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The work embodied in th i s dissertation i s related to the 

investigation on seme chlor(ybromo/nitro saligenin cyc l i c 

phosphoramidothionates and i^osphorothicasates with reference t o 

the ir synthesis , insect ic idal a c t i v i t i e s , chemical hydrolysis, 

anticholinesterase a c t i v i t i e s , antifungal a c t i v i t i e s , phytotOKicity, 

acute oral and delayed neurotoxicity, cytotoxici ty and other 

properties besides structure e luc idat io i s by chemical analysis 

and spectroscopic methods. 

CHAPTER - 1 (Fart Z) of th i s thes i s gives a brief introduce 

t ion of saligenin cyc l i c phosphates describing the chemical, 

biochemical, i n s e c t i c i c a l , fungicidal and other toxicological 

properties with special enphasis on sal i tnion (2«>methoxy<»4H»l, 

3,2->benzodiQxapho8phorin->2»sulphide) ciscovered in 1963 by 

prof* £to . Prof* Oshima and the ir co-workers of Kyuidiu University, 

Japan* Investigations have revealed that the bio logical a c t i v i t i e s 

of t)M»se compounos are greatly influenced by the exocyclic substi* 

tuents cm. the £^Oi^horus atom end also by the stibstituents in 

benzene ring eatid/or in hetero-cyclic ring. The bio logical a c t i v i ­

t i e s of these compounds may be attributed to the hetej^>»ring 

involving enol and benzyl es ter linkage* The alkylation reaction 

may be respCMasible for "SH-enayrae" inhiJoitlon and fimgicidal 

activity* The f^osphorylatlcn reaction i s responsible for esterase 

inhibit ion, animal tox ic i ty and insect io ioal activity* An exocyclic 



subst i tuoi t group a££ects physical and bio logical properties kqr 

virtue o£ i t s e lectronic and s ter lc characterist ics* Thus* methyl 

phosphorothlcnate i s useful as an ln8ectlciae# alkylanidates 

have systemic activity* alkylpho^horothionates have fungicidal 

activity* phenyl pho^honates have antif l l a r i a l ac t iv i ty aad 

aryl phos^^ates are neurotoxic and also haum synergist ic activity* 

I t was reported hy Prof* Eto ^id his co-workers that 

2-roetho3Qr*6»ni tro»4li-l, 3 # 2»bens odlox aphoiq;>horln*2">sulphide (B]>>8 ) 

was obtained as a paste after purification through s i l i c i c acid 

column chromatography and found to have about s ix ty tlsMis l e s s 

insec t lc lda l act iv i ty conpared to salithion* However* i t has been 

obMirved in this laboratory that the methoxy conpound (BI)*^) i s 

a so l id (Bwp* 64°CJ and has about l*5»2 tiroes greater oral 

Insect lc ldal act iv i ty to PerJplaneta americaaa (Lin*) than 

sa l i th ion (Das* B*K** D.̂ ^c. Thesis* Calcutta University* IS^D* 

These observatlcffis pronpted us to undertake a systematic inves t i ­

gation an some 6-chlorc/bromo/nltro sallgenin c y c l i c phoaphore-

mldothlonates an^ phosphorothionates* 

Alms and Objectives of these present investigation have 

been presented in CHAFTBR - 1 (Part - ZZ)* The work presented in 

CHAPTER -2 (Part I and Part II) of th i s thes is i s related to the 

investigation on some 2-all<ylamido/alkoxy*&»chloro/brc»nQ/nitro-

4lf-l*3*2-bei»odlQxaphos|:^orin«>2-sulphicto having tlm gsi^ral 

structure (A)* 
s 
It 
P-OR/H3?,-R2 Where, R̂ /̂Rj « Alkyl gro^p/w 

X m CI, Br, IIO^ 

^ = nikyl/fU'Kyl . 

(A^ 



Tha aXkoxy gro\;^8 asa loathQxy-^thcacy* iaq^cpCBcy acid 

^laaoxy; tha aUcylamldo groupa ara NtN^dlisobutyl antido, M#M» 

dibutyX ainido, N<»butyl msMo and N-haxyl amido* 

The abova inentioiied compô mda hava been prepared by 

condansation of the 5-chloro/bromo/nitro aaligenin with tim 

correaponding alkoxy/alkyl amido dichloridopho^horotniGnatea« In 

presence of potasalum cazbociate which acta as a dahydrogeii 

chloride agent* The N«4iexylamido (BR-27) and chloro/bromo 

derivativea of M,M-dibutylatRido (CL ÎO and BA*2.0) conqpounda are 

liquid* and the res t are sol id in oattire. 

The structuze of theae cc^npouada have been determiaed by 

chemical wialyaia and UV« JR, Mass, NMR apectral data* 

Tha coaracm IR bands for the compoisida aret 

1000-1070 cuT^ <a) P-O«C (alkyl) 

1165-1260 cm"^ (a) and 

875-950 ao*^ (s) P - ( M : (arylj 
• • 1 1515-1530 en (a) aaym* atr* of n l tro grotqp 
—1 1340-1345 <sm (s) aym* str* of n i tro group 

785-830 CBi*̂  P • S (I) 

645-665 cn*^ P - S (II) 

The coipoimds ahow parent molecular icxi (H^) peaks in 

the mass spectra* Fragcoentation by lo s s of *SH* radical i s 

iii^ortant* Conpouads show an ion diie t o (H —»*^)'*'# and i t i s 

the base-peak for some of the ccMspoutid* 

The experimental part on the bio logical and hydrolytio 

properties of the contpounds have been presented in Appendix* 



The isopropoxy compound (BX>»5) shows about 1*5 t ines , the 

methoxyethoxy lOsout 3«&»5 tiiaes greater insec t ic ida l act iv i ty 

ccitf)ared to Salithicn* but in case of chloro derivative oC H-

butylamido cc»T$>o\md (C]>>24} the insect ic idal ac t iv i ty i s alsiost 

similar to that o£ Selitiiion* The other ccnpounds are alraost 

siBiilar to that o£ salithicn* The other conpounds are almost 

insect ic idal* For Blow-fly sand Grasshopper* tim methoxy compound 

i s more active than salithicm* the isopjropoxy c<Hipound have sonMi 

insect ic ida l activity* the methoxy-ethoo^ ccmpovnd also have sons 

insect ic ida l act iv i ty on Grasshoppers* For /iphids the methoaqr 

con^oimd (BI>8) i s the most active and ph^noxy compound (BI>»9) 

has l eas t insect ic ida l activity* 

C< l̂>ared to salithicm a l l ccHn^ounds are l e s s toxic to rat* 

The isopropoxy conopound (Bl>»5) and methoxy cc^apouad (BD^} have 

greater tox ic i ty (^$0^ ^ cosqpariscsi to other compounds* The 

CL>»6« BRolO* Bli»24 aad BR«>27 should seme a^iparent toxic mynptcmB, 

some died within two months and the res t recovered soon* 

The histopathologic e l study of some orgois of confound 

treated rats* showed some toxic ef fects* The HfN^diisobutyl amido 

compound (CL-e) was used for the tes ts* The section of kidkiey 

shohwd enlar^^d* mildly dialated tubules with ruptured walls* 

The renal tubules were elongated* en lar^d lum«n« ruptured 

ep i the l ia l lining* The glomerulus were disorganised end Bowmen's 

capsules were very redu<MKi. The section of l i v e r showed the 

vacuoles* ruptured c e l l m^nbrenes* some c e l l s without nuclei* 

The sect ioas of intestine* lung ^ d spleen showed no toxic 

e f fects* 



CJRly four coBapounds (CL-fi, BR-6, BI>*5 and BI>-8) have 

studied for acute oral tox ic i ty and delayed neurotOKicity in 

hens* m those compounds BEMB i s the most toxic* Permanent 

paralysis in legs i s observed only in case of 8«N«»diisdbulyI 

ainido conpound (C]>6)« upcsn histppathological exminatioas 

dfMi^linaticn of s c i a t i c nerve i s found* m ottMir coiqpoisids* 

penuaxient paralysis i s not observed and tim histopathological 

observation of s c i a t i c nerves are normal* 

Acetylcholinesterase inhibition data shows that the 

ccM^ound &]>! (inethoxyHsthGKy} has highest end GL»6 (H*ii«» 

diisobutyl aniido) has lowest inhibitory act iv i ty for BFÂ aiS* In 

case of goat whole blood« the anticholinesterase act iv i ty oi ttm 

compound BD-25 (l9«N«>dii80bulyl eonido) i s highest and BR»6 (N«ii-

di isobutyl onido) i s lowest* 

The mtifuasgai act iv i ty study (by growth inhibit ion method) 

against g* orysee atid £• orvsaf indicate that the chloro ai^ 

brcMoo coi{{)Otaids show very good inhibitory e f f e c t s on the growth 

of both the f\mgl §• orygae and £• orwae^ their inhibitory 

e f f e c t s are altoost conpardble to that of Ediphenf^os (Hinosan)* 

The corig>ound8 are not phytotoxic to Xriticum spp* vp t o 

tkm coQcentration 500 ppm* 

The rate of hydrolysis of tim confound i s greatly 

influenced by the nature of the substituent at the 6^osit iQn 

of the bensodioxaphosphorln ring# i t i s observed that ttm 6<«hlQro 

sal igenin cyc l ic phosphor an idotnicnates are most stable and 

6»hrcm3 saligenin cyc l i c phosphorainidothionates are l eas t stable 

to alkaline hydrolysis* 



Tim work presented in GHhSTER • 3 i s tiM cytologicaX 

e f f e c t s of some Bsaticides on Plants and Animals* The main e f f e c t 

after application of the conpoimd N,N«>diisol>tttyl amido (CL»6)« 

Ediphei^hos (Hinosan) and Rogor were found in anephase s ta l e s 

of plant (root t i p s of onion) and the metapiiasa stage of animal 

(bone marrow c e l l s of mica)* Zn plants* d i f ^ r w i t typ« of 

e^kmtr&tionB were observed vis* laggards* chromosome bridge* s t icky 

chromosomes* tr ipolar and tetrspolar ^dMirrations etc* The e f f e c t 

in animal c e l l was studied in metaphase s t a ^ of bcne^aarrow c e l l s * 

the conservation showed scmm aberraticms* vis* formatic» of ring 

chromosome* breaks* gaps etc* 

The biological ac t i v i t i e s and other data Just i fy further 

examination of methoxy and isopropoxy coni^ovsidsas potential 

inMcticides and the chloro and bromo compounds as potential 

£ungicid«f. whetter the use of these cyc l i c fAioi^horus confounds 

w i l l protect the plants from pests and diseases in the f i e ld 

remains to be studied* m order to find out the chemical structure-

bio logica l act iv i ty relaticmship in these coinpounds we have to 

synthesixe several new ccai^ounds in which different groijp la t o 

be incorporated in different posit ions of the aromatic ring «id 

t o investigate the ir biological activity* Besides* structural 

eluSication in regard to the coiformatlon o£ thm dioxephoaphorin 

ring froiB temperature dependent NMR «»d Xf»ray crysta l structure 

would c lar i fy the chemical structure*antifungal act iv i ty roechaniwn 

(and/or esterase inhibit ion mechanism) so that the ir s e l e c t i v i t y 

of action can be known* thereby helping us to design se lec t ive and 

biodegradeble potential pesticide* 



o^if^vre'R - 1 



o»a o£ the most infportant c lasaes of p e s t i c i d a l 

substances i s t l ^ organophosphorus CQfflpo\mds« savara l new 

compouads o£ t h i s group possess insac t io ida l# aear ic idal* 

nematooidai* anthelmintic« i n sec t s t a r i l l i n i n g * fungic idal , 

hesbieidal# roden t ic ida l m^ o ther proper t ies* Htm systemic 

inifest igat ions of t h e i r f ts igieidal aa& b a c t e r i c i d a l p rqpe r t i e s 

were began a f t e r 1940* Owing to the wide d i v e r s i t y in tlusir 

p e s t i c i d a l a c t i v i t i e s , tl«ese organophcM^phorus ccmpouads have 

won epoch<»Ria3cing populari ty for use in f i e ld £» po t en t i a l p e s t 

con t ro l l ing agents . Discovery of saXithion cyc l i c phoiphate 

as a b io log ica l ly act ive nistebolite of tri«K>»cre8yl phosphate 

(TOCF) hflM led to extensive s tud ie s on syn thes i s , chemical 

tmd b io log ica l p roper t i es of mrniy r e l a t ed conpounds* 

in 1930 about ten thousand peqplA i n U. S.A* sifiEfered 

from a f lacc id p a r a l y s i s of the lower liiabs about 10 da^s 

a f t e r drinMng an adul tera ted f l u i d e x t r a c t of ginger (ginger 

jalos}^ . Ihi® was due to thu phosphate t r ies tasr of o^cresol , 

so ca l l ed TOOP, which ccotaroinated tha ginger ext rac t* The 

phosphate t r i e s t e r s of c r e sc l s have been widely used in i n d u s t r i e s 

as p l a s t i c i a e r s , lubr ican t s , so lven t s , o i l addi t ives and 

f i r e r a t a rdan t a , in Morocco a s imi l a r b ig outbreak took pl^ae 

in 1959 from cooking c i l contaminated with lub r i ca t ing o i l of 

t u rbo - j e t air^-craft engines* ' • 



Bevulta on liena ahowed that amweotxmlc trlaxyl 

phoas^atea* eieoept tsi«s>*ethyl i^ien/l phoaptiate* have at least 

one all^l g s o ^ earxying tim '^^^f^ogan aton on the ortho 

position (3*4) 

Thla strue^Biroi*f)eurotoxieit3r rela^ioiiahip of triaxyl 

phoaphafeea heoaiaa clearly ua<Ser8taii<3ii»le by the isolation and 

charareterisation o£ the active laatibolitea of TOCP in 19il^ ' ^ 

7he principal meti^olite (A) was o»tolyl aalignain eyelie 

phosphate (2*o»tolyloK]fi»4fl»l« 3*2«4>ensodio9c^hoaphorlii 2* 

Qxi<^>* It i s extraordinarily active in all the biological 

properti«« shoim 1^ TOCP i (A) was fli>cmt 100 times isore potent 

to ctmm ataxia in l^ns thm Toap« (A) was ten mlllicvi times 

more active than TOQP in tlie ^ vitro iahibiticm of plasma*-

c^olineaterase 
(7) 

CH CH CH3 Q CH >̂ 

Plasma albumm 

(A) 

tig* I I Het#>olie activation of TOCP 



Tim Gonvmsmlaa of TOCP into ths eyeXie phosphsls^ ' 

via «iro staps i s shown in Fig« U Tha Ix]r<3roacy2.atioii of ths 

mathyl gcotsp of TOCP LB affaetaa by tha mierososiai inonoQcygaaasa 

&iif o) ana than eyclisaUon i s f oliowad toy iatrasioleeular 

transi^^l^orylation oi: the intannadiata* di*o»tolyX »» 

(oC^̂ ydsroK/ tolyJl phosphBta# aiiminating one isolacuJ^ <̂  

exasol« Ordinarily tha lattar raaction i s a slow cmat but 
(8) 

gsaatly acealeratad 1^ tha pras^ica of piawaa albumia • 

i!hus i t looked rational to prasurat that tha triaryl 

phosphates hcirinQ (m o*al)tyl gxcvp with tha oC Hhtydrogan stem 

may be similarly !!Mitift}oli8ad to give tha oorrasp€»aidiiig active 

cyclic esters* in the cyclisatiaEi raaction« no alkyl ester 
rg) 

group participates as the leaving gro^p^ '• Actually ao aryl 
bat allqfl saligenin cyclic phosphate was £oxwm& ;^ vivo from 

allgfl di«>o»tolyl phosphates* Such nietabolie activation of TOCP 

or i t s analogs were ^served in rats # h«BS # cats 
(11) and inseclm • 

AS a result of the aioresaid research BMJSHlom i2m 

raethO9t3f»^i«>l«3«2«4b«n8odiO0eflQ;^O(^c^orii»»2*^ an orgwuo* 

phc^phojctis insecticide hairing an uniqiw cyclic ester struetttre 

was discovered by the pesticide research • group o£ Kyushu 
(12) 

miverslt^^**' in 1963. salithicm was developed into a coaiaareial 

insecticide in 1968 by Sumitomo chemical Co, of Japan. 

salithicn 



H»m wa gin* on aocouat of sali^iion and calatad 

eon^o\M6B as pestieiaas as wall as thalr chaaiistxy mati 

biodiaiBistsy* 

u fyiiUjitiAi M sfl4Sf»^ cyc^c p||otp|i9tipt tf^ffjt 

Xha eyolie phosi^ate and phospiioasta astass o£ saJLigania 

wbxm readily synth^^sisad by coaaansation o£ salifj^iiiiii snd 

8idt>stit»tftd ^Dosphoi^ldlAhlorides in tim presfmea of a 

dal^xoganohlorida agnrnt such as tartiaiy iraina in a diy 
(13) 

solvant lilGB ehlorofocro or toluaaa at low taaiparatiisa ^ '• Za 

sonie easas# ^^mxm tba reaetion was affaotad difficmlt^ by 

using tha tertiary andna* the re action was affa<tad by heating 

tha xaaction mixture for 10 to 20 hours IJI tha pvaswooa of 

anhydrcus potassium caii>onata together with cê ppar powdsir̂ ^ ' 

instead of a tertiary aoina* 

Suidi oonpounds^ i^ieh were diff icult ly prodnoad by tha 

zaathod anploying a tertiary amine* including tha eontpoittds 

having of x • S «id R m utathcscy in foraiula « Z« sad X • S« 

R* « H and R m alkyl containing mora tSm» one eai^oa atom or 
1 2 

sr m tr m allcyl in tha f carmula •> ZZ« 

N / 
^ R 2 

I II 



Tha proeaaa araplt^iiif potaaaim eailKaata vaa nada to 

proeaad b/ a caastioii toetuaaii liquid aad aolid phaaaa* Xharafoni 

even i f potasai«ra easbonata waa wapiosrad aa finely divided 

poirder often i t eatoaed a ruaarkable loi#ering and fluetuation 

of tha yield^^^^* Thna salithion waa f irat prepared with 

inconaiatent and. of tent vsf low yield toy heating (90^0 

saligenin an(2 laathyl phoaphorodiohloridothionate in toluane 

for a long period (laoxe than IS hoiira) in the praaenoe of 

anhyctroua potaaaloii caxbonate together with ecpper powder aa 

catalyat^^^ 9 Thia difficulty waa, however, oveseooe later by 

^plying the «Mill Hnoim sehott«a«>Bai£aaeai aeylatico prooedtire 

uaing en aqpjeoua aoluticn of sodium hydroxide (Fig* 2)» 

NaOH / HgO 
— OCH, 

fig* 2 syntheaia of salithion 

The praaent proceaa IB auperior to the known prooeaa in 

view of the following ccnoaiderationa* 

The iiii»roved prooeaa waa carried out in an aguao^ 

aolutifm at a lower taDtperatuze and in a ahorter reaction tine 

period than the Scnown prooeaa* M a o , it gave an objeetiva prodoet 



Qi bettar ^leld harlng higher pturity than the knoim procMiMi* 

salithion was dbtained aiaoothly in a oxyatalline fore imp* 

49»S3^C) vaSmx iiiild conditions (3d^Ct 2 hrs*} with a consis* 

tenUy hi#i yield (70^0Jt)^^*^. This laathod was 9ppXimd also 

to synthesise other thiono analog of saligwiin ctyolic i^iosphoxus 

esters fron relatively less zeactive dichloridas sucdi as 

dialJcyl phosphoramidodiehloridothionates (fonmila^IZ)* 

further* i t was possible in the ScdiottenoBauBana 

procedure to produce cyclic dithiophospltate esters suc^ as 

SwslJcyl cyclic phoiqp»horothiolothionete8 of saligKilA (i*e* 

X » S« R m s^alkyl in formula • x) which cannot be produced 

at a l l bjf the krioim process* 

Ri^erring back to salithicm* we pinpoint our diseussic^ 
(171 

to i t s iRiportaDt properties^* ' relating to i t s strtieture* 
degradation^ isoinerisaticas etc . 

Pure salithion i s a colourless crystalline powdir« 

i%p* SSi»56®C« practically insoluble in water* easi ly solvbls 

in aeetcne miA bensene* iiK>derately soltable in cyelohexoeie* 

toluene and xylene* viqpour praasure 1*S x 10*^ nsi Hg at as^e* 

W X <^> 274(860)* 267(860), saliti ion has a ^ a r w t e r i s t i e 

XR band at 1020 csT* for P-CMaij in hetero ring* mm S (CŜ P̂Pn* 

3.76 OH* doublet* J ^ « 14iiB* Oij)* 5»21 (211, doublet, J ^ •• 

IS HB* O^)* 6«8«7«2 (4H* aiultiplet* bensene ring). 



^hm signal at the tapper f iaia of th« dciiblat «* S*21 ppra 

s l i ^ t l y aplit fixrthsir (US »i}« 'Shim htmmm s ignif icmt «t 

«»30*̂ e« anggesting that the m»thylene protons (Ĥ # 1^) ii«m 

not aquivalent to aach others but tha diooccphosphorin ring i s 

cc^ormatiosaXl/ inobila in a solution (Fig* 3)« Xo-ragf 

crystal Xogri^hic analysis shotnad that tha hstaro ring of 

salithion was a half^c^air form in which tha sulphiaa group 

was in equatorial position (ZI2). Hie strain in tha riiMI 

isppaarad l i t t la^ tha endocydie O-P̂ O angla was 104^* 

»CH-

nr IX 

Fig* 3 Confomtational choriQa of salithion hataro-ring 

salithion gava a diaractaristic fragnMuataticm pattern 

in mass spaetroiiietry* I t gave an intense peek of (M* Gli|)'^ 

(s /s 201) by a /'•cleavage occurring at tim exocyolie aster 

grovi>* Another cheraeteristic £rassentation process i s the 

airect loss of SH followed by the elimination of fonaalddhyde 

CFig. 4)* 



Tn/z 216 

'CH'. 

TO/Z 201 

-SH 

P-0=CH2 

m/zl83 

•CHgO 
^ 

Tn/zt53 

Fig« 4 Fragmoatation of salithion in ISMS sp«etroiMtjEy* 

Salithioii i s s«lativ«ly «a8%<Bi>l8 in storage* Soras 

9«eottd«cy «sia««f audi aa casb^ole and iHphanyl^-oc-nagphthyl 

amine, ataibiliae the fonmalation^ '• In a phosE^ata h«iff«ir 

(pii 7«7) salithion was hyajroXysed slowly thjrongh o$>ening of the 

hetero ring t^ tim i^O^Caiyl) b<»d clearage i the t^droliniis 
o 4*4 w i 

rata constant (29 6) K • 2*4 x 10 min • The hydrolysis rates 

of the corrsspcaidlng cyclic methyl phoiphate, S«>fnethy]̂ hoss3horo» 

thiolate (the thiolete isomer of salithion, MTBO), methyl 

phoss^atft (SalioKoi), md li^Rietiiyl phosphomsidate 

respeetiirely, 90, 60, 6 and 0*6 tlraes more than that of salithion. 



Saiithion was ccmpXetoly hrdrolysad kagr heating at iOÔ C f or 

S min* with 11/6 soditsn hydroocidt to yield aallgeniii* Thia was 

appliod for the colorimetrie determination of aalithion in 

formnXatioita by allowing the formed saligenin to react« after 

aajuating pH B, with 4*aminoantipyriae and thd.twith potaaaiwii 

ferdcyanide ^*'»*0)^ 

en oxidation by bromine water aalithion waa ecaiTarted 

to i ta cKon (aalioKcm)* Zt waa found that the cholineateraae 

inhibition of aalioxon (2<*ineth<acy*4H«'l93«2»beasodioKi«>hoq}horiii* 

Sh*oacida) waa aosoa thouao:^ tisoea more active than aalithion* an 

emyraatic n»thoa i^ter the axidation wai uaed for the raaidtn 

analyaia oi aalithion^^^^» 

Salithicm was iaonerised into s*»alkyl saligenin cyelie 

phoaphorothiolatea by heating with aDt^l iodides (the Piatehimika 
(21) reacstioR)^**''* The reaction was greatly accelerated in a polar 

solvent as dimethylformamide* potassluro carbcmate also assisted 

the xeaction* Mhen methyl iodic^ was used, iscaerization 

occurred to give 2««Eiethylthio>»«»»l«3#2«bensodioxapho8phoriii<->2» 

oxlcie (M1B0)̂ *****% Salithion was deiaath/lated to fona the 

ealt c^ saligenin cyclic phoaphorothionic acid by the acticHn 
fl7) 

of certain nueleophiles such as cyclchexylamine and potassivn 

dlniethyldlthiocarba»ate^^'^^^ » Him latter agent was particularly 

suitable for the preparation of M̂ nso by roethylating the obtained 

sal t with laethyl iodide. 
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MTBO i« an \mlqu« phosidiorylating agent. Itoe reaction* of 

sal i thion axe eiininariaed in the following scheme (Fig. 5) . 

OH 
H2O 

CHgO—P-OCH3 

OH 

-^ 

•OH S 
II 

^ (OHĴ P-OCHg 

CĤ OH 

H2O 

- O C H . 

Salithion 

- . > (CH3)2NCS2K 

BT»2 / H^O 

RI 

Rl 

P-OCN. 

0 

Salioxon 

P-SR 

M T B 0 ( R : C H 3 ) 

Fig* 5 Reaction of salithion. 



salithion was a broad^spactruni insscticids for use in 

oraiards and vegetij»l* gardans* Xt was particularly sffeetiv* 

to oGsitrol l«pidoptaran larvas« raealytoiags# aphids waaA mites* I t 

exhibited the insectieidal action not only as contaet and 
(17) stomaeli poisons but also as a fisnigwat* '» The residaal 

toxieitY o£ selithicm was so amall that a natiarsl emufly* 

Psendaoĉ ifCTy aalinns* could be ussd co.K)peratively for the 

control of corostoc^ maalybia^^^* 

Acute toxicity to maranals was raodera^* LD̂ n in mice 

by oral adtesinistration was 91*3 ngAg# for raale rets 52*13S ng/ 

kg for im&BXm rats 102*180 lagAg* £or IntmB 110 sig/kg* salithion 

32P iqpplied tqpically to housef l i e s was r^ id ly absorbed in the 

bo<^ (42% sEter 1 hr«)» Tim major part was degraded in the body 

and tbout 4^ of ss>plied or 10!̂  of absorbed &alithion# remained 

as salithion and salicacon for 24 hrs* On tdne othier head« salithioi 

32P a^inistsrsd orally to i>aiV was rigidly degraded end excreted, 

After 1 hr«« 78^ of the aaninistered sslithion was 

hydrolyaed in the body. After 3 hrs*« S6*7% was «uicxeted and 
(38 1 

<mly 2*4% rmnained in the bod^ in chloroform soluble form^ '• 

About %0% of salithicm absosS êd was f oisua in the bean 

plant whose roots were soaked in the mitri«(it solution containing 

the insecticide for 10 days* when salithion was applied on the 

leaves* d&out 10^ was absoî aed into ths tissues and sl ightly 

translocated into other leaves* Most of Salithion^ applied on 

leaves or l i^lied in solution form with nutrient^ vaporised* 

This ceased a ft»nigant action to k i l l insects on the plant* 
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'mm Biatatoolie pathvaya of salithion in rats and plants 

had ha«n studiad^^^. I t was ghown that tha biodagradatioe 

proeeads thrcugli aamthylation and rin9»qp«niag toy Px^aiyl* 

bond cXaavaga* 
(17) 

Chitnic tooeiisity tasts^ ' ravaalad that tha rats fad 

for 24 nicmths with iO ppia saXithlon showad s l i cht daeraasa in 

choXinastarasa aetivitias* Ho affaet was howavar* obsariPad in 

rats fad with 3 I^RI saJLithion* no histological lasion was foisid 

in any organs of rats fad with 100 ppm* 

In man and woniant ateiniatarad orally 0*02 ng/kg/dagr 

of salithion for 21 da^ followad hf O.OS ngAg/dagr <or 14 <dasys« 

no af f actt WM f oynd in tha activity o£ azythroeyta acat^l-

c^olinastaraaa* careinoganicity was not obsairmid* Mo affaet was 

obsarvtd in f e r t i l i t y of rats for thraa gaaarations fad with 

10 ppni Salithion. 

A •WEWy Of litarat«iia furnishes ^**»^*»^*'2**2*»*^»*'̂ ^ 

a variat^ oi Saliganin eyelie phoiphortis astara in good nvmbm3C0 

i^ifdi had baan preiparad and axarsilnad for insactieidal aetiirity* 

7 h ^ imrolva phoaj^atast phosphorothiolatas# i^iospheraBiidatas# 

pho^phoaatas and tSiair thiono^analogs • A coiq;>rahanaiva bnt 

not a eoii|>J;ata l i s t of saliganin and ring^siabstitutad Saliganin 

ey«lie phosphorus astars ara givan in Tibia « 1* 
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Stiddstitutsd Sallgsnin c^folic pho^hozus e«t«r« with 

Cod* 
Mo. 

R ProcMNliuni b.p* ^G/am Hg(iB.p. ^C) 

1&*7 

K»13 

K»18 

!&•« 

K-16 

K - l i 

OCH| 

0*il-C|R.^ 

0«»ii—C^H* 

ocyij 

oc^li 

S"5 
CHj 

^ ^ 5 
l^'Craiim 

S«€-C^H^ 

t"C^^* 

CJi *• CnU) 

Oi^Cl 

CXiMCHAvl 

CHj 

S"5 
i-Cjitj, 

QKnVjL 

K 

H 

H 

H 

H 

H 

H 

H 

K 

H 

K 

H 

H 

H 

K 

H 

H 

H 

0 

0 

0 

s 

8 

S 

0 

0 

0 

0 

0 

0 

0 

0 

s 

s 

s 

s 

(p) 

(p) 

(p> 

(p) 

(p) 

(p) 

(p) 

<p) 

(p) 

(p) 

(p) 

(p) 

(p) 

CP) 

(p) 

(p) 

(p) 

(p) 

1 1 0 - 2 ^ / 0 . 0 5 

129-32*y0.05 

l5O-4°/O»05 

IJLqCUid (not 
d l 8 U U « d ) 

(3«®) 

(37®) 

140V0.5(35**) 

1 4 3 - ' f V 0 . 3 (25°J 

<80®) 

i ioVo.s 

(74®) 

155®/2.5 

160/0 .8(51°) 

139-141/0 .1 

130 /0 .6 

120 /0 .6 

108 /0 .6 

146-155/0 .4 

Contd... 
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Fvocm^iajem b . p . ^C/MB li«(a»p« C) 

OCSIU 

OCjUj 

OGH3 

oc^s 

OM>i«*C«il<>a 

0 C H 5 

d-CH, 0 

G i ^ O 

7-Gli| 0 

t-CHj 0 

7«CK| 0 

7*013 0 

^•Clij 0 

e^oij 0 

6»CH3 0 

Ŝ CĤ  0 

6»Ci 0 

i * c i 

6-CX 

6-CX 

6*C1 

6«CX 

8«C1 

8-Gl 

S.013 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

(P) 

(p) 

(p) 

CP) 

OP) 

CP) 

(p) 

(p) 

(p) 

(p) 

(p) 

(p) 

(p) 

(p) 

CP) 

CP) 

CP) 

CP) 

CP) 

CP) 

CP) 

CP) 

CP) 

13i»14l)/0.3 

lSa*lS€/0.3 

109/0*05 

112*110/O.OS 

141-147/0.1 

C93»9S) 

C14S*14«) 

Il8*l2e/0«S 

16V0.6 

13S-140/0*( 

14S»1SV0.2 

160/0.2 

167-169/O.lS 

187/0* IS 

C8f^) 

C148**) 

170*171/0,1S 

1S1/0.1S 

183/0.18 

137/0.04 

203/0. sa Cft4*̂ ) 

C126-129**) 

(34*35®) 

Coatd.1 



K -̂' ^n.' z I 
m*' p*«oO 

» » 
• ^ • « d 

» « 
•%«8d 

• » 
•s^ted 

• « 
ITO 

8»©/94 t -0 i t 

• » 
•%»«<5 

• « 
•^tre^ 

• » 
tTO 

tTO 

tTO 

f f « 0 / * t t - O t t 

j » O / 0 f t f S t 

S) 

8) 

3) 

8) 

d) 

(8 ) 

(a) 

3 

8 13*^ 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

(S) 

(8) 

(a) 

( « ) 

8 tD-9 / 

t 'tJll-S 

8 t > ^ 

8 X»''"*w 

8 I P * ^ 

8 iSr''^ 

8 X*5*» 

8 ^MDO*^ 

8 * 1 ^ 3 - t 

8 *MD-8 

8 S!>*8 

8 IO*8 

8 * tO-8 

8 * ! 0 * t 

8 * I O - l . 

0 * lD»t 

0 *H5-9 

0 *HD-9 

ham 

*HDO 

^KDO 

*M30 



Coat R 
No» 

OGH^ f 

GQJ^m 

0Q!«| 

°*¥% 
maa^ 

oGSl* 

S^j 

O V « 1 * * % I M | I M 

©•jy^CmHiiif 

Ŝ fl̂ 'C Ji« 

S - C ^ 

SCHj 

SCjHg 

©•"©"•C^fllMI 

S*iL"*CUH«» 

sc^s 

HHCyin 

A 

« 

II 

6»8»G]. 

« 

« 

H 

H 

H 

H 

H 

H 

H 

K 

H 

H 

M 

H 

H 

H 

H 

H 

X 

S 

s 
8 

S 

S 

s 
8 

8 

8 

8 

8 

6 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ProewdoM b»p« ^C^kH Hglibp* 

(Sj 

(8j 

(8j 

(SJ 

(8J 

(8J 

(SJ 

(Sj 

(sJ 

(sj 

(8J 

<sj 

(8) 

(PJ 

(Pj 

(FJ 

(p) 

{PJ 

(PJ 

Ctxitttii 

(P) 

( t r l e t 

^ •* 1 P a s t t 

1 Patt* 

» (57*S8**) 

1 Oil** 

1 (69*70} 

t 14S«247/0«2 

) 14S»iS0/0«3S 

1 140oi43/9«i 

140«147/0«l 

) X6(Ki87/0*2S 

(79*80) 

» 144»S/0*a 

i40*>$/0*04 

i4S«.7/0«07 

lSS*8/0*i 

1S7*4Q/O»0a 

(88*9) 

lylaBiiiw) (67^) 

im^) 

hflmiim) (121®) 

®c) 

Coatd** 



Coda It X Frooadustt b«p« ^G/rm Hg (mp* ^C) 

\ 

SIHCH^ 

NiSmKft 

\ 

H 

H 

H 

H 

H 

0 (potaaaiwi 
Qea^onetmi 

& CP) 

8 (Potaaaim 
eaiboiialsa) 

8 (Potaaaim 
caxtKsnetsa) 

S (Potaaaim 
caxbonata) 

l33*Ve«S 

i20->3/0,2 

mdiati l iad l i ^ i d 

ii8»2V0«2 

XIO/0,2 

* pyridina (P> or aquaoiia soSiisn hydroaciaa aolution (s) 
waa oaad aa dalqrdjrof̂ iiHShloriaa agant* 

** ii!haaa compoiaiaa waia puriiiaS thxongh s i l i c i c aeitf Qoiurai 
caircjaiatogriq;^* 

Tbm jcaauita of tlhm iiivaatigati(»s <m tha atmetvxa 

activity zalationahip auggaatad that tha biologically activa 

subatiocaaa isay iiava tiro iaportant 9ltm9 in tha molaeula in 

ordar to nanifaat biological a e t i v i t i ^ i OM xaaeta actually 

urith a tairgat and anothar daeiaaa tha apac i f i e i^ in biological 

activi^* Thm biological activitiaa o£ saUganin e:?elie 

phoai^ataa mem graotly influaaoad by tha axoeyclie aidbatitu^it 

on aioq;»honia atom aa ahoim in T^la *2* Atyl saliganin eyel ie 



Phoaphataa laaniiaatad a hi^ily dalag^ad naiurotoacieity to caoaa 
(5^28 ataxia in hana and higti aynargiaUe aetivily with malathioo''^' 

"Slem aryl phoailionata analogs showad aiiRilar biological aetivi-

tiea but leaa in the naurotcKicity* A ahaip oGntrast wmt 

hOiiavag# obaarvad in tha correaponding cyclic aateira having a 

small allqrl. gioup on pho)q?honi«« i««* ^al)qfl->* 2»al)ccKy»>« 

and 2»al3(ylaBtido»«i«»l«3«2-bensodiGRaphoaphorin«»2»oKiaaa* did not 

cause ataacia in hens w i ^ any si^lethal dosea and tieakly poten­

t iate the toxicity of malathion^^ • Surprisingly the aUcyl 

dexiiratiima showed h i ^ insecticidal activity* wheveaa the aryl 

estejm did not̂ '̂ ^^* fhis finding tirged the inventors of Sal i thio 

to exttnine the saligenin cyclic phosplii^ esters carrying a saiai: 

exocyclic alkyl substituent on the Phosphorus atom as potential 

inaecticide candidates. 

Effect of the mcoeyelic sid»stituent (R) on biological 
aotivikies of Sallgenin cyclic phosphates 

R Pelged Synewieia with cytotoatjcitr maaniiii: 
neurotoxicity coffH<?|^% . ^ ! ^ c £ 
MAC* H&irs Houaefliear v i ^ 

••MMMMnMW>«w«MMiiiaMaHW*>*eiw«MaeN^^ 

1«.7 7.8 (0)^ 

6*8 9.2 (#)^ 

18.8 8,0 (0>* 

3,0 • O^IT 

3.1 0.33 
3*7 4.7 0.04 

(C»l>2^ a* a** 1*1 * 0*3 

O-CKjC^O 

a 9 

^i^s 
Cji^H 

C2H50 

GHJQ 

2*5 

1*S»2 

200 

n#a. 

»•«» 
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«« Minima 40M for causing «t«ci« in h«as (in ag/kg)* 
b« A sv0itftait% AtJTiiii 
c* %&% lM*h9l dOM by tqpieaX application to houMf l ias 

in /^tlTf 
d* paccmtaga mortality at 16 /^9/^lr 
a* So at«iia aigna evl^nt with my aublatlial doaagaa* 

SIM apaeif i e i ty of saliganin cyclic phoai^ataa in tha 

biological activity irelataa to thair aalactivity in ansyina 

inhibition* 7haaa i^ioapliataa inhibit varioua aarina «nayHia« 

pf€i»^lf0 €am to tht fomation of salicjrtoety i^io^E^inylansyiiita 

(VZ)̂  * ^ Fig* 6 by pho^;>ho«ylating tha aniyBit aftar opwaing 

of tha cyclic eater etn^sttura at the I^o«>aryl bend* 

0 // w » Est 
1 
R 

Fig* # Raaetion of saliganin cyclic Phoaphataa witdi 
aateraaaa (Hngst*) 

Thm aatar baciraa a mora aalactiva inhibitor of 

aliastaraaw^^^^ irti«n tha aiaa of ajcocydie aidbatitiiHit (S 

in V) incsaaaed, vharaai i t bacflnia a tnoia aalactiva inhibitor 

of choliaaatarasa vhan the aid»stituant waa Mnall* VtmB, ttm 

O^olyl deriirativa (#), for axampla« inhibited aliaateraM 

130 times mora than cholinasterase* Tlieraforat the exocyclie 

sid»stitiiattt of saliganin cyclic phosphata astezs iiara jcagardad 



a* th« Mlftetqphova in biological actioaa* 

flia iwtaroeyojUlie atxiictaxia of saligtaia eyel ie 

pho^pbopis • • t«m dia not ccmtributa toifara* tha dalqfvd 

nausotoKifiltyt but i t swr«ly iadiac«d tiw ehaadUsal x«actiTl^ 

of tha Phoaiplioma atom for ntialaophilaa ineliidiiig thm mtlvm 

aita of 9titmxmmm^ 

'Shm aecvott* tissttM* which JoHoson f oimd **iiaiasot<istie 

aataraaa" nam apaeif&aliy^ aanaitii« j^.yivQ to aaiuroteKie 
(31) 

organqphoaphossa •atasa^"'*''* 7ha mwtmrmm wsm isaika ooat^l* 

cdtoliaaatax'aaa but aiiailar to chyiaotxypain and ttTpain in 

atnietim activity salationaliip of inhibitera^ '• MthGVf̂  

tha atmct»r«*MrarotGKiei1gr ralationidiip wax* too ccmpiicatad 

to ba gmmxnllamA0 tim naturotoKieity î ipaarad to jnalata mosm 

vith tha strtietttxa of nawlcariag gxoupa than that oi tha 

lamriag one* MaiurotcKie eatajraaa ^mx» xamaxKibXy xaaiatmt to 

™o.t Of th . «»,yX « t « . 0 » » . 

With thia brief backgrouna of atmetara-biological 

activilgf xaletionahip oS saliganin cyeXie j^o^pliorua aatara« 

an aniplittiia cxs thair apaeif ia activitl«a audi aa inaactieidalf 

aynargiatiCt antiaataraaaf namatooidai^ fungieidal cte** wi l l 

ba laid in ai3d>aa4;paant paragraE^* 

PM atat«d aarliar^ tha cyelie aatars in my particular 

sariaa having a amall aH^l gxovp hawa high inaacticidal 

activi^^''' (Tdtila m $), tim Methyl darivativaa mxm nueh more 

active than higher aUcyl and aryl deriiraUvea* eico^pt for 
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^^^^(24) ^ ^ ^ 1 ^ lotthFl on** li*8»Di6l}^i pli04^ovwiid«te»« 

ai<» BmBh X«*» active ttiafn mcmo»-'mLkyl derivstiims. Thus* 

sall9*iaii eyclie m ^ y l pho^C^stea, iwthyl f^io«pli(xrothionata« 

li«n««}qrl {dio«plioraiiiidafe«# H«B»thyi piioai^r«ildo«hioiiato# 

nathyX ptioq^oyathiolata and athri pho^phonothicnaitea a » potsant 

inaaetieiaaa* Zt ia iatajBaating to Qota that tha axoeyelie 

aiibatitiiaata c^ tha noat astiva eirclie idioaphattia aataxa 

ioan^, imm^g CH^CHI, SOIJ) d i f ^ r froa aaah othar in aXaetsonie 

eharaetariatica* but zasmnbXaa in atarie proparty sueh m tha 

diatwaoa (ii>otit 2»9A }̂ batifami phoaphoma and caî Kiii atonm ia 

tha P»d&»C tvoBtioa, i f BV^poaing tha bend angla of divaXant 

cuiphur near 90 rathar than 109* S • 

JmSSaBrnmimmmtm 

Sffaet of wcocylia aidMitittiaat (R) on inaacticidal 
actiirity iWmQ/JigAioimm tlf) 

p-R 

R 

<M^ 

CjKj 

CRjO 

"¥•»» 

6 '"" 
oat 
O.IT 

0*04 

0«33 

s 
0 t 3 i 

0*08 

o«os 
9*30 

R 

vH«|S 

2 f t 
Cnii|Mli 

CAliMmi 

0 

0,09 

0«2$ 

O.OS 

0,64 

8 

0,18 

0,90 

0*40 

0 .48 



2.2 

3}M j^Offtoorothielothlcnatoa dia not hmm •noiigfo inMctieiaaX 

aetlvitr^^^^, UK ^Si0aph9^B, plio«paiosotliiol«t*s •»& plio«plioa«t»s 

appear too «astidE»l« to he m%& psmtiotHXy tm iiuMioticidas* Tho 

ldioq;)hocQiiiidatoa ax» aowral t i m s aa tcKlo to n«niia|.a aa tha 

plj^aphocothlonataa* 

Fturthamoirat tlw iatro<tecti.on of any aitoatitiKlBta en tht 

bansaaa ring* tha hataxo»>rliig« or tha aacoeyelle aatar grctq^ 

bringa doim tha inaaotieidal. mBtivity * • iTttolm • 4) 

ttana salithiofit tha aiRf>leat phoa^^osothionata* waa tlia moat 

profidalsig eofupouna aa iaaacticiaa «noiigat a l l tha aarioa of 

saliganin oyelie idioaphoxua aatam* 

SSSaKSmmtmJt 

sffaot of ai^atltsiMit (R) on inaaotieidal 
ae t iv i t r ^^'^^/^S^^^^^^ ^^^^ 

1 > - O C H o 

8 8 
JL 

n 0* OS 0*03$ d - d 
Csalithion) (Sallcscoii} 

a«ts 0 . 0 9 

îiCML 

©••CHji 

7-CHj 

8*'"QI« 

«» 

2«00 

o,a3 
1.30 

3.$S 

0»10 

0*43 

2*0 

&-C1 0«13 
/S •CHj 0.30 

^ «-CR|OCHj| 3*5S 
/3 -C l 

0*29 
0«33 

0.99 

2 , 07 
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m otttstiBidiag contrast in tha affaet of par»»«yl»a%it»tioii 

batvawi saUthion aariaa and par«thi<m ia aotairorthy* Tha 

inaaetioidai activity of diathyl phanyi plioaphorothionata (VZIZ) 

ia prograaaivaly inezaaaad by p»a«itotiti2tion of phanyi ring in 

the inssaaaing ordar of tha alaetron-<ifithdr«fing a o t i v i ^ of 

tha s«i»atitaant« vheraaa neither alaetroo^ifithdraving nor 

aXaetron^raieaaing groiqp anhancaa tha activity of saiithicn 

(VZZ) (Tddia • 5)^^^^. I t aaaraa avidaat« tharafora* that tha 

I»*0*>€ Caryl) boi^ of the hate»> ring of Salig«Qin cyolie 

phoaphonaa aatera witho^ any a«i»8til»aent myi^iara* naithir ia 

banaana ring nor in hetero eyelie ring# ippearad to ba ogptirauni 

for tha reactivity to phoaphorylata oholineataraaa for kil l ing 

tha iaMMSta* 

Tha reactivity of tha cyclic phoaphata eater of 

Seliganin ia aurpriaingly greater than that expected frora the 

osidity consideration of saligenin« thcnagh tha heterovring waa 

not ffltieh atrained and tha endocyclic ON^O angle of salithica 

(104^) i s iM the range of angle of acylic phosphate esters 

(i02«>10t^)^ '• Many five and aixHoasisered cycl ic phossshorua 

eatera hmm been prepared from l«2»aad i«3*fa.kanediola and 

^candned for antiea^raae and inaecticidel aetivitiea by 

Fukiito^ '̂̂ ' and £dimssdsoa^^^% tmeae cyclic eatera showed high 

raactivil^ but exhibited cmly poor anticholineateraae and 

inaecticidel activities* Cyclic phoai^orothionates of catechol 

inhibit plasma chollaesterasa but showed almoat no inaecticidal 
(37) activity**". Therefora, the high activity of saliganin cycl ic 



Xffeet of p»eii»stitutl<» en inseetiei^el aetivit^r 
o f s e l i t h i o t t (,mnmA »tamXML<m (mJkmwimm* 

S 

0-P(OC2H5)2 

VTTT 

R S'^ Relative ingectieidei aativi^ 

V U VIXI 
im I immmmmmmm ' • ii immmmmmmmmmimmmmmmmmmmiuiia n .m mi •• mmmmmmmmmmmmm 

OCM^ »0«268 9,2 0*1 

GH3 ••0.170 2.6 O*! 

H 0,000 100.0 0*1 

C ^ *0mQO9 12«@ 

QX +0*226 3»0 0*33 

COCH3 4-0.87 2*0 2.S 

KO2 •l-l«27 1*7 100*0 

a« Hamiaitt̂ e s^bstitueiit coastwt 
!>• Pesornitege of the most active eon̂ poimd in each aeries* 

phoapiiocite eater* mt^ be attributed tc the apeoial iMitaro»ri{ig 

involving m m&ol md a bens^fl eater linJcag»*^'% 

sctm kaoMQ i^temic inaaetieidea, aiieh aa sehradm 

(Octametl^l P/rophoiqphoramida} and MipafoK (Rtli«*aiiaqprqpyl 

phorodiamlilic £luori43e}« have phoaphoraroi^ linkage* Qi malyaii 
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I t Mcntd pxQa»il>i« th«t sayLlgcnln cyclic pheaphoxiis cater* 

caa alao 1M cadcwcd with ayatamlc inaactlcldal aetl irl^ by the 

Introd^ietlaa o£ an alkyl asnlno gcoup on tha phoai^oxtui afeon* 

Actually^ sallganln cycUc ll«>Biathyl phoq;>horan)ldalc mA 

phoiphoraiBldotiilORatc (2«iiiathylanildoMH*l* 3# 2«l>«nsodlcoce» 

l^oai>horlii»3»09cl^ and aulphldc) ravealad a conaldardftla 

ayct«nie iasactleldal activity against rica stcra-boicr and 
(26) gjcttcn rloa laafhoppars <m rice plants • 

Ba^rrlng to th* raetabollsffl of tri«»0»tolyl phoaplial* 

lA yj^f i^ vas xaasonalalB to sixpposa that ttia sallgmiin cyclic 

phom^tcranildatas might ba prô Nioad j ^ vlvc from di/«o*toilyl 

phcspiicrwnidatcs* On axamlnation* dl<»o<»tolyl R^mathyl fdioc-

^oraialdata was found to exhibit systcfnic insaetlcidal activity 

against rica staiB*borar^ • I t was ii»td»olicaily transfornad 

into tha activa cyclic mmtmx by tha homoganata of rloa stara»> 

borais but not that of rica plants^ • sallthlon showed mora 

or lass sytamle a c t i v l ^ against axtt̂ ytroriB and mite* 

7» faMiiw^iMf ff?Milli 
Saiiganln cyclic aryl phoi^atas and phoiq^ ônatoas haw 

synaxglstle a c t l v i ^ with Malathlon against insects ^^*^^ and 
(39) mites ' particularly against their resistant atralns (Table « 

a). 

K% least two esterases having the ddillty to hydrolyse 

Malathioa or its £^iHic«y carbonyl hoatologue were detected la 

the honogenata of tha resistant strain G. One of these was 
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mom poxma% and •p^eifie •stArsM for hyasolysls oi Mftlathion* 

Both th« MtvriMs wxe ooi^letttly ixitditoltmA toy Saligwiia 

cy«lie phwyX pho«i*«tet^*°^. For th« r«si«t«it »tr«in« o£ m& 

ei . tn» mit*s, P^B^nyghyp sWSk ^ Gz«9or}« saiigmtis ey«iie 

phMiylphoq îonato* di^layad • high ayacrglstie actioa trith 

Mttlttt îon* hy inhibiting th» d«gr«iiadtioii o£ c«t!»oKylie Mtsr 

linkags in Maisthion Molttcui** **'• 7«lMthyJU»3»phitnyi«>4fi»3i#3# 

2*ht«sodiQKaphoaphoriii*a»caciaa i s th» most «eti«« synargist 

•gainst rssist^ant hous«f l ias «nd gr««n ric« i««e«^<ipp«rs» 

ReisrsBo* was alraa^ jnada that tha spaeif i e i ty in 

bioiogieal ^^iv i t ias o£ saXisHKiin eyelie phom ĥorwa astars \mm 

raiRarlcifely influenoad by tha steric oharaetaristics of tha 

axoeyiie sidMititiuMit aa tha phosphozua atom, This vas avldant 

whsn ona conparad thair spaeificit ias in ansyma inhibitiee '• 

saliganin cyeJLie phospiK)rus asters raostad with nuelaoi^ilie 

agMits* iJMBlnding asterasas« to p}»>sptK}sylata by qpaning oi 

tha ©y«lic astar structaxa at P»»o.c (aryi) bond (Fig. 6)^**^^'**^ 

fha cheiiieal and biological aetivitias of thraa sapia* 

santatiipa Saliganin eyclia astars# nathyl phosphata« phanyX 

phoiphata and j^ianyl phoaphonata axa eooparad in TttoXm * 6* Tbm 

insaeticidal nitthyl phoaphata was vmsy aetiva as an ii^ibitor 

C3f eholinastarasa* Howavert toa highly naurotoxie aryl phosphata 

was a poor inhibitor of oholinastarasa but a vary spaeJlfie 

inhibitor of aliestarasa* Tha lass naurotcxie aryl phospiionata 

oceupied an inta£raadi,ata positi(»i* 
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J&SSimmmt'iimmt 

Effaet on at^atitomta on cbamieal and 

niTOM iMiiaianiiiii^^ThftXig*iiWltiiiP niini i n 

OCH, 1.4 

OC^g « .3 

6̂ Jlja 12 • • 

(c) 

7t6 

iSS 

89 

(A) 

6 ,4 

1.4 

3 , 2 

«3/A LDJQ 

0*9 0#04 

U 9 >iO(3) 

27,8)10(0) 

syaasgiaii' 

0,6 

2«3 

2 ,S 

Ataxia 

n*a. 
2 

200 

• yuug/houaaiiyi 

** CotOKieit^ Coaffifiienti 
•t"^* HLaimam atsi io doaa in tuma img/lKsU 
a, a, « Ko atiKcia, 

9* H«ff»to?^#4 A<;F^4Vlfy» 

A nuBiMr of saXiganin eyelie pho^phorua aatam waxa 

affaetiva to k i l l nasaatodaa^^^ , M-Mathylphoapliojrwiidaia ia 

moat aetiira tmt R^is^diiaathylphoaphoraniidata waa inae t i^ 

againat istm noii«^araaitic a a i l iiaiaatoda iOialaditia anapaadad 
(26} in watar^* '• oving to inatab i l l^ in vatar« tha cyelie 

I*ioas«iataa mA phoiqphciiataa waxa pracUeally inastiira laiit thair 

thionoaiialog«aa weta conaidarably vsUvm againat Rhaladltia ̂ ^* .̂ 
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Scam Sali9»nia cyelie atyl phospHoiioiaiicaafetta «•<• nosv 

•££«etivia against the rloa whitia Up iMSMtod* (AptaaUftChoidaa 

t^—yj^igiji^f) than ths cyelle N«iiiathyi phoiQ>hor«tBid«fe«« 
(43) 

though tha foxmars !#ex« poor in inaactioiaaX aetivitar^ ^» 

Thaas airlphosphoaothionatses aiao ahoii*d a h i |^ a e t i v l ^ against 

illmdm in cotton rats (^tcwoso^^ff car^n^l)* I t wm intsx«st» 

lag to nota that th«sa sxylphoi^honothioaatas vmsm poor 

ins«eticiaas« wharaMi thaî  imrt more potwit to ottwr cri t ieal 

taî SfSt of nsrosto^s* so tiiay differ in aatars free the insect 

eholinastsr as« ^*'\ 

Beoently sa»a iplioqpliorothiolate esters* particmlerly 

halving Sf-hmmfl ester^Ugfttsge* have been <la<̂ elopeA am ftaigieides. 

s^i«ui7lM)« o^diethyl phosE^orothiolate (Kitosia) i s s t ^ i e a l 

fun^icdae n<m wmA in practice for control oi rice blast 

disease* S«»Mk î saligenin cyclic phoiqphorothiolate esterSf 

%^MLeh had no S»3!>ensy3. ester^iinkage but olacixiyl and 8*aDcyl 

The/ wejce SotmA active not only aa insecticides but also as 

fimgioidaa* ScNee of th«R are effiKstive to protect rice plants 

from rice-4>la8t disease caused by the infection c^ pyriculay^a 

oryaes* Btlqri and a^utyl eaters iiere laoat promising as fungicides 

The BmMXk^l cyclic pho^^horothiolates inhibit not only 

serine enaynies ineli^Ujig cholinesterase but also Sii*ensyiass 

such as Pi«>ain also alcohol dehydrogenase ^****^ .̂ The activity 

to inhibit Sfi-ensyms %opeai»d to xelate to fungicidal acUvitr* 
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The cyclic phoephorothiolates (a) %#ere higlilf reactive and 

rupidly hyd£^lyxed by ring opening to form the pa r t i a l 

hydrolyzates, S-alkyl o-salicyl hydrogen phoaphorothiolatee 

(b) which reacted readily with nucleophilea l ike raercaptans 

to al}(Ylate thenu 

ROH 

HoO 

(b) 

CH,0-P-S1=? 
^ I 

OH 

RSH 

Nk 

^ C H p ^ ^ O R ' 
CH^SR' 

f4g» 7 Phosphorylation md alkylation reactions by 
Saliiwinia cyclic phoaphorothilHatee* (R*CH » alcohol 
and serine ensyroei R"SH •> Bierciis>tans and SK"-ensyraB8). 
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Heeetivity of sallgeniii cyclic phoeplioKias eetes* 
ana re:^ef d canpoundg with SH ĉoropomd « a «>iywt 

Beaetion wildi 
cystetBie 

Z»0 alcsc^ol 
dahydrognRaMi 
X 10*11 

P-Y 

SOU, + 4»S 

* * 

0 

OH 

* * 10 

* s»8«i»atittiteol cysteine was prodviemS. (4-) or not (•-) 
at pH 7«6» 2f^C fear 30 isiA* 

** No liaill»itloii oceurved at S ae I I T S U 

*** GyclchexyXMinicnium salt was used* 

Xt was the qpea-rixii^ o«hydro9ey bensyl ester i^Uch 

actually liihil>lted the alccdiol tfehydrogeaase instead of 

sallgenin cyclic hydrogen i^osi^a^ (Tible • D^^K ^le Iqr̂ ircBcj 
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group in tht ortho position may prcmot* tha alkylating proparty 
(4S) of b«isyl e«t«r« giving a bensyl cajdboniuni ion^ « 

2t waa intasaating to notioa tha aimilarity in atruetiupa 

batnaan fmgic ida l s-banayl pho^phorothioletaa and iatacnadiata 

part ial hydrolysata of aaliganin c y c l i c phoaphorothiolataa* 

MetidboUc hyaroxylation at tha para or ortho poaition cf 

Sx^&amyl plioaphorothiolata f ungicidas nay ba aamuaad to occur 

** T TBTiMJKaSBl * 

Tha high biological activltiaa of aaliganin qfclie 

phoaphorua ccn̂ ôtrnds may ba atrributad to the hatarowring 

involving mkol and bansyl aater linKagea* 1^9 aUcylatioa 

za action inay ba raaptmaibla for "SHMumytm" inhibition «id 

fuiHjfieidal activity* Tha phoaphorylation raaetioo waa raapon* 

sibla for astaraaa inhibition* aoid aniroal toxicity end inaacti* 

cidal activity* An exocyclic aubatituant group affacts pi^ifalcal 

end biological propartiea by virtua of i ta alaetrcmic and 

ateric charaetarlatiev. sitiua* inathylphocphorothione^ waa uaaful 

aa an inaacticiaa* aUcyleiBidataa hava ayatMoiic activity* 

alkylphoai^orothiolataa had fungicidal activity* phanyl i^oa-

phcnataa had antifi larial activity, and asyl phoaphataa iiara 

naurotoKic and had aynargiatic activitgr* 
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SmiSSimmmmammk 

hm ASP mjECsxvm m tm vmsxm iwvgggjgagigi 

AS ststiid pmviomXf (Eb^iPsrt * I) ths diamoimxf 

of sallgsnia eyclie phosphat* as a biologically aetiiw 

rostii>olits of tri»o-<;z«syl phosj^ats (TCX̂ ) '^'^^ Isd to th« 

synthasis of many ralatsd ocaipoijnas aad to tha study of thair 
(A %) 

chamical and biological prt^partias ' * Analogous cyolle 

phosi^iojtus astars ha«« ba«n syn^iaslsad to study thair ehandcal 

propertias* * ^ and biological actlvitias *®* • Among tha 

saliganin oyelie phoi^osus astaxs* Salithion (2«3!iathc9cyw 

4H*banso»l«3,a-»diQxi^ho^phoriii->2*8Ulphida} was discovaiad in 

1963 in tha ldK>ra!toxy of Pastielda Ch8iaistry« Kyushu Ui&ivarsi^« 

J^an mA comasrcialisad in 19ie by suadtomo ChMBical Qoapaay 

as a practical insactieids * '• Coiif>aKad to tha high neuro* 

toaeieity of tha 70CQP matabolita* salithion cauaas no sudh 

tcocieity* iBtrodBCtion of tny typa of avbstitaint at any 

positicai of the bansana ring of Salithion daecaasas tha 

insactioidel activity^ *® ,̂ It has baan rsportad^^®^ that 2* 

iaethcaiy*6*nitroi-4tt!-toan»o*l* 3# 2*dioKiqphoa|>horiii«>a»8Ulphida 

(BD««) i s obtainad as a pasta in tha raaotion of 2*hydroocy^S» 

aitro bansyl alcohol with laathyl phosphorodlchloridothionata 

after purifioaticm t^oou^ s i l i c i c acid eolttnn ehroBistographr# 

Old this mthCKy con$>oiaid has about s i x ^ times lass insaeticidaJ 



3€-

aetivity UGopmmA to sll^im^^^K ZA this iiiioiraftoir i t 

wm dimrnxwA ill) that %h« nttliCKjr QoapamA (BD^) i« « 

«oUdi imp* 84^C} <ad ha« abciat 3.»5»2«0 tin** gn«t*r iiiMetici" 

d«l aetiiril^ «ga^«t Coekxoaeh* £S£lSlJBIIi fflfar^fflf ildMm* h 

mkA coa^me^lm aetivity against Q4r«»a}iof»ptts»« GB̂ yi| oitfatti* 

cospassd to saXithioai i t alao dmi€mpG9m» inoxtt •a«i ly than 

SaXi^ion laanriitg 1«8S raaidisea in tha •flnrirotaiaaat (U) 

P-OCH, 

saiithion BCHI 

Hoxmwmx0 iatroauctiem of an amimi group in pXaoa oC 

m alic^l ftatay grots^ of tan afford ocganqphoa^oraa •ater with 

<U».«ho«*. ^ « « t h y l a - ( * « « « . y l c « b « « y a - . t h , l ) pl»«h<»o. 

tliiolothicnat* ^ haa no fuagieidal aetivi^* i t s diaU^i 

pho^phoraeiidoliiiolothiottata analoga^ Mxxih as conpomid-S* ahov* 
(U) 

( C H i O J g F i ^ a i j * ® ^ } ^ (C2il|)2»*l*^SGii2*0-«KC2'% 

OGH, 

(DXMKmQAans) (C^MPOiaiD • 2) 
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s«v«r«3L otAwr mims^lmm in UtitnAtuM el««rlir wham thtfk 

•ciM plidi|̂ ifMrmilAo«iiiooa«tts« FlioqpiiGraiiliioihiolo«hi«n«is*»t 

plio«pbor«iat4«9 or jpteo«|diciimiia«« in whieh t!w i^iosplioro* aftoa 

i « ftttaeted dlxwetlr to «li» altrogta «toBi of an ttniiio or ft 

hsttroeyelie ccnipo îd mieti at i^thaiiaia** inidasoJUi or 

tstasol** haepi imiy «ood fuagleldal « 8 t i v i ^ * * * ' • 

ttm tbisfwrn ctoamgva^oaB pronptAd lis to undortalct * 

•:fstWBafc4« woxk on aoaa im^^itflmi^^io/^Xlmaqr^^maitxe/lMCOBio/ 

ohXoro»«|iito«uioipl#3«2»dioKii^04phoriit*2"«ialphia«s hatriag gmaral 

0. ^ 

0 X « cx, Br* »C)̂  

(A) 

Ttea aUcoKf groî pa ar« isopropcacy^ aal^c^y i ^ othcoc/ 

grot«»«# tlM «U^iamido gxoijpa am syxrolidiiio# Pip«ridliio« 

Z>mi^yh>pXp»xA&lLno mnA haauMMitl^lMMlaiiio* 

TlM woi^ •ai»Qdi«d in this dlaa«rt«tion la rala^ad to 

tho iiiTa«ti9«ti<m of tlM #>09« naaticanod eoiispoiiBds with rafsxwmi 

to tlioir ^MiitieftS,* poatloidal a»d tOKieological prop«rtl«» 

iMsiaas atrttstiupa oX^idatioa by apoetrosecpie nathods* 



ss 

ft 

(i} Som Z^9lkaKg/9lkyl Midowi* 

^aofcv^raiBo/aitjro»4li»it 3* 2«^MnsoaiQK«pheiqpliorio*»2» 

suJ^phia* lisv* b««a »yittli»«is«df th« stsii«tiiz« o£ tticca 

eonpowKlls hcEV* l»e«fi dstssniiMid by t # d a g W# XRf l^0t and 

Mam MMMStca* 

( i i ) xnaaetieidal aeti ir i t iMi against GoeHaeoma^ ( i T i y l f t f f ^ 

JBSS£lS9ft>' Bloir*iiy (^?ffyff9ilfy« fftgfffl%flf>* e r a s ^ o i ^ r 

(CBtya J l i H i ^ i l ) em& Aphids (L ip«» l^ agysimi) hwm hma 

xaipckctad* 

( i i i l Axrutaa oral toxie i ty and dali^fad naiurotoxici^ tasts 

on whits albino r>at̂  aad haas iiaxa oair iad out* 

( iv) inhihiticm of ace^i^ioXlaastarasa act iv i ty against 

hl€w>iif ly hoad hoiaoganata aad goat t^oJla hiood haws haan 

raportad* 

(•) Aatifvegai act iv i t ias against HalsilnthciaDoritta wevmtm 

and P y f l c ^ f H , ! mam *»«^ *>««» stodiad, 

(T i ) Phytotoxic pjTopartias on tha gaxiainaticm of i^wat saad 

(Tr^^ias sp« ) haira haan stiidiad* 

( i r l i ) Cytotoxicity tests on plant (cmicn) and animal (nottsa) 

wajca also studied, 

( • i i i ) GSiamlcal hydrolysis of thasa cospoimds hmm baan stodiad 

in allcalina solution (pa ll«85« 7«7>, 
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Ail maitiag point* were taJom in opan capillaaey tvdoes 

in s^lf urie aeid hath and cut* isieorivetad* 

«̂ PiirjifieaiteiOB of aoivenf and other ch«iicalai 

Oxgmie aioiv«ii^ and ehtmlcala nwm^ during the trork 

i«ere of stwidard eofmereiaX grade of high <3uali«^ (m/smi/SM/ 

FiiikVAldrieh mA signa quality)* organic soiventa and other 

ch^nieala were purified and dried according to Vogei '• Si l ica 

gel (60*120 neah) waa uaed £<m eolimn cdircHtiiatogrvE^* 

infra red apectra liere ac armed on Bechnann IIK20 

apectrophotcanateir and pye iMicum SP 3 300S in mtSol mall assd 

in liquid filn* ultranriolet«»apectra were recorded on Bectesann 

]]V>i>2 SpectrophotoflKter and shinediiu UV^Viaible Recording 

^>eetJrqphotoaieteir (m»24Q) in ethanol* Haaa spectra (fiZ poaitive) 

were recorc^d on a Jeol JM£HD 3{X> aiaas spectroaBeter at 70 eV« 

PMR apectra were taton on Variuti EM 360*L# Varian CIT»20 aid 

Jeol apeetrophoteoatera. cheroical ahif t s in parta per laillicn 

for hi mm spectra were refermced to Me^si. solvents used 

for mm spectra were ehlorofoz»*d aid Acetone • d̂ » 
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3* PraparatioB of Thiophoaphosyl Chlogjda (ysci^jt 

f hiophoqpliozyl chlorid* was p]»pasad aoeordiag to 
(2) Moallax- f ] ! n^ • 

BwMtyl alcoliol)« 

2»hydrQagjN»S»Gliloro«l>ai»:rX aleohol aa csia of tha atarting 

raatariala for tha aynthaaia of chloro-aaliganln eyelie aUtylamido 

phoi^horothiaaataa waa pxapaxad in tha following mmmmx* 

Pxaparatiem of tha ehloro aleohol waa dona in faro atagaa. 

(i) Pxapraticqa of 2*hyarQKy«»S««hlordbaaBaldidiyda# and 

Hi) Rad»etion of tha said aldatiQfda to alcohol* 

**<^> Chlorination of Salicylaldahydat 

Chlorlnation of aalic/lald^i:^^ waa dona 1^ aulphuryl* 

ehloriaa»acMitic acid* 

Glacial aeatia asIA '^-^ v̂-CHO 

hem taap* 

CL 
12.2g (&•! mola ) aalieylaldahyda and 13*Sg (O.i mola) liquid 

aiilphUTFl chlorida ^mtrn diaaolvad in ai&out f i w tiioaa glacial 



acetic add respectively in two separate conical flasks* The 

aulfuryl chloride solution was added slowly to aalicylaldehyde 

solution with constant stirring to ensure thorough nixing* The 

teinperature of the reaction mixture was kept at 0^ to Ŝ C* Mta 

ccm¥>lete additioa of sulfuryl chloride tha reaction mixture was 

allowed to staid for half an hour at roon tei^perature* She 

reaction ^oixture was poured in cold water (ordinary)* 'Die 

precipitate was f i ltered with suction on a Buciaier fuimel 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 obtaiiMid was reerystallised from hot raathwiol* The yiUild 

of pure 2*hydrcKy»5M;:JllorGi>«î aldehyde (colourless crystals* 

BbP* lOO Ĉ) was 12*3g (8S% yield) . 

4* ( i i ) Reduction of 2«»hydroKy»S*chlorobeaBalditfiyd»t 

l!he reduction was Aone by sodi«mi borohydride according 

to Vogel̂ ^^* 

CHO 
CHgOH 



za a $00 nl ldixa«-*Qaelc«d ilaak* o<|ttippad with « awehaaieal 

atiiTJrar* a thasacaaiatar eoA a ^xt^ppiag fimnaX waa plaoad^a aolntic 

of 20*i9 CO«i nojya) 3< îgraroac3r<»S«̂ ao£dbaBsaldai:qfai iM iOO ad 

iM«l»iioi wm&i whiiat atirring* a aolutioii of aodiWHi hxom(Aiif6xiid» 

(i«40g« 0,03 »oic ao^iai biroaiohydrida ia 2 mi of 2il»aodiiaai 

hgf̂ ixGKiaa dil«rtad with i8 ml of watar) waa mdnSmA at a rata of 

0«S ml par laiBiita with ooeaaional ^doling to leoap tha saaetion 

»l»«»i. «k I M S V Th. i««i«ton »ixta>. » . .Ur<«i Cor « 

additional parioa of 10 pinataa* 

ttm iMthanol waa xantô ad by dtatillatlcm on a ataan bath* 

"Sh® mmi&vm waa dilutad with 100 a l watar and than asidif iad wit} 
SO ml diluta auJ^tviriis aeid« 7ba laixtina waa wctraetad wit^ athaj 

tha î Ê par Iqfar of tha axtraet waa waahad with a littXa anh/droiu 

mmsfomivm aulphata* Ethar waa xaaiovad by f laah diatil latioo* Tha 

product thi» obtaiaad w«i recrystallisad f roin hot ehlorof ona and 

driad in vmmm* Tim yiald of pwm Z^ ĥydrcsgr̂ Ŝ ciiloxabaaRirX 

ale^iol (eoloiairlaaa cvTatala* iii»p« 8f^C} waa 83K« 
S%CH 

W (Fi^ * ^ » \ « t • 285 liBi ( € • 30S2) 

t Cft vibration/ 

t OK titofocnation atr« wibratioiif 

t C a C atr« i 

I «CK2 * aciaaoriagi 

t G»o atr. of pciaaxy aleeholt 

I o o atr. of phaaoli 
t lona H âtOiii waegiag of tha ptianyl riagj 
t banding of tha 2B adjaeant of tha ring* 

lit (Fig* 2) t 

3420 Md 3140 

142S GKT^ 

14X0 «•** 

1080 mT^ 

1210 mT^ 
89$ ea 

810 OBT 
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Fig . 1 UV spectrum of 5-chloro sal igenin in ethancl , 
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^m^ief&3Kmg*%''>me*mdbmmtl «2e< îol • • on* of «IM «t«r«iaf 

tt«ftMri«Jl« for t t e cyaHiMia of iromocAlig^ia crreUs «|lqfll«ddo 

plio^lio99tliieii«t« VM prapartA la f oiioiriB« niiuMr* 

Pr«i>«r«iioii of i^tm Bronoaieohel WM aont in imo stapts* 

<i} Pz«pftr«tioB of ai»hydreigf*S^roiBOboiiBaXd«bya«t aad 

( i i ) Roditetion of tiM said aldol^d* to «le(Aioi« 

Bromiiia^oii of sftlicyliddithrd* was dcti* laf broiniaft aeotic 

acid raatliod aeeoxdiag to Vog«Jl ill 

CHO 
Glaeial «e»tic «oid 

I«Oif t«^« (0»S^C) 
^ 

CHO 

X2mH (o«3l iK>io) salic^Jl^oi^dB md i7g (0*1 moim) Uquid 

broaioB «f«r« disaolviiNl ia 4S ai3L and 2S ml giaeial aoctie aeid 
x^rpmetiL'wmlf in tiio iwp«r«t» eoaieai f lft«li*# t^ teeiBimi •oltsitioB 

wm maomd sloifl^ to 8«li03ri«^^«%ir* aolntion with eonst«i% 

ahakiiif to oaa^ra tlioioygh mixing. 'Stm tmsprnxa/twrn oC HSim Mastion 

mixtion v«a }mp% at e® to SO^c. Mtmx eoaapiot* addition of 

broiiiiiia« th« raactioa mixttixa wai alXowed to stood (^ room 

tttS|)or«t&r« for m additional period of 30 mintttM with ooeaviciial 

•haliins* whiio fina eifstala ware aeparatadi tlia whola xvaetion 



^s 

mtM^nam was than pernxwA in to 400 nO. eoid tratar and nox* nana 

ofe»taiiia4» 1:11a ffieyataHina raaaa waa f iltasad 1 waahad xapaaladiy 

with eold water to mmofm axeaaa bccmiiia and than 4«iadU Tha 

produBt thtts cabtaicMid waa reerystalXiaad fjroia ho^ nathaneU 

xtMi yiald of paxta 2«tiyds-Gaif«»S«4>somQl»aaiiaidahfa« (eolottrlaaa 

oi?ata3.a« n»î « iOS^C) waa 16*19 (8€94 fi«14)« 

thm vaaaotioa of 3«4irdUrQKy«»S«l»ircaKd>ansaldaî da to al«^ioX 

waa doaa aoeojraiii^ to tiia raatbod daaerlbad in 4 ( i i )* 

« ! • yimie^ of pexa 2»}iydra9eip̂ S«torciiK>»baiiayi alec^Kii (eolourlaaa 

aerta iat flbp* 109^0 waa 8S|g« 

£tCH 
W OPig, 3): \ ^ 204 iiw ( € • 20iO> 
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Fig. 3 UV spectrum of S-brorrto sal iqenin in et?iancl. 
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t m v ibr«^oi i i 

I CM dt f osimaEtioa str* vil»r«M.€ni 

2«iO aiiA 1490 OB*^ t C • C str* I 

i4ae eaT^ t • € K | * aeissoriafit 

iOtO e a ^ t CM) atxr* of pr i iMi r «lfioiiolf 

I.2i0 mT^ • G»o •««• of plwBOli 

899 cnT^ • XoBf »»«*ORi w«09iii9 of ttw piMiirl> r iag i 

8 i9 ott*^ t iMmdiiig est m m&imsmnt o£ t iM riiiffi 

2*h]fdirf39qHMiitrc^«Rsrl> «leoho2.« oat of the stcir«ii^ 

mi^miel9l for t l i i cyntlMAia of ai.txo««li9«fulii oyelie pb&9i^nmidQ<» 

( i ) pjtvpiiratioci of 2«^iydrcK3r"S«fiitroi»«iisy;i e h l o r i ^ t aaa 

( i i ) t lM hydrol^ is oi «h« s«id ehloria** 

2*lqr<^rGiqrt»$H(iitr€^«iisyi ohloi ldt ww pr«p«i«d mmot^im 
(3) 

to thit iMtliod a«eerib«d i n orgmie s]rB^^«i* • 33w r v M t i c n 

involwd ic I 

OH 

4 - CHj,(OCH3)2 -h HCL ^—^ > I 4 - 2CH3OH 

^^2 MO2 



p*nitxap)iaaoa. ttaad has* vaa pti^eiiMtd txm tlia raacSeat (B«idaX« 

n»p« %14^Q) wliila tha othar i]iQi«di«iit« natli^ial was a^fiitliaaiaad 

a £i»ah f OK aimcy ]»«teh of praparatios a« ioXlmmm 

To a iiixtHca of 760 mi mathaBol, 4009 mSa^r&xotgm CaCî  

aea 10*2 tti ec^»« liydx«ehlori4S aeid vaa t«lcan ia a 3 l i t . soyad 

toottonad flaalc a ĵuippad with a xafiux eoodaaaar waa addad 4009 

of 37*'M9C foiraialdal̂ rda with coaatmt eooiing and atirriny* thm 

addition w«a dona axopwiaa thxonsjli a dropping ftniaai* xt took 

d>otst 2 hours to oonpiata tha addition of f onsaid^yda (hi^ily 

a9co«iiaxmi« raaetioa)* Tima thm mlxtusa in tha flask was heataid 

for a faw miiitttas imtil tha liquid bagan to boil vigormisly* 

i^thylal that emm vp quieklr OR the upper l«stmr was eollaetad 

hy fretfrtioaal d i s t i l l i ^ on of tar an ovamight staading* Tha 42«> 

4i C fraction waa eollaetad and atorad in a standard joint 

hottla in cold (f saasar) haf ora i t was tisad* 

Tha rasettion betMaan p^mitrophanol and aatl^li^ was 

earriad out in a one litre* three mekad round bottcmed flask 

equipped with a short raflux ecsidmisar* a thassioatter and a 

bent glass ttiNi raaehing imffisiwatljf balow into tha flask ware 

plaead 909 {0*36 mole) |Maitrophanol« dSO lal eone* IiCl# S nl 

eooe* HjSO^ and 769 (I molm} laatt^lal* Tha reaction raixture was 

stir»ad while tha tanf^rature was maintained at 70^ ^ a^e for 

4*S hc«tr8« jDuring this tine Hd gas was buUDled in tc tha 

reaction mixture throu^ the bent glass tvk^e* 2-«>h7droKy»S«nitro» 

bensyl chloride began to separata as a solid after cboitt one aoa 

half hour* At tha end of the raaetion« the mixture was eoolad ia 



S3 

«i ioa«4»«tli iog • pariod of l»a hoitza aHaa sKura eiyatala aaiMuraNia. 

ma aeUa natariai aftar filtration^ waa leapt in air fcur aavaral 

houra and t^m waaliad with banaaiia. ^boiit 40»4S« of ehlorida 
o o 

warn obtaiiutd (ra*]p« 129 * 1311 C)« 

2«>hydroiqr"i«iiitrohaniyl ^aorida in water waa hoilwd 

gmxtly to «ta«Ka eotaplata hydrolyaia* Aftar boiling tha hot 

aolution was quickly £iltara4 and than ooolad* The l ight yallow 

exyatala of 2whydreocy«>5< îitrol»a]))iyl aleohol waa cabtaisad* 3ha 

cxyatala (ni»p« 122*126^0 war* ra^orystalliaad £roi» hot wafcar* 

irhB ejtyatala wara finally washad with eold dicaeaBi hanaana {lt9) 

ini3Ct«ira* and di-i«^ in vaeuaon* 

Bi«pft 128^C (litaratura m»p^ 13»«>129̂ C) # 

Rg 0*74 (in mathanoD* 
BtCK 
BII49C 

| g (Fig* 61 i 

US iri9m S) I \ ^ • 230 tm mm) and 322 mi (91901 

3450 and 3100 cai t Oi vihrationi 
«»i 

143S oai * » m daforxnaticai str« vibratioRf 
147S and 1335 mT^ i aayn* and aym, atr* aC MÔ  gsoiqpi 

ml 

1610 and 1^5 en i C • C atr* i 
1080 GBT^ I o*0»Oi 

980# 960 ao^ 925 cn*^ • It2i4 triaidMtieutad benaaaa ring 
vibratioRf 

900 on I lona ti-atoa wagging of 1 ^ phanyl riagi 
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2000 1800 
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F i g . 6 IR spectrum of 5 -n i t r r o=n 
n i t r o s a l l gen in . 

in In 



750 mA 73$ OKT^ I CH8»0 hmiMmi 

810 mT^ t 2K (adjaorat) o£ the ringi 

R CL S R R 
NH -f PSCL, > ^ P - ^ 1 ^ + /NH.HCL 

(Smole) 
R' "̂  d ^R' R' 

R CI S R 

^ N H - t - P S C l , Tnethyiamine ^ \ ^ _ / ^ Ttiethyla^lne hydrochlorld( 

(Imrte) (Imole) 

Oam molm PSd.. and two molea of areinft (ar« csm molm 

mtdxm «id cm* mole triethî lagaRiXMi) i#et« allohwd to ireact at «5®G 

to <f5*̂ C in h&mmm/dhloKo£fxm aa solv«iit« Tlie araiaa solution was 

added dropurise vexy alowlif vith eoitatant vigroua stljrring* After 

an a^ltional stirring periods the solid partieles (if present) 

were f i ltered off and t3m relation mixture was waslMd repeatedljr 

w i ^ benaene/ehlorofonR* Bxeess amine was jremerved 1^ washing tSbm 

benseiw/chlorofoziB i^ase with 2% oold l^roehl^rie atfd tiMii witk 

cold saturated soluticm of sodium chloride* The bens^WchlorcNEcwB 
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phtM w«s thtii 6ximd with m^fexmm sodiua iralplialw «id tlltrnxmA^ 

•Viporstion | s vivo govt th» d̂ Miircd il.](3rX«ii4k3|phoii»hore<li-

chioritf^thionsiM* th« dif£«z«iit ai]qra.aRtid(9s>hoî horoadiehieyi» 

dothionalMis w«i« pf«pas«d m foilowst 

7* ( i) «.»*iPii»<aHyiyiMidd<»hoiPhogediiteloyi4etM»iiit 

JV soiixticaii o£ ^llmetantfXmiam (i3«igf 0«i isol*} in ao nl 

bcasMHie wM 9Mm^ 4xGpwl»m to a 8tinr«d aolution o£ thiopho»» 

phosylchloxia* (8«4Sgi 0«0S molii) in SO lai h^mmm «t *S^C to 

• S V -am »lxt«>» WM .«l<r«l irii S"c £ « 3 ho«r. .oa t)»» . t 

jTocia tmaparstim for l ( hours* Cii«o^t]rJl«aiiw hijrdcoohloridai was 

£iltai«a o<£« this soXutioa was wernhm^ with 3^ (M>iiS hijrdroGliJLorie 

acid s&tiaratad with soditai chlorids* and than with coid saturatad 

solution off sodiiai c^orida* Hia bansana X3|I«M was than drlad 

with onhydcous sodium sialphata and fiitaxadi avtporation ^ 

•«Bi^ g««ia iOg* ii«i|i>iCiiscd»iityl«nidai>hoi^horodicAiiori4othionata« 

This oon̂ pound has a oanphor liloa odour* 

I'hic^hoaphori^ichlorida (8«4i0« 0«05 aiola) in 50 IBI 

b«iBena was ailouad to xaact with 6*S9 (0*09 m>lm} off dilmtjrlaaiina 

and 99(0* OS roola) of trlethylmilna in 20 mi bensana, and tha 

roixtura was wozlsed up as in 7(i)» Sg li^fuie was obtained* ^ i s 

eĉ iBfpoiaid has a emmo^J^ lilos odour* 

ThiophoiplKsryl ehiorida (0«05 raoia* G«4S gn) in 90 ml 

bansana was aUowad to raact with n«butylamiaa (0»i mola^ 7*3 9B) 

chlorofoas solution (29 ml), vm tani»aratura was maintainad at 
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0® t o 5®C during addi t loo . After edditlcm c€ the amine, t l » 

reac t ion mixture was s t i r r e d for an additieoial per iod of 2 hours 

and then f i l t e red* The f i l t r a t e was washed vith cold 2% hydro* 

c h l o r i c acid €nd ttmn with cold sa tu ra ted so lu t ion of sodium 

c h l o r i d e . The bei^ene i^ase was tJien dr ied with aeihydrcus sodiuR) 

sulphate and f i l t e r e d , hxt&r evaporaticwi ^ vaeuoo a co lour less 

l i qu id product was obtained. 

7» Civ) Hftitexy 1 gjnidophoaPhorodiGhlori^dofchioaatei 

This compound was prepared by adding ii<«4^xyl rnninm (10,1 gsi 

0.1 raole) in 20 ml benzeiw t o thlophosphoryl ch lor ide (8,45 gm, 

0«05 iiK>le} in SO ml benzene; Th& r e a c t i o i mixture was worked up 

as in 7 ( l i i ) i 14 gm product was ctotained as co lour l e s s viscous 

l i q u i d . 

7« (V) 0- (/3-ineti-^catyMethyl d^chlor4dophoyi|oi;ft^J,a^^t| | i 

This Gonfiotatid was prepared by aslxlng 17 gm PSCl. with 8.0 g 

pyr idine in 75 ir.l benzene as solv«»t , followed by t l ^ addition of 

7.6 gm CO.l mcle) methyl cellosclvejf a f t e r working \sp tiie product 

dbtalaed was 17.0 gm C8C¥4), 

7 . (vi) Q-iso»propy 1 dichloridophosphorothjcaaate i 

Thts araoimt of the areactants and tiie so lvent i n the pjpapara-

t i o n w^re tlie s^rte ac t h a t of tJ:^ CHa*propyl i sooer i tim y ie ld wai 

9.5 gm (50%)m 

7. (v i i ) OplMinyl dlchloridq^€«8phorothi€n&f t 

This coKpound was prepared by taking a mixture of 17.0 gm 

PSCI, md 8.0 gir. pyridine in 50 ml heazemmf 9.5 ^ (0.1 mole) 

phenol was dissolved in 25m benzene &ia<i. the r e s u l t i n g so lu t ion 

was a d ^ d slowly to the above mixture. The reac t ion mixture, i n 

t h i s case , was s t i r r e d a t roan t»ni>erature (27*^C) for ebout 5-6 

hours I a f t e r working ijp thm product cbtaln^d was 16 gm (70gi). 
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8* Iteeperatic^ of game 2*elkyXeHstido»6-chXca:Q/brc^^i>itgoHtei»»i^ 
3 ff 2«4>eoa<;»lio3t aphogphoria«'2'«'®olt^ icMi» 

where X •> Br» CJL« MOj 
R 

^ R|̂  amino groups 

R r: a l K ^ ^ i r o i ^ 4 

2-alkyXamido«>6«chloro/b£OB)G/nitro»4ll»l# 3# 2«l>eii3BOdioacapho8pliorii 
2»s«lphides were pj^pared by adding a solut ion of 2*hydrOKjK»S* 
chloro/bron«v'nltro benzyl alcohol (S-chlorcVbrcaBC/nltro saligeniii# 
1 mole) in cixy acetone t o 1 mole of alkylamidophoi^horodlchlorido-
tb icna te with cooling in an ic««4>ath. The a a h ^ r o u s potassiian 
ceidbcnate (2 mole} was then added by ins ta l r r^nts , with ccas tan t 
s t i r r i n g . The tenperatui^e of t he react ion rointure was s t r i c t l y 

o 
m a i n t a i n ^ below 5 C during the addit icn of potassium Corboaate# 
The conctensatioit wac acccnpllshed by s t i r r i n g a t the t«[^^ratxire 
5-27*^C for an add i t iona l tiiae of 12-16 hours. The so l id p a r t i c l e s 
were f i l t e r e d out of thm rea^tiCHn mixture and t J ^ so lvent was 
reiRO /̂ed isicer reduced pressure a t roau teisperature* In SOP^ cases 
the crude product was d i r e c t l y r ec ry s t a l l i a ed from methanol t o give 
the pure ccirijound; v/hile in others an eddi t ional chloroform 
ext rac t ic i i was necessary pr ior t o recrys ta l l iza t ica i» m t l » l a t t e r 
case , the crtj.de procuct was extracted with chlorof orw and washed 
with 1% o i l . HCl (ice-cooled) and with cold water ; repeatedly* This 
was then dr ied with anhydrous sodluia sulphate aad the chloroform 
was subseqp^stntly removed under reduced pressure* The pure compound 
was then obtained hy r e c r y s t a l l i a s t l o n froro methaiiol* 

http://crtj.de


XHgOW CL 

yij:o^/^c<ztQr\<z 

vher* 0 X m 8r« Cl« NO^ 

/ MiecKBdmnf «mlttci gro^^s* 

tho dif£«r«itt plKMi|̂ iori[Riao«hl.oii«««s w«re prepaz«a • • follows t 

/ 

2 - C H 3 

This eoaipcmoA (Cli^d) was p r^azsd by coaasasstioii of 

•<mi!iiol«r qusnt i t iss of l«S9g {0*01 inols) <4f 2«hydroK^5w 

ehloffdteoiyi sleohol and 2«$0 lal (0.01 moXm) of il»l»-l>iisotoii^l* 

«sia«pho^phorodi#tlorido«hi«asl9S in prsssnes ef 2«7ig (0*03 IBO2«) 

of anhirdroiis potsssltro caixlKmats la SO nil scetoos «s solvsati 

potsssiiam eaidMisfis was mSSmd hy instsliabnts to th@ s t i r r sd 

solufelco «% 0^ «e S®C After m sdaitloiisl s t l r r l r ^ for 16 hours 

/ \ 



«6 til* room tmvi^3Mmx90 tim solids IMX« f i l t s n d off« aad tiis 

soivttat was ramô âd midar sadaoad piassuxa* Tim eruda pxo^aat was 

wasliad witii path«iol satiuratad with i^haplana* «id than tba 

ciceipaittd was raez^staXlisad item iiot mathvioi* SU7f c^ aoii|>oiiiid 

waa obtaiaad as a whita crystallioa soXid# mp« 9t^Q§ R̂  Q»M 

(baoBwia^aeatona^ 8t3># Yiaid* W^i MO1« wt« 347* 5# Koiaeuiar 

^alfsis I* 

CaXmiiatad iog 

t C* 3K*QKf H» 6»S^ | 8« S»3d% 

£SSSmMSBtSSSmimS3ll^tJtiUf* 

P-N 
CH2CH2CH2CH2 

CH^CHgCHgCH^ 

A soXtitiOR o€ aquiraoX«r q^antitias of i,S9g(0«0i nola of 

l»hsFAscmf<'Smmix»xdbmm:il aleohoX aid 3»«29 (0,0i moia) of 

KtH« di]»iitrlaiiidoplioai»ho£odieiatitrid«»tiiionata ia 90 ral af diy 

aeatoaa in prasaiiea oi 3*7ig (0*03 moia) of aaiisfdsovm potassim 

cai^c^ata* 3ba xaaetion and smzlficstion waire e«rriad out in 

Sana naeiiar as tliat ia 8(i)» Earacsval of soivMit in .•«Bi|f ganra 

2*69 of eoIoarXass liquid pco<ŝ % ei(j»10. 



6i^ 

tiMiA 7SKI Mol* f^Rntaa« C^^fl^Qjmmii IfoJU wt* 947* S| 

romd I C,SUS794| a,6*S0K| 8,4«II}9( 

CalettlaEtHia ffsir t C,Si«7iK| H>6*6IX| B,4»oaK 

^ s 
P-NHCH2CH2CH2CH2 

ii«Biitf2.aai4c3|>ho^hoirodiehleridotlii.ofia«» (6*01. »oJL«« 

2«e# ^ ) « S«<:liJLoiFC»ali9ftiiiii (o.Ol ooiMf US8 9Bt) and oBhyf̂ roiw 

potMSioB eazi>cii86» in SO ml msmtoxm vazv alXcw^d to z««6t« A 

whit* solid eonpouad w«» ot»«aia«d i^ich WM x«ecy«%4LliMd froi 

mtthaaol, a»p, IftS^Ci Kolaettlar foxamla G^^^Q^PSClf Hoi« tft* 

3n*5i Yiald 6S*7Q ,̂ 

Aaalyvist 

î oen^ t c,4S«S3i(| H,s«icm| ir,4.7<K 

Caleulataad for t C.4$»2e%| H,S*XIK; N.4»8(^* 



8»(ivJ yss±^msmdMdlaM 
^i*ff^lli^l4^ iWMl* 

CHXH 
^ C H , 

\ 

Thia cowpovm& (Bi^$) waa prapairad by catia«asatiosi o§ 

2«>hy<arc9CiP»»S«l»roBiokeiisyl.aXe<̂ ol (2«@39« 0*01 nola) and n»n» 

<liia(3bit«^l,aBii^^hai^}iorodiohioridothi<aiiata (2«6agRt 0*01. nola) 

in SO al acatona aa 8olv«ntf KUCÔ  ̂ faa aa^ad hy inst^Xmmtm 

to tha atirsad aoiution at 0^ to S (̂̂  Aftar « aoaitlonai 

stijrriiig (3.2«i6li at tha tani^aratitia S*27®C}« tl» solida wax* 

f iXtex^ off# and tha aolT^mt was £««ovad taidar zaduead pxaasuxia 

at room tani^ratiura* Tha esuaa product waa wuhad with nathanol. 

eataratad with ffimptmmt «iŷ  than tha eoiqpovi^ waa xvecystallisa* 

txtm hot aiathaaoU 3*52 {p eospooi^ (8 f^) was obtainad as a 

limits esyataHiiM aoXid« 

naXd 9QKf Mol, £o£imiIa G^^^^Q^n9ms$ mp» 90^C; 

tig a»9i (hamumafaeatoaay 8i2) Hol* wt* 39U 



Analysis • 

Found i C, 46.18%# B, %B9%$ U, 3«S9% 

Calculated for t C, 46«9%f H, S.889(| n, 3*S8% 

8 . (V) 2.«,if>DibotyiaiBido>»>bronio^4H>l.3^a*b«i»odioKiPb0Si^wriJi» 

The ccodensatlon of 2-hycirooiy»5-broinoben85yl alcohol 

(2*03 gm« 0«01 mole) and HtN^diout^lamidophospiiorodichloridothiQnati 

(2*62 gi8« O.Oi SQole) in presence of I^CO. (2*76 gra# 0«02 inole) 

in SO ml acetone gave BR-10 em liquid^ Bl^lO was purified* 

The crtt<^ product was washed with methanol saturated with 

n-heptane and then the ccmQ;>ound was purified by coltmn chromato­

graphy using s i l i c a gel (60*120 raeidi) as ebsoxbent* £lution was 

carried out with dry# d i s t i l l e d thiqpheiM free benseae« ai^ 

the progress of chromatogr% hie fractionation had been raonitored 

by exsnining thm ZR i^pectra of selected fractioa and also 1^ 

TLC technique (coating material s i l i c a gel G, solvent bexvsfme i 

acetone* 9tXh After removal of solvent Jg vacuo 2.70 gm# of 

colourless l iquid product was obtained. 

Yield 70%i Mol. formula C^^^02NI'SBri R̂  0.85 (bensene i 

acetone* 9 t l ) i Mol. wt. 391. 
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Ittialysist 

rotud f C,46»2a%| H,5.909(| H,3,$0^; 

t C^46t00!i|,H,3«S8%^ ll,3«Se)( C«leia«t«a for 

p - N H C HgC H^C H2C H^ 

n-Butylami^ophospl^orodiehloridotiiioiiat* (0*01 iiiol«« 

2*06 gia). S-bromo saligania (0.01 mol«, 2«03 giii) and anhrdrotui 

potaasli;^ eejd»onefo9 (0*02 iaol«« 2»7€ gm) la 90 BIX acatoiMi waxa 

allcwea to raact* A yellow so l id cc%ipouiid was Ootmiaed a£tar 

piirlfieati<»i tiirou0i s i l i c a gal colutm chjroniatc»gra|^7» aup, 

70°<C;Molecular foiniiula G^^^^O^SBxt HoU vU 335. Yiald, 

5S*60^ 

Analysis I 

^om& I C^39«2a5î  H^4,40jt^ lf,4,13% 

Caloulatad for I C,39#2^j H,4*469C^ ll,4*173t. 



P -NH C '̂ â '̂ 2̂ '-'2̂ '̂ 2̂ 2̂̂ H^ 

H<txylaaidoplK»sphorocliGhloi:ido%hicsialB» (2»34 9ia« 0*01 

n)OjL«)« S»Brc»a)osaXigenJUi (2*01 gra« 0.01 BK>le) aond «3}iy€Urovui 

potaislwi cQjdNsnat* (2*76 gm* 0«02 I!IOJL«) in IN) ml Ary aeatoiM 

Yield 4S«S096| Molecular «rt«« 363i Holactilar foximala* 

AnalysiiBs 

Found f C 42,909(1 H 5,179(1 N 3«'̂ %f 

Calculated tos i C 42«8ti»(; K S,21%| H 3*eB9(» 

8. { • l i i ) 2^^ /g^ffethoBcyJethaKy»6*nltxo*4Hii>i« 3^ 2«b«nxodlQx«Pho»>-

P-OC^H^OCH^ 



SHeiitro-saligftiilQ (3.2 m* 0*019 nola) , {^Mitlicacf^) 

ethyldichloridophoqphorffithioaat* (4*0 gia« 0.029 moim) oaad 

anh r̂t̂ roiis potassiixa ca£t»oB8«ft (S«2 g»« 0*038 IBO1« in 50 IBI dxy 

pho^hcrln-a^sttlphiae <4.5 gin)« 80^ y ie ld; as a whits* crystaXlinf 

Bolidf m.p, 84**C| Molecular fomtaa Ci^^^jO^PSi Mol, wt. 305# 

/uaalysis t 

rouaS s C 39.319(1 H 4.0^| K 4«609( 

calculated for t C 39.34%; K 3.96%i N 4. §9^. 

3«0x> 2>AsQpgOD«(y^6>>nityo»4B*1.3.2^eii«odic»apho<phogiiu>2>. 

5»nl^go sali9»nin (i«3 m» 0.031 mole) i^HjOPis)Cl^ 

(S gm) azMl X̂ CÔ  (^.S gm) gave BD-S (4.8 gra, %S9i y ie ld) as 

white crysta l s i awp. 82«83^C; R̂  0*63; Hol. wt* 289; 

Molecular f onmla ^1(^12^^^* 

Analysis! 

?oimd t C 41.SC^; H 4.20%; N 4*83% 

Calculated for I C 4Ui2%; H 4«1S9(| H 4,849& 



6> 

S«»itro»8alig»iilii {4*9 gin* O*0J.$ aio2«)« e^^aPiB)CX^ 

(3«4 9 B ) and K̂ CÔ  (4«1S ga) t«m 2*Ph»naK^6*iiifex<e»4f»»l«3« 

2«4:>eMiodioxî hO)qphQrla«*'it<»suXphi4to (S g ^ $59( yiclid) at white 

cs78tctl8i ffl«p, dS^Ci MoIeeuXar v t 323« MoXceuJLttJT formula 

AnaXysiaa 

Found 1 C 46,26%| H 3.109if N 4»S9K 

Calculated io:r t C 48*30Ki H 3* 12^7 li 4 . 3 ^ 

3* <> )̂ ?«^ffi pl4fqfe¥%y ,̂ffffid<>^6*ae^^y9*4ifT^f|flr 

0 
S / ^ 3 

0 ^^2^^^CH^ 



6S 

0.01 mole i»e* 1,69 gm of S^nitrosaligenin (UQl mole 

i ,e« 2«62 giB of diisobutylaialdqphoilphorodlchlorldothiottate 

and 0*02 laole i»e . 2.76 gm of iyo^ were allowed to react in 

50 cc aeetoae and worked i:^ as in (7), 2.6 gm (73«fl9( y ie ld) 

sol id white crysta l l ine cc^ound was dbtainedf m«p» 136 C i 

Mol« wt« 3Sei Molecular formila € ^ ^ ^ ^ 2 ^ 4 ^ ^ 

Analysis t 

Found I C 50.29^1 H 6*44%i M 7*88% 

Calculated for i C 50,27J4f H 6«42%i IT 7.82%» 

0*005 raole* 0«B4S gm of 5»nltro8aligenln» O.OOS Biole« 

1«3X gro of diJ^ut^lainidoiphoiqpliorodiGhloridothic^ate and 0,1 mole, 

1*38 gra of potassium carbonate were allowed to react in SO oc 

acetone* A so l id white crysta l l ine cojapound was ol>tained| amp» 

70 Ci y ie ld B0^9Q%t Mol. wt* 358; Molecular fortwila a ^O^WB. 

Analysis! 

found 

Calculated for 

t C §0*289(1 H 6*71%t U 7,88% 

I C 50,27%; H 6,7(3Sii N 7*6294* 



9# Ca) Cto CocXroaches {parlplaaftf ggwricwialt 

Oral insact ic ldal t e s t s wasa parf onaad <m. tJbm Oxslucoachf 

partolaaatfi awfrJ^ca^a (Linn,) according to Biisvlna**^ with minor 

modifieations* Mults of £• ataayicw^f^ waighing d»out 0«8 gn 

to 1*2 gmt ware col lected from a particular location in ttw 

Hortii Bangal Vnivarsity campus* m the f i e lds they were never 

exp<»iiad to wiy organophosphonis Insecticides* For jareliminary 

exparinant* tan roaches in each pot were exposed to differ«at 

doaas of the confounds in dry si:^ar b a i t and after 24 hours the 

mortality waa dataraiined* and the minSmm odncentraticm required 

for 100 pejraent mortality {IJCJ^QQ^g/gm body wt. basis) was found 

out* 

To daternine the more precise Ui*QQ (the ndniroum con* 

centration required for 100 percent laortality) value of each 

cotrpound, one Cockroach of known weight in each pot was exposed 

to known quantity cf the cornpounds, progressively increasing 

i t s concentration by i^g/gm» for Sallthlon the concentration 

waa increased by l/xg/gm. Each eiqperiiMBait was tr ipl icated and 

tim mmrmgm I^^QQ valiwB was found out by using the simple 

aritl^wetlcal prooedore «scording to Mcintosh^ . Before conducting 

the experiments on th«m# the Cockroaches were J«pt starved for 

24 hours. However, the varying suscept ib i l i ty of male and 

female Cockroaches to different corapounds were Ignoared during 

tim «s«periinent. 



Y) 

ZncectioidaX teata ware alao parf ormad on tha Sporadic 

Gra»»hoppar»# Oxv. n^tiaalt by topical application of acatona 
£6) 

solutic^ of thm cofspounds according to sto £ | j]^ • The 

grasshqppars wai^iing tbo^xt 0.15 to 0.25 m* waza collactad in 

tha inoQth of octobai>"4lovttait>ar, 1989 from ana particular location 

of tha North Bengal imivarsity Caĉ «ui. In tha field they ware 

never exposed to any Organopho^phorua znaectieidea* For prali* 

minary experiraant« acetone solution o£ thm oaenpottî  was topically 

applied to ten insects in each pot* and after 24 hours th« 

mortality was determined* 

To determine the more precise LC^QQ " ŝltw of each eonepouRd̂  

one insect of known weight in each pot was treated* hy topical 

applicatiai« with acetc^e solution of t es t cheBiieals on iiK>uth 

and thoracic regioa (ventral side) of the insect* Each test waa 

triplicated* 

For BI>>5« B]>8 and Salithion the concentration was 

increased by 0«l/xg/inaect« for BD*! by 0«2^g/iasect and for 

other conpouads the oa»centration was increased by 1 yu g/insect« 

9* <c> On Blow^fly (chrysoafaara aaaacephala) i 

Ccmtact insecticidal a c t i v i ^ tests cm. blow f l i e s , C» 
(7) * 

aegacephala were perforoad according to sto 2j| jŷ  • Acetone 

solutioei of the individual conipoxads were topically «)plied to 

female adult insects. Two replicate samples each of tea insects 

were used for eveiy treatment. The insects were kept at room 



tmaip^ratvam (2S<»28^C)* Mortality counts wera aftteznined aftar 

24 hours of eacperixBent* 

msacts of standard aga and wai^ht wara salaotad and 

starved for two hours, prior to the tast« so as to ansure that 
(8) they would consraoa tha raguired amount of the tsaatad laavas % 

Tan different concentrations (l/ug/mL to lO/Ag/nl) o£ a a ^ 

conpound (BXK1« BDwS, B]>9, BI>>2Ŝ  BX)*39« €1*6, Cl*10# CI*24« 

Br«6« Br»10* BP»24« Br»27) wara prepared in acetc»ia soluticm and 

t% Twean^water mixture* Ten petridishas of aq^al s iaas wara 

taken srtd s ter i l i sed* Fresh leases weza placed in each petridish 

and thay were than sprayed by tha cosppound and acatonaoTwaan*' 

water niixture* Before each spraying the e(2Uipsients wara thorough! 

c l a » a d and dried. One control was prepared by sprioring the 

leases with only aoatona«<Twaan«water a>ixtura« Tim acetone in eac} 

petridish was airaporatad by a dryer* After diying^ t»n Aphids 

(adult) ware placed in each petridish (10 insects /petridi idi) . 

The petridishes were eovarad with callophaiia*p8|>ar t i gh t ly , and 

perfcrated so that the J^hidm could b r e a ^ properly* The dishes 

were properly marked and kept for observation* After 24 hours aR< 

48 hours, the mortality counts were determined* 

^0* Ag^^ Qgal tox ic i ty teats o^ l a t * 

Acute oral t ox i c i ty test ing was conducted on 6*>12 months 

old mala white albino rats , weighing 140*200 gra, each housed in 

separate coiipartment of a cage* All animals had free access to 



dia t iMGlVi&ias water* Diffajeant doaagaa of a eoopoyad waara inixad 

with boilad goat Xlvar and givan to tha anisials at thaix hibitaaX 

faading tina . -Stm oniaala weva obaarred and tlia mortalitsr 

within 48 hours wera zacordad along with tha toxic s f̂mptona* 

Aattte oral toKic <!U>8age waa found out kif varying tha anoimt of 

coiipound prqportionally* Tha negligibXa araount of cc^tpouad waaHad 

by the animal during diating was roughly accountad for in 

datannining tha dosage* 

! ! • Acii^ ori^ tootigjlfy wd dalayad naurotoat^city in Hanat 

«rhita laghoxn hans (weighing ibout l.«l to i«3 leg) ware 

purchasad frc^ local markat; thay ware kept at rocra taiii)aratuta 

and had f raa access to diet* 7he cc^^pounds were administared 

orally iiny using flour ci^aula) at the following dosages* 

(i) the isqpropcaey GC»iPS>oiaid (B!>»5) *> 100# ISO and 

200 nigAg (Table « 15). 

( i i ) the methcecy coiiqpouBd (B]>»6) • 50, 100 aid ISO sigAg 

(Table - 16) . 

( U i ) »«»• Diisdbutyl amido iQV*6) •» 100, 150 and 200 iig/kg 

(Table mi7}. 

(!•> 19,H« Piisobutyl ainido {B^6)«- 100« 200 and 300 mgA^V 

(Table • 18), 

The aniraala ware observed for 10 d<^« Tha toxic synptoms 

ware recorded and tha LDJQ value was calculatad^*®% 

The del cored naurotoxicity study was carried out aosording 

t o tha proposed guide l ine of the Emrlronjaental Protection Agency 



of the mited States* ' . l!ha ccjBipouBds were administered 

orally to the specified nvoA>er of hens at the dosages iBenticned 

in the Tatele (15 to 18), To protect the minals frora acute 

intOKlcation* atropine sulphate (0*54 »gA9 l̂ x̂ ^ v t by sub* 

cutaneous injectioii) vas adialnistered several tlines depending 

cm the synptOBisi for example in the case of M«M# Diisobu^l 

confound (Cl*6), atropine sulphate was injected e i ^ t tirass at 

the interval of abont 1 houi: . 

Ten dî fs after the f i r s t adnfilnistratlc^i of the coi^ounds* 

the saroe treatment was repeated and the h*ns were observed for 

mi» weeks* During the whole six weeks «KperlBHintal period, 

paralysis In legs were checked as an indicator for tim deliv^d 

neurotcacici^* After the observation period* all the treated 

birds excluding those dead of acute intoxication irere sacrificed 

and th^ir sciatic nerves were dissected out e»d examined histo* 

pathologically through normal nilcrotechnigue procedure (using 

Bouin*s fluid as the fixative, paraffin for embedding, btroatoxylin 

md e<Miin as stains)« Five ̂ ^ thick sections were cuted* 

The orgaaophoaphorus coB|>oijuads have a cammoa phamaeological 

property to inhibit the activity of a groiqp of ensyiaeSy especially 

acetyl dholinesterase (J^hK)« involved in thm hydrolysis of 

esters of choline. Since these ensymas are present widely la 

in»>cts «id mmmaX», the organqphoss^orus conipouads, used as 

insecticides also exhibit high raanmallan toxicity. 



The laathod eaplojred to detexmine tha iBhibitioii o£ the 

act ivi ty of acetyl cholinestiaraee in goat whole blood by 

organophosp^ojrua cospounds by caloxinetei: method <x£ Kraraer and 
(12 13 3 

Gannon ̂  *' ', using indophenyl acetate as an intejmal si3i»strate 

Indicator in 0«OSli ii^ospbate buffer of pfi 8*0» The raaetion 

mixture cc^tained 5 ml of en«yiiie«liiiffer solution (4«8 ml of 

0*05 M phosphate buffer solution of fil 8*0 along with 0*2 ml 

goat whole blood)« mA 0«1S ml indqph«ayl aeetato (total volume > 

5.15 ml* concentratiGqti of indophenyl acetate in the reaction 
•»5 

mixture 9*6 x 10 M)« The reading of *ccnatrol' «aid * sample* 
were taken at 62S nm« after exactly 30 min. incubation* 

12 (a) ( i ) Materialst 

(1) Ooat whole bj^oodt 

150 ml fresh blood was col lected from goat and mixed 

with 15 imj afsmoniiim oxalate (anti coagulating agent) in a 250 a l 

standard Jcint bot t le and was shaken well* The bott le containing 

blood was then kept in the freezer at 0**C 

(2) Buffer solution (0.05M Potassium dihydrogea phosphateli 

Clark aad hvlb*B Buffer of j*[ 8 .0 . Five hundred ml of 

O.IM KHgPÔ  solution was mixed with 475 ml of O.IN NaOfi solution 

md diluted to l l i t r e after the pH was adjusted to 8.0* 



<3) g jyoeroi eolut iont 

l^m ml oi g lycerol was d i lu ted t o 100 ml with absolute 

alcohol* 

(^^ mdophapyl eegetatet 

Indqphenfl s ce t s t e (O.OOSg) was dissolved i n 10 ml of 

absolute e thy l alcohol (3*3 x 10 H s o l u t i o n ) . Thus the f i n a l 

coa<»atr«tion of in^pherayl acetate In the reacticsi sdxture was 

9.6 X 10"®(M). 

(5) Sal ine so lu t ioo {0,9Si)» 

Nine grm of NaCl was dissolved in one litre of distilled 

water* 

(6) S a l t SQluticci 

MaCl^ (2*03 gnis) and NaCl (2*15 gins) were dissolved in 

250 ml of water, 

12.(a)(11) MethodI 

The standard incubation mixture contained 5 ml of the 

emywm solution* 0*5 ml of glycerol so lu t ion and 0*15 ml of 
••5 indophenyl ace ta te solut ion ( f ina l ccaicentraticm 9«6 x 10 M)« 

£aeh orgmophosphorus compound as an i n h i b i t o r # was added as 

acetone solut icsi , in t l ^ react ion mixture* acetci^g» in the 

react ion mixture was removed by blowing a i r . The r e ^ t i o n mixture 

containing the ex^yme isad glycerol soluticms with or withc«tt 

organophosphorus compound {c<»jtrol) were kept a t room temperature 

(26 C + 1 C) fo r 30 minutes and then the Indophenyl ace ta te 

solut ion as subs t ra te was added. The Incubation was ca r r i ed out 



•TT 

at 3d̂ C f<m 10 rotns* After inctsbation the optical density of the 

reaction raixture vas neasiured at 62S nm by the «se of Shisiadeu 

UV«>240 Spectrophotcaaeter* 

Calculation i 
Absofbance {Casi)*Abso]:banoe (sosple) 

% znhibitioa » .. . X 100 
Absorbanoe (Con) 

3̂ 2iCb) Attt icholiaestegase a c t i v i t y in Bl^f^fly he^d horaooenatet 

The method entployed to determine the inh ib i t i on of the 

ac t i v i t y of ace ty lchol ines terase in blow-fly head hoiaogenate 

(BFAChS) by the orgaaophosphoras coaK>ound8 was the colorlsMttric 
(12 IS) 

rrsthod of Kramer snd Qainson ' using the indophenylacetate 

as an in te rna l subst ra te Indicator In 0«01S^ phosphate buffer 

of pH S,0» The er»yraatlc react ion for Indophenyl ace ta te i s as 

folloifst 

0 
(-) (-) \i 
0 + 0 - C - C N 

/ .blue , \ 
X 625nn, ) 

Materials md Metfao4i 

12. (b) (i) Materials t 

Preparation of working solution of acetylcholinesterase 

fzrom blo»r<»fly heads t 



The heads obtained from 250 f i l e s (cairysopaye aaeoacephale) 

«rere hoinogenlzed In 2 ml of s a l t solution hy using s l s e Mo* - 1 

morter (prechllled) containing 2 gm of sand* The homogenatee were 

transferred In t o 50 ml of p la s t i c centrifuge tul>e hjf washing with 

3 ml of salijM and 10 ml of buffer solutlcxis* respectlipely* After 

centrlfugatlcxi at 10«000 r«p«m« £or 10 mla at 4̂ C# the siqperaataat 

fraction vas (Stained by ^cantat lon Into a graduated cylinder* 

Oa the other ]|and« the precipitates were resuspended in 10 ml c^ 

buffer solution. The suspenslcm obtalx^d was recentrlfuged by the 

same procedure as mentlcvied abov«« This ensynie extraetlcn procedure 

was repeated twice* After each supernatant fraction obtaliusd here 

was cosdblnedf i t s f ina l voliaae was adjusted t o 250 ml with buffer 

solutlcsi (equivalent to 1 f l y head/ml solutlori}* This solution 

was.stored in deep freezer as the stock solution. When the stock 

solution was used as the enzyme source for chollnesterase ac t iv i ty 

measurement^ the solutl<m was diluted with 4 volumes of buffer 

80lutlc»i (equivalent to 1 f l y heâ V^̂  ml solut ion) . 

The other reagents such as Indo^^ienylacMitatet phosphate 

buffer* glycerol solutlcms were prepared as described in 12(a) 

( i ) . 

The method and calculetl<m for the determination of the 

Inhiblt ic^ of acetylcholinesterase in Blow->f ly head 

were the asm as described in 12(a) ( i i )« 



einployed to determine the antifungal act iv i ty by using poisoned 

food technique ^ • Desired voItoEie of acetci» solution of 

Phosphoraroidothiooate was ndxed with water containing 0*29& 

Triton^X and the solution was mixed with raelted na l t agar so 

m to get the desired conoentraticai of ttm ccmpoveaA in tbm nsdia* 

The t e s t roediun was then poured in to s t e r i l e petridishes cad 

after so l id i f i ca t ion the 7 RIBI 8 da^s old culture dJ.sc was placed 

asceptically at tlMt centre of the petridishes* Three xreplica-

ticffits of each t e s t with iqppropriate control under sante conditions 

were iaaintaiiMd« O^ese petridishes were incubated at 26 ^ l^C 

and the diameter of the colony VOB measured after 24 hours, 48 

hours, 72 hours and 96 hours in both the cases . Percent Inhibition 

of the growth of eacOi colony over control was calculated follow­

ing the equation given by Vincent , 

3̂ «« Pbytotoxioity Testt 

Phytotoxicity was conducted according t o the procedure 

of s to e t al^* % Acetone solution of the ccaapounds mixed with 

fixed ainount of water containing Q»2% Triton'-X was prepared. 

Vive iBl of th i s aqueous suspension containing 500, 250 or XOO ppm 

c^ each phosphoraroidothi(mate was poured in to a petridii%, the 

bottom of which was covered with absolvent cottusn* Ten seeds 

of «Aieat (Triticu» i^« y262 variety supplied by tdie Mational 

Seed Corporation of India) were placed on the cotton and )»pt at 

roora temperature {2S® - 27**C> for f ive days, water (2*4 ml) was 

added occasionally to each petridish so that the seeds remained 

http://dJ.sc


in moist coaditiGiis* sach t e s t was tripl icated* s^xubar of 

gexiRinaticms were couanted after S dj|^« 

(17) Since the compounds are aaalogoias to sa l i th ion^*", i t 

i s envisaged to proceed with the i n i t i a l f i s s ion of aryl ester 

bcmd in dioxaphosphorin ring followed by the l iberation €si 

S^nitro/chloro/brano saligenin* 

iiî exe« 

X - NOj, CI. Br 

t m •M'̂  * , OR 
^®2 

+ HgO 

OH 

s 
O -P-

OH 

The chemical hydrolysis studies of phosphoramidothionates 

hove been studied in 9.5 siK HaGK solution in SO^ ethmol (pM 

li«85) and that of aDcoxy coiâ ot,!!̂  the experiments perforsMsd 

with phosphate l»iffer in 20^ ethanol solution (pH 7«7) at 30^C. 

Determination of the hydrolytic coastants of the confounds 

involve the following stafesi 



w ! 

( i ) Determinafeicn of molar axtinctioa c o e f f i c i e n t ( € | ) 

of 5 nitrVchlorp/broaio saligenin in the alkal i solution {9»i i«f 

NaCH in SQ% eth«iol« pH 11.8S). 

h weighttd amount of pmm 5«>ttitro/chloro/br<»iio aaliganin 

was dissolvacl in a required volunia of alkalina solution and 

extinction coef f ic ient values o£ i t s correspcmding to yfwm 

lengths 4O0« 410» 420 ma (for S*nitro s a l i ^ n i n ) eoad 294, 298, 

300 nm (for S*>chloro/bromo saligenin) were found out hpf measuring 

the aSssojdaanoe in Beckraann Otl«»2 Spectrophotc^^ter* The aiolar 

ioctinction coef f ic ient of n i tre saligenin have also 23een deter-

sained by i^m abov9 joenticmed laethod in phosphate buffer. 

( i i ) Determination of the roolar ext inct ic^ oo»eff icient (E^) 

of the G-chloro/broiiio saligenin c ^ l i c phosphoraroidothicsaates 

in the sane alkaliJie solution (pH l l « e S ) . 

AS the rate of hyarolysis of t3n& 6-chloro/bratao saligenin 

c^fclio phoi|>horamidothicnates were mitxmmly slow, the optical 

densi t ies (at hm 294, 298 and 300 nra) of the alkal i solution of 

any of the pho^phoraroidothionates of known concentration were 

measured immediately after the preparation of the solution, the 

optical dens i t ies and the concentration of the phosphoranido* 

thicmates, the snolar extinction coeff ic ients of the phosphorsRiido* 

thioiates ( €» ) were deterxnlned* 

Ciii) I>etenaination of the arootait of coaiî ounds hydrolysed 

(C )̂ after a certain interval . 

One lal of compound solution in absolute ethanol (Ccoc. 

10*TW) was added to 9 ml of ttm alkali solution (pH H«85) , so 



t h a t the f i n a l concentration of the compoiaid was of the order 
••5 of 10 M# and the stopwatch s t a r t e d . After su i t ab l e time Intervj 

the absorbance a t 400, 410, 420 nm for n l t r o compounds and a t 

294, 300 nm for chloro and bromo compounds were measured in the 

same spectrophotcmeter. 

TYm concentrat ion of the ^osphoramldothlonates 

hfdrolyzed (C. ) were ca lcula ted from the equatlont 

t̂ 

(Iv) Determination of the hydrolysis r a t e constant (Kĵ ^^) of 

the coinpounds* 

The Pseudo f i r s t order r a t e constants of the d i f f e ren t 
corrpotands were ca lcula ted frcan the f i r s t order r a t e equation 

where, C « i n i t i a l concentration of thws compound. 

C^ m Concentration of the conpound hydrol]pfied a f t e r 
time t* 

The average pseudo f i r s t order r a t e ccnst«ttjt (K^^) of a 

compound was computed from the r a t e constant values ca lcu la ted 

by the l e a s t square regression analysis a t each wave length* 

The half l i f e periods of the d i f fe ren t compounds were a l so 

ca lcu la ted . 



PART ~ I I 

m3hV£S AND DISCUSSICN 

1 . S y n t h e s i s : 

(18) 
m our l a b o r a t o r y Das e t j l p repared 6 - n l t r o s a l l g e n i n 

c y c l i c araidophosphorothionates in s o l i d fojnm wi th h igh y i e l d 

(19) 

a t low t e n p e r a t u r e . Tlw method of Eto e t a l us ing potass ium 

c e r b c n a t e and copper powder a t e l e v a t e d t empera ture i n benzene 

was a l s o employed; however, t h i s method g ives a p a s t e y m a t e r i a l 

from wiiich i t i s very d i f f i c u l t t o o b t a i n pure compound. 

We, however, succeeded in s y n t h e s i z i n g s e v e r a l 2 - a l l ^ l 

amldo/alkoxy-6-chloro/brcOTO/nitro s a l i g e n i n c y c l i c phosphoro-

t h i c n a t e s by trie r e a c t i o n of the a p p r o p r i a t e a l k / 1 amido/a lky l 

p h o s p h o r o d i c h l o r i d o t h i c n a t e wi th B-ch lo ro /b romo/n i t ro s a l i g e n i n 
u s ing KjCO, as t h e dehydrogen c h l o r i d e agent a t low tempera tu re 

(18) 

0-5^C. 

we prepared some new compounds accord ing t o Das e t a l 

a t low t e i t pe ra tu re i n our l a b o r a t o r y . The conpounds v i z , CL-6, 

CL-.24, BR-6, BR-24, BD-1, BD*5, BD-9, BD-25 and BD-29 were 

o b t a i n e d in t h e s o l i d form and t h e ccropoxjoids v i z . CX<»10, BR->10 

and BR-27 were l i q u i d in n a t u r e . 



Table •> 1 

Percent y ie ld and rn.p. of d i f f e r en t 6-<diloro/broiBe/ 
n i t r o sa l igenin cyc l ic phosphorus compounds 

Code 
No. 

CL-6 

CL-10 

CL-24 

BR-6 

BR-10 

BR-24 

BR-27 

BD-1 

BD-5 

BD-9 

BD-25 

BD-29 

X 

CI 

CI 

CI 

Br 

Br 

Br 

Br 

NO2 

NO2 

NO2 

NOg 

NO2 

Y 

N,N-Di l sobuty lara ido 

N, N-Dibutylainldo 

N-Butylaniido 

N, N-Di i sobu t y l amido 

N,N-Dibutylamldo 

N-Butylamido 

N-Hexylamido 

Me t h o x y - e t h o x y 

Isopropoxy 

Phenoxy 

N, N - D l i sobuty 1 annldo 

N,N«Dibutylamido 

Y i e l d (%) 

78 

75 

65 -70 

90 

70 

55 -60 

45 -55 

60 

55-60 

55 -60 

8 0 - 9 0 

8 0 - 9 0 

m.p. (**C) 

91 

l i q u i d 

163 

90 

l i q u i d 

70 

l i q u i d 

84 

82 

95 

135 

70 



2 . SPECTRAL PROPEBXJSSi 

The s tructures of the ccmpoiaids have be^) determined 

by chemical ana lys i s and uv, IR, Mass and NMR spec tra . The 

a n a l y t i c a l data along with the phys ica l c h a r a c t e r i s t i c s have 

been presented in t h i s s e c t i c ^ , s p e c t r a l data are given below. 

(a) SPECTIUVL DATAl 

( i ) 2-ti.li»Diisobutylainido-6«<;hloro»4»»l.3^2»benzodiQxaphogDhorin 

2-sulphide (Cl>6)> 

uv ^FiSt r ) 

EtCli 
\ i a x • 279 ( € « 1316} 

1010 cni*^ (s) 

1240 era* (s) ^ d 915 on (s) 
815 CIB"^(8) 

650 cm (s) 

1050 cra*^ (s) 

735 era (s) 

Mass gr:^9. 9 } 

349 (M • 2 ) * 

347 <M*) 

314 

304 (Base peak) 

P«>o>c 

P-O-C 

P s S 

P « S 

Ar-<:1 

(alkyl) 

(aryl) 
( I ) 

(II ) 

p*"N s t r . 

% R^ 

6.79 

16.83 

22.23 

100.00 



248 95.88 

219 20.00 

187 25.00 

174 10.00 

140 12 .5 

112 6 .25 

77 17 .5 

H SMR S (Acetone dgAMS) ppro (F ig . io ) 

0 ,73 -0 .90 (12H, d o u b l e t , fou r -CW- group) 

1 .20-2 .20 (2H# m u l t i p l e t , two Oi grou^) 

2 .73 -3 .70 (4H, m u l t i p l e t , -H (GHg )2 grciqp) 

4 . 8 3 - 5 . 6 6 (2H, m u l t i p l e t , -CHj-CHP grovip) 

6 . 8 0 - 7 . 3 0 (3H# aromat ic hydrogen) 

^h am (Figt 11 ) 

S (CDCXj/HjPO^) ppiB 

69.80 ( J , 10.79 H ) 



13 C NMR (CDCljAWS) PPra <^19» Ŝ ) 

C atom ^Values (ppm) J. 
AB 

(Coupling 
ccmstant 
Magnitude in 

'8 

19.91 
19.83 

25.72 

52.71 
52.68 

66.35 

120.21 

*J (^^P-N-Cj^-C^-C^ ) 

^J('^^P«N-C^) 

^J(^^P-(>-C^) 

V(^^P-CVCg-CQ) 

7.32 

15.19 

3.00 

5.33 

8.22 

124, 97 

'10 122.24 
122.14 

^jC^^P-O-Cg-Cj^Q) 10.61 

'6 

128.34 

128.90 

149.68 
149.61 

2 31 
'jC'^P-O-Cg) 7.34 

n , i s tised t o represent a coupling over t) bonds between 
AB 

nuc le i A and B. 
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<^ 

Ui) 2-N<N-DibutylamAdo»6-chloro-4H«'l^ 3^ 2*toenzodioxaphoaphoriP 
2»'SuXphicl» (CL-IO)! 

X 
£tCH 

max 
279 nm ( ^ « 1620) 

IR ^Fi,g. 14 j 

1020 CIB"^(S) 

1240-1250 cin""^{8) 
and 910 era* (s) 

810 

655 

104C 

730 

Cffl* is) 

coT ( s ) 

1 OBQ"* ( S ) 

CIB ( s ) 

Mass (Fig. is ) 

m/z 

349 

347 

314 

304 

262 

24B 

219 

187 

174 

140 

112 

77 

(M + 2 ) * 

(M*) 

(Base ê̂ k̂) 

P-O-C ( a l k y l ) ; 

jwo»C (ary l ) j 

P • s ( I ) / 

P « S ( I l ) j 

P-N s t r . 

% R ; 

6.58 

19.05 

100 .00 

,25*2.0 

33.80 

24.90 

19.17 

37.50 

37.50 

15.00 

25.00 

37.50 
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^H mm. J> (Acetone • CL^AMS) ppai (F ig . i 6 ) 

0 .80 -0 .90 (6H, t r i p l e t due t o t v o 
-CH, group) 

1.20<»2«10 (6H« inuXtlplet^ due t o iwo 

-CH£Ci4^- groups) 

2,91-3.40 (4H, multlplet, -«(012)2 ) 

4 . 7 3 - 5 . 5 6 (2H, raultlplet, -CH^-O-P) 

6.80*7.46 (3H, m u l t l p l e t , aromat ic hyehraog* 

(111) 2-M-Btttyl acnldo*6'K!hloro-4i»»l^ 3* 2»benaodlQxaph08i;diorli^ 

2-suXphlde (CL->24J1 

,fitCH 
^«,^ « 283 am ( £ « 4268) 

max 

XOSO ciH*^ (s) P-O-C ( a l k y l j 

1240 cm"" (a) and 885 cm*^ (s) P - O C ( a r y l ) 
•"1 

830 cm ia) p « S (x) 

6S0 cm"'^ (s) P » S ( I I ) 

730 cm* (s) P-H s t r . 

3320 cm* (s) N-H s t r . 



to 

O o o 

Fig.jy W spectrum of N-butylamido-3-chloro-4H-l,3,2-benzodioxa; hosphorin 
2-Gulrhioe (GL-24) ^ 
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m/% % RI 

^291.5 CM*) 41.1 

(293.5 (H * 2)* 12 .7 

'256.5 (base peak) 100 .0 

[260.5 3 1 . 2 

187.5 38 .5 

( l 8 9 . 5 11 .8 

'140.5 25.2 

;^142.5 8 . 1 

(Iv) 2«M,N-P^lgobMtylaiaido»6>broiBO»4H«'l.3^ 2«JpengodioxaphosDhorln« 

2»aulphlde (BR»6)t 

"V (g^gf g-0 ,il 

. fitCH 
max " ^̂ ® am ( € - 1666) 

IB (y jQ. i l l ) 

1015 cm*^ ( s ) P«CM; (alJcyl) 

1235-1260 cin"^ 

and 910 CBi* ( s ) P-CM:; (axyl ) 
•"1 

810 csj ( s ) P » S (1) 
• l 

650 an im) P • s (21) 

1040 era* ( s ) Ar-Br 

730 cm" (a) P-41 s t r . 



lO^t-

Mass (Fia 

r393 

I39I 
358 

348 

292 

263 

231 

174 

57 

43 

. S.^ ) 

(M + 2)"*" 

(M*) 

(Base peakJ 

15.0 

15.0 

20.0 

100.0 

85.0 

20.0 

22.5 

15.0 

62.5 

40.0 

^H NMR S {Acetco© - dgAMS) ppm (Fig. a,3) 

0.70-0.95 (12H, doxiblet, due t o four -CH- group); 

1.20*2.30 (2H« multiplet« due t o two ->CH^grotqp)i 

2.80-3.20 (4H, mul t ip le t , due t o - N ^ ^ * Group); 

4.90-5.60 (2H, e igh t l ine multiplet^^in the 
dioxaf^orin r i n g ) ; 

6.60-7.45 (3H# rouitlpiet due to aromatic hydrogen) 



l " i 

H A K I .' 

Fig.2.0 W spectrum of 2-N,N-Diisobutylamico-6-bromo-4H-

1,3,2-ben2odioxaphosphorin 2-su lphide (BR-S). 
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^^C NMR ( G D C I - A M S ) ppB (Fig. 2.4 )» 
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^ C atom Values (pfos) ^J 
PS 

Coi;qE>llng 
constant 
(Magnitude 
In H ) 

4 
4 
4 
=4 

=5 

=8 

'̂ lO 

w*! 

^6 

Co 

19,92 
19.80 

25.64 

52.54 

66.24 

115.65 

120.63 
120.55 

122.67 
122.56 

127.89 

131.94 

150.22 

^p-N-q-cj-cj 11.68 

P - O - C ^ - C Q 

P-0-C«-C, « 9 10 

8.78 

10.76 

* n - I s used t o represent a coupling over tl bonds 
AB 

between nuc l e i A and B. 
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2*sulphi<3e (BR»10)t 

UV (i'iQ.-3.5) 

- EtCH 
A •» 278 nm {Sm 

max 

IR <Flg^2-^^ 

1020 cm*^ («} 

1250-1260 CBT^ 

900 era* (a) 

810 cm (s) 

650 cm (s ) 

1050 dn""̂  (») 

730 cm* (a) 

Mass (FlQ, 2.V- ) 

ro/g 

^393 (M + 

(391 (M*) 

(s) and 

2 ) * 

358 (Base peak) 

348 

305 

292 

263 

231 

174 

57 

1162) 

P-OC (a lk /1 ) 

P-o-C (aryl ) 

P « S (I) 

P - S (11) 

Ar-Br 

P-N s t r . 

% RI 

65.00 

57.50 

100.00 

22.50 

22.50 

16.25 

10.00 

23.75 

50.00 

17.50 
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Fig.£,5 UV spectrum of 2-N/N-DibutylaiDido-6-bromo-4H-l,3,2-
benzodioxaphosphorin 2 - su lph ide (BR-10) 
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Fig .26 IR spectnara of 2-N,N-Dibutylarnido-5-bromo-4H-l,3,2-benzodioxaphosphorin 
2-sulphide (BR-IO) 
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^n HMR (AcotOQO •» d^^yma ) ppn (Fig* 28) 

0*60»0«90 

! • 20-2* 10 

2«n*3*40 

6«eo«-7*46 

(iH« tr iplet* due to tvo •̂ GK̂  groups)! 

(8Ht muXtiplet* due t o tifO «-GH2«<82* group) f 

(4H# nuXtiplet* •-ll(Ql2^2 ^roiq^i 

(2H# niuXtlpXet^ •ai.«0»P group ) | 

(3H, muXtipXet* aromatic hydrogma,) 

VV t IS t 2^] 
StGR 
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if̂ ... (K.isa. ml 
1025 ciB*^ 

1240 CBT* 

900 OB**' 

• i 
8 0 5 OR 

665 cm 

735 CIBT 

3280 CK* 

(s, 

Ui 

(8< 

(si 

(8^ 

( * 4 

( S i 

276 ISB 

1 &BI& 

( € « 1008) 

P-O-C ( a l k y l ) 

P«.Oi,^ ( a r y l ) 

P - S U) 

P « S (IX) 

P«ii s t r . 

ii«4i s t r * 
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F i g . 2,9 UV spectrum of 2-N-butylamido-6-bronio-4H-l/3,2~benzodioxaphosphor: 
2 -su lph ide (BR-24) 



, F i g . g o IR spectrum of 2-N-butyIamid6-6-brcrrio-4H-i,3,2-beh2odibxaphosphorin 2-sulphide (B??-.24y 
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Ma»« ^ ,^a t 
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r335 

1337 

^302 

I304 

r'231 

I233 
| 184 

\ l 8 6 

I'lse 

1158 

,21 1 

(M*) 

(M • 

(base 

2)* 

>. peak) 

% RI 

35 .5 

34.8 

100.0 

99 .5 

31 .1 

30 .5 

21 .5 

20 .9 

15.3 

14.7 

( v l l ) 2'-'Hexylaroido*6»brorao-4H-l,3« 2'-benzo<iloxaphOBphorin« 

2 - su lph ida (BR»27)» 

UV (F ig . 3S.) 

EtCH 
/^ « 283 nro ( € • 2923) 

max 

IR ^ 1 8 . : ^ 3 ^ 

1070 cm - 1 

1240 cm - 1 

890 cm - 1 

810 cm 

660 cm 

• 1 

- 1 

3280 cm -1 

1620 cm - 1 

1565 cm 

735 cm 

- 1 
I 

• 1 

(a) 

( s ) and 

( s ) 

( s ) 

(m) 

(s) 
(w) and 

(w) 
(s) 

P-O-C ( a l k y l ) 

P-O-C ( a r y l ) 

P « S ( I ) 

P - S ( I I ) 

N«H s t r . 

Two coni|><ments of t h e sbus t i tu t ed 
benzene r i n g a quadran t s t r . 

P-N s t r . 
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2 - s r , l p h i c e (i3R-27) 
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Mass (F ig . 34 ) 

i ^ g 

r363 (M*; 
(365 (M + 2 ) * 

(330 

I332 
^ 8 4 (base peak) 

U86 

(156 

tl58 
77 

^ R:I^ 

1.00 
1.00 

2.00 

0.50 
100.00 

99.00 

49.00 

48.70 
97 .00 

( v i i i ) 2" (/^«'methoxy)ethoxy->6->nitro»4H-'l, 3« 2* 

benzociioxaphosphorin»2~suIphide (BP-Dt 

UV (F ig . 3g ) 

X 
EtOH 

max 
280 niij ( € - 9352) 

IR (Fig . 36 ) 
mmmmmmtmmtmmmmmmmmmmmmmmmm 

1020 cm 
1050 cm 

1190 cm 

- 1 
I 

- 1 

920 GIB • 1 

1515 ciB - 1 

1340 era 
. 1 

600 cm - 1 

1615 en - 1 

1580 cm - 1 

(s) 
(s) 
(s) 
is) 
(s) 
(vs) 
(s) 
(w) and 

(m) 

P-O-C ( a l k y l ) ; 

P-O-C ( a l k y l ) ; 

P-O-C ( a r y l ) ; 

P-O-C ( a r y l ) ; 

as/in. s t r . of n i t r o group; 

s/m. s t r . of n i t r o group; 
P - s ( I ) ; 

benzene ring "quadrant stretching' 

C •> C vibraticms. 
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F i g . 38 H NMR spectrum of 2 ( ̂  wmethoxy)ethoxy-6-nit;ro-4H-l,3, 2-benzodioxaphosphorin 

2-sulphide (BD-1) 



1 2 . <̂  

Mass I f iq . ^y / 

^H NMR 

W^ 
305 (M" )̂ 

59 
58 (base 
51 

45 

b (CDClj) 

3.35 

3 ,6 

peak) 

ppm (Fig, 

%_RI 
X 

26 
100 

10 
12 

se ) 

(3H, 
(2H, 
(3H, s i n g l e t , - o q i j ) ; 
(2H, t r i p l e t , -qijOCHj grouq?, 
s l i g h t fur ther s p l i t t i n g s due t o 
phosphorus are a lso observed); 

4.3 (2H, imil t iplet , P-0-qi2-CH2-OCH2 
group, s p l i t t i n g s due t o phosphorus 
are a l so observed); 

5.4 (at 5.5 s ing le t and a t 5.3 doviblet, 
-CH,- group in the dioxaphosphorin 
r i n g ) ; 

7.1 (IH* doui>let, one aronat ic 
hydrogen meta t o n i t r o group); 

8.0 (IH, doublet, one arcrniatic hydrogen 
ortho to both n i t r o group and-CH^ 
group of the dioxaphosphorin r i n g ) ; 

8.2 (IH, doublet, remaining anet 
aromatic hydrogen), 

(Ix) 2-l8o*praKpyi»6'»nitro»4H'*l, 3^ 2-bengodio)caphosphorin 
2'*sulph4de (BD»5) t 

. EtCH 
max - 280 nm ( € • 8092) 
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enzodioxaphosphorin 2-.sulphide CBD-5) O 
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^3^ 

1000 era* (vs) and 
1020 c«-^ (vs) ^ - ^ ^ ( i s o p r c p y l ) , 

1200 CBT (B) and 
930 c« (») P-O-C (ary l ) i 

152i cm" (s) 
1345 cm"^ <s) 

790 OB* (») 
650 era (in) 

1620 cra*^ (w) 
1590 c»*^ (ffl) 

Ma»s (Fig, 4 1 
H/a 

and 

and 

i 

289 (M*) 
247 
246 (base peak) 
214 
198 

asym. and syra. s t r . of n l t r o 
group respect ive ly* 

P • S ( I ) ; 
P • S ( I l ) i 
benzene r ing qus^rant s t re t ch ing 
C • C v ibra t ion . 

% RI 

16 
56 

100 
72 

4 

^H NMR h (CDClj) Rpm (Fig. 43L ) 

1.4 (6H, quartet* two -CH, groiq;>); 
4 .9 (1H# rnult iplet , - C H ( groiq>); 
5.3 (IH, s i n g l e t , one hydrogen of 

-CHj group i n dioxaphosphorin r i n g ) ; 

5.5 (IH, s i n g l e t , one hydrogen of -CH--

group in dioocaphosphorln r i n g ) ; 
? • ! (IH, doublet , "̂ Ĥ H « 6 . 5 H^ one 

aronatic hydrogen raeta t o faltro 
gro\q>); 

8«0 (IH, doublet , <xie aronatic hydrogon 

ortho to both n l t r o group and-CHj" 
group of dioxaphosphorin r i n g ) ; 

8 .2 (IH, doublet , J„ „ • 8 , 5 H , 

remaining one aromatic hydrogen). 
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(x) 2«»Phcnoxy«*6»nitro»4H»l«3^ 2»ben8odioxaphoaphorln» 

2«'atilphl.d» (BD <•» 9) t 

« 277 nm ( € « 9755) 

P-OC (alJcyl); 
P-O-C (phenyl); 
P-O-C ( a r y l ) ; 
P-OC (aryl)> 

asym. s t r . of n i t r e groxspj 
sym. s t r . of n i t r o group; 
P • s (I) 

1020 cm 

950 cm • 1 

1185 en - 1 

905 ciB - 1 

1530 era • 1 

1345 cm • 1 

785 on - 1 

Mass ^iQ.4^S ) 

m/z 
mmmmm 

323 

293 

250 

235 

214 

198 

(base peak) 

% RX 

100 

60 

99 

75 

99 

82 

^H NMR S (CDCl-i ppm (Fig. 46 ) 

5 .5 (IH, doublet , one hydrogen of 

-OHg- gzovp i n dioxaphos^^orin 

r i n g ) ; 

5.65 (IH, s i n g l e t , one hydrogen of 

•CHj- group in dioxaphoi^horin 
r i n g ) . 

7 .25 , 7 .35 , 8 .1 and 8 . 2 are due t o arcsnatlc protcns . 
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^H NMR ^(CDCX-) Ppin (Fig. 5 0 ) 

0 .95 

1 .70-2 .45 

2.85-3.25 

4 ,85-5 .90 

(12H« doublet , due t o four 
- a i » group); 

(2H« niu l t ip le t due t o two 
-CHCgroupJi 

(4H# quartet , due t o two 
-CHj gro\J5>J; 

(2H. 
e',3kU'mt•«v^uif^>iei' 

7 . 1 , 8 .05 and 8 .1 

, due t o -CH2 group in 

benz odioK aphosphorin ring } ; 

(3H, due t o aromatic hydrogen). 

( x i i ) 2-DibutyIaanido-6-nitro-4H-l«3 # 2-bengodioxaphoaphorin-

2-sulphicte (BD-2 9 ) t 

UV <Fig. ^i } 

^ EtCH 
X « 292 nra ( € • 9438) 

max 

1030 cm"" is) 

1245 cm and 

875 cm" is) 

1520 ciB*^ (vs) 

1340 cm"^ (vs) 

815 cm* (») 

650 era* is) 

730 CIB"^ (a) 

P-O-C (alkyl); 

P-O-C (aryl); 

asym, stretching of the nitro group; 

sym, stretching of the nitro group 

P « S (I) 

P • S (II) 

P-N stretching. 
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0-500 -

NO 

> -
0 1̂1 /CHjCH^CHjCHj 

P-N. 
I ^ 

0 
CH^CH^CH^CHj 

B D - 29 

2 5 0 0 3000 4000 

Fig.51 UV spectrum of 2-N,N-Dibuty lan i ido-6-n i t ro-4H- l ,3 ,2-
benzodioxaphosphorin 2 - su lph ide (BD-29) 
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0 II ^CH,CM,C"TCM, 

'V5^^ ,AN^^0 C" ,CH,CM,CM, 

nD-29 

<000cm" J500 ; ioo lOOO 1100 I6O0 UOO IfOO '<X» 100 MO «J0 OO 

^i^-Sjz, IP. spectrum of 2-N/N-DiI u ty lamido-6-ni t ro-4H-l ,3^ 2-benzcdioxaphosphorin 2-sulphide (BD-29) 
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Fig , s^ H NMR spectrixm of 2-N,N-Dibutylaniido-6-nitro-4H-l,3,2-4>enzodioxaphosphorin 
2-sulphide (BD-29) 



\S'0 

^aff ^49t n I 
m/z 

350 (M*) 

325 (Base peaX) 

315 

273 

259 

198 

^JRi 

5 .4 

100.0 

19 .9 

31 .0 

29.6 

10 .0 

^H NMR ^ (CDCi-) PPffl (Fig. 5^> 

0.95 (6H, doublet due t o two 

-Qi^ group); 

1 .15-1 .75 (8H, inulUplet , due t o two 

-CH2CH2"gr©u^); 

2 .45-3 .40 (4H, mul t ip l e t , due t o two 

-CHj-groap); 

4 .85-5 .81 (2H,^ ^ due t o -CH, gr . in 

the benzodioxaphosphurln ring); 

7.07, 8.0 and 8.15 (3H, due to three aromatic 

hydrogens). 
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2<b) p^^cusslom 

IR spectga 

The IR spect ra of the (nltro/bromo/chloro) sa l lgenln 

c y c l i c phosphoramldothlonates have been analysed according t o 

Thomas^^°^ Bellamy^^^^ Colthup^^^^ SS l i ««<3 Das^^^^. The 

lR$>ortant IR bands are sumnarlsed belowi 

1000-1070 CBj*̂  (s) P-O-C ( a l k y l ) ; 

1185-1260 cia"'̂  (s) and 

875-950 QiT^ (s) P-OC (a ry l ) ; 
—1 1515-1530 CM (s) asym. s t r , c^ n i t r o group; 

1340-134S cm" (s) sym. s t r . of n l t r o gro^pi 

785-830 CBT^ P • S ( I ) ; 

§45-665 cin"^ P « s ( I I ) . 

The thiono group I s charac te r i sed by two IR absorption 
(20) bands with frequencies in t t e normal raages given by Thcanas ^; 

as both are not observed in phosphoramldate; among these two 

frequencies , the lower freqi^ncy band P « s (ZZ) i s assigned t o 

bond s t re tch ing v ibra t ion frequency. The or igin of the higher 

frequency band P « s ( i ) i s uncer ta in , but whatever i t s o r ig in , 

i t s diagnost ic value I s beyond doubt, m the n i t r o - sa l l gen in 
(24) c y c l i c alkoxy^iuhaiirwy compounds. Das e t al^ have observed the 

two bands in the regicm t 650-675 cm , p « s ( I I ) i end 780-820 
—1 cm , P « S ( I ) . I t ms^ be concluded t h a t in these conpounds the 

farequency of band I i s only s l i g h t l y affected by subs t i t u t ion 

(alkylamido, alkoxy or piwmjjty group t o the phosphorus atom) and 

t h a t of band I I i s affected to a g rea te r ex ten t . From the above 

da ta I t can i^ observed t h a t ne i ther of the two oands show any 



52-

s /s temat ic s h i f t s which r e f l e c t changes in ttm induct ive p rqper t i es 

o£ the subst i tuents« end t h i s i s not unexpected i f they do indeed 

a r i s e fron mixed modes. I t has a l so been observed t h a t the P - S(I ) 

band i s of medlian i n t e n s i t y while the i n t ens i t y of the P • S ( I I ) 

band i s va r i ab le . This has a lso been reported by Thoraas • 

The P-O-C (alkyl) groiqp i s charac ter i sed by a strong 

absozption band whose frequcmcy i s in the regic»i of 1000-1070 

cm" while the band due t o P-O-C (aryl) group i s found near 

1200 cnt"" for a l l conpounds (doublet in the rsBige 1150-1240 

en* )• This band i s always acconpanied by a second absorption 

band which has been a t t r i bu t ed t o e i t h e r the symnetric s t r e t c h 

of P-O-C (aromatic) system, the antisymroetrle mode being t h a t a t 

1200 cm' 0 or t o a separate P-0 s t r e t c h which i s not so coupled. 

Thomas s t rongly favours the l a t t e r explanation which i s 

supported by the pers i s tance of t h i s band in both P-O-P and p-CH 

conpounds, and by the f ^ : t t ha t in the l a t t e r the frecjuency i s a 

l i n e a r function of the iT-valtj^s (where, iT i s 'phosphorus-
(25) induction constant for subs t i t uen t groiqps), of the subs t i t uen t s , 

—1 This band l i e s between 670-910 en for a l l conpounds; the frequency 

grange quoted i s t ha t of the s t ronges t band in t h i s regies). 

The bands present in the ranges of 1515-1530 cm and 

1340-1345 cm" are due t o asyiwnetric and symmetric s t r e t c h of 

n i t r o group respect ive ly . The bands present a t 1615-1620 cm"^ 

and 1580-1590 cm*" are due t o "quadrant s t re tching* C •» C v ib ra t ion 
(22) of the aromatic r i ng . 
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2 (c) Mass s p e c t r a l 

The mass spect ra of these compounds have been analysed 

according t o Cooks and Gerrard^^®% Jorg g^ aj, # Damico 

e t Sl^^^'^^K G i l l s and occolowita ^^^^, Djerassi g t a i . 

The mass spect ra of twelve ccnpounds have been taken* All 

compouncs except BD-9 show parent molecular ion peaks (M*). Fragroen-

t a t i o n by loss of SH rad ica l i s important. 

6-chloro/brcmo sal lgenin cyc l i c idiosphoramidothicnates a lso 

show (M ••• 2)"*" ion peaks. For chloro conpcxmds (CL»6, CL-10} the 

(M + 2)* ion peaks are approximately one-third in i n t ens i ty of the 

parent molecular ion peak (M ) because of the presence of a 
37 

molecular icm containing the CI i so tope . All the chlorine cocitain-

ing fragments show (fragment +2) ion peaks are nearly cne- th i rd 

in i n t ens i ty of the fragment ion peaks. For bromo compounds (BR->6« 

BR»10* BR-27) the <M + 2)"*" iati peaks are almost equal in i n t e n s i t y 

t o the parent molecular ion peaks because of the presence of a 
81 

molecular ion containing Br i so tope . Again a l l the bromine contain­

ing fragments show (Fragment -t- 2)* ion peaks of almost equal 

i n t e n s i t y . These r e s u l t s prove the presence of one chlor ine or one 

bromine atcm in the 6-chloro/bromo sal igenin cyc l i c phosphoramido-

thicmates . 
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Table - 2 

Base peaks of 2-Allccocy/AllcyI amido 6«chloro/br<»BO 

ni.tro«'4H-l^ 3^ 2-'bengoajloxaphosphorin«-2-»aulphid«g 

NO, 
Base 
peak 

ion 

CL«>6 

CL-10 

Cl>24 

BR-6 

BR-10 

BR-24 

BR-27 

BD-1 

BD-5 

BD-9 

BI>25 

BD*29 

CI N^N-Pl i sobuty lan ido 

CI N,N-Dlbutylamldo 

Cl N-Butylamido 

Br N,N-Dlisobutylamido 

Br N,N-Dlbutylatr?ido 

Br N-Butylamldo 

Br N-Hexylamido 

NO2 MethOKy-ethoQcy 

NOj Isopropoxy 

NOj Phenoxy 

NOj N,N--Dllsobutylaroldo 

NOg N,H-Dibutyiatnido 

304 

314 

258.5 

348 

358 

302 

184 

58 

246 

323 

295 

325 

Cl2«16S^^^«* 

S5«22^^V^* 
C.jH.^O^liClP'^ 

^12»16^'^2^P^* 

C^gHjjO^PNBr* 

C^^H^^O^NBrP* 

C^HgCBr* 

S«6^* 
C^jNPSOj 

^u^io^S**^* 

S3"l6''2V 

S5"2^2V*" 
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The base peaks of d i f fe ren t conpounds are presented In 

t ab le • 2 . 

Cooks and Gerrard^ ' reported t h a t coipounds of the 

type (I) formed the base peak by the loss of SH rad ica l d i r e c t l y 

frcHit the molecular Ion. By deuteratlcm of the methyl group and 

amino groixp I t was shown tha t the hydrogen of SH I s obstracted 

frem) the cyclohexyl r ing but not from the N-H e n t l ^ . There was 

CH30 

( I ) 

no preliminary hydrogen shift to sulphur. They postulated structure 

(II) for the product Ion. 

OCH 
c+)' 

CH^0--P 

H -N 

(in 

By specific loss of amino hydrogen, (II) further loss of 

CHjCH giving an icm for which they postulated the structure (III). 

OCH 

(+)p 

Jl 
N 

(lit) 
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These two s t r u c t u r e s (IX and I I I ) are suppor ted by 

analogous fr<^rmentation of t h e r e l a t e d compounds. 
(26) Fol lowing Cooks and Ger ra rd ' , we p o s t u l a t e d t h e mass 

f ragmenta t ion p r o c e s s f o r the d i f f e r e n t confounds. 

C ^ ^ (sch^iae » | ^ 

The mass s p e c t r a of confound CL->6« e x h i b i t s t h e 

f r agmenta t i en XR/% 304 as the base peak by the l o s s of C^H. from 

t h e molecular ion tR/% 347. The ion (n/z 314* % R2 22 .23) i s formed 

by the d i r e c t e l i m i n a t i o n of SH from t h e molecular i o n . The ion 

(w/z 248, % RI 95.88) r e s u l t i n g from t h e l o s s of c^I^ molecule 

from t h e base peak i s ob t a ined . The o t h e r major i ons a re (in/z 219« 

% RX 20.0)« (n^z 187, % RX 2 5 . 0 ) , (n</z 174, % RX 1 0 . 0 ) , (n /z 140, 

% RI 1 2 . 5 ) , W% 112, % RI 6.25) and Km/z 77, % RI 1 7 . 5 ) . 

C3>-10 (sd^eiae-»2) 

For compound CL-10, molecular ion peak i s dn/z 347, % RI 

1 9 . 0 5 ) . Ti» commonest f ragmenta t ion invo lves t h e l o s s of SH from 

t h e molecular ion which g ives r i s e t o t h e base peak n / z 314. The 

o t h e r major peaks a r e a t (nj/z 304, % RI 2 5 , 2 0 ) , (n/z 262, % RI 

3 3 . 8 0 ) . On/z 248, % RI 2 4 . ^ 0 ) , (nn/z 219, % RI 1 9 . 1 7 ) , (n/z 187, 

% RI 3 7 . 5 0 ) , ( i^z 174, % RI 37*50), ( V z 112, % RI 25.0) and 

(in/z 77, % RI 8 7 . 5 0 ) . 

CL«'24 (acheBie-3) 

Th i s compound shows m/% 258.5 ion as the base peak by t h e 

d i r e c t e l i m i n a t i o n of SH from t h e M* ion peak fan/z 291 .5 , % RI 

4 1 , 1 ) . The ion (n/z 140 .5 , % RI 25 .2) and t h e ion (n/z 187 .5 , 

% RI 38 .5 ) are formed by the d i r e c t l o s s of C^H^NCI* and CMJi 

r e s p e c t i v e l y from the base peak i o n . 
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o j /̂ "z 

0 CH2CH^ 

CH. 
m/z 304 (Base Peok) 

- ^ 4 ^ 8 

m/z 219(*/,R120) 

m i/Z 248 (% R195 88) 

s y^^^ 

1/2 347(%Rn6-83)(M'^) 

+ 

/CH3 

P — N - - ^ CH-
\ / 

0- + 
/CH3 

0 ^ — ^ * ^ \ 
CI ^ - - ^ H 'CH3 

m/z 314 (%RI 22 2 3 ; \ C^H^OCI 

CgHnPO^ 
+ / C - C H , , 

/<^«3 

CgHjrjN 

O ^ P C CH3 CH3 

CH-

m/Z 174(%RI10) 

m/zi40(%Rn2 5) 

,*^^^°-J 
CI 

m/z l87C?iR125 ) 

m/z 112(7. Rl 6-25) 

-CI 

+ 

m/z 77( %R1 T^S) 

Mass fragmentation of CU- 6 ( Schenne —1 ) 



•SH. 

""p—N(CH2)3CH3 

0*dH(CH2)2CH3 

m/z 314 CBase Pedk) 

- C T H S O C I 

0 = P - N C C H 2 ) 3 C H 3 

\ / 
CH(CH^)2CM3 

m / Z 174(%R137-5) 

ws 

O 11 rcH2)3CH3 

(CH2)3CH3 

m/z 347(M'*')(XRn90S) 

+ 

CH; 

(CH2I3CH3 

-C3H 

m/z304(%R125 2 ) 

m/2 262(% Rl 33-8 ) 

-C4H8 

m/z 187t%Rl 37-5) 

- P O 

'-W^CH2 CI 

m/z 140(%R115") 

-CO 

m/z 248 (^R124 -9 ) 

Cl 

m / z n 2 ( % R i 2 5 j 

-CI 

m/z 77(%R1 87-5) 

M ASS FRAGMENTATION OF CL-10 ( SCHEME - 2 ) 



•NHCH^CHgCHgCH^ 
+ 

m/z 291 (%RI 4M)(M" ' " ) 

NH 

O CH2CH2CH2CH2^ 

m/2 2585 (base peak) 

-C^H9 NOP 
C4H9N 

c\' 
N 

CH, 

m/z 187-5 (;^RI 38-5) 

m/z 140-5 (% R I25 -2 ) 

1̂ 9 

MASS FRASMENTATION OF C L - 2 4 (SCHEME - 3 ) 
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XH. 
S , C H X H ( 3 

^ ^ 3 
m/2A3(A0''/o) 

^CHJ:H( ^ 

-TT1/Z 391 ( 15Vo) 

-CH^BrPSNQ,(^^3 

^ ^^3-f ^ 

-SH 

>v 

-S".9N 

m/z 358 (20*/o) 

-C^H^OBr 

m/z 57(62-5'/ .) 

\ /CH. 

^/z263(20<'/<,) V 

VHXH; 
' VH3 

m/2 3A8(base peak ) 

-^,\ 

Tn/2 23)(22-5°/o) 
•m/z292(5^Vo) 

Mass FpagmeYitabLon of BR-6 (ScheTne-4) 
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y(CH2)3CH3 
^P-N 

m/z 391 ( 57-5°/o) 

SH 

+ CH, 

\ 

m/z 57(17-5 Vo) 

V 
Hv , - . . Br 

KK. 0 

/ . ^ +^. ,>/—(CHO-CH^ nrV2 263(10°/o) 

' ^CH^CH2)2CH3 

•m/z 358(base peak) 

-C^H,3BrO 

Nl' 
5 -CH7 

AA-^O NCH,)3CH3 

T7i/2 3A8(22'5 Vo) 0 = P - N ^ -̂  

•V 

\l̂  

3 7 

s 

CH2(CH2}2CH, 

m/z I74(50V,) 

Br 
.0 

m/z 305(22-5'/o) ^.^^^ ^ 

Br ^ ^ ' ^ ^^'3 
m/2 29^(l6'25V,) 

- S 

^ 

m/z 2 31 (23-75 Vo) 

Mass fpagmentatlo-n oP BR-10 ( Scheine - 5 ) 



Br 

0 ^ 
^ p — NIHCH^CH^CH^CH^ 

+ 

+ , m/z 335(%R135-5)(M') 

NH 

0 CH^CH2CH2CH2, 

m/z 302 (base peak ) 

- C A H O N O P ' 4 " 9 

--^WACH 

y-C4H9N 

^^v°-J 

m/z 2 3 1 ( J : R I 31-1) 

m/z 184 (5^ RI21-5) 

-CO 

m/z 156 ( ^ R I 15-3) 

162. 

MASS FRAGMENTATION OF B R " 24 (SCHEME - 6 ) 



6̂3 

H 

^"~^V^2^^^W^3 

Tn/z 3 6 3(V. RI l ) ( M ) 

-C^H^^NOPS 

TD/Z 184fBase peak) 

CO 

Bf TTi/z ise fy . Ri /f9) 

- B i 

+ 

m/z77(-/. RI 97; 

0 CH(CHp^CH3 

m/z 3 30(%Ri 2) 

Mass fragmentation of BR-27 f5ch( me -*J ) 



\(>h 

-1 + 

O-r-CH^CH-O—CH3 

m/2 305(-/.RI 1)(H*) 

•C^H^NO^PS 

CH2—CH^—0 — C H j 

ni/z59(-/.Rl 26) 

- H 

CH^—CHg 

CH, 

CH^-CH-dn 

CHg—0 
n i A 4 5 ( / R l l 2 ) 

m/z58(v.RllOO)(Base peak) 

Mass fTagmen-tatlon of BD-1 (Scheme-S) 
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r^^^^r^-^l 

,5 H 

NO 
=k̂^̂ "̂  CH2 

'0 OCH 
\ 

+ 

CH3 

m / 2 289 

^ R I 16 

•C3H6 

1+ 

(^ 

NO. 

S 

i O - C H ^ 
CH-, 

m/z 269 

^/oRM6 

-C3K, 

SH 

' 0 
NO, KX^^ 

°/oRI56 

m/z 214 

''itRI72 

- 0 

NQ 

1 
0 

m/z 198 
°/oRK 

NO 
rrr^a 

m/z 246 
URIIOO 

Mass fragmentation process of BD-5 ( S c h e m e - 9 
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It 

m / Z 3 5 8 ( M ' ^ 1 6 0;^) 

CHCH<; 
,CH, 

-M 
\ CH2CH/ 

CH3 
CH3 

CHo 

^ / z 326 (.^^•o%) 

'-S^8^ 

-m/z 198 (15 5;;) 

+ 

-m/z 152 (10 r,^) 

CH CH<^ 
CH. 

CH. 

•m/z 325 (22-0/) 

.CH. 

CHCH. 
^ C H . 

m / z 295 (base-peak) 

Mass PfagmeTitaUan of B D - 2 5 ( ScheTne-10) 
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^CM^CH^CH^CH3 

\ 

NOa 

-S^3 

J<-s>L^cl CH^CH2CH2CH3 

'W/-2 358 (M"^, 5 - 4 ^ ) 

+ 

0^11 + 
P~N—CH^CH3 

7n/? iZ73(31 0 ^ ) 

11 r\ 
W ^ 315(19-9^) 

-Vs 

- S H 

P—N — C H , 

CH^CH^CH^CH^ 

-SNCH CH 

- S N C H o 

-n^/z 325 (base peak } 

- m / z 198 d o o^^ ) 

M ASS FRAGMENTATION OF B D - 2 9 ( ' S c h e i n e - l - l ) 
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BR-6 (scheme ' - 4 ) 

This diisobutylamido compound (BR-6) shows m/z 348 ion as 

the base peaK by the el imination of C-H- from the molecular Ion 

im/z 391« % Rl 15). The i<»i (n/z 358, % RI 20) i s formed by the 

d i r e c t eliminaticm of SH fron tiie molecular ion* Ttm ion (m/z 174, 

?6 RZ 15) i s formed by the loss of C^H^BrO from the ion, m/z 358. 

The iaa (n/z 292, % RZ 85) i s formed by the loss of C.i^ from the 

ion, n\/z 348. The ion (m/z 57, % RZ 62.5) i s formed by the elimina-

t ion of C^.iL^NC2PSBr from the molecular ten, m/z 391. The text 

(xs/z 43, % RZ 40) i s formed frcon the molecular ion, nv/z 391 by 

the loss ot Q^^^MO^QhXm The molecular ion xo/z 391, by the 

e l iminat ion of CQH^QN forms the ion (ja/z 263, % RZ 20) . The ion 

(m/z 231, % Rl 22.5) i s formed from the ion, m/z 263, by the 

e l iminat ion of •S* r a d i c a l , 

BRolQ (Scheme - 5) 

In the spectrum of dibutylamido conpound (BR-IO), the base 

peak i s due t o m/z 358 ion (Scheme-5) formed by the el iminat ion 

of SH from the molecular ion (n/z 391, % Rl 57 .5) , The ion (in/z 

348, % RI 22.5) Is formed by the elimlnaticai of C^H- frcra the 

molecular ion. The ion (m/z 292, % Rl 16.25) i s formed by the 

el iminat ion of C^H. from the icm, m/z 348, The icm {m/z 305, 

% RI 22.5) i s formed by the loss of C.H. frc«n the i aa , iq/z 348. 

The ion (in/z 174, % RZ 50) i s formed by the loss of QJA^KQ from 

the ion, m/z 358. The ion (n/z 57, % Rl 17.5) i s formed by the 

e l iminat ion of Cĵ ĵ Hĵ ^NOjPSBr from the molecular ion . The ions 

(m/z 263, % RI 10) and (n/z 231, % RI 23.75) have a l so been 

observed. 
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This ccmpouno shows a/z 302 Ion as the base peak by the 

a i r e c t e l iminat ion of SH from the H* ion peak (n/« 335, % Rl 35 .5 ) , 

The ion W^ i@4, % Rl 21 . S) and the Ion W^ 231, % Rl 31.1) ere 

f ormea by the d i r e c t loss of C^gKQP and C^Hgtl respec t ive ly frcw 

the base peak Ion* The Ion W^ 156, % R2 15.3) i s formed by the 

loss of CO* 

BR-27 (schtaae -> 7) 

In the spectrum c£ H«>hexyl amide coeipound {BR^27), the Ion 

(M/Z 330, % HI 2) i s focmed by the e l lminat icn of m from the 

molecular Icsi (ta/z 363, % BI I) <i»c)̂ BDe •7J« The base peak I s 

due t o a/z 184 ion, formed by the elimlnaticqni c^ CJtl^MGPS from 

the molecular Ion (m/z 363, % KZ I ) . The Ion {ffi/z 156, % RI 49.0) 

i s formed by the e l iminat ion of CO from the Ion, m/% ie4» The Ion 

(m/z 77, % Bl 97) i s fonoid by this eilirinatic^i of Br from the 

Ion Wz 156, % RZ 49 .0) . 

BI>-1 C 5cheTne-8) 

The most i n t e r e s t i ng mass tragn-.entaticn processes of ttie 

csiripound (Bi>.l) show tne /3 -cleavage (n/e 59, J'a RI 26^ acconpanled 

by the el imination cf -CH, end -H leading t o the formation of the 

peaks a t (n/e 45, % RI 12) and trie base peak a t n /e 58 {% Rl 100) 

r e spec t ive ly . The base peak dees not contain the phosphorus raoiety. 

BjD-5 (tocheiae <- 9) 

The /8-cleavage at the exocyciic e s t e r group of the 

isoprcpoxy coitpound with and without s ingle hycrogen r e a r r a i g e -

roent leads t o the fcmietlon of tne peak (B/E 247, % Bl 56.0) end 



170 

the base i>eak (m/z 247« % HI 56.0) and the base ipiek (n/z 246) 

respec t ive ly , the peaK (m/z 214, % RI 72,0) i s observed cwing t o 

the eliir. ineticn of SH frcin the peaJ. a t n/z 247 ^id -S from the 

peak a t Ua/^ 246}• A fur ther e l iminat ion of •© from the peak a t 

(nv̂ z 214) gives the p@aK (nv̂ z 198, % HI 4«0)* 

BI>»9 

M"*" • 323 (Base peak) 

BD»2S (scheme » 19) 

Diiscbutylainido ccmpounc shows (n/z 295) as the base peak. 

Direct el iminat ion of i»u i ron t^e molecular icai p e ^ (m/z 358, 

% RI 16.0) r e su l t ed in the fcxmaticn cf the ion (m/z 325, % RI 

22 .0) . The ion im/z 326, % Bl 12.0) i s fonneo hy loss of & from 

the moleculer ion peek, e l indnat lcn of i^C^ij^Q troro i t r e s u l t s the 

formation of the icm iw/z 196, % EX 15.5) and then the ion im/z 

152, % iti 10,1) i s obtaineG by the loss of NOj. 

BD»29 (scheme * i l ) 

iiibutylaniido ccin>uimc shows base peak ic^a (jm/z 325) 

by the d i r e c t loss of ti»H from the molecular ion peak (nv/z 358, 

% RI 5 .4 ) . ions (iq/z 315, % RI 19,9) and im/z 273, % RI 31.0) 

are obtained from trje molecular ion ijeak by the el iminat ion 

of CJOj and GgH^2 ^respectively. Icn im/z 1 ^ , % Rl 10*0) i s 

a lso c^served* 

3 . m s e c t i c j d a l a c t i v i t y ! 

3 . ( a ) Insec t i c ida l a c t i v i t y on Cockroaches 

The ora l i n s e c t i c i d a l data on Cockroaches (£• americtme) 

fo r d i f fe ren t compcunt s including sa i i t h ion have been tsiJuleted 

in Table - 3 . 
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Table - 3 

Oral In sec t i c ida l a c t i v i t y en Cockroaches (£. aniericapa) 

where, X « CI, Br, NO^ 

Y « alkylainido group, 

alkoxy gxavq? 

code 
Mo. 

CL-6 

CL-10 
CL*24 
BR»6 
BR-10 
Bli-24 

BR-27 
BD-1 
BD-5 

BI>>9 
BI>-25 
BX3-29 
BD-8 

X 

Cl 
CI 
Cl 

Br 
Br 
Br 
Br 
NOj 

NO2 
NO2 
NO2 

m^ 
NO 

Salithion 

y 

N ,£l*DiisdDutylainido 
N,N-Dibutylamldo 

N»Butylamldo 
N,N*Diisobutylamido 

N .N-Dibutylamldo 
N-Butylaroido 
N-Hexylaroido 
Methoxy-ethoxy 
Isopropoxy 

Phenoxy 
N,N-DiiSQbutylamido 
N, N -Dibuty 1 anddo 

Methoxy 
Hethoxy 

Cc»ic. showing 
100% morta l i ty 

> 5 0 
>50 

10 

>50 
>50 

>50 
> 5 0 

35-50 
15 

>50 
>50 

>50 
6 

10 

The data reveals t ha t a l l the chlorcy^broroo/nitro 

sa l igen in cyc l i c phosphorapnidothionates have l e s s ora l i n s e c t i c i * 

c a l a c t i v i t y than BD-8^^ ' (2«Methoxy-.6-nitro-4H-l,3,2-benaodioxa-

phosphorin-2-sulphide) and s a l i t h i o n . The raethojcy compound (BD--6) 

i s most active and i t s i n s e c t i c i d a l a c t i v i t y c»i Cockroach i s 

about 1,5 tiiT«s grc^ater than t h a t of s a l i t h ion , Sa l i th ion has 

about 1.5 times g rea te r i n s e c t i c i d a l a c t i v i t y than t h a t of the 
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isopropoxy confound (BD»5), 3 .5*5 .0 t imes greater than metboxy-

ethoxy con|>ound (BD-l) but in case of chloro d e r i v a t i v e of 
N-butylamido compound (CL-24) the i n s e c t i c i d a l a c t i v i t y i s alaiost 

s imi lar t o that of salithicMi. The other conpoimds have l e s s 

insecticidal activity* 

3 . (b) I n s e c t i c i d a l a c t i v i t y (contact t o x i c i t y ) on Blow^fly 

(C. raeqacediala) 

The contact t o x i c i t y data on Blow*fly (g, roBq^:ephala) 

have been presented in Table - 4 . 

Table - 4 

Contact t o x i c i t y on Blow-f ly {£» roeqacei^Bla) 

Code 
Ho. 

LDgQ/Ag/Blow^f l y 

CL-6 

CL-10 

CL-24 

BR.6 

BR.IO 

BR.24 

BR-27 

BD-1 

BD-.5 

BD-9 

BD-25 

BD-29 

BD-8 

CI 
CI 

CI 

Br 
Br 

Br 
Br 

NO2 

NO2 
NOg 

NO2 

NOj 

KO2 
Salithion 

N«N-Diiscbutylamido 

N, H*Dibutyl amido 

N»Butylamido 

N« N*Diisobutylamido 

N#N-Dlbutylamido 

N-But^l amido 

N-Hexylamido 

Methoxy-ethoxy 

Isopropoxy 

Phenoxy 

N #N-Diisobutylamido 

N,N-Dlbutylamido 

Hethoxy 

Methoxy 

> 10 

> 10 
> 1 0 
7 10 
> 1 0 
y 10 
>10 
> 1 0 

2 
710 
>10 

7 10 
0 .3 
0 .5 
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Fx<m the t ab l e we find tha t none of the chloro/bxroino/nltro 

compounds possess any contact I n s e c t i c i d s l a c t i v i t y on Blow-files 

except Isopozpoxy (BD-5) and n^thoocy (BD-8) compound. The t o x i c i t y 

of Iso-propoxy compound (BD-5) i s less than t h a t of s a l l t h lon , 

bu t the roethoxy corapoxind (BD-8) I s more toxic than s a l l t h l o n . 

3 . (c) i n s e c t l c l c a l a c t i v i t y of Grasshoper (0. nltidnXa) 

The i n s e c t i c l d a l a c t i v i t y data i s l i s t e d in Table - 5, 

agains t Grasshopper (0. n l t l d u l a ) . 

Table - 5 
I n sec t l c l c a l a c t i v i t y cm Grasshopper (0. n l t l d u l e ) 

Code 
No. 

Average ^ ^ Q Q value 
(/ug/gca) 

CL-6 
CL-IO 
CL-24 
BB-6 

BR-10 
BB-24 
311-27 
BD-1 
BD-5 
BD-9 
BD-25 
BD-29 
BD-8 

CI 
CI 
CI 
Br 
Br 
Br 
Br 

NO2 
NO2 

NO2 
NO2 
NO2 
NO2 

s a l l t h l o n 

M ̂ N-Dlisobutylamldo 
N« N-Dlbutyiamldo 

N-Butylamldo 
N #H-DlisoJbutylan)ldo 
N ̂ N-Dlbuty lainido 
N-Butylanldo 
N-Hexylaitddo 
Methoxy-ethoxy 
Isopropoxy 
Phenoxy 
N#M-Dllsobutylamldo 
N # N-Dlbutylamido 
Metiioxy 
Methoxy 

>10 
>10 
>10 
>10 
> i o 
>10 
>10 

3.5 
1.5 

>10 
>10 
>10 

0.4 
0.5 
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The t ab le shc»irs t ha t the inethoxy conpound (BD-8) i s inost 

ac t ive , and i t s i n s e c t i c i d a l a c t i v i t y i s conparable with t h a t of 

s a l i t h i o n , BD-5 auid BD«1 have some i n s e c t i c i d a l a c t i v i t y but l e ss 

than t h a t o£ st t l i thicai . TIMI o ther conqpounds are nc»a-insecticidal . 
(32 ) 

Eto e t aj; reported t h a t the methoocy compoiaid has about 

60 times l ess i n s e c t i c i d a l a c t i v i t y as conpared t o s a l i t h i o n . we 

hovever observed that* in case o£ Cockroaches* the i n s e c t i c i d a l 

a c t i v i t y i s g rea te r than tha t of sa l i th ica i , and in case o£ 

Grasshoppers, the i n s e c t i c i d a l a c t i v i t y i s comparable with t h a t 

of s a l i t h i o n . However, Eto e t a|, obtained t l ^ methoxy compound 

in pas te f oon which may be an inpure one. 
3 . (d) Insec t i c ida l « ; t i v i t y on Aphid (Lipaohis ervsiroi,) 

The data revea ls (Table • 6} t h a t , a l l t i ^ ch lo rc^ romo/ 

n i t r o sa l igenin cyc l i c jdiosphoraroidothionates have l e s s 
(18) i n s e c t i c i d a l a c t i v i t y than BD-8* ' . The fiDgt value a t 48 hours 

against Aphids increases in the order BD-8 <^CL-6 <̂ CL-10'<:;̂ BD-.29 

<(BD-1 < B R - 6 <^BD-5 <^BR-.27 <(BD-25 < B R - 2 4 < B R - 1 0 < C L * 2 4 <(BI>.9. 

Therefore the Fhenoxy ccwpound BD-'9 has the l e a s t i n s e c t i c i d a l 

a c t i v i t y . The data was corrected according t o AWoott's foxraula^ ' , 
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Table » 6 

ipsecticidal act ivi ty on Aphid (Lipaphia eryaiml) 

0 S 

P - V 
I 

0 

Code 
No. 

CL-6 

CL-10 

CL-24 

BR-.6 

BR-10 

BIl-24 

BR-27 

BD-1 

BD.5 

BD*9 

BD-25 

BD-29 

BD-8 

X 

CI 

CI 

CI 

B r 

B r 

Br 

Br 

NO2 

NO2 

NO2 

NOj 

NO2 

NO2 

Y 

N«H<->Dil8obutylainldo 

N«N-Dibuty la ra ldo 

N - B u t y l a m l d o 

N, N-Di 1 sobu t^ 1 arnldo 

N, N-Dlbu t y 1 anddo 

N-Bu ty l a in ldo 

Kf-Hexylamido 

Methoocy-^thoxy 

I s o p r q p o x y 

Phenoocy 

N , N * D l i s o b u t y l a m i d o 

N , N - D i b u t y l a i n l d o 

Methoxy 

E D Q e ( ^ g / i n l 0 o i t t t l t » } 

cm. 100 / ^ h i d s ( a f t e r 

48 h o u r s ) 

1 0 . 5 

1 0 . 5 

1 5 . 0 

1 2 . 6 

1 4 . 6 

1 3 . 3 

1 3 . 2 

1 1 . 9 

1 2 . 9 

2 0 . 6 

1 3 . 2 

1 1 . 2 

3 . 7 
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4. Acute Oral t o x i c i t y on Ratt 

Table «- 7 

Acute Oral t o x i c i t y of d i f f e r e n t compoiHads cm Rat 

vftiere, X « CI, Br , NO, 

y = alkylanido groi^), 

alkoxy group. 

Code 
No. 

LDjQ (mg/kg) 

CL-6 

CL-10 

CL-24 

BR-.6 

BR-10 

BR-24 

BR-27 

BD-1 

BD-5 

BD-9 

BD-25 

BD-.29 

BD-8 

CI 

CI 

CI 

Br 

Br 

B r 

Br 

NO^ 

NOj 

NO2 

NO2 

NO2 

NO2 

s a l i t h i o n 

N , N - D i i s o b u t y l a m i d o 

N, N-Uibu ty l an i ido 

N-Buty lan i ido 

N, N - D i i s o b u t y l a n a i d o 

N , N - D i b u t y l a m i d o 

N - B u t y l a m i d o 

N-Hexylamido 

Methoxy e t h o x y 

i s o p r o p a x y 

Phenoxy 

K, N - D i i s o b u t y l a n d d o 

N , N - D i b u t y l a m l d o 

Methoxy 

Methoxy 

> 2 5 0 

> 250 

> 250 

> 2 5 0 

> 250 

> 250 

> 250 

;> 250 

140 

> 250 

> 250 

> 250 

130 
102 

The acute o r a l t o x i c i t y (UDJQ) of d i f f e r e n t compounds were 

i n v e s t i g a t e d on male whi te a l b i n o r a t , which have been t a b u l a t e d 

i n Table - 7 and t h e r e s u l t s have been compared wi th s a l i t h i c a i 

(LDgQ va lue fo r s a l i t h i o n has been taken from E t o e t a l ^ ^ ^ ' ) . The 

t o x i c synptoms and m o r t a l i t y caused by s i n g l e a d n i i n i s t r a t i o n of 

t h e methoxy compound (BD-8) ana t h e Isopropoxy conpotaad (BD-.5) 

a r e showed in Table - 8 and Teble - 9 r e s p e c t i v e l y . 
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A l l conpoimds are l e s s t o x i c than t h a t of s a l i t h l o n ; 

t h e methoxy coiipound (BD-8) and the isopropoxy conpound (BD-5) 

have g r e a t e r t o x i c i t y compared t o o t h e r n i t r o / c h l l o r o / b r o m o 

s a l i g e n i n c y c l i c phosphoramldothicaia tes . The ccnpoimds BR-10* 

BR-24, CL-6 and BR-27 showed some t o x i c synptcws, which are 

g iven in d e t a i l i n T 3 b l e - 1 0 , l l , 1 2 , 1 3 , In a l l c a s e s , d e c r e a s e i n 

spontaneous motor a c t i v i t y was observed . Af t e r 2»3 hours f o r 

compounds (BR-10# BR-24, CIi-6 and BR*27) t h e r a t s s u f f e r e d from 

i r r e g u l a r r e s p i r a t i o n , s a l i v a t i o n and weakness i n a c t i v i t y . 

Table - 8 

Acute o r a l t o x i c i t y of t h e lso*propoxy compcnmd 

(BD-SJ on Rats 

Dosage Dai ly reortalitar M o r t a l i t y Synptoros 
(mgAg) 1 2 i o ( p e r c e n t ) 50 

(mg/lug) 

100 

120 

140 

160 

0/2 

0/2 

0 /4 

0 /6 

0/2 0/2 

0/2 0/2 

1/4 1/4 

3/6 3/6 

3/6 6/6 6/6 

0 

0 

25 

50 

100 

Decrease of 
spcmtanecus raotor 
a c t i v i t y a f t e r 1-2 
hour s , ano rex i a , 
recovered t o normal 
a f t e r 2*3 d ^ s . 

Decrease of 
spontaneous motor 
a c t i v i t y a f t e r 1 
hour; motor a t a x i a 
a f t e r 2-3 h o u r s ; 
motor a t a x i a becaane 
s e v e r e ; i r r e g u l a r 
r e s p i r a t i c m , 
s a l i v a t i o n . 

140 
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Acute oral t ox i c i t y o£ the Methoxy cc^qpound (Bl>»e) on Rat 

0 S 
P -OCHj 

Dosage Daily roortality Mortal i ty synptcsns ^ 5 0 

100 0/2 0/2 0/2 0 Decrease of 
spoataneous motor 
ac t i v i t y a f t e r 
2-3 hours; 
recovez^d t o normal 
in 2-3 days. 

130 0/6 3/6 3/6 50 Liecrease of 
spontaneous motor 
ac t i v i t y a f t e r 1 
hour; motor 
a taxia a f t e r 3 
hours; sal ivat icai 130 
mx€i i r r e g u l a r 
jrespiration, motor 
a taxia become 
severe; recovered 
t o normal in 4*5 
days* 

160 2/6 6/6 6/6 100 Decrease of 
spontaneous motor -
a c t i v i t y within 
1 hour; the other 
synptOBis are same 
as above* 
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Table - 10 
Acute oral t o x i c i t y of the N^N-^iisobutylamido 
CCTig>ound (CI*"6j cant Rfts 

C H X H 
2 \ CH-

Dosage Daily mor ta l i ty Mortal i ty Syaptcma 
10 (percent) "=50 

(ragAg) 

100 0/2 0/2 0/2 

200 0/6 0/6 0/6 s l i g h t weakness 
in tnovenient. 

250 0/6 0/6 0/6 Hair f a l l i n g was 
observed but i t 
recoveed, we aXness 
in Rioveirentf no other 
synptoms* 
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f^utm oral t o x i c i t y of tim W.li-aibytylMBidO 
coiHDOuad (BB^IO) OB Rata 

/<?0 

P - N 

100 

200 

250 

Daily mortality 

I 2 ao 

0/2 

0/6 

0/6 

0/2 

0/6 

0/6 

0/2 

0/6 

0/6 

Mortality 
(percent) 

0 

0 

0 

Syt^txmB 

s l igh weaknasa . 

^aakneaa in valklng. 

motoi' 

vie&kae9m in^ect iv l ty 
and duuring wal}<:̂ g 
atag^ring movvintiit 
waa f oiaio« 

"^50 
(nig/kg 

-

«• 



Table » 12 
Acute o ra l t o x i c i t / of the N-butylamido conipound 
(BR»24) on Rats 

^81 

0 . !| 
^P-NHCH^CH2,CH^CH^ 

B P 

posage 
(aigAg) 

100 

200 

250 

Daily morta l i ty 
1 2 10 

0/2 

0/6 

0/6 

0/2 0/2 

0/6 0/6 

0 /6 0/6 

Mortal i ty 
(percent) 

0 

0 

0 

^ynptoms 

i^eakness, but 
recovered soon. 

weakness, recovered. 

v^eakness. 

50 
(rag/kg) 

-

-

^ 

lesions are found 
in the body, t rouble 
in walking, not 
taking normal d i e t . 
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Tabl» m, 13 

iusutm o ra l t o x i c i t y of thm H-haxyl araido conpoaad 
(BR » ?7j OO R a ^ 

P - N H C Ĥ C Ĥ C Ĥ C Ĥ C H^CH^ 

Dosage Daily roortali^ Morta l i ty syaptcm$ 
tmg/licg - - - - - ------------- (percent) 

1 2 10 
"^50 
<ingAo) 

100 0/2 0/2 0/2 Normal. 

200 0/6 0/6 0/6 tjormal . 

250 Q/6 0/6 0/6 O i^eaJcnaas in 
moveai@at« no other 
s)ar̂ ptQBis» 
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5 Hlstcpathologlcel study of acme orgeos* of the 
Ra t . t r ea t ed with the congtouad Cl»»6 

Histopathological study of some organs of rat# on ayppllcation 

of compound Cli->6 (Diisobutylamldo) were ca r r i ed out* Observations 

axe given below. The r e s u l t s were cc^pared with t h e i r respect ive 

controls* 

KidneyI 

The normal kidney (control) sect ion of r a t showed the 

asseittolage of tutoular s t ruc tu res of various s izes* Convoluted 

blood c a p i l l a r i e s forming a few compact glomerular mass of renal 

corpuscles were a lso observed. Tubular s t ruc tu res were the 

ur in i fe rous tubules* among which were smaller neck segments 

bearing c i l i a towards the lumen, proximal segrsent; having l a rge r 

ccluimer e p i t h e l i a l c e l l s with brush border, t h a t fur ther led t o 

d i s t a l segment with darkly s ta ined c e l l s and co l l ec t i ng duct of 

the ur ini ferous tiibules (Fig. a ) . 

The Kidney sect ion cf the r a t , which was t rea ted with the 

ccrrpound showed t h a t , some of the ur in i ferous tubules were mildly 

d i a l a t e c and the i r w«ills ruptured. Sonne c e l l s of the tubules were 

enlarged, some renal tubules were enlarged and t h e i r e p i t h e l i a l 

l in ings were also riiptujped. Deeply s ta ined clunp of c e l l s were 

fotmd. A number of Glca^rulus were disorganised and Bowmai's 

capsules appeared to be normal ( f ig , b , c ) . 

L i v e n 

A sect ion of untreated l i v e r (control) showed cc«itinuous 

mass of roughly hexagonal hepat ic c e l l s with conparat ivs ly large 

c e n t r a l nucleus. Hepatic c e l l s were arrange in cords, each cord 
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(a) 

(b) 

Figure - (a): Mierophotograph of the section of untreated Kidney 
of rat. Normal structure X 450. 

Figure - (b): Mierophotograph of the section of treated (compound) 
Kidney of rat shows, (1) Bowman's capsule reduced. 
(2) elongated renal tubule with thin epithelial 
lining. Normal structure X 450. 
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•P^ flbp* ̂ itM 

(c) 

Figure - (c) Miorophotograph of the section of treated (compound) 
kidney of rat shows, (1) lumen of renal tubule 
elongated, (2) destroyed epithelial lining of renal 
tubule, (3) deeply stained clump of cells. Normal 
structure X 450 
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(d) 

(e) 

Figure - (d): Microphotograph of the section of lintreated Liver 
of rat. Normal structure X 100. 

Figure - (e): Microphotograph of the section of treated 
(compound) liver of rat shows, (1) vacuoles 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 cpcce l ined by connective t i s s u e . Large 

blooc sinuB^ las f i l l e d with blood were seen, from which nuiiH2r;„us 

blooa c a p i l l a r i e s emergeQ and t ransversed in to the hepat ic mass* 

Thin b i l e cannaliculae were abundant between tlte hepat ic c e l l s 

(Fig . ci). 

The l i v e r sect ion of the r a t , whicii was t r ea ted with the 

compound showed t h e t in SOIM of the hepat ic c e l l s vacuoles weze 

formed, anu Uie c e l l rr.airibranes were ruptured, some of the hepat ic 

c e l l s v/ure withou"t nuclei* Q^toplasm of some c e l l s were p rec ip i ta ted ; 

bu t the other charac ters \-jere norriial l ike control ( I I Q , e ) . 

I n t e s t i n e ! 

The sect ions of i n t e s t i ne of the r a t which were untreated 

(control) and Greeted with tJnm coonpounc, showed the saita cha rac t e r s . 

They snovjed the u^ual four layered s t r u c t u r e s . The outer most 

serosa v/as followed by a muscular coat , cons is t ing of an outer 

longi tudina l ana eai inner c i r c u l a r layer , bubniucosa was divided 

i n t o an outer stratum cornpacturn, a dense connective t i s sue 

arranged in a wavy p a t t e r i and an inner atratura granulosum r i ch 

in cap i l l a ry net work. The l a t t e r merged with tlie tunica propria 

of ti'ie un̂  e r iy ing mucosal coat, t he re being no muscular mucosa. 

The 3pitlM»lial l in ing of the imicosa consisted of prismatic c e l l s 

with basa l nuc l e i . The nvclei of the i n t e s t i n a l niucosel c e l l s 

were round ^.'ith 2 t o 3 nuc leo l i . The i n t e s t i n a l mucosal c e l l s 

showed se r ra ted margin v/ith a number of interspaced goblet c e l l s . 

The mucosal layer was thrcwn in t o folds (Fig, ffd) 
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Figure - (f): Microphotograph of the section of untreated intes­
tine of rat. Normal structure X 450. 

Figure - (g): Mierophotograph 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. 

I'WMIWWWWWPWW W«Wi>wttiaHftt*Wi* 



*̂ 0 

p % 

( j ) 

43i£,>a*4i. 

KyS' 56- y'j 

(k) 

Figure - (j): 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. 

mmf 
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Lung I 

The sect ions of lung untreated (control) and t rea ted with 

the cortiicund showed no difference in h i s to log i ca l cha rac t e r s . 

Numerous a lveol i were present and the a lveol i were formed i n t o 

c l u s t e r s , which opened in an a lveolar duct. Each bronchus as i t 

entered i n t o the lungs, divided and sub-divided i n to f iner branches 

the bronchioles . The bronchioles were sid3«divided i n to resp i ra to ry 

broncnioles . The resp i ra to ry bronchiole gave r i s e t o several 

a lveolar ducts which opened in to the a lveo l i (Fig.'h*,,^ ) 

Spleen» 

Both the sec t ions , which were untrtsated (control) and 

t r ea t ed with the Gomijcunc showed, no differences in characters* 

For both of them, the spleen was surrounded by a th in capsule 

made up of f ibrcus connective t i s s u e and Involuntary muscles. 

The t rabaculae contained the fibr<-us connective t i s s u e . The spleen 

was composed of lymphatic t i s sues which could be dis t inguished 

into white and red pulp. The white pulp consis ted of r e t i c u l a r 

f i b r e s and formea a seath arx-und the a r t e r i e s (i i g , j , ^ ) 

6. Acute Oral Toxicicy and iJelayed Neurotoxicity in Hens: 

(a) Acute Oral Toxic i ty ; 

The toxic syrnptoms end morta l i ty caused by s ingle 

acinriinistraticn of each compound are reprocucec in Table-15, 16, 

17 and 18. The WJen values are tabulated below^ Ta i l e - l i ) 
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Tab le --11 

Code NO. LD^Q (mgAgi 

CL-6 > 200 

BR^6 > 300 

BD-5 160 

BD-8 100 

110 

The U ĈQ v a l u e of s a i l t h l o n has been taKen from Kadota 

The methoxy compound I s most t o x i c . By s i n g l e o r a l 

a d m i n i s t r a t i o n of 100 mg/Xg of t h e methoj^ coipound, decrease of 

spontaneous motor a c t i v i t y , s a l i v a t i o n , motor a t a x i a became s e v e r e , 

i r r e g u l a r r e s p i r a t i o n was observed, and t h r ee out of s i x hens d i e d 

w i t h i n 48 hours and t h e r e s t recovered t o normal s t a t e In 4*5 d a y s . 

The i soprcpoxy (BD-5); N,N-Dlisobutylamldo (GL*6); N ,N*Ci l sobu ty l -

amldo (BR*6) compounds are l e s s t o x i c as conpared t o s a l l t h l c n 

and t h e i r t o x i c synpterns are g iven i n t h e Tables (Tables 15 t o 

1 7 ) . 
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T ^ l e . " 111 

Acute Oral Toxicity of the Isopropoxy cofflpouad 

(BD-S) in Hang. 

NJO 

Dosage Daily Morta l i ty Mortal i ty SynptOBJS 
sag/kg - o •a (percent) 50 

img/kg) 

100 0/2 0/2 0/2 Decrease of 
spontaneous aiotor 
a c t i v i t y a f t e r 
2->3 hours* 
recovered t o noxmal 
within 2 days. 

160 0/6 3/6 3/6 50 Decrease of 

spcntaneous motor 160 

activity after 1-2 

hours; salivatioi* 

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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Table > 16 

Acute Oral Tox ic i ty of the Methoxy Conpound 

(BD»8) in Hen> 

P-OCH3 

Dosage 
(mgAg) 

50 

Daily Morta l i ty 

1 2 10 

0/6 0/6 0/6 

Morta l i ty 
(percent) 

0 

SynptoiQS "'so 
(mg/kg) 

Decrease of 
spontaneous motor 
a c t i v i t y a f t e r 
2-3 hours« recovered 
t o normal within 2 days. 

100 1/6 3 /6 3 /6 50 Decrease of 
spontaneous motor 
a c t i v i t y a f t er 1-2 
hours; s a l i v a t i c » , 
i rregular r e s p i r a t i o n i 
motor a tax ia bee cine 
severe ; recovered to 
nonnal in 4-5 da^s* 

100 

150 3 /6 5/6 6/6 100 Satm as above 
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Tabl« » 17 
Acutft Oral Toxici ty of th« N^N. Oiiaobutylaroido 
coiipound (CX-6J in Hen» 

.CH,CH^ 
p-M 3 

0 \ H 3 

DosacNi Daily mor ta l i ty ^ r t a l i t y Symptoms 
(B19A9J " (percent) 

1 2 10 

liD 
50 

100 0/5 0/5 0/5 Fal l ing of f a t h e r s * 
decrease of sponta­
neous motor a c t i v i t y . 

150 0/5 1/5 1/5 20 Fa l l ing of fea ther , 
decrease of sponta- -
neous motor a c t i v i t y , 
i r r egu l a r brea th ing . 

200 1/5 2/5 2/5 40 Falling of feathers, 
decrease of > 200 
spontaneous motor 
activity. 
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Table - 18 
Acute Oral Toxicity of the H^M^ Pilscbutylaroicto 
compound (BR*6) In Hens 

CH. 

0 CH3 

D o s a ^ 
(ing/kg) 

100 

200 

300 

Dally MOrtellty 

1 2 10 

0/5 

0/5 

0 /5 

0 /5 

0 /5 

0 /5 

0 /5 

0 /5 

0/5 

Mortal i ty 
(percent! 

0 

0 

0 

syn^toms 

Normal 

Nozmal 

Decrease of 
spontaneous 
motor a c t i v i t y , 
TreRi»lln9 during 
walking. 

^ 5 0 
(reg/kg) 

-

-

— 
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(b) Delayed Meiirotoxicityt 

Permanent pa ra lys i s in legs of hen vere <A)served a f te r 

applying the N#N«Diisobutylamido (CL-6) compound. I t was observed 

t h a t , a f t e r s ix months of appl icat ion of twice the dose of 100 rog/ 

kg (dose i n t e rva l was one month), af ter five months of appl ica t ion 

of Single dose of 200 mg/kg, a f t e r three months of appl icat ion 

of s ing le dose of 250 R^t/kg, there was pa ra lys i s of the l e g s . 

However there was no neurotoxic symptoms upto six mcaiths a f t e r 

the appl icat ion of s ingle dose of 100 rogAg» After h is topathola* 

g i ca l exaninations and demyeliminatlon of s c i a t i c nerves were 

noted (Fig. A , B ) 

The experiment was also performed in other three con\potinds 
v i z , N, N-Diisobutylamido (BR->6), isoporpoxy (BD-S) and Methcxy 

(BD-8) compounds. In Bil-6 the doses applied were 100 mg/kg 

(single dose), 100 mg/kg (the dose api^.lied twice) ^ d 200 mg/kg 

(s ingle dc&s). In BD-5 the doses were 100 mg/kg (s ingle dose) and 

100 sf^/kg (the dose applied twice) . In Bl>8 the does were 50 mg/ 

kg (single dose) and 50 mg/kg {the dose applied twice) . During 

the whole observation period of hens t r ea t ed with ccanpounds 

BR<-6, BD-5 and BD-8, showed no p a r a l y s i s in legs and h i s t cpa tho-

log ica l f indings of s c i a t i c nerves were normal. 

All the above dbservations were tabulated in siammarized 

form (Table -19) , 



X: \^^ 

X 

(A) 

(B) 

Figure: Oil immersion photograph of sciatic nerve in cross 
section after standard histological preparation and Haematoxylin 
and Eosin stain X 4000. (A) - Control hen. (B) - Treated hen 
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Table - 19 

Delayed Neuro tox ic actican of four cocnpounde OP Hens 

CoiepouDd Code Dupl ica te adroinis t re t iOB Reinarics 
No. Dose Morta* P a r a l y s i e 

(mg/kgi l i t y 

N«N-DiisobutylainXdo CL-6 100x1 

100x2 

200x1 

250x1 

0/4 

0/4 

0/4 

0/4 

NO No ado i in i s t r a ­
t i on o£ At rop ine 
s u l p h a t e 

P a r a l y s i s 

• Atropine 
s u l p h a t e was 

** admin i s te red 
h o u r l y 

N«N-0ii80butylaniido &R-6 100x1 

100«2 

Isopropoxy 

200x1 

BD-5 100x1 

100x2 

0/4 
0/4 

0/4 

0/4 
0/4 

NO 

NO 
H 

No aciminis* 
t r a t i oc i of 
Atrqpine 
su l i i^a te 

Methoxy BD-8 50x1 

50x2 

0/4 
0/4 

No 
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7, Antichol inesterase Act iv i ty i 

The acety lchol ines terase inh ib i t ion data of the conpounds 

for Blow-fly head hcmogenate (BFAChE) and Goat whole blood (AChE) 

are l i s t e d in Appendix^ Experiment No. // t o 2̂ "̂  

(pp» a^l t o z^^) , iL t o 3.7 {ppi^^ to 2-10) r e spec t ive ly , Th« 

molar Ic^ values ca lcu la ted by l e a s t square regress ion programn^ 

are given in Table •> 20. 

The molar ICQ value of the 6-Nitro/chloro/bromo sal igenin 

cyc l i c phosphoramidothionates for BFAChE increases in the following 

ordert 

BD-1 <BI>9 <(BD-5 <^BD-29 <[ BD-25 <(BR-27 < ' B R - 2 4 

<(CL-24 '•CBR-IO < C L - 1 0 < B R - 6 < C L - 6 

i . e . the coiipound BD-l has the highest acetylchol ines terase 

inh ib i to ry a s t i v i t y for BFACSiE. 

For Goat whole blood (AChE), the I^Q value increases in 

the ordert 

BD-25 < Bi>.29 <B1>.5 <;BD-9 ^BR-IO <^BD-1 <jCL-10 

<CL-6 <^BR-27 <^aR-24 <('CL-24 <^BR-6, 

The an t ichol ines te rase ac t iv i ty of BD-25 i s h ighes t . 

From the above r e s u l t s , i t reveals t h a t the n i t r o compounds 

(BD-l and BD-25) show more inh ib i to ry ac t i v i t y on goat whole blood 

and blow-fly head hcanogenate than the chloro and broroo compovmds. 
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Table - 20 
A n t i c h o l i n e s t e r a s e a c t i v i t y of d i f f e r e n t conpounda a g a i n s t 
B l o w f l y head homoqenate (BFAChE) and Goat whole blood (AChE) 

where, X » 
? - Y 

CI, Br, NOj 

alkylaiTiido groxsp 

alkoxy group 

Code 
No. 

IgQ (BFAChE J 

(M) X 10^ 

l5Q(AChE) 

(M) X 10^ 

CL»6 
CI-IO 

CL-24 

BR-6 

BR-10 
BR-24 

BR-27 
BD-1 
BD-5 

BD-9 

BD-25 
Bi>-29 

CI 
CI 

CI 

Br 
Br 

Br 

Br 

NOg 
NO2 

NO2 

NO2 
NO2 

l3,N-Diisobutylainido 
N,N-Dibutylamldo 

N-Butylamido 

N, N»Dii sobuty larnido 

N , N«Dibvi tylarrddo 
N-Butylamido 

N-Hexylamido 

Methoxy-ethoxy 

Isoprc^oxy 
Phenoxy 

N ,N->Diisobut/laa!ido 
N , N-Dlbu t y l anddo 

80*36 

9*40 
0.3115 

9.84 

3 .15 

0.04397 

0.04827 

0.0005112 
0.0025 

0.001337 

0.0276 
0.00948 

4 .25 

4 .13 

5.996 

28.93 
1.22 

4.554 

4.478 

4.09 

0.1072 

1.15 

0.01409 

0.0416 



2.02. 

8 . Ant i funga l a c t i v i t y t 

The f i m g i c i d a l a c t i v i t y of some 2-alI(ylainldo>»6»nitro/chloro/ 

bronio-4H»l«3#2-benzodiQxsphosphorin-2«>sulphide were t e s t e d j ^ v i t r o 

a g a i n s t HeIrointhosporiuin oryaae and P y r i c u l a r j a o r y z a e . The d a t a 

(percentage i n h i b i t i o n ) f o r growth i n h i b i t i o n s t u d i e s a g a i n s t 

H* oaygai^ and £• oryza« are l i s t e d i n Appendix ^ Experiment 

No,3V'^^<pp'7'7i to^^'^J and Expt . N o . s ^ - ^ ' k^^^'-^o ^%) r e s p e c t i v e l y . 

The ED50 ^"''̂  ®§5 v a l u e s (/W-g/ail) were c a l c u l a t e d by l e a s t square 

regress ics ) progranme and p r e s e n t e d in Table • 21 and Table - 22 

r e s p e c t i v e l y . The d a t a f o r Kdifenphos (Hinosan) as a s t anda rd 

have a l s o been p r e s e n t e d f o r conpa r i son . Thus t h e EDRQ v a l u e s a t 

72 hou r s a g a i n s t H, oryaae i n c r e a s e i n the fo l lowing order1 

CL-10 <BR-10 <BR-6 -^CL-e <CL-24 <BR-24 

<^BR-27 <BD-29 <BD-25 

The iSDge v a l u e s a t 72 hours a g a i n s t H. oryg— i n c r e a s e 

i n t h e orders 

CL-10 ^^CJU-e <BR-6 <BR-10 <C1>24 <BR-24 

< ; B D - 2 9 <^BD-25 < B R - 2 7 . 

The ED50 v^-l^^^s ®^ 72 hours a g a i n s t P . oryatae Inc r ea se 

i n t h e order* 

BR-6 <CL-10 <CL-6 <BR.10 <^CL-24 <;̂ BR»27 

^BR-24 < ; B D - 2 5 <;^BD-29. 

The EDgg v a l u e s a t 72 hours a g a i n s t £ . orygae i n c r e a s e 

i n t h e ozder t 

B R - 6 < J : L - 1 0 < C L - 6 < B R . 1 0 <CL«24 <BR*24 

<^BD-29 <^BR«27 <(BI>-25 . 
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A ccmparative stiK^y shows t h a t a t 72 hours, the antifungal 

a c t i v i t y for both the fungi i s lowest for UD-25 i . e . the 

I^iisc^u^lsonldo coni oisnci. The e f f ec t s of chloro and brcino ccnpoimds 

are almost conparable to Eciifenphos (Hinosan) in case of £• or/gae* 

For l | . oryaae the a c t i v i t i e s are 10-80 tiroes grea ter than t h a t 

of Edifenphos (Hinosan}. 

T ^ l e •21 

j ^ t j f imqal a c t i v i t y of 6-chloro/broBK^nitro sa l io^oin 
c / c l i c Phosphoranildothionates c^ainst ||* oryga> 

where, X = CI, Br, NO 

Y = alkylamido group, 

alkoxy group 

Code 
HO. 

m^i/*-g/mi) 

(after 72 hours) 
EDgg (/A-g/ml) 
(af ter 72 hours) 

C£^6 
CL-10 
Cl<»24 

BR-6 

BR*10 

BR-24 

BR-27 

BD-25 

BD-29 
Edifenphos 
(standard) 

3.69 

0.38 

4.351 

3*14 

2,27 

7.08 

14.14 

257.23 

127.63 

81.28 

21.68 

2.64 

43.10 

23.43 

23.99 

123.03 

1963.613 

546.35 

426.00 

269.15 
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Anti^uaael a c t i v i t y of 6*chiogo/byoino/nitgo sdXiQtnto 
c y c l i c Phosphor aiBiaothlonat«8 against |^. oxv^Bm 

where, X = Cl, Br, NO, 

y = alkylamido group, 

alkoxy group 

HO, (a f ter 72 hoturs) (a f t er 72 h&^urs) 

CL»6 

Qb-24 

BB*24 

BR-27 

feD-25 

Bl>-29 

£cii£en|4ios 
(staaoard) 

0*64 

0.58 

2 ,85 

0 .41 

1*21 

4.47 

4.07 

12.60 

12.65 

< 5 . 0 0 

4.71 

3 .99 

24.31 

2 . 31 

7.70 

69.53 

85 .69 

85 .94 

78.24 

> 1 2 . 5 0 , <^25.00 
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9» PhyfcotoxiG propertiesI 

The Table - 23 shows the phy to tox ic e f f e c t of t h e 

phosphor«ni<lothioiiates on Tr i t i cum spp* (U«P* 262 v a r i e d ) • 

t h e coBpoimci have no e f f e c t on t h e ^ n r t i n a t i a n of vriieat 

'^^ C-tgit^,cmii spp* ) up t o 500 ppmm 

£f f ^ j t Of chXoro/brcaoct/nitro s a l i o e a i n c y c l i c 

coce 
No« 

•' j » ' 

PSffent aermlnatican at different concentration 
SOO ppRi 250 ppm 100 jp^pm 

CL*6 

CL*10 

CL-24 

BR«>6 

BR-10 

&R*24 

BB*27 

BD-l 

BD-5 

Bt}^9 

BD»2S 

BI>»29 
BD-»8 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 
100 100 
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10* Chemicei Hyagolysis» 

rhe cheR5ical hydrolysis of BD-l, BX>-5, BD-9 and BD-8 

were car r ied out in phosphate buffer (pH 7,7) and of other 

compounds were performed in 9*5 im H&CH in 50% ethanol (pH 11.85) 

a t 30^C a t X «400« 410 and 420 nia for n i t r o compounds and 

)\m 294, 2S^ ««d 300 nm for chioro and bromo comiounos* Three 

s e t s of experiments in e®ch case have bc^n perf ornKC, The 

hydrolysis data for the coniiounds a t each wave lenyth and the 

valv» of iQjy^ ca lcu la ted there of fo r a p a r t i c u l a r s e t are 

given in Appendix , i-xpt, NO, 42-as (ppz-t^ t o 3 î ) and T, are 

s'lown in Table • 24. 

The average i^^^ increases in the orders 

CL-6 ^CL»10 < ' E R - 1 0 <CBD-25 <BD-29<CBRI-6 <BI> .5 

<BD-1 -^BR-.27 <'CL-24 ^BR-24 ^BD-9 

i . e . the Phenoxy compound (Bi>9) i s l e a s t s tdo le and the 

chioro conpound with NtN-DXiscbutylamido conpouod i s most stdble* 

Conparison of s t a b i l i t y to a lka l ine hydrolysis of (CL»6« BR<-6), 

(CL»10, BR-10) f^d (CL-24, Bii.24) i t i s observed t h a t the 6-chloro 

sa l igenin cyc l i c phosphormiicothionates are most s t ab le and 

6«brcmo s a l i ^ n i n cyc l i c phosj^or%nidothionates are l e a s t s tab le 

t o a lka l ine hydro lys i s . The d i - subs t i t u t ed confounds are more 

s t ab l e thim the mono substitaatec compounds. Hence, i t may be 

assumed t h a t the r a t e of hyorclysis of the ^^subs t i tu ted sa l igen in 

c y c l i c i^osphoramidothianates are not only affected by the nature 

of the exocyclic stidastituents on the phosphorus atcm but a l so i t 

i s s ign i f i can t ly influenced by t:he nature of st^bsti tuents present 
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a t 6 - p o s i t l a n o i t he s a l i g e n i n c y c l i c jAiosphoramldothionates, 

Table » 24 

Hydro lya ls ot 6 ' -chloro/bromo/i>itro s a l i g e n i n 

c y c l i c Phosphorapi idothionates 

where, X 

Y 

= CI, Br, NO 

= alkylamido 
group, 

alkoj^ group 

Code 
NO, 

X Average Kj^^ 

(min*^ jxlO^ 

T, (hours) 

CL-6 

CL-10 

Ci,-24 

BR-6 

BR-IO 

BR-24 

BR-27 

B1>1 
BD-5 
BD-9 
BD-25 
BD-29 
BD-8 

CI 
CI 
CI 

Br 

Br 

Br 

Br 
NO. 
£10, 
NOj 
NO, 
NO5 

N, N-Dilsobutylanjldo 

N , N-Dibutyl amldo 

N-Butylajnido 

N, N-Dils<±>utylamido 

N^H-Dibutylasrddo 

N-Butylamido 

N-Hexylamido 

Methoxy-ethoxy 
Isopropoxy 

Hienoxy 

N,N-Dilsobutylamido 

N , N-Dibutylamldo 

Methoxy 

56.70 

8850.0 

6.216 

14.89 

172.3 

6.985 

5.834 

4.125 

1956.0 

9.692 

354.3 

388.0 

5.187 

2037.03 

1305.06 

1.857 

77.568 

670.34 

1.65 

1.979 

2.80 

5.90 

1.191 

325.9 

297.68 

2.226 
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GEMERAL CCHCLOSICN ASP SSMhmS 

(i> Sam 2 - a l k y l aa t J ido /a lkoxy-6-ch loro /brano/n i t ro-*H»l , 

3,2-benaodioxg5>ho^horin»2-.8ulphides have been p repa red by t h e 

r e a c t i o n of t h e cor responding pho^^horeanidodichloridothicxiates 

and p h o s p h o r o t h i a a a t e s wi th 5-ch loro /br<3ao/n i t ro s a l i ^ ^ n i n a t 

low tempera tu re in p r e sence of K2CO. as dehydrogen c h l o r i d e a g e n t . 

Except CL-10# BR-10 and BR-Zl, a l l compounds were c r y s t a l l i n e 

s o l i d s . The above BientKaied t ^ r e e canpounds were l i q u i d in n a t u r e , 

< l i ) The s t r u c t u r e of t h e s e compounds were e l u c i d a t e d by 

chemical a n a l y s i s v i z . UV, IR, Mass, ^H NMR, ^^P NMR, ^^C NMR 

s p e c t r a . 

A l l compounds showed c h a r a c t e r i s t i c IR bands f o r p-O-C 

( a l k y l ) , p - o c ( a r y l } / P»S grov^Sm n e i t h e r of t l ie two PwS bands 

show any s y s t e m a t i c s h i f t which r e f l e c t s changes i n t h e i n d u c t i v e 

p r o p e r t i e s of t h e s t jybst i tuents , t h i s i s n o t unexpected i f t hey 

do a r i s e from mixed modes. 

In the mass s p e c t r a , a l l conpounds showed p a r e n t molecu la r 

i on (H ) peaks , F r a g m e n t a t i a i by t h e l o s s of 'SH* r a d i c a l i s 

i m p o r t a n t , most of t h e canpounds shoia an ion due t o (M- 'SKi* 

and i t i s t he base peak f o r t h e four conpounds ou t of t i ^ twelve 

coapounds. 

( i i i ) The iscprcpoKy compound (BD-S) shows about 1,5 t i m e s , t h e 

methoxy«-ethQxy about 3 . S-S t imes g r e a t e r i n s e c t i c i d a l ^ t i v i t y 

compared t o s a l i t h i o n , b u t i n caas c h l o r o d e r i v a t i v e of N-bu ty l 

amldo compound (CL-24) t h e i n s e c t i c i d a l a c t i v i t y i s almost s i m i l a r 

t o t h a t of s a l i t h i o n . The o t h e r confounds are a lmost non i n s e c t i ­

c i d a l . For Blow-fly and Grasshopper , t he raethoxy compound i s more 
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ac t ive than s a l i t h i o n , the isopropoocy ccanpound have some i n s e c t i -

c ida l a c t i v i t y , the methoxy-ethoxy compound a lso have some 

i n s e c t i c i d a l a c t i v i t y in Grasshoppers. For Aphids the methoxy 

compound (BD-8) i s the most act ive and phenoxy coitpound (BD-9) 

has l e a s t i n s e c t i c i d a l a c t i v i t y , 

(Iv) All compounds are l e s s toxic t o r a t conpared t o s a l i t h i o n . 

The Isopropoxy compound (BD-5 ) and the methoxy conpound (BD-8J 

have g rea te r t o x i c i t y compared t o other compounds. The CL-6, 

BR-10, BR-24 and BR-27 showed some apparent tox ic syirptoms but 

they recovered soon, or i f died, i t was af te r more than cji© month, 

(v) The Histopathological study of some organs of conpound-

t r e a t e d r a t , showed the toxic symptoms. 

The N,N-diisobutyl aroido compound iCLf6) was only iised for 

the t e s t s . The sect ion of kidney showed enlarged, midly d ia la ted 

tubules v;ith ruptured v/al ls . The renal tubules were elongated, 

enlarged lumen, ruptured e p i t h e l i a l l i n ing . The glomerulus were 

disorganised and Bowman's capsules were very reduced. The sec t ion 

of l i v e r showed the vacuoles, ruptured c e l l membranes, some c e l l s 

without nuc le i . The sect ions of i n t e s t i n e , lung and spleen showed 

no tox ic syrrptoms, 

(v i ) Cnly four confounds (CIJ -6 , B R - 6 , BD-5 and BD-8) have 

s tudied for acute ora l tox ic i ty and delayed neurotoxic i ty in 

hens. In these corrpounds BD-8 i s the most t o x i c . Permanent 

p a r a l y s i s in legs i s observed only in case of N,N-dllsobutyl 

amido compound (CL-6), upon h is topathologica l examinations 

demyclination of s c i a t i c nerve i s found, in other ccropounds, 

permanent pa ra lys i s i s not observed and the h is topathologica l 

observation of s c i a t i c nerves are normal. 
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( v i i ) Acetylchol inesterase i nh ib i t i on data shows t h a t the 

conpound BD-l (methoxy-ethoxy) has highest aand C]>6 (N«H» 

d l l s cbu ty l amido) has lowest inh ib i to ry a c t i v i t y for BFAChE. In 

case of goat whole blood, the amtlcholinesterase a c t i v i t y of the 

compound BD-25 (N,N-dilsobutyl amido) i s h ighest and BR-6 (N^N-

d i i sobu ty l amido) i s lowest. 

( v l l l ) The antifungal a c t i v i t y study (by growth inh ib i t ion 

method) ageinst H, oryzae and p. or /zae indicate t h a t the chloro 

end bromo conpcunds show very good inh ib i to ry e f f ec t s on the 

growth of both the fungi H.oryzee and p , oryzae« t h e i r inhibitoary 

e f fec t s Bxe almost comparable t o t ha t of Ediphenphos (Hinosan). 

( ix) The compovmds are not phytotoxic t o Triticuro spp# upto 

the concentrat ion 500 jprn, 

(x) The ra te of hydrolysis of the coinpounds are g rea t ly 

influenced by the nature of the subs t i t uen t a t the 6-positicm 

of the benzodioxaphosphorin r i n g . I t i s observed t h a t the 6-chloro 

sa l igen in cycl ic phosphoramidothionates are most s t ab le and 6" 

bromo sal igenin cyc l ic phosphoramidothic^aates are l e a s t s t ab le 

t o a lkal ine hydro lys i s . 

(xl) The b io log ica l a c t i v i t i e s end other data J u s t i f y fu r the r 

exeaiiination of niethcxy snd iscpropoxy coirpound as po t en t i a l 

insect ic i ( te and the chloro and bromo compounds as po t en t i a l 

fungicide, whether the use of these cyc l i c phosphorus coinpounds 

w i l l p ro tec t the p lan t s from pes t s and diseases in the f i e l d 

remains to be s tudied, in order t o f ind out t he chemical structure* 

b io log ica l a c t i v i t y r e l a t ionsh ip in these compounds we have t o 
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synthesize several new conpounds in which different group i s 

to be incorporated in different positions of the aromatic ring 

end to investigate the i r biological activitjf* Besides, s t ructural 

elucidation in regard to t i ^ conformation of the dioxaphosphorin 

ring from temperature dependent NMR and x-ray crys ta l structure 

would clarify the chemical structure-antifungal act ivi ty mechanism 

(an^or esterase inhibition mechanism) so that thei r se lec t iv i ty 

of action can be Known, thereby helping us to design selective 

and biodegradable potential pest icide. 



-ZiZ 

l £ £ I I i g E £ I S 

1. Vot^i, I . A. $ A i ex t Book of P rac t i ca l Organic Chmnlstry, 
3rd £dn«, 'i.ms and Langmaa l.td*» Lcadoa ( i957) . 

2. Masller* T«, Birch* H»J, and Mielsen, K .C t Inorganic 
Synthesis , Vol. IV, Ec. Bai la r , J*C. Jr«# 
*a5Gra#-Hill Bock Co,, mC*, New York, p# 7 1 -
73, (1953). 

3 . BiKJhler, C«A«, Kirclmer, F.K* and Leebel, G.F. s Organic 
S/nthesiB« Col lect ive Vol* 3 , £d« Homing, £«C», 
John » i l e / and Scxts, II4C, £!««# York, p* 468, 
(1960). 

4 . Busvine, J.H* i A c r i t i c a l review of th@ techniques fo r 
t e s t i n g i n s e c t i c i d e s , P\34>. by Ccwancfiwealth 
Agr icul tura l Bureaxix, p . 77, (1971). 

5 . Mcintosh, /^H. I J . s c i . Food Agr i . , 12, 312, (1961). 

6* £ t o , H», Klshii&oto, K», Katsiamira, K«, Cshita, iii. and 
Oshima, Xm s Agri . Bio l . Chem*, 30, 181, (1966). 

7. Eto, M., chlroa, Y., Kitakato, s . , TsaAka, F», and 
Kajiroa, IC. i Botyu-Kagaku, 31 , 33, (1965). 

8 . Busvine, J.R. J A C r i t i c a l Kavitw of th© Techni<i«es 
for Trusting i n s e c t i c i d e s , p . 75, (1971). 

9* Mooarfard, G. t Pr inc ip les in Drug Adininistration Methods 
cf Animal Experinentat ion, Vol, 1, Ed, by Gay, 
w. I , , M;ademic Press , ^ew York, p . 351, (1965), 

10, Upholt, W,M. t Fedisral Regis ter , 37, 19383, (1972). 

1 1 . Ha l l i ng«h^« , J ,G , , AbuKEl-HaJ, s , , Fukuto, T,R, t 
J . Agric, Pood Ch«n., 27(6) , 1197, (1979), 



2-13 

12* KTBsms, BmEm and GssBm<m, E,M» « AnaU Chera*« 30# 

251-254, (1958) . 

13* Port»r« F.E.« s\m» t»Pm wad Airch&r« £•£• t l ona ly t i ca l 

a^ thods fo r F e s t i c i ^ s « P l a n t Grcfiatki E e g u l e t o r s 

aad Food A c d l t i v e , Vol* I I , Ed. by 2%ielg, G, 

A c a d w i c P re s s , New York, p . 351-374, (1964)« 

14* li&mt Y.L. md ' i 'h<^liyal« P.N* t Fimgici i les i n P l a n t 

Disease Con t ro l , Oxford and XQH, New D e l h i , 

I n d i a , p . 413, (1979) . 

1 5 . vinc^snt, J .M, i .^atisre, 159, p . 850, (1927) . 

16* Kto , M», £ t o , f>. and Gshima, r . s ^ r l * Bio l* Chma»0 

26, p . 630, (1962). 

17* E t o , M» i Crga io phosphonas i ? e s t i c i ^ i Organic mid 

B i o l o g i c a l Chemistry, CRC P r e s s , C leve land , Clilo, 

p . 74, (1974). 

18* Das, B,K, J D . a c . t h e s i s , C a l c u t t a U n i v e r s i t / , ( 1 ^ 1 ) . 

19* £ t o , K . , K.cl>ayeshi, K*, Keto, T* aiKi Koj lna , K* $ Agri* 
B i o l . CheB5., 2 9 ( 3 ) , 243-246, (1965) . 

20* Thoraas, jUC * intexpretakticn of m s ^ c t r a of Orgioto-

pliosphortis Coispouncis, Heyoea, London, (1974) . 

21» sel ia iny, ! • J« t TJm I n f r a r e d S p e c t r a of Complex Molecu les , 

Vol« I . 3rd E d i t i o n , Ch^^rr.sn and H a l l , Londoo, 

347-364, (1975) . 

22* co l th i jp , U,B», 1 a l e y , U H . , isTiberly, S.E* t I n t r o d u c t i c n 

t o I n f r a r e d said Raman Spec t roscopy , Acadeiaic P r e s s , 

224, (1964). 

2 3 . Das, B,i-^ i N.B.u . Review (£ci* m d T e c h n o , ) , g, 1 , (1981) . 

24* Das, B.K. , Das, £^K*, S a r k a r , A* smd Shoo la ry , J*^* t 

U. Review («>ci. and Tecimo), J^, 2 , (1980) . 



^ll 

25. Gshlma, Y, an© Eto, M. « U.S. Patent 3, 478, 133, (1969). 

26. Cooks, R.C* and Gerraa, A,F. t J. Chem* 5oc, B, 1327, 

(1968). 

27. Jorg, J»# Houriet, R. and Spiteller, G. t Kh, Chern., 

97, 1064, (1966). 

28« Pan i c e , J .N. t J* Assoc. C f f i c . •f'XkBir, Anal . Chem., 

49, 1027, (1966) , 

2 9 . i /c^ ico , J . N . , B a r r o i K.P. and sphmi, J . A . i i n t e r n . J . 

Mass Spectrum Icn Phya*, 2,, 161, (1969) . 

3 0 . G i l l s , R.G. and Qccoc lov i tz , J . L. t A n a l y t i c a l Chemistry 

of Phosphorus Com^ouncs, £d . Halinann. M«, 

i n t e r s c i e n c e , l̂ ew York, (1972). 

3 1 . D j e r a s s i , C . , BxifSalkiewiez, H. end y / l l l i a n s , D.H. t 

Mass Spec t r a of o rgan ic Conpuunos, San F r a a c i s c o , 

Holden Day, (1967). 

3 2 . £tc« K. , Kobayashi , K., Sassmoto, T . , Cheng^ H.M., 

Aikawa, T . , Kxsxm, T . and Oshlxna, y . : Botyu-

Kegaku, 3 3 , 73-77 , (1968). 

3 3 . B to , M. t Crganqphosphorus P e s t i c i d e s i Organic end 

B i o l o g i c a l Chemistry , CRC P r e s s , C leve land , Citio, 

123, (1974) . 

3 4 . Kadola, T , , OKuno, Y., Mi/eonoto, J . t Botyu-Kagaku, 4£, 
49, (1975). 

3 5 . Busvine , J .R . t A c r i t i c a l review of t h e t e c h n i i ^ e s f c r 

t e s t i n g i n s e c t i c i d e s . Pub. hy t h e Commonwealth 
A g r i c u l t u r a l Bureaux, England, p . 267, (1971) . 



6M^'B721Z -3 



a i 5 

(a preliminary s t u ^ ) 

The b i o c i i ^ s of the wavironment are known t o induce 

c / t o l o g i c a l abnormalit ies in p l an t and animal c^ l l s* Especia l ly 

t he somatic c e l l abnormalit ies induced by £\mgicides and i n s e c t i -

c i c e s have been worked out by many workers ' • 

TiMs ^ i l i t y of sĉ sae pest ic ides« to induce chromosomal 

abnormali t ies were a l so demcostrated in higher p l ^ i t by many 

resiearch workers fo r e*g« in Tredsscant ie ap» and Vicia faba 

(6) 

(5) 
by the use u£ mercurial fungicide Paaogen-lS in Allium cepa 
by t ) ^ use of two systemic fungicides Plaatvax and Vitavax 

(8) 

(7) *^^ ^^ Vic^^ faba by the use of i n sec t i c ides Rotenone snd 

Dichlorvos • 

I'he present; study rep-orts the mi to t ic e f f e c t s on p l a n t 

(Allium ccpa) and animal (mice) with spec ia l emphasis on 

chromosomal abnormalit ies induced by the well known organophos-

phorus pes t ic ides* Hinosan (Kdiphenphos)(0-ethyl»s, S-diphenyl* 

di thiophosphate) , Kogor (Diroethoate) ^O^O-Dlmethyl-s-OSf-

methylcarbarooyl niethyl) phosphoroth ioneta^ and a new c<:OTpound 

CL-6 <2-H,N-Dilsobut^l anido-6«chloro-'4H«l,3t2«toanaodioxa4^hos-

phorin«>2»8ulphide} s /n thes iaed in our laboratory* 



Table ^ 1 
Name, s t r u c t u r e and manufac tu re r s of organophosphorus p e s t i c i d e s 

S e r i a l Ccmmoa. name and 
No* o t h e r names 

Chemical name S t r u c t u r e Manufac tu re r 

1. 

2. 

Hinosan 
(EdiphenphosJ 

3. 

Rogor 
(Dimethoate} 

ci-e 
(N ,N ,Di i sobu ty l 
ami do compoiand) 

0-ethyl-s,S-
diphenyl-
di thi ophosph ate 

C.H^O 

o 
11 
• p -
I 
S 

• ^ 

C, 0-Dimethy l -S-
(N-IW2 t h y Ic a rb anioy 1 
methy l )phosphoro-
t h l o l o t h i o a t c 

2-N,N-i.ilsobutyl-
amido-6-chloro-4H-
1,3,2-ben2 0diQxaphosphorin-
2 - s u l p h l d e . 

S 0 

</' 

Cl 
vN 

i 
0 " 

CHCH 

^ ^ 3 

Bayer I n d i a L t d . , 
Express Towers, 
i4ariirian P o i n t , 
Boiribay-400021. 

R a l l i s i ^ s t i c l d e s , 
R a l l i s I n d i a L t d . , 
2 1 , Rave l in S t r e e t , 
Boni>ay-400001. 

Wot co tnne rc i a l , 
s y n t h e s i z e d by u s . 
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MJVrj:,RlAJLa MID METHODS 

(a) Cyto tox ic A t / t e a t in p l a n t t 

F a s t growing /oung r o o t s of AlXima ocpa t r e a t e d wi th 

50 ppm, 100 ppm and 200 ppra cone , ©£ tt^ coiiiounc CL-6, 

EGii'ennphos (Hinosan) aid Rogor (Diinethoate) f o r one hour and 

two hours t r ea tn !en t . Con t rc l was main ta ined in a l l c a s e s . The 

c o n t r o l as -well as t h e t r e a t e d roocs were e x c i s e d and f ixed 

i n f r e s h l y p r e p a r e d Fa rmer ' s f l u i d f o r 2 hours and 30 minutes 

(one g l a c i a l a c e t i c ac id t t h r e e e t h y l a lcct iol ) and squashes 

were p repa red acccrd iny t o the m5;;thod of Darl inQtc« and La Cour 

(1962) eitiplo/ing ac^ to -o rch ine s t a i n . 

Apprcaciif.at^ly 200 c e l l s from a t l e a s t t h r e e meristems 

per r e p l i c a t e wrere screened t o oeterirdne t h e frequency of s laerrant 

c e l l s * The exper iments were s e t t e d up i n d u p l i c a t e . The s l i d e s 

were sc reened thoroughly f o r chromosomal a b e r r a t i o n l i k e 

chromat id b r i d g e s and l agga ros , t r i p o l a r and t e t r a p o l a r d i v i ­

s i o n a l chrojKJSoine i n c e l l s , unequal d i s t r i b u t l c a i of chrcjnosorues 

e t c , a t anapliase. Care was taken t o exc lude inccitii, let© c e l l s so 

as n o t t o have a n / contusicsi r ega rd ing aneupiolo c e l l s . 

0>) C y t o t o x i c i t y t e s t in animal ; 

Bc^^-marrow t i s s u e s of a l b i n o mice (Swiss s t r a i n ) # age 

gro^jj) t h r e e rconths each , were used in the p r e s e n t i n v e s t i g a t i o n . 

Each animal was adrs i n i s t e r e d t h e i>est ic i<^s th rough o r a l r o u t e , 

t h e doses of the cunpounos were d e s c r i b e d in the l ' a b l e s - 5 t o 
« 

Table -7 and each t e s t s were dupl ica ted . Btme-^arrcw c ^ l l s were 



^18 

f i x e d a f t e r 24 hoxurs exposures of C I J - 6 (NrN-DiiscdDutylaraido) 

compound and the commercial ly p o p u l a r p e s t i c i d e s Edi.femphos 

and Rogor i n o rde r t o t e s t the c y t o g e n e t i c i n j u r y . C y t o l o g i c a l 

s l i d e s f roro bone»marrow t i s s u e were p repared as p e r u sua l 

c o l c h l c i n e - C i t r a t e - a c e t i c ac id e t h a n o l - a l r drying-Giemsa 

schedule* Abe r r a t i ons were scored from t h e s l i d e s . The prepared 

s l i d e s were sc reened p r o p e r l y and photographs of t h e a b e r r a n t 

c e l l s were taken and analyzed. 

RESULTS AND DISCU;:.S1CJH 

(a) C y t o t o x i c i t y i n P l a n t i 

The main e f f e c t s of t h e conpound CIi-6, Edl)ainenphos and 

Rogor, however, wei% found mostly in anaphase s t a g e s of the r o o t -

roeristems of t l ^ All ium cepa . The used c o n c e n t r a t i o n s and d u r a t i o n 

of treatirsent caused chromosomal ^ n o r m a l i t i e s . The frequency of 

abnoinsnality i n c r e a s e d with the i n c r e a s e of c o n c e n t r a t i o n app l i ed 

and f o r t h e pe r iod of t reatanent (Table««'2 t o Table - 4 ) . 

Root t r e a t m e n t in 200 ppan c o n c e n t r a t i o n s f o r 2 hours of 

CL-6, KdijjKenphos and Rogor p e s t i c i d e s showed 14.8%« 9.5% and 

10.94% chromosomal a b n o r m a l i t i e s . These t h r e e p e s t i c i d e s showed 

chromosomal a b n o r m a l i t i e s even in 50 ppm c o n c e n t r a t i o n fo r caie 

hour t r e a t n e n t . 

I t was found t h a t i n seme c e l l s t h e chromat ids s e p a r a t e d 

from each o t h e r b u t d id n o t migra te t o t h e p o l e s were most ly 

r e s t i t u t e d t o form t e t r a p o l a r c e l l s (F ig . c ) . A niauber of ot l :«r 



Table " 2 
m i t o t i c analys is of following treatsnnents of the N#N-tiiisobutyl axnido compoimd 
(CI.-5J in Alliuxn cepa. 

Treatment 
(ppin) 

Total Bridge of Chromatid 
dividing chrciTiOSome „ '""' ' 
c e l l s ^^P break 

Laggard i e t r a Tr ipc la r Liago- tinequal Aberration 
chrome- polar d iv i s ion nal d i s t r l - i—'—i 
somes d iv i s ion of chromo- d iv i s ion bution Tota l % 

of chrcanoscme some of of 
chrcroo- chromo­
somes semes 

M i 
O rd 

o <o 

04 •» 

Con trol 

50 

100 

200 

50 

100 

200 

200 

205 

200 

210 

210 

200 

215 
3 
5 

1 
2 

2 

5 

2 

2 

3 

3 

7 

1 
1 
3 

1 
1 

2 

3 

2 

4 
4 
6 

-

-

1 

1 

3 

3 

4 

7 

8 

9 

19 

32 

1.95 

3.5 

3.8 

4.28 

9.5 

14.8 



M i t o t i c a n a l y s i s of fo l lowing t r e a t n i e n t s ot t n e P e s t i c i d e Bdiphenphos 
i n AlliUHl cei 

.i.rt;etment 'i'otal 
(ppm) Glvicing 

cells 

Control 
c 

i> •" i n n 

-» +» 2 U 0 

1 SO 
^ ^ 100 
O R3 
•C «J 2 0 0 
C>» 4J 

2 J 0 

205 

203 

212 

2 0 0 

211 

200 

triage of 
chrcmcsome 

_ i — 

Chroaatld Leggarci Tetra- Tri- Dia- unequal 
' ' ' chromo- polar polar gonal distrl-

Aberratlcn 

r /.naphase i e l o p h a s e 
Gap Break 

2 

2 

1 

1 

umss c i v i - d i v i - dlvliP 
s i o n s i on slaa 

1 
1 1 
3 1 

1 4 

2 3 

2 2 

1 

2 

2 

3 

3 

1 
1 

2 

1 
1 
1 

2 

2 

3 

2 
5 
6 

but ica i 
of c h r o ­
mosome 

T o t a l 

4 

7 

14 

11 
19 
19 

% 

1.95 

3.44 

6.60 

5.5 
9,00 
9 .5 

O 



Table - 4 
Mi to t ic analysis of follcwing treatments of the P e s t l s i d e Rogor (Diroethoate) 
i n Allium cepa 

Treatment 
(ppin) 

Tota l Bridge of 
d ividing chromosoine 
c e l l s 

Chromatid Laggard T e t r a - T r i - Dia-
_ y Chromo- p o l a r po l a r gonal 

Anaphase Telophase Gap Break ^ ° ^ ^ ^f^' f f J j " ^ ^ -

unequal 
d i s t r i ­
but ion 
of ch ro ­
mosome 

Aberrat ion 
Total % 

Control 
• I ' 

o «J 1 0 0 
JC g 

50 
g | l O O 
BS 200 
CM R 

200 

200 

204 

220 

220 
210 
201 

1 
2 

3 

4 

4 

1 
1 
2 

1 1 1 
2 . 2 
2 2 1 

2 2 
3 2 
2 1 

2 
3 1 
4 1 

3 

4 

3 

1 5 
1 6 
2 5 

2 

1 

6 

9 

11 

16 

23 

22 

3 , 0 
4.41 
5 . 0 

7,27 
10.95 
10.94 

N 
N 



2.22. 

(a') 

(b') 

Figures showing different types of aberrant cells from root-tips 
of Allium cBpa 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. 



2.2.3 

'1 Jksmf ^^ w^ i 

$ 

(C) 

f 

( 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. 



2.2 ̂  

(eM 

(f) 

^ 

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

(e') The tetrapolar division at anaphase stage. 

{f) The diagonal division at anaphase stage. 



:2.Z5 

( 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 a b n o r m a l i t i e s were a l s o notice^J accompanied by normal 

anaphase . The o the r c a s e s were t h a t of d i s o r i e n t a t i a i of t h e 

s p i n d l e po l e s i . e . the two p o l e s of t he s p i n d l e f i t e T e s appeared 

t o be l o c a t e d i n two oppos i t e c o m e r s i n s t e a d of appear ing 

p a r a l l e l t o t h e divi<ted c e l l s , t hus forming what i s known as 

d i a g o n a l anaphase o r g a n i z a t i o n (Fig. f ) , The most prominant 

abno r r aa l i t / i n anaphase s t a g e wes t h e formation of chromosome 

and chrcmat id b r i d g e s (F ig . a ) . Laggard chrcanosomes were a l s o 

n o t i c e d dur ing anaphase (Fig . b ) , d i s t u r b e d anaphase gave r i s e 

t o t r i p o l a r and t e t r a p o l a r c e l l s (F ig . c aid F i g . e ' j . s t i c k y 

^iaf*iase was a l s o observed i n very few number. A l l t h e above 

s a i d a b e r r a t i o n s , i n c l u d i n g the gap and b r eaks (F ig . g) in t h e 

chromosomes were found on ampl ica t ion of Cij-6, fioiphenfdios and 

Rogor. The exper imen ta l d a t a of t h e c y t o t o x i c e f f e c t s were 

A s c r i b e d in t h e Tab le -2 t o Tab le -4 send the photografjhs of t h e 

abnormal chromosomes were showed i n t h e F i g . - a ' t o F i g . - g . 

(b) C y t o t o x i c i t y i n animals (mice) s 

The p r e s e n t i n v e s t i g a t i o n p r o v i d e s in fo rma t ion r ega rd ing 

t h e c y t o t o x i c e f f e c t s of Edi^Aenphos, Rogor and the newly 

s y n t h e s i z e d conpoiind CL-6 on the bone-marrow c e l l s of mice i n 

v i v o and a l l t h e e f f e c t s were observed in metaphase s t a g e s . In 

a l l t h e ca se s the a d m i n i s t r a t i o n pe r iod a id r o u t e were same. 

Only t h e doses i c r e changed, so we can say t h a t t h e frequency 

of abnoriiiaiity of chromosomes changed only f o r c o n c e n t r a t i o n of 

t h e compound. The Edi^jKenphos, Rogor and CL-6 showed t h e pe rcen t age 



•i-'eble - 5 

i i i t e c t of .^i,i4-i;iiscbtit/laTdcio (CLi-6) CCHT, lunci on bene iTicrrotir c e l l s of mice: 

Kcute Lose i n t e r v a l Total c e l l ChrcraatlG iormation tnequal 

r a l 

(irg/kg) ( in hour) studied 

50 24 300 

_ 'i 'otel 
r '—J«,-s'v «̂ ^ r ing chro: . t i d aber ran t 
uap areaK chxctfoscnie s t r e t c h i n g c e l l s 

% o± aberrant 
cells stuciec 

2.00 

Oral 

Oral 

30 

10 

24 

24 

300 

300 

2 

1 

4 

1 

1.33 

0.33 



E±rect of juciiphenphos on bone marrow c e l l s ot mice s 

Route i^ose incerva l Total Chromatid i cru-ation of Lnequal Total % of 
(mg/kg) ( in hour) c e l l ^rz '"TTi^av ^^"S chromosome chrcmatid aberrant aberrant 

stucded *̂  i^reaK s t r e t c h i n g c e l l s c e l l s s tud ied 

Oral 50 24 300 3 2 1 1 7 2.33 

cral 30 24 300 2 1 - - 3 1.00 

Oral 10 24 3U0 - - - 1 1 0.33 



Tetole » 7 
Effect of Rogor aa haae marrow c e l l s of mlc» s 

Route JDose 
CmgAg) 

i n t e r v a l 
(In hour) 

Total 
c e l l 
s tudied 

Chronetid 
G ^ Break 

Forroatlon of Unecjual Tota l 
r ing chroroosone chromatid ^aer ran t 

s t r e t c h i n g c e l l s 

% of aberrant 
c e l l s s tudied 

Oral SO 24 300 1,66 

Oral 30 

10 

24 

24 

300 

300 

1 

1 

5 

2 

1.66 

0.66 
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(h') 

(i') 

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

(h') Formation of gap in the chromosomes at metaphase stage. 

Ci") Formation of ring and break in the chromosome at 
metaphase stage. 



Z3»1 

(J') 

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

(j') The unequal chromatic stretching at metaphase stage. 
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of aberrant c e l l studied af ter the appl icat ion of dose 50 mg/kg 

were 2.33?4, 1.66% and 2.00% and the d o ^ 10 mgA9 were 0.33%, 

0.66% and 0.33% respect ive ly (Table - 5 t o Tabic - 7 ) . I t showed 

the physiological e f fec t l ike uneven s t re tch ing of chromatid 

mate r ia l (Fig. J ) , m addition t o physiological e f f ec t , i t a lso 

showed gap aad breaks (Fig. 50• "̂ he formation of r ings (Fig. 1 ) 

were very proninent . The mechanism of action o£ the ccnpound 

CL-6 metaboli tes a t nucleic acid level i s not known. However, 

organophoaphorus pes t i c ides are known for t h e i r a lkyla t ing 

p rope r t i e s (w^ild 1975). So IMh a l k / l a t i o n might be one ot the 

reasc^ for the production of chromosomal aberra t ions by the 

chemical. Effect l ike uneven s t r e t ch ing of chromatin mater ia l 

i nd i ca t e s t h a t the pes t ic ides may have acted upon the prote in 

moiety cf the chromosomes. Only chromatid type aberra t ions ind ica te 

t h a t the ctemical acted upon s t e l e s following Ĝ^ stage of the 

c e l l cyc le . For f u l l coaf ixr. at ion of the above said aberra t ions , 

some sc^h i s t i ca ted experiments and fur ther study are needed. 

Conclusions 

C/totoxic e ixec t s of trixee F^s t ic ides (Ci^6, ildiphenphcs 

and Rogor) have henn s tudied on the root-mitos is of Allium cepa 

end bone marrow chrornosomes ot irdce in yjiro. Lose, route and 

duratic^n of exposure l i ighl/ influence the aberrat ion fi^quency. 

The cheiiilcals heve been fcund to be mutagenic in tne present t e s t 

system. However fur ther s tudies are needed. 
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^3^ 

Experiment - i 

m s e c t i c i d a l a c t i v i t y of Cl-6 on i^hid (I^ptg^ijg eryaimi) 
by contact method 

Ccsic. of the 
conapound 

10 

9 

8 

7 

5 

4 

3 

2 

log* c<»ic. o£ 
the coiBipoui^ 

(X) 

1.000 

0.954 

0.903 

0.845 

0,778 

0.698 

0.602 

0.477 

0.301 

E D 5 0 -

ED, 95 

2.7697 

11.7230 

Regression Constanta : Y « saX •»• tt 

HI • 71,8165 

C •• 18.2253 

r » 0.9895 

y H>qrtalj|,^ 

2 ^ 48 h 

90 

87 

85 

82 

70 

65 

61 

55 

40 

2.1480 

10.5062 

65.2748 

28.3253 

0.9905 

97 

90 

88 

83 

77 

70 

68 

61 

49 



2.3>5-

m s e c t i c i d a l 

Experixneat -fl 

a c t i v i t y of Cl-10 

erfsisBi.) by contac t method 

Cone, of ti © 
ccacnpound 

10 

9 

8 

7 

6 

5 

4 

3 

2 

en 

log . cone* cf the 
compound 

(X) 

1.000 

0.954 

0.903 

0.845 

0.778 

0.698 

0.602 

0.477 

0,301 

E D g Q . 

EPgg « 

Regression constants s Y 

m a 

C m 

r •• 

m 

AT3hl<3 (Lioaphla 

mx -t-

% of i sor ta l i ty 
24h 48h 

95 

84 

79 

75 

70 

65 

51 

43 

34 

3.4479 

11.6862 

C 

84.8886 

4.3667 

0.9871 

98 

88 

82 

79 

75 

71 

59 

47 

38 

3.0013 

10.5118 

82.6667 

10.5411 

O.S^97 



2.36 

m s e c t l c i d j 

by contact 

Cone, of the 
coinpotiad 

10 

9 

8 

7 

6 

5 

4 

3 

2 

S » 5 0 * 
ED^g« 

3l 

ExDerljoeiit 

a c t i v i t y of C3 
inethod 

log , cone, 
compcund 

(X) 

1.000 

0,954 

0.903 

0.645 

0.778 

0.698 

0.602 

0.477 

0.301 

4.3984 

14.1742 

- 3 

1*24 

of 

on 

the 

^ W d ilAp^h 

% Ot fBC 

24h 

92 

80 

76 

62 

55 

50 

40 

33 

30 

2*4372 

15.0556 

M esy»M> 

i r t a l i t y 

48h 

95 

90 

81 

71 

64 

60 

57 

45 

32 

agression cons tants i 7 » iHK 4- C 

m m 88.5596, 56.9025 

C « - 6 . 9 6 9 7 , 27.9815 

r m 0 .9483, 0.8107 



iaci)eriiaent-4 

Xnsecticldal act iv i ty of Br»6 against on Aphid (Llpaphls 

eryglrol) by contact method. 

Cone* of 
cornpoui^ 

/A.j/-mL 

10 

9 

8 

7 

« 

5 

4 

3 

2 

the 

EDgg « 

Log. cone, of the 
ccnnpoiiiid 

(X) 

1.000 

0.954 

0.903 

0.845 

0.778 

0«€98 

0.602 

0.477 

0.301 

- 4.2369 

16.0938 

% of TK. 

24h 

80 

72 

70 

68 

66 

58 

44 

38 

25 

3.2237 

12.5677 

>rtall4gr 

48h 

86 

84 

80 

75 

70 

66 

59 

50 

31 

I^greflslon constants t Y m wSi + C 

m» 77.6396 76^1548 

C « 1.3155 11.2863 

r « 0.9893 0.9951 



EKperiraeot - 5 

m s e c t i c i d a l 

e x y s i ^ ) by 

coBCft of the 
compovsaA 

10 

9 

8 

7 

6 

5 

4 

3 

2 

a c t i v i t y of BzvlO 

contact method 

log* cone* o£ 
ccHspotaifl 

(X) 

uooo 
0.954 

0.903 

0»845 

0.778 

0.698 

0.602 

0.477 

0.301 

EDgQ « 4.9543 

EBgg -23 .8202 

{agress ion constants t ? «* BOC 4* 

m » 65.9867 

C • 4.1399 

r « 0.9376 

on 

the 

C 

Aohld (LiD«9hi8 

% o£ raortallty 

24h 48h 

80 

72 

60 

55 

50 

46 

40 

37 

30 

3.2931 

14.6277 

69.4902 

14.0315 

0.9782 

90 

80 

75 

71 

65 

59 

55 

52 

35 
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Bx:periiaem:-6 

iQsecticictal 

ervslHi^) by 

Conc« of the 
compound 

10 

9 

8 

7 

6 

5 

4 

3 

2 

a c t i v i t y of B|S^24 

contact raethod 

log* cone, 

(X) 

1.000 

0.954 

0»903 

0.845 

0.778 

0.$98 

0.602 

0.477 

0.301 

of 1 

on 

the 

^ h i d ( L i p i ^ i 0 

% of 

24h 

80 

75 

71 

65 

59 

53 

47 

33 

22 

morta l i ty 

48h 

88 

82 

78 

72 

64 

59 

51 

46 

30 

SP, 

50 

'95 

Regression constants t 7 

m m 

C « 

r ja 

m as: + c 

4.5220 3.6512 

15.6796 13.2878 

83.3327 80.2116 

•>4.6106 4.8857 

0.9978 0.9933 



Bxperiaent-7 

Znsect lc ldal 

e^TT*^) ^y 

Cone, of t ^ 
compound 

10 

9 

8 

7 

6 

5 

4 

3 

2 

a c t i v i t y Of B^27 

contac t method 

log . cone, 
consols^ 

(X) 

1.000 

0.954 

0.903 

0.845 

0.778 

0.698 

0.602 

0,477 

0.301 

of 

on Apl^^ <M&^M£ 

24h 48h 

77 

72 

70 

65 

50 

45 

44 

35 

29 

85 

83 

80 

70 

65 

64 

58 

40 

31 

£D 50 

Regression constants i 7 » nX •(• C 

SB a 

c » 

4.6930 3.5661 

19.8470 13.1649 

71.8573 79.3338 

1.7511 6.1921 

0,9637 0.9884 



Experi.rnent-8 

I n s e c t i c l d a l a c t i v i t y of BD-1 on Aphild (Lipaphis 

e r v s l m l ) by c o n t a c t method. 

Cone* of t h e 
compound 

(A^frnLj 

l og , cone , of t h e 
compoui^ 

% Of l a o r t a l i t y 

24h 48h 

10 

9 

8 

7 

6 

S 

4 

3 

2 

1.000 

0.554 

0.903 

a . 845 

0.778 

0.698 

0.602 

0.477 

0.301 

89 

82 

76 

72 

56 

53 

39 

36 

30 

92 

86 

82 

75 

65 

60 

54 

45 

33 

ED, 9 5 " 

Regress ion c o n s t a n t s t t » 

m m 

c « 

r « 

4.2157 

13.5314 

EKX -f C 

88.8497 

-5 .5196 

0.9620 

3.4739 

11.9284 

83.9917 

4.5758 

0.9900 



m s e c t i c i d a l 

ervsl ial) by 

O^nc. of the 
eon^jctaid 

10 

9 

8 

7 

6 

5 

4 

3 

2 

a c t i v i t y of BD-5 

contact method 

l o g . cone* 
ccc^ound 

1,000 

0,954 

0,903 

0,845 

0.778 

0.698 

0.602 

0.477 

0.301 

of 

on 

tiM 

Aohld (LiRe^hig 

» % of 

24h 

92 

78 

65 

61 

54 

50 

41 

38 

32 

morta l i ty 

48h 

95 

80 

76 

71 

66 

60 

56 

41 

34 

ED 

ED, 

50 

'95 
Regression ccmstaats t Y « soX 4- C 

m m 

C • 

r » 

4.3779 3,5464 

16,6544 12,9229 

88,8497 83,9917 

-5,5196 4,5758 

0,9620 0.9900 



- ro 

msecticidal. a c t i v i t y of BD-8 < 

by contact method 

Cone* of the 
COilBlpOUIldi 

10 

9 

8 

7 

6 

5 

4 

3 

2 

l o g . cone* 
cotnpcund 

(X) 

1,000 

0.954 

0.903 

0.845 

0.778 

0.698 

0.602 

0.477 

0.301 

ED^5 "• 

Regress ion c o n s t a n t s t 

m «• 

C « 

r w 

of 

7 « HOC -f 

on ADhia (LipaDhia 

the 

C 

^^MM^) 

^ c>f a»ori^|,4taf 

24h 48h 

92 

80 

73 

69 

60 

50 

45 

37 

26 

4.2401 

13.4162 

89.9551 

•6 .43«1 
0.9773 

96 

92 

90 

81 

76 

63 

56 

46 

32 

3.2843 

9.7429 

95.2902 

0,7874 
0.9948 



z^h 

^xp§ylni^Dt-i( 

m s e c t l c l d a l 

ervslRii} by « 

Cone. oE 
compotaid 

10 

9 

8 

7 

6 

S 

4 

3 

2 

the 

a c t i v i t y c£ BD-9 
ccntact nriethod 

log , coiio« 
conK>ouii(3 

(X) 

1.000 

0.954 

0.903 

0.845 

0.778 

0*698 

0.602 

0.477 

0.301 

of 

on Aphid (LlpaiDhls 

the % of morta l i ty 

24h 4eh 

72 

70 

65 

60 

56 

51 

46 

30 

25 

67 

75 

72 

67 

64 

60 

53 

42 

30 

ED 

SD, 

50 

95 
Regression constants t Y 

m m 

C « 

r « 

•• BdC 4- <3 

4.8517 3.835» 

21.1982 20.7539 

70.2758 61.3621 

1.7924 14.1764 

0.9884 0.9677 



2L,B 

ExperiiBeat-i2-

I n s e c t i c i d a l 

e rys i ra i ) by > 

Cone* of 
ccfli>ound 

10 

9 

8 

7 

6 

5 

4 

3 

2 

t h e 

a c t i v i t y of BIV25 on 

c o n t a c t method 

l o g . ccsic. of 
ccnpotaid 

(X) 

1.000 

0.954 

0.903 

0.845 

0.778 

0.698 

0.602 

0.477 

0.301 

^ 5 0 -

E D 9 5 -

t h e 

f^^^^ CHP«pt4ff 

% o£ m o r t a l i t y 

24h 

80 

72 

65 

60 

58 

50 

47 

42 

40 

3.9788 

26.0310 

48h 

90 

88 

82 

79 

72 

70 

66 

60 

50 

2,0790 

13.2317 

Regression constants s t » TSX 4- C 

m *> 

C a 

r a 

55.1652 55.9869 

16.9141 32.2042 

0.9412 0.9900 



Zh6 

msecticidal 

e«i»M> ^y 

Cone, of 
ccatpctaad 

10 

9 

8 

7 

6 

5 

4 

3 

2 

the 

fixserlsoent 

a c t i v i t y of BD-29 
contact method 

l o g . cone* 
conpoimd 

(xT 

1.000 

0.954 

C.903 

0.845 

0.778 

C.698 

C. 602 

C.477 

0.301 

Regression constant 

c « 

of 

t TJ 

- 1 3 

on 

tine 

p ^ 

Aphid 

1 % 

niX •!• C 

(LH»^iM.s 

of mortalitgr 

24h 48h 

90 

80 

76 

70 

60 

55 

45 

40 

35 

3*8o3o 

14.2912 

79.2156 

3.5005 

0.9661 

92 

90 

86 

80 

72 

56 

50 

46 

42 

3.1793 

11.1675 

82.4747 

8.5701 

0.9605 



A c e t y l c h o l i z i e s t e r a ^ I n h i b i t i o n in C^YaoaHBare iiege<aipliaj^.a (Blow tly) heed honogenate 
(BFAChS) a t C t ^ a t 36^C 
(Phosphate buf fer | ^ « 8«0; t o t a l voltage •• 5 .15 ral/l f l y haadf A * .625 xmt 
i»ciibatiozi tiiae 30 rains. ) 

Se t s 

CoKtrol 
1 
2 
3 
4 
S 
6 

i n h i b i t o r * 
Ccaie* ( /*g) 

«. 

IS 
30 
4S 
60 
75 
90 

O.D. 0.D* 

« 

0.007 
0.024 
0.033 
0*047 
0*060 
0.073 

% i n h i b i t i o B 

w. 

I . IO 
t . 6 3 
5 .00 
7 .12 
9 .09 

1 1 . 0 6 

%o<«> 

80.38% 

0.660 
0.652 
0 .636 
0 .627 
0.613 
0 .600 
0.587 

^•3 

* X •• l o g ^ C o n c . of the i n h i b i t o r injmg^ 
Begxess lon ccnstaEkts i Y •> nX •!• C 

• - 12 .52 

r • 0 .970 



g x p e r i w a t ~is 
Acet^v'lchclinesterase i n h i b i t i o n in Civnmmmmirm B»itac«T^a3.a CBlov f l y ) head 
homogenatMi (J^AOiE) a t 30®C c f Cl-rlO 
(Phcsphate buf fer pH « 8 . 0 ; t o t a l voltsae « 5 ,15 ml/1 f l y beadir A» 625 nni 
inci ibat icn timm 30 rains* 

s e t s u i h l b l t o r * o .D, A o.D % B i h i b l t i o n ige^M) 

itJDOl 

1 
2 
3 
4 
5 
6 

0 
I S 
30 
45 
60 
75 
90 

0.691 
0.667 0 .024 3*47 
0 .646 0 .045 6 . SI 
0 .635 0 .056 8 . 1 9 . 4 0 x lO"*^ 
0.611 0 .080 11 .57 
0 .597 0.094 1 3 . 6 0 
0.580 0.111 16 .06 

*X « Log ^ Ccnc. of the i n h i b i t o r In^tA^g J 7 
Regress ion Constants t T * IRX <«• C 

C » »16424 
n •• 15 .81 
r m 0.96B 



Experimiaaife-16 
Acsel^lchol lnesterase i n h i b i t i o n i n Crysomaya maaacttT:^ala (Blow f l y ) hoad homogmBO^tm 

(BFAOtf) a t Cli-24 a t 30 C, 
(Phoiq^attt b u f f e r pH » 8*0i t o t a l voluiaa 
ino«ft>atic«i t i a a 30 mlns, } 

5«15 ml/1 f l y bead; A •« 625 tmt 

Sets l i ih lb l tor* 
Cone, (yw-g) 

o ,D. AO.D % i B h i b i t l o o ^SO^"^ 

Control 
% 

2 

3 

4 

S 

€ 

7 

8 

• 

1 5 

3 0 

45 

6 0 

7 5 

9 0 

105 
120 

0 .575 
0*558 
0.532 
0.513 
0.472 
0.453 
0.418 
0 .385 

0.C23 
0.C40 
0.066 
0.085 
0.126 
0.145 
0.180 
0.213 

3.846 
6. ^69 

11.037 
14.214 
21.070 
24.247 
30.100 
35.619 

3.1158x10** 

l o g ^ C o n c , of tlm I n h i b i t o r in A/^g J^ 

Regression ccnstaoits t T » mSL •¥ C 
n •• 34.4649 
C « -42 .0219 
r « 0.9309 



*«»9.n«t. a,»etm) . t aô c »t MM' — "i-* »•« 
""hoaphata bof <«r, m « o o .. 

£ ggg»°«tffalg (Blow f l y ) head 

Sets 

Control 
1 
2 
3 
4 
S 
6 

* X 

3ahShtojf* 
Cone, (ju-g) ^ o . D , % asihijbiti< 

Or) 

15 
30 
45 
60 

fS 

90 

0 .416 
0.3S% 

C.384 
0.374 
0.370 
0 .357 
0.347 

l o g ^ C o n c . of t h e I n h i b i t o r in f^g ^ 

0.018 
0.032 
0.042 
0.046 
0.056 
0.069 

Regression ccns tant s « T 
C 

» < 

r • 

- 1 3 . 9 3 

0 . 9 7 

4 .32 
7 .69 

10 .09 
11 .05 
14 .18 
16 .58 

IgofM) 

9.84x10"^ 

O 



Acet^ lc^o l iae s t erase Xohibit ion i n caigyfematya aaeoac^rahala (Blow f l^f) head he^oogaaate 
CBTMSm) a t 30®C Of BR-10 
(Phosphate b u f f e r , pH » 8«0f t o t a l Toltsne « 5*IS m l / l f l y head, A •• 62S nisi 
incvObation time 30 rain,) 

Sets 3]nhibitor* 
c o n e , (/^g) 

0,D AO»Xi % 3 i ih lb i t iaa m ^50 ^^ 

Control 
1 
2 
3 
4 
5 
6 

-

IS 
30 

4S 
60 
75 
90 

0«3^9 
0«376 
0*368 
0.358 
0*344 
0*332 
0*321 

«» 

0*022 
0*030 
0*040 
0*054 
0*066 
0*0T7 

• 

Sm S Z 

7 .53 
10*05 
13*56 
16*58 
19*34 

3 . 1 5 X lOT^ 

* X •« l o g ^Ccaac. of the i n h i b i t o r i n /^g JJ 
Regression c c n s t ^ i t s t ? « nSC 4- C 

C « • 1 7 . 0 3 
m m 17 .63 
r » 0 , 95 
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Aeet^ lcho l ines te ras* m h i b i t i c n in €auryfo«ay<i aegacepiiala (Blow £ 1 ^ ) h9a& honiogasiata 
CBPAChE) a t 30°C of BD-l 
(Phosphate bisffer, l<i « 8*0; t o t a l voli;mie » 5*15 sal/1 f l y head* J^m 62S xmt ino t^a t ion 
tiUm 30 mlas*) 

sets 

Control 
1 
2 

3 
4 
5 

6 

J^hibitor • 
Cone* (/*-g) 

^ 

ivi2e 
0«564 
0.423 
0*232 
0.141 

0.0564 

O.CU 

0.5S0 

0.27S 
0.320 

0.34S 
0.390 
Q.4SS 

0.510 

A O.D. % 

m. 

0,305 
0.260 

0,235 
0.190 
0.125 
0.070 

BihibiticA 
m 

» 

52«. 5 

44.8 

40.5 

32*7 

21.6 

12.0 

IgoCM) 

5.iia X 10** 

* X m log (Cone, of the i n h i b i t o r in / ^g ) 
l^gzess ion ccns taa ta m 7 » atiC •!• C 

m « 0.0286 
Cm - U 5 2 7 6 
r • 0 . 995 



Experiment nom-s^ 
A c e t y l c h o l i n e s t e r a s e i n h i b i t i o n i n Blow f l y (Ctirrooiwatya laeqacephala) heaii homogenate 

(BFAdiE) of BD»5 a t 30^C 
{Phosphate buffer* pH 8«0; t o t a l volxune • 5*15 ml / l f l y head* X » 625 xmj Incubation time 30 mia) 

Sets 

Control 
1 
2 

3 
4 
S 
6 
7 

i n h i b i t o r * 
Cancm (/ug} 

• 

0.605 
1.21 
2 .42 

3 .63 
6 .05 
9 .075 

12 .1 

0,D, 0,D % 

• 

o.oeo 
0.180 
0 .340 
0.450 

0.500 
0 .590 

0.600 

J^ihibitioe 

«» 

7 .0 
2 1 . 0 
4 0 . 0 
52 .9 
64 .7 
6 9 . 0 
70 . S 

ISQCM) 

0 .25 X 

0 .850 
0.790 
0 .670 
0 .510 
0 .400 
0.300 
0 .260 
0 .250 

. -5 

* X e l o g (Cone, of the i n h i b i t o r i n ^ g ) 
Regress ion ccaistants t m t^ + c 

C « -> 22.2767 
m * 32 .8057 
r • 0.962S 

»> 



EKperiaeat - a a 

A c e t y l c h o l i n e s t e r a s e i n h i b i t i o n i n CShr/aomaor* aiegacephala (Blow f l y ) head homogaaate (BFAChE) 
c^ BD-.9 a t 30*̂ C 
(Phosphate buffer* pH 8 , 0 ; t o t a l voltane 
incubat ion tirae 30 min, ) 

5.15 m l A f l y head. 62 S nm; 

sets I n h i b i t i o n ccnc . O.D AO.D. % m h l b i t i o a 
(Y) %0 ^^^ 

oatrox 
1 
2 

3 

4 

5 

7 

«M 

2 , 5 2 9 

1 . 2 6 4 

0 , 8 4 3 

0 , 6 3 2 

0 , 4 2 1 

0 , 2 1 0 

O.C»43 

0 . 4 2 0 
0 . 2 0 0 

0 . 2 4 5 

0 . 2 6 S 

0 , 2 9 0 

0 . 3 1 S 

0 , 3 4 5 

0 , 3 8 0 

-

0 , 2 2 0 
0 , 1 7 6 

0 , 1 5 5 

0 , 1 3 0 

0 . 1 0 5 

0 , 0 7 5 

O4O4O 

mm 

5 2 . 3 

4 1 , 7 

3 7 , 0 

3 0 . 9 

2 5 , 0 

18«0 

9*S 

1 . 3 3 7 X 10' - 6 

• X »» l o g ^Ccaic. of the i n h i b i t o r i n /J-g J 
Regress ion ccnsteeats t T « RIX •!• C 

IB « 0.0304 
C » - 1 , 1 7 4 6 
r •• 0, 996 



2.5-7 

Acetylcholinesterase inhibition in Chrysowaya aeqaceBiiaJ^a 
(Blow^fly ) head homcgaiate <BFAC3hE) of 1D-.25 a t 30®C» 

(Phosphate buffer, pH » 8»0; to ta l yoluras « 5.15 / I fly headi 

\m 625 laaii incubation time 30 mln). 

Sets 2lihibitor* 
Cone, (yu^g) 

Control • 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3 . 58 

7 .16 

10 .74 

14*32 

17. 90 

21.48 

25.06 

28 .64 

32.22 

O.D. 

1,016 

0.968 

0.904 

0.854 

0.798 

0.749 

0.686 

0.637 

0.576 

0.523 

AO.D % i n h i b i t i o n 
Of) 

-

0.048 

0.112 

0.162 

0.218 

0.267 

0.330 

0.379 

0,440 

0.493 

-

4,72 

11.02 

15,94 

mJL m *)«# 

2D« 2 S 

32.48 

37 .30 

43.31 

48.52 

ho^VL) 

2,76x10"® 

*X m log ^Conc. of the inhibitor in /A-g J7 

Regression constants t Y m mK <• G 

m •> 44.249 

C m 251.72 

r « 0.967 



Bicpari3a»at-as 

Acaty lc^ol ix^ataras* a d i b l t i o n i a C h r y o a i g ^ magaoaphala (Bloir f l ? ) head hoEK>gB3iata 

(BFAOlS} a t aD«.29 a t 30®C 

(PboSf^ate bii££«r« pM 8 . 0 ; t o t a l 
tiiaa 30 mins*) 

velvraa » 5 . 15 TB/I £ly lMiad# X« 625 rm, incti»atioB 

S e t s iOcihibitor Ccmsm 

Control 
1 
2 

3 
4 
5 
6 
7 
8 

X 1 0 * (M) 

• 

1,9417 
3 .883S 
5*8285 
7 .7669 
9 .7087 

11 .6504 
13 .592a 
15 .5340 

Log i n h i b i t o r 
Cone. CX) 

O.D. A 0 . | } % i n h i b t i o a ^50<^> 

«5.7118 
-5.41(m 
- 5 . 2 3 4 5 
-5 .1097 
-5 .0128 
- 4 . 9 3 3 8 
-4 .8667 
-4 .8087 

1.001 
0.664 
0.627 
0 .589 
0.554 
0.514 
0.475 
0.442 
0.400 

«w 

0.337 
0.374 
0.412 
0.447 
0 .487 
0 .528 
0.559 
0.601 

33 .67 
37 .38 
41 .16 
44 .66 
48 ,66 
52 .55 
55 .84 
6 0 . 0 4 

9.48x10 - 6 

Begrass lcn Consteaata « r 
c 
Bl 

r 

194 .67 
28.803 

0.9571 

Na 



ExpcriiaeBt -SJ& 
Acet^Ichcl inoslserase i s h i b i t l o n in Ooat whole blood of CXi»6 at, 30^0 

(Phosphate btid^fer, pi! « 8 . 0 / t o t a l vclurae « 5 .15 n l / 0 . 2 ml b loed aplannay 
7\» 62S tms iQctibatiaa time 30 rains.) 

S e t s 

Control 
1 
2 

3 
4 
5 

6 
7 

lHhlb£tK»ir* 
Cciic» ( /*g) 

« 

15 
30 
4S 
60 
75 
90 

120 

o.o. AO«D. 

U 0 1 5 
1.010 
0.954 
0.921 
0.899 
0«881 
0.866 
0.843 

% iahibitAoB Ho^»^ 

0.005 
0.061 
0 .094 
0.116 
0.134 
0.149 
0.172 

2.75 
5.02 
7.58 

10 .04 
12.51 
14 .08 
17 .53 

4 . 2 5 X lOT^ 

« l o g ^ C o n c . of t h e i iUi lb i tor I B A S L Z 

Ebegz«e«ii.oa ccmstants T «* BK HK C 
a m 18 .32 
C m . 2 1 . 1 3 
r •» 0. 967 



Expmrixumt-zy 

fuaat^ldicXlommtmraaa inh ib i t i ca i in goat v h o l e blood o£ Clr>10 a t 30^C 
(Phc»|:^attt bia££ar# pH « 8 « 0 | t o t a l •voXmm « 5*15 wl/Q.2 n l bloody X m 62S m« 
iziCYi^ation tdjoa 30 mins. ) 

Se t s 

Ccetro l 
i 
2 
3 
4 
5 
6 
7 

e 

2)ahibit4»t* 
Ccatc« C/A.g> 

0 
15 
30 
45 
60 
75 
t o 

120 
150 

O.BI, A O^D. % i Q h i b i t i O B ^SO^**^ 

1.160 
1«120 
1«102 
1.077 
1#053 
1.030 
0.992 
0.938 
0.914 

0 . 0 4 
0.058 
O.CM33 

0.107 
0.130 
0.167 
0.222 
0.246 

3 . 5 0 
5.00 
7*10 
9 .2c 

11 .20 
14.43 
19 .13 
21 .20 

*X • Log ^Cfc-nc. of the i n h i b i t o r i n /^g J^ 

Regression cons tant s t t m teX. -¥ C 
C m *21 .28 
m m 18 .42 
r • 0.938 

4 . 1 ^ c l 0 * ' 

OS 
O 



>; 

o 

H 
I 

O • 
I 

• K 
o vo • ^ 
• • o> 4-
vO •>j ik 

8 ;3 ft ^ 

1971 

« o a ) < a o k u i 4 > » b » M i - * 
g 
f 

M 0 < 0 < 4 0 « « f c 1 ( » » - * I 
o t n o m o w o u i 

o o o o o o o o o o 
<*» W t*» M W 4t> #» #» «k <>' 

o o • • 
8 3 
«0 M3 

M M 
<0 •J 
• • 
0) i»> 
4k W 
^ to 

O 
• O 

M 
Ok 
• 
(*> 
(tf 
til 

o o • • 
o o 

l-» M 
*> H> 
• • 
Ul ^ 
0% M 
VD O 

o 
• 
o 

»-* 
o • 
09 
»-* 
^ 

O 
• 
o 

GO 
• 
w 0) 
o» 

o 
• 
o 
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Ac»t^lcholinester«ma i n h i b i t i o n in g o a t ^ o l e blood o£ Bjl^S a t 30 C 
C P h d ^ a t e buffiUTf pH « 8 , Of t o t a l voXmm » 5 .15 80/0*2 isl blood plamia; 
A « 625 im; I n c ^ a t l o n tijMk 30 mlo. ) 

S«t8 Inhib i tor* 0«X3i. A O . D , % 3kihibitioB *S0<"^ 

Ccmtrol 
1 
2 
3 
4 
5 
6 

•mm 

IS 
30 
60 
^ 

120 
ISO 

I.OIS 
1,004 
©•979 
0.949 
0,913 
0,683 
0,361 

0,011 
0,036 
0 ,066 
0,102 
0 .1I2 
0,1S4 

1,08 
3 .54 
6,50 

10 ,04 
13 ,00 
15 ,17 

28,93x10 .•3 

* X • l o g ^OoQGm of the i n h i b i t o r i n A S J 

Regression c c n s t a i t s 
e - - 1 6 , S 4 
Vk • 13 ,96 
r « 0,9T5 



Bxprnrimtuat -30 
Acaatyleholiiiestarasa lohlbi t icn in goat whole blood at 30^C o§ B^IO 
(Phosphate bizffear* pH « S.Oi t o t a l volvam » 5*IS ntk/QmZ ml blood pla«a»i| 
^ * e2% nm/ imnibation time 30 rain*) 

Sets 2iihlblto«* 
ccnc. (yM.g) 

O.D, A 0.0 % mhibitioft 
(r) 

ISQCM) 

tT^XOJ. 

1 
2 

3 
4 
$ 

6 

<m 

15 
30 
60 
90 

120 
150 

1.0T2 
1.023 
0.991 
0.938 
0.905 
0.830 
QmTfB 

«* 

0*049 
0*C^ 
0.134 
0*167 
0*242 
0.294 

• 

4.57 
7.55 

12.50 
15.57 
22*57 
27.42 

1.22 X 10' - 3 

* X « log ^Conc . of the Inhibitor in fJLq J 
Regression ccnsteoit s 7 » nSC 4> C 

C » -23.31 
m • 21 . 62 
r * 0.946 
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ExparlaiaBt -3Z 

Aoat^ichol ines tarase i n h i b i t i o n i n goat whole b lood o£ B|^27 a t 30^ 
(Phoa|>hate b\xf£er, pH » 8 , 0 ; t o t a l volf«m >* 5 .15 iiil/0*2 ail blood p l a « s a , 

A m 625 nut; incvbat icn tiina 30 loias. ) 

S«t s Inhlbitoir* O.D, A 0.B % i n h l b i t i o a m Ho<^^ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Control 
IS 
30 
45 
60 
75 
90 

105 
120 
150 

0.276 
0.268 
0.262 
0.250 
0.243 
0 . 236 
0.233 
0.231 
0.2:® 
0.222 

o.o(m 
0 .014 
0 .026 
0.033 
0 .040 
0.043 
0.045 
0.048 
0 .054 

2 .898 
5,072 
9.420 

11 .956 
14.493 
15 .580 
16 .304 
17.391 
19 .565 

4.4789 X 10 -3 

• X •» l o g ^ C c « c . of th« i n h i b i t o r l a yi^g ^ 
Regress ion ccnstcmts t T m aix. 4- C 

m m 17 .6356 
mm . 1 9 . 2 0 3 5 
JC m 0 . 94^3 



A e ^ ^ l c h o l i n e s t e r a s e i n h i b i t i o n in goat whole blood o£ KKl a t 30^C 
(Phoa^at* btiffer? pH » B.Of t o t a l voltone « 5*15 mX/0m2 ml blood plasiaai 

> « 62S nm; inctdbation tij»e 30 min* } 

Sets 

Control 
1 
2 
3 
4 
5 
6 

3Qnhibitor* 
Cone* ( yw-g) 

• 

IS 
30 
60 
90 

120 
150 

O.D. AO,D % ISihlbitlqB m ^5D<«> 

I.OIS 
0.999 
0.989 
0.974 
0.941 
0*933 
0.929 

0.016 
0.026 
0.041 
0*074 
0.082 
0 .066 

1*57 
2 . 5 6 
4*03 
7 .29 
8 , 0 7 
8 . 4 7 

4 .09 X 10 ••t3 

X « log ^ C o n c , of tlw> I n h i b i t o r In fJ<.%J 

Regress ion cc^s tant s t y » IBX •!• c 
C » • I S . (XL 
fli « 17 .52 
r«» 0*999 



Exxjeriroent - 34 
A c e t y l c h o l i n e s t e r a s e i n h i b i t i o n in Goat who3^ blood (AChS) c^ BX>»5 a t 30^C 

(EficMiphate buf fer , pa 3 . 0 ; t o t a l -viaStatm « &.15 ml/0»2 ml b lood; A <* 625 xmi 
iixzubation time 30 min. ) 

Sets 

Ccntrol 
1 
2 

3 
4 

5 
6 

7 

Inhibitox* 
Cone. ( /Ag) 

• 

IS 
30 
4S 

60 
75 

90 
105 

O.Q. Ao«D % mhibitlcaa IgotM) 

0.998 
0.803 
0.755 
0.7CB 
0.663 
0.617 
0.568 
0.521 

0 .195 
0.243 
0.290 
0 .335 
0.381 
0*430 
0.477 

19 .54 
24 .35 
29k 06 
33.57 
38 .16 
43 .09 
47 .80 

10.72 X 10 .-5 

* X « l o g (Cone, of the i n h i b i t o r in LLS) 
Regress ion constants 7 » vK •!> C 

C=»22.2767 
m m 32 .8057 
r m 0 .9625 

~N1 



5f§ 

Experiment - 3g 

Aoetyleholinesterase inhibition in goat whole blood of 
B!>o9 at 3 0 ^ 

(Phosphate buffer; pH " 8*0; to ta l volume •> 5*15 mV0*2 blood 
plaeraa; A •• 625 nro; incubation t iae 30 mia}. 

Sete 

Control 

1 
2 

3 
4 
5 

6 

Hahibitox* 
Gc»ic« (M^y 

mm 

15 

30 
60 
90 
120 

150 

O.D. 

1,072 

0,979 

0,959 

0.938 

0.873 

0,830 

0,739 

^O.D 

<•• 

0.093 

0,113 

0,134 

0,199 

0,242 

0,333 

% inhibition m 
urn 

8,67 

10.54 

12.50 

18,56 

22,57 

31,06 

IJQCM) 

l.l&clO*' 

* X • log ̂ Conc. of the inhibitor in /eg J/ 

Regression constants t y « nflc <!• C 
IS « 19,80 
C m -17.80 
r * 0,89 



^fi'? 

Acet3rlchcline8tarase Inh ib i t ion in goat whcle blood 
of BD»2S a t 30^C 

Cl^osphate buffer ; pH » 8«0; t o t a l volume » 5«iS ml/0»2 ml. 
blood plaareai X «• 625 nia; incubation tiiM 30 rain*) 

Sets a j h l b l t o i * 
Cone, (yu-g) 

COKttSOl 

1 

2 

3 

4 

5 

6 

7 

-

0.668 

1.336 

2,004 

2.672 

3 .140 

4«008 

4.678 

O.D 

1.016 

0.971 

0.926 

0.885 

0.840 

0.793 

0.748 

0.697 

A CD 

-

0.045 

0.090 

0.131 

0.176 

0.223 

0.268 

0.319 

% i n h i b i t i o n 
or) 

-

4.43 

o.Bo 

12.89 

17.32 

21.95 

26.38 

31 .40 

IgoCM) 

1.409x10"® 

*x log ^ C o n c . of the i n h i b i t o r i.n/J^qJ 

Regression constants t 7 « n^ -f C 

a « 3i«034 

C - 178.45 

r a 0.9567 



Z7Q 

Bxperimeat -3 ^ 

Acetylcholinesterase i nh ib i t i on in Goat whole blood 
of BD-29 a t 30®C 
(Phossphate buffer , pH 8.0/ t o t a l voliaB© m 5#15 s l /0«2 ml blood 
plasma, \m 62S nmi Incubation time « 30 mins. ) 

s e t s znh lb l t t e Log i n h i b i t o r O.D. AO«D % 
for cone. Coac, (X) i n h i b i t i o n 

Control -
1 
2 

3 

4 

5 

6 
7 

8 

9 

1,941 -5,711 
3,883 -5,410 
5,828 -5.234 
7,766 -5,109 
9, 708 - 5 , 012 

11.650 -4.933 
13,592 -4.866 
15.534 -4,808 
17.47 -4.757 

Regression constants t Y 
C 
m 
r 

tst 

1,221 
0.881 
0.358 
0.832 
0.801 
0.778 
0,753 
0.723 
0.689 
0.657 

mX 4- C 
133,49 

19.061 
0. 9569 

•> 

0,340 
0,363 
0,389 
0.420 
0.443 
0,468 
0,498 
0,532 
0,564 

mm 

27,27 
29,73 
31,86 
34,40 
36, 28 
38, 33 
40,79 
43,57 
46,19 

I50(M) 

4,16x10*^ 



^7 

Experiment •> 3g 

Effec t of 

Conc^fttraticm 
(/ug/iol) 

20 
10 

5 
2 .5 
1.25 
0.625 

EDgg (/^g/ml) 
EDgQ ( / ig /a i l ) 

c:(.76 on arcwth of H. orvaa© 

Percentage 

24 hoiirs 

100 
8 7 . 2 * 

72 .2* 
57.5* 
43 .2* 
28 .2* 

14.74 
1*74 

of i n h i b i t i o n over 

48 hotairs 

98 .0* 

8 0 . 2 * 
64 .2* 

48 .2* 
31 .0* 
16 .5* 

18.96 
2 .72 

Regression ccnstaaats s Y « mx •«• C 
ra « 

c « 
r • 

48.530 

38,290 
0.999 

53.380 

26.780 
0.999 

contro l a f t e r 

72 hcurs 

9 2 . 5 * 
7 5 . 2 * 
58 .0* 

39 .7* 
22 .5* 
13 .2* 

21.68 
3.69 

58.580 
16.730 

0.999 

96 hours 

8 4 . 7 * 
IFO.O* 
52 .2* 

33 .4* 
15 .5* 

6.2 

28.18 
4 .79 

58.460 

10.230 
0.999 

* Data used for regression analysis 



2.7 2 

Experiment - 39 

Antifungal activity c£ ClrlO against H, oryzae 

(grcwth inhibition method) 

Concentration 
(jW-g/ml) 

X2.0 

6.0 
3.0 

1.50 

0.75 

0.375 

EDgg (f^g/ml) 

EDgQ (ju-g/rol) 

Percentage 

48 hrs. 

100 

100 

100 

94.50* 

72.82* 

55.23* 

1,56 

0.32 

Regressicn constants t y « mX ^ 

m n 
OB 

r « 

65.23 

82.34 

0.969 

inhibition over control after 

72 hrs. 

100 
100 

96.40* 

83.89* 

66.78* 

48.64* 

2.64 

0.38 

h C 

53.28 

75.57 

0.991 

96 hrs. 

100 
100 

86.60* 

79.33* 

60.80* 

42.28* 

3.78 

0.48 

50.33 

65.97 

0.966 

120 hrs. 

100 

96.50* 

80.44* 

63.75* 

47.12* 

30.49* 

5.57 

0.85 

54.93 

53.99 

0.990 

*Data used for regression analysis. 



273 

Experiraent-4-o 

Effect of Cli>24 on 

Concentration 
ijxg/al) 

40 

20 

10 

5 

2 . 5 

1.25 

ED55 ( u g / i B l ) 

Ei>50 < ^ g ^ l l ) 

growth of H. oryaa^ 

Pejrcentage of i n h i b i t i o n over cc»i t rol a f t e r 

24 hours 

100 
100 

63 ,63* 

54 .54* 

50,00* 

45 .45* 

465.4968 

2.3711 

Regression c o n s t a n t s s Y » 1 

B « 
C « 

r •» 

19,6252 

42,6416 

0.9827 

48 hcu r s 

100 
93 .18^ 

77 .27* 

68.33* 
40 .00* 

33 .33* 

21.0724 

2.8889 

SIX •!• C 

52.1448 
25.9749 

0.9829 

72 hours 

180 
7 7 . 2 7 * 

65.83^ 

56 .25* 

35 .42* 
28.12* 

49.1050 

4.3517 

42.7569 

22.6927 

0.9897 

96 h o u r s 

100 

64.58 * 

56.67 * 

4 9 . 2 5 * 

31.34* 
22.39* 

118.8796 

6.9243 

36.4452 

19.3723 

0.9871 

'Data used for regression analysis. 



17k 

Experiment - 41 

Ant i fungal a c t i v i t y of B ^ 6 a g a i n s t H. oryzj 

(growth i n h i b i t i o n method) 

Cone, of t h e Percentage of i n h i b i t i o n over c o n t r o l a f t e r 

20 100,00 100.00 96.20* 91 .35* 

10 88.00* 82 .25* 77 .00* 72 .50* 

5 74.00* 68.45* 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 

EDg5 » (/W-yM ) 15.00 18.82 23.43 24.16 

EDgQ « (M^'"^^) 1-52 2.35 ».14 4.24 

Regression constants i 5r =» mx + C 

IB = 45.34 49.81 51.59 59.54 

C « 41.65 31.51 24.33 12.65 

r « 0.998 0.992 0.996 0.999 

* Data used for regression analysis. 



Experiment - -̂ 2. 

Antifungal a c t i v i t y of Bi^lO aga ins t H« oryzae (growth i rd i ib i t ion raetliod} 

Cone, of the Percentage of i n h i b i t i o n over c o n t r o l a f t e r 
coH5>ouiid ( A g / m l ) 24 hrs 48 hrs 72 hrs 96 hrs 

20 100.00 100.00 94 .00* 8 6 . 2 0 * 
10 90.50* 8 2 . 7 5 * 77 .50* 69 ,00* 

5 79 .00* 7 0 . 0 0 * 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* 

24 hrs 

100.00 
90. 50* 
79.00* 
69,50* 
57.75* 
38.00* 

10.13 
1.00 

48 hrs 

100.00 
82.75* 
70. 00* 
58.00* 
46.50* 
30.25* 

18.90 
1.66 

; € n t s 1 7 SB mX •!• C 

44.76 
49.98 
0.995 

42.68 
40.51 

0.998 

ED^g - ( /xg/mL) 10.13 18 .90 23.99 51 .37 
EDgQ - (^q/-mL) 1.00 1*66 2 .27 3 . 1 5 

la m 44.76 42 .68 43.99 37.13 
C m 49.98 40 .51 34 .29 37 .48 
r • 0.995 0.998 0.993 0*999 

* Data \3Se<3 f o r regres s ion a n a l y s i s . 



Effect of B^24 on growth of H. 

Ccmcentratlozi P e r c e n t a l 

24 hours 

50 100 
25 90.83 * 
12.5 71.67* 

5 63.63* 
2 .5 54.54* 
1.25 36.36"^ 

EDgsC g/ml) 31^260B 
ED^Q( g/ad) 2.4212 

Regression constants t IT •> nX 4- C 
a » 37.9037 
C « 35.4437 
r • 0.9817 

oryzae (growth inhibit ion method} 

of inhib i t ion over control 

48 ho\irs 72 hours 

100 100 
88 .33* 73.33* 
61.66* 54.68* 
56.67* 43.23* 
46.67* 35^42* 
32.29* 22.92 

53.6609 123.0332 
3.5575 7.0833 

38.1839 36.2966 
28.9549 19.1393 

0.9622 0.9880 

after 

96 hours 

100 
63 .71* 
41.79* 
•^^m^ «#«* 

26.12 * 
19 .40* 

376.4833 
14.0610 

31.5186 
13.8161 

0.9624 

* Data used for regression anals^ls. 



Experlm&at -44-

Con centr a t i o a 
(/A-g/flol) 

50 
25 
12 .5 

5 
2 . 5 
1 .25 

ED^gCjug/ml) m 

EDgQ l^g/ml) m 

Regression cons tants j 
m m 
C m 
r • 

Ef fec t of 

24 hours 

94 .17* 
75.83* 
63.63* 
56.28'' 
45.45* 
35,42* 

73.8835 
3.5734 

I Y « inX + C 
34.2085 
31.0798 

0.9860 

B ^ 2 7 en 

Percentage 

groirth of H. oryzae 

of I n h i b i t i o n 
48 hcmrs 

83 .33 "" 
7 0 . 4 5 * 
54 . 54 * 
47 .92* 
40 .00 * 
3 3 . 3 3 * 

164.6996 
5.4418 

30.3859 
27.6438 

0.9812 

over c o n t r o l a f t e r 
72 hoixrs 

6 3 . 6 3 * 
54 .54* 
4 5 . 4 5 * 
4 0 . 9 1 * 
3 6 . 3 6 * 
27 .27* 

1963.8131 
14.1446 

21 .0034 
25.8337 

0 .9870 

96 hours 

43.43 * 
3 8 . 3 3 * 
3 3 . 3 3 * 
3 1 . 6 7 * 
2 6 . 6 7 * 
23 .33 * 

1.2662 X 10^ 
217.5413 

11.9523 
22.0610 

0.9883 

* Data used for regression analysis* 



^18 

Experiment - 45 

Antifungal activity of BD-l against H, oxrem 

(growth Inhibition method) 

Cone, of t h e 
(A*-g/rnl) 

2000 

1600 

1200 

1000 

800 
600 

ccmpouad Percentage of 
centre:^ a f t e r 

48 h r s . 

100 

100 
76* 

62* 

47* 

21* 

i n h i b i t i o n o v e r 

72 h r s . 

100 

8 1 * 
62* 

49* 

33* 
12* 

EDgg •» (/A-g/sol) 

50 * 

Regress ion c o n s t a n t s 
m •• 
C m 

r « 

1479.10 

831,76 

t Y • raX + C 

180«353 
-477.837 

0,998 

1905,46 

1000.00 

161,785 
-436«01S 

0,999 

*Data used for regressl<ait analysis. 



Bxperintent - 46 

Ant i fungal a c t i v i t y of BD-5 

(growth i n h i b i t i o n method) 

Cone, of 
compotmd 

2000 

1600 

1200 

1000 

800 

600 

EDgs « 

ID-ft a 

t h e 
(/«g/rol) 

{/^q/»l) 

m 

Percent j age of 

a g a i n s t K* oryzae 

i n h i b i t i o n over c o n t r o l a f t e r 

48 h r s 72 h r s 

65* 

50* 

33* 

21* 

0 

0 

3162 

1548 

52* 

40* 

2 1 * 

11* 

0 

0 

.27 3981,07 

•81 1905.46 

Regress ion c o n s t a n t s t 7 » lax -»• C 

m - 143.968 137*866 

C m -410.170 -402,246 

r * 0.998 0.999 

Data used f o r r e g r e s s i o n ana lys i s* 



-̂ go 

sxperiraent ~ ̂ 7 

Antifungal activity of BD-9 against H, oryzae (growth 

inhibition method) 

Conce of the % of inhibition over control after 
conpound (/ug/ml) 48h m 

2000 100 

1600 100 

1200 100 

1000 97* 

800 88* 

600 72* 

400 57* 

EDgg - ( / ^ g / ^ M 933«25 

ED50 " (/^^/"^^^ 338,89 

Re^pcessicnn constants t t=teX 4- C 

m m 101.979 

C « »2C«,826 

r « 0«977 

100 

100 

100 

86* 

69* 

49* 

23* 

1148*15 

588.84 

156.760 

•384.922 

0,999 

* Data lased for regression ana lys i s . 



S5 

Experiiaent - ^g. 

E f f ec t of BD-25 on the growth of H, oryg«c 

Concentration jpercenta^ of i n h i b i t i o n orer c o n t r o l a f ter 
(^g/ni l ) ' -

24 hours 48 hours 72 hours 96 hours 

500 100 100 91 .5* 84 .6* 

400 100 94 .5* 79,4* 71*2* 

300 92 ,4* 8 3 , 0 * 64.6* 49 .3* 

250 84 .6* 78 .4* 49.0* 39 .5* 

200 71 .8* 60 .0* 23.0* 15 .0* 

150 54.0* 44 .2* 11.5* 4 .0 

100 33.2* 2 2 . 1 * 2 .6 0 

50 10 ,5* 3 .8 0 0 

EDgg i^q/ml} 338.80 422.08 546.35 598.15 

EDgQ i/^q/wl) 127.70 153.85 257.23 315.82 

Regression constants 7 « roX -f C 

m « 106.360 102.670 

C - -174 .040 -174 .550 

r - 0.990 0.993 

137.550 

-281,540 

0.987 

162.24 

-355.51 

0.9S 

* Data \3sed for regress ion analysis 

file:///3sed


Experiment - 4-9 

Antifungal act iv i ty of Bi><-29 against H» ozysat 

(growth inhibitlcsi method) 

Cone* of the 

400 

300 

250 

200 

100 

50 

25 

ED95 (/^S/ml) 

E3L>5Q i/^g/ml) 

Percentage 

24 hrs 

100 

93.4* 

86,2* 

75.8* 

64,0* 

47.9* 

24.6* 

373.76 

59.14 

degression constants t Y « 

IB m 

C m 

r « 

56,20 

-49.58 

0.988 

of inhibit ion 

48 hre 

94.3* 

85.3* 

79.6* 

67.9* 

51.6* 

26.0* 

3 .9 

424.24 

96.35 

nfiC -1- C 

69.90 

-88,67 

0.983 

over ctmtxol after 

72 hrs 

89.6* 

81.9* 

75.0* 

62.6* 

42.9* 

15.3* 

0 

426.0 

127.63 

85.97 

-131.05 

0.995 

96 hrs 

83.0* 

77.2* 

68.2* 

55.0* 

29,4* 

3 . 1 

0 

463.90 

165.82 

96.75 

-164.75 

0.995 

* Data used for regression analysis. 



2S3 

Effect of Cl#»6 en the growth of Pyrlcular^a orygae 

Concentration Percentage of Inhibition over control after 

('yag/wi ) 48 hour« 72 hours 96 hours 120 hours 

12 

6 

3 

1,5 

0,75 

0,375 

EDgg (/̂ g/mX) 3.18 4.71 6.96 8.71 

ED5Q C/^g/ml) 0.61 0.84 1.27 1.85 

Regression constants s Y « BOC 4- C 

m s 62.636 60.299 61.033 66.924 

C « 63.503 54.437 43.558 32.044 

r « 0.999 0.998 0.999 0.999 

100 

100 

93.3* 

74.5* 

55.6* 

35.8* 

100 

100 

80.5* 

68,3* 

48. 5* 

26.6* 

100 

89.2* 

72.6* 

55.6* 

38.1* 

15.3* 

100 

84.2* 

64.0* 

43.8* 

23.7* 

5.04 

*Data used for regression ana lys i s . 



2 g ^ 

Experiinent - ^ ' 

Antif\aagal a c t i v i t y of c4^10 against £• oryaaa (growth 
inh ib i t ion method) 

Cone* of the 
compound (MgAtl) 

12.0 
6.0 

3.0 
1.5 

0.75 

0,375 

EDgg (^g/nl) 

EDgQ (̂ g/ial) 

Percentage 

48 hrs« 

100 

100 
95.50* 

85.25* 

70.00* 

50.75* 

2.63 

0.33 

Regression constants «Yat mx -f 

m « 
Q m 

r a» 

49.66 

74.10 

0.988 

of inhibitioQi over control aftftr 

72 hrs 

100 

100 
86.75* 

74.35* 

56.00* 

38.75* 

3.99 

0.58 

C 
53.94 

62.59 

0.997 

96 hrs 

100 

88,75* 

78.50* 

63.20* 

44.75* 

24.35* 

6.94 

0.98 

54.10 

50*33 

0.992 

1,20 hrs* 

91,95* 

75. 00* 
58.75* 

42.00* 

22.50* 

12.35* 

14.03 

2.06 

54,32 

32.69 

0.997 

* Data used for regression analys is 



^£' 

Experiment -sa 

E f f e c t 

Concentration 
(/xg/TnL) 

40 
20 
10 

5 

2 .5 
1*25 

EDgg <^g/na) 
BDgQ (f^g/ml) 

of C13-24 on the growth of P. orvzee 

Percentage of i n h l b i t l c n over contro l a f t e r 

48 hours 

100 
100 

79« 54 * 

63.63* 
54 .54* 

45.45 ̂  

29.7342 
1.8062 

Regression constants i Y » 
Bl » 

C « 
r » 

36.9916 
40.5019 

0,9889 

72 hours 

100 
9 4 . 5 4 * 
7 2 . 7 3 * ' 

61 .66* 
4 3 . 4 3 * 

36.36 ^̂  

24.3360 
2.8592 

inX -I- C 
48.3872 

27.9233 
0.9874 

96 hours 

93 .18» 
8 3 . 3 3 * 
7 1 . 6 7 * 
58 .87* 

4 1 . 6 7 * 
3 1 . 5 4 * 

39.4988 
3.4155 

42.3280 
27.4196 

0.9967 

120 hcurs 

88*33 '̂  
7 0 . 4 5 * 
59.09 * 

5 2 . 2 4 * 

3 5 . 4 1 * 
23.33 * 

65.8541 
5.4143 

41,4730 
19.5777 

0. 9941 

*Data used for regression analysis. 



S.S€ 

Experiment - 53 

Antifiangal a c t i v i t y of Bcr6 against P» cxyzast 

(growth inh ib i t ion methoa) 

Cone, of the 
conpoxaid 
(^g /ml ) 

12 

6 

3 

1.5 

0.75 
0,375 

EI>95« (M^"^^^ 

ED50 - (/̂ W"^^ ) 

Percentage 

48 h r s . 

100,00 
100.00 
100.00 

93.50* 
78,00* 
54.40* 

1,51 

0.30 

of inh ib i t ion over 

72 hrs 

100.00 
100.00 

96.20* 
84.00* 
65,40* 
48,00* 

2,31 

0.41 

96 h r s . 

100.00 
100.00 
88,60* 
72,50* 
51.60* 
42,30* 

4,11 

0,58 

ccn t ro l a f t e r 

120 h r s . 

100,00 
93.40* 
82,00* 
62.60* 
43.20* 
36.00* 

6.23 

0,82 

Regression consteaEits s Y » nOC 4- C 

m « 64,95 
C « 83.42 
r « 0.99 

59.80 
73.27 

0.99 

53.09 
62.39 
0,99 

51,03 
54.46 
0.99 

•Data used fcr regression analysis. 
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Escperlnieiit - ss 

CoacdntratloR 

50 
25 
1 2 . 5 

5 
2 . 5 
1 .25 

EDgg(/A.g/ml) m 

^%o f^Sf/^^ *• 

E f f e c t 

Regress ion CKanstants t 
m w 
C -
r •> 

of 

Y c 

Bj^24 on the growth o f P y r l c u l a r l a o r ^ a e 

Percentage 
48 hours 

100 
81.82 
72.92 
63.71 
51.61 
38.71 

58.0534 
2.3710 

s i»X -f C 

32.4001 
37.8518 

0.9921 

o f i n h i b i t i o n 
72 hours 

90 .83 
7 8 . 3 3 
61 .66 
56 .25 
4 1 . 7 9 
29 .17 

6 9 . 53417 
4 . 4737 

37 .7665 
25 .4265 

0 . 9901 

over c o n t r o l 
96 hours 

81 .82 
63 .33 
54 .54 
45 .45 
36 .67 
2 3 . 9 5 

143.0292 
7 .0103 

34.3594 
20 .9409 

0 .9937 

(growth i n h i b i t i o n inethod) 

a f t e r 
120 hours 

72 .73 
54*54 
43 .33 
33 .33 
23*95 
1 8 . 6 6 

358.8513 
14 .8522 

32 .5351 
11.8756 

0 .9821 

* D5»ta used f o r regress ion a n a l y s i s . 

/o 



Experiment - S6 

Effect of B|^27 on the groirth of Pyricularia oryzi 

Cc«centration 

50 
25 
12.5 

5 
2 .5 
U 2 5 

Percentage of inhibi t ion over coatrol after 

48 hours 

EDgQ(/xg/ral) 

100 
81.82'' 
72.73* 
63.54* 
52.27* 
38.33* 

58.2890 
2.3713 

72 hcurs 

88.33 * 
75.83 * 

63.63 * 

56.25 * 

43.33* 

31.34* 

85.6927 

4.0770 

96 hcnirs 

71 .64* 
62 .50* 
52.24* 
41.79 * 
36 .36* 
30 .00* 

458.0207 
8.5692 

120 hours 

65.83 * 
54 .54* 
41 .67* 
35.82 * 
28.35 * 
26.12 * 

1092.6083 
16.5631 

Regression constants 
m » 
C m 

r « 

Y m t& •¥ C 

32.3612 

37.8645 

0.9910 

34.0238 

29. 2339 

0.9946 

26.0425 

25.7039 

0.9942 

24.7345 

19.8451 

0.9737 

* Data used for regression analysis. 



2.<1C 

* «D-i again^^ £.• — 
.* naai a c t i v i t y ^« ®^^ 

irifeitoi*i°^ method? - - — - T T ^ . 

?^o^ t;̂ ^̂ ^ 

500 

400 

300 

250 
200 

150 
100 

50 

p e r c e n t a ^ ^ ^ f ^ _ _ _ 

48 h r s 

72 .41* 
62.05* 
53.44* 
44 .82* 

36.50* 

27.50* 

17.24* 

13.79* 

ED55 

ED5O 

««ion c o n s t a n t s 1 ^ 
Regress ion ^ 

m < 

c 

r 

BlX + C 

80.328 
-145.87 

0.995 

• i n ^ i ^ t r a n i y ® i»* 

72 h r s 

63.26* 
54.08* 

44.89* 

40.50* 
26.53* 

18.36* 
14.28* 
10.20* 

86.680 
-169.942 

0.992 



2^\ 

Experiment - S9 

Antifungal activity 

inhibition laethod) 

Cone, of tho 
coRpound 

2000 

1600 

1200 

1000 

300 

600 

BDg5 • (/^gA»l) 

EDgQ « (/M-g/ral) 

of BD»5 against £• oxYzam 

Percentage of inhibition 

48 hrs 

100 

100 

92* 

73* 

51* 

24* 

1230.26 

776,24 

(grc^th 

over control after 

72 hrs 

100 

100 

81* 

63* 

45* 

16* 

1380.38 

831.76 

Regression cc^istants t Y » niX + C 

m « 224.361 212.475 

C « -598.500 -572,366-

r • 0.998 0.998 

* Date used for regressicai analysis* 



2,^2-

Experiment - 59 

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

Cone* of the % of Inhibition over control after 
compound i/A.g/al) 

48 h 72h 

500 78.90* 68,50* 

400 68.74* 59.61* 

300 58,06* 47.50* 

250 49.75* 38.46* 

200 39.15* 30.75* 

150 26.25* 17.07* 

100 10»80* 8.75 

50 6.65 5.50 

ED^^ ^/<^/ini) 707.94 891.25 

EDgQ « (ya^/tnL) 251.18 316.22 

Regression constants t X m wx -t- C 

IB- 99.177 98.533 

C « -188.096 -196.445 

r « 0,999 0.999 

* Data used for regression ana lys i s . 
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Experiment - so 

Effec t of 

Cone* of 
CQOBpound 

200 

150 

100 

50 

25 

12*5 

5.0 

BD-25 

the 

ED55 ( / i g / m l ) 

EDgg i/^g/ml) 

on the growth of P. oryzas 

% of i n h i b i t i o n over contro l a f t er 

48 hrs 

100 

100 

100 

96.5 

82«4 

55.0 

34 .5 

41.78 

9.03 

72 hrs 

100 

100 

97 .7 

8 0 . 0 

68.3 

49 .4 

26 .6 

85 .94 

12.60 

96 hrs 

100 

100 

8 6 . 4 

74.8 

58.3 

39 .0 

12.8 

122.63 

20.11 

120 hrs 

100 

96 .6 

72.2 

58.7 

51 .4 

28 .5 

4 .7 

146.29 

24.13 

Regression Constantst Y 9 wX + C 

» - 67.636 53.970 57.320 57.500 

C - -14.642 -9.390 -24.720 -29.500 

r « 0.996 0.995 0.995 0.998 



Experiment -61 

Effec t of 

0:mcen« of 
the coQpoimd 

200 

150 

100 

50 

25 

12.5 

5 .0 

ED^g^Ag/ml) 

ED5o( / -^ml) 

BD-29 on the growth of £ , oryasae 

% of i n h i b i t i o n over contro l a f t e r 

48 hrs 

100 

100 

100 

99.5 

73.2 

54.6 

32.2 

59.63 

10.15 

72 hrs 

100 

100 

98.8 

84 .2 

66.4 

49.5 

27.2 

78.24 

12.65 

96 hr« 

100 

100 

96 .0 

78.2 

60 .0 

43 .5 

15 .5 

89 .71 

16.55 

120 hrs 

100 

90 .5 

82 .0 

63 .5 

45.2 

2 9 . 4 

8 .2 

183.53 

28.13 

Regression Constants t 7 « IBX -f C 

mm 58.58 56.88 61,52 55.25 

C - -8.92 -12.70 -25.14 -30.07 

r «» 0,999 0.999 0.994 0.998 



Experln^int - 62 . 
Chemical Hvdrolyaia of Cl^S 

(pH 1 1 . 8 5 , 0.0095{M) NaDH (In 50» e t h a n o l ) . I n i t i a l concentrat ion C^ - 5.7519x10"*(M) 
sempterature « 30*\:) 

X 
ixua) 

294 

298 

300 

TiB» 
(hotL-

0 

240 

0 

240 

0 

240 

O.D. 

0 .19 

0.31 

0.08 
0.22 

0.06 
0.21 

C^(M) l o g 

0,46x10 

0.451x10 

0.442x10 

' O ^ t 

0.0355 

(mlji"^) 

0.03620 0*579x10 
.-5 

0.567x10 ,-5 

0.03472 O.SSaclO «5 

Average 

0.567x10 - 5 

T. ( h r . ) 

2021 



Exper inen t -6 .? 

Chemical h y d r c l y s i s of ccropcund C t -10 pH 1 1 , 8 5 , 0 * 0 0 9 5 ( M ) NacH ( in 5056 ethsoiol* 

i n i t i a l c c n c e n t r a t i o n C^ « 7 .5063 x 10 (M)# Tentperattarew 30°C 

(nm) Tine 
<hrs) 

292 

294 

296 

296 

o .D. C^ X 10"* (M) Log ^o 
^ C -5 . 

o t 
0 

240 

0 

240 

0 

240 

0 

240 

0,79 
0.94 

0.56 
0.76 

0.32 
0.57 

0.17 
0.45 

0.903 

0.901 

0.901 

0.89 

0.055 

0.056 

0.056 

0.054 

^^^ ^ y d ^«»^""^ ^ ^ 0 ^ ^^^^-^ (min"^) T ,̂ Chrs) 

8 . 9 1 

8 .86 

8 .86 

8.77 

8.85 1305 
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Experiment -67 

caieinical hydrolys is of conjjotjnd B:f^» p« 11.85, 0»0095(M) 
NaOH (In 50?& ethsnoDm I n i t i a l concent ra t ion C « 0.994 x 10**(M>, 
Tengperature 30 C* 

X 
(nm) 

294 

298 

300 

Time 
(hour) 

0 

240 

0 

240 

0 

240 

O.D, 

0.040 
0,238 

0.050 
0 .270 

0.050 
0.280 

C^iK) 

m. 

0.882x10*^ 

-

0.877itl0'"* 

4M» 

0.374x10"^ 

c l o g o 
o t 

«. 

0.948 

-

0.929 

«. 

0.918 

(iBln~^) 

1.515x10"** 

1,485x10"* 

1.467x10** 

Average 

(mln -̂ ) 

1.489x10** 

T, (hr. ) 

7 7 . 5 

O 
O 



Saqperiment - 6& 

canerlcal h y d r o l y s i s of Conpoimd B|^10. pH 11.85« 0.0095(H) NaOH (In 50?6 e t h a n o l ) . B i i t i a l 
c cncentxa t lon , C^ • 3 ,671 x 10 (H), Ifemperature 30**C, 

X Tirae 0.D, C.(M) Log ^o K , Average - T, ( h r . ) 
(nm) (hotir) ^ c;;^^ '̂ ^d j , (mixT^) "^ 

° ^ (n»ln"^) ^ y ^ 

0 0,19 
294 240 0,38 0.892x10"* 0 ,120 1 .91 x lOT^ 

0 0,11 
298 240 0.319 0,771 x 10"* 0.102 1.63x10"^ 1,72 xlO"^ 670 

0 0 .101 
300 240 0.322 o •772x10""* 0 .102 1 .63 x 10""^ 

o 



Experiment - 69 

S I . 
N o . 

1 . 
2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

1 0 . 

1 1 . 
1 2 . 

Time 
Cx) 

2 

5 

8 

1 0 

12 

15 

20 

25 

30 
3 5 

40 

4 5 

min 

CSieniical h y d r o l y s i s o f 

X - 294 rm g € 

O.D* 

0 . 0 5 4 

0 . 0 6 8 

0 . 0 6 0 

0 . 0 8 8 

0 . 1 4 0 

0 . 1 7 5 

0 . 2 5 1 

0 . 2 9 8 

0 . 3 1 4 

0 . 3 8 0 

0 . 4 4 0 

0 . 4 8 5 

Bj^24 i n 9 . 5 1 

( f o r Brcano s a l i g e n i n ) 

C^ X 10 

0 . 2 0 4 1 

0 . 2 5 7 0 

0 . 3 0 2 3 

0 . 3 3 2 6 

0 . 5 2 9 1 

0 . 6 6 1 4 

0 . 9 4 8 6 
1 . 1 2 6 2 

1 . 1 8 6 6 

1 . 4 3 6 1 

1 . 6 6 2 9 

1 . 8 3 2 9 

R e g r e s s i o n c c ^ s t a a t s s Y « 

m <• 
C • 
r " 

*(M) 

mx 4- c 

0 . 0 0 3 0 
0 . 0 0 1 8 
0 . 9 9 4 4 

l ^ g 

rm HaOH i n 1 

m 2 6 4 6 ; C^ 0 

^0 (Y) 

0 . 0 1 3 4 

0 . 0 1 6 9 

0 . 0 2 0 0 

0 . 0 2 2 0 

0 . 0 3 5 6 

0 . 0 4 5 0 

0 . 0 6 6 1 

0 . 0 7 9 7 
0 . 0 8 4 4 

0 . 1 0 4 5 

0 . 1 2 3 5 

0 . 1 3 8 4 

509& E t h a n o l (itfi 1 1 . 8 5 ) a t 30**C 

6 . 7 1 6 4 X 10"*(M) 

K^^imixT^) 

6 . 9 0 9 0 X 10"^ 

o 



Experim&nt - Vo 

Chemical h y d r o l y s i s of Bit^24 i n 9»5 mM NaOH i n 50» Ethanol (pH 11^85) a t 30*^0 

Xm 298 nm; t ( fo r Bromc s a l i g e n i n ) « 3009; C^ » 6,7164 x 10 (MJ 

Sl« Tisie(inin) 
No. 

0.D, C^ X 10*(M) ^^g o 
c::=5: ^ y d (mln"^) 

1 . 
2 . 

3 . 

4« 

5 . 
6* 

7 . 

8« 

9 . 

1 0 . 

1 1 . 

1 2 . 

2 

5 

8 

10 

12 

1 5 

20 

2 5 

30 

3 5 
40 

45 

0.038 
0.049 
0.059 
0.066 
0.149 
0.209 
0.270 
0.334 
0.375 
0.436 
0.464 
0.559 

0.1263 
0.1628 
0.1961 
0.2193 
0.4952 
0.6946 
0.8973 
1.1100 
1.2462 
1.4490 
1.5420 
1.8577 

0.0082 

0.0106 

0.0129 

0.0144 

0.0332 

0.0471 

0.0623 

0.0784 

0.0891 

0,1055 

0.1133 

0.1406 

7.3696 X 10 ,-3 

jRegression c o n s t a n t s t Y •» niX: 4- C 

m m 0.0032 
C - - 0 .0054 
r • 0.9916 

00 



si. 
NO* 

Experiment - 7/ 
Oiemlcal hydjxlysAs of BgL24 i n 9* 5 mM MaOH i o 50% Ethanol (pH 131.85) a t 30°C 

> « 300 rm ! € ( for ircmo Sal lgenin) « 3132/ C^ » 6.7164 x 1 0 ~ * ( M ) 

Time (inln) 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9. 
10. 

1 1 . 
1 2 . 

2 

5 

8 

10 

12 

15 

20 

25 

30 
35 
40 

45 

0,D 

0.033 
0.042 
0.083 
0.136 
0.188 
0.225 
0.281 
0.300 
0.373 
0.443 
0.497 

0.527 

C^ X 10* (M) 

0.1053 
0.1341 
0.2650 
0.4342 
0.6002 
0.7184 
0.8972 
0.9578 
1.1909 
1.4144 
1.5868 

1.6826 

Log 

0. 0069 
0.0087 
0,0175 
0.0290 
0.0406 
0.0491 
0.0623 
0.0668 
0.0848 
0,1027 
0.1170 
0.1252 

Kj^^<raln" ) 

6.5787 X 10*^ 

Regression Constants 
m 
c 
r 

HOC + C 

0 . 0029 

0 . 0 0 0 3 

0 . 9943 

u/ 
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50,? 

Experiment - V5 

Hydrolysis of BD*! in phosphate buffer* pH 7*7 at 30^C 

^ > « 400 tmf € (for 5-ni t ro s a l l ^ n l n ) « 145831 i n i t i a l cone. 
-5 cf the conpound « 5.93 x 10 (M) ^ 

No. 

1. 
2 . 
3 
4 
5. 

6 . 
7. 
6 . 
9 . 

10 

1 1 . 
12 . 

1 3 . 
14. 

t(raln) 
(X) 

2 

7 

12 
17 
22 

27 
32 
37.5 
42 
47 
52 

57 
62 

67 

o.a 

0.022 
0.060 
0.1(^ 
0.136 
0.174 
0.207 
0.230 
0.260 
0.285 
0.320 
0.340 
0.355 
0.385 
0.415 

log o 
<=o-^t 

0.0113 
0.0314 
0.0579 
0.0747 
0.0975 
0.1192 
0U343 
0.1553 
0.1736 
0.2007 
0.2169 
0.2295 
0.2558 
0.2839 

(min^) 

4.065 X 10*"̂  

Regression eqim. with regression constantsi 
y «• rax + <s 
m » 4*065 X 10 
C a 0.0055 
r •» 0.999 
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Experliaent - 76 

Hydrolysis of BD-1 In phosphate buffer i | ^ 7»7 a t 30 C 

/ " A w 410 nm; € (for 6-n l t ro sa l igenln) » 15451 # I n i t i a l 

cone* of the conpoimd « 5.93 x 10* (M) J 7 

NO* 

1 . 
2 . 

3 . 
4 . 
5. 

6. 
!• 

8 . 
9 . 
10. 

1 1 . 
12 . 
13 . 
1 4 . 

tOanln) 
(X) 

3 
8 

13 
18 
23 
28 

33 
38 
43 
48 
53 

58 
63 
68 

O.D. 

0*036 
0.070 
0.125 
0.155 

0.197 
0.222 
0.250 
0.285 
0.315 

0.330 
0.370 
0.390 
0.420 
0.430 

Regression c o n s t a n t s ! 
y « niX 
n « 4 . 
C » 0. 
r « 0. 

+ C 
056 X 
0061 
996 

log 

10*^ 

- ^o 
Co-«t 

(Y) 

0.0175 

0.0346 
0.0636 
0. 0804 
0.1052 
0.1204 
0.1383 
0.1618 
0.1829 

0.1939 
0.2246 
0.2408 
0.2663 
0.2933 

(ram**) 

4.056 X 10"^ 



5'C 

Experiment -yt^ 

Hydrolysis of BD«1 In phosi^ate buffer , pH ?•? a t 30°C 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm^ 

/ " X w 420 nmt £ (for 5 -n i t ro sa l lgenln) • 14757; I n i t i a l cone, 
of the cornpound « 5,93 x 10* <M)_7' 

No. 

1. 
3, 

3. 
4. 

5. 

6. 

7. 

8. 

9, 
10. 

11. 
12. 
13. 

14. 

t(inln« 

(X) 

4 
9 
14 

19 

24 
29 

34 
39 

44 
49 

54 

59 

64 
59 

Regression 

) 0,D. 

0.041 

0.076 

0.125 

0.155 

0.194 

0,225 

0.255 

0.275 

0.310 

0.335 

0.370 

0.375 

0.400 

0.435 

constants * 

ra «< 4 . 

c « 0. 

r « 0. 

+ c 

158 X 

0059 

998 

log 

lO"^ 

0 
o t 

0.0206 

0.0393 
0.0669 

0.0646 

0.1087 
0.1291 

0,1495 

0.1638 

0.1899 

0.2095 

0.2366 

0.2430 
0.2652 
0.2985 

(fflin * ) 

4.158 X 10*^ 



5 ' / 

Experiment -^g 

Hydrc lys i s of BD»1 In phosphate b u f f e r , pH 7^7 a t 30^C 

£"S*' 430 ran; € ( f o r 5 - n l t r o s a l l g e n i n ) « 12326; I n i t i a l cone , 
cf t he ccnf>ound » 5.93 x l o " (M) _ 7 

No, 

1. 

2. 

3. 

4. 

5. 

6* 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

t(min) 

(X) 

5 

10 

15 

20 

25 

30 

36.5 

40 

45 

50 

55 

60 

65 

70 

CD. 

0*036 

0,065 

0.108 

0.139 

0.164 

0.194 

0.225 

0,240 

0.260 

0.280 

0.295 

0.320 

0.340 

0.380 

l o g o 

o t 
(Y) 

(mln*^) 

0.0220 

0.0407 

0.0693 

0.0920 

0,1105 

0.1338 

0.1601 

0.1728 

0.1909 

0.2097 

0.2195 

0,2501 

0.2717 

0.3186 

4,221 X 10 
w3 

Regress ion c o n s t a n t s 

Y « rtiX + C 

IB « 4.221 X 10"^ 

r « 0.995 

C a 0 0 0 5 t 8 



31-2. 

EKperlment - ^^ 

hydrolys i s of BI>«5 i n Phosphate buffer* pH 7.7 a t 30®C 

£')^m 400 tm, e ( for 5 -n i t ro s a l i g e n l n ) « 14583/ I n i t i a l cone, 

of the coanpoiand « 5.19 x 10* (M) J 

No. t(inln) o.D. log o IC..^, 
(X) ^PSZ ^^^_i 

c 
MHi 

U) 

1# 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10, 

11. 

12. 

3 

8 

18 

33 

53 

86 

123 

143 

201 

242 

255 

270 

0.015 0.0089 

0.027 0.0157 

0.046 0.0271 

0.060 0.0361 

0.076 0.0458 

0.136 0.0865 1.911 x lO"^ 

0.155 0.0994 

0.194 0.1284 

0.250 0.1741 

0.290 0.2096 

0.300 0.2192 

0.315 0.2337 

Rregresslon Constants a 7 w nX ^ C 

m m 8 .300 X 10 ••4 

C m 0.0078 

r « 0.993 
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Experiment Ilo»-So 

Hydrolysis of BD»5 in Phoi^hate bu£fer« pH 7.7 • * 30®C 

£'}^ m 410 ran; €. (for 5-n i t ro sal igenin - 15451? i n i t i a l cone* 

of t l » compound « 5.19 x 10* (M) J 

No, 

1 

2 

3 . 

4 . 

5 . 

6 . 

7 , 

8 , 

9 . 

1 0 . 

1 1 . 

1 2 . 

t(iRin) 
(X) 

4 

9 

20 

34 

54 

88 

124 

144 

202 

243 

256 

271 

Regression Constants 

O.D. 

0.017 

0.031 

0.046 

0.065 

0c083 

0,142 

0.167 

0.215 

0.270 

0.310 

0.325 

0.340 

t y » mx 

ra » 8.! 

log 

•I- C 

519 X 

o 

iy) 

0. 0097 

0.0174 

0.0255 

0.0370 

0. 0477 

0.0851 

0.1017 

0.1355 

0,1783 

0.2122 

0,2256 

0.2395 

10-* 

(min"^) 

1.962 X 10*^ 

C • 0.0068 

r s 0.998 



Hydro lys i s of B1V5 *n «t. 
° ^ ^ *n Phosphate bu-<=«« 

^ ^ f^- 5 - l t r o sa l lgenln) - i4757, x . . ! 
Of the c o n ^ o ^ , . 5.19 X l o - ^ H ) J ^ ' ^ ^ 

3/L/ 

1 . 

2 . 

3 , 

4 . 

5. 

6. 

7, 

8 , 

9. 

10, 

! ! • 

12. 

5 

10 

22 

35 

57 

69 

125 

145 

203 

244 

257 

272 

0.018 

0.031 

0.050 

0,065 

0.083 

0.139 

0.155 

0,197 

0.260 

0.300 

0.310 

0.325 

0. 0102 

0.0182 

0.0297 

0.0388 

0.0501 

0. 0874 

0.0981 

0.1293 

0.1801 

0.2158 

0.2253 

0.2398 

degression Const an t T T T T ^ ^ ^ ^ 
• * " rax + c 

«» • 8,482 X 10** 

C « 0.0067 

r a 0,998 

i -953 X 10-3 



2)15 

Experlineot No»-82-

Hydrolysls of BD-5 In Phosphate buffer? j«[ 7.7 a t 30**C 

£" hm 430 nmi ^ (for 5-ni t ro sa l lgenin) « 12326; I n i t i a l cone, 
of t i ^ conpound « 5*19 x 10* {VL)J 

Ho. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

t(raln) 
(X) 

6 

11 

24 

36 

58 

90 

126 

146 

204 

245 

258 

273 

O.D. 

0,018 

0.031 

0.043 

0,058 

0.081 

0.110 

0.136 

0,167 

0.220 

0.255 

0.265 

0.280 

C 

Loa o 

(y) 
0.0122 

0.0219 

0.0305 

0.0412 

0.0587 

0,0825 

0.1044 

0.1316 

0.1830 

0.2206 

0.2323 

0.2500 

(roln" ) 

1.998 X 10"^ 

Ftegresslon ccmstant t Y o inX •!• C 

n, » 8.674 X 10-* 

C • 0.0073 
r • 0.998 
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Experiment -^3_ 

Hydrolysis of BI>'9 i n phoephate buf£gr» pH 7>7 a t 30 C 

ijf A« 400 tmi (£ (for S-nitro sa l igenin) « 14583 ; I n i t i a l 

cone, of the ccmpcimd as 1,278 x lO* (M) J 7 

No, 

1 

2 

3 

4 

5 

6 

7 

t(min) 
(X) 

2 

6 

10 

14 

18 

22 

26 

Regression constants i 

O.D. 

0 .161 

0 .320 

0 . 4 3 0 

0 , 5 8 0 

0 , 6 8 0 

0 ,769 

0 , 8 5 4 

y « 

ni «8 

C « 

r at 

Ic^ o 
o t 

(y) 

0 .0392 

0 ,0818 

0 ,1138 

0*1618 

0 , 1 9 7 0 

0 ,2311 

0 , 2 6 6 0 

SOC •«- C 

0, 

0 . 

482 

023 

996 

X lO""'' 

*Siy<l 

(lain"^) 

9 , 4 8 2 X 



•^17 

Experiment-9't 

hydrolysis of BIK9 in phosphata tooffer^ i^ 7»7 at 30^C 

£' >^» 410 nra; €. (for 5-nitro saligenin) « 15451; in i t i a l 

ccnc. of the compotinci » 1*278 x 10 (H) J^ 

No. 

1 

2 

3 

4 

5 

6 

7 

tda in) 
(X) 

3 

7 

11 

15 

19 

23 

27 

Regxetssicn Constants t 

O.D. 

0,200 

0.375 

0,510 

0,640 

0,750 

0,854 

0.939 

t m m. 

m « 9, 

C a 0, 

r » 0, 

; + C 

714 X 

0215 

999 

Log 

(r) 

0,0463 

0,0914 

0,1297 

0,1700 

0,2073 

0,2456 

0, 2602 

10"^ 

Cmin*'̂ ) 

9 .714 X 10*^ 



^\s 

Experiment-8g 

Hydrolysis of BI>'9 In phosphate buffer^ pH 7,7 a t 30^C 

/ " A - 420 tmt € ( f o r 5-n l t ro sa l igenln) » 14757; I n i t i a l 

cone, of the compound « 1.278 x 10** (M) J^ 

No. 

1 

2 

3 

4 

5 

6 

7 

t(inin} 
(X) 

4 

8 

12 

16 

20 

24 

28 

O.D, 

0.236 

0.385 

0.520 

0.640 

0.750 

0.854 

0.921 

log C o 
o t 
(Y) 

0.0577 

0.0991 

0.1400 

0.1799 

0.2200 

0.2616 

0,2907 

(rain"*) 

9.857 X 10-3 

Regression constants t Y •> mX •!• C 

m m 9.857 X 10*^ 

C m 0.0207 

r m 0.999 



]acperinient-86 

Hydrolysis of BD-9 In phosphate buffer , ^ 7«7 a t 30*̂ 0 

^ A » 430 nm; € (for 5 -n l t rc sa l lgenin) « 12326; Znitial 

cone, of the compound a l , 2 ' ^ x l 0 ( M ) ^ 

2 > 1 ^ 

Ho. 

1 

2 

3 

4 

5 

6 

7 

t(mln) 
(X) 

5 

9 

13 

17 

21 

25 

29 

{Agression ccnstantsi 

O.D. 

0.230 

0.350 

0,470 

0.560 

0.650 

0.730 

0.783 

Y a mx 

m M 9 . 

C - 0 . 
r «• 0 . 

; + c 

713 X 

0236 

998 

log 

<^o-< t̂ 

(Y) 

0.0685 

0.1091 

0.153B 

0.1906 

0.2309 

0.2702 

0.2980 

10-3 

'Siyd 
(Hiill-^) 

9.713 X IQ-^ 



Experiaent - 8*7 

Cheanical hydro lys i s of BI>»25 

(pH m 11«85, 0*0095CM) Hac^i (in SOU e thanol ) 

c « 5,53 X 10 <M), tenfjeratore «• 30°C 

7^ 
(tm) 

400 

410 

420 

Molar 
e x t i n c t i o n 
co«>e£ficlent 

19090 

20090 

18180 

Time 
(hours) 

2 4 0 

2 4 0 

240 

O.D. 

0 . 4 5 1 

0 . 4 5 1 

0 . 3 7 0 

C^ X 10" 

2 . 3 6 

2 . 2 4 

2 . 0 3 

'^(M> log 

0 . 

0 . 

0 . 

<^o-^t 

242 

225 

199 

3.86 

3.60 

3.17 

10" 

) 

.5 

O 



Experiroent-88 

CtMnical hydro l : f s i s of BD •• 29 

pH m 11 ,85 , 0.0095 H NaGH 

C^ - 3.10 X 10*^ (M) o 

400 

410 

420 

tempt. « 30 C 

C Tlrae 
(hours) 

19090 240 

20090 240 

18180 240 

O.D. 

0.271 

0.250 

0.239 

C^IO*^ 

i.4i 

1.24 

1.31 

(K) log o 

0.2662 

0.2228 

0.2396 

^ ^ ^ ' ^ > 

4.25 X 10"^ 

3.56 X 10*^ 

3.83 xlO""̂  

• < « * * • • 

^ • X t -

f • 

B 

• -t* 

* « 

« • 

. 
h 

J « «4#M,-

i"5̂  '^B»WP' 

,„̂ #f?Nr» 


