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The work embodied in this dissertation is related to the
investigation on scume chloro/bromo/nitro saligenin cyclic
phosphoramidothionates and phosphorothionates with reference to
their synthesis, insecticidal activities, chemical hydrolysis,
anticholinesterase activities, antifungal activities, phytotoxicity,
acute oral anki delayed neurotoxicity, cytotoxicity and other
properties besiGes structure elucidations by chemical analysis
and spectroscopic methods.

CHAPTER = 1 (Part I) of this thesis gives a brief introduc-
tion of saligenin cyclic phosphates describing the chemical,
biochemical, insecticical, fungicidal and other toxicological
properties with special emphasis on salitnion (2~methoﬁy-4&-1.

3, 2=benzodiaxaphosphorin=2-sulphide) ciscovered in 1963 by

prof., Eto, Prof. Oshima ané their co-workers of Kyushu University,
Jepan. Investigations have revealed that the biological activities
of these compouncs are greatly influenced by the exocyclic substi-~
tuents on the phosphorus atom and also by the substituents in
benzene ring and/or in hetero=-cyclic ring. The biological activi-
ties of these compouncs may be attributed to the heterocering
involving enol and benzyl ester linkage. The alkylation reaction
may be responsible for "sHeenzyme" inhibition and fungicidal
activity. The phosphorylaticn reactiocn is responsible for esterase

inhibition, animal toxicity and insecticical activity. An exocyclic



substituent group affects physicsl and bioclogical properties by
virtue of its electronic and steric characteristics. Thus, methyl
phosphorothionate is useful as an insecticide, alkylamidates

have systemic activity, alkylphosphorothionates have fungicidal
activity, phenyl phosphonates have antifilarial activity and

aryl phosphates are neurotoxic and also have synergistic activity.

It was reported by Prof, £t0 and his co=workers that
2=methoxy=6=nitro=4H=1, 3, 2=benzodioxaphosphorin=2~gsulphide (BD=8)
was obtained as a paste after purification throcugh silicic acid
column chromatography and found to have about sixty times less
insecticidal activity compared to salithion. However, it has been
cbserved in this laboratory that the methoxy compound (BD=8) is
a solid (mep. 84°C) and has sbout 1,5~2 times greater oral
insecticidal activity to Periplaneta amerjcams (Lin,) than
salithion (Des, B,K., D.Sc. Thesis, Calcutta University, 1981).
These observations prompted us to undertake a systematic mati-
gation on some 6=chloro/bromo/nitro saligenin cyclic phosphora=
midothicnates and phosphorothionates,

Aims and Cbjectives of these present investigation have
been presented in CHAPTER ~ 1 (Part ~ 1I). The work preseanted in
CHAPTER =2 (Part I and Part 1I) of this thesis is related to the
investigation cn scme 2~-alkylamido/alkoxy=6=chloro/bromo/nitxo=
4H-1,3, 2=benzodioxaphosphorin=2=sulphide havinc the general

structure (A).
S

o) " 1 '
\P-OR/NR,RZ where, R;/R, = Alkyl growp /y
X 0' X = CIQ Bro ﬂoz

R = Rlkyl/ Phemyl .
(A



The alkoxy groups are methoxy-ethoxy, isopropimy aad
phenoxy: the alkylamido groups are N,N~diiscbutyl amido, N,Ne
dibutyl amido, Nebutyl amido and Nehexyl amidos

The sbove mentioned compounds have been prepared by
condensation of the Sechloro/bromo/nitro saligenin with the
corresponding alkoxy/alkyl amido dichloridophosphorothionates, in
presence of potassium carbcnate which acts as a dshycrogen
chloride agent. The Nehexylamido (BR=27) and chloro/bromo
derivatives of N,N-dibutylamido (CL=10 and BR=10) compounds are
liquid, and the rest are sclid in nature.

The structure of these compounds have been determined by
chemical analysis and UV, IR, Mass, NMR spectral cata.

The common IR bands for the compounds ares

1000-1070 cm™> (s) P=0-C (alkyl)

1185-1260 cm™> (s) and

875-950 cm™> (s) PO=C (aryl)

15151530 cm™> (s) asym, str. of nitrxo group
1340-1345 ca™ (s)  sym. str. of nitro growp
785-830 cm™> P=s (1)

645-665 cm™ P=s (II)

The compounds show parent molecular ion (MY) peaks in
the mass spectra. Fragmentatiocn by loss of 'SH' radicel is
important. Compouncis show an ion due to (M ~—*SH)*, and it is
the base-peak for some of the compound.

The experimental part on the biological and hydrolytic
properties of the compounds have been presented in Appendix,



The isopropoxy compound (BD=5) shows about 1,5 times, the
methoxy=ethoxy about 3,5=5 times greater insecticidal activity
cumpared to Salithion, but in case of chloro derivative of Ne
butylamido compound (Cl=24) the insecticidal activity is almost
similar to that of Szlitnion, The other cumpounds are almost
similar to that of Salithicn. The other compounds ere almost
insecticidal, For Blow-fly and Grasshopper, the methoxy compound
is more active than salithion, the isopropoxy compound have some
insecticical activity, the methoxy-ethoxy compound also have some
insecticidal activity on Grasshoppers. For Aphids the methoxy
compound (BD=8) is the most active and phenoxy compound (BD=$9)
has least insecticidal activity.

Compared to Salithion all compounds axre less toxic to rat.
The isopropoxy compound (BD=5) and methoxy compound (BD=8) have
greater toxicity (wso) in comparison to other compoundse. The
Cl=6, BR=10, BR=24 and BR=-27 showed scme apparent toxic symptoms,
some died within two months and the rest recovered soom.

The histopathological study of some organs of compoﬁnd
treated rats, showed some toxic effects. The N,Ne~diiscbutyl amido
compound (Cl=~6) was used for the tests. The section of kidney
showed enlarged, mildly dialated tubules with ruptured walls.

The renal tubules were elongated, enlarged lumen, ruptured
epithelidl lining. The glomerulus were disorganised and Bowmen's
capsules were very reduced, The section of liver showed the
vacucles, ruptured cell membranes, scme cells without nuclei.
The sections of intestine, lung and spleen showed no toxic

effectsa,



only four compounds (CL-6, BR=6, BD=5 and BD=8) have
studied for acute oral toxicity and delayed neurotoxicity in
hens. In those compounds BD-8 is the most toxic. Permanent
paralysis in legs is cbserved only in case of K,N~diiscbutyl
amido compound (Cl~6), upon histopathological examinations
demyelination of sciatic nerve is found. In other compounds,
permanent paralysis is not cbserved and the histopethological
observation of sciatic nerves are normal,

Acetylchclinesterase inhibition data shows that the
compound BD=1 (methoxyeethoxy) has highest and CLe=6 (N,Ne~
diisobutyl amido) has lowest inhibitory activity for BFAChE, In
case of goat whole blood, the anticholinesterase activity of the
compound BD=25 (N,N-diiscbutyl amido) is highest and BRe§ (N, Ne
diiscbutyl amido) is lowest.

The antifungal activity study (by growth inhibition method)

against H. oryzee and P. oryzag indicate that the chloro amd
bromo compouncs show very good inhibitory effects on the growth
of both the fungli H. oryzae and P. oryzas, their inhibitory

effects are almost comparable to that of Edi{phenphos (Hinosaa),
The compounds are not phytotoxic to Irjtjcum spp. up to
the concentration 500 ppme
The rate of hydrolysis of the compound is greatly
influenced by the nature of the substituent at the 6=position
of the bengodioxaphosphorin ring, it is cbserved that the é=~chloro
saligenin cyciic phosphoranidothionates are most stable and
6=bromo saligenin cyclic phosphoramidothicnates are least stable
to alkaline hydrolysis,.



The work presented in CHAPTER = 3 13\&1\. cytological
effects of some Pesticices on Plants and Animals. The mein effect
after application of the compound N,Nediiscbutyl amido (Cle6),
Ediphenphos (Hinosan) and Rogor were found in anaphase stages
of plant (root tips of onion) and the metaphase stage of animal
(bone marrow cells of mice)., In plants, different type of
sberrations were observed viz. laggarde, chromosome bridge, sticky
chromosomes, tripolar and tetrapolar aberrations etc. The effect
in animal cell was studied in metaphase stage of bone~-marrow cells,
the cbservation showed scme sberrations, viz. formation of ring
chroinoaome. breaks, gaps etc,

The biological activities and other data justify further
examination of methoxy and isopropoxy compoundsas potential
insecticides and the chloro and brcmo compounds as potential
fungicides.whether the use of these c¢yclic phosphorus compounds
will protect the plants from pests and diseases in the field
remains to be studied. In order to f£ind out the chemical structure-
biological activity reletionship in these compounds we have to
synthesize several new compounds in which differeant group is to
be incorporated in different positions of the aromatic ring and
to investigate their bioclogical activity. Besides, structural
eludication in regard to the conformation of the dioxasphosphorin
ring from temperature dependent NMR and Xeray crystal structure
would clarify the chemical structure-antifungal activity mechanism
(and/or esterase inhibition mechanism) sc that their selectivity
of action can be known, thereby helping us to design selective and
bjiodegradable potential pesticide.



CHAPTER - 1



INIRCOUCTION

(n® of the most important classes of pesticidal
substances is the organophosphorus compounds. Several new
compowmnds of this group possess insecticidsl, acaricidal,
nematocidal, anthelmintic, insect sterillizing, fungicidal,
herbicidal, rodenticidal an¢ other preperties. The systemic
investigations of their fungicidal and bactericidel properties
were began after 1940, Cwing to the wide diversity in their
pesticidal ectivities, these organophosphorus ccmpounds have
won epoChe-making popularity for use in field as potential pest
controlling agents. Liscovery of salithion cyelic phosphats
as & biologically active metebolite of trieo=cresyl phosphate
(TOCP) has led to extensive studies on synthesis, chemical
and biological properties of many related ccmpounds,

In 1930 sbout ten thousand pecple in U, S.A, suffered
from a flaccid paralysis of the lower limbs about 10 days
after drinking an adulterated fluid extract of ginger (ginger
ja)a)u) e This was due to the phosphate triester of o=cresol,
80 called IOCP, which ccntaminated the ginger extract. The
phosphate triesters of crescls have been widely used in industries
as plasticizers, lubricants, sclvents, oil additives and
fireretardants. In Morocco a similar big outbreak took place
in 1989 from cooking cil contaminated with lubricating cil of
turbo=jet airecraft enginea(z),



Results on hens showed that neurotoxic triaryl
phosphates, except triepwethyl phenyl phosphete, have at least
cne alkyl group carxying the oC «hydrogen atom on ths ortho
penit&on‘a"’.

This structure-neurctoxicity relastionship of triaryl
phosphates became clearly understandsble by the isolation and
characterisation of the active metsbolites of TOCP in 1961 (3¢6),
The principal metabolite (A) was o-tolyl saligenin cyclic
phosphate (2-0-tolyloxyw=4li=1, 3,2«bensodioxaphosphorin 2e
oxice)e It is extraordinarily active in all the bioclogical
properties shown by TOC? 3 (A) was sbout 100 times more potent
to casuse atsxis in hens than TOCP, (A) was ten million times

more active than TOCP in the in vityo inhibition of plasma-

cholinesterase 7 .
CH
39 CH, CHy o CHy
0 = O D
CH3 CHZOH
TOCP b .
CH Plasma albumwn
3
0 0
~U
T—O
0
(A)

Fige 1 1 Metabolic activation of TOCP



The coaversion of TOCP into the cyelic phosphate (¢
via two steps is shown in Fig. 1. The hydroxylation of the
methyl group of TOCP is affacted by the microsomal monoxygenase
(mfo) and then cyclization is followed by intramclecular
transphosphorylation of the intermediats, di=owtolyl o=
{ cehydroxy tolyl phosrhate, eliminating one molecule of
cresol, Ordinarily the latter reacticn is a slow one but
greatly accelerated by the presence of plasma alb\mm‘a’ .

Thus it loocked rational to presume that the triaryl
phosphates having an osalkyl grcup with the o shydrogen atom
may be similarly metabolized to give the corresponding active
cyclic esters, In the cyclization reacticn, no alkyl ester

group participates ss the leaving grow(”

e Actually no axyl
but alkyl saligenin cyclic phosphate was formed ip viyo from
alkyl dieo=tolyl phosphates, Such metabolic activation of TOCP
or its aalogs were doserved in rm“). hcnl“’, cm“‘”

ma insects ‘i),

As & result of the aforesaid research SALITHION (2=
methoxywdH=1, 3, 2«bensodioxaphosphorin-2«gulphide), an orgesno=
phosphorus insecticide having an wnique cyclic ester structure
was discovered by the pesticide research « group of Kyushu

(12)

University in 1963, Salithion was developed intc a commercial

insecticide in 1968 by Sumitomo Chemical Co, of Jepmn.

o\g‘
P—--()CH3

0

Salithim



Here we give s account of Salithion end related
compounds as pesticides as well as their chemistry md
biochemistry.

The cyclic phosphate and phosphonste esters of Saligenin
were readily synth.sised by condensation of Saligenin and
substituted phosphoryldichlorides in the presence of a
dehydrogenchloride agent such as tertiary amine in a dry
sclvent like chloroform or toluene at low temperature a» +» In
some cases, where the reaction was effected difficulty by
using the tertiary amine, the reaction was effegted by heating
the reaction mixture for 10 to 20 hours in the presence of
anhydr.us potassium carbonate together with copper pwd.r“”
instead of a tertiary anmine. ’

Sueh compounds, which were difiicultly produced by the
method employing a tertiary amine, in¢luding the compowmds
having of X = § and R' = methoxy n formula = Z, and X = 8,
1-3 andazn alkyl containing more tham cne carbon atom ox

1 o R? = alkyl in the formula ~ II,

R
R

X

X |
0 0 R
~UM i
||9—'~R1 / { \T—N<R2
0 NN 0



The process employing potassium carbonats was made to
proceed by a reaction between liquid and solid phases. Therefore
even if potassium carxbonate was employed as finely divided
powder often it caused a remarkable lowering and fluctuation
of the yie1a{3%), Thus salithion wes first preparea with
inconsistent end, often, very low yield by hecating (90°c)
Saligenin ané methyl phosphorodichloridothicnate in toluene
for a long period (moxre tham 15 hours) in the presence of
snhydrous potassium carbonats together with copper powder as
catalyst 3%), This aifficulty wes, however, overcome leter by
applying the well known Schotten-Bsumann acylation procedure
using an aqueous solution of Sodium hydroxide (Fig. 2),

O S
oH ct /S \g OCH
N 7 NaOH / H,0 - 3
+ P a0H/HyO | |
/N 0

>
CHZOH CL OCH3

Figs 2 8Synthesis of Salithion

The present process is superior to the known process in
view of the following considerations,

The improved process weas carried out in an aquecus
solution at a lower temperature and in a shorter reaction time
period than the nown process., Also, it gave sn cbjective product



4
of better yvield having hicher purity then the known pmno‘ |
Salithion was cbtained smoothly in a crystalline form (mepe
49-53°C) undexr mild conditions (20°C, 2 hrs.) with s consis-
tently high yield (70-8@5)‘“) o This method was applied also
to synthesize other thiono analog of saligenin eyeclic phosphorus
esters fxom relatively less reactive dichlorides such as
dislkyl phosphoraridodichloridothionates (formula=IX).

Further, it was possible in the Schotten~Baumann
procedure to produce cyclie dithiophosphate esters such as
S=alkyl cyclic phosphorothiclothionstes of saligenin (i,e.

X w8, R" = Sealkyl in formula « I) which cannot be produced
st all by the Inown process.

Referring back to salithion, we pinpecint cur discussion
to its important properties 37} relasting to its structure,
degradetion, isomerization etc,

Pure salithion is a colourless crystalline powder,
mepe. 38=56°C, practically insoluble in water, easily soluble
in acetcne and bensene, moderately soluble in cyclohexane,
toluene and xylens, vapour pressure 1,5 x 1078 m Hg at 23%,
wv ™ (€) 274(860), 267(860), Saliti ion has s cherscteristic
IR h::? =t 1020 cu! for P=O=CH, in heterc ring, NMR 6(6‘83)9::«4‘
3.76 (3H, doublet, Jw = 14Hn, cn,). 5.21 (2, doublet,

1% Hm, mz). 6.8+7,2 (4H, multiplet, benzene ring),

J’w-



The signal at the upper field of the dcublet at $.21 ppm
slightly split furthexr (1.5 Ha). This becawe significant at
«30°C, suggesting that the msthylene protons (H,o Hy) wexe
not equivalent to each other, but the dioxsphosphorin ring is
conformationally mobile in a solution (Pige 3)e Xeray
crystallogrsphic analysis showed that the hetero ring of
Salithion was a halfechair form in which the sulphides grocup
was in equatoriel position (IIX). The strain in the xing
appeared little, the endocyclic O=P=0 angle was 104°,

S
Ha
0
Py O
O\p, e o -\-
Hg \\\S 0
g e
N, |
m v

Fige 3 Conformational change of Salithion hetero~-ring

Salithion gave a characteristic fresgmentation pattesn
in mass spectrometry. It gave an intense peak of (M» GH,)'
(/3 201) by a P -cleavage occurring at the exocyclic ester
grcupe Another characteristic fragmentation process is the
dixect loss of SH followed by the elimination of formaldehyds
(Figs. 4).
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m/z 216 m/z 201
~SH
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—t
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m/z183 , m/z153

Fige 4 Fragmentation of selithion in Mass spectrometry.

Salithion is relatively unstable in storage, Soms
secondaxy amines, such as carbsiole mnd Nephenyle < -naphthyl
amine, stabilize the formulation‘*®), in a phosphate buffer
{pH 7.7) salithion was hydrolysed slowly through opening of the

hetexo ring by the P=O-(aryl) bond cleavege s the hydrolysis
rate constant (25%3 Km 2,4 x m"“ min"’. The hydrolysis retes

of the corresponding cyclic methyl phosphate, Semethylphosphoro=
thioclate (the thioleste iscmer of salithion, MTBO), methyl
phosphate (Salioxon), and Nemetiiyl phosphoramidate were,

respactively, 90, 60, 6 and 0,5 times more than that of salithion,.



Salithion was ccmpletsly hydrolysed by hesting st 100% for
S min, with N/6 sodium hydroxice to yield saligenin, This was
spplied for the colorimetric determination of salithion in
formulations by allowing the formed saligenin to react, afterx
adjusting pH 8, with deamincantipyrine end thlilwith potassium
f.xnc},mmu%ﬁﬂ)‘

n oxicdation by bromine weter salithion was converted
to its oxon (salioxom). It was found that the cholinesterase
inhibition of salioxon (2emethcxy~4H=1,3, 2=bensocdioxaphosphorin=
2w=oxide) was some thousand times more active then salithion, an
ensymatic metho¢ sfter the oxidetion was used ior the residus
analysis of nuthionug).

Salithion was iscmerised into Sealkyl saligenin cyelic
phosphorothioclates by hcating with alkyl iodides (the Pistchimuka

reaction) (a1)

+ The resction was greatly accclerated in a polar
solvent as dimethylformamice. Potassium carbonate alasc assisted
the reaction. When methyl iodide was used, isomerxization
occurred to give 2emcthylthio=dii=l, 3, 2«bensodioxaphosphoxrinele
oxice (MIBO) (21,22) o Salithion was damethyleted to form the

salt of saligenin cyclic phosphorcthioni¢c acid by the action

of certain nucleophiles such as cyclohcxylamim“n and potassium
dimethyldithiocarhamate (17, 23) » The latter agent was particulsarly
suitable for the preparation of MTBO by methylating the obtained

salt with methyl iodide.



MTBO is an unique phosphorylating agent. The reactions of
salithion are summarised in the following scheme (Fig. 5)e

OH S
H,0 OH ]
> > + (OH)P-0CH,
CHp0 —P—0CH; CH,OH
OH
A
H,0
S
0._i 5 O
P - N
P=0CH; 5, /w0 P—OCH
0 —? 3
Salithion .
Salioxon
RI
(CH3), NCSoK? A
S
O \
N, 0 (l?
T— “ R1 | \T—SR
° 0

MTBO(R:CH,)

Pige 5 Reaction of salithion.



Salithion was 8 broad-spectrum insecticide for use in
orchards and vegetable gardens, It was particularly effective
to control lepidopteran larvas, mealybugs, aphids and mites. It
exhibited the insecticidal action not only as contact and
stomach poisons but also as a fmigontu”. The resicual
toxicity of selithion was #0 small that a natural eneny,
Psevdaphycus malinus, coculd be used co-operatively for the
contxol of comstock mealybug (@) .
Acute toaxicity to mammals wes moderate. LD” in mice
by oral sdministration was 91,3 mg/kg, for male rats 52-125 mg/
kg for femele rats 102~180 mg/kg, for hens 110 mg/kg. Salithion
32P applied topically to houseflies was rapidly sbsorbed in the
body (42% after 1 hr.)s The major part was degraded in the body
and ebout 4% of applied or 10% of sbsorbed Salithion, remained
as Salithion and Salioxon for 24 hrs. On the other hend, Salithior
32P administered orally to ral was rapidly degradec and excreted,
After 1 hrs., 78% of the administered salithion was
hydrolysed in the body. After 3 hrs., 56.7% was excreted and
only 2.4% remained in the body in chloroform soluble form 387,
Abcut 10X of Salithion absorbed was found in the bean
plant whose roots were soaked in the nutrient solution containing
the insecticide for 10 days., When Salithion was applied on the
leaves, @bout 10% was asbsorbed into the tissues and slightly
translocated into other leaves. Most of Salithion, epplied om
leaves or applied in solution form with nutrient, vaporised.
This ceused a fumigant action to kill insects on the plant,



The metabolic pathways of Salithiom in rats and plants
had been studied (4) « It was shown that the biodegradation
proceeds thrcugh demethylation and ringecpening by PeOwaxyle
bond cleavage,

Chromic toxicity tests‘3”) revealed that the rats fed
for 24 months with 10 ppm Salithion showed slicht decresase in
cholinesterase activities., No effect was however, cbsexved in
rets fed with 3 ppm sSalithion, No histological lesion was found
in any organs of rats fed with 100 ppm,

In men and women, adwinistered orally 0,02 mg/kg/dey
of salithion for 21 days followed by 0,05 mg/kg/day for 14 days,
no effect was found in the sctivity of erythrocyts acetyl-
cholinesterase. Carcinogenicity was not cbserved, No effect was
observed in fertility of rats for three generations fed with
10 ppm Salithion,

shes (14015,16, 24, 25,26,27)

A survey of litersture furni
2 variety of Saligenin c¢yecliec phosphorus esters in good number,
which had been prepared md examined for insecticidal activity.
They involve phosphates, phosphorothiclates, phosphoramidates,
phosphonates and their thionowanalogs . A comprehensive but

not a complets list of Saligenin and ringesubstituted Saligenin
cyelie phosphorus esters are given in Table « 1.
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Table -

Substituted Saligenin Cyclic phosphorus esters with

Ph ~ aerties
o3
' yP-R
A s é
4
ggdo R A X  Procedure’ b,p, °G/mm Hg(m.p. °¢)
k-7  OCH, H 0 (®) 110~2%/0.05
K-13  O-n=C,H, H o0 ®) 129-32°/0.08
K=18  Oen=CHg H o ®) 150~4°/0,05
k=8  OC,Hg H 8 ®) 211%‘11 .(?St
K-16  OCgH, H 8 ®) (36°)
k=18  CHg H s ) (37°)
cHy H 0 (») 140°/0.5(35°)
C,Hg H 0 ®) 143~9%0.3 (25°)
1-C4H, H 0 ») (80°)
Sec-C Hy H 0 ®) 110%0.5
£~C Hg H 0 ®) (74°)
H = CH, H o ®) 155°/2.5
a,cl H ° ®) 160/0.8 (51°)
CH, CH, C1 H 0 ®) 139-141/0.1
CH, H s (») 130/0.6
CHg H s ®) 120/0,6
1-C4H, H 8 () 108/0.6
CH,Cl1 H 8 (») | 146~155/0, 4

Contd,.,



4

P:ocodun* DePe Oc/mm Hg(mePe %)

Code R A X
- {19

OCH, 6=CHy O (®) 136=140/0.3
OC,Hg 6=CHy O (P) 152-156/0.3
OCH, 7=CH,y ©O (») 109/0.05

112+118/0.,08
OC,Hy 7-CHy © ®) “;0 1
Ompa=CyHo 7=CHy o] ) 141~1 ¢
Cglly 7=CHy © (®) (93~98)
NHCH, 7=Cy O (P) (145-146)
OmCHg 8=Cliy O (») 118120705
0C Hy B8=CH, (s] w) 165/0.6
OCgHyg 8~CHy o] ®) 135+140/0+6
oCH, 6=Cl O (®) 145+152/042
0C,Hy 6=Cl © r) 160/0.2
o-u—can, 6-Cl O r) 167-169/0,15
Own=C JHg 6-Cl O (®) 187/0.18

90
oCgiy 6«Cl © (®) (897)
NHCH, 6-Cl O (») (148°)
OCH, 8«Cl © ®) 170-171/0,19
OCyHg 8=Cl © (e) 151/0.18
o-n-csa., geCl © (p) 183/0.18
OmiwCaH, Bg=Cl ©O (®) 137/0.04 .
OCgHg g«Cl O ®) 203/0.52 (54°)
NHCH, g=Cl © ®) (128-2297)
L+ ]

OCH, 6=Ciiy © ®) (34-35")

contBee
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X p:omaux;T Deps OC/mm 1y Bepe °C)

Code R A

Noe
0, ::;‘“3 s (s) Paste”"
0C,Hy " 8 (s) Paste” "’
OwnmCylly  * 8  (8) Paste™
oG, 6,8=C1 8 (s) (57-58°)
OC, Hg . s (s) o11**
NHCH, » 8 (8) o11"*
5CH, H 8 (8) (69«70)
5C,Hy H 8 (s) 145+147/0.2
Sen=Cyi, H 8 (8) 148-150/0,29
SwimCqH, H 8 (8) 140-143/0,1
sy H &8 (a) 140~147/0.3
swneCeHy H 3 (s) 160~167/0, 2%
~Cgllg H 8 (s) (79=80)
ECHy K o ®) 144-3/0.1
8CgHg H 4] () 140~5/0,04
Sn-CoH, H o ) 145+7/0.07
S~i=CyH, H o (») 155«8/0,1
sn-CHy H o ®) 157+80/0.02
5Cglig H 0 r) (88~9)
WHCH H O (triethylamine) (87°)
NHC,Hg M o (p) (68°)
"(:: H © (triethylamine) (121°)

Contde,
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R A X 1:='m':c:=¢:¢.mxm3 Deps OC/mm Hg (mepe °C)

Code
Noe
C
L 2”8 H 0 (Potassium 133«6/0,5
N X carbonate)
NHCH, H s ®) 120=3/0,2
NHC,H H 8 (Potassium Undistilled liquid
s carbonate)
u - Sy
_ H 8 (Potassium  118~22/0.2
c:a, carbonete) :
{44
w2 H 5 (Potassium  110/0.2
\% carbonate)

-« pyridine (P) or agueous Sodium hydroxide solution (8)
was used as dehydrogenchloride agent.

** These compounds were purified through 8ilicic acid €olum
Chromatographye

The results of the investigation on the structure
activity relationship suggested that the biologically active
substmnces may have two important sites in the molecule in
order to manifest biological activities: ocne rescts actually
with & target and another decicdes the specificity in biclogical
activity. The biological activities of Saligenin cyclie
rhosphates are greatly influenced by the exocyclic substituent
on Phosphorus atocm as shown in Teble ~2. Axyl Saligenin cyclie



Phosphates manifested a highly delayed neurctoxicity to ceuse
ataxia in hens and high synergistic activity with muwum‘s'”'
The aryl phosphcnate smalogs showed similer biological ectivie
ties but less in ths neurctcxicity. A sharp contrast wes,
however, cbserved in the corresponding cyclic esters having a
small alkyl group on phosphorus, i.e, 2=alkyle, 2=alkoXyw,
and 2w-alkylamidowdHel,3, 2«bensodiox sphosphorine2=cxides, did not
cause ataxia in hens with any sublethal doses and weakly poten-
tiste the toxicity of malathion (s) + Surprisingly the alkyl
derivatives showed high insecticidal activity, whereas the aryl
esters a1d not2?), Inis finding urged the inventors of salithia
to examine the Saligenin cyclic phosphate esters carrying a smal.
exocyclic alkyl substituent on the Phosphorus atom as potential
insecticides cendidates.

T -2

Effect of the exocyclic substitvent (R) on bioclogical
sctivities of Saligenin cyclic phos;hates

0
0
\%_R
o
R Delayed Synergism with cytotoxdcy Insectd
neurctoxicity coef » iy dal actj
MaD® Raks Houseflies® vity
m»;
O=CHyCglig0 2=5 16,7 7.8 (0)
CgHgO 1.5=2 8.8 9.2 (3)‘
Cgiy 200 . 18.8 840 (0)4
ca’!so - - 3.3 0.33
Ciy0 neng® 3.7 t.7 0.04

(m,)za Ne 8 1.1 - 0e3




a8, Minimum dose for causing astaxia in hens (in mg/kg).

bs A resistant strain

c. 50X 1lsthal dose by topical aprlication to houseflies
in peg/tly

d. Percentage mortality st 10 Mg/fly

e. RO ataxis signs evident with any sublethal dosages.

The specificity of Saligenin cyclie phosphates in the
biological activity relates to their selectivity in ensyme
inhibition, whm phosphetes {nhibit vericus serine ensymes,
probebly, due to the formation of Salicydoxy phosphinylensymes
(vz) {87 pig, 6 by phosphorylating the emsyms sfter opening
cf the cyclic esterx atmﬁ,um at the Ps-O~aryl bond,

—R OH 0
+ H-Est ——> @»%-o—?—sst
R
¥ I

Fige 6 Reaction of Saligenin cyclic Phosphates with
esterases (HeEst,)

/O\

v=0

o

The ester becams a more selective inhibitor cof
aliesterases (30) yhen the sime of exocysiic substituent (R
in V) increased, whareas it beceme a more selective inhibitor
of cholinestsrase when the substituent was swall. Thus, the
O=tolyl derivative (B), for example, inhibited aliesterase
130 times more than cholinesterass. Therefore, the exocyclic
substituent of saligenin cyclic Phosphats esters were regarded



as the selectophore in biological actioms.

he heterocyclic structure of Saligenin cyeclie
phosphozus esters did not contributs towards the delayed
neurotaxicity, but it merely induced the chemical yreactivity
of the Phosphorus atom for nucleophiles ineluding the active
site of esterases.

The nervous tissuss, which Jopason found "nsurotaxic
esterase” were specifically sensitive in yivo to neurotoxic
organophosphorus esters (31) o The esterass were unliks scetyle
cholinssterase but similar to chymotrypsin and trypsin in
structure activity relationship of inhibitors?2), Although
the structure-neurctoxicity relaticnship were too complicated
to be generalised, the neurctoxicity appeared to relate more
with the structure of non-leaving groups than that of the
leaving one. Neurotoxic esterass wexe remarkably resistaat to
most of the methyl esters 33,

with this brief background of strxucturesbiological
activity relationship of Saligenin cyclic phosphorus esters,
an emphasis on their specific sctivitiea such as insecticidal,
synexgistic, mntiesterase, nematocidal, fungicidal etec., will
be laid in subsequent paragraphs.

A8 stated earlier, the cyclic esters in any particular
series having a small alkyl grouw have high insecticidal
activity (8) (Teble = 3), the Methyl derivatives were much more
active then hicher alkyl and aryl derivatives, except for
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phosphate series in which the ethyl derivatives were moxe
active (24) than the methyl one. M,N-Dialkyl phosphorsmidstes
are much less active than mono=alkyl derivatives, Thus,
Saligenin cyclic methyl phosphate, methyl phosphorothionate,
Nemethyl phosphoramidate, N-methyl phosphoramidothionate,
methyl phosphogrethiolats and ethyl phosphonothicnate are potsnt
insecticides, It is intsresting to note that the exocyelic
substituents of the most active cyclic phosphozus esters

(OGls. NHCH,, CH,CH,, SCHy) differ from esch other in electronic
charscteristics, but resembles in steric property such as the
distence (sbout 2,9A°) between phosphorus and carbon atoms in
the P=X~C function, if supposing the bond angle of divalent

sulphur near 90 rathexr than 109,5 N

T -

Effect of exccylic substituent (R) on insecticidal
activity (w” /. g/house £1ly)

X
o1l
~ p—R
|
0
R R ,
23 23—

m, 0«13 0u 31 m’s 0,09 0,18
(’.'335 0.17 0.08 CZK,S 0.23 0,90
GR’O 0. 04 0,05 m’m 0.08% 0.40

| CaligO 0s33 0.30 CoHNH 0, 66 0.48




The phosphorothiclothionetes did not have enough insecticidal
ectivity'1%), he phosphates, phosphorothiclates and phosphonates
appear too wnstable to be wsed practically as insecticides. The
phosphoromidates are several times as toxic to mammals as the
phosphorothionates.

Furthermore, the introduction of any substitulnts on the
bansens ring, ths hatero-ring, or the sxocyclic ester ggcup
brings down the insecticidal sctivity‘2343%), (reble = ¢)

Thus salithion, the simplest phosphorothionate, was the most
promising compouné as insecticide amongst all the series of
Saligenin cyclie phosphorus esters.

Table - ¢

Effect of substituent (R) on insecticidal
activity (mﬁ Ma/house £1y)

o1
1 \zp— OCH
| « B
%
4
8 0 8 0
H 0. 05 0.035%5 6=C1 1.7 0,09
(salithion) (Salicxon)
4—683 - 3,38 8«Cl 013 0. 23
G=CHy 2,00 0,10 f =cHy 0.30 0.33
7—@, 0. 23 0. 43 B8 '-Cﬁswuz 3.58 0,99

8-@!3 1. 39 200 /':’ -C) - 2. 07




An ocutstanding contyast in the effect of pars~substitution
between Salithion series and parathion is notsworthy. The
insecticidal activity of diethyl phenyl phosphorothionate (VIII)
is progressively increased by pesubstitution of phenyl ring in
the increasing order of the electrxon-withdrawing activity of
the substituent, whereas neither electronewithdrawing nor
elsctron=releasing group enhances the activity of Salithion
(viz) (Table = 5){37), 1t seems evident, therefors, that the
P=0=C (axryl) bond of the hetero ring of Saligenin cyclic
phosphorus esters without any substituent snywhere, neitler in
bensens ring nor in hetero cyclic ring, eppeared to be optimum
for the reactivity to phosphorylats cholinesterase for killing
the insects,

The reactivity cf the cyclic phosphate estexr of
Saligenin is surprisingly greater than that expected from the
acidity consideration of saligenin, though the heteroering was
not much strained and the endocyclic Owp=0 angle of Salithion
(104°) is in the reange of angle of acylic phosphate esters
(102-108%) 4}, Many :ive end six-membered cyclic phosphorus
esters have been prepared from 1,2-md 1,3=alkmediols and
examined for antiesterase and insecticidel ectivities by
rukuto ®%) ana xamnason{3®), These cyclic esters showea high
reactivity but exhibited only pcor anticholinesterese and
insecticidal activities. Cyclic phosphorothionates of catechol
inhibit plasma cholinesterase but showed almost no insecticidal
activity(”). Therefore, the high activity of Saligenin cyclie
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’Im -9
Eitoct a! pnmutuum on mmueidal ueuvxty

R 58 Relative insecticidal activity®

viz VI

Oﬁls (4268 Dol Oel

a, ~0.170 246 01

H 04000 100,0 Ol

Csﬂs +0.009 12.8 -

c1 +0,226 3.0 0033

cocu, +0.87 2.0 2.5

NG,y +1.27 1.7 100,0

a, Hammstt's substituant constant
b, Parcentage of the most active compound in each ssries.

phosphozus esters may be attributed tc the special hetero=-ring
involving an enol ad a bensyl ester linkage (17) .

6s 2tLYN

Soam known systemic mﬁcticidu. such as &chraden
(Octamethyl Pyxophosphoramide) and Mipafox (N,Nediisopropyl
phorodiamidic fluoride), have phosphoramide linkage. On analysis
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it seemed probable that Saligenin cyclic phosphorus ssters

can &lso be endowed with systemic insecticidal activity by the
introduction of an alkyl amino group on the phosphorus atom,
Actually, Saligenin cyclic Nemethyl phosphoramicdate mnd
phosphoramidothionate (2=methylamido={liel,3, 2«bensodicxo=
phosphorine2-cxide and sulphide) revealed a considersble
systemic insecticidal activity against rice stem-borer and
green rice leafhoppers on rice plants (“).

Referring to the metabolism of tri-O=tolyl phosphate
in ¥Yiyg it was reasonable to suppose that the Saligenin eyclie
phosphorsmidates might be produced in vive from disostolyl
phosphoramidates. On exsmination, Gieowtolyl Remethyl phos-
phoramidate was found to exhibit systemic insecticidal activity
sgainst rice amanx(a) » It was metabolically transformed
into the active cyclic ester by the homogenate of rice stem~
borers but not that of rice plants'®’, salithion shoved more

or less gytemic activity sgainst armyworm and mite,

(6,13)

Saligenin cyclic aryl phosphates and phosphonates have
synergistic sctivity with Malathion against nsects $38139) iy
miml‘”’ particularly agsinst their resistant strains (Table =
2)s

At least two esterases having the sbility to hydrolyse
Malathion or its phencxy carbonyl homologue were det:cted in
the homogenate of the resistant strain G. (ne of these was
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moxe potent and specific esterase for hydrolysis of Malathiom,
Both the esterasses were conpletely inhibited by Saligenin
cyclic phenyl phoaphm“m. For the resistant strains of red
citrus mites, Pmncnychyg citri (Mc Gregor), Saligenin cyelic
phenylphosphonate displayed & high synergistic action with
Malathion, by inhibiting the degradaticn of carboxylic ester
linkage in Malathion Molecule 43), 7-methylezephenyledsi~i,3,
2-bensodiaxaphosphorine2=oxide is the most active synergist
sgainst resistant houseflies and green rice leaf~hoppers.

8. Antiestexase Activiky:

Reference was alresdy inede that the spocuicuy in
bioclogical activities of saligenin cyclie phosphorus esters were
remarkably influenced by the steric characteristics of the
exocylic substituent on the phosphorus atom, This was evident
when cne compared their specificities in ensyme inhibiticm 3%,
Saligenin cyclic phosphorus esters reacted with nuclecphilic
mﬁ. including esterases, to phosphorylate by opening of
the cyclic ester structure at P=0=C (aryl) bond (Fige 6)(6#2%9,42)

T™he chemical and biclogical activities of three repre~
sentative Saligenin cyclic oiu:a. methyl phosphsts, phenyl
phosphate snd phenyl phosphcnste are goanpared in Table « 6, The
insecticidsl methyl phosphate was very sctive as an inhibitor
of cholinestersss. However, the highly neurotoxic aryl phosphate
was 8 poor inhibitor of cholinesterase but a very specific
inhibitor of aliesterase. The less nsurotoxic aryl phosphonate
occuplied an intermediate position,
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Ieble - 6
Effect on substitusnts on chemicel and

bjologicel activities. —
0
o
\}!,_Y
0
| e pos
¥ ""3 IgoChE Iy ALIE  G/A LDg, Synergism  Ataxta’
%10 x 10‘“ x 10‘)!
min™t (c) (A)
OQI: 1.4 7e6 8.4 0,9 0+.04 0.6 Ny 8y
oc‘u, 6.3 158 1.4 119 510(3) 2.3 2
Cglly 12,8 89 3,2 27,8)10(0) 2.5 200

”* };,g/nomtly;

L Cotoxicity Coeificient;
*w¢  Minimum ataxic dose in hens (mg/kg)?
Ned3e = NO ataxia,

S, Nemetocidel Activity:

A number of Saligenin cyclic phosphorus esters were
effective to kill nematodes'?), NeMethylphosphoranidate is
most active but N,N=dimethylphosphoramidate wes inactive
against the non=parasitic sail nematode Rhaldditis suspended

in water (26)

« Owing to instability in water, the cyclic
phosphates and phosphonates were practically inactive but their

thionosnalogues were considerebly active against ahmum‘“’ .
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Some Saligenin cyclic axryl phosphomothiconates wers more
effective against the rice white tip nematode (Aphelenchcides
besseyichristis) then the cycliec Nemethyl phosphoramidste,
though the formers were poor in insecticidal aeuuwy(“ ) N

These arylphosphonothionates also showed a high activity against
filaria in cotton rats (Litomosoides carinii)e It was interest-
ing to note that these arylphosphonothionates were poor
insecticides, wherecas thiy were more potent to cther critical
target of namatodes, 5o they differ in nature from the insect
cholinestersee ‘7,

10. Fung v

Recently scme phosphorothiolate esters, particularly
having S=bensyl ester-linkage, have been developed as fungicides.
SeBensyl=0, Oe«diethyl phosphorothioclate (Kitamin) is s typical

fungicide now used in practice for control of rice blast
disesase, S~Alkyl Saligenin cyclic phosphorothioclate esters,
which had no S=benzyl ester-linkage but O=bensyl and S~alkyl
ester linkages, were exanined for fungicidal sctivity 44:37),
They were £ound active not only as insecticides but also as
fungicides, Some of them are effective to protect rice plants
from rice=blast disease caused by the infection of pyxicularis
oryzas,., Ethyl snd n~butyl esters were most promising as fungicides
The Sealkyl cyclic phosphorothiclates inhibit not only
serine enzymes including chclimstczm but slso SHeensymas
such as Pspain also alcohol d.hyéroqenm“s"m. The activity
to inhibit SHe-ensymes appeared to relats to fungicidal activity.
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The cyclic phosphorothiclates (a) wers highly reactive and

rapidly hydrolysed by ring opening to form the partial

hydrolyzates, S-alkyl O-Salicyl hydrogen phosphorothiclates

(b) which reacted readily with nucleophiles like mercaptans

to alkylate them,

O

|
PSR OH
Hzo . (ﬁ
) (b) OH
/

R OH R,,SH
~ N/

on 0 OH

%p/ Sk
CHOZ “oR’ 4
CH,SR

Pig. 7

Phosphorylation and alkylation reactions by

Saligenin cyciic phogphorothidlates. (R'CH = alcchol
and serine ensyme; R"SH = merceptans and SHeensymes).
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T&n - :z
Reactivity of Saligenin cyclic phosphorus estars

: 4 Reaction with :,a alcohol
cysum' dehydrogenase
x 10’&1
0] s 45
P-Y
| Cgllg + 5.0
Q0
(s | - 1 1)
OH ww + 10
y
CHZ"O "lp"CGHS
OH

*  Sesubstituted cysteine was produced (+) or not (=)
at pH 7,6, 26°C for 30 min,

** No inhibition oceurred at 5 x 10"!!.
**# Cyclchexylamonium salt was used,

It was the copen-ringed o=hydroxy bensyl ester which
actually inhibited the alcochol dshydrogenase instsad of

saligenin cyclic hydrogen phosphate (Table = 7) ‘”. The hydroxy



3l

group in the ortho position may promote the alkylating property
of bensyl ester, giving a bensyl carbcnium 100(“).

It was interesting to notice the similarity in structure
between fungicidal S=bemsyl phosphorothiclates end intermediaste
partial hydrolyzate of saligenin cyclic phosphorothiclates,
Metabolic hycroxylation st the parsa or ortho position cof
S-benyl phosphorothiolate fungicides may be assumed to occur

in yive.

11, Conclusions
The high biological activities of saligenin cyclic

phosphorus ccmpounds may be atrributed to the heteroering
involving encl and benzyl ester linkages. The alkylation
reaction may be responsible for “SHeenzyme® inhibition and
fungicidal activity. The phosphorylastion reaction was respon-
sible for esterase inhibition, and animal toxicity and insecti-
cidal activity. An exccyclic substituent group df.oc;a physical
and biclogical properties by virtue of its electronic md
steric characteristics, Thus, methylphosphorothionate was useful
as an insecticide, slkylemicdates have systemic activity,
alkylphosphorothiolates had fungicidal activity, rhenyl phos-
phcnates hed antifilarisl activity, and aryl phosphates were
neuroctaxic and had symergistic activity.
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As stated previously (RhdrPart = I) the discowery
of sSaligenin cyclic phosphate as a biologically active
metsbolite of triwoecresyl phosphete (Tock) (2¢343) 144 to the
synthesis of many related campounds and to the study of their
chemical and biological pr@crﬁhs“’ 5) « Analogous cyclic
phosphorus estexs have been synthesised to study their chemical
properties{®7) md biological activicies(®e?’
saligenin cyclic phosphorus esters, Salithion (2emethcxy-
4H=bensoml, 3, 2«dioxaphosphorin=2«gulphide) was discovered in
1963 in the laboratory of Pesticide Chemistry, Kynshu University,
Japan mnd commercialized in 1968 by sumitomo Chemical Company
as 8 practical mneucm“'” « Compared to the high neuro=
toxicity of the T0CCP metabolite, Salithion causes no such
toxicity. Introduction of any type of substituént at any
position of the benzens ring of Salithion decreases the
insecticidal sctivity'}?), 1t has been reported(1®) enat 2.
methoxyw~6enitro=4li=benso=i, 3, 2~diaxaphosphorin=2=sulphide
(BD=8) 1is obtained as a paste in the reaction Of 2ehydroxyeSe
nitro bensyl alcohol with methyl phosphorodichloridothionate
after purification throuch silicic acid column chromatography,

end this methoxy compound has about sixty times less insecticidal

« Among the
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sctivity compered to salithion %), m this leboratory it

was cbserved (1) thet the methaxy compownd (BD=8) is a

80114 (mp. 84°C) and has sbout 1.5#2,0 times greatsr insectici-
dal activity against Cockroach, Periplenets gserigame (Linn.),

and comparable activity sgainst Grasshoppers, Oxys nitidgls
compared to Salithion; it also decomposes more easily than

Salithion leaving less residues in the omixcmat(u) .
S S
Ol SN
\IP-—OCH3 \iID——OCH3
0 0
| NO,

Salithion BDe8

Moreover, introduction of sn amine growp in plece of
an alkyl esterxr group often affords organcphosphorus ester with
fungicidal ectivity (*2), For example. the insecticide
dimsthoste / dimethyl Se(Nemethylcarbamoyalmethyl) phosphoro=-
thiolothimete _/ has no fungicidal ectivity, its dialkyl
phosphoramidothiclothionate analogs, such a8 compound-I, shows
scme fungicidal as well as acaricidal m:tvitya” .

8 o 8 0
(ca,c),ksm,-&mum, (czasizu-%-smz-!c!-m%
OcHy

(DIMETHOATE ) (COPOUMD - IX)
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Several other examples in literature clearly show that
some phosphoramidoshicnates, pho-phwmio.lowmmm
phosphoramides or phosphonamides in which the phosphorus atom
is attached directly to the nitrogen atom of an amino of &
heterocyclic compound such as phthalimide, imidasols or
trissole, have very good fungicidal muvuyu‘ 12,14,18) .

The abowe cbservations prompted us 0 undertake a
systematie work cn soms 2~alkylamido/alkoxywGenitro/drome/
chloro={li=bens owl, 3, 2«dicxaphosphorin=2-sulphides having general
structure (A).

S
|
\T—-OR/N&RQ where R/R,/Ry = Alkyl gxowp

0 X = Cl, Bx, NO,

0o

(A)

The alkm:y_ GEOUPS are aoptopmy. methoxy snd ethoxy
groups, the alkylamido groups are Pyrrolidino, Piperidino,
2=ethylepiperidince and haxsmethyleneimino.

The work enbodied in this dissertation is relatsd to
the investigation of the sbove mentiomed compounds with reference
to their chemical, pesticidal and toxicological properties
besides structure elucidation by spectroscopic methods.
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Astual wopks

(1)

(14)

(414)

(iv)

(v)

{vi)

(vil)

(viis)

Some 2=alkoxy/alkyl mmidowbe
chloro/bromo/nitrondlisl, 3, 2=bens odiwcaphosphorine2e«
sulphide have been synthesized; the structure of these
conpounds have been determined by taking UV, IR, NMR and
Mass spectra.

Insecticidal activities against Cockrosch (Periplgneta
ammericens), Blow-fly (Cxyscmays megetcephals), Grasshopper
(xys nitidula) and Aphids (Lipsphis ervsimi) have been
reported,

Acute oral toxicity and delayed neurotoxicity tests
on whits albino rats and hens were carried out,

Inhibition of acetylcholinesterase activity against
blow-fly head homogenate and goat whole blood have been
reported.

mtifingal activities sgainst Helminthosn

and Pyricularis oxyses heve been studied.

Phytotoxie properties on the germination of wheat seed
(Tzitioum sp. ) have been studied.

Cytotoxicity tests on plent (onion) snd snimal (mouse)
were also studied,

Chemical hydrolysis cf these compounds have been studied
in alkaline solution ‘w 11.85, 7.7).
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All melting points were taken in open capillary tubes
in sulfuric acid bath and sre umcorrected,

Organic solvents and chemicals used during the work
were of standard commercial grade of high quality (EM/BLH/SM/
Fluka/Aldrich md sigme quality), Crganic sclvents and other
chemicals were purified and dried according to Vogel (1)’ silica
gel (60120 mesh) was used for colum chromatography.

Infra red spectra were scanned on Beckmann IR=20
spsctrophotometer and Pye Unicum SP 3 3008 in nujol mull and
in liquicd £ilm. Ultravioletespectra were recorded on Beckmann
D=2 Spectrophotometer and Shimadsu UVeVisible Recording
Spectrophotometer (YV-240) in ethancl, Mass spectrs (EXI positive)
were recorded on a Jeol JMS=D 300 mass spectrometer at 70 eV.
PMR spectra were taken on Varian EM 360«L, Varian CFT»20 and
Jeol spectrophotometers. Chemical shifts in parts per million
for 11-1 NMR spectra were referenced to m‘si. Solvents used
for NMR spectra were Chloroformed and» Acetone - dg.
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3. Preparation of Thiophosphoryl Chloxide (PSCJ.!) ]

Thiophosphoryl chloride was prepared socording to
Moeller !& &‘2)0

2=hydroxy=Sechloro=bensyl alcohol as one of the starting
materials for the synthesis of chloro-saligenin cyclic alkylamido
phosphorothicnates was prepared in the following mannerx.

Preparation of the c¢hloro alcchol was done in two stages.

{1) Prepration of 2ehydroxy=-S5«chlorcbensaldehyds, md

(11) Recduction of the said aldshyde to alcohol,

4. (1) orination of 8 lal s
Chlorination of salicylaldehyds was done by sulphuryle
¢hloride~acetic acid,

OH | OH
CHO Glacial scetic acid CHO
+ 802012 Low tempe. 7
(0=5%¢) -
CL

12,29 (Uel mole ) salicyleldenyde and 13.5¢ (0,1 mole) liquid
sulphuryl chloride were dissolved in abcut five times glacial



acetic acid respectively in two separate conical flasks. The
sulfuryl chloride solution was added slowly to salicylaldehyde
solution with constant stirring to ensure thorough mixings. The
temperature of the reaction mixture was kept at 0° to 5°C. Afte
complete addition of sulfuryl chloride the reaction mixture was
allowed to stend for half an hour at room temperature, The
reasction mixture was poured in cold water (ordinary). The
precipitate was Siltered with suction on 2 Buchner funnel and
was washed thoroughly with cold water and was pressed as dry as
possible with a wide glass stopper and then dried., The product
thus obtained was recrystallifed from hot methancl, The yield
of pure 2=hydraxy=Sechlorcbenzaldshyds (colourless crystals,
meps 100°C) was 12,89 (85% yield).

4. (11) Reduction of z-hms-ehlo:obqludd\!ma

The reduction was done by sodium borohydride according
to le(‘)‘

OH

OH
CHO CH,OH
+ NaBH, — 5
cL |
cL



In a 500 ml thyee~necked flask, equipped with a mechaical
stizrrer, & themmometer and a dropping funnel was placsed,a solutic
of 20,1g (0.1 mole) 2ehydroxywSechlorcbensaldehyds in 100 md
methanol and, whilst stirring, a soluticn of sodiws bromohydride
(1,40g, 0,03 mole sodium bromohydride in 2 ml of 2Mescdium
hydroxide diluted with 18 ml of water) was added at a rats of
0,5 ml per minute with occasional ecoling to kesp the resagtion
mixture at 18-25°C, The reasction mixture was stirred for sa
additional period of 30 minutes.

The methancl was removed by distillation on a steam bath,

The residue was diluted with 100 ml water and then acidified wit!
50 ml dtlute sulphuric acid. The mixture was extracted with ethe)

the upper layer of the extract was washed with a little anhydrow
magnesium sulphate, Ether was removed by flash distillation, The
product thus obtained was recrystallised from hot chloroform and
dried in vacuum. Ths yield of pure 2«hydroxy=Sechlorcbensyl
alecohol (colourless crystals, mep. 89°C) wes 83%.

UV (Fige 1)s %: = 285 nm (€= 3032)

o
IR (Fige 2) 1
3420 end 3140 ca™t + OH vibration;
1425 cu”} : CH deformstion str. vibration)
1610 cm™? $ C= C stres
1480 cm™} t «CH, = scissorings
1080 cm™3 s C=0 stx. of primary alccholp
1210 m:" ¢ C=0 str. of phenol;
895 em . t lone Heatom wagging of the phenyl riag;
810 om $ bending of the 2H adjecent of the ring,



L9 P
N o
. a CH20H
N
Ct
conc. = 30415 X 10~ 2 (M)
) EtoH _ (€=3032)
. x = 285 nwm
D .
o
©
© i) N e ©
u < © 4 i
(& w o
o . ° o
Fige.1 UV spectrum of 5-chloro saligenin in ethancl,
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J=hydraxye=S-Bromobensyl slcohol as cne of the starting
materials for the symthesis of Bromosaligenin cyclic alkylamido
phosphorothionate was prepared in following manners

Preparaticn of the Bromoalcohol was done in two stages.

(1) Preparastion of 2«hydroaxyeS-Bromobensaldshyde, and

{(11) Reduction of the said aldehyds to aleohol,

5’(‘,) .‘l.."*':z.w.;. IS CN OFX BRLICYABRLUONVE
Bromination of salicylaldshyde was done by bromine acetic
acid method sccording to Vogel (1),

OH OH

CHO CHO
Glacial scetic acid

Br, >
+ B, Low temp. (0=5°C)

Br

1239 (0el mole) salicylaidehyds and 17g (0s1 mole) ligquid

bromine were dissclved in 45 ml and 25 ml glecial scetic acid
respectively in two sepsrate conical flasks., The bromine solution

was added slowly to salicylaldshyds solution with constant
shaking to ensure thorough mbciz:g. The terperature of the reaction
mixture was kept st 0° to 50%, Aftex complete addition of
bromine, the reaction mixture was allowed to stand at room
tempersture for an additional period of 30 minutes with occasional
shaking, while fine crystals were separateds; the whole reasction



mixture was then poured in to 400 ml cold water and more were
obtained, The crystalline mass was £iltered ; washed repestedly
with Gold water £0 remove excess bromine end then dried. The
product thus cbtained was recrystallized from hot methanol,

ihe yield of pure 2-hydroxye-Se~bromcbensaldshyde (colourless
crystals, mepe 103°C) was 16,1g (80x yield),

The reduction of 2«hydroxy-S-bromodbensaldshyde to aleohol
was dons according to the method described in 4 (i1).

OH ou

CHO

CHZOH
-+ NaBH,

A 4

Br Bp

The yielé of pure 2«=hycroxywSebromombensyl aleochol (colourless
crystals,; mp. 109°¢) was 8%%.

EtH
uvY (Fige 3): %”“ 284 nm (c = 2080)

4%



OD.

Fig. 3

1

BGZL "0

o
Come = q-?.‘qulo’“(M)
Amax= 284 nm (g-—'-f.o ‘

1= I |

18

8G6. -&

3762

862

}/ﬁw

1% %158

UV cpectrum of S~bromo salicenin in ethancl,
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IR(F"La-'_‘\')f

3420 nd 3140 ™t s CH vibration;

1430 cu™t s on deformation stx. vibrakioms

1610 and 1490 ca™> $ CnC stxe 7

1480 ca”} s =GH, = saissorings

1080 cu™: s C=0 Btre of primary alechol;

1210 eu”? ' Ce0 stre of phencls

890 ca} « long Heatom wegging of the phenyl rings
810 o™} ¢ banding of 24 adjacent of the ring)

6o

.
d=hydroxye5-nitrobenzyl alechol, one of the sterting
meterial for the synthesis of nitrosaligenin cyclic phosphoramido~
thionste was propared in two steps, |
(1) Preparstion of 2«-hydroxy-Senitrobensyl chloride, and
(44) the hydrolysis of the said chloride,

50 (1) PESDAZAGION OFf JenycyiXywssnltrosDOnSY HyIA e L
2«hydroxy=Senitrcbensyl chloride was prepared according
to the method described in organic synthesis®’, The rescticm

involved is
oH OH

CH,CL
H5S0, 2
+ CH,(0CH,), 4 Het 2 > + 2CHOH




penitrophencl used hexe was purchased from the market (Reidel,
meps 114°C) while the other ingredient, methylel was synthesised
a fresh for every batch of preparation as follows,

To a mixture of 760 ml methancl, 400g amhydrous cacl,
‘and 10,2 ml conce hydrochloric acid was taken in a J l1lit, round
bottomed flask equipped with a reflux condenser was added 400g
of 37=40% formaldehyde with constant cooling and stirring. The
sddition wes done dropwise through a dropping funnsl, It took
about 2 hours to complete the addition of formaldehyde (highly
exothermie reacticn), Then the mixture in the flask was heatsd
for a few minutes until the liquid begsn to boil vigorously,
Methylal that came uwp quickly on the upper layer was collected
by fractional distillation after mm overnight standing. The 42~
48°C fraction was collected and stored in a standard joint
bottle in cocld (freeser) before it was used,

The reaction between penitrophenol and methylal was
carried out in a one litre, three necked rouné bottomed f£lask
equipped with a short reflux condenser, a thermometcer mnd s
bent glass tube reaching sufficiently below into the flask were
placed %0g (0,36 mole) penitrophenol, 650 ml comce HC1, S5 ml
conc, Hy80, md 76g (1 mole) methylal. The reaction mixture was
stirred while the tamperature was maintained at 70° + 2% for
4«5 hours, During this time HCl gas was bubbled in tc the
reaction mixture through the bent glass tube, 2«hydroxy=Senitro=
bensyl chloride began to separate as s solid after sbout one amd
half hour, At the end of the reaction, the mixture wes coocled ia



an ice-bath for & period of 1«2 hours when more crystals separsted.
The sclid material after filtration, was kept in air for several
hours and then washed with bensene., About 40=438g of chloride

was cbtained (mepe 129° - 130%),

2=hydroxy=Senitrobengtyl chloride in water was boilesd

gently to ensurs complete hydrolysis. After boiling the hot
solution was quickly filtered and then cooled, The light yellow
crystals of 2«hydroxyeSenitrobensyl aslcohol was dbtained. The
crystals (meps 122-126°C) were re-crystallized from hot water.
The crystals were finally washed with cold dioxans benszene (1:9)
mixture, and dried in vecwum,

mepe 128°C (literature m.p. 128-129%) 37,

Ry 0+74 (in methanol),

)\Btfl'l
UY (Pige 8) s 7\ . = 230 nm (6728) end 322 nm (9190)

IR (Fige 6)

3450 and 3100 cu™} + CH vibrations \

1438 cw} s GH Geformation str. vibrations
1475 and 1338 a"' s asym, and sym. stxe of NO, group;
1610 and 1588 cm™} 1 CuCstre ¢

1080 cm™? 3 CeCa0;

980, 960 and 925 am™> 1 11214 trisubstituted bensens ring

vibration)
900 m’z lone He-atom wagging of the phenyl ring:
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750 end 738 cm™t ¢ CebleO bending?
810 an™? s 2H (adjecent) of the rings

: Ay R
N
ONH 4+ PSCLy ———> P—N{ 4+ >NHHCL
R Ct R R
(2mole)
R | ca s R
AN iethylami N . . .
_NH+PSCL, Triethylamne > ,P—N ~+  Triethylamine hydrochlorid:
R” (1mole) N
Ct R
(1meke) (1mole)

Cne mole P5Cly &nd two moles of amine (or, cne mole

anine and one mole triethylamine) were allowed to react at =5°C
to +5°C in bensene/chloroform as solvent. The amine solution was
added dropwise very slowly with constant vigrous stisrring. After
an additional stirring period, the solid particles (if present)
were filtered off and the reaction mixture was washed repeatedly
with bensene/chlorcform, Excess amine was removed by washing the
benzene/chloroform phass with 2% cold hydrochléric and them with
cold saturated sclution of sodium chloride. The benzene/chloroform
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phase was then dried with smhydrous sodium sulphate mnd filtered,
evaporation ipn viyo gave the desired alkylamidophosphorodi-
chloridothionate, The different alkylamidophosphorodichloxi-
dothionates were prepared as followss

7. (1) N

A solution of diiscbutylamine (12.9g7 Oel mole) in 20 ml
bensenc was added dropwise to a stirred sclution of thiophos-
phorylchloride (8,48gs 0.05 mole) in 50 ml bensene st =$°C to
+5%C, Ihe mixture wes stirred st 3°C for 3 hours mnd then at
rocm temparature for 16 hours. Diisobutylamine hydrochloride was
filtered off, the solution was washed with 2% cold hydrochloric
acid saturated with sodium chloride, and then with cold saturated
solution of sodium chloride. ‘he benzene phase was then dried
with snhydrous socdium sulphate and filtered; evaporation in
vaeyo gave 10g. N,N-Diisobutylamidophosphorodichloridothionate.
This compound has a cemphor like odour,

7o (11) Nol=L

Thiophosphorylchloride (8,4%5¢g, 0,05 mole) in S0 ml
bensens was allowed to react with 6.5¢ (0,05 mole) of didbutylamine
and 5¢ (0,905 mole) of triethylamine in 20 ml benzene, and the

mixture was worked up a2s in 7(i). 5S¢ liquic was obtained, This
compouwmd has a camphor liks odour,

7. (111) n=Butylamjidophosphorodichleridothionates

Thiophosphoryl chloride (005 mole, 8,45 gm) in 50 ml
benzene was allowed to react with n-butylamine (0,1 mole, 7.3 gm)
chloroform solution (25 ml). 7he temperature was maintained st
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0° to 5° during addition. After sddition of the amine, the
reaction mixture was stirred for an additional period of 2 hours
and then filtered. The filtrate was washed with cold 2% hydro=-
chloric acid and then with cold satursted solution of sodium
chloride. The benzene phase was then dried with anhydrcus sodium
sulphate and filtered. Arter evaporation ig vacug, a colourless
ligquid product was obtained,
7« {(iv) ne-Hexylamidophosphorodichloridotnicnates

This compound was prepared by adding nehexyl amine (10,1 gm
0sl mole) in 20 ml benzene to thiophosphoryl chloride (B.45 om,
0405 mole) in 50 ml benzene; The reaction mixture was worked up
as in 7(1ii)y 14 gm product was obtained as colourless viscous
liquid.

7o (v) O=(fB =methoxyjethyl dichioridophosphorgthicnatefia

This compound was prepared by mixing 17 gm psca,s with 8,0 ¢

pyridine in 75 ml benZene as sclvent, followed by the addition of
Te6 gm (0s1l mocle) methyl cellosclve; zfter working up the product
cbtained was 17,0 gm (BO%).
7 (vi) O=isce=propyl dichlorjidophosphorothicpates

The amount of the reactants and the sclvent in the preparas
tion were the same ags that of the O=-n=~propyl isomery the yield wa:
De5 gm (50%XJ).
7« {vii) O= 1 _dichloxi osphorothicnates

This compounc was prepared by taking a mixture of 17,0 gm
P’.‘::c:.l3 and 8,0 gm pyridine in 50 ml benzenes 9,5 gm (0,1 mole)
phencl was dissclved in 25m benzene and the resulting sclution
was added slowly to the above mixture, The reaction mixture, in
this case, was stirred at room temperature (27°C) for sbout 5-6

hours; after working wp the product cbtained was 16 gm (70%).
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8. Pre of some J=alkylamido=é=chlor nitro=4i-1,
Z=benaodioxay orine2esulphides

where X = 3r, <1, uoz

R
/Off'; and -N< = seccndary
J Ry amino groups

R = Q’s“ﬁi ’&‘fo“"‘ké

i

2~alkylamidow=6=chloro/bromo/nitro=4h=1, 3, 2=benzodioxaphosphori
2=sulphides were prepared by adding a solution of 2-hydroxymSe
chloro/bromo/nitro benzylalcchol (S~chloro/bromo/nitro saligenin,
1 mole) in dry acetcne to 1 mole of alkylamidophosphorodichlorido-
thicnate with cooling in an ice~bath, The anhydrous potassium
carbcnate (2 mole) was then addec by instalrents, with caastant
stirring. The temperature of the reacticn nixture was strietly
maintained below 508 curing the adciticn of potassium caxbonate.
The condensation was accomplished by stirring at the temperature
5-27°C for an additional time of 12-16 hours. The solid particles
were filtered cut of the reaction mixture and the sclvent was
removed uncexr recduced pressure &t room temperature. In sume cases
the crude pruduct was directly recrystallized from methancl to give
the pure corpound: while in others an 2dditicnal chloroform
extraction was necessary prior tc recrystallizaticn. In the latter
cese, the crude procuct was extracted with chloroform and washed
with 1% dill, HC1l (ice=cocled) and with ccld water; repeatedly. This
was then dricd with anhydrous sodiunm sulghate end the chloroformm
was subsequently remcved under reduced pressure, The pure compound
was then cobtained by recrystallizstion from methanol.
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0
~NhE s
CH ct ~ ‘S‘ /R K2CO3/Aceto~ne P—N
+ P—N > [
—~ ~ 0
CHZOH CcL R ¥

where , X = By, cl, 302

R
aad, =N = secondary amine Qroupse
R

o,

Tho different phéspharmidothxmm were prepared as follows:

08 _cHeH ~CHy

P—N ™~ CH,
l \CHZCH Z CH, |
0 CH, j

CL o

This compound (Cl~5) was prepsred by concensation of
equinmclar quantities of 1.59g (0,01 mole) of 2=hydroxyeSe '\
chlorcbensyl alcohol and 2,50 ml (0,01 mole) of N,NeDiiscbutyls
axidophosphorodichlortdothionets in presence of 2,76g (0,02 mole)
of anhydrous potessium carbonate in 50 ml acetone as solvent;
potassium carbonate was added by instsiments to the stirred
soluticn at 0° to 5°C, After en additionel stirring for 16 hours



at the room tenpersture, the sclids were filtered off, and the
solvent was remcved under reduced pressure. The crude product was
washed with methanol sasturasted with n~heplans, amd then the
coanpound was recrystallised from hot methanol, 2.7¢ of compound
was obtained as & white crystealline solid, mePs 91°c. a‘ 0. 91
(benzenewecetons, 8i12), Yield, 78Xs Mol. wts 347.57 Molecular
fornmula cuu”e,npscl.

Analysis »*
Found t Co 36,0%p H, 6,30%7 N, 5,30%
Calculated for t Cyp 36o,65%Xr Hy, Go8M%2 N, 5,34%.

Ci5 a0, e psale

S

O - CHEEHCHL
i AN
o CHCHCHCH,

Ct

A solution of equimclar quantities of 1,59g(0,01 mole of
2-hydroxy=S~chlorobensyl aleohol and 2«62g (0.01 mole) of
N,N, dibutylamidcphosphorodichloridothionate in 50 ml of dry
acetone in presence of 2.76g (0,02 mole) of enhydrcus potassium
carbcnats, The reaction and purification were carried out in
sune manner a8 that in 8(i), Remowval of soclvent in yeeuo gave
2,6g of colourless liquid product Ch»10,



Yield 7%%; Mol, foxrmula, cun”oanvscu MOl, wts 347.5:
Rg 0.86 (bensems ~acetone, B32).

Analysis:

Found 8 C, 51.57%5 H,6.50%2 N, 4,10%
Calculeted for 3 C,51,78%; H,6,61%) B 4.02%
€ g My, 02 NPSCX

8, (111)

0

———

~U
P —NHCH,CH,CH,LCH,
0
CL

n=Butyl amidophosphorodichloridothionate (0,01 mole,
2,06 gm), Sechlorosaligenin (0.01 mole, 1.58 gm) amd amhydrous
potassium carbonste in 50 ml acetonsd were allaved to resct, A
whits solid compoumd was cbtained which was recrystallised from
methanol, mePe 163°c; Molecular formula czxnxs%“m"’ Mol, wte
291, 5; Yield 65«70,

Analysis:
Found 8 C,45,21%2 H,5.10%; N, 4. 76
Calculated for 1 C,45,28%3 H,5.14%3 M,4,80%.

Cxlli‘!@lﬂ?m



Br

This compound (BR=6) was prepared by condensation of
2=hydroxyeS=bromobensylalcohol (2.03g, 0.01 mole) and N, Ne
daiisobutyl anidophosphorodichloridothionate (2,62gm, 0.01 mole)
in 50 m1 acatone a8 solvent) x2c03 was added by instalmmnts
to the stirred solution st 0° to $°C, After an additional
stirring (12-16h at the tempersture 5-27°C), tim solids were
filtersd off, and the solvunt was removed under reduced pressure
&t room tenperature. The crude product was washed with methanol
saturated with n-heptane, and then the compound was recrystallise
from hot methmols, 3.52 gm compound (BR=6) was obtained as a
white crystalline solid,

Yield 90X Mol, formula C,sH,0,NP8BE; mepe. 90°C;

Rg 0,91 (bensensiacetons, 812) Mol, wt. 391,



Analysis;
Found 38 C, 46,18%s N, 5.,89%7 N, 3.59%

Calculatad for 3 C, 46,0%p H, 5.88%; N, 3,58%
Cyg HyaQy WPS By

0
N »CHCH.CH CH,
\
l CHZCH1CH2(;H3
Be

The ccndensation of 2«hycroxy=Sebromobenzyl alcohol
(2,03 gm, 0,01 mole) and N,Ne~divutylamidophosphorodichloridothioneaty
(2,62 gm, 0.01 mole) in presence of K2C03 (2,76 gm, 0,02 mole)
in 50 ml =acetcne gave BR-10 a8 liquid, BR~10 was purified,

The crude product was washed with methanol satursted with
n=heptane and then the compound was purified by colum chromato-
graphy using silica gel (60«120 mesh) as absorbent. Elution was
carried out with dry, distilled thiophene free benzene, and
the progress of chromatogre; hic fractionation had been monitored
by examining the IR spectra of selected fraction and also by
TLC technique (coating material silica gel G, soulvent benzene
acetone, 931)s After removal of solvent in Yacuo 2,70 gm. of
colourless liquid product was obtained.

Yield 70%; Mol formula C;gH,40,NPSBrs R, 0,85 (benzene i
acetcne, 9:11)7 Mol. wt. 391,



&%

Anealysis:

Found ¢ C,46,21%3 H,5.90%3 N,3,60%7
Calculated for s C,46,00%s H,5.88%3 W, 3.58%
Cin Hyn 0, N PSBr

8s (Vi) Nk

o)

1l
\ —
\ID NHCHZCHZC H2CH3

0
Br

n=Butylamidophosphoreodichloxidothionate (0,01 mole,
2.06 gm), S-bromo saligenin (0,01 mole, 2,03 gm) and anhydrous
potassium carbonate (0.02 mole, 2.76 gm) in 50 ml acetone wexe
aliowed to react. A yellow solid compound was dbtained after
purification through silica gel colum chromatogrephy, meDe
?0°¢;Moleculat formula C,  H, gONPSBr; Mcl. wt. 335. Yield,
55«60%.,

Aalysis:
Found s C}39‘2%g H,‘n‘o"é 3,4.13%
Calculated for s C, 39;28%3 Hjlra‘@‘; N,4-17ﬂ‘c

C“H;gOLNPSBT



Nl

Np- H
T NHCHZC ZCHZCHZCHZCH3

o)

Br

Hexylamidophosphorodichloridothionats (2,34 gm, 0,01
mole), S-Bromosaligenin (2.03 gm, 0,01 mole) and anhydrous
potassium carbonate (2,76 gm, 0,02 mole) in 50 ml dry acetone
gave 8 liquid.

Yield 45-50%; Molecular wt., 363; Molecular formula,
cza”ze"z“’“”’

Analysisgs

romé 3 C 42,90%3 H 5,17%72 N 3.78%:»
Calculated for t C 42,86X; H 5,21%7 N 3,8%%,
CrzkhqQy NPS By

B¢ (viil) 2+( Semethosy)ethoxymbenitrowdted, 3, 2-benzodicxaphos-
phorin~2wsulphide (BD=1):

S

O
Sp-o

C2 H4OCH3

0
NO



S-Nitroesaligenin (3.2 gm, 0,019 mole), (emethoxy)
ethyldichloridophosphorethionate (4.0 gm, 0,019 mole) and
anhycrous potassium carbonate (5,2 gm, 0,038 mole in 50 ml dxy
acetone gave 2~( ~methoxy) ethoxy=Senitrowdiiel,l, 2«bensodioxe-
phosphcrine2«sulphide (4.5 gm), 80% yields; as a white crystalline
8011a; mep. 84°Cs Molecular formula C,oH,,0gNFS7 Mol. wt. 305.

Analysis:

Found 3 C 39,35 H 4,0%7 N 4,60%
Calculated for s © 39.3‘%’ H 3,96"3 N 4.59%.
CroH O P S

84(ix) DEXOPCXYw&en. 4H=1, 3, 2=bengod iaxaphosphor.

5 CH
o U s 3
P—0OCH
| N\

J CH,

NO

5«-nitro saligenin (5.3 gm, 0,031 mole) 1-c,a.,op(s)c12
(6 gm) and K,C0, (8,5 gm) gave BD=5 (4,8 gm, 55% yield) as
white crystals; m.p. 82-83°C; R, 0.63; Mol. wt. 289;
Molecular formula cmxnesm’s.

Analysis:
Fownd 8 C 41,5045 H 4,20%y N 4,83%
Calculated for 3 C 41,.52%2 H 4,157 N 4,84

Ciot2 05N PS



SeNitro=gsaligenin (4.9 gm, 0.015 mole), Calis P (8)(:12
(3.4 gm) and KyC0y (4415 gm) gave 2«Phenoxy=6enit rowdi=1,3,
2-benzodioxsphosphorine=2«sulphide (5 gm, 55 yield) as white
crystals; m.p. 95°C; Molecular wt 323, Molecular formula

C13H10% P8

Analysiss

Found 1 C 48928%‘ H 3;10%’ N ‘stx
Calculated for 3 C 48.,30%72 H 3.12%7 N 4.33%

Ci30vo OgWN¥S

NO
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0.01 mole i.e, 1.69 gm of Senitrosaligenin 0,01 mole
i.€s 2,62 gim of diiscbutylamidophosphorodichloridothionate
and 0,02 mole i,es 2,76 gm of XL0, were allowed to react in
50 cc acetone and worked up as in (7)., 2.6 gm (73.6% yleld)
s011d white crystalline compound was cbtaineds m.p. 136°C 1
Mol., wte. 3587 Molecular formula cl,l{nilze‘i’&

Analysis 1

Found 1 C 50,29%7 H 6,44% N 7,88%
Calculated for $ C 50,27%r H 6.,42%7 N 7,82%.
C,5 Mz Oy N, PS

8. (x14)

S
0 /CH CHZC H2C Hy

Il
\P-—N\ 2
H
(l) CH,CH,CH,CH.

NOZ

0,005 mole, 0,845 gm of Senitrosaligenin, 0,005 mole,
1.31 gm of dibutylamidophosphorodichloridothicnate and 0,1 mole,
1.38 gm of potassium carﬁonata were allowed to react in 50 ce
acetone. A 80114 white crystalline compound was cbtained; m.p.
70°Cs Yield 80=30%; Mol. wt. 358; Molecular formula Cy i ¥, 0P8+
Analysis:
Found t C 50.28%7 H 6.71%2 N 7,88%

Calculated for 8 C 50,27y H 6,70%s N 7.82%,
Cyg B 15,0478
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9. Insecticidal testss
9. (a) On Cockroaches (pPeriplansta smericana):

Cral insecticidal tests were performed on the Cockroach,
Periplanets americapns (Linn,) according to Busvine (4) with minox
modifications. Adults of P. smericems, weighing about 0.8 gm
to 1,2 gm, were collectsd from a particular location in the

North Bengal University Campus. In the field, they were never
exposed to any organophosphorus insecticides, For preliminary
experiment, ten roaches in each pot were exposed t0 different
doses of the compounds in dry sugar bait and sfter 24 hours the
mortality was determined, and the minimum concentration required
for 100 percent mortality (Lcme,ug/gm body wt. basis) was found
out,

To determine the more precise 14 00 (the niinimum con=
centration required for 100 percent mortality) value of each
compound, one Cockrosch of known weight in each pot was exposed
to known quantity of the compounds, progressively increasing
its concentration by 2ug/gm, for Salithion the concentrastion
was increased by 1Mmg/gm. Each experiment wag triplicated and
the avarage mwo value was found out by using the simple
arithmetical procedure according to m:(nteah(s) . Bafore conducting
the experiments on them, the Cockroaches were kept starved for
24 hours. However, the varying susceptibility of male and
female Cockroaches to different compounds were ignored Guring
tﬁe experiment,
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9. (b) On Grasshoppers, (Oxys nitidule (Walker)

Insecticidal tests were also performed on the Sporadic
Grasshoppers, Oxys nitidule by topical application of acetone
solution of the compounds according to Eto ek _g“) +« The
grasshoppers weighing about 0,15 to 0,25 gm, were collected in
the month of October-November, 1989 from ome particular location
of the North Bengal University Campus. In the field they were
never exposed to any Organophosphorus Insecticides. For preli-
minary experiment, acetone solution of the compound was topicall)
applied to ten insects in each pot, and after 24 hours the
mortality was determined.

To determine the more precise wioo value of eech compound,
cne insect of known weight in each pot was treated, by topical
application, with acetone solution of test chemicals on mouth
and thorecic region (ventral side) of the insect. Each test was
triplicated.

For BD=5, BD~8 and Salithion the concentration was
increased by 0.1Mg/insect, for BD=1 by 0.2 i g/insect and for
other compounds the concentration was increased by 1 u g/insect.

9 (c) On Blow-fly (Chrysomsye megacephala):

Contact insecticidal activity tests on blow flies, C.
megacephala were performed according to Eto gt QW) o Acetone

solution of the individual compounds were topically applied to
female adult insects, Two replicate sanples each of ten insects
were used for every treatment, The insects were kept at xoom



temperature (25-28°C). Mortality counts were determined after
24 hours of experiment.

9. (4) On_Aphidg:

Insects of standard ege and weight were selected and
starved for two hours, prior to the test, so as to ensure that
they would consume the required.amount of the treated leavu(a) .
Ten dif:ﬁemntv concentrations (1 ug/ml to 10ug/ml) of each
compound (BD=1, BDw5, BD=9, BD=25, BDe29, Cl=6, Clel0, Cle24,
Br-6, Bre10, Br-24, Br=27) were prepared in acetone solution and
1% Tweene-water mixture. Ten petridishes of equal sizes were
taken and sterilizsed. Fresh leaves were placed in each petridish
and they were then sprayed by the compound and acetone~-Tweens
water mixture, Before each spraying the equipments were thorxroughl
clesned and dried. (ne contrcl was prepared by spraying the
leaves with only acetone~Tween-water mixture, The acetone in eact
petridish was evaporated by & dryer. After drying, ten Aphids
(adult) were placed in each petridish (10 insects/petridish).
The petridishes weres covered with eellophm-pm: tightly, and
perfarated so that the Aphids could breath pkopcrly. The dishes
were properly marked and kept for observation, After 24 hours and
48 hours, the mortality counts were determined,

Acute oral toxicity testing was conducted on 6~12 months
cld male white albino rats, weighing 140-200 gm, each housed in
separate compartment of & cage, All animals had free access to



diet including water. Different dosages of a compound were mixed
with boiled goat liver and given to the animals at theix habitual
feeding t&u(”. The animals were cbserved and the mortality
within 48 hours were recorded along with the toxic symptoms.
Acute oral taxic dosage was found out by varying the amount of
compound proportionally. The negligible amount of compound washed
by the animal during dieting was roughly accounted for in

determining the dosage.

i1.

white leghorn hens (weighing about 1.1 €0 1.3 Xg) were
purchased from local market:; they were kept at room temperature
and had free access to diet, The compounds were administered
orally (by using flour capsule) at the following dosages.
(1) the isopropoxy compound (BDw5) « 100, 160 and
200 mg/%g (Table = 15),

(11) the methoxy compound (BD~8) = 50, 100 amd 150 mg/kg
(Table - 16 ).
(441) N,N, Diiscbutyl amido (Ql~6) = 100, 150 and 200 mg/kg
(Teble «17)}.
(iv) N,N, Diiscbutyl amido (BRe6)= 100, 200 and 300 mg/kg
(reble - 18),

The animals werxe observed for 10 days, The toxic synptoms
wexe recoxded and the LDy, Value was calculaud(m’.
| The delayed neurotoxicity study was carried out sccording
to the proposed guide line of the Envircnmental Protection Agency



of the United States (11)

. The compounds were administered
orally to the specuied number of hens at the dosages mentioned
in the Table (15 to 18)., To protect the amnimals from acute
intoaxication, atropine sulphate (0,54 mg/kg body wt by sub=
cutaneous injection) was administered several times depending
ocn the symptoms; for example in the case of N,N, Diisobutyl
compound (Cle6), atropine sulphate was injected eight times at
the interval of about 1 houn .

Ten days after the first administration of the compounds,
the same treatment was repeated and the hens were observed for
six weeks. During the whole six weeks experimental period,
paralysis in legs were checked as an indicator for the delayed
mu:otdxicity.. After the observation period, all the treated
birds excluding those dead of acute intoxication were sacrificed
and their sciatic nerves were dissected out and examined histo-
pathologically through normal microtechnique procedure (using
Bouin's fluid as the fixative, paraffin for embedding, hematoxylin
and eosin as stains). Five A thick sections were cuted.

12. Anticholinesterase 3

The organophosphorus compounds have & cammon pharmecological
property to inhibit the activity of a group of ensymes, especially
acetyl cholinesterase (AChE), involved in the hydrolysis of
‘esters of choline, Since these ensymes are present widely in
insects and mammals, the organcphosphorus compounds, used as
insecticides also exhibit high mammalian toxicity.



The method employed to determine the imhibition of the
sctivity of acetyl cholinestsrase in goat whole blood by
organcphosphorus compounds by celorimeter method of Kramer and
Gmon(u’u). using indophenyl acetate as an internal substrate
indicator in 0,051 phosphate buffer of pH 8,0. The reaction
mixture contained 5 ml of enzyme-buffer soluticm (4.8 ml of
0.05 M phosphate buffer solution of pH 8,0 along with 0,2 ml
goat whole bleod), amnd 0,15 ml indophenyl acetate (total volume =
5.15 ml, concentration of indophenyl acetate in the reaction
mixture 9.6 x 10™° M). The reading of 'control' and ‘aample®
were taken at 625 nm, after exactly 30 min. incubation,

Meterials snd Method
12(a)(i) Materials:

(1) Goat whole bloods
150 ml fresh blcod was collected from goat and mixed
with 15 mg ammonium oxealate (anti coagulating agent) in a 250 ml
standerd joint bottle and was shaken well, The bottle containing
blocd was then kept in the freezer at o°c.

(2) Buffer sclution (0,05M Potassium dihydrogem phosphate)}:
Clark and Lub's Buffer of pH 8,0. Five mmdred ml of
OeliM KH2PO4 solution was mixed with 475 ml of 0,1N NaOH solution
eand diluted to 1 litre after the pH was adjusted to 8,0,



(3) Glygexol sojutions

Ten ml of glycercl was diluted to 100 ml with absolute
alcohol,.

(4) 0 tates
Indophenyl scetate (0,008g) was dissolved im 10 ml of
absolute ethyl alcohol (3,3 x 10™°M solution). Thus the £inal
concentration of indophenyl acetate in the reaction mixture was
9.6 x 107> (),
(5) saline solution (0,9%):
Nine gms of NaCl was dissolved in one lim cf distilled
water,
(6) salt solution:
xvmm,2 (2,03 gms) and NaCl (2,15 gms) were dissolved in

250 ml of water.

12, (a)(11) Method:

The stancdard incubation mixture contained 5 ml of the
enzyme solution, 0.5 ml of glycercl soluticn and 0,15 ml of
indophenyl acetate solution (final concentration 9.6 x 10" °M),
Each organophosphorus compound as an innibitor, was added as
acetone solution, in the reaction mixture, acetcne in the
reaction mixture was removed by blowing alr. The reaction mixture
containing the enzyme and glycerol solutions with or without
organophosphorus compound (control) were kept at room tenperature
(26% t 1°C) for 30 minutes and then the indophenyl acetate
solution as substrate was added. The incubation was carried out



e

at 30°C for 30 mins. After incubation the optical density of the
reaction mixture was measured at 625 nm by the use of Shimadsu
UV=240 Spectrophotometer.

Calculation 3
Absorbance (Con)eAbsorbance (ssmple)
% Inhibition = x 100
Absorbance (Con)

12(b) Anticholinestersse activity in Blow-fly he ate:
The method employed to determine the inhibition of the

activity of acetylchclinesterase in blow-fly head homogenate

(BFAChE) by the ommophoaple:rﬁ;as:onpounda was the colorimetric
method of Xramer and Gamson 2 using the indophenylacetate

as an internal substrate indicator in 0,05M phosphate buffer
of pH 8.0. The enzymatic reaction for indophenyl acetete is as

follows,

0 o)
l = G
0-— —CHy -———> 0 O+ O~-C-CH

( /\b:; 625nm )

M i d

12, (b) (1) Maverialss

Preparation of working solution of acetylcholinesterase
from blow=£ly heads:



7

The heads cbtained from 250 flies (Chrysomgys msgscephala)
were homogenized in 2 ml of salt solution by using size NoO. =1

morter (prechilled) containing 2 gm of sand. The homogenates were
transferred in to 50 ml of plastic centrifuge tube by washing with
3 ml of saline and 10 ml of buffer sclutions, respectively. After
centrifugaticn at 10,000 r.pems zor 10 min at 4°c. the supernatant
fraction was cbtained by decantation into a graduated cylinder,

On the other hand, the precipitates were resuspended in 10 ml of
buffer solution, The suspension obtained was recentrifuged by the
same procedure as mentioned above. This enzyme extraction procedure
was repested twice, After each supernatant fraction cbtained here
was combined, its final volume was adjusted to 250 ml with buffer
solution (equivalent to 1 fly head/ml solution). This solutiom
was stored .tn deep freezer as the stock solution, when the stock
solution was used zs the enzyme source for cholinestersse activity
measurement, the solution was diluted with 4 volumes of buffex
solution (equivalent to 1 £ly head/5 ml solutionm).

The other reagents such as indophenylacetate, phosphate
buffer, glycerollsolutions were prepared as described im 12(a)
(1).

(11) Methods

The method and calculation for the determination of the
inhibition of acetylcholinesterase in Blow=fly head homogumeats
were the same as described in 12(a)(ii).



13, Antifwng et 4]

Helm{nthosporium ofySes and Eyricularis orvsag were

employed to determine the sntifungal activity by using poisoned
food technique (14) « Desired volume of acetcne solution of
Phosphoramidothionate was mixed with water containing 0.2%
Triton=X and the solution was mixed with melted malt ager so

as to get the desired concentration of the compomq in the media.
The test medium was then poured in to sterile petridishes and
after solidification the 7 mm 8 days cld culture disc was placed
asceptically at the centre of the petridishes., Three replica-
tions of each test with sppropriate control under same conditions
were maintained. These petridishes were incubated at 26 ¢ 1%
znd the diameter of the colony was measured after 24 hours, 48
hours, 72 hours and 96 hours in both the cases., Percent inhibition
of the growth of esch colony over control was calculated follow-

ing the equation given by Vincent (18) .

14, Phyto Test:

Phytotoxicity was conducted according to the procedure
of Eto et al“s) » Acetone solution of the compounds mixed with
fixed amount of water containing 0.2% Triton=X was prepared.
Five ml of this aqueous suspension containing 500, 250 or 100 ppm
of each phosphoramidothionate was poured in to a petridishk, the
bottom of which was covered with sbsorbent cotton. Ten seeds
of wheat (Triticum sp, U262 variety supplied by the National
Seed Corporation of India) were placed on the cotton and kept at
roam temperature (25° - 27°C) for five days. wWater (2-4 ml) was
added occasionally to each petridish so that the seeds remained


http://dJ.sc

9]

in moist conditions. Each test was triplicated. Nuwber of

gexminations were counted after 5 days.

15. Ghemical hydrolysis:

Since the compounds are analogous to Salithion it

(17)
’

is envisaged to proceed with the initial fission of aryl ester

bond in dioxaphosphorin ring followed by the liberation of

Senitro/chloro/brome saligenin,

S
O_ OH
~
P-Y
N ~P— Y
oH
wherxe, M
OH 5
+ HO—P—Y
I

R2

The chemical hydrolysis studies of phosphoramidothionates
have been studied in 9.5 mM NaOH solution in 50X ethsnol (pH
11,85) and that of alkoxy compound the experiments performed
with phosphate buffer in 20% ethanol solution (pH 7.7) at 30%C.

Determination of the hydrolytic constants of the compounds
involve the following stages:



(1) Determination of molar extinction co-efficient (€,)
of 8 nitro/chloro/bromo saligenin in the alkali solution (9.5 mM
NaCH in 50X ethanol, pH 11.85).

A weighed amount of pure 5-nitro/chloro/bromo saligenin
was dissclved in a required volume of alkaline solution and
extinction coefficient values of its corxesponding to wave
lengths 400, 410, 420 nm (for Senitro saligenin) and 294, 298,
300 nm (for Sechloro/bromo saligenin) were found cut by measuring
the absorbance in Beckmann IN-2 Spectrophotometer. The molar
extinction coefficient of nitro saligenin have also been deter-
mined by the sbove mentioned method in phosphate buiffer.

(14) Determination of the molar extinction cow-efficient (¢ 2)
of the 6-chloro/bromo saligenin cyclic phosphoramidothionates

in the same alkaline solution (pH 11,85).

As the rate of hydrolysis of the 6~chloro/bromo saligenin
cyclic phosphoramidothionates were extremely slow, the optical
densities (at )= 294, 298 and 300 nm) of the alkali solution of
any of the phosphoramidothicnates of known concentration were
measured immediately after the preparation ¢of the soclution, the
optical densities and the concentration of the phosphoramido=-
thionates, the molar extinction coefficients of the phosphoramido-
thicnates (€ 2) were determined,

(114) Determination of the amount of compounds hydrolyzed
(C,) after a certain interval.

One ml of compound solution in absolute ethanol (Comc.
10™%) was added to 9 ml of the alkali solution (pH 11.85), so



that the final concentration of the compound was of the order

SM. and the stopwatch started. After sulitable time interv:

of 10”
the absorbance at 400, 410, 420 nm for nitro compounds and at
294, 300 nm for chloro and bromo compounds were measured in the
same spectrophotameter.

The concentration oi the phosphoramidothionates
hydrolyzed (ct) were calculated from the equations
(O.D); - (Q.D)i

Ct =

€=y

(iv) Determination of the hydrolysis rate ccnstant (Khyd) of
the compounds.

The Pseudo first ordexr rate constants of the different
compounds wexre calculated from the first order rate equation

1 Co
Kt‘yd = —— 1“ —
t CoCe
where, Co = initial concentration of the compound,

C

. = Concentration of the compound hydrolysed after

time t.

The average pseudo first order rate ccnstant (Khyd) of a
compound was computed f£rom the rate constant values calculated
by the least square regression analysis at each wave length.
The half life periods of the different compounds were also
calculated,



PART -~ I1

RESLLIS AND DISCUSSION

1. Synthesis:

(18)

In cur lsboratory Das et al prepared 6-nitrousaligenin

cyclic amidophosphorothionates in solid form with high yield

at low temperature. The method of Eto et 2;(19)

using potassium
carbunate and copper powder at elevated temperature in benzene
wag also employed; however, this method gives a pastey material
from wiideh it is wvery difficult to obtain pure compound.

de, however, succeeded in synthesizing several 2ealkyl
amido/alkoxy=6=chloro/bromo/nitro saligenin cyclic phosphoro=
thicnates by the reaction of the appropriate alkyl amido/alkyl
phosphorodichloridothicnate with S5echloro/bromo/nitro saligenin
using K2003 as the dehydrogen chloride agent at low temperature
0-5%%.
We prepared some new compounds according to Das et g;(ls)
at low tenperature in cur laboratory. The cumpounds viz. CL=6,
CL=~24, BR=6, BR-24, BD~l, BD~5, BD=9, BD~25 and BD=29 were
obtained in the solid foxm and the compounds viz. CL=10, BR=10

and¢ BR=27 were liguid in nature,



Table = 1

Percent yield and m.p. of different 6=chloro/bromoy
nitro saligenin cyclic phosphorus compounds

S
O\ {l
T—‘Y
. 0
Code X Y Yield(X) m.p. (°C)
NO.
CL~-6 cl N,N~Diisobutylamido 78 91
CL=10 cl N,N=Dibutylamido 75 liquid
CL=24 Cl N-Butylamido 65=70 163
BR=6 Br N,N~Diiscbutylamido 90 90
BR~10 Br N¢N=Dibutylamido 70 ligquid
BR~-24 Br Ne~Butylamido 55«60 70
BR=27 Br N~Hexylamido 45«55 liquid
BD~1 N02 Me thoxy=-ethoxy 80 84
BD=5 N02 Isopropoxy 55-60 82
BD=9 NO, Phenoxy 55=60 95
BD=25 NO, N,N-Diiscbutylamido 80-90 135
BD=29 NG,  N,N-Dibutylamido 80-90 70




2. SPE PROPERT IES 3

The structures of the compounds have been determined
by chemical analysis and UV, IR, Mass and NMR spectra. The
analytical data along with the physical characteristics have
been presented in this section, Spectral data are given below.

(a) SPECT DATA3

(1) 2-N,N-Diiscbutylamido=é=chloro=4He~1, 3, 2=benzodioxaphosphorin

2=sulphide (CL=6)3:

LV _(Fige 7 )
EtCH

>‘max = 279 (€ = 1316)
IR (Fige 8 )
1010 cm~t (s) P-0=C (alkyl)
1240 cm~1(s) and 915 cm 1 (s) P=0-C (aryl)
815 cm™! (s) P=s (1)
650 cm™> (s) Pes (II)
1050 cm™> (s) Ar=Cl
735 cm™*(s) P=N str.
Mass (Fig. 9 )

n/z % RI
349 (M + 2)* 6.79
347 (M%) 16,83
314 22,23

304 (Base peak) 100.00



248 95.88

219 20. 00

187 25,00

174 10.00

140 12,5

112 6,25

77 17.5
14 nMR % (Acetone dé/'l‘MS) ppm (Fig. 40 )
0.73=0,90 | (12H, @cublet, four =CH; gXoup)
1,20=2,20 (24, multiplet, two CH group)
2,73-3.70 (44, multiplet, --»N(Cl-l2 )2 grcup)
4.,83-5,66 (2H, multiplet, ~CH, =0=P group)
6.80~7. 30 (3H, aromatic hydrogen)
31

P NMR {Fig, 11

$ (cDC1,/H PO,) ppm
69.80 (3, 10.79 H,)



135 o (c9013/Tns) pom (Fige. 12 )

i3

C atom SValues {(ppm) Jan (Coupling
constant
Magnitude in
H
z
4. .31
c 19,91 J (°*p=NeC,~C,=C. ) 7.32
3 19,83 17273
3.,31
c, 25.72 J ( P-N~C1-C2) 15,19
<, 52,71 23(3lp-n-c1) 3,00
52,68
Cq 664 35 | zJ(31P-0~C¢) 5,33
3_,31
Cg 120,21 J ( P~o-cg-cs) 8,22
Cg 124,97 - -
S50 122.24} 3J(3lp-o~c9~c1°) 10.81
122,14
c, 128,34 - -
Cy 149.68 23(319~0-Cg) 7.34
149,61

* ny is used to represent a coupling over m bonds between

AB
nuclei A and B,
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(11) 2=N,N~Dibutylamido=6=chloro-4H=1, 3,2-benzodioxaphosphorin
2=-sulphide gcg:lg):

Fig. '3
EtaH
Apex ™ 279 nm (€= 1620)
IR (Fige. 14 )
1020 cm~ 1 (s) P=0=C (alkyl)s
12401250 cm > (s)
and 910 cm"l (s) P=0eC (aryl);
810 cm™} (s) Pas (1);
655 cm~l (s) P=3s (I1);
1040 cm™* (s) Ar=-Cl;
730 cm™ ! (s) P=N stre.
Mass (Fig.!5
n/z % RI
349 (M + 2)Y 6. 58
347 (%) 19.05
314 (Base peak) 100400
304 L2520
262 33.80
248 24.90
219 19.17
187 37.50
174 37.50
140 15,00
112 25. 00

77 37.50
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1

H NMR S(Metone - dé/THS) ppm (Fig. 16 )

0.80~0.30

1. 20"’2. 10

20 91'3. 40

4.73=5,56
6.80~7, 46

(6H, triplet due to two
~CH, group)

(8H, multiplet, due to two »

-CH; CH,~ groups)

(44, multiplet, --n(~::t12)2 )

(2H, multiplet, —C&{z-O—P)
(3H, multiplet, arcmatic hydmogq

(114) 2=N-Butyl amido=6echloro=4Hel, 3, 2-benzodioxarhosphor,

2=sulphide (Cl=24):
uv_(Fig. 47 )

Et(H

Aax ™ 283 nm (€= 4268)

IR (Fig. 18 )

1050 cm™2 (s)

1 (s) ana 885 cat (s)
830 cm~! (s)

680 cm™! (=)

3 (s)

(s)

1240 cm

730 cm

3320 cm™t

P=0=C (alkyl)
P=0=C (aryl)
P=35 (1)
P=3s (11)
P=N str,

N=H str,.
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52!!.$219&4§2.l

~% RI

91.5 (M%) 41.1
§;93.5 M+ 2t 12,7
258,5 (base peak) 100.0
{250. 31.2
187. 38.5
{189. 11.8
40,5 25.2
{}42 5 8.1

(1v) 2=N,N-Diiscobutylamido=6~bromo=4H=1,3, 2=benzodioxaphosphorin=~
2=sulphicde (BR=6):

UV _(Fige 20 )
EtCH

)\max = 278 nm (€= 1666)
IK_(Pig. 24
1015 ca~t (s) P=0-C (alkyl)
12351260 cm™ >
and 910 cm™! (s) P-0~C (aryl)
810 co™t (s) Pa=s (1)
650 cm~(s) . Pams (11)
1040 em™t (s) Ar-Br
730 em™t (s) P=N str.



Mass (Fig. 2%

n/z ~& BRI
393 M+ 2)* 15.0
{391 ") 15.0

358 20,0

348 (Base peak) 100,0

292 85,0

263 20.0

231 2245

174 15,0

57 62.5

43 40.0
1H MR § (acetone - ag/ThS) ppm  (Fig. 23)
0¢70«0.95 (12H, Goublet, due to four -CH3 group):
1.20-2.30 (2H, multiplet, due to two =CH{groupls
2.80~3,20 (41, multiplet, due to -7 CH™  Growp)s

CHZ-
P CHy growp
4,90-5.60 (2H, eight line multiplcgmin the
dioxaphorin ring);

6.80=7,45 (3H, multiplet cdue to aromatic hydrogen)
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13c nmr  (cDC

3.3/'ms) rpm (Fige 24 )3

1o

*

13 n Coupling
C atom Values (ppm) I constant
(Magnitude
in Hz)
Cé 19,92 4Jp.n- ' aCleC! 11,68
19,80 €1=C2"C3 .
Ci 25, 64
Ci 52.54
C4 66,24
CS 115.65
3
c 120, 63 J -
S0 122.67 S‘Tp-o-c -C 10.76
122.56 9 “10 ¢
c, 127.89
c:6 131.94
C9 150,22

» ny 1s used tc represent a ccupling over N1 bonds

AB

between nucleli A and B,



(v) 2=N,N~Dibutylamido=6=bromo=4H=1, 3, 2=benzodioxaphosphorin=-
2-sulphide (BR=-10):

UV _(Fige-25)

}\Etw = 278 nm (€= 1162)

max

IR _(Fig, 26 )
1020 cn™! (s) pP=-0=C (alkyl)
1250-1260 cm™> (s) and
900 cm™t (s) P=0~C (aryl)
810 cm™} (s) P=s (1)
650 cm~l (s) Pa=s (II)
1050 cm™t (s) Ar-Br
730 c:m"'1 (s) P=N str.

Mags SPJ.Q. 2% )

n/z %.R1
393 (M + 2)% 65. 00
{391 *) 57.50
356 (Base peak) 100. 00
348 22450
305 22.50
292 16.25
263 10.00
231 23.75
174 50, 00

57 17.50

1!
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Fig.g8 UV spectrum of 2-N,N-LCibutylamido=6ebromo-4H-1,3,2-
benzodioxaphosphorin 2=-sulphide {(BR=~10)
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Figege IR spectrum of 2-N,N=-Dibutylamido=6=bromo=-4H=-1, 3, 2=benzodioxaphosphorin
2=sulrhide {BR-10)
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Fig.ap  Mass spectrum of 2-N,N-Dibutylamido~
é-bromo-4H-1,3 ,2-ben zodioxapnospnorin
2-sulphide (BR-10).
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1He

13 BMR (Acetone = W) ppm (Fige 28)

0,80=0,90
1,20-2,10
20913, 40
40735, 56
6,80~7.46

(61,
(84,
(4H,
(a1,
(3H,

triplet, due to two -G, groupsls
multiplet, due to two ~CH,~CH,» group)s
multiplet, -N(CBz)z groups

mltiplet, =G =0-P group )s

multiplet, aromatic hydrogea)

EIC SIS w bt &

UV_(Pige 29)
AFE® 2 278 mm (e = 1008)
max
AR _(Figs 30)
1025 c::a"'1 (s) P=OwC (alkyl)
1240 cu~? (s) and
900 ca‘d (s) Pe0=C (aryl)
805 cm™t (a) Pws (I)
665 cm™> (s) Pw=s (II)
735 ca™ (s) PeN str.

3280 cm™t (s)

N=-H str.
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Fig.g9 UV spectrum of 2-N-butylamido-6-bromo-4H-1,3,2-benzodioxaphosphor:
2-sulphide (BR=24)
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Fig. 31 Mass spectrum of N-EBEutylamido-6~bromo~4H-1,3, 2~

benzodioxaphosphorin-2-sulphide (BrR-24),



231
{233
184
{186

156
158

(vii) 2-Hexylamidow6~bromow=4H-1, 3, 2=benzodioxaphosphorin=
2-sulphide (BR=-27):

m*)
M+ 2)t
(base peak)

% Rl
35.5

34.8
100.0
93.5
31.1
30.5
21.5
20.9
15.3
14,7

Uv_(Fig. 32

EtCH

A

max

w 283 nm (€= 2923)

IR (Fig. 23)

1070 cm
1240 cm
890 cm
810 cm
660 cm

3280 cm
1620 cm

1565 cm
735 cm

(s)
(s) and

~1 (s)

(g)
(m)
(s)
(w) and

(w)
(s)

P~0~C (alkyl)

P=0=-C (aryl)

P= S (I)

P=3s (I1I)

N«-H str.

12.0

Two components of the sbustituted

benzene ring a quadrant str.

P=N str.
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Mass 34
n/z % _RI
363 (M%) 1,00
{365 ™+ 2)t 1.00
330 2,00
{332 0.50
184 (base peak) 100,00
{;ae 99,00
156 49.00
{;58 48.70
77 97.00

(viii) 2=(B-methoxy)ethoxy=6-nitro=4H=1,3,2=
benzodioxaphosphorin=2-sulphide (BD=1):

Uv_(Fig. 35 )

EtOH

Max = 280 nm (€= 9352)
IR _(Fige 36)
1020 cm™* (s) P-0~C (alkyl);
1050 cm™* (s) P=0=C (alkyl);
1190 cm™l (s) P-0-C (aryl);

920 c:m'1 (s) P=0=C (axyl):
1515 cm™t (s) asym. str. of nitro group;
1340 cmt (vs) sym. str. of nitro group;
800 cm™> (s) P =3 (I);
1615 cm™t (w) and benzene ring "quadrant stretching"
1580 cm’l (m) C = C vibratiocns.
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Fige.zg
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1H NMR spectrum of 2{/3~methoxy)ethoxy-6é-nitro-4H-~1,3,2-benzodioxaphosphorin

2-sulphide (BD=1)
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mass (Fide 22 ]

n/z

305 (M%)

59

58 (base peak)
51

45

b |

129

100

12

H NMR 5 (cnc13) ppm (Fig. 3¢ )

3.35
3.6

4.3

5S¢4

7e1

8.0

8.2

(3H, singlet, =-OCH,)?

(2H, triplet, =CH,0CH; group,
slight further splittings due to
phosphorus are also cobserved);

(2H, multiplet, I—‘---0-('.‘1-1_2--Cl'l2---0(:!-13
group, splittings due to phosphorus

are also observed):;

(at 5.5 singlet and at 5.3 doublet,
-CHz- grcup in the dioxaphosphorin
ring);

(1H, douvlet, one aromatic
hydrogen meta to nitro group):

(1H, doublet, ocne aromatic hydrogen
ortho to both nitro grcup and-C}iz-
group of the dioxaphosphorin ring):

(1H, cdoublet, remaining one

aromatic hydrogen).

(ix) 2=1so=proxpyw6enitro-4H-1, 3,2-benzodiocxaphosphorin

Z2=8ul de (BD=5);:

uv_(Fig,33)

EtWH
A
max

= 280 nm (€= 8092)



‘B8O
>
20l
‘60t
r ‘5ot
%
z X BD-S
Q
> s
< 40t ( CH
5 O~p-ocn *?
E ] CH3
o OzN
‘30t conc. , 4-325x 10 ° M
i ETOH
A 2sonm (€,8092)
.20 -
max
‘30 F
b
O It 1 2 1 1 1 1 x 1 1
200 240 280 320 360 °

Fig.393 UV spectrum of 2-iso~pr0poxy—6—nitro!’&¥-§f E%G,'E}i

5

nm)—s-
enzodioxaphosphorin 2-sulphide {BD-~5)
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IR .

1000 cm > (vs) and
1020 cm'l (vs) P=~0=-C (isopropyl):
1200 cm~ (s) ana
930 cm™! (s) P=0=C (aryl);
1528 cm'1 (s) and asym. and sym., str. of nitro
1345 cm'1 (s) group respectively.
790 cm™ (s) P=s (1)
650 cm~l (m) P =5 (II)s
1620 cm™} (w) ana benzene ring quadrant stretching
1590 cnfl (m) C = C vibration.
Mass (Fig. 41 )

yz % RI

289 (M%) 16

247 56

246 (base peak) 100

214 72

i98 4

14 NMR 6(cnc13) ppm (Fig. 41 )

1.4 (6H, quartet, two -CH3 group)s

4,9 (1H, multiplet, -CH( groupl;

5.3 (1H, singlet, one hydrogen of
=CH, group in dioxaphosphorin ring);

5.5 (14, singlet, one hydrogen of -Cﬂz~
group in dioxaphosphorin ring);

7.1 (1H, doublet, JHeH = 8.5 Hz, one
aromatic hydrogen meta to hitro
group):

8.0 (1H, doublet, one arcmatic hydrogen
ortho to both nitro group and—CHi'
group of dioxaphosphorin ring);

8.2 (1H, doublet, JH—H m 8,5 H:,

remaining one aromatic hycrogen).



{x) 2=Phenoxyw O 4 He1 2-benz odioxaphosphorin-
2=8ul el BD « 9)%

uv( E;'q— 43)
tH

Mpax ™ 277 om (€= 9755)
IR :
1020 cm = (8) P=0=C (alkyl);
950 cm"1 (s) P=0~C (phenyl);:
1185 cn'l (s) P=0=C (aryl):
905 cm'l (s) P=0=C (aryl);
1530 cm'l (s) asym. str. of nitro group;
1345 em™> (s) sym. str. of nitro group;
785 ca (s) P=s (I)
Mags (Fig.4% )
n/z % RI
323 (base peak) 100
293 60
250 99
235 75
214 99
198 82
danmr 6 (cBCly) ppm  (Fige 46 )
5.5 (1H, doublet, one hydrogen of
-an- group in dioxaphosphorin
ring):
5.65 (1H, singlet, one hydrogen of

-CH2- group in dioxaphosphorin
ring).

7.25, 7.35, 8.1 and 8,2 are due to aromatic protcns.

135~
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(x1) 2-Diisobutylamido=6-nitro=4H=1,3, 2-benzodioxaphosphorin-
Z;sulgl_gidc (BD=25):
Uy g:;ga ﬁ z
EtOH
A o = 295 nm (€= 17215)
IR @;g.iﬂ)
1030 cm-l (s) P=~0O=C (alkyl):
1240 cm™! (s) ana
875 cm~* (s) P=0~C (aryl):
151? em™d (vs) asym. str. of nitro groups;
1340 cm'l (vs) sym. str. of nitro groups
815 cm™! (s) P=5 (I)
645 cm™> (s) P=s (II)
730 cm"'l (s) P=N stretching
Mass .
n/2 % RI
358 %) 16,0
326 12.0
325 22.0
295(base peak) 100,0
259 78.3
230 16.0
198 10,5

152 10.1
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11-1 NMR 6(ch1§) ppm (Fig. 40 )
0.95 (12H, doublet, due to four
-CH3 group);
1.70-2.45 (2H, multiplet due to two
-CH{group);
2,85+3,25 (4H, quartet, due to two
-CH, group);

eight Ume mulh plel
4,85=5, 90 (ZHV\‘ 1, due to -CH, group in
benzodioxaphosphorin ring);

7.1, 8.05 and 8,1 (3H, due to aromatic hydrogen),

(x1i)_2=Dibutylamido=6-nitro=4H=-1,3, 2-benzodioxaphosphorin-
2=sulphide SBD~2923

vV !Fig. 51 )

)\Etm = 292 nm (€= 9438)

max

IR_(Fig. 52 )
1030 em™! (s) P-0~C (alkyl)s
1245 cm™> and
875 ca> (s) P=0=-C (axyl);
1520 cm~t (vs) asym. stretching of the nitro group;
1340 cm™t (vs) sym. stretching of the nitro group
815 cm™! (s) P=5 (1)
650 cm™ (s) P=3s (II)
730 c:m"'1 (s) P=N stretchinge.
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Fig.54 UV spectrum of 2-N,N-Dibutylamido=6=nitro-~4H-1,3, 2~
benzodioxaphosphorin 2-sulphide (BD-29)
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Mags (Fig, 53 )

H NMR

n/z

3s0 (%)

325 (Base peak)
315 |

273

259

198

5.4
100,0
19.9
31.0
29,6
10.0

5 (cnci;) ppm (Fig. 54 )

0.95

1, 15-10 75

2 45-3' 40

4¢ 85"‘50 81

7.07, 8.0 and 8.15

(6H, doublet due to two

--(:H3 group);

(8H, multiplet, due to two
~CH, CH greud);
(4H, multiplet, cue tO two

~CH~group);
gight Line muktplet
(ZH,A A" due to —CH2 gr. in

the benzodioxaphosphurin ring);

(3H, cue to three aromatic

hycrogens).

150
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2(b) b} ssions

IR spectra
The IR spectra of the (nitro/bromo/chloro) saligenin

cyclic phosphoramidothionates have been analysed according to
(20) (21) (22) (23).

Thomas . Bellamy » Colthup et al and Das The
important IR bands are summarised belows:

1000=1079 c:m"1 (s) P=0O=C (alkyl):

1185-1260 cm™> (s) and

875-950 cm™ > (s) p-0=C (aryl);

1515=1530 cm'l (s) asym. str. of nitro groups
1340=1343% cm™? (s) sym. str. of nitro group;
785830 cm™t Pas (I);

645-665 cm™ L P=s (1I).

The thicno grcup is characterised by two IR absorption
bands with frequencies in the normal ranges given by Thomas (202
as both are not cbserved in phosphoramidate; among these two
frequencies, the lower frequencCy band P = 8§ (II) is assigned to
bond stretching vibration frequency. The origin of the higher
frequency bané P = S (I) is uncertain, but whatever its origin,
its diagnostic value is beyonc doubt. In the nitroesaligenin

cyclic alkoxy, phemesey compounds, Das et E}_(z‘“ have cbserved the

two bands in the region 3 650-675 cnt

1

» P= S (II); and 780-820
cm ©, P= S (I). It may be concluded that in these compounds the
frequency of band I is only slightly affected by substitution
(alkylamido, alkoxy er plwemexy group to the phosphorus atom) and
that of band 1I is affected to a greater extent. From the above

data it can .e observed that neither of the two vands show any
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systematic shifts which reflect changes in the inductive properties
of the substituents, and this is not unexpected if they do indeed
arise from mixed modes. It has also been cbserved that the P = S(I)

band is of medium intensity while the intensity of the P = S (II)

band is variable. This has also been reported by Thomas(ZO).

The P=0=C (alkyl) group is characterised by a strqnq

absorption band whose frequency is in the region of 1000-1070

cm'l while the band cdue to P=0-C (aryl) grcup is found near

-1

1200 cm © for all compounds (doublet in the range 1150-1240

cm‘l). This band is always accumpanied by a second absorption
band which has been attributed to either the symmetric stretch

of P~0O=-C (arocmatic) system, the antisymmetric mode being that at

1200 cm'l. or to a separate P~0 stretch which is not so coupled.

(20)

Thomas strongly favours the latter explanation which is

supported by the persistance of this band in both P=0-pP and P«~CH
compounds, and by the fact that in the latter the frequency is a

linear function of the [T ~values (where, 1T is 'phosphorusg-

(25)

induction constant for substituent groups), cf the substituents,

-1

This band lies between 870-910 cm ~ for all compounds; the frequency

grange quoted is that of the strcngest band in this region.
-1

The bands present in the ranges of 1515-1530 cm and
1340-1345 cm™} are due to asymmetric and symmetric stretch of
(21) . -1

nitro group respectively « The bands present at 1615«1620 cm

and 1580«1590 cm"1 are due to "quadrant stretching®™ C = C vibration

of the aromatic‘zz} ring.
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2(c) Mass spectra:

The mass spectra of these compounds have been analysed

(27j, Damico

(31).

according to Cooks and Gerrard(zs), Jorg et al
1(28;29) (30)

et . Gills and Occolowitz . Djerassi et al

The mass spectra of twelve ccmpounds have been taken., All
compouncs except BD-9 show parent molecular ion peaks m*). Fragmen-
taticn by loss of SH radical is important.

6=chloro/brecmo saligenin cyclic phosphoramidothicnates also
show M + 2)¥ ion peaks. For chloro compounds (CL=6, CL=10) the
M+ 2)+ ion peaks are appraximately one-third in intensity of the
parent molecular ion peak (M¥) because of the presence of &

molecular ion containing the 37

Cl isotope. All the chlorine contain-
ing fragments show (fragment + 2)* ion peaks are nearly ome~third

in intensity of the fragment ion peaks. For bromo compounds (BR=6,
BR-10, BR-27) the (M + 2)* ion peaks are almost equal in intensity

to the parent molecular ion peaks because of the presence of a
molecular ion containing 813r isotope. Again all the bromine contain-

ing fragments show (Fragment ¢ 2)+ ion pecaks of almost equal
intensity. These results‘prove the presence of one chlorine or one
bromine atom in the 6=-chloro/brcmo saligenin cyclic phosphoramido-
thionates.
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Table = 2

{54

aks of 2-Alkoxy/Alkyl amido 6=-chloro omo

nitro=4H=1,3, 2=benz od;oxaghogghorin-z-»sulghidu

S
O ~ U
P-Y
% 0
Code X Y Base Ion
NG, peak
CL=~6 Cl N,NeDiisobutylamido 304 Gy H, 602cmps"
CL=10 Cl N,N-Dibutylamido 314 c, snzzcwzup*
CL~24 Cl N~Butylamido 258.5 ¢, H, ‘ozncn’*
BR=6 Br N,N=Diisobutylamido 348 C, H, 68:02!1?8"'
BR~10 Br N,N-Dibutylamido 358 C, gH, ZOZPNBr"'
BR-24 Br N=~Butylamido 302 ¢, Hy 402145:9*
BR-27  Br Ne-Hexylamido 184 c.,asoar*
BL=1 bi(:)2 Methoxy-ethoxy 58 C3H60+
<+
BD=~5 N02 Isopropoxy 246 c.’HSNPSOS
+
BD=9 N02 Phenoxy 323 cwﬂlonosPS
BD=25 - b +
D=2 No2 N,N=Diiscbutylamido 295 013H16N20‘P
-i A *
BD-29 N02 N,N=Dibutylamido 325 c15H22N2°4p
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The base peaks of different compounds are presented in
table - 2.

Cooks and Gerraxd(zs) reported that compounds of the
type (I) formed the base peak by the loss of SH radical directly
from the molecular ion. By deuteration of the methyl grcup and
amino grocup it was shown that the hydrogen of SH is obstracted

from the cyclchexyl ring but not from the N-H entity. There was

S
cHo - T TNA (1)

no preliminary hydrogen shift to sulphur. They postulated structure

(11) for the product ion.

OCH,

(-tr)l
cHp=P (1)

I
H-N

By specific loss of amino hycrogen, (II) further loss of
CH,OH giving an ion for which they postulated the structure (III),

OCH

”’,’,’ (1)
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These two structures (II and III) are supported by
analogous fragmentastion of the related compounds.

(26)

Following Cocks and Gerrard . we postulated the mass

fragmentation process for the different compounds.
Cl=6_(scheme = 1)

The mass spectra of compound CL~6, exhibits the
fragmentation m/2 304 as the base peak by the loss of C3H7 from
the molecular ion m/z 347. The ion (m/z 314, % RI 22.23) is formed
by the direct elimination of SH from the molecular ion. The ion
(m/z 248, % RI 95,88) resulting from the loss of C4H8 molecule
from the base peak is obtained. The other major ions are (m/z 219,
% RI 20.0), (m/z 187, % RI 25.0), (m/z 174, % RI 10.0), (m/z 140,
% RI 12.5), (m/z 112, % RI 6,25) and (m/z 77, % RI 17.5).

CL=-10 (Scheme=2)

For compound CL=~10, molecular ion peak is (m/z 347, % RI
13.05). The commonest fragmentation involves the loss of SH from
the molecular ion which gives rise to the base peak m/z 314. The
other major peaks are at (m/z 304, % RI 25.20), (m/z 262, % RI
33.80), (m/z 248, % RI 24.90), (m/z 219, % RI 19.17), (m/z 187,
% RI 37.50), (m/z 174, % RI 37°50), (m/z 112, % RI 25.0) and
(m/z2 77, % RI 87.50).

CL-24 (scheme-3)

This compound shows m/z 258.5 ion as the base peak by the
direct elimination of SH from the M' ion peak (m/z 291.5, % RI
41.1). The ion (m/z 140.5, % RI 25.2) and the ion (m/z 187.5,

% RI 38,5) are formed by the direct loss of C,H.NOP and C4H9N

49
respectively from the base peak ion.



157

]t
+ 3
) S /
I CHy ol CHON
RN Pl Ll S RN _CH3
0 CHZCH\ 0 CHCHL
Cl CHy cl . CHjy
m/z 304 (Base Peak) m/z 347(%R11683)(M")
AmN l—su
s
ol
|p /CHG
~C4Hg O 4 _CHCH{
¢l P—N on. M3
m/2 219 (% R1 20) O'\c/——cn< 3
Y cl H CHg
S m/z 314 (% Rl 22:23) —CHg0C!
ol +
T N\CH + g /CHJ
3 e \
= | CHa CH
cl 0=Ph— cﬁ( 3

m/z 248(% Rl 95-88 )

Mass

m/z 140(% R11Z'5)
o+
l—co :

|
0
of
m/z 187(4R125)

L

m/z 112(%R16-25)

1_0,

m/z 77( % R11T5)

fragmentation of CL— 6 ( Scheme —1 )
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T
(CH,),CH
N/ 2’3¥"°3
N\

0
-—-13::0"

m/z 347(M ) (% R119°05)

- SH
L‘ e wq
S
S CH,

O+ ol
\F|’\—-'N(CH2)3CH3 \T‘r ol +y
0 A(CHZ)ZCH;, o T_N\
¢l ci i (CHa1aCHy
m/z 314 (Base Peak ) m/z 219 (% R11917) m/z 304(%R125-2)
-9 - C3H
—CqH50C
s
oun +
0Ly \;la NQ -Gy Hg
+ |
0= P —N(CH,)4CH3 0
\/ cl m/2 262(% R133:8)
CH(CHp)CHa m/z 187(% R1 375) |
m/z 174 (% R1375) —p0 Y

S
)
1@ e
o] CH2 ‘ CH3

m/2 140 (% R115) cl
m/z 248 (% R124'9)

-CO0

L

m/Z nz(%Ri25)

~Cl

S

m/z 11 (% R1875)

MASS FRAGMENTATION OF CL-10 ( SCHEME =2 )
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=z /O\ﬁ H H +
r\l ;ID——NHC ,CHaCH, CH o
NN \/O
ci
m/z 291 (%RI 41-1)(MT)
-SH
' N
= l/ \p\————-NH
|
. N s CHoCH,GHLCH,

m/z 2585 ( base peak)

—C,HoNOP '

Y

|
N
cl CH, cl ©

m/z 1875 (% R1385)

/

m/z 140-5(% R1 25-2)

MASS FRAGMENTATION OF CL—24 (SCHEME - 3 )
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CHY{ CH; : cH
CH.CH -CH,BrPSNg, T3
- [ CH WO
4 OHy BTN O\FL—~N< | CH—C+
e P e—— | CHZCH/ 3 CH3
H
3 Br CHy m/z 57(62'S °/, )
myz43040°1,) ™z 391( 15°/,)
lSH
)—*CH\ ~GH,
'CsHlsN Ol CHZCH 3
Br m/z 358(20°%/,) +
% Y \ /C 3
~Iy -CHOBy l CHERL,
‘ Br 3
™/2348(base peak )
B iz 263(200/,) v
/CH
+ -
-5 O=P-N /C::i C‘fHS
\CH CH
\CH S
0 O ~ “'-le—
Np+ zI%405%,) f \
l | 0 CH,
Br /O BT
™2 292(85°/5)

™z 231(22°5°/s)

Mass fragmentation of BR-6 ( Scheme-+4)



% / CH2)3CH
\

+
3|2
= ~P—N Cui
N A8 Nempen,

Y‘)

CH CH
\p 2),CH,
CHfCHZ)ZCH

™m/z 3H8( base peak)

Cr]HlBBY’

> Hy
LI —+ A
CH2)3CH S

™iz 3480225 °/,) 0= P— N

CHZ(CHZ)ZC H3
myz 174(50°/,)

\p_, ,3
m/z 305(22°5°/,) L :

m/z 292 16°25 °/o

CHy
HBJSQqL/G%
2k n
\CH3

m/z 5701752/, )

miz m157v ) \\\\gﬁﬁﬁ
S

o\?+
0

B vz 26310°70)

=S

\'4

9)
m/z231(23:75°/s)

Mass fragmentation of BR-10 ( Scheme - 5 )
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D +
\T — NHCHZCHZCHZGHa
0

.

B
m/z 335(%R1355)(M")
~SH
Y o
+
Sp ———— NH

N
O CH,CH,CH,CH,

—

7 N\

Br
m/z 302 (base peak )

- C4H9N0p "C4H9N
Y
0

o+
LXK )
Br CHZ Br/ 0
m/z 231(4R1 311)
m/z 184 (% R121'5)
-Co
Y
®]
AN
Br

m/z 156 (% R1 15-3)

MASS FRAGMENTATION OF BR- 24 (SCHEME— & )
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s
\
= T-N—-CHCH CH,CH,CH.CH,
\ 0
Br
m/z 363(%RI 1)(M)
-¢6Hl4Nops
0 -SH
Br CH,

m/z 184 (Base peak )

0
-C0 NEnH

N/

0 CH(CHz)QCHs

Br
/@ m/z 330 (xR 2)

m/2156(% R1 49)

—Br

Ne

m/2 77 (% Rl 97)

Mass  fragmentaticn of BR-27 ( Scheme -7)
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S
N .
/ / \‘~O_E_CH2CH§—O~CH3 }
)\/O

m/1 30504 R1 1)(M)

+

V4

NO

— C7HSN 02P S

.

CH —CH,— 0—CH

2 3

m/z 59(%R1 26)

-H —CH2
THZ——CIHZ CH3—-CH—6H
mAa 454
CH,— 0" /1 45(# R112)

m/z 58(#« R1100)(Base peak)

Mass fragmentation of BD=~1 (Scheme -8)



+
S H ‘
AR
IS0 W
O OCH
NO'Z \
CH,
m/iz 289
LRI 16
—C;3Hg
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|
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NG, 0
milz 214
%RI[72

m/z 198
%RI4

//S

/A\ O\P\ /CH3
M Mo=eHl
m ~

2

m/z 289
% RI16

-GH,

. S

Y
0

I\ %

o) 0
0

2
m/z 246

°% R 100
~
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CHy

Mass fragmentation process of BD-5 (SChemz~ 9)
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S ak It
cH_CHE
0 2
l | AN CHq
X 0 CHZCH<
NO, CHg
. /z 358(M,16 04)
-S - SH
CH4
CH

0+ /CH2CH< 0+ /CHZCH<CH3

|

= 0 e eH( 3 o

NO; cHy N0, c———CH,
i\
CHy
m/z 326 (120%) m/z 325 (22°0);)
—CaHmN -ZCH3 //,CH
3
o Y /CH,ACH\
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BR~6 58cmm -~ 12

This diisobutylamido compound (BR=6) shows m/z 348 ion as
the base peak by the elimination of C3H7 from the molecular ion
(m/z 391, % RI 15). The ion (m/z 358, % RI 20) is formed by the
direct elimination of SH from the molecular ion. The ion (m/z 174,
% RI 15) is formed by the loss of C,HcBrO from the iom, m/z 358,
The ion (m/z2 292, % RI 85) is formed by the loss of C‘HB from the
ion, m/z 348. The ion (m/z 57, % RI 62,5) is formed by the elimina-
ticn of C; M, [NC,PSBr from the molecular ion, m/z 391, The ion
(m/2 43, % RI 40) is formed from the molecular ion, m/z 391 by
the loss of cuﬂlsnozPsar. The molecular ion m/z 391, by the
elimination of C8H18N forms the ion (m/z 263, % RI 20). The ion
(m/z 231, % RI 22,5) is formed from the ion, m/z 263, by the
elimination of 'S*' radical,

BRw10 (Scheme = 5)

In the spectrum of dibutylamido compound (BR-10), the base
peak is due to m/z 358 ion (Scheme-5) formed by the elimination
of SH from the molecular ion (m/z 391, % RI 57.5). The ion (m/z
348, % RI 22.5) is formed by the elimination of c337 from the
molecular ion. The ion (m/z 292, % RI 16.,25) is formed by the
elimination of C4H8 from the ion, m/z 348, The ion (m/z 305,

% RI 22,5) is formed by the loss of C3H, from the ion, m/z 348,
The ion (m/z 174, % RI 50) is formed by the loss of c.’HsBrO fxom
the ion, m/z 358. The ion (m/z 57, % RI 17.5) is formed by the
elimination of C; qHy NO,PSEr from the molecular ion. The ions
(m/z 263, % RI 10) and (m/z 231, % RI 23.75) have also been

cbserved,
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BR=24_{scheme = 6)

This cumpounc¢ shows my/2 302 ion as the base peak by the
direct eliminaticn of SH from the M' ion peak (m/® 335, % RI 35.5).
The ion (m/z 184, % RI 21.5) and the ion (m/z 231, % RI 31.1) ere
formed¢ by the direct loss of C‘HQNOP and c‘ﬂgtl respectively f£ram
the base peak ions. The ion (m/2 156, % RI 15.3) is formed by the
loss of CC.

BR=2 ;Choeig -

In the spectrum of Ne~hexyl amido compounc (BR=27), the iocn
(m/z 330, % RI 2) is formec by the climination of SH from the
molecular ion (m/z 363, % RI 1) (scheme =7). The base peak is
due to m/z 184 ion, formed by the elimination of CGHI‘NCPS £rom
the molecular ion (m/z 363, % RI 1). The ion (m/z 156, % RI 49.,0)
is formed by the elimination of CO from the ion, m/z 164. The ion
(m/z 77, % RI 97) is formed by the elimination of Br from the
ion (m/z 156, % RI 49,0).

BUwl ( Scheme-g)

The most interesting mass fragrentaticn processes cf the
compound (BD=1) show the /3 =cleavage (m/e 59, % RI 26) accompanded
by the elirination cf -c::H2 and =H leacing to the fcmmation of the
reaks at (m/fe 45, % RI 12) and the kase peak at m/e 58 (% RI 100)

respectively. The base peak does nuct contain the phosphorus moietye.

BD=5 (ucheme = 39)

The [3=cleavage at the exccyclic ester ¢roup of the
isoprepoxy compound with énd without single hycrogen rearrangee

ment lecacs to the formetion of the peak (m/2 247, % RI 56.0) and
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the base peak (m/z 247, % K1 56,0) and the base pmek (m/z 246)
respectively, the peak (m/z 214, % RI 72.0) is cbserved owing to
the elimineticn of SH from the peak at m/z 247 and =5 from the
peak at (m/2 246).. A further elimination ¢f «0 from the peak at
(m/z 214) gives the peak (m/z 198, % RI 4.0).
BD=9

Mt - 323 (Base peak)

BEDm=25 gscheine - 10)

Diiscbutylamido cumpocuncé shows (m/z 295) as the base peak,
Lirect eliminatiocn of ok from the molecular ion peak (m/z 358,
% RI 16,0) resuvlted in the fcrmation ¢f the ion (m/z 325, % RI
22.0)e The ion (m/z 326, % RI 12.0) is formec by loss of & from
the moleculer ion peak, elimination of NCgH, g frem it results the
formaticn of the ion (m/z 198, % RI 15.5) an¢ then the ion (m/2

152, % RI 10,1) is cbtainec by the loss of NO,.

BD=29 (ccheme = 131)
Libutylamido cumpeune shows base peak ion (m/z 325)

by the cirect loss of sH from the mclecular ion peak (m/z 358,
ere obtained from tie moleculsr ion peak by the elimination
of C4H, and CgH, 4 respectively. Ion (/2 198, % RI 10.0) is
alsc observed.

3. Insecticica tivitys

3. (a) Insecticidal activity on Cockroaches

The oral insecticical data on Cockroaches (P, americena)
for cifferent compcun: s including salithion have been tabulated

1n 'l‘able - 3.
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Table - 3
oral Insecticidal activity on Cockroaches (P. americana)
o\ﬁ where, X = Cl, Br, NO,
T—”{ Y = alkylamido group,
< 0 alkoxy group
Code X Y Conc. showing
No. 100% mortality
(LCy o ofea/gm)
CL-6 o3 | N,N-Diiscbutylamido > 50
CL=-10 Ccl N,N=Dibutylamido > 50
Cl=24 Cl N-Butylamido 10
BR~6 Br N,N=Diiscbutylamido > 50
BR-10 Br N,N~Dibutylamido > 50
BR=24 Br N~Butylamido > 50
BR~27 Br NeHexylamido > 50
BD=1 No2 Methoxy-ethoxy 35-50
BD=5 NO2 Iscpropoxy 15
BD=9 N02 Phenoxy >50
BD=256 NO, N,N=-Diisocbutylamido > 50
BD=29 NG, N,N=-Dibutylamido > 50
BD=-8 N02 Methoxy 6
Salithion Methoxy 10

The data reveals that all the chloro/bromo/nitro

saligenin cyclic phosphoramidothionates have less oral insecticie-

cal activity than BD-B“B) (2=Methoxy=6=nitro=4iH=-1, 3, 2-benzodioxa-

phosphorin-2~sulphide) and salithion. The methoxy compound (BD=8)

is most active and its insecticidal activity on Cockroach is

about 1.5 times gr.ater than that of salithion., Salitnion has

about 1,5 times greater insecticidal activity than that of the
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isopropoxy compound (BD=5), 3,5«5,0 times greater than methoxy-

ethoxy compound (BD=-1) but in case of chloro derivative of
Ne~butylamido compound (CL~-24) the insecticidal activity is almost

similar to that of salithion. The other compounds have less
insecticidal activity.
3. (b) Insecticidal activity (contact toxicity) on Blow-fly
(c. acerhala)
The contact toxicity data on Blow-fly (C. megacephala)

have been presented in Table - 4,

Table - 4
Contact toxicity on Blow-fly (C. megacephala)
S
N
P-v
X )
Code X Y LDg, MG/Blow=£ 1y
No. (feyele)
Cl=6 Cl N,N~Diiscbutylamido > 10
CL-10 cl N,N-Dibutyl amido > 10
CL=24 Cl N=Butylamido > 10
BR«6 Br N,N«Diisaobutylamido > 10
BR~10 Br N,N=Dibutylamido >10
BR~24 Br N-Butylamido > 10
BR=27 Br N-Hexylamido > 10
BD=1 N02 Methoxy-ethoxy > 10
BDw=5S N02 Isopropoxy Y]
BD=9 N02 Phenoxy 710
BD=25 NO, N,N=Diisobutylamido 10
BD=29 NO, N,N~Dibutylamido > 10
BD=8 H02 Methoxy 0.3

Salithion Methoxy 0.5
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From the table we f£ind that none of the chloro/bromo/nitro
compounds possess any contact insecticidal activity on Blow-flies
except isoporpoxy (éD-S) and methoxy (BD=8) compound. The toxicity
of iso=~propoxy compound (BD=5) is less than that of salithion,
but the methoxy compound (BD-8) is more toxic than salithion.

3. (c) Insecticical activity of Grasshoper (Q. nitidula)
The insecticidal activity data is listed in Table = 5,

against Grasshopper (O. nitidula).

Table = 5
Insecticical activity on Grasshopper (Q. nitiduls)
0o S
N 1\% v
x 0
Code X Y Average ‘-‘cmo value
No. (Mg/gm)
CL=-6 Cl N,N-Diiscbutylamido > 10
CL=10 Ccl N,N=Dibutylamido > 10
ClL=24 cl N-Butylamido > 10
BR=6 Br N,N=~Diisobutylamido > 10
BR=10 Br N,N=Dibutylamido > 10
BR=24 Br N-Butylamido > 10
BR=27 Br N-Hexylamido >10
BD=1 NO, Methoxy=ethoxy 3.5
BD=5 NO, Isopropoxy 1.5
BD-9 Noz Phenoxy 10
BD=25 NO, N,N=-Diisobutylamido >10
BD=29 NO, N,N-Dibutylamido >10
BD-8 “02 Methoxy 0.4

Salithion Methoxy 0.5
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The table shows that the methoxy compound (BD=8) is most
active, and its insecticidal activity is comparable with that of
salithion, BD=5 and BD=l1l have scome insecticidal activity but less
than that of salithion. The other compounds are non-insecticidal.

(327 reported that the methoxy compound has about

Eto et al
60 times less insecticidal activity as compared to salithion. we
however observed that, in case of Cockroaches, the insecticidal
activity is greater than that of salithion, and in case of
Grasshoppers, the insecticidal activity is comparable with that
of salithion. However, Eto et 2l cbtained the methoxy compound

in paste form which may be an impure one.

3. (d) Insecticidal activity on Aphid (Lipaphis erysimi)

The data reveals (Table « 6) that, all the chloro/bromo/
nitro saligenin cyclic phosphoramidothicnates have less
insecticidal activity than BD-818), The ED ¢ value at 48 hours
against Aphids increases in the order BD=8 {CL=6 {CL~10 {BD~29

{BD=1 { BR=6 { BD=5 { BR~27 { BD=25 {BR=24 ( BR=10 {CL=24 { BD-9.
Therefore the Phenoxy compound BD=9 has the least insecticidal

activity. The data was corrected according to Abbott's formula (35)
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Insecticidal activity on Aphid (Lipaphis erysimi)

S
~I,
|
" 0
Code X Y Engs(/Ag/ml solution)
No. on 100 Aphids (after
48 hours)

Cl=6 Cl N,N=Diiscbutylamido 10.5
CL=-10 Cl N,N=Dibutylamido 10.5
CL=24 cl N=Butylamido 15.0
" BR=6 Br N,N-Diiscbutylamido 12,6
BR-10 Br N,N=-Dibutylamido 14,6
BR=24 Br N-Butylamido 13,3
BR=27 Br N=Hexy lamido 13.2
BD=1 uoz Methoxy-~ethoxy 11,9
BD=5 uoz Iscpropoxy 12,9
BD=9 noz Phenoxy 20.8
BD=25 N02 N,N=-Diiscbutylamido 13,2
BD=-29  NO,  N,N~Dibutylamido 11,2
BD=8 NO Methoxy 9.7




4. Acute Oral toxicity on Rat:

Table ~ 7
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Acute Cral toxicity of different compounds on Rat

where, X = Cl, Br, No2

S
°< o v Y = alkylamido group,
| alkoxy group.
x 0

Coce X Y LDg, (mg/kg)
NO.
CL=6 Cl N,N=-Diisobutylamido > 250
CL=10 Cl N,N=Dibutylamido > 250
CL-24 cl N=-Butylamido > 250
BR=6 Br N,N~Diisobutylamido > 250
BR~10 Br N,N=Cibutylamido > 250
BR-24 Br N=Butylamido > 250
BR=27 Br N-Hexylamido > 250
BD=1 N02 Methoxy ethoxy > 250
BD=5 N02 Isopropaxy 140
BD=9 N(:)2 Phenoxy > 250
BD=25 NO, N,N=-Diisobutylamido > 250
BD=29 NO, N,N~Dibutylamido > 250
BD=8 N02 Methoxy 130
Salithion Mmethoxy 102

The acute oral toxicity (LDg,) of different compounds were

investigated on male white albino rat, which have been tabulated

in Table -~ 7 and the results have been compared with salithion

(LDg, value for salithion has been taken from Eto et _g_.}._(33)). The

toxic symptoms and mortaliity caused by single administration of

the methoxy compound (BD~8) anc the isopropoxy compound (BD=5)

are showed in Table = 8 and Table = 3 respectively.
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All compcunds are less toxic than that of salithion;
the methoxy compound (BD=-8) and the isopropoxy compound (BD=-5)
have greater toxicity compared to other nitro/chiloro/bromo
saligenin cyclic phosphoramidothionates. The ccmpounds BR=10,
BR~24, Cl=~6 and BR=27 showed scme toxic symptcms, which are
given in detail in Table-10,11,12,13, In all cases decrease in
spontanecus motor activity was observed. After 2«3 hours for
compounds (BR=10, BR=24, Cl=6 and BR~27) the rats suffered from
irregular respiration, salivation and weakness in activity.

Table - 8
Acute oral toxicity of the Iso-propoxy compound
ABD=5) on Rats
S CH
0 3
~ yd
| N\
\ 0 CH3
NO2
Dosage Daily mortal Mortality Symptoms LDSO
50 0/2  0/2 0/2 0 - -
100 0/2 0/2 0/2 o] - -
120 0/4 1/4 1/4 25 - -
140 0/6 3/6 3/6 50 Decrease of
sprontanecus motor 140

activity after 1-2
hours, anorexia,
recovered to normal
after 2«3 days.

160 3/6 6/6 6/6 100 Decrease of
spontanecus motor
activity after 1
houry motor ataxia
atter 2«3 hours;
inotor ataxia became
severe; irregular
respiratjion,
salivation.
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Table =

Acute oral toxicity of the Methoxy compound ‘BD—B) on_Rat

S
O
P —0CH,
I
0
NO,,

Dosage Daily mortality Mortality Symptoms LDSO
(mg/kg) 1 2 10 (percent) (mg/kg)

100 0o/2 0/2 0/2 0 Decrease of
spontaneous motorx
activity after -
2=3 hours;
recovered to normal
in 2«3 days.

130 o/6 3/6 3/6 50 becrease of
spontaneous motorxr
activity after 1
hour; motor
ataxia after 3
hours; salivation 130
and irregular
respiration, motor
ataxia become
severe; recovered
to normal in 4«5
days.

160 2/6 /6 6/6 100 Decrease of
spontaneous motor -
activity within
1 hours the other
symptoms are same
as above,




Table - 10

Acute oral toxjcity of the N,N-dijisobutylamido

compound gcx.-s) cn_Rats

179

CH
S 773
O\\F\> N/CH2CH\CH3
CH
| \CHZC H” =3
0 \CH3
CL
Dosage Daily mortality Mortality Symptoms LDSO
(mg/kg) 2 10  (percent) (mg/kg)
100 0/2 0/2 o/2 0 - -
200 0/6 0/6 0/6 0 slight weakness -
in movement.
250 0/6 0/6 0/6 0 Hair falling was
observed but it -
recoveed, Weakness

in moverent, no other

symptoms,
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Table -«
AC city of N d
COmpT B a
S
0 CH,CH_CH.CH
| s 27 2T 3
g oo N
~ I o, CH,CH,CH,CH,
Br
D‘:ngo) Daily mortality f;;ortautx)r Symptoms wso
g/Kg percent
100 o/2 0/2 o/2 0 Sligh weakness . -
200 o/6 0/6 0/6 0 Aeakness in walking, =
mokor
250 0/6 0/6 0/6 0 Weakness in activity

and céuring walking
staggering movement
was founc,




Table - 12

Acute oral toxicity of the N~-butylamido compound
QBR-ZQ on Rats

I8

N
T~NHCHZCHZCH2CH3
0
Br
Dosage Daily mortality Mortality Symptoms LDSO
(mg/kg) 2 10 (Percent) (ing/kg )
100 0/2 0/2 0/2 (+] weakness, but -
recoverec soon.

200 0/6 0/6 0/6 0 Aeakness, recovered, =
250 o/6 0/6 0/6 0 weakness, -

lesions are found
in the body, trouble
in walking, not
taking normal aiet.
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Table ~ 13
ox axic of Res 1
BR = R&
S
N H_CH_CH
'T"NHCHZCHZCHzC ?_C ,CHs
0
Br
?osagc Daily mortality xa:ortautx)r Symptoms LDSO
mg/kg percent
1 2 10 (mg/%g)
100 o/2 o/2 o/2 0 Normal . -
200 0/6 0/6 0/6 0 Normal . -
250 0/6 0/ 0/6 0 Weakness in

m‘ovement. no other

smptms .
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5 Histopathologicel study of some organs, c£ the
Rat trcated with the compound Cl=6

Histopathological study of some organs of rat, on application
of compound Chk=6 (Diisobutylamido) were carried out. Observations
are given below. The results were compared with their respective

controlse

Kigneys

The normal kidney (control) section of rat showed the
assemblage of tubular structures of various sizes. Convoluted
blood capillaries forming a few compact glomerular mass of renal
corpuscles were also cbserved. Tubular structures were the
urinifercus tubules, among which were smaller neck segments
bearing cilia towards the lumen, proximal segment having larger
cclumnear epithelial cells with brush horéer, that further led to
distal segment with darkly stained cells and collecting duct of
the urinifercus tubules (Fig. a ).

The Kicney section cf the rat, which was treated with the
compound showed that, some of the uriniferous tubules were mildly
dialastecd and their walls ruptured. Some cells of the tubules were
enlarged. Some renal tubules were enlarged and their erithelial
linings were also ruptured. Deeply stained clump of cells were
found. A number of Glomerulus were disorganised and Bowman's
capsules appeared to be normal (Fig. b,c).

Liver:

A section of untreated liver (control) showed continuous

mass of roughly hexagonal hepatic cells with comparatively large

central nucleus. Hepatic cells were arrange in cords, each cord



Figure - (a}:

Figure — (b):
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(a)

(b)

Microphotograph of the section of untreated Kidney
of rat. Normal structure X 450.

Microphotograph of the section of treated (compound}
Kidney of rat shows, (1) Bowman’s capsule reduced.
(2) elongated renal tubule with thin epithelial
liniung. Normal structure X 450.
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Microphotograph of the section of
kidney of rat shows, (
elongated, (2) destroyed
tubule, (3) deeply i
structure X 450

treated
1} lumen of
epithelial
stained clump

{ compound }
1) renal tubule
lining of renal
of cells. Normal



Figure

Figure

- (d):

- (e):

(d)

(e)

Microphotograph of the section of untreated Liver
of rat. Normal structure X 100.

Microphotograph of the section of treated
(compound)} liver of rat shows, (1) wvacuoles in
the hepatic cells, (2) hepatic cells without
nuclei, (3) ruptured cell membrane.

Normal structure X 1000.

&
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being separated by a blood spece lined by connective tissue. Large
blood sinuscids filled with blood were seen, from which numerous
blood capillaries emerged and transversed in to the hepatic mass.
Thin bile cannaliculaze were abundant between the hepatic cells
(Fige d)e

The liver section of the rat, which was treated with the
compound showed that in some of the hepatic cells vacuoles were
formed, and the cell membranes were ruptured. Some of the hepatic
cells were without nuclei. Cytoplasm of some cells were precipitated;
but the other characters were normal like control (Fig. e).

Intestine:

The sections of intestine of the rat which were untreated
(control) and trected with the compound, showed the same characters.
They showed the usual four layered structures. The cuter most
serosa was followed by a muscular coat, consisting of an outer
longitudinal and an inner circular layer. Submucosa was divided
into an ocuter stratum compactum, a dense connective tissue
arranged in a wavy pattern and en inner stratum granulosum rich
in cepillary net work. The latter merged with the tunica propris
of the underlying mucosal coat, there being no muscular mucosa,
The epithelial lining of the mucosa consisted of prismatic cells
with basal nuclei. The nuclei of the intestinal mucosel cells
were round with 2 to 3 nucleoli. The intestinal mucosal cells
showed serrated margin with @ number of interspaced goblet cells.
The mucosal layer was thrown in to folds (Fig. £,9)
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(f)

(&)

Figure - (f): Microphotograph of the section of untreated intes-—
tine of rat. Normal structure X 450.

Figure — (g): Microphotograph of the section of treated
{compound) intestine of rat shows no abnormality.
Normal structure X 450.
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(h}
(i)
Figure — (h): Microphotograph of the section of untreated spleen
of rat. Normal structure X 1000.
Figure - (i}: Microphotograph of the section of treated ( compound }

spleen of rat shows no abnormality. Normal
structure X 1000.
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(J)

(k)

Figure - (Jj): Microphotograph of the section of untreated lung
of rat. Normal structure X 100.

Figure — (k): Microphotograph of the section of treated
(compound) lung of rat shows no abnormality.
Normal structure X 100
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Lungs
The sections of lung untreated (control) and treated with

the compound showed no difference in histological characters.
Numerous alveoli were present and the alveoli were formed into
clusters, which opened in an alveolar duct. Each bronchus as it
entered into the lungs, divided and sub-divided into finer branches
the bronchioles. The bronchicoles were sub-divided into respiratory
bronchioles. The respiratory bronchiole gave rise to several

alveolar ducts which opened into the alveoli (Fig. h®,4i)

Spleen:
Both the sections, which were untreated (control) and

treated with the compound showed, no diftcuneos in characters.
For both of them, the spleen was surrounded by a thin capsule
made up of fibrous connective tissue and involuntary muscles.

The trabaculae contained the fibrous connective tissue. The spleen
was composed of lymphatic tissues which could be distinguished
into white and red pulp. The white pulp consisted of reticular
fibres and formed a seath arcund the arteries (Fig. j, i)

6. cit layed Neur t s
(a) Toxicitys

The toxic symptoms and mortality caused by single
administration of each compound are reproduced in Table-15, 16,
17 and 18. The LDg, values are tabulated below( Table -14)
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Tsble -18
Code NoO,. LDSO (mg/xg)
CL=6 > 200
BR=6 > 300
BD=5 160
BD=8 100
- 110

The LDSO value of salithion has been taken from Kadota

et & (34)0

The methoxy compound is most toxic. By single oral
administration of 100 mg/kg of the methoxy compound, decrease of
spontanecus motor activity, salivation, motor ataxia became severe,
irregular respiration was observed, and three out of six hens died
within 48 hours and the rest recovered to normal state in 4-5 days,
The Isopropoxy (BD=5); N,Ne-Diisobutylamido (CL-6); N,N-Ciisobutyle
amido (BR=-6) compounds are less toxic as compared to salithion
and their toxic symptoms are given in the Tables (iables 15 to

17).
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Tgble - 15
Acute Oral Toxicity of the Isopropoxy compound
(BD=5) in Hens.
S CH
N s 3
FIJ'—-OCH
AN
0 CH3
NO2
Dosage Daily Mortality Mortality Symptoms LDSO
mg/kg 1 5 3 (pexcent) (mg/Xg)
100 0/2 0/2 0/2 0 Decrease of -
spontaneocus motor
activity after
2=3 hours,
recovered to normal
within 2 days.
160 o/6 3/6 3/6 50 Decrease of

spontaneocus motor 160
activity after 1-2

hours: salivation,
irregular respiration;
motor ataxia became
severe; recovered to
normal in 5~6 days.

200 3/6 6/6 6/6 100 Same as above. -
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lable = 1

Acute COral Toxicit; the Methoxy € a
(BD=8) in Hens
S
Ny
P- OCH3
|
)
NOg
Dosage Daily Mortality r:ortalit;)r Symptoms LDSO
(mg/kg) percent
50 o/6 0/6 0/6 0 Decrease of -
spontaneous motor
activity after
2=3 hours, recovered
to normal within 2 days.
100 1/6 3/6 3/6 50 Decrease of

spontaneous motor 100
activity after 1l-2

hours; salivation,
irregular respiration;
motor ataxia became
severe; recovered to
normal in 4~5 days.

150 3/6 5/6 6/6 100 Same as above -




Table -~ 17
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Acute Oral Toxicity of the N, N, Diiscbutylamido
compound SCL-GQ in Hens

0 CH.CH .

i Ve
~ -N

L

AN
Ol CH,CH

~C H3
CH3

Dos age
(mg/kg)

Daily mortality Mortality Symptoms LD

(pexrcent)
1 2 10

50
(mg/kg)

100

150

200

o/5 0/5 0/5 0

o/5 1/5 1/5 20

1/5 2/5 2/5 40

Falling of feathers, =
decrease of spontaw
neous motor activity,

Falling of feather,
decresse of spontae -
neous motor activity,
irregular breathing,

Falling of feathers,
decrease of
spontaneous motor
&uVj.tYo

> 200




Table = 18

¢

Acute Oral Toxicity of the N,N, Diiscbutylamido

compound (BR«6) in Hens

[26

CH
) s 3
O\‘\D\ N/CH2CH\CH
N 1CH CH,
0 CH3
Br
Dosago) Daily Mortality Mortality Symptoms I‘DSO
. t
(mg/kg : T 10 (pexcen (mg/kg)
100 /5 0/5 0/% 0 Normal -
200 /5 0o/5 0/5 0 Normal -
300 0/5 0/5 0/5 0 Decrease of

spontaneous
motor activity.
Trembling during
walking.
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(b) Delayed Neurotoxicitys

Permanent paralysis in legs of hen were observed after
applying the N,NeDiiscbutylamido (CL=6) compound. It was ocbserved
that, after six months of application of twice the dose of 100 mg/
kg (dose interval was one month), after fivc months of application
of single Gose of 200 mg/kg, after three months of application
of single dose of 250 mg/kg, there was paralysis of the legs.
However there was no neurotoxic symptoms upto six months after
the application of single cose of 100 mg/kg. After histopatholo-
gical examinations and demyelimination of scistic nerves were
noted (Fig. A,B)

The experiment was also performed in other three compounds
viz. N, N-Diisobutylamido (BR-6), Iscporpoxy (BD=5) and Methoxy

(BD=8) compounds. In BR-6 the doses applied were 100 mg/kg
(single dose), 100 mg/kg (the dose ap; lied twice) and 200 mg/kg
(single dose). In BD=5 the doses were 100 mg/kg (single dose) and
100 mg/kg (the dose applied twice), In BD=8 the does were 50 mg/
kg (single cose) and 50 mg/kg (the cose aspplied twice). During
the whole dbservation period of hens treated with compounds
BR~6, BD=5 and BD=8, showed no paralysis in legs and histopatho-
logical findings of sciatic nerves were normal,

All the above observations were tabulated in summarized
form (Table -19).
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(A)

(B)

Figure: 0il immersion photograph of sciatic nerve in cross
section after standard histological preparation and Haematoxylin
and Fosin stain X 4000. (A) - Control hen. (B} - Treated hen
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Table = 19
Delayed Neurotoxic action of four compounds on Hens

Compound Code Duplicate administrat;% Remarks
No. Dose Morta~ Paralysis

(mg/kg) lity
N,N=Diisobutylamido ClL~6 100x3 0/4 No No administra-
tion of Atropine
sulphate
100x2 0/4 Paralysis
200x1 0/4 . Atropine
sulphate was
250x1 0/4 " administered
hourly
N,N=-Diiscbutylamido BR=-6 100x1 o/4 No
100p¢2 0/4 " No aiminis~
tration of
200x1 o/4 Atropine
sulphate
Isopropoxy BD=-5 100x1 0/4 No "

100x2 0/4 "

Methoxy BD=8  50x1 0/4 No
50x2 0/4 " -
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7. Anticholinesterase Activity:

The acetylcholinesterase inhibition data of the compounds
for Blow=fly head homogenate (BFAChE) and Goat whole blood (AChE)
are listed in Appendix , = Experiment No. [4 to 29
(ppe 2471 to 25%), L to 27 (pp)59 to/0) respectively. The
molar Igo values calculated by least square regression programme
are given in Teble - 20.

The molar 150 value of the 6-~Nitro/chloro/bromo saligenin
cyclic phosphoramidothionates for BFAChE increases in the following
orders

BD~1 { 8D=9 {BD=5 {BD=29 { BD~25 { BR~27 {BR=24

{CLl=24 {BR=10 {CL=10 {BR~6 {CL=6

i.e. the compound BD=~1 has the highest acetylcholinesterase
inhibitory activity for BFAChE.
For Goat whole blood (AChE), the I, value increases in
the order:
BL=25 { BD=29 { BD=5 {BD=9 { BR=10 { BD=1 {CL~10
LCLm6 {BR=27 {BR=24 (CL=24 {BR=6.

The anticholinesterase activity of BD=25 is highest.
From the above results, it reveals that the nitro compounds
(BD=1 and EDw25) show more inhibitory activity on goat whole blood

anc blow=fly head homogenate than the chloro and bromo comgounds,
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Table = 20
Anticholinesterase activity of different compounds against
Blow-f1ly head homogenate (BFAChE) and Goat whole blood (AChE)

o\‘ﬁ Where, X = Cl, Br, NO,
e l P-Y Y = alkylamido group
) -\\\ J alkoxy group

Code X Y 1., (BFAChE) I.. (AChE)
No 50; 3 50 3

* (M) x 10 (M) x 10
CL=6 €l N,N=Diiscbutylamido 80, 38 4,25
Cle=10 Cl N,N=pDibutylamido 9.40 4.13
CL~-24 Cl Ne-Butylamido 0.3115 5. 996
BR=6 Br N,N=-Diiscbutylamido 9,84 28,93
BR-10 Br N,N=Dibutylamido 3415 1.22
BR=24 Br NeButylamido 0.04397 4,554
BR=27 Br NeHexylamido 0., 04827 4.478
BD=1 N02 Methoxy-ethoxy 0.000511¢2 4,09
BD=5 NO, 1Isopropoxy 0.0025 0.1072
BD=9 Noz Phenoxy 0.001337 1.15
BD=25 NOé N,N=Diigobutylamido 0. 0276 0.01409
BD~29 NO, N,N~Dibutylamido 0.00948 0.0416
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8. Antif activity:

The fungicidal activity of some 2-alkylamido=6-nitro/chlorc/
bromo=~4H=1, 3, 2=benzodiox aphosphorin=2-sulphide were tested in vitro
against Helminthosporium oryzae and Pyricularia oryzae. The data
(percentage inhibition) for growth inmhibition studies against
H. oryzae and P. oryzae are listed in Appendix , = Experiment
NO.B‘E”‘pr 271 £071%1) and Expt. Noe52-6! (pp2%to 2%) respectively.
The EDgq and ERg values (mg/ml) were calculated by least square
regression programme and presented in Table « 21 and Table - 22
respectively. The data for kdifenphos (Hinosan) as a standard
have also been presented for comparison. Thus the EDSO values at

72 hours against H. oryzae increase in the following order:

CL~10 <BR=10 <BR~6 {CL=6 {CL=24 {BR~24
{Br-27 <BD=29 {BD=25

The EDge values at 72 hours against H. Oryz@e increase
in the orders
CL=10 <CL=6 <BR=6 <BR=10 <CL=24 <BR=24
<{BD=29 { BD=25 < BR=27,

The EDg, values at 72 hours against p. ogxgé. increase
in the order:
BR=6 {CL=10 <CL=6 {BR~10 {CL~24 <BR~27
(BR-24 <BD~25 {BD-29,
The LDy values at 72 hours sgainst P. oryzae increase
in the order:

BRe6 <CL=10 <CL=6 <BR=10 <CL~24 <BR-24
(BD-29 {BR=27 {BD=~25,
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A comparative stucy shows that at 72 hours, the antifungal
sctivity for bouth the fungd is lowest for LD=25 i.e. the
Liiscbutylamico compounde The effects of chloro and bramo ccapounds
are slmost camparable to tdifenphos (Hinosan) in case of P. oryzse.
For He oryzée tne activities are 10-80 times greater than that

of béifenphos (Hinosan),

fgb_lg -21
al sctiv ot é=chloro t

cyclic rhosphoramidothionates asgainst He Qoryzée

0. S

AN where, X = Cl, Br, NO
P—v 2
l Y = alkylamido grcup,
X 0 alkoxy group
Coce EDgq (g/ml) EDgg (mg/ml)
No. (after 72 hours) (atter 72 hcurs)
Cl=6 | 3,69 21,68
Cl=10 0638 ie 64
Clm24 4,351 43,10
ERm6 3,14 23.43
BRe10 227 23499
BRe24 7.08 123,03
BR=27 14.14 1963,813
BD=25 257,43 546, 35
ED=29 127.63 426,00
kdifenphos 8le.28 269,15

(stancard)
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antifungal activity of 6~chloro/bromo/nit pallge
cyclic Phosphoramidothicnates against P. OXysae

O\% where, X = Cl, Br, N()2
T’Y Y = alkylamido group,

. 0] alkoxy group
Code EDgq ( A9/ml) ED . (ug/ml)
Ko (after 72 hours) (after 72 hours)
CLe=b 0.84 4,71
Cl=10 0. 58 3.99
CL=24 285 24,33
BRe6 0o 41 2,31
ER=10 1,21 770
BR~24 4447 69.53
BR=27 4,07 85,69
BL=25 12,60 85,94
BL=29 12,65 78, 24
Ecaifenphos < 5,00 > 12450, 25,00

(stancaxd)




405

9¢ P otoxic properties:

The Table «~ 23 shows the phytotoxic effect of the
phosphoramidothicnates on Iriticum spp. (UsPe 262 variety).
The compounc have no effect on the germination of wheat

seed (iriticum spp. ) upto 500 ppme
Teble -

EEL £ chloro, X 1

Coce t ge ation at different conce

Ko. 500 ppm 250 ppm 100 ppm
CL=6 100 100 100
CL=10 100 i00 100
Cl=24 100 100 100
BR~6 100 100 100
BR=10 100 100 100
BR=24 100 100 100
BR=27 100 100 100
BDw=l 100 100 100
BDwS 100 100 100
B9 100 100 100
Blw25 100 iG60 100
EL=e? 100 100 100

BL=~8 100 100 100
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10. chemical Hycrolysigs
| ‘he chemical hydrclysis of BDel, B8D=5, LD=9 ancd BD-8

were carried¢ out in phosphate buffer (pH 7.7) and of other
compounds were performed in 9,5 mM NaCOH in 50% ethanol (pH 11,85)
at 30°b at \ =400, 410 =nd 420 nm for nitro compounds and
A= 294, 298 and 300 nm for chloro and brome comcunus. LThree
sets of experiments in each case have been performed. The
hycrolysis data for the comjcunds at each wave len th and the
value of Khyd calculated there of for a particulasr set are
given in 2ppendix , LXxpte NCe (2-8 {pp295 to 32! ) and T% are
shown in fable - 24,

The average Khyd increases in the orcer:

Cim6 <Cir10 {BR=10 {BD=25 {BD=29 { BR=6 <BL=5

CBD=1 BR=27 (CL~24 (BR=24 {BD~9

i.e., the Phenoxy compound (BD=9) is l.ast stable and the

chloro compound with N,N=Diiscbutylamidc compound is most stable.
Comparison of stability to alkaline hydrolysis of (CL-6, BR«6),
(CL=10, BR=10) anc¢ (CL=24, ER=24) it is cbserved that the 6=-chloro
saligenin cyclic phosphoramicothicnates are most stable and
6=brim¢ sz2ligenin cyclic phosphoramidothionates are least stable
to alkaline hycrclysis. The di-substituted compounds are more
steble thun the mono substitutec ccmpounds. Hence, it may be
assumed that the rate of hyurclysis of the 6e-substituted saligenin
cyclie phosphoramidothicnates are not only affected by the nature
of the exocyclic substituents on the phosphorus atum but also it
is significently influenced by the nature of substituents present
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at é=position oL the saligenin cyclic phosphoramidothionates.

Table - 24

Hydrolysis of 6~chloro(9romo£nitro saligenin
cyclic phosphoramidothionates

o3 ,
\\g'“Y where, X = Cl, Br, NO2
| Y = alkylamido
greup,
% 0 alkoxy group
Code X Y Average K . T%(hours)
NO- (min~ )x10
CL-6 Cl N,N=Diiscbutylamico 56,70 2037.03
Cl~-10 C1 N,N=Dibutylamido £850,0 1305.08
CL~24 Cl N-Butylamido 6,218 1.857
BR~6 Br N,N-Diiscbutylamido 14,89 77. 568
BR=-10 Br N,N=Dibutylamido 172.3 670,34
BR=24 Br N-Butylamido 6.985 1.65
BR~27 Br N~Hexylamido 5.834 1,979
BD=1 N02 Methaxy~ethoxy 4,125 2,80
BD=5 N02 Isopropoxy 1956,0 5. 90
BL=~9 NO, Phenoxy 9,692 1.191
BD=25 NO@ N,N~Diiscbutylamido 354, 3 325.,9
BD=29 N02 N,N=Dibutylamido 388.0 297,68
BD=-8  NO, Methoxy 5.187 2,226
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GENERAL CONCIUSION AND REMARKS

(1) some 2~alkyl amido/alkoxy=6=chloro/bromo/nitro~4H=1,
3,2-benzocdioxaphosphorin=2«sulphides have been prepared by the
r=action of the corresponding phosphoramidodichloridothionates

and phosphorothionates with 5-chloro/bromo/nitro saligenin at

low temperature in presence of K2603 as dehydrogen chloride agent.
Except ClL=10, BR=10 and BR~27, all compounds were crystalline

solids. The above mentioned three compounds were liquid im nature,

(11) The structure of these compounds were elucidated by
chemical analysis viz. UV, IR, Mass,  H NMR, S2P NMR, 13c NMR
spectra.

All compounds showed characteristic IR bands for p=0-C
(alkyl), P=O=C (aryl), P=S groups. Neither of the two P=S bands
show any systematic shift which reflects changes in the inductive
properties of the substituents, this is not unexpected if they
do arise from mixed modes.

In the mass spectra, all compounds showed parent molecular
ion OK*) peaks. Fragmentation by the loss of 'SH! radical is
important, most of the compounds show an ion due to (M= sH)V
and it is the base peak for the four compounds out of the twelve

compounds.

(144) The isopropoxy compound (BD-5) shows about 1.5 times, the
methoxy-ethoxy about 3.5«5 times greater insecticidal activity
ccmpared to salithion, but in case chloro derivative of Ne~butyl
amido compound (Cl=24) the insecticidal activity is almost similar
to that of salithion. The other compcounds are almost non insecti-

cidal. For Blow-fly and Grasshopper, the methoxy compound is more
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active than salithion, the isopropoxy compound have some insecti-
cicdal activity, the methoxy-ethoxy compound also have some
insecticidal activity in Grasshoppers. For Aphids the methoxy
compound (BD=8) is the most active and phenoxy compound (BD=9)
has least insecticidal activity.

(iv) All compounds are less toxic to rat compared to salithion.
The isopropoxy compound (BD=5) and the methoxy compound (BD=-8)
have greater toxicity compared to other compounds. The CL-6,
BR=10, BR=24 and BR=~27 showed some apparent toxic symptoms but
they recovered soon, or if aied, it was after more than cne momth,
(v) The Histopathological study of some organs of compounds
treated rat, showed the toxic symptoms,

The N,N~ciiscbutyl amido compound (CL=6) was only used for
the tests. The section of kidney showed enlarged, midly dialated
tubules with ruptured walls. The renal tubules were elongated,
enlarged lumen, ruptured epithelial lining. The glomerulus were
disorganised and Bowman's capsules were very reduced. The section
of liver showed the vacucles, ruptured cell menbranes, somé cells
without nuclei. The sections ¢f intestine, lung and splean showed
no toxic symptoms,

(vi) Only four compounds (Cl~6, BR=6, BD=5 and BD=8) have
studied for acute oral toxicity and delayed neurctoxicity in
hens. In these compounds BD=8 is the most toxic. Permanent
paralysis in legs is observed only in case of N,N=diiscbutyl
amido compound (Cl=6), upon histopathological examinations
demyclination of sciatic nerve is found. In other compounds,
permanent paralysis is not cbserved and the histopathological

observaticn of sciatic nerves are normad.
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(vii) Acetylcholinesterase inhibition data shows that the
compound BD=1 (methoxy~ethoxy) has highest and CL=-6 (N,N-
diiscbutyl amido) has lowest inhibitory activity for BFAChE. In
case of goat whole blood, the anticholinesterase activity of the
compound BD=25 (N,N~diisobutyl amido) is highest and BR~6 (N,N=-
diisobutyl amido) is lowest.

(viii) The entifungal activity study (by growth inhibition
method) ageinst He. oryzae and g.orzgaé indicate that the chloro
and bromo compounds show very good inhibitory effects on the
growth of both the fungi H.oryzee and P, oryzae, their inhibitory
effects are almost comparable to that of Ediphenphos (Hinosan),.
(ix) The compounds are not rhytotoxic to Triticum spp, upto

the concentration 500 ppm.

(x) The rate of hydrolysis of the compounds are greatly
influenced by the nature of the substituent at the 6~position

of the benzodioxaphosphorin ring. It is odbserved that the 6-=chloro
saiigenin cyclic phosphoramidothionates are most stable and 6-
bromo saligenin cyclic phosphoramidothionates are least stable

to alkaline hydrolysis.

(xi) The biological activities and otler data justify further
examination of methcxy and iscpropoxy compound as potential
insecticide and the chloro and bromo compounds as potential
fungicide. whether the use of these cyclic phosphorus campounds
will protect the plants from pests and diseases in the field
remains to be studied. In order to f£ind out the chemical structure-

biological activity relationship in these compounds we have to
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synthesize several new compounds in which different group 1s

to be incorporated in different positions of the aromatic ring

znd to investigate their biological activity. Besides, structural
elucidation in regarcd to the conformation of the dioxaphosphorin
rirg from temperature dependent NMR and X=ray crystal structure
would clarify the chemical structure~antifungal activity mechanism
(and/or esterase inhibition mechanism) so that their selectivity
of action can be known, thereby helping us to design selective

and biodegradable potential pesticide,
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CYTOLOG FECTS OF SCGE PESTICIDL L,
(a preliminary study)

The biocides of the environment are known to induce
cytclogical abnormalities in plant and animal cells. Especlally
the somatic cell abnormalities induced by fungicides and insecti-
cices have been worked cut by many workers 1-4)

The abilicy of scme pesticides, to induce chromosomal

abnormalities were also Gemcnstrated in higher plant by memy

resesrch workers for e.g, in Iredescantisa sp. and Vicia fabe
by the use of mercurial fungicide Panogan-lS‘S) in Allium cepa

by the use of two systemic fungicides Plantvax and Vitavu“)

end in Vicia f£aobe by the use of insecticides Rotencne @) and
Dichlorvos @) .

‘he present stucy reports the mitotic effects on plant
(Allium cepd) anc¢ animal (mice) with special emphasis on
chromosomal abnormalities induced by the well known organcphosge
phorus pesticides. linosan (Ediphenphos) (O=ethyles, Sediphenyl-
dithiophosphate), Rogor (Limethoate) / 0,0=-Dimethyl=Se (N=
methylcarbemoyl methyl) phosphorothicnate_/ and 2 new compound
CL=6 (2«N,N~Diiscbutyl amidow=b6e~chloro~4i«l,3,2«banzodiaxaphos=
phorine=2=gulphice) synthesized in our laboratory.



Table - 1

Name, structure and manufacturers of organophosphorus pesticides

Serial Common name and Chemical name Structure Manufacturer
No. other names
1. Hinosan O-ethyl=S,S= o Bayer India Ltd.,
(Ediphenphos) diphenyl- CHO-P- S@ gxpress Towers,
dithiophosphate 5 ) iJariman Point,
é Bombay-400021.
cHo_ w8
I
26 Rogor C, O=DimetnyleS= 3N 1‘95CHCN HCH 5 Rallis resticides,
(Limethocate) (N=methylcarbamoyl 7 Rallis India Ltd.,
metnyl)phosphoro- CH.0 cH 21, Ravelin Street,
thiolothiocate s CHE 3 Bombay=~400001.
Ol_\ 7% “CHy
3. ClL~6 2=N,N-~Liisobutyl- /©/\/ol “ercH CHy Not commercial.
(N,N, Diisobutyl amiGo=-6=chloro=4H=- Ct % “cH synthesized by us.
amido compounc) 1, 3,2-benzodioxaphosphorin- 3
2~sulphide.

ST
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HATERIALS AND METHULS

(a) C oxicity test in pPlant:

Fast growing ycuny roots cof Allium cepd treated with
50 ppm, 100 ppm and 200 ppm cunc. Of the compounc Cl=6,
Ec¢ifenphos (Hinosan) and Rogor (Limethocate) for one hcur and
two hcurs treatment. Controcl was maintained in all ceses, The
contrul as well as the treated roots were excisea and fixed
in freshly prepared Farmer's fluld for 2 hours and 30 minutes
(one glecial acetic acid 3 three ethyl alcochol) an¢ squashes
were prepared according to the methoc of Larlington andé La Cour
(1962) erploying aceto-crchine stain.

hpproximately 200 cells from at least three meristems
per replicate were screened to determine the freguency of aberrant
cells. The experinmencs were setted up in duplicate. {he slides
were screened thorougnly for chromosomal aberration like
chrumatid bridges and laggarcs, tripolar and tetrapolar divie
sional chromosome in cells, unequal distribution of chromoscmes
etc, at anaphase. Care was taken to exclude inccon; lete cells so

as not to have any ccnfusiocn regarding aneuploia cells,

(b) cytotoxicity test in animals

Bone-marrow tissues of albino mice (Swiss strain), age
group three ronths cach, were used in the present investigaticne.
Each animal was adninistered the pesticides tarcugh oral rcute,
the doses of Fﬁe cCumpounGs were cescribed in the Tables«=5 to

Table =7 and each tests were cduplicated. Bone=marrow cells were
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fixed after 24 hours exposures of CL=6 (N,N-Diiscbutylamido)
compound and the commercially popular pesticides Edifemphos
and Rogor in order to test the cytogenctic injury. Cytological
slides from boneemarrow tissue were prepared as per usual
colchicine~Citrate-acetic acid ethanoleair drying-Giemsa
schedule., Aberrations were scored from the slides. The prepared
slices were screened properly and photographs of the aberrant

cells were taken and analyzed,

RESULTS AND DISCUsS ION

(a) Cytotoxicity in Plants

The main effects of the compound Cl=6, Edighenphos and
Rogor, however, were found mostly in anaphase stages of the root-
meristems of the Allium cepa, The used concentrations and duration
of treatment caused chromosomal sbnormalities. The frequency of
abnormality inCreased with the increase of concentration applied
anc for the period of treatment (Tablee=2 to Table =4).

Root treatment in 200 ppm concentrations for 2 hours of
Cl=6, Ediphenphos and Rogor pesticides showed 14.8%, 9,5% and
10.94% chromosomal abncrmalities. These three pesticides showed
chromosomal sbnormalities even in 50 ppm concentration for one
hour treatnent.

It was found that in some cells the chromatids separated
from each cther but Gid not migrate to the poles were mostly

restituted to form tetrapclar cells (Fig. é). A number of other



1 hour

2 hours

Table = 2
liitotic anelysis of following treatments of the N,N-biisabutyl amido compound
(CL=6) in Allium cepa.

200 215 5 5 2 7 3 1l 6 3 32 14.8

I'reastment Total Bridge cf Chromatic Laggard ‘letra Iripolar Liago- tnequal Aberration
(ppm) dividing chromoscme Gar-—l”greak chromo- polar _ division nal Gistri-
cells p sumes dgivision of chromo- division bution Total %
of chrumosome some of of

chromo- <chromo-

somes somes
g 50 205 - - - 2 - - 2 - 4 1.95
g 100 200 2 1 - - 1 - 3 - vi 3.5
+ 200 " 210 - 2 1 2 - - 2 1 8 3.8
# 50 210 - - - 3 1 - 4 1 9 4428
g 100 200 3 2 2 3 1 i 4 3 19 3.5
0
g
&

6l



teble = 3
 Mitotic analysis of following trecatzentis of the Pesticide Ediphenphos
in Allium cepa.

1 hour

.reatment  Yotal brigge of Chromatid Laggerd Tetra- Tri- Dia~- Unegual  Aperration
(zpm) civicing chromosome g rquéak chromo= polar polar gonal distrd- ., ¢ g '

cells erhose ollihase T sumes  civie divi- divie bution

' ' FREPRESE sedtpha sion siom sion  of chro-
mosome

0
g 50 205 i - 1 - - - - 2 - 4 1. 35
g 100 203 Z - i1 1 - - 2 7 3.44
$ 200 <1l p3 i 3 i l - 1 3 i 14 6e 50
“ ”
8 50 200 - - i 4 2 1 1 Zl - 11 e 5
4§ 100 211 2 1 z 3 3 1 1 5 1 19 2,00
o 200 200 z 1 2 2 3 2 6 - 19 9.5
is 3

2 hour

b

QTe



Table - 4

Mitotic analysis of following treatments of the Pestiside Rogor (Dimethoate)
in Allium cepa

Treatment 7Total Bridge of Chromatid Leggard Tetra- Tri= Diae Unequal Aberration
(ppm) dividing chromosome ¢ chromo= polar polar gonal distri- T og;i"’“—‘%
cells Anaphr_——‘—_—,ase Telophase Gap Break somes divi- divi~- divi- Dbutiomn
sion sion sion of chro-
mosome
Control 200 - - - - - - - - - - -
»
2
4y g 50 200 - - 1 1 1 - - 3 - 6 3.0
,8 © 100 204 1 - 2 - 2 - - 4 - 9 4.41
- B 200 220 2 1 2 2 1 - - 3 - 11 5.0
50 220 3 1 2 2 2 - 1 5 - 16 7427
100 210 4 1 3 2 3 1 1 6 2 23 10.95
200 201 4 2 2 1 4 b 2 5 1 22 10,94

2 hours
treatment

lezZ
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(")

Figures showing different types of aberrant cells from root-tips
of Allium cepa by treatment of Ediphenphos, Rogor and CL-6.

{(a’) Formation of bridge chromosome at anaphase stage.

(b’} Formation of laggards and bridge chromosome at
anaphase stage.



a3

(d*)

Figures showing different types of aberrant cells from root—tips
of Allium cepa by treatment of Ediphenphos, Rogor and CL-6.

{(c’) The tetrapolar division of chromosomes at anaphase stage.

(d’) The unequal distribution of chromosomes at two poles at
anaphase stage.
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(e’)

(£")

Figures showing different types of aberrant cells from root-tips
of Allium cepa by treatment of Ediphenphos, Rogor and CL-6.

(e’) The tetrapolar division at anaphase stage.

(£f’) The diagonal division at anaphase stagde.



‘5

(g”)

Figures showing different types of aberrant cells from root-tips
of Allium cepa by treatment of Ediphenphos, Rogor and CL-6.

(g’) Formation of gaps and breaks in the chromosomes at
anaphase stage.
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anaphase abnormalities were alsO noticed accompanied by normal
anaphase. The cther cases were that of disorientation of the
spindle poles i.e. the two pcles of the spindle fib7res appeared
tc be located in two opposite corners instead of appearing
parallel to the divided cells, thus foming what is known as
diagonal anaphase organization (Fig. fl). The most prominant
abnormality in anaphase stage was the formstion of chromosome
and chromatid bridges (Fig. é). Laggard chromosomes were also
noticed during anaphase (Fig. 5), aisturbed anaphase gave rise
to tripolar and tetrapolar cells (Fig. ¢ ana Fig. e), sticky
anaphase was alsc observed in very few number. All the above
said aberrations, incluéing the gap and breaks (Fig. g) in the
chromosomes were found on a.plication of Ci=6, Ediphenphos and
Rogor, The experimental data of the cytotoxic effects were
described in the Table~2 to Table-4 and the photographs of the

/
asbnormal chromosomes were showed in the FigGe-a t0 Fige—ge

(b) Cytotoxicity in animals (mice):

The present investigation provides information regarding
the cytotoxic effects of Ediphenphos, Rogor and the newly
synthesized conmpound Cl~6 on the bone~marrow cells of mice in
vivo and all the effects were observed in metaphase stages. In
all the cases the administration period¢ and rcute were same.
Only the doses wore changed, so we can say that the frequency
of abnormciiity wf chromosomes changed only for concentration of

the compound. The Edjphenphos, Rogor and CL-6 showed the percentage



icble = 5

wifect of Nyu=uiiscbutylacido (CL=6) cum cund on bune morrow cells of mices

hceute Lose incerval lotal cell <Chrematid  Formetion  Lnegual Total % of azberrant
{(rg/kg) (in hcour) studied Cao Break of ring chror-tic cberrant cells stuciec
ap chrerosume  stretching cells
Lral 50 <4 300 Y3 1l 3 - 6 2.00
‘ral 30 24 300 1 i 2 - 4 1,33
Ural i0 <4 3G0 - - i - 1 0633

LTT



rTaple -~ 6
Ltrzect of Ldiphenprhos on bone marrow cells of mice

Route

wose interval Total Chromatid ¥urication of Lnequal Total % of
(mg/kg) {in hour) cell Gé__—LE;éak ring chromoscme chromati¢  zberrant . aberrant
stualec P stretching cells cells
studied
tral 50 Z4 300 3 2 1 1 7 2433
tral 30 <4 300 2 1 - - 3 1. 00
Cral io <4 300 - - - 1 1 0433

% e



Table =

cftect of Rogor on bone marrow cells of mice 3

Route Lose Interval Total Chrometic formation of Unequal Total % of aberrant
(mg/kg) (in hour) cell G '——L—‘Bxe ak Fing chromoscme chromatid aberrant ce 1ls studied
studied ap stretching cells
Oral 50 24 300 2 1 2 - 5 1,66
cral 30 <4 300 1 3 1 - S 1.66
Ural 10 24 300 1 - i - 2 De66

[Ar4
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(h?)

Figures showing different types of aberrant cells from bone-marrow
cells of mice by treatment of Ediphenphos, Rogor and CL-6.

{h’) Formation of gap in the chromosomes at metaphase stage.

(i’) Formation of ring and break in the chromosome at
metaphase stage.
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(X

Figures showing different types of aberrant cells from bone-marrow
cells of mice by treatment of Ediphenphos, Rogor and CL-6.

(¥’) The unequal chromatic stretching at metaphase stage.
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of aberrant cell studied after the application of dose 50 mg/kg
were 2.33%, 1.66% ané 2,00% and the dose 10 mg/kg were 0,33%,
0.,66% and 0.33% respectively (Table -5 to Table = 7). It showed
the physiological effect like uneven stretching of chromatid
material (Fig. j/). In addition to physiological effect, it also
showed gap and breaks (Fige. 3\1). The fcrmation of rings (Fige. i")
were very prominent, The mechanism of action oi the compound
Ci=6 metabolites at nucleic acid level is not known. However,
organophosphorus pesticides are known for their alkylating
properties (Wild 1975). So LNA alkylation might be ocne of the
reascn for the production of chromosomal aberraticns by the
chemical, Effee¢t like uneven stretching of chrometin material
indicates that the pesticides may have acted upon the protein
moiety cf the chromosomes. Only chromatid type aberrations indicate
that the chemical acted upon stages following Gl stage of the
cell cycle. For full confimation cf the above saié¢ aberrations,

some sophisticated experiments and further study are needed.

Conclusions

Cytotoxic eifects of turee pesticices (Cl-6, Ediphenphcs
and Rogor) hove been studied on the roote-mitosis of allium cepa
¢nd bone marrow chromosomes of mice in vivo. iose, rcute and
durativn of exposure highly influenee the aberration frequeﬁcy.
The chemicals have been found to be mutagenic in tne prresent test

sysiem. tiowewver further studies are needed.
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Experiment -1
msecticidal activity of Cl=6 on Aphid (Lipaphis erysimi)
by contact method
Conc. of the log, conc. of % mortality
compound the compound 24h 48 h
(/Aa /'711'.) (X)
10 1,000 90 97
9 0.954 87 90
8 0.903 8s 88
7 0.845 82 83
6 0.778 70 i
5 0.698 65 70
4 0,602 61 68
3 0.477 55 61
2 0.301 40 49

Regression constants ;: Y= mX + &
m = 71.8165 65,2748
C= 18,2253 28,3253
ra 0.9895 0.,9905
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Experiment -2

Insecticidal activity of Cle10 on Aphid (Lipephis
erysimi) by contact method

Conc. of tre log. conc, cf the % of mortality
cempound compound 24h 4eh
£ /. (x)
10 1.000 95 98
9 0,954 84 88
8 0,903 79 82
7 0.845 75 79
6 0.778 70 75
5 0.698 65 7
4 0.602 51 59
3 0477 43 47
2 0,301 34 a8
EDgq = 3.4479 3.0013
EDgg = 11.6862 10,5118

Regression ccnstants : Y= mX + C
m s 84,8886 82,6667
C= 4.3667 10,5413
r= 0.9871 0, 9897
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Exper -3

Insecticidal activity of Cl-24 on Aphid (Lipaphis exrysimi)
by ccntact method

Conc, of the log. conc. of the % of mortality
) . 4n  4en
10 1,000 92 95
9 0,954 - 80 90
8 0.903 76 81
7 0.845 62 7
6 0.778 55 64
5 0.698 50 60
4 0.602 40 57
3 0.477 a3 45
2 0.301 30 32
EDg, = 4.3984 2.4372
EDg g 14.1742 15,0556
Regression constants 31 ¥ = mX + C
m= 88,5596, 56,9025
C= ~6,9697, 27.9815

I'=s 009483' 0.8107



Experiment -4

Insecticidal activity of Br-6 against on Aphid (Lipaphis
erysimi) by contact method,

Conc, of the log. conc, of the % of mortality
compound compound _
L x) 24h 48h
P [m

10 1,000 80 86

° 0.954 72 84

8 0.903 70 80

7 0.845 68 75

6 0.778 66 70

5 0, 698 58 66

4 0.602 44 59

3 0.477 38 S0

2 0.301 25 31

EDgq = 4,2369 3.2237

Regression constants : Y= mX + €
m= 77,6396 76,1548
Cw 1,3155 11,2863
= 0.,9893 0.9951
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Experiment - 5
Insecticidal activity of Br-10 on Aphid (Lipaphis
erysimi) by contact method

Conc, of the loge conc. of the % of mortality
compound compound o
(g /m) (x) 24h 48h
10 1,000 80 20
9 0.954 72 80
8 0.903 60 75
7 0,845 55 71
6 0.778 : 50 65
5 0.698 46 59
4 0,602 40 55
3 0. 477 37 52
2 C.301 30 35
EDSO = 4,9543 3.2931
EDgg =23,8202 14.6277
Regresgsion constants 3§ ¥Y= mX + C
| m= 65,9867 69,4902
Cm 4.1399 14,0315

rm=m oo 93 76 0. 9782
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Experiment -6
Insecticical activity of Bg=24 on Aphid (Lipaphis
erysimi) by contact method

donc. of the log. conc, of the % of mortality
compound c ~
(/Lg/mi) (x) 24h 48h
10 1,000 80 88
9 0.954 75 82
8 0,903 71 78
7 0,845 65 72
6 0,778 59 64
5 0, 698 53 59
4 0,602 47 S1
3 0,477 33 46
2 0.301 22 30
EB., = 4.5220 3.6512
EDge = 15,6796 13,2878
Regressicn constapnts ¢t Y= mX + €
m= €3.3327 80,2118
C= ~4,6106 4,8857

r= 0.9978 0.,9933
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Experiment -7
Insecticical activity of Bf=27 on Aphic (Lipaphis
erysimi) by contact method

Conce. of the log. conce. of the % of mor tality

- compound compound

(/u.ﬁ/ mL ) (x) 24h 48h

10 1.000 77 85
9 0.954 72 83
8 0.903 70 80
7 0,845 65 70
6 0.778 50 65
5 0.698 45 64
4 0,602 44 58
3 0,477 35 40
2 0.301 : 29 31

EDg, = 4.6930 3.5661

E‘DQS = 19.8470 13.1649

Rogression constants §: Y=mX + C
m e 71.8573 79,3338
C= 1.7511 6.1921

ra= 0.,9637 0.9884



_E_gmriment -8

Insecticidal activity cf bD=1 on Aphild (Lipaphis

erysimi) by ccntact method.

Conc. cf the log. ccnc, of the % of mortality
compound oy 24h 48h
(#g/mL)
10 1.000 89 92
9 0.554 82 86
8 0,903 76 82
7 D.245 72 75
6 0. 778 56 65
5 0.698 53 60
4 0.602 39 54
3 0.477 36 45
2 0.301 30 33
EDgq = 4,2157 3.4739
EDgg = 13,5314 11.9284
Regression ccnstants : Y=amX + C
mw 88,8497 83,9917
Cm= ~5,5196 4,5758
rs= 00,9620 049900
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mriment -9

Insecticidal activity of BD=5 cn Aphid (Lipaphis
erysimi) by contact method

Conc. of the log. ccnc, of the % of mortality =
compeund compound
(#9 /L) (30) 24h 48h
10 1,000 92 95
9 0,954 78 80
8 0.903 65 76
7 0.845 61 71
6 0.778 54 66
5 0.698 50 60
4 0.602 41 . 56
3 0. 477 38 41
2 0.301 32 34
EDg, = 4.3779 3.5464
EDgg = 16,6544 12,9229
Regression constants 1 Y= mX + C
m = 88,8497 83,9917
Ca= =5,5196 4.,5758

I'm 0.9620 0, 9900
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Experiment - [0
msecticidal activity cf BD=-8 on Aphid (Lipaphis erysimi)

by ccntact method

Conce of the log. conc, of the of mo.
ii!:;‘;‘:f) cmPo‘(?S 24h 46h
10 1.000 92 96
9 0.954 80 92
8 0.903 73 90
7 0.845 69 81
6 0.778 60 76
5 0.698 50 63
4 0,602 45 56
3 0.477 37 46
2 0.301 26 32
EDgq = 4.2401 3.2843
EDgg = 13.4162 9.7429
Regressicn constants §+ Y= mX + C
m= 89,9551 95,2902
C= -6.4361 0,7874

r= 0.9773 0.9948
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Experiment -1/

Insecticical activity cf BD=9 on Aphid (Lipaphis
erysimi) by ccntact methed

Conc. of the log, conc, of the % of mortality
compowund compound
e ol (x) 24n 48h
10 1,000 72 67
9 0,954 70 75
8 0,903 65 72
7 0.845 60 67
6 0,778 56 64
5 0.698 51 60
4 0. 602 48 53
3 Cad77 30 42
2 0.301 25 30
EDg, = 4,8517 3,8358
EDgg = 21,1982 20,7539
Regression ccnstants ¢t Ye mX + @
m= 70.2758 61,3621
Cwm 1,7924 14,1764

re= 0,9684 0.9677
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Exgg_riment -12

Insecticidal activity of BD=25 cn Aphid (Lipaphis
erysimi) by contact method

Conc, of the log. conces Of the % of mortalitg
compound coempound
e fml (x) 24h 48h
10 1.000 80 90
9 0.954 72 88
8 0.903 65 82
7 0.845 60 79
6 0.778 58 72
5 0.698 50 70
4 0.602 47 66
3 0.477 42 60
2 0.301 40 50
EDg, = 3.,9788 2,0790
EDQS - 26,0310 13,2317

Regressicn constants s Ya mX 4+ €
me 55,1652 55,9869
Ca= 16,9141 32,2042
r= 0.9412 049900
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Experiment |2
Insecticidal activity of BD=29 on Aphid (Lipaphis

erysimi) by contact method

Conce. of the log. conc., of the % of mortality
oo oo T aen
10 1,000 90 92
9 0.954 80 90
8 C.,903 76 g8
7 0.845 70 80
6 0.778 60 72
5 C.698 55 58
4 G. 602 45 50
3 C.477 40 46
2 0.301 35 42
EDgq = 3.8636 3.1793
EDyg = 14.2912 11,1675
Regression constant ¢ Y= mX + C
me 79,2156 82,4747
Cw= 3,5005 8.5701

r= 0.9661 0.9605



Experiment -14
Acetylcholinesterase Inhibition in Cyysomsys megscephal2 (Blow £ly) head hamogenate
(BFAChE ) at Cl-6 at 30°C
(Phosphate buffer pH = 8,0; total volume = 5,15 ml/l1 £1ly heady )\= 625 nmy
incubaticn time 30 mins.)

Sets Inhibitor+ OuDe A Q.De % inhibitiom X, (M)
Cone. {(ug) | X
Control - 0. 660 - -
1 15 0.652 0..007 1.10
2 30 0. 636 0. 024 3.63
3 s 0.627 0,033  5.00 80,38x10™3
4 60 0.613 0.047 7.12
5 78 0. 600 0.060 9,09
6 90 0.587 0,073 11,06

* X = log / Conc. of the inhibitor inug_/
Ragression constants 31 Y= mX 4+ C
m= 12,52
Cum «14,58
rm 0,970

he



X -1
Acetylchclinesterase inhibition in Chrysemsya megacephala (Blow f£ly) head
hcmogenate (BFACKE) at 30°C cf Clr10
(Phcsphate buffer pH = 8,0; total voclume = 5,15 ml/1 fly heady )\= 625 nm;
incubaticn time 30 mins.

Sets Inhibitox* 0. Ds A QoD % Inhibition Ig, (M)
conc. (mg) (v)
Control 0 0. 691 - -
1 is 0.667 04024 3.47
2 30 0.646 Oe 045 6.51
3 5 04638 0,056 8.1 9,40 x 10™3
4 60 0.611 0,080 11,57
5 75 0.597 0.094 13.60
6 90 0. 580 Celll 16,06

*X = Log /  Ccnc. of the inhibitcr in ug 7/
Regressicn Constants 3 Y= mX 4+ C
C = »16,24

mm= 15531 ,

= 0.968

ghe



Exper -16
Acetylcholinesterase Imhibition in Cxysomaya megacephala (Blow fly) head homogenate
(BFAChE) at C1~-24 at 30°C.
{Phosphate buffer pH = 8,0; total volume = 5,15 ml/1 £1y head; )= 625 nm;
incubation time 30 mins. )

Sets Inhibitor* O.D. A Q0D % inhibition o ™)
Conc. {mg) ¥
Control - 0,598 - -
1 18 0.575 0.023 3.846
2 30 0.558 0.C40 6.689
3 45 0.532 0.066 11,037 3,1158x10"%
4 60 0,513 0,085 14.214
5 75 0.472 0.126 21.070
6 90 0.453 0,148 24.247
7 108 0.418 0.180 30,100
8 120 0.385 0.213 35,619

* X= log / Conc., of the inhibitor in mg _/

Regression constants Y =mX+ C
mw 34,4649
C = ~-42,0219
r= 00,9309

ohz



Experiment -7

Acetylcholinestorase Inhibition in Shrysomeya Imgacephala (Blow £iy) hesa
homogenate (mrachk) at 30% at BRe6

(Phosphate buffer, pi m 8.0; total volume = 5«15 mi/1 fly head, \ = 625 nm;
incubation time 30 min, )

Sets Inhibtog* 0D, A0:Ds % Ihibitice S
Conc, (umg) )
Control - 0.416 - -
1 18 C.398 0.018 4,32
2 30 C.384 0.032 7,69
3 45 0. 374 0.082 10,09 9.84x10™3
4 60 0.370 0.046 11,05
5 75 0.357 0s056 14,18
6 80 Oe347 0,069 16,:3

* X = log /conc. of the Inhibiter in ug 7

Regressgion Cinstants g Yo X 4 ¢
Cm -13‘. 93

nw= 14—“

rm 0,97

ost



&porimt-'%
Acetylcholinesterase Inhibition in Chrysemaya megacephala (Blow £ly) head homogenats
(BFAChE) at 30°C of BR-10
(Phosphate buffer, pH = 8,0; total volume = 5,15 ml/1 £ly head, A = 625 nm;
incubation time 30 min,.)

Sets Inhibitor+ O.D ACP % Inhibitiom Igq (M)
conc, {(pmg) {Y)
Control - 0,398 - -
1 15 0376 0. 022 5.52
2 30 0,368 0,030 7.53
3 43 0.358 0,040 10,05 3,18 x 10™?
4 60 0.344 0,054 13,56
5 75 0o 332 0,066 16,58
6 90 0.321 0.077 19,34

* X = log / Conc. of the inhibitor in Mg _7
Regressicn ccnstants s Y=mX+ C
Cu «17,03
mw 17,63
Tr= 0,95

1572
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Experiment -2|
Acetylcholinesteress Inhibiticn in Chrysomsya megacephala (Blow fly ) head homogenate
(BFACKE) at 30°C of BD-1
(Phosphate buffer, pH = 8,0; total volume = 5.15 ml/1 £1ly head, \= 625 nm; incubation
time 30 mins.)

Sets Inhibitor * O.D. A OuDe % Inhibiticma Igo(M)
Conc. (pg) x
Control - 0. 580 - -
1 1v128 0,273 0,305 52,5
2 0.564 04320 0.260  44.8
3 0.423 04345 04235 40,5 5.113 x 10~¥
4 00232 0,390 0,190 32,7
5 0.141 0. 455 0,128 21,6
6 0.0564 0.510 0,070 12,0

* X = log (Conc. of the inhibitor im a g)
Regression ccnstants = ¥ = mX + C
m= 00,0286
Cm» «1,5276
r= 0,995

ez
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Acetylcholinesterase inhibition in Blow fly (Chrysomaya megacephala) head homogenate

(BFAChE) of BD=5 at 30°C

{Phosphate buffer, pH 8:0; total volume = 5,15 ml/1 £ly head, X\ = 625 nm; incubation time 30 min)

Scts Inhibitor* CeDe A 0D % Inhibitiom Iso (M)
Conc. {ug) (¥)
Control - 0.850 - -
1 0.605 0.790 0. 060 7.0
2 1,21 0670 0.180 21,0
3 2,42 0.510 0,340 40,0 0.25 x 10™>
4 3.63 0.400 04450 52.9
5 6.05 0. 300 0. 500 64.7
6 9,075 0. 260 0. 580 69.0
7 12,1 00250 0, 600 70,5

* X = log (Conc. c= the inhibitor in ,Lq)

Regression constants

Y=mX + C

Cm = 22,2767
mé 32,8057
rm 0.9625

A



%ximt-ia
Acetylcholinesterase inhibition in Chrysomaya megacephala (Blow £1ly) head homogenate (BFAChE)
of BD=9 at 30°C

(Phosphate buffer, pH 8,0; total volume = 5,15 ml/1 £ly head, = 625 nm;
incubaticn time 30 min, )

Sets Inhibition ccne, C.D A O.Ds % Inhibition 150 (M)
(rg) (¥)
Control - 0.420 - -
1 2,529 0.200 0. 220 52,3
) 1.264 0.245 0.176 41.7
3 0,843 0.265 0.155 37,0 1.337 x 1076
4 0,632 0.290 0.130 30.9
5 0.421 0.318 0,108 25,0
8 04210 0,345 0.075 18,0
7 0.0843 04380 0. 040 9.5

* X = log / Conc. of the inhibitor in ug _7
Regressicn ccnstants ¢ Y= mX 4+ C
m= 0,0304
C=m «=1,1746
r= 3,996

»S'K
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Bxperiment -2+

Acetylcholinesterase inhibition in Chryscmays megascephals
(Blow=fly ) head homcgenate (BFAChE) of BD-28 at 30°C,

{(Phosphate buffer, pH = 8,0; total volume = 5,15 /1 £ly head;
A= 625 nmy incubation time 30 min).

Sets  Inhibitor* OsDe  AOD % inhibition Igy (M)
Conce (mg) (Y)
Control = 1,016 - -
1 3,58 0.968  0.048 4,72
2 7.16 0,904 0,112 11,02
3 10.74 0.854  0.162 15,94
4 14,32 0.798 0,218  21.55 2,76x10™3
5 17,90 0.749 0,267 26,28
6 21.48 0.686 0,330 32,48
7 25,06 0.637 0.379 37,30
8 28.64 0.576 0.440  43.31
9 32,22 0,523 0,493 48,52

*X = log [ Conc, of the inhibitor in g J

Regressicn constants Y X+ €
m = 44,249
C= 251,72
r= 0,967



(BFACRE) at BD-29 at 30°C

Experiment-2c
Acetylcholinesterase Ighibition in Chrysomaya megacephala (Blow £ly) head homogenate

(Phosphate buffer, pH 8,0; total velums = 5.15 m/1 £ly heads A= 625 nm, incubation
time 30 mins.)

Sets Inhibitor Conc. Log inhibitor 0.D. AO.D % inhibtion Ig, (M)
x 10%(m) Conc. (X)
Control - - 1.001 - -
1 1,9417 -5.7118 0.664  0.337 33,67
2 3,8835 -5, 4108 0,627  0.374 37.36
3 5.8285 -5, 2345 0.589 0,412 41.16
4 7.7669 «5,1097 0.554 0,447 44.66 9.48x10™°%
3 9,7087 -5, 0128 0.514 0,487 48.66
6 11.6504 -4.9336 0.475  0.526 52,58
7 13.5922 -4.8667 0,442  0.559 55,84
8 15,5340 -4.8087 0.400 0,601 60, 04
Regressicn Constants ¢ Y= mX 4+ C
Cw= 194,67
m= 28,803

rm 0.9571



Exmriment-%
Acetylcholinesterase inhibition in Goat whole blood of Cle6 at 30°%C
(Phosphate buffer, pH = 8,07 total vclume = 5,15 ml/0.,2 ml blood splasmaz
A= 625 nm; incubation time 30 mins.) |

Sets Inhibitor+* OoDe. A0O.D. X inhibitdom Ig, M)
Control - 1,01% - -

1 1s 1,010 0.005 2,75

2 30 0.954 0,061 5,02

3 45 0.921 0,094  7.58 4.25 x 1073

4 60 0.899 0.116 10,04

5 78 0.881 0.134 12,81

6 90 0.866 0,149 14,08

7 120 0.843 0.172 17.53

* X = log / Conc. of the inhibitor inug_/
Regression constants Y= mX 4+ C
m= 18,32
C= -21,12
r= 0,967

69T



Acetylcholinesterase inhibition in goat whole blood of Cle10 at 30°C

Experiment -2%

(Phosphate buffer, piH » 8,07 total volume = 5,15 ml/0.2 ml blood;s A = 625 rm,

incubaticn time 30 mins,)

sets Inhibd tox* 0.0, 4 0.D. % Inhibitiom Ig (M)
Conce (Mg) (Y)
Control 0 1,160 - -
1 18 1,120 0.04 3.50
2 30 1,102 0.058  5.0C
3 45 1,077 C.083 7.1C
4 60 1,083 0.107 9.2 4.13x10"3
-4 75 1,030 0130 11.20
6 90 0.992 0,167 - 14.43
7 120 0.938 0,222 19,13
8 150 0.914 O, 246 21.2C
*X = Log / Cocnc. of the inhibitor in mg _/
Regression constants Y= mX + C
C = «2l.28
m = 18.42
r= 0.938

0l<c



Experiment -3
Acetylcholinesterase inhibition in goat whole blood of Cl-24 at 30°C
(Phosphate buffer, pH = 8,0; total volume = 5,15 ml/0.2 ml blood plasmaj

A= 625 nm; incubation time 30 mins.)

Sets Inhibitox* CaDe A0,D % inhibitor (¥) Ig, 1)
Conc. (ug)
Comtrol - 04453 - -
1 1% 0,445 0.008 1,766
2 30 0,422 0.031 6,843
3 45 0.415 0.038  8.388 5,9967x19™3
4 60 0,404 0,049 10,817
5 75 0.399 0,084 11,920
6 90 0.387 0.066 14,569
7 108 0.379 0.074 16,335
8 120 0,374 0,079  17.439
9 150 0.364 0.089 19.647

*X = log /Conc. of the inhibitor in wug _7

Regressicn constants Y mX 4+ C
m= 17,6441
C = =«19,7711
r= 0,9883

\97T



Acetylcholinesterase Inhibition in goat whole blood of Bpw8 at 30°c

Exper -29

(Phosphate buffer, pH = 8,0s total volums = 5,15 ml/0.,2 ml blood plasma;
A= 625 nm; incubation time 30 min. )

Sets Inhibito. 0.D, AQ.Ds % Inhibition Iz, M)
9 (x)
Control - 1,015 - -
1 15 1,004 0,011  1.08
2 30 0.979 - 0.036  3.54
3 60 0.949 0,066 6,50 28, 93x10™>
4 90 0,913 0,102 10,04
5 120 0.883 0,132 13,00
6 150 0.861 0.154 15,17

* X= log / Conc. of the inhibitor in wmg _/

Regression ccnstants

s ¥
c
m
4

= mX 4+ €
-.16Q“

13.96
0.975

T9C



Exg:rimnt -30
Acstylcholinestersse Ihibiticn in goat whole blood at 30°C of Bf10
(Phosphate buffer, pH = 8,07 total volume = 5,15 ml/0.2 ml blood plasma;
A= 625 nm; incubation time 30 min.)

Sets Inhibitor* 0.D. AO.D % Inhibitiom Igo (M)
ccnes (Mg) (x)
Control - 1,072 - -
1 15 1,023 0,049 4,57
2 30 0.991 0,081  7.55
3 60 0.938 0.134 12,50 1,22 x 10”3
4 90 0. 905 0,167 15,57
s 120 0.830 0.242 22,57
6 150 0.778 0,294 27,42

* X = log / Conc, of the inhibitor in Mg 7
Regressicn constant : Y= mXK 4+ €
C= ~23,3
m= 21,62

= 0,946

€3
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Experiment -32

Acetylcholinesterase inhibition in goat whole blood of Bg=27 at 30°

(Phosphate buffer, pH = 8,0; total volume = 5,15 ml/0.2 ml blood plasma,

A = 625 nm; incubaticn time 30 mins, )

Sets Inhibitor* O.D, A O.D % inhibition Iso"‘"
Conce (Mmg) ) _

) § Control 0.276 - -

2 18 0.268 0.008  2.898

3 30 0.262 0.014 5,072

4 45 0.250 0.026 9,420

5 60 0.243 0.033 11,956 4.4789 x 10~3

6 75 0.236 0.040 14.493

7 90 0.233 0.043 15,580

8 108 0.231 0.045 16,304

9 120  0.228 0.048 17,391

10 150 0.222 0.054 19.565

* X = log / Conc. of the inhibitor in mg _7
Regressicn cocnstants s YumX +C

m= 17,6356

€= «19,2035

r= 0. 95883

G37%



Acetylcholinesterase inhibition in goat whole blood of BEDwl at 30°

Experipent - 33

(Phosphate buffer; pH = 8,07 total volume = 5,15 ml/0,2 ml blood plaswa;

A = 625 nm; incubation time 30 min. )

Sets Inhibitor* CeD. AO,D % Inhibiticm Ig, (M)
Conce, ( mg) x)
Control - 1.015 - -
1 15 0.999 0,016 1,57
2 30 0989 0,026 2,56
3 60 0.974 0,041 4,03 4.09 x 10™3
4 90 0.941 0,074  7.29
5 120 0.933 0.082 8,07
6 150 0.929 0.086 8,47

* X = log £ Conc. of the inhibitor in ug_/

Regression constants

YumX + C

Cm
me=s
rw

3T



Expeariment - 34
Acetylcholinesterase inhibition in Goat whole blood (AChE) of BD=-5 at 30°%
(Fhosphate buffer, pH 8,0; total volume = 5,15 ml/0.2 ml blood; A = 625 nm;
incubation time 30 min.)

Sets Inhibitox* Ooh A0.D % Inhibition Ig, (M)
Conce (Mg) x)
Control - 0. 998 - -
1 18 0,803 0,195 19,54
2 30 0.755 0.243 24.35
3 45 0.708 0.290  29.06 10,72 x 107>
4 60 0. 663 0.335 33,57
5 75 0.617 0.381 38,18
6 90 0.5¢8 04430 43.09
7 105 0.521 0.477 47,60

* X = log (Conce. of the inhibitor in /,Lg)
Regression constants Yami+ C
C=w22,2767
m = 32.8057
r= 0. 9625

197
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Experiment - 35

Acetylcholinesterase inhibition in goat whole blood of
BD=9 at 30%

{Fhosphate buffer; pH = 8,0; total volume = 5,15 mi/0.2 blood
plasma; )\ = 625 nm; incubation tims 30 min),

Sets  Inhibitor® OD. AOLD % inhibition ’50“‘“’
Conc. (MUg) (¥)
Control = 1,072 - -
1 18 0.979  0.093 8.67
2 30 04959 0113  10.54
3 60 0.938 0,134 12,50 1,18%x10"3
4 90 0.873  0.199 18,56
5 120 0,830  0.242 22,57
6 150 0,739 0,333 31,06

* X m log / Conce cf the inhibitor in ug _7

Regression ccnstents ¢ Y= mX + C
m= 19,80
C = «17,80
r= 0,89
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Experiment —3°

Acetylchclinesterase inhibition in goat whcle blood
of BD=28 at 30°C

{Phosphate buffer; pH = 8,07 total volume = 5,15 ml/0,2 ml
blood plasma; A = 625 nm; incubation time 30 min.)

Sets mMmhibitor* 0.D A O.D % inhibitionm Ig, M)
Conce (g) (¥)
Control - 1,016 = -
1 0,668 0,971 0,045 4.43
2 1,336 0,926  0.090 8.86
3 2,004 0.885 0,131 12,89 1,409x10™5
4 2.672 0.840 0,176  17.32
5 3.840 0.793 0,223  21.95
6 4,008 0.748 0,268 26,38
7 4.678 0.697  0.319 31,40

*X = log /Concs of the inhibitor inug 7

Regression constants ¢ Y= mX 4+ C
m= 31,034
C= 178.45
r= 0,9567



Acetylcholinesterase Inhibition in Goat whole blood

Experiment -3 7%

of BD~29 at 30°%
(Phosphate buffer, pH 8,07 total volume = 5,15 ml/0.2 ml blood
plasma, )\ = 625 nm; incubation time = 30 mins,)

270

Sets Inhibitdr Log inhibitor O,D. AGC.D % 15, (M)
for conec, Conec, (X) inhibition
x 1060M) (¥)
Control =~ - 1,221 ~ -
1 1,941 =-5,711 0.881 0,340 27.27
2 3.883 -5,410 0.358 D.363 29,73
3 5.828 =-5,234 0.832 0.389 31.86
4 7,766 -5,109 0.801 0,420 34,40
5 9.708 -5,012 0.778 0.443 36,28 4. 16x10"5
6 11,650 ~4,933 0.753 0.468 38,33
7 13,592 «4.866 0.723 0,498 40,79
8 15.534 -4,808 0. 689 0,532 43.57
9 17.47 -4, 757 0.657 0,564 46.19
Regression constants ¢ Y= mX + C
C = 133,49
m= 19,061
r= 0. 9569



ngerimnt - 38

Effect of C}»6 on growth of H. oryzae

271

Concentration Pexrcentage of inhibition over control after
(po/m) 24 hours 48 hours 72 hcurs 96 hours
20 100 98,0* 92,5¢* 84,7*
10 87.2% 80,2* 75.2% 70, 0*
5 72.2% 6442% 58, 0% 52,2%
2.5 57.5% 48, 2% 39,7* 33.4*
1.25 43,2+ 31.0* 22,5¢% 15,5%
0.625 28, 2% 16, 5* 13,2% 6.2
EDgg (Mmg/ml) 14.74 18,96 21.68 28,18
EDg, (Mg/ml) 1.74 2,72 3.69 4,79
Regressicn ccnstants : Y= mX + C
mm= 48.530 53.380 58,580 58,460
Cm= 384290 26,780 16,730 10,230
r= 0o 599 0.999 0.999 0,999

* Data used for regression analysis



antifungal activity c¢f Cls10 against H. cryzse
(grcwth inhibition methed)

Experiment - 32

272

Concentration Percentage inhibition over ccntrol after

(pra/ml) 48 hrs. 72 hrs. 96 hrs. 120 hrs.
12,0 100 100 100 100
6.0 120 100 100 264 50*
3.0 100 96,40* 86,60* 80.44*
1,50 34, 50* 83.89% 794 33% 63.75*
0475 72,82* 664 768% 60,80* 47.12%
0,375 55,23* 48,64* 42,28% 30,49%

EDgg ([Kg/ml) 1.56 2,64 3.78 S5e 57

EDg, (/Lg/ml) 0432 .38 0.48 0.85

Regressicn constants ¢+ Y= mX + C

m= 65,23 53.28 50.33 54.93

C= 82.34 75.57 65,97 53.99

r = 0. 269 0. 991 0. 966 0.990

*Data used fcr regression analysis.
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Experiment - 40

Effect of Cle24 on growth of H., oryzae

Concentration Percentage of inhibition over control after
( ," 9/ml) 24 hours 48 hours 72 hcurs 96 hours
40 100 100 180 100
20 100 93.18* 77.27* 64.58 *
10 63,63~ 77.27* 65.,83* 56,67 *
5 54,54 * 68,33~ 56.25* 49,25*
2,5 50,00* 40,00~ 35,42* 31.34
1.25 45,45« 33.33~ 28,12 % 224.39*
EDyg { /Aq/ml) 465,4968 21.0724 49,1050 118,8796
EDg, ( ,tg/ml) 2.3711 2,8889 4.3517 6.9243

Regression constants ¢ Y= mx + C

m= 19,6252 52,1448 42.7569 36,4452
Cm 42,6416 25,9749 22,6927 19.3723
= 0.9827 0.9829 0.9897 0,9871

*Data used for regressicn analysis,
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Experiment - 4|

Antifungal activity of Bf=6 against H. oryzaze
(growth inhibiticn method)

Conc, cf the Percentage of inhibiticn over control aftexr
compound . .
( Jox /ml) 24 hrs. 48 hrs. 72 hrs 96 hrs
20 100,00 100,00 96, 20* 91,35
10 88, 00* 82, 25% 77.00% 72,50*
5 74.00% 684 45% 61.30* 54.00*
2,5 58, 50* 47.00% 42,00%* 36.30%
1,25 46.50% 35.00* 28, 00* 18,75*
0.625 32,25% 24,00* 16, 00% 9,35
EDgg = (pg/ml ) 15,00 18.82 23,43 24,16
EDgy = (mg/ml) 1,52 2.35 3.14 4.24

Regression constants §: Y= mX + C

C= 41,65 31.51 24,33 12,65
r= 0,998 0.992 0.996 0,999

»

Data used for regression analysis.



Experiment - 42

Antifungal activity of Brel0 against H. oryzae (growth inhibition method)

Conc, of the Percentage of inhibition cver control after

compound (4-g/ml) 24 hrs 48 nhrs 72 hrs 96 hrs
20 100,00 120.00 94, 00* 86.,20%
10 90, 50* 82.75* 77+ 50% 69, 00*
5 79, 00* 70, 00* 65, 50% 57.00%
2.5 69, 50% 58,00% 52,00% 46, 00*
1.25 57.75% 46,50% 40,00* 35, 40*
0.625 38, 00* 30,25¢% 24, 00* 14,20%

EDgg = (mg/ml) 10,13 18.90 23.99 51437

EDgy = (mq/ mL) 1.00 1.66 2,27 3,15

Regression constants § Y= mX + C

m= 44,76 42,68 43.99 37.13

Cm g 49,98 40.51 34.29 37.48
rs= " 0.995 0,998 0.993 0.999

* Data used for regression analysis.

YA



g_cgeriment -43

Effect of Bg-24 on growth of H., oryzae (growth inhibition method)
Concentration Percentage of inhibition over control after
( 1g/ml)
24 hours 48 hours 72 hours 96 hours
50 100 100 100 100
25 20,83 ¥ 88.33* 73.33% 63.71 %
12,5 71.67* 61,66 * 54.68 * 41.79*
5 63.63* 56467 43.23* 34,32%
2.5 54,54°* 46,67 * 35.42° 26,12 ¥
1.25 36.367 32,29° 22.92 19.,40*
Engs( a/ml) 37.2608 53,6609 123,0332 376,4833
EDSO( g/ml) 2,4212 3,5575 7.0833 14,0610
Regression constants ¢ Yeu mX 4+ C
m= 37.9037 38,1839 36.2966 31.5186
Cm= 35.4437 28,9549 19.1393 13.8161
rm= 0,9817 0.9622 0.9880 0.9624

* Data used for regression analysis.

2.7G



Experiment - 44
Effect of Bf=27 on growth of H. oryzae

Concentration ‘ Percentage of inhibition over control after
(¢ 9/ml) 24 hours 48 hours "~ 72 hours 96 hcurs
50 94,17 * 83,33 * 63.83 * 43,43 ~
25 75.83 * 70,45 * 54,54 > 38,33 *
12.5 63.63 * 54, 54 * 45,45 « 33,33~
[ . 56,28 * 47.92* 40,91 + 31.67*
2.5 45,45+ 40,00 * 36.36 « 26467 *
1.25 35.42* 33,33+ 27.27* 23,33 *
EDgg{ p 9/ml) = 73.8835 164, 6996  1963.8131 1.2662 x 10°
EDgy (1G/ml) = 3.5734 5.4418 | 14,1446 217.5413
Regression cocnstants s Y= mX + C
m= 34.2085 30.3859 21,0034 11.9523
C= 31.0798 27.6438 25.8337 22,0610
re= 0.9860 0.9812 0.9870 0.9883

* Data used for regression amalysis.

2Z
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Experiment - 45

Antifungal activity of BD-1 against H. orysae
(growth inhibition methed)

Conce. of the ccmpound Percentage of inhibition over
(mg/ml) centrel after
48 hrs. 72 hrs.

2000 100 100
1600 100 e1*
1200 76*% 62*
1000 62% 49*

800 47+ 33*

600 21* 12%¥
ED95 = (M g/ml) 1479,10 1905.46
EDSO = " 831,76 1000.00

Regression ccnstants 3§ Ya mX + C

ms= 1800353 1611785
C= =477.837 -436,015
r= 0.298 0.999

*Data used for regression analysis,



Experiment - 46

Antifungal activity of BD=5 against H. oryzae
(growth inhibition method)

Aa

Conc. of the Percentage of inhibition over ccntrol after

ccmpound (. g/ml)
48 hrs 72 hrs
2000 65% S22
1600 50* 40*
1200 33 21*
1000 21* 11*
800 0 0
600 0 0
EDgg = (ug/ml) 3162,27 3981,07
EDSO = " 1548.81 1905.46

Regression ccnstants ¢ Y= mX + C

m= 143,968 137.866
C= ’ -410.,170 ~402, 246
rm= 0.298 0999

* Data used for regression analysisge
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Experiment -~ <47

Antifungal activity of BD-9 against H. oryzae (growth
inhibition method)

Conce of the % of inhibition over control after
compound (A g/ml) 5h ¥2h
2000 100 100
1600 100 100
1200 100 100
1000 97* 86»
800 8gw 69*
600 T2* 49*
400 57*% 23
EDgg = (#4g/ml) 933,25 1148.15
EDgq = (49/ ™) 338.89 588,84
Regression constants : Y-mX + C
m= 101,979 156,760
Cm ~208,826 =384,922
= 04977 04999

* pata used for regressicn analysis.
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Experiment - 48

Effect of BD=25 on the growth of H. oryzse

Concentration percentage of inhibition over control after
(p 9/ml)
24 hours 48 hours 72 hours 96 hours

500 100 100 91, 5% 84,6*
400 100 94, 5* 7944* 71.2%
300 92,4* 83.,0% 64,6* 49,3*
250 B4, 6% 78, 4* 49,0* 39,5*
200 71,8* 60, O 23,0 15, 0%
150 54,0* 44, 2* 11,5% 4,0
100 33.,2* 22,1% 2,6 0

50 10, 5% 3.8 0 0
EDgg (f+a/ml) 338,80 422,08 546,35 598,15
EDg, {4tg/wml) 127,70 153.85 257,23 315,82

Regression ccnstants Y= mX 4+ C

m= 106,360 102,670 137,550 162,24
Cm= -174, 040 ~174.550 ~281, 540 =355, 51
r= 0.990 0.993 0,987 0, 9¢

* Data used for regression analysis


file:///3sed

282

Experiment ~ 49

Antifungal activity of BD-29 against He oxysas
(growth inhibition method)

Conce of the Percentage of inhibition over contrcl after
compcund

(#+9/ml) 24 hrs 48 hrs 72 hrs 96 hrs
400 100 94, 3% 89, 6% 83.0%
300 93, 4% 85,3 81,9+ 77.2%
250 86.2% 79.6% 75,0 68,2+
200 75.8% 674 9% 62, 6 55, 0%
100 64, C* 51, 6% 42,9+ 29, 4%
50 47.5% 26,0% 15,3+ 3.1
25 24. 64 3.9 0 0
EDgs (Mg/ml) 373,76 424,24 42640 483,90
EDgq (p-g/ml) 59,14 96,35 127.63 165,82

Regressicn constants § Y= mX + C

m= 56420 69490 85,97 96,75
Cm= =49, 58 =88, 57 =131.05 =164.75

* Data used for regression analysis.
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y_mrimi 50

Effect of Clm6 on the growth of Pyriculeria oryzae

Concentration Percentage of inhibition over control after

(g /mt ) 48 hours 72 hours 96 hours 120 hours

12 100 100 100 100

6 100 100 §89,2% 84,2%

3 93.3* 80, 5* 72.6% 64,0%

1.5 74,5* 68,3* 554 6% 43,8*
0,75 55, 6% 48, 5% 38.1% 23,7
0.375 35,8% 26.6% 15.3% 5,04
EDgg (rg/ml) 3.18 4.71 6.96 8.71

EDg, (prg/ml) 0,61 0.84 1027 1.85

Regression constants 3§ Y= mX + C .
m= 62.638 60,299 61,033 66,924

C= 63,503 54.437 43,558 32,044
I'= O. 999 00998 00 999 o‘ 999

*Data used for regression analysis.



284

Experiment - 5|

Antifungal activity of Cle10 against P. oryzae (growth
inhibition method)

Conce ©f the Percentage of inhibition over control after

compound (Mg/ml) 4 hrg, 72 hrs 96 hrs 120 hrs,
12.0 100 100 100 91,95*

660 100 100 88, 75* 75, 00

3.0 95,50* 86, 75*% 784 50% 584 75%

1.5 85,25* 74435* 63.20% 42.00*

0.75 70, 00* 56, 00* 44,75* 22450%

0,375 50, 75% 38,75% 24,35* 12,35%

EDgg (M g/ml) 2463 3.99 6494 14,03

EDg, (/\Lg/ml) 0.33 0.58 0.98 2.08

Regression constants s Y= mX + C

m= 49.66 53094 54.10 54032
C= 74.10 62.59 50433 32,69
r= 0.988 0.937 0,992 04997

* Data used for regressicn analysis.



Experiment -52

Effect of Cle24 on the growth of P. oryzae

Concentration Percentage of inhikition over contrcl after

(pmg/mt) 48 hours 72 hcurs 96 hours 120 hcurs
40 100 100 93,18 88,33 ¥
20 100 94.54 * 83,33 70.45 *
10 79,54 * 72.73% - 71.67 % 59,09 *
5 63.63+ 614,66 * 58,87 * 52,24 *
2,5 544 54 * 43,43 41,67 * 35,41 %
1.25 45,45 * 36,36 * 31.54* 23433 %
EDgg (pmg/ml) 29,7342 24.3360 39.4988 65.8541
EDg, ( /~g/m1) 1.8062 2,8592 3.,4155 S.4143

Regressicn constants 1 Y= mX + C

ma= 36,9916 48,3872 42.3280 41.4730
Cm= 40,5019 27.9233 27.4198 19,5777
rs= 0,9889 0.9874 0.9967 0.5941

*Data used for regression analysis,



Antifungal activity of Bp=6 against P. cryzae
(growth inhibition methoé)

Experiment - 53

286

Conc, ©of the Percentage of inhibition over ccntrcl after
‘f?‘“‘g’%ﬁ‘} 48 hrs. 72 hrs 96 hrs. 120 hrs.
12 100,00 100,00 100,00 100,00

6 100,00 100,00 100,00 93,40*
3 100,00 96,20% 88,60* 82,00*
1,5 93.50% 84, 00% 724 50% 62, 60%
0,75 78.00* 65.40* 51.60% 43,20*
0,375 54,40 48, 00* 42,30% 36,00*
EDgg = (Mg/m!) 1,51 2.31 4.11 6023
EDgn = (pg/ml ) 0.30 0. 41 0,58 0.82
Regresslon constants s Y= mX 4+ C
r = 0.99 0.99 0. 99 OQ 99

*Data used fcr regression znalysis.
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Experiment -55
Effect of Bp-24 on the growth of Pyricularia oryzae (growth inhibition method)

Concentration Percentage of inhibition over control after
48 hours 72 hours 96 hours 120 hours

50 100 90,83 81.82 72.73

25 81,82 78.33 68433 54,54

12.5 72,92 61,66 54.54 43433

5 63.71 56.25 45.45 33.33

2.5 51,61 41,79 36,67 23,95

1.25 38.71 29,17 23.95 18,66
EDgg{m g/ml) = 58.0534 69. 5347 143.0292 358.8513
EDg, (ug/ml) = 2.3710 4.4737 7.0103 14.8522

Regressicn constants 1 Y=mX + C

m e ' 32.4001 37.7665 34.3594 32.5351
Cm= 37.8518 25.4265 20,9409 11.8756
r= 0,9921 0.9301 0,9937 0. 9821

* Ista used for regressicn analysis.
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Experiment -5¢
Effect of Bp~27 on the growth of Pyricularia oryzae

Concentration Percentage of inhibition over control after
("‘3 / 'mL) 48 hours 72 hcurs 96 hours 120 hours
50 100 88,33 ~ 71.64 * 65,83 ~
25 81,82« 75.83 * 62.50 ¥ 54,54 *~
12.5 72,73 % 63.63 * 52,24 * 41,67 *
5 63,54 56,25 41,79 ¥ 35.82 ~
2.5 52,277 43,33~ 36,36 28.35 *
1.25 38,33~ 31,34 30,00 ¥ 26,12 *
EDQS( pg/ml) = 58,2890 85,6927 458, 0207 1092,6083
EDgq(ptg/ml) = 2.3713 4.0770 8.5692 16.5631
Regression constants = Ys mX + C
mm= 32.3612 34.0238 26.0425 24,7345
Cm 37.8545 29,2339 25,7039 19.8451
rm= 0.9910 0.9946 0.9942 0,9737

* Data used for regression analysis.

68T



2.2C

Antifungal activity of BD-1 against Ee oryzae (growth
jphibition method)
conce ©f the Percentage cf inhj,bition over
compound (peg/md) control aftex - ———
48 hrs 72 hrs
'500 72.41% 63426 "
400 62.05” 54,08°
300 53.44 " 44,89
250 44.82° 40, 50"
200 36450" 26,537
150 | 27.50" 18436"
100 17.24" 14.28*
50 | 13.79* 10,20
EDgg = (/‘“d/T"L) 977.23 1122.01
EDgg = (,ua/mt) 269.15 338.84
Regression constants 1 Y= mX+ C
n= 80,328 860680
C= -145.87 -169.942
r = 0,995 0.992

/“""f e

« Data used for regression analysise




Experiment - 58

Antifuncal activity of BD=5 against P, oryzae (growth

inhibition method)

291\

Percentage of inhibitiocn cver contrcl after

Conc. of the
compound
(1g/ml) 48 hrs 72 hrs
2000 100 100
1600 100 100
1200 92* 81*
1000 T3 63w
800 51 45+
600 24> l6»
EDgg = (4 g/ml) 1230,26 1380,38
EDg, = (x.g/ml) 776424 831.76
Regression constants 3 Y= nmX ¢+ C
m= 224.361 212.475
C= =-528,500 ~-572.366.
r= 0.998 0,998

* pate used for regression analysise



Experiment - 59

292

antifungal activity of BD=-9 against P. oryzae (growth inhibition

method)
Conce of the % of inhibition over control after
compound (M g/ml)
48 h 72h
500 78,90% 684 50*
400 68, 74* 594 61*
300 58, 06* 47, 50*
250 49,75* 38,46%*
200 39,15% 30,75%
150 26425% 17.07*
100 10,80% 84,75
50 6.65 5450
EDggm (eg/ml) 707.94 891,25
EDgq = (mg/mL) 251,18 316,22
Regression ccnstants ¢ Y= mX 4+ C
m= 99,177 98,533
C= -188, 096 -196,445
r= 0.999 0,999

* Data used for regression analysis,
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Experiment - 60

Effect of BD=25 on the growth of P. oryzae

Ccnce Of the % of inhibition cver ccntrél after

compound

(#g/m1) 48 hrs 72 hrs 96 hrs 120 hrs
200 100 100 100 100
150 100 100 100 96,6
100 100 97.7 86.4 72.2
50 96,5 80,0 74.8 5847
25 82,4 68,43 58,3 51,4
12.5 55,0 49,4 39,0 28,5
5.0 34.5 26,6 12,8 4,7

EDgg (M g/ml) 41,78 85,94 122,63 146.29

EDg, (4g/ml) 9,03 12,60 20,11 24,13

Regression Constantss Y=2mX + C

m= 67,636 83.970 57.320 57. 500
C= ~14.642 ~9.390 -24,720 -29,500
ra= 0.996 0.995 0,995 0,998
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Experiment ~ &1

Effect of BD=29 on the growth of P, oryzae

Concen. of % of inhibition over control after

the campound

(4 g/ml) 45 hrs 72 hrs 96 hrs 120 hrs

200 100 100 100 100

150 100 100 100 9065

100 100 98,8 96,0 82,0
50 99,5 84.2 78,2 63,5
25 73.2 66.4 60,0 45,2
12,5 54,6 49,5 43,5 29,4
5.0 32,2 27.2 15,5 8.2

Engs(,ag/ml) 59,63 78,24 89,71 183,53

EDsa (g/ml) 10,15 12,65 16,55 28,13

Regression Constants ¢ Y= mX + C
m= 58, 58 556,88 61,52 55,25
Cw= ~8492 -12,70 -25.,14 | «30,07
rm 0,999 0,999 0,994 0,998



Eempterature = 30°C)

Che

X nt -6

Hydrolysis of Cl=6
(pH 11.85, 0.0095(M) NaOH (in 50% ethanol), Initial ccncentration C_ = 5.7519x10™% (M)

A c
(am) Time Q.D. Ce (M) log xhyd Average '1‘!5 (hr.)
(hcur) c 28""‘ xh
o "t -1 yd
(min"*) (min-1)
v 0.19 - -
294 240 0.31 0.46x10™% 0.03620 04579%10™>
0 0.08 - -
298 240 0.22 0.451x10™% 0.0355 0.567%10™° 0.567x10™> 2021
0 00 06 - -
300 240 0.21 0. 442x10™4 0.03472  0.555x10™>

6T



Exggrimentvsg

Chemical hydrclysis of compcund Cl=10 pH 11,85, 0.0095(M) NacH (in 50% ethancl.
Initial ccncentration Co = 7.5063 x 10'4GM). Temperatures 30%

A -d c 6 -l 6 -l
(nm) Time OsDa €y X 10 (M) log ~o 10 Khyd(min ) 10 xhyd(min ) T,!(hrs)
{hrs) C Zt
o ( Rvemge)
0 0.79
292 240 0.94 0903 0. 055 8.91
4] 04 56
294 240 0.76 0,501 0.056 8.86
0 0.32 8.85 1305
296 240 0.57 0.901 0, 056 B.86
0 0,17
298 240 0.45 0.89 0,054 8.77

9070C
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Experiment -65
Chemical hydrolysis of CL~24 in 9.5 mM NaOH in 50% Ethanol (pH 11.85) at 30°%C
N= 298 nm; € (for chloro saligenin) = 3483; C_ = 1.4408 x 107 ()

2 —C s
ww” .Wﬁv Ce M C, x 10 (M) log noo - nE&ﬁa»w )
1. 2 0. 002 0.0057 0.0017
2. 5 0.010 0.0287 0. 0087
3. 8 0.019 0.0545 0.0167
4. 10 0.022 0.0631 0.0195 5.7575 x 10~
5, 12 0.031 0.0890 00277
6. 15 0.040 0.1148 0.0360
7. 20 0.054 0.1550 0. 0494
8. 25 0.066 0.1895 0. 0612
9. 30 0.080 0.2297 0.0754
10, 35 0.087 0.2498 0.0827
11 40 0.094 0.2699 0.0901
12. 45 0e114 0.3273 0.1119

Regressicn constants ¢ Ye mX + C
m= 0,0025
C = =0,0028
r=m (09969

g67e



Experiment = &6
Chemical hydrolysis of Cle24 in 9.5 mM Na®H in 50% ethanol (pH 11.85) at 30%

A= 300 nm; € (for chloro saligenin) = 36557 C, = 1.4408 x 104 (M)

4, . C -l
sl. Time 0.D. Ce x 10°(M) Honno..n«m Kpoq (min™")
1. 2 0.004 0.0109 0.0033
2. 5 0. 009 0. 0246 0. 0075 :

3. 8 0.017 0.0465 0.0142
4. 10 0.031 0.0848 0.0263 5.7575 x 10~
5. 12 0.034 0.0930 0.0290
66 15 0. 041 0.1121 0, 0352
7. 20 0.058 0.1587 0, 0507
8. 25 0.070 0.1915 0. 0619
9. 30 0.079 0.2161 0.0706
10, 3s 0.090 0. 2462 0.0814
11, 40 0,107 0.2927 0.0986

12, 45 0,119 0.3256 0,1112

wmmﬂmuung.ooumngﬂu s Y= m + C
m= 00,0025
C = «0,0023
r= 0,9976

66T



Experiment - 67

Chemical hydrolysis of compound Bp=6. pH 11,85, 0,0095(M)
NaOH (in 50% ethanol). Initial concentration C, = 0.994 x 107 (M),
Temperature 30°C.

A Time QeDe C, (M) log Co Average T, (hr.)
(nm) (hour) t CoCs Khyd-d Knya g
0 0.040 - -
294 24 0 =4 .\ -4
0 238 0.,882x10 0,348 1.515x10
0 0.050 - -
298 240 0270 0.877310‘4 0,929 1.485:(10-4 1.489310‘4 77.5
-d -
300 240 0. 280 C.374x10 0.218 1.467x10

00¢



Experiment - 6%

Cherical hydrolysis of Corpound Br=-10. pH 11.85, 0.0095(M) NaOH (in 50% ethanocl). Initial

cocncentration, Co = 3.671 x 10

(M), Temperature 30%.

. T
Time Ce De c, (M) log (") Average _ T, (hr.)
(rm) (hour) t o<, !S‘Yd‘_l Kppg (min™") g
(min *)
o 0019 - -
294 240 0.38 0.892x10"%  0.120 1.91 x 10™>
0 0.11 - -
298 240 0.319 0.771 x 10~% 0.102 1.63x10™> 1.72 x10™° 670
0 0.101 - -
300 240 0.322 0.772x10"%  o0.102 1.63 x 10~°

10%



Experiment - 69
Chemical hydrclysis of Bf~24 in 9,5 mM NaOH in 50% Ethanol (pH 11.85) at 30°%

A= 294 nm ; € (for Bromc Saligenin) = 2646; C, = 6.7164 x 10'4(!4)

s1. Tine min OuD. c, x 10%m) Log c: - (¥) Khyd(min'l)
1. 2 0.05¢  0,2041 0.0134

2. 5 0.068  0.2570 0.0169

3. 8 0.080  0.3023 0.0200

4, 10 0.088  0,3326 0.0220 6.9050 x 10™>
5, 12 0.140  0,5291 0.0356

64 15 0,175  0.6614 0.0450

7. 20 0.251  0.9486 0.0661

8o 25 0.298  1.1262 0, 0797

9. 30 0.31¢  1.1866 0.0844

10. 35 0.380  1,4361 0.1045

11. 40 0.440  1.6629 0.1235

12, 45 0.485  1.8329 0.1384

Regression constants §s Y= mX 4+ C

r= 00,9944

T 0%



Experiment - 70
Chemical hydrclysis of Bg=24 in 9.5 mM NaCH in 50% Ethanol (pH 11.85) at 30°%C

A= 298 nms € (for Bromc salicenin) = 3009:; co = 65,7164 x 10"40.;)

ry
3(1:: Time (min) Os D Cy % 10 (M) Log 'c':-'-'g';"’ thd (min—1 )
1. 2 0.038  0.1263 . 0.0082
2. 5 0.049  0.1628 0.0106
3. 8 0.059  0,1961 0.0129
4. 10 0,066  0,2193 0.0144
5. 12 0.149 0, 4952 0.0332 7.3596 x 103
6o 15 0,209  0.6946 0.0471
7e 20 0.270  0.8973 0. 0623
8 25 0.334  1.1100 0.0784
B, 30 0.375  1.2462 0.0891
10. 3s 0,436  1.4490 0.1055
11, 40 0.464  1.5420 0.1133
12, 45 0,559  1.8577 . 0,1406

Regression constants 3§ Y= mX 4+ C
m= 0,0032
C = =0,0054
r = 0,9916

£0¢



Experiment -7/
Chemical hydrclysis of BR-24 in 9,5 mM NaCH in 50% Ethanol (pH 11,85) at 30°C

M= 300 nm ; € (for :romo Saligenin) = 3132; C, = 6,7164 x 10~4 (M)

_ ' 3 -1
§i: Time (min) 0D C, x 10" (M) Log :o - Ky, g (m407)
1. 2 0.033  0.1053 0. 0069
2. 5 0.042  0,1341 0, 0087
3. 8 0.083  0.2650 0.0175
4. 10 0.136  0.4342 0,0290
5, 12 0,188  0,6002 0.0406 65787 x 10™3

5. 15 0,225  0.7184 0.0491

7o 20 0.281  0.8972 0,0623
8 25 0,300  0.9578 0.0668
o, 30 0,373  1,1909 0, 0848
10. 35 0,443  1.4144 0.1027
11, 40 0.497  1,5858 0.1170
12. 45 0.527  1.6826 0.1252

Regression Censtants 3§ Y= mX + C
m = 00,0029
C= 0,0003
r= 00,9943
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Experiment - 75
Hycxclysis of BD=1 in phosphate buffer, pH 7.7 at 30°C

L A= 400 nm; € (for Senitro salicenin) = 14583; Initial conc.
cf the compound = 5,93 x 10™>(M) _7

2
5%

(o]
NCe tg.;,n) O« D log E;‘-'g:' l((x;\\z;'l)
YY)
1, 2 0. 022 0,0113
2, 7 0. 06O 0.0314
3 12 0.108 0,0579
4 17 0.136 0, 0747
5. 22 0.174 0.0975 4,065 x 10>
6. 27 0.207 0.1192
7 32 0.230 0.1343
8. 37.5 04260 0.1553
94 42 0.285 0,1736
10 47 04320 0.,2007
11. 52 04340 0.2169
12, 57 0.355 0.2295
13, 62 0.385 0.2558
14, 67 0.415 0.2839

Regression equn. with regressicn ccnstants:
Yo mX + C
m= 4,065 x 10~
C = 0,0055
r= 0,999



Experiment -'76

309

Hydrolysis of BD=1 in phosphate buffer; pH 7.7 at 30°C

/ )\ = 410 nm; € (for 6=-nitrc saligenin) = 15451; Initial

ccnce of the compound = 5,93 x 1072 (M) 4

No. t(min) CeDs log “o K, .
(x) e (min=> )
(Y)
1, 3 0.036 0.,0175
2. 8 0,070 0.0348
3. 13 0,125 0.0636
4. 18 0,155 0. 0804
5, 23 0,197 0.1052
6. 28 0,222 0.1204 4,056 x 10™3
7 33 04 250 0.1383
84 38 0.285 0.1618
9, 43 0.315 0.1829
10, 48 0.330 0,1939
11, 53 0.370 0. 2246
12, 58 0,390 0.2408
13, 63 0.420 0.2663
14, 68 0.430 0.2933
Regression constants:
Y= mX + C
m= 4,056 x 10~
C = 00,0061



Experiment -74%

31C

Hydrclysis of BD=1 in phosphate buffer, pH 7.7 at 30°C

/” )\ = 420 nm; € (for 5-nitro saligenin) = 14757; Initial conc.

of the compound = 5,93 x 10™>(M) 7

—
No. t(min,) O De log ~o K
(X) Tt <mh§'1 )
(Y)

1. 4 0. 041 0. 0208

2. 9 0,076 0.0393

3. 14 0,125 0, 0669

4. 19 0,155 0.0846

5, 24 0.194 0.1087

6. 29 0,225 0.1291 4.158 x 103
7. 34 0.255 0.1495

8s 39 0. 275 0.1638

9 44 0.310 0.1899
10, 49 0,335 0.2095
11, 54 0. 370 02386

12, 59 0.375 0.2430

13. 64 0. 400 0. 2652
14. 69 0.435 0.2985

Recgression constants:

Y=mX + C
me= 4,158 x 107
C = 0,0059
r= 0,998
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Experiment -7g

Hydrclysis of BD=l in phosphate buffer, pH 7.7 at 30°C

[7\- 430 nm; € (for 5e=nitrc saligenin) = 12326; Initial conc.
cf the ccmpound = 5.93 x 107°(M) _7

c

Noe.  t{min) O, D log _To Ki.d
(x) CoCt (min™2)
(v)

1. 5 0,036 0.0220

2. 10 0. 065 0,0407

3. 15 0,108 0.0693

4. 20 0,139 0.0520

5. 25 0. 164 0,1105

6e 30 0.194 0.1338

7s 36.5 0.225 0.1601 4,221 x 103
8. 40 0.240 0.1728

94 45 0.260 0.1909

10, 50 0.280 042097

11, 55 04295 0.2195

12. 60 0.320 0, 2501

13. 65 0,340 0.2717

14, 70 0.380 0.3186

Regression constants
Y=mX 4+ C
m= 4,221 x 10"
r = 0,995
¢ =0-0028

3
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Experiment -9

Hydrolysis of BD=5 in Phosphate buffer, pH 7.7 at 30%

)\ = 400 nm, € (for 5-nitro saligenin) = 14583; Initial conc.

of the compound = 5,19 x 107> (M) 7

C
NO. t(Ti?) CeDe log a;fa; xhyd;l
(¥) (min ")
1, 3 0,015 0.0089
2, 8 0.027 0,0157
3, 18 0, 046 0,0271
4. 33 0. 060 0.0361
54 53 0,076 0.0458
6e 86 0,136 0.0865 1,911 x 1073
7e 123 04155 0.0994
8. 143 0.194 0.1284
9 201 0. 250 0.1741
10. 242 00290 02096
11. 255 0,300 042192
12. 270 0.315 042337
Rregression Constants 3 Y=u mX 4+ C
m= 8,300 x 10~%
C = 0,0078

r= 0,993



Experiment No,- 80

Hydroclysis of BD=5 in Phosphate buffer, pH 7,7 &t 30%

/A= 410 nm; € (for S5-nitro saligenin = 15451; Initial conc.

of the compound = 5,19 x 103 (m) 7

313

RCe t(min) 0uD. log C, K
&) 5;:3: (myijd)

(Y)

1 4 0,017 0.0097

2 9 0. 031 0.0174

3, 20 0.046 0. 0255

4. 34 0. 065 0.0370

5, 54 0.083 0. 0477

6. 88 0,142 0.0851 1,962 x 10™3

7. 124 0s167 0.1017

8, 144 0,215 0.1355

9, 202 0,270 0.1783

10, 243 04310 042122

11, 256 0.325 0.2256

12. 271 0. 340 0.2395

Regression Constants s Y= mX + C
-4

m= 8,519 x 10

r= 0,998
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Experiment - g,

Hydrolysig Of BDwS ip Phogphate butfer, PH 7,7 at 3o°c
L A= 420 oy < (for Senityc saligenin) = 14757, Initial conc,
of the compound o 5.19 x 10’5(14) 7

No. t(min) Ce D, log S5 xhw
(%) Co~Ce (mine1 )
(¥)

1. 5 0.018 0. 0102

2, 10 0.031 0.0182

3. 22 0. 050 0.0297

4. 35 0.065 0. 0388

5, 57 0.083 0.0501

6. 89 0,139 0. 0874 1.953 x 3¢9~3
7. 125 0.155 0.0981

8. 145 0.197 0.1293

9 203 0.260 0.1801

10, 244 0,300 0. 2158

11, 257 0.310 0. 2253

12, 272 0.325 0. 2398

Regressjion Constantg § Y= mx 4
M= 8,482 x 194
C= 0,0067
r= 0,998



Experiment Noe—R82

Hydrclysis of BD~5 in Phosphate buffer; pH 7.7 at 30°C

/[~ N = 430 nm; € (for S5-nitrc saligenin) = 12326; Initial conc,

of the compound = 5,19 x 10.5(!4)_7

No.  t(min CoDs Log o
((x)) ’ ST 2::"1)

(v)

1 6 0,018 0.0122

2 11 0.031 0.0219

3 24 0,043 0.0305

4 36 0,058 0.0412

5 58 0.081 0.0587

6 90 0.110 0,0825 1,998 x 10>

7 126 0.136 0.1044

8 146 0,167 0.1318

9 204 0.220 0.1830

10 245 0. 255 0.2208

11 258 0.265 0.2323

12 273 0.280 0.2500

Regression constant ¢ Y= mX + C

m= 8,674 x 10~

¢ = 0,0073

4



Experiment -3

Hydrclysis of BD=9 in phosphate buffer, pH 7.7 at 30°C

314

[ A= 400 nm; & (for 5enitro saligenin) = 14583 ; Initial
ccnce of the compound = 1,278 x 1074(M) 7
o
No. t(min) OeD. log _~o K yd
x) Eo Et -1
(min™ ")
()
1 2 0,161 0,0392
2 6 04320 0.0818
3 10 0.430 0.,1138
4 14 04580 0.1618 9,482 x
5 18 0.680 0.1970
6 22 0.769 002311
7 26 0.854 0.2660
Regressicn constants s Y= mX + C
3

mm= 9,482 x 10"
Cm= 00025
r= 0,998
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Experiment - 4

Hydrolysis of BD«9 in phosphate buffer, pH 7.7 at 30%

A= 410 nm; € (for 5-nitro saligenin) = 15451; Imitial
conc. of the compound = 1.278 x 10”4 (M) 7

c

No. tggin) 04 Do Log Ezga: ::{g&l)
(Y)

1 3 0,200 0.0463

2 7 0.375 0,0914

3 11 0.510 0.1297

4 15 0, 640 041700 9,714 x 1073
5 19 0750 0.2073

6 23 0.854 0.2458

7 27 0,939 0. 2802

Regressiocn Constantsg Ys mX + C
me 9,714 x 107
C= 00,0218

r= 0,999
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Experiment - 85

Hydrolysis of BD=9 in phosphate buffer, pH 7.7 at 3o°c

/~ A= 420 nm; € (for 5-nitro saligenin) = 14757; Initial
conce. of the compound = 1,278 x 10-40!) _7

No t(min 0.D. 10g %o
) iy = x”ﬁm“)

(v)

1 4 0,235 0,0577

2 8 0,385 0.0991

3 12 0,520 0,1400 9.857 x 103

n 16 0. 640 0,1799

5 20 0,750 042200

6 24 0,854 0.2616

7 28 0,921 0.2907

Regression ccnstants 3§ Y = mX + C
m= 9,857 x 1073
C = 0,0207
r= 0,999
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Experinment -86

Hydrolysis of BD=9 in phosphate buffer, pH 7,7 at 30%

[~ A= 430 nm; € (for 5-nitrc saligenin) = 12326; Initial
ccncs of the compound = 1,278 x 10"(!4) 7

No. t(min) Ce D. 1log o
(x) > ~a;:5t (min=1)
)

1 5 04230 0.0685

2 9 04350 0.1091

3 13 0. 470 0.1538

4 17 0.660 0.1906 9.713 x 1073
5 21 0650 0. 2309

6 25 0.730 0.2702

7 29 0.783 0.2980

Regression ccnstantss Y=mX+ C
m= 9,713 x 10™3

Cam 0¢0236
= 00998



Experiment - 87

Chemical hydrolysis of BD=25
{pH = 11,85, 0,0095(M) NaCM (in 50% ethanol)
C, = 5.53 x 10™> (M), temperature = 30°C

A -5 c -5
Molar Time OwDe C, x 107°(M) log o x 10
(nen) extinction  (hours) t T, *nya
comefficient ( m:l.n"l )
400 19020 240 0. 451 2.36 0. 242 3,86
410 20090 240 0.451 2.24 0.225 3.60
420 18180 240 0.370 2,03 0.199 3.17

Q%<
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Experiment - 88

Chemical hydrolysis of BD -« 29
C, = 3.10 x 1077 (n)

tempt. = 30°C

A -b c -l
c Time 0eDe CXx10"°(M) log “o lmahia )
(nm) (hours) e =
o ¢
400 19090 240 0.271  1.41 0.2662 4425 x 10°°
410 20090 240 0,250  1.24 002228  3.56 x 107>
420 18180 240 0.239 1,31 0.2396  3.83 x10™°
CeMes Tw &3 & sl
PR et

b e LY Tl de b



