), 1.2 gm
(0.01 mol) of dimethyl'aminocthylchloride, 2 gms of anhydrous potassium carbonate, 2

mi of DIPEA and 2mg of potassium jodide was placed in 25 ml of MEK and refluxed
te was filtered while hot and the solvent was removed

for 8 hours. The potassium carbona
under reduced pressure. An oily substance was obtained which could not be crystallised.

The oily substance was taken up in n-butanoi and an equimolar quantity of fumaric acid
was added and dissolved by warming and then cooled in ice. The mono fumarate was
precipitated out from the solution by the addition of n-hexane. The solid obtained was
filtered on a sintered funnel and washed with #-hexane. It was dried and recrystallised

from hot methanol to give 1.52 gm (47%) of the product, melting at 186°C.
IR(cm-l);1725,1655 (C=0) 1575 (carboxylateion); 1600(Aromatic); 1180(C-N); 795
(1,2,3-trisubstituted benzene); 720 (CHp). 'H NMR (D,0): 8.02 @’ZH'f“marate); 7.85-
7-50(m,6H,Ar-H);5.49(d, 1H,CH);3.88(q,ZH,CHZ);3-73'3-29(m’SH’plperaZinylmEthylene)

325 (q,4H,methylenes); 2.98(q,3H,CHs); 2.87(q,3H,CH3).  Anal.  Caled. for
Cy0H27N4.CH,04, N= 9.58%. Found. N= 9.94%.

1-(l,2-Dihydro-z-acenaphthylenyl)

1-(1,2-Dihydm.z.acenaphthylenyn.4.(2-Diethyl amino ethyl) piperazine (106)
A mixture of 1.19 gms (0.005 mol) of 1-(1,2-dihydf0-2-acenaphthyleny1) piperazine (83),
0.678 gm (0.005 mol) of diethylaminoethylcthl'ldB, 2 gms of anhydrous potassium

carbonate, 2 m} of DIPEA and 2mg of potassiurn jodide was placed in 25 m} of MEK
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and prepared according to the method described for (105). The mono fumarate obtained
was recrystallised from hot methanol to give 0.906 gm (40%) of the product, melting at
174°C.

IR(cm™):1725,1645 (C=0); 1575 (carboxylate); 1600 (Aromatic); 1180(C-N); 795 (1,2,3
-trisubstituted benzene); 720 (CHz). 'H NMR (D:0): 7.99 (d,2H,fumarate); 7.82-7.47
(m,6H,Ar-H); 5.46 (d,1H,CH); 3.89-3.21 (m,8H,piperazinyl methylenes); 2.79(:,2H,CH,)
2.2 (t,2H,CH,); 1.23 (m,6H,CHj3). Anal. Caled. for CpaHN3.C4HyO4.N=9.27%. Found.

N=9.34%.

l-(1,2—Dihydro-z-acenaphthylenyl)-4-(2—pyrrolidino ethyl) piperazine (107)

A mixture of 1.19 gms (0.005 mol) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
0.6675 gm (0.005 mol) of pmolidinoethylchloride, 2 gms of anhydrous potassium
carbonate, 2 ml of DIPEA and 2mg of potassium iodide was placed in 25 ml of MEK
and prepared according to the method described for (105). The mono fumarate obtained
was recrystallised from hot ethanol to give 1.17 gm (52%) of the product, melting at

188°C.
IR(cm™):1725,1650
(1,2,3-trisubstituted benzene); 720 (CH,

7.46 (m,6H,Ar-H); 5.45 (d,1H,CH);
methylenes); 2.20(t,4H,CH2-CHa). Anal. Calcd.

Found. N=9.34%.

(C=0); 1575 (carboxylate ion); 1600 (Aromatic); 1180 (C-N); 795
). ’H NMR (D;0): 7.99 (d.2H,fumarate); 7.82-
3.87-2.77 (m,16H, piperazinyl & pyrrolidinyl
for CpHpN3.CiHOW.N= 9.31%.

1-(1,2-Dih ydro—2-acenaphthylenyl)-4-(Z-piperidino ethyl) piperazine (108)

A mixture of 1.19 gms (0.005 mol) of 1-(1,2—dihydro—2-acenaphthy]enyl) piperazine (83),
0.7375 gm (0.005 mol) of pipeﬁdinocthylchloride, 2 gms of anhydrous potassium
carbonate, 2 ml of DIPEA and 2mg of potassium iodide was placed in 25 ml of MEK
and prepared according to the method described for (105). The mono fumarate obtained

was recrystallised from ethanol to give 1.27 gm (55%) of the product, melting at 190°C,

IR(cm™):1725, 1650 (C=0); 1575 (carboxylate ion); 1600 (Aromatic);1180 (C-N); 795
(1,2,3-trisubstituted benzene); 720 (CHa)- 'H NMR (D:0): 8‘41_ (d"z_H’f“maratc); 7.82-
7.46 (m,6H.Ar-H); 6.88 (d,1H,CH); 534-4.24 (m,18H, piperazinyl & piperidinyl
meth)'flenes);’ 3.33(t,4H,methylenes). Anal. Caled. for CpsH3 N3 .CeHaO4 N= 9.03%.

Found. N=9.04%.

[eny|)-4.(2-morph0|i“0 ethyl) piperazine (109)

1) of 1_(1,2—dihydro-2—acenaphthylenyl) piperazine (83),
loride, 2 gms of anhydrous potassium

1-(1,2-Dihydro-2-acenaphthy
A mixture of 1,19 gms (0.005 mo
07475 gm (0,005 mol) of morptolinoeyct
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carbonate, 2 ml of DIPEA and 2mg of potassium iodide was placed in 25 ml of MEK
and prepared according to the method described for (105). The mono fumarate obtained
was recrystallised from ethanol 1o give 1.28 gm (55%) of the product, melting at 196°C.

IR(cm™):1715,1655 (C=0); 1575 (carboxylate ion); 1600 (Aromatic); 1180 (C-N); 795
(1,2,3-trisubstituted benzene); 720 (CHz). '"H NMR (D20): 8.08 (d,2H,fumarate); 7.91-
7.56 (m,6H,Ar-H); 5.56 (d.1H,CH) 4.17-3.33 (m,16H,piperazinyl & morpholiny}
methylenes); 2.99 (t,4H,CHz-CHy). Anal Caled. for CaHzoN30.CiHsOs N= 8.99%.

Found. N=9.04%.

Synthesis of l-(1,2-Dihydro-2-acenaphthylenyl)-4-phenethyl piperazine (110)
A mixture of 2.38 gms (0.01 mol) of 1-( 1,2-dihydro-2-acenaphthylenyl) piperazine (83),
2.12 gm (0.015 mol) of phenethylchloride (2-chloro ethyl benzene), 2m) of DIPEA, 2 gm
of anhydrous potassium carbonate and 2mg of potassium iodide was placed in 25 ml of
MEK and prepared according 1o the method described for (83). The oily substance
obtained was converted into its hydrochloride in acetone. The hydrochloride obtained
was recrystallised from methanol, to give 2.57 gm (64%) of the product, melting at

238°C.

IR(cm™) 2428 ("NHCI); 1600 (Aromatic); 1180 (C-N); 800(1,2,3-trisubstituted
benzene); 690 (monosubstituted benzene). 'H NMR (DMSO-dg): 7.77-7.21 (m,10H,Ar-
H); 5.06 (d,1H,CH); 3.68-3.34 (m,8H, piperazinyl methylenes); 3.15-2.58 (m,6H,CH; ).
Anal. Calcd. for C,sHaN2.2HCl ‘N= 6.66%. Found. N= 6.72%.
4-(4-{2-[4-(1,2—dihydro-2-acenaphthylenyl) pipemzinyl]ethyl} phenyl) -2-amino
thiazole

4-(2-Chloro acetyl) phenethyl chloride (111 .
The procedure described by Greber and Egle, was modified and adopted for this

142 n a 250 ml round bottom flask equipped with a pressure equalising
(0.1 mol) of finely powdered anhydrous aluminium

roacetyl chloride in 50 ml of ethylene chloride.

Phenethyl chloride 6.57 mi (0.05 mol) in 50 mi of ethylene chloride was placed in the

dropping funnel and was added dropwise with continuous stirring. The reaction mixture
nish black solation was poured into ice cold water

was stirred for one hour and the brow :
containing 5 ml of hydrochloric acid The organic layer was separated and washed with
Sodium bicarbonate solution, followed Y brine solution and dried over anhydrous
Sodium sulphate. The solvent Was evaporated under reduced Pressure 10 give an oily

. for pmlonged periods of time (more than a week),

Tesidue, which solidified on standing

preparation.
dropping funnel was placed 13.3 gms
chloride and 3.98 ml (0.05 moD of chlo
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to give 8.67 gm (80%) of the 4-chloroacetyl phenethyl chloride, melting at 44 °C. The
oily product was therefore used directly in subsequent reactions without further

purification.
IR(cm™) (Neart):2975,1600 (aromatic); 1700 (C=0); 817 (1,4-disubstituted benzene); 725

(C-Cy.
4-[4-(2-Chlorgethyl)phenyl]-2-amino thiazole  (112)

The procedure described by John A. Lowe and co-workers, was modified and adopted for
this preparation.””*** In a 100 ml round bottom flask equipped with a reflux condenser
was placed 10.84 gm (0.05 mol) 4-(2-Chloroacctyl) phenethyl chloride (111) prepared as
above, in 50 ml of dry acetone and 3.81 gm (0.05 mol) of thiourea was added to it. The
mixture was refluxed for 3 hours, with continuous Stirring. The solution was then cooled
in a refrigerator, where upon, a yellowish solid separated. The solid was filtered and
recrystallised from methanol to give 8.2 gm (60%) of 4-[4-(2-Chloroethyl) phenyl]-2-

amino thiazole, as the hydrochloride, melting at 228°C.

IR(cm™):2375 (*NHCI); 1700,1300 (C-S); 1618 (aromatic); 825 (1,4-disubstituted
benzene); 720 (C-CD. IH NMR (D:0): 7.59-6.93 (m,5H,Ar-H); 4.64 (s,2H,CH,); 3.84

4-(4-{2-[4-(1,2-dihydro-z-acenaph:kylenyl)piperazinyl]ethyl}phenyl)-Z-amino thiazole

113)
n A. Lowe and co-workers, was adopted for this

The procedure described by Joh _ _
77143 [ 2 100 ml round-bottomed flask equipped with a reflux condenser and

(0.00346 mol) of 4-[4-(2-Chloroethyl) phenyl]-2-amino
6 mol) of 1-(1,2-dihydro-2—acenaphthylenyl) piperazine
drous sodium carbonate, 2mg of sodium iodide,
1.79 ml (0.0103 mol) of DIPEA and 15 ml of methyl isobutyl ketone (MIBK). The
for 2 days, cooled and filtered. The filterate was purified
nd filtered again to remove the charcoal. The
reduced pressure f0 give yellowish oil, which was converted
into its hydrochloride in acetone-etber mixture. The hydrochloride. obtained was
0.990 gm (52%) of the product, melting at 227°C,

Tecrystallised from methanol, tO give
+NHCD); 1700,1300 (C-5); 1620 (aromatic); 810 (1,2,3-

IR(cm):3400 (amino); 2395 (
trisubstituted benzene). I NMR (DMSO-d6): 8.05-7.31 (m,11H,Ar-H); 5.33 (d,1H,CH);
azinylmethylenes); 3.12-2.97 (q,4H, methylenes).

3-84 (s,2H,CH ' 8H,piper
.2H,CH,); 3.70-3.33 (m, P ;
Anal. Calod for. CorHgNeS.3HCL- N=10.19%: Found. N=10.16%.

preparation.
N; inlet were placed 0.952 gm

thiazole (112), 0.825 gm (0.0034
(83), 0.733 gm (0.0103 mol) of anhy

reaction mixture was refluxed
by treatment with activated charcoal a
solvent was removed under
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4-(4-{2~[4-(l,Z-dihydro-z-acenaphthylenyl)piperazinyl]ethyl}phenyn_z.methyl
thiazole

4-[4-(2-Chloroethyl)phenyl]-2-methyl thiazole (114)

The procedure described for (112) was modified and adopted for this preparation. In a
100 mi round bottom flask equipped with a reflux condenser was placed 10.84 gm (0.05
mol) 4-(2-Chloroacetyl) phenethyl chloride (111), in 50 ml of dry acetone and 3.76 gm
(0.05 mol) of thioacetamide was added to it. The mixture was refluxed for 3 hours, with

hen cooled in a refrigerator, where upon, a

continuous stirring. The solution was {
yellowish solid separated. The solid was filtered and recrystallised from acetone to give
8.9 gm (65%) of 4-[4-(2-Chloroethyl) phenyl]-2-methyl thiazole, as the hydrochloride,

melting at 226°C.

IR(cm™):2375 (*NHCI); 1660,1330 (C-S);
benzene); 720 (C-CD. I NMR (DMSO-de): 7.96-7.

2.74 (s,3H,CH3).

1600 (aromatic); 820 (1,4-disubstituted

4-(4-{2-[4-(1,2-dihydro-2-acenaphlhyIeny!)piperazfny!]ethyl}phenyl)-2-methy1 thiazole

(115 , .
The procedure described for (113) was adopted for this preparatiofl. In 2 100 ml round-
d N, inlet were placed 0.9516 gm

bottomed flask equipped with 2 reflux condenser an .
(0.00346 mol) of 4-[4-(2-Chloroethyl) phenyi]-2-methyl thiazole (114), 0.825 gm

(0.00346 mo}) of 1-(1,2-dihydm-2—acenaphthyleny{) piperazine (83), 0.733 gm (0.0103
mol) of anhydrous sodium carbonate, 2mg of sodium iodide, 1.79 ml (0.0103 mol) of
DIPEA and 15 ml of MIBK. The mixture was refluxed for 2 days, cooled and filtered.
The filterate was puriﬁed by treatment with activated charcoal and ﬁlterefl again to
remove the charcoal. The solvent was removed under reduced pressure to give an oily

Substance, which crystallisecl on standing. The product was recrystallised from acetone to
give 1.045 gm (55%) of the free base, melting at 73°c.' |

IR(cm™):1680 (C-S); 1600 (aromatic); 780(1,2,3—tnsubst1tuteir b;n,zene); 740 (1.4-
disubstituted benzene). 'H NMR (DMSO-de): 7.96-7.31 (mE;lll;IS 0; ) 5:33 (d,1H,CH);
4.79 (d,2H,CHy); 3.82-3.33 (m.SH,piperazinylmethyl:If;)-5 6-‘7 F (-mn c:q;q—l';,ﬁt:l)ethylenes)
291 (s,3H,CHj). Anal. Caled. for CasHzoN3S.3HCL . R=7:007: . N=9.60%.
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4-(4-{2-{4-(1,2-dihydro-2-acenaphthylenyl) piperazinyllethyl} phenyl) -2-amino- S-

methyl thiazole

4.[4-(2-Chloroethyl)phenyll-2-amino-5-methyl thiazole (116)
The procedure described for (112) was modified suitably and adopted for this
preparation. 4-(2-bromopropionyl) phenethyl chloride was prepared as described for
(111), where 5.04 ml (0.05 mol) of 2-bromopropionyl chloride was used instead of
chloroacety! chloride. The solvent after evaporation under vacuo gave 10.96 gm (80%) of
4-(2-bromopropionyl) phenethyl chloride as an yellow oil .

In a 100 ml round bottom flask equipped with a reflux condenser was placed 13.71 gm
(0.05 mol) 4-(2-bromo propionyl) phenethyl chloride obtained above, in 50 ml of dry
acetone and 3.81 gm (0.05 mol) of thiourea was added to it. The mixture was refluxed for
3 hours, with continuous stirring. The solution was then cooled in a refrigerator, where
upon, a yellowish solid separated. The solid was filtered and recrystallised from ethanol-
ether to give 9.96 gm (60%) of 4-[4-(2-Chloroethyl)phenyl]-2-amino-5-methylthiazole,

as the hydrobromide, melting at 278°C.
IR(cm™):2375 ("NHCD); 1700,1300 (C-S); 1618 (aromatic); 825 (1,4-disubstituted
benzene); 720 (C-CD). 'H NMR (DMSO-de): 7.35(q,4H,Ar-H);3.54(s,2H,NH,);2.87(q,2H,

CH,); 1.94 (d,3H,CHs).

4-(4-(2-[4-(1,2-dih ydro-z-acenapmhyIenyl)piperau'nﬂ]ethyl}phenyl) -2-amino-5-methyl

thiazole (117
In a 100 m! round-bottomed flask equipped with a reflux condenser and Nj inlet were

placed 1.1513 gm (0.00346 mol) of 4-[4-(2—Ch101'03th)’1)Pheﬂyl]-z-amino-s—methyl

thiazole (116), 0825 gm (0.00346 mol) of 1-(1,2-dihydl'O-?--aCenaphthylenyl) piperazine
(83), 0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium iodide,
1.79 ml (0.0103 mo}) of DIPE BK. The reaction mixture was refluxed

A and 25 ml of MI
for 2 days and worked Up according to the procedure described for (113) to give the
hydrochioride. The hydrochloride obtained was recrystallised from ethanol-ether, to give

1.21 gm (62%) of the product, melting at 258°C.

IR(cm™):3400 (amino); 2415 (NHCD: 1700,1300 (C-S); 1613,1600 (aromatic); 810
(1,2,3-trisubstituted benzene); 780 ( 1 4-disubstituted benzene). H NMR (DMSO-dg):
7.35-6.76 (m,10H,Ar-H); 5-62 (@, 1H,.CH); 4.24 (d,2H,CH) 5 3.51(s,2H,NH,); 3.42-3.03
(m.8H, piperazinyl methylenes); 1.97 (s,3H,CHa). Anal. Caled. for CyoHsoN,S.3HCI

N= 9.73%. Found. N=9.72%-
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4-(4-{2-[4-(1J—dihydro-z-acenaphthylenyl)piperazinyl]ethyl}phenyl)-z-methyl
amino thiazole

4-[4-(2-Chloroethyl)phenyll-2-methyl amino thiazole (118)
The procedure described for (112) was modified and adopted for this preparation. In a

100 ml round bottom flask equipped with a reflux condenser was placed 10.84 gm (0.05
mol) 4-(2-Chloroacetyl) phenethy! chloride (111), in 50 ml of dry acetone and 4.00 gm
(0.05 mol) of N-methyl thiourea was added to it. The mixture was refluxed for 3 hours,
with continuous stirring. The solution was then cooled in a refrigerator, where upon, a
yellowish white solid separated. The solid was filtered and recrystallised from methanol
to give 9.39 gm (65%) of 4-[4-(2-Chloroethyl) phenyl]-2-methyl amino thiazole, as the
hydrochloride, melting at 107°C.
IR(cm™):2355 ("NHCI); 1700,1300
benzene); 720 (C-C)). 'H NMR (CDCl):
(s,1H,NH); 2.68 (t,3H,CHa).
-2-acenaphrhylenyl)piperazz'nyl]ethﬂ]phenyl)-2-merhyl amino

(C-S);, 1624 (aromatic); 820 (1,4-disubstituted
7.28-6.52 (m,5H,Ar-H); 3.91 (s,4H,CH,); 3.37

4-(4-{2-[4-(1,2-dihydro
thiazole (119

In a 100 ml round-bottomed
placed 1.00 gm (0.00346 mol) of

flask equipped with a reflux condenser and N7 inlet were
4—[4—(2-Ch10r0ethyl) phenyl]-2-methylamino thiazole
(118), 0.825 gm (0.00346 moD) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
0.733 gm (0.0103 mol) of anhydrous sodium carbonate, .2mg o'f sodium iodide, 1.79 ml
(0.0103 mol) of DIPEA and 15 ml of MIBK. The reacnon.mlxture was refluxed for 2
days and worked up according to the procedure desc:nbed for (113) to give a
hydrochloride. The hydrochloride obtained was recrystallised from methanol, to give

.11 gm (57%) of the product, melting at 226°C.

IR(cm™): 2515, 2475 (*NHCI); 1700 (C-S); 1620 (aromatic); 1495 (C-N); 825 (1,2,3-

trisubstituted benzene); 720 (1,4-disubstituted benzene). '"H NMR (DMSO-de): 7.29-6.62

(m,11H,Ar-H); 5.41 (d,1H,CH); 3.98 (d,4H,CH2); 3.51(s,JH,NH); 3.22-3.03 (m,8H,

piperaz{nyl mt‘:thyleﬂeS)' 2.24 (s,3H,CHs)- Anal. Calcd. for CpsH30N4S.3HCI . N= 9,939,

Found. N=9.98%.

4-(4-{.2-[4 1,2 dihydro-z-acenaphthylenyl)piperﬂzinyl]ethyl}Phe“ﬂ)'z'allylamino
-(1,2-

thiazole |

4:14:(2-Chloroethylphen 1]-2-all |amino thiazole (120) |
_ modified and adopted for this preparation. In a

The pr : r (112) was
100 ilofsj:éemd;s:b;:sifoeqifped with a reflux condenser was placed 10.84 gm (0.05
0
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mol) 4-(2-Chloroacetyl) phenethyl chloride (111), in 50 ml of dry acetone and 5.81 gm
(0.05 mol) of N-allyl thiourea was added to it. The mixture was refluxed for 3 hours,
with continuous stirring. The solution was then cooled in a refrigerator, where upon, a red
solid separated. The solid was filtered and recrystallised from acetone to give 9.39 gm
(65%) of 4-[4-(2-Chloroethyl)phenyl]-2-allylaminothiazole, as the hydrochloride, melting
at 53°C. This hydrochloride salt was unstable and was hence used immediately in the

next step.
IR(cm™):2375 ("NHCI); 1700,1300 (C-S); 1618 (aromatic); 825 (1,4-disubstituted
benzene);720(C-Cl).'"H NMR (DMSO-de): 7.79-7.24 (m,SH,Ar-H);5.95(m, 1H,CH-viny1);

5.35 (q,2H,CH,); 4.76-4.10 (m,5H,CHy); 3.48 (t,IH,NH).

4-(4-{2-[4-(1,2-dihydro-2-acenaphthylenyl)piperaznyljethyljphenyl)-2-allylamino
thiazole (121)

In a 100 ml round-bottomed flask equipped with a reflux condenser and N inlet were
placed 1.0938 gm (0.00346 mol) of 4-[4-(2-Chloroethyl) phenyl]-2-allylamino thiazole
(120), 0.825 gm (0.00346 mol) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg o.f sodium iodide, 1.79 ml
(0.0103 mol) of DIPEA and 20 ml of MIBK. The reaction mixture was refluxed for 2

days and processed according to the procedure described for (113) to give a

hydrochloride. The hydrochloride obtained was recrystallised from methanol-ether, to

give 0.614 gm(30%) of the product, melting at 278°C.

IR(cm™):2505, 2380 ("NHCI); 1690 (C-S); 1600 (aromatic); 1075l (C-N); 925 (vinyl);
870 (1,2,3-risubstituted benzene); 780 (1,4-disubstituted benzene). H NMR(DMSO-d):
8.07-7.26 (m,11,Ar-H); 5.37 (d,1H,CH); 5.35 (q.2H,CHy); 5.15 (m,1H,CH-vinyl); 4.76-
4.10(m,8H,CH,); 3.91-3.73 (m,8H,piperazinyl methylenes); 3.48 (t,1H,NH). Anal. Calcd.

for CygHsNsS.3HCI . N=9.49%, Found. N=9.44%.

4-(4-{2-[4-(1 z.dihydm-z-acenaphthylenyl)piperazinylIethyl}phenyl)-thiazole.z(z.u)_

One

(122)

d co-workers, was modified and adopted for
m flask equipped with a reflux condenser was

Placed 10,84 gm (.05 mol) 4-(2-Chloroacetyl) phenethy! chioride (LD, ~in 50 mi of

dry acetor ga 4.9 wm (0.05 mol) of potassium thiocyanate. The reaction mixture was

Stirreq a?:zoan t . f:t]ure.for 3 hours. The precipitate obtained was filtered off and the
m tempe

i rator, 3
filterate was evaporated under reduced pressure i @ TOta‘d'Y e\-fago o T]he residue was
taken up in ethy] acetate and washed with Water brine and dried over anhydrous sodium

ethyl aceta

4-[4-(2-Chloroethyl)phen 1thiazole-2-on
The procedure described by deStevens an
this preparation.’* In a 100 ml round botto
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sulfate and evaporated to a solid. The solid was then taken up in 100 mil of boiling

ethanol and treated slowly with 83 ml of 1 N hydrochloric acid and refluxed for 14 hours.

The reaction mixture was cooled in a refrigerator and the product obtained was filtered
and washed with water and recrystallised from ethanol to give 14.29 gm (55%) of 4-[4-

(2-Chloroethyl) phenyl] thiazole-2-one as a white crystalline solid, melting at 162 °C (lit.
m.p. 164.5 °C).

IR(em™):1710 (C-S); 1670 (C=0); 1600 (arom
(C-Cl). "H NMR (DMSO-de): 11.74 (d, 1H,OH(e
2H,CH,); 3.06 (1,2H,CHz).

atic); 825 (1,4-disubstituted benzene); 720
nolised); 7.98-7.61 (m,5H,Ar-H); 3.15 (1,

4-(4-{2-[4-(1,2 -dihydro-z-acenaphth yIenyI)piperazinyljethyl}phen yl)thiazole-2(3H)-one

(123)
In a 100 ml round-bottomed flask equipped with a reflux condenser and N inlet were
placed 0.829 gm (0.00346 mol) of 4-[4-(2-Chloroethyl) phenyl] thiazole-2-one (122),
0.825 gm (0.00346 mol) of 1—(1,2—dihydm-2-acenaphthyIenyl) piperazine (83), 0.733 gm
(0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium iodide, 1.79 ml (0.0103

mol) of DIPEA and 15 ml of MIBK. The reaction mixture was refluxed for 2 days and
dure described for (113) to give a hydrochloride. The

worked up according to the proce :
hydrochloride obtained was rccrystallised from methanol, to give 0.57 gm (32%) of the

product, melting at 218°C. ‘
IR(cm™):3400 (OH); 23_95 (*NHCI); 1680 (C-S): 1600 (aromatic); 805 (1,2,3-trisubstit-
uted benzene); 780 (1,4—disubstituted penzene). H NMR (DMSO.-d6); .11,74 (d,1H.0H
(enolised):8.21-7.26(m,11 ,Ar-H);5.44(d, 1H,CH);4.16-3.74(m,8H,piperazinylmethylenes)
3.35 (d,2H,CH); 3.15 (t,2H,CHy); 3.06 (1,2H,CH>). Anal. Caled. for CpHzN308.3HCL,

N=7.62%. Found. N=7.69 %
§5-{2-[4-(1 z.dihydro-z-acenaphthylenyl)piperazinyl]ethyl}-zﬁ-dihydro-IH-indol-z-
)

Ohe

2.3:-dihydro-1H-indol-2-0one (129 . _

The :ei?d ld sl:ribed by Domanig Wwas adopted for this preparation.'*® In a round
e ) N :

bottom flask equipped with & mercury sealed stirrer, a pressure equalising dropping

ask equipp 0.25 mol) of freshly distilled aniline

fu was laced 23 ml (
nnel and a reflux condenser Was P 20 ml (0.25 mol) was placed in the

ide

and ] X Chloroacety! chloride, - .

Dressl:fe) ml olfi I.}enz;l:pping funnel and was added drop wise to the solution with
equalising dro

Contin 5-10°C When the addition of the chloroacetyl chloride was
uous stirring at J- :

in. on a steam
ompleted, the reaction mixture was refluxed for. 30 ml;l o bath to ensure
compl.f,tio;1 of the reaction and then cooled. A white solid product separated out which
: e rea
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was filtered, washed with cold benzene and then dried to give 39.80 gm (95%) of a-
Chloroacetanilide, melting at 132°C (lit. m.p. 134-137°C). About 6.65 gm (0.05 mol) of
this o-Chloroacetanilide was mixed with 20 gms (0.15 mol) of finely powdered
anhydrous aluminium chloride in a round bottom flask and heated in an oil bath at 150°C

for 14 hours. The reaction mixture was transferred slowly into a beaker containing ice-
ydrochloric acid with continuous stirring. A solid

and the aqueous filterate was extracted
exhaustively with dichloromethane. The dichloromethane extracts were combined,
washed with water followed by brine solution and then dried over anhydrous sodium
sulphate. The extract was treated with activated charcoal and filtered again to remove the
charcoal. The solvent was removed under reduced pressure to give pale yellow oil, which
crystallised on standing. The product was recrystallised from ethanol to give 1.73 gm
(33%) of 2,3-dihydro- 1H-indol-2-one, melting at 125°C (lit. m.p. 127°C).

R(cm™):3255 (N-H); 1705 (C=O: amide); 1620 (Aromatic); 745 (1,2-disubstituted
benzene). 'H NMR (CDCl): 9.75 (s,1H,NH); 7.10-6.75 (m,4H,Ar-H); 3.45 (s,2H,CH,).

water mixture and a few ml of h
substance separated which was filtered

dihydro-1H-indol-2-one (12%)
workers, was modified and adopted for this

flask equipped with a reflux condenser, a

5-(2-Chloroacetyl)-2.3-
The method described by Caignard and co-

6 In a 250 ml round botiom
and N, inlet were placed 15.4 gm (0.0011 mol) of

m chloride, 100 ml of dried carbon disulphide, and
1H-indol-2-one (124). Chloroacetyl chloride, 2 ml

(0.0024 mol) was taken in the dropping funnel and added to the reaction mixture drop
The reaction mixture was stirred and the thick gummy

deposit formed was then refluxed for 3 hours and cooled. The solvent was decanted and

crushed ice-water mixture was added to the gummy residue with vigorous stirring, until it
became a solid suspension- The solid product was filtered, washed with water, and dried.

It was then recrystallised from ethanol to give 3.54 gms (90%) of product, melting at

229°C,

IR(cm™):3200 (N-H); 1705 (C=0: am
(DMSO-dg): 7.89-6.93 (m,3H,Ar-H); 5.07 (s,

-(2-Chloroethyl)-2.3-dihydro- LA=in ol-2-one (126) ’
workers , was modified and adopted

The method descri her-Ledein and co-
scribed by Vace i i
147 I: a 125ml round—bottomed flask equipped with a dropping funnel

3 gm (0.017 mob) of 5-(2-Chloroacetyl)-2,3-dihydro-1H-
17 mol) of trifluoroacetic acid. The solution was

Pl'epa.ration_”
pressure equalising dropping funnel
finely powdered anhydrous aluminiu
2.5 gm (0.0018 mol) of 2,3-dihydro-

wise with continuous Stirring.

ZH,CI-IZ); 3'56 (S’2H9CH2).

for this preparation.
d N, inlet was placed 3.8
indol-2.one (125) and 13.45 ™! (0
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cooled to 0°C and 6.41 ml (0.040 mol) of triethylsilane was added drop wise over 2

minutes. The reaction mixture was stirred at room temperature for 40 hours. It was then

poured into crushed ice water, layered with hexane, stirred vigourously and filtered. The

product was washed with hexane and dried to give 2.29 gms (65%) of a light brown solid,
melting at 171°C.
IR(em ') :3200 (N-H) ; 1690 (C=0) ; 1620 (Aromatic)

S-(2-[4-(1,2-dih ydro-.?-acenaphlh ylenyl)piperadin yljethyl)-2,3-dihydro-1H-in dol-2-one

(127)
In a 100 ml round-bottomed flask equipped with a reflux condenser and N inlet were
placed 0.750 gm (0.00383 mol) of 5 (2~Chlornethyl)-2,3-d1hydm-lH—mdol-?_-one (126),

0.911 gm (0.00383 mol) of 1-(1 .Z-dihydm-2~acennphthylcnyl) piperazine (83), 0.733 gm
(0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium jodide, 1.79 ml (0.0103

mol) of DIPEA and 15 ml of MIBK. The reaction mixture was refluxed for 2 days and
procedure described for (113) to give & hydrochloride. The

worked up according to the
ystallised from ethanol-

hydrochloride obtained was Tecr

the product, melting at 236°C.
IR(cm™):3200 (N-H); 2400 ("NHCI); 1695 (C=0: amide); 1620 (Aromatic); 1482 (C-N):

810 (I23-trisubstltuted benzene). H NMR (DMSO-dg): 8.14-7.79  (m,3H,Ar-H
{oxindolyl}); 7.68-6.79(m,6H,AT-HJ; 5.42(d, 1H,CH); 3.94-3.75(m,8H. piperazinylmethy-
lenes): 3.47 (t,4H,CHz); 3.16 (bs.2H,CHz). Anal. Caled. for C26HsN30.2HCL N= 8.93%.

Found. N= 8.99%.

ether, to give 1.15 gm (64%) of

S5-{2-[4-(1 2-dihydm-2-acenaphthylenyl)piperazinyllethyl}-l-methyl-z,s-dihydm_

1H-indol-2-one

L-methyl-2,3-dihydro-1H-indol-2:00¢ (128)

In a round bottom flask equipped with a mercury sealed stirrer, a pressure equalising
nd a reflux condenser Wis placed 27.70 m! (0.25 mol) of freshly

0 ml of benzene. Chloroacetyl chloride, 20 ml (0.25
ing funnel and added drop wise to the

dropping funnel a
distilled N-methyl anilin€ and 10

mol) of was placed in the pressure equalising drop.p : '
solution with continuous stiring at 5.10°C. The reaction mixture was worked up
(124) 10 give 43 gm (93%) of a-Chloro-N-

according to the procedur® described for - _
Mmethy| & 'l'dp ing 57°C, which Was further cyclised as described for (124) to
acetanilide, me 1

_ gg;). The product was recrystallised from
Bive l-meth_v]-l,:}-dih)'dfo'lH'm

ethanol’ melting at 880C. (li[m-pSQOC)

dol-2-one 3
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IR(Cm'I).177

:1720(C=0,amide);

! ,am]d6) 1605 i)

HNMR (D ; (aromatic); 1495(C-N);

1\/1 3 5 ? )! 740 (1,2- 1 1

SO-dg): 7.30-6.70 (m,4H,Ar-H); 3.45 (s,2H EEL f;S(UbBS:uted benzene).
S % S' )CHJ).

3-(2-Ch
oy 2500;(;:10&\:1}-1-methvl—2,3-dihydro-IH—indol—’?-one (129)
round bo i I p )
ttom flask equipped with a reflux condenser, a pres
’ sure equalisin
5.4 gm (0.0011 mol} of finely powdereg

droppi
anhi;(pllr;g funnel and N, inlet were placed ]
us aluminium chloride gm
. 100 ml of dried carbon di i
isulphide, and 2.0
. 2.0 gm (0.0018

mol) of 1-m
-methyl-2,3-d1 .
mol) was [ilkeny‘ i dxhydrc'J—lH-mdolaZ-one (128) . Chloroacetyl chloride, 2 ml
continuous sti .ln the dropping funnel and added to the reaction mixture d'r.. m '(0.0024
irring. The product was isolated sccording to procedure desc ’bzp wise with
ribed ftor (lzi)

to g
give 2 .85
.85 gms (90%) of prod
20000 product, which was recrystalllsed from e
20 thanol, meltin
' g at
1685 (C=0): 1605 (aromatic); 710 (C-C) 'H NM
4 R

IR(cm™y:
cm™):1710 (C=0, amide);
11 (s, 2H,CHa); 3.63 (s,2H,CH;); 3.16 (s,3H,CHs)

] > 3).

(DM
$0O-dg):7.80-7.12 (m,3H,Ar-H); 5.

3:(2-Ch w5
In 3 Izgoroethvl)-I-met_h_xl-2.3-dth dro-1#-indol-2-0n¢ (L3
ml round-bottomed flask equipped Wwith 2 dropping funnel and Ny inl
‘ N2 1Inlet
)-1-methyl-2,3-dihydro-1H-indol-2 :as
-2-one

placed
4.07 gm (0.017 mol) of 5.(2-Chloroacety

2 : 0 C
dd d dIOp wise over 2 IIIillUIeS. Ihe pIOd

6.4)
was .ml (0.040 mol) of miethylsilane was &
l »
solated according to the procedure described for (126) to give 1.00 gm (54%
) o) of a

bro .
wn SO]ld, melting at 13soc_
1610 (a.romatlc) + 710 (C-CIh

[R{cm!
(em™) : 1700 (C=0, amide) ;
hylen yl)pr'pera;a'nyl]ethyl 1-1-methyl-2,3-dihydro-1H

5-(2.
{4-(1,2-dihydro-2 .acenapht

H
L ol-2-one (3D
a
100 mi r0und-bott0med flask equipped with a reflux condenser and N; inlet
were

Plac
ed 0.7919 gm (0.00378 mol) of 5-(2-Chloroethyl)-l-methyl-2,3—dihydro-1H indol-2
-indol-2-

One
(130), 0.825 gm (0.00346 mol) of l-(l,2-dihydr0-2-acenaphthy1eny1) i
i d
ous sodium carbonate, 2mg of sodium iOdz.;ne
1de,

(83
), 0.733 gm (0.0103 mol) of anhyt
and 15 ml of MIBK. The reaction mixture was refluxed
uxe

dure described for (113) to give
a

L79

ml (0.0103 mol) of DIPEA

rystallised from methanol- ether, t
s O

hydr days and processed accor
ochloride. The hydmchloride 0

gl\ie
0.905 gm (54%) of the produch

ding to the proce

btained Wwas rec

melting 2t 247°C.

(C=0, amide); 1610 (aromatic); 815 (1,2,3-trisubstituted
3 £

15-7.86 (m,3H.Ar-H {oxindolyl});7.72-6.82 (m,6H,Ar

cmly.
m'):2400 ("NHCI); 1697
razinyl methylenes); 3.46 (s,3H,N-CH,): 3.38

Nz
\ 5""E>-‘H NMR (DMSO-de): &
62 (d,1H,CH); 3.78-3-6Y (m,8H,PiPe
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(t,2H,CH,); 3.15-3.06 (q,4H,methylenes). Anal. Caled. for Ca7Hz9N30.2HCL N= 8.59 %.
Found. N= 8.67 %.

5‘{2-[4-(l,Z-dihydro-l-acenaphthylenyl)piperazinyl]ethyl}-3-methyl-2,3-dihydro-
1H-indol-2-one

3-methvl-2 3-dihvdro-1H-indol-2-one (132)
uipped with a mercury sealed stirrer, a pressure equaiising

was placed 22.70 mi (0.25 mol) of freshly

In a round bottom flask eq
dropping funnel and a reflux condenser

distilled aniline and 100 ml of benzene. 2-C
of was placed in the pressure equalising dropping funnel and added drop wise to the

solution with continuous stirring at 5-1
according to the procedure described for (124) to g1v€ 43.5 gm (96%) of o-Chloro-o-

methyl acetanilide, melting at 73,
give 3-methyl—2,3-dihydro-1H-1ndol-2-one (42
0°C (lit.m.p.123-4°C)

hloropropiony! chloride, 24.60 ml (0.25 mol)
n°C. The reaction mixture was worked up

which was further cyclised as described for (124) to

%). The product was recrystallised from

ethanol, melting at 12
IR(emy: 3250 (N-H); 2950,1460 (methyD; 1710 (€=0y amide); 1610 Laromatic); 740
(L 2disubstituted benzene). 'H NMR (CDCh): 940 (s,1H,NH); 7.20-6.81 (q,4H,Ar-H);

3.4 (d,1H,CH); 1.45 (d,3H,CHs).

Q;Q-ChlorQacet;ﬂ);’j—meth5{1-2,3__._-dih)ﬂdlf’.___n-a—-—--*‘1IL‘('i“dOl'—z—'Q-“—e (133
In a 250 ml round bottom flask eqmpped with a reflux condenser, a pressure equalising

dropping funnel and N inlet were placed 15.4 gm (0.0011 mol) of finely powdered
anhydrous aluminium chloride, 100 mi of dried carbon disulphide, and- 2.0 gm (0.0018
mol) of 3,methy1-2,3-d1hydr0‘IH—indol-Z‘(mc (132). Chloroacfetyl c'hlonde, 2 ml (0.0024
mol) was taken in the dropping {ded to the reaction mixture drop wise with

continuous stirring. The product wa
o give 2.72 gms (90%) of product, W
204°C.

IRem!y: 3225 (NH); 1710 €
NMR (DMSO-dg): 7.78-6:90
(5,3H,CH;).

funnel and &
s isolated according (0 procedure described for (125)

hich was recrystallised from ethanol, melting at

C=0,amide); 1680 (C=0) 1605 (aromatic); 720 (C-Cl). 'H
(m,3H,Ar-H); 455 (s,2H,CHz); 2.51(q,1H,NH); 1.49

-indol-2-0n¢. (134)
ith a dropping funnel and N, inlet was

3-methyl-2,3'dihydf0-1H -indol-2-one
olution was cooled to 0°C and

ihydro-1H
k equipped W
2-Chlornacetyl)-
oroacetic acid. The s
s added drop wise over 2 minates. The product

5:2-Chioroethvl)-3-methyl:-2.3-4
In a 125m! round-bottomed flas
Placed 4,07 gm (0.017 mol) of 5-(
(133) and 13.45 mi (0.17 moD) of rifl¥
6.41 (0.040 mol) of rriethylsilane wi
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Experimental

was isolated according to the procedure described for [126] to give 1.50 gm (41%) of a
yellowish brown solid, melting at 143°C.
IR(em™): 3200 (NH); 1710 (C=0, amide); 1620 (aromatic); 719 (C-CD).

5-(2-[4-(1,2-dihydro-2-acenaphthylen yl)piperazin yl]ethyl}-3-methyl-2,3-dihydro-1H-

indol-2-one (135)
In a 100 ml round-bottomed flask equip
placed 0.7919 gm (0.00378 mol) of 5-(2—Chloroethyl)-3-methyl-2,3-dihydro-1H—indol-2-

one (134), 0.825 gm (0.00346 mol) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine
(83), 0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium iodide,
1.79 ml (0.0103 mol) of DIPEA and 15 ml of MIBK. The reaction mixture was refluxed
for 2 days and processed according to the procedure described for (113) to give a
hydrochloride. The hydrochloride obtained was recrystallised from methanol-ether, to
give 0.883 gm (62%) of the product, melting at 103°C.

IR(cm™) :3200 (NH); 2400 (*NHCI); 1705 (C=0); 1620 (aromatic); 710 (C-CI). IH
NMR (DMSO-de): 8.09-7.78 (m,3H,Ar-H(oxindolyl)); 7.70-7.01 (m.6HAr-H); 5.46
(d,1H,CH); 3.92-3.69 (m.8H, piperazinyl methylenes); 3.38 (t.2H,CHy); 3.15-3.06
(q,4H, methylenes); 2.59 (s,3H,CHs); 2.51 (q,1H,NH). Anal. Caled. for C27H29N30.2HCI.

N= 8.64%. Found. N=8.71%.
-2-acenaphthylenyl)piperazinyl]ethyl}-

ped with a reflux condenser and N3 inlet were

5-{2-[4-(1,2-dihydro 1,3-dimethyl-2,3-

dihydro-1H-indol-2-one
H-indol-2-one (136)

h a mercury sealed stirrer, a pressure equalising
er was placed 27.70 ml (0.25 mol) of freshly
benzene. 2-Chloropropionyl chloride, 24.60 ml
ualising dropping funnel and added drop wise

1.3-dimethyl-2.3-dihydro-1
In a round bottom flask equipped wit

dropping funnel and a reflux condens

distilled N-methyl aniline and 100 ml of
ressure eq

(0.25 mol) of was placed in the p 3 :
tirring at 5-10°C. The reaction mixture was worked up

10 the solution with continuous $
(124) to give 45 gm (92%) of a-Chloro-ct-

according to the procedure described for : )
methyl-N-methy) acetanilide, melting at 44°C, which was further cyclised as described

for (124) 1o give 1 3-dimethyl-2,3-dihydm‘IH'indOI'Z'One as a thick oil, which
Crystallised on standing and recrystallised from ethanol to give a product melting at

53°C. (iit. m.p. 55°C). | ' .
IR(emly (Neat: 2950,1460 (metbyhs 1710 (= amide); 1600 (zromatic); 740 (1,2-
disubstituted), 'H NMR, (CDCh): - §0-7.12 (mAHATH); 3.40 (@IFLCED; 3.21 5,34,

CHa); 1.40 (s,3H,CHs)-
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In a 250 mil round bottom flask equipped with a reflux condenser, a pressure equalising
dropping funnel and N; inlet were placed 15.4 gm (0.0011 mol) of finely powdered
anhydrous aluminium chioride, 100 ml of dried carbon disulphide, and 2.89 gm (0.0018
mol) of 1,3-djmethyl-2,3-dihydro—1H-ind01—2-0ne (136). Chloroacetyl chloride, 2 mi

(0.0024 mol) was taken in the dropping funnel and added to the reaction mixture drop
The product was isolated according to procedure described

wise with continuous stirring.
allised from ethanol,

for (125) to give 3.97 gms (90%) of product, which was recryst
melting at 162°C.

IR(cm™) : 1710 (C=0, amide); 1680 (C=0)
benzene). '"H NMR (CDCl3): 7.70-6.75 (m,3H,Ar-
3.21 (s,3H, CHa); 1.40 (s,3H.CHs)-

1600 (aromatic); 840 (1,2,4-trisubstituted
H); 4.55 (s,2H,CHy); 3.40 (d,1H,CH);

3_dihydro-1H-indol-2-one { 138)
equipped with a dropping funnel and N inlet was
(2—Chloroacetyl)-1,3-methy1*2,3-dihydm—1H—indol—2-

one (137) and 13.45 ml (0.17 mol) of wrifluoroacetic acid. The solution was cooled to 0°C
and 6.41 m) (0.040 mol) of triethylsilane was added drop wise over 2 minutes. The
product was isolated according to the procedure described for (126) to give 1.50 gm
(419%) of a pale yellow solid, melting at 57°C.

IR(cm’™) ; 1710 (C=0, amide); 1610 (aromatic); 840

5-(2-Chioroethyl)-1,3-dimethyl-2,
In a 125ml round-bottomed flask
placed 4.07 gm (0.017 mol) of 5-

(1 ,2,4—trisubstituted benzene).

5-{2-[4-(1,2-dih ydm.2-acenaph!hylenyl)PiperazinyI)ethyl}-I ,3-dimethyl-2,3-dihydro-
1H-indol-2-one (132
d with a reflux condenser and N inlet were

In a 100 ml round-bottomed flask equippe
2—Ch10roethyl)-1,3—dimethyl-2,3—dihydro-lH-

placed 0.8448 gm (0.00378 mol) of 5-( !
indol-2-one (138), 0.825 gm (0.00346 mol) of 1-(1,2-dihydro-2-acenaphthylenyl)

Piperazine (83), 0.733 gm (0.0103 moD) of anhydrous sodium carbonate, 2mg of sodium

iodide, 179 mi (0.0103 mol) of DIPEA and 15 m! of MIBK. The- reaction mixture was
refluxed for 2 days and worke ding to the method described for (113) to give

dup accor
allised from methanol-
a hydrochloride. The hydrochlo anol-acetone,

ride obtained was recryst
10 give 0.828 gm (48%) of the product,

melting at 235°C.
Reem) 12400 (NHCD); 1700 (€=

1610 (aromatic); 1495 (C-N); 810 (1,2,3-
trisubstituted benzene)- I NMR (DMSO-de): 8.17-7.64 (m,3H,Ar-H{oxindolyl});7.61-
8.71(m,6H,Ar-H); 5.54 (d,1B,CH;

4.16(d,2H,CHz); 3.93-3.53 (m,8H,piperazinyl
Methylenes); 337 (,2H.CH2; 3% (d,2H,CHa)

3.01 (s,3H,N-CHz); 1.51 (d,3H,CHa).
N=8.51%.
Ang). Caled. for C23H31N30-2Hc]' N= 8.43%. Found. N
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5“{7--[4-(I,Z-dihydro-z-acenaphthylenyl)piperazin_vl]ethyl}-1-ethyl-2,3-dihydro- 1H-

indol-2-one

1-¢thyl-2.3-dihvdro- 1 H-indol-2-one  (140)
In a round bottom flask equipped with a mercury sealed stirrer, a pressure equalising
r was placed 31.70 ml (0.25 mol) of freshly

nzene. Chloroacetyl chloride, 20 ml (0.25 mol)
funnel and added drop wise to the

dropping funnel and a reflux condense
distilled N-ethyl aniline and 100 m! of be
of was placed in the pressure equalising dropping

solution with continuous stirring at 5-10°C. The
for (124) to give 47 gm (96%) of a-Chloro-N-ethyl

reaction mixture was worked up

according to the procedure described
acetanilide, melting at 49°C, which wa
t3m)r'1-2.3-clihydro-lH-inc:Iol-Z-one (38%
melting at  95°C. (lit. m.p. 97°C).

IR(em'y :1710 (C=0, amide); 1610 (aromatic); 740
7.80-7.12 (m,4H, Ar-H); 3.40 (d,1H,CH); 3.21 (s,2H;

¢ further cyclised as described for (124) to give 1-
). The product Was recrystallised from ethanol,

(1,2-disubstituted).'H NMR (CDCls)
CHy); 1.40 (s,3H,CHs).

5-(2-Chloroacetyl)- L-¢thyl-2 3.dihydro-1#H-indol-2-on¢. (141)
In a 250 ml round bottom flask equipped with a reflux condenser, a pressure equalising

, inlet were placed 15.4 gm (0.0011 mol) of finely powdered
0 ml of dried carbon disulphide, and 2.99 gm (0.0018
dol-2-one (140). Chloroacetyl chloride, 2 ml (0.0024
| and added to the reaction mixture drop wise with
4 according to procedure described for (125)

dropping funnel and N
anhydrous aluminium chloride, 10
mol) of 1-ethyl—2,3—dihydro—1H-1n
mol) was taken in the dropping funne

continuous stirring. The product was isolate .
10 give 3.91 gms (85%) of product, which was recrystallised from ethanol, melting at
231°C,

): 1670 (C=0Y; 1610 (aromatic). 'H NMR (CDC1):7.80-7.12

IR(cm™): 1710 (C=0, amide

(m,4H,Ar-H); 3.98 (d,2H,CH2): 340 (4,2H,CHy); 321 (s.2H.CHy): 1.40 (5,3H,CHy)

i iodol-2-one  (142)
(2 1 ethyl-2.3-dihydro-1H{=indol:2=0n¢ \==
Mﬂwn_‘g——v’)"l d with a dropping funnel and N, inlet was

In a 125 d-bottomed flask equippe ' '
Sl 4;1; r0un(0 S— of 5-(2-Chloroacety1)-1—ethyl-2,3-d1hydro-1H—mdol-2~one
(141) anc.i i3 iI: 1 .(0 17 mol) of (rifluoroacetic acid. The solution was cooled to 0°C and
6';1. ml (0 Oé.t iy 1 .f iriethylsilane Was added drop wise over 2 minutes. The product

(0.040 mol) © ped for (126) to give 2.03 gm (52%) of a

: \ re descri
was isolated according to the procedure

tan salid, meltin 4°C
) gat 154°C
i) : 1495 (C-N) 720 (methylene)
IR(Cm 1) 1690 (C:O) ; 1620 (aromaln.
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5-2-[4-(1 2-dihy dm_2_acenaphﬂzylenyl)piperazinyf]ethy!}'I-et!zyl-2,3-dihydro-IH..
indol-2-one (143)

In a 100 mi round-bottomed flask eq
placed 0.8448 gm (0.00378 mol) of 5-(2-Chloroethyl)-1-ethyl-2,3-dihydro—lH-indol-:J_-

one (142), 0.825 gm (0.00346 mol) of 1-(1,2-dihydro-2-acenaphthylenyl) piperazine
(83), 0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium iodide,
1.79 ml (0.0103 mol) of DIPEA and 15 ml of MIBK. The reaction mixture was refluxed
for 2 days and worked up according to the procedure described for (113) to give a
hydrochloride. The hydrochloride obtained was recrystallised from ethanol, to give 0.80
gm (42%) of the product, melting at M57€

[R(em™) ; 24000 NHCI); 1695(C=0): 1620 (aromatic): 1495(C-N); 810(1,2,3-trisubstitu-
ted benzene). 'H NMR (DMSO-dg): 8.15-7.69 (m,3H,Ar-H{oxindolyl]); 7.64-6.79
(m,6H,Ar-H); 5.43 (d,1H,CH). 3.96 (d,2H,N-CHz); 3.77 (q.4H,methylenes); 3.48-3.01
(m,8H,piperazinyl methylenes); 2.30 (d,2H.CH); 1.25 (d,3H,CHj3). Anal. Caled. for

CagH3 N;O.2HCL N=8.43%. Found. N= 8.41%.

uipped with a reflux condenser and N inlet were

6-Chloro-5- [2-[4-(1,2-dihyd ro-2-acenaphthylenyl)pi perazinyl]ethyl}-2,3-dihydro-

1H.indol-2-one

6-Chloro-2,3-dihydra- H-indol-2-one (144)
. d stirrer, a pressure equalising

In a round bottom flask equipped with a mercury seale
as placed 26.80 ml (0.25 mol) of freshly

and a reflux condenser Wi

of benzene. Chloroacetyl chloride, 20 ml (0.25 mol)
lising dropping funnel and added drop wise to the
The reaction mixture was worked up

dropping funnel
distilled 3-chloro aniline and 100 ml
of was placed in the pressure equi

solution with continuous stirring at 5 10°C.
procedure described for (124) 10 give 46.4 gm (92%) of o-Chloro-(3-

meliing at | 15°C, which was further cyclised as described for
dIO-lH—indol-2-unc(42%). The product was recrystallised

according to the
Chloro phenyl) acetamide,
(124) 1o give 6-chloro-2,3-dihy

from ethanol, melting at 103°C.

ER(cm-l): 3300 (N-H); 1705 (C=0);
HNMR (CDCl): 799712 (m,3H, Ar-H),
' indol-2-one (143)
%;(‘//Jyl !-2,3-dlhxdr0- 1H-indo
In o 20;0 5-(2-Chloroace s equipped with a reflux condenser, 2 pressure equalising
0 ml round bottom 54 gm (0.0011 mol) of finely powdered

dropp; . 1. were placed |

ping funne! and Np inlet | .

anhy drogus a;me_ “‘_“m Cﬁloride 100 mi of dried carbos disulphide, and 3.114 gm (0.0018
uminiu ’

1620 (aromatic); 800 (1,2,4-trisubstituted benzene).
3.40 (d,1H, NH) ; 3.21 (d,2H,CHy).
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- mol) of 6-chloro-2,3-dihydro-1H-indol-2-one (144). Chloroacetyl chloride, 2 ml (0.0024

mol) was taken in the dropping funnel and added to the reaction mixture drop wise with
continuous stirring. The product was isolated according to procedure described for (125)
to give 3.10 gms (69%) of product, which was recrystallised from benzene-petroleum

ether, melting at 190°C.
IR(cm™) : 3300 (N-H); 1705 (C=0,amide); 1675 (C=0); 1620 (aromatic). 'H NMR
(CDCly): 7.92-7.12 (m,3H,Ar-H); 3.40 (d,1H,NH); 3.21 (d,2H,CH3); 3.11(s,2H,CHp).

6-Chloro-5-(2-Chloroethyl)-2,3-dihydro- 1H-indol-2-one (146)
d flask equipped with a dropping funnel and N inlet was

In a 125m] round-bottome
loro-5-(2-Chloroacetyl)-2,3-dihydro-1H-indol-2-one

placed 4.28 gm (0.017 mol) of 6-ch
(145) and 13.45 ml (0.17 mol) of triflucroacetic acid. The solution was cooled to 0°C and

6.41 ml (0.040 mol) of riethylsilane was ad
was isolated according to the procedure descri
reddish brown solid, melting at 158°C.
IR(cm™) ; 3300 (N-H); 1705 (C=0,amide); 1620 (aromatic); 720 (methylene). 'H NMR
(CDCly): 7.92-7.12 (m,3H,Ar-H); 3.40 (d,1H,NH); 3.21 (q,4H,CHz); 3.11 (s,2H,CH,).

ded drop wise over 2 minutes. The product
bed for (126) to give 2.10 gm (53%) of a

6-Chloro-5-{2-[4-(1,2-dihydro-2 acenaphthylenypiperazinyllettylj-2,3-dikydro-1H-

indol-2-one (147

In a 100 ml round-bottomed flask equipped with 2 reflux condenser and N inlet were

placed 0.7733 gm (0.00346 mol) of 6-chloro-5-(2-Chloroethyl)-2,3-dihydro-1H-indo}-2-
one (146), 0.825 gm (0.00346 mol) of l-(1,2-dihydr0—2-acenaphthyleny1)' piperazine
(83), 0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium iodide,
1.79 ml (0.0103 mol) of DIPEA and 15 m! of MIBK. The TeaCflOll mixture was refluxed
for 2 days and worked up according 10 the procedure.descnbed for (113) to give a
hydrochloride. The hydrochloride obtained was recrystallised from ethanol-ether, to give

0.70 gm (40%) of the product, melting at 228°C.
. 1598 (aromatic); 1525 (C-N); 800(1.2,3-trisubstitu-

IR(cm™) - _H); 1695 (C=0% i

o 2;3400 f: N)m OMS0-dgy 783770 (mibAsH{oxindolyl); 7.67.674

(mﬁHAr:))f o458 (IH,CH) 398359 (mEHpPeRZNY methylenes); 3.33-3.44

(m,4H,CH; 3.17 (q2H CHy). Anal. Caicd. for CaHlzsN3OCI.2HCL. N= 8.32%. Found.
LUIR); O, 3421 ’

N=8.399,
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6-Fluoro-5-{2-[4-(1,2-dihydro-2-acenaphthylenyl)piperazinyljethyl}-2,3-dihydro-14-

indol-2-one

6-Fluoro-2,3-dihydro-1H-indol-2-one_(148)
In a round bottom flask equipped with a mercury sealed stirrer, a pressure equalising

dropping funnel and a reflux condenser was placed 26.80 ml (0.25 mol) of freshly

distilled 3-fluoro aniline and 100 ml of benzene. Chloroacetyl chloride, 20 ml (0.25 mol)
dropping funnel and added drop wise to the

of was placed in the pressure equalising
g at 5-10°C. The reaction mixture was worked up

solution with continuous stirrin
ure described for (124) to give 44.4 gm (92%) of o-Chloro-(3-

C, which was further cyclised as described for
1-2-one (35%).The product was recrystallised

according to the proced

fluoro phenyl) acetamide, melting at 125°

(124) 10 give 6-fluoro-2,3-dihydro-1H-indo

from ethanol, melting at 109°C.

IR(em'!) : 3300 (N-H);1700 (C=0); 1620 (aromatic); 1200 (C-F). '"H NMR (CDCl):

7.12-6.85 (m,3H,Ar-H); 3.55 (d,1H,NH); 3.11 (d,2H,CHz).

3- 2-Chlorgwlﬂﬁfﬂ@&7;§ﬁlwm@lﬁ:m- (149)

Ina 250;1 round bottom flask equipped with a reflux condenser, a pressure equalising

dropping funnel and N inlet Were placed 15.4 gm (0-9011 f“"') of finely powdered
f dried carbon disulphide, and 2.81 gm (0.0018

anhydrous aluminium chloride, 100 ml 0 |
mol) of 6-fluoro-2 3-dihydro-IH-mdol~2-nnc (148). Chloroacetyl chloride, 2 ml (0.0024

mol) was taken in the dropping funnel and added 1o the reaction mixture drop wise with
S ' '
continuous stirring. The product was isolated according 10 procedure described for (125)

to give 3.60 gms (85%) of product which was recrystallised from ethanol, melting at
e 3.60 gms ;

203°¢.

o aeatde Y 0 (C=0) 1605 (aromatic); 1200 (C-F).
R(crmly - 1. 1710 (C=0,amide); 167
Slenf) 3 200 (T 55 (0 IHNH); 3.1 (d,2H,CHy); 2.95 (5,2H,

-H): 3
H NMR (CDCl): 7 12-6.19 (d,2H,Ar-H)

CHy).
; _indol-2-one_ (130)

-2.3-d hydl‘_()_:_LH._lﬂﬂQ_L. : |

0ro 2,?1_,511( equipped with a dropping funnel and Ny inlet was

? 5 (2-Chloroacetyl)-6-ﬂU0F0'2,3‘dih)’df0-1H-indol-2-0ne

f triﬂuoroaceuc acid. T '
drop wise over 2 minutes. Dhesprotge

added ;
escribed for (126) to give 1.94 gm (51%) of a

3:(2-Chloroethyl)-6-Flu
In 4 125ml round—bottomed
Placed 3.97 gm (0.017 moD) ©

(149) and 13.45 ml (0.17 moD ©
6.41 ml (0.040 mol) of giethylsﬂane Wwas

. ‘!
as isolated according 10 the Pr"‘e‘f“rc .
*®ddish hrown solid, melting 185°C-

IR(Cm") - 3200 (N-H); 1700 (C=0% 1630

he solution was cooled to 0°C and

(v‘mmaxic)'. 1200 (C-E); 720(methylene).
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t:i-Fluaro-S-[ 2-[4-(1,2-dihydro-2-acenapkthyleny!)p:'perazinyljethyl }-2,3-dihydro-1H-
indol-2-one (151

In a 100 ml round-botiomed flask equipped with 2 reflux condenser and N ilet were
placed 0.7387 gm (0.00346 mol) of 5-(2-Chloroethy!)-6-fluoro-2,3-dihydro-1#-indol-2-
one (150), 0.825 gm (0.00346 mol) of 1-(1,2-dihydro-2-acenaphthylenyl} piperazine
(83), 0.733 gm (0.0103 mol) of anhydrous sodium carbonate, 2mg of sodium 1odide
1.79 ml (0.0103 mol) of DIPEA and 15 ml of MIBK. The reaction mixture was reﬂuxe(;
for 2 days and worked up according to the procedure described for (113) to give a
hydrochloride. The hydrochloride obtained was recrystallised from ethanol- ether, 10 give

0.760 gm (45%) of the product, melting at 248°C.

IR(em™ : 3190 (N-H); 2400 ("NHCI); 1700 (C=O%; 1622 (aromatic); 1480 (C-N); 810
(1,2,3-tnsubstituted benzene). 'H NMR (DMSO-ds): 8 11-7.78 (m,2H,Ar-H (oxindolyl});
7.68-6.60 (m,6H,Ar-H), 5.47 (d,1H,CH); 3.92-3.72 (m,8H,piperazinyl methylenes); 3.55-
3.30 (m,4H,CHp); 3.19 (q.2H.CH2). wnal.Caled. for CaHuN;OF.2HCL N=8.60%.

Found. N=8.69%.

6-{2-[4-(1,Z-dihydro-z-acenaphthylenyl)piperazinyl]ethyl}-benzoxazo1-2(3H),0ne

6-(2-Bromoacervliben oxazol-2(3H)-one (152)
workers, was adopted for this preparation, '*¢

The method described by Caignard and €0~
ask equipped with a mechanical stirrer and

In a 500 ml three necked round bottomed fl
¢ acid, 13.51 gm (0.1mol)of benzoxazolone

N, inlet were placed 200 gm of polyphosphon
and 13.89 gm (0.1 mol) of bromoacetic acid. The reaction mixture was heated with

stirring at 115°C for 2.5 hours and then pourcd in
r 1 hour to form a purplc solid, which was then filtered and washed with

h acetone for 30 min, 2 small amount of insoluble purple

solid was filtered, and the brown filterate evaporated. The resulting dark brown gummy
product was taken up in 150 ml of ethanol and stirred for 30 minutes. The brown
insoluble solid was filtered and washed with ethanol. This solid melted at 218°C (13132

m.p. 228°C) and was used directly without fort
=O:amide);

Reem ; 3250 (N-H); 1780 (€
(DMSO-dg): 12.13 (d,lH,enolised); 7.89-7.24 (m,3

to 1 kg of ice. The mixture was stirred

mechanically fo
water. The solid was slurried wit

her purification.
1725 (C=0); 1620 (Aromatic). 'H NMR
H Ar-H); 2.56 (5,2H,CH).

& Z‘Bmmoethvl)benzoxamlﬁ@ﬂ—'—oﬁ’ (152 :
1 with a dropping funnel and N inlet was

Inag k equippec

25ml rouncl-boltomed flask €qd
Placed 0.4335 gm (0.0017 mol) of 6-(2-Br0m0acetyl) benzoxazol-2(3H)-one  (152) and
| ° . cetic acid. The solution was cooled t0 0°C and 6.41ml

13.45 m) (0.0017 mol) of trifluorod
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(0.0040 mol) of iethylsilane was added drop wise over 2 minutes. The product was

isolated according to the procedure described for (126) to give 0.15 gm (11%) of a tan
coloured solid, melting at 134°C (lit. m.p.142°C).*

IR(em™) : 3250 (N-H): 1760 (C=O:amide); 1620 (Aromatic); 700 (CHy).

6-(2-[4-(1,2-dihydro-2-acenaphthylenyl) piperazinyl] ethyl}- benzoxazol-2(3-H)-one
(154)

In a 100 m! round-bottomed fla
placed 0.839 gm (0.00347 mol) of 6-(2-

sk equipped with a reflux condenser and N, inlet were
Bromoethyl) benzoxazol-2(3H)-one (133), 0.825

gm (0.00347 mol) of I-(l,2-djhydro-2-acenaphthylenyl) piperazine (83), 0.733 gm
te, 2mg of sodium iodide, 1.79 ml (0.0103

(0.0103 mol) of anhydrous sodium carbona

mol) of DIPEA and 15 ml of MIBK. The reaction mixture was refluxed for 2 days and
processed according to the procedure described for (113) to give a hydrochloride salt.
The hydrochloride obtained was recrystallised from ethanol-ether, to give 1.07 gm (40%)
of the product, melting at 255°C.
IR(cm™) : 3450 (N-H); 2400 (*NHCI); 1760 (C=O:amide); 1620 (Aromatic); 810 (1,2,3-
trisubstituted benzene). 'H NMR (DMSO-dg) 8.13-6.90 (m,9H,Ar-H); 5.42 (d,1H,CH);
401-3.76 (m,8H,piperazinyl methylenes); 3.38-3.01(m,6H,CHy). Anal. Calcd. for

Ca5H,5N30,.2HCL. N=8.80%. Found. N=8.76%.

SERIES — I

1,3-Diacetyl Indole (153 . . 148

The method described by Saxton was adopted for this preparation. In a 500 ml round

bottom flask equipped with 2 reflux condenser and.Nz inlet \.:vere placed, Indole 23.43 gm

0.2 mol), acetic acid glacial 24 gm (0.4 mol), acetic anhydride 221 gm (2.2 mol} and the

refluxed for 24 hours. The solvent was removed by distillation
residue (22 gm, 55%), was recrystallised from

) of pure material was obtained as colourless

oC). The susbtance could also be recrystallised

‘eaction mixture was
ander reduced pressure and

sthanol, 1,3-Diacetyl indole, 13 &M (32%
needles, melting at 150-151°C (it.m.p.151
from benzene.

R (cmy ; 1700,1650 (C=0)
CbCly): §.32-7.24(m,SHLAL
CiH,NO,. C=71.63%; H=5.51% N=

the crude

1600 (aromatic); 745 (1,2-disubstituted benzene). 'H NMR

H); 2,71(5,3H,CH3); 2.57(s,3H,CH3).Anal. Caled. for
, 6.96%. Found. C=71.78%; H=5.53%; N=6.99 %.
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3-Acetyl indole (156)
The method described by Saxton was adopted for this pl'taparanon.HE In a 500 m! round

bottom flask, were placed a mixture of 1,3-diacetyl indole (153) 30 gm (0.15 mol)
E:Ehanol 225 ml, sodium hydroxide solution 75 ml (2N) and stirred until the solution of the’
diacetyl indole was completed. A by-product [1,1-di-(1-acetyl-3-indolyl)ethylene, about
s an insoluble crystalline powder and was removed by filteration and
Thereafter, 3-acetyl indole was precipitated from the
r. The product was recrystallised from ethanol to

3 gms] remained a
washed with warm ethanol.
combined filterates on dilution with wate

give 18 gm (76%) of 3-acetyl indole as long, colourless prisms, meliing at 191°C (lit.
m.p. 190.5-191.5°C).

IR (cm™) : 3400 (N-H); 1650 (C=0):
NMR (CDCly-DMSO-ds) : 7.99-6.81 (m, 61
CioHgN 0. C=75.38%; H=5.65% ; N=8.79%.

1605 (aromatic); 745(1,2-disubstituted benzene). 'H
{,Ar-H); 2.20 (s,3H,CH3). Anal, Calcd. for
Found. C=75.45%; H=5.70%; N=8.81%.

1-Methyl-3-acetyl indole (157)

The method described by Baskakov and Mel'nikov was adopted for this preparation.'* In

a 1 lire flat bottom flask equipped with & pressure equalising dropping funnel were
le (156) and 30 gm sodium hydroxide in 300

placed, 14 gm (0.088 mol) of 3-acetyl indo
ml of water. Dimethyl sulphate, 63 gm (0.5 mol) was placed in the dropping funnel and

was added drop wise 10 the solution with continuous stirring over one hour at 8( - 85 °C.
The reaction mixture Wwas stirred for 4 hours and allowed to stand overnight in a

refrigerator. The reaction mixture was filtered and the product was washed free of alkali
and taken up in hot benzene. n cooling in a refrigerator gave a pink

crystalline substance which was filte

(95%) of the product, melting at 95°C.
IR(cm™): 1630(C=0); 1605 (aromatic); 1180(C-N); 740(1,2-disubstituted benzene).'H
1. 3H,CHy); 2.42(t,3H,CHs). Anal. Caled. for

NMR (CDCl): 8.37-7.21(m,SH,Ar-H); 3.76(t.-
C1,H,NO. C=76.21%; H=6.40%; N=8.09%. Found. C=76.44%; H=6.42%; N=8.12%.

The solution ©
red and dried at room temperature, to give 14 gm

perazin-l-yl)-l- propanone (138)
skovicz was modified and adopted for this preparation. '*°
ed with a reflux condenser and N3 inlet were placed

0.4787 gm (0.0027 mol) of 1-methyl-3-acetyl indole (157), 0.124 gm (0.0041 mol) of

paraformaldehyde, 0.6976 8M (0.0027 mo)) of 1-phenyl piperazine and 15 ml of absolute
ethanol. The pH was adjusted t0 4 and the mixture was refluxed for 19 hours. The solvent

Was evaporated to dryness under reduced pressure, to give . .
Tesidue was dissolved in dried aceton The resulting solution on cooling

1-(1-Methy|-1H-3-indo|y|)-3-(4-phenyl pi

The method described by Szmu
In a 50 ml round bottom flask equipp

a semisolid residue. The

e by warming.
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gave the product as its hydrochloride, which was not stable. The hydrochloride was

dissolved in water and the aqueous solution was basified with a 10% solution of

potassium hydroxide. The solution was then extracted with three 25-ml portions of

diethyl ether. The combined ether extracis were dried over anhydrous sodium sulphate

and evaporated to give the free base as an oily product, which was converted into its

monofumarate in n-butanol-hexane. The monofumarate was recrystallised from isopropyl

alcohol to give 1.24 gm (59%) of the product, melting at 220°C.

IR (cm™)[Neat]: 1655 (C=0); 1600 (aromatic); 1160 (C-N); 755 (1,2-disubstituted
nzene). 'H NMR (DMSO-de): 8.47-6.84 (m,10H,Ar-

benzene); 705 (monosubstituted be
3H,CH;). Anal. Caled. for CpHzsN;O.

H): 4.25-3.20 (m,12H,methylenes); 2.51 (5,
C;H;Q,. N=9.07%. Found. N=9.05%.

3-[4-(3-Chloro phenyl) piperazin-1__yl]-1-(I-methyl-1H-3-ind0lyl)-l-propanone (159)
The method described for (158) was adopted for s preparation. In a 50 ml round bottom
flask equipped with a reflux condenser and N inlet were placed 0.866 gm (0.005 mol) of
l-methyl-3-acetyl indole (157). (.225 gm (0.0075 mol) of paraformaldehyde and 1.1657
gm (0.005 mol) of 1-(3-chlorophenyl) piperazine hydrochloride and 15 mi of absolute
19 hours. The solvent was evaporated to dryness

ethanol. The mixture was refluxed for
sidue. The residue was dissolved in dried

ve 4 semisolid re

(lring solution on cooling
give 1.17 gm (51%) of the product as its

under reduced pressure to gi
acetone by warming. The rest
Tecrystallised from methanol-ether 1O
hydrochloride, melting at 241%C.

IR (emly: 2425 ('NHC); 1645 (€=0); 1600 (aromatic):
disubstituted benzene); 76U (1,2-disubstituted benzene).
(m,OH,Ar-H); 4.69 (d,2H,CHa); 3 92-3.35(m, 10H,methylenes);
Caled, for CppHaeN;OCL2HC . N=9.24%. Found. N=9.13%.
yl]-l-(l—methyl-1H-3-indolyl)-l-prOpanone (160)
d with a reflux condenser and Ny inlet were placed
-acetyl indole (157), 0.225 gm (0.0075 mol) of

(4-chlorophenyl)piperazine hydrochloride
The reaction mixture was

gave d solid substance, which was

1540,1080 (C-N); 790 (1,3-
'H NMR(D,0): 8.29-7.02
2.21 (s,3H,CH,). Anal.

3-[4-(4-Chloro phenyl) piperazin-1-
In & 50 ml round bottom flask equippe
0.866 gm (0.005 mob) of 1-methyl-3

Paraformaldehyde, 1.1657 gm (0:003 mol) of 1-

and 15 ml of absolute ethanol and refluxed for 19 hours. :
worked up according to the procedure described for (1392), to give 2 solid substance,

Which was recrystallised from methanol-ether to give 1.3]1 gm (57%) of the product as

s hydrochloride, melting at 249°C.

IR (emly: 2325 ("NHCI); 1660 (C=0; l
isubstituted benzene); 752 (l,Z-disubstituted benzene).

620 (aromatic); 1500,1520 (C-N); 780 (1,3
' NMR (DMSO-dg): 7.45-6.84
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(m,8H,Ar-H); 3.38 (d,8H,methylenes); 3.20 (q,4H,methylenes); 2.43 (s,3H,CHs). Anal.
Caled. for CyyH,gNsOCL2HCI . N= 9.24%. Found. N=9.11%.

3-[4-(4-Fluoro phenyl) piperazin-l-yl]-1-(1-methyl-1H-3-indolyl)-l-propanone (161)
In a 50 ml round bottom flask equipped with a reflux condenser and N inlet were placed
0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (137), 0.225 gm (0.0075 mol) of

0.9011 gm (0.005 mol) of 1-(4-fluorophenyl) piperazine and 15 ml of

paraformaldehyde,
ed to 4 and the mixture was refluxed for 19 hours.

absolute ethanol. The pH was adjust
The reaction mixture was worked up according to the procedure described for (159), to

give a solid substance, which was recrystallised from methanol-ether to give 0.895 gm

(41%) of the product as it’s hydrochloride, melting at 237°C.
IR (cm™): 2550 ("NHCI); 1635 (C=0); 1600 (aromatic); 1320 (Ar-F); 1180(C-N); 795

(1.4-disubstituted benzene); 760 (1,2-disubstituted benzene). '"H NMR (D;0): 7.33-7.18

(m,8H,Ar-H) ; 3.62-3.54 (m,12H,methylenes) ; 220 (s,3H,CHj). Anal. Calcd. for

CayH,4N3OF.2HCL. N= 9.57%. Found. N=9.61%.

3-{4-(2-Methoxy phenyl) piperazin-I-yl]-l-(l-methyl-1H-3-indolyl).1.pmpanone

{(162)
In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed

0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157), 0.225 gm (0.0075 mol) of

paraformaldehyde, 1.1436gm  (0.005 mol) of 1-(2-methoxyphenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according 10 the procedure described for (159), to give a solid

substance, which was recrystallised from methanol-ether to give 1.10 gm (49%) of the

product as it’s hydrochloride, melting at 210°C.
); 1595 (aromatic); 1520,1180 (C-N); 1245 (Ar-O-

IR (cm™): 2475 ("NHCI); 1640 (C=0
CHa); 737 (1,2-disubstituted benzene). 'H NMR (DMSO-de): 7.20-6.66 (m,9H,Ar-H);
3.66 (s,3H, Ar-O-CHa); 3.48 (d,2H,CHo); 3.20(m, 10H, methylenes);1.04 (s,3H,CHy).

Anal. Calcd. for CzsHa7N:0z.2HCL. N= 9.32%. Found. N=9.28%.

3-[4-(3-Methoxy phenyl) piperazin-l-yl]-1-(l-methyl'lH'3'i"d0|yl)-l-pmpancme

163y

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed

0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157), 0.225 gm (0.0075 mol) of

paraformaldehyde, 1.3259 gm (0.005 mol) of 1-(3-methoxyphenyl) piperazine
d refluxed for 19 hours. The reaction

dihydrochloride and 15 ml of absolute ethanol an
Mixture was worked up according to the procedure described for (158) and recrystallised
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from isopropyl alcohol, to give 0.808 gm (43%) of the product as it’s mono fumarate,
melting at 215°C.

IR (cm™):1635 (C=0); 1610 (aromatic); 1510 (C-N); 1260,1245 (Ar-O-CH;);790 (1,3-
disubstituted benzene); 745 (1,2-disubstituted benzene). 'H NMR (DMSO-dg); 8.43-6.45
(m,9H,Ar-H); 3.85-3.13 (m,12H,methylenes); 3.07 (s,3H,Ar-O-CH3); 2.58(s,3H,CH,).
Anal. Caled. for C23H27N302.C4H.|O4 .N=8.50%. Found. N= 8.53%.

3-[4-(4-Methoxy phenyl) piperazin-1-yl]-1-(1-methyl-1H-3-indolyl)-1-propanone
(164)

In a 50 m)] round bottom flask equipped with a reflux condenser and Nj inlet were placed
0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157), 0.225 gm (0.0075 mol) of
paraformaldehyde, 1.3259 gm (0.005 mol) of 1-(4-Methoxyphenyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (159) to give a solid
substance, which was recrystallised from methanol-ether to give 0.900 gm (48%) of the

product as it’s hydrochloride, melting at 253°C.

IR (cm™): 2350 (*NHCI); 1620 (C=0); 1605 (aromatic); 1495 (C-N); 1245,1035 (Ar-O-
CH3);780(1,4-disubstituted benzene);740(1,2-disubstituted benzene).'H NMR(DMSO-dy)
7.20-6.91 (m,8H,Ar-H); 4.49 (bs,10H,methylenes); 3.70 (d,2H,CHy); 3.44 (s,3H,Ar-O-
CHj):3.32(s,3H,CHs). Anal. Calcd. for Cp3Hz7N30,.2HCL N=9.32%. Found.N=9.37%.

1—(l-MethyI-1H-3-indolyl)-3-[4-(3-triﬂuoromethylphenyl)piperazin-l-yl]-l.

propanone (165)
In a 50 ml round bottom flask equipped with a reflux condenser and N, inlet were placed
0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157), 0.225 gm (0.0075 mol) of

paraformaldehyde, 1.1511 gm (0.005 mol) of 1-(3-triflucromethyl phenyl) piperazine and

15 ml of absolute ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for

(159) to give a solid substance, which was recrystallised from methanol-ether to give
0.949 gm (39%) of the product as it’s hydrochloride, melting at 224°C.

IR (cm™): 2485 (*NHCI); 1660 (C=0); 1600 (aromatic); 1495 (C-N); 1120(C-F3);790
(1,3-disubstituted benzene); 740 (1,2-disubstituted benzene). '"H NMR (DMSO-ds):8.13-
7.33 (m,9H,Ar-H); 3.23-3.03 (m,10H,methylenes); 2.63 (d,2H,CHy); 1.57 (t,3H,CH;).
Anal. Calcd. for Cp3HpsN3OF3.2HCI. N=8.60%. Found. N=8.69%.
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1-(1-Methyl-1H-3-indolyl)-3-[4-(2-pyridyl) piperazin-1-yl]-1- propanone (166)
Ino a 50 ml round bottom flask equipped with a reflux condenser and N, inlet were
Placed 0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157), 0.225 gm (0.0075 mol)
of paraformaldehyde, 0.8161 gm (0.005 mol) of 1-(2-pyridyl) piperazine and 15 ml of
absolute ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19 hours,
The reaction mixture was worked up according to the procedure described for (159) to
give a solid substance, which was recrystallised from methanol-ether to give 1.15 gm

(58%) of the product as it’s hydrochloride, melting at 258%¢.

IR (cm): 2425 (*NHCI); 1655 (C=0); 1595 (aromatic); 1525,1510 (C=N); 1180 (C-N);
749 (1,2-disubstituted benzene). 'H NMR (D;0) :8.16-7.11(m,9H,Ar-H) ;4.8-3.47
(l'n,I2H,methylenes);2.21 (s,3H,CH3). Anal. Calcd.for Cy HaN4O.2HCIL. N=13.287%.

Found. N=13.33%.

1-(1-Methy!-1H-3-indolyl)-3-(4-(2-pyrimidinyl) piperazin-1-yl]-1- propanone (167)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
0.866 gm (0.005 mol) of 1-methyl-3-acetyl indole (157, 0.225 gm (0.0075 mol) of
paraformaldehyde, 1.1856 gm (0.005 mol) of 1-(2-pyrimidinyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (159) to give a solid
substance, which was recrystallised from methanol-ether to give 1.26 gm (61%) of the

product as it’s hydrochloride, melting at 223°C.
IR (cm™): 2475 (*NHCI); 1655 (C=0); 1595 (aromatic); 1530, 1520 (C=N); 1160(C-N);
742 (1,2-disubstituted benzene). 'H NMR (D;0): 8.39-6.79 (m,8H,Ar-H); 3.99-3.32

(m,12H,methylenes); 2.20 (s,3H,CHy). Anal. Caled. for  CaoHpsNsO.2HCL N=16.57%.

Found. N=16.59%.

1-Ethyl-3-acetyl indole (168)
The method described by Baskakov and Mel’nikov, was adopted for this preparation,'*

In a | litre flat bottom flask equipped with a pressure equalising dropping funnel were
placed, 14 gm (0.088 mol) of 3-acetyl indole (156) and 30 gm sodium hydroxide in 300

ml of water. Diethyl sulphate, 43.55 ml (0.5 mol) of was placed in the dropping funnel

and was added drop wise to the solution with continuous sturing over one hour at 80-

85°C. The reaction mixture was stirred for 4 hours and allowed to stand overnight in 2
refrigerator. The reaction mixture was filtered and the product was washed free of alkali
and taken up in hot benzene. The solution on coolin
Crystalline substance, which was filtered and dried at room temperature, to give 12.50 gm

(76%) of the product, melting at 88°C.

g in a refrigerator gave a light brown
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IR (cm™): 1630 (C=0);1605 (aromatic); 1180 (C-N); 740 (1,2-disubstituted benzene). 'H
NMR (CDCly): 8.35-7.19 (m,5H,Ar-H); 4.20 (q,2H,CHa); 3.76 (1,3H,CH3); 2.42(t,
3H,CHs). Anal.Caled. for CizH3NO.C=76.90%; H=6.94%; N=7.47%. Found. C=76.98%;

H=6.94%; N=7.48%.

1-(1-Ethyl-1H-3-indolyl)-3-(4-phenyl piperazin-1-yl)-1- propanone (169)

In 2 50 ml round bottom flask equipped with a reflux condenser and N3 inlet were placed
0.69 gm (0.0037 mol) of l-ethyl-3-acetyl indole (168), 0.222 gm (0.0074 mol) of
paraformaldehyde, 0.597 gm (0.0037 mol) of 1-phenyl piperazine and 15 ml of absolute

ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19 hours. The

reaction mixture was worked up according to the procedure described for (159), to give a

solid substance, which was recrystallised from methanol-ether to give 1.06 gm (49%) of
the product as it’s hydrochloride, melting at 201°C.

IR (em): 2510 ("NHCI);1655 (C=0); 1600 (aromatic); 1160 (C-N) 745 (1,2-
disubstituted benzene); 695 (monosubstituted benzene). '"H NMR (DMSO-dg): 7.65-6.84
(m,10H,Ar-H); 4.37 (q,2H,NCH>); 3.93-2.51 (m,12H,methylenes); 1.49 (q,3H,CH;).

Anal. Calcd. for Ca3Hz7N30.2HCL N= 9.67%. Found. N=9.65%.

3-[4-(3-Chloro phenyl) piperazin-[-yl]-l-(l-ethyl-lH-3-ind0lyl)-1-pr0pan0ne (170

In a 50 ml round bottom flask equipped with a reflux condenser and N3 inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole [168], 0.300 gm (0.010 mol) of
paraformaldehyde, 1.3988 gm (0.006 mol) of 1-(3-chlorophenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (159) to give a solid
substance, which was recrystallised from methanol-ether to give 0.861 gm (35%) of the

product as it’s hydrochloride, melting at  202°C.

IR (em™): 2505 ("NHCI); 1660 (C=0); 1600 (aromatic); 1495 (C-N); 1040 (C-CI); 780
(1,3-disubstituted benzene); 747 (1,2-disubstituted benzene). 'H NMR(DMSO-dq): 7.65-
6.84 (m,9H,Ar-H); 4.02 (q.2H,NCHz); 3.46-3.14 (m,10H,methylenes); 2.51 (s,2H,CHy),
1.45 (t,3H,CHs). Anal. Calcd. for CysHeN;OCLZHCI. N=8.95%. Found. N=8.89%.

1.(1-ethyl-1H-3-indolyl)-1-propanone (171)
h a reflux condenser and N; inlet were placed
1 indole (168), 0.300 gm (0.010 mol) of

3-[4-(4-Chloro phenyl) piperazin-L1-ylI
In a 50 ml round bottom flask equipped wit
0.9362 gm (0.005 mol) of 1-ethyl-3-acety

Paraformaldehyde, 1.3988 gm (0.006 mol) of
hydrochloride and 15 m! of absolute ethanol and was refluxed for 19 hours. The reaction

Mixture was worked up according to the procedure described for (159) to give a solid

|-(4-chlorophenyl) piperazine
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substance, which was recrystallised from methanol-ether to give 0.961 gm (41%) of the
product as it’s hydrochloride, melting at 220°C.

IR (cm™): 2435 ("NHCI); 1630 (C=0); 1595 (aromatic); 1520 (C-N); 1020 (C-CD); 795
(1.4-disubstituted benzene): 743 (1,2-disubstituted benzene). 'H NMR (DMSO-d):8.22-
6.59 (m,9H,Ar-H); 4.36 (q,2H,NCH); 3.58-3.38 (m,10H,methylenes); 3.21(1,2H,CHy);
149 (t,3H,CHj). Anal. Caled. for CasHysN3OCL2HCL N=8.95%. Found. N=8.89%.

1-(1-Ethyl-1H-3-indolyl)-3-[4-(4-fluoro phenyl) piperazin-1-yl]- 1-propanone (172)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
paraformaldehyde, 1.0814 gm (0.006 mol) of 1-(4-fluorophenyl) piperazine and 15 ml of
absolute ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19 hours.
The reaction mixture was worked up according to the procedure described for (159) to

give a solid substance, which was recrystallised from methanol-ether to give 0.972 gm

(43%) of the product as it’s hydrochloride, melting at 227°C.

IR (cm): 2350 ("NHCD); 1630 (C=0); 1590 (aromatic); 1510 (C-N); 1720(C-F); 780
(1,4-disubstituted benzene); 760(1,2-disubstituted benzene). 'H NMR (DMSO-dg):8.49-
6.15 (m,9H,Ar-H); 4.64 (q,2H,NCHy); 3.91-2.44 (m,12H,methylenes); 1.23 (t,3H,CHj).
Anal. Calcd.for C23H25N30F.2HC1. N=9.28%. Found. N=9.31%.

l-(1-Ethyl-1H—3—indolyl)-3-[4-(2-methoxy phenyl) piperazin-1-yl]- 1l-propanone
173

In a 50 ml round bottom flask equipped with a reflux condenser and N> inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
paraformaldehyde, 1.3723 gm (0.006 mol) of 1-(2-methoxyphenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (159) to give a solid
substance, which was recrystallised from methanol-ether to give 0.907 gm (39%) of the

product as it’s hydrochloride, melting at 217°C.

IR (cm™): 2475 ("NHCI); 1640 (C=0); 1603 (aromatic); 1520,1180 (C-N); 1260 (Ar-O-
CH,); 750 (1,2-disubstituted benzene). IH NMR (DMSO-de): 8.26-7.06 (m,9H,Ar-H);
422 (q2H.NCHy); 3.63-3.23 (m,10H,methylenes); 3.15 (s3FLAr-O-CHy); 2.72 (t2H,
CH2); 1.62 (t,3H,CH3). Anal. Calcd. for C24H29N302-2HC1- N=9.04%. Found. N=9.06%.

1-(l-EthyI-lH-S-indolyl)-3-[4-(3-methoxyphenyl) piperazin-1-yl]-1-propanone (174)
In 2 50 m] round bottom flask equipped with 2 reflux condenser and N inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
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}?a;afonnaldehyde, 1.581 gm (0.006 mol) of 1-(3-methoxyphenyl) piperazine
dthydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (1 59). The
1ydrochloride obtained was not stable and was hence dissolved in water. The aqueous
Jolution was basified with a 10% solution of potassium hydroxide, to give a crude
product, which was recrystallised from ethanol-petroleum ether, to give 1.093 gm (48%)

of the product as the free base melting at 111°C.

IR (em™): 1640 (C=0); 1603 (aromatic); 1520,1180 (C-N); 1260 (Ar-O-CHs); 775 £1.3:
disubstituted benzene); 740 (1,2-disubstituted benzene). 'H NMR (CDCh): 8.18-6.97
(m,9H,Ar-H); 4.36 (q,2H,NCH,); 3.83-3.37 (m,10H,methylenes); 3.20 (s,3H,Ar-O-CHj);
2.5(t,2H,CH,);1.49(1,3H,CHs). Anal.Caled. for C24H29N302.N=10.74%.Found. N=10.79%,.
1-(1-Ethyl-1H-3-indolyl)-3-[4-(4-methoxy phenyl) piperazin-1.yl]. 1-propanone

(173)
In a 50 ml round bottom flask equipped with a reflux condenser and N inlet were placed

0.9362 gm (0.005 mol) of l-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
paraformaldehyde, 1.3723 gm (0.006 mol) of 1-(4-methoxyphenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according to the procedure described for (159) to give a solig
Substance, which was recrystallised from methanol-ether to give 1.12 gm (50%) of the

product as it’s hydrochloride, melting at 251°C.

IR (cm™): 2325 (*NHCI); 1640 (C=0); 1600 (aromatic); 1510,1040 (C-N); 1200 (Ar-O-
CHs); 780 (1,3-disubstituted benzene); 750 (1,2-disubstituted benzene). 'H NMR
(DMSO-ds):8.19-6.87 (m,9H,Ar-H); 4.37 (g,2H,NCHy); 3.84-3.54 (m,10H, methylenes):
3.33(s, 3H, Ar-O-CH3);2.51(t,2H,CHy);1.49(;,3H,CHs). Anal. Calcd. for CayHaoN;0, 2HCL

N=9.05%. Found. N=9.02%.
1-(1-Ethyl-1H-3-indolyl)-3-(4-(3-trifluoromethylphenyl)piperazin-1-yI]-1-propanone

1s)

In a 50 m] round bottom flask equipped with a reflux condenser and N; inlet were placed
0.9362 gm (0.005 mol) of l-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
Paraformaldehyde, 1.3813 gm (0.006 mol) of 1-(3-trifluoromethyl phenyl) piperazine and

15 ml of absolute ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for

(159) to give a solid substance, which was recrystallised from methanol-ether 1o give

0.956 gm (38%) of the product as it’s hydrochloride, melting at 218°C.
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IR (cm™): 2525 (*NHCT); 1640 (C=0); 1595 (aromatic); 1520,1070 (C-N); 1120 (CFs);
790 (1,3-disubstituted benzene); 740 (1,2-disubstituted benzene). 'H NMR (DMSO-de):
8.23-7.13 (m9H,Ar-H), 437 (q.2H,NCHy); 3.55-3.20 (m,10H,methylenes);2.52
(d,2H,CH,); 1.49 (1,3H,CHy). Anal. Calcd. for CaHyN3OF3.2HCL.  N=8.36%. Found.

N=8.42%.

1-(1-Ethyl-1H-3-indolyl)-3-[4-(2-pyridyl) piperazin-1-yl}-1- propanone S vird)

In a 50 mi round bottom flask equipped with a reflux condenser and N inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
paraformaldehyde, 0.9793 gm (0.006 mol) of 1-(2-pyridyl) piperazine and 15 mi of
absolute ethanol . The pH was adjusted to 4 and the mixture was refluxed for 19 hours,

was worked up according 10 the procedure described for (159) to

The reaction mixture
m methanol-ether to give 1.01 gm

give a solid substance, which was recrystallised fro
(51%) of the product as it’s hydrochloride, melting at 259°C.

IR (eml): 2550 ("NHCI); 1637 (C=0; 1600 (aromatic); 1540,1520 (C=N); 1140 (C-N);
757 (1.2-disubstituted benzene). 'H NMR (DMSO-dg): 8.53-6.96 (mIH.Ar-H); 4.54
(q,2H,NCH2); 3.97-2.48(m,12H,methylenes);1.45(t,3H,CH3). Anal.Calcd.for CyHsN,4O.

2HCL. N=12.87%. Found. N=12.91%.

1-(l-Ethyl-1H-3-indolyl)-3-[4-(2—pyrimidinyl) piperazin-1-yl]-1- propanone (178)

In a 50 m! round bottom flask equipped with a reflux condenser and-N; inlet were placed
0.9362 gm (0.005 mol) of 1-ethyl-3-acetyl indole (168), 0.300 gm (0.010 mol) of
paraformaldehyde, 1.4227 gm (0.006 mol) of 1-(2-pyrimidinyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and refluxed for 19 hours. The reaction
mixture was worked up according t0 the procedure described for (159) to give a solid

substance, which was recrystallised from methanol-ether to give 1.03 gm (48%) of the

product as it’s hydrochloride, melting at 231°C.

IR (cm™): 2515 ("NHCI); 1640 (C=0); 1603 (aromatic); 1543,1520 (C=N); 1110 (C-N);
760 (1,2-disubstituted benzene). 'H NMR (DMSO-ds): 8.55-6.73 (m,9H,Ar-H); 4.76
(q,2H,NCH,); 4.00-3.13 (m,12H, methylenes); 1.49 (t,3H,CH:). Anal. Calcd. for

Cy1H,sN<O.2HCL N=16.05%. Found. N=16.12%.

1-(d-Fluoro phenyl)-3-acety! indole (172 _
The following procedure Was devised for its preparation based on the procedures

lescribed by Perregaard and co-workers.‘s"’”"ﬁ In a 100 ml round bottom flask
*quipped with a reflux condenser and Ny inlet were placed 3.98 gm  (0.025 mol) of 3-
cetyl indole, 4.18 mi (0.036 mol) of 4- Auoroiodobenzene, 2.08 gm (0.014 mol) of
*Opper bromide, 100 mg of activated copper metal powder, 5.78 gm (0.034 mol) of
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anhydrous potassium carbonate in 35 ml of N-methyl-2-pyrrolidone (NMP) and heated at

180°C in an oil bath for 4 hours. The mixture was cooled to room temperature and poured

into 150 ml of a dilute solution of hydrochloric acid, where upon a yellowish brown solid

substance separated out. The solid was filtered and washed thoroughly with water and

dried at 100°C. The dried solid was repeate
unt of insoluble residue was left, which was removed by

dly digested with 25 ml portions of boiling

dichloromethane. A small amo
filteration. The filterate was treated with activated charcoal and filtered to remove the

charcoal. The extract was then washed with water followed by brine solution to remove
traces of acidic impurities and dried over anhydrous sodium sulphate. The solvent was

removed under reduced pressure to dryness, W
rpr‘r‘y_ﬂfi“ised

obtained. This crude substance was 1<t
crystalline substance, melting at 140-141°C.

gm (55%) of the product as a pale yellow
IR (cm™y: 1630 (C=O)% 1600 (aromatic); 1520 (C-N): 810 (1,4-disubstituted benzene);

740 (1.2-disubstituted benzene). 'H NMR (CDCh): 8.47(q, 1H,Ar-H);7.88-6.89(m,8H, Ar
H); 2.57 (s,3H,CHy). Anal. Caled. for ¢ ¢H2NOF. C=75.88%; H=4.78%; N=5.53 %.

Found. C=76.17%; H=4.80%; N=5.54%.
3-(4-phenyl piperazin-I-yl)-l-propanone (180)

In a2 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) _3.acetyl indole (179), 0.135 gm (0.0045
mol) of pamfonnaldehyde, N.3196 gm (0.0029 mol) of I-Iphen)'!l piperazine and 15 ml! of
absolute ethanol. The pH was adjusted 10 4 and the reaction Mmixture was refluxed for 19
hours, The reaction mixture was worked up according to the procedure described for

(158) and recrystalised from isopropyl alcoho

t's monofumarate, melting at 178°C.
IR (cmly. 1640 (C=O); 1595 (aromatic) 1575 (carboxylate); 1160 (C-N); 759(1,2-
: 'H NMR (DMSO-d): 7.28-6.46

disubstityted benzene 695 (monosubsti(uted benzene).
(m,14HAI_H). 3.76-3.12(“1,10 2.51 (s, 2H,CHz). Anal. Caled. for

C“HN»N,\OF,C‘H‘O‘.N.—.7.73':‘-L-. Found. N
1 l-(-‘l-ﬂllor()phen_vl)- 1H-3

here upon a brown solid substance was
from hot absolute alcohol to give 3.48

-{1-(4-Fluorophenyl)- 1H-3-indolytl-
I to give 0.847 gm (52%) of the product as

H,meth_vlcnes)'.
=7.75%.

-indolyl]-1-

3"[4‘(3-Chlorc:)pheny|)Piperm‘i"'1""”'
;’ropanone (181)
I“Oa 50 ml round bottom f1as
01 gm (0,004 mol) of 1-(4-H1OT°
(0.004 mol

of

Paraformaldehyde, 0.932

hydIOChlori de and 15 ml of absolute gthanol and the réa .
, 10 the procedure described for

acC |
Ou , ked u JLLOrd“ &
IS. The reaction mixture W P

th a reflux condenser and Na inlet were placed
_3-acety! indole (179), 0.18 gm (0.006 mol)
y of 1-(3-chloro phenyl) piperazine
ction mixture was refluxed for 19

k equipped wi
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OU_;?S) lo give a solid substance, which was recrystallised from methanol-ether to giv
gm (47%) of the product as its hydrochloride, melting at 145°C. e
;[;O(C(T ;)-:;_495. (.+NHC1-); 1640(C=0); 1595. (aromatic); 1550,1180 (C-N); 1050 (C-Cl);
benzf,n’e) llsubstltu[ed benzene); 756 (1,3-disubstituted benzene); 740 (1,2-disubstituted
o ?é H NMR (DMSO—d(,):S.30-6.73 (m,13H,Ar-H); 3.76-2.84(m,10H,methylenes);
,2H,CH-). Anal. Calcd. for C37H25N3OFC1.2HC1 N=7.85%. Found. N=7.92%.

LR

[4 (4-Chlorophenyl)piperazin-l-y!]-l-[1-(4-ﬂu0r0phenyl)-1H-3-indolyl]-1_

In . K74

na 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
_3.acetyl indole (179), 0.135 gm (0.0045

0.
7595 gm (0.0029 mol) of 1-(4-fluoro phenyl)
mol) of paraformaldehyde, 0.699 gm (0.0029 mol) of 1-(4-chloro phenyl) piperazine

di ) A :
thydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for

19 .
hours. The reaction mixture was worked up according t0 the pr
ance, which was recrycmllised from methanol-ether to give

(,865 am (47%) of the producl as its hydroch!oride. mdting at 210°C
505 (aromatic); 1540,1180 (C-N); 1050 (C-Cl);

|
R (cm™y: 2495 ("NHCI); 1640(C=0): |
2-disubstituted benzene). 'H NMR (DMSO-dy):

7 :

870 (1,4-disubstituted benzene); 740 (1

29-6.57 (m,13H,Ar-H); 3.9‘)-2.‘)0(111.l()H.mcthylenes); 2.60 (s,2H,CHz). Anal. Calcd.
: i=1.79%.

f
OF CoyHpsN,OFCL2HCL, N=7.85%- Found- B=0
4-fluorophenyl)piperazin-l-y:)-l_pmpan_

ocedure described for

(159} ¢
129) 10 give a solid subst

1.
“‘(4-Flu0r0phenyl)-1H-3-i"d0|y”‘3'(4°(
« condenser and N2 inlet were placed

F“e [183]
Na 50 mig . od with a reflu
ound bottom flask equiPP® :
phenyl) _3.acety] indole (179), 0.135 gm (0.0045
4-fluoro phenyl) piperazine

0.7

N 395 gm (0.0029 mol) of ] - (4-fluoro e
v()l) of paraformaldehyde, 0.766 gMm (0,0029 mol) O 3 :

dlhydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for
l19 hours, The reaction mixture was worked up accor
(\52) to gtve a solid substances which was recryst

0‘ . P

%06 gm (39%) of the product as 1ts hydrochlorzde, m
1605 (aruma[ic),

'H NMR (DMSO-dg):8.32-7,05

40(C:O);
substltmed benzene)-
52, (s FRCH) Anal.  Caled. for

ding to the procedure described for
llised from methanol-ether to give

elting at 1757C-
. 1520, 1180 (C-N); 770 (1,4-

R (..
(em'ly: 2475 (*NHCI); 16

i . g
,Isulbslltuted benzene); 740 (1,2-d l
"I3H Ar OH,methylenes’:
»Ar-H); _3.16(m, 1UF
. 3.77-3.16( o <805%

C
2?H25N30F2.2HC1. N=8.10%- Found-
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1-[1-(4-Flu0r0phenyl)-1H-3-ind0]yl]-3-[4-(2-meth0xyphenyl)piperazin-l-yl].l-pmp.
anone (184)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) -3-acetyl indole (179}, 0.135 gm (0.0045
mol) of paraformaldehyde, 0.686 gm (0.0029 mol) of 1-(2-methoxy phenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for
(159) 1o give a solid substance, which was recrystallised from methanol-ether to give
0.7314 gm (46%) of the product as its hydrochloride, melting at 135°C.

IR (em™): 2475 (*NHCI'); 1650(C=0); 1595 (aromatic); 1530,1180 (C-N); 1235 (Ar-O-
CHa); 770 (1,4-disubstituted benzene); 740 (1,2-disubstituted benzene). 'H NMR
(DMSO-dy): 8.32-6.93 (m,13H,Ar-H); 3.80-3.31(m,10H,methylenes); 3.20 (s,3H,Ar-O-
CHa); 2.52 (s,2H,CH,). Anal. Calcd. for CagHzsN3O2F.2HCL N=7.92%. Found.N=7.99%.

1'[1-(4-Flu0rophenyl)-lH-3-ind0Iyl]-3-[4-(3-methoxyphenyl)piperazin-l-yl].l-pro_

panone (185)
In 2 50 mi round bottom flask equipped with a reflux condenser and N; inlet were placed

0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) -3-acetyl indole (179), 0.135 gm (0.0045
mol) of paraformaldehyde, 0.795 gm (0.0029 mol) of 1-(3-methoxy phenyl) piperazine

dihydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for

19 hours. The reaction mixture was worked up according to the procedure described for
(159). The hydrochloride obtained was not stable and was hence dissolved in water. The

aqueous solution was basified with a 10% solution of potassium hydroxide, to give a
crude product which was recrystallised from ethanol-petroleum ether, 1o give 0.672 gm

(49%) of the product as its free base, melting at 90°C.

IR (em™): 1660(C=0); 1600 (aromatic); 1520, 1180 (C-N); 1260 (Ar-O-CHy); 770 (1,4-
disubstituted benzene); 760 (1,3-disubstituted benzene); 740 (1,2-disubstituted benzene).
'H NMR (DMSO-dg): 8.47-6.38 (m,13H,Ar-H); 3.99-3.49(m,10H.methylenes); 3.07
(s,3H,Ar-0O-CH3); 2.58 (s,2H,CHz). Anal. Caled. for CagHzgN3 Oz F .N=9.18%. Found.

N=9.26%.

1-[1~(4-Flu0rophenyl)-1H-3-indolyl]-3-[4-(4-methoxyphenyl)piperazin-I-y]].l.

Propanone (186) .

In 4 50 mi round bottom flask equipped with a reflux condenser and N, inlet were placed
acetyl indole (179), 0.135 gm (0.0045

0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) -3- HURY
Mol) of paraformaldehyde, 0.686 gm (0.0029 mol) of 1-(4-methoxy phenyl) piperazine

hydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for 19
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hours. The reaction mixture was worked up according to the procedure described for
(159) to give a solid substance, which was recrystallised from methanol-ether to give
0.8585 gm (54%) of the product as its hydrochloride, melting at 151°C.

IR (cm™): 2350 (*NHCI);1645(C=0); 1600 (aromatic); 1510,1180 (C-N); 1210 (Ar-O-
CHy); 770 (14-disubstituted benzene); 735 (1,2-disubstituted benzene). 'H NMR
(DMSO-dg): 8.31-6.83 (m,13H,Ar-H); 3.69-3.36(m,10H, methylenes);3.22(s,3H,Ar-O-
CH):2.52 (s,2H,CHj). Anal. Calcd. for CosHzsN3OzF.2HCL N=7.92%. Found. N=7.84%.

1-[l-(4-Fluorophenyl)-1H-3-indolyl]-3-[4-(3-triﬂuor0methyl phenyl ) piperazin-1--

yll-1-propanone (187)

In a 50 ml round bottom fla
placed 0.50 gm (0.0019 mol) of 1-(4-fluoro phenyl)-3-acetyl indole (179), 0.088 gm

(0.0029 mol) of paraformaldehyde, 0.454 gm (0.0019 mol) of 1-(3-trifluoromethyl
and 15 ml of absolute ethanol. The pH was adjusted to 4 and the
ours. The reaction mixture was worked up
(159) to give a solid substance, which was
0.436 gm (39%) of the product as its

sk equipped with a reflux condenser and N, inlet were

phenyl) piperazine
reaction mixture was refluxed for 19 h
according to the procedure described for
recrystallised from methanol-ether to give
hydrochloride, melting at 220°C.

IR (cm™): 2525 ("NHCI); 1650(C=0); 1590 (aromatic); 1540,1175 (C-N); 1120 (CF;);
790 (1,4-disubstituted benzene); 772 (1,3-disubstituted benzene); 740 (1,2-disubstituted

I NMR (DMSO-d): 8.33-7.10 (m,13H,Ar-H); 3.99-3.03(m, 10H, methylenes);

benzene).
2HCI, N=7.39%. Found. N=7.41%.

2.51 (S,2H,CH2). Anal. C_alcd. for C23H25N30F4.

l-[l-(4—Fluorophenyl)-1H-3—indolyl]-S—[4-(2-pyridyl)piperazin-l-yl]-l-propanone

(188)

In a 50 ml round bottom flask equipped with a reflux condenser and N inlet were placed
0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) -3-acetyl indole [179], 0.135 gm (0.0045
mol) of paraformaldehyde, 0.708 gm (0.0029 mol) of 1-(2-pyridyl) piperazine
dihydrochloride and 15 mi of absolute ethanol and the reaction mixture was refluxed for
19 hours. The reaction mixture was worked up according to the procedure described for

(159) to give a solid substance, which was recrystallised from methanol-ether to give
0.887 gm (59%) of the product as its hydrochloride, melting at 265°C.

IR (cm™): 2475 (*NHCI'_);1640(C=O); 1590 (aromatic); 1530,1180 l(C—N); 1545(C=N);
770 (1,4-disubstituted benzene); 740 (1,2-disubstituted benzene). H NMR (DMSO-dg):
8.27-6.99 (m,13H,Ar-H); 3.93-3.27(m,10H, methylenes);2.53 (s,2H,CH2). Anal. Calcd.

for CyeH,sN,OF.2HCL N=11.17%. Found. N=11.24%.
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l'[1‘(4'17'11101'0[)11enyl)-H—I-Ei-indolj,Jl]-S-[d-(,‘l-pyrimidinyl)pipera:r.in-l-yl].l..
Propanone (189)

In a 50 m! round bottom flask equipped with a reflux condenser and N inlet were placed
0.7595 gm (0.0029 mol) of 1-(4-fluoro phenyl) -3-acetyl indole (179), 0.135 gm (0.0045
mol) of paraformaldehyde, 0.711 gm (0.0029 mol) of 1-(2-pyrimidinyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for
19 hours. The reaction mixture was worked up according to the procedure described for
(159) to give a solid substance, which was recrystallised from methanol-ether to give
0.919 gm (61%) of the product as its hydrochloride, melting at 235°C,

IR (cm™): 2510 ("NHCI);1630(C=0); 1590 (aromatic); 1530,1180 (C-N); 1565 (C=N) ;
770 (1,4-disubstituted benzene); 740 (1,2-disubstituted benzene). 'H NMR (DMSO-dy):
8.47-6.73 (m,12H,Ar-H); 4.00-3.15(m,10H, methylenes); 2.65 (s,2H,CHy). Anal. Calcd.
for CysHzNsOF.2HCL N=13.94%. Found. N=14.01%.

1-(4-Fluoro benzoyl)-3-acetyl indole (190)
The following procedure was devised for its preparation. In a 100 ml round bottom flask

equipped with a reflux condenser were placed, 3 gm (0.0188 mol) of 3-acetyl indole and
2.989 ml (0.025 mol) of 4-Fluoro benzoyl chloride in 35 ml of benzene. Triethylamine
(anhydrous), 2.6167 ml (0.0188 mol) was added drop wise to the solution with
continuous stirring and the reaction mixture was refluxed for 7 hours. The solution was
cooled and the solid substance that separated was filtered. The filterate was washed with
water and dried over anhydrous sodium sulphate. The solvent was removed under
reduced pressure to give a yellow coloured solid. The solid was recrystallised from

ethanol to give 2 gm (63%) of a fawn coloured crystalline product, melting at 154°C,

IR (cm™): 1700,1655 (C=0); 1595 (aromatic); 800 (1,4-disubstituted benzene); 750 {(1,.2:
disubstituted benzene). 'H NMR (CDClL): 8.37-7.18 (m,9H,Ar-H); 2.47 (t,3H,CHa).
Anal. Calecd. for Cy7H;sNOoF. C=72.59%; H=4.30%; N=4.98%. Found. C=72.65%:

H=4.37%; N=5.02%.

1-(1-(4-Fluorobenzoyl)-1H-3-indolyl)-3-(4-phenyl piperazin-1-yl)-1-propanone (191)
In a 50 ml round bottom flask equipped with a reflux condenser and N inlet were placed
0.6829 gm (0.0024 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.108 gm (0.0036
mol) of paraformaldehyde, 0.3929 gm (0.0024 mol) of 1-phenyl piperazine and 15 ml of
absolute ethanol. The pH was adjusted to 4 and the mixture was refluxed for 19 hours.
The reaction mixture was worked up according to the procedure described for ( 159). The
hydrochloride obtained was not stable and was hence dissolved in water. The aqueous
solution was basified with a 10% solution of potassium hydroxide, to give a crude
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Product, which was recrystallised from ethanol-hexane, to give 0.455 gm (41%) of the
product as its free base, melting at 94°C.

R (em™): 1695, 1640 (C=0); 1595 (aromatic); 1180 (C-N): 795 (1, 4-disubstitsited
benzene); 755 (1,2-disubstituted benzene); 700 (monosubstituted benzene). 'H NMR
(DMSO-d(,):9.42-6.9I(m,14H,Ar-H);3.72-3.46(m.SH,methylenes);3.22(bs,4H,methylene)
Anal. Caled. for CasHzsN3O,F. N=9.23%. Found. N=9.29%,.

3'[4-(3-Chlorophenyl)piperazin-I-yl)-l-(l-(4-ﬂu0r0benz0yl)-1H-3-indolyl)-1-
Propanone (192)

In a 50 ml round bottom flask equipped with a reflux condenser and N, inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010
mol) of paraformaldehyde, 1.3988 gm (0.006 mol) of 1-(3-chloro phenyl) piperazine
hydrochloride and 15 m! of absolute ethanol and the reaction mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for
(139) to give a solid substance, which was recrystallised from methanol-ether to give
1.60 gm (57%) of the product as its hydrochloride, meling at 191°C.

IR (cm™): 2495 ("NHCI); 1695, 1640 (C=0); 1580 (aromatic); 1175 (C-N); 790 (1.4
disubstituted benzene); 770 (1,3-disubstituted benzene); 755 (1,2-disubstituted benzene),
'H NMR (DMSO-dg): 9.61-6.82 (m,13H,Ar-H); 3.53-3.40 (m,8H,piperazinylmethylenes)
3.14(bs,4H,methylenes). Anal.Calcd. for CzsHzsN30,FCL2HCLN=7.46%.Found.N=7.519

3-[4-(4-Chlorophenyl)piperazin-1-yl)-1-(1-(4-fluorobenzoyl)- 1H-3-indolyl)-1-

propanone (193)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010
mol) of paraformaldehyde, 1.3988 gm (0.006 mol) of I-(4-chloro phenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for

(159) to give a solid substance, which was recrystallised from methanol-ether 1o give

1.66 gm (59%) of the product as it’s hydrochloride, melting at 249°C.

IR (em™): 2500 (*NHCI);1695,1640 (C=0); 1595 (aromatic); 1175 (C-N); 805 (1,4-
disubstituted benzene); 743 ( 1,2-disubstituted benzene). 'H NMR (DMSO-dq): 9.53-6.96

(m,13H Ar-H); 3.52-3.38 (m,8H,piperazinyl methylenes); 3.16 (bs,4H,methylenes). Anal.
Caled. for Cp5H,sN,0,FCL2HCL N=7.46%. Found. N=7.49%.
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1-(1-(4-Fluorobenzoyl)-1H-3-indolyl)-  3-[4-(4-fluorophenyl) piperazin-1-yl}- 1-
propancne (194)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010
mol) of paraformaldehyde, 1.0814 gm (0.006 mol) of 1-(4-fluoro phenyl) piperazine and
15 ml of absolute ethanol. The pH was adjusted to 4 and the reaction mixture was
refluxed for 19 hours. The reaction mixture was worked up according to the procedure
described for (159) to give a solid substance, which was recrystallised from methanol-
ether to give 0.901 gm (33%) of the product as it’s hydrochloride, melting at 230°C.

IR (cm™): 2300 w (‘NHCI); 1695,1640 (C=0); 1605 (aromatic); 1180(C-N); 800 (1,4-
disubstituted benzene):; 760 (1,2-disubstituted benzene). 'H NMR (DMSO-dy):9.46-6.98
(m,13H,Ar-H); 3.32-3.29 (m,8H,piperazinyl methylenes); 3.18 (bs,4H,methylenes). Anal.
Caled. for Cy5HasN30,F3.2HCL N=7.68%. Found. N=7.73%.

1-(1-(4-Fluorobenzoy!l)-1H-3-indolyl)- 3-[4-(2-methoxyphenyl) piperazin-1-yl}- 1-
propanone (195)

In a 50 ml round bottom flask equipped with a reflux condenser and N» inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acety! indole (190), 0.300 gm (0.010
mol) of paraformaldehyde, 1.3723 gm (0.006 mol) of 1-(2-methoxy phenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for
(159) to give a solid substance, which was recrystallised from methanol-ether to give

1.14 gm (41%) of the product as it’s hydrochloride, melting at 203°C.

IR (cm’'): 2510 ("NHCI); 1700,1655 (C=0); 1600 (aromatic); 1255 (Ar-O-CH,);1180
(C-N);800(1,4-disubstituted benzene);740(1,2-disubstituted benzene).'H NMR(DMSO-
de): 9.38-6.15 (m,13H,Ar-H); 3.91 (s,3H,Ar-O-CHs); 3.53-3.38(m,8H,piperazinyl methy-
lenes): 3.18 (s,4H,methylenes). Anal. Calcd. for CpHpgN3OsF.2HCL N=7.52%. Found.

N=7.62%.
1-(1-(4-Fluorobenzoyl)-1H-3-indolyl)- 3-[4-(3-methoxyphenyl) piperazin-1-yl}- 1I-

Propanone (196)

In a 50 m] round bottom flask equip _
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190}, 0.300 gm (0.010

mol) of paraformaldehyde, 1.3723 gm (0.006 mol) of 1-(3-methoxy phenyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and the reaction e mixture was refluxed for

19 hours. The reaction mixture was worked up according to the procedure described for
and was hence dissolved in water. The

ped with a reflux condenser and N; 1nlet were placed

(159). The hydrochloride obtained was not stable ‘ | ‘
aqueous solution was basified with a 10% solution of potassium hydroxide, to give a
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crude product, which was recrystallised from ethanol-petroleum ether, to give 0.898 gm
(37%) of the product as its free base, melting at 124°C.

IR (em™): 1700,1655 (C=0); 1600 (aromatic); 1257 (Ar-O-CHj3); 1180 (C-N); 800 (1.4-
disubstituted benzene); 780 (1,3-disubstituted benzene); 750(1,2-disubstituted benzene).

'H NMR (DMSO-dg): 9.34-6.40(m, 13H,Ar-H); 3.74(s,3H,Ar-O-CHj); 3.69-3.49(m,8H,

piperazinylmethylenes); 3.34(d,4H,methylenes). Anal. Caled. for CyoHysN4O4F.

N=8.65%. Found. N=8.71%.

1-(1-(4-Fluorobenzoy!)-1H-3-indolyl)- 3-[4-(4-methoxyphenyl) piperazin.1-yl]- 1-
propanone (197)

In a 50 ml round bottom flask equipped with a reflux condenser and N; inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190}, 0.300 gm (0.010
mol) of paraformaldehyde, 1.3723 gm (0.006 mol) of 1-(4-methoxy phenyl) piperazine
hydrochloride and 15 ml of absolute ethanol and the reaction mixture was refluxed for 19
hours. The reaction mixture was worked up according to the procedure described for
(159) to give a solid substance, which was recrystallised from methanol-ether to give
1.19 gm (43%) of the product as it’s hydrochloride, melting at 251°0

IR (cm™): 2475 (‘NHCID); 1695,1655 (C=0); 1595 (aromatic); 1230 (Ar-O-CHa); 1120
(C-N): 805 (1,d-disubstituted benzene); 753 (I,2-disubstituted benzene). '"H NMR
(DMSO-de): 9.54-6.88 (m,13H,Ar-H); 3.70 (d,3H,Ar-O-CHj); 3.46-3.29(m,12H,
methylenes). Anal. Calcd. for CpoHasN303F.2HCL N=7.51%. Found. N=7.56%.

1-(1-(4-Fluorobenzoyl)-1H-3-indolyl)- 3.[4-(3-trifluoromethyl phenyl) piperazin-1-
yl]- 1-propanone (198)

In a 50 ml round bottom flask equipped with a reflux condenser and N inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010
1.0814 gm (0.006 mol) of 1-(3-mifluoromethyl phenyl)

mol) of paraformaldehyde,
s adjusted to 4 and the reaction

Piperazine and 15 ml of absolute ethanol. The pH wa
mixture was refluxed for 19 hours. The reaction mixture was worked up according to the

procedure described for (159) to give a solid substance, which was recrystallised from
methanol-ether to give 0.911 gm (31%) of the product as it’s hydrochloride, melting at

224°C,

IR (cm): 2485 (*NHCI); 1695,1650 (C=0); 1580 (aromatic); 1170 (C-N); 800 (1,4-
disubstituted benzene); 780 (1,3-disubstituted benzene); 750 (1,2-disubstituted benzene).
'H NMR (DMSO-dg): 9.58-6.98 (m,13H,Ar-H); 3.98-3.41 (m,8H.p iperazinylmethylenes);
3.23(d,4H, methylenes). Anal. Caled. for CoH3sN30,F4. 2HCL N=7.04%. Found.N=7.14%
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[-(1-(4-Fluorobenzoyl)-1H-3-indolyl)- 3-[4-(2-pyridy!) piperazin-1-yl]- l-propancne
(199)

In 2 50 ml round bottom flask equipped with a reflux condenser and Nz inlet were placed
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010
mol) of paraformaldehyde, 0.9793 gm (0.006 mol) of 1-(2-pyridyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and the reaction the mixture was refluxed

for 19 hours. The reaction mixture was worked up according to the procedure described

for (159) to give a solid substance, which was recrystallised from methanol-ether to give

1.29 gm (49%) of the product as it’s hydrochloride, melting at 175°C.
IR (cm™): 2425 ("NHCI); 1705,1640 (C=0); 1600 (aromatic); 1520 (C=N); 1175 (C-N);
805 (1,4-disubstituted benzene); 760 (1,2-disubstituted benzene). 'H NMR(DMSO-dg):
9.5l—6.66(m,l2H,Ar-H);3.76-3.31(m,SH,piperazinylmethylenes);3.21(d,4H,methylenes),
Anal. Caled. for Ca7HzsN4O2F.2HCL N=10.57%. Found. N=10.63%.
1'(1-(4-Flu0r0benzoyl)-1H-3-indolyl)- 3.[4-(2-pyrimidinyl) piperazin-1-yl]- 1.

propanone {(200)
In a 50 ml round bottom flask equipped with
1.4064 gm (0.005 mol) of 1-(4-fluoro benzoyl)-3-acetyl indole (190), 0.300 gm (0.010

mol) of paraformaldehyde and 0.9793 gm (0.006 mol) of 1-(2-pyrimidinyl) piperazine
dihydrochloride and 15 ml of absolute ethanol and the reaction the mixture was refluxed

for 19 hours. The reaction mixture was worked up according to the procedure described
which was recrystallised from methanol-ether to give

a reflux condenser and Nj inlet were placed

for (159) 1o give a solid substance,
1.40 gm (53%) of the product as it’s hydrochloride, melting at 243°C.

IR (cm™): 2450 ("NHCI); 1695,1620 (C=0); 1595 (aromatic); 1560 (C=N);1180 (C-N);
795 (1,4-disubstituted benzene); 755 (1,2-disubstituted benzene). 'H NMR (DMSO-dg):
9.59-6.73(m,12H Ar-H):3.99-3.54 (m.SH,piperazinylmethylenes);3-18 (t,4H,methylenes).
Anal. Calcd. for C26H24N502F.2HC1. N=13.19%. Found. N=13.26%.
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Pharmacology

Substantial biochemical, pharmacological and histochemical evidence has been
accumulated in support of the role of serotonin as a neurotransmitter, neuromodulator and
hormone. The identification of selective agonists and antagonists of 5-HT receptor
subtypes has allowed the discovery of several therapeutic substances. Receptor binding
studies have demonstrated that many compounds display high affinity for 5-HT receptors

but only a few of them are selective for one of the 5-HT receptor subtypes. Amongst the

agents that bind at various 5-HT sites, arylpiperazines are the most notable.
The new arylpiperazines synthesized in this study were evaluated for their peripheral as

well as central serotonergic activity and further pharmacological activity profile of the

lead” compounds were investigated.

The investigations were taken up as stated below :
1. To evaluate the serofonergic activiry in the guinea pig ileum and compare it with

the most potent 5-HT3 antagonist Ondansetron.
To evaluate the antipsychotic effects in mice and compare it with Haloperidol.

2.
To detect the atypicality of the antipsychotic activity, the molecules were
screened for 5-HT; antagonism by evaluating their ability to reverse the catalepsy
induced by haloperidol.

MATERIALS

L Animals

Guinea pigs (400-500 gm) and male albino mice (20-30 gm) were used
nvestigation. The animals received food and water ad libitum.

throughout this 1
IL Physiological Salt Solutions :

a) Tyrode solution
Compaosition in mM, NaCl (136

NaH,PO, (0.42), NaHCOs (11.9),

), KC1 (2.7), CaCl, (1.8), MgCl, (1.05),
and Glucose (5.5) (pH7.4)

108



Pharmaco!ogy

II. Drugs and Chemicals

a) Drugs: The following drugs were used in this study
5-Hydroxytryptamine Creatinine Sigma labs, St.Louis
sulphate M.O:, TJ.S.A.

Apomorphine HC] RBI Inc,, U.S.A.

Ondansetron HC! & Haloperidol Torrent Pharmaceuticals Lid.,
Ahmedabad, India

b) Equipment:
Student physiograph [Biodevices, India (Force Transducer T-305)]

METHODS

Isolated longitudinal muscle-myenteric plexus preparation of guinea pigileum
(LMMP)

The new arylpiperazine derivatives synthesized in this investigation were intially tested
on the longitudinal muscle-myenteric plexus preparation of the guinea pig ileum, where
the typical 5-HT; antagonist Ondansetron (10° M), inhibited about 09% of the
Contractions induced by serotonin (10° M). Even though the contractile response to 5-HT
In this preparation can be elicited by activation of other 5-HT receptors different from the
3-HT; subtype, this was considered to be a reliable initial screening test , the reason being
5-HT; receptors are preferentially involved in the contractile response to high 5-HT

Concentration. All known 5-HTj; antagonists clearly block this response.

Guinea pigs (400-500 gm) of either sex fasted overnight were stunned by a blow to the
head and bled. The abdomen was opened, the caecum lifted and the caecoilea] junction
Was located. A length of 10 cm of ileum was cut off and a suitable length of adjoining
lleum. was excised out and placed in warm (37°C) aerated Tyrode solution. The
Mesenteric attachments were slowly trimmed away and pieces of approximately 2 cm
length were removed. The lumen of the tissue was cleaned by gently passing warm
“erated Tyrode solution. Longitudinal muscle strips with the -myenteric plexus attached

(LMMP) were prepared.'® The strips were mounted into an organ bath of 20 ml
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capaci : o : .
pacity. The tissue was maintained in Tyrode solution at 37 + 0.5°C with constant

aeration at resting tension of 500 mg.

Evaluation of 5-HT antagonism in guinea pig ileum longitudinal muscle myenteric

plexus

The tissue was mounted in the organ bath as described above. Following a 30 minute
equilibrium period, tissues were stimulated with increasing concentrations of 5-HT from
10% to0 10* M. A fixed concentration of 10 M, approximately the EDsp of ondansetron
was used for subsequent antagonism studies. The response to 10 uM 5-HT is expressed

as 100%. After 30 minutes incubation with the test compound (10 °M), serotonin was

added to the bath and the response measure

expressed as a percentage of the previous response to -

d. The antagonistic effect of the compound is

HT and the results are given in
Tables 19 to 22.

Apomorphine-induced cage climbing behavior in maie mice

Male albino mice weighing 20-30 gm were used. They were allowed food and water
ad lib{tum. Animals were randomly distributed into groups of 4 animals each. Each
animal was used only once. All observations were made between 10 a.m. and 4 p.m. at
27- 35°C in a noiseless, diffusely illuminated room. During the experiments, animals

1 cages made of wire netting,
new environment. Observations

were placed 1n individua measuring 25x20x15 cm, 30
allow adaptanion 10 the

minutes before drug treatment (o
drug solutions were prepared fresh

were made blind with respect (o treatments used. All

just before the experiment.

Evaluation of Apomorphine-induced cage climbing hehavior in male mice
The effect of pretreatment with 30 mg/kg doses of the test compounds on apomorphine
45 etudied by the method of Costall and

(0.5 mg/kg)-induced cage climbing behavior Wi
and distilled water (1p) followed 30

coworkers.'’® Animals received 1€st compound
They were individually teste
g during 30 min period after the first climb as

Minutes later by apomorphine. d for climbing behavior

taki ;
aking the percentage of time spent climbin
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a4 easure of climbing (climbing index) Further, the maximum time spent (min) in a
$".gle climb throughout the duration of the apomorphine effect was also recorded. The
- sults are given in Tables 23 to 26. Haloperidol, 1.0 mg/kg (ip) was used as control as it

-ompletely inhibited the climbing induced by apomorphine.

Catalepsy Testing

Male albino mice were tested for catalepsy according to the method of Ahtee and

Buncombe'*® by placing both front paws of the animal over a 5 cm high wooden block
and measuring the time (sec) that the animal maintained this imposed posture. Animals
were tested for catalepsy 30, 60, 120 and 180 minutes after haloperidol (0.25 mg/kg)
injection. Catalepsy score (immobility time in sec) of each animal in the group, at the
respective testing time interval, was taken to compute the mean value of the group for
that particular timing. Catalpesy was scored in a manner similar to that described by

Costall and Naylor' and Shore and Dorris.'*® Animals were tested for the presence of

catalepsy by placing both front limbs over a horizontal bar placed 5 cm above the bench
surface, a cataleptic animal maintaining this position for a period of time dependent upon
the degree of catalepsy. If the animal maintained the imposed posture for atleast twenty

ptic and given one point. For every further twenty

seconds it was said to be catale
aleptic posture, one extra point was given, thus

seconds it continued to maintain the cat
t maintained the posture for forty seconds,

the animal was given a score of two points if i
three points for sixty seconds, upto a maximum of six points.

Evaluation of Reversal of Haloperidol-induced Catalepsy

) were injected 30 minutes before the injection of

The test compounds (30 mg/kg
y score was recorded at 30, 60, 120 and 180

haloperidol (0.25 mg/kg). The cataleps

Minutes after haloperidol administration. The percentage reversal is calculated as a

Percentage of the difference between the total points obtained between control and test

drugs. The results are given in Table 27.
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Reversal of apomorphine-induced stereotypy'®

Male mice weighing 18-20 gm were placed two to a cage and injected with the test drug.

At time intervals of 1,3 and 5 hours, each animal received an s.c. injection of

apomorphine. The animals were observed for stereotypic behavior at 10 min. intervals
Upto SO min. and rated according to the following scale : 0, no movement; 1, moving
around cage or discontinuous sniffing; 2, continous sniffing; 3, discontinuous oral
movements (licking, chewing Of biting); 4, continuous chewing and biting. Haloperidol

0.5 mg/kg (ip) and apomorphine 5 mg/kg (sc) were used as control.

112



Chapter - D

RESULTS

pISCUSSION



Results & Discussion-Chemistry

Chemistry

This thesis i :

. sis describes the synthesis and pharmacological evaluation of a series of

- s & . 0
ubstituted-1,2-dihydro-2-acenaphthylenyl piperazines and Substituted Indolyl

[ JOPG an T = o
n y 3 i
€S as mOdUIdIO 5 Of- 5 H ydroxytl‘yplamlrlcrcic recep[or.

The PR ;
quest to identify and synthesize a novel arylpiperazine has led 1o the synthesis of

dihydro-2-acenaphthylenyl piperazine and its various derivatives to evaluate their
nodulatory effects at the 5-HT receptors.

1 L. o
»2-Dihydro-2-acenaphthylenyl piperazine was synthesized, starting from the
h . ;

ydrocarbon 1,2-dihydro-acenaphthylene (acenaphthene).
e 1,2-dihydro acenaphthylene, was to bring in a

The best possible method of

in . . . . .
troducing the piperazine molety into th

e 2™ position of the hydrocarbon Jie. the alicyclic

fai p—
airly reactive halogen atom onto th

e ] _ ) . :
ing and then introduce the piperazine moiet
,2-cllhydro-.?-acenaphthylenol was required as the

y through conventional nucleophilic

substitiiss
ubstitution. For the present work, 1
Starting material.

Marquis'®? observed that 1,2-dihydro-.’l-acenaphthylenol is obtained in low yield in the

form of the acetate by the oxidation of 1,
action of lead retraacetate on other hydrocarbons. Feiser

Z-dihydro-acenaphthylene with lead dioxide 1n

acetic acid, during a study of the

and Hershberg'® reported that 1,2—dihydro—2-acenaph[h
using lead tetraacetate. 45 a reagent is not stable and is required to be

ylenyl acetate can be obtained

Lead tetraacetate,
d and used immediately or should b
the oxidation was employed 1n the present

Prepared as and when require e generated in situ. A

Practical procedure for conducting

The method of reating
this solvent (acetic acid) sug

hat 1,2-dihydro-acenaphthylene can be

uantities of red lead with acetic acid for the

INvestigation.
gested that this operation

Preparation of a reagent for use in

Could be dispensed with, and indeed it Was found !

‘;ompulmd with re

he hydrocarbon, but pure crystalline 1,2-
138

d lead and acetic acid. The acetate

[ ”
Onverted freely into the 2-acetoxy

'S a Tiquid and is not easily freed from traces of t

Jdily obtained eld on saponification.

CIIhydm‘“2-accnaphthylenol was 1 in good yi
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The basic mechanism for the conversion of 1,2-dihydro-acenaphthylene to 1,2-dihydro-2-
acenaphthylenyl acetate, using red lead and acetic acid can be envisaged as follows :

Pb;0y + 8CH;COOH ——— Pb(OAc)s + 2Pb(OAc), + 4H:0

0
| CO-~
« | B ( moa USRS v + P{OAc): + CHyCOOH
L, K on

The conversion of the acetoxy compound, ie., 1,2-dihydro-2-acenaphthylenyl acetate to

the crystalline hydroxy compound, i.e., 1,2-dihydro-Z-accnaphthylenol by saponification

using sodium hydroxide in methanol can be envisaged to occur as follows :

P J
/ Na®

CH,COONs  * ‘

The next step involved the synthesls of

This conversion follow

2-br0m0-1,2-dihydro acenaphthylene from the

< the S? displacement mechanism, whereby

hydroxy compound.
Breat io-selectivity 18 achieved. This conversion may be brought about by the
er regio-selec _ : .
additi gf liquid bromine 10 2 warm suspension of purified red Aliosphans . tH5
ition of liquid Dro At inati
ot 9 4 Thi reaction i of general application for the bromination of
OxXy compound. 15
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alcohols, particularly secondary alcohols and is to be preferred to the direct use (rather

than the in-situ generation) of phosphorus tribromide. !
This is conventionally true for most secondary alcohols. Since, it was difficult to make a

suspension of purified red phosphorus with 1,2-dihydro-2-acenaphthylenol, to bring

about the bromination, the only other option was to use phosphorus tribromide directly,

In a non-polar solvent like diethyl ether, in which the 1,2-dihydro-2-acenaphthylenol was
also freely soluble. The reaction between 1,2-dihydro-2-acenaphthylenol and phosphorus

tribromide was rapid and occurred readily at room temperature.

The tribromide was hydrolysed followed by evaporation of the washed (water, saturated
o give a thick oil which readily

sodium-bi-carbonate solution, brine) ether layer t
i.e., 2-bromo-1,2-dihydroacenaphthylene. The

solidified, to give the bromo derivative,

outline mechanism may be represented as :

Bay P Br

f Z—bmmo-l.Z-dihydroacennphthylcne was carried out with

Nucleophilic substitution ©
g excess sodium bicarbonate as the base. The

anhydrous piperazing 1n ethanol, usin
phthylene and anhydrous piperazine had to be

molar proportion of the prominated acena
ct O

| the proportion of anhydrous piperazine was

ph(hylcnc and two moles of anhydrous

hrained. When used in equimolar quantities,

Optimized based on the yield of the produ
the yieid of the product was only 43%. whet
of bromin;ued

s obtained in 65

acena

doubled, ie., one mole : _
@ yield. Further increase in the molar

Piperazine, the product wa L _ .
action time did not improve the yield

: : i se in re
Proportjon of anhydrous piperaziné or incred
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Of the product. Excess of sodium bicarbonate was taken, on the basis that one mole was
“Onsumed in the neutralization of the HBr evolved and the rest was 1o facilitate the

aucleophilic reaction. The possible mechanism involved in this reaction s as follows -

HzCO] + NaBr + O

here, R = H/alkyl/aryl / substituted aryl / aralkyi
w ’ =

The 1,2-dihydro-2-acenaphthylenyl piperazine was initially obtained as an oily sub.stance.
which solidified on cooling over a prolonged period. The. free base could be obrained as
4 yellow crystalline substance, melting at 64°C. Two c.ilfferent salts were prepared for
Characterization purposes and for further evaluation c?f the compound, The
dihydrochloride was obtained readily as pale yellow flakes in acetone and melted at

' i ' le pink
ared using n-butanol-hexane, to give a pale p
254°C. The monofumarate was prep

1l bstance, melting at 108°C. The solvent system was changed from ethanol to
Crystalline substance, ' .
Methyl ethyl ketone, when substitutions were desired at the N-4-nitrogen atom of 1,2~
€thyl ethyl ke '

Polarity of the solvent which affected the yield of the products significantly. In order to
arity o e

- -4 nitrogen atom of 1,2-dihydro-2-
i i bstitutions at the N
A5certain the effects of various su
ACenaphthylenyl piperazine,- alkyl, aryl, substituted aryl, aralkyl and heteroaralky] groups
€napht ylenyl pipe 1 ) wral, el N
Were incorporated. The physical properties of the N-4-alkyl, -aryl, -substituted aryl,
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aralkyl and -heteroaralkyl-1-(1,2-dihydro-2-acenaphthylenyl) piperazines, are shown in
Tables 5, 6 and 7 respectively. Similarly, the solvent system was also changed from

ethanol for various other substitutions carried out on the N-4-nitrogen atom of 1,2-

dihydro-2-acenaphthylenyl piperazine. Ethanol had to be used as a solvent for the

preparation of 1,2-dihydro-Z-acenaphthylenyl piperazine, the reason being that reactions

involving the use of anhydrous piperazine, require 2 protic solvent for optimum yield.

,2-dihydro-Z—acenaphthernyI piperazine is totally a new

This aryl piperazine ie., I
s characterization was of importance,

chemical component/entity (NCE), and hence it

before further modifications, i terms of adding various side chain moieties which carried

vital pharmacophores, could be done.

The elemental analysis obtained for this compound was well within the prescribed limit
of + 0.45 %. Deuterated water was used as the sotvent for recording the 'H NMR spectra
of this compound, the reason being the hydrochloride salt of 1,2-dihydro-2-
n water. The '"H NMR spectra showed

acenaphthylenyl piperazine was freely soluble i
characteristic peaks in the region 5 7.79-7.30, which is indicative of the six aromatic

). The methylene of the acenaphthylene is observed along with the

protons (integral 1.0
e region & 3 55.3.01 as a multiplet. The N-H proton of the

piperazinyl methylenes in th
piperazine is observed as a doublet at 6 3.01, totalling to 11 protons (integral 1.832). The

benzylic proton of the acenaphthylene is observed at 8 5.16 (integral 0.16).

The mass spectrum of 1-(1,2-dih_vdro-Z—acenaPhthb’le“yl) piperazing was found to; be
M" peak wt 238 which

very neat and followed a very simple pattern. It showed a

formula of CisHisNz, which conforms to the Nitrogen

aks at 233 and 182 indicating that there was loss of
The peak at 153 had 100%

corresponded to the molecular

rule. The fragmentation showed pe
NH (mfe 15) and +CH=CH=NH (m/e 41) respectively
Intensity and corresponds 1O G ch is the molecular ion of 1,2-dihydro-2-
al peaks at 127, 85 and 56. The peak at 85

sHg whi

acenaphthylene. However, there were addition

ar ion of piperazine while the peak at 127 evidently can be

Corresponds to the molecul

formed from 1,2—dihydro-2-acenaphthylene via of CH = CH (m/e 26).

loss
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The infrared spectrum showed characteristic aromatic peak at 1600 cm”, the NH peak at
3250 ¢m™! ang the piperazinyl C-N stretching at 1560 ¢m™. The peaks at 800 and 775

cm’ were indicative of 1,2,3-trisubstituted benzene, the two benzene components present
In the dcenaphthylene nucleus.

Other ‘mportant properties of 1,2-dihydro-2-acenaphthylenyl piperazine were to be
COnsidered, before any further structural modification by incorporating substituents at the
N*4-nitrogen atom could be performed, in order to make way for candidate drug
Molecules. Physicochemical parameters are of prime interest because, these parameters
Plays vital rofe iwihe binding profile of any candidate drug molecule, with the respective

Various physicochemical parameters for 1,2~dihydr0-2-acenaphthernyl

fecepiors.
2

g 16
Piperazine were determined using available software.

Of these, the parameter involving partition coefficient logP, which accounts for the
lipophilicity was taken into consideration. The reason for this being, that lipophilicity of
@ molecule would help in specifying whether the molecule would be active centrally or
peripherally. The calculated logP (clogP) value for 1,2—dihydr0-2—acenaphthylenyl
Piperazine was found to be 3.04 + 0.59. As this clogP value was considerab]y high, the
effort was to concentrate on the structural modifications on the N-4-nitrogen atom of
1.2-dihydro-2-acenaphthyleny! piperazine, which would result in enhanced activities, for

the treatment of central nervous system disorders, like, anxiety, depression, psychoses.

migraine, drug abuse, sleep and cognition disorders.

Before ny attempt to perform structural modifications at the N-4-nitrogen atom could be
re a

achieved, it was first necessary to establish the serotonergic potential of 1,2-dihydro-2-
acenaphthylenyl piperazine. All known or reported aryl piperazines have beep established

to have a serotonergic potential, atleast at one of the 5-HT receptor subtypes.
To start with, an orientation for the interaction of the I,2-dihydro-2-acenaphthylenyl

Piperazine with 5-HT binding sites had to be envisaged. One possibility is that, in which
the five-membered cyclopentyl ring, the six-membered aromatic ring and the terminal
amines of 5-HT and 1,2-dihydro-2-acenaphthylenyl piperazine are overlayed (figure 3).
Another possibility is that the cyclopentyl portion of the 1,2-dihydro-2-acenaphthy]enyl
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piperazine oc i i
cupies a site on the rece i
ptor, which the pyrrole i
portion of 5-HT norm:
ally

piperazine ov i
erlaps either with the 5 memb
- ered pyrrole portion or with
the 6-membered

aromatic ; .
portion of 5-HT. This type of overlapping has been used by Glennon and
and co-

\Vorke v .
rs for the orentation of the binding of phenyl piperazines with 5-HT.'™

t step was to evaluate the serot i i
onergic potential of 1,2-dihydro-2-ac
; 2-acenaphthylenyl

Piperazine, i
& : ' s
, In an cxpenmemal model. The prelimmary pharmacological evaluati

ion of

enyl piperazine has shown promising serotonergic activit
VLY

1.2-di
»2-dihydro-2-acenaphthyl
w -

ithout any histaminic activity."

This ’ ;

approach made it mandatory 10 briefly study the physiology involved in the central
ntra

s regard, an important distinc

cen the psychoses and the less severe

tion 1s to be made among
o

nery. ’ 3 .
ous system disorders. In thi

the :
central nervous sysiem disorders, betw

0 as NEUroses.
only a marked impairment of behavior but a

conditi
itions commonly referred t The psychoses are among the most se
vere

Psychiatric disorders, in which there I3 not
ently 10 comprehend reality

e organic conditions (notably, delirium and

Serious i ili ] ohe or 10 gain in ht into th
nabili in insi .
Ly to [hlﬂk C r rt amn 1nsignt 1nto these

normalities. Psychotic disorders includ
de . ; i 1 i
mentia), which typically are associated  with definable toxic, metabolic
4 or

ne ;

uropathologic changes and are ¢h
avioral disorganisation.
disorders), for which underlying causes, remain

on of orientation and memory in the

aracterized by confusion, disorientation and memory
Other psychotic conditions are

di
isturbances as well as beh

designated as idiopathic (of functional
aracterized by the
ht or reasoning, emotion an
otion or mood, are called major

obscure, The latter are ch retenti
ely disordered thoug a4 bebavtor. Thsse
Primary disorders, characterized by abnormal em
affective or maniac depressive disorders,‘27.4““?5}’0}"0“‘5 drugs exert beneficial effects in
c illness.

Presence of sever

s
irtually all classes of psychoti
chintric disorders include notably the neuroses

On the other hand, the less pervasive psy

transient Or MOre commonly persistent Or recurrent. Their
(anxiety, Panic,
disorders, drugs may have some

nd depression.'”®

Neuroses may be acute and
dysphoria) or limited

s
ymptoms may include mood changes

abnormalities of thought O

b ;
eneficial effects, particularly by modifyin

r of behavior. In such

g associated anxiety a
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(A)

(B)

Figure 3, Two representations for the possible overlap of the structures of [,2-
dihydro-Z—acenaphthylenyI piperazine (heavy lines) and serotonin at

serotonin binding sites.
yl piperazine may be congruent with the benzene ring (A) or

The cyclopentyl portion of the 1,2-dihydro-2-

acenaphthylen

the pyrrole portion (B) of serotonin.

T :
he search for newer drug molecules for effective management/treatment of psychoses

of
fers newer avenues for drug research.
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Based : 3
on literature repons,”s'm 2- and -5- substituted thiazoles were chosen which were
appe .
pended to the phenethyl moiety and 1,3- and -6-substituted-5-(2-chloroethyl) oxindoles
and S
one of its isostere 6-(2-bromoethyl) benzoxazol-2(3H)-one, were chosen as the fused

hete :
rocyclic groups, that would offer various modes of hydrogen-bond interactions with

the Da : : ..
» receptor serine residues for the requisite D- affinities.

[ :
N the preparation of the thiazoles, t.€., 4-{4-(2-Chloro ethyl)phenyl]-2- and -5-substituted

thi; : . :
azoles, the first step involved Friedel-Craft’s acylation of phenethyl chloride
Liter; . '
fterature methods'™* suggest acylation of the phenethyl chloride using acetyl chloride in
th ! o :
€ presence of anhydrous aluminium chloride and ethylene chloride as the solvent at

o : i i
Om temperature or directly starting with the 4-(2-chloroethyl) acetophenone, followed
c acid inorder to generate o-halo carbonyl

¥ bromination using liquid bromine in aceti
mides to form thiazoles. The

c : s . ; .
ompounds which react efficiently with various thioa

re- - . .
eaction between thivamides and o-halo carbonyl compouds is one of the general

Synthetic routes developed for thiazoles.'®
loride was used instead of acetyl chloride in the

In the present study, chloro acetyl ch
ride and ethylene chloride was used as the solvent,

Presence of anhydrous aluminium chlo
de in a single step. This reaction was also

o give 4-(2-chloroacetyl) phene[hyl chlort
ride was added dropwise to a suspension

Carried oyt at room temperature. Phenethyl chlo
chloride in ethylene chloride with

of anhydrous aluminium chloride and chloroacety!
The reaction mixture after hydrolysis and

Continuous stirring at room temperarure.
chloroacetyl) phenethy! chloride as an 01l w
The possible mechanism involved in the

hich solidified on

solvent removal gave 4-(2-
ds of time.

Standing for prolonged perio
enethyl chloride can be envisaged as given below. The

formation of 4-(2-chloro acetyl) ph
Product formed was characterized and used immediately in the next step for the synthesis
0f 4-[4-(2-Chloro ezhyl)phenyl]-z- and -5-su

The synthesis of 4-{4-(2-Chloro ethyl) phen
thiourea, thioacetamide

bstituted thiazoles.
yl]-2- and -5-substituted thiazoles involved

and N-substituted thioureas, with

t )
he reaction of thioamides ViZ.,
ethyl chioride, in acetone.

the @-halo carbonyl compound 1. -3-(2-chlornncctyl) phen
e both the thioamides and the 4-(2-Chloroacetyl)

A
Cetone was used as the solvent, becaus
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Phenethyl chioride were readily soluble in it and the removal of a molecule of water was

(

Cl

: °0 AlCl,

A!- “ - - =
; Cl =+ CICH(R)COCI 7 2 CICH(R) — C ‘\ .‘) 3
iy

facilitated by its use.

Ci
[CICHR)— C=0* <= CICH(R)— C=0]AICL

acylium don

AICL + CICH(R)CO"
- \
\_ "
N\
Y

+ AICl, =+ HClw)

The mixture was refluxed for 3 hours, during which time the product precipitated out as
the hydrochloride. By this method 2-amino, 2-methyl, 2-methyl amino and 2-allylamino
thiazole side-chain moieties were prepared using thiourea, thioacetamide, N-methyl
inamine) respectively. The products were obtained as

thiourea and N-allylthiourea (thios o :
Where a substitution at the 5

their hydrochlorides in fairly good yields, about 60-65%. :
pective acid chloride was used in the

Position of the thiazole was required, the res . |
propionyl chloride was used instead

ChIO"O*'iCt‘Stylation of the phenethyl chloride. 2-Chloro ! ‘
for a methyl substituent at the 5% position of the 2-ammno
0

Of chloroacetyl chloride, he N-allylamino thiazole

; t
thiazole moiety. All the hydrochlorides were stable except for

i and low melting. The direct use of N-methyl thiourea
SCOPIC ¢

Yerivative, which was hygro
. i { ;ubstitutions on the 2-
ang N-allylthiourea was preferred rather than trymg [O perform subs

122



Results & Discussion-Chemistry

amino thi .
thiazole product, because it has been reported that alkylation of 2-amino thiazoles

gave 5 T :
exclusively the 3-alkyl derivatives and not the substitution products on the amino

nitro 166,167 : : ; .
gen. The reaction mechanism involved in the formation of the thiazoles is as

fO”OWs :

NH

'/,_’\ al 2
) < - < _aa
M ~ s S §
A\ y

4

/

_—
C C
V\% o V\©\£\
Syr \
u" d . | >_7

emistry, with a particular emphasis on

There has been an outline critique of thiazole ch

63 Although a number of diverse substituted

' 3 1
the scope and limitations of the subject.
d by various routes, investigati
169 suggested that the structure of the 2-hydroxy

ons in the field of 2-hydroxy

thiazoles have been prepare
thiazoles are limited. Klein and Prijs,
o form, which is why the terminology thiazole-2-

thiazole, exists predominantly in the ket

One is used to the hydroxy thiszok. 2-ChloroacetyDphenethyl chloride was first

4-(
refluxed with potassium thiocyanate in acetone resulting in the formation of the o-
jtated potassium chl

The residue was extract
Je a solid which was then taken in

oride was removed by filteration

thiocyano ketone. The precip

followed by removal of the solvent. ed with ethyl acetate and
the solvent was removed under reduced pr
boiling ethanol to form the ethyl imidate.

refluxed. Based on mechanisms reported for the form

essure [0 gF
This was then treated with 1 N HCI and
ation of various types of thiazole-2-
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ones. % The o : _
mechanism involved in the synthesis of 4-[4-(2-Chloroethyl)phenyl]thiazole-

p 2 :
One can be envisaged as follows :

' T i

f?
<

>_,(m Gl

160

e-2-one by dehydration. The reaction mixture was

This process cyclised the thiazol
ole-2-one as a crystalline solid in 55% yield. The

refrigerated overnight to give the thinz

Physical properties of 4-[4-(2-Chloro ethyl)-2- and -3- substituted thiazoles are shown 1n

Table 8
of fused systems, ie., heterocyclic groups

f 2.3-dihydro-1H-indol-2-ones substituted at

starting material used here was the

In the pext series, involving the generation

fused 10 the phenethyl side-chain, a series ©

the 1,3 and 6 positions were synthesized. The
ted with a-chloro acid chloride,

substituted or unsubstituted anihine, which was tred
f the indole-2-one. Aniline, N-

deI3ending on the substitution desired at the 3rd position 0

ine, m-chloro aniline and m-fluo
2.Chloro propionyl chloride was

{ the 3" position of the

ro aniline were treated with

Methyl aniline, N-ethyl anil

ChlUTOacetyl chloride to give the intermediate amide.

used as the acid chloride, when a methyl substituent was desired
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thdole-2-one. [n this case, advantage is taken of the fact that a carbonyl group attached 1o

4 group capable of departing with the covalent bonding-pair is susceptible to substitution

by fllrogen nucleophiles. The outline mechanism involved in the formation of the amides

Is

The nex; step involved the cyclisation of the o-haloacyl anilides / a-halogeno.aka]
dMdes 1o the respective substituted indol-2-ones. Stolle cyclization forms the b:.iSIS- for
this reaction. ' Virious literature reports are available based on the stolle cyclisation,
Wherein the c-haloacyl anilides / a-halogenoalkyl amides were cyclised to the respective
Substituted 2,3-dihydro-14-indol-2-ones.'”""!" This cyclisaﬂonlls carried '0'” by mixing
the O-halogenoalkylamides with anhydrous aluminium chloride taken ll’f excess and
gently heated at first in an oil bath with stirring. As the temperature was increased tohe
Mixture foamed as HC1 was evolved. The reaction mixture was then heated to 160—175. &
after the evolution of HCI had ceased. The time duration for each a-halog.enoalkylaf'mc'ie
for cyclisation was determined by monitoring the reaction for completion at periodic

Int Is. The substituted 2,3-dihydro-1H-indol-2-ones were obtained in yields of 33-
ervals. The Z

42% rdance with literature reports for this type of cyclisation. The physical
°, In acco

Pr i f substituted indol-2-ones are shown in Table 9. The mechanism involved in
Operties of su

this ¢yclisation is as follows :
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C)

A

QL > @ti

HN

\ + AICL  + HCl(p)

The next step involved the introduction of the chloro ethyl component at the 5" position

of the 2,3-dihydro- 1 H-indol-2-ones. The option available was to introduce a chloro acetyl
8roup and then selectively reduce the carbonyl to methylene affording the haloethy!

derivative. Friedel-Craft’s acylation of the substituted 2,3-dihydro-14-indol-2-ones was

Carried out using chloroacetyl chloride in the presence of aluminium chloride using

Carbon disulfide as the solvent. 5-(2-Chloroacetylated)-1,3- and 6-substituted-2,3-

dihydro- 1 H-indol-2-ones were obtained in good yields by this process. The mechanism

nvolved in this chloroacetylation is as follows:
|
Q °0 -(»_AICI.

' I o

'I\l-a ¢ CICHOO == m"—c\a

Q [ CICH;— C® 0 == OCH,— C"=0] AiCi,

/ acyfiam oo

. AlCH + HOW
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In ord :

: er to study the effect of isosterism in the heterocyclic component fused to th
p en s « - . ;
. ethyl side-chain, isosteric replacement of the methylene group of 2,3-dihydro-1H
mndol-2- - : , )

one with a nitrogen atom and replacement of the indolyl nitrogen with an oxyge
n

atom — :
benzoxazolin-2(3H)-one was used as the starting material. The usual Friedel
el-

Craft que utilizi - :
s technique utilizing an acid chloride in conjunction with anhydrous aluminiu
chlori ; : . g "
ride as a catalyst invariably results 10 total or partial ether cleavage when the acyl
Y

functi 176 : :
on enters the molecule.”” The ethér linkage in benzoxazolinone is prone to such a

cl
eavage. On the contrary, benzoxazole, gets readily chloroacetylated in the absence of
at the 2nd position to give 2-chloroacetyl-benzoxazole. Inorder to

aluminium chloride,
azolinone ring, an alternative procedure for haloacetylation of

e sixth position, was followed. Polyphosphoric acid

fficient catalyst, to bring about Friedel-Crafis

retain the integrity of the ox
the benzoxazolin-2(3H)-one at th

[PPA] has been reported to be an €

177 polyphosphoric acid, even though an acid catalyst, when

acylation and alkylation.
compared with aluminium chloride, which is used i
tegrity of the oxazolinone moiety. T

n most of the Friedel-Crafts reactions
does not break the in he mechanism involved 1n this

reaction can be envisaged as follows .
ol |

= Ve S B P

+OH/ -H0

PPA

agent in the presence of polyphosphoric acid,

ylating
th removal of a molecule ©

Bromoacetic acid was used as the ac
f water to give the 6-

Which brings about bromoacetylation wi
coloured solid. The physical

(2-bromoacety!) benzoxazolin-2(3H)-one &5 & dark
Properties of the 5—(2-chloroacety!}-1.3-a"d -6-substituted-?-,."-dihydro‘IH'indOI’z'O“es

and the 6-(2-bromoacetyl) benzoxazolin-2(3H)-one are shown in Table 10.
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The next :
g step involved the selective reduction of the carbonyl function on the aliphati
side chaj g aliphatic
in. The reduction of the carbonyl group of aldehydes and ketones to methylen
e

has en;
njoyed wi jcations i ' '
joyed wide applications in organic synthesis. Of the reductive methods that hav
[
179-183 ; :
reactions have exhibited the

be
en employed, the Clemmensen'® and Wolff-Kishner
184-186

mo aos 3 3 .
St general utility. Other methods, including catalytic hydrogenation, reductions

USin S—— . . . " i ;
g Raney nickel in hydroxide media'®1%8 and wrichlorosilane - trialkylamine'®'*® and

m .
etal hydride reductions,'”’ '** have been successfully applied more specifically to aryl

aldehydes and ketones.

Kurs
sanov and co-workers have recently reported the red

be ;
Nzophenone, acetophenone and 2,4,6-trimethyl benzaldehyde to methylene using
194196 pacause of the good yields reported for

o undergo hydride transfer to

uction of the carbonyl group of

irie L : ; . ] :
thylsilane in triflucroacetic acid media.

th > : . .
ese silane reductions and the reported ability of silanes 1
197,098 5 was expected that silane reductions of aldehydes

re s t
lﬂthEIy stable carbenium 100S,
an !

d ketones would represent a seleciive,

transforming a carbonyl group to methylene.

convenient and synthetically useful method for

The yields of arylhydrocarbon products  from triethylsilane reductions of the

Otresponding carbonyl compounds 18 appreciative, the reason being the reductions occur

ativ
erfering side-products in complex-

read; _
®adily at room remperature and no formation of int
f the reduced product redious.

fe 5 :
I'ms is involved, which makes isolarion ©
ompound and triethylsilane can be

In general, the reaction between the carbonyl ¢

nvisaged 1o occur as per the following equation:

COOH # Ar-CH,-R + 2 (E1)3-S100CCE; +
H;O

Ar-CO.R  + 2 (EsSiH + 2Ch
Where, R = Hor alkyl or aryl
d for the reduction of cne equivalent

I . i
N general, two equivalents of the silane are require
ethylene product in trifluoroacetic acid. The silane

0
 the carbonyl compound 10 the m
4 hexaethyldisiloxane in amounts that vary

Products are the triethylsilyltrifluoroacetate an

ns because of its acidity

Wi y .
th the reaction conditions.
solvent for these reactio

including sulfuric aci
the insolubility of the silane and

T
Nfluoroacetic acid was chosen as the
Orther acids, d reacted with

a{} . ‘
¢ good solvating propertics.
t used because of

trj Q ;
ethylsilane.!”? Aqueous acids are f0

128



Results & Discussion-Chemistry

the car . ’

bonyl compounds in these media. When the silane was rapidly added to a
triflu Sose vt . -

oroacetic acid solution containing the carbonyl compound, a reaction occured that

was visi . ,
visibly exothermic. Hence, the silane was added, while the temperature of the

reaction mixture was being maintained at 0°C.

Compared with other trialkylsilanes, viz., tri-n-propylsilane, tri-n-butylsilane and tri-n-
hexylsilane, triethylsilane has been reported suitable for compounds whose reduced
Products had a boiling point greater than 300°C.*"

With carbonyl compounds containing carboxylate, cyano, or nuro functional groups,

among others, which include the amide groups, only the carbonyl group is reduced in

trifluoroacetic acid media. Silane reductions of the carbonyl group to methylene are

Specific for aryl carbonyl compounds.
The reductions of the carbonyl group 1o meth

and-6-substituted-2,3-dihydro- 1H-indol-2-ones 10 5-

ylene, in this case 5-(2-chloroacetyl)-1,3-
(2-chloroethyl)-1,3-and-6-substituted

*2,3-dihydro-1H-indol-2-ones Dy triethylsilane can be viewed as occuring in two steps :
reduction of the carbonyl group t0 the primary alcohol or alcohol de
the reduction of the intermediate alcohol or alcohol derivative. The mechanism involved
w for the reduction of 5-(2-chloroacetyl)-2,3-dihydro-14-

rivative followed by

May be envisaged as given belo

indol-2-one to 5-(2-chloroethyl indol-2-ones. The same mechanism of

)-2,3-dihydro-1H-
n of the 6-(2-bromo acetyl) benzoxazolin-2(3H)-one

reduction holds good for the reductio
10 6-(2-bromoethyl) benzoxazolin-Z(SH)
—6-substuuted-2,3-dihydr

one. The physical propertes of the 5-(2-
o-1H-indol-2-ones and the 6-(2-bromo

chloraethyl)-1,3- and

ethyl) benzoxazolin-2(3f)-one are shown in Table 11.
f the hetero appended and fused

d the nucleophilic substitution O

The next step involve
nt l,7.-dihydro-Z—acenaph[hylen

yl piperazine. This reaction

Phenethyl chlorides to the pare
rms of size and other

In 1s comparatively large in te

was slow, because the side cha
tion was carried out in the presence of anhydrous

functionalities present in it. The reac
iodide. In this reaction

gram of sodium

Sodium carbonate and @ few milli
rred to as Hunig’s base, which is a hindered

diiSOpropylethyIamine (DIPEA), also refe

on-nucleophilic base, was used as a catalys
yas bee

¢ in a definite molar proportion. The use of
n reported in such type of condensations

CIiiSODropyle[hylamine as a basic catalyst |
s carried out for two days using

i \ - 77,143 The jon wa
Nvolving a nucleophilic attack. The reactio
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methylisobutyl ketone (MIBK) as the solvent. As mentioned earlier the reaction was

slow, but 1t proceeded to completion afier two days. Reactions of this type have been

reported to take upto 5 days for completion,”7+143

Q

Clow lh\/u
4 . (C3Hy),Sck + CKHCOOH ———————
NH
NH
NH
l ~ n Cluw By
: ~ : o< ﬂ )
- A H—3Si— (Can
’
OH " Q
\N .
O0—C - J
s (Ciigy— Si—000CH

o CGHLSIH « CRCOOH

' | )
NIt 3
’ Ol Br - {\
=
————
C o B o \'I
H—8i" {CsHly
4
"4 o~
\“ '
0—C=— ChH j
« HO

(C sy — Si— OOCCH

-

¢ d duced
T i was filtered off and the solvent was removed under reduce
e sodiom carbonate the form of hydrochloride

revelr [h 'n e 50 d he thSIC
Whe Y e ﬁ‘ee base was not Ob[al - y )
eferO Eippellded phene[hyl ChIOI ideS, i.e., 4'(4'{2'!4'(—1,2'd1hyd1 O-Z-QCCIIaphtll lenyl

i in Table 12 and
. [)-2- and -5-substituted thiazoles are shown
Piperazin-1-yl] ethyl) phenyl) o .

ides, 1.e., , A
the hetero fused phenethyl chiorides, 3dihydro_lﬂ_indole_z_ones and the 1sosteric

p l th 3 -s i “d'2,



Results & Discussion-Chemistry

6-[2'[4‘(1‘2-dihyclro-2-:1cenaphlhyIf—:nyl)piperazinyi]ethyl}benzoxazolin-2-(3]’-]).0ne are

shown in Table 13.

The second series of molecules involved the synthesis of various piperazinyl indolyl

Propanones to evaluate their affinity at the 5-HT receptor.

The synthetic route involved the generation of a substituted indole system followed by

- incorporation of the aryl piperazine moiety in the side-chain. The substrate used in
this l'”VeStigation is a substiruted 3-acetyl indole on to which the aryl piperazine moiety
Was incorporated through a Mannich reacrion, which resulted in increasmng the side-chain

leng[h’ by one methylene unit and the incorporation of the substiruted aryl piperazine

mOiC[y'
The synthetic approach involved the generation of the 3-acetyl indole in the first step.

The principal methods which have been used for the preparation of this compound are the
201203 and of indolyl magnesium

2 o
feaction of indole with acetic anhydride at 180-200
204-206  hich gave varying yields of a mixture of mono-

halides with chloroacetyl chloride |
are not satisfactory. For this reason, the

and di-acetyl indoles. However, their yields
rred as a preparative method, but it

feaction of indole with acetic anhydride was prefe
180-200°C. In addition, the

; itions LiCes
Cannot be easily adopted owing to the conditions used i
pure diacetyl indole.

. 5144 i o obtain
dark product had to be crystallized several times 11 order t
Pure

o I 24-48 hours.
Accordingly, the reaction was carried out at 147 C for periods o-f | |
dCetic anhydride gave an oil which on crystallization gave a low yield of diacetyl indole,

but the addition of 10 % of acetic acid [0t
the r

he reaction mixturé gave after 24 hours a

emoval of the solvent under reduced

Prody ..h crvstallized readily during
© whieh € Ids of pure diacetyl indole. The

Pressure and on further crystallization gave 55-60% yie

he formation oOf diacetyl indole can be envisaged as
the

Mechanism involved in
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follows:

\ @‘Z‘>_‘"3 acoolt, » o+ ctucoon
) >——Cll3 .)Q
(

Hy
I
C DR S 3 CH,COOH
N . R S 3
I}-*lg

this diacetyl indole was removed quantitatively at room

H3

The N-acetyl group of o ;
temperature by aqueous-alcoholic sodium hydroxide. The mechanism TEREEVEE gD

hydrolytic process is as follows :

H3

Na'OH
C;H)O'H.

CH,COOH"

Hy
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The cruge diacetyl indole was contaminated by 5-10% of a by-product L1-di-(1-acetyl-3.

indo]yl) ethylene, which is g dimer.

Hic

The Structure of this by-product is known.**"?% Thjs by-product was left as an insoluble

esidue afrer the first crystallization of the crude diacety! indole. Complete separation of
the dfﬁCeryI indole from the by-product by fractional crystallization resulted in substantia]
losses of material. In order to ensure an optimum yield of 3-acetyl indole, the by-product
Vas removed in the hydrolysis stage by taking excess of ethanol and sodium hydroxide.

Warming the solution slightly, and then filtering the insoluble residue. The next step

volved substitutions on the indolyl nitrogen, with methyl, ethyl, 4-fluoro phenyl and 4-

fluorg benzoyl groups. Methyl and ethyl substitutions on the indolyl .nitrogen were

Carried ot by the addition of the respective dialkyl sulphates to a suspension otj 3-a(fe[y1

‘idole in excess of aqueous sodium hydroxide (10% solution). This reaction is a

MCutralisation reaction, which occurs simultaneously along with alkylation. The addition

Of the dialkyl sulphates was carried out between 80-85°C. The reaction being highly

ethhermiC, the addition of the dialkyl sulphate was made in a controlled manner, so as o

Maintain 85°C as the maximum temperature of the reaction mixture. N-merhyl-B-z-ice:yl

ndole and N-ethyl-3-acetyl indole were obtained in yields of 95% atnd 762;7;; rezpchnveZIf;.

This method was preferred to the method described by Potts and Saxton™ and Gary,

i odium hydride
for unsubstituted indoles, which involved the use of sodamide or s m hy
olloweqd by alkyl iodide on indole at elevated temperaturcs.

2 ; densation
In the synthesis of N-4-fluorophenyl-3-acety! indole a modified Ulmann condensa

roaromatic compounds
Procedure was devised. The condensation of five-membered hete
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Mining 3 free NH group with aryl halides in the presence of a copper catalyst is

ra] . 211213 :
ated g analogous Ulmann condensation Some N-aryl heteroaromatic

¢ . ’ :
Ompounds have been previously reported by conducting such condensations in

ﬂllrobenZenezu-zn

and pyridine.m A high botling polar aprotic solvent was required to
*«'rng about the condensation of the heteroaromatic compound containing a free NH

$10Up with aryl halides. This is a type of a nucleophilic substitution and is catalyzed by
*Opper ung / or copper salts at around 150-200°C. Intermediates such as copper oxide

d ary copper have been postulated to take part in all types of Ulmann reactions. Some

“2oles (benzimidazole. imidazole etc.,) are known to form complexes with copper
Salts,219-221 It is likely that such an intermediate is also responsible for arylation under

{1
“Mann condirions.
[ ) : -fluoroicdo benzene in the
the Present study, 3-acetyl indole was treated with 4-fluo
-pyrrolidone (NMP). Copper

Presence of anhydrous potassium carbonate in N-methyl-2
bromide and activated copper metal powder were used as catalysts 1 this reaction.
In thig reaction, 3-acetyl indole reacts as its anion in a copper-catalyzed nucleophilic
subStitu(iOn on the aryl halide,222'223 i.e., 4-flucroiodo benzene (O gIve 1-(4-ﬂu0r0ph'enyl)-

ained which is hydrolysed by addition of

B‘QCEWI indole. A copper complex is first obt

. ; : ions of this type usin
lute HC, followed by extraction with dichloromethane. Reactions of this typ g
, in an analogous Ulmann reaction have

Nom [

e[hyl‘z-pyn'olidone (NMP) as the solvent, _

*N reported for N arylation of various indoles. The mechanism involved 1 this reaction
or N-

Can be $ e
en below.
visaged as given oup, i.e., 4-fluoro phenyl group and

In . e ar 1
Order 1o increase the distance between the ary

to study the modulatory effects of such a

the ; . lene unit,
Ndolyl nitrogen by a methyle performed at the

itution was
modiﬁca[im at the 5-HT receptor, 4-fluoro benzoyl substitutl

ther alternative would
Moly] g . 1-(4-fluorobenzoyl)-3-acetyl indole. The othe
Yl nitrogen 10 give 1-( e of the 4.
sorobenzyl group, Insiead ot the

be : 4-fl
t ; i duction of a
O bring about the introdu of a 4-fluoro benzoyl group was

flug . - [ntroduction

Tobenzoyl group at the indolyl nitrogen. , aditiid .
Y beine that the group could be easily and readily introduced
on being .

W I sim !
b

U -
e in this study, the reas
n ;
the form of an acid chloride,

ean,: 5 .
“Clion for the formation of amides.
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Culie

ada

. K /

solution of 3-acetyl

was added o d
y uSins mhydmus

yl chloride
ed was tmppcd b

fluorobenz®

e o
a
. cid chloride, ie.. 4

ploride evolY

e,
ke
in benzene. The hydrogen .
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4 amide at the indoly! nitrogen of 3-acetyl indole to give 1-(4-fluoro benzoyl)-3-acervl

: e
indole. The mechanism Involved can be envisaged as follows :

iy
N\ -
\ 3 / o
+ (o —_—
] (CGHOWN

The physical properties of the N-substituted-3-acetyl indoles are shown in Table 14. The

Next step in all the four series of molecules, i.e., methyl, ethyl, 4-ﬂu0rophenyl and 4-

fluoro benzoyl substituents on the indolyl nitrogen, involved the incorporation of a

Substituted phenyl piperazine at the terminal amine portion and also to increase the length
Of the side chain from two methylene units to three methylene units. In these series of
“Ompounds, the presence of an active methylene, in the form of an acetyl group at the

2
’

d . . ) ; :
“ postion of the indole, offers an advantage that the incorporation of a methylene group
dnd the terminal amine could be brought about simultaneously.

As a result, the Mannich reaction®"** offered the best alternative, for increasing the

Sidechain length of the 3-acetyl indole by one methylene unit and the incorporation of a

Substituted phenyl piperazine which could be achieved in one step.

In the Mannich reaction formaldehyde or paraformaldehyde reacts with a ketone and a

i i inoalkylated ke
Secorldary amine in the presence of a trace of acid to give the aminoalky tone,

Which is otherwise referred to as the mannich base. The mechanism of this reaction
ehyde/paraformaldehyde with the substituted
an 1minium 10n, through

This won then

"Mvolves the initial reaction of formald
Phenyl piperazine, which serves as the secondary amine to form

. i i ¢ agent.
®limination of water, functioning as the active aminomethylating ag |
und to form the mannich base, as

'®acts with the enol from of the active methylene compo
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the product. The mannich reactions were carried out in ethanol and the time duration for
the mannich reaction was determined experimentally, in terms of the yield of the product

Obtained. The mannich products were directly obtained as stable hydrochloride salts

except in few cases where the hydrochlorides were not stable.

The time required for the mannich reaction was 19 hours for an optimum yleld of the

Product. Increase in the reaction time upto 42 hours, did not show any further increase in

the vields of the products considerably. The physical properties of the N-methyl, ethyl, 4-
fluorg phenyl and 4-fluoro benzoyl-3-acetyl indole mannich bases are shown in Tables

15, 16, 17 and 18 respectively. The mechanism involved in the mannich reaction of N-

SubS[iIU[Ed'3—ace[y1 indoles with Subs[i[u[ed phenyl piperazines 1s as follows :
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4 \ - 0 2 —_— —
@—q‘ | E— :,a « Clh=0 = ] ¢ CH=OR + v
R

R
S CH=Oon = .\;\,"
-HO
K
R
OO
K
1o,
151 2
N\ — c— \
L8
W .
hcre, Ry = methyl, ethyl, 4-fluorophenyl and 4-fluorobenzoyt

4.chlorophenyl, ~ 4-fl uorophenyl, ~ 2-methoxyphenyl,

R =  phenyl, 3-chlorophenyl,
3-trfluoromethy! pheayl,

2-pyridyl and
3-methoxyphenyl, 4-methoxyphenyl,

2-pyrimidinyl.
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All the COmpounds synthesized, were characterized by elemental analysis, infrared

*Pectra, ang the '"H NMR spectra. All values and spectras obtained were as expected for

'he Tespective functionalities present in the compounds.

Table 3. Physical Properties of N-4- alkyl substituted- 1-(1,2-dihydro-2-
acenaphthylenyl)piperazines

In
Compound R MP. | Yield | Recryst. | Mol Formu
I\Pou °C) (%) Solv.
0.
HygN;
67 A CigHys
83 H 66
- 244 60 B-C Cy1H2oN2.2HCI
84 CH,
B 205 52 B-C CisH2:N3.2HCl
85 C;Hs 2
263 31 B-C Ci9H24N1.2HCI
86 n-CiHy <03
9 267 8 B-C CisH22N2.2HCI
87 Allyl )
3 312 41 B-C CioH24N2.2HCI
88 i-CsHy <34
. 19 B-C CaoH2N1.2HCI
89 n-CiHo 260 ¢
Diethyl ether

1;C-
A - Diisopropyl ether ; B - Ethano
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Table 6. Physical Properties of N-4- aryl, -substituted aryl, and -aralkyl - 1-
(1,2-dihydro-2- acenaphthylenyl)p1perazmes

M.P. | Yield Recryst. Mol. Formula

COmpound R
No. ) | (%) | Solv.
90 Phenyl 210 70 | A-B_| CoHzuN,2HCI
e T a0
91 | 3-Chloro pheny! 199 62 | A-B CpoHy N,CL2HCI
.. 92 4-Chloro p henyl | __12_(_5’___ 54 C CaoHy NoCl
- 5-Methoxy phenyl | 219 65 D Cy3Ha4N,0.2HCI
94 3-Methoxy Ehenzl 208 D | CzsHasN20.2HCI
129 G | Cy3H24N20

| IS

C,zHaNoF.2HCI

68
95 4-Methoxy P henyl | | 55
96 4-Fluoro phenyl 233 64 D-B Cafly NEAICL
97 3.Trifluoro methyl 223 63 A 3Hz1 N2 Fa.
= pheny 69 A.C | CyHuNs.2HCI
L 2-Pyridy! 5 | 60 | A-C :
99 5 -Pyrimidiny] 248 65 A | CaoHzoN-42HCI
= 2- Py —754 | 62 A | CaHnN;02HC
D CasHaj N,OF.2HCI

100 | Benzo0 1 o -
A C24H24N202.2HCI

101 4-Fluoro Benzoyl
T\__—'—‘"" ' 262 69
s Plperonyl el ) T - Methanol

AT Ethanol ; B - Diethyl ether ; C - Acetone
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7. Physical Properties of N-4- (2- substituted ethyl ) - 1-(1,2-dihydro-2-

acenaphthylenyl)piperazines

OQ M
L Y

Compound R M.P. | Yield Recryst. Mol Formula
No. ©C) | (%) | Solv.
e OH 270 | 46 | A-B CpsHzN20.2HCI
T
P
105 N(CH3)2 186 a7 D CagHarNy.CaHaOx
106 N(CzHs )2 174 40 D CaaHyyN3.CaHaOs
_/__,,_._._,,__.-/
107 Pyrrolidinyl |1 88 52 A szH;qN;_C,‘H,()‘
H N3.CHLO
108 Pipcridinyl 190 55 A CpaHyNa.CaFdla
5 CyaHN30.CHLO
109 Morpholiny! 196 55 A 9 4
Pheny! 238 64 D CuHar! +.2HCI
110 eny -
B T |
B Diethy! ether; C- Acetone D - Methano

A - Frthanol
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Table 9 Physical Properties of 1,3&6subszizuted~2,3-dihydro-lH-indol_z_
anes
< Y
X
mm I vy - Z |MP.(°C) [ Yield (%) | Recryst.
—~No. Solvent
124 NH-CO-CH, H 125 33 Ethanol
\_&
128 N(CH;)-CO-CH; H 88 38 Ethanol
P~ ]
2 o
132 | NH-CO-CH(CH;) H | 120 ~ Ethanol
—————
Ethanol
136 N(CH;)-CO-CH(CHs) | H 53 49 thano
95 38 Ethanol
140 N(CzHs)-CO-CH, H /
\M
Cl 103 42 Ethanol
lag NH-CO-CH; 6-
g F 109 35 Ethanol
148 NH-CO-CH; 6-
\

143
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Table 13 i :
. Physma_l Properties of 5-{2-[4-(1,2-dihydro-2-acenaphthylenyi)
piperazinyl] ethyl]-1,3- and -6-substituted-2,3-dihydro- 1 H-indol-2-ones

And 6'{2'[4'(1 7'dihydr0-7_acena hthyl . X
W = 1
benzoxazolin -2(3H)-one phthylenyl) piperazinyl] ethyl]

9 Y
PpTe x
N N
\ W

[ Con

Np"“"d . 7 | M.P. | Yield | Recryst. | Mol Formula
— °C) | (%) | Solvent

127 [ NH-CO-CH: H [236| 64 | A-B |CxHyN,02HCI
i\

131 | N(CH3)-CO-CH; n |27 | 54 | €-B |CoHuN:02HC
\

135 | NH-CO-CH(CH3) H 98 | 62 | C-B |CxHxN;O2HCI
\

139 N(CH,)-CO-CH(CH3) [ H 235 48 C-D | CuHyN:O2HCI
\

143 N(C;Hs)-CO-CH: H 245 48 A CasH3iN3O.2HCI
\

147 NH-CO-CH: 6Cl | 228 | 45 A-B | CusHaN;OCL2HCI
\

151 NH-CO-CH:z 6-F 256 | 40 A-B | CxHaNsOF.2HCI
'\

154 0O-CO-NH H 256 23 A-B | CisHasNsO2.2HCI
B

ether : C - Methanol ; D - Acetone

A - Ethanol ; B - Diethyl
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Table 14. Physical Properties of N- substituted-3-acetyl indoles

H3

Compound No. R M.P. (°C) | Yield (%) | Recryst. Solvent
157 Methyl 95 95 Benzene
168 Ethyl 88 76 Benzene
179 4-Fluoro phenyl 140-41 55 Ethanol
190 4-Fluoro benzoy! 154 63 Ethanol

148
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Table 15 ; )
I5 Physical Properties of N-methyi -indoJ-3-yI-(4-substirured Piperazin. vD)

Propanones

\
A
CHJ
Compound R M.P. [ Yield | Recryst. | Mol Formuln ]
: ©C) | (%) [ Solv. ]
| Phenyl [ 220 [ 48 | A | CaHhsNiO.CH,O, ]
| 3-Chloro phenyl | 241 | 51 | B-C CoaFlag N\ OCLIH G
| 4-Chloro phenyl | 249 | 57 }I B-C II Co2HyaN:OCL 280
f B-C | CuHyuN.OF DG
I 4- Fluoro phenyl | 237 | 41 ! 2t4N30F, 01
R{Z-Merhoxyphenyf §210) 49 T B-€ ]C:ﬂ'i:u‘ﬁoz,zﬁc;
{63 [3-Methoxy phenyl | 215 | 43 | | CsHN,0, G 115
. e ' 748 | B-C | CployN,0, 35
164 [4-Me[hox_ypheny1 l 253 27:%302 2H()
N 7 : 39 | B-C | CuHyN;OF, 21
165 | 3-Trifluoromethyl / 224 , 2N;OF; 200
\Wh ,é’h;"yié ] ] 258 | 58 | B-C sz:Hz4N-4o.2Hc1
(e - 12_P;rrim}1fdinyl [ 225 ] 61 | B-C | CoHiN:O200

149
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Tia - . |
fable 6. Physical Properties of N-ethyl -indol-3-yl-(4-substituted pipﬂazinﬁl_yl)

propanones
\
\\c;13
mnd | R I M.P. ] Yield } Recryst. I Mol Formula
[ No. | | O | (B | Solv. |
169 | Phenyl | 200 | 49 | A-B | CyuHyN,02HC]
1 [202 | 35 | A-B | C;HxN;OCL2HC
~-170 | 3-Chloro pheny ;
~171] | 4-Chloro phenyl | 220 | 41 | A-B | CyxHxN:OCL2HCI
| 227 | 43 | A-B | CyHyNsOF.2HCI
~172 | 4- Fluoro phenyl [
173 | 2-Methoxyphenyl | 217 | 39 | A-B | CaHaoN:0,2HCI
174 f3-Me:hoxyphenyI[ 111 | 48 | C-D [ CuHpNsO,
Ny [ 251 | 50 | A-B_ | CuHyN30,.2HCI
~-175 | 4-Methoxy pheny! o oW
176 3-Tn'ﬂu0romethyl I 218 I 38 I A - l 241126 N3 OF;3.
henyl
¥77 ,§_p idyl [ 259 | 51 [ A-B [ CyHyN-40.2HCI
iy yr [ 231 | 48 | A-B [ CyHysNsO.2HCI

178 | 2-Pyrimidinyl -
A- Methanol ; B - Diethyl ether ; C - Ethanol ; D - Petroleum ether (60-80°C)
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(4-fluorophenyl) -indol-3-yl-(4-substituted

ik .
able 17. Physical Properties of N-
piperazin-1-yl) propanones
//\ N—R
gl
N\
N
F
'\
Compound m —TM.P. | Yield Recryst. Mol. Formula
w (oc) (%) —-SOIV.
130 e ——"""‘1"‘"— 52 A Cp7H26N30F.CsHyO4
182 i-cmgg = 2| | B-% [ CtlasM O 2L
183 4- Fluoro hcnvl—'— 1 __/39 ——-——-"“B_C -z atasOFs. 2o
T84 - Flu » = 138 46 ’——B—;(’:_’_ C23H23N3F02.2HCI
18¥5 3-MethoX henv: 5 B-C_ CagFlysN3FO,.2HCI
186 | 4-MethoX henyl | Z==—1—35 | B-C CasH2sN30F4.2HCI
187 3-Tn’f1uorometh)’l 220 | e
W,z—ég—-——gg” /'B’;_Q_,_ CosHzsN-40F.2HCI
188 2-Pvrid ] _,;.3—5—-*’—6'1"'/8—-2—_ C25H24N50F.2HCI
o~ I189 2°P)’fiﬂ_1i_‘j.i2¥-l-——"“—',::&"'mthcf D - Ethanol ;
g Sopropyl alcohol ; B - Methanol > =~
troleum ether (60-80°C)

151



Resulis & Discussion-C hemisiry

Table 18. P'hysical Properties of N-(4-fluorobenzoyl) -indol-3-yl-(4-substim[ed
piperazin-1-yl) propanones

\
J
Compound R M.P. | Yield | Recryst. ’ Mol. Formula

g N O ©C) | (%) | Solv.

wse A0 Phenyl 94 | 41 A-D | CosHpN;OF

s 197 3-Chloro phenyl  [191 | 57 | B-C | CpHysN;0,CIF.2HC]
193 4-Chloro phenyl | 249 59 | B-C | CyuHasN;O,CIF.2HC

~—194 4- Fluoro phenyl | 230 33 B-C | CosHysNsOoF) 2HCI
195 2-Methoxy phenyl | 203 41 B-C | GogHapsNsFO3. 2HC
196 3-Methoxy phenyl | 124 37 A-E | CyHuN:FOy |
197 4-Methoxy phenyl | 251 43 | B-C | CaoHpsN3FO3.2HC]
198 3 -Trfluoromethyl | 224 | 31 | B-C | CaHzsN:O.F, 2HC]

henyl

Q g_Py-ridy] 175 49 B-C Cy7H2sN-40,F.2HC]

S0 T 243 | 53 | B-C_| CisHauNsOF.2HC

- Exp  2-Pyrimidinyl
M0l B Mathanol ; C - Diethyl ether ; D - Hexane ; E - Petroleum ether (60-80°C)

»
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Pharmacology

S-HT
5 Antagonistic Activity

I ; .
y substnuted-l-(l,2—d1hydro-2-accnuphthylenyx)

In

compounds of Type - I, the N-4 alk

antagonism at the 5-HTj3 receptor in th
e

piperazi
ine i
¥ s, which were evaluated for their
inea pie i
o pig ileum LMMP, compound (88) showe
ansetron T .
,a5-H ich i
4, antagonist, which 18 used as a reference standard fi
or our stud
y.

d antagonism comparable to that of
0

COm
pounds (83) and (89
89) also showed antagonism b
sm, but they were half a
’ § potent as

Ondansetron. (Table 19)

el ,2-dihydro-2-accnaphthyleny1)

substituted
m in the guinea pig ileum

.Lbl ’9 -
g e 3

pipcrazines for their 5-Hl,

QH

/

%lnhibi[ion

——___/—-—‘—_" '-Mean t SE.

””8’3/__’5___, 39.86 £ 43"
4 o, | 167 238

Compound No.

e
/g_q,/,g:@ﬁl—_———ﬁﬁ'———
/’ﬁ’/’_”#@b/ﬁ;ﬂ—«
/gg,,/_,lﬁzﬁl«_—gzﬁf_ﬁi
046 £ 2.1

Ondansetror - .
Not Signiﬁcant " Inhibition less than 10%

N.S.

pae-?

1-(1 ,2-dihydro-Z—accnaphthylenyl)

-HT, receptor in the

In
Compounds of Type - 18 N-4-(
¢or their & L

pip
Crazi .
ines, which were evalual®
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Y

guinea pig ile (165)
um L
MMP, only compound (105 showed antagonism comparabl
arable to that

of Ondanse
tron and compound (106) wa
s found to be half as
potent as Ondansetron
. The

antagonisti
stic effe in thi
ct of other compounds In this series was not found to be si
significant

(Table 20)

Table 20
' Results of N-4-(2-Substituted) eth '
. . . yl’_l'(l,z'dlh dIO-Z-
piperazines for their 5-HT3 receptor antagomsm);n the gaucienzzpsit;)i’lle nyl)
eumn.

Compound No. R % Inhibition
Mean = S.E.
103 (- OH _____N.S.
104 NH2 N.S.
105 N(CHa)z 54.08 % 53"
R ey
106 N(CzHs)2 31,23 + 4.7
 —— p—" g »
107 yrrohdxnyl 16.86 = 3.8
108 ' ElECl’idlﬂX’_m N.S.
109 Moggholmz N N.S.
Ondansetion 60.46 £ 2.7
ificant =~ [nhibition less than 10%

substituted-1-(1,2-dihydro-2-

[N-4 alky!
ituted) ethyl-1-(1,2-dihydro-2-

Al lN"‘ (2-subs
pheral serotonergic antagonism,

he other hand, compound (86)

axirﬂum .
- orazine, showed no significant

“mong 4
e compounds

El[:e
Naphthylenyl) piperazineS]

acenaphthylenyl) piperazineS],
WhTCT”“d (88) showed the ™
possesses an - prOPYl substiti®
a bulky .
(108), which

p 1 contributing 10 the activity

dlmethylamlnoelhyl substituent on

a¢t
I\/lt . R .
Y. indicating that
possess a
jsm. This is an indication that a

lhe d
Imore, the compoun oni
{8 )glllﬁ antag

N.
4 piperazine, has sho
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b n

106- ' :
(106-109) is detrimental to antagonistic activity.

yl indol-(1-methyl)-3-yl propanones

which w i nergic
ere evaluated for their penpheral serotonergs activity, only compound (16
(165)
receptor. Compounds (166) and (167) were

21)

In com
pounds of Type - V, the substituted-piperazin

show O
ed significant antagonism af the 5-HT3

fo
und to be possess lesser degree of antagonism. (Table

ubstituted-piperazinyl indol-3-yl propanones

y N-methyl s
guinea pig ileum (Longitudinal muscle

i
able 21, Antagonism b
5-HT 1n the

of the response [©
myenteric plexus)-

XN
CHjy
a—— -
Compound No. R % Inhibition
Mean = S.E.
N.S.

“/
158 Phenyl
-/ b
159 B-Ollomghcnzl N.S.
160 4—Chlomghcn!l = N.S.
161 4-Fluomphenyl _l3.33 + 54
heny! 833 + 2.6
N.S. |

16l
162 2-MethoxyP
henyl I
N.S.

| s
3.MethoX

163

henyl . N
3-MethoX A

& 3—Triﬂuoromcth lphcnyl 46.66 £ 5.6
————19'2“"/ 30.76 £ 7.8 *

pyrid 1 : ¢

____!.6.’6-/— 2. y " 32 36 i 3 .; .
67 }Pyrimidmyl . 3 |

0 e : %5 84 £ 4.6

ess than 3%

Ondansetron _—
N.S. Not Signiﬁcam ~Inhibition &

Pe o-o%
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In compou
pounds of Type - VI, the substituted-piperazinyl indol-(1-ethyl)-3-yl pro
. : 3 panones,
their peripheral serotonergic activity, only compound (176

which were evaluated for
ceptor. (Table 22)

showed signi
ed significant antagonism at the 5-HT; re

Tabl

g.22. Antagonism by N-ethy! substituted- plperazmyl indol-3-y! propano
the response 0 - HT in the guinea pig ileum (Longitudinal nes of
myenteric plexus). muscle

9% Inhibition

Mean £ S.E.

Compound NO-
R N.S.

| 3-Chibropheny_———— | NS
/l’--—“-l"’/- N.S.

11.22 £ 2.6

7.8

70
 4- Chloropheny

| 171
4- Fluoropher_L___,_,_,._-—
6.50

172
el zM thoxyphe“y_,__,_-f——
[hOX heﬂ}’l ___._._.-—N_S—__

1B
L 5 174 | = |
‘ a-Metho xghc y e
:;1”.2 3-Tn 'ﬂuoromcthyl phcnyl _EM
o2 R &
177 2 pyridy! 1 ’%%_g%_;__
‘ | mldln)’ 3097 £ 46
___128 2-Pyr! 3097 4
Ondansetro? =
N.S. Not Signiﬁcant -- lnhibmon Jess than 5%
piperazinyl indol-(1-methyl)-3-yl

Peo of

[substilutcd—
raziny! indol- (1-ethyl)-3-yl propanones],
m. Further increase in the chain length

s shown 10 decrease the antagonistic

Am
& Ong  compounds
o
5, Panones] and Type- s
m ( antago
Pound (165) has show? signi icar
.nd (176 P

Nt
he melyl nitrogen, as in COmpO
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activity. i s s : :
y. This observation is consistent with the reported 5-HT; antagomists, which

OS o - . .

possesses a methyl substituent on the indolyl nitrogen, where replacement of the methyl
Q‘r S - .

group with an ethyl group has lead to significant loss of activity.

Inhibition of Apomorphine induced climbing behavior and Reversal of Haloperidol

induced Catalepsy

The compounds of Type-1l1, IV, VIl & VIII synthesized in this work are targeted, for

arypicality in antipsychotic acrivity, on the basis described in Chapter-2.

owski and coworkers?®® and followed by the findings of

bined 5-HT, and D; antagonism. It has been

development. The uniqueness of

The study initiated by Kost

,
Meltzer.2272% jed 1o the the concept of com

ific investigation and phnrm.lccu!icul
rts of reduced extrapyramidal si
5.HT,/D, antagonism. The clinical gains of

the focus of scient
clozapine and the recent Tepo de effects (EPS) due to
e often construed as benefits of
en unequivocally attributed t

5.HT, antagonism delays the ons

risperidone ar
these new drugs has be o their 5-HT2 antagonism.
g & L 18

hypothesized that the addition of

extrapyramldal SympLoms #s

et or diminishes the
sociated with a given dose of & D2 antagonist,

severity of the
Neuroleptic induced catalepsy in rodents serves as a model of human EPS and has been
f 5-HT: ur‘.mgunists.::" The EPS protection afforded by

used 1o examine the effect 0
3-HT, blockade 1s conditional.” antagonism 1§ Just above the EPS threshold,
blockade may delay the
5.HT, occupancy may reduc

eased still further, the protective effect of

% When D;

onset of EPS. If the dose of the Ds

ths concomitant 5-HT2
e the severity of EPS.

antagonism is increased further, the
of D, occupancy i§ Incr
elmed. This view is sup
5.HT, antagonis
derate Dz block, not with supramaximal

Howe
OWever, if the level

S.HT
"l ported by severtl findings. First,

2 blockade may be overwh

neurOCh z 2
€mical srudies in animals show that m enhances dopaminergic

act

D; 1:12;:2;}:2 Striatum, but only in the face of mo'
| s with risperidoné
y do so il g much
ponent functions to delay, not obviate,

and olanzapine show that these

SE’-“:'Ond, animal studie
higher dose relative to

drugs do i :
€S do induce Catalepsy.232 HoweVver, the

t . -
ypical neuroleptics, suggesting that the 5-HT> com
293 pave recently shown that while

We- Griset of EPS. Third, Bligh-Glover and coworkers

157



Results & Discussion-Pharmacology

ritanserin i . ]
serin is able to reverse catalepsy induced with 0.25 mg/kg, it is unable to reverse

catalepsy induced by 0.75 mg/kg haloperidol.

ence, the prime options among the outline methods of evaluating the compounds for

atypicality in the antipsychotic activity, were to evaluate their D; antagonism, in terms of
y

the compounds ability to antagonize the actions of Apomorphine, a Do/D; agonist and to
(=

evaluate the compounds ability to reverse catalepsy induced by the typical anupsychotic

haloperidol, which is a non-selective dopamine antagonist.
Among the compounds of Type-HI [4-(4-{2-[4-(1,2-dihydro-Z-acenaphthylenyl)
phenyl)-2- and _5.substituted thiazoles] evaluated, compounds

piperazin-1-yl] ethyl}

(117), (121) and (123) have shown significant inhibition of the climbing induced by the

D,/D; agonist apomorphing. These compounds have shown 62%, 42% and 53%

this climbing behavior respectively, indicating that these compounds show a

inhibition of
significant anitpsychotic profile. (Table 23)

[2-[4-(I,2-dihydro—2-acenaph[hylenyl) piperazin-1-yl]

. and -5-substituted thiazoles for their inhibition of
behavior in mice

Table 23. Results of 4-(4-
ethyl) phenyl)-2
apomorphine induced climbing

OOy

Compound No. R Z % Inhibition
Mean = S.E.
113 T - N.S.
115 CH, H | NS
117 NH, | CHs | 6LLE 64
119 NOCH, | B | 1L1E 38
I NH-Allyl H 41.6% 1.9
123 OH H 524+ 4.8
Haloperidol - 100
gy an 10%

N.S.- No Significant - Tnhibition less th

F('JO{
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These selected compounds were further evaluated for their arypicality in antipsychotic
aclivity by their ability to reverse the catalepsy induced by Haloperidol, a non-selective
Dopamine antagonist which has a high incidence of extra pyramidal side-effects. These
three selecied compounds, were found to reverse catalepsy by 6.25%. 80% and 40%
fespectively. Of these compounds, compound (121) showed a maximum reversa] of
Catalepsy indicating probable antagonism at the 5-HT; receptors, which is a prime

Tequirement for arypicaliry in antipsychotic activity in terms of EPS benefits. (Table 27)

Among the compounds of Type-III [4-(4-{2-[4-(1,2-dihydro-2-acenaphthyleny)
Piperazin-1-yl] ethyl} phenyl)-2- and -5-substituted thiazoles] compounds carrying a
Substituted amino group at the S position of the thiazole ring, showed increasing D,
dntagonism depending on the size of the substtuent. This is evident from our
Observations that a free amino group (113) at the said position has insignificant activity,

Whereas the incorporation of a methyl group on the nitrogen (119), has increased the

antagonism to a lesser extent. Further increase in the size to an allyl group (121,
®nhances the antagonistic activity significantly. Compound (117) on the other hand even
though carries a free amino group at the 2 position, the presence of 2 methyl substituent
at the 5" position has increased the antagonism significantly. Compound (123), which

. ¥ d o g o dsads : .
Carries a keto function at the 2™ position, has also shown a high incidence of antagonism.

he effect of the allyl substituted amino group (121) and a free amino group with a 5.
nd P

Methyl substituent (117) and a keto group (123) at the 2™ position on the 5-HT2

antagoniSm was evaluated for their atypicality in antipsychotic profile by estimating their

> Venany Catalepsy induced by haloperidol. Among these, compound (117) brought

aboyp . ’ .
a Mining,; reversal of catalepsy. Compound (121) showed an ideal atypical

antips . . f
Psychotje Profile, by exhibiting a very high level of reversal of catalepsy and

com ‘

pound (123 was comparatively lower in potency.

Hence, com idate for an atypical antipsychotic
Poind (L21) promises to be a good candidate f op 5y

agent.
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Among the compounds of Type-IV [5-[2-[4-(1,2-dihydro-2-acenaphthylenyl) piperazin-
1-yl] ethyl}-1,3- and -6-substituted-2,3-dihydro- 1 H-indole-2-ones] and 6-(2-[4-(1,2-
dihydro-2-acenaphthylenyl) piperazin-1-yl] ethyl}-benzoxazolin-2(3H)-one evaluated,
only compounds (127). (131), (151) & (154) showed a minimal inhibition of the
climbing induced by the D2/Di agonist apomorphine.

These compounds have shown around 16-28% inhibition
ing candidates for atypical

of this climbing behavior,

indicating that these compounds could be promis
antipsychotics, the reason being a low incidence of dopamine antagonism, which in turn

is a prime requirement for atypicality. (Table 24)

Table 24. Results of 5—{2-[4-(1,2-dihydro—2-acenaphlhylenyl) piperazin-1-yl]
2,3-dihydro-lH-indole-Z-ones and 6-(2-

ethyl) —1,3- and _6-substituted- ;
[4-(1,2-dihydr0—2-acenaphthylenyl) piperazin-1-yl] ethyl»}-benzoxazolin-
2(3H)-one for their inhibition of apomorphine induced climbing behavior

in mice

N X

z
Compound No. o XY — Z % Inhibition
Mean = S.E.
127 NH-CO-CH: H 16.6x 7.8
131 N(CHj3)-CO-CHa H 222+ 5.6"
135 NH-CO-CH(CH3) H N.S.
| 139 N(CH,)-CO-CH(CHp) | H N.S.
| 143 N(CH5)-CO-CHz H N.g.
147 NH-CO-CHy al NS
151 NH-CO-CHa F 27.7E 7.3
;. -
154 O-CO-NH H 11.1% 5.7
\—’_——’t
Haloper; : : 100
N\-mdm — —tan 10%
Feo ot Significant - Tnhibition less than 1070

r their arypicality in antipsychotic activity by

These compounds were heq evaluated 5
Haloperidol. These compounds were

their ability 10 reverse the catalepsy induced by
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found to reverse catalepsy by 84%, 6.25%, 65% and 8% respectively. Of these
compounds, compound (127) showed a maximum reversal of catalepsy indicating
probable antagonism at 5-HT; receptors, which is a prime requirement for atypicality in

antipsychotic activity. (Table 27)

Among compounds of Type-1V [5-(2-[4-(1,2-dihydro-2-acenaphthylenyl) piperazin-1-
yi] ethyl}-1,3- and -6-substituted-2,3-dihydro-1H-indole-2-ones] and 6-{2-[4-(1,2-
dihydro-2-acenaphthylenyl) piperazin-1-yl] ethyl}-benzoxazolin-2(3/)-one, compounds
possessing a free hydrogen atom on the amide nitrogen and a free methylene at the o
position of the indol-2-one (127) have been found to be essential for Dj antagonism.
Compound (131) having a methyl substituent on the amide nitrogen and compound (135)
possessing a methyl substituent at the 3" position have shown lesser antagonism.
Compound (127) mimics both the position and acidity of one of the phenol groups in
dopamine and gratifyingly possessess the desired antagonism. Furthermore, compounds
(147) and (151), which possess an electronegative halogen atom at the 6" position of the

ch carries a free amide nitrogen and a tree methylene at the 3* postion)

indol-2-one (whi
e active. This activity is further dependent on the steric bulk of the

have been found to b
electronegative atom, where compound (147) carrying a chlorine atom is insignificant,
while (151) carrying a flu

These compounds were the

orine atom shows enhanced antagonism.
n evaluated for their atypicality in antipsychotic profile by
y induced by haloperidol. Among these compounds,

estimating their reversal of cataleps
el as a free methylene at the 3™ position of the

(127) having a free amide nitrogen as w

indol-2-one and (13D having a fluorine atom
amide nitrogen and the methylene group have signific

CF these o compouﬂds (127) promises 10 be an idea

@i
Psychoie agent.

at the 67 position in addition to the free

antly reversed the catalepsy.

| candidate for an atypical

Subsumwd-pipcrzminyl indol-(1-[4-fluorophenyl } -

An W
0ng the compounds of T_WW'V” l
activity at the D, receptors, only compounds

3-yD) propanones] evajyated for their central
(180), (181), (182), (187) and (188) showe
induced by the Dypy, agonist apomorphinc.

d a significant inhibition of the climbing

These compounds have shown around
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25.- - C .
75% inhibition of this climbing behavior, indicating that these compounds show a

significant anitpsychotic profile. (Table 25)

i i - :
able 25, Results of N-(4-fluorophenyl)- piperazinyl indolyl propanones for their
inhibition of apomorphine induced climbing behavior in mice.

N"R

X
Compound No. R % Inhibition
Mean + S.E.
180 Phenyl 364+ 6.3°
181 3-Chlorophenyl 583+ 59”
182 4-Chlorophenyl 254+ 6.3
183 4-Fluoropheny! N.S.
184 2-Methoxyphenyl N.S.
185 3-Methoxypheny! 24.6+ 7.9
186 4-Methoxyphenyl N.S.
187 3-Trifluoromethyl phenyl 69.5+ 8.5*
188 2-Pyridyl 72.6% 53"
189 2-Pyrimidiny! 25.6+ 6.4
| __Haloperidol _| E 100

I‘DI-S.- Not Significant
"<o0.0%
These COmpoyng were then evaluated for their atypicality in antipsychotic activity by

therr ability ¢, Teverse the catalepsy induced by Haloperidol. These compounds were

found to reverse Catalepsy by around 20-40%. This data suggests that the test compounds

probably possesg 5-HT, antagonism owards antipsychotic activity. (Table 27)
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Among  the compounds  of Type-VIII  [substituted-piperaziny! indol-(1-[4-
ﬂuorObe“ZO}’U-3-yl) propanones] evaluated, compounds (194), (195) & (197) showed
SiEMficant  inhibition of the climbing induced by the Dy/D, agonist apomorphine,

{Table 26)

Table 26, Results of N-(4-fluorobenzoyl)- piperazinyl indolyl propanones for their
inhibition of apomorphine induced climbing behavior in mice.

N/R

)

Compound No. R % Inhibition
Mean + S.E.
191 Phenyl N.S.
192 3-Chlorophenyl 19.4 + 6.8
193 4-Chlorophenyl 16.6+ 7.3
194 4-Fluorophenyl 44.4 + 58"
195 2-Methoxyphenyl 63.8+ 65
196 3-Methoxyphenyl N.S.
197 4-Methoxyphenyl ZLdx 14
198 3-Trifluoromethyl phenyl N.S.
199 2-Pyridyl 13.84 8.3
[ 200 2-Pyrimidiny! N.S.
__Haloperidol - 100

¢ ;- Not Significant
These compounds pyy, 0 on 45%, 64% & 28% inhibition of this climbing behavior

respectively, indicating that compounds (194) and (195) could be showing a profile

similar to those of typical amipsychotics exhibiting higher levels of dopamine
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ant i
agonism. Compound (197) on the other hand shows a lower dopamine antagonism

whi o : T
ch could be a promising candidate for atypicality in antipsychotic activity

These compounds were then evaluated for their atypicality in antipsychotic activity by
their ability to reverse the catalepsy induced by Haloperidol. The compound (194)

showed insignificant reversal of catalepsy, indicating that it could only act as a

conventional antipsychotic with dopamine antagonism. On the other hand, compounds

(195) & (197) have shown 19% and 60% reversal of catalepsy respectively. Compound

(197) shows significant reversal indicating antagonism at 5-HT? rece
thereby satisfying requirements for an atypical

ptors, inaddition to

minimal dopamine antagonism,

antipsychotic. (Table 27)

Results of Reversal of Haloperidol-induced Catalepsy for selected

Table 27.
promising compounds

Compound No. % Reversal
Mean £ S.E.
83 75.40 + 7.3°
[ 117 6.25 + 2.4
121 79.16 + 6.4 "
123 309.58 + 5.7
127 8330 + 7.4
B 131 625 = 3.4
151 64.58 + 89"
180 | 10.41 + 4.6
3 181 18.75 + 6.3
— w2 N.S.
____J_?l_-— 20.83 + 5.8
| 3P ST
— |
195 1875 £ 3.6
97| 60.41 = 6.7
NS lop _Haloperidol __ 1 ——— Nil
S.- Not Significant = _ Inhibition less than 5%
S0 ag
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Among the compounds of Type-VII [substituted-piperaziny! iﬂdO]-(l-{4-ﬂu0roph3ny”_
3-yl) propanones] which comprise of various aryl and substituted aryl groups at the N-4
Piperazine, compounds (180), (181), (182), (187) and (188) were found to have a high

level of dopamine antagonism. All these compounds however, failed to reverge the

Catalepsy induced by haloperidol, indicating a probable lack of 5-HT, antagonism, ruling

Out arypical behavior. (Table 27

Further structural modification, in terms of incorporating a 4-fluorobenzoyl function in
Place of the 4-fluorophenyl function on the indolyl nitrogen led to the synthesis of

Compounds of Type-VIII [substituted-piperazinyl indol-(l-{4-ﬂuorobenzoyl}-3-y1)
Propanones].
Of these, compounds (194), (195) and (197) have shown moderate to high dopamine

antagonism. Compound (197} has significantly reversed the catalepsy, whereas the other

two have shown no significance in the reversal of catalepsy. (Table 27)

Hence, Compound (197) promises to be a good candidate for an atypical antipsychotic
agent.

; ; 226
These findings are in agreement with those of Kostowski and coworkers™ and sugges:

the central serotonergic system has an inhibitory influence on the censrql

thar
dopamf)zergfc system and that the cataleptogenic effect of neurolepiics apparently

depends on the balance between the two systems.
Inhibition of Apomorphine induced stereotypic behavior

In order ¢4 ascertain the balance required between the 5-HT>/D; receptors, specificity of

the antagonism 4, the D, receptor was a prime criteria. Few of the promising molecules
2

were  evaluateq for their ability to inhibit the stereotypic behavior induced by
eir «

apomorphine in mice, which is characteristic of antagonism at the Dz receptor.
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Compounds (83), (121), (127) & (197) were selected for this evaluation in order to

ascertain the specificity for antagonism at the D, receptor.

Among these, compounds (83), (121) & (127) had no significant inhibition in the
Stereotypic behavior induced by apomorphine at a dose of 30 mg/kg & 60 mg/kg (ip),

further it was observed that a dose of 100 mg/kg was found to be lethal,

Compound (197) at a dose of 60 mg/kg, showed 14.8 £ 2.5% inhibition of apomorphine
induced stereotypic behavior. It was further noticed that a dose of 100mg/kg was lethal,

On the other hand haloperidol which is a non-selective dopamine antagonist, inhibits

17.5 + 2.1% of the stereotypic behavior induced by apomorphine at a dose of
0.5mg/kg (ip).

The low D, antagonism exhibited provides a strong point towards the atypical behavior in

antipsychotic activity of these selected promising molecules.

In view of the involvement of D receptor antagonism (in inhibition of apomorphine
induced climbing behavior) and possible role of 5-HTz antagonism (in haloperidol
induced catalepsy reversal} and also an indicative role of D; antagonism (exhibited by
the inhibition of apomorphine induced stereotypic behavior), the present study needs
Surther pharmacological investigations to selectively suggest the specific modulatory role
°f 5-HT,{ D,/ D;receptors in the atypical behavior of the promising compounds in thejr

a 1 . . -
"BDsychotic activity.
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Summary

A new arylpiperazine, 1-(1,2-dihydro-2-acenaphthylenyl) piperazine as a new
lead molecule and its various substitution products as the first series and a second
series involving the concept of lead modification, N-substituted-3-acety! indole
derivatives (Piperazinyl indolyl propanones) incorporating known arylpiperazines
for 5-HT receptor modulator activity were synthesized.

(a) New arylpiperazines based on the structure of 1,2-dihydro-2-acenaphthylenyl

piperazine were synthesized and their pharmacological evaluation was carried

out.

(b) New  N-substituted-3-acetyl indole
incorporating known aryl piperazines)- Piperazinyl Indolyl Propanones were

derivatives  (mannich  products

synthesized and their pharmacological evaluation was carried out.
All chemical intermediates which were synthesized were used in the synthesis of

the various compounds involved in both the series of compounds.
The first series in this thesis work has resulted in the synthesis of a new

(a)
arylpiperazine, i.¢., 1-(1,2-dihydro-2-acenaphthylenyl) piperazine (83),
followed by structural modifications in terms of bringing in suitable

pharmacophoric moieties at N4 of the piperazine for beneficial activities.

(b) The new arylpiperazine (83) was synthesized from 1,2-dihydro

acenaphthylene through a series of reactions involving electrophilic and
nucleophilic substitution reactions in good yield and purity.
Compound (83), the new arylpiperazine exhibited 5-HT3 antagonistic activity in
the longitudinal muscle myenteric plexus preparation of guinea pig ileum
(LMMP) and showed a maximal reversal of catalepsy induced by haloperidol,

aracteristic feature of all reported arylpiperazines.
stituted derivatives of (1,2-dihydro-2-acenaphthylenyl)
containing linear side chain groups, compounds of

ated on the LMMP of guinea pig ileum and

which is a ch
(@)  Of the N-4 sub
piperazines, the series

Type-] & Type-11 were evalu

showed varying degree of 5-HT3
(b) Compound (88) (Type-D, I-(1,2-dihydro-2-acenaphthylenyl)-4-isopropyl

compound  (105)  (Type-1),  1-(1,2-dihydro-2-

amino ethyl) piperazine showed

antagonistic activity.

Plperazine and

acenaphthy]enyl)-4-(2-dimethyl
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antagonism comparable to that of the standard 5-HT; antagonist

Ondansetron.
(a) The N-4 substituted derivatives of  (1,2-dihydro-2-acenaphthylenyl)

piperazines, of Type-IlI and Type-IV which were substituted onto the

N-4 of the piperazine, specifically designed and synthesized for atypical

antipsychotic activity, were evaluated for their potential antipsychotic

activity.
These compounds showed antagonism to D2/D) receptors in the evaluation

(b)

of apomorphine induced climbing behavior in mice. Compounds that
have shown Dy/D; antagonism were evaluated for their 5-HT; antagonism

in reversing the catalepsy induced by the neuroleptic drug-haloperidol,

which was consistent with the design parameters involved.

Compounds (117), (121) and (123) (Type-III), showed antagonism to
apomorphine induced climbing behavior. Compound (121) 4-(4-{2-[4-
azinyl] ethyl} phenyl)-2-allylamino

(a)

(I,2-dihydro-2-acenaphthylenyl) piper

thiazole, showed a maximum reversal of catalepsy induced by haloperidol

indicating probable antagonism at 5-HT; receptors.

(127), (131), (151) and (154) (Type-1V), showed minimal

(b) Compounds
hine induced climbing behavior. Compound (127)

antagonism to apomorp
5-{2-[4-(1 ,2-dihydro-2-acenap hthylenyl) piperazinyl] ethyl}-2,3-dihydro-

owed a maximum reversal of catalepsy induced by

1H-indol-2-one, sh
probable antagonism at 5-HT, receptors, which is a

haloperidol indicating

prime requirement for arypicality in antipsychotic activity in terms of EPS

benefits.

The methodology adopte

compounds of Type-1II & Type-
n terms O

d in the syntheses of chemical intermediates for
IV, involved newer approaches that are different

from those of in the literature i f reducing the number of steps, required

10 Synthesize an intermediate.
tituted Piperazinyl Indolyl propanones, compounds of

I
n the second series of Subs
evaluated for their serotonergic activity on the

Type-V ang Type-VI Wwere

LMMP of guinea pig ilenm and exhibited varying degree of antagonistic activity.
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Compounds (165) (Type-V) and (176) (Type-VI) showed antagonism at the
3-HT; receptor compared to the standard 5-HT; receptor antagonist-Ondansetron.
The compounds of Type-VII and Type-VIII were evaluated for ability to inhibit
the climbing behavior induced by DyD; agonist apomorphine and reverse
Catalepsy induced by haloperidol, consistent with the presence of the aromatic
substituent on the indoly! nitrogen.

The starting material for the compounds of Type-VII, N-(4-Fluorophenyl)-3-
acetyl indole (179) is mew chemical entity (NCE) and its synthesis was
accomplished through an analogous Ulmann condensation procedure using
3-acetyl indole and 4-fluoroiodo benzene.

The starting material for the compounds of Type-VIII, involved the structural
modification of N-(4-Fluorophenyl)-3-acetyl indole, in terms of increasing the
distance between the indolyl nitrogen and the 4-fluorobenzene moiety by one
carbon atom. This was best achieved by bringing in the 4-fluorobenzene as an
acid chloride (4-fluorobenzoyl chloride) to result in the formation of an amide on
the indolyl nitrogen, leading to N-(4-Fluorobenzoyl)-3-acetyl indole (190), which
is also a new chemical entity (NCE).

Compounds of Type-VII showed significant inhibition of the climbing behavior
induced by apomorphine, but failed to reverse the catalepsy induced by
haloperidol to a significant extent, indicating that these compounds would

probably act as antipsychotics.
The compounds of Type-VIII showed both D»/D; antagonism and 5-HT,

antagonism.
Compounds (194) and (195) (Type-VIII) showed a profile of g typical

antipsychotic. Whereas compound (197), 1-(1-(4-Fluoro benzoyl)-14-3-indolyl)-
3-[4-(4-methoxyphenyl) piperazin-1-ylj-1-propanone, on the other hand showed

Minima] D, antagonism combined with maximal 5-HT; antagonism, indicative of

a prornising atypical antipsychotic nature.
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Conclusions

The present thesis work has led to suggest the new arylpiperazines, compound
(83, 1-(1,2-dihydro-2-acenaphthylenyl)-4-isopropyl piperazine & (105), 1-(1,2-
dihydro—2-acenaphthylenyl)-4-(2-dimethylaminoethyl) piperazine  exhibited
5-HT; antagonistic activity while compounds (121), 4-(4-{2-[4-(1,2-dihydro-2-
acenaphthylenyl) piperazinyl] ethyl}phenyl)-2-allylamino thiazole & (127) 5-(2-
[4-(1,2-dihydro-2-acenaphthylenyl) piperazinyl] ethyl}-2,3-dihydro- 1H-indoi-2-
one showed significant 5-HT, antagonistic activity towards their antipsychotic
nature.

Compound (197, 1-(1-(4-fluorobenzoyl)- 1H-3-indolyl)-3-[4-(4-methoxy phenyl)
piperazin-1-yl]-1-propanonc exhibited both 5-HT; and D, antagonistic activity,
which is a prime criteria for the atypical profile of antipsychotic agents.

As the present synthetic work has shown promising leads of arylpiperazines,

further in vitro binding studies would characterize seiective 5-HT modulatory role

(as 5-HT; and 5-HT> combined with D/D; modulation) for these compounds,
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