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Abstract
In the present study, three series of compounds viz., I: 2-{4-[4-(substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7), II: 4-{4-[2-(4-(2-substituted quinoxalin-3-yl) piperazin-1-yl)ethyl]phenyl} thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7), IIIa: N-{2-[4-(substituted)piperazin-1-yl]-2-oxo ethyl} acetamide (P : 1-7) and IIIb: N-2-{4-[4-(2-substitutedthiazol-4-yl)piperazin-1-yl]-2-oxo ethyl} acetamide (AG:1-7) were designed in accordance with the strategy promulgated by Ariens targetting Schizophrenia. The designed compounds were synthesized by conventional method and wherever possible, reactions were carried out using microwave irradiation technique under solvent free conditions. The newly synthesized compounds were charaterized by spectral data (IR, 1H NMR and MS) and elemental analysis. The synthesized compounds were evaluated for their 5-HT2A and D2 receptor antagonistic activites in in vivo pharmacological models using Cage Climbing Assay and Quipazine induced head twitches respectively in Swiss albino mice. NCEs were also tested for catalepsy in Swiss albino mice. In series I, the compound NC6 was found to be the most active one with 5-HT2A/ D2 ratio of 1.1143 and an average cataleptic score of zero. In series II, the compound QCMH4 was found to be the most active one with 5-HT2A/ D2 ratio of 1.23 and an average cataleptic score of zero. In series IIIa, the compound P4 was found to be the most active one with 5-HT2A/ D2 ratio of 0.853 and an average cataleptic score of zero. In series IIIb compound AG3 was found to be the most active compound with 5-HT2A/ D2 ratio of 1.128 and an average cataleptic score of zero. Some of the compounds of Series I and series II were also evaluated for their receptor binding affinity at 5-HT2A and D2 receptors using radio ligand binding assays. In series I, NC6 was found to be the most active with Ki of 6.33 μM towards the D2 receptor and 11.2 μM towards the 5-HT2A receptor. In series II, the compound QCMO7 was found to be the most active one with Ki of 1.34 μM towards the D2 receptor and 1.58 μM towards the 5-HT2A receptor. A three-dimensional pharmacophore hypothesis was also developed for atypical antipsychotics using HipHop in CATALYST program and validated using the pre-clinical candidates and synthesized compounds.
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CHAPTER I

INTRODUCTION

Schizophrenia is a mental illness that is among the world’s top ten causes of long-term disability. The symptoms of schizophrenia include psychosis, apathy and withdrawal, and cognitive impairment, which lead to problems in social and occupational functioning, and self-care. About 1% of the population is affected by schizophrenia, with similar rates across different countries, cultural groups, and sexes. The illness tends to develop between the ages of 16 and 30 years, and mostly persists throughout the patient’s lifetime (Jablensky, 1997).

1.1 Historical Background

Emil Kraepelin was the first to differentiate schizophrenia, which he referred to as “dementia praecox” (dementia of the young), from manic depressive psychosis. The term schizophrenia was introduced at the beginning of the twentieth century by Eugen Bleuler (Howells, 1991). The word is derived from two Greek words: “schizo,” which means to tear or to split, and “phren,” which means “the intellect” or “the mind”. Thus, the word schizophrenia means the splitting or tearing of the mind and emotional stability of the patient. Bleuler classified the symptoms of schizophrenia into fundamental and accessory symptoms. Other early theories were those of Adolf Meyer and Sigmund Freud. Meyer, who introduced the "psychobiologic approach" to psychiatry, sought the origins of schizophrenia, as well as other psychiatric syndromes, in the personal and medical history of patients emphasizing particularly their habitual reactions to life events. Freud viewed schizophrenia as a manifestation of a "weak ego" and an inability to use the ego defenses to control anxiety and instinctual forces. The most recent substantive changes in the diagnostic conceptualization of schizophrenia were proposed by Kurt Schneider in the mid 1900s. Schneider’s first-rank symptoms are types of hallucinations and delusions that characterize the signs of psychosis. When compared to Bleuler’s “fundamental” symptoms, Schneider’s symptom descriptions were more detailed and specific. Subsequent diagnostic criteria for schizophrenia have been heavily influenced by Schneider’s approach.

Beginning in the 1980’s a more contemporary biologic approach to schizophrenia has evolved. It has categorised many persistent mental and behavioral features into three clusters: (1) reality distortion, or positive symptoms comprising hallucinations and delusions (Liddle 1987). (2) So-called negative symptoms of diminished psychomotor activity (poverty of speech and spontaneous movement, flatness of affect); and (3) a "disorganization" syndrome, or thought disorder (fragmentation of ideas, loosening of associations, tangentiality, and inappropriate emotional expression); the separation of behavior into "positive" and "negative" symptoms apart from cognitive symptoms is widely accepted in the scientific community at present.

1.2 Epidemiology 

Schizophrenia has been found in every racial and social group so far studied. On average, 35 new cases per every 100,000 appear annually (Jablensky, 1997). As indicated earlier, studies of prevalence suggest that at any given time 1 % of the world population is suffering from schizophrenia, and expectancy rates are estimated to be as high as one chance in 100 that a person will manifest the condition during his or her lifetime. The incidence of schizophrenia has remained the same over the past several decades. Males and females are affected with equal frequency. The onset of psychosis (i.e., reality distortion or disorganization of thought) usually occurs at about 17 to 27 years of age in males and at 20 to 37 years in females. 

Race does not appear to influence the distribution of schizophrenia. Geographically, schizophrenia appears to be evenly distributed throughout the world. A country's stage of economic development, degree of urbanization, or climate seems to have little influence on schizophrenia prevalence. Schizophrenia is the fourth leading cause of disability worldwide. Schizophrenics occupy about half the beds in mental hospitals. The age of admission to the hospital is between 20 and 40, with a peak between 28 to 34 years.

1.3 Clinical syndrome of schizophrenia

Schizophrenia is characterised by three broad types of symptoms, including psychotic symptoms (positive symptoms), negative symptoms, and cognitive impairment (Liddle, 1987). Positive symptoms generally imply occurrences beyond normal experience; negative symptoms generally connote diminished experience. Cognitive, or "disorganized," symptoms refer to difficulty maintaining a logical, coherent flow of conversation, maintaining attention, and thinking on an abstract level. 

1.3.1 Positive symptoms

Hallucinations and delusions are the most common positive symptoms experienced by schizophrenics. The world of a schizophrenic individual may be filled with hallucinations; a person actually may sense things that in reality do not exist, such as hearing voices telling the person to do certain things (auditory hallucinations), seeing people or objects that are not really there (visual hallucinations), or feeling invisible fingers touching his or her body (tactile hallucinations), smelling things that other people cannot smell, or not smelling the same thing that other people do smell (olfactory hallucinations) and tasting things that isn't there (gustatory hallucinations). These hallucinations may be quite frightening. 
Delusions are false beliefs that usually involve a misinterpretation of perceptions or experiences. Persecutory or paranoid delusions are mostly common in which the persons believe that someone is plotting against them, or out to harm them. Referential delusions are also found to be common, in which a person believes that passages from books, another person’s gesture or television reports are specifically directed at him or her. In delusions of thought withdrawal he /she imagines that an idea has been extracted from his/her mind by an external agency and in thought insertion delusions, the patient believes that an idea has been implanted into his mind; patients experiencing Grandiose delusions imagine themselves to be possessing great wealth, intellect, and power and Somatic delusions involve belief that something is physically wrong with the individual. Disorganized speech (frequent incoherence), rambling monologues (the person talks to himself/herself) and catatonic behavior (an abnormal condition variously characterized by mania and either rigidity or extreme flexibility of the limbs) are also positive symptoms experienced in schizophrenics. 

1.3.2 Negative symptoms

These are deficit states in which basic emotional and behavioural processes are diminished or absent. Negative symptoms are more pervasive and fluctuate less over time than positive symptoms, and are strongly associated with poor psychosocial functioning (Sayers et al., 1996).  Common negative symptoms include Alogia or poverty of speech, (reduced thinking and speech productivity), Avolition or apathy (poor attention and decreased initiation of goal-directed behaviour), Anhedonia (lack of pleasure in the acts that are normally pleasurable) and Affective flattening or flattened affect (reduction in the range and intensity of emotional expression, including facial expression, voice tone and eye contact). Inappropriate social skills or lack of interest or ability to socialize with other people and inability to make friends are also characteristic negative symptoms.

1.3.3 Cognitive Symptoms

Cognitive symptoms refer to the difficulties with concentration and memory. These include: slow thinking, difficulty in understanding, poor concentration, poor memory, difficulty in expressing and integrating thoughts, feelings and behavior. Cognitive symptoms predict functional outcomes such as social function, school and work function, and activities of daily living, more so than positive or negative symptoms. Like negative symptoms, cognitive impairment is strongly associated with functional impairment, including community living and work (Green et al., 2000).  Mood symptoms such as sociality, hopelessness and dysphoria (an emotional state characterized by anxiety, depression and dissatisfaction) are also observed in few patients with schizophrenia. Schizophrenia carries a significant risk of suicide. Suicide occurs most often among young schizophrenics living apart from their families who are overwhelmed by their symptoms and experience difficulties of independent existence (Winokur et al., 1975).

1.4 Diagnostic Criteria

Diagnostic and Statistical Manual of Mental Disorders (DSM) is now the most widely used system for diagnosing schizophrenia and other mental disorders. The most recent version of the DSM is the DSM IV (Am. Psychiatric Assoc. 1994). Using DSM IV criteria, schizophrenia can be diagnosed when signs and symptoms of the disorder have been present for six months or more. The characteristic symptom criteria for schizophrenia include (a) hallucinations, (b) delusions, (c) disorganized speech, (d) grossly disorganized or catatonic behavior, and (e) negative symptoms. At least two or more of these symptoms must be present for one month.

1.5 Theories of Causation and Mechanism

Although there is no universal agreement as to the cause of the disease, an increasing weight of evidence favors an interaction between a genetic predisposition and one or more early developmental events. One widely held contemporary hypothesis is that this disease reflects an underlying developmental disorder, determined either genetically or because of environmental factors, leading to abnormalities of synaptic connectivity, prominently affecting the hippocampus and prefrontal cortex.

1.5.1 Genetic Factors 

Several authors have estimated that genetic factors account for 80 % of the risk of developing schizophrenia. Within the last several years, polymorphisms in several genes have been implicated as risk factors for schizophrenia. Such genes include those expressing neuregulin, dysbindin, Capon, Calcineurin, catehol-O-methyltransferase (COMT), proline dehydrogenase, α7 nicotinic receptor gene and DISC1 ("disrupted in schizophrenia 1"); (Harrison et al., 2003; O'Donovan et al., 2003).

1.5.2 Environmental and Developmental Aspects

Environmental factors, either on their own or interacting with genetic factors, play a critical role in causing or modifying the clinical presentation of the illness (Carlsson et al., 2001). Most of the environmental factors associated with schizophrenia are active early in development, particularly during the intrauterine period. These include maternal malnutrition; infections during critical periods of fetal development; fetal hypoxia and other birth and obstetric complications (Messias et al., 2004). 

Several socio demographic factors are associated with increased risk of schizophrenia (Van et al., 1998). Poverty and lower social class have been linked to higher rates of schizophrenia (Fox, 1990).

1.6 Neuropathology and Brain Imaging Findings

The most frequently confirmed neurobiological finding in schizophrenia is enlargement of the ventricular system, specifically the lateral and third ventricles, in some patients compared with healthy controls (Wright et al., 2000). Ventricular enlargement is accompanied by overall reductions in brain volume and cortical grey matter (Andreasen et al., 1994). Regions such as the frontal lobes, amygdala, hippocampus, thalamus and medial temporal lobe, cingulate gyrus and superior temporal gyrus have decreased volumes in patients with schizophrenia compared with controls (Narr et al., 2000). Ventricular enlargement and brain volume reductions are not explained by illness chronicity or treatment, as they are evident in newly diagnosed patients. Abnormalities in blood flow were observed in frontal regions, thalamus, and cerebellum in PET studies of patients with schizophrenia performing tasks involving executive functions, memory, and sustained attention (Andreasen et al., 1994). A number of areas in brain are affected in schizophrenia and these are depicted in Fig. 1.1. Various neurotransmitters associated with schizophrenia were also found to be affected and these results are summarized in Table1.1 (Harrison, 1996).
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Fig. 1.1 Areas of brain affected in schizophrenia
Table 1.1: Recent neurochemical findings in Schizophrenia 

	1.
	Dopamine


	Increased striatal D2 ; cortical D3  and D4 receptors 

	
	
	Increased dopamine content or metabolism 

	
	
	Increased amphetamine-stimulated dopamine transmission 

	
	
	Decreased cortical D1 receptors 

	
	
	Abnormal configuration of D2 receptors 

	
	
	Altered dopamine receptor–G protein coupling 

	2.
	5-HT


	Decreased cortical 5-HT2A receptors 

	
	
	Increased cortical 5-HT1A receptors

	
	
	CSF 5-HIAA concentrations related to negative symptoms 

	3.
	Glutamate


	Decreased expression of hippocampal non-NMDA receptors 

	
	
	Increased cortical expression of some NMDA receptor subunits

	
	
	Increased glutamate reuptake in frontal cortex 

	
	
	Decreased cortical glutamate release 

	
	
	Altered concentrations of glutamate and metabolites


1.7 Neurochemical Hypothesis of Schizophrenia

1.7.1 Early hypotheses

Early neurochemical hypotheses of brain dysfunction in schizo​phrenia assumed an underlying disturbance of brain biochemistry. Two related hypotheses of the early 1950s were the transmethylation hypothesis and the serotonin deficiency hypothesis. Other neurochemical hypotheses have been proposed, based on aberrant neurotransmitter function (e.g. implicating noradrenaline and enkephalin), or on neurochemical processes associated with neurotransmitter metabolism, such as diminished monoamine oxidase activity. However, none of these have survived careful scrutiny and testing.

With the advent of sophisticated research equipments several other receptors, neurotransmitters and structural components that contribute to the disease were identified.  These include dopamine, adrenergic and serotonin, the monoamine neurotransmitter systems and glutamate, GABA, the amino acid neurotransmitter systems. All the neurotransmitters present in the CNS influence the action of one with the other and hence no particular type of receptor can address the etiology of schizophrenia.

1.7.2 Dopamine Hypothesis

The dopamine (DA) hypothesis of schizophrenia proposes that certain dopaminergic pathways are overactive in schizophrenia (Matthysse, 1973; Meltzer, 1980; Seeman, 1980; Van Rossum, 1967). The earliest and clearest outline of the dopamine hypothesis of schizophrenia is from Van Rossum.

The dopaminergic systems in the brain arise from groups of cells in the midbrain and the hypothalamus. The midbrain cells are clustered into three distinct groups: A8 in the retro-cerebral field, A9 in the substantia nigra, and A10 in the ventral tegmental area (Creese 1985; Roth et al., 1987). The effects of dopamine released by these projections are mediated through a series of dopamine receptors (D1-D5) grouped into two families, the D1 family (D1 and D5) and the D2 family (D2, D3, D4), on the basis of their genetic homology and common second messenger systems.
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Fig. 1.2 Dopamine receptors in brain
The D1 receptors are prominent in the cortical regions, D2 receptors are prominent in the striatum, and D3 and D4 receptors have a higher distribution in the limbic regions. Presynaptic dopamine receptors may be localized on the cell bodies in the midbrain (somatodendritic autoreceptors), where they modulate the firing of dopamine neurons, or on the axonal terminals of dopamine neurons (terminal autoreceptors), where they modulate the release of dopamine. There are four major dopamine pathways in the brain:

1.7.2.1 Nigrostriatal pathway 

The Nigrostriatal dopaminergic system consists of neurons that project from the A9 area in the midbrain substantia nigra to the caudate nucleus and putamen of basal ganglia. This pathway is involved in motor control; blockade of striatal dopamine D2 receptors produces extrapyramidal side effects and, eventually, tardive dyskinesia (TD), akathisia and dystonia.

1.7.2.2 Mesolimbic pathway 

The mesolimbic dopaminergic system consists of neurons that project from A10 in the   midbrain ventral tegmentum to the cingulated gyrus and to limbic regions such as amygdala, olfactory tubercle, nucleus accumbens through the lateral hypothalamus and hippocampus. Increase of dopamine in the mesolimbic dopaminergic pathway is thought to cause psychosis and the positive symptoms of schizophrenia such as delusions and hallucinations. Blockade of limbic D2 receptors alleviate positive symptoms of schizophrenia.

1.7.2.3 Mesocortical pathway

The mesocortical dopaminergic system consists of neurons that project from A10 in the midbrain ventral tegmentum to cortical regions, mostly orbitofrontal, medial prefrontal and cingulated cortices, but also the dorsolateral prefrontal cortex (DLPFC), temporal and parietal cortex. The role of the mesocortical pathway is thought to control cognitive function, and dopamine deficiency in this pathway may be responsible for the negative and cognitive symptoms of schizophrenia. If this is the case then dopamine receptor blockade in this pathway would theoretically lead to a worsening of negative and cognitive symptoms. Dopaminergic mechanisms in the frontal cortex modulate cognitive function, primarily via D1 receptors. Hence dopaminergic modulators should increase dopamine levels in the mesocortical system so as to cure the negative symptoms and decrease the dopamine levels in the mesolimbic system so as to cure positive symptoms.

1.7.2.4 Tubero-infundibular pathway

The Tuberoinfundibular dopaminergic pathway (TIDP) consists of neurons that project from the hypothalamus to the pituitary gland. Normal function of this pathway is to control hormonal secretions especially prolactin.  Blockade of pituitary D2 receptors disinhibits secretion of prolactin, which causes hyperprolactinemia with side effects such as galactorrhea, amenorrhea, and sexual dysfunction.




Fig. 1.3 Dopaminergic Pathways in brain
Increasing evidence supports presence of dopamine receptor defect in schizophrenia. The positive symptoms are possibly more closely associated with receptor hyperactivity in the mesocaudate, where as negative symptoms are mostly closely related to dopaminergic receptor hypo function in the prefrontal cortex. 

Table 1.2: Localisation and function of dopamine receptors implicated in etiology of schizophrenia

	S.No
	DA

Receptor
	Localisation
	Function

	1
	D1
	Caudate putamen, nucleus accumbens, olfactory tubercle, hypothalamus, thalamus.
	Control movement, cognitive function and cardiovascular function.

	2
	D2
	Caudate putamen, nucleus accumbens, olfactory tubercle, cerebral cortex


	Control movement, certain 

aspects of behaviour in the brain

and prolactin secretion from the

anterior pituitary gland.

	3
	D3
	Nucleus accumbens, olfactory tubercle, islands of calleja, cerebral cortex (low)
	Roles in cognitive, emotional and behavioural function.

	4
	D4
	Frontal cortex, midbrain, amygdala, hippocampus
	Roles in cognitive, emotional and behavioural function.

	5
	D5
	Hippocampus, thalamus, striatum, cerebral cortex
	Not established


The dopamine hypothesis proposes that the symptoms of schizophrenia are due to dopaminergic overactivity. This might arise due to excess dopamine itself or to an elevated sensitivity to it (because of increased numbers of dopamine receptors). The hypothesis originated with the discovery that all effective antipsychotic drugs are dopamine (D2) receptor antagonists. It received support from findings of increased dopamine content and higher densities of D2 receptors in schizophrenia (Roberts et al., 1997). There are reports of altered D1 and D3 receptors (Okubo et al., 1997) in schizophrenia, but these are either unconfirmed or contradicted by other studies. The D4 receptor has proved particularly controversial following a report that its density was increased several-fold in schizophrenia, seemingly independently of medication (Seeman et al., 1993). There is emerging evidence for a presynaptic dopaminergic abnormality in schizophrenia, with PET and single photon emission tomography displacement studies indicating an elevated dopamine release in response to amphetamine (Abi-Dargham et al., 1997), implying a dysregulation and hyper responsiveness of dopaminergic neurons.

1.7.3 Serotonin Hypothesis

The first hypotheses concerning the involvement of 5-HT in schizophrenia came into vogue much before the dopamine hypoyhesis. The validity of this finding was inconclusive question as subsequent measurements of CSF or peripheral activity in schizophrenics were inconsistent and probably of no relevance to CNS serotonergic function. Clinical trials with 5-HT precursors or depleting agents were also inconclusive (Wooley et al., 1954). The major breakthrough restoring interest in the role of 5-HT in schizophrenia was the identification of numerous 5-HT receptor subtypes and their extensive impact on multiple neurotransmitters and behaviors (Hoyer, 1988).

Serotonin has been implicated in a variety of behaviors and somatic functions that are disturbed in schizophrenia: cognition, including memory; perception and attention; sensory gating; mood; aggression; sexual drive; appetite; energy level; pain sensitivity; endocrine function; and sleep. Many of these functions are clearly relevant to the etiology of positive and negative symptoms and the cognitive impairments, which constitute the core abnormalities of schizophrenia. The biochemical and anatomical complexity and diversity of the serotonergic system and its extensive interactions with multiple neurotransmitters provide the physiological substrate for the ability of 5-HT to influence all these behaviors. Functional alterations in the serotonergic system (including both pre-and postsynaptic function) affect multiple neurotransmitter systems (e.g., glutamate, GABA, norepinephrine, acetylcholine, and dopamine) and cause the various behavioral disturbances in schizophrenia. Pharmacologic manipulation of the serotonergic system can reduce or exacerbate positive, negative or disorganization symptoms and cognitive function, as well as modulate extrapyramidal function (Breier 1995; Kapur et al., 1996; Schmidt et al., 1995). 

The serotonergic neurons arise from discrete midbrain nuclei; the dorsal raphe nucleus and the median raphe nucleus provide the most prominent projections. The dorsal raphe nucleus projects to the cortex and the striatal regions, and the median raphe nucleus projects to the limbic regions (Fig. 1.4).

The serotonin receptors are grouped on basis of shared genetic sequences and second messenger systems into seven classifications: (i) the 5-HT1 family (5-HTIA, 5-HTID, 5-HTIE, and 5-HTIF), which uses G-protein-mediated signal transduction; (ii) the 5-HT2 family (5-HT2A, 5-HT2B, 5-HT2C, and 5-HT4), which uses phosphoinositol-mediated signal transduction; and (iii) the 5-HT3 receptor, which uses ion-gated channels for signal transduction, (iv) 5-HT5, 5-HT6 and 5-HT7. 
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Fig 1.4 The Serotonergic pathways in brain 

The major 5-HT receptors implicated in the action of Schizophrenia (Table 1.3) include the following: 5-HT1A, 5-HT2A, 5-HT2C, 5-HT3, 5-HT6 and 5-HT7.

Table 1.3: Localisation and function of some serotonin receptors implicated in etiology of Schizophrenia

	S.No
	5-HT

receptors
	Localisation
	Function

	1
	5-HT1A
	High in limbic brain areas, hippocampus, lateral septum, cortex, dorsal and median raphe nuclei in mesencephalon
	In the midbrain, raphe nuclei act as autoreceptors and control negatively 5-HT firing and synthesis/ release of 5-HT.

	2
	5-HT2A
	In the cortex of forebrain regions: especially neocortex, entorhinal and pyriform cortex, nucleus caudates, nucleus accumbens, olfactory tubercle and hippocampus
	Control of noradrenaline release, hallucinogenic-induced behaviour, sleep, aversion

	3
	5-HT2C
	In the choroids plexus, areas of cortex (olfactory tubercle), nucleus accumbens, amygdala, hippocampus, substantia nigra. 
	Aversive behaviors, hypoactivity, anticonvulsive effects

	4
	5-HT3
	Within the dorsal vagal complexes of brain stem i.e., area postrema and dorsal motor nucleus of vomiting reflux; receptor expression is high in hippocampus. 
	Sensory function, emesis, control of neurotransmitter release, anxiety, psychosis, cognition

	5
	5-HT6
	Cortex, nucleus accumbens, caudate, hippocampus
	Role in learning and memory; modulating neurotransmission.

	6
	5-HT7
	Hippocampus, aorta, amygdala, hypothalamus, raphe nuclei, cerebral cortex. 
	Role in learning and memory, regulation of locomotor activity


Neurochemically, many studies have found lowered 5-HT2A receptor expression in the frontal cortex in schizophrenia (Harrison, 1999). An elevated number of cortical 5-HT1A receptors is also reported. Both the 5-HT1A and 5-HT2A receptor alterations are seen in unmedicated subjects post-mortem, but a PET study has not shown any change in 5-HT2A receptors in younger, medication-free patients (Trichard et al.,, 1998), suggesting that the abnormalities may emerge during the course of the illness. 

1.7.4 Glutamate Hypothesis

Antagonism of the glutamatergic N-methyl-D-aspartic acid (NMDA) receptor complex has produced behavioral and cognitive deficits in normal subjects that closely mimic schizophrenia (Krystal et al., 1999), and in therapeutic trials, in which agents that enhance NMDA receptor activity have selectively improved symptoms in schizophrenia patients (Goff, 2000). In addition, postmortem studies have identified abnormalities of glutamate receptor density and subunit composition in the prefrontal cortex, thalamus, and temporal lobe, areas that exhibit impaired activation during performance of cognitive tasks in schizophrenia (Meador-Woodruff et al., 2000; Heckers et al., 1999). These findings suggest that glutamatergic dysregulation may occur in regionally specific subpopulations of glutamatergic receptors and so support the potential value of a glutamatergic model for guiding research into the pathophysiology and treatment of schizophrenia. 

Glutamate is an excitatory neurotransmitter. Glutamatergic neurons are part of the pathways that connect the hippocampus, prefrontal cortex, and thalamus, all regions that have been implicated in the neural circuitry of schizophrenia (Fig. 1.5). 
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Fig.1.5 The glutamate pathways in brain 

A research group reported reduced concentrations of glutamate in the CSF of patients with schizophrenia and first proposed that decreased glutamatergic activity may be an etiologic factor in the disorder (Kim et al., 1980). This finding was not replicated by all subsequent studies (Macciardi et al., 1992). Another research group has examined eight regions in postmortem brains and found lower concentrations of glutamate and aspartate in the prefrontal cortex and a lower concentration of glutamate in the hippocampus of patients with schizophrenia than in comparison subjects (Tsai et al., 1995). 

Evidence for hypoactivity of NMDA receptors in schizophrenia has led to therapeutic trials with agents that indirectly activate the receptor. Direct agonists at the NMDA receptor have not been studied because of the risk that excessive stimulation may cause excitotoxic damage to neurons. A more promising target is the glycine modulatory site on the NMDA receptor. In a related approach, several groups have administered D-cycloserine, an antitubercular drug that acts as a relatively selective partial agonist at the glycine modulatory site over a narrow range of concentrations. Compared to glycine, D-cycloserine produces approximately 60% activation of the NMDA receptor. In an initial placebo-controlled, partly blinded, dose-finding study of D-cycloserine added to conventional neuroleptics, significant reductions in negative symptoms and improvement in performance was observed (Goff et al., 1995).

Currently available antipsychotic drugs alter glutamatergic activity in multiple ways by enhancing release of glutamate in the striatum, directly interacting with NMDA receptors, altering glutamate receptor density and changing the subunit composition of glutamate receptors. Many of these effects are regionally selective and vary among the antipsychotic drugs, with important differences emerging between atypical and conventional drugs. Clinical trials in which NMDA receptor activity was enhanced by agents acting at the glycine modulatory site have demonstrated decreases in negative symptoms and variable improvements in cognitive function. Thus, drugs that modulate glutamatergic neurotransmission hold promise for novel treatments for schizophrenia, especially for cognitive impairments and negative symptoms associated with the disorder.

GABA is an inhibitory neurotransmitter. Its inhibitory effects were increased in psychotic disorders (Squires et al., 1991). On the other hand, the uptake and release of GABA were reduced in some studies of postmortem brain tissue from schizophrenics (Lewis et al., 1999), and there are abnormalities in the interconnections among GABA neurons (Benes et al., 2001). More specifically, there is evidence of a loss of cortical GABA interneurons. Current theories about the role of GABA in schizophrenia assume that it is important as cortical processes require an optimal balance between GABA inhibition and glutamatergic excitation.

A number of other neurotransmitters and associated receptors such as acetycholine, noradrenaline, muscarinic receptors and adrenergic receptors have been found to be implicated in the etiology of schizophrenia. 

1.8 Treatment of Schizophrenia

Findings from research on the treatment of schizophrenia have advanced clinically.  Based on the evidence, the contemporary “ideal” treatment is a combination of medication, psychological therapy and community support. In reality, however, medication is both the first and the only treatment received by many patients.

1.8.1 Antipsychotic Medications

Conventional neuroleptics or First Generation antipsychotics (FGAs) or Typical antipsychotics or Classical antipsychotics.
The modern era of treatment of schizophrenia began in 1952. French surgeon Henri Laborit discovered in 1952, the phenothiazine neuroleptic, chlorpromazine, which led to dramatic improvement in the management of positive symptoms of schizophrenia. Over the next two decades, different chemical families of neuroleptics were identified and introduced as antipsychotic drugs. Common antipsychotics include Phenothiazines: Chlorpromazine, Thioridazine, Mesoridazine, Perphenazine, Triflouperazine, Fluphenazine; Thixanthenes: thiothixene; Buyrophenones: Haloperidol, droperidol; Diphenylbutylpiperidines: Pimozide, Benzamides: Sulpiride; Reduced Indolones: Molindone. These drugs decreased the length of hospitalizations, and with maintenance treatment, reduced risk of relapse (Hogarty, 1993). Although these antipsychotics were effective in reducing psychotic symptoms, they had significant shortcomings.

For a significant portion of schizophrenic patients, these drugs are ineffective (30%), produce intolerable side effects (5–10%), or even exacerbate symptoms. Even patients who respond to and comply with treatment have a 20% annual relapse rate. The negative symptoms and cognitive deficits associated with schizophrenia are not improved by the conventional neuroleptics. (Tamminga, 1997; Jibson et al., 1995)
Typical antipsychotics are primarily used to treat psychotic (positive) symptoms associated with schizophrenia, schizoaffective disorder and to control acute mania in patients with manic-depressive disorder. All conventional neuroleptics cause a variety of neurological, gastrointestinal and cardiovascular side effects that are often debilitating. The neurological side effects include extrapyramidal or Parkinsonian symptoms (tremor, rigidity, akinesia or bradykinesia, and a festinating gait), akathisia, and a decreased seizure threshold. Early expression of extrapyramidal symptoms (EPS) significantly increases the chance of later developing TD (Chatterjee et al., 1995), a long-term and potentially irreversible movement disorder. Severe EPS can exacerbate negative symptoms and cognitive deficits. Cardiovascular side effects include orthostatic hypotension, impaired cardiac conduction and prolonged QT interval. Other side effects of classical neuroleptics include erectile dysfunction (Milner et al., 1998), and persistent elevations in serum prolactin, which can result in menstrual irregularities, galactorrhea and amenorrhea in women and gynocomastia in men.

1.8.1.2 Mechanism of antipsychotic action

The antipsychotic action of neuroleptics is linked to blockade of DA receptors (Seeman et al., 1975). Conversely, DA receptor agonists induce a schizophrenia-like psychosis (Lieberman, et al., 1987), and dopamine D2 receptor antagonists inhibit these effects. Additionally, the clinical potency of different classes of antipsychotic drugs, despite different chemical structures, correlates well with their in vitro binding affinities for the dopamine D2 receptor (Creese, et al., 1976) suggesting that this receptor is a common target for antipsychotics. These discoveries formed the basis of the DA theory of schizophrenia: that the positive symptoms arise from hyperdopaminergic activity. The reversal of positive symptoms or psychosis by antipsychotics is probably mediated by blockade of D2 receptors in the mesolimbic region, and EPS probably results from blockade of these receptors in the nigrostrital region. Hyperprolactinemia is caused by decrease of dopamine in TIDA region. Levels of dopamine, which are reduced in mesocortical region, are not elevated and hence negative symptoms are not cured by classical antipsychotics. In vivo imaging studies have shown that 60–80% D2 receptor occupancy in the basal ganglia is required for antipsychotic effect, whereas EPS emerges when D2 receptor occupancy exceeds 80% (Farde et al., 1988). 

1.8.2 Second Generation Antipsychotics or Atypical Antipsychotics

The classification of atypical antipsychotics is linked essentially to their pharmacodynamic properties, which reflect their affinities for specific receptors. Atypical antipsychotics with a high selectivity for serotonin 5-HT2A receptors and dopamine D2 receptors (and also α1-adrenoceptors) are called serotonin-dopamine antagonists (SDA). Drugs showing an affinity for 5-HT2A, D2 and receptors of other systems (cholinergic, histaminergic, 5-HT1A, 5-HT2C and others) are designated as multi-acting receptor- targeted antipsychotics (MARTA) (Bymaster et al., 1996). Drugs that preferentially block D2 and D3 receptors are classified as combined D2/D3 receptor antagonists. 

Second Generation antipsychotics (SGA) represent a new class of therapeutic agents which posses better clinical efficacy in treating negative, cognitive and mood symptoms apart from positive symptoms. These drugs are also associated with least side effect profile, especially EPS, TD and Hyperprolactinemia. Clozapine, the prototype of SGA has a totally different receptor binding profile over FGA. These SGA were also proved to be effective in 30-50% of the patients who were resistant to treatment with typical antipsychotics. Despite the superior clinical efficacy of clozapine, its clinical utility has been restricted due to its propensity to cause agranulocytosis, and accordingly was mandatory for hematological monitoring of patients. Researchers’ effort later led to the development of new atypical antipsychotics. However, these new drugs exhibited a variety of other side effects viz. sedation, weight gain, sexual dysfunction, diabetes etc. Consequently, there is a need for new and safer drugs.

Some of the important SGAs are: Dibenzoxazepines: loxapine; Dibenzodiazepines: clozapine; Benzisoxazole piperidines: risperidone, iloperidone, sertindole; Thienobenzodiazepines: olanzapine; Dibenzothiazepines: quetiapine; Benzisothiazolyl piperazines: ziprasidone; Dipiperazine: aripiprazole; Benzamides: amisulpiride; a number of other molecules such as secretin, palperidone, bifeprunox, lamotrigine, seromycin and asenapine are in phase III clinical trials where as molecules such as CX516, galantamine, memantine, ocaperidone, mofinil, talnetant and tolcapone are in phase II clinical trials.

Mechanism of Action of atypical antipsychotics

1.8.2.1 Blockade of Dopamine D2 Receptors
D2 receptor blockade in the brain is a general pharmacodynamic property of all antipsychotics, and without it a drug will not show any antipsychotic properties (Seeman, 2002). With conventional antipsychotics, the level of D2 receptor blockade is directly related to the antipsychotic effect, but with atypical agents the situation is more complicated. Currently, the concept of a ‘therapeutic window’ of the percentage of D2 receptors blocked is being evaluated by a series of neuroimaging studies in relation to treatment efficacy and development of EPS.  Studies performed with low doses of relatively selective D2 receptor antagonists suggested that a minimum of 60 % occupancy is required to observe a rapid clinical response. It has been repeatedly confirmed that D2 receptor occupancies >80% are, in most cases, associated with EPS (Farde et al., 1988, Goyer et al., 1996; Kapur, 2001). Thus, these data suggest the existence of a therapeutic window between 60 % and 80 % striatal D2 receptor occupancy. Lower striatal D2 receptor occupancy (between 60 % - 80%) mediated by lower affinity for D2 receptors or by increased extracellular dopamine release the clinical characteristics of atypical antipsychotics can be explained.

1.8.2.2 Rapid Dissociation from D2 Receptors

Rapid dissociation from D2 receptors (‘fast OFF’) is one explanation for the improved EPS profile of atypical antipsychotics, and one that is also consistent with the theory of a lower affinity for D2 receptors for these drugs. The baseline occupation of D2 receptors by endogenous dopamine is within the range of 25–40%, (Laruelle et al., 1997) and antipsychotics compete with endogenous dopamine for binding to D2 receptors. At clinically effective doses, typical antipsychotics usually occupy between 70 and 90% of D2 receptors, while atypical drugs have D2 receptor occupancy of 60–80%. At higher doses, and at corresponding higher D2 receptor occupancy (i.e., 80%), even the atypical drugs (risperidone, olanzapine, sertindole and ziprasidone) tend to cause EPS (Kapur et al., 1999). Recent findings suggest that D2 receptor occupancy by clozapine and quetiapine peaks up shortly after administration (to 80 and 59%, respectively) and then falls off rapidly. It has thus been suggested that fast dissociation from the D2 receptor is sufficient for mediating antipsychotic action with reduced side effects and may underlie the superior clinical profile of these drugs (Kapur et al., 2001). Atypical agents have a lower D2 affinity or a faster dissociation rate from D2 receptors (Koff) than conventional neuroleptics.  Atypical antipsychotics are displaced more easily from D2 receptors in the striatum by the presence of high levels of endogenous DA, thereby reducing EPS. However, in mesolimbic and mesocortical areas where the endogenous DA level is lower, sufficient receptors would still be occupied (between 70 and 80%) to elicit antipsychotic effects (Seeman et al., 1997). The mechanism of rapid dissociation is especially useful for explaining the properties of quetiapine and clozapine (Table 2.1), but the properties of other atypical antipsychotic drugs with low EPS risk but lacking rapid Koff (e.g. ziprasidone, aripiprazole, amisulpride and sertindole) are not explained by such reasoning. The development of the rapid dissociation concept is considered a supplement to the D2 receptor occupancy therapeutic window theory.

1.8.2.3 Partial Agonism of D2 Receptors

Partial agonism of D2 receptors is one of the newest models for explaining the properties of atypical antipsychotics (Ozdemir et al., 2002). Partial agonism means that when binding to the receptor, the drug blocks the effects of the extracellular physiologically active substance (e.g. dopamine), while at the same having an agonistic effect on this receptor. The partial agonism model has been successfully applied within the framework of the development of aripiprazole. Aripiprazole exhibits the characteristics of an atypical antipsychotic with a low risk of EPS. However, when administered in therapeutic doses, aripiprazole occupies about 95% of the striatal D2 receptors, which does not correspond to a low incidence of EPS (Dean et al., 2004).  Although the partial agonism of D2 receptors exhibited by aripiprazole is the drug’s most frequently mentioned attribute, in order to explain the incongruity between the low potency of EPS with aripiprazole and its high degree of D2 receptor blockade, its effects on other monoaminergic receptors should not be overlooked. Aripiprazole is a partial agonist at 5-HT1A, 5-HT2C, D2, D3, D4 and, to a much lesser extent, 5-HT2A receptors (Lieberman, 2004; Jordan et al., 2004).  Partial D2 agonism by aripiprazole at the level of the TIDA region is responsible for prolactin-neutral or prolactin-reducing effect (Potkin et al., 2003). 

1.8.2.4 Serotonin 5-HT2A Receptor Blockade

5-HT2A receptors are localised on hippocampal and cortical pyramidal cells, as well as on GABA neurons. The highest density of 5-HT2A receptors is in the fifth neocortex layer where the inputs of various cortical and subcortical brain areas are integrated and hence 5-HT2A receptor blockade has significant importance in aetiopathogenesis of schizophrenia. Because agonism at 5-HT2A receptors induces depolarisation of pyramidal cells, it has been speculated that 5-HT2A receptor blockade is responsible for normalisation of pyramidal cell activity, which leads to the therapeutic effect of atypical antipsychotics (Martin et al., 1998). 5-HT2A receptors are also localised on dopaminergic neurons in the substantia nigra and ventral tegmentum, as well as on their terminals (Doherty et al., 2000). 5-HT2A receptor antagonism modulates the activity of dopamine neurons differentially in nigrostriatal, mesolimbic and mesocortical projections (Meltzer et al., 2003). Pure 5-HT2A antagonists such as retanserin improved negative symptoms and reduced EPS when used in combination with FGAs. Hence 5-HT2A antagonism improves negative symptoms and D2 antagonism improves positive symptoms. This prompted Meltzer to propose his theory of 5-HT2A / D2 blockade.

1.8.2.5 Serotonin 5-HT2C Receptor Blockade

5-HT2C receptor blockade has received relatively little attention in studies of antipsychotics. Binding affinity for 5-HT2C receptor does not distinguish conventional from atypical antipsychotics (Table 2.1). Some atypicals (clozapine and risperidone), but also some conventional antipsychotics (chlorpromazine, mesoridazine, loxapine and fluphenazine) have high affinities for 5-HT2C receptors.

In the substantia nigra, 5-HT2C receptors are co-localised with GABA, indicating that 5-HT2C receptors yield indirect control of dopaminergic transmission (Leysen, 2004). Administration of a 5-HT2C receptor antagonist may increase dopamine levels in the nucleus accumbens and prefrontal cortex (Di Matteo et al., 2001). Because of the increase in limbic dopamine levels induced by 5-HT2C receptor antagonism worsening of positive symptoms occur.

1.8.2.6 Agonism of 5-HT1A Receptors

Agonism of 5-HT1A receptors is a possible mechanism associated with the activity of some atypical antipsychotic drugs (Meltzer et al., 2003). The only antipsychotics that manifest 5-HT1A receptor agonism are aripiprazole, clozapine, quetiapine, ziprasidone and risperidone. 

1.8.2.7 Blockade of 5-HT2A and D2 Receptors

Blockade of 5-HT2A and D2 receptors was, in 1989, first labelled a pharmacodynamic mechanism that differentiated conventional from atypical antipsychotics Meltzer hypothesized that a high relative 5-HT2A to D2 receptor affinity is important for less EPS and improving negative symptoms (Meltzer et al., 1989), since pure 5-HT2A antagonists such as ritanserin improved negative symptoms and reduced EPS when used in combination with classical neuroleptics (Duinkerke et al., 1993). Risperidone was the first antipsychotic with combined 5-HT2A and D2 blockade. Meltzer (Meltzer, 1989) defined atypical antipsychotic drugs as drugs showing a higher affinity for 5-HT2A receptors than for D2 receptors. The concept of 5-HT2A/D2 receptor antagonism has led to the development of several new, efficient drugs and some progress in understanding the functioning of antipsychotics. However, the 5-HT2A/D2 model does not explain the effects of all atypical antipsychotics, such as aripiprazole and amisulpride.

1.8.2.8 Blockade of 5-HT2C and D2 Receptors

Blockade of 5-HT2C and D2 receptors represents a third possible serotonergic effect of antipsychotics. A combination of 5-HT2A and 5-HT2C receptor blockade is more efficient than 5-HT2A receptor blockade at increasing dopamine release in the nucleus accumbens and in the prefrontal cortex (Meltzer et al., 2003; Bonaccorso et al., 2002). The effect in the prefrontal cortex results in an effect on cognitive and affective symptoms. Moreover, antagonism of 5-HT2C receptors produces a significant reversal of haloperidol-induced catalepsy, and 5-HT2C receptor antagonism in combination with dopamine receptor blockade therefore increases the safety of the drugs (Reavill et al., 1999).

1.8.2.9 Agonism of 5-HT1A and Blockade of D2 Receptors

Agonism of 5-HT1A and blockade of D2 receptors represents another possible combination, which, from a theoretical point of view, complies with the 5-HT2A/D2 hypothesis (Meltzer et al., 2003). To a certain extent, 5-HT2A and 5-HT1A receptors show functionally opposite effects. Thus, like 5-HT2A receptor antagonists, 5-HT1A receptor agonists increase dopamine output in the neocortex and striatum. However, the 5-HT1A receptor agonist buspirone also increases extracellular dopamine levels, even in the limbic area (nucleus accumbens) (Sakaue et al., 2000). Therefore, it is likely that the role of 5-HT1A receptor agonism is more important for influencing negative and cognitive symptoms than positive symptoms. 

1.8.3 Psychosocial Treatments

When used in conjunction with medication, a variety of psychological therapies have improved prognosis and reduced rates of relapse in schizophrenia. A large body of literature supports the use of family therapy, which includes psychoeducational and behavioral components, in the treatment of schizophrenia (Bustillo et al., 2001). 

Among the therapies that focus directly on the patient, social skills training seeks to improve functioning by teaching the skills necessary to enhance performance in interpersonal interactions, involvement in leisure activities, and employment. Overall, social skills training have shown to improve social competence in the laboratory and in the clinic. Cognitive behavior therapy (CBT) for schizophrenia draws on the tenets of cognitive therapy. CBT is used to help psychotic patients deal directly with their symptoms. Specific psychotic symptoms such as hallucinations and delusions are identified for intervention by the patient and therapist (Dickerson, 2000). The published randomized controlled trials of CBT with schizophrenics indicate that it is effective in reducing hallucinations and delusions in medication-resistant patients (Bustillo et al., 2001).

The vulnerability-stress model suggests that specific training in stress management techniques might benefit patients with schizophrenia. A recently published study revealed that the subjects who participated in the stress management program had fewer hospital admissions in the year following treatment. Thus, stress management training provides patients with skills to cope more effectively with acute stressors and reduce likelihood of necessitating hospital admission.

Occupational functioning has been another focus of treatment. The rate of competitive employment for the severely mentally ill has been estimated at less than 20% (Lehman, 1995). Vocational rehabilitation programs have a positive influence on work-related activities, but have not been shown to have a substantial impact on patients’ abilities to obtain employment independently in the community (Lehman, 1995). “Supported employment programs” produced better results than traditional vocational rehabilitation programs; however, job retention is a significant problem (Lehman et al., 2002). 

A multifaceted approach to treatment is assertive community treatment (ACT), which was developed in the 1970s by Wisconsin (Bustillo et al., 2001). This is a comprehensive treatment approach for the seriously mentally ill living in the community. Patients are assigned to a multidisciplinary team (nurse, general physician and psychiatrist), which delivers all services to the patient when and where he or she needs them. Services include home delivery of medication, monitoring of physical and mental health status, social skills training and frequent contact with family members. The ACT model has shown to reduce time spent in the hospital, to improve housing stability, and to increase patient and family satisfaction. However, studies have failed to show improvement in social functioning, employment, or other measures of quality of life. Interrelationship between disease factors and drug induced adverse factors in schizophrenia are depicted in Fig.1.6.
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Fig. 1.6 Inter-relationship between disease factors and drug induced adverse factors in schizophrenia. 


CHAPTER II

LITERATURE REVIEW

2.1 Review on Antipsychotics

Pharmacologic treatment is the cornerstone and essential component of treatment for schizophrenia and its clinical management through the different stages of the illness. Although various psychosocial therapies, such as cognitive behavior therapy, psychoeducation and supported employment, are useful adjuncts to drug treatment (Kane, 1996, Lewis et al., 2000), they all require pharmacologic treatment to be maximally effective. Although all available pharmacological treatments have limitations in their effectiveness and are associated with uncomfortable side effects, it is an established fact that antipsychotics can improve the psychotic symptoms of schizophrenia and prevent their recurrence. The FGAs vary in potency, their pharmacological properties and their propensity to induce side effects, but they are equally effective in the treatment of positive symptoms of schizophrenia and in preventing their recurrence (Miyamoto et al., 2002; Davis et al., 1980).

However, approximately 30% of patients with acutely exacerbated psychotic symptoms have little or no response to FGAs, and up to 60% of patients have only a partial response to medication (Fleischhacker, 1995). FGAs are generally less effective against negative than positive symptoms of schizophrenia. They also produce small and inconsistent effects on cognitive functioning (Spohn et al., 1989). Between 30 and 60% of patients with acutely exacerbated psychotic symptoms either fail to respond to these drugs or respond inadequately or partially. In addition, they cause significant rates of undesirable acute and chronic adverse effects. In terms of adverse effects, all of the FGAs can produce EPS at therapeutic doses, including Parkinsonism, dystonia, akathisia and tardive dyskinesia to a varying degree, and increase serum prolactin concentration in the usual clinical dose range (Gaebel, 1997).

Over the past decade, much attention regarding the treatment of schizophrenia and related psychotic disorders has focused on a new class of antipsychotic medications. The reintroduction of clozapine represented a major step forward, and led to the proliferation of ‘atypical’ or second-generation antipsychotics (SGAs), including risperidone, olanzapine, quetiapine, ziprasidone, sertindole, zotepine, aripiprazole, amisulpride etc (Fig. 2.1). These SGAs are highly preferred by the clinicians over FGAs due to enormous benefits offered both with respect to efficacy and side effects. Despite the enormous benefits associated with SGAs, these benefits have been regarded as only incremental and substantial. SGAs are not capable of curing negative and cognitive symptoms totally. In addition, the side effects caused by FGAs, are replaced with other distressing side effects, which still affect patient health and quality of life. These side effects of SGAs are associated with potential long-term health risks as well as decreased adherence to treatment regimens, and eventually may lead to relapse. Consequently, there remains a major challenge in developing novel atypical antipsychotic agents possessing an improved clinical efficacy against negative and cognitive symptoms along with the propensity of causing least side effects. These challenges result in a greater acceptance of therapeutic regimens by patient, an improvement in patient health and quality of life and lead to lesser relapse (Miyamoto et al., 2002; Lange et al., 2007).  Pharmacodynamic properties of selected antipsychotics are given in Tables 2.1 and 2.2.           

Side effects caused by SGAs are a result of their significant binding affinity to numerous receptors other than required for atypical antipsychotic activity. Side effects associated with SGAs include weight gain (Serotonergic 5-HT2c and Histaminic H1 receptors blockade), postural or orthostatic hypotension, sedation, dizziness (α1-adrenergic blockade), somnolence (Histaminic H1 receptor blockade), seizures (Muscarinic cholinergic receptor blockade), new-onset type 2 diabetes mellitus, exacerbation of pre-existing type 2 diabetes mellitus, hyperlipidemia (increase of triglycerides and leptin, a lipid regulatory hormone), atropine like side effects such as dry mouth, constipation, urinary retention, blurred vision tachycardia (Muscarinic H1 cholinergic receptor blockade), cardiac ventricular arrhythmias, a fatal agranulocytosis,  myocarditis, insomnia, headache and other possible secondary cardiovascular complications . Not all the SGAs cause the above-mentioned adverse side effects (Remington, 2003; Patel et al., 2003; Richelson, 1999; Melkersson et al., 2004).  In fact, individual SGAs are associated with unique side effect profile, which is given in Table 2.3. 

Table 2.1: Pharmacodynamic characteristics of selected antipsychotics towards dopamine, adrenergic, histaminic and muscarinic receptors

* Reflects the rate of unbinding from D2 receptors. 

$ These are D2 / D3 receptor antagonists

# Partial dopamine agonist with 5-HT2A antagonistic properties

-  Represents data not available.

	S. No.
	Antipsychotic
	Receptor Affinity (Ki, Affinity constant (nM))

	
	
	D2
	D2 dissociation (Koff *)
	D3
	D4
	α 2
	α 1
	H1
	M3

	1.
	Classical
	

	
	Chlorpromazine
	6.7
	0.02
	1.58
	25.11
	184
	0.3
	0.18
	67

	
	Haloperidol
	2.4
	0.017
	1.55
	6.34
	1130
	12
	4160
	> 10000

	
	Fluphenazine
	0.6
	0.01
	-
	-
	304
	9
	67
	> 10000

	
	Thioradazine
	8.3
	0.14
	-
	-
	453
	5
	16
	15

	
	Loxapine
	22
	0.444
	-
	-
	2400
	28
	2.8
	390

	2.
	Atypical
	

	
	Clozapine
	187
	1.386
	97.7
	39.80
	142
	1.6
	0.23
	20

	
	Olanzapine
	31
	0.039
	19.9
	19.31
	314
	109
	0.65
	51

	
	Quetiapine
	700
	3.013
	251
	684
	3630
	22
	2.2
	1942

	
	Risperidone
	1.65
	0.026
	9.77
	8.00
	151
	4.5
	27
	> 10000

	
	Sertindole
	7
	0.11
	-
	-
	640
	3.9
	130
	> 5000

	
	Iloperidone
	37
	0.59
	7.1
	25.0
	162
	0.31
	12.3
	> 10000

	
	Ziprasidone
	4.6
	0.073
	8.20
	50.11
	160
	18
	130
	> 10000

	
	Melperone
	143
	2.27
	-
	-
	150
	180
	580
	> 10000

	
	Amisulpride $
	1.3
	0.02
	3.96
	1521
	1600
	7100
	> 10000
	> 10000

	
	Remoxipride $
	51
	1.23
	-
	-
	> 10000
	> 10000
	> 10000
	> 10000

	
	Aripiprazole #
	2.3
	0.037
	4.40
	95.40
	74
	25
	23
	4677


Table 2.2: Pharmacodynamic characteristics of selected antipsychotics towards 5-HT receptors

* Reflects the rate of unbinding from D2 receptors; 


$ These are D2 / D3 receptor antagonists

# Partial dopamine agonist with 5-HT2A antagonistic properties

-  Represents data not available.

	S. No.
	Antipsychotic
	Receptor Affinity (Ki, Affinity constant (nM))

	
	
	5-HT2A
	5-HT2A / D2
	5-HT1A
	5-HT2C
	5-HT2B
	5-HT6
	5-HT7

	1.
	Classical
	

	
	Chlorpromazine
	12
	1.025
	3115
	6.1
	40.01
	50.23
	31.63

	
	Haloperidol
	50
	0.84
	2832
	4475
	3454
	> 10000
	309

	
	Fluphenazine
	80
	133
	2829
	658
	-
	-
	-

	
	Thioradazine
	60
	7.2
	4430
	46
	-
	-
	-

	
	Loxapine
	4
	0.18
	2900
	17
	-
	-
	-

	2.
	Atypical
	

	
	Clozapine
	130
	1.20
	140
	6.10
	3.19
	7.94
	19.70

	
	Olanzapine
	3.5
	1.14
	2720
	14
	6.3
	8.10
	79.10

	
	Quetiapine
	96
	0.13
	320
	1184
	255
	> 10000
	63.11

	
	Risperidone
	0.55
	1.10
	420
	33
	20
	> 10000
	1.13

	
	Sertindole
	0.35
	0.05
	280
	0.7
	-
	-
	-

	
	Iloperidone
	5.6
	0.19
	93
	146
	3.1
	42.7
	21.6

	
	Ziprasidone
	1.40
	1.17
	112
	4.90
	1.62
	63.1
	5.01

	
	Melperone
	102
	0.71
	2200
	1342
	-
	-
	-

	
	Amisulpride $
	2000
	0.79
	> 10000
	> 10000
	317
	> 10000
	25.12

	
	Remoxipride $
	> 10000
	> 5000
	> 10000
	3500
	-
	-
	-

	
	Aripiprazole #
	4.6
	0.94
	5.6
	181
	1.26
	199.6
	63.56


Table 2.3: Some of the important antipsychotics and their related side effects

	S. No.
	Drug

(Trade Name)
	Chemical class
	Classification
	Dose range

(Max. daily dose)
	Clinical potency
	Side effects & Disadvantages

	1
	Chlorpromazine

(Thorazine)
	Pheno

thiazine
	FGA
	100–400 mg

(1000 mg)
	Low
	Severe side effects such as EPS, sexual dysfunction, weight gain, sedation, hyperprolactinemia, TD, anticholinergic effects and  postural hypotension,  

	2.
	Haloperidol
(Haldol)
	Butyro

phenone
	FGA
	2–5 mg

(60 mg)
	High
	EPS, sexual dysfunction, TD, hyperprolactinemia, anticholinergic effects, sedation, postural hypotension, weight gain.

	3.
	Clozapine

(Clozaril)
	Dibenzo

diazepine
	SGA

(MARTA*)
	300–450 mg

(900 mg)
	Moderate
	Agranulocytosis, seizures, weight gain, sedation, anticholinergic effects, hypersalivation, postural hypotension, myocarditis, new-onset type 2 diabetes mellitus, hyperlipidemia. 

	4.
	Risperidone

(Risperdal)
	Benz

isoxazol
	SGA

(5-HT2A/ D2 antagonist)


	2–6 mg

(12 mg)
	High
	Postural Hypotension, hyperprolactinemia, EPS, sexual dysfunction, weight gain, tachycardia, nausea, headache, abdominal pain, rhinitis, dizziness, insomnia and sedation. 

	5.
	Olanzapine

(Zyprexa)
	Thienobenzo

diazepine
	SGA

(MARTA*)
	5–10 mg

(15 mg)
	High
	EPS, weight gain, sedation, new-onset type 2 diabetes mellitus, nausea, drowsiness, hyperlipidemia, 

	6.
	Ziprasidone

(Geodon)
	Dihydro

indolone
	SGA

(5-HT2A/ D2 antagonist)
	20-80 mg

(160 mg)
	Moderate
	QTc prolongation, rash, somnolence, dizziness and abnormal muscle movements.  

	7.
	Quetiapine

(Seroquel)
	Dibenzo

thiazepine
	SGA

(MARTA*)
	200–400 mg

(800 mg)
	Low
	Somnolence, headache, postural hypotension, dry mouth, dizziness, agitation, hyperlipidemia, cataract constipation, new-onset type 2 diabetes mellitus & hypercholesteremia.

	8.
	Aripiprazole

(Abilify)
	Dihydro

quinolinone
	SGA

(Partial DA agonist)
	5–15 mg

(30 mg)
	High
	Nausea, anxiety, blurred vision, somnolence, postural dizziness, restlessness, vomiting, insomnia, headache and weight gain.

	9.
	Iloperidone

(Zomaril)
	Benz

isoxazolyl piperidine
	SGA

(5-HT2A/ D2 antagonist)
	4-24 mg

(32 mg)
	High
	QTc prolongation, orthostatic hypotension, dizziness, somnolence.  

	10.
	Sertindole

(Serdolect)
	Phenyl indole
	SGA

(5-HT 2A/ D2 antagonist)
	12-20 mg

(24 mg)
	High
	QTc prolongation, weight gain, orthostatic hypotension, rhinitis, dizziness, ejaculatory failure and dry mouth.   

	11.
	Zotepine

(Zoleptil)
	Dibenzo

thiepine
	SGA

(5-HT2A/ D2 antagonist)
	75-200 mg

(300 mg)


	Low
	Convulsions at high doses, weight gain, salivation, constipation, somnolence, thirst, sleepiness, increase in prolactin levels.

	12.
	Amisulpride

(Solian)
	Benzamide
	SGA

(D2 / D3 antagonist)
	400–800 mg

(1200 mg)
	Moderate
	Prolactin induction, nausea, weight gain, and less commonly QT interval prolongation (which can lead to serious heart arrhythmias). 

	13.
	Remoxipride

(FLA 731)
	Benzamide
	SGA

(D2 / D3 antagonist)
	120-600 mg

(800 mg)
	Unknown
	Drowsiness, tiredness, and TD if given for prolonged periods.


* These drugs have affinity to multiple receptors viz., dopamine D2, serotonergic 5-HT2A, 

   5-HT1A, 5-HT2C; cholinergic α 2, α 1; histaminic  H1 & muscarinic M3.
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Fig. 2.1 Structures of Atypical Antipsychotics available in market

2.2 Molecules in clinical trials

2.2.1 Phase III Clinical Trial Molecules

2.2.1.1 Secretin

Secretin is a pure sterile, nonpyrogenic, lyophilized white powder acetate salt of secretin, a peptide hormone (Samuel, 2002). Secretin has an amino acid sequence consisting of 27 amino acids. RG1068 is synthetic human secretin, which completed phase II trials as a treatment for refractory schizophrenia and obsessive-compulsive disorder. Recently it has been discovered that secretin activates amygdala in humans, and this brain region has been implicated in schizophrenia (Sheitman et al., 2004). 

2.2.1.2 Paliperidone (3-[2-[4-(6-fluorobenzo[d]isoxazol-3-yl)-1-piperidyl]ethyl]-7-hydroxy-4-methyl-1,5-diazabicyclo[4.4.0]deca-3,5-dien-2-one)

Paliperidone (Sold as INVEGA, Semap) is an atypical antipsychotic. Chemically, paliperidone is primary active metabolite of the older antipsychotic risperidone (paliperidone is 9-hydroxyrisperidone). 

The mechanism of action of paliperidone, is unknown, (Kane et al., 1993) but it has been proposed that the drug's therapeutic activity in schizophrenia is mediated through a combination of central dopamine D2 and serotonin 5HT2A receptor antagonism and affinity at H1 histaminergic receptors, which may explain some of the other effects of the drug. Paliperidone has no affinity for cholinergic muscarinic and β-adrenergic receptors. 

The most common side effects that occurred with paliperidone were restlessness, involuntary movements, tremors and muscle stiffness and cardiac arrhythmias. NMS and TD were also observed in some patients (Yang et al., 2007). 

Paliperidone can induce orthostatic hypotension and syncope in some patients because of its alpha-blocking activity. Like other drugs that antagonize dopamine D2 receptors, paliperidone elevates prolactin levels and the elevation persists during chronic administration.

2.2.1.3 Bifeprunox (7-[4-[(3-Phenylphenyl)methyl]piperazin-1-yl]-3H-benzooxazol-2-one)
Bifeprunox mesilate is a novel atypical antipsychotic agent under development by Solvay Pharmaceuticals as a treatment for schizophrenia and potential conditions such as bipolar disorder. It is a partial D2 agonist and a serotonin 5HT1A agonist (similar mechanism as aripiprazole) (Wadenberg et al., 2007). Partial D2 agonism is responsible for regulating dopamine levels in regions where they are too high and at the same time increasing dopamine levels in certain other regions where they are too low; i.e., they act as dopamine stabilizers. The latter property contributes to relieving negative symptoms. 

The most common side effects reported with bifeprunox were gastrointestinal in nature including nausea, vomiting, constipation and abdominal discomfort. The commonly seen side effects like weight gain, diabetes, hyperprolactinemia, cardio toxicity, QTc prolongation are absent in bifeprunox (Tadori et al., 2007). 

2.2.1.4 Seromycin ((R)- 4-amino-3-isoxazolidinone)
Seromycin (Cycloserine) is a broad- spectrum antibiotic that is produced by a strain of Streptomyces orchidaceus and has also been synthesized. Cycloserine is a white to off-white powder that is soluble in water and stable in alkaline solution. 

Cycloserine is a partial NMDA receptor agonist. As research has suggested that glutamate dysfunction may be a cause of negative symptoms, seromycin and other glutamatergic agents are being tested for their therapeutic effects. Early studies with such agents have shown mixed results - some studies have shown no effects, while others indicate that cycloserine is modestly effective (Evins et al., 2002).

Symptoms of a cycloserine overdose include drowsiness, confusion, headache, dizziness, irritability, numbness and tingling, paralysis, seizures and unconsciousness.


H-His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu-Ser-Arg-Leu-Arg-Asp-Ser-Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-Gly-Leu-Val-NH2
Secretin
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Fig. 2.2 Structures of Phase – III clinical trial molecules

2.2.1.5 Lamictal / Lamotrigine (6-(2,3-dichlorophenyl)-1,2,4-triazine-3,5-diamine).

Lamotrigine (an anti-glutamatergic agent) is a broad spectrum anticonvulsant (Messenheimer, 1995) used also in the treatment of bipolar disorder. Charles et al., examined the efficacy of lamotrigine in combination with antipsychotic drugs for the treatment of schizophrenia (Charles et al., 2005). Data from four clinical studies support the efficacy of adjunctive lamotrigine in the treatment of schizophrenia. The efficacy of lamotrigine arises primarily through its ability to influence glutamate transmission and neural activity in the cortex. The drug is likely to act through inhibition of voltage-gated sodium channels. Treatment was more effective when lamotrigine was added to the atypical antipsychotics. Hence combination of anti-dopaminergic and anti-glutamatergic drugs is a new strategy for the treatment of schizophrenia (Brandt et al., 2007). 

2.2.1.6 Asenapine 
Asenapine is a new 5-HT2A and D2 receptor antagonist under development for the treatment of schizophrenia and acute mania associated with bipolar disorder by Schering-Plough after its combination with Organon International. Development of the drug, through Phase III trials, began while Organon was still a part of Akzo Nobel. 

Relative to its D2 receptor activity, it possesses higher affinity for an ensemble of serotonergic (5-HT2C, 5-HT6, 5-HT7), noradrenergic (α2A, α2B, α2C), and dopaminergic (D3, D4) receptors. In patients with acute schizophrenia, asenapine was effective and generally well tolerated, with a low incidence of weight gain, hyperprolactinemia and EPS (Kane et al., 2008). Preliminary data also indicates that it has minimal anticholinergic and cardiovascular side effects. Research efforts of Svensson et al., showed that asenapine may exhibit a highly potent antipsychotic activity without inducing EPS. Its ability to increase both dopaminergic and glutamatergic activity in the medial prefrontal cortex suggests that asenapine exerts an advantageous effect not only on positive symptoms in patients with schizophrenia, but also on negative and cognitive symptoms (Svensson et al., 2007).

2.2.2 Phase II Clinical Trial Molecules

2.2.2.1 Ampakines/CX516

AMPAkines are a series of related compounds designed to improve memory and cognition. Some compounds (notably CX-516 for schizophrenia) are currently in phase II clinical trials (Lynch, 2006). Research indicates that ampakines may help to enhance the effects of typical and atypical antipsychotics, although they may not be therapeutically effective on their own. AMPAkines and AMPA potentiators enhance excitatory (glutaminergic) transmission, facilitate long-term potentiation, learning and memory and have synergistic effects with FGAs and SGAs. Results suggest that chronic administration of AMPAkine CX-516 improves negative and cognitive symptoms in schizophrenics who receive clozapine (Arai et al., 2007). 

AMPAkine CX-516 positively modulates the AMPA receptor and is an adjuvant to clozapine; it was shown to exert some beneficial action on the negative symptoms and cognitive deficits in schizophrenia. Small molecules that potentiate AMPA receptors relieve cognitive deficits (Lynch et al., 2006). 

2.2.2.2 Galantamine (4aS,6R,8aS)-4a,5,9,10,11,12- hexahydro-3-methoxy-11-methyl- 6H-benzofuro[3a,3,2-ef] [2]benzazepin-6-ol)

Galantamine (trade names Razadyne, Razadyne ER, Reminyl, Nivalin) is an acetylcholine esterase (AChE) inhibitor (developed by Janssen Pharmaceutica), used currently for the treatment of mild to moderate Alzheimer’s disease and being tested for adjunct therapy in schizpohrenia as it has been found to improve both negative and cognitive symptoms of the disease (Rosse et al., 2002; Allen et al., 2002). 

Galantamine is currently used for symptomatic treatment of Alzheimer's disease, the pathophysiology of which involves degeneration of cholinergic neurons, as it has been hyptothesized that it increases cholinergic transmission in the cortex, which in turn is a desirable effect of antipsychotics for improvement of the cognitive symptoms and increases the extracellular levels of cortical ACh. Galantamine enhances cholinergic neurotransmission in the brain. Galantamine is particularly useful for adjuvant treatment of negative symptoms of schizophrenia.

2.2.2.3 Memantine (1-amino-3,5-dimethyl-adamantane)

Memantine was one of the first drugs used to treat Alzheimer’s disease. It is a noncompetitive low-affinity NMDA receptor antagonist. It is currently marketed under the brands Axura and Akatinol by Merz, Namenda by Forest and Ebixa by Lundebeck.

It was suggested that glutamate dysregulation may be involved in the neuropathology of schizophrenia, mainly through NMDA dysfunction. It is hypothesized that addition of memantine, a weak non-selective NMDA receptor antagonist approved for dementia, to antipsychotics would improve the clinical status of schizophrenia patients, notably the negative signs and cognitive deficits. It is well established that enhancement of NMDA receptor function produces efficacy for schizophrenia (Krivoy et al., 2008). Clinical trials have also shown that enhancement of NMDA receptor function by potentiating the glycine site of the receptor is efficacious in treating schizophrenia. Currently, there is no data regarding benefits of memantine in schizophrenics.

2.2.2.4 Modafinil (2-(benzhydrylsulfinyl)acetamide)

Modafinil is a eugeroic drug generally prescribed to treat narcolepsy, made and marketed as Provigil by Cephalon in the U.S., UK, Italy, and Belgium. It is not a typical stimulant and is often described as a "wakefulness promoting agent". Currently it is being tested as a cognition improver in the treatment of schizophrenia (Ishizuka et al., 2003). 

A well-defined biochemical mechanism of action of modafinil has not yet been elucidated. Recent evidence suggests that modafinil acts in part as a hypocretin / orexin agonist with excitatory effects on the locus coeruleus adrenergic neurons. Modafinil modulates anterior cingulate function in chronic schizophrenia. Headache, nausea, nervousness, insomnia, anxiety, anorexia, dry mouth and vasodialation are major side effects. In addition gastrointestinal distress, aggressiveness and skin irritation have been observed. 

2.2.2.5 Ocaperidone 3-[2-[4-(6-fluoro-1, 2-benzisoxazol)-3-yl) piperidino]ethyl]-2, 9-dimethyl-4H-pyrido[1, 2-a] pyrimidin-4-one

 Ocaperidone is an atypical antipsychotic related to risperidone with D2/5-HT2A receptor antagonist activity (Leysen et al., 1992). It is currently in phase II clinical trials for schizophrenia. Studies with healthy volunteers showed that the repeated administration of low doses of ocaperidone quickly led to strong and long-lasting CNS effects. Data collated so far indicate that ocaperidone is a promising potent antipsychotic without cardiovascular or weight gain problems (Megens et al., 1992). Neuro3d in-licensed ocaperidone from Janssen Pharmaceuticals in 2002. 

2.2.2.6 Talnetant (3-hydroxy-2-phenyl-N-[1S-1-phenylpropyl]-4-quinoline-carboxamide)

Talnetant is the second class of selective non-peptidic hNK3 receptor antagonists disclosed so far (Albert et al., 2006). It bears a 2-phenyl-quinoline core motif and is derived from a programme originally intended to identify ligands of the NK1 receptor. It is being developed for several disorders, including urinary incontinence, irritable bowel syndrome and schizophrenia. Talnetant has high affinity for recombinant human NK3 receptors (pKi = 8.7) and demonstrates selectivity over other neurokinin receptors. It modulates mesolimbic and mesocortical dopaminergic neurotransmission and this supports its potential therapeutic utility in the treatment of schizophrenia. NK3 tachykinin receptors appear to regulate midbrain dopamine neuronal activity. Microdialysis studies demonstrated that acute administration of talnetant (30 mg/kg i.p.) produced significant increases in extracellular dopamine and norepinephrine in the medial prefrontal cortex and attenuated haloperidol-induced increases in nucleus accumbens dopamine levels in the freely moving guinea pigs (Gaochao et al., 2007). Taken together, these data demonstrate that talnetant is a selective, competitive NK3 receptor antagonist with the ability to modulate mesolimbic and mesocortical dopaminergic neurotransmission and hence support its potential therapeutic utility in the treatment of schizophrenia. 

2.2.2.7 Tolcapone (2-dihydroxyamino-4- (4-methylbenzoyl)- cyclohexa-2,4-diene-1,6-dione)

Tolcapone is a drug that inhibits the enzyme catechol-O-methyl transferase (COMT). It is used in the treatment of Parkinson's disease as an adjunct to levodopa/carbidopa medication. Tolcapone has the ability to cross the BBB and thus exerts its COMT inhibitory effects in the CNS as well as in the periphery.

Alternations in the COMT genotype have been shown to influence both cognitive and negative symptom responses to treatment with atypical antipsychotic medications. Tolcapone is a selective and reversible inhibitor of COMT. In humans, COMT is distributed throughout various organs. COMT catalyzes the transfer of the methyl group of S-adenosyl-L-methionine to the phenolic group of substrates that contain a catechol structure. It catalyzes the O-methylation, and thereby the inactivation, of catecholamine neurotransmitters and catechol hormones. Also shortens the biological half-lives of certain neuroactive drugs, like L-DOPA, alpha-methyl DOPA and isoproterenol. When tolcapone is given in conjunction with levodopa and an aromatic amino acid decarboxylase inhibitor, such as carbidopa, plasma levels of levodopa are more sustained than after administration of levodopa and an aromatic amino acid decarboxylase inhibitor alone. It is believed that these sustained plasma levels of levodopa result in more constant dopaminergic stimulation in the brain, thus leading to the betterment of the cognitive symptoms of schizophrenia (Budygin et al., 1999). Tolcapone is contra-indicated in patients with hepatocellular injury or who have demonstrated hypersensitivity to the drug or its ingredients and also in patients with history of hyperpyrexia and confusion possibly related to medication.
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Fig. 2.3 Structures of Phase – II clinical trial molecules

2.3 Recent Literature Review

The following is the summary of the literature review (since 1997) carried out in synthesizing the present molecules under study:

2.3.1 Masaguer et al., have designed a simple and efficient synthesis for novel 6-aminomethyl-tetrahydroindol-4-ones, butyrophenone analogues of molindone (Masaguer et al., 1997). These compounds exhibited potent affinities for D2 and 5- HT2A receptors in vitro. The most active compounds, 6d (QF 0408B) and 6e (QF 0409B), with pKi (5HT2A/D2) ratios of 1.32 and 1.17 respectively, showed an antipsychotic profile according to Meltzer’s classification. Compound 6d was chosen for further development.
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2.3.2 Perronel et al., recently found a series of arylpiperazines to be potential atypical antipsychotics, having a tetralin group as new terminal moiety (1), with mixed D2 /5-HT1A receptor affinity (Perronel et al., 1995). They showed a favourable D2/5-HT1A ratio with nanomolar affinity for 5-HT1A and moderate affinity for D2. Unfortunately, most of them showed remarkable affinity to α -adrenergic receptors, which resulted in a variety of side effects. Hence they attempted to modify the molecules so as to make them devoid of affinity at α adrenergic receptors and in this process replaced the tetralin group with 2-napthothiazole group resulting in 2-napthothiazole substituted piperazines (2) (Perronel et al., 1997). They  
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studied these molecules for affinities at the 5-HT1A, 5-HT2A, D1, D2, α1 and α2 receptors. They found that affinity of these molecules at 5-HT2A receptors is usually slightly lower than the affinity at the 5-HT1A receptors; at D2 receptors the affinity is higher than that of D1 receptors and as a result the D2/5-HT1A ratios were lower than those previously reported for tetralin derivatives. These results showed that the replacement of the tetralin nucleus with a 2-napthothiazole group did not significantly improve the mixed D2/5-HT1A affinities. Moreover, the undesirable affinity was retained at α receptors and was found to be much worse than the teralin derivatives.
2.3.3 The search for an improved clozapine-like compound by Bruhwyler et al., has resulted in the development of a new molecule: JL13, 5- 4-methylpiperazin-1-yl -8-chloro-pyrido 2,3-b 1,5 benzoxazepine fumarate (Bruhwyler et al., 1997). JL13 was characterized as a weak D2 antagonist, both in vitro and in vivo, with a strong affinity for the D4 and the 5-HT2A receptors. It has no affinity for the 5-HT2C receptor. In vivo microdialysis experiments in rat showed that JL13, like clozapine, preferentially increased extracellular dopamine concentrations in the prefrontal cortex compared to nucleus accumbens or striatum (Ellenbroek et al., 2003).   Like clozapine, JL13 did not antagonize apomorphine-induced stereotypy and did not produce catalepsy but antagonized apomorphine-induced climbing in rodents. JL13, like clozapine, was able to antagonize “(±)1- 2,5-dimethoxy-4-iodophenyl - 2-aminopropane HCl (DOI)” induced head-twitches in the mouse. On the basis of the preclinical data, it was predicted that JL13 would be a promising atypical antipsychotic drug.
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2.3.4 A new chemical class of potential atypical antypsychotic agents, based on the pharmacological concept of mixed D2 antagonism and 5-HT1A agonism, was designed by, Homan et al., by combining the structural features of 2-(N,N-di-n-propyl amino)tetralins (DPATs) and 2-pyrrolidinylmethyl-derived substituted benzamides in a structural hybrid (Homan et al., 1998). Among the 35 compounds synthesized, 5-methoxy-2-[N-(2-benzamidoethyl)-N-n-propylamino]tetralin (12a), displayed high affinities for the D2 receptor (Ki =3.2 nM), the D3 receptor (Ki = 0.58 nM) as well as the 5-HT1A receptor (Ki = 0.82 nM). The structure affinity relationships suggest that the 2-aminotetralin moieties of the compounds occupy the same binding sites as the DPATs in all three receptor subtypes. The benzamidoethyl side chain enhances affinities of compounds for all three receptor subtypes, presumably by occupying an accessory binding site.
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2.3.5 A series of novel 4-(4-flourobenzoyl)piperidine derivatives with benzthiazolin-2-one as a pivotal template was designed, synthesized and evaluated for the binding affinity at serotonin 5-HT1A, 5-HT2A, 5-HT2C, dopamine D2 and adrenergic α1 receptors by Diouf group (Diouf et al., 1999) . 4-(4-flourobenzoyl)piperidine is one of the most potent pharmacophore for 5-HT2A receptor. All the synthesized compounds displayed high affinities for 5-HT2A receptors (1 to 10 nM) combined with high to moderate affinity at 5-HT1A (1 to 800 nM) and D2 (5 to 1000 nM). Among the synthesized compounds, compound 5 and 13 showed promising affinity towards 5-HT2A, 5-HT1A and D2 receptors. Compound 13 was selected for clinical trials.
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2.3.6 Ravina et al., synthesized a series of novel conformationally restricted butyrophenones (2-(aminoethyl)- and 3-(aminomethyl) thieno- or benzocycloalkanones bearing (6-fluorobenzisoxazolyl)piperidine, (p-fluorobenzoyl) piperidine, (o-methoxyphenyl)piperazine, or linear butyrophenone fragments) and evaluated as atypical antipsychotic agents by in vitro assays of affinity for dopamine receptors (D1, D2) and serotonin receptors (5-HT2A, 5-HT2C) and by in vivo assays of antipsychotic potential and the risk of inducing EPS (Ravina et al., 1999). Potency and selectivity depended mainly on the amine fragment connected to the cycloalkanone structure. Compounds with benzisoxazolyl fragment had the highest 5-HT2A activities, followed by the benzoylpiperidine derivatives; in general, R-substituted cycloalkanone derivatives were more active than the corresponding α-substituted congeners. CoMFA (comparative molecular field analysis) and docking studies showed electrostatic, steric and lipophilic determinants of 5-HT2A and D2 affinities and 5-HT2A/D2 selectivity. Among the synthesized molecules the in vitro and in vivo pharmacological profiles of N-[(4-oxo-4H-5,6-dihydrocyclopenta[b]thiophene-5-yl)ethyl]-4-(6-fluoro benzisoxazol-3-yl) piperidine (23b,QF 0510B), N-[(4-oxo-4,5,6,7-tetrahydrobenzo[b]thiophene-5-yl)ethyl]-4-(6-fluoro benzisoxazol-3-yl)piperidine (24b, QF 0610B), and N-[(7-oxo-4,5,6,7-tetrahydro benzo[b] thiophene-6-yl)ethyl]-4-(6-fluorobenzisoxazol-3-yl)piperidine (29b, QF 0902B) suggested that they are effective antipsychotic agents with low propensity to induce EPS.
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2.3.7 Chaki et al., have developed NRA00045 as a potential antipsychotic agent (Chaki et al., 2000). NRA0045 has high in vitro affinities for the dopamine D4 receptor, 5-HT2A receptor, and α1 adrenoreceptor. NRA0045 was not found to have affinity at dopamine D2 receptor in the striatum and nucleus accumbens similar to that of clozapine and risperidone. NRA0045 showed activity in numerous models used to predict efficacy against the symptoms of schizophrenia. It potently attenuated methamphetamine (MAP)-induced hyperactivity, while it had no effect on MAP-induced stereotyped behavior. MAP-induced hyperactivity was related to the activation of the mesolimbic dopaminergic system, while MAP-induced stereotyped behavior is attributed to activation of the nigrostriatal dopaminergic system. Activation of the mesolimbic dopaminergic system cures the positive symptoms in the pathophysiology of schizophrenia, while the activation of nigrostriatal dopaminergic system leads to EPS. Therefore, NRA0045 is an atypical antipsychotic without EPS as seen from studies conducted in rats; it is yet to be extrapolated to humans for the antipsychotic activity.
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2.3.8 Masaguer et al., have developed a practical and efficient four (for amines with non-aromatic fragments) or five (for amines with aromatic cycles) step synthesis for new derivatives (2-aminomethyl-1,2,3,9-tetrahydro-4H-carbazol-4-ones)  in the carbazole series as atypical antipsychotics from cheap and readily available starting materials using Fischer indole methodology (Masaguer et al., 2000). They have successfully applied the palladium-catalysed cyclization as an alternative route for the preparation of carbazole intermediates. Among the compounds synthesized compounds 4b (QF 2003B) and 4c (QF 2004B) were the most active ones. They exhibited promising affinity for both D2 and 5-HT2A receptors and also had high Meltzer ratio (1.29 & 1.28 respectively). Compound 4b was chosen for further development during which it was found to have a multi-receptor profile with affinities similar to those of clozapine for 5-HT2A, 5-HT1A, 5-HT2C, D1, D2, D3, D4, α1, α2, M1, M2 and H1 receptors. In addition, 4c mirrored the antipsychotic activity and atypical profile of clozapine in a broad battery of in vivo tests including locomotor activity, apomorphine-induced stereotypies, catalepsy, apomorphine- and DOI -induced prepulse inhibition (PPI) tests. These results proved 4c as a new lead compound with a relevant multi-receptor interaction profile for the discovery and development of new antipsychotics (Brea et al., 2006).
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2.3.9 Feenstra et al., have synthesized several 1-aryl-4-(biarylmethylene)piperazines and determined their affinity for D2 and 5-HT1A receptors (Feenstra et al., 2001). Twenty one compounds were synthesized as part of this series targeting for atypical antipsychotic activity. These compounds after evaluating in vivo, through various animal models resulted in the identification of a new chemical entity, 5b (DU127090), which is preclinically evaluated as a potential atypical antipsychotic with reduced EPS.
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2.3.10 Talaga et al’s discovery approach was based upon the hypothesis that an atypical antipsychotic profile is related to a relatively higher affinity (antagonism) for the D4 than for the D2 receptor and to a relatively higher affinity (antagonism) for the 5-HT2 than for the D2 receptor (Talaga et al., 2001). Among the synthesized compounds compound 2 was the most active one, which belongs to the diarylbutylamine’s group of antipsychotic drugs (e.g., Pimozide). Compound 2, displayed an atypical antipsychotic profile both in vitro and in vivo. This compound exhibited a more potent antagonism at the 5-HT2 serotonergic receptor (pKi = 7.5) than the D2 dopaminergic receptor (pKi = 7.0). The compound exhibited almost same activity as clozapine in all animal models. This compound did not have any effect on heart rate, sedation convulsions unlike clozapine. Hence compound 2 was considered for further preclinical investigations in order to delineate its clinical potential as an atypical antipsychotic.
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2.3.11 Funakoshi et al., have outlined, in vitro and in vivo pharmacological properties of 5-{2-[4-(6-fluoro-1H-indole-3-yl)piperidin-1-yl]ethyl}-4-(4-fluoro phenyl) thiazole-2-carboxylic acid amide (NRA0562), a novel atypical antipsychotic (Funakoshi et al., 2002). NRA0562 showed high affinities for human cloned dopamine D1, D2, D3 and D4 receptors with Ki values of 7.09, 2.49, 3.48 and 1.79 nM. In addition, NRA0562 had high affinities for the 5-HT2A receptor and the α1 adrenoceptor with Ki values of 1.5 and 0.56 nM, and moderate affinity for the histamine H1 receptor. It was found that NRA0562 occupied frontal cortical 5-HT2A receptors and α1 adrenoceptor potently, while occupancy of striatal dopamine D2 receptor was moderate. 
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NRA0562 dose-dependently inhibited MAP-induced locomotor hyperactivity in rats. At higher dosage, NRA0562 dose-dependently antagonized MAP-induced stereotyped behavior in rats. In addition, the potency of NRA0562 in antagonizing MAP-induced hyperactivity in rats was higher than that of other antipsychotics, clozapine, risperidone and olanzapine. As this antipsychotic had a unique profile with affinity and occupancy for receptors, NRA0652 was predicted to have unique atypical antipsychotic activities, and a moderate liability of EPS. 
2.3.12 The structure of R-(+)-octoclothepin (4), a classical antipsychotic, was modified by Campiani et al., by replacing the benzo-fused ring with a pyrrole, and (±)-7-chloro-9-(4-methylpiperazin-1-yl)-9,10-dihydropyrrolo[2,1-b][1,3]-benzothiazepine ((±)-5)  was identified as the lead compound (Campiani et al., 2002). They have described the pharmacological and biochemical characterization of the (S)-(+)-5 (ST1460) as a new atypical antipsychotic agent. Its receptor affinity profile suggested affinity at serotonergic 5-HT2A, dopaminergic D1, D2 and D3, and α-adrenergic receptor subtypes.
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 The 5-HT2A/D2 ratio (pKi = 1.21) was particularly favorable, and preliminary in vivo studies confirmed pharmacological effects similar to those of olanzapine and superior to those of clozapine in the 5-OMe-DMT-induced head twitches and apomorphine induced climbing animal models. (S)-(+)-5 was also found to have little propensity to induce catalepsy and did not significantly elevate serum prolactin levels. Hence this compound represented a new, potent atypical antipsychotic, and it was selected for further pharmacological studies. The (S)-(+)-5 unsubstituted counterpart (±)-6a was resynthesized, and its (+)-enantiomer was characterized as an atypical antipsychotic. Starting from (S)-(+)-5 as the lead compound, a series of flouro and bromo analogues were developed. Among these derivatives (S)-(+)-6a and (S)-(+)-6b were found to have much higher Meltzer ratio characteristic of an atypical antipsychotic (5-HT2A/D2 pKi values 1.25 and 1.28 respectively). 
2.3.13 A series of 52 conformationally constrained butyrophenones have been synthesized and pharmacologically tested as antagonists at 5-HT2A, 5-HT2B and 5-HT2C serotonin receptors and dopamine D2 receptors by Brea et al., (Brea et al., 2002). Six compounds were found highly active (pKi > 8.76) and selective at the 5-HT2A receptor vs 5-HT2B and/or 5-HT2C receptors. Piperidine fragments confered high affinity at the 5-HT2A-receptor subtype, with benzofuranone and thiotetralonepiperidine as the most selective derivatives over 5-HT2C and 5-HT2B receptors, respectively. An ethylene bridge between the alkanone and the amino moieties led to ligands with higher affinities for 5-HT2B receptor. Significant selectivity at 5-HT2B receptor vs 5-HT2C was observed with 1-1[(1-oxo-1,2,3,4-tetrahydro-3-naphthyl)methyl]-4-[3-(p-fluorobenzoyl)propyl] piperazine (more than 100-fold higher). Although piperidine fragments also confered higher affinity at 5-HT2C receptors, only piperazine containing ligands were selective to 5-HT2A. 
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Moderate selectivity was observed at 5-HT2C vs 5-HT2B (10-fold) with some compounds bearing a 4-[3-(6-fluorobenzisoxazolyl)] piperidine moiety in its structure. All these compounds were also found to have moderate to strong affinity towards dopamine D2 receptors. Among all the compounds, 5 (QF0104B) and 6 (QF0108B) showed high affinity for the 5-HT2A receptor subtype, with Ki values of 1.6 and 2.7 nM, respectively, compound 5 being most selective for the serotonin 5-HT2A receptor subtype. These compounds were also potent D2 receptor antagonists, with higher Ki values than those at 5-HT2A receptors.

2.3.14 Morimoto et al., have developed Y-931 (8-fluoro-12-(4-methylpiperazin-1-yl)- 6H-[1] benzothieno [2,3-b][1,5]benzodiazepine maleate) an atypical antipsychotic agent  and compared its neuropharmacological profile with those of typical and atypical antipsychotic drugs (Morimoto et al., 2002). Similar to clozapine and olanzapine, Y-931 interacted with dopaminergic, serotonergic, adrenergic, muscarinic and histaminergic receptors. Y-931, was active in a dose-dependent manner in established tests which are indicative of potential antipsychotic activity such as inhibition of apomorphine induced hyperactivity and suppression of conditioned avoidance responses, however, only Y-931 and clozapine were devoid of cataleptogenic potential. These results suggest that Y-931 may be a novel atypical antipsychotic with low risk of EPS and property to ameliorate NMDA receptor hypofunction.
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2.3.15 Hes et al., have synthesized a series of molecules targeting D2 antagonism and Serotonin Reuptake Inhibition instead of 5-HT2A antagonism (Hes et al., 2003). They targeted this approach for antipsychotic activity based on a report which showed that co-administration of an antipsychotic drug with a serotonin reuptake inhibitor (SRI) offered significant improvement for the treatment of both positive and negative symptoms. In a first attempt to combine D2 and SRI affinity into one molecule, they prepared series of compounds 7 having the butyrophenone chain attached to the piperidine moiety of indalpine (5), a known SRI. These molecules on further modification gave rise to series of molecules 6, in which compound 6b showed promising pre-clinical results both in in vivo and in vitro experiments of dopamine D2 receptor antagonism and serotonin reuptake inhibition and represented a novel profile antipsychotic having a wider spectrum of therapeutic effects than the existing agents to date. Consequently, compound 6b was selected for clinical development under the acronym SLV310. At human dopamine D2 receptors expressed in CHO cells, SLV310 was found to act as a potent receptor antagonist with a pA2 of 8.5 ± 0.15. In rat striatal slices, SLV310 was able to fully antagonize the inhibitory effect of the D2 agonist quinpirole (Hasselink et al., 2001). D2 receptor antagonism and serotonin reuptake blockade was confirmed by a decrease in apomorphine-induced climbing behaviour and a potentiation of the behavioural effects of 5-HT in mice. In the Conditioned Avoidance Response (CAR) procedure SLV310 selectively inhibited avoidance responding in rats whereas the dose for the induction of escape failures (in response to the footshock) was higher. The ratio between avoidances and escape failures indicates an antipsychotic profile in this model (Tuinsna et al., 2001).
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2.3.16 Lee et al., have prepared a series of tetracyclic indoline butyrophenone analogues as 5-HT2A/ D2 dual antagonists and examined them for affinity, selectivity, and functional efficacy (Lee et al., 2003). The strucute activity relationship focused on substitutions of the butyrophenone sidechains, composition and size of the D-rings and chirality of the core tetracycles. Selected examples (+) 6 and (-) 28 demonstrated excellent oral bioavailability and efficacy as 5-HT2A antagonists in a classical rat behavioral model. The varying affinity ratio of this series at the D2 and 5-HT2A receptors could be tailored by manipulating the side chain, D-ring size and composition and absolute stereochemistry of the core tetracycles. Other in vivo studies to examine the viability of these derivatives as potent antipsychotics are yet to be published.
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2.3.17 SSR181507 ((3-exo)-8-benzoyl-N-(((2S)7-chloro-2,3-dihydro-1,4-benzodioxin-1-yl) methyl)-8-azabicyclo(3.2.1)octane-3-methanamine monohydrochloride) is a novel tropane methanamine benzodioxane that displays antagonist activity at dopamine D2 receptors and agonist activity at 5-HT1A receptors (Boulay, et al., 2004). SSR181507 antagonized apomorphine-induced climbing in mice and stereotypies in rats and blocked D-amphetamine-induced hyperlocomotion in rats at lower doses.  At 1-10 mg/kg, it was found to disrupt active avoidance in mice. SSR181507 did not induce catalepsy in rats and antagonized haloperidol-induced catalepsy. SSR181507 was also active in two models sensitive to antidepressant/anxiolytic drugs. It also increased the latency time to paradoxical sleep in rats, an effect commonly observed with antidepressants. Coadministration of a selective 5-HT1A blocker produced catalepsy and antagonized the effects of SSR181507 in the depression/anxiety tests, confirming the view that activation of 5-HT1A receptors confers an atypical profile on SSR181507, and is responsible for its antidepressant/anxiolytic properties. It did not affect memory performance in a Morris water maze task in rats. The pharmacological profile of SSR181507 suggested that it should control the symptoms of schizophrenia, in the absence of extrapyramidal signs and cognitive deficits, with the additional benefit of antidepressant/anxiolytic activities. In addition to its atypical antipsychotic profile and antidepressant/anxiolytic activities, SSR181507 was also found to have a potential therapeutic activity in another key feature of schizophrenia poorly controlled by current antipsychotics, namely deterioration in social functioning. 
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2.3.18 Alvarado et al., have synthesized a series of 3-aminoethyl-1-tetralones, conformationally constrained higher homologues of haloperidol, via a four-step route from valerolactone (Alvarado et al., 2005). They have determined the binding affinities of the molecules at D2, 5-HT2A and 5-HT2C receptors. Some of the synthesized molecules showed an atypical antipsychotic profile especially compound 6b was the most active one in the series. It displayed high affinities for the D2A receptor (pKi = 7.04), the 5-HT2A receptor (pKi = 8.23) as well as the 5-HT2C receptor (pKi = 6.89). On the basis of the 5-HT2A/D2 antagonism hypothesis, compound 6b is potential atypical antipsychotic agent with a Meltzer’s ratio of 1.38 much higher than 1.12, the value from which Meltzer predicts an atypical profile for antipsychotics (Meltzer et al., 1989).
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2.3.19 A series of novel 8-substituted 3,4-dihydroquinolinones, tetrahydroquinolines, and N-acyltetrahydro quinolines were synthesized and evaluated in vitro for affinity to D2 and 5-HT2A receptors. All the compounds were found to have strong to moderate affinity at both D2 and 5-HT2A receptors, with D2 affinity being 10 fold more when compared to 5-HT2A. Compounds 4b and 4c were found to be active in the d-amphetamine-stimulated locomotor activity in vivo model. Compounds are yet to be tested in other animal models.
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2.3.20 Alvarado et al., have developed four new diaza analogues of the conformationally constrained aminobutyrophenone derivatives of QF0104B and QF0108B and evaluated for their binding affinities towards the 5-HT2A, 5-HT2C and the D2 receptors (Alvarado et al., 2006). Among the new compounds, the quinazoline derivative 15 (7-{[4-(4-fluorobenzoyl)piperidin-1-yl]methyl}-5,6,7,8-tetrahydro quinazolin -5-one) exhibited the highest affinities towards the serotonin 5-HT2A and dopamine D2 receptors, and it is in the borderline of potential atypical antipsychotics. Compound 23 (7-{[4-(4-fluoro benzoyl)piperidin-1-yl]methyl}-5,6,7,8-tetrahydro-3-methylcinnolin-5-one) displayed high selectivity in its binding profile towards 5-HT2C compared to 5-HT2A and D2 receptors.
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2.3.21 As part of research program on new antipsychotics, Penjisevic et al., synthesized various derivatives of 1-cinnamyl-4-(2-methoxyphenyl)piperazines and evaluated their affinities for D2, 5-HT1A, 5-HT2A and adrenergic α1 receptors using radioligand-binding assays (Penjisevic et al., 2007). In addition, they performed docking analysis using models for the D2 and 5-HT1A receptors. All compounds exhibited low to moderate affinity to 5-HT1A and 5-HT2A receptors, high affinity to D2 receptor and large variability in affinities for the α1 receptor. Among the compounds synthesized compound 3e showed the best activity at various receptors (Ki = 181nM at 5-HT1A, Ki = 120 nM at 5-HT2A; Ki = 14.7 nM at D2 receptors). Docking analysis indicated that the binding to D2 and 5-HT1A receptors is based on (i) interaction between protonated N1 of the piperazine ring and various aspartate residues, (ii) hydrogen bonds between various moieties of the ligand and the residues of threonine, serine, histidine or tryptophane, and (iii) edge-to-face interactions of the aromatic ring of the arylpiperazine moiety with phenylalanine or tyrosine residues. Docking data for the D2 receptors did account for the binding properties obtained in binding assays, suggesting that the model is reliable and robust. However, docking data for the 5-HT1A receptor could not account for actual binding properties, suggesting further refinement of the model.
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2.3.22 Cross screening of the molecules present at GlaxoSmithkline by Garzya et al., identified molecule (1), a sulfonamide derivative, as a lead compound with many of the desired affinities, and with a structure, which was particularly suitable for atypical antipsychotic profile (Garzya et al., 2007). Further lead optimisation programme led to the identification of sulfonamide (25), a molecule combining dopamine D2/D3 receptor antagonism with serotonin 5-HT2A, 5-HT2C, 5-HT6 receptor antagonism for an effective treatment of schizophrenia. Compound 25 was shown to possess the required in vivo activity with no EPS liability. Compound 25 with pKi (5HT2A/D2) ratio of 1.21, showed an antipsychotic profile according to Meltzer’s classification. Target molecule 25 showed in vivo activity at 20.6 mg/kg p.o and no EPS liability at up to 100 mg/kg p.o thus providing a substantial Therapeutic Index.
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2.3.23 Csongor et al., have synthesized a novel series of arylsulfonamides either by automated parallel or by traditional solution-phase synthesis (Csongor et al., 2007). Several members of this compound library were identified as high-affinity dopamine D3 and D2 receptor ligands. The most interesting representative, compound 2, was tested against 55 diverse molecular targets in vitro (including adrenergic, glutamatergic, serotonergic, histaminergic and cholinergic receptors) and found to have a clean profile: it displayed high affinity to D3 and moderate affinity to D2 dopamine receptors only. Compound 2 had good bioavailability in rats and showed antipsychotic activity in two in vivo models, inhibition of the apomorphine-induced climbing behaviour in mice and conditioned avoidance response in rats. It was also found that because of its favourable dopamine D3 and D2 affinities it did not cause catalepsy at pharmacologically active doses, and elicited significant cognition improvement in rats having diazepam-induced memory impairment. 
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2.3.24 Barcelo et al., have synthesized new conformationally constrained butyrophenone analogues in the pyrazole and isoxazole series and determined the binding affinities at D2, 5-HT2A and 5-HT2C receptors for the molecules 6-aminomethyl-6,7-dihydro-1H-indazol-4(5H)-ones and 6-aminomethyl-6,7-dihydro-3-methyl-benzo[d]isoxazol-4(5H)-ones, (Barcelo et al., 2007). One of the new compounds (15b) showed good in vitro binding features, and a Meltzer’s ratio (pKi = 1.25) characteristic of an atypical antipsychotic profile. They also studied the capability of molecules to penetrate blood brain barrier (BBB) using different computational methods. Different molecular descriptors and prediction program suggested that compound 15b has the potential to penetrate the BBB.
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2.3.25 Tancredi et al., described the in vitro profile of F15063 (N-[(2,2-dimethyl-2,3-dihydro-benzofuran-7-yloxy)ethyl]-3-(cyclopent-1-enyl)-benzylamine) (Tancredi et al., 2007). F15063 is a novel antipsychotic drug active in behavioural models predictive of positive and negative symptoms of schizophrenia as well as in alleviating scopolamine-induced cognitive deficits. In recombinant systems, F15063 acted as an antagonist at dopamine hD2 and hD3 and as a partial agonist at hD4 and a full agonist at serotonin h5-HT1A receptors. F15063 antagonised dopamine D2/3 receptors, a property underlying its antipsychotic-like activity, whereas activation of 5-HT1A and D4 receptors mediated its actions in models of negative symptoms and cognitive deficits of schizophrenia. F15063 is yet to be tested in animal models to predict its outcome of antipsychotic treatment.


[image: image35.emf]F15063

O

O

H

N


2.3.26 McCreary et al., described the in vitro and in vivo characterization of 1-(2, 3-dihydro-benzo[1,4]dioxin-5-yl)-4-[5-(4-fluoro-phenyl)-pyridin-3-ylmethyl]-piperazine mono hydrochloride (SLV313), a D2/3 antagonist and 5-HT1A agonist (McCreary et al., 2007). SLV313 possessed high affinity at human recombinant D2, D3, D4, 5-HT2B, and 5-HT1A receptors, moderate affinity at 5-HT7 and weak affinity at 5-HT2A receptors, with little-no affinity at 5-HT4, 5-HT6, α1, α2, H1, M1, M4 and 5-HT3 receptors. SLV313 had full agonist activity at cloned h5-HT1A receptors and full antagonist activity at hD2 (pA2 = 9.3) and hD3 (pA2 = 8.9) receptors. In vivo, SLV313 antagonized apomorphine-induced climbing. In the nucleus accumbens SLV313 reduced extracellular serotonin and increased dopamine levels.
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Acetylcholine and dopamine were elevated in the hippocampus suggesting possible 5-HT1A dependent efficacy for the treatment of cognitive and attentional processes. SLV313 did not possess cataleptogenic potential (up to 60 mg/kg p.o.). These results suggested that SLV313 is a full 5-HT1A receptor agonist and full D2/3 receptor antagonist possessing characteristics of an atypical antipsychotic. 

2.3.27 Cuisiat et al., reported the discovery and the synthesis of novel, potential antipsychotic compounds combining potent dopamine D2 receptor antagonism and serotonin 5-HT1A receptor agonist properties in the same molecule (Cuisiat et al., 2007). Among the compounds prepared, 16 and 20 exhibited high binding affinity for D2 and 5-HT1A receptors and only a weak affinity for 5-HT2A receptors. They acted as antagonists at D2 and as potent agonists at 5-HT1A sites. Compounds 16 and 20 had higher functional activity at h5-HT1A receptors than D2 receptors. Conceptually, these compounds differed from the second-generation antipsychotics, regardless of whether those possess a 5-HT1A component (e.g., aripiprazole, ziprazidone, and clozapine) or not (e.g., risperidone, olanzapine, and sertindole) by their lack of interaction at 5-HT2A receptors. In preclinical models, compounds 16 and 20 proved as effective as the typical antipsychotic haloperidol and were devoid of cataleptogenic effects. This absence of catalepsy resulted from 5-HT1A receptors stimulation. Several lines of evidence indicate that compound 16 had combined advantages of typical and atypical antipsychotics and hence 16 (N-[(2,2-dimethyl-2,3-dihydro-benzofuran-7-yloxy)ethyl]-3-(cyclopent-1-enyl)-benzyl amine) may represent the prototype of a novel class of more “complete” antipsychotic agents.
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2.4 Future Strategies of Drug Development
2.4.1 Dopaminergic agents

2.4.1.1 D1 agonists

In the treatment of schizophrenia, low doses of selective full D1-like receptor agonists, such as dihydrexidine, A77636 and SKF81297, have been reported to have cognitive enhancing actions in nonhuman primates (Cai et al., 1997; Schneider et al., 1994). Okubo et al., found decreased D1like receptor binding using PET in the frontal cortex and basal ganglia, and correlation between the reduction in prefrontal D1like receptors and the severity of negative symptoms and cognitive disturbance (Okubo et al., 1997). Hence an ‘optimal’ level of D1 like receptor activation is necessary for normal cognitive function. The finding that full D1 like receptor agonists can improve working memory suggests that such class of drugs might be novel potential treatments for negative and cognitive symptoms of schizophrenia (Castner et al., 2000).

2.4.1.2 Dopamine D4 receptor antagonists 

There are several lines of evidence suggesting that selective D4 receptor antagonists may be potential novel antipsychotic drugs. Not only clozapine but also a number of clinically efficacious antipsychotics have a relatively high affinity for the D4 receptors (Van Tol et al., 1991). In addition, an increase in D4 receptors has been reported in the schizophrenic brains (Seeman et al., 1993). The selective D4 antagonist, sonepiprazole (U-101387 or PNU-101387G) was found to attenuate apomorphine-induced impairment of PPI (Mansbach et al., 1998), however, most of the in vivo studies indicated lack of its effect in at least traditional preclinical models of antipsychotic activity. It entered Phase II clinical trials, but no further data are currently available (Danysz et al., 2000). An initial clinical trial with another highly selective D4 antagonist, L-745870 failed to demonstrate any antipsychotic activity in the treatment of schizophrenia. Further this drug caused worsening of symptoms (Bristow et al., 1997). Similarly, NGD-94-1 and the D4/5-HT2A antagonist finanserin (RP62203) also did not show clinical efficacy in limited trials in schizophrenics (Danysz et al., 2000). Hence, these data cast doubt whether D4 antagonists have therapeutic potential in schizophrenia or not. 

2.4.1.3 Dopamine D3 antagonists or partial agonists 

Dopamine D3 receptor is a D2 like dopamine receptor that is localized in the mesolimbic areas of the brain, and most antipsychotics were found to have relatively high affinity. In addition, a post-mortem study demonstrated elevation of D3 receptor levels in untreated patients of schizophrenia, whereas D3 receptor expression was normal in subjects treated with antipsychotic drugs (Gurevich et al., 1997). These findings have prompted much interest in the D3 receptor as a potential novel therapeutic target for antipsychotic activity. A dopamine D3 receptor agonist, (+) PD 128907, was found to block stereotypy produced by NMDA antagonists in mice, suggesting its antipsychotic profile (Witkin et al., 1998). The novel selective dopamine D3 antagonists such as S33084, SB-277011-A, and AVE5997 were developed for the treatment of psychosis like schizophrenia. While S33084 was not active in traditional models of antipsychotic activity in the manner of D2 antagonists, (Millan et al., 2000), SB-277011-A produced an increase in extracellular levels of dopamine, norepinephrine and acetylcholine in the rat anterior cingulate cortex, similar to the effects of clozapine and olanzapine (Lacroix et al., 2003). Hence, at present, the role of D3 antagonism in antipsychotic activity remains unclear, and only controlled clinical trials with selective D3 antagonists can clarify this issue.

2.4.2 Glutamatergic agents

2.4.2.1 Glycine reuptake inhibitors

Glycine transporters, GLYT-1 and GLYT-2, have been identified on both neuronal and glial cells in the central nervous system. These transporters control the extracellular glycine concentration. Thus, blockade of the GLYT-1 transporter would increase NMDA receptor-mediated transmission. Preclinical data demonstrated that N-[3-(40-fluorophenyl)-3-(40-phenylphenoxy]propyl sarcosine, a selective and potent GLYT-1 reuptake inhibitor, potentiated electrophysiological effects of NMDA (Berger et al., 1998). Furthermore, the glycine reuptake inhibitor glycyldodecylamide attenuated PCP-induced hyperactivity more potently than glycine (Javitt et al., 1997). These preclinical data suggest that inhibition of glycine reuptake represents a feasible approach to potentiate NMDA mediated neurotransmission and, possibly, treat schizophrenic patients.

2.4.2.2 Glutamate reuptake inhibitors

Glutamate transporters (excitatory amino-acid transporters (EAATs)), expressed in glia (EAAT1 and EAAT2) and neurons (EAAT3 and EAAT4), control glutamatergic neurotransmission by removal of glutamate from the synaptic cleft. Post-mortem studies in schizophrenic patients revealed alterations in gene expression of glutamate transporters (McCullumsmith et al., 2002). In addition, preclinical studies demonstrated that chronic treatment with clozapine or haloperidol downregulate EAAT3 in the infralimbic cortex and hippocampus. Thus, glutamate reuptake inhibitors (EAAT3 antagonists) could increase the synaptic availability of glutamate and thereby produce desired therapeutic effect.

2.4.2.3 Metabotropic glutamate receptor agonists 

Metabotropic glutamate (mGlu) receptors (mGluR), of which there are eight subtypes (mGluR1–8), are categorized into three groups according to their agonist pharmacology, sequence similarity and signal transduction pathways. NMDA antagonists induce hyperlocomotion and stereotypy, accompanied by an increase in glutamate release in several brain regions of rats (Moghaddam et al., 1997), suggesting that pharmacological agents that decrease glutamate release should block the effects of the drugs. Group II mGluR (mGluR2/3) are located presynaptically on glutamate terminals where they act as autoreceptors regulating glutamate release in vivo (Chavez-Noriega et al., 2002). Administration of a group II mGluR agonist, LY-354740, blocks both behavioral activation and increased glutamate (but not dopamine) release provoked by PCP in rats (Moghaddam et al., 1998). Thus, group II mGluR agonists could be beneficial in the treatment of schizophrenia, although LY-354740 cannot attenuate PCP-induced disruptions in PPI of acoustic startle responses. On the other hand, one of the effects induced by activation of group I mGluR (mGluR1/5), particularly of mGluR5, is a significant potentiation of NMDA receptor function, suggesting that mGluR5 agonists may display antipsychotic activity (Chavez-Noriega et al., 2002).
2.4.2.4 AMPA/kainate receptor antagonists 

The increased release of glutamate observed in response to NMDA antagonists could mediate some of the behavioral actions of the drugs by activation of non-NMDA receptors, including AMPA and kainate receptors (Moghaddam et al., 1997). In support of the hypothesis that behavioral effects of NMDA antagonists relate to increased glutamate release, administration of an AMPA/kainate receptor antagonist, LY-293558, partially reversed impairment of working memory induced by subanesthetic doses of ketamine in rats. Furthermore, AMPA/kainate receptor antagonists reduce NMDA antagonist-induced hyperlocomotion (Bubser et al., 1992) and neurodegeneration (Sharp et al., 1995). Systemic administration of other AMPA receptor antagonists GYKI52466 and LY-326325 can suppress conditioned avoidance response in rats. These data suggest that AMPA/kainite receptor antagonists may possess an antipsychotic effect, and have utility for treatment of cognitive deficits in which NMDA receptor hypofunction is suspected.
2.4.3 α7 nicotinic receptor agonists
Considerable clinical and experimental data demonstrated key role of the α7 subtype of neuronal nicotinic receptors in the pathogenesis of schizophrenia. Post-mortem evaluations have shown that there is reduced expression of the α7 receptor subtype in the hippocampus of schizophrenics. Nicotine, which is a full agonist at this site, was found to have brief cognitive enhancing effects in schizophrenia; but nicotine has several limitations as a therapeutic agent for schizophrenia. Nicotine induces tachyphylaxis and nicotine is also addictive. Thus, alternative nicotinic agonists that are less potentially toxic would be helpful in the treatment of schizophrenia (Freedman et al., 1994). Hence α7 neuronal nicotinic receptor-selective agonists were developed which can be used in treating this disease The first agent, which proved successful in early testing for enhancement of cognition is DMXBA (3-((11E)-3-(2,4-dimethoxybenzylidene)-3,4,5,6-terahydropyridin-2-yl)pyridine), a partial agonist at the α7 receptor. It needs to be tested further to assess its potential on cognition (Meyer et al., 1997).
TC-5619, a highly selective α7 nicotinic receptor agonist (Ki = 0.3 nM) was developed by Targacept (Hauser et al., 2006). In curing cognitive/negative symptoms in schizophrenia, TC-5619 was orally effective over a wide dose range (0.3 −10 mg/kg). TC-5619 (0.3 and 1.0 mg/kg) attenuated locomotor hyperactivity induced by apomorphine (1.0 mg/kg) following subcutaneous administration in rats. TC-5619 was found to have good absorption and exhibited an ability to penetrate the blood brain barrier. These findings suggest that TC-5619 has potential for managing both cognitive dysfunction and psychosis associated with schizophrenia (Hauser et al., 2006) and is in Phase – I trials.

2.4.4 Cannabinoids

Cannabinoids refer to a group of substances that bind to cannabinoid receptors. Two subtypes of cannabinoid receptors (CB), CB1 and CB2, have been cloned to date (Devane et al., 1992). Several lines of evidence exist to suggest a role for cannabinoids and their receptors in the pathology of schizophrenia. Elevated levels of anandamide (CB1 agonist and partial agonist of CB2 receptors) have been determined in the cerebrospinal fluid of 10 patients diagnosed with schizophrenia (Leweke et al., 2007). Similarities between cognitive impairments occurring in psychosis and the pharmacological effects of cannabis have also been identified (Emrich et al., 1997). High densities of cannabinoid receptors are found in regions of the human brain that have been implicated in schizophrenia, including prefrontal cortex, basal ganglia, hippocampus and anterior cingulate cortex (Biegon et al., 2001). Zavitsanou et al., have recently found that Cannabinoid CB1 receptors are significantly elevated in the anterior cingulated cortex of schizophrenic patients compared to controls, suggesting a role of the endogenous cannabinoid system in the pathology of this disorder, particularly in relation to negative symptoms (Zavitsanou et al., 2004). Recently, Leweke et al., found that Cannabidiol had substantial antipsychotic properties in acute schizophrenia (Leweke et al., 2007).

2.4.5 Cysteamine (2-aminoethanthiol)

Cysteamine is a natural product of mammalian cells and is formed by degradation of coenzyme A (CoA). Somatostatin, a neuropeptide, was found to increase in the schizophrenic patients and is positively correlated with the severity of positive symptoms, in particular with delusion and hallucination among schizophrenic symptoms (Saiz-Ruiz et al., 1992). Cysteamine has the ablity to deplete CNS stomatostatin. Hence it was speculated that cysteamine could be useful in the treatment of schizophrenia because of its antagonistic and opposite activity to somatostatin (Feifel et al., 1997).

A number of evidences suggest that cysteamine may control directly or indirectly dopamine neurotransmission in nucleus accumbens and other schizophrenia-related brain regions. Systemic cysteamine injection mitigated the apomorphine-induced stereotypy as well as decreased motor stimulant effects of amphetamine. In addition, cysteamine showed neuroprotective effects by way of enhancing central and serum brain derived neurotrophic factor that has been proved to be altered in patients with schizophrenia (Vecsei et al., 1990).

Cysteamine was effective in treating prominent depressive and negative symptoms. Cysteamine treatment was found to decrease weight gain, cataleptic behavior, and serum prolactin levels. Hence, further explorations of therapeutic implication of cysteamine for schizophrenia in preclinical studies should be warranted in future (Chi-Un et al., 2007).

2.4.6 Lurasidone ((1R,2S,3R,4S)-N-[(1R,2R)-2-[4-(1,2- benzisothiazol-3-yl)-1-piperazinyl methyl]-1-cyclohexylmethyl]-2,3-bicyclo[2.2.1] heptanedicarboximide hydrochloride)
Lurasidone (SM-13496) is a novel atypical antipsychotic drug with potent dopamine D2 (Ki = 1.68 nM) and serotonin 5-HT2A (Ki = 2.03 nM) receptor blocking activities and is under clinical investigation. This drug also has high affinities for serotonin 5-HT1A (Ki = 6.75 nM), 5-HT7 receptors (Ki = 0.495 nM), and α2C adrenoceptor (Ki = 10.8 nM), but only weak or negligible interactions with serotonin 5-HT2C, histamine H1, acetylcholine M1 receptors, and α1 adrenoceptor (Ishibashi et al., 2002; Ishiyama et al., 2003).

Despite its potent D2-blocking actions in vivo, lurasidone has little propensity to induce EPS (Ohno et al., 1997). This “atypical” antipsychotic nature of lurasidone was confirmed in a clinical study (Ogasa et al., 2003), in which the drug ameliorated both positive and negative symptoms of schizophrenia without affecting EPS scores. In addition, lurasidone is beneficial for cognitive deficits in schizophrenia. Lurasidone does not interact with either muscarinic acetylcholine or histamine H1 receptors (Ishiyama et al., 2003), which reportedly disrupt the learning and memory (Byerly et al., 2001; Bymaster et al., 1996; Myhrer, 2003). Lurasidone also has high affinities for 5-HT1A, 5-HT2A, 5-HT7 receptors, and α2C adrenoceptor, which are thought to be involved in improving cognitive impairments (Roth et al., 2004). Hence lurasidone is clinically useful for treating the cognitive impairments of patients with schizophrenia (Ishiyama et al., 2003). Recent studies by Enomoto et al., suggest that lurasidone would be more effective in treating schizophrenics with cognitive dysfunction than current drugs (Enomoto et al., 2007).


[image: image38.wmf]N

N

H

O

C

H

3

O

C

H

3

D

M

X

B

A

O

H

H

O

H

H

C

a

n

n

a

b

i

d

i

o

l

H

2

N

S

H

C

y

s

t

e

a

m

i

n

e

N

N

N

N

S

H

H

H

H

H

H

O

O

H

C

l

.

L

u

r

a

s

i

d

o

n

e

N

H

C

O

O

H

H

3

C

S

a

r

c

o

s

i

n

e

N

C

H

3

C

H

3

O

O

C

H

3

O

C

H

3

T

e

t

r

a

b

e

n

a

z

i

n

e

O

N

O

N

N

S

N

H

H

P

e

r

o

s

p

i

r

o

n

e

Fig. 2.4 Structures of molecules under development

2.4.7 Sarcosine (N-methyl glycine)
Small molecules that enhance the NMDA neurotransmission have been shown to be beneficial as adjuvant therapy for schizophrenia. Among these compounds, sarcosine (a glycine transporter-I inhibitor), when added to an existing regimen of antipsychotic drugs, has shown its efficacy for both chronically stable and acutely ill patients (Tsai et al., 2004; Lane et al., 2005). Sarcosine increases glycine concentrations in the brain thus causing increased NMDA receptor activation and a reduction in symptoms. A recent study indicated that sarcosine rather than D-serine can augment atypical antipsychotic drugs’ benefits for acutely ill patients with schizophrenia. However, efficacy of these agents as antipsychotics is yet to be demonstrated (Lane et al., 2005). 

2.4.8 Tetrabenazine (1,3,4,6,7,11b-Hexahydro- 9,10-dimethoxy-3- (2-methylpropyl)- 2H-benzo[a]quinoline)

Tetrabenazine, a dopamine depleting agent, is in use for treating Huntington's disease in Australia, Canada, Denmark, France, New Zealand, Portugal and the UK, with license applications pending in several other European territories and the USA. 

Tetrabenazine offers potential as an alternative mechanism for treatment of schizophrenia through decreasing available dopamine. Ashcroft et al., compared tetrabenazine and chlorpromazine in chronic schizophrenia and they found tetrabenazine to be effective (Ashcroft et al., 1961). Kalian et al., have reported a case of using tetrabenazine along with Clozapine for treatment of atypical variants of tardive dyskinesia (Kalian et al., 1993). In 2005, Perquin reported case report of using tetrabenazine along with sertindole resulting in greater reduction in EPS (Perquin, 2005). Hence further studies on tetrabenazine or other dopamine depleting agents efficacy and safety as single or adjunctive agents (at lower doses) for the treatment of schizophrenia are worth considering (Malik et al., 2007).

2.4.9 Perospirone (cis-2-[4-[4-(1, 2-benzisothiazol-3-yl)-1-piperazinyl]butyl]-1, 2-cyclo hexane dicarbeximide)

Perospirone (SM –9018) is an atypical antipsychotic drug developed in Japan by Sumitomo Pharmaceuticals, which shows high affinities for D2 and 5-HT2A receptors, as well as partial agonist activity at 5-HT1A receptors similar to ziprasidone (Araki et al., 2006). An open label study demonstrated that perospirone significantly improved anxiety and depression as well as the positive and negative symptoms in schizophrenic patients (Ohno et al., 1997). Optimal dose of Perospirone is in the range of 12-48 mg/day. Baseline serum prolactin levels in patients receiving clinically effective doses of perospirone are found to be much lower than those receiving risperidone (Togo et al., 2003; Yasui-Furukori et al., 2004) clearly indicating that it cannot cause hyperprolactinemia. Recently it was found that a long-term perospirone monotherapy with a single dose at bedtime is effective for the maintenance treatment of chronic schizophrenia and also suggest the possibility that intermittent D2 receptor blockade might be sufficient for effective relapse prevention. It was also proved that addition of tandospirone with perospirone enhanced verbal memory and quality of life in schizophrenic patients (Sumiyoshi et al., 2007).



    CHAPTER III

      OBJECTIVES & PLAN OF WORK

3.1. Objectives

One of the most revolutionary events in the research on novel antipsychotics is the recognition of the antipsychotic effects of clozapine. Clozapine has provided a hope that it is possible to develop new antipsychotics with a profile of low D2 receptor blockade and antagonism of other receptor types such as D1 and D4. Gerlach et al., have described the importance of 5-HT2 receptors in etiology of schizophrenia (Gerlach et al., 1996).

Kinon et al., have described various criteria used to define atypical antipsychotics which include: (i) decrease or absence of the capacity to induce EPS and TD; (ii) increased therapeutic efficacy reflected by improvement in positive, negative or cognitive symptoms and (iii) a decrease or absence of propensity to increase prolactin levels (Kinon et al., 1996). 

Though there are several atypical antipsychotics, the major problem with most of them is lack of selectivity to receptors. According to the theory proposed by Meltzer ideally, the agent should block dopamine levels in mesolimbic pathway curing the positive symptoms and should block 5-HT2A receptors resulting in cure of the negative and cognitive symptoms. It should not decrease the dopamine levels in nigrostriatal and TIDA regions of the brain. Some of the atypicals were found to decrease the dopamine levels in nigrostrital region causing EPS and some others were found to decrease dopamine levels in TIDA region causing hyperprolactinemia. Most of the SGA’s have affinities to other receptors viz., α1, α2, H1, 5-HT2C, muscarinic M3 and histaminic H1 receptors leading to a variety of side effects as detailed in chapter 2. Further, the side effects of SGAs are associated with potential long-term health risks as well as decreased adherence to treatment regimens, and eventually lead to relapse. Consequently, there remains a major challenge in developing novel atypical antipsychotics possessing an improved clinical efficacy against negative and cognitive symptoms along with the propensity to cause no to least side effects resulting in a greater acceptance, improvement in the health and quality of life of the patient.

Hence the current interest involves the study of modulatory role of central serotonergic receptors. Aryl piperazines are one of the prominent structural classes of compounds with affinity for all of the 5-HT receptors. 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 aryl group in arylpiperazines plays an important role in determining the CNS activity.

Hence the initial attempt was to synthesise arylpiperazines. Most aryl piperazines reported till date comprise an aromatic phenyl; substituted phenyl (2- chloro, 3-chloro, 4-flouro, 3- methoxy etc); benzfused phenyl (1- naphthyl, 2-naphthyl, 1-indanyl, acenaphthyl etc); heteroaryl (2-pyridyl, 3- pyrimidinyl etc); benzfused heteroaryl (2-quinolinyl, quinoxalinyl, quinazolinyl, benzimadazolyl, benzoxazolyl, benzthiazolyl, benzisoxazolyl, benzisothiazolyl etc) groups attached to one of the piperazinyl nitrogen atom. All such aryl piperazines exhibited both peripheral action and CNS activity.

In order to target an aryl piperazine for specific action in CNS, lipophilicity of the aryl group is of prime importance. 1-Naphthyl piperazine, 2-Naphthyl piperazine and piperazinylcyano quinoxalines and 1,8-Naphthyridinyl piperazines were found to have affinity at 5-HT1, 5-HT2, 5-HT3 and 5-HT4 sites respectively. Among the atypical antipsychotics, which are currently in use clozapine, olanzapine, quetiapine, ziprasidone are aryl piperazine derivatives. Hence we planned to synthesise aryl piperazine derivatives owing to the availability of extensive literature and very good activity of the molecules.

It is well known that properly balanced D2 blockade in combination with 5-HT2A receptor blockade results in an atypical antipsychotic. 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. 

Accordingly, the main objectives of this research work were to:

1. Design novel atypical antipsychotic agents by traditional medicinal chemistry approach.

2. Synthesize the designed molecules using conventional methods and an environmental benign technique, Microwave Assisted Organic Synthesis and solvent free organic synthesis wherever feasible.

3. Evaluate the new chemical entities for the receptor binding affinity in vitro and carry out their in vivo pharmacological studies.

4. Develop a pharmacophore model based on the available atypical antipsychotics and validate it using the pre-clinical candidates and newly synthesized compounds.

3.2. Plan of work

The plan of work is broadly classified into 3 headings.

3.2.1. Design

The conventional chemistry approach has been employed for the ligand design. The primary criteria for the ligand design for the safe treatment of schizophrenia includes the binding of the ligands   selectively towards dopaminergic D2 and serotonergic 5-HT2A receptors. Accordingly molecules possessing both dopaminergic and serotonergic properties constitute atypical antipsychotic profile.

The strategy of Ariens, which was promulgated few years ago, has been employed for the design of potential atypical antipsychotic agents (Ariens et al., 1979). We were very enthusiastic in employing this strategy as successful results were achieved by a number of research groups employing this strategy. Studies carried out by John and Howard Research groups of Pfizer, Inc. have led to emergence of a preclinical atypical antipsychotic candidate (3.1) and the currently marketed atypical antipsychotic drug, ziprasidone (3.2) respectively (John et al., 1991; Howard et al., 1996). Srinivas and his co-researchers came out with a preclinical atypical antipsychotic candidate (3.3) (Srinivas et al., 1999). All the above successful results utilise strategy of Ariens. 

Ariens strategy in brief, involves modification of the structure of a receptor agonist, in this case dopamine, with a large 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. John et al., and Howard et al., of Pfizer, Inc. have employed 1-Napthylpiperazine (a 5-HT2 antagonist) and 3-4-(piperazineyl)-1,2-benzisothiazole (a heterocyclic component of an atypical antipsychotic drug, Tiaspirone (3.4)) as lipophilic groups respectively and incorporated them into various dopaminergic pharmacophores as per the strategy of Ariens and accordingly led to aforementioned molecules. Figs 3.1 and 3.2 depict the transformation of a dopamine agonist into antagonist.
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Fig.3.1.Conversion of dopamine agonist to antagonist using 1-Naphthyl piperazine. 
[image: image40.wmf]O

H

O

H

N

H

2

(OH)

Dopamine agonist

Dopamine antagonist

N

S

N

N


Fig. 3.2. Conversion of dopamine agonist to antagonist using benzisothiazolyl piperazine. 


[image: image41.wmf]N

S

N

N

N

O

O

Tiospirone (

3.4

)

N

S

N

N

N

H

O

Cl

Ziprasidone (

3.2

)

N

N

N

H

O

Preclinical candidate (

3.1

)

N

N

N

H

O

Preclinical candidate (

3.3

)


Fig. 3.3. Preclinical candidates developed using Ariens strategy ((3.1), (3.2) & (3.3) only).

Similarly Srinivas and his research group employed a moderate 5-HT2A antagonist, 1-(1,2-dihydro-2-acenapthelenyl) piperazine as a lipophilic group and synthesised (3.3) (Srinivas et al., 1999). Fig 3.4 depicts the proposed agonist and antagonist binding sites in receptor antagonist design.

The dopaminergic pharmacophores, substituted chloroethyl phenylthiazoles considered by the    above researchers in their series of molecules explored have been utilized in the ligand design of Series I, Series II and Series III b as the dopamine pharmacophores. Accordingly for design of aforesaid series, the initial quest was for the search of serotonergic lipophilic group, which later would be incorporated into fused heterocyclic surrogates (CEP: 1-7), dopaminergic pharmacophores as per Ariens strategy.
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Fig. 3.4. Model of D2 receptor showing proposed agonist and antagonist binding used in receptor antagonist design (Srinivas et al., 1999).

Our search resulted in 1,8- Naphthyridinyl piperazine as serotonergic modulators for Series I and quinoxalinyl piperazines as serotonergic modulators for Series II and acetamidoglycine piperazine for Series III b.  These molecules exhibited CNS activity, suggesting their potential. Therefore, we felt it was worthwhile to synthesize this 1, 8 – Naphthyridinyl piperazine (NP2), quinoxalinyl piperazines (QP1, QP2 and QP4) and then subject to the receptor binding studies. Receptor binding studies resulted in the above molecules possessing moderate to strong affinity towards 5-HT2A (and/or) 5-HT1A receptors. As this possessed binding affinity towards serotonergic 5-HT2A (and/or) 5-HT1A receptors (binding required for atypicality), coupling of this molecules to various dopaminergic pharmacophares (CEP: 1-7) resulted in molecules of Series I and II respectively. Acetamidoglycine piperazine (P1) also linked to dopamine pharmacophores (CEP: 1-7) yielded molecules of Series III b. 

In the etiology of schizophrenia NMDA receptors hypofunction is also reported (Goff et al., 2001; Duncan et al., 1999). It is also reported that agonists at this site will alleviate the negative and cognitive symptoms. Hence in Series III b compounds are designed incorporating NMDA agonism and D2 antagonism so that both negative symptoms (including cognitive) and positive symptoms will be cured. This way of targeting/designing the compounds is attempted by us for the first time. We have synthesised compounds in which 2- and 5- substituted chloroethylphenylthiazoles (CEP: 1-7) have been incorporated at the piperazinyl nitrogen atom of acetamido glycine piperazine looking for NMDA agonism and D2 antagonism. Glycine, a very good agonist at NMDA receptors, cannot be used to treat negative symptoms directly, as it cannot cross BBB because of poor lipophilicity. Hence we increased the lipophilicity by attaching various substituted piperazines at carboxy terminal and prepared compounds of Series III a. 

3.2.2. Synthesis

The following series of compounds have been synthesized either by conventional method or by microwave assisted organic synthesis.

Series I: 2-(4-(4-(substituted thiazolyl)phenylethyl) piperazin-1-yl)-1,8-naphthyridine-3-carbonitriles (NC : 1-7)
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Series II: 4-(4-(2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl)phenyl) thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)
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Series III (a): N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7)
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Series III (b): N-2-(4-(4-(2-substitutedthiazol-4-yl)piperazin-1-yl)-2-oxoethyl)acetamide (AG:1-7)
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3.2.3. Pharmacological Evaluation

 (a) In vivo studies

Synthesized compounds were evaluated for their atypical antipsychotic activity in mice by the following animal models: 

I. Apomorphine induced cage- climbing behavior to test the blocking of mesolimbic dopamine D2 receptors (Costall et al., 1978).
II. Quipazine induced head twitches in mice, which indicates 5-HT2A antagonism in nigrostriatal region (Malick et al., 1977).

III. Catalepsy test will be done to check for the EPS (Joshi et al., 1979).

The first two models are an indicative of atypical antipsychotic activity of the synthesized compounds and the next model will evaluate the possible side effects caused by the new chemical entities (NCEs) synthesized.

(b) In vitro studies (Receptor binding profile)

Synthesized compounds were evaluated for their binding affinity at 5-HT2A and D2 receptors.









   



CHAPTER   IV

EXPERIMENTAL WORK

4.1. Materials and Methods

Melting points were determined in open capillaries using Büchi 530 melting point apparatus without correction. The reactions were monitored and the purity of the compounds checked by ascending thin layer chromatography (TLC) using silica gel coated aluminium plates (Merck 60 F254, 0.25mm) and the spots were visualized under ultra violet light at 254 and 366 nm. Microwave irradiations were carried out in domestic microwave oven (LG Electronics, model MG-605AP, 2450MHz, 900W).  Infra red (IR) spectra were recorded in KBr pellets on Jasco IR Report-100 or Schimadzu IR Prestige-21 FT-IR spectrophotometer (cm-1). Proton nuclear magnetic resonance (1H-NMR) spectra were obtained from Bruker DRX300 spectrometer using tetramethylsilane (TMS) as internal standard [chemical shifts in δ, parts per million (ppm)], mass spectra on a VG-70-S mass spectrometer and elemental analysis (C, H, N, S) on a Perkin Elmer 2400 CHN elemental analyzer. Unless otherwise indicated, all reagents were purchased from commercial suppliers and were used without further purification.

4.2. Synthesis

Synthesis of the present work is discussed under the following heads.

	Series I: 
	2-{4-[4-(Substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7)

	Series II: 
	4-{4-[2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl]ethyl)phenyl} thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)

	Series III: 
	(a) N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7)
(b) N-2-(4-(4-(2-substitutedthiazol-4-yl)piperazin-1-yl)-2-oxoethyl)acetamide (AG:1-7)


4.2.1. Series I: 

2-(4-(4-(Substituted thiazolyl)phenylethyl) piperazin-1-yl)-1,8-naphthyridine-3-carbonitriles (NC:1-7)
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Dopamine pharmacophores (CEP: 1-7)
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Final molecules series – I (NC: 1-7)
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2-Hydroxy-1,8-naphthyridine-3-carbonitrile (I a):

A mixture of 1.24 g (0.01 mol) of 2-aminonicotinaldehyde, 1.1 ml (0.01 mol) of ethyl cyanoacetate and 1.0 ml (0.01 mol) of piperidine was triturated in a mortar and pestle at room temperature for about 10 minutes. Completion of reaction was marked by the change of state from solid to semi-solid and reconversion to solid, which was also confirmed by TLC. The solid thus obtained was treated with water, filtered, dried, and recrystallized from DMF-water mixture to afford I a in 90% (1.54 g) yield. Its melting point was not recordable (>300 oC).  

IR (KBr) cm-1: 3335 (OH stretch), 3043, 3012 (aromatic C-H stretch), 2246 (C(N stretch), 1638  (C=N stretch); 1593 (aromatic C=C stretch).

2-Chloro-1,8-naphthyridine-3-carbonitrile (I b):

A mixture of 1.71g of 2-hydroxy-1,8-naphthyridine-3-carbonitrile (0.01 mol), 15 ml  of phosphorus oxychloride and 2 drops of DMF was refluxed at 105 oC for one hour. It was then cooled to room temperature and treated with ice water. The resulting solution was basified slowly under cooling with aqueous NaOH (40%). The separated product was filtered, washed with water, dried and recrystallized from DMF-water mixture to afford I b in 79% (1.5 g) yield. Its melting point was not recordable (>300 oC). 

IR (KBr) cm-1: 3038, 3010 (aromatic C-H stretch), 2252 (C(N stretch); 1636 (C=N ring stretch); 1598 (aromatic C = C stretch); 762 (C-Cl stretch).
2-Piperazin-1-yl-1,8-naphthyridine-3-carbonitrile (NP2):

A mixture of 0.95 g (0.005 mol) of 2-chloro-1,8-naphthyridine-3-carbonitrile (Ib), 0.5 g (0.006 mol) of piperazine, 1.38 g (0.01 mmol) of K2CO3  and  15 ml  of DMF  was taken in a 100 ml Erlenmeyer flask and subjected to microwave irradiation at 80% power output (720 watt) for about 5 min. After completion of the reaction (monitored by TLC), the reaction mixture was poured into ice water and the precipitated solid was filtered, dried and recrystallized from ethanol to afford NP 2 in 74% (0.9 g) yield. It showed a melting point of 226-227 oC.

IR (KBr) cm-1: 3360 (N-H stretch); 3040, 3017 (aromatic C-H stretch); 2987, 2953 (aliphatic C-H stretch); 2245 (C(N stretch); 1640 (C=N stretch); 1596 (aromatic C=C stretch); 1255 (aliphatic C-N stretch).
1H-NMR (CDCl3) (δ) ppm : 2.07 (s, 1H, NH); 2.69-2.76 (t, 4H, N4(CH2)2); 3.16-
3.21 (t, 4H, N1(CH2)2); 7.30-7.35 (dd, 1H, C6-H);   7.83-7.86 (d, 1H, C5-H); 8.36 (s, 1H, C4-H); 9.07- 9.12 (d, 1H, C7-H).

Molecular Formula: C13H13N5
Elemental analysis (%)      :
   C
       
    H
         
   N                                                                   

Calculated         

65.27     
 05.44     
 29.29

Found              

64.92      
05.15      
29.51

Mass (M+):  Calculated: 239.1783; Found: 239.19

4.2.1.1. Dopamine pharmacophores (CEP: 1-7)
4-(2-Chloroacetyl) phenethyl chloride (I c)
The procedure described by Greber et al., was modified and adopted for this preparation (Greber et al., 1962). In a 250 ml round bottom flask equipped with a pressure equalizing dropping funnel was placed 13.3 g (0.1 mol) of finely powdered anhydrous aluminium chloride and 3.98 ml (0.05 mol) of chloroacetyl chloride in 50 ml of ethylene chloride. Phenethyl chloride, 6.57 ml (0.05 mol) in 50 ml of ethylene chloride was placed in the dropping funnel and was added dropwise with continuous stirring. The reaction mixture was stirred for one hour and the brownish black solution was poured into ice-cold water containing 5 ml of hydrochloric acid. The organic layer was separated and washed with sodium bicarbonate solution, followed by brine solution and dried over anhydrous sodium sulphate. The solvent was evaporated under reduced pressure to give an oily residue, which solidified on standing overnight to give 94 % (10.81 g) of the 4-(2-Chloro acetyl) phenethyl chloride (I c) melting at 44 ºC. 

IR (cm-1) (Neat): 3015 (aromatic C-H stretch); 1700 (CO stretch); 1558 (aromatic C=C stretch); 820 (1,4-disubstituted benzene); 759 (C-Cl) stretch.

2-chloro-1-(4-(2-chloroethyl)phenyl)propan-1-one (I d)
The procedure described by Greber et al., (Greber et al., 1962) was modified and adopted for this preparation. In a 250 ml round bottom flask equipped with a pressure equalizing dropping funnel was placed 13.3 g (0.1 mol) of finely powdered anhydrous aluminium chloride and 9.74 ml (0.05 mol) of 2-chloropropanoyl chloride in 50 ml of ethylene chloride. Phenethyl chloride, 6.57 ml (0.05 mol) in 50 ml of ethylene chloride was placed in the dropping funnel and was added dropwise with continuous stirring. The reaction mixture was stirred for one hour and the brownish black solution was poured into ice-cold water containing 5 ml of hydrochloric acid. The organic layer was separated and washed with sodium bicarbonate solution, followed by brine solution and dried over anhydrous sodium sulphate. The solvent was evaporated under reduced pressure to afford brown oily residue of 2-chloro-1-(4-(2-chloroethyl)phenyl)propan-1-one (I d) in 93 % (10.15 g) yield. 

IR (cm-1) (Neat): 3035 (aromatic C-H stretch); 2895 (aliphatic C-H stretch); 1707 (CO stretch); 1545 (aromatic C=C stretch); 820 (1,4-disubstituted benzene); 760 (C-Cl) stretch.

4-[4’-(2-Chloroethyl)phenyl]-5-amino thiazole (CEP 1)
The procedure described by John and co-workers (John et al., 1991), was modified and adopted for this preparation. In a 100 ml round bottom flask equipped with a reflux condenser was placed 4.11 g (0.0189 mol) 4-(2-Chloro acetyl) phenethyl chloride in 50 ml of dry acetone and 1.44 g (0.0189 mol) of thiourea was added to it. The mixture was refluxed for three 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 afford 92 % (4.82 g) of 4-[4’-(2-Chloroethyl)phenyl]-5-amino thiazole (CEP 1)  melting at 178-180 ºC.

IR (cm-1): 3430 & 3415 (NH stretch); 3016 (aromatic C-H stretch); 2905 (aliphatic C-H stretch); 1618 (aromatic C=C stretch); 823 (1,4-disubstituted benzene); 761 (C-Cl stretch); 709 (C-S-C stretch).

1H NMR (CDCl3): 6.53 (s, 1H, thiazole);  5.18 (s, 2H, NH2);  3.05-3.08 (t, 2H, J = 7.1 Hz, CH2 CH2Cl);  3.69-3.72 (t, 2H, J = 7.1 Hz, CH2CH2Cl);  7.28- 7.68 (m, 4H, Ar-H).

4-[4’-(2-Chloroethyl)phenyl]-2-methyl-5- amino thiazole (CEP 2)
The procedure described for CEP 1, was modified and adopted for this preparation. In a 100 ml round bottom flask equipped with a reflux condenser was placed 4.10 g (0.0189 mol) 4-(2-Chloro acetyl) phenethyl chloride in 50 ml of dry acetone and 1.71 g (0.0189 mol) of N- methylthiourea was added to it. The mixture was refluxed for three 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 afford 86 % (4.71 g) of 4-[4’-(2-Chloroethyl)phenyl]-2- methyl-5-amino thiazole (CEP 2) melting at 103-105 ºC.

IR (cm-1): 3330 (NH stretch); 3025 (aromatic C-H stretch); 2892 (aliphatic C-H stretch); 1590 (aromatic C=C stretch); 816 (1,4-disubstituted benzene); 765 (C-Cl stretch); 706 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.52 (s, 3H, NHCH3); 3.09-3.14 (t, 2H, J = 7.2 Hz, CH2 CH2Cl);  3.73-3.82 (t, 2H, J = 7.2 Hz, CH2CH2Cl);  5.18 (s, 2H, NH2); 5.25 (s, 1H, NHCH3); 6.74 (s, 1H, thiazole);  7.34- 7.72 (m, 4H, Ar-H).

4-[4’-(2-Chloroethyl)phenyl]-5-methylamino thiazole (CEP 3)

In a 100 ml round bottom flask equipped with a reflux condenser was placed 6.31 g (0.0275 mol) 4-(2-Chloro propionyl) phenethyl chloride (I d), in 50 ml of dry acetone and 2.08 g (0.0275 mol) of thiourea was added to it. The mixture was refluxed for three 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 afford 72 % (5.68 g) of 4-[4’-(2-Chloroethyl)phenyl]-5- methylamino thiazole (CEP 3)   melting at 203-205 ºC .

IR (cm-1): 3325 (NH stretch); 3035 (aromatic C-H stretch); 1587 (aromatic C=C stretch); 1348 (aliphatic C-H stretch); 823 (1,4-disubstituted benzene); 723 (C-Cl stretch); 705 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.38 (s, 3H, CH3);  3.09-3.13 (t, 2H, J = 7.1 Hz,  CH2 CH2Cl); 3.74-3.78 (t, 2H, J = 7.2 Hz, CH2CH2Cl); 5.18 (s, 2H, NH2); 7.35- 7.52 (m, 4H, Ar-H);  .

4-[4-(2-Chloroethyl)phenyl]thiazole-2-one (CEP 4)

The procedure described by DeStevens and co-workers (DeStevens et al., 1957), was modified and adopted for this preparation. In a 100 ml round bottom flask equipped with a reflux condenser was placed 6.90 g (0.0318 mol) 4-(2-Chloro acetyl) phenethyl chloride in 50 ml of dry acetone and 3.12 g (0.0318 mol) of Potassium thiocyanate was added to it. The mixture was stirred at room temperature for three hours. The precipitate obtained was filtered and the filtrate evaporated under reduced pressure in a rotary evaporator. The residue was taken up in ethyl acetate, washed with water, brine and dried over anhydrous sodium sulpahte and evaporated to a solid. The solid was then taken up in 100 ml of boilng ethanol and treated slowly with 55 ml of 1N HCl and refluxed for 16 hours. The reaction mixture was then cooled in a refrigerator and the product obtained was filtered and washed with water and recrystallised with ethanol to afford 57 % (4.34 g) of 4-[4-(2-Chloroethyl)phenyl]thiazole-2-one (CEP 4) as a white crystalline solid, melting at 227 ºC. (Lit. M.P. 226-229 ºC).

IR (KBr) cm-1: 3277 (OH stretch); 3012 (aromatic C-H stretch); 1705 (CO stretch); 1587 (aromatic C=C stretch); 1348 (aliphatic C-H stretch); 823 (1,4-disubstituted benzene); 763 (C-Cl stretch); 708 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.87-2.94 (t, 2H, J = 7.1 Hz,  CH2 CH2Cl);  3.69-3.74 (t, 2H, J = 7.1 Hz,  CH2CH2Cl); 6.38 (s, 1H, OH); 6.75 (s, 1H, thiazole);  7.14- 7.62 (m, 4H, Ar-H) 

4-[4’-(2-Chloroethyl)phenyl]-2,5-dimethyl thiazole (CEP 5)
In a 100 ml round bottom flask equipped with reflux condenser was placed 6.31 g (0.0275 mol) 4-(2-Chloro propionyl) phenethyl chloride (Id), in 50 ml of dry acetone and 2.05 g (0.0275 mol) of thioacetamide was added to it. The mixture was refluxed for three 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 acetone to afford 76 % (5.98 g) of 4-[4-(2-Chloroethyl)phenyl]-2,5-dimethyl thiazole (CEP 5) melting at 68-70 ºC.

IR (KBr) cm-1: 3035 (aromatic C-H stretch); 1610 (aromatic C=C stretch); 1355 (aliphatic C-H stretch); 820 (1,4-disubstituted benzene); 761 (C-Cl stretch); 707 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.38 (s, 3H, 5-CH3);  2.74 (s, 3H, 2-CH3); 3.05-3.09 (t, 2H, J = 7.2 Hz,  CH2 CH2Cl);  3.72-3.76 (t, 2H, J = 7.2 Hz, CH2CH2Cl);  7.25- 7.48 (m, 4H, Ar-H).  

4-[4’-(2-Chloroethyl)phenyl]-2-methyl-5-methylamino thiazole (CEP 6)
In a 100 ml round bottom flask equipped with a reflux condenser was placed 6.31 g (0.0275 mol) 4-(2-Chloro propionyl) phenethyl chloride (Id), in 50 ml of dry acetone and 2.46 g (0.0275 mol) of N-methylthiourea was added to it. The mixture was refluxed for eight hours with continuous stirring. The solution was then added to ice-water mixture, extracted with 3 x 50 ml portions of ethylacetate, dried over anhydrous sodium sulphate and concentrated invacuo to yield brownish oil which upon long standing solidified to brownish white solid. The obtained solid is recrystallised with methanol to afford 64% (5.29 g) of 4-[4’-(2-Chloroethyl)phenyl]-2-methyl-5- methylaminothiazole (CEP 6) melting at 48-50 ºC.

IR (KBr) cm-1: 3325 (NH stretch); 3015 (aromatic C-H stretch); 1595 (aromatic C=C stretch); 815 (1,4-disubstituted benzene); 760 (C-Cl stretch); 712 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.37 (s, 3H, 5-CH3); 2.48 (s, 3H, NHCH3); 3.09-3.14 (t, 2H, J = 7.1 Hz, CH2CH2Cl); 3.73-3.82 (t, 2H, J = 7.1 Hz, CH2CH2Cl); 4.95 (s, 1H, NHCH3); 7.14- 7.47 (m, 4H, Ar-H).

4-[4’-(2-Chloroethyl)phenyl]-5-methyl thiazole (CEP 7)

The procedure described for CEP1, was modified and adopted for this preparation. In a 100 ml round bottom flask equipped with a reflux condenser was placed 6.89 g (0.0318 mol) of 4-(2-Chloro acetyl) phenethyl chloride in 50 ml of dry acetone and 2.39 g (0.0318 mol) of thioacetamide was added to it. The mixture was refluxed for three 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 acetone to afford 59 % (5.1 g) of 4-[4’-(2-Chloroethyl)phenyl]-5- methyl thiazole (CEP 7) melting at 126-128 ºC.

IR (KBr) cm-1: 3023 (aromatic C-H stretch); 1612 (aromatic C=C stretch); 819 (1,4-disubstituted benzene); 763 (C-Cl stretch); 702 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.75 (s, 3H, CH3); 2.87-2.94 (t, 2H, J = 7.2 Hz, CH2 CH2Cl);  3.69-3.74 (m, 2H, J = 7.2 Hz, CH2CH2Cl);  7.02 (s, 1H, thiazole);  7.17- 7.82 (m, 4H, Ar-H).

General Procedure (NC: 1-7)

The procedure described by John and co-workers (John et al., 1991), was modified and adopted for this preparation. In a 10 ml round bottom flask equipped with a reflux condenser and N2 inlet were placed equimolar amounts (0.05 mM) of 2-Piperazin-1-yl-1,8-naphthyridine-3-carbonitrile (NP 2) and respective chloroethylphenylthiazoles (CEP: 1-7), 0.1174 g (1.11 mM) of sodium carbonate and 2 mg of potassium iodide in 2 ml of DMF. The reaction mixture was refluxed for two days. Once the reaction showed completion on TLC (9: 1 chloroform, methanol as mobile phase), the cooled reaction mixture was poured into ice-water mixture and the precipitate was filtered, washed with water and recrystallised in DMF-water mixture to afford the pure final compounds NC: 1-7.

Spectral data:

2-{4-[4-(2-aminothiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 1)

 %Yield: 77 % (0.17 g); Melting Point: 260-262 ºC. 

IR (KBr) cm-1: 3428 & 3400 (NH2 stretch); 3037, 3018 (aromatic C-H stretch); 2955, 2890 (aliphatic C-H stretch); 2243 (CN stretch); 1651 (C=N ring stretch); 1602 (aromatic C=C stretch); 1264 (aliphatic C-N stretch); 808 (para disubstituted benzene); 706 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.59-2.62 (t, 4H, J = 4.8 Hz, N4(CH2)2);  2.65-2.69 (m, 4H, (CH2)2);  3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.87 (s, 2H, NH2); 6.92 (s, 1H, thiazole);  7.15-7.41 (m, 4H, Ph);   7.30-7.35 (dd, 1H, C6-H; 1,8-Naphythyridine);  7.83-7.86 (d, 1H, C5-H; 1,8-Naphythyridine);  8.35 (s, 1H, C4-H; 1,8-Naphythyridine); 9.07- 9.11 (d, 1H, C7-H; 1,8-Naphythyridine).

Molecular Formula: C24H23N7S

Elemental analysis (%): 
C

H

N

S

Calculated


65.28

5.25

22.21

7.26

Found



65.16

5.21

22.07

7.09

Mass (M +): Calculated:  441.1712; Found: 441.16

2-{4-[4-(2-(methylamino)thiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 2)
%Yield:  66 % (0.15 g); Melting Point:  148-150 ºC. 

IR (KBr) cm-1: 3400 (NH stretch); 3030, 3005 (aromatic C-H stretch); 2985, 2875 (aliphatic C-H stretch); 2250 (CN stretch); 1640 (C=N ring stretch); 1258 (aliphatic C-N stretch); 1610, 1590 (aromatic C=C stretch); 815 (para disubstituted benzene); 706 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.47 (s, 3H, NHCH3);  2.60-2.62 (t, 4H, J = 4.8 Hz, N4(CH2)2);  2.67-2.69 (m, 4H, (CH2)2);  3.16-3.18 (t, 4H, J = 4.8 Hz, N1(CH2)2);  4.08 (s, 1H, NHCH3);  6.79 (s, 1H, thiazole); 7.15-7.29 (m, 4H, Ph);  7.31-7.35 (dd, 1H, C6-H; 1,8-Naphythyridine);  7.84-7.88 (d, 1H, C5-H; 1,8-Naphythyridine);  8.37 (s, 1H, C4-H; 1,8-Naphythyridine);  9.08- 9.15 (d, 1H, C7-H; 1,8-Naphythyridine).

Molecular Formula: C25H25N7S

Elemental analysis (%): 
C

H

N

S

Calculated


65.91

5.33

21.52

7.04

Found



65.61

5.21

22.37

7.01

Mass (M +): Calculated: 455.1677;  Found: 455.18

2-{4-[4-(2-amino-5-methylthiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 3)
% Yield: 81 % (0.184 g); Melting Point: 210-212 ºC. 

IR (KBr) cm-1: 3430 & 3415 (NH2 stretch); 3045, 3020 (aromatic C-H stretch); 2980, 2875 (aliphatic C-H stretch); 2240 (CN stretch); 1637 (C=N ring stretch); 1608 (aromatic C=C stretch); 1255 (aliphatic C-N stretch); 825 (para disubstituted benzene); 712 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.29 (s, 3H, CH3);  2.55-2.59 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.61-2.66 (m, 4H, (CH2)2); 3.19-3.22 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.92 (s, 2H, NH2); 7.15-7.51 (m,4H, Ph); 7.34-7.39 (dd, 1H, C6-H; 1,8-Naphtyridine); 7.83-7.86 (d, 1H, C5-H; 1,8-Napytyridine); 8.35 (s, 1H, C4-H; 1,8-Naphythyridine); 9.07- 9.11 (d, 1H, C7-H; 1,8-Naphythyridine). 
Molecular Formula: C25H25N7S

Elemental analysis (%): 
C

H

N

S

Calculated


65.91

5.53

21.52

7.04

Found



65.79

5.41

22.47

6.98

Mass (M +):  Calculated: 455.2114; Found: 455.21

2-{4-[4-(2-hydroxythiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 4)

% Yield: 76 % (0.167 g); Melting Ponit: 232-234 ºC. 

IR (KBr) cm-1: 3600 (OH stretch, broad); 3030, 3010 (aromatic C-H stretch); 2960, 2925 (aliphatic C-H stretch); 2241 (CN stretch); 1645 (C=N ring stretch); 1587 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 818 (para disubstituted benzene); 705 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.59-2.62 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.65-2.69(m, 4H,(CH2)2); 3.17-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.71 (s, 1H, thiazole); 5.42 (br s, 1H, OH); 7.10-7.29 (m, 4H, Ph); 7.30-7.35 (dd, 1H,C6-H; 1,8-Naphythyridine); 7.83-7.87 (d, 1H,C5-H;1,8-Naphythyridine); 8.37 (s, 1H, C4-H; 1,8-Napytyridine); 9.10-9.14 (d,1H,C7-H;1,8-Naphythyridine). 
Molecular Formula: C24H22N6OS

Elemental analysis (%): 
C

H

N

S

Calculated


65.14

5.01

18.99

7.25

Found



65.10

4.89

18.71

7.17

Mass (M +):  Calculated: 442.1415; Found: 442.12

2-{4-[4-(2,5-dimethylthiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 5)
% Yield: 57 % (0.13 g, oil). 

IR (Neat) cm-1: 3070, 3045 (aromatic C-H stretch); 2980, 2955 (aliphatic C-H stretch); 2249 (CN stretch); 1648 (C=N ring stretch); 1620, 1602 (aromatic C=C stretch); 1256 (aliphatic C-N stretch); 820 (para disubstituted benzene); 710 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.31 (s, 3H, 5-CH3); 2.59-2.62 (t, 4H, J = 4.9 Hz, N4(CH2)2);  2.67-2.72 (m, 4H, (CH2)2);  2.79 (s, 3H, 2-CH3);  3.16-3.19 (t, 4H, J = 4.9 Hz, N1(CH2)2);  7.07-7.26 (m, 4H, Ph);  7.30-7.35 (dd, 1H, C6-H; 1,8-Naphythyridine);  7.84-7.89 (d, 1H, C5-H; 1,8-Naphythyridine); 8.28 (s, 1H, C4-H; 1,8-Naphythyridine); 9.02- 9.09 (d, 1H, C7-H; 1,8-Naphythyridine).

Molecular Formula: C26H26N6S

Elemental analysis (%): 
C

H

N

S

Calculated


68.69

5.76

18.49

7.05

Found



65.62

5.61

18.26

7.02

Mass (M +):  Calculated: 454.1926; Found: 454.20

2-{4-[4-(5-methyl-2-(methylamino)thiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 6)
% Yield: 41 % (0.16 g); Melting Ponit: 198-200 0C. 

IR (KBr) cm-1: 3400 (NH stretch); 3025, 3010 (aromatic C-H stretch); 2917, 2895 (aliphatic C-H stretch); 2245 (CN stretch); 1652 (C=N ring stretch); 1618, 1586 (aromatic C=C stretch); 1256 (aliphatic C-N stretch); 828 (para disubstituted benzene); 705 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.36 (s, 3H,CH3); 2.51 (s, 3H, NHCH3); 2.60-2.62 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.66-2.69 (m, 4H, (CH2)2); 3.16-3.18 (t, 4H, J = 4.9 Hz, N1(CH2)2); 4.21 (s, 1H,NHCH3); 7.15-7.40 (m, 4H, Ph); 7.42-7.55 (dd, 1H, C6-H; 1,8-Naphythyridine); 7.84-7.86 (d, 1H, C5-H; 1,8-Naphythyridine); 8.35 (s, 1H, C4-H; 1,8-Naphythyridine); 9.07- 9.10 (d, 1H, C7-H; 1,8-Naphythyridine). 
Molecular Formula: C26H27N7S

Elemental analysis (%): 
C

H

N

S

Calculated


66.50

5.80

20.88

6.83

Found



66.10

5.49

20.69

6.76

Mass (M +): Calculated: 469.2142; Found: 469.21

2-{4-[4-(2-methylthiazol-4-yl)phenethyl]piperazin-1-yl}-1,8-naphthyridine-3-carbonitrile (NC 7)
% Yield: 57 % (0.13 g, oil). 

IR (Neat) cm-1: 3065, 3015 (aromatic C-H stretch); 2976, 2952 (aliphatic C-H stretch); 2247 (CN stretch); 1638 (C=N ring stretch); 1616, 1591 (aromatic C=C stretch); 1261 (aliphatic C-N stretch); 827 (para disubstituted benzene); 708 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.59-2.61 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.64-2.68 (m, 4H, (CH2)2); 2.74 (s, 3H, CH3); 3.14-3.19 (t, 4H, J = 4.9 Hz, N1(CH2)2); 7.11-7.28 (m, 4H, Ph); 7.30-7.35 (dd, 1H, C6-H; 1,8-Naphythyridine); 7.43 (s, 1H, thiazole); 8.32 (s,1H,C4-H;1,8-Naphythyridine); 7.83-7.86 (d,1H,C5-H; 1,8-Naphythyridine); 9.17- 9.23 (d, 1H, C7-H; 1,8-Naphythyridine). 
Molecular Formula: C25H24N6S

Elemental analysis (%): 
C

H

N

S

Calculated


68.16

5.49

19.08

7.28

Found



67.92

5.38

18.96

7.20

Mass (M +): Calculated: 440.1836; Found: 440.21

4.2.2 Series II:

4-(4-(2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl)phenyl) thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)

Dopamine Pharmacophores (CEP: 1-7)
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3-substituted-piperazin-2-yl quinoxalines (QP 1, QP 2, QP 4). 
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Final molecules series II (QCC: 1-7; QCMO: 1-7; QCMH: 1-7)
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2,3 –dihroxyquinoxaline (II a)

The method outlined by Hinsberg et al., (Hinsberg et al., 1896) was employed. An ethanolic solution containing 54.07g (0.5 mol) of o-phenylene diamine was refluxed with 73.07 g (0.5 mol) of diethyl oxalate for six hours. The crude product obtained was dissolved in dilute NaOH solution and treated with charcoal and filtered. The filtrate was neutralized with dilute HCl to obtain II a in 82 % (66.42 g) yield melting above 295 ºC (Lit. M. P.: 300 ºC).

IR (KBr) cm-1:  3620 (OH stretch, broad); 3065, 3015 (aromatic C-H stretch); 1644 (C=N ring stretch); 1606 (aromatic C=C stretch).

2,3-dichloroquinoxaline (II b)

The method adopted by Reddy Sastry and co-workers (Reddy Sastry et al., 1991) was followed.  A mixture of 16.2 g (0.1 mol) of 2,3-dihydroxy quinoxaline, 60 ml of freshly distilled POCl3 and 5 ml of DMF was refluxed with stirring for 1.5 hours. The cooled reaction mixture was slowly poured into ice-water mixture with stirring and the resulting solid filtered, washed with water, dried and recrystalllised from a mixture of chloroform and hexane to yield 80 % (16.8 g) of pure II b melting at 152-153 ºC (Lit. M. P.: 151-153 ºC).

IR (KBr) cm-1:  3058, 3005 (aromatic C-H stretch); 1651 (C=N ring stretch); 1608 (aromatic C=C stretch); 768 (C-Cl stretch) 

2-chloro-3-methoxyquinoxaline (II c)

The method adopted by Krishnan and co-workers was followed (Krishnan et al., 2000).  A mixture of 9.95 g (50 mM) of 2,3-dichloroquinoxaline, 6.9 g (50 mM) of anhydrous potassium carbonate and 0.50 g of TEBAC in 50 ml of methanol was stirred at RT for 5 hours. At the end of this period, the reaction mixture was diluted with 100 ml water, neutralized with acetic acid and the resultant solid was filtered, washed with water and dried to obtain pure II c in 91 % (8.86 g) yield melting at 74 ºC (Lit. M.P. 74-76 ºC).

IR (KBr) cm-1:  3065, 3015 (aromatic C-H stretch); 2825, 2758 (aliphatic C-H stretch); 1657 (C=N ring stretch); 1616, 1575 (aromatic C=C stretch); 1120 (C-O stretch); 760 (C-Cl stretch); 730 (ortho substituted).

2-hydroxyquinoxaline (II d)

The procedure described by Atkinson and co-workers (Atkinson et al., 1956) was adopted in this preparation. A mixture of 25.5g (0.196 mol) of n-butyl glyoxalate (0.196 mol), 20 g (0.185 mol) o-phenylenediamine in 200 ml alcohol was refluxed for two hours. The reaction mixture was cooled to room temperature and the precipitate was filtered to afford 2-hydroxyquinoxaline. The product was purified by dissolving in alkali, treating with charcoal and then precipitating by acid, which gave a pure compound of 78 % (22.34 g) melting at 269 ºC (Lit. M.P 267-269 ºC).

IR (KBr) cm-1:  3617 (OH stretch, broad); 3050, 3027 (aromatic C-H stretch); 1651 (C=N ring stretch); 1604, 1586 (aromatic C=C stretch). 

2-chloroquinoxaline (II e)

The procedure described by Atkinson and co-workers (Atkinson et al., 1956) was adopted in this preparation. A mixture of 2-hydroxyquinoxaline (10 g, 0.068 mol) and 50 ml of freshly distilled POCl3 was refluxed for one hour. The excess of phosphorouschloride was removed under reduced pressure. The residue was poured into ice-water mixture and extracted with ethylacetate. Ethyl acetate extracts were combined dried with anhydrous potassium carbonate and concentrated invacuo to 2-chloroquinoxaline. The crude product was recrystallised from n-pentane to yield 93 % (10.48 g) pure II e melting at 47 ºC (Lit. M.P. 46-47 ºC).

IR (KBr) cm-1:  3058, 3005 (aromatic C-H stretch); 1648 (C=N ring stretch); 1601, 1582 (aromatic C=C stretch); 757 (C-Cl stretch) 

2-chloro-3-piperazinylquinoxaline (QP 1)

A mixture of 4.97 g (0.025 mol) of 2,3–dichloroquinoxaline, 10 g (0.116 mol) of anhydrous piperazine, 5 g  (0.047 mol) of anhydrous sodium carbonate in 75 ml of n- butanol was initially stirred for 2 hours at room temperature and then refluxed for 20 hours in oil bath. The reaction mixture was cooled and concentrated in vacuo to yield light yellow coloured solid which is recrystallised with ethanol to yield 84 % (5.22 g) of 2-chloro-3-piperazinyl quinoxaline (QP 1) melting at 130-132 ºC.

IR (KBr) cm-1:  3340 (NH stretch); 3065, 3015 (aromatic C-H stretch); 2825, 2758 (aliphatic C-H stretch); 1644 (C=N ring stretch); 1608, 1596 (aromatic C=C stretch); 760 (C-Cl stretch); 735 (ortho substituted).

1H NMR (DMSO – d6) (δ) ppm:  2.52-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2);  3.10 -3.16 (t, 4H, J = 4.8 Hz, N1(CH2)2);  5.26 (s, 1H, NH); 7.63-8.07 (m, 4H, Ar-H).

Molecular Formula: C12H23ClN4
Elemental analysis (%): 
C

H

N



Calculated


57.95

5.27

22.53



Found



57.76

4.91

21.21





Mass Calculated: 248.0432 (M+); 250.0798 (M+ + 2); Found: 248.02 (M+); 250.10 (M+ + 2)

2-methoxy-3-piperazinylquinoxaline (QP 2)

A mixture of 3.9 g (0.02 mol) of 2-chloro-3-methoxyquinoxaline and 5.184 g (0.06 mol) of anhydrous piperazine in 30 ml of acetonitrile was stirred at room temperature for 5 hours. Once the reaction is complete, the reaction mixture is dumped into ice water mixture and extracted with 3 x 50 ml portions of ethyl actetate. The combined organic layers were dried over anhydrous sodium sulphate and concentrated in vacuo to yield 2-methoxy-3-piperazinylquinoxaline (QP 2), which is recrystallised from ethanol to afford 84 % (4.1 g) of 2-methoxy-3-piperazinylquinoxaline (QP 2) melting at 80-82 ºC.

IR (KBr) cm-1:  3343 (NH stretch); 3057, 3024 (aromatic C-H stretch); 2875, 2585 (aliphatic C-H stretch); 1652 (C=N ring stretch); 1608, 1589 (aromatic C=C stretch); 1060 (C-O stretch); 740 (ortho substituted).

1H NMR (DMSO – d6) (δ) ppm:  2.47-2.56 (t, 4H, J = 4.8 Hz, N4(CH2)2);  3.13-3.18 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.68 (s, 3H, OCH3);  5.26 (s, 1H, NH); 7.63-8.07 (m, 4H, Ar-H).

Molecular Formula: C13H16N4O

Elemental analysis (%): 
C

H

N



Calculated


63.91

6.60

22.93




Found



63.75

6.29

22.76

Mass (M+): Calculated: 244.1337; Found: 244.12 

2-piperazinylquinoxaline (QP4)

A mixture of 3.29 g (0.02 mol) of 2-chloroquinoxaline and 6.91 g (0.08 mol) of anydrous piperazine in 30 ml of acetonitrile was stirred at room temperature for 3 hours. Once the reaction is complete, the reaction mixture is dumped into ice water mixture and extracted with 3 x 50 ml portions of ethyl actetate. The combined organic layers were dried over anhydrous sodium sulphate and concentrated in vacuo to yield QP4, which is recrystallised from ethanol to afford 70 % (3 g) of QP4 melting at 74-76 ºC.

IR (KBr) cm-1:  3340 (NH stretch); 3059, 3016 (aromatic C-H stretch); 2870, 2589 (aliphatic C-H stretch); 1655 (C=N ring stretch); 1603 (aromatic C=C stretch); 735 (ortho substituted).

1H NMR (DMSO – d6) (δ) ppm:  2.46-2.57 (t, 4H, J = 4.8 Hz, N4(CH2)2); 3.18-3.23 (t, 4H, J = 4.8 Hz, N1(CH2)2);  3.66 (s, 3H, OCH3); 5.26 (s, 1H, NH);  7.77-8.21 (m, 4H, Ar-H).

Molecular Formula: C12H14N4
Elemental analysis (%): 
C

H

N



Calculated


67.27

6.59

26.15




Found



67.03

6.47

26.09

Mass (M+): Calculated: 214.1295; Found: 214.19 

General Procedure (QCC: 1-7; QCMO: 1-7; QCMH: 1-7)

The procedure described by John and co-workers (John et al., 1991), was modified and adopted for this preparation. In a 10 ml round bottom flask equipped with a reflux condenser and N2 inlet were placed equimolar amounts (0.05 mM) of QP1, QP2 or QP3 and respective chloroethylphenylthiazoles (CEP: 1-7), 0.1174 g (1.11 mM) of Na2CO3 and 2 mg of KI in 2 ml of DMF. The reaction mixture was refluxed for two days. Once the reaction showed completion on TLC (9: 1 chloroform, methanol as mobile phase), the cooled reaction mixture was poured into ice-water mixture and the precipitate was filtered, washed with water and recrystallised using suitable solvent to afford the pure final compounds. 
Spectral data:

4-{4-[2-(4-(2-chloroquinoxqlin-3-yl)piperazin-1-yl]ethyl)phenyl}-thiazole-2-amine (QCC 1)

% Yield: 77 % (0.174 g); Melting Point: 162-164 ºC.

IR (KBr) cm-1:  3440 & 3410 (NH stretch); 3065, 3027 (aromatic C-H stretch); 2825, 2758 (aliphatic C-H stretch); 1638 (C=N ring stretch); 1608, 1596 (aromatic C=C stretch); 1259 (aliphatic C-N stretch); 810 (para disubstituted benzene); 770 (C-Cl); 708 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.59-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2);  2.65-2.69(m, 4H, (CH2)2); 3.16 -3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2);  3.84 (s, 2H, NH2); 6.95 (s, 1H, thiazole);  7.18-8.07 (m, 8H, Ar-H).

Molecular Formula: C23H23ClN6S

Elemental analysis (%): 
C

H

N

S



Calculated


61.25

5.14

18.63

7.11


Found



60.98

4.89

18.45

6.88

Mass Calculated: 450.1426 (M+) & 452.1335 (M+ +2); Found: 450.13 (M+) & 452.11 (M++ 2)

4-{4-[2-(4-(2-chloroquinoxqlin-3-yl)piperazin-1-yl)ethyl]phenyl}-N-methylthiazole-2-amine (QCC 2)

% Yield: 79 % (0.181 g); Melting Point: 140-142 ºC.

IR (KBr) cm-1:  3335 (NH stretch); 3054, 3015 (aromatic C-H stretch); 2856, 2745 (aliphatic C-H stretch); 1632 (C=N ring stretch); 1608, 1596 (aromatic C=C stretch); 1257 (aliphatic C-N stretch); 810 (para disubstituted benzene); 758 (C-Cl); 705 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.49 (s, 3H, NHCH3);  2.52-2.64 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.65-2.69 (m, 4H, (CH2)2); 3.11-3.17 (t, 4H, J = 4.9 Hz, N1(CH2)2); 4.02 (s, 1H, NHCH3); 6.61 (s, 1H, thiazole); 7.21-8.16 (m, 8H, Ar-H). 
Molecular Formula: C24H25ClN6S

Elemental analysis (%): 
C

H

N

S

Calculated


61.99

5.42

18.07

6.90


Found



61.64

5.18

18.05

6.80

Mass Calculated: 464.1322 (M+) & 466.1454 (M++ 2); Found: 464.12 (M+) & 466.13 (M++ 2)

4-{4-[2-(4-(2-chloroquinoxqlin-3-yl)piperazin-1-yl)ethyl]phenyl}-5-methylthiazole-2-amine (QCC 3)
% Yield: 79 % (0.183 g); Melting Point: 158-160 ºC.

IR (KBr) cm-1:  3428 & 3407 (NH stretch); 3027 (aromatic C-H stretch); 2825 (aliphatic C-H stretch); 1640 (C=N ring stretch); 1602 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 817 (para disubstituted benzene); 766 (C-Cl); 711 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.35 (s, 3H, CH3); 2.59-2.63 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.65-2.69(m, 4H, (CH2)2); 3.09-3.15 (t, 4H, J = 4.9 Hz, N1(CH2)2); 3.77 (s, 2H, NH2); 7.19-8.05 (m, 8H, Ar-H).

Molecular Formula: C24H25ClN6S

Elemental analysis (%): 
C

H

N

S



Calculated


61.99

5.42

18.07

6.90


Found



61.78

5.35

17.88

6.76

Mass Calculated: 464.1486 (M+) & 466.1592 (M+ + 2); Found: 464.12 (M+) & 466.14(M++ 2)

4-{4-[2-(4-(2-chloroquinoxqlin-3-yl)piperazin-1-yl)ethyl]phenyl}-thiazol-2-ol (QCC 4)

% Yield: 78 % (0.175 g); Melting Point: 192-194 ºC.

IR (KBr) cm-1:  3555 (OH stretch); 3071, 3045 (aromatic C-H stretch); 2829, 2758 (aliphatic C-H stretch); 1637 (C=N ring stretch); 1609, 1590 (aromatic C=C stretch); 1259 (aliphatic C-N stretch); 817 (para disubstituted benzene); 762 (C-Cl); 708 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.57-2.61 (t, 4H, J = 4.7 Hz, N4(CH2)2);  2.64-2.68 (m, 4H, (CH2)2);  3.16-3.19 (t, 4H, J = 4.7 Hz, N1(CH2)2); 4.67 (s, 1H, thiazole);  5.38 (br s, 1H, OH); 7.14-8.01 (m, 8H, Ar-H).

Molecular Formula: C23H22ClN5OS

Elemental analysis (%): 
C

H

N

S



Calculated


61.12

4.91

15.50

7.09


Found



60.95

4.84

15.45

6.86

Mass Calculated: 451.1307 (M+) & 453.1414 (M++ 2); Found: 451.11 (M+) & 453.12 (M++ 2)

2-{4-[4-(2,5-dimethylthiazol-4-yl)phenethyl]piperazin-1-yl}-3-chloroquinoxaline (QCC 5)
% Yield: 52 % (0.12 g); Melting Point: 90-92 ºC.

IR (KBr) cm-1:  3065, 3027 (aromatic C-H stretch); 2825, 2758 (aliphatic C-H stretch); 1647 (C=N ring stretch); 1606, 1590 (aromatic C=C stretch); 1261 (aliphatic C-N stretch); 817 (para disubstituted benzene); 759 (C-Cl); 705 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm: 2.39 (s, 3H, 5-CH3); 2.52-2.58 (m, 4H, (CH2)2); 2.61-2.68 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.76 (s, 3H, 2-CH3); 3.19-3.25 (t, 4H, J = 4.8 Hz, N1(CH2)2); 7.25-8.20 (m, 8H, Ar-H).
Molecular Formula: C25H26ClN5S

Elemental analysis (%): 
C

H

N

S



Calculated


64.71

5.65

15.09

6.91


Found



64.65

5.20

14.85

6.78

Mass Calculated: 463.1256 (M+) & 465.1175 (M++ 2); Found: 463.14 (M+) & 465.10 (M++ 2)

4-{4-[2-(4-(2-chloroquinoxqlin-3-yl)piperazin-1-yl)ethyl]phenyl}-N,5-dimethylthiazole-2-amine (QCC6)
% Yield: 45 % (0.11 g); Melting Point: 134-136 0C.

IR (KBr) cm-1:  3410 (NH stretch); 3065, 3027 (aromatic C-H stretch); 2825, 2758 (aliphatic C-H stretch); 1644 (C=N ring stretch); 1608, 1596 (aromatic C=C stretch); 1263 (aliphatic C-N stretch); 810 (para disubstituted benzene); 761 (C-Cl); 707 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.31 (s, 3H,CH3); 2.51 (s, 3H, NHCH3); 2.59-2.63 (t, 4H, J = 4.9 Hz, N4(CH2)2);  2.65-2.69 (m, 4H, (CH2)2);  3.16-3.19 (t, 4H, J = 4.9 Hz, N1(CH2)2); 4.18 (s, 1H, NHCH3);   7.18-7.97 (m, 8H, Ar-H).

Molecular Formula: C25H27ClN6S

Elemental analysis (%): 
C

H

N

S

Calculated


62.65

5.68

17.54

6.69


Found



62.35

5.25

17.45

6.48

Mass Calculated: 478.1961 (M+) & 480.1677 (M++ 2); Found: 478.21 (M+) & 480.15 (M++ 2)

2-{4-[4-(2-methylthiazol-4-yl)phenethyl]piperazin-1-yl}-3-chloroquinoxqline (QCC 7)
% Yield: 63 % (0.142 g); Melting Point: 86-88 ºC.

IR (KBr) cm-1:  3065, 3027 (aromatic C-H stretch); 2828, 2763 (aliphatic C-H stretch); 1639 (C=N ring stretch); 1636, 1602 (aromatic C=C stretch); 1262 (aliphatic C-N stretch); 809 (para disubstituted benzene); 765 (C-Cl); 709 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.49-2.55 (t, 4H, J = 4.7 Hz, N4(CH2)2); 2.65-2.69 (m, 4H, (CH2)2); 2.75 (s, 3H, CH3);  3.16-3.19 (t, 4H, J = 4.7 Hz, N1(CH2)2); 7.10-8.04 (m, 8H, Ar-H); 7.51 (s, 1H, thiazole).

Molecular Formula: C24H24ClN5S

Elemental analysis (%): 
C

H

N

S



Calculated


64.06

5.38

15.56

7.13


Found



63.87

5.24

14.95

6.98

Mass Calculated: 449.1342 (M+) & 451.1156 (M++ 2); Found: 449.12 (M+) & 451.20 (M+ +2)

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-yl)ethyl]phenyl}-thiazole-2-amine (QCMO 1)
% Yield: 66 % (0.223 g); Melting Point: 96-98 ºC.

IR (KBr) cm-1:  3348 & 3439 (NH stretch); 3065, 3027 (aromatic C-H stretch); 2828, 2763 (aliphatic C-H stretch); 1635 (C=N ring stretch); 1616 (aromatic C=C stretch); 1255 (aliphatic C-N stretch); 1118 (C-O stretch); 809 (para disubstituted benzene); 709 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.49-2.53 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.57-2.76 (m, 4H, (CH2)2); 3.27-3.32 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.72 (s, 3H, OCH3); 3.84 (s, 2H, NH2);  6.88 (s, 1H, thiazole);  7.23-8.00 (m, 8H, Ar-H). 
Molecular Formula: C24H26N6OS

Elemental analysis (%): 
C

H

N

S



Calculated


64.55

5.87

18.82

7.18


Found



63.97

5.64

18.45

6.98

Mass (M+): Calculated: 446.2148; Found: 446.19 

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-yl)ethyl]phenyl}-N-methylthiazole-2-amine  (QCMO 2)

% Yield: 83 % (0.292 g); Melting Point: 114-116 ºC.

IR (KBr) cm-1:  3350 (NH stretch); 3058, 3009 (aromatic C-H stretch); 2817, 2760 (aliphatic C-H stretch); 1644 (C=N ring stretch); 1609, 1587 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 1079 (C-O stretch); 812 (para disubstituted benzene); 712 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm: 2.46-2.51 (t, 4H, J = 4.7 Hz, N4(CH2)2); 2.57 (s, 3H, NHCH3); 2.65-2.72 (m, 4H, (CH2)2); 3.29-3.34 (t, 4H, J = 4.7 Hz, N1(CH2)2); 3.68 (s, 3H, OCH3); 4.11 (s, 1H, NHCH3); 6.71 (s, 1H, thiazole); 7.35-8.04 (m, 8H, Ar-H)

Molecular Formula: C25H28N6OS

Elemental analysis (%): 
C

H

N

S



Calculated


65.19

6.13

18.25

6.96


Found



64.99

5.87

18.15

6.90

Mass (M+): Calculated: 460.1836; Found: 460.20 

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-yl)ethyl]phenyl}-5-methylthiazole-2-amine  (QCMO 3)
% Yield: 70 % (0.244 g); Melting Point: 68-70 ºC.

IR (KBr) cm-1:  3440 & 3428 (NH stretch); 3058, 3009 (aromatic C-H stretch); 2817, 2775 (aliphatic C-H stretch); 1642 (C=N ring stretch); 1587 (aromatic C=C stretch); 1261 (aliphatic C-N stretch); 1107 (C-O stretch); 831 (para disubstituted benzene); 711 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.35 (s, 3H, CH3); 2.51-2.56 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.59-2.76 (m, 4H, (CH2)2); 3.25-3.34 (t, 4H, J = 4.9 Hz, N1(CH2)2); 3.69 (s, 3H, OCH3); 3.89 (s, 2H, NH2); 7.18-7.95 (m, 8H, Ar-H)

Molecular Formula: C25H28N6OS

Elemental analysis (%): 
C

H

N

S



Calculated


65.19

6.13

18.25

6.96


Found



65.01

6.10

18.07

6.79

Mass (M+): Calculated: 460.1786; Found: 460.16

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-one  (QCMO 4)
% Yield: 78 % (0.263 g); Melting Point: 122-124 ºC.

IR (KBr) cm-1:  3558 (OH stretch); 3062, 3027 (aromatic C-H stretch); 2832, 2787 (aliphatic C-H stretch); 1647 (C=N ring stretch); 1615, 1590 (aromatic C=C stretch); 1262 (aliphatic C-N stretch); 1077 (C-O stretch); 819 (para disubstituted benzene); 704 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm: 2.45-2.52 (t, 4H, J = 4.7 Hz, N4(CH2)2); 2.66-2.78 (m, 4H, (CH2)2);  3.21-3.29 (t, 4H, J = 4.7 Hz, N1(CH2)2); 3.73 (s, 3H, OCH3);  4.74 (s, 1H, thiazole);  5.42 (br s, 1H, OH); 7.25-8.01 (m, 8H, Ar-H). 

Molecular Formula: C24H25N5O2S

Elemental analysis (%): 
C

H

N

S



Calculated


64.41

5.63

15.65

7.16


Found



64.18

5.44

15.58

6.97

Mass (M+): Calculated:  447.1677; Found: 447.20 

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-yl)ethyl]phenyl}-5-methylthiazole-2-amine  (QCMO 5)
% Yield: 42 % (0.147 g, oil). 

IR (KBr) cm-1:  3044, 3026 (aromatic C-H stretch); 2832, 2758 (aliphatic C-H stretch); 1640 (C=N ring stretch); 1604, 1580 (aromatic C=C stretch); 1266 (aliphatic C-N stretch); 1112 (C-O stretch); 809 (para disubstituted benzene); 708 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.35 (s, 3H, 5-CH3); 2.46-2.53 (t, 4H, J = 4.7 Hz, N4(CH2)2); 2.58-2.72(m, 4H, (CH2)2); 2.76 (s, 3H, 2-CH3); 3.23-3.29 (t, 4H, J = 4.7 Hz, N1(CH2)2); 3.79 (s, 3H, OCH3); 7.39-8.25 (m, 8H, Ar-H).

Molecular Formula: C26H29N5OS

Elemental analysis (%): 
C

H

N

S



Calculated


67.94

6.36

15.24

6.98


Found



67.71

6.17

15.07

6.78

Mass (M+): Calculated:  459.2126; Found: 459.19 

4-{4-[2-(4-(2-methoxyquinoxalin-3-yl)piperazin-1-ylethyl]phenyl}-N,5-dimethyl thiazole-2-amine  (QCMO6)
% Yield: 48 % (0.173 g, oil). 

IR (KBr) cm-1:  3478 (NH stretch); 3047, 3115 (aromatic C-H stretch); 2832, 2758 (aliphatic C-H stretch); 1646 (C=N ring stretch); 1613, 1587 (aromatic C=C stretch); 1258 (aliphatic C-N stretch); 1115 (C-O stretch); 818 (para disubstituted benzene); 703 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm: 2.36 (s, 3H,CH3); 2.49-2.56 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.60 (s, 3H, NHCH3);  2.63-2.79 (m, 4H, (CH2)2); 3.26-3.36 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.68 (s, 3H, OCH3);  4.28 (s, 1H, NHCH3);  7.12-7.88 (m, 8H, Ar-H).

Molecular Formula: C26H30N6OS

Elemental analysis (%): 
C

H

N

S



Calculated


65.8

6.37

17.71

6.76


Found



65.71

6.12

17.55

6.70

Mass (M+): Calculated: 474.2335; Found: 474.21 

2-{4-[4-(2-methylthiazol-4-yl)phenethyl]piperazin-1-yl}-3-methoxyquinoxaline  (QCMO 7)
% Yield: 47 % (0.16 g); Melting Point: 88-90 ºC.

IR (KBr) cm-1:  3040, 3025 (aromatic C-H stretch); 2835, 2750 (aliphatic C-H stretch); 1645 (C=N ring stretch); 1604, 1585 (aromatic C=C stretch); 1269 (aliphatic C-N stretch); 1118 (C-O stretch); 825 (para disubstituted benzene); 710 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.47-2.54 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.57-2.67 (m, 4H, (CH2)2); 2.76 (s, 3H, CH3); 3.24-3.33 (t, 4H, J = 4.9 Hz, N1(CH2)2); 3.79 (s, 3H, OCH3); 7.42 (s, 1H, thiazole);  7.54-8.31 (m, 8H, Ar-H).

Molecular Formula: C25H27N5OS

Elemental analysis (%): 
C

H

N

S



Calculated


67.39

6.11

15.72

7.20


Found



67.24

6.07

15.66

6.98

Mass (M+): Calculated: 445.1722; Found: 445.21

 4-{4-[2-(4-(quinoxalin-2-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-amine  (QCMH 1)

% Yield: 68 % (0.142 g); Melting Point: 110-112 ºC.

IR (KBr) cm-1:  3445 & 3423 (NH stretch); 3056, 3035 (aromatic C-H stretch); 2845, 2757 (aliphatic C-H stretch); 1634 (C=N ring stretch); 1608, 1576 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 829 (para disubstituted benzene); 710 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.59-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2);2.75-2.88 (m, 4H, (CH2)2); 3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.86 (s, 2H, NH2); 6.78 (s, 1H, thiazole); 7.28-8.25 (m, 9H, Ar-H)

Molecular Formula: C23H24N6S

Elemental analysis (%): 
C

H

N

S



Calculated


66.32

5.81

20.18

7.70


Found



66.24

5.74

19.88

7.44

Mass (M+): Calculated: 416.1688; Found: 416.19

N–methyl-4-{4-[2-(4-(quinoxalin-2-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-amine(QCMH 2)
% Yield: 56 % (0.121 g); Melting Point: 152-154 ºC.

IR (KBr) cm-1:  3445 (NH stretch); 3056, 3035 (aromatic C-H stretch); 2845, 2757 (aliphatic C-H stretch); 1640 (C=N ring stretch); 1608, 1588 (aromatic C=C stretch); 1262 (aliphatic C-N stretch); 826 (para disubstituted benzene); 712 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.34-2.53 (m, 4H, (CH2)2); 2.59-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.93 (s, 3H, NHCH3); 4.12 (s, 1H, NHCH3);  6.65 (s, 1H, thiazole); 3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 7.39-8.32 (m, 9H, Ar-H).

Molecular Formula: C24H26N6S

Elemental analysis (%): 
C

H

N

S



Calculated


66.95

6.09

19.52

7.45


Found



66.48

5.84

19.37

7.44

Mass (M+): Calculated: 430.1920; Found: 430.20 

5–methyl-4-{4-[2-(4-(quinoxalin-2-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-amine (QCMH3)
% Yield: 78 % (0.167 g); Melting Point: 108-110 ºC.

IR (KBr) cm-1:  3340 & 3345 (NH stretch); 3056, 3035 (aromatic C-H stretch); 2845, 2750 (aliphatic C-H stretch); 1646 (C=N ring stretch); 1606, 1590 (aromatic C=C stretch); 1256 (aliphatic C-N stretch); 821 (para disubstituted benzene); 708 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.41 (s, 3H, CH3);  2.55-2.61 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.68-2.77 (m, 4H, (CH2)2); 3.21-3.27 (t, 4H, J = 4.9 Hz, N1(CH2)2); 3.92 (s, 2H, NH2); 7.14-8.16 (m, 9H, Ar-H).  
Molecular Formula: C24H26N6S

Elemental analysis (%): 
C

H

N

S



Calculated


66.95

6.09

19.52

7.45


Found



66.44

5.96

19.49

7.31

Mass (M+): Calculated: 430.1858; Found: 430.19 

4-{4-[2-(4-(quinoxalin-2-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-ol  (QCMH4)
% Yield: 71 % (0.147 g); Melting Point: 142-144 ºC.

IR (KBr) cm-1:  3610 (OH stretch); 3049, 3015 (aromatic C-H stretch); 2862, 2798 (aliphatic C-H stretch); 1638 (C=N ring stretch); 1614, 1578 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 812 (para disubstituted benzene); 702 (C-S-C stretch). 

1H NMR (DMSO– d6) (δ) ppm: 2.59-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.70-2.88 (m, 4H, (CH2)2); 3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.89 (s, 1H, thiazole);  5.58 (br s, 1H, OH); 7.10-7.97 (m, 9H, Ar-H).

Molecular Formula: C23H23N5OS

Elemental analysis (%): 
C

H

N

S



Calculated


66.16

5.55

16.77

7.68


Found



66.01

5.36

16.47

7.39

Mass (M+): Calculated: 417.1889; Found: 417.20

2-{4-[4-(2,5- dimethylthiazol-4-yl)phenethyl]piperazin-1-yl}quinoxaline  (QCMH5)
% Yield: 70 % (0.15 g, oil). 

IR (Neat) cm-1:  3060, 3039 (aromatic C-H stretch); 2845, 2757, 1369 (aliphatic C-H stretch); 1632 (C=N ring stretch); 1616, 1577 (aromatic C=C stretch); 1268 (aliphatic C-N stretch); 825 (para disubstituted benzene); 706 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.28 (s, 3H, 5-CH3); 2.54-2.59 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.61-2.78 (m, 4H, (CH2)2); 2.76 (s, 3H, 2-CH3); 3.18-3.24 (t, 4H, J = 4.9 Hz, N1(CH2)2); 7.22-8.11 (m, 9H, Ar-H).

Molecular Formula: C25H27N5S

Elemental analysis (%): 
C

H

N

S



Calculated


69.90

6.34

16.30

7.46


Found



69.68

6.27

16.08

7.40

Mass (M+): Calculated: 429.2127; Found: 429.22 

N,5–dimethyl-4-{4-[2-(4-(quinoxalin-2-yl)piperazin-1-yl)ethyl]phenyl}thiazole-2-amine  (QCMH6)
% Yield: 69 % (0.17 g, oil). 

IR (Neat) cm-1: 3445 (NH stretch); 3072, 3045 (aromatic C-H stretch); 2852, 2748 (aliphatic C-H stretch); 1644 (C=N ring stretch); 1612, 1576 (aromatic C=C stretch); 1261 (aliphatic C-N stretch); 824 (para disubstituted benzene); 710 (C-S-C stretch). 

1H NMR (DMSO – d6) (δ) ppm: 2.33 (s, 3H,CH3); 2.42-2.54 (m, 4H, (CH2)2); 2.59-2.67 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.77 (s, 3H, NHCH3); 3.14-3.17 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.42 (s, 1H, NHCH3);  7.22-8.18 (m, 9H, Ar-H).  
Molecular Formula: C25H28N6S

Elemental analysis (%): 
C

H

N

S



Calculated


67.54

6.35

18.90

7.21


Found



67.37

6.29

16.58

7.01

Mass (M+): Calculated: 444.2336; Found: 444.22

2-{4-[4-(2-methylthiazol-4-yl)phenethyl]piperazin-1-yl}quinoxaline  (QCMH7)

% Yield: 69 % (0.143 g); Melting Point: 128-130 ºC.

IR (KBr) cm-1:  3057, 3036 (aromatic C-H stretch); 2854, 2741 (aliphatic C-H stretch); 1648 (C=N ring stretch); 1629, 1586 (aromatic C=C stretch); 1263 (aliphatic C-N stretch); 815 (para disubstituted benzene); 711 (C-S-C stretch).

1H NMR (DMSO – d6) (δ) ppm:  2.42-2.55 (m, 4H, (CH2)2); 2.60-2.66 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.86 (s, 3H, CH3); 3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 7.15-8.35 (m, 9H, Ar-H); 7.44 (s, 1H, thiazole).

Molecular Formula: C24H25N5S

Elemental analysis (%): 
C

H

N

S



Calculated


69.37

6.06

16.85

7.72


Found



69.28

5.97

16.68

7.46

Mass (M+):  Calculated: 415.1624; Found: 415.15

4.2.3 Series III 

Series IIIa:  N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7)
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Series IIIb: N-2-{4-[4-(2-substitutedthiazol-4-yl)piperazin-1-yl]-2-oxoethyl} acetamide (AG:1-7)

Dopamine Pharmacophores (CEP: 1-7)
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Final molecules series III b: (AG: 1-7)
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(acetylamino)acetic acid or Acetyl glycine (III a)
The procedure as given by Brain et al., was followed (Brain et al., 1989). In a 500 ml conical flask was placed 15 g (0.2 mol) of glycine and 60 ml of water and stirred at room temperature. To this mixture, 38 ml (0.4 mol) of acetic anhydride was added and vigorously stirred for 30 minutes. After the indicated time period, the solution became hot and some acetyl glycine crystallized out. The reaction mixture was cooled in a refrigerator overnight and then filtered to yield 84 % (19.6 g) of acetyl glycine melting at 206 ºC (Lit. M. P. 207-208 ºC).

IR (KBr) cm-1:  3333 (NH stretch); 2809-3257 (O-H stretch); 2850, 2735 (aliphatic C-H stretch); 1637 (C=O stretch).

General Procedure (P: 1-7) 

A mixture of 0.0085 mol of acetyl glycine (IIIa), 0.01 mol of substituted piperazine, 1.94 g (0.0094 mol) of DCC and 3 ml of DMF was taken in a 100 ml Erlenmeyer flask and subjected to microwave irradiation at 80% power output (720 watt) for about 4 minutes. Once the reaction showed completion on TLC (9: 1 chloroform, methanol as mobile phase), the reaction mixture was poured into ice-water mixture and the precipitated solid was filtered, dried and recrystallized using suitable solvent to afford pure P: 1-7.

Spectral data

N-(2-oxo-2-piperazin-1-ylethyl)acetamide (P 1)
% Yield: 86 % (1.35 g); Melting Point: 190-192 oC.

IR (KBr) cm-1: 3360 (N-H stretch); 2850, 2735 (aliphatic C-H stretch); 1642 (C=O stretch); 1250 (aliphatic C-N stretch).

1H NMR (CDCl3) (δ) ppm: 1.78 (s, 1H, NH); 
2.12 (s, 3H, COCH3); 2.45-2.63 (t, 4H, J = 4.7 Hz,  N4(CH2)2); 3.10-3.21 (t, 4H, J = 4.7 Hz, N1(CH2)2); 4.62(s, 2H, COCH2NH); 5.35 (s, 1H, NH); 6.35 (s, 1H, COCH2NH).

Molecular Formula: C8H15N3O2

Elemental analysis (%): 
C

H

N



Calculated


51.88

8.16

22.69



Found



51.55

7.86

22.47



Mass (M +): Calculated: 185.112; Found: 185.1

N-[2-(4-methylpiperazin-1-yl)-2-oxo-ethyl]acetamide (P 2)
% Yield: 75 % (0.80 g); Melting Point: 190-192 oC.

IR (KBr) cm-1: 3345 (N-H stretch); 2890, 2751 (aliphatic C-H stretch); 1642 (C=O stretch); 1254 (aliphatic C-N stretch).

1H NMR (CDCl3) (δ) ppm: 6.17 (s, 1H, COCH2NH); 
2.07 (s, 3H, COCH3); 4.54 (s, 2H, COCH2NH); 2.59-2.74 (t, 4H, J = 4.8 Hz, N4(CH2)2); 3.06-3.29 (t, 4H, J = 4.8 Hz, N1(CH2)2); 2.37 (s, 3H, CH3).

Molecular Formula: C9H17N3O2
Elemental analysis (%): 
C

H

N



Calculated


54.25

8.60

21.09



Found



54.12

8.36

20.79



Mass (M +) Calculated: 199.1324; Found: 199.12
N-[2-(4-ethylpiperazin-1-yl)-2-oxo-ethyl]acetamide (P 3)
% Yield: 89 % (1.50 g); Melting Point: 208-210 oC.

IR (KBr) cm-1: 3349 (N-H stretch); 2858, 2752 (aliphatic C-H stretch); 1645 (C=O stretch); 1252 (aliphatic C-N stretch).

1H NMR (CDCl3) (δ) ppm:  1.28 (t, 3H, J = 5.2 Hz, CH2CH3); 2.02 (s, 3H, COCH3); 2.35 (q, 2H, J = 5.2 Hz, CH2CH3); 2.45-2.60 (t, 4H, J = 4.8 Hz, N4(CH2)2); 3.12-3.26 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.45 (s, 2H, COCH2NH);  6.27 (s, 1H, COCH2NH).  

Molecular Formula: C10H19N3O2

Elemental analysis (%): 
C

H

N



Calculated


56.32

8.98

19.70



Found



55.98

8.76

19.64



Mass (M +) Calculated: 213.1627; Found: 213.15
N-{2-[4-(4-chlorophenyl)piperazin-1-yl]-2-oxoethyl}acetamide (P 4)
% Yield: 69 % (0.75 g); Melting Point: 188-190 oC.

IR (KBr) cm-1: 3360 (N-H stretch); 3072, 3030 (aromatic C-H stretch); 2850, 2735 (aliphatic C-H stretch); 1648 (C=O stretch); 1497, 1558 (aromatic C=C stretch); 1252 (aliphatic C-N stretch); 706 (C-Cl stretch).

1H NMR (CDCl3) (δ) ppm: 2.04 (s, 3H, COCH3); 2.55-2.68 (t, 4H, J = 4.9 Hz, N4(CH2)2);  3.06-3.24 (t, 4H, J = 4.8 Hz, J = 4.9 Hz, N1(CH2)2); 4.35 (s, 2H, COCH2NH);  6.15 (s, 1H, COCH2NH); 6.53-7.39 (m, 4H, Ar-H).
Molecular Formula: C14H18ClN3O2
Elemental analysis (%): 
C

H

N



Calculated


56.85

6.13

14.21



Found



56.54

6.08

13.88



Mass Calculated: 295.1117(M+) & 297.1234 (M++2); Found: 295.12 (M +) & 297.13 (M ++2).

N-{2-[4-(4-flourophenyl)piperazin-1-yl]-2-oxoethyl}acetamide (P 5)
% Yield: 74 % (0.74 g); Melting Point: 214-216 oC.

IR (KBr) cm-1: 3355 (N-H stretch); 3062, 3037 (aromatic C-H stretch); 2878, 2744 (aliphatic C-H stretch); 1646 (C=O stretch); 1559, 1507 (aromatic C=C stretch); 1256 (aliphatic C-N stretch); 1110 (C-F stretch).

1H NMR (CDCl3) (δ) ppm: 
2.12 (s, 3H, COCH3); 2.48-2.73 (t, 4H, J = 4.7 Hz, N4(CH2)2); 3.14-3.36 (t, 4H, J = 4.7 Hz, N1(CH2)2); 4.44 (s, 2H, COCH2NH);  6.11 (s, 1H, COCH2NH); 6.57-6.91 (m, 4H, Ar-H).

Molecular Formula: C14H18FN3O2
Elemental analysis (%): 
C

H

N



Calculated


51.88

8.16

22.69



Found



51.39

7.99

22.45



Mass (M +) Calculated: 279.1428; Found: 279.13
N-[2-oxo-2-(4-phenylpiperazin-1-yl)ethyl]acetamide (P 6)
% Yield: 88 % (1.52 g); Melting Point: 185-186 oC.

IR (KBr) cm-1: 3358 (N-H stretch); 3071, 3030 (aromatic C-H stretch); 2859, 27526 (aliphatic C-H stretch); 1644 (C=O stretch); 1545, 1477 (aromatic C=C stretch); 1266 (aliphatic C-N stretch).

1H NMR (CDCl3) (δ) ppm: 2.06 (s, 3H, COCH3); 2.57-2.66 (t, 4H, J = 4.8 Hz, N4(CH2)2); 3.11-3.31 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.38 (s, 2H, COCH2NH); 6.08 (s, 1H, COCH2NH); 6.59-7.38 (m, 5H, Ar-H).
Molecular Formula: C14H19N3O2
Elemental analysis (%): 
C

H

N



Calculated


60.20

6.50

15.04



Found



60.04

6.39

14.86



Mass (M +): Calculated:  261.1525; Found: 261.18
N-{2-[4-(3-methoxyphenyl)piperazin-1-yl]-2-oxoethyl}acetamide (P 7)

% Yield: 67 % (0.74 g); Melting Point: 192-194 oC.

IR (KBr) cm-1: 3354 (N-H stretch); 2881, 2764 (aliphatic C-H stretch); 1647 (C=O stretch); 1556, 1494 (aromatic C=C stretch); 1263 (aliphatic C-N stretch); 1104 (aliphatic C-O stretch).
1H NMR (CDCl3) (δ) ppm: 
2.15 (s, 3H, COCH3); 2.39-2.53 (t, 4H, J = 4.8 Hz, N4(CH2)2); 3.10-3.31 (t, 4H, J = 4.8 Hz, N1(CH2)2); 3.73 (s, 3H, OCH3); 4.56 (s, 2H, COCH2NH); 6.12 (s, 1H, COCH2NH);  6.18-6.99 (m, 4H, Ar-H). 

Molecular Formula: C15H21N3O3
Elemental analysis (%): 
C

H

N



Calculated


54.89

5.92

18.29



Found



54.43

5.61

17.88




Mass (M +) Calculated: 291.1619; Found: 291.20

General Procedure (AG: 1-7)

The procedure described by John and co-workers (John et al., 1991), was modified and adopted for this preparation. In a 10 ml round bottom flask equipped with a reflux condenser and N2 inlet were placed equimolar amounts (0.05 mM) of P 1, and respective chloroethylphenylthiazoles (CEP: 1-7), 0.1174 g (1.11 mM) of sodium carbonate and 2 mg of potassium iodide in 2 ml of DMF. The reaction mixture was refluxed for two days. Once the reaction showed completion on TLC (9: 1 chloroform, methanol as mobile phase), the cooled reaction mixture was poured into ice-water mixture and the precipitate was filtered, washed with water and recrystallised in suitable solvent to afford pure AG: 1-7. 

N-{2-[4-(4-(2-aminothiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 1)
% Yield: 61 % (0.117 g); Melting Point: 146-148 ºC. 

IR (KBr) cm-1: 3428 & 3400 (NH2 stretch); 3330 (NH stretch); 3037, 3018 (aromatic C-H stretch); 2980, 2955 (aliphatic C-H stretch); 1645 (C=O stretch); 1641 (C=N ring stretch); 1620, 1592 (aromatic C=C stretch); 1257 (aliphatic C-N stretch); 808 (para disubstituted benzene); 700 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.12 (s, 3H, COCH3);  2.55-2.62 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.67-2.72 (m, 4H, (CH2)2); 3.16-3.19 (t, 4H, J = 4.9 Hz, N1(CH2)2); 3.84 (s, 2H, NH2); 4.25 (s, 2H, COCH2NH);  8.11 (s, 1H, COCH2NH); 6.92 (s, 1H, thiazole);  7.15-7.49 (m, 4H, Ar-H).

Molecular Formula: C19H25N5O2S

Elemental analysis (%): C

H

N

S

Calculated

58.89

6.5

18.07

8.27


Found


58.48

6.26

17.85

7.94

Mass (M +): Calculated: 387.197; Found: 387.21

N-{2-[4-(4-(2-(methylamino)thiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 2)
% Yield: 67 % (0.135 g); Melting Point: 182-184 ºC. 

IR (KBr) cm-1: 3400 (NH stretch); 3030, 3005 (aromatic C-H stretch); 2985, 2875 (aliphatic C-H stretch); 1665, 1630 (aromatic C=C stretch); 1648 (C=O stretch); 1640 (C=N ring stretch); 1256 (aliphatic C-N stretch); 831 (para disubstituted benzene); 708 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm:  2.41 (s, 3H, NHCH3); 2.51-2.60 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.65-2.73 (m, 4H, (CH2)2); 3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2); 4.08 (s, 1H, NHCH3); 4.23 (s, 2H, COCH2NH); 6.65 (s, 1H, thiazole); 7.17-7.43 (m, 4H, Ar-H); 8.01 (s, 1H, COCH2NH).
Molecular Formula: C20H27N5O2S

Elemental analysis (%): C

H

N

S

Calculated

  58.93

6.78

17.44

7.99

Found


  58.67

6.37

17.32

7.43

Mass (M +): Calculated: 401.1857; Found: 401.16

N-{2-[4-(4-(2-amino-5-methylamino)thiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 3)
% Yield: 83 % (0.165g); Melting Point: 200-202 ºC. 

IR (KBr) cm-1: 3430 & 3415 (NH2 stretch); 3335 (NH stretch); 3045, 3020 (aromatic C-H stretch); 2980, 2875 (aliphatic C-H stretch); 1650 (C=O stretch); 1648 (C=N ring stretch); 1625, 1590 (aromatic C=C stretch); 1260 (aliphatic C-N stretch); 829 (para disubstituted benzene); 710 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.10 (s, 3H, COCH3); 2.37 (s, 3H, CH3); 2.56-2.61 (t, 4H, J = 4.7 Hz, N4(CH2)2); 2.68-2.76 (m, 4H, (CH2)2);  3.14-3.18 (t, 4H, J = 4.7 Hz, N1(CH2)2); 3.91 (s, 2H, NH2); 4.25 (s, 2H, COCH2NH); 7.15-7.43 (m, 4H, Ar-H); 8.22 (s, 1H, COCH2NH).

Molecular Formula: C20H27N5O2S

Elemental analysis (%): C

H

N

S

Calculated

   58.93
6.78

17.44

7.99

Found


   58.65
6.42

17.21

7.62

Mass (M +) Calculated: 401.1926; Found: 401.21

N-{2-[4-(4-(2-hydroxythiaol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 4)
% Yield: 84 % (0.162 g); Melting Point: 188-200 ºC. 

IR (KBr) cm-1: 3600 (OH stretch, broad); 3327 (NH stretch); 3030, 3010 (aromatic C-H stretch); 2960, 2925 (aliphatic C-H stretch); 1647 (C=O stretch); 1640 (C=N ring stretch); 1604, 1582 (aromatic C=C stretch); 1255 (aliphatic C-N stretch); 838 (para disubstituted benzene); 705 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.05 (s, 3H, COCH3);  2.59-2.65 (m, 4H, (CH2)2); 2.69-2.73 (t, 4H, J = 4.7 Hz, N4(CH2)2); 3.12-3.17 (t, 4H, J = 4.7 Hz, N1(CH2)2); 4.22 (s, 2H, COCH2NH); 4.79 (s, 1H, thiazole); 5.49 (br s, 1H, OH); 7.10-7.41 (m, 4H, Ar-H); 8.06 (s, 1H, COCH2NH).

Molecular Formula: C19H24N4O3S

Elemental analysis (%): C

H

N

S

Calculated

58.74

6.23

14.42

8.25


Found


58.61

6.05

14.21

7.99

Mass (M +) Calculated: 388.1725; Found: 388.21

N-{2-[4-(4-(2,5-dimethylthiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 5)
% Yield: 48 % (0.095 g); Melting Ponit: 192-194 ºC.

IR (Neat) cm-1: 3333 (NH stretch); 3070, 3045 (aromatic C-H stretch); 2980, 2955 (aliphatic C-H stretch); 1653 (C=O stretch); 1649 (C=N ring stretch); 1620, 1594 (aromatic C=C stretch); 1257 (aliphatic C-N stretch); 821 (para disubstituted benzene); 703 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.05 (s, 3H, COCH3); 2.32 (s, 3H, 5-CH3); 2.53-2.61 (t, 4H, J = 4.8 Hz, N4(CH2)2); 2.63-2.69 (m, 4H, (CH2)2); 2.79 (s, 3H, 2-CH3); 3.11-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2);  4.20 (s, 2H, COCH2NH); 7.12-7.47 (m, 4H, Ar-H); 8.10 (s, 1H, COCH2NH).

Molecular Formula: C21H28N4O2S

Elemental analysis (%): C

H

N

S

Calculated

62.97

7.05

13.99

8.01

Found


62.66

6.78

13.64

7.79

Mass (M +) Calculated: 400.1782; Found: 400.16

N-{2-[4-(4-(5-methyl-2-(methylamino)thiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl}acetamide (AG 6)
% Yield: 50 % (0.103 g); Melting Point: 208-209 ºC. 

IR (KBr) cm-1: 3410 (NH stretch); 3025, 3010 (aromatic C-H stretch); 2965, 2945 (aliphatic C-H stretch); 1651 (C=O stretch); 1645 (C=N ring stretch); 1608, 1588 (aromatic C=C stretch); 1265 (aliphatic C-N stretch); 822 (para disubstituted benzene); 702 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.08 (s, 3H, COCH3); 2.37 (s, 3H,CH3); 2.55-2.63 (t, 4H, J = 4.9 Hz, N4(CH2)2); 2.63-2.69 (m, 4H, (CH2)2); 2.77 (s, 3H, NHCH3); 3.17-3.19 (t, 4H, J = 4.9 Hz,  N1(CH2)2);    4.18 (s, 2H, COCH2NH); 4.55 (s, 1H, NHCH3); 7.12-7.49 (m, 4H, Ar-H); 8.05 (s, 1H, COCH2NH).

Molecular Formula: C21H29N5O2S

Elemental analysis (%): C

H

N

S

Calculated

  60.7

7.03

16.85

7.72

Found


  60.45

6.85

16.51

7.40

Mass (M +): Calculated:  415.2111; Found: 415.21

N-{2-[4-(4-(2-methylthiazol-4-yl)phenethyl)piperazin-1-yl]-2-oxoethyl} acetamide (AG 7)
% Yield: 48 % (0.092 g); Melting Point: 182-184 0C. 

IR (Neat) cm-1: 3326 (NH stretch); 3065, 3015 (aromatic C-H stretch); 2976, 2952 (aliphatic C-H stretch); 2247 (CN stretch); 1649 (C=O stretch); 1644 (C=N ring stretch); 1608, 1586 (aromatic C=C stretch); 1258 (aliphatic C-N stretch); 826 (para disubstituted benzene); 706 (C-S-C stretch).

1H NMR (CDCl3) (δ) ppm: 2.09 (s, 3H, COCH3); 2.59-2.63 (t, 4H, J = 4.8 Hz, N4(CH2)2);  2.67-2.71 (m, 4H, (CH2)2); 2.74 (s, 3H, CH3);  3.16-3.19 (t, 4H, J = 4.8 Hz, N1(CH2)2);  4.20 (s, 2H, COCH2NH);  7.19-7.48 (m, 4H, Ar-H); 7.56 (s, 1H, thiazole); 8.01 (s, 1H, COCH2NH).
Molecular Formula: C20H26N4O2S

Elemental analysis (%): C

H

N

S

Calculated

62.15

6.78

14.50

8.30

Found


61.88

6.45

14.32

8.14


Mass (M +): Calculated: 386.1682; Found: 386.18

4.3. In vivo Pharmacological Studies 

Experimentation on mice was approved by Institutional Animal Ethics Committee of the Birla Institute of Technology & Science, Pilani (Protocol No. IAEC/RES/11/2, 17.09.07).

Swiss albino mice (20-30 g) of either sex obtained from Hissar Agricultural University, Hissar, Haryana, India were housed under normal laboratory conditions (12 hr light-dark cycle) with free access to food and water. The experimental sessions were conducted during the light phase of the cycle between 9 a.m. and 12.00 noon in a diffusely illuminated room maintained at 25 ± 1(C and a relative humidity of 55 ( 5 %. All the animals were used on more than one occasion, but never more than thrice, with 14 day recovery periods between drug treatments as per the literature protocol. A group of six mice were used for each molecule per the dose indicated.

4.3.1. D2 Receptor Antagonism Studies in mesolimbic pathway

4.3.1.1. Drugs:

Apomorphine hydrochloride (1mg / kg)

Risperidone (0.6mg / kg)

NCEs (10 mg / kg)

Apomorphine hydrochloride solution (as per the base calculations) was prepared in distilled water containing 0.1% w/v sodium metabisulphite and was injected subcutaneously 1 hour before testing.

Risperidone and NCE’s were prepared as suspension in 0.25% w/v sodium carboxymethylcellulose in distilled water and were injected intraperitoneally (i.p.), 30 minutes before testing.

4.3.1.2 Climbing Mouse Assay

Inhibition or reversal of Apomorphine induced cage-climbing behavior in mice by a test molecule is an indication of mesolimbic dopaminergic D2 receptor antagonism (Costall et al., 1978). During the experimentation, mice were placed individually in separate aluminium cages, measuring 20 x 15 x 15 cm3, with walls lined with 1 cm2 aluminium wire mesh (diameter 2 mm). They were placed in the above cages 30 minutes for adaptation before the experiment. Groups of mice were administered with either the test molecule (10 mg / kg) or vehicle or Risperidone intraperitonially 1 hour prior to the apomorphine challenge (1 mg/kg, subcutaneous (s.c.)). Mice were then observed for the climbing behavior after 10, 20 and 30 minutes and the scoring is done as below.

“0”, when all the four feet were placed on the cage floor,

“1”, when three feet were placed on the cage floor,

“2”, when two feet were placed on the cage floor,

“3”, when one foot was placed on the cage floor, and 

“4”, when all the four feet were off the cage floor.

The percentage inhibition or reversal of climbing behaviour of Apomorphine hydrochloride was calculated by the difference from the score of treated subjects to the score of control animals and referring it to score of control group set to 100 %. 

4.3.2. 5-HT2A Receptor Antagonism Studies 

4.3.2.1. Drugs:

Quipazine maleate (5mg / kg)

Risperidone (0.6mg / kg)

New Chemical Entities (NCE’s) (10 mg / kg)

Quipazine maleate solution (as per the base calculations) was prepared in distilled water containing 0.1% w/v sodium metabisulphite and was injected intraperitoneally (i.p.), 30 minutes before testing. 

Risperidone and NCE’s were prepared as suspension in 0.25% w/v sodium carboxymethylcellulose in distilled water and were also injected intraperitoneally (i.p.), 30 minutes before testing.

4.3.2.2. Head twitches

Inhibition or reversal of Quipazine induced head-twitches in mice by the test molecule is an indication of central serotonergic 5-HT2A receptor antagonism (Malick et al., 1977). During the experimentation, mice were placed individually in separate plastic translucent cages, measuring 20 x 15 x 15 cm3. They were placed in the above cages 30 minutes for adaptation before the experiment. Groups of mice were intraperitoneally administered with either the test molecule (10 mg / kg) or vehicle or Risperidone 1 hour prior to the Quipazine maleate challenge (5 mg/kg, intraperitoneal (i.p.)). The head twitches were then counted between 30 and 40 minutes. The percentage inhibition or reversal of head twitches was calculated by the difference from the count of treated subjects to the count of control animals and referring it to count of control group set to 100 %. 

4.3.3. D2 Receptor Antagonism Studies in nigrostriatal pathway

4.3.3.1. Drugs

NCEs (10 mg / kg)

NCE’s were prepared as suspension in 0.25% w/v sodium carboxymethylcellulose in distilled water and were injected intraperitoneally (i.p.), 30 minutes before testing.

4.3.3.2 Catalepsy

Induction of catalepsy by the test molecules is an indication of antagonism at nigrostriatal dopaminergic D2 receptors leading to EPS (Joshi et al., 1979). During the experimentation, mice were placed individually in separate plastic translucent cages, measuring 20 x 15 x 15 cm3. They were placed in the above cages 30 minutes for adaptation before the experiment. Groups of mice were orally administered with either the test molecule (10 mg / kg) or vehicle. The mice were then tested for catalepsy by placing both the front paws on a 4 cm high wooden block (6 x 4 x 4 cm3) and measuring the time taken for it to come back to the normal posture. The scoring is done as per the literature protocol. If the animal maintained the imposed posture for at least 20 seconds, then it was said to be cataleptic and given one point. For every further 20 seconds it continued to maintain the imposed posture, an extra point was given, thus the animal was given a score of 2 points if it maintained the posture for 40 seconds, 3 points for 60 seconds, and so on. 
The mice were tested for cataleptic behaviour 1.0, 2.0, 3.0, 4.0 and 5 hrs after treatment with the test molecule. Average cataleptic times and scores are calculated at each time of measurement of cataleptic behaviour per molecule. The maximum of all average cataleptic scores/times are noted per molecule and then conclusions are drawn w.r.to which test molecule is cataleptic and the degree of catalepsy.

4.3.4. Statistical analysis

Statistical analysis was done using GraphPad InStat and MS Excel (MS Office 2000). 

4.4. In vitro Pharmacological Studies (Receptor Binding Studies)

The affinity and specificity of the newly developed compounds were estimated in radioligand displacement studies on rat 5-HT2A and rat D2 receptors obtained from rat cortical (5-HT receptors) and striatal (D2 receptors) membrane preparations. All the test compounds were dissolved in DMSO (10 mM stock solution), aliquoted and stored at –25°C.

4.4.1 5-HT2A receptor binding assay

The cortex of the rat brain was homogenized in 10 volumes of ice-cold buffer (50 mM Tris–HCl, pH 7.6) with an Ultra-Turrax T 25. The homogenate was centrifuged at 20 000 x g for 10 min. The resulting pellet was resuspended with the Ultra-Turrax and centrifuged again at 20 000 x g for 10 min. After repeating the same procedure the pellet was resuspended in 10 volumes of buffer and stored at -20°C until used in binding studies. [3H] ketanserin (3148.7 GBq/mmol from NEN) was used as a radioligand for 5-HT2A receptor binding. The binding assay was carried out in a final volume of 5 ml Tris–HCl buffer, pH 7.6, containing 0.12 nM [3H] ketanserin, membrane homogenate (about 20 g/ml protein), and various concentrations of the drugs. The drugs were dissolved in DMSO up to 1 mM and then diluted with buffer. Nonspecific binding was defined as the amount of [3H] ketanserin bound in the presence of 1 mM mianserin (Sigma), and ranged from 17 to 24 % of total binding. The samples were incubated in triplicates at 20°C for 90 min. The incubation was terminated by rapid filtration through GF/B glass fiber filters (Whatman) using a 30-port Brandel Cell Harvester. The filters were rapidly washed with four 4 ml portions of ice-cold buffer, transferred into 10 ml scintillation fluid (Ultima-Gold, Packard) and analyzed for radioactivity. 

4.4.2 D2 receptor binding assay

[3H] spiperone (684.5 GBq/mmol, NEN) was used as the radioligand. The binding assay was carried out in a final volume of 5 ml Tris–HCl buffer, pH 7.4, containing 10 mM MgCl2, 1 mM EDTA, 0.27 nM [3H] spiperone bound in the presence of 10 mM haloperidol and ranged from 8 to 12% of total binding. The samples were incubated in triplicates for 20°C for 60 min. Filtration and counting of the samples were the same as described above. To block the 5-HT affinity of the D2 radioligand [3H] spiperone, 10µM ketanserin was added to the respective assays.
All test compounds were assayed in at least three independent experiments. The IC50 values were estimated using iterative nonlinear curve fitting. The Cheng-Prusoff equation was applied to calculate Ki values. Reference compounds/ standard drugs were assayed to validate the incubation protocols (5-HT2A: Ki mianserin = 0.76 nM; D2: Ki haloperidol = 5.01 nM).

5-HT2A

Tissue
Cortex, rat; thawing and two times washing in incubation buffer

Determination of nonspecific binding
Mianserin hydrochloride, 100 µM working concentration

Incubation buffer

50 mM TRIS-HCl, pH 7.4

Incubation 

Ambient temperature (20°C), 90 min

Radioligand

[3H] Ketanserin

Standard drug

Mianserin; Ki = 0.76 nM

D2

Tissue
Striatum, rat; thawing and two times washing in incubation buffer

Determination of nonspecific binding
Haloperidol, 100 µM working concentration

5HT receptor blocking


Ketanserin, 10 µM working concentration

Incubation buffer
50 mM TRIS-HCl, pH 7.4

Incubation 
Ambient temperature (20°C), 60 min

Radioligand
[3H] Spiperone

Standard drug
Haloperidol; Ki = 5.01 nM


CHAPTER V

RESULTS AND DISCUSSION

5.1. Ligand Design

In the present study, the strategy of Ariens (Ariens et al., 1979), which was promulgated few years ago, has been employed for the design of potential atypical antipsychotic agents. Successful results were achieved by a number of researchers employing this strategy. Research carried out by Howard group (Howard et al., 1996) of Pfizer, Inc. led to emergence of the currently marketed atypical antipsychotic drug. 

Ariens strategy in brief, involves modification of the structure of a receptor agonist into an antagonist by attaching a large lipophilic group at the amino terminal of the molecule. In the current work chloroethylphenylthiazoles are taken as the dopamine pharmacophores which are attached to hetroarylpiperazines viz., Quinoxalinyl piperazines and 1,8-Naphthyridinyl piperazines leading to formation of 2-(4-(4-(Substituted thiazolyl)phenylethyl) piperazin-1-yl)-1,8-naphthyridine-3-carbonitriles (NC : 1-7) and 4-(4-(2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl)phenyl) thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)  as part of series I and II respectively. In the first part of third series acetamido piperazinyl glycine derivatives were synthesised (P: 1-7). These compounds were synthesised to target NMDA receptors. Reduced NMDA receptor function is well known in the etiology of schizophrenia (Goff et al., 2001; Duncan et al., 1999). It is also reported that agonists at this site will alleviate the negative and cognitive symptoms. Hence compounds P: 1-7 were synthesized based on this aspect. In the second half of series-III, compounds were designed incorporating NMDA agonism and D2 antagonism so that both negative symptoms (including cognitive) and positive symptoms can be cured. Compounds AG: 1-7 were designed accordingly.
5.2. Synthesis

5.2.1. Series I: 2-(4-(4-(Substituted thiazolyl)phenylethyl) piperazin-1-yl)-1,8-naphthyridine-3-carbonitriles (NC : 1-7)

5.2.1.1.  2- and 5- substituted chloroethylphenylthiazoles (CEP: 1-7):

Based on the literature reports (Weinstock et al., 1987) 2-and 5-substituted thiazoles were chosen which were appended to phenethyl moiety leading to chloroethylphenylthiazoles (CEP: 1-7). In the present series, these compounds were coupled to the N4 nitrogen atom of piperazine in 2-Piperazin-1-yl-1,8-naphthyridine-3-carbonitrile (NP 2).

In the preparation of thiazoles the first step involved Friedal-Craft’s acylation of phenethylchloride. Literature methods (DeStevens et al., 1957) suggest acylation of the phenethylchloride using acetyl chloride in the presence of anhydrous aluminium chloride and ethylene chloride as solvent at the room temperature or directly starting with 4-(2-chloroethyl) acetophenone, followed by bromination using liquid bromine in acetic acid in order to generate α – halo carbonyl compounds which react efficiently with various thioamides to form thiazoles. The reaction between thioamides and α – halo carbonyl compounds is one synthetic route developed for thiazoles (DeStevens et al., 1957).

In the present study, chloroacetylchloride and 2-chloropropionylchlorides were used in the presence of anhydrous aluminium chloride and ethylene chloride as solvent to yield 4-(2-Chloroacetyl) phenethyl chloride and 2-chloro-1-(4-(2-chloroethyl)phenyl)propan-1-one respectively in a single step. This reaction was carried out between 0-5 ºC. Phenethylchloride was added drop wise to a suspension of anhydrous aluminium chloride and corresponding acyl halides in ethylene chloride with continuous stirring between 0-5 ºC. The reaction mixture after hydrolysis and solvent removal when chloroacetyl chloride was used gave 4-[2-Chloroacetyl)phenethyl]chloride as oil, which solidified on standing for two days. 2-chloro-1-[4-(2-chloroethyl)phenyl]propan-1-one was formed after hydrolysis and solvent removal as oil when 2-chloropropionyl chloride was used. 

The synthesis of 2- and 5- substituted chloroethylphenylthiazoles involved the reaction of thioamides viz., thiourea, thioacetamide and N-methylthioureas, with α – halo carbonyl compounds in acetone. Acetone was used as solvent as both the thioamides and α – halo carbonyl compounds were readily soluble in it and the removal of water was facilitated by its use. The mixture was refluxed for 3-8 hours, during which time the product precipitated out. By this method 2-amino (CEP 1), 2-methyl (CEP 7), 2-methylamino (CEP 2) thiazole side chains were prepared using thiourea, thioacetamide and N-methylthiourea respectively. The products were obtained in fairly good yields (58 – 90 %). Where a methyl substituent at the 5th position of the thiazole was required, 2-chloropropionyl chloride was used instead of chloroacetyl chloride of the 2-amino thiazole moiety.
Accordingly 4-[4-(2-Chloroethyl)phenyl]-2-amino-5-methyl thiazole (CEP 3), 4-[4-(2-Chloroethyl)phenyl]-2,5-dimethyl thiazole (CEP 5), 4-[4-(2-Chloroethyl)phenyl]-N,5 -dimethyl thiazole-2-amine (CEP 6) were prepared. The direct use of N-methyl thiourea was preferred rather than trying to perform substitutions on the 2-amino thiazole product; because it has been reported that alkylation of 2-amino thiazoles gave exclusively the 3-alkyl derivatives and not the substitution products on the amino nitrogen (DeStevens et al., 1957; Ogura et al., 1970).

There has been an outline critique of thiazole chemistry, with a particular emphasis on the scope and limitations of the subject (Wiley et al., 1951). Although various routes have been used to prepare a number of diverse substituited thiazoles, investigations in the field of 2-hydroxy thiazoles are limited (Klein et al., 1954). 

4-(2-Chloroacetyl) phenethyl chloride was first refluxed with potassium thiocyanate in acetone resulting in the formation of α – thiocyano ketone. The precipitated potassium chloride was removed by filtration followed by removal of the solvent. The residue was extracted with ethyl acetate and the solvent was removed under reduced pressure to give a solid, which was then taken in boiling ethanol to form the ethyl imidate. This was then treated with 1 N HCl and refluxed, resulting in dehydration and cyclisation to thiazol-2-one. The reaction mixture was refrigerated overnight to give the thiazole-2-one as a crystalline solid in 42 % yield. 

IR spectral analysis of the 2- and 5- substituted chloroethylphenylthiazoles showed strong peaks at ~3330 cm-1 and ~1600 cm-1 due to N-H and C=C functions, respectively. Peaks are also seen at ~708 cm-1 indicative of C-S-C stretching vibration. In 1H-NMR spectra, triplet corresponding to two protons of CH2CH2Cl is observed at δ 3.05-3.14, whereas triplet corresponding to the other two protons of CH2CH2Cl is seen at δ 3.69-3.82. The four aromatic protons are seen as a multiplet in the range δ 7.28- 7.72. Physical constants of various substituted chloroethyl phenylthiazoles (CEP: 1-7) are given in Table 5.1.

Table 5.1: Physical constants of 2- and 5- substituted chloroethylphenylthiazoles (CEP: 1-7).
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	S.No.
	Code
	R
	Z
	M.P

(º C)
	Yield

(%)
	Recryst.

Solvent
	Molecular formula

	1
	CEP 1
	NH2
	H
	178-180
	92
	MeOH
	C11H11N2SCl.HCl

	2
	CEP 2
	NHCH3
	H
	103-105
	86
	MeOH
	C12H13N2SCl.HCl

	3
	CEP 3
	NH2
	CH3
	203-205
	72
	EtOH –Ether
	C12H13N2SCl.HCl

	4
	CEP 4
	OH
	H
	226-228
	57
	MeOH
	C11H11NOSCl

	5
	CEP 5
	CH3
	CH3
	68-70
	76
	Acetone
	C13H14NSCl.HCl

	6
	CEP 6
	NHCH3
	CH3
	48-50
	64
	MeOH
	C13H15N2SCl.HCl

	7
	CEP 7
	CH3
	H
	126-128
	59
	Acetone
	C12H12NSCl.HCl


5.2.1.2.  2-(4-piperazin-1-yl)-1,8-naphthyridine-3-carbonitrile (NP 2)
Substituted 1,8-Naphthyridine was chosen as the heterocyclic analogue to which 2- and 5- substituted chloroethyl phenylthiazoles were coupled. Equimolar concentrations of 2-aminonicotinaldehyde, ethylcyanoacetate and piperidine were triturated in a mortar and pestle for 10 min at room temperature in solid state condition to afford 2-hydroxy-1,8-naphthyridine-3-carbonitrile in 90 % yield. When this reaction was carried out by conventional method i.e., by dissolving the reactants in ethanol and stirring the contents at room temperature for 10 min, the product was obtained in 11 % yield only. In solid-state, reaction was found to occur more efficiently and much faster than in solution, since molecules of compounds in a solid are arranged tightly and regularly (Tanaka et al., 2000).

The synthesis of 2-hydroxy-1,8-naphthyridine-3-carbonitrile is an example of Friedlander synthesis which involves the base catalyzed condensation of 2-amino nicotinaldehyde with ethylcyanoacetate  (Scheme 1). 
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Scheme 1

2-Hydroxy-1,8-naphthyridine-3-carbonitrile was chlorinated with excess POCl3 by which hydroxyl group at 2-position was substituted by chloro group. The excess of POCl3 was removed and the reaction mixture was decomposed by pouring into ice-cold water. It was basified with 10% NaOH solution. The separated product was filtered and recrystallised from DMF- water mixture. The reaction mechanism is given in Scheme 2:
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Scheme 2
The leaving group (Cl-) then attacks the electrophilic carbon atom-giving rise to the product in 79 % yield as shown below.


[image: image59.wmf]N

N

C

N

O

H

P

O

C

l

C

l

C

l

N

N

C

N

C

l

P

O

H

O

C

l

C

l

+


Scheme 2
Microwave irradiation of 2-chloro-1,8-naphthyridine-3-carbonitrile with piperazine in the presence of K2CO3 in DMF for about 5 min gave  the corresponding nucleophilic substituted product, 2-(4-substitutedpiperazine-1-yl)-1,8-naphthyridine-3-carbonitrile. When this reaction was carried out by conventional heating (oil bath), the reaction took (monitored by TLC) 8-10 hr for completion. The product obtained by both the methods was identical (m.p., m.m.p., co-TLC and superimposable IR). Almost similar yields were obtained by both the methods. It was observed that the reaction was simple and accelerated many fold when carried out in microwave environment. The reaction mechanism is given in Scheme 3. 

IR spectral analysis of the final compound (NP 2) showed strong peaks at ~2250 cm-1 and ~1640 cm-1 due to C≡N and C=N functions, respectively. In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.13-3.26 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.57-2.76. The final compound (NP 2) showed the following 1H-NMR signals for 1,8-naphthyridinyl moiety; C4-H: δ ~8.4 (s), C5-H: δ ~8.00 (d), C6-H: δ ~7.3 (dd),
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Scheme 3
C7-H: δ ~9.00 (d). Elemental (CHN) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%).

5.2.1.3. 2-{4-[4-(Substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7)

The final compounds NC: 1-7 were obtained by nucleophilic substitution reaction (Scheme 4). Equimolar amounts of 2-(4-piperazin-1-yl)-1,8-naphthyridine-3-carbonitrile (NP 2) and 2- and 5- substituted chloroethylphenylthiazoles (CEP: 1-7) along with 2.125 equivalents of anhydrous sodium carbonate and catalytic amount of potassium iodide (2 mg) in DMF as solvent when refluxed for 48 hours afforded the final compounds. 

Similar compounds using 1-Naphthyl piperazines were prepared by John and co-workers (John et al., 1991) using diisopropylethylamine as base and methylisobutyl ketone as solvent but the yields reported were relatively poor (18-63 %). In the present study anhydrous sodium carbonate and DMF were used instead of diisopropylethylamine and methylisobutyl ketone respectively with relatively higher yields (41-81 %).

Infrared spectral analysis of the final compounds (NC: 1-7) showed strong peaks at ~ 2250 cm-1,  ~1650 cm-1 and ~ 825 cm-1 due to C≡N, C=N and para disubstituted benzene functions, respectively. In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.14-3.20 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.59- 2.81. The final compounds showed the following 1H-NMR signals for 1,8-naphthyridinyl moiety; C4-H: δ ~8.3-8.4 (s), C5-H: δ~7.8-7.9 (d), C6-H: δ ~7.3 – 7.4 (dd), C7-H: δ ~9.00 – 9.2 (d).
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Scheme 4
Elemental (CHNS) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). Physical constants of these compounds are given in Table 5.2.

Table 5.2:  Physical constants of 2-{4-[4-(Substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7)
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	S.No.
	Code
	R
	Z
	M.P (ºC)
	Yield (%)
	Recryst.

Solvent
	Molecular formula

	1
	NC 1
	NH2
	H
	260-262
	77
	DMF – H2O
	C24H23N7S

	2
	NC 2
	NHCH3
	H
	148-150
	66
	DMF – H2O
	C25H25N7S

	3
	NC 3
	NH2
	CH3
	210-212
	81
	DMF – H2O
	C25H25N7S

	4
	NC 4
	OH
	H
	232-234
	76
	DMF – H2O
	C24H22N6OS

	5
	NC 5
	CH3
	CH3
	-
	57
	-
	C26H26N6S

	6
	NC 6
	NHCH3
	CH3
	198-200
	41
	DMF – H2O
	C26H27N7S

	7
	NC 7
	CH3
	H
	-
	57
	-
	C25H24N6S


5.2.2. Series II: 4-{4-[2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl]phenyl} thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)

2- and 5- substituted chloroethylphenylthiazoles were prepared according to the procedures mentioned as in the above series.

5.2.2.1. 2-substituted –3-piperazinyl quinoxalines (QP1, QP2 and QP4)

Piperazinyl quinoxalines were known to possess affinity at the 5-HT receptors (Monge et al., 1993). Hence in the present study since affinity at the 5-HT2A receptor is required piperazinyl quinoxalines were chosen. Reaction of o-phenylenediamine with n-butylglyoxalate by the method of Atkinson gave 2- hydroxyquinoxaline (Atkinson et al., 1956). n-butyglyoxalate was prepared using dibutyltartrate and lead tetraacetate (Brain et al., 1989). Using this method, n-butyl tartrate, lead tetraacetate and p-toluene sulphonate on refluxing in n-butanol for 10 hours yielded n-butylglyoxalate in 68 % yield. 2-hydroxyquinoxaline is in tautomeric form with quinoxaline-2-one (Scheme 5). 
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Scheme 5
The procedure of Hinsberg is followed to prepare 2,3-dihydroxy quinoxaline (Hinsberg et al., 1896). The reaction of o-phenylenediamine and α – dicarbonyl compound, diethyloxalate in presence of ethyl alcohol yielded quinoxaline-2,3-dione (Scheme 6) in 66 % yield.
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Scheme 6
Chlorination of quinoxaline-2-one to 2-chloroquinoxaline was achieved by treatment with phosphorousoxychloride (Scheme 7) (Cheeseman, 1955). The product was recrystallised as white crystalline solid using n-pentane. 

[image: image65.emf]N

N

O

H

O

P

Cl Cl

Cl

N

N

O

P

H

O

Cl

ClCl

N

N

O

H

P

O

Cl

Cl

-Cl


Scheme 7
The leaving group (Cl-) then attacks the electrophilic carbon atom generating 2-chloroquinoxaline in 93 % yield.
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Scheme 7
Chlorination of quinoxaline-2,3-dione was achieved by treatment with POCl3 (Scheme 8) (Reddy Sastry et al., 1991). Excellent yields were obtained via this method rather than via Cheeseman’s procedure (Cheeseman, 1955). 2,3-dihydroxyquinoxaline and excess of POCl3 were refluxed for 1.5 hours with continuous stirring and after removal of the excess POCl3, the remaining unreacted POCl3 was decomposed by pouring into ice-cold water. The solid precipitated was filtered, washed with water and recrystallised using n –hexane to yield 80 % of the product. 
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 Scheme 8 

The leaving group (Cl-) then attacks the electrophilic carbon atom.
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Scheme 8
A similar process happens even at the other OH and Cl is formed. Thus, 2,3-dihydroxy quinoxaline can be converted to 2,3-dichloroquinoxaline.

The displacement of one of the two α chlorine atoms of 2,3-dichloroquinoxaline was carried out to prepare 2-chloro-3-methoxyquinoxaline (Scheme 9). This was synthesized via the procedure of Krishnan & co-workers (Krishnan et al., 2000). In this method they have employed a phase transfer catalyst to bring out the substitution in a more neat way. 2,3-dichloroquinoxaline, potassium carbonate and the phase transfer catalyst, benzyltriethylammoniumcarbonate was stirred at room temperature for a period of 5 hours in methanol. The product was obtained in 91 % yield. The same compound was also prepared using the procedure described by Cheeseman in 63 % yield (Cheeseman, 1955). 
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Scheme 9
Nucleophilic substitution of 2-chloro-3-substituted quinoxalines with piperazine resulted in 2-piperazinyl-3-substituted quinoxalines (Scheme 10). 2-chloro-3-piperazinyl quinoxaline (QP 1) was synthesized from 2,3-dichloroquinoxaline using anhydrous sodium carbonate & anhydrous piperazine in n-butanol in 84% yield. 2-methoxy-3-piperazinylquinoxaline (QP 2) was prepared from 2-chloro-3-methoxyquinoxaline and anhydrous piperazine in acetonitrile by stirring at room temperature for 5 hours resulting in 84 % yield. 2-piperazinylquinoxaline (QP 4) was synthesized from a mixture of 2-chloroquinoxaline and anhydrous piperazine in acetonitrile by stirring at room temperature for 3 hours yielding 70 % of the compound. 
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Scheme 10
IR spectral analysis of all the piperazinyl quinoxalines revealed signals at ~ 3345 cm–1 indicative of NH stretch and at ~ 1644 cm–1 indicative of C=N stretch. In 1H-NMR spectrum, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.16-3.20 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.52- 2.63. Aromatic protons of quinoxaline ring were observed at δ 7.63-8.07 as multiplet. The labile proton of piperazine was observed as a singlet at δ 5.20- 5.26 for all the piperazinyl quinoxalines. Elemental (CHN) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.3.

5.2.1.2. 4-{4-[2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl]phenyl} thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)
The final compounds QCC: 1-7; QCMO: 1-7; QCMH: 1-7 were obtained by nucleophilic substitution reaction as indicated below (Scheme 11). Equimolar amounts of 2-piperazinyl-3-substituted quinoxalines (QP1, QP2 and QP4) and 2- and 5- substituted chloroethyl phenylthiazoles (CEP: 1-7) along with 2.125 equivalents of anhydrous sodium carbonate and catalytic amount of potassium iodide (2 mg) in DMF as solvent when refluxed for 48 hours afforded the final compounds. 
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Scheme 11
Similar compounds using 1-Naphthyl piperazines were prepared by John et al., (John et al., 1991) using diisopropylethylamine as base and methylisobutyl ketone as solvent but the yields reported were relatively poor (18-63 %). In the present study anhydrous sodium carbonate and DMF were used instead of diisopropylethylamine and methylisobutyl ketone respectively with relatively higher yields (42-83 %).

Infrared spectral analysis of the final compounds (QCC: 1-7) showed strong peaks at ~3440 cm–1  (NH stretch); ~3065 cm–1  (aromatic C-H stretch); ~ 2825 cm–1  (aliphatic C-H stretch); ~710 cm–1 (C-S-C stretch); ~1610 cm–1 (aromatic C=C stretch); ~1640 cm–1 (C=N ring stretch);  ~1260 cm–1 (aliphatic C-N stretch); ~810 cm–1 (para disubstituted benzene); ~770 cm–1 (C-Cl stretch). In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.16-3.19 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.59- 2.63. The final compounds showed the following 1H-NMR signals δ 7.18-8.07 for the aromatic protons as a multiplet. PMR signal corresponding to four protons of the ethyl linker was observed at δ 2.65-2.69 as multiplet. Elemental (CHNS) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.3.

Infrared spectral analysis of the final compounds (QCMO: 1-7) showed strong peaks at ~3430 cm–1  (NH stretch); ~3080 cm–1  (aromatic C-H stretch); ~ 2850 cm–1  (aliphatic C-H stretch); ~710 cm–1 (C-S-C stretch); ~1602 cm–1 (aromatic C=C stretch); ~1635 cm–1 (C=N ring stretch); ~1255 cm–1 (aliphatic C-N stretch); ~1105 cm–1 (aliphatic C-O stretch); ~810 cm–1 (para disubstituted benzene). In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.20-3.36 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.46- 2.58. Methoxy protons appeared as singlet at δ 3.67-3.70. Final compounds showed signals corresponding to eight protons around δ 7.18-8.07 for the aromatic protons as a multiplet. PMR signal corresponding to four protons of ethyl linker was observed at δ 2.54-2.79 as multiplet. Elemental (CHNS) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.3.

Table 5.3:  Physical constants of 4-{4-[2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl]phenyl} thiazoles (QCC: 1-7; QCMO: 1-7; QCMH: 1-7)
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	S.No.
	Code
	R
	Z
	Y
	M.P 

(º C)
	Yield

(%)
	Recryst.

Solvent
	Molecular formula

	1
	QCC 1
	NH2
	H
	Cl
	162-164
	77
	EtOH
	C23H23ClN6S

	2
	QCC 2
	NHCH3
	H
	Cl
	140-142
	79
	MeOH
	C24H25ClN6S

	3
	QCC 3
	NH2
	CH3
	Cl
	158-160
	79
	EtOH
	C24H25ClN6S

	4
	QCC 4
	OH
	H
	Cl
	192-194
	78
	EtOH
	C23H22ClN5OS

	5
	QCC 5
	CH3
	CH3
	Cl
	90-92
	52
	EtOH-H2O
	C25H26ClN5S

	6
	QCC 6
	NHCH3
	CH3
	Cl
	134-136
	45
	EtOH
	C25H27ClN6S

	7
	QCC 7
	CH3
	H
	Cl
	86-88
	63
	EtOH-H2O
	C24H24ClN6S

	8
	QCMO 1
	NH2
	H
	OMe
	96-98
	66
	EtOH
	C24H26N6OS

	9
	QCMO 2
	NHCH3
	H
	OMe
	114-116
	83
	Ether
	C25H28N6OS

	10
	QCMO 3
	NH2
	CH3
	OMe
	68-70
	70
	Ether
	C25H28N6OS

	11
	QCMO 4
	OH
	H
	OMe
	122-124
	78
	Acetone
	C25H24N5O2S

	12
	QCMO 5
	CH3
	CH3
	OMe
	-
	42
	-
	C26H29N5OS

	13
	QCMO 6
	NHCH3
	CH3
	OMe
	-
	48
	-
	C26H30N6OS

	14
	QCMO 7
	CH3
	H
	OMe
	88-90
	47
	Acetone
	C25H27N5OS

	15
	QCMH 1
	NH2
	H
	H
	110-112
	68
	n-Hexane
	C23H24N6S

	16
	QCMH 2
	NHCH3
	H
	H
	152-154
	56
	EtOH
	C24H26N6S

	17
	QCMH 3
	NH2
	CH3
	H
	108-110
	78
	MeOH
	C24H26N6S

	18
	QCMH 4
	OH
	H
	H
	142-144
	71
	EtOH
	C23H23N5OS

	19
	QCMH 5
	CH3
	CH3
	H
	-
	70
	-
	C25H27N5S

	20
	QCMH 6
	NHCH3
	CH3
	H
	-
	69
	-
	C25H28N6S

	21
	QCMH 7
	CH3
	H
	H
	128-130
	69
	Ether
	C24H25N5S


Infrared spectral analysis of the final compounds (QCMH: 1-7) showed strong peaks at ~3445 cm–1  (NH stretch); ~3055 cm–1  (aromatic C-H stretch); ~ 2875 cm–1  (aliphatic C-H stretch); ~710 cm–1 (C-S-C stretch); ~1610 cm–1 (aromatic C=C stretch); ~1635 cm–1 (C=N ring stretch); ~1260 cm–1 (aliphatic C-N stretch); ~810 cm–1 (para disubstituted benzene). In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.20-3.36 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.46- 2.58. Methoxy protons appeared as singlet at δ 3.67-3.70. The final compounds showed signals corresponding to nine protons around δ 7.10-8.40 for the aromatic protons as a multiplet. PMR signal corresponding to four protons of the ethyl linker was observed at δ 2.40-2.80 as multiplet. Elemental (CHNS) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.3.

5.2.3 Series III a:  N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7)

In this series acetamido piperazinyl glycine derivatives (P: 1-7) were synthesised. Acetyl glycine was synthesised using procedure given by Brain et al., (Brain et al., 1989) (Scheme 12). One mole of glycine with two moles of Ac2O at RT afforded acetyl glycine in 84 % yield 
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Scheme 12
Microwave irradiation of acetyl glycine with substituted piperazines in the presence of DCC in DMF for about 3-5 min gave the corresponding piperazinyl derivatives (P: 1-7) (Scheme 13). The yields obtained varied from 67 - 89 %. It was observed that the reaction was simple and accelerated many fold when carried out in microwave environment rather than by conventional method. IR spectral analysis of the final compounds (P: 1-7) showed strong peaks at ~3345 cm-1 and  ~1642 cm-1, due to N-H stretch and C=O stretch respectively. In 1H-NMR, methyl protons of amide functionality were observed as singlet around δ 2.05- 2.17; 
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Scheme 13
methylene protons of glycine functionality were seen at δ 4.54 as a singlet; methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.06 -3.29 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.57-3.74. Elemental (CHN) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.4.

Table 5.4: Physical constants of: N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl} acetamide (P: 1-7)
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	S.No.
	Code
	R’
	M.P (º C)
	Yield (%)
	Recryst.

Solvent
	Molecular formula

	1
	P 1
	H
	216-217
	86
	EtOH
	C24H23N7S

	2
	P 2
	CH3
	190-192
	75
	EtOH
	C25H25N7S

	3
	P 3
	C2H5
	208-210
	89
	EtOH
	C25H25N7S

	4
	P 4
	4-Cl-C6H4
	188-189
	69
	EtOH
	C24H22N6OS

	5
	P 5
	4-F-C6H4
	214-216
	74
	MeOH
	C26H26N6S

	6
	P 6
	C6H5
	185-186
	88
	EtOH
	C26H27N7S

	7
	P 7
	3-OCH3-C6H4
	192-194
	67
	MeOH
	C25H24N6S


Series III b: N-2-{4-[4-(2-substitutedthiazol-4-yl)piperazin-1-yl]-2-oxoethyl} acetamide (AG: 1-7)

The final compounds AG: 1-7 were obtained by nucleophilic substitution reaction as indicated (Scheme 14). 
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Scheme 14

Equimolar amounts of acetamido glycine piperazine (P 1) and 2- and 5- substituted chloroethylphenylthiazoles (CEP: 1-7) along with 2.125 equivalents of anhydrous Na2CO3 and catalytic amount of KI (2 mg) in DMF as solvent when refluxed for 48 hours afforded the final compounds. Infrared spectral analysis of the final compounds (AG: 1-7) showed strong peaks at ~3440 cm–1  (NH stretch); ~3050 cm–1  (aromatic C-H stretch); ~ 2870 cm–1  (aliphatic C-H stretch); ~1645 cm–1 (CO stretch);   ~700 cm–1 (C-S-C stretch); ~1620 cm–1 (aromatic C=C stretch); ~1640cm–1 (C=N ring stretch); ~1255 cm–1 (aliphatic C-N stretch); ~810 cm–1 (para disubstituted benzene). In 1H-NMR spectra, methylene protons (cyclic) adjacent to N1 nitrogen of piperazine showed triplet in the range of δ 3.11-3.36 whereas methylene protons (cyclic) adjacent to N4 nitrogen of piperazine showed triplet in the range of δ 2.46- 2.69. Methyl protons of the amide functionality appeared as singlet at δ 2.12. The labile proton on amide functionality appeared as a singlet at δ 8.10. Methylene protons of glycine were seen as singlet at δ 4.20. The final compounds showed signals corresponding to four protons around δ 7.10-7.49 for the aromatic protons as a multiplet. PMR signal corresponding to four protons of the ethyl linker was observed at δ 2.60-2.70 as multiplet. Elemental (CHNS) analysis indicated that the calculated and observed values were within the acceptable limits (± 0.4%). The physical constants of these compounds are given in Table 5.5.

Table 5.5:  Physical constants of:  N-2-{4-[4-(2-substitutedthiazol-4-yl)piperazin-1-yl]-2-oxoethyl} acetamide (AG:1-7)
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	S.No.
	Code
	R
	Z
	M.P (ºC)
	Yield

(%)
	Recryst.

Solvent
	Molecular formula

	1
	AG 1
	NH2
	H
	146-148
	61
	DMF-H2O
	C19H25N5O2S

	2
	AG 2
	NHCH3
	H
	182-184
	67
	EtOH
	C20H27N5O2S

	3
	AG 3
	NH2
	CH3
	200-202
	83
	Acetone
	C20H27N5O2S

	4
	AG 4
	OH
	H
	188-200
	84
	MeOH
	C19H24N4O3S

	5
	AG 5
	CH3
	CH3
	192-194
	48
	MeOH
	C21H28N4O2S

	6
	AG 6
	NHCH3
	CH3
	208-209
	50
	DMF-H2O
	C21H29N5O2S

	7
	AG 7
	CH3
	H
	182-184
	48
	DMF-H2O
	C20H26N4O2S


5.3. In vivo Pharmacological Studies

5.3.1. Series I: 2-{4-[4-(Substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7)

5.3.1.1 D2 antagonism

Percentage inhibition (expressed as average (() ( standard error of the mean (S.E.M.)), in antagonizing dopamine D2 receptors, is calculated at 10th, 20th and 30th minutes after injecting Apomorphine hydrochloride and the results obtained are detailed in Table 5.6. The results clearly indicate that all the NCEs of series I have the capability of antagonizing mesolimbic dopaminergic D2 receptors with % inhibition varying between 45 % and 95 % at the dose level studied. A maximum of 95 % inhibition was observed in NC 3 and NC 4, while a minimum of 45 % inhibition was observed in NC 2. 

5.3.1.2 5-HT2A antagonism

Percentage inhibition (average (() ( (S.E.M.)) in antagonizing central serotonergic 5-HT2A receptors is calculated and the results obtained are detailed in Table 5.6. 

The results tabulated in Table 5.6 clearly indicate that all the NCEs of series I have the capability of antagonizing central serotonergic 5-HT2A receptors with % inhibition varying between 31 and 78 at the dose level studied. A maximum of 78 % inhibition was observed in NC 6, while a minimum of 31 % inhibition was observed in NC 1.

Table 5.6: Results of D2 and 5-HT2A antagonism of compounds of series I
	S.No.
	Code
	% D2 Inhibition (Mean ± SEM)
	% 5-HT2A Inhibition (Mean ± SEM)

	
	
	10th Min
	20th Min
	30th Min.
	

	1
	NC 1
	60 ± 10
	60 ± 10
	70  ± 12.25
	31 ± 2.37

	2
	NC 2
	70  ± 12.25
	55 ± 5
	45 ± 2
	49  ± 8.33

	3
	NC 3
	85 ± 6.12
	85 ± 10
	95 ± 5
	51 ± 1.67

	4
	NC 4
	85 ± 6.12
	95 ± 5
	80 ± 12.25
	42 ± 2.37

	5
	NC 5
	55 ± 5
	70  ± 12.25
	80 ± 12.25
	36 ± 6.26

	6
	NC 6
	70 ± 12.25
	60 ± 4.49
	70 ± 12.25
	78 ± 3.74

	7
	NC 7
	60 ± 10
	60 ± 10
	60 ± 10
	58 ± 7.25

	Risperidone
	91 ± 5
	91 ± 5
	90 ± 5
	100 ± 0


5.3.1.3 Catalepsy test

Average cataleptic time calculated after injecting NCEs at tth hour for all compounds of series I are outlined in Table 5.7. The table also describes the maximum average cataleptic time and the maximum average score for each molecule.

The results tabulated in Table 5.7 clearly indicate that the maximum average cataleptic score observed is 0 for the NCEs of series I at dose level studied indicating that all compounds are noncataleptic. Hence NCEs do not antagonize nigrostriatal dopaminergic D2 receptors. 

Table 5.7: Results of catalepsy test of compounds of series I

	S.No.
	Code
	1st Hr (s)
	2nd Hr (s)
	3rd Hr (s)
	4th Hr

(s)
	5th Hr

(s)
	Max. Avg.

cataleptic time  (s)
	Max.

Avg.

cataleptic

Score

	1
	NC 1
	2.10
	2.26
	3.12
	2.76
	1.87
	3.12
	0

	2
	NC 2
	2.24
	2.78
	4.12
	3.67
	3.12
	4.12
	0

	3
	NC 3
	2.62
	1.83
	2.78
	6.84
	3.78
	6.84
	0

	4
	NC 4
	3.48
	4.24
	2.83
	3.45
	3.82
	4.24
	0

	5
	NC 5
	5.33
	11.25
	6.84
	12.72
	8.12
	12.72
	0

	6
	NC 6
	3.12
	2.84
	2.71
	8.75
	3.52
	8.75
	0

	7
	NC 7
	6.84
	3.12
	8.75
	4.24
	9.32
	9.32
	0


The overall results of series I are summarized in Table 5.8. Compound NC6 is the most active among the synthesized compounds, as it exhibits 5-HT2A/ D2 ratio of 1.1143 and an average cataleptic score of zero (Risperidone exhibits 5-HT2A/ D2 ratio of 1.0989). Hence it satisfies all the criteria required for a compound to be atypical antipsychotic according to Meltzer’s classification. (Meltzer et al., 1989).

Table 5.8: Summary of results of in vivo pharmacological studies of series I
	S.No.
	Code
	%  5-HT2A Inhibition
	% Max.

D2 Inhibition
	5-HT2A / D2
ratio
	Max. Avg.

Cataleptic Score

	1
	NC 1
	31 ± 2.37
	70 ± 12.25
	0.44286
	0

	2
	NC 2
	49  ± 8.33
	70 ± 12.25
	0.70000
	0

	3
	NC 3
	51 ± 1.67
	95 ± 5
	0.53684
	0

	4
	NC 4
	42 ± 2.37
	95 ± 5
	0.44211
	0

	5
	NC 5
	36 ± 6.26
	80 ± 12.25
	0.45000
	0

	6
	NC 6
	78 ± 3.74
	70 ± 12.25
	1.11430
	0

	7
	NC 7
	58 ± 7.25
	60 ± 10
	0.96667
	0

	Risperidone
	100 ± 0
	91 ± 5
	1.09890
	0


5.3.2. Series II: 4-(4-(2-(4-(2-substitutedquinoxalin-3-yl) piperazin-1-yl)ethyl)phenyl) thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7)

5.3.2.1 D2 antagonism

Percentage inhibition (average (() ( (S.E.M.)), in antagonizing dopamine D2 receptors, is calculated at 10th, 20th and 30th minutes after injecting Apomorphine hydrochloride and the results obtained are detailed in Table 5.9. The results clearly indicate that all the NCEs of series II have the capability of antagonizing mesolimbic dopaminergic D2 receptors with % inhibition varying between 25 % and 95 % at the dose level studied. A maximum of 95 % inhibition was observed in QCC 6 and QCMH 3, while a minimum of 25 % inhibition was observed in QCMH 2 and QCMH 5.

5.3.2.2 5-HT2A antagonism

Percentage inhibition (expressed as average (() ( (S.E.M.)) in antagonizing central serotonergic 5-HT2A receptors is calculated and the results obtained are detailed in Table 5.9. 

The results tabulated in Table 5.9 clearly indicate that all the NCEs of series II have the capability of antagonizing central serotonergic 5-HT2A receptors with % inhibition varying between 12 % and 86 % at the dose level studied. A maximum of 86 % inhibition was observed in QCC 3, while a minimum of 12 % inhibition was observed in QCMO 1.

Table 5.9: Results of D2 and 5-HT2A antagonism of compounds of series II

	S.No.
	Code
	% D2 Inhibition (Mean ± SEM)
	% 5-HT2A Inhibition

(Mean ± SEM)

	
	
	10th Min


	20th Min


	30th Min


	

	1
	QCC1
	65 ± 10
	60 ± 10
	70  ± 9.35
	79 ± 6.90

	2
	QCC2
	60 ± 10
	80 ± 12.25
	80 ± 12.25
	41 ± 2.78

	3
	QCC3
	80 ± 6.12
	80 ± 6.12
	65 ± 10
	86± 2.78

	4
	QCC4
	60 ± 10
	60 ± 10
	50 ± 5.81
	58 ± 3.65

	5
	QCC5
	60 ± 10
	60 ± 10
	80 ± 12.25
	51 ± 5.55

	6
	QCC6
	95 ± 5
	95 ± 5
	70 ± 12.25
	81± 2.78

	7
	QCC7
	80 ± 12.25
	65 ± 6.12
	75 ± 11.18
	62 ± 1.67

	8
	QCMO1
	60 ± 10
	60 ± 6.96
	65 ± 10
	12 ± 2.78

	9
	QCMO2
	60 ± 10
	85 ± 6.12
	65 ± 8.71
	51 ± 3.74

	10
	QCMO3
	65 ± 10
	80 ± 12.25
	65 ± 8.71
	60 ± 2.37

	11
	QCMO4
	65 ± 6.12
	60 ± 10
	60 ± 10
	67 ± 2.78

	12
	QCMO5
	85 ± 6.12
	70 ± 9.35
	65 ± 6.12
	65 ± 8.53

	13
	QCMO6
	60 ± 10
	50 ± 5.81
	70 ± 12.25
	80 ± 5.02

	14
	QCMO7
	85 ± 10
	70 ± 12.25
	65 ± 6.12
	62 ± 11.23

	15
	QCMH1
	60 ± 10
	75 ± 11.18
	65 ± 6.96
	15 ± 2.78

	16
	QCMH2
	25 ± 5.81
	50 ± 5
	60 ± 10
	36 ± 6.26

	17
	QCMH3
	95 ± 5
	80 ± 12.25
	60 ± 10
	31 ± 2.37

	18
	QCMH4
	60 ± 8.71
	65 ± 10
	65 ± 10
	80 ± 3.74

	19
	QCMH5
	25 ± 5.81
	50 ± 5.81
	70 ± 12.25
	32 ± 4.95

	20
	QCMH6
	60 ± 10
	75 ± 7.91
	65 ± 10
	55 ± 5.98

	21
	QCMH7
	75 ± 11.18
	55 ± 6.58
	85 ± 10
	77 ± 4.10

	Risperidone
	91 ± 5
	91 ± 5
	90 ± 5
	100 ± 0


5.3.2.3 Catalepsy test

Average cataleptic time calculated after injecting NCEs at tth hour for all compounds of series II are outlined in Table 5.10. The table also describes the maximum average cataleptic time and the maximum average score for each molecule.

The results tabulated in Table 5.10 clearly indicate that the maximum average cataleptic score observed is either 0 or 1 for the new chemical entities of series II at dose level studied indicating that most of the compounds are noncataleptic. Among series II compounds QCC 3 and QCC 4 exhibited maximum score of 1 each indicating that these compounds exhibit catalepsy. Hence it can be concluded that all NCEs except QCC 3 and QCC 4 do not antagonize nigrostriatal dopaminergic D2 receptors. 

Table 5.10: Results of catalepsy test of compounds of series II

	S.No.
	Code
	1st Hr (s)
	2nd Hr (s)
	3rd Hr (s)
	4th Hr

(s)
	5th Hr

(s)
	Max. Avg.

cataleptic

time  (s)
	Max.

Avg.

cataleptic

Score

	1
	QCC 1
	3.11
	2.75
	7.25
	9.81
	18.24
	18.24
	0

	2
	QCC 2
	2.95
	1.75
	2.54
	2.85
	3.96
	3.96
	0

	3
	QCC 3
	5.75
	6.12
	18.75
	11.75
	23.5
	23.5
	1

	4
	QCC 4
	6.25
	23.5
	11.24
	31.25
	28.25
	28.25
	1

	5
	QCC 5
	5.45
	7.24
	9.25
	8.75
	6.79
	9.25
	0

	6
	QCC 6
	2.11
	3.16
	3.75
	5.54
	8.12
	8.12
	0

	7
	QCC 7
	3.25
	2.75
	2.45
	2.88
	1.75
	3.25
	0

	8
	QCMO 1
	3.41
	3.71
	14.12
	12.72
	4.24
	14.12
	0

	9
	QCMO 2
	5.17
	5.56
	10.58
	10.67
	4.83
	10.67
	0

	10
	QCMO 3
	3.33
	1.83
	12.64
	10.78
	9.64
	10.78
	0

	11
	QCMO 4
	3.12
	7.90
	4.95
	4.11
	3.25
	7.90
	0

	12
	QCMO 5
	1.78
	5.17
	5.33
	11.25
	5.67
	11.25
	0

	13
	QCMO 6
	2.25
	2.12
	2.77
	3.12
	2.54
	3.12
	0

	14
	QCMO 7
	2.51
	6.25
	2.76
	3.17
	2.71
	6.25
	0

	15
	QCMH 1
	3.42
	2.76
	9.21
	4.75
	3.76
	9.21
	0

	16
	QCMH 2
	2.48
	4.61
	3.25
	9.32
	4.28
	9.32
	0

	17
	QCMH 3
	1.98
	2.61
	2.12
	3.11
	2.64
	2.64
	0

	18
	QCMH 4
	2.12
	1.98
	2.62
	3.12
	3.19
	3.19
	0

	19
	QCMH 5
	4.61
	6.79
	3.42
	9.32
	7.24
	9.32
	0

	20
	QCMH 6
	1.88
	3.64
	3.75
	3.88
	2.33
	3.88
	0

	21
	QCMH 7
	1.83
	1.67
	5.17
	4.83
	1.87
	5.17
	0


The overall results of series II are summarized in Table 5.11. Compound QCMH 4 is the most active one among the synthesized compounds, as it exhibits 5-HT2A/ D2 ratio of 1.23 and an average cataleptic score of zero. Hence this compound satisfies all the criteria required for a molecule to be atypical antipsychotic according to Meltzer’s classification. (Meltzer et al., 1989). Apart from QCMH 4, QCM O6 and QCC 1 with 5-HT2A/ D2 ratio of 1.14 and 1.129 respectively satisfies the criteria required for atypical antipsychotics. Moreover, these compounds do not possess any cataleptic effect as well (Risperidone exhibits 5-HT2A/ D2 ratio of 1.0989).

Table 5.11: Summary of results of in vivo pharmacological studies of series II
	S.No.
	Code
	%  5-HT2A Inhibition
	% Max. 

D2 Inhibition
	5-HT2A / D2
ratio
	Max. Avg. 

Cataleptic Score

	1
	QCC 1
	79 ± 6.90
	70 ± 9.35
	1.12857
	0

	2
	QCC 2
	41 ± 2.78
	80 ± 12.25
	0.51250
	0

	3
	QCC 3
	86± 2.78
	80 ± 6.12
	1.07500
	1

	4
	QCC 4
	58 ± 3.65
	60 ± 10
	0.96667
	1

	5
	QCC 5
	51 ± 5.55
	80 ± 12.25
	0.63750
	0

	6
	QCC 6
	81± 2.78
	95 ± 5
	0.85260
	0

	7
	QCC 7
	62 ± 1.67
	80 ± 12.25
	0.77500
	0

	8
	QCMO 1
	12 ± 2.78
	65 ± 10
	0.18462
	0

	9
	QCMO 2
	51 ± 3.74
	85 ± 6.12
	0.60000
	0

	10
	QCMO 3
	60 ± 2.37
	80 ± 12.25
	0.75000
	0

	11
	QCMO 4
	67 ± 2.78
	65 ± 6.12
	1.03077
	0

	12
	QCMO 5
	65 ± 8.53
	85 ± 6.12
	0.76470
	0

	13
	QCMO 6
	80 ± 5.02
	70 ± 12.25
	1.14286
	0

	14
	QCMO 7
	62 ± 11.23
	85 ± 10
	0.72941
	0

	15
	QCMH 1
	15 ± 2.78
	75 ± 11.18
	0.20000
	0

	16
	QCMH 2
	36 ± 6.26
	60 ± 10
	0.60000
	0

	17
	QCMH 3
	31 ± 2.37
	95 ± 5
	0.32632
	0

	18
	QCMH 4
	80 ± 3.74
	65 ± 10
	1.23077
	0

	19
	QCMH 5
	32 ± 4.95
	70 ± 12.25
	0.45714
	0

	20
	QCMH 6
	55 ± 5.98
	75 ± 7.91
	0.73333
	0

	21
	QCMH 7
	77 ± 4.10
	85 ± 10
	0.90589
	0

	Risperidone
	100 ± 0
	91 ± 5
	1.09890
	0


5.3.3 Series III a:  N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7)

5.3.3.1 D2 antagonism

Percentage inhibition (expressed as average (() ( standard error of the mean (S.E.M.)), in antagonizing dopamine D2 receptors, is calculated at 10th, 20th and 30th minutes after injecting Apomorphine hydrochloride and the results obtained are detailed in Table 5.12. The results clearly indicate that all the NCEs of series III a have the capability of antagonizing mesolimbic dopaminergic D2 receptors with % inhibition varying between 55 % and 95 % at the dose level studied. A maximum of 95 % inhibition was observed in P 1, while a minimum of 55 % inhibition was observed in P 3.

5.3.3.2 5-HT2A antagonism

Percentage inhibition (expressed as ( ( S.E.M.) in antagonizing central serotonergic 5-HT2A receptors is calculated and the results obtained are detailed in Table 5.12. 

The results tabulated in Table 5.12 clearly indicate that all the NCEs of series III a have the capability of antagonizing central serotonergic 5-HT2A receptors with % inhibition varying between 29 and 71 at the dose level studied. A maximum of 71 % inhibition was observed in P 2, while a minimum of 29 % inhibition was observed in P 3.

Table 5.12: Results of D2 and 5-HT2A antagonism of compounds of series IIIa
	S.No.
	Code
	% D2 Inhibition (Mean ± SEM)
	% 5-HT2A Inhibition

(Mean ± SEM)

	
	
	10th Min


	20th Min


	30th Min


	

	1
	P1
	65 ± 6.12
	65 ± 6.12
	95  ± 10
	67 ± 2.78

	2
	P2
	85 ± 10
	80 ± 12.25
	85 ± 6.12
	71 ± 2.37

	3
	P3
	60 ± 10
	65 ± 6.12
	55 ± 10
	29 ± 6.43

	4
	P4
	60 ± 10
	70 ± 12.25
	75 ± 11.18
	64 ± 2.78

	5
	P5
	85 ± 6.12
	70 ± 12.25
	65 ± 6.12
	62 ± 5.02

	6
	P6
	80 ± 9.35
	60 ± 10
	70 ± 12.25
	58 ± 7.25

	7
	P7
	85 ± 10
	60 ± 10
	65 ± 10
	70 ± 3.65

	Risperidone
	91 ± 5
	91 ± 5
	90 ± 5
	100 ± 0


5.3.3.3 Catalepsy test

Average cataleptic time calculated after injecting NCEs at tth hour for all compounds of series III a are outlined in Table 5.13. The table also describes the maximum average cataleptic time and the maximum average score for each molecule.

The results tabulated in Table 5.13 clearly indicate that the maximum average cataleptic score observed is either 0 or 1 for the new chemical entities of series III a at dose level studied indicating that most of the compounds are noncataleptic. Among the compounds of series IIIa only P 3 exhibited maximum average score of 1 indicating that it may exhibit catalepsy. Hence all NCEs except P 3 do not antagonize nigrostriatal dopaminergic D2 receptors. 

Table 5.13: Results of catalepsy test of compounds of series III a
	S.No.
	Code
	1st Hr (s)
	2nd Hr (s)
	3rd Hr (s)
	4th Hr (s)
	5th Hr

(s)
	Max. Avg.

cataleptic

time  (s)
	Max.

Avg.

cataleptic

Score

	1
	P1
	2.60
	2.48
	5.60
	8.22
	7.17
	8.22
	0

	2
	P2
	2.54
	5.75
	6.25
	6.52
	7.11
	7.11
	0

	3
	P3
	17.11
	14.52
	13.25
	26.4
	28.52
	28.52
	1

	4
	P4
	12.24
	8.53
	8.75
	6.92
	11.22
	12.24
	0

	5
	P5
	3.23
	4.42
	4.24
	7.48
	8.17
	8.17
	0

	6
	P6
	2.11
	7.82
	10.51
	10.10
	7.23
	10.51
	0

	7
	P7
	3.11
	2.85
	3.11
	5.15
	8.75
	8.75
	0


The overall results of series IIIa are summarized in Table 5.14. Compound P 4 is the most active one among the synthesized compounds, as it exhibits 5-HT2A/ D2 ratio of 0.853 and an average cataleptic score of zero (Risperidone exhibits 5-HT2A/ D2 ratio of 1.0989). P 4 does not satisfy the criteria required for a molecule to be atypical antipsychotic according to Meltzer’s classification. (Meltzer et al., 1989). Hence P 4 is not an atypical antipsychotic though it does not cause catalepsy. 

Table 5.14: Summary of results of in vivo pharmacological studies of series III a
	S.No.
	Code
	%  5-HT2A Inhibition
	% Max.

D2 Inhibition
	5-HT2A / D2
ratio
	Max. Avg.

Cataleptic Score

	1
	P1
	67 ± 2.78
	95 ± 10
	0.70526
	0

	2
	P2
	71 ± 2.37
	85 ± 6.12
	0.83529
	0

	3
	P3
	29 ± 6.43
	65 ± 6.12
	0.44615
	1

	4
	P4
	64 ± 2.78
	75 ± 11.18
	0.85333
	0

	5
	P5
	62 ± 5.02
	85 ± 6.12
	0.72941
	0

	6
	P6
	58 ± 7.25
	80 ± 9.35
	0.72500
	0

	7
	P7
	70 ± 3.65
	85 ± 10
	0.82353
	0

	Risperidone
	100 ± 0
	91 ± 5
	1.09890
	0


5.3.4 Series IIIb: N-2-(4-(4-(2-substitutedthiazol-4-yl)piperazin-1-yl)-2-oxoethyl)acetamide (AG:1-7)

5.3.4.1 D2 antagonism

Percentage inhibition (expressed as average (() ( standard error of the mean (S.E.M.)), in antagonizing dopamine D2 receptors, is calculated at 10th, 20th and 30th minutes after injecting Apomorphine hydrochloride and the results obtained are detailed in Table 5.15. The results clearly indicate that all the NCEs of series III b have the capability of antagonizing mesolimbic dopaminergic D2 receptors with % inhibition varying between 50 % and 90 % at the dose level studied. A maximum of 90 % inhibition was observed in AG 1, while a minimum of 50 % inhibition was observed in AG 2.

5.3.4.2 5-HT2A antagonism

Percentage inhibition (expressed as average (() ( standard error of the mean (S.E.M.)) in antagonizing central serotonergic 5-HT2A receptors is calculated and the results obtained are detailed in Table 5.15. 

The results tabulated in Table 5.15 clearly indicate that all the NCEs of series III b have the capability of antagonizing central serotonergic 5-HT2A receptors with % inhibition varying between 20 and 80 at the dose level studied. A maximum of 80 % inhibition was observed in AG 4, while a minimum of 20 % inhibition was observed in AG 7.

Table 5.15: Results of D2 and 5-HT2A antagonism of compounds of series III b

	S.No.
	Code
	% D2 Inhibition (Mean ± SEM)
	% 5-HT2A Inhibition

(Mean ± SEM)

	
	
	10th Min
	20th Min
	30th Min
	

	1
	AG1
	85 ± 10
	65 ± 6.12
	90  ± 6.12
	22 ± 5.55

	2
	AG2
	60 ± 10
	50 ± 10
	60 ± 10
	54 ± 5.29

	3
	AG3
	70 ± 12.25
	65 ± 6.12
	60 ± 10
	79 ± 2.78

	4
	AG4
	75 ± 9.35
	65 ± 6.12
	65 ± 6.12
	80 ± 6.90

	5
	AG5
	65 ± 6.12
	65 ± 6.12
	80 ± 9.35
	71 ± 6.26

	6
	AG6
	70 ± 12.25
	70 ± 12.25
	85 ± 6.12
	67 ± 2.78

	7
	AG7
	70 ± 12.25
	65 ± 6.12
	70 ± 12.25
	20 ± 6.43

	Risperidone
	91 ± 5
	91 ± 5
	90 ± 5
	100 ± 0


5.3.4.3 Catalepsy test
Average cataleptic time calculated after injecting NCEs at tth hour for all compounds of series III b are outlined in Table 5.16. The table also describes the maximum average cataleptic time and the maximum average score for each molecule.

The results tabulated in Table 5.16 clearly indicate that the maximum average cataleptic score observed is 0 for the new chemical entities of series III b at dose level studied indicating that all compounds are noncataleptic. Hence it can be concluded that NCEs do not antagonize nigrostriatal dopaminergic D2 receptors. 

Table 5.16: Results of catalepsy test of compounds of series III b

	S.No.
	Code
	1st Hr (s)
	2nd Hr (s)
	3rd Hr (s)
	4th Hr (s)
	5th Hr (s)
	Max. Avg.

cataleptic

Time (s)
	Max. Avg. cataleptic

Score

	1
	AG1
	3.78
	3.64
	6.12
	16.74
	3.12
	16.74
	0

	2
	AG2
	2.47
	3.14
	8.78
	16.54
	10.24
	16.54
	0

	3
	AG3
	2.67
	3.12
	5.61
	8.71
	6.22
	8.71
	0

	4
	AG4
	2.75
	3.67
	3.34
	3.12
	3.0
	3.67
	0

	5
	AG5
	2.89
	3.12
	4.62
	4.78
	5.12
	5.12
	0

	6
	AG6
	1.88
	2.50
	2.78
	3.14
	3.89
	3.89
	0

	7
	AG7
	2.12
	2.67
	3.67
	4.62
	3.71
	4.62
	0


The overall results of series III b are summarized in Table 5.17. Compound AG 3 is the most active one among the synthesized compounds, as it exhibits 5-HT2A/ D2 ratio of 1.128 and an average cataleptic score of zero (Risperidone exhibits 5-HT2A/ D2 ratio of 1.0989). Hence this compound satisfies all the criteria required for a molecule to be atypical antipsychotic according to Meltzer’s classification. (Meltzer et al., 1989). 

Table 5.17: Summary of results of in vivo pharmacological studies of series III b
	S.No.
	Code
	%  5-HT2A Inhibition
	% Max.

D2 Inhibition
	5-HT2A / D2
ratio
	Max. Avg.

Cataleptic Score

	1
	AG1
	22 ± 5.55
	90 ± 6.12
	0.24444
	0

	2
	AG2
	54 ± 5.29
	60 ± 10
	0.90000
	0

	3
	AG3
	79 ± 2.78
	70 ± 12.25
	1.12857
	0

	4
	AG4
	80 ± 6.90
	75 ± 9.35
	1.06667
	0

	5
	AG5
	71 ± 6.26
	80 ± 9.35
	0.8875
	0

	6
	AG6
	67 ± 2.78
	85 ± 11.12
	0.78883
	0

	7
	AG7
	20 ± 6.43
	70 ± 12.25
	0.28572
	0

	Risperidone
	100 ± 0
	91 ± 5
	1.09890
	0


5.4. In vitro Pharmacological Studies

Some of the synthesized molecules of series I and series II were evaluated for their binding affinity at 5-HT2A receptors and D2 receptors using radio ligand binding assays. 

In series I, NC6 was found to be the most active one among the compounds screened for receptor binding affinity. It showed Ki of 6.33 μM towards D2 receptor and 11.2 μM towards 5-HT2A receptor. Similarly, NC 3 was found to be have Ki of 14.2 μM towards 5-HT2A whereas it has 8.47 μM affinity at D2 receptor.  In series II, QCMO 7 was found to be the most active one among the compounds screened for receptor binding affinity. It showed Ki of 1.34 μM towards D2 receptor and 1.58 μM towards 5-HT2A receptor. Some of the compounds of series II displayed higher binding affinity at 5-HT2A receptors than D2 receptors. QCMO 1 was found to have Ki of 1.75 μM towards 5-HT2A whereas it has only 42.3 μM affinity at D2 receptor. Similarly QCMH 7 was found to have Ki of 2.87 μM towards 5-HT2A whereas it has only 18.27 μM affinity at D2 receptor. Results of receptor binding profiles of compounds of series I and series II are summarized in Table 5.18

Table 5.18: Results of receptor binding profile of selected synthesized compounds
	S.No.
	Code
	Ki ± SD (μM)

	
	
	D2
	5-HT2A

	1
	NC 3
	8.47 ± 0.55
	14.2 ± 2.32

	2
	NC 6
	6.33 ± 0.55
	11.2 ± 2.32

	4
	QCC 1
	19.3 ± 1.29
	74.5  ± 19.36

	5
	QCC 2
	14.2 ± 2.28
	32.6 ± 7.56

	6
	QCC 3
	11.3 ± 0.98
	64.8 ± 17.8

	7
	QCC 6
	8.64 ± 3.17
	54.6 ± 8.78

	8
	QCC 7
	18.72 ± 2.09
	80 ± 11.28

	9
	QCMO 1
	42.3 ± 9.49
	1.75 ± 0.48

	10
	QCMO 2
	36.48 ± 11.43
	16.43 ± 1.90

	11
	QCMO 3
	29.4 ± 1.79
	74.4  ± 16.4

	12
	QCMO 4
	89.4 ± 13.54
	69.2 ± 17.2

	13
	QCMO 5
	33.79 ± 9.77
	108 ± 16.98

	14
	QCMO 6
	89.2 ± 18.69
	39.4 ± 7.28

	15
	QCMO 7
	1.34 ± 0.69
	1.58 ± 0.94

	16
	QCMH 1
	63.4 ± 7.32
	28.4 ± 7.32

	17
	QCMH 2
	48  ± 17.9
	39.4 ± 10.66

	18
	QCMH 3
	88.1 ± 16.29
	74.2 ± 9.08

	19
	QCMH 5
	158 ± 19.37
	92 ± 15.74

	20
	QCMH 7
	18.27 ± 5.04
	2.87 ± 0.34

	Mianserin
	-
	0.76 ± 0.04 (nM)

	Haloperidol
	5.01 ± 0.20 (nM)
	-





CHAPTER VI

DEVELOPMENT OF PHARMACOPHORE MODEL

6.1 Pharmacophores as Virtual Screening Tools

The pharmacophore concept has been widely used over the past decades for rational drug design approaches and has now been routinely incorporated into a virtual screening strategy. A pharmacophore (pharmacophore model, pharmacophoric pattern) has often been considered as the ensemble of steric and electrostatic features of different compounds which are necessary to ensure optimal supramolecular interactions with a specific biological target structure and to trigger or to block its biological response (Kahn et al., 1996). 

When the 3D structure of the protein target has not been characterized, and/or when a certain number of ligands (with or without associated binding affinity) are available, pharmacophore models can be developed and used as search queries for virtual screening (VS) of databases. Pharmacophore models may range from sub-structural type pharmacophores (Engelgau et al., 2004) to feature-based pharmacophores, in the latter the pharmacophoric points are represented by chemical features like hydrogen-bond acceptors/donors, hydrophobic points, acidic or basic features etc. Moreover when the necessity occurs to move to the 3D level, VS has to deal with enhanced complexity with regard to functionality and flexibility of compounds, which requires more sophisticated tools for analyzing this type of data. For implementation of this concept into VS, the chemical function based approach is the most generic one. The originality of this type of pharmacophores mostly resides in the fact that their definition is general and represents the different types of interactions between organic compounds and proteins. The utility of such models as queries for 3D database search has been recently reviewed (DeFronzo, 1997). Such pharmacophores can be generated indifferently from ligand sets or from an active site structure. 

6.1.1 Advantages of pharmacophores as virtual screening tools

Pharmacophore models represent one of the fastest methods for 3D VS. In addition, the strength of this type of pharmacophore models is in their general definition of the pharmacophoric points. The chemical function character allows one to search for very diverse structural scaffolds since multiple structural elements can express the same chemical function.

6.1.2 Disadvantages of Pharmacophores as virtual screening tools

The limitations are that the query may rapidly become over-defined. It is often the case that a typical three- or four-point pharmacophore will be too restrictive and yield few interesting hits, whereas a slightly more open-ended query may yield too many hits. Either way, the problem with managing the hit list is that there is usually no effective way of ranking or scoring the hits, other than methods based on evaluation of similarity to the initial ligands. Therefore, there is a tendency for pharmacophore searches to yield solutions similar to those already known, rather than well-focused set of novel solutions.

6.2 Objective of the Present Studies

In the absence of a 3D structure for a particular receptor protein of therapeutic interest, drug discovery and design efforts are often based on a model inferred from the different ligands that bind to it. Ligand-based drug design approach depends on a principle, which states that structurally similar compounds are more likely to exhibit similar properties. As very little information is known about the crystal structure of 5-HT2A receptor, receptor based virtual screening cannot be performed efficiently. Thus, ligand based drug design appears to be the best choice based on which several compounds can be designed. It can aid in the identification of the common 3D features present in diverse compounds that act at the same biological target. The aim of this work hence is to derive feature-based 3D model from a small set of atypical antipsychotics and evaluate certain synthesized antipyschotics using HipHop module of CATALYST 4.11. In the absence of information like crystal structure of 5-HT2A receptor and binding mode of antipsychotics with 5-HT2A receptor, this hypothesis would serve as a potentially valuable tool in the design of novel atypical antipsychotics acting primarily at 5-HT2A and D2 receptors.

6.3 Methods for Pharmacophore Generation

There are two ways to deduce a pharmacophore: direct and indirect methods. The former uses both ligand and receptor information, while the latter employs only a collection of ligands that have been experimentally observed to interact with a given receptor. Indirect methods can be used even in the absence of structure of receptor and hence are more advantageous in present scenario where the crystal structures of less than 10 % of drug targets are available. However, direct methods are becoming extremely important with rapidly increasing number of known protein structures. Once identified, a pharmacophore model is a versatile tool for the discovery and development of new lead compounds.

6.4 Steps in Identifying a Pharmacophore

In general, all algorithms for pharmacophore identification utilize the following six steps: 

(i) Input 




(ii) Conformational Search 



(iii) Feature extraction 


(iv) Structure Representation 



(v) Pattern Identification and 

(vi) Scoring 

6.4.1 Inputs required for pharmacophore identification

Selecting the ligands that will be used in the pharmacophore analysis will have a huge impact on the resulting pharmacophore model. In this context, three issues (Table 6.1) that should be considered are: the type of the ligand compounds, the size of the data set and its diversity.

6.4.1.1 Ligand Type

A major application of pharmacophores is in their use as queries (in the preliminary screening layer) for the elimination of inactives, which also implies prioritization of actives. Hence the development of such models often, referred to as common feature pharmacophores, requires the input of a set of compounds that share the same activity.

Table 6.1: Summary of the inputs required for pharmacophore identification

	Ligand Type


	Date Set size
	Data Set Diversity

	Generally only active compounds are considered.

Few softwares recently included inactive as well.
	Generally less than 100


	As diverse as possible, however very diverse compounds may bind at different binding sites.


However, in the recent years it is increasingly clear that models that are trained using just the data of actives are incapable of discriminating between actives and inactives. Hence, subsequent attempts to improvise this methodology focused on including the data from inactives as well into the training set. Finally a third type of model, the predictive pharmacophoric model can be developed in cases where a range of activity data exists for the training set compounds.

Table 6.2: Type of ligand input types required for pharmacophore identification
	Only active compounds


	Both actives and inactives


	Range of activities

	All the input ligands are considered to be active and share the same activity


	Information about inactives is included to indicate structural features important for activity
	Can be used to derive a predictive pharmacophore model




6.4.1.2. Data Set Size

Most of the currently available methods are designed to handle small data sets, which are composed of less than 100 ligands. This is usually a reasonable limitation especially at the early stages of the project when a large data set of ligands is unavailable. 

6.4.1.3. Data Set Diversity

In order to get an accurate pharmacophore model, the data set should be as diverse as possible. This will allow identifying features that are most critical for the binding. However, it is important that the outliers will not have a high influence on the obtained model. In addition, one should remember that very different ligands may bind at different binding sites and this may lead to a wrong pharmacophore model (Smellie et al., 1995a).

6.4.2 Conformational Search

The pharmacophore identification problem is complicated substantially by the fact that ligands are very flexible compounds. That is, they possess many internal degrees of freedom. The most common one is the rotation of molecular parts around a connecting single bond (Smellie et al., 1995a and 1995b). As a result, a ligand may have many possible conformations. Each conformation may bind differently in the active site of the considered receptor. Thus, all the conformations of each input ligand have to be considered during a search for a pharmacophore. 

6.4.3 Feature Extraction

In order to perform pharmacophore analyses relevant features in a compound need to be identified. This can be achieved through set of predefined atom types with optionally additional centroid “dummy” atoms (Smellie et al., 1995a and 1995b) or topological substructural definitions at search time or function based pharmacophoric features.

Table 6. 3: Some of the most commonly used features in pharmacophore identification

	Atom-Based


	Topological-Based


	Function-Based

	The 3D position of atom, associated with the atom type is used.
	Topological features or substructures are used


	Chemical functional features are used to describe the pharmacophore.  


There are three main levels of resolution for defining the features: 

· Atom-Based: One of the simplest ways to define a feature is by the 3D position of an atom, associated with the atom type. 

· Topological-Based: In some methods the atoms are grouped into topological features like phenyl ring and carbonyl group.

· Function-Based: In other methods the atoms are grouped into chemical functional features that describe the kind of interactions important for ligand-receptor binding. The most common functional groups are:

1. Hydrogen bond acceptor, for example carbonyl, aliphatic ether and hydroxyl

2. Hydrogen bond donor, such as primary/secondary amide, aniline nitrogens and hydroxyl

3. Base (positively charged at physiological pH 7), for example sp3 N aliphatic amines, hydrazines, guanidines and 2/4-amino pyridines.

4. Acid (negatively charged at physiological pH 7), such as carboxylic acid, acyl sulfonamide, unsubstituted tetrazole and occasionally phenols.

5. Aromatic ring, generally (but not always) in the form of ring centroids.

6. Hydrophobic group, for example certain 5 or 6 membered aromatic rings, isopropyl, various butyl groups etc.

The difference between the topological representation and the functional representation is that the resolution of the functional features is lower. For example, a phenyl ring is only one specific type of aromatic ring. Several topological features may have the same chemical function and thus can be classified as the same functional feature. It is also to be noted that the functional features are not mutually exclusive. For example, hydroxyl oxygen can be classified as both a hydrogen-bond acceptor and donor. In addition, hydrogen-bond acceptor can also be negatively charged. 

6.4.4 Structure Representation

For each ligand structure the selected features are combined to form a representation of the whole structure. 

6.4.5 Pattern Identification

The various stages involved in the identification of common feature pharmacophores are
a. The constructive stage identifies pharmacophore candidates that are common among the most active set of ligands. This is done in the following way: First the set of maximum eight most active compounds is determined. Then, all pharmacophore candidates consisting of up to five features between the two most active ligands are identified by a pruned exhaustive search on all their conformations. Finally, only pharmacophore candidates which fit a minimum subset of features of the remaining most active compounds are retained. The resulting pharmacophore candidates are influenced by the diversity of the data set. 

b. The subtractive stage removes those pharmacophore candidates constructed in the previous stage that are also present in more than half of the least active ligands.

c. The optimization stage attempts to improve the score of the pharmacophore candidates that pass the subtractive stage by simulated annealing.

6.4.6 Scoring

In this stage, the pharmacophore candidates are scored and ranked, which are obtained from the previous stages. The basic requirement from a scoring scheme is that the higher the scoring, the less likely it is that the ligands satisfy the pharmacophore model by a chance correlation. The size of the pharmacophore candidates can sometimes be misleading as a score. In HipHop the scoring scheme can account for partial fits. Specifically, pharmacophore candidates are ranked based on the portion of input ligands that fit the proposed pharmacophore model. Furthermore, the scoring function takes into account the infrequent and the exceptional features of the compounds (Smellie et al., 1995b). 

6.5 Materials and Methods 

6.5.1 Rational selection of test and training sets

A pharmacophore is a set of structural features including 3D (hydrophobic groups, charged/ionizable groups, hydrogen bond donor/acceptors, etc), 2D (substructures), and 1D (physical and biological properties) aspects that are considered to be responsible for the compound's biological activity. The most critical aspect in the generation of the pharmacophore hypothesis using CATALYST 4.11 (CATALYST, 2006) is selection of the training set. Some basic guidelines have been followed for the selection of training set e.g. a minimum of 10-12 diverse compounds have been selected to avoid any chance correlation; the compounds are selected to provide clear, concise information to avoid redundancy or bias in terms of both structural features and activity range and the most of the highly active compounds are included so that they provide information on the most critical features required for a reliable/rational pharmacophore model. The series of marketed and preclinical atypical antipsychotics consisting of 17 compounds were chosen as training and test sets for the present study (Horacek et al., 2006; Meltzer et al., 1989; Amitabh et al., 1989).  The training set consisting of 12 compounds was selected considering the above guidelines while 5 compounds were taken for test set for further validation of the pharmacophore model (Table 6.4) (John et al., 1991; Srinivas et al., 1999; Bolos et al., 1996; Bolos et al., 1998).  A set of synthesized compounds was chosen and a pharmacophore hypothesis was developed and validated (Fig. 6.1). 

Table 6.4: Receptor affinities of atypical antipsychotics used as training and test sets

	No.
	Name
	
	Receptor Affinity (Ki  / IC50 in nM)

	
	
	
	D2 receptor
	5-HT2A receptor

	1
	Iloperdione
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	2
	Ziprasidone
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	3
	Sertindole
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	4
	Risperidone
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	0.55

	5
	Olanzapine
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	6
	Clozapine
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	7
	Quetiapine
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	8
	Amisulpride
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	9
	Aripiprazole
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	10
	Melperonea
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	11
	Tiosperone
	
[image: image88.wmf]N

S

N

N

N

O

O


	1.59
	0.063

	12
	Zotepine
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	16
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	17
	-
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a Melperone is classified as a conventional antipsychotic but its low affinity for D2  receptors gives it a clinical profile similar to that of atypical agents.

* ED50 values in mg/kg (p.o) for inhibition of Apomorphine-induced climbing behavior in mice.

# ED50 values in mg/kg (p.o) for inhibition of Apomorphine-induced hyperactivity in mice
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Fig. 6.1: Synthesized compounds selected for pharmacophore hypothesis
6.5.2 Computational Methods 

All molecular modeling studies were performed using CATALYST 4.11. All the structures were built and geometry optimized using CHARMm force field implemented in the program. The conformations were generated using maximum limit of 255 conformations within a 20 kcal cutoff for the common feature pharmacophore generation using the HipHop module (Smellie et al., 1995a; Brooks et al., 1983).

Considering the prospects of atypical antipsychotics as potential agents for the treatment of schizophrenia, we have generated a pharmacophore model of atypical antipsychotics acting at 5HT2A and D2 receptors. Here the quantitative activity of the compounds is not taken into consideration for hypothesis generation, rather hypotheses are produced by comparing a set of conformational models and a number of 3D configurations of chemical features of training set compounds (Kurogi et al., 2001). 
CATALYST was used to automatically generate conformational models for each compound. Conformation generating algorithms were adjusted to produce a diverse set of conformations, avoiding repetitious groups of conformations all representing local minima. The conformations generated were used to align common molecular features and generate pharmacophore hypotheses. HipHop was employed to generate conformations to align chemically important functional groups common to the compounds in the test set and generate a pharmacophore hypothesis from these aligned structures. The models showed a conformational diversity under the constraint of 20 kcal/mol energy threshold above the estimated global minimum based on the CHARMm force field. CATALYST provides two types of conformational analysis: fast and best quality. Best option was used, specifying 255 as maximum number of conformers (Smellie et al., 1995a; Smellie et al., 1995b). The compounds associated with conformational model were submitted to CATALYST hypothesis generation. Hypotheses approximating the pharmacophore were described as a set of features distributed within a 3D space. This process only considered surface accessible functions such as hydrogen-bond acceptor (HBA), hydrogen-bond acceptor lipid (HBAl), hydrogen-bond donor (HBD), hydrophobic (HY), Ring aromatic (RA), and positive ionizable (PI).

The pharmacophore model was generated for atypical antipsychotics from training set of twelve compounds using HipHop method. HipHop provides feature-based alignment of a group of compounds without considering activity. It matches the chemical features of a compound, against drug candidates. HipHop utilizes a collection of conformational models of compounds and a selection of chemical features, and produces a series of molecular alignments. HipHop also maps partial features of compounds in the alignment set. This provision gives the option to use partial mapping during the alignment. Partial mapping allows to identify larger, more diverse, more significant hypotheses and alignment models without risk of missing compounds that do not map to all of pharmacophore features  (Kurogi et al., 2001; Purushottamachara et al., 2007; Hirashima et al., 2002).

In model generation methodology, highest weight was assigned to most active compound for e.g. 1 (Iloperidone) in the training set. This was achieved by assigning a value of 2 (which ensures that all of the chemical features in the compound will be considered in building hypothesis) and 0 (which forces mapping of all features of the compound) in the Principal and Maximum Omitting Features columns, respectively (Table 6.5). A value of 1 for principle column ensures that at least one mapping for each of generated hypotheses will be found, and a value of 1 for maximum omitting features column ensures that all but one feature must map for all other compounds in the training set. All other parameters were kept at default settings. In absence of activity data, all features of training set of compounds were taken as reference compound data in such a way that it would satisfy features of all compounds (Purushottamachara et al., 2007; Hirashima et al., 2002). 

Table 6.5: Characteristics for the common feature hypothesis run.

	Compound
	Principala
	MaxOmitFeatb

	1
	1
	0

	2
	2
	1

	3
	1
	1

	4
	1
	0

	5
	1
	0

	6
	2
	1

	7
	2
	1

	8
	2
	1

	9
	1
	0

	10
	2
	1

	11
	2
	1

	12
	2
	1


aPrincipal=1 means that this compound must map onto the hypotheses generated by the search procedure. Partial mapping is allowed. Principal=2 means that this is a reference compound. The chemical feature space of the conformers of such a compound is used to define the initial set of potential hypotheses.

bMaxOmitFeat = 1 means a feature of a compound may not be mapped to a hypothesis model. 

MaxOmitFeat=0 means all features of a compound are mapped to a hypothesis model.

6.6 Results and Discussion 

6.6.1 Common feature-based pharmacophore model

From HipHop method, 10 hypotheses were generated based on the test set of compounds and had scores ranging from 130.613 to 117.05 (Table 6.6). This small range of ranking score and same features in all hypotheses suggests that the same five features are spatially arranged almost similar way in all hypotheses. Also the compounds of the training set were mapped on to each of the hypotheses and checked for fit values. Hypothesis model has five features, and hence, the maximum fit value of any ligand alignment with this model would be at most 5.0. As all the hypotheses had same features, selection of best hypothesis was done based on the rank and fit value of test and training sets. Fit values and relative energies of compounds of training set are tabulated in Table 6.7. Among the hypotheses, Hypothesis 1 (Hypo1) of rank 130.613 is taken as best hypothesis. All compounds (both test and training sets) were in energy-minimized conformations. The pharmacophore model developed is also validated using some of the synthesized compounds apart from validating it using test set compounds.

 Table 6.6: Results of the common feature hypothesis run.

	Hypothesis
	Featurea
	Rank
	Direct hit maskb
	Partial hit maskc

	1
	RZZHH
	130.613
	111111011111
	000000100000

	2
	RZZHH
	127.432
	111111011111
	000000100000

	3
	RZZHH
	123.901
	111111011111
	000000100000

	4
	RZZHH
	122.775
	111111011111
	000000100000

	5
	RZZHH
	120.592
	111111011111
	000000100000

	6
	RZZHH
	119.758
	111111011111
	000000100000

	7
	RZZHH
	119.102
	111111011111
	000000100000

	8
	RZZHH
	119.027
	111111011111
	000000100000

	9
	RZZHH
	117.050
	111111011111
	000000100000

	10
	RZZHH
	117.050
	111111011111
	000000100000


aFeature; H: Hydrophobic (HY); Z: Hydrogen bond acceptor-lipid (HBAl);  R: Ring aromatic (RA)

bDirect hit mask, all the features of the hypothesis are mapped. (1) indicates every feature of training set compound is mapped; (0) indicates 1 or more features were not mapped. 

cPartial hit mask, partial mapping of the compounds. (0) indicates every feature of training set compound is mapped; (1) indicates 1 or more features were not mapped. 

Table 6.7: Fit value and relative energy of compounds of training set (1-12)

	Compound
	Fit Value
	Rel. Energy

(k.cal/mol)

	1
	1.17372
	0

	2
	5
	10.2928

	3
	0.992479
	1.94253

	4
	3.18318
	0.58226

	5
	1.75273
	4.23418

	6
	0
	0.83068

	7
	2.59594
	8.08091

	8
	2.49453
	10.0338

	9
	3.30403
	8.02029

	10
	3.7649
	6.83396

	11
	4.0615
	0.65602

	12
	3.8421
	9.48007


The selected pharmacophore model Hypo1 totally contained five chemical features namely two hydrophobic (HY-1 & HY-2), two hydrogen bond acceptors-lipid (HBAl-1 & HBAl-2) and one aromatic ring (RA) (Fig.6.2). The distances between the features in Å are tabulated (Table 6.8).
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Fig. 6.2. Common feature-based (HipHop) pharmacophore model Hypo1 for atypical antipsychotics. 

The Model (Hypo1) contains five features: two hydrophobic (cyan), two hydrogen bond acceptor-lipid (green), and one aromatic ring (yellow) & distance between chemical features in Å unit. 

# For clarity, distances between Hydrophobic group (HY-2) and other features are not shown. 

Table 6.8: The distances between various features in Å

	Feature
	HY-1
	HY-2
	HBAl-1
	HBAl-2
	RA

	HY-1
	-
	8.630
	3.539
	6.844
	8.630

	HY-2
	8.818
	-
	8.317
	4.419
	0.214

	HBAl-1
	3.539
	8.317
	-
	6.547
	8.136

	HBAl-2
	6.844
	4.419
	6.547
	-
	4.604

	RA
	8.630
	0.214
	8.136
	4.604
	-


6.6.2 Validation of Pharmacophore model Hypo1
Alignment of Hypo1 with test set of compounds was performed and found to give fit scores ranging from 3.76 to 4.78 (Table 6.9). Compounds 15, 16 and 17 showed mapping to all the features of the model generated by HipHop. Compounds 15, 16 and 17 have 4H-chromen-4-one ring, flouro and ethoxy groups. Compounds 13 and 14 didn’t show mapping to one of the hydrogen bond acceptor and hydrophobic features respectively (* in Table VI). Compound 17 had the highest fit value of all the compounds of the test set. As reported in literature, 17 has higher affinity for 5HT2A receptors than D2 receptors which an atypical antipsychotic should normally have. Also 15 and 16 showed mapping to all the chemical features, which is in accordance with their good in vivo pharmacological profiles. Reported fit values greater than 4.5 for most active compounds in test set namely 15, 16 and 17 indicate validity of the model. 

Table 6.9: Mapping of the Test Set compounds to the respective features in Hypo1 and fit values.

	Name
	RA
	HY-1
	HY-2
	HBA-1
	HBA-2
	Fit Value

	13
	1
	1
	1
	1
	0*
	3.76

	14
	1
	1
	0*
	1
	1
	3.84

	15
	1
	1
	1
	1
	1
	4.64

	16
	1
	1
	1
	1
	1
	4.76

	17
	1
	1
	1
	1
	1
	4.78


Mapping of the compound to the feature: 1 means Yes and 0 means No.

*Compounds with no mapping to the particular feature

Fig.s 6.3-6.5 show the alignment of 13, 14, 15, 16 and 17 with good mapping to the pharmacophore model. Fig. 6.5 represents compound 17 with a fit value of 4.78. In fig. 6.5, The HBA-1 maps the oxygen of isoxazole ring of benzisoxazole, HBA-2 maps the carboxyl oxygen of 4H-chromen-4-one, the HY-1 feature maps the flouro group of benzisoxazyl ring attached to piperidine group, the HY-2 feature maps the phenyl group of 4H-chromen-4-one and aromatic ring (RA) feature maps the phenyl ring of 4H-chromen-4-one of compound 17. 
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Fig. 6.3. Mapping of the compounds 13 & 14 to the model Hypo1.
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Fig. 6.4. Mapping of the compounds 15 & 16 to the model Hypo1.

[image: image103.png]



Fig. 6.5. Mapping of the compound 17 to the model Hypo1.

6.6.3 Evaluation of some synthesized compounds using Pharmacophore model Hypo1

Alignment of Hypo1 with set of synthesized compounds was performed and found to give fit scores ranging from 2.39 to 4.84 (Table 6.10). Compounds NC1 and NC6 showed mapping to all the features of the model generated by HipHop. Compounds QCC3, QCC4, QCMO5 and QCMO6 didn’t show mapping to one of the hydrogen bond acceptors (* in Table 6.10). Compound P3 didn’t show mapping to aromatic ring feature and to one of the hydrophobic features. Compound P4 didn’t show mapping to one of the hydrophobic and hydrogen-bond acceptor features. Compound NC1 had the highest fit value among the selected compounds. Fit values greater than 4.5 for compounds NC1 and NC6 and greater than 3.5 for six of the compounds indicate the probability of the compounds having atypical antipsychotic activity. 

Table 6.10: Mapping of the synthesized compounds to the respective features in Hypo1 and fit values.

	Name
	RA
	HY-1
	HY-2
	HBA-1
	HBA-2
	Fit Value

	NC1
	1
	1
	1
	1
	1
	4.84

	NC6
	1
	1
	1
	1
	1
	4.69

	P3
	0*
	0*
	1
	1
	1
	2.39

	P4
	1
	0*
	1
	1
	0*
	2.89

	QCC3
	1
	1
	1
	1
	0*
	3.81

	QCC4
	1
	1
	1
	1
	0*
	3.68

	QCMO5
	1
	1
	1
	1
	0*
	3.95

	QCMO6
	1
	1
	1
	1
	0*
	3.83

	QCMH1
	1
	0*
	1
	1
	1
	3.56

	QCMH2
	1
	0*
	1
	1
	1
	3.56


Mapping of the compound to the feature: 1 means Yes and 0 means No.

*Compounds with no mapping to the particular feature

Fig.s 6.6-6.10 show the alignment of the synthesized set of compounds with good mapping to the pharmacophore model. Fig. 6.6a represents compound NC1 with best-fit value of 4.84 among the set of screened synthesized compounds. In fig. 6.6a, the HBA-1 maps the nitrogen of 1,8-Naphthyridine nucleus, HBA-2 maps the distant nitrogen of piperazine moiety (right ones), the HY-1 feature maps the cyano group attached to 1,8-Naphthyridine nucleus, the HY-2 feature maps the phenyl group and aromatic ring (RA) feature maps the phenyl ring of compound NC1.
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Fig. 6.6. Mapping of the compounds a) NC1 & b) NC6 to the model Hypo1.
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Fig. 6.7. Mapping of the compounds a) P3 & b) P4 to the model Hypo1.
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Fig. 6.8. Mapping of the compounds a) QCC3 & b) QCC4 to the model Hypo1.
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Fig. 6.9. Mapping of the compounds a) QCMO5 & b) QCMO6 to the model Hypo1.

[image: image112.png]


 [image: image113.png]



Fig. 6.10. Mapping of the compounds a) QCMH1 & b) QCMH2 to the model Hypo1.

From Fig. 6.7 or Table 6.10, comparing P3 and P4, replacement of ethyl by chlorophenyl group lead to introduction of aromatic ring feature but loss of HBA-l feature. This indicates that methyl group plays a role in changing the conformation significantly in order to allow mapping to an extra HBA-l feature. 

From Table 6.10, QCC3, QCC4, QCMO5 and QCMO6 did not show mapping with one of the HBA-l features, which NC1, NC6, QCMH1 and QCMH2 showed. This may be due to steric hindrance provided at Y in these compounds. QCMH1 and QCMH2 did not show mapping with one of the hydrophobic groups which NC1, NC6, QCC3, QCC4, QCMO5 and QCMO6 showed. QCC3, QCC4, QCMO5 and QCMO6 have similar mapping with the model, which indicates that replacement of –Cl by –OCH3 group at Y position doesn’t significantly affect the mapping of the compound with the model. These compounds vary in mapping with that of QCMH1 and QCMH2. This indicates that replacement of bulky group by –H leads to loss of one hydrophobic feature mapping. 

The compounds synthesized in our laboratory were tested using the hypothesis. Compounds QCC3, QCC4, QCMO5 and QCMO6 showed good fit values greater than 3.7 but lacked mapping to one feature namely Hydrogen Bond Acceptor. Comparing 17 and QCMO6, it is evident that QCMO6 lacked a HBA near the hydrophobic group. So, introduction of a hydrophobic group like halogens, near to the hydrophobic group, taking distances into strict consideration will lead to increase in the fit values/mapping to the model proposed.

6.7 Conclusions

In rational drug design process, it is common that the biological activity data of a set of compounds acting upon a particular protein is known, while information of the three-dimensional structure of the protein active site is absent. A three-dimensional pharmacophore hypothesis that is consistent with existing compounds should be useful and predictive in evaluating new compounds and directing further synthesis. The present work shows how a set of active compounds can uncover the molecular characteristics or features essential for activity. The results of the pharmacophore model revealed that 2 hydrogen bond acceptors (lipid), 2 hydrophobic features and an aromatic ring are significant for effective atypical antipsychotics. The model generated hypotheses (1-10) with rank scores ranging from 130-117 and results with training set led to the selection of Hypo1 as the best hypothesis. The mapping of compounds of test set to Hypo1 yielded considerable fit values with a maximum fit value of 4.78 for 17. This result is in congruence with the reported literature, which shows the higher affinity of 17 towards 5HT2A receptors than D2 receptors, which an atypical antipsychotic should possess in order to show less extra-pyramidal side effects. The compounds NC1 and NC6 showed mapping to all the features of the developed pharmacophore model. NC1 and NC6 produced higher fit values of 4.84 and 4.69 with model Hypo1 indicating good antipsychotic activity devoid of EPS. The compounds QCC3, QCC4, QCMO5 and QCMO6 did not show mapping to one Hydrogen bond acceptor (lipid) feature. These compounds can be modified to incorporate a hydrogen bond acceptor-lipid group in a specific 3D orientation, which satisfies the distance-criteria in Table 6.8. Also, QCMH1 and QCMH2 can be modified by introducing hydrophobic groups like halogen, phenyl or other bulky groups such that distance criteria in Table 6.8 is satisfied. Further, P3 and P4 can be modified by introducing bulkier groups, especially HBA-l group in order to increase the fit values with the model. This study can be utilized in the design of new compounds with keeping in view the 3D orientation of the aforementioned five chemical features. Also, this study can be useful in the discovery of chemical features required but absent in various conventional antipsychotics and thus lead to incorporation of functional groups or moieties. Thus the model can prove to be an advantage for ligand based drug design of novel compounds. This study does not predict features required by compounds for binding to either of 5HT2A or D2 receptors in particular but indicates the features significant to show antipsychotic activity akin to that of atypical antipsychotics.




CHAPTER VII

SUMMARY AND CONCLUSIONS

· Totally three series of compounds, 2-{4-[4-(Substituted thiazolyl)phenylethyl] piperazin-1-yl}-1,8-naphthyridine-3-carbonitriles (NC : 1-7), 4-{4-[2-(4-(2-substituted quinoxalin-3-yl) piperazin-1-yl)ethyl]phenyl}thiazoles (QCC : 1-7; QCMO : 1-7; QCMH : 1-7), N-{2-[4-(substituted)piperazin-1-yl]-2-oxoethyl}acetamide (P : 1-7) and N-2-(4-(4-(2-substitutedthiazol-4-yl)piperazin-1-yl)-2-oxoethyl) acetamide (AG: 1-7) were designed in accordance with the strategy promulgated by Ariens.
· The designed molecules were synthesized by conventional methods and wherever possible, reactions were simultaneously carried out using novel techniques such as microwave assisted organic synthesis under solvent free conditions.

· All the novel compounds were charaterized by spectral data (IR, 1H NMR and MS) and elemental analysis.

· The NCEs synthesized were evaluated for their 5-HT2A  and D2 receptor antagonistic activites (at 10 mg/kg)  using in vivo pharmacological models viz., Cage Climbing Assay and Quipazine induced head twitches respectively in Swiss albino mice.

· In series I, the compound NC 6 is the most active one with 5-HT2A/ D2 ratio of 1.1143 and an average cataleptic score of zero. 

· In series II, QCMH 4 is the most active one with 5-HT2A/ D2 ratio of 1.23 and an average cataleptic score of zero. QCMO 6 and QCC 1 also exhibited favorable 5-HT2A/ D2 ratio of 1.14 and 1.129 respectively satisfying the criteria required for atypical antipsychotics with an average cataleptic score of zero. 

· In series IIIa, the compound P 4 is the most active one with 5-HT2A/ D2 ratio of 0.853 and an average cataleptic score of zero.

· In series IIIb compound AG3 is the most active one with 5-HT2A/ D2 ratio of 1.128 and an average cataleptic score of zero.

· Out of 42 compounds synthesized five compounds (NC 6, QCC 1, QCMO 6, QCMH 4 and P 4) exhibited better atypical antipsychotic activity than the standard drug risperidone.

· Some of the compounds of Series I and II were also evaluated for their receptor binding affinity at 5-HT2A and D2 receptors using radio ligand binding assays. 
· In series I, NC6 was found to be the most active with Ki of 6.33 μM towards D2 receptor and 11.2 μM towards 5-HT2A receptor.

· In series II, the compound QCMO7 was found to be the most active one with Ki of 1.34 μM towards D2 receptor and 1.58 μM towards 5-HT2A receptor.

· A three-dimensional pharmacophore hypothesis was developed for atypical antipsychotics using HipHop in CATALYST program and validated using the pre-clinical candidates and synthesized compounds.

Future Scope of the Work

· Different substituents in the 1,8-naphthyridine ring and quinoxaline ring and their effect on the activity may be studied.

· Radio ligand binding assays towards 5-HT2A and D2 receptors have to be carried out for compounds of series IIIa and series IIIb.

· Extensive side effect profile of all the synthesized compounds may be studied.

· Sub-acute and acute toxicological screening of NCEs has to be carried out.

· Extensive pharmacodynamic and pharmacokinetic studies of the safer compounds (from toxicological screening) have to be undertaken in higher animal models.

· Based on the pharmacophore model proposed, various substituents which lead to activity proposed can be incorporated into the compounds synthesized and study further in various animal models.

· Further, the feasibility, cost effectiveness and reproducibility of synthesizing these compounds in bulk have to be tried.
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