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ABSTRACT 

 

 The majority of pharmaceutical products that mimic natural products with biological 

activity are heterocycles. Synthetic heterocyclic compounds can and do participate in 

chemical reactions in the human body. Moreover, all biological processes are expressed 

through chemical reaction. The present study describes about the synthesis and 

characterization and biological studies of  some novel bioactive hydrazone derivatives. The 

detail characterization  of the compounds were carried out using FT-IR, 1H, 13C NMR 

spectroscopy methods.  

 This invitro study explores the anti-obesity properties of synthesized compounds 

and it can be considered as a pancreatic lipase for the management protective role in treating 

obesity. The insilico molecular docking study were carried out using BIOVIA Discovery 

Studio (DS) 2017 software. The molecular interaction analysis revealed that the BRCA1.  The 

synthesized  compound subjected to preliminary  invitro thrombolytic studies  by clotlysis.  

      

Dr.K.THARINI 

(Research Supervisor) 

 

 



LIST OF SYMBOLS AND ABBREVATIONS 

 

Symbol                        Abbreviation 

 

            BC                                     Breast cancer 

b.p boiling point 

bs broad singlet 

d doublet 

dd double doublet/doublet of doublet 

FT-IR                                Fourier Transform Infra red spectroscopy 

Hz Hertz 

IC50 Inhibitory Concentration 

J Coupling constant 

2J                                       Geminal coupling constant 

3J                                       Vicinal coupling constant 

LBVS                                 Ligand Based Drug Design 

m multiplet 

mL millilitre 

m.p melting point 

ppm parts per million  

q quartet  

s Singlet 

SBDD                                Structure Based Drug Design           

t triplet 

µg microgram 

µM micromolar 

δ Chemical shift 

Δδ Difference in chemical shift 

 

 

 

 

 
 



CONTENTS 

Chapters                                           Title                                                   Page No 

      I                 INTRODUCTION 

1.1  Heterocyclic compounds                                                                          1                 

1.2  Methods of analysis                                                                                  6 

1.2.1 IR  Spectroscopy                                                                       6 

1.2.2 Nucleus magnetic resonance spectroscopy                               7 

1.2.3 Chromatographic techniques                                                     7 

1.3  Invitro anti-obesity studies                                                                         8 

1.4  Insilco molecular docking study                                                                14 

1.4.1 Docking approaches                                                                   19 

1.4.2 Complementarity in shape                                                          19 

1.4.3 Simulation                                                                                   20 

1.4.4 Drug Design using structure [ SBDD]                                        20 

1.4.5 Applications of molecular docking                                             24 

1.5 Invitro Thrombolytic activity                                                                       25     

Reference                                                                                                      28 

           II           REVIEW OF   LITERATURE  

2.1   Hydrazones                                                                                                34 

2.2   Invitro anti-obesity activity                                                                     44 

2.3 Insilico molecular docking                                                                        47 

2.4 Invitro thrombolytic activity                                                                     50 

Reference                                                                                                       54  

III           SCOPE AND OBJECTIVE OF THE WORK                                           60 

IV           MATERIALS AND METHODS 



   4.1   Materials                                                                                                   62 

                           4.2   Identification of compounds   

           4.2.1   Melting point determination                                                      62 

           4.2.2   Thin layer chromatography                                                       63 

           4.2.3   FT-IR spectra                                                                            64 

           4.2.4    1H NMR and 13C NMR spectra                                                64 

4.3   Synthesis of compounds 

           4.3.1   Preparation of  3-methyl-2,6-diaryl piperidine-4-one               64 

           4.3.2   Preparation of  3-methyl-2,6-diaryl piperidine-4-one     

cyanoacetylhydrazone                                                                 65 

           4.3.3    Preparation of  N-acetyl 3-methyl-2,6-diaryl piperidine-4-one 

Cyanoacetylhydrazone                                                                65 

4.4   Preparation of benzaldehyde cyanoacetylhydrazone                                    66 

 4.5   Invitro anti-obesity activity 

4.5.1 Reagents                                                                                    66 

4.5.2 procedure                                                                                   67 

 4.6  Insilico molecular docking 

               4.6.1    Preparation of protein                                                       67 

     4.6.2    Ligand preparation                                                           68 

4.6.3    Docking studies                                                             68 

4.7 Invitro thrombolytic activity  

4.7.1   Preparation of streptokinase                                              70 

4.7.2   Collection of blood                                                            71 

4.7.3  Procedure                                                                            71 

Reference                                                                                                         72 



  V      RESULT AND DISCUSSION 

   5.1   Synthesis of compounds (C1-C7) 

                                    5.1.1    Preparation of  3-methyl-2,6-diaryl piperidine-4-one      

                    5.1.2  Preparation of  N-acetyl 3-methyl-2,6-diaryl piperidine         -

4-one cyanoacetylhydrazone                                          

              5.2   Spectral studies  

                                    5.2.1   IR spectral studies                                                           78 

                                    5.2.2   NMR spectroscopy                                                          79 

    5.3   Spectral analysis of compound N-acetyl 3-methyl-2,6-diarylpiperidine         -

4-one cyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                         80 

                                     5.3.2   1H NMR spectral analysis                                               82 

                                      5.3.3   13C NMR  spectral analysis                                            86 

    5.4   Spectral analysis of compound N-acetyl 3-methyl-2,6bis (o-bromophenyl)     

piperidine-4-onecyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                          92 

                                     5.3.2   1H NMR spectral analysis                                                94 

                                      5.3.3   13C NMR  spectral analysis                                             97 

            5.5   Spectral analysis of compound N-acetyl 3-methyl-2,6 bis(o-chloro phenyl)     

piperidine-4- onecyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                          100 

                                     5.3.2   1H NMR spectral analysis                                                102 

                                      5.3.3   13C NMR  spectral analysis                                             105 

             5.6   Spectral analysis of compound N-acetyl 3-methyl-2,6 bis (o-methylphenyl)     

piperidine-4-onecyanoacetylhydrazone 



                                     5.3.1   IR spectral analysis                                                    108 

                                     5.3.2   1H NMR spectral analysis                                        110 

                                      5.3.3   13C NMR  spectral analysis                                        113 

 5.7   Spectral analysis of compound N-acetyl 3-methyl-2,6 bis (p-bromo phenyl)     

piperidine-4-onecyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                     116 

                                     5.3.2   1H NMR spectral analysis                                              118 

                                      5.3.3   13C NMR  spectral analysis                                           121 

 

         5.8   Spectral analysis of compound N-acetyl 3-methyl-2,6  bis(p-chloro phenyl)          

piperidine-4- onecyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                         124  

                                     5.3.2   1H NMR spectral analysis                                               126 

                                      5.3.3   13C NMR  spectral analysis                                            129 

 

      5.9   Spectral analysis of compound N-acetyl 3-methyl-2,6 bis (o-methyl phenyl)         

piperidine-4-onecyanoacetylhydrazone 

                                     5.3.1   IR spectral analysis                                                         132 

                                     5.3.2   1H NMR spectral analysis                                               134 

                                      5.3.3   13C NMR  spectral analysis                                            137 

5.10    Invitro anti-Obesity activity 

5.10.1    Pancreatic lipase inhibition activity                            140 

5.11    Insilico molecular docking study  

 5.11.1   Insilico molecular docking study synthesized 

 Compounds                                                                  148 



  5.12    Invitro thrombolytic activity                                                                             160  

Part-II 

5.13 Synthesis of compounds(C8-C14) 

                                5.13      Preparation of benzaldehyde cyanoacetylhydrazone        169 

5.14 Spectral analysis of compound benzaldehyde cyanoacetylhydrazone 

             5.14.1   IR spectral analysis                                                                              173 

             5.14.2   1H NMR spectral analysis                                                                    175 

             5.3.3   13C NMR  spectral analysis                                                                    178 

5.14 Spectral analysis of compound o-bromo benzaldehyde cyanoacetylhydrazone  

             5.14.1   IR spectral analysis                                                                              180 

             5.14.2   1H NMR spectral analysis                                                                    182 

             5.3.3   13C NMR  spectral analysis                                                                    184 

5.14 Spectral analysis of compound o-chloro benzaldehyde cyanoacetylhydrazone 

             5.14.1   IR spectral analysis                                                                              186 

             5.14.2   1H NMR spectral analysis                                                                   188 

             5.3.3   13C NMR  spectral analysis                                                                   190 

5.14 Spectral analysis of compound o-methyl benzaldehyde cyanoacetylhydrazone 

             5.14.1   IR spectral analysis                                                                             192 

             5.14.2   1H NMR spectral analysis                                                                   194 

             5.3.3   13C NMR  spectral analysis                                                                   196 

5.14 Spectral analysis of compound  p-bromo benzaldehyde cyanoacetylhydrazone 

             5.14.1   IR spectral analysis                                                                             198 

             5.14.2   1H NMR spectral analysis                                                                    200 

             5.3.3   13C NMR  spectral analysis                                                                    202 

5.14 Spectral analysis of compound p-chloro benzaldehyde cyanoacetylhydrazone 



             5.14.1   IR spectral analysis                                                                              204 

             5.14.2   1H NMR spectral analysis                                                                   206 

             5.3.3   13C NMR  spectral analysis                                                                   208 

5.14 Spectral analysis of compound o-methyl benzaldehyde cyanoacetylhydrazone 

             5.14.1   IR spectral analysis                                                                            210 

             5.14.2   1H NMR spectral analysis                                                                  212 

             5.3.3   13C NMR  spectral analysis                                                                  214 

5.10    Invitro anti-Obesity activity                                                                              216 

5.11    Insilico molecular docking study                                                                       223 

 5.12   Invitro thrombolytic activity                                                                              229 

Reference                                                                                                       239 

VI     SUMMARY AND CONCLUSION                                                                    240 

 

 

 



1 
 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

1.1 Heterocyclic compounds 

 

 

Organic synthesis is the most common method for creating chemical compounds with 

practical applications. Several of the millions of organic compounds have been over the last 

century and halves through chemical synthesis are directly linked to important applications in 

everyday life. Pharmaceutical that can cure or prevent diseases for example anti-fertility 

agent for population control, insecticides, pesticides, plant and animal hormones to increase 

food production and nutritional quality, polymers, fabrics, dyes, cosmetics detergents, 

photographic and electric items and other high technology materials used in automobile air 

craft and computers industries are such marvelous inventions 

Organic synthesis is a subset of chemical synthesis that focuses on efficiently 

constructing desired organic molecules from widely available starting ingredients and 

reagents. Owing to the varied requirements in the areas of medicine and fine chemical 

industries, complexity of organic target molecules is constantly increasing and it is necessary 

to develop innovative techniques for forming new carbon-carbon and carbon-hetero atom 

bonds between functionalized moieties[1-2]..  

In an organic chemistry, largest families of organic compounds to be a part of the 

hetero cyclic compounds. In our daily life important of heterocyclic compounds are of very 

essential. The most complex branches of chemistry are normally heterocyclic chemistry. 

Synthetic heterocyclic hemistry has not only played an important role in every place of 

Chapter-1 

INTRODUCTION 



2 
 

human life and also found their application in diverse field as agriculture, polymer, medicine 

and various industries [3]. 

             Studies in heterocyclic compounds are of two particular sources of interest in this 

subject. Firstly these are their steady streams of discovery of new heterocyclic compounds 

playing an important role in the metabolism of all living cells and secondly the increasing 

availability of intermediates suitable for the large scales production of heterocyclic 

compounds. Several important compounds contain heterocyclic ring for example in most of 

the members of the vitamin B-complex, alkaloids,  antibiotics chlorophyll, haemin, plant 

pigments, amino acids, drugs, enzymes, DNA, RNA etc.  A great deal of research has been 

carried out to synthesize new heterocycles having therapeutic value and industrial 

applications. Nature has chosen heterocycles as the foundation for the most important 

biological systems.  Aromatic heterocyclic chemistry is a vast and complicated field with 

significant industrial and academic implications. 

   A number of molecules are derived from aromatic heterocycles and many 

pharmaceutical and agrochemical compounds are based on aromatic heterocycles. 

Consequently, the importance of organic chemistry has stimulated a vast amount of synthetic 

and theoretical work in this area. Heterocyclic compounds, both natural and synthetic and 

semi-synthetic, play an essential role in drug discovery and chemical biology. As a result, 

drug design can be thought of as an integrated whole approach that entails a number of steps, 

including chemical synthesis, activity-spectrum evaluation, toxicological studies, drug 

metabolism (i.e., biotransformation and the  examine of the diverse metabolisms formed), 

assay procedures and galenical system and biopharmaceutics. Organic and medicinal 

chemistry are becoming more important fields of study. The primary objective of an organic 

chemist is to work towards isolation, characterization and synthesis of new compounds that 
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are suitable for use as drugs. Medicinal chemistry is a discipline of chemistry concerned with 

the formulation, production and development of pharmaceuticals. However, their N-C 

linkage derivatives have been utilized in medical and pharmaceutical chemistry and have 

been found to have a range of biological functions. Hydrazones and their derivatives are a 

class of compounds having several uses in organic synthesis. The carbon-nitrogen double 

bond chemistry of hydrazone is becoming the backbone of the condensation reaction in 

benzo-fused N-heterocyclics and it also represents an important class of compounds for 

innovative medicinal development [4]. 

Many publications on the conformation of different substituted 2, 6-diarylpiperidin-

4-ones are available and many of them have elaborated on the conformation of 2, 6-

diarylpiperidin-4-ones with or without alkyl substituents at C-3 and C-3/C-5 locations. 

Small compounds that operate as highly functionalized scaffolding for a variety of 

biologically active and medicinally powerful substances are known pharmacophores.  

Recently, cyanoacetyl hydrazones have attracted great attention due to their diverse 

biological and pharmacological   properties [5-6]. 

Due to their vast range of biological characteristics and occurrence in a number of 

alkaloids, heterocyclic ring systems, notably 2,6-disubstituted piperidine nucleus, have 

piqued attention in the past and recent years. Extensive research on 4-piperidones has been 

done in the past and they are now a significant element of the molecular framework of certain 

major medicines due to their connection to drug production. Also, these compounds have 

been found to be valuable   synthetic   intermediates   for   the   synthesis of variety of natural 

products. 

Earlier reports were clearly established that the biological activities of piperidones 

were improved by the incorporation of the substituent at C-2, C-3and C-6 positions. 
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Compounds with aromatic substituents at the C-2 and/or C-6 locations were discovered to 

have considerable biological activity. Similarly, presence of methyl substituent at C-2 or C-3 

positions was also reported to exert significant role in enhancing their biological activities of 

piperidin-4-ones. Likewise, presence of phenyl or para substituted phenyl groups at C-2 and 

C-6 positions besides with/without substituents at C-3, C-5 and ‘N’ have wide range of 

antimicrobial activity. Further, blocking of its keto group has also proved to exhibit analgesic, 

local anaesthetic, antibacterial and antifungal activities.  

 

 

 

 

 

 

 

   2, 6-Bis (2-methoxyphenyl)-3,5-dimethylpiperidin-4-one. A and 2,6-bis(3-methoxy-

4-hydroxyphenyl)-3-methylpiperidin-4-one B were shown to relieve spasm produced by 

histamine whereas 1,3-dimethyl-2,6-bis-(4-methoxyphenyl)piperidin-4-one C  partially 

relieved the spasm.  

Hydrazones are organic compounds with the formula R1R2C=NNH2, generally these 

compounds are formed by the reaction of hydrazine with ketones and aldehyde. By adding 

substituted hydrazones, substituted hydrazones can be produced. Aryl hydrazones are formed 

by the condensation of aromatic hydrazone with carbonyl compounds.  A study of the 

N 

O 

R 1 R 2 

R 4 

R 3 R 5 R 5 

R 4 

R 3 

R 

A   R = H;     R 1  = R 2  = CH 3 ;        R 3  = R 4  =H;   R 5  = OCH 3 

B   R = H;     R 1  = CH 3 ;                R 2  = R 5  =H;   R 3  = OH;  R 4  = OCH 3 

C   R = R 1  = CH 3 ;                         R 3  = OCH 3 ;    R 2  = R 4  = R 5  = H  



5 
 

structure of hydrazone shows it has (1) nucleophilic and amino type of nitrogen.  (2) A 

carbon imine with both electrophilic and nucleophilic properties. (3) The inherent character 

of the C=N bond causes configurational isomerism and (4) In most situations, the N-H proton 

is acidic. These structure features give the hydrazone group its physical and chemicals 

properties. Because of their chelating capacity and therapeutic applicability, the chemical 

characteristics of hydrazones have been extensively studied in a variety of disciplines. 

Hydrazone derivatives have attracted a great deal of interest in synthetic chemistry and 

considerable research on them in relation to their synthetic utility has been accomplished. 

Because they may easily undergo numerous ring closing processes, hydrazones have been 

widely investigated as reactants or reaction intermediates. 

               Hydrazones are medicinal compounds that are physiologically active. Hydrazone 

compounds with a highly reactive azomethine group (CONH-N=CH) are beneficial in the 

creation of novel drugs [7].  From aromatic and aliphatic compounds, many physiologically 

relevant hydrazone derivatives with a range of functional groups have recently been 

synthesized [8]. To treat illnesses with maximum therapeutic benefits and lowest toxicity, 

new chemicals are being created as medicines.  Hydrazones have been utilized to make new 

heterocyclic compounds [9]. Because of their wide spectrum of biological relevance in 

medicinal chemistry, hydrazones have piqued the interest of medicinal chemists. Many 

studies have shown that hydrazone derivatives have anti-inflammatory, analgesic, 

antibacterial, antifungal, anticancer, antioxidant, antidepressant, antitubercular, cytotoxicity, 

antiamoebic, antitumor, antiplatelet, anticonvulsant, antimycobacterial, antihypertensive and 

antinociceptive properties [10-12]. The newly synthesized hydrazone derivatives bearing a 

piperidin-4-one moiety might be of potential interest or could serve as potential intermediates 

in medicinal chemistry. The preparation of novel hydrazone derivatives with a piperidin-4-

one moiety is discussed in this paper. 
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 The present research also confirmed that nucleophilicity affects the ease of 

nucleophilic substitution.  All of these findings prompted the start of a research project aimed 

at developing novel hydrazone derivatives with a heterocyclic moiety. 

 1.2 Methods of Analysis 

               During the last few years enormous development in the field of synthetic organic 

chemistry has taken place due to the availability of powerful analytical techniques. 

              For elucidating the structure and in determining physical, chemical and biological 

properties, these techniques are more useful to scientists.  

The spectral methods have been immense help in collection of valuable 

information about individual compounds. Ultraviolet, infrared and   nucleus magnetic 

resonance spectroscopy are the most essential and significant tools among the most 

important spectroscopic techniques that the organic chemists now use routinely to gain 

information about a particular substance. 

               In the present study IR and NMR techniques are used to characterize the 

synthesized heterocyclic compounds and TLC is used to check their purity. 

1.2.1 IR SPECTROSCOPY 

 This is one of the most widely used tools for the detection of functional groups in 

pure compounds and mixtures and for compound comparison. 

 The spectrum is obtained in minutes using a few mg of the compound which can also be 

recovered. 
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           The portion of the electromagnetic spectrum between visible and microwave areas 

is referred to as infrared radiation. The entire molecule's IR spectrum is distinctive. Some 

groups of atoms create bands at or near the same frequency, regardless of the rest of the 

molecule's structure. 

       In the structural elucidation of various organic compounds especially for the presence 

of functional groups, IR spectral technique is very reliable. 

1.2.2 Nucleus Magnetic Resonance Spectroscopy 

                    For the structural elucidation of organic molecules, nuclear magnetic 

resonance spectroscopy is a useful technique.1H NMR and 13C NMR gave configurational 

and conformational nature of the compounds. This technique is helpful in observing each 

and every proton and carbon atom separately in the compounds. A large number of 

synthetic as well as natural, occurring compounds have been studied by NMR 

spectroscopy. 

1.2.3 Chromatographic Techniques 

  Chromatography is the most useful technique for separating and identifying a 

mixture of substance into its compounds. This technique is based upon the difference, in 

the rate of mobility of various constituents of substance through a porous medium (called 

stationary Phase) under the influence of some solvents or gas. Based on the nature of 

stationary or moving phase, chromatographic techniques are designated like paper, thin 

layer, column and gas chromatography. 

 In the present research work thin layer chromatography has been used to check the 

purity of the compounds.  
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1.3   Invitro anti-Obesity Studies 

 Obesity and overweight are defined as an accumulation of abnormal or excessive fat 

that is hazardous to one's health. The body mass index (BMI) is a basic demographic measure 

of obesity that is frequently used to identify persons who are overweight or obese.  It is 

computed by multiplying a person's weight in kilograms by their height in meters squared 

(kg/m2). Obesity is defined as having a BMI of 30 or higher, whilst overweight is defined as 

having a BMI of 25 or higher. 

 Obesity incidence varies by nation and is influenced by a variety of characteristics 

such as gender, age, educational attainment, yearly household income, work status and social 

class. Obesity is a very expensive health concern; the direct medical costs of overweight and 

obesity combined account for 5% to 10% of all health-care spending in the United States. 

Growth in the economy, modernization  and the westernization of lifestyles (high calorie diet 

including processed foods higher in fats and refined sugars and decreased exercise levels) and 

globalization of food markets have all been suggested as factors contributing to this 

widespread increase in obesity.  Other variables, such as hereditary predisposition, endocrine 

abnormalities and environmental factors, may play a role in this problem, with women being 

more vulnerable [13]. 

Over 340 million children and adolescents aged 5 to 19 were overweight or obese in 

2016, with 41 million children under the age of 5 being overweight or obese. Obesity has 

become a global epidemic, with over 2.8 million people dying each year as a result of being 

overweight or obese. In the year 2019, 38 million children under the age of 5 were 

overweight or obese. According  to the World Health Organization [14]. 

         Overweight and obesity were predicted to be prevalent in Palestine at 58.7% and 71.3 

percent among men and women, respectively. This can be attributed to several factors 

including decreased physical activity, increased consumption of high caloric foods, 
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particularly with an increase in energy coming from fat, smoking and urbanization. A cross-

sectional study was carried out in palestine to investigate the prevalence of overweight and 

obesity among school children aged from 6-12 years. The prevalence of overweight and 

obesity among male students was 13.3% and 7.9%, respectively, according to the research, 

while it was 13.6 percent and 4.9 percent, respectively, among female students [15]. 

         Obesity is a common disorder usually caused by the interaction of genetic, nutritional 

and environmental factors.  It has now become one of the most important health issues of the 

modern Society around the world. It is often associated with other diseases such as 

arteriosclerosis, Hypertension, cancer, diabetes and osteoarthritis. The incidence of obesity is 

increasing exponentially and it has been revealed that about 500 million adults are obese 

worldwide [16]. 

         Obesity is a chronic metabolic disease caused by an energy intake-to-expand ratio that 

is out of balance. Obesity and overweight are characterized as abnormal or excessive fat 

buildup that puts one's health at danger. According to WHO, high blood cholesterol level 

leads to approximately 56% of cardiac disease worldwide and about 4.4 million deaths each 

year. Being overweight or obese should be prevented by constant exercise and dietary 

routines. Nevertheless, when the latter techniques fail in obtaining 10% weight loss, 

pharmacological treatment is required. Despite the fact that this alternative is strongly 

suggested, some pharmacological drugs, such as sibutramine, have had mixed effects. 

           Obesity is described as a buildup of fat in adipose tissue and other internal organs such 

as the liver, heart and skeletal muscle that is abnormal or excessive.  It's a long-term 

carbohydrate and fat metabolism disease that puts people's health and well-being at danger.  

Currently available allopathic drugs used in the treatment of hyperlipidaemia are associated 

with a number of side effects. Licenses for drugs including amphetamine, rimonabant and 

sibutramine have been revoked owing to a higher risk of mental illnesses and nonfatal 
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myocardial infarction or stroke. Orlistat is presently the only medicine available for the 

treatment of obesity because of its low risk of cardiovascular events and positive benefits on 

diabetes control, despite the fact that it is not as effective as other weight-loss 

treatments.Synthetic drug use causes hyperuricemia, diarrhoea, nausea, myositis, stomach 

irritation and flushing, dry skin and impaired liver function. Inhibition of dietary triglyceride 

absorption by inhibiting pancreatic lipase has recently been proposed as a novel strategy for 

the treatment of obesity, as dietary triglyceride absorption is the primary source of excess 

calories.  More effective and better-tolerated drugs should be developed which much be safe 

and consumed long-term in the management of obesity [17].  

            Weight-loss drugs are pharmacological treatments that help people lose or maintain 

their weight. These drugs affect one of the body's most basic functions, weight management, 

by affecting appetite or calorie absorption.  

            Dieting and physical activity remain the major therapeutic strategies for overweight 

and obese people. The FDA has authorized orlistat (Xenical) for long-term usage in the 

United States.  It inhibits pancreatic lipase, which lowers intestinal fat absorption. A second 

medicine, rimonabant (Acomplia), operates by blocking the endocannabinoid system in a 

particular way. It was created based on the fact that cannabis users frequently experience 

hunger, which is referred to as "the munchies." It was approved in Europe for the treatment of 

obesity, but it was not approved in the United States or Canada due to safety concerns. In 

October 2008, the European Medicines Agency advised that the sale of rimonabant be halted 

since the hazards appear to outweigh the benefits. Sibutramine (Meridia), a drug that works in 

the brain to prevent neurotransmitter deactivation and so reduce hunger, was pulled from the 

US and Canadian markets in October 2010 owing to cardiovascular risks.  Anti-obesity drugs 

should only be used for obesity if the advantages of the treatment outweigh the risks, due to 
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potential adverse effects and limited evidence of minor weight loss advantages, especially in 

obese children and adolescents [18-20].  

Overweight and obesity, the most frequent nutritional issues caused primarily by an 

energy imbalance induced by an increased ratio of caloric intake to energy expenditure, are 

fast becoming global health hazards. More than 300 million individuals worldwide are obese, 

with a BMI of less than 30 kg/m2 and 800 million are overweight (BMI of 25 to 29.9 kg/m2), 

according to the international obesity task force[21]. If nothing is done to combat this 

concern, this amount might double by 2025 due to the growing trend in obesity prevalence. 

Obesity reduces quality of life and life expectancy, as well as being a high risk factor for 

illnesses such type 2 diabetes, heart disease, stroke, some malignancies, osteoarthritis, liver 

disease, urine incontinence, sleep apnea and depression [22]. 

Obesity rates are rising over the world, putting a strain on national healthcare systems 

if not addressed. Despite progress in understanding its pathophysiology, current obesity 

pharmacotherapy is restricted in terms of the amount of weight reduction that may be 

achieved as well as the medications' safety and tolerability. Thus, discovery of new targets 

and therapeutic agents is a focal point for combating this epidemic. A large section of world’s 

population relies on traditional remedies to treat various diseases. Due to its efficacy, cheap 

costs, simple access, ancestral expertise and absence of side effects, medicinal herbs are an 

essential aspect of traditional medicine practiced all over the world [23]. Generally obesity is 

associated with oxidative stress which results from an imbalance between the production of 

free radicals and an effective antioxidant system.  

Natural-occurring chemicals offer a promising avenue for the development of novel 

anti-obesity drugs. Body weight is one of the world's most serious public health issues, both 

because its prevalence is steadily rising, not just in developed nations but also in low- and 

middle-income countries and because it is a major risk factor for a variety of chronic 
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illnesses.  It  condition in which the body contains too much fat and it can lead to a variety of 

health problems. Obesity must be handled since it can lead to a number of serious and even 

life-threatening disorders in addition to noticeable physical changes. Obesity raises the risk of 

diseases like type 2 diabetes, fatty liver disease, hypertension, myocardial infarction, stroke, 

dementia, osteoarthritis, obstructive sleep apnea and several cancers (including breast, colon 

and prostate), all of which contribute to a decrease in both quality of life and life expectancy. 

Obesity has also been linked to psychological issues including sadness and low self-esteem. It 

is estimated that 44% of cases of type 2 diabetes, 23% of cases of ischemicheart  disease and 

up to 41% of some cancers are attributable to obesity/overweight (Figure 1). In total, 

overweight and obesity represent the fifth most important trisk factor for global mortality and 

the deaths attributable to obesity are at least 2.8 million/year worldwide [24].         

 

    

 

 

 

 

 

 

 

 

Fig.1 

Reduced glutathione (GSH) is the liver's first line of defense against free radicals, as 

well as the preservation of protein thiols and serving as a substrate for Glutathione peroxidase 

(GPx). The findings showed that GSH levels were decreased in obese rats produced by a 
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high-fat diet, but were recovered after treatment with ATECR. Enzymatic antioxidants, like 

superoxide dismutase (SOD), catalase (CAT) or GPx, can scavenge reactive oxygen species 

(ROS) and free radicals or prevent their formation. The present study suggested decreased 

activities of antioxidant enzymes SOD, CAT and GPx in the liver of rats fed with high fat 

cafeteria diet as compared to those on normal diet and these results are in agreement with 

reports of earlier workers which suggest that feeding a high fat diet to experimental animals 

depresses their antioxidant system due to increased lipid peroxidation and formation of free 

radicals [24]. 

         This study described as an abnormal buildup of body fat that has the potential to harm 

one's health. It has spread around the globe. Obesity is known to be related to increase risks 

of coronary heart diseases, hypertension, noninsulin-dependent diabetes mellitus and certain 

type of cancer. Obesity is caused in part by a mismatch between energy intake and 

expenditure.  The creation of food digestion and absorption inhibitors, in an attempt to restrict 

energy intake through gastrointestinal processes without affecting any central systems, is one 

of the most significant strategies in the treatment of obesity. One of the most commonly 

investigated techniques for determining the potential efficacy of natural items as anti-obesity 

medicines is the inhibition of digestive enzymes. Therapeutic foods are renowned for having 

both nutritional and medicinal properties and they are used in a variety of traditional 

formulations.  Natural products' potential for treating obesity is now virtually untapped and 

they might be an ideal alternative method for developing safe and effective antiobesity 

medications [25]. 

Pancreatic lipase (PL) is a pancreatic enzyme that helps the small intestine absorbs 

triglycerides. Dietary fats are composed of about 95% triacylglycerol’s (TG). Pancreatic 

lipase hydrolyses the water insoluble triacylglycerol’s in the intestinal lumen and thereby 

used for the dietary fat absorption. Diet-induced obesity is treated with pancreatic lipase 
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inhibitors, which are regarded a useful therapeutic treatment [27]. Searching for effective 

lipase inhibitors in natural products is one of the screening procedures used in the 

identification of anti-obesity medications. Natural-source drugs are safer and more effective, 

despite the fact that they are also poisonous. They cause less harm than pure synthetic drugs. 

The search for novel natural bioactive compounds as a foundation for new drug discovery is 

receiving attention as previously reliable standard drugs become less effective against the 

emerging new strains of multiple drug resistant strains [28]. 

           Pancreatic lipase, also known as triacylglycerol acyl hydrolase, is a lipolytic enzyme 

produced and released by the pancreas that aids in the digestion of triglycerides. Pancreatic 

lipase is responsible for the hydrolysis of 50 to 70% of total dietary lipids. It removes fatty 

acids from the α and α′ positions of dietary triglycerides, yielding β-monoglycerides and long 

chain saturated and polyunsaturated fatty acids as the lipolytic products [29].  

1.4   Insilico molecular docking (Breast Cancer Activity) 

Cancer is a collection of illnesses that result in abnormal cell development. 

Chemicals, such as the synthetic compounds found in cigarette smoke and radiation, such as 

UV rays from the sun, are natural cancer-causing exposures that cause all cell proliferation 

with the ability to attack or spread to other parts of the body.  Specific alterations to genes, 

the fundamental physical units of heredity, are to blame. Genes are organized in 

chromosomes, which are lengthy strands of tightly compacted DNA. Chemicals, such as the 

synthetic concoctions found in tobacco smoke and radiation, such as ultraviolet (UV) rays 

from the sun, are examples of natural cancer-causing exposures. Cancer is the most common 

cause of death in the world. It was responsible for 8.2 million fatalities (about 22% of all 

deaths not caused by infectious illnesses, according to the most recent WHO data). Treatment 

options vary depending on the type and stage of the tumor. The majority of treatments are 
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tailored to the specific condition of each patient. Be that as it may, most medications 

incorporate no less than one of the accompanying and may incorporate all medical procedure, 

chemotherapy and radiation treatment. 

Breast cancer in women is a noteworthy general medical issue all through the world. 

It is the most widely recognized cancer among the women in developed and developing 

nations. It is the guideline reason for death from cancer among women all around. Breast 

cancer is a malignancy that starts in the breast tissue. Cancer is a category of disorders in 

which the cells of the body change and grow out of control. Most cancer cells eventually 

coalesce into a lump or mass known as a tumor, which is called for the body part where it 

initially occurs. The lobules, which are milk-producing organs in the breast and the ducts that 

link the lobules to the nipple where the majority of breast cancers start [30]. The most 

common and deadly type of all cancers around the globe is lung cancer which accounts for 

25% of the cancer deaths every year. Among the types of lung cancer with about 1.5 million 

patients and less than 20% survival rate is non-small cell lung cancer (NSCLC) . 

 Small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) are both 

included in most lung cancer statistics. SCLC accounts for around 10%–15% of all lung 

malignancies in general. According to the American Cancer Society's lung cancer projections 

for 2019, there were approximately 228,150 new instances of lung cancer in the United 

States, with approximately 116,440 cases in men and 111,710 cases in women.  And the 

death toll was estimated to be at 142,670. Men accounted for 76,650 of the total, while 

women accounted for 66,020 [31]. 

         After cardiovascular diseases, cancer is the second most deadly disease to the human 

health. Cancer is one of the seven leading causes of mortality worldwide, affecting around 14 

million people each year. Due to a lack of exercise, smoking and genetic variation, the 
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adoption of lifestyle activities has raised the risk of cancer, particularly in developing nations, 

where about 82 percent of the world's population lives. Breast cancer is the most severe kind 

of cancer on the planet and the leading cause of cancer-related mortality in women. Globally, 

an estimated 1 to 1.3 million instances of breast cancer are discovered each year. 

Antagonistic mammary growths are triple-negative breast tumors (TNBCs) that lack the 

human epidermal growth factor receptor 2 (HER2), estrogen receptor (ER), and progesterone 

receptor (PR). TNBCs are more likely than non-TNBCs to metastasis to the central nervous 

system and lung. Non-TNBC cancers are more prone to spread to the bones. Due to non 

enhanced inhibitory substances, such metastatic activities lower the life expectancy of TNBC 

patients compared to non-TNBC patients. Jo et al. recently disclosed a unique series of 2-

anilinopyrimidines as anti-MDA-MB-468 cell line inhibitors. There is also evidence that 

reduced manifestation of thyroid hormone receptors and / or variations in thyroid hormone 

genes are common in cancer, suggesting that native receptors might act as tumor suppressors 

and that loss of recurrence of this receptor is a selective cause of cell changes and tumors. It 

could be the progression of transformation [32]. 

          Estrogens control multiple physiological processes including the growth, 

differentiation and function of the reproductive system. The uterus, vagina, ovaries and 

mammary gland are the major target organs in females, whereas the testes, prostate and 

epididymis are the main target organs in males.  Estrogen Receptors mediate the majority of 

estrogen's effects (ER). A high level of estrogen is linked with increased risk of Breast cancer 

by stimulating breast epithelial cell proliferation. Estrogens Receptor exists in two forms ER 

alpha and ER beta (ERα & ERβ). ERα and ERβ may have different roles in the formation and 

progression of breast cancer. The majority of breast cancers are diagnosed by aberrant 

Estrogen Receptor-positive expression, which affects around 70% of initial breast cancer 

patients.Estrogen stimulated cell proliferation and increased tumor formation occurs, when 
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only ERα is present. Hence, inhibition of Estrogen Receptor alpha is a major approach to 

prevent the Breast cancer [33].  

 

                             

 

Fig.2   Interaction of human receptor with bromodeoxytopsentin with a dock 

score16.191 

 Nowadays cardiovascular diseases (CD) like coronary heart disease (CHD), 

atherosclerosis, Hypertension and acute myocardial infarction are the main causes of death in 

humans. Thrombosis is one of the frequently cause of CD. Almost 20 million people are 

being affected by thrombotic   events worldwide every year. Agents that enhance the 

fibrinolytic activity and inhibit thrombus   formation are important for the treatment and 

prevention of cerebrovascular and CD. After damage or trauma, thrombin (EC.3.4.21.5) is 

triggered and fibrinogen begins to produce fibrin, which clogs the blood. Accumulation of 

fibrin in blood vessels increases thrombosis resulting in various cardiovascular diseases 

(CVDs) and myocardial infarction [34]. 
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Due to its ability to anticipate the binding conformation of small molecule ligands to 

the correct target binding site, molecular docking is one of the most widely used approaches 

in structure-based drug design. Characterization of the binding behavior plays an important 

role in rational design of drugs as well as to elucidate fundamental biochemical processes. 

To investigate complicated biological and chemical systems, pharmaceutical research 

has effectively included a range of molecular modeling approaches into a variety of drug 

development initiatives. In the identification and development of novel promising molecules, 

combining computational and experimental techniques has proven to be quite beneficial. 

Molecular docking techniques are widely utilized in contemporary drug design to investigate 

ligand conformations within macromolecular targets' binding sites. This approach assesses 

the ligand-receptor binding free energy by analyzing important steps in the intermolecular 

recognition process. Given the wide range of docking algorithms available today, knowing 

the benefits and drawbacks of each technique is critical to the creation of successful strategies 

and the generation of meaningful outcomes. The goal of this review is to look at current 

molecular docking methodologies in drug development and medicinal chemistry, as well as 

the advancements in the area and the importance of combining structure - and ligand-based 

approaches. One may think of molecular docking as a "lock-and-key" problem, where the 

goal is to discover the proper relative orientation of the "key" to open the "lock" (where on 

the surface of the lock is the key hole, which direction to turn the key after it is inserted, etc.). 

In this case, the protein serves as the "lock" while the ligand serves as the "key." Molecular 

docking is an optimization issue that explains the "best-fit" orientation of a ligand when it 

binds to a certain protein. Because the ligand and the protein are both flexible, a "hand-in-

glove" analogy is more appropriate than a "lock-and-key" analogy. The ligand and the protein 

alter their shape throughout the docking process to create an overall "best-fit," and this type 

of conformational adjustment resulting in overall binding is referred to as "induced-fit." 

https://en.wikipedia.org/wiki/Rational_drug_design
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1.4.1 Docking approaches 

Within the molecular docking community, two techniques are particularly prominent. 

One method employs a matching strategy in which the protein and ligand are described as 

complimentary surfaces. The second technique simulates the docking process by computing 

the pairwise interaction energies between the ligand and the protein. Both techniques offer 

major benefits as well as drawbacks. These are outlined in the following paragraphs. 

1.4.2 Complementarity in shape 

Using geometric matching/ shape complementarity techniques, the protein and ligand 

are characterized as a set of features that make them dockable. Complementary surface 

descriptors and molecular surface descriptors are examples of these characteristics. The 

molecular surface of the receptor is defined in terms of its solvent-accessible surface area and 

the molecular surface of the ligand is characterized in terms of its matching surface 

description in this case. The complementarity between the two surfaces is a shape matching 

description that may help establish the complimentary posture of docking the target and 

ligand molecules. Another method is to use twists in the main-chain atoms to explain the 

protein's hydrophobic properties. A Fourier shape descriptor technique [35-36] is still another 

option. While shape complementarity-based techniques are normally rapid and reliable, they 

are unable to adequately describe movements or dynamic changes in ligand/protein 

conformations, despite recent advances allowing these methods to examine ligand flexibility. 

Shape complementarity approaches can scan through thousands of ligands in seconds and 

determine if they can bind to the protein's active site and they're typically scalable to protein-

protein interactions.They're also more receptive to pharmacophore-based techniques, as they 

employ geometric descriptions of ligands to discover the best binding. 
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1.4.3 Simulation 

The docking procedure is substantially more difficult to simulate. The protein and the 

ligand are separated by a physical distance in this method and the ligand makes its way into 

the active site of the protein after a particular amount of "moves" in its conformational space. 

Internal changes to the ligand's structure, such as torsion angle rotations, are included in the 

motions, as are rigid body transformations such as translations and rotations. Each of these 

ligand conformational changes results in a total energy cost for the system.  As a result, the 

total energy of the system is estimated after each step. The apparent benefit of docking 

simulation is that ligand flexibility may be easily added, whereas shapes complementarity 

approaches need innovative strategies to incorporate ligand flexibility. It also reflects reality 

more closely, whereas shape complementary approaches are more abstract. Simulation is 

clearly computationally costly due to the need to explore a broad energy landscape. Docking 

simulation has become more realistic thanks to grid-based methodologies, optimization 

methods, and greater computer performance. 

1.4.4 Drug Design Using Structure (SBDD) 

              SBDD methods (i.e., employing three-dimensional structure information obtained 

from biological targets) are a major aspect of modern medicinal chemistry. Molecular 

docking, structure-based virtual screening (SBVS), and molecular dynamics (MD) are among 

the most widely used SBDD strategies due to their wide range of applications in the analysis 

of molecular recognition events such as binding energetics, molecular interactions  and 

induced conformational changes. 

The chemical diversity available in these libraries represents the space occupied by 

ligands known to interact with a certain target. This sort of data is used in ligand-based drug 

design (LBDD) techniques. Some of the most useful LBDD approaches are ligand-based 
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virtual screening (LBVS), similarity searching, QSAR modeling, and pharmacophore 

creation. SBDD and LBDD approaches have been employed as key drug discovery tools in 

academia and industry due to their versatility and synergistic nature. In a range of structural, 

chemical and biological data analyses, combining these approaches has proved to be 

beneficial [37]. 

In pharmaceutical research and development, understanding the mechanisms by 

which small-molecule ligands detect and interact with macromolecules is critical (R & D). 

SBDD is the systematic utilization of structural data (e.g., macromolecular targets, also 

known as receptors), which is often collected by experimental or computational homology 

modeling. The goal is to create ligands with certain electrostatic and stereochemical 

properties that will bind to receptors with high affinity. The availability of three-dimensional 

macromolecular structures allows for a thorough examination of the binding site architecture, 

such as the existence of clefts, cavities and sub-pockets. Charge dispersion and other 

electrostatic characteristics can also be thoroughly investigated. Current SBDD technologies 

enable the creation of ligands with the properties required for effective regulation of the 

target receptor. High affinity ligands selectively modulate a proven drug target, interfering 

with certain cellular processes and resulting in the desired pharmacological and therapeutic 

effects. SBDD is a cyclic process that involves acquiring information one step at a time. In 

silico investigations are used to find possible ligands starting with a known target structure. 

Following these molecular modeling approaches, the most promising molecules are 

synthesized. Following that, several experimental platforms are used to assess biological 

features such as potency, affinity and effectiveness. Once active molecules have been 

identified, the three-dimensional structure of the ligand-receptor complex may be solved. The 

accessible structure enables for the study of a number of intermolecular characteristics that 

aid in the molecular identification process. Structural descriptions of ligand-receptor 
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complexes can help with binding conformations, characterization of important intermolecular 

interactions, characterisation of unknown binding sites, mechanistic research and the 

elucidation of ligand-induced conformational changes [38-39]. 

                                                      

    

 

 

 

 

Fig. 3 Outline of SBDD 

In molecular modeling investigations, the three-dimensional structure of the 

molecular target is used. Compounds that show promise are produced and then tested in the 

lab. After finding bioactive small compounds, the structure of a ligand-receptor complex may 

be identified. The binding complex is utilized in molecular modeling and the development of 

new drugs. Biological activity data is connected with structural information after a ligand-

receptor complex has been discovered. As a result, the SBDD process is restarted with 

additional stages to integrate molecular alterations that may boost the affinity of new ligands 

for the binding site [40]. The outline of the SBDD process is depicted in Figure 3.  
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Fig  4.  Outline of the molecular docking process 

The molecular docking mechanism is depicted in Figure 4. (A) The ligand's three-

dimensional structure; (B) the receptor's three-dimensional structure; (C) The ligand is 

docked into the receptor's binding cavity and the putative conformations are explored; (D) 

The most likely binding conformation is found, as well as the intermolecular interactions that 

go with it. The backbone of a protein is depicted as a cartoon. In stick depiction, the ligand 

(magenta in carbon) and active site residues (carbon in blue) are indicated. Water is shown as 

a white sphere, with dotted lines indicating hydrogen bonding.In two phases, the most likely 

binding conformations must be identified: (i) a precise estimate of the interaction energy 

associated with each of the proposed binding conformations; (ii) exploration of a vast 

conformational space reflecting numerous potential binding modes. These activities are 

carried out by molecular docking algorithms in a cyclical process in which the ligand 
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conformation is assessed using specified scoring functions. This approach is repeated until it 

converges on a solution with the lowest energy [41]. 

1.4.5 Applications of molecular docking  

         The usage of molecular docking is required for today's research. If done before the 

experimental stage of any inquiry, it can illustrate the viability of any job. There are a few 

areas where molecular docking has changed the game. Interaction studies between tiny 

compounds (ligands) and protein targets (which might be enzymes) can help anticipate 

whether an enzyme will be activated or inhibited. Such data might be used as a starting point 

for rational medication development. The following are some of the most common molecular 

docking applications: 

1.4.5.1 Optimization of leads 

The best orientation of a small molecule or ligand on its target can be predicted via 

molecular docking.It can forecast several ligand binding mechanisms in the groove of the 

target molecule. Knowledge gained from such type of investigations may be employed to 

develop more potent, selective and efficient analogs [42].  

1.4.5.2 Hit Identifications  

           Molecular docking in conjunction with a score algorithm may be used to search large 

databases in order to uncover powerful drug candidates that can target the molecule of 

interest   insilico [43]. 

1.4.5.3 Drug-DNA Interactions Studies  

Chemotherapy is used in the majority of cancer treatment regimens and techniques in 

recent years. Despite inexorably significant role of chemotherapy in cancer cure and control, 

cytotoxic mechanisms of several chemotherapeutic agents are not well characterized. Many 

of these anticancer chemotherapeutic drugs target nucleic acid and accessory functions as 
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their primary biological targets. With this in mind, researchers are continually working to 

understand the underlying anticancer mechanism of medications at the molecular level by 

examining the nucleic acid-drug interaction mode [44].  Here, molecular docking plays a 

significant role in the preliminary prediction of drug’s binding properties to nucleic acid. The 

information gathered from the outcome of such investigations is helpful in the establishment 

of a correlation between drug’s molecular structure and its cytotoxicity. Furthermore, this 

knowledge would be instrumental in the detection of those structural modifications in a drug 

that could result in sequence/structure specific binding to their target (nucleic acid). Because 

of non-specific binding limits medication dosage and regularity in cancer treatment, this 

knowledge can be used to rationally design and synthesize novel therapies with improved 

efficacy and fewer adverse effects. In particular, for protein-ligand docking, induced-fit-

motions and flexibility of the protein will be implicated in coming years in an order to 

discover and design new chemotherapeutic agents. The importance of molecular docking in 

the pharmaceutical industry is widely understood. Computational docking simulations are 

now widely used at various phases of drug discovery and rational drug design techniques. As 

the area of molecular docking-based virtual screening will grow, its recognition will be 

significantly enhanced. Widely accepted and validated test data should be established to 

facilitate the comparisons needed to explain the new frontiers of research in this field. 

1.5   Thrombolytic Activity  

A thrombus (blood clot) that forms in the circulatory system owing to a lack of 

hemostasis produces vascular occlusion and can cause mortality in thrombolytic disorders 

such acute myocardial or cerebral infarction. In the technique known as thrombolysis, 

thrombolytic medicines are used to dissolve blood clots. To dissolve clots, thrombolytic 

medications such alteplase, anistreplase, streptokinase, urokinase, and tissue plasminogen 

activator (tPA) are commonly utilized. In recent years, it has been recognized that heart 
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disease is on the rise and synthetic medicine side effects are becoming an ever-increasing 

therapeutic concern. Almost all of the currently available thrombolytic medicines have 

serious flaws [45]. A pill are widely used not as they are inexpensive but in addition greater 

cultural acceptability,better compatibility while using skin and minimal side consequences. 

Herbal medicine remains be your mainstay of about 75-80% on the globe population, mainly 

in your establishing countries for primary health. 

The dissolution (lysis) of blood clots using just pharmacological techniques is known 

as thrombolysis. This evidence is referred to as clot busting informally. It works by infusing 

analogs that influence tissue plasminogen activator (tPA), a protein that typically stimulates 

plasmin, to stimulate fibrinolysis by simply plasmin. Thrombolysis refers to the 

administration of thrombolytic medications, which are either produced by Streptococcus 

species or, more recently, by recombinant biotechnology, in which tPA is produced by 

bacteria, resulting in a recombinant tissue plasminogen activator that also contains tPA. 

Formation of blood clots is place for the basis of many serious disorders [46].  

The term thrombus refers to the formation of a blood clot, whereas thrombosis refers 

to the act of obstructing blood flow via the circulatory system. After an injury, the body 

employs platelets and fibrin to produce a blood clot as the first stage in the healing process. 

Streptokinase, S-Kinase and other drugs are used to dissolve clots and treat heart attacks, 

strokes, deep vein thrombosis and peripheral arterial occlusion. Circulatory platelets clump 

together at the site of damage and constitute the most important component in thrombus 

formation. Thrombosis is a crucial stage of vascular illness that leads to myocardial infarction 

and stroke, which cause significant morbidity and death. In addition, venous thrombosis is the 

second leading cause of death among cancer patients. These illnesses are treated with 

thrombolytic medicines such tissue plasminogen activator (t-PA), Urokinase (UK), and 

Streptokinase (SK).UK and SK are the most often utilized thrombolytic agents in India.  If 
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you’re   looking  for a unique way to express yourself.  They are at great risk for bleeding and 

severe allergic responses. Moreover, various treatments with SK are restricted due to 

immunogenicity. The lack of thrombolytic medicines makes developing better recombinant 

forms of these medications difficult. SK is utilized as a thrombolysis drug in cases of 

myocardial infarction (heart attack) and pulmonary embolism [47]. The illness process may 

have been halted, or the problems may have subsided. Thrombolytic drugs actively limit the 

dimensions of any clot by activating the enzyme plasminogen, which clears the cross-linked 

fibrin mesh. Other anticoagulants (such as heparin) reduce the "growth" of any clot (the 

backbone of any clot). These drugs dissolve blood clots simply by activating plasminogen, 

which forms the newer cleavage product called plasmin and this makes the clot soluble and 

subject to further proteolysis by other digestive enzymes, restoring blood flow through the 

occluded arteries and thrombolytic drugs that dissolve blood clots simply turn on 

plasminogen, which makes up the newer split product called plasmin. Plasmin is a proteolytic 

enzyme that breaks cross-links between fibrin molecules, which are important for the 

structural stability of blood clots. Because connected with such actions, thrombolytic drugs 

are otherwise often known as "plasminogen activator" and "fibrinolytic drug treatments". 

While all three kinds of medicines appear to dissolve blood clots successfully, their precise 

processes differ in ways that might affect their selectivity for fibrin clots. Derivatives of tPA 

are among the most commonly prescribed thrombolytics, particularly for coronary and 

cerebral vascular blockages, due to their relative selectivity for activating fibrin bound 

plasminogen. Thrombolytic treatment is the use of medications to break up and dissolve 

blood clots, which are a major cause of both heart attacks and strokes. 
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2.1 Hydrazones 

 Interest in the study of hydrazone has been growing because of their wide range of 

biological activities. Hydrazones with an azomethine –NHN=CH- are an important family of 

chemicals for the creation of novel drugs. As a result, several scientists have synthesized 

these molecules as target structures and tested their biological activity. Hydrazone and its 

derivatives have a lot of biological activity. 

Abbas Al-Mulla [1] review heterocyclic compounds of biological relevance were 

screened Heterocyclic compounds are the most numerous and diverse group of organic 

chemicals. There are many heterocyclic compounds known today and the number is 

continually rising due to extensive synthetic study and their synthetic value. Heterocyclic 

compounds have a function in a variety of domains, including medical chemistry, 

biochemistry and other sciences. 

The Piperidin-4-one nucleus is often generated by Mannich Reaction. An acidic 

proton is positioned close to a carbonyl functional group and is alkylated utilizing 

formaldehyde/various aldehydes, ammonia or any primary or secondary amine in the 

Mannich reaction. The final product is a -aminocarbonyl molecule, sometimes known as a 

Mannich base. Dehydration is followed by the nucleophilic addition of an amine to a 

carbonyl group in this case. Noller and Baliah [2] were the first to describe a Mannich type 

condensation using different substituted aromatic aldehydes, ammonium acetate and ketones 

Chapter-2 

REVIEW OF LITRATURE 
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in a 1:2:1 ratio with two active methylene groups, leading in the synthesis of 2, 6-

diarylpiperidin-4-ones. 

 

The stereochemistry of N-acetyl and N-benzoyl-2r, 6c-diphenylpiperdine-4-one 

oximes has been described by Pandiarajan et al.,[3]. 

 

Chawla et al., [4] synthesized, characterized and tested novel 2,6-di substituted 

piperidine-4-one derivatives for biological activities. The substance piperidine and its 

derivatives have a significant influence on the medical profession owing to their wide range 

of pharmacological actions. Piperidine derivatives are made by reacting acetone, ammonium 

acetate and a substituted aromatic aldehyde in the presence of ethanol.  An effort was made in 

this study to synthesis some new physiologically active piperidine derivatives. Spectral data 
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was used to characterize the structures of the freshly synthesized molecules. Antimicrobial 

activity was tested on the chemicals created. 

 

S. Saini et al., [5] reviewed the biological importance of heterocyclic chemicals 

studied by Mukhtyar. The pharmaceutical and agrochemical industries' keen interest in 

heterocycles is frequently linked to their natural occurrence. 

Nazia Tarannum et al., [6] conducted a systematic review on the production and 

biological activities of hydrazide derivatives. 

 

 

 

 

 

The synthesis, spectroscopic, antibacterial and molecular docking investigations of 

certain new 3, 5-dichloro-2, 6-diarylpiperidin-4-ones were reported by Bhakiaraj et al.,[7]. 

Fluoro, chloro, methoxy or methyl functions at the para position of the phenyl ring attached 

to the C-2 and C-6 carbons of the piperidone moiety, as well as chloro substituents at the C-3 

and C-5 positions of the piperidone ring, exerted potent biological activities against 

antimicrobial strains at a minimum inhibitory concentration 
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A novel series of mefenamic acid N-aryl hydrazone derivatives were prepared by 

Almasirad et al., [8] as per the below scheme. A mixture of aldehyde and hydrazide were 

treated in ethanol at 30°C in the presence of the conc. HCl as catalyst. 

 

    Sadjadi et al., [9] reported the preparation of N-acyl-benzoyl hydrazone and benzoyl 

hydrazone derivatives in the presence of different types keggin type of heteropolyacids like 

H3[PMo12O40], H4[PMo11VO40], H5[PMo10V2O40], and H6[PMo9V3O40] as catalyst in the 

acetonitrile solvent.  Reaction mixture was filtered to recycle the catalyst. 
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   Jie Zhang., [10] and his coworkers prepared new derivatives of hydrazide-hydrazone 

by reacting the compoundwith hydrazine hydrate in the presence of catalytic amount of 

H2SO4 in the solvent, the obtained hydrazide reacted with required carbonyl compounds to 

get the compound 3 using catalytic amount of acetic acid.  

 

 

 

 

                   Abdel–Aal et al.,[11] have reported antiviral activity of N-aryl amino 

acetyl hydrazones against Hapatits-A.  

Nigh Singh et al., [12] have provided a brief overview of the biological actions of 

hydrazone derivatives. Hydrazones are found in a wide variety of bioactive heterocyclic 

compounds and have a wide range of biological and therapeutic uses. Many researchers have 

researched the production and significance of hydrazides, which are used in a variety of 

biological, medicinal and industrial applications. Hydrazones have been shown to have 

antibacterial, antimycobacterial, antidepressant, anticonvulsant, anticancer, antimalarial and 
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vasodilator properties, among others. Hydrazones have a number of advantages over imines, 

including simplicity of manufacture, enhanced hydrolytic stability and a tendency to 

crystallize. Hydrazones have been studied for a long time because of their beneficial 

properties. 

         Gagandeep Kauret al., [13] a  quick study of thiadiazole analogs as possible 

pharmacological agents; review paper has been created chemicals Due to their biological and 

pharmacological features, heterocyclic molecules, analogues  and derivatives have recently 

gained a lot of attention in medicinal chemistry. The tiny and simple thiadiazole nucleus has 

anticancer, antibacterial, anti-inflammatory, anticonvulsant and anti-diabetic effects. These 

properties are also seen in its substituted derivatives. The purpose of this review is to look at 

the pharmacological properties of thiazole derivatives. 

        The synthesis and assessment of iso nicotinoyl hydrazone derivatives as anti 

mycobacterial and anticancer drugs was reported by Naveen Lumar HS et al., [14]. Using a 

tetrazolium microplate test, a novel series of iso nicotinoyl hydrazone derivatives was 

synthesized, described and assessed for in vitro anti mycobacterial activity against M. 

tuberculosis H37Rv and two clinical isolates (TEMA). At micro molar concentrations, some 

of these substances demonstrated moderate to excellent antimycobacterial action. Isoniazid 

(0.57 µM), 3k, and 3m were the most potent analogues against M. tuberculosis H37Rv, with 

inhibitory concentrations of 0.59 and 0.65 M, respectively, in compared to the original drug.  

In addition, all of the produced compounds were tested in vitro against human colorectal 

cancer cell lines for anticancer potential (HCT 116). 
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  N.Jayalakshmi et al.,[15] prepared several 2,6,diphenyl piperidine-4-ones by 

Mannich reaction of ethyl methyl ketone, substituted aldehyde and ammonium acetate. The 

synthesized compounds were tested for antibacterial, antifungal activities at various 

concentrations and hydrazone derivatives also posses antibacterial and antifungal activities. 

       P. Ball, C. H. Nicholls, and others [16] investigated the hydroxyazo compound's azo-

hydrazone tatutomerism. The phenomena of azo-hydrazone tautomerism in hydroxyazo 

compounds is discussed in connection to structural aspects such as annellation degree and 

substituent type and location, as well as environmental factors influenced by the media 

housing the tautomeric entity. Studies in solution, polymeric substrates, the crystalline solid 

state and the gas phase are used to examine media effects. The impact of the tautomeric 
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equilibrium state on chemical reactivity is studied, with an emphasis on photochemistry and 

acid-base behavior of tautomeric hydroxyazo dyestuffs. 

        Vicini et al. [17] synthesized and tested a variety of hydrazones generated from 1, 2-

benzisothiozole hydrazides for antibacterial and antifungal activities. Acetophenone -4-

aminobenzoyl hydrazone and 4-hydroxy actophenone-4-amino benzoyl hydrazone and 

corresponding cobalt (II), Nickel (II), Zinc (II), Copper(II) and Cadmeium(II) complexes 

were prepared by Singh.B et al.,[18] and they evaluated the antibacterial (activity of these 

complexes) and antifungal activities and compared with ligand hydrazone. 

               Bechan Sharma [19] studied hydrazones as a potential anti-HIV agent. Hydrazones         

are a kind of organic molecule that may be found in both chemical and biological 

environments. These heterocycles with nitrogen and carbon moieties provide the basic 

structure of a variety of physiologically intriguing compounds with antiHIV-1RT, anti-DNA 

polymerase and anti-R     Nase H properties. As a result, hydrazones function as a two-in-one 

small molecule that fights HIV-1. This study focuses on the characteristics and actions of 

hydrazones and their many chemical derivatives as anti HIV-1 agents.Hydrazones have been 

demonstrated to interact with viral capsid protein and prevent it from being processed 

completely.  It belongs to the >C=N-NH2 group, which has been shown to be very effective 

in the production of antiviral agents. A thorough search for hydrazone's various effects 

reveals that little is known about their interactions with viral integrase and protease activities.   

Based on the available data, it appears that further work is needed now to create more 

effective hydrazones and their derivatives against a variety of viable targets in the HIV-1 life 

cycle in order to prevent viral growth without causing harm to the hosts. The features and 

activities of hydrazones and their different chemical derivatives as antiHIV-1 compounds are 

highlighted in this study.       
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        Synthesis, spectra land thermal aspects of transtition metal coordination polymers with 

bis-hydrazones ligand has been investigated Ratiran Gomuji Chaudhary, Sudhirs. Bhyar, 

Smita Kharkale, Lali tmohan Jainarayan Paliwal [20] Coordination polymeric assemblies of 

the type [M(dddinh)(H2O)2].xH2O}n [where M= Mn(II), Ni(II), and Cu(II) , x=2; and Co(II) 

, x=0, with (N',N''E,N',N''E)-N',N''-(1,2-diphenylethane-1,2diylidene) diisonicotino-hydrazide 

(dddinh)] have been synthesized and characterized by using various spectroscopic techniques 

such as elemental analysis, FT-IR, diffuse reflectance spectra, magnetic measurements and 

thermo gravimetric analysis.  All of the produced coordination polymers were given an 

octahedral geometry based on magnetic moment and reflectance spectral analysesEach metal 

ion forms a 5-member heterocyclic ring by becoming bis (bidentate) coordinated between the 

oxygen atom of the carbonyl group and the nitrogen atom of the amide group of the ligand, as 

well as two aqua ligands. Heat analysis methods were used to investigate the breakdown 

processes and thermal stability of these coordination polymers. The release of coordinated 

water and the disintegration of the backbone structure are used to explain the heat stabilities 

of coordination polymers (ligand). Thermal tests revealed the presence of crystallized water 

in all coordination polymers except Co (II), whereas coordinated water was found in other 

polymers.  

          Constatin sandra et al.,[21] have studied on xanthine derivatives (II) synthesis and 

antioxidant effects of some hydrazones with xanthine structure were evaluated using in vitro 

assays: DPPH (2,2-Diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) radical scavenging ability and total antioxidant 

capacity) radical scavenging ability and total antioxidant capacity) radical scavenging ability 

and total antioxidant capacity) radical scavenging ability and total antioxidant capacity) 

radical scavenging ability and total antioxidant capacity. The findings revealed that chemical 

modification of theophylline was linked to an increase in the antioxidant properties of the 
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parent molecule in general. Hydrazone c, which contains a 2-OH substituent on the aromatic 

ring and exhibits ABTS scavenging activity equivalent to ascorbic acid, was the most active 

molecule. The replacement of 3/4-OH, 4-NO2, and 4-CN for the aromatic ring was likewise 

linked to increased antioxidant activities, with the corresponding derivatives possessing 

significant DPPH and ABTS scavenging effects as well as overall antioxidant capacity. 

        According to Sevim Rollas et al [22], there has been a lot of interest in developing new 

compounds with anticonvulsant, antidepressant, analgesic, antiinflammatory, antiplatelet, 

antimalarial, antimicrobial, antimycobacterial, antitumoral, vasodilator, antiviral and 

antitischistosomiasis activities. Hydrazones with an azometine -NHN=CH- proton are an 

important family of chemicals for the creation of novel drugs. As a result, a number of 

scientists have synthesized these molecules as target structures and tested their biological 

effects. These findings have aided in the creation of novel hydrazones with a variety of 

properties. 

         The biological activities of hydrazine have been documented by M.Singh et al [23]. 

Carbonyl compound hydrazone derivatives are an important family of physiologically active 

chemicals. Antitumor, antibacterial, antiviral, antihypertensive, anticonvulsant, anti-

inflammatory and analgesic properties, vasorelaxant activity, anticoagulant activity and anti 

protozoal activities, among other biological activities, have been discovered in hydrazone 

derivatives.  During literature survey it was found that no single review is available solely on 

the biological activities of hydrazones. The current review compiles a list of the many 

biological actions that hydrazones have. 

The synthesis of certain novel hydrazine derivatives containing the benzothiazole moiety 

has been described by Ahmet ozdemir et al., [24]. Hydrazones are a type of chemical that 

may be found in a wide range of products. Due to their importance in synthetic chemistry, the 
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present ar- ticle reports the synthesis of a new series of ten compounds based on the coup- 

ling of 2-oxo-3(2H)-benzothiazoleacetic acid, hydrazide and2-thioxo-3(2H)-benzothiazole 

aceticacid, hydrazide with different aldehydes. The structures of the synthesized compounds 

were confirmed by elemental analyses, IR, 1H- NMR, 13C-NMR and FAB+–MS spectral data.                              

2.2 Anti -Obesity Activity 

Hajji et al., [25] used statistical methods to develop reliable QSAR models capable of 

predicting the inhibitory activity (CAMKK2) of a series of 32 molecules of 2-anilino, 4-aryl 

pyrimidines and 2,4-diaryl 7-azaindoles. 

Eman Abdalla Morsi and his associates, [26] Commiphora myrrha extracts in ethyl 

acetate and methanol extracts were examined in vitro for their anti-diabetic and anti-obesity 

activities. The ethyl acetate extract of C. myrrha was shown to have anti-diabetic and anti-

obesity properties, as well as being rich in chemicals that are useful in the treatment of 

hyperglycemia and obesity. Therefore, encourage to use this plant due to its effect is 

recommended to diabesity patients. 

Marcos C. Carreira1 et al., [27] the anti-obesity action of OBEX is governed by 

thermogenesis activation and decreased adiposity growth, according to research. Obesity has 

been on the rise globally in recent decades, necessitating the development of innovative and 

effective treatment techniques. OBEX is an anti-obesity oral dietary supplement that contains 

antioxidants. OBEX's effects have been studied both in vivo and in vitro.  In high fat diet-fed 

rats, OBEX lowers weight gain by lowering adiposity growth and boosting energy 

expenditure in vivo, irrespective of eating habits, via activating thermogenesis in brown 

adipose tissue (BAT). In vitro, OBEX has anti-proliferative and anti-differentiation properties 

in 3T3-F442A cells. Furthermore, in mature adipocytes generated from 3T3-F442A cells, 
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OBEX induced a considerable reduction in lipid burden. Overall, our data indicate that 

OBEX protects against obesity in an obesogenic environment. 

            B Manimegalai et al.,[28] were screened anti-obesity properties of Gymnema 

sylvestre leaf extract were investigated. Obesity is a chronic condition of carbohydrate and fat 

metabolism that poses a risk to human health and well-being. It is described as adipose tissue 

fat buildup that is aberrant or excessive. Obesity and related diseases may benefit from the 

use of natural herbal supplements for weight loss.  As a result, the goal of this research was to 

look into the phytochemical screening and anti-obesity effect of Gymnema sylvestre leaves 

extract.In ethanol and aqueous extracts of Gymnema sylvestre leaves, saponins, flavonoids, 

steroids, terpenoids, polyphenols and coumarins were detected, however tannin and 

triterpenoids were not. Only the ethanol extract contains alkaloids and glycosides. Only 

aqueous extract contains anthroquinonesAccording to quantitative studies, the Gymnema 

sylvestre leaves include flavonoids, saponin, phenol and terpenoid. Significant levels of 

flavonoids (27.29 mg/gm), saponin (37.18 mg/gm), phenol (142.00 mg/gm) and terpenoid 

(31.00 mg/gm) were found. The anti-obesity efficacy of Gymnema sylvestre was 

demonstrated via lipase inhibition. Overall, the results of this study show that Gymnema 

sylvestre leaves have a high concentration of phytochemicals and have anti-obesity 

properties. 

Rashmi shivsnns et al., [29] used a pancreatic lipase inhibitory experiment to study 

the anti-obesity activity of macrolichens heterodermia leucomelos and ramalina celastri. They 

found that as the quantity of extracts increased, so did the inhibition of the enzyme.Solvent 

methanol showed good activity compared to ethyl acetate. The percentage of inhibition in 

methanol extracts of heterodermia leucomelos and ramalina celastri was 19.7-69.8 and 20.0-
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86.6, respectively.At 25 mg/ml, lichen ramalina celastri inhibited enzyme lipase by 86.6 

percent in methanol extract, whereas ethyl acetate inhibited enzyme lipase by 63.0 percent. 

Athesh et al. [30] studied the anti-obesity potential of Cyperus rotundus l. Rats fed a 

high-fat cafeteria meal generated aqueous tuber extract.When HFCD was given to 

experimental rats for 40 days, it dramatically raised body weight, organ and fat pad weights, 

blood total cholesterol, LDL cholesterol, VLDL cholesterol, triglycerides and glucose levels, 

while decreasing HDL cholesterol.While ATECR therapy resulted in a dose-dependent 

reduction in body weight growth, organ weight of the liver, kidney and spleen, fat pad 

weight, and blood triglycerides, total cholesterol, LDL cholesterol, VLDL cholesterol, 

glucose, and a rise in HDL cholesterol. Furthermore, after treatment with varied dosages of 

ATECR, the levels of liver indicators such as aspartate transaminase (AST), alanine 

transaminase (ALT) and alkaline phosphatase (ALP), which were reported to be raised in the 

blood of obese rats, returned to normal. Furthermore, consuming ATECR decreased oxidative 

stress in rats with HFCD-induced obesity by increasing glutathione (GSH), glutathione 

peroxidase (GPx), superoxide dismutase (SOD) and catalase levels in the hepatic tissue. 

Changhyun Roh et al., [31]  the anti-obesity activity of crude plant extracts has been 

synthesized. Obesity is a risk factor for metabolic syndromes and promoting early 

adipogenesis in adipose tissue, resulting in the replacement of larger adipocytes that release 

inflammatory factors with tiny adipocytes, is a flexible method for treating obesity. In this 

work, we used in vitro enzymatic lipase activity to evaluate crude anti-obesity medicines 

derived from 400 plant extracts.In vitro anti-lipase activity was considerably reduced by 44 

extracts from plant extracts out of 400 tested. The four plant extracts were potent in inhibiting 

lipid production in 3T3-L1 adipocytes, suggesting that they may be used as crude anti-obesity 

drugs. Salicis Radicis Cortex has the most fat-inhibiting action of all of them. As a result of 
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these findings, these four active plant extracts may be effective in the prevention or treatment 

of obesity. 

 2.3   Insilico Molecular   Docking 

N-(1-benzylpiperidin-4-ylidene)-2-Cyanoaceto hydrazide was synthesized by 

K.Tharini and K.Sundaresan et al., [32]. The molecular docking approach, according to the 

researchers, may be used to simulate the atomic level interaction between a small molecule 

and a protein, allowing them to describe small molecule behavior at target protein binding 

sites as well as depict fundamental biochemical processes. BIOVIA Discovery Studio (DS) 

2017 software was used to conduct in silicomolecular docking investigations. When 

compared to typical drugs, the compound possesses a better and robust binding affinity in 

both proteins (2YAT and 1IR3). The CDOCKER (CHARMm-based DOCKER) methodology 

included in DS was used to investigate possible binding mechanisms between the ligands and 

this target protein. In an in silico technique, molecular docking was used to establish that 

comparable chemicals can attach to receptor protein therapy of breast cancer. 

  

Jesudass Joseph Sahayarayan et.al [33] has investigated In-silico protein-ligand 

docking studies against the estrogen protein of breast cancer using pharmacophore based 

virtual screening approaches.  Docking tests were carried out after comparing the screened 
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compounds to the recorded compounds and the data set used to create the pharmacophore 

sample. Glide docking scores were similarly strongly associated with prime MMGBSA 

scores. The consistency of the protein complex architectures is verified using molecular 

dynamics modeling. The complex is remarkably consistent throughout the simulation time, as 

seen by the RMSD, RMSF and hydrogen bond interaction results. 

         Estrogen receptor alpha (ER-) inhibitors such as 1,1-diphenyl-2-picrylhydrazyl, 

isocorilagin, kaempferol, kaempferol 3-bita-D-glucopyranoside, and quercetin might all be 

employed to build a breast cancer therapy. Schrodinger discovered a wide variety of docking 

scores during molecular docking. Isocorilagin had the best docking score against estrogen 

receptor alpha of all the drugs studied Nasrin Aktheret and colleagues,[34] 

 In silico investigations of certain 2-anilinopyrimidine derivatives as anti-triple 

negative breast cancer drugs were conducted by Hadiza Lawal Abdul rahman, Adamu 

Uzairu, and SaniUba et al., [35]. Model 4 may be utilized to produce novel 2-

anilinopyrimidine derivatives with improved anti-breast cancer prediction activity and 

performance, according to the findings. Some 2-anilinopyrimidine derivative compounds 

have been shown to bind strongly to the receptor, stabilizing the receptor (TR1) as evidenced 

by receptor–ligand interactions, and these compounds might be the most promising TR1 

inhibitors. This is a significant step forward for pharmaceutical researchers in the 

development of novel anti-triple-negative breast cancer therapies. 

          The insilico molecular design of heterocyclic benzimidazole scaffolds as potential 

anticancer agents was investigated by Balasubramanian Narasimhan et al., [36] The 

sulforhodamine B (SRB) assay was used to test the anticancer activity of synthesized 

benzimidazole compounds against cancer cell lines (HCT116 and MCF7) in 

vitro.Furthermore, utilizing CDK-8 (PDB code: 5FGK) and ER-alpha (PDB code: 3ERT) as 
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putative targets for anticancer action, Schrodinger-Maestro v11.5 performed a molecular 

docking investigation of the data set. Molecular docking data revealed that compounds 12, 

16, N9, W20, and Z24 had a high docking score with greater interaction within key amino 

acids, which is related to their anticancer properties. Compounds 16, N9 and W20 exhibited 

significant ADME findings within the range of Lipinski's rule of five and Qikprop rule, 

suggesting that these compounds might be employed as lead molecules for the development 

of new anticancer medicines. 

         A new class of pyranoquinolinone-based compounds has been developed. Hany M. 

Hassanin et al.,[37] developed and synthesized Schiff's bases. They were examined for 

topoisomerase II (TOP2B) inhibitory activity and cytotoxicity against the MCF-7 breast 

cancer cell line in order to create novel anticancer drugs. Using the DISCOVERY STUDIO 

2.5 program, a molecular docking research was conducted to explore their binding and 

functional capabilities as TOP2B inhibitors, and they demonstrated an intriguing capacity to 

intercalate the DNA–topoisomerase complex.. Compounds 2a, 2c and 2f had the highest 

docking scores (82.36 percent 29.98 kcal mol1 for compound 2a, 78.18 percent 26.98 kcal 

mol1 for compound 2c, and 78.65, 28.11 kcal mol1 for compound 2f) and demonstrated the 

most enzyme inhibition activity. The best hit compounds exhibit highly potent TOP2B 

inhibitors with submicromolar IC50 at 5 M when compared to the reference doxorubicin.  

        Reetuparna Acharya et al., [38] selected furanocoumarins have been subjected to a 

structure-based multi-targeted Molecular Docking Analysis in the fight against breast cancer. 

Breast cancer is one of the world's most serious problems and the current treatment involves 

using partial agonists/antagonists to target hormone receptors. Tamoxifen, Trastuzumab, 

Paclitaxel and other powerful medications for breast cancer therapy have been linked to side 

effects and resistance in individuals. The study's focus was on phytochemicals that have 

potent inhibitory effects on eR, pR, eGfR and mtoR. Because protein-ligand interactions are 
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important in drug design, the current work used molecular docking. The 3D structures of ER, 

pR, eGfR and mtoR were docked with 23 3D PubChem structures of furanocoumarin 

compounds obtained from the protein data bank using Flex XThe goal of this study was to 

compare the in-vitro thrombolytic activity and phytochemical analyses of leaf extracts from 

four medicinal plants in the Asteraceae family. Merr, Eclipta alba (L) Hassk., Emilia 

sonchifolia (L.) DC., and Spilanthes paniculata Wall were all recognized as members of the 

same asteraceae family. As a consequence of our investigation, we found Wedelia chinensis 

Osbeck. Emilia sonchifolia (L.) DC., Eclipta alba  (L.) Hassk., Eclipta alba (L.) Hassk., 

Eclipta alba (L.) Hassk., EcliptaWall, Spilanthes paniculata Emilia sonchifolia (L.) DC., 

Emilia sonchifolia (L.) DC., Emilia sonchifolia (L.) DC., Emilia sonchifolia (L.) DC., Emilia 

sonchifolia (L.) DC., Emilia sonchifolia (L.) DC.To test anti-breast cancer activity, the 

Lipinski's rule of five was used to the furanocoumarins to screen for drug-likeness. 

Antagonist and inhibition assays for eR, eGfR and mtoR were carried out in vitro using 

approved procedures. The findings show that Xanthotoxol, Bergapten, Angelicin, Psoralen 

and Isoimperatorin had the best docking scores for breast cancer. Moreover, the in-vitro 

findings support the molecular docking analyses. This research implies that the selected 

furanocoumarins should be studied and analyzed further for breast cancer therapy and care 

techniques. 

2.4   Invitro Thrombolytic activity 

             B. Vishwanathan, B.M. Gurupadayya, and colleagues [39] synthesized Thrombolytic 

activity of 1, 3, 4-oxadiazole derivatives A series of 1, 3, 4-oxadiazole derivatives (3a-3q) 

synthesized from benzofuran were tested for thrombolytic activity in an in vitro clot lysis 

assay. The thrombolytic study was carried out to see if the clot lysis process could reduce the 

solid clot weight at concentrations of 6.25, 12.5 and 25 M strength. In vitro clot lysis for 

thrombolytic assessment demonstrated that the investigated compounds 3a-3q showed 
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considerable clot lysis when compared to the reference medication streptokinase (30,000IU). 

Among all the tested compounds, compound 3o, 3n and 3m exhibited potentthrombolytic 

activity with ED50 value of 18.8, 20.4 and 20.9 μM, respectively. 

             Fatema Tabassum et al., [40] the comparative study of the thrombolytic activity and 

phytochemical analysis of the methanolic extract of leaves of Wedelia chinensis Osbeck was 

designed to investigate the in-vitro thrombolytic activity and phytochemical evaluation of 

leaf extracts of four medicinal plants from the Asteraceae family.  Merr, Eclipta alba (L) 

Hassk., Emilia sonchifolia (L.) DC., and Spilanthes paniculata Wall. (all belonging to the 

same asteraceae family) were all identified. We also discovered Wedelia chinensis Osbeck as 

a result of our research. Eclipta alba (L) Hassk, Emilia sonchifolia (L.) DC., Spilanthes 

paniculata Wall, Emilia sonchifolia (L.) DC., Emilia sonchifolia (L.) DC., Emilia sonchifolia 

(L.) DC., Emilia sonchifolia (L.) DCThey demonstrated considerable percent of clot lysis 

impact with reference to Streptokinase (71.43 percent) and water, and they showed 24.48 

percent, 28.71 percent, 15.19 percent and 42.77 percent clot lysis activity, respectively    

(2.96 percent ). The presence of many phytochemicals in distinct solvent fractions was 

discovered by phytochemical analysis. The presence of these phytochemicals was shown to 

be responsible for the plants' in-vitro thrombolytic action. For the creation of new drugs, 

more research is required.                

       Monalisha Sharma  et al., [41] Study on in-vitro thrombolytic activity of methanolic 

extract of Mesua ferrea leaves  have been synthesized from the above study it can be 

concluded that the methanolic extract of  Mesua ferrea may be a potential candidate for future 

thrombolytic agent. Furthermore study and isolation is needed to obtain site specific and 

more potent agent that causing this effect. The test was made under full concentration to 

develop new compounds. 
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      Regioselective synthesis of   2-(bromomethyl)-5-aryl-thiophene derivativesvia palladium 

(0) catalyzed Suzuki cross-coupling   reactions: as antithrombotic and haemolytically active 

molecules. The haemolytic and antithrombolytic actions of  Komal 1 Rizwan et al., [42] were 

investigated. The new chemicals 3f and 3i caused the most haemolysis of blood cells, with 

69.7% and 33.6 percent, respectively.  The chemicals' antithrombolytic effect against human 

blood clots was determined to be modest to moderate. Clot lysis was demonstrated to be 

effective with compound 3i (31.5 percent).         

        J.P. Dupin et al., [43] New thienopyrimidinone derivatives synthesis and 

thrombolytic action in this paper, we describe the six-step synthesis of a series of novel 

benzothienopyrimidinone derivatives with significant thrombolytic action. In the 

pharmacological experiment, Wistar rats were anesthetized and had extracorporal circulation 

superfused thrombi adhere to a strip of collagen. The thrombi's weight was continually being 

monitored. Six of the compounds in the series were far more potent thrombolytic agents than 

their thienopyridine equivalents, with effective thrombolytic doses ranging from 8 to 170 mg 

kg-1, vs ED30 values of 16000 to 20000 mg kg-1 for clopidogrel and ticlopidine, 

respectively. This difference in the threshold thrombolytic dosage, which resulted in a three-

order-of-magnitude increase in the strength of action, was followed by a prolonging of the 

reaction, especially with the most active molecule. Apart from that, these compounds have 

been proved to be synthetic thrombolytics and they need to be studied further. 

        Organic and aqueous extracts of Hopeaodorata leaves were produced for antioxidant, 

antidiarrheal, hypoglycemic  and  thrombolytic activities,  as well as in silico PASS 

prediction of its isolated components Mohammad Shah Hafez Kabir and Md. Mominur 

Rahman et al [44]. These findings imply that the plant might be a source of novel 

antidiarrheal, thrombolytic and antioxidative compounds, although it lacks antidiabetic 

properties.  For the extracts, the PASS prediction matched the current study. More research is 
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needed to determine the phytoconstituents' PASS anticipated biological effects.       

 The In Vitro Evaluation of Pentasubstituted Pyrroles as Thrombolytic Agents and 

Cytotoxicity Studies on L929 Cells through a Simple and Direct Synthesis of 

Pentasubstituted Pyrroles by [3+4] Annulation Biguvu Balachandra and Sivakumar 

Shanmugam et al., [45], devised two separate procedures for the synthesis of two different 

polysubstituted pyrroles. The first method proceeds by the reaction of N,S-acetal, 

arylglyoxals and malononitrile in the presence of H2O / PEG400 to the synthesis of               

2-(2-argio-1- methyl-5-(methylthio)-4-nitro-1H-pyrrol-3-yl)-2-cyanoacetamide (4a-4p). The 

second technique uses methylcyanoacetate instead of malononitrile for the production of 

additional divergent pyrroles 2-(2-argio-1-methyl-5-(methylthio)-4-nitro-1 H-pyrrol-3-yl) 

acetonitrile (6a-6f) under a solvent-free, heating environment. Among the pyrroles 2-(4-  

methoxyphenyl) (4c), 2-(4-fluorophenyl) (4d) 2-(4-chlorophenyl)  (4e), 2-(2,4-

dichlorophenyl) (4f),  2-(3-chloro-4-fluorophenyl)  (4g), 2-(2-bromo-4-chlorophenyl) (4h), 

(2-(3-bromophenyl) (4i),  2-(4-bromophenyl) (4j), (2-(4-hydroxyphenyl)(4l) and 2-(3- 

nitrophenyl) (4m) displayed moderate to good clot lysis.  For several substances, cytotoxicity 

tests were also performed on L929 cells.  At lower concentrations, the test derivatives 4c, 4d, 

4g and 4h demonstrated good cell viability. At greater and lower concentrations, the chemical             

4f demonstrated moderate to non-toxicity.  
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Heterocyclic systems having piperidine are found to possess better biological activity. 

They aroused great interest in the past and recent years due to their wide variety of biological 

properties and their presence in biologically active pharmaceutical ingredients. 

Hydrazone and its derivatives are a class of organic synthesis compounds with a wide 

variety of uses. The chemistry of carbon-nitrogen double bond of hydrazone is becoming the 

backbone of condensation events in benzo-fused N-heterocycles and it also represents an 

important class of compounds for innovative medicinal development. Anti-microbial, 

antitubercular, anticonvulsant, analgesic, anti-inflammatory, anticancer, antifungal, antiviral, 

antibacterial and antimalarial actions have been claimed for a variety of hydrazone 

derivatives. Review of literature survey indicated that nitrogen and oxygen containing 

heterocycles have significant place in the development of pharmacologically important 

molecules.  

Bioactive heterocylic ring systems with a 2,6-diaryl-piperidine-4-one nucleus and 

various substituents at the 3- and 5-positions of the ring have also sparked interest due to 

their wide range of biological properties, including antiviral, antitumor, central nervous 

system, local anesthetic, anticancer and antimicrobial activities and their derivatives are also 

biologically important and act as neurokinins. In view of the importance and 

pharmacological activities of piperidin-4-one derivatives, the present topic has been chosen.  

Herein, the synthesis, structural characterization, invitro biological evaluation and molecular 

Chapter-3 

Scope And Objective of the work 
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docking studies of some diarylpiperidin-4-one cyanoacetylhydrazone derivatives have been 

carried out. 

  The major objectives of the present research work are as follows: 

 To synthesis various substituted N-acetyl 3-methyl 2, 6-diarylpiperidin-4-one  

cyanoacetylhydrazone derivatives and benzaldehyde cyano acetyl hydrazone  

derivatives. 

 To characterize the synthesized compounds using advanced analytical and spectral  

methods such as FT-IR, 1H and 13C NMR. 

 To investigate the invitro anti obesity activity of the all synthesized compounds. 

 To study the insilico anti breast cancer activity of the all synthesized compounds. 

 To evaluate the invitro thrombolytic activity of the all synthesized compounds 
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4.1. Materials 

All the chemicals (solvents and reagents) were procured from Merck (India) and 

foreign companies (Hi-media and Sigma/Aldrich) and were used as such with no further 

purification and distillation. Local chemical has not been used in the research work. The 

purity of these chemicals   was 98-99.9%. 

Various substituted aldehydes and cyanoaceto hydrazide (Hi-media and 

Sigma/Aldrich), were used as received. The other reagent used was Sodium acetate (Merck). 

Analytical grade soplvents like ethanol, methanol, ethyl acetate and ethyl methyl 

ketone were used as such without further distillation. The synthesized compounds were 

scaled for yield and purified using a suitable solvent system and recrystallization. 

4.2. Identification of compounds 

4.2.1 Melting point determination 

                On a Stuart-SMP10 melting point apparatus, the melting points of the synthesized 

compounds were determined in open-glass capillaries and recorded in ◦c without adjustment.    

In the characterisation of an organic compound, it is an extensively employed   physical 

constant. 

 

 

Chapter-4 

Materials and Methods 
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4.2.2   Thin Layer Chromatography                                                         

     Chromatography is an important technique to identify the formation of new compounds 

and also to determine the purity of the compound. Each chemical has an Rf value that is 

unique to it. 

(i) Preparation of solvent system and saturation of chamber 

The solvent system used for the development of chromatogram was prepared 

carefully by mixing ethyl acetate and hexane. 

(ii) Application of sample 

The solution of the parent compound and its target molecule were taken in small 

bored capillary tube and spotted at 2 cm from the base end of the plate. After spotting, the 

plates were allowed to dry at room temperature and transferred to chromatographic chamber 

containing solvent system for development. 

(iii) Development of chromatogram 

          When the solvent front had reached a distance of 10-12 cm, plates were developed              

using ascending method and they were removed and dried at room temperature. 

(iv)  Detection of spots 

        The developed spots were detected by exposing them to iodine vapours. 

(v) Calculation of Rf value 

         The Rf   values of compounds were calculated using the formula 

Rf    =         
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐭𝐫𝐚𝐯𝐞𝐥𝐥𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐬𝐚𝐦𝐩𝐥𝐞

𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐭𝐫𝐚𝐯𝐞𝐥𝐥𝐞𝐝 𝐛𝐲 𝐭𝐡𝐞 𝐬𝐨𝐥𝐯𝐞𝐧𝐭 𝐟𝐫𝐨𝐧𝐭
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               In all the cases, the distance travelled by the sample was found to be different from 

that of the parent compound spotted along with it. Thus confirming the fact that the 

compounds formed were entirely  different from that of the parent compound. Since the 

entire sample gave a single spot, the compounds were taken to be free from impurities .The 

Rf  value of compounds were reported. 

4.2.3 FT-IR Spectra 

IR absorption spectra were recorded in the 4,000–400 cm-1 range on a Shimadzu FT 

IR-8400s using KBr pellets technique. One of the most powerful analytical methods utilized 

is infrared spectroscopy, which allows for the identification of functional groups contained in 

a substance. 

4.2.4 1H NMR and 13C NMR Spectra 

          A Bruker AMX-300MHz spectrophotometer was used to record 1H-NMR and 13C-

NMR spectra. Chemical shifts in 1H-NMR and 13C-NMR are expressed as parts per million 

(ppm) downfield from TMS, which serves as an internal reference. A solvent of 

DMSO/CDCl3 was used to record the spectra. The splitting patterns are denoted by the letters 

s, d and m which stand for singlet, doublet and multiplet respectively. 

4.3 Synthesis of Compounds 

4.3.1 Preparation of 3-methyl 2,6-diaryl piperidin-4-one 

The 3-methyl-2,6-diarylpiperidin-4-one was made using the technique described in the 

literature [1-2].  In 95 percent ethanol (20ml), ammonium acetate (7.70g, 100m.mol), benzaldehyde 

(20.3ml, 200m.mol), and ethyl methyl ketone (14.7ml, 200m.mol) were dissolved  and  the solution 

was heated with shaking until the color changed to orange. After cooling the mixture in the tap 



65 
 

water, the solution was poured into ether (100ml). The ether insoluble component was filtered off 

and conc. HCl (14ml) was added to the filtrate.    The precipitated 3-methyl 2,6-diaryl piperidin -4- 

one hydrochloride was separated by filtration. The hydrochloride was suspended in acetone, then 

drops of strong aqueous ammonia were added one at a time until a clear solution was formed. The 

clear solution was poured into cold water (300ml) and the solid obtained was filtered, dried and 

recrystallised from ethanol. Colourless crystals; m.p 102 – 103oC. 

  [Condensation of 2-butanone, substituted aldehydes and ammonium acetate in warm ethanol 

in the ratio of 1:2:1 respectively afforded the formation of various substituted 3-methyl-2,6-

diarylpiperidin-4-ones.] 

4.3.2   Preparation of 3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl hydrazones 

In methanol, a combination of substituted 3-methyl-2,6-diarylpiperidin-4-one (0.1 

mol) and cyanoaceto hydrazide (0.1 mol) was refluxed for 2 hours in the presence of a few 

drops of concentrated acetic acid. After the completion of reaction, the reaction mixture was 

cooled to room temperature. The solid product formed was separated by filtration and washed 

with warm water and recrystallized by methanol to afford corresponding substituted              

3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl hydrazones. 

4.3.3 Preparation of N-acetyl 3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl 

hydrazones 

3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl hydrazones cyclized by 0.1 mol of 

acetic anhydride and recrystallized by methanol to afford corresponding substituted              

N-acetyl3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl hydrazones.  
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4.4   Preparation of Benzaldehyde cyanoacetylhydrazone (BCAH)  

In methanol, benzaldehyde (0.1mol), cyanoacetylhydrazide (0.1mol) and a few drops 

of glacial acetic acid were refluxed for two hours. The reaction mixture was cooled to room 

temperature once the reaction was completed.The solid product was separated by filtration 

and washed with warm water and recrystallized by methanol to afford Benzaldehyde 

cyanoacetyl hydrazone  

4.5 Invitro antiobesity Activity 

Pancreatic lipase activity was modified from that previously described by Kim et al.  

(2010) and  Anil Kumaret al (2011) method. [3-4] 

4.5.1 Reagents 

1. Olive oil 

2. Phosphate Buffer (pH 6) 

3. Porcine pancreatic lipase(1 mg/mL; 0.1 mM potassium phosphate buffer (pH 6.0) 

4. Acetone 

5. Ethanol 

6. Sodium hydroxide (0.02M) 

7. Oxalic acid  ((0.01M) 

8. Standard: Orlistat 
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4.5.2 Procedure 

Different concentrations of the sample (100, 200, 300, 400, and 500g/ml) were 

obtained and each concentration (100) was combined with 8 ml olive oil, 0.4 ml phosphate 

buffer and 1 ml Porcine pancreatic lipase and incubated for 60 minutes. The process was 

halted by adding 1.5 ml of acetone and 95 percent ethanol to the mixture (1:1).Titrating the 

solution against 0.02 M sodium hydroxide (standardized by 0.01 M oxalic acid) using 

phenolphthalein as an indicator revealed the released fatty acids, which were quantified by 

titrating the solution against 0.02 M sodium hydroxide (standardized by 0.01 M oxalic acid). 

A similar concentration of positive control as Orlistat (Standard) is used. The Lipase activity 

of the control was checked without inhibitor (sample). Percentage inhibition of lipase activity 

was calculated using the formula: 

Lipase inhibition = A −B/A × 100 

where A is lipaseactivity, B is activity of lipase when incubated with the sample. 

4.6 Insilico Molecular Docking Study 

In our present study, in silico molecular docking studies were carried out using 

BIOVIA Discovery Studio (DS) 2017 software. 

4.6.1 Preparation of protein 

The Crystal Structure of the BRCT Domains of Human BRCA1 in Complex with a 

Phosphorylated Peptide from Human Acetyl-coA Carboxylase 1 (PDB ID: 3COJ) with a 

resolution of 1.90 was used for this investigation. Hydrogens were applied to the 3COJ 

protein by applying the Forcefield algorithm and then using CHARM forcefield in DS, the 

protein energy was reduced.  
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4.6.2 Ligand preparation 

The molecules (synthesized compounds) and standard drug Tamoxifen were drawn in 

chemdraw software, subsequently, energy of the all the molecules were minimized and saved 

in SDF file format for further docking studies. 

4.6.3 Docking study 

In order to analyse the most common geometry of the protein-ligand complex, a 

molecular docking analysis was carried out. To understand the structural basis of these target 

proteins, a computational docking study was used to analyse structural complexes of the 

3COJ with 7 molecules along with Schiff base compounds. The CDOCKER (CHARMm-

based DOCKER) protocol integrated within DS has examined potential binding modes 

between the ligands and these target proteins. The CDOCKER parameter to be run was 

tabulated in Table 1. The algorithm flexibly provides complete ligand and employs fields of 

CHARMm power. The ligand binding affinity was determined using CDOCKER Interaction 

energy, Hydrogen bonds, binding energies, protein energy, and ligand-protein complex 

energy. The energy of CDOCKER is stated in negative values. More negative value energy is 

seen as the ligands' higher binding affinity to the target protein protein [5, 6]. 

The other parameter in this protocol was mentioned in Table.1 

Table  1. Parameter of CDOCKER protocol 

Input Receptor Input/3COJ.dsv 

Input Ligands /Input/Total_min_ligands.sd 

Input Site Sphere -23.9454, 29.2003, 7.29961, 9 
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Top Hits 1 

Random Conformations 10 

Random Conformations Dynamics Steps 1000 

Random Conformations Dynamics Target 

Temperature 
1000 

Include Electrostatic Interactions True 

Orientations to Refine 10 

Maximum Bad Orientations 800 

Orientation vdW Energy Threshold 300 

Simulated Annealing True 

Heating Steps 2000 

Heating Target Temperature 700 

Cooling Steps 5000 

Cooling Target Temperature 300 

Forcefield CHARMm 

Use Full Potential Yes 
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Grid Extension 8.0 

Ligand Partial Charge Method CHARMm 

Random Number Seed 314159 

Final Minimization Full Potential 

Final Minimization Gradient Tolerance 0 

Parallel Processing False 

Parallel Processing Batch Size 25 

Parallel Processing Server Localhost 

Parallel Processing Server Processes 2 

Parallel Processing Preserve Order True 

Random Dynamics Time Step 0.002 

 

4.7 Invitro Thrombolytic Activity 

   Thrombolytic activity determined by the method of Fatema Tabassum et al (2017), [7]. 

4.7.1 Preparation of streptokinase (SK)  

           The commercially supplied lyophilized SK vial of 15, 00,000 I.U. was combined 

appropriately with around 5 ml sterile distilled water. This solution was employed as a stock 

for an in vitro thrombolysis investigation, with 100µl (30,000 I.U) being used [8]. 
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4.7.2 Collection of blood 

1 ml of blood was placed to previously weighed sterile eppendorf tubes and allowed 

to develop clots from healthy human volunteers who had not used oral contraceptives or 

anticoagulant treatment. 

4.7.3 Procedure 

3ml venous blood was collected from the patient's arm and divided into four pre-

weighed eppendorf tubes, which were then incubated at 370°C for 45 minutes. Following clot 

formation, serum was withdrawn entirely without disturbing the clot and each clot-containing 

tube was    weighed again to calculate the clot weight (clot weight = weight of clot-containing 

tube minus weight of tube alone). 100µl (100g/ml) of sample was added to each eppendorf 

tube holding pre-weighed clot and 200µl (200g/ml) of sample was added to another 

eppendorf tube containing pre-weighed clot. As a negative control, 100µl of distilled water 

was added to the control tube. For positive control, 100µl of streptokinase (SK) was added. 

After that, all of the tubes were incubated at 370°C for 90 minutes to check for clot lysis. 

After incubation, the fluid was evacuated and the tubes were weighed again to see if there 

was a difference in weight after the clot was disrupted. The percentage of clotlysis was 

calculated from the difference in weight   acquired before and after clot lysis. The formula for 

determining clot weight is given below. 

    Clot weight = Weight of clot filled tube –Weight of empty tube 

 

% of clot lysis          =          
𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐥𝐨𝐭  𝐚𝐟𝐭𝐞𝐫 𝐥𝐲𝐬𝐢𝐬

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐜𝐥𝐨𝐭 𝐛𝐞𝐟𝐨𝐫𝐞 𝐥𝐲𝐬𝐢𝐬
×   𝟏𝟎𝟎  
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Several bio organic   chemists have attempted to study the synthesis and biological 

applications of heterocyclic compounds sulphonylhytrazone derivatives. Perusal of literature 

shows neat work on synthesis of   cyanoacetylhytrazone derivatives conspicuously lacling. 

Hence the present study is concerned with the aim of throwing more light on the “synthesis, 

characterization and biological evaluation of some novel bioactive hydrazone derivatives”. 

 The various hydrazones which are synthesized and used for the applications may be 

grouped as follows: 

I.  1 to 7 

II. 8 to 14 

The proposed study has been suitably designed so as to investigate the following. 
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5.1   Synthesis of compounds 

5.1.1 Preparation of 3-methyl 2,6-diaryl piperidin-4-one 

3-methyl-2,6-diarylpiperidin-4-one was prepared by adopting the literature method [1-2]. 

Ammonium acetate (7.70g, 100m.mol), benzaldehyde (20.3ml, 200m.mol) and ethyl methyl ketone 

(14.7ml, 200m.mol) were dissolved in 95% ethanol (20ml) and the solution was heated with 

shaking until the colour of the solution change to orange. After cooling the mixture in the tap water, 

the solution was poured into ether (100ml). The ether insoluble component was filtered off and 

conc. HCl (14ml) was added to the filtrate. The precipitated 3-methyl 2, 6-diaryl piperidin -4- one 

hydrochloride was separated by filtration. The hydrochloride was suspended in acetone and 

concentrated aqueous ammonia was added drop-wise until a clear solution was obtained. The clear 

solution was poured into cold water (300ml) and the solid obtained was filtered, dried abd 

recrystallised from ethanol. Colourless crystals;  m.p 102 – 103oC. 

  [Condensation of 2-butanone, substituted aldehydes and ammonium acetate in warm ethanol 

in the ratio of 1:2:1 respectively afforded the formation of various substituted 3-methyl-2,6-

diarylpiperidin-4-ones.] 

5.1.2 Preparation of    3-methyl-2,6-diarylpiperidin-4-one cyanoacetyl hydrazones 

A mixture of various substituted 3-methyl-2,6-diarylpiperidin-4-one (0.1 mol), 

cyanoaceto hydrazide (0.1 mol) in the presence of few drops of concentrated acetic acid in 

methanol was refluxed for 2 hours. After the completion of reaction, the reaction mixture was 

cooled to room temperature. The solid product formed was separated by filtration and washed 

with warm water and recrystallized by methanol to afford corresponding substituted               

3-methyl-2, 6-diarylpiperidin-4-one cyanoacetyl hydrazones.  
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5.1.3 Preparation of N-acetyl 3-methyl-2,6-diarylpiperidin-4-one cyanoacetylhydrazones 

3-methyl-2, 6-diarylpiperidin-4-one cyanoacetyl hydrazones acetylated by 0.1 mol of 

acetic anhydride and recrystallized by methanol to afford corresponding substituted N-acetyl 

3-methyl-2, 6-diarylpiperidin-4-one cyanoacetyl hydrazones.    

           The schematic representation of all the synthesized compounds are shown in scheme 1 

              Physical data for the synthesized compounds are shown in Table 2 

 

Scheme 1 
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    The structure of all the synthesized compounds viz., 

         N-acetyl 3-methyl- 2,6-diphenylpiperidin-4-onecyanoacetylhydrazone (C1),                           

N-acetyl 3-methyl- 2,6 (bis-o-bromo phenyl) piperidin-4-one cyanoacetylhydrazone (C2),                 

N-acetyl 3-methyl - 2,6 (bis-o-chloro phenyl) piperidin-4-one cyanoacetylhydrazone (C3),              

N-acetyl  3-methyl - 2,6 (bis-o-methyl phenyl) piperidin-4-one cyanoacetylhydrazone (C4),            

N-acetyl  3-methyl - 2,6 (bis-p-bromo phenyl) piperidin-4-one cyanoacetylhydrazone (C5),              

N-acetyl  3-methyl - 2,6 (bis-p-chloro phenyl) piperidin-4-one cyanoacetylhydrazone (C6),            

N-acetyl   3-methyl  -2,6 (bis-p-methyl phenyl) piperidin-4-one cyanoacetylhydrazone (C7) 

are characterized by IR, 1H NMR    and   13C NMR spectral studies. The type of spectrum 

recorded for the synthesized compounds are listed in Table.3 

Table.2   Physical data for the synthesized compounds 

 

Compound 

 

Structure 

 

Molecular 

Formula 

 

Molecular 

Weight 

 

Melting 

point 

 

 

C1 

  

 

 

C23H22N4O2 

 

 

386 

 

 

160-163oC 

 

 

C2 

 

 

 

 

C23H26Br2N4O 

 

 

544 

 

 

179-181 oC. 
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C3 

 

 

 

 

 

 

 

 

 

C23H20Cl2N4O2 

 

 

454 

 

 

142-145oC. 

 

 

C4 

  

 

C25H28N4O2 

 

 

416 

 

 

179-181oC 

 

 

C5 

 

 

 

C23H26Br2N4O 

 

 

544 

 

 

186-189oC 

 

 

C6 

 

 

 

C23H20Cl2N4O2 

 

 

454 

 

 

148-151oC 

 

 

C7 

 

 

 

C25H28N4O2 

 

 

416 

 

 

139-141oC 
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Table . 3 Type of   the spectrum recorded for the synthesized compounds. 

Compounds IR 1H NMR 13C NMR 

C1  
  

C2 
   

C3 
   

C4 
   

C5 
   

C6 
   

C7 
   

5.2   Spectral studies 

5.2.1 IR Spectroscopy 

Infrared (IR) radiation refers broadly to that part of the electromagnetic spectrum 

between the visible and microwave region. Of greater practical use to the field of organic 

chemistry is the limited portion between 4,000 and 400 cm-1. Absorption bands in the 

spectrum result from energy changes due to molecular vibration of the stretching and bending 

mode of a bond. Though this absorption is quantized, vibrational spectra appear as bands 

rather than a line because a single vibrational energy change is accompanied by a number of 

rotational energy changes. Band positions in infrared spectra are presented either as wave 

number (ν) or wavelength (λ). 
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Even a very simple organic molecule can give extremely complex infrared spectrum. 

The organic chemist takes advantage of this complexity when he matches the spectrum of an 

unknown compound against that of an authentic sample. A peak-by-peak correlation is an 

excellent evidence for identity. It is unlikely that any two compounds except enantiomers 

give the same infrared spectrum. 

Since the structural elucidation/identification do not solely dependent on infrared 

spectrum, a detailed analysis of the spectrum will not be required.  In the present study, IR 

spectra are utilized in conjunction with other spectral data to determine molecular structure. 

5.2.2   NMR Spectroscopy 

Nuclear Magnetic Resonance (NMR) spectroscopy is a well-established technique 

for providing information about structural diagnosis of organic molecule. It involves 

transition of nucleus from one spin state to another state with the resultant absorption of 

electromagnetic radiation in the radio wave frequency region by spin active nuclei when 

they are placed in a magnetic field. The energy associated with NMR experiments is 

incapable of disrupting even the weakest chemical bond in a molecule. One dimensional 

NMR spectrum constitutes a plot of the frequencies of the absorption peaks versus peak 

intensities. 
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5.3 SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6-

DIPHENYLPIPERIDIN-4-ONE CYANOACETYLHYDRAZONE (C1) 

5.3.1 IR Spectral Analysis 

The IR spectrum of compound (C1) an absorption band appeared at 3269 cm-1 is due 

to N-H [1] stretching frequency. The aromatic and aliphatic C-H stretching vibrations 

appeared   at 2935-3062 cm-1. The absorption frequency is 1894 cm-1 is assigned for C≡N. IR 

bands appeared at 1720 & 1647 are assigned for amide C=O and C=N stretching frequency. 

Among them  1720 cm-1 is due to C=O of hydrazone moiety and 1647cm-1 is observed as 

broad band due to the merging of stretching C=O of piperidine  moiety and C=N  stretching 

frequency. All the observed IR bands are supported the formation of the synthesized 

compounds. 

 All the observed IR bands are supporting evidences for the formation of compounds C1.     

IR spectral data of the compound C1 are shown in Table.4  

 

Table.4 Characteristic IR stretching frequencies (cm-1) of C1 

 

 

 

Compound 

C1 

C-H           

(Aliphatic 

and            

Aromatic) 

N-H C≡N 

 

C=O             

(Hydrazone               

moiety) 

C=N 

and 

C=O 

(Piperidone 

moiety) 

2935-3062 3269 1894 
 

1720 

 

1647 
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5.3.2   1 H NMR Spectral analysis 

The introduction of hydrazone group at the 4th position of 1-heterocyclic ketones is 

reported to exert a major change in chemical shifts of its acetyl group and their associated 

protons. 1H NMR chemical shift values (δ, ppm) numbering of compound C1 is given in 

Fig.6.  

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.7a and 

Fig.7b), the signals appear in the range 7.50-7.26 ppm corresponding to 10 protons are due to 

the aromatic protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 9.18 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety.  Moreover, two closely spaced 

doublets forming an AB quartet around 3.79 ppm correspond to two protons are assigned as 

the methylene protons of CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.86 ppm CH3 protons  of acetyl moiety. The actual 

chemical shift values of these diastereotopic germinal protons exhibiting AB spin system of 

coupling was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.89 ppm (J = 

6.6 Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart  from , there are five signals in between 3.91 and 2.23 ppm, which are due to 

the ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.91, 

2.92 and 2.23 ppm, doublet at 3.55 ppm and a multiplet at 2.58 ppm with one protons integral 

each. In 3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 
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constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. In fact, the doublet at 3.55 ppm with coupling constant 10.2 Hz is ascribed to 

H-2a proton the double doublet resonance at 3.91 ppm with vicinal coupling constants 11.7 

Hz (J3 diaxial) and 2.4 Hz (J3 axial equatorial) is assigned to H-6a proton.  

There are two double doublets at 2.23 ppm with coupling constants 11.7 Hz (J3 

diaxial) and 13.8 Hz (J2 axial equatorial) and 2.92 ppm with coupling constants 2.7 Hz (J3 

axial equatorial) and 13.8 Hz (J2 axial equatorial). The geminal coupling constant values 

suggest that those protons are present at same carbon which is assigned to methylenic protons 

at C-5. Furthermore, the vicinal coupling constant reveals that the double doublets at 2.23 and 

2.92 ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet 

resonance at 2.58 ppm is ascribed to H-3a proton.  

 

 

 

 

 

 

 

 

 

Fig. 6   1H NMR chemical shift values (δ, ppm) numbering of Compound C1 
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5.3.3   13C- NMR Spectral analysis 

13C- NMR spectral assignments have been made based on characteristic signal 

positions of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C1 depicted in (fig 8). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 127.93 ppm and 141.99 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C1.The signals at the region 127.82-125.90 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 164.41 and 158.02 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety).Hence, the signal at 

156.34 and 114.29 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 35.70 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 11.52 ppm and acetyl C-CH3 resonance at 24.08 ppm. 

There are four signals for piperidine ring has the chemical shifts at 68.48, 60.78, 

50.04 and 44.29 ppm respectively.Among the four signals  the downfield signals at 68.48 and 

60.78 ppm assigned to C-2 and C-6 carbons where as the upfield signals at 50.04 and 44.29 

ppm is due to C-3 and C-5 carbons. These characteristic signals are well supported our 

proposed structure.  
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Conformation 

Conformation of the synthesized compound C1 is confirmed from the observed coupling 

constant value and magnitude of chemical shift values. All the observed coupling constant 

values of compound C1 are furnished in Table. 5.   From the Table. 5 the coupling constant 

values of compound C1 are reveals that the six membered   piperidine rings exist in chair 

conformation with equatorial orientation of phenyl substituents at C-2, C-6 and methyl group 

at C-3.  

Table . 5 Coupling constant values of compound C1 in Hz 

 

On hydrazone formation there are two conformations  possible with the orientation of 

C=N-NH bond whether syn to C-5 are C-3 carbon.  To fix the orientation of C=N-NH bond 

the proton chemical shift values are compared with parent ketone (3-methyl 2,6- diphenyl 

piperidin-4-one) and the chemical shift differences are given in Table 6.  

 

 

 

 

 

 

 

Compound 

C1 

3J2a,3a 
3J5a,6a 

2J5a,5e 
3J5e,6a 

10.2 11.7 13.8 2.4 
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Table. 6 Proton chemical shift values  of  parent  Piperidone  and  synthesized  compound s  [δ (ppm)] 

Negative sign denotes shielding 

           From  the  Table. 6, the deshielding of H-5e proton reveals that the C=N-NH bond is syn to 

the C-5 bond. Hence, the conformation of the compound  N-acetyl, 3-methyl 2,6- diphenyl piperidin-

4-one is chair conformation with axial orientation of all the substituents at C-2, C-3 and C-6 and the 

C=N-NH bond syn orientation with C-5 carbon (Fig. 9) 

 

 

 

Compound H-2a H-3a H-5a H-5e H-6a 3-CH3 

Parent 3.63 2.68 2.74 2.83 4.10 0.84 

C1 3.55 2.58 2.23 2.92 3.91 0.88 

C2 3.62 2.56 2.62 2.20 3.97 0.89 

C3 2.59 3.54 2.23 2.92 3.92 0.88 

C4 3.49 2.57 2.20 2.83 3.87 0.89 

C5 4.06 2.70 2.24 3.43 4.40 0.97 

C6 3.51 2.53 2.18 2.98 3.91 0.89 

C7 3.10 2.57 2.39 3.07 3.89 0.92 

Parent-C1 0.08 0.10 0.51 -   0.09 0.19 -    0.04 
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Fig. 9 

A structural isomer, or constitutional isomer, is a type of isomer in which molecules 

with the same molecular formula have different bonding patterns and their atomic 

organisations, as opposed to stereoisomers, in which molecular bonds are always in the same 

order and only spatial arrangement differs. Since diatomic halogens can only stretch one way, 

and that one way is totally symmetric, there is no change or production of a dipole moment.  

The synthesized hydrazones have been obtained the syn-conformers were determined. 

The syn conformers depend on the strength of intramolecular hydrogen bond. From the 

observed coupling constant values, the synthesized compound exits as structural isomers. (In 

the synthesis, we used the substitute aldehyde at various position. p-Br, o-Br, p-Cl, o-Cl,      

p-CH3,o- CH3). 
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Analytical and spectral data of compound C1 is given in Table.7 

TABLE. 7  ANALYTICAL AND SPECTRAL DATA OF C1 

 

 

 

 

MF: C23H22N4O2  M.Pt. 160-163oC          Yield(%) :  85.51      M.W:   386 

IR (cm-1): 3062-2935 (C-H Aliphatic & Aromatic stretching), 1720         

 (C=O), 1647 (C=O & C=N), 2261 (C≡N),   3269 (N-H). 

 

 

                      

                       

 

 1 H NMR (δ ppm) : 7.49-7.26( m, 10H, Aromatic Protons), 9.18 (b s, 1H, 

 N-H Hydrazone Moiety), 3.79 (q, 2H, CH2 –Protons in hydrazone moiety),                                                         

  2.87(3H, CH3 –Protons in acetyl moiety), 0.88 (d, J = 6.6Hz, 3H, 3-CH3),                                                             

3.91 ( dd, J3
a,e  =  2.4Hz,  J3

a,a  = 11.7Hz, 1H, H-6a), 3.55 (d, J3
a,a  =  10.2Hz,                                       

 1H, H-2a), 2.23 (dd,J3
a,e =13.8Hz, 3

a,a=11.7 Hz, 1H, H-5a), 2.92 (dd,                                                                          

J3
a,e = 2.7 Hz,  J2

a,e = 13.8Hz, 1H, H-5e), 2.58 (m, 1H,  H-3a Proton). 

 13C NMR (δ ppm) : 127.93(C-2 ipso carbon), 141.99(C-6 ipso carbon),                        

127.82-125.90 (Aromatic carbons),164.41 (C=O), 158.02(Ace C=O),                                                                          

156.34(C= N), 114.29 ( C≡N), 34.70 (CH2 carbon of cyanoacetyl      

hydrazone moiety) , 68.48 (C-2), 60.78 (C-6), 50.04 (C-3), 24.29 (C-5),                       

11,52 (3-CH3),24.08( O=C-CH3). 
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5.4   SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(O-BROMOPHENYL PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C2) 

5.4.1 IR Spectral Analysis 

 The IR spectrum of compound (C2) an absorption band appeared at 3026 cm-1 is due 

to   N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 2977- 2927cm-1. The absorption frequency is 2260 cm-1 is assigned for C≡N.  IR bands 

appeared at 1720 & 1647 are assigned for amide C=O and C=N stretching frequency. Among 

them  1720 cm-1 is due to C=O of hydrazone moiety and 1647cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C2. IR spectral data of the compound C2 are shown in Table.8 

Table.8 Characteristic IR stretching frequencies (cm-1) of C2 

 

 

Compound 

C1 

C-H 

(Aliphatic 

and 

Aromatic) 

N-H C≡N 

 

C=O 

(Hydrazone 

moiety) 

C=N 

and 

C=O 

(Piperidone 

moiety) 

2977-2927 3026 2260 1720 1647 
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5.4.2   1 H NMR Spectral analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.11), the 

signals appear in the range 7.59-7.36 ppm corresponding  to 8 protons are due to the aromatic 

protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at10.07ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.71 ppm correspond to two protons are assigned as 

the methylene protons  of  CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.15 ppm CH3 proton of acetyl moiety. The actual chemical 

shift values of these diastereotopic germinal protons exhibiting AB spin system of coupling 

was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a  sharp  doublet  with three protons integral at 0.91 ppm (J = 

6.6 Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart from, there are five signals in between 3.97 and 2.20 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.97, 2.62 

and 2.20 ppm, doublet at 3.62 ppm and a multiplet at 2.56 ppm with one protons integral 

each. In 3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 

constant 10 Hz was assigned for H-2a proton and the double doublet at 4.01 ppm is assigned 

as H-6a proton. Infact, the doublet at 3.62 ppm with coupling constant 9.9 Hz is ascribed to 

H-2a proton the double doublet resonance at 3.97 ppm with vicinal coupling constants 12.0 

Hz (J3 diaxial) and 3 Hz (J3 axial equatorial) is assigned to H-6a proton.  
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There are two double doublets at 2.20 ppm with coupling constants 12.0 Hz (J3 

diaxial)  and 12.3 Hz (J2 axial equatorial)  and 2.62 ppm with coupling constants 3 Hz (J3 

axial equatorial) and 12.0 Hz (J2 axial equatorial). The geminal coupling constant values 

suggest that those protons are present at same carbon which is assigned to methylenic protons 

at C-5. Furthermore, the vicinal coupling constant reveals that the double doublets at 2.20 and 

2.62 ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet 

resonance at 2.56 ppm is ascribed to H-3a proton.  
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5.4.3   13C- NMR Spectral analysis 

13C- NMR spectral assignment has been made based on characteristic signal positions 

of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C2 depicted in (fig 12). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 142.01 ppm and 142.78ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C2. The signals at the region 128.30-132.68 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 205.59 and 165.08 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety).  Hence, the signal at 

155.76 and 115.05 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 156.34 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 11.66 ppm and acetyl C-CH3 resonance at 24.10 ppm. 

There are four signals for piperidine ring has the chemical shifts at 68.36, 59.77, 

44.86 and 35.83 ppm respectively. Among the four signals the downfield signals at 68.36 and 

59.77 ppm assigned to C-2 and C-6 carbons where as the upfield signals at 44.86 and 35.83 

ppm is due to C-3 and C-5 carbons. These characteristic signals are well supported our 

proposed structure.  

   

 

 



98 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

 .
 1

2
  

1
3
 C

 N
M

R
 S

p
ec

tr
u

m
 o

f 
co

m
p

o
u

n
d

 C
2
 



99 
 

Analytical and spectral data of compound C2 is given in Table.9 

TABLE. 9  ANALYTICAL AND SPECTRAL DATA OF C2 

 

 

 

 

MF: C23H20 Br2N4O2  M.Pt. 179-181oC Yield (%) :80.56 M.W : 544 

IR (cm-1): 2977-2927 (C-H Aliphatic & Aromatic stretching), 1720 (C=O), 

1647 (C=O&C=N), 2260 (C≡N),   3269 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.59-7.36( m, 8H, Aromatic Protons), 10.07 (b s, 1H, N-

H Hydrazone Moiety), 3.71 (q, 2H, CH2 –Protons in hydrazone moiety),  

3.32(3H, CH3 –Protons in acetyl moiety), 0.89 (d, J = 6.6Hz, 3H, 3-CH3),  

3.97 (dd, J3
a,e  =  3.0 Hz,  J3

a,a  = 12.0Hz, 1H, H-6a), 3.62 (d, J3
a,a  =  9.9Hz, 

1H, H-2a), 2.20 (dd, J3
a,e = 12.3Hz,  J3

a,a = 12.0 Hz, 1H, H-5a),    2.62 (dd, 

J3
a,e = 3.0 Hz,  J2

a,e = 12Hz, 1H, H-5e), 2.56 (m, 1H,  H-3a Proton). 

13C NMR (δ ppm) : 142.01(C-2 ipso carbon), 142.78(C-6 ipso carbon), 

128.30-132.68 (Aromatic carbons),205 (C=O), 165.08(Ace C=O), 155.76 

(C=N), 115.05 (C≡N), 28.22 (CH2 carbon of cyanoacetyl hydrazone moiety) , 

68.36 (C-2), 59.77 (C-6), 44.86 (C-3), 35.83 (C-5), 11.66 (3-CH3),24.10          

(O=C-CH3). 
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5.5   SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(O-CHLORO PHENYL PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C3) 

5.5.1 IR Spectral Analysis 

 The IR spectrum of compound (C3) an absorption band appeared at 3205 cm-1 is due 

to  N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 3855-2935 cm-1. The absorption frequency is 2263 cm-1 is assigned for C≡N.  IR bands 

appeared at 1619 & 1591 are assigned for amide C=O and C=N stretching frequency. Among 

them  1619 cm-1 is due to C=O of hydrazone moiety and 1591 cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C3. IR spectral data of the compound C3 are shown in Table.10  

Table.10 Characteristic IR stretching frequencies (cm-1) of C3 

 

 

Compound 

C1 

C-H 

(Aliphatic 

and Aromatic) 

N-H C≡N 

 

C=O 

(Hydrazone 

moiety) 

C=N 

and 

C=O 

(Piperidone 

moiety) 

3855-2935 3205 2263 1619 1591 
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5.5.2   1 H NMR Spectral analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.14), the 

signals appear in the range 7.50-7.26 ppm corresponding to8 protons are due to the aromatic 

protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 9.24 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.73 ppm correspond to two protons are assigned as 

the methylene protons of CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and  1.59 ppm CH3 proton of acetyl moiety . The actual 

chemical shift values of these diastereotopic germinal protons exhibiting AB spin system of 

coupling was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.88 ppm (J = 6 

Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart from , there are five signals in between 3.92 and 2.23 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.92, 2.92 

and 2.23 ppm, doublet at 2.59 ppm and a multiplet at 3.54 ppm with one protons integral 

each. In            3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 

constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. Infact, the doublet at 3.54 ppm with coupling constant 9 Hz is ascribed to H-

2a proton the double doublet resonance at 3.92 ppm with vicinal coupling constants 12 Hz (J3 

diaxial) and 3 Hz (J3 axial equatorial) is assigned to H-6a proton.  
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There are two double doublets at 2.23 ppm with coupling constants 12 Hz (J3 diaxial) 

and 12 Hz (J2 axial equatorial) and 2.92 ppm with coupling constants 3 Hz (J3 axial 

equatorial) and 12 Hz (J2 axial equatorial). The geminal coupling constant values suggest that 

those protons are present at same carbon which is assigned to methylenic protons at C-5. 

Furthermore, the vicinal coupling constant reveals that the double doublets at 2.23 and 2.92 

ppm are due to H-5a and     H-5e proton respectively. Consequently, the multiplet resonance 

at 2.59 ppm is ascribed to H-3a proton.  
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5.5.3   13C- NMR Spectral analysis 

13C- NMR spectral assignments have been made based on characteristic signal 

positions of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C3 depicted in (fig 15). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 139.98 ppm and 140.49 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C3.  The signals at the region 126.49-135.31 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 164.48 and 162.28 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety). Hence, the signal at 

158.05 and 114.35 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 24.16 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 11.15 ppm and acetyl C-CH3 resonance at 19.20 ppm. 

There are four signals for piperidine ring has the chemical shifts at 56.12, 44.89, 

38.52 and 34.56 ppm respectively.Among the four signals  the downfield signals at 44.89 and 

56.12 ppm assigned to C-2 and C-6 carbons where as the upfield signals at 38.52 and 34.56 

ppm is due to C-3 and C-5 carbons. These characteristic signals are well supported our 

proposed structure.  
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Analytical and spectral data of compound C3 is given in Table.11 

TABLE. 11  ANALYTICAL AND SPECTRAL DATA OF C3 

 

 

 

 

MF: C23H20 C l2N4O2  M.Pt. 142-145oC Yield (%) :86.59 M.W : 454 

IR (cm-1): 3855-2935 (C-H Aliphatic & Aromatic stretching), 1619 (C=O),  

1591 (C=O & C=N), 2261 (C≡N),   3205 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.50-7.26( m, 8H, Aromatic Protons), 9.24 (b s, 1H, N-H 

Hydrazone Moiety), 3.73 (q, 2H, CH2 –Protons in hydrazone moiety),  

2.93(3H, CH3 –Protons in acetyl moiety), 0.88 (d, J = 6 Hz, 3H, 3-CH3),  3.92 

(dd, J3
a,e  =  3 Hz,  J3

a,a  = 13 Hz, 1H, H-6a), 2.59 (d, J3
a,a  =  9 Hz, 1H, H-2a), 

2.23 (dd, J3
a,e = 12Hz,  J3

a,a = 12 Hz, 1H, H-5a),    2.92 (dd, J3
a,e = 3 Hz,  J2

a,e = 

12 Hz, 1H, H-5e), 2.54 (m, 1H,  H-3a Proton). 

13C NMR (δ ppm) : 139.98(C-2 ipso carbon), 140.49(C-6 ipso carbon), 

129.77-125.70 (Aromatic carbons),164.48 (C=O), 162.28(Ace C=O), 158.05 

(C=N), 114.35 (C≡N), 24.16 (CH2 carbon of cyanoacetyl hydrazone moiety) , 

44.89 (C-2), 56.12 (C-6), 38.52 (C-3), 34.56 (C-5), 11.15 (3-CH3),19.20( 

O=C-CH3). 
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5.6 SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(O-METHYLPHENYL PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C4) 

5.6.1 IR Spectral Analysis 

 The IR spectrum of compound (C4) an absorption band appeared at 3066 cm-1 is due 

to   N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 3024-2977 cm-1. The absorption frequency is 2261 cm-1 is assigned for C≡N.  IR bands 

appeared at 1619 & 1591 are assigned for amide C=O and C=N stretching frequency. Among 

them  1716 cm-1 is due to C=O of hydrazone moiety and 1650 cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C4. IR spectral data of the compound C4 are shown in Table.12  

Table.12 Characteristic IR stretching frequencies (cm-1) of C4 

 

 

Compound 

C4 

C-H 

(Aliphatic and 

Aromatic) 

N-H C≡N 

C=O 

(Hydrazone 

moiety) 

C=N 

and 

C=O 

(Piperidone 

moiety) 

3024-2977 3066 2261 1716 1650 
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5.6.2   1 H NMR Spectral analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.17), the 

signals appear in the range 7.36-7.14 ppm corresponding   to 8 protons are due to the 

aromatic protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 9.01 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.73 ppm correspond to two protons are assigned as 

the methylene protons of CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.15 ppm CH3 proton of acetyl moiety. The actual chemical 

shift values of these diastereotopic germinal protons exhibiting AB spin system of coupling 

was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.89 ppm (J = 

6.6 Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart from , there are five signals in between 3.87 and 2.20 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.87, 2.83 

and 2.20 ppm, doublet at 3.49 ppm and a multiplet at 2.57 ppm with one protons integral 

each. In  3-methyl -2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 

constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. Infact, the doublet at 3.49 ppm with coupling constant 10.2 Hz is ascribed to 

H-2a proton the double doublet resonance at 3.87 ppm with vicinal coupling constants 12 Hz 

(J3 diaxial) and 6Hz (J3 axial equatorial) is assigned to H-6a proton.  



111 
 

There are two double doublets at 2.20 ppm with coupling constants 6 Hz (J3 diaxial) 

and 12  Hz (J2 axial equatorial) and  2.83 ppm with coupling constants 6 Hz (J3 axial 

equatorial) and 13.5 Hz (J2 axial equatorial). The geminal coupling constant values suggest 

that those protons are present at same carbon which is assigned to methylenic protons at C-5. 

Furthermore, the vicinal coupling constant reveals that the double doublets at 2.20 and 2.90 

ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet resonance at 

2.57 ppm is ascribed to H-3a proton.  
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5.6.3   13C- NMR Spectral analysis 

13C- NMR spectral assignments have been made based on characteristic signal 

positions of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C4 depicted in (fig 18). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 139.83 ppm and 139.33 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C1.The signals at the region 126.26-129.38 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 164.94 and 164.87 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety). Hence, the signal at 

158.07and 114.13 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 24.56 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 12.10 ppm and acetyl C-CH3 resonance at 21.13 ppm. 

There are four signals for piperidine ring has the chemical shifts at 68.92,60.46,45.34 

and 36.14 ppm respectively.Among the four signals  the downfield signals at 68.92 and 60.46 

ppm assigned to C-2 and C-6 carbons where as the upfield signals at 36.16 and 45.34 ppm is 

due to C-3 and C-5 carbons. These characteristic signals are well supported our proposed 

structure.  
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Analytical and spectral data of compound C4 is given in Table.13 

TABLE. 13  ANALYTICAL AND SPECTRAL DATA OF C4 

 

 

 

 

MF: C25H28N4O2  M.Pt. 130-133oC Yield (%) :80.69 M.W : 416 

IR (cm-1): 3024-2977 (C-H Aliphatic & Aromatic stretching), 1716 (C=O), 

1650 (C=O & C=N), 2261 (C≡N),   3066 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.36-7.14( m, 8H, Aromatic Protons), 9.01 (b s, 1H, N-

H Hydrazone Moiety), 3.73 (q, 2H, CH2 –Protons in hydrazone moiety),  

2.33(3H, CH3 –Protons in acetyl moiety), 0.89 (d, J = 6.6 Hz, 3H, 3-CH3),  

3.87 (dd, J3
a,e  =  6 Hz,  J3

a,a  = 12 Hz, 1H, H-6a), 3.49 (d, J3
a,a  =  10.2 Hz, 

1H, H-2a), 2.20 (dd, J3
a,e =13.5 Hz,  J3

a,a = 12 Hz, 1H, H-5a),    2.83 (dd, 

J3
a,e = 6 Hz,  J2

a,e = 13.5Hz, 1H, H-5e), 2.57 (m, 1H,  H-3a Proton). 

13C NMR (δ ppm) : 139.33(C-2 ipso carbon), 139.83(C-6 ipso carbon), 

126.42-137.64 (Aromatic carbons),164.94 (C=O), 164.87(Ace C=O), 

158.07 (C=N), 114.13 (C≡N), 24.56 (CH2 carbon of cyanoacetyl hydrazone 

moiety) , 68.92 (C-2), 60.46 (C-6), 36.16 (C-3), 45.34 (C-5), 12.10 (3-

CH3),21.13( O=C-CH3). 
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5.7   SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(P-BROMO PHENYL)PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C5) 

5.7.1 IR Spectral Analysis 

 The IR spectrum of compound (C5) an absorption band appeared at 3183 cm-1 is due 

to N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 3099-2862 cm-1. The absorption frequency is 1823 cm-1 is assigned for C≡N.  IR bands 

appeared at 1823 & 1570 are assigned for amide C=O and C=N stretching frequency. Among 

them  1823 cm-1 is due to C=O of hydrazone moiety and 1570 cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C5. IR spectral data of the compound C5 are shown in Table.14 

Table.14 Characteristic IR stretching frequencies (cm-1) of C5 

 

 

 

 

 

 

 

Compound 

C5 

C-H 

(Aliphatic  

and  

Aromatic) 

N-H C≡N 

 

C=O 

(Hydrazone 

moiety) 

 

C=N 

and 

C=O 

(Piperidone 

moiety) 

3099-2862 3183 1823 1681 1570 
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5.7.2   1 H NMR Spectral analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.20), the 

signals appear in the range 7.46-7.30 ppm corresponding to 8  protons is due to the aromatic 

protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 10.09 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.73 ppm correspond to two protons are assigned as 

the methylene protons of  CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.15 ppm CH3 proton of acetyl moiety. The actual chemical 

shift values of these diastereotopic germinal protons exhibiting AB spin system of coupling 

was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.97 ppm (J = 

6.6 Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart from, there are five signals in between 4.40 and 2.24 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 4.40, 3.43 

and 2.24 ppm, doublet at 4.06 ppm and a multiplet at 2.70 ppm with one protons integral 

each. In 3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 

constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. Infact, the doublet at 4.06 ppm with coupling constant 10.2 Hz is ascribed to 

H-2a proton the double doublet resonance at 4.40 ppm with vicinal coupling constants 11.7 

Hz (J3 diaxial) and 2.7 Hz (J3 axial equatorial) is assigned to H-6a proton.  
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There are two double doublets at 2.24 ppm with coupling constants 11.7 Hz (J3 

diaxial) and 13.8 Hz (J2 axial equatorial) and 3.43 ppm with coupling constants 2.7 Hz (J3 

axial equatorial) and 14.1 Hz (J2 axial equatorial). The geminal coupling constant values 

suggest that those protons are present at same carbon which is assigned to methylenic protons 

at C-5. Furthermore, the vicinal coupling constant reveals that the double doublets at 2.24 and 

2.43 ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet 

resonance at 2.70 ppm is ascribed to H-3a proton.  

 

 

 

 

 

 

 

 

 

 

 

 

 



120 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

. 
2
0
  
 1

H
  
N

M
R

 S
p

ec
tr

a
m

 o
f 

co
m

p
o
u

n
d

 C
5
 



121 
 

5.7.3   13C- NMR Spectral analysis 

13C- NMR spectral assignments have been made based on characteristic signal 

positions of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C5 depicted in (fig 21). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 140.37 ppm and 140.67 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C1.The signals at the region 127.51– 129.27  ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 205.57 and 165.09 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety). Hence, the signal at 

154.98 and 115.08 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 28.21 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 11.14 ppm and acetyl C-CH3 resonance at 24.17 ppm. 

There are four signals for piperidine ring has the chemical shifts at 63.31, 56.55, 

45.29 and 34.00 ppm respectively.  Among the four signals the downfield signals at 56.55and 

63.31ppm assigned to C-2 and C-6 carbons where as the upfield signals at 34.00 and 45.29 

ppm is due to C-3 and C-5 carbons. These characteristic signals are well supported our 

proposed structure.  
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TABLE. 15  ANALYTICAL AND SPECTRAL DATA OF C5 

 

 

 

MF: C23H20Br2N4O2  M.Pt. 186-189oC Yield (%) :78.86 M.W : 544 

IR (cm-1): 3099-2862 (C-H Aliphatic & Aromatic stretching), 1681 

(C=O), 1570 (C=O&C=N), 1823 (C≡N),   3183 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.49-7.26( m, 8H, Aromatic Protons), 10.09 (b s, 1H, 

N-H Hydrazone Moiety), 3.73 (q, 2H, CH2 –Protons in hydrazone moiety),  

2.98(3H, CH3 –Protons in acetyl moiety), 0.97 (d, J = 6.6Hz, 3H, 3-CH3),  

4.40 (dd, J3
a,e  =  2.7Hz,  J3

a,a  = 11.7Hz, 1H, H-6a), 4.06 (d, J3
a,a  =  10.2Hz, 

1H, H-2a), 2.24 (dd, J3
a,e = 13.8Hz,  J3

a,a = 11.7 Hz, 1H, H-5a),    3.43 (dd, 

J3
a,e = 2.7 Hz,  J2

a,e = 14.1Hz, 1H, H-5e), 2.70 (m, 1H,  H-3a Proton). 

13C NMR (δ ppm) : 140.37(C-2 ipso carbon), 140.67(C-6 ipso carbon), 

129.27-127.51 (Aromatic carbons),205.57 (C=O), 165.09(Ace C=O), 

154.98 (C=N), 115.08 (C≡N), 28.21 (CH2 carbon of cyanoacetyl 

hydrazone moiety) , 56.55 (C-2), 63.31 (C-6), 34.00 (C-3), 45.29 (C-5), 

11.14 (3-CH3) 24.17( O=C-CH3). 

Analytical and spectral data of compound C5 is given in Table.15  
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5.8 SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(P-CHLOROPHENYL)PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C6) 

5.8.1 IR Spectral Analysis 

 The IR spectrum of compound (C6) an absorption band appeared at 3286 cm-1 is due 

to N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 2980-2937 cm-1. The absorption frequency is 2261 cm-1 is assigned for C≡N.  IR bands 

appeared at 1716 & 1642 are assigned for amide C=O and C=N stretching frequency. Among 

them  1716 cm-1 is due to C=O of hydrazone moiety and 1642 cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C6. IR spectral data of the compound C6 are shown in Table.16  

Table.16 Characteristic IR stretching frequencies (cm-1) of C6 

 

 

 

 

 

 

 

Compound 

C6 

C-H 

(Aliphatic 

and 

Aromatic) 

N-H C≡N 

 

C=O 

(Hydrazone 

moiety) 

 

C=N 

and 

C=O 

(Piperidone 

moiety) 

2980-2937 3286 2261 1716 1642 
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5.8.2   1 H NMR Spectral analysis 

The introduction of hydrazone group at the 4th position of 1-heterocyclic ketones is 

reported to exert a major change in chemical shifts of its acetyl group and their associated 

protons. 1H NMR chemical shift values (δ, ppm) numbering of compound C1 is given in 

Fig.6.  

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.23), the 

signals appear in the range 7.51-7.26 ppm corresponding to 8 protons is due to the aromatic 

protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 9.83 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.71 ppm correspond to two protons are assigned as 

the methylene protons of CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.15 ppm CH3 proton of acetyl moiety. The actual chemical 

shift values of these diastereotopic germinal protons exhibiting AB spin system of coupling 

was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.89 ppm (J = 6 

Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apart from, there are five signals in between 3.91 and 2.18 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.91, 2.98 

and 2.18 ppm, doublet at 3.51 ppm and a multiplet at 2.53 ppm with one protons integral 

each. In 3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 
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constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. Infact, the doublet at 3.51 ppm with coupling constant 9.9 Hz is ascribed to 

H-2a proton the double doublet resonance at 3.91 ppm with vicinal coupling constants 10.8 

Hz (J3 diaxial) and 2.1 Hz (J3 axial equatorial) is assigned to H-6a proton.  

There are two double doublets at 2.18 ppm with coupling constants 12 Hz (J3 diaxial) 

and 13.8 Hz (J2 axial equatorial) and 2.98 ppm with coupling constants 2.4 Hz (J3 axial 

equatorial) and 13.8 Hz (J2 axial equatorial). The geminal coupling constant values suggest 

that those protons are present at same carbon which is assigned to methylenic protons at C-5. 

Furthermore, the vicinal coupling constant reveals that the double doublets at 2.18 and 2.98 

ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet resonance at 

2.53 ppm is ascribed to H-3a proton.  
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5.8.3   13C- NMR Spectral analysis 

13C- NMR spectral assignments   have been made based on characteristic signal 

positions of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C6 depicted in (fig 24). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 130.75 ppm and 140.78 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C6.The signals at the region 120.55-130.75 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 164.36 and 155.48 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety).Hence, the signal at 

141.63 and 114.18 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 35.72 ppm 

assigned for the CH2 carbon for cyanoacetylhydrazone moiety. The 3-CH3 proton signal 

appeared at 11.31 ppm and acetyl C-CH3 resonance at 23.96 ppm. 

There are four signals for piperidine ring has the chemical shifts at 67.56,58.98,44.27 

and 40.08 ppm respectively.Among the four signals  the downfield signals at 58.98 and 67.56 

ppm assigned to C-2 and C-6 carbons where as the upfield signals at 44.27 and 40.08 ppm is 

due to C-3 and C-5 carbons. These characteristic signals are well supported our proposed 

structure.  
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 Analytical and spectral data of compound C6 is given in Table.17 

TABLE. 17  ANALYTICAL AND SPECTRAL DATA OF C6 

 

 

 

 

MF: C23H20 Cl2N4O2  M.Pt. 148-151oC Yield (%) :80.56 M.W : 454 

IR (cm-1): 2937-2980 (C-H Aliphatic & Aromatic stretching), 1716 

(C=O), 1642 (C=O&C=N), 2261 (C≡N),   3286 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.51-7.26( m, 8H, Aromatic Protons), 9.83 (b s, 1H, 

N-H Hydrazone Moiety), 3.71 (q, 2H, CH2 –Protons in hydrazone moiety),  

3.77(3H, CH3 –Protons in acetyl moiety), 0.89 (d, J = 6 Hz, 3H, 3-CH3),  

3.91 (dd, J3
a,e  =  2.1Hz,  J3

a,a  = 10.8 Hz, 1H, H-6a), 3.51 (d, J3
a,a  =  9.9 Hz, 

1H, H-2a), 2.18 (dd, J3
a,e = 13Hz,  J3

a,a = 12 Hz, 1H, H-5a),    2.92 (dd, J3
a,e 

= 2.4 Hz,  J2
a,e = 13.8Hz, 1H, H-5e), 2.51 (m, 1H,  H-3a Proton). 

13C NMR (δ ppm) : 130.75(C-2 ipso carbon), 140.78(C-6 ipso carbon), 

120.26-130.63 (Aromatic carbons),164.36 (C=O), 155.48(Ace C=O), 

141.63 (C=N), 114.29 (C≡N), 35.72 (CH2 carbon of cyanoacetyl 

hydrazone moiety) , 58.98 (C-2), 67.56 (C-6), 44.27 (C-3), 40.08 (C-5), 

11.31 (3-CH3),23.96( O=C-CH3). 
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 5.9   SPECTRAL ANALYSIS OF COMPOUNDS N-ACETYL -3-METHYL-2,6 

BIS(P-CHLOROPHENYL)PIPERIDIN -4-ONE CYANOACETYLHYDRAZONE 

(C7) 

5.9.1 IR Spectral Analysis 

 The IR spectrum of compound (C7) an absorption band appeared at 3184 cm-1 is due 

to N-H stretching frequency. The aromatic and aliphatic C-H stretching vibrations appeared 

at 3098-2936 cm-1. The absorption frequency is 2267 cm-1 is assigned for C≡N.  IR bands 

appeared at 1674 & 1568 are assigned for amide C=O and C=N stretching frequency. Among 

them  1674 cm-1 is due to C=O of hydrazone moiety and 1568 cm-1 is observed as broad band 

due to the merging of stretching C=O of piperidine  moiety and C=N  stretching frequency. 

All the observed IR bands are supported the formation of the synthesized compounds. 

All the observed IR bands are supporting evidences for the formation of compounds 

C7. IR spectral data of the compound C7 are shown in Table.18  

Table.18 Characteristic IR stretching frequencies (cm-1) of C7 

 

 

 

 

 

 

 

 

 

 

Compound 

C1 

C-H 

(Aliphatic 

and 

Aromatic) 

N-H C≡N 

 

C=O 

(Hydrazone 

moiety) 

 

C=N 

and 

C=O 

(Piperidone 

moiety) 

3098-2936 3184 2267 1674 1568 
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5.9.2   1 H NMR Spectral analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values and also comparing with that of parent ketone. In 1H NMR spectrum (Fig.26), the 

signals appear in the range 7.36-7.26 ppm corresponding to 10 protons are due to the 

aromatic protons of the two phenyl groups at C-2 and C-6. 

There is one broad singlet at downfield region at 9.24 ppm with one proton integral 

which is assigned to the N-H proton of hydrazone moiety. Moreover, two closely spaced 

doublets forming an AB quartet around 3.79 ppm correspond to two protons are assigned as 

the methylene protons of CH2 protons of cyanoacetyl hydrazone moiety based on their spin–

spin coupling constant values and 2.15 ppm CH3 proton of acetyl moiety. The actual chemical 

shift values of these diastereotopic germinal protons exhibiting AB spin system of coupling 

was found out using second order spectral analysis.  

In 3-methyl-2,6-diphenylpiperidin-4-one, the CH3 at C-3 was reported to show its 

resonance at  0.84 ppm. Hence, a sharp doublet with three protons integral at 0.89 ppm (J = 

6.3 Hz) is unambiguously assigned for the CH3 protons at C-3. 

Apatr from , there are five signals in between 3.91 and 2.23 ppm, which are due to the 

ring protons of the piperidine moiety. They are appeared as doublet of doublets at 3.92, 2.88 

and 2.23 ppm, doublet at 3.54 ppm and a multiplet at 2.57 ppm with one protons integral 

each. In   3-methyl-2,6-diphenylpiperidin-4-one, the doublet at 3.63 ppm with coupling 

constant 10 Hz was assigned for H-2a proton and the double doublet at 4.10 ppm is assigned 

as H-6a proton. Infact, the doublet at 3.54 ppm with coupling constant 9.9 Hz is ascribed to 

H-2a proton the double doublet resonance at 3.92 ppm with vicinal coupling constants 11.4 

Hz (J3 diaxial) and 3.3 Hz (J3 axial equatorial) is assigned to H-6a proton.  
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There are two double doublets at 2.23 ppm with coupling constants 11.7 Hz (J3 

diaxial) and 13.8 Hz (J2 axial equatorial) and 2.88 ppm with coupling constants 2.7 Hz (J3 

axial equatorial) and 13.8 Hz (J2 axial equatorial). The geminal coupling constant values 

suggest that those protons are present at same carbon which is assigned to methylenic protons 

at C-5. Furthermore, the vicinal coupling constant reveals that the double doublets at 2.23 and 

2.88 ppm are due to H-5a and H-5e proton respectively. Consequently, the multiplet 

resonance at 2.57 ppm is ascribed to H-3a proton.  
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5.9.3   13C- NMR Spectral analysis 

13C- NMR spectral assignment has been made based on characteristic signal positions 

of the functional groups and comparison with those of parent ketones.  

13C- NMR spectra of the compound C7 depicted in (fig 27). As declared above, the 

ipso carbons of the phenyl rings could be simply eminent from rest of the ring carbons by 

their characteristic downfield absorption. 

The signals at 140.90 ppm and 140.84 ppm is due to ipso carbons (C-2’ and C-6’ 

respectively) of compound C7.The signals at the region 126.75-131.45 ppm are due to other 

aromatic carbons. There are two less intense signals resonates at 210.30 and 174.24 ppm are 

characteristic for C=O (hydrazone moiety) and C=O (acetyl moiety).Hence, the signal at 

172.49 and 126.22 ppm are characteristic for C=N and C≡N carbons, respectively. 

The characteristic signals are appeared in the respective region for 156.34 and 114.29 

ppm assigned for the CH2 carbon for cyanoacetylhydrazone moiety.The 3-CH3 proton signal 

appeared at 11.52 ppm and acetyl C-CH3 resonance at 24.08 ppm. 

There are four signals for piperidine ring has the chemical shifts at 68.48,59.95,50.04 

and 40.18 ppm respectively.Among the four signals  the downfield signals at 59.95 and 68.48 

ppm assigned to C-2 and C-6 carbons where as the upfield signals at 50.04 and 44.29 ppm is 

due to C-3 and C-5 carbons. These characteristic signals are well supported our proposed 

structure.  
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Analytical and spectral data of compound C7 is given in Table.19 

TABLE.19  ANALYTICAL AND SPECTRAL DATA OF C7 

 

 

 

 

MF: C25H28N4O2  M.Pt. 139-141oC Yield (%) :80.56 M.W : 416 

IR (cm-1): 3098-2936 (C-H Aliphatic & Aromatic stretching), 1674 

(C=O), 1568 (C=O&C=N), 2267 (C≡N), 3184 (N-H). 

 

 

 

 

 

1H NMR (δ ppm) : 7.32-7.13 ( m, 8H, Aromatic Protons), 10.09 (b s, 

1H, N-H, Hydrazone Moiety), 2.09 (b s, 1H, N-H Piperidin moiety), 

3.50 (q, 2H, CH2 –Protons in hydrazone moiety),  0.92 (d, J = 6Hz, 3H, 

3-CH3), 3.89 (dd,  J3
a,e = 3Hz, J3

a,a  =  10.2Hz, 1H,  H-6a), 3.11 (d, J3
a,a = 

10.2Hz, 1H, H-2a),  2.39 (dd, J3
a,e = 11.4Hz, J3

a,a = 11.7 Hz, 1H, H-5a),  

3.07(dd, J3
a,e = 2.1 Hz, J2

a,e = 12Hz, 1H, H-5e), 2.57     (m, 1H,  H-3a 

Proton), 2.33 (s, 3H, p-CH3 protons). 

13C NMR (δ ppm) : 127.93(C-2 ipso carbon), 141.99(C-6 ipso carbon), 

127.82-125.90 (Aromatic carbons),210.30 (C=O), 174.24(Ace C=O), 

172.49 (C=N), 126.22 (C≡N), 39.14 (CH2 carbon of cyanoacetyl 

hydrazone moiety) , 57.53 (C-2), 52.14 (C-6), 47.60 (C-3), 43.31 (C-5), 

13.46 (3-CH3)20.28( O=C-CH3). 
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5.10   ANTI-OBESITY ACTIVITY 

5.10.1 Pancreatic lipase inhibitory activity 

           In the current scenario, obesity is a major public health problem with approximately 

1.9 billion adults (aged 18 years and older) worldwide and approximately 600 million of 

them are clinically obese. The disease is characterized by an increase in the size of the 

adipocytes, which leads to an increase in the amount of fat in the disease of adiposita. 

Microbes such as germline are cured in order to increase the adipocytes. Thus, inhibition of 

digestion and absorption of dietary fat is a first key to treating obesity. This inhibition involve 

lipase enzyme, the principle lipolytic enzyme synthezied and secreted by the pancreas. There 

is an increase in the amount of damage to the testes. The substrates for the lipase enzyme are 

long-chain triacylglycerols, which are separated from the surface phase by the aqueous 

medium. Thus, the lipase enzyme must be adsorbed on the substrate lipid surface and the 

nature of the substrate surface has an important role for lipase activity. 

      Inhibition of pancreatic lipase is an attractive targeted approach for the discovery of 

potent anti-obesity agents for the treatment of obesity. One of the screening strategies used in 

anti-obesity drug discovery is to search for potent lipase inhibitors from synthesized 

compounds. In this study, we screened synthesized compounds as potential anti-obesity 

agents by monitoring their anti-lipase activity.  Concentration – dependently on the invitro 

assay.  

   The activity of the compounds was determined by comparison with the anti-obesity of 

pancreatic lipase. The test compound was measured for the decrease in clot weight at different 

concentrations. The different concentrations compared about orlistat as standard drug [2,3]. 
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5.10.2 Invitro anti-obesity activity 

 The invitro Anti-obesity activity of the compound was investigated through pancreatic 

lipase inhibitory activity. The inhibitory activities of synthesized compounds are reported in   

Table 20. The  synthesized compounds were comparable with standard obesity drug 

Orlistat.The  compounds showed inhibitory effect on through pancreatic lipase with varying 

degrees of inhibition. Among the various concentrations (100  µg/ml, 200 µg/ml, 300 µg/ml, 

400 µg/ml, 500 µg/ml) of synthesized compounds, the highest doses (500 µg/ml) of all 

synthesized compounds have greatest inhibition (lipase) activity. 

        Anti-obesity activity analysis of compound C1 was 14.25±0.99 for 100 µg/mL, 

23.56±1.64  for  200 µg/mL, 39.69±2.77  for   300 µg/mL, 60.81±4.25 for 400 µg/mL, 

76.45±5.35  for 500 µg/mL for Lipase activity. The IC50 value is 343.49.  

       Anti-obesity activity analysis of compound C2 was 18.07±1.26 for 100 µg/mL, 

30.62±2.14  for  200 µg/mL, 49.81±3.48  for   300 µg/mL, 71.68±5.01 for 400 µg/mL, 

85.93±6.01  for 500 µg/mL for Lipase activity. The IC50 value is 293.05. 

         Anti-obesity activity analysis of compound C3 was 19.54±1.36 for 100 µg/mL, 

33.29±2.33  for  200 µg/mL, 51.65±3.61  for   300 µg/mL, 72.43±5.07 for 400 µg/mL, 

87.45±6.12  for 500 µg/mL for Lipase activity. The IC50 value is 283.52. 

        Anti-obesity activity analysis of compound C4  was 15.79±1.10 for 100 µg/mL, 

27.43±1.92  for  200 µg/mL, 43.54±3.04  for   300 µg/mL, 65.91±4.61 for 400 µg/mL, 

80.45±5.63  for 500 µg/mL for Lipase activity. The IC50 value is 320.11. 

        Anti-obesity activity analysis of compound C5  was 16.94±1.18 for 100 µg/mL, 

29.46±2.06  for  200 µg/mL, 45.98±3.21  for   300 µg/mL, 66.49±4.65 for 400 µg/mL, 

81.26±5.68  for 500 µg/mL for Lipase activity. The IC50 value is 311.85.        
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Anti-obesity activity analysis of compound C6 was 17.46±1.22 for 100 µg/mL, 

30.21±2.11  for  200 µg/mL, 47.63±3.33 for   300 µg/mL, 68.95±4.82 for 400 µg/mL, 

83.47±5.84  for 500 µg/mL for Lipase activity. The IC50 value is 302.59. 

        Anti-obesity activity analysis of compound C7 was 14.39±1.01 for 100 µg/mL, 

24.65±1.72 for  200 µg/mL, 40.98±2.86 for   300 µg/mL, 61.04±4.27 for 400 µg/mL, 

78.05±5.46 for 500 µg/mL for Lipase activity. The IC50 value is 337.75. 

  Anti-obesity activity of standard (Orlistst)  21.61±1.51 for 100 µg/mL, 37.48±2.62 for  

200 µg/mL, 56.93±3.98 for   300 µg/mL, 78.52±5.49 for 400 µg/mL,92.46±6.476 for 500 

µg/mL for Lipase activity. The IC50 value is 259.56. 

 Lipase involves inhibition of dietary triglyceride absorption, as this is the main 

sources of excess calories. The lowest inhibition of obesity activity of  C1, C2, C3, C4, C5, 

C6, C7 and Orlistst were  14.25±0.99, 18.07±1.26, 19.54±1.36, 15.79±1.10, 16.94±1.18, 

17.46±1.22, 14.39±1.01 and 21.61±1.51 in the  concentration of 100 µg/mL  respectively 

while the highest inhibition of obesity activity of C1,C2,C3,C4,C5,C6,C7 and Orlistat were   

76.45±5.35,   85.93±6.01,   87.45±6.12,  80.45±5.63,  81.26±5.68,  83.47±5.84,     78.05±5.46 

and  92.46±6.47 in the  concentration of 500 µg/mL  respectively [4].   

Drug produced with chlorine chemistry are used to treat many medical conditions and 

diseases, including high cholesterol, diabetes, cancer, ulcer, high blood pressure and 

inflammation. 

When chlorine in present in pharmaceuticals, it may appear in the form of a chloride 

(Cl) or hydro chloride salts. Alternatively, chlorine may be bonded to the pharmaceutical 

structure in away that has a direct effect on its therapeutic activity. Although the amount of 

chlorine used in pharmaceutical production is very small, there are substainal health benefits.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
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Table. 20 Anti-obesity activities (Pancreatic lipase inhibitory activity) of 

Synthesized compound 

 

 

Samples 

Concentrations µg/ml  

IC50value 

(µg/ml) 
100 µg/ml 200 µg/ml 300 µg/ml 400 µg/ml 500 µg/ml 

C1 

Parent 

14.25±0.99 23.56±1.64 39.69±2.77 60.81±4.25 76.45±5.35 343.49 

C2 

O-Br 

18.07±1.26 30.62±2.14 49.81±3.48 71.68±5.01 85.93±6.01 293.05 

C3 

O-Cl 

19.54±1.36 33.29±2.33 51.65±3.61 72.43±5.07 87.45±6.12 283.52 

C4 

O-Me 

15.79±1.10 27.43±1.92 43.54±3.04 65.91±4.61 80.45±5.63 320.11 

C5 

P-Br 

16.94±1.18 29.46±2.06 45.98±3.21 66.49±4.65 81.26±5.68 311.85 

C6 

P-Cl 

17.46±1.22 30.21±2.11 47.63±3.33 68.95±4.82 83.47±5.84 302.59 

C7 

P-Me 

14.39±1.01 24.65±1.72 40.98±2.86 61.04±4.27 78.05±5.46 337.75 

Std. 

(Orlistat) 

21.61±1.51 37.48±2.62 56.93±3.98 78.52±5.49 92.46±6.47 259.56 

 

 

Values were expressed as Mean ± SD for triplicates 

Lipase inhibition of synthesized compounds as shown in figures 28-34. 
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             Figure  28.  Pancreatic lipase inhibition of compound C1 

 

            

 

               Figure   29.   Pancreatic lipase inhibition of compound C2 
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                    Figure 30.   Pancreatic lipase inhibition of compound C3 

 

                 

      

                        Figure 31.   Pancreatic lipase inhibition of compound C4 
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                      Figure  32.   Pancreatic lipase inhibition of compound C5 

 

                

            

                        Figure   33.  Pancreatic lipase inhibition of compound C6 
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                                 Figure  34.  Pancreatic lipase inhibition of compound C7 
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            The most common form of tumour in women is breast cancer (BC), but metastasis are 
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and various organs, with metastasis. This process includes the expression of a series of genes 

that control cancer cells' survival and invasion. As possible drug targets in the drug 

development phase, drugs that modulate the genes/proteins that control cancer cell survival, 

metastasis, apoptosis, and invasion are therefore of great importance [6]. However while new 

therapies have been developed to dramatically reduce metastatic BC mortality, resistance to 

anticancer agents can lead to treatment failure [7].  

         Big data, which provides a broad variety of biological and chemical knowledge, has 

been generated by the rapidly growing number of structures and is a recent opportunity to 

gain a deeper understanding of the relationships between drugs and targets (usually proteins), 

drugs and diseases, and targets and diseases. However, although the available data is often 

heterogeneous and incomplete, this information can be exploited by computational methods 

to deepen these interactions [8]. High-performance computational algorithms for drug 

discovery processes are needed, given the cost and time consumption of experimental 

methods. The "docking" computational technique can predict the binding of drug-target 

complexes as well as the ligand's conformation upon binding to a protein target. The binding 

free energy of target-drug interactions determines an association's affinity and the conditions 

for a complex to form. Rated binding free energies are not always reliable, but they can be 

used in a virtual screening method to pick new drugs such as small molecules to be tested 

experimentally [9-11]. 

 5.11.1   Insilico molecular docking study synthesized compounds 

   Currently, the use of computers to predict the binding of  ligands of small molecules 

to known target structures is an increasingly important component in the drug discovery 

process (12). Docking of small molecules in the receptor binding site and estimation of 

binding affinity of the complex is a vital part of structure based drug design (13). 
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Breast cancers are thought to be due to a hereditary predisposition to the disease. Two 

breast-cancer- susceptibility genes, BRCA1 and BRCA2, have been identified, and mutations 

in these genes are responsible for most cases in families with a large number of early- onset 

breast cancers. The role of estrogen in affecting breast cancer risk during pre-menopausal 

years has remained largely unknown. Several factors related to reproduction appear to 

predispose women to breast cancer. BRCA1 mutations confer high lifetime risk of both 

cancers, but there is evidence that the risk of ovarian cancer is heterogeneous. A second 

breast cancer gene, BRCA2 has recently been localized to chromosome 13q (14). Mutations 

in the central part of the gene have been associated with a higher risk of ovarian cancer and a 

lower risk of prostate cancer than mutations in other parts of the gene (15). 

 Our in silico approach on include synthesized compounds and standard as Tamoxifen 

against breast cancer target BRCA1 is carried out using virtual screening, molecular docking 

studies. Virtual screening of include synthesized compounds and Tamoxifen compound 

showed the binding affinity towards target BRCA1. The compound was screened with 

binding affinity and compound was selected as hits. Present study was to investigate the in 

silico anticancer effects of synthesized compounds and standard as Tamoxifen.  

 The docked ligand molecules were selected based on docking energy and good 

interaction with the active site residues and the results are shown in Table 21. The Plate 1 to 8 

represents the docking of BRCA1 with synthesized compounds and standard as Tamoxifen. 

Hydrogen bond was indicated by green dark lines in between atoms involved and rest of the 

interactions were hydrophobic. The docking score of  2Br, 2Cl, 2Me, 4Br, 4Cl, 4Me, 

Piperidone (Synthesized Compounds) and Tamoxifen was found be  -6.1, -5.8, -5.8, -5.9, -

6.3, -5.5, -5.4 and -5.3Kcal/mol respectively. The molecular docking of the hits showed the 

binding mode and interaction energy. The docking studies confirmed the inhibition of target 

protein BRCA1 to show the anticancer activity of 2Br, 2Cl, 2Me, 4Br, 4Cl, 4Me, Piperidone 
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and standard as Tamoxifen. Among the various compounds, 4Cl has greatest binding energy 

followed by 2Br,  4Br, 2Cl, 2Me, 4Me, piperidone and highest than standard. 

 

 

                          

                               Fig.35   Three Dimensional Structure of BRACT1 

 

 

 

 

 

 

 

 

 



151 
 

         Table. 21: Molecular docking with BRAC1 protein  

Ligands H-bond 

acceptors / 

donors 

Binding Affinity 

(kcal/mol) 

 

BRAC1 -Amino acids binding  

to ligand 

 

Binding site amino 

acids in the structural 

unit 

C1 4/1 -5.4 TRP 1782, ILE 1680, GLU 1698, Alpha helix 

C2 4/1 -6.1 GLU 1698, ALA 1700, LEU 

1701, ASN 1774, 

Alpha helix 

 

C3 

4/1 -5.8 GLU 1698, LEU 1701, ASN 

1774, ARG 1699 

Alpha helix 

 

C4 

4/1 -5.8 TRP 1782, GLU 1682, GLU 1785 Alpha helix 

C5 4/1 -5.9 ALA 1700, GLU 1698, ASN 

1774, ARG 1699 

Alpha helix 

C6 4/1 -6.3 ALA 1700, LEU 1701, ASN 

1774, ARG 1699 

Alpha helix 

C7 4/1 -5.5 ALA 1700, LEU 1701, ARG 

1699 

Alpha helix 

Tamoxifen 2/0 -5.3 GLU 1698, ALA 1700, LEU 

1701, ASN 1774, LEU 1839 

Alpha helix 
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                                 a                                                                       b 

           a)  3D cartoon structure and b) 2D structure of BRAC1 binding with C1 

         

                            

                                  3D  Surface structure of BRAC1 binding with C1 

                                                                   Plate.1   
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                            a                                                                                  b 

 

         a) 3D cartoon structure and b)   2D structure of BRAC1 binding with C2 

                                                                                                              

 

 

                                                                                                                  

 

 

                   

                                3D  Surface structure of BRAC1 binding with C2 

                                                               

3D Surface structure of BRAC1 binding with C2 

Plate.2 
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                                      a                                                              b 

        a) 3D cartoon structure and b) 2D structure of BRAC1 binding with C3 

 

 

 

 

 

 

 

 

                                 

        3D Surface structure of BRAC1 binding with C3 

      Plate 3 
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                       a                                                                                 b 

 

                        a) 3D cartoon structure and b) 2D structure of BRAC1 binding with C4 

             

3D Surface structure of BRAC1 binding with C4 

Plate 4 
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                        a                                                                       b 

a) 3D cartoon structure  and b) 2D structure of BRAC1 binding with C5 

 

                               

 

 

 

 

 

 

 

 

3D   Surface structure of BRAC1 binding with C5 

Plate 5 
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                                    a                                                                                   b 

 

a) 3D cartoon structure and b) 2D structure of BRAC1 binding with C6 

 

             

 

 

 

 

 

 

 

 

3D Surface structure of BRAC1 binding with C6 

Plate 6 
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                                  a                                                          b 

 

                       a)  3D cartoon structure   b) 2D structure of BRAC1 binding with C7 

 

 

 

 

 

 

 

 

 

 

 

3D   Surface structure of BRAC1 binding with C7 

Plate. 7 
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                             a                                                                                                b 

      a)3D cartoon structure and b) of BRAC1 binding with Tamoxifen ligand 

 

 

 

 

 

 

 

 

 

 

3D   Surface structure of BRAC1 binding with Tamoxifen ligand 

Plate.8 
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5.12   IN VITRO THROMBOLYTIC ACTIVITY 

Thrombolytic therapy is the use of drugs to break up or dissolve blood clots, which are the 

main case of both heart attacks and stroke. Thrombolytic  therapy is the administration of 

drugs called lytics or clot buster to dissolve  blood clots that have suddenly blocked your 

major arteries and pose potentially life threatening implications. Thrombolytic therapy is 

emergency treatment for patients completely blocked arteries or veins caused by blood clots 

         The in vitro thrombolytic activities of the compounds were determined by clot lysis 

study, the tested compounds were determined by comparison with the thrombolytic activity 

of streptokinase. The activity of the compounds was measured for the decrease in clot weight 

at different concentrations 100 and 200 ug/mL. respectively Streptokinase (30,000 IU) was 

positive control and water is negative control. The results were plotted concentration vs 

percentage of clot lysis.The result of in vitro thrombolytic activity were encouraging and the 

tested compounds exhibited  considerable aggregation inhibition [16]. 

       All the seven tested   cyanoacetyl   hydrazone derivatives exhibited substantial clot 

lysis value range from 40.5 to78.45 % in comparison to 84.57 % clot lysis exhibited by the 

reference standard streptokinase (30,000 IU). Statistical representation of  the effective clot  

lysis  percentage by negative control (sterilr distilled water) 26.74 ± 1.87 %  and  positive 

control (streptokinase)84.57 ± 5.91 %. Values expressed as Mean ± SD for triplicate. Effect 

of synthesized compounds on clotlysis percentage is given in Figures. 36-49  

The activity of the compounds was determined by comparison with the thrombolytic 

activity of Streptokinase.  The results of all synthesized compounds are presented in Table 

22. 
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Table 22:  In-vitro anti thrombolytic activity of 

synthesized compounds 

 

 

Samples % of clot lysis 

Control 100 (μg/ml) 200 (μg/ml) Standard 

C1 26.74 ± 1.87 40.57 ± 2.83 69.19 ± 4.84 84.57 ± 5.91 

C2 26.74 ± 1.87 47.62 ± 3.33 76.21 ± 5.33 84.57 ± 5.91 

C3 26.74 ± 1.87 47.85 ± 3.85 78.45 ± 5.54 84.57 ± 5.91 

C4 26.74 ± 1.87 44.28 ± 3.09 73.32 ± 5.13 84.57 ± 5.91 

C5 26.74 ± 1.87 45.64 ± 3.19 74.21 ± 5.19 84.57 ± 5.91 

C6 26.74 ± 1.87 46.59 ± 3.26 74.93 ± 5.24 84.57 ± 5.91 

C7 26.74 ± 1.87 41.35 ± 2.89 72.83 ± 5.09 84.57 ± 5.91 
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        Fig.36     Clotlysis experiments with different              

concentrations of compound C1 

Fig .37   Clotlysis of compound C1 on 

Thrombolytic activity  
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Fig .42 Clotlysis experiments with different 

concentrations of compound C4 

Fig .43 Clotlysis of compound 

C4 on Thrombolytic activity  
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Fig .45 Clotlysis of compound C5 on 

Thrombolytic activity  
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Fig.46   Clotlysis experiments with different 

concentrations of compound C6 
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Fig.48   Clotlysis experiments with different 

concentrations of compound C7 

Fig . 49 Clotlysis of   compound C7 on 

Thrombolytic activity  
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PART – II 

5.13 Synthesis of compounds 

5.13.1   Preparation of Benzaldehyde cyanoacetylhydrazone (BCAH)  

In methanol, benzaldehyde (0.1mol), cyanoacetylhydrazide (0.1mol) and a few drops 

of glacial acetic acid were refluxed for two hours. The reaction mixture was cooled to room 

temperature once the reaction was completed.The solid product was separated by filtration 

and washed with warm water and recrystallized by methanol to afford Benzaldehyde 

cyanoacetyl hydrazone  

           The schematic representation of all the synthesized compounds are shown in scheme 2 

 

Scheme 2 
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       The structure of all the synthesized compounds viz.,  

Benzaldehyde cyanoacetylhytrazone (C8), o-bromobenzaldehyde cyanoacetylhytrazone (C9),  

o-Chlorobenzaldehyde cyanoacetylhytrazone(C10), o-Methylbenzaldehyde cyanoacetyl 

hytrazone(C11),  p- Bromobenzaldehyde cyanoacetylhytrazone(12), p-Chlorobenzaldehyde 

cyanoacetylhytrazone(C13),  p- Methylbenzaldehyde cyanoacetylhytrazone(C14)  are 

characterized by IR,1H,13C NMR spectral studies. The types of spectrum recorded for the 

synthesized compounds are listed in Table.23. 

Table.23 Type of the spectrum recorded for the synthesized compounds. 

Compounds IR 1H NMR 13C NMR 

C8  
  

C9 
   

C10 
   

C11 
   

C12 
   

C13 
   

C14 
   
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Table. 24   Physical data for the synthesized compounds 

 

Compound 

 

Structure 

Molecular 

Formula 

Molecular 

Weight 

Melting 

point 

 

 

C8 

 

 

 

 

C9H6N3O 

 

 

172 

 

 

103-105oC 

 

 

 

C9 

 

 

 

C9H4 Br N3O  

 

 

249 

 

 

109-111oC. 

 

 

 

C10 

 

 

 

 

C9H4 Cl N3O  

 

 

 

205 

 

 

 

122-125oC. 



172 
 

 

 

 

C11 

 

 

 

 

 

C11H7N3O 

 

 

 

197 

 

 

 

149-151oC 

 

 

 

C12 

 

 

 

 

C9H4 Br N3O 

 

 

 

249 

 

 

 

156-159oC 

 

 

 

C13 

  

 

 

C9H4 Cl N3O  

 

 

 

454 

 

 

 

188-131oC 

 

 

C14 

 

 

 
 

 

 

     C11H7N3O 

 

 

    416 

 

 

119-121oC 
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 5.14   SPECTRAL ANALYSIS OF COMPOUND   BENZALDEHYDE 

CYANOACETYL HYDRAZONE (C8) 

5.14.1 IR Spectral Analysis 

IR spectrum of compound (C8) is reproduced in Fig.50. A strong absorption peak at 

1706 cm-1 is characteristic peak for benzaldehyde.  Hence a strong absorption band at 1683 

cm-1 is due to carbonyl group present in the cyanoacetyl group of compound (C8). 

 An absorption band appeared at 1621 cm-1 is due to the stretching of C=N. The 

absorption band at 2261 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3195 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 2963-2926 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C8.  

IR spectral data of the compound C8 are shown in Table 25.  

Table . 25 Characteristic IR stretching frequencies (cm-1) of C8 

 

 

 

Compound 

C8 

 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

2963-2926 1683 1621 2261 3195 
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5.14.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C8 is depicted in Fig. 51a and Fig. 51b. 

In the NMR spectrum, there is a broad signal resonance at 9.46 ppm is due N-H 

proton. There are two signals at aromatic region centered at 7.45 ppm with two protons 

integral and a multiplet at 7.42 ppm with three proton integral values. Of the two signals, the 

most downfield signal at 7.45 ppm is due to the resonance of orthoprotons of the phenyl ring 

and the remaining signal at 7.42 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.94 ppm and 2.32 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.94 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.32 ppm is conveniently assigned for CH2 protons. 
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 5.14.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of wide-

spectrum of organic compounds. The 13C NMR spectral assignment has been made based on 

characteristic signal positions of the functional groups and comparison with those of parent 

ketones. 

 In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm whereas the ipso carbons show their chemical shift at a further downfield 

region. 

13C NMR spectrum of the compound C8 is reproduced in Fig.52. In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 137.17 ppm is due to ipso carbon of compound C8 

while the signals at aromatic region resonance at 130.07, 128.64 and 126.33 ppm are due to 

other phenyl carbons.  
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    5.15.   SPECTRAL ANALYSIS OF COMPOUND  O-BROMOBENZALDEHYDE 

CYANOACETYL HYDRAZONE (C9) 

 5.15.1   IR Spectral Analysis 

IR spectrum of compound (C9) is reproduced in Fig. 53. Hence a strong absorption 

band at 1683 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C9). 

An absorption band appeared at 1621 cm-1 is due to the stretching of C=N. The 

absorption band at 2261 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3195 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 2963-2926 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C9.  

IR spectral data of the compound C9 are shown in Table 26.  

         Table. 26 Characteristic IR stretching frequencies (cm-1) of C9 

 

 

 

Compound 

C9 

 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

2963-2926 1683 1621 2261 3195 
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5.15.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C9 is depicted in Fig. 54. 

In the NMR spectrum, there a broad signal resonance at 9.12 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.43 ppm with two protons integral and a 

multiplet at 7.27 ppm with three proton integral values. Of the two signals, the most 

downfield signal at 7.43 ppm is due to the resonance of orthoprotons of the phenyl ring and 

the remaining signal at 7.27 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.77 ppm and 2.50 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.77 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.50 ppm is conveniently assigned for CH2 protons. 
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5.15.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

      In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C9 is reproduced in Fig.55.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 137.12 ppm is due to ipso carbon of compound C9 

while the signals at aromatic region resonance at 128.22, 128.04 and 127.90 ppm are due to 

other phenyl carbons.  
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        5.16 SPECTRAL ANALYSIS OF COMPOUND O-CHLOROBENZALDEHYDE 

CYANOACETYL HYDRAZONE (C10) 

5.16.1   IR Spectral Analysis 

IR spectrum of compound (C10) is reproduced in Fig.56. Hence a strong absorption 

band at 1716 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C10). 

 An absorption band appeared at 1650 cm-1 is due to the stretching of C=N. The 

absorption band at 2261 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3066 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 3024-2977 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C10.  

IR spectral data of the compound C10 are shown in Table 27.  

Table. 27 Characteristic IR stretching frequencies (cm-1) of C10 

 

 

Compound 

C10 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

3024-2977 1716 1650 2261 3066 
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5.16.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C10 is depicted in Fig. 57. 

In the NMR spectrum, there a broad signal resonance at 10.59 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.34 ppm with two protons integral and a 

multiplet at 7.16 ppm with three proton integral values. Of the two signals, the most 

downfield signal at 7.34 ppm is due to the resonance of ortho protons of the phenyl ring and 

the remaining signal at 7.16 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.71 ppm and 2.36 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.71 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.36 ppm is conveniently assigned for CH2 protons. 
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        5.16.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

      In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C10 is reproduced in Fig. 58.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 163.07 ppm is due to ipso carbon of compound 

C10 while the signals at aromatic region resonance at 161.73, 116.16 and 116.01 ppm are due 

to other phenyl carbons.  
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5.17 SPECTRAL ANALYSIS OF COMPOUND O-METHYLBENZALDEHYDE 

CYANOACETYL HYDRAZONE (C11) 

5.17.1   IR Spectral Analysis 

IR spectrum of compound (C11) is reproduced in Fig.59. Hence a strong absorption 

band at 1647 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C11). 

 An absorption band appeared at 1514 cm-1 is due to the stretching of C=N. The 

absorption band at 2260 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3026  cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 2977-2927 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C11.  

IR spectral data of the compound C11 are shown in Table 28.  

Table.28 Characteristic IR stretching frequencies (cm-1) of C11 

 

 

Compound 

C11 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

2977-2927 1647 1514 2260 3026 
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  5.17.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C11 is depicted in Fig. 60.  

In the NMR spectrum, there a broad signal resonance at 8.41 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.21 ppm with two protons integral and a 

multiplet at 7.18 ppm with three proton integral values. Of the two signals, the most 

downfield signal at 7.21 ppm is due to the resonance of orthoprotons of the phenyl ring and 

the remaining signal at 7.18 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.89 ppm and 2.50 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.89 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.50 ppm is conveniently assigned for CH2 protons. 
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5.17.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

 In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C11 is reproduced in Fig.61.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 133.85 ppm is due to ipso carbon of compound 

C11 while the signals at aromatic region resonance at 124.60, 128.64 and 115.68 ppm are due 

to other phenyl carbons.  
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5.18 SPECTRAL ANALYSIS OF COMPOUND P-BROMOBENZALDEHYDE 

CYANOACETYLHYDRAZONE (C12) 

5.18.1   IR Spectral Analysis 

IR spectrum of compound (C12) is reproduced in Fig.62. Hence a strong absorption 

band at 1683 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C12). 

   An absorption band appeared at 1573 cm-1 is due to the stretching of C=N. The 

absorption band at 2282 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3259 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 3070-2938 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C12.  

IR spectral data of the compound C12 are shown in Table 29.  

Table. 29 Characteristic IR stretching frequencies (cm-1) of C12 

 

 

Compound 

C12 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

3070-2938 1683 1573 2282 3259 

 

 

 



199 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F
ig

 .
  

6
2

  
  
 IR

 S
p

ec
tr

u
m

 o
f 

  
co

m
p

o
u

n
d

 C
1
2
 

G
A

C
-2

C
P

C
A

-

N
am

e
D

es
cr

ip
tio

n

40
00

40
0

35
00

30
00

25
00

20
00

15
00

10
00

50
0

10
0 0102030405060708090

cm
-1

%T

1
5

7
3

.
8

5
c

m
-

1

34
19

.8
0c

m
-1 32

59
.1

8c
m

-1

14
16

.4
5c

m
-1

16
33

.0
5c

m
-1

30
70

.5
5c

m
-1

29
83

.5
5c

m
-1

29
39

.6
2c

m
-1

14
70

.8
3c

m
-1

12
80

.8
3c

m
-1

10
43

.8
7c

m
-1

2
6

1
6

.
8

8
c

m
-

1

75
5.

24
cm

-1

11
28

.3
7c

m
-1

10
83

.3
2c

m
-1

61
7.

13
cm

-1
6

5
1

.
0

6
c

m
-

1

69
9.

56
cm

-1

22
62

.1
6c

m
-1

93
1.

13
cm

-1

56
4.

76
cm

-1

19
31

.7
7c

m
-1

88
0.

52
cm

-1

45
8.

99
cm

-1

81
6.

99
cm

-1
48

5.
65

cm
-1

39
58

.1
8c

m
-1



200 
 

5.18.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C12 is depicted in Fig. 63. 

In the NMR spectrum, there a broad signal resonance at 7.26 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.12 ppm with two protons integral and a 

multiplet at 7.07 ppm with three proton integral values. Of the two signals, the most 

downfield signal at 7.12 ppm is due to the resonance of orthoprotons of the phenyl ring and 

the remaining signal at 7.07 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.17 ppm and 2.31 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.17 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.31 ppm is conveniently assigned for CH2 protons. 
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5.18.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

      In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C12 is reproduced in Fig.64.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 140.78 ppm is due to ipso carbon of compound 

C12 while the signals at aromatic region resonance at 130.75, 128.89 and 127.72 ppm are due 

to other phenyl carbons.  
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         5.19 SPECTRAL ANALYSIS OF COMPOUND P-CHLOROBENZALDEHYDE 

CYANOACETYL HYDRAZONE (C13) 

5.19.1   IR Spectral Analysis 

IR spectrum of compound (C13) is reproduced in Fig.65. Hence a strong absorption 

band at 1708 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C13). 

  An absorption band appeared at 1631 cm-1 is due to the stretching of C=N. The 

absorption band at 1951 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3251 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 2978-2937 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C13.  

IR spectral data of the compound C13 are shown in Table 30.  

 

Table.30 Characteristic IR stretching frequencies (cm-1) of C13 

 

 

Compound 

C13 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

2978-2937 1708 1631 1951 3251 
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5.19.2   1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C13 is depicted in Fig. 66. 

In the NMR spectrum, there a broad signal resonance at 10.59 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.34 ppm with two proton integral and a 

multiplet at 7.16 ppm with three proton integral value. Of the two signals, the most downfield 

signal at 7.34 ppm is due to the resonance of orthoprotons of the phenyl ring and the 

remaining signal at 7.16 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlet observed at 3.71 ppm and 2.36 ppm with 

two proton integrals and three proton integrals, respectively. The proton signal resonance at 

3.71 ppm is due to the resonance of CH2 protons. The proton signal resonance at 2.36 ppm is 

conveniently assigned for CH2 protons. 
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5.19.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

      In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C13 is reproduced in Fig.67.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 141.06 ppm is due to ipso carbon of compound 

C13 while the signals at aromatic region resonance at 133.36, 129.76 and 128.75 ppm are due 

to other phenyl carbons.  
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        5.20 SPECTRAL ANALYSIS OF COMPOUND P-METHYLBENZALDEHYDE 

CYANOACETYL HYDRAZONE (C14) 

5.20.1   IR Spectral Analysis 

IR spectrum of compound (C14) is reproduced in Fig.68. Hence a strong absorption 

band at 1630 cm-1 is due to carbonyl group present in the cyanoacetyl group of compound 

(C14). 

         An absorption band appeared at 1455 cm-1 is due to the stretching of C=N. The 

absorption band at 2209 cm-1 is due to the C≡N. Furthermore, the observed absorption band at 

3358 cm-1 is assigned for N-H stretching. 

A collection of medium bands in the region of 2924-2856 cm-1 is due to aliphatic and 

aromatic C-H stretching vibrations. All the observed IR bands are supporting evidences for the 

formation of compound C14.  

IR spectral data of the compound C14 are shown in Table 31.  

Table.31 Characteristic IR stretching frequencies (cm-1) of C14 

 

 

Compound 

C14 

Aliphatic 

and 

Aromatic 

C-H 

C=O C=N C≡N N-H 

2924-2856 1630 1455 2209 3358 
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5.20.2    1H NMR Spectral Analysis 

The 1H NMR spectral signals are assigned by their position, multiplicity and integral 

values. The 1H NMR spectrum of compound C14 is depicted in Fig. 69. 

In the NMR spectrum, there a broad signal resonance at 7.25 ppm is due N-H proton. 

There are two signals at aromatic region centered at 7.10 ppm with two protons integral and a 

multiplet at 6.17 ppm with three proton integral values. Of the two signals, the most 

downfield signal at 7105 ppm is due to the resonance of orthoprotons of the phenyl ring and 

the remaining signal at 6.17 ppm is due to the resonance of meta and para protons.  

In the upfield region there are two sharp singlets observed at 3.93 ppm and 2.32 ppm 

with two proton integrals and three proton integrals, respectively. The proton signal 

resonance at 3.93 ppm is due to the resonance of CH2 protons. The proton signal resonance at 

2.32 ppm is conveniently assigned for CH2 protons. 
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5.20.3   13C NMR Spectral Analysis 

13C NMR spectroscopy is a well-established tool for the structural determination of 

wide-spectrum of organic compounds. The 13C NMR spectral assignment has been made 

based on characteristic signal positions of the functional groups and comparison with those of 

parent ketones. 

      In general, the aromatic carbons present in a molecule could be very readily 

diagnosed from rest of the carbons due to their characteristic absorption in the region of 

around 120 ppm where as the ipso carbons show their chemical shift at a further downfield 

region. 

       13C NMR spectrum of the compound C14 is reproduced in Fig.70.  In the13C NMR 

spectrum, well resolved signals are obtained. As stated above, the ipso carbons of the phenyl 

rings could be simply distinguished from rest of the ring carbons by their characteristic 

downfield absorption. Hence, the signal at 141.17 ppm is due to ipso carbon of compound 

C14 while the signals at aromatic region resonance at 128.92, 128.66 and 126.82 ppm are due 

to other phenyl carbons.  
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5.21   Invitro anti –Obesity activity 

Among the various concentrations (100  µg/ml, 200 µg/ml, 300 µg/ml, 400 µg/ml, 500 

µg/ml) of synthesized compounds, the highest doses (500 µg/ml) of all synthesized 

compounds have greatest inhibition (lipase) activity shown in Table 32. 

  Anti-obesity activity analysis of compound C8 was 13.93±0.97 for 100 µg/mL, 

19.66±3.64  for  200 µg/mL, 29.29±3.37  for   300 µg/mL, 53.81±3.35 for 400 

µg/mL,71.15±4.35  for 500 µg/mL for Lipase activity. The IC50 value is 337.49. 

           Anti-obesity activity analysis of compound C9 was 16.27±1.91 for 100 µg/mL, 

23.56±4.14  for  200 µg/mL, 39.81±3.48  for   300 µg/mL, 68.17±5.81 for 400 µg/mL, 

79.63±7.01  for 500 µg/mL for Lipase activity. The IC50 value is 301.01. 

          Anti-obesity activity analysis of compound C10 was 18.64±1.36 for 100 µg/mL, 

31.49±3.33  for  200 µg/mL, 51.65±3.61  for   300 µg/mL, 72.43±5.07 for 400 µg/mL, 

86.32±6.04 for 500 µg/mL for Lipase activity. The IC50 value is 277.81. 

          Anti-obesity activity analysis of compound C11  was 14.19±1.10 for 100 µg/mL, 

26.43±1.92  for  200 µg/mL, 44.54±2.04  for   300 µg/mL, 65.91±4.61 for 400 µg/mL, 

80.45±5.63  for 500 µg/mL for Lipase activity. The IC50 value is 290.11. 

Anti-obesity activity analysis of compound C12  was 16.94±1.18 for 100 µg/mL, 

28.41±1.98  for  200 µg/mL, 53.26±3.72  for   300 µg/mL, 65.37±4.57 for 400 µg/mL, 

80.45±5.35  for 500 µg/mL for Lipase activity. The IC50 value is 290.11.           

Anti-obesity activity analysis of compound C13 was 17.46±1.22 for 100 µg/mL, 

31.26±2.18  for  200 µg/mL, 55.41±3.87 for   300 µg/mL, 68.37±4.57 for 400 µg/mL, 

83.04±5.81  for 500 µg/mL for Lipase activity. The IC50 value is 293.93. 
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Anti-obesity activity analysis of compound C14 was 14.39±1.01 for 100 µg/mL, 

24.65±1.72 for  200 µg/mL, 40.98±2.86 for   300 µg/mL, 61.04±4.27 for 400 µg/mL, 

78.05±5.46 for 500 µg/mL for Lipase activity. The IC50 value is 347.49. 

  Anti-obesity activity (lipase activity) of standard (Orlistst)  20.63±1.44 for 100 

µg/mL, 37.41±2.61 for  200 µg/mL, 60.02±4.20 for   300 µg/mL, 75.34±5.27 for 400 µg/mL, 

94.67±6.62 for 500 µg/mL for Lipase activity. The IC50 value is 259.08. 

 Lipase are involves inhibition of dietary triglyceride absorption, as this is the main 

sources of excess calories. The lowest inhibition of obesity activity of C8, C9, C10, C11, 

C12, C13, C14 and Orlistst were  13.93±0.97, 16.27±1.91, 18.64±1.36, 14.19±1.10, 

16.94±1.18, 17.46±1.22, 14.39±1.01 and 20.63±1.44 in the  concentration of 100 µg/mL  

respectively while the highest inhibition of obesity activity of C8, C9, C10, C11, C12,C13, 

C14 and Orlistat were   71.15±4.35,   79.63±7.01,   86.32±6.04,  80.45±5.63,  80.45±5.35  ,  

83.04±5.81 ,  78.05±5.46 and  94.67±6.62 in the  concentration of 500 µg/mL  respectively. 
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Table . 32   Anti-obesity activity (Pancreatic lipase inhibitory activity) of 

Synthesized compound 

 

 

 

Samples 

Concentrations µg/ml  

IC50 value 

(µg/ml) 
100 µg/ml 200 µg/ml 300 µg/ml 400 µg/ml 500 µg/ml 

C8 

Parent 

13.93±0.97 19.66±3.64 29.29±3.37 53.81±3.35 71.15±4.35 337.49 

C9 

O-Br 

16.27±1.91 23.56±4.14 39.81±3.48 68.17±5.81 79.63±7.01 301.01 

C10 

O-Cl 

18.64±1.36 31.49±3.33 51.65±3.61 72.43±5.07 86.32±6.04 277.81 

C11 

O-Me 

14.19±1.10 26.43±1.92 44.54±2.04 65.91±4.61 80.45±5.63 290.11 

C12 

P-Br 

16.94±1.18 28.41±1.98 53.26±3.72 65.37±4.57 80.48±5.63 308.50 

C13 

P-Cl 

17.46±1.22 31.26±2.18 55.41±3.87 65.37±4.57 83.04±5.81 293.93 

C14 

P-Me 

14.39±1.01 24.65±1.72 40.98±2.86 61.04±4.27 78.05±5.46 347.75 

Std. (Orlistat) 20.63±1.44 37.41±2.61 60.02±4.20 75.34±5.27 94.67±6.62 259.08 

 

 

Values were expressed as Mean ± SD for triplicates 

Lipase inhibition of synthesized compounds as shown in figures 71-77. 
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                Figure  71.   Pancreatic lipase inhibition of compound C8 

 

 

                

 

                  Figure  72.   Pancreatic lipase inhibition of compound C9 
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             Figure  73.   Pancreatic lipase inhibition of compound C10 

 

           

 

               Figure  74.   Pancreatic lipase inhibition of compound C11 
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                Figure  75.   Pancreatic lipase inhibition of compound C12 

 

 

               

 

                     Figure  76.   Pancreatic lipase inhibition of compound C13 
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                                Figure 77.   Pancreatic lipase inhibition of compound C14 

 

The result from the study showed that the Benzaldehyde cyano acetyl hydrazone 

derivatives had excellent anti-obesity activity that was comparable to the activity of Orlistat.  

The study revealed that few of the synthesized such as Benzaldehyde cyano acetyl hydrazone 

derivatives exhibited high total potent pancreatic lipase inhibitory effects. Strong positive 

correlation between synthesized bioactives and that of the anti - lipase activity was observed. 

It can be concluded from the present study that Benzaldehyde cyano acetyl hydrazone 

derivatives provide convincing anti-obesity.This research may provide a basic for in vivo 

study and strong foundation for future development of synthesized compounds with great 

applications in prevention and treatment of obesity. 
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5.22   In silico Molecular Docking study 

In the hope that effective and selective inhibitors will constitute a new class of 

therapeutics for cancers as well as other proliferative diseases, both pharmaceutical 

companies and university laboratories were involved in developing compounds that could 

inhibit the action of tyrosine kinase. As a new mode of cancer treatment, 3COJ inhibitors 

may also be implemented appropriately. To classify successful anti-breast cancer compounds, 

the current in silico research was conducted. The seven compounds (C8-C14) and standard 

drug Tamoxifen were also evaluated for their binding interactions in 3COJ active site. After 

being tested via in vitro experiments, the virtual hits found in this study can be used as an 

alternative targeting agent for breast cancer. The secondary structure of the active-site sphere 

target protein (radius 9) is shown in Figure 78. The -CDOCKER energy of each molecule 

with the target protein is described in Table 33 as a result of the docking analysis. 

The binding analysis indicates that the Human Estrogen Receptor was successfully 

docked with the seven compounds. From the docking results, the Mol.1 forms one strong 

Hydrogen bond with Arg 394 and Alkyl and Pi-Alkyl interactions with Leu 346, Met 421 and 

Leu 525 respectively. The -CDOCKER energy of this interaction is -19.0777   kcal/mole-1. 

Out of  seven  molecules the Mol.1  shows higher binding affinity in receptor 3COJ compare 

to standard drug Tamoxifen (-CDOCKER energy -18.2547 Kcal/mol-1) due to forms Pi-Alkyl 

and Pi-Pi T-shaped interactions. The remaining all compounds of 2D results are depicted in 

Figure 4.  Here, the Mol. 4 revealed the poor binding affinity with binding energy being (is -

19.0777 kcal/mole-1) which predict its weak biological breast cancer activity (not measured 

yet), but it may be similar activity to Tamoxifen drug. Therefore it is easily seen that it is 

predicted that all compounds would have almost identical activity against Human Estrogen 

Receptor. 
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           Table  33. CDOCKER energy of the molecules (C8 to C14) 

 

S. No 
Molecule 

Number 
Structure 

-CDOCKER 

Energy (Kcal/ 

mol-1) 

1 

Compound  

C8 

(Mol-7) 

 

22.2919 

2 

Compound 

 C9 

(Mol-3) 

 

20.3915 

 

3 

Compound  

C10 

(Mol-1) 

 

19.0777 

4 

Compound  

C11 

(Mol-5) 

 

22.2153 
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5 

Compound  

C12 

(Mol-2) 

 

23.3452 

6 

Compound  

C13 

(Mol-6) 

 

22.7068 

7 

Compound  

C14 

(Mol-4) 

 

23.9721 

 

8 Tamoxifen 

 

18.2547 

   

 

 

 



226 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  78.  a) The secondary 3D structure of the target 3COJ protein with molecules and b) 

active site sphere of the protein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure   79.  a)  3D and   b) 2D binding site interaction of C8 in receptor 3COJ active site. 
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Figure 80. a) 3D and b) 2D binding site interaction of (E) -2-(4-bromobenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.2] in receptor 3COJ active site. 
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    Figure   81. 2D interactions analysis of Mol.3,  Mol.4,  Mol.5 and Mol. 6 in receptor 3COJ 

active site. 
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5.23   Thrombolytic activity 

All the seven tested   cyanoacetyl   hydrazone derivatives exhibited substantial clot 

lysis value range from 40.5 to78.45 % in comparison to 84.57 % clot lysis exhibited by the 

reference standard streptokinase (30,000 IU).Satistical representation of  the effective clot 

lysis percentage by negative control (sterilr distilled water) is 26.74 ± 1.87 %  and  positive 

control (streptokinase)  is 84.57 ± 5.91 %. 

The clot lysis activity of compound C8 36.63 ± 4.77 %  for 100 ug/mL  and  61.06 ± 

6.65% for 200 ug/mL. The clot lysis activity of compound C9 was   44.94 ± 3.14%  for 100  

ug/mL and 80.17 ± 5.61% for 200 ug/mL.The clot lysis activity of compound C10 was   

46.81 ± 3.27%  for 100  ug/mL and 83.01 ± 5.81% for 200 ug/mL.The clot lysis activity of 

compound C11 was   36.73 ± 3.43 % for  100  ug/mL and 72.07 ± 5.15 % for 200 ug/mL.The 

clot lysis activity of compound C12 was   37.49 ± 2.62 % for   100  ug/mL and 75.36 ± 5.27 

% for 200 ug/mL.The clot lysis activity of compound C13 was   42.47 ± 3.27 %   for 100   

ug/mL and 76.07± 5.10 % for 200 ug/mL.The clot lysis activity of compound C14 was   

34.57 ± 2.41 %   for  100  ug/mL and 71.62 ± 5.01% for 200 ug/mL. 

The results of all synthesized compounds are presented in Tables 34. 
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       Table 39:   In-vitro anti thrombolytic activity of the compounds 

 

  

% of clot lysis 

 

Samples Control 100 (μg/ml) 200 (μg/ml) Standard 

C8 26.74 ± 1.87 36.63 ± 4.77 61.06 ± 6.65 84.57 ± 5.91 

C9 26.74 ± 1.87 44.94 ±3.14 80.17 ± 5.61 84.57 ± 5.91 

C10 26.74 ± 1.87 46.81±3.27 83.04±5.81 84.57 ± 5.91 

C11 26.74 ± 1.87 36.73 ±3.14 72.07 ±5.15 84.57 ± 5.91 

C12 26.74 ± 1.87 37.49 ±2.62 75.36 ± 5.27 84.57 ± 5.91 

C13 26.74 ± 1.87 42.47 ± 3.27 76.07 ± 5.10 84.57 ± 5.91 

C14 26.74 ± 1.87 34.57 ± 2.41 71.62 ± 5.01 84.57 ± 5.91 
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Fig. 82   Clotlysis experiments with different 

concentrations of compound C8 

Fig. 83   Clotlysis of compound C8 on 

Thrombolytic activity  
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Fig. 85   Clotlysis of compound C9 on 

Thrombolytic activity  
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Fig. 86 Clotlysis experiments with 

different concentrations of compound C10 
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Fig. 87   Clotlysis of compound C10 on 

Thrombolytic activity  
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Fig. 88  Clotlysis experiments with different 

concentrations of compound C11 
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Fig. 89   Clotlysis of compound C11 on 

Thrombolytic activity  
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Fig. 90   Clotlysis experiments with different 

concentrations of compound C12 

Fig. 91   Clotlysis of compound C12 on 

Thrombolytic activity  
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Fig. 93   Clotlysis of compound C9 on 

Thrombolytic activity  
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Fig. 95   Clotlysis of compound C14 on 

Thrombolytic activity  
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Results demonstrated that compound C10 has impressive clot lysis activity (83%) compared 

to SK (84%). While compound C8 depicted less clot lysis activity (36%), and the order of the 

in vitro clot lysis effect of all tested compounds is C10 > C9 > C13 > C12 > C11 >C14 > 

C8.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



239 
 

 

References 

1. Maheshwari R,Manjula J.Synthesis,Charecterization and Biological Applications of 

Benzohydrazide derivatives, International journal of applied research1,1(10) (2015) p587-

592. 

2. Shizhen L, Xiwen L. Compendium of MateriaMedica. Foreign Languages Press; Beijing, 

China. 6 (2003) p410-416.  

3.  Rahul B, Birari A, ShikharGuptab C. GopiMohanb, Kamlesh K and Bhutania. Antiobesity 

and lipid lowering effects of Glycyrrhizachalcones Experimental  and computational  studies. 

Phytomedicine. 18 (2011) p795-801. 

4. Manimegalai B and Velavan S, Evaluation of anti-obesity activity og gymnema sylvestre  

leaves extract, Journal of Pharmacognosy and  Phytochemistry.8(3) (2019) p.2170-2173. 

5.  Hughes, J.; Rees, S.; Kalindjian, S.; Philpott, K. Principles of early drug discovery. Br. J. 

Pharmacol. 162 (2011) p 1239–1249. 

6. Cava, C.; Colaprico, A.; Bertoli, G.; Bontempi, G.; Mauri, G.; Castiglioni, I. How interacting 

pathways are regulated by miRNAs in breast cancer subtypes. BMC Bioinform. 17 (2016) p 

111–133. 

7. Cava, C.; Novello, C.; Martelli, C.; Lodico, A.; Ottobrini, L.; Piccotti, F.; Truffi, M.; Corsi, 

F.; Bertoli, G.; Castiglioni, I. Theranostic application of miR-429 in HER2+ breast cancer. 

Theranostics 10(2020) p 50–61.  

8. Yang, Y.; Adelstein, S.J.; Kassis, I.A. Target discovery from data mining approaches. Drug 

Discov. Today 14 (2009) p147–154.  

9. Meng, X.-Y.; Zhang, H.-X.; Mezei, M.; Cui, M. Molecular docking: A powerful approach for 

structure-based drug discovery. Curr. Comput. Drug Des. 7 (2011) p 146–157.  



240 
 

10. McConkey, B.J.; Sobolev, V.; Edelman, M. The performance of current methods in ligand-

protein docking. Curr. Sci. 83 (2002) p845–855.  

11. Csermely, P.; Korcsmáros, T.; Kiss, H.J.; London, G.; Nussinov, R. Structure and dynamics 

of molecular networks: A novel paradigm of drug discovery: A comprehensive review. 

Pharmacol. Ther. 138(2013) p333–408.  

12. Koppen H. Virtual screening – what does it give us? Curr Opin Drug Disc Dev. 12 (2009)  p 

397-407. 

13. Seeliger D, Groot BL. Ligand docking and binding site analysis with PyMOL and 

Autodock/Vina. J Comput Aided Mol. Des. 24 (2010) p417-24. 

14. Senthilraja P, Senthil Vinoth K, Sindhuraj M and Prak. (2012) Potential of marine derived 

compounds against breast cancer (BRCA1): an in-silico docking study. IJRAP 3(4), 5701-

572. 

15. Lubinski J, Phelan C M, Ghadirian P, Lynch H T, Garber J, Weber B, Tung N, Horsman D, 

Isaacs C, Monteiro A N, Sun P, Narod S A 2004  Cancer variation associated with the 

position of the mutation in the BRCA2 gene. Fam Cancer 3(1): 1–10 

16. B. Vishwanathan B.M. Gurupadayya Thrombolytic activity of 1,3,4-oxadizole derivatives , 

World Journal of Pharmaceutical Sciences 3(10) (2015)p 2004-2008. 

 

 

 

                                     

 

 

 

 



241 
 

 

The work embodied in this thesis entitled “SYNTHESIS, CHARACTERIZATION 

AND BIOLOGICAL EVALUATION OF SOME NOVEL BIOACTIVE HYDRAZONE 

DERIVATIVES” comprises of six chapters. 

Chapter one: This chapter is divided into four sections. Section – I deals with Hetero 

cyclic compounds and hydrazone derivatives and its applications in different fields.           

Section – II describes the anti-obesity studies and its classification, treatements. Section – III 

deals with insilico molecular docking, structure based drug design in the pharmaceutical fiels. 

Section-IV explains the thrombolytic activity and treatments. 

 Chapter two: This chapter involves a review of literature on the synthesis of 

hydrazone derivatives and its applications in the various fields, invitro anti-obesity study by 

pancreatic  activity, insilico molecular docking studies and finally thrombolytic activity of the 

hydrazone derivatives. 

  The structures of all the synthesized compounds are established on the basis 

of their analytical and spectral studies.  

Chapter three: This chapter describes the scope of the present work. 

Chapter four: This chapter gives the materials and methods used. It includes 

Chapter-6 

Summary and Conclusion 
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 Preparation of various substituted N-acetyl-3-methyl 2,6-diaryl piperidin-4-one 

cyanoacetylhydrazones derivatives using condensation reaction in the presence of ammonium 

acetate as catalyst and various substituted benzaldehyde cyanoacetylhydrazones derivatives . 

 Characterization of synthesized compounds using advanced analytical and spectral 

methods such as FT-IR, 1H and 13C NMR. 

  In vitro (anti-obesity activity) pancreatic lipase inhibitory activity was carried out by 

the method of apostolidis. 

 In silico molecular docking studies were carried out using BIOVIA Discovery Studio 

(DS) 2017 software. 

 Thrombolytic activity was determinedby comparison with Streptokinase. 

Chapter five: This chapter deals with discussion on experimental results, obtained for 

the synthesized compounds, such as characterization of synthesized compounds, evaluation 

of invirto anti-obesity activity by pancreatic lipase inhibition activity, insilico molecular 

docking studies using BIOVIA Discovery Studio (DS) 2017 software and evaluation of 

thrombolytic activity using Streptokinase. 

Chapter six: In this chapter result of chapter V was summarized. 

1. A novel piperidones in combination with cyanoacetylhydrazone derivatives were 

synthesized using Mannich followed by condensation reactions. 

The synthesized compounds are N-acetyl 3-methyl-2,6-diphenylpiperidin-4-one 

cyanoacetyl hydrazone (C1), N-acetyl 3-methyl-2,6- bis(o-bromo phenyl) piperidin-4-one 

cyanoacetyl hydrazone (C2), N-acetyl 3-methyl-2,6- bis(o-chloro phenyl) piperidin-4-one 

cyanoacetyl hydrazone (C3), N-acetyl 3-methyl-2,6- bis(o-methyl phenyl) piperidin-4-one 
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cyanoacetyl hydrazone (C4), N-acetyl 3-methyl-2,6- bis(p-bromo phenyl) piperidin-4-one 

cyanoacetyl hydrazone (C5), N-acetyl 3-methyl-2,6- bis(p-chloro phenyl) piperidin-4-one 

cyanoacetyl hydrazone (C6), N-acetyl 3-methyl-2,6- bis(p-methyl phenyl) piperidin-4-one 

cyanoacetyl hydrazone (C7). 

2. Synthesized compounds are Benzaldehyde   cyanoacetylhytrazone(C8),                      o-

bromo Benzaldehyde cyanoacetyl hytrazone(C9), o- Chloro  Benzaldehyde 

cyanoacetylhytrazone(C10), o-Methyl  Benzaldehyde cyanoacetylhytrazone(C11),               

p- Bromo  Benzaldehyde cyanoacetylhytrazone (12), p - Chloro  Benzaldehyde 

cyanoacetylhytrazone(C13), p- Methyl  Benzaldehyde cyanoacetylhytrazone(C14) 

3. The melting points of the compounds (C1-C14)  were noted. 

4. The synthesized compounds (C1-C14) are characterized by analytical and spectral 

studies (IR, 1H NMR and 13C NMR). 

5. All the spectral data are consistent with the assigned structures of the desired 

product and the progress of the reactions was monitored on silica gel G plates 

using iodine vapour as visualizing agent. 

6. Structure of all the synthesized compounds (C1-C14)   are established on the basis 

of their IR, 1H NMR and 13C NMR spectral studies. 

7. The observed chemical shifts, coupling constants indicate that the synthesized 

compounds (C1-C7) are adopting the chair conformation.  

    

8. Invitro Anti-obesity  activity 

Inhibition of pancreatic lipase is an attractive targeted approach for the treatment of 

obesity. For instance, orlistat, a hydrogenated derivative of lipstatin, which is obtained from 

Streptomyces toxytricini, is the only pancreatic lipase inhibitor currently approved for long-

term treatment of obesity. 
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The various concentrations of the synthesized compounds (100µg/mL, 200µg/mL, 

300µg/mL, 400µg/mL, 500µg/mL). Similar concentrations of positive control as Orlistat 

(Standard) are used. 

The result(C1-C7) shows the  o-substituted compounds have higher activity than p-

substituted compounds.  The order of activity for o-substituted compounds is C3>C2>C4(o-

Cl>o-Br>o-methyl). The order of activity for p-substituted compounds is C5>C6>C7(p-

Cl>p-Br>p-methyl) and (C8-C14) C10 > C9 > C13 > C11 > C12 > C14> C8. 

 From the result it was observed that, compound C3 and C10 shows good anti-Obesity 

activity than other synthesized compounds. 

9. In silico molecular docking studies  

 The RCSB PDB (Research Collaboratory for Structural Bioinformatics, Protein Data 

Bank) is a repository for the 3D structural data of large biological macromolecules such as 

proteins and nucleic acids. It provides simple and advanced searches based on annotations 

related to sequence structure and function. The crystal structure of the drug targets BRCA1 

was downloaded from the Protein Data Bank (PDB ID-3KOH) (http://www.pdb.org).  

 In silico molecular docking is one of the most powerful techniques to discover novel 

ligand for proteins of known structure and thus play key role in structure based drug. 

Investigators often use docking computer programs to find the binding affinity for molecules 

that fit a binding site on the protein. Hence in this present work we have carried out in silico 

molecules docking to analyze the binding properties of the mediator called BRCA1 with 

synthesized compounds.  So the present study might act as supportive evidence for in vivo 

cancer activity of synthesized compounds and surely help these molecules in reaching the 

market as commercial drug.  Among the various  synthesized compounds (C1-C7), 4Cl has 

greatest binding energy followed by 2Br,  4Br, 2Cl, 2Me, 4Me, piperidone and highest than 
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standard. The results of the in silico study further supported the in vitro pharmacological 

activity. 

In this analysis, the X-ray diffraction-based Crystal Structure of the BRCT Domains 

of Human BRCA1 in Complex with a Phosphorylated Peptide from Human Acetyl-CoA 

Carboxylase 1(PDB ID: 3COJ) with a resolution of 1.90 Å was selected. Hydrogens were 

applied to the 3COJ protein by applying the Forcefield algorithm and then using CHARM 

forcefield in DS, the protein energy was reduced.  

For molecular docking of II series research, The investigator followed previously 

mentioned parameter.The binding analysis indicates that the Human Estrogen Receptor was 

successfully docked with the seven compounds (C8-C14).    Out of seven molecules the C10 

shows higher binding affinity in receptor 3COJ  compare to standard drug Tamoxifen           

(-CDOCKER energy -19.0777 Kcal/mol-1) due to forms Pi-Alkyl and Pi-Pi  T-shaped 

interactions. 

In the future, further development and modification of these analogues may lead to 

the production of new, highly potent anti-breast cancer drugs. 

10. Thrombolytic activity 

The in-vitro thrombolytic activity of the synthesized compounds was determined by 

clot lysis study. The activity of the compounds was determined by comparison with the 

thrombolytic activity of Streptokinase. The test compound was measured for the decrease in 

clot weight at different concentrations. The in-vitro thrombolytic activity of the N-acetyl 

cyanoacetyl hydrazone derivatives were determined by clot lysis study. The activity of the 

compounds  was determined by comparison with the thrombolytic activity of Streptokinase. 

The test compounds were measured for the decrease in clot weight at different concentrations 

100 and 200 μl, respectively, Streptokinase (30,000 IU) was employed as positive control 
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and distilled water as negative control. The results were plotted conc. Vs percentage clot lysis 

was obtained by regression analysis. 

The results of the in vitro thrombolytic activity were encouraging and the tested 

compounds exhibited substantial aggregation inhibition. Synthesized compounds (C1-C7),   

N-acetyl cyanoacetyl hydrazone derivative exhibited substantial clot lysis, with percentage 

value ranging from 40.5 to 78.45% in comparison to 84.57 % clot lysis exhibited by the 

reference standard streptokinase (30,000 IU).  

The result shows (C1-C7) the o- substituted compounds have higher activity than p 

substituted compounds. The order of activity of  o-subtituted  C10 > C9 > C11 (o-Cl > o-Br 

>o-methyl). The order of activity of p-substituted compounds C13 > C12 >C14 ( p-Cl > p-

Br > p-methyl). 

The result shows the Chloro substituted compounds have higher clot lysis activity than 

Bromo and Methyl substituted compounds.  

Following are the scope for future work 

The outcomes of these studies may be useful for the clinical applications in humans and may 

open up a new therapeutic avenue. 

 Showing hope of discovering new molecules based on these structures with different 

substitutions would result in highly biologically active compounds. 

 Screening for different biological activities and conformational analysis. 

 Synthesis of new 2, 6-diarylpiperidin-4-one derivatives using a various groups at the 

3rd position of the piperidine ring. 
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ABSTRACT 

Pancreatic lipase or triglycerol acylhydrolase, the major lipolytic enzyme synthesized and secreted by the 

pancreas, plays an important role in the efficient digestion of triglycerides. 

Pancreatic lipase is responsible for the hydrolysis of 50-70% of the total dieatary fats. It removes fatty 

acids from the  α –apdsitions of dietary triglycerides, yielding  β-monoglycerides and long chain saturated 

and poly unsaturated fatty   acids as the lipolytic products. The bioactive heterocyclic compounds present 

an exciting opportunity. Inhibition of digestive enzymes is one of the most widely studied mechanisms 

used to determine the potential efficacy of anti-obesity agents. The majority of pharmacetutical products 

that mimic heterocyclic compounds can and do participate in chemical reactions in the humanbody. The 

present study describes about the synthesis and the present study describes about the synthesis and 

characterization and biological studies of novel alkyl/halo substituted cyanoacetyl hydrazone derivatives. 

The synthesized compounds were characterized by FT-IR, 1H-NMR and 13C-NMR spectral studies. 

From this study it is obvious that the compounds inhibit the activity of pancreatic lipase, which indicates 

its protective role in treating obesity. The present study also confirmed that the ease of nucleophilic 

substitution depends on nucleophilicity. All these observations gave impetus to start a research program 

for the synthesis of new hydroazone derivatives containing the heterocyclic fraction. 

Keywords: cyanoacetyl hydrazone, pancreaticlipase, anti-obesity 
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INTRODUCTION       

                   Organic chemistry and medicinal 

chemistry are becoming very important 

chemicals. The primary objective of an 

organic chemist is to work towards the 

isolation, characterization and synthesis of 

new compounds that are suitable for use as 

drugs. Pharmaceutical chemistry is a 

discipline on the incorporation of chemistry 

and pharmacology, the chemistry, 

incorporation and development of 

pharmaceuticals shaped. However their 

derivatives with N–C linkages have been 

used in the fields of medicinal and 

pharmaceutical chemistry and have been 

reported to exhibit a variety of biological 

activities [1]. 

             Medicinal chemistry always leads to 

drug discovery and development. The 

introduction of synthetic substances as drugs 

began in the late nineteenth and early 

twentieth century’s. Initially this 

development focused on isolated natural 

products from plant and animal sources but 

as knowledge increased, a wide range of 

synthetic compounds such as drugs 

developed. The original pharmacologically 

active compound from which these synthetic 

analogs are developed is known as the lead 

compound [2]. 

           The work of a medicinal chemist is 

focused on the discovery of lead compounds 

with specific medicinal properties. This 

includes the development of more effective 

and safer analogues of these existing and new 

lead compounds. Molecular manipulation of 

a promising lead is a major approach for the 

discovery of a new drug. This involves 

attempts to remove, replace, or replace 

individual groups with similar activity in a 

compound, or add a new fraction to the 

original lead compound. This could 

potentially result in enhancing activity, 

warding off unwanted side effects, and 

preventing the development of resistance, 

particularly by infectious micro-organisms 

[3].  

            Hydrazones and their derivatives 

form an important class of compounds that 

have found widespread utility in organic 

synthesis. The chemistry of the carbon–

nitrogen double bond of hydrazones is 

becoming the backbone of the condensation 

reaction in benzo – fused    N-heterocyclics, 

also forming an important class of 

compounds for new drug development. 

Studies in heterocyclic compounds are two 

particular sources of interest Subject. First 

these are their steady streams of discovery of 

new heterocyclic compounds playing 
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important roles in the metabolism of all 

living cells and secondly the increasing 

availability of suitable intermediates for 

large-scale production of heterocyclic 

compounds. Many important compounds 

contain heterocyclic rings, for example most 

vitamins B-complex, alkaloids, antibiotics 

chlorophyll, hemin, plant pigments, amino 

acids, drugs, enzymes, DNA, RNA etc. A lot 

of research has been done to synthesize New 

heterocycles with therapeutic value and 

industrial applications [4-9]. 

             Obesity is defined as excessive fat 

accumulation of impair health. Body mass 

index (BMI) is a crude population measure of 

obesity commonly used to classify 

overweight and obesity in adults; Classified 

as the weight of a person, which is worse 

than the square of the height in meters 

(kg/m2). A person with a BMI of 30 or 

greater is generally considered obese, while a 

person with a BMI equal to or greater than 25 

is considered overweight [10]. 

           The prevalence of obesity varies from 

country to country and depends on a number 

of factors, including gender, age, educational 

achievement, annual household income, 

employment status, and social class [11-12]. 

Obesity is regarded as an extremely costly 

health problem, with the direct medical costs 

of being overweight and obesity accounting 

for approximately 5.0% to 10% of United 

States health care spending [13]. 

         Obesity is a common disorder usually 

caused by the interaction of genetic, 

nutritional and environmental factors [14]. It 

has now become one of the most important 

health issues of modern society around the 

world. It is often associated with other 

diseases such as arteriosclerosis, high blood 

pressure, cancer, diabetes and osteoarthritis 

[15, 16]. The incidence of obesity is 

increasing rapidly, and it is revealed that 

around 500 million adults worldwide are 

obese [17]. 

                Pancreatic lipase (PL) is an 

enzyme, which is secreted from the pancreas 

and plays an excellent role in the absorption 

of triglyceride in the small intestine. Dietary 

fat is made up of about 95% triacylglycerol 

(TG). Pancreatic lipase hydrolyzes water-

insoluble triacylglycerol in the intestinal 

lumen and is thus used for dietary fat 

absorption. Pancreatic lipase inhibitors 

considered a valuable therapeutic agent for 

the treatment of diet-induced obesity [18]. 

            One of the screening strategies used 

in anti-obesity drug discovery is to search for 

potent lipase inhibitors from natural 

products. Medicines that come from natural 

sources are safer and more efficient, even if 

they are toxic, but less harmful than pure 
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synthetic ones. Attention is being paid to the 

discovery of novel natural bioactive 

compounds as the foundation of new drug 

discovery as previously reliable standard 

drugs become less effective against emerging 

new strains of many drug-resistant strains 

[19]. 

MATERIALS AND METHODS 

           All chemicals (solvents and reagents) 

were obtained from AR grade Sigma/Aldrich 

and Merck. was purchased from foreign 

companies (Hi-Media and Sigma/Aldrich) 

and was not used with further purification 

and distillation. Local chemicals have not 

been used in the research work. The purity of 

these chemicals was 98–99.9%. Other 

reagents used were ammonium acetate and 

cyanoacetic hydrazide (Merck). Analytical 

grade solvents such as ethanol, methanol, 

ethyl acetate, chloroform (CHCl3) and n-

hexane were used without further distillation. 

The synthesized compounds were increased 

to yield and purified by recrystallization with 

the appropriate solvent system. 

          IR spectra were recorded in an 

AVATAR-330 FT-IR spectrophotometer 

(Thermo Nicolet) and only notable 

absorption levels (mutual centimeter) are 

listed. 1H NMR spectra were recorded on a 

BRUKER AMX 300 MHz and 300 MHz 

NMR was performed on a BRUKER AMX 

300 MHz NMR spectrometer operating at 

100 MHz. For recording  1H NMR spectrum 

of compound solution were prepared by 

dissolving about 10mg of the compound in 

0.5 ml of CDCl3 was used as solvent while 

for 13C NMR spectra, about 50 mg of the 

compound was dissolved in the same volume 

of the respective solvents. TMS (Tetra 

methyl silane) was used as a internal 

standard. 

  Preparation of N-acetyl 3-methyl-2,6-

diphenylpiperidin-4-one cyanoacetyl 

hydrazone derivatives  

A mixture of 3-methyl-2,6-

diphenylpiperidin-4-one (0.1 mol), 

cyanoacetic hydrazide   (0.1 mol) in the 

presence of few drops of concentrated 

acetic acid in methanol was refluxed for 2 

hours. After the completion of reaction, 

the reaction mixture was cooled to room 

temperature. The solid product was 

separated by filtration and washed with 

warm water and recrystallized by 

methanol to afford 3-methyl-2,6-

diphenylpiperidin-4-one cyanoacetyl 

hydrazone. Then cyclized by 0.1 mol of 

acetic anhydride. 
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In vitro Anti-obesity activity 

Anti-obesity activity determined by the 

method of 

Pancreatic lipase inhibitory (Anti-obesity) 

activity of compounds 

Pancreatic lipase activity was modified from 

that previously described by Kim et al.  

(2010) and Anil Kumar et al (2011) method. 

Reagents 

1. Olive oil 

2. Phosphate Buffer (pH 6) 

3. Porcine pancreatic lipase (1 mg/ml; 0.1 

mm potassium phosphate buffer (pH 6.0) 

4. Acetone 

5. Ethanol 

6. Sodium hydroxide (0.02M) 

7. Oxalic acid  ((0.01M) 

8. Standard: Orlistat 

Procedure 

Different concentrations (100, 200, 

300, 400 and 500µg/ml) of sample were 

taken and each concentration of the sample 

(100µl) was mixed with 8 ml of olive oil,  



V.Priyadarshini et al                                                                                                                     Research Article 
 

 
264 

IJBPAS, November, Special Issue, 2021, 10(11) 

0.4 ml phosphate buffer and 1 ml of 

Porcine pancreatic lipase and it were 

incubated for 60 min. The reaction was 

stopped by the addition of 1.5 ml of a 

mixture containing acetone and 95 % ethanol 

(1:1). The appearance of pink colour from 

yellow colour shows the liberated fatty acids, 

which was determined by titrating the 

solution against 0.02 M sodium hydroxide 

(standardized by 0.01 M oxalic acid) using 

phenolphthalein as an indicator. Similar 

concentrations of positive control as Orlistat 

(Standard) are used. The Lipase activity of 

the control was checked without inhibitor 

(sample). Percentage inhibition of lipase 

activity was calculated using the formula: 

Lipase inhibition = A −B/A × 100 

     Where A is lipase activity, B is activity of 

lipase when incubated with the sample. 

             Orlistat was used with the same 

concentrations as a positive control.  The 

data were expressed as percentage inhibition, 

which was calculated using the formula, 

                       Lipase Inhibition    =A -B/A × 

100 where, A is the lipase activity B is 

activity of lipase when incubated with the 

sample. 

                       The concentration of the 

synthesized compounds which inhibits 50% 

of enzyme activity is termed as the IC50. 

orlistat were used as controls. A standard 

dose response curve was plotted at all the 

different concentrations. From the plotted 

curves, the IC50 value for each of the 

synthesized compounds was calculated. The 

data were combined and identified as mean ± 

standard deviation (SD). 

RESULT AND DISCUSSION 

N-acetyl 3-methyl-2,6-diphenylpiperidin-

4-one cyanoacetylhydrazone (S1): Yield. 

79.65%.  

Mp. 160-163oC. FT-IR (KBr) νmax (cm-1): 

3062-2935(C-H Aliphatic & Aromatic 

stretching), 1720(C=O), 1495 (C=O piperidin 

moiety), 1647(C=N), 2261 (C≡N), 3424-

3269(N-H).  

13C NMR(300 MHz, CDCl3) δ ppm 

:141.48(C-2 ipso carbon), 141.17 (C-6 

ipsocarbon), 127.59-128.72(Aromatic 

carbons), 209.53(C=O Piperidin moiety ), 

23.13 (CH3 carbon of Piperidin 

moiety),173.10(C=N), 126.82(C≡N), 

43.07(CH2 carbon of cyanoacetohydrazone 

moiety) , 76.65(C-2), 77.50(C-6), 46.23(C-

3),23.46(C-5), 13.63(3-CH3).1H NMR(300 

MHz, CDCl3),  

δ ppm: 7.25-7.10 (Aromatic Protons), 6.17 

(N-H HydrazoneMoiety), 3.59 (CH3 –

Protons in Piperidin moiety), 3.28 (CH2 –

Protons in hydrazone moiety), 0.86 (3-CH3), 

3.90 (H-6a), 3.53 
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( H-2a), 2.23 (H-5a), 2.90 (H-5e), 2.58 ( H-

3a Proton). 

N-acetyl 3-methyl-2, 6 (bis-o-bromo 

phenyl) piperidin-4-one cyanoacetyl 

hydrazone (S2): Yield. 79.65%. Mp.179-

181oC. FT-IR (KBr) νmax (cm-1): 3099-

2931 (C-H Aliphatic &Aromatic stretching), 

1681 (C=O), 1567 (C=N), 2265 (C≡N), 

3308-3179 (N-H). 

 13C NMR(300 MHz, CDCl3) δ ppm: 130.10 

(C-2 ipso carbon), 130.62 (C-6 ipso carbon), 

128.59-129.54(Aromatic carbons), 166.34 

(C=O), 159.54 (C=N), 125.18 (C≡N), 25.11 

(CH2 carbon of  cyanoacetohydrazone 

moiety),65.86 (C-2), 59.64 (C-6), 39.14 (C-

3), 25.23 (C-5), 12.19 (3-CH3). 1H NMR 

(300 MHz, CDCl3), δ ppm: 7.53- 7.31 

(Aromatic protons) 10.79 (N-H, Hydrazone 

Moiety), 2.50 (N-H Piperidin moiety), 3.35 

(CH2 –Protons in hydrazonemoiety), 

0.91((3-CH3), 3.88 (H-6a), 3.35(H-2a), 2.50 

(H-5a), 3.35 ( H-5e), 2.51(H-3a Proton). 

N-acetyl 3-methyl-2, 6 (bis-o-chloro 

phenyl) piperidin-4-one cyanoacetyl 

hydrazone (S3) : Yield. 80.69%. Mp.142-

145oC. FT-IR(KBr) νmax (cm-1): 3070-

2939((C-H Aliphatic &Aromatic stretching), 

1633 (C=O),1470 (C=O piperidinmoiety) 

1416(C=N), 2262 (C≡N), 3419-3259 (N-H). 

13C NMR(300 MHz, CDCl3) δ ppm: 139.58 

(C-2 ipso carbon),133.81(C-6 ipso carbon), 

128.17-132.84 (Aromatic carbons), 

172.49(C=O Piperidin moiety ), 21.55(CH3 

carbon of Piperidin moiety), 139.79(C=N), 

128.17(C≡N), 22.97(CH2 carbon of 

cyanoacetohydrazone moiety) , 48.05(C-2), 

58.59(C-6), 39.15(C-3), 39.43(C-5), 13.52(3-

CH3). 1H NMR(300 MHz, CDCl3), δ ppm: 

7.237.48(Aromatic Protons), 7.50 (N-H  

Hydrazone Moiety), 3.17 (CH3 –Protons in 

Piperidin moiety), 3.20 (CH2 –Protons in 

hydrazone moiety), 1.17 (3-CH3)3.73( H-

6a), 3.3(H-2a), 2.98 (H-5a), 3.4(H-5e), 2.67( 

H-3a Proton). 

N-acetyl 3-methyl-2,6 (bis-o-methyl 

phenyl) piperidin-4-one cyanacetyl 

hydrazone (S4): Yield. 82.6%. Mp. 179-

181oC.FT-IR(KBr) νmax (cm-1): 3024-

2977((C-H Aliphatic &Aromatic stretching), 

1716 (C=O),1490 (C=O piperidin 

moiety)1650(C=N), 2337 (C≡N), 3428-3066 

(N-H). 13C NMR(300 MHz, CDCl3) δ ppm: 

137.42 (C-2 ipso carbon), 136.89(C-6 

ipsocarbon), 126.75-131.45(Aromatic 

carbons), 172.49(C=O Piperidin moiety ), 

22.62(CH3 carbon of Piperidin 

moiety),140.90(C=N), 126.22(C≡N), 

24.28(CH2 carbon of cyanoacetohydrazone 

moiety) , 52.14(C-2), 57.53(C-6), 39.14(C-

3),22.78(C-5), 18.94(3-CH3). 1H NMR(300 

MHz, CDCl3), δ ppm: 6.88-7.31(Aromatic 

Protons), 7.42 (N-H Hydrazone Moiety), 
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2.32(CH3 –Protons in Piperidin moiety), 

3.21 (CH2 –Protons in hydrazone moiety), 

1.106 (3-CH3) 3.73(H-6a),3.3(H-2a), 2.98 

(H-5a), 3.4(H-5e), 2.67(H-3a Proton).( 3-

CH3), 3.89 ( H-6a), 3.11 (H-2a), 2.39 ( H-

5a), 3.07(H-5e), 2.57(H-3a Proton), 2.33 (o-

CH3 protons). 

N-acetyl 3-methyl-2,6 (bis-p-bromo 

phenyl) piperidin-4-one cyanoacetyl 

hydrazone (S5): Yield. 79.65%. Mp. 186-

189oC.IR (cm-1): 3025-2852 (C-H Aliphatic 

& Aromatic stretching), 1674 (C=O), 1568 

(C=N), 2267 (C≡N), 3440-3184 (N-H).13C 

NMR (δ ppm): 139.98 (C-2 ipso carbon), 

140.49(C-6 ipso carbon), 126.49-129.77 

(Aromatic carbons), 164.48 (C=O), 

158.05 (C=N), 114.35 (C≡N), 24.16 (CH2 

carbon of cyanoacetohydrazone moiety), 

76.57 (C-2), 56.12 (C-6), 44.89 (C-3), 34.56 

(C-5), 11.15 (3-CH3) 19.20 (o-CH3). 1H 

NMR (δ ppm) : 7.32-7.13 (Aromatic 

Protons), 10.09 (Hydrazone Moiety),2.09 (N-

H Piperidin moiety), 3.50 (CH2 –Protons in 

hydrazone moiety), 0.92 (3-CH3), 3.89 (H-

6a), 3.11 (H-2a), 2.39(H-5a), 3.07(H-5e), 

2.57 (H-3a Proton), 2.33 (o-CH3 protons). 

3-methyl-2,6 (bis-p-chloro phenyl) 

piperidin-4-one cyanoacetyl hydrazone 

(S6) : Yield. 80.69% . Mp.118-120oC. IR 

(cm-1): 3100-2875(C-H Aliphatic & 

Aromatic stretching), 1687 (C=O), 1592 

(C=N), 2261 (C≡N), 3295-3198 (N-H). 13C 

NMR (δ ppm): 140.78 (C-2 ipso carbon), 

141.63(C-6 ipso carbon), 130.55-130.75 

(Aromatic carbons), 164.36 (C=O), 155.48 

(C=N), 114.18 (C≡N), 23.96 (CH2 carbon of 

cyanoacetohydrazone moiety), 67.56 (C-2), 

58.98 (C-6), 44.27 (C-3), 35.72 (C-5), 11.31 

(3-CH3).
 1H NMR (δ ppm) :7.26-

7.51(Aromatic Protons), 9.83 ( N-H 

Hydrazone Moiety), 2.09 (N-H Piperidin 

moiety), 3.77 (CH2 –Protons in hydrazone 

moiety),  0.89 (3-CH3),  3.90 (H-6a), 3.51 

(H-2a), 2.18 (H-5a),    2.97 ( H-5e), 2.55 (H-

3a Proton). 

3-methyl-2,6 (bis-p-methyl phenyl) 

piperidin-4-one cyanoacetyl hydrazone 

(S7) :Yield. 78.69%. Mp. 120-122 oC. FT-

IR(KBr) νmax  (cm-1): 3026-2963(C-H 

Aliphatic & Aromatic stretching), 1701 

(C=O), 1638 (C=N), 2266 (C≡N), 3195-

3097(N-H). 13C NMR(300 MHz, CDCl3) δ 

ppm: 139.33 (C-2 ipso carbon), 139.83 (C-6 

ipso carbon), 126.42-129.38 (Aromatic 

carbons), 164.87 (C=O), 158.07 (C=N), 

114.13 (C≡N), 24.56 (CH2 carbon of 

cyanoacetohydrazone moiety), 68.92 (C-2), 

60.46 (C-6), 45.34 (C-5), 36.16 (C-3),  12.10 

(3-CH3),  21.13(p-CH3) . 1H NMR(300 

MHz, CDCl3), δ ppm : 7.14-7.36 (Aromatic 

Protons), 9.01(N-H, Hydrazone Moiety), 

2.06 (N-H Piperidin moiety), 3.73 (CH2 –
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Protons in hydrazone moiety), 0.89 ( 3-CH3),  

3.87 (H-6a), 3.49 (H-2a), 2.24 (H-5a),  2.83 ( 

H-5e),  2.57 ( H-3a Proton), 2.06 (p-CH3 

protons).  

Anti obesity activity 

                 In the current scenario, obesity is a 

major public health problem with 

approximately 1.9 billion adults (aged 18 

years and older) worldwide and 

approximately 600 million of them are 

clinically obese. The disease is characterized 

by an increase in the size of the adipocytes, 

which leads to an increase in the amount of 

fat in the disease of adipota. Microbes such 

as germline are cured in order to increase the 

adipocytes. Thus, inhibition of digestion and 

absorption of dietary fat is a first key to 

treating obesity. This inhibition involve 

lipase enzyme, the principle lipolytic enzyme 

synthezied and secreted by the pancreas. 

There is an increase in the amount of damage 

to the testes. The substrates for the lipase 

enzyme are long-chain triacylglycerols, 

which are separated from the surface phase 

by the aqueous medium. Thus, the lipase 

enzyme must be adsorbed on the substrate 

lipid surface and the nature of the substrate 

surface has an important role for lipase 

activity. 

      Inhibition of pancreatic lipase is an 

attractive targeted approach for the 

discovery of potent anti-obesity agents for 

the treatment of obesity. One of the 

screening strategies used in anti-obesity 

drug discovery is to search for potent lipase 

inhibitors from synthesized compounds. In 

this study, we screened synthesized 

compounds as potential anti-obesity agents 

by monitoring their anti-lipase activity. 

Concentration – dependently on the in vitro 

assay.  

   The activity of the compounds was 

determined by comparison with the anti-

obesity of Pancreatic lipase. The test 

compound was measured for the decrease in 

clot weight at different concentrations. The 

different concentrations compared about or 

list at as standard drug [20-22]. 

Pancreatic lipase inhibitory activity of 

synthesized compound is given in Figure 1. 

In the present study, anti-obesity 

activity analysis of compounds (low 

concentration 

(100 µg/ml) to higher concentration (500 

µg/ml).  Synthesized 

compoundBCAHACO2 (S1) significantly 

inhibited lipase with low concentration was 

14.25% while the higher concentration was 

76.45%.Anti-obesity activity analysis of 

compounds (low concentration (100 µg/ml) 

to higher concentration(500 µg/ml).  

Synthesized compound 2-BrCAHACO2(S2) 
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significantly inhibited lipase with low 

concentration was 17.46% while the higher 

concentration was 83.47%. 

anti-obesity activity analysis of compounds 

(low concentration (100 µg/ml) to higher 

concentration (500 µg/ml).  Synthesized 

compound 2- ClCAHACO2(S3) 

significantly inhibited lipase with low 

concentration was 18.07% while the higher 

concentration was 85.93%.anti-obesity 

activity analysis of compounds (low 

concentration(100 µg/ml) to higher 

concentration(500 µg/ml).  Synthesized 

compound 2-MeCAHACO2 (S4) 

significantly inhibited lipase with low 

concentration was 19.54% while the higher 

concentration was 87.45%. 

anti-obesity activity analysis of compounds 

(low concentration (100 µg/ml) to higher 

concentration (500 µg/ml).  Synthesized 

compound 4-BrCAHACO2(S5) significantly 

inhibited lipase with low concentration was 

14.39% while the higher concentration was 

78.05%. 

Anti-obesity activity analysis of 

compounds (low concentration (100 µg/ml) 

to higher concentration (500 µg/ml).  

Synthesized compound4-ClCAHACO2(S6) 

significantly inhibited lipase with low 

concentration was 16.94% while the higher 

concentration was 81.26%. 

anti-obesity activity analysis of compounds 

(low concentration(100 µg/ml) to higher 

concentration(500 µg/ml).  Synthesized 

compound 4-MeCAHACO2(S7) 

significantly inhibited lipase with low 

concentration was 15.79% while the higher 

concentration was 80.45%.  

 

 

Table 1: Anti-obesityactivity (Pancreatic lipase inhibitory activity) of Synthesized compound 
 

Samples 
Concentrations (µg/ml) IC50 value 

(µg/ml) 100 200 300 400 500 
S1 14.25±0.99 23.56±1.64 39.69±2.77 60.81±4.25 76.45±5.35 343.49 
S2 17.46±1.22 30.21±2.11 47.63±3.33 68.95±4.82 83.47±5.84 302.59 
S3 18.07±1.26 30.62±2.14 49.81±3.48 71.68±5.01 85.93±6.01 293.05 
S4 19.54±1.36 33.29±2.33 51.65±3.61 72.43±5.07 87.45±6.12 283.52 
S5 14.39±1.01 24.65±1.72 40.98±2.86 61.04±4.27 78.05±5.46 337.75 
S6 16.94±1.18 29.46±2.06 45.98±3.21 66.49±4.65 81.26±5.68 311.85 
S7 15.79±1.10 27.43±1.92 43.54±3.04 65.91±4.61 80.45±5.63 320.11 

Std. (Orlistat) 21.61±1.51 37.48±2.62 56.93±3.98 78.52±5.49 92.46±6.47 259.56 
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Figure 1: Anti-Obesity activity Graph 

 

CONCLUSION 

The structure of the synthesized compound is 

established on the basis of their analytical 

and spectral data (IR, 1H NMR, 13C 

NMR).The synthesized compound was 

subjected to preliminary anti-obesity by 

pancreatic lipase inhibitory activity. The 

result from the study showed that the N-

acetyl -3-methyl cyano acetyl hydrazone 

derivatives had excellent anti-obesity activity 

that was comparable to the activity of 

Orlistat.  The study revealed that few of the 

synthesized such as N- acetyl -3-methyl 

cyano acetyl hydrazone derivatives exhibited 

high total potent pancreatic lipase inhibitory 

effects. Strong positive correlation between 

synthesized bioactives and that of the anti - 

lipase activity was observed. It can be 

concluded from the present study that N-

acetyl -3-methyl cyano acetyl hydrazone 

derivatives provide convencing anti-obesity. 

This research may provide a basic for in vivo 

study and strong foundation for future 

development of synthesized compounds with 

great applications in prevention and 

treatment of obesity. 
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ABSTRACT 

 The present study is concerned with the docking of synthesized molecules ((E)-2-(2-

chlorobenzylidene) hydrazine-1-carbonyl cyanide [1], (E)-2-(4-bromobenzylidene) hydrazine-1-

carbonyl cyanide [2], (E)-2-(2-bromobenzylidene) hydrazine-1-carbonyl cyanide [3], (E)-2-(4-

methylbenzylidene) hydrazine-1-carbonyl cyanide [4], (E)-2-(2-methylbenzylidene) hydrazine-1-

carbonyl cyanide [5], (E)-2-(4-chlorobenzylidene) hydrazine-1-carbonyl cyanide [6],  (E)-2-

benzylidene hydrazine-1-carbonyl cyanide [7] and in order to arrive at an effective drug such as 

a molecule targeting the Crystal Structure of the BRCT Domains of Human BRCA1 primarily 

responsible for Breast Cancer, this application as an anticancer agent. Protein Data Bank, to 

retrieve the protein structure; Pubchem compound database, to retrieve the chemical structure of 

estrogen receptor inhibitors; Discovery Studio 2017 for docking and ADMET research are the 

methods and applications used. The findings indicate that both compounds have a strong binding 

affinity with the Human Estrogen Receptor protein's active site and can be used in breast cancer 

as a possible estrogen receptor inhibitor. 

 

Key words: Molecular docking, Breast cancer, ADMET, BRCA1, Schiff base 
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1. INTRODUCTION 

Breast cancer is characterized by the 

uncontrolled growth of cells in the breast 

tissue forming a hard-painless lump, 

typically in the milk ducts or lobules 

supplying milk to them [1]. The status of 

three unique cell surface receptors is the most 

common practice for classifying breast 

tumours: the estrogen receptor (ER), the 

progesterone receptor, and the HER2/neu 

receptor for the human epidermal growth 

factor (EGF) receptor. Of all breast cancers, 

approximately 75 percent are hormone 

receptor-positive. HER2-positive breast 

cancer accounts for 20% to 30% of hormone 

receptor-positive breast cancer associated 

with HER2/neu protein overexpression [2]. 

Triple-negative breast cancer (TNBC), a rare 

type of breast cancer, contains tumour cells 

that lack estrogen and progesterone receptors 

and do not over-express the protein HER2 

[3]. One of the factors shown to raise the risk 

of a woman getting breast cancer is age. In 

women, breast cancer has been found to 

develop at or above the age of 50. It is also 

understood that a good personal or family 

history presents an increased risk of 

developing breast cancer. Moreover, long 

menstrual life or the use of hormone 

replacement therapy after menopause raises 

the risk of breast cancer growth [4]. 

 The most common form of tumour in 

women is breast cancer (BC), but metastases 

are the primary cause of death. Metastasis is 

a complex mechanism in which cancer cells 

migrate into the vessels of the blood, invade 

other tissues, and identify secondary sites for 

a colony. Indeed, BC starts as a local disease 

but can spread to distant locations, such as 

lymph nodes and various organs, with 

metastases [5]. This process includes the 

expression of a series of genes that control 

cancer cells' survival and invasion. As 

possible drug targets in the drug development 

phase, drugs that modulate the genes/proteins 

that control cancer cell survival, metastasis, 

apoptosis, and invasion are therefore of great 

importance [6]. However while new 

therapies have been developed to 

dramatically reduce metastatic BC mortality, 

resistance to anticancer agents can lead to 

treatment failure [7].  

When there is a chronic disorder 

without an adequate cure, a drug discovery 

phase occurs. In academia, where a 

hypothesis is developed, the first phase of 

research always begins; for example, the 

inhibition or induction of a protein or 

pathway as a therapeutic effect in a condition 

of illness. Indeed, the selection of a target, 

which can be a variety of biological entities 
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such as proteins, RNA, and genes that can be 

selected through bioinformatics analysis, is a 

crucial point of the research process [7]. The 

putative drug molecule must have an ideal 

target available and the binding drug-target 

complex should induce a biological response 

[5] that can be quantified by in vitro models. 

Cell lines are the most used in vitro BC 

models, since they share many BC molecular 

and genomic features. With molecular 

docking, the binding affinity between the 

drug and the target can be computed in silico. 

In silico and in vitro screening can also help 

to determine the toxicity of the 

drugs/molecules examined rapidly, thus 

preventing further steps, such as in vivo and 

preclinical trials (in case of adverse effects of 

in silico and in vitro methods [5]. At least 

two components are needed in silico 

approaches with docking studies: a 

protein/drug database and a molecular 

docking algorithm. Protein and drug 

databases are a list of protein and drug 

structures.  

Big data, which provides a broad 

variety of biological and chemical 

knowledge, has been generated by the rapidly 

growing number of structures and is a recent 

opportunity to gain a deeper understanding of 

the relationships between drugs and targets 

(usually proteins), drugs and diseases, and 

targets and diseases. However, although the 

available data is often heterogeneous and 

incomplete, this information can be exploited 

by computational methods to deepen these 

interactions [8]. High-performance 

computational algorithms for drug discovery 

processes are needed, given the cost and time 

consumption of experimental methods. The 

"docking" computational technique can 

predict the binding of drug-target complexes 

as well as the ligand's conformation upon 

binding to a protein target. The binding free 

energy of target-drug interactions determines 

an association's affinity and the conditions 

for a complex to form. Rated binding free 

energies are not always reliable, but they can 

be used in a virtual screening method to pick 

new drugs such as small molecules to be 

tested experimentally [9-11]. New drugs with 

a low molecular weight that allow them to 

easily penetrate cells are promising small 

molecules [12]. Molecular docking may also 

be used to predict the effects of a drug, such 

as detecting an unintended reaction between 

a compound and off-targets. 57,000 

abstracts/papers on molecular docking have 

been published to date, showing the 

importance of this analytical approach in 

drug production [13]. 

In silico methods have opened the 

way for a variety of biological problems to 
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be solved, leading to the discovery of novel 

inhibitors for multiple diseases. In this 

research, structure-based virtual screening 

(VS) screened active compounds against 

breast cancer targets to identify possible 

virtual hits. In addition, the ligands were 

examined for their absorption, delivery, 

metabolism, excretion, and toxicity 

(ADMET) profile, which determined the 

drug's ADMET efficacy. Potential hits have a 

greater chance of being potential drugs that 

suggest successful pharmacokinetic (PK) and 

pharmacodynamic (PD) properties. The 

results of the current study concluded that 

after testing through in vitro experiments, 

five multi-targeted compounds with high 

binding energies and a strong ADMET 

profile against all three targets were taken 

into account, suggesting them as possible hits 

for drug production against breast cancer. 

2. METHODOLOGY 

 In our present study, in silico 

molecular docking and ADMET toxicity 

studies were carried out using BIOVIA 

Discovery Studio (DS) 2017 software. 

2.1.Preparation of protein 

In this analysis, the X-ray diffraction-

based Crystal Structure of the BRCT 

Domains of Human BRCA1 in Complex 

with a Phosphorylated Peptide from Human 

Acetyl-CoA Carboxylase 1(PDB ID: 3COJ) 

with a resolution of 1.90 Å was selected. 

Hydrogens were applied to the 3COJ protein 

by applying the Forcefield algorithm and 

then using CHARM forcefield in DS, the 

protein energy was reduced. For molecular 

docking research, we followed previously 

mentioned parameter [14].   

2.2.Ligand preparation 

The molecules ((E)-2-(2-

chlorobenzylidene)hydrazine-1-carbonyl 

cyanide [1], (E)-2-(4-

bromobenzylidene)hydrazine-1-carbonyl 

cyanide [2], (E)-2-(2-

bromobenzylidene)hydrazine-1-carbonyl 

cyanide [3], (E)-2-(4-methylbenzylidene) 

hydrazine-1-carbonyl cyanide [4], (E)-2-(2-

methylbenzylidene) hydrazine-1-carbonyl 

cyanide [5], (E)-2-(4-chlorobenzylidene) 

hydrazine-1-carbonyl cyanide [6], (E)-2-

benzylidene hydrazine-1-carbonyl cyanide 

[7] and standard drug Tamoxifen were drawn 

in chemdraw software, subsequently, energy 

of the all the molecules were minimized and 

saved in SDF file format for further docking 

studies. 

2.3. Docking study 

In order to analyse the most common 

geometry of the protein-ligand complex, a 

molecular docking analysis was carried out. 

To understand the structural basis of these 

target proteins, a computational docking 



V.Priyadarshini et al                                                                                                                                     Research Article 
 

 
1298 

IJBPAS, November, Special Issue, 2021, 10(11) 

study was used to analyse structural 

complexes of the 3COJ with 7 molecules 

along with Schiff base compounds. The 

CDOCKER (CHARMm-based DOCKER) 

protocol integrated within DS has examined 

potential binding modes between the ligands 

and these target proteins. The CDOCKER 

parameter to be run was tabulated in Table 1. 

The algorithm flexibly provides complete 

ligand and employs fields of CHARMm 

power. Using CDOCKER energy, 

CDOCKER Interaction energy, Hydrogen 

bonds, binding energies, protein energy and 

ligand-protein complex energy, ligand 

binding affinity was measured. The energy of 

CDOCKER is stated in negative values. 

More negative value energy is seen as the 

ligands' higher binding affinity to the target 

protein protein [15, 16]. 

 
Table 1: Parameter of CDOCKER protocol 

Input Receptor Input/3COJ.dsv 
Input Ligands /Input/Total_min_ligands.sd 

Input Site Sphere -23.9454, 29.2003, 7.29961, 9 
Top Hits 1 

Random Conformations 10 
Random Conformations Dynamics Steps 1000 

Random Conformations Dynamics Target Temperature 1000 
Include Electrostatic Interactions True 

Orientations to Refine 10 
Maximum Bad Orientations 800 

Orientation vdW Energy Threshold 300 
Simulated Annealing True 

Heating Steps 2000 
Heating Target Temperature 700 

Cooling Steps 5000 
Cooling Target Temperature 300 

Forcefield CHARMm 
Use Full Potential Yes 

Grid Extension 8.0 
Ligand Partial Charge Method CHARMm 

Random Number Seed 314159 
Final Minimization Full Potential 

Final Minimization Gradient Tolerance 0 
Parallel Processing False 

Parallel Processing Batch Size 25 
Parallel Processing Server localhost 

Parallel Processing Server Processes 2 
Parallel Processing Preserve Order True 

Random Dynamics Time Step 0.002 
 

2.4.ADMET Toxicity Analysis 

 In drug development and 

environmental hazard assessment, prediction 

of the ADMET profile for drug candidates 

and environmental chemicals plays a major 

role. The ADMET properties of the filtered 

compounds were predicted using DS 

software in order to classify the potential 
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adverse effects of these compounds in 

humans. Solubility, Absorption, BBB, HIA, 

and ADMET parameters are included. Risks 

and toxicity. 95% and 99% confidence 

ellipses in the ADMET PSA 2D, ADMET 

AlogP98 aircraft are described by the 

absorption levels of the HIA model [16]. 

3. RESULTS AND DISCUSSION 

3.1.Molecular docking study 

In the hope that effective and 

selective inhibitors will constitute a new 

class of therapeutics for cancers as well as 

other proliferative diseases, both 

pharmaceutical companies and university 

laboratories were involved in developing 

compounds that could inhibit the action of 

tyrosine kinase. As a new mode of cancer 

treatment, 3COJ inhibitors may also be 

implemented appropriately. To classify 

successful anti-breast cancer compounds, the 

current in silico research was conducted. The 

seven compounds such as ((E)-2-(2-

chlorobenzylidene) hydrazine-1-carbonyl 

cyanide [Mol.1], (E)-2-(4-bromobenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.2], (E)-2-(2-

bromobenzylidene) hydrazine-1-carbonyl 

cyanide [Mol.3], (E)-2-(4-methylbenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.4], (E)-2-(2-

methylbenzylidene) hydrazine-1-carbonyl 

cyanide [Mol.5], (E)-2-(4-chlorobenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.6],  (E)-

2-benzylidene hydrazine-1-carbonyl cyanide 

[Mol.7] and standard drug Tamoxifen  were 

also evaluated for their binding interactions 

in 3COJ active site. After being tested via in 

vitro experiments, the virtual hits found in 

this study can be used as an alternative 

targeting agent for breast cancer. In addition, 

to philtre top hits to identify acceptable 

virtual hit candidate compounds, the 

ADMET profile was analysed. By extracting 

water molecules and repeating coordinates, 

the crystal structures have been refined. 

Atoms of hydrogen were added and charges 

were allocated to the atoms of proteins. The 

secondary structure of the active-site sphere 

target protein (radius 9) is shown in Figure 

1. The -CDOCKER energy of each molecule 

with the target protein is described in Table 

2 as a result of the docking analysis. 

 The binding analysis indicates that 

the Human Estrogen Receptor was 

successfully docked with the seven 

compounds. From the docking results, the 

Mol.1 forms one strong Hydrogen bond with 

Arg 394 and Alkyl and Pi-Alkyl interactions 

with Leu 346, Met 421 and Leu 525 

respectively. The -CDOCKER energy of this 

interaction is -19.0777 kcal/mole-1. Out of 

seven molecules the Mol. 4 shows higher 

binding affinity in receptor 3COJ compare to 

standard drug Tamoxifen (-CDOCKER 
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energy -18.2547 Kcal/mol-1) due to forms Pi-

Alkyl and Pi-Pi T-shaped interactions. The 

remaining all compounds of 2D results are 

depicted in Figure 4. Here, the Mol. 1 

revealed the poor binding affinity with 

binding energy being (is -19.0777 kcal/mole-

1) which predict its weak biological breast 

cancer activity (not measured yet), but it may 

be similar activity to Tamoxifen drug. 

Therefore it is easily seen that it is predicted 

that all compounds would have almost 

identical activity against Human Estrogen 

Receptor. 

3.2.ADMET analysis 

The good absorption or permeation of 

the compound through the blood brain barrier 

is measured by its LogP, which must be 

lower than 5 [17, 18]. Pharmacokinetic 

screening results showed the Mol. 1 to Mol.7 

adopted the law of five for oral 

bioavailability of Lipinski. Table 3 

summarizes these ADMET screening 

findings. For drug likeness research, the 

ADMET descriptors of all the molecules 

were determined. Intestinal absorption and 

penetration of the blood brain barrier is 

predicted by the development of an ADMET 

model using 2D PSA and AlogP98 

descriptors that include 95% and 99% 

confidence ellipses. These ellipses describe 

regions in which it is predicted that well-

absorbed compounds will be contained. 

ADMET model screening findings have 

shown that all the compounds have 99 

percent confidence levels for human 

intestinal absorption and penetration of the 

blood brain barrier (BBB). The polar surface 

area plot and ALogP for Mol.1 to Mol.7 are 

shown in Figure 5. 

 

 
 

 
Figure 1: a) The secondary 3D structure of the target 3COJ protein with molecules and  b) active site sphere of the 

protein 
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Table 2: CDOCKER energy of the molecules (Mol 1 to Mol.7) 

S. No Molecule Number Structure 
-CDOCKER Energy 

(Kcal/ mol-1) 

1 Mol. 1 

 

19.0777 

2 Mol. 2 

 

23.3452 

3 Mol. 3 

 

20.3915 

4 Mol. 4 

 

23.9721 

5 Mol. 5 

 

22.2153 
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6 Mol. 6 

 

22.7068 

7 Mol. 7 

 

22.2919 

8 Tamoxifen 

 

18.2547 

 
 
 
 
 
 

 
Figure 2: a) 3D and b) 2D binding site interaction of (E)-2-(2-chlorobenzylidene) hydrazine-1-carbonyl cyanide [Mol.1] in 

receptor 3COJ active site. 
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Figure 3: a) 3D and b) 2D binding site interaction of (E)-2-(4-bromobenzylidene) hydrazine-1-carbonyl cyanide [Mol.2] in 

receptor 3COJ active site 
 
 
 

 
Figure 4: 2D interactions analysis of Mol.3, Mol.4, Mol.5 and Mol. 6in receptor 3COJ active site 
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Table 3: ADMET properties of the compound Mol. 1 to Mol. 7 

Name 
Absorption 

level 
Solubility 

level 
BBB 
level 

PPB 
level 

Hepatotoxic 
level 

CYP 2D6 PSA 2D AlogP98 

Mol. 1 Good 
good Very 

Low 
0 <90% 

Non 
inhibitor 

64.369 
4.46 

Mol. 2 Moderate 
good Very 

Low 
0 <90% 

Non 
inhibitor 

64.369 
4 

Mol. 3 Moderate 
good Very 

Low 
0 <90% 

Non 
inhibitor 

64.369 
4 

Mol. 4 Moderate 
good Very 

Low 
0 <90% 

Non 
inhibitor 

64.369 
4.66 

Mol. 5 
good good Very 

Low 
1 <90% 

Non 
inhibitor 

64.369 
5.48 

Mol. 5 
good good Very 

Low 
0 <90% 

Non 
inhibitor 

64.369 
4.539 

Mol. 6 
good good Very 

Low 
1 <90% 

Non 
inhibitor 

64.369 
4.492 

Mol. 7 
good good Very 

low 
1 <90% 

Non 
inhibitor 

64.369 
4.85 

Tamoxifen good 
good Very 

low 
1 <90% 

Non 
inhibitor 

64.369 
4.91 

 
 
 
 

 
Figure 5: Plot of polar surface area (PSA) versus ALogP for capsazepine and its derivatives showing the 95% and 99% 

confidence limit ellipses corresponding to the blood brain barrier (BBB) and intestinal absorption 
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3.3.CONCLUSION 

 It can be concluded that ((E)-2-(2-

chlorobenzylidene) hydrazine-1-carbonyl cyanide 

[Mol.1], (E)-2-(4-bromobenzylidene) hydrazine-

1-carbonyl cyanide [Mol.2], (E)-2-(2-

bromobenzylidene) hydrazine-1-carbonyl 

cyanide [Mol.3], (E)-2-(4-methylbenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.4], (E)-2-(2-

methylbenzylidene) hydrazine-1-carbonyl 

cyanide [Mol.5], (E)-2-(4-chlorobenzylidene) 

hydrazine-1-carbonyl cyanide [Mol.6],  (E)-

2-benzylidene hydrazine-1-carbonyl cyanide 

[Mol.7] have better binding interactions with 

crystal Structure of the BRCT Domains of 

Human BRCA1 in Complex with a 

Phosphorylated Peptide from Human Acetyl-

CoA Carboxylase 1(PDB: 3COJ.) The 

protein-ligand interactions' binding energies 

also confirm that the ligands are fitted tightly 

into the receptor's active pockets. The Silico 

ADMET study concludes that when 

compared to myricetin, both analogues have 

better profiles. As drug candidates that 

inhibit the human estrogen receptor, these 

can hold better promise. In the future, further 

development and modification of these 

analogues may lead to the production of new, 

highly potent anti-breast cancer drugs. 
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