
 1

SYNTHESIS AND CHARACTERIZATION OF 
ORGANOPHOSPHORUS COMPOUNDS COMPOSED OF 

DIAMINO FUNCTIONALITIES AND STUDY OF THEIR 
BIOLOGICAL ACTIVITY 

 
 

 
 

 
 
 
 

 
 
 
 

A  DISSERTATION SUBMITTED IN PARTIAL FULFILMENT OF THE 
REQUIREMENT FOR THE DEGREE OF MASTER OF PHILOSOPHY 

(M. PHIL.) IN CHEMISTRY 
 
 
 
 
 

 
SUBMITTED BY 

 
 

SHARMEEN NISHAT 
 

STUDENT NO. 040803107P 
 

SESSION: APRIL, 2008 
 

 
 
 
 
 
 
   

 ORGANIC RESARCH LABORATORY 
DEPARTMENT OF CHEMISTRY 

BANGLADESH UNIVERSITY OF ENGINERING AND TECHNOLGY (BUET) 
DHAKA-1000, BANGLADESH 

JULY, 2011 



 2

 
 
 

Dedicated 
 

TO 

 

My Parents 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3

  

CANDIDATE’S DECLARATION 
 
 
 
 
 
This thesis work has been done by the candidate herself and does not 

contain any material extracted from elsewhere or from a work published 

by anybody else. The work for this thesis has not been presented 

elsewhere by the author for any degree or diploma. 

 

 

July, 2011      ______________________ 
(Sharmeen Nishat) 
M. Phil Student 
Roll No.040803107P 
Department of Chemistry 
BUET, Dhaka 
Bangladesh-1000. 
 

 
 
 
 
 
 
 
 
 



 4

 



 5

 
ACKNOWLEDGEMENTS 

 

It is a great pleasure to express my gratitude to my honourable supervisor Dr. Md. 

Abdur Rashid, Professor, Department of Chemistry, BUET, Dhaka to introduce me into 

this research work. I am greatly indebted to him for his excellent supervision, inspiring 

guidance, enthusiastic encouragement, sagacious advice and affectionate surveillance 

throughout the execution of my research work. 
 

 

I wish to express my gratitude and thanks to all the Professors and teachers of BUET for 

their kind help and cooperation during the entire period of my research work. 
 

I am highly pleased to express my heartful thanks to A.S.M. Zamshed Khondaker, 

Shamim Ahmed and Saiful Islam for their good wishes and essential supports during 

this work in all respects. 
 

I also like to thank to all staff in the Department of Chemistry, BUET, Dhaka, for their 

instant help throughout the entire period of my work.  
 

I would like to thank the authority of BUET to give me an opportunity to pursue higher 

studies for M. Phil Degree in this University and also give me financial support. 
 

Finally, I would like to thank all of my co-workers in our research laboratory. 

 

  

Author 

Sharmeen Nishat 

 
 
 
 
 
 
 
 



 6

Abbreviations used 
 
UV : Ultraviolet 

IR : Infrared 

FTIR : Fourier Transformed Infrared 

NMR : Nuclear Magnetic Resonance 

S : Singlet 

bs : Broad Singlet 

d : Doublet 

t : Triplet 

m : Multiplet 

J : Coupling Constant 

Hz : Hertz 
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ABSTRACT 

 

Organophosphorus compounds have tremendous importance in the field of food 

technology, animal foodstuffs, pesticides, medicinal compounds, synthetic polymers, 

fire retardants and natural products. It has great interest to study nucleophilic 

substitutions reactions at phosphorus in solutions. In view of the extensive use of the 

chlorophosphates we synthesize organophosphorus compounds composed of diamino 

functionalities from diamines through the following synthetic scheme 

  

 
 
 
 
 
Here, Y= p-NH2, o-NH2, m-NH2 
 
 
 
 

 
 
 
 
 
Here n = 0 or 4 
 
 
 
All the synthesized compounds were characterized by using analytical data obtained 

from m.p., IR, 1H NMR, 13C NMR, DEPT 135 NMR, 31P NMR and 2D NMR spectrum. 
 

 

The mechanism of the synthesis of organophosphorus compounds in this project 

follows nucleophilic substitution reaction at phosphorus centre of phosphoryl chloride 

with substituted aromatic amine in presence of methylene chloride. The synthetic 

scheme is given in this chapter.  
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The following table shows the synthesized compound   in brief.   

Sl 
No. 

Starting materials 
 

Product % 
Yield 

1. O

P

Cl

ClCl

Phosphorylchloride  
  
                             

NH2

NH2

orthophenylene 
Diamine 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
bis–(o–
phenylenediamino) chlorophosphine 
oxide 
 

 
 

75 

2. O

P

Cl

ClCl

Phosphorylchloride  

 
H2C CH2

NH2 NH2  
 
Ethylene diamine 
 

 

    

HN CH2 CH2 NH

POCl2POCl2  
 
1,2-Bis-(dichlorophosphamido) ethane 

 
78 

3.  
 

O

P

Cl

ClCl
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NH2

NH2  
paraphenylene 
diamine 
 
 
 

 
 

 
 

 
 
 
 
 
 
bis–(p–phenylenediamino) 
chlorophosphine oxide 

 
62 
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P
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ClCl

Phosphorylchloride  

 
H2C (CH2)4 CH2

NH2 NH2
 
Hexamethylene 
diamine 

 
HN CH2 (CH2)4

POCl2
POCl2
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1,6-Bis-(dichlorophosphamido) hexane 
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5. O

P

Cl

ClCl

Phosphorylchloride  

NH2

NH2
Metaphenylene 
diamine 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
bis–(m–phenylenediamino) 
chlorophosphine oxide 
 

 
69 

6. 
 
 
 
 
 

O
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N
H
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Thiosemicarbazide 

 
 
Not Characterized 

 
-- 

                                 

All the synthesized products were tested for anti-bacterial activities against gram 

positive and gram negative bacterias. Some of these compounds showed good 

antibacterial activity and some showed moderate activity. Again some compounds 

exhibited poor activity against bacteria. 
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1. Introduction 
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1.1 Organic Synthesis 
 

Organic synthesis is the complete chemical synthesis of complex organic molecules 

from simple, commercially available or natural precursors1. In a linear synthesis there is 

a series of steps that are performed one after another until the, molecule is synthesized- 

this is often adequate for a simple structure. The chemical compounds prepared in each 

step are usually referred to as “synthetic intermediates”. For more complex molecules, a 

convergent synthesis is often performed. This is where several pieces (key 

intermediates) of the final product are synthesized separately, then coupled together, 

often near the end of the synthesis. 

 
Robert Burns Woodward is regarded as the father of modern organic synthesis, who 

received the Nobel Prize in 1965 in Chemistry for several brilliant examples of total 

synthesis such as synthesis of strychnine2. 

 

 

1.2 Process of Organic Synthesis 
 
Each step of a synthesis involves reagents, conditions and chemical reaction for each of 

these reactions need to be designed to get a pure product preparing a good yield, with as 

little work as possible3. A method may already exist in the literature for preparing one 

of the early synthetic intermediates, and this method will usually be used rather than 

“trying to reinvent the wheel”. However most intermediates are compounds that have 

never been synthesized before, and these will normally be synthesized using general 

methods developed by Chemists. These methods are useful and need to get high yields 

and are reliable for a broad range of substrates. Methodology researcher usually targets 

three main stages- discovery, optimization and studies of scope and limitations. The 

discovery may be due to serendipity, or may be from a flash of insight. Optimization is 

where one or two starting compounds are tested in the reaction under a wide variety of 

conditions of temperature, solvent, reaction, time etc., until the optimum conditions for 

product yield and purity are found. Then the researcher tries to extend the method to a 

broad range of different starting materials, to find the scope and limitations. Some 
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larger research groups may then perform a total synthesis by using the new 

methodology and demonstrate its value in a real application. 

 
1.3 History of Synthetic Chemistry 
 

In mid-nineteenth century, the development of a radical new direction in chemistry: 

instead of simply analyzing existing molecules is remarkable. The combination of this 

new synthetic approach with more traditional analytical approaches revolutionized 

chemistry, leading to a deep understanding of the fundamental principles of chemical 

structure and reactivity and to the emergence of the modern pharmaceutical and 

chemical industries. The history of synthetic chemistry offers a possible roadmap for 

the development and impact of synthetic biology, a nascent field in which the goal is to 

build novel biological systems4   

In 1828, the German chemist Friedrich Wöhler wrote to his former mentor, Jöns Jakob 

Berzelius with lots of excitation about his new finding5,6 that he could prepare urea 

without requiring a kidney of an animal either man or dog. At the beginning of the 

nineteenth century, the synthesis of this small organic molecule was earth-shattering 

news. At that time, chemists believed there was a clear distinction between molecules 

from living beings (referred to as 'organic') and those from nonliving origin (inorganic). 

It was known that organic substances could be easily converted to inorganic compounds 

through heating or other treatments; however, chemists could not perform the reverse 

transformation. Surely, a 'vital force' present only in living organisms was required to 

convert the inorganic into organic. Wöhler's discovery that ammonium cyanate could be 

converted to urea in the laboratory was a key nail in the coffin of vitalism, and in the 

next few decades, chemists began to synthesize hundreds of other organic molecules. In 

a particularly interesting example in 1854, the French chemist Marcellin Berthelot 

synthesized the fat molecule tristearin from glycerol and stearic acid, a common 

naturally occurring fatty acid. Taking this a step further, he realized that he could 

replace stearic acid with similar acids not found in natural fats, thus generating non-

natural molecules that had properties similar to those of natural fats7. These and other 

early syntheses demonstrated that chemists could indeed make 'living' molecules as well 
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as new compounds that went beyond those that naturally occurred, thus giving birth to 

synthetic organic chemistry. It was not transparent where this field would lead, and 

many feared these advances could lead to goals such as the creation of living beings. 

Today, however, nearly all aspects of our lives are touched by synthetic molecules that 

mankind has learned to make. 

Advances in our ability to build and modify 'organic' molecules on increasingly larger 

scales have continued to push the frontier of our understanding of the physical 

principles underlying living systems. For example, chemical synthesis of DNA 

oligonucleotides (first performed by Gobind Khorana) led directly to the elucidation of 

the genetic code8 Bruce Merrifield's complete synthesis of RNase A demonstrated that 

chemical structure (primary sequence) is sufficient to confer tertiary structure and the 

seemingly magical activity of enzymes9. More recently, complete chemical synthesis of 

poliovirus complementary DNA was a vivid demonstration that genetic instructions are 

sufficient to specify an active biological system10 

Over the last several years, this line of research has culminated in the emergence of a 

field known as 'synthetic biology.' Whether synthetic biology represents a truly new 

field is open to debate, but the boldness of the stated goals—to learn how precisely and 

reliably engineer and build self-organizing systems that both recapitulate biological 

function and show new functions—is unquestionably novel. These goals hold promise 

for harnessing the efficiency and precision of living systems for diverse purposes: 

microbial factories that manufacture drugs, materials or biofuels11cells that seek and 

destroy tumors12cells that can carry out rapid tissue repair and regeneration; cells that 

can direct the assembly of nanomaterials; even living systems that can compute. 

Synthetic biology, however, is more than a broad set of visionary applications. Much 

effort is going into developing a common toolkit of well-defined biological parts and 

devices as well as strategies to link them together into predictable systems13-16. These 

foundational efforts are aimed at one day making engineering cells as reliable and 

predictable as engineering an electronic device. 
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The synthetic approach—empirically learning how to systematically manipulate and 

perturb molecules—directly contributed to developing theories of chemical structure 

and reactivity. At the simplest level, synthesizing a molecule was often the ultimate 

proof of the proposed structure. More significantly, the ability to synthesize variants of 

known molecules allowed a rigorous and systematic exploration of the principles 

underlying chemical structure and reactivity, thus beginning the field of physical 

organic chemistry. 

 

Figure: Synthesis and analysis are complementary 

(a) In organic chemistry, analysis and synthesis were both critical in determining 

fundamental principles of chemical structure and reactivity. Synthetic molecules have 

been used for a wide variety of applications. (b) Similarly, synthetic approaches will 

complement analytical methods in elucidating biological principles, and synthetic 

cellular systems will prove highly useful. 
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Like all technologies, synthetic organic chemistry also introduced its own set of 

problems. In addition to the plethora of beneficial drugs and polymers that have 

significantly increased our standard of living, harmful or 'dual-use' compounds, 

including explosives and chemical weapons, have also been created. 

In today's world, many tend to link synthetic chemistry with the production of drugs. 

Indeed, it was abundantly clear to early chemists that synthetic products could improve 

human health, but their initial efforts actually led to an industrial explosion in an 

unexpected direction. August von Hofmann and his student William Perkin postulated 

that it might be possible to synthesize the highly valuable antimalarial agent quinine 

from aniline, a cheap product of coal tar7. However, in attempting to synthesize quinine 

from aniline in 1856, Perkin unexpectedly produced a brilliant purple compound—a 

dye. He soon opened a factory to synthesize this molecule, which he called "Aniline 

Purple," and thus founded the synthetic dye industry. Along with other examples, such 

as the synthesis of indigo by Adolf von Baeyer in 1867, these advances led to the 

explosive growth of the German and Swiss dye industry, while simultaneously 

dismantling the import of indigo and other natural dyes from distant tropical locales. In 

fact, synthetic indigo remains an important commercial product and is used in today's 

blue jeans. 

Although dyes were the earliest economically important synthetic compounds, the 

development of the European dye industry would ultimately lead to successes in 

chemotherapy. Indeed, nearly all of the modern big pharmaceutical companies are in 

part descended from German or Swiss dye manufacturers. For example, the first 

effective antibacterials were the sulfa drugs17The first of these molecules, sulfanilamide, 

was synthesized by IG Farbenindustrie in 1908 because of its potential as a dye. In 

1932, Gerhard Domagk discovered that sulfanilamide and related compounds have 

bactericidal activity, and he was aided in his studies by chemists that could make a 

variety of related compounds. 
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1.4 The Role of Synthetic Chemistry in Drug Discovery 

Synthetic chemistry is considered as a tool for drug discovery because can only carry 

out biological evaluation of compounds that have been synthesized.Once the evaluation 

of biological activity and physical properties has been used to design new targets, a 

suitable synthetic route must be developed. However, considerations of what can be 

readily prepared factor into design much earlier. Chemists typically recognize familiar 

structural features for which they know a feasible synthetic route as they analyze data 

and properties. Design is guided by what can be readily made, especially what can be 

prepared as a library of compounds, so that work can begin immediately toward 

initiating the next round of biological testing. Although there will always be limitations 

to what can be synthesized based on our imperfect knowledge, recent developments in 

two areas have facilitated the chemist’s job: analysis/purification and synthetic 

methodology. In the first area, routine high-field NMR instruments allow 1H-NMR and 
13C-NMR characterization of small amounts (10 mg) of organic compounds.  

Liquid-chromatography/mass spectroscopy (LCMS) and other rapid analytical 

techniques, combined with medium- and high-pressure chromatography, allow for 

ready separation of reaction mixtures. New technologies such as reactor chips and 

miniaturization, supercritical fluids and ionic fluid reaction solvents, and chiral 

separation techniques will continue to improve synthetic capabilities.  

In the second area, two recent advances have transformed synthetic methodology: 

transition-metal catalyzed cross-coupling reactions19and olefin metathesis technology20. 

The formation of carbon–carbon bonds is probably the most fundamental reaction in 

synthetic chemistry. For the first several decades of the 20th century, this reaction 

depended primarily on displacement of electrophilic leaving groups by enolate anions 

(or enamines) or addition of organometallic (e.g., Grignard) reagents. The advent of 

palladium-catalyzed coupling of more stable derivatives, such as olefins and acetylenes, 

boronic acids/esters, and tin or zinc compounds changed this simple picture. At the 

same time, the development of air-stable catalysts for producing complex carbon 

frameworks by metathesis of olefins expanded the chemist’s repertoire. These methods 
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allow much greater flexibility and tolerance for sensitive functional groups, enabling 

construction of more complicated, highly functionalized carbon frameworks.  

 

Assembling this methodology, along with that developed over the previous century, into 

library-enabled synthesis allows the preparation of the large numbers of compounds 

favored for today’s search for lead compounds using high-throughput screening (HTS) 

and in lead compound follow-up.  

 

Combinatorial chemistry was initially facilitated by developments in robotic handling 

technology and, for solid-phase synthesis, by Merrifield peptide synthesis. Both 

solution-phase21and solid-phase parallel syntheses allow generation of large chemical 

libraries22. The emphasis on these new technologies, combined with the cross-coupling 

and olefin metathesis synthetic methodologies, facilitates the synthesis of new classes of 

compounds with complex carbon frameworks. Their emergence as lead series and the 

ensuing follow-up are largely the result of their preponderance in the collection of 

compounds screened.  

In other words, it can be argued that synthetic methodology creates the chemical space 

that is available for screening and hence influences in a very profound way the 

medicines available to mankind. As the synthesis in the succeeding chapters make clear, 

synthetic chemistry plays a significant role alongside medicinal chemistry in the drug 

discovery process.  

 
1.5 Organophosphorous compounds 
 
Phosphorous is a ubiquitous element and its chemistry is of great importance. From the 

very beginning, almost the entire field of phosphorous chemistry was dominated by 

inorganic phosphorous chemistry and the extent of known organophosphorous 

compounds was very limited. However since that time, organophosphorous chemistry 

has become a very broad and existing field, with many possibilities for research and 

application development. 
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Compounds containing P-C linkages are usually known as organophosphorus 

compounds. The term ‘Organophosphorus compounds’ are reserved for compounds 

containing phosphorous and carbon. The most important organophosphorus compounds 

are phosphate esters which are based on P-O-C linkages. Phosphorous chemistry is 

dominated by oxyphosphorous compounds23, all of which contain phosphorous-oxygen 

linkages. Most of these are usually known as phosphates. Almost all naturally occurring 

phosphorus compounds contain phosphours-oxygen linkages and those of biochemical 

importance are organic phosphate esters which contain phosphorous-oxygen-carbon 

linkages. Organophosphorous compounds which are based phosphorous-carbon 

linkages constitute the second most important group and those containing phosphorous-

nitrogen linkages are probably the third. 

 
 
There are eight major classes of phosphorus compounds: 
 
1. Oxyphosphorus compounds, which contain covalent P- O linkages. 

2. Organophosphorus (carbophosphorus) compounds which contain P- C linkages. 

3. Azaphosphorus compounds which contain P- N linkages. 

4. Metallophosphorus compounds which contain P-metal linkages. 

5. Boraphosphorous compounds which contain P-B linkages 

6. Silaphosphorous compounds which contain P-Si linkages. 

7. Thiaphosphorous compounds which contain P-S linkages. 

8. Halophosphorous compounds which contain P-halogen linkages. 

 

Sometimes phosphorous compounds can be classified according to the presence of two 

characteristics bonds, such as 

C-P-O: Organo-oxyphosphorous compound 

N-P-O:  Aza-oxyphosphorous compound 

M-P-O: Metallo-oxyphosphorous compound 

N-P-C: Aza-organophosphorous compound 

M-P-C: Metallo-organophosphorous compound 

M-P-N: Metallo-azaphosphorous compound 
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Organophosphorous compounds have many fold applications in medicinal chemistry as 

antifungal24 antiviral drugs25 and have also immense importance in agricultural 

chemistry as insecticidal26-28 and herbicidal29 chemicals. 

 

Almost all of the organic compounds with known pharmaceuticals contain phosphorous 

element30. Owing to their high toxicity and availability of alternative drugs, their use 

was restricted about 50 years back. Nevertheless, the medicinal properties of organo and 

organic phosphorous compounds are being investigated on an ever increasing scale.  

Some of these are already in use while others show considerable promises31, 32. 

 

In spite of the considerable variety of available inorganic, organometallic and other 

organic fungicides, a number of organophosphorous compounds have achieved 

significance in this field. Comparatively little is known about the mode of action of 

these fungicides. 

 

The utilization of phosphorous containing compounds are as follows: 
 

1. In medicinal compounds 

2. Pesticides  

3. Industrial phosphate esters 

4. In food technology 

5. Animal foodstuffs 

6. Synthetic polymers and fire retardants 

7. Natural products 

8. In chemical weapon 
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1.5.1 In medicinal compounds 

Organophosphorous compounds have many fold applications in the field of medicinal 

chemistry. A number of such compounds are known as medicinal compounds. D. 

Hendrin reported the activity of phosphonoacetic acid against Herpes and Marek’s 

diseases, while phosphonomycin shows anti-bilharziosic and anti-leprosy properties as 

well as functioning as broad spectrum antibiotic33. Again, phosphonoformic acid is also 

regarded as an anti-viral drug.  

                     

  

 

 

            Phosphonomycin             Phosphonoformic acid           phosphonoacetic acid 

 

 Walker and Thorselt34-35 reported the broad spectrum antibacterial activity of ribavirin 

and difficidin. In recent year an important advance have been made in the discovery of 

the carcinosatic properties of cyclophormamide and it's derivatives36. Schaffer37 

reported the potential antibacterial activity of acyclovir, gancidovir and azidothymidine 

as amino phosphorus compounds. Acyclovir and ganciclovir are outstandingly active 

against herpes simplex virus (HSV) and azidothymidine is effective in alleviating some 

of the symptoms caused by HIV. These compounds are metabolized as triphosphates 

and are believed to act both as viral polymerase inhibitors and as chain 

terminators.Small difference of structures often corresponding to large difference in 

antiviral activity. 
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                                                         Cyclophosphamide                          

 

                                                                   

 

 

 

 

 

                  Acyclovir                                                     Ganciclovir 

 

 

Some saccharide derivatives are claimed to ac against meningitis38. For example, 
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Therapeutic mixtures containing phospholipids have recently been patented as food 

additives to promote brain functions and to treat dementia39.Some compounds reduce 

fatigue by raising the bloodstream choline level and releasing brain acetylcholine, and 

some are responsible for lowering of blood pressure and relief of hypertension. 

Following compounds can serve these purposes:  

                     

 

 

 

 

 

 

 

 

                                                                                                                                                                       

Phosphoglycerides have been prescribed to treat AIDS-related infections and 

compounds of this type have also been described as artificial lung surfactants.  

 

Therefore, organo phosphorus compounds composed of diamino functionalities have 

been addressed with importance in organic and bio-organic chemistry. From the 

literature survey it has drawn a great interest to synthesize diamino organophosphorus 

compounds which might have potential biological activity. 

 

Some inorganic phosphorus compounds40, 41 such as inorganic phosphate salts have long 

been established medicinal uses. These include stomach antacids such as hydrated 

magnesium phosphate and aqueous suspensions of composition AlPO4.XH2O 

(Phosphagel). Mixtures of Na2HPO4/KH2PO4 can be used for the treatment of 

phosphatemia (Phosphorus deficiency). Various calcium phosphates are used in 

artificial bone formulations in dental practice and in toothpaste formulations. 

Amorphous zirconium phosphate α-Zr(HPO4)2 is an excellent sorbant for use in renal 

dialysis42.   
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Chloroquinephosphate

Cl

N CHMeCH2CH2CH2NHEt2H2
++

HPO4
- -

CH2CHMe NH3
H2PO4

- 

+

Amphetamine phosphate

N

N H2
+

H2
+

HPO4
- -

Pipereziae phosphate

A number of well known phosphate salts of organic drugs43, 44 are prescribed as 

medicines. This is because the phosphate generally causes fewer disturbances to 

physiological pH, it may have a more suitable solubility, or merely because it is the salt 

most conveniently prepared and purified. Examples are: 

 

 

 

  

 

 

 
 
Chloroquinephosphate is used as anti-malarial drug, amphetamine phosphate is used as 

anti-depressant and piperazine is used as anthelmentic drug. 

 
Ethane-1-hydroxy-1,1 diphosphonate and related compounds inhibit bone resorption 

and are used in the treatment of bone disease. Complexes of the diphosphonic acid with 

γ-ray emitting isotopes of technetium are useful for medical diagnostic work since they 

concentrate in the bone. The use of technetium diphosphonate complexes for bone 

imaging had revolutionized bone scanning techniques. Technetium pyrophosphate 

complexes are less satisfactory since the P-O-P linkages are liable to hydrolysis by body 

enzymes45,46. Iron complexes of phosphorylated mono and disaccharides will function 

as contrast agents in the MRI of the gastrointestinal tract. 

 

P CO

HO

HO

P

OH

CH2

CH3

O

OH

OH

PO

HO

HO

CH2 P O

OH

OH

 
 

               Fig: Ethane-1-hydroxy-1,1 diphosphonate and related compounds 
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A number of phosphorothioates show anti-radiation activity and are excellent 

radioprotective agents47. Some of these compounds are listed below- 

 

 

 

 

 

 

Metrifonate is used for the treatment of urinary tract infections, and the remedy for the 

prostatic carcinoma is diethylstilbestrol bis phosphate. Casein is used in tonics, dietary 

supplements, infant foods, special diets, in post operative feeding, in drug carrying 

capsules, in wound-healing preparations etc48,49. 

 

 

 

 

 

 

 

          Metrifonate                                         diethylstilbestrol bis phosphate 

 

1.5.2. In Pesticides 

 

The application of organophosphorous compounds as pesticides is very important and 

well known. Two main groups of pesticides are insecticides and herbicides. There are 

also other crop-protection agents such as fungicides, acaricides, rodenticides, 

bactericides nematicides, molluscides, fumigants, chemosterilants, insect repellants and 

other specialized products. Some pesticides are very specific in action and may be 

effective against only one or two species, while other may be broad spectrum and 

effective against wide range of pests. 
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The ideal insecticide needs to be highly toxic to the insect pest concerned but at the 

same time be non-toxic to the operator, the plant and the crop consumer. Persistence in 

action and cheapness are also necessary. Many insecticides are also classed as 

acaricides and nematocides. Acaricides deal particularly with mites which attack plants 

and nematocide deals particularly with leaf, stem and root parasites known as 

nematodes. 

 

Some typical organphosphorus insecticides are listed below: 
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Several thousands organophosphorus compounds are known to act as insecticides and 

about 250 of these are manufactured commercially. New compounds are constantly 

being patented. Organophosphorus compounds show wide range of properties, some 

being highly specific in action while others are effective against a wide range of pests. 

Some of the compounds are also extremely toxic to humans. Others are relatively 

harmless and almost non-toxic to humans. 

 

Organophosphorus insecticides are generally rapid acting, highly effective in small 

concentrations and have a low persistence, being easily broken down afterwards to non-

toxic materials. Persistence of organophosphorus insecticides is related to water 

solubility, vapour pressure and hydrolytic stability, properties which can vary greatly 

from one insecticide to another.  
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Possible undesirable effects of the residual products from pesticides are of great interest 

and concern to environmentalists. It was observed that continuous use of 

organophosphorous pesticides will not lead to any serious long-term environmental 

problem50, 51. 

 

Most organophosphorous insecticides are based on a single P atom which is linked 

directly to some combination of S, O, C or N atoms. These include phosphate esters, 

phosphonates, amides and thioated analogues. 

 

From the very beginning, TEPP, Parathion and Paraoxon are used as pesticides. But 

these are very toxic to humans. Thus, the toxicity was removed on hydrolysis. 

Conversion to a phosphoryl derivative is necessary for insecticidal action in order that 

phosphorylating action can ensure and the compound becomes active. In the case of 

parathion this may happen by thiono to thiolo isomerisation. 

 

 

 

 

 

 

 

 

TEPP and Parathion types compounds function as contact insecticides and are effective 

only in the region of absorption, whereas Dimefox and Schradan are systemic 

insecticides which after absorption, are disseminated over the whole plant where they 

become effective. 

 

Malathion and Trichlorophon are particularly suitable for domestic use because of their 

relatively low mammalian toxicity. Dimethoate has a wide spectrum action against 

insects, but less toxic to humans. 
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Some organophosphorous compounds used as nematicides are listed below- 

  

 

 
 
 

 

                          Dichlorfenthion                                                       Zinophos 
                                                                 

A wide range of organophosphorous compounds have herbicidal activity which includes 

Amiprophos, Cremart, DMPA, Glyphosate etc52. 
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                           Amiprophos        DMPA 

 

A number of organophosphorous compounds are used used as fungicides. The 

mechanism of action of these fungicides are different from the insecticides, especially 

these don’t affect on nervous system. They are applied either on foliage, or may be of 

the soil fumigant type. Some fungicides are listed below- 
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2-ethylhexyldiphynylphosphate 
CH3 CH2 CH2 CH2 CH (Et) CH2 O P

OPh

OPh
O

(5) dibutyl hydrogen phosphate 

CH3 (CH2)3 O
P

O

O OHCH3 (CH2)3 

1.5.3. Industrial Phosphate Esters 

 

Phosphate esters have many technological applications53-55. Again they are not always 

pure compounds. Commercial tricresyl phosphate can contain a mixture of meta and 

para substituted groups. Some of the important phosphate esters are listed below- 

  

 

(CH3―CH2―O)3P= O 

Triethyl phosphate 
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Triethyl phosphate, tripropyl and tributyl phosphates are used as solvent. The use of 

esters such as tributyl, tricresyl or cresyl diphenyl phosphate results in smoother 

combustion and improved engine performance when incorporated as petroleum 

P=OCH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 O 3

Tri-octylphosphate
(3)

Tris-(2-ethylhexyl)phosphate 
P=OCH3 CH2 CH2 CH2 CH (Et) CH2 O 3

(4)
Tri-isopropylphosphate 

{(CH3)2CHO}3P=O

(2)
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additives. Esters confer valuable anti-wear and corrosion inhibition properties when 

used as oil additives. 

 

Esters of pyrophosphoric acid are also efficient complexing agents as well as 

dialkylamino derivatives such as HMPA and OMPA and diphosphonates. Typical 

complexes formed by tributyl phosphate (TBP) are: 

 

M(NO3)4.2(BuO)3PO              where M= Zr, Th, Np, Pu 

MO2(NO3)2.2(BuO)3PO         where M=U, Np, Pu 

M(NO3)3.3(BuO)3PO              where M=Y, Ce, Eu, Tb, Tm, Lb, Am 

 

Tributyl phosphate and related esters such as dibutyl phosphate and bis-2-ethylhexyl 

phosphate (HDEP), find important uses in the extraction of rare earth, actinide and other 

heavy metals from mineral sources and their recovery from waste products of the 

atomic energy industry. A solution of TBP in kerosene can be used for solvent 

extraction of U and Th and other rare earths from their mixtures in a 10% aqueous 

solution in nitric acid. TBP is widely used for the purification of uranium for nuclear 

reactors, and in the re-processing of spent nuclear fuels. 

 

HDEP is used commercially for the separation of Co from Ni and for the separation of 

Zn from impurity Cu and Cd. Mixtures of mono and di octylphenyl phosphates, 

obtained from octyl alcohol are used for the extraction of U4+ from wet process 

phosphoric acid. Tributyl and tri octyl phosphine oxides are als available commercially 

as extractants. 

 

Some 5- and 6-membered ring phosphate esters can be polymerized as methyl ethylene 

phosphate.  
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The Friedel-Crafts reaction can be used to prepare some polymeric phosphate esters 

while others can be prepared by co-polymerization of dialkyl hydrogen phosphates with 

epoxides. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
1.5.4 In food Technology 
 
 
Phosphates56-61 is presents in most natural foods, particularly meat, milk and dairy 

products, fruits and cereals. Further addition of phosphates is frequently made in the 

processing of foods for a variety of purposes which include for increasing nutritive 

value, for complexing of undesirable metal ions, preservation, prevention of caking, 

leavening action, color development of stabilization. 

 

The major phosphorous-containing products in current use as food additives may be 

listed as 

(i) Inorganic salts-ortho, pyro and polyphosphates. Mostly of Na, K or Ca 

(ii) Bipolymer phosphates-casein, lactalbumins phosphates, starch phosphates, 

lecithin 
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Medicinal supplementation of phosphorus is usually with casein, orthophosphates of 

glycophosphates of Na, K, Mg or Ca. The applications of phosphorus compounds are 

exceedingly numerous in the field of food technology such as in milk and dairy 

products, meat and fish, fruit and vegetables, beverages, leavening agents, biopolymer 

phosphates etc. 

 

The chief mineral constituents of milk are phosphorus and calcium together with Na,lk 

K, Mg and minor quantities are citric acids and great deal of water. The phosphorus 

content (about 0.95 g of P/liter in cow’s milk) is distributed between more than 50 

different compounds both organic and inorganic. Most abundant and important of these 

are the casein phosphoproteins, calcium phosphates and the phospholipids. Other 

phosphorus compounds present in much smaller quantities are most of the vitamins, 

various nucleic acids, enzymes, sugarphosphates and proteose peptones 

(phosphoglycopeptides). 

 

About 2.0% of H2PO4
- anions are present in natural citrus fruit juices as well as about 

0.02% glucose-6-phosphate and other sugar phosphates. Other phosphorus compounds 

present in relatively minor quantities are nucleic acids, ATP, phospholipids and B group 

vitamins. Very useful effects are observed by treatments of fruit and vegetables with 

added phosphates. These include stabilization against bacteria and rancidity 

enhancement of color and desirable effects on tenderness and firmness. For example, 

small addition of Na4P2O7 to peas and beans prior to canning lead to a more tender 

product due to the sequestering of calcium ions. 

 

The addition of sodium polypjosphates stabilizes the colour of strawberries, tomatoes, 

cherries etc. and the use of such compounds prior to canning or freezing will help to 

keep vegetables green62. Polyphosphates such as Na2H2P2O7 are used to counteract the 

blackening of raw potato or apple juice which is due to the oxidation of diphenolic 

compounds in the presence of heavy metal ions. The latter are removed by complexing 

with the pyrophosphate ions. 
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Starch phosphates63, 64 are being increasingly used in manufacturing since they promote 

thickening without jelly form. Starch phosphates have a fairly low degree of –OPO3 

substitution for –OH and are obtained by heating starch with phosphoric acid at about 

600C. Some natural potato starch already contains a few of phosphate ester groups. 

 

 

 

 

 

 

 

 

 

                                          

                   
                                                   Scheme-1 
 

Sodium Hydrogen phosphate reacts with starch to give a monoester salt, while sodium 

trimetaphosphate reacts to produce cross linked diester. Cross linked varieties of these 

kinds are more stable towards heat, agitation, and acidity than monoester salts. 

 

Corn starch processed with cyclic sodium trimetaphosphates is used to make cold water 

jellies. Phosphorylated varieties of this kind are resistant to hydrolysis and degradation 

probably due to cross-linking and are used as thickening agents in cooked foods. 

 

Sugar phosphates used in foods are relatively few in number; they include the 

improvement of the crispness of the breakfast cereals65 and the flavor of alcoholic 

beverages66. 

Phospholipids such as lecithin which is available in various grades is widely used in the 

food industry as a surfactant, an emulsifier and an anti-oxidant.67-70. Lecithin is used in 

baking, where it acts as an emulsifier, a wetting agent to reduce mixing time, a parting 
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agent to affect cleaner and easier release from moulds and an anti-oxidant to stabilize 

vegetable and animal fats. Dough-handling properties are improved with lecithin and 

other improvements are secured I biscuits, pies, cakes, and waffles. Lecithin improves 

the cheese yield from milk71. It is also introduced into foods in the form of egg yolk 

where it may act as an emulsifier as in mayonnaise and salad dressings. 

 

Synthetic organophophorus compounds are used in food processing, the use of 

polysubstituted tri-arylphosphione compounds as anti-oxidants and poly (p-

diphenylphosphino) styrene retards the formation of peroxides in sunflower oil72. 

 

 
1.5.5 In Animal foodstuffs 
 
The phosphorus contents of most animal foodstuffs are not particularly high and the 

more restricted variety of their diet makes animals much more prone to phosphorus 

deficiency than humans73-79. Phosphorus deficiency is the most widespread and 

economically important of all mineral deficiencies affecting grazing livestock. 

 
Phosphorous is absorbed as soluble phosphate in the duodenum. The amount of 

absorption of phosphorus from the dietary input is influenced by many factors. These 

include the type of food, animal age, internal pH, and the intake of other elements such 

as Ca, Fe, Al, K, Mg and Zn. Excessive Fe, Mg, Al in the animal diet is known to 

reduce the absorption of phosphate by forming insoluble phosphates. Mono- and di-

calcium phosphates are added to form animal foodstuff to guard against dietary 

deficiency of phosphorous. Stock feed di-calcium phosphate, CaHPO4.2H2O can be 

made from calcium hydroxide and most wet-process phosphoric acid. Apart from 

possible reduction of phosphorous absorption, the Fe, Al and Mg salt impurities do not 

seem to be harmful to animals. 

Disodium phosphate, Na2HPO4, ammonium phosphate or urea phosphate 

CO(NH2)2.H3PO4 may also be used as supplements to animal feeding compositions. 

Pyrophosphates and potassium orthophosphates are sometimes incorporated into pet 

foods. Ammoniumphosphates are used in cattle foods. 
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Lecithin and dehydrated casein are also used as animal food supplements. A useful 

animal food supplement can be obtained by adding phosphoric acid to molasses. The 

acid reduces the viscosity of the latter as well as increasing its nutrient value. 

 

1.5.6 In synthetic Polymers and Fire Retardants 

 

Application of phosphorous containing synthetic material or synthetic polymer has 

many considerable advantages. Numerous polymerized products containing P are based 

on P-C linkages and are generally more difficult to prepare than those based on P-O-C, 

P-O-Si, P-N, P-B, P-O-P linkages. 

 

Some phosphorus containing monomers can be self condensed to form homo-polymers, 

while others can be co-polymerized with a non-phosphorous containing monomer. 

Desirable commercial properties are sought in polymers of the latter type, which 

employ a minimal amount of the usually more expensive phosphorous compound. 

 

The major application of organophosphorous polymer has so far been in flame proofing 

and fire retardancy but they have also found an important role in the modification of the 

properties of established non-phosphorous polymers. In addition, growing applications 

lie in the areas of ion-exchange materials, surface additives, catalysts and tooth preservation 

agents 

 

Polymerized phosphates constitute the most studied group of organophosphorus 

polymers, although in some cases the P-C linkages may be confined to the side chains. 

Among the methods which have been used for homopolymer formation are the heating 

of vinyl or allyl phosphonates or vinyl or allyl esters of phosphonic acids.      
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Methods used to obtain phosphonate copolymers include transesterification reactions 

between suitable diols and phosphonyl dichlorides or phosphonate esters or reaction of 

the latter with dihalides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The polymerization properties of allyl esters of arylphosphonic acids were first 

investigated by Toy80-82. If polymerization is effected with a monomer containing only 

one allyl group, the products obtained is relatively low molecular weight. The presence 

of more than one allyl group leads to cross-linking and high molecular weight 

thermosetting polymers. 
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A limited number of polymerised phosphites have been made by reactions between 

phenyl phosphites and various diols. Typical examples of copolymers are shown below:  
 

 

 

 

 

 

 

 

 

 

 

 

Phosphine copolymers can be obtained by heating primary phosphines with non-

conjugated dienes or condensing them with diisocyanates or by reacting aryl 

phosphonous dihalides with certain hydrocarbons.  
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The oxidative polymerization of unsaturated phosphines, the reaction of dibutyl 

hydrogen phosphate with pentamethylene MgBr2, the condensation of carboxylic acids 

and the cationic polymerization of cyclic phosphinites all lead to highly polymeric 

phosphine oxides.  

 

Polymers with either P-N or P-C linkages in the main chain result from reactions 

involving amides.  

nRPOCl2  +  nCO(NH2)2

1000-1600C

-HCl
* P

O

R

NH.CO.NH *

n
 

nRP(O)(CH2OH)2 + n H2N.R'.NH2 * CH2-H2O P

R

O

CH2.NHR' NH *

n
 

In commerecial practice, the introduction of relatively small quantities of phosphorous 

into established polymers is at present of much greater impoutance than the synthesis of 

new polymers with high P content. The properties of conventional polymeric materials 

such as polyethylene, polystyrene and polyurethane may all be modified with 

advantage. 

 

Phosphorous modified polymers are obtained by the introduction of P-containing 

groups into the side chains by a phosphorylation reaction with a pre-formed polymer. 

Flame retarded varieties of polystyrene can be obtained by co-polymerisation of styrene 

with propenyl cyclopentafluorophosphazene, when a polymer with the phosphazene in 

the side chain is produced. 
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A permanent or semi-permanent fire resistance of paper, wood, plastics, fabrics etc. can 

be obtained when the fire retardant can be chemically bonded to, or physically 

incorporated in an insoluble form in these highly polymeric materials. In the case of 
synthetic materials, the most intimate bonding is usually obtained by copolymerization 

with a fire retardant monomer or short chain oligomer. Alternatively, it may be possible 

to attach the phosphorus compound by a suitable reaction with the preformed polymer. 

There are now several hundred organophosphorus or organic phosphate fire retardants 

are available for application. Although most of these are considerably more expensive 

than ammonium phosphate, their use is often commercially justified, particularly with 

high quality fabrics. Their mode of action in many cases is probably at least partially 

similar to that of ammonium phosphate. Flame and grease resistance can be imparted to 

cotton fibers by carrying out reaction in their presence but there is some loss of strength. 

 

Polyvinylphosphonic acid is useful for metal surface treatment where it has an anti-

corrosive action and improves the adhesion of subsequently applied coatings. After 

application of the solution of certain organophosphonic acids to sheet copper or its 

alloys increase solderability and tarnish resistance. Again, impregnation of wood with 

phosphoric acid suppresses the formation of carcinogenic materials during pyrolysis83. 

Polyvinyl phosphonic acid and polyethylene phosphonate are adsorbed as monolayers 

on tooth enamel where they resist decay84. Copolymers of vinylphosphonic acid and 

vinylphosphonyl fluoride are also adsorbed on tooth surface providing extra resistance 

to decay by slowly releasing fluoride ion which can substitu in the tooth 

hydroxyapatite85. Metals are complexed by various aminophosphonate polymers, vinyl 
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H2N C
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NH2 + 4HCHO + 2HPO(OMe)2

(MeO)2P(O) CH2 N
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C N

CH2OH

CH2PO(OMe)2

NH

phosphonate polymers and phosphonated styrene-divinylbenzene polymers and can be 

used for the selective removal of certain actions from aqueous solutions. 

 

 

 

 

 

 

 

Finely divided red phosphorous is an effective flame retardant which is used in some 

PVC or moulded nylon products. For fireproofing cotton THPC, Pyrovatex, Fyrol etc. 

compounds were used in the earliest period.  
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 THPC                                                     Pyrovatex 

 

Trimeric phenoxycyclophosphazene and certain alkoxy derivatives can be used to 

obtain fire-retarded polyurethane and polycarbonate plastics, rayon or terylene fibres86.  

Tricresyl phosphate and other triaryl phosphates are used as flame retardants and 

plasticizers with PVC. Triethyl phosphate, triphenyl phosphate, trioctyl phosphates are 

used as commercial fire retardants87. 
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1.5.7 In natural Products 

 

Natural products in the form of biopolymers are very much important as these are 

mostly phosphorus containing organic compounds. All nucleic acids are phosphate 

esters, only some varieties of proteins, lipids, polysaccharides are found in 

phosphorylated form, and these may be termed phosphoproteins, phospholipids and 

phosphosaccharides respectively. Phosphorylated forms are intimately involved in the 

function of the all-important type of proteins known as enzymes. 

 

The four types of biopolymer are frequently encountered in nature as intimately linked 

of considerable complexity. These associated units are known as lipoproteins, 

glycoproteins, proteoglycans, glycolipids, nucleoproteins etc. Phosphate groups when 

present in either biopolymer may also act as bridging groups. 

 

 

 

 

 

The monosaccharide found in living system is mostly mono and di-phosphate esters. of 

greatest importance in animal metabolism are the three esters, which also occur in plant 

life, particularly fruit. They have high water solubilities and high acid strengths. 

Individual glucose phosphates vary greatly in their hydrolytic behaviour. 

 

 

 

 

 

 

 

Amongst the ribose phosphates, ribose-5-phosphate is utilized in forming the all 

important nucleotides. 
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O

OH OH

OH

CH2OP(O)(OH)2R

R= bose 5 phosphate 

 

 

 
 
 

 

 

 

Simple monosaccharides such as D-glucose – 6 – phosphate can be prepared by direct 

phosphorylation of the unprotected sugar. In general, however, the sugar -OH groups 

have to be protected while phosphorylation can be carried out at the desired position, 

and the protective groups afterwards to be removed. Glucose–2–phosphate can be 

formed according to scheme. 

 

 

 

 

 

 

 

 

 
 
 
 
Polysaccharides are widely distributed in plants and animals. They are present both as 

structural materials as in cellulose and as food storage compound such as starch and 

glycogen. Phosphorylated polysaccharides, phosphorylation with consequent 

modification of properties is possible in principle for any polysaccharide. 

Phosphopolysaccharides (Polysaccharide phosphate esters) of this kind occur frequently 

in living systems and in a number of important technological products. Many bacterial 

polysaccharides contain phosphate ester groups, these include the teichoic acids. 
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Animals generally contain about ten times more protein than plants. All proteins are 

built from C, H, O, N and usually some S. The pure protein structures are devoid of 

phosphorus. Phosphoproteins only result when appropriate substitution is made. 

Proteins are usually of two types conjugated proteins and non-conjugated proteins. 

Proteins often occur naturally in close association with other biopolymers and such 

combinations are sometimes known as conjugated proteins. They include 

nucleoproteins, lipoproteins and glycoproteins. Either or both components of a 

conjugated protein may be phosphorylated. In the case of nucleoproteins, phosphorus is 

always present in the nucleic acid component. Some may prefer the prefix ‘phospho’ to 

be used to signify which component is phosphorylated e.g. phospholipoprotein or 

lipophosphoprotein. More than a hundred different phosphoproteins have now been 

recognized. The best known of these include milk casein, the egg proteins- phosvitin 

and ovalbumin and the iron-storage protein ferritin.  

 

Casein is a phosphoprotein mixture found in the milk of mammals88-93. It constitutes 

about 80% of the total milk protein. It is used in food products. Again it has many 

industrial applications such as emulsifier, thickening and gelling agents, in wood glues 

and plastics, in paper coating compositions. Numerous and diverse products incorporate 

casein in their formulations. These include dish washing liquids, cosmetics, lightweight 

concrete, gypsum wallboards, pesticide sprays, water purifiers etc.. 

Phosphorylation of proteins nearly always occurs on serine residues but threonine, 

tyrosine, histidine and lysine can also be involved. 

 
 
 
 
 
 
Many enzymes are phosphoproteins and enzyme action is frequently associated with 

phosphorylation dephosphorylation of the protein residues particularly in serine. 

Phosphorylation replaces –OH with –OP (O)(OH)2 and places a negative charge on the 

protein. Interference with the existing hydrogen bonding scheme and the introduction of 

NH CH
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a relatively large phosphate group can generally be expected to modify the secondary 

and tertiary structure of protein. 

 
Protein phosphorylation is involved in numerous biochemical processes. These include 

the regulation of metabolic pathways, membrane transport, muscle contraction, 

hormone response, photosynthesis, cell division, gene transcription and translation and 

brain processes such as learning and memory94-99. 

 
 
Phospholipids are major components of cell membranes and occur widely in bacteria, 

animal and plant tissues. They are involved in enzyme action and transport of tri-

glycerides through the liver and they have a role in electron transport and oxidative 

phosphorylation. 

The most important commercial source of phospholipid is lecithin, which has numerous 

food and nonfood applications. Commercially lecithin is a complex mixture of 

phosphatides and triglycerides with minor amounts of fatty acids, sterols and other 

organic compounds. Lecithin can be used in manufactured food products, 

pharmaceutical preparations, cosmetics, formulations for paints, waxes, polishes, in 

paper manufacture as dispersing and softening agent etc100-103. The properties of starch 

and bread are modified by their small phospholipid content. The most abundant 

phospholipids are those with the general formula shown below, where R is a long chain 

fatty-acid residue and X can be various groups. They are derivatives of 

glycerophosphoric acid and are sometimes called glycerophospholipids.  
 

 

 

 

 
                    When X=H, these compounds are the parent phosphatidic acids  
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CH2 O CH
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  Sphingomycelins

In naturally occuring phosphoglycerides, X is most frequently choline, ethanolamine, L-

serine or inositol and R is a mixture, the principal components of which are palmitic and 

oleic together with smaller quantities of other long-chain residues. Lecithin is found in 

egg yolk, brain tissue and in skin. It exists as zwitterions in its physiological 

environment  

 

 

 
 

Lecithin 

Phospholipids are found in most natural oils. Soyabean products, cottonseed oil and 

sunflower oil contain sufficient quantities to be important practical sources of 

phospholipids. Most phospholipids are water soluble as well as fat soluble, because 

their molecule have hydrophobic as well as hydrophilic regions and are polar in 

character. So they are called amphiphatic lipids. In general, membrane lipids are 

amphiphatic phosphoesters, whereas storage lipids are not. Phospholipids are important 

for their emulsifying properties. In an oil water system the molecules concentrate at the 

interfaces and lower the surface tension thus enabling droplets to be formed, they act as 

a barrier at the interfaces and stabilise the emulsion.When heated with acids or bases, 

most phosphoglycerides are split into their components i.e. fatty acids, glycerol, 

phosphoric acid and the base head group. Plasmalogens are phosphatidyl derivatives in 

which the fatty acid in the α-position has been replaced by an unsaturated ester. There 

are found in brain and nervous tissue. 
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R=H, sugar or D-alanyl R= H or D-alanyl
R= H or sugar

P OO

O

OH

CH2 CH CH

OR OH

CH CH2
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n
P OO

O

OH

CH2 CH CH2

OR

n

Sphingomycelins are phosphorus containing members of the second large class of 

membrane lipids known as sphingolipids. The head group X is most commoly choline 

or ethanolamine, and these compounds resemble the corresponding phosphatidyl 

compounds in their general properties. They are found in most animal membranes, 

particularly in the ‘myelin sheath’ surrounding certain nerve cells. 

 

Some lipids are conjugated with proteins to form lipoproteins. Lipovitellin and 

lipovitellenin are phospholipoproteins. Blood contains various types of plasma 

lipoproteins which consist of triglycerides, proteins, phospholipids and cholesterol. 

These closely associated units may be covalently linked to each other in some cases. 

Phosphate groups, glycerol, ribitol and saccharide units are the basic components and 

the simpler derivatives can be represented by the following formulae. 

 

 

 
                     
 
 
 
 
The nucleic acids are not only responsible for the storage and transmission between 

generations of genetic information104, but they also pass on this information to direct the 

synthesis of the proteins characteristic of the cell. Nucleic acids frequently occur in 

close association with proteins as nucleoproteins. Nucleic acids are closely associated 

with mononucleotides, modified polynucleotides and nucleotide phosphates. They all 

contain phosphorous, mononucleotide units are built from three main components, a 

phosphate group, a sugar-ribose or deoxy-ribose, a nitrogen base, a purine or a 

pyrimidine. 
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Adenosine 3′, 5′ mono-phosphate (Base = adenine) is of considerable importance in 

biochemistry. Hydrolysis of this compound with Ba(OH)2 gives a mixture of adenosine 

3′ phosphate and adenosine 5′ phosphate. 

 
Almost all biochemical reactions are catalyzed by enzymes. Enzymes are a special kind 

of catalyst which are proteins and which are effective in extremely small 

concentrations. Enzymes are usually proteins, all enzymes contain nitrogen and most of 

the enzymes contain phosphorous, very high proportions are involved with reactions of 

phosphate esters and phosphorus is often present in the cofactors. 

Enzymes which catalyze hydrolysis are known as hydrolases and if the compounds 

acted upon (substrate) are esters they are known as esterases. If the action is specific to 

phosphate esters, these compounds are known as phosphoesterases or phosphatases. 

The enzymes which catalyze ‘phosphate transfer’ or phosphorylation is very important 

in biochemistry. These have been known variously as phosphotransferases, 

phosphorylases, phosphokinases, transphosphorylases etc. 

There are two phosphorylation processes of fundamental importance of biochemistry. 

These are photophosphorylation, the process by which green plants convert light energy 

to chemical energy. And the oxidative phosphorylation, the process by which a large  

part of the energy in foods is conserved and made available to the cell. 

 

Adenosine tri-phosphate, ATP phosphorylates glucose as it enters the living cell 

according to reaction which can alternatively be written as below. In this non-reversible 

reaction in which ATP act as the phosphorylating agent, the enzyme is given a special 

name hexokinase. Enzymes which catalyze transfers specially to and from ATP are 

sometimes called phosphokinases. 
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Another example is provided by the phosphorylation of acetic acid (substrate) to form 

acetyl phosphate, which is catalyzed by the phosphokinase enzyme known as acetate 

kinase. This reaction can occur in reverse in which case the acetyl phosphate is said to 

phosphorylate the ADP to ATP. Both di-phosphate and tri-phosphate esters can act as 

phosphorylating agents. 

 

 

 
Enzymes which catalyze the transfer of a pyrophosphate group are sometimes known as 

pyrophosphorylases, although ATP normally functions as a phosphorylating agent, it 

will sometimes act as a pyrophosphorylating agent, as in the conversion of ribose-5-

phosphate to a α-5-phosphoribosyl-1-pyrophosphate. 

 

 

 

 
 
 
 
At least a hundred or out of the total of about 30,000 different proteins found in cells are 

known to be modified by phosphorylation. Even when a protein is phosphorylated, 

however, only a small proportion of the total -OH groups is generally involved. 

Whether or not a particular residue is phosphorylated in a given protein is determined 

by the specific amino-acid sequence around the site of potential phosphorylation. 
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1.5.8 In Chemical Weapon 
 
History of organophosphate as nerve agents 

In early 19th century Jean Louis Lassaigne and in 1854 Philip de Clermount, was the 

pioneer in the field using phosphorous compounds as nerve agents105. In 1932, German 

chemist Willy Lange and his graduate student, Gerde von Krueger, first described the 

cholinergic nervous system effects of organophosphates, noting a choking sensation and 

a dimming of vision after exposure. This discovery later inspired German chemist 

Gerhard Schrader at company IG Farben in the 1930s to experiment with these 

compounds as insecticides. Their potential use as chemical warfare agents soon became 

apparent, and the Nazi government put Schrader in charge of developing 

organophosphate nerve gases. Schrader's laboratory discovered the G series of weapons, 

which included Sarin, Tabun, and Soman. British scientists experimented with a 

cholinergic organophosphate of their own, called diisopropylfluorophosphate (DFP), 

during the war. The British later produced VX nerve agent, which was many times more 

potent than the G series, in the early 1950s, almost 20 years after the Germans had 

discovered the G series. 

Sarin, or GB is an organophosphorus compound with the formula 

[(CH3)2CHO]CH3P(O)F. It is a colorless, odorless liquid106, which is used as a chemical 

weapon. It has been classified as a weapon of mass destruction in UN Resolution 687. 

Sarin is a chiral molecule (typically racemic), with four substituents attached to the 

tetrahedral phosphorus center107. 

Nerve gases are compounds which block nervous activity and cause death, either 

quickly or slowly, depending on the condition of exposure108-113. They act by inhibiting 

the action of cholinesterase, the enzyme which controls the hydrolysis of acetylcholine, 

the substance immediately involved in the conduction and transmission of nerve 

impulses in the body. The inhibition is associated with a process of phosphorylation 

whereby the toxic compound becomes linked to the enzyme by a P-O-C linkage. 
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1.6 Health effects 

The signs and symptoms of acute organophosphate poisoning are an expression of the 

effects caused by excess acetylcholine (cholinergic syndrome); they may occur in 

various combinations and can be manifest at different times. Signs and symptoms can 

be divided into three groups: • muscarinic effect • nicotinic effect • central nervous 

system effect. Those individuals who are exposed to organophosphorus pesticides with 

pre-existing organic diseases of the central nervous system, mental disorders & 

epilepsy, pronounced endocrine & vegetative disorders, pulmonary tuberculosis, 

bronchial asthma, chronic respiratory diseases, cardiovascular diseases & circulatory 

disorders, gastrointestinal diseases (peptic ulcer), gastroenterocolitis, diseases of liver & 

kidneys, eye diseases (chronic conjunctivitis & keratitis) are at elevated risk from 

exposure. 

Chronic fatigue is common amongst those who consider their health is affected by 

pesticides and research from 2003 suggested there was an association between exposure 

to organophosphates and chronic fatigue symptoms114. A 2007 study linked the 

organophosphate insecticide chlorpyrifos, which is used on some fruits and vegetables, 

with delays in learning rates, reduced physical coordination, and behavioral problems in 

children, especially ADHD115. A 2010 study has found that organophosphate exposure 

is associated with an increased risk of Alzheimer's disease116.  

Another 2010 study found that organophosphate exposure is associated with an 

increased risk of ADHD in children. Researchers analyzed the levels of 

organophosphate residues in the urine of more than 1,100 children aged 8 to 15 years 

old, and found that those with the highest levels of dialkyl phosphates, which are the 

breakdown products of organophosphate pesticides, also had the highest incidence of 

ADHD. Overall, they found a 35% increase in the odds of developing ADHD with 

every 10-fold increase in urinary concentration of the pesticide residues. The effect was 

seen even at the low end of exposure: children who had any detectable, above-average 

level of pesticide metabolite in their urine were twice as likely as those with 

undetectable levels to record symptoms ADHD117. 
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AIM OF THE PROJECT 

Organophosphorus compounds have many fold applications in medicinal chemistry as 

antifungal and antiviral drugs and have also immense importance in agricultural 

chemistry as    insecticidal and herbicidal chemicals. Almost all of the organic 

compounds with known pharmaceutical properties contain nitrogen. By contrast, only a 

handful of presently used pharmaceuticals contain phosphorus element. Owing to their 

high toxicity and availability of alternative drugs, their uses were restricted about 50 

years back. Nevertheless, the medicinal properties of organo and organic phosphorus 

compounds are being investigated on an ever increasing scale. Some of these are 

already in use while others show considerable promises. 

D. Hendrin reported the activity of phosphonoacetic acid against Harpes and Marek’s 

diseases, while phosphonomycin shows anti-bilharziosic and anti-leprosy properties as 

well as functioning as broad spectrum antibiotic. Walker and Thorselt reported the 

broad spectrum antibacterial activity of ribavirin and difficidin. In recent year an 

important advance have been made in the discovery of the carcinosatic properties of 

cyclophosphamide and it's derivatives. Schaffer reported the potential antibacterial 

activity of acyclovir, gancidovir and azidothymidine as amino phosphorus compounds.  

Therefore, organo phosphorus compounds composed of diamino functionalities have 

been   addressed with importance in organic and bio-organic chemistry. From the 

literature survey it has drawn a great interest to synthesize diamino organophosphorus 

compounds which might have potential biological activity. 

The proposed research project is undertaken with the following objectives 

 a)  To purify the starting materials. 

 b)  To prepare the unavailable starting materials from phosphoryloxychloride. 

 c)  To synthesize the different diamino organophosphorus compounds. 

 d)  To optimize the reaction condition. 

 e)  To carry out the different physical, chemical and spectroscopic methods to                           

establish the structure of the synthesized products. 

            f)  To study the biological activity of the synthesized products such as anti-

fungal and anti-bacterial properties. 



 53

 

 

 

 

        Chapter 2 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EEXXPPEERRIIMMEENNTTAALL 



 54

       2.1 General methods 

 
2.1.1 Solvents and chemicals 
 
Analytical or laboratory grade solvents and chemicals were used in all experiments. 

Commercial grade solvents were distilled prior to use for extraction and 

chromatographic separation.  
 
2.1.2 Evaporation of the solvents 
 
Solvent evaporation was carried out under reduced pressure using rotary vacuum 

evaporator at bath temperature not exceeding 450C. 

 

2.1.3 Chromatographic methods 

 
2.1.3.1 Thin layer chromatography (TLC) 
 
Precoated TLC plates; 0.2 mm thin coating of silica-gel 60 PF254 on Plastic sheets, were 

used for this purpose. 

 
2.1.3.2 Application of the samples and Development of the plates 
 
For application of the samples capillary tubes were used. TLC was done by ascending 

technique in glass jars or tanks. 

 

2.1.3.3 Solvents systems 
 
Solvents used for TLC in this work are given below:  

Binary solvent systems were used for less polar fractions and compounds, e.g. 

(1) Hexane: dichloromethane                 (in different ratio) 

(2) Hexane: Ethyl acetate                        (in different ratio) 

(3) Dichloromethane: Ethyl acetate       (in different ratio) 
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2.1.3.4 Location of spots 
 
Irrigated plates were developed by one or both of the following methods to detect the 

positions of the spots. 

(1) The plates were kept under UV light for few seconds and then spots were 

observed. 

(2) The spots were located by placing the plates in iodine chamber.  

 

2.1.3.5 Column chromatography 

  
Fractionation of mixture of products were done by silica gel column chromatography 

 

(i) Column 
 

A glass column fitted with a rota-flow was used for chromatographic separation. 

 

(ii) Stationary phase 

TLC grade silica gel was used as stationary phase. Column grade silica gel G-60 (230-

400 Mesh, Particle size 0.04-0.06 mm, Art. 7734, ASTM, Merck) was used for 

fractionation. 

 
(iii) Preparation of column 
 
To prepare a particular column, the required amount of silica gel was swelled into a 

selected solvent (e.g. hexane, dichloromethane, ethyl acetate, methanol or a mixture of 

different solvents in different ratios) for a while and then poured into the column with 

continuous flow of the solvent. For homogeneous packing, the column was equilibrated 

with two or three column volumes of solvent. Separation was performed by 

gravitational flow with solvents of increasing polarity.  
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(iv) Application of sample into the column 
 

The sample to be chromatographed was introduced as preadsorbed on the packing 

material. For preadsorption the sample was dissolved in a particular solvent or a mixture 

of solvents and silica gel (sample:gel, 1:2-3, w/w) was added to the sample solution. 

The solvent was then removed by evaporation. The dried material was ground 

thoroughly in a mortar to make it a fine powder, which was then applied, carefully to 

the top of the column. Again, some samples were introduced into the column by 

dissolving them in suitable solvent. 

After application of the sample, some cotton or fresh silica gel was placed on the top of 

the bed so that the surface of the bed was not affected during solvent application. 

 

(v) Fractionation and monitoring procedure 
 

After application of the sample, the column was eluted with the equilibrating solvent 

and the polarity of the mobile phase was gradually increased by adding 

dichloromethane or ethyl acetate. The eluted samples were collected in test tubes and 

the fractions were monitored by using TLC profiles. Similar fractions were combined 

on the basis of their Rf values. 

 

2.1.4 Determination of melting points  
 

Melting points of different synthesized compounds were determined on Gallenkamp 

(England ) melting point apparatus and paraffin oil bath. 

 

2.1.5 Spectroscopic methods 

2.1.5.1 Infrared spectra 
 
The infra-red spectra were recorded on KBr pellet for films with a Shimadzu FTIR 

spectrophotometer from the department of Chemistry, Bangladesh University of 

Engineering & Technology, Dhaka, Bangladesh. Major bands (νmax) were recorded in 

wave number (cm-1). 
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2.1.5.2 Nuclear magnetic resonance (NMR) spectroscopy 

The 1H, 13C and 31P NMR spectra of pure compounds were recorded on a Bruker 400 

MHz spectrometer using CDCl3 and CD3OD as solvent. In all cases tetramethyl silane 

(TMS) was used as the internal reference. Two dimensional NMR (H-H COSY, 

HMBC) spectra were obtained using standard pulse sequences. 

 
2.2 Synthesis of SN1 
 
2.2.1 Procedure 
 

A solution of phosphorous oxychloride in dichloromethane (1.0g, 6.515 mmol) was 

taken in a reaction flask equipped with condenser which was then subjected to constant 

stirring by using magnetic stirrer. A solution of o-phenylene diamine (0.35g, 3.241 

mmol) in dichloromethane was then added drop-wise to the phosphoryl chloride 

solution and was stirred for two hours at the room temperature. The progress of the 

reaction was monitored by TLC. Solvent from the reaction mixture was then evaporated 

by a rotary vacuum evaporator. The resultant solid mass was then partially dissolved in 

ethyl acetate and treated with 10% NaOH solution. The reaction mixture was partitioned 

with ethyl acetate and NaOH solution with the help of a separating flask using brine 

solution to remove foam arising from the shaking of the solvent in the flask. Ethyl 

acetate soluble layer was separated and the separation process was carried out three 

times and the combined solution thus obtained was dried over anhydrous Na2SO4. After 

filtration and evaporation of the solvent, a yellowish crude product was obtained. 

The crude product was then isolated by column chromatography and a white crystalline 

product SN1 having a yield of 75% with m.p. 1510 C was obtained.  
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Reaction and Purification Scheme of SN1 
 
 
  
 
                                               2POCl3 + o-phenylene diamine 

                     CH2Cl2 
                                                                          Stir for 2 Hours 
 
                                                            Reaction mixture 
 
                                                                           Evaporated to dryness 
 
                                                               Solid mass 
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2.2.2 Spectral evidences of the Compound SN1  
 

IR (KBr)                           : υmax (cm-1) 3402.2 (N-H, primary aromatic amine), 

                                            3269.1(N-H, 20 aromatic amine), 3080.0(C-H, aromatic), 

                                            1641.3 (P=0), 1610.1 (C=C, aromatic), 

                                            1575.0(C=C, aromatic), 1527.5 (C=C, aromatic),  

                                            1510.0 (C=C, aromatic), 1498.6 (C=C, aromatic),  

                                            1450.4(C=C, aromatic),1315.4(P-N),1250(C-N), 1170(C-N),  

                                            1080.0 (P-Cl), 748.3 (ortho disubstituted benzene ring). 

                                                                                   

1H NMR                       : δH(ppm) 7.934(bs, 4H, C2 -NH2, C2′ -NH2), 7.537(t, 1H, C4-H,              

(400 MHz, CDCl3)         J=6.8 Hz), 7.875(d, 2H, C3-H, C3′-H, J= 7.6 Hz), 

                                        7.453(t, 2H, C5-H,C4′H, J=7.6 Hz), 7.311(bs, 1H, C1-NH), 

                                        7.292(bs, 1H, C1′-NH), 7.071(t, 1H, C5′-H, J= 7.2 Hz), 

                                        6.82(d, 2H, C6-H, C6′-H, J=7.6 Hz). 

13C NMR                      : δC(ppm) 118(C-6′), 119(C-5′), 124(C-1′), 125(C-6),        

(100 MHz, CDCl3)        127.25(C-5), 127.33(C-3′), 128(C-3 & C-4′), 131(C-4),                 

                                        134(C-1), 140(C-2′), 165(C-2). 

 

  
31P NMR                      : -16.49 (s, P=O, 1P) 

(162 MHz, CDCl3) 
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2D-NMR  
 

    The H-H COSY spectral data of compound SN1 (δ value in ppm) 

 

              H                                                                          H 

 

7.885(C3-H)    7.537(C4-H) 

 

7.885(C3′-H)   7.453(C4′-H) 

 

6.82(C6′-H)    7.071(C5′-H) 

 

6.82(C6-H)    7.31(C1-NH) 
 

 
     HMBC(Heteronuclear Multiple Bond Correlation) spectral data (δ value in ppm) 

 

 
 

 1H          13C 

 

         7.885(C3-H, C3′-H )                165(C-2), 131(C-4), 128(C4′),     

                                                            127.25(C-5)                                          

         7.537 (C4-H)              127.25(C-5)                                          

         7.453(C5-H,C4′H)                131(C-4), 128.6(C4′), 127.33(C3′) 

 

         7.071(C5′-H)                              140(C-2′), 124(C-1′), 119(C5′),     

                                                            118(C-6′)                                     

 

         6.82(C6′-H, C6-H)                     124(C1′), 119(C5′)    
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2.3 Synthesis of SN2 
 
 
2.3.1 Procedure 
 
 

A solution of phosphorous oxychloride in dichloromethane (1.0g, 6.516 mmol) was 

taken in a reaction flask equipped with a condenser which was then subjected to 

constant stirring by using magnetic stirrer. A solution of ethylene diamine (0.19g, 3.257 

mmol) in dichloromethane was then added drop-wise to the phosphoryl chloride 

solution and was stirred for two hours at the room temperature. The progress of the 

reaction was monitored by TLC. A solid crude mass was obtained after evaporation of 

the solvent by a rotary vacuum evaporator. The crude product was then dissolved in 

ethyl acetate and then treated with 10% NaOH solution. The reaction mixture was 

partitioned with ethyl acetate and NaOH solution with the help of a separating flask 

using brine solution to remove foam arising from the shaking of the solvent in the flask. 

Ethyl acetate soluble layer was separated. The extraction process was carried out three 

times and the combined solution thus obtained was dried over anhydrous Na2SO4. After 

filtration and evaporation of the solvent, a white crude product was obtained. 

 

The crude product was monitored by TLC and was purified by recrystallization. A 

colourless crystalline product SN2 was obtained, having 78% yield. 
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2.3.2 Spectral evidences of the Compound SN2 
 

 

IR (KBr)                                    : υmax (cm-1) 3296.1 (N-H, aliphatic amine) 

                                                     2925.8 (C-H, aliphatic), 1633.6 (P=0), 1332.7 (P-N) 

                                                    1234.4 & 1294.1 (two C-N), 1182.3 (P-Cl)                                               

1H NMR  (400 MHz, CDCl3)   : δH(ppm) 4.96 (bs, 2H, -NH- ), 2.1(s, 4H, C1-H, C2-H), 

 
13C NMR  (100 MHz, CDCl3)  : δC(ppm) 29.733 (C-1, C-2)        

 

 
2.4 Synthesis of Compound SN4 
 
 
2.4.1 Procedure 
 

A solution of phosphorous oxychloride in dichloromethane (1.0g, 6.515 mmol) was 

taken in a reaction flask equipped with condenser which was then subjected to constant 

stirring by using magnetic stirrer. A solution of p-phenylene diamine (0.35g, 3.241 

mmol) in dichloromethane was then added drop-wise to the reaction flask and was 

stirred for two hours at the room temperature. The progress of the reaction was 

monitored by TLC. After completion of the reaction dichloromethane was removed by a 

rotary vacuum evaporator. The resultant solid mass was then partially dissolved in ethyl 

acetate and then treated with saturated NaHCO3 solution. The entire solution was then 

subjected to stirring for 10 minutes to complete the proton abstraction procedure. After 

that the solution was transferred into a separation flask where two layers were obtained. 

Ethyl acetate soluble layer was collected for further step. The extraction process was 

carried out three times and the solution thus obtained was dried over anhydrous Na2SO4. 

After filtration and evaporation of the solvent, a brown crude product was obtained. 
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The crude product was then subjected to column chromatography and two products 

were isolated as SN3 and SN4. The solid product SN4 was brown in colour, having a 

yield of 62%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
2.4.2 Spectral evidences of the compound SN4  
 

IR (KBr)                       : υmax (cm-1) 3446.6 & 3381.0 (N-H, primary aromatic amine),          

                                        3330.8 (N-H, secondary aromatic amine),  

                                        3033.8(C-H, aromatic), 1645.2(P=0), 1602.7(C = C, aromatic),  

                                        1580.1 (C = C, aromatic), 1525.0 (C = C, aromatic),  

                                        1517.9 (C = C, aromatic), 1490.0 (C = C, aromatic),                                   

                                         1427.2 (C = C, aromatic), 1319.2 (P-N), 1251.7 (P-Cl), 

                                        819.7 (para disubstituted benzene ring) 
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1H NMR                        : δH (ppm) 7.84(s, 1H, C1′-NH), 7.82(s, 1H, C1-NH),  

(400 MHz, CDCl3)          7.74(bs, 4H, C4-NH2, C4′-NH2),  

                                         7.50(d, 2H, C2′-H, C5′-H, J=7.2 Hz) 

                                         7.45(d, 2H, C2-H,C4-H, J=8.0 Hz),  

                                         7.38(d, 2H, C3′-H, C5′-H, J= 7.6 Hz),  

                                         6.67(d, 2H, C3-H, C5-H, J=8.4 Hz). 

13C NMR                      : δC (ppm) 115.59(C-5), 122.38(C-3), 125.98(C-5′), 128.44(C-

3′),  

(100 MHz, CDCl3)         128.70(C-2, C-6), 129.34(C-6′), 131.57(C-2′), 135.17(C-4),              

                                        143.46(C-4′), 165.67(C-1), 176.19(C-1′). 

 
 
2.5 Synthesis of SN5 
 
2.5.1 Procedure 
 
A solution of phosphorous oxychloride in dichloromethane (2.0g, 13.029 mmol) was 

taken in a reaction flask equipped with condenser which was then subjected to constant 

stirring by using magnetic stirrer. A solution of hexamethylene diamine (0.378g, 3.259 

mmol) in dichloromethane was added drop-wise to the reaction flask and was stirred for 

two hours at the room temperature. The progress of the reaction was monitored by TLC. 

After completion of the reaction dichloromethane was removed by a rotary vacuum 

evaporator. The resultant solid mass was then partially dissolved in ethyl acetate and 

then treated with saturated NaHCO3 solution. The entire solution was then subjected to 

stirring for 10 minutes to complete the proton abstraction. After that the solution was 

transferred into a separation flask where two layers were obtained. Ethyl acetate 

extraction was carried out three times and the combined solution was dried over 
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anhydrous Na2SO4. After filtration and evaporation of the solvent, a white crude 

product was obtained. 

 

The crude product was then subjected to column chromatography and two products 

were isolated as SN5 and SN6. Compound SN5 was white in colour, having m.p 1570C 

and 70% yield. 

 
 
 
 

 
 
 
 
 
 
 
2.5.2 Spectral evidences of the compound SN5  
 

The IR spectrum of Compound SN5 had the following absorption frequencies- 

IR (KBr)                       : υmax (cm-1) 3321.2 (N-H in secondary aliphatic amine),  

                                       2935.5 (C-H, aliphatic), 1629.7 (P=0), 1477.4 (P-N), 

                                      1290.3 (C-N), 1100 (P-Cl).        

                                                                       

1H NMR                       : δH (ppm) 3.45(q, 4H, C1 -H, C6 -H), 1.62(bs, 4H, C2-H, C5-H), 

(400 MHz, CDCl3)         1.44(s, 4H, C3-H, C4-H), 2.03(bs, 2H, C1-NH, C6-NH), 

13C NMR                      : δC (ppm) 26.008(C-3, C-4), 29.577(C-2, C-5), 

 (100 MHz, CDCl3)        39.486(C-1, C-6)  

.
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2.6 Synthesis of SN7 

 
2.6.1 Procedure 
 
A solution of phosphorous oxychloride in dichloromethane (1.0g, 6.515 mmol) was 

taken in a reaction flask equipped with condenser which was then subjected to constant 

stirring by using magnetic stirrer. Solid thiosemicarbazide (0.296g, 3.257 mmol) was 

added periodically to the phosphoryl chloride solution and was stirred for two hours at 

the room temperature. The progress of the reaction was monitored by TLC. The solid 

mass obtained after removing the solvent by a rotary vacuum evaporator was dissolved 

in ethyl acetate and then treated with saturated NaHCO3 solution. The entire mixture 

was stirred for 10 minutes. Then the mixture was transferred in a separating flask. After 

adding brine solution to the flask the mixture was shaked vigorously and allowed to 

stand for one hour to get to separate layer of organic and aqueous solution. Ethyl acetate 

layer was separated and the extraction process was repeated three times and the 

combined solution thus obtained was dried over anhydrous Na2SO4. After filtration and 

evaporation of the solvent, a white crude product was obtained. 

 

The crude product was monitored by TLC and three spots were observed. Thus the 

crude product was washed with dichloromethane and the washed solution was allowed 

to stand for recrystallization. The resultant white crystals gave a single spot on TLC. 
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2.6.2 Spectral evidences of compound SN7  
 

IR (KBr)                                : υmax (cm-1) 3132.2 (N-H), 1674.1 (P=0), 1315.4 (P-N),  

                                                 1259.4 (C-N)1250.0 (P-Cl). 

                                                                                                

2.7 Synthesis of SN8 
 
2.7.1 Procedure 
 
A solution of phosphorous oxychloride in dichloromethane (2.0g, 13.029 mmol) was 

taken in a reaction flask equipped with condenser which was then subjected to constant 

stirring by using magnetic stirrer. A solution of metaphenylene diamine (0.35g, 3.241 

mmol) in dichloromethane was then added drop-wise to the reaction flask and was 

stirred for two and half an hours at the room temperature. The progress of the reaction 

was monitored by TLC. After completion of the reaction dichloromethane was removed 

by a rotary vacuum evaporator. The resultant solid mass was then partially dissolved in 

ethyl acetate and then treated with saturated NaHCO3 solution. The entire solution was 

then subjected to stirring for 10 minutes to complete the proton abstraction procedure. 

After that the solution was transferred into a separation flask where two layers were 

obtained. Ethyl acetate soluble layer was collected for further step. The extraction 

process was carried out three times and the solution thus obtained was dried over 

anhydrous Na2SO4. After filtration and evaporation of the solvent, a black crude product 

was obtained. 

 

The crude product was then subjected to column chromatography and two products 

were isolated as SN8 and SN9. The compound SN8 was white in colour, having m.p. 

1530C and 69% yield. 
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2.7.2 Characterization of compound SN8 by spectroscopic method 
 

IR (KBr)                       : υmax (cm-1) 3502.5 (N-H, primary aromatic amine), 

                                        3269.1 (N-H, secondary aromatic amine), 

                                        3062.7(C-H, aromatic), 1647.1 (P=0), 1600.8 (C=C, aromatic),  

                                        1598.0 (C=C, aromatic), 1521.0 (C=C, aromatic),  

                                        1519.8 (C=C, aromatic), 1450.0 (C=C, aromatic),                                   

                                        1438.8 (C=C, aromatic), 1323.1 (P-N), 1300.0 (P-Cl). 

                                        794.6 & 710.0 (meta disubstituted benzene ring)                         
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1H NMR                       : δH (ppm) 5.492 (bs, 2H, C3-NH2), 5.472 (bs, 2H, C3′-NH2),     

(400 MHz, CDCl3)         6.782(bs, 1H, C2-H),6.762 (bs, 1H, C2´-H), 6.709(bs, 1H, C6-

H),  

                                        6.449(m, 1H, C5-H),  6.362(bt, 1H, C4-H, J=7.6 Hz), 

                                        6.180(m, 1H, C5´-H), 6.054(bd, 1H, C6´-H, J=8.0 Hz),  

                                        5.999( t, 1H, C4´-H,  J = 8.0Hz), 5.673(s, 1H, C1-NH),  

                                        5.654(s, 1H, C1′-NH).                                                             

13C NMR                      : δC (ppm) 147.049 (C-1), 139.084 (C – 1′), 134.562 (C – 3),  

(100 MHz, CDCl3)        134.428 (C – 3´), 131.973 (C – 2), 129.914 (C – 2′),  

                                       128.686 (C – 4, C – 4′), 127.068 (C – 6, C – 6´),  

                                       124.543 (C – 5), 120.542 (C– 5´). 
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3.1 Characterization of Compound SN1 as bis–(o–phenylenediamino) 
chlorophosphine oxide 
 
The structure of the compound SN1 was established by IR, 1H NMR, 13C NMR, DEPT 

135, 31P NMR and 2D NMR spectral evidences. 

 
The IR spectrum (Fig.1a) of the compound SN1 showed sharp absorption band at 

3080.0 cm-1 revealed the aromatic C-H stretching vibration. The characteristic six 

absorption peaks at 1610.1 cm-1 , 1575.0 cm-1 , 1527.5 cm-1 , 1510.0 cm-1 , 1498.6 cm-1  

and 1450.4 cm-1 were found due to aromatic C=C bond vibration. The presence of the 

sharp peak at 1641.3 cm-1 was ascribed for P=O group of phosphoryl moiety. It showed 

absorption at comparatively higher frequency due to the attachment of electron 

withdrawing group. The bands at 3402.2 cm-1 and 3269.1 cm-1 were indicative for 

primary aromatic amino and secondary aromatic amino group respectively. The band at 

1315.4 cm-1 was due to P-N stretching vibration. Two bands at 1250 cm-1 and 1170 cm-1 

were identified for two C-N bond vibration. Again, P-Cl bond can be observed by peak 

at 1080 cm-1. The appearance of a band at 748.3 cm-1 revealed the presence of ortho 

disubstituted benzene ring. 

 

The 1H NMR spectrum (Fig.1b) of the compound SN1 having broad singlet at δH 7.934 

ppm was attributable to primary aromatic amino protons. The broad singlet peaks at δH 

7.311 ppm and δH 7.292 ppm were assigned for two different N – H protons attached to 

two different identical aromatic rings of C-1 and C-1′ respectively. These peaks were 

observed at down field due to N – H groups attached at aromatic ring. The peak at δH 

7.537 ppm showed a triplet for one proton at C4 with a coupling constant J= 7.6 Hz. 

The triplet at δH 7.453 ppm with coupling constant J= 7.6 Hz was assigned for the 

protons at C5 and C4′ respectively. A two proton doublet at δH 7.875 ppm with coupling 

constant J= 7.6 Hz were ascribed for two aromatic protons attached to C-3 and C-3′ 

position. A triplet at δH 7.071 ppm with coupling constant J=7.2 Hz was designated for 

C5′ proton. The ring protons at C-6 and C-6′ showed a doublet at δH 6.82 ppm with the 

coupling constant J=7.6 Hz. The two aromatic rings are not in the same plane. So the 

two rings protons are not equivalent and hence the chemical shift value will not be same 
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for the two rings. They showed different chemical shift value for their different 

environment. 

 

The 13C NMR spectrum (Fig.1d) of the compound SN1 displayed 12 carbon 

resonances, while DEPT 135 (Fig. 1e) experimental data indicated that 8 out of 12 

carbons were attached to protons. DEPT 135 (100 MHz, CDCl3) spectra revealed the 

presence of 8 methines and four quaternary carbon atoms.  

 

In the 13C NMR spectrum having peaks at δC 134 ppm and at δC 165 ppm in 

conjunction with DEPT experiment proved the presence of two quaternary carbon in 

aromatic ring which can be assigned as C-1 and C-2 carbon in one ring. Again two 

quaternary peaks at δC 124 ppm and δC 140 ppm were assigned for C-1′ and C-2′ carbon 

of other aromatic ring. The chemical shift with double intensity at δC 128 ppm was 

designated for ring carbon C-3 and C-4′. The peak at δC 131 ppm was observed for C-4, 

δC 127.25 ppm for C-5 and δC 125 ppm for C-6. Again for another aromatic ring, peaks 

at δC 127.33 ppm, δC 119 ppm and δC 118 ppm were attributed for C-3′, C-5′ and C-6′ 

respectively. The two aromatic rings are not in the same plane. So the two rings carbons 

are not equivalent and hence the chemical shift value will not be same for the two rings.  

 

The 31P NMR spectrum (Fig. 1f) showed a peak at δP   –16.5 ppm was indicative for the 

1P of P = O group. 

 

The cross peaks in the COSY spectrum (Fig. 1g) between δH 7.01 ppm (C5′-H) and δH 

6.82 ppm (C6′-H) indicated that they were vicinal. Again the cross peaks between δH 

7.875 ppm (C3-H, C3′-H) with δH 7.53 ppm (C4-H) & δH 7.453 ppm (C4′-H) indicated 

that both protons were vicinal with C3-H and C3′-H. Study on HMBC spectrum (Fig. 

1h) showed the correlation of proton δH 7.875 ppm (C3-H, C3′-H) with C-5 (δC 127.25 

ppm), C-4 (δC 131 ppm), C-4′ (δC 128 ppm) and C-2 (δC 165 ppm). Similarly several 

correlations were observed for other protons which were δH 7.53 ppm (C4-H) with C-5 

(δC 127.25 ppm) and C-3 (δC 128 ppm); δH 7.45 ppm(C5-H,C4′-H) with C-3′ (δC 127.33 
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ppm), C-4 (δC 131 ppm) and C-3 (δC 128 ppm); δH 7.071 ppm (C5′-H) with C-6′ (δC 118 

ppm), C-1′ (δC 124 ppm), C-2′ (δC 140 ppm); δH 6.82 ppm (C6-H, C6′-H) with C-5′ (δC 

119 ppm), C-1′ (δC 124 ppm).   

 

Analysis of one- and two- dimensional NMR spectra including COSY and HMBC led 

to the assignment of the structure as shown in figure below- 

 

  
 

 

 

 

 

                                    (a)                                                                (b)                                                          

 H-H COSY                   HMBC               
  Figure: (a) Structure of compound SN1 and (b)Connectivities of Compound SN1 

 

Table: 1H (400 MHz, CDCl3) and 13C (100 MHz, CDCl3) NMR data 
 

no. δH , J in Hz δc COSY HMBC 

1 7.311(bs, 1H,  C1-NH) 134 ... ... 

2 7.934(bs, 4H, C2 -NH2) 165 ... ... 

3 7.875(d, 2H, C3-H, J= 7.6 Hz) 128 C3-H,  C4-H C-2, C-4, C-5 

4 7.537(t, 1H, C4-H, J=6.8 Hz) 131 ... C-3, C-5 

5 7.453(t, 2H, C5-H, J=7.6 Hz) 127.25 ... C-4, C-3 

6 6.82(d, 2H, C6-H, J=7.6 Hz) 125 ... ... 

1′ 7.292(bs, 1H, C1′-NH) 124 ... … 

2′ 7.934(bs, 4H, C2′ -NH2) 140 ... ... 

3′ 7.875(d, 2H, C3′-H, J= 7.6 Hz) 127.33 ... C-4′ 

4′ 7.453(t, 2H, C4′-H, J=7.6 Hz) 128 C3′-H, C4′-H C-3′ 

5′ 7.071(t, 1H, C5′-H, J= 7.2 Hz) 119 … C-1′,  C-2′, C-6′ 

6′ 6.82(d, 2H, C6′-H, J=7.6 Hz) 118 C6′-H ,  C5′-H C-1′, C-5′ 
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All the spectral evidences expressed harmony with the given structure of the compound 

SN1 as Bis-(o-phenylenediamino)chlorophosphine oxide. 

 

.3.2 Characterization of Compound SN2 as 1,2-Bis-(dichlorophosphamido) 

ethane 

The structure of the compound SN2 was assigned from its spectral data such as, IR, 1H 

NMR, 13C NMR and DEPT 135 NMR spectral data.   

 
The presence of methylene group was confirmed by the aliphatic-H absorption band at 

2925.8 cm-1 in IR spectrum (Fig.2a) in conjunction with downward peak at δC 29.733 

ppm in DEPT 135 (Fig. 2d) experimental data. Again in 1H NMR spectrum (Fig. 2b) a 

sharp singlet at δH 2.1 ppm was ascribed as peak for methylene proton. Here splitting of 

the peak was not appeared properly due to the presence of electronegative groups. A 

broad singlet at δH 4.96 revealed the presence of secondary amino proton. These amino 

protons were again confirmed by the absorption band at 3296.1 cm-1 in IR spectrum. A 

sharp peak at 1633.6 cm-1 was ascertained the presence of P=O group in the compound. 

It showed absorption at comparatively higher frequency due to the attachment of 

electron withdrawing group. Again two bands at 1234.4 cm-1 and 1294.1 cm-1 were 

observed for the two C-N bond vibration. In addition, in IR spectrum a band at 1332.7 

cm-1 was observed for P-N bond vibration and a band at 1182.3 cm-1 was for P-Cl bond 

vibration. 

 

Therefore, all the spectral evidences completely supported the correlation in favour of 

the given structure of the compound SN2 as 1,2-Bis-(dichlorophosphamido) ethane. 

 
 
 
 
  
 
 
 
 
 

HN CH2 CH2 NH

POCl2POCl2

1 2
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3.3 Characterization of Compound SN4 as bis–(p–phenylenediamino)   
chlorophosphine oxide 
 
 
The structure of the compound SN4 was established by IR, 1H NMR and 13C NMR 

spectral evidences. 
 

The IR spectrum (Fig.3a) of the compound SN4 having the band at 3033.8 cm–1 was 

assigned for the aromatic C – H stretching. The characteristic absorption band at 

1602.7, 1580.1, 1525.0, 1517.9, 1490.0 and 1427.2 cm–1  were assigned for two 

aromatic ring C = C bonds of different orientations. The sharp band at 1645.2 cm–1 was 

designated for P = O group of phosphoryl moiety. The peak at 1319.2 cm–1 was for P – 

N and 1251.7 cm–1 was indicative for P-Cl bond. The bands at 3446.6 cm-1 and 3381.0 

cm-1 were indicative for two primary aromatic amino groups. Again secondary amino 

group could be identified by the absorption band at 3330.8 cm-1. The appearance of a 

band at 819.7 cm-1 revealed the presence of para disubstituted benzene ring. 

 

The 1H NMR spectrum (Fig.3b) of the compound SN4 showed broad singlet at δH 7.74 

ppm was attributable to primary aromatic amino protons designated as C4-NH2, C4′-

NH2. The of peaks at δH 7.82 ppm (s, 1H) and δH 7.84 ppm (s, 1H)  were assigned for 

two different N – H protons attached to two different identical aromatic ring linked at 

C-1 and C-1′ respectively. These proton peaks were observed at down field due to N – 

H groups attached at aromatic ring. A two proton doublet with a coupling constant J= 

8.0 Hz found at δH 7.45 ppm was ascertained for the presence of two aromatic proton 

C2-H and C4-H. Again a two proton doublet having resonances at δH 6.67 ppm with 

coupling constant J= 8.4 Hz were ascribed for two aromatic protons attached to C-3 and 

C-5 position. The doublet at δH 7.50 ppm with coupling constant J= 7.2 Hz was 

assigned for the protons C2′-H and C5′-H. The ring protons C3′-H and C5′-H were 

identified as a doublet at δH 7.38 ppm with the coupling constant J=7.6 Hz. The two 

aromatic rings are not in the same plane. So the two rings protons are not equivalent and 

hence the chemical shift value will not be same for the two rings. They showed different 

chemical shift value for their different environment. 
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The 13C NMR spectrum (Fig.3c) of the compound SN4 displayed 12 carbon resonances.  

The spectrum showed the peaks at δC 165.67 ppm for C–1, 176.19 ppm for C–1′; 

135.17 ppm for C–4, 143.46 ppm for C–4′. The peak at δC 128.70 ppm was observed 

for C-2, δC 122.38 ppm for C-3, δC 115.59 ppm for C-5 and δC 128.70 ppm for C-6. 

Again for another aromatic ring, peaks at δC 131.57 ppm, δC 128.44 ppm, δC 125.98 

ppm and δC 129.34 ppm were attributed for C-2′, C-3′, C-5′ and C-6′ respectively. The 

two aromatic rings are not in the same plane. So the two rings carbons are not 

equivalent and hence the chemical shift value will not be same for the two rings.  

 

Therefore, from all the spectral evidences, the structure of the compound SN4 was 

ascertained as 

 

 

 

 

 

 

 

 
 
 
3.4 Characterization of Compound SN5 as 1,6-Bis-(dichlorophosphamido) 
hexane 
 
The structure of the compound SN5 was established by IR, 1H NMR, 13C NMR and 

DEPT 135 experimental data. 

 

In the IR spectrum (Figure. 4a), the absorption at the region 2935.5 cm-1 was due to 

aliphatic C-H stretching from methylene group. The appearance of the band at 3321.2 

cm-1 revealed the presence of secondary amino (-NH-) group in the compound. The 

sharp and intensified peak at 1629.7 cm-1 was assigned for P=O group. It showed 

absorption at comparatively higher frequency due to the attachment of electron 
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withdrawing groups. The sharp peak at 1100 cm-1 was observed for the P-Cl bond 

vibration. The absorption band at 1477.4 cm-1 was ascribed for the P-N bond vibration 

and for the presence of C-N bond a peak was observed at 1290.3 cm-1. 

 

The 1H NMR spectrum (Fig.4b) of the compound SN5 having broad singlet at δH 2.03 

ppm was attributable to two secondary aliphatic amino protons at C-1 and C-6. The 4H 

singlet at δH 1.44 ppm revealed the presence of two methylene group assigned as C3-H, 

C4-H. The relatively upfield value indicates the absence of any electronegative group 

with them. The resonance at δH 1.62 ppm appeared as a broad singlet was ascribed for 

another methylene protons positioned at C2-H, C5-H. Again, the presence of a 4H 

quartet at δH 3.45 ppm ascribed the methylene protons attached with electronegative 

groups and designated as C1 -H, C6 –H.  

 

The 13C NMR spectrum (Fig.4c) of the compound SN5 displayed 3 carbon resonances 

where each peak was appeared for two carbon atoms. DEPT 135 (Fig. 4d) experimental 

data indicated that all the 6 carbons were attached to protons. In the 13C NMR spectrum 

having peaks at δC 26.008 ppm proved the presence of two methylene carbon which can 

be assigned as C-3 and C-4. Again the peak at δC 29.577 ppm was ascertained for C-2 

and C-5 methylene carbon. The presence of a resonance peak at δC 39.486 ppm was 

assigned for            C-1 and C-6 methylene carbon attached with electronegative group. 

All the peaks were observed at downward direction in DEPT 135 spectrum which was 

indicative for the presence of all the secondary carbon.   

    
Therefore, from all the spectral evidences, the structure of the compound SN5 was 

ascertained as 1,6-Bis-(dichlorophosphamido) hexane. 
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3.5 Characterization of Compound SN7 
 
The structure of the compound SN7 could not be confirmly elucidated due to the 

scarcity of the availability of NMR or other spectral data. But from the IR spectral data 

some functional groups or bonds were identified.  

The IR spectrum (Fig. 5a) of the compound SN7 showed band at 1674.1 cm–1 was 

designated for P = O group of phosphoryl moiety. The absorption band at 1315.4 cm–1 

was indicative for P – N and 1250.0 cm–1 was indicative for P-Cl bond vibration. The 

band at 3132.2 cm–1 was ascribed for secondary amino group. The C-N vibration 

appeared at 1259.4 cm–1.  

 

 
3.6 Characterization of Compound SN8 as Bis–(m–phenylenediamino) 
chlorophosphine oxide 
 
The structure of the compound SN8 was established by IR, 1H NMR and 13C NMR 

experimental data. 

 
The IR spectrum (Fig. 6a) of the compound SN8 showed the broad absorption band at 

3502.5 cm–1 was assigned for NH2 group. The band at 3269.1 cm–1 was indicative for 

N-H group. The low intensity absorption peak at cm–1 was designated as aromatic C-H 

stretching. The sharp intensified peak at 1647.1 cm–1 was for P=O group attached with 

electronegative groups. The characteristic bands at 1600.8, 1598.0, 1521.0, 1519.8, 

1450.0, and 1438.8 cm–1 were assigned for aromatic ring C = C bond vibrations. The 

peak at 1323.1 cm–1 was for P – N and 1300 cm–1 was indicative for P-Cl bond 

vibration. The appearance of two bands at 794.6 & 710.0 cm-1 revealed the presence of 

meta disubstituted benzene ring. 

 

The 1H NMR spectrum (Fig.6b, 6c) of the compound SN8 having broad singlet at δH 

5.492 and 5.472 ppm were attributable to primary aromatic amino protons designated as 

C3-NH2, C3′-NH2. Almost double intensified signals at δH 6.782 ppm and δH 6.762 ppm 

were assigned for the chemical shifts of the ring protons at C2-H and C2´-H 
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respectively. The chemical shift with almost equal intensity towards more up field at δH 

6.709 ppm was ascribed for C6-H ring proton while the resonance at δH 6.449 ppm as a 

multiplet was assigned for the C5-H ring proton. The triplet at δH 6.362 ppm with a 

coupling constant J=7.6 Hz and the multiplet at δH 6.180 ppm were assigned for the 

chemical shift of the ring protons at C4-H and C5´-H respectively. One doublet at δH 

6.054 ppm with a coupling constant J=8.0 Hz and one triplet at δH 5.999 ppm with a 

coupling constant J=8.0 Hz were assigned for the protons at C6´-H and C4′-H 

respectively. The resonance at δH 5.673(C1-H) ppm and 5.654(C1′-H) ppm was assigned 

for the two secondary aromatic amino protons attached to two different aromatic rings. 

The two aromatic rings are not in the same plane. So the two rings protons are not 

equivalent and hence the chemical shift value will not be same for the two rings. They 

showed different chemical shift value for their different environment. 

 
 

The 13C NMR spectrum (Fig.6d) of the compound SN8 displayed 12 carbon 

resonances. The spectrum showed the peaks at δC139.084 ppm for C–1, 134.542 ppm 

for C–3, 134.482 ppm for C–3´, 131.973 ppm for C–1´, 129.914 ppm for C–2 carbons. 

The chemical shift  with double  intensity at δC 128.686 ppm and δC 127.068 ppm were 

assigned for two sets of ring carbon (C–2´, C–4) and (C–6 and    C–6´), respectively. 

The peak at 124.543 ppm was for C – 4, 120.542 ppm for C´– 4, 118.454 ppm for C – 5 

and 118.334 ppm for C´–5. The two aromatic rings are not in the same plane. So the 

two rings carbons are not equivalent and hence the chemical shift value will not be 

same for the two rings.  

 
Therefore, from all the spectral evidences supported the correlation with the structure of 

the compound SN8 was ascertained as 
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3.11 MECHANISM OF THE SYNTHESIS 
 
Synthesis of bis- substituted phenyl amino chlorophosphine oxide 
 
 
 
Synthetic Scheme:  
 

 
 

 
 
 
     Here, Y= p–NH2, o–NH2, m–NH2 
 
The mechanism of the reaction has been considering by the following scheme.  
 
The nucleophilic amino compound readily attacks the nucleophilic centre phosphorous 

atom of the phosphoryl chloride forming a transition state-1. This intermediate TS-1 

instantly converted to transition state-2 by removing Cl– which in terms form 

chlorophosphine oxide by subsequent removal of HCl.   
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4.1 Introduction 

4.1.1 Definition 

Antimicrobial 

An antimicrobial is a substance that kills or inhibits the growth of microbes such as 

bacteria, fungi, or viruses. Antimicrobial drugs either kill microbes (microbicidal) or 

prevent the growth of microbes (microbistatic). However, the future effectiveness of 

antimicrobial therapy is somewhat in doubt. Microorganisms, especially bacteria, are 

becoming resistant to more and more antimicrobial agents. Currently, bacterial 

resistance is combated by the discovery of new drugs. However, microorganisms are 

becoming resistant more quickly than new drugs are being found, thus, future research 

in antimicrobial therapy may focus on finding how to overcome resistance to 

antimicrobials, or how to treat infections with alternative means118. 

Antibacterial 
 
Drugs that destroy or inhibit the growth of bacteria in concentrations that is safe for the 

host and can be used as chemotherapeutic agents to prevent or treat bacterial infections. 

 
4.1.2 Mechanisms of antibacterial action 
 
There are five main mechanisms by which antibacterial agent act119.  
 
4.1.2.1 Inhibition of cell metabolism 
 
Antibacterial agents which inhibit cell metabolism are called antimetabolites. These 

Compound inhibit the metabolism of a microorganism, but not the metabolism of the 

host. They do these by inhibiting an enzyme- catalyzed reaction which is present in the 

bacterial cell but not in animal cells. The best examples of antibacterial agents acting in 

this way are the sulphonamides. 
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4.1.2.2 Inhibition of bacterial cell wall synthesis 
 
Inhibition of cell wall synthesis leads to bacterial cell lysis and death. Agents operating 

in this way include penicillin and cephalosporin. Some animal cells do not have a cell 

wall, they are unaffected by such agents. 

 
4.1.2.3 Interactions with plasma membrane 
  
Some antibacterial agents interact with the plasma membrane of bacterial cells to affect 

membrane permeability. This has fetal results for the call. Polymyxins and tyrothricin 

operate in this way. 

 
4.1.2.4 Disruption of protein synthesis: 
 
Disruption of protein synthesis means that essential enzymes required for the cells        

survival can no longer be made. Agents which disrupts protein synthesis include the 

refamycins, amynoglycosides, tetracyclines and chloramphenicol. 

 
4.1.2.5 Inhibition of nucleic acid transcription and replication 
 
Inhibition of nucleic acid function prevents cell division and/or the synthesis of 

essential enzymes. Agents in this way include nalidixic acid and proflavine. 

 

4.1.3 Main classes of antibacterials 

4.1.3.1 Antimeatabolites 

Substance that competes with, replaces, or inhibits a specific compound within a cell, 

whose functioning is thereby disrupted. Because its structure resembles the compounds, 

it is taken up by the cell, but it does not react in the same way with the enzyme that acts 

on the usual compound. It may inhibit the enzyme or be converted into an aberrant 

chemical. Many antimetabolites are useful in treating disease, including sulfa drugs, 

which disrupt bacterial but not human metabolism for bacterial diseases, and others 

(e.g., methotrexate, 5-fluorouracil) for various cancers. 

 



 85

4.1.3.2 Antibiotics 

An antibiotic is a chemotherapeutic agent which is generally used to treat bacterial 

infections. The term "antibiotic" was coined by Selman Waksman in 1942 to describe 

any substance produced by a micro-organism that is antagonistic to the growth of other 

micro-organisms in high dilution120. 

 
At the highest level, antibiotics can be classified as either bactericidal or bacteriostatic. 

Bacteriostatic antibiotics inhibit growth and reproduction of bacteria without killing 

those while bactericidal antibiotics work by killig bacteria. Antibiotics target bacterial 

cell wall such as penicillins, cephalosporins or cell membrane e.g. polymixins, or 

interfere with essential bacterial enzymes e.g. quinolones, sulfonamides usually are 

bactericidal in nature. Whilst those which target protein synthesis such as the 

aminoglycosides, macrolides and tetracyclines are usually bacteriostatic120.  

 

4.1.4 Methods of determining the antimicrobial activity 

 

Bacteria and fungi are responsible for many infectious diseases. The increasing clinical 

implications of drug resistant fungal and bacterial pathogens have lent additional 

urgency to antimicrobial drug research. The antimicrobial screening which is the first 

stage of antimicrobial drug research is performed to ascertain the susceptibility of 

various fungi and bacteria to any agent. This test measures the ability of each test 

sample to inhibit the in vitro fungal and bacterial growth. This ability may be estimated 

by any of the following three methods. 

 

i) Disc diffusion method 

ii) Serial dilution method 

iii) Bioautographic method 

 

But there is no standardized method for expressing the results of antimicrobial 

screening. Some investigators use the diameter of zone of inhibition and/or the 

minimum weight of extract to inhibit the growth of microorganisms. However, a great 
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number of factors viz., the extraction methods, inoculums volume, culture medium 

composition, pH, and incubation temperature can influence the results. 

 

Among the above mentioned techniques the disc diffusion121 is a widely accepted in 

vitro investigation for preliminary screening of test agents which may possess 

antimicrobial activity. It is essentially a quantitative or qualitative test indicating the 

sensitivity or resistance of the microorganisms to the test materials. However, no 

distinction between bacteriostatic and bactericidal activity can be made by this 

method122. 

 

4.1.5 Determination of Antibacterial Activity 
 

4.1.5.1 Disc diffusion methods 

 

The disc diffusion technique123 is a widely accepted in vitro investigation for primary 

screening of agents which may possess any antibacterial activity. It is essentially a 

qualitative or quantitative test indicating the sensitivity or resistance of the 

microorganism to the test materials. However, no distinction between bacteriostatic or 

bactericidal activity can be made by this method. 

 
The Kirby-Bauer and Stokes' methods are usually used for anti-microbial susceptibility 

testing, with the Kirby-Bauer method being recommended by the NCCLS. The 

accuracy and reproducibility of this test are dependent on maintaining a standard set of 

procedures as described here. NCCLS is an international, interdisciplinary, non-profit, 

non-governmental organization composed of medical professionals, government, 

industry, healthcare providers, educators etc. It promotes accurate anti-microbial 

susceptibility testing (AST) and appropriate reporting by developing standard reference 

methods, interpretative criteria for the results of standard AST methods, establishing 

quality control parameters for standard test methods, provides testing and reporting 

strategies that are clinically relevant and cost-effective Interpretative criteria of NCCLS 

are developed based on international collaborative studies and well correlated with 

MIC’s and the results have corroborated with clinical data. Based on study results 
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NCCLS interpretative criteria are revised frequently. NCCLS is approved by FDA-USA 

and recommended by WHO. 
 

4.1.5.2 Principle of disc diffusion method: 

 

Solution of known concentration (µg/ml) of the test samples were made by dissolving 

measured amount of the samples in definite volume of solvents. Sterilized and dried 

filter paper discs (4 mm in diameter) were then impregnated with known amounts of 

test substances by using micropipette. Discs containing the test materials are placed on 

nutrient agar medium uniformly seeded with the test organisms. Discs soaked in 

respective solvent are used as positive control. These plates are then kept at low 

temperature (4ºC) for two to four hours to allow maximum diffusion of compound. 

During this time dried discs absorb water from the surrounding media and then the test 

materials are dissolved and diffused out of the media. The diffusion occurs according to 

the physical law that controls the diffusion of molecules through agar gel. As a result, 

there is a gradual change of test materials concentration in the media surrounding the 

discs .The plates were then incubated at 37ºC for 24 hours to allow maximum growth of 

the microorganisms. If the test materials have any antibacterial activity, it will inhibit 

the growth of the microorganisms giving the clear distinct zone around the disc called 

“Zone of Inhibition”. The antibacterial activity of the test agent is determined by 

measuring the zone of inhibition expressed in millimeter, the antibacterial activities of 

the test materials were determined by measuring the diameter of the zones of inhibition 

in millimeter with transparent scale. 

The experiment is carried out more than once and mean of the reading is required. 
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4.2 EXPERIMENTAL 

 
4.2.1. Apparatus and Reagents 

 

Filter paper discs              Petridishes        Inoculating loop 

Sterile cotton        sterile forceps       Spirit burner 

Micropipette        Screw cap test tubes      Nosemask & Hand gloves 

Laminar air flow hood      Autoclave             Incubator 

Refrigerator        Nutrient Agar Medium          Ethanol, Chloroform 

 

4.2.2. Preparation of test Solution 

A measured amount of test samples were dissolved in definite volumes of solvent 

(chloroform or methanol) to give solution of known concentration (e.g. 250 µg/ 

500µg/1000 µg /10µl). 

 

4.2.3. Test Organisms 

In the present study, to screen the anti-microbial activity of plant extracts 6 bacteria and 

1 fungi were used as test organisms. Among 6 bacteria, 5 were gram positive and 1 was 

gram negative. Test experiments were conducted in Industrial Microbiology Research 

Division, BCSIR Laboratories Chittagong, Bangladesh. 

 

Table: List of test Organism (Bacteria) 

Bacterial  type Test organism Source ID No. 
Bacillus subtilis BTCC 17 

Staphylococcus aureus BTCC 43 

Bacillus cereus BTCC 19 

B. polymyxa. BTCC 16 

 
Gram (+) 

Klebsiella sp. ICDDR’B - 
 
Gram (-) Proteus sp. ICDDR’B - 
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4.2.4 Reagents for the Disk Diffusion Test 
 
4.2.4.1 Müeller-Hinton Agar Medium: 
 
Of the many media available, Müeller-Hinton agar is considered to be the best for 

routine susceptibility testing of non-fastidious bacteria for the following reasons: 

• It shows acceptable batch-to-batch reproducibility for susceptibility testing. 

• It is low in sulphonamide, trimethoprim, and tetracycline inhibitors. 

• It gives satisfactory growth of most non-fastidious pathogens. 

• A large body of data and experience has been collected concerning 

susceptibility tests performed with this medium. 
 

Although Müeller-Hinton agar is reliable generally for susceptibility testing, results 

obtained with some batches may, on occasion, vary significantly. If a batch of medium 

does not support adequate growth of a test organism, zones obtained in a disk diffusion 

test will usually be larger than expected and may exceed the acceptable quality control 

limits. Only Müeller-Hinton medium formulations that have been tested according to, 

and that meet the acceptance limits described in, NCCLS document M62-A7- Protocols 

for Evaluating Dehydrated Müeller-Hinton Agar should be used. 

 
 
4.2.4.2 Preparation of Müeller-Hinton Agar 
 
Müeller-Hinton agar preparation includes the following steps. 

1. Müeller-Hinton agar prepared from a commercially available dehydrated base (Hi-

media, India) according to the manufacturer's instructions. 
 

2. Immediately after autoclaving, allowed it to cool in a 45 to 50°C water bath. 

3. Freshly prepared and cooled medium poured into glass, flat-bottomed petri dishes 

on a level, horizontal surface to give a uniform depth of approximately 4 mm. (This 

corresponds to 60 to 70 ml of medium for plates with diameters of 150 mm and 25 

to 30 ml for plates with a diameter of 100 mm.) 

4. The agar medium allowed cooling to room temperature. 
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4.2.4.3 Turbidity standard for inoculum preparation 
 
To standardize the inoculums density for a susceptibility test, a BaSO4 turbidity 

standard, equivalent to a 0.5 McFarland standard or its optical equivalent (e.g., latex 

particle suspension), should be used. A BaSO4 0.5 McFarland standards prepared as 

follows: 

 

1. A 0.5-ml aliquot of 0.048 mol/L BaCl2 (1.175% w/v BaCl2. 2H2O) is added to 99.5 

ml of 0.18 mol/L H2SO4 (1% v/v) with constant stirring to maintain a suspension. 

 

2. The correct density of the turbidity standard verified by using a spectrophotometer 

with a 1-cm light path and matched cuvette to determine the absorbance. The 

absorbance at 625 nm should be 0.008 to 0.10 for the 0.5 McFarland standards. 

 

3. The Barium Sulfate suspension transferred in 4 to 6 ml aliquots into screw-cap tubes 

of the same size as those used in growing or diluting the bacterial inoculums. 

 

4. These tubes were tightly sealed and stored in the dark at room temperature. 

 

5. The barium sulfate turbidity standard vigorously agitated on a mechanical vortex 

mixer before each use and inspected for a uniformly turbid appearance. 

 

4.2.5 Procedure for Performing the Disc Diffusion Test 
 
4.2.5.1 Inoculums Preparation 

The growth method is performed as follows: 

At least three to five well-isolated colonies of the same morphological type are selected 

from an agar plate culture. The top of each colony is touched with a loop and the growth 

is transferred into a tube containing 4 to 5 ml of a suitable broth medium, such as 

Mueller Hington broth. The broth culture is incubated at 35°C until it achieves or 

exceeds the turbidity of the 0.5 McFarland standards (usually 2 to 6 hours). The 

turbidity of the actively growing broth culture is adjusted with sterile saline or broth to 
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obtain turbidity optically comparable to that of the 0.5 McFarland standards. (This 

results in a suspension containing approximately 1 to 2 x 108 CFU/ml for E. coli ATCC 

25922).   To perform this step properly, either a photometric device is used. 

 
4.2.5.2 Preparation of discs 
 

Whatman-1 filter papers were used for disc preparation. The discs of about 4 mm in 

diameter were prepared by using punching machine.  The discs were taken in a petridish 

and sterilized by autoclave, dried in oven at 100°C. And then impregnated with required 

concentration of the sample. 

4.2.5.3 Inoculation of Test Plates 
 
1. Optimally, within 15 minutes after adjusting the turbidity of the inoculums 

suspension, a sterile cotton swab is dipped into the adjusted suspension. The swab 

rotated several times and pressed firmly on the inside wall of the tube above the 

fluid level. This will remove excess inoculums from the swab. 

2. The dried surface of a Müeller-Hinton agar plate is inoculated by streaking the swab 

over the entire sterile agar surface. This procedure is repeated by streaking two more 

times, rotating the plate approximately 60° each time to ensure an even distribution 

of inoculums. As a final step, the rim of the agar is swabbed. 

3. The lid was left ajar for 3 to 5 minutes (but no more than 15 minutes), to allow for 

any excess surface moisture to be absorbed before applying the drug impregnated 

disks. 

 

4.2.5.4 Application of Discs to Inoculated Agar Plates 

1. The predetermined battery of anti-microbial discs is dispensed onto the surface of 

the inoculated agar plate. Each disc pressed down to ensure complete contact with 

the agar surface. Discs are distributed evenly so that they are no closer than 24 mm 

from center to center. 

2. The plates are inverted and placed in an incubator set to 35°C within 15 minutes 

after the discs are applied. 
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4.2.5.5 Reading Plates and Interpreting Results 
 
After 16 to 18 hours of incubation, each plate is examined. If the plate was satisfactorily 

streaked, and the inoculums were correct, the resulting zones of inhibition will be 

uniformly circular and there will be a confluent lawn of growth.  The diameters of the 

zones of complete inhibition (as judged by the unaided eye) are measured, including the 

diameter of the disc. 

 

 

 

 
 

Fig: 4.6. Procedure of disc diffusion method 
 

 
4.3 Result and discussion 
 

The antimicrobial potency of the test agents are measured by their activity to prevent 

the growth of the microorganisms surrounding the discs which gives clear zone of 

inhibition. After incubation, the Antimicrobial activities of the test materials were 

determined by measuring the diameter of the zones of inhibition in millimeter with a 

transparent scale. 

Antibacterial activity of the compounds were studied on five Gram positive and one 

Gram-negative bacteria by disc diffusion method and compared with the standard 
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antibiotic disc- Tetracycline (30 µg/disc). Antibacterial activity of the compounds was 

measured at 250, 500 and 1000 µg/disc concentration. 

 

4.3.1 Antibacterial activities of SN1 

Compound SN1 showed no zone of inhibition at 250 µg/disc and 500 µg/disc, but had 

poor zone of inhibition at 1000 µg/disc against all the gram positive bacteria. But SN1 

has no activity against the gram negative bacteria Proteus sp. 

 

Table: in vitro antibacterial activity of SN1 
 

 

Diameter of zone of inhibition (mm) 

SN1 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis - - 7 21 

Staphylococcus aureus - - 6 24 

Bacillus cereus - - 6 12 

B. polymyxa. - - 7 21 

 
Gram (+) 

Klebsiella sp. - - 6 12 

Gram (-) Proteus sp. - - - - 

“--” Indicates ‘No activity’ 
 

 

4.3.2 Antibacterial activities of SN2 

 
Compound SN2 showed no zone of inhibition at 250 µg/disc. It had poor activity 

against Staphylococcus aureus at 500 µg/disc concentration. At 1000 µg/disc 

concentration it exhibited poor to activities against Klebsiella sp.,Staphylococcus 

aureus,B. polymyxa andBacillus subtilis but no activities against other two test bacteria. 
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Table: in vitro antibacterial activity of SN2 
 

 

Diameter of zone of inhibition (mm) 

SN2 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis - - 8 21 

Staphylococcus aureus - 7 7 24 

Bacillus cereus - - - 12 

B. polymyxa. - - 6 21 

 
Gram (+) 

Klebsiella sp. - - 6 12 

 
Gram (-) 
 

Proteus sp. - - - - 

 
“--” Indicates ‘No activity’ 
 
4.3.3 Antibacterial activities of SN4 

 
Compound SN4 exhibited poor activity againt Bacillus subtilis bacteria at 250 µg/disc 

concentration. At 500 µg/disc concentration it showed poor activity against Bacillus 

subtilis, Bacillus cereus and Staphylococcus aureus, but no activity against other test 

bacterias. Again at 1000 µg/disc concentration it exhibited moderate activity against 

Bacillus subtilis, Bacillus cereus & Staphylococcus aureus bacteria, and poor activity 

against B. polymyxa & Klebsiella sp., but no activity against Proteus sp 
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Table: in vitro antibacterial activity of SN4 
 

Diameter of zone of inhibition (mm) 

SN4 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis 8 8 9 21 

Staphylococcus aureus - 6 10 24 

Bacillus cereus - 8 11 12 

B. polymyxa. - - 8 21 

 
Gram (+) 

Klebsiella sp. - - 6 12 

Gram (-) Proteus sp. - - - - 

 
“--” Indicates ‘No activity’ 
 
4.3.4 Antibacterial activities of SN5 

Compound SN5 showed no zone of inhibition to any of the test bacterias. 

Table: in vitro antibacterial activity of SN5 
 

Diameter of zone of inhibition (mm) 

SN5 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis - - - 21 

Staphylococcus aureus - - - 24 

Bacillus cereus - - - 12 

B. polymyxa. - - - 21 

 
Gram (+) 

Klebsiella sp. - - - 12 

Gram (-) Proteus sp. - - - - 

“--” Indicates ‘No activity 
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4.3.5 Antibacterial activities of SN7 
 
Compound SN7 had no activity at 250 µg/disc and 500 µg/disc concentrations against 

all the bacterias except Bacillus subtilis, in which case the compound had poor activity. 

At 1000 µg/disc concentration the compound showed moderate activity againt Bacillus 

subtilis., poor activity against Bacillus cereus & Klebsiella sp., and no activity againt 

others. 

 

Table: in vitro antibacterial activity of SN7 
 

 

Diameter of zone of inhibition (mm) 

SN7 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis 7 7 9 21 

Staphylococcus aureus - - - 24 

Bacillus cereus - - 6 12 

B. polymyxa. - - - 21 

 
Gram (+) 

Klebsiella sp. - - 6 12 

 
Gram (-) 
 

Proteus sp. - - - - 

 
“--” Indicates ‘No activity’ 
 
 
4.3.6 Antibacterial activities of SN8 

Amongs all the compounds, SN8 exhibited the greatest antibacterial activity. At a 

concentration of 250 µg/disc, it showed good activities against Bacillus subtilis, 

moderate activity against B. polymyxa., poor activity against  Bacillus cereus & 

Klebsiella sp., and no activity against Staphylococcus aureus & Proteus sp.. At other 

concentrations it showed good activities against all the bacteria except Proteus sp., in 

which case it had no activity 
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Table: in vitro antibacterial activity of SN8 
 

 

Diameter of zone of inhibition (mm) 

SN8 Bacterial 
type Test organism 

250 
(µg/disc)

500 
(µg/disc)

1000 
(µg/disc) 

Tetracycline
(30 µg/disc) 

Bacillus subtilis 11 13 14 21 

Staphylococcus aureus - 8 11 24 

Bacillus cereus 7 12 15 12 

B. polymyxa. 10 13 13 21 

 
Gram (+) 

Klebsiella sp. 8 8 9 12 

 
Gram (-) 
 

Proteus sp. - - - - 

 
“--” Indicates ‘No activity’ 
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