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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

0
2 NH, + Clmbql 22C NH H
2 | 2-25hrs, 1t \ /N + 2 HCI
o/ Cl
Y
Here, Y= p-NH,, 0-NH>, m-NH
|| 0
O—P—0d + HC——(CHy)—CH, —— =2 3o HN——CH;——(CHp)y——CH,—NH
| | | 2hr dtirring
NH, NH, POCI,

POCI,

Heren=0o0r 4

All the synthesized compounds were characterized by using analytical data obtained
from m.p., IR, *H NMR, **C NMR, DEPT 135 NMR, P 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
schemeis given in this chapter.



The following table shows the synthesized compound in brief.

Hexamethylene
diamine

1,6-Bis-(dichlorophosphamido) hexane

S Starting materials Product %
No. Yield
1 O NH,
Cl—pP—Cl NH, 75
Cl
Phosphorylchloride NH
2
orthophenylene 2
Diamine
5 3
bis—(0— !
phenylenediamino) chlorophosphine
oxide
2.
H,C——CH; HN——CH,—CH,—NH 78
Cl—pP—Cl |
Cl NH,  NH; POCI, POCI,
Phosphorylchloride Ethvlene diam
ene diamine . . .
Y 1,2-Bis-(dichlorophosphamido) ethane
3. NH,
5 6 C|\P/O 62
0 , :
|| HoN ! H/ \NH
Cl—pP—Cl 1
.
3 6
Cl 5
Phosphorylchloride NH,
paraphenylene 5 s
diamine 4
NH,
bi s p—phenylenediamino)
chlorophosphine oxide
4,
Cl POCI,
Phosphorylchloride NHZ NH2 POCI,




5 O NH,
69
Cl—P—ClI
Cl
Phosphorylchloride
NH,
Metaphenylene 2
diamine
5
3 'NH,
bi s m—phenylenediamino)
chlorophosphine oxide
o. ﬁ 3
- P H,N )J\ ) -
cl T cl \H NH, | Not Characterized
Cl
Phosphorylchloride | Thiosemicarbazide

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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Chapter 1

INTRODUCTION

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 precursors’. In alinear synthesis thereis
a series of steps that are performed one after another until the, molecule is synthesized-
thisis often adequate for a ssmple 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 strychnine’.

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 possible®. A method may aready 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 usualy 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 area 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 isto
build novel biological systems®

In 1828, the German chemist Friedrich Wohler wrote to his former mentor, Jons Jakob
Berzelius with lots of excitation about his new finding>® 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. Wéhler'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 natura fats, thus generating non-
natural molecules that had properties similar to those of natural fats’. 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 code® 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 enzymes’. More recently, complete chemical synthesis of
poliovirus complementary DNA was a vivid demonstration that genetic instructions are

sufficient to specify an active biological system™

Over the last severa 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 unguestionably novel. These goals hold promise
for harnessing the efficiency and precision of living systems for diverse purposes:
microbial factories that manufacture drugs, materials or biofuels*cells that seek and
destroy tumors*cells 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 systems™*°. These
foundational efforts are amed 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: Synthesisand analysis are complementary

(& 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 al 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 antimalaria agent quinine
from aniline, a cheap product of coal tar’. 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 caled "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 commercia 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 drugs''The first of these molecules, sulfanilamide,
was synthesized by 1G 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.

16



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: anaysis/purification and synthetic
methodology. In the first area, routine high-field NMR instruments allow *H-NMR and

3C.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 reactions™and olefin metathesis technol ogy?.
The formation of carbon—carbon bonds is probably the most fundamental reaction in
synthetic chemistry. For the first several decades of the 20" 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 initialy facilitated by developments in robotic handling
technology and, for solid-phase synthesis, by Merrifield peptide synthesis. Both
solution-phase®’and solid-phase parallel syntheses allow generation of large chemical
libraries®. The emphasis on these new technologies, combined with the cross-coupling
and olefin metathesis synthetic methodol ogies, 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 medicina chemistry in the drug

discovery process.

1.5 Organophosphor ous compounds

Phosphorous is a ubiquitous element and its chemistry is of great importance. From the
very beginning, amost 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 compounds?, 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-0O: Organo-oxyphosphorous compound

N-P-O: Aza-oxyphosphorous compound

M-P-O: Metallo-oxyphosphorous compound

N-P-C: Aza-organophosphorous compound

M-P-C: Metall o-organophosphorous compound

M-P-N: Metall o-azaphosphorous compound

19



Organophosphorous compounds have many fold applications in medicinal chemistry as
antifungal® antiviral drugs™ and have aso immense importance in agricultural

chemistry asinsecticidal®®*?® and herbicidal® chemicals.

Almost all of the organic compounds with known pharmaceuticals contain phosphorous
element®. 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 promises™ *.

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:

In medicinal compounds

Pesticides

Industrial phosphate esters

In food technology

Animal foodstuffs

Synthetic polymers and fire retardants
Natural products

© N o g b~ w NP

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 medicina 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 antibiotic®. Again, phosphonoformic acid is also

regarded as an anti-viral drug.

H H HQ

\ o) HO o
\C—C/ o—p—c” \ M 7
/ \ / \ / \ o—P C C
Me' o0 WMe HO OH / \
HO OH
Phosphonomycin Phosphonoformic acid phosphonoacetic acid

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 cyclophormamide and it's derivatives®. Schaffer®’
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.

0 o 0 N
Oo— —F|>—o— P—O—CH, [~ P
[ [ [ 0O N\% <
NH,
HO OH
Ribavirin
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NH\p//O
RN
O 'N(CH,CH,Cl),
(43)
Cyclophosphamide
(6] O
N
T ﬁi\>
HZN)\N N HN \N N\ /CHon
CH, O.CH
CH, O.CH,CH,0H
CH,OH
Acyclovir Ganciclovir

Some saccharide derivatives are claimed to ac against meningitis®. For example,

CH,OH  0.CH, CH(OH)CH(O)CH(OH)CH,O——NH,

HO-+—P——OH
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Therapeutic mixtures containing phospholipids have recently been patented as food
additives to promote brain functions and to treat dementia®.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:

H
Hzc_CO_(CHz)nCHg R T -OR'
HT—CO—(CHZ)n.CHg R—T—OR' T (CHZ)NCH;
CHp,——O——P——00.CH,CH,NMe, R—C o ﬂ CH
o 'e) (CHz)nCH3

Phosphoglycerides have been prescribed to treat AIDS-related infections and

compounds of thistype 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 compounds™ #*
been established medicinal uses. These include stomach antacids such as hydrated

such as inorganic phosphate salts have long

magnesium phosphate and aqueous suspensions of composition AlPO4.XH0
(Phosphagel). Mixtures of NaHPO.J/KH,PO, 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 a-Zr(HPOy), is an excellent sorbant for use in renal
dialysis®.
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A number of well known phosphate salts of organic drugs™ * 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:

+
H,N—CHMeCH,CH,CH,NHEL,

+
NH
HPO, - + | || HPOS”
al CH,CHMe—NH3 +
H,PO, NH
Chloroquinephosphate Pipereziae phosphate

Amphetamine phosphate

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
y-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
enzymes™*. Iron complexes of phosphorylated mono and disaccharides will function

as contrast agentsin the MRI of the gastrointestinal tract.

CHs
HO OH
HO CH2  oH
O=—P—CH,—R=—0
O=—P—C—R=—0 / \\
\\ HO OH
HO 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 agents*’. Some of these compounds are listed below-

HoN ~CH,CH,CHoNHCH;CHa,

H,N S H,N NH
2N SNH; . /OH N P/s\ NH.
PN Y 25 SN

o ONH, OH NH,0 00”~ TONHg

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 etc*®*°.

MeO 0 @) Et

\_/ ] |

/p\ (HO),—P—0 c:clz 0— |Fl’(OH)z
MeO"  CH(OH)CCl Et o)
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
aso 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:

EtO
Meo s N //S
57 CH,COOE /F’\
/" Ne—CH—COOE EtO OONoz
MeO
Malathion Parathion
MeN 0
EtO OFt \p/
—p—_o—rls / \|:
/ AN Me;N
EtO OFt
Sulphotepp Dimetox
MeO MeO 9]
N //S Cl N/
P\ /P\
Meo” O Br Meo”  O—CH=CCl
Cl Dichlorovos
Bromophos
N/
(Me0), 4
OOCN s’ 0 cl
Cyanophos Prothiphos
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=(0) S
N P//

AN EO),P—S—CH,—S—P(O&t
g0’ S—CH,—CH,—SEt B0k 7SO
S S
Disulphoton Ethion
/P\ \p/ O H
\ 1
EtO S@ Meo SCHz—C—N-Me
Fonophos Dimethoate
P P
M@—?—OOS—@O—?—OMe
OMe OMe

Temephos

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 amost 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

problem™ 5L,

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 anal ogues.

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 phosphory! 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.

BO s EtO
AN P// N //O
/ N\ / P\
EtO O NO; EtO OO NO,
(34

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 bel ow-

EtO S s ClI
\P</\ / N EtO\ F{/
/
EtO O‘( \> o’ o cl
N=—
Dichlorfenthion Zinophos

A wide range of organophosphorous compounds have herbicidal activity which includes
Amiprophos, Cremart, DMPA, Glyphosate etc.

MeZHC.HN\P//S MeZHC.HN\P//S
/ N\
EtO/ \O Me EtO @] Cl
O,N Cl
Amiprophos DMPA

A number of organophosphorous compounds are used used as fungicides. The
mechanism of action of these fungicides are different from the insecticides, especialy
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 bel ow-

s7\
OFEt

S
BuH N\ Vi
NHCONH OEt /P\
Phosphourea Phosbutyl
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1.5.3. Industrial Phosphate Esters

Phosphate esters have many technological applications>>®. 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 bel ow-

(CHs—CH>—O)sP= 0 (| CHyCHy-CH-CHzCHyCHyCHy CHy=0 )3 P=O
Triethyl phosphate Tri-octylphosphate
1 ®3)
{(CHp,CHO}P=0 ( CH3-CHyCHyCHyCH (E)—CH,-0), P=0
Tri-isopropylphosphate Tris-(2-ethylhexyl)phosphate
@ @
OPh _
y CHy-(CH)30_ O
CHgCHz-CHz-CHzCH (Ef)~CH,-O—P=0 o
2-ethylhexyldiphynylphosphate ~ OPh CHz—(CH,)30 OH
) dibutyl hydrogen phosphate
CH4(CH,):CH(Et)CH-0 O CH4(CH,),O @)
(CHILHEICHO, ACHIO
/ P\ / P\
CH3(CH,)sCH(Et)CH,0 OH CH5(CH,) 0O OH
bis-(2-ethylhexyl)hydrogenphosphate diamylhydrogenphosphate
() )

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
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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(NQO3)4.2(BuO)3PO where M= Zr, Th, Np, Pu
MO,(NO3),.2(BuO)sPO where M=U, Np, Pu
M(NO3)3.3(BuO)sPO where M=Y, Ce, Eu, Th, Tm, Lb, Am

Tributyl phosphate and related esters such as dibutyl ph