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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, Q-diethyl 

-(K-ethosycarbonyl-8-methylcarbamoylmethyl) 
phosphorodithioate (common name mecarbam) and 0, G-diethyl F- 
chloromethyl phosphorodithioate (common name chlormephos). 

The preparation of a full range of possible 
metabolites and their methylated derivatives was carried out 
and the compounds were- characterised by mass spectrometry, 
nuclear magnetic resonance (ý'P, 1 C, and 'H), and infrared 
spectroscopy. The spectroscopic data were discussed in terms 
of structure. 

The compounds have also been studied by both 
electron impact and fast atom bmbardnent (FAB) mass 
spectrometry. In general the FAB spectra gave parent ions 
stronger than from the electron impact technique. The FAB 
technique, which has 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 shown it is possible to identify 
certain components by this method. 

Hydrolytic studies have shown that mecarbam at 70°C 
in 50% ethanol (buffer pH 7.0) has a half-life of 
approximately 3 hours. Chlormephos is considerably more 
stable. In the presence of alkali, hydrolysis took place by 
attack either at phosphorus to give Q, Q-diethyl 
phosphorothioate or at the carbamoyl carbonyl group to give 
diethoayphosphinothioylthioacetic acid. Under similar 
conditions chlormephos also gave 12, Q-diethyl 
phosphorothioate and a number of other products resulting 
from reaction of the 12,0-diethyl phosphorothioate and 
phosphorodi thi oats 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. 

11 



HISTORICAL 



Pesticides are substances or mixtures of substances 

that can prevent, destroy or repel different kinds of pests. 

The ideal pseticide 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 conditions. 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 

xurphy Chemical products mecarbam (1) ', chlormephos (2) 2, 

(EtO)ýP(S)SCH2COH1teCC2Et (EtO): Z! P(S)SCH2C1 

1 

and their metabolites. 

2 

Xecarbam is an organophosphorus insecticide and 

acaricide with slight systemic properties. Although it has 

been known since 1961, little has been published on its 
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detailed modes of degradation. Xost of the work on mecarbam 

has been concerned with its toxicity in agricultural use, 

and with analytical methods for its determination and 

identification. In the chemical literature, 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 4 and in studies on simple analytical 

methods for traces of pesticides in water and their acute 

toxicity to fish s. 

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 6. 

A colorimetric method for the determination of 

organophosphorus pesticides that was also aplicable to 

mecarbam, was presented by Syoyma in 1977 -', who also gave a 

classification procedure for the rapid identification of 

insecticides, including mecarbam by thin-layer and gas 

chromatography 0. 

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, together 

with other co-workers, have also reported the electron 

impact mass spectrometry of mecarbam and of some related 

Q, Q-dialkyl Ei-(R-ethoxy-carbonyl-$-methyl-carbamoylmethyl) 
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and Ej-methyl carbameylmethyl phosphorodithioates and 

phosphothioates '. 

Chlormephos is a contact insecticide for soil 

application. There are no reported studies on its mode of 

degradation but the chemical literature contains many papers 

on its activity and toxicity 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 methods 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 in 1962 by 

Gunther '2. Since then it has become an invaluable aid in 

pesticide analysis. The role of mass spectrometry in 

pesticide residue analysis has been discussed in textbooks 

such as: Analysis of Pesticide Residues 13, Mass 

Spectrometry: Technique and Application '4 and in several 

reviews e. g. The Xa. ss Spectra of some Organophosphorus 

Pesticide Compounds 's, and Klass Spectra of Organophosphorus 

Esters and Alteration Products 16. 
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Considering the low sensitivity of complementary 

techniques such as nuclear magnetic resonance spectrometry, 

mass spectrometry is still the best approach to solve the 

identification of pesticide metabolites. 

Gas chromatography. coupled with mass spectrometry is 

in fact the best approach because of advantages such as 

rapid analysis, elimination of the necessity for isolating 

pure samples, and certainty in the identification of the 

molecule. Although an expensive technique for use in routine 

analysis, it is very useful in research because it obviates 

the necessity of using two or more techniques in obtaining 

definitive structural information. Diverse techniques such 

as electron impact, and field and chemical ionization have 

been used in pesticide mass spectrometry but eletron impact 

mass spectrometry is used mainly. Damico et al '', compared 

field ionization 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 "E3, reported similar differences 

between chemical ionization and electron impact technique. 

Other reviews, such as Recent Applications of Mass 

Spectrometry and Combined Gas Chromatography-Xass 

Spectrometry to Residue Analysis '°, and Pesticide Mass 

Spectrometry 2°, demonstrate that chemical ionization and 

low resolution electron impact mass spectrometry are 

complementary techniques in structure determination. 
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FAB (fast atom bombardment) is the most recent 

ionization technique for use in mass spectromety 27. No 

reports on the use of FAB mass spectrometry for 

organophosphorus pesticides have been found in chemical 

literature so 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. 
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THE FIRST ORGANOPHOSPHQRUS INSECTICIDES 

The organophosphorus compounds showing insecticidal 

activity are hydrocarbon derivatives with one or two 

phosphorus atoms presenting the general structure: 

R, X R, %%R, 

P or pP 

R2: Y R2 0 Ra 

R, and Rý 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 Second World 

War, when the toxic nerve gases tabun (1), and saran (2) 

prepared for use in warfare, were found to be effective 

insecticides by Gerhard Schrader and his colleagues in 

Germany. 

(CH3)2H 0 

P 

C2HsO CH 

HaC 0 

P 
N 

(CH3)2CHO F 

(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). 

6 



CCH3)2H 00 H(CH3)2 

PP 

(C1L ) 
2W 

0 g CiiL3ý 
2' 

(3) 

At the same time, scientists under the direction of 

Saunders 22 in England, studied dimefox, (4), which is still 

used as a systemic insecticide for the control of aphids and 

red spider mites on crops by soil application. 

<CIis > =B 0 

.P 
\ 

(CH--3) my F 

(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 before the 

harvest of the crops. They also show widely different 

toxicities to mammals, which makes some of them useful in 

animal hygiene. 
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The organophosphorus insecticides suffer 

decomposition in soil, plants, pests and mammals, and 

mechanisms by which this occurs depend on the 

physicochemical properties of the compounds themselves and 

on the environment. The degradation in soils, is a 

consequence of microbial activity, promoted principally by 

bacteria. In sterile soils, decomposition is catalyzed by 

clay surfaces, metal oxides, metal ions, and organic matter. 

The physicochemical properties of the soil such as humidity, 

temperature, alkalinity, acidity and the characteristics of 

the pesticides have 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 soil 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 23, 

S 



Ph RD 
'1 1 

CHs OS 

P GTi 

CH- O0I 
GT 

Pb, phosphatase/type A esterase; NO, microsomal mono- 

oxygenase; GT1, glutathione-S-aryltransferase; GT, 

glutathione-S-alkyltransferase. 

PRINCIPAL ENZYMES: AGETYLGHOLIHESTERASE, MFO (XI%ED FUNCTION 

OXID, SES). etc. 

Acety cholinesterase 

The substance acetylcholine is 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. When a nervous impulse 

arrives at the pre-synaptic cell the neurotransmitter 

(acetylcholine) is released, and passes through the synapse 

to the postsynaptic cell where it joins the receptor site. 

The acetylcholine is then hydrolysed by the enzyme 

acetylcholinesterase as shown. 
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O0 
+ II + II 

(CH3, )3HCH2CHa000H3 + ECH2OH --*(CHa)3BCH2CH2000Ha. ECH20H 

acetylcholine acetylcholinesterase 

HOCH2CH2H<CH3): + CH3000CHzE 

choline acetylated enzyme 

HaO , ECH2OH + CHýCOOH 

The active centre of the acetylcholinesterase has 

two reactive sites: the anionic site and the esteratic site, 

as shown. 

O H2O: O 

(CH3)3HCH2CH2000H3 -----0 (CH )3HCH2CHmOH -CH3 
I It 1 r-n n . -------, 

I, 
-. 

C-> 

anionic 

site 

esteratic 

site 

<- > 

acetylated enzyme 

fast reaction 

with water 

(CH3)raNCH: 2CH<OH + CH3COýH + 

(-) esteratic 

anionic site site 

REGENERATED ENZYME 
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In the presence of organophosphorus compounds that 

have the ability to phosphorylate the enzyme 

acetylcholinesterase, the acetylcholine remains in the 

synapses. The organophosphorus compounds mimic acetylcholine 

by joining to the esteratic site of the enzyme. The P-O 

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 in a 

continuous transmission of the nervous impulses. There is 

loss of muscular coordination, convulsions, and finally 

death. 

The similarity between the two reactions can be 

appreciated below: 

O00 
II II 4. - 1 

(RO)MP-X + ECH2OH 4(1) (RO)2PX. ECH20H (2) (RO)2POCH2E 

0 (-HX) 

(3) H2O, (RO)LPOH + ECH2OH 

slow 

First a complex is 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. 

So the organophosphate effectively poisons the enzyme by 

phosphorylation and thus blocks efficient hydrolysis of 

acetylcholine into choline. 
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There are a great variety of enzymes involved in the 

process of degradation of insecticides. Some of the most 

important are the mixed functions oxidases (WFO), also known 

as microsomal oxidase or mono-oxygenase, which occur in 

liver and fat tissues of animal, fish, and insect. They are 

responsible for oxidation of several lipophilic substrates 

such as steroids, lipids, and organophosphorus compounds. 

The oxidative reaction of MFO takes, place in the presence of 

molecular oxygen and reduced nicotinamide adenine 

dinucleotide phosphate or reduced nicotinamide adenine 

dinucleotide. NFO 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- + Os NFOf ROH + BADP- + Hz2O 

Multifunction oxidases are involved in the following 

reactions 24: 

a) Hydroxylation. 

RHi ROH 
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b) O-and H-dealkylation. 
O_OCH2R 

0 

O-OH 

+ RCHO 

/\ 
-HHCH2R ---P 

O_NHCH 

(OH) R 

_ý--º 
/\ 

-HH2 + RCHO 

c) Oxidation of sulphides. 

RR' S ---410- RR' SO RR' SO 

d) Oxidative desulphuration. 

P=S -º P=O 
AC=S 

-b G=O 

e) Deesterification. 

SS 
11 11 

(RO) 2POAr (RO)2POH + ArOH 

f) Oxidation of tertiary amines. 

CH2OH 

RN (CH--;. ) .= --º 
RK (CH-: a) p RH -CH:: --O, RHCH: a 
lI 0 CH3 

g) Epoxid. ation. 

C--c -b 
/°ý 

c /\ 
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Other enzymes of importance in the metabolism of 

organophosphorus pesticides are the hydrolases. The 

hydrolytic enzymes attack ester, amide or phosphate linkages 

and are named according to the substrate specificity; 

phosphatases attack R-O-P bonds, carboxylesterases attack 

R-000R' bonds, carboxylamidases attack R-COBHR' linkages, 

etc. Esterases 2s 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 organophosphates 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 enzymes of interest for the 

detoxification of the organophosphorus compounds 

are the glutathione-S-aryltransferases, glutathione-S- 

alkyltransferases, etc. These transferases 26 are present in 

the soluble cell fraction of mammalian liver and have 

molecular weights of the order of 45 000. These enzymes 
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undergo conjugation reactions, which are by definition, 

metabolic processees whereby foreign compounds and their 

metabolites, containing certain 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 is 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 phosphorothioates 

are nematicides, acaricides, or soil insecticides 27. 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 
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substituents do not alter very much the physicochemical 

properties 28 

Several enol phosphates which contain carboxylate 

groups exhibit enhanced insecticidal activity by protonation 

which occurs due to interaction between the carboxylic group 

and the esteratic site of the acetylcholinesterase. This 

interaction is affected by steric factors, thus cis- 

mevinphos is a more powerful cholinesterase inhibitor than 

its trans-isomer. In transmevinphos, the interaction 

between the carboxylic group and the enzyme is sterically 

hindered by the presence of the cis-dimethoxyphosphoryl 

moiety. 

OH 
11 

(CH3O)2P- 0 -C'=C 

ý CHF C02CH3 

ýI 

4.3 - 5.2 _A 

0 
(CH-: 30) Apo 

icc 
1 cH Hý 

2.4-4.4 A 

Cis-mevinphos Trans-mevinphos 
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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 insecticide has 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. 
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Amiton 

0 
!I+ 

(C R 0)=P-S-CK GHýN(C2H, ) a 

C-) 

o 
OH 

Il '+ (CýHco)'P HSCH2C61(C Hs) 

esteratic anionic 

site site 

Acetylcholinesterase 

(CstHr. O) 2P (0) OR + HSCE6CH6H CC2HO a+ 

In vivo oxidation by MFO (mixed function oxidases) 

is responsible for the insecticidal activity of some 

organophosphorus compouonds for instance, the thiophosphoryl 

(P=S) group may be activated to phosphoryl (P=O). The oxygen 

atom being more electronegative than sulphur pulls electrons 

from the P atom in the P=O bond, making phosphorylation 

possible. Also a strong electron donor group e. g. (CH6)zi: N 

may be converted into an electron-withdrawing group 2°: 

RI (C}E) RH (CH6) RH CH2OH -CHýO RHHCHr 

0 CHF 

18 
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An example of activation proci 

oxidation of schradan to the IF-oxide or 

O0 

*T 
Ili III 

(Cli3 N\ (CH3)-^N-P\ýp 

0 

ass is the enzymic 

methylol: 

HOCH2 0 

H-P 

CH3 

The positive charge on the nitrogen increases the 

electrophilicity of the phosphorus atom converting the 

compound into a strong phosphorylating agent. 

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 dextro form is the more toxic and effective 

inhibitor of acetylcholinesterase agent and liver 

carboxyesterase 14, and it has greater insecticidal potency. 

CH3O S 

P 

CH30 S-CHCOýC2Hs -C asymmetric carbon atom 

CHICO1C2Hs 

Kalathion 
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These differences may be responsible for specific 

toxic effects of some organophosphorus compounds. For 

instance, amiton is an analogue of acetylcholine but in vivo 

it ionizes and its ionic form is selectively toxic to 

mammals. The nerve junctions of insects have a lipid sheath 

that repels the ionic form of amiton while the mammalian 

nervous system does not present such a barrier ý4. 

Tran wort of the Toxicant xolecule to the Site of Action 

The importance of this is exemplified by the low 

solubility of the insecticide tetra-chlorvinphos in water 

and organic solvents which makes its transport and 

penetration to the active site of the cholinesterase 

difficult. In consequence, the insecticide has low mammalian 

toxicity. 
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The study of the metabolism of selected types of 

pesticides in plants, animals, and insects is 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 shown below. 

Parathion LDsr, (oral) to rats 6.4 mg/Kg is a 

systemic insecticide, that is, it penetrates the plant 

tissues and consequently is 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 

KFO and it can also be deactivated by the XFO in a 

hydrolysis reaction which results in dearylation. In plants 

the oxidases are responsible for its detoxification 29. 

sO 

(C H O) 
JO- 

-goy (CHO)21Po- 
0-HOm 

(oxydesulphuration) 

IMFo 

(dearylation) 

S 
11 

(CýHsO) 2POH + HO- 
0-102 
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Paraoxon, LDsa 3.0 mg/Kg, has moderate persistency. 

It is detoxified by esterases as follows: 

00 
II U 

(CZHs0)ZPO- 
O-Molz 

Esterase (C2HsO)2POH + 

(hydrolysis) 

HO- 
O-HOz 

Malathion LDso 1300 mg/Kg, is an effective contact 

insecticide and also used as an acaricide. It is detoxified 

principally by carboxyesterase in vertebrates. In insects, 

especially with houseflies, the phosphatase hydrolyses the 

P-S-C linkage. The reactions are shown in the following: 

SS 

(CH3O)1PS-CHCO C Hs Carboxyesterasep (CH O)2PS-CHCOmCýHs 

CHF-G(O)O-C2Hs (hydrolysis) CH2COzH 

I Phosphatase Carboxyesterase 

4 (hydrolysis) 

S 
11 

(CH3O)zPSH + HOCHCOsC<Hs 
I 
CHmCO2C2Hs 

S 

Ii 
(CH3O) PS-CHCO2H + C2HsOH 

I 
CH2CO2H 

Xalathion is also oxydesu I phu rated to malaoxbn by 

the multifunction oxidases in mammals and insects or 

undergoes hydrolysis of one of the CH3O-P bonds. 

Deactivation may also occur by hydrolysis of the P-S 

linkage. 
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S 

(CHaO)2PS-CHCOZC2Hs FQý. 

CHýCO; C2Hs (oxydesulphuration) 

I1SF0 

(hydrolysis) 

CH3o s 
P-S-CHCO2C2Hs 

HO CH2CO2C2Hs 

0 
11 

(CH30) PS-CHCO2CýHs 
I 
CH2CumumHs 

Phosphatase 

hydrolysis) 

O 
11 

(CH 0)mPOH 

l(alaoxon, LDso 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 activity2a. 

(CH3O)2P(0)S-CHC0 C-_H Carboxyesterase, (CH3O)2P(0)S-CHCO<C2Hs 
1 
CHzCOzC2Hs (hydrolysis) CH2CO=H 

Phosphatase 

(CH3O) ýP (0) OH 

Phorate or thimet, LDso 2 mg/Kg, has both systemic 

and contact insecticidal 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 insects by oxidases. 2a The phosphatase 

carries out hydrolysis with cleavage of the P-S bond in 
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insects. The various metabolites are shown in the following 

scheme '-110 " 31 . 

(CýHsO)ýP(S)SCH2SC2Hs oxidases (C2HsO)zP(0)SCH2SCZHs 
4 

XFO (oxydesulphuration) 0 

(rapid) Phosphatase 

(hydrolysis) 

O 
1 (C2HsO)mP(S)SCH2SC2Hs (C2HsO)ýP(0)OH + (C2HsO)aP(0)SH 

? LFO 

(slow in plants, rapid in mammals) 
'O 

i 
(C2HSO)aP(S)SCH SC--Hs 

4 
0 

Bogor or dimethoate, LDso 230 mg/Kg, is 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 ". 30.3'. The multifunction oxidases cause 

O- and H-dealkylation and desulphuration, the phosphatäses 

hydrolyse the P-O 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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(CH6O)2P(S)SCH2COHHCH xF (CH O)2P(0)SCH2COHHCHý 

Phosphatase or Amidase 

(hydrolysis, deamination) 

(CH30)2P(O)OH A- (CH3O)2P(O)SH 4 (CHaO)2P(0)SCH2COzH 
Dimethylphosphoric acid 

Deamination is catalysed by amidases as follows: 

(CH3O)2P(S)SCH2COHCH3 Ami das* (CH3O)ýP(S)SCH2CO2H -t ... 

1 
(CH3D): zP(S)SH 

In manuals, 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 is mainly caused by 

phosphatases rather than carboxyesterases or amidases while 

multifunction oxidases realize O-demethylation. 

(CHaO)2P(S)SCH2COHHCH3 

r Aali dase 

<deamination) 

(CH3O)2P(S)SCHmCO2H 

CH3O 

P(O)OH 4-'- 

HO 

, 
MFOW CHOP (S) SGHýCOffHCII 

(O-demethylation) OH 

Am! dase 

(deamination) 

(CH3O) S 
\ i1 

P-SCH2CO2H 

HO 

25 



The toxicity of Rogor (dimethoate) for insects is 

due to its conversion into the oxo analogue, its rapid 

penetration in the fly, and the fact that the fly 

acetylcholinesterase is very susceptible to phosphorylation. 

Schradan, LD so 8 mg/Kg, is a systemic insecticide 

whose activity is due to oxidative activation of the 

tertiary amino group. It does not itself have an 

anticholinesterase effect. In mammals and in insects, the 

14FO oxidises the tertiary amino group of schradan (A), to 

give the H-oxide (B), which rearreanges to the H-methylol 

derivative (C). This subsequently decomposes to formaldehyde 

and heptamethylpyrophosphoramide (D). 

(CH3)2H 00 N(CH3)2 

P--0 --P XFO 

(GH3) 
2N 

W (CH3 )2 

(A) 

0 
1 

(CH) N00x (CH --3) 

P-0 -P 
/ 

(CH3) N N(CH3)2 

(B) 

CH6 

(CH3)2H O0 HCH20H (CHa): 2H 00 HHCH3 

P-O-P XFO P -O-P + CH2O 

(CH---R) 2H H(CH3)2 (CH: 3)2H H(CH--a) 2 

(C) (D) 
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First it was supposed that the H-oxide (B), was the 

most active metabolite of schradan because charge on the 

nitrogen atom increases the electrophilicity of phosphorus. 

Further 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 ability 

of the compound. 

0 
11 

(CHF) =11-P-0 0-41 

P0 

(CH3) ýN H-CH2 

CHF 

Diazinon, LDso 150 mg/Kg, is an example of an 

organophosphorus insecticide that has a heterocyclic ring in 

its molecule. In mammals, the XFO oxidises diazinon giving a 

small proportion of its oxo analogue but it gives mostly 

active metabolites by hydroxylation of the methyl or 

isopropyl groups. 

SS 
11 O 11 

(C--H---O) tzPO R CH (CHF) <- -ý CýHSO-P-O A/ 

II 
/ 1GH(CH3) 

CH--a. CH-: 3 

Diazinon 
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Diazinon 

? IFO 

S 

11 
(CzHsO)<PO H C(CH ) OH 

ý 
IHI 

- 

CH-- 

jMFO 

0 
11 

(C2Hs0)PO H C(CH3)20H 

CH_ 

O 
MFO II 

Diazinon (CýHsO). MPO v CH<CH--at) ý 

\ 

Ig! 

CH-3 

INFO 
0 

(C<HsO)2PO C(CH: 3)2OH 

g 

CH3 
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s 
IWO 

Diazinon (CýHsO)ý'PO H CH(CH6)2 

1 
19 

CH2OH 

The reaction of cleavage of the P-0-aryl bonds is 

catalyzed by the enzyme glutathione S-transferase in the 

presence of glutathione, principally in rat liver and 

cockroaches to give pyrimidinyl glutathione and diethyl 

phosphorothioic acid ý°. 

Diazinon + GSH 

Glutathione 

S-Transferase 

GS N CH(CH6)a + (CýHsO)=P(O)SH 

Igi 

06 

CGSH = glutathione]. 

Insects generally have poor transferase activity, 

although a diazinon-resistant strain of houseflies owed 

their tolerance to the presence of glutathione S- 

transferase""°. 
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Dephosphorylation takes place in liver of rats under 

the influence of phosphoesterase, thus deactivating the 

molecule to give 6-pyrimidinol and diethylphosphoric 

acid 2ý"3a. 

O 
II 

(C: 2Hs0)aPO H CH(CH) 

ý 
Igl 

CHF 

Phosphoroesterase 

HO N CH(CH>) 

CH3 

+ (C71HsO)2P(O)OH 
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EXPERIMENTAL 



The following chemicals were used in the course 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. 

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

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

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

1,2-dichloroethane - G. P. R., BDH Chemicals Ltd. 

Ammonia - gas cylinder, BOC. Special Gases 

Diethyl ether anyhydrous - flay & Baker ltd. 

Anhydrous sodium sulphate - ROSE Chemical Ltd. 

Calcium chloride - G. P. R., BDH Chemicals Ltd. 

Ethyl chloroformate - SynchemicA Reagents for Organic 

sythesis (ethyl chlorocarbonate). 

l)Iethylamine - gas cylinder, BDH Chemicals Ltd. 
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Chloroacetyl chloride - G. P. R., BDH 

Petroleum spirit b. p. 60-80°C anc 

Chemicals Ltd. 

Charcoal - Chemical for Science 

Williams Ltd. 

Soda lime. - Chemical for Science 

Chemicals Ltd. 

40-60°C - G. P. R. , BDH 

and Industry. Hopkin & 

and Industry. Hopkin & 

Williams Ltd. 

Sodium chloride - AnalaR, BDH Chemicals ltd. 

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. 

Paraformaldchyde - Chemical for Science and Industry. Hopkin 

& Williams Ltd. 

Anhydrous hydrogen chloride - gas cylinder, BOC. Special 

Gases. 

Hydrogen peroxide solution G. P. R. (100 volumes) 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. 

l{ecarbam - Cheminova. 
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Homogeniser -A Silverson Machines Ltd. Heavy duty 

laboratory mixer emulsifier, Model L2 AIR was used for the 

extraction of samples. 

Griffin Flask Shaker - This was used for the extraction of 

pesticides and their metabolites in the hydrolysis studies. 

Rotatory film Evaporator - BUCHI 011, made in Switzerland. 

Refractometer - Bellingham & Stanley Ltd. 

Water Bater - Thermostatically controlled, Compenstat, 

England. 

SPECTROSCOPIC METHODS 

Perkin-Elmer 781 and Perkin-Elmer 1310 Infrared 

Spectrophotometers, were used for obtaining infrared spectra 

with samples as liquid films, Aujol 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 spectra 

(32.4 XHz). A few -I'P spectra were also recorded on a Bruker 

400 operating at 162 MHz (Service provided by the 
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manufacturers at the ä International Conference on 

Phosphorus Chemistry, Bonn, September 1986). Chemical shifts 

are relative to TMS ('H or 13C spectra) or to 85% phosphoric 

acid (: 31 P spectra), downfield positive. 

Electron-impact mass spectra were obtained using an 

XSS-AEI/XS9 Double Focussing Mass Spectrometer operating at 

70 eV and at the lowest temperature necessary for 

volatilisation of the sample. 

FAB mass spectra were obtained through the SERC 

service at PCXU (Physico-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 instruments fitted with FID detection system. The 

carrier gas was nitrogen. 
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GC-)(S was carried out by the SERC Wass Spectrometry 

Centre, University College, Swansea, and at the School of 

Pharmacy, University of London, on a Hewlett Packard 

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

Spectrometer. 
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Preparation 

(EtO)2P(S)SK 

of potassium Q, Q-diethyl phosphorodithioate, 

4C2HsOH + P2Ss--=ý 2 (Ci2H5O)2PS2H + H2S 

(CzHsO)ý PS2H + KOH---º(C2HsO)2PS<K + H2O 

To a 250 cmP three-necked round bottom flask 

equipped with a magnetic stirrer, phosphorus pentasulfide 

(22.2 g, 0.100 mol) and toluene (30cxP) were added. The 

flask was heated 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 cm3) 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 cmm) was added and the mixture was left 

stirring overnight. The precipitate was filtered, washed 

with toluene (2 x 10 cm3), and dried in a vacuum for 0.5 

hour. The product was recrystallised by dissolving "it in 

acetone (2 x 100 cuP), filtering off the impurities, 

concentration at room temperature, and the addition of 

diethyl ether (150 cnP), to give potassium Q, Q diethyl 

phosphorodithioate (17.6 g, 33.3%), m. p. 198°C, (Pianka 32, 
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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 diethoxyphosphinothioylthioacetic acid, 

(EtO)2PS2CH2CO2H 

(EtO)2PSmK + C1CH2CO2H -10 EtO)2PS2CHL? C02H + KCl 

Chloroacetic acid (1.1 g, 11.6 mmo1) was dissolved 

in AnalaR acetone (32 cm3) and added to potassium Q, Q- 

di ethylphosphorodithioate (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 diethoxyphosphinothioylthioacetic acid (0.92 g, 

87.6 %), no20 1.5213.8=. 92 (t quintet, J, oct-, 8.3 Hz, JPSCH 

16.6 Hz); S 1.33 (CHo, t, J"4--CH 8.0 Hz), 3.66 (SCHI, d, 

Jr--. c--" 17.5 Hz), 4.16 (CHýO, d of quartets, JHCCH 7.0 Hz, 

JF. oc, 4 10.5 Hz), 11.80 (OH, s); Sc 15.8 (CH3, d, Jpocc 8.0 

Hz), 34.9 (SCHa, d, JFc 3.1 Hz), 64.5 (CH20, d, JPCO 5.5 

Hz), 175.0 (C=O, d, JýSCC 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 diethoxyphosphinothioylthioacetate, 

(EtO) 2PS2CH2COm1[e. 

1. 

(EtO) ýSýK + BrCH2CO2xe -(EtO): z: PS2CH2CO2Xe + KBr 

Methyl bromoacetate (1.4 g, 9.15 mmol) was added to 

AnalaR acetone (25 cmY) and transferred to a round-bottom 

flask containing potassium Q, Q-diethyl phosphorodithioate 

(2.0 g, 8.93 mmol) . This mixture was refluxed for 3 hours at 

a temperature 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 mmHg, (Lui et 

al 33 b. p. 99.6-100.5-C/0.07 mmHg), no's 1.5059, äP 92.3 (t 

quintet, JI. ocº-1 8.6 Hz, JPSC, -+ 17.2 Hz) ; 6N 1.40 (CH3, t, 

Jº. accº-4 6.0 Hz), 3.60 (SCH3, d, J"cc-4 12.0 Hz), 3.74 (OCHL, 

s), 4.15 (CHaO, d of quartets, JHCCN 6.0 Hz), JPOCH, 10.0 

Hz) ; öc 15.7 (CH3, d, JPOCC 8.5 Hz), 34.8 (SCHz, d, JF-Sc 

3.7 Hz), 52.8 (OCHS, s), 64.2 (CH2: O, d, JFoc 6.1 Hz), 169.1 

(C=O, d, J;:. cc 3.7 Hz). E. I. mass spectrum m/z 258 (Xý, 74%) 

and a base peak at m/z 97. 

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

(EtO): 2PSZCH . 

(EtO)2PS2K + , CH I ---b-(EtO)mPSmCHzg, + KI 
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Potassium Q, Q-diethyl phosphorodithioate (1.5 g, 

6.70 mmol) was dissolved in AnalaR acetone (10 cuP) and 

iodomethane (1.0 g) was added. The precipitation of KI was 

left to be completed overnight at room temperature. Then it 

was filtered off and washed with acetone. The filtrate and 

washings showed a slightly yellow colour. The solvent was 

removed at room temperature under vacuum to leave a reddish 

liquid and a white solid. The supernatant liquid was 

removed, left for 0.5 hour under vacuum, and was then 

distilled to give Q, Q-diethyl S-methyl phosphororodithioate 

as a pale yellow liquid, b. p. 75°C at 0.5 mmHg. SP 95.0 ppm, 

(m); S" 1.14 (CH--3, t, JHCCH 7.0 Hz), 2.05 (SCH--, d of 

quartets, J, c -i 15.0 Hz), 3.94 (CHzO, d of quartets, JHCCI-+ 

5.0 Hz, JPO(--H 7.5 Hz) ; 6c 14.9 (SCH3, d, J; -sc 4.3 Hz), 15.9 

(CH3, d, JPo(--c 7.9 Hz), 63.9 (CH--O, d, JAS(-- 6.1 Hz). E. I. 

mass spectrum: m/z 200 (H(, 100%) 

Preparation of Q, Q-diethyl dithiophosphoric acid, 

(EtO) 2PS=H. 

(EtO) zPS=K + HCl -----t (EtO) ý-ePS2H + KCl 

Potassium Q, Q-diethyl phosphorodithioate (4.0 g, 

17.9 mmmol) was dissolved in a minimum of water and 

concentrated HC1 (2.0 cup) was added. Q, Q- 

Di ethyldithiophosphoric acid was extracted thrice with an 
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equal volume of diethyl ether and the ether layers were 

combined. Anhydrous Na2SO4 was added to remove water. The 

solution was filtered under vacuum, and the filtrate was 

evaporated on a water bath under vacuum to give a slightly 

green liquid residue which was distilled to give Q, Q- 

diethyldithiophosphoric acid as a colourless liquid, b. p. 

52°C at 0.05 mmHg, no2° 1.5130. SF. 85 (quintet JFoc- 10.2 

Hz), (Jancke 34, &F., 84.3, Jp0c, -., 10.2 Hz) ; 6" 1.35 (CI 6, t, 

JNCCH 6.0 Hz), 3.40 (SH, s), 4.25 (CHmO, d of quartets, 

Jf-iccI 6.0 Hz, JPocr-i 10.0 Hz) ; Sc 15.7 (CHa, d. Jpc cc 8.5 

Hz), 64.2 (CHýO, d, JPOC 5.5 Hz) . FAB: m/z 187 (XH-, 12.5%). 

E. I. mass spectrum: m/z 186 (X-, 16%). 

Preparation of ammonium Q, Q-diethyl phosphorothioate, 

(EtO) 2P (O) S-H L. 

O-H 
(EtO) ýP (O) H+S --º (EtO), \` 

S 

/-O 

(EtO) ýP (O) SH + NH: D (EtO) :; -. 
P, - m4"' 

S 

Sulphur (5-3 g, 0.166 g atom) and dry 1,2- 

dichloroethane (100 cm3) were placed in a 250 cuP three- 

necked flask equipped , with a magnetic stirrer. To the centre 
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quartets, J"cc" 5.0 Hz, Jnocf-i 7.0 Hz). FAB: m/z 188 ()(H-, 

43.3%). 

Preparation of Q, Q-diethoxyphosphinylthioacetic acid, 

(EtO)2P(0)SCH2CO2H. 

(EtO) ýaP (O) SHH4. + C1CH2CO=H P, (EtO) 2P (O) SCH2CO=H + RR, &C1 

Ammonium Q, Q-diethyl phosphorothioate (1.0 g, 5.3 

ffinol) was' dissolved in AnalaR acetone (11.0 cm3) and 

chloroacetic acid (0.5 g, 5.3 1mno1) 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 (0.5 hour) to leave Q, Q- 

diethoxyphosphinylthioacetic acid, as a yellow viscous oil. 

FAB: m/z 229 (UH'' 3.9%). E. I. mass spectrum: m/z (X1%). 

Preparation of methyl diethoxyphosphinylthioacetate, 

(EtO): 2: P(0)SCH2COzXe. 

(EtO): zP(O)SHH4 + BrCHzCOzJXe -º(EtO)2P(O)SCH2CO Xe + HH-Br 

Ammonium Q, Q diethyl phosphorothioate (1.2 g, 6.4 

mmol) was dissolved in AnalaR acetone (10 cm3) and methyl 

bromoacetate (1.0 g, mmol) was added. A white precipitate of 

42 



ammonium bromide was formed and the system was stirred for 

4.0 hours. The solid was then filtered off under vaccum and 

washed with acetone. The combined filtrate and washings were 

evaporated under reduced pressure and liquid residue then 

distilled to give a pale yellow liquid, b. p. 84ýC at 0.5 

mmHg, 6F 24.8 (t quintet, JPOCH 7.9 Hz, JPSc- 15.8 Hz); S- 

1.32 (CH3, t, JHCCH 6.0 Hz), 3.50 (SCH=, d, JPSCH 15.0 Hz), 

3.65 (OCHS, s), 4.00 (CHtO, d of quartets, JHCCH 9.0 Hz 

JPOc" 10.5 Hz), [Baboulene 6, -, 1.41 (Ha, t), 3.62 (Hc, d 

with J (P-Hc)= 15.0 Hz, 3.78 (Hd, s), 4.22 (Hb, q with J (P- 

Hb)= J(Ha-Hb)= 7.42 Hz)] ; Sc 15.8 (CH3, d, Jr-o(--c 7.3 Hz), 

32.1 (SCHI, d, JF--; C 3.6 Hz), 52.7 (OCHs., s), 63.9 (CH=O, d, 

Jr ac 5.5 Hz). E. I. mass spectrum: m/z 242 (X-, 18%). 

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

(EtO)2P(O)SCHU. 

(EtO): mP(O)SHHL + CH3I --. (EtO)<^P(O)SCH3 + HHAI 

Ammonium phosphorothioate (3.0 g, 16.3 mmo1) was 

dissolved in AnalaR acetone (30 cm3). Iodomethane ( 2.3 g, 

16.2 mmol) was added and the reacton mixture was left 

heated under ref lux at 50°C for 1 hour. The liquid was 

evaporated under reduced pressure and the solid residue 

formed from which was extracted with dry ether thrice, the 

crude (EtO)2: P(O)CHca. . The yellowish liquid was distilled, 
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b. P- at 20 mmHg 65°C, to give Q, Q-diethyl S-methyl 

phosphorothioate as a colourless liquid. 6p. 28.5 ppm, (m); 

6, -i 1.35 (CHs, t, JHcci-a 6.5 Hz), 2.75 (SCHo, d, Jz ci- 14.5 

Hz), 4.25 (CH2O, d of quartets, 6.5 Hz, JPoc, 9.0 Hz); 

Sc 12.3 (SCH3, d, J, -sc 4.8 'Hz), 16.1 (CH3, d, JPo(:: c 6.7 Hz), 

63.6 (CH2O, d, JPc c 6.1 11z). 

Preparation of Q, Q-diethyl hydrogen phosphorothioate, 

(EtO) zP (0) SH. 

(EtO)2P(O)SFH, a + HG1-iip(EtO)P(O)SH + N1{ G1 

Ammonium phosphorothioate (5.0 g, 26.7 mmol) was 

dissolved in a minimum of water, and concentrated HC1 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 Ha2SOa was added to remove 

water. The solution was then filtered and the filtrate 

evaporated under high vacuum to give Q, (2-diethyl hydrogen 

phosphorothioate as a colourless liquid . 6P 60.6 (quintet, 

JoocH 9.1 Hz) ; 6" 1.40 (CHF, t, JHCc1 6.5 Hz), 4.25 (CHaO, d 

of quartets JHCCH 6.0 Hz, JF-c3, =" 10.5 Hz), 7.00 (SH, s) ; 6c 

15.9 (CHa, d, JF-o4--c 7.3 Hz), 64.5 (CH2O, d, J, oc 5.5 Hz). 
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Preparation of ethyl $-methylcarbamate. EtOCOHHXe 

EtOCOCl + 2I[eHH- toluene EtOCOHHIte + xeHH: qCl 

Toluene (100 cnP) was added to ethyl chloroformate 

(32.8 g, mol). The flask was cooled in an ice bath, and 

methylamine was bubbled for 20 minutes giving a white 

precipitate of methylammmonium chloride, which was filtered 

off and washed with toluene (20 cm3). The filtrate was 

concentrated to constant weight and then distilled to give 

ethyl $-methylcarbamate as colourless liquid, (15.6 g, 

50.2%), b. p. 70°C at 0.05 mmHg, noý° 1.4155. 

Preparation of ethyl $-chloroacetyl-$-methylcarbamate, 

ClCH2CO1fl(eCOzEt 

EtOCOHHXe + C1CH20001-' C1CHzCOHxeCO--Et + HC1 

Ethyl $-methylcarbamate (18.8 g, 0.18 mol) and 

chloroacetyl chloride (20.6 g, 0.18 mol) were allowed to 

react under ref lux 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- 

80"C, with charcoal treatment. The two batches were then 

combined, washed with cold petroleum ether, and dried to 

give $-chloroacetyl-H-methylcarbamate, m. p. 32°C. (Pianka 

: 3', m. p. 34-36°). Vi x 1740(sh), 1720(m) (QQOEt), 1700(w), 

1680 (sh) (GQHXe), 780(s), 720 (sh) , 700(s) (C-Cl). ö, -, 1.35 

(CH3, t, J, -ic(--, 6.0 Hz), 3.20 (NCH ,, s), 4.25 (CH2O9 d, 3, -icci-a 

7.0 Hz), 4.70 (ClCHz, s); Sc 14.2 (CH2GFLL, s), 31.8 (HCH3, 

s), 46.5 (C1CH2, s), 63.6 (QCHZCH3, s), 154.4 (CQ! C, s), 

163.7 (GAO, S). 

Preparation of S-(A-Ethoxycarbonyl-A-methylcarbamoylmethyl) 

Q, 0-diethyl phosphorodithioate, (EtO)2PS2GH-mCOHXeCO--Et. 

C1CH2CONMeCO<Et + (EtO)=PSIzK r(EtO)2PSzCH2COHxeCO2Et + KC1 

H-chloroacetyl-R-methylcarbamate (7.2 S, 40 1) in 

acetone (40 cm3) was added dropwise to potassium Q, Q-diethyl 

phosphorodithioate (8.32 g, 37 mmol) in acetone (100 cnP) at 

35°C. The mixture was heated under ref lux for 1 hour, 

allowed 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 cmP) and the resulting solution was washed with 

saturated aqueous sodium chloride containing potassium 
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carbonate (1.0%), (3 x 20 cmP). 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 

cm3). The first fraction was passed a second time through 

the florisil column to give a colourless liquid residue of 

S-(A-ethoxycarbonyl-H-methylcarbamoylmethyl) Q, Q--diethyl 

phosphorodithioate (7.1 g, 58.2%). SP 93.5 ppm, (m) ; ö, -+ 1.37 

(CHr,, t, JHCCH 7.1 Hz, 3.22 (NCH3, s), 4.20 (CH2, m), 4.27 

(SCH2, d, 15.1 Hz) ; 6c 14.2 (CH3, s), 15.8 (G&CHzO, 

d, JPc cc 7.5 Hz), 31.6 (HCHm, s), 39.9 (SCH2, d, Jl. c 2.4 

Hz), 63.5 (CH3Cjjz000, s) 64.2 (CH3CJiaOP, d, JPoc 6.1 H=) . 

FAB: m/z 330 (XH'', 28.3%), base peak at mlz 227. 

Preparation of S-(H-Ethoxycarbonyl-H- methylcarbamoylmethyl) 

Q, ¢-diethyl phosphorothioate, (EtO)mP(O)SCH2COHXeCO2Et. 

C1CH2COHI)[eC02Et + (EtO) 2P (O) Sff1L --*(EtO) 2P (O) SCH2CONKeC02Et 

+ HH4C1 

Ammonium Q, Q-diethyl phosphorothioate (6.28 -g, 33 

mmo1) was dissolved in acetone (75 cm3) and $- 

chloroacetyl-H-methylcarbamate (5.4 g, 30 pol) in acetone 

(30 cuP) was added dropwise with stirring. The reaction 

mixture was heated under ref lux for 1 hour at 651-"C. Then it 
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Has left to reach room temperature and filtered. The solid 

ammonium chloride was dried for 3 hours to give a yield of 

1.10 g, (61.5%). The filtrate was evaporated under reduced 

pressure at 40°C to remove acetone, and dry diethyl ether 

(100 cnP) was added producing a precipitate that was 

rejected. The supernatant liquid was washed with a saturated 

aqueous sodium chloride solution containing potassium 

carbonate (1%), (3 x 20 cm ), dried over anhydrous KaCO3 

(1.0 g) and left to dry for 1 hour, and the ether was removed 

under high vacuum. The product was passed through a column 

(1.8 x 30 cm3) of florisil (7.0 g), using petrolem ether 

b. p. 80°C (3 x 50 cm3) as eluent, to give S- (A- 

ethoxycarbonyl-H-methylcarbamoylmethyl) Q, Q-diethyl 

phosphorothioate as a slightly yellow liquid (6.0 g, 57.1%), 

öv 270 ppm (m) ; 6F- 26.3 ppm; S" 1.35 (CH3, t, J.. icc" 6.0 Hz), 

3.20 (NCH, s), 4.25 (SCHI, JPSCI 13.9 Hz), 4.26 (CH=, m); 

Sr- 14.2 (CH3, s), 16.0 (CHhCHaO, d, JPDcc 7.3 Hz), 31.7 

(NCH3, s) 37.6 (SCH2, d, Jiýsc 2.4 Hz), 63.6 (CH3Qa000, s); 

63.9(CH H OP, d, J oC 6.1 Hz), 154.4 (AGO2Et, s), 170.6 

(SCH2ý, d, 3PSCC 2.0 Hz). The gc-ms gives X- 313(1%). 

Preparation of Q, Q-diethyl S-(hydroxymethyl) 

phosphorodithioate, (EtO)ýPS--CH2OH. 

(EtO)2PS2H + (CH2O)� 
dried 

HC1 

ether 
(EtO)2PS2CH2OH 
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12, (2-Diethyl phosphorodithioate (4.5 g, 24 mmol) was 

dissolved in 50 cmý3 of anhydrous diethyl ether. Then 

paraformaldehyde (0.73 g, 24.3 mmo1) and anhydrous diethyl 

ether (, 50 cuP) were added. The mixture was cooled to about 

O-C and anhydrous hydrogen chloride was bubbled through 

continuously for 2.5 hours. Then diethyl ether was removed, 

under reduced pressure to leave Q, Q-diethyl S-hydroxymethyl 

phosphorodithioate as a colourless oil. 6 92.6 (t quintet, 

JF. ocH 9.0 Hz, J, ýsc- 18.0 Hz); SH 1.38 (CH3, t, JHCCH 7.1 

Hz), 3.64(OH, s) 4.18 (CH:, -O, d, of quartets JHccI 6.6 Hz, 

JF c, cw 10.0 Hz ), 5.13 (SCHz, d, J, c. 22.6 Hz; Sc 15.8 (CH--3, 

d, Jrocc 7.9 Hz, 64.4 (CHmO , Ji c 6.7 Hz, 68.1 (SCH2, d, 

J, =. 3.7 Hz). FAB: mlz 217 C KHý, 5.7%), base peak at m/z 

199. B. 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 

Xe 
180°C 

C1CH2COB-C-O-Et 

]fie 

H 

CO CO 

H2C O 

+ EtC1 

H-chloroacetyl-$-methylcarbamate (0.7 g, 3.9 mmo1) 

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

temperature. The product was obtained as a solid that after 
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removal of traces of ethyl chloride had m. p. 124°C, 

(Spielman 11,128"C, Iwaya '", 133°C ). Vri 1830 (C=O), 

1755,1735,1720 (sh) (C=O), CPianka-7,1826 (2-CO), 1748, 

1732 (4-CO) l cm '. 5º-, 1.35 (CH3, t, JHCCH 6.0 Hz), 3.20 

CHCH3, s), 4.25 (CH2, d, J"c: 4-- + 7.0 Hz), 4.70 (C1CHý, s) ; öc 

25.9 (HXe, s), 68.2 (CH2, s), 156.6 (GQCH=, s), 170.6 (QQO, 

S). 

Oxidation of Q, EJ-Di ethyl phosphorodithioic acid to the 

Disulfide, [ (EtO)2PS2]2 

2 (EtO) ýPSfzH + H7eO2 oC (EtO) : z! PS2] + 2H2O 

The acid (0.23 g, 12.4 mmol) was treated with 0.1 

cuP of hydrogen peroxide (30%) and 2.3 cmm HmO (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. 6p 84.8 (quintet, Jc}oc, 10.1 Hz), (Lippman 4O, 6rr 

80.4 ppm; 6i-i 1.40 (CH3, t, J"ccI 6.3 Hz), 4.25 (CH2, m) ; 6c 

15.8 (CH3, d, Jpoc(-- 8.5 Hz), 64.9 (CHýO, d, JPOCH 5.5 Hz). 

FAB: m/z 371 (XH-, 100%). E. I. mass spectrum: m/z 370 (X'', 

25%). 
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1Kecarbam and benzophenone (as internal 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. 

Gas Chromatographic Conditions 

A Varian model 3700 gas chromatograph was used 

fitted with FID (Flame Ionization Detector) and a glass 

column packed with 4% SE 30 on Chromosorb V AV DXCS, of 6' 

in length, 1/4" O. D. <outside diameter), and 2 mm I. D. 

(internal diameter). 

The analysis was carried out by temperature program 

starting at 151'C for 2 min, and heating at 20'C/min to 

253'C. The temperature of the injector was 167'C, and the 

temperature of the detector was 399'C. The initial flow-rate 
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in the column was 30 cm3/min (24 psig), with H< at 3 

cuP/min, Air at 300 cm3/min in the detector. 

First-order rate constants for the disappearance of 

mecarbam in the presence of excess of solvent were 

calculated from the equation: 

k, _I 1n a 
t a-x 

where: a= initial concentration of mecarbam 

x= concentration at time t 

A plot of ln(a/a-x) versus t thus gave a straight line of 

slope equal to k,. The half-life for the reaction was given 

by: 

t' = 0.693 
k, 

Two experiments for the study of hydrolysis of 

mecarbam were carried out, considering two different levels 

of degradation, partially (sample 2) and more nearly 

complete degraded (sample 1). 

Experiment one: To 0.1529 g of mecarbam was added 5 

ml of water and one pellet of KOH and 3 ml of hexane. After 

1 hour shaking was added HCl until the solution is acid. 
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Experiment two: To 0.2076 g of mecarbam was added 5 

ml of water and one pellet of KOH and 3 ml of hexane. After 

2 hours shaking was added HCl until the solution was acid. 

The hexane layers were methylated using diazoinethane 

as described below and gas chromatographic analysis carried 

out on the Varian model 3700 fitted with a FID (flame 

ionization detector) and a glass column packed with 4% SE 30 

on chromosorb V AV DNCS, of 6' in length, 1/4" O. D. 

(outside diameter)and 2 mm I. D. (internal diameter). These 

samples were also analysed by g. c. -m. s., and the results are 

discussed in the section ~ g. c. -m. s. analysis for hydrolysis 

studies". 

(hlormephas 

The experiment for the study of hydrolysis of 

chlormephos was carried out in the conditions below. 

To 0.2230 g of chlormephos was added 3 ml of water 

and one pellet of KOH and 5 ml of hexane. After 1 hour 

shaking was added HCl until the solution was acid. 

The hexane layer was methylated and analysed by 

g. c., and further by g. c. -m. s.. See section "results and 

discussion" for analysis of the results. 
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Kethylation °' 

Me 

CH - sow-m 

NO 

Diazald + H2O 

Nitrogen was passed through a system of four 

subsequent tubes. The first tube contained 20 cm3 diethyl 

ether. The second tube contained, 7.5 cm' diethyl ether, 

0.5 g of diazald (A-methyl-K-nitroso-p-toluenesulfonamide), 

and 2.5 cm3 of alcoholic KOH. The third tube contained an 

aliquot of the sample. The fourth tube contained 15 cm3 of a 

mixture(1: 1) of glacial acetic acid and diethyl ether. 

The contents in tube 2 were immersed in a large 

volume of acetic acid to neutralize alkali and remove 

diazomethane. Nitrogen was passed through at two or three 

bubbles per sec until the solution turned yellow and then 

for a further five minutes. 

HaOH, CH2Na + CH3- 
/\ 

-SO xa 
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The experiments (A and B) for the metabolic studies 

of mecarbam in lamb liver homogenate were carried out using 

the following procedure. 

x riment A: The mecarbam solution (4 ml) (5014 yg/ml) was 

added to 5g of lamb liver, corresponding to 4011.2 ppm, 

and the mixture homogenised in 125 ml of water. 

A control was made by homogenising 5g of liver in 

125 ml of water. 

Aliquots of the sample and of the control (25 ml) 

were taken immediately after homogenisation (taken as zero 

time) at room temperature. 

To slow down the reaction the homogenates were 

placed in a cooling bath at -10°C and further aliquots of 25 

ml from the sample and the control were taken after 1/6, 

1/3 and 1/2 hour. 

Extraction of the pesticide and its metabolites was 

carried out using the following organic solvents 

successively: hexane, dichloromethane, and diethyl ether. 

Dipotassium hydrogen phosphite was added to avoid formation 

of emulsion. 
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Each organic layer was collected in a round- 

bottomed flask and evaporated down to approximately 1 ml on 

a rotatory evaporator. A A2 stream was then used until 

almost dry. Exactly 1 ml of hexane was added and the 

solution was analysed by gas chromatography. The sample was 

then methylated by diazomethane (as described) and further 

analysed by g. c. or gc-ms for the identificaton of 

metabolites. 

Experiment B: The mecarbam solution (4 ml) (5014 
jug/ml) was 

added to 1.5 g of lamb liver, corresponding to 13370.6 ppm 

and homogenised in 25 ml of water. Aliquots (10 ml) were 

taken 2 minutes after homogenisation at room temperature. 

The extraction of the pesticide and its metabolites was 

carried out with hexane (10 ml). The rest of the procedure 

was carried out as for experiment A. 

The experiments for the degradation studies of 

chlormephos were carried out using the the same procedure as 

used for mecarbam. However due to the high stability of"this 

compound a much smaller concentration of the pesticide has 

been used. 
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Experiment A: Thus 1 ml of solution of chlormephos (484 

jig/ml) was added to 50 g of lamb liver which corresponds to 

9.68 ppm and was homogenised in 250 ml of water. 

The control contained 50 g of liver in 250 ml of 

water 

Aliquots of the sample and control (25 ml) were 

taken immediately after homgenisation, (taken as zero hour 

time) at room temperature. 

The sample and control were placed in a water bath at 41°C, 

and further aliquots were taken at one, two, three, four, 

five and six hours. 

The rest of the procedure was carried out as for 

mecarbam. 

Bxperiment B: The chlormephos solution (0.5 ml) (484 µg/ml) 

was added to 1.5 g of lamb liver, corresponding to 161.3 ppm 

and and homogenised in 25 ml of water. Aliquots were taken 

after 5 minutes at room temperature. The extracts of the 

pesticide and its metabolites was carried out in hexane. The 

rest of the procedure was carried out as for experiment A. 

1 p1 of the pesticide samples (mecarbam and 

chlormephos) were injected into the g. c. under' the 

conditions below and the results are discussed in the 

section ° g. c. -m. s. analysis for degradation studies". 
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A Varian model 3700 chromatograph was used fitted 

with a TSD (thermionic detector) and a glass column packed 

with 8% silicone fluid WS. 200/12500 on chromosorb V-HP (4 mm 

x2 m), T,,,, a. x 220, of 2m in length, 1/4" outside diameter 

and 4 mm internal diameter. 

The parameters for analysis of mecarbam were: 

temperature program starting at 151°C for 5 minutes, and 

heating at 20°C/min to 210°C. The initial flow-rate in the 

column was 30 car (30 psig), with H< at 3 cm3/min, and air 

at 300 cm? /min in the detector. 

The temperature program for the analysis of 

chlormephos differed in the final temperature, which was 

180°C. The injection temperature, Ti was 250°C, and the 

detector temperature, Td, 300°C. 
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RESULTS- AND DISCUSSION 



PREPARATION AND CHARACTERISATON BY IMR OF POSSIBLE 

METABOLITES 

A range of phosphorus compounds related to mecarbam 

and to chiormephos have been prepared with the aim of 

investigating their possible formation as metabolites of 

these pesticides. The starting materials for this synthetic 

work were potassium Q, Q-diethyl phosphorodithioate (1) and 

ammonium Q, Q-diethyl phosphorothioate (2) which were 

prepared as follows 31. 

4 EtOH + P--Ss 0 2(EtO)1P(S)SH + HBO 

(3) 

(EtO) ýP (S) SH + KOH ---D (EtO) 2P (S) SK + H<O 

(1) 

(EtO) ýP (O) H+S+ NH3 -- + (EtO) <P (O) SN1L 

(2 ) 

This second reaction is thought to involve direct 

addition of sulphur to the trivalent form of diethyl 

phosphite. 

Os 
II 11 

(EtO)<PH (Et0)ZPOH S (EtO)ýPOH 

(4) (5) 

Although the acid (5) has the thiono structure as 

shown, the ammoniui salt has a mesomeric anion in which 
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either the S or the 0 atom can act as a nucleophile. For 

reactions 

S 

II 
(EtO)2POH AH3 

_ 

S 

, 
Al 

(EtO) ý: P - ýfFi4� 

0 

(2 ) 

with halogeno compounds it is the softer S atom which reacts 

giving product containing a P=O rather than a P=S bond. P=O 

analogues of the pesticides and their metabolites can 

therefore be prepared. 

O0 
II II 

(Et0)mP-S- R-X P(Et0)2P-S-R + X- 

Using this procedure and also the potassium dithioate for 

the dithlo derivatives, the compounds were prepared. 

SS 

(EtO)=, P-S- R-X -P (EtO)1P-S-R + X- 

The chloro compound required for the preparation of 

mecarbam and its oxygen analogue was prepared by the 

following stages from ethyl chloroformate. 

EtOCOC1 + 2XeAH2 EtOCONTEMe + XeN1L C1 
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EtOCOHHIte + C1CH20001 Etýw EtOCON(Xe)COCHzCl + Et3HHC1 

It is known that this product can undergo 

elimination of ethyl chloride to form a cyclodione 37.43 and 

this was also prepared as'it was considered to be a further 

possible degradation product of mecarbam 

me Me 

Q=C C=O -p O=C C=O + Etcl 

CH2 0 CH2- U 
I 

C1 Et (6) 

Q, Q-Diethyl S-hydroxymethyl phosphorodithioate (7) 

was prepared by a method involving the addition of 

formaldehyde to Q, (2-diethyl dithiophosphoric acid (3). 

SS 
if II 

(EtO)MPSH + CH:; --O r (EtO)1PS-CH2OH 

(? ) 

This is a somewhat unstable compound but has been 

described as an intermediate for the preparation of 

chlormephos by subsequent chlorination 1,1. 

The compounds were identified mainly by n. m. r. 

spectroscopy. The' P n. m. r. chemical shifts (ö, >) confirmed 

the environment of the phosphorus atoms, while ' ii n. m. r. and 

13C 'n. m. r. spectra showed the characteristic patterns, 

chemical shifts (6E.,, öc) and coupling constants (J) for the 
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ethyl groups (CH3CH2) and other protons and carbon atoms in 

the molecule (Tables 1-3). 

Further examination of the n. m. r. spectra of 

compounds of the type (EtO)2P(S)SX (when X=H, Xe, ... 

CH1OH, etc) showed that the non-equivalence of the a- 

methylene protons is due to intrinsic asymetry at the P atom 

4S 

HA\ 
/O\ 

o Et 

or c QS 

CHý. 
ý\\ 

I 

Hsa S% 

When the nearer atom to the a-C of an ethyl group is 

a CHF group, and the atom at the rear is P (linked to C« via 

0), this gives rise to an AB pattern for the CH= protons 

instead of a simple signal. The CHF protons are also coupled 

to the CHj group and to the P atom giving a total of 32 

lines. 'I=C n. m. r. showed the two ethyl groups to be 

equivalent. 

IH n. m. r. of (EtO) 2P (S) SCHzC1 at 80 ? OH= (Bruker VP 

80 NHR Spectrometer), gave a spectrum that is very complex, 

probably because of AB coupling between the two CHF protons. 

Higher resolution will be necessary to interpret the 

spectrum fully. The CHF protons of the ethyl group 

nevertheless showed a signal approximating to 4 overlapping 

quartets (see Table 2). Another interesting feature at 80 

MHz is that P coupling to the CHr, group of the ethoxy group 
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is revealed, showing a doublet of triplets with Jpocc 0.98 

Hz. The CHF attached to the S (SCH2) appeared at ö 4.91 ppm, 

as a doublet with JP--c, 21.5 Hz. Wang 46 found for 

(EtO)ýPS2C1ZC1 6" 4.90 ppm and JF. scH 21.0 Hz. 
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Table 1.1P n. m. r. Data (CD(; 13 or CD3000D3) 
,ö (ppm), for 

Wecarbam and Chlormephos Derivatives A. 

(EtO)zPS2CH2CO2H 92.0 (t of quintet, JPOCH 8.3 

Hz, JFSCH 16.6 Hz) 

(EtO)2PS2CH2COzXe 92.3 (t of quintet, Jpoci 8.6 Hz 

JF-i34--H 17.2 Hz) 

(EtO)2PS2CH3 95.0 (mutiplet) 

<EtO)2PS2H 85.0 (quintet, JF. o(--- 10.2 Hz) 

[ (EtO)2PS2]2 84.8 (quintet, J, r. c, 10.1 Hz) 

(EtO)--PS2CH2CDJJ(eCO2Et 93.5 (mutiplet)° 

92.4 (mutiplet) 

(EtO)=PS: 2CHzC1 91.6 (3 overlapping quintets, 

JFOC: 
H 10.3 Hz, JF CH 20.6 Hz)b 

91.2 (3 overlapping quintets, 

JIoc- 10.3 Hz, Jr. 
-1 20.6 Hz) 

(EtO)2PSýCH2OH 92.6 (t of quintet, 

9.0 Hz, JFSCH 18.0 Hz)- 

95.4 (s), C'H3 

(EtO)2P(O)SHHd 56.2 (mutiplet) 

(EtO)ýP(O)SCH2CO2? [e 24.8 (t of quintet, JFOCH 7.9 Hz, 

JPSCH 15.8 Hz) 

(EtO)=zP(O)SCH 28.5 (multiplet) 

(EtO)2P(O)SH 60.6 (quintet, J, ýoc" 9.1 Hz) 

(EtO)2P(O)SCHMCOHXeCO-ýEt 27.0 (mutiplet)° 

26.3 (mutiplet) 
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m Determined on Bruker VP-80 Spectrometer unless otherwise 

indicated. b Determined on Bruker 400 instrument. 

31P n. m. r. data are_ given in Table 1 and were mainly 

recorded on the WP-80 spectrometer. For better 

interpretation of the coupling constants the spectra of 

mecarbam, its oxygen analogue, cholormephos and Q, Q-diethyl 

S-hydroxymethyl phosphorodithioate were also scanned at 400 

MHz (Bruker spectrometer), but surprisingly no improvement 

was obtained. These spectra are discussed below. 

Assuming the coupling of four CH2O protons and of 

two SCHI protons to phosphorus, a 15 line spectrum (3 

quintets) may be expected. 

In most cases in which a PSCHz is present, the 

coupled spectrum showed a symmetrical pattern of equally 

spared lines. Seven were usually quite distinct and nine in 

total were sometimes recorded, corresponding to the overlap 

of three quintets for which JF-t; 4--" is equal to twice JPOc-. 

The spectrum of mecarbam showed only 7 lines' on the 

400 ? [Hz instrument, although on the WP-80 a total of 11 

were clearly seen. The spacings between the corresponding 

lines were similar but were unequal, and a clear 

interpretation was not possible. By comparison with other 

similar compounds a value for JPOCH of 9-10 Hz seems likely. 

The chemical shifts (8) were at 93.5 and 92.4 ppm 

respectively. 
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Line-spacings for -1'P n. m. r. signal of mecarbam (HZ). 

32.4 MHz 162.0 XHz 

9.85 - 

9.84 9.85 

4.92 4.92 

4.92 85 

4.92 

5.91 19.84 
3.94 

5.91 5.91 

The spectrum of the oxygen analogue of mecarbam also 

showed 7 lines on both instruments but only 4 were 

sufficiently resolved on the 400 XHz spectrometer for their 

positions to be recorded, although the spaces between them 

were equal. The coupling constant value JPcc was 

approximately 6-7 Hz, whilst the chemical shift were ö 27.0 

and 26.3 ppm. 

The spectrum of chlormephos appeared clearly as a 

nonet on both intruments. The overlapping of the the three 

quintets results in 9 lines in the spectrum with JFocº-+ = 

10.3 Hz and JP-, <--, -, = 20.6 Hz. The chemical shifts (6) were 

91.6 and 91.2 ppm respectively and the average value for the 

coupling constants was 10.3 Hz. 

66 



Table 2. 'H n. m. r. Data (CDC1: s or CD3000Da), ö (ppm), for 

Mecarbam and Chlormephos Derivatives a 

(EtO)2PSýH 1.35 (CHF, - t, JHCCra 6.0 Hz), 3.40 
(SH, s), 4.25 ( CHz, d of 
quartets, J"cc" 6.0 Hz, JPOCi-+ 
10.0 Hz) . 

(EtO)2P(O)SH 1.40(CH , t, J"4--c" 6.5 Hz), 4.25 
(CH2, d of quartets JHcc- 6.0 Hz, 
JHCCH 10.5 Hz), 7.0 (SH, s). 

(EtO)2PS2CHs 1.14 (CHz, t, Jr-icc- 7.0 Hz) , 2.05 
(SCH2, d, JPSCH 15.0 Hz), 3.94 
(CHz, d of quartets JHCCH 5.0 Hz, 
JFýoc, 7.5 Hz). 

(EtO)zzP(O)SCHs 1.35(CHL, t, JHcc, 6.5 Hz), 4.25 
(CHF, d of quartets JHCCH 6.5 Hz, 
J ocI 9.0 Hz), 2.75 (SCH--, d, 
JF-Sc--" 14.5 Hz). 

(EtO)zzPSýCH<CO2H 1.33(CH3, t, JHCCH 8.0 Hz), 3.66 
(SCH2, d, JnscH 17.5 Hz), 4.16 
(CH2, d of quartets, JHCCH 
7.0 Hz, JF-o4--" 10.5 Hz), 11.80 
(OH, s). 

(EtO) =PS=CH<CO-Xe 1.40 (CH3, t, JI-4cc" 6.0 Hz), 3.60 
(SCHm, d, Jº-, cc-i 12.0 Hz), 3.74 

OCHS, s), 4.15 (CHF, d of 
quartets, J, -, cc, -i 6.0 Hz, 
J, -. O(º-l 10.0 Hz). 

(EtO):;: P(O)SCHaCOýXe 1.32 (CH--3, t, JHccH 6.0 Hz), 3.50 
SCHI, d, JFSCH 15.0 Hz). 3.65 
(OCHS, s), 4.00 (CHf,, d of 
quartets, J"(--<--" 9.0 Hz, JFOcI 
10.5 Hz). 

(EtO) ýPS: zCHzOH 1.38 (CH3, t, JHCCº+ 7.1 Hz), 3.64 
(OH, s), 4.18 (CH2, d of 

quartets, J, -, ccF. 6.6 Hz, JPOC. -+ 
10.0 Hz), 5.13 (SCH , d, JPS(--H 
22.6 Hz). 

C (EtO): 2PSýI <t' 1.40 (CH3, t, Jº-iccH 6.3 Hz), 4.23 
(CH2, m of 13 lines centred at 
4.25, between 4.0-4.5). 
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continuation of Table 2 

(EtO)2PS2CH2COHIleCO2Et° 1.37 (CHF, t, JNCCH 7.1 Hz), 3.22 
(HXe, s) , 4.20 (CH2, m) , 
4,27 (SCHI, d, JF-SCH 15.1 Hz). 

(EtO)2P(O)SCH2COB}(eCOýEtb 1.35 (CHo,, t, 6.0 Hz), 3.20 
(ACH,, s), 4.25 (SCH<, JPSCH 
13.9 Hz), 4.26 (CH2, in). 

(EtO)2PSaCH2C1 ° 1.38 (CHc3, d of triplet, JHcc 
7.1 Hz, Ji-o(--- 0.98 Hz), 4.20 
(CH2,4 overlapping quartets, 

JPCCH 7.4 Hz, JPOGH 7.1 Hz, 1 AB 
1.9 Hz), 4.91 (SCH2, d, JrrscH 
21.5 Hz). 

(EtO)<P(O)SNHL 1.18 (CH3, t, JHCCH 6.0 Hz), 3.80 
(CH2, d of quartets, JHCCH 
5.0 Hz, JF. oci 7.0 Hz). 

C1CHaCONXe000Et 1.35 (CHs, t, Jr-, cc,, 4 6.0 Hz), 3.20 
CHCH3, s), 4.25 (CH2, d, JH(--c, 
7.0 Hz), 4.70 (CICH2, s). 

a Determined on a Perkin Elmer R 12B-60 MHz unless otherwise 
indicated. 
b Determined on a Bruker WP-80 Spectrometer. 
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Table 3. '3C n. m. r. Data (CDC13 or CDCOCD3,6 (ppm), for 

Itercabam and Chlormephos Derivatives 

(EtO)zPS2H 15.7(CHz, d, JPOcc 8.5 Hz), 64.2. 
(CH2, d, JPOc 5.5 Hz). 

(EtO)zP (O)SH 
. 
15.9 (CH3, d, Jr-o, --c 7.3 Hz), 64.5 
(CHs, d, JPOC 5.5 Hz). 

(EtO) zPS: ýCH3 14.9 (SCH3 , d, JF 4.3 Hz), 15.9 
(CHo, d, JPDcc 7.9 Hz), 63.9 
(CH2, d, JF-SC 6.1 Hz). 

(EtO) 2P (O) SCHa 12.3 (SCHs, d, JF-Sc 4.8 Hz), 16.1 
(CHF, d, Jr->cd--c 6.7 Hz) , 63.6 
(CHF, d, JPOC 6.1 Hz). 

(EtO)2PS--CH2COmH 15.8(CH3, d, JPOCC 8.0 Hz), 34.9 
(SCH<, d, Jpsc 3.1 H--), 64.5 
(CH2, d, J,.. 5.5 Hz), 175.0 
(C=O, d, Jr cc 3.0 Hz) . 

(EtO)ýzPS=CH2COýXe 15.7(CHs, d, JPOCC 8.5 Hz), 34.8 
(SCH2, d, Jsýsc 3.7 Hz), 52.8 
(OCH 3, s), 64.2 (CHF, d, JPOc 
6.1 Hz), 169.1 (C=O, d, Jrýscc 
3.7 Hz). 

(EtO)=P(O)SCH2CO2xe 15.8(CHH, d, JPOcc 7.3 Hz), 32.1 
(SCHa, d, Jpsc 3.6 Hz), 52.7 
(OCHo, s), 63.9 (CHF, d, JPOc 
5.5 Hz). 

(EtO):; 2PS2CH2OH 15.8(CH3, d, JPOCC 7.9 Hz), 64.4 
(CH2, d, Jýoc 6.7 Hz), 68.1(SCH2, 
d, Jýsc 3.7 Hz). 

( (EtO) aPSs) z2 15.8 (CHF, d, JPOCC 8.5 Hz), 64.9 
(CH=, d, JPOC 5.5 Hz). 

(EtO) 2PSzCH2COH? [eCO2Et 14.2 (CH3 , s), 15.8 (CH3CH2O, d, 
JPOcc 7.5 Hz), 31.6 ($CH� s), 
39.9 (SCHz, d, Jr. c 2.4 Hz), 
63.5 (CH--3C11,2000, s), 64.2 
(CH--9 LzOP, d, Jnoc 6.1 Hz). 
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continuation of table 3. 

(EtO) 2P (0) SCH2COHI[eCO2Et 

(EtO)2PS2CHýzC1 

Cl CH2COAI(eCO2Et 

Xe 
Ä 

0=G! Ic=o 
HZC 0 

14.2 (CH-a, s), 16.0 (CHCH2O, d, 
Jc occ 7.3 Hz), 31.7(NCH3, s), 
37.6 (SCHI, d, JF-SC 2.4 Hz), 63.6 
(CHoCH-zO00, s), 63.9 (CH3Cj OP, 
d, JPoc 6.1 Hz), 154.4 (NQOIzEt, 
s), 170.6 (SCH2CO, d, 
JPSCC 2.0 HZ). 

15.8 (CH3, t, Jº-+ccH 8.5 Hz), 47.6 
(SCHz, d, JPS(-- 4.9 Hz), 64.7 
(CHF, d, Jv-oc 7.0 Hz). 

14.2 (CH2QH-,, s) 31.8 (AKe, s), 
46.5 (C1CH2, s), 63.6 (OCH2CH3, s) , 
154.4 (C, s), 163.7 (GJ, s). 

25.9 (AKe, s), 68.2 (CH2, s), 
156.2 (CQCH2, s), 170.6 (QQO, s). 
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GILARACTERIS STION OF ORGAHOPHOSPHOR_US COMPOUNDS BY IPFRARED 

SPECTROSCOPY 

Organophosphorus compounds containing sub-groups 

within the molecule such as P-H, P-OH, P=O, P=S, P-OR, P-Cl 

etc. give not only characteristic keys for identification of 

their functional groups but also yield information about the 

nature of the groups attached to the P=O, P=S, P-OH groups 

etc. The small frequency variations of a given functional 

group tend to be systematic, so that this frequency 

variation can give relevant information about the nature of 

the chemical groups adjacent to the phosphorus group in 

question 47. 

The P=O vibration always produces a strong band from 

1150-1310 cm-', however it may occur that occasional 

compounds give an wider range from 1080-1380 cm-' 47. 

The P=S stretching vibration is more variable in 

intensity than the P=O vibration and is found in the range 

of 550-760 cm-'. It is calculated to be at 675 cm-'. It is 

intense and very useful when a chlorine or sulfur atom is 

substitued directly on the phosphorus. It is weak when all 

the substituents are carbon, nitrogen or oxygen. There is 

strong coupling between the P=S stretching and the single 

bond stretching of the substituents, so in order to obtain a 
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better interpretation of the spectrum, correlation for 

substituent structures must be considered 47. 

Structure of the type P-O-R gives strong absorption 

bands. The structure is best considered as having two 

principal vibrations, the C-O and P-O, which are coupled and 

may cause complex bands corresponding to asymmetric and 

symmetric stretching 47. The P-O-C (alkyl) is in the range 

of 1050-995 cm, the P-O-CH: 3 gives a medium to weak well 

defined band at about 1190 cm 7I assigned to methyl rock, and 

P-O-CII CiL-a gives similar bands at -1160 and 1100 cm ', as 

well as a characteristic C-C band near 960 cm-'. 

The -OH group of P-OH gives a broad, weak-to-medium 

intensity absorption, from 3100-2100 cm-', on which broad 

maxima may be superimposed. The P-OH may not appear greatly 

different from other strongly. hydrogen bonded hydroxyl 

groups. However, where there is one OH on a P=O, distinctive 

bonding occurs which lowers the P=O frequency and gives a 

broad OH band around 1660-1700 cm-' 47. 

Infrared data for DETA prepared in the present work 

are shown below. 

Abbreviations (s), (sh), (m), (w) correspond to 

strong, shoulder, medium and weak respectively. 
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INFRARED DATA 

(EtO)1PSfH v (cm- ') 

3000(s) 2940(s) 2920(s) 2880(s) 2780(w) 

2720(w) 2540(sh) 2460(s) 2360(sh) 1800(w) 

1740(w) 1700(w) 1620(s) 1540(w) 1520(sh) 

1480(s) 1440(s) 1420 (sh) 1390(s) 1290 (m) 

1160(s) 1100(s) 1040(sh) 1015(s) 965(s) 

845 (m) 835 (sh) 785(s) 660(s) 

The P=S stretching vibration for DETA was found at 

660 cm ' as a very intense absorption and has been reported 

to occur near 650 cm' 481. 

Chen Wen and collegues studied the infrared and 

Raman spectra of Q, Q-diethyl phosphorodithioic acid at 

different temperatures and found that it presents four bands 

at 668,658,646 and 636 cm -1 as the temperature of the 

sample decreases. At room temperature the bands at 658 and 

646 cm 7-1 overlap to give a single band at 654 cm'. 

Strong aborptions for the P(-O) stretching 

vibration were at 845, and 780 cm 7-1 and a shoulder at 835 

cm-". 

The P(-O)< stretching vibrations have also been 

reported to occur in the range 860-760 cn-' 4s"so, 
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Cheng recorded two strong bands at 850 and 775 

cn-'. The first results from the antisymmetric stretching 

vibration of P(-0) and the second from symmetric 

stretching. 

It was not possible to see the P-S stretching 

vibration on the instrument used, since it occurs in the 

range of 540-500 cm ' 4a"so. 

A strong absorption was seen at 2460 cm ' and 

shoulders at 2540 and 2360 cm 7l, and are assigned to the S-H 

stretching vibration. 

Cheng observed two S-H stretching vibrations at 

2460 and 2360 cm 7l; the band at 2460 cm' increases in 

intensity as temperature decreases. 

Shagidullin also observed for DETA at 20°C a 

broad band of irregular shape with a maximum at 2460 cm-' 

and shoulders at 2540 and 2578 cm ' which correspond to 

associated and free SH vibrations 5z"s". 

Shagidullin supported by the works of other 

researchers s4 postulated that open and cyclic dieters of 

DETA can exist in the liquid state. This explains the 

complex form of the SH bands of the associated molecules. 

The appearance of free SH vibrations may be due 

either to the presence of monomeric dithiophosphate 

molecules existing in the form of at least two rotational 

isomers rs"SE or terminal SH groups of linear self- 

associates. 
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Infrared data for the organophosphorus compounds 

prepared are presented in the following tables. 

INFRARED DATA 

(EtO)aPS2CH- - (cm-') 

3960(w) 2990(s) 2950(m) 2900(m) 2875(sh) 

2840(sh) 2760(w) 2730(w) 2400(w) 2300(w) 

2200(w) 1830(s) 1760(w) 1720(w) 1700(w) 

1630(w) 1460 (m) 1445(s) 1395(s) 1325(s) 

1295(s) 1265(w) 1170(s) 1105(m) 1045(sh) 

1020(w) 960(m) 835(w) 800(w) 660(s) 

INFRARED DATA 

(EtO) 2PSýzCH2CO2H 
4 

(cn I) 

3180(s) 3120(sh) 3100(sh) 2884(w) 2760(w) 

1715(s) 1680 (sh) 1515 (w) 1475 (m) 1440 (m) 

1420 (w) 1395(s) 12(95(s) 1205 (m) 1160 (s) 

1100(s) 1040(sh) 1015(s) 970(s) 890(sh) 

830(m) 800(m) 660(s) 
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INFRARED DATA 

(EtO) <PS2CH: 2COmXe -s (cmr- ") 

3480(w) 2990(s) 2960(w) 2900(s) 2880(sh) 

2840(sh) 1750(s) 1620(m) 1520(w) 1480(w) 

1440(s) 1420(sh) 1390(s) 1305(s) 1280(sh) 

1200(m) 1160(s) 1105(m) 1040(s) 1015(s) 

970(s) 895 (m) 835(s) 800(s) 665(s) 

INFRARED DATA 

[ (EtO) BPS<] < 

f 
(cm ') 

2990(s) 2950(m) 2900(sh) 2875(sh) 1820(w) 

1720(m) 1475(m) 1440(s) 1400(w) 1395(s) 

1370(sh) 1295(s) 1265(sh) 1195(s) 1125(s) 

1020(s) 980(s) 830(s) 810(s) 645(s) 
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INFRARED DATA 

(EtO) <PSýCH2COHJ[eCOýEt -f (cm ') 

2995(s) 2950(sh) 2910(sh) 

1680(sh) 1540(w) 1515(w) 

1445(w) 1425(w) 1375(m) 

1240(w) 1220(w) 1180(m) 

1100(w) 1075(w) 1020(sh) 

900(w) 870(w) 830(m) 

700(m) 655(s) 

1730(s) 

1480 (w) 

1325(s) 

1160 (w) 

1015 (s) 

800 (w) 

1695 (w) 

1470 (w) 

1310 (sh) 

1110 (w) 

960 (s) 

775 (m) 

INFRARED DATA 

(EtO): -ýP(O)SH .S (CM 7') 

3000(m) 2960(w) 2920(w) 2410(w) 

1850(w) 1630(w) 1480(s) 1450(s) 

1300(s) 1220(w) 1110(w) 1030(w) 

820(sh) 790(s) 650(w) 620(s) 

2330 (w) 

1400(s) 

970 (w) 
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INFRARED DATA 

(EtO)2P(O)SCHz 

3700(s) 

2730 (sh) 

1690(sh) 

1450 (sh) 

1210 (w) 

810 (w) 

3005 (m) 

2200 (w) 

1650 (sh) 

1440(s) 

1170 (w) 

800 (w) 

if (car- ') 

2880 (sh) 

1785 (sh) 

1580 (w) 

1380 (w) 

1100 (w) 

770 (w) 

2870 (sh) 

1740(s) 

1520 (sh) 

1310 (w) 

1020 (w) 

710(s) 

2800 (sh) 

1710 (sh) 

1485 (w) 

1260 (w) 

980 (w) 

INFRARED DATA 

(EtO) =P (O) SCHzCO2)(e 
4 

(cm 1) 

3460(s) 2980(m) 2960(sh) 2900(sh) 2880(sh) 

2760(sh) 2720(sh) 2640(sh) 2280(w) 2200(sh) 

1760(sh) 1740(s) 1720(sh) 1680(sh) 1640(sh) 

1550(sh) 1530(sh) 1510(sh) 1480(m) 1440(m) 

1410(sh) 1380(s) 1370(w) 1300(sh) 1260(m) 

1195 (w) 1160 (w) 1100 (m) 1015 (w) 980 (w) 

900 (sh) 880 (sh) 795 (sh) 760 (w) 695(s) 

78 



INFRARED DATA 

(EtO)2P(O)SCHCOHMeCOäEt .S (cat'' ) 

3450(s) 3000(s) 2980(sh) 2965(sh) 2950(s) 

1740(w) 1710(w) 1690(sh) 1660(sh) 1560(w) 

1540(w) 1530(w) 1540(w) 1480(w) 1460(w) 

1440(w) 1400(w) 1380(w) 1330(w) 1310(w) 

1260(s) 1190(w) 1170(w) 1120(w) 1110(w) 

1080(w) 1030(m) 980(s) 900(s) 880(s) 

810(sh) 790(s) 710(s) 

INFRARED DATA 

(EtO)ýPS--CH2CI .S Ccm ') 

2990(s) 2940(w) 2900(m) 2860(w) 1520(w) 

1480(m) 1470(sh) 1445(s) 1395(s) 1295(s) 

1240(s) 1170(s) 1105(m) 1020(sh) 1015(s) 

970(s) 850 (w) 830 (m) 805 (m) 730(s) 

655(s) 
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INFRARED DATA 

(EtO)2PS2CH2OH (car'' > 

3420(s) 2980(s) 2920(m) 2900(m) 2880(sh) 

2760(sh) 2720(sh) 2600(w) 2440(w) 2320(w) 

2240 (sh) 2060 (m) 1920 (w) 1760 (w) 1730 (w) 

1700(w) 1610(s) 1540(sh) 1510(sh) 1480(s) 

1470(sh) 1440(s) 1420(sh) 1380(sh) 1360(sh) 

1340(sh) 1310(s) 1260 (m) 1220 (m) 1990 (m) 

1160(s) 1100 (w) 1035 (sh) 1015(s) 960(s) 

910(sh) 820(sh) 790(s) 665(sh) 640(s) 

For all the compounds presented above the P=S bond 

usually is in the range 650-665 cm T. Only (EtO)=(O)SH 

showed a strong absorption at 620 and a shoulder at 650 

cm '. This could be caused by tautomerisnn. 

0 OH 

(EtO)<P . --= (EtO)M! P 

SH S 

The P=O strectching vibration was observed between 

1310-1160 car '. With (EtO) ýP (O) SH the P=O absorption was 

seen at 1300 and 1220 cm ' while for (EtO) 2P (O) SCHI was at 

1310,1260,1210 and 1170 cm-'. For the oxygen-analogue of 
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mecarbarn the P=O vibration was assigned at 1310,1260,1190 

and 1170 cm-1. (EtO)2P(O)SCH=: Me showed the P=O vibration at 

1300,1260,1195 and 1160 cm 1. 

The P(-O) stretching vibration was present in all 

the compounds in the range of 770 to 870 cur-' . These 

absorptions are assigned to be at the positions shown below. 

(EtO)ýz: PS2: Me 

(EtO)ýPSýaCH2COýH 

(EtO)1PSMCHMCO-](e 

[(EtO)1PS2: 7 

(EtO)ýPS<CH&CO)(eCO2Et 

(EtO)<P(0)SH 

(EtO)ý4P(O)SMe 

(EtO)ýP(O)SCH2: %e 

J Ccm ') 

835-800 

830-800 

835-800 

830-810 

870,830,800,775 

820-790 

800-770 

795,760 

(EtO)=P(O)SCH<CON(eCO<Et 790-810 

(EtO)ýPSmCHmC1 850,830,805 

(EtO)mPSmCH QH 820,790 

The C=0 ketone vibration is expected at 1710 cl o-1. 

For (EtO)P<CH. 2CO--H the C=O frequency occurs as a strong 

vibration at 1715 cm T-" and for (EtO)2PS<CH1COýNe also as a 

strong absorption at 1750 cm7l. For (EtO)<P(O)SCH::! COLWe the 

C=O absorption was assigned as a strong band at 1740 and two 

shoulders at 1760 at 1720 cm '. Mecarbam presented a strong 

band at 1730 cm 7-1 due to C=O absorption from the ester 

81 



(cQOEt) group and two bands at 1695 (weak) and 1680 

cm ' (shoulder) , due to C=O frequency from the amide (QDN]Ie-) 

group. For the oxygen analogue of mecarbam the ester C=D 

frequency occurs at 1740 and 1710 as weak bands and the C=O 

vibration from the amide group at 1690 (shoulder) and 1660 

cm-1 (shoulder). 

For both compounds (EtO)ýPS<CH<CO<H and 

(EtO)2PS: 2CH2OH the OH frequency is a strong band at 3180 and 

3420 cm ' respectively. 

The halogen bond C-Cl usually appears in the range 

800-600 cm-' and in the case of chlormephos was assigned to 

the strong band at 730 cm '. 

82 



CHARACTERISATION OF ORGANOPHOSPHORUS COMPOUNDS 13Y FAH MASS 

SPECTROMTRY 

The programme has involved a study of some typical 

organophosphorus compounds by electron-impact mass 

spectrometry and by the modern technique, FAB, fast atom 

bombardment mass spectrometry. FAB is new soft ionization 

method to obtain mass spectra, particularly for non-volatile 

or thermally unstable compouds. No previous work using the 

FAB technique has been reported in the study of 

organophosphorus pesticides. The chemical literature 

presents, however, FAB mass spectra for other diverse types 

of compound. The FAB technique for solids was found to be 

applicable to a wide range of organic, organo-metallic and 

metallic compounds. For example, the positive ion fast atom 

bombardment mass spectrum of methionyllsylbradykinin has 

been reported. In this work was described the mass spectral 

study in the solid state of molecules which were previously 

difficult or impossible to study by other ionization 

methods. The technique uses the phenomenon of ion sputtering 

and employs a beam of fast neutral atoms, typically of argon 

or xenon at 2-8 Kev, as the primary particles. The mass 

spectra obtained have high pseudomolecular ion selectivity, 

usually showing CX+H]ý and CM-H]- ions in positive and 

negative ion spectra respectively s7. 
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The FAB technique has also been used by Joel to 

obtain the spectra of NADP tetra-sodium salt and 

streptomycin sulphate 21. FAB allows ionization and the 

generation of fragment ions, and often gives a peak for 

[X+HJ"' even with compounds of low volatility, thermally 

labile compounds and salts. Fragment ions are obtainable 

along with positive ions and negative ions of almost the 

same intensity. Ions may be generated for a long time, 

approximately 1 hour with some compounds. Also a stable ion 

beam is obtainable because FAB hardly gives little rise to 

the charge-up phenomenon which takes place when the specimen 

is bombarded with charged particles such as ions 21. 

Fast atom bombardment mass spectra have been 

obtained of salts of analogues of inorganic pyrophosphoric 

acid, e. g. substituted methylene bisphosphonates, and 

positive ion fast atom bombardment mass spectrometry has 

been proved to be more succesful than negative ion for 

analysis of these salts s$. 

The use of FAB for the study of thick layers of 

organic compounds is discussed by Surnam and co-workers 

The same authors have also investigated the use of fast atom 

bombardment quadrupole mass spectrometry for the study of 

structures of non-volatile organic compounds. The technique 

is illustrated using the aminoacids L-histidine and L- 

arginine Fes'. 

FAB mass spectrometry has also been applied to a 

range of polar organic molecules, such as organic salts, 
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polar antibiotics, and nucleoside phosphates -. In these 

classes of compound, molecular weights in the range 300-2000 

daltons have been routinely determined, operating in both 

positive and negative ion modes. Molecular weights of 

peptides were readily obtained on less than 1 nmol of 

material, and sequence information was conveniently deduced 

from sample sizes in the range 2-50 nmol. 

Finally it is important to report the 

characterisation of amino- and guanidino-phosphonic acids by 

FAB mass spectrometry 62, these results being particularly 

relevant to the possible analysis of glyphosate and related 

zwitterionic herbicides and their metabolites by this 

method. The production of an intense [ M+H]'' peak in addition 

to a relatively simple fragmentation pattern, shows that the 

FAB technique is a invaluable tool for the characterisation 

of compounds of these types. 

FAH NASS SPECTROMETRY OF PHOSPHORODITHIOATES AND 

PHOSPHOROTHIDATES. 

In the present investigation, the FAB spectra were 

recorded at the Physicochemical Measurements Unit (PCIU), 

Harwell, and were obtained using a glycerol matrix on a VG 

Analytical ZAB-1F Spectrometer. The sample in glycerol was 
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bombarded with fast xenon atoms that were produced from an 

ion gun (Ion-tech Ltd) operating at 8 Kev. 

Results are given in the following tables (1-8) and 

possible fragmentation pathways are discussed. 

Table la. FAB mass spectral data for Q, 0-diethyl 

dithiophosphoric acid, (EtO) PSýH (DETA). 

xwt 186 

M/ z 

371 

187 

186 

185 

157 

153 

125 

121 

93 

Relative intensity (7. ) 

31.3 

12.5 

8.0 

94.9 

28.7 

69.2 

53.1 

100.0 

42.9 

Assignment 

t (EtO) =, P (S) S] 110 

C 1(+H] 

(EtO) 2PtHlý 

(EtO)1PS - 

(EtO) (OH) PS 7, 

(EtO) 2PS1 "' 

(EtO) (OH) PS1 

(EtO)ýr 

(EtO) (OH) P, '' 

Diethyl dithiophosphoric acid shows a peak at 

[X+H]-, of relative intensity 12.5%, which might possibly 

give rise to the peak at m/z 153 (69.2%) by loss of H2S 

(cf. loss of HBO from analogous ions in certain later 

examples). 
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SH 

(BtO)ýP--S + (EtO)z2PS- + HzS 

H m/z 153 

This process occurs by heterolytic fission in which 

the pair of electrons of the P-S bond is retained by the S 

atom and the positive charge remains with the fragment ion 

(EtO) BPS -. 

The overall fragmentation is however confused by the 

presence of ions which may possibly arise frone the oxidation 

product of DETA, (BtO)2P(S)SSP(S)(OBt)ý. The presence of 

this is shown clearly by the corresponding molecular ion at 

m/z 371 which as shown later may give rise to the ion at m/z 

185 by S-S cleavage. 

s S-H 

(EtO) SIP-S-S-IP (OEt) z ---iº (BtO) zPo"- + (EtO) ýPS2H 

m/z 371 m/z 185 

In addition, the characteristic peaks at m/z 157, 

153,125,121, and 93 may be formed by further fragmentation 

e. g. as shown in Scheme 1. 
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CBtO)2PS2H H- 10 10 

(HtO)BPS i-O' 

m/z 153 

1-S 
(EtO)2-Pl 

m/z 121 

(EtO) CHO) 
P 

ý' 

m/z 93 

HAS 

-s 

Scheme 1 

(BtO)=PSýBO 

m/z 187 

(BtO)ePS 
'" 

m/z 185 

-C. H.. 

(EtO) (HO) PSý 

m/z 157 
4_s 

(StO) (HO)PStý 

m/z 125 

A further pure sample of DETA was therefore 

prepared. The data are presented in table 1b. 

Table 1b. 

m/z 371 341 295 263 187 185 171 153 143 125 121 115 97 

% 10 10 15 20 20 20 100 5 10 34 12 8 
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The fragmentation patterns was not entirely 

reproducible, probably due to the fact that DETA is not a 

very stable compound. 

The B/E linked scan spectrum for the ion, m/z 187 of 

Q, Q-diethyldithiophosphoric' acid suggested that ions at m/z 

186,185,171,159,153,143,133 and 129 all originate from 

the ion m/z 187, although not all of these have been 

assigned. 

In order to investigate the fragmentation pattern 

for the oxidation product of DETA further the compound 

itself was prepared and studied by FAB mass spectrometry 

which gave the result in Table 2. 

Table 2. FAB mass spectral data for the product of oxidation 

of Q, O-diethyldithiophosphoric acid, the disulfide, 

(EtO): 2P(S)SSP(S)P(OEt)ý. 

m/z 587 555 523 491 399 371 370 338 325 309 293 277 261 249 

%5 15 20 15 18 100 55 10 35 8 15 5 15 10 

Wz 217 199 185 157 153 129 125 121 97 93 65 

7.12 5 80 17 40 11 25 65 25 21 0 

In order to confirm the fragmentation pathways for 

the molecular ion of {(EtO)ýPSzIý, the B/E linked scan was 

also obtined. This spectrum showed the ions at m/z 325,306, 
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231 and 185 to originate from the parent ion, while the ion 

at m/z 185 gives rise only to the peak at m/z 157. The main 

initial pathaways are shown in Scheme 2. 

S S-H 

Ii 11 
(EtO)2P-S-S-P(OEt)z 

m/z 371 

-(Et0)ýPSH 

\\ýEtOH 

SS 

(EtO) 2PS 
, (EtO) 2'P-S-S-P (OEt )1 - 

m/z 185 m/z 325 

Scheme 2 

Further stepwise loss of ethylene from m/z 185 gives 

ions at m/z 157 and m/z 129, whilst P-S cleavage accounts 

for ions at m/z 153 and m/z 121 as shown also in the 

fragmentation of other phosphorodithioates. 
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Table 3. FAB mass spectral data for diethoxy- 

phosphinoth ioylthioacetic acid, (EtO)ý P(S)SCHLCOsH. 

Xwt 244 

m/z Relative intensity (%) Assignment 

245 100.0 (EtO)ýP(S)SCH: -, CO2H , 

243 1.0 (EtO)2P(S)SCH: z: CO 

227 17.9 (EtO)2P(S)SCH2CO1- 

199 7.3 (EtO)ýP(S)SCH2 " 

185 3.3 (EtO)1P(S)S1 

171 68.7 (EtO)(HO)P(S)SCH2 

157 1.9 (Et0) (HO) P (S) 5, - 

153 25.7 (EtO) : 2P (S)7'' 

125 20.7 (Et0)(HO)PS, 

121 20.5 (Eto) dP'- 

97 19.0 (HO)<PS, 

93 17.0 (EtO) (HO)P, 

The main fragmentations for diethoxyphosphinothioyl- 

thioacetic acid are thought to occur as shown in Scheme 3. 

The {X+H]- ion corresponds to the base peak which is 

very co-m n in FAB mass spectrometry. The subsequent steps 

then appear to involve the loss of HBO to give the medium 

intense m/z 227 ion, which expels CO to give a weak peak at 

m/z 199. This is followed by the loss of thioformaldehyde, 

SCHI, to form the relatively intense m/z 153 ion which 

undergoes stepwise loss of sulphur and of ethylene by known 

types of process to give peaks at m/z 121 and m/z 93. An 
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alternative pathway from the peak at m/z 199 may be 

considered to give the m/z 171 by loss of ethylene. The 

formation of the peak at m/z 157 is satisfactorily explained 

by sequential loss of ketene, CHýCO, and ethylene from the 

ion at mlz 227. Further 'fragmentation by loss of S and 

ethylene can then be presumed to occur. 

(EtO) =P (S) SCH2CO2H H-_ 
. 

(EtO) zýP (S) SCHýCOýHfz'" 

m/z 245 (100.0%) 

-H-" "I -HBO 

(EtO)<P(S)SCH:, CO 1- 
(EtO)2P(S)SCHýzCOI- 

m/z 243 (1.0%) m/z 227 (17.9%) 
1-COQ 

-CH--CO 

-CO 

(EtO)! 2: P(8)SCH - (EtO)ýPSý7 - 

m/z m/z 185 (3.3%) 
; 

-SCH= j_Clla 
(EtO)SPS1 (EtO)(HO)P(S)SCH2 (EtO)(HO)PS<T 

m/z 153 (25.7%) m/z 171 (68.7%) m/z 157 (1.9%) 

1_S 4_s 

(EtO)<P1- (EtO)(HO)PS1'' 

m/z 121 (20.5%) m/z 125 (20.7%) 

1 -CýHQ 

i 

-CzHd 

(EtO) (HO) P1'' (HO)PS 7'' 

m/z 93 (17.0%) m/z 97 (19.0%) 

Scheme 3 
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The possibility of the loss of Hý by the molecular 

ion mfz 245 is indicated by a very weak peak at m/z 243, 

from which the loss of COa could be an alternative route to 

the formation of the important ion at m/z 199. 

A certain similarity between the FAB and electron 

impact fragmentation patterns is observed, however the 

intensities of the corresponding ions differ greatly. The 

m/z 153, m/z 127, m/z 97 ions observed in the FAB spectra 

are less intense than those originated by the electron 

impact technique. (See later for a discussion of the 

electron impact mass spectrometry of this compound and the 

Table 4. FAB mass spectral data for diethoxyphosphinyl- 

thioacetic acid, (EtO)iP(O)SCH2CO H. 

Mwt 228 

mlz Relative intensity (%) Assignment 

338 40.2 IN+ glycerol + HBO] - 

257 13.2 not identified 

229 3.9 (EtO)<P(O)SCHfzCO_H 

211 2.9 (EtO): 2P(O)SCHýCO1- 

201 22.2 (EtO)(HO)P(O)SCH: z: COz: H 1- 

183 4.7 (EtQ)(HO)P(O)SCH: 4CO1- 

161 26.4 not identified 

155 6.0 (HO)ýaP(O)SCHýCO1- 

127 3.3 (HO): zP(O)SCH21- 

116 100.0 not identified 

81 9.4 (HO) 2P (O), 
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possibility of thermal decomposition). 

The FAB mass spectrum for diethoxyphosphinyl- 

thioacetic acid is very complex compared to that for the 

dithio analogue above. Only a certain number of probable 

fragmentations can be identified and these are shown in 

Scheme 4. 

(EtO)2P(O)SCHmCOzH H--'- b (EtO)2P(O)SCH2CO2H2, "' 

-HBO m/z 229 

(EtO)<P(O)SCH: zCO1 -C2H4 

m/z 211 EtO 
1 

-C2Hq P(O)SCH2CO2H21'' 

EtO -H2O HO 
`P(O)SCH2COm/z 

201 

HO 

M/ Z 183 
1, 

-CýH4 

(HO). P(O)SCHý2eCO1- 

m/z 155 

-co 
1(HO)2P(0)SCHT 

mhz 127 

-SCHI 

(HO)2P(O)1ý 

m/z 81 

Scheme 4 
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The peak at m/z 338 corresponds to the CPI + glycerol 

+ HmO7- ion. The spectrum gives a base peak (m/z 116) whose 

structure was not determined. The molecular ion [M+H]' is 

very weak but appears to undergo loss of HBO to give another 

weak peak at m/z 211. This by stepwise loss of ethylene, can 

give the m/z 183 and m/z 155 ions and the latter ion by 

cleavage of the P-S bond may form the ion at m/z 81. 

An alternative mode of fragmentation may be by 

initial loss of ethylene from the [ X+H] "' ion, followed by 

loss of water, and subsequent loss of ethylene to give the 

m/z 155 ion. 

Except for the m/z 116,161,201,257,338 ions, the 

relative intensities in this FAB spectrum are generally 

small. 

In addition to the metabolites discussed above two 

salts of diethyl dithiophosphoric acid were also 

investigated by FAB. In case of the potassium salt the 

[M+H]-- peak which would occur at m/z 225 does not appear but 

two successive eliminations of ethylene from this would 

account for the relatively abundant ion detected at m/z 169 

(Scheme 5). 

Finally this fragmentation route arrives at the m/z 

137 ion by loss of S and direct hydrogen rearrangement to 

the P atom. 

The base peak, m/z 263, may correspond to the 

aggregate containing two potassium ions which by stepwise 

loss of two ethylene molecules gives the weak ion at m/z 
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207, (Scheme 6). It is interesting that in neither 

fragmentation pathway is the ion observed which results from 

loss of the first ethylene molecule. 

Table 5. FAB mass spectral' data for potassium Q, Q-diethyl- 

phosphorodithioate, (EtO)nP(3)SK. 

Xwt 224 

m/z Relative intensity (x) Assignment 

273 28.8 not identidied 

265 21.7 not identified 

263 100.0 (EtO)2P(S)S- 2K1- 

207 4.0 (HO)=P(S)S- 2K1-' 

169 24.8 (HO)ý-P(S)SH K1- 

137 4.5 (HO)2P(S)H K1 

111 39.2 not identified 

[ (EtO) 2: PSmH K"'] -CfzH4 +[ (EtO) (HO) PSýH Kam'] 

m/z 225 m/z 197 

(not observed) (not observed) 
j, 

_C:: zHQ 

[ (HO) ý;: P (S) SH K"'] 

m/z 169 

4-S 

[ (HO) mP (S) H K-] 

m/z 137 

Scheme 5 
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C(EtO)2PS2- 2K"7 -C2: H4 C(EtO)(HO)PSS- 2K+] 

m/z 263 m/z 235 

(not observed) 

1 
-cýH4 

[ (HO)2PSý 2K"'] 

in/z 207 

Scheme 6 

Table 5. FAB mass spectral data for ammonium Q, Q- 

diethylphophorothioate, (EtO)2P(O)SHH4. 

Mwt 187 

m/z Relative intensity (x) Assignment 

280 6.9 CM+H + glycerol]- 
, 

188 43.3 (EtO)2POSH AH 

187 5.1 (EtO)2: POS MH41+ 

171 100.0 (EtO) !; -: POHSH, "' 

170 9.8 (EtO)2PS- NH--I - 

143 20.3 (EtO)(OH)POHSHI 

138 1.7 (Et0)ýPOH, "' 

121 0.5 (EtO)reP1 

115 25.0 (OH)mPOHSH, - 

110 62.8 (EtO)(OH)POH1"' 

The mass spectrum of the ammonium salt is quite 

different from that of the potassium phosphorodithioate 

referred to above, the main fragmentation pathway being 

thought to occur as shown in Scheme 7. 
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The peak at m/z 280 corresponds to the protonated 

molecular ion together with the glycerol molecule. The 

protonated molecular ion is itself an abundant ion which 

results from protonation of the anion, probably at 

phosphoryl oxygen i. e. C (EtO) ýP (S) OH NILC 1. This ion may 

then lose water to give the ion at m/z 170, a process which 

would involve simultaneous loss of hydroxide ion from the 

phosphorus moiety and a proton from the ammonium cation. 

The protonated ion (m/z 188), may also expel NH3 to 

give the base peak, m/z 171. This ion by stepwise loss of 

ethylene gives the m/z 143 and 115 ions, which are 

relatively intense. 

The very weak peaks at m/z 138 and m/z 121 could 

possibly arise by the sequential loss of sulphur and of 

ammonium from the m/z 170 ion. Their formation from the ion 

at m/z 171 by loss first of SH and then of OH seems less 

likely as the the first step would involve the formation of 

(EtO)2POH ' as an odd-electron species. 

Although further loss of ethylene could account for 

the formation of the very strong ion observed at m/z 110, it 

is more likely that the latter corresponds to the ammonium 

ion plus glycerol, CNHQ7 C3Hg033, a combination that has 

been reported in the case of other ammonium salts 63. 
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(EtO)2P(O)S- HH4-, H, C(EtO)2P(S)OH HH4+7 Ilp 

m/z 188 

-AHA 
I 

-H2O 

OH (EtO)2P* S NH s, 

(EtO)2P' m/z 170 

SH 
4-s 

m/z 171 C (EtO)ýP' KH3] 

-GHQ m/z 138 

+O-H 1 -AHA 
/ "" 

(EtO)(HO)P (EtO)zP"' 

SH m/z 121 

m/z 143 
1 

-C=HQ 

(HO) -OH 

P 

(HO) SH 

m/z 115 

Scheme 7 
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Table 7. FAB mass spectral data for -S-(L-ethoxycarbonyl-I- 

methylcarbamoylmethyl) Q, -diethyl phosphorodithioate, 

(EtO)1P(S)SCHýCONXeCO<Et (mecarbam). 

}twt 329 

m/z Relative intensity (%) Assignment 

330 28.3 (EtO)mP(S)SCH<COHXeC(OH)(OEt), "' 

302 0.5 (EtO)2P(S)SCHýtCOHT[eC(OH)z 

284 29.8 (EtO)2P(S)SCHSCOHXeCO1 

256 1.7 (EtO)2P(S)SCHzCO](e "' 

227 100.0 (EtO)2P(S)SCHtCO, 

226 2.9 (EtO)aP(S)SCHCO-1- 

199 16.5 (EtO) ZP (S) SCH21 

177 1.9 SCHmCOHXeCOHOEt7- 

171 7.0 (EtO)(HO)P(S)SCH 7 

160 15.3 C, - H-ý-, NOzS 

159 10.7 C611 , C, NO: zS' 

153 34.0 (EtO) BPS, "' 

149 0.4 SCiiýCOHXeC (OH) 21" 

144 42.6 (HO)ýP(S)SCH 7 

143 5.7 (HO)mP(S)SCH ; - 

131 8.4 SCHýCONXeCO 

125 33.2 (EtO)(HO)P(S) 

116 51.2 CHýCONXeCO2H1 

97 30.1 "' (HO)P(S)1 

93 23.2 (EtO) (HO) P1" 
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xecarbam shows an {X+HI+ peak that is relatively 

intense. The site of protonation cannot be stated with 

certainty although several are possible. Direct elimination 

of ethanol to give the peak at m/2 284 would be analogous to 

the loss of water from certain carboxylic acids or hydroxy 

compounds and suggests protonation of the carboxylate group 

(Scheme 8). 

Me 0 Me 

(Et0)ýP(S)SCHýCOB-C`4 -º(EtO)ýP(S)SCHýCOH+=C=O + EtOH 

''O-Et 

I 
m/z 330 H m/z 284 

Scheme 8 

Two stages could however be involved as the weak 

peak at m/z 302 suggests the initial loss of ethylene. In 

this case protonation of the carbamoyl oxygen may be 

involved (Scheme 9). 

-OH 0H 

(Et0) P(S)S-C-N-C/ (CH- --lip CHF=CH. + 

)(e O)-CH-- 

(EtO){PCS)S-C. C -ý 

m/z 302 Me 

O 
11 

(EtO): zP(S)SCH=-C-N=C=O + HBO 

me 

m/z 284 

Scheme 9 
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The expulsion of CO by the m/z 284 ion could then 

account for the weak peak at m/z 256. The cleavage of the 

CO-1 bond with loss of methyl isocyanate would give the base 

peak, m/z 227, which then expels CO to form the ion at m/z 

199. Finally via stepwise. loss of ethylene the m/z 171 and 

m/z 143 ions are formed (Scheme 10). 

Me -j-- 

(EtO)2P(S)SCH2COH=C=O -CO (EtO)ýP(S)SCH2CONXe 

m/z 284 m/z 256 

-MeNCO 
71 

(EtO)ýP(S)SCHýCO COQ (EtO)mP(S)SCH2 -CýL1 

m/z 227 m. /z 199 

EtO HO 

P(S)SCH, -C2H4 _ 
P(S)SCH2 "' 

HO HO 

m/z 171 m/z 143 

Scheme 10 

In the fragmentation route shown in Scheme 11, the 

cleavage of the bond between phosphorus and the thiolo- 

sulphur atom gives the in/z 153 ion which is also a 

characteristic peak in the electron impact mass spectra for 

the phosphorodithioates ý4. This ion, by loss of ethylene, 

gives the m/z 125 peak and subsequent loss of S gives the 

m/z 93 ion. The m/z 153 ion may also fragment by stepwise 

loss of ethylene to give the ions at m/z 125 and 97. 
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The m/z 97 ion, assigned (HO)2PS + is more abundant 

in the electron impact mass spectrum '°, and is considered 

to be the most characteristic feature in the fragmentations 

of diethyl phosphorodithioates Es. 

(EtO) aP (S) SCHzCONXeCO2Et H__ 

(EtO) (HO)PS1- CH 

m/z 125 
1 

-CzHa 

(HO)ýPS1- 

m/z 97 

O"H 

(EtO) 2P (S) -SCH2COA1(eC 

m/z 330 OEt 
I-C, 

H, , NO :: as 

(EtO)ýPS7" 

m/z 153 

1 -CýH4 (EtO) (HO) PS, - 

m/z 125 

I-S 
(EtO) (HO) P1+ 

m/z 93 

Scheme 11 

Other possible routes for fragmentation of C M+H7 "' 

are shown in Scheme 12, the cleavage of the thiolo sulphur 

atom from carbon, with rearrangement of hydrogen, giving the 

abundant m/z 144 ion, which by loss of ethylene gives the 

important peak m/z 116. 

The [ X+HJ - ion may also give the weak m/z 177 peak 

by cleavage of the P-S bond. This ion, via loss of ethylene, 

may give the m/z 149 peak and subsequent loss of water will 

103 



give the weak m/z 131 ion, assigned to be SCH2CO1FXeCO'"'. (It 

should be noted that the formulations given for a number of 

the ions discussed here are for simplicity shown as 

resulting from simple bond cleavage. The structures of these 

ions may be different). 

(EtO)2P(S)SCH2COHKe000HEt, + 

-OH 1 
SCHaCONNeC 

1 
OEt 

m/z 330 

-CEtO)ýPCS) -(EtO)ýP(S)SH 

CH2COHXeCO2Et 

m/z 177 

-C2HQ 

-OH 
1 

SCH2COHXeC 

OH 

m/z 149 

-H1O 

SCH2COHXeCO, " 

m/z 131 

Scheme 12 

m/z 144 

-C2Ha. 

CHýCO1iXeCO2H 

m/z 116 
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S+ Me 

The m/z 131 ion (CH=C-H-COSH) in the electron 

impact mass spectrum 10 is thought to be formed from the m/z 

Sý We 
AI 

159 ion (CH=C-H-CO2Et), which comes fron the molecular ion 

(m/z 329) by fission of the P-S bond and hydroxyl transfer. 

Hydroxyl transfer has been reported for organometallic 

derivatives ý6. The m/z 159 ion loses ethylene giving the 

m/z 131 ion (base peak). The formation of m/z 131 from m/z 

159 is supported by the metastable ion at m/z 108. 

In addittion to the ion at m/z 159, the electron 

impact mass spectrum shows a peak at m/z 160 (CsH, QHO2S) 

which it is suggested is formed by cleavage of the P-S bond 

and oxygen transfer to the phosphorus in the keto-form of 

the parent ion. 

The peaks at m/z 159 and 160 are observed in the FAB 

mass spectrum showing intensities of 10.7% and of 15.3% 

respectively. 

In Scheme 13 a possible route is shown for the 

formation of the m/ z 226 ion from the parent ion by fission 

of the CO-N bond with hydrogen transfer from the phosphorus 

containing moiety. 

The origin of the m/z 226 from the molecular ion was 

confirmed in its electron impact mass spectrum 10 by 

accelerating voltage scanning. This ion was also proved to 

be formed from an unidentified ion at m/z 327, however not 

detectable. 

105 



The m/z 227 ion which is shown to be the base peak, 

could similarly be formed in FAB m. s. by fission of CO-N 

without hydrogen transfer or possibly as in Scheme 10 above. 

H 
/ // 

(EtO)2P(S)SCH j (Xe) ; -Me AHCOHQEt_ý (EtO)ýZP(S)SCH=CO 

C OEt m/ z 226 
11 
0 

Scheme 13 

The electron impact mass spectrum of mercabam 10 

showed that ions resulting from primary fission of bonds in 

the carbamoyl chain are of minor significance. Exceptions 

are the phosphorus-containing ion m/z 199 (68%) and the 

carbamate moiety m/z 144 (14%), resulting from S-CHL bond 

cleavage. It is suggested that the m/z 144 ion is stabilized 

by ring-closure with involvement of the nitrogen atom to 

give the following structure: CH: Z 

CO--H (14e) CO2Etý 

The fragmentation of this ion via loss of ethylene was 

confirmed by the metastable peak, n 93.5. 

Such fragmentations are similar in the FAB mass 

spectrum except that the intensities differ, that is m/z 144 

is more abundant for the FAB m. s. (Scheme 12) while in/z 199 

is more abundant for the e. i. mass spectrum. 
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Table S. FAB aase spectral data for Q. Q-diethyl i-hydroay- 

methyl phosphorodithioate, (EtO)ýP(S)SCHzOH. 

Xwt 216 

n/z Relative intensity (%) 

309 1.0 

217 5: 7 

199 

186 

185 

171 

153 

100.0 

2.9 

14.1 

14.8 

53.4 

143 

121 

93 

8.8 

42. B 

24.0 

Assignment 

[X+H + glycerol]' 

(EtO)2P(S)SCH2OH, ~ 

(BtO) : 2: P (S) SCHI, 

(BtO) 2P (S) SH 

(EtO) 2P (S) 
S- 

(EtO) (HO)P(S)SCH, 

(EtO)(HO)P(S)SCH2 

(HO)2P(S)SCH2 

(BtO). mP1 

(EtO) (HO)P, - 

The most likely site of protonation in the EX+H7"' 

ion is the oxygen atom as shown, as oxygen is Hore basic 

than sulphur. This structure then readily accounts for the 

loss of H2O to give the base peak at m/z 199 which is 

presumbly stablished in the sulphonium structure (Scheme 

14). 

ý1 (i ii (BtO)2PSGH2-O -0 MBtO)=P-S4=CH6 + HBO 

m/z 217 H m/z 199 

Scheme 14 
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Following the initial loss of HBO (Scheme 15) 

fragmentation occurs mainly by the stepwise loss of ethylene 

and of sulphur. However, the peak at m/z 185 appears to 

require the unusual loss of methylene, CHz, as the neutral 

fragment from m/z 199. 

(EtO) ýP (S) SCHIOH H" (EtO) ýP (S) SCH2"'OH< 

m/z 217 
I 

-H2O 

(EtO) ýP (S) S. -CH2 (EtO) ýP (S) SCH2 

m/z 185 

1_S 

(EtO): ýP(S)1 

m/z 153 
4-S 

(Et0)10 

m/z 199 

-C1Ha 

(EtO) (HO)P(S)SCH, - 

m/z 171 
1-C<Ha 

(HO)2P(S)SCH2 

m/z 121 
i 

-C2JL 

(EtO)(HO)PI 

m/z 93 

Scheme 15 

m/z 143 

The most important initial fragment in both FAB and 

electron impact mass spectra (see section on e. i. spectra) 

is that at mlz 199. Although its subsequent fragmentation in 

both cases is similar, it is of interest to note that the 
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peak (m/z 186) arising from the loss of formaldehyde is much 

more intense (100%) in the case of electron impact. 

The fragmentation patterns obtained by FAB seem less 

complicated than those from electron impact. 
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ELECTRON IMPACT MASS SPECTROMETRY OF PHOSPHORODITHIOATES AND 

The existing literature on electron impact mass 

spectra of phosphorodithioates and phosphorothioates is very 

extensive 'o"""'4"' 6" ' 7"' 920.64.66. However, only a few of 

the compounds presented in this work have been studied 

before. The mass spectrometry of Q, Q-diethyl 

dithiophosphoric acid, was reported by Lynch 67 while the 

spectra of mecarbam and its oxygen analogue were discussed 

in chapter III of this work '--7, and have been extensively 

studied by Charalambous et al 74. The present research was 

carried out with the purpose of comparing the results 

obtained with those already recorded and studying the modes 

of fragmentation for the other posssible metabolites of 

mercabam and chlormephos. 

The electron impact mass spectra of the compounds 

studied were recorded on an AEI XS9 Spectrometer at an 

electron impact energy of 70 ev and a source temperature 

that was variable with the nature of the compounds. 
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RESULTS 

Tab le 9 a. Aa ss Spectral data for (Et O) ýP (3) SH at 20 0°C. 

m/z 272 244 236 227 226 199 198 195 187 186 185 181 172 171 

7. 23 10 6 8 3 7 8 11 3 16 3 5 6 77 

m/z 170 169 167 159 158 157' 155 154 153 143 142 139 131 130 

7. 14 9 5 5 17 8 9 1.0 21 26 9 5 6 8 

m/z 127 126 125 121 120 119 115 114 113 112 111 109 106 105 

% 10 8 50 49 11 6 28 10 6 5 6 13 6 5 

m/z 99 97 95 94 93 92 91 88 85 83 81 80 79 78 

% 6 100 7 6 43 12 6 7 8 12 13 5 5 5 

m/z 77 76 75 74 73 71 70 69 67 65 64 63 61 60 

'/. 6 12 12 17 7 16 8 19 5 49 13 6 10 13 

m/z 59 58 56 55 54 

% 13 8 27 8 20 

Tabl e 9b . )Ka ss spect ral data fo r (Et O)-P(S)SH at 350 °C. 

mlz 244 198 187 186 185 173 172 171 170 158 155 154 153 148 

7. 8 17 1 5 2 5 7 74 46 14 7 11 15 6 

m/z 143 142 141 138 129 127 126 125 121, 115 114 113 111 110 

1 33 14 6 17 10 12 21 38 28 47 35 7 17 9 

m/z 109 108 106 99 98 97 96 93 92 91 83 82 81 80 

1 26 6 15 13 8 100 5 54 7 8 9 12 37 6 

m/z 78 75 74 65 64 63 62 60 59 58 57 56 

7. 8 9 20 59 6 6 97 26 15 12 13 8 
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Principal fragmentations are as follows 

(EtO)2P(S)SH -e (EtO)<P(S)SH -CH6CHO (EtO)(H)P(S)S, 

mz 186 m/z 142 

-SH -G H4 

(EtO)) BPS (EtO) (HO)P (S) SH, 

m/z 153 m/z 158 

-CH3CH0 

-Cý-HQ 

(EtO)(HO)PS (EtO)(H)PS, 

H 
1 -, -CH3CHO H-PS 

m/z 125 m/z 109 

-CýHd -S 

(HO)zPS "' (EtO)(HO)PI 

m/z 97 m/z 93 

_S -, (HO)tP 

m/z 65 

Scheme 16 

m/z 65 

DETA shows a parent ion (m/z 186) of moderate 

intensity (16%), the most abundant peaks then resulting from 

cleavage of the P-SH bond and the stepwise loss of ethylene 

, (OH)=PS1 ', and (OH): zP 
' 

and S to give (OH) (EtO)PS ýý 

Direct loss of ethylene from the parent ion may also account 

I 
for the peak at m/z 158, assgined to (EtO)(OH)P(S)SHý'. 
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Hydrogen rearrangement directly to the phosphorus 

atom has been already suggested by Damico '7. The mass 

spectral data for (BtO)=P(S)SH referred to by Lynch 67 

confirm this rearrangement and here it may explain the m/z 

142, and m/z 109. Direct. hydrogen rearrangement to the P 

atom is also a possibility to account for the structure of 

the abundant m/z 65 ion occurring in the spectrum. 

Table 10. Xass 

m/z 433 372 370 

%15 25 

m/z 230 221 218 

%212 

m/z 161 160 159 

%112 

m/z 137 132 131 

%114 

m/z 113 112 111 

%761 

m/z 92 91 81 

%417 

m/z 61 60 59 

%643 

m/z 41 36 35 

%112 

338 

1 

214 

1 

158 

4 

130 

5 

110 

1 

80 

6 

58 

1 

34 

3 

Lal 

325 

1 

198 

2 

157 

11 

129 

27 

109 

14 

79 

2 

57 

1 

33 

1 

data for CC 

310 306 293 

121 

193 189 188 

213 

156 155 154 

123 

128 127 126 

133 

108 107 99 

215 

77 76 75 

421 

55 49 48 

112 

32 31 30 

211 

t2 

281 

1 

187 

5 

153 

42 

125 

79 

98 

1 

69 

1 

47 

16 

29 

55 

rza 

268 

1 

186 

30 

144 

2 

124 

1 

97 

100 

66 

2 

46 

2 

28 

16 

2 at 200°G. 

262 261 253 246 

1111 

185 184 170 169 

30 111 

143 142 141 140 

1 16 42 

122 121 115 114 

3 56 18 

96 95 94 93 

342 30 

65 64 63 62 

45 15 89 

45 44 43 42 

11 251 

27 26 25 19 

28 811 
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The disulfide shows an abudant peak for the parent 

ion (m/z 370). The characteristic ions of the fragmentation 

of phosphorodithioates are strong ions. The fragmentation 

patterns are shown in scheme 17. 

C (EtO) PSS] ý=et (EtO) 2PS2] 
2 

"' 

m/z 370 

-I(EtO)2PS21 

(Et0)2PSý 

m/ z 185 

(EtO)mPS,, 

mlz 153 

-S 
j1 

(EtO) ýP -CC }L 

m/z 121 

1 
(EtO)(HO)P 

m/z 93 

-C2H4 

-1 
(HO) 2P 

m/z 65 

Sheme 17 
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Tabl e1 1 Mass sp ectr al data fo r <Et0 -P <S >SCH - O-z at 

a 

in/z 245 238 222 214 202 198 194 192 186 177 174 170 160 154 

y, 4 6 6 5 7 22 7 5 14' 5 5 22 8 10 

rn/z 153 143 142 138 137 128' 127 126 125 122 121 115 114 113 

'/. 8 10 26 8 7 5 6 12 14 6 32 20 28 5 

m/z 111 110 109 99 98 97 96 94 93 91 90 83 81 75 

'/. 10 5 17 9 6 44 9 8 33 6 8 5 26 12 

rm/z 66 65 64 63 62 60 59 58 57 56 54 

'/. 10 33 26 5 100 32 11 15 15 8 5 

The parent ion at m/z 244 is not observed, and the 

possibility of thermal decomposition should be considered. 

This view is supported by the complexity of the spectrum. 

Certain peaks characteristic of dithiophosphates are however 

seen, including those as m/z 153,121,97,93, and 65, 

corresponding to (EtO) BPS 
1 "', (EtO) ýP 

1 -, (OH) zPS 
-7 -, 

(EtO)(OH)P -, and (OH)1P - respectively. 

The ion corresponding to initial cleavage of the 

thiolo S-C bond, i. e (EtO)ýzPS -, was not however observed. 
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Table 1 2. I4ass sp ectral data fo r CEtO) wP (O ) SCH nC%H at 

0M"C. 

m/z 228 183 170 155 143 142 137 127 126 120 115 114 111 109 

%1 7 23 15 65 4 12 7 28 16 22 7 22 

m/z 99 97 93 92 91 83- 82 81 77 75 74 65 60 

% 10 16 17 33 65 6 23 6 15 41 19 9 

The parent ion m/z 228 is a very weak peak that 

initially may fragment into three diverse ions (Scheme 1). 

The l ion by loss of CQJH gives the m/z 183 ion which loses 

ethylene in two subsequent steps to give the m/z 155 and m/z 

27 ions. The molecular ion may also give by cleavage of the 

(Et0)-2_P(O)SGIFý_COý_H -F? (EtO)ZZP(O)SCH=COZHI+f, IN- 

-COýII m/ z 228 

(:: °" 0) ýPz 

183 

-CIE (EtO) 72P (O) FHS1 -'- (Et0) WPO, * 

(E to)(HO)P(O)SCHZm/z 170 m/z 137 

m/z 155 

--CHQ 

(FFO) Z-Y (O) SCHZ-, ' 

M/ Z 127 

Scheme 18 
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p-S bond the intense m/z 137 ion while the cleavage of the 

S-C bond with direct hydrogen transfer to the oxygen or 

sulphur- atoms forms the relatively intense m/z 170 ion. 

The formation of m/z 170 ion and a possible 

cyclization for the CHýCO-: z fragment are shown in Scheme 19. 

The m/z 170 ion by subsequent loss of ethylene forms 

O H-01-0 "'OH 0 

(Et0)MP C=O º (Et0) P+ CHýCO2 ( C=O 

s-cHý s CHz 

ml z 170 

-CzHQ 

-OH 0- 
,F 11 -ý <EtO)(HO)PS -' or (EtO)(HO)PSH -" 

m/z 142 m/z 142 

1 -SH 

-C-zHQ (EtO) (OH) P (O) - 

m/z 109 

<[10) zPSOH-" -O --G Ha 

m/z 114 (Et0) (HO)P (HO)P(O)ff - 
I 

-OH m/z 93 m/z 81 

(OH)ýPS, - 

rn/z 97 

117 

(OH) 

m/-. 65 

Scheme 19 
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the m/z 142 and m/z 114 ions. The latter by cleavage of the 

p-OH bond gives the characteristic m/z 97 ion, which may 

lose the S to give another characteristic m/z 65 ion. 

Another alternative mode of fragmentation for the 

m/z 142 ion explains the m/z 109 ion by loss of SH and the 

m/z 81 ion by loss of ethylene from the former ion. The m/z 

109 ion may also lose 0 to give the relatively intense m/z 

93 peak. 

Table 13, Mass spectral data for (EtO) ,P (S) SGH-"COýxe at room 

temperature. 

m/z 258 227 226 214 199 198 186 185 181 171 170 169 168 157 

' 74 12 35 86 18 17 11 36 69 12 13 10 

m/z 155 154 153 143 142 141 139 129 127 125 121 113 112 111 

36 40 7596 25 3 60 53 75 16 

m/z 109 107 106 97 95 93 81 80 79 74 65 63 59 58 

%7 26 28 100 8 36 56 14 25 47 63 12 

The ions at m/z 227 and 226 have also been reported 

in the e. i. mass spectrum of mecarbam, the latter being 

formed by a hydrogen rearrangement. A similar process can be 

considered to occur in this case. 

H ý. 

(EtO) <P (S) SHC ONe 

C 

ii m/z 258 0 

(EtO)ýP(S)SCH=COýý" } XeOH 

m/z 226 

Scheme 20 

118 



The methyl ester, (EtO)ýP(S)SCHfz: CO2Xe, is 

0onsiderably more stable than the corresponding acid and 

gives a strong parent ion at m/z 258 with a relative 

intensity of 74%. Fragmentation then appears to occur 

principally by P-S cleavage and the subsequent loss of 

ethylene and sulphur. The fission of the C-OXe bond with or 

without hydrogen transfer give less strong fragment ions 

(She me 21). 

(Et0) P (S) SCHýCO: z)(e -e (Et0) =P (S) SCHtzc0=Xe - 

in/z 258 

-SCHýCO: 2Me -ONe -MeOH 

(EtO)ýPo- (EtO): zP(S)SCHhCO + (EtO)ýP(S)SCH=CO, +- 

m/ z 153 

1-C=Ha 
(EtO)<HO)Ps- ' 

i/z 227 
1 

_Co 

(Et0): zP(S)SCH 

m/z 226 

1-co 
(EtO)2P(S)SCH '" 

m/z 125 

1 -C: =H. 4 

(HO)<PS, "' 

m/z 97 

4_s 
(HO)mP, 

m/z 65 

m/z 199 

I-Gmff, a (EtO) (HO) P (S) SCH 

III/Z 171 

1-C--H4 
(HO)ýP(S)SCH ,' 

m/z 143 

Scheme 21 

m/z 198 

1.0x4 
(EtO) (HO) P (S) Sc Ill 

m/z 170 

üJ -C2H4 

(HO) P (S) SCH L 

m/z 142 
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i P1 4 Mass sp ectr al d ata for <E tO) ý" P CO) SCH- COý)C e at 

m/z 242 214 211 210 198 197 184 183 182 171 170 169 155 154 

18 8 19 55 6 7 5 36 74 4 14 51 32 63 

m/z 141 139 138 137 127 126 125 123 113 111 110 109 106 99 

27 11 9 16 26 7 11 6 20 24 7 100 37 7 

m/z 97 96 95 93 91 88 84 83 82 81 79 77 75 74 

17 11 17 21 30 25 12 7 12 81 7 9 14 38 

m/z 65 61 59 

% 32 10 22 

The cleavage of the P-S bond and subsequent loss of 

ethylene and 0 in the case of the phosphorothioate, 

(EtO)mP(O)SCH2co2Me, give very intense peaks including the 

base peak, m/z 109. Direct hydrogen rearrangement to the P 

atom may give the strong ion at m/z 154 (Scheme 22). 

In Scheme 22 the possible loss of OMe or McOH 

followed by ethylene may give the important m/z 183 and 1.82 

ions respectively. The strong peak at m/z 182 indicates that 

the hydrogen transfer is an important process of the 

fragmentation. The loss of treten from the ion at m/z 211 by 

cleavage of the S-C bond may give rise to the intense peak 

at m/z 169. 
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(EtO)ýeP(O)SCH: 2CO2)e -e(EtO)ýP(O)SCH<CO; Xe1-" 

m/ z 242 

-SCHýCOýl+[e 

1-CH: 

DCHO 

(EtO) ýP (O), (EtO) (H) P (O) SCH1C02][e1 

m/z 137 m/z 198 

1-CýHa MaCHO 

(EtO) (HO)P(O), H 

m/z 109 P(O)SCH2CO2( -- 

1_CýHa H 
(HO) aP (O)1 + m/z 154 

M/ Z 81 

-O 

(HO) -7, P, 

m/z 65 

Scheme 22 
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(EtO) zP (0) SC11LCO--l(e1 

mlz 242 

Ike OH 

(EtO)<P(O)SCHýCO, " (EtO)ýP(O)SCH=COI 

m/z 211 m/z 210 

-CHF=CO -C=H4 -C2H4 

(FtO)(HO)P(O)SCHLCO, - (EtO)(HO)P(O)SCH=CO 

(EtO)-zP(O)S' m/z 183 m/z 182 

m/z 169 -C=Hd -Cz:, HQ 

1 -CýHQ (IIO)=P(O)SCHICO1 - (HO)-2P(O)SCH=CO, 

(EtO)(HO)P(O)S' m/z 155 m/z 154 

m/z 141 -CO -CHý=CO 

(IIO)ýP(O)SCHä (HO)aP(O)S 

m/z 127 

Scheme 23 

m/z 113 

Table 15a. Mass spectral data for (Et0)-I-P (S)SCHI. OH at room 

temperature. 

m/z 188 187 186 158 154 153 144 142 141 140 131 130 129 125 

% 14 12 100 14 5 31 6 69 16 19 11 26 19 51 

m/z 121 114 113 112 109 99 97 96 95 93 81 80 79 65 

%8 35 32 13 69 10 100 6 19 11 37 14 7 '46 

m/z 64 63 61 44 42 39 

6 17 8 44 20 20 

122 



Tab le 15 b. - Naas spec tral dat a fo r (E tO)ý, P(S) SCHý OH a t 20 0°C. 

m/z 232 228 214 201 199 189 188 187 186 159 158 157 153 143 

% 6 49 7 8 8 6 20 96 100 15 9 9 18 9 

m/z 142 141 140 139 131 130 129 125 121 115 114 113 112 109 

% 53 100 100 21 10 11 13 40 8 7 34 28 12 34 

m/z 99 98 97 95 93 86 85 83 81 80 73 69 67 65 

% 21 6 100 8 9 9 29 6 14 8 12 15 22 26 

m/z 63 62 61 59 54 52 44 42 41 39 37 34 27 

% 7 6 8 9 7 14 24 36 8 100 35 25 7 

The observation of different ion intensities at room 

temperature and at 200°C in the mass spectrum of 

(EtO)zP(S)SCH=OH indicates that thermal decomposition may 

occur in the inlet system. The strong peak at m/z 186 could 

be accounted for in this way. Decomposition 

(BtO)2 P(S)SCH6OH p (EtO)=P(S)SH + C160 

to yield formaldehyde is the reverse of the reaction used to 

prepare the hydroxymethyl compound. The possibility of 

fragmentation of the molecular ion in this way should also 

be considered although the molecular ion itself was not 

detectable. Fragmentation of the molecular ion by 'loss of 

the hydroxyl radical is however necessary to account for the 

strong peak at 199. This than undergoes further 

fragmentation by the stepwise loss of ethylene, thio- 

formaldehyde, and sulphur (Scheme 24). 
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The strong peak at m/z 186 (originating either after 

thermal decomposition or by fragmentation of the molecular 

ion as discussed above) gives rise to the peak at m/z 153 

and further fragments as discussed earlier for DETA. A 

number of relatively intense ions at m/z 187,141, and 113 

have not been assigned but might originate from products of 

thermal decomposition. 

(EtO) aP (S) SCH2OH -e (EtO) P(S)SCHýO-I 

m/z 216 (not observed) 

-OH CH2O 

(EtO)2P(S)SCH ,' (EtO)ý2P(S)SH, ý" 

m/z 199 m/z 186 
1 

-CýHQ 

1 

-SH 

(EtO) (HO)P (S) SCH2 (EtO) 2P (S), 

m/z 171 'N m/z 153 

-C: 2HQ 
N SCH= -C<H4 

(HO)zP(S)SCH 1ý (EtO) (HO)P(S) 

m/z 143 m/z 125 

1 -C: --HA 

(HO)-ýzP(S), 

m/z 97 

_s 
(HO)ýP, - 

m/ z 65 

Scheme 24 
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Table 16. Mass spectral data for (EtO)zP(S)SCHmCl 

(chlormephos) at room temperature. 

m/z 236 234 199 188 161 154 153 144 141 129 126 125 121 115 

7.20 47 257 54 15 65 10 8 26 93 7 

m/z 113 109 98 97 93 81 '80 65 63 

%8 11 5 100 29 96 27 5 

The parent ion for chlormephos appears at m/z 234 

and m/z 236 for the -SCl and "Cl isotopes respectively and 

is a fairly abundant peak. The loss of Cl gives an 

insignificant peak at m/z 199(2%) which by cleavage of the 

P-S bond may give the m/z 153 ion although this could also 

be formed directly from the parent ion. Stepwise loss of 

ethylene then gives the base peak at m/z 97. The peak at m/z 

154 could be explained by initial P-S cleavage with hydrogen 

transfer (Scheme 25). 
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(EtO)ýP(S)SCHz:: C1 -e b, (EtO)P(S)SCHýC17- 

m/z 234 

-C1 -SCHC1 

(EtO)ýz: P(S)SCHzz -SCH-mC1 

m/z 199 (EtO)P(S)Sii 

-SCHI m/z 154 

(EtO)P(S), - 

I 

-C2H4. 

m/z 153 (EtO) (HO)P(S)SH 

-C<Ha m/ z 126 

(EtO) (HO)P (S), + -CýHQ 

m/z 125 (HO)<P(S)H, - 

I -C: 2 HQ m/z 96 

(H{O)ý-P(S) 

m/z 97 

1-S 
(HO)=P, 

m/ z 65 

Scheme 25 

Table 17. Mass spectral data for (EtO)2-PS---CH--v at 2001C. 

m/z 202 201 200 172 156 155 153 144 139 129 128 127 125 123 

10 7 100 20 31 13 10 17 12 7 15 24 22 51 

m/z 121 111 109 97 93 91 81 80 79 65 62 56 

21 20 6 64 19 14 89 14 28 75 

The molecular ion of (EtO)zPS=CH.:, corresponds to the 

base peak which by initial loss of C=Ha, or CH3, or CHCHO 
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gives several possible routes of fragmentation (Scheme 26). 

The ions in such routes are very common in the process of 

fragmentation of phosphorodithioates. 

(EtO), PS-2CHý -e (Et0)ýSzCH ; 'ý" -CH6CHO, (EtO)(H)P(S)SCH -S 

m/z 200 

-CýHQ 

I-CH: 

a 

(EtO) (HO)P(S)SCHI -" (EtO)P(S)S, - 

m/z 172 

-C<Hn 

(HO)Z! P(S)SCH -I 

m/z 185 

-c -pta -S 
(EtO) (HO)P(S)S 

m/z 144 mlz 157 
I 

-Calla 

(110) <P (S)S, 

am/ z 129 
I-S 

(HO)ýP(S) 

m/z 156 

-CzH4O 

(H)(H)P(S)SCH3 "" 

m/z 111 

(EtO)1P(S), 

m/z 153 
4-S 

<EtO)2P, ý 

m/z 121 

-CzHa 

1 
m/z 97 (EtO)(HO)P'- 

I 
-S m/ z 93 

, 
(HO)=Pý -G<HQ 

m/ z 65 

Scheme 26 
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For the electron impact mass spectra the ions of highest 

relative intensity were those resulting from the cleavage of 

the bond between phosphorus and the thiolo-sulphur atom, 

(RO)mO(X)7 "', followed by dealkylation to give (HO)2P(%)1ý, or 

loss of sulphur to give (RO)2P1"', as would be expected by 

previously reported fragmentation patterns for 

phosphorodithioates and phosphorothioates 10"116.64. 

The FAB spectra also give similar fragment ions as the 

most intense peaks although some compounds show CX+H]I and 

CX+H -B O) as the base peaks or very strong peaks. For 

instance the C X+H] - is the base peak for (BtO) 2P (S) SCH6CG2H 

and C X+H -H2O] is the base peak for (BtO) ýP (S) SCH6OH. The 

FAB mass spectrum for mecarbam gave the base peak by 

cleavage of the bond CO-HJLe, with formation of the ion 

CEtO)ýP(S)CHaC& , m/z 227. 

The amnnnium salt of diethyl monothiophosphoric acid and 

the potassium salt of diethyl dithiophosphoric acid, which 

had been prepared for the previously mentioned synthetic 

work, were also examined and showed some novel features. For 

the ammonium compound, significant peaks were observed 

corresponding to CX+H]-, which in this case results from 

protonation of the anion, i. e. C(BtO). mP(O)SH + HHa''], the 

protonated acid C(EtO). mP(OH)SH]"' ( the base peak ), and 
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others resulting fron stepwise loss of ethylene, water, 

sulphur and ammonia. (BtO): 2P(O)SHB4 also gave the peak 

[BH4ý + glycerol] of very high relative intensity (62.8%). 

The potassium salt showed different features and did not 

give a peak due to the protonated form of the corresponding 

acid. In this case, two sulphur atoms are present and there 

is no phosphoryl oxygen which can easily undergo 

protonation. The base peak was seen to correspond to the 

aggregate ((BtO)ýPSý- 2K"'], with a much weaker peak 

resulting from the loss of two ethylene molecules, i. e. 

[ (OH) ýPS2- 2K, 4-1. A peak assigned to ((OH) mP (S) SH + Kam'] was 

also noted, together with others that were unidentified. 

FAB has clear advantages in the examination of ionic and 

thermally labile compounds but is less advantageous for 

compounds that are more easily vapourised, such as mecarbam, 

for which electron impact spectroscopy is satisfactory. 
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INVESTIGATION INTO THE POSSIBLE USE OF GC-ILS (GAS 

GHRfl ATOORAPHY-XASS SPECTROXETRY) FOR THE IDEHTI11CATIO1 OF 

METABOLITES OF KECARBAX AND OF CHLORXEPHOS 

With the aim of investigating the possibilities of 

identifying the metabolites of mecarbam and chlormephos in 

the study of the degradation of these organophosphorus 

pesticides in liver and plants, a known sample of probable 

metabolites (or their methylated derivatives) was analysed 

by gc-ms using the service provided by PCMU (Physicochemical 

Measurements Unit, Harwell). The sample contained: 

(EtO)zPS: --ýH, (Etc))--PS&CH3, (EtO)zPS2CH2CO2We, 

(EtO)nzP(O)SCHýCO`Xe, and the oxygen analogue of mecarbam, 

(EtO)zP(O)SCH2COH(Me)CO: 2Et. 

Analysis was carried out on a capillary column 

containig silicone oil, with an initial temperature of 55°C, 

final temperature of 250°C, and ramp rate of 5.0°/minute. 

The following results were obtained. 
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Table 1-A 

Peak/Compound Retention SCAN Ion Current 
time(min: sec) number intensity(s) 

(EtO)2PS2H 14: 58 855 45.0 

(EtO)2PS=CH3 18: 20 1048 100.0 

(EtO)2POSCH'CO=Me 25: 08 1436 6.0 

(EtO)2PSýCH2COýXe 26: 55 1538 30.0 

(EtO)2PS=CH=CH3 19: 58 1141 13.0 

The compound (EtO)ýPSmCH<CH: ý was probably formed by 

thermal decomposton of the methoxycarbonyl derivative, 

(EtO) 2PS--CHýCO__Me 

(EtO)1PSýCHICO<Xe -C (EtO)sPS2CH2CH3 

The principal routes of fragmentation for these 

compounds in electron impact mass spectrometry (except for 

the S-ethyl compound), have already been studied in chapter 

II. The mass spectra obtained by the direct insertion method 

are compared in the following table to these obtained by GC- 

XS to clarify the identification of the compounds. 
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Table 2-A 

Compounds Relative Intensity 
by GC-MS (%) 

Relative Intensity by 
direct insertion ('. ) 

(EtO)=PSOH 

47(100), 65(35), 65(28), 79(14), 
(EtO)ýP& CH_j 79(13), 97(28), 97(64), 123(51), 

123(15), 139(<5)b 139(12), 144(17), 
144(<5), 156(<5), 156(31), 172(20), 
172(<5), 200(8) (M i) 200(100) 

(EtO)zPSzCHz: CO Me 

(EtO)=P (0)SCHz: C0 Xe 

47(100), 65(30), 
97(65), 109(10), 
125(19), 153(7), 
186(15)(N-, ) 

47(100), 59(10), 
65(30), 74(15), 
81(20), 93(10), 
97 (35), 109 (20), 
121(<5), 127(20), 
155(25), 169(<5), 
198(trace), 
258 (trace) (M ") 

45(100), 65(15), 
74(18), 81(18), 
91(25), 109(17), 
127(<10), 141(<5), 
154(17), 169(<10), 
182(10), 197(trace), 
210(<5), 
242(trace) (M' ") 

65(49), 97(100), 
109(13), 125(50) 

153(21), 186(16) 

59(3), 65(47), 
74 (25), 81 (5), 
93(36), 97(100), 
109(7), 121(53), 
127(3), 155(3), 
169(12), 198(18), 
258(74) 

65 (32), 74 (38), 
81(81), 91(30), 
109(100), 127(26), 
141(27), 154(63), 
169(51), 182(74), 
197(7), 210(55) 
242(18). 

(EtO): ZPS: 2CHICH; 

47(100), 59(28), 
65(68), 97(75), 
109(12), 125(22), 
169 (trace), 186(25), 
214(10)(X'). 

not determined 
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In all cases the molecular ion was detectable and 

the same principal fragments were observed by the gc-ms 

technique as for the same compounds by direct insertation. 

The relative intensities of the ions however differed. 

On the basis of the present information, the best 

interpretation is as follows: - 

The compound (EtO)<P(S)SCHmCHý (not discussed above) appears 

to fragment mainly by fission of the P-S bond (Scheme 1). In 

addition the peak at m/z 186 indicates initial loss of 

ethylene, but whether this originates from the ethoxy or 

ethhylthio group is not certain (Scheme 2). Cleavage of the 

P-O bond appears to be less important as the peak at m1z 169 

is very weak, although this ion could be an intermediate en 

route to the formation of the moderately intense ion at m/z 

109, tentatively assigned the structure EtOPSH " (Scheme 2), 

(EtO) aP (S) SEI? '" -Slit ' 
(EtO) ^PS1' -CýHQ 

m/z 214 m/z 153 

(EtO) (HO)PS" -C? Hd (HO)=PSýý -S 

m/z 125 mlz 97 

(HO): 2P1^' -H2O PO'"' 

m/z 65 m/z 47 

Scheme 1 
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-C2H4. (EtO) 2P (S) SH, " " =SH <Et0) PS, y etc 

(Et0)2P(S)SEt, -" or m1z 153 

m/z 214 -C2H4 (EtO) HO 

P (S) SEt, "" -Et- PS1" etc 

(HO) EtO 

-EtO 

EtOP (S) SEt, =S - 

m/z 169(trace) 

m/z 186 

EtOPSEt, w EtOPSH1~ 

mlz 137 m/z 109 

Scheme 2 

It was not possible to identify the oxygen-analogue 

of mecarbam in the above mixture, but individual samples of 

mecarbam and its oxygen-analogue were analysed by gc-mass 

spectrometry on the silicone oil capillary column in order 

to obtain information about their peaks and fragmentations. 

By using an initial temperature of 55°C with temperature 

programming at 20.0°C/min up to 200°'C, the following 

results were obtained. 
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Table 1-B 

Peak/Compound Retention 
time (min: sec) 

(EtO)2P(S)SCH2CONXeCO2Et 15: 15 

(EtO)2P(O)SCH2CONXeCO2Et 13: 24 

SCAN Ion Current 
number intensities(%) 

871 <10.0 

766 <1.5 

The main peaks in the mass spectra of mecarbam and 

its oxygen-analogue by GC-MS are compared in Table 2-B with 

those previously reported for the direct insertation 

method. ' c' 
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Table 2-B 

Relative intensity 
by GC-m/s (%) 

Relative intensity 
by direct insertation (%) 

(EtO)ýP(S)SCHýCOAXeCO=Et 

42 (100), 46(78), 58(75), 
64 (68), 74(18), 86(30), 
97 (88), 104(15), 116(28), 
125(45), 131(80), 143(17), 
153(26), 159 (48), 160(40), 
171 (10), 185 (4), 198(8), 
226(3), 252 (1), 283(1), 
296(3), 329 (8)(K-, ) 

42(27), 46(17), 

-, 74(11), 
97(95), 104(19), 
125(51), 131(100) 
153(31), 159(49), 
171 (10), 185(5), 
226(14), - 
296(14), 329(35). 

58(46), 
86(39), 
116(36), 

, 143(g), 
160(50), 
198(11), 

(EtO)2P(O)SCHzýCONNeCO=Et 

42 (100), 43(20), 
59 (58), 65(20), 
81 (40), 86(35), 
109(30), 131(90), 
154(30), 159(35), 
182(1.8), 196(1), 
268(1), 313(1) (M' 

42(16), 43(7), 44(5), 
59(2), 65(10), 76(6), 
81(6), 86(39), 91(5). 
109 (24), 131(100), 137(8) 
154(25), 159(78), 177(2) 
182(17), 196 (2). 210(22) 
268(4), 313(1.0). 

44(35), 
76(<10) 
91(15), 
137(5), 
177(1), 
210(15) 

This technique gives many fragment peaks in common 

for the compounds under study, but the relative intensity 

varies as can be observed Ln Table 2-B. The GC-XS method is 

however clearly siutable for the identification of these 

corJ)ouI1dS in mixi: ures, on the basis of the peaks that are 

observed. 
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GAS-CHROMATOGRAPHIC ANALYSIS AND HYDROLYSIS STUDIES 

Separation and identification of some metabolites or 

their methyl derivatives by gas-chromatography have been 

investigated under the conditions that follow. 

A Varian model 3700 gas-chromatograph fitted with a 

thermionic detector (phosphorus mode) and a system of direct 

capillary injection was used. The column used was a 

capillary wall-coated open tubular (VCOT) column, containing 

SE 30 on vitreous silica, 12 m in length and 0.2 mm in 

diameter. In the detector, the air flow-rate was 175 

cm /min, the make-up gas A< flow-rate was 35 cnP/min and the 

hydrogen flow-rate was 4 cnP/min; and in the column, the 

carrier gas was nitrogen with a flow-rate of 5.0 cuP/min. 

The analysis was carried out with a temperature 

program starting at 55'C for 5 min and heating at 5'C/min to 

147'C. The detector and injector temperature were 220'C and 

90'C respectively. 

Compounds identified and separated using the 

conditions above are shown in Table 1 and a typical 

chromatogram is shown in Figure 1. 

137 



1 

I 

' 

11 
1 

1 
O 

- 

t 
I1 

!ý 
I 

1 1 
1 - 

O1 

1 - 

1 

fI 

1 1 
, 

EEH 

v4ö tf 10 12 14 16 18 20 22 24 26 28 30 32 
Time (min) 

Figure 1 
Separation of metabolites and methyl derivatives 
by gas chromatography - see also Table 1. 
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Table 1 

COMPOUND Retention 
time (min) 

1. (EtO)zPS2H 8.6 

2. (EtO)2PS: zCH- 11.3 

3. (EtO)2P(O)SCH2COtxe 17.9 

4. (EtO) 2PS<CHýCOý lie 19.0 

5. <EtO) ýP (O) SCH2CON](eCO2Et 27.7 

6. "(EtO)2PS2CH-COzNXeCO2Et 31.0 

On the non-polar stationary phase the compounds are 

seen to elute in order of increasing molecular weight, and 

presumably of boiling point. 

Hydrolysis Studies 

The importance of the study of hydrolysis of 

pesticides is due to the fact that pesticides usually 

undergo hydrolytic reactions under natural conditions. So a 

knowlegde of rates and products of hydrolysis of a pesticide 

provides useful information about its level of toxicity. 

The final products of hydrolysis of organo- 

phosphorus pesticides normally are non-toxic residues, but 

before detoxification takes place, reactions of oxidation 
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and isomerization can give very poisonous metabolites. 

Reactions of oxidation are normally carried out by enzymes 

present in insects and via soil organic matter catalyzed by 

clay surfaces, metal oxides, metal ions, etc. Oxidation 

occurs in plant but at a slower rate. 

To improve the method for determining the rates of 

hydrolysis the investigation of a possible new procedure for 

determining the concentration of organophosphorus pesticides 

in solution, without extraction, was carried out at 

different values of pH and in two solvent systems. 

The basis of the method was to use a suitable 

reference compound as an internal standard against which 

mecarbam could be measured. This avoids the inaccuracies 

that would result from either incomplete extraction by a 

solvent, or variation in the volume injected on each 

occasion by the microlitre syringe. Benzophenone was found 

to be a suitable reference compound for this purpose. 

However, because of the low solubility of mecarbam (and of 

benzophenone) in water, hydrolysis was carried out in 

mixtures of ethanol-water or dioxane-water. 

The details of the procedure are given in the 

experimental section. The results are shown in Table 2. 
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Exp. pH Solvent 

A 7.3 50% EtOH/ 

50% buffer 6.8 

B 7.1 50% EtOH/ 

50% buffer 6.6 

C 8.4 50% dioxane/ 

50% buffer 7.0 

Table 2 

Total K,, /h-' tVa/h r 
time/h 

5.5 0.2544 2.72 0.9914 

8.0 0.1834 3.77 0.9840 

6.0 0.3064 2.26 0.9926 

Initial concentration of mecarbam (g/dmr) = 0.002 (exp. A) ; 

0.0086 (exp. B) ; 0.0016 (exp. C) . 

The rate of hydrolysis increases somewhat with 

increasing pH, as would be expected for nucleophilic attack 

by water on mecarbam. Only a narrow range of pH values has 

so far been studied however. Possible modes of reaction with 

water are as follows. 

SO KeO SO Me 
II II I IL II 

(Et0><P-S-CHF-C-N-C-OEt C(EtO) P-S-CHF-C-N-COkH] 

H2O unstable carbamic acid 

S 
11 

-COf (EtO)ýP-S-CHi-CO-NHMe 
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SO Xe 
11 (1 1 11 

(EtO)2P-S-CH2-C-H-CO Et-ý (EtO);;! P-S-CHLCOzH + XeHHCOýEt 

J 
H2O 

(EtO)MP-S-CH2-C-N-C-OEt p(EtO)2P-OH + 

H2O C HSCH2COH (Xe) CO2Et l -. further 
decomp. 

As hydrolysis proceeded, a number of degradation 

products were observed by g. 1. c., one of which appeared to 

be diethyl dithiophosphoric acid (DETA), formed by cleavage 

of the S-CH2 bond 

11 . 11 le 11 
(EtO)fP-S-CH2-C-H-COzEt -4o- (EtO)2P-SH + 

HtO C HOCH2COH(Me)COzEt] -'further 
decomp. 

Under similar conditions chlormehos was found to be 

more stable and underwent no detectable hydrolysis in 70 

hours. 

Futher identification of the hydrolysis products was 

achieved by methylation followed by g. c. -m. s. as 

described in the following section. 
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GS_. &RALYSIS FOR HYDROLYSIS STUDIES 

In two experiments, as described in. the experimental 

section, alkaline hydrolysis was used to cause almost total 

degradation 
. 

(Sample 1) or only partial degradation (Sample 

2) of mecarbam. 

Gas chromatography - mass spectrometry analysis was 

carried out on an OV1 column (25 mx0.2 mm, film thickness 

0.1 pm) with an initial temperature of 40°C for 5 minutes, 

final temperature 250° for 10 minutes, and a ramp rate of 

15°C/minute. The carrier gas was He, flow rate 30 cm/s, head 

pressure 10 psi. and injector temperature 200°C. 

The results for sample 1 are shown in Table 1. 

Table 1 

Retention Time Scan number Ion current intensity 

(rain: sec) (%) 

12: 57 606 25 

16: 39 811 100 

16: 50 848 5 

20: 15 995 45 
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The compounds scan number 606,811,848,995 gave 

the fragment ions in tables 2,3,4 and 5 respectively. 

Table 2. Mass spectral data for compound scan number 606 

m/z 184 156 139 128 111 93 81 65 47 

% 18 18 45 35 80 60 95 50 100 

Table 3. lass spectral data for compound scan number 811 

m/z 258 226 198 181 168 153 141 125 106 97 74 65 

% 45 25 15 28 10 30 8 48 28 100 38 48 

m/z 45 

% 35 

Table 4. Kass spectral data for compound scan number 848 

m/z 272 227 195 171 153 121 97 88 74 65 40 

ye 18 8 15 9 20 55 100 12 12 55 52 

Table 5. Mass spectral data for compound scan number 995 

m/z 329 296 226 198 159 144 131 116 97 86 74 59 

% 18 10 88 40 12 85 30 100 35 28 52 

m/z 42 

% 40 
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The compound with retention time 12: 57 was 

identified as (EtO)mP(O)SCH3 formed after methylation of 

(EtO)2P(O)SH. This is explained by the fact that one of the 

three possibilities of hydrolysis of mecarbam is the attack 

of P by the hydroxide ion,. as shown : 

S0 )te O 

11 if 1 11 
(EtO)1P-S-CHF-C-0-H- C-OEt 

I11 HO' HO HO- 

(a) (b) (C) 

Nucleophilic displacement at phosphorus (a) by a 

bimolecular Sr22(P) mechanism is well knowm `11, and proceeds 

via a five-coordinate intermediate. 

S S- 
)1 ---6 EtO\ 

(EtO)2P-S-X 1 P-S-X 

EtOlI 
HO- HO 

USX EtO` 
POH ý----- 

Eto' 
S- 

OH 

(EtO): ZP\ + -sx 

S 

EX = CHý-CON(Xe)COzEt] 
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The attack at CH2 by hydroxide, with cleavage of 

the S-C bond was not confirmed since there is no evidence 

for the presence of (EtO)2P(S)SH. The second possibility of 

attack at the carbamoyl carbonyl group (b) is confirmed with 

the formation of the compound of scan number 811, which is 

the methylated derivative of (EtO)2PS2CH2CO2H. 

O 11 1ý Ova 
(EtO)2P(S)SCH2-C-H(Me)COzEt b (EtO)2P(S)CHF-C-1F(Me)COaEt 

H OH 

(EtO) 
2P(S)SCH2GO2H ý' ( H(We)CO2Et] 

HaO w geNHCO2Et 

There is no evidence for initial hydrolysis of the 

carbethoxy group which would be expected to yield 

(EtO)2P(S)SCH2COH(Xe)CO: =H and hence (EtO)2P(S)SCH2COHHNe by 

loss of COT. These products were not detected, although 

(EtO)2P(S)SCH2COHHXe has been observed as a degradation 

product on the surface of bean leaves or of lucerne 9. 

The compound scan number 995 was identified as 

mecarbam. The product of degradation scan number 848, m/z 

272 was present in very low concentration. This is not 

definitely identified but suggests the formation of the 

ethyl ester, possibly as follows. 
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II (I/} ii (EtO)2P-S-CH2-C-N-We--º (EtO)ýP-S-CHF-COf2Et + McYCO 

Et-f =O 

The results for sample 2 are in Table 6. 

Table 6 

Retention Time Scan number Ion current Intensity 

(min: sec) (x) 

3: 30 119 14 

6: 40 272 8 

11: 30 529 trace 

16: 39 811 100 

17: 30 839 5 

20: 20 1002 100 

The compounds scan number 119,272,529,811,839 

and 1002 gave the fragment ions in tables 7,8,9,10,11 

and 12 respectively. 
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Table 7. Nass spectral data for the compound scan number 119 

m/z 100 85 71 57 43 

% 18 8 55 56 100 

Table 8. Mass spectral data for the compound scan number 272 

mhz 103 75 58 40 

% 28 45 100 35 

Table 9. Nass spectral data for the compound scan number 529 

m/z 184 140 129 107 95 79 65 40 

% 45 10 30 45 30 65 15 100 

Table 10. Nass spectral data for the compound scan number 811 

m/z 258 226 198 181 168 153 141 125 106 97 74 65 

30 18 10 25 10 30 8 50 30 100 40 50 

M/ z 45 

% 40 

Table 11. Xass spectral data for the compound scan number 839 

m/z 272 227 195 171 153 121 97 88 74 65 40 

% 50 20 25 15 30 60 100 15 10 40 55 
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Table12. Wass spectral data for the compound scan number 1002 

m/z 329 296 226 198 171 159 144 131 116 104 97 86 

% 25 18 10 10 10 45 -18 90 40 20 100 40 

m/z 76 65 56 42 

% 18 50 18 35 

In sample 2, all the four compounds identified in 

sample 1 (X+" 329,272,258 and 184), were present plus two 

other compounds at scan numbers 119 and 272. 

The first of these is seen to be heptane, presumably 

present in the hexane fraction used in the experiment. 

Fragmentation of the various C-C bonds in the chain gives 

the hexyl, pentyl, butyl, and propyl carbonium ions as shown 

below. 

i CH3-CHF-CHF-CH2-CH2-CHF-CIiý ý" 

m/z 100 

C6. H, 3- m/ z 85 

CsH1, - m/z 71 

C. aHg" Un/z 57 

CaHý"' m/z 43 

The compound at scan number 272 is ethyl H- 

methylcarbamate, one of the two products of initial 

hydrolysis at the carbamoyl carbonyl group. It was not 

detected in sample 1 as further hydrolysis presumably 

occurred. Fragmentation occurs by initial loss of ethoxide 
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radical to give the base peak at m/z 58 or by elimination of 

ethylene 14. 

0 
II 

McHH-C-O-Et 

m/z 103 

-Et 0' -CH4 
7 

)teKHCO + Xe1HCO2H 

m/z 58 m/z 75 

The alkaline hydrolysis of chlormephos was carried 

out to reach only a partial level of degradation of this 

pesticide. The procedure was described in the experimental 

section. 

The g. c. -m. s. analysis was performed with an OV17 

capillary column (25 mx0.32 mm, film thickness 0.52 µm), 

programmed from 100°C for 1 minute to 300°C for 15 minutes 

and a ramp rate of 10°C per minute, injector temperature 

250 C. 

The results are shown in Table 13. 
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Table 13 

Retention Time Scan number Ion current intensity 

(min: sec) % 

2: 70 91 22 

5: 40 219 18 

7: 10 284 100 

12: 58 598 25 

16: 37 784 100 

The compounds scan number 91,219,284,598, and 784 

gave the fragment ions presented in Tables 14,15,16,17, 

and 18 respectively. 

Table 14. Xass spectral data for compound scan number 91 

m/z 200 198 172 170 143 121 93 81 65 41 

%5 100 10 15 20 90 80 40 85 18 

Table 15. Xass spectral data for compound scan number 219 

m/z 214 186 158 121 97 81 65 40 

% 20 100 10 70 70 10 65 38 
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Table 16. Mass spectral data for compound scan number 284 

m/z 236 234 189 188 154 121 97 81 65 47 

% 18 35 22 45 100 95 10 45 38 

Table 17. lass spectral data for compound scan number 598 

m/z 338 261 207 186 153 121 97 80 65 47 

% 25 18 1 10 20 80 100 2 80 10 

Table 18. Nass spectral data for compound scan number 784 

m/z 384 261 231 199 175 153 125 109 97 79 65 45 

%21 80 10 8 70 50 2 100 2 55 22 

Unreacted chlormephos gave the scan number 284. The 

peaks at m/z 234 and 236 showed the isotopic pattern due to 

'SC1 and 37C1 respectively whilst the peaks at m/z 188,154, 

121,97,81 and 65 correspond to the fragmentation pattern 

of chlormephos. 

Hydrolysis of chlormephos has previously been shown 

to give DETA 11 which indicates attack at CHýCI as shown. 

(EtO)2PS2CH. C1 P(EtO)ýPS=CH2OH -CH2 10 (EtO)ýPSMH 

HO- + Cl- 
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The intermediate hydroxymethyl derivative was not 

detectable, nor was the methylated form (X. V. 230). 

Methylated DETA is suggested by the ion at a/z 200 

in scan 91 but it gives only a weak signal. It is however 

confirmed by m/z 172, corresponding to loss of C2H. a. 

(EtO) 2P (S) SCHI, "'0 CBtO) (HO) PS?. CHO'' °+C. H. 

m/z 200 m/z 172 

A very strong peak at m/z 198 also occurs in scan 91 

and suggests that two compounds with same retention time are 

present. The only related structure with molecular weight of 

198 is <BtO)ýP(O)SEt, which could result from initial 

hydrolysis by attack at P: - 

SS 

CEtO) P-S-CHýC1--- - (EtO)P +[ SCH2C1] - 

HO- OH 

In alkaline solution the anion is formed which could 

then dealkylate another ester molecule, e. g. 

O 

i 
(EtO) 2P - EtOs 

s EtO' 's-CH2c1 

(StO) ýP (O) SBt +0-S 
i 

P 

EtO SCH2C1 
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Similarly the formation of (EtO)=, PSm- from DETA in 

the presence of alkali and then attack at ethyl, P, or CH2Cl 

in chlormephos, could account for the compounds at scan 

numbers 219,598, and 784. 

Attack at the ethyl group could give the triethyl 

ester, scan number 219. 

(Et0)ýPS<- EtO. 
" 

Sos 
Pý ____ _ (Et0)=PS2Et + 

EtO SCH6C1 EtOý SCH2C1 
(X. W. 214) 

The triethyl ester fragments in mass spectrometry by 

loss of CýH.,, to give [ DETA] 'I, m/z 186, and then further as 

expected. 

Attack at P would give rise to O, O', O '', Ot*1- 

tetraethyl trithiopyrophosphate, scan number 598, 

SSS 
11 11 11 

(EtO)ýP-SCH2C1 --- '(Eto)1P-S-P(OEt)2 

(EtO)2P(S)S- (N. V. 338) 

whilst attack at CHmC1 gives 

bis(diethoxyphosphinothioylthio)methane, scan number 784. 

SSS 
(1 11 11 

(EtO)ýPS} Hz! -C1 P(EtO)2P-S-CH2-S-P(OEt)ý 

(EtO) 2P (S) S! - (M. V. 384) 
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The parent ion, (EtO)2P(S)SCHZS(S)<OEt)- -I +", 

undergoes fragmentation to give the fragment ions mlz 231 

and m/z 199 as shown below. 

(EtO)=P(S)SCH<(S)SP(OEt)2 " 

oS(S)P<OEt> 
Z 

"(S>P(OEt) 

(EtO)ýP(S)SCH2 (EtO)ýP(S)SCH2S 

m/z 199 i/z 231 

Also detected are other intense ions at m/z 153,125 

and 97, characteristic of diethyl dithiophosphate 

derivatives. 
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The organ 

organism through 

mucous membranes. 

will depend on 

compound, on the 

of formulation. 

ophosphorus insecticides may reach man's 

oral, derznl, or respiratory channels and 

The velocity of absorption at these points 

the physico-chemical properties of the 

environmental conditions, and on the type 

The absorption by oral channel is of extraordinary 

importance because it can affect the consumers of fruits, 

vegetables and grains treated with insecticides of high 

toxicity. The absorption of insecticides by respiratory 

channel may occur with persons who work in the formulation 

industries and persons who work in the application of those 

insecticides in the form of powder or in domestic use in the 

form of spray. The absorption by mucous membranes and skin 

is the principal way of penetration of insecticides for 

those who apply the product in the form of powder or work in 

crops. 

The majority of the organophosphorus insecticides 

are transformed in the body into metabolites, in general 

inactives, and the liver is the principal point of 

biotransformation, which takes place through the enzymes. 
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In some case, the metabolites are more toxic than 

the original products, for instance the oxo form of 

organophosphorus pesticides. 

The biotransformation of insecticides may occur in 

other tissues of the animal organism. So the thiophosphates 

may be transformed into the corresponding phosphate 

triesters in brain, lungs and intestines Bs"7O"" . 

In the biotransformation the liver presents two main 

functions. The first is transformation of liposoluble 

compounds into more polar derivatives, making easier their 

elimination through the kidneys. The formed compounds are 

more hydrosoluble than the original forms because they have 

more hydrophilic radicals or because they present themselves 

in the conjugate form with lipophobic agents. The second 

function of the liver is a consequence of the first i. e. 

detoxification. By being converted into a form that can be 

excreted, the insecticide loses its activity. 

Xost of the oxidative and reductive enzymes present 

in the liver that can metabolise drugs, require the reduced 

nicotinamide adenine dinucleotide phosphate (HADPH) and 

molecular oxygen for their action. 

Another enzyme in the biotransformation of the 

insecticides is the S-alkyl transferase by the reaction of 

dealkylation '_" "a. 

This enzyme is present in the soluble fraction of 

the homogenate of liver T2". The reaction occurs mainly with 

the organophosphorus compounds, and those that show a methyl 
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group in the molecule are more easily dealkylated than 

those with an ethyl group. 

The microsomal enzymes of the liver not only 

activate the thiophosphate compounds by transforming the 

bond P=S into P=O, but- also degrade the substances by 

cleavage of the aryl-phosphate bond ' "'°. For instance, the 

diethyl ester, parathion is transformed into para-ozon, 

and then degraded to give diethylphosphoric acid and p- 

nitrophenol -70. 

Results obtained for the degradation of mecarbam and 

of chlormephos with experiment A, as described in the 

experimental section (see page 55) are shown in Tables 1 and 

2 respectively. 
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Table 1. Conceutraton of mecarbam versus time of reaction 

Concentration Time Peak height 

of mecarbam (ig/m1) (minutes) (cm) 

640.0 0 8 

216.0 10 2.7 

104.0 20 1.3 

16.0 30 0.2 

1 }il of solution of mecarbam (680 . ppm) corresponds to a peak 

height of 8.5 cm. 

Table 2. Concetration of chlormephos with time of reaction 

Concentration Time Peak height 

of chlormephos (jig/ml) (hour) (cm) 

13.2 0 9.8 

8.5 1 6.3 

7.9 2 5.9 

8.5 3 6.3 

4.5 4 3.3 

3.1 5 2.3 

2.3 6 1.7 

1 µl of solution of chlormephos (8.5 ). Lg/mi) corresponds to 

a peak height of 6.3 cm 
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For macarbam the study was carried out at -10°C 

because of the high rate of degradation. Under these 

conditions, the concentration fell from 640 µg/ml to 16.0 

pg/ml (97.5% degradation) in 30 minutes. At room temperature 

the rate was too high for -measurement. 

Chlormephos was more resistant and the experiment 

was carried out at 41°C. Under these conditions the 

concetration fell only from 13.2 pg/mi to 2.3 pg/ml (83.0% 

degradation) in 6 hours. 

Products from similar experiments after short 

periods of degradation were methylated using diazomethane 

and examined by g. c. -m. s. 

The parameters used for analysis of experiment A 

were the same as those used for hydrolysis of chlormephos 

(see page 150). 

It was carried out using 5g of lamb liver 

homogenate in 125 ml of water containing 4011.2 ppm of 

mecarbam. For extraction of the pesticide and its 

metabolites were used hexane, dichloromethane, anf diethyl 

ether (see page 55 for details of procedure). 
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Each of these layers were analysed by gas 

chromatography (g. c. conditions are described in page 58). 

The g. c. analysis of the hexane layer showed unreacted 

mecarbam and other peaks which were further identified by 

g. c. -m. s. as methyl -ester of fatty acids. The 

dichlorometbane and diethyl ester layers did not show the 

presence of mecarbam or any organophosphorus compound. 

The hexane extract layer corresponding to the 

reaction time of 10 minutes was analysed by g. c. -m. s. and 

the results in Table 3. 

Table 3 

Retention Time Scan number Ion current intensity 

(min: sec) a: 

12: 39 582 100 

14: 23 677 45 

14: 26 680 100 

14: 41 693 25 

15: 41 748 20 

16: 35 797 25 

17: 26 844 28 

18: 16 889 30 
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The compounds scan number 582,677,680,693,748, 

797,844,889 gave the fragment ions present in Tables 4,5, 

6,7,8,9,10, and 11 respectively. 

Table 4. Nass spectral data for compound scan number 582. 

m/z 270 227 199 185 171 143 129 97 87 74 55 43 

%12111 10 25 60 100 40 60 

Table 5. Nass spectral data for compound scan number 677. 

m/z 329 296 263 226 206 

%11111 

m/z 43 

% 100 

160 131 112 97 82 67 55 

20 40 20 58 40 50 80 

Table 6. Xass spectral data for compound scan number 680. 

m/z 265 222 180 166 152 138 113 83 69 55 41 

% 10 10 10 555 20 50 60 100 90 

Table 7. Mass spectral data for compound scan number 698. 

m/z 298 255 199 185 143 111 87 74 57 43 

%1555 10 5 70 100 18 35 
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Table 8. Wass spectral date for compound scan number 748. 

m/z 197 155 126 111 84 71 57 43 

%555 18 60 90 100 60 

Table 9. ? (ass spectral date for compound scan number 797. 

m/x 20? 155 133 111 85 71 57 43 

%555 20 60 80 100 70 

Table 10. (ass spectral date for compound scan number 844. 

m/z 281 20? 191 177 155 126 105 85 71 57 43 

%15555 10 5 55 80 100 80 

Table 11. lass spectral date for compound scan number 889. 

m/z 281 207 191 161 133 119 105 85 71 57 43 

%5 10 55 10 10 5 50 80 100 78 

The hexane extract of mecarbam in lamb liver showed 

to contain methyl ester of fatty acids (identified by m. s. 

library search) and trace of mecarbam were detected with the 

compound scan number 677 which showed the molecular ion A'' 

329 and characterisctic patterns of the fragmentation of 

mecarbam. Bone of the compounds was identified as an 

organophosphorus compound. 
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Vith the aim to reduce extent of degradation and to 

increase opportunity for detection of its metabolites, a 

second attempt (experiment B) was made with relatively 

smaller amount of liver. 

The g. C. -m. S. analysis for experiment B was 

performed with temperature program from 50°C for 2 minutes 

to 220°C for 10 minutes and a ramp rate of 30°C per minute, 

injector temperature 220°C. 

It was carried out using 1.5 g of lamb liver 

homogenate in 25 ml of water containing 13370.6 ppa. 

Aliquot of 10 ml was taken after 2 minutes reaction at room 

temperature. For the extraction of the pesticide and its 

metabolites was used 10 ml of hexane. The rest of the 

procedure was carried out as for experiment A. 

The g. c. analysis showed unreacted mecarbam and 

other peaks which were further identified by g. c. -m. s. as 

methyl esters of fatty acids. 

The results of g. c. -m. s. analysis are shown in the 

Table 12. 
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Table 12 

Retention time Scan number Ion current intensity. 

(min: sec) % 

5: 06 153-155 25 

12: 00 537-539 20 

14: 10 642-644 10 

14: 20 647-649 12 

14: 40 664-666 55 

16: 54 800-802 55 

17: 20 837-839 15 

17: 40 854-856 45 

18: 00 862-864 22 

18: 34 888-890 25 

18: 34 899-901 10 

The compounds scan numbers 153-154,537-539,642- 

644,647-649,664-666,800-802,837-839,854-856,862-864, 

888-890,899-901 gave the fragment ions presented in Tables 

13,14,15,16,17,18,19,20,21,22, and 23 respectively. 
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Table 13. Mass spectral data for scan numbers 153-155. 

m/z 101 100 85 78 71 70 69 57 56 55 53 51 43 

% 2 20 5 5 65 30 3 55 40 15 32 100 

m/z 42 41 39 32 29 28 27 

% 28 65 22 3 48 21 34 

Table 14. Xass spectral data for scan numbers 537-539. 

m/z 242 213 212 211 200 199 185 171 157 144 143 

% 4 2 1 5 1 9 2 1 2 1 15 

m/z 129 111 101 97 87 83 74 71 70 69 59 

% 5 2 5 5 62 8 100 6 2 12 8 

m/z 57 56 55 43 41 39 29 

% 12 5 22 28 22 4 13 

Table 15. Nass spectral data for scan numbers 642-644. 

m/z 268 237 236 207 195 194 165 152 137 123 110 

% 2 7 9 2 2 12 3 12 9 17 20 

m/z 97 96 95 91 86 84 83 82 81 79 74 

% 40 43 38 6 40 45 48 28 45 18 72 

m/z 71 69 68 67 65 55 41 28 

% 25 65 30 55 5 100 87 44 
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Table 16. Nass spectral data for scan numbers 647-649. 

m/z 268 237 236 207 195 194 179 165 153 152 123 

%2 6 8 1 2 10 1 3 2 10 18 

Wz 110 97 87 83 74 69 55 41 29 

% 18 35 40 50 65 77 100 85 33 

Table 1?. ]fass spectral data for scan numbers 664-666. 

&z 271 270 239 228 213 199 185 171 157 143 129 

% 2 8 6 2 2 4 5 5 3 20 8 

m/z 115 101 97 87 74 69 55 43 39 29 

5 3 8 10 80 100 18 30 50 5 15 

Table 18. blass spectral data for scan numbers 800-802. 

m/z 329 296 284 252 226 206 198 185 171 159 144 

% 20 10 2 3 10 10 10 4 12 51 15 

m/z 131 116 97 86 76 71 65 58 42 29 

% 88 36 100 38 15 4 43 35 35 90 

Table 19. lass spectral data for scan numbers 837-839. 

m/z 294 263 220 178 164 150 135 124 109 95 81 

S 5 5 2 2 4788 24 56 84 

m/z 74 67 55 41 29 

% 16 100 77 66 26 
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Table 20. ]dass spectral data for scan numbers 854-856. 

m/z 296 266 235 222 207 194 180 166 137 123 110 

%322 10 22 10 5 10 15 21 

m/z 97 83 55 41 29 

48 58 100 97 30 

Table 21. Nass spectral data for scan numbers 862-864. 

m/z 296 265 264 235 222 193 180 166 151 137 124 

% 2 7 10 1 7 2 65 3578 

m/z 109 83 74 69 55 41 29 

% 40 50 53 81 100 78 25 

Table 22. Wass spectral data for scan numbers 888-890. 

m/z 298 267 255 241 227 213 199 185 171 157 144 

%84821252122 

m/z 143 87 74 69 55 43 29 

% 17 70 100 18 28 40 13 

Table 23. Mass spectral data for scan numbers 899-901. 

m/z 295 294 263 220 178 164 150 135 123 109 95 

% 2 13 3 3 4588 10 24 50 

m/z 81 67 55 41 28 

% 70 100 53 51 25 
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With the experiment B again many fatty acids (as 

methyl esters) are present, giving typical fragmentation 

patterns -70. For instance: 

m/z 298 corresponds to C, -rH6&COzJte, 

m/z 296 "w C1 -rH3mCO2Xe, 

m/z 294 C, -7E CO2Xe, 

m/z 268 "wC, sR=scO2xe, 

m/z 242 C, : =AýýCC6Xe. 

The compound scan numbers 800-802 corresponds to 

unreacted mecarbam as observed by the presence of the 

characteristic fragment ions of this pesticide. 

Vith both experiments A and B, no metabolites were 

deteacted although residual mecarbam was still present. This 

suggests that the metabolites were themselves degraded as 

fast as the original pesticides or that they may be combined 

as conjugates that were not extracted. 
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The parameters of analysis for experiment A and B 

are described in page 150 and 164 respectively. 

This experiment was carried out using 50 g of jamb 

liver homogenate in 250 ml of water containing 161.3 ppa. 

Aliquot of 25 ml was taken after diferrent intervals of 

time. The sample taken after 1 hour was analysed by g. c. - 

m. s. and the results did not show any compound that could be 

identified as a product of degradation of chlormephos. Only 

methyl esters of fatty acids were present. 

This experiment was also an attempt to reduce extent 

of degradation of the pesticide and to increase chance for 

detection of metabolites. 

It was carried out using 1.5 g of lamb liver 

homogenate in 25 ml of water containing 161.3 ppm. Aliquot 

of 10 ml was taken after 5 minutes. See page 57 for details 

170 



of the procedure. The compounds revealed in this analysis 

are shown in Table 24. 

Table 24 

Retention time Scan number Ion current intensity 

(min: sec) % 

3: 30 162-164 100 

6: 10 256-258 8 

9: 20 435-437 12 

9: 40 461-463 8 

9: 45 467-463 5 

11: 20 526-528 7 

11: 40 537-539 12 

13: 10 646-648 5 

13: 15 653-655 5 

13: 30 661-663 25 

17: 00 833-835 8 

17: 20 846-848 20 

17: 30 856-858 8 

17: 50 882-884 10 
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The fragment ions from the compounds present in the 

liver extracts of chlormephos in hexane are shown in the 

folowiug Tables. 

Table 25. ]Mss spectral data for scan numbers 162-164. 

m/z 132 130 103 99 98 83 81 79 77 73 70 68 65 

% 1 1 3 4 50 100 2 2 2 10 25 10 2 

m/z 59 55 53 51 47 45 41 39 31 29 27 

% 5 65 5 5 2 12 50 28 2 18 17 

Table 26. xass spectral data for scan numbers 256-258. 

m/z 140 130 110 109 97 95 93 80 79 77 65 57 55 

S 12 2 100 32 2 30 4 25 35 2532 

m/z 47 45 43 41 31 28 

% 5 3 5 2 5 13 

Table 27. l((ass spectral data for scan nunbers 435-437 

m/z 238 237 236 235 234 199 188 

% 1 1 15 2 37 2 5 

m/z 121 109 97 93 89 81 77 

5 95 12 100 35 2 15 2 

m/z 43 39 29 

S 20 2 38 

161 154 144 125 

10 50 7 25 

69 65 57 47 

10 40 12 25 
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Table 28. Mass spectral data for scan numbers 461-463. 

m/z 280 214 183 171 

% 1 2 6 8 

m/z 69 55 43 28 

S 25 40 50 25 

161 147 129 119 111 97 87 74 

33777 18 60 100 

Table 29. Klass spectral data for scan numbers 467-469. 

m/z 330 213 199 189 173 159 147 133 119 105 91 79 

% 1 2 2 259 10 20 38 42 84 100 

Wz 67 55 41 28 

% 73 79 98 68 

Table 30. ]fass spectral data for scan numbers 526-528. 

m/z 356 355 281 221 208 189 175 166 148 133 119 

% 1 4 15 2 6 2 4 10 1 15 30 

m/z 105 91 79 67 55 41 28 

S 30 55 90 80 84 100 54 

Table 31. Aass spectral data for scan numbers 537-539. 

m/z 242 211 199 185 171 157 145 144 143 129 119 

% 3 5 9 3 1 3 2 2 2 5 5 

m/z 111 101 97 91 87 83 79 74 69 65 55 

% 5 5 10 8 65 12 14 100 20 2 32 

m/z 43 39 29 

% 40 8 15 
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Table 32. Mass spectral data for scan numbers 646-648. 

m/z 386 330 275 237 236 207 194 175 165 152 137 

% 1 1 1 1 1 2 7 2 4 88 

m/z 125 124 111 97 83 81 69 55 41 28 

% 9 8 20 44 52 48 80 100 99 48 

Table 33. Mass spectral data for scan numbers 653-655 

m/z 386 275 239 227 213 199 185 159 143 119 108 

% 1 1 2 3 2 2 17 37 94 9 

m/z 97 85 71 57 43 28 

% 29 44 75 94 100 38 

Table 34. Nass spectral data for scan numbers 661-663 

m/z 270 239 227 213 

%6591 

m/z 111 97 87 74 

%48 72 100 

199 185 171 

3 4 4 

69 55 43 

18 25 42 

15? 144 143 129 

21 15 8 

39 29 

4 12 

Table 35. Nass spectral data for scan numbers 833-835. 

m/z 386 294 279 263 213 191 173 168 163 149 135 

% 2 4 2 38 15 1 3 154 10 

m/z 123 109 95 81 67 55 41 28 

% 15 28 67 88 99 96 100 38 
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Table 36. Mass spectral data for scan numbers 846-848 

i/z 296 280 279 265 235 222 207 193 180 167 149 

% 2 1 6 9 2 10 2 2 10 25 77 

m/z 137 123 97 83 69 55 41 29 

% 10 15 45 58 74 98 100 30 

Table 37. hass spectral data for scan numbers 856-858 

m/z 386 280 279 264 222 207 193 180 168 16? 149 

% 1 1 6 6 4 2 2 4 3 30 96 

m/z 13? 123 109 97 83 69 55 41 28 

% 7 13 20 43 56 78 100 98 37 

Table 38. Mass spectral data for scan numbers 882-884 

m/z 299 298 267 255 241 227 213 199 185 171 157 

%1 7 30 76 1 1 2 5 2 1 2 

m/z 144 143 129 119 111 97 87 74 69 55 43 

52 16 7 15 7 16 70 100 25 36 55 

m/x 29 

% 14 

The compound scan numbers 435-437 corresponds to 

unreacted chlormephos, this spectra showed the isotopic ions 

m/z 236 and 234 and the charactecristic patterns of 

chiormephos fragmentation. 
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Again many fatty acids (as methyl esters) are 

present, showing typical fragmentation patterns ýQ. For 

example: 

m/z 386 was identified as C. 2: aR GOzXe, 

330 C1 sKa=CO-iWe, 

298 C7 7H6s. COsXe 

296 "w Ct 7H6aC. a6Xe 

294 " Cl 7H61 Cole, 

270 w w" C7 t$67 COswie, 

242 w ww C1 wE1=7C 2Ne. 

The scan numbers 435-437 gave a compound with 

molecular ion, X' 140, which appears to be (J(eO)mP=O. The 

fragmentations agree with the literature for the mass 

spectra of tri-alkyl phosphates ýý"ýa. The origin of this 

compound is however not conclusive since it could result 

from methylation of H-mPO4, the ultimate degradation product, 

or may have been derived from the L2HPOA used for breaking 

down the emulsion. 

No metabolite was detectable although residual 

chlormephos was still present. This indicates that the 

metabolites themselves were degraded as fast as the original 

pesticide or that they may be combined as conjugates that 

were not extracted. 
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