SYNTHESIS AND CHARACTERIZATION OF
ORGANOPHOSPHORUS COMPOUNDS

ki

A DISSERTATION SUDMITTED IN PARTIAL FULFILMENT OF TIE REQUIREMENT
FOR THE DEGREF, OF MASTER OF PIIILOSOPHY (M. PHIL.) IN CIIEMISTRY

SUBMITTED
DY

HEMSHANKAR SAHA ROY

STUDENT NO, 040¢503106P
REGISTRATION NQ. u405031

ORGANIC RESEARCII LABORATORY
DEFARTMENT OF CHCMISGTRY
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY (BUET },
DITAKA-1000, BANGLADESH

November, 2009



Bangladesh University of Engineering and Technology
(BUET), Dhaka-1000, Bangladesh
Department of Chemistry

i

THESIS ACCEPTANCE LETTER

The thesis titled “Synthesis and Characterization of Organophosphorus Compounds™
submitted by Hemshankar Saha Roy, Roll No. 040503106P, Registration No.
0405031, Session-April 2005 has been accepted as satisfactory in partial fulfilment of
the requircment for the degroe of Masters of Philosophy ( M. Thil.} in Chemistry on
MNovember 23, 2009,

Dir. Md. Abdur Rashid Chairman
Professor

Deparimcnt of Chemistry

BULET, Dhaka.

{Supervisar)

Dr. Al-Nakib Chowdhury Member
Professor & Head { Ex-officio )
Department of Chemistry

BUET, Dhaka.

. L Mibra)

Dr. Shakils Rahman Member
Professor

Department of Chemisiry

BUET, Dhaka.

o b

Dr. Md, Saiful 1slam Member
Professor & Head ( Cxternal )
Department of Clinical Pharmacy and Pharmacology

University of Dhaka, Dhaka-1000.

Beard of Examiners




CANDIDATE'S DECLARATION

This thesis work has been done by the candidate himself and does not contain
any material extracted from elsewhere or from a work published by anybody

else. The work for this thesis has not been presented elsewhere by the author

Jor any degree or diploma.

G

Hemshankar Saf:lﬁ Ray
M. Phil Student

Roif Ne. 040503106F
Department of Chemistry
BUET, Dhaka
Bangladesh.

MNovember 23, 20009



ACKNOWLEDGEMENTS

. 1t is a great pleasure 1o express my gratitude W0 my honourable supervisor Dr. Md.
Abdur Rashid, Professor, Department of Chemistry, BUET, Dhaka to iniroduce me
into this research work. I am greatly indebted W bum for his cxecllent supervision,
inspiring guidance, enthusiaslic cncouragement, sagacious advice and aflectionate

surveillance throughout the execution of ny rescarch work.

I am highly pleased to cxpress my besl regards and sincere gratitude to Dr. Al-Nakib
Chowdhury, Professor and Head, Department of Chemisiry, Bangladesh University
of Engineering and Technology (BULT}), Dhaka for his wise suggestion, sagacious

advice and good wishes during this work in all respects.

I wish to cxpress my gratitude and thanks to all other Professors and teachers of
BUET for their kind help and cooperation during the entire period of my research

work,

I am most graieful to Dr. A. K. Guha, Shuchisinita Dey, Dr. Tanvir Muslim for their
constant guidance, valuable suggestions and all sorts of support during the course of

my work.

I also like to thank Lo all staff in the Department of Chemisiry, BUET, Dhaka [or their
instant help throughout the entire period of my work.] gratcfully mention the name of
Md. Mamun, Lab. Assistant, Department of Chemistry, BUET, Dhaka for his great

help during my course work and in composing the thesis with great care and paticnce.

I woutd like to thank the authority of BUET lo give me an opportunity to pursue
higher studies for M. Phil Degree in this Universily and also give me financial

support.

Finally, ! would like to thank Ms. Chandana Saha, Kainol Chandra Das, my Father,
brother, relatives and friends for their inspirations, comments and suggestions during

this research work.

Author

(Hemshanliar Saha Roy)



CONTENTS

Page No.
Chapter 1 INTRODUCTION 1-36
AIM OF THE PROJECT . 37

Chapter 2  EXPERIMENTAL
2.0 Materials, Chemicals, Boiling point apparatus, Spectral Technique: 38
2.1 Synthesis of Bis-{4-Mcthylphenyl) chlorophosplute 39
22 Synthesis of Bis-(4-Chlorophenylchlerophosphate 41
2.3 Synthesis of 4-Nitrophenyldichlorophosphate 43
2.4 Synthesis of 3-Nitrophenyldichlerophosphatc 45
2.5 Synthesis of 3-Methylphenyldichlorophosphate 47
2.6 Synihesis of 4-Bromophenyidichlorophosphate 49
Chapter 3 RESULTS AND DISCUSSION 51-59
3.1 Characlerization of Dis-(4-Melhylphenyl)chlorophosphate 31
3.2 Characterization of Bis-(4-Chlorophenyljchlerophosphate 52
33 Charactenization of 4-Nitrephenyldichlorophosphate 53
34 Characterization of 3-Nitrophenyldichiorophosphate 54
35 Characlerization of 3-Methylphenyldichlorephosphate 55
3.6 Charactenization of 4-Bromophenyldichlurophosphate 36
3.7 Mechanism of the Synthesis 57-39
Chapter 4 SUMMARY 60-51
Compound specira 62-92

REFERENCES 93-97



Chapter 1

INTRODUCTION



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

confaining phosphorous and carbon. The most imponant organophosphorus
compounds are phosphate esters whiclt are based on P—O—C linkages. Phosphorus
chemistry is dominated by oxyphosphorus compounds', all of which contain
phosphorus-oxygen linkages. Most of these arc usually known as phosphales. Almost
all naturally occurring phosphorus compounds conlain phosphorus-oxygen linkages
and thosc of biochemical importance are organic phosphate csters which contain
phesphorus-cxygen-carbon linkages. Organophosphorus compounds which arc hased
on phosphorous—carbon linkages constitute the second most imporant group and
those containing phesphorous-nitrogen linkages are probahly the third. Widespread
phosphorous compounds on earth and phosphoric acid arc the most imporiant
industrial commodity hased on phosphorous. The organic phosphale ester known as
deoxyribonucleic acid (DNA) is present in all lifc forms and lics at the hearl of
biochemistry and penchics, I 1y the most sludit:d phosphorus compound and is
probably the most crucial phesphorus ecompound as far as the survival and
development of the human race concerned.

Although inerganie phosphorus compounds remain by far the most imporiand
commercially, the chemistry of organephosphorus compound hus evolved rapidly and
now represents a sizeable and explosively expanding parl of the whole. There are {four
major classes of phosphorus compounds:

i)  Oxyphosphorus compounds, which contain covalent P—0 linkages.
iiy  Orpanophosphorus (carbophosphorus) compounds which contain P—C

linkapcs.

i) Azaphosphorns compounds which contain P—N linkages.

iv} Metallophosphonus compounds which contain P-mielal linkages.

It will sometimes be useful to classify phosphorous compound in aceordance with the
presence of two characteristics bonds e.g.

C-P-0 Organc-oxyphosphornus compound

N-P-0O Aza-0xyphosphonus compound



M-P-0 Metallo-oxyphosphorus compound

N-P-C Aza-organophosphorus compound
M-P-C Melallo-organophosphorus compound
M-P-N Melallo-azaphosphorus compound.

The application o phosphorous compounds are of diversc nature. The commereial
production of orthophosphates and polyphosphates greatly exceeds that of all other
compounds of phosphorus. Phosphate esters, although produced in smaller quantities,
have very diverse but imporiant applications. Substituted phosphates, particularly
phosphonates and thioaled derivatives also have a considerable number of current
uses. Prominent amongst these are in pesticides, heavy melal exlraction, oil additives
and polymers of various kinds. Industrially produced natural products such as casein
and lcthicin have a growing number of applications in food products and other areas,

The utilization of phosphorus containing organophosphorus compounds are as

follows:

(i) Food technology

(ii) Animal foodstufls

{in) Indusinal phosphate esiers

(iv) Pesticides

{+) Medicinal compounds

(vi} Synthetic polyners and fire relardanis
{vit) Natural products.

In food technology

Phosphates™ are present in 1nost natural foods, particularly meat, milk and dairy
products, [roits and cereals. Further addition of phosphates is [requently mnade in the
processing of foods for a variety of purposes which include for increasing nutritive
value, for complexing of undesirable metal ions, preservation, prevention of caking,
leavening action, colour developiment or stabilization.

The major phosphorus—containing products in current use a3 food additives may be

listed as:



(i) Inorganic salts — ortho, pyro and polyphosphalcs, mostly of Na, K or Ca,

_{ii) Bipolymer phosphales — casein, lacialbumins phosphates, siarch phosphates,
lecithin.

Mecdicinal supplementation of phosphorus is usually with casein, orthophosphates of
glycerophosphates of Na, K, Mg or Ca. The applications of phosphorous compounds
arc exceedingly numerous in the field of food technology snch as in milk and dairy
products, meat and fish, fruit and vegetables, beverages, leavening agents, biopolyiner

phosphates etc.

The chief mineral constituents of milk are phosphorus and calcium together with Na,
K, Mg and minor gnanlities are citric acid and a great deal of watcr. The phosphorus
content (about 0.95 g of Pfiiter in cows milk) is distributed between imore than 50
different compounds both erganic and inorganic. Most abundant and important of
ihese arc the casein phosphoproteins, calciuin phosphates and the phospholipids.
Other phosphorous compounds present in mnch smaller quantities arc most of the
vilanins, various nucleic acids, enzynes, sugarphosphaies and protcose peplones
{phosphoglycopeptides).

About 2.0% of H,PO4 anions are present in natural citrus fruit juices as well as about
0,.02% glucose-6-phosphate and other sugur phosphates. Other phosphorus
compounds present in relatively minor quantitics are nucleic acids, ATP,
phulsph{}}ipids and B group vitamins. Very uscful effects are obscrved by trealment of
fruit and vepetables with added phosphates. These include stabilization against
hacteria and rancidity enhancement of colour and desiruble effects on tenderness and
firmness. For cxample, small additions of NayP2O5 to peas and beans prior 40 canning

lcad to a more tender produet due to Lhe sequestering of calcium ions.

The addition of sodium polyphosphates stabilizes the colour of strawbemies,
lomatocs, cherries cte. and the usc of such compounds prior to canning or freezing
-~ will help lo kecp vepgetables green’”. Pyrophosphates such as NazHaP2O7 are used to
counteract the blackening of raw potato or apple juice which is due to the oxidation of
diphenolic compounds in the presence of heavy melal jons. The latter are removed by

complexing with the pyrophosphate ions.



Starch phosphates™'® are being increasingly used in manufacturing since they promote
_ thickening withoul gelly form. Starch phosphates have a fairly low degree of — OPO;
substitution for — OH and are obtained by heating starch with phospheric acid at about

60°C. Some natural potato starch already contain a fow phosphate ester groups.

ONa
Starch—0H + NaH.PO4—= Slarch—D—P%D + H,0
OH

------------- Starch ==r=r—--o-mmememm-—

0 ONa

\P/
D/ \\\D
<

---------------- Starch ---------v------

Scheme -

Sodium dihydrogen phosphate reacts with starch to give a monocster salt, while
sodium trimelaphosphate reacts to produce cross linked dicster. Cross-linked vapetics

of thesc kinds are more slable towards Leat, agilation and acidity (han monoester salls.

Comn starch processed with cyclic sodium trimetaphosphate is used to make cold-
water jellies. Phospherylated varicties of this kind are resistant to hydrolysis and
degradation probably due to cross-linking and are used as thickening agenis in cocked
{oods.

Sugar phosphates used in foods are relatively few in number, thcy include the
improvement of the crispness of breakfast cereals'' and the flavor of alecholic

beverages .

Phospholipids such as lecithin which is available in various grades is widely used in
the food industry us a surfactant, an emulsifier and an anti-oxidant.”¥'® Lecithin is
used in baking, where it acts as an emulsificr, a welling agent Lo reduce mixing time, a
parling agent to affect cleaner and easier rclease from moulds and an anli-oxidant (o

stabilize vegeiabic and animal {ats. Dough-handling propertics are improved with



lecithin and other improvements are securcd in biscuils, pies, cakes and waffles.
Lecithin improves the cheese yield [rom milk."” It is also introduced into (oods in the

form of cgg yolk where it may act as an emulsifier as in mayonnaise and salad

dressings.

Synthetic organophosphorus compounds arc used in foodprocessing, the use of poly-
substituted tri-arylphosphine compounds as anli-oxidants and poly (p—diphcﬁ}rl

phosphino)styrene retards the formation of peroxides i sunflower oil.'®
In Animal foodstuffs

The phosphorus contenis of most animal foodstnffs arc not particularly high and the
more rostricted variety of their diel makes animals much mere prone 10 phosphorus
deficiency than humans.””?® Phosphorus deficicncy is  the most wide spread and
economically important of all mineral deficicncies affecting grazing livestock.

Phosphorous is absorbed as soluble phosphaic in the duodenum. The amount of
absorption of phosphorus from the dictary input is influcnced by many factors. Thesc
include (he type of food, animal age, internal pld, and the intake of other elements
such as Ca, Fe, Al, K, Mg, and Zn. Excessive Fe, Mg, Al in the animal diet 1s known
to reducc the absorption of phosphorus by {orming insoluble phosphates. Mono- and
di-calciuin phosphates are added to from animal foodstuff to guard against dielary
deficicney of phosphorus. Stock feed di-calcium phosphate, CallPO4.2H20 can be
made from calcinm hydroxide and most wet-process phosphoric acid. Apart from
possible reduction of phospherus absorption, the Fe, Al, and Mg salt inpuriiics do not

seem 10 be harmful to animals.

Disodium plhusphal,c, NgHPO,;, ammonium phosphate or urea phosphate
CO(NH,)2.H;PO4 may also be used as supplements to aninal feeding compositions.
Pyrophosphates and polassium orthophosphates arc somelimes incorporated into pet
foods. Ammonium phosphales are used in cattle foods.

Lecithin and dehydrated casein are also used as animal food supplements. A uschul
animal food supplement can be obtained by adding phosphoric acid to molasses. The

acid reduces the viscosity of the latier as well as increasing its nutrient value,



In Inr._iustrial phosphate esters

Though phosphorous compounds have enonmous importance mw  blochemisiry,

27-29

phosphales esiers may have many technological applications. Some of the more

important industrial products arc listed below:

(CHy—CHy—O)P=0 [{CL1,CTI01P=0
Triethyl phosphate Tri-sopropylphosphate
(1) (2) .

( CH,~CHyCHy~CHy CHy-CHyCHy-CHy0 ), P=0
Tri-octylphosphate
(3)

{ CHyCHyCly-CHy CH (Bt)—CH-0)); P=O
Tris-{ 2-ethylhexylphosphate

4
CH;—(CH2); O 0
Orh s XP";?
. SN
CH;CH,-ClI;-CHy CH (Et}—CHfo—Péo CH;y—(CH30  OH
2-ethylhexyldiphynylphosphate Pl dibutyl hydrogen phosphate
{5) (6)
CH5(CH)CH{EDCH CH3{CHy)yO O
Ell 1]3()20\4:,0 A 2)4\‘;’,
‘ r B
AN /N
CH3{CH3):CIEE)CH,O OH CIL(CH,)40 OI1
bis-{2-ethylhexyDhydrogenphosphate diamyhydmgenphosphale
{7 8)

Tributyl phosphate and telated eslers such as di-butylphosphate (Bu"ORP(O0H
(DBP) and bis-2-ethylhexyl phosphaie {(HDEP) have important uscs in the extraction
of rare earth, actinide and other heavy metals from mineral resources and their
recovery from wasle products of the atomic cnergy industry. A solution of TBP in
kerosinc can. be used for solvent extraction of uranium and therium and other rare
carths from their mixiures in 2 10% agueous selulion in nitric acid. The metal

complexes such as UQp (NO;»{(BuO)PO}2, which are formed on mixing the



aquecus and kerosene phases can be successively removed from the latter, in which

_ they are soluble (a)
UOs™ aq. + 2NO;  + 2TBP org & UQ,(NO3). 2TBP org aq. ... ... (a)

Diflerence of the cutraction coefficients with dlferent cations may be utilised in the
separation of Uranium, transition melals and rare earths. This 15 a well cstablished
method for the exlraction of uranium in the processing of nuclear fuels. Hafnjum can

also be separated from zirconium by this technique using TBP.

Trbutyl phosphate TBD is still widely used for the purification of uranium for nuclear
reactors and in the re-processing of spent nuclear fuels, Certain phosphate esters can .
be polynericed 1o give polymers on their own account (homopolymers} with the
phosphorus atom either in the side chain (13) or in the main chain (14). Natural

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

n CHy~CH-CH;~0—T{0)OET); = —CI Iz—(llH'—CHz—CH-Cl-Ig—CH
CHy-O.P(OXOED, CHy—0-P—

{9}
':|:|]I Ha.0 | [l
nHDrf—UH‘—i—*—G—P O—pP—O—-
OMe OMe 0OMe

(10)
Some 5- and G-membered ning phosphate esters can be polymerized as metlyl

gthylenc phosphate (11)

I |
n McD—II’—D—(lez — =0 Il*—G,CHZCHg.D
Q-—-—"CI1 OMe n
(1)
Tris allyl phosphate (CHa=CH-CH,0);PO, will give rise to a clear hard cross-linked
polymer. Polymerized allyl or vinyl phosphales have not generally led to successlul

commercial products.



Iligh molecular weight pelymers or relatively short chain oligomers can be prepared

by the reaction of POCl; or aromatie derivatives ArPOClz with some dihydric phenols

{12).

0
I
nA10.POCk + riiﬂ@ﬂli+ P—OQO |
OAr + 2nHCI
n

Products of type (16), first obtained about 40 ycars ago as ‘phoryl resins” have goed
flame resistance, high transparency and hardness but they lack resistance to hydrolysis

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

(13). ;
nArPOCk + nHOOOH—:- P—D@ﬂ
- ' + 2nHC! .

Ar
{13)

are somecwhat more siable, but satisfactory stability towards hydrolysis is achieved
with chains bascd on P-C linkages.

The Friedel-Crafts rcaction can be used to prepare some polymeric phosphate esters
(14) while others can bc prepared by co-polymerization of dialkyl bydrogen
phosphates with epoxides {1 5)

CI‘CHQOO P— G@CII;CH Aergc(i
C}
[l s
%CHEQD_T_DQCHE_M

OAr
(14)
0 i
ch CH, + RO—P—OR ——» ——P—0
? l —ROH ] ; ,
OH 0—CH,—CHR—OH |

(15)



Palyvinyl aleohol can be wholly or partially convenied to polyvinyl phosphate by the
action of POCl; followed by hydrolysis (16). Heating of the polyacid product leads to
a cross linked polymer which resisis hydrolysis by dilute acids and bascs. )

The mono ammonium salt 15 oblained by the action of phosphoric acid and ureza on
polyvinyl alcohiol (17).

—HCI —
1—&-12 A}+ POCl ——> CH CH
OH

POCI; n
CH,—CH—
1,0 l
—_——- D
|
P(OXOH)| ¢
(16}

CHy=CH- + BP0 + 200(NH, 3 Ca | op—c——
| “H,0 |
OH 9
F{OYONH Oy "

+ 2{H-NCONH
17) (H; b

In current practice, polymeric phosphate csters are used almost exclusively as
additives to modify the properites of established organic non-phosphorus polyiners.
This may be achieved cither by co-polymerization, chemical bonding to the
preformed organic polymer, or in some cases merely by physical incorporation.
Various oligomers of the type {18a) have been patented as flaine retardant additves
for poly urethane foans. One snch malerial can be obtained from tris {2-chiloroethyl)
phosphzﬂeal {18h).

0 ;o PR
RO4—P—0O—CIHR—CHR—0 P\ZD
(_L}R 0 OR

1&(a) If R,R = Short chain atkyl



0
—C I I
{CICH,CH,0)'0 CHCH,CL Cl-CH,-CH;-O | —0—CH;CH;~O1——0OCH,CH,CI

p
O—CH,CH,CI | n OCH,CH,CI

18 (b}
Highly polymerised mono-and diesters have been patented as rust preventing

1::1::1:~,f11]-:3r1~‘-132

In Pesticides

One of the very importanl application of organophospliorus compounds is in
pesticides™*! Two main groups of pesticides ure insecticides and herbicides. There are
also other crop-protection agents such as fungicides, acaricides, rodenticides,
bactericides ete.

Sonie peslicides arc very specific in aclion and may be effeclive against only onc or
two specics, while other may be broad spectrum and effective against wide range of
pests.

Pesticidal compounds somelimes have more than one funciion and may act as both
insecticides and herbicides or as inseclicides and fungicides.

The idcal insecticide needs to be highly toxic 1o the inscct pest concermed but at the
same time be non-toxic to the eperalor, the plant and the crop consumer. Persisience
in action and cheapness are also neccssary. A high pensisience is desirable i1 used
carly in the growing season and low persistence 1f applicd later.

Many inscclicides are also classed as acaricides and nematocides. Acaricides deal
particularly with miles which attack plants and nematocide deals particularly with
leaf, stem and root parasites known as nematodes, Besides, carbamales and organic
chlonine compounds, other commercially linportant insecticide belong  to

erganophosphorus compounds.

10



Some typical organphospharus insccticides arc listed below:

B0 QEt
slp—o—ﬁﬁﬂ
ey ~
L0 ORIl

Sulphotepp

(19

MeO 3
€ \P//b Cl

.
M{:D/ QO Br

Bromophos

(21}

EtO S
\\Pé?

™~

" Parathion
(23}

EiO 5
N/
N
EI.'D/ 8—CH;—CH;—SLt

Disulpﬁutun
(25)

5
tve0y,
DOCh’

" Cyanophos
27)

MeD 3
\\PJ"’{! HaCOOTr

Ve, S—CH—COOEL

Malathion

{20)

A
Me( 0—CH :CC11

Dichlorovos
(24)

(10O ﬁ'— 5—CH;—S5-- ﬂ{DEﬂg
8 S
Fthion
(26)
EtD S
N/ Cl

P
N
prg/ Q Cl

Prothiphos
(28)

11



P \p’/ 0O H
/ \‘5 2 -
EIO MO SCH;—C—~N-Me
Fonophos Dimethoate
(29) (30)
PrO 5 B 5
AN
o’ N Nor e 0@—@:
Aspon Cyanofenfos
(31) (32)
i ?
Mcm—fl*r—t:@‘s@cm—g—m{e
OMe OMe
Temephos
{33

Several thousands erganophosphorus compounds are known to act as inseclicides and
ahout 250 of these arc manufactured commercially. New compounds are constantly
being patcoted.

Organophosphorus compounds owe their activity (o their capacity to phosphorylate
and intibit the action of cholinestcrase, although in some instances the inhibition of
other vital cnzymes is believed to be involved.

Organophosphorus campounds show wide range of properiics, some being highly

specilic in action while oihers arc effoctive against a wide range of pesks. Some of the

" compounds are also extremcly toxic to humans, Cthers are refatively harmless and

almost non-toxic to humans. Thio-derivatives arc often considerably lcss loxic Lo
mammals than their oxy anmalogues although their insecticidal aclivity is not
diminished. Some compounds are non-toxic ‘in vitra® but arc converied lo inscet

melabolism. Organophosphorus insecticides are generally rapid acting, highly

i2



effective in small concentrations and have a low persistence, being easily broken
_ down afterwards to non-toxic matcrials. Persistence of organophosphorus insceticides
is related to water solubility, vapour pressure and hydrolytic stability, properties
which can vary greatly from onc insecticide (o another. One lechnical process used to
prepare TEPT was (he chlorination of trialkyl phosphates with thionyl chloride (T}, bul
the product is now almost obsolete because of its hydrolyiic insiability as well as

toxicity.
ARORPO + 8OCL; — (RORPHOPMO -LO)OR) + 80, +2RCT ()

The highly toxic parathion {23) discovered in 1944 by Schrader, has a water solubility
of 24 PPm and can be made by reaction (IT). It has a greater hydrolytic stability thun

TEPP and is conseguently more persistent in action.
(EIO)PSCL + NaDCgHy NO; — (Et0):P(S)OCHNO;) + NaCl (IT)
Counversion to a phosphoryl derivative is necessary {or insceticidal action in order that

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

parathion this may happen by thione 10 thiolo isomerisation (34).

EC_ S :
\\Py FHD\PJ/D
PN —

34

Patathion itself is less toxic but wilbout phosphorylalion il can’™ be active as

4
inseclicidal action.

In Medicinal Compounds

Organophosphorus compounds have some uscs in medicinal compounds, Some

32-53

inorganic phosphorus compounds such os mmorganic phosphale salts have long

been cstablished mecdicinal uses. These include stomach anlacids such as hydrated

13



magnesivm  phosphate and agueous suspensions of composition  AIPOLXHO
{Phosphagel). Mixtures of NaHHPO/KH;PO4 can bc used for the treatment of
phosphatemia (Phosphorus deficicncy) |

The wide variety naturc of dicts in western countries prevents the occurrence of
phosphatemia which is quite rare in humans, An excess of phosphorus in the dict
however, may lcad to a reduced absorption of other essential irace elements and henee
a deficiency of them may be observed. Phosphate salts make the urine mere acidic
and prevent the deposition of calcium salts as unnary stones.

Various calcium phosphates are used in artificial bone formulations in dental practice
and in toothpasie formulations. Amorphous zirconium phosphate a-Zr{ITPO4)> 1s an

excellent sorbant for usc in renal ‘tlisul]fsis,54

Radioactive Cr-PQy is a neoplastie suppressant and is much used in cancer treatment.
The heteropolyanion ;WO is a potent inhibitor of viral DNA but other more
complex anions of (his type may prove to be more useful. Rodioactive "p has various
uses in medicine.

A number of well known phosphate salts of organic drugs™>

are prescribed as
medicines. This 15 because the phosphate penerally causcs [ess disturbance Lo
physiological pH, it may have a more suitable solubility, or morcly because it is the

salt most conveniently prepared and purified. Examples are:

+
H, N~ CHMeCH,CHyCH,NHES

+
PO, @‘CI-IQCI-M\E_]NH;
H,PO,

Amphetanine phosphate

Cl

Chloroqu inephosphate
(33} {36)

N,
( 3 aro;
+
NH;
Pipereziae phosphate

(37)

14



Chloroguinephosphale is used as anti-malarial drug, amphetomine phosphate is used

_ as anli-depressant and piperazine phoslate is used as antheimentic drog.

Ethane-1-hydroxy-1,1- diphospheonate (EHDI*) ¢3%) and related compounds such as
(39} inhibit bene resorption and are used in the treatiment of bone discase Complexes
of the diphosphenic acid wilh x-ray emitling isotopes ol technitium are useful for

medical diagnostic work since they eoncentrate in the bone.

(l",H;
CH HO CH
1—1{)\ | 2 KDH N /
O0=P—C—P=0 O=P—CH,—P=0
2T TN ’ N
HO O OH HO OH
(38) (39)

A number of phosphorothioates show anti-radiation aclivity and are excellent

radioprotective agents. Some of thess compounds arc listed below.

H,N -CH,CH, CHNHCH,CHy,

H,N S HN 5 NI
2 \l]/SNHd \P/OH 2 \P/ -\P/ 2
™ 7N N N
o ONH, o/ ou  nmo' joo” TONH
(40) (41) (42)

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

carcinostalic properties of eyclophosphamide (43) and iis derivatives.

NH\ ’:?0
-~ P\
0 N(CH,CH,CDs
(43)

Phosphonomycin (44), Phosphonolormic acid (PFA) (45) and phesphonoacetic acid
(PAA) (46) arc among the earlier compounds found to have anti-viral properiies.

Phosphoncacelic acid is active against Herpes Virus and Marek’s discasc, while
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phosphonomyci: shows anti-bitharziosic and anti leprosy propertics as well as

functioning as a broad spectrum actibiotic.””™*

: H HO 0 HO
I I\ / A7 N O
/c\—fc\ 0711—(:\ (}?P—Cl{g—{]\
Me® 0 POYOHM), HO OH HO OH
(44) (45) (46)

Much siudied ribavirin {47} known sincc 1972 and 5-Fluro-2-deoxyuridine- 5-
phosphate (48) is an anti-cancer drug. ** 12

o N
O P—O—P—O0—P—O—Cl [~ /9
0 i 20 N\/% 5
G G Q) NH,
1O OH
{47}
] 0
0
o J
0—F—0—Cl o N—H
I
HO 0
{48}

* The three phosphonales (48-50) show strong activity against HSV or HIV and (51) is

typical of the 2,3 di-deoxynucleotide derlvatives which have antiviral activity.
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NI, q
L 0
|1\N, T‘ﬁ> }IZN)%N T'IJ
C

H,CH,OCH,PO(OH); CH;CH;O0CH,FO(OHY,

(49} {50)

NH,
N.f"
s > N7

N7 TN }\ '
CH,OPO(OH),

O 0 1'14 OCHZPO(OI,
CHCH
CH;OH
(31) (32)

Metrifonate (53) is used for the treatment of urinary (ract infections and

dieihylstilbesirol bisphosphate (54) can be used in the teatment of prostatic

carcinoma.
MeD 0 G Bt
N I I,
KP\ {HO)y—P—0 L:ﬂ: G—ﬁ{DH}Z
MeO CH{OHCCl; EL O
(53) (54)

In synthetic polymers and fire retardants

Application of phosphorous containing synthetic matenal or synthetic polymer has
many considerablc advunlages. Numerous polymerized products conlaining P are
based on P-C linkages and are generally more difficult to preparc than those based on
P-0-C linkages. '
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Semc phosphorus conlaining monomers can be self condensed to {om homo-
_ polymers, while others can be co-polymerized with a non-phosphorous containing
monomer. Desirable commercial properties are sought in polymers of the latter type,’
which employ a minimal amount of the usually morc cxpensive phosphorous

compound.

The major application of organophosphorous polymer has so lar been in flame
proofing and fire —retardancy but they have also found an important role in the
modification of the properiies of cstablished non-phosphorous polymers. In addition,

growing applications lic in the arcas of lon-exchange malcrials, surface additives, calalysts

and tooth preservation agents.

Polymerized phosphates constitutc the most studied group of organophosphorus
polymers, although in some cases the P-C linkages may be confincd to the side
. chains. Among the meihods which have been used for homopolymer formation are
the heating of vinyl or allyl phosphenates {55) or vinyl or allyl csters of phosphonic
acids (56).

HWO)DRh
n CHy=CH—P(OXOR), — —CHy~ CII

(55)

D
nCH;= CH P(U }R[DR}—’-— CHa— CH
DP(U YR{O R}

(36)
Methods used to obiain phosphenate copelymers include transesterification reactions

between suifable diols and phosphonyl dichlorides(57) or phosphonate cslers (38) or

" reaction of the latter with dihalides (59)

0

I
P_
|

P

PHPOCK + nIID@ oy A<
1 N/ g
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| _ —
nMeP{OXOPh), + 111~100H —*=P-0 0O
—2PbOH. | | N /N 4

c I

0 MeP(O)OMe), + nCICH,CH,Cl ———* P—O—CH,—ClH—O
2nileCl |

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

phenyl phosphites and various diols. Typical examples of copolymers are 60-62.

HO(CH,)OH + (PhO);P 'ﬁ'}ﬁ{" O—(CH)s—0—?
OPb|

(60)

HOOCMcE—Q—OIi +(PhOYyP PHOH
CM::;@D P—0
CIPh Ii

(61)

0—C CH,—0O
A Np

S AL ~OPh~5ron

0—CH, CH,—0’

. 0-—CH; CHE-—D
. ‘-\.
O—CH
(62)

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

HO—C4Hy—CMe;CeHy —OH + PRO-P Son

conjugated dienes (63) or condensing them with diisocyanales (64) or by reacting aryl

phosphenous dihalides with certain hydrocarbons (65).
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ARPH; + nCH,=CHRCH=GHy— JrP CH,CH,RCH,CH;
{63)

|
rRPH, + n"OCN—R—NCO—» JFP—CD.NH— R—NI I.CD%
n

{64)
nATPCL + H,—CH, AlCh
—ncr
ClL— CHZ—@'
Il

(05)

High molecular weight polyphosphinate homopelymers arc obtained by heating
phenyl (vinyl) phosphinic acid or its esters (66). When ccrtain phosphinates arc
heated, Arbusov rcarrangements lakes place, followed by condensation fo give

polymers with phosphorus in the main chain (67).

(lzln -—CH i
nPhIl’ CH=CH; —» | Ph— P—O
OR Ik
(66)
g ﬁ
—CHy—P — —CE
aC r—t v 1|: Cil, ]
Ovle OMe
{67}

' A permanent or semi-pcrmanent fire resistance of paper, wood, plastics, fabncs ctc.
can be obtained when the fire retardant can be chemically bonded to, or physically
incorporated in an insoluble form in these highly polymeric materials. In the case of

gynihetic materials, i(he most intimate bonding is usually obtained by
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copolymerization with a fire retardani monomer or short chain oligomer.
Alternatively, it may be possible fo atiach the phosphorus compound by a suitable
reaction with the prefomed polymer. There are now  several hundred
organophosphorus or organic phosphate fire retardants are available for applicalion.
Although most of these are considerably more c;xpc:lsivc than ammonium phosphate,
their use Is oflen commercially justificd, particularly with high quality fabrics. Their
mode of action in many cascs is probably at least patlially similar to that of
ammonium phosphate.Flame and grease resislance can be imparted to cotton fibers by

carrying out reaction {68) in their presence but there is some loss of strength,
™NH

|
F;N—C—NH, + 4HCHO + 2HPO(OMe),—»
(EZI-IIUH CHLOH
(MeO)P(0)—CHy~N-—C—N—CliPO(OMe,

NH
(68)

Twao other commercial organic phosphates of the additive type are “Thermolin 101’
(68a) and * phosgard 1227 (68b).

CICH»C Hgo\ /DCHQCI'IQ ClI
D/:/P—-D—CHE—CHE—O—PfD
CICH,CH,0 OCI,CH,Cl

68 (2)

CICHCH;O JOCHCHyC
0=p—-0-Cll—Cl,—O—CH,—CH,;—0—P=0
CLCHICHIJ OCH,CH,Cl

68 (b)

In natural products

Natural products in the form of biopolymers are very much important as these are
mosily phosphorns containing organic compounds. All nucleic acids are phosphate
esters, only somc varicties of proteins, lipids, polysacchandes are found ‘in

phosphorylated form, and (hese may be terined phosphoproteins, phospholipids and
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phosphosaccharides respectively. Phosphorylated founs are intimately involved in the

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

The four types of biopolymer are frequenlly encountered in nature as intimately
linked of considerable complexity. These associated units are knewn as lipoproleins,
glycoproteing, proleoglyecans, glycolipids, nuclcoproteins cte. Phosphate groups when

present in cither biopolymer may also act as bridging groups.

Q
—~C—OH + HD—lI}’l'—DH ¥ Hu—é~ﬂ)r—(|:—o—|1§—o—c|i—
on E

The monosaccharide found in living system are mostly mono and di-phosphate esters.
of preatesi importance in animal metabolism are the three eslers, (69) which also
occur in plant life, particularly fruit. They have high water solubilities and high acid

sirengihs. Individual glucosc phosphates vary greatly in their hydrolylic behaviour,

CH,OH CH,OP(O)YOH),
11 0 H H ——0 H (HOROWPOCH, O CILOH
OH OP(O)OH), OH OH H OH
11 Of H 0OH OH 54
(69)

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

imporiant nucleotides.
R O CH;OP(CX O,

OH
OH Ol
/
E= bose 5 phosphate

(70)
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An imporlant compound in biochemisiry is 5 — Phaosphoribosyl — [— pyrophosthate
PRI'P {65). This compound is invelved mn the biosynthesis of aming acids and NAD.

(HOR(OYPOCH, G

I I
O—F—0—F—0H
OH OH OH OH

(71

Saccharide phosphate csters can be isolated {rom natural sources or preduced by
chemical synthesis. Fructose 1 : 6 diphosphate can be isolated from yeast and glucose
— 1 — phosphate can be oblained by phosphorolysis of glycogen. For preparation of
bulk quantities, chemical methods of synthesis are usually 10 be preferred although
they are not always available. As a result of studies over ihe past few decades, a wide
variely of suitable phosphorylaling agents have beccome available for treating both
simple supars and nucleotides.***” The most widely used phosphorylating agents
diphenyl phosphorochloridate  (PhOYPOCl and dibenzyl phesphorochloridate
(PhCH,0); POCI, arc normally used in pyridine solution.

Simple monesaccharides such as D-glucose — 6 — phosphate can be prepared by direct
phesphorylation of the unprotected sugar. [n peneral, however, the sugar -OH groups
have lo be protected while phosphorylation can be cartied out at the desired position,
and the protective groups afterwards to be removed. Glucose-2—phosphate can he

formed according to scheme (2).

CH:EDAC-
0 DaAc O
' _ H, /Pt
. /<rmc e 291 S L L
AcO + (PLO),POCI
o CH,OH  OP(O}OPhY
O 0
MO "
— OH H.O
HO
OPO;H; OPO4H;
{Scheme - 2}



In some cases phosphoryl chloride is a salisfactory phosphorylating agent {Scheme-3),

CH.EOH OR CI{ED I1 Ol CH;D POC b’

0 o} 0
Me,CO POC
-H,0

Ol OH ) 0
™~ CM&{

CH,OPOsH, CHED[(’JDi*Hl OR
0

10 . (20)

CH oH
{Scheme —3)

Polysaccharides are widely distributed in plants and animals. They are present both as
siructural materials as in ecllulosc and us food storage compound such as slarch and
glycopen. Phosphorylated  polysaccharides, phosphorylation with  conscquent
modification of propertics is possible in principle for any polysaccharide.
Phosphopolysaccharides {Polysaccharide phosplule esters) of this kind ocour
frequently in living systems and in a number of important technological products.
Many bacterial polysaccharides conlain phosphate ester groups, thesc include the

teichoic acids.

A considerable number of phosphosaccharides have been charactierised by NMR,
mass spectra, chromatography or other techniques. Many of these phosphosaccharides
have however been oblained only in minimal amounts via biochemical processes and

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

In supar-phosphate chains®, consisting of supar rings altemating with phosphate
phosp g

groups can be obtaincd by entirely synthetic methods. Ring opening (Scheme - 4) has

been shown to yield high molecular weight polyiners,
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—] CH
O—CH, ?
) o O
N OMec
P OMe —
N H 0
OMe H—P—0O——1+—
0 jo
- CH,
O
O3
— ¥~
7
HO—P—O0———
{Ijl‘] | n

(Scheme — 4)

Polymer chains consisting of alternating sugar rings and phosphate groups are lound
in mucleic acids and 1n some varictics of teichaic aeids.

Reaclion of cellulose with concentraled phosphoric acid or phosphoryl chloride,
results in the replacement of a few of the -0I groups by OP{OYOH) groups {735).
Phosphorylation at the Cg atom is useally assumed, although other carbon atoms niay

also be involved in a morc or less random manner,

OPC{OH), ?PD(DI—I]E

OH H OH H
O—

H CH H CH

(73)

An increased flame-resistance can be obtained with phosphorylated cellulose but at
the expense of partial depradation and loss of fiber strength and increascd watcr
solubility. Cellulose phosphate salts are uscful as cation exchange resins in prolein

chromatography and for peplide separation. Amongst the biological polymers,
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proteins®* have the most diverse functions and arc in fact the most complicated
substances known to science, theusands of different varieties caist in every living

organism.

Animals generally contain aboul ten limes more protein than plants. All proteins are
built from C, I, O, N and usually some 8. The pure profein siructures are devoid of
phosphorus. Phosphoproteins only result when appropnate substitution is made.
Proteins are usually of two types conjugaled proteins and non-conjugated proteins.
Proteins often oceur naturally in close associalion with other biopolymers and such
combinations arc somelimes known as conjugaled proleins. They includc
nuclcoproleins, lipoproteins and glycoproteins, Either or both compoments of a
conjugated protcin may be phosphorylated. In the case of nucleoproteins, phosphorus
is always present in the nucleic acid component. Some may prefer the prelix
‘phospho’ to be used to signify which component is phosphorylated e.g.
phospholipoprotein  or  lipophosphoprotein,.  More than a hundred different
phosphoproteins have now been recognized. The best known of these include milk
casein, the cgg proteins- phosvitin and ovalbumin and the iron-slorage protein ferritin,
Phosphorylation of proleins neatly always occurs on serine residues {76) but

(hreonine, 1yrosine, histidine and lysinc can also be involved.

CH,~0OH _ CH,OP{OYOI):
| Phosphoryl action |
—NH—CH-—-C(O— = WNH—CH—CO
(76)

Many enzymes arc phosphoproleins and enzyme action is frequently associated with
phosphorylation dephosphorylation of the protein residues particularly in serine.

Phosphorylation replaces ~OH with —OP {OXOH); and placcs a negative charge on
the protein. Interfcrence with the existing hydrogen bonding scheme and the
introduction of a relatively large phosphate group can generally be expected 1o modify

the sccondary and teriary structure of protein.

Protcin phosphorylation is involved in numnerous biochemical processes. These

include the repulation of metabolic pathways, membrane transport, muscle
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conlraclion, hormene response, photosynthesis, cell division, genc transcription and

iranslation and brain processes such as [earning and memeory. ™"

Phasphoproleing can be exiracted [rom bone and dentine with EDTA. The
phosphoproteins in dentine form about 10% of the total protein present and have a
very high serinc and aspertine content with about hall ol the serine residues
phosphorylated, [solated phosphoprotein has been shown to calalyre the formation of
apatite from amorphous tri-calcium phosphaie and it may act in this way in leeth.’
Casein is the most abundant protein in milk which censists of four phosphoproleins
{5, sz, B, 1 ) which oceur in elosc association with caleinm phosphaie in the form ef

micelles.

Lipids are waler-insoluble, oily or greasy subslances 1hat can be extracted from eclls
and tissues by non-polar solvents, The most abundant kinds are fats, which are
triglycerides, and they act as major storage {uels in most organisms. Triglycerides arc
fatty acid esters of glyecrol 76(a} with peneral formula 76(b), where I3, R, I are long
hydrocarbon chains of composition - - (CHz},. CHs derived from fally acids HOOC
(CHa)y CH4

CH,—OH CH—0—C({OR

(ll:I-I—OH {le—O—C{O)-R;

CH,—OH CHy—0—C(O)-R
76(a) 76(b)

In addition to glycerolipids 76(b) if the lipid contlains one or more pelar phosphale
group, it ig called a phospholipid.

Phospholipids arc major components of cell membrunes and occurs widely in
" bacieria, animal and plant tissucs. They are invelved in enzyme aclion and transport
of tri-glycerides through the liver and they have a role in electron transport and

oxidative phosphorylation.
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The most imporiant commercial source of phospholipid s lecithin, which has
~ numerous food and nonfood applications. The properlies of starch and bread are
modificd by their small phospholipid content. The most abundant phospholipids are
those wilh the general lormula 77{a) where R is a long chain fafty-acid residue and X
can be wvanous groups. They are derivatives of plycerophesphoric acid and are

somelimes called glyecrophospholipids.

CH,-O—C(O)R CHy—O—C(O)—R
CH—0-—COR ClI—0—C(O)—F
0
Il I
CHy=0—b—0—X CHy-0—P—OH
OH OH
77() 77(b)

when X=I1, these compounds are the parent phosphatidic acids 77(b)

In naturally cccuring phosphoglycerides 77(a), X is most [requently choline,
ethanolamine, L-sering or inesitol and R is a mixture, the principal components of
which arc palmitic and oleic together with amaller guantilies of other long-chain
residues. Lecithin (78) is found in egg yolk, brain tissue and in skin. 1t exisls as

zwiiterions in its physiological environment

(|:H2.0+-::0.R

CH.O.CO.R
o

|
CHQ—O—H—G—CI-IE—CHENJrM%

(78}

Most phosphelipids are water soluble as well as fat seluble, because their molecule
have hydrophobic as well as hydrophilic regions and are polar in character. So they
are called amphiphatic lipids. In general, membrane lipids are amphiphatic
phosphoesters, whereas storage lipids are not. Phospholipids are important for their
emulsifying properiies. In an oil water system the molecules concentrate at the
intcrfaces and lower the surface tension thus enabling droplcts to be formed, they act

as a barricr at the interfaces and stabilisc the emulsion. When heated with aclds or
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bascs, most phesphoglycerides are split into iheir components i.e. fally acids,
glycerol, phosphoric acid and the base head jroup. Plasmalogens are phosphatidyl

derivalives in which the fatty acid in the a-position has been replaced by an

unsaturated cster (79a). There are found in brain and nervous lissug,

H,-0—CH=CHR CHy(OH) . CH=CHR
/
ClI—Q—COR CH—NI}. O, R
0

Il
1 CH—0—P—0—X
CHy-0—P—0—X 2 |

ol _ OH ,
Plasmalogens Sphingomycelins
79() 79(b}

Sphingomyeclins are phosphorus containing members of the scecond larpe class of
membrane lipids known as sphingolipids 79(b). Thf: head group X is most cornmoely
choline or cthanolamine, and these compounds resecmble the comesponding
phosphatidyl compounds in their gencral properties. They are found in most animal

membranes, parlicularly in the *myelin sheath’ surrounding certain nerve cells.

Some lipids are conjugated with protcins to form Hpopreteins. Lipovitellin and
lipovitcllenin are phospholipoproteins. Blood containg various types of plasma
lipoproteins which consist of triglycerides, proteins, phosphelipids and cholesterol.
These closely associated units inay be covalently linked to each other in some cases.

Phosphate groups, glycerol, ribito! and saccharide units are the basic components, and

the simpler derivatives can be represented by the formulae (80)

i {1]11 (ﬁ! OR ('l,‘JH ?R/
D—]T—D-CH:—CH—-*CHQ O—I;—D—CHE—CH—CH—CH—CHE
OH n Ol n
R=H, supar or D-alanyl R= H or D-alanyl
R% H or sngar ;
80(a) 80(b)
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The simplest parent compound poly {giycerol phosphate) R=H in 80(a) has been
_ prepared by laboratory methods, poly (ribitol phosphate) R=R'=H in 80{b) has been
prepared by phospherylation of 80(a).

The polymer poly(alkylene phosphates) which can be made by ring opening
polymerization (81) or by condensation of dialkyl phosphiles (82). Molccular weights

of over 10,000 have been achieved e

(CH;)h
/ e i
\ / | | n
OH
o’ @&1)
0 i
] R — H_ — P P Y
HC—CH;-0 (18] lr OR_R—OH‘!" Q |1 O—ClL
H I1 1
2)

The nuclei¢ acids are not only respensible for the storage and transmission bebween
generations of genetic information’, but they also pass on this information 1o dircet
the synthesis of the proteins characteristic of the cell. Nucleic acids frequently ocour
in closc association with proleins as nucleoprotcins. Nucleic acids are closely
associaled with mononuclcotides, modified polynucleotides and nucleotide
phosphates. They all contain phosphorous, mononueleotide unils are built from three
main components, a phosphate group, a sugar-ribose or deoxy-ribose, a mtrogen base,

a purine or a pyrimidine.

The moncnucleotides {mononueleoside phosphates) are obiained by breaking down
the polynuclcotides or by phosphorylation of pre-formed nucleosides. Their main

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

Various isomers of mononucleolides arc found. The ribonucleosides may be

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

R 0. CHOPOYOIl; R o, CHOH
R 0. CHOH

OH OH OH  OP(OXOH)

3 ([10)(0)PO H
(83) 7’

Whereas the deoxyribonucleosides nyy be phospherylated only al 3" or 5" positions
(&84).

R O. CHOPOYOH, R _O. CHOH

OH OP(O)OH)
(84)

The 5 ribonuclcosides are sirongly acidic, The RNA mononucleotide unit containing

adenine is adenosine 5'- monephosphate (AMP). This compound is the hydrolyzed
product of adenosine iri-phosphate (A1P).

f
The tibonucleoside 2' and 3 phosphates are readily interconverible in acid solution

and this inler-conversion proceeds thmugh the cyelic 2°, 3' phosphale (85}
CH,0H

CH,OH 0. CILOH
’( 4 b0 H,0
\ /
P

OH  OP(0)OIy HOR(O)PO OH
- \\0

HO

(85)
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Adenosine 3, 5' monc-phosphate (Base = adenine) in 80(a} is of considerable
. impertance in biochemistry, Hydrolysis of this compound with Ba(OH); gives a

mixture of adenosine 3' phosphate and adenosine 5 phosphate.

0. CIL

OH © OH
86(a)

Nuclceside bis-phosphale 86(b) can be prepared and have considerable unporlance in
biocchemistry.

0. CHOPO}OH; R _O_ CHOPOYNOH),

OH OP(O)OH), (HORONO  OH

86 (b)

Although ATP was {irst discovercd by Fiske and Subarrow in muscle in 19257, the

first laboratory synthesis was achieved after 20 years by Todd as co-workers™,

In lheir first method the silver salt of adenosine 5'- dibenzyl pyrophosphate was
reacied with  dibenzyl phosphorochiloridate and this was followed by catalytic
hydrogenolysis to remove the benzyl proups. The pyrophosphate salt had been
prepared by a similar route using di-benzyl phosphorochloridate and adenosine-5'-

. monophosphate (Scheme- 5).
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HO OH

H OH
{Ba-POCI
I Il
—0—1;*0—1'1—0(1}12 0" A 'ﬂ‘ ‘ﬁ' Q
OBz OBz BzD—lr—O—lr—D~I|’—U—CH1 Q A
OBz OBz Obw

HO OH

(Scheme - 5}

In another synthesis, the di-silver salt of adenosine-5-phosphale was treated directly
with an excess of dibenzyl phosphorochloridate and this was followed by

hydrogenolysis and hydrolysis (Schemc - 6).

OH OCH HO oh
Bz0YPOCI QBe
0 (—-—1- B?i)—l;‘:l‘:l
HD—E—CH A ?
o O 0=P—0—CH, 0~ A
Ol {:]
BO—P=0
HO ©OH  OBe
0 0
10 0‘"‘“?’30—&5 o~ A RO OH
oL b —
7N I A
¢~ OIH HO—P—0~—P—0—TP—0—CH, O

{Scheme — 6)
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Almost all biochemical reactions are catalyzed by enzymes. Enzymes are a special
~ kind of catalyst which are proicins and which are effective in extremely small
concentralions. Enzymes arc usually proteins, all enszymes conlain nifrogen and most
of the enzymes confain phosphorous, a very high proportions arc involved with

reactions of phosphale esters and phosphorus is ellen present in the cofactors.

Enzymes which catalyze hydrolysis arc knewn as hydrolases and if the compounds
acted upon (substrate) are esters they are known as esterases. II' the action is specific

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

The enzymes which catalyze ‘phosphate iranster’ or phosphorylation is very
important in biochemistry. These have been known variously as phosphotransferases,

phosphorylases, phosphokinases, transphosphorylases cte.

There arc two phosphorylation processes of fundamental importance of biochemistry.
These are photophosphorylation, the process by which green plants convert light
energy to chemical energy. And the oxidative phosphorylation, the process by which a

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

Adenosine iri-phosphale, ATP phosphorylates glucose as it enters the living cell
according to reaction 8%(a) which can alternatively be writien as 8%(b). In this non-
reversible reaction in which ATP act as the phosphorylating agent, the enzymc is
given a special name hexokinase. Enzymes which catalyze transfers specially to and

from ATD are sometimes called phosphokinases.

CHOP(OYOH):
2+
Mg
* AR | vokinase
8Ha)
ATP ADP
\M 2/4
g
Glaeose » (Fueose-6-Phosphate
89(b)



Another example is provided by (he phospherylation of acetic acid (substrate) 1o Torm
‘ acetyl phosphate, which is catalyzed by the phospholinase enzyme kuown as acetate
kinasc (B4). This reaction can occur in reverse in which case the acetyl phosphate is
said to phosphorylaie the ADP 10 ATP. Both di-phosphate and tri-phosphate esters

can acl as phosphorylating agents.

ATP r

CH;COOH \ > CH;CO OP(O)(OH),
(9ﬂ)

Enzyimes which catalyze the transfer of a pyrophosphate group are somelimes known
as pyrophosphorylases, although ATP normally functions as a phosphorylating agent,
it will sometimes act as a pyrophosphorylating agent, as in the conversion of nbosc-5-

phosphate to a ¢-5-phosphoribosyl-1-pyrophosphate (31).

(OH)0POCH; o H (OH)(OPOCH, o
J D
D“-Il’ —O—pP—0II
(91)

Oxidative phosphorylation occurs in the formation of ATP from ADP when it is
coupled to the process of electron transfer from NADH or FADH; 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.
NADH+H'+% 0; ——» NAD" +H;0 - 5.2 keals.

Photophosphorylation occurs when ADP is converied to ATP during the complex

process of photosynihesis, Protein phosphur}rlatiﬂnﬁ““

is one of Lhe important
phenomenon of the living cells. Phosphorylation is one of the chief mechanisms
whereby cclls can rapidly activate or inactivale many of the enzymes which are
present. These actions are believed to result from modification of the enzyﬁw

conformation, whereby its aclive sites arc cither exposed or masked.
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The enzymalic phosphorylaion and dephosphorylation of a protcin can be

swnmarized as in (Scheme - 7}

ATP AP
Prolein kmnase
Protein [rolein phosphate
Protein (Phosphorylaled protein)
Phosplule
P Hgﬂ
Scheme -7

Phosphorylation invelves replacement of -OH groups along the protein chain most

{requently on serine residues (Scheme — 8).

ATP ADP

—— 0D -=-C0O O
\CH CH,—OH \CH CH—0O Il’—D
—rebTVn BELELE L
/ / !

= = NIl ——-NH 0

{Scheme — 8)

At least a hundred or out of the total of abeut 30,000 different proteins found in cells
arc known lo be modified by phosphorylation. Even when a protein is phospherylated,
however, only a small proportion of the iotal -OH groups is penerally involved.
Whether or not a particular residue is phosphorylated in a given proiein is detennined
by the specific amino-acid scquence around the site of poiential phosphorylatio.
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AIM OF THE PROJECT

Organophosphorus compounds have (remendous impertance in the ficld of food
technology, animal foodstuffs, pesticides, medicinal compounds, synihetic polymers,
fire retardants and natural producis. These compounds can be used as flame retardants
for fabrics and plastics, plasticizing ond stabilizing agents in the plastic industries,
additives in the pelroleum producls and corrosion inhibitors. The intimate
involvement of organophosphate in living process is now well recognized and modemn
bigchemistry ts dominated by it such as ATP and DNA.

Phosphoryl (ransfer reaclien is very imporlant in some organophosphates because
insecticidal action is increased and phosphorylating actien can ensure the activity of
that insceticides.

Nueleophilic substitutions at the carbon centre is very important topic in organic
chemistry. In many aspects phosphorus rivals carbaon in ils structural versatility, the
general varicly of its compounds and its biochemical importance, The mechanism of
nucleophilic substilutions at the carbon centre is very well known. Considerable
amount of work have been camed ouf on nuclcophilic substitutions at the carbon
cenire but much less 1s known about nucleophilic substitofions al the phosphorus
centre. Nucleophilic substitutions at the phosphorus centre is very imporlant lopc in
orpanophosphorus chemistry. The nucleophilic substitutions at the ca.rb(:-.n centre is
well established bul (he mechanism of nuclcophilic substitution reacfions at
phosphorus is not well established. It has greal interest to study nucleophilic
subslitutions reactious at phosphorus in solutions. The nucleophilic substitutions
reactions at ncutral phosphioryl species such as in phosphoryl chleride have been
considered to procecd cither stepwise through a pentscoordinale intermediate of
(rigonal bipyramidal shapc or concertedly through a single transition state,

Thercfore, the proposed research project is underiaken with the following objectives:
(2) To prepare the unavailable stading materials from availabie chemicals,

{b) To synthesize the organophosphorus compounds.

(¢} To optimize the reaclion condilion,

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

also by spectroscopic analysis.
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Chapter 2

EXPERIMENTAL



R - T
2.0 Matcrials, Chewmicals, Boiling point apparatus and Spectral Techniques

" All ihe solvents for reaciion, separation, extraction and recrystallization were purified
and the tesls were carried out os available in the laboratory and commercially.
Analytical er laboratory grade reagents, solvents and chemicals were used in all my
expeniments and thesc were procured from E. Merck (Germany) and BDH{England}.
Reagent rrade of n-hexane, elhylacetate, dielhylether, acetone, phosphoryl chlonde
ete. were punlied by disti}lation at the boiling peint of the respective solvent.
Ethylacctate and phosphoryl chloride from E. Merck (Germany) were used directly as
these were bought commercially. The following methods were used for purilication
and drymg of the solvents used for the syntheses.

a) Determination of melting points

Mcliing points of dilferent synihesized compounds were determined on Gallenkamp
(England ) melting point apparatus and paraffin oil bath,

b} Infra-red {IR) spcetra

The Infra-red specira were recorded on KBr pellet for films with a Shimadzu FTIR
speclropholometer from the department of Chemisiry, BUET, Dhaka, Bangladesh.

c¢) Nuclear Magnctic Resonance (NMR) spectra

The NMR spectroscopy is widely used for the detailed investigafion of an unknewn
compound. With the help of this spectroscopy the structure or pallemn of an unknown
compound can be determined. "1 NMR (400 MHz ), 13C NMR and *'P NMR (162
MHz) were recorded in deuleriochloroform (CDCly) with a Bruker DPX-400
spectrophotometer  using  letramethylsilane (TMS) as internal standaed at the
Bangladesh Council of Scientific and Industrial Research laboralory (BCSIR), Lhaka,
Dangladesh.

d) Drying

All organic extracls were dried over anhydrous sodivm sulphale (NapSQOy4) before
concentration.

¢} Evaporation

All evaporation were carricd cut under reduced pressure 1in Buchi rotatory evaporator
{ West Germany) with a bath temperature below 40°C.

0 Column chromatography

Column chromatography has been successfully applicd to separate the individual
components (having different Ry valucs} ef mixture obtained from the reaction
This technique was also employed lor punfication of the product.
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2.1 Synthesis of Dis-(4-Mcthylphenyl) chlorophusphate

CHy
ﬁ' H;C

CILCHLELN
CH—P—Cl + b e A 0

fee-bath, 2.5 I ==
Phosphorylclileride OH ‘ n

4-Methylphcnol 1 Et;N HC
Bis(4-Metlny [phenyl) chlorophosphate
1A

Procedure

A solution of phosphoryl chleride (330 mg, 2.152 mumol) in methylene chloride (3
mL) was taken 1 a round botlomed fask. The flask was then placed on an ice-bath
with constant stirring for half an hour. A mixture of ¢-methylphenol (465.43 me,
4.304 mmol) triethylamine (435.82 mg, 4.304 mmol) and methylene chloride {7 mL)
was taken in another round bollomed flask and the flask was then placed on an ice
bath with constant stirring {or half an hour. The phenolic inethylamine mixture was
then added drop-wisc to the phosphory! chlorde solution and was stirred for two and
half hours ai the same temperaiure. The progress of the reaction was monitored by
TLC. The reaction mixturc was then filtered and the solvent was evaporated by a
rotary evaporator, The resultant solid mass was then dissolved in diethyl ether and
lreated with 5% NaHCO; solution to remove excess 4-methylphenol. The reaction
mixiure was then washed with water tlree times and dnied over anhydrous NaxS0O,.
Aller filliration and evaporation of the solvent, a yellowish crude product was
oblained. The crude product was then purified by column chromatography. A yellow
crystaliine product 1A having a vield of 62 % with m.p. 62° C was oblained, The
product was found to be homogeneous on TLC plate, Re= 0.65 (Eihyl acetate: n-
Hexane = 1: 9}

The product 1A was characterized by speetral evidences.



Physical and spectral evidences of the compound —1A

The synthesized compound 1A was a yellow solid having a yicld of 62% with

m. p.62°C. The compound 1A was found (o be homogeneous on TLC plate, Ry= 0.65
(Cthyl acetale: n-Hexane = 1: 9).The product 1A was characterized by its IR, "
NMR, '*C NMR and *'P NMR spectral data.

3 i D ™ o
4 ] I ”
CH; o—P—0 = —CH,
‘ o
s 0 "
Cl
Bis-{4-Mcihylphenyl) chlorophosphate
1A
IR (KIir) b e T 3050 {C-I1, aromatic),

2922 {C-11, CH1), 1732 ( P=(),
1589 ( C=C, aromatic), 1485 { C = C, aromatic),
1450 ¢ C = C, aromatic), 1269. 1236 ( P-0-CeHa) ,
1139 { P-Ci).

'H NMR (400 Milz, CDCly) S118.05 (s, CeHy-H, 4H}, 7.24 (8, CsHa-H, 4H),
2.28 (s, p-CH,, 6H)

BCNMR (100 MH2,CDCL) : 2C23.8 (1€, -Cll), 29.6 (1C, -CHs ),
116.3 (4C, C-3, C-5, C-3 ,C-5" aromatic ),
129.8 (4C, C-2, C-2 ,C-6,C- 6, aromatic ),
135.1 ( 2C, C-4, C-4 , aromatic ).
148.6 { 2C, C-1, C-1, uromatic )

3P NMR (162 MIIz,CDCL) 9p 2.5( D=0, 1L, 8).
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2.2 Synthesis of Bisv(-f-Chlur;phc;l:,'I) ch]ur;:-phusphatc.

Cl

O ()

| CHCLERN | -
CH—P—Cl-+ ———»=C o—p—0 Cl

| lee-bath 2.5 Tus | \ / ,

Cl

Cl + ELJNHCI
Phospheryl chlaride OH Bis-f4- Qilaropheny!jehlarophospbate
A Chlorophenol . 24

Proeedure

A solution of phosphoryl chlonde {900 mg, 5.869 mmol) in methylene chleride

(5 mL} was taken in a round bottomed [ask. The flask was then placed on an ice-bath
with constant stirring for hal{ an hour. A mixtore of 4-Chlorophenol {1.509 g, 11,739
mmol), triethylamine (1.187 g, 11.739 mmol) and methylene chloride { 7 mL) was
iaken in another round bottomed {lask and {he flask was then placed on an icc bath
with constunt stiming for half an hour.The phenolic triethylamine mixture was then
added drop-wisc to the phosphoryl chlonde solution and was stirred for two and half
hours 4t the same temperature. The progress of the reaction was monitored by TLC.
Thle reaction mixture wus then [ltercd and the solvent was evaporated by a rolary
cvaporator, The resultant solid mass was then dissolved in dicthyl ether and treated
with 5% NaHCQ; solution to remove excess 4-chlorophenol. The reaction mixture
was then washed wilh water three lunes and dried over anhydrous Na»S0,. After
filtration and evaporation of the solvenl, a yellowish crude product was obtained. The
crude product was then purificd by celumn chromatography. A yellow solid product
2A having a yield of 59% with m.p.103" C was oblained. The product was found to be
homogeneous on TLC plate, Ry= 0.52 (Lthy] acetate: n-Hexane = 1: 9)

The product 2A was characterized by spectral evidences,
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Physical and spectral evidences of the compound —2A

The synthesized compound 2A was a yellow solid having a vicld of 59% with m.
p.103"C. The compound 2A was found to be homogencous on TLC plate, Ry = 0.52
(Ethyl acelate; n-Hexane = I: 93.The product 2A was characlerieed by its IR, 'H
NMR, C NMR and ¥'P NMR spectral data.

¥y 0) 5
| 1? ‘ ‘
SI 6! | 2 3
Cl
13is-{4-Chlorophenyl) chlerophosphate
2A
1R (KDr) : Bgaccm” 3095 (C-H, aromatic), 1718 ( P=0),

1590 ( C = C, aromalic), 1485 { C = C, aromatie),
1410 ( C = C, aromalic), 1299, 1230 { -0-CeHa)
1161 ( P-C1), 109) { C-C1 ), 1014 ( C-C1 ).
'H NMR (400 Mz, CDCL) : K 7.13 (d, 41, J= § H2.), 7.29 (d, 4H, J=8 Hx).
BCNMR (100 MHZCDCL) ¢ 9C 1213 (C-3, €-5, C-3, C-5),
128.8(C-2, C-6, C-2 ,C-6), 131.3 (C-4, C-4),

148.5 (C-1, C-1).

P NMR (162 MHCDCly) @ P-16.4(P=0, 1P, ).
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2.3 Synthesis of 4-Nitropheayldichlarophosphate.

NO,
i I
CHEC|21Et3N ‘“\.‘\
Tce-bath, 2 hrs ' | + EGN.HC]
Cl N
) Cl NG,
Phospharyl chioride OH {4-Nitropheny!)dichlorophasphale
4-Nitropheno!
P 3A
Proccdure

A solution of phosphoryl chloride (1.0 g, 0.0065 mol} in mcthylenc chlonde (3 mL)
was taken in a round bollomed {lask. The flask was then placed on an ice-bath with
constant stirring for hall an hour. A mixture of 4-Nitrophenol (0.9072 g, 0.0065 mol)
iriethylamine (0.659% g, 0.0065 maol) and methylene chloride ( 8 ml.) was taken in
anolher round bottomed flask and the fask was then placed on an icc bath with
constant stirring for hall an hour. The phenolic triethylamine mixture was then added
drop-wise Lo the phosphoryl chloride solulion and was stirred for two hours at the
samc temperature. The progress of the reaclion was monitored by TLC. The reaction
mixlurc was then filtered and the solvent was evaporated by a rolary evaporator. The
resultant solid mass was then dissolved in diethyl ether and treated with 5% NaHCO;
solution 1o remove excess 4-nilro phenol. The reaction mixlure was then washed with
waler three times and dried over anhydrous NazSO4 . Aller [iltration and cvaporation
of the solvent, a yellowish crude product was obtained. The crude product was then
purificd by Icolumn chromaiography. A yellow solid product 3A having a yicld of

53 % with m.p. 132% C was oblained. The product was found to be homogeneous on
TLC plate, Rg= 0.65 (Lthyl acetate: n-Hexane =1 .19

The producl 3A was characterized by speciral evidences.
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Physical and spectral evidences of the componnd —3A

The synthesized compound 3A was a yellow solid having a yicld of 53% with ml.
p.132%C, The compound 3A was found to be homogeneous on TLC plate, Ry = 0.63
(Ethyl acetaic: n-Hexane = 1 : 19 ).The product 3A was characterized by its IR, 'H
NMR. C NMR and P NMR spectral data,

0O

v /N |

N 0 P Cl
/A 4 1 |
0 3 o]

4-Nitrophcnyldichlorophosphate

JA
IR {KDir) © BygeCml 3087 (C-H, aromatic}, 1727 ( '=0),

1560 { C =C, aromatic),

1485 { C =, aromatic),1450 ( C = C, aromatic},
1282, 1265 ( P-O-CgEL} , 1215 (N-O ),

1197 (N-C), 1161 { P-C1 ), 1085 { P-Cl ).

'H NMR (400 MHz, CDCL) ¢ 9H832(d, 2H, I= 7.52 Hz ),
7.42 (d, 2H, J=7.48 Hz),
3¢ NMR (100 MH2,CDCLy) @ ©C 115(C4), 116{C-3, C-5),

150 (C-2,C-6), 163 { C-1).

Hp NMR (162 MIIz,CDCly) : Op 8.6 {P=0, 1P, 5).
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2.4 Synthesis of 3-Nitrophenyldichlorophosphite

OH
I i
[l CH,Cl; B3N | / \
Cl—p—Cl+ Icebath.2 s < T O + BN HCI
Ci N+ CI .
M
cr/ =2 o %D
Phosphoryl chilorid ~Nitrophenol
osphoryl chioride  S-RIER J-Mitrophenyldichlarophosphate
44

Proceduare

A solution of phosphoryl chloride (1.0 g, 0.0065 mol} in methylene chlonde (5 ml)
was taken in a round bottomed flask, The flask was then placed on an ice-bath wilh
constant stirnng {or hall an hour. A mixiure of 3-Nitrophenol {0.9072 g, 0.0065 mol)
iriethylamine (0.659% g, 0.0065 mol) and methylene chloride { § mL) was taken in
another round botlomed flask and the [Nask was then placed on an icc bath with
constant stirring for hall an hour, The phenolic tricthylamine mixture was then added
drop-wise to the phosphoryl chloride solution and was stirred for two hours al the
same temperature. The progress of the reaction was monitored by TLC. The reaction
mixture was then filtered and the solvent was evaporsled by a rolary evaporater. The
resuliant solid mass was then dissolved in diethvl ether and ireated with 5% NatCo;
solution to remove excess J-nitrophenol. The reachion mixlure was then washed with
water three thmes and dried over anhydrous NasS0y. After filtration and evaporation
of the solvent, a yellowish crude producl was obtained. The erude product was then
puriiied by column chromatography. A white solid product 4A having a yield of 58%
with m.p. 90° C was obtained. The product was found to be homogencous on TLC

plute, Re= 0.71 {Ethyl acetate: n-Hexanc=1:19)

The product 4A was characterized by spectral evidences.
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Thysical and spectral evidenees of the compound —dA

The syathesized compound 4A was a while solid having a vield of 58% with . p.
90%C. The compound 4A was found to be homogeneous on TLC plate, Re= 0.7t (Ethyl

acetate: n-Ilexane = 1 : 19 ).The product 4A was characterized by its IR, "H NMR,
BC NMR and *'F NMR speclral data,

0
ﬁ 1 3 3 ”le
Cl |p 0 | s o
Ci b L 4
5
f3-Nitrophenyldichlorophosphate
4A
IR (KDBr) T Uy CH1 3103 (C-H, aromatic), 1735( P=03),

1533 { C=C, aromalic},

1487 ( C = C, aromulic),}477 { C = C, arpmalic),
1263, 1209 { P-0O-CgHyg) , 1178 ( P-CI1).

1011 { P-Cl ).

'H NMR {400 MHz, CDCL;) : “H82(d, IH, C-6, = 7.52 Hz ),
7.6 ( bs, 1H, C-2), 7.5  bs, 2H, C-5, C-4).

3¢ NMR (100 MH~CDCl) ¢ 9C110(C-5), 116 (C-4 ), 122 (C-2),
130 ( C-6), 149 (C-3), 159 ( C-1).

NP NMR (162 MHz,CDCl;) : P 6.8 (P=0, 1D, s).
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2.5 Synthesis of 3-Methylphenyldichlorophosphate

Ol
3

C—P—Cl + CHCLELN cl P G + CNLIICI
| lee-bath, 2.5 hrs \ /
o \CH3 L
Phosphorylehlaride 3 Methyiphenol f3-Methylphenyl)dichlorophosphale  CHj,
SA

PFrocedure

A solution of phospheryl chloride (2.0 g, 0.0130 mol) in methylene chlotide (8 mlL)
was taken in a round botlomed flask. The (lask was then placed on an ice-bath with
conslani stirring for half an hour, A mixtuee of 3-Methylpheno! {1.4101 g, 0.0130
mol} trieihylamine {1.3195g, 0.0130 mol} and mcthylene chloride ( 8 mL) was taken
in another round bottomed flask and the {lask was then placed on an ice bath with
constant stirring for hall an hour. The phenolic tricthylamine mixture was then added
drop-wise to Lthe phosphoryl chloride solution and was stirred for two and half hours
at the same temperature. The progress of the reaction was monitored by TLC. The
reaction mixiure was then filtered and the solvent was cvaperated by a rotavy
evaporator. The resullant solid mass was then disselved in diethyl ether and treated
with 5% NaHC(s solution to remove excess J-methylphenol. The reaction mixture
was thep washed with water (hree Gmes and dried over anhydrous NapSQ, . After
filration and evaporation of the solvent, a yellow solid crude product was ebtained.
The crude product was then purilied by column chromatography, A yeliow solid
product SA having a yield of 68% with m.p. 41% C waus oblained. '1he product was
found to be homogencous on TLC plate, Re=0.52 (Ethyl acctate: n-Hexane=1:19)

The product 5A was characterized by spectral evidences.
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Physical and spectral evidences of the compound —3A

The synthesized compound 3A was a yellow solid having a yield of 68% with m.
p.41°C. The compound SA was found to be homogencous on TLC plate, Ry = 0.52
(Ethy] acctate: n-Iexanc = 1: 19).The product 3A was characterized by its IR, 'H
NMR, PC NMR and 'P NMK spectrum data.

ﬁ
2
i 3_~CHs

Cl r Q \ X

t O F 4

Cl 5

(3-Methylphenyhdichlorophosphate
SA

1R {(KLr)} g o 3103 (C-H, aromatic), 2928 (C-I, CHa),

1732 ( P=0), 1595 (C=C, aromatic),

1495 (C=C, aromatic), 1450 (C=C, aromatic),
1269,1236 { P-0-CgHa)

1135 { P-C1),1080( P-CL ).

'H NMR (400 MHz, CDCl;) : CH8.18(d, 1H, C-6,1=8.0 Hz),
7.59 (d, 1H, C-2, 1 = 8.0 Hz),
7.47 (L1, C-5, T= 8.0 Hz),
7.26 (d, 1H, C-4, I=8.0 Hz), 2.28 (s, 3H, -CH;)

]
Be NMR (100 MHzCDCL) @ 9C 28 (m-CHa), 122 ( 2C, C-3, C-6),
133 ( 2C, C-4, C-5), 135 (C-2 ), 149 (C-1).

3p NMR (162 MHz,CDCL) @ 9P 1247 (P=0, IP, 5).
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2.6 Synthesis of 4-Bromophenyldichlorophosphate.

OH
O
CH,Cl, Et;N TS 0—— P—(l + LNHC
CH—"P—Cl + - .
lee-bath,2.5 hrs
Br = Cl
Ci
Phosphoryl chloride  p 4-Bromophenyldichlorophosphate
4-Bromophennl 6A
Procedure

A solution of phosphoryl chloride (4.0 g, 0.0260 mol} in mcthylene chloride (8 mL)
was taken in a round bollomed flask. The flask was then placed on an ice-bath with
constant stirring for half an hour. A mixture of 4-Bromophenol (4.513 g, 0.0260 mol)
triethylamine (2.6397g, 0.0260 mo!) and methylene chieride { 10 mL) was taken in
another round bottomed flask and the flask was then placed on an icc bath with
constant stirring for half an hour, The phenolic triethylamine mixture was then added
drop-wise 1o the phospharyl chloride solution and was stimed {or 1wo and half hours
at the same temperature.The progress of (he reaction was monitored by TLC. The
reaclion mixture was lhen filtered and the solvent was cvaporated Dy a rotary
evaporator, The resultant solid mass was then dissolved in diethyl ether and treated
with 5% NalICO; soluiion to remove cxcess 4-bromophenol, The reaction miature
was lhen wa_lshed with watcr three times and dried over anhydrous Nag30, . After
filtration and evaporation of the solvent, a while solid crude product was oblained.
The crnde product was them purificd by column chromatography. A white solid
product 6A having a yicld of 61% with m.p. 104° C was obtained. The product was
found to be homogencous on TLC plale, Ry= 0,54 (Ethyl acctate: n-Hexane =1: 19)

The product 6A was characlerized by spectral evidences.
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Physical and spectral evidences of the compound —64A

The synthesizcd compound 6A was a white solid having a yield of 61% with m.

1.104°C. The compound 6A was found to be homogeneous on TLC plate, Re= 0.54

(Elhyl acetate: n-Heaane = 1; 19).The product 64 wus characlerized by its IR, 'H
NMR, *C NMIUand P NMR spectral data, '

-

!
=

Cl

|

Cl

4-Bromopheayldichlorophosphate

IR (KBr)

'IT NMR (400 MHz, CDCl;) :

HC NMR (100 MH=,CDCL)

Np NMR (162 MIIz,CDCly) :

0A

Ve 1 3087 (C-H, aromatic), 1732( P=0),
1560 (C=C, aromalic), 1485 (C=C, aromatic),
1450 (C=C, aromatic), 1285 { P-0-Cglly) ,
1255 (C- O}, 1215 { P- CI),1197( P-C1),
1161 ( C-Ds).

311 8.17(d, 2H, T = 7.83 Hz, C-2, C-6),
7.62 (d, 211,] = 7.41 Hz. C-3, C-5).

OC 114 ( €3, C-5), 115 (C-4), 119 (C-2, C-6),
156 ( C-1)

5p 1429 (P =0, 1P, )
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Chapter 3

RESULTS AN DISCUSSION



3.1 Characterization of Bis- (4-Muthylphenyljchlorophosphate

3 > i) 2
- r |
[,C — \  / o—p o— N/ CH,
5 o' | 6 5
Cli
Bis-{4-Methylphenyl} chlorophosphate
1A

The structure of the yellow crysfalline compound 1A was cstablished from the
speciral evidences such as IR, 'H NMR, ’C NMER and *' NMR speciral dala,

The IR spectrum {Fig.la) showed absorplion band at 3050 em” was due 1o the
aromatic C-H stretching. The band at 2922 e’ was assigned for the stretching
vibration of C-H bond of methyl group. The sharp and intensified peak at 1732 em”
was indicaled for P = O group. 1t showed absorption at comparatively higher
[requency duc to the attachment of three clectron withdrawing proups.The bands al
1589, 1485, 1450 cm’ were assigned for aromatic carbon-carbon double bond
vibration. The characteristic bands at 126% em™ and 1236 cm™ were indicated for two

P-O groups. The sharp peak al 1139 cm™ was due o the P-Cl bond.

The ' NMR spectrum (Fig.1b) of the compound showed the singlet at |EFI-I 8.05 wus
duc to the similar four aromatic protons at C-3, C-5 and C-3', C-5° of both the
aromalic ring. The chemical shift value at |5[-] 7.24 was duc (o the simifar four
aromalic prelons al C-2, C-6 and C-2', C-6" of the two aromatic rings. The sharp and
infcnsified peak at 51—1 2.28 was indicated as six aliphatic protons of methyl group at

para positions of the two rings.

The "C NMR speetrum (Fig. 1c) of the compound showed the peaks st OC 23.8 and
29.6 were designated for methyl carbon at para positions of 1he rings. The peaks at
EC 116.3, 128.8, 135.1 and 148.6 werce for the carbons (C-3, C-5, C-3', C-37), (C-2,

CC2, C-6 C-67), (C4, C-4') and {C-1, C-1") respectively.

The 'P NMR spectrum (Fig-1d) showed the peak at 9p 2.5 was assigned for the
single phosphorus of the compound.

The spectral evidences support harmony in favour of the piven structure of the

compound 1A,
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3.2 Characterization of Bis-(4-Chlorephenyl) ehlorophosphaic

> 2 i 2
! I' | 1

N TN

5 &' Ci é 5
Ris-(4-Chlorophenyljchlorophosphate
2A

The structure of the above compound 2A was cstablished from the cvidences of IR,

'H NMR, "*C NMR and *'P NMR speciral data.

The IR spectrurn (Fig.2a) of the compound showed the weak absorption band at 3095
e’ was due o ibe aromatic C-H stretching. The sharp peak at 1718 om” was
assigned for P = O group. The P = O group showed absorption at higher ftequency
due to the atlachment of eleclron withdrawing groups. The peaks al 1590, 1485 and
1410 em”’ were identified as aromatic carbon-carbon double bonds vibration. The
sharp band at 1299 and 1230 cm” were ossigned for P-O groups attached with
eleclron withdrawing groups. The chamcteristic absorption band at 1161 em’! was
designated for P- Cl bond vibration. The peaks at 1091 and 1014 em’! were indicated

for C- Cl bonds with aromalic ring carbon.

The 'H NMR spectrum (Fig. 2b) of the compound showed doublets at o1 7.13
containing four protons with coupling constunt J = 8 Hz were due (o the similar
aromatic protons at C-2, C-6 and C-2,C-6" of both the aromatic ring. The chemical
shalt value at ’51-1 7.29 were assigned for four prolons at C-3, C-5 and C-3', C-5" of

both the aromaltic ring having doublet with coupling constant § Hz.

" The *C NMR spectrum (Fig. 2c) of the compound showed Lhe peaks at 5C 1213
were designatcd aromatic similar carbon for C-3, C-5 and C-3', C-5".The peak at

O 128 8 was identified for C-2, C-6 and C-2', C-6". The peak at 131.3 was assigned
[or C-4 and C-4', The peak at 148.5 was designated for C-1 and C-1°.

The *'P NMR specirum (Fig.2d) showed only single peak al 5p .16.4 for phosphorus
of I' =0 group of the compound.

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

compound 2A.
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3.3 Characterization of 4-Nitrophenyldichlorephusphate

Cl p——0 I TR 3
| 6 4
Cl { NO »

{#-Nitrophenyljdichlorpphesphate
3A

The structure of the compound 3A was cstablished {rom the study of IR, "H NMR,
30 NMR and *'P NMR spectral data.

The 1R speclrum (Fig. 3a) of the pale yellow solid compound 3A showed the
absorption band at 3087 em’” was due to the aromatic C-H stretching, The sharp band
at 1727 em! was assigned for P=0 group. The characteristic absorplion band at 1560,
1485 and 1450 em™  were desi gnatcﬂ for aromatic C = C stretching .The bands at
1282 and 1265 cm’ were due to P-O bond attached with aromatic ring. The
siretching frequency at 1215 and 1197 e were due to the N-O bond of nitro group.
The bands at 1161 and 1085 ¢cm™ were ascribed for P-Cl bond of phosphoryl proup.

The 'H NMR spectrum (Fig. 3b ) of the compound showed the doublets for 2H with
coupling constant J =7.52 Hz at 611 8.32 was assigned for C-2 and C-6 protons. The
another doublet at ©H 7.42 was designated for two similar aromatic protons al C-3

and C-5 posiliens in the aromatic ring,

The C NMR spectrum (Fig, 3¢) of the compound showed the peaks atJC 115 was
indicated for C-4 position of the ring. The intensified peak at 3¢ 116 was assigned
for sirnilar carbon at C-3 and C-5 position .The other two sinilar carbons C-2 and C-6
showed the peaks at ‘SC 150. The peak at 8 163 was aseribed for deshielded carbon
C-1.

The *'? NMR spectrum (Fig. 3d) showed the peak at ':SP 8.6 was assigned for the
single phosphorus of phosphoryl group.

The above speetral cvidences completely satis(ied the above given structure for the

compound  JA.
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3.4 Characterization of 3-Nitrophenyldichlorophosphate

0
O |
I LA N~
Cl ||:- 0 i T Q
cl o /4
5
{3-Nitrophenyl}dichlorophosphate
1A

The compound 4A was a white crystalline solid and was characterized by its IR,
'H NMR, *C NMR and *'P NMR spectrai data.

The IR spectrum (Fig. 42) of the compound 4A showed the absorption band at 3103

! was due to the aromatic C-H stretching, The absorption band at 1735 cm! was

o’
assigned for P = O of the phosphoryl group. The band at 1533, 1487, and 1477 were
ascribed for aromalic carbon-carbon double bond stretching. The absorption band at
1263 and 1209 ctn™ were desipnated for -0 of phosphoryl group.The bands at 1178

and 1101 ecm™  were desipnated for P-Cl bonds.

The 'H NMR spectrum (Fig. db) of the compound showed the peaks at O 82 (d,
1H, 1= 17.68 Hz) was indicated the C-4 aromatic proton whercas the peak al Oy 7.6
(bs,11]) was assigned for the C-2 aromatic proton in the ring. The chemical shift value

51—1 7.5 ( bs, 2H) was designated for iwo aromatic protons at C-5 and C-4 position.

The “C NMR spectrum (Fig. 4¢) of the compound showed the peaks at 5{3 110 for
C-5 122 for C-2, 130 for C-6, 149 for C-3 and 159 for C-1 for ihe aromatic ring

carbons,

The *'P NMR spectrum (Fig, 4d ) showed the peak at ®p 6.8 was designated for the

single phosphorus of 4A compound.

The above speciral evidences completely supported the co-relation in favour of the

given structure of the compound 4A.
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3.5 Characterization of 3-Mcthylphenyldichlorophesphate

2
\ CH;
Cl ||3 0 I| \\ :
Cl & / 4
3
(3-Methylphenyl)dichlorophosphate
5A

The struchure of the compound SA was established from the I8, 1 NMER, B0 NMR
and *'P NMR speelral evidences.

The TR specirum (Fig. 5a) of thc compound SA showed the absorption band at 3103
e’ was due to the aromatic C-I1 streiching. The band at 2928 cm”’ was assigned for
the stretching vibration of C-H bond of methy] group. The sharp absorption band at
1732 cmi’™' was indicative for P = O of phosphoryi group. ‘The characteristic absorplion
band al 1595, 1495 and 1450 cm™’ were assigned for aromatic C = C bond vibration.
The absorption band at 1269 and 1236 em’ were aseribed for P-O bond of phosphoryl
group attached to the aromatic ring. The bands at 1139 and 1080 em’ were indicative

for C - Cl bonds atlached to the P = O group.

SH 318

{d, 1H, ] = 8.0 Hz) was found for aromatic proton at C-6.The chemical shilt value at

The "H NMR spectrum (Fig. 5b) of the compound showed the peaks at

1SH 7.59 (d, 1H,J = 8.0 [1z) was represenled io aromatic onc proton at C-2. The triplet
at SH 7.47 was indicative for one proton at C-5 position. The other peak at ®y7.26
{d, 1H,J =80 Hz) was assigned for one proton of C-4. The chemical shifi value at

OH 2.28 was designated for three protons of methyl group atlached to aromatic ring.

The “C NMR spectrum (Fig, 5¢) of the compound showed 1he peaks at JC 122 for
lwo carbons at C-3 and C-4, EC 133 {for two carbons at C-4 and C-5, 135 for one
carbon at C-2, 149 for C-1 position and ¢ 28 for one carbon of meihyl group.

The *'P NMR specirum (Fig.5d) showed the peak at 5[’ 12.47 was assigned for the

single phosphorus of the compound.

The above spectral evidences cxpresses the harmony in favour of the given slruclure

of the compound 5A.
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3.6 Characterizaiion of £-Bromophenyldichlorophoesphate

]

3“\]0i!ci

L 6 &
Br .
4-Bromophenyldichlorophosphate
6A

The struciure of 1the above compound 6A was established from the study of IR,
'H NMR, *C NMR and *'P NMR spectral data.

The IR spectrum (Fig. 6a) of the compound showed the absorption band at 3087 em™
was due (o the aromatic C-H siretcling. The band at 1732 e’ was ascribed for P=0
group of phosphoryl moiety. The characteristic absorption band at 1560, 1485 and
1450 ¢m! were designated for arematic C = C bond vibration. The band atl 1285 and
1255 em” were assigned lor P-O group attached to the aromatic ring. The weak band
at 1215 and 1197 con” were ascribed for P-Cl bonds and the band at 116] em™ was
due 1o the C-Br sirelching vibration.

The 'H NMR spectrum (Fig. 6b) of the compound showed the doublets al ﬁH 8.17
(d, 111, J= 7.83 Hz) was assigncd for two protons at C-2 and C-6 position. The
chemical shifl value at 5H 7.62 (d, 2H, T = 7.41 Hz) was designated {or lwo aromatic

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

The C NMR spectrum (Fig, 6¢) of the compound showed the peaks at JCFC, 114 for
C-2 and C-3 carbons, 115 for C-4 carbon, 119 for C-2 and C-6 carbons and 156 [or

-1 ammatid carbon.

The ¥'P NMR spectrum (Fig.6d) showed the peak at JP -14.7 was assigned lor the
singlc phosphorus of phosphoryl group.

The above spectral evidences complelely supporied the co-relation in favour of the

given structure of the compound 6A.
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3.7 MECHANISM OF THE SYNTHESIES

Synthesis of I'henyl substituted Chlorophosphates

Synthetic scheme :

A
ﬁ CH,CL,,Et:N

Cy—m

Cl 1 EMN.HCI
—_—p—C] +HD — O 3
Cl T c \ / Ece-bath,2-3 hrs\ /H
o a: b= 1:1 molar ratio :
Phosphoryl Chloride . b Y
: =
.I_Il
-
2 0
. |
a | CI,Cly, EGN
. Cl + EyNICI

=0 r
lee-bath, 2-3hrs / /.#
Y

N o]

Here, Y= p-Cl13, #-CHj, p-Cl, p-Br, m-NO; and p-NO»

Probable mechanism :

The above nucleophific substitution reaction at phosphorus cenire may procced
through two meclumistic pathways.

a} Concerted mechanism

b) Slepwisc mechanism
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a) Concerted mechanism :

The reaclicn of Phesphoryl chloride and substituted phenoxide nucleophiles
procesd through concerled mechanism for nucleophilic attack at the phnsphorus‘
center of P = O substrate. The reaction have been considered to procced through a
single (ransition state in which bond formation and bond breaking occur
simulianeously in the transition stale. Substiluled phenoxide amon act as

nucleophile and C17ion act as a leaving group in the reaction sysiem.

Yo
7/ N\ BesN RN _ .
HO - —0 + L3N
\ CH,Cl, , Ice-bath

Y

h
i — \ Fs
Cl—P—Ci + 0 y— = /N
d\_,/ \ KY o AN
Ci Cl

Phosphoryl Chloride

—p —CI+ (T
S e

cl

Ei;N + HT + cp Et;N.HCL
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Wity i e A
h) Step-wisc mechanismn ;

Step -1 -
In thas step nuclcophile is produced Irom substituted phenol,

e 0\

HO ¢ - Rt
\ ;\Y CH,Cl,, Tee-bath Q

Step-2:

In this step produced nucleophile readily attacks the positive center of phosphorus of
the phosphoryl chloride forming a transition state-1. As this state had very short lile
period it readily rearranged and formed a trigonal bipyramidal pentacoordinale (TBP-
5C) intermediate. This intennediate stage instantly converted (o transition state-2 and
then it decomposed rapidly to produec the phenyl substituted chlorephesphate,

_ i:' _—
Cl~._
P —C
cr‘""i c
ﬁ _ o
Cl—P—Cl + C 4 —
e \ X #
Cl Y Y,f
i
— TS —
' — —t
0 '|C.3' ﬁ
01::: S g;}T---m c:——||='--c:|
el
: 0 s
0 —
/ 2 | e
rds e ‘
e
. TS2 Y

Trigonal bipyramidal pentacoordinate
( TBP-5C } intermediate

EUN + H'+ € ————3 E;N.HCI
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Chapter 4

SUMMARY



SUMMARY

Organophosphorus compounds have iremendous imporance in the ficld of food
technology, animal foodstuffs, pesticides, medicinal compounds, synlhelic polymers,
fire retardants and natural products. Nucleophilic substitutions at the carbun centre is
very important topic in organic -.:hemi'stt}'.Cunsidelﬂble amount of work have been
carricd out on nuelcophilic substitutions at the carbon centre but much less is known
about nucleophilic substitutions at the phosphorus centre. Nuclcophilic substitutions
at the phosphorus centre is very important lopic in erganophosphorus chemistry. The
nuclcophilic substitutiens at the carbon centre is well established but the mechanism
of nucleophilic substitution reactions at phospharus is not well eslablished. It has
great interest to study nucleophilic substitutions reactions at phosphorus in solylions.
In view of the extensive use of the chlorophosphates we synthesize phenyl substituted

chlorophosphates from substituted phenols through ihe following synthetic scheme.

0 / Y o
—P—| +HO - - 0 F + ]:'.thHCl
cl T <l \ / lce-buth,2-3 hrs \ /.# l
a:lb= Il molar ralia
o ‘ Cl
Phosphory] Chloride & b Y
i ‘c'r,
l
-
=]
=} o
B
2 | CInCly, BuN D__I!_ e BN
© Tcgbath, 23 s Y, 4 ! T
\ |
hd ]
/
A |
.

Here, Y=p-CH3, m-CHi, p-Cl, p-Br, m-NO; and p-NO;

All the synthesized compounds wére characterized by using analytical data obtained
from m. p., IR, '"H NMR, *C NMR and *'P NMR.

The mechanism of the synthesis of organophosphorus compounds in this project
follows nucleophilic substitution reaction at phosphorus centre of phosphoryl chioride

i)



with substituted phenol in presence of tiethylamine and methylene chloride, The
synthetic schemc are given in this chapter. The following table shows ihe synthesized
compound in brict,

Table T : Synthesis of Organophosphorus Compounds.

51 Starting materials Product o
No. Yield
1. 0 CH 3 ﬁ 62
Cl——P—ClI GHa—Q— 0— %rr—o—«‘f S—C,
cl <-hethylph %IH 1 hat
I' 1EOOLE
Fhosphorylchloride Bis-(4-Methylphenyljchloraphiasp
4-Mlethylphenol
2. ¥ (i 59
ot o Opomfo-Oe
Ci T
Phosphorylehloride | 4_Chiorophenol Bn (4-Chlorophenyl) chlorophosphate
3. O NG 2 A 53
cl—P—Cl i E{‘@—o———p_ C
Cl O l:l
Phosphary lchicride J-Mn-nplmyldidﬂcmphospham
—N]mehcnﬂl
4 0 Ol 0 O 5%
Cl—PpP—=CI ” N:\.\ 3
c1—F|=-—0—© O
Cl Cl
Phosphoryichloride !
eI /My | (3-NitrophenyDdichlorophosphate
-Nil.mphc.nol
5. O ﬁ 68
CH
Cl—pP—Cl Cl P O 1 S 3
Cl i, ‘ =
Phosphorylchilotide 3-Methylphenol ,
(3-Methyiphcnyldichlorophosphate
6. ‘ﬁ' ﬁ' 61
Cl—P—Cl| | S0 Ti’ Cl
! EC‘ _ B~ cl
Phaspharylchloride #-Bromephenyldichlorophosphate
| - Bmmnphcnn |

All the synthesized organophosphorus compounds were characterized by using
analytical data oblained from m.p., IR, "H NMR, "*C NMR and *'P NMR.
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