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Chapter 1

INTRODUCTION



INTRODUCTION

Compounds containing P-C linkages are w>ually

compounds. lbe term 'Organophosphorus eompOllnd~' are reserved for compounds

containing phosphorous and carbon. The most important organophosphorus

compounds are phosphate esters which are based on P-O-C linkages. Phosphorus

ch~nJistry is dominated by oxyphosphoflls compowldsl, all of which contain

phosphorus-oxygen linkage~.Most of these arc usually known as pho~phates.Almost

all natllrally occulTing phosphorus eompoWlds contain phosphorus-oxygen linkages

and those of biochemical importance are organic phosphate eslers which contain

phosphorus-oxygen-earbon linkages. Organophosphoru~ compounds which arc based

on phosphorous-carbon linkages constitute the second most important group and

thosc containing phosphorous-nitrog~n linkages are probably the third. Wide.~pread

phosphorous compounds on earth and phosphoric acid a1'Cthe most important

industrial cOimnodity bascd 011phosphorous. The organic phosphate e~ler known as

deoxyribonucleic acid (DNA) is present in all life forms and lies at the heart of

hiochemistry and gcnctics, It i~ the most studied phospholUs compound and is

probably the most crucial pho~phorus compo",nd a5 far as the survival and

devclopment of the human racc conecrncd.

Allhough inorganic phosphorus compounds remain by far the most imporwnl

commercially, the chemistry of organophosphorus compound hus evolved rapidly and

JJOW represents a sizeable and explosively expanding part of the whole. There are four

major classes of phosphorus compounds:

i) Oxyphosphorus compounds, which conwin covalent P-O linkages.

ii) Organophosphorus (carbophosphorus) compounds which contain P-C

linkages.

iii) Azaphosphorus compounds which contain P-N linlulges.

iv) Metallophosphorus compounds which contain P-metallinbges.

It v,ill sometimes be useful to classify phosphorous compounJ in accordance with the

presence of two charactcristics bonds e.g.

C-P-O

N-P-O

Organo-oxyphosphonlScompound

Aza-oxyphosphorus compound
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M-P-O

N-P-C

M-P-C

M-P-N

Metallo-oxyphosphorus compound

Aza-organophosphorus compolUld

Melallo-organophosphorus compound

Melallo-awphosphorus compound.

The application of phosphorous componm!s are of diversc nature. The commercial

production of orthophosphates and polyphosphates greatly exceeds that of all other

compounds of phosphorus. Phosphate esters, although produced in smaller quantities,

have very diverse bllt important applications. Substitutcd phosphak~, particularly

phosphonates and thioated derivatives also have a considerable number of current

uses, Prominent amongst these are in pesticides, heavy mewl extraction, oil additive~

and polymers of various kinds. Industrially produced natural producls such as casein

und lethicin have a growing number of applications in food products and other areas,

The utili~.ation of pho~phorus containing organophosphorus compounds are as

follows:

(i) Food technology

(ii) Animal foodstuffs

(iii) Industrial phosphate esters

(iv) Pesticides

(v) Medicinal compounds

(vi) Synthetic polymers and fire retardants

(vii) Natuwl products.

In food technology

Phosphates2-1 are present in most natuwl 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 pnrposes which include for increasing nntritive

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

leavcning action, colour development or stabililation.

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

listed as:

2



(i) Inorganic salls - ortho, pyro and polyphosphates, mostly ofNa, K or Ca,

. (ii) Bipol)'TIlerphosphates - casein, 1actalbumins phosphates, starch phosphates,

lecithin.

Medicinal supplementation of phosphorus is usually with casein, orthophosphates of

glyeerophosphates ofNa, K, Mg or Ca. The applications of phosphorous compoLIl1ds

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

products, meat and fish, fruit and vegctables, beverages, leavening agcnts, biopolymer

phosphates etc.

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

K, Mg and minor quantities are citric acid and a b'Teatdeal of water. The phosphow>

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

difTerent compounds both organic and inorganic. Most abundant and important or

these arc thc casein phosphoproteins, calcium phosphates and the phospholipids.

Other phosphorous compounds present in much smaller quantities arc most of the

vitamins, various nucleic acids, enzymes, sugarphosphates and protcose peptones

(phosphoglyeopeptides).
About 2.0% of HZP04-anions are present in natural citrus fruit juices as well as about

0,02% glucose.6-phosphate and other sugar phosphates. Other phosphoru~

compounds present in relatively minor quantities are nucleic acids, AIP,

phospholipids and B group vitamins. Very useful effects are observed by treatment of

fruit and vegetables with added phosphates. These include stabilization against

bacteria and rancidity enhancement of colour and desinlble effects on tenderness and

firmness. For example, ~mall additions ofN;I.jP20, to peas and beans prior to canning

lead to a morc tender product due to the sequestcring of calcium ions.

The addition of sodium polyphosphatcs stabilizes the colour or strawberries,

tomatocs, cherries ctc. and the usc of such compounds prior to Calmingor freezing

will hclp to keep vegetables green!. l'yrophosphates such as NalH2P207arc uscd to

counteract the blackcning of raw potato or apple juice which is due to the oxidatioll of

diphcnolic compounds in the presence of hcavy metal ions. The lattcr are removcd 9Y
eomplexing with the pyropho~phate ions.
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Starch phosphal.es9.lo are being increasingly used in manufacturing since they promote

thickening without gelly form. Starch phosphates have a fairly low degree of - OPO]

substitution for - OH and are obtained by heating starch with phosphoric acid at abont'

60"C. Sume natural potato starch alreudy contain a fcw phosphate ester groups.

Starch-OH +

.------------ Starch -------------------
"-O;p(ONa
/0 0

---------------- Starcll ----------------

Scheme -1

Sodirun dihydrogen phosphate reaets with starch to give a monoester salt, while

sodium trimetaphosphatc 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 trimetaphosphate is used to make cold-

water jcllies. Phosphorylated varieties of this kind are resistant to hydrolysis and

degradation probably due to cross-linking and arc used as thickening agents in cooked

foods.

Sugar phosphates used in foods are relativcly few in number, they include the

improvement. of the cri,pness of breakfast eerealsll and the flavor of alcoholic

beveragesll.

Phospholipids sl.lch as lecithin which is available in various b'Hldes is widely used in

the food industry as a surfactant, an emulsifier and an anti-oxidantY-I~ Lecithin is

used in baking, where it acts as an emulsifier, a welling agent to reduce mixing time, a

parting agent to affect cleaner and easier rclcase from llloulds and an anti"oxidant to

stabilize vegetable and animal fats. Dough-handling properties are improved \vith
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lecithin and other improvements are secured in biscuits, pies, eakes and waffles.

Lecithin improves the ehee5e yidd from milk.171t is also inuuduced into foods in the

fonn of egg yolk where it may aet as an emulsil1er as in mayonnaise and salad

dressings.

Synthetic organophosphorus compounds arc used in foodproeessing, the use of poly-

substituted tri-arylphosphine eompotmds as anti-oxidants and poly (p-diphenyl

phosphino)styrene retards the formation of peroxides in SLinflowcroil.IS

In Animal foodstuffs

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

more restricted variety of their did makes anima!> much more prone to phosphoru,

deficiency than humans.19-26Phosphorus deficicncy i, the most wide spread and

economically importmlt of all mineral <.kfieienciesaffecting grazing livestock.

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

absorption of phosphorns from the dietary inpul is influenced by many factors. These

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

such as Ca, Fe, AI, K.,Mg, and Zn. Excessivc Fe, Mg, AI in the animal dict is known

to rednce thc absorption of phosphorus by fonning insoluble phosphates. Mono- and

di-caleium phosphates are added to from animal foodstuff to guard against dietary

deliciency of phosphorus. Stock feed di-ealcium phosphatc, CalIP04.2H20 call be

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

possible reduction of phosphorus absorption, the Fe, AI, and Mg salt impurities do not

seem to be harmful to animals.

Disodinm phosphalc, Na~HP04, amlllonilUll phosphate or urea phosphate

CO(NI-hhH3P04 may also be used as snpplements to anima! fceding compositions.

Pyrophosphates and potassium orlhophosphutes are sometimes incorporated into pet

foods. Ammonium phosphate~are used in cattle foods.

Lccithin and dehydrated casein are also used as animal food supplements. A useful

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

acid reduces the visco~ity of the latler as well as increasing its nutrient value,
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In Industrial phosphate esters

lhough phosphorous compounds have enormous imporlance ill biochemistry,

phosphates esters27-29may havc many tcclUlologicalapplications. Some of the more

important industrial products arc listed below:

(CH)-CH2-O)3P=0 {(CIIJ)PIOhP-O
Triethyl phosphate Tri_isopropylphosplmte

(1) (2)

( CH2-CI-Il-CH2-CHz-CH2-CH2-CI-Iz-CH2-0)3 P=O
Tri-octylphosphate

(J)

( CH,-CH2-CH2-CH2-CH(Et)-CH2-0), P-O
Tris-(2-elhylhexyI}phosphate

(')

OPh
CH,-CHrCH2-CHrCH (Et)-CHrO-PC::O

2-ethylhcxyldiphynylphosphate 6Ph
(')

CH3(CHV3CH(Et)CH20 a'Y
- /p"
CH](CH2)]Cll(El)CH20 OH
bis-(2-dhylhcxyl)hydrogenphosphate

(7)

CH)-(CHilJ ° 0'Yp, / ,
CH,-(CHilJO OR
dibulylhydrogenphosphate

(6)

CH3(CHV40 0'Yp .
/ ,

CII)(CHv40 OH

diatnylhydrogenphosphate
(8)

Tributyl phosphate and related esters such as di-bulylphosphate (Bu"OnP(O)OH

(DBP) and bis-2-ethylhexyl phosphale (HOEP) have importanl uses ill the exlraction

of rare earth, actinide and other heavy metals from mineral resources and their

recovery from waste products of the atomic energy industry. A ~olution of TBP in

kerosille can. be used for solvellt extraclion of uranium alld thorium and other rare

earths from their mixtures ill a 10% aqueous solution in nitric aeid. The mdaJ

complexes such as V02 (NOJH(BuO))POh, which are formed on mixillg the
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aqueous and kerosene phases CUJI be successively removed from the latter, in which

they are soluble (a)

uot+ aq. +2NOJ- +2IBP org.':; UO~(NOJ)z. 2IB? orgaq. ... (aj

DiITerenee of the extraction coefficients with diIT~r~nt cations may be utilised in the

separation of Uranium, transition metals and rare earths. Tllis is a well established

method for tile extraetioo ofuranillm in the processing of nLlclear filels. Hafnium can

also be separated from zirconium by this techoique using TBP.

Tributyl phosphate TBP is still widely used for the purification of uranium for nuclear

rcactors and in the re-proecssing of spent nucle<lr fuels. Certain phosphate esters can

be po!ymeri&d to give polymers on their 01'.'11account (homopolymers) with the

phosphorus atom either in the side chain (13) or in the main ehain (14). Natural

polymers of the laUer type include the nucleic acids and the techoic acids.

(9)

o
II -HzO

nHO-P-OJ-l ~
I
OM,

o 0
II II

O-P-O-l'-O-
I I
OMe OMc

(10)

Some 5- and 6-membered ring phosphate e~lcrs can be polym~rized as methyl

ethylene phosphate (II)

nMeO-~-O-CH2- -ot~-O.CH2CH2.0t-
I I I
O--CII2 OMe n

(11)

Tris allyl phosphate (CH2~CH-CH20)JPO, will give rise to 'I clear hard cross-linked

polymer. Polymerized allyl or vinyl phosphates have not generally led to successful

cOllllllereial products,
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lIigh molecular weight polymers or relatively short chain oligomers can be prepared

by the reaction ofPOCb or aromatic derivatives ArPOCb with some dihydrie phenols

(12).

nA10.POCI2+ lHO--< >-OH_t~-o-O-b °t .
OAr + 2nHCI

"

Products of type (16), first obtained about 40 years ago as 'phoryl resins' have good

flame resistance, high transparency and hardness but they lack resistance to hydroly~ls

because of the P-O-C linkages are present. similar polymers based on phosphonates

(13).

nAr.POCl:J+ nI-fO-< }OH - t~-O-o-b 01
, Ar J : 2nIICl

(13) 11

o
• II

RCH-CH2+RO-P-OR •
'.1 I -ROH
a OH

are somewhat more stable, but satisfactory stability towards hydrolysis b achieved

with chains based on P-C linkages.

The Friedel-Cmfts reaction can be used to prepare some polymeric phosphate e5ters

(14) while olhers can be prepm-ed by co-polymerization of dialkyl hydrogen

phosphates with epoxides (15)
o-0- "-0 /2000CCICH2 \\ ;/ O-~-O \\ /; C1l2Cl+ArH_HCI"
ON

lCH2-{ )--O-~-O--< )--CH2-AiLl OAr jn
(14)

~p-o
I ,

O-CH2-CHR-OH 11

(15)



+ nl'OCI3 -Hel •. tCH2-~H-t

POCl2Jn
CH,-CH--

I

9
P(O)(OH)2 n

(16)

tCH2-yHtOli

Polyvinyl alcohol can be wholly or partially converted to polyvinyl phosphate by the

action ofPOCI3 followed by hydrolysis (16). Heating of the polyacid product leads to

a crosslinked polymer which resists hydrolysis by dilute acids and bases.

The mono aJmnoniurn salt is obtained by the action of phosphoric acid and urea on

polyvinyl alcohol (17).

tCHrCH- J
1(O)(ONH4)(OH n

+ 2(1-I).NCO)2NH
( 17)

In current practice, polymeric phosphate esters are used almost exclusively as

additives to modify the properites of established organic non-phosphorus polymers.

This may be achieved either by co-polymerization, chemical bonding to the

preformed organic polymer, or in some cases merely by physical incorporation.

Various oligomers of the type (180.)have been patented as flame retardant additives

for poly urethane foams. One such material can be obtained from tris (2-ehloroelhyl)

phosphateJI (18b).

RO
o
II I I
P-O-CBR-CHR-O
IOR

pR
1'=0,
OR

18(0.)IfR,R = Short chain alkyl

9



• .' or

18 (b)

Highly polymcriscd mOllo-aml dieslers have been patented as rust preventing

polymers,J2

In Pesticides

One of the very important application of organophosphorus compounds is in

pesticidclJ.11 Two main groups of pesticides are insecticides and herbicides. There are

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

bactericides etc.

Some pesticides arc very specific in action and may be effective again~t only one or

two species, while other may be broad spectrum and effective against wide range of

pests.

Pesticidal compounds sometimes have morc than one function and may act as ho(h

insecticides and herbicides or as inseclicides and fungicides.

The ideal insecticide needs to be highly toxic to lhe insect pest concemed but at the

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

in action and cheapness are also neccssary. A high p~rsi~tcncc is desirable il"used

early in the growing season and low persistence il"applied later.
Many insecticides are also classed as acaricide5 and ncmatocidcs. Acaricides deal

particularly with mites which attack plants and nematocidc dcals particuhlrly with

leaf, stcm and root parasitcs known as nematodes. Besides, carbamales and organic

chlorine compounds, other commercially important insecticide belong to

organophosphorus compounds.
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Some typical organphosphorus insecticides arc listcd below:

Sulphaterr

(19)

Bromophos

(21)

Parathion

(23)

Disulphoton

(25)

s
(MCOhr( -()-

a i:o. 8 CN

Cyanophos

(27)

Malathion

(20)

M~N a
'-/
/'-Me2N F

Dimetox

(22)

Mea a
'-/

Mea/
r
'a-CH=CC12

Dichlorovo>

(24)

Ethion

(26)

Eta SCI'-/0P,- -
PrS/ 0 i:o.8 CI

Prothiphos
(28)

11

"



,Fooophos

(29)

PrO S S aPr""y IV
/p, )\

PrO 0 OPr

Aspon

(31 )

MeO ;;'p4 0 H
/ \ II ,I

MeO SCH2-C-N-Me

Dimethoate
(30)

Cyanofenfos
(32)

~ - - j
Meo-~-0-o-s-o-o-~-OMe

OMe OMe

Tem~phos

(33)

Several thousands organophosphorus compounds arc known to act as in~ecticidcsand

abont 250 of thesc arc manufactured commereially. New compounds arc constantly

being patcnted.

Organophosphorus compounds owe their activity to their capacity 10 phosphorylate

and intibit the action of cholinesterase, although in some instances the inhibition of

oilier vital enzymes is believed to be involved.

Organophosphorus compound" show wide range of properties, some being highly

specific in action while others arc effective again~\ a wide range of pests. Some of the

compounds are also extremely toxic to humans. Others are relatively harmless and

almost non-toxic to hnmans. Thio-derivatives arc often considerably less toxic to

mammals than their oxy analogues although their insecticidal aetivity is not

diminished. Some compounds are non-toxic 'in vitro' but are converted to insect

metabolism. Organophobphorus insecticides are generally rapid acting, higWy

12



elfective in small conccntrations 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 onc insecticide to ,mother. One tedmical process used to

prepare TEPP was the chlorination oftrialkyl phosphates with thionyl chloride (I), hut

the product is now almost obsolete because of its hydrolytic instability as well as

toxicity.

2(ROhPO + SOCh --> (RO)lP(OrO -P(O)(OR)2 + SOl + 2RCl (I)

The highly toxic parathion (23) discovered in 1944 by Schrader, has a water solnbility

of 24 PPm and can be made by reaction (II). It has a greater hydrolytic stability than

TEPP and is consequently more persistent in action.

(EtO)zPSCI +NaOC6I-:4NOl --> (EtO)lP(S)(OC61-kl\'Ol) +NaCI (II)

Conver~ion to a phosphoryl derivative is necessary for insecticidal action in order that

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

parathion this may happen by th.iono to thiolo isomerisation (34).

EtO 0'7-- ••- p/'-0-EtO O~/;N02
(34)

Parathion it5elf b less toxic but without phosphorylation it can't be active as,
insecticidal action,

In Medicinal Compounds

Organophosphorus compounds have some uses in medicinal compounds. Some

inorganic phosphorus compoundsn-l3 such as inorganic phosphate ~a1ts have long

been established medicinal uses. Thcse inelude stomach antacids such as hydrated

13



magnesium pho~phate and aqueous suspensions of composition AIP04.XH10

(Phosphagel). Mixtures of Na21-IPOJKl-hP04 can be used for the treatment of

phosphatemia (Phosphorus deficiency)

The wide variety nature of diets in western countries prevents the occurrence of

phosphatemia which is quite rare in humans, An excess of pho~phorus in the diet

however, may lead to a reduced absorption of other essential (race elements and hence

a deficiency of them may be observed. Phosphate salts make the urine more a~idi~

and prevent the deposition of calcium salls as unnary stones.

Various calcium phosphates are used in artificial bone fOlTIlu1ationsin dental practice

and in toothpaste fommlations. Amorphous zirconium phosphate a~Zr(IIP04)2 is an

excellent sorbant for usc in renal dialysis. 54

Radioactive CtJ2P04 is a neoplastic suppressant and is mu~h used in eanecr treatment.

The hctcropolyanion P1W1S06t is a potcnt inhibitor of vim] DNA but other more

complex anions of lhi8 type may prove to be more u~eful. Rodioaetive up has various

uses in medicine.

A number of well known pho~phate salts of organic drugs".5(' are prescribed as

medicines.This is because the phosphate generally causes Jess disturbance to

phY8iological pH, it may have a more snitable solubility, or merely bceause it is the

salt most conveniently prepared and purified. Examples are:

Chloroquinephosphate

(35)

t~HPO,
N;'

Pipereziae phosphate
(37)

14

Amphetamine phosphate

(36)
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CWoroquinephosphate is used as anti-malarial drug, amphetomine pho~phate is used

as anti-depressmt and piperazine phostatc is used as anthclmcntic drug.

Ethane-l-hydroxy-l,l- diphosphonatc (EHDP) (38) and related compounds sueh as

(39) inhibit bone resorption and arc used in the treatment of bone disease.Complexes

of the diphosphonic add willi x-my emitting isotopes of teclmitium are useful for

medical diagnostic work since thcy conecntrate in the bonc.

?H3
HO CH2 OH, I /
O=P-C-P=O

/ I "-HO OH OH

(38)

1-10 OH, /
o /-CH2- P'-..0
HO OH

(39)

A number of phosphorothioales show anti-radiation activity and are excellent

radioprotective agents. Some ofthese compounds arc listcd bclow.

(40) (41) (42)

In the recent years an important advance was made in the discovery of the

carcinostatic properties of cyclophosphamide (43) and jt.sderivativcs.

Phosphonomycin (44), Phosphon%rmie acid (PfA) (45) and phosphonoacetic uc~d

(PAA) (46) arc among the earlier compounds found to have anti-viral properties.

Phosphonoacetic acid is active against Herpes Virus and Marek's discase, while
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phosphonomycin shows ant;-bilharziosic and ant; leprosy propcrtics as well as

functioning as a broad spcctum actibiotic.,7-59

:O\_c,;,o
/ ,

HO OH

(45)

1-10
\ 'i0O=I'-CH -c
/ "HO OH

(46)

Much sludied ribavirin (47) known sincc 1972 and 5-Fluro-2-deoxyuridine- 5-

phosphate (48) is an anti-cancer drug. 60,(,1.62

0- 0- 0"
I I I FN 00-"fi-O-fi-O-Fi-O-C~OyN-r<
o 0 0 J.------Z. " NH2

HO OJ-I

(47)

O~ ~o
O-~-~-O-CVH20 ( r-H

o N~
HO 0

(48)

The three pho'sphonatcs (48-50) show strong activity against HSV or HIY and (51) is

typical of the 2,3 di-deoxynodeolide derivatives which have antiviral activity.
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(49)

(5])

(50)

Metrifonale (53) is ill>ed for the treatment of urinary tract infections and

diethylstilbestrol bisphosphate (54) can be used in the treatment of prostatic

carcinoma.

MO 0 Et
'0 "~I~ /\_~< {HO)2-P-O~C=T~O-il(OHh

MeO CH(OH)CCI] El 0

(53)

In synthetic polymers and fire retardants

(54)

Application of phosphorous containing synthetic material or synthetic polymer has

many considemble advantages. Numerous polymerized products containing P are

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

P-O-C linkages.
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Some phosphorus containing monomers can be self condensed to form homo-

polymers, while others can be co-polymeri~-cd with a non-phosphorous containing

monomer. Desirable commercial properties are sought in polymers of the latter type,'

which ~mploy a minimal amount of the I.lsually more expensive phosphorous

compound.

The major application of organophosphorous polymer has so rar been in flame

proofing and fire -retardancy but they have also found an important role in the

modification of the properties of cstablished non-phosphorous polymers. In addition,

growing applications lie in the arcas of ion_exchangemalerials, surface additive" ealnlysts

and rooth preservation agents.

Poiymeri7,cd phosphates constitute the most studied group of organophosphorus

polymers, although in some eases the P-C linkages may be confined to the side

chains. Among the method> which have been used for homopolymer formation are

the heating of vinyl or allyl phosphonales (55) or vinyl or allyl esters of phosphonie

acids (56).

f ,!(OlIOR),J~
nCH2=CH-P(O)(OR)z--.~ CHz-CI-J

"
(55)

o t ~/' ;nCHz=CH P(O)R(OR)--'- CHz-CH
6P(O)R(OR\ n

(56)

Methods used to oblain phosphonate copolymers include lnillsesterification reactions

between suitable diols and phosphonyl dichlorides(57) or pho'phonate esters (58) or

reaction of the latter with dihalides (59)

/"'-- -2nHCl
llPhI'OC~+ llHO~OH •
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nMeP(OXOPh)2+ llBD~ X )-OH 2PID~ t~-o-\ X }oL
Me j n

(58)

nMeP(O)(OMclz + nCIClhCH2Cl •-2nMeCl

(59)

A limited number of polymerbed phosphites have been made by reactions between

phenyl phosphiles and various dials. Typical examples of copolymers are 60-62.

(60)

-0- -0- -PhOH
HO ~ d CMC2 ~ j OH + (PhD))!' l'

0CM"-\ }o-r-oi
l'-----JI OPh J II

(61)

Phosphine copolymers can be obtained by heating primary phosphincs with nOll-

conjugated dicnes (63) or condensing them wilh diisocyallales (64) or by reacting aryl

phosphonous dihalidcs with certain hydrocarbons (65).
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fR t' I ;nRPH2+nOCN-R-NCO- P-CO.NH-R-NII.CO n

(64)

nArPCb + n\ ) CH2-CH2-\ ) ~~~~

J{j-CII'-CH,-o-r1
l'Lj' ArJ n

(65)

High molecular weight pol}phosphinatc homopolyrners arc obtained by heating

phenyl (vinyl) phosphinic acid or its esters (66). When certain phosphinatcs arc

heated, Arhusov rearrangements takes place, followed by condensation to give

polymers with phosphorus in the main chain (67).

o TCH'-CH1" InPh-f-CH=CH2 - Ph-f=O
OR OR n

OM,
I

nCl-CH2-P
I
OMe

(66)

--. t~,I_CH2t-MeCI
OMc n

(67)

A permanent or semi-permanent lire resistance of paper, wood, plastics, fabrics etc.

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

incorporated in all il1501ubleform in these highly polymeric materials. In the case of

synthetic materials, the most intimate bonding is usually obtained by
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copolymerization with a fire retardant mOliomer or short chain oligomer.

Alternatively, it may be possible to attach the phosphorus compound by a suitable

re<lction with the pre[offiled polymer. There are now several hundred

orgallophosphorus or organic phosphate fire retardants are available for application.

Although most of these arc considerably more expensive than ammoniwn phosphate,

their use is oilen commercially justified, particularly with high quality fabrics. Their

mode of action in many cases is probably at least partially similar to that of

ammoniwn phosphate.Flame and grease resislan~e can be imparted to cotton fibers by

carrying out reaction (68) in their presence but there is some loss of strength.

NH
I

H2N-C-NH2 + 4I-CHO+ 2l-PO(OMe)2_

CH20H CH2DH
I I

(tilleD hP(D )-CH2-N-~-;; N-CI12PO(OMeh

(68)

Two other commercial organic phosphates of the additive type are 'Thermolin 101'

(68a) and' phosgard 1227' (68b).

CICH2CH20" OCH2CH2CI
O==P-O-C1l2-Clh-O-CH2-CH2-0-< °

,ClClhCH20/ OCH2CH2C1

68 (b)

In natural produds

Natural products in the foml 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 foood in

phosphorylated form, and these may be tenned phosphoprotcins, phospholipids and
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phosphosaccharidcs respectively. Phosphorylated forms are intimately involved in the

function of the all-imporlant 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, proteoglyeans, glycolipid" nucIcoprotcins etc. Phosphate groups when

present in cithcr biopolymer may also act as bridging groups.

I ~ I -2H10
-C-OH + HO- P-OH + HO-C- ••

I 6H I
I ~ I
C-O-p-O-C-
I I Io

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

of greatest importance in animal metabolism are the three esters, (69) which also

occur in plant life, parlictllarly fruit. They have high water solubilities and high acid

strenb>ihs.Individual glucose phosphates vary greatly in their hydrolytic behaviour.

IIOB

CH20P(O)(OI-I)2
o H (HOMO)POCl-h

H H
H

H

OP(O)(OH)2
OB

(69)

Amongst the ribose phosphates, ribose-5:phosphate (70) is utilized in forming the all

important nucleotides.

OH OB,
R= bose 5 phosphate

(70)
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An important compound in biochcmistry is 5 - Phosphoribosyl - 1- pyrophosthate

PRPP (65), This compound is involved in the biosynthesis of amino acids and NAD.

(HO)z(O)POCH2

OH

H

o 0
II II

O-P-O-P-OI-I
I I

OH OH OB

(71)

Saccharide phosphatc esters can be isolated from natural sources or produced by

chemical synthesis. fructose I : 6 diphosphate can be isolated from yeast and glucose

_ I - phosphate can be obtained by phosphorolysis of glycogen. For preparation of

bulk quantities, chemical methods of synthesis are uSI.lallyto be preferred although

they are not always available. As a result of studies over the past few decades, a wide

variety of suitable phosphorylating agents have become llvllilablo for treating both

simple sugars and nueleotides."J-MThe most widely used phosphorylating agents

diphenyl phosphoroehloridate (PhO)2POCI and dibenzyl phosphoroehloridate

(phCl-hO)l POCI, arc normally used in pyridine solution.

Simple monosaccharides such as V-glucose - 6 - phosphatc can be prepared by direct

pho~phorylation of the unprotected sugar. In gencral, however, the sugar -01-1groups

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

and the protective groups afterwards to be removed, Glueose-2-phosphale can be

fonned according to scheme (2).

A,O

OA,
-HCI •+ (PhO)2POCI

MeO'•
HO

OP03l-l2

(Scheme - 2)
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In some cases phosphoryl chloride is a 8alisr<l~torypho~phorybting agent (Scheme-J).

CHzOH OR CH20I-r OR CHzOl'OClz
0 0

POCIIOM~CO•-H2O

OB OB o 0
"""CMe(

H2O C6 •
C~OR

(20)•
OH OH

(ScJ:lcme-3)

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

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

glycogen. Phosphorylated polysac~harides, phosphorylation with consequent

modification of propertics is possible ill principle for any polysaccharide.

Phosphopolysaceharides (Polysacdlaridc phosphate estcrs) of this kind occur

frequenlly in living systems <I11din a number of important tcclUlologieal products.

Many bacterial polysaccharides contain phosphate ester groups, thcsc include the

leichoic acids.

A consider<lblenumber of phospbos<lccharidcshave beell chill'dctcriscd by NMR,

mass spectra, chromatography or other techniques. Many of these phosphosaceh<lrides

have however been obtaincd only ill minimal amounts via biochemical processes and

satisfactory chemical means for their bulk preparation are not yet available.

In sugar-phosphate chains66, consisting of sugar rings alternating with phosphate

groups can be obtained by entirely synthetic method~.Ring opcning (Scheme - 4) has

been shown to yield high molecular weight polymers.
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CH,

7
I-J-P-O

"o

• o
I

I-IO-P-O

"o
(Schcmc-4)

n

Polymer chains consisting of alternating sugar rings and phosphate groups are found

in nucleic acids and in SOUle varieties oftcichoic acids.

Reaction of cellulose with concentrated phosphoric acid or phosphoryl chloride,

results in the replacement of a few of the -DB group~ by OP(O)(OH)2 groups (75).

Phosphorylation at the C6 atom is usually assumed, although oth~r carbon atoms may

also be involved in a more or less random manner,

OPO(OHh OPO(OH)2
I I
CH2 HOCH2 CH,

II OH
OH OH OH H

0 0-
H II OH H OH

(75)

An increased flume-resistance can be obtained with phosphorylated cellulose but at

the expense of partial degradation and loss of fiber strength and increased waleI'

solubility. Cellulo~ phosphate salts are useful as cation exchange resins in protein

chromatography and for peptide separation. Among~t the biological polymers,
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proteins"7-J3have the most diverse functions and arc in fact the most complicated

substances known to science, thol.lsandsof dilTerent varieties e"ist in every living

orgal1lsm,

Animals generally contain abont ten times more protein than plants. All proteins are

built from C, II, 0, Nand usnal1y some S. The pure protein stwetnres arc devoid of

phosphonls. Phosphoproteins only result when appropriate substitution is made.

Proteins are usually of two type~ conjugated proteins and non-conjugated proteins.

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

combinations are sometimes kno",n as conjugated proteins. They include

nucleoproteins, lipoproteins and glycoprotein~. 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 prdlx

'phospho' to be used to signify which component is phosphorylated e.g.

phospholipoprotein or lipophosphoprotein. More than a hundred different

phosphoproteins have now been reCOb'llized.The best known of these include milk

casein, the egg proteins- phosvitin and ovalbumin and the iron-slorage protein ferritin.

Phosphorylation of proteins nearly always occurs on serine residlles (76) but

threonine, tyrosine, histidine and lysine can also be involved.

CHrOH
I Phosphorylaction

-NH-CH-CO- •
rH20P(0)(mn2

NI-I-CH-CO

(76)

Many enzymes arc phosphoproteins and enzyme action is frequently a~~oeiatcdwith

phosphorylatipn dephosphorylation of the protein residues particularly in serine.

Phosphorylation replaces -oI-I with -oP (O)(OHh and places a negative charge on

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

introduction ofa relativcly 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
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contraction, hormonc response, photosynthe~is, cell division, gene transcription and

translation and brain processes such as learning and mcmory.7~.79

l'hosphoprotcins can be extracted from bone and dentine with EDTA. The

phosphoproteins in dentine form about 10% of the total protein present and have a

very high serine and aspertine content with about hall' of the serine re~idlles

phosphorylated, Isolated phosphoprotein has been shown to cataly;te the formation of

apatite from amorphous tri.calcillm pho~phate and it may act in this way in teeth.)6

Cascin is the most abundant protein in milk which consists of four phusphoproteins

(u,1, <:t,~,!3,K) which oeCllr in closc association with calcium phosphate in the form of

micellcs.

Lipids are water.insoluble, oily or greasy substances that can be extracted from cells

and tisslle~ by non-polar solvents, The most abundant kinds arc fats, which are

triglyceridcs, and thcy act as major storage fuels in most organisms. Triglyecrides arc

fatty acid esters of glycerol 76(a) with gcneral formula 76(b), where R, It,R' are lung

hydrocarbon chain~ of composition - - (CH1),. CH} derivcd from fatly acids HOOC

(CHI)" CH}

?H2-OH
CH-OH
I
CH,-OH

76(a)

CH,-O-CCO)-R
I ~
CH-O-C(O)-R
I ~~
CH,-O-CCO)- R

76(b)

In addition to glyeerolipids 76(b) if the lipid contains one or more polar phosphat~

gro~p, it is called a phospholipid.

Phospholipids arc major components of cell membranes and occurs widely in

" bacteria, animal and plant tissues. They arc involved in ellzym~ action and transport

of tri-glycerides through the liver and they have a role in electron transport and

oxidative phosphorylation.
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77(b)

CH2-0-C(O)-R

I ;
CII-O-C(O)-R

I ~
CHrO-P-OH

IOH

The most imporlant commercial SOllTceof phospholipid is lecithin, which h"s

numerous food and nonfood applications. The properties of starch and bread are

modified by their small phospholipid content. The most ahundmlt phospholipids are

those willi the general fOffilUla77(a) whcre R is a long chain fatty-acid residue and X

can be various groups, They arc dcrivativcs of glycerophosphoric acid and are

sometimes called glyecrophospholipids.
CH2-O-C(O)R

I ,
CH-O-C(O)R

I ~
CH2-0-P-O-X6H

77(a)

When X=H, these compounds arc the parent phosph<ltidie acids 77(b)

In natllrally oeeunng phosphoglyecrides n(a), X is most frequently choline,

ethanolamine, L-serine or inositol and R is a mixture, the principal components of

which arc palmitic and oleic together with smaller quantities of other long-chain

residues. Lecithin (78) is found in egg yolk, brain tissue and in skin, It exi,ts as

zwitterions in its physiological environment

rH2.0.CO.R

CH.O.CO.R

I 9 +
CH2-0-P-O-CH2-CH2N MeJ

8
(78)

Most phospholipids are water soluble as well as fat soluble, because their molecule

have hydrophobic as well as hydrophilic regions and are pO]<lrin character. So they

are c<llled amphiphatic lipids. In general, membrane lipids are amphiphatic

phosphoesters, whereas storage lipids arc not. Phospholipids arc 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, lliey act

as a barrier at the interfaces and stabilise the emulsion. When heated with acids or
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bases, most phosphoglyccridcs arc split into their components i.e. fatty acids,

glycerol, phosphoric acid and the base head l,'foup. Plasmalogens are phosphatidyl

derivatives in which the fatty acid in the o;-position has been replaced by an

unsaturated ester (79a). There are found in brain and nervous lissLie.

fHrO-CH
I
CHR

CII-O-COR

I ~
CIl,-O-P-O-X

I
all

l'lasmalogens

79(a)

CHl(OH). OI=CHR

I I
CH-NII. co , R
I ~
CHl-O-P-O-X

I
all

Sphingomyccllns

79(b)

Sphingomyeclins are phosphorus containing members of the second large class of

membrone lipids known as sphingolipids 79(b), Th:: head group X is most eommoly

ehollne or ethanolamine, and thcse compounds resemble the cOlTesponding

phosphatidyl compounds in their general properties, They are found in most animal

membranes, parli~ularly in the 'myclin sheath' SuJroundingcertain nerve cells.

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

Iipovitdlenin are phospholipoproreins. mood conmins variolls types of plasma

lipoproteins which consist of trigiyeerides, proteins, phospholipids and cholesteroL

These closely associated units may be covalently linkcd 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 formulae (80) ;

t ~ 9
R tO-~-O-CHrCH-CH2

all "

R=H, sugar or D-alanyi

80(a)

I

1 0 OR 01-1OR tII I I I
0-1-0-CH2-CI-I-CH -CH -CH2

OU n

R= H or D-alanyl
R' H or sugar

SOrb)
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(81)

The simplest parent compound poly (glycerol phosphate) R=H in 80(a) has been

prepared by 1uhoratorymethods, poly (ribitol phosphate) R=R'=H in 80(b) has been

prepared by phosphorylation of80(a).

The polymer poly(alkylene phosphates) which can be made by ring opening

polymerization (81) or by condem.ation of dialkj'l phosphites (82). Molecular weight';

of over 10,000 have been achieved 6~.

/
(CHilx 'to +fO to 0 II II
" / - O~l~O-(CH2h - O-f-O-(CHilx

"'p H OH n

-r?"° H

o
"1-IO~CH2-0H-RO-P~OR •.I -ROIl
H to-~-o-c1l2lII J n

(82)

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

generations of genetic information'D,but they also pass on this information to direct

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

in close associution with proteins as nucleoprotcins. Nucleic acids are closely

associated with mononucleotides, modified polynucleotidcs and nucleotide

phosphates. They all contain phosphorous, mononuclcotide units are built from (Juee

main components, a phosphate group, a sugar-ribose or deoxy-ribose, a nitrogen basc,

a purine or a pyrimidine.

The mononueleotidcs (monoiluclcoside phosphates) are obtained by breaking down

the polynucleotides or by phosphorylation of pre-formed nuc1cosides. TIldr main

biochemical role is to function as sources of the nucleoside pyro and triphosphate.

Various isomers of monOllucleotides arc found. The ribonucleosides may be

phosphorylated in the 2',3' or 5' positions (83).

30



OR

5~
CH20P(O)(OIIh R

OR OH OP(O)(or-n2~
3 (lIOl2(O)PO

(83) 2/
OR

Whereas the dcoxyribonucleo,ides my be phosphorylated only at 3' or 5' positions

(84).

R

OP(O)(OH)2
(84)

The 5' ribonuclcosidcs are strongly acidic. The RNA mononucleotide unit containing

adenine is adenosine 5'- monophosphatc (AMP). This compound is the hydrolyzed

prod"cl of adenosine tri-phosphate (AlP).
,

The ribonucleoside 2' and 3' phosphates are readily intcrconvcrtiblc in acid ~olulion

and this inter-conversion proceeds through the cyclic 2',3' phosplrule (85).

OP(O)(OIDz

(85)
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Adenosine 3', 5' mOllo-phosphate (Base = adenine) in 80(a) is of considerable

importance in biochcmistry,Hydrolysis of this compound with Ba(OHh give5 a

mixture of adenosine 3' pho5phate illld adenosine S' phosphate.

Nucleoside bis-phosphate 86(b) can be prepared and have considerable importance in

biochemistry.

OH OP(O)(OHh (HOHO)I'O

86 (b)

OH

Although AIr was first discovered by Fiske and Subarrow in muscle in 192911, the

first laboratory synthesis was achieved after 20 yean; by Todd as co_workers72.

In their first method the silver salt of adenosine S'- dibenzyl pyrophosphate was

reacted with' dibenzyl phosphorochloridale lind this was followed by catalytic_

hydrogenolysis to remove the benzj'l groups. The pyrophosphllie salt had been

prepared by a similar route using di-benzyl phosphorochloridate and adenosine-S'-

monophosphate (Seheme- 5).
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H

HO OH

000
II II II

BzO-P-O-P-O-P-D-CH2
I I I
ODz OBz OB1.

o 0 0
II II II

HO-P-0-P-0-P-0-CH2 0 A
I I I
OB all DH

~ ~
-O-1'~O-P-OCH2

I I
ODz OBz

(Scheme - 5)

In another synthcsis, the di-siIver salt of adcnosine-5' -phosphate was trcated directly

with an excess or dibcnzyl phosphorochloridale and this was followed by

hydrogellolysis and hydrolysis (Scheme - 6).

OH OH HO OH

A

o

"HO-P-CH2

61I

OBz
(BzO)POCI I

_ BzO-~ a

O=~-0-CH2 0

llzO-f=O

. HO OH OB<;

o 0 /-0 ,M, 0 OJ
_ 110"p/ 'pV o-ko;1A HM:6:;1':::6 --0-- a 0 ~_~

or OB HO-~-0-~-O-~-O-CH2 0 A
II II II
OH DB OB

(Scheme-G)
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Almost all biochemical reactions me catalyzed by enzymes. Enzymes are a special

kind of catalyst which are proteins and which are cffective in extremely small

concentrations. Enzymes arc usually proteins, all en/.ymes contain nitrogen and most

of the enzymes contain phosphorous, a very high proportions arc involved with

reactions of phosphate esters and phosphorus is often present in the eofactors,

EnZ)TIles which catalyze h}drolysis arc known as hydrolases and if the compounds

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

to phosphate esters, these compounds are known as phosphoestenlSes or phosphatascs.

The enzymes which catalyze 'phosphate transfer' or phosphorylation is very

important in biochemistry. These have been known variously as phosphotransferases,

phosphorylases, phosphokiimscs, transphosphorylases etc.

There arc rn'o phosphorylation processes of fundamental importance ofbiochemislry.

These are photophosphorylation, thc process by which green plants convert light

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

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

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

according to reaction 89(a) which can alternatively be written as 89(b). In this non-

reversible reaction in which AT? act as the phosphorylating agent, the enzyme is

given a speeialllame hexokinase. Enz)'mes whieh catalyze transfers specially to and

from A11' are sometimes called phosphokinases.

Ii

H
Mg

+ AD' •t.;:xokinase
no

H

+AD?

OH
OH

89(a)

GIOC":~ M~.~DP. Gl~o,,-6-Pho;pm"

89(b)
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Another example is provided by the phosphorylation of acetic acid (sllbstrate) to foml

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

kinase (84). This reaction can occur in reverse in which case the acetyl phosphate is

said to phosphorylate the ADP to AIP. Both di-phosphate and tri-phosphate esters

can aet as phosphorylating agents.

ATP LP
\-,. k~ CH]CO OP(O)(OH)z
acetate nJasC

(90)

Enzymes whieh eatalyze the transfer of a pyrophosphate group are sometimes known

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

it will sometimes 'Ie( us u pyrophosphorylating agent, as in the conversion of ribose-5-

pho~phate to a a-5-phosphoribosyl-l-pyrophosphate (91).

H(OHh(0)POCH2 0

OH

(OHJ2(0)POCH2 0 II

A11' LP 000H II II
OH \-,. H O-P-O-P-Oll, ,

OH OHOH
(91)

Oxidative phosphorylation occurs in the fonnation of ATP from ADP when it is

coupled to the process of electron transfer from NADH or FADl.h to oxygen (92).

This occurs in the terminal oxidation of glucose. Electron transport and oxidative

phosphorylation take place in nearly all types of aerobic cell.

---,'NAD+ +H20- 5.2 kcals.

Photophosphorylation oecurs whcn ADP is eonverted to ATP during the complex

process of photosynthesis. Protein phosphoryiation7H4 is one of the important

phenomenon of the living cells. Phosphorylation is one of the chief mechani~m8

whereby cells can nlpidly activatc or inactivate many of the enzymes which are

present. These actions are believed to result from modification of the enzyme

confomlatiol1,whcrcby its active sitcs arc either exposed or masked.
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The enzymatic phosphorylation and dephosphorylation of a protcin can be

swnmarized as in (Scheme - 7)

AlP

Protein

ADP

Protein
Phosphate

H,O

Scheme -7

Prol<::inphosphate
(phosphorylated protein)

Phosphorylation involves replacemcnt of -OE groups along the protein chain most

frequently on serine residues (Scheme - 8).

AlP
\,.

ADP

/. --co 0

" ICH-CH1-O-P=O
/ I

--NH 0_

(Scheme -8)

At leust a hundred or out of the tolal of about 30,000 different proteins fOl.lndin cells
arc known to be modified by phosphorylation. Even when a protein is phosphorylated,
however, only a small proportion of the total -OH groups is generally involvcd.
Whether or not a particular residue is phosphorylated in a given protein is detennined
by the specific amino-acid scquence around the site of potentiul phosphorylation.
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AIM OF THR}'ROJECT

Organophosphorus compounds have tremendous importance In the field of food

teclmology, animal foodstuffs, pesticides, medicinal compounds, synthetic pol)'TIlers,

firc rctardants and natural prodl.lcts,These compowlds can be used as flame retardants

for fabrics and plastics, plasticizing and stabilizing agents in the plastic industries,

additives in the petroleum products and corrosion inhibitors. The intimate

involvement of organophosphate in living process is now well recognized and modern

biochemistry is dominated by it such as ATP and DNA.

Phosphoryl transfer reaction is very important in some organophosphates because

insecticidal action is increased and phosphorylating action can ensure the activity of

that insccticidcs,

Nucleophilic substitutions at thc carbon centre is very important topic in organic

chemistry. In many aspect; phosphorus rival~ carbon in its structural versatility, thc

general variety of its compounds and its biochemicm importance. The mechanism of

nucleophilic substitutions at the carbon centre is very well known. Considerable

amount of work have been carried out on nucleophilic substitutions at the carbon

centrc but much less is known about nucleophilic substitutions at the phosphorus

eentre. Nucleophilic substitutions at the phosphorus centre is very important topic in

organophosphori.ls chemistry. Thc nucleophilic substitutions at the carbon centre is

well establi~hed but the mechanism of nucleophilic substitution reactions at

phosphorus is not well established. It has great interest to study nucleophilic

substitutions reactions at phosphorus in solutions. The nucleophilic substitutions

rcaetions at neutral phosphoryl species such as in phosphoryl chloridc have been

considered to proeced either stepwise through a pentacoordinule intermediate of

trigonal bipynimidal shape or concertedly through a single transition state,

Therefore, the proposed research project is undertaken with the following objectives:

(a) To prepare the unavailable startingmaterials from available chemicals,

(b) To synthesize the organophosphorus compounds.

(c) To optimize the reaction condition.

(d) Characterization of the synthesized product by physical and chemical methods

also by spectroscopic analysis,
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Chapter 2

EXPERIMENTAL



~, --
2.0 Materials, Chemicals, Doiling point apilaratus and Speetral Teehniqnes

AU the solvents for reaclion, separation, extraction and recrystallization were purified
and the tests were carried out as available in the laboratory and commercially.
Analytical or laboratory grade reagents, solvents and chemicals were used in all my
experiments and these were procurcd from E. Merck (Gcrmany) and BDH(England).
Reagent grade of a-hexane, ethylacetate, diethylelher, acetone, phosphoryl chloride
etc. were purified by distillation at the boiling point of the respective solv,ent.
Ethylaeetate and phosphoryl chloride from E. Merck (Germany) were used directly as
these were bought commercially. The following methods were used for purification
and drying of the solvents used for the syntheses.

a) Determination of melting points

Melting points of different synthesi~.-edcompounds were determined on Gallenkanlp
(England) melting point apparatus and paraffin oil bath,

b) Infra-red (IR) spectra

The Infra-red spectra were recorded on KBr pdlet for films with a Shimad,.;1.1FTIR
~peetrophotometer from the department ofChemislry, BUET, Dhaka, Bangladesh.

c) Nuclear Magnetic Resonance (NMR) spectra

The NMR spectroscopy is widely used for the detailed investigation of an unknown
compound. With the help of this spectroscopy the structure or pallem of an unknown
compound can be determined. IE NMR (400 MH<:), BC NMR and ]Ip NMR (162
MHz) were recorded in deuleriochloroform (CDCI]) with a Bruker DPX-400
spectrophotometer using letramelhylsilane (TMS) as internal slandard al the
Bangladesh Council of Scientillc and Industrial Research laburalory (BCSIR), Dhaka,
Bangladesh.

d) Drying

All organic extracts were dried over anhydrous sodium sulphate (NalS04) before
concentration.

e) Evaporation

All evap0r.llion were carried out under reduced pressure in Buehi rotatory evaporator
( West Gcrmany) with a bath temperature below 40° C.

f) Column chromatography

Column chromatography has been successfully applied to separate the indhidnal
components (having different R( values) of mixture obtained from the reaction
This technique was also employed for purification of the product.
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2.1 Synthe~is ofllis-(4-Methylphenyl) diloropho~phate

Cf<;
ocJI-cl + I C1W~Et]N Ii 0

CI O-p-O \ j CHI
l~lO'phorylchlorjue OH I

4-MethylphCllol +Et]NHCI
CI

His-(4-Melh}lphenyl)chlorophosphate

1A

l'roccdure

A solution of phosphoryl chloride (330 mg, 2.152 mmol) in methylene chloride (5

mL) was taken in a round bottomed flask "Inc llask was then placed on an i~e-bath

with constant stirring for half an hour. A mixture of 4-methylphenoI (465.43 mg,

4.304 mmol) triethylamine (435.82 mg, 4.304 mmol) and methylene chloride (7 mI.)

was taken in another round bottomed flask and the flask was thell placed on an icc

bath with ~onstant stirring for hlllf an hO,",T.The phenolic tnc\hylamine mixt,",re was

then added drop-wise to the phosphoryl chloride sol",tion and was 'lirred for two and

half hours at the same temperature. The progress of the reaction was monitored by

TLC. The reaction mixture was U1en filtered and the solvent was evaporated by a

rotary evaporator. The resultant solid mo.ss wa, then dissolved in dieU1yl ether and

treated with 5% NaHCO] solution to remove excess 4-methylphcnol. The reaction

mixture was then washed with waler three times and dried over anhydrous Nn2SO"

After filtration and evaporation of the solvent, a yellowish crude product \\ia,

obtained. The crude product was then purified by column drromatography. A yellow

ery~tallille product lA having a yield of 62 % with m.p. 62° C was obtained, The

product was found to be homogeneous on TLC plate, R[ = 0,65 (Ethyl acetate: n-

Hexane = 1: 9)

The product lA was characterized by speetrul evidences,
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Physical and spectral evidences of the compound -lA

The synthesized compound lA was a yellow solid having a yield of 62% with

m. p.62GC. The compound lA wa.>[ol.lfldto be homogeneous 011TLC plate, Rf= 0.65

(Ethyl acetate: n-Hexane = 1: 9).Tllc product 1A was characterized by its JR, Il-I

NMR, IJC NMR and 311' NMR spectral data.

J' 2' N ~
0

4'{ '1' II - f ,vCH, O~P-O CH)

I5' 6'
C1

Bis-( 4-Mellty lpheny!) chJorophosphatc

1A

IR (KBr)

IH NMR(400 MHz, CDCLJ)

Jlp NMR (162 MIIz,CDCLJ)

Vm~'em-I ]OSO(C.H, aromatic),

2922 (C-J-I, CH3), 1732 (P=O),

1589 (C = C, aromatic), 1485 ( C = C, aromatic),

14S0 (C = C, uromatic),1269. 1236 (P-O-C6H.),

1139 (P-Cl).

In 8,OS (s, C6H4-H, 4H), 7.24 (s, C(,H4-H, 4H),

2,28 (s, p-CHJ, 6H)

JC 23,8 ( 1c, -C1b), 29.6 (IC, .CI-b),
116.3 (4C, C-3, C-5, C-3' ,C-5" aromatic),

129.8 (4C, C-2, c-i ,C-6,C- 6', aromatic),
135.1 (2C, C-4, C-4', aromatic),

148.6 (2C, C-1, C. (, aromatic)

JP 2.S (P=O, 1P, s).
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-2.2 S)'nthcsis of Bis-( 4-ChlorophcDyl) ehlorophosphate.

C1

PIxl;phorylchloride OH
4-Chlorophcnol

o

'" OW,.",N r{J'I 11-0-----.-C -0- p-O /, CI
/ !ee-bath,2's hIs _ I \- 1/'

CI + Et3NHO
Uis-(4-0,lorophenyl )chlorophosphate

2A

o
II

Cr-F'--CI+
I
C1

Procedure

A solution of phosphoryl chloride (900 mg, 5.~69 mmol) in methylene chloride

(5 mL) was taken in a round bottomed flask. The flask Wa'> then placed on un ice-hath

with constant stirring for half ~n hour. A mixture of 4-ChlorophclloJ (1.509 g, 11.739

mmoJ), triethylamine (1.187 g, 11.739 mmol) and methylene chloride (7 mL) was

laken in another round bottomed ilask and the nask was then placed on an icc bath

with constant stilTing for half an hour.The phenolic triethylamine mixture was then

added drop-wise to the phosphoryl chloride solution and was stirred for two and half

hours at the same temperature.The progress of lhe reaction was monitored by TLC,

The reaction mixture was then filtered and the solvent wa~ evapo,."ted by a rotary

evaporator. The resultant solid mass "as then dissolved in diethyl ether and treated

wilh 5% NaHC03 solution to remove excess 4-ehlorophenol. The reaction mixturc

was then washed \vith water three times and dried over anhydrous Na,S04. After

filtration and, evaporation of the solvent, a yellowbh crude product was obtained, rhe

crude product was then purificd by column chromatography. A yellow solid product

2A having a yield of 59% with m,p.l03° C was oblmned. The product was found to be

homogeneolls on TLC plate, Rr= 0,52 (Ethyl acetate: ]]-lkxane = 1: 9)

The product 2A was characterized by spectral evidences.
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Physical and spectral cvidcnces of tile compound -2A

TIle synthesized compound 2A was a yellow solid having a yield of 59% with m.

p.1030C. The compound 2A was fo\md to be homogeneous on TLC plate, RI ~ 0.52

(Ethyl acetate: n-J-1eXmlC= I: 9),The product 2A wa:; chumcleri.oed by its lR, lH

NMR, DC NMR and lip NMR spectral data.

CI

5

~j
2 J

3' 2' 0-0//\\I' IICI 7 ~---O--p~O
5-6' I

CI
l3is-( 4_Chloropheny1) ehlorophosphate

2A

IR (KDr) Ii",,,,,em-I 3095 (C-H, aromatic), 1718 ( P=O),

1590 (C = C, aromatic), 1485 (C = C, aromatic),

1410 (C = C, aromati~),1299, 1230 (I'-O-C6J-1~),

1161 (P-Cl), 1091(C-Cl), 1014(C-C1).

III NMH. (400 MHz, CDCiJ) 5H 7.13 (d,4H, J~ 8 Hz), 7.29 (d, 4H, J=8 Hz).

Be l'\MR (100 MHz,CDC1J)
(j , .,
C 121.3 (C-3,C-5, C"3 ,C-5),

128,8 (C.2, C-6, C-2,C-6'), 131.3 (C-4, C-4'),

148.5 (C-I, C-I'j.

Jlp'NMR (162 MHz,CDC1J) "P-16.4(P=O,lP,s).
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2.3 Synthesis of ./-NitrophcD)'ldichlnJ'Ophnsphatc.

3A

o
CH2CI1ElJN II ""
---' -~. CI--P--O ~
Ice-bath, 2 IlTS I # + Et]N.HCl

CI N02
(4-Nitrop henyl)d ieh1orop hospha tcOH

4-Nitrophenol

o
II

CI-P-CI

I
CI

Phosphoryl chloride

Procedure

A solution of phosphoryl chloride (1.0 g, 0.0065 mol) in methylene chloride (5 mL)

was taken in a round bottomed flask, The flask was then placed on an icc-bath with

constant stirring for half an hour. A mixturc of 4-Nitrophcnol (0.9072 g, 0,0065 mol)

triethylaminc (0.6599 g, 0.0065 mol) and mcthylenc chloride ( 8 mL) wa, taken in

another round bottomed flask and the flask was then placed on an ice bath with

constant stirring for half an honr.TIle phenolic triethylamine mixture was then add~d

drop-wise to the phosphoryl chloride soli,dion and was stirred for two hours at the

same temperature.TIle progress of the reaction was monitored by TLC. TIle reaction

mixture was then filtered ami the wlvent W(l.S evaporated by a rotary evaporator. The

resultant solid mass was then dissolved in diethyl ether and treated with 5% NaHCOJ

solution to remove excess ./-nitro phenol. The reaction mixture was then washed with

waler three times and dried llver anhydrous Na2S04. After Jillration and evaporation

of lhe solvent, a yellowish crude product WllSobtained. The <:rlHleproduct was then

purilicd by column chromalography. A yellow solid product 3A having a yield of

53 % with m,p.l32~ C was obtained. The product was found to be homogeneou5 on

TLC plate, Rr= 0.65 (Ethyl acetate: n-Hexane = 1 : 19)

The product 3A was characterized by spectra! evidences.
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Physical and spectral evidences of the eomponnd -3A

The synthesized compound 3A was a yellow solid having a yield of 53% with m.

p.132oC. The compound 3A was found to be homogeneous on TLC plate, Rr= 0.65

(Ethyl acetate: n-Hexane = I : 19 ),The product 3A was chllmcteriz~J by il> JR, IH

NMR, IJC NMR and lip NMR spectral data,

o
II

O-P--CI

I
CI

5

4 1
-- 2
J

4-Nitrophcnyldichlorophosphate
3A

o
\N.
IIo

m (KBr) v",,,,cm,1 3087 (C-H, aromatic), 1727 (1'=0),

1560 (C = C, aromatic),

1485 (C = C, aromatic),1450 (C = C, aromatic),

1282, 1265 (P-O-C6~), 1215 (N-O),

1197(N-O), 1161 (I'-Cl),J085 (I'-CI).

IH NMR (400 MHz, CD03) 5H 8.32 (d, 2H, J= 7.52 Hz),

7.42 (d, 2H, J=7.48 Hz),

BC NMR (100 MHz,CDCh) °c 115(C-4), 116(C-3,C-5),

150 (C-2,C-6),163(C-l).

31PNMR (162 MIIz,CDCh) 8P 8.6 (1'=0, 11', s).
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2.4 S)'othcsis of J-Nitrophcnyldichlorophosph:ltc

~",--[--0
"

o
IIC'-1-C1+i
C'

Phosphoryl chloride

Procedure

OH

#,
/N~

o 0
3_Niuophcnol

H'
0/ ~O

3- N ilm phenyl dicit loro phospho te
<A

A solution of phosphoryl chloride (1.0 g, 0.0065 mol) in methylene chloride (5 mL)

was taken in a round bottomed flask. The flask was then placed on an ice-bath wilh

constant stirring for half an hour. A mixture of ]-Nitrophcnol (0.9072 g, 0.0065 mol)

triethylamine (0.6599 g, 0.0065 mol) and methylene chlorid~ ( 8 mL) was taken in

another [(lUnd bottomed fla>k <Lnd the Jla;,k was then placed OIl an icc bath with

constant stirring for half an hOI.l(.Thc phenolic triethylamine mixture was then added

drop-wise to the phosphoryl chlol'idc solution and was stirred for two hours at the

same temperature. The progress 0[. (h~ reaction was monitored by TLC. The reaction

mixture V>iasthcn filtered and the solvent was ~vaponlled by a rotary evaporator. Thc

re~ullant solid mass was then dissolved in diethyl ether and treated with 5% NaHCOj

solution to remove excess 3-nitrophenol. The reudion mixture was then washcd with

water three limes and dried over anhydrous Na2S04. After filtration and evaporation

of the solvent, a yellowish crude product was obtaincd. The crude product was then

puriJicd by column chromatography. A white solid product 4A huving a yield of. 58%

with ill.p. 900 C was obtained. The product Ivas found to bc homogcncous on TLC

plute, Rr- 0.71 (Ethyl acetatc: n-Hcxanc = 1 : 19)

The product 4A was charadcrizcd by spectral evidences.
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Physical and spcctral cvidcnces ofthc compound -4A

The sylllhcsiz.cd compound 4A was a white ~olid having a yield of 58% with m. p.

90°C. The compound 4A was found to be homogeneous on TLC plate, Rr= 0.71(Ethyl

acetate: n-Ilexane = I : 19 ).The product 4A was characterized by its JR, '}J NMR,

"C NMR and lip NMR speclral datu.

2
~31

,I /4
5

(3-}1itrophenyl)d ichloropho5phate
4A

o
IICI-p-O

I
CI

IR (KBr) Om"xcm-l 3\03 (C"H, aromatic), 1735( 1'=0),

1533 (C = C, aromatic),

1487 (C = C, aromalic),1477 (C = C, aromatic),

1263, 1209 (P-O-C6J-L), 1178 (P-C\).

1011 (P-CI).

lH NMR (400 MHz, CDCIl) JH 8,2 (d, IH, C-6, J= 7.52 Hz),

7.6 (bs, \H, C-2), 7.5 (bs, 2B, C-5, C-4).

dC 1l0( C-5), 116 (C-4), 122 (C-2),

\30(C-6), 149(C-3), \59(C-I).

g -PG.8(P-O, lP,s).
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2.5 Synthesis of 3-Meth~'lphellyldiehloro[Jhosphatc

~CI-i,-o---<i",
CI

(3. M cthy Iphenyl j,l j "hlorophospha tc
;A

o
CI--~-CI + (,HoCI,EI,N.

1 t"c.wlh.2.5 hr.
CI .--:7"""CH

Phosphurylchloridc 3-Methylphenol J

Procedure

A solution of phosphoryl chloride (2.0 g, 0.0130 mol) in methylene chloride (8 mL)

was taken in a round bottomed Ilask. The Ila~kwas then p13cedon an ice-bath with

conslanl stirring for half an hour. A mixture of 3-Methylphenol (1.4101 g, 0,0130

mol) trielhylamine (l.3195g, 0.0130 mol) and methylene cWoride( 8 mL) was taken

in anothe, round bottomed flask and the flask "as then placed on an ice bath with

constant stirring for half an hour.The phenolic triethylamine mixture was thcn added

drop-wise to the phosphoryl chl()ride solution and was stirred for two and half hour~

at the sanle tcmperatur~.The progress of the reaction was monitored by TLC. The

reaction mixture wa, then filtered and the solvent was evaporated by a rOlary

evaporator. The resultant s()lidma>,swas then dissolved in diethyl ether and lreated

with 5% NaHCO) solution to remOVCexcess 3-methylphenoLThe reaction mixture

wa:; then washed with \vater three limes and dried ()ver anhydrou~ l\'a2S04 . Aftcr

filtration and evaporation of the solvent, a yello\\' solid crude product was obtained.

The crude product was then purilied by column chromatography. A yellow solid

product SA .having a yield of 68% with m.p. 410 C wus obtained. 'lhe product was

found to be bomogeneons on 1'LC plate, Rf~0.52 (Dh)1 acelate: n-Hexane = 1 : 19)

The product SA was characterized by spectral evidence~.
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Physical lind spectral evidences of the compound -SA

The synthesized compound SA was a yellow ,olid having a yield of 68% with m.

p.4loC. Thc compound SA was found to be homogcncous Oll TLC plate, Rr= 0,52

(Ethyl acetate: ll-Hexane = 1: 19).The prodllct 5A was characterized by its JR, IH

NMR, IJC NMR and lip NMR spectrum data.

CHo2
""']

CI
/'
5

(3-Methyl phcnyl)dichlorophosphate

5A

~
CI-P-O

I

m (Kllr)

IH NMJ{ (400 MHz, cn03)

1Jmoxcllil 3103 (C-H, aromatic), 2928 (C-H, C1-b),

1732 (P=O), 1595 (C=C, aromatic),

1495 (C=C, aromatic), 1450 (C=C, aromatic),

1269,1236 (P-O-C6H4),

lt39 (P-CJ ),1080( P-Cl),

on 8,18 (d, 1H?C-6, J = 8.0 Hz),

7.59 (d, JR, C-2, J = 8.0 Hz),

7.47 (t,ll-1, C-5, J ~ 8.0 Hz),

7.26 (d, IB, C-4, J=8.0 Hz), 2,28 (5, 3H, -CHJ)

DC NMR (100 MHz,CDCh) °c 28 (m-Cl-b), 122 (2C, C-3, C-6),

133 (2C, (-4, C-5), 135 (C-2), 149 «(-I).

lip NMR (162 MHz,CDCb) 01' 12.47 (P=O, J P, s).
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2.6 Synthesis ()[ 4-Bromophcnyldichlorophosphatc.

TI
"''>--0- P-Cl + Et]N.HCII . .

CI

4-Bromophcnyldichlorophosphate

6A

I CHlCll Et]N I
• •

lce-bath,2.5 hrs
Be

a
II

CI-P-CI,

I
CI

Phosphoryl chloride Br
4-11rOlDophcnol

Procedure

A solution ofpho~phoryl chloride (4.0 g, 0.0260 mol) in methylenc chloride (8 mL)

was taken in a round boUorned 1lask. The flask was then placed on an icc-bath with

constant stirring for half an hour. A mixture of 4-Bromophcnol (4.513 g, 0.0260 mol)

triethylamine (2.6397g, 0.0260 mol) and methylenc chloride ( 10 mL) was takcn in

another round bottomed fla~k and the flask was then placed on an ice bath with

con~tant stirring for half an hour.The phenolic triethylamine mixture was then added

drop-wi~e to the phosphoryl chloride solution and was stirred for two and half hours

at the sO.metemperature.Thc progress of the reaction was monitored hy TLC. The

rcaetion mixture wa>; then filtcred and the solvent was evaporated by a rotary

evaporator, The resultant solid ma.>swas then dissolved in diethyl ether and trcatcd

with 5% NaHCO] solution to removc cxccss 4-bromophenol. The rcaction mixture

was then washed with water three times and driea over anhydrous Na2S04 . Aftel'

filtration and evaporation of the solvcnt, a whit<: solid crude product was obtained.

The crude product was then pllTified by colunll chl'Omatography. A white solid

product 6A having a yield of 61% with m.p. 104° C was obtained. The product was

found to be homogeneous on TLe plat<:,Rt'=' 0.54 (Ethyl acetate: n-Hexane '=' I : 19)

The product 6A wa~ characterized by spcctral evidences.
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Physical and spectral evidences of the compound -6A

The synthe~i~..cd compound 6A was a white solid having a yield of 61% with Ill.

p.104oC. The compound 6A was found to be homogeneous on TLC platc, Rr= 0.54

(Ethyl acetate: n-He;..ane = I: 19).Thc product 6A was characleriz.ed by its lR, IH

NMR, DC NMR and lip NMR spcctml data.

C1

o
II"'"I_-0-P-C1

I#,6
5

4_Bromophenyldichlorophosphate

6A

IR{Kllr) Umax CIll"13087 (C-I-l, aromatic), 1732( P=O),

1560 (C=C, aromatic), )485 (C=C, aromatic),

1450 (C=C, aromatic), 1285 (P-0-C,I-I4),

1255 (C-O), 1215 (P-Cl ),1197(P-Cl),

1161 (C-Dr).

III NMR (400 MHz, CDCIJ) DJ-18.17 (d, 2B, J = 7.83 Hz, C-2, C-6),

7.62 (d, 21-1,J= 7.41 Hz. C-3, C-5).

IJC NMR (100MH",cnCh) °c 114 (C.3, C-5), 115 (C-4), 119 (C-2, C.6),

156(C-l)

lip NMK (162 MIIz,CDCIJ) Or -14.29 (1' =0, Jp, s)
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Chapter 3

RESULTSAND DISCUSSION



3.1 Chanlctcrization ofllis- (4-Mcthylphcnyl)chlorophosphatc

3' 2' ij 2

4' l' I
HJC \ j O--p--O \ j CHJ

I5' 6' 6 5
Cl

Bis-(4_Methy1phenyl)chlorophosphate
lA

The structure of the yellow crystalline compound lA was established from the
spectral evidences such as IR, IHNMR, lJCNMR and lip NMR spectral daUl.

The IR spectrum (Fig.la) showed absorption band at 3050 em"] wa:; due to the
aromatic C-H stretching. The band at 2922 em-I was assigned for the stretching
vibration ofC-H bond of methyl group. The sharp and intensified peak at 1732 em-I

was indicated for P = 0 group. It showed absorption at comparatively higher

frequency due to the attachmcnt of three electron withdrawing groups.The bands at
1589, 1485, 1450 em-] were assigned for aromatic carbon-carbon doublc bond
vibration, The characteristic bands at 1269 em-I and 1236 em-Iwere indicated for two

P-O groups. The sharp peak all139 cm-]was due to the 1'-Clbond.

The lH NMR spectrum (Fig.lb) ofthc compound showed thc singlet at 01-18.05 was

due to thc similar four aromatic protons at C-3, C-5 and C-3', C-5' of hoth the

aromatic ring. The chemical shift value at 01-1 7.24 was due to the similar four

aromatic protons al C-2, C-6 and C-2', C-6' of thc two aromatic ri.ngs_Thesharp and

intensified peak at on 2.28 wa.>indicated as six aliphatic protons of methyl group al

para positions ofthc two rings.

JThe IlC NMR spcctrum (Fig. Ie) ofthc compound showed tlle peaks at C 23.8 and

29.6 were designated for methyl carhon at para positions of the rings. The peaks at

°c 116.3, 129.8, 135.1 and 148.6 werc for the carbons (C-3, C-5, C-3', C-5'), (C-2,

C-2', C-6 C~6'), (C-4, C-4'J and (C-l, C-1') respectively,
The lip NMR speetrulll (Fig.ld) showed the peak at Dp 2.5 \"as assigned for the

single phosphorus of the compoLmd.

TIle spectral evidences support harmony m favour of the given structure of the

compound lA.
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3.2 Characterization of llis-(4-Chlol"ophcnyl) chlorophosphate

3' 2'
ft

2

C,
"

,
""

j 0-0'-0

""
j c,

I
5' 6' C, 6 5

B;,_(4-Chlorophellyl)ehI0 roph0SPhate

"
The structure of the above compound 2A was established from the evidences ofJR,

IH NMR, IJC NMR and lip NMR ,peclral data.

The lR spectrum (Fig.2a) of the compound showed the weak absorption band at 3095

cm-l was due to the aromatic C-H stretching. The ~harp peak at 171g em-I was

assigned for P = 0 gTl1llp.The P = a group showed absorption at higher frequency

due to the attachment of elecLron withdrawing groups. The peaks at 1590, 1485 and

1410 em.l were identified ilS aromatic carbon-em-hon double bonds vibration. The

sharp band at 1299 and 1230 em-' were a:;,igned for P-O groups attached with

electron withdra",ing groups. The characteristic ahSOTl'tion band at 1161 em'] was

designated for p_ Cl bond vibration. The peaks at 1091 and 1014 cm.1 were inJicatcd

for C- Cl bonds with aromalie ring carbon.

The IH NMR spectrum (Fig. 2b) of the eompoWld showed doublets at all 7.13

containing four protons with coupling eonstunt J = 8 Hz \vere due to the similar

aromatic protons at C-2, C-6 and C-2' ,C-6' of both the aromatic ring. The chemical

shirt valne at OJ-] 7.29 were assigned for four prolon, at C-3, C-5 and C-3', C-S' of

both the aromatic ring having doublet with coupling constanl 8 Hz .

. The DC NMR spectrum (Fig. 2e) of the compound showed the peaks at °c 121.3

were designated aromatic similar carbon for C-3, C-5 and C-3', CS .The peak at

0e 128.8 was identified for C.2, C-6 and C-2', C-6'. The peak at 131.3 was ilssigned

[or C-4 and C-4'. The peak at 148.5 was designated ror Col and C-I'.

The IIp NMR spectTum (Fig.2d) s1Jov'iedonly single peak al op -16.4 for phosphorus

of P ~ 0 group of the componnd.

The above spectral evidences completely satisfies the above given strueture for the

compound 2A.
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3.3 Characterization of 4_Nitropbc)lyldichl"rlIpho~phatc

,,-ij_o~o
I .~
Cl 5 NO,

(4.N itrophenyl)dich lnrophosphate
>A

The structure of the compound 3A W3Scstabli~hed from the study of JR, lH NMR,

lJC NMR and lip NMR spectral data.

The IR spectrum (Vig. 3a) of the pale yellow solid compound 3A showed the

absorption band at 3087 em'] wa~ due to the aromatic C.H stretching. The sharp band

at 1727 cnf1 was assigned [or )'=0 gronp. nl~characteristic absorption band at 1560,

1485 and 1450 em-1 were d~~jgnated for aromatic C = C stretching .Tbe bands at

1282 and 1265 cm'] were due to 1'-0 bond attach~<l with aromatic ring. The

stretching frequency <It1215 and 1197 em-] were dne to the N.O bond of nitro gronp.

The bands at 1161 and 1085 em-I were ascribed for p.Cl bond of phosphoryl group.

The IH NMR spcctrwn (Fig. 3b ) ofUle compound showed the doublets for 2H with

coupling constant J = 7.52 Hz at °H 8.32 was assigned for (-2 and C.6 protons. The

anoth~r doublet at °H 7.42 was designuted for l\.vo similar aromatic protons at C.3

and C.5 po~ilions in tile aromatic ring.

The "c NMR ~pectrum (l'lg. 30) of (he compound showed the peak~ at°c 115 was

indicated for C-4 position of the ring. Thc intensified peak at "C 116 wa, a~signed

for similar ~arbon at C-3 and C.5 position .The othcr two similar carbons C.2 ami C-6

showed the peab at 8C 150. The peak. at "C I 63 was ascribed for de~hidded carbon

C-1.

The .1'1' NMR spectrum (Fig. 3d) showed the peak at

single phosphorus of pilosphoryl group.

8P 8,6 was a>;signcd for the

The above spectral cvidenee~ complctely satisfied the above given ~trueturc for the

compound 3A.
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3.4 Characterization of J_Nitn'pheo)'ldichlorophosphate

2
",3]

61 ",,4
5

(3-Nitrophenyl)dich lorophosphate
4A

o
IIC]-P-o

Ic]

The compound 4A was a white crystalline solid and wa:; characterized by its JR,

'H NMR, DC NMR and lip N"MR spectral data.

The JR spectrum (Fig. 40.) of the compound 4A showed the absorption band at 3103

em'] was due to the aromatic C-H stretching. The absorption band at \735 cm,l wa>

assigned for P = 0 of the phosphoryl group. The band at 1533, 1487, and 1477 were

as~ribed for aromati~ carbon-carbon doubl~ bond stretching;. The absorption band at

1263 and 1209 em-I were designated for ]'.0 of phosphoryl grOllp.The bands at 1178

and 1101 em'] were designated for P-Ct bonds.

The In NMR spectrum (Fig. 41» of the compound showed the peah at °H 8.2 (d,

IH, J = 7.68 Hz) was indicated the C-4 aromatic proton "hereas the peak at °H 7.6

(bs,ll-n was assigned for the C-2 aromatic proton in the ring. The chemical shift value

0H 7.5 (bs, 2H) was designated for two aromatic protons at C-S and C-4position.

The IJC NMR speetmm (FiJ:. 4c) of the compound showed the peaks at °c 110 for

C-5 122 for C-2, 130 for C-6, 149 for C.3 and 159 for C-I for the aromatic ring

carbons,

The lip NMR spectrum (Fig. 4d) showed the peak at

single pho~jJhorns of 4A compound.

6P 6.8 was designated for the

The above spectral evidence, completely supported the eo.relation in favour oftlle

given strneturc of the conlpound 4A.
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3.5 Characterization of 3-Meth)'I]lhenyldichlorophosphate

IT
(I--P-O

I
CI

2

"'" 3

4

CH,

5
(3-Methylphenyl)diehloropllosphate

SA
TIle structure of the compound SA was established from the IR, IH NMR, DC NMR

and lip NMR spectral evidences.

The IR spectrum (Fig. Sa) of the compound SA showed the absorptioll band at 3103

cm'] was due to the aromatic C-B stretching:. The band at 2928 em.1 was assigned for

the stretching vibration ofC-H bond of methyl group. The sharp absorption band at

1732 cni' was indicative for P = 0 of phosphoryl group. The characteristic absorption

band at 1595, 1495 and 1450 cm-I were assigned lor aromatic C = C bond vibration.

The absorption band at 1269 ami 1236 em-I were ascribed for p-o bond of phosphoryl

group at!ached to the aromatic ring. The bands at 1139 and 1080 em.1 were indicative

for C - Cl bonds attached to the P = 0 group.

The IH NMR spectrum (Fig. 5b) orthe compouad showed the peaks at OR 8.18

(d, lB, J = 8.0 Hz) was found for aromatic proton at C-6.The chemical shift value at

OR 7.59 (d, IH,J = 8.0 Hz) was represented to aromatic one proton at C-2. The triplet

at °H 7.47 was indicative for one proton at C-5 position.The other peak at °H 7.26

(d, IB, J = 8.0 Hz) ",as assigned for one proton of C-4. The chemical shift valuc at

0H 2.28 was designated for three protons of methyl gronp attached to aromatic ring.

The IlC NMR ~peetrum (Fig. 5c) of the compound showed the peaks at °c 122 for

two carbons' at C-3 and C-4, °c 133 for two carbons at C-4 and C-5, 135 for one

carbon at C-2, 149 for Col position and °c 28 for one carbon ofmcthyl group.

The Jlp NMR speclrum (Fig.Sd) showed the peak at or 12.47 was assigned for the

single phosphorus ofthc compound.

The above spectral evidences expresses the harmony in favour of the given structure

of the compound SA.
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3.6 Charaeteri7.ation of 4-Bromophenyldiehlorophosphatc

IT"",,1-0_r_C1

I
C1#'

5
4-Bromophenyldichl()rophosphate

6A

The ~lrueturc of the above compound 6A was established from the ~tudy of IR,

'H NMR, l)e NMR ami IIp NMR spectral data.

The lR spectrum (Fig. 6a) of the compound showed !he absorption band at 3087 cm-I

was due to the aromatic C-l-! stretching. Thc band at 1732 cm"1was ascribed for P = a

group of phosphoryl moiety. The characteristic absorption band at 1560, 1485 and

1450 cm"] were designated for aromatic C = e bond vibration. "]he band al 1285 and

1255 cm-I were assigned for P-O group attached to the aromatic ring. The wcak band

at 1215 and 1197 cnl' were ascribed for P-Cl bond~ and thc band at 1161 cm-I was

due io thc C-13rstretching vibmtion.

The lj-{NMR spectrum (Fig. 6b) of the compound showed the doublets at {\'H 8.17

(d, 111, J~7,83 Hz) was "ssigned for two protons at C-2 "ild C-6 position. The

chemical shift value at oj-{ 7.62 (d, 2H, J = 7.41 I-h) was designated lor l,vo aromatic

protons at C-3 and C"5 position of the aromalic ring.

The L1e NMR ~pcetnJm (Fig. Ge) of the ~ompound showed the peah at °c 114 for

C-2 and C-3 carbons, ] 15 for C-4 carbon, ] 19 for C-2 and C-6 carbons and 156 Jilr

C-I aromatic carbon.

The lip NMR spectrum (Fig.6d) showed the peak at °P -)4.7 was assigned lor thc

single phosphorus of phosphoryl gl\JUp.

The above spectral evidences completely supported the eo-rebtion in favour of the

given structure of the compound 6A.

56



3.7 MECHANISM OF THE SYI\THESIS

Synthesis of Phenyl substituted Chlor()[IhO"'[Ihates

Synthetic scheme:

CH,CI" Et,N

o
~IIj{J-o-r--C1 -;-Et.,NJICI
y 0

o
y

Here, y= p~CI-b. iIl-CH), p-CI, p-Br, moNO) and p-N02

Probable mechanism:

The abDve nuc1eDphilie substitutiDll rcactiDll at phosphDruS centre may pwcced

thwugh tWDmec1l<Ulisticpathways:

a) CDllcerled mechanism

b) Stepwise mechanism
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a) COllcertcd mcchanism:

The reaction of Phosphoryl chloride and substituted phcnoxiue llucleophiles

proceed through eoneerled mechanism for nucleophilic attack at the phosphorus

center of P = 0 substrate.The reaction have been considered to proceed through a

single transition state in which bond fmmation and bond breaking ocenr

simnllalleou~ly in the transition ~lale. Subslill.lleu phenoxiJe union act- u.s

nucleophile anu cr ion ad a~ a leaving grOllp in the reaction syslem.

PhosphorylChloride

__EI_'N_~.Y~)-0-
CH,Cl, > lee.bath __

,

I

\ rI'Lo .... ','._.-CI

~- /'--
Cl Cl

•

He

0- M -CI.el-y)1: j 0-[
CI
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".~,'..,- _ .•.
b) Slep-wise mechanism:

Step-I:

In this step nucleophile is produced from sub~liluted phenol.

HO

Step- 2 :

In this step produ~ed nuelcophilc readily attacks the positive center of phosphorus of
the phosphuryl chloride forming a transition state-1. As this state had very ~horllije
period it readily rearranged and formed a trigonal bipynuniJu.1 penlilcoordil1ale (TBP-
SC) intermediate. TIlis intermediate stage inslantly eonverled 10 transition s!atc-2 and
then it de~oD1po~edrapidly to produce the phenyl substituted chloropho~ph"le.

o ,
CI I:

, -C'
CI""""- :,,

•

ITOJ-I-OJ
o

,
o

CI I:
p ---CICt-"'I
o

•

I
o

Ct 1

'-CJC~-----I
o

TrigGn"t bipymmidal pelltacoordioJte
(mp.5C) intermediate
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Chapter 4

SUMMARY



•
SUMMARY

OrganophosphOTllS compounds have tremendous importance in the field of food

technology, animal foodstuffs, pesticides, ll1c<licinul compounds, ~ynlhclic polymers,

fire retardants and natuml prodl.lcG. Nucleophilic sub~litutions 0.1the carbon centre is

very important topic in organic chemistry.Considerable <IlTIouut of work have t)ccn

carried out on nucleophilic substitutions at the carbon centre but much kss is known

about nucleophilic sl.Ibstitutions at the phosphorus centre. NllClcophilic sub~ti\utiom;

at the phosphorus centre is very imporumt topic in organophosphorus chemistry. The

nucleophilic subslillilions at the carbon centre is well e,lah1ishcd but the mechanism

of nucleophilic substitution" reactions at pho~phorus is not well established. It has

great interest to study nucleophilic substitlitiollS reactions at phosphorus in solutions.

In view of the extcn,ive usc ofthc chlorophosphatcs we ~ynlhesi7.e phenyl substituted

chlorophosphates from snbstituled phenols through the following synthetic scheme.

o;!=Y 0
II r\ Cll/el"Ell!': ~O-~-CI

CI-P-CI+HO~ lc"-b"lh,2-3ill"~fU;}- I
JI a'h~l:lmol"rra(lo CI

PhosphorylChloride "' b Y

+ Et.l,",HCI

" ""-

Icc_bath, 2-3 hr:s o-~X j cr-r-o
y 0

o
y

Here, Y= p-CH), m-CI-b, p-Cl, p-llr, m-N02 and p-N02

All the synthesize<l compounds "vere characterized by lI~ing analytical data obtained
from m. p., IR, 'HNMR, DC NMR and lip NMR. -

The mechanism of the synthesis of organophosphoru> componnds in tilis project
follows nucleophilic substitution reaction at phosphoru~ centre of phosphoryl chloride
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with substituted phenol in presence of triethylamine and methylene chloride. The
synthetic scheme arc givcn in this ch~pter. The foilo"ing tilblc shows the synthesilcd
compound in brief.
Table I : Synthesis of Organophosphorus Compounds_

SI Starting; matcrials Product %
No. Yield
L 0 Q 0 62

II ,--Q- II ,--Q-ol-e-ol CH, _ 0-1-0 ell,

I
01 "]Jis-(.J_Mclh)'lphcnyl)cblol'opho,pholO

Pho,pharylch10r;~e '"4."1 OIhyIpllel101
2. 0 "

CI-O-O-+O--O-O
59

II

~

ol-e-ol .
I
01 "Pho'phory1ohloride 4_Chlorophcnol 1Ii,-( 4_Chlorophcnyl) chloropllosphale

3 0 "0, o ~ 53
II c> it-o-o-e-CIol-e-ol
I Q Io -
01 CIPho'phor;'Ichloride 4_Nitrophcnyldichloropha>phmc

0"
4 Nitrophenol

4. 0 "" 0 0 58
II (} II N'ol-e-ol CI-i-OU '0-I
01 Cl -?"

Phospbol)'lchloriue /N~ (3-N itrop hen y l)d iehloropho"phate
o "J_NiLrophcnot

5. 0 V"" ff -C(H, 68
IIol-e-ol CI-[-O I:I
01 ell,

Pho'phoryI"bIocide 3_Mcthylphenol CI
(3-Methy!phenyl)dichloropho.~phale

6. 0 0"
IT

61
II 9Ol-e-ol ~o-'-oI / ICI Sr CI

Phosphorylchloride 4-B'0 mol'henyldicbl0mph0\phatc"4-Bromophcnol
All thc synthesized organophosphorus compounds were characterized by u~ing

analytical data obtained from m.p., JR, IH NMR, 1JC NMR and Jlp NMR.
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