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                                         Abstract  

This research is divided into two parts: 

  Part one: 

This part involved in the synthesis of some sulfa drugs which play an 

important role in the medicinal chemistry because of their antibacterial 

activity. 

The synthesized compounds: 

      1.p-Amino-N-(2-methylphenyl)benzene Sulfonamides. 

2.p-Amino-N-(2-methoxyphenyl)benzene Sulfonamides. 

3. p-Amino-N-(4-chlorophenyl)benzene Sulfonamides. 

4. 4-(Morpholinosulfonyl) aniline. 

5. 4-(Piperidin-1-yl sulfonyl) aniline. 

Sulfa drug compounds were identified by using elemental analysis, FTIR 

spectroscopy, UV-Visible spectroscopy and by measuring their melting 

points. 

Part two: 

This part involved the activity of the synthesized sulfa compounds on 

different pathogenic bacteria(staphylococcus aureus and pseudomonas 

aeruginosa) in vitro by using well diffusion method, different 

concentrations of sulfa drugs were prepared. Some compounds showed an 

inhibitory effect on the growth of the two bacteria and the others showed 

no inhibition activity. 



 

 

CHAPTER ONE 

 

 

INTRODUCTION 
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1.1. Sulfa drugs: 

     Sulfonamides were first synthesized by Gelmo et al.
(1)

 in 1908 while 

doing research into azo dyes. Directly following this work, Hoerlien et al. 

discovered dyes containing the sulfanylgroup that had affinity for 

proteins of silk and wool. This led to the discovery by Eisenberg in 1913, 

that chrysolidine, one of the azo dyes studied, had pronounced 

bactericidal actionin vitro. However, until 1932 the therapeutic properties 

of sulfonamides were not recognized. The German scientists Domagk et 

al. found that prontosil had pronounced in vivo antibacterial activity. 

They observed that mice with streptococcal septicemia could be cured 

with prontosil. Domagk also discovered that prontosil was rapidly 

reduced in the cell to sulphanilamide and that it was in fact the 

sulphanilamide and not the prontosil, which was the actual antibiotic.
(2)

 

H2N N N S

O O

NH2

NH2

Intestial metabolism

Prontosil
Sulfanilamide

H2N

S
O

O

NH2

 

Scheme(1.1): In vivo metabolism of prontosil
(3) 

Many different sulfonamides were synthesized during the late 1930’s A 

great number of those were discovered to possess considerable 

antibacterial activity for a variety of streptococci and pneumonococci 

bacteria. Several sulfa pyrimidines which were introduced in 1941
(4)

 were 

found to possess considerable antibacterial activity as well as lower 

toxicity than previous sulfonamides. 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
(5)

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

sulphonamides and their derivatives was a milestone in the history of 

chemotherapy. It represented the first investigation o f synthetic organic 

molecules as potential drugs to fight infection carried in the 

bloodstream.
(6)

 

Sulfonamides are an important class of synthetic bacteriostatic antibiotics 

still used today for the treatment of bacterial infections and those caused 

by other microorganisms. They are also known as sulfa drugs and were 

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 
(7)

. Sulfonamides are compounds, which have a 

general structure represented by (Fig 1.1). In this structure, R may be 

alkyl, aryl or hetero aryl etc.
(8)

 

H2N S

O

O

N R

H

4 1

 

Figure (1.1): Chemical structure of sulfonamides 

1.2. Action of sulfa drugs: 

      The activity of the sulfa drugs has been extensively studied and can 

be explained in the following manner. Sulfonamides are typically 

administered in doses that are bacteriostatic, meaning they prevent or 

limit bacterial multiplication. Sulfonamides achieve this bacteriostatic 

action by inhibiting the synthesis of folic acid in bacteria. Bacteria 

synthesize their own folic acid using endogenous compounds and 

enzymes , Endogenous compounds are those that occur naturally in the 

biological system, Specifically, sulfonamides inhibit the enzyme 
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dihydropteroate synthetase, an enzyme that catalyzes the conversion of  

p- aminobenzoic acid (PABA) and dihydropteroate diphosphate to 

dihydropteroic acid, a precursor to folic acid and DNA. Sulfonamides 

compete with PABA for the “active site” in the dihydropteroate synthtase 

enzyme, and are considered to be “competitive inhibitors” of this enzyme. 

The structural similarity of the sulfonamides to PABA “tricks” the 

enzyme into binding with the drug (sulfonamide) instead of the 

endogenous compound (PABA). The displacement of the PABA by the 

sulfonamide leads to the formation of a “false” metabolite in the folic 

acid synthesis, which cannot continue through the synthetic 

sequence.
(9,10,)
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Scheme (1.2): Mechanism of sulfonamides action 
(11)

 

 

1.3. Sulfa drugs as therapeutic agents: 

1.3.1. Sulfonamides with anti-carbonic anhydrase activity: 

     Sulfonamides are also known to inhibit the enzyme carbonic 

anhydrase (CA), an enzyme present in red blood cells and kidneys that 

catalyses the hydration of carbon dioxide and the dehydration of 

bicarbonate at physiological pH, (CO2+H2O→HCO3
-
+H

+
).

(12)
The 
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formation of bicarbonate is essential as it is involved in the carboxylation 

step of key metabolic pathways in gluconeogenesis, lipogenesis, 

ureagenesis, as well as the biosynthesis of amino acids and 

pyrimidines.
(13) 

CA controls the release of CO2 from the body via its 

transfer from tissue to blood and blood to the lungs. CA is also 

responsible for the secretion of electrolytes in tissues and organs as well 

as homeostasis, and because of its ubiquitous nature has been the target 

for inhibitors in the clinical treatment of a variety of diseases.
(14)

The 

discovery that sulfonamides inhibit CA has led to them being used for 

more than 50 years as agents to reduce blood pressure, in the treatment of 

conditions such as heart failure, glaucoma, epilepsy, and now potentially 

cancer. Acetazolamide, methazolamide, ethoxzolamide  and 

dichlorophenamide, are four such sulfonamides that have been in clinical 

use as systemic CA inhibitors since the 1950’s (Figure1.2). In addition, 

dorzolamide, and brinzolamide, have been launched as topically acting 

antiglaucoma pharmacological agents since the 1990’s (Fig. 1.2).
(14,15)

 

N

S

N

H3CCOHN SO2NH2

N

S

N

H3CCON SO2NH2 S

N

SO2NH2

EtO

Acetazolamide Methazolamide Ethoxzolamide

N
S S

SO2NH2

MeO(H2C)3

NHEt

O O

N
S S

SO2NH2

NHEt

O O

Cl

SO2NH2

Cl

SO2NH2

BrinzolamideDorzolamideDichlorophenamide

 

Figure(1.2): Some important Sulfonamides used as carbonic anhydrase 

inhibitors. 
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1.3.2. Sulfonamides with anticancer activity: 

      Chloroquinoxaline is one such sulfanilamide derivative that has 

progress to Phase II clinical trials (Figure1.3).
(16) 

Chloroquinoxaline 

inhibited the formation of solid tumors in breast, lung, ovarian, and skin 

cancer, and whilst its mode of action is unclear, it is understood that 

folate metabolism remains unaffected,  hence deviating from the usual 

distinctive nature of sulfonamide action. However, the lack of success 

during phase II clinical trials in nonsmall cell lung cancer meant its 

development as a clinical drug candidate was suspended.
(7)

 

      In 1992 Yoshino et al. discovered sulfonamide displays weak in vitro 

activity in tumor-bearing mice.
(17)

This encouraging result led to the 

design of derivatives of sulfonamide with the aim of finding improved 

anti-tumor activity. Thus, Yoshino et al. reported sulfonamide E7010as a 

suitable candidate which displayed pleasing levels of tumor growth 

inhibition against 26 human tumor cell lines (Figure 1.3). In rodent colon 

tumor models it was possible to reach a 60-99% inhibition of tumor 

growth. E7010 has been clinically assessed in phase I and II trials, and is 

currently being developed as an anti-tumor agent.
(18)

 

      Ueda et al. in 1995 developed a second generation sulfonamide ER-

34410 based on the structure of E7010 that exhibited double the potency 

of the parent compound (Figure 1.3). It was effective in vitro against 

human tumor cell lines, and could be administered at a lower dose 

compared with E7010.
(19)

More recently, studies by Ozawa et al. have 

disclosed a series of N-7 indolyl benzene sulfonamides of which E7070is 

revealed to be the most potent anti-tumor sulfonamide known 

(Figure1.3). E7070is effective in vitro and in vivo against human colon 

carcinoma, and exhibited tumor growth suppression. This was evident in 
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its ability to exert complete tumor regression in lung and colon 

carcinomas.
(20)

 E7070more commonly known as indisulam is currently in 

phase II clinical trials, and is awaiting approval to be used as an 

anticancer drug.
(21)

 

N

HN

S
N
H

MeO

O O

OH

S
N
H

N

N

H2N

Cl

S
N
H

H2N

O O
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O O

HN
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F

S
N
H

MeO

O O

E7070 (Indisulam)Chloroquinoxaline

ER-34410E7010

 

Figure (1.3): Some important sulfonamides used asanticancer agents. 

 

1.3.3. COX inhibition by sulfonamides: 

      Since 1999 sulfonamides have been used extensively as selective 

COX-II inhibitors. COX enzymes are responsible for catalysing the 

conversion of arachidonic acid to prostaglandins, which in turn is 

responsible for many biological functions such as platelet aggregation, 

normal renal function, and vasodilation, but most notably the perception 

of pain.
(22,23)

 The COX family is further subdivided into COX-I and 

COX-II, of which COX-II is the key contributor in induced inflammatory 

responses. Hence, ever since COX-II was identified in 1991, it has 

become a target for inhibition as a means to control pain resulting from 

rheumatoid and osteoarthritis. This has led to the discovery of aryl 

sulfonamides celecoxib and more recently vadecoxibin 2002 as selective 
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COX-II inhibitors (Figure1.4).
(23)

Both are used clinically in the 

management of pain and inflammation, and as selective COX-II 

inhibitors they do not exhibit the side effects displayed through non-

selective COX inhibition most commonly seen with non steroidal anti-

inflammatory drugs (NSAIDs) such as aspirin.
(24)

 

S
NH2

N
N

O O

F3C

S
NH2

O O

O

N

ValdecoxibCelecoxib  

Figure (1.4 ) Some important sulfonamides used asCOX inhibitors.
 

1.3.4. Sulfonamides as HIV inhibitors: 

      Sulfonamides also possess activity against HIV proteases. HIV 

protease consists of a homodimer with aspartyl active sites (Asp25 and 

Asp125), which have the ability to cleave difficult bonds, such as Tyr-Pro 

and Phe-Pro. Thus far, several HIV protease inhibitors are clinically 

available, and are often used in conjunction with reverse transcriptase 

inhibitors to deliver the multi-drug treatment known as the Highly Active 

Anti- Retroviral Therapy (HAART). It was found that nonpeptidic 

protease inhibitors display higher bioavailability as well as slower 

excretion rate compared to the conventional peptide-base protease 

inhibitors. Among those protease inhibitors Amprenavir and Tipranavir 

are sulfonamide derived drugs.
(25,26)
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Figure (1.5 ) Some important sulfonamides used asHIV inhibitors. 

1.3.5. Other applications for sulfonamides:  

       Several other sulfonamides have been clinically accepted and are 

currently employed in the treatment of various diseases (Figure 1.6). 

Furosemide and torsemideare two such sulfonamides that have found 

value as diuretics which relieve hypertension in patients with chronic 

systolic heart failure,
(27,28)

 whilst glibenclamide is a sulfonamide that is 

prescribed for treatment of type II diabetes. Glibenclamideis a potent and 

selective ATP-sensitive potassium ion channel blocker, which applies a 

glucose lowering effect by stimulating calcium influx and thus insulin 

production in theB-cells of the pancreas.
(29)

Finally amongst the most 

topical of current sulfonamide drugs is sildenafil. Sildenafil (Viagra ) is 

used for the treatment of erectile dysfunction. Erection is caused by 

binding of nitric oxide NO (released from the brain) to guanylate cyclase, 

causing the build-up of cyclic guanosine monophosphate (cGMP) 

resulting in smooth muscle relaxation and increase blood flow to the male 

organ. Viagra works by inhibiting phosphodiesterase-5 which is 

responsible for metabolizing  cGMP, resulting in prolonged erection.
(30)
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Figure(1.6 ) : sulfonamides used for several diseases. 

1.4. Pathogenic bacteria: 

      The pathogenesis of bacterial infection includes initiation of the 

infectious process and the mechanisms that lead to development of signs 

and symptoms of disease Characteristics of bacteria that are pathogens 

include transmissibility, adherence to host cell invasion of host cells and 

tissues. Toxigenicity and ability to evade the host
’
s immune system. 

Many infections caused by bacteria that are commonly considered to be 

pathogens are in apparent or asymptomatic. Disease occurs if the bacteria 

or immunologic reactions to their presence cause sufficient harm to the 

person.
(31)

 

1.4.1. The Staphylococcus genus: 

      The genus Staphylococcusis composed of Gram-positive bacteria 

with diameters of 0.5-1.5 μm, characterized by individual cocci that 

divide in more than one plane to form grape-like clusters.
(32)

 These 

bacteria are non-motile, nonspore forming facultative anaerobes, 

featuring a complex nutritional requirement for growth
(33,34)

, a low G+C 
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content of DNA, a tolerance to high concentrations of salt  and resistance 

to heat.
(35) 

S. aureus the most pathogenic specie of the genus 

Staphylococcus, being implicated in both community-acquired and 

nosocomial infections. It often asymptomatically colonizes the skin and 

mucous membranes of healthy individuals, in particular the anterior 

nares. In effect, it has been estimated that about 20-30 % of the 

population are permanently colonized by this bacterium, while other 30 

% are transient carriers.
(36)

 This colonization represents an increased risk 

of infection by providing a reservoir from which bacteria are introduced 

when the host defense is compromised. Due to the importance of S.aureus 

infections and the increasing prevalence of antibiotic-resistant strains, this 

bacterium has become the most studied staphylococcal species.
(37)

 

 

 
Figure (1.7): scanning electron microscopy of staphylococcus aureus.

(38)
 

S.aureus  is a clinically significant classical pathogen that causes a range 

of community acquired diseases and is also  a leading nosocomial 
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pathogen. The diseases that are caused by s.aureus can be divided into 

several categories
(39)

: 

1. toxin mediate diseases: food  poisoning, scalded skin syndrome 

and toxic shock syndrome (TSS). 

2. infection of the skin and soft tissue: furuncles, boils, cellulitis and 

impetigo. 

3. infection of deep site : bone, joins, hear valves, spleen and liver. 

4. infection of the lungs and urinary tract: pneumonia and urinary 

infection due to catheterization. 

 

1.4.2. Pseudomonasaeruginosa: 

     Pseudomonas aerugionosa (P.aruginosa) is a non-fermentative, aerobic 

Gram negative rod, measuring 0.5 to 0.8 µm by 1.5 to 3.0 µm. Almost all 

strains are motile by means of a single polar flagellum. It normally lives 

in moist environments, and uses a wide range of organic compounds for 

growth, thus giving it an exceptional ability to colonize ecological niches 

where nutrients are limited, from water and soil to plant and animal 

tissues. 
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Figure (1.8): Pseudomonasaeruginosa.
(42) 

      Typical biochemical features of P. aeruginosa isolates are: positive 

oxidase test, growth at 42 °C, hydrolysis of arginine and gelatine, and 

nitrate reduction. P.aeruginosa strains produce two types of soluble 

pigments, pyoverdin and pyocyanin.
(40)

 Pseudomonas aeruginosa has 

been found to cause a variety of infections in clinical practice besides 

chronic CF lung infection, including common acute septicemia from burn 

or surgical wound infection, urinary tract infection, corneal ulceration 

(from wearing contact lenses), endocarditis (caused by intravenous drug 

use, etc.), and pneumonia (from use of ventilator and endotracheal 

tube).
(41)
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1.5.Biological activity: 

1.5.1.Mechanism of antimicrobial action: 

    It should always be remembered that drugs are seldom the sole solution 

of cure but act together with the natural defenses of the body. The 

mechanism of action of most antimicrobial drugs is not completely 

understood. However, these mechanisms of action can be placed under 

four headings.
(43,44)

 Figure (1.9) show the overall mechanism. 

 

Figure (1.9): Mechanism of antimicrobial action.
(43)
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1.5.1.1.Inhibition of cell wall synthesis: 

       Bacteria possess a rigid outer layer of the cell wall. which maintain the 

shape of the microorganism and provide protection against much lower 

osmotic pressure of the environment (the internal pressure is three to five 

times greater in gram-positive than in gram-negative bacteria)
(45,46)

, as in 

Figure(1.10). 

 

Figure (1.10): Outer wall of Gram-positive and Gram-negative species.
(46) 

     Structurally, bacteria resemble primitive plants in that the cellular 

contents are surrounded by an inner peptidoglycan cell wall in addition to 

an inner plasma membrane and, in Gram-negative bacteria, an outer lipid 

bilayer. Specific antibacterial interfere with the synthesis of the cell wall, 

weakening the peptidoglycan scaffold within the bacterial wall so that the 

structural integrity eventually fails. Since mammalian cells have a plasma 

membrane but lack the peptidoglycan wall structure, this class of 

antibacterial selectively targets the bacteria with no significant negative 

effect on the cells of the mammalian host
(45)

. 
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      Bacterial multiplication involves a breakdown and an extension of the 

wall, interference with these processes, prevents the organism from 

resisting osmotic pressures, so that it bursts. As these cells of higher 

organisms, e.g. human, these organisms do not possess this type of wall. 

Drugs which act here, may be especially selective, obviously the drugs are 

effective only against growing cells. They include (bacitracin, 

cephalosporins, cycloserine, penicillins, and vancomycin)
(47)

. 

O
O

H
N

N

S

O
OH

O

R2

O

H
N

N

I

S

OH

R1

O

H

II  

Figure (1.11):structures 0f penicillins (I) and cephalosporins (II). 

1.5.1.2.Inhibition of cell membrane function: 

      Biologic membranes are composed basically of lipid, protein, and 

lipoprotein. The cytoplasmic membrane acts as a diffusion barrier for 

water, ions, nutrients, and transport systems. Most workers now believe 

that membranes are a lipid matrix with globular proteins randomly 

distributed to penetrate through the lipid bilayer.
(48)

 A number of 

antimicrobial agents can cause disorganization of the membrane. These 

agents can be divided into cationic, anionic, and neutral agents. The best 

known compounds are polymyxin B and colistemethate (polymyxin E). 

These high-molecular-weight octapeptides inhibit Gram-negative bacteria 

that have negatively charged lipids at the surface. Since the activity of the 

polymyxins is antagonized by Mg
2+

 and Ca
2+

, they probably competitively 

displace Mg
2+

 or Ca
2+

 from the negatively charged phosphate groups on 

membrane lipids. Basically, polymyxins disorganize membrane 

permeability so that nucleic acids and cations leak out and the cell dies. 
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The polymyxins are of virtually no use as systemic agents since they bind 

to various ligands in body tissues and are potent toxins for the kidney and 

nervous system. Gramicidins are also membrane-active antibiotics that 

appear to act by producing aqueous pores in the membranes. They also are 

used only topically.
(49)
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Figure (1.12): Structure of polymyxin (B). 

1.5.1.3.Inhibition of proteins synthesis:  

      It is established that (Chloramphenicol, Tetracycline, Erythromycin, 

lincomycin and aminoglycoside) drugs can inhibit proteins synthesis in 

bacteria. The precise mechanism of action is not fully establishing for these 

drugs.
(50)

Bacteria have 70S ribosomes. The subunit of each type of 

ribosome is different in chemical composition, and their functional 

specification are sufficiently different, therefore antimicrobial drugs can 

inhibit proteins synthesis in bacterial ribosome by inhibition of 

transcription and translation of genetic material without having a major 

effect on mammalian ribosome.
(51)
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Figure (1.13): Structures of Tetracycline (I) and Chloramphenicol (II). 

1.5.1.4.Inhibition of nucleic acid synthesis: 

     A nucleic acid inhibitor is a type of antibacterial that acts by inhibiting 

the production of nucleic acids. There are two major classes: DNA 

inhibitors and RNA inhibitors. 

1. DNA inhibitors such as Quinolones are a key group of antibiotics 

that interfere with DNA synthesis by inhibiting topoisomerase, 

most frequently topoisomerase II (DNA gyrase), an enzyme 

involved in DNA replication. DNA gyrase relaxes super coiled 

DNA molecules and initiates transient breakages and rejoins 

phosphodiester bonds in superhelical turns of closed-circular DNA. 

This allows the DNA strand to be replicated by DNA or RNA 

polymerases. The fluoroquinolones, second-generation quinolones 

that include levofloxacin, norfloxacin, and ciprofloxacin, are active 

against both Gram-negative and Gram-positive bacteria.
(52)

 

N

F

N

OH

HN

O O

N

F

N

OH

HN

O O

I
II  

Figure (1.14): Structures of norfloxacin (I) and Ciprofloxacin (II). 

 

http://en.wikipedia.org/wiki/Antibacterial
http://en.wikipedia.org/wiki/Nucleic_acid
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2. RNA inhibitors such as Rifampicin blocks initiation of RNA 

synthesis by specifically inhibiting bacterial RNA polymerase. It 

does not interact with mammalian RNA polymerases, making it 

specific for Gram-positive bacteria and some Gram-negative 

bacteria. Doxorubicin and actinomycin D, are not specific for 

bacteria and interfere with both bacterial and mammalian 

systems.
(53)
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Figure (1.15): Structures of Rifampicin (I) and Doxorubicin (II). 

 

1.5.2.Spectrum of antibacterial activity and Resistance: 

       Sulfonamides inhibit (bacteriostatic) gram-positive and gram-

negative bacteria, Nocardia, Chlamydia trachomatis and some protozoa. 

Enteric bacteria such as E.coli, Klebsiella, Salmonella, Shigella and 

Enterobacterare also inhibited. Resistance to sulfonamides may develop 

when bacterial mutations result: (i) in PABA overproduction, (ii) in a 

folic acid synthesizing enzyme protein that has low affinity for 

sulfonamides and (iii) from a loss of cell permeability to 

sulfonamides.
(6,54)

 

 

 

http://en.wikipedia.org/wiki/RNA
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1.5.3.Pharmacokinetics:
(6,55)

 

    Sulfonamides can be classified into three major groups: oral absorbable 

agents, oral non absorbable agents and topical. oral  absorbable agents 

may be further classified as short, medium, or long acting sulfonamides. 

Sulfonamides are absorbed from the stomach and small intestine and 

widely distributed to tissues, including the CNS. Sulfonamides and 

inactivated metabolites are excreted by the kidney mainly through 

glomerular filtration. 

 

1.5.3.1.Oral absorbable agents: 

I. Short Acting: sulfonamides with a half-life less than 10 hours. (e.g. 

sulfamethazole, sulfisoxazole and sulfanilamide have been used 

for the treatment of urinary tract infections). 

II. Intermediate Acting: Sulfonamides with a half-life between 10- 24 

hours. (e.g. sulfamethoxazole and sulfadiazine have been used 

for various infections especially active against invasive 

aspergillosis in AIDS patients). 

III. Long Acting: Sulfonamides with a half-life longer than 24 hours. 

(e.g. Sulfadimethoxine and Sulfadioxine have been used for the 

treatment of ulceration colitis). 

 

1.5.3.2.Oral non-absorbable agents: e.g. sulfasalazine. Sulfasalazine is 

reserved for the treatment of chronic inflammatory bowel disease. 

1.5.3.3.Topical agents: e.g. sodium sulfacetamide, silver sulfadiazine. 

The former is effective treatment for bacterial conjunctivitis while the 

latter is preferred for prevention of infection of burn wounds. 
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Figure(1.15) :Some important sulfonamides as antibacterial Sulfamethazine(I), 

Sulfaisodimidine(II), Sulfaisoxazole(III), Sulfadiazine(IV), Sulfamethoxazole(V) 

and Sulfasalazine(VI). 

 

1.5.4.Adverse effects of sulfa drugs: 

      The toxic effects which may arise during sulfonamide therapy are: 

crystalluria, acute hemolytic anemia, agranulocytosis, a plasticanemia, 

hypersensitivity reactions, gastrointestinal upsets including anorexia, 

nausea and vomiting, headache, dizziness, mental depression, and other 

signs of central nervous system involvement. Hepatitis is a rare but 

potentially dangerous complication of sulfonamide therapy.
(6)
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1.6.Aim of The Work: 

1. Synthesis of some of sulfa drug compounds. 

2. Characterization using: Elemental analysis, FTIR and UV-visible               

spectroscopy of the prepared compounds was important for my 

study. 

3. Study the biological activity of the synthesized compounds against 

two types of bacteria: 

I. Staphylococcus aureus (Gram positive). 

II. Pseudomonas aeruginosa (Gram negative). 
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1.2.Chemicals: 

      All of the reagents and starting materials used in the present work 

were of reagent grade and were used without further purifications unless 

otherwise noted. Table (2-1) shows all the utilized chemicals in the 

experimental course of the thesis. 

 

Table (2-1) Chemicals and their manufacturers 

No. Compound Formula Company 

1 Acetanilide C8H9NO Merck 

2 Chlorosulfonic acid HClSO3 Fluka 

3 p-Chloroaniline C6H6NCl Merck 

4 DMSO CH3SOCH3 Fluka 

5 Di Ethyl ether C4H10O Fluka 

6 Hydrocloric acid HCL BDH 

7 Morpholine C4H9NO Ferak 

8 o-Methyl aniline C7H9N BDH 

9 o-Methoxy aniline C7H9NO BDH 

10 Piperidine C5H11N BDH 

11 Potassium bromide KBr BDH 

12 Sodium bicarbonat NaHCO3 Fluka 

13 Sulfamethoxazol C10H11N3O3S Bilim 

pharmaceuticals 

 

 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Sulfur
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2.2.Cultures Media: 

 The cultures media used in this work were listed in Table (2-2) 

Table (2-2) Cultures media with the supplied company and origin purpose 

Using 
Company 

supplied from 
Media 

NO. 

For determination of 

susceptibility of microorganism 

to antimicrobial agents. 

Mumbai (India) 

Mueller 

Hinton Agar 

(MHA) 

1 

For activation the 

microorganism before testing. 
Mumbai (India) 

Nutrient Broth 

( NB) 

 

2 

For isolation and cultivation of 

many fastidious pathogenic 

microorganism. 

Mumbai (India) 

Blood Agar 

(BA) 

 

3 

 

2.3. Instruments: 

 2.3.1. Melting point                                                            

The melting points were determined on electro thermal capillary 

apparatus, Gallenkamp, England. 

2.3.2. Fourier Transform Infrared Spectroscopy (FT-IR) 

The FT-IR spectra in the range (400-4000) cm
-1

 cut were recorded as KBr 

disc on FT-IR.8300 Shimadzu Spectrophotometer. (Ibn- Sena/Baghdad 

University) . 

2.3.3. Ultraviolet-Visible Spectroscopy (UV-Vis)  

The UV-visible spectra were measured using Shimadzu UV-Vis. 160 A-

Ultra-violet Spectrophotometer in the range (200-500) nm. (AL-Nahrain 

University). 
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2.3.4. Hot plate with magnetic stirrer   

Gallenkamp / England 

2.3.5. Elemantal analysis (CHNS) 

Elemental C H N S analysis were carried out on a Fison EA 1108 

analyzer (Ibn- Sena/ Baghdad University). 

2.3.6. Autoclave 

Sturdy SA- 300 VL ( Taiwan). AL-Nahrain University/College of  

Applied Biotechnology. 

2.3.7. Incubator 

Memmert (Germany). AL-Nahrain University/College of Applied 

Biotechnology. 

2.3.8.Oven 

Memert/  Germany 

2.3.9.Balance 

TP Series/ Chinese 
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2.4.Synthesis Steps Of The Compounds (IIIa, IIIb, IIIc, IIId and 

IIIe): 

2.4.1.Synthesis Of  p-Acetamidobenzenesulfonyl Chloride (I):  

     Equip a 250 ml flask and cooled in ice bath, Place (2.5 g. 0.018 moles) 

of dry acetanilide in the flask. Excess of chlorosulfonic acid(6.25ml, 

0.093 moles) was added in small portions and shake the flask from time 

to time to ensure thorough mixing. When the addition has been made, 

under stirring, heat the reaction mixture on a water bath(50-60C) for 1 

hour in order to complete the reaction. Allow the flask to cool to room 

temperature and slowly pour the contents, with vigorous stirring, into a 

beaker containing 100g. of crushed ice, a milky-white precipitate is 

formed. This suspension was filtered off, washed with a little cold water 

and  air dried to give crude product, which was used immediately in the 

next step without further purification (M.P 148C).
(56)

 

CH3
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+ 2 HOSO2Cl

CH3

C
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O O
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+ H2SO4 + HCl

 

Scheme(2.1): Synthesis Of p-Acetamidobenzenesulfonyl Chloride(I) 

2.4.2.Synthesis Of  p-Acetamido-N-(2-methylphenyl)benzene 

Sulfonamides(IIa): 

     To crude p-acetamidobenzenesulfonyl chloride dissolved in diethyl 

ether (30 ml) was added dropwise  o-methyl aniline (2.5 ml, 0.023moles). 

Under stirring it took one hour for the reaction to complete. After the 

completion of the reaction, the precipitate was collected by filtration and  

air dried. The same procedure was repeated with 0.023moles of each 
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amine (2.56 ml o-methoxy aniline, 2.93g  p-chloro aniline, 2.26 ml 

Piperidine, 2ml morpholine )
(57)
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IIb: x= O-OCH3, p-acetamido-N-(2-methoxyphenyl)benzenesulfonamide

IIc: x= P-Cl, p-acetamido-N-(4-chlorophenyl)benzenesulfonamide
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IId: N-[4-(Morpholine-4-sulfonyl)-phenyl]-acetamide

IIe: N-[4-(Piperidine-1-sulfonyl)-phenyl]-acetamide  

Scheme(2.2): Synthesis Of (IIa, IIb, IIc, IId, IIe) compounds. 
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2.4.3.Synthesis Of p-Amino-N-(2-methylphenyl)benzene 

Sulfonamides (IIIa): 

      p-Acetamido-N-(2-methylphenyl)benzenesulfonamide (IIa) from the 

previous step is placed in a 50 mL round-bottom flask equipped with a 

magnetic stir bar. Dilute hydrochloric acid (5 ml of conc. HCl in 10ml of 

water) is added to the flask. The flask is fitted with a condenser and 

heated at reflux with constant stirring for (30-45) minutes, after which it 

is allowed to cool to room temperature. After cooling, the reaction 

mixture is neutralized by slow addition of a 10% NaHCO3 solution with 

stirring until it tests slightly alkaline to pH paper. A precipitate may have 

begun to form during neutralization. Cool the beaker in an ice bath to 

complete the precipitation of product. It may be necessary to gently 

scratch the inside bottom of the beaker to induce crystallization. The 

product is collected by filtration, washed with a small amount of ice cold 

water and air dried. The same procedure was repeated with (IIb, IIc, IId, 

IIe) compounds.
(56, 58)
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Scheme(2.3): Synthesis Of (IIIa, IIIb, IIIc, IIId and IIIe) compounds. 
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Table (3-1)Physical properties of synthesized compounds  

 

Compounds Colour M.P.(°C) Yield (%) M. Wt. formula 

Elemental analysis theoretical (Experimental) % 

C  H  N  S  O 

Compound 

(1) 
White 185-187 86 262.33 C13H14N2SO2 59.52(59.41) 5.38(5.40) 10.68(10.70) 12.22(11.99) 12.20(12.33) 

Compound 

(2) 
Pale white 204-206 80 278.33 C13H14N2SO3 56.10(55.98) 5.07(4.96) 10.06(9.88) 11.52(11.22) 17.25(17.49) 

Compound 

(3) 

Yellowish 

white 
196-198 52 282.75 C12H11N2SO2Cl 50.97(50.88) 3.92(3.46) 12.54(12.55) 11.35(11.50) 11.32(11.40) 

Compound 

(4) 
White 174-176 71 242.29 C10H14N2SO3 49.57(49.34) 5.82(5.56) 11.56(11.71) 13.23(12.96) 19.81(19.76) 

Compound 

(5) 
White 160-162 78 240.32 C11H16N2SO2 54.98(55.20) 6.71(6.88) 11.66(11.36) 13.34(13.44) 13.31(13.21) 
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2.5.Biological activity: 

2.5.1.Antimicrobial activity: 

     In this study, the synthesized compounds were evaluated for their in 

vitro antimicrobial activity against the pathogenic bacteria, two bacterial 

species were used: one of them gram positive bacteria which was 

Staphylococcus aureus, the other gram negative bacteria which was 

pseudomonas aeruginosa. these microorganisms were obtained from 

College of Applied Biotechnology / AL.Nahrain University. 

2.5.2.Bacterial Sensitivity Test of the Prepared Compounds: 

     Well diffusion method was used to determine the inhibiting power of 

the prepared compounds against the pathogenic bacteria
(59,60)

. 

Sulfamethoxazole  was used to compare the power of inhibition. 

2.5.3.Well-Diffusion Method: 

  This method depends upon the variation in concentration of the prepared 

compounds. A series of concentrations were made from the already 

prepared compounds with the range from (50, 25, 12, 6, and 3 mg/ml).  

Sulfamethoxazole was used as a reference antibiotic drugs and DMSO 

was used as a solvent for these compounds. 

The following steps were done to measure the biological activity: 

 

2.5.3.1. Nutrient broth and Mueller Hinton preparation: 

     Nutrient broth and Mueller Hinton agar were prepared by dissolving 

28 gm for each liter of distilled water
(61)

. Sterilization was achieved by 

autoclaving under pressure of (1.5 atm) and temperature of (115C
o
) for 

(15-20 minutes). The medium was cooled to 50C
o
. Then put it in plate 
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(20 mL) Mueller Hinton for each plate and left in room temperature to 

dry so that the plantation medium will be solid, a semi-solid gelatinous 

layer was generated
(62)

. 

2.5.3.2.Activation of  microorganisms : 

     A touch of colony was taken by a loop to the test tube that contains 5 

mL of the sterilized nutrient broth; it was shaken well and incubated in 

incubator for 24 hrs. at 37°C. The loop was sterilized by a flame before 

using so that the planted bacteria were not contaminated.                                                        

2.5.3.3.Antibacterial evaluation: 

    Medium Inoculated bacteria suspension were diluted by 1/100 by using 

normal-saline solution with concentration of (0.85%) to prevent crowded 

growth. (0.1 mL) of bacteria diluted suspension was transported to each 

plate and spread by using sterilized cotton spreader on test medium 

surface. The Plates were left for (15-20) min. at 37°C to make absorption. 

The plates of Mueller Hinton agar were inoculated by S.aureus and 

P.aeruginosa. In each medium six pores were made by the use of a sterile 

dry rod with a diameter of 5 mm, these pores were made with equal 

distance between each other, then the solutions of different concentrations 

of the prepared compounds were added using fixed amount of 0.1 mL 

from each concentration in one pore and DMSO as control, to see the 

effect of solvent for each type of  bacteria. These plates were incubated at 

37C
0
 for 24 hrs. After the incubation, the inhibition zone was measured 

for each pore using a ruler in a millimeter (mm). The zone of inhibition is 

defined as the translucent area which surrounds the disc including 

the diameter of the disc that lacks bacterial growth. The bacteria was 

considered sensitive, mean-sensitive or resistant depending on inhibition 

zone. 
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3.1. Chemistry: 

     Acetanilide was choosen as a starting  material based on its amino 

group which is already protected by acetyl and later on can be 

deprotected to get the free amino group again for further synthesis when 

the desired sulfa compounds could obtained. Acetanilide was converted 

to its corresponding sulfonyl chloride by chlorosulfonation by the direct 

reaction of chlorosulfonic acid with it
(56)

. The suggested amino 

compounds for preparation of sulfa derivatives are verified the from 

aromatic with either activated and deactivated group or aliphatic residue 

like piperidine and morpholine. These products were prepared by the 

condensation of precursor (I) with the amines, i.e., (2-methylaniline, 2-

methoxyaniline, 4-chloroaniline, morpholine and piperdine) to furnish the 

4-acetamido-N substituted benzenesulfonamides (IIa, IIb, IIc, IId and IIe) 

respectively. The acetyl group was removedto afford the4-amino-N-

substituted benzenesulfonamides (IIIa,IIIb,IIIc,IIId and IIIe). The 

synthesis routes of the compounds (IIIa,IIIb,IIIc,IIId and IIIe) are shown 

in scheme (3.1). 
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Scheme (3.1):The chemical steps for synthesis of compounds (IIIa, IIIb, IIIc, IIId 

and IIIe) 
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3.1.1.Synthesis of  p-Acetamidobenzenesulfonyl Chloride (I): 

p-Acetamidobenzenesulfonyl Chloride was prepared through the reaction 

of acetanilide with chlorosulfonic acid, the product (I) was showed 

identical melting point (148 
o
C). The suggested mechanism for 

chlorosulfanation can be illustrated in scheme (3.2), the aromatic π-

electorns can attack the partially positive charge sulfur atom. At the same 

time the chloride will leave to form the corresponding acid. The second 

molecule of chlorosulfonic acid will attach its chloride to the aromatic 

sulfonic acid to get the more stable sulfuric acid and converted the 

aromatic acid to its corresponding chloride
(63)

. 
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O
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O
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Scheme (3.2): mechanism for synthesis of compound (I) 

3.1.2. Synthesis of p-Acetamido-N-(2-methylphenyl)benzene 

Sulfonamides(IIa) and (IIb,IIc, IId,IIe) Compounds:  

The crude p-acetamidobenzenesulfonyl chloride reacts with o-Methyl 

aniline to produce the p-Acetamido-N-(2-methylphenyl) benzene 

sulfonamide (IIa) . The others were prepared in the same manner and 

used in the next step without further purification. The reaction 

mechanism could be followed the illustrated scheme (3.3)
(63)

. 
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Scheme (3.3): mechanismReaction for preparation of (IIa, IIb,IIc, IId, and IIe) 

Compounds. 

       Compound (IIa) was showed a medium peak at 3332 cm
-1

 which 

assigned to  the NH bond of  sulfonamide.  In addition the peak at 3286 

cm
-1

 due to the stretching vibration of NH amide group. Peaks at 2981 

and 2920 cm
-1

 could be attributed to the asymmetric and symmetric 

stretching vibration of CH3 of methyl group, while the peaks at 1400 and 

1373 cm
-1

 can be assigned to the bending vibration of CH3 of methyl 

group. The spectrum showed a peak at 1693 cm
-1

 which assigned to the 

carbonyl stretching vibration. Stretching vibration of SO2 was identified 

by the peak at 1323 and 1149 cm
-1

 (Fig 3.1).  

     Compound (IIb) was showed a medium peak at 3484 cm
-1

 which 

assigned to  the NH bond of  sulfonamide.  In addition the peak at 3263 

cm-1 due to the stretching vibration of NH amide group. The peaks at 

2958 and 2929 cm
-1

 could be attributed to the asymmetric and symmetric 

stretching vibration of CH3 of methoxy group, while the peaks at 1446 

and 1400 cm-1 can be assigned to the bending vibration of CH3 of 

methoxy group. The spectrum showed a peak at 1707 cm
-1

 which 

assigned to the carbonyl stretching vibration. he stretching vibration of 

SO2 was identified by the peaks at 1321 and 1159 cm-1.  Moreover, the 
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absorption at 1112 cm
-1

 can be assigned to the C-O bond of  methoxy 

group (Fig 3.3). 

 

Figure(3.1): FTIR spectrum of p-Acetamido-N-(2-methylphenyl)benzene 

Sulfonamide(IIa)  
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Figure(3.2): FTIR spectrum of p-Acetamido-N-(2-methoxyphenyl)benzene 

Sulfonamide(IIb) 
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     The crude products of step 2 were deprotected by acidic medium to 

produce the corresponding free amino compounds. For example, p-

Acetamido-N-(2-methylphenyl)benzenesulfonamide(IIa) was treated with 

HCl in water for  hydrolysis to produce the final product (IIIa). The pure 

compounds was obtain after recrystallization from ethanol. All 

compounds have been characteristized by FTIR, UV-Vis and  CHNS.  

The reaction mechanism was illustrated in scheme (3.4)
(64)

. 
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Scheme (3.4): mechanism synthesis for preparation of (IIIa) and (IIIb, IIIc, IIId, 

IIIe) Compounds. 
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3.2.Characterization of the prepared compounds by Infra-Red 

spectroscopy: 

    The infra-red spectrophotometer technique was used to characterize the 

prepared compounds through the assignment of stretching vibration 

bands. The FTIR spectra were shown the characteristic peaks of 

compounds as follow: 

3.2.1.p-Amino-N-(2-methylphenyl)benzene Sulfonamides(IIIa): 

     This compound(IIIa)was showed the medium two peaks at 3444 and 

3423 cm
-1

 due to the asymmetric and symmetric stretching vibration of 

NH2 group while 3321 cm
-1

 of the NH of  sulfonamide. The carbonyl of 

amido was disappear in the spectrum that mean the deprotection was 

done. The peaks at 2902 and 2864 cm
-1

 can be attributed to the 

asymmetric and symmetric stretching vibration of CH3 group, while the 

peaks at 1465 and 1398 cm
-1

 can be assigned to the bending vibration of 

CH3 group. The stretching vibration of SO2 was identified by the peak at 

1315 and 1149 cm
-1

. 

3.2.2.p-Amino-N-(2-methoxyphenyl)benzene Sulfonamides(IIIb) 

     This compound (IIIb) was showed the medium peak at 3484 cm
-1

 

which assigned to  the NH bond of  sulfonamide.  In addition the two 

peaks at 3367 and 3313 cm-1 due to the asymmetric and symmetric 

stretching vibration of NH2 group. The spectrum showed no carbonyl 

absorption at 1681 cm
-1

, i.e., the deprotection was done. The peaks at 

2978 and2935cm
-1

 can be attributed to the asymmetric and symmetric 

stretching vibration of CH3 of methoxy group, while the peaks at 1465 

and 1396 cm
-1

 can be assigned to the bending vibration of CH3 of 

methoxy. The stretching vibration of SO2 was identified by the peak at 
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1323 and 1157 cm
-1

.  Moreover, the absorption at 1111 cm
-1

 can be 

assigned to the C-O bond of  methoxy group. 

3.2.3.p-Amino-N-(4-chlorophenyl)benzene Sulfonamides(IIIc): 

     This compound (IIIc) was showed the medium peak at 3484 cm
-1

 

which assigned to  the NH bond of  sulfonamide.  In addition the two 

peaks at 3383 and 3228 cm-1 due to the asymmetric and symmetric 

stretching vibration of NH2 group. The spectrum showed no carbonyl 

absorption at 1681 cm
-1

, i.e., the deprotection was done.The stretching 

vibration of SO2 was identified by the peak at 1323 and 1157 cm-1.  

Moreover, the medium absorption at 640 cm
-1

 can be assigned to the C-Cl 

bond. 

3.2.4. 4-(Morpholinosulfonyl) aniline (IIId): 

     This compound (IIId) was showed the medium two peaks at 3309 and 

3263 cm-1 due to the asymmetric and symmetric stretching vibration of 

NH2 group. The carbonyl of amido was disappear in the spectrum that 

mean the deprotection was done. The peaks at 2935 and 2888cm
-1

 can be 

attributed to the asymmetric and symmetric stretching vibration of CH2of 

the morpholine  group, while the peaks at 1404 and 1359 cm-1 can be 

assigned to the bending vibration of CH2 group. The stretching vibration 

of SO2 was identified by the peak at 1315and 1165 cm-1. In addition the 

peak at 1053 cm-1 can be assigned to the C-O group. 

3.2.5. 4-(Piperidin-1-yl sulfonyl) aniline(IIIe): 

      This compound (IIIe) was showed the medium two peaks at 3294 and 

3259 cm-1 due to the asymmetric and symmetric stretching vibration of 

NH2 group. The carbonyl of amido was disappear in the spectrum that 

mean the deprotection was done. The peaks at 2927 and 2854cm
-1

 can be 
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attributed to the asymmetric and symmetric stretching vibration of CH2of 

the morpholine  group, while the peaks at 1435 and 1359 cm
-1

 can be 

assigned to the bending vibration of CH2group.The stretching vibration of 

SO2 was identified by the peak at 1323 and 1161 cm
-1

. 
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Figure(3.3): FTIR spectrum of compound (IIIa)  
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Figure(3.4): FTIR spectrum of compound (IIIb)  
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Figure(3.5): FTIR spectrum of compound (IIIc)  
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Figure(3.6): FTIR spectrum of compound (IIId)  
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Figure(3.7): FTIR spectrum of compound (IIIe) 
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3.3.Characterization of prepared compounds by Ultraviolet-Visible 

spectroscopy: 

      Spectral band (λmax) values from the recorded UV-Vis spectra are 

given in Table (3.1). UV-Vis spectra of the synthesized compounds were 

recorded using DMSO as solvent in range of 200-500 nm. The 

characteristic UV bands with λmax around 230 and 270 nm were 

indicative of the presence of benzene chromophore and sulfonamides 

moiety .The UV-Visible spectra of synthesized compounds were shown 

in Figures (3.8) (3.12)ــ: 

 

      Figure(3.8): The ultraviolet-visible spectrum for the (IIIa) in DMSO solvent. 
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Figure(3.9): The ultraviolet-visible spectrum for the (IIIb) in DMSO solvent. 

 

Figure(3.10): The ultraviolet-visible spectrum for the (IIIc) in DMSO solvent. 
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Figure(3.11): The ultraviolet-visible spectrum for the (IIId) in DMSO solvent. 

 

Figure(3.12): The ultraviolet-visible spectrum for the (IIIe) in DMSO solvent. 
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Table (3.1) electronic spectra of the prepared compounds. 

 

 

 

 

 

 

 

 

 

 

 

3.4.Biological study Results: 

      Pathogenic microorganisms cause different kinds of diseases to 

human and animals. Discovery of chemotherapeutic agents played a very 

important role in controlling and preventing such diseases. 

Chemotherapeutic agents are isolated either from living organisms known 

as antibiotics like penicillin and tetracycline etc., or they are chemical 

compounds prepared by chemists such as sulfa drugs. Microorganisms 

have the ability to develop resistance to these chemotherapeutic agents 

and such strains which are resistant causing major problem in treatment 

of microbial infections. For this reason searching for new antimicrobial 

agents is continuous process and great efforts have been employed to find 

new antibiotics or new compounds with good antimicrobial activity 

which might be suitable to be used as chemotherapeutic agents
(65)

.Two 

Comps. 
Absorption 

Bands(nm) 
Assignment 

IIIa 

208 

233 

263 

π-π* 

π-π* 

n-π* 

IIIb 

208 

231 

266 

π-π* 

π-π* 

n-π* 

IIIc 

210 

237 

265 

π-π* 

π-π* 

n-π* 

IIId 

208 

260 

283 

π-π* 

π-π* 

n-π* 

IIIe 
209 

263 

π-π* 

n-π* 
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microorganisms were isolated and identified to be used in vitro 

techniques, this microorganisms were: 

Staphylococcus aurues (gram positive) and pseudomonas aerginosa (gram 

negative), the technique was the (Well sensitivity test), this method 

involves the exposure of the zone of inhibition toward the diffusion of 

microorganism on agar plates. A standard (5mm) diameter of wells 

impregnated with a specified volume of the compound solution, this well 

was placed on an agar plate cultured by the test organism. The plates 

were incubated for (24 hrs. at 37 °C). The zone of inhibition of bacterial 

growth around the well was observed.
(66)

 

 

3.4.1.Inhibition ability of prepared compounds against gram positive 

bacteria: 

     The inhibition zones caused by the various compounds on the 

staphylococcus aureus bacteria were examined.(50,25,12,6 and 3 mg/ml 

concentrations for all of these compounds) and results were listed in 

Table (3.2) and Figures (3.13) (3.17)ــ. 
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Table (3.2): The inhibition zones in mm for compounds (IIIa, IIIb, IIIc, IIId, IIIe 

and Antibiotic) 

Compounds 
Concentrations 

mg/ml 

Inhibition Zones 

in mm 

IIIa 

 

50 No Inhibition 

25 Same 

12 Same 

6 Same 

3 Same 

IIIb 

50 No Inhibition 

25 Same 

12 Same 

6 Same 

3 Same 

IIIc 

50 17 

25 14 

12 8 

6 No Inhibition 

3 No Inhibition 

IIId 

50 16 

25 10 

12 No Inhibition 

6 No Inhibition 
3 No Inhibition 

IIIe 

50 10 

25 No Inhibition 

12 No Inhibition 
6 No Inhibition 
3 No Inhibition 

Sulfamethoxazole 

as Antibiotic 

Control 

 

50 Synergistic 

25 Same 

12 Same 

6 Same 

3 Same 

DMSO 

as Solvent 
__ No Inhibition 

Values of the inhibition zones, including diameter of the well (5 mm). 
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Figure (3.13): The effect of compound (IIIa) and DMSO on 

staphylococcusaureus 

 

Figure (3.14): The effect of compound (IIIb) and DMSO on 

staphylococcusaureus 
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Figure (3.15): The effect of compound (IIIc) and DMSO on 

staphylococcusaureus 

 

Figure (3.16): The effect of compound (IIId) and DMSO on 

staphylococcusaureus 
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Figure (3.17): The effect of compound (IIIe) and DMSO on 

staphylococcusaureus 

 

Figure (3.18): The effect of sulfamethoxazole and DMSO on staphylococcus 

aureus 
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3.4.2.Inhibitory ability of prepared compounds against gram 

negative bacteria: 

The inhibition zones caused by the various compounds on the 

pseudomonas aeurginosa bacteria were examined. (50,25,12,6 and 3 

mg/ml concentrations for all of these compounds). The results were listed 

in Table (3.3) and Figures (3.19) (3.23)ــ. 

Table (3.3): The inhibition zones in mm for compounds (IIIa, IIIb, IIIc, IIId, IIIe 

and Antibiotic) 

Compounds 
Concentrations 

mg/ml 

Inhibition Zones in 

mm 

IIIa 

 

50 No Inhibition 

25 Same 

12 Same 

6 Same 

3 Same 

IIIb 

50 No Inhibition 

25 Same 

12 Same 

6 Same 

3 Same 

IIIc 

50 13 

25 No Inhibition 

12 No Inhibition 

6 No Inhibition 

3 No Inhibition 
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Compounds 
Concentrations 

mg/ml 

Inhibition Zones in 

mm 

IIId 

50 16 

25 No Inhibition 

12 No Inhibition 

6 No Inhibition 

3 No Inhibition 

IIIe 

 

50 No Inhibition 

25 Same 

12 Same 

6 Same 

3 Same 

Sulfamethoxazole 

as Antibiotic 

Control 

50 Synergistic 

25 Same 

12 Same 

6 Same 

3 Same 

DMSO 

as Solvent 
__ No Inhibition 

Values of the inhibition zones, including diameter of the well (5 mm). 

 

Figure (3.19): The effect of compound (IIIa) and DMSO on pseudomonas 

aurginosa 
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Figure (3.20): The effect of compound (IIIb) and DMSO on pseudomonas 

aurginosa 

 

Figure (3.21): The effect of compound (IIIc) and DMSO on pseudomonas 

aurginosa 
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Figure (3.22): The effect of compound (IIId) and DMSO on pseudomonas 

aurginosa 

 

Figure (3.23): The effect of compound (IIIe) and DMSO on pseudomonas 

aurginosa 
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Figure (3.24): The effect of sulfamethoxazoleand DMSO on pseudomonas 

aeruginosa. 

 

Figure (3.25): The effect of DMSO on staphylococcus aureus and pseudomonas 

aeruginosa 
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     The prepared compounds (IIIa and IIIb) had no inhibiting action on 

growth of the used germs and, therefore, these compounds possessed no 

antibacterial activity against the previously mentioned types of gram 

positive and gram negative bacteria with all concentrations        

(resistance).The most interesting results were with compound (IIIc) which 

showed the best antibacterial activity on staphylococcus aureus with 

inhibition zones 17mm,14mm and 8mm at concentrations (50,25 and 12 

mg/ml) respectively. On pseudomonas aeruginosa, the compound (IIIc) 

showed one inhibition zone 13mm at (50 mg/ml). The compound (IIId) 

showed two inhibition zones 16mm and 10mm at (50, 25 mg/ml) 

respectively on staphylococcus aureus, while compound (IIId) showed 

one inhibition zone 16mm at (50) mg/ml on pseudomonas aeruginosa. 

The compound (IIIe) have inhibition ability 9mm at (50) mg/ml on 

staphylococcus aureus, while on pseudomonas aeruginosa the inhibition 

zone was not observed (resistance). 

3.6.Conclusions: 

     In this study, we carried out an antibacterial evaluation in vitro of a 

series of five synthetic sulfonamides (IIIa, IIIb, IIIc, IIId and IIIe), against 

gram positive and gram negative clinical strains isolated from patients 

presenting burns infections: Staphylococcus aureus and pseudomonas 

aeruginosa. From the results, antibacterial activity studies indicate that 

halo substituted sulfonamide (compound IIIc) was more active than the 

other members (IIIa,IIIb,IIId and IIIe).
(67)

The prepared compounds 

(IIIc,IIId and IIIe) showed inhibition activity as antibacterial agents less 

than sulfamethoxazole (the reference drug showed better biological 

activity than our compounds in all tested strains "synergistic effect" 

against staphylococcus aureus and pseudomonas aeruginosa ). 
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3.6.Suggestion of the future work: 

1- Evaluation of the cytoxicity of the prepared compounds.    

2- Evaluation of the antibacterial activity of the synthesized compounds 

in vitro against different types of bacteria (Gram
 
Positive and Gram 

Negative). 

3-Preparation of new Schiff base derivatives via the synthesized 

compounds reaction with different aldehyde such as hydroxy aldehyde  

and halo aldehyde. 
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 ةــــــــــــالخلاص

 ٗمسن ُزا البحث الٔ خزئ٘ي :

 الجزء الأول:

الحٖ جلعب دّساَ ُاها فٖ الك٘و٘اء الطبَ٘    ٗحضوي ُزا الدزء جحض٘ش البعض هي أدّٗة السلفا 

  .لفاعل٘حِا الحثب٘طَ٘ اجداٍ البكح٘شٗا

 ّف٘وا ٗلٖ الوشكبات الوحضشٍ :

1.p-Amino-N-(2-methylphenyl)benzene Sulfonamides.  

2.p-Amino-N-(2-methoxyphenyl)benzene Sulfonamides. 

3. p-Amino-N-(4-chlorophenyl)benzene Sulfonamides. 

4. 4-(Morpholinosulfonyl) aniline. 

5. 4-(Piperidin-1-yl sulfonyl) aniline. 

بْاسطة الححل٘ل الذل٘ك للعٌاصش ّالطشق الط٘فَ٘ )ط٘ف ّجن جشخ٘ص هشكبات السلفا الوحضشٍ 

( ّجن ل٘اس دسخة Ultra violetّط٘ف الأشعَ فْق البٌفسدَ٘  FTIRالأشعَ جحث الحوشاء 

 .الأًصِاس لِزٍ الوشكبات الوحضشٍ

 الجزء الثاني:

 staphylococcusًْع٘ي هي البكحشٗا الوشضَ٘ )سلفا الوحضشٍ علٔ دسسث فعال٘ة هشكبات ال

aureus and pseudomonas aurgenasa)  طباق خاسج الدسن الحٖ ّرلك بطشٗمة الأ

ٍ ّأظِشت الٌحائح اى بعض الوشكبات جوحلك ادّٗة السلفا الوحضشٗأسحخذام جشاك٘ز هخحلفة هي 

   .فعال٘ة ضذ ُزٍ البكحشٗا بٌ٘وا لن جظِش  الوشكبات الأخشٓ إٔ فعالَ٘

 

 

 



 هىريت العراقـــــــــــــــــــــــــــجو         

 وزارة التعلين العالي والبحث العلوي         

 ن ــــــــــت النهريـــــــــــــــــــــجاهع         

 لىمـــــــــــــت العــــــــــــــــــــــــكلي         

 اءـــــــــــسن الكيويــــــــــــــــــــــــق         
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