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' 'lhe st;.rumglo b$tueen man 

and insoots began lo.tlg 
before th0 dawn ot civili­
zation, bas contin®d with-

.out cassation to the pJresent 

time, and wiJ~ continUe, no 

doubt, as long .aS~ tile hwaml 

race en,durestt • 

•••• 

' \ 

s. .,~. 'I~orbes, *'Xhe Insect, the far~, the !feaener 

the Cit1Zell au.d tb.e Sta.tes'1~. {$ 

~· !ll• S~at~~lb..A~~JW.9.l..l!iJ!li~1 1915. 

From; 1-ieteQlf", c. L. and Flint,. 'i'lf. P. (1928}, 

Destructive ana us$ful Insects (Revised by Metcalf', 

a. L., 1962) • MCUl!'~V Hill Book Co.,, Inc. 1 lfel-1 York, 

u.s.A. 
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Int_ensive r-esearch in tho f'iold ot pl~t protection 

and pC~st contlrol b.as l:teen going· on tlu~oughout tb.a world. As a 

resUlt various types ot pestic-idal comp.ounds ·arc. being prepa.ltod, 

and tneu pesticidal, tox!cologic.al. and other propertias &"a 
. . . ' 

bei»,g studied ;averY"day. ot th.e$&1 Qt•ganophosphor-us coapounds 

c011stittut,e _a class in wb.lcb qui:t.e a larg" numb~ of· compQ.unds 

haVQ been siutil£es1zed aud azatained as eff'ecrtiv-a pesticides. 

The work embodied in tb1s dis~tation is ralatad to 

tha illvestigation of' some saligtJnin cyclic phosphorus compowlds 

wit;h ref'arence to thoir s~rntbes1s, i.nsectie.idal activity• toxi­

city, fungittidal. activ!i:ty, a.ntiehol.inestev.ase activity and other 

properties besides structural elneidatioxls ·by cheatical anal.ysGs 

and spectroscQpic methods. 

At 'i#.he outsq:t, in l?art - I or tilis thesis a general 

introduction inc~ud:lng anticholinesterase activity and eh~ical 

O¥drolysis of' scm~ drganophosph.orus pestici:Jes has been ;Pl"asented. 

CoUllllon or trade names,, chemical struc·tures and other p1•opertios 

of' some ot them. have been· given. 1n .,\ppwld!X - 1. . 

Discov6-ry Qf saligenin cyclic phosphate as a biologi­

cally active ma~G.abolite of tri-ortho-toly'l pho~pb.ate had lod to 
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ted CQSJ{)UJldS• - l?flt"t Il! or tilis- di$SWtatiO:ll bas bta~n devot~d to 
- -

a short :rtev1elf da.so:r1bl.ng th4l Cb$Jllieal.., hlo-cbenlical.1: inst.~t1e1dal; 

.fungicidal and o'th~ toxicological pro,par-~J.es or $a!J.genm oyolic· 

Phosphorus compounds with -s»ooiQl .6'mphasis on l'Palitbion (2-metilo~ 

.. 4JL.l."a,2-benZodiO~apho.sphori.n-2-S'lllPh1de) .d1$0ov~d ill :1963 -by 

P-l'o!'. .Eto,., ~rof. ·Os~ and · tbeU!' eo-W'Olfil:ers. la:lvestigatttons P,ave 

~evf)Qle<l tha"G tba biolo,iJ:!eal activit~ s of' these co~pounds se 

~at11 intlueoo$(1 by tbe exoo;srcl.ic substituf!tnt-s on the !)host>b.Orus 

atom,_ and also by ·tn~ :$UbSititu.ents ··-in benzene ring Ml!d/oJ> 1A 

hetero-cyc11e ·~.ing. ~b~ biololtict.ld a.c-ti:vi-ties of these c·oat.PQunds 

tlit$$ b.a- attribu.t${1 'teo the he~o-»"lng intr-ldving· ~l ~d ben3yl 

estm• lr:lnk~es. - ':i1» a'L~lat1on ~wactioo '!!JaY' be r$sponsible tor 

usu-en~yme"· :l.nb.1bitioo and ft~icldtd.- ~-~~vity.. ~b.e phospbor-yl.a. 

--.. ~i})ll re~...e.ticn _.t$ NS~S,b:le t011' -. &1ttO'rasQ j,nhi;bi'tiO..'ltc ·and· ~ 

to:!i.e1t3' ~d i~sec-eie:idal. acrtivity. Aa exooic·lic subsd:t.uent 

group at!'~t$ pbysieal QR.d bl.olopue\1. pl!'ope~tias bt ·virt'W't ot its 

eloc~onie and sterl.c cb.a!"acte~tstics. thus• meti'tJ'lPhos.Phoro­

tbi<m~te 1a n-s~~ fl~ an ins~tt·t!ct:tae, alkfl.amidat~s. ba.ve ,S1fstemie 

activit~, alk:Vl:Jh~s~othiol~tes- .have tungio'i&d QtCtiv1tu1, 

,phtm:rl pilosphooat~s have autit:Utat"ial ae~tiv!ty •~ and ~yl phos- -

- phatas a:'(£i Ua"..trotoxic cmd nave synm:"g1sff1c ~ti.vJ.ty. 

.+-t· lJflS rupol!"to:d by P.~~t .• Bto. Q1l\i- bis c~wora~rs that' 

2-m~thQxy~n1tro.:.4it.l,3,2-~~!"1.o:xa~spb:Qrin-2-~_phida (.BD-8) 
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was obtained as a paste. attar pu.riticati~,n tbroilgh sU.!e-A.c acid 

column ebPomatogr.aphy ,. at"ld found to have about sixty 'times loss insec­

ticiclal activity eompat"ed to sal1tbion {~to al'4 ftl• 1. Eotyu .Kagaku., ~' 

731 ·J.968) •· ' However, it has been obsevved 1n this iaborat<WY that the 

m.ethoxy conpound (ED-8) ·is a solid (m.p.· 840-c), atld has about. l.S - 2 

times great'iJr orlill insecticidal oot1vi-ty to fi.t~p~a JiiftliMumfA 

then sa11th1on (Das, B.K. 1 Pest!c-1d'l.3ts1 f5• . a, J.98l)o !rb.ese observa-
, ' . ,· ... :r( ' •. 

tions proDpted us to undel"'tako a sYstematic 1nvest1gat'1on on some 

s-nttro-saligtm!n cyclie al.ley'l/pheny)./alkylamido phosphorothlonates. 

!he work pll'esanted in Part .... III of' this t;hesis is re\ated to 

the studies of SO..'Ue 2-aJ..kozy/pbeno:f¥(al!tylamido-6-nitro..tlR-l,a,2-

benzodioxapbosphorm-2.sulpbides having the gene~al structure (A) and 

(B).t 
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A 

.;i ~ ( ~ -raetb.o~)ethoxY (BD-1) 

= ( [j ... ethox¥)ot.hoxy (BD-2} 

= n-buto;q (lrD-6) 

= ·i-pu.tozy (BD-7) 

= ph.eno;ry (BD-9) 

N~Ba = dimethylaoido (~J.3) 

= pyrrol1dino (BD-15) 
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~he above mentioned compounds bavo been prepar-ed by 

condensation or the· 5-ni tro-.saligenin td.th ·tne coll'responding alkoxy/ · 

pbeno::cy/alkyla.mido-dichloridopllospborothionates1 and thoU* struc­

t.ures have been determined by lR, ·taass1 1U4R $POOtra and chemical 

ar.udy s1.s. 

* 

/ 

·':i.'b.e cnmm9n IU 'bands t--orr alkoq pho$phorotb.ionates 

1020 - l.050 'Crn-1 

1185 - ll95 ~~1 

920- 925 cm-2 

1515 - 1s2o em-1 

1340 - 13115 em· J. 
aoo - s1o em-1 

sso - !$55 em-1 

lOlO - 1030 ~-l 
1245 - 1250 em-~ 
875 - 880 Cfa-:t 

a1o - a2o em-1 
645 .. 660 em-1 

1515 - 1520 am-~ 
1340 ... la45 em-J.. 

In tihis dissel?~a-tion 

P-O.C C alkyl) ; 

F-0-C 'aryl); 

P ... o..a (aryi.); 

symo str. of nitro group; 
P=t3{I)§ 

P = S (II); 

P ... O-C: (al'"''u'l) • ,...~, ·' 
P-0-C (~Yl); 

?-0-C (aryl l; 
P = S (I); 

P = S ('II); 

asym. str. of nitro group; 

sym. str .• of nitro group. 

~ ~ q 

em-' " has wrongly been typed as Cm-1 
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~b.e _ .ttlt1.SS f'ragm,entnt1ol1 of' Bll-l and B~2 Bl"e subst:m.ttaJ.ly 

different i"ron1 that ur other alley'l .Phos.Phorothionatas. !l:he ba!!e 

pea.~s of' BD .. l and. BD .. 2 are 1$1 and 72 resp~t:i.velyea Wher-e:'as that 
............ 

of BD .. a atld ll}D-7 at"e 246 and 247 rospect1Vely. ~he base ,peak or 

.BD-1 and ED-2 do not contain pb.ospho:rus ~oiety. 2Jhe compQund BD-7 
- . . 

sht)WS boti>. singl'e and d,lable byd1:-ogen real."r'ange:noots ld. til ~ -and 

(6 -cleavages. :l"be _sitlgle bytll•t>gen rearl,'i.angement is obse1~ved only 

1n compound BD-6. From the a'bvV$ :!nv:es~ig~tiou it is cle~ thBt 

the raootion oa.<~u.r!ntt in the ntass :fragmentation processes in ED-l 

ED-2 and otb~Jr compotmds are nu:tte different,_ but ~he m.-edordnr1ting 

raa~s tragmentatl.,m process in BJ) .. l (arid in BD-~n ts "totally absent 

1n BD-6. '!his shows that th~ .p:cemezme of ether oxygen 1n the axo­

c;rclic side ch~n plays a.n· ittlporttult ~ole in .< mass fragmentation 

prooe$ses. ~llere is a basic dU .. fer~"lce 1n mass t"ragmentation pro­

cesses of alkyl pbosph.orothionates and alkylam1uopb.osph.orothionates. 

In. al:lcylamidopllOsPhol"oth1onates ther~ i~ no ,prtJliml.ntl.ry hydrogen .. 
sbieft to sUlphur, al.thougb the dir~'Jet o~ation o~ -Sli trom the 

molecular ion. is observed. 
··"-: 

i?in:Uly the·· str~~,wes have been dettrrmined by analysing 

the J.u: inUi spectra. It is .fairly ovideilit that the ch.em1cal. shift 

diirf'arene•. ot t.h~ protons HA. and 1!13 in the h.etero r-ing incrca...,.::·' 

ses in going trom 2-a.l.ko~ to 2-alitylamido compoutlds; and that th.e 

2-substi tuent at the satae tittle increases in bulk1 and ~obably 



ac.'Gions. 

The ~o.tb.o.:eyo compound shows grGn-Cer. insecticidal. actiVity 

than ·sal1th1on 'Wid other. compou.."lda; :ttl ro®h.es; the iso-P!"090x.1 and 

the dimetb.y'lamido derivatives sb.ow about 1.5 to 2 times los!l insec­

ticidal. activit1• ~lle o~n~r compo1mds ere a!.most non-insooticidal. 

For GrassboPP<n"s the methox.v compound is most :active, 

nnti its insecticidal. actiVity is ·almost same With ttutt. oi" saJ.ithion; 

l:lD-51 BD-13, :BD-11 ED-2 and BD-4 hav~ ao:.ao insccrticidal activity, 

but otn~u ... compOunds at"<~ non-insootic.idal..-

AU c onapotmds aro l.ess toxic t.han sali th1on to rats; the 

mst#h-ozy t tho 1so-P~'"O.POX..V and tlla diaethylanddo compounds have 

greater t{>Xicity compared. to other com,l;lounds. 

From the antifungal activity study it is ~bserved that 

the iso-propylarudo compound is the. mos'!; etf'ective compound against 

.S,t).• -' 
effac,t is greater than that ·or Hinosan. 1?01~ all compounds the 

growth inhibition of the tungas £!f.S.r.nru:-1J! ,.'iala.Dl is less tl~qn 

that of liinosan. 

noted that the. dimeth:flamldo cmnpound is ·t.ne only compound. whieb 
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shows 95 percent g(~J!'Bination at 500 ppm; the other noutpou.n,d.s are not 

pbytoto:tic. 

i'"ram the chemical hydrolysis studies of th.a EUkoxy 

phospboJ.Yotnicnatc:s1 it; bas boen obsa.rved that tb.a iso-propo.x;y cora­

pound 1 s aost stabl@ to tdkal..1ne .. byd2'olys1s; bu.t all f.}f thom nave 
- ~ • ' i ' • ' 

great~l1 hydrolysis cousttant value til3.tl -ena.t of sali·thion. A satis­

tac tory correlations 1s found b()t~een the W.k.alille h!tdr·t>lV$19 rate 

const~t and liw::lttu)tt• s electronic· ( ~ ) as woll as Xatt• s storie 

(E9 ) parameter's. 

For: all pbospborotilionatilS Calko:q-/pbenoxy) exce,hlt th.e 

phenoxy deri'ttltive., tb.o kiF' ACb.S (bou.sei'ly)is more inhibited than 

th.e Cbl~ (blood), the anttacetylchol:lnestti~asa activity ot the 

methoxy c'ompound £or HF AC.:hill is t;lN~tltost, but the antichol.inGs­

terase activity o£ the iso-propoxy compound tor ChE is least. Here 

also a satisf~tory cor.,.alatiou. is obtained l;letween the antiacotyac. 

cbolines·eerase ac.tivity (for lJ!i"At";bE) and Hammett.• s e:lectronic 

- ( .~ >t Ta.ft1 s sberitl (}4~si as ll.aU as llansch•·s hydrophobic ( Tf) 

parameters. 

Ollly threo comPQunds (:BD-51 BD-J.31 :BD-l4) ba.VG baen 

studiod tor acute oJ.>al toxicity arui d$laY'ed neurotoxicity in 

bena. :!?he dimotbylantid,o compound is aost tone. :l.:'he iso-propyla­

mido compound is least. P.a.ram!llnent paralysis in legs is observed 

in caS$ or t.he dimethylam1do eompound only; upon histopathological 
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examinations, degeneration and demylation or the sciatic n.erva are 

£ounc1. 

2he bioJ .. c~icaJ. antivi~if~s and ot;her df!;ta ju.stU'y tu.r.thar 

eXGminatiou o£ the 1so-propyl:.Ma1 .. do C<lm.Po~d. ;:·us potli3'nt:1al fti."igicide1 

and til~ methoxg a$ well ;&$ thtJ .ioo-,Qro~Jri cc.~:Poinl<is . ae~ poten:r..i.al 

:.i.n.:se~t:tc:V:te. :;sfu&ther t.h~ US".: o±' tha~$ C·Ye·lic pho~~9llorus compounds 

vill protE=-ct tb.e• plants rt•om pasts and dtsease in 1;he field remains 

tQ be stu.4'.1Gd.o 
~.=!. 




