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Abstract 

The study has been divided into Four main parts: 

The first part involves the synthesis of some benzamide derivatives (A1-

A6) by the reaction of p-substituted aniline or o-tolidine with 4-

chlorobenzoyl chloride in the presence of 1,4-dioxane as solvent. 

The second part shows, some sulfonamide derivatives(B1-B5) are 

synthesized through the reaction of p-substituted aniline or o-tolidine 

with p-toluene sulfonyl chloride using DCM as solvent and Et3N: as 

catalyst. 
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The third part describes the synthesis of some allyl derivatives (C1-C3) 

by mixing A1, B2 or o-tolidine with allyl bromide and potassium 

carbonate in acetone/H2O. 

 

 

Benzamide, sulfonamide and allyl derivatives are characterized by some 

physical measurements, such as melting points, thin layer 

chromatography besides the spectroscopic techniques, FT-IR, 1H-NMR, 

13C-NMR and mass spectrometry. The study shows that all the data and 

values obtained from physical and spectroscopic measurement confirmed 

the validity of the structures of the derivatives prepared in this study. 

  

 The fourth part: comes up with the molecular docking of the prepared 

compounds which is studied by using a program (MOE 2015.10) to 

analyze the ability of these compounds to inhibit breast cancer, by 

binding them to a single protein (PDB: 3eqm) and compounds (A1, A5, 

B2, B5, C1) shows good activity.  Subsequently, the biological activity of 

these compounds is estimated after the synthesis for compounds and 

characterized by different chemical methods, including anticancer and 

antioxidant activity, these activities were determined in vitro using the 



 

XV 
 

cytotoxicity assay (MTT cell viability assay) in MCF-7 Cells to detect the 

anticancer activity, and DPPH assay (IC50) for scavenging action against 

free radicals to antioxidant activity determination. In this study, the MCF-

7 cell line was used to assay the antiproliferative activity of different 

compounds, The cytotoxic impact of (A1, A2, A3, A4, A5, B4, B5) on 

the breast cancer cell line (MCF-7) was determined, the cytotoxic effect 

of (A1, A2, A3, A4, A5, B4, B5) in concentration ranged from (7.4-600) 

μg/ml on MDA-MB-231 cells. In addition, The IC50 values were used to 

compare the antiradical scavenging activity of different analyzed samples 

with those of standard antioxidant compound. The IC50 values cleared 

that A1 compound exhibited the highest antiradical scavenging activity 

with the lowest IC50 value (6.9 µg/mL), while the A2 had the lowest 

capacity to scavenge the radical with the highest IC50 value (31019.2 

µg/mL). 
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1. Introduction 

1.1. Amides 

   A type of chemical compounds have a functional group that is made up 

of a carbonyl group bound to a carbon on one side and a nitrogen on the 

other, carboxylic acid derivatives in the acid's (-OH) has been swapped 

out for (-NR2), where R is any of the following: (H, alkyl, or aryl). 

Similar to amines, amides are categorized as "primary", "secondary" or 

"tertiary" based on how much of nitrogen has been substituted with 

carbon1.  

 

   The simplest amides are derivatives of ammonia in which one hydrogen 

atom has been replaced by an acyl group. The ensemble is generally 

represented as (RCONH2) and is described as a primary amide (1). 

Closely related and even more numerous are secondary amides (2) which 

can be derived from primary amines (R′NH2) and have the formula 

(RCONHR′). Tertiary amides (3) are commonly derived from secondary 

amines (R′R′′NH) and have the general structure (RCONR'R'') Figure 

1.11. 

 

Figure 1.1: Chemical structure of amide. 
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   Based on the type of nitrogen substituents and overall structure, amides 

can also be subclassified as cyclic (lactams), aromatic (benzamides or 

anilides), or aliphatic (acetamide). As demonstrated in the examples 

below, aromatic amides (5) have at least one aromatic ring substituent, 

whereas aliphatic amides (6) have simple hydrocarbon substituents (alkyl 

groups). A cyclic structure with an amide group is present in lactams (7).1 

 

 

  For instance, molecules like proteins are vital to almost every biological 

action, including enzymatic catalysis (because almost all known enzymes 

are proteins), hemoglobin transport and storage, antibody defense against 

infection, and collagen mechanical support. Because all three of the (O-

C-N) chain atoms in an amide are reactive, they serve as a valuable 

moiety in organic compounds and are therefore essential to medicinal 

chemists. A few of the amides found in   are (8,9) nature.2   

 

 

 



Chapter One                                                                          Introduction 

3 
 

 Carboxamides are the most prevalent type of organic amides, while 

phosphoramides and sulfonamides are also recognized as significant 

amide types. Amides are widely used as structural materials in both 

nature and industry. Amide synthesis can be done in a lot of ways. The 

simplest way to create an amide is to combine an amine and a carboxylic 

acid or reacting the acyl chloride with the intended amine (a process 

known as aminolysis), coupling reactions with acyl chlorides can 

generate amide bonds, as seen in  Equation 1-13.  

Equation 1.1: Amide preparation (aminolysis). 

    

   However, acyl chlorides are often robust enough to be coupled to 

amines under aqueous conditions, such as in the presence of NaOH 

(Schotten–Baumann conditions) Equation 1.2 4. 

 

Equation 1.2: Amide preparation (Schotten-Baumann). 

   Couplings are typically performed in inert dry solvents, in the presence 

of a non-nucleophilic tertiary amine (Et3N:, iPr2NEt) (also called Hunig’s 

base), or N-methyl morpholine). An additional base is typically required 

to trap the formed HCl and prevent the amine from being converted into 

its unreactive HCl salt.5 
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   Because of its simplicity, sustainability, and cleanliness, photocatalysis 

has become a potent technique for the creation of (C-C and C-N) bonds in 

recent years Equation 1.3 6. 

Equation 1.3: Amide preparation (Photocatalysis). 

    

A series of methods for metal-catalyzed synthesis of amides have been 

well developed Equation 1.47. 

 

Equation 1.4: Amide preparation (metal-catalyzed). 

   N-formylation of amines with glyoxylic acid provides formamides in 

good yields. The reaction tolerates a wide range of functional groups 

under metal free and base free conditions. In addition, large-scale 

experiments and high chemo-selectivity have shown great potential 

application of this strategy Equation 1.5.8 

 

Equation 1.5:  Amide preparation (N-formylition). 
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1.2. Benzamides  

   Benzamide is an organic molecule Figure1.2  

 

Figure 1.2: Chemical structure of benzamide.                                                   

   Benzamides are significant structural components in a wide   variety of 

chemicals isolated from natural sources that may have biological activity. 

Benzamides are amide of benzoic acid or any of its byproducts; some of 

its derivatives are pharmaceuticals. Although nowadays benzamides have 

largely been replaced by 5-HT3-antagonists, they are still used in post-

chemotherapy nausea and vomiting as an adjunct agent for delayed 

emesis. Benzamide analogs screening revealed that metoclopramide (10) 

is one of the most effective drugs in blocking vomiting [264]. 

Metoclopramide has been used clinically for the suppression of moderate-

to-severe chemotherapy nausea and vomiting. High doses of 

metoclopramide have been combined with dexamethasone as antiemetic 

for highly emetogenic chemotherapy. It is also an advantageous 

antiemetic for Parkinson’s disease patients for whom it was used to 

prevent L-DOPA-induced emesis . 9 
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   1.2.1. Applications of benzamide derivatives 

   The comprehensive medicinal chemistry database revealed that the 

carboxamide group appears in more than 25% of known drugs. 

Benzamides (11) have been reported to possess in vitro antibacterial 

activity. These benzamides exhibit optimal antimicrobial activity against 

Staphylococcus 

aureus.10 

 

 

   Benzamide derivatives (12)were created by M. L. Carmellino et al., and 

they demonstrated antifungal efficacy.11 

 

   D. Raffa et al. produced 2-iodobenzamide derivatives (13) which 

demonstrated antifungal efficacy against species of Alternaria, B.cinerea, 

R.solani, and P. citopathogenicum .10 
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   H. Li and colleagues developed and synthesized benzamides containing 

diketoacids (14) and assessed their HIV-related properties. Through an 

increase in the carbon chain between the amide group and benzene, the 

structure-activity relationship of these compounds was examined.12  

 

 

   N-[substituted phenyl)-5-methyl-4-oxo-1,3-thiazolidin-3-yl]benzamide 

(15) shows strong anti-HIV properties, according to research by G. 

Nagalakshmi et al .12  

 

 



Chapter One                                                                          Introduction 

8 
 

   A number of N-phenyl benzamide derivatives are synthesized, and (16) 

one of those compounds, shows promise as an anti-Enterovirus .13 

 

   Significant reduction of lipid peroxidation was also demonstrated by N-

(anilino carbonothioyl)benzamide (17).14 

 

   The biological activity of a number of benzamide derivatives (18) is 

studied represented by determining the inhibition diameter zone (IZ), 

minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) given by these compounds against the test 

organisms Staphylococcus aureus Gr(+) and Escherichia coli Gr(-).15 
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1.2.2. Synthesis of benzamides 

   Tetrabutoxytitanium is previously discovered to be an efficient catalyst 

for the synthesis of benzanilide through aniline acylation with benzoic 

acid Equation  1.6 16 . 

Equation 1.6: Synthesis of benzanilide by acylation process. 

  A considerable advance over existing processes for the straightforward, 

scalable, and highly effective amide production process using a 

heterogeneous Pd-modified clay catalyst in solvent-free conditions 

Equation 1.7 17 . 

 

Equation 1.7: Synthesis of benzanilide by using pd-clay catalyst. 

   N,N-Dialkylformamides are used as the amine source in a 

straightforward, metal-free process for the direct synthesis of 

dialkylamides from carboxylic acids. Propylphosphonic acide anhydride 

(T3P) in the presence of 0.5 equivalents of HCl facilitates the one-pot 

process Equation  1.8 18. 

 

Equation 1.8: Preparation of N,N-Dialkyl benzamide by using T3P . 
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   The benzamide was produced by a reaction between 3-

bromopropylamine and 4-chlorophenylacyl chloride in  DCM Equation 

1.9 19 

 

Equation 1.9: Preparation of benzamide from 3-bromopropylamine. 

   In the absence of transition metals and under unusually mild reaction 

conditions, a general, mild, and highly chemo-selective method is 

presented for transamidation of unactivated tertiary amides by a direct 

acyl(N-C) bond cleavage with non-nucleophilic amines. Through 

acyl(CO) bond cleavage, amide bonds can be produced with exceptional 

selectivity through the direct amidation of numerous alkyl esters  

Equation 1.10 20. 

Equation 1.10: Preparation of benzamide from ester. 

   A chromium-catalyzed activation of acyl (C-O) bonds with magnesium 

enables an amidation from esters with nitroarenes in the presence of 

TMSCI as additive. The reaction provides a step-economic strategy to the 

synthesis of important amide motifs using inexpensive and air-stable 

nitroarenes as amino sources Equation  1.11 21. 

Equation 1.11: Preparation of benzamide by using a chromium 

 catalyst. 
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   A dehydrative amide bond production process involving various 

combinations of aromatic carboxylic acids and amines is made possible 

by a degradable 1,3,5-triazo-2,4,6-triphosphorine (TAP) motif Equation 

1.12 22. 

Equation 1.12: Preparation of benzamide by TAP. 

   N-acylation of primary and secondary amines with α-diketones in high 

yield is induced by ultraviolet UV light at room temperature. This system 

can also be applied to the synthesis of several amino acid derivatives 

Equation 1.136. 

 

Equation 1.13: Synthesis of benzamide derivatives by α-diketones. 

   An effective precatalyst for the direct amidation of aromatic and 

aliphatic carboxylic acids is ammonia-borane Equation  1.14 23. 

 

Equation 1.14:  Synthesis of benzamide derivatives in the presence of 

ammonia-borane. 

   B2(OH)4 mediates a reductive transamination reaction between N-acyl 

benzotriazoles and organic nitro compounds or NaNO2 under mild 

conditions in H2O as solvent. N-Deuterated amides can be synthesized 

when conducting the reaction in D2O Equation  1.15 24. 
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Equation 1.15:  Preparation of benzamide derivatives by B2(OH)4. 

   Zahraa and Kareem synthesised a number of benzamide derivatives 

through the benzoylation of some aromatic amines containing a 

pyrimidine ring in their structure using benzoyl chloride or p-

chlorobenzoyl chloride in the presence of 1,4-dioxan as solvent Equation  

1.16 25. 

Equation 1.16: Preparation of benzamide derivatives by benzoylation of 

aromatic amines. 

1.3.  Sulfonamides 

    Sulfonamides are an important class of synthetic bacteriostatic 

antibiotics that still used today for the treatment of bacterial infections 

and those caused by other microorganisms. They are also known as sulfa 

drugs and are the main source of therapy against bacterial infections 

before the introduction of penicillin in 1941. Although sulfonamides have 

for the most part been replaced by other agents, they still maintain 

considerable action in certain types of infection, for example in the 

urinary tract, eye and ear, and bronchitis.26 Sulfonamides are compounds, 

which have a general structure represented by Figure 1.3 27 . 
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Figure 1.3: Chemical structure of sulfonamides 

   In 1908, while researching azo dyes, Gelmo et al. 28 Produced 

sulfonamides for the first time. Hoerlien et al.29 found dyes with the 

sulfanyl group that have an affinity for wool and silk proteins 

immediately. After this study, Eisenberg discovered in 1913 as a result of 

this that chrysolidine, one of the azo dyes under investigation, exhibited a 

strong bactericidal effect in vitro29. Nevertheless, the medicinal benefits 

of sulfonamides were not understood until 1932. Domagk et al.30 German 

scientists, discovered that prontosil exhibited strong antibacterial activity 

in vivo. They have been noticed that prontosil could treat mice suffering 

from streptococcal septicemia. Additionally, Domagk found that 

prontosil was quickly converted to sulphanilamide in the cell Equation 

1.17 31. 

 

Equation 1.17: Synthesis of sulfanilamide in the cell. 

   This advancement led to many new sulfonamides being synthesized. 

Today there are over 5000 sulfa drugs in existence but only 33 of those 

have been introduced for general medical use .32 The use of 

sulphonamides as drugs dates back to the beginning of the twentieth 
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century, when the discovery of the medicinal use of sulphonamides and 

their derivatives is a milestone in the history of chemotherapy 33. 

1.3.1.  Biological activity of sulfonamides 

   The biological activity of typical examples of structures containing a 

sulfonamide moiety is covered in the text that follows. With over 100 

FDA-approved chemicals, many of these substances have been on the 

pharmaceutical market for many years and hold a unique position. Their 

broad spectrum of biological activity includes antiviral and anti-retroviral 

as well as antibacterial and diuretic qualities.34  

   Celecoxib (19), as an example of primary sulfonamide, is a nonsteroidal 

anti-inflammatory drug (COX-2 inhibitor), and it is used for the treatment 

of rheumatoid arthritis and acute pain.35-36 

   Furosemide  (20) is another primary sulfonamide used in a treatment of 

edema.37 

 

  Sulfomethaxole (21) as an example of secondary sulfonamide used to 

treat urinary tract infections, also It is used to treat and prevent 

toxoplasmosis and pneumocystis pneumonia. Similar to other 

sulfonamide antibiotics, it works by inhibiting the enzyme 

dihydripteroate synthase (DHPS).38 
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   Sulfasalazine (22)  is used to treat ulcerative colitis39 and Crohn ś 

disease.40 Carbutamide (23)41 and Glibencamide (24)37 have anti-diabetic 

properties Glibencamide acts as inhibitor of the ATP- sensitive potassium 

channels in pancreating beta cells.42 

 

 

    An example of the tertiary sulfonamide is a compound called 

Darunavir (25). It is an anti-retroviral compound that is used to treat 

HIV/AIDS.43  N,N-dipropyl sulfonamide(26), is primarily developed for 

a treatment of gout and hyperuricemia. In addition, it is sometimes used 

in a combination with other antibiotics  to protect the kidneys.44 
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1.3.2.  Synthesis of sulfonamides 

   A variety of sulfonamides can be synthesized in great yields by a 

simple and effective amine-to-Sulfonylation process mediated by indium. 

Equation 1.18 45 

Equation 1.18: Sulfonylation of alkylamine. 

   Sulfonamides can be easily and conveniently synthesized from sulfonic 

acids or their sodium salts using microwave irradiation. This process has 

high yields Equation 1.19 46 

Equation 1.19: Sulfonamides synthesis using microwave irradiation. 

   For the direct oxidative conversion of thiol derivatives to the 

corresponding sulfonyl chlorides through oxidative chlorination, H2O2 

and SOCl2 together constitute a highly reactive reagent. The 

corresponding sulfonamides are produced in excellent yields in very short 

reaction times upon reaction with amines Equation 1.20 47. 

 

Equation 1.20: Synthesis of sulfonamides from thiol derivatives. 

   A range of sulfones and sulfonamides have been produced using simple 

and high-yielding techniques based on the synthesis of thiosulfonates by 

copper-catalyzed aerobic dimerization. Thiosulfinates are stable, nontoxic 
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substitutes for metal sulfinate salts formed from hazardous SO2 Equation  

1.21 48. 

 

Equation 1.21: Synthesis of the sulfonamide derivatives by copper-

catalyst. 

   In the presence of N-bromosuccinimide, primary and secondary amines 

underwent sulfonamide formation with vinyl sulfones Equation 1.22 49 . 

 

Equation 1.22: Sulfonamides formation in the presence of NBS. 

   Through successive )C-S( and )S-N( coupling, nitroarenes, (hetero) 

arylboronic acids, and potassium pyrosulfite have been combined to 

produce a wide variety of sulfonamides with various reactive functional 

groups in highly good yields Equation  1.23 50. 

Equation 1.23: Production of sulfonamides from nitroarenes. 

   A wide variety of sulfonamides have been synthesized at room 

temperature from a wide range of aliphatic, linear, and cyclic amines, 

anilines, and N-methylanilines by using 4-nitrophenyl benzylsulfonate as 

a starting material. This experiment produced yields and reaction times 

that are either the same as or superior than those previously reported, 

proving that sulfurphenolate exchange is a workable substitute Equation 

1.24 51. 



Chapter One                                                                          Introduction 

18 
 

Equation 1.24: Sulfonamides synthesis by using 4-

nitrophenylbenzylsulfonate. 

   Hadeel and Kareem were synthesized some N-aryl sulfonyl derivatives 

through the reaction of benzene sulfonyl chloride or p-toluene sulfonyl 

chloride with aromatic amines containing a pyrimidine ring in their 

structure in the presence of pyridine as catalyst at room temperature 

Equation 1.24 52. 

Equation 1.25: Synthesis of some N-arylsulonyl derivatives from 

aromatic amines. 

1.4.  N-Alkylation  

    N-alkylation of aniline derivatives is an important reaction in organic 

synthesis, which has been widely applied in the preparation of dyes, 

fluorescence probes, agrochemicals, and pharmaceuticals.53The challenge 

of this reaction is to obtain excellent selectivity for mono- or dialkylation 

products and to avoid the formation of corresponding quaternary 

ammonium salts.54 In order to overcome these problems, noble metal 

complexes and salts involving [Ru]55, [Ir]56, [Pt]57, as catalysts and 

alcohols as alkylating agents have been reported extensively Equation 

1.26 . 
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Equation 1.26: Synthesis of aniline derivatives by using [Ru] [Ir] [Pt] as 

catalysts. 

   The reaction of cost-effective aniline with allyl bromide in ethanol\H2O 

and K2CO3 give mix of N, N-diallyl aniline and N-allyl aniline Equation 

1.2758. 

Equation 1.27: Synthesis of N, N-diallyl aniline and N-allyl aniline. 

   Hadeel and Kareem synthesized of a number of allyl derivatives 

through the allylation of some aromatic amines containing a pyrimidine 

ring in their structure using allyl bromide in the presence of DMF as 

solvent and K2CO3 as base Equation 1.28 52. 
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Equation 1.28: Synthesis of allyl derivatives. 

      An environmentally friendly procedure has been developed to convert 

activated secondary alcohols to their corresponding carbonyl compounds 

and to use them as specific mono-alkylating reagents for derivatives of 

amides Equation 1.29 .59 

 

Equation 1.29: Synthesis of benzamide derivatives from secondary 

alcohol. 

   Transition metal-free protocols have also been described, although they 

normally require Harsh reaction conditions, such as high temperatures 

and pressures, to achieve reasonable yields of products Equation 1.30 60. 

 

Equation 1.30: Alkylation of secondary amine via Harsh reaction 

conditions  

   Recently, microwave irradiation has been proved to be efficient for the 

syntheses of N-alkyl amine Equation  1.31 61or amide Equation 1.32 62.  
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Equation 1.31: Synthesis of N-alkylamine by microwave irradiation 

 

Equation 1.32: Synthesis of N-alkyl amide by microwave irradiation. 

   With respect to alkylated amides, N-alkylated sulfonamides constitute 

an important class of compounds because the sulfonamide moiety is 

found in a large number of agrochemicals and pharmaceuticals Equation 

1.33 63. 

 

Equation 1.33: Alkylation of sulfonamides by benzyl alcohol. 

   There is a report on the intermolecular alkylation of sulfonamides with 

trichloroacetimidates. There is no need for an external acid, base, or 

transition metal catalyst for this reaction Equation  1.34 64. 

 

Equation 1.34: Intermolecular alkylation of sulfonamides with 

trichloroactimidates. 

   Also, alkylating of sulfonamide by using secondary alcohols Equation 

1.35 59. 
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 Equation 1.35: Synthesis of alkyl or benzyl sulfonamide. 

 Other literatures of N- alkylated compounds have been reported in the 

reviews.65- 68 

 

1.5. Molecular Docking 

   Molecular docking stands as a cornerstone in the modern drug 

discovery process, providing a computational lens through which the 

interaction between small molecule ligands and their macro- molecular 

targets can be scrutinized. At its core, molecular docking simulates the 

“lock-and-key” mechanism that underlies molecular recognition, which is 

pivotal for the identification and optimization of compounds with 

therapeutic potential 69, 70 . The technique’s allure lies in its ability to 

predict how a ligand binds to a protein, thereby offering insights into the 

binding affinity and biological activity of the ligand, which are crucial for 

the rational design of drugs71 . 

   In addition, Molecular Docking a computational implement that 

assesses and defenses diverse ligand-receptor conformations based on 

their binding energies. An exact recording function is imperative for 

distinguishing high-affinity ligands from low-affinity ones, so makes it 

likely to identify potential medication candidates for justification in 

experiments. Molecular docking discoveries application in various 

domains of Drug Progress, comprising structure-based medication 

development, virtual screening, lead optimization72. 
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1.5.1. Docking types73 

a) Solid-state docking, where the acceptor and the small molecule are 

considered solid materials.  

b) In elastic docking, the receiver remains rigid while the bonding is 

elastic . 

c) Flexible docking, where the flexibility of both the receptor and ligand 

is  taken into account.  

 

1.6. Breast Cancer 

      According to GLOBOCAN 2020 statistics, breast cancer is a very 

prevalent form of cancer and ranks as the sixth most common cause of 

cancer- related deaths. It is anticipated that there will be around 2.3 

million new cases of breast cancer globally. It is a cancerous tumor that 

develops in the breast cells in both females and males. Breast cancer 

damages various components of the breast, including ducts, lobules, 

adipose tissue, connective tissue, lymph nodes, and blood vessels74.  

        The incidence of breast cancer in women may be influenced by a 

number of other factors in addition to genetic susceptibility, such as 

demographic traits and clinical, reproductive, and environmental factors. 

Breast cancer risk factors include advanced age, positive family history, 

socioeconomic status, diet, endogenous or exogenous hormones, benign 

tumors, oncogenic viruses. Breast cancer is the predominant malignant 

tumor in Iraq, representing 19.5% of all cases (4996 cases) and 34.3% of 

female malignancies (4922 cases)75. The fact that anti-cancer drugs do not 

eradicate the population of breast cancer stem cells (BCSCs), leading to 

disease recurrence, is a major obstacle in the treatment of breast cancer76.  
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     The scarcity of anti-cancer drugs that target BCSCs may be attributed 

to the dearth of in vitro screening models that can mimic the tumor 

microenvironment of BCSCs and preserve the three-dimensional (3D) 

architecture of in vivo tumors. Antineoplastic chemotherapy is the use of 

chemotherapy drugs that target cancer cells, either singly or in 

combination. One of the main targets of antitumor medications is the cell 

cycle, which stops cancer cells from growing. Targeting cancer cells and 

quickly growing normal cells, each class of drug acts at a certain stage of 

the cell cycle. As a result, many drugs are hazardous to users and have 

negative side effects77. 

 

1.7. Antioxidant 

     Antioxidants are substances that inhibit the oxidation of an oxidizing 

agent, and oxidizing agents include types of free radicals which are types 

of reactive oxygen species ROS, and reactive nitrogen species (RNS) and 

others78. where these free radicals play an important role in the 

development of diseases such as arthritis, diabetes, cancer, sclerosis, 

arteries and vascular diseases and others. Antioxidants have gained 

significant attention due to their protective role in neutralizing free 

radicals and repairing damage caused by ROS. Antioxidants include two 

types: enzymatic and non-enzymatic. Non-enzymatic antioxidants 

include: vitamins E, C, glutathione, trace elements. Enzymatic 

antioxidants include: catalase (CAT), superoxide dismutase (SOD), and 

glutathione peroxidase (GSHpx)79. 
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1.8. Aim of the study 

   The aim of our study firstly includes the synthesis of some benzamide 

and sulfonamide compounds derived from the aniline amino group and 

then introducing other groups represented by benzoyl, sulfonyl, and allyl 

instead of the proton of the amide group. 

The molecular docking is an important part of the aim to identify the 

inhibitory activity of the prepared compounds.   

 Finally, these modifications may help us to produce derivatives possess 

effective biological and therapeutic properties. 
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2.Experimental 

2.1. Chemical Materials 

   The chemicals used in this study were supplied from the companies 

showing in Table 2.1. 

Table 2.1: The chemicals used in the study. 

No. Chemicals Phase Purity 

% 

Company 

1 Allyl bromide Liquid 99 Fluorochem 

2 Aniline Liquid 99.5 SDFCL 

3 Anhydrous magnesium 

sulfate 

Solid 98 Scharlau 

4 4-Bromoaniline Solid 90 Hopkin & 

Williams 

5 4-Chlorobenzoyl chloride Liquid 96 Fluorochem 

6 Dichloromethan Liquid 99.9 Sigma aldrich 

7 1,4-Dioxane Liquid 99.5 ROMIL 

8 Ethyl acetate Liquid 99.5 SRL 

9 n-Hexane Liquid 99 Sigma aldrich 

10 4-Hydroxy aniline Solid 98 Sigma aldrich 

11 4-Methoxy aniline Solid 98 SRL 

12 Petroleum ether Liquid 40-60 SRL 

13 4-Toluene sulphonyl chloride Solid 97 Fluorochem 

14 o-Tolidine Solid 98 SRL 

15 Sodium chloride Solid 99.5 Fisher 

chemical 
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2.2 .Instruments 

2.2.1 .Melting Points 

   All melting points are uncorrected and expressed in degree (°C). They 

are measured at the Department of Chemistry, College of Science, 

University of Misan, by using Stuart SMP11 melting point apparatus . 

2.2.2 .Thin Layer Chromatography 

   TLC is performed using silica gel 60 F254 on Merck precoated 

aluminum sheet (0.2 mm thickness), with visualization by UV light . 

2.2.3 .Column Chromatography 

   All synthesized compounds are purified using flash column 

chromatography on silica gel (60-120 mesh). 

2.2.4 .Fourier Transform Infrared Spectrophotometer 

  FTIR spactra of all synthesized compounds were measured as KBr disc 

for solid samples for the region between (400-4000) cm-1 using 

SHIMADZU IR Affinity-1 (Japan) at photon-Anlysis Center in Baghdad, 

Iraq and Medicine College, Misan University-Iraq (Shimadzo (Ir prestige 

– 21)). Only principal absorption bands of interest were reported and 

expressed in cm-1. 

2.2.5 .Nuclear Magnetic Resonance Spectrometer 

   1H-NMR and 13C-NMR spectra are recorded at the, College of 

Education for pure sciences, University of Basrah, Iraq using Bruker 

DRX-400 spectrometer (Germany) and chemical shifts are reported in 

ppm (δ). DMSO-d6 is used as a solvent, while TMS was used as an 

internal standard.  
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2.2.6. Mass spectrometer 

   Mass spectra of the prepared compounds were recorded by Agilent 

Technology (HP) Model 5973 with (EI) technology at (70 ev) electron 

energy at the University of Tehran Faculty of Science in the Islamic 

Republic of Iran. 

2.2.7. Molecular Docking 

    The docking investigations are carried out on a Windows 7 computer 

with ChemBioDraw Ultra 14.0. The molecular operating environment 

MOE 2015.10 Molecular docking is used better to understand the 

effectiveness of the ligand and complexes69. MOE 2015.10 is the 

software used to predict the binding affinity of chemicals. The crystal 

structures of enzymes were acquired from the Royal Collaboratory for 

Structural Bioinformatics, RCSB Protein Data Bank 

(http://www.rcsb.org/pdb/) for molecular docking calculations80. The 

PDB file is stripped of water molecules81. 

2.3. Synthetic Methods 

2.3.1. Synthesis benzamide derivatives (A1- A6)15. 

   P-Substituted aniline (1 mmol) or o-Tolidine (0.5 mmol) and 4-

chlorobenzoyl chloride (1 mmol, 2mmol(A6)), are added to round bottom 

flask (25ml) containing 1,4-dioxane (6 mL). The reaction mixture was 

stirred at 90 °C for 12 h and monitored by TLC (EtOAc: Petroleum ether; 

1:2) until the reaction was completed. The reaction is poured over an ice 

bath and the resulting precipitate was filtered and purified using column 

chromatography (EtOAc: Petroleum ether; 1:4), show in Table 2-2. 

 

http://www.rcsb.org/pdb/
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Table 2-2: Physical properties of benzamide derivatives (A1- A6). 

Comp. 

No. 

Structural 

formula 

Molecular 

Formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

 

A1 

 

 

 

 

C13H10O2ClN 

 

 

 

48 

 

 

 

235-237 

 

 

 

247.04 

 

 

 

 

A2 

 

 

 

 

C14H12O2ClN 

 

 

 

 

 

52 

 

 

 

212-214 

 

 

 

 

261.06 

 

 

 

A3 

 

 

 

 

C13H9OBrClN 

 

 

 

33 

 

 

 

 

 

222 

 

 

 

 

310.96 

 

 

 

A4 

 

 

 

 

C13H10OClN 

 

 

 

71 

 

 

 

 

200 

 

 

 

231.05 
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Comp. 

No. 

Structural 

formula 

Molecular 

Formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

 

A5 

 

 

 

 

C28H22O2Cl2N2 

 

 

 

50 

 

 

 

325 

 

 

 

 

489.40 

 

 

A6 

 

 

 

C20H13O3Cl2N 

 

 

75 

 

 

246-248 

 

 

386.23 

Note: The color of all derivatives is Brown 

 

2.3.2. Synthesis of sulfonamides derivatives (B1-B5)82. 

  P-Toluene sulfonyl chloride (1.1 mmol, 2.2mmol(B4, B5)) is added to a 

stirred solution of the p-substituted aniline (1 mmol) or o-Tolidine (0.5 

mmol) in CH2Cl2 at room temperature. The resulting mixture is cooled 

down to 0 °C before Et3N (2.17 mmol) was slowly added. The reaction 

mixture was stirred for 24 hours and monitored by TLC (EtOAc: hexane; 

1:1) until the reaction is completed. The reaction mixture was diluted 

with DCM (20 mL), washed with brine (3 × 10 mL), dried over MgSO4 

and concentrated in vacuo. The remaining residue purified via column 

chromatography over silica gel using gradient elution with EtOAc and 

hexane (1:4) to yield sulfonamides Table 2-3. 
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Table 2-3: Physical properties of sulfonamide derivatives (B1-B5). 

Comp. 

No. 

Structural formula Molecular 

formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

B1 

 

 
 

 

 

 

C13H13O3NS 

 

 

 

55 

 

 

 

 

 

129-130 

 

 

 

 

263.31 

 

 

 

 

 

B2 

 

 

 

 

C14H15O3NS 

 

 

 

 

65 

 

 

 

107-109 

 

 

 

277.34 

 

 

 

B3 

 

 

 

 

 

C28H28O4N2S2 

 

 

 

40 

 

 

 

133 

 

 

 

 

 

 

520.66 

 

 

 

 

 

 

 

B4 

 

 

 

 

 

 

 

C20H19O5NS2 

 

 

 

 

 

75 

 

 

 

 

175 

 

 

 

 

417.07 
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Comp. 

No. 

Structural formula Molecular 

formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

B5 

 

 

 

C21H21O5NS2 

 

 

 

27 

 

 

 

 

164 

 

 

431.52 

 

Note: The color of all derivatives is white 

 

2.3.3. Synthesis N- allyl derivatives (C1-C3)83. 

   A mixture of (A1, B2 (2.1 mmol)) or o-Tolidine (1.05 mmol), Allyl 

bromide (2.4 mmol) and K2CO3 (4.4 mmol) in acetone (20 mL) and H2O 

(3 mL) were stirred for 6 hours at room temperature. The reaction 

progress was monitored by TLC (EtOAc: Petroleum ether; 1:3) until the 

reaction was completed. The reaction mixture was diluted with EtOAc 

(50 mL), washed with brine (3 × 10 mL), dried over MgSO4, evaporated 

under reduced pressure by rotary evaporator and the product was purified 

via silica gel chromatography using (EtOAc: Petroleum ether; 1:9) as 

eluent to give the product as a solid in excellent purity  Table 2-4. 

Table 2-4: Physical properties N-allylamide derivatives (C1-C3). 

Comp. 

No. 

Structural formula Molecular 

formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

C1 

 

 

 

C16H14O2ClN 

 

 

75 

 

 

177-179 

 

 

387.74 
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Comp. 

No. 

Structural formula Molecular 

formula 

Yield 

(%) 

M.P 

(°C) 

Molecular 

weight 

 

 

C2 

 

 

 

C17H19O3NS 

 

 

 

60 

 

 

 

 

 

317.40 

 

 

 

C3 

 

 

 

 

C20H24N2 

 

 

 

30 

 

 

 

__ 

 

 

 

292.43 

Note: The color of all derivatives is Light yellow 

 

2.4. Biological activity  

Measurement of In Vitro Anticancer Activity.2.4.1 

2.4.1.1. Cell lines and culture 

    MCF-7 (a human breast cancer cell line) was purchased from National 

Cell Bank of Iran (Pasteur Institute, Iran). Cells were grown in RPMI-

1640 medium (Gibco) with 10% FBS (Gibco) supplemented with 

antibiotics (100 U/ml penicillin and 100 μg/ml streptomycin), 

respectively. Cells were maintained at 37 °C under humidified air 

containing 5% CO2 and were passaged using trypsin/EDTA (Gibco) and 

phosphate- buffered saline (PBS) solution88. 
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2.4.1.2. MTT cell viability assay in MCF7 Cells 

   Cell growth and cell viability were quantified using the MTT [3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium Bromide] (Sigma-

Aldrich) assay. In brief, cells were digested with trypsin, harvested, 

adjusted to a density of 1.4 × 104 cells/well and seeded to 96-well plates 

filled with 200 µl fresh medium per well for 24 h. When cells formed a 

monolayer, they were treated with 600-7.4 µg/ml of each compounds for 

h at 37 °C in 5% CO2. At the end of the treatment (24 h), while the 

monolayer culture was left untouched in the original plate, the 

supernatant was removed and 200 µl/well of MTT solution (0.5 mg/ml in 

phosphate-buffered saline [PBS]) was added and the plate was incubated 

at 37 °C for an additional 4 h. MTT solution (the supernatant of cells was 

removed and dimethyl sulfoxide was added (100 µl per well). Cells were 

incubated on a shaker at 37 °C until crystals were completely dissolved. 

Cell viability were quantified by measuring absorbance at 570 nm using 

an ELISA reader (Model wave xs2, BioTek, USA). The concentration of 

the compounds that resulted in 50% of cell death (IC50) was determined 

from respective dose-response curves. 

2.4.2. Antioxidant activity  

2.4.2.1. DPPH assay 

   This is an assay for scavenging activity against free radicals. The 

scavenging activity of Natural or synthetic products can be assayed by 

measuring the decrease in absorbance at 515 nm of the stable free radical 

DPPH. The purple-colored free radical reacts with scavenger to yield the 

colorless product 1, 1-diphenyl-2-picrylhydrazine . 
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In brief, to perform this assay 9 sample dilutions were first prepared in 

100 µl of methanol at a final concentration ranging from 800-6.25 µg/ml. 

Subsequently, Samples were added to a 96 well plate wells in duplicates 

and 100 µl of 0.2 mM DPPH solution in methanol was added to each 

well. Plates were incubated for 30 min in the dark and the absorbance was 

recorded at 515 nm by micro plate reader spectrophotometer (Model 

wave xs2, BioTek, USA). Then, for each sample the concentration that 

showed 50% DPPH scavenging activity (IC50) was calculated by plotting 

compounds concentration against DPPH scavenging activity (anti-oxidant 

activity). Ascorbic acid was used as positive control89, 90. 

2.5. Docking studies for synthetic compounds 

   The selection of these individuals was made via a rigorous process of 

virtual screening and extensive literature investigation. The protein 

structures were acquired from the RCSB Protein Data Bank using X-ray 

crystallography. The use of molecular docking facilitated a deeper 

comprehension of the efficacy of the ligands and complexes84. The 

program MOE 2015.10 was used for predicting the binding affinity of 

compounds. The enzyme's crystal structures were obtained from the 

Royal Collaboratory for Structural Bioinformatics85. RCSB Protein Data 

Bank (https://www.rcsb.org/pdb) For the purpose of conducting 

molecular docking calculations86. Co-crystallized ligands and water 

molecules were removed from the PDB file. To design and improve the 

file:///C:/Users/Techno%20Soft/Desktop/M.SC%20Zahraa%20sabah/(https:/www.rcsb.org/pdb)
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synthetic compounds' structures, MOE 2015.10 was used87. Some of the 

stages involved in docking are as follows : 

Step 1: Selection from PDB 

           Target proteins for docking studies were downloaded from the 

RCSB Protein Data Bank. 

Step 2: Protein structure refinement 

   It is not possible to employ proteins from the Protein Data Bank 

directly in the docking process. Before docking, it has to be refined. The 

process of refining downloaded proteins includes the removal of water 

and any bound ligand, if any. The following are the steps to follow: 

• Open MOE 2015.10 

• File          Open         Protein (downloaded from PDB). 

• Click water molecule. 

• Ctrl + Shift and click the last water molecule (select all the 

water molecules).    

• Give right click and cut. 

• Compute          Prepare          Structure preparation  

• Compute          Site finder 

• Compute         Surface and maps             

Step 3: Ligand file format conversion : 

           The synthesized compounds under study, known as ligands, were 

drawn using the ChemBioDraw Ultra (3D)14.0. 

• Open MOE 2015.10 

• Compute         Energy          Minimize (Force field 

MMFF94x, Gradient 0.05)             Ok 

• File          New             Database 



Chapter Two                                                                       Experimental 

37 
 

• Database         Edit          New         Entry      

Step 4: Docking 

           The docking process was carried out using MOE 2015.10 

software, necessitating a refined protein and ligand, both of which must 

be in PDB file format. The docking procedure is conducted using MOE 

2015.10. The process includes the following steps: 

• Open MOE 2015 

• File          Open           Select protein 

• Compute          dock           Select ligand           Run 
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3. Reactions and mechanisms 
3.1. Synthesis of benzamide derivatives A1-A6 

   The protocol involves treatment of (1 mmol) p-substituted aniline with 

(1mmol) 4-chlorobenzoyl chloride (except o-tolidine 0.5 mmol) in R.B 

flask containing (6 mL) 1,4-dioxane. The reaction mixture was stirred at 

90°C until the reaction completed Equation 3.1. 

 
Equation 3.1: Synthesis of benzamide derivatives A1-A6. 

 

3.1.1. The mechanism 

   The first stage of the reaction involves the attack of the nitrogen atom 

on the carbonyl carbon atom of the benzoyl chloride. Nitrogen in primary 

amine curries alone pair of electrons and the carbonyl carbon is highly 

electrophilic. As a result, carbon-nitrogen is formed and the chloride ion 

lose. Next, the nitrogen loses hydrogen ion. Nitrogen being more 

electronegative attracts the pair and an amide is formed a result Scheme 

3.1 .  
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Scheme 3.1: Mechanism of synthesis of benzamide derivatives A1- A6. 

3.1.2. Characterization of the A1-A6 

   All the synthesized derivatives were characterized by some physical 

measurements, such as melting point besides the spectroscopic 

techniques, IR, 1H-NMR, 13C-NMR and Mass spectroscopy.  

 The IR spectra of the derivatives A1-A6 are appeared in Table 3.1 and 

Figures 3.1-3.6 . 

The derivatives (A1-A5) are characterized by nine bands corresponding 

to the stretching vibrations of the -OH, -NH, aromatic C-H, Aliphatic C-

H, C=O, C=C,  C-O, C-N and C-X groups, which occur within the ranges 

(3438.55-3435.43), (3435.64-3273.68), (3134.00-2852.72), (2923.72-

2853.04), (1683.16-1644.99), ( 1595.39-1514.93), (1344.00-1097.50),  

(1296.00-1014.56), (842.44-750.00) cm-1 respectively. While the 

derivative (A6) is characterized by seven bands corresponding to the 

stretching vibrations of the -OH, aromatic C-H, C=O, C=C, C-O, C-N 
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and C-X groups, which occur within the ranges 3438.55, (3095.34-

3052.08), 1682.85, 1592.46, 1322.24, 1092.50, 762.55 cm-1 respectively. 

   We also notice that the absorption band of a group NH- of A6 is 

disappearance and this indicates that the reaction between A1 and 4-

chlorobenzoyl chloride is di-substitution. 

Table 3.1:FT-IR Spectral data of the stretching vibrations of A1-A6 cm-1 

Symbol -OH 

(w) 

-NH 

 

CH 

Aromatic 

(w) 

CH 

Aliphati

c 

(w) 

C=O 

(vs) 

C=C 

(s) 

C-O 

 

C-N 

 

C-X 

 

 

A1 

3435.43 

 

3348.41 

(s) 

 

3082.37-

2852.86 

 

 

___ 

1649.09 1514.93  

1233.59 

(s) 

 

1092.04 

(w) 

831.92 

C-CI 

(s) 

 

A2 

___ 3435.64 

(br.) 

3052.00-

3095.22 

2923.72 

 

1683.16 1592.41 1295.60 

(s) 

1092.53 

(s) 

762.86 

C-CI 

(s) 

 

 

A3 

 

 

___ 

 

3344.57 

(s) 

 

3101.54-

2852.72 

 

___ 

 

1653.00 

 

1595.13 

 

1097.50 

(w) 

 

1014.56 

(s) 

823.60 

C-CI 

(s) 

758.02 

C-Br 

(s) 

 

A4 

___ 3378.00 

(s) 

3134.00-

3036.00 

 

___ 1668.00 1546.00 1344.00 

(s) 

1296.00 

(s) 

750.00 

C-CI 

(s) 

A5 ___ 3273.68 

(w) 

2963.03- 

2923.03 

 

2853.04 1644.99 1595.39 1288.94 

(w) 

1091.88 

(w) 

842.44 

(w) 

 

A6 

3438.55 

 

 3095.34 

3052.08 

 

 

1682.85 1592.46 1322.24 

(s) 

1092.50 

(s) 

762.55 

C-CI 

(s) 
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Figure 3.1: FT-IR Spectrum of the compound A1 . 

 

 

 

 

 

 

 

Figure 3.2: FT-IR Spectrum of the compound A2 . 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: FT-IR Spectrum of the compound A3. 
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Figure 3.4: FT-IR Spectrum of the compound A4 . 

 

  

 

 

 

 

 

Figure 3.5: FT-IR Spectrum of the compound A5 . 

 

 

 

 

 

 

 

 

 

Figure 3.6: FT-IR Spectrum of the compound A6 . 
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Also, the derivatives (A1-A6) were identified by 1H-NMR spectra which 

appeared five signals shown in Table 3.2 and Figures 3.7-3.12. 

The ranges (A1-A5) of the signals are 10.12(-OH, s), 10.45-9.32(-NH, s), 

8.05-6.75(Aromatic-H, m), 3.43(OCH3, s) and 2.32(CH3, s) ppm. 

While the signals of the derivative A6 are 13.25(-OH, s), 7.99-7.58 

(Aromatic-H, m) ppm. 

 

Table 3.2: 1H-NMR Spectral data of the A1-A6 ppm. 

Symbol -OH 

(s) 

-NH 

(s) 

Ar-H 

 

O-CH3 

(s) 

CH3 

(s) 

A1 10.12 9.32 7.97(d.2H,J=8) 

7.78(d.2H,J=8) 

7.54(d.2H,J=8) 

6.76(d.2H,J=8) 

___ ___ 

A2 ___ 10.22 7.99(d.2H,J=8) 

7.69(d.2H,J=8) 

7.58(d.2H,J=8) 

6.93(d.2H,J=8) 

3.42 ___ 

A3 ___ 10.45 7.99(d,2H,J=12) 

7.77(d.2H,J=8) 

7.61(d,2H,J=8) 

7,54(d,2H,J=8) 

___ ___ 

A4 ___ 10.35 7.54(d,2H,J=12) 

7.80(d,2H,J=8) 

7.61(d,2H,J=8) 

7.37(t,2H,J=8) 

7.12(t,1H,J=8) 

___ ___ 
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Figure 3.7: 1H-NMR Spectrum of the compound A1. 

A5 ___ 10.04 8.03(d,4H,J=8) 

7.63(d,4H,J=8) 

7.61(s,2H,J=8) 

7.54(d,2H,J=8) 

7.44(d,2H,J=8) 

___ 2.32 

A6 13.25 ___ 7.99(d,4H,J=8 

7.97(d,4H,J=8) 

7.60(d,2H,J=8) 

7.58(d,2H,J=8 

___ ___ 
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Figure 3.8: 1H-NMR Spectrum of the compound A2. 

 

 

Figure 3.9: 1H-NMR Spectrum of the compound A3. 
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Figure 3.10: 1H-NMR Spectrum of the compound A4. 

 

 

Figure 3.11: 1H-NMR Spectrum of the compound A5. 
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Figure 3.12: 1H-NMR Spectrum of the compound A6. 

Whereas the 13C-NMR spectra of derivatives A1-A5 showed signals 

ascending 164.99-163.99 (C=O), 156.11-139.48(C-O), 137.83- 130.93 

(C-N), 139.46-116.00 (C-X), 136.04-114.20(Aromatic ring), 

55.61(OCH3) and 18.56 (CH3) ppm.  

While the signals of the derivative A6 are 166.94 (C=O), 138.27 (C-N), 

130.08 (C-X), and 131.60-129.19(Aromatic ring) ppm as shown in Table 

3.3 and Figures 3.13-3.18. 

 

Table 3.3: 13C-NMR Spectral data of the A1-A6 ppm. 

Symbol  C=O C-O C-N C-X Ar-C -OCH3 -CH3 

A1 164.29 154.32 130.93 136.57 

C-Cl 

129.94-

115.47 

___ ___ 

A2 164.43 156.11 132.48 136.69 

C-Cl 

129.98-

114.20 

55.61 ___ 

A3 164.99 ___ 133.82 138.85 

C-CI 

116.00 

C-Br 

131.94-

122.72 

___ ___ 
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A4 164.91 ___ 134.12 139.46 

C-Cl 

130.10-

120.90 

___ ___ 

A5 164.82 ___ 137.83 136.87 

C-Cl 

136.04-

124.62 

___ 18.56 

A6 166.94 138.27 ___ 130.08 

C-Cl 

131.60-

129.19 

___ ___ 

 

 

NMR Spectrum of the compound A1.-C13: Figure 3.13 
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NMR Spectrum of the compound A2.-C13: Figure 3.14 

 

 

 

 

m of the compound A3.NMR Spectru-C13: Figure 3.15 
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NMR Spectrum of the compou-C13: Figure 3.16 

 

 

 

.4NMR Spectrum of the compound A-C13: 6Figure 3.1 

 

 
 

.5Spectrum of the compound ANMR -C13: Figure 3.17 
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.6NMR Spectrum of the compound A-C13: 8Figure 3.1 

 

The mass spectrum of the A5 derivative as shown in Table 3.4, Figure 

3.19 and Scheme 3.2, is referred that the molecular ion is corresponding 

with the molecular wight of this derivative. 

Table 3.4: Mass spectral data of A5. 

Symbol Molecular ion (M+) m/z The peaks m/z 

 

 

 

 

 

A5 

 

 

 

 

 

488.11 

[C22H17CIN2O2]
+ .               = 376.11 

[C21H18CIN2O] + .                     =350 

[C21H17CINO] + .                       =335 

[C15H14N2O] + .                    =238.29 

[C15H17N2]
 + .                            =225 

[C15H17N] + .                             =211 

[C13H12N] + .                          =180 

[C13H9]
 + .                                  =165 

[C7H4CIO] + .                            =139 

[C6H4CI] + .                               =111 

[C6H4]
 + .                                     =76 
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Figure 3.19: Mass Spectrum of A5. 
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Scheme 3.2: Fragmentation of compound A5. 
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3.2. Synthesis of sulfonamide derivatives B1-B5 

Sulfonamide derivatives (B1-B5) are synthesized by the reaction of p-

substituted aniline or o-tolidine with p-toluene sulfonyl chloride in the 

presence of DCM as solvent and Et3N: as catalyst Equation 3.2 and 

Scheme 3.2. 

 
Equation 3.2: Synthesis of sulfonamide derivatives B1-B5. 

 

 
Scheme3.3: Mechanism of synthesis of sulfonamide derivatives B1-B5. 
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3.2.1. Characterization of the B1-B5 

The IR spectra of the derivatives B1-B5 as show in Table 3.5 and 

Figures 3.20-3.24. 

The derivatives (B1-B3) are characterized by eight bands corresponding 

to the stretching vibrations of the -OH, -NH, aromatic C-H, Aliphatic C-

H, C=C, S=O, C-O, and  C-N  groups, which occur within the ranges 

3439.19, (3370.38-3269.68), (3243.21-2923.44), (2921.95-2839.85), 

(1598.55-1506.66), (1490.94-1330.21), (1183.80-1159.81), (1093.16-

1090.93) cm-1 respectively. 

While the derivatives (B4, B5) are characterized by seven bands 

corresponding to the stretching vibrations of the -OH, aromatic C-H,  

Aliphatic C-H, C=C, S=O, C-O,  and C-N  groups, which occur within 

the ranges 3242.34, (3107.32-2939.52), (2981.95-2677.20), (1598.99-

1510.26), (1465.90-1460.11), (1199.72-1061.15), 1091.71 cm-1 

respectively. 

The disappearance of the band of a group NH- of B4, B5 is confirmed 

that the reaction is di- substitution. 
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Table 3.5: FT-IR Spectral data of the stretching vibrations of A1-A6 

cm-¹. 

 

 

Figure 3.20: FT-IR spectrum of the compound B1 . 

Symbol -OH 

 

-NH 

 

CH 

Aromatic 

(w) 

CH 

Aliphatic 

(w) 

C=C 

 

S=O C-O 

 

C-N 

 

B1 3439.19 

(s) 

3370.38 

(s) 

3243.21-

3065.15 

2921.95-

2852.11 

1506.66 

(s) 

1330.21 

(vs) 

1183.80 

(s) 

1093.16 

(s) 

B2 ___ 3269.68 

(s) 

 

3011.86- 

2963.03 

2920.25- 

2839.85 

1510.52 

(s) 

1334.38 

(s) 

1159.81 

(vs) 

1090.93 

(w) 

 

B3 

 

___ 

 

3286.05 

(w) 

 

 

2923.44 

 

2853.01 

 

 

 

1598.55 

(w) 

 

1490.94 

(s) 

 

1163.47 

(vs) 

 

1092.45 

(w) 

 

B4 

3242.34 

(vs) 

 

___ 

3107.32 2981.95-

2860.43 

 

1598.99 

(s) 

1460.11 

(s) 

1199.72 

(s) 

1091.71 

(s) 

 

B5 

 

___ 

 

___ 

3030.17-

2939.52 

2839.22-

2677.20 

1510.26 

(vs) 

1465.90 

(s) 

1161.15 

(vs) 

1091.71 

(s) 
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Figure 3.21: FT-IR spectrum of the compound B2 . 

 

 

Figure 3.22: FT-IR spectrum of the compound B3 . 

 

Figure 3.23: FT-IR spectrum of the compound B4 . 
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Figure 3.24: FT-IR spectrum of the compound B5 . 

 

The 1H-NMR spectra of the mono-substituted derivatives B1-B3 were 

identified by five signals shown in Table (3.6) and Figures (3.25-3.27). 

The range of the signals are 9.67 (-OH, s), 9.87-9.30 (-NH, s), 7.67-6.60 

(Aromatic-H, m), 3.66 (OCH3, s) and 2.36-2.02 (CH3, s) ppm. 

While the signals of the di-substituted derivatives B4, B5 are 14.57 (-OH, 

s), 7.70-6.88 (Aromatic-H, m), 3.78 (OCH3, s) and 2.45- 2.35 (CH3, s) 

ppm shown in Table 3.6 and Figures 3.28, 3.29. 

Table 3.6: 1H-NMR spectral data of the B1-B5 ppm. 

Symbol -OH 

(s) 

-NH 

(s) 

Ar-H 

 

O-CH3 

(s) 

CH3 

(s) 

B1 9.67 9.30 7.55(d,2H,J=8) 

7.31(d,2H,J=8 

6.87(d,2H,J=8) 

6.61(d,2H,J=8 

___ 2.32 

B2 ___ 9.87 7.57(d,2H,J=8) 

7.32(d,2H,J=8) 

6.68(d,2H,J=8) 

3.66 2.32 
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s=singlet 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.25: 1H-NMR Spectrum of the compound B1. 

 

6.2 

3(d,2H,J=12 

B3 ___ 9.57 7.66(d,4H,J=8) 

7.56(d,2H,J=8) 

7.48(d,4H,J=8) 

___ 

 

 

2.36-2.02 

B4 14.57 ___ 7.59(d,4H,J=8) 

7.57(d,4H,J=8) 

7.22(d,2H,J=8) 

7.20(d,2H,J=8) 

___ 2.35 

B5 ___ ___ 7.69(d,4H,J=8) 

7.48(d,4H,J=8) 

7.97(d,2H,J=8) 

6.89(d,2H,J=12) 

3.78 2.45 
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Figure 3.26: 1H-NMR Spectrum of the compound B2. 

 

 

Figure 3.27: 1H-NMR Spectrum of the compound B3. 
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Figure 3.28: 1H-NMR Spectrum of the compound B4. 

 

 

Figure 3.29: 1H-NMR Spectrum of the compound B5. 
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Whereas the 13C-NMR spectra of the derivatives B1-B3 showed six 

signals ascending 156.89-155.25(C-O), 137.37-137.08(C-S), 134.76-

129.07(C-N), 134.70-114.71(Aromatic ring), 55.56(OCH3) and 21.65-

18.17(CH3) ppm. 

While the signals of the di- substituted derivatives B4, B5 are 160.90-

148.37(C-O), 139.41-136.30(C-S), 145.79-145.78(C-N), 133.01-

115.10(Aromatic ring) 55.97(OCH3) and 21.65-21.62(CH3) ppm. As 

shown in Table 3.7 and Figures 3.30-3.34. 

Table 3.7: 13C-NMR spectral data of the B1-B5 ppm. 

Symbol  C-O C-S C-N Ar-C -OCH3 -CH3 

B1 155.25 137.20 129.07 129.92-115.98 ___ 21.40 

B2 156.89 137.08 130.70 130.01-114.71 55.56 21.40 

B3 ___ 137.37 134.76 134.70-124.77 ___ 21.65-

18.17 

B4 148.37 139.41 145.79 132.14-122.95 ___ 21.62 

B5 160.90 136.30 145.78 133.01-115.10 55.97 21.65 

 

 

Figure 3.30: 13C-NMR Spectrum of the compound B1. 
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Figure 3.31: 13C-NMR Spectrum of the compound B2. 
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Figure 3.32: 13C-NMR Spectrum of the compound B3. 

 

 

Figure 3.33: 13C-NMR Spectrum of the compound B4. 

 

 

Figure 3.34: 13C-NMR Spectrum of the compound B5. 
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The mass spectral data of the derivative B3 was referred to the 

correctness of the suggested structure of the above derivative as shown in 

Table 3.8, Figure 3.35 and Scheme 3.4. 

Table 3.8: Mass spectral data of B3. 

Symbol Molecular ion (M+) m/z The peaks m/z 

 

 

 

B3 

 

 

 

520.15 

[C21H21N2O2S] + .                         =365.15 

[C14H14N2]
 + .                                =210.12 

[C8H10N] + .                                   =120.08 

[C7H6]
 + .                                               =90 

 

 

 

 

Figure 3.35: Mass Spectrum of B3. 
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 Scheme 3.4: Fragmentation of compound B3. 
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3.3. Synthesis of allyl derivatives C1-C3 

The synthesis of allyl derivatives C1-C3 is achieved by mixing A1, B2, or 

o-tolidine with allyl bromide and potassium carbonate in acetone/H2O 

Equation 3.3 and Scheme 3.3.  

 

Equation 3.3: Synthesis of allyl derivatives C1-C3. 

 

Scheme 3.5: Mechanism of synthesis of allyl derivatives C1-C3. 
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3.3.1. Characterization of the C1-C3 

The derivatives C1-C3 were characterized by some physical 

measurements, such as melting point besides the spectroscopic 

techniques, IR, 1H-NMR, 13C-NMR and Mass spectroscopy.  

 The IR spectra of the derivatives C1-C3 are represented by ten bands 

which ascribed to the stretching vibrations of the -OH, -NH, aromatic C-

H, Aliphatic C-H, C=O, C=C, S=O, C-O, C-N and C-X groups, which 

occurred within the ranges 3341.48, 3431.36, (3074.53-2921.19), 

(2920.23-2841.15), (1648.44), ( 1612.49-1508.33), ( 1487.32-1460.11), 

(1253.35-1249.87), (1096.07-1070.49), (822.13) cm-1 respectively, as 

show in Table (3.9) and in Figures (3.36-3.38). 

 

Table 3.9: FT-IR spectral data of the stretching vibrations of C1-C3 cm-¹. 

 

 

 

Symbol -OH 

 

-NH 

 

CH 

Aromati

c 

 

CH 

Aliphati

c 

(w) 

C=O 

 

C=C 

(s) 

S=O 

(w) 

C-O 

 

C-N 

(w) 

C-CI 

(s) 

 

C1 

3341.48 

(s) 

___ 2921.19 

(s) 

 

2852.16 

 

1648.44 

(vs) 

1538.81 1487.32 1253.

35 

(w) 

1096.

07 

 

822.13 

 

C2 

 

___ 

 

 

___ 

 

3066.82-

2926.01 

(s) 

2841.15 

 

 1508.33 

 

1460.11 1249.

87 

(s) 

1089.

78 

___ 

C3 ___ 3431.36 

(br.) 

3074.53-

3012.81 

(w) 

2920.23

-

2852.72 

___ 1612.49 ___ ___ 1070.

49 

___ 
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Figure 3.36: FT-IR spectrum of the compound C1 . 

 

Figure 3.37: FT-IR spectrum of the compound C2 . 

 
Figure 3.38: FT-IR spectrum of the compound C3 . 

1H-NMR spectra of the derivatives (C1-C3) were identified by five 

signals as shown in Table (3.10) and Figures (3.39-3.41). 
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The range of the signals are 10.22 (-OH, s), 7.26 (-NH, s), 7.99-6.85 

(Aromatic-H, m),  allyl group showed three resonance signals, the first(a) 

is  multiple in the range δ (6.07-5.65) ppm which belongs to the protons 

of the = CH group, the second (b) is doublet-doublet at the range δ ( 5.42-

5.02) ppm which returns to the protons of the =CH2 group and the third 

(c) is doublet in the range δ (4.56-3.57)ppm ascribes to the protons of the 

-CH2 group which attached to the nitrogen atom, 3.73(OCH3, s) and 2.51-

2.40 (CH3, s) ppm. 

 

Table 3.10: 1H-NMR spectral data of the C1-C3 ppm. 

s=singlet 

 

Symbol -OH 

(s) 

-NH 

(s) 

Ar-H 

 

-CH2-CH=CH2 

c       a       b 

   

O-

CH3 

(s) 

CH3 

(s) 

 

C1 

 

10.22 

 

___ 

7.98(d,2H,J=8) 

7.67(d,2H,J=8) 

7.6(d,2H,J=8) 

6.95(d,2H,J=8) 

6.04 (m,1H,J=8) (a) 

5.33(dd,2H,J=8) (b) 

4.55(d,2H,J=8) (c) 

___ ___ 

 

C2 

 

___ 

 

___ 

7.46(d,2H,J=8) 

7.38(d,2H,J=8) 

6.92(d,2H,J=8) 

 

5.65(m,1H,J=8) (a) 

5.06(dd,2H,J=8) (b) 

4.13(d,2H,J=8) (c) 

 

3.73 

 

2.40 

 

C3 

 

___ 

 

7.26 

7.41(S,1H) 

7.34(d,2H,J=4) 

7.07(d,2H,J=8) 

5.78(m,1H,J=8)(a) 

5.12(dd,2H,J=12 (b) 

3.58(d,2H,J=4) (c) 

 

___ 

 

2.51 
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Figure 3.39: 1H-NMR Spectrum of the compound C1. 

 

 

Figure 3.40: 1H-NMR Spectrum of the compound C2. 
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Figure 3.41: 1H-NMR Spectrum of the compound C3. 
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Whereas the 13C-NMR spectra of derivatives C1-C3 showed eight signals 

ascending 164.45(C=O), 158.86-155.01(C-O), 136.69(C-CI), 148.82-

131.60(C-N), 134.93-114.45(Aromatic ring), 135.79-132.61(-CH), 

122.43-117.83(=CH2), 68.77-53.41(-CH2), 55.70(OCH3) and 21.50-

18.74(CH3) ppm as shown in Table 3.11 and Figures 3.42-3.44. 

 

Table 3.11: 13C-NMR spectral data of the C1-C3 ppm. 

Symbol  C=O C-O C-CI C-N Ar-C -CH2-CH=CH2 

c       a       b 

-OCH3 -CH3 

 

C1 

164.45 155.01 136.69 134.18 129.99-115.03 132.61                   (a) 

117.83                   (b) 

68.77                     (c) 

___ ___ 

 

C2 

___ 158.86 ___ 131.60 130.26-114.45 133.62                   (a) 

119.14                   (b) 

53.41                     (c) 

55.70 21.50 

 

C3 

___ ___ ___ 148.82 134.93-117.66 135.79                   (a) 

122.43                   (b) 

55.58                     (c) 

___ 18.74 

 

 
Figure 3.42: 13C-NMR Spectrum of the compound C1. 
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Figure 3.43: 13C-NMR Spectrum of the compound C2. 

 
Figure 3.44: 13C-NMR Spectrum of the compound C3. 
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The mass spectral data of C1 and C2 derivatives are explained in Table 

3.12, Figures 3.45, 3.46 and Schemes 3.6, 3.7. 

Table 3.12: Mass spectral data of C1, C3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol Molecular ion (M+) m/z The peaks m/z 

 

 

C1 

 

 

287.2 

[C13H9CINO2]
+ .                 = 246.03 

[C7H4CIO] + .                           =139 

[C6H4CI] + .                              =111 

[C6H4]
 + .                                   =76 

 

 

 

 

 

C3 

 

 

 

 

 

292.19 

[C19H22N2]
 + .                           = 278 

[C18H20N2]
+ .                          = 264 

[C17H18N2]
 + .                           =250 

[C16H17N2]
 + .                           =237 

[C15H15N2]
 + .                           =224 

[C14H12N2]
 + .                            =208 

[C13H10N2]
 + .                           =194 

[C13H10N] + .                             =180 

[C12H7N] + .                              =165 
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Figure 3.45: Mass spectrum of C1. 

 

Figure 3.46: Mass spectrum of C3. 
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Scheme 3.6: Fragmentation of compound C1. 
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Scheme 3.7: Fragmentation of compound C3. 
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3.4. Molecular docking 

   The program (MOE 2015.10) was employed to analyze the capacity of 

compounds to inhibit breast cancer by coupling them with a single 

protein (PDB: 3eqm)91,92 . The compounds (A1, A5, B2, B3, B5, C1) 

showed good activity via a group of factors93, 94: 

1 .The correlation energy value . 

2 .The binding number between the receptor (protein) and the ligand 

(compound). 

3 .The correlation type and the (RMSD) value where less than 2 is better . 

4 .How well the prepared ligand binds to the protein at its binding sites 

compared to the original ligand accessible to the protein? 

 

3.4.1. Identification of protein targets for breast cancer 

   The human cytochrome P450 aromatase receptor protein (PDB ID: 

3EQM) was obtained from the Protein Data Bank as shown in Figure 

3.47. CMoleytochrome P450 aromatase is the only enzyme in vertebrates 

that catalyzes the production of all estrogens from androgens. Therefore, 

aromatase inhibitors are a first-line treatment for estrogen-dependent 

breast cancer. To prepare the protein, water molecules were removed 

while hydrogen atoms and cleaved amino acids were added95, 96. 

As shown in Table (3.13), several compounds showed good activity 

against the studied protein Compared to 4-Androstene-3-17-Dione as 

control in Figure 3.48. 
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Figure 3.47: Human aromatase cytochrome P450 receptor protein (PDB 

ID: 3EQM). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.48: The binding poses of 4-Androstene-3-17-Dione on 3eqm. 
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Table 3. 13: Molecular docking for anti-cancer of the prepared 

derivatives. 

Target protein: Oxidoreductase (3EQM) Compound 

 

(Ligands) 
E 

(Kcal/mol
) 

Distan
ce 

º)(A 

Interaction Position of interaction RMSD E Binding 
(Kcal/mol) Receptor Ligand 

-2.7 2.91 H-acceptor 

 
N (MET 374) O (18) 1.5121 -7.8994 4-

Androstene-

3-17-Dione 
- 0.8 
- 0.9 
- 0.7 
- 1.0 

3.21 
3.68 
3.80 
4.16 

H-donor 

H-donor 
H-donor 

Pi-H 

O (PRO 429) 
SD (MET311) 
SD (MET303) 
CA (GLY 439) 

O (7) 

O (10) 
CI (17) 
6-ring 

 
1.0495 

 

-7.0946 

 
A1 

-0.9 

-0.6 
3.20 

4.35 
H-acceptor 

Pi-H 
(ARG115 2NH 

CB (CYS 437) 
CI (16) 

6-ring 
1.1507 -7.7234 A2 

-0.3 

-0.9 
3.93 

3.22 
H-donor 

H-acceptor 
SD (MET 447) 

(ARG  2NH
115) 

BR (7) 

CI (17) 
1.9093 -7.7245 A3 

-0.8 3.22 H-acceptor (ARG  2NH
115) 

CI (17) 1.4817 -7.1083 A4 

-1.4 

-0.6 
-0.6 

3.52 

4.72 
3.93 

H-donor 

Pi-H 
Pi-H 

SG (CYS 437) 

CA (VAL 373) 
CB (ALA 438) 

 

O (20) 

6-ring 
6-ring 

 

1.4817 

 
-7.1083 

 
A5 
  

-0.2 

-0.8 
3.76 

3.51 
H-donor 

H-acceptor 
SD (MET 447) 

(ARG  2NH
375) 

CI (26) 

CI (25) 
2.3946 -8.4791 A6 

-1.8 3.22 H-acceptor N (MET 374) O (11) 2.5686 -7.2851 B1 

-0.6 

-0.8 
-0.6 

3.52 

3.11 
3.86 

H-acceptor 

H-acceptor 
Pi-H 

N (ALA 438) 

(ARG  2NH
115) 

CB (CYS 437) 

O   (9) 

O (10) 
6-ring 

 

1.7967 

 

-7.3495 

 
B2  

-4.1 

1.1 
0.4 
-0.7 

2.73 

3.08 
3.14 
3.44 

H-donor 

H-donor 
H-donor 

H-acceptor 

OG1 (THR 
310) 

SD (MET 311) 
SG (CYS 437) 
CA (VAL 373) 

N (14) 

O (19) 
O (20) 
O (22) 

 
1.4371 

 
-10.3703 

 
B3 

-0.7 

-0.9 
4.18 

3.81 
Pi-H 

Pi-H 
CB (ALA 306) 

CB (CYS 437) 
6-ring 

6-ring 
3.2356 -8.8628 B4 



Chapter Three                                                      Results and Discussion 

82 
 

 

 

3.4.2. Discussion of molecular docking 

   Molecular docking and some of the other in silico prediction techniques 

are widely used to understand the ligand receptor interactions during drug 

discovery process. 

   The results were good for the studied compounds in Figures 3.49-3.62, 

as the Score values ranged between (-10.3703_ -7.0946 Kcal/mol). The 

most important bonds formed are hydrogen bonds, which are important in 

enzymatic catalysis of reactions that occur inside the body and are 

essential bonds in maintaining the structural stability of biological 

molecules. The RMSD values for most of the studied compounds did not 

exceed 2. 

 

 

 

 

 

 

 

 

-0.8 

-1.5 
-0.6 
-0.9 

3.35 

2.95 
4.69 
4.04 

H-acceptor 

H-acceptor 
Pi-H 
Pi-H 

CA (CYS 437) 

ARG ( 2NH
115) 

CA (VAL 373) 
CB (ALA 438) 

O (19) 

O (20) 
6-ring 
6-ring 

 
1.0951 

 

-9.2270 

 
B5 

-4.0 

-0.7 
-0.7 

2.82 

3.83 
4.20 

H-acceptor 

Pi-H 
Pi-H 

N (GLY 439) 

CB (ALA 306) 
N (ALA 438) 

O (10) 

6-ring 
6-ring 

 
1.2386 

 
-7.2247 

 
C1 

-0.7 

-0.9 
3.94 

4.49 
Pi-H 

Pi-H 
CG1 (ILE 133) 

N (ALA 438) 
6-ring 

6-ring 
0.8845 -8.4408 C2 

-0.6 4.56 Pi-H CA (GLY 439) 6-ring 0.7349 -9.8786 C3 
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(A)             (B) 

Figure 3.49: Compound A1 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A1) with the protein (PDB: 3EQM). 

 

 

 

 
 

  

                                                                                                                  

 

       

  

 

    

 (A) (A) 

 

Figure 3.50: Compound A2 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A2) with the protein (PDB: 3EQM). 
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(A)  (B) 

Figure 3.51: Compound A3 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A3) with the protein (PDB: 3EQM). 

 

 

 

 

 

 

 

 

 

 

 (A) (B) 

 

Figure 3.52: Compound A4 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A4) with the protein (PDB: 3EQM). 

 

 

 



Chapter Three                                                      Results and Discussion 

85 
 

 

  

 

 

  

   

  

 

(A)  (B) 

Figure 3.53: Compound A5 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A5) with the protein (PDB: 3EQM). 

 

 

 

 

  

   

 

 

  

 

  

 

 

(A)  (B) 

Figure 3.54: Compound A6 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (A6) with the protein (PDB: 3EQM). 
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(A)  (B) 

Figure 3.55: Compound B1 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (B1) with the protein (PDB: 3EQM). 

 

    

  

  

 

 

 

 

  

 

 

(A)   (B) 

Figure 3.56: Compound B2 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (B2) with the protein (PDB: 3EQM). 
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(A)  (B) 

Figure 3.57: Compound B3 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (B3) with the protein (PDB: 3EQM). 

 

 

 

 

 

 

  

 

 

 (A) (B) 

 

 

 (A) (B) 

Figure 3.58: Compound B4 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (B4) with the protein (PDB: 3EGM). 
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(A)   (B) 

Figure 3.59: Compound B5 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (B5) with the protein (PDB: 3EQM). 

 

 

 

 

   

  

 

 

 

  

 

 

(A)   (B) 

Figure 3.60: Compound C1 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (C1) with the protein (PDB: 3EQM). 
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(A)  (B) 

Figure 3.61: Compound C2 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (C2) with the protein (PDB: 3EQM). 

 

 

 

 

     

  

 

    

 

  

 

 

(A)   (B) 

Figure 3.62: Compound C3 docking: (A) in protein pocket, (B) 2D shape 

showing the binding sites of the (C3) with the protein (PDB: 3EQM). 
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3.5. Biological Activity 
3.5.1. The cytotoxic activity of (A1, A2, A3, A4, A5, B4, B5) 

against human breast cancer cells line (MCF-7) in Vitro 

Using MTT Assay. 

 

   In widely used, the concept of IC50 is perceive as an inhibition 

efficiency indicator of a biological and biochemical material in the 

pharmaceutical field, and its value shows the inhibitory concentration that 

is required to halve a specific biological substance or biochemical 

function. The high IC50 values indicate low inhibitory activity with the 

material in contrast to the materials with low IC50 values. In this study, 

the MCF-7 cell line was used to assay the antiproliferative activity of 

different compounds. The cytotoxic impact of (A1, A2, A3, A4, A5, 

B4, B5) on the breast cancer cell line (MCF-7) was determined using 

the 3-(dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay. Using different compound concentrations, the MTT Assay was 

conducted to determine the cell viability and inhibition rate on the tumor 

cell line. The cytotoxic effect of (A1, A2, A3, A4, A5, B4, B5) in 

concentration ranged from (7.4-600) μg/ml on MDA-MB-231 cells. Table 

(3.14) presented a decrease in cell viability in a dose-dependent pattern. 

The cell viability is reduced by increasing the concentration of (A1, A2, 

A3, A4, A5, B4, B5). The compound B5 exhibited significantly the 

most potent cytotoxic activity with good values (47.39 μg/mL) of IC50 

for MDA-MB-231 cells line, Figure 3.63. In the other hand, the 

compound A2 was the lowest in potency with IC50 value of 8112.57 

μg/mL, Figure 3.63. Most of the synthesized compounds (A1, A2, A3, 

A4, A5, B4, B5) exhibited cytotoxic activity against MCF-7 cell lines 

with IC50 value in the range of (47.39–8112.57 μg/mL). The 
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microscopically examination of the tested compounds in the cell line at 

100 μg/mL used to confirm the calculation of the IC50, Figure 3.64. 

Table 3.14: Growth inhibition percentages of breast cancer against 

different concentrations of the studied compounds. 

 

 

 

Sample ID A3 
      

MCF7 24h 

Concentration (µg/mL) 7.4 22.22 66.66 200 600 

absorption at 570 nm 0.626 0.654 0.592 0.580 0.538 0.490 0.428 0.499 0.413 0.427 

Viability (%) 75.33 78.70 71.24 69.80 64.74 58.97 51.50 60.05 49.70 51.38 

Average Viability (%) 77.02 70.52 61.85 55.78 50.54 

Standard Deviation  

 (±) 

2.38 1.02 4.08 6.04 1.19 

 

 

 

 

Sample ID A1 
      

MCF7 24h 

Concentration 

(µg/mL) 

7.4 22.22 66.66 200 600 

absorption at 570 nm 0.741 0.718 0.606 0.646 0.533 0.565 0.519 0.532 0.429 0.480 

Viability (%) 89.17 86.40 72.92 77.74 64.14 67.99 62.45 64.02 51.62 57.76 

Average Viability (%) 87.79 75.33 66.06 63.24 54.69 

Standard Deviation 

(±) 

1.96 3.40 2.72 1.11 4.34 

Sample ID A2 
      

MCF7 24h 

Concentration 

(µg/mL) 

7.4 22.22 66.66 200 600 

absorption at 570 nm 0.825 0.829 0.810 0.793 0.767 0.759 0.652 0.682 0.540 0.550 

Viability (%) 99.28 99.76 97.47 95.43 92.30 91.34 78.46 82.07 64.98 66.19 

Average Viability (%) 99.52 96.45 91.82 80.26 65.58 

Standard Deviation 

(±) 

0.34 1.45 0.68 2.55 0.85 
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Sample ID A4 
      

MCF7 24h 

Concentration (µg/mL) 7.4 22.22 66.66 200 600 

absorption at 570 nm 0.817 0.689 0.641 0.689 0.607 0.546 0.571 0.520 0.408 0.498 

Viability (%) 98.32 82.91 77.14 82.91 73.04 65.70 68.71 62.58 49.10 59.93 

Average Viability (%) 90.61 80.02 69.37 65.64 54.51 

Standard Deviation 

 (±) 

10.89 4.08 5.19 4.34 7.66 

 

 

Sample ID B4 
      

MCF7 24h 

Concentration (µg/mL) 7.4 22.22 66.66 200 600 

absorption at 570 nm 0.769 0.710 0.641 0.655 0.447 0.478 0.348 0.306 0.201 0.148 

Viability (%) 92.54 85.44 77.14 78.82 53.79 57.52 41.88 36.82 24.19 17.81 

Average Viability (%) 88.99 77.98 55.66 39.35 21.00 

Standard Deviation (±) 5.02 1.19 2.64 3.57 4.51 

 

Sample ID A5   

 

 

    MCF7 24h  

Concentration (µg/ml) 7.4  22.22  66.66  200  600  

absorption at 570 nm 0.803 0.703 0.701 0.689 0.608 0.607 0.560 0.536 0.494 0.478 

Viability (%) 96.63 84.60 84.36 82.91 73.16 73.04 67.39 64.50 59.45 57.52 

Average Viability (%) 90.61  83.63  73.10  65.94  58.48  

Standard Deviation (±) 8.51  1.02  0.09  2.04  1.36  

Sample ID B5 
      

MCF7 24h 

Concentration (µg/mL) 7.4 22.22 66.66 200 600 

absorption at 570 nm 0.759 0.815 0.645 0.685 0.172 0.123 0.101 0.108 0.068 0.054 

Viability (%) 91.34 98.07 77.62 82.43 20.70 14.80 12.15 13.00 8.18 6.50 

Average Viability (%) 94.71 80.02 17.75 12.58 7.34 

Standard Deviation (±) 4.77 3.40 4.17 0.60 1.19 
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Figure 3.63: The Values of IC50 for synthesis compounds against MCF-

7 Cell line. 
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(A). MCF-7 cell lines treated with 

A1 inhibition activity 7.4 μg/mL 

(B). MCF-7 cell lines treated with 

A1 inhibition activity 22.22 μg/mL 

 (C). MCF-7 cell lines treated with 

A1 inhibition activity 66.66 μg/mL 

   
 (D). MCF-7 cell lines treated with 

A1 inhibition activity 200 μg/mL 

 (E). MCF-7 cell lines treated with 

A1 inhibition activity 600 μg/mL 

(A). MCF-7 cell lines treated with 

A2 inhibition activity 7.4 μg/mL 

   
(B). MCF-7 cell lines treated with 

A2 inhibition activity 22.22 μg/mL 

(C). MCF-7 cell lines treated with 

A2 inhibition activity 66.66 μg/mL 

(D). MCF-7 cell lines treated with 

A2 inhibition activity 200 μg/mL 

   
(E). MCF-7 cell lines treated with 

A2 inhibition activity 600 μg/mL 

(A). MCF-7 cell lines treated with 

A3 inhibition activity 7.4 μg/mL 

(B). MCF-7 cell lines treated with 

A3 inhibition activity 22.22 μg/mL 
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(C). MCF-7 cell lines treated with 

A3 inhibition activity 66.66 μg/mL 

(D). MCF-7 cell lines treated with 

A3 inhibition activity 200 μg/mL 

(E). MCF-7 cell lines treated with 

A3 inhibition activity 600 μg/mL 

   
(A). MCF-7 cell lines treated with 

A4 inhibition activity 7.4 μg/mL 

(B). MCF-7 cell lines treated with 

A4 inhibition activity 22.22 μg/mL 

(C). MCF-7 cell lines treated with 

A4 inhibition activity 66.66 μg/mL 

   

(D). MCF-7 cell lines treated with 

A4 inhibition activity 200 μg/mL 

(E). MCF-7 cell lines treated with 

A4 inhibition activity 600 μg/mL 

(A). MCF-7 cell lines treated with 

A5 inhibition activity 7.4 μg/mL 

   
(B). MCF-7 cell lines treated with 

A5 inhibition activity 22.22 μg/mL 

(C). MCF-7 cell lines treated with 

A5 inhibition activity 66.66μg/mL 

(D). MCF-7 cell lines treated with 

A5 inhibition activity 200 μg/mL 
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(E). MCF-7 cell lines treated with 

A5 inhibition activity 600 μg/mL 
(A). MCF-7 cell lines treated with 

B4 inhibition activity 7.4 μg/mL 
(B). MCF-7 cell lines treated with 

B4 inhibition activity 22.22μg/mL 

   

(C). MCF-7 cell lines treated with 

B4 inhibition activity 66.66 μg/mL 
(D). MCF-7 cell lines treated with 

B4 inhibition activity 200 μg/mL 
(E). MCF-7 cell lines treated with 

B4 inhibition activity 600 μg/mL 

   
(A). MCF-7 cell lines treated with 

B5 inhibition activity 7.4 μg/mL 
(B). MCF-7 cell lines treated with 

B5 inhibition activity22.22μg/mL 
(C). MCF-7 cell lines treated with 

B5 inhibition activity 66.66 μg/mL 

  

 

(D). MCF-7 cell lines treated with 

B5 inhibition activity 200 μg/mL 
(E). MCF-7 cell lines treated with 

B5 inhibition activity 600 μg/mL 

Figure 3.64: MCF-7 cell line microscopic examination of compounds at 

100 μm concentration. 
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3.5.2.Antioxidant activity of the DPPH scavenging assay.  

   This assay is a rapid, simple and vastly used method to measure the 

ability of compounds to act as free radical scavengers or hydrogen 

donors. After abstracting hydrogen from corresponding donor, the radical 

losses its characteristic deep violet color and turns to yellow. The IC50 

values were used to compare the antiradical scavenging activity of 

different analyzed samples with those of standard antioxidant compound. 

The IC50 values cleared that A1 compound exhibited the highest 

antiradical scavenging activity with the lowest IC50 value (6.9 µg/mL), 

while the A2 had the lowest capacity to scavenge the radical with the 

highest IC50 value (31019.2 µg/mL). Antioxidant drugs facilitate the 

conversion of DPPH into a stable diamagnetic molecule97, DPPH, by 

electron or hydrogen transfers. A change in the color from purple to 

yellow signifies an increase in the radical scavenging activity of the 

compounds being examined. The capacity of DPPH radicals to be 

reduced was assessed by quantifying the decrease in absorbance at 515 

nm resulting from the presence of antioxidants. However, it is commonly 

recognized that organic compounds with electron-donating groups (such 

as amine, methoxy, and hydroxyl) can function as agents that scavenge 

free radicals98. 

   The results of the antioxidant activity test with DPPH were expressed as 

% inhibition Table 3.15, which was then linked to a series of samples or 

standard concentrations to produce a curve, as shown in Figure 3.64 . 
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Table 3.15: Free radical scavenging activity result of synthesis 

compounds. 

  

compounds 

Radical Scavenging Activity % (RSA)  

at eight different concentrations (µg/mL) 
  

 800 400 200 100 50 25 12.4 6.25 

A1 86.8 80.9 73.3 65.6 63.2 62.3 59.7 45.5 

A2 4.5 3.3 2.9 2.7 2.1 1.1 0.8 0.2 

A3 35.0 25.8 20.4 17.6 7.7 3.4 2.2 2.2 

A4 11.4 9.2 6.8 6.6 4.8 1.9 1.5 1.4 

A5 34.8 31.1 27.9 20.4 17.7 15.4 10.1 10.5 

B4 94.8 93.9 86.5 71.0 53.3 48.2 21.9 8.6 

B5 30.0 28.7 26.8 21.9 20.5 20.1 14.5 15.2 
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Figure 3.65: Radical scavenging activity (RSA) for the derivative (A1-

A5, B4, B5) on DPPH. 

 

 

 

 

 

 

 

 



 

100 
 

Conclusions  

1-The di-substituted (A5, A6) benzamide derivatives gave higher yields 

than the mono-substituted (A1-A4) derivatives. 

2-The number of substituted sulfonyl groups, whether mono or di, in the 

derivatives B1-B5 didn’t appear to have any effect on the yield. 

3-In allyl derivatives, it is shown that the mono-substituted (C1, C2) 

derivatives give higher yields than di-substituted derivatives (C3). 

4-It was notice that the sulfonyl derivatives B4 exhibited significantly the 

most potent cytotoxic activity with good value (47.39) of IC50 for MAD-

MB-231 cells line, while the rest of the derivatives (A1-A4, B5) showed 

different values for IC50.   

5-A1 compound exhibited the highest anti radicals scavenging activity 

with the lowest IC50 value, while the A2 had the lowest capacity to 

scavenge the radical with the highest IC50 value 

6-Study molecular docking and the compounds (A1, A5, B2, B3, B5, C1) 

showed good activity 
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Recommendations 

1-Carboxylic acid can be used as starting materials to prepare new 

derivatives containing sulfonyl, allyl, or vinyl groups. 

2-This work can be modified by reacting the benzoyl chloride with 

chalcone compounds for the purpose of improving the biological activity. 

3-Our study recommends to complete the estimation of IZ, MIC, and 

LD50 of the prepared derivatives. 
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 -الجزء الرابع: 

قدرة  لتحليل MOE2015.10تم دراسة الالتحام الجزيئي للمركبات المحضرة باستخدام برنامج 

وأظهرت  3EQMتثبيط سرطان الثدي عن طريق ربطها ببروتين واحد المركبات على 

وبعد ذلك تم تقدير الفعالية البيولوجية لهذه المركبات نشاطا جيدا.  A1,A5, B2, C1المركبات 

  تشخيص بطرق كيميائية مختلفة، بما في ذلك فعالية مضاد السرطان ومضاد د تصنيعها وتم البع

(  MTTتم القياس في المختبر باستخدام طريقة السمية الخلوية )طريقة صلاحية الخلية  ،الأكسدة

  لقياس فعالية  DPPH50(IC (للكشف عن فعالية مضاد السرطان، وطريقة  MCF7في خلايا 

 لتحديد فعالية مضادات الأكسدة.ة ور الحرضد الجذ الطرد 

لفحص فعالية مانع التكاثر الخلوي   MCF-7في هذه الدراسة، تم استخدام الخط الخلوي 

( A1 ،A2 ،A3 ،A4 ،A5 ،B4 ،B5للمركبات المختلفة، وتم تحديد التأثير السام للمركبات ) 

،  A1 ، A2 ،A3كبات )(، وتراوح التأثير السام للمرMCF-7على خط خلايا سرطان الثدي )

A4 ،A5 ،B4 ،B5 ( بتركيز من )ميكروغرام / مل على خلايا 600-7.4 )MDA-MB-

لمقارنة فعالية الطرد لمضاد الجذور للعينات   50ICبالإضافة إلى ذلك، تم استخدام قيم  .231

أن   50ICالمختلفة التي تم تشخيصها مع المركبات المضادة للتأكسد القياسية. أوضحت قيم 

  50IC (6.9)أظهر أعلى فعالية طرد مضاد للجذور الحرة مع أقل قيمة  A1كب المر

الجذور مع أعلى قيمة  د طركان لديه أدنى قدرة على  A2ميكروغرام/مل(، في حين أن المركب 

(31019.2) 50IC  )ميكروغرام/مل 



 

 
 

 

 

  الفيزياوية  الخواص  من عدد  بواسطة شخصت  محضرةلا والاليل والسلفونامايد  آمايد زالبن مشتقات 

 ب:  الممثلة الطيفية التقنيات  إلى بالإضافة الرقيقة الطبقة كروماتوغرافيا الانصهار وتقنية كدرجة

  المغناطيسي  النووي والرنين للبروتون المغناطيسي  النووي والرنين الحمراء تحت  الأشعة

  .الكتلة  طيف وتقنية ونللكارب

  والطيفية  الفيزياوية القياسات  من عليها الحصول تم التي والقيم البيانات  كل بأن الدراسة أظهرت 

 .الدراسة هذه في المحضرة المركبات  تراكيب  صحة أكدت 

 

 

 

 

 

 



 

 
 

 الملخص

 - :الأول الجزء

 في معوض   انلين تفاعل بواسطة( A1- A6)  آمايد  البنز من مشتقات   تحضير يتضمن الجزء هذا 

 .كمذيب  كسان  دايو -1,4 بوجود  كلورايد  كلوروبنزوايل - 4 - توليدين -اورثو أو بارا الموقع

 

 -الثاني:  الجزء

  معوض  انيلين مفاعلات  خلال من حضرت ( B1-B5) حضرت  السلفونامايد  مشتقات  من بعض  

 .مساعد  لكعام N3Etو كمذيب  DCM مستخدمين توليدين  اورثو أو بارا الموقع في

 

 - الثالث: الجزء

  اورثو أو A1, B2  مزج بواسطة( C1-C3) الاليل مشتقات  بعض   تحضير يصف الجزء هذا 

 .والماء الأسيتون في البوتاسيوم وكربونات   الاليل بروميد  مع توليدين

 



 

 
 

 جامعة ميسان 

 كلية العلوم

 الكيمياء  قسم

 

لبعض مشتقات  والالتحام الجزيئي سة النشاط البايولوجيتحضير وتشخيص ودرا

 الانلين الجديدة

 

 الرسالة 

  انمقدمة الى كلية العلوم/جامعة ميس

في علوم الكيمياءستيفاء متطلبات الحصول على درجة الماجستير لأ  

 من قبل

 زهراء صباح شمخي
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