PART -1

Introduction



CHAPTER — |



tnes«third of the total production of world's agriculture is
lost as a result of the activities of harmful organisme (i.e., insect:
mites, fungi ste.). So, the use of plant protection chemicals in
agriculture has become very essentisl i{n modern agricultural techno=-
logy. The pest and disease aituation are not staticethey keep on
changing. New physiological races evclve as & result of mutations in
nature, Many insects and fungi develop resistant strain when the same
insecticide and fungicide is used year after year, 50 the existing
pesticide, however efficient may they bs can not soclve the pest
problem permanently. New pesticides must be developed to combat various
new situations. It should bs a continuous search = a process of
intensive research, 5o develcopment is vital for finding peaticides
which will be safer, more effective and selective, and above all more
sconomic in the true sense and environmentally acceptable.

Modern pesticides belong to different classes of chemical
compounds but synthetic organie compounds predominats among them.
Among the Pestiecides of synthetic origin the orgsnophosphorus compounds
are one of the most important groups of modern pesticidss a ’. The wide
spread use of these compounds is due to their high insecticidal,
acaricidal, fungicidal sctivity and other properties, faster degrade~
tien in plants, scil and water, Owing to the wide diversity in their
pesticidal activities, these organophosphorus compounds have won
spochemaking popularity for use in field as potential pest controlling
agents.



The development of new organophosphorus compounds was for a
long time dominated almost exclusively by ocne single guiding prineipl
namely the 'Acyl Rule' of schrader(t+2¢3¢4), g great atvencement in
agricultural practice, scientific lnowledge on the structure-activity
relationship and mode of action of organophospherus pesticides were
achisved by the discovery of parathion by Schrader in 1944, Parathion
is extremsly toxic to mummals as well as to insects. Mmy less toxic
pesticides have been synthesized by slicht structural modification of
parathiony for example, chlorothion (in 1952), fenthion (in 1938) and
fenitrothion (in 1959) were discoverea'l),
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Malathion was discovered in 1950 and demeton in 1951
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In 1952, the Perkow reaction was discovered, and many important

vinyl phosphate esters have been introduced as practical pesticides.

Since then sevcral new compounds heve been deweloped snd are in
)
»

commarcial use

1.2, REVIE

Discovery of aaliganin cyclic phosphate as a bioclogically
active metebolite of trieo-cresyl phosphate (Tocp){1¢5¢6) 1. 1ea
to extensive studies on synthesis, chemical and biological properw=

ties of many related campounds (7.8)

« Analogous cyclic phosphorus
esters have been synthetically prepared for examinasticn of their
chemical properties(®*19) anc biological activities33732), e
biological activities are not always coincident with thes chemical
reactivities and appear to be influenced by the size of an exocyclic
substituent on the phosphorus atoms The TOCP metabolite Causes ataxia

in hens but has no insecticidal activity, while its analogous cyclic



phosphate carrying a small alkyl group have insecticidal activity 13

Among the saligenin cyclic phosphorus compounds, salithion (2emethox
4He1,3,2<benscdioxaphosphorin-2-sulphide) has been prepared in a
large quantity ané practically used as an insecticide in :apuu'e’ .

A large outbreak of flaccid paralysis tock place in Morocco
(1999) 1) ana usa (193005 Gue to adulteration of £lutd extract
of gingerand cooking oil with TOCP. Aldridge and Emuu'“’ obsexrve
that all neurotoxic triaryl phosphéate except tri-p-sthyl phenyl
phosphate have at inast one alkyl group carrying the < «hydrogen
atcm on the orthoposition. This structure neurctaxicity relationship
of triaryl phosphates is clearly understandable by the isclation and
characterization of the active metabolies of TO::P“'“. The main
active metabolite () is o-tolyl saligenin cyclic phosphate {20
tolylediisl,3,2=bensodioxaphosphorine2«cxide), It is extraordinarily
active in all biological properties shown by TOCP, This compownd (M)
fisapout 100 times more potent to cause ataxia in hens than TOCP and
also ten million times more active than TOCP in the 4{n vitge inhibitie
of plasma cholinesterase @ ’.

The conversion of TOCP into the cyelic phosphate (6) proceeds
via two steps as shown in Fig. 1,1 s (1) the hydroxylation of the
methyl grgup of TOCP by the mixed function oxidases (mf0) and (ii)

the cyclization by intramclecular transphosphorylation of the interws
mediate.



Fig. 1.1 Metabolic activation of TOCP

The triaryl phosphates having an o-alkyl group with the
of shydrogen atom may be metabolized to give the corresponding active

cyclic estera. In the cyclization reaction, no alkyl ester group

(18)

participates as the leaving group « Actually, no aryl but alkyl

saligenin cyclic phosphate is formed in vivo from alkyl di-o-tolyl

(18)

phosphates + Such metabolic activation of TOCP or its analogues

(6)  1ons®®), cats(19) 18),
{‘1

All aryl saligenin cyclic phosphates have shown no 1nsect@cida1

have been observed in rats and insects

activity but manifested a high delayed neurotoxicity to cause af, ia
in hens;y surprisingly the corresponding cyclic esters (both P = b and
P = S compounds) having a small alkyl grcup on phosphorus xuvealpd
high insecticidal activity(é‘ll)



As a result of the aforesaid research "salithion” (2-methoxye
4H~1,3, 2«benzcdiaxaphosphorin-2-sulphide), an organophosphorus
insecticide having a unique cyclic ester structure was discovered
by the Pesticide Research group of Kyushu University in 1963, Sali-
thion was developed into a conmercial insecticide in 1968 by Sumitom
Chemical Co. |
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Salithion

Here we give an account of salithion ané related compounds
as pesticides as well as their chemistry and biochemistry.

The cyclic phosphate and phosphonate esters of saligenin
m synthesized by the reaction of salicenin and substituted
phosphervldichlorides in the presence of a dehydrogenchlorinating
agent such as tertiary amine in a dry solvent like chloroform,
toluene at low uupcratuxo‘”. In some cases instead of tertiary
amine potassium carbonate and finely divided copper powdsr at high
umntm-‘”’ . are used, The process using potassium carbonate
is made to proceed by a reaction between liquid and . : solid phases,
Therefore, even of potassium carbonate is employed as finely divided
powdered form, it often causes & remarkable lowering and fluctuation
of the y1e1a(?9), Thus salithion was first prepared with inconsistent



and, often, very low yield by heating 90%) saligenin and methyle

phosphorodichloridothionate in tolusne for & long period {more than
15 hours) in the presence of anhydrous potassium carbcnate together
with copper powder as aamyatu“
later by applying the Schotten-Baumann acylation procedure using an

« This difficulty has been overca
aquecus sclution of sodium hydroxide (Fig, 1.2)
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Fig, 1,2 Synthesis of Salithiomn

Careful cbservation of the litersture reveals‘30¢31+32,23,24,
25,26,27) that a variety of saligenin cyclic pheosphorus esters have
been prepared and examined for insecticidal activity as well as
other biological properties. A comprehensive but not a complete lisf

of these type of compounds is given in table 1,1 and table 1,2,

Pure salithion is a colourless crystalline powder, m.p.
55-56°C) practically iascluble in water but easily soluble in acetor
and benzene, moderately soluble in cyclohexane, toluene and Xylens;
vapour pressure 1,5 x 10°¢ Hg at 25%, w )\ max " €) 274(860),
267(860). It has characteristic IR band at 1020 ca™ for PeO=CH, in
the hetero rings NMR § (CS,)ppms 3.76(3H, doublet, J , = 14 M, CH,,



8.21 (24, doublet, qu = 15 H=, Q'lzh 6.8+7,2 (4H, multiplet, bensene
ring). The signal at upper field of the doublet at 5,21 ppm slightly
splits further (1.5 Hs). This becomes much significant st -30%,
suggesting the methylene protoms (H,, H,) are not equivalent with
each other, but the dioxaphosphorin ring is conformationally mobile
in a solution (Fig. 1.3).
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Fige 1.3 Conformational change of Salithion hetero ring.

X=ray crystallographic snalysis shows that the hetero ring
of salithion is a half chair form in which the sulphide group is
in equatorial position (1), The strain in the ring appears little;
the endocyeclic O-P«=0 angle is 104°,

Salithion gives a characteristic fraqmntaum pattern in
mass apoctronatry(“). It gives an intense peak of M)"

(m/3 201) by [>=~cleavage occurring at the exocyclic ester group.
Another fragmentation process is the direct loss of SH followed
by the elimination of formaldehyde (Fig. 1.4)
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Fig. 1.4 Fragmentation of salithion in Mass spectrometry

Salithion reacts with bromine water to give auxwm(”’.
Since salicxon (ZemethoxyedHel,3,2-bensodicoxaphosphorine2«axide)
is several thousands times more active in cholinesterase inhibition
than salithion, an enzymatic method after the oxidation can bs used
for the residue mnalysis of uu.thzmu”. It is converted inteo
S-alkyl saligenin eyelic phosphorothiclates by heating with alkyl
iodides (the Pistchimuka reaction)(?0931), Tnis resction 1s accelerated
in polar solvents such as dimethylformamide when methyl iodide is
used, isomerisation occurs to give 2emethylthiowdii=l,3,2-bensocdioxa-
phosphorine2=cxide 01780)3931) sa1jcenin 1s demethylated to form
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the salt of saligenin cyclic phosphorothionic sacid by the action of
certain nucleophiles. Such as ewlmm“’ and potassium
ctrbmauw'” ) + The reactions of sslithion are summarised in

Fige 1.5,
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Fige 1.5 PReactions of Salithion

Salithion is relatively unstable in storage. Scme sscondary
amines, such as carbasole and Nephanyl o =naphthylamine, stabilized
the formlation®3), m a phosphate buffer (pH 7.7), salithion s
slowly hydrolyzed by the P-0 (aryl) bond cleavage ®) 7 the hydrolysis
rate constant (25%C) K = 2,4 x 10°¢ mta™ the raves of hydrolysis
of the cyelic methylphosphonate, Semethylphosphoxothiofiate (the
thiolate isamer of salithion, MIBO), methyl phesphats (Salioxecm), an

Remethyl phosphoramidate are, respectively 50, 60, ¢ and 0,6 times
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creater than that of salithion. The hydrolysis of salithion is shown
m thl 1‘6‘
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Salithion is a wide=spectrum insscticide for use in orchards

and vegetable gardens., It is particularly effective to control

lepidopteran larvaes, melaybugs, aphids and mites, It manifests the

insecticidal actiocn not only as contact and stomach poisons but also

as a3 fumigant ‘”'”’.

The metabolic pathways of salithion in rats and plants
have been :tudz.odu’. These arxe mmd‘a) in Fige 1.7,
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Fige. 1.7 Metabolic pathways of salithion in rats and plants
(P~ denotes the metabolite, found in Plant only).

The acute toxicity study of salithion for manmmals was
pertormed by o-hm(“). The oral wso for mice is 93,3 nq/kgj for
male rat 82-125 mg/kg, for female ratg 102-180 mg/kg. The subcutaneous
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LDy, for male rat is 142 mg/kg and for female rat is 152 mg/kg, The
scute orsl LDg, for hen is 110 ng/kg.

Studies on the chronic toxicity of salithion was ptr!omd(a’
Rat fed for 24 months with 10 ppm salithion showed slight decrease
in cholinesterase activities, No effect was cbserved in the rats fed
with 3 ppm salithion, No histological lesion was found in any organs
of rats fed with 100 ppm. In male and female administered orally
0.02 mg/kg/day ©f salithion for 21 days followed by 0,05 mg/kg/day fo
ic days, no effect was found in the activity of erythrocyte acetyl-
cholinesterase. No effect was observed in fertility of rats for thre
generations fed with 10 ppm salithion, Carcinogenicity was not cbsex

The insecticidal activities of variocus saligenin cyclic
phosphorus compounds including phosphates (13,21) + Phosphoramidates (@
phosphorothiol ates (22) 0 phosphomua(“’ and their thiono anuog:‘n'a
have been tabulated in Table 1.3. The saligenin cyelic compounds in
any series having an aryl group &3 an exocyclic substituent on the
phosphorus atom have either poor or no insecticidal activity, but
small alkyl derivatives have high insecticidal activity. The insecti-
cidal activity appears to relate with the sise of the exocyclic
substituent on the phosphorus atom(*®), Methyl derivatives are much
more active than higher alkyl and aryl cderivatives except for phos-
phonothionate series in which ethyl derivative is more active than
methyl derivative. N,N~dialkyl phosphoramidates are much less active

than NH-alkyl derivstives, It is interesting to note that the exocyel.
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substituent of the most active compounds in each series (OCH,, SCH,.
NHCH,, CH,CH,) differs each other in slectronic characteristics, but
is similar in size and resembles in steric property such as the
distance (sbout 2.9A%) between P and C atoms in the PeXeC functiom,
if the bond angle of bivalent § is near 90° rather then 109,5% The
phosphorothiclothionates are not encugh in insecticidal activity.
The phosphates, phosphorothioclates and phosphonates are too unstable
tc be used practically as insecticides. Introduction of any substi.
tuents on the benzene ring, the hetero ring or the exocyclic ester
group decreases the insecticidal activity.
Fungicidal ectivitys

Salithion has no fungicidal activity. But saligenin cyclic
phosphorothiclates possess fungicidal activity ) (Table 1.4)
Phosphorothionates and phosphorothiolothionates possess low fungicid
activity as compared to phospherothioclates ) e A recent :oport(”)
however has incicated that phosphorothionates can also be explored
for their fungicidal activity. Among the phosphorothiclates, o~ethyl
S, Sediphenylphosphorothiclates, commonly known as "edifenphos®, hai
been commercialized ) and widely used for comtrolling the blast

disease of rice caused by Pyricularis oryzas.
Antiesterase sctivity:

The insecticide saligenin cyclic methyl phosphate (S8alicxan)
is very active as an inhibitor of cholinesterase. However, the highl
neurotoxic aryl phosphate is a poor inhibitor of cholinesterase, buf
is 8 very specific inhibitor of aucaurmu'”) + The less neurotw
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arylphosphonate ocgupied an intermediate position. In any series,
when the sise of the exocylic substituent increases, the compound
beccmes a more selective inhibitor of aliesterase; in contrast, the
compound carrxying a small substituent is a more selective inhibitor
of cholinesterass (Table 1.5). Arylphosphonates are more specifie
inhibitors of pssudocholinesterase; alkyl phosphates are less specit
and aryl phosphates are intermediate.

The saligenin cyclic phosphorothiclates have high activity
to alkylate (salicylate) mercaptans and to inhibit "SHeensymes*®

(28) | 1o activity seems to be

such as yeast alcohol dehydrogenase
related to fungicidal property but not with the insecticidal activit

The xm values for aleochol dehydrogenase of some saligenin
cyelic phosphorus ester are shown in Table 1,6, Cyclie methyl and
ethyl phosphorothiclates are most active in this series. On the othe
hand, cyclic phosphates have only weak activities, though they are
potent inhibitors of esterase, 8alithion, i,e., methyl phosphoro-
thionate which have high insecticidal property is almost inactive
towards the enzyme.

The rate of alkylation reaction by the cyclic ester looks
parallel with the hydrolysis rate of the ester and the alkylation
proceeds with & considereble time lag, These facts suggest that the
alkylation occurs hydrolysis. Actudlly, the partial hydrolysate of
saligenin cyclic esters react immediately with mercaptmas., The react
mechanism is shown in Fig. 1.8,

Ty

107672
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Fig. 1.8 Reaction mechanism of alkylation reaction

Saligenin ¢yclic phosphorothiolates are partially hydrolysed
by opening of the haterocyclic P=0=C aryl bond, more easily than
phosphats ester., In Fig. 1.8, ths cyclic ester (IXII) is hydrolysed
by the attack of hydrexide ion to yield salicyl phosphate (1IV)., The
electron releasing «CH group of (IV) may convert to a carbonium
ion (Vd) which may actually react with a S8H group to give a thio
ester (VI),
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Cyclic methyl and ethyl phosphorothiclates are much more
active in hydrolysis, alkylation and the inhibition of *SH~ensyme"
activities than the corresponding cyelic phesphnua‘”) e It seems
reasonable to concluds that the decrease of electron density on
phosphorus atom causes the high reactivity of the phosphorothiolatss.
This is supported by the lower P=0 frequency (1280 el"‘) of the
phosphorothiolates in comparison with that of the phosphates
(1310 en™),

Further investigation shows (Table 1.,6) that there is an

interesting correlation among alkylating activity, the inhibitoxy

effect against “SHeensymes” and the antifungal activity of the
cyclic esters, Cyclic methyl and athyl‘ phosphorothiolates are highly
active in all three functions. Cyclic phosphates have very weak
activities but they are potent inhibitors of esterases. These facts
suggests that high inhibitory activity against "SHeenSymes" may be
an important fact for the fungicidal activity of the cyeliec
phosphorothioclates.

Saligenin cyclic aryl phosphatas and phosphcnates have
synergistic activity with malathion against insects and mites,
particularly their resistant strain ﬂ”.

T™he joint action of the activity of some saligenin cyclic
phosphorus esters with malathion has been examined by Eto o% n(”)
ad compared with some phosphorus esters which are known as the
synergists of malathion. They increase the toxicity of malathion
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2.3 €0 3.4 timas at a 11 mixing ratic, The activities of these
compounds are more than propyl psraoxon but less than Dibram and
isopropyl paracxan. |

It has been observed that for a large number of organo-
phosphorus compounds the synergism of malathion in mice and the
degree of inhibition of aliesterase in vivQ are generally zulud‘“ ’.
For insects, high esterase activity hydrolysing malathion is supposed
to be partly responsible for malathioneresistance in some strains of
mosquito, housefly and green rice lea hopper Y,

Eto et g(”) have shown that aryl derivatives of saligenin
cyclic phosphorus esters are the selective inhibitors of aliestarases,
whereas small alkyl derivatives are not so selective to aliesterase
inhibition, This appears to be responsible for their difference in
synergistic properties.
chemical hyggolysig:

The catalytic hydrolysis of saligenin cyclic phosphorus
esters by phosphate ion has been reported(®’), The chemical reactivity
of the cyclie phosphates with nuclecphilic agents should be influvenced
by the electronic character of the substituent,

In the series of alkyl derivatives there is a relationship
between rate constant and insecticidal activity (LD”) (Table 1.7).
The higher the reactivity, the stronger the insecticidal activity.
However, the aryl derivatives dc not follow this relationships they
are mors reactive than alkyl derivatives but are almost nemeinsectie
cidal, The size of the substituent appears to be more importaat for
biological activity than the electronic property of the substituent.
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uo.togtcal Activities and Structural Relationships:

The saligenin cyelic phosphate estsrs have interesting
biological activities, Some of them are neurotoxic, causing ataxia
in higher animals, Others do not show such harmful activity but do
have high insecticidal activity, systemic activity and fungicidal
activity. Their biological activities include also synergism with
organcphosphorus insecticides, mematocidal and antifilarial activity.
The specificity in biological activities may be attributed to the
staric effect of an exocyclic substituent group on the phosphorus
atom as shown in Table 1.8.

All aryl saligenin eyclic phosphates manifest a high delayed
nsurotoxicity to cause ataxia in hens and high syngergistic activity

with malathion 1273%), Ine arylphosphonate analogues showed similar
biological activities but less in the neurotcxicity. Qn the other

hand, the corresponding cyclic esters having a small alkyl group am
phosphorus, i.e., 2=alkyl, 2«alkoxy and 2«alkylamido=4lie1,3,2~
bensodioxaphosphorine-2«cxides, 4id not cause ataxia in hens with
any sublethal doses and only weakly potentiated the taxicity of
malathion (12) » The interesting feature is that the alkyl derxivatives
reveal high insecticidal activity, whereas, the aryl cyclic esters
do not:(11 )-

The specificity of saligenin cydlic phosphates in the
biological activity relates to their selectivity in ensyme inhibition.
These phosphates inhibit various serine ensymes by phosphorylation,
produeing prebably salicyclexyphosphinylensymes (VIII) (&, ”(ﬂq- 1,9).
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Fige 1.9 Reaction of saligenin cyclic phosphates with

esterase (H-Est).
This invclves by openinc of the cyclic esterg structure at the
P=0 aryl bond. When the size of the exocyclic substituent N in
(VII) increases, the ester beccmes a moyre selective inhibitor of
alieata:waa(6‘7). Whereas, it becomes a more selective inhibitor of
chlinesterase when the substituent is small. Thus the o~tolyl
derivatives, for example, is 130 times more selective to inhibit

aliesterase than cholinesterase,

Therefore, the exocyclic substituent of saligenin cyclic
phosphate esters is regardsd as the selectophore in the biological
actions.

The heterocyclic structure of saligenin cyclic phosphorus
esters is important merely for the chemical reactivity of the
phosphorus atcm towards nucelophiles including the active site of
esterase and is never required for the cdelayed neurctoxicity. As
for example, although Trieozethyl phenyl phosphate (TEFPP) hasg

(16)

neurotoxicity o is unable to be transformed into a cyciic ester

structure.
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Jhonson found “"neurotoxic esterase® in nerve tissues which
is specifically sensitive in vive to neurctoxic organcphosphorus
eatarn(‘O). The esterase is unlike acetylcholinesterase but simila:
to chymotrypsin and trypsin in the structure activity relationship
of inhibitora(41’.

Although the structure-neurotexicity relationship is too
complicated to generalize, the neurotomicity appears to be rather
closely related to the structure of the non~leaving group than that

of the leaving group.

Conclusion:

The high biological activities of saligenin cyclic phosphorw
compounds may be attributed to the hetero ring invol#ing enol and
benzyl ester linkages, The alkylation reaction may be responsible
for "SHeenzyme" inhibition and fungicidal activity. The phosphoryla~
tion reaction is responsible for esterase inhibition, animal toxicit
and insecticidal activity. An exocyclic substituent group affects
physical and biological properties by virtue of its electronic and
steric characteristics. Thus, methyl phosphorothionate is useful as
an insecticide, alkylamidates have systematic activity, alkyl
phosphorothiolates have fungicidal activity, phenyl phosphonates
have antifilarial activity, and aryl phosphates are neurotoxic and
have synarg}atic activity.
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o A x *Procedure bepe C/mm Hg (m.p. °C)
ocn, oo (®) 110-2%/0, 03
O-neCyH, H 0 ®) 129.32%/0, 05
OwneC JHg H 0 (p) 150-4%/0.08
ocH, H 8 (8) 55-56°%
0C, Hy H s (») Liquid (not distilled)
oC gHg B 8 ®) 30°
CHy H 0 ®) 140%/0, 5 (35°)
CoHg H o w) 143-9%/0,3 (25°)
1=Cyit, H o ®) 80°
8eC~C Ny H 0 ) 110°/0,5
t=C H, H ° ®) 74°
CH = CH, H e ®) 155/2,5
cH,Cl H 0 ®) 160°/0.8 (52°)
CH,CH,C1 H o ®) 139-141°/0,1
cH, H 8 (®) 130°/0.6
CoHg H 8 ®) 120%0.6
1=CyH, H 5 (?) 108°/0.6

Contd, .
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Table 1.2 (Contd.,)

Y A p 4 *procedure bepe °C/mm Hg (m.p. °C)
CeHg H 8 ») 37

CH,C1 H 5 ») 146-155/0.4
OCH, &ca, v ®) 139«140/0.3
oc,Hg 6=CH, o r) 152+156/0.3
OCHy 6-CHy S (s) 34-35

06285 6-(:33 S (s) 71=72

CCH, 7=CH, 0 ») 109/0.0%
0C,Hg TCly O ®) 112«118/0.05
OeneCyH,  TwCHy 0 (®) 141-147/0,1
CgHy T-CHy O ) 93«95

CCH, 7=CH, S (s) 110-115/0,65
Oen=CoyH,  T=CH, 5 (s) 140-142/0,65
OCH, 8~-CH, 0 ) 118+120/0,5
OC, Hy 8-CH, 0 w) 168/0.6
OCqHg 8~CHy c i) 125-140/0.6
OCH, 6~CH, 8 (s) 68=70/0,15
0C, Hy 8~CH, s (s) 108-109/0,15
OCHy 6=Cglly 8 {8) CLlwe

0C, 6=Ccly S (8) OL1%*
OuneCyHy  6=CqHy 8 (s) O11%+*

om, 6=Cl © (») 145-152/0,2

Contd,.
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Table 1.1 {Comtd..)

Y A X *Procedure bepe c/mm Hg (mep. )
0C, Hy 6=Cl  © ®) 160/0,2
O-n-csﬂ., 6-Cl 4] ») 167+169/0,15
OwneC,Hy  6=Cl 0 ®) 187/0,18
OCgHy 6-C1 [+ (®) 89

OCH, 6=Cl 8 (p) 170«178/0,2
SCH, 6=-Cl 8 {r) 160«170/0, 2
0C, Hg 8=Cl o (p) 151/0,18
&-n-c3H7 8~C1 o {P) 183/0.18
OmwimCyHy ~ 8=Cl 0 (P) ' 137/0,04

OC Hy 8-cl © ®) 203/0,52 (54 ')
ocH, 8«Cl 8 (s) 72«73

SCHy 8=C1 8 (s) O4les

OCHy 6=N0y 8 (s) Pastewe
OCH, 6,8=C1 8 (8) 57«58

OC, Hg 6,6eCl & (s) O41w*

SCH, H 8 {8) 69«70

8C,Hq H 5 (s) 145+147/042
Sen=C,H, H s (s) 145=150/0,25
Sei=CyH, H s (s) 140-143/0.1
Sene=C Hy H 8 {s) 160~167/0.25
S=CgHg H s (s) 79-80

:“;.-\-C:H3 H (+] r) 144-145/0,1

Contd,,
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Table 1.1 (Contd..)

Y A X *Procedure bepe °C/um Hg (m.p. °C)
S~n=CgH., H Le] r) 140-145/0, 04

BwlnCyHy H o ) 155-158/0,1

sen=CHy H o ®) 157-160/0,02

SCgHg H 0 ») 88«89

* pyridine (P) or agueous sodium hydroxide solution(8) was
used as dehycrogen chloride agent.

*4 These compounds were purified through silicic acid colum
chromatographye
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< R
O~ F\)! N < !
I
)

Code uo: Ry Ry X *Procedure DeDe m.sgc,
Kel9 CHy H 0 A 87
Ke22 CoHg H o A 68
K=41 n=CyHy H 0 A 135-140/0.5
K=40 1=C4H, H 0 A 84
Ke42 n~CgHgy R o A 4647
Ke10 Cglig H o A 131133
K=20 CHg CH, 8 A 121
K=23 C,Hg CHy © B 133+6/0,5(44)
251 1 CH, H 8 A 120123/0.2
=37 CoHg CHy 5 B Undistilled liquid
K=36 CHy CH, s B 118-122/0,2
K«38 CoHg CHe 8 B 110/0.2

* Tertiaxy amine (A) or Potassium Carbonate (B) was used as
dehydrogen chloride agent.
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-

10(40%)
10(3%)
0,05

0,033
0,33
0.3

7.1

(5alithion)

(salioxon)

£
IR T

0 O 0O O O u o

2.0

4

8

2.0
10
10

=

x

=

0023
3.0
7.5
1.3
3.0
7.5

=2z = 8588

88 2 = =

%%%HHBHKH

ad sm,
sileiteft

Y

M u v u u u un u o

contd,,
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Table 1.3 (Contd.,)

rg/Housefly

5%53 “ ”
¢ w o 0 ~ v & O O m O e« @ ~ o o w
e ® o & & e & = a O € 2 & S 2 8 8 ¢ D s 2 D »
O O e O N w O v M ot M O ¢ O C O 6 M o8 8 N = O
"

L A SEE
- - S ~ - S 4 QO O U X O U T RN v B = -
2z oz omomowoxoEmomoxzxzxB B8 8 xxoxox
2o
Gﬁeﬁmsm;l -t 4 o l%m..
0 o o O 0 x 8 8 90 =290 9O = X X =T T R = O

o "N o
m%w@%%%mmM@%m%%m%mwm%%%

w W v o u u u a uw »w u n v © 0 O 0 O O 0O O O o

Contd, .
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Teble 1.3 {(Comtd..)

Jg/Housefly

~- N O N B~
ARm R aR "4
6 6 8 =« 0 6 © ~«% & o

cl
cl
cl
cl

o S
SRETESEPY.

0 0 0 0o 0 0o o O °

0,33
7.0

¢

o

10 {0x%)
0,68
10(so%x)
0,99
10(ox)
0.31
0.08
0,09

b ]
15

AP
W%MW%%%%%

O 0 © 0 0 0 u u =»n

1,14

CH:Gl

8

Contde,
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Table 1.3 (Contd,.)

a 0 n 6 U n n

X Y RI R, 33 me
Mg/Housefly
Ceily H H H 0.3
SCHy H H H 0.18
sczﬂs H H H 9
Bvﬁ-%ﬁ-, H H H 2.2
SwinCyHly H H H g
Sen=C Hg H H H 10
SCglig H H H 10 (0%)
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i
o |
~ f- SR
aQ
A
R Profective valus(x) against Therspeutic
Byxigulagis onysss valwe (%) to
. ;
785 pom 100 ppm 50 pow 25 e I% SERSR
QH, (MrBO) 100 100 100 84,8 7.1
62!!5 100 93,7 92.5 B81.5 100
n-‘:,ﬁ., 100 57.1 34 - -
1-6337 - 68,7 34,4 - -
M‘Rg 100 91.7 93.3 7546 97.6
c"‘s 50.2 - - - -
Salithion 52 (at - - - -
500 prm)
edifenphos 100 - 86,2 - 95,2 at

250 ppm
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Housefly

Human blood

Horse plasma

I, M) x 20° 1., 01) x 10°
T

m3 (salioxomn)

7.6

13.2
50,7
155

8.4

2.1
3.0

1.4

1.8 17,0
1.6 25,0
0e§ 12,0
0.65 72,0
1.6 68,0
1.3 39,0

280

280
120
180
230
200

620

120
470
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$

T St fere mnL,
x) dehyérogenase L+ SEXZ2Q(X)

(i x 10%) S0 ppm 500 pp
o SCH, 86 58 4.5 : 100 -
0 5C,Hg 8l 50 4.4 93 -
0 OCgHg 55 45 6.8 - -
0 OCHy 17 10 62 - 65
8 cca, 5 5 100 - 52




3k

¥ s0
{ thh housefly)
cH, 2.2 x 1072 0.19
c,Hg 4.25 x 1073 0,17
1~C3H.' - 0133
secwC Hy - 7.0
£C ‘39 - 10(ox)
CHecH, 1,39 x 30~2 0,68
CH,C1 2,00 x 10": 10{60%)
CH, CH, CL 1.41 x 10 ) 0.99
CeHg 1.28 x 10 10 (10%)
ocH, 1.42 x 10™° 0.038
-3

oc, Mg 5,04 x 10 0.33
OmninCy iy 3.79 x xo:: 7.1
OmneC JHe, 3,29 x 10 10(e0%)
OCH, CH, 1 2.58 x 107> 0.49
OCgHg 6.30 x 107 10 (3% )
NHCH, 1.5¢ x 10™4 0, 05
N (CH, )3 Negligibly small 0,40
NHCgHg 2,40 x 10”4 10(SX)
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activitiu of aaliganin cxclic phosphau.

i
0
Y Delayed synarqim with malathion Insecticidal
neurotoxicity _ cit 0@ £ £ ont :
Map®
csﬂsﬂ 1.,5-2
Cglig 200 i8.8 8.0 (4] s
czns No Aoc 3 e 0 - Oo 17
CH, 0 N.A.® 3.7 4,7 0.04
(CH, ), N NoA,® 1.1 - 0.30

a. Minimum ataxia dose for hens in mg/kg

b A resistant strain

ce 50% lethal dose by topical applical to houseflies in MGe
d. Percentage mortality at 10 Mg/fly

e. No ataxia signs evident with any sublethal doses.
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