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The plan of working has involved synthetic organic
chemistry and analytical chemistry related to specific
studies on two organophosphorus pesticides, viz. (,Q-diethyl
o (F—ethoxycarbonyl—-RE—methylcarbamoylmethyl)
phosphorodithicate (common name mecarbam) and ,Q-diethyl &-
chloromethyl phosphorodithiocate {(common name chlormephos).

- The preparation of a full range aof possible
metabolites and their methylated derivatives was carried out
and the compounds were- characterised by mass spectrometry,
nuclear magnetic resonance (*'P, '3C, and 'H), and infrared
spectroscopy. The spectroscopic data were discussed in terms
of structure. -

The compounds have also been studied by both
electron 1impact and fast atom bmbardment (FAB) mass
spectrometry. In general the FAB spectra gave parent iomns
stronger than from the electron impact technique. The FAB
technique, which bas not previously been applied to these
types of compounds, also presented additional modes pf
fragmentation which are discussed.

Separation of the pesticides and their possible
metabolites by gas chromatography has been investigated and
the combined technique gc—ms (gas chromatography—-mass
spectromety? has also sbhown it 1s possible to 1identify
certain components by this method.

Hydrolytic studies bhave shown that mecarbam at 70=C
in 50% ethanol (buffer pH 7.0) has a half-life of
approximately 3 hours. Chlormephos 1s considerably more
stable. In the presence of alkalil, hydrolysis took place by
attack el ther at phosphorus to glve 0,0-diethyl
phosphorothioate or at the carbamoyl carbonyl group to give
diethoxyphosphinothioylthioacetic acid. Under similar
conditions chlormephos also gave Q,O-diethyl
phosphorothiocate and a number of other products resulting
from reaction of the Q,Q-diethyl phosphorothiocate and
phosphorodithioate anions with a further molecule of
chlormephos.

Degradation in the presence of lamb liver homogenate
was shown to be rapid for both compounds. Any metabolites
formed were too rapidly degraded for detection to be

possible.
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Pesticides are substances or mixtures of substances
that can prevent, destroy of repel different kinds of pests.
The ideal Tpseticide would be the one that once having
achieved its insecticidal, fungicidal, or herbicidal action,
etc., degraded in the environment giving non-toxic residues.
The organophosphorus pesticides usually undergo hydrolytic
reactions under natural conditioﬁs. Chemical degradation by

oxidation and isomerisation are also quite common processes.

While the products of hydrolysis normally are non—-toxic, the
products of oxidation may be very poisonous. In addition,
the products of hydrolysis are more soluble in water, more
polar and therefore more easily eliminated from the
organism. An _ investigation into the environmental
degradation and hydrolysis of organophosphorus pesticides is
thus essential.

The present investigations are concerned with the

Murphy Chemical products mecarbam (1) ', chlormephos (2) =,
(Et0) =P (5) SCH=CONMeCO=zEt (Et0) =P (5)SCH=C1
1 2

and their metabolites.
Mecarbam 1is an organophosphorus insecticide and
acaricide with slight systemic properties. Although it has

been known since 1661, 1little has been published on its



detailed modes of degradation. Most of the work on mecarbam
has been concerned with its toxicity in agricultural use,
and with lgnalytical methods for _its determination and
identification. In the chemical 1literature, mecarbam has
been included in a comparative study of hydrolysis rates of
some organophosphorus pesticides =, in a study on the
hydrolysis of organic phosphorus and carbamate pesticides in
aquatic environments “ and in studies on simple analytical
methods for traces of pesticides in water and their acute
toxicity to fish 5,

The standard analytical procedure for mecarbam is by
gas chromatography using a flame ionization or thermionic
detector and capillary gas chromatography has also been
used ©.

A colorimetric method for the determination of
organophosphorus pesticides +that was also aplicable to
mecarbam, was presented by Syoyma in 1977 7, who also gave a
classification procedure for the rapid identification of
insecticides, including mecarbam by thin—lafer and gas
chromatography *F.

The only reported study on the degradation of
mecarbam was published in 1981, giving its major degradation
products in water and in crops ®. The same authors, tégether
with other co—workers, have also reported tﬁe electron
impact mass spectrometry of mecarbam and of some related

0,0-dialkyl S-(N-ethoxy-carbonyl-N-methyl-carbamoylmethyl)>



and S—-methyl carbamoylmethyl phosphorodithioates and

phosphothioates Ve,

Chlormephos 1is a contact insecticide for soil
applic:ation‘; There are no reported studies on its mode of
degradation but the chemical literature contains many papers
on 1its activity and tuxicity in crops. Methods for +the
determination and identification of chlormephos have been
given by several workers. Dougherty and collegues
investigated +the chloride attachment negative chemical
ionization mass spectra of organophosphate pesticides
including chlormephos '?'.

Gas chromatographic residue analysis of pesticides
and their metabolites may not give sufficient information to
identify the components of the residue. The complementary
spectroscopic methaods of infra-red and ultra-violet
spectrocopy can be used to solve the structural identity of
the residue. Mass spectrometry was first used to give the
structural identity of pesticide metabolites 1in 1962 by
Gunther 'Z. Since then it has become an invaluable aid in

pesticide analysis. The role of mass spectrometry in

pesticide residue analysis bhas been discussed in textbooks

such as: Analysis of Pesticide Residues 13, Mass
Spectrometry: Technique and Application '+ and in several
reviews e.g. The Mass Spectra of some Organophosphorus

Pesticide Compounds '®, and Mass Spectra of Organophosphorus

Esters and Alteration Products 'S.



Considering the low sensitivity of complementary
techniques such as nuclear magnetic resonance spectrometry,
mass spectrometry is still the best approach to solve the
1dentifica%10n of pesticide metabolites.

Gas chromatography coupled with mass spectrometry is
in fact the best approach because aof advantages such as
rapid amnalysis, elimination of -:‘t;.he necessity for isalating
pure samples, and certalnty imn the identification of <the
molecule. Although an expensive technique for use in routine
analysis, it is very useful in research because it aobviates
the necessity of using two or more techniques in obtaining
definitive structural information. Diverse techniques such
as electron impact, and field and chemical ionization bave
been used in pesticide mass spectrometry but eletron impact
mass spectrometry is used mainly. Damico et al '“, compared
field 1ionization with electron impact. Field ionozation
gives more details about structural information while
electron impact leaves in many cases doubts with reference
to the identity of the molecular ion and its mode of
decomposition. Fales et al '®, reported similar differences
between chemical jonization and electron Iimpact technique.
Other reviews, such as Recent Applications of Mass
Spectrometry and Combined Gas Chromatography—Mass
Spectrometry to Residue Analysis '®, and Pesticide Mass
Spectrometry =°©, demonstrate that chemical ionization and
low resolution electron 1impact mass spectrometry are

complementary techniques in structure determination.



FAB (fast atom bombardment) 1is the most recent
jonization technique for use 1in mass spectromety ='. Ko
reports on the use of FAB mass spectrometry for
organophosphorus pesticides have been found 1n chemical
literature sao far. Such a technique could be useful for non-
volitile or thermally unstable residues. The present studies
have-therefore included an investigation of the behaviour of

the organophosphorus pesticides mecarbam and chlormephos and

some other representative types under the conditions of FAB

mass spectrometry.



The organophosphorus compounds showing insecticidal
activity are hydrocarbaon 'deriv_atives with one or +two
phosphuruslatoms presenting the éeneral structure:

R

X
\P// \ ¥ \ /

or P P

Rz/ \Y ' 2

R: and Rz are generally small alkyl, alkoxy, alkylthio or
substituted amino groups ; X is oxygen or sulphur; Y is a
leaving group or can be easily converted into one.

The discovery of insecticidal action in
organophosphorus compounds was made during the -Seccmd Vorld
War, when the toxic nerve gases tabun (1), and sarin (2)
prepared for use in warfare, were found to be effective

insecticides by Gerbard Schrader and his colleagues 1in

Germany.
(CHs) =N O H=C O
\ 7 \ 7
P P
/ "\ / \
C=Hs0 CHN (CH=)=CHO E

(1) (2)
The first systemic organophosphorus insecticide put on the

market in 1941, was synthesised by Schrader, and was known

as schradan or pestox(3).



(CHz) =R O N(CH3z) >

O
\_ 7 N\ /
P P
(CHfa)zﬁ/ \ D / \H(C}[:-.-.)z-
(3>
At the same time, scientists under the direction of
Saunders <= in England, studied dimefox, (4), which 1is still

used as a systemic linsecticide for the control of aphids and

red spider mites on crops by soll application.

(4)

There are over 100 organophosphorus insecticides
known and about 100 000 organophosphorus compounds have been
named for their insecticidal action. The various members of
this class of insecticides may differ greatly in their
physicochemical properties, such as solubility in water,
vapour pressure at room temperature, and chemical stability.
Because of this some can be used as fumigants, and others as
poisons or systemic compounds. To avoid mutiple application
those that are very persistant, that is, have great chemical
stability, must be used at the start of the season, and
those that are not persistant should be used just befnfe the
harvest of the crops. They also show widely different
toxicities to mammals, which makes some of them useful in

animal hygiene.



The organophosphorus insecticides suffer
decomposition 1in soil, plants, pests and mammals, and
nechanisms‘ by which this OCCUrs depend on the
physicochemical properties of the compounds themselves and
on the environment. The degradation in soils, 1is a
consequence of microbial activity, promnted principally by
bacteria. In sterile solls, decomposition is catalyzed by_
clay surfaces, metal oxides, metal ions, and organic matter.
The physicochemical properties of the s0il such as humidity,
temperature, alkalinity, acidity and the characteristics of
the pesticides bave a strong influence on the rates of
degradation. Factors such as structure of the compound,
solubility in water, its molecular size and shape are also
important for the biochemical decomposition of the
pesticide. In so0ll and water the degradation is limited to
their surface since the ultra— violet light has little power
of penetration.

In plants, pests and mammals, specific enzymes are
responsible for degradation of the insecticide. Due to the
Structural variability of +the organophosphorus compounds
there is a considerable number of mechanisms by which they
can be attacked by enzymes. The enzymes can attack various

linkages in organophosphorus pesticides. For instance =3,



Ph, phnsphatase/ type A esterase; NU, microsomal mono-
oxygenase; GI>, glutathione—-S~aryltransferase; GI=,

glutathione—-S—alkyltransferase.

Acetylcholinesterase

The substance acetylcholine 1is responsible for the
transmission of nervous impulses, between neurons and
neurons and soft muscle. These are separated from each other
by small gaps called synapses. WVhen a nervous 1l1mpulse
arrives at the pre-synaptic «cell the neurotransmitter
(acetylcholine) 1is released, and passes through the synapse
to the postsynaptic cell where it Jjoins the receptc:r' site.
The acetylcholine 1is +then hydrolysed by +the enzyme

acetylcholinesterase as shown.



o 0
+ 1 + |l
(CH2) >NCH2CH20CCHs + ECH20H—¥ (CHs)sNCH2CH20CCHs . ECHzOH

acetylcholine acetylcholinesterase

HOCH=-CH=-N (CHs) = + CHsCOOCH=zE

choline acetylated enzyme
H=0 o ECH-0H + CHsCOOH

The active centre of the acetylcholinesterase has
two reactive sites: the anionic site and the esteratic site,

AS Shown.

0 HzD: O

- ” - *\Jg
(CHz)sHCH=CH-0OCCHz ——m—¥p (CH= ) asNCH-CH-0H —-CHs
]‘

(-

anjionic esteratic

site site

acetylated enzyme

fast reaction
with water

(CH=)=sNCH=-CH=-0H 4 CHsCO-~H +

(—) esteratic

anionic site site

REGENERATED ERZYNE

10



In the presence of organophosphorus compounds that
have the ability to phosphorylate the enzyme
acetylcholinesterase, +the acetylcholine remalins 1in the
synapses. %he organophosphorus compounds mimic acetylcholine
by joining to the esteratic site of the enzyme. The P-0
bond of the phosphorylated enzyme is stronger than the C-O
bond in the acetylated enzyme. This makes the hydrolysis of

the phosphorylated enzyme very slow resulting 1in a

continuous transmission of the nervous impulses. There 1is
loss of muscular coordination, convulsions, and finally
death.

The similarity between the two reactions can be
appreciated below:

0
||

8 O
i i -
(ROY=P-X + ECH=20H (]2 (RO)=PX.ECH=0H <l (RO)=POCH=E
8 (-HX)
/]
(3)_ H20, (RO)J =POH + ECH=0H

slow

First a complex 1is <formed between the enzyme and the
phosphate. In a second stage the complex gives the
phosphorylated enzyme, and in a third final stage a slow
hydrolysis reaction takes place releasing the free enzyme.
S0 the organophosphate effectively poisons the enzyme by
phosPh;jrylatiDn and thus blocks efficient hydrolysis of

acetylcholine into choline.

11



There are a great variety of enzymes involved in the

process af' degradation of insecticides. Some of the most
important are the mixed functions oxidases (MF0O), also known
as microsomal oxidase or mono-oxygenase, which occur in
liver and fat tissues of animal, fish, and insect. They are
respaonsible for oxidation of several lipophilic substrates
such as steroids, 1ipids, and organophosphorus compounds.
The oxidative reaction of MFQO takes place in the presence of
molecular oxygen and reduced nicotinamide adenine
dinucleotide phosphate or reduced picotinamide adenine
dinucleotide. MF0O are capable of inserting one of the oxygen
atoms from an oxygen molecule into the substrate (RH) while

the other is reduced to water:

RH + + + + + + +
NADPH H O= ]{FOl ROH NADP H=0
Multifunction oxidases are involved in the following
reactions =4:

a) Hydroxylation.

RH —® ROH

12



b) O-and N—-dealkylation.

-0OCHzR —p —0OH + RCHO
@—H‘HOH:R ey @—HHCH (OHO R
—— ~NH= + RCHO

c) Oxidation of sulphides.

RR*S —¥» RR'SO —¥ RR'S0O

d) Oxidative desulphuration.

\ \ N
— P=S —» P=0 C=S —% C=0
/ -~ 7

) Deesterification.
S e
| |

(RO)>=POAr ——» (ROY=POH + ATrOH .

f) Oxidation of tertiary amines.

(I:;HEDH
R RN —CH= .
H(Cﬂa)z-——b-#f(CHs)z———ﬁ l 0O RNCH=
O CHxs

g2 Epoxidation.

13



Other Enzymes

Other enzymes of 1importance in +the metabolism of
organophospﬁorus pesticides are the hydrolases. The
hydrolytic enzymes attack ester, amide or phosphate linkages
and are named according to Fhe substrate specificity;
phosphataseé attack R-0-P bonds, carboxylesterases attack
R-COOR* bonds, carboxylamidases attack R-CONHR* linkages,
etc. Bsterases =® can be classified into three groups
(A, B, C) with respect +to +the organophosphates; A-type
esterases hydrolyse organophosphates, B-type esterases are
inhibited by organophosphates. C—-type esterases may act on
esters of acetic acid; they do not degrade organophosphates
neither are they inhibited by them. The difference of
behaviour between A and B esterases is a consequence of the
relative magnitudes of the rate constants of the reactions
in which the organophospbhates bind to the enzyme and the
following dephosphorylation process.

Hydrolysable linkages are not necessarily the locus

of initial metabolic attack and these linkages are not only

attacked by hydrolysis.

Some other EenZymes of interest for the
detoxification of the organophosphorus ccmpmunds
are the glutathione-S~-aryltransferases, glutathione—-5—

alkyltransferases, etc. These transferases <€ are present in

the soluble cell fraction of mammalian liver and have

molecular weights of .the order of 45 000. These enzymes

14



undergo conjugation reactions, which are by definition,
metabolic processees whereby foreign compounds and their
metabolites, containing cerfain functional groups are linked

to endogenous substrates giving more polar metabolites and

are therefore less toxic.

The majority of the organophosphorus compounds that
have capacity of phosphorylating show insecticidal activity.
However, to determine the effectiveness of such compounds as
insecticides it 1is necessary to synthesize a large number
for biological screening. The most active compound is
identified by trial and error methods.

It is found that very similar compounds may have
different types and degrees of activity. For example, 2,4-
dichlorophenyl and 2,4,5-trichlorophenyl phosphorothiocates
are nematicides, acaricides, or soil insecticides =7, An
example of different degrees of activity is given by the 3-
methyl and 3—-chloro derivative of parathion that have their
mammalian toxicities reduced compared to parathion:
parathion LDso (oral) to rats 6.4 mg/Kg; the 3-chloro
derivative, chlorthion LD so (oral) to rats 400 mg/kg, the
3—-methyl derivative, sumithion LDso (oral) +to rats 500

mg/kg. It is impossible to predict these effects since the

15



substituents do not alter very much +the physicochemical

properties =8

Several enol phosphates which contalin carboxylate
groups exhibit enbanced insecticidal activity by protonation
which occurs due to interaction bétween the carboxylic group
and the esteratic site of the acetylcholinesterase. This
interaction 1is affected by steric factors, thus cis-
mevinphos is a more powerful cholinesterase inhibitor than
its trans-isomer. In trans-mevinphos, the 1interaction
between the carboxylic group and the enzyme 1is sterically

hindered by the presence of the cIs-dimethoxyphosphoryl

moiety.
O H O
| | ]
(CHz0)=P— 0 —C —C (CH:0) =PO *CO=CHxo
| | I\, 1\ /)
| CHz } *CO=CHs 1 C C 1
I | v/ |
| ! CHs H )
S -
4.3 — 5.2 A c.4—-4.4 A
Cis—-mevinphos Trans-mevinphos

16



In addition, the good insecticidal activity of cis-
mevinphos .is possible because the active centres of
acetylcholinesterase, the anionic and esteratic sites
are approximately the Same distance apart 4.5 -
5.9 A) as the phosphorus and carbonyl carbon atoms (4.3 -
5.5 A). The distance in the trans-isomer is 2.2 - 4.4 A
which does not fit well with the active sites of the
acetylcholinesterase.

Another example of the significance of suitable
distance between the active centres in order to obtain a.
good fit of the toxicant molecule to the
acetylcholinesterase is given by the insecticide amiton,
LDso (oral) to rats 3 mg/Kg. The quaternary nitrogen atom of
this 1insecticide bhas an extraordinary affinity for the
anionic site of the enzyme, and is suitably placed to bring

the phosphoryl group into close proximity with the esteratic

site.

17



Amiton

0 O OHa
1 + 1 +

(CQHEO)2?-S—CHQCHQI(CQHB)a (CanO)z? HSCEQCH§¥(CEHE)3
l" |

0

esteratic anionic esteratic

site

site site

Acetylcholinesterase

+
(C2Hs0)2P(0)OH + HSCHzCH=zN(CzHs)a +

esteratic

slte

In vivo oxidation by MFO (mixed function oxidases)
is responsible for the 1insecticidal activity of some
organophosphorus compouonds for instance, the thiophosphoryl
(P=5) group may be activated to phosphoryl (P=0). The oxygen
atom being more electronegative than sulphur pulls electrons
from the P atom in the P=0 bDond, making phosphorylation

possible. Also a strong electron donor group e.g. (CHz)zN

may be converted into an electron-withdrawing group =2©:

RN(CHa)z=——» RE(CH3)=z——>p RN CH=OH —-CH=0 RNHCH=
v |

O CHs=

18



An example of activation process 1is the enzymic

oxidation of schradan ,to the R-oxide or methylol:

0 O HOCH= 0O
(CHz)= N P —» (CHs):z-H-—P\———-r- NP
/ '\
O CHx

The paositive  charge on the nitrogen 1increases the

electrophilicity of the phaosphorus atom converting the

compound into a strong phosphorylating agent.

Asymmetry

Asymmetry in an insecticidal molecule may influence
its activity and this is to be expected since the enzymes

are themselves asymmetric molecules. In the case of
malathion, the dextra form is the more toxic and effective
~inhibitor of acetylcholinesterase agent and liver

carboxyesterase <4, and it bhas greater insecticidal potency.

CH=0Q S*CHCO=CzHs *C asymmetric carbon atom

CH=CO=C=Hs

Malathion

19
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’ T eNCes n_the Nervous § SIS C sects _and Mamms

These differences may be responsible for specific
toxic eff'écts of some organophosphorus compounds. For
instance, amiton is an analogue of acetylcholine but in vivo
it ionizes and 1its ionic form is selectively toxic to
manmals. The nerve junctions c:f- insects have a lipid shea-th

that repels the 1ionic form of amiton while the mammalian

nervous system does not present such a barrier =<,

3 DSPO 3f the Toxicar

The importance of this 1is exemplified by the low
solubility of the insecticide tetra—chlorvinphos in water
and organic solvents which makes 1its transport and
penetration +to the active site o0of +the cholinesterase
difficult. In consequence, the insecticide has low mammalian

toxicity.

20
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The study of +the metabolism of selected types of
pesticides 'in plants, animalé, and insects 1s an important
aspect of the investigation of the mode of action of these
compounds. Such studies may make it possible to predict
probable metabolites for similar compounds and to understand
their selective toxicity. The metabolism of some
organophosphorus insecticides is Shnwn below.

Parathion LDso (oral) +to rats 6.4 mg/Kg 1is a
systemic dinsecticide, that 1s, it penetrates the plant
tissues and consequently 1is translocated within the plant
vascular system. Phosphorothioates like parathion are poor
inhibitors of acetylcholinesterase while the oxo analogues

are very active. Parathion is converted to paraoxon by the

MFO and it can also be deactivated by the MFO in a
hydrolysis reaction which results in dearylation. In plants

the oxidases are responsible for its detoxification ==,

S O
I |
(CzHs0) =P0O- —NO= MNEQS (C=Hs0) =P0O~ —NO=
(oxydesulphuration)
l MFO
(dearylation)

S
|
(C=Hs0)=POH + HO- ~NO=

21



Paraoxon, LDso 3.0 mg/Kg, has moderate persistency.

Jt 1s detoxified by esterases as follows:

O
in - |
(C=Hs0) =P0O— —NO- Estera&e' (C=zHes0?>=POH +

(hydrolysis)

HO~- ~NO=

Malathion LDso 1300 mg/Kg, 1is an effective contact
insecticide and also used as an acaricide. It is detoxified
principally by carboxyesterase in vertebrates. In insects,
especially with houseflies, the phnsphatase hydrolyses the

P-5-C linkage. The reactions are shown in the followlng:

S S
] /”
(CHQD)EPS“THGDECEHS Carbnxxesterase.,(CHEO)EPS-QFCOECEHE
CH>—-C(0>0-CzHs <(hydrolysis) CH=-CO=H
Phaosphatase Carboxyesterase
(hydrolysis)
S S
] ]
(CHz0)=PSH + HD?HCDECEHE (CH=0) =PS-CHCO=H + CzHsOH
CH=CO=C=Hs CH=>CO=H

Malathion is also oxydesulphurated to malaoxon by
the multifunction oxidases in mammals and 1insects or
undergoes hydrolysis of one of the CH=0-P bonds.
Deactivation may also occur by hydrolysis of the P-S

linkage.

22



S O
Il 1
(CH30) =PS~-CHCO=CzH=s MEQ o (CH=0) =PS-CHCO-C=Hs
| |
CH=CO=C=Hs (oxydesulpburation) | CH=CO=C=H=s
MFO Phosphatase
(hydrolysis) | hydrolysis)
CH=0 s B O
\N7 1
P-S—CHCO=C=Hs (CH=0) =POH
/|
HO CH=CO=CzHs=

Malaoxon, LDsc 88 mg/Kg, is a highly active
anticholinesterase agent. It is deactivated by phosphatase
or carboxyesterase which hydrolyses one or both carboethoxy

groups. Mammals have stronger carboxyesterase activity24.

(CH=0)=P{0O)S-CHCO-.C=H Carboxxesterase.(CHsD)zP(O)S—CHCOzCsz

CH=CO=C=Hs (hydrolysis) CH=C0O=H
Phosphatase
(CH=s0)>=P(0O)>0H

Phorate or thimet, LDso 2 mg/Kg, has both systemic
and contact 1insecticidal action. In plants, animals, ‘and
insects the sulphide group is oxidized to the corresponding
sulphoxide and then to sulphone. Oxydesulphuration occurs in
plants but not in 1insects by oxidases.=®+ The phosphatase

carries out hydrolysis with cleavage of the P-5 bond in

23



insects. The various metabolites are shown in the following

scheme®© .31

(C=2Hs(0) 2P (S)SCH-SC=Hs

Dxidases' (C=Hs0) 2P (0) SCH=SC=Hs
MEO (oxydesulphuration) g
l(rapid) | . B Phosphatase
- (hydrolysis)
O
(CzHEO)zP(S)SCH;gCQHE (CzHs0O)=P(O)>OH + (C=Hs0)>=P(0>SH

lllFD
(slow in plants, rapid in mammals)

!

0
¢

(CzHs() =P (S)SCH=SC=Hs

0

Rogor or dimethoate, LDso 230 mg/Kg, 1s a systemic
insecticide and acaricide and it is not absorbed by the

lipid phase. In consequence it gives low quantity of

residues.

The metabolism is similar in plants, insects and
vertebrates but it is more rapidly degraded in
mammals =7. =2°. 31, The multifunction Dxidases cause
O- and N-dealkylation and desulphuration, the phosphatases
hydrolyse the P-0 and P-S bonds, and the amidases are
responsible for deamination. Desulphuration occurs in olive
fruit fly, +the oxo compound being then degraded to

dimethylphosphoric acid.
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(CH20) =P (5) SCH=CONHCH= NEQo (CH=z0) =P (0) SCH=-CONHCHx=

Phosphatase or Amidase
(hydrolysis, deamination?

1

(CHz0)=2P(O0O)0OH <& (CHz30)z=P(O>SH <4— (CH:30) =P (0)SCH=-CO=H
Dimethylphosphoric acid

Deamination is catalysed by amidases as follows:

(CHz0) =P (5)SCH=-CONCH=s Ami daSQ (CHa() 2P (S)SCH=CO=H +

l

(CH30) =P (S5)SH

In mammals, the amidase action takes place in the
liver and the products of degradation are eliminated in the
urine. The first degradation in vertebrates is caused by the
amidase attack ='.

In plants, the hydrolysis 1is mainly caused by
phosphatases rather than carbaxye.sterases or amidases while

miltifunction oxidases realize O-demethylation.

(CH=0) =P (S) SCH=-CONHCH= MEQ, CH=0P (S) SCH=CONHCH=
l
lﬁmidase (O-demethylation) OH
(deamination) Amidase
(CH20) =P (S) SCH=CO=H (deamination)
CH=0 (CH=0) S
\ AN |
PCO)OH *— P-SCH=CO=H
/ /
HO HO
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The toxicity of Rogor (dimethoate) for insects is
due to 1its conversion into the oxo analogue, 1its rapid

penetration 1In the fly, and the fact that the fly

acetylcholinesterase is very susceptible to phosphorylation.

Schradan, LD so 8 mg/Kg, .15 a systemic Iinsecticide.
whose activity s due to oxidative activation of +the
tertiary amino group. It does not 1itself have an
anticholinesterase effect. In mammals and in insects, the
MFO oxidises the tertiary amino group of schradan (A), to
give the N-oxide (B), which rearreanges to the HN—methylol
derivative (C). This subsequently decomposes to formaldehyde

and heptamethyl pyrophosphoramide (D).

%’
(CH=z) =R O O N(CHzs) = (CHs) =K O O N(CHz) =~
\7 \\/ \ 7/ N/
P (e | P () e
/ \ / \
(CHz) =R N{CHz) =~ (CHs) =N N (CHz) =~
(A) (B)
CliH:a
(CHz) =K O O NCH=-0H (CHz) =N O O NHCHxo
\7 N/ \7 \/
0P MEQ) P { ) e P 4+ CH=0
—XFOQ,,
/ \ / \ |
(CH=) =R N{(CH=z) =~ (CHz ) =N N{(CHz) >
(C) (DD
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First it was supposed that the N-oxide (B), was the
most active metabolite of schradan because charge on the
nitrogen atom increases the electrophilicity of phosphorus.

Ful'rther studies have however shown that the most
active metabolite is methylol derivative (C). The hydrogen
bonding provides an increase of electron drift from the
phosphorus atom which enhances. the phosphorylation abilitj
of the compound.

O

Hx) H—']E!-O O--H
TN
P 0
/\ /

(CHz) =N N—CH=

CH=

Diazinon, Lbso 150 mg/Kg, 1s an example of an
organophosphorus insecticide that has a heterocyclic ring in
its molecule. In mammals, the MFO oxidises diazinon giving a
small proportion of its oxo analogue but 1t gives mostly
active metabolites by hydroxylation of +the methyl or

isopropyl groups.

o >
" ) 18 “
(C=Hs0)=PO N CH(CH= )z ~—» (Cz=Hs(0O—P-0 N CH(CH=s) =
2t Z Y
| OH l
N N
"l \
CHx CH=
Diazinon
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Diazinon

MEQ
S
] .
(C=Hs(0) =P0O N C{(CH=)-0H
Z
N N
CH=
MEO
O
]
(C=Hs0) PO N C{(CH=)=0H
| e \WT’
N N
CH=
0
| MFO 1
Diazinon —————¥» (C=H:=0)=PO N CH{(CH=z) =
. ,/'\Tr’
>~ ¥
CHs
MEO
0
(C=Hs0)=P0O N C(CHz) =z0H
s \]T/
N N
CHo

r4s



piazinon ———» (Cz=Hs0)=PO N CH(CHz) =
~r
| \\\ K
CH=0H

The  reaction of cleavagé of the P-O-aryl bonds is
catalyzed by the enzyme glutathione S—transferase 1in the
presence o0f glutathione, principally 1in rat 1liver and

cockroaches to give pyrimidinyl glutathione and diethyl

phosphorothiolc acid =<,

Diazinon +- GSH

Glutathione

HS>—Transferase

GS I\|/CH(CH:=)= +  (C=Hs0)2P(0)SH

[LGSH = glutathiomnel.

Insects generally have poor transferase activity,

although a diazinon-resistant strain of houseflies owed

their tolerance +to the presence o0of glutathlone &-

transferase>°.



Dephosphorylation takes place in liver of rats under
the 1nfluence of phosphoesterase, thus deactivating +the

molecule to give 6-pyrimidinol and diethylphosphoric

aCid =7 , '.'30‘

1
(C=Hs0) 2PO _ N CH(CHs) =
e Y

\ N

CH=

Phosphoroesterase

HO /H YCH(CHE)E + (C=Hs() =P (0> 0OH

N N

CHs
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The following chemicals were used in the caourse of

this work.

Ethanol - G.P.R., BDH Chemicals Ltd.

Phosphorus pentasulfide - G.P.R., BDH Chemicals Ltd.

Potassium hydroxide pellets — AnalaR, BDH Chemicals Ltd

Toluene — AnalaR, BDH Chemicals Ltd.

Acetone — AnalaR, BDH Chemical Ltd.

Acetone — nanograde for pesticide residue analysis, BDH

Chemicals Ltd.

Chloroacetic acid ~ G.P.R., Hopkin & Williams Ltd.

Methyl bromoacetate — b.p. 51-52=C/15 mmHg, Aldrich Chemical

Co. Ltd.

Ilodomethane - G.P.R., BDH Chemicals Ltd.

Sulphur - flowers G.P.R., Hopkin & Villiams Ltd.

Diethyl phosphite — G.P.R., BDH Chemicals Ltd.

l1,2-dichloroethane - G.P.R., BDH Chemicals Ltd.

Ammonia — gas cylinder, BOC. Special Gases
Diethyl ether anyhydrous — May & Baker 1ltd.
Anhydrous sodium sulphate - ROSE Chemical Ltd.
Calcium chloride — G.P.R., BDH Chemicals Ltd.
Ethyl chloroformate - SynchemicA Reagents
sythesis (ethyl chlorocarbonate).

Methylamine — gas cylinder, BDH Chemicals Ltd.
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Chloroacetyl chloride - G.P.R., BDH Chemicals Ltd.

Petroleum spirit b.p. 60-80<C and 40-60°C - G.P.R., BDH
Chemicals Ltd.

Charcoal - Chemical for Science and Industry. Hopkin &
villiams Ltd.

Soda lime - Chemical for Science and Industry. Hopkin &
villiams Ltd.

Sodium chloride — AnalaR, BDH Chemicals 1ltd.

Potassium carbonate, anhydrous - G.P.R. BDH Chemicals Ltd.
Florisil - about 30-60 U.S. mesh for chromatographic
analysis. BDH laboratory reagents.

Hexane - nanograde (for pesticide analysis). BDH Chemicals
Ltd.

Paraformaldebyde — Chemical for Science and Industry. Hopkin

& VWilliams Ltd.

Anhydrous hydrogen chloride - gas c¢ylinder, BOC. Special
Gases.
Hydrogen peroxide solution - G.P.R. (100 wvolumes) BDH

Chemicals Ltd.

Dichloromethane —~ 99.5% ROSE Chemicals Ltd.

Diazald — 99% Aldrich Chemical Co Ltd.

Dipotassium hydrogen orthophosphate - G.P.R., Hopkin &
Williams Ltd.

Hydrochloric acid ~ G.P.R. BDH Chemicals Ltd.

Chlormephos - Murphy Chemical Ltd.

Mecarvam — Cheminova.
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Machines  Ltd. Heavy duty

'-

Homogeniser —~ A Silverson

laboratory mixer emulsifier, Model LZ AIR was used for the

extraction of samples.

Griffin Flask Shaker - This was. used for the extraction df
pesticides and their metabolites in the hydrolysis studies.
Rotatory film Evaporator — BUGCHI 011, made in Switzerland.
Refractometer — Bellingham & Stanley Ltd.

Vater Bater - Thermostatically_ controlled, Compenstat,

England.

.= -

Perkin—Elmer 781 and Perkin—Elmer 1310 Infrared
Spectrophotometers, were used for obtaining infrared spectra

with samples as liquid films, Nujol mulls or KBr discs.

Routine 'Hnmr spectra were obtained with a Perkin
Elmer R12B 60 MHz, whilst a Bruker WP-80 MHz instrument was
used for better resolved proton spectra (80 MHz), for
carbon—-13 spectra (20.12 MHz), and for phosphorus—-31 spectira
(32.4 MHz). A few ®'P spectra were also recorded on a Bruker

400 operating at 162 MHz (Service provided by the
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manufacturers at the X International Conference on
Phosphorus Chemistry, Bonn, September 1986). Chemical shifts
are relative to TMS ('H or '2C spectra) or to 89%% phosphoric

acid (&' P spectra)l), downfield positive.

Electron—-impact mass SPectra were obtained using an
MSS-AEI/MS9 Double Focussing Mass Spectrometer operating ét
70 eV and at the lowest temperature necessary for
volatilisation of the sample.

FAB mass spectra were obtained through +the SERC
service at PCHMU (PhysicD~Chemical Measurement Unit,
Harwell), with a VG Analytical ZAB-1F spectrometer. A
primary beam of xenon atoms was produced from an ion gun

(Ion—-Tech Ltd.) operating at 8 Kv.

Gas chromatography was carried out with a Varian
Model 3700 Gas Chromatograph equipped with flame—ionization
(FID) and thermionic (TSD) detectors, and on a Varian Model

3300 dinstruments fitted with FID detection system. The

carrier gas was nitrogen.
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-~ 5

GC—MS was carried out by the SERC Mass Spectrometry
Centre, University College, Swansea, and at the Schanl of
Pharmacy, University of London, on a Hewlett Packard

instrument, model 5890 A, VG Masslab 12-250 quadrupole Mass

Spectrometer.
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Preparation of potassium O,(0-diethyl phosphorodithioate,

(EtO) =P (S5)SK

4C=-HecOH + Pa2Ss——» 2(C2Hs0)=PS=2H + H>xS

(CzHs) =z PS=H + KOH—» (CzHs)PS=K + H=0

To a 250 cm® three-necked round bottom flask
equipped with a magnetic stirrer, pbhosphorus pentasulfide
(22.2 g, 0.100 mol) and toluene ((30cm®) were added. The
flask was bheated to 70°C, and ethanol ((18.7 g, 0.407 mol)
was added dropwise. The mixture was then refluxed at 100<=C
for 2 hours, after which time toluene (20 cm®) was added and
the flask was cooled to room temperature. KOH pellets (13.2
g of 85% KOH, 0.2 mol) were ground into a powder and then
added to the flask and a white precipitate was formed.
Further toluene (20 cm™) was added and the mixture was left
stirring overnight. The precipitate was filtered, washed
with toluene (2 x 10 cm®), and dried in a wvacuum for 0.5
hour. The product was recrystallised by dissolving 1t in
acetone (2 x 100 cm®), filtering off the impurities,
concentration at room temperature, and the addition of
diethyl ether (150 cm™®), to give potassium 0,0 diethyl

phosphorodithioate (}7.6 g, 33.3%), m.p.198<C, (Pianka 3=,
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m.p. 200-201<C). The filtrate was evaporated to dryness,
under vaccum at room temperature, to give a further quantity

of the potassium salt (1.0 g, 1.9%).

Preparation  of diethoxyphosphinothioylthiocacetic acid,

(Et0) =PS=CH=CO-H
(Et0) =P5=K + ClCHzCOzH —»Et()=PS=CH=CO=-H + KC1

Chloroacetic acid (1.1 g, -11.6 mmol) was dlissolved
in AnalaR acetone (32 cm®) and added to potassium Q, Q-
diethylphosphorodithioate (2.5 g, 11.2 mmol). The mixture
was refluxed for 0.5 hour at a temperature of 80<C. The
product was cooled and left to settle for one day, then
filtered under vacuum. The filtrate was evaporated under
vacuum to a third of its volume to leave a viscous liquid
residue of diethoxyphosphinothioylthiocacetic acid (0.92 g,
87.6 %), no=< 1.5213. 6, 92 (£t quintet, Jeocn 8.3 Hz, Jescwh
16.6 Hz); 6w 1.33 (CHs, t, Jrncen 8.0 Hz), 3.66 (BSCH=, A4,
Jrsen 17.5 Hz), 4.16 ((CHz0, 4d of quartets, Jwucen 7.0 Hz,
Jroct 10.5 Hz), 11.80 (OH, s); 6c 15.8 ((CHs, d, Jepocce 8.0
Hz), 34.9 (SCHz, d, Jrsc 3.1 Hz), 64.5 (CHz0, d, Jeco 5.5
Hz), 175.0 (€=0, d, Jesce 3.0 Hz). FAB: m/z 245 (MH™, 100%).
The electron impact mass spectrum does not show a molecular

ion; the base peak was at m/z 62.
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Preparation of methyl diethoxyphosphinothioylthiocacetate,

(Et0) =PS=CH=CO=-Me.

(EtQ)=S5=2K + BrCH-=-CO=-Me ——» (Et0)=PS-CHB-~-CO=-Me + KBr

Methyl bromoacetate (1.4 g, 9.15 mmnl) was added to
AnalaR acetoﬁe (25 cm®) and transferred to a round-bottom
flask containing potassium 0,Q-diethyl phosphorodithioate
(2.0 g, 8.93 mmol). This mixture was refluxed for 3 hours at
a Ttemperature of 80<C and then filtered. The solvent was
evaporated at room temperature and the liquid residue was
distilled to give methyl diethoxyphosphinothioacetate a
viscous, colourless liquid, b.p. 100=C at 0.07 mmﬁg, (Lui et
al == b.p. 99.6-100.5=C/0.07 mmHg), no'® 1.5H059, 6 92.3 (Lt
quintet, Jrocnu 8.6 Hz, Jescn 17.2 Hz); S 1.40 (CHs, ¢,
Jucen 6.0 Hz), 3.60 (SCHs, d, Jucen 12.0 Hz), 3.74 (OCHs,
s), 4.15 (CH=0, 4 of quartets, Jwrncew 6.0 Hz), Jeocn, 10.0
Hz) ; 6 15.7 (CHa, d, Jroce 8.5 Hz), 34.8 ((SCH=, d, Jesc
3.7 Hz), B2.8 (OCHz, s), 64.2 (CH=0, 4, Jeoce 6.1 Hz), 169.1

(C=0, d, Jepscc 3.7 Hz). E.I. mass spectrum m/z 258 (M, 74%)

and a base peak at m/z 97.

Preparation of Q,0-diethyl S-methyl phosphorodithioate,

(Et0)=PS=CHx=.
(E£t() =PS=K + :CHal —(EtO) -PS=-CHz + KI
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Potassium ,Q~-diethyl phosphorodithicate (1.5 g,
6.70 mmol) was dissolved in AnalaR acetone (10 cm™) and
iodomethane (1.0 g) was added. The precipitation of KI was
left to be completed overnight at room temperature. Then it
was flltered off and washed with acetone. The filtrate and
washings showed a slightly yellow colour. The solvent was
removed at room temperature undér vacuum to leave a reddish
liquid and a white solid. The supernatant 1liquid was
removed, left for 0.5 hour under vacuum, and 'was then
distilled to give 0Q,0-diethyl S—-methyl phosphororodithioate
as a pale yellow liquid, b.p. 75°C at 0.5 mmHg. 8= 95.0 ppm,
(m); & 1.14 (CHs, t, Jncen 7.0 Hz), 2.05 (SCHz, d of
quartets, Jescn 15.0 Hz), 3.94 (CH=20, 4 of quartets, JwnccwH
5.0 Hz, Jeacn 7.5 HZ); 6c 14.9 (8CHs, 4, Jesc 4.3 Hz), 15.9
(CHs, 4d, Jeoce 7.9 Hz)>, 63.9 (CH=20, 4, Jesc 6.1 Hz). E.I.

mass spectrum: m/z 200 (M, 100%)
Preparation of (}, 0-diethyl dithiophosphoric acld,
(Et0) =PS=H.
(Et0) =PS=K + HCl ————% ((Et0)=PSzH + KC1
Potassium 0Q,0-diethyl phosphorodithicate (4.0 g,
17.9 mmmol) was dissolved 1in a minimum of water and
concentrated HC1 (2.0 cm™) was added. 0, O-

Diethyldithiophosphoric acid was extracted thrice with an
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equal volume o0f diethyl ether and the ether layers were
combined. Anhydrous Na-S0a was added to remnve water. The
solution was filtered under vacuum, and the filtrate was
evaporated ;:m a water bath under vacuum to give a slightly
green liquid residue which was distilled to give 0,0
diethyldithiophosphoric acid as ‘a colourless liquid, b.p.
52°C at 0.05 mmHg, no=<° 1.5130. -é‘p 85 (quintet Jpocn 10.2
Hz), ((Jancke =4, 6 84.3, JrocH 10.2 Hz); 6 1.35%5 {(CHs, t,
Jucen 6.0 Hz), 3.40 (SH, s), 4.25 (CH=20, d of quartets,
Jrccwr 6;0 Hz, Jepacn 10.0 Hz); 6 15.7 (CHm, d, Jrocec 8.5

Hz), 64.2 (CH=0, 4, Jroc 5.5 Hz). FAB: m/z 187 (MH*, 12.5%).

E.]I]. mass spectrum: m/z 186 (M*, 16%).

Preparation of ammonium (,0O-diethyl phosphorothioate,

(EtO)=P(0O)S~NHa™.

O—-H
(EtH=PWO)H + S —» (EtOO>=P

N\

S

/;
¥
F 4

(EEtDO=POOSH + ~KHz —» (EtO)=F - NHA4™

“

N

S

Sulphur (5.3 g, 0.166 g atom) and dry 1,2-
dichloroethane (100 cm®) were placed in a 250 cm® three-

necked flask equipped with a magnetic stirrer. To the centre
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quartets, Jucen 5.0 Hz, Jracn 7.0 Hz). FAB: mw/z 188 (MH™,

43.3%) .

Preparation of 0, O-diethoxyphosphinylthicacetic acid,

(Et0) =P (0)SCH=CO=H.
(EtO)=P(OO>SNH. + ClCHz=zCOH —»(EtO)-P(O>SCH=CO=-H + HKNHaCl

Ammonium Q,Q-diethyl phosphorothioate (1.0 g, H.3
mmol) was  dissolved in -AnalaR .acetnne (11.0 cm®) and
chloroacetic acid (0.5 g, 5.3 mmnl) was added. The system
was refluxed for 2.0 hours at 80<C, and then filtered under
vacuum to remove ammonium chloride. Solvent was removed from
the filtrate under vacuum (0.9 bour) to leave 0, O
diethoxyphosphinylthioacetic acid, as a yellow viscous oil.

FAB: m/z 229 (MH* 3.9%). E.1l. mass spectrum: m/z (M"1%).

Preparation of methyl diethoxyphosphinylthioacetate,

(E10) =P (0Q) SCH=-CO=Me.

(Et0)2P(0)SHH4 + BrCH=COzMe —» (Et0)=P(0)SCH=CO=Me + NHaBr
Ammonium Q,0 diethyl phosphorothioate (1.2 g, 6.4

mmol) was dissolved in AnalaR acetone (10 cm®) and methyl

bromoacetate (1.0 g, mmnl) was added. A white precipitate of
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apmonium bromide was formed and the system was stirred for
4.0 hours. The s0lid was then filtered off under wvaccum and
washed witp acetone. The combined filtrate and washings were
evaporated under reduced pressure and liquid residue then
distilled to give a pale yellow liquid, b.p. 84<C at 0.5
mmHg, 6~ 24.8 (£ quintet, Jémc;-: _7.9 Hz, Jescw 15.8 H=z); SH
1.32 (CHs, t, Jhccn 6.0 Hz), 3.50 (SCH=, d, Jescm 15.0 Hz),
3.6 (OCHz, s), 4.00 (CHz0, d of quartets, Jhncen 9.0 Hz
Jracw 10.9 Hz), [ Baboulene =¢, 6§ 1.41 (Ha, t), 3.62 (Hc, 4
with J{(P-Hec)= 15.0 Hz, 3.78 (Hd4, s), 4.22 (Hb, q with J(P-
Hb)= J(Ha—-Hb)= 7.42 Hz)]l; 6c 15.8 (CHz, d, Jeoce 7.3 Hz),
32.1 (&CH=, d, Jesec 3.6 Hz), 52.7 (OCH=, s), 63.9 (CH=0, d,

Jroc 5.9 Hz). E.I. mass spectrum: m/z 242 (M*~, 18%).

Preparation of 0, 0-diethyl S—methyl phosphorothioate,

(Et0O)=P(O)>SCH=.
(E£tO)=2P(O)>SNHs, + CHs]l—»(ELO)=P(O)XSCH=: + HH.l

Ammonium phosphorothicate (3.0 g, 16.3 mmol) was
dissolved in AnalaR acetone (30 cm®). Iodomethane ( 2.3 g,
16.2 mmol) was added and the reacton mixture was left
heated under reflux at 50<C for 1 hour. The 1liquid was
evaporated wunder reduced pressure and the solid residue
formed from which was extracted with 'dry ether thrice, the

crude (EtO)z=P(O)CH=. .The yellowish 1liquid was distilled,
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b.p. at 20 mmHg 65<C, to give (,0-diethyl S—-methyl
phasphorothioate as a colourless liquid. 6 28.5 ppm, m);
S 1.35 (Cng, t, Jrucen 6.5 Hz), 2.75 (SCHz, d, Jescw 14.5
Hz), 4.25H éCHzO, d of quartets, Jucen 6.5 Hz, Jrocn 9.0 Hz);
S 12.3 (SCHz, d, Jersc 4.8 Hz), 16.1 (CHz, 4, Jrocc 6.7 Hz),

63.6 (CHz=0, d, Jeoc 6.1 Hz).

Preparation of Q,(}-diethyl hydrogen phosphorothioate,

(Et0) =P (0) SH.
(EtO)=P((O)>SKRH. + HCl —»(EtOOPO)SH + KNHaCl

Ammonium phosphorothioate (9.0 g, 26.7 mmol) was
dissolved in a minimum aof water, and concentrated HCl was
added until the solution was acid. The product was extracted
thrice with an equal volume of diethyl ether, and the ether
layers were combined. Anhydrous Na=504 was added to remove
water. The solution was then filtered and the filtrate
evaporated under high vacuum to give Q,(Q—-diethyl hydrogen
phosphorothioate as a colourless liquid . 6 60.6 (quintet,
Jeocn 9.1 Hz); 6w 1.40 (CHz, t, Jwmcen 6.5 Hz), 4.25 (CH=0, d
of quartets Jucen 6.0 Hz, Jrocnu 10.5 Hz), 7.00 (SH, s); 6c

15-9 (CHEf d., JPDCC 7-3 IIZ). 64‘;5 (CHEO' d' JF"DC 515 HZ)|
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Preparation of ethyl N-methylcarbamate, EtOCONHMe

EtOCOClI + 2MeNH, —22LUEDe 5 pincoNEMe + MeNHsCl

Toluene (100 cm®) was added to ethyl chloroformate
(32.8 g, mol). The flask ﬁas cooled in an ice bath, and
mthylaminé was bubbled for 20 minutes giving a white
precipitate of methylammmonium chloride, which was filtered
off and washed with toluene (20 cm®). The filtrate was
concentrated to constant welght and then distilled to give
ethyl HN-methylcarbamate as colourless 1liquid, (15.6 g,

50.2%), b.p. 70°C at 0.05 mmHg, no=<° 1.4155,

Preparation of ethyl N—chloroacetyl-K—-methylcarbamate,

ClCH=-CONMeCO=Et
EtOCORHMe + ClCH=zCOCl —» C1CH=-CONMeCO=Et + HC1

Ethyl HN-methylcarbamate (18.8 g, 0.18 mol) and
chloroacetyl chloride (20.6 g, 0.18 mol) were allowed to
react under reflux for 3 hours at 130°C. The system was left
to cool to room temperature and then cooled in ice bath.
After 10 minutes, the crystals that appeared were filtered
off and recrystallised from petroleum ether, b.p. 30-40<C,

to give a first bath of product. Further crystals from the
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filtrate were recrystallised from petroleum ether, b.p. 60-
80C, with charcoal treatment. The two batches were +then
combined, ?vashed with cold petroleum ether, and dried +to
give HN-chloroacetyl-N-methylcarbamate, m.p. 32=C. (Pianka
27, m.p. 34-36). ¥Ymax 1740(sh), 17200m) <(COOEt), 1700(w),
1680 (sh) (CONMe), 780(s), 720(sh), 700(s) (C-C1>. 6n 1.35
(CHs, t, Jucen 6.0 Hz), 3.20 (NCHs, S), 4.25 (CHz0, d, Juccw
7.0 Hz), 4.70 (ClCH=, s); 6c 14.2 (CH=CHa, s), 31.8 (HCHs,
s), 46.5 (ClCH=, s), 63.6 (QCH=CHm, s>, 154.4 ((COC, s,

163.7 (@r s).

Preparation of S—-(N-Ethoxycarbonyl-F-methylcarbamoylmethyl)

Q,0-diethyl phosphoradithiocate, (Et0)-=PS=CH=CORNMeCO=EtL.
Cl1CH=CONMeCOzEt + (Et0)=PSzK—»(EtQ)=PS=CH-CONMeCO=-Et + KC1l

N-chloroacetyl-N—methylcarbamate (7.2 g, 40 mmol) in
acetone (40 cm®) was added drapwise to potassium 0,0Q-diethyl
phosphorodithioate (86.32 g, 37 mmol) in acetone (100 cm®) at
39°C., The mixture was heated under reflux for 1 hour,
allaoawed to stand at room temperature for 20 hours and then
filtered to yield potassium chloride (2.8 g, 100%) and a
filtrate from which acetone was removed under reduced
pressure at 35°C. The residue was dissolved in diethyl ether
(100 cm®) and the resulting solution was washed with

saturated aqueous sodium chloride containing potassium
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carbonate (1.0%), (3 x 20 cm®). The ether layer was then
dried with potassium carbonate and the ether removed under
reduced pressure at 30°C. The residue was a viscous liquid
which was'-purified on a column (34 x 2.5 cm) of florisil,
using a mixture of 50% hexane—-dried ether as eluent (4 x 50
cm®). The first fraction was passed a second time through
the florisil column to give a :::Iulcmrless liquid residue of
S— (N—-ethoxycarbonyl-N—methylcarbamoylmethyl) 0, 0-diethyl
phosphorodithiocate (7.1 g, 58.2%). &8s 93.5 ppm, m; &n 1.37
(CHz, t, Jhcewn 7.1 Hz, 3.22 ((HCHa, s), 4.20 (CHz, m, 4.27
(SCH=, d, Jescwn 15.1 Hz); 6c 14.2 (CHs, s), 15.8 (CHaCH=0,
d, Jeoce 7.5 Hz), 31.6 (HCH=, s), 39.9(SCH=, d, Jesc 2.4

Hz), 63.5 (CHaCH=0CO, s) 64,.2(CHaCH=0P, d, Jepoc 6.1 H=z).

FAB: wm/z 330(MH~, 28.3%), base peak at m/z 227.

- Preparation of oS- (N—Ethoxycarbonyl-N—methylcarbamoylmethyl)

Q,0-diethyl phosphorothioate, (Et0)=P{(0)SCH-CONMeCO=ET.

Cl1CH-CONMeCO=-Et + (Et0)=P(0)SHH. —» (Et0) =P (0)SCH=CONNeCO=Et

+ NHaCl

Ammonium Q,0-diethyl phosphorothioate (6.28 .-g, 33
mmo1l ) was dissolved 1imn acetone (75 cm®) and N-
chloroacetyl-N-methylcarbamate (5.4 g, 30 mmol) in acetone
(30 cr®) was added dropwise with stirring. The reaction

mixture was heated under reflux for 1 hour at 65<C. Then it
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was left to reach room temperature and filtered. The solid
ammonium chloride was dried for 3 hours to give a yield of
1.10 g, (6%.5%). The filtrate was evaporated under reduced
pressure at 40=C to remove acetone, and dry diethyl ether
(100 cm™®) was added producing a precipitate that was
rejected. The supernatant liquid was washed with a saturated
aquenus Sodium chloride solution containing potassium
carbonate (1%), (3 x 20 cm®), dried over anhydrous K=CQOs
(1.0 g) and left to dry for 1 hour,and the ether was removed
under high wvacuum. The product was passeci through a columm
(1.8 x 30 cm®) of florisil (7.0 g), using petrolem ether
b. p. 80=C (3 x 50 cp®) as eluent,to give S—(N-
ethoxycarbonyl—-N—-methylcarbamoylmethyl) Q,0-diethyl
phosphorothioate as a slightly yellow liquid (6.0 g, 57.1%),
S 270 ppm (m); 6+ 26.3 ppm; 6w 1.35 (CHz, t, Jhcen 6.0 Hz),
3.20 (NCH=, s), 4.25 (SCH=z, Jescw 13.9 Hz), 4.26 (CHz, m);
§c 14.2 (CHs, s), 16.0 (CHzCH=0, d, Jeacec 7.3 Hz), 31.7
(NCHz, s) 37.6 (SCHz, 4, Jesc 2.4 Hz), 63.6 (CHaCH20CO, s);
63.9(CH=CH-OP, d, Jroec 6.1 Hz), 154.4 (NCOzEt, s), 170.6

(SCH=CO, 4, Jescc 2.0 Hz). The gc—ms gives M+ 313(1%).

Preparation of 0, D-diethyl S— (hydraxymefhyl )

phosphorodithioate, (Et0)=zPS=CH=0H.

dried ether;

HC1

(Et0)=PS=zH + (CH=0)n (Et0) =PS=CH=-0H
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0,0-Diethyl phosphorodithiocate (4.5 g, 24 mmol) was
dissolved in 50 cm® of anhydrous diethyl ether. Then
paraformaldehyde (0.73 g, 24.3 mmol) and anhydrous diethyl
ether (.50 'cma) were added. The mixture was cooled to about
0=C and anhydrous hydrogen chloride was bubbled through
continuously for 2.5 hours. Then diethyl ether was removed,
under reduced pressure to leave Q,0-diethyl S-hydroxymethyl
phosphorodithioate as a colourless o0il. 6 92.6 (t gquintet,
Jerac 9.0 Hz, Jpscn 18.0 Hz); 6n 1.38 (CHa, t, Jwncew 7.1
Hz), 3.64(0H, s) 4.18 (CH=0, d, of quartets Jucen 6.6 Hz,
Jracn 10.0 Hz), 5.13 (SCHz, d, Jesc 22.6 Hz; Sc 15.8 (CHa,
d, Jrace 7.9 Hz, 64.4 (CHz20, Jroc 6.7 Hz, 68.1 (SCH=, 4,
Jese 3.7 Hz). FAB: m/z 217 (MH*, 5.7%), base peak at m/z
199. E.I. mass spectrum does not showed a molecular ion and

the base peak was at m/z 97.

Preparation of 3-methyl—-oxazolid-2,4-dione

]Ille
Me N
l 180=C / \\
Cl1CH=-COR—-C-0O-Et -_— CO CO + EtCl

H=C O

H-chloroacetyl-N—-methylcarbamate (0.7 g, 3.9 mmol)

was heated at 180C for 110 minutes,  then cooled to room

temperature. The product was obtained as a solid that after

49



removal of traces of ethyl chloride had m.p. 124<=C,
(Spielman ==, 128=C, Iwaya <%, 133<C ). Vmax 1830 (=0,
1795, 1735, 1720 (sh) (C=0>, [Pianka =7, 1826 (2-C0), 1748,
1732 (4-COJ] cm'. 6w 1.35(CHs, t, Jrucen 6.0 Hz), 3.20
(BCH=, s), 4.25 (CH=, d, Jwucewn 7.0 Hz), 4.70 (C1lCH=, s); 6c

25.9(FMe, s), 68.2 (CH=, s), 156.6 (COCH=, s>, 170.6 (COO,

s).

Oxidation of Q,Q-Diethylphosphorodithioic acid +to the

Disulfide, [ (EtO)=PS=2]1-=
2 (Et0)=PS=H + Hz02 —» [ (Et0)=PS=1= + 2Hz0

The acid (0.23 g, 12.4 mmol) was treated with 0.1
cm> of hydrogen peroxide (30%) and 2.3 cm® Hz0 (iced water).
After allowing to stand overnight, the product was extracted
with methylene chloride, dried with sodium sulphate, and the
solvent evaporated to give the disulfide, as colourless
liquid. 6o 84.8 (quintet, Jrocn 10.1 Hz), ((Lippman <°, §6r
80.4 ppm; 6~ 1.40 (CHs, t, Jhcew 6.3 Hz), 4.25 (CH=, m); 6c
15.8 (CHa, d, Jroce 8.5 Hz), 64.9 (CH=20, d, Jeaccn 5.5 Hz).
FAB: m/z 371 (MH*, 100%). E.I. mass spectrum: m/z 370 (M*,

20%) .
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Mecarbam and benzophenone (as 1internal standard)
were dissolved in a solvent system consisting of:
(a) 50% EtOH/50% buffer, pH 6.6 or 6. 8;
(b) 50% dioxane/50% buffer, pH 7.0.

The solution was heated at 70°C in a thermostatted
bath for several hours, during which time aliquots were
taken at half hour intervals, and cooled for 5 min in a

refrigerator, before analysis.

] [
N E dJromatosraphic (onditlor

A Varian model 3700 gas chromatograph was used
fitted with FID (Flame IJIonization Detector) and a glass
column packed with 4% SE 30 on Chromosorb ¥ AV DMCS, of 6°
in length, 174" 0.D. (ocutside diameter), and 2 mm I.D.
(internal diameter).

The analysis was carried out by temperature program
starting at 151°C for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>