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inVestit;t;ation of some nit:t-o-maligenin cyclic umidopnosphoJ:othio­

nates with. ~efar~ucc~ tQ thei.t- .cr~mieal 1 b1oobemioa11. 1nsoetic1dalt 

tungioidal. rul(l othii:t" toxiC'ological proporoties besides struct.'"llral 

elug·id~tions bl!' cilomilclll anlllyse.a and spcctroseopic aath.ods. 

At tne outset, in Part - I or this dissertation., a 

genel?'al intr®uetion including ~a.t1cbol1nt!!stflrase atttiv1t1e.s, 

ehoaio t\1 byu~olYsi$1 liMa,. li\1. an.<i Masm spectra of" :st)ne orgsnophos-
. . 

pborus past1c1des h.a.m b(,len pre!lon:teci. Co~mon or trr.(do na.'rtos.1 

chetdo al atl!Uetu:res rmd oth\il' p.t"opet'ties ot• some of" them ha.vo been 

~1 VE!n in Ap,J.;landix ... I 

j.)art ... ll ot this thesis bas boon devoted to a short 

;'eviov descr1bin@ th~ 'Chemict\1.1 b1o-eltemiual.1 insectic1dal1 fungi­

cidal and otb.~ to;dnolo,g;ical. tlrop~t:rtie-s ot r;;al.iganin cyclic phos­

phorus oompoun~s vit.h. ~peaial. eu_pbaG1s on s~itb.1on (2-math.o;ey--4lt. 

J.1312-ban:tod1:o;m,pbosJJnorin-?~suJ.pbide) di$Coverod in 1003 by ?~ot. 

Eto., f'X:'of. Oshima Wld thG;ir co.-workers. Investigations h~ve re. 

ve~ad thmt the biolf)gicsl ootiviti~s of ·theiJG compounds are groatly 

Wluenned by the. ~Aooye11c 3Ubstituenta 011 tho phosphor-us ator41 and 

uJ.so by the aubsti tuants in benz.eno rin.g snd/o~ 1n hetoro-o;volie 

r.1ng. 

It wam reported by lrrot. Illto and tus co-work~rs tbnt 2-

metboo:,r.e-n:t tro-4ii-l1.312 ... bon~odiOltaphospb.ol"in-2-sUlphida ( :rsD-8) wa.s 



(11) 

obtained eJ.s a pa~te attel" ~r1f'1cflt:l.on ~at.tgb sU1c1e acrid column 

ci"..l"'Qtllatogvspby and tound to ~~ave about sixty times leas 1nseetic1-

·dal. oot1v1ty ~omparoii to sat:t.thion. HowQVIftr1 it has b$£Ul observa.d 

in tbis laboratory that the netbolW compeund (BD-8) i.s a sc>l1d 

(m.p. 84°0),_ and has about 1.5 - 2 t1mos greatll~r Ol'Wal 1llsectic1dal 

act1v:l:ty to 1'1ar~l.f!t\tt.~ ~qr,iaarm than salithion. Mol1'aovo:r1 tntro-
., ~ .. ' ' 

duc~ion of an amida group ill place of' an alkyl estor group of'ten 

gives orgcu~phospborus estul"s. £tingic1rial1; nematooi(1ml tm(1 otb~r 

td.Qlogical e.ct1Vities. ~b.ere avo ·~any exampl..El13 in l1t0rature which 

. show that sot!le phosphor~i®U!lionate$1 pb.osphoraraides or !)llosprumn­

'U11dam in wb.icil tb.e l)bospho:rus at~ is attac~nad di:.~~ctly to the 

nitrogen atom of ~1 a:.::.in.e o.v- a b.~:tero-oyclie CO'..:Jli)()Wld s~ll as 
· , Cfl'l f.c~o.y> ~ ~v e. W-'l(t- ~~ f~M ~ \n.-~. IJ~ 

pnth@.lumide, ~~lwtldt!34>le "obs<~rvt-at.iona p:ompted us to., tmdertSA:e a 

syst.EoYJlatic '"or-k <»l soo.a nitJr,;::~ ... malig.euiu cyclic atltylam1doghoepruwo­

th1onatos. ~he work embodi.au 1fi. P~t - lil or th.i s tiimswt~J.tiQn. 

is related to th.e :blvestit?:~t1on of' smo ~~alleylaraido-6-ni~o-4ll.l1 J1 

2 .. banzodioxaphoephol'in-2 .... sll1pb1das naving the ~u0r:d. structure (A) 
. s 

q 0 11 11 /R 
)B-N I 

I '-R 

0 
10 0 

2N 

where .:nm • = cycloho:rylnm1do1 morpb.ol1no1 d1eth;vlam1do., dimothyla­

m1do, :t.sopuopTlamido1 py.rrQliditl01 p1por1d1no, o1• nonylao1do group. 

P~t. - III dE)als 11itll tile ttopk related ·ta· tile synth.eg1 s 
tJ.f ~ ~ct:c:... P~P~~cl.oOC..On.~ · 'Ur.... ~e.h..~ 

and struct.uroQ de'J;ermi!~a.tion ,._of tbese compounds have been establi!'JllG~<i 
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. ~ ·l3 31 
by ob.em:tc~~ a.naly$ea1 W t In, Ma$s and '":"'il1 ·· c, ll' - m4a spectral 

da~a. All comPQund.s show common In bands for P-0.0 (alkyl.) t 

P-O..C (at>Y'~) and for ni~ro group. ~hey sho\1 cOfiJ.ilon pal"'ent .molooular 

ion 1n mass srmc era; all coopounds sht)W an <'l® doo to ( 11 - GU) +. 

11:t!otn tba s~uey ot: tllo p~,m 9£)e<ttral <lata. ot tSmto 2-al.koxy/pheno~/ 
. 6 -'>l.{.ho- -4l-l-1.:>'3,...'-- h.IZAAJI> .J:<'c~~..W.2.-;<U.J1..-~~c:le..d 

allt:tlamidoA it ·is t.~airllr evident that 'COO· ch.~ical sbif't d1£ferenca 

. of the proto.tlB HA and fi.B iuore~ses in .gQing trora &.alk<>l<Y to 
\ . . . 

2-alkylamido compOunds,. !»1(1 that thO 2-subs'titu.ent at the same time 

11?9rcu~!!es. in bulk, ~l.d p:t-obably ·apEUlds more time in thEJ eonf'o1mla­

tion with tb.a lf~~1~t ~teric interactions. 2ha etruet1u .. e II appears 

to explain, to a rsa~ontible e:ttant1. the rey~rmal of the Qxpooted 

proton er~raical sbitt Ol!'dar tor tho quasi-axial and quas1-equntorilll 

protons, duo to i;he pos1 tion of tbe magr1~t.icllllY anisotrQpio P • S 

bond t .. elative to tho -CHa- g.Poap 1n the d!oxapbospllor-in ring. 

M 
R/ ""- R;. 

13c: and 
31

P · ~t':li• spootral. da1;a or some ot: these· com­

pounds, the temperatu.re depaUfitant Of J..d m•m SP.OC~a Qf thQ 

It has been observed 
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ot tbe contormars and tb.eir Pu-lative P<lPula~1ons a.ro also VU'itH.i.i 

flUs SU!,e;es~s that the. methylene ,protons (U4A " . H4D) atte not 

oquivatent to ench u~ller, and tho dioX;)tlhom~hor1n ring 1s co:ntorma-· 

tionaJ.ly mobile in SQlut1on. 

All the c<mP!>Wlds show a;ood f'unt;icidal ootiv1t.Y flga.inst· 

!!!.!~tbos.eriu.~ SPP!t· ; tbe 1sopl!'OP1lmllil.flOPhosphorotb1onata 1s tho 

most of'f'active comi1ound, and its in1U.b1toey ~tract i;s #eater tban 

thnt of Hinosan. All c<YAPOUllda have less oral insecticidal ao~ivity 

than salith1on agGinat ·..f·· S&J"-~JPtq.. ~bey Ql"(? less toxic to male 

rats -chan salithion, anrll rlll'e not peytotoxic. ilor all compounds tho 

HFACbE .. bcusenx is m~e 1nb:lb1 ted than the t:bE - blood. 

J!ha ~at$ o£ rUJtali bydvol;vmts is inereased as th& pH 

~ue increases fl1GUJ 7 ~ 7 to lleB5; ~hOi COOij}QUJlc!S CQJlta1niU45 the 
\. ;"!,:.} . . 

dlsu.b:stituted eii1do groups are e=ttroroely resistnnt to hydrolysis 
-

oQ:nparad to other COt1PQWlds b.avitlf~ tl\~ lllonosubst1tute_d amido groups. 

i!hs b1ological acUv1~ies a.r~d otbo"lr data Ju.st.i:fi"J turth$r 

ezara1n.at1on of these phoapb.orotbionatoa ae »utoutial pestio ides. 

' . 
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(vii) ~P!pw.~1dino-6-.nitro...4H.l1.a1.2-
b~nzod1o~11PlltisL>ho7J' in-B.sw. .. 
pbide •!t 

( V!.i1) 2-liQUVl.~'rlid.o-6-nitt•o-<Ui-11312 .. 
benzodioJCapb.ospbo:r!in-2-sul. .. 
p~d@ •• 

e., J>.isr.tU$lJ1on on lil-t\ s11eewa 

1. Insecticidal acti~itr 

a. Auti.x·ungal activity 

9. iilbytoto:dc fll'OportiE~s 

10. Aeute orsl toxic it1' on r~ts 

ll. ~;\nticbolines~ras@ actiVity 

12. Cbem1o al. by'c)rol;v s1s 

•• 
fol« 

,. 

•• 
•• 
•• 
•• 

•• 

•• 

, ..... ~ 
-~DU 

3.69 

l7J. 

1?3 

174 

J.79 

lB2 
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~be p(~st, di~e~j).:rtO and weGd. G~itu.ation ar~ .not. sta1;ic ..., they 

lteGp on changing. l~ew 'pllysiological ~aces ~volvo aa a l~&sUlt of 

mutations in natll.'P_e. ~~any insects and t~ungi develop resis-tant 

st:rainLi: vhen tha SGm~ · 1ns~ctic1r1~ o.t• ftlngicido is uood year af·ter 
' 

ya~.. Simil:Qrly, by t;h~ll u ~~3 of th~ ~amG barbic ida1 ~ea$0n after 

season thc!.tto~ is <>ftffSl f.! .l~b.iJ:"'t in thG W~t3d 1 .. lora o.nd a numbcP. of' 

ve~istant sp~c ie~ l)ecoRHl prrjflom:.tntaut~. Bven ·chango in cr:oping p~ttern 

ami weeds of .minor iti'lportf.UWe may assuma m~jor proportions. I·t;. has 

tH&en ortn!l noticed that .l)C!~ts and di~ensos1 virtuall¥ Ull.i{no~;u :illd 

1gtlore:d suddenly -becoltle very al ~£!ling with th.e ir~t:aroduc·tion or new 

crop V$r1eti~Us. :EkcteJ:•iml blight, tungrmril: .. uE:1 gall midge o:t• paddy 

and :flnat·ar:ts minor in wr;l$t!.!.t r.U'"e onlY n. t<:v ~xampl~s i"o~.•om ou.v 

country._ 

J\J.l. those defillitely poillt out tn~t the existing pesticides, 

howeri/Gr af'licien~ t;hay may be can~1ot:. sol~l/'a tho post pzobJ..ef!ts 

perL1anent.lY'. Ne\1 pemticides must be dqvalOl3ed to coubat V3r1oas 

new situat:.iot:ts. 11~ sllould. be a cout!nuoua s;aar.cb - a P.Pooass of 
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t inding auS\Iar$ to :new problot«a, rasEH~cn and develo~nt are also 

V'it;al f'or finding pest1oidaa~ wbicb wil.l be saf~r, mor-e afi"eetive ;_and 

salootive, and abova all motNa ·economic in tbe t~ua senae an~i 

enviPownenttni.ly accaptablo. 

A PGil~ticUlarly 1mptn•1iant g»oup of' pes't~icidal substnncea com­

prises phosphmn.~s compounds, th.a 1\Gport~ltW() ot i·1bicb brave bQen steadily 

illfUtoas1ng . in the t'ooent p~st. Sever.~ uew Ootli.P::>Ullds of' this group 

ere usod for 1nsect1<!1dal1 OOt1.1r1c1dalt nomatocidal1 nntheldnt1c, 

1nseot stter.Ui:d.ng, f'tmgicidnl• herbicidal,. ~odentioidnl. and otmr 

pm-poses. Z'b~ devolopment ot" naw phospho1•ua aomPQWlds uas for a long 

time do!Jlina.ted almtlst exclusively by <bne single g~liding princ1plo 
· (l a 3) 

nGJnaly the • ;,\cyl .du:t.u• oi' Salm~dur ' ' • !rba g.t•ont advancement 

in agriculturcU. prf¥!ticu, · sctentifiu lu&f,wledge of tb.e $tl?U.Ctlwo- ·' 

activity relat1onsh.ip .ant~ mod.e of ao'tion {)f organophospborus pesti­

cides wero acbievad by the ui~overv 00: llal!athion b;y SChrader in 

1nsoots. H~any less toxic peaticides have boan. synthasizeQ by slight 

structural t:noditicat1on of Pl#~th1on; for t.)Xa.fllple, chlortll1on 

(in l9f)2)1 ~entb1on (in 19f:t..q) and f'enitrotbion (fu 1959) were 
(.a> 

di:Jtto"ored • 
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In 1952, tL1e l?arkow W'$aet.ion was d1$CQVtn•ad1: an.d m~ i~povt~1mt 

Vir&Jl phoopbmtG eat.e~S ba.VG bt!t~U introd®ed !'!S J;l.r'E".C't!eal pastiaidas. 
' ' 

Sinne then $l•·var ml n~v co~npou.nds lll'.lVe been. dev~~loped rmd $G in 
{3} 

comutercial u.~e • GofiJllon o11' tra.do n~.rtes1 eh.e!:!ic Gil s~uctures and 

ot:.b.er propert~1as qf' swe:ral O.'!.."c;tmopboapho~a.s .w-.'l'~t:i(!ide$ hnve been 

giv~n in Appe!ldi4-I. 

I~ 1s t~.ene»'all.ZI ~cept<td ~bat the ot'ganopb.o$pbo:r:-ull 

comgou.nds #() to.~ic booat.tsa th$J pnosplloryl.ate. vital 'if.ste:>;""ssel'1 

thus f'ormir.t.£!: uompletX\J'S tna.t ~e <d.th.er ir.tr()VGJ.l'si'blo t»~ do oot 
(3} 

r'~mdily rel0~ge ·t~.lt~j er~~alSG • ~t'flS enzyme Qainl.y aff"ee:toti is 

ac~.q,pt$d tcy bQ uholin@lst~!'lse, Q.U ~~ that plays a vital ~ole 

in by~ol;v-sing l?t~o$tylehol.1na. ~he lN3too.t1on 'bewenn ~styl.Chcline 

( r~ll) fi!Ud <thQlinastarase (G~li} takes pj..ace in th.t'ao stageS~: 
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At this stamo tber~e is OlQ ~uU1btiu.m between tho oozyme 

ll!ld its subst-rate. on the !)Ue hand ~a a complo:rc. of the ·two on· 
'• . ' , ' ' •I ' • ! 

+ . 0. . . . . 

. <Ma>a J:i~u4 o .. & ..: cuaj Cbi.11U .-!~-~ . (att8>3 ·. :Cal~oa: 
Choline 

... 
oo.3co.ECb 

0 

The compl~x.y:1elds choline and· ncetyl~ted e113yma in tbo ooooud 

st~"P$ •. 
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~be :ti:ru4 stBga 1s the ·~leoo~t.Yllltion reaction 1n vbtch th\'J 

acet6yl~ted enZ"J~• 1m b¥&-olrsad to ~ive tbo f~oe ensymG' ttnd 

ooetie acid. 

film mctiV'e cant-er of ~etylcholinernt-ernse (aChE) 

is stl."'uc'li\lr~.ll.y coiaplt~en~~y to. its subs~u.te aeot11ar~lin.~ 

w!Ucb con"tain$ m tr~~tbyl. tltGmMiwa gl"O\tl) wit~b ·a '£l0a1tiva c!w,rgo 

l.i n$gmti v~I].Jf ~f.lS1'·~&~t1 ~~~"' $1ta~r t>fhich bincls th~ t~lfl~tbyl.~ 

tamonlum .grou111 ,md tl\ relt~t11.tr~ly unGnetpecif1o" ~steratiu ~tQ), 

w~1;Jb <Hi\'Ca.\.~~Ga ·t.na bydrol;tal$ of :tb.~ ~$f'Wl-" 11rt~aee. In the ~ 

~~.;terat1{: $1t:;Ii tt~~w w.~e bQaie \b.i$1;1dti.nG,UU.dazole;!;·t serine 

il;td.J!o.eyl)~ ·a.U.fJ! ~;i.d;i.c (tyros~.nu b,v~cn¢) #OUtls (lrtg. l). l:'ha 

1*¢r:£ot1on ~et11eon p~ao-xou ~(~ !t.CllW it.J t"'t:}l,)r0S9rtted 1n !!·tg. 2. iiben 

th-a two ob.emicals lntar&o·t thel"e is a n-.wleopb.ilic attack of' too 

s~rin~ hY<~(>~l on tbe 9bos~U$ ~tom tht)~ irJ alti(ld by tbG &e idic 

a:fl(l btt.:-d.e gr:oups r'vo:J'f;nt .tn t~ o.starati(l site or tht>J enay;.aa{l< 'fhis 

:f"~stlltg in i;he i?()r~ti.tlou of a ~*.t>{llV~sib, .. ott oomplcl( that f'!nsllY 
- ~ {IJt), 

yields pllo:sP.W:»:•ylateui e~a tmd 1!-nitl?oJM. t.\l4ridge 

u;,v~Gt1gat~~.l th.& inb.lbi·!;iMa of' cb.olinast~aao by ,pw:~:i'tbion and 

· r"(3'l.~ted compouncla r;mrl to'I.Ulti tr~lt ~be conlplmt did not snow I;i;~nifi,;.. 

czr.nt ~aversibility. In oth(~r WOV'ti~1 ·the inn1t.,.it1on of cbolines­

t~vtWe 1n t~e C{atJQ folltJWE~~l :f':irs" orde.it k:ltt~itic..!S mld wtl.s 

b:imoleoUl~~ 1.(}. * 
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Fig. 1. Schematic Mechanism of action of AChE, after l~rupka. 
(I} Enzyme- substrate complex in AChE . 

_,/ 

(II)Deacetylation of acetyl- AChE. 
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Fig. 2. Schematic mechanism of reaction _of organophosphate with AChE. 
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' . 
t =::: t=ua9 in milmtas1 

. I ~ oolat" 1nld.'b1toV' concootrtat1on, 

b t:~J. ,PGJ."Cirtntage r;aad.(;'U~l ~l.ei~i vi t'J. 

~~91~~1~ htt\\!f~$!1 . ttw i."eac~i~i'tl' ot .~ o~~3'JlOP!loe­

ph@l"t~~ -e~poun.d and 1ts cholineste:raae 1nbibit1on.1 b.oWtbY*Wt bas 
-~· . . 
\~} 

not been it;lQralt; 1attd M!l1n tn.trorl\med a 11::1n0t1c tr~tltmont f'or 

too rt,~ttt.ou thflt takes into oooount the .revel1sib1lity of the 

(H)r.lple:l. tl:t&!a. roevorsib:Llity is der»ntiettt on the aff'1tl1ty of' the 

in.bibit.in.,~ c<~out.td f."or tl:le 1i.Ct~.vo sit'e Q'f ~h:oltnester-ase as well 

fl~ ~)ll thtlit>ati!l o!t t,~bosphoJ:IyJ.~'tioll u~lo;. &). by utlU.iain~ d1f'ferent 

kinetiu ~·l}h~ds tho values for K1 (~tinity conrJttllit;J 9 kp (phQ.s-. 

f)bot"yJ.~·t:.io4'~ C!'9nstant), P,iQd k9 (biMOle.etU.r~ inll1b1ti.on constmtt) 
· (5 G) 

1'4.~ ba det(frrflined 1 
· • · 

X:t .. 't® aoatrtll}bol~;·stc~aso 1::~ d0$tl'v16ti.~ !a i.ln·•ev~r .. 

aibly ~i.W.;;:11 o'!! f'orm:'Ji a ect~J;llti~X tro~n ~;hich .!t. ia a-ulm~snd. Mre 

fllo~111Y tu~f.tll \t'l:ld~,~ 1\t.").lnnQL cont!tt,.o~~s:, 'ita sul:H~tltato •. ~$'tylcbolin&, 

o a'll~es tb41 muscle to b~ d~901f?.:?1$ed longer than \\SUf?.l il!ld gi veu 

r1$~ to ~:tleral ~tion potentil':il$ .Passini ttW"ou..a;l~ tb6l auscl:.o. Too 

r;a.SUlt 1!l a Wite'llin~ of v~ha musel~ lea.dtng to tet~.1s Qnd O'if()n­

tual par"lal.ys1s ot thtl muscle. D9atb 1n J!Q.'llmal s oocurs 11s a restd t 

at aspnylda urau:~;Gd by thil m~~al.Ysi~ of rospil'atot~y muscles. 



SirAO"fi ;.e~~1t ~z:t:~»hat~u~~t>u.e .w~stiot,tlEH~ byrl'tt•olyse_, ttt~U Jper'• 
. . 4 ·. . 

. sist~~ and!~ aPPt1l~ance ny~ol:re1s products aq be Q'bt.nined from 
..... 

. k1n.tVt1c stu~ies. !iY@(;lYsis :t?ates of these com!lQWlds. M.<i tbeh'- raeta-

bol1tes a~s of !J1te:r<~st tr.1nue ehe!11et4 l;qdlrolYS1$ dGterf!in~s whoth.er 
. J 

or ftt)t toxte l".a:1*1dtl~m will PGrrnifJt;;. 'it~• first--ora~ bmlf'-lives vf somo 

lllll.£-livas of sotae G-'l',f;ltllOll,l<)sW}U.trus W~utw,.dU:s !41 l~thasnol (:e·em.7o0c, 
~~_..~ ... •• t- ........ _ ....... l(IIIT~....-a% J41tMUI ... w;::ace¢ ·-- li&.'M.,-Aflllflli!'... ·sal!!U.Fatflli d JIFJt]A: J ..... Ad 

. · ;,~;PJi,,iG.o,. ~uffer SolutioJ1• (1~ ... ~} 
'""":v-. •• ·~•J31••~•TI'?t'"*"''!itZWJ ••·•o••~"efnti"Jifi 

~td.u.set oxon o.so D~t.on-s l8.0 
~· IJicW.ol.~vos 1.3.5 liorpM~;r.dtfJ~n l'a.4: 

. ·, 

~b2.la~t 1.75 il!l}"tex 22.4 

~r!crJ,orpbtlt'~ a. a. V~idothion 25.4 
Hecarbam 5.9 MfJnas:ou 9'( 6 ...... 
Mal.aoxon ?.o ~at~ao1..:on aa.!lo 
Dem&~"l--~fitb;rl 7.6 ~bion~itl 29.2 

~&atbion ?.a JJ!~.llfoton ~.o 
., .. hi "' -:. .. onn~ .... nuo~tm 8 C') aoa> ~):tazinon :n.o 
Pa.t' ,w.thion tfttii t~ h;il 5."1 Eth!~n 37"'5 
~"emL'llor.pho$ 10.4 P~~athion 43 .• 0 
Azit\!Phosmatl~i. 10.4 .Pbonkapton oo.o. 
Sum1Uuon lJ,.2 Cbl.or!7env1£1Di~~ 93.0 
DiGte~thcmte leoO O~boPbenotb.ion :J.lO.O 

~hiometon J:1.0 Dit:aofoit 212.0 
I 

' Met.b;tl oxy.dem@'ton 17.1 
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~tte b,1tmolys1s rate is d()poodent upon th.tJ onmdcal 

s~uc:t;ure ana rtitaetion conditions sucll as p!l1 ttm,pm?atl.U"o1 tn~ 
. . ' (3) 

kind of' ool vent user<!, $d too oJd.!ltence ot oatW.utic. reagents • 
In 11quaous solution,,· betwon tlta pH rang~ 1 to 5 many orgM()~os-

. UJ) ·-· 
phorus pest.ic.id.ea d4J m.o~t. l'lltnble 1. and 111 this vengo (;pU 1 to 

o)• -~ne variat-ion 1n pH ot the solution h~::~ P~"~Wticall;v no effect 
_ :., · . '";'· ~~···,r~-~··· . c .. ; ·t ........ I ••• , 

on. t!lo. -h¥t1rolysis r11tc.. But tile bJdrolY$1$ rate too,.oases .steeply 

~at pH h1gll&l" ·tban 71 au{! ~1 orgmnopb.osphorus p~stio.ides ar-o .aaucb 

UIQJ."e unatl!ble under alk:U.tne cont.:U.tions-. Vory good diooussiorls on 
' ( 

cbemical str·u.o·ture mnrl b:rd:rol:iaabby Qt various organopbospborus 
. J (3) (7) 
pe$t1c.idea &l!o gi'len bll Eto an\i Faust • 

\ 

fh<t' :til B.Pec:tt"a-struc-ture oort"Gl atio.n.s · ot or gfl1l0Pbotpb.orus 
_ . · (9wl4) 

~.omtroands bave boen given by sev~rat tfork~ll's • ~be first sot 

ot o~gGO.oJho:sphot"tla mvot11) tr~quency correlations vera furnished by 
~. (U) , (10) ~· . . 

M0yrick end ~hammon· · and blf Gore • -~he sa WQl~~ basad on rela-
. (ll) 

t1 vely i?(J)lf OOlUPOWids. By 1964 ~bor..11as ant! Cbittendan were able 

-to sttn"'t gubl1sbing ctorr"elations based on dmtt4 from 2000 compounds (m> . . 
. and by 1910 tfl3so w-orkws W01."$ ~l'ble t.Q pu.bl1sb ortlrulOPh.oapilo.vus 

... 
fSI"OUP trequt~n.cy cor.t:"elat.ion.s based on datlil. f'Jrora- owr 4000 compounds. 

(.l3) 
~·hom(!ls · bas r'OC$U.tly r~viaed .all. th.u o~ist1ng co:tt'relat1on.B in 

the ligbt of datt~ CrOQ 0000 organophospbQrum cOIOpounds. As a 
~13} 

r~sul..t ot tbist ~howas bas been able to deVlOnst:t"ate tb~t by 
at- .. 

s'rstemie ga"nJ..ic at1on:. of ·iine cOJn·el.~tlon.s, it 1s J»ss1blo to deduce II' A VJY 



'' 

poi.uad:·- on the 'b~~sis of tile 111 s:poot.Jrwn. lli!l 'tb.a aPJ)lictAtion ot 
' ' . (13_) (14) 
tba Cor'l"Olat.!tons given b,v ~homil!s 1 Das , bas been able to 

deduce tb.a stru.ot.ur~s of' 110 orgnnophosphorul.l pestit!1das. A fUll 
. ' 

list or c:orrela'tions wbicb h.sv.e beal'l& pro_posed is giv~n in tne 

.-t···"' ;· • 

·-~ ........ ,.,.._.-~ I. -.-....~~_..."1 .... 11: .. ,,..,.__\!WW . lloo.illlf'Jo..,_,... • 1 .. 11' ..... - • - l IIIU.65 ............ ~...--~ ... ,, _____ ...,... __ ..... __...._~ ............... _ .. ______ ~~~~.,._~-·1.-""'.-...i!.....__ __ ~----.. -~ ..... ...,... ... ~........___....,.._ . 
. ' -· -. 

a) .Pbosphoru.s-Oltygoo i;,1nlcs~ 

1) It = o (fro$)· 

f! = 0 (hydrogen bonded) 

U) P.Q...O ( at1pbat1c) 

ivJ J?.O.f 

b l Phosphorua-ilu.lpbu.r Links i 
f1 ::: G (l) 

PaS (.II) 

o) !lb.osphorus-Gmvbon !AJlk:s: 
. 1} it .... pllenyl 
U) .P .... al!ttl 

P- aia 

d) .i?hospb.oru~Ualogaa ~su 

L::J • 01 

J.a00-3250 ·cm-1 (fl) 

Ja50.lll0 crl.( v. s) 
, 1050-990 cra""1 ( '"'• s.) 
and neat' 1150 <url · 

1.000..1008 cm•1 ( v1s. ) 
l.!lld 1170 .... 1150 Cl!l.... (W) 

' '' 1 1060...1015 em· ( v. s. ) 
mld 1100 ~ 10 cra·l 'cwl 

J.2.t!~U90 f.u.a•1 ( s) QDd 
995..860 c..na-1 (s) 

910-900 cm-1 

862-674 cm•1 

730 ... 550 ca·l 

1450 ... 1426- cm·l (m) 

Zio usefUl ecw.relations. 
J.32o-l2SO cm.·l. 



It shoUld be stat~-s:d at onc<a tbt.iit not aU of these cor.rela­

tiotls ar"f~ of aqulll V1U.ua, mna t.hmt, \'lilUst m~ or th~ are basod 

upon '\:illa ex~nat.ions or large llUt.QbeV' ot eompounds1 otuars ar'e 
. . 

onLy very ttmt.ativa co~relatiori.s basad on a few compaunds or on 

compo'Wlds of a littti'teti t.ype. !rho basis or each of' tb.ose co~r~la­
(NJ 

ttons bas ba.,n well di~usrs~ed by ~homas • 

flw lliB speot:ra-stl!'uctU11'e c~Paiations of org;mophosphorus . 
' (16-lS} ' . (15) 
corQpound htliJ'O bean givan by e:evePal wo~koros ·• Dabad et al 

(~) . 

and ll:aitb et al re~~ed tbs l~l spact~a oir S(J::lS or.gauoz)hos-

pbate insactic!d.es in Ol)Ola• Coupl.!lng aons~~~ts and ehemieal sb.itts 

of some matt11l ·and etbyl. aubst1tuted orgunophospbate :lnsecticidos 

ara given 1n ~~bla-III and ~:ablo ... IV. For cQmpounds, 

. (l.) 

_whaie .~·and l~ are botb mathyl aroups1 the r~tl~Yl. peak &P.tlO~a 

1n the rcegil·on ~ = 3.9 to 3.7 Pi>Di Witb J\f .. CHa) := ll \A> lQ. llz. 
' 

Qrg~opbospb:ataa in 'fbicb s1 tmd ~ ave 'botb atbN1 show met~l 

peaks at ~ = 1.4 s.nd. nu:.rtbylene !leaks 1n t.bo region 6 = 4.2 to 4.~1. 

In tbis c~s"• the J(J?-CHa> Qlld J(l?-Olig) coupling constants are o.s 
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and 10 11s. ~he cberl11ttel. Gll1fts or matbyl Bnd ~ti\Vl twotons. are 

quite comp:n-Qble1 bet\¥u6n oqgen-eont.ainiJ.lg o.rganopbospbate 
•. . 

compounds and theil~ sutfw.~ tilltllo.{£$, but tbe cou.pling cunstmnts 

arQ S{)i'l.U~thlntJ htgber fGr eofQpounda \t'1tb a P = S bond tlt~ th~t 

vitb. a P = · Q bond. 

In m~ ctA~tflSt lt bas ba~ observed - t®tbe·l1 splitt-ing 1n 

bath the m&tbyl pzroton ,pa&.ks as Well as ltltltbyl~ne p~atts. (<ttlble-
, (JD) 

III & IV)~ ~bis has bean explaiu~dt by Keitll et at. on tho 

. basis o't r4&guet1c non.cttulvatenoe ot naetbyl proto~ due to hind-

*3rod rot~t!otl ~o~d one w more) bondD of the PllOspborus atom • 

. , 
~be ois-t.l;,.anm isot!Qlrism of orgaiM>I»rmsphorus compounds bas 

also b$tm detected. bi" l~ta. laomer'isr& 1a f'ountt when pltoapnoru.s is 
-

:atcacbea, by oxyg$n o~ ill14f'~, to a ·carbon-oarbon double bond. ~h~ · 

e1s and ~ana isomers of phosd.r1tl and 1'ha sulfur analogs are :re­

,presented by tbe lrOl!mul.a (2l and (a) and ·tb~ir coupling const:m.ts 

end ebemic al shUts ~e a11'0\m 1n 'l ~ble-V. 



-~ 

---{_ 
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' f; 

(?-) '(3) 

- Some !nterestin~ resUlts b.QVe been veporte-d to'l! 

pbospbo~~~ld$te type c~gounds in ~n11cb ~ is a nitrogen atom. 

'£ oo Ut4a GJpectPum ~~ the matll¥1 x-egion;. wben two matbyl 

g~oups ~t::l' ~ttoohed to the n!trQgen Gldilbits a p~tttern 
' ' 

obtm~tePistie of l'd.n.d~d rotation around tho p~.rtial carbtm-

.,_ 
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1&1?1~ :.;,;,D.}. 

l· 

(:laemic~ shif't.s and e()upling constants tor metbyl groups m. veri.ous or8anoPbosphetes. 

X 
,< ' !! 

lliG- P- a:. ·--R3 I 
Oll 

2 

(l} 

-,/_·.: 

~-~]··; l -~. t·:.: ~~)- -~-~ 
·--· - -- ~-....l..----------·-----·=-·---=·- - - - -

B1drin Me lie ti,Ldil.'lettatl 
els-erf;)tonrua!da 0 0 3.83 l.l.O. 

C1our1n Me M<J o<. -L1eti$ btl.'nmyl 
c:1s-erotonat0 0 0 a. a 11.0 

DDV'l? . tie l-ie 2 12-diebl..orovinyl 0 0 3.86 11o0 

Dica;pthc.n Me 
' 

tfG 2...c:thl.OFo-4 nitro 
pllel)Jrl 

s 0 3a92 14.0. 

Dime'thoate Mo ii~ ltL.metbJle alfb~ylm@tbyl g :s a. a 15.0 

Dimetho~on Me Me Lmetby'lcarb~oylm~tbyl· 0 s 3.83 12.5 
Gutblon t-Ie otl-.om-1~.2,.3 booZot.ria-

.zln-3(41).-yl-met.byl ~ s 3.76 15.0 g, 

< ...... .._~.__..__ ... .....,. __ .__,___~--..-----···-~--------..... ...----

----~---~-'"'" .. ---- , ____ . 
; Contd ••••••••.•• 
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.:table- III (Con.td ••••• ) 

·-·-- ' - ·-- . --·~1--. . ·--- r--· -·- ' .... <. - ·- ' ' ~--~~ __ b .. L~ _ _ ~.J _ -=J~--~ Joc,_,:_L~~~(~Clla) --
Gut:nlton 
(Oxygen analog) 

Imid:m 

!ilalaxon 

~lial at.hieil 

Heta-Systox a 

Mo 

He 

t!e 

Me 

lie 

Methyl. ~ar athiru.l . lie 

Matby.i ~i tilio11 ~a 

lialed 

l'hosdl?:h,_ 

Me 

!iii 

Me 

Mo 

~~ 

i-IG 

4-oxo-1,2,.3 benzotria­
zi~(4Hl-tl~m~thy~ 

Jtl.b.thalimidtwletbyl 

l.,2 diamt"lmt.llOX¥et.tl11 

' ' . 
1 1.2 die !urbetho:eys-t.byl 

2-(eteyl sulfin,rl) 
etb,rl 

4-Uitro pbenyl 

0 

s 
0 

a 

0 

a 

s 
a 

0 

0 

·s 3.81 12.0 

s 3.77 15.0 

s a.sa 13.0 
3.82 

s a.al 15.5 
a.s 

s 3.82 13.0 

0 3.87 l .. l.O 

8 ·a 72 . - 16.0 

0 a.oo 12·.0 
3.91 

0 3.75 11.0 

0 a.as 12.0 
3.8 
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X ablt) - lil ( Contd ••.• ,,. ) 

__ .....,.. ~~--t ..... :... ------,_........~ _ _.1_........,. .... ,__--...; i --- c • ·-·---+--
Compound a1 ~ a3· x l f l ~Cft3 j J\?-Cila) 

l iiz · 
"- ·~·--4 .,. __ ~~,...-:-:-:~ ... ~ ... --l;~===--:---:::=:::=:.:t..-:::::: _____ ~=-- _ ... -~-===~:::::...~..:.::~---.-:. ... _::::.:::._. ___ ,,.. __ ,~·.;..- .. ._--=-:::::::. ..... -.. -· . -- --. 

Ittelene 

:i!igUlTQll 

.Tricblorofon 

Zytron 

1._, 4-t- metbyl 
bu.ttl-2-
cbloro .. 
phenyl 

i-ia He 4-metl\,vl tb1o-m­
tolyl 

~~ Me 1-b;dr,oxy.;.. 
3 .• 2,2-:tricblorQ­
etb,tl 

i{e 2,4-di isopropyl 
chloru-
ph.an,yl 

0 :tili 

s 0 

0 -

s NJi 

3.81 

3.8l. 

a.9J. 
a.9 

3.8 

11.0 

l!!.O 

11.0 

14.0 

•co•·----------....... ___ _..,__..,,. __ c ____ ...... .,. ~... --··---·----..,....-..---...••-•••·•--•-·-----·-_..,..._....,.,,_ .. --. .,_,. __ .. _ ~----------,...------~ .. ~----.. ,.. __ ... _~..._ __ ...__.....__-.,... __ _._ .. _,..._..,,.~___.. .. -.._.._.._.._~..,..~•·---- ....... .,.__ .............. ~""'''"' ........... -- ..... ~-- .... , ............. ~~--·---·--·.-..-.. ..... _ --·--· ... -~ ........... --................ ~ ., ........... -~··· --..-- ........ ~··-~ ..... -,-~ .. -........ -...... ..,..__... -~ ........... --:----·-------~ ~ 
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C~ierd std.tts ana coupling constants for etbt.L gr-oups 1n varoiou:s organophosphate (1) 

'· 

X 
II 

lilO-r~I-23 
~ 
;(:l) 
~ i 

. --~ - ' - - .•. . j . J • 
---~ .. _ __._ ... I - .:.-.--. .. ·. 

-J"):, 
\ / 

Com~}Ulci. . I . Ba.~· .;i\.· . Sa '·J· .X : ~ X .s_ eRa I J(i'-Oiia) r· [, CU2 ·J(PizCIJ:!) 
. I ,. " '. _· ' . I ' ·t. iJa ' . ' ' 

·'· .. ·.=~==:':!=:::~= . _.........__~_.;,.:...--..,_.._._,___ -----·=··====·· =·£-::·'· ========:;::::: ~---.....--.-....,....,._...._ • ~-.......--... ~ .... ~-------- .. ---··------· .............. 4.. ..... --·--~-----·-..---..__ .. _ 

eo.aw. 

Dia~inon 

Diazo.xon 

Diozatb1oa 

1St 

Et 

l&t 

i'St 

$lt 

li'l"" 
"""" 

a..ohl.oro-4 ta$tbyl- · s 
2-.oZD-211 bOUOP.V• 

Q 1.4 

:rnm,-7-:Jl. . · 

2-isoJ;lt'om-4. 
matb¥1 
e-~1d1nyl 

2-.i~oPrQPJ'1•4'-
aet}Vl. · · 
6-pyridlnyl 

S' '0 l.a8 

' 0 0 1.39 

. . 

&t(2) Bt(~) 2.t:3-P.diOXa.uB S(2l ·~3(2) 1.36 ··~· · 

Cl.S 4.2 ·10.0. 
. ' 

o.s 4.34 . 9.5 

1.2 4.33 a.o 

- 4.1? . 10.0 

~------------,_-.. ~--- ....... _____ _...._..:__....:..=.. ... ·-···· .... -=~ ; . ~-:::;._...:..,.:::....._~...._=~ -~ 

Contd •••••••• ' 
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''~ .... 1.'!: ( Contd •••••• ) 

~· ~~~~---~ r ~. r=~~~_rr~ :~~-Q~-;~~} ... , T ~ ' JVHaCHg) 
.... .... ..... -£' .. ___ ... ,.. .. ....._ _ _....... ·-----~-------.~-·-- .. __._.--. .... -..-..._--...-----=--· ~ ___ ,_,__~~----_... ......... _~ ... ·--·--

.OisUl.f'oton jl~t Et 2-etby:L tb1oa- 5 s 1.35 o •. 7 4.17 10.0 
tbyl 4.15 

13:.?~ ~-nitro Itt Pben,yl !j - 2.36· 0.5 4.27 10.0 
pbunyl 

Ettlion ~t(2) Et(2) . meti~l$!le 1$(2). 8(2) l.JG o.s 4.2 10.0 
4.18 

~araoxon ll!t Et 4-ni tropbeayl 0 0 ]..39 0.9- 4.26 8.5 

.iJ~a:.n!o:n Et fh~ ~.t-Jlit.rophanyl s 0 1.37 o.s 4.25 10.0 

.. P.hellC tipton · · , i&t ~t metbyl.(2.1S..di- . 8. s 1.36 o.a 4.~B 10.0 
cbloropnenvlthio) 4.16 

Phorat~ Et Bt; methyl :~hioe.t.byl l~ a 1.36 o.s 4.18. 10.0 
4.11 

- ""'hi in Et l~t 2-l~azin.yl 3 0 l<''l 0.8. 4.35 9.0 .t . 011!.'13 •. :t 

~ri~bion ;lliC jgt 4-cbl.oropuooyl- s s l.aJ o.s 4.12 10-0 
tbiometby:l 4.09 

_ .. , _________ .. _.,.. ___ ,._ _ __.._ .. _~.......___-.... ----~t'"--~ . ..-.-..--.-.--......___._ .. _~ .. ---·~--·--- -. .._..._._.,. ______ •_•'"':""'-.---.-..,...,.,.._...,.;q;--~_... ..... _.......,.,. ___ ..... _.,_.._...~._...._._ .. ___ ._.._.,.._~-f"eroo..-o"•-.;--.- .. - ....... _1...,,.<Ao.r,w ___ . _____ ,..IOC... - ··-



Cb.oaicsl ab1t"ts and coupliJ:lg oo.ustan.ts in pbosc.i.P:ln isomers 
(2 ad a) 

a.se . a.?o 

a.as . a.a1 

J.·70 

trans 'rh10llOPbtH'Jo 
drill s 3.6fl 

.. 

Coupling 
oonstant 
J(003.0P) 

lb 
., '"' 

14.6 

. .:..-:::=..~--=-- ..... ..,. ....... ~:::::::::==::==~-=~-=- ... ~l!...--!-o.IW~~~::...~~:;::: .. _~-=-==·~-==== 

· ... ~, .· 
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LQng .. raDgG coupling cons1~~~s in pbosphcw'aa~itdat~s in CDoia at 
~4b1~nt ~omp&rat.ure. 

_____ _,.. ________ ---:~--....o.-~---~ ..... :.-r-··----·~-_... ..... _ .. -

SUbstituen.t 

al 

i 
i a 3 

Cougling conatant 
J(.P-N-C.C-U) 

· Hz I --:::::::====::=:::===:::=:;========--""- - ........... J ....... _ __.......,._.__~=~ ,_ ____,__._ ... ""'""""' _____ .__'!""'*""__.,__ __ ... ___ -~-~~--:-- _ ... _________ ... _...._. - - .. - .. .._...~---~--.-·· 

Ct. 

-b-et 
/cn3 

··CU . 
~cu3 

0.7 

o.s 

1.0 

0.7 

l.O 



31 l. 
n'$tl"ogen double bond. 1:ne long.,r~go P - H oout>ling c:onstrmt 
.. 31 

J.;~ P - ti • Cli3), al.t.hot~gb lflss tb.an 1 llz, is aJ..v..,s observable 

(Table -. V:t). 

A a:l.g.n1t'1ccmt .raarrt:u~nt or two bydl .. Qg·m atoms to 

pbosphorua cormec tad ozyg~ls uith tbtJ el.im1nl!ltion of an alkyl 

group occur a at tba f'iltrst. ·tJtap of tb.e tragmantat1on cf' trialk;rl 
(3) 

phospbataa • b»»OP e.M:amPl,e, triatbyl phos.Pbatf:l doo()mposes t;,'!ith the 

t"olloving <fonsenuitive 0lia1aiation or two 9'tbylene molec.utea, givin{~ 
+ 

f1ilallY t,ba intense p~ak ot lj\tili)4 (m/o 09} ... 

. \ 

(c,woo)3P~t 
mje_ 1g2 -'1')-yj.e_ 12. 1 

J-'-2~ 
+ 
P(ol+)4 , 

"'mje 99 



·~ 
'· 

!i:oo fragment ion rtJ/o 127 also decomposes in a'notber vay, accompanied 

by the e11m1tlation. ot water• ms snow belowa . 

+ - H-2-0 + -C2-1+4 + 
C
2

1i
0 

OP( OU} 
3 

Cg1i0QPO(OH) -7> OP(OH) 2 

we 121 m/e 109 m/o Bl 

B\) 

~ S(O) 

~'~ -0 
- /4 

/ (S) 

ao/ 

is comf].ex, tile successive :t"earrangement-rragroaut.ation cloas 110t 
+ + 

al.:ways g1v$ tb.e final ion P (OH)4 (ro/e 9tJ) or (W>)aPSH (a/o J.l5). 

Tbeo base peak !on. (m/o 127) tor wev1nphos Md phosphamidon. 

ts postulated ~o be formed by tlle doubla hydrogen reQrrangement 

mentioned abovu •. 



{ca3 o)2 P( o) ... o- 9 = cuco
2
cu3 

C-14.; 

·' 

;--. + 
~---'7 (CH30)g i (Oll)2 

m/e 121 

2be (Sass spetrtlttlm of J/t\l:'OO~on 1s . simU~ to paratbiol:t1 and 

~illiU. bas~ pa!tl.lt ion (m/e 109) is probrn.'bly fforme'd by the reac-

tion shown belov ~· 

+ 
-----3»- ~u5o P\O}Oii 

.-2/e 109 

Ptn"ao:tou also g;1vas rcla.tiv~ly int,znso p@f.lks or l·aarx:ariga­
- + 

ment fragment ions.J?(.mi)4 (tt/e 99) rm.d OP(OlU; (rve Bl). · 
., ." ' + . 

,A\nottiar fragment ion• role 139 (lio.c6n4I~i~ _>, raay bH fovi'aGd 

clue to o< -cl<~avage of' the- mo1&tul.f4..t- 1on w1tb hy&.-ugen 
'·'•'{ I 

·~~ .\ 

Dimethyl pilosplwrothionates such as· parathion-methyl 

a11<1 fen11trothion also give a fragmemt; ion of we lO~~. l-lore. 

ov~~~ tbesa m<~tbyl @stars, almost without eJt'CGption, give 

rr flittUG.llt ions or m/ e 1251 1)31 791 63 and 47. 



I 

-~ .._. 

·:~_ 

prol;oably dua to o( -cleavmge., ~his typ& or fragmo-.n'tat1on is 

most cont>ton w:Ltb almost all phoG{)b.®u.a t:Jster.s, incl'J.Ud1ng 

o, 0-dialkyl pbosl,'lllat!'Js, pb.o$Phoroth1onatetJ, pboa.Phor.othi4Jlmtos, 

plaospbot·oditbio4ltes1 Bn!l al.so tl.alkyl alk]rlpb.osphonoditldoat£llS 

such a!S tonafos. 

+ 

diazoxon 

+ • 

. } : ' 

I. 

f!J/o llO 

+ 
(¢gU5o)2 PO 



--{ 
' 

(22) 
Cooks and Gf!!rr~d . obse~Ved that 1n CI.M>& of' sow$ phosphol?o-

thionatea a tb1ono-thiolo ~e~_t-ran~Gtwmt ma1 'bo indu.uad by 

electron i."'P.aet betore GUY f1tSs1on ocours; 

In or'IZ:nllOPbosphol.,Us past.1c1dos having a P-a-alkyl(Zl 

bond, (;> ..cleavage at tho s-alk:yl boud taH;es olaca very etten 

to form a rolativ&lY' intense .!)Galt with tho charga on tha ~ 

moiety. ~be base paQks of malathion (m/e 173)1 .tmoamet 

(rfi/e 160), az:tnpho~~tbltl (wo 160} carbophenotbion (m/e 

lffl), atld k1tamiu (m/e 91) ~0 all dUO to tbo (3 •Clt'UlVQg~. 

m/G 160 



-.~ 

1t 

m/e 91 
' ' . 

Iu some compolJJlds, ·tna p -oleavage oocu11s accompanied witb 

X"eia:tl'angement. ~ba base ;P$a\t of' disulfoton (m/o 88) may 1'e 

clue to suub a :uearraug~ment forming tetrabydrothiofw.•® ion. 

·.-r-. 

d:tsuJ.foton rVO 8B 



The OJ: (chem:1t.lrd .ionization) mass spectra ot severW. 
. .. ' 0~3} 

organopbos,pb.o:rJus .Pesticides WeJJ'<it ~leo report<~d .• 'ibe 

de·termin~tion· of'· ;;;a·tastabla tranm1tions in the mass spectt•a 

~t Abate and l~ic apthon by dit"oot analysis o:t daugbter ions was 
. ' (ft4) 
als.~ report0d • 

,1 •• ,~., • ::· ••• , '. 
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6. 

7. 

a. 

9. 

10. 
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l. ltliiaOOUCJilQN: 
I 1 t •-•• iill! ••••• 

• ' f ~ 

D1SOt)VGrY of mal1g~1n cyclic pt",osapbate a.s a biologicallY 
' (l 2 3) ,- . 

active tuet~bolite af'"tr1 .. o-ul!'asyl p.~spnf!\ta (1'0CP) ' ' has led 

to tho axteons:tvo ~tudies on eyntbesis1. chemical and bioloa;ioQl 
c·~,~,.f;) 

Pi"'OPel!"ties at many t';\~latea OO~i>QWlcla • :lnalogeus cyclic 

phosph,:1"us $Stiers hG•.ta bElen synthetictd.l¥ Pl"f)P,Qred :tror o.x£1.Q1nation 
. .· · (~,7) . CB19) 

of their cha!ll:i.eml p.lloperties · and- biologic& activities • 

~be biological acctvi~1ws ~-$ not ml.~~~e C¢d.tX11dent 'dtb the che-

mio.al. reaotti.vitiGs and B.PJ>e$ $u be inf'J .. uence!i by> the size dt an 

e:too;velic BU.bstituent on tile ,Pl'lespboruftl atom. ~he ~OC1)-metab0l1te 

CH!!:UBes atf.Ud.a in nens bu.t llm.s no insecticidal activity, wbile its 

alltdogous c1c lie :EJ)ilOsphn~t~s -cl?l'l''Ying a. small alkyl gl.'l'OUP have 
. (lOJ 

, inseeticid~ activity . • Amon~ tbQ sa1.1ge1lin cyctlio phosphorus 

eompouncts1. slllithion \2-mtbo:my~lH-l,a.,2-'banz<>di~aPhosphol"i~2-sul­

pbid.e) bas 'beon pr~,Peved in a .large quanti t;y nnd P»'ll'..Ctict·ual.;r used 
' (~,5) 

as an ~tseat1ctde in Japan - • 

~his l'av:t~w d(:)SC~1bes how ael.itl'lion has been discmrered an,d 

developed acs .prf.i.Cticrd. i..."laectir.tide and also the cbelllie·al1 1)$sticid:al1 

biological and otb.~F prop~rtios of saligenin cyclic pbosphoru.s 

compounds h~W@ basen <!tlseussed. 



J:t vns tbf!l ;JOiJJ'Z 1930; when about l01Ck?O people in 
e. 

1JSA W0lJfi st~ikon nth t1 tlaoc id IJ-rd.ya1s ot ·the loWl)11' 
. " 

limbs about 10 dcq-s afteu drinkinm an adulto:vmb!ld f'lutd,. 
' ... ··. ·.' (ll) .,. '' '1' 

extract ot <~in~e:v .... l'Ms was Qua to tb~ phosphate tri-

estGr of ol1tho-~r~sol, sQ e$lled ~uc.P, a oo!lt.aminant pr~sent 

in. the. a;ing~~ Qli!troot. Atso a a1a1l.ar big outbreak ot para­

lysis took pl:aC0 iu 1959 (U MQVOOco) from cooking oll couta .. 

minatati wit.b. too lubr.!catint oU Qt tu:rb~jot ai~caraf't 
(JJn . 

eug~m •. ~his 1!1tila QJ~mo duo to o..cresyl phoapbat.i~ (~<JGl!i) 

poisoni~lg., Zbe gbaapb.at~ tr;:J..~stors of c:t-a~sol b::Ne b$00 

t<:idely tls.Gci in ind.ustl .. i~$ al!l .Pl$at1o1~ars,. J.nhricants, 
. -

solvents, oil addit1Vt!!S and fit•e..ret.ardantGJ. 

;~ 

Booausa ·-ot.. V¢irt $)ensit1 ve to the delayed neurot,ox:!c 
" 

, action of org~pbospn~us . eompoutirls1. hf~ns bavo 'bee!l usaci 

for tts assay or the J:~Gt.trotox:leit;v of tvi~Yl phosphate. 
(l.a,l) ' 

JUdridge and B1u-nes obsU1'J'wtl that all neu~otoxic 

triarul phospbatt~s e:«tept\ ·tr>i;..t,.,.~tbyl ph~.nyl pt»sPhG\t~ beve 

at le;.;u;t one lllkyl gt"oup c.arryitl'l1l tho c:< -hyd.t•ogen atom on 

too ortcw pamit1{>I~.. ~t'bis atrua~\.ll!~neuuotoxic1ty .t•elatlon-
1 

ship. ot tri~Ul phompbr~J~~s is clearly tmd&trstMdabla by the 
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isolation and c.·uaruater1i~ation ot the active metabolitiea 
(2 3) 

of ~OCP ' • the main autiv-f) metabolit.tl (M) ia ortbQ .. tolYl 

sal:lgetdn eye :tin pbost;)bate (2-ot'tbo-tol7lo~ -411....11.312 

benzodioxra~bosgllor.tn-2-oxitia). It is extl7~d1neu.-Uy activo 

1n all. tbe l::d.ol.otgietd ~~rogerties si1Qwi1.b,r' ~·OOP; tbis compound 

(M) is about 100 tbles mo.vo po·tant to Cati!ElG ~taxifl in hens than 

'l OC~: 00 · pot$nt.iatqd tbe to~ic tty at mml.a.tbion lOfJ t!mes by 

the ~'lS$ at 30 mtr/k& in !'dee, Wbile !ffJC:i? 4 time.s bJI' the dose 

100 mtr/kt;; {~J is Qlao ten td.ll!on times moro .acti v• than 
(4) 

~OOil :ill tile in vitl"o .:tnb1b1t:l.oll ot .Pla~a cb.olinostorase • 

~ba C<)UVttcsion of i"OCJ? into tb~ cyclic phoephatG:Pro .. 
(14) . .. ' . '. 

collids via two st.ops as sbot~ m .i.i"ig., 1 a \i) tna h~M.l!'OB1• 
.I 
i 

lat.ton ot the m&tbyl ~oup Qf' ~OOP 'by the aixo~.funot.ion . 
o:d.dases (mt"ol mtd ( 11) the eye lizmtion by !ntrn.moleo.ular 

trtm.spbospbo:rylation at tne inte~d!at(l!, di-o-to4rl 

o-( c<-~""droxy) ·tolyl pl~<lm~hate, lo~avinf§ Qne aol.ooulitt or cres<>l• 

Xhe l$to1• reaotiot~ taltom pla~:HJ &o-wly in sponttan'SOUa til~~~~ and 

is grtDatl:r acweleL'atfld 'by the prosanoe o£ Pla:.tmFJ ~bum1n • 

-: ... 



·--( 

(H) 

!nus it is rlltion.al t•> pr<~mwnm that ths triaryl phoepbotos 

no.ving an o-P.U.k.Yl group td.tb tile ~ -b.VdJ!!ogGn atom may be 

s1mllarly me~~bolized ~o give th9 eor~esponding Qet1ve 

cyclic ast~s. ln tha cyellzat1on reaction, no aLkyl eatm~ 
. (~) 

group part.ic~1PatllS as thG !Havins ~oup • hJtu.alJ .. y,_ no 

at•;Yl but $lkYl saligc-!nin cyclic phou;philte is formed JA.1.A"R 
' (lG} 

from alky~ d:L-o-tolyl ilhospbates •. _ :Sucb Eaat~bol1o 
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~etiva,tion ot 'i:OCP or its aJl&logs have been observe<! in 
(M) (~) (D) (~) 

rats it hens • cats and insoota • 

1U1 aryl. sal1geuin,O ctolic .tlb.osphates have showed no 

insoot1cidal ootiV'i'tV ·but mm.tltteetGd a h1gb delayod n.~t.aro­

toxicity to cause Qtm(ia in b~us; stWP~isingly the corr<~s­

pand1ng cyclic este1"~ (both P = 0 mld P = (S cg;>mpounds} ho.v1n.g 

a anaW.l alkyl ~roup on Phosphorus rGvealed higti insectic1dal. 
. (2,8} . 

aotiv~l'ty • · 

As a r.'a$tllt of' the aforesaid research rtSalithion•• 

(2 .... mGti1oNY -4.IL.l1312-'tulnao<tioJtagh.osph.o.t•1t~2-sulpb.ido) • an 

oJ?ganopboapborus :lx~aoot,;icide hQv;ing a unique cyelie estet~ 

structure was a1ooovGL,.el'i by the J)es't.1cida r~sor~ch. group of 
. . (:LO). 

i\yu0b.a Un1vers1ty in J.OOJ. SalitJ:J.:.tcn was developed into 

a comtUercial in:s~etic·1de in !1968 b;y St.i!ni'tomo Cbem:leml Co. 

~titn tb.e oo-oporat.ion of ~oa-Noyaltu Cr;. <now Kumiai Obet:Ucal 

Go.) ar1d i~1ita$a Cllemicol Co. ot"' J'aplllJl. 

s 
II 

OC
-....___p __ OClla 

l . 
. 0 

Salith1on 



~be cya.tltc PLAOsPhate and ,phospht)n.~te ester.s of' saligenin 

a11e ret:tdily fflflltilQsised by condenmat:ton of smligenin:i€· end 
' 

substitut~d phosphor~~di~hlorides in the prasence of a dehydro-

ehtor:lnating tal~\itnt soon as tertiary audni$ in a <ir1 solvent, lilte 
' (6). 

ohlorof'ol?tll .or toluon~ at low tel!lper n.t.uro • In some c :.uaos 

where the r{}ootion is affected dif.ficultly by us1n~ tho tertiary 

amine,· tllG rtJao.t1oll bas been made to tll'OOeod by heating the 

mixtl.U"e f'or ~0 to 20 ho111!'s in tne presenc.tll of anbydroua potassium 
(lEU · 

Car'bOOate ~Oi'£$t.pe:~ ~i tb CO,Pp&:l:' pt)W'der'. :1J1ste:ad ()f teJ.St.iavy ri ·: . 

amine. 

, SUch C<).trlpounds1 which at-e difficultly produced by tho 
0 

method emPloYinf1: a •-tiary tlllliae,. include the cQmgounds having 
\ 

X = a and a• = ttath.o:tY in f'orunll..~ (l) and X :: a, ai = U and iil 
= . alkJ"l eont'ainlP,g l'lU)r'e t1Wl. one carbon atottt or sl. = J:~ = alkYl 

1ri the· f'ormut~ (II). 

(I) (II) 

() 



-{· 

~~~a pr-oc$sS uttln,s l)otramslwa c~bollrat0 1s ~ade_ to prooee:d b;v 

a raactton b$tlfG~!'A~~li1Ui\t SAnd solid pbmst)s~~ ~beret~~t:r even 
' .1 •• 

if' P.Otusi:ur;a o~bQuattll1s emploY~{l as t!n.~ly d1v1ded PQlfd.er 

form, it otten caus:es 2 ~emarkable loWm?'1ng and tloo·tuatlon 
(19) 

- ot ths :;-told • frbU.~ ~1t.ll1on was; t1rst ·grepar$d with 
' - -

1119ollsisteilt al~d, of'tllft, V4n~v low yield bY h~ating (9000) 
- ' . 

sal1genil)~:f 'an.cr tfl()tbyl pb.ospborod1cblor!ttotb1onato in tolueno 

t:or 1.1 lQng PQlr1od (t~ore tntm 15 boura) in the p:voestmtlo of 
- -

:fhls d:Lt.ficulty, hn~ been htJwuv~'l"t overot)tae later 

'by applying tb<a Wllll..:.~tnf>wn ~i10tten.-Baumann ao,yl.~tim~ .lilll'O• 
' 

cedar$ u$111~ an tnQueoua solution or so<Uuna bydroxide (Fig. 2) 

s 

---?- " I ... \ce-_ "'.P -ncu .... 
~~ __Jol -



\-'. '··-.-

Some t..;:rpP.cal e!JZtamtllas at?t3J given bolow• 

(a} ~!lj!hl;;m£.t.ilO?fl~}..J.3.1.~kel!.~~'!~o,!_!!P,¥.sgb.!t,.:.lp-E-

6.3 gm o-h.ydr'o:q benzyl alcohol was d1ssol ved in 3()..40 ml.• 

20 percent (by wiilligbt) sotU.Wll bydl"OJ£id8 aqueou~ solution. Met.nyl­

tbiopboepllorod1cblot~1d~~~o Uii.3 ..... J.1 gm) Wtls thon a.ddoo dro,pli~s9 

to the ab~ve (Wtur~ at about 10°·C vitb oo~~·tant \r$.g0i!ous stir­

ring. t4tar too adcU.tiont stiza.t~ing was coil.tinuad tor o11e ho\U't 

as a r~SUl t 1 c.t•ystllls Vel' a separ·at~d. flO £1\1 of' oblc:worox-:ra <>r 

toluene 1r1as addSJd to tb.o l"Gac.tion· !U:btture and the stirring was 
-

continued f'or nddit1onal one boUP. fha OV&t;tm1c layel' was, separa-

ted and wasl'lei:l witb 2.~' sad1U..'t bydroxide1 o.s (N)llCl flnd v~te:r, 

. and dri&d ovel"' $1bydrous fiod1W4 sulphate; the solven:t was then 

remoVGd at reduced presstme1 and tlaa sr>l.ids 'thus saprgated1 WtU-o 

.r'Ocrystall1z@d :er.om metb.ranol to givo 6.5 ... 7 .a ~ (y1old 60 - 70 

pGraent) pl..U"o cr~n~tals of' sal1thio!it li.t-.. 52°0. •lat~ltbiUll'!llos-

(b) 2-al~t;o.&tB!~aMo-c.Jlblta.~12,~bp~~~<tiJ>~aeh;os,ano,a:,i}\ !-
J!~Rf\&da : 

~base compounds were pep:u•ed by add!Dg: l l!lals 5-nitro 

saligenin 1n dried aoeton$ cU'opw.i.se to a mixtur$' of alkyl tbio­

phosphorod1chlQr1date (l lllOle) and anhydrous potaas1w.a 



-~ 
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carbonate (2 moles) in .we'ton(ll. :~t -sO to +f!PC witb constant 

vig~ltous stirring~ After ·till addi:t.l.onal stirring p~riod ot 

l - a hours at cP - f:Pc,. the solids wmre filtered out of the 

reaction mixtw!e. and tiltZ~ .solvent was removed at :~.•oom tempera­

tura. ~he 1"-QS:lc!ual. solid mas~ WQ$ dissol Vati in ethy1. aCetttte 
. .- .... ,., ·. . . ; . . . u 
and waSJhe•i with ice cold water mmtaining 5~ sodium cbloride. 

~ne eb.tyl. acetntJa phase w~s l:rophilised and the solvoot was 

removed at .reduced pres9Ul1"(l• ~"ot• tiGtllOX'}I CO!aimUlld a S0041-

$0l1d deep..brt:>tm Pt.aGte was obtnrtnea; after at®t.!ing for several 

day a, thtt e 1 .. uda mass was solidlf1ed1. en<! tho aoltd, after t:IUhing 

soiiaral times,. wr1s recry$t~tal.lizod from ~thanol. All oth~r 
. (21) . . 

co.mpotmus were soli.da e 

Saliganill cycl1c pbosphora.midstas and pbospboramido.. -

thion:lt;os were. s;rnthes1Z0d fr{)U.l sal.igtmin and aPI?ropr1ate 

phosplloll"tlmid1o d1cbl.or1<i@ by tbe ~tion of proper dehydro­

cb.lorina~inei ament. tne r~ootion of' sf41gerdn witb rcoot1ve 

dicbloride as taono ... alit)f1 pbosphor~dic d1chlor1de ~d some 

otbors ~as prooeEa~ded b;y the aot1on of tort1er,v am1na sucb as 

gyr1d1ne or t:t,ietbyl:amine in cold. condition. L1qu1d d1ehl.o-

:rido was usuall~ added dropwisu to tbe. tnixture of sallsonin~;';and 
~ 

the base in cblorotovm~ 8ol1d dichloride l'1as howove~,d:lssolved 



1n cold cblorotorm 'd. th sml.1genin1 tb.t~n the am1n.e· was addQd 

dropwist! to the ehill.ed ~t1xture. When the d1cblor1de was 
. . 

le~$ TQ1.l*lt:tve a.s ~most all phospboramidotb1<mic· dichloride$, 

beating . the mi:ditlrQ Qf: ~~r.acte.llts ln toluene in the ~asencH~ of 

anbyc!Vous potsfJslwa eavbOll:ttt:a and copper powder \fQS usetut. 

~ypic all¥t 2-mtltb)rlaralu.o-'-U~l,a, S..liienzodioxapbospbortn-2-o:M:ido 

w~.a~ pl-•lPat"eil in tb.e tollow1n~ p.voeed\lr() ,c, ~o a tdxt\U"e. of 
' ' : .,. . . .· ': ~· . 

sa'Ligenin1. 9~2 ttm., $rletbyl.atA1ne., 15 · gtiai ·.ana 90 Ill. chlorotcwm) was 

dro};Wise added l.2 gra ~tbylpbospht#~tilc dicbl~ide \d. th stirring 

and cooling. ill an ice battll. 'Af'te~ thtl C9'l})let1on ot" ad.c~:ltion, 

the reaation lil~turG waEJ k~P' ovarntgnt at room teaperature,. and 

then ·llaslle<t saqu.ont:tallY with ic~-wo.te.v, d:U. HOl ~id1 aq. 

aodlua bic~bonato soluti~n o,ntl 1c:a-wmtol1"• 2be solvent was re­

movod in. vacuo at~e.v drying o'l/el." am:;vdr'otJ;a sodiwa suJ.Jhato. Crude 

crystals were rflerystal.lt~ed f'rorn benzene to 11e1t1 pur~ cl?ystru.s. 

nle.P• S'JOC (8 gm). Phosgho»amtd1o tmd pbospb.oramirlotbionic dlchl·o.;. 
. 'M) 

ridos wem) p:P$p~ed G.Ccol"'ding to M!tchl\el.:t' a ttU;tthod. 

. . - -- ("25) 
(d) Sali!entn;· Sl'O·l.1c Ph.oaphorotbioltltem :· 

t 11ft .__ T . ,.,_1 ;.D!$ iJ 1 P • '·. .1 lilt • ¢1. T f. 

:Pbospilo;t,.odichlor-1tlotll1o1lltas ~Gt¥rted witb saligellin 

in the .Pra~<~~~ of st)lven.t and P¥rid1ne or otb.GJ? tertiary 

®tina at rocim tE.Uaparatw.-o or at about 50°0. ~-he products 

war.4i pt.U~11"1ed ·b,y d1stUlation in, ~ oro roor.vatmllization. 



:f~pically, 2 .. i~\ilth.Ylthio-4U• 1;312 ben~odio:tapbospborin-2-

oltid& Ufi':BO) cum b$ .P»''i~P$rOd in tba following procedure: 

. To a tuuturo of' sril.imonm (6.2 gm)1. PJI'l"1d1uo <a gm) 

and chloroform (lOO Sl.)J was added dlrtlpwise ~atbl'l pboaplm~o­

dlcbloridotbiolate \8 lf3J 'lf1tb stircing at 20°0. ~'lrt<W 

stil•rin~ f'~ ~$3 houvs,. ·the rtiinetion. miXture was washed in 

sequ~ance · \flth uat~~. dU. al.kal.11, · iiii~-, ilea.. acid an.d water 

and dl"'ied over Qllbydr-ous 3)tiiwu IJUlpbate. ~he solve11t was 

remOtved under ttod.uced .l}l"Gttlmll~e and. t.be :ttesidue was distillud 

J,n.Jl®Jm t'l give a.a ~ ot oU Cb.p. l4.W-l45oo (O.l • Ug)J. 

'l?ha oU solidified sloWly at ~QOta tomporoaturo (m.p. of pure 

f4'lBO 4\40C).· 

A mixture of' mQlithion (20 gza1 o.092i) oole) 1 pota­

sttitml iodide (3 gta1 o.~lB mol~) 1 •:stfl1l iodide (9 t41 0.~45 

mole) and diM@teyl f*oruu.-1t!e (20 ml.) W:its kept at t$rGpe~ature 

26°C tor 24 hours. flle mixttn?'f~ WtaG thoo c&rof'UllY cogoentra .. 

. ted to ~avoid complete ttl.1'yooss ill..Xas:JAQ nnd dissolved in 

chloroform (5t) Ed). Chl01!'of4:ll'lll solution wns w.aslled ~tl th 

water (4 tlmea.l and dried ovoo:o anllYdrous sodium $U.lpbatt~. AtteJ1' 

filt-ratio.'11 the 1tilbt~te wan evaporoated at reduced pr<l>ssuue 

~o t~ivs n~J::ao (3.95 gm) in 4.5ib yiol{1. ~he resio:u.e was solidi­

fied on coolin~. MZ:eo was roo.l!'Ystall1~ed troa otha.not · .. ~t -.15°~. 



2-substitu*Gd-4U-It3,2-benzod1oxapbosphorin-2-sulph1des 
' 

including metho:;cy" (salith1on.),. Bl.kylamino1 nlkylthio and arylth1o 

de~i·vatives VOlJ'e &~Dtlui)stzed 1n good :v"144d by th& aPPlictt~ti<m of 

Schottrm-Daumann .acylation raootion (protHltiWJ$ 'a' given above); 

'this method wee; vwr~y usGi"'ul f'or the p:r(~praration of' O¥<:lic estHl"s 
. ' ' (27) 

wnieb Well'il tU.f'ticUltQ pr~pat"ed by m ttdtiary ·amine m~tllod • But, 

· 6-nitro dar1v~ilt.1ve.s C:!Ul ba best pJ!ep~ad blf tho procedutte 'b' 
' (21,22) 

mant1uned above • 

27,2s,aa,ao) -1 , • . ...... . 1 l ,.......... · 1n · · a Val."a.aty oi sal,.geu.w,. cycl c P•lOSJ>.a.&u.a,cU$ es-cers . 

good numbers, which bQV/l b.snn pt"~ipatled tm<l ex~ f'or insoot1o1del 

aotivity as W$l.l am otb.oc biolo~1ctAA. propart1es. $neu in.volve 

,phosphates,. phospilorothiol~tes, pbospno~atai.dateQ1 pllospbonates and 

tneb tb1ono-Malogs. f\ comprehensive but not a eomplett:~ list of 

sal1gan1n ~Jld l~:lng sub$titu.ted snl1ganin cynlic. phosphorus esters 

" ....... t,.. "" I ,!! ''"' '1"'1 I .. ,. ..., s gi van Ma :s.: f:lwle- anu ~ au · o. · ""• 
I 
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0011
3 

H S. (8) 55-56°0 

ilc.t13 li 0 (P) llQ...., ~/0.05 

o-n-Cal~ li 0 (l?) 1~9-32°/o.oo 

O..ll-C4l'o 
.... 

·11 0 (P) 160-4P/o. 05 

oc2u5 
.u . .g (?) littUid (not <i1s1~illed) 

00685 H 3 (P) (a0°) 

C6ii5 u 8 (?) (37°} 

CH3 H 0 '?) llf10°/0.5 (35°) 

c.~ ' s u· 0 (P) 143-9°/0.3 ·(25°) 

1 .. c3~ li a ·(.J?j.' <aoo) 
Sae-C41ig a 0 \P) 110°/o.a 
t-C4lJ9 li 0 '?) (74°) 

cu = Cl.~ ll 0 (P) J.550/2.6 

CliaOl :u 0 (?) 160°/0.B (61°) 

Contd. ·" o •••• 



tabl$ - I ( Contd .• • .... ) 

ella ji $ (V) 130°/0.6 

~as li a (P) 1200/0.6 

-~ 1 ... c3u7 a s (l:t) 
: 

100°/0.6 

CHaCl . ·u s (P) 146-155/0 ... 1: 

OOH.3 a ... Gn3 {) (P) 139 .. 140/0.3 

0~115 6-0ll3 0 (P) 152 .. 156/o. a 

tlOH,a 7 .. cu3 0 (P) 109/0.05 

OOgH5 7-Cl!,a t) (P} 112-llB/.O. OS . 

o..n-Call7 *'1-CH3 0 ;, ( ].)) . 141-147/0.1 

%1i6 7-CH3 0 (f'} (93-95) 

i~HC!i3 ? ... t-,ua. 0 (1"') 'l4:f>-J.46) 

OOHa s .. ca3 0 (?) J.l..q..l.a0/0. 6 

oc2Ii5 a ... ca8 0 ,, 0) \ ... · :165/0.6' 

OC61\; 8-0li.J 0 (LJ) . 1~15-140/0.6 

OOU3 e ... CL {It (l;aJ --~~~2/:0.2 
-· 

oo2H5 6.-Cl Q ( j,;)) 160/0.2 
. 

O-n.-c3117 6-Cl 0 (ll') 167-169/0. J.5 

o..n- c.~..a9 6-Cl 0 (P) JB?/0.18 
CO¢ • 

oc6n5 6-Cl 0 (l)) (890) 

NliC»a 6-Cl 0 (P) (l4"i0 ) 

ooli3 8-Cl 0 (P) 17{l-l7JIO.l5 

O~li5 B-01 Q (t)) 151/0.1.6 

0-n-C;Ju.p a ... m. 0- (9) 183/0JB 
---·~_ .. _____ _,.,.,___... _________ ., _____ ~-..-.--..... -

' .. ------.... ~~ --· ... -... ...... - .... 4 .. "'--------.-.. ... --~-.--.--..__..,_...~ .. - ..... ~--.,_..,_........_.._...,., _____ 

4 -----.. ---·~ ·-· ... -~--.------
' . 

~..? 4 



1.~ .= .1 ( Contd ••••• ) 

a · • ·-·· · ·1-A'T""X 'l~ :;.,;,;;;~~~-.;- b~;.o~; Hg (a.p. Oc> 
·~---· -· -···.-:..•:t:::-!0.-.d__ _,.. _____ ._ ·~·-···· ... ~--, -----·~-·------~ 

o.:t.o3Ii7 9-01. () -(P) 137/tJ.04 

QCeHs 8-Cl 0 (P) 200/0.52 (540) 

tfHCiia 8-Cl 0 (1?) ' '' 0 \J.2B,.J.29 ) 

oau3 a.CH3 ~ '(S.) (31-35<») 

oc2a5 6 .. Clia s (S) (71-?2°) 

o..n-Cari7 6-Gli.a t; (S) l58-l60/0.2 

ooa ? .... Q.tia s (S) lt~~J.tl?ff/0.65 3 ': ~- ' -. 

0-11-Cs~ "1-CHa .s (5) l40..l.tl2/0.65 

OClia s-Ctla s (S) 68-70/0.15 

ac2u5 8-CR3 $ (S) J.OO-J.Ot)/O.J.S 

o-n .. oa~ a .... cu3 lS - (3} :LaO.J24/0. J.5 

NUClla'· s .. cu3 a (S) (aOO) 

OCH3 6-%~6 s un Oil** 

OCgll5 6-%115 u (l)) ou•• 
o..n-a31~ a .. c6u6 s ( {"J ~· .on•• 
OCU3 6 ... 00113 a (H) Prulte•i') 

OOH3 6-COOli;; s (H) Ptlsts•• 

oeH3 6-~;1 6 {J?) 170-178/0.2 

rifleR a 6-0l 6 (i?) 176-:W0/0.25 

Sella 6-Gl s (S) 160-170/0.2 
'-

. OCtla 8-0l s _,(\S,tt) (?2.73()) 

r'4liaH3 s-ol s (?) (46...470) 



1f\Qllf!.. .-••. & (Contd• ••••• ) 
....... _..I!; ~p T Q IE* '"' .,.,._ 

sca3 a.Cl 5 (S) 011~4 

oon3 6-liQa G (S) Paste•• 
· .. 

ocu3 6-Cl · s (t)) Pas~e•• 

a-~aBsl (-~ 

~J (8) 

~lL tt tl B (S) Past.eS• 5 

O..n-Cali7 
n tt a (S) Pasteiilt~ ... 

OCii3 s.c6H5 : s (S) ,l)aste~l!li· 

a .. Cl ~ 
Q 

0~115 fl " a (S) Ptlste•• 

--4: O..n-O;li7 · 
rt n iJ <n> Paste~* 

OCBa 6,~; .. m. 3 (I~) (57-00°) 

0~115 n 8 (S) Oil*tt 

UHCiia n s (G) ():U.if;$ 

SC1i3 il s (S) (69-70°) 

S~Ii5 J.i $ (rl} 
~' 145..147/0.2 

S.n-·C~,l~ li ·s (S) 145-160/0.25 

~ ' S-i·CaH7 li a (S) l40..14J/O.l . 

3-C2t,.li~c~ u "'' (SJ 31!0..147/0.3 ,., 
-·· ~ 

. ··~n-C. . .tfia ii $ (SJ 1.60-167/0.25 

S..C6li5 li s - ($) (~19-80°) 

SCHa J{1 0 (P) 144-145/0.l --- ~ ... ---~ ........ .:.-•• ,4< .... ·~·, -.,_.,,..,..,.,.. __ .. -, .......... _...,...._.__,_..., 
:I: • '" .. ,.-rp ... ., ---~---..,~.....-~-~·· 't il ... ·-·· lp .. ,__..----~~.___. 

---( 
Contd.-........ 



"~ 

T~r.tbl$ - I (,Cnnt<i •••• •) ..... _,.. 1 

sesn5 
B G (P) 140-145/0.04 

S..n-0~ Jl 0 (P) 145.14'1/0. 07 
• 1• I .· . ' 

~ 1 ." H ;:,.. ... ca 7 H 0 (P) J.5t)..l00/0.l 

!1- . "-'\• ;,..n.c.1 n9 li ;J (.P) 157-160/0.02 

sc6H0 a 0 (P) (88-89°) 

• Pyr-id.ine (l,:)) 01 .. aqueous sQd1um lllftlV"oxide solution {S) was usEid as 

doh;fdrogen chlor1d13 agant •. 

** ~oose oumpowld:s were ptW1t1ed th:fro\~gb aU1.u1o ;;t01d column cbrom~to .. 
. gll apb)". 
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K-19 

1(..35 

K-.37 

: . ! ',·, :.- r -· 

Cli3 

Oiis 
n-o3~ 

1-<J:lH? 

n-~1i9 
C6Ii5 

Clia 

02U5 

GHa 

c2au 

11 

11 

li 

li 

li 

H 

cu3 

¥u 
B 

a 

CU3 
Cglla 

0 

0 

0 

0 

0 

0 

(J 

0 

s 
a 

A 

A 

A 

A 

A 

A 

A 

B 

.A 

B 

(87) 

(68) 

J..'l6-J.40/0~ 5 

(S4} 

(46•47) 

,J.al-133) 

(JJ!l) 

133-6/0.5 (44) 

120..123/0.2 

Undistilled 
liquid 

llB-122/0.2 

110/0.2 

ifltarti:~y amine (A) or patesii~ <tal'bonate (B) Wail used as 
da~drogan chloride ageilt. 



6~. C:betni~l:al and Biological. 1~~opfl1.t"~i()a of Sal1th.ioxu 
I I I t• PMti fi4 l ..... U f .• 8 t ....,....,..,.......,... ... . I I ll"ll.l'WI •• 11 ...... 

lie'ra we conc~n~r ate our (tiscuasion to tile 1mpot~t.ant 
.(5/ 

p.ro,P@l"'ties ot ·suitb:lon relatinm :to· tt:; structure, chemical 

end b1ologiet1l'propert.ies. 

L~e ,s~ithit'n is a .eolourlGsG ery~talline pot.fdar: 

m.p. 55°-SGqOf wootd.etj~u.:r inmolublG 1D lfatel" b~t easily 

cclu.bl$ in ae etroll~ and berwantt,, L1Qder a.tely soluble in 

. cyclobexlri!.ltl, toluens and xylGno; v.apotm pr(.itSSUDe lQ 5 x 10-a n'l!!!1 

. Hg at 25°C;·. W .\..max ma( ~) 274(860) 1 2a7 (860). Gal.itbion has 

a ebaracter1at1e_ IB band ~t 10'20 cna'"'1 for P-O-t1IL~ 1n the · 

h~gt~ro ~ing.. lilt.tt 6(Cag) PPlil 5 3.76 · (311, ·doublet·, ·JPH = 14 Hz, 

Clia) 1 5.-21 (2H; dt)Ublet1 J~U = 15 Hz; CiJa) 1 6.8 - '1.2 (4li, 

mUltiplet, '13eU2anQ 1 .. 11~gJ. T'b@ rni@lml at uppt~r, ~1tild of' 'the 

doublet at 6.21 PI,m sl.igh.tly splits turthar (1.5 Hz)'.· ~his 

b~&.com~ rfiUC~ s1~tn.i:f1tJE.'nt .at !0Gao0 a• BUgmestin.g th~ nmthylenf' 

plJtotons UiA , li,u) at1t! not· ~quival.mt with .aacb otb.er1. but the 

/ 



-~ 

dioxapllosphorin ring is cmlformatioilall:Y mobile 1n a solution 

(F1a. a) 

( 11\) 

' . ' 

Fig. a Gonl:or£Uat1onal change ot sal1ttdon 
' '• 

hotero ~1ng. · 



Lray c:r:tstallogroapbic ®all' sis ab.o\tfm. tb~t the hotero · rina or 
,t:'t~itbion im a b:Uf' ch~:I.P form 1n \fbich tho IJuttide grou.p is 1n 

equator1191 1.ltJs1t1on (III).: !'b~ str11in 1n the lring appmars 

l1ttleJ. the andoc;unlic 0-P..-0 ~gla is 1()4~. 

Sa1ith1on gives a eh~·antaristic frngmantat1on pattern 
- ·-·- (31) . . . . . . . . . ' 

in mass st)aatt9omstry . • lt ;giv~s aP. intense peak or 
- + -: . . . -

CM - ~aJ (m/~ 001) by- (3 -cl.Gavago occuring at. tbe 

exocyclic oste:r er~'up. t~othtJli'W f'lr~l~!:,aentat1on prooegs 1s the 

direct~ loss of" ~~i! followed ~yo the $lim:1nr~tt1ou of . to~mal.deby~e 

(b"'ig. 4}~ 

Fig. 4. irragmentation of 
sa!i th.i.on 1i1 mass 
svoo trometry. 

s cd_: 



.-"'"~'. 

tlQlitilion is conv01'3tad to ita. oxon anmlog ( sal1oxon) 'by tho 

au·t.iou of brot!jine wratell',. Since salioxon (2.methoxy-4li-l13 12 

benzodioztmpllosphor1n. 2-o:d.doJ 1s soma tllousands timea mora 

wtivaJ in chol1nest,e.ll"raae inhibition than_ salithion, .an 

enzymatic mGttbod after ttl~ o=tid.ation ~mn be used t~ the 
(~~2) 

residua anal.Ysia of sr41tb1on • , · 

SQJ.itbion is convq_roted into S.a!kYl sal1gen1nr:· 

cyclic phosPhOll'otbiolu~tes by jlaating with alkYl iodides (the 
(33) 

Pistchimulta rtJ}ootion) • !eh!Ls l?<!laot:ioll 1m nccalersted 1n 

sucb polar compound as dlmethyt form-ide. l?ottassi~W 

ctt~.rbonate also assists 'tho reaction., Uben m<ttbtl iodide 

is usGci1 isoraarizati~'n occurs to t:tive 2-methyltbio-4H-l1 
(3334) 

3,2~bonzodio,uphospborin-2-o::tido (Jfi.B!)) 
1 

• Sfll.1gGnin 

is dam0tbylatf3l(~ to Corm the salt of saligenin cyclic .Phos .. 

phol. .. oth1on:tc ooid b)" tb.qr ,mct1on of certdn neucloophiles 
~5) . . 

sucb as cyclobexylamine ~d pot~ass1um di.."Jat.hyld!i.th'o.. 
~5,35) . J\. 

carbamate • 'l:he later %rf31afi:Gilt ie part1cul~lY sld.table 

for the prop~ation. ot J!C:BO by asti¢atintj t.ne obtaina(J salt 
(5) 

w1tb tn4)t.h:rl :i.odidG. ,.fl·lJO 1a. a uniq\t" ph.o"ph.ortlating agent • 

Tha r'(!laot1ons of' sal1thion @e summfat•ize(t in I"ig. s •. 



·~ 
/ 

a 

cd-OOHa 
Sat.:: O'n-

Rl 

. ' 

.a 

r/~­
v~ 
S~oxon. · 

- SR 

Balitb1on is relj~ti:V"elr unstable in storage. ibM~ sooou.dai"y 

emines, aucb aQ corba~ole rm.d lt.pbonyl c< -tlaptbylamine; 
(36) ' 

stabilized thG formula'tion . • In a pbospbate buf'!"er (pll 

?.?.),. sal1tb1QU. is tl)'Ut'olyseti slowly ttwough opitn1ng of the 
. (5) ·~ 

h.etero ring by tho £4-!J ( at"Yl) bond cleavage t tbe hydrolysis 



zt_r~ •i.MJ• 

rat$ constaat (20°) K = 2.4 % Io-4 m1n·1 • Tb\\'i rattlG ot 

bydl"oly.s:ls ot the c.~·eal)()Udillg cyclic mutbylphospbonate, 

S-methyl pbos!)hol"otW.ol~te ttile thiolate isomer oJ! sali-

. thion, ~;ao), methyl phosphate ( sal1o;(on),. and U-methyl 

pno $pbor :;anidate are,. rt~apoo ti VGlY' 901 eo, 6 and Oe~6 timss 

grea-ter ttlau ,th3t of aal'-th1on. t~~itbion is complotely 

bydr-olyied by haat!nt~ at 100°0 for 5 Jllinutes with li/6 sodium 

hydroxide to yiGld sc.digonin. The hydrolysis of sal.itbion. is 

shown·in Fig. 6. 

s 
ll 

0-----..l:l-

a~~ 
Salith1on 

s 
11 

a~g o~ - 'Xlt3 

~i 

a 
fl 

(U0)2 P - 00113 



Sat1tnlon :L:s av:tde-s11ac'tt'w'a insGot1oic!o for use in orcba~ds 

and ve~tlta'blo r:rn"dens. It. in lil«rticulnrlr. etf'ective to control 

lepidopteran lt.kt"J"ae, malqbugs, &ph:lds antl mites. It manifests 

the 1nseutic1d&l action not ont:r tl$ aonta.et BUd. stomooh poisona 
(a?) 

but also as a.tumig~t • 
32 

Salttb:ton· f -appl.!e~ topio.nllJ to ooueefl1es 

rap1dl1' absolrbm illto tone body. (42;~ st:.tal". ana hou~l. ZbG major 

part \filS dagt»aded in the body and about :4jt; of aPPlied ·Or. 10".l ot 

absoRbed sal:l.tb1on vemmms as ;~al.itbiotl an.d sa.l1oxon tor- M 
. . -' 32 

J hours. On. tbo otobel" h_and,. sali tbion l? adr.lini$t$:t.lfoa o.r$lly 

to mice was rapidl!r de.1iV.ad$d tmd ox.cr(bted. Af'tu::r one hour-1 

?S>' ot adtd.n1Btered sa.l1. tiuon was eyd.Uol.ysed in the body. Atte:f! 
(38) 

a boUJ.l', 00.7Jti oxc.retad. Qnd on11 a.~ remained ill tb.a be.~ • 
(al9) 

·M.ib&ll"a at al i.Qvesti~atGid tb.e l49t.;a'bolism of 
-. M 

salittlion 1n ~ats and pl~t$ using C.laboll.ad ootapou.ttd. 
. - - . H 

tvben rats W$l"e tr'eat$d oJPall, witil std1tilion-4- C at tho 

dosage of 9 tilVkg1 12, 00 and 91}~ ot"' tho rontlioact:ivity were 

' 

rad.ioautogrmas of wbol~~ body $o\.red a trooe ofr ra.aioeo.tivity 

r~dnod only .in l.iv~, kidney ~ld lung aftev 24 bows. ~-be 

radice illl*'bon wm,:y com.pl•toly exct1'etod dut"in~ Ol¥l Wa@k. !lbis was 

·also the case, even thOUfiih. the <!osage was increased or :repoeted 

· sev-e:Ptd times. No ~radioactive. c~'bon diox:tno. w,tts expired. 
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file aotabolic, pattwQJs of asl1til10l\ tn rats and plants 

. I . . . (1): . . i I . . .. ' .(G)·. . . : : . . ' . "' 
ft!lV~- bctGn studiild " •· . . '!ihese Ql!'Q $l.UIRI~1sed . : ~ ~ Fig.- . 7. . . : 

' .. 
) '. 

<;' • ' f • 

02
1[. 1-ocH3 . 

'· 
·. .. . . Sol;,~ 

f··~ .. 
: ~ S. 

OCM S . . , oc· o,pll: . 
. , II -OH-

OP~OC.H 6. · '· 
. . ' ' ' 3 . 

~ 1: .. 
,,.. i-' 

. ~· ·' t . 

, I 

0\-1- ' 

C(
\1 g . 

II 
oP(oH)2... 

•' .. . ' -; ; ~ ~ ·, .. 

: ;; ),'' •' :' ' ~- ' ' \ ' . , ~ • :,, ~ , , -' ' ' )• ~ • I ' .. ~~ 
I' 

OC
\t 

' () . 

. Q ~.(L>H)L 

~oH/ . 
. . · ·-. ~OH L---~=---J 

:_/ ~ 
.. ·-.~~H · ·· . · · ~0~(6-]) GkC6se 

: ::·~o-f)-.Da~~e 0~0/f . .. )-!·. ·: ' .' 
. ,.,!l 

(p)' (P) 

. : Fig. .7. tiw.tabol:ic p~tb.w33s 01* SAl.tt;.blon 2n r~ta and ~ants . 
(1?-ueuotes i;hiJ lQatabo11te found ~ ,Plr.&nt _onlJJ., . 

' ' 
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It was $boWn that tho biodegl .. mti~tion or salith1on and sal1o:<on 

prooeedati tbroagb d~st;l1ylot-.ton mad z·ing-openiu.g by J?-O..nryl­

bond C·laavage. ~he matahol.1c pathways in plants only dU"ferad 

. · f'~om those in glj'Coa1de cooju~a~io::& ¢>f saliftenin. Aboufj lO% 

... of' salith!lon absorbed wns found in. tbe b~nn ~la.nt \<.'h•.)se roots 

had be~n soaked ln th$ nutl'ient solution :f'Qr 10 days. When 

salrtthion Wl".ls ntPi!liod on the la~vos about lOi~ was t\\bsorbed into 

the tissues anrl sligh.tly tl"'nnsloomtmd into othal1' lti<nves. Most 

of' sal1thion applied em too leQvas Wt~s vapot~ised. Vt~porization 

of sal.1th1on f'~om a nutrient eolu.tion was al!Jo obse.rvot:l. ~his 

causes a fwn:lgrmt action to klll insects on tbe plants. 

~he) -acute "Coxic 1ty of salitbion rot.. JJarot:lal.s was por.f'ol't4ed 
(3"1) 

b;v Oshima • ~·ne orcl. w60 :t•or taice is 9~.3 ma/ltg,. for mala 

rat 82-:L~5 mg/ttg1 for fGmalo rat '102-J.aO ms/kg. ~b.o su'boutrmeous 

r..o50 fm" mula r~at is JtYJ. mg/kg ~d i"or tamale rat is l52 tag/kg. 

The ~u.te o~ :il. ltD so t011 h.on 1s 110 mg/kg. 

Studie!~ on the cbronie to:z;!ic i ty of nmli tb1on \1as 
(5) 

por.il'ol .. mad • itats fad. for 24 sonths . 'l!Jith 10 ppa su~1thion 

. shower! slight c!ec·reaaa 1n cbol1ne·sternsa act.lvit.it!lS· rlG ef':eeot 

was obsarv<ld in the rnt~S fad \1litb 3 ppm ealithiou. 1~o b:tsto-

1ogical lesion ltas f'our.&d 1n an:,r orga1l$ ot r~ts fad with 100 ppm. 

In m~n and \fOitlf~n admin1S~0rOd oPQllY o. 00 mvkg/ dflY of smli thion 

for ~~1 days followed by o.os mg/itg/day ~o:' l4 days, no ef'i'ect 

uas found in 1;h<J oo.tivity o£ qrythrooyto· ®etyloohol.inesterase. 



Ro effect was observod 1n :t"ertili.ty ot V/ftts tor t~bv.:~o- generations 

ted tfitb 10 ppm s~1tb1on. · C~s1nog~licit.y was not obsaroved. 

6. ChemiC lll ll:rdt'olys1s of' Sd.igan1n CycJ..:lc PhQsphorus Este~s. --QS;t& I¥ d :at P Y I I ... .,.,..J.~C, A ......... mlillla .... _.! ... :1. Dlft f I ... G!ps .aS1 .... »t•vt I l 

~l;le cmtalyt1o l;y~Olysis. i>f' salig- cycl~ phosphoruS '· 
•... . . (28b) 

astor s b:r poo:spb~te ion has bo&n · reported • ~be c bel.d.c at 
- . '<- ·, . . • . ' 

reactivit¥··of tha cyclic pb.Gs»hta~ea· with· nuc.laopbUic -agents 

should be intlumncc~u blf the QlfJC.tron1c, cbrnrllCte;r ot the substi-
. . 

tu$.nt. ~he ralativo ZS$ao;Cion rtit& UJBY be thao:uetic:ally predie-

teL1. 'l'be reaution rate tor :the foUoWing; <lev'ivntives :t"oll.owss 

the c»."de:r ; bu~.q <Propoxy <ethoX)' < .~:aetbo;q < pnu~noxy z phooyl. 

1.'\go.in in ano'ti.l~r series, 'tile rolative rr.;ac·tion rate is in the 

order s~ <una < Wi <a. ~flt)se nave been supported 
. . . (40,42,28&)' 

oxparimentall~r · • · 

pb.ospbata butfU' to t~1V$ O..byaro.w.y b$:tl3Vl hydrogen phospllonatEJs 
. (6) . 

which gave cbl()l!Of"ol!'m-.1nsolu~o dyes td..tb em1noant1pyr1ne • 

fb.is is a. ob~a.ct~r1stio raacttion of' cqcl1c pbosphor-us ester 

of· saligenin. ~be first order' nydrolysis const:mts (Khyd) aro 

given 1n ~ablo. ... II!. Pno.spllcm1c- acid e~t.ers w."e (~onerally more 

unst!i.tble than pllo$llll0l'l'1o acid 6ster:11. ~ilt!t rate ctmatants. ot 

alkyl phospbonates el'e about ~0 ~if.~Els largelt t.han. t~:s·a· o~ 
•.< •\ • ..... • • 

oorrespondlng pbospnatE!ls... . · !ll~,e is a sma1.10r ditterenoe 
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between aromatic derivatives. Ethyl phosphonate is mucb stable 

than methyl phospbon~te. ·Tile presence at unsaturat1on or chlo­

rine mal~()s the esters unstable. 

It is interesting that, 1n the sarias of alkyl 

deriVt:ltives th~re is a relationship between rate constant ·and 

insecticidal QCtivity (l:JJ50). [."'"'J:able -· III ~d Table .. IV J 
Tbe higher tna reactiVity 1s1 the stronger the insecticidal 

activity. However, the aryl del•ivatives do not follow this 

relationship; . they are more ranotive ~han alkyl <ierivativos, bu1; 
t . 

are almost non-insecticidal. ~ha size ot the s~bst1tuant appears 

to be mora 1mport!\'lnt for biological activity than the eloctronio 

property of the substituent• 



l~~~oll:til f,a;~t!.-C...<a'!l.!tJm.Aa •• qJ;: . .:'!q!l!S~ .• a .. 2l~Sfil1n -C?ZC!1<:;. J?.h2t!~hor!! · 
. esr~t]lJ'!!J. in _phosl'bm.to buffar (pli 7,.7) at 2soo • 

....,.._WIW1·2·1-,,.. • ... ,. ••• M ._,. ~ Jl'lrl....._. ....... •••a I Cadi .. 

CH3 9 22 lo-2 . , "'• . ~· X . OCUa 1.42 x 1o·3 

Calls 4.-25 X J.O""J OC~t: .. ~ 5.04 :>c 1o-t;L 
\ 

lo-2 
CH = OH:~ 1.39 X - -

_ C~Ol 2.00 'l 10-l - -
cu.2~c1 1.41 X 1o·2 OCUg~dOl 2.58 .:( 1o ... a 

'1>11s 1.28 X 10-2 fJC6Hs a.ao x lo-3 

.tlliC6ll5 2.40 X l0-4 OC3t'?(n) a.79 :& J.o-4· 

m1ca3 l.M 'X 10-#Ji OC4J:\'if'nl a.2e l.: l0-4 

r~ccua>2 Heglis1~lY suu.all. 

----.... ~~-...... ---.. ... q.-.4o.-•#-,. .... .._~A••._.. .. ...,.,'f,..4._~....,~~ ..... _...... __ .,...._,..., __ ....,,'"""'"~··------'-·- ..... - .. _..,. ___ <o I .. ·-- ao ••-

------... -·--·--· ... •~•!<•-••-··,.--·'lo .. --~---~-~.~---·~-----r .... -"'J--<'--Oo--r<re-.... -· -·--..-..._.,. 
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0 ca ; 'Cl~ 1.a9 X 10-2 
0.68 

' 
2 

J.O""l. '(( 
(60~) 0 ·. Cli2C?. 2 4 -~10 

0. ca2Clfa0l .1.41 X lo-2 0.99 

0 %li l.2B·X :to·3 >lO 'lOiG) ).._, 5 
a OCUa 1.4~ X l.~a 0.035 

0 ~s 5.04 X 10"*3 0 33 .. ' ,;;, 
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0 o-oaHs 6.30 X 1o·3 >10 \3) 

0 WlCitJ 3..M :-: 1o·4 o.os 
0 lj'OUa)s negi,igibl9 am~ll ·0.40 
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~he ei'.d1gen1n;;· o:rcl1o phosphate est~rs b.avo 1nte:vosting 

biologic~~ aett vi·tioa. · .. ~e ot thoa ~a nauroto:d.o, c auslng 

atUi.a in bigher rminlals. Oth.!l'l?'s do not ah.ow svnh baraful 

activity but do have high insett·t1cidal aot111ity, s;rstemic 

aei~.tvity and f'u.ngicldal activ1tg. 2b.eu biological acti.v-lties ... · . ' ... ' ' . ' 

1ncl.UiiG also synergism ·V1tb orgmnophospb.orns insect1~1dos1 

nematooidfll atid ant:.Uil#ial activity~ 7-httl GPoo-ificity in 
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biologit.Hd aet1v1~1es may. be attl11buted to t.b.a ateric eff<:lct 

of' an e~ooycl1o $U.bstit~en.t poup on tbo phosphorus atom as 

shown in Xable-V. gU.l ~ryl $~·1genin · cyc.liO -. pllos,PbQt&B 

manif'(:HJt :a h.ia;b delt~ed iJ.~tJroto.~ticity to caus,, a·ta•~1m in h~ns 
. . . - \9.41) 

and bigh synem~ist1c ac~ivity v11tb malathion - • . Tb(JY 

~YlPho.sPll®~Xt¢ t.uaW.og~~ _~Jhowec-4 ~d..m1, .. ai~; .b~ologic(,Jll ~·ctvititi!s 

but less t1 , ) n.t~urotoxiuitf,... 011 tbe '~tbar, tbe cor~aaponding 

e:r~l1c ~stars b.avillm a s.raal:J., al.lcyl group on phoapbons, i~·e. 

e ... alkyl t 2-al.koxY ... ,. and S .... filkylat;1no.-..4li ... J.,.:,_,2 .... benzotU.oxaphospbol!'1n 

2 ... o::d.des1 dit! not c e.use .atans in bens w:tt;ti\ eny subleth.ml d.osss 
. - - (9) 

:md only weakly .Potentiated tbe .toX<i.oity of ro&~t.bion • ~he 

intaz:•nstit~g t'iH!ture is thai~, the !l.UtYl dtevttFntives r't~VetlL1:f' high 
. (S) 

insc;c!ticidsl ~t!'ltity, wb.areras, too avyl cycl.ic. est0~s do not · • 

the· specificity or sal1goo1n cycl.ic pbospbatt~s in 

tne biological oot:ivity r.ttlat.t;~s ~o th(!lir selectivitY in enz;vrae 

inhibition. ~be~e pbosphata~ inid.bit various s~:r~inG mw~ by 
- (14,4} 

pbosphoryl.at1on1 produo1nm probably salioulo~phospb1nwlml~~~ 

(VI) (Fii£• 8). ~b1s involves l:>Y opening ot t£10 eyal1o e5t;er 

st:ruct~·a at ·thG .r .. o aryl. 'bolld. ~tboo t.be siza ot t:h$ GXOC:Jyelic 

au.bstitaent l.l in (V) inorf;$l~ses1 ·t;aa cstet~ b~comes a mox•e salec-
. . (~) 

t.1ve :lnb.ibitor of alieste,r&tile • 

sale-cti'V'~ inhib!ttol1' ot cbol..1neSJte~~se wbsn the subatituant is · 

small. ~bus t.be O...tol.Ul del"ivn:t:Lve UO, tor oxartJPle, 1$ 130 ' · -

times more &~elttmt1ve to .illbibit td.,ies't&l"t'liS& tl:ium. ohol1nesternse. 
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P.:ftecta or -tha axooycl:Lc aub3t1tu.~t (a} on 'biologic a1 
oot1v.tttes of ~ml~.~~nin cyclic _pho:tphate . (V) 
11 1 l. - ax $IIIII l I I J¥ I ......... P 

0 
11 

.,. 1 P tttiP;raJ a •,... n• ~--

0
()...__,- ll 

1. 
~ 

(V) 
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L\ Delrq~d Syn.~rgi$!C id. tb. In~&.! t.icicial 

uam~oto;tici·t.y malathion coto~icity ootiv1ty 
. Mt.J)fl co-ef£1ciallt . Log

0 
. . Mi . I• f.ll b I 

----.. ·--~-__.)-·-·~·-------··~---~-=---.: :::'_::':~:_ es --L~-===::::::=== 
--~ o~~;:-%a~~---~----·-·;:;--·-·-.-~-~--·-~·~:;:-~- --· i o)4 __ _ 

C\)1t6o 1~0..2 a.s 9.2 (J)tl 

Calla 200 18.8 s.o (O)d 

c:tl5 
e 3.0 0.17 ti •. ~ .. 

c .. ,a o 
""5 - ... a.1 Oo;'a 

CHaO N.A.~ 3.7 4.7 0.,04 

·(CH3 )
2
Ii N e • t-l. '1.~ .. _/ o.ao 

a. ~lini.mum 1\?itQXi,Q d.o~se t .. Ol" t~ll.S W mg./kg. 
b. 1\ r~sistant strain. 
c. so>' l.etb~ dose by 'topical ~pp:.ticat1on. to bou.seflieg 

in _/Ltg/tl;y. ' 
d. Percentage rnortality li.t l01u.g/fly. 
e. No altfu;ia signs evident. with any fBUblethal. dosng:ese 
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(V) 
·, '• . 

(VJ) 

Fig. 8 ftea.ction of S!ll1gtmi.u. oycl1c ;pllOspn~tas 'td.tb 
est.er$sa (11-Gst) 

~lla~etOl"~, tbf~ Etxooyclie subs'ti t;u~nt ot .sW.igenin eye lie phos­

pllnte o:nt\'Jt»s is l~egat"dGd as tile 5~~l;actophore ill \be biologiual 

ections. 
' . ' 

the het!erooyclio structure ot $aligen1n ·oyelio phos-

phorllS flrsters t~ merel,- toP the cbemtcal reactivitY' or t-il$ 

phosphorus atora tow~ds nualeoph!l.as including too tletive 

site of' este;:-~$\) and is navor uequiremen\t tor the dt!lOUod 

neurotoxicity. Ar2 for e.&amt:tle. al thout~b j;r1-.t., .. et.h}rl phenyl 
• ::r (l3) 

.phosphate (S:PE.!?). bas the neurotoltlc!t;y . , is unable to be 

transformed into a. cvc~ic ostar structure. 

. . . 

whic!l is spacift1¢;;illy· ... sans1tive 1n ·vivo to neurotoxic. 
. {~"t:a) 

ort-xanopbosph.o)J"Us e~11t.,..L1o$ • ·~\be (;,atel"asa is unlike acetyl-

chol1neste.L"asa but s:I.milat" to ctb)"i3otrypsin and t~ypsin in the 
. (44} ' 

struc~ure-sctiv.1ty t·ti~lationsbtg at. ·inbtbitova ·• 



~Utllouab. tile t~tl:'uotlll"ewnet¢oto::dcity ral.Qt1onabip is too 

compl1catGd to gen~ral1~, the neUl"otoxioit;y appears to be :tatner 

closel;y relat(~<i to tile stl.•u.ot\U"' ot tbo non loaVing group than 

tbat ot• tbe lea.v1ng group. 

\41th tb1s br'io.t bliOkgrcu.nd .ot the r~lation ot chara1cal 

SQ'UCture to th0 biolog~~Ql . aQtivi.ty Of sal:igs.tlin 'Q:YCl1o phos­

phorUS e$t9r:::1 we l-1111 .nfi$ii e.U.saus1; the spocifio &tltiv·1tios such 

.. e.s insoot1c1dal,- synet"'g1st1e1 ·i-l!lt!esternse, "lle~»:~atoo1dal, :fungi­

cidal etc .• 

. Variou~ seri~;lJ of ll·f(!.l..ie ~St$1 .. $ or' ,sali&;wA1n -deri'*led .trom 

pentavd<;~ut ,pho$!l!i~s a.o!ds llav~ beon oxMlitt4:lld .for" insatttioidal 
. . '. ''. .· . ' ' . ' (19j ' (2J) 
activity. ~bey innl_ ude. pb()$J,'Il'lt4tas . • phosphoraaidatos , 

'. . ' ' {25) ' . (28) . . 
phosplwl:•othio~atas . ~- pb.l)spbon~tus. . and the11! tt\iono an!U.ogs 

(fable Vl.e.J.CtV). ~ne insaet1aid~ aot1v1t:r of' the e;;rtet·s am~:trs to 
' ' ' . 

relate v1itll thG siza ot. tha exocyc~ic *~b:stituent oo tbo pbost>ho­

rua atom (~abl~VI). 

IhfJ C¥Cli(!. estel.'"~ . iu un:r ser!~.H: haVing au ar)"l. ~®P as an 

exooycllc' subst_i~~ent en ~ba~ pbosp~ozus mtom ba'l:fo ·~:t.th.er · p.?ar or 

no 1nsoot1e1dal ootivitY~ In W.l 'th~ ·aer1es, m~thyl dorivnttives 

a11e n1ucll moro aot!ve .t:tutn bi~h~r tlllltYl· d~r1vat1ves1 ~xe.apt tor - . ' ' . 

phospllonata Stlr.ies (~abl<E& ... XIJ 1n wh1ob otlll'l der1:trat1ves are 

mora active tnrm il'lCthyl de~!v·ativ&m. I1 1 Ii-diallq'l pbo$pho~at:ni-
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dates are !UW!b less active than mono-alJql derivatives (tablB• 

;Q;II). ~bus sal.igcmin cyelic methyl phospbate (:l:~ble ~X) 1 ceteyl 

ph.ospho:rothion~te (~!!lblo-L\) 1 ILmethyl phosph.o~a.midate, H~matbYl 

phospboramidotid.onm.ta (~a'ble .. X:tlllt methyl phosphonoth1olat'l and 

ethyl phozspbonot.biola't$ (~ablo ... Xl:} ~e .PQt~t 1nsect!c1des. It 

1s in tart~ t~t:tng to n.Oto thr~t tne. exoo;rcltc substi'«ten~ · of' ths 

most ~.t,iv.$ c.ynlio. pho$.PbQ...~S oate:;r 1n ·e.ac.b a.c:~i6·~ (·~3 • Sella , 

. NliCll..J 1 Cli3~} dit.f'ors~~~b other 1n aiaetre:l'.a nha~.~~terist1ca1 
but rosombl.os 1n steric propGrty .su.a.b ~s tn~ d1st~e (about 2.9 
0 
A) between .Phosphorus ®d f.'taltb~ at~>m 1n thtl i?~'t .. a function, lf 

tbe bond aagl~ Qf div&.eynt sulfur 1s ne~ 90° rn.~bU>r than 109.6°. 

l11,1c~tb$!!iilor"e1 ~h~ introd~t1~ of' f.iliY ·ty~ or su.bstitu.en.t 

at ~ posit:tM of t;~t b~011~ ring anc.t on the (Hll"b® ~to~ of the 
. (2,9) 

hat£m.o r1ag dec)V@.amas tlto t~:rt.ivity (1'3ble .. \fll}. m'hua1• tbe-

siwpl~tt phosphorotb1Q.tMtte1 stal1tbion, 1s thG!. r~ost ot.t'"oottvo 

1nstY~Ct1c1de in tb$. tihol~ a~l".ios of'. saligenj.n. cvoli.o pbosPhOJ!Us 

esters. 

An outstau,d!ng contrmst is obse:rwd in the of'f'ect of 

parno.sUb$titution b$tw'Gecn the selith1on sa;rt1e-s ~n.-d ,ar.'ltbion 

. sari~f.!J• Table fff.IIl:) snuMs th~ ef'f~t of'· tbe electl'oo1o ohcwac­

ter of tbe su.b&titwnlt 1n tbe .Para .. JOs:Lt!on of' the pbt.mol1o 
I 

est~r g-~oup upon tho inseeticidal activity. Any subst1t.uents1 

e1t.ho~ elootron-uithd.vawing grouj oll' el.gctron-releasing group 

deer•~ases the 1nmectioid&l activ·tey. ~able-VIII ·snows thll:t the 
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lns~ticirla). activity oJ!' dilllthyl.Pheny,L ,ph.osphoro't#hionate~ (Il) is 

prot*~!3ss1vt~ly i!10r0a~;;ad by f~t:Jubst1tution of th.e phenyl :ring in 
. ' . . 

su.bstit\.l~nt,. vh.~l2r·eas ntd.:t.ht~l" ol@{tt~on wi't,hi:h'"awing not• O~(llc·tron 

reloesing groui.) iM~fJHJtses the ootiv!t;v of' 2~al.i.tid.on (Vlli). ~ho 
' . ' ' .. 

~iO..t,l aryl bon~t, or tha het9!'Q l"i..'lg oi" : ZJ~igeniua;. cycl1c ,pbosvhot•us 
• j ' ' . -

@Ste>.rs ai~(ph·a.t':. CQ, be nD:titr~ (l"ll;)tlgb. td ·'pnosphortlat~ cb.olinestoram~ 

to kill illSU(! ts v1t.ilQu.t fPJ.Y ~leo tx-~'fithdrawing group. 

· IJ!'h01 symt~ui~::: wtinty of· sqtJt~ EH~l., ... geum cyclic pho~ 

pbtw~idates agu.inst··l"ioa ~e~bore1•s and ~oen l1'i."!lll lHaf'hoppori; 

on :oice plat:&ts 61"~ obsorvB~d.. (~abl.e - Xlli). Meth!ll .PhoS!)b.~llQ1date 

:ls raore oot1i7e than ~3oln-adan but.l.~ata active t;.han tbit:let agU~lst 

rice lf;H~f'iloppt:;r.os,.. Agait1st rico $t~~bor~e <!1Clic N-mathy'l phos­

ph.ore.midothion.!ita~ ts rsupG:r.!or to lindane allfl D!mr&1non. 83l.1tb1on 

also shey,ts m.or+'ll or legs QYstP.tmP~c activity agm.n111t at•£1l7 '\form a.'ld 

m1tll~' J~o $';fata•:tc aot-.i"l1ty ha,; be.~n obs~l~Vfllu in otb.~r co~p-ourtds • 

.S(J~o · s~il.i~onin P.~sphcnt.:rtm1onat~m., phompbol? a.m1da.t($s 

and pht)spbor ~iiot.hl.onates show ne&ai.Ut®.1dtd. ao ttl. vi ty.. ~ospbor a­

I.F.U.de.tas and ~nospho.:&ASicitotW.o:ia~$ ar~· V<~cy ef:t .. eet;.)ivo to kill 
(S} . 

n~at.odes (i:a't·l$ ... ~Uli) .• u .• ~~t.tSV"l pbo,spntJ>rtltn1dt~t~ is most 

s.e·Civa in t.!le- a·~'"ies of 3aligeu11rt d~rivativc:; stgdnat tl~ n,on ... 
. (23) 

p~·&aitir,:. sail n~nta:tof.ilo !,br.tab~~tlti suspc~d.~d in wat~r •. 

cr.d.ng to tbe inst.:&btl.j.ty 1n Hetwr, . tho cyclie pb.ospbat.es a.11d 



pbospllonat(:!t6! .alNJ al.mo:st !naoei.va, but the!,- thio~ analogs eue 

eftec~1ve ag~d.nst iihabd~:tis (iabl~ JU1 Xl:Il). 

s~ $!i~igen!n. cyclic. ~;~.vl. pllos.tr,.hc.r:.othionsto$ ~~ 

aneMN;) ef'too t1ve Qs nento.tooi<ies tb$l tho a;vclic l'J .. mQtb.yl ·phosphor a-· 

m~dat.e a~~tlinat Mae- £"1q.a vb.it@ tip n•atoaas, tbougb .the7 have very 

low 1nseotie:l~::tcU. Getivity. Cyclic pb.enyl-. and P-~lyJ. .... pbospbono­

··tbiona~e~s .~:e t.l:te most ott.,.ee,tiw ne~aatootd.Ga .111 th.o se~Jies., 1:nese 

aryl. pb.otJPhonottli(}nata!S o~b~:t fd.so a. t~tth ~ t1v1ty against 
' ' (~)' ' 

f.il~1a. in cotton r~,ts ;( t.tt:;omoooides rJ rl!~illi1) • lt. 1s .!ntrlr ... 
• YbWtd t -·---~ ~"'~ . . 

~sting to note that th~!Set· ·al!tyl .pbosphonotbionratas are. poor- insoo­

tieide:Jt WhGrem.s t,t:u~y ~e tUOlre .pot~n~. t~ k1U. n&tll~\tQdes than 

sa11th1on, suggesting the ebolineatorase or othel!' critical tarogat 

ot nflmatodo$ m~ difi"er in natur~ rrom tba insect ehol1nastorase. 

cia~ activit-y or. ptmsphoro.UL1.4os .an~ .phospbo~f.faidothiona'l~as arfi 

simil.&t' to tbat ln. tb.G 'insoot1ciaal $t.ivil.ty for. ·house fly • . , 

1. \c} uUNt~IO:WrAr. aa.t:W:t~ :(7abl~ XIV and xu· ... Pnm:-e .. 89~:5). · · .._,._.me= i d I o,a..aa tt 8 1 II , . . N ~ ,-. 

. ' 

$a'J..itr.iQn. has U\J :t"ung!eidld $Ct1vit:r.· nut so~e sali­

genin cyclic ptA!>iiPhovott~l~tllirir b~V$ '.f!tmg1t:id.ul, -WJt~vity .(~able­

./~V). ~hose pbor&pbtl~ot¥hiola~ tttrlt<!'rSt p~t1cul~ll'lY h::tvb,lr; &n 

~1-baut:::;rt ~r:;t0or link:taga, nav·~ attttvi ty tQ ,prot~c t 't~e lJ1<!e plQ!lt 



. 
in the Zilble (.:UV & AV}. Zbl! dat~ or .sotilo commoo~o1al f\mgioides 

1nelud1ng an <>rgllnOphoaphorus comPt)untt, Hinson ( O.etbY! a, s 
- ' '· 

d1phenyl l)bosphQrood:ltll!oata) ~a sh.own 1n the ~able (AIV) for 

comparr!son. the matbyl...,atllyl-Wld n-butyl-phospbo~othiolatos 
I • 

bmve ~b f"~gi~ox1e1t:r comparable~ to otbor· coUMer.c.ial fUil<j"1·~de~·. 

~he normal ·anti ioopropy).. ci~rivatives are lefi!s ef'f"oot.1ve. Sa1.1ge-
< . ·-- ;. .~, . .• .· .: ; ~! ,., •• ' . • J. ::. •:. " • 

n1n eycl!e me-tb,.Vl pho.spbntto and pbospborothionate ( $Bl1tb.1on) are 

hi6bl.Y active ·as inaec~1o1dEJ 'bu.t avo alr.aost inactive as tung1. 

c1de. .In tha nteri~s ot diallQrl benzyl este)11s of phospboru~ 

acids, only &.benzyl PhoiSVhorothiolates sre highly- aot~ive as 

tungioid.e but tho otbers o.g. pbo$pbatos1 pboaphol•otbionates and 
. (45) . 

pbosphorodithi.onatas al"'G illt!Ctive • 

lt; 1s important t.o now that some cycliQ phosphorotllio­

latas b.&VG both the bigh 1u.secttcidt4 as well as f'ung1c1dat ect1-

v1ty, with onlv tl!XC.Et,Ption in tnu- cuSG of' S-banayl-0-0..dia:tb.Yl 

pnospnorotlliol.llO'll' (1titll2in) wb!ob bas we.~• inseotic:ldal propGrty 

but is a good ~"ungioide Qnd. now· usod iil. J.lraetiee for tho control 

of rice bl~st dls@.aae. 

~b.e sal..igooin cyclic gbospb.oroulliolates have bigh 

activity to ~lnte ( saliltylate) mereaptans and to 1nb1bit 
. . . (31) 

ttSH-en~ymos'' sncb as yeast alcohol dehydrouan.qse • !lho acti-

vity SOQlilSI to be related to fungicidal propa~ty but not with 'tllo 



tnssct1e1dal ac·t1viey. 

· I50 values· for· Qloohol ~$b.vdrogooase of' soma saligenin 

cyclic ph.osphOl'U.s aster. at'"a show in (~·al~le ... XV). G}fC lift methyl · 

and ethyl piaospbox-otll1ol~Jtes at"e most active 1n tbis series.· tAl. 

the othol." band, ONclic pllaa.Pbntas .have only weak activities• 
. . . 

thougll they. ar'e potent tnbtbitors 1t1t e$tG!\"tlsa~. ~hdithicm i.e., 

motbyl pbo'spborothionate tiJhicn bav~· n1gb.1ns(JCt~~idal propePty is 

dmost int10tivo tiolfQ.rd tbe ~nz;;met-. 

!ih0 rate of ~l;11t1on rrtlactioll by the cyclic· &tJters 

looks pall'al.lol wt·tn the hydrolysis rat~ of' tna ester and tho alky-

lt1tiou 9JlQCeeds with a constderabl~~ t.iae l.ag. 

tnat tlle aUeylation oeours fAtter U,ttrol.ysta. 
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Fii•· 9 A ~oposad mcchan:i.sm for al.lqlation or 
Marcaptana with Sal.igi.i!llin cye11c- phosphorus 
este~s. 



SallgeniD ouc~lio: phospborothiolat!iiis are parti.allV 

nyarol;'sed b.Y o,penSns ot tbe l»terocwclic J? .... o.o.alf:rl bond, 

more easlly tnrm pbospbat. $!3'Ct-}it'$. In Big. 91 :tne cyclic · 

ester (V) 1~ lllf~olyzed bJt ·tho atttJDk of ll1drox1de ·ion to V1E~ld 

salieyl. phosp!lato. (-X). ~hfj ~loc t:r~ t~oleasing .011 iJ1'009 o2 (X) . . 

· mt:O' conv~t to a COO?'bonium _ion (Xlb) vb!cb mrq actualllf :r'eoot 

with a Sli grQU9 to give a th10$atu (liX)'. ·, ' 

C7clic ttethyl QUi! etb1l ,&bospboro.tbiol~ttl$ tn-o ~h =~o 

aotive bl ~~ol.ysts, aliey1Qt1on Md the !.nb1b1t1on of "Hii-oneytlle» 
. . . (31) 

aetiv:tties than th& oow~apon'ling cyo11c· phospb$tos • It seema 

reasonable to conclude ~bat tb.$ denro~ase .e>f oleetrron dtms1ty on_ 

pnospho!'us atom o ausas the bigb reoo t1 Vity ot the pboepborotnio• 

l.ates. !IZb1$ is supported b.Y the l.O"Ael?' P = a ~~(tuenay- (1210 e~n-1> 
· of tbo .Pho$Ph®othio.latee; in coa,parison with. that qt the pboa­

pbatos (1310 o~-1) •. 

interesting cl#~elatlon $!lOng ttw alkylat1Dg autiv1tJ, tbe 

:tnld.bitosru activity agnd.nst, tts.tL.~eBrr and the anti.f'ugal _acti­

vity ot the cvclin esteirs.. Cycl!Q methyl and ethYl phosphoro­

thiolat$S at'e ld.gbly active ·m all three tu.nction$J" . Cyclic pbos­

phatGs have v~~~Y' ltoak oot1v1t1es bu.t they are potent 1nb1bitoll'a 

ot ester-ataes.. Zb.use f'®t$ sugges.t tb~t high tnb1b1tory entiv:l.ty 

agatn:'§t tt6H-eneymestt ma_y. be ~ important tao tol" tor the tung1c1 ... 

dal. activity ot the cyulio phoapllo~otbiol.ates. 
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·' 

Tbe r~lation ot ch.~io~ $tt'UetlU!"e to b!ologleal .t¥t't1v1-

t1os tneU.cBte$ tbat th~ s~itio1t;v· in biolog1cal. activ1t1as of' 
• ' •• • < ' • 

th9 saligenin c1c11c pbom,pbom.as osttWs soom ~ be !:"Otuat"k:ablN' 

influ.eneed by th1<l ete:rio' chn.~actr4'1f.llt10$ of the 9XOC.1Cl1o sUbS• 

t!l.t.uant on tho phos""t..-:11ua &t~. :i!b1a 1s evldau.t vben Of' • •p r¥•i1 ~· . (~}· . 

t.beir' spooit1c:1·t.a,::; s in enzyme inh1b1tton · · · ~ ~p cu-LeA .• 

!llo most ins~ticidal seligenin c;:reli~ .metb:/1 phosphate 

(stdloxon) is tnt; stro;u.gast. 1nid.b1to1J' Qt ina~oct eholinestGrase. 

However, th.e bilbl¥ oo\l.lfo.toxie -11 phosphate is a l)oor. 1nbibito1" 

ot chol£nestet-asu,. but .ls a vrr~:r s.PooUic 1nbib1tor ot tll.ies-
(1,42} . ·_ 

hrlis$ • W'ba leaB neuroto:d,c $Jrlphosphona't$ occupies 

an :1nt~rtUod1at$ position. In ·11¥&Y series, tlfb.on tb~ size ot the 

exoeyolic $\lbstituont :tru.u.•<Ju!ses•~ the eortpound becQtne$ a moro 

saleotive 1nh1bito.tt ot t41~atm-ase; tn aQlltrast, the compoamd 

earr11ng a smmll. aubst.t.ltueut is a moft selective inhibitor ot 

ch-olinest\lraso ('£el'.>le-411I). Aryl phospnon~tes tn11G llQI"G speo1t1e 

1nbib1toPs ot »soudo-cilolinest9rase; .a.l..kyl pbospbmte~SJ are leas 

specitlc and. zeoJYl phosphates -e 1nter¥11l~d1~te.-



Sal16e.t~ cyclic. aryl. pbospbates and pboaphonates ht.tve 

aynel"'gistlc oo~iV!ty \dtb m!llatb1on against insQC'Cs and a.a1~as1 . (46) 
p:n"ticUlsrlv thB& resisttmt stram • · 

· the joint action ot ttl\l ao.:t;:t.vity ot some ·sal1get'dn cyclic· 
> (41) 

pbospllol.'U$ est1~.r~ witb tlUllmtb1on hlis bean e.xamilled by Eto &t al 

&n<i oompar~d '4tb $Otna :Phosphorus estel"s wbinh cf(~known as tt-.e· 

sYn~rgitllts ot malatllion. ~~ble-.AVII sb.owt; that the aryl deriva-. 
tiv$s of' sal1g~nin oycl1c:t $tater$ are synGrgist1ti ll1tb malathion. 

, s;uey incfl"4:7Bse tba tood.c:lt:r c>t malatblon a.a to 3.4 times ·at :a lal 

m1x1i1g ~ntio. ~he .QCt1V1ti.e$ at tbO'ra .~e m®o than Pll'OWl PtlV'aoxon 

but less tl.hlll!A Di~oa and 1soPr<>PVl paroaoxon. 2-(0-to,vloq)-4H-l131 

2-benzod1ole&Pb.osphortn-2-ox1d\7tt and 7-metbyl.2-.pben¥l.-41i-l1312-

banzodio~aphc»r1n-2•o:d.de tWU tba most synergi stiu attainst au.scep. 

tible bousef'lJ among t~bQ tt!i.eted o;vclio o~tftll*so AlkYl de.T!1vat1vas 

ot :saligenin c.yclte pnospho»'ua asters ue EnUCb less synergistic 

, or even autigon1$~ic •.. 

S~g1S~U ot saligenin ~1clic phosphorus estt;rs with maLa­

thion 1n. a resist!illt staam o~ nouseny has baun t&'bUlmted in 

fable-it\TXII. In this Cflsca, the s:rnorgi.:Jtic. effect ot sr4.1genm 

cyclic pilo.sPllot-~:As CZJt®s has V0%14~kably been incre~sed. l$ven tho 

alkyl det-1vat1V$S oot as synergist or malathion. <£bus all ot 

present eyc:l1c est~rs .aJte ftaol.'e llt'Jtive tban too other tested 



orgnnopllospholms synel'!'.giats. tt'YcJ ... ~c. pb.enll'lpb.ospb.onate ot l'lethyl 

sa11gen1h is the taGtst eff~tivo syn.al!gistic against resistent 

oouseBv and tnoreames the to;dnity ot malatb1on 14 times'! 

· S)Qlargistia ef'f'ecrt on $Uel'Hapt1ble and ~es1atnu.t strains 
. . (41) . 

ot gel)ll rice leaf llopper b!Zi$ l'~n obsorva4 end tabulated 1n 

~Gble (:UX). 54'm tox:lotty of malathion to ·th.e suscu~pt1ble 

insects boc:omG; double by tb.e r addition :ot 'three saligenin C1Cl1C 

phosphorua est~ra along with two otb.er oyclic esters •. Syner­

gistic Gtfoot on .reststrmt loaf' hopper also 1Jl..c~uases bU .sa11 .... 

genin cyclic pllospllo:rrus esters but tho vrd.uea Ql'e lovor than 1n 

the l1'es1atant ilouset~. ~·ne1 eJlb:auced the to:.dci·ty ot lltal.athion 

2.2 to a.a timDs. 

~be sy'nerg1SIO QPpaars ~ result prialeril¥ t;rom f#hQ 

1nl11bit1on of deto:d.etltion or .m&latl'ti..on.. PhosPbFAta action or 

estarase action can detoxif'~ tha toxicity of malathion. It has 

been obse:rved for ra grorat num'b~ · of orm~nophospborus compounds 

that th& syner~1sm or malathion in moe and tho degree ot 1nb1-
(9) 

bition or a1.1-eatort!se J.D. ;y;1YQ nFO ganer:allY :r'olatod • For 

insac.ts, high oateraso activity bydrolY$1ng .malathion 1s suppo. 

sed to be J)llrtl.y · responmiblo !'or malath!on-rosistance 1n( some 
. 41) 

strains o!' mosquito, boasatly ·ana: ~een rice l~~ar hoppee • 



-'16-

(.43} 
Et:a et tal bave shown th~t gyl do»'1va~1vas of sa11ge.-

nin cyclic phQspht)x-us asttli:-m ~ tb.$ s"loot1vo inb1\)itors or ali­

esterase, \>~b.eruas armall alkyl der1va~ives Ql9e n.ot :JO selective to 

ali-estorrase ilmtb1~1<)n. !l:bis aPJ>GalJ'S to be responsible £oa- their 
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(VII) 

0.:13 o.a1 0.;04 o.os o.o9 o.JB o.os 
o.\17 o.1os 0.'33 o.ao 0.23 0.9 0.66 

o·asa .. o.·ooa 7.1 ... 2.34 2.2 1.50 

?.osb - (40) - 6.3<) 10 (64) 

(0) o.a (3) 2.0 2.2 (0) (5)' 

Figuroa in parenthasa~ aro percentage mortality at 
10 ru/£l'g • .. 

0.04 

0.48 

.. 
--
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~ .. a13oat1a 
(.3 -Cl 
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o.oa 
(Sal1thion) 

-· 
·0.23 

1.30 

lo75 

0.13 

o.ao 
a. as 

-

• !iii •• • 

o.oaa 
(Salio:rron) 

'3.35 

'0.1 

. 0.43 

2.0 

0.09 

·o,aa 
o.aa 
0.99 

2.07 
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(VIII) 

.. o.aoa 
-0.170 

o.ooo 
•o.ooa 
+0.226 

•0.87 

+1.2? 

n-Q 

(IX) 

9.2 

ae . -
100.0 

Ja.-8 

a.-o 
a.o 

'·- l.fl· 

a ~ ltGlmUett•s subatitu.~t constant 

0-1--•-
o.J.-

-
o.aa 
2.5 

100.;0-

'b = J?ercfl.tltau:o ot th~ moat active eoragound in e*lb series.: 
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Insoot1c1dal J¥tt1v1ty of' ll1ng-st~bat1tu.ted S.Ed.igon1n Cycl1e 
rnosP~\1;~ j~sters ( t_l~.m!.f!..~Oam,'!,Wldf!l ~ 
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s CHa .a a ow ·a 2.0 

s ORa li· ll ~115 )lO 

8 ca 3 
li. li o..n-o.a&, >:to 

s u or~a 11 l 
·OOHa o.ea 

s H CH0 
·u at:2a5 a.o 

a ii CUa ii O.n-C:J~ 7.5 

a n li Cl~ OCHa L3 

s H 1i Oll :a OP2H:; a.o 
s H li C.Ua O..n-Oal'? ?.6 

a H li alia liliOlia 3.6 

s %11& R H OO}L,J 0.4 

s 061i5 ij a OCfslls 0.5 

s ca 65 H l1 u.n.c31'7 l.O ___ ..... .......,._..__ .. ,.._~ ........ •-w;..;.~ -____ .,._ 
•U 

.. _ 
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s oaa. ... ~ H li -~~#~\· 0.55 ~ 

8 .. • ooaa3 li a oca3 
. r .. a.a 

·"' 
s Cl a 1i OCH.d 1.75 
s Cl -a li lfuata· o.oo 
,$ OJ. li a swa .. 
~ li !1 01 ooa3 0•·13 t> :-

a a M Cl fill~ o.og 
~ Ii ii at SOl:ia ·g -
a Ol li c6a 

.6 ocn . a 1.2 

s Cl. ll CeHs OCaHs a.-o 
s 01.. n c6as O...n..Ct/~ >J.O 

s ~~ a "i ;-ll~ _.. ooa3 
a.o 

s ' aaas li en. OCltJ -
a. esaa H 01. oc2u6 ... 
s c6a5 li Cl 0-n-Oali? -
s 01. li "01 OOHa o.a 
s Cl li CJ.. atlJ:ls 4.0 

s /&1. B Cl Nil ell 3 a.o 
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X. it1 ~ l a3 ! , a 

(G) (7) 1 (8) I 
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0 ORa li ll 001\) 
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0 

0 

0 

0 

caa 
01\J 
(:li3 
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CBa 
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li 
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CH 3 
OH3 
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OC2Hs 
O..n-03~ 

e6a6 
NaOHa 
OCii 3· 
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oa6s

6 

OOifa 

LDso 
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0.4 
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0~14 
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2•1 
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0 Cl li B ·oc u . 2 5 . 0.13 

0 Cl a a ~C;}I? ·0.70 

0 Cl 11 li O..n-C4Ha 2.5 

0 Cl H li 006U5 >l.O 

·.o Ql H li Imoa3 
o •. og 

0 1i a 01. OCfia o.ro 
0 a H 01 :o~u6 0.15 

0 a li Cl o..n-ca''? o.ao 
0 a li 01. 0..1-0~ -
0 li H Gl oeeas )10 

0 H l:l Cl. wca . a .0.30 
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0 CaHs 0.17 26-50 

0 t-eal~ o.aa .. 
0 Se<:.et4~~ ?.!J -
() t-e411g )iO'O~) .. 
0 ali = ~ 0.68 )100 

' 

0 Cl~Ol - < l0(60;b) 25.50 

0 Cii~OLi.ac:.L 0.99 &,:) .. 75 

0 %Us / l.O(O;i) ... 
8 caa o.al 6-l.O 25 

s Caiio· o.os 6-10 25 

s ~-Oat~ 0.09 - ... 
s ·rJieOl. :1.14 25e.50 25 

s Cells fJ.-30 .. -
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( Sldithion) 
0 011$ 
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&\00 AND OBJrn..."'XS, ·Ql? ~tm P~~lfl llfvi.W':f'l(J&;l.ON: ·· 
!@! ;;:::=:::=-~=::: .. :,:::::::::=:::;::..:::::::: 'g:·::=:::::t::::=::. 

. . 
As stated previa~. (1n 9/.Ufi - ·U) .salj;tbion . .,(~-~~~ 

4fi-l1,3 .• 2w~~od~o~~~$Db.ol?in-2-·su1phide) 1\IGS., ~-overed tn. 1963 

lml,- tt&e . lfaboll'f!tiolrN' of" Pt;~stitd.de Clteilll$1i11'Z•· ~shu UnivGJrs1 ty • 
' .. \l} . . - . . '. ·.. ·. . . 
J A:(? Ali 1 and davel.Qged into ~eltcl.sli~ion in 1.968 by swntotao 

.. ' . ' ~,.- -

Cnem1cal Com.pany;. ·~ ~a]J~U~d e~ds nave ··'been synthesiZer£ to 

stu.dy their' cllemical• biooheldeat," byarQlytic and t."iol.ogical pro-. 

perti$3 including pest1c'idal ;ac't1.v1t1es. a;'hr!l uniq.ue strnctul"·e or 
salitnton e-umes ·fr'om :the a:t;tiv.e tri:tt~ool1t:e of: .:tr't-ol~tno-tolyl 

(3) 
phospttata CU?009) • In ®lt$ or lngn n~otoXic!ty of the S?:OOP-

metabolite,, salitbion causQs n.o sm.h tonctty,. ~?b.a lntrodtwtion 

ot fJJ'JlV -type at subatit'"tlnt ·at .arq :PO ... SJ.:.· .::'&Lon of' the b~e v-ing 
(a) . '~ 

dGel"eWles the lnsoo.tieidal. aet11-1j.tw' . • l:t has been reported 

tnat the 2-ma'GboJey-o-ldeo--.1n-l,S,?-baazod:ioll:S@hoS.PhOlt~~ 

srJ1.9Mde (l\1)..8) 1s gbta!nad, as a pa-ste 1n ttbe ·~eeD.t1on of 5-nitro-
..• J •• 

sa:U.genin vit.b ~etb.1ld1Chl~,i.dogbospharotb.1onate .ritter ~Uieat1on 
-

tchrO'...t~b s111cic .ae:ld column e:bltomatogr~; and,. ·this methoxy 

compound has aboa't s!xty t~e less 1nsecrtic'1d.al. aC'tivitJ' eoz;a-
(3) . . . {tJ.) 

j)at'ed to salithion • ao~ver. J.t bas :aem obse.vved in ·tJUs 
eompov.IJI.d ("BD-a)ih a.. <~.tktte. ~stallime 

labora~y tbat- th~ metb.ol%3',. soUd. (m.;p. 84°0)1 a.lld balj; about l.G-2 

1i'J.mos great~~ oral m.~ootic:id£ so:t;tv.tty 't#.:) doek.I:oaeiles, 

Periplaneta ~1Wl (Ulnn.) e,o.mpar.ed to sal1thion. 
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Sal.i thion . 

s 
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0 BD - S (m.p.-84:! C) 

Mor~p.-.n~r, ~':lt!"O<hlction of an ~ide group in place: o:r an 

alkYl ester group often affords organopOO$llhorus e:sters witb. 
(5) «I 

fungi<!idal activity • :rtt>1~ exttaple1. alth.ough the insootic·ido 

di.metb.oate(l) C~~ ;{ di~·tJ'lYl 5.-{ li-mG~thylcarb.atnQYl.metbYl) pilosphc,ro­

tb.iolottuonataJ has :n.o fungicJ.d.al activity, lts dial.icy'lphospho­

rmaid.at;e tu'talogs• su<th as c~mpoand II1 show some Eut-agicid~d as well 
(6)' 

:as aca?i{;idal. activity • 

s 
1! 

I 
Dimetnoate 

0 
H 11 

0 

11 

be f'ollnd t;}UJt $0i~ phospll~amidothit}llQ'tGSt phospho~amidothiolo­

tbioruatf~s, pbospboramitles. ol" phosphooamides in vtu.ch tbe 
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Phosphorus ator.a .i$ attaob.$d 4~~tl¥ to the ni-trogen atoa or an 

Bm1ne or a neteJ'oeye'l:ltr c~ suoil as :&htbel.imida,, lsiidazole or 
. . . . . us.?,s.,,9l. . 

tr-lasole h~ve Vf/Jll>~ goofi :tung:tcidQ\ aetiviey · ~; 

~hese observations pror.nptstt us to und~rtllke a qstomntlc 

wo-.rk on Goma 2-tl1Jey'ltnmld¢-6-n1~+Ji-'l•,31 2-:benadloxaphospho:rin.-2-

sulpld.des balrillg gen~Ql stz.-u.cture .( A),, 
~ ' •• - 1 .... -" •' . ' '· - ' 

wnere·, alk;1l.alll1do· is cyolOh.t:1xyLaud~,, mor.PhOlino., diJtteth,Jlatal<iO,. 

di.~tb;ll.atni{~.t p~rol.iditto,. ~1per1dtno, i$op~o,P:rlamt:® or nonyla­

mido. !ba 11ork embodied 1n tb.!ls d1s~wtat1·~n is r~l&til"i to th¢ 

investigation or tb.·~ ta'boira uuanl;i~med oompounda 'd til · reterem:e to 

1;he.1r ellemieal1 ,P.t~stiQ~idal and toncologic.~a prop~tir~:s besides 

structural · elue1d~t11;lU$ by s,Pec.t;.i.?o$Col)ic ma.tho(ls. 

Jlciju.al, ~forks: 
• ·- ·-· ,,. :L ... 

(1) Synti:ler;~ of' sose organopllo$phol~s compo'Wlds ba.ving 

general stlluotur~ (.!). mentiorted atJOV&t atr~· prasente<l. 



/ 

>} . J. 
( li) Spectral. :f.ro»ar't~tSi :, W, ras 

II W4 i t I All ll.ll!C J:r.i@i! ! .T ·~· 
~lass and H 1flm $}:lt!<rtl"al. 

13 
c and 

~11? ih~- $pe(f:.tr.a of Oilly · pproll~~ W"ld g1perid!no QQlil-

. ~ . ' 

pou.nds as well ~s ltl\t1 ~)~ra·ture H liM& spectral. data ot 

tb.G atetb.oq c-ompound (_M'-BJ have -bae.u. g:t.von~ 

(lit) BiOiogi~ai , _Ac-~1Vit1etl ;: lnsectitr1~,,- autii~gal_, 
K I •••. W. ...... ll_'i.IA __ tJ.'P.... . 
anticholin.es~.ase aots:uiti.es·· Md- ~otu:zd.c p~o;pUties 

have he~n studi<ea; acute o:Pal. tol£ic.1tq 4~-~ta on ~ats have 

also b~ p~es$Ated. 

( iv) liy'd:t'ol;1tic .J?ro_porti~mj, Ch-9f41oal bydrclysts llt a:Utal:ina . 
-M ......... ft11111l aMgc ·1 114·--itflfiUi «<D4 

3. Eto1 f~.,_, l\Qbqmsh1., it.,., 
tl&$~t-u, ~., Cheng• !1.1~.,, . 
.Ail(a:aa1 t., lttune• ~ •• eel 

···; .. :fisbima,. i,. ... 

: l~$-~t:tc·i<'leS!, l.,'J a(. J.931l. 
~·· 1 .,-~·-··.' ~ -

t-· D.t1b. ~heads ~c:~'ttti 
U.niv~r:~d.ty,_ ll9S-~). 
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l. J?URII.ICA!lOli Of SOl:.V'lldBB .;,UfD ~liltl~- mml&XG~\1:,3~-
- ... i JE!! •• t . 6 J • ._ ... i .... ... s~ IRil ....... , ..... ~? I JJ ~,.·ltl.l$11•4 

ihroughQuttbu -PlN~pn!1'attw tm~ other Pat?t. of ~e vovk, 

th~ ot•ganto- solva.nt,s and of~h®!'- cb~r.als urned were puuified and 
·'• '(l) '- -

dP-ied accoJJding to Vogtlll - •.. All cith®l" chem~e$ls and sol'l~nts 

occasionallY used dta1ng' tne work t1el'.e ot atan~d commern1~ 

prodUcts oi.. higb qu.tllity (EM1 ·:Bun. -~ll andl'o» Fltlka llUaLityl • 
. ,· ·•· ~· .:_:~/ , ~-::,_;,_r., :.:-· ;··, c/ ,": •; ·<' , ,, . - . - - -

• .,..., .... : •,f. .~ 

·2. 8,l)EC!tl;10.$C0P.IO j;i~J.'niJI>S ~ . 
._.,... • tfi11111TIII'IIP'l:., •• , J j JQIIIWJ; • ........... 

Intl!'tll.r~d spootPa W'elf~ rf.tor#dud on Bee~ I!t.2Q $poct~o-
-photo . . 1 . . . 

- "meter in nu3ol mull. • ii lilil~ s.pect;r:a uer-o oillt{d.n.e~:~ _with _Vtll"'1:tm ~~)del 
' . 

~so, ~39o, u~: .. aoA,. _ tmd lf'.ti-270 :iostRwaenta; 1n ®Cl3/Aeetotle ""' <\> 
-· - l3 

sol veat using XMS as an ·tntev.nal VQ:f'erenc e; G ltH.lt sgec trtl were 
.. 3l -

e(scorded tn th.a st:~a~ b~...aOA ina~umen't ·att 20 MUzt P luta spoo era 
. . 13 

waNe obt.QltJ.ad td.tb ~~..aoA .tnstrutrumt ·at a2.2 l-tu3, c lmR spectra 

of n1Uo aal!geldn. has· been t?...k(Jll on t1ll-270 inst~urae:nt at 67.89 ~Jij 
1 . . ' •(/. 0 

low temp®:" at~ -il .W~ Spec-tra .fit the mt!!tho;ey compound Wal$o taken 

on ~1'1.270 lnstl.'ument at f1/l(J lliz• W spootr't1 wette obta1nf11d With 

I3ookmtUU1 DU.;._g s!)Gntrophotomete:u in absolute athrutot. Mass SPGc.tr'a 

watrG .vecortied. on Va~ian mad01. mt.600 ood 14&..00 instrum()nt. . . . . / 

a •. Plltl~Ail~tti:IOII 4:lF ~lU:aPJ~QS.WiOW!}J; ~lh!.:Uil:VJ!i. (.PSCla): 
v t1 _ a • " ! . •• •-• 1 r 1:1 t • ' ,....,....., rhr •• . .,... •• •• .,.. 



otl. PJ:ii!U?Aiittre ~t Oii OF 6-11 :C:C il~$AW..l01!:!iit1 ( 2~tnU.llOAX-5-til"t l:liJ...l'Eli at t:. ...-·•:n t. ,.'f!o w; ~l~u. 1" n •J:A; ••' jllll'tlt ... •• r :u•• •·•,•••• •• • '01 r.T? .,... .,. e~ .... •••• f t . • 11 ; ........,...,. .. ..,. 

A;';aCOi10!::.$:t~ 
it .. ., t J:!llUt. 

Wh& 2 .... bydrorqr...S .. ra.tro ben3Yl alcohol as one of the sttar­

ting matel"i&l.s f't>r t.hu SJYl'ltha:sis of. n;i.tl"'O•Iltll.1gon1n nyolie Ql.lQrl~ 

J ££iS ,PhQSPimPotbioniJttes l'l~S !il'etj;a.t-:>ed in tb:e .f'ol.loWin/1 mannau; 
" 

;.j' \ 

t~ePal"t\'ti!on ,of tba alcohol 'htas dQll~ in t111o Gtag~$; 

(1) prepmtnt.ion of' the 2-bydr~ .. U..nitro bell3ifl cb.l~idU~1 

and 

(11) th~ bydrolymls fit t.hfl $aid chloride. 

V:.be 2-b:fdil'o;q .. 5-u1tro-bun$,Yl chlt>r1da r.iaa J}l"el)~od 
(3) 

aecord1n.,m t<> th.t!t raethaa d0se1"1bed in Or'ganitt Syn.thtJs.1s • !J:h.o 

reaction. iuvolv~d iea 

~he p..ntlt:ztopbenol maltinwr at above ll!PC (LlEb1dt)l 1 m.p. ll4°C) uas 

ustH! .f'o~ tbe pr~~;¥~par(\tio.n. ~he otb.et'" !ngtratii0nt laetti!!lal was 

aynthG:$1aod ntreab Cor f!i'ITOJ·:t.'"Y' bateb ot• .prep$2fa:tion as f'ouws• 



760 m..., t1t..~than.0l li$S added to 400 grn onbydrous caloium 

Clb.lor1{ie ·in a 3 t·t.~ rolmd. bottQIU~d f'la~~ equipp~tl '~itn a ;,i:Jtlu.:c 

condensar, lO.r~ mt.. 0.-QOO. hydrochloric oo1cl w~a r.1ddatt; tb.an w~tb 

oo.dltng .a!ld constant st~r!ng, ~~Q() .gm of a?,..i.if)~ :t'~m~d<Jby<le \-las 

alo1flY <lgopped in tbrolilh a dropl.;d.ng tunnel.. It too}t about 2· 

hour:!ll for complGte additiQn ot fo~mald&th~{1e (tht.e r~actiou was 
-

st.ron€'.1Y exother-mic.). rlben ~l tb.tt f'ol'~2l'.l~bydo l~ad been addod1 

thG m1x~ure was h.GJ~te~ tor ta f'eti tUnu.tes Ul)tll the liquid boiled 

v~gorausly. ~'!~~~ mtlthy.lal. emma up quickl.:t on tb.e upper lay®?' 1 . and 

after an oVGl~ni&lt statldin;rg W2G trect1ona1J.w distill~d. ;tbe 42-

45oo frtWtion w~$ collf~t.ed mud sto~~d in a tiglltly stopp®ed 

bot.tl.0 in cold (fr•zGr) bef'o:~ra it was used. 

ln Jl i.l!ll~·lltre, thri'?Je-.nookf)d round bott.on&a!d flaaK. equ1 ... . . 

. pped w!;tb $ .moohanir.Hil st~l'Gr, .U\ sho1;·t :e~tlux condenser, and a 

bent glass tube VQtmb!n~ suf1"1o1fmtl~ below, ucro l$looe<i GO ~ 

(0.36 m~>l~) p... n!:t:rr()phan~,. 65@ mt eonc. H011. 5 ·ml Conn. liaEl04 

$lld 76 sm (J. nlGle) methylal. 'i'he rtt\ootion t.d.Xt.ure vas st!l?red 
milltn-taJrn-ed. ol aJYV rumUJYU:L 'TO+ 2 °C -terr 4-5 h<r s J.,y 

Wbilu t~he terup0r atut"e waa" me£bl1a of a wateir bath. Dtwing this 

time HCl gam t11as bubblfJd into t:n~ rt:n3.C~ion mixtmwe tbrougb tho 

boot ~lilS$ t.ubG. Xna 2-bydeo~-S..n.1tPob$neyl. cblot"1{t0 beman to 

aaparata ss a solid af'trllr about one to ont'll and half hour. J\t the 

end ot tl:u~ ri'loot1on,1 t.h.e m1xtull'e l'l~$ cQol.ed in a 1ce-bmtb for a 

p~riod o£ l-2 hour VJi'l~~n n~ore crvmtals seJ!ltWttttld. ~he solid 

matexo1$ls1 a'ttt:r~ f'1ltrat1on, \'las .-l.U·t!ri.ed Eor several flours to 

l"Qaiov$ Wftl~er; ru:ad then washed. 'di:th benzene. l]h~ :vt~ld was flbou.t 



\ 

~h~ $a4d cblor1de was taktm \lS suspension i.Til water fmd 

n~atad $lO'\flY; thf~ cry$'tmlm wotll.d go into solutiot~ ~--hiie the 

impur.1tiats fol'm a d~~P brol>n.l ~Ol.y ln.y-~1:- at the l}ottom or the 

cot.lttain'.ir,. TbQ mixturd' :was ·then :001lod gently to ensure co:aplot~ 

hyt:Woly$is. ~ho solutioll w~s q,uie!tlY .triltc:~red uhil~ llot. 5:ne 

ligbt yallow ct''Yilttils ot 2.-bydr."oz.,v-5-nrtt.l"obmleyl alcohol :~apnratad 

~B tht' t1l:trtlte ~ot ooolGd; tho J>ll'01hWt (~ll.~. l2~?.-l00°C) tnua 

obtained w~s rec:VYstal.l!aed tro.<a hot wat·l~,r; tb.e c.t-ystnl..!J were 

t"iltured, :tas;h<t~d with nol.d dio;ce.n : benzene (1;9) mixtur0, and 

al"ied in vacu.um. 

FollUd j 

Calc• tor 

u:v (!fig. l) ' 

c, 49.00~ 1 .n, 4. J2~ ; n, s. 3t);.;1 

o.f1,1o~~}~ ; ,c, 49.7$ ; u,~l:.l4~; 

rt1 a.RS~ 

= aao nm \ 7-005); aJ.a\ a~~7), and 

tJ:lO ( ~)226) ~; 



_-J._ 

"60 

·so 

"40, __ 

> 
l­
in 
z 
~ ·ao 
.J. 
c( 
u 
i=· 
a. 
0 ·to 

"10 

rt· 

!rl 

-~ '1 

a OH · 

I 
NOa CHaOH 

Con·c.= s·425 x 10 5
M 

EtoH 
1\ = 2.3o (1oos > 

max 
= a1s T 8387) 

= 410 ( 32.26) 

0~----~-------L------~------L------J------~-------L------~------L------J~----~-------L------~ aoo '240 '280 3'20 360 "'00 4-4-0 460 
WAVE LENGTH ( nm ) ___,.. 

Fig. 1 uv- Visible Spectrum of 5- Nitro saligenin in EthanoL 

(' 



~ 

. 
' 

' ' ' ' 

I·, 

!< .' •• 

1 ' ' j ..., /1 ~ ':. 

M50 and 3100 em·1 

l4aa·cmt1 

Jtl75 anri. 1335 cm·2 

3.610 · :md 100s e£11•·1 · 
' . ' 1 aoor} em.··· 

~· ill! defr!irmation Sty. vibration; 

· ; t ilsYm~· ~ syrn~ St-r. of !ia2 gcoup; 

.. " e =. o {3~1--; 

:.c.o ... a 
980, 960, and. ~25· ~-J.· .. , 1 : 2 : ~1 tr.1sub$titutod 

baua~lle ring viblr .ation; 

-l ' 
~00 ·Om t l.one n:.. atom 1.1aggi.rt.g of tne 

·phenyl; ring; 

· 750 ana i)~$.5·.~~-1i. c- 1~ .... ·o bonding; 

.. ·aJ.O em·l~ ~ (a.d.j.~J~n.'t). of the ring • 
. ~. ' 

13c r1tia ·(£1'1g.~.o·~ 
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11I" 3-361 I 
t CURSOR FREQ PPP'1 INTEGR~L INTENSITY r 

3763 1399.4,QO:i 206,129 4o5JO ;!77,'575 . 
4657 1096:?. 59:? 101...,76 • 0:?7 7 .us 
5049 90.33.38~ 141.897 o063 3.3ol 
5:?79 
5389 

8853. 488 130, 409' 
8480.496 1:?4.91!i 
8419.461 124.016 
787bo9:!t;. :116,025 

·O::?B 
ol21 

4,919 
6,063 

, .. : /~«ir--)-
6T89MHz p!'ton.,-noise_ decoupted 10 CR.MR spectrum of ~-Nitro-saligenin . 5407 ol57 

7 S567 olOS 
B 6685 4085.965 60.185 .oat 

' 7'276 ::?081.977 30.667 -~73 

10 7~8::' • ~Oolo632 30,367 o814 
ll 7:'88 :?041 ,:297 30.068 lo.oil;!:! 
10 7293 2024.333 2o;',S18 1-739 
l3 7;'<;19 2003.988 29,518 1.67:3 
14 730~ 1983.6-43 29 • .:'18 .765 
10 7310 1966.688 28.969 .:!80 
16 7890 .ooo ,000 ·231 ,. 

C;z. 

c, 
. . . I - ! 

6.996 
10.:?34 
8.334 

28 .89Q 
81.588 
8.3.1:54 

166.555 
176.963 
59.:!39 
20.581 
:.:5.164 

c" ,. 

I 

I 
I 
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2J'itfl:ig + l?UOl,a 

(2 mola) (l mol.e) 

fillU2 + PSCla 

1 ~Gol·e 1\··!'l!Ole 

run!~ !'(kl) t::t2 .f' . trtethylamirle 

-bYdroobl.oo.--id.e 

ONL~k~~ 
One mole fSCl.;a and two t!U)las a.t~Aino (olrit one mole tt"i~tbyla.-

mille) wertJ~ allowed to r•N~t t't ~5°. to .. r:Po in bon$enMcbl.Q~ofo~iil· 

as solvGnt. ~bn mr.£ins solutio.t~ W4$ :addefi dt-o])vise vel .. Y slowly i.d.th 

<H>nstlmt Vi!~orous $"t1:11'r."1ng. ~tttar *·m addition~ s't~ir.a~intt g~J.·iort, 
' 

tba "'Si'ol1<1 t>artiales (it prssent) tteJ'a J!ilt{lJl1'(3ld o£! ·~he r~ne.t!~.)u 
. . · . . . 6u1se.guerniliy 

mi.l{tW!G" and wa.SJh~tl re.f'~Httfa~J.y :tdJ;I:t :PtmZI'.nn~cblor-ofl'ol'II£U.J Jit &' with 
, A 

21& cola, bydrooblo:vac acid, · thQ>n with. cold :srnturn:ted solU;tion ot 

sodium cillori~le. ~he btanzene/chlOl"Qt\.'tJNn . ~haat9 wa@ ·then dt"ied with 

$1lhydr.ou.a trJOdium ·alllpb.tlte ®(A f'1l't~ed.; ·ey:a~or-ation ~ J ... nsM go.ve 

tbe desired phosph.oramidoth1o1c diob.lOl~ida; tb1s· di~hlol<"id,e :was 

used as such. tor tb.~ ~mu.bsaquent !ract:.lon. · 

. -

~be tU.tte.tt'Mt !>bosl)lt.olNlldu.o·tnioi(l· diehl\>ridtJ.s were »rm.>ared 

as follow.s: 

.5. ( 1) Cyelo h,¢:ql.atl'd.d<),PhO$pUO~<Hi1.chl.Ol'l'idath1onate _( IA).: 
•• 1 fi S .... tN IS .. ~..-~~~OZOJr.t! t fll!:I!Gtl•~• bol r t CJt t • ......,~~~~ 

Tbiophosphot~yl chloride .(16.9 gm; 0.1 fSI{)le) in 100 r.a.l. 

benzolle w$s t\llf>l~Gu t:o :reac;t -with cycloh~:ql~ine 'l9.Sgt: 0.2 ro.ola) 



in 20 ml ben2hme. at .. :~0 to 5°C; ·t;h4.r. ~in.e solution tm.s a.l1d.ed dt'op- , 

wise very slowly w1 tb eont!fi:..rmt vigorous st~!.t•l~ius. i%fttl'V an addi­

tional stbri:nn: pt»J:~io<t of' t~wo hol.ors, th~~ cvclohex.rlamlne hydro ... 

chloride was f'ilteiN!td o'l!t, :md the solution was wasil¢d \·11 tb 2;£ 

cold nyarooblo1•ic oo.iti sat'i.ll"U.tG!d ~th $Odium <thlm,.1Jie1 and tt1en 

witb. <~·old aaturn~ted s'llut1on of sodium cb1Q:t"1da. 7:tw benzene 

phnstfl Wf.l$ tb.e.n l¥O!lh!ll:;;~d with mlh.Y<h•ous sodium sul!_Jh~te tln(i 

f'il tt£:l"'ed; BVapo.r~~.tiOll ~r~J!fl _ga'lle ·t~he cyclohGJQ"J.Waidophos!)hOl"O­

dicblOI"!ldotf.ii01la.te. J.6 em t?o~ ~"ield.J wh1t.e c.t'ys·~sutiue sol.1d 

(m. p. 88-Gfl.>o} t-;:tas thus ()b"(;,ai.neKl -~ 
AnalY.,~$.: 

l~'ound a c, :Jl.04;g ; U1 6.20;1 ; N'1 6.02~' ; (c6l~Ot2HPs) 
Calc. f'~l c, 31. OS';~ ; :a,. a. 2~ ; N, 6.oa;:;. 

A solution of' fttorpholine (8~~7 gm; 0.1 mole) in 20 rill 
<..uOJ> o.dded cl.cropto'1Se to a.. sthoo2.d Solu.fum.. o;t thlol>Ms?M'Y~\ 
bsnzen.ElA~hlodidQ (R.£15 _gtn; o.o5 mole} in 5{) r.a. ben.zena at -5° to 

+5oc. Tbe mixt.tU."G \'!a$ stirr-ed at t)OG f:oz• a hr. and f.i.t ~oom tem-

pe~at~::ure :t"or l6 ilro :the m;L;tttut·e 'k1lilS work·et2 up as in (l.lt). J\ 

clew vioooua liquid \1hicb solidified afte~ stP..nding nev€!ral 1iays 

was ob~ain~)li (?~aO gm; &.k7i yi~lfl,) :11 •. p. ao .. aJ.°C1 :; 

Anal,Xsiffi: 

: o, 2~j.52;~ ;. Ii1 j.94;i i l:i, 6.85,~ ; ( c4UaCl2IiOP.S) 

Ca.lc. tor; a, 2agM;~J n, 3.95% J 1.~, e.oo~. 



solution by partition t.tletbotl1 and itl$ cono,entl .. ~'tion \>tam d$t~rllined 

by V4>lumot~1o . ro~tbod; baf'nro e$t1m~t1on of: · th& a,rnine the ·t.m:tzene 

ph&se '\!l~S t:lrsled with anbydroil$ sodium $Ulpb.mte. 

7.3 gi:Q (0.1 mc>le, 50.12 ml. beon~ena extJnlct solution coooe 

0.1400 ~a/mlJ dit:;th~'la.ni:lno vas allotted to 1.,e1Utt 'dtb t.biopb.ospb.oryl 

eh.lolt1de (8.45 gmt· o.O£) GltlleJ in so Gil. b~uz(me et· -5° to +r:Pc an.d 

tbe t~\.W~ vas ll!>I-ked ap ~s in (lA). r~. 0 gm (7$~ Y1Glld) liq.uid 

L~, L~ - Di(aet.hyl.amine l'laiS e:tttrtlc~ad in ch.loi.•ororro ft .. ~ it~ 

aque~us sQlu·~ion by pill"t.1:tion mQ~ih.oti avJ i·t~~ o~,;nu~ntratiOJl t-l.Slti 

detarmiuad by 11olwn~tl:•1o r!lothod; b0f'ore et;.timrLtt:1on o1t th~ at:li•D.e, 

tlla ehloct>form .Pi'!aso ~ms dricu:jl ·1~itb tW.h)fljrou.a sodiwa sulphe:t'"• 

Xhioptaosohoryl (.tblort~o UJ.~o ·giQ ; o.os ru6l~) in so .til · 

eblor,,to.rtU was allmrod to rC;?oot l11t.n .~:1:.5 g~n (o.l mole.· 3'1.8 ra 

cillorot"orm e:4:tr~ot solut:lont cone. 0.1190 gm/rtil) di!nath..vla~ine 

and the .mi:.ttu.ri(ll was \1()lJ'l~ed up ~s 1n (IA). 7.5 ~~ (84/b yi{illd 

l!quid wbieh solidit"it!{i ~m stm.~ldil\\g as. cr.yst1us (l.S.p. ~32-33°0) :wa~ 

,':,·· 
,::._ 



\ 
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Found: c, J.a.4a;a , n, a.a9iJJ ; £j, 7 .. aa;& ; 
•' l • ' ' . 

thlophospboryi ehlorid~ (8~4:5 ·~ ; o. 00 aol$) 1n 50 mt 

cblorofor~ t.iftaS reacted wi;tb 5.9 ~ (O~l ~ole, a~b.a nil chlorofol)im 

f)Xts;'~ot solut.1Qn, eonc. Oe2a79 tr.!Val) ist>J.)ropylam:tne, anti the mix­

tlll~G wrt.s WOl"ked up a~ in \ 1 A ). s.o f:at (sa;' yiet.··U vlhite cut~s.. 

t~lli~l® solid ~ti\•lJo 3U..JG0 0) wr~m ~hus obti«tU'lr:~d •. 

5. (Vi) m'"'roliciinovhospht)l~o<Ucnto.viO:oti:aionate (ll'~) t 
.... I? P'•'II:@IPJ4" ~-I ·-~ d 18 l'*"• I I I lllV.'MI¥0!' '7fi4IP't ame IP f II .t, 

?Eb~phQ~,&boryl. ohl.or.ida ,(8~45 gm1 · i).OO mole) in 50 at 

Ctilorofolrm Wf!S lfeaet4!1d 1lfith 7.1 .gl'cQ (O.J. UlOlO} pyrr>olidifl$ J.n 20 ml 

ehl.OJrof'<l~m, anti th~~ mi:tttlf"(i· t11tls t<r~ked up as in (lA). s.s gi~ pro­

duct t.Jas ol;~tainad. , 

thiophospboryl chlol"ide (8.4'1..6 gm, 0.05 mole) in 50 m1 

chloro:f't>r"lll ''Ul.S allowed t.o l?~·aet ~fith a.s &11 (O.l tf.l.ol.e} p:Lp~1d!in9 



~'hi~ c c:}tngound \IG!~ :PreP Ill'."~ d. by taking l?SCJ.3 ( 4£.1 ~~<4) • triethy 

... lam1Ilt~ (2.,46 gm1 fJ~02J13 m.ol.a) 1 t~nd n-n;myla.'QinQ (3.4? wn1 Q.OPA2 

moleJ ill lOO fill~ chlo~ofo.I?kll; the llOUVlamino in ao ml .. ohlor?;">t"orm 

was Gtidod droplt1SGJ af~OO? ad<:iitiorull stirring. tor 3 hrso t:h.e :reac­

tion. tniXt'iWl'(~ \tHlS washe<i twice \fith CH)ld satura.t~\1 :iodium chloride 

solu.timl. ftbe cblQrofG~til pbnse wms ·th~ dl~ied 't4itb anhydl:-oum so­

dium &Ulp!:w~te SQQ f'il~fllr~d; evapol'l'6it1on in VOOUO gave 6w2 ~~ liquid 
' .,...........,.. "Ul I A a 

nonyl,.am1dopbosphorod.icblor1doth!oo.ata. 

/ 

2-alkyl$lil1~1()•(i-n1·tro-41~-l,3,~'bm:~zodio:taphospho:r1n.-2-Sul­

~hides l!IGlJfJ p.Pepared by adding ~ oolutio.n of 2 ... hydroxy-5...ni:t.:ro 

b«J11eyl alcohol · (5~ nitll"O saligenin, l mole) ·in dry acot--.>ne to 



~ 
-( 

l. mole of' alkylam1®!1hosPhcl"odicbJ..o:J:*idothionat9 llith co-olillg 1n a-n 

1ce-ba~n. ~he ~dr'oU!.U i)Qtassium c~bonata (2 mt:tl.e_) WSts tbell 

added by instalfilf~11ts, 'tifitn cons~tmt _ s.tb.'.r>1t£go ln st~me casos,!J e:lod 

result 111as f'ou.nd by using; 2 molos o1-: pyr-i~ne or 2 ~oles of tt1'1e­

tllylarn1:ne in cblorotorm solutlr.>ll in;ston.d c)£' a.,t}f!~rlrous potassium 
. . 

e~bonate. ThG tempaJ;•nturo. of tb~i rtN~ction m1:ttwra was st.l"ictly 

mnintmin~d below 6°0 ·i1W1'1nm -tho nddit1on ot pt)ta~fJ!U.£4 ~~l':.on.a;tw 

pyridint!ltrietbyl~.amina. _ ~b.e QO!l(l~nsation \1n~s n.ceomplish.ed b't; 

st1rrintlj a~ the tempel!'atutto 6-t.'7°<~ for fl..q- additionol time tf.f' 1~--
il' 

16 hrs. 'lJ!ae .solid i)(arti<ll.-tJ~~:-. veru f.Ut;ar~d. out of' the r-.~action 
:\ . . - -

m1ztura and tha solV'~l.t Wrls '.V'aii!Ovad.; undev rt:?dooed @re~"'S\Wa at room 

te.mper$tura. ln ;;"JOl!le nrlrtH%1 tbo Cl.'"Ude product 1_~as dir"i~o·tly J:lloorys .. 

tallis$d from. meth~ol to . gt 110 the pure compount:ll while in. f;t'tbors 

an additional chl.ol.'o£orm, \fof!(t,r.oo~iQll \fas necessary plnl.Qr.- to tna 

VOOP;>'$tU~l tis:i·tion.. . In tll{ii! lratt.~l" aase, the crude .Pl~OflUC t was @lt­

trac~ed tt11tb cbl<iw.t>forta and "t.>~ash.ad U?1tb. JJG d1l HQ. (ice ... cooled) 

and \!Vi til- col<l \ftJt~r, raJ}~tlatedly \ 1ltwee til:~sJ. :!!his t1as t.b.o;b?-
. ' 

dl"iad \J1i 'Cb a.nbyd:rOUS $f)d.iUJ£1 $ul.i)hata ana tbe chJ.OVotortn \itlt!l sU.bSS• 

quoo\il.f ~~movaa una~r !l'edtteed Pr'lZi8is\W'e.,. tn~ p-wro compotmds wert:~ 
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6. · (b) ?illii?AHlt.;lO.r~ t!U4D PEU.?lt~:\1'1lillil Ol.i" S0¥1lli lrmi'ifWUAI.t •iWLAt,UUO-
. I i!l A X I Sf I • I ·-- J WI U f 6 I ! ........ Ai!i\L# ... t Al>:S$ .... l't ... I .. MF IAi • I f 1 .. 

PrlOSPHOllOXlllUNt~!l~S ; .. 

Z.felting points ar~ uncorJ. .. c><C.tad. Micro analy-sts ware C&"l?ied 

ou.t by ;Uf'red .Eernnardt1. ~,Iomt Ga~any. 

6. (b) ( 1) 2-Cyc lol'le;eylam1do-6 ... ni tr'o-411-1, . .3, 2-'benzodio:caph~> sghor.in-2-
• P A • ill - .,. • ., Y!'«t_.t r ! ..... _......,. •'" · r•• IB .,....,....... r a IW r T ,..,..._ •• u •-• 

Sulphide (BD-10): , .. 

Zllis compQund (BU..lOJ was prep&--4d by condoosation ot 5-n1tro 

sali{genin (~.69 gm; o. 01 mole) &nd Cyc~obex;yl,amidophosphorodi­

chl.ol"id.otb.ionate (2.J2 gta1 0.01 ~ol~) in pll'esenee of .KgC03 {2o76 

gm ; 0.02 mole) in 75 Ull. 3:cetoue as solvent ; £~co3 varn atided by 

instalments to tb.e stir-red solution at 0° tc> 5°0. At."te1f an add1-

ti.on~ .s1r.:Lrring (2 ... tl ~s. at 0° 'to 5°C, and then 12.16 brs. at 

,room temperatu.re) 1 the solids v~re· :f'Utered off, and tho solvent 

was r®oved. ~he c~ude product w~s wasn~~d Witb nethanol $t$tur'ated 

With n-haptane, and t.hen tho compound 1das recrystall.isod f'rom bot 

:me~banol. 2.5 ,gm (.76J' yield) compound Wt1s. obtained. :arJ-J.O is a 

white cry:stalliue S()lid1 m.p. 125°01 practicallY insoltl'ble in 

w~t~~ highly soluble in methanol1c ethanol and benzene. 



Fowid ; _ ·c, JJtl. &,.1-j ; u, o. l9fo ; 1t1 s. 52" :; 

Cale.: tor :, s1Jia794lVs :· c, 4? .oo;i ;. n.,s.:tsSi ; 
. li 0 t.::~-tf 

.. , ""·~· 

' . ~ •, -, . - ~: . ' 

A bfit"~~ yi{tl4 (95J') l.f2.$J: o'b~aiu~d bJ( using ;p~idine 

(cbl{)rof'ol"Hl as oolventJ 1l\$tetjd or K2Ctla B$ deb;vdrogan c_bloride 
' . 

6.·(.'b)(iiJ •. :2-Morpholino-6-nitro-4ii-113~2->ben:zodi.oxaphosphor.:tn-2-
. I... n 11 ... I" I ...... • ~ t at PltME!Ii!T I 3 All _I I jUW - ~-~ . . . _ 

SUlpilit1$ (BJ)..U): 
! • ... •-6.tilllll J4 • ............ 

s 
11 

\~oi 
)V"'Jo 

lv~-,__ . · 
5-liitro-Sal:i.gnrn1n (l.69 gm1. Q.Ol fllQleJ, mo~pholi.JlopbQsf)horo­

d1cblor1t~~tbionate (2-2 gm1; 0.01 mo,l$)t. 8Jl{i ~GOa -(2,/1() ~~ 0.02 

mole) 1n 50~ acQtonG g.av~ 3 gr; (no~_ yield) cr-ude product; 'this vas 

ttlen di$SolVe<i in clllOl"of~m and wash.od v:ith cold dilute HOl and· 

water; aft$11' dr-ying l:d.t.h.· anhydrous sod1W£l sUlphat-e tb.e solvent 'l1tts 

re£aovacl Wlcier l~®ueed ,pres~~~-., ~be solid. tat!;ss .was .then Jl'et~r.ys:ta-
' . ' 

llised from hot mettumol. 2.0 .gm" ~ao» Yield):· BP-U \'$.Ss thus ·obtained; 

BD-ll is a '~h.it.e arygtalline solid1 m.p. ~49oc, highly :·y:··~·::.<"·':'i-~ · · soluble 



_.,___ 
-T 

in acetoll.& and cblor-of'<lrm, moderately ~oluble in methanol, ethanol 

and b~nzene. 

: c, L.t:il. 7o.t6 ; u, 4.lO/~ ; a, r.,.2~; 

t c~1u13o5ii2Pii -~ c, 4l. 7?/J ; u, .;b.lli.g ; 

iif 9 •. 21;i. 

6(b} ( 111) • 2- Dieth.ylrun1do-6-n1tro-..,llt-l, a, 2-benzodioxapilosphol .. in-
• ..-- v..- -.. ....- ,,. &11111:••• t ••••• ... r ••• •• _,. fJze t rsr 

2-~ulphid$ (BD-12); 
P T "! ' __ ... _..,..., llil "6 V FP 

5-Nitro - 8nligenin. <1.69 gm, o.Ol molo) 1 dietttylamldophos 

-phorod:lchloridothionate (2.06 gm• o.Ol mole.), and KgC03(2.76 ga1 

0.02 .mole) in 50 m1. acetone gmre DD-l2 \2.8 · gm, 90,G yield) as white 

crystals (af'tor workin~ up as in BU-lQ) 1 a.p. lOS°C. 

Analysis; 
&II If tmt IMfMiii4 

Found ; 01 43.68)'~ i H, 4.94.% ; u, 9.25;t;; 

Calc. tor ~ c11.u15q~:ttli2I?s : c,. 43. 70;' ; n,,1.q'Gi-& ; 

.11, 9.Zl"'· . 
!4olecular velght .:- 302. 
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5-li;ttl~o - f~aligunin (l.6i~ gm, o.Ol mole) ,dim(l)tbylru.Udo- · 

phosphorodic'blorid.otlrl.ontato (l.."r~ gm,. o.ol mole) 1 &~2c.o3 (2. 76 gm1 

0.0~ male) in 50 ml SC.tiit~"lne gave .PD ..... la (2.0 :gm1 75)~ Yield) ~s. Whiti: 
I 

:; o, 39.40$ ; li, 4.~ ; H, J.O.l9~; 

; CgtiiJ.04li2P~l f c, 39.4lt"'~ ; a, 4s.Olfi; 

lv,lo.R.U. 

t4oleaula.v weight .:· 27~11. · · 

6. (b) ("I J • 2 .. l:r,opr!:JP1la.ruido•6•n1tro....4li-lt3t 2-benzodi•:>XaP.hQspbo:utn-2 • 
• d -tJfjocf!- Mt I •ti::W I;• I. 4 ........ • l.ll t'tro;lil I"' f I .. I I ....... flTI pqe; ... t --

Sttl:Phide ( 191).1~ > ~ 

6-lU.tra-satig.euin (l.69 gaa, 0.01 mole) 1sopropyl~IJ.dopho4;.. 

»horotU.chlor1deth1qnate {J .• 92. gttc, .o.ol. mole), r"2co3 (2.7~ g!01 0.02 



....... 
{ 

mole) .. in. :JO m1. ~atone gave W-l4 (2.0 ifilt 70i~ yield} as white 

Cl"Ystal.St nl•P• 98°0 • 

* Oltfi:t:l)4N2l,S ·: o, 4J...66~ ; H, 4.f)JJG; 

11, 9.7:~~. 

6. (b) (v:l). 2-?p~ol:!.dino-6-ni "Gt~o-4tl.l131 B.,bcmZ<>1iioxa~hosphor1n-.2-.,. m• ••f'1=r•_. .... _. .... _._.,._.,. • .,. ••:•• •• ,..,~~··• OJ •• .. ,. •.,. •·orr 1 -

5ulpb1de (ljD.l.5): · 
• -• r r -,_.pq ,,.......,....,..,~ 

5-Hiwo - ~hl.i&ellin ·(2.70 gm1 o.OJ!.:i mote), pyr.t•olid1no­

pb.osphorodicbloridoth.i®ate (3.45 ~~ o.o:w mole), K2COa {4.5 gm, 

o. 002 mttl.a) in .50 ml ac eton0 gave J:jD.lS { ..:1 gm, 88)~ yield) as 

\~hito cry:;:tals1 m"p. 134°0 •. 

.1\n~.ly JSi m; ..,..,_ .... -. ....... 
·c:\ A iJ Oill.l~ : a, ~1J.B3ii ; H1 .!1.2'7;6 ; ~, 9.28;~; 

= o11H1304~11al?~l :; c, 4J. 9Jj; ; H1 4 • .J:~)S ; 

li., 9.32J~. 

~1ol.ecUlr?.r Ne!gb.t : aOf.).S. 



. . 

..• 6$ (b) ~VU) r;o 2 .. P1p~,"1ti~~raf.~Q...4Ii .... lt;a,2,;.,.b_ellZO{!iO~aph.o$pil•~in-2-
. s.;:1~~1l:fd'e"".(j,l):;::lt; f .:··oi J .Ailll ""' I I . ~ .... , ... ,. I i l rFI .. ... l - 1 1 •• _u .. _,. .. _,. ,.,;r,, ...... J .. Ioflil!\ 

:r· 
... H.·--~ ·m· .. /·0~ ..._. 1~ . , . ?'' t· ~ --. . . ·' :· . · .. 

. •' i. . y • '. 

"' ~';. ·;- ,.,. ·-:: , .. •: ·~· ...::::4 

. t\m.2-. 
-.- 'f of • ·.[, .·j .•· .. J , ~ 

•• ~. '~- .. f '~-. ~-

5_;111. tlfo_.;Gal1geu:!Jl (3.4 gQ;. .0. 00 lilOlG) 1 pipa:;ridinOpilospb.oro ... 

d~hl.olridoth1t.lna~ '<4.36 ~~: o~.Q~f ~l.il) • ~G:o3 (s.u iHl· ·o.~ nr.ole) 

·w. 60 all·. acotonG gave B~J.e. · (,~.u ~~ P/1~· y~~d~ a$ widte crystals; 

Found 

Ce~lo·. tor 

. ,~ · ·o» .t.ts •. nft1 ; u,. 4.1~ 1 N1 a.sn$3 

-~ . 1';1~041'8 l ~~ ~1:. 7lJ& _I U1 ·4. 777$ 1 
. H_·- · ft. __ (;~t-t t· ffh ~\#If-



G. (b) \Viii) • a ... luonylamid.t)-6-nit3."~.t.ftH""'llt.3,2.bei\g;odi.oXaphOSl>ho:rin~ 
• II J ....... St I ................. ~'ql· ...... t -. Ua I!V"*..,.U. Ill! •. I .. ._ 4 • I ~ ~ ........... r l.. II. 

!:':-f~lllllh:l-de tBD .. l7) ; 
~~~~.,..~~ 

6-i~it!:-:).~suligr#nin(, (l.~l u'fl• 0.01013 zaole) uonylamidophotJ­

pho:..·ouichloridotlliou.at~ (2. 93 eat o. 0103 mola) 1 K2co3 <2. 9 gm, 

o.o~31H wr>1G) in. 50 ml ll(H_,;~<:>ne u;avG~ BD-17 (3.5 gi!l, B7~ ~1eld.) as 

crysta.ls,. m.p. u~i:k°C. 

Analysis: -

CnJ..c • t' ov 



' ...., __ ,..... 

............... _ ... 

Inaoot1c1dal t.t:~atB wmra pet"formed 011 the American 

CQCkroacn. Per1:>lanatp aral~l! .. inaua (.l!Jti.nn' accol .. diu.~ t .... l)n.c.v"""'a ~,~<,..., 
, ....,....,. • , i~ •• v~e r........ " t.:. ""' ~~ ~ . :w.a.lif,.,. 

(5} 
mino~ modifi~~tioas • ;r'\rSults of" ·f. am43.vicana we1g}i!l1g al:JOut l gru 

.. .'f'!l9" •• ... , ... ,,.. . 

to 1.2 gm wet-t~ colloott:td in thu l:M)ntb of lltlJf' '"" Jur~e; 1980 from ot~ 

pauticui4J.1' location ot the &.,r·tb oor.tm~l lin1var9ity Gat:npus. .In .tho: 

ff'or }3ll'Gilim:tnavy experimant• ton ro&chas in erl\Cb got we~H oxposed 'to 

different liao{lig(!)a of 'tb$ aonu~ourut$ in dry su.g1W b}lit and atte~ 48 

hours the tnortalit.;y Wll$ dotom~:UlO{it and appro::d.r.aato 100~' mortali.ty 

( ~00~ ValUe rat'1.B:<ll ( f- g/ i!}!J. br~S.1Ed \v~$ found ou.t. 

J:o da~lrmina mo:ua I:»J:::~16.ie ~CJ.oo value or each coiQpound1 

one eockV\>.~ll of knMJn til~ight. in mwb pot \i.ias e=cpos,~d to kncwn qu.~trt .... 

tity of tbe al.kylamido:>hospbo~oth:tonates progJ.•essively ioo~ea~ing its 

oooo~tration by :t y. g for the. dimet~Y'l a.mido compound (ronga 10..20 

j.L€1~) tmd -tor the other eompoun<1s the concentration \las inot"e>~sed 

by 2 f-;J/gr.'1; for sml.ithion at:•d the m~tho:cy- oompound (BD.B) the con­

centration was 1r~lNH1s<:Jd by l f rrl gia. lS~tcb. experiment was t,.-ipl1-

cated and the. avora1~e r.c100 ·qalue \ttas roun't out by using 'tha simple 
t6) 

uithmGtiaal prooadul. .. a • a~:t~ol~~ conducting t.ho Q~pc~uaen.tis on 

tham1 tha coolWo!lcbGs Wut'e kept starV'od f'Ql." 24 hoU.l"$. Uol40V&r.1 the 

varying susceptibility ot"' mala and female roaches to diff'erent cor.u­

.pounds ltere ign,;,ved dut•ing the cx.ptWiment • 



~e":n~~~prw..o_:!u~.i~~!.~ was empl.oyott ror (!;) test of 
an.tif'ungal aetivit;y by ua1ni Pt>1soned rood. toobni<4Ue • lioetona 

solution ot suitable (\Uant1ty of' th.G alkyl.atnidopllQtJ,Phorot;ld.onatas 

in atGr1l~ tvfator containing 0.2 par cant friton-X was trworporat;:ed 

into molwd malt agar so tas to .~$t the cor.tO~ntl-ation 5 - 100 PlXII 

tor the isoprQ.PYlGttlido COlUPQtmd (Bl')...l4) . and 50 .... 500 ppm fo~· tho 

other compowlr.ls in tho me\tia. ~b.e tt;r!lt medium waa pow.$ed int-o 

sta.trile pc&tridlahGs and af:tr.~r aol.idirie3tioll the 7 mn1 8 days old 

cu}.ture <..tts~ was rJlaaod· ascepticr.dl;v at; tht:? eent-t>~ ot t;ne petridish. 

l);h~<l.e :to,pl.ioatlouQ an each test Yitb. appropri.~te cotltrol under sasa 

conditiit.Jn.::l ~-rore mmti.ntt~ined. Xbese pott':ld1sb.as were in<:ubated .at 

26 <~ 1°0 to:r 48 h<:.'l!l.rt:il :~nd then. the obs~rvt~.tl,ltl.1S on -the di&'lleter of 

tl,_e colony wat"~1' .ti't;K:orded. J?ureel~·t; 1i'lhib1tioo over control :was cal­

culmt~d tolltY'I~.~1lig tbm equ$.ti1ou ~1·;rt~)n, bt V ll:Aeent \S). 

Ot"al toxiei:t'~J ·'te$t1!lt] -t~aa conductt!!d .-.,n 6-J..."3 raonth.s old 

male white albino rats, W$igl~ing 140-gt.X) ~, ·each housed in $epars.te 

eom~av=ents of' a ca~m. l\ll anirattls had f'rii]e access to food ruid 
. . . 

water. Ditt"f>:trent domagea of a cotapound vsre mixed with boiled fi:sh 
(9) 

and git."ctl ·to th(J} ·tm1tmalts at thetr ha'bituBl f'eading titna. Tno 

mortality wi.tbin 48 bolll"S we.1!"e rueor(!Od aiGn~; with ·the to!dc GY'IliP­

toms. Acute cral to:dc i:lorro~gG '>1as tound out by vril'.~ying the WlOunt 
Of COalll>OLLM 'j)crop(YP~, ihQ ~GtJ'tl,[Q. QrmoonJ 



of cmugouna uastod by the fAtd.wrll cllNin~ dif?.!ting \.sas voughly accounted 

toll in dat&fl .. miniug th~ dosaga. 

~he organophosphorus co~pou.nds havE.l a common pbtatJmaco­

log1c&l. P.t"Op6lfty t~hich is the ability to inhibit tih.4i!. aotiv,.ty- of a 

eroug of. t~nz,;I.aes1 es~eoiatly 8.tl$tl(l cholinesterase (AOllE), involvod . . . . ~ . -

1n the bydroly~Sis o£ estal1's of' choline. 81.tmo th.,~sa enzymes present 

w1deU' in insoots and mtk~iala, tha Ol"g:mophosphorus compounds, usod 

as 1nsoo t.ioides !~.too exbibi t high f.lltmt1Zlal1an t(ncic1 ty. 

!Ytie.lN~ ar%t i"our ma,jol .. l~~tbofls f'ol?' ass$$1ng oholinf~etter­

ase .·acti!fity and f;#ff'ect of'' inhibitors. Zb.11.1$~ mntb.ods are potentio­

metric, titrim.etria, taan.omt9tt•ie and colol?iroot.:t•ic .• 

Th$ oo.et!fl· chol'!noste.tNls$ :lnh.1b1 tion of hou.stn".ly head. 

br1e (IIP'ACblil) hf.tS 'bE3~ll Rlv)'fii.SUX"O<i by 0\)lorimotPic fll(iltb.od of ftreJUBl'" 
(l01JJ.) 

and Gamson , um:tng itl<!ophti!ll.,'~'l acetate am an 1n.t?.rnal $Ub3ttr~t~e 

- indio atpr in o. 05 M phosphate btlft"er of pH u. o. ~be enzyault1c 

r~~ao,tion for indophen.yl acet-ats 1:11 aa f'oUolii's: 
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~be ruactioo. mixtur~~ ()(),iltrdnf.lld 5 ml bufi"el" containing bourte£'17 head 

1."1r61 (J. ml of' this solution C)Qntained 1.f'lU-tlatad) and 0.15 ml indop­

h~nyl oootatQ (totl.d V'Qlume '= s.J.S inl.1 Cone. of' iu.dopb.anyl oo;etate 

).; J.o-"51~). :lh•~ £"~;~adinms for cont.l!'%)1 ~ sat®l~ were tllkm nt 625 nm 

nf'ter e;(autly 30 m1natua intnl'bation • 

. u.S gl1l fw1~.iff)4 diSsolVed in 600 ml Of tf#ltet" WQ$ mi.~ed 

with 475 ml or 0.1 li lQtaOli solution end diluted to l litre af'~~t> tha 

2. Itlt"topheJl1l ooetata =: l~or:k:1.ng solu~tion: 
M II' i •. t I_Oifll. . I I tei!«iil' P ~ Ji' 7111'•11 

0. 008 gEl of' indoph~)yl. WJetatG when di$Sol. VOd in 10 

tn1. o:tr &bGolu.te ethyl aleobol gavt'l ·r:t a. 3 x 1o-3 M sol.uti(>n so that 

tb.e .final cm1centrnti{)t1 of the in.tiophtlnyl acetate in tho rOO:timi 

vass<~l was always 9.6 x 1o-6 it. 

3. Gltcerol solut1oru 
.... ~- ; • w-rw • a t a 'Fa• a r • 

10 ml. ot Glyeel-"ol .wa$ dilu:tQd to lOO ~ with 

absolu.tG aleoh.ol. 

4. Sal.i.'le s~u.tio.ll .~ o. 9~ 
18 b !:. • • II U J i I kU , .. 



)t-· 

s. Salt soluti1liU' 
.., r • r· •• •••....,. 

·a. 00. 1~ of ~ganotls chlar1de Md 2.15 gca of liaCl 

were dissoivsa in eao m1 of ''~te.r. 

· . 6.- ~.epatrat1on of wortting sQlut!on of' acetylcholin$sterase 
~· i41 t,.P na;tiJigJZU$1'1lll •. l lltiRIP•,_...,.tl f'IFJ _1 _,._. J ·••• •••. ,.,....,.. 

. -rom nou.s~Xl.y .... bGH.:ulr.:u . · · 
.... ,.""' l .,111111118}fl$ ...... ~ 

&bout SOO llotll.soflies (1$Jl~) d,Wil~) olosod ill a 

glass IV0S$lct!l lle'Z!'G 'Sit~.t!>dd sn a ~e$p freeze f'or l-2 hot.Ws. fhey wore 

thon tl"ansf~red in a conttdner" mtn finaly bl .. oken ~Y ice1 reJaoved 

indi"l:l.dually fr~ the oorltaiuar, dec-apitated \dth a r:;i:t.~ving blade 

and. i!oroeps. 400 ·her~($~ W$J?<J combilled with ti! ·ml of slllt solution and 

2 @:Ia of ~\1~$b.ad stm.d tn a _proohUled size iio. l mortnt"'. ~b.o hC!tlds 

wera ~lowlY gt"ound, then transferred to 00 ml plnstic centrifuge 

tube t41 tn (:tlle a ml Bliqu.Qts of' cold salina oolu. tion tmd two 5 tal 

aliquota <:>t but" Ear sotut1ono Ttv.a hera,d · t"ragtUant:J were 1·~ovad by 

centrifugtdlion f'or 10 minatG$ at 101000 rcap.m. in superspi~ed contr1-

£U:ge at 4°Co Th.o :~"'perna~ liquid vns dooentad into a g;:oa.duat~d 

oyliudtu.• and tho .fr(J(gmtint-ed b•;;wv:ls W$).'l'e mixed lli th lJ) til of buffer 
G 

sollAt1on a.~d centts:U:ug•l!d &gB!1n at lO,ooo r.pot·~· ~his e~ac:tion. 

prooedul.,s was repe!~ted twiee. ~t1e supel"natant :solu:'&1{->ns wa:rre com­

bined and 'tho vol~ tttls adjusted to 90 r.tl td.th. the buf'ter solution 

so tbat eacll ml t.ram equivalent to 6 fly-nea<im. 2b1~ solution tvas 

stoolt~.td f'f'·:>~$ll in d~ep frsege. !1!1() ml of' tt}iis solution ii!as cUlu.ted 

to fS ml wit-h bufi"ar soluti.on so th~t eacb .r4 of th.0 diluted solu­

tion oont·a:l.ned sin.e;le tlJ;-h$ad and used tor emch set ot tha 



-1\ sG~~ica of 16 tal W»"ex. beakelt's (numborud J.,a,a ••• 
• •.• • • • !11• ~.etc.) oontain1ng dif'i'erant amolmta ot" iuh.1bitor (viz., 

BD .. lO/BD-ll/etc.) in ooetouo along with one: markllld •oontrol' witU.. 

out inhibit;ora w~r.o a11.ranged. o.s na. ot glyce~~~. splu:tion was 

pourtld in each 'baat<er 1ncl.udin,e ttl~ •c9ntt~ol'. rthe ooetone (in 

baakor 11213, eta.) was :r.-emovau by 'bl.Oliillt; cold ai.tr. 

~o tb~ tcon;wol.' s ml of wo:rrld.ng enzyaa .... butt"e:r $ol.U.. 

tion ,,,m.s added and simul taneousl.y th~ stop...watuh l\fa~ strwtod. At 

tbe Ult(~rval 'of uxmntl;v 2 muw.tes1 6 ml of 'tho e11eymea.buffer solu-

tion ~1as ddad to ett.eh oi!' tbe ramninitlg beat~a. 

Att~r. eaactly ao rn1nU.ti.ilst O.l5 ml of thEJ indopbanyl 

aoetat$ solation (3.3 x 10'""'3 M) w~Ql at~ded to tbe l:mu~r nu~ked 

•control' antl.subs~quentl7 to each l~MH\ttJ:'~ or tho S(tJ>1es mt tha 1nteP­

val ·oe 2 m:tnutGs ood :tt1en kept to be :in.ou'ba~~:i at so0c. After 

illc"'bA~tion tor- o.:~actly ao minutes thea absro'bnneea ot 'contr~l' GUd 

remaitling solutioas · Wel!'G sl.tccess1val.y noted in th'-1! sp'lctropbotom~tar 

(Carl .. ;3e1s~ Specol, . .lN) at 625 nu1 'titb reference to a.ttzyme-buff'or 

(~eagent blankJ solutii)ile 



' \ 
!be method ilfiploy.ed to de~~$1ne tlle inh1bitiOJ:l of' 

the activity ~>t acetyl chclintJ~Ste.r-ase 1n ~m~t ll1iwl.ta blood by oll'ga­

nopnotJpbortt.s cHxapou.ttds waa hlf eolo~.lm~Wic· tnethod of Kramex- and 
(:tO,ll) . 

Gw11sou · 1 using tiJ~dophenJ,rl ~ftlt.n~:.o as all internal S'«lbaoate-

it~dio~tl.)ll' 1n o.oo ~~ J]b.~aph.Qte bu1r~fer- of' .t~U a.o. thf!t resa.t,ion ·mi~· 
' ' ' 

tuJ?e contaiUled 5 ml of ooqrzJe bufi"li!W solution (4.8 ml ~hos!)h.nte 

butt~ solution along 'with o. 2 al goat. whole blood) 1111(1 o.J.S ml 
. . 

indopnanyl acHrttate \total. volume = 5 • .w mt •. eoncootra.t.!r.in of indo­

ph.a1l2fl ac0t&te .(total 119ltu'Ja = ij.lo ml1 ceacHWl'tratJ.Qn ot !ndit)pheny.l 
~ 

~etate 1n the r.-~act1on m:t1ct'UJ.I'erJ 10""0 H). Zhe ~~~1dings ot" 

'control' ~md 's~pla* vsre taken at 625 nm, aft~r' eaactl:r 30 

mimltas incutm.tio:;l. 

(1) M~t.erial;. 

(a) ~'l~~ JtlfM!lf! ~t 150 ml tremb blooct wms colLected 

f'r.QIJJ P,;O~~ a.r.td m:t;(!!ld with ~5 mg ~onium oJC(date (anttcoaif.ilating 

agl!lnt) in a 200 rill standard ,joint bottle and \l&S -shaken wetll. i'he 

bo~t>lo cont.~iJl~ bl.ood v:a$ tboo kept in th.e f.r'noaor. at o0o. 

Zbe ot,be1• .i"oaa®:ts o. g. (b) 1ndopb~~n~tt.l acetat~ (c.} ph~sphate 

buff'e~ sQlut.1on and t (U 8].yc.erol solu.t.ion. 14er"e propar$d Just~ as the 

same as me.nt.ion.od in 10( ae>. 



fbG Ant1cno1inasteras0 Activ-ity 1n {ioc~lit wh.olo blood 

vas de~M$l"m!n~d by tbe sruat~ rnetbod as Mscr.:J,.bed. in 10( a). :t:'h.e OlllY 

e:K00Pt1on was that Ml() uon'Goot;s or' tnt1 b$ak;er 1.1as filtti!1red. tt'~ou@ih 

a 4.25 em l<lb.atman IYo. l tiltQr papw af'to:r exactly 2:9 minu.tt#s in... 

cubatiot1 &nd tb<1J absoJtbance of. the t-.!ll trate war:J h\)tdd ill s_pectro­

phot~t~r at 62f~ n~ ~;l tb ~$f'~ooot:P to t.h~ f'il tl-ate or tho enzy.me­

bu9.fer soluti(>n and: % inh.iblt.ion war:; naleuJ~~1tott in they same· W~t¥ as 

det::el•ib~d 1n :W(a). 

,1:2) 
ati .,a:.. • 

i?by~Qtii'~i .. c1.t;r t~~t<itlij! ~~a!l cotMiu.ot(!ld ~cor«Ung to Eto 

~(iltOn~ S,O];.~~t:i~)Q c;//: the COt!l!fet\mdtiJ :lliJC~hi Wi tn f'iXi!td 

Q<tUeOU$ $US$U?Insi.Q.O. QQ.nt~\i~li1A~ 000, 250 ()1'1 100 P£1nt of thB 0~1l0Ul1.~S 

was goured .. intQ ~ ptttrid;t!JYb bt)tt*m (lo~evarl; with absorbent; ~.totten.-. 

·~en s~a~ ot \1heat (1-dt~&Pl• .i1t· US:" 202 v~iet;;· tJUP91ie~1 tw ii&-

wat01• was adctSti 1n ·aooh pet;r1t1iml~ so that ·~h$ ;seeds ~~cmi:WJd in 

r.loiet ~o.nditi!7nw Baa.h temt ~~s t~j.l)licstefl~- l~umb~.r of germination 

was eou.nt~::id attar 5 d.f\Y~• 

13. .W.Y~~~~~1!~'.\~,!·: 

GintHJ tho nitro G~1gel'iin eye lie alk:yl~idophoaphoro ... 
~l3) 

th1onatas are an!i3logous ·to s~l,.th.it~n ~ i't is ~lnvj.Gamed to prQaeed 
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witb tbe initial f1Bs1c!l of aryl ester bond in tfi.oA:aplloe.Phor1n ring 

followed by the lib$r' $t:l.()n of nitro saligenin. 

Mol"<iH')Var~ tha r-eactivity of' nitro eal.1gnnir. cycli.c pbQsphotroth1o­

nates is not ()ll!y Q.f'itoo.'te~ by ~.ltocyolie aul:.tatituents on th.a phos­

phol"U$ atom bu.t also it ts sign1fiatt!ltly- .influen.eed by_ the prosence 

ot nit»o group at tbe vara position 'to pllenolic -Oii group m the 

be.tlJrol).e ring. 



!i:hQ chemical h!fdrolysis studies were pEWformed in o_.ot)OO M 

Na~J solution in 50 P0l! oGtlt athanol·or pli 11.85 a.t.~>0G. One ml 

or e tba.n.ol solution of th3 ¢100.90\Ultia w1as ad<ied tli tll 9 ml ot 
·' 1 -

o. 0095 ~~ l~e,l/ll solutii-rJn. ( t.o~r;U.. vol.\Wfl) '10 ml.). ~he ·IV-~,;; t~ o£' bydl!o­

lysia "W"aa monitOl!'ed. by tollow!ng ~hG f'{Jr:nation of' nitt-o-saligen1n 

uion ~t ~,~:on, 4101 «:1:20 tmd ~aao nm in o. 0~1 ~iss ap.ookol ,~~~ 

speet.ropbotomet~. 
· .. 

and eydrolyt1c products W$3!'~ GJ(e.mU~d J)l!ior to 1\:tna~ie s~ud1oa to 

show that overlap in re-leV&Ult absorption ~·tms "i~o:r~ not vrosent. 

X be conoel\tration. o£ th.e hydrolyt-ic l):trotiuc t. was det'fil.r.min£J d f~oo 

the extinction cowQf.fic1oo.t value of 5-nitro sal::t§!ietlin .tu tue: 

same 0.0095 M :NaO!i sol.u.~1~)n at th.e se1d wave lengths. :the pseudo 

first ordur rate ~on:nt~mts U't~y!.l) WQJ;.-e dott~t-lrtrHad by t.hc least 

sq.uat"e reg!."et!lsion ~lYIDia. 





' .. 

Only touv saligenin cyclic @b.ospnor.am1dothionatas 
(_14) . . 

liavm so tar been l'epurotad ,. -~ho _,phy's!c~ propertias fl1ld per 

cent yield ot tb.e$iiit compounds ara ~iven. b~lov. 

--~~Ic;.=_r~;J=~~~=~~~--=~~ i>"-•'l.w,., ___ ~,f .. o.J0<~><-,-.-.. ,. _____ ._,..,_....,'1""._•~ ................ ~,:,.._,. ,_..,_ ..... ~··~"-~0' ... _,.':...,..-•~.,..........,-l._"':h-~~ ... ~">,- .. --... t-~~<i-q.•-~·-_..-..,. _____ ..-. .._~-

itetbylamidQ K ... ati eo 120 - 123/o.s 

f~thylaraido .tt -a? .... Und1stillnbl.e l1qu1d. 

D1metbylamido ~ .. 36 27 ll8 ... 1~2/0.2. 
P1Gtbylamido K 'l""-aa la l.J.0/0.2 
-------~-~~~~--··6--.W.. ........... .._~ .... .---. ..... ~.._._-u,.. __ ~_ ....... _ ... ___ .,.., 
-·~-------------~--·-~·-·-------·--~----------;--..-·~-..-)(J;i-)-~ 

, ;noll t>f tb.a 9Pf!l 1!{!U1.ds,. .anti per cent 1ia\·da are low \ J.a .. 27ii • 

!11be atethylam1do compound (K-35) bar~ -been pPopared Qt, -4°iJ u.aing 

pyl':l.d!.na aa dehY4t-Of?:Elll .. cblor'ide agent -ln. cb).orot~ta solttt:ion; 

tna other threo comp.owl.ds (lt.37 ,, K-361. :r.;...aa) have beon prepart,;H:l at 

eloVtlted t0fapet .. a:tt:W'OS (60-80°G )- using; W:!Uy~"'OUS lfgCOa .:l:$ dtiby~ogG!l 

.... eblar1de agf:nlt nnd co[)pr:tr po1~dsr S$ -cat.alyst in toluazatl with l.Oll 

110ld. 



. ...-

W&, hGWU~VE"er't attec!eedad to pt•epere tho· nitro .. sal1t~enin 

cy<ll.ic pnosphoramitlotbionatfls (.BJ)...J.O to B.D-111) in st~id cl"ystall.lne 

form witb h1tth ,vieltie (i'ablo,. given below):. 

l:JD .. l2 

:au ~ ,la 
£11) - 14 

BD - 15 

Morgb.olt1no 

.Diothylamido 

Dimatbyl.amido 

Isopr'opyl.amioo 

J7rrolidino 

?ipal."'idino 

lilonylafll!® 

/it 

60 -
E~O ... 
75 .. 
?0 -
ao -
so -
so -

00 149 

90 100 

80 3.28 

80 98 

00 134' 

00 130 

90 f)4 

powlilt::r at elevat~d tempe:ratwre in benzene Wa$ tried for the p:repal"a­

t1oa Q£ th.a l:tira:etb,vlamido COI:atlotm(J (It!D .. ~H; in 1~hQt cr .. sa, a pasty 

raater1t1l 1<1t'iS obta!Mt! fr.om l11llicb ito was ciitf'leUl.e i;a set tbe pure 

co:upound. 
I 

Attemr~ta had al$0 been made e~~ve:t.al ti~ea to ~aparf; th0 

a .. mst.bylamido-6-nitmo-~!U .... l,a,2-ben~odioxnphospb.ol~~e-sUlpbid$t and 
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its etb;Vlamido analog; u.ntortunattttly, in eooh cas~, a viooous 

yellOWi·:Jh liquid W~11l ()btrd.nade ~f;,C Of t.bOB$ li(}Uids gaVO S$Vfel"al. 

spo~3 indicH~tinf!) tha prasenc@ o£ ·a ntmbou oi.." compounds; tb.o ,PWN) 

amidophospbo.t"otbiona.tG:l co\lld not b0 isolutad t~om 'tbas0 liquid 

(15) .. i, 

Cr~~n anll i~bt:ur · bad r'GllOl"tod that the caorpho-

lii1opbosphorod1obloridoth1ooate is a liquid (b.p. 10.?-102/1.5 n=:a); 
('l()) 

1u.aoo ®d :aertull1 b$$ aJ.so IV'epo~ted the s&m (b. p. l0"/,.110/2 • 

a). ive coUld• b~lwever, arueoeud to obtain tb.e· m<lr'llh9l1n.ophosphoro­

dicblo:ridoti'Ltonate in til$ i!.Ctt"fa ot ~1blt~ crystalline solid (m.p. 

ao.a1°e). 

B. f~PEO'..iMAL i?llQ.!f'i#l\'rii~S.;. 
I It v• IIA MSi • A » 1 II I illS i U 

have baGn de:t4Grb'l:bled by ehemic£4. enal~rsim rmd uv-, IR1 ma~:m a.'ld 

lfMl\ SP(!.<ltra. 2he &llmlyticel data tidong liith the physic nl. charac­

tet•1stic s have be~~ presented plN~Viously (Section .tQ. 

The spectral dmt.a :fOOl ditto:tlent alJ~ylrua1dopbos.Ph01"o­

thionat~s lll'a ~~iv~n below,; 
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....._, 

I!l (Fig. 5) # 
....... --- ..... 

J.020 cca·l ( sl ,, P .. o-c ( atJcyl >; 
1240 --J. (V.$) Md 690-920 ~l (a) 1 P .. f)...C (aryl)# 

1515 Ctla-J. ( s).1 asYm. :~tr. of nitro gr.aup; 

1340 em-1 (a), sym. str. or· n:tt:ro group; 

BOO Om .. J. ~ s}1 !.i :: 8 (l); 

suo em·1 (m>, P = a 'Il); 

3300 Cu1101 (ml, ri - !i str. 1 

1620 C!a .. J. {w) and 1005 cm-1 'm), ·ttio co.F.tponenes o£ 

the su.bstitutell benzonQ ring "'qutadrant str!tt .. 
. ehi.ngn C ~ 0 Vi'brr:tti.o~la; 

l~O em-1 (m) and 1420 C!!!-l (~), tW€> oompon.f~nts of ti'u~ 
sUb$titt~terl ben~ifno ring nsemioirclo strotch.ingt' 
C :::; C Vibrat10l1HSi 

7.~~0 em•1 (m) tt !il .. t'li aw. talso armaf!l!i:.ic C.it...O 

bendi.rlg). 
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( 5 

ONH-P( 0~ 
. ' OCH~ 
: ~2 

I!!Hl10 

Cone. 1·sss ;c1o-s M · 

"max= 290 nm (Jog t. . .4·o!.n) 
. . 

"06 

"02 

0 ~----~----~----~L-----~-----L----~------L-~--~----~ 
zoo 2!0 260 ZGO BOO 820 860 aeo 

Wave length, nm -
Fig. 4, UV spect.rum of eo10 in ethanol 
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.. lJS. 

296 

295 (base p<?.ak) 

279 

100 

2.!1:9 

. 230 

198 

162 

aJ.o 
·au.o 

(211, mul tiplot, -Cila .groU:p at 4 posi t1on of 
the cyclohe:cy-l~wine); __ 

1.6 , (4:H, mu.l tiplet, two -cu~ groups at J,a• 

l.9 (tlil1 inulci,PlG>·t, t\!10 -cn2- grm.tl:')s ac 2,2• .f.Ji)si­

tion of the cyclohco~xylam1ne) 

3.2. (J.H, multiplet -Cl1-< group}; . 

3.6 (lH, mul~iplet -P-i~h- group); 

5.45 (2H1 Octat, -CH2.. group. :ln dioxaphosphor:ln 

~ing}; 

?.l (lH., (~oublet, J' -= 8.5 Hz, onm at'oma.tic hydrogon., 

8.05 

meta t11 nitro group}; 

(JJi1 doublet, <>ne arom~:lc hydrogGn ortho to 
both tllt..r•o gt•ou.tJ and -Oi'l2 ... group of dioxnphos... -
phor:tn ritlg} ; 

(J.U, U1Ul tiplet, :t'(·Hilnilling une a!"OLlatiC hydrogen) 
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SAMPLE ____ .!?J>..:.l~------

LOCK l)iliNTERNAL 0 EXTERNAL 
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NO. OF TRANSIENTS (NT)_I.uao.__ 
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, ... P !it .. ll 1.~_,~11" .... ? ;J•; . I ''M FW'f?'.nt ....... -e .......... ......... ~ ........ ,tbt filA •• ..,:J,.IIifii'IIINI" .. 
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s.o.s (::Ul, Cioublet., ane aromnt •. ic hydr'ogen ortho to both 

nltro grqap aJ'lJ1 -ala- t:-;l~oup of dioxapho$phor1n 
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(vi) B..P.}11~rolidino-6-n:L~o..4l't...l,.a,e .. benzoaioxapoosphoriu-2-
....... 't 144J I!!.,.. ...... ,,~ ••·~~~·•• 111M ~ ,-~--~~<......., lrT w_ · lttl 1 V lltlfillilll'*'Pr&:••M. 

sulph1d~ ( BIJ .. 1S) : 
• Fi -- l!l_.!! Uzitt P' •• Ill$! ... 

1030 em-.1 'sl, p ... o.c (·alkyl l ~ 

1.250 cm·l (s) W-1(1 875 o.m-1 (aJ, P-0....0 (aryl}; 

lt)20 ~-1 (•-rs,)t asytn. stl'l'. of nitt-o group;· 
t ·• ',- . 

l34CJ ern-l (Vr~)- 11, s~. $tlf. of' nitr-o group; 

810 em•1 \e),. ~ = a t :t); 
655 Cnt1 (s), P s:a S (II}; 

735 em-1 \m), i - li~ str •. 

liass \Ytg •. 26): 
........ 151'MIUJI&'f ;i'P$1W ..,..,.,t...,. Ill f I!LN 

-1 m/e ~~RI 0::·-. ....... -
. 30() U.f'") 2l.f1 

267 100 

lllB 25.7 

148 ll.4 

ll.6 ao.o 
:?o 35.7 
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T SPEKTRUM . 23 UERDAHPFUNGSTEMPERATUR 120 GRAD 
~- ~g~~~~EE~~~~KT~~~STISCHER lONEH~ "\ <;-- - -- ~ 

".= .,_.., ,~.o;.-SH .._&.,.' ~ -~u•;, 

·., 

116 

. 

.-. 
·=­~~-- ..... 

. . . ·s . 
o,f~() 

0 

BD-15 

.-. 

' .. 
,• 

·j.. 

.AHALVS£; 62997 
====·=========· 
STH HA. 915 00 
ST.STEEHKEN 
MESSG: · 

- AUSW :25-MAR-81. 
AUSWER= SCH 

267 

... -~ 

20 674t11J 15% 629137. OAT 23 . . . ' ~= 35e 

F1". 2S . .M"="s ,o_fe'-1-,.~.,: cj- 2- · 1'~-r>ro Lc!~ ~ b -: .,.,;Jh.() _ _: ·4H~ b 3 _, 2. ~ 
b ew;1o ~ox~»vc-sf~~ ·- Q- ~;J;phA_d~ 

,__ 



la !ti4a d (CDCl.a) ppm (.ti'itli• 26) t 
............ _.I 1 t PI. 1,$ ; ................... I .• IS lilt ':*'d Ul'*"'! 

1..62 • 1~95 :(411,. mu~t1gl.a~1 t\f~ -Cf!\r gr-otlP6l.tlt 2,2• positions 

of the· ·~;rol1<lin.o· ring); 

3.36 (<~~H, m\Ut1plillt1 two -cn2• goilps adJacent to nitrogent); 

5.26 and 5.65 \2Il,. ·-oU2- g.v'oup .ln d1oJtt$1pb.osphorin ring); 
' . . . . . 

7.001 B.O ~£d 8.14 (dua tp 8JJ'oma1;io bydrogenm.). 
' ' 

13.-; .ill!.~ ~ t 01>013) ppm (Ilia;(! 2'1a -. Wic) ·; 
~ ¥ aa:z:uea J - I I l ll"'lllh. A !!P • 3 .. I t I I Jii I III&Jl ... , ..... 
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Ha ~ & 

BD-!li 
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1r 
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\....._ _.} .l 

I 

3-D :I. I> f.D 1).0 

:~ 

FT·BOA SPECTl'!Ull'l_ )'10. l'lq'J'k -I! 
OPERATOR __ ~D __ DATel/t'iJ'4 

NUCLEUS1_FilEQUEI'ICYh:~ 
SYNTHESIZER SETTING .D:l.I)I.i.._ 
EXPERI~IEI'lT I'!Af~E ____ _ 

FILE NAME __ _ 

SAMPLE ..luL:,_I{_ ____ _ 

LOCK j.'!j.INTERNAL 0 EXTERNAL 
LOCK SIGNAL::-"!;.,_, . .2!._,...\a'\'-=:~---.;;--=::::--
SPIN RATE.:!dl.rps. TEMe...3J! oc 
INSERT mm .• 

ACQUISITION 
SPECTRAL WIDTH (SWl.......2...~Hz 
NO. OF TRANSIENTS !NTL$o,__._ 
ACQUISITION TIME (AT)~. sec. 
PULSE WIDTH !PWl---!f-/_{,__usec. 
PULSE DELAY (PDr - sec. 
DATA POINTS (DPl ftk 

TRANSMITTER 07SET (TO)].~ 
HIGH FIELD ________ LQW FIELD--
RECEIVER GAIN !RGl_fi._ ___ _ 

DECOUPLER MODE (DM)--"-~---
DECOUPLER OFFSET (DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM)I ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) 19S Hz 
END OF PLOT (EP) _JL, Hz 
WIDTH OF CHART !I'IC)--195 __ Hz 

1 
END OF CHART (ECl 0 Hz 
VERTICAL SCALE (VS)r-...llJ,_u~O~:=-:-­
REFERENCE LINE (RL(-i>Ok) -rii\S. 

Qvarlan 

N \VIR A·pe.dJ~ wwv oJ 2_..:. ?(tr-t1'bot:.d:W6-=- 6 ~- 'h-:.~t-co '.:4-~":""" 
I:; '3/ 2.- 6eAA-g:> ~o~c:up~.spl2voy~ -2- ~tr,h;,dcz 

1\-t 

·y-
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·»-

FT·BOA .SPECTRUM No.L'I.!li.l:..£_ . 
,--------,.--,..--.,-----------...---.----------......:.-----...,...-....,..--r-, OPERATO~- ~( . DATE.1pja_ 
t-~--..;..:. ____ _.._._~....__:._._ ...... ____ _._....__.__..._1.-..L-------'------'----'-.!...---"-'---...;.....;.._L.....j NUCLEUS_i ___ FREQUENCY fb_,E__ 

4opoHz 
20bo 

I . 
lOfO 

\ 

BOO 

sJo 

3D-15 

Cg 

c~ 

e. 

~cr 
ca 

J 

3 
4 

:c· 
1: 
1.: 
r: 
r~ 
1:. 
16 
F 
lt 
!3 

H1" 
12 62 
t:: -~'5 
16.'3~ 
4r 4£ 
5$.1-3 
1.:..::::; 
?; 01 
J:.o;;; 
;.: Ji: 
47 -: 
37 0:5 
;;"' t..:: 
~~ '~ 

.:.2 .:: 
::.~ .;·: 
~! . .:::. 
~i :? 
~3. 75 
;).:._~-5 

?Pii HZ 
155.&3 3llt5.7e 
1~..+6 31~J9 -tO 
H3 e;; 2fb0. r~ 
1.2-i.CJ .?.;:?;-'. :13 
124 86 2.-::6 1:-
12! ~2 2.-E€..57 
!21.2; :.:.~::. ~: 
12: £~ :E_.:.i:~·. i3-
ll~ '2 .?z.s.;. s~. 
l!::. 3! 232.;. 37 
7: .;: 15€:- 7'€ 
tr:..•:·::< ts.;:1 ;~ 
;: .:.;. 1505 .?1 
-:: :-:. ~ '31:: . .:3 
6"': '.3 13(•:0 ';'"~· 
.;:.::? 95€ .t; 
~;- :? 5-S· :z· 
::o S4 '53~1 81 .;.; ~,.;_ 52:6 94 

k 

C( 

~ C2' 

I ~ 

c4-

" 

>-H~ SYNTHESIZER SETTING _fl,J.SJX!:' __ _ 

~~~~ 

EXPERIMENT NAME _____ _ 

FILE NAME---------1 
SAMPLE _}jy_-1$' 

d 

n
.",.~} b 

~If t"'a.~/) .... 
#19. h D \-111. 

... c • b . 

LOCK ~INTERNAL 0 EXTERNAL 
LOCK SIGNAL_¢""-'CL/3>----o-
SPIN RATE..1R_rps. TEMP-2- 'C 
INSERT __ ..s:..__mm 

ACQUISITION . 
SPECTRAL WIDTH (SW) S'O'V Hz 
NO. OF TRANSIENTS INT)~.­
ACQUISITION TIME {AT)-f.i __ sec. 
PULSE WIDTH IPWL 1 ,sec. 

6~~Epg~r:¢~ (~~~-_jJJL~ 
TRANSMITIE~FFSET.ITO)t2·7l-~Y 
HIGH FIELD ... ___ LOW. FIELD __ 
RECEIVER GAIN (RGlJ . 

DECOUPLER MODE (OM)_!_·---
DECOUPLER OFFSET IDO)_f) __ _ 
NOISE BANDWIDTH {NBl...:..Je __ kHz 
ACQUISITION MODE {AM)_o ___ _ 

DISPLAY 
SENS. ENHANCEMENT ISEl~ -:Z -~ sec. 
WIDTH OF PLOT {WPl-.J/0!11!-- Hz 
END OF PLOT IEP) ___ o __ Hz 
WIDTH OF CHART IWCl.~-Hz 
END OF CHART IECl 0 Hz 
VERTICAL SCALE {VS) /""' 

I:!:J::::!=c!:=::!:::J=:::;~=::::;:=::::=::;:::::~=:c!::IC===========;:==:::!~C=I:::===::rj REFERENCE LINE IRLlU~L:!l-
;oo /so 1~ ~o o 

zo·o MHz proton noise - deeoupled 1~C syectrllJ!l of BD-15 in CDCl:J ~varian 
~PRINT£DINU.S.A. 

fz:,(j. 2 7-(N 

r-
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FT·SOA. SPECTRUM No/'197/'/..• G -/ 

I 
I I I I I . I I I I I I I I I OPERATOR if!1l DATEWln.. . I NUCLEUS~FREQUENCY ;l.c .o 

rH~ SYNTHESIZER SETTING tz.ip,-;;--4opoHz 
2obo 
10:00 

BOO 
6J(' 

c4 

1!-

ct' 

b· 

BD ·15 

c ' 2 
.().. 

~~ 

EXPERIMENT NAME ____ _ 

ALE NAME_____ I 
SAMPLE _BJ!.·f{ ----. 

pi,.f h6'v-.s,...,.; 

at. r'-'...t,.: v-5, • ..: 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 
SPIN RATE __ rps. . TEMf' __ 'C 
INSERT. mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT>-~---
ACQUISITION TIME IATl sec. 
PULSE WIDTH (PWl .sec. 
PULSE DELAY (PO) .sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET (TO) ____ _ 
HIGH FIELD ___ LOW FIELD __ _ 
RECEIVER GAIN IRG) . 

DECOUPLER MODE (OM) ____ _ 
DECOUPLER OFFSET 100)1-----
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AMl'-----

DISPLAY . 
SENS. ENHANCEMENT (SEL-....._sec. 
WIDTH OF PLOT (WPl~Hz 
END OF PLOT IEPl-------.Y41L_ Hz 
WIDTH OF CHART (WC)-J..Dl!J?.._ Hz 

1 
END OF CHART IEC) Yll<l Hz ' 

I 
VERTICAL SCALE (VS) ______ , 

~~==r:~:r::~J::!~C:!:J:~::r:~:r==~4=:::J::!:J::::::::::+::::~::::c:~:r::::+::::J::J::r::::r:::~::j· REFERENCELINEIRL) _____ _ f- I I I I I I ( I I I 
1D 

4b so ~- Jo Zt ~varian 
'!:!YP'tt!NTt:OINUS.A. 

All.p~c F~a· 2 7i>. 13
c NMR Apec~~?IV of 

~J2crovv) 
fd:D-15' (?~(')+ £-Xp~cnrv: 

.Y 



-i· 
~ ~ 

-~ 

FT -SO A SPECTRUM NO. /YJir 1-- '" ), . I OPERATOR_CY'II, DATE~tl I I 'I I I I I I I I I I I I I I I I I I I I I I I I I l NUCLEUS~ENCY_~~-
'>-H-'3> SYNTHESIZER SETTING ll"l ~_n, __ 40r0Hz 

2000 

zopo 
800 

6Jo 

/!,0 

rt-a 

Cg 

I ,...., 

21c: 
J~o 

Ce 

h 

J~o 

~~c NMR 

c~e-a-~.-~ 

I~D 

ALF e_ 6~ 1NYYV 1 

Cy 

~ 

l 

c~ , 

ca 

d. 
,-., 

l'J.O 

-I 

~})~15 (?l~+ 

~ 

1\0 

EXPERIMENT NAME ___ _ 

FILE NAME ------~ 
SAMPLE _]J)--=.JL ___ . __ 

?I o-f tkf?<-'1~ , • .;, 
~r""'•:f.L V":J ""-

LOCK 00 INTERNAL 0 EXTERNAL 
LOCK SIGNALClli.L> ' 
SPIN RATC)P_rps.t' TEMf''3il_ •c' 
INSERT ___ --->-mm 

ACQUISITION 
SPECTRAL WIDTH (SWL.5D~Hz 
NO. OF TRANSIENTS (NT).ll,.Q.!~P--. 
ACQUISITION TIME (AT) H• sec. 
PULSE WIDTH !PW) fj[? .sec. 
PULSE DELAY (PO) - . sec. 
DATA POINTS (DP), _ __.J,..~\(.,__ __ _ 

TRANSMITIER OFJSET (TO)Il.JioV 
HIGH FIELO ____ .LOW FIE\.0 __ _ 
RECEIVER GAIN (RG)~ 

DECOUPLER MODE (DMl..._,;b;----
DECOUPLER OFFSET (DO)_£! __ _ 
NOISE BANDWIDTH (NB)~ kHz 
ACQUISITION MODE (AM)_·o __ _:__ 

DISPLAY , '· 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) _ _LTJ]I]L__ Hz 
END OF PLOT.(EP) ?~--Hz 
WIDTH OF CHART (WC)....J_Q:!>'V_Hz 
END OF CHART (EC) )1}1:!1:> Hz I 
VERTICAL SCALE (VS)~ 
REFERENCE LINE (RL) Hi'';) 7'~ 

~varian· 
~PRINTEDLNIJ.S.A. 

e.-x p ~ l'f1r1. ; A tc.o?n-J.Lc_ 

·y 

'i 
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( v11} 2-J?iper1dino-~n1 tro-41i-l1a,2 .. bsnaodioA:f).pbospho~:1n .. 2-
• ' a n • f' • ~ 1 r •••n_,.,;.,..- •a , ... e 11 J tr c u ;::c• o1 1 • • •• • '* " n n, r r 

$U:l}Jihitl$ (Ell.l6.} t 
.- a 11 t 1 1 >·au· 

l02ij' ,cm-J. ·(s)
1 

P-.o...:c (.illtcy-li; 

1245 om-J. (s) iW.d S?O Q-a""1 (s) 1 iJi .... o.c (f,U1ylh · 

1615 ~-l ( rp), asvm. stre of' n1Wo group; 

· . lS410 etrr 1 ( s) t' syn!. s:tr.. of · nitro group; 
·O"".lrt 1"'1..~-l t }. ~;:! - 'i'l (V)!! . ,. , 
t;]!C..\~ \i<'i~ \$· ., ~ - '" .... , 

640 em-1 (m), p :.; 0 (ll),; 

740 Cr:tJ. (s), 1~ ... N str. 

HO,$$ (i'~ig. 29): 
••••u •*•••a• •• •• D:::A ...,._ 

~ 
a:t4 (1~1-> 

281 

l98 

130 

84 

l7.l 
100 
1.1 
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S~EKT~UM 25 UERDAMPFUNCSTEMPERATUR 110 GRAD 
t;·-., .... V"ELP ........ ~,.. ..., 1 A 
.'lU~::..~.\ . .i . tMr·.. .:; "9 

~ASSEH CHARAKTERISTISCHER IOHEH: 
::>P 1 =~ 1·4-·~H .... - ""' .. ...... 

o,~sn 
P-N . 
I \__/ 

0 

:t: 1 BD-18 

130 
.. .. 

.. 
, -I(, 

. AHAL YSE : 62893 
:::::::!m::::ssa 

STH H~ 1316 38 
ST. STEEH.KEH . 
f~ESSG: . 
AUSW :25-MAR-81 
AUSWER: SCH 

281 

I 

~55 j Hl..::.. · ~- -~314 .. ~ 84 ' I·~ - I . 
il'!hn'ttl't" .. 1 1 ~~,, ffl~rr~t•mmmmt'~'""""l"""''~ 

20 22 8MU23% 62S9?.0AT 25 · . 350 
F~ . 29. Mcx.-gs Apedovvwv a£ Q~ P~Fe.:~Ld~0 ~ 6- 'l'uJko-4!+- .G:3_, 2-
0 benJo dloxcvp$,.osp~oo-wv ~ 2- A4hlde 
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_).___ 

1n !itiDil ~ ( CDClaJ 9-P.ut Uf1g~ ao I j_ 
Y~N411L&..,..i .-.,,,.., .,..,-a· 1!~•••.~--~~~ 

l a (;:-::~!l •:ii I"•~;<· - - .r;,t ·I'Jifl · ·:J;f .;: <>-i ~ _......._ 4 4d'' _ .~ "~' ;... -~2 .... grou~a ~<,;; tll4l ,;o.- ~ pa~4.t.i Olil.$ o,~. -""•~ P•wGl"";~.- ~no 

r.:tnml; 
3.15 - a.s (~1-ii;. :Jml:ti_Pl~-~. tt~{) .Cliz- ~oups adjac•mt to nitro­

g$n}; 

tS~2 ,. a.ss (2111 ... cu2 .. ~;()Ul;l in d.io~!lphos_ph.orin ~inglJ 

7.00~• ~~llo t~nl.i S.l4 {d\le to atro!t.t~tic l~it~ogon.s)~ 

t~14kl ~ (ODCla) pp.iQ (V'ig. 31~ ..., Jlb); 
•• 1.1 $.11 r,.., _.....,., FN .J• ;:J(. ;:illl~--lll!llt 1· t !IWJI •• t:Cllf ..... 1 ... JJrt I \!;I¥.-. 

Cr.n-bon a~)m ~-~ ~.\1l" .... lll'\iiiW" ...... 9'W· 

o!J) 
o3 , -24.1 4. ~l.~Z 

~u-n.c1 •• o~,-o3, 

Oge 2s.~a 

CJ.• ~16.~'ii 

04 66 1). ...... 

c 8 
n~J.ea 

05 131.32 

c.:to :ml.JG 

(J,l aB4.75 
c 6 145.00 

{ig 15S.S,.!li 

0 
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F1J-· 30.: 1H NMR 
r, '5, Q_.-

~ 
I~ 

-
>-H~ 

_j 
-- ·- -·- -·-

FT·BO~ SPEX.,f!~~M No._l!/.J!i.1:JL. 
DPERATOR __ ~---·-oATEt{.J1./!!J. 
NUCLEUs..!.IL- FREQUENCY::).!}..S.'fll 

SYNTHESIZER SETTING .1l~ld.l{__. 
EXPERIMENT NAME _________ _ 

FILE NAML. I 
SAMPLE •. i3.n::1L.__ __ . __ 

LOCK i)JINTERNAL 0 EXTERNAL 
LOCK SIGNALl,.~--.,...,..--
SPIN RATE.3JLrps. TEMP-_,_'-''C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH {SW)~. Hz 
NO. OF TRANSIENT!' {NTl.J.~ 
ACQUISITION TIME {ATL....l, .• _o __ sec. 
PULSE WIDTH {PW) 'f" ,sec. 
PULSE DELAY {PO) . - sec. 
DATA POINTS {0P)-.l£K.._ 

TRANSMITTER jlFFSET {TO)~ 
HIGH FIELO ___ LOW FIEL!l___ 
RECEIVER GAIN {RG)._f.._ ___ _ 

DECOUPLER MODE {OM)....:-c._ __ _ 
DECOUPLER OFFSET {00) ___ _ 
NOISE BANDWIDTH {NB) ___ kHz 
ACQUISITION MODE {AM) ____ _ 

~~s:~~NHANCEMENT {SE>.±:f __ sec. 
WIDTH OF PLOT {WP) ,,.,... Hz 
END OF PLOT IEPL____P. Hz 
WIDTH OF CHART {WCl-..,.79' Hz 

1 
END OF CHART {EC) Hz 
VERTICAL SCALE {VSl~--­
REFERENCE LINE {RLl(::._illLU!L 

~e.<:.:~WYYV oJ: 2- P2.pen~ ~ 6- ,,~.J~o ..- 41+-
b e.rv~4.'oxcvp.Pvosp~ Wv- 2.- /V4~e. . 

.@~~~11nu 

r-
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-
FT-SOA SPECTRUM NO. L'lill.:f_ 

I 
I OPERATOR_CfJ_! _DATE?::I..IiliL 

40f0Hz >-H~ SYNTHESIZ,ER SETTIN. G_bn .. ~-
' 1 I NUcLEus..'.:C:..._FREQUENCY~:!t..-

2000 EXPERIMENT NAME .. 

lObO. FILE NAME---------

s&o SAMPLE ~jb ___ -----

sAo 

!'N ~
. 9 o ... p~sol i 

ao 
1 

~· 
I!Oa Ha Hb 

BD -16 

Cg 
Co 

J 

HT 
!!.19 
E37 
1~.55 
~::.. ':;,' 

:~ ~3 ~ 
~ :E 
21 (t4 
J;-' 6~ 
:.1 s;-,., 
.:':. ~<· 

~~ LO: 
~4 :;: 

·' -+t: s:::: 
CL ,. :.£ ?i 

u =-s ~~ s:. 7<.! 
I~ ?3 4.:. 
1-i ~.,1 15~ 

ell 
::? £:: o.; 

C'ID 

F"M HZ 
156 ~2 3!2D 61 
lS'S 67' 3113.:51 
:43 0€ 23£.1.-!.2 
12.;. r: ~.;:,.:;. ~)::; 
121 c: 243? ~4 
12.! 32 24.:-= 54 
12! 6E 
119. f;~ 
1::. 43 
7:: :::~ 
7€- =-.; 
:'5. ;:.;. 
.;.,; 2: 
:: .~t ;c 7..:. 
<€. ;; 
2£ '132 
:s 0-t 
.;.: .10 

2~::..: .;1$ 
z:;;.e: s; 
23t:2 ;"'7' 
151€· 9:" 
l5J~: 9~ 
~ '307' 2--t 
i325.1t• 
!3'!9.35 
92£. es 
~2! .!2 
Soli.56 
SIQ. 9'3 
~&.2 29 

X ...-, 

C{ 
c 

~ .. 
d 

C2' 

b 

Ca' 
a. 

r~yv~l. ............ ..,~·~ 

D S ' 
~Y"'(li/'.. ~ 

~o/~)y Yd. 
LOCK ~ INTERNfL 0 EXTERNAL 
LOCK SIGNAL...l.JU:_~---·---
SPIN RATE..:!..Lrps. TEM~ 'C 
INSERT • mm . 

:~~~~~~O~IOTH (5W)___2Vil Hz 
NO. OF TRANSIENTS (NT)..5.~· 
ACQUISITION TIME (AT) /,a sec. 
PULSE WIDTH (PW) 3/7 usee. 
PULSE DELAY (PO) _r sec. 
DATA POINTS (OP)... _ __i,/LU;I(L.. __ _ 

TRANSMIITER OFFSET (TO)JJ.:1fi.l!...._ 
HIGH FIELO_!' __ LOW FIELD __ 
RECEIVER GAIN (RG)r_...z.. ___ _ 

DECOUPLER MODE (OM)_..!...._ __ _ 
DECOUPLER OFFSET IDO)....S.j ___ _ 
NOISE BANDWIDTH INB)~- kHz 
ACQUISITION MODE (AM)---''----

DISPlAY 
SENS. ENHANCEMENT ISE~_sec. 
WIDTH OF PLOT (WP)_'l.~ Hz 
END OF PLOT (EP) D Hz 

END OF CHART IEC) Hz 
WIDTH OF CHART (WC) Y~ Hz I 
VERTICAL SCALE IVSl ..; ...l..tnJ 

C:!::C==C!:I::!:J=!::J::::!::::====::r::::=:c=:r==r::=:r:::::=c=J::!=C:!:I::::!:=C:!:I:!=C:!:Ij REFERENCE LINE CRLf4fi;.) Tf1S 
loo }S'O f~ $01 (),0 ~ 

2o·o MHz pr<*.on noiee - decoopled 1~C . spec~.rum rJ: BD-16 ill CDCl'J ~~~~'1.'l.u. 

p1"- 3/~ 

·-r 



~~ 
~ J.4-

* 

FT·BOA SPECTRUM No.L'fi91·t- /". 

r:::::::::::::::::=z::::::::::c:::::~::::J::::::z::::::::::::::::J:J::::::z:r:::J::~~ OP~TDR----9bL--oAnE~ 1- 1 NUCLEUS ___ FREQUENCY---
)-H~ SYNTHESIZER SETTING ____ _ 

4DpOH 

2oho 1 ~~ ~~ TI~ i 
10:00 fj ;:-. 
-800 

6~0 
C[>-, 

~6 ~~1 
i.;.4~ 

C2' 

~ ,.--., 
s ' 

~
O .... p9'ot i 

!'N 
:lQ • 

' :l 
N~ Ha Hb 

1 
2' 

BD-l6 c~· 

4 
r--

EXPERIMENT NAME _____ _ 

FILE NAME---------
SAMPLE J>J!L.!)-lC!':t. _____ _ 

?\.t ~ .. i .... ll~· 

65.35 !2S. 3.98 
66.29 124. 3.87 
34 90 9~. .2. Ci 
35.42 69. 2· 77 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 
SPIN RATE __ rps. TEMP. __ 'C 
INSERT mril 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS-INTI ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH IPW) asec. 
PULSE DELAY (PO) ______ sec. 
DATA POINTS (OP) ______ _ 

TRANSMITIER OFFSET ITOl-,----
HIGH FIELO ___ ._LOW FIELD. __ 
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (OM) ____ _ 
DECOUPLER OFFSET (DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM) ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT IWP.l I OD Hz 
END OF PLOT (EP) Hz 
WIDTH OF CHART (WC) I PD Hz 

1 
END OF CHART IEC) Hz 
V[RTICAL SCALE (VS) __ /_,_2,..._ __ _ 

t:~:!::::::::~::::J::!::c:::::::::J::::J::::::::::::::::::~J:::::::::::::::::::~======~::I:J::l::::J::j REFERENCELINEIRL) _____ _ 

~="~a- . 3 i. 6 ' : ''3c N tvf R 10pe.d~ LL-m- oJ ~~·16 (?tot ~xpe>vvv~~ Qvarian 
~PRINT£DIJI\I.S.A.. 

·r-



( v1:11) f-I:'~~Y.~f!:J!.1 tlf~~=J..ta .• ,:~~mn~.? .. ~io~P~!~~~~ill~2:.,.~Pi1ide 
·(l~D ... l7}: 
m Iiiii n• 

xn (1-"ig. a2) 1 
atialiid:,... acAJ14J ills t• .... 

1000 .. em-1 (g), .t=» ... o .. c (alkyl); 

1250 Cal-l ('s) and 8BO .. 895 Ou4-1 ( s)t J?.a~c (~ryl); 
1520 C!a -J. ( $) , aS]fr4. sti". of nitro a;rou!J; 

'•' ' 

1340 em-1 fs) 1 sym. str• of' rd.tro e..roup; 

BlO om-1 (s); w ~ ~3 \1); 
ooo cr.r1 (s) 1 P = s (II); 

3310 era-.l (a), .i1 .. .H str¢ -; 

lG2Q em-1 (w} and l58-G C5 .... l (~), two componnzi.·t.s of the_ substi ... 

tute<i be:ru:ar...a ll'ing nquadrant stre·tching•• 0 = c 
:*ii bre:ti;')l?.Si 

740 Carl \na} 1 i? .. l' Gtre (l'i.l.so m.~omatic O.OJ.i .... O bending). 

t~aa$ (Pig. 33); 
............. '! ... ~~~ 

!!Jta a".~ 
:r/2 (l{*'J 21.4 
339 100 
259 15.7 
230 'l.l. 
193 20 

152- 10 
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·:=-~t~·~~.'~1 1.5 ~'ERCl~t~PFUNGSTE!-iPfi~ATUR 1·H3 GRAD 
.. ·:· ;_ ~ ·, ·- ~ ~ F\ ~ ~ t~. : 3 7 ~ 
.··.:.::.:-' ~--~-·-;;:>·'V ... !t.,...PfSTTC'f"'Ht-r:> 'iOPCU: ·-'--... t _.,,~ .!-;, .. ,\ ... i ~o-.J-' r<. A lh; .. H 

·: 2. ~ = :: .~ ~- ·; rl 

·'·" 

s 
O 'p.?' NHCH2CCH2l7 CH3 

I 
0 

BD-11 

- ··,,At-

AHAL 'fSE · 6 2 89~ 
====-===- ==·=-~::-~;::. 

STH HA B 17 , 3 
ST.STEEHKEH 
MESSG= 
AUS~~ : 25- MAR-81 
AUSWER= SCH 

-.~ -. 
.j ·-;. 

' 
~! •• ..:. 

;:; r=:::; ..... .~9 :-t l.j. . ., . I" C' j
.-i 1 ~1 9("', 

~~ ·r=~ _. JJ,.1:-i·J,;~ .. ~ .... -_.,, ..... .,.,1t •<• ....... ~J- .. J!.:""~L --~-· , .. ,,. !_,_.., .. ,,LL., ... ~~~ _t7;-., .. , .. ,.....,. •.•.. ·--~~·"'''' _ ;. . .,., _. " ' "'I''"'''"''"'• ""•"·'!' ... , .... ' '·· ·''"·• ·'"J•·· ··"···""' ,, .. L ·•· ....... , ..... , ....... , .,m., .... , .... •'· .. , ·"']""'"'"'"'' .•. , l 
............ 

,..,.,.,-~-...... -~ 
1'~ ""~~Uiiil~ii\\vtt-i-·~-~an 

'Jn · ~ ~t::utf'll)?r:."/ F_":•ot:~r:;;: Qt'•T 4c- 1 
~ 0 1 Ci ·.J ~I I · '->:I '• -' '- 0 ../ ·.J • M ·.J · 

l=t-0. 33. M0vss /-Jp~cJ~\.vm- aJ 2- .No~(JL~d.e>~ b- ~~fLo -411-
!7 3} 2-- be.nJ<'oL~ox~p-MsF~Vvv- 2-/l'lhtp~ck 

400 

·r-



b Ill ~~trte of th~ td.tro s~~"1ltr~ f~?11e pm~itr 
. . . . ...~@'" . . .. &, .. , 1!!t .... "tl'fl ( ) 
· ·.·mldptt:ic>n~·otJ ~&Ve -~~ Qn~-~ ~~tng ~c tl"JQ~as , li!.."V»<~et'rS f 

. . ·. ( 19) . 'm)· ~ 'lif· 11;, ,n., "J--~-· · A 
COl.t~ #t.,A\ . ~ld. l)ae· · ,.. -~~~~ ~~n ~J.t ~~lQ$ :wl' &~4- w~unus 

-<et ~~~00 :Mlm:t* 

·lD:Jb • 1000 11:~ ( alt ·p.e-c (.~t~1) J· 
.. .,.,.~ . ..~ ~·1 j. A ~~'\-.~ I' ·ilj;'\_ I 
~ "'•· d!Q#!.Ji un; ~'Vt11 f: ru-.;.. ~ 3YY//·&J · . . . 

. •1 .. ..A. '\'. aao • om ~ · · (r;:q;. P-~~ (~~~' 

1516 ~. ~U.Jl tb•·l <$)·I ~. $h\'*• ot nttf.le g~pJ· 

~A •· 1346 ~·'1 (s)·t ~ .. ttrJ~• o-t ~d.t1ro amul)t 

aoo • soo ~-·-~. -P ~ :s <Il 1 
640 •· $~ ~-1. 'P. = s (Z:l) • 

~kf- tbtono t;~up is et~tt~~~~-moti·tu t~ ia ab~~vtl~~l b~·o t:lth 
. . (17) .. 

f~\tf~f .. t$'-'lul~G in too t:IDt~t4 ·ealma:f:· ~~v«l ~" ~'fG~-- · ,, ~,. ~t-b :n11o 
. . 

lloiit oboo~v~ u~ ~~J>h?•~t;esl ot· th~~- t~,. tl;so' low~ ti~ii$~~QV 

b~lC! 1 G Gesl~:t-n'(!d to .g u S (II), bol1tt ~~dtobt~ ~~~~·nt!oo ~Gl\it.\6ley4. 

Th~ o~fll~ o~f' tl~.· ~ghe~ ~arpif$:tey b~ld P = s (i) io une.>$tfWln1. boat 

wl:uilt~~ !.:ta o?t,atn/!.~e 4i!l~-c 'l1dltte 1.l't -otKI ~ubt:• ·In t~ 

:d~- -~~~~n ouelto ~~ffll1MD~ ~tmi.\.~. iJ'as J$~~(S1J ha.ve. 

ob~.;® ·~:nca t~-o tl~ds ln tl'w ~~on • 660 • 9?5 ~·a, P ~ s (II) t 
Sla 'iao •· 8-~ On~\. P b S (S)• It m~ -'00 .. cm:t~1u~~- tllat !n tb~SQ 

crm~unde tll$ r~~tJICV ct 1'»~ . I l,.s onJ.q .:all!filtlU af;f®ted ·tv 
OUb~ltu·~-Ol'j (al~;tl ~.!do; ~tO~ Ot* p~~ ~NUP to the p}».·l~rua 
a~) G111d tl•t of 'bm#il, Xt ta ·ar~eet~ to.-,a ~·~~~ e)$flllt• ~the 

.Q1X)?0 dab:l9r it e.!'jl bo ob~'t$t t~t ttd..tb~· ot tho ir'Ml'O bande allow·• 
' ' . - ·- . . .. 



Q ~$tttmat1e sh\,tt·• vttoh t-~fl-Gett c~g;sJI tn the tndtletlve !).mp~ 

tl~s of thtt ·Sl'btl:!tUtmtiJ, md ttta !·s Mt un~~ tt 'tbtW ·4o 

tntl~ e'l'l s~ · t·~ t~!t ~- mcxl~a. tt has tlt~ bMl oh~n~ ttt~t) tbe 
' . 

p c;: s (t) t.and la tJf ~~..- tntmtltw tltt1<9 til$ 1nt~f!i.tv of tbe .... 
. . (11) 

'E'· t,#. s (2%) b~ &~ "£tii.·&?4~~~ · Tll\tit ~.ils t.tlilO b~ r~~ed bQ' thr.fnas • 

fhe. f~qti~1eif!rt t~• tbi· P • ~! bt>rtd tol't $)J1t1~¢iopms-
.. . . . . . l. . : ' . . .. ]. .. . .. ,,... . •1 

pm~t~t.o~0s al'e • ?40 ·· .. · (~3!J) 1, 700 -~- · (~1~t ?SS h:M·· 
. . . . . 'if ·.· . . . .., . ' . ..· • . . . •;t Y'• .. . • 

(rr~~ 1. ?Be Qrt-. 4 (~1.,') 1. 1stl -~- ~ t~·:~~ 7'40 (h.··· ta~J!I'I.lG) and 
. . 

~'l~O on•l ( ;G~J.?) :J W~ QOUltl ~tit $.~1-tl$ t~ , ·•·. U ~ntl it'~~U~E- ln. 
I ' • • • 

ti~ A~pt?ow:rt·•do -~ t-~lA).. 1fbfkl\~.s h'lV~ a~e.at <i!.ftt®tr· . .. . . . . . . .. . . .· . . , .. ~ 
. ~ ~~ 

ln .a.sst.~~ii' tlle vl'wattcn tl'~«mr of_ t:r,a 1i ~ n ~l{lf ·'lr~nnG 
. . . ' . 

t~a$ ~~ 0ti1d t:he .&IWt~Qnf;t(J me tlt:>~~oleti®)Q ~~Qb _!'taw b~- p~ 

·~ ifu ot.bstt wo~k<:r~e, •tt dt~~~~- 'hea0 an~£~ tt~tat P • t~( .• JO 

Qt'WJJ t s clmt-~-1!~ ltl· t\::W atur.Jtyp~ora b~6.a 1t·-tb ~~~eyael~a1n th&· 

- t-·mg(i3S Gt.)S !it 887 tl!•l ~d 602 • 11$0 On-.,~ Bet~ p-roo~" to 4\ r 
ous:!f lnat~~ . co~~4~1ma !ft>~ @~dn g-eooru) cwtalnlpg P • n tondo . 

anu ftna11r· eonotuat8 ttt•.t ~a ·.fll! t~se 4nd1~~ e.o~~~llticns OO.o 
I 

m••m to Sbttmg ··at,~~m b~a in t~ ~~·~" r~G 789 • 1103 
tii·1 . · . . . . ·dQ.t.ec.l-eJ. 

··~··· .t md a~ w ~m·sb«l.\ ab~,pt.too bkVl.d b!i~~ Jl.~A.d low~v ~eqacn-

c!.·Gtt,: t~ ta;A S 1 t1 tl~ taot& ~ttble band IO~ til» 1~~t1 fla(ttlon of ft. 

P .. n ~l<ii £n e tmtmow mot.~~-· A~ t!W P • t.~ Btll~ w.~ bo $:rp~ 

ttti to btll.l ~$QD G(fl·tiltlvef, ~d t~l(;l}..+o~ .. tl~· 1J • U ab$0ttpt!M ~uld 

'$~\<~ c.an.$\4¢.?a'bl$ !~t1it'l.mr.~·~ -d'l,ift;e l.t~h mtoot'· ~J;;~~tl~ltn; £n ·mtwc- · (V) . <t- .., ' . . . ' . . .. 

tt:1't.~ !i~as ~1.\'*s nQfh~S a nU\l1btoi!Jtt ot e~J.~,:t.,f;)S. !n ~!i.oh t;l~ 1t • ~-

link @ws no ·&bd'n!)t1on lt1 t~ r-~10 ft"UOt~ .~Q cil.S-l· ~:ttt Q~~ <!AC~ 

emft.l"'mf!. ttl e.. !h~ t1. -~- r~ ~a. &btDrptlcn f~equwev itl i ~Pl"OWl~ 



.... "tf".AO., 
~~.·r 

· Al.tl:Qutlb P • M abfm!'pttoo sib\18 conftlG~nbl.~ iT4•tal.,. 

ol'Aftst tho m • lt1 $C~~clllng vlb1)ntton:s ocaut'· ·1n tl» no~td !~,t9quoney 

~~1'00' 

sooo en .. l s.n :ml • 2D 
:3~ :01•1 tn · ~,., • 1.1~ .J· mu 
33:m · ~·1 !n. m> • 1?• 

i'llG) P..O•C tett~i) gt'oop 1f:l cba\'~t~1!.ed ~.a ~trans 

flbatJ~lon b~td \lho~o f'JOQU~~ li0s ~we«t 10Jt> • .1000 (m•t. ·in41e .. 
the bma <Iue to ~~e (·Bt'!11) 8\totlp t·s tountl tn thc.Hgi(h'l & 1W5 • 

··1.• ett•l. t: t·~$ beu4 '• al~t~t,e ~a~..,_oo bV .a aaecn.d abaot'p~lon 
ban<l whi~h )ifts b~ att~f.,.~ltr..'d to ~t~l" t:~ eym~ sear. ot the ~-c 

(al"mat1c) ~~.gt~t ~ tb a a09~ntG P .,. 0 ~f'• tq~~ob ~$.Jaot. - eoupl~ . ll7) . .. . ' . . . . 
~~ae ShftltltllY :Buvw~s too ~~~t~~ o~lmati.'?r.t Y~cb. 1 a Sl.PP~od 

. . 
·by tl1a perst ~mco ct. tnt s btnC\ 1tl b!ltb ,..,~,. am ~~a Q'Om~ s1. ... , . . . 

· s:Ui w tl~ t~~t:rt t~t J.n the le.tt~ tbo tr~umcu 1 • ·~ Un~• i\mct1Cin 
' ·> • • • . • • • ' • ' 

· of tba 7t •v(i.\uea (\'1l~o· 7T l.s 'pl».~mt.su.s-1nOue,-t~(l$.l.conetent• toft . . . . . - ' ' . . . . 

.mbstltu"lt gttettJHt~ ]h; •· 3'1, :tet. 17). of the .. -.l·b~i~u<;nts. tt~ts bdla 

··u.~s betw@dt eSc • .~fb O'il,.! f~ $1.1 ~st.too ·f~quonev rmg<t 

qttoted .s.s. t~ ot.tm $tfOUDost b~~ tn tli.s r~1m. .Alti~sb ,lfJm 

i:)r'l bart~ !l8s b~ f.d(Ut1t1,~l ~~t* the ~bt?~#Jlfm ot P.O.·C..(t4~1) 

g~oop ln tbe mdllPMU~c comuouna ( m>1.1) 1 the 9{30 ~~l. band' bas 
. . . 

stt'Cr.gQ$i: !nt~stty "~ tb~ Of'J.) •. lDGo ~·l. t-~.ton11: It nliJ7 bG· PQasi• 

~Q th~. tbla ooo Oit•1 bm~ 1e;.tl\le to v-o-c (.e!.t~3.} £~cup ·Vlbt'iatton 

in the mo~p!»:tlno -compOW;ltla: 



TwO·. ti}~B pf'ea•t ln thg ftJft{l$S l.rtll5 • .lSSl ••1 .. 
134,0 • 134$ (h~.l ai'e ®e to a~- dlfil ·-- Sfl.t -of n\tt'O St!'OU;p Vflr .. 

p~tive.\y· (~1•• lt•· 3.'!6)• ~ banr:le g,~f)~~t at lt~· Q;•·l ah« 
1al6 ~·1 afe duo to ~•QUadf~ stfetnlt~'*' o =s· c ~b~&tlon ot tbs 

••attt~c l'ir~ ( ®1tblp 111 ·$\. ~; 2~-. 

/ 

All c=.~• ~1 p-~~t; mo1~1~~ l.oo,~ ~~m.ootatten , . . 
b1 ~OftitJ ot .w;i "~~"" ls !.m~vtt-mt:J. ~\l. c~QU..~$ ·~~~ m 1oo.cue to 

(p~mt mtll~\4$ •· m~; ~u lt j;'s t~ bese pa• !Jl, ~®t~a.·ot .·. 
. ' 

o:ic.b1w!i!'Ql~tAd!J! (lag, ·G) t· taO~tDUtm, (~lCf· 20) 1 ·d.tsUtt1m11® ( ~g.14) :t 

· · m~w~oitdlflo ( sc• 2Thl, J4n.~M.no C: •a• m) ., ~ ncr:\1l~<l0 ( ma.at.t 
. . . 

compQmlt\sJ. Dm mle 198. i e tlbi base ~>~~ 'Je'fr ~th dtmettqlmlt'kl ( Bg• 
. . 

19) and· tspt-owtdaa (··•~·~ ~·­
... ·~ 

· ~ko ·ana Oerrfart ~ ·· ·. · . ·i'f$0\'teti tbat com~a ot the _ 

. -

tom~·~hQ ~;ge ~~ tu io.ss ()t :ifSB veaiet..l dlt~llt ~~~he·~ 

· cul~ i~• fW d~tGttnt~Ciil _·ot tbe ~~iv1· g~ tt»ltl ttlG fi'Jia~ fl!'f}Up 



lt wes sl-ct~11 tluttt~.tl~.c~ lwoxrO(:un o~ sa 1.s_ ab~J:'nctetl ~~, tho~-·· 

h~f\Y'l ~1-tl£1 t!!n<t ~ :f~Jtl tbe N ... I~, Gt'l'lttty~. , rt:n~e was .nG p~.llrt!ine.ey 
'· 

ltJ~ltJ~JW ml1lft to ~:~lpwr.r. Tl"~ po~ulfit·oo s!~~.1otu"ili ( ~ tot'• tl~ 

p~t 100 

.t.~ 

~ ®d fie lOS$ or tb:.:! ~it'lo ~d~e1~ ( Jt fut"tnot'f lo® CH~U 

glvitlf{ en 1m to~ ~hlch th'W pos!m:1:~1t<i!d st~tqtu~~'l ( C3 

~he$$ t~ st:t'1tl~;u~Qi9. ( B ·~f!l .C) ~a ~llp(}lrtGt1 l~l onolO;tjOU.e St';:~tH:tltl.• 

t10..."1£l of th,.~ l:'£;J:latCJa e~und~ 

. ( 2"~ 
li'oll~t<Ji!!.e C'Qol~s and G~~Al.fl¢l. ,. t;o post-u=toto thQ 

nu~~$ r~~m®tation p~oc~sees. :!0~11> t110 t\1£:£~tt.~t nttvo sa1ie0'lln 

eyc11c ~midapl~~~mrot ttmaatoa •. 

V:~elohe~l.eniCio. o.~oum $i50¥t$ mla m5 1oo as tl1{) baa~ 

'PlJ!t:i~ by tho ~r~ ¢Um~lnat!on of su tr~. the t~olooulat> 1oo pQ,ak 



·(~/-a aoo, ~ 'BI as, -~hm~l). ~{'~ $.00 (rt!/$ a"30, ;1-!tt 00 1 s form~Jd 

uv t~ Oit'·aot lO$~ of' %HrJ~ f~. tho mo1ootdat' too. ~e lon tm/~ 
100~ tEnt· $5) !.$ £'otmod ~ 1('-ss ot $ t~ thG lm rJ/fJ ·~ and tD..t!O· 

t'r; tll>:) dtt~l1!ination of' ~n11n t~. th(.';f baea pe~· 1on.. fhe ten t~/o 

162, 1!tit G9) :t s ft\rm~;:d lt! the titimJi,n:;at!on ot r;.o 2 ft"fm! t'ho 1on m/~a 

100• ThG pe• to!ff m/e m'9.t l~m'l 4~ 1~ a,')bs~r.r~l due t~ tll~D ~nrt.na­

~;ioo of 0 ~~ tba ·b~SQ ~t~sk, m6 tt~ t}~ ton {tl./G 919t ~M, 33) 

1 s fott!gd b-.,1 loss ot Uo · :t~~ the icn., mla f!?9. 

S:n t.oo enSG of mot'pl:iCUn~ otimpound the baa0 p9ak sl'k''>w• 

to~ f!J/a m:iJ tX.I. tb0 01l!!'C.<Ct Gl1t1ltlnt$.011 of' Sll f~ tilO ~loo•.Ua:t ion 

1) 1~; (tn/~ a~, ~~i.lt 4hlt ~~!~~~.. '~l~ !..on (m/~ ~Q, ~!it ®,6) end 

ttl~,. ion (m/o ~f~,. ~jf:1;r (:JO) ~~a fot~~l f'~Jl tha molt.~Ul~ too p~ok b~~ 

ti~ dive~<t. lc:>a:J. o.t ~rgnO mti il rosp.oot1v4:t•· ~he t~1a (t:J./€J ltlB, 

,z'fCl( 7o'JJ ~nd mltt usa, ~Jnt ttle.~~l btlv·a ;a:t(ft.i b~ obG;.tJ~v~ 

mootu!lunide o~pc.-um at:.c'.ta !'J'l/o g;a lctl. fMJ the bt)oo 

t~H&;alt ilY t'b~ dirOl'Jt \ll:l.td.nd'J.on ot sa f.~ t!i~ rnQloov~'tltiil' 1on .P~~ 

(t~/o :D~;. !ilJilt 251 ;~l'l~e-3) ~ :r~ !t»'i$ (m/r;,r :t,...ra11 f:Sr~ 40 tltld m/e 

iG3t :%~1! 9.,~. lWVG ~·SO bea:l ObOO~V~ liho thQ otb~ C.Ol':lPO~& 

Xt1 aa~ ot the: dit'hl;l£tt~lam!do ~vo·~d too base ve~ 

lon ! , m/0 108 t:l9. ~mticn~ Pl3~11 ~. ·~ too (m/e ~l, rJwt 9:J..6) ! s 

ob:1r,~~·1<~ by t lw ,dt~~t loaa ot nn ~~~ t~h<J ~~l®Ul~t'l ton~ ·~ 10t~ 

(:n/~ lf".J2t, 1'Stt o. 2) hss ol~ b~Gn oiH'!lGrvQd { ;;;'Jl~C"4) ~ 

I~propsrlur'14o ewpe~~ al-~ ortz~?J$ trl/o 198 ion oa t.he 

baS$ ~eak.· !1)0 ions (~/e g;a, !t;tU as, ~/'0 w:;&,. ;~r\1: 92 nhd In/$ a.l3, 
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;,ill 52) ~1,!'1~ r;>b~~t .. ;f~ 'trg trJ.e av~t, 1oitls ot ~~ ~I ~~ .~ ~.-~:e~lvd!Y 

trom t~ ~l~ult.J~ icn 'P~)$• ~~ tm ~le 2135 :mw ~ ~ bo fot"tned t{r 

t-1~ l.u se; of n ;f'~! t ha S.c.~ tfi/f;: f~9S·· .. ~ iorl (".m/~ lS2t r~m: 64) l ill 

nl-ao Q1>oewoo .ae b~f()~e· (:~)~~·5) •. · 

f!l~oli\'ltnG ~~otU¢~' @W$' t"'!/ftJ ~1· lrm ~u til~$' ba&0 

'P~a!~ ~1 tl~ dl·:;njl$ ~:t1~:tn.~t1~~ ot &1 ·trmt~ tnQ t•fl' !oo .v1:1• ( .~U:J:J!!~ 
6).. 'll~ tm tm/1~ :ua., .i~~'U ·oo,o): is go~~ 111 t~~ d#.~(l(;t 1ooo Qf 

(?~r5uo3 :f~ t1:UJ lies~ D~~ l:ool tbil len tml~ lOOt: $~ a~?) is 

ftt:~oo ?Jy th$ dl~tot lbOtJ at: ~~~~. t;t.\00! t~~ bo.~ ~l~l! lou;,. 

V!pJSilldino e~pcun!! $1Dwe tt"J/t~J SSl !~"1 aQ tl1o tt:a$0 · 

~tJ~{; 'lY.f :.tfb$ <Jll'®t eU~minattt;,n ut S'd t.~ tlw t1f !en ~JOak (ro./~ i3l4~ 

tli~~Iet lo~s of C'Li'fdi t~ thet ~-tiS$ pQalt !tlnl t~~ ion (m/e ~~ r~~ 

~8~9) lt1 ·rom~ t:r lo~ of :o3 f~ tho hs~ p~~ _!<ttl•· 

t~ot.w.imJldc. ~~tJotmd stt:na$ m./$ ea~ t.()n ~s t}1.;:2} bas4iJ $}(:'* 
by ·t~ ~t_t*oet el!m1!l~tim'l ot Hat.~ tl1a par~1t ~ol®ulnr t.on (m/e. 

·:112,. %1« 2l~j,\t $tib~~B). • Ti~J lrJn (tr!/e aa9.J:. ~~:ro: l£• 7) t G fomsoo by 

t!~ d1 ~G~t lo.sG pg 't{~? ~~~ tha ,,(f' !on ~c3t1• tlta ;ion (o/e 100, 

·~~ ~). is Co\TmGC:l ·~ t:n~ loa~ of ~lJ;uY'i ~~~ t~l<) ~~asa .P,()!oo 1M. ·~l:fe· 

!on (m/~?J 2':ID$ 1lrrl. ~~:o !·' ff:l .• ~l b.y t~.G' !oss .eft, t.:l%JJ!f t~ :hiP'~ iion. 

r.i/o SSG:>~ 
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Mi l • ,/' 
1. ~e if l'IHR Sl:)6Ctt~a of $~'veral 2-al.koxY.t pbe.noxy-6. 

nitro-411-1,3,2 blln~ottioxaphosphorir'.-2-sulphid0 halls been repo1-ted 
(2l} 

b'tl' Das et al. · • 
fl I --

. -

NW:l signal a~ 

ll := ou3 (:BD-8) 

= c-s.>115 (l!ln-.4) 
..:;.. " 

= n .. t~3i~ U~D..:JJ 
~ n-c~;19 t ;ao..s) 

= t .. Q .. H..,... (EIJ .. t)) f$-1- . 

= i-04lia (Bb.;.?) 

= c2u4 oCH3 (BD-l) 

= o2a4 oe~5 (Dv-2 > 
::s Ctf~5 (l~D-9} 

(ana also in othm~ atlcylwnid.ophos.Qborothiona.tas) is d1ff'Grent from 

.tbat or otb.ar (!orapounds. i~~ill!• 34 is the ~:i llliR apoo~rur:1 ot HD .. s, 
l~"ig. 35· 1s the lzi UJ~l:l spoot:vu..-n of SD ... 9- anti £1\ig: •. 7 as that of DD .. 

10. If' lf'(i) study .tile thr.oo ch~tew (Figs. 34135 _at 7) in the gi·van. 

order, it is fairlY avidont -chat thG cllemio.al shift ditf'alrmlee of 

the Pt'O.~Otl$ U4 A ¢~ n413 is ine~·3li.::d.ng in go:blf~ f~om BD .. S to DD .. lO. 

Also, tba 2-substitu~nt is at .the smi4Gt1mu 1Ii~al"f:ns1ng in bulk, and 

probablY spQnding taore timt} in tbe conf'o:~naation. w:ltil the lf~ast 

aterio int~u. .. a.ct.i{}lls:;. ln BD ... lO (alr::Jo in other alieylaud.dopbosphoro­

thionatas}, this raey ba ma1nly in (;ne conformation; vn:1lG i.n BD~ 
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FT·SOA SPECmUM No.Efs.'_OO 
' ~-

40poHz OPERATOR1--1t'LDATEWP/J.~ 
20bo >-H~ NUCLEUS~FREQUENCY 1.2£_ 
lObO SYNTHESIZER SETTING __ 

( EXPERIMENT NAME _____ _ 

syo · FILE NAME~..L.-~---
600 I SAMPLE ____B1C--.f _____ _ 

s ' 

~
~s 

r ~r, 
·. 6 o'. 0CH3 

NOJ. !i 1-/ f1 
J1 B 

LOCK ill INTERNAL D EXTERNAL 
LOCK SIGNALc:-4C._,n""'/c;:'),__ __ -::--:-:-
SPIN RATEll__rps. TEMP-n_ •c 
INSERT mm 'ij 

~~~g~~O~IDTH (SWi---Y~Hz 
NO. OF TRANSIENTS (NTl•__,3~'.--­
ACQUISITION TIME (AT)_J.._o __ sec. 
PULSE WIDTH (PWl~/LL.sec. 
PULSE DELAY (POl ~ sec. 
DATA.POINTS·(DP) l4!t 

TRANSMITIER OFFSET (TO)~.:I/3~-­
HIGH FIELD___!_LOW FIELD __ 
RECEIVER GAIN (RGl--<-----

DECOUPLER 'MODE (OM)-----~ 
DECOUPLER OFFSET (DOl---:-:-:-
NOISE BANDWIDTH (NB) ___ kHz 
ACQUISITION MODE (AM) ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) 19 s' Hz 
END OF PLOT (EP) Hz 

END OF CHART (EC) 0 Hz 
WIDTH OF CHART(WCl~L.-Hz 

1 I VERTICAL ~CALE (VS) 11 <> I I ' I REFERENCE LINE (RLl c-nr) ZJ!U_ I I I I I I I ! 1 : I I I I 1 I h ' I I I I I I I I I I I I 
ID·• ,.o i"·• 1•• ,J-o S.o lj.b . ~ ~-o J.o ().D @ 

· 8 ]) varian .1 ~ f'RIIHtD:N U.s.A. 

H NMR iOfe_e;~!A~YYL- oJ 2- N'e.lMxrr- 6-~t-h-o·- 4~-1?'3.;2.-
6 e-~ c4oxo..pkp~~ Jvv- 2~ /J~!;,d,.e. · 

r~~. ·04. 

,:l .... ., 



·4 

401 

2 

DOHz 
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bo 
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I 
)0 

--
- - - -
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f/).0 ~Jl 

r1r. 55. 

'.~ tw 

~ 

' I l ' I I ' ' I ' 1 I I 1 l : 
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I ' , 1 I I I I ' I ' 
~-0 ., .. , .. f.O '/.0 . . , .. 
1\-\ NMR 

• 

>-H.,. 

a ~s 
'}r.----a-e 

3d 
- ~-

HA HB 
BD-9 

J.o /·0 ().O 

FT·BilA SPECTRUM NO. /'( {.( S __ . 
OPERATOR.-~---DATE?Li9/:Jl 
NUCLEUS~~-FREQUENCY],S_ 
SYNTHESIZER SETTING~---­
EXPERIMENT NAME.------
FILE NAME..B.It.l'-c.:I\:L.... ____ _ 

SAMPLE BD-S 

LOCK (ill INTERNAL 0 EXTERNAL 
LoCK SIGNAL...J:.I)C.b 
SPIN RATEJlc..rps"" . ..__T-EM-~-~::-1;;-:-,C-
INSERT mm 'II 

ACQUISITION . 
SPECTRAL WIDTH (SWl-~Hz 
NO. OF TRANSIENTS (NTlJ,,..:z_.2.""o{ __ 
ACQUISITION TIME !AT)~_. sec. 
PULSE WIDTH (PW)--.Kj..u_.sec. 
PULSE DELAY (PO) - sec. 
DATA POINTS (OP)-.............lll__ 

TRANSMITTER OFFSET (TO)..'iJ. 
HIGH FIELD __ / _LOW FIELD __ 
RECEIVER GAIN (RG)_s_ ____ _ 

DECOUPLER MODE (OM)_-___ _ 
DECOUPLE A OFFSET (DO) ___ .-·-
NOISE BANDWIDTH (NB) ___ kHz 
ACQUISITION MODE !AM) 

DISPLAY 
SENS. ENHANCEMENT (SE).±~sec. 
WIDTH OF PLOT (WP)_l9S ___ Hz 
END OF PLOT (EPL -..!!r-- Hz 
WIDTH OF CHART (WC)___r.u._Hz 

1 
END OF CHART (EC) ___ o ___ Hz 
VERTICAL SCALE (VS) __ .£1.!;!_ __ 
REFERENCE LINE (RLl-C:i.'ll.L-rM.L 

8 . 1'1 ~varian 
• j/~ ~AAitlnDIIC U.SA 

b.i'h~ 
.A}IQ_c~u_nv oJ ? -P~e- 'YWX(J- 6- 'h~J~-to -· 4\-\ -1/3/2-

~ox0f$vosf~cn-awv- 2- ~~de_.. 

~ 



·(also 111 au .... -<1, l3il ... a,. :mJ-6 etc.) i·t ~pt;llfWAJ 'th.at both ~hG eh~ioa:l 

. $bif't dif'f'erE'Jles and the di.tt~ranoe between 3.r tmd 
. ~~~~A 

· 3,1 ,,. .· . · ere .qu1tG small. j;bis sttg~ests that the" ttolooule exists 
P ... o .. c...H4B . 

as an aV$Jrago of tile two (lQtl.fQr.mati19rls with r-apid 1xlt&r~~verrs1on 
f. 

bettfilOO theta. In th\Si Ce\:'39 Qf. ·BD-9; !t S$1lll~ that an il\U6J!'U(l!diQte 

aituatio.n .prevails,., :~imil~11 to :aii•l and DD .. e •.. 

3 . 3 
oM of ~be couplings; JP-0-c..ri~~\ or .. JP.o-a.,.u

413 
wU1 ba laPgo 

anct ot,ner Qne will be swall1. since the P-O..O..Ha cU.h.edr;;ll anglo for 
'"' 

o1iQ or th.etl is clo~~ to :WOO and for the other it is close to. 60°. 

ib.a Plo~e;tpans1on ot tn~ u.o .. St.S ppm ~eg!on ill BD .. lO (Vig. 36) 

sbows ooupl1nt~S ot <>.6, 1~0, 6.3, · 14.7 ru)jd 25.6 na. Since the 14.7 
. 2 . 

Hz coupli.'ry,g 1s certainl¥ tb.@ gomin~ Ju~f _ il~: coupling oon.$ttmt1 
··~ 3 ."'13 

·tbia th.en leaves 6.3 mld 25.6 Hz as tile two JP-0-0.H couPling 
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FT·SOA SPECTRUM NO. L_'fS:_qJ:~}-
OPiRATOR ____ <p!L_DATEJI/J!JJL 

NUCI:EUS •. 1._FREQUENCY .JH_ 
SYNTHESIZER SETTING _____ _ 

EXPERIMENT NAME ______ _ 

FILE NAME ..ID::l II I 
SAMPLE _'S.Q.:lD _____ _ 
pt,'t f><~.....S, .... of £11.., ~.,..,.,.. 

" > ('-
• ' ' I• c~ r It';.-........, ... ?"'N'l.'~'(/ 

I )' 
~'~' •-:c / '· . ..:;~" ,;- \ 

1 ..,. .. I~·~ 
0 tl•..._ IlL' t.l-. I /:,'·1\"1 l J"(.., 1.5·\-. 

\ 

LOCK llD INTERNAL D EXTERNAL 
LOCK SIGNAL_!tl!l')..-· ---~-
SPIN RATE~rps. TEMP_'!.2_ •c 
INSERT __ ~mm 'I! 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT) ____ . ' 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PW) ,sec. , 
PULSE DELAY (PO) sec. It 
DATA POINTS (OP) ' 

TRANSMITTER OFFSET ITOl_=--­
HIGH FIELD-~--LOW FIELD __ 
RECEIVER GAIN (RGL _______ ' j 

DECOUPLER MODE (DM)I ____ _ 
DECOUPLER OFFSET·(DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM) ______ . 

DISPLAY 
SENS. ENHANCEMENT (SE) ___ sec. 
WIDTH OF PLOT (WP) ~0 Hz 
END OF PLOT IEP) Hz ,I 
WIDTH OF CHART (WC) iD Hz , j 
END OF CHART tECl .Hz ~~ 
VERTICAL SCALE (VS) __ I_9_0_._. __ - ;, 
REFERENCE LINE IRL) . . -

.• 1 

~varian 
~f'RI!!Ti:DlHU.SA 

?Lot ex~~ 

s· o - s-· ~ rrm--
oJ ~ -CH)_­

IL,Q_(J ~cnv : 

-. i 

cP·OV\f(~ ~D11;), 

4r 



constants. OonSGquently we can oonclu.do tilt\t BD-lO 1s probablY 

mai~ll.Y 1n one <H>nl"o~t<iatiioll. 0A tbe o·ijher b~ut, tha pattell'li. i"ound 

1n nu .. s can on.ly b$ ~xplain0d b)" n.sH)J.1'ly equal (but not el':a!ftly) 

coupling constants. and a small cbemiotll. ellif't Uitferenco in HA and 

H.El~ whlcb :t•aqu.1ras J.l"ap1d tntereonvllllrs1on to t]iVe an ftVal'age of the 

coupling con3tnnt.s and oheUlical sb1f'ts. B~9 seoms to b~ an intar­

medi~te ca$Q1 $1m1l~ to BD~2 and ED-2. 

The f~mall eauplings seon ill ~ .... 1g. ~16 al"1$Ei! t"rom cou.r.)ling 

to tho arom.a.tic ring protQus u5 t l~ a.nd 11g. Xne con.t:'ormat!on. II 

seems less h:l..nd~:~red tor bnJ.ky su.bstitaa.tlt groups sucb as those in 

BD .. 9 and especir\lllf in :BD-10. !.t'ha~o-fore l~t us as:1uuo that 1n BD-10 

conformation II Pl"Odominatos. · J:n tha"t case tb.e dihedral lmttla of 

' 180° belongs to lis , anli ve eM 1dent1t~v !t J.l5 tne u.pfiold group ot 

linas sbolfing equal coupling ·t>f' 0.6 iiz to tb.e tlu-G~ a.vo!ile.tic protons 

fiat- h7 and Ha· i!roton HJ\ 1$ more, .st-rongly coupl.od to l£0 and .i~ 

w1til J = 1.0 az, buto not to H8• Xbis can b$ confirmed by spiu. 

dooouplillg e~per.iment.s stlown in F,g. 31 and Fig. 38. In f'~1g. 371 

aromatic pro·~ons u5 and U., were ur~d.io.ted. at s. J., ppm a.n!l the triplet 

structure of HA disappeared; tiln <lUal"tet structu~e or Ha also 

collapsed due to 1rr~d1ati0ll of IIo ond It1, which raaov~d the af'f'ects 

or th.Qir mpiats1 bllt tho resid.uml l1no width maS:<ts tn~ ro1~;1in1ng 

small COUl?l'i!lg to 118 • liowaVQlrt in ~!.g. 38, in Which only lig WtlB 

irradiated, WG can Sl$f:l t~hnt ·tua quartats haVfi! bocot49 triplet:; as 

expeetad. 
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I "'r'"' :::"' ~"'"" 00.1>1"'-/~-
"00 S ' ~~·-~-- --M>O ' I ~ll [Ap,~ >-H~ NUCLEUL ______ FREQUENCY ----

"1" J.,-1 , tJ ""--(i) ~m"B"m ""'"'-- ·---"' ;l( ~~•m< AA~ ----

,!, ""' '• •• "" __ ,.,~---, SAMPLE __ t'i_l):J.IL_ --=== 
Ao-o)1'<l-l1c. P-rohnl) ( f-l~_omJ.. Hi') A~h~ V...tu>U ;.~ .. J.;,..t.l 

( Yto...c.f1 oJ·-e..J- r -.t. 1\, o.t- ~·I y>jm.· 

oJ. '6'1 pfi'YI I Plo\- hf-~1.;.. o\ ~\\ ... 

~W~I~I~I~~~v .J-1! r-

LOCK 0 INTERNAL 0 EXTERNAl 
LOCK SIGNAL----------
SPIN RATE __ rps. TEMP. __ •c 
INSERT ______ mm 

ACQUISITION 
SPECTRAL WIDTH (SWJ Hz 
NO. OF TRANSIENTS INTL ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PWJ_______ .sec. 
PULSE DELAY IPDJ sec. • 
DATA POINTS (OPJ _____ _ 

TRANSMITTER OFFSET (TOL __ _ 
HIGH FIELD ___ LOW FIELD __ _ 
RECEIVER GAIN {RGJ ____ _ 

DECOUPLER MODE IDMJ.,_ -----
DECOUPLER OFFSET IDOJ ___ _ 
NOISE BANDWIDTH IN B). ___ kHz 
ACQUISITION MODE (AM) ___ _ 

DISPLAY 
SENS. ENHANCEMENT (SELft __ sec. 
WIDTH OF PLOT (WP) 0 __ Hz 
END OF PLOT IEPJ Hz 

END OF CHART IECL Hz . 
WIDTH OF CHART (VICL !Co Hz 

1 ' ' VERTICAL SCALE (VSJ_.....J.Ol) ' 

t:::J::::::i::!::!::!:J:::::::cJ:::J:::=:c====r:==::::::============~===c=J:==c:::J:j REFERENCE.LINE (RL) ____ _ 

t=;;(f. 3 7. 
~varian \!!:!Y flbNrtD LN U S.A. 

P-lot Exp""'""-:>ioY! o;J ~C.( %oOLtp 
IIA H13 

Plo~ exp ~<4ovv oj­
f'~"o~ +ts- ~ 

- C 1-\2_:_ Q'Y~ ~ A,j) ~ /0 c f?JynwoJ{C 

H t ~h..IL~ d1 o.l-e_d cvf- S · I f:>fj 

t(r 
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FT·SOA SPECTRUM No • .l.Yru!:-3-
0PERATOR _____ DA~---

NUCLEUS~ FREQUENCY __ _ 

SYNTHESIZER SETTING-----·-
EXPERIMENT NAME ____ _ 

ALE NAME.Jl~.o-l!> __ , 
SAMPLE 91>-10 -----

f>.,_..Jt ... \),..,~ .. IW~>.l_,.-\-.J 
Hr ~~.t 7·1 'N""' 

?1·1' hr~'- ~ 1-1\-., 

\ .. !".. c.~ c.:' ~ . •v .. : ~ :.u 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL 
SPIN RATE __ rps. TEMP __ 'C 
INSERT mm 

ACQUISITION . 
SPECTRAL WIDTH (SW) Hz 
NO .. OF TRANSIENTS (NT) ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PW) .set. 
PULSE DELAY (PO) sec. 
DATA POINTS (DP>-----· 

TRAil3MITIER OFFSET (TO) ___ _ 
HIGH FIELD ____ LQW FIELD--
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (DM>.-:-----
DECOUPLER OFFSET (DQ) ___ _ 

NOISE BANDWIDTH CNB>---- kHz 
ACQUISITION MODE (AM) 

DISPLAY 
SENS. ENHANCEMENT (SEl--,__sec. 
WIDTH OF PLOT (WP) iO Hz 
END OF PLOT (EP). _______ Hz 

WIDTH OF CHART twc)___tl?___Hz I 

~~~T~[A~~~l~E~k) -j oo Hz I 
REFERENCE LINE (Rl) _____ _ 

Qvarlan 
\!!YPf!IN11:01NUSA. 

?to+ . fl.-,Xf~ o-} 
(CVL~c_ f"'fof-orv 

-c.t-1~ a71D1Af 0vv ~ -10 
t-\8 Vvt-~~~~ ol- 1-· l ppm) 

~ 



~
,. 

' ·._ . 
\. 

~he Plot expansion o.tr tbe arom.~ic r~a:ion (r'1tr:•· 39_ tor 

BD~lO) shoWs th~a b!lsi<.t ~1, p~~te~n. _ ?tf.t·t~h i;h.$ tlddit1on.al long _ rtuago 

ooupl1tl5S to B5 end lfv• +ns interxw~ta.tiotl of this S!lactral region 
' '. < ' ' 

.is :taoilit.ated l:i"J ~:temUiirling :wit~· ·ii!ID in- which t.na .,.OIL. group in .the 
- I ~ 

' ' 
dioxapbosghorin ~ing was 4.iOOOl1Pl6nii!t: ln '.f!'ig~ .rlOa ~~ appears. aa an 

ait~ht l1no ,pa.t·t~~. In ili.g •. -a91. -et'l<lil lino of this pattel1'n im split 

_ by the prot~ns ·.u~A and H4a i!lto · ·tP1Pl.e~s with o.s: us' apacing. ~·hi$ 
is tne flv~rage of' th:G actual c·ou.gl1ngs ( Ju_ u = 1..0 Um ; 

· · . H.$1 • "4A 

J~ .. i:i@_ = O.~ Ua), due to tho t&et. ·tbat·uA and na twe~ st:ro:~gly 

ca.apled ( 
2
Jlii!i- fiJ3.::; J..;~.,? _tiz) _!~id_ se_p~Gtfl!d b1 a small eb~!Wal . 

sbijl't. 

I*>;ig. ~"ll and l'!'ig.. 42 1!Wo tile plot QXpanston:a of' l~D-15 

and BO-le respcc.lttvely •. 'lb.e ;,.(lit~. J,:rrotona in tbe dioxapbosphor·in 

·ring; -ar~ non .. $QUiVlllent and hav$ ch~tcal sbitts in 'both compounds 
. "' . .. 31 i ot o.2 ppm and u.as Pl>m• ~ho cou911:.1g ~a the P nucleus 1s 25 al~ 

fOJr one ~he .. Cl~ P~"otona artd ti.S. Alm_ for tile other. 1\ l)ro1dint: 
' -

aod~l of the moJ.eculos. G~<il:n!S to h~\Ve G. ~JtllblO COlli:OlrU!atioll 1n Wbicb 

_ p.t.•oton li:$ . is quasi.,.;nlQ;UtatOI•1rll and proton HA is (tlltls1 ... a:tiE.lJ ... 

\" 
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FT·BOA SPECTRUM NO. /ffo 1--41 ." ··. ~ I OPERATOR . DATE __ 

I I I i I I I I I I i I I I I ! I I I I I I I NUCLEUS __ FREQUENCY __ .-

4opoHz 
2obo 

1+0 
. ·:A~ 

~s 
1 
b !:' 
~~ 

N01. 

P~o+ Expa11~.>ioYJ 
oJ­

())(.OilM(l.tic. h,.e~ i OYl · 

o /s B. "'-"" 
I ..2-P-NII ---H 36 . . 
4 

HB 

>-H~ SYNTHESIZER SETTING-----
EXPERIMENT NAME _____ _ 
ALE NAME_. _______ _ 

SAMPLE _'B,;,;!2c:•:.u!O.__ ____ _ 

Plaf ~-,...- ,f 
.,.,_.t,.; ~·oM. 

. ,..., ..., 
~~~p~H. 
~· 

He •*' \ 
OL 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 

SPIN RATE __ rps. TEMP-__ 'C j 
INSERT rom if 
ACQUIS!nON ~ 
SPECTRAL WIDTH (SW) ' Hz J 
NO. OF TRANSIENTS (NT) ~ 
ACQUISITION TIME (AT) see. r/ 
PULSE WIDTH (PW) .sec. S 
PULSE DEUIY (PO) sec. r, 
DATA POINTS (DP) ! 
TRANSMITIER OFFSET (TO) . , 
HIGH FIELD ___ LOW FIELD--
RECEIVER GAIN (RGl l 
DECOUPLER MODE (DMl·-----
DECOUPLER OFFSET (DO) i 
NOISE BANDWIDTH (NB) ___ kHi 
ACQUISITION MODE (AM) 

.. ~· 
SENS. ENH WIDTH OF· ANCEMENT (SE 

, , 

0 

""~ ~MM ¥---• ~ . ~"" " '• '---.--' .~:''"' '"~ ~" 
,,., ~ ,. • ,, ~,:i.~ ""' " ' > r,.,.,, r _ , . , ,_,.EcALE(Vs) 

1

"' HI. 

' "'' -~·") .. "" ... , 0 ~varian 
~~"1'£DINUll 

Ft:~. 39:. Q-)\p~·or-
14-> , n. 

.A-he.. ov"c....CJY)\\ovtvC. ''?X ol-
I -... I -

'"'f.e.(yvt1h.. "JI ~-I 0 

~ 
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·-~ ~ 

)< 

I FT·SOA SPECTRUM NO • .L'f£<JJ.::._(__ 

4000Hz OPERATDR.--{/YJL_DATE'JJ.L-./J-'-
20bo )-H_:;,. NUCLEUS_fi_FREQUENCY ]'}!i..__ 

,.1,, •mrn••~ ·~~-----1 EXPERIMENT NAME '1' ·~ "~ ,,_.,_-j) _____ ----_,l 
'" I """"' _.,. " , s II ~·' .. ,~ .. , •f ~ ' 

o, I; -0 ~-~ 1\; ......;._ 14.
7 

f1. 

~ ..... g 
it..-- I I 2P- N\-1 --·H 

I 
30 

~~· 
·No,_ ; 

I-lA f'B 

PI o-t e;>< p Q..I.\.S '1 O"Yt- ~ cv-c.cmuitl c 

pYOttr"-S (i-!5" ~J_ I-\ T) 

- c..- pYOhrr-.g i rr.na.J to-ted 
/ "'-., 

\--\ p.. \-t'O 

_..J ~ 
L)' II 

Cit" ~i;;..,- ~-

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _____ _ 
SPIN RATE __ rps. TEMP. ___ 'C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS {NT) ____ _ 
ACQUISITION TIME {AT) ____ sec. 
PULSE WIDTH (PW) .;sec. 
PULSE DELAY (PO) sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET ITO) ___ _ 
HIGH FIELQ ____ LOW FIELD __ 
RECEIVER GAIN (RG) 

DECOUPLER MODE (DM>--~--­
DECOUPLER OFFSET (00)~.,'------
NOISE BANDWIDTH {NB)_O ___ kHz 
ACQUISITION MODE {AM)S~-

DISPLAY 
SENS. ENHANCEMENT {SEL __ sec. 
WIDTH OF PLOT{WP)_$9. ___ Hz 
END OF PLOT {EP) Hz 
WIDTH OF CHART {WC)J_o ___ Hz 

1 
END OF CHART {EC) Hz -
VERTICAl SCALE {VS)____J..tn____ 

I 
1 

REFERENCE LINE {RL) _____ _ 

~ j5;7 ~of- T~g ---::t<-
~7 ~~ ~-OH~ JPH. o 1.1- ''" 

~varian 
~PRINT£DlltU5A 

P~ot- CZ-Xp ~ 1 ttL · Nt~ pc5'loh,-y~ 
Lvv -&1> -I D tA:TL)]V ~ . .- C H 2.- p-oo t01-J? ( Vvt, 

'l' 1-J ~1-Lh--~~ c;J-~ 

40 I-ts-~ 1-r r--
.tke... dt:crx.avptDsf~~ -

~ 



;;.., 

4oroHz 
2000 

lD:OD 

BDO 

660 

~ 

i~ ~ 
~ 

>--H~ 

BD-15 

">_ 

~ 

FT·SOA SPECTRUM NO. J~.i_~L 
OPERATOR r···-·----·-- DATE_ __ 

NUCLEUS _11.__ FREQUENCY---­

SYNTHESIZER SETTING -·---------
EXPERIMENT NAME ________ _ 

FILE NAME---·--------·- : 
SAMPLE -~.J>.:.!i: _________ _ 

Plot hf'-'S•o~ 
s .... ~, r-o H ... Jy,"v. 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SiGNAL. _________________ _ 

SPIN RATL_rps. TEMI'_ ____ "C 

INSERT--·---- mm 

ACQUISITION 
SPECTRAL WIDTH IS\V)_. --·---Hz 
NO. OF TRANSIENTS INTI_ - -----­
ACQUISITION TIME IATL ..• ··--·-·sec. 
PUlSE WIDTH IPW). _____________ .sec. 
PUlSE DELAY IPDL.--··-· __ sec. 

, OATA PO<NTS (DP) __________ -- -

•RANSMITIER OFFSET ITO) -··- _ .. 
HIGH FJELD _______ ~ LOW FIELD-.--· . 
RECE<VER GA<N IRGI •• ·-·- -·------

DECOUPLER MODE IDMl --···-···- _- _ 
DECOUPLER OFFSET (001. -·- . . . --···­
NOISE BANDWIDTH INBl . ·-·· .. ·-- ·- ·-· kHz 
ACQU<S<TION MODE lAM) . 

DISPLAY 
SENS. ENHANCEMENT ISE) _____ sec. 

WIDTH OF PLOT IWPl._ ... ----H' 
END OF PLOT IEP) __________ Hz 

WIDTH OF CHART (WCl-~·-------Hl 
END OF CHART IEC) .• _ .. _. -··---Hz 
VERTICAL SCAlE (VSI_._ -·-·- .. ---

t====::==+===================:r====================~===================:::::p::====j REFERENCE liNE IRL) _______ ·---

~-0 ,.0 $".t 1-o 

r~ 0 . 41 1 K ~ e e-H lA/}n.- 1 ~-15 (__Plot exp~o-vv) 1-JVI R 

~va1!an 
~"l!:nll.::O!IoUSA 



+- _(~ (.~ 
¥ 

Ff.SOA SPECTRUM NO. ri~~:}_:_\._ .. 

~=======:I==============:r=============:::;::::===============================::l:::J ~:~~~~~~--~;~~.~~:~----
40f0Hz OHz >-tt-)- SYNTHESIZER SETTING______ __ 

2000 :J EXPERIMENT NAME-·--- _______ _ 

~ ~~-
1 O SAMPLE -~.J2:-Jj, __ .. _ -----

syo , 
sbo . Plot £ ~f(.#.l'"" , 

" 

As 
.0/~---p:::_o· . 

2 I N 2 

'lfJ--:J.<_o ~ 
H._ l'J, %' 

Nllt 

BD-16 

lflv H u~ 

'"C. 

1t-t NMR F;.,c· 4 2 

T"O 6"0 

/J p..e.. cJ--owwv 1 ~-It, (PJ-o~ 

~ 
H~~UL 

D"O 

Q_,~P~) 

Sc~lt: 1-oth/J,;,, 

LOCK DINTERNAL DEXTER~AL 
LOCK SIGNAL _________ ··-

SPIN RATE .. _ rps. TEMP_ 'C 
INSERT ____ ·----·_ mm 

ACQUISITION 
SPECTRAL WIDTH !SWL~--- Yz 
NO. OF TRANSIENTS !NT!_____ _ _ 
ACQUISITION TIME IAT)__ ___ sec. 
PULSE WIDTH IPW) ________ .• seo. 
PULSE DELAY (PO)_ _______ sec 

DATA POI_Nr_:;_lDP}----·--·--

TRANSMITTER OFFSET (TO) _____ . __ ·-
HIGH FIELO ______ LOW FIELD_. __ 
RECEIVER GAIN !RG)_ .. _. ______ _ 

DECOUPLER MODE (OM) ...•..•.... _ ....••.. 
OECOUPLER OFFSET (00) __________ . ____ _ 

NOISE BANDWIDTH (NBL .•........•.. ____ kHz 

ACQUISITION MODE (AM>----····---·-

DISPLAY 
SENS. ENHANCEMENT !SE) ____ sec. 
WIDTH OF PLOT (WP) ____ Hz 
END OF PLOT (EPL . Hz 
WIDTH OF CHART (WC) Hz 
END OF CHART IECl .Hz 
VERTICAL SCALE (VSJ... ____ ~,_ 

REFERENCE LINE (RL) ---·-'--

~:varian 
~PR.NTlOI>jllSA 

'\r 



'\..-; .,.. 

:the ass1gtMn~xat <Jt ;be pvot()ns U:A_ and ll;a ·tn tb.e spec trwn ia basod. 
.h :'!. ,... . "" "" . ..I -31~ 1 m~ ·r~ .f'l. t'i "!· ,'1.-tl .~ ........ " on 'tua cou,p ... .ulg eons,-;an~a ~o 1; :~e · -A;- nu.o euts. ..,e ..-.. v-._.b \U. lGr,_u. c:.u. 

3.Ui~le is 180° £'0111 the· q~as1 .. aqual~ol"1al. proton U;a1 and close to 60° 

for tb.e quaa1.-ax1~ proton li.\ • Xhu.s U·u is asnign~:Jd co t;h<JJ iS.2 
..... ail 

ppm proton (aJ 0 ., ~ ~~ :oa 25 ll~) •d llA is assigned to tnt:. i).65 ppr~ 
- ,.. .;: .,.,~\..v ... ~.ll . . 

protO!\ \li;.jJJ.>.Q ... C....RA = ·a.s Hm). ~his resn.tl!ijs :In the quas:t..aquator-ial 

proton htlVin~ th~ stflQlltJ~ ch~ical $!:.itt~ ilt1d 'thf) qu.asi-~cd.al 

navtng the larg~ on~, \fbiuh is coott-a.T.'y to oxpootat1ons baaed on 
~ 

~Womn-t1tt ring cur!~ent ef't"'uota. IiOWV\!21 1 the P = S t."'nd also can 

exert th(la anisotr(>.Pic! t~~3&1Gtic $f'f'~ts and t.htllso m1t'ht ao.stly :re .. 

tJC:H'"a9 the or.-dor of the ehet!i.iO'ril' abit"ts. It. is cu1r~iel' to l1ve vitb 

this than vith e viol}lti<)n or tba Kw~lus•typa rGli~tionshii.l1 for 

spin-c·our,d.ings which se-;n~3 r'm:tr~rcd.ll valid. 

*llton Ua is ·.:id$ntified a~ .7.06 9pm, by :its 9 n~ coul>-

11ng t'lQllS'tllillt to l}'TO~on lL;. at 8.J~ ppm •. ~b.is ,le.a.rletS pr~totl li5 at 

8.0 .PlM1. , ~rattiat!on.of Itc, .t.md Uv r.e~Ulted in ~1sapp$~U"J¥lt:~ of tb.e 

·long ·ranee couplings wb1cb .Slil.i.~ l~ into qu!>l'-'t.ets and UA into 

triplets. Tbus1 H11 ~s (lOUpled <tquall;r to all ~hroo aromatic t3ro­

tons 1.11itb coupling <.H>_nstant$ of a.bou.t o.~l Hz, whilu HA is· coupJ.ed 

tQ two ot" tb.~ t.llr~o wromf§;r.;J.c prold!ms· ·v:ttJb equal noupling constnnta 

· ot appro:d!natel:r 1.0 Uz~ i7iinca ·the ql:ul::1:..a:tr.Ul nnli ~tua~i.oooequ.a.tior1at 

protons aA and ~ 1ntsract d1f'feli'ently with the ~ aud ».& 

electrons of the aromatic ri.ng ~vetem, thes~ aitl<f~r.ences 1n eoup.­
o..h.L 0w 1- ./,l ~,.t. -JPY~ ~ . j')<V poJL.t,:,c..vJoJv; t:k.L !v~e.--o Co tA-p~ 

ling for the quaa1-ta:s!1al .Pl'~oton. SO!~!DS in ~e.eOJ!d witb th\7 i~ioa that 
~ . ' 



the, bonding electron dens.ity for u4 is distr-ibuted along axos lllora 

or ie:ss p(')jrpendioull'll" to tbfJ p,luriG of tile liro.rAatic l"in!S ;and thnt 

: thia all;:)t'IS more o~.rerlap td th the ring ,p:t. .... ttl.ootr.on sys·t.eiQ who$9 

ma:x:imum probabl1ty function also liatl abovo and 'belov tne L)l.a.'le or 

t.he ring. 

Fig. 2'lu. and ~"ig. Jla silow th.e proton no!·se-d(i\Coupled 

13c spect.!i'a of EiO..l5 and WlJ-16 at 20.0 MUs. , J!ba. sa:twatcd clWbons 

2 and 3 bonds :f'rQ!t.l thG phosphovu$ show splitti.nm due to 13c •31JJ. 

sp:ln coupling. ~hoi:H! couplings a'C(~ slightly- di.t"£e.t,ent in DD-15 

and JJD-l6. !iho couplin.ls to tbe 01~ carbon (04 ) 1n the dioxapbos­

,pho).'Jin :ring cuangtl!s only- from 5.5a n~ in J:JD-l5 to s.75 ns in Bu-16. 

This probably weans that the conf'Ol?'mation :llil almost the soo(.), nnd 

tbis is in acco.vd l.dth tha small di:£'£erarme :1n 13c chemical slliftSJ. 

66.ll and 65.82 Pt'lm. ~ba change in ~ ( :L30} is orAl:! o.s P9ltJ fot~. t!tis 

cm.•bon <OtJ)t and s1nce 
13c c1lG!Utioal · st11:tts are of't(m quitG sen..s1·· 

!l?b(J at~• s n~xt tfl ·the nitrogen aro coupled w.ith. 

J .values ot s.sa anti 3.57 Hz respucrtiv~lY. in l'IJ~l5 anti BD ... 16. 

~na O.i~ • s 0 to the nitrogo.n have y -valuos of' 9.,87 and ~.63 Hz. 

These large differences al"e du~ ~o the dif'fel?aooes .1n th.e P-ii.C 

bond anglos for the ii- tllld s .. mom~a1-ed rings. fi'.ig. 27~ and ~;-1~. ,-,,_:. 

3l4i> sbo\1 tb<t plo't expansions ot .. th{} td1t~bat1c ram1ons ot"" 13c 

spectrum in BD-J.G end m; .. J.6, cl~H~t·ly rtw'o&ling the doubling o1"' t.ha 

liue:J> due to the spin ot, the 31P nucleus. 



·~· 

Fig. 27o · 1s a plot expansion or tbe aromatic re~ion of 

tb.s 13o mih~tru.m of' l~D-l{i. 1rour <>f the ring cru?bons show mfru~aurable. 
coupling 'to the 

31
t» nuolGus. ~hese couplin!lS GrfH 

0 a 
C:l(, 

09 

e'"l 

Coupling coostwit (Uz} 
••• anor~ . ., • <> • • hs48CI ~--• til- a 

8.19' 
~ : I 

12.33 

7.30 

o.sa 

cotapW!ed ~o .those in llD-lS \'lhXoh &il:Qjn support a very minor dif't. 

erence in the aoof'ortnfltit,ns. Fig. 3lb $heM:g that tl':!!e cnrbotl '( to 

the ~inr.~ nitrogen 1n BD-l.6 ts coupled to the phosphorus with a 1.2 

liz CQllPling constnnt. 

r'ig. 43 1a the aa. 2 •lfta lzi. broad-band decou~lad :Jilp 
l'• ~n ~~ 31 N~..fi spectra or Bu ... l5 ilnd ~u-16. .W<Jth com!}o'lmds gave a sh.arp P 

resonlmoo line. T't'u~ro i& a disglooeliloot of 3.,63 ppm in tba chomi~ 

oal shif't tor tho pbosphorua between tho two compoun.~s. Seloo·tive 

doooupling (F'ig. 4..:1:, tor 11'D.-l6J of ·tna proton~ adjacent to the 
> • 

n.i:tl:"ogen { ar.t•ows) n~.rovJed. 'thfl otberwise 'bPoad line and showed tbat 
' ' 

tn~ 31? is strongly coupl~d ·t.o :PlN)tons H1\ and U:a (attaeh.ad to 

o4 ). :the oouplinU:·9 are :reuu.cGd .tu tbim sp~trutt b$caus& ~h<~ :1rra­

d1atto.n at a.~JS ,ppm part!alJ .. y ·collapses ·the coupl.ings to the pr.o­

·tons at 5.2 tmd 5.65 PPftl• HoweV'e~l' 1 · th{;! ratio or tbe coup11ngs 1s 
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fT·BOA SP~CTRUM No./ y~~ 3- p 

I I I I I I I I I I I I I I I I I I I I OPWTOR-j",-~.s ___ OATEM1/-'d. 

2000 S'/NTHESIZER SETTING_~ 
.,,.. . ~,.. I ·~~--"--...,,.., , """ 
lObO EXPERIMENT NAME _____ _ 

I FILE NAME 

8~0 SAMPLE _"\?._1L=_l_!,_7-_B~---

600 

NO:! 

~s , 

~~~~'01i . I N 
6 430 

m r 
~ ~ t 
G-0 

~~~~~~.~~ 

N02 

9/0-.... _.?5 ' 

t2P ....... o'2 . 
4 

J I N 
10)'!(Q I I 

Ha Hb I z J 

BD-16 

'&IHS' 
...... 1 .... 

l'f'i'IJ·P ~ .. " •• .:. ~ ,... '&l)~ 

3lp 

J) €'C Ol.A- f I#J 

C"t""u;..l sl.tft tLfft're,.tL 
is 1·'-'1> ff""'. · 

LOCK li!J INTERNAL 0 EXTERNAL 
LOCK SIGNAL_W.lh-----
SPIN RATCU_rps. TEMP-'1!L "C 
INSERT_ mm 

ACQUISITION . 
SPECTRAL WIDTH (SWJ..._j_!)OO __ Hz 
NO. OF TRANSIENTS (NT)_l. ___ _ 
ACQUISITION TIME (AT)_&t> __ sec. 
PULSE WIDTH (PWL .sec. 
PULSE DELAY (PD) - sec. 
DATA POINTS (DP)~ 

TRANSMITIER OFFSET (T0).1~ 
HIGH FIELD_~ __ LOI'UIELD-­
RECEIVER GAIN (RG) __ '(_ 

DECOUPLER MODE (DMI_I ___ . _ 
DECOUPLER OFFSET (00)_5_0 __ _ 
.NOISE BANDWIDTH (NB)_.::), __ kHz 
ACQUISITION MODE (AM)-->0'-----

DISPLAY 
SENS. ENHANCEMENT (SEL.O.& __ sec. 
WIDTH OF PLOT (WP) . ! 0 Ul> Hz 
END OF PLOT (EP) 0 Hz 

END OF CHART (EC) ___ o ____ Hz 
WIDTH OF CHART (WC) I !71111 Hz 

1 VERTICAL SCALE (VSL~--­
f-..,--,---r-"-J--:--,--r-;-,.-..,..--,--,--,--..,--,--.,..-.,-..,.....-.--.,..-...,-,-...,.--,...-..,-~..,.....-.,..-..,-,.-..,--,---,.-,.-..,--,---,.-,.-..,--,--j REFERENCE LINE (RL) 

:,, fu~. ~~ 
lb ~~ ......... 

31p NMR f.l-pe.doowrrv ~t GrD -15' CVtA-d ~-I(, 
de.t.o~fe.d./~~~ ~ ct:~rQM.CL b evvvd 

~varian J ~""'HffiHMOSA 

( H b-"(l>oCLcl-
'vcJ 3· b 3 ·rp-m-) 

y 
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FT·IlOA SPECTRUM No.l'f_.t;.~.:.L 

I 
.. ! I ! I I I I I I I I I I I I I I I I I I. I I I I I I I I OPERATOR __ ~_DATE1i.IJ.l!L >-H~ I NUCLEUS2-FREQUENCY11:.19.)_ 

SYNTHESIZER SETTING _'1,9~!-'1.--·-· 
EXPERIMENT NAME-----4opo~z. 

2obo 
I ' 

lOfo ••• 

8~0 
600. 

&' s ,/ 

~
0 p ... 

0
1.2. 

t'N 
0 ~· 

N~ !!a Hb t 2' 

BD-16 · 

FILE NAME.----· 
. SAMPLE ...B.P.::i~ 

3\p 

Stle~ ,iJc. Ae,-g\;"~ 

.~ ~ 

M-~~0. 
11o,...l.JV 1 

lOCK ,ll!IINTERNAL D EXTERNAl 
LOCK SIGNAL~C,_,ot'"l"ll~----
SPIN RATE....\!Lrps. TEMP...3.L 'C 
INSERT__:_s ___ mm 

ACQUISITION 
SPECTRAL WIDTH (SW)__LII.U__. ... Hz 
NO. OF TRANSIENTS !NTJ ___ _ 
ACQUISITION TIME !AT) sec. 
PULSE WIDTH (PW) .sec. 
PULSE DELAY !PO) sec. 
DATA POINTS (DP) _____ ........, 

TRANSMITI~ OFFSET (TO).l!..:2S1 
HIGH FIELD_· ___ LOW FIELD----
RECEIVER GAIN IRG)_j' 

DECOUPLER MODE (OM) ~ . 
DECOUPLER OFFSET (00)_"-...(!12.iJ~L 
NOISE BANDWIDTH (NB)___IL__ kHz 
ACQUISITION MODE (AM)_O ___ _ 

DISPLAY 
SENS. ENHANCEMENT (SE)..::!:..O.,:i: ... ."sec. 
WIDTH OF PLOT (WP) 'll:V lltDo Hz 
END OF PLOT IEP) y. Hz 
WIDTH OF CHART (WC) z I 
END OF CHART (EC) Hz , 
VERTICAL SCALE (VS)...Sli.JSj__ , 

t:J::r~::r:~:J::~J::!::C:!::r:J::r:~:J::~J::!::C:J::r~::I:~:J::!:J::I::r:J::r::~J::!::C:!::r:J::J:::I REFERENCELINE!RL) -~--~------

r~a-· ·44. · .3.1 ~ 
1'\ M R /.lp .e.c.-~ u.,mr ~:t r3.r.D --; I 6 (~e.£ e.dt:v e d ec.o"'-pi~ 
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still tho same which is about 4;l. S$lective dacouplillt~ of' tbe 

proiiions for other contpounds bas not. yo.t been pertormod •. 

l~il~· 46 is a pl.o'C C~xpan,$1QU of :ii1.U.9 C45(A) ia the 

$@OOtru.m ot .th.e arot!lrat1c. J}.f()tons doooupled Yi~ .C!ig• ~oup, 45(:3) 

is the spectrril rwg..ton ()£ -ar~ ... gruup decouplad with n6 Gn<i It.,_;"; 

this spectrum (Ft~ •. ~un slli)WS tlla.t tho samo ci.oupJ..inm patt~l:wts pre­

vail in .this molecule as i"uu.nd in El!J-..10, 1ID.J.5 and Bl>-16. 'the 

sma.ller separ~tion ()t tha tines it~ tho Cll~> pat tif~·:-n of J3D .. 9 cotl'lparetl 
";4 . . 

to l1D ... l0 indicates tb.at 'the {tU~s1-eq.UQtorinl · pord~tion. of the :?.-

pb.onoxy substituent 1s only slightly f~vou.red ovor. the inverted 

form. 

Fig. · 46 shows tb.at Bl'-8 . also disl)lays th+1 long rru1g.:a 

uou.i>lings ti4 tho I.Ul'om~t:lc protona 'Fig. ift:7 sbowa th.q CH., guoup and . . ~ 

tho O..Cli3 J. B:t wr•mdiat.ing toe aroma.tic .l>l"otoua u5 and u7, ~thovn in 

.~~·~·· 4Bt ·tba ~ gr~up Cat~ bta ~9ll to be tlla AlJ part of tb$ t\Bl\ 

pat torn 1;hmt ar1 ses tuom the Oiia and tho pb.osph.orus. !rh.e gf!minal 
. ' . 3 

JW cou.pl1tl~ is 14"'5 liz. ~hC1 coupl.1n~s J P-~C-na and 

3Jp.o~·a.ua must bO qUite sfllall. . rithts is consis~1t \fi~h. n0W1'l1 

equal populations or the two conf'o:rtt~atio~l$. 

· · thtl te:npera.tu~e ti~p~ndnnt lli · l~a spec trtt at 270 ~~Hz in 

the temperatura rn.nn:e -70°0 to +50°0 (20SO.te. ·to 323okt) of the mothoxy 

• 
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FT·SOA SPECTRUM NO •. f/t£,!:._:L 
OPERATOR ____ 9J1_5, __ 0ATE ?/'dl~ 
NUCLEUs...'_/1 __ FREQUENCY]'}_._)___ 

SYNTHESIZER SETTING--- ---
EXPERIMENT NAME _____ _ 
ALE NAME _______ _ 

SAMPLE 

7 
)- --~ 

,_ .r' 
/-- ... 

:., 

-.. 
LOCK 0/NTERNAL 0 E~TERNAL 
LOCK SIGNAL _________ ---

SPIN RA TE __ rps. TEMP_ ..... 'C 
/NSERT _______ ·mm 

ACQUISITION 
SPECTRAL WIDTH (SW} ____ H2 
NO. OF TRANSIENTS !NT} ___ _ 
ACQUISITION TIME IATI _____ sec 
PULSE WIDTH (PW) _____ .. sec, 
PULSE DELAY !PD) ________ scc. 
DATA POINTS lOP) _______ -

TRANS \liTTER OFFSET (TO} _____ .. _ 
HIGH F,£LO ___ LOW FIELD ___ _ 

RECEIVER GAIN'l!lGl------·-·· 

DECOUPLER MODE !OM). _______ _ 

DECOUPLER OFFSET (00)____ ---­
NOISE BANDWIDTH (NB} ... ----·- kHz 
ACQUISITION MODE lAM} _____ _ 

DISPLAY 
SENS. ENHANCEMENT (SEL ___ sec. 
WIDTH OF PLOT !WPI H2 
END OF PLOT IEPI Hz 
WIDTH OF CHART IWC} _____ Hz 
END OF CHART lEG} __ H2 I 
VERTICAL SCALE IVSL. ______ _ 

REFERENCE LINE IRLI --------

se.c..l..e. ~ I.e t-t~ /Jl~\\.'-.,y.. 

1 ~-9 [4s-(A): 
45({J.)): Ci-\2- (j¥~ 

c0t~G p'(Oo~o 
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FT·BOA SPECTRUM No.l'f.S.QJ)_:/__ 

OPERATOR _____ 9-lli.--DATE1/JJj'L 

NUCLEUS_~bl_FREQUENCY.7~~-­
SYNTHESIZER SETTING--------­

EXPERIMENT NAME------
ALE NAME _____________ __ 

SAMPLE .:BD.:::~ 

p\ .. -\- eN(?""""'-..;...,. 

1~ 
~-

LOCK D INTERNAL 0 EXTERNAL 
LOCK SIGNAL _____________ __ 

SPIN RATE __ rps. TEM~--·c 

INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW)_ _______ Hz 
NO. OF TRANSIENTS (NT). ___ __ 
ACQUISITION TIME (AT) ____ sec. 
PULSE WIDTH (PW) .sec. 
PULSE DELAY IPDl sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET (TO) __ _ 
HIGH FIELD ___ LOW FIELD __ 
RECEIVER GAIN (RG) ________ _ 

DECOUPLER MODE (OM) _______ _ 
DECOUPLER OFFSET (00) ______ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM). ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE)_ __ sec. 
WIDTH OF PLOT (WP)~Hz 
END OF PLOT(EP)_ _______ Hz 
WIDTH OF CHART (WC)..:kcll! ____ Hz 
END OF CHART (EC) Hz 
VERTICAL SCALE (VSL.l.!!:l!__ __ _ 

t:::c::r==:r::::::::J=!:J::::J=:r::::::J:==I:::=~=========::::====:::===:::=cJ::t==L::!:::J=!:J:::1 REFERENCE LINE (RL) _______ _ 

~Gtlvarlsn 
~PI:l!!.I(Dllti/S.A. 

F1.1~. PLot J~ 

f'1""0 ~OlMJ ~-8-

4-) 
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~- -1· Ff.SOA SPECTRUM No.J:b"'JlP.-V _ 
! • , OPERATOR--~--DAn."J/J:J:lJJ. 

40r0Hz )-H~ NUCLEUS~FREQUENCY:Js,.s::_ 
2000 ! I' SYNTHESIZER SETTING 
~ EXPERIMENT NAME 

lOI 0 1 FILE NAME,----=--=~---------~-~ 
~ ' I ~~ 6~0 -----

~~ - J.. __.__jk_l~ 

'Plo-t eo.e ~ w.v.>'-- 1 
Ct-l..,.(t""'~ ~ 
+4 o-(;H, ~-

LOCK · 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL--------,-
SPIN RATE __ rps. TEMP--- "C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT) ___ _ 
ACQUISITION TIME (AT) · sec. 
PULSE WIDTH (PW) • sec. 
PULSE DELAY (PO) _sec. 
DATA POINTS (DP) _____ _ 

TRANSMITTER OFFSET ITOl-c::----
HIGH FIELD ____ LOW FIELD ___ . 
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (OM)_ ____ _ 
DECOUPLER OFFSET (DO) ____ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE tAM) 

DISPLAY 
SENS. ENHANCEMENT (SE>----.sec. 
WIDTH OF PLOT (WP) Hz 
END OF PLOT (EP) Hz 

END OF CHART IEC) Hz 
WIDTH OF CH"-RT (WC) Hz 

1 

t:!::r~::r:~:I::~J::!::C:!::C~::If::::~:r:J::!:~~==::~:::::::::r::c:!::r~::J::r:J::r::c::~r:~:J::j~~~;~~~~c~~i~~>·~~--~--~.==·=== 
()- (. if1 ~varian 

~f'fliNnOINU.U 

F~0 . 41. PLo~ .exp~ elf. 
. ~or \JIA,F ~ ~- 3 

C.H2- prrootoM OvvLd ~ 0- CH-3 
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FT·BOA SPECTRUM NO. LY.SlJ.o~3---

0PERATOR0._ .. 9'IJ.L._oATE'fflUl~-
NUCLEUS _J!. ____ FREQUENCY _J'J.:.L __ 
SYNTHESIZER SETIING -------
EXPERIMENT NAME _________ _ 

FILE NAME. i,Jr-i • (!, l 
SAMPLE_flti-L_ __ _ 

A~t·i. {'1"•-t•~ .~..!.,.ieJ.. 

'PI.t t~....,..., .... : c.11-.. S""'t' 

:f.= ~1~ '\\ "~'') l•JI! :.,. . .-.\ 

LOCK till INTERNAL 0 EXTERNAL 
LOCK SIGNAL_CJ)j.Ji __ -..,.-
SPIN RATE.J .. !LriJ7. TEMP_lc"L. 'C 
INSERT S.. mm 'II 

ACQUISITION 
SPECTRAL WIDTH ISW) ].ooo Hz 
NO. OF TRANSIENTS (NTl_l~ 
ACQUISITION TIME (AT)_~ __ sec. 
PULSE WIDTH IPW)~_L.sec. 
PULSE DELAY IPD) - sec. 
DATA POINTS IDP)----.lo.'-"K __ _ 

TRANSMITIER OFFSET (TOl_'t!__ 
HIGH FIELD. ____ j ___ LOW FIEL[J._____ l 
RECEIVER GAIN IRG) _ _s:_ __ _ 

DECOUPLER MODE (OM) _ _$ ___ _ 
DECOUPLER OFFSET IDOL.b ___ _ 
NOISE BANDWIDTH (NB)......Q.__ kHz 
ACQUISITION MODE (AM) 'II,: I''S"S"" 

DISPLAY 
SENS. ENHANCEMENT (SEl.:t:.7__sec. 
WIDTH OF PLOT IWP) lap Hz 
END OF PLOT IEP) Hz 
WIDTH OF CHART IWCJ __ I !nL__ Hz 

1 
END OF CHARTIECJ ______ Hz 
VERTICAL SCALE (VS). I I o . 
REFERENCE LINE IRL) --------

Qvarian 

B D - 8 ( CVc-crrn. cJ.:c. 
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270 \1Hz: PMR spectrum of BD-8 at 283CK; only expansion of endocyclic -cH2 gro1p region. 
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. 270 MHz PMR spectrum of . B:D-8 at 293°K; only expansion of endocycllc -CHi group region. ' 
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1ute.roon.vr~sions ot ~h.e oonfn:rmeJ:>s Md th~il1" l?&ltlt1vo PQllUl..atiOillll 

ue also varied. It ha~ at:go 'boon obse1~v~ui thnt th$ signal. at 

lower ti~ld of the df71u,blot· at· s.a ll'!U aPlits furth@JJ. ~him booomes 

much !ili.ani.tio rmt at -400C (2J3°H:>; ttwttwr sPlitting is ·obaerved at 

... 7ooc {-~:llaOK). fhis SU!li!18sts tnat tile. metl)Vlene p~otona 0141 & n;ot!W) 

are; n()t equ1valent to. !Slacb. other,. au.d i;be d1oxaphoa~bot.•in t>1ng ;Ls 

contot-matiionally .tr&obile iu solution. 

:filG 1a J.i.Kft $Pootra ot BU...lOt and ~Ghu 13c1 31
1'j ancl ~~ 

tiMii spect:r.a of 1~1)...15 llUlri l.1D...l6 sa~rt2 to bl.il in gunol"nl aocol'd with the 

structure li al.tho~4gb tlley do not pli'eclu{ie MQtllel!' eonfomation 

( t. a. , 1 ts inve~·t~d f'Gl.~1 '\fbere OA$f.lt0.1l and phQsphoi"U.s lia bolow tb.e 
J . 

Pltme ot ~h.e erom~t:tc r1um). il'wrtb.er stJ.ldies includina; Jt.ray c~ya-

tf.ll.. s'tl'!ucturt! dat":rmialtatiGl~ ~e ill orogeess. lio'4eVf~l"1 it mtijl' be 

pointed out tba.t ·ei~ structu.f'e II a~psars ~o e~plainJl to a rtN.\$OO&blaw 

~xt!mt, \iil<,'l J."eVml"sQ\ of! the e~pectetd prott>n chemical shift ()V'dti~ t"ot• 

t.ha quaa1 .. a;(inl atld <!Pl~si-aqu~toViltl l)l"Qtons, due to the position of 

the CG$fPl0tica1131' m~isotJN)J.)ie P ~ a bond relative t(J tha ... ort2 ... group 

in the d1ox&pbo:~PbtW'in P-ing. 
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7. INSSO!t'lCIDlv:.a <~O'J:I\rJ:x.:t ~· 
-- I W ! & J S b t M .. 4'111fA . I 

'Eho ·o:ral. 1naecticidat activity tbrta of" tbtll oompt)Wlds 

against Coo~o&eil$St Je. ew,;M (fiinn), mrG lint~d in ~ablo-1, 
and the f' eautts nave ~en oompar"Q<d witb tbat of salitllion and th~ 

a..~tb.oz..y.6 .. nitro-4lt..l1312-b$n~cni1()~~Db<:>spbor.tn....2-sulpb!da (BD-8 ) •. 

n 
/· 

·~------......,....__ .. _____ ,_ .. , ........ _ ... ·-·-·-... -··--"~~--· --· -· --·---~--.. -· __ ....,_,. ___ .., ____ .... .,... ___ , -"""""-"'"~ .. ·---~ I ~e it;• (~:'ro~ 3.00:4 r1l!>l'~ 
I o. 

~,..~-~~=~::-~~~-···~~~~~·:", ..... ~.-.. ~ ,, __ .:.::·.~::::.:-.7',:...;:.~:-:~~~~~~::=:W.,/~.J:!!!!:::;:;-::.~== 
Cycl.oheqlamido »~l.O 50 ,. 60 

Morpholino BD-ll 30t•~ 40 .. ,,;: \-:' . 

DiQthylamido l3D-l2 ao .. 40 
tti~:~atillYlamido litD-J.a l5 - 20 
lao.. pt-opylam:tcio 
Pyr-t"olidino 
l:aiparidino 
. ~ouylamido 

SB11thio1l. 

a 

t.;D-Jf~ 

l.ID-16 
ED-J.G 

·liD.l7 

p - OCii'a .BD~8 

0 

.. 

60- 76 
)76 

>75 
>76 

a .. 9 

8- 13 
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~be data Pl*Gmentod in t·aoie-l ~1'1·V(;,al:~' that all alkylBml• 

doi>bospbol110thionatGts bavo l~t;.ss oral in.sooticidal activity tbM the 

metboxy cotcpound (Bli..B) anli f'Jtll.ith1Qn; BD-a hal! gt•nath'lJ* 1nsoot1c1dat 

actilrity tb.~ sW.itbi(m.· 'D!m~tb,Ylwnido compound baa onty 1.5 to 

2 t:ttues lese instaUttbd .. tl!il. fltrtivtty coltlpared to aalithiou; morpholino \\~··: 

and d:1atb1lm-a1do o~paunds allow 3 to 4 times less· ··tnseeticit!td octi• 
' • •• > • • ' c ' 

vi ty comparmi to slll.i tb.ion.. ~h0 otb1~r CGrill~QUilds are tim.ost noninsec­

t1c1dt~. In whole seri~a of' nitro sal.igt.min cyclic alk.Yl/.pb.,l)ll/am1do 

pbatlvborotbiona.tms .Pl"epruN&H~ in ollr' laborat.o!",y, olll.Y th~ tnetboxy tJom-

pound (BD..BJ has grt~m.tGr ,in~ootic1dal activity than ·salitb.ion. Tho 

dimGt.hylamido coiaPQWld bas 2 t.imGs great~»r.- :1usoot:lr~1d~d activity conl-
. (JJl) -

pa.t~<ect to dietbylG.Ulit!o com.POUt~d. Eto ~ observed the tzsl~~ in 

C E1$S Of 2-dimEttbjl&t!lfLclo -·, tm.<:l 2 .. diflttbyl>!lm1do-4.li-l,i!i,2-oonzodioxa­

pbospb.o:f'in .. 2 .. sUl,pb!d~S. luaong: the altcyla:m1doph.osphoroth.!onat~a 

(Bl>-10 .. EJD .... l7) thG dime-thylamid.o o.otQpound har;~ hiv,;he!z..t or~l insoo­

tic:tdal aativity to l"'oaches. 

~a.ble-2 shows tb.e ·ant1frungal eotivity data of these com­

!>ounds (BD .. lO· .... :.EID-16) agt~tinst Helim_·.in._-thomnnrium Sm. : tha ~~3ttl for' 
• LB' u·IJ:i•r~:e:tr.-ll!!'u~.:~• :a •• ~ ~ 

liinosan to ... ethyl §l,s - di.tlhsnyl .. phos,Pllovodithioate) have also baen 

pre tiHiJilted • 



_; 

-.J-· 
\_-

.. ". 

~able- ·:a 
••• •rq ••• a f.lL t 

' -
-: Aut1t~gal. aet1v1ty of tbo GlJQrlamidopbosphorothionat~es Qgainst 

: 1.1 ·~II .1111 1_1 .. , .... ,. ttW ... Jl.l ll._ J JA'Il,.,. r·~t ll_ ....... bl.......,.._.."4 ... a"' •• ,t ..... ·••-••• ;ltd 

''. 

'' u. SD. : ,... .. , ..... 

500 ~ 250. ', .. -200 100 100 so 
'•:!"-~:t.i.!!=~-::-c...............,.,~-·...:::::~.-~--~-~.-.!o..!.::Z.~ .• : • .::::-..:...J:.....;..:~-~=± ..... ____ , __ ,_.-:-:::-:-.:- .. '11:.--; .. ---------··.,...._......___ .. _,.,. 

a:D - 10 100.0 · ?o.a 63.6 ___ :~-;§fl~~ _- 4s.o · aa.o 
:aD· .. ·u 

BD - ).2 

BD • 14 

Btl .-15 

liD -16 
·H1nQSWl 

\ ' 

aa.a 
J..OO.o 

00.9. 

100.0 

84.0 

lOO.O 

100.0 

76.? '14.2-

74.0' 64.? 

73,.0 69.? 

. 100.0. 100.0 

72.0 ea.o 

79.4 73.5 

00.7 go. a 

vo.o- 05.0 -54.9 

-· aa.s 42.2 B2.Q 

69.6 5&.5 34.8 

$0.0 74.0 M.s 
62.0 oo.o 42.0 

. 65.0 Mtl •· 41.2 

82.2 66.3 51~0 



~~ ~aslltis ~(t'/G'K~l· tbdl $11 t~sQ compounda st'k;}tl !~b!to~u fJztfG')~ 

un. tl:9 B:l'OJitl::b of Jlt.iv4nt~WWL ll-r . Comp1QtJ-a 1nitbttSon ot tho 

gt'O'V1t·b 1 a cb~e~oo tn aa~!IQ of ~·101.· ~le,, Zl't-'-A .auQ 1~.lll (Qt. mo 
/!-Mfbl) t· .l1'1w.tOv~, obhet- cet:!i~~ ave a\ so o£tootl-'V0 (1t JAghet; 

eonooot~tlon~. ~ ~~~ldttot:~i:~spte~otttonnte (8~14) is tbo 
. . ' 

mont GttfJleti·v., ~om~ I it;s ~ni:ih1tbl'9 e'~fGOt !o gtr~tQ\'t t!lfll tllllt 

at fllno$._. At the ii$0nc@."lt·v.attO&··l .tl) ;t-8/ml il.no~ s~s EtttO ~ 

e~ ,g~ov.Jth lnlltbtt~on. but ~14 sl~·WS G4•B p~ent !nl.4bltlon, · 

On:tu' 'bb.s e~t»una ~14 s!YJ'~m eOt"Jp1~~ 1tlbtbtt1en at th~ eonc~tw~· 
. . -

t!.on mo ~~1, vt41e otb~ oom~do smw ~nlli bit!.on vitttn ·ti"tG 

t-a»se GO to 75 v~o~t .at too s11n0 conr.H;;nt7.:~$1oo• A1tl.10ugh ~12 

a~\f.a mo :r>t:~cent lntAr'd..t:t~ at soo /"alm:t,, bUt at eo /Biml it 
e}lQwa Ml.1f· 22•0 Pet:!'Cetlt ~n!itbt.t16nt 

~ pl'tftotO~f.li~y d.~a ~t!!iiU:flt ·~!&~ .~ (O•P• 002 

VtA~!ety,). ~r til3 · r1Ak!fl•1tt()ptJO'-iSPi"lU~ttl&onatifd~ ( ~lO to itf!)!t,l()). 01?0 . 

!l1.$ba0 !n ~ehle ·a~ 



.:} 

I 

"~ 
·• .. j . 

.. .-_'tf'»t.tloio. 
•.u·~ 

'. 
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m ' ~- ';a3 .· .1 ~0 .. ·mo 3£)0 

m> jjj_., lrl ·3!)0 ton 100 
0 

.£$•• 16 100 lOO 1)0 

;~ •· 1& J)O JDI::;} lQO 

.. 
. I' ~~-arm p~· md »o p~ none ot til.Q e~llQ\4iltte ~ 

. p~gtd~odo to ·1:t'1ttcw ~n. ·at· ooo p;m ~:w ~td a~·11 sl'Dw dtlom 
- . 

f>twtotod.ct.ty wht!LG otZl~ e~~a GtJe tl~ptvtotoac~ ltl tt10 

e1uae of ~·lD and. ~n ue cbsr~$ oo· })GV~Mt ge:rrdn®im .Qt mo 

~)l;j seute o~Ql toxte1tV dat.a (ltDill) _of the or:d(t GlkYlr. 

eldot>~»~.ti>!!O'ttAma'te:.J cam-ale v-ati l:lt'G P"e6•too ~n tebl•4• ma 
tb$ t!'QSilts tm:<fe betai CM'fl~®d ~tt1 ~tl:!tM tiDe\ t4tb the tnetbo,q . . . 

~~ountJ (.·$;4~6),. 
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Al~ compounds (BD-10 to Bl'-1<1) all'e l~ss to:d.c th~m scd.1thiollo BD-121 

BD ... J.3 and BD .. B ilo.ve ~eater to:ticity tQ l't!H~ts Cot:lp~~~d to otb~J.1' :lt;~:b)i!o 

saligu-nih 107cl1c pb.ospboran1:l.doth1onates. ~tifot"'$ ·dea'th tb.e rats wera · 

found to suf.f'el'' f"t-fm mouta raspir~t~y t11ouble~. In sotoo eo:SF;lS1. a 

1~uid. vi tb blood•:stain oozad out of nostr.Us and ~Y'$S of tbe ont­

ma:ts. In all. .ca~sas, the tlecr~asa ot spontaneous motor acti'ri.ty 
'> ,~ • ' ' I • .- • '; '•! ! • _ .. 

~)3J..1vat:Lon and :trreg,'UlJW; ~e.sph-ation 
·! ': <· • l ' . ~ • ;' -· • 

\faro observed. :tn i!G.se of morDhollno aoi4pound th.e Coi..Ol.W of the 

rats becantt) yallov att~,.r, ao...ao herur.s.& the yellow colotiv d.1sappeat"ed 

after 3-5 days. tio oth!il'r. COIQ.ilOWlds ®owed this symptom. 

!he ts060 v~uas given here art~ onlY. afteyr prQlird.ne.ry 

expauiment and thls l:'equ!:.*es fw1th.tl1., work tor anu.vata w00 vw.u.e 

d$t~m.tnat1m'l. · l10w~v12r t· the .t.o50 · val,UelS g!J;~ron are apprec1tab!Y 

f'air to enable one tQ judge tbo .rela~ive toxlcitq or tho ~ompounds 

to male white al~iuu rata. 

~ho acot:.ylohol.1neatf~.ttase 1nil~b1tion data for bouset"l7-

bead homogenate (l!F AChE) :md gont tgbolo blood· ('blo"d - OWY) t»ro 

l1$tad in 1:abl~-5A - 5E (pp l'iSr-1'11) nnd im'ble .. 6A .... 61t (pp 192 -19-tJ} 

respectively; the ~llU' 150 vQl.uea o.alcul..at.:ed b,y l.®ast ~Jquare 

pr'Gf£J."'ataiae ar~i' t~V'en below ('Xa'ble .. S). ~h~ ~at.a to~ only- fivo corA~-, 

pounds have so tQV' bae<n talt($n •. 
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·~ 
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j)~?.+.r.til~!~!!!~er:ns;t,.~'~':,~ilf.-~ !!~=:!~!:lz: .. !l!!.~-~~~~!t.~ !Yl.fJ soa.t, 
wnole 'b1ooa. 
I , IS 11118. -4 ~ 1 •••• 2IMII4 

BD • l.O Gyolobe~ 
ami do e.aG 1.81 

BD ... lJ." M~pholirio S.43 1.00 

BD. 12 ntetbylamido 8.26 1.43 

BD .. 1a Dic:aet.llylQmido l.SQ 4.66 

BD.,.. l4 lt~O.Pl"OPYltMtldo 1.86 4."18 

It bas been Q'tuaerved tbat fqr any phospborwn1doth.1cmate (BD.lO to 

BD-14), tbe n:FAO!W 1s mal!"O 1nh1'b!lted tnan tt~ Cb.E ... blood. !<'or the 

l&F.AC111!;1 tbe 100 value ineruesas in 1lrho ovder: 

t.e, tho an.t1acety1chol!ne$teCa~ $C:t1vit:;y or tb.e ci1L1.leth:rlarid.do­

,pb.ospborotn1onate is b.ighost1 en<! 1;ba;t; ot tba Q!e.th;rlamldo analog 

is least. t~or tb.(.$! O~bl.oo~l, tile .t50 vat~ il~~at•ea.ses ~ the order# 

i.e. the $rltieholmes~er.ase t!Letivity of the, uwrgbolirw c0$~ound .is 

most and tll.a.t ot th.$ 1sof)t"opylamido compound 1s least. 



-~ 

tbylamidO compound b~s good insoot..acQtylcholinestera.se inhibitory 

act1v1tv, but tbe isopropylar;ido COiilPOutld hns least to.:d.e atf'ect on 

rostltllW.:J.Gn blood-cbolinescel'~stt. Pr~viousl.~ it luas been observed 

that the dicu~th;;lamido com}.3oun~ htis also !nsooticidal. act1v1ty 

{Mlonm the eight alkylamidopbospbo~othionntotJ it has higb.e-st · 

insoot1cidal activity}, ·but tb.e_ iso_pvopylrun:tdo CClt1}Jound has h1t;hest 

, Qllt1tung&l aet1vity. 

,27) 
Uansch and UQutsob. anc4ysed too data obtained: by 

(28) . . 
Futtu'to ~,!?, 

1
!1; from. a ser1e~ -or metbyl 214~,5 - tr!ohlorophanyl .. ti. 

allt1Jl ghospboramidates · in <Wd6~ to cla.f1'i:,Y ·thG- eff'oot of tho 

Iv.alltyl group on tbe 1nbib:1tory activity fQlt the Wi> ACnE. 2-b.ey ob­

served th:at tbe logarithm of tho b!aolooular inhib1t.1on constant is 

corralr"lltad ~:reellen.tly with Xatt• s st.avic cons"~;ant E: :Uld polar 
- . . 8 . 

* ·cotls~ant o ot the .su'bst1tu.Qnt; the bulky 1sopt~opyl and tart-

butyl groups decreass inhibition rates by ster:to 1ntor£el"ence. ·ca 

the otbe~ hand, tho r_ing taubat1tuents of' mattey'l phenyl li..methyl 

pbos.Qboramidates directly af'f'oot the antia.oetylcholinestuvaGe 



activity (IIFACb.E) by virtue of' 'tbe electron:LQ, ant! lllfdrophobtc ~o-
. (29) 
pe!>ti:es. · liowev@r, in a series or othyl S...($Ubst1tutad)-pbonyl 

gb.ospilor.amidothiol.ates,. no corr()la~1nn waa observed between tho 

rates o.f: cholinestel"~se inb1bit1on $\d m:w ot tli~ .troe onaltgy 
. (30) 

pat"ametars f'OI" ring s.-u.bsti"tuenta s moreovor, the, antichol:W.es- · 

. torase activity (~ACll~) or pb.ospb.o~!W1d()tbiplatea is not 9l.v~s 

c~related .. \lith _tneilr 1nmeotic1dal aot!v.ttv. 
' • ' J. ~ ' ' l '?' ,, .r 

In cs~~ ot nitro-~tlligeain cyclic pbospboram1doth1onates 

Gnt:1acetylchol1neaternse activ.1t;y is l~t ~orrel~ted v1 tb tb.e:tr 

. 1nsact1o1d~ aetivi;ty. ~eng ·tne f'i'\1$ eompountis \;5D-J.O to Jll) ... lf,l:), 

o:DJ..y dieleth1lam1dQ compound. (BD,.J.3) shows higb.e.st 1nsoot1o~dal 

activity, and also b1gb.est atlt1acetyl.chol1n.estoorase activit::r. 

Altbough ant;Laeetvlcbolb~esttJrasa actiVity ot. botb. d1me~hyl.~1do 

Qtld 1~pro,pyl.am1oo o<)Ul!>OWlds arc compm."~'bl.e (I50 is l.ao x 1o .. Sw: 
ana 1 .. 86 3; 10-~ re.spcac,ttvoly- 21a.ble-5,. Colusm.-3), the m~~"eioidel· 

. actiVity of tllQ dim.ethylam.\tio compound 1s highest (LC100=15 .. 20 rli> 

and that or tho 1$opro.P1lam1do compound 1s least ( t<:100=s<>-75 g/ g). 

\ihan the data for otb.et' rd.tro-sel,ig~u1n cyclic pbospb.oram:ldoth1o­

nattts Will be available Vt!f \fil.l ~1 to find out tba. clorrel~tion 

bstlitJ~n ant1acetylob.ol1llester~$<a ac:tt1vit:r :.uad E6 , } eut: WGl.l as 
:~ - .· (31) 
:'lt tlal.ues of allty.tam!do group~.· ?.trevious at;udie s 1n tbi!t 

laborat.ol"y. conu arnint~ the biolt>gical aotiv:1:t1os or some 2-tdko~­

G-n1tro-4H-2,3,2-benzod1oxapbosphovin-2-aulPhides, a sood corre­
lation, as sb.o\m 1ll the fQl.lo:Lwn; efrua.tio,~s. has been ob't~d.ned 

between the anti-ACWU activity (brJuso£ly) ralld 6- ,E~ am well 



+ 7.3700 e:a • • • ·• • • • • (l) 

= o 8766 ~c + 7 ~tt~A • s . ··~"' ........... (2) 

( ~.l) .............. ~ 

:# 'lo 7()32 ;.-. + o.o925 ~ -0.4761 71 + 7.6913 .... ~4) 

6 = 6t r c: o. 9564, . s = o. 3'.Ll3 

wharo, n. 1a tba nuniber ot data points ustad in the l"fllgrass1on1 

I' is th.o corralBtion co-ot"ficiont; and s 1a the standalrd 

a~viatiou. EQUiltion <!l. gives the best tit to tho experimontal 

d~t;a~~~ Howevr:!!r1 equation a also alves ib5,ad f'it as judged by co­

rralatlon co .. otf'1ciont value. 'JZbese oquati.on.s (3 & t1) allow the 

great 1mport3nce of' tba relative b1drop}lob1c binding const;ant 

( 71-valuo) ot the exocycl.ic alkyl. groups. By using equation 4 

we bave calcUlatt!:td th.e v&l.uo of · -log 150 1 and the results h~t.lAl 

been presanted in the .following i;!lPlGt 



ella 

Ca11s 
·n..ca'H? 

:t. .. Cali? 

n-04iH9. 

i-C4lig 

- 011 

7.1!427 

7&0220 

6.'1400 

6.59Sti 

6.4967 

6.6031 

7.534 

e. sea.:~ 
,····:· 

6.787 

6.700 

6.572 

6.412 

As men~ioned oarlior wbiJ!il. 1;.b~ data t011 othGr cyclic am:tdophosphoro­

t;b.tonates will be available. we Will. try to f'ind out th.& ooi1'rel,at1on 

batwean ili~ACbE and E 1 . s as well o.s • 

~he alkaline hytir'()lysia fo:;• sooae al.kylruJid<)PUofl!~horo­

th1onatos bava been oarr:te'1 out. in 0.0090 H 11n0li <in 5D;fi athanoli 

at so0 c. ~b.e bydrol.y sis data for en.oh c·ompound nt di.ff'erent wave 

lengtns ( A. =4001 410, .t.120 and 430 M) w.-a lit;;ted in the tables 7 A 

to ll l3 (.pp · 1 q 1 - 214 ) 1 tho v~ues of by<~olY s1$ constant bav,e 

bean oalculntod by lonst squara regression progratzW.e.. ~hG h.y~o-



·lBO-

lYsis dat~ ba\Te bO!lll ~a:t~i$ad b<alo.W (W~Jijii..'i); 

~.Allt.sl .- 2 

Ilydrolys:ls ot nitro.s~t1gerdn cyclic amidoJ:)hotJpho:voth1onatemj,Pti 11.86 
(50;' .Uthtlllol) t ?fQmporaturo ;: 20°c 

BD-13 . Dimethyta. .. 
mido. 

B:D-17 Nonylam1do 

410 
420 
430 

400 
410 
.tl20 

430 

400 
410 

420 
43~) 

400 
410 
420 
430 

BD-l5 P.Yr1~lid1no 400 
410 
420 
430 

10.824 :c 1o·3 

10.364 X lo-3 

10. J64 lf: 1o·3 · 
:a. goa ~ w 3 

6.1413 X 10•5 

6.J.4la ;s 1o-5 
6.l.l;Ll3 X 10 .. 0 

s·r 
G.l4l3.:4t JJJ ... a 

0 Ml l"-(!;; u.681 J! .· ~~ 0 ,-
2.687 x J.o-u 
3.07 X lo-5 

. t::. a.rn x 1o·o 
20.266 ~ 10·3 

20.266 X :to-3 

19.345 :z; 1o·3 

l7.7aa x: 1a-a 
lo 7835 X 1() .. ~ 
1. 7?84 X l.Q-0 

l. 7452 X l<T5 

a.. 7456 : lo-5 

BD-16 Piporidino 400 1.0002 x 1o-5 
' 4J.O 1.eme x 10·5 

420 1.1541 JC l.o-5 

430 l. JBOO ~ 10•6 

67 min 

G.14l3 X 10•5 ll2El6.6 
run .. 

2.878 X 10•6 2389611 5 
~ 

. ' 

1.162 x io-5 

39500 
min. 

43312 
min. 

!.':'-=-=""-=- --:=::::.--=:=:.--~t;~~-~~::*~.:...-::::~::-.: .. ~~~~-::.~::ti:.---::-~1'~:.~r...~~t.~-~-=:-~-:--...:..:'!.::o..~:xa-~--~ .. ~~ .... ----·-.... ~~=-~..:.:.~ 

·.:: 
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~no ave:t-ago hydr.Qlyais constants recorded 1n !able .. 7 ( Col.umn-5) 

show that tr.te natu::o or tho nmi<lo gt-oul) in. the exocyclie s1d$ c-hain 

inf'luanoes tho stability of th.e compounds to :alkaline hdyrolysis. ~be 

Kwct incl~U~ast)s .t1-a the ord01.i't 

i.e. tile p1poridiuo compound UID-16) 1s mos·e senble, and tbtJ oonyltt­

mido compowld (BD-17) is le~ast t3t1Gble to alknl.ioo ~drol;ysis. Xha 

cyclic glloaphol~~dot~h1onates conttU.nillg the dio,lbstituted 3lll:1.do 

groups (p:Lpariaino, mttt:+eraely r<:~s:l.atant to llftb?OlYs1s eoro.pa.r"t3d to the 

otber compounds having tile mOtlOsubstituttnd m.ai® groups \nony1atn1do 

and cyclohe;:eylw::atdo); p»obabl;r the mtoJr1c .... 1!~tarf'o~ences ot'" tho 

oyoloh.oXYlamido aneloonylnmltdo groups aro los~ eomparod to that or 
' ' 

tho p~rol:ldino, p1per1dil&o, diaeti~lamido and caorpholino aroups. 

X'he hydrolysis or too s~t.lit:~nin cyclic eatf:tl.~$ prooeods vittl 

the init.i.at fission or."' thcc oildo-c;vclic est~ bond, ond 1ibe cleavago 

ot tbo exocyo tic oeter boud tloos not take place by alkaline hyr:tro-
(J.3} 

lYJais • In our case, '~e could not <letoot any tree araine in 

alkal.L."le medium; and h.enoe thera is no clt)aVage 111 the P ... N bond. 

Following tn~ work of Eto (R<d\. 1a, g - 741 Eq;uatiOl\-34) it en~ be 

proposed that th.e f'ollowint; ll"eootion iS~ t~tinr,: ple.ee itl oourso or 

alkllliuo .bydrolys1s;: 



Gon~rat"f to alkali by®ulysis in. !).0095 l-1 liaOli tb.ese 

pbosgllort#tUdotbiooates snow a good deal ot ros1stance to th.a l)ydro­

ly-sts at pH 1. 7 1n pbo$pbate butter. 11'or Olefllllple., no detootiable 

budrolyais occurs even &f'~r 36 laours in c.ase ot sorpbolitw;. dim.e­

th;.rl~ido1 pyrrol1din.o and p1poriclino COllltlOUllds. Uowe~er9 'th~ 

nonylant1do and cuoloboa:.eylaid() compounds show ml1ght h1tmolys:lil at 

pli ~1.1 in phosl.)hato bulfer; tha t'.llte of hydl*olysis· (at pli ?.7) is 

less than tbnt •· at .pl! ll.B5. ~bQ~B.£-ore, 1t l'!Jay b& concluded that 

th<t rater of' lll.ka\1 bV'cb."oJ..yalis is lnc:tN31SSOd as tho pli v~Utll increase;s 

rrom 7.7 to ll.as. 

Salioxon1 $alitbion and n1t:r'o-aal1tht1.on (:BD•8) wbioh bave 

been round as bii$b ins~ctiei<!rd. compounds 111 the sories ot slll.ige ... 

nin cyclic phosphoruG esrtl.i.ll"m all'e ra~h{~r unstable. l;be cyclic phQs­

phor(lJ{jidot.hionatt:;s pre sentod .· here aro moro stable. 

13. ()E.{~~~~\1;. COL'iCt.utl.IUt~S Ai1i) l:~rtt\lUW:; 
HhtlA,Jli 1 b ; 4.11' .. .. ,....,..,. •• _.;., . r I . f I J 11Ct 

(1) ~h.@ tiine.tby1..3nlido 90lnpound (00-13) sbt)Ws gll'eeter 

1nsoot1c:id.tU. activity thru-l oth~l,. c~pounda to .rooobas; howeverf 

it has l.S to 3 tiraes loss 1t~aoot:Jic1dd oo·tivity ccmpared to st:l.1-

tb1on. ~be c•thar cotapounds -~~ 1.\Qll•ina~o.ticitial. 

(1i) e-al co.ttpound.s· shQw antitunttal 11otivitJ ~gainst 

lleltlinthosl!Qr.-1t1!'3 spp. Iiol.ofeve~, the 1soprowlam1do o~paund (BD-ltl) 

1u the most etf'oo.tivo coapaund.; 1ttJ inhibitory err~~ is ~·ilJltero 

tbnn that or U1nosan.~ 



(111) :W~$pt th~ <tyclohexylt:W.lido (BD ... lO) anti the mol"pbo­

linQ (BD ... ll) compounds; non~ of tho CQm.PoUil\'1S aro phy'totol:ic tQ 

~:U.J.swm J.W.tl• upta tb.o coooootrati(m aoo ppm (th() b.iz;hest; concen­

trf4ti.,n UStl!d(l). 

(1v) All oor12pounds (l1!D .. l0 to !JD-14) ~(:Ql lEtss toxio: to rats 

than · sal1tb:l.on. 

{v) lfrOill an.t1cboi1n6u~to~asa activity stu.d1.as. it het.s been · 

obs0rved tba.t tor any pl1Qsphorruaidotb.1ona~;e (liD-10 to DD-JA), the 

!w'~.\QI.'l}] (housatly} is mor"1 1nil1bi~ed ti.~ th{il Cl~ - bl¢lod. l!'ots. the 
. ' 

m~'Aeb.'JJI, the act.1.V'11;lf of too dlma.tbYl.nmidopb.omphorotb.ionatG is 

b:lgbe.st, and that ot tha diothylW!lido al.alog 1s le£~st. l'or the 

Ci~ - blood; thu :anticilol:Lnastera.sG oot.ivity ot the m.orpholino 

compound 1s most, a.n.d tba.t of' th.a 1sopropylamido eompoun~ 1$ least. 

It ~ay bo coooluded that tbe d~thtl~!do compound ha!Si goJ>d 1naoot­

EM'lEr~ylcholille::rttl!r'as~ inhibitory ootivtty (·it has also good insecti­

cidal act1V'.1ty) 1 but thu 1sopropylt1Jlddo cota1~ou.nt1 has l~ast toldc 

eftoot on mtM:lttUll.ian blood • ·obi)ltnestartu:u~ (it has eood t'"ungicidal 

activity). 

(V1) b'\rom ~he oh.e~ioal hy®olyr~is studies it hns bo9tl 

obs~rvod tba't the compounds coutaiu1ng tl\e d1subst1tuted umido u;roupa 

are extremely raaistant to bydro).ys1s OO!ilPtmsd ;o o-cner coapotmds 

havin~ the mono-su'bstitu.t9d run::tdo groups. 



·--{ 

(v:U.) All comPounds sb.ow cQlil:non .IH tu.mds dU.G to i'-._o-c 

(aUtyl), _l?-O..C (aryl), ~a, no2 grou.Q$ e-tc. Alttlougll ~-N a.b~orp­

'&·1on shows con.siderabla te~c;;uency slufts1 tbo _B~ll stretching 

~1'brQtions oootUr in the noranal. f'requ.ency region.-• 

(v111) All c<>mllounda sbow p~ent tttolooul@ tons. It'rag­

rnentat1on. by los~a of sa radical is importrmtt all compound!f snow 
' . . + ... 

an ion du.f3 to (p.fll1'ent molooUle .- .SH) a.ntl it is the base: ;peak in 

spec tt-a ot oyclohex:t1aM1do1. tao.rpholmo, d1othylnmldo1 pnroliditlo1 

piperidinOt and llO!lY'lami®. C~'llll!OtUldSi but We 198 iB the b&$8 peak 

to~ botb dL~etbylam1(1o and isopropylW'l1do compounds. 

(u) l~"rom the 1a · UH!l ~pu-otral studios ot the 2-a.lkoxy/ 

a.lk;rlemido cotnl)ounds 1t ·.tm taul~ U~Viden.t tb.at the cnemical sh1ft 

d1t£areiv:o ot tile two ~illa1 protons ii4i~ and U4D ( tvo pl"otont!l 

or tbu mia group ill the dio:ca.pbosphorin l?ing) is increasing 1n 

go11lg trora tbe metho~ (UD-8) to ·tbe cyclohe~lalil1do (BD .. lO) 

compounds. io'\lmo tb~ 2-subst:Ltueut 1s at tb.o' s~ ti~ 1lwr(~titd.n(j 

in tndk, and prol:Jably s,pend1nm mQro tirru:l in .the co.tltorl:1at1on \dtb 

tile· leas'S s~{l)t"iC interactions. In ISD.J.O (also,,',in otb.er .Phospbotta-

. m1iiotbionates), tb.1$ · m.8G" be mmit31Y in 011e· con.rci:r~ation (confomatt.­

tion lit p. 16 o ) 1 wnil .. o ·in B:ID.s it appears that both th.a eheral-. . . . 3 . 
eat shift di:ttareneo and the d1ttorence betve&n Jn l'l , a and· 

. ~~~~, 



,. ,. 

exists as at'l avar~~o of th$ ~to contorma.t:tons with· :&.•ap1d int~rcon­

ve,..sion botv()en th~ru. In <H\sa· of' ljD.9.1 it $9ems tll!l.t an interme­

diate situation prev~ls. ;in case o:f BD .. l01 sever~ plot oxpans1on$ 

nnd deeoupling expel'imants suggest that tho quasi equatorial proton 

H413 is ass1t-;ndd to -the s .. a ppra proton ( if = rus.s liz) and the quasi­

uial proton, H4A 1a · a.ssittntld ~o the. 6.6 ppm. r>roton (J = s.a Hz); 

the get1inal. coupling eonsta..xlt is 14.7 liz. It -has ~also boen observed. 

tbat tb.e proton ll4IJ is coU~pled eq,utu.ly to tho three aromatic pl'oton.s 

n5• 1'? and Ha with J ~ 0.6. Hm; th.o proton n4A is mo~e sta-ongly 

coupled: to li5 ru1d :a7 witb J :; J..o liz1. but not to Us• 

"~rom the -~empat"at'Ul~e 4~pendent 1H UHU spectral study at 

2'10 !4f)ZI tn tbe temp~L~atw:-e rango:. • 70°0 to +00°0 Of.'" tha metb.oxy COla• 

pound (1!3.D-B) 1 it is tnirlY evident 'ti;hat- the L!etbylene protons of' tbo 

b.etet>o r1ns are not ~qutvGLent to ooob other, ~..nd 'the d1oxaphos-. 

phor:Ln :t.•ing is oonformatimmllY mobUe 19 ~~olution • 

.F~ora the . 
13o lin~ ~p$Ctral study ot tile pyrrol1cl1no and 

piperidine CO!ilpounds (f.lD .. 15 and rslJ3J.6) it has boan obsarvo{;l that 
33. ' - . ' 

tbQ couplin_e (due to PJ to tha cag carbon (C4 ) in the dioxaphos-

phor~ riflg; changes o1lly fl'om 5.00 Uz 1u }jD..,l5 to s. '15 Hz in DD-16. 

ibis J)l"ob;~bly' means that the conf'ov•ntion is al~ost the salle, and · 

this is 1n accord \t1tn the •aJ.l ditf'el'enco 1n 13
o ehe~nieal sbitts1 

66.ll aad 65.52 DPill• 'tho change in ~ (l3c) is only 0.6 ppm !"o:rt 

tb.a ~mrbQn (04 ) 1 and sinca l3c chemical wbifts al...,e often quite 

.sensitive to· confo~matiou,. ~t. supgortg the s1r.l1larity of the 



11'$ll'Gm 31lt :Wit~ spec '!a"al ~tUdiea ·1·t is t'air'ly evident that 

ttw oompounds (BD-15 tllld »U-.16) art:~· stable ·1n one cmu'"o.t~mation 

\ stru.e ture ll) • 

(x) :ine b.iulo.r,:iaa'L activ,i·U;ias a.t~d ot:.mr ttata ju$t1ty 

t"urtber examinn~i:On ·,_,r th~$~ vnospbcu"oth1Qnattas andl otber rcl&tt!d 

compounds as :1otentt~ p~at1cides. 
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(fhospb.ato butter, pli s.o;. total volume = 5.1.~ .ml/5 . .t"ly head, 
A = 625; 1Il0ubation tim~ ao mill. ) 

Cone. (,;tcg) 5 · · (Y) . ~ 

-:::- -,l-~ibi:;: ,~ :::-:r:"' o~~~Inhi~i::~r~:~M) 
----~-... -.--:-.:=----- ~~~-~;:::::: ... i·~. -=---=.7-.~~-l--.. --==..:::::::t=;==~=-~----=7:~~:..-.-::..-=..:::::::.-= 
Coutrol .. o.ic7 o -

1 

2 

3 

4 

5 

60 

.50 

40 

ao 
20 

0.25 

0~28 

o.·sa 
o.as 
0.400 

o.;m OO.J.;l 

0.29 50.87 

0.25 43.86 

0.·22 38.60 

O.-l(i5 28.90 

2.86ll. X 10 .... 5 



',' 

l 50 Oi)3l0 

2 40' 0.3410 

3 30 0.370. 

4 RO 0.416 

6 10 a.4S<> 
~-

0.200 39.21 

0.170 aa.JS 
0.·140 27 •. 45 

0.095 18.60 

o.oao s.sa 

l:. = ~ ·i- (l 

u ~ - .~.0'1&3 

~ c tJll. 300li! 

r· ·~ o.:g~aa 

5.;{li326 X 1o·5 



-~-

~ 

----<, 

\i'hospb.ata buttall", .pll a.o; w-;:d vtllwoo s.J.S mll JS .r::t:y he~dJ 
· .\ ~5J :too t'4~1.t1on 'titil.~ 30 m1n.) . 

: ~· 

(-) l.OO 0 Contl.•ol . 

• , .... 
l J.OO o.m ().48 . 45.?:t 

2 80 '0.59 0~46 '43.81 

3 GO o.e4 0.41 3£-).()9 
s.eso1 

.;,t· 40 Oa7l O.a4 32.38 

6 20 o.eo (),.25 23.81 

0 10 04;~ o •. 1a 12.38 

l.O...S ~ -

.~,.,...,._~ .. ;a.-..,.;. __ .. __ '"'"'''_..........,..._.._ ____ ,,_,._._.._,.. __ "'_._~-··~~""'~ .. ..-..- .......... -'~..___---·-~'•"r--.........._ .... ~ ......... w ,., ..... ~~--..---
.... ___ !" ........ "'I><> -~-·..-::..:>1-J'<"'\• ....... _.._.,..,.,_,.~<('-....,......._-... .,. .. - ... .., ... ~ .. ----,._-.~ .. -· .... ---.. -~ •. ol( ........ ~......,_.l'r- ............ .,~-·,._ .... ___ ~ ... ---· .. --



~ 

~~~~~-s.!~!t .. :t~!11!~~~fl:XJ1~112g!n!~ 
UJB !\Ohm) at ao0 c · oi BD .. l-3 

(J>bospb~te bufff-lz-1 pH · s.o; tottll volume o.l5 W./5 fly· hot-~"ti; 

,\ ::826; !ncubation. t:b.at$ aa zd.t..) · 

·--P'------~..,.._~~-.......-..... -.,;-J. __ "'~.-..":t-<~··-""""""'1' ~~'~,.,...._~~---~. ~~~"-"'J"·~.,...._~---.--...--.... -
' ~ . i . ~ 

sat$ .J Inhib1t1~•i o.u. ·i L\ o.n_ . 1 JIInhib!tion 1 I60 UO · 
l C'r~~r6Q, {/u.. Kj l . : 1 (:f.) i 

"~~.:::--~..:.-=::..~"'::::.,.;:-;::;.=.::..~:.:..:.":=::::::::::::..::l:;.;::-..:::,.-;:::;-;~!"' ~~-=~=:.~~~..::.~-::::::::::.:;;~.::::.~:--.:.-=.=.~.~~~~::-:::==:--==. 

Control t-) J...os · 0 -

l lOO 0.2l o.s-a: bl'O.O() 

a 80 o.27 o.?s '14.23 
10 ... 0 l.ao ... 

""' 3 60 a.aa o ~r· . ~ OOt.o:SI 

4 40 0 /ir'} eitW o.ttt.~~ u:a.oo 
a 20 o.ss 0.4'}. 44.76 

- -X4i = log !.. Cooo. of the inh1bi:;m1i ill ( .·kg ..! 



~abl!- 68 ....... ·····-

(Pbospbata butter, gil a. 0; total volume s •. J.S i!il/5 tly head; 

~ =625; incubat1tm time 30 a11n .. ) 

~=-T:;~-[·-;~J~o·.~·l ~~r~~~)--
·~--.. -~~ ----... :--~--~~--/-"""-·· .. ~-·- .... ~- ... -. .................... ...,.. ....... ~-.... -~._ .... , .. ~~-...-- .. - .. - .... ~~~ .... ·------~ ............... _ ............ .,.._.:--r•"" ...... ..# .......... _= .. 

Couvrol (.) 1 .. oo·· o ~ 

1 

2 

a 
4 

$ 

50 

40 

ao 
20 

10 

0.41 

0~46 

0.·51 

o.t.>1) 

v.·7.l 

''! 

0.64 60.95 

o.sa · oo.J.S 
o.~ 51.42 

0.46 43.81 

o.aG 3'~.38 

x· ::= tma; + c 

0 a -8.5553 

lo'364~ :A; l0-5 



Acet.ylcnoltnastorase lnbibition :ln goa.t~whole blood.ot W.J.O at 
lP 1 IIi" I. I Jl IM I . PI lUI if -( rdC!'W ~t F!l •. 1fi)lf ...... ~ 11-iiiM .. , ....... I M8 I it .... •• *•a I I ...... · · . ao"e · -· 
( Phospbate but.r~"'• pli = a. o; total volwno = 5.l5 ml/0. 2 ml 
blood; ~ = 626 nttt; to4ubat1on tl~~ 30 Min.) · ·' . 

Contl*Ol 

1 

2 

3 

4 

6 

6 

(•) 

30 

40 

60 

so 
100 

120 

o •. so 
o.G.a 

·, 

o'ieo 

o .. s6 
0..,615 

0~"'-tS 

O;.~l6 

.. 
o.oo 8.69 

o,.oo J.3.04 

O.l3 l8 •. a4. 

o •. l75 25 •. 56 

o .. ,2l ao .. 4a 
o .. aa aa.aa 

' . : 

c = .. sa.a1oa 
m = 41.7679 

r = o.9tJu9 

l.SlO X l0oor4 
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\ 
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Table - 6B 

Acetylchol.u~.esterase Inhibition in goat whole blood ,o_f BD.ll at 

30°0~ 

(t1hosphate bu:t'fer~. pH :: 8 .. 0;: _total vol:ame. c 5.:J.5 m.l/0.~ fill. blood; 

,\ = 625 nm; incuba~i~>n ·time· 30 min.) . 

• I Sets I Inhibitor* o.n. 40·D ·1 %Inhibition 1so (H) . .. 
~O!.iC • ( /t{,g) . (Y') . 

Control - o .• so -
l 30 0~69 o •. ll l3.75 

2 40 0.·65 o.J.5 18.75 

3 60 0,58 0.22 27.50 

4 ao o·.-54· ·o~2s 32~50 1.0426 X 1.0;_4 

5 100 ;.., 4~ v'!' ..,. -o ?1 .. ~, 33~75 

6 120 0~45 '0.35 ··13~ 75 

X*·:::: log cconc. of the inhibitor in_/-gJ 

Regression constants: 

e = -59.8146 
. . 

·m = 49.2530 
\ 

· r = o.9968 



·~ 

~. 

Ta.bl.S! - §.(1 

Acetylcl:lolinesterase Inh.ibi·fiion in goa'~; 11hole. blood of BD .. 12 at 30°C • ......... _ ................ .. 

(~hosphate buffer, pH= 8.~; 
:\_:;::; 625 nm; incuba..t.ion time 

'" 

Sots llnhibitor• 
.I 
t o.n. 

Cone • ( u..g) 
. / . 

,, 

Contzo,,l · ... Oe65 

1 40 
I 

0.59 

2 60 0 ~··::. 
~·uv 

3 I 80 o ~~s ~~ . 

4 J.OO O./H) 

5 l20 O,..i12 

total volume = 5.~5 ml/0.2 nil blood; 

30m~.;) 

. ' 

-

0.·23 

~ ~~ 
.;.iinhibition 

(:i) 

35.38 

1.4259 X 10-4 

~ = log f.-Cone. of the inh:i.bi tor in /g J 

y ::::.~+·U 

~ = ... 78.8637 

I•. ni = 54~9311 
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\ ' 

~-

(fhospbmto b~tor,, £)11 = s.o; tot£4. v,ol~ a.:u; ml/0~2 ml. blood; 
. . 

A_= 625 nm; ino.ubation time 30 m.n.) 

Control 

l 

2 

a 
4 

5 

6 

-
30 

.40 

60 

80 

100 

120 

., ' ' 

0.69 

0.65 

0.62 

o.oo 
o.oo 
o.sa 
0 "Ml ·"'' 

-· 
o.oo 6.15 

o.rn l.0.76 

o.u le.94 

O.J.4: 20.t28 

O.l6 23.J8 

0.18 26.00 

·~-----

fa = 32.5769 

'C = 0.9900 

4.65&-:t X 10•4 



~. 

~able ... s~ 
., 1 .i ~. .. ...... 

Aeetylcbolinesterase Inhibition in goat wbole blood or BD.l.4 at 
•• i .. I'JJ!I ..... , !If ... ~ :Atf T l "\*it's i\' •rJ Aiiidi ·~oe &A ....... :AP .. .,.. ••e •• ,....,.,tr11 Ill I •nt .... A. 1 ....... · ao· .... · · · · 

(.PbosJtlbi~tte bl.U.":f'er1. p!i ·= a.O; total VolWlle A 5.15 ml./0.2 ml. blood; 

~=625 tlmJ· inoubatioo time 30 min.) 

3 

4 

5 

-
50 

100 

150 

200 

200 

Regression COD.$Cmtts; 

o.ss 
0.47 

042 . ' 

o.a9 
0.37 

0.31 

.. 
o.oo 14.54 

0.'J.3 aa963 

o.J.G 29.09 

o.J.B 82.72 

o.2o 36.36 

i=m;c+c 

e = .. as.oooa 
m = ao.a9U 

I' = o.oooo 

4.7605 x1o·4 



' 

~ 

Cllemioal bydrolusta of .:nD--10 at A. =400 m pH ll.es,. 0.0095 M 
.,, .!If lb . ' tJ tl •.• li:l ... l. tW"-+~ J I ............ It! 'II" .. W F 1l J IM •• _.. .......... t I f I'~ 

u!Jli. '3n.Jiai ~~""'1 E. :;1qo.?.o •. ln~Jfiftk ...rum,o.gt~.a,1~!Qn .. 
00 = a. o :.c 1o-5 

1 tempeA"a.ture 2o0e. 
••••·• • w••• • •nr•• ••• •- au •n n 

6 o.oo 
10 o.r:n 

15 0.092 

20 o.J2o 

.-.:_'~,5 .. ~· . 0.142 

ao o.l6a 

35 o.ia4 
40.5 0.207 

4S ·0.293 

50.25 0.244 

64.75 0.259 

60 o.·27a 

0.209li3 

o.oooos 
0.48193 

0.62860 

0.?4384 

o.ssaas 
0.96386 

1.0843 

'·l.JD83 

1.2782 

1.3567 

l.445U 

0.0014 

0.0066 

o.tr1eo 
o.-1021 

0.1237 

o.J.4ss· 

O.l6S3 

0.1949 

0•2142 

0.2411. 

0.2614 

o.2ase 

;v=ltlX+c 

c = Oi.OOOS 

m = 0.0047 

r = 0.9009 

10.824 ~ lo-3 



\ 

~ .. , 

t.. •r:r F tilt .. ¢ fi.RI '5"? ,l ._f f t ... ,, • ....,,... lllf lfHI ... • W J1 I • I 1. I •11 0, J 0 

C0 =: a. 0 X 10"" l-\1 tem_ptu~ature 200.0. . · 
_...._PI P 1• ( •n •-- ~ l.t I • l4 'k I '!'7"ftl ........ ~ § 

s.s o.O:cl7 0.23375 o.oaaa 
10.5 o~.m1 O.t38328 0.0594 

15"' .a o.)loo 0.51269 o.oo1~ 

20.5 o.l27 0~632:1.6 0.1028 
as. a 0.100 0.74664 O.l243 10.364 X lo-3 

30.5 0.173 o.asm o •. »169 

35.5 0.195 0.97063 Oal698 

41.25 ~ o.2lG l.ffl52 0.2927 
46.75 o.2as 1.1747 o.2J.OO 

53.5 0.267 1.,3290 0 ·~1 . ..: . 

os.e.:s· o.tna 1~3689 0.2620 

60.a 0.292 1•400$ 0.2878 
.. ---·--... --~~-·_.__...,'~~--_~_ ... ___ .... .,., ........ -. ..... - ..... ;f--.. ----·--·~-.---~------~-;,.,,.._...~ . . , ___ . __ ..... ____ ._ __ ,_~---~-4\------ ..... ~·~---·---~-,.,.,. .. -·4---.............. -. ... ~-~ ......... ~ .. -.. ~'·----'1'"*3o-•"'----,---- .. .-.......... -.. 

' . ' . ' 

:r=ax+c 

c ;;: 0.0096 

m ~ 0.0045 

~ = 0419997 



~ 
' 

-t--

n 0.072 o.aoooo 0.0016 
16.25' o.ose 0.52805 0.0041 

21 O.l:l7 0 64356 . .. O.lM9 
26 o.w Q.76368 o •. 12oo 
31 0.167 0.86359 o •. l<:L74 3.0.864 X 10*3 

as 0.177 0.97360 0.1704 

41.75 0.197 1.0036 0.35~ 

46.5 0.214 1.1771 o.2164 
5175' 0 ' 0.234 1.~.871 0.2434 

86 0.248 ;J..:J&lil 0.2634 

61 0.264 1.4521 0.0074 
-----._...--..... ~-·--....--.. ......... ,..._.,.__ ... _1_ .. , .... , .... ..-........ ~.--.-....--#5114 _____ .. _ . .-.....,_......._.-t,._ ______ ~-------

• • > ~ • , ,.- ·- - -., •• •·, '< •2 I.·~ .... •:::•·• ...... ~ .. ••1---&.•<!',~-""'"'"r"-'"'·-- oo...~~•o,.. ..... :....-, .... --~-.-·~~ -~·.,...··----•"'-

u=r.~x+c. 

c = 0.0100 
m = 0.0045 

f! = 0.9997 



--r 

_J 

Cnemical bJ'dr'olysis c£ a:U .. lO at A. =4~0 niQ pli llo~$51 0.0095 1-1 
1111 I F ~1 .... "111 1· Q .......... o! ... _.,htrlilll._.,..,._ .. , •• .... Ai;a:u d..... I .......... •1• lfW•w~ 

Nafili (in 50;' .illttlilnol.) ~ ::il44601 Initial conc~trntiou, 
.l.llid lli'fA1 . ,.,,... Jb I iW..,,.,.,..,... ·-·.,w·-~ .. ,,.. lT j !41_. .__E!U' i ... 1 • VJII a»_ I .... «a 

C0 ~ a. o x 10· 1·1, temperature 2o<>c. . 
1 ,...,..lf•tll• J a ., J ........ I I ...... RW ••• ._,,,.... .... 

--··i-' ----,------· --.-! --- ---·-~-· __,.. .. ·-1 .......... --... --.--~~--_....__.,_ 
time I 5 I 

(m:ln) o.n. I 0t x 10 !log ,':,o ... ; , • . ~d 
1 

(X) l . \1~) t 00 -.. at (min- ·) 

-~"':::::=~-.:..J~"-:;:=::.:::::.~d~~=7:?:ii="t·=·~=·;::~:.:r~;-;:..·., ~t¥.J_~-~~L .... -=-·-·-- ==--=~:·=·· 
7.25 o.ooa 0.29066 o.Otl43 

11.75 0.06 0.4:1522 o.oo<L? 

16.75 O.f117 0.,1.53287' o.Q84l9 

21.75 o.o94 0.65002 O~J.OOl 

26.6 . 0.100 o •. ~/4740 o.l«'~liL 

31.,5 o •. 12s 0.85005 0.:1.477 
9.900 1o·3 

.X 
36.5 O.li39 0,.96194 0.16?9 

42.6 0.155 1.rn~ 0·1002 
• • 

47.25 0.168 -l.l626 .0.3~~9 

52.75 Oul65 1.3800 '0.,2*1117 

56.5 ().193 1.4)366 ·o~2559. 

Gl.5 0.205 l.,11B7 ·0.2781 
-- P"'l -•• -*-.,.;...-- ,,. .. _...,.,,Q , . .,.,.,_.,.. e.• ,.._........_. .. _____ .-.-·-----~~ .. _ •- ao•-·--
·-~~---·~-·-..... ,_ __ ,__ --·~--... --.. -"",... ... ~~ ..... -.-.,..!-• ·- ..... ,~ .... --~----·~~·---..,_---~..._~ .. 1-<;<'o _,___ 

·y =we. <J.- c 

o = o.Ol25 



·----(.., 

.q~~l!-19.~ 5:dt:.q}.L4~tJ?! .. J!~ ... ~ .. ~1?..~~-:;;l,?q m! ... J?!!.J.l.;.f!f!, .O.£!:>i!S !! 
li~\,J,.in f!Q!~tm.q;t) .. ~.S-~!9Q.~.Q.. .... ~¥.!~1~-C1~!S.<!~~l:~~i~IAI ....... , ..... 
c0 = 7.00 x 1o- ill. eomparature 20 Co 
15p 1 t·•~~-~.., n • · > •• * ···~ •'"""••- • . c ..,."'....,.. 

6 

27.76 

52.5 

75.J3 

~4o6 

0 •. 098 

o.aoo 
0.423 

0.46 

o.~ 

. 0.61336 

1.68?2 

2.~158 

2.4096 

·2.0036 

0 0028 ' ., 
.O.ll06 

0.1636 
6.:.1413 .to·5 ~ 

0.1813 

o.aaaa 
·- - ..-rev ....,.._~o~os;....,.~~~-¥M-C!I .. .......,., 4 ,. ..._~~-......,.,.._'~"""'•-•' ' ......... _.-.'!'do 
~-- ., .... -~- _, ·-----.. -~-~--,.~___...... ....... ~·- ----+'"-... ----~-~ .... ~_.....-.... ... _..-........ _____ ~_ft'""" 

u = ~ + c 

c = o.oM4 
m = o.OQl6 

~ = o.osaa 



Ch~1ca1 bydl"olysis or :an ... n a·.; · A.=4J.O nm pH lJ..05, o.~s M 
liaOH '1n 50)' Ethanol) ~ = 20090, In;l.tial concentl"ti.t1on1 
Co :: 7.00 x lo-5 l'it· tempel~t~'ttwe 2000. 

5 0.103 0.51269 0 .• 0027 

2?.76 0.316 1.5729' 0~1095 

62,5 O • .t145 . ~ ")160 O.l635 '-'•<<> . . 

,O~l1:9 ·a.4Joo O.:W4l 
6.·1413 X 10 .. 5 

7r.. 33 "• 
124_.6 0.6 2.0066. 0.2388 

1 ;::; ;ax + c 
'•' 

,' ,' c. ;: o.o52G 
m = O.Q9lG 

/· ' I r ~ o •. 9599 

/ 

I 

I . 
I I' ' 1 

·(! ,/' 

'/ 
.l' ., 

1 

! 
r' r 

J 
j 



~ 

!l:ablo ... Be 

Chemical bydroly~.d.s of' :an ... u .at A =420 M pU ll.a5, o. 0095 M 
Naoli {in 50;i E&na.nol) ·t =l8:IDOt _ Init;ial concell't.>ration, 
co ::: 7. 06 X J.o- H, towpex•atur~ aooc. 

-b··--~---·l--~--~-·-··r-·-· .. ·-~_....·~--:-~------;--... - .............. ·-·-----·,--· --.. -------· 
tima I G :a: J.0° I c l Kt;wd 
(hrs) l o.D. t· - I log . 0 . t (mtn-l) 

(;t) _L_ -~ (M~ __ .L ... ~ .. c~_;:;~_l_ _____ .. __ _ 
~_..._,.- .__.,-..-,......,,.. -~-.-.._ .. ,,._ ,.,... . ...., ..._ .... ~_.. ..... .--.-.,,....... ... .,... . ..-.-............ _.,.. ... •c ... ~- ....... ,_._.,....,. .. _,r-<1""--~~ . ..,....,._ ...... .*-.. --..~, •• ., ..... .,_.,. ..... f .. ,. ..... , • .,. .. _.,~ ... ~· 

' ' 

0 

27.75 

52.5" 

75.33 

124.6 

o.o9a 
0.284 

.0.400 

01)46 

o.M 

I 

/ . 
.. ~. ! 

o.BllSO 

1.~22 

2"200:3 

2e4tl52 

21)9703 

'0~0027 

0.:!.086 

-o.l62~~ 

0.1876 

0.237]. 

y=zllU(+C 

9 = 0.0527 

m = o.ool6 
l1' = 0.9589 

6.1413 X 1o·5 



) 
--'( - --~ 

o:eeo 
0~315 

0~35S 

1 5'~6·· . ~ .. 

2.0019 

o.l056 
O.l-604 

o.l85? 

0.2~~2 

1 =a+ u 

c ~ o.osn 
m :: o.oolG 
~·::: O"l.~QO 

. ', ~= 

- -----~ __ t_ -------



28 Oil :.1.38 0.'72239 ().04153 

I~cea..-~; 
r.: 

5241175 o.::eoa 0.0684 2.687 ;( ~r:rt:} J.· 

75.26 0 .. 241 l\t2b"?2 0.0821 

124.75 Oc.P.S3 l~SS<lS o .. :t.OOS 



...206 .... 

tJl.Pl!l-~ 
Chemical bydl?'ol,ysis ot' :.H'D-13 · at A. ::vJ:lO nm pli l.l.B51 
•t •• ti"1*Hii,........ .......... al .I -~U'ftiNI1,__...,. ¢ t '4 J •a ,.., 1 J_..,.ast ••. llld 1.1-o. 0095 !<I .NaOli (·in &..>;iJ .illt.banol) E. =200931. ln1 tiel 
• : . ,.... . I JJ I • 1 iillliiMtN&L ~ ... + q. 1111 Si: it ··- ill:l s······s e:l::IL81 ·~···.. ...,.d ... l/jl"'•t• ... -· £-~~,. 

co·~entrat1on, 00 t::; 7.3 % l.Q• , temperature aoOo. 
~.,. ,. "..,._.. -- ~-.,.., •• ••• r •• •~ n.e1 • ..,., .. _.?_¥'!•~ ...-~WI"'Ml•~fllft?*~'lt~....,. 

-~0-l·-~--:-;;;~~:;;-i•·----:~· ·-·~---~----w-·• 

·uu:·s) o.D. log -~ Ithltd 
<.rJ J ·. . . (M) i co ~lt) ct (mm-l) 

-:>t"~-.-.:::=..,;~l-::::::..~==="'-:.::::.:r.:t.*!!:"-'*t~:;:,;=~-=.t~<~lZ"lo:-~4:-.::;:=~~:::::=~~e~-.::::=-::--.._'"!:==~==~~4':1!':==~-";;-. 
6 o.oa4 ·0.16924 o.oJ.oa 

28 0.143 0.71180. 0.0446 ·2.681 • 10..5 

53.75 1.).210 l.{)f.l,Q3 0.0671 ,, 

75.25 0.265 :t.2e9a 0.;0030 

~ 124.75 o.aos 1.5182 Oel0l3 

,. ;1:1 m~ +c 

c = O..,Ol,'J3 

m = o.01m 
'• 

r = t).9559 



, Oe02S 0 15402 . II o.oooa 
0.129 0.10~57 o.·0444 

3o07 l.0-5 ~ 

0.193 a..oow 0.0092 

0.·23 l.~l65l 0.0827 

124.75 0.28 1.54(1~ O.J.029 

1 = m~ + c 

c ~ G.Oll7 

m = o.oooa 



j?~~ical l£dl',ol;:st;s: 9! l'AD-13 at A; =;: .t.L.,lQ_rm gu:_n.ss,.. 2f~it5J! 
!iaQii (in-~ }S~l!,~·~o~> .. -~ .. ~Sf!,, ~ln,i.!?}-aJ:...c,g;~~~.tt:f~!'.:\sl~' .,;q , , i 

C0 = ? • a 2! 1o- Mt tOO'lP'-''rt~tu.r~ aooe. 
I 'E 1 w•r • J:l • • &i1 ii18. e JCA!f•..... • 5 II If t ! I • II 1:11 .... 

5 0.022 

28 0.100 

&2.?5 o .. l47 

?5.2S 0.18 

l3tl.!75 0.221 

0.10025 

0.692()1 

1.0173 

1· 9 4Ui 
-·~ 

l.529!.lt 

o.OC¥-J2 

0.0433 

0.0652 

.o.oal3 
O.l.031 

¥=m:x+e 

o = ·o.ono · 

s t~ o.!lOOO 

-e = 0.9648 

3.07 X 
-.6 10 



_ ~n~~~.!ll!v.t?.lf:~qlP,.(),;.: }lP.:..l.:!~~t -~:f.O! .~ ... );:t.astt .Q:JP!!5.Jl. 
·~i....JJ.l&-~.}:i~rmQlJ.. . .. ~ . .au~ .. .JB~..tl!l.~tt.r.fl.~• 
o0 .. =- a.l4 x 1-o· it1 · temg~ratu..w eonc. .· 
•• a·.--• i'.-_ .. ..,'litM 1 •• , .,.,,.. . .,. ''···''~£6ttlt ?*'..,.," •• ··~r 1 _ ·~··. ; -•• ,.,._ • 

4.6 0.072 

s. oo- o.no 
c_'ij-,.,W, ~$..<0 

10 0.13G 

12 O.l.SO 

16 o.JBG 

20 0.220 

23 o.Mo 
26 0•262 

29 0 •. 282 

36 0.316 
40 0.~2 

45 O.aGB 

0.31!138 

0,.676~2 

o.euot*l 
0.785?,5 

o. 9439<::) 

lQl524 

1.25'12 

l.37P..4 

1.4772 

1.6553 

1o79J.6 

1.001'1: 

. ,'. 

o.o556 
0.08001 

o.1~~ 

0.1631 

0..1006 

0.221 

0.:2495 

0.2761 

o.aeea 
o.a-s?l 
0.4J~) 

T.=u+c 

c ·:= o.ol-94 

' . ' 



~ .. ' 

.. 210. 

~§bl.~~Ol! 

~.~e~'£~ J!l~.«?A.Y!i;.!.&f _ll,!~,;t!. .... ~ ... ~~=!-~ ~. Pl..!E.::!!!!t-. .. ~·.09.9~- -~ 
H,~Q!Uir&,.~lll!J!.~OO,. ~tJ~:~l.,..~~.q!Wt. 
a0 ~ a.l.4 :il 10""'-s M, tGmperaturf~ aooa. . 
....... JJ4 F.l¥111 ._.,., J *'• W ............ t •. S ...,. .... , •• I JT ··~ 

6 0.077 

10 o •. l27 

.16 0.177 

20 0.227· 

26 0.265 

ao o.soo 
36 o.aJa 
.flO o.aas 
46 0.376 

-oll!~laa 

0.63?..16 

o.aslM 
a..oos 
1.3191 

l.~17a3 

1.6576 

1.7610 

1.8815. 

O.OZS65 

o.Oiflc 
Ot.l4a0 

o.J.Sua 
o.~JS:;I" 

·o.2764 

o.as~9 

o.aooo 
0.3911 

'1 ·~+o· 

·c · .;= o.oosa 
m ._.= o. oosa 
r = 0.991:\. 



n 0.121 0.66557 fl.'J.005 

lS 0.168 0.924~9 0.1514 

21 0.\20fl. l~la?G 0.1932 

26 0.237 1.aOOG o.eaao· l9 345 . :: .· X lo-3 

--{ 
31 0~270 1~4951 :0.2782 

36 0.295 1.64741 0.3230 

41 0.32() 1.,7600 0.357l. 

4~ o.,342 l.asl2· 0.39'70 

., = u + c 

c .~ 0.0100 
.· •.' 

2!1 = 0.0004 

,r = 0.9~1i 



-----" ' 

~ 

Chemic $1. tqdrolyas of' l3Dwl7 at !A t:430 m PH 11.851 o. &J95 14 
,1 I II ....... t- ...._. .. .,..,....,.-.... _BI'I_! .•• w-.c&lfllf .... ~ ... -. Iii ............... w· I- If .. ltl!lt,f I' ...... I •ea ... 

iiaOll (in 50;~ EtbanolJ 6 = 14460.-. ln:tt.ial eonoontl?atiou, 
- •J t *r• ~-r--~1~'5 ' •• I_~- t fJ • J AJ4 l JS ·~ D I ......... iliA __ ....., --j- --· c0 = a • .;..."4i x :V- &l{i1 temperature iQO c., , 
......,--~~~·.......,.=~t· ........ "-~~rMW~Pt!M,..,.... ~-·11 J 

ttmt~ 
(min)' 

(A) 

·o.n. 

... 
7.16 0 •063 
Cf~\owy, 

12 0 · \ 0 D 

17 0'\30 

ct :c we 
(U) 

·o.4a599 

·o.eooM 
'0.89005 

. 0 
1 . 0 og _ _., ... !' - ......... .. 

c - 0 () t 

0.0649 

·o.lOSl 

. '!;).J.466 

22 o ·I 60 '1.1073 ·o.JBs9 -3 
11· t 33 ><to 

JJ,7 
I 

o· lf!>b ·1.28~12 0.2t~9l 

a2 0'2.0fS l.4J94 0.2663 

31 0 2-28 1.5779 o.aosa 
4~ 0·2..4s- 1.6955 0.33721 

47 0·2..60 l.'/993 o.aaae 

Regression co11stants* '1 = u+a 

e =· OQOl6S 

m = o.orn? 
1"' = 0.9f)90 



~able .. ua• 
· 1 rt •••·u t ;w• 

. >.... timo · , ·. t · · . . 5 . . 0 . 1: 

... -~.,~o~~r-~ .... ~-.............. .,1·~-~'"""".· ~.q.lt. .............. , ....... ~--..... ,..,. ............ 'lT'f>"~-~""'.""'"--...... ,...~.. .... -' .... 4!.-........ 

(nml (I.W's) o.D. i. ot x 10 log • . 2.. 

1
1 K~ ... ~-d 

(X) . ·~ .. ., .. ·.•. f . co - ct . . -. .. , -~n-:t) 
. . I IX) -

"' 1:. . ... ......_.__ -~_,..,..----~-::t=f.::.;::=--..,-. _...... ...... ·-~~~~~-:--_,--::-;--"-==..~...::::..-== 

400 150 0. 06 . 0.31430 0. 0097 l. 7835 X 10•5 

410 

420 

430 

!L6(} 

160 

150 

0.003 0.31359 

o.ose o •. aoooa· 

o.CJll5 o.aJJ~l3 

·o.oo95 1.7'184 ~ 10-5 

o.t.l6aa 3..7452 X 10-o 
0.0690 le'/400 X :t.o-5 

• s;nas coapound. (BD-l5)war.~ e~tremeli ratJ1stant to fl1,Jrolysis 
at pli 11.85; only af'ter 150 bo~s ~eacS!ngs wor~ taken 
at >-.. =400,. 4101 42Q and 430 n.l7l and Kbyd was calcUlated t.vom 
th~ae readings W1 tb the bttlp of' 1st ol"der rato equation 



. . ,• ~. .. 
.... M-_ ... __ ... tt ·~· ~..__..,..,.~._..~ .. , • r··-.. .,.,, ..... 6A~~--·p ... , .. t)4 .... - ... ~·~~·,__,.'!'_~--·.j,.c, ..... 

1 

~=) l :o.;D. ! et .x J.o5 . " lo& • ~o • .... m. ~~1 ~d 
(X) . (M) . Co .. ct \m:tn•l} 

~- r --=--J~--:..~::;:::~~~ =::..~~~=.m-:..'=-:.:::=~·-·_;·-=--==·~~ .. ~J::;:~~=··---·~:-~--:::=.""=':::.~"!~' 
4Q) 3.60 o.ooa 0.~~900 O.M28 1.0952 X 10""5 

410 150 o.~w.- a.al90l 0.00?4 . 1.2129 .X io·5 

420 150 o.G3fl 0.20900 O.Oillil 1 .. 1541 lC 1o·5 

4ao lSO o.O:Jl 0.23.463 0.0463 1.1800 X lo-s 

~b.'\s compound (BD .. l6) also 1:! axWemely- t'esistrmt to bydl"olvsis 

at plt n.sa; only aftelr' ·100 hot~s i'A~adinss were taken at )t.,=4001 

4101 420 and 430 mn unci KiQ':d wraa calculated tram tb'f!se readings 

w1tb. tile llelp ot" ls~ or~te_r :rato $q~atio.ru tt .=...!.. l.n a 
t
. • •• a .• rl. 

co - ct 
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CCOO,lOili Oili ~aAD$ L\ilWli&Bw C1lliJ-UCAr.. f:i~1~1CJ~'Ui\t~-~~ Aii.D Ol".i'iEll l?ii0l?E..<.1:':0US 
• ••- qnr .. r- ,.. • 1 .. ._ , ..... a , • .., r lil m ll u •• t :n r rn 1 a 1 • ! All ,_..a r '*' 

OF .. SQi~ 0!1GANO.!?liQ3?lfiOi!iUS Pl~G'~IOIDl~S. 
uw a ••• _ •• ,...., •• ,, .,.. .,. .... au ' r ,..,.. 

Comt'lon or trade nt:~rao, 
Chomical name ·and · 

Mm ± • • • n••• 
, Chemical structure • 

... 1 r.ti,a:l ~---·- 1 lETt 

1. Dicblorvos1 Dl)V'-'1 
(H) 

Vapona _t liuvan. 

( Si"1eU Oil Co • .) 

o, O..dim~tl~l 

.O.( 2,2 dichl.orovtnyl) 

(U) 
2. Di'brom , Nal.ed 

(Calif<>rnia Spray 

Chomlcml Oorporat1on,l9()6.J 

< Cii3o)2P< o)-iJCH s.,.carc12 

o,O..d1me~byl 0..(1,2- dibromo-

2,2--dicbl.oro ethyl) phBs_phate. 

F,.blr f!i!:. at·-~~ bi ol~gic al.. 

l)ropet-t1ea. 
.................. .- I ... 

Liquid; non-ayst•~ic, contact 

~m stumacb inmect.ic ide with 

fW!41g:mt act1oo and. low residual 

actiV'itlf; ·nas also ooaricidtll. 

and anthelminliic propert.y 1 

W001 BO mg/kg. 

Liquid ( m. p.l of! pura compount1. 

·1$ 26°C); liQn..aysttM:~ic insooti­

c1de a11d oonricir!e; 

t.iD60, '130 mg/ltg. 



caonta.) 

0 Cl 

ll --0-\ c u OJ P • ac cL 
2 5 2 11 

. CliC'L 

o, O..dietnyl o.. C2- cbl.u:co-l• 

(2 1
14'-d1ehlorogbel19'l) vin.ylJ 

pbospbate. 

(H) 
s. 'I'etracillol?vinghos, Gardoua 1 

(R) . 
lla.bon (Shell o~velopmrmt Co. 

1966) 

0 
II . . Ct ·~ 

(CJ:Iao)2 P - ow 

. cnca CL 

01 O..d1me~cyl (J./..2 .. 

ellloro .. :t-{2' 1.t.l'' 15'­

trioblorophenyl) vin.ylJ 

pbospbnte. 

Inaettticide; LD50, 

7•l0 mg/kg._ 

Liquid; non-s:~stem.tc 1nsac­

ticicta, ll!!ad in soU and 

S$&'1<! tr~t-atv.umt; moderatt"!JlY 

gersist~tJ 

I..D50, l~O mtr/kg. 

Solid, m.1). 62°C ( c\ -i sov.uar) 

oo0c C ~-isomel1') non .. 3Yste­

m1c,. brief' pt~.r.sistenoe 

seloo'tiV.<!l 1nsootic1da1 U$ed 

to c atltrol d1ptora1 lep1-

dt)ptara and coleoptera and 

oth~ vesta; tD60 1 

4 1 ooo mg/kg. 



(R) 
6. Bornyl 

( Al.li~ ¢b.em1c1Jl O:Oit1Pt 

Code ao. Y~-37071 1959)· 

·~ 
'0030) .2.l? -o..y = Q1(J~(;1Ji~i 

. OH2tJ:()2C11a 

1,3 dl(t~t.hoq oBrbonyl.)-1-

propen.-a .. yl dt~natbJ;l 

phospbl'lt$ .. 

. . (B) . 
1. (a) la1a.jj)bos 1 ProPa.tmos 

(NippQU .Kay~kU ~. 1968) 

0 

, II ··-o- .. r:t \03~0)2 ,P .. 0. . SCJ:.3 . 

Di .. n..propyl p..metbyl 

tb1opb~nul phosphate. 

1. \b) \lC..6500 
0 

(Cli3o)2 .~ • ~ -Q- SCHa 

' Pltopaho$. 
~:.: 

Liquid.; umad tor contact­

ro$idual truot~ent ot 

ins<wts and mita;s1: 

w50, 32 mg/kiJ (ll). 

L.iquidi_ s~loc·tivo nont~Wt 

1tUX!C·ticide for rice stGm­

bo:ver<$ and ~een1"1<11e leaf­

l'l<)#;l@tii;ll'&f synovgimts ot 

otb~ orgmophoSl)b.orus 

:lnsooticide; 

tii)so• 70 mu/ttg~ 

lnsoo1#icidc and ac!U"ic1d.a 

for U;OO in cotton. W60~ 
7 mg/kg. 

1)1ethyl bo:nolog is ~ost 

ttl:do to ~a111. 



. --'( 
. - ' 

---'-<' 

~ Oontd~.,.) 

<a> 
6. O:'otoqghoa, Oiodrin 

( Sb.eU Jievelopmwlt co. 
1002}. 

. Dima·ttlJ/'1 ois-l-metbyl-2 .. 

(l-Pb.ell1lot1lO:q onrbonylJ 

Vintl pbospb.a·te • 

9. ~roxon 

( Copp~r- 'l~cbnical 

~Ul"tl3.11 liil6l) • 

0 

.· II w· 0 < ~sOl2 ' .. 0 ~ 1 
~ ___.. Cl 

· Ctf 
P1etl~l 3-ohloro-4-. 3 

methTlcoum.ar1:n..o7 yl 

phospb~te. 

L:t.quid; 1nsootd.c1de with no 

aystemic· etiv1:ty1 ~tJ~eot:tve 

against eetop~2s1t~a on 

livestock by s~ayo (toto tbc 

control of .flies, lice, mit.a~ 

Mrl ticks on cattle, and 

p1gs 'b1 spray) 

LDs-o ) . 125 ma-/K(J 

lloltd, r.a. p. 72°c, animal 

syst~mlc 1naoot1c1d~J 

ttu50,. 12 mg/ltg. 



' 

10 •. lial.o%o:tl Sol.1d1 lil• P• 9mDc,. ha~ high 

( Coppar t:rcc tmlo al nntb0lmmtie p11opert1ti s 

BurE:Illl1 ~962) but llam no useful 1nsoct1-

aidt4 pro,p~tiflSI 

Bis(2-..ohloru~th)"l) a ... 

onlot?o-4-m~tbyl 

coum~tn-? ... yl-phospb~t~. 

() 
~ II 

tl e~-~~ -11 / ,I 

't'!-H: :-0) . i - 0 .. N . . -I -er-e a .. , . 
"Q-0- ~ 

II 
Q 

N-(d1~th~%3Phospbinylo:Rq~)• 
lv . 

na~tbal1mide. 

'· 

t.D t 900 ........ J'kn-. 50 ~· Q 

' '·. ' ·' ' ~ 

Solid, m.p. l96°o, 
· ita$ ant.hel.mlntic and 

irJ.mec.t1c1da.l ~OpO!lt'tif~s; 

w00, 75 mfflkg. 



(Contd~) 

(B) 
lao ihospila.midont' Dimoo»on 1 

(rn . 
Dicron {Ciba ~td.) 

0 
11 Cl. 

<an~O>e PIJ, . . / "' -.....a~ a 
oa~ "U{,.li(~Hs)a 

. Cis ( ~-) isomer 

.o 
(eaao)a ~o / ml.Ji(~lale 

""-e=o 
CH~ '-Cl 

o, O..dimetbtl ~l.{l-tn0th..yl .. 2.­

chlol"o•2-d1Gtbylc arba.'Uoyl­

VillYl) pi'li)S.Ph$;e. 

(ll) 
u. ibos~1n , t~ovinpbas. 

(Sltoll .Qavelopment eo. 
1953) 

?, ·~3 ~· 
t QR3o>2 p - o ... e =cu. coa13 

2-metbo!q e~boll.Vl·l-

metblrl vlnyl d:1Jnet;byl phospnatQ •. 

kiqu1d; e1stemitic insect1-

c.idu Mci acar1c1da td~b :a 

litt-le contact aotion1 

US$tul against $ap.taaatng 

and ·l~at ... eatin~ 1nsoota,· 

part:lct~larl:r apb1ds1 burts, 

~ateup1U~s ·(not Uootuidaa), 

ttu'ips,. rice stem borGvs etc; 

LDso• l5-2a tad!tg. 

~be :~u -isorcer 1$ mor~ 

biolog1etdly nob.iva than 

tx>ar:ts-1 somGr'. 
ww .ruru••• 

.tA.(lUid.; a contact and sYs­

temic 1nsllet1o1de ond aca;1-

c1f!iG of' sbol:"t persistenc:a, 

effect1ve agrdr11.s.t suckling 

I , 

and chewing lnsoots r.u:a.d attAIJ 

mit as; 

w50, 4-7 ~g/kg. 



(Contd.) 

B.PHOSPHOaO:HION~£B. 

. (ll) 
tit • 

14. Parathion, colidol . • 

(Bay$!' AU 1944) . 
s ' 

(C3H60}g ~ - 0 --~ N~ 
o, 0-«i:i.et.b.Yl ·o. pa.ranitrU.phenyl 

pilospborothio~t$. 

16. Methyl parathion. 

(Bayer 4G 1949) . 

s 
(cu3o;2 ~- o -~ iiOa 

01 0-dimetn:rl o .. pat11an1tr'o!)hG1\Vl 

phospbol1'oth1onate. 
{R) 

16. CblorotbiQD 

(D~yar AG 1952) 

s 
.• rl. ~ 

· {e!iaOla l? • 0 -~-\ . N02 
q_ 

o,o..;fiztiuetbyl Q-(3-obl~o-4-

nitrophenyl) phQsphoroi;biorlatmt. 

liiQ.U1dJ wide $pectrum 

in$eetic1d<:; W001 1 rijg/kg. 

.t-iquidJ bl"oat!-spoo~; 

~u50, 25-SO ~g/kg. 

Cryst~line powd~; tor 

control or bentlas, aphids1 

c-at(..l!:JtPillars 

w50,. aso mg/kg. . 

/ 



'(!l) 
17• Di-eapttan , Dicaptholl 

(Jlmm,.ictm Cyf3.11wuid Co,. '19$4) 
s 
fl. ~ 

(C!ia~ >a -p- o -_p-~- rlo2 
(,\.. . 

o, O..d1methyl 0..(2...chl.®~J1-~\ .. 

nitro~yl) ph.osphovotlliouat(~. 

(ii) (l\} 
la. SwD1tb1on · , t!"ol1t;h4aun 1 

lit en~ 'trio th1ot). 

(Sutnitom Cbemical ao. 1959) 

s 
( ,-,u ~\ ll ·,~ A 1t'il'\ 

"ua"'"2 r - v -~- nv2 

CH3 . 

o, 'O..t11matbyl 0..( 3-mstbyl .... 

4-n:itrophanJl) iboaphoro-

Ct'ystal.line powder; 

f'~ qon.trolltns houseoold 

ins~ota1 aphids and boll 

weuvils. 

Liqu1~; br(lad..a~poot~u.m 

'as tnetbyl prwath:ton) ~ 

spee1allV f'ol1 r1ee-mtam 

borers, flies and mo$qui­

toea in publ!o . h0al th. 
. 1'l1.(L programs; 

).. 

LD50• ?J5o-soo mg/kg. 



-~ 

(tl) . . 
19; Oyano:C · · , Cyanopbos, Oii\P 

< S\.im1t-o:irto Cheraical eo.· ·1966) 

s 
11 

(.cn3o~2 i" ..... o. -0- Cli 

o, O..d:lmethyl Q..paraayatl~ 
. . . 

. (B) 
eo. l3romopnos.- i1odon ; 

Broi'mte 

(Boehl1'ii:ag,;,r ~ mld Celtl 

Landw:lrt$chaftllche Cb~m; 

Get>mal".lli lOOl) 
s t~ 

II ~ .. 
(CH30)~ .P- 0- p•~_:r:Sr 

C:L 

o, 0-dimethyl 0..{4 .. brorAo-~~, 

5.cl1cblol-opilenyl.) pho$pboro .. 

th1o:P.!!.ta. · 

Liquid; usefl'llt for eontl1oll• 

ins ot rica-$t9m rorers .and 
''. 

pssts ot va~etablam, f~ults 
ood ·or:nament$ts. · 

Oryatatline· solids m.p ... 64°0 

non.$Vstemic p~r~1stent in­

secticide and acar1B1d$1 

Pa!'tio.uiw.-ly Gftec ti 'U'a 
: . ' . ,' 

against <iipt~o..; oo.topua-

s1te Q.Qn.trol in live$toc~; 

w
50

, a?56 to 6l.OO mg/ltg. 



(Contd.._J 

21. Bromophoa ethyl. 

22. 

o,O-d1ethyl 0.(4-bromo.a, 

5-diehlorophanyl) pho~l)ho:ro­

tb.ionate. 

(f.i) 
lodoteopnos1 Alfaerou 
_ (1U 
rluvanol N , ltlocr1l 

(Ciba f..t.d. 1006) 

t 

. s . ct 
11"\J' '"\.\ u -:~. · n I 
.. ~a•n2 ,. --· _l, ..... '):=1- --. 

(.l 

c), O.diwathyl O....(l.!: .. iodo-21 

5-dichloropb.enyl.) 
p~\OSf~o"'t'o .. HvLoncd:Q, 

ln.secticide and UCE!l.'.icida; 

W t BJ8 nl""1km · 60 . fY ~;:ttl 

Colourless cry$ta1lina 

solidt m. p. ~16°C; non­

syster.dc contact Md 

stomach 1nsect1e1do and 

ooro:-1ci<ile ettootiw' t~ga'iust 

a wi<io range of ins~ct 

9~st.s1 

.LDoo• 2100 m!flkg. 



~ 
- \ 

(B) (S) 
23. Bayte;c 1 .(.eh.rayao 1<1 , 

Fenthion. 

(:Bay-~.1!' AG, 1958) 

' . 
o, O..dim~thyl o-(a..met.l:ayl .. 4-

meti~l tbiopb.enyl) phos.Pboro. 

thiunate. 

(I) (R) 
24. Abate , B1otn1on 

( Amt!rric an Cy-anamid Co~ 

1985) 

o, o, {)1 'o• -tatram~thyl 
o, 0' -tb:totU .... p.pilenylene 

pb.ospborotnion~ta. 

Liquid; general puvpose 

1U$ecticide 11itb systemic· 

actton; ·p!.ll?t1ttularly tor 

f-ly anti mosquito; 

w50t 215 rog/kg Oitale a} 

61& :.ag/kg · (I+"'em:lle 1:'0 

\~hite solid; m.p. ao0c; 
control ot mosttuito l&rttaa 

.7.tn
50

, 2000..4000 mg/lcg. 



(il) (H) 
25., Alamos 1 Slam t 

Azothoate. 

(Soc. Mont·acat1ni1 

Italy1 1964). 

s 

Bxpe!'imental insootio·1de and 

a.caric 1<ie1 p~U"tioUlurly 

nontosia to ~als. 

n n.· ... 
(eii3o)2 ~- o -V-" _., .u ~ .l'a -Q--ct. 

-01 0-d1ruethyl ~ f.. l"'-( J? ... chlo:~to ... -· phenylazo) pllenyl_l .Pllospbora-

th.:lonate. 

26. Akton 
(S) 

(Shell Uevelopnaont Go. ) 

,o, 0-!liethyl O.L.-2-chloro ... 

l-(2' 1 5 1-diablorophenyl) 

·-vinyl../ phosphorothionatG. 

partieUl.rwly tor :~oU 

insects such as lawn 

cbincb 'bugs; LD50, 146 mg/kg .. 

~he ~eth11 h~Olog and 

2 • 14 • ,s * tl."iobloro an~og 

of' Akton arG e:f'f'uct.i ve as 

housefly lm.?V'i~ide. 



s . 
< y5o)a I? ._ _o Y" .··,I Y . . . ,. . . 11 . -((;'' 0 0 

:--..... /':I 
. c~ 

~, O .. dle;rt.;byl 0...(4 .. metbyl.-

7 ... c'W4~inyl) phosphore.-
-, ~ ... -. 'I 

thionata. 

. . (i:~) 
28. Durabtm . 1 C~oropy.f!;lf',t)S 

(Dow Clleilical co. 19\So) 

o;~a1etbyl O.(J,s,e~ 

tricbl.oro-2-p:;rid.Vl) 

X. ;; 0 Dowco 217 
' . 

Colovless c~vstall1ne 

solt<l, m.p •. 38.0 ¢; mtomach 

insf.tCt:lo1de witb we~ 

contr~t acti'lity; p~ict.~ 

1~11 e:trfootive agniu.st 

col.ova&.l potflto 'beutlesc 

w50, 42 mg/kg. 

tih1 te c-rystalline solid, 

m. 9• 4~i'c, anoder at~y P~­

siatent in.sootic.ide1 effoo .. 

t.!ve tor controlling mos­

qui.to eJl.d fl.)" l.arvae, sucking 

and chewing plant pa:~t$ and 

soU Jleats, ticlts on live­

stook;· 

LD . t 163 ~"'"kg. 50 . fV 

. (fi) 
'lho ra~tbyl hoaolo~ (Dovco · 

214.) t~ ~nor~! ~rrootivs 
\ 

I 

lesa effect1ve a~1nst· the. 

lw:~1faQ than ~hlol."op;,m1J:os; 

its w50 is 11500 mg/kg. 

. ' 



~-. 

o, O..dietb1l o..' 2•1so~n."'opyl* 
4:-metbJlPYt-idldln-6 Yl) 

31. ~~imiphos - ethyl 

(Imperial Cnemicml 

IndU$tU."ias1 1ff12) · 

s 
fl 

<CeHst))s P -

o, O;..dfl.etn:rl r)..( 2-timetl~l-­

aminaw4-met.bylpyritil:tdiu,.6~¥1) 

phospborothion&t$. 

Liqtd.dt it naa long residue.! 

action end. of'feotive . aaainst 

~. trui.t1 V$Jit&tElble and 

riot).,!Jlsoo't!JI 

Wsot 100-250 · mg/kg. · 

~he n-:propyl 1nt0lllet" 

of' d1aainon (P,razinon) 

ia ~ao effect! ve as an. 

.1naootio1dei .w50, 

26l mg/ka~ 

lPr1u.d.pbos-otbyl is a l1qu1d 

vi.th br-oad innoeticidal. 

s.P*ltru..-n, part;1c.nllnrlu 

offoct1ve against digt~a 

and C()leoptorat 1t has also 

tungicidtd. ®t.ivi l#Y; :w50• 

140..200 mg/kg. 



>-\ 

~ o,a.a·1m$thyl. ()..(a-dtm&thli'l~ 

as1n~~-metbytpyr~1~~· 

s.yl) phGspborotnion~te. 

as. §"yridmfenthion., 
. . (Ll) . 
Ot:uack .llC..l2~ so;l 

(~ti t.mt.ai-J:oa,tsu Chm111.e nls, 

1973),. 

(lj Q,..qi11)'thyl 0..( ~(.S;roo2 .. 

phvn:rl .... ?.Jl-?.Yridazin'l"'G 2(1) 

ph.o$photrothiOilatQ; 

L!tzrimtf.t~ho.s-mQthyl :La· a 

1.1qU:tcl; it~ is. tlll ii1SCl(fCicide 

1Ulc1 ft.Wiit,an-t, ac ti. vitY; it is 

alSl., · uswd tor stO't'ed products 

anti' ~~r J;Ublio · hi~al th.•l, 

~~- . 2060.- ~--~'.'''k~-~ .,.,, so• ~(' e-

It ia uaad fol" t;h.e eont~t'ol. 

of rioe stem norerQ. 



-~ 

(11) ' 
34,,-., 'Quiwllpnos,. Bey.r!usU 1 . 

»iatbquinr!l·9h1on 

(D,ayo~ AQ. 1005) 

' o,u...di~1;byl (l..{~~qu1no~,Yl) 
' 

,&0. 
35. llo.statbiml , 

tr1&&:.1p~s, t;c;r~ ~·OOOJ 

(t"li1~b'i;ff()l"~'~ l~oooturt ~~G7) 

1,2,4-'tl"ia~ol....(lyl/ P.llr.iS...: · 

ph01."t>thl!.onate. 

· rihittl cahrstall!n$ .POifder, 

fi1•tl•" 00°0; contttat and 
' ' 

stomach J¥tt1v1ty, attentive· 

agdnst botb 'b:!:ting and 

Qiteld.nfN pests, a$1'M...~-:iall¥ 
·. i. ~' . ' . " . . ' ' ~ ,' '. . 

ag~nai't ·-. (t;t&ri;()nd.book ~th.; 

f.cr control ot t1o~u:tt•s and. 

rd.titt$j 

JW)60, oo rL3/k~. 

LiqUl.ilJ a f~(4V'S~@ilicf 

1nsact5.cic~ ~d ae-rt..t·io.i~,-

acting a$ a eontoot and 

srt.o~r:.~b pci$0i~~ 

w50, tm ~~.m/~r.glt 



'r.h£1• 
'IOIIU• 

(H) 
lsoxathion, .:tarphos 

(s~wo co. J:.912} 

o,O.dietntl 0-(G..~b.i·uayl-~~ 

iso~aolyl) phospho!!'o­

tuionate. 
'(~) 

<Jt!l. Dit10..."'t 

o, 0.-dintt:JJt.hyl 0.(5. P.llm:lYl-

3-isOJ!fAtJ.olyl) phospho.t•o. . 

(H) 
00. J?hoxtm ... Daytbion t 

• (1\) 
Valexon · 

(I>ayel."' .~a. 1966) 

(Dletho:xy phoaphinothi()yl.o .. 

xytm!tno) pllenylacetonit.~ilG .. 

~iquidJ a bl .. Otld $,POOtl!'Utll 

1ns{ae·t.1c1d$ inclu.dinn; .. _ _. ;· .~ 

seale insect$ end~ 

inssot:a: r.sil~. , 112 mlY'kg<~ 
fit! f .. Sllf ... & GO . 

l~ ia less· toxic tban 

the diethyl bon10log; 

L050; 593-69? mg/kg (H). 

L!qu1d; broad spectrum, 

contaot and stotlaalJ.ch 

poison; most:. usefUl 

again$t &oil insoots and 

stored ptJoducts peste; 

40
00

, 2000 mg./kg. 



(Cont.d.) 

39. Saltthion 

(SuroitQmo Chemical Co. 

1968) 

2 ... metboxy-4H-l,a,2-benzodio­

:¢apnosphorin-2-sulpi.dda. 

N~(diathoxypnosphino-

~ 
thioyloXU)-n~thmlimida 

~bite c~1stt.Uline povciar, 

cs.,p. us0 e, a short l.ivud. 

1nsoot1ctid~ for protnc­

t1on of trt1its and v~get..; 

n.blas;-

f..t)5~1 ltYJ rag/kg. 

l:lolid.; 1nsecticide1 

effeotiV$ a~atnst mudi­

t®?ranean f'ru.1t f"li,)s; 

r.n
50

, 500 mu/k:g. 



-~ 

( 
[, 

tcontd.) 

(tU~ 
41. Cownap~os, Co-Ral · . 

(11) '~ (li) 
Asuntol · , ~tU1CH~tol! 

(i-l~tecat1n1, 1956) 

Di~tbtl a· obloro-4-m\ltll}.ll.­

eoum~.tu..?-yl !~hosphoro. 

thi0llllt9. 

(R) 
42. CoulU1thioate, D:ttion 

(Nonta.oatmi 1956) 

O,L.)..d1etb2/l 0..(31-11:-tetiFa- . 

.m&t~l.me-?-aowaar:Lnyl) 

pnospi'lorothiotl.a:ta. 

( 

Solid, Q.g.~ 95°a, tneea... . 

t.1c1de, usefUl to control 

Qet()parasit6s' on oa~t.le, 
s;o.ats etc., by fe9d or 

s.Pr-ay; al.eo $t'f'oot1Vt) 

a~aln$t tl1Gs, mosqUito 
. ... ~ ' 

l.tn"ve.e; notive ag:d.n.st 

gaertro-int0stinal. nemn­

totles alld. h~s synergistic 

mtntic agent phanothin­

zine; 

w50, 00 to 110 rag/kg~ 

Splitt, m.p. as.a9°c1 · 

insectie.ide tmd miticide, 

us.otul fOX" llvostook P,t~st 

control and for pablie 

beal..tb; 

w60, l5o ~g/1tg. 



• --J 

(ll) 
43.· Uonnel, ~rolene 1 (11).,. 

· fenchlorpb.o:s, liankcu- ,, 
(Il) 

\ j 

Kol'J'lli'.in 

(Dow Cl1em.} Co. l9f>4) 

trlchlorophenyl) 9bospbotto. 

thionat.~. 

. . . . -44. :~~~cb:t-or.ae~aJi,lb.os-3 

t'. · { U<~S!n 

' ' ' 

,. 

tRJ.chl.oropn;enyl) pbospb.oro- · 

thionate. 

Solid1 ;a.p. 40.42°Ct 

anint$1. systemic. i:l.sec.ti­

c1de1 eJ!'J;'oo'tive to con­

tt .. o1 c~tt·le grub, ·_lica, 

bo~l)f'l1t acrGtl-wo2?$ and 
I ~ - ~ ' -

ticks on itvustook by 

~al adramist:rat.1on; 

.l.Dsai 12~0 ·~ '1750 mg/kg. 

~qu1d1. ina~.~~cidG; 

~'£!? tllC~:lve. to ~ontro;1. 

~atkblo . f'l1Gs on· cattle; 

usef'ul ag~inet sucking 

insects, mites .llnti midge 

larvae; 
... 

r»50,. 33d ,.., ·sao mg/kg • 

' . r . 

' . . ~ 

' .; . 



_.}--

(il) 
46~ ~Probl!Ul . . 1 Oyth1oets 

6 

n . r.::~:< 
toH3a>a 1\\1 - o ~ G-~. - s~titta 

-o, ~d!~thyl 0..( ~-~f'ao­

{~1) ph~ pnospnoll'ot;niqate. 

(R) 
· 46. ~·amopnoe 1 lfampbln" 

( &unerio an Cyanami.d Oo. ) 

-01 ~~iaetbyl 0./.., ~? ... (dimethy-l .. 

. sU].famo71) phenyt,J pbosphoro­

th.iooato.· 

(R) 
47. Looijet · 

s 

\~i5o)2 ~ - o -Q-~ -scn3 
. . CH-

3 
o,-~a!etn71 -· o.. ,Ca.taet.llYl-4-

. -
m$t.byl·tb.iogh~l..../ pht)aphoro-

tlU.onate. 

Solid,, m. P•' 4~l ... 43°C; usefUl. 

f'ol'!' tt10 coot.ro:t ot ~iclt•; 
Wso•.- J.Go fitr/lq~.- ._ · , · 

. ; ,,. \ 

8ol1dt: m. Il• 55°0; ·S.Y$~4!1~1c 
in.sootiuide fo'l! cattle 

ld.quidl insoot:Lc!.de-effective: 

aaai!i~tt -s~op blowfly 1arv4e1 

LDoot 25 'to 100 ·Jn#Jlt". 



_)-

----{ 

(Co!ltd.) 

Ot O..dirae'thyl O..{.J;l).dimat~i!Yl• 

4-.mil!tiqlthiopuenyl) phospbovo­

thioo.ate. 

(R) 
49•' .. .tt~macide ,. Ll1olU.of,~tb1on., 

VC.-J.3 

(V~gini&.Ct!l:Glin~. Chem. 

Corp.) 

o, O..d1ttti.ql 0-(2,4-

d1cbl.oroph<m.Jl) pb.ospboro­

tb.ionate. 

Li<tuid; .til\VQal $.V$temle 

1nsoo.'tic1do for tn$ contll'ol 

ot $beep bt>t.fly.r' 

w50• 1000 rag/ttg. 

. .;.. ( : 

't ,, .; l ' 

Liquid; q.stfi~c • per~is­

toot nematooid$ 3nd soU 

1ns~wtieide; 

LD 
50

, 210 mg/k:g~ 



(Contdl.) 

(a) 
so. Plllstm:i.~ 1 (ll) 

Fensuif'oth:i.on, 'terJ.ltanUP P 

ld.qwti:l; t!Watemc, .. per$18· 

tenus n~to.c:1de and soil 

8 
\\ 
.P-

0 insec~ieid~, it has at.so · 

i"l . r~ ! ..... u conta..ot act1v1t'l-r!& 
'J -.: ~- - ~.\>Ul>3 'il 1' 

01 O.dietbyl 0...\~-n:u;tbirl-
o 

sult-:tnylphenyl) pllQsphoro-

tbionate. 

\.a), 
51. l)S~; Kaya ... QCG 

(liigll)OO t-~ql,lltta t;o. -~006) 

w50,. ~1 to l~ mgl'kg. 
: l 

Solid1 m •. p. 68 .:.. 6~~00s 

peus1stellCe n•utoo1da and 

<;1! so.U insoot.ic·1dG; 
~ . 

(Gglls0>2 -~ - o --Q- SOaN( ORale Wso• 66.4 _mdkg. 

o, (J....die~~lYl 0-' ~-ll.luwthyl­
mulf~Juoy:lpb.~&yl) pnosphoro-



(a) 
62. ~biona~ine JinoJ.lhos .1 

(a) (tO 
Nemaros , ''vn®I 

(Amaric.an Oyanam111 Co. 

~968) 

·o,O.d!ethyl. 0-(Py.r~in-2-

yl) Phospbol"othionate. 

LiQ;uid; · al/'Stetsio soU 

ins® tic itla and net.Qatoc 1dG; 

persists abc~t 4 we~ks in 

soil; 
,r..u50, l2 mg/kg. 



. . ·. . ,.) 
53• &niaotbioate, t41t~~mat.&; 

Ui1ppon Itayaitu Co. 1005) 

~metb1l 0.(2-chloro-4~ 

mattbyl thiopn~nyl) l~ot~l­

phosphouamidotb:tonate. 

s 
If 
:i-

Matb!fl 2,-:~\ 1 5-trichlorp.. 

phenyl phosphoramidotb.ionate. 

lollo\f oU.j miticide• 

ton~~ l"es1du~ act:1V'1ty 

:B~deM mtatture; kills 

botb ag~s.and oot~ive 

mitos; 

l!..lJso• aa m1'Vkg UO. 

lnseet.io id&; 

w 
50

, 110 mg/k:a. 



\ . 

,)-

(ll) 
65. Optunal , isooarbophos. 

' . 

0-~ 
· o~COCH (_c 1-13)2. 

Q..(lsopl1opox.y c ~bml!f.l) 

phenyl m&tbyl phosphoro,mido­

tbionnta. 

l-Isopropoq carbonyl-l­

prope.n...2 .. yl m~i#byl -tv-

11 
/ 

ethyl phospbor-amidoth~ona.te. 

Effective for colo~ado 

.pot@. ~o beetle and cotton 

1naa:cts; shows SY$tem1c 

ac.tivity ags.;ina:t apb1ds 

end leaf ~ollers; 

.MD60' 60-.100 mwkg. 

l!;xgerim~m.tal in sec ti(: ide; 

~ isomer is aor~ toxic 

than ~isomer. 

w60, 122 reg/kg (Cis-

.:tsom~r). 



'--:-( 
( ' 

(BJ \!(} 
67fl l-1ou1tor , :f'Qm~on t 

!i0tham1do9hos. 

(.aa.yor- .,t\G~ 1964; Chevron 

!~search Co. lYl69) 

/ 

o,S.-dinm tb;vl pnosph.~:a.~do.w. 

+.;ntolato. 

(f.l) 
oa. Cli'uf'cmate,-liuelentl -

(Dew Chexn. Co. ::U15~~) 

O...mattlYl o .. (~ .. chlol?o-4,­

~e!'t...tmrtytpturn7!) N:...m_t;:tb.~~-

' 
·pn~sph~arnidate. 

ilol1d,. fll•P~ 44.5°C;. 

ae.ru.~:Lc1de and br.oad 

.SJ;'IOOtrum ins~ticids 

with con:~oot ~'Ad 

aystt?l'Uc action; 

w501· SO mg,lktg. 

wavblo 1'11es. 

;;»50, 770 to 1000 mg/k;Lg. 



~ I, 

\it) ( l~) 
69. Narlene , ~owco _l09 . 

(Po~bf Cham. Co. 1968) 

0-met-byl fJ-(2-chloro-4 .... 

i_~r.Jrbtltylpb~l) u ... metbyl­

phosphoramidotbionatu. 

(lt) 
60. tiomac Ul"' , l?hene.mipb.os 

c2u.6o ~ ~ 
£> - Q -Q -!lalla 

~~e-, CH flli / .c_ H3 
I tl 'y\3a- ~· . 

tl..etib¥1 .o..,a...m~t;cyl-4-

L!let.hyl thio:ph~l) N-

1sopromrlphosphoram1 :~ate. 

Solid; effucti'lfo to 

control cattle grubs and 

botfl1os, on livestock 

· anthelmin.t:.ie. 

Wat)' lOOO t!Qg/kg.· 

Solid, m~ p. 49°0; $Yste.. 

m!c nematooida1 efi~9Ctiv$ 

against almost tlll neraa­

todo spaci.t):S below 5 ppm 

in soU f!W· a long time 

( ~3 to 1!'1 months) 

.IiD50, 15.3 - 19.'*• . mg/~tg. 



~-, ( 

.O..etbyl S....(U .. metho~-l~~mathyl 

c arbar.:cylmatllYl) l~ ... i$OPl"OPYl .. 
pnosphoroamidoth1ol a.ta .• 

(!t) 
62. i~ellite 1 Dcn«to l69 

(Uow t:bem. Co) 
0 
II ~ 

trna3Nn}2 ~) - o ~ 

O..Pb.eny:l I:R, N'-dimethyl 

pn,,~pborod1Bmid.at~. 

O..otbyl S.pbt:nyl li-butyl .. 

ph.osphol~G.midoth1olothionate •. 

Soli•i1 m.l). 105-l06°C; 

systemic nematocide, 

spec1i'1cal.ly efft'Xltivo 

agains~ l~oc;G....knot 

namato.de. larva~; 

w00, 2so ft8/k.,. 

efl!ective against 

t?J,yeelial cell t"orma­

··tion, but not tlC··t.iv@ 

against spo:r.•o germ1na.. 

· tion.. 

LD
50

, 300' mg/kg •. 



·' 
.... ·..,, I 

5-q~.no~l- l. 'b1 s-

( di.DUJtbylam.i.llO) phosphinylJ • 

\tO 
65. JM~At Zytron 

O...mothYl (J .. <21~~ dictbloro .. 

phfmYl) N-i, sopropylphos-

. phorwnid.oth1onUJ.ta. 

f~t'il,.id 1 Ill .. Pill 167 • :t68°C 

in:~~ t,1cid~ mn.ri i'Wli~ieida, 

Gt~~~c.t~iV\!1 again$~ ~lld.ary 

!dld~ on :~ppl*&t:S att·d 

lrfHiHli&J U.ei~eCUl as an 

ao~~i<~icle 'With mYBteetio 



--~ 

(Contd.) 

66. Gremarot, S-2846 

(Sumit~~ Cb.ern. Co) 

co. 1911) 

O.@thyJ. O-(~n:lt.ro-4-~Gt.h.yl) 

L~ ... :t $OPropy1-gh9spt>.o:zr flmidothio:lat~,. 

bel•b1oidtP1 tkB0tl 1n 

coreal.; ben~ne 1. co·ttons, 

eaJ."l""ot ~t~; 

~)t)·o• 79C:! n.g/kg. 

(mrtlo r~t) 



66. trophac.ide 

(.Bayer AG} 

(Qontd.) 

a lili 
f. ·~,11 tl 
\._C.L -(:}- ~2-l" ,_ lill - a - C!Sa 

~ . ' 

o.O-disthYl phthatim1do­

.l~ha~ph.o4.lotbionLtte~ 

Sc.>lf~d~ . rt\. P• l04•100°C; 

rodunt1c1tl~; 

.tt.mgicid.e, -atfect! ve 

to control poltde.vy 

mi.J~<d,et'~~ ~b~\4S C.l.lra~i V0 

tmti p.t"otec.tiv~e action; 

w50, o,Buo ~{jghtg. 



. . . 

· .D l.liOSP.ilfmtJlHIUltATRtl 
e ...... b.t:WM1111 ....... Wl. I d -~- J~ll! ':' - . 

70. i~P!i 

(.Du l?t,nt. · 1949) · 

.. 
Ph~v1.pbosphonoth10l'tatt; •. 

(i) 
11., .j E1?D9,. S.~$€~\feJ1 .: . 

. : \tU.llii!f:iJ!l Chemieml ao •. l~U) 

) . . 
. , a,,irl ~J.cbolorogh~l ethyl 

pnenyl;.;l:.GsiJbonotniJ)Ut\~" , 

- . (B) 
'12, Ct~"ot\llli1JhO$J C~i.:!'>, Sttttec.ide 

~ \ Stlim.~. t~mo -Cbentie r.:\l. en. 1006 j . . . 

f"J.._cz:n.."lOilhGiaYl. athlll 

. pbenyl!)4l;.osphon.lthi_onaue. 

· .Lt~ht !i'all!Qt1i cn."yetW';.line 

s~"iid1 ~.-~~· J6°c, 1nsoott­

o1'W~ wvJ -:-hl!ieid&; poten. 

·4i:J.tes the toxi.eity ot 

llit'~lJl~\~~1· . ~ltova ·. :dul.a.YU,d · 

M~~t~~'lio:d.~! i tl1·~ 

;w ~ 40 mg/kg ~ual& r&t.). 
50, ' 

·l~ Q1!/km tJ~~~~al.ta ~nk't) 

Liquid; soil insoot1a1do 

(onion ma~ttt<>t) a tiPao• 
·21~ ~g/kg Ui) 

M&tbyl: 13iltli~ b.O!Qelog ~s 

Wb:i·ta C1.11'Gtallin~ POV(ler1 

m. pfl aa0 c_; insecticide l.'ic.c 

atazn borG~, cottan boll 

worm at.o; w60, so mg/kg. 



.--( 

uo 
7,~.- Ph.c.,_e,i·et. 

vas- 500 

(Contd.) 

(Va-l.:sj.col Cb!'J!lltir.Hi!l. C'rOPt 

1965) 

' {it)· 
'74. Colep 

{MQI.lS&!'t'tta Co •. 1962) 

Wbi'(;l sol~id, m. P• 7\).2t\~; 

iJ:lSt.~ticid~; ccmtr.'o.l.ling 

l.e,Pi~opte:ran such as -_ 

tobBCco bud worms; cotton 

laat '\i'Clrms; rico s'tt$En 

bOJ~m."'s; bas_ also i~inlgie1-

dal ef'foot_. i.:aD50, 90 mg/lq~. 

'It has tn} mutagenie or 



~-
} 

_ . .-.( 

(Cou.td.) 

(il) 
?o. 'XJ:Oicblo~onate1 1\gl?'itox 1 

(il) (tl) 
-£\grisil · . t· Pbytosol 

-Ulayet-. AG ~960) 

, ' C.L 0-9-et 
C.l 

Ethyl-214,5- trichloropbeuy]., 

0tbl/lphosphonoth1on~te\ll 

': ;T\\ ~l 
u-p~ow 

Ct . 

ilGt.hA 21·:1 - tichl~opl\enyl 

~tb.Jlpbosphon.othianate .• · 

Liqu.i.d.;. non.system~ 1 

persistent ~aoU ixltJec­

'ticido (root ll!Bggots and 

1<tlro - varas); 

;:.o50, t~o m~r/~g. 

Systemic and contact 

1n$oot1c1da with nema.to­

citlnl QO,t1v1ty; 

r.J)50, 140 ratr/kg. 



.>-

0 _/T\\- Cl. 

~CL 

tla tl1Yl 31 4.i: .. diobl<)ll'opheeyl 

motb7lPhoAphonothi~te. 

Etbyl 2,~1-dicblQi."OPb.en.;l'l 

otbylphosphonotbiona~ .. 

?·9o qiSii..A !\....r.&l 
· .. 

lnaeutie ida; 

to60, '76 ~u/kg .. 

tr:i.cbloro analogi 

w00,. 80 rug/kg. 



~-
r· 

. ' 

Etnyl 4-oyanoDb~nyl 

methyl.pnost;>horu:r~bi.ona:ta. 

0..t}bbyJ. O...<ttuinolin..S..Yl) 

pb.enylphosphonoth.ionate. 

Insectic~da1 ·e~feetive to 

r~aistfl.nt strain 

h.ouse!"l1es. 

Acaricide; can be U$ed 

to contl~ol t1t.Hta on 

l1va$toctt; w50, 

lGC mg/kft• 



\ 'r---

' '(ii~ 
82 •. Malathion, C,ytb1on t ' 

.itavbophos. 

(a\\marican Cya.n~1c1. Co.1. 1000) 

-

pose .tnaoo~t:l<rl:.de v1th. lov I. 

raamaajl.ian toJt1c·ity; 

LD4C)t J;375_ rag/kg; 

mmtmJ: t ~ld stOfJlacb. .vot:wn. 
,. 

~ . I • . ' ~ ' 
t 

·(J1 0..d1merl;byl ·~ !.. :J.,.-2-di(eth.o,ey-e~bonyl) 
.... 

~t/U-1/l.../ phosphor~,tbiO.lotb.ionilta. 

on 
ea. !?hanthoat9, Cidi-'ritl . ~-

dia19phenth.Q~tra,. ,., ) 
(it) \ll 

Pnpth1on 1 ~ls~ 

(Sou. Montecatitll,: ltal)f' J.OOcA.) •• 

a o 
" \1 

'{0H30)g :1 ~- $ ~ ru ;_., a- ·OOttts 
l?n . 

.... 
(J' 0-d.~~thyJ. a-t, 'o< .. t)tnor~-- ' . c• t~ bony). J 'be@y~j;~hor.{pllor.'o .... 

:1ns$0t1oide and Mm"io1de; 

LD60, 4,7~~ rog/kg. 



... 
Q, O..<iiethyl &..(. etho~ O'tU>b~ ... 

tlA8'&tqlJ .Phc>sphf:wotbiolothionflte. 

85. CblOl'l'.ntftpllos 

(Mw:opby Cbe.~ioal. Go.·:} 

1968). 

\)1 O.die tbyl. a..cbloJJoraetbyl. 

poosphorotbiolothionmt(!l. 
(I) (B) 

ae. Zl":L~ll-ton • Gerr~tnlon 
-' (ft) 

Cai"bopbauotb:lont Ak~1th.lon 

( :st~utf."er Chemic !d. ~o. 'lOOS) 

9 

M<ttd.d; non $YE~tuld.c. soU 

tnsoo'Q1c1da, prwtieul.atrl:Y 

for contit'ol of' lWVtl$ ot 

coleoptera (wire ~!I); 

t..Daot: VI mg/kg. 

· L1qu1d.; insootic1d.o 

and aa&-W.i<!e tiith 

lOllB ~esiduat ootion.; 
., ... 

1\ ' ' 

<atJ-6o>2 P - S - oag - S ~01. 
u.sf!d: fov sucking plant 

o, O..diet~liji'l. ($-(?-cHtl~G-pb.euyl .. 

t1'd.omethyl) pb.ospb.~of;iliolo-

• 

pests, pavticUla.-cl.y 

. n'd.~es; UC3tlli~ul as a dip 

f'or onttlo tick; il.Dsa• 
ao mg/ki• 



.)--
(Contd.). 

(rO 
&7. MatbJ'l, trithion , math71 

o~bo.Pb.0notb1® 

(Staut.t.joer Che~n. ao~ l9aa; 

(ll) 
88. i'llenkapton, Pbetle rapton 

(Geigy Aa. 1900) 

Liquid;. fov control oi: 

vrn•iety. ot insects an.d 

mites; pc-ir.·ticulat"lU cott® 

boll weovil; 

w60, l50 mg/kg. 

ialqu1d; n.on:s:rstelldc; 

selootivo ooar1cide witb 

s .. · CL- .PlrOl.onged action and 

<O:tioO)s ~- $ - Clla -. S ~ e:l:'i"ooUV!> nga:Lnst all 
c.L develo~nt $hagas 1mlu.-

01 tladi.etb11 a..ca,o ... dichlo.t"oPhanyl.tbio­

. m$tbyl) phospborotbiolothionate. 

®1g Gggs ; 

WQOI 200 ttti/kg •. 



--,f 

89. Azotb1on Insoot1cide and a.cer-ie!lde; 

90. 

(Farbwerlte Hooobst, 1957) w
50

, 150 mg/itg. 

iS s 
II 11 . 

(o
2
u

5
o)3 P - soo2s *""- c - l1(Clt3 ) 2 

01 0..d1Gthyl ·a..(n1U-dimotb1l 

thioc arbarVl thi.on1atb.yl) 

pllosphoroth1olct.h1onate. 

(ln .. .. 
Eth1on1 tU.alat$ 

(lflood Hootll.tl@J."f and 

Cnemiccl. Crop.· ·J.956) 

s,s•~metby-lone b1s 

< pbosllhorotllioloth:l.onatG). 

lt1qu1di; for con.tir'ol of' 

apb.ids1 acalas and mitGsj 

;~hr)"' f:!OS Re;/ltg. 
~ .. ( Jll 

~,etramatbyl. hiotiolog is 

~f'ective to bttan teat­

lice and ~J,ma 

-~. 



)-

~· 
~ 

(Coutd). 

\nl 
o1.D1oxa tn1fi' l)oln~v , 

li;uv~del (fit»reUles 

lncorpo~nted, 1954) 

1,4 diol:an-2, J.ylisiooe . 

bis ( 01.0 ... d1etbyl · pboa.Pb.or~ 

tbiolotn1onatu) •. 
/ 

~1mb 1ns~ctiitl.1dtll actiV'1ty but 

lOll !1Qmli4a.\11~"l W'-tieity 

( ;;.D 50, aoo mi?/kg) • 

. (H} 
·a2. i'hoatex 

· (Food ~-lachil:l~l~Y' and Ch.emicel 

oor.P. 1954) 
· s s oo .. tla 

. ' 11 . II / "" 
(Onlistl)~ P .. s -s ... P 

~. ~ ~ ', ' ~ 
OOU(Clia)g 

L:i.Q.U,iclJ non SJ{St#udo 

acar-icide &ld !ns~·ttcide 

with f1!. long r~slduaJ. ef'fe<lt 

and particularly ~1scirul to 

control ~it11!s on cotton -

and truits and ticks, lice 

and hornflY' on cat~~J~e; the 

£11a-isomar 1s mor;;: to:d.c to 

both 1nsacts and ~als tha.'l 

the sana :isomer; 

t..n00, 65-PAO tar/k~ 

(~t:Ul"e of' cis & trana). 

We* contttct insoot.1c1det 

'bt!it a h:lr~hl1 9Z'fr:YJtive 

tdti<~ide '#itn a goocl 

ovicidal ootivity; 

1050, a,soo ~g/kg. 

~1:1.a1~ho:g,y phospwl.u.otb.ionyl. ctho.N$ 

ll.sops.•opoxypb.osph.in.othionyl d1su.lpbid9. 



.,)·-

93. l?boam€iJt, Imidan 

(Contd.) 

(U) 

t (H) 
phtnalophos, P~olato 

(St~ut.for .. Chemical Co .• 

1006) 

s 
II 

I J"t'H •"l"i ill c ,vu.:.'-'#r> i •· ~ • ...., t. .. 

o,.O.d1m@Cbyl S-( phtb~1 ... 

m1dometbyl} phospboro­

thiolothion~to. 

(H) 
94. Dial1fo~, ~'or~11:c 

(liQP.ou.le,s ·Itlau~l"!lora1it3<i1 
l*tJSS) 

o,O.diatbyl ·~(2-ollloro-~ 

pbth.aliuddoethyl) pb.ospb.ovo.;. 

tb.iolothionate. 

Whit$ cr)"st.allino $Ol1d, 

tn.p. 72°c, a-caricide and 

broaci spec tl~ 1nsoot1 .... 

cide .for sucking n.nd 

chm11~g insects; 
J',f'\ ">· ~o ,,.,, ... 
~so' C;;v' ltlw r .. g. 

Cr;:.r stall ino solid m. p. 

fYI ... 6u0 c, 1nsoo~icid.o 

and n.c~icidi3; LD50, 

5-97 ir.~c/lq~ ( dep+i.~ncting 

()n- spt.>eies and. $e::) 



-

~ .,. 

~-

' / 

(b) J\zinl>bosetbyl. (. _· • tl) 

Ethyl guth1on, Gusatb:t.on A 

· (~hlye~ .~tG. 1953) 

0 

~ .. ~II · 
(ll0)2 If - s .. CUg .. li ~ I 

. . H ~ 

~N 
·(a.) R ~ ca3 Qin,phost~e;;tnyl. 

(b) R ~ Cgl\) nzin.pbosetb¥1 

{a) t\zinpilosmethyl·4 

o, O..diml"'·t.i)ll S..(¥-

(tp 51' ~4.,..oxobenzo .Ifill' • 
L-l.~m,aJ .. ~1a$in-3 Yl 

· methyl) pllos.))t!o~otb1olo.. 

tn!onate. 

A$1pbosmeth;vl; wbtte 

crystall1na solid m.p. _ 

?a.7t.l/lc, LJ;50, · l5 mg/kg. 

Aa1pbosatb;tll 

Colom-less n(Jedles1 

1a.p. s:Pc.; LD60, r1.s 
mg/ltg. 

insootitlide and att·Bl;"ieida 

Wi.th lontt residu.&l. oot1-



.)c-

: (1!0 ' 
ea. Zolont) • t~osnlcme 

( Wlone .... Poul.ane, F'11nnco 

l$6J.) 

·Q1 O..d.ietb..vl 6-(6-cbloru-_a­

·ozobenaoxmzolin-3-ylmetbYl) 

· i.;thosphoJ>othiolotnio.tulte. 

\!U 
91iP Me~hidath.1on1 8U1Jlfoo1de · 1 un u .a~~roo~.t\9 

( Geig~V AG. 1003). 

s ... elt) - 1-J -~ ~-
w l I 

~ . . . . . . . . . N '0 c. /s 
(a) B = cu3 :aathidatrlion 1 

· oR. 
(b) .ll = ean5 lyth1dfltt~1on 

ldethidath1on: 

t)1 a..dltnGtl\1'1 S~ilw . . Jzlt ±,if.,. · 

5-metlio.'ley' ... m .... oxo-l, a,.sl:-t:hiadidol-
' ~~ ' ' 

3-ylJphospborotlliolothionate. 
' 

Bol:ldt m.g.' 46°C;, bvoad 

sp~otr~, non-aystG~1e 

tnsec ttc:id~ "ani 4C~lcldel 

sap.teeding pusta; 

UJ50, _120 mm/kg. 

(a) ltetbidtitbioru 

·Solid, m. p. oo .... ~o0c; 
~ ~st~m1.<: inSt~ t1e1'.l& 

an4 ac-~1c1d~ tli tb a tfide 

Gpootrum; i!or- controlling 

aphidt lep!dcpterous larvae 

(aodling; mtlth) and scales 

on fruit tre~s and cotton; 

:r..D50, 25-4B mg/kg. 

(b)· ~tho~ rup~olog 
(lyth1dritb1on), w60, ooa. · 

443 mii/k~) 1s t.tat'lul spa .. 

ci&lly Qgainst log1d~pter­

oue and <U.pterous ltu~vae 

and orth.optora. 



)-

a,.llthY'l a-prowl. f)..(2,4 

dicbloropberiyl) phosphoro...;. 

tbiolotll1ona~e. 

~. M~thYl l?hGnl<eapton 

(Geigy AG) 

o •. o..din'.tethi!l. U-t21 5 ... 

d1cb.loropnenyl thionu.1t.tijrl) 

pllo$pllorot.bio1othiouatee 

ii:xpelt•if4~rltal tnsoo tic ide, 

utfoo.tiv-G te> c·ontrol 

tiU.lbti'!J.!'Y molilybug1 smaller 

tea tortri~, c aterpillat~s 

ate; l$SS to:d.c tb.rm the 

COl'l'lN~SJ)Oflding pllosphoro­

thionate. 

ft.c fU!' -'...a 1<la ®d in !!lee tic :ldef 

L060,. 375 ~g/kg. 



100 l'~t . " -- 4 .J i\) 
•· • ;;: l1omel.i0llt. ~kat....,. , 

. . (R) 
D1tlliomatasystox 

(~lllltloZ Ltd.) 

s 
II , 

< cn3~)2 1>s~at2sc~~~s 

· '4)t O..dinleth.yl S.(2-ethyl thi~ 

oth1l) phosDhorotbiqlothi~te. 

101. Disulfoton, tbiod~e~on, 
(li) 

DiS)rston. 1 lJith:l.Gstato~ 

{~&i1~ Affi. ·l~ai6): 

· o, O....diethyl fl.,.(}?"!'etbylth~ 

ethyl) .t>h{>a~h.or·Gth1olotb1onato.;.· 

Liquid; a s.vstemio 1nsoo­

. ticd.ti& and ac~icide \41th 

contact aclt1o11; et:feo tive 

~g~inst. apb~us,. so.vtlies, 

· .it.~~~~po,, and raitGs; .r.o60, 

70.120 tug/kg. 

14quidt a ~~Jteaie insoo­

.. ticido. and . acaric-ide, usad 

roainly f!or :i<Oil po$t; send 

cbr~$s1ng or gr~ul~s to 

. ptroterJ ~ s9,~dl~~s; ef'fec­

·t.1.ve ~&a1ngt. ~pbJ.iis on 

vog~tabl.l$ a au.d ~ru1ts ru1d 

r.nu!•1•ot flY, i0at -b.oypev a 

on rice, vogetabl,ae.1 

cotton 00'1 for ~r.1s other 

-- ----------.-------------------, 



~Contd.) 

102. i'~tr'athion 

ethyltnioetnyl) phos.ph.oro ... 

thiolothion~ts. 

(H) 
103. l$oth1<)1l.'te1 Uoarlon 

tltihon l'Jo;:ralt~t (fo" l972) 

ll1 0-dimathyl S-(2-i st>Pt•op;vl­

t;;bioetb.yl) phoapbol1'othiolu­

thi<»late. 

Liquid; a $l-StGtaic 1nsuc ... 

·tic1fle and ao~~1de1 

U$9d mainly tor soil 
-

pests; chaunittal. ar1d 

insec tioidal l'W"Ol>~"~l"'ties 

sue s~U·at" to thior4U'ton 

and Disulfoton; 

.t1w00, 1.2 - E£.3 l4r/kg 

(var.:t.ou·s EAn:.imA) .. $} 

Li<tuid; a rs;rata:nte .L'1.sec­

tic 1d~. and ~·~1cide, 

""-"'~"''·~~110""- •.11"""'"1' ... ~~ suc1"'1n'-.. 'tff~.:A;. c;l.(,l ...,.,;,._,fl- .. .of u:.~s ... ~.le.-7V 1.\i. 0 

pl.llnt ~c~~t:a by ~oil 

tr(~atr:ne-nt or f.t)lia:tge 

spray; 

r.e~60 1 200 ug/kg. 



t 

t11110t ( l\rnmrican C!fan&nlf.-d Go. 

1954) 

w 
rr 

(C~I5o) 2 ~:~~~u5 

lOS. Am.. Cy • l-2003 

(:i\zr4(:;ll?icar.- tj~.'&l~id Co. 

o, O..diethyl .tJ.( ts()l?ropyl-. 

-thiometb.y'"l) pbosphorot.hio.-

lothion~ta. 

0 

·$J(Sttltnie iOSliCticidti, 
! . 

U$tl~ for thll !_).l!',i)t®tion of 

~f!t1l.1ng.s :f'JYom saP.. 

:rer~dintt anci &r)U .tnseo ts; 

and fu.m1grmt ao tion; 

r.o60 1 2-.:! mg/kge 

antivitYl 

W50, 4 to l6 mg/kl: (H),. 



(Coutd.) 

lOG. Apllidan1 IPSEJ1 PS.I?-204 

(Holtlto Chemical.· Co •. 1964) 

o,O.d11sopropyl s. 
~ o thYl i!l~lf' iny1;.11le t.hyl) 

t'lho spborotb1oloth1onat~ •. 

.lrn. O:qdi.suJ..foton, 
<a) 

.01 :sr ston-a , 
DisyatQn.Bulfoxi~e 

(Dayor AG. 1005) 

o,o-<:ttethyl 8.(2-

~tt!Ylsul.fin.Yl et-byl) 

phosphorotbiol.othionata. 

Liquid; a systemic 

in suo tic 1d«a• appl1tld 1n 

soils to protect the 

plant from the attack of 

aphid; 9otatoos can be 

J,Wot1reted from ~tph1d 

Liquid; a per31s~ene 

·$Vstamio 1n$$0tioide and 

e.c~iaide, particularly 

aultablo tor seod treat­

ment ~g~~inst various 

vootor ( sap..$UC·.ld.n.g 

insects); 

.Q050t a.5 ~g/kge 



_{ 
""':\. 

-
(Contd.) 

lOa. l1onazon1 az1d1 tbion_, 
. (ll) (.t") 

8.apb1zon · , Hayt'os 

(~lant hotec-t•iOl'l Ltd. 

l95Q) 

o,O.dimetbyl. S..(4i6· 

Ci.iQrg1no J.03;6 .... tria::in-2-yl .. 

!!le tbyl) J;1ho sph.ol?othiolo­

tniona.te. 

109. 1limetb.oata1 Hogor 
{3;} 

. c!1gon t 

,, 

o, 0-d!methyl S.(li.meth)'lc~ba­

mo.r,l.mtaf,h1.l.) phospb.Ql."athiolotiliooata. 

Cry~tal.lina so11d1 ra.p. 

~~00 sYst~t!d.o apb1o1de, 
~ \ . \ 

umed .bY .f~l1ar · ~PfaY, 
. . ., ' \ 

soil trea t.~$nt, .'seod '·I .. . ' . l . 
dt"es91ng anlt .rOQt, 'dip; 

' . \ ·. 
. w60;,. .900 to :t; es4\. mg/kg. 

\'. 
"\\ 

I• 
\\ 

. \-. 

Selid1 m.p •. 5l-5Z0C; 

G,1stemic and contact 

broad ... ua.n.ge ~eooticide 

and aoar1c1dti; w50, 
. . . . ' 

600 mg/kg ( .1.;;w~o com pd. ) 
.. 

l5fJ-3f)() mg/kg. ( toohnicnl 

product). 



:}
, · . 

. . 

110.; Ethoate· .. methyl, 

Fitios B/77 

(Bombr ini Parodi- · 

Delfino, Italy). 

o,O-dimethyl S.(N. 

et~lcarbamoylme~hyl) 

: phosphorothiolothionate~i 

{R) . 
·111. P.rothoate, Fostion (R) _, 

. Fac 20_ 

· (Soc •. Montee at1n1., 1956) 
.. . - . 

·Solid, m.:Pe 67 .. 68°C; 

insecticide and· acaricide 

Witb contact actiou, 

particularly etfeutive 

against fruit-fly; 

· w
50

; 340 mg/kg. 

· Crystalline solid, m. p. 

28.:5°c, acaricide and 

insecticide with systemic 

s 0 action, used mainly against 
!1 . II 

(C~H5o) 2 P- S- ca2 - CNH~CH(CHa)2 phytophagous mites and· 

o,_ 0-ii.ethyl S..( N~ 

isopropylacarbamoylmethyl) 
' pbospborothiolothionate.t 

some sap-~cktng insects; 

olive fly, cherry maggot; 

LD50, ·l.O mg/kg. 

I • 



(Oontd.) 

(R) 
112.-- ·Morphothion, Ekatin M. , 

(R) - . (RJ 
Ekatin F , Morphotox .... · 

(Sandoz-Ltd. l956) 

s 0 
1! II-~ 

(CH30) 2 P - s - CH2 - C - N~O 

o,O.dimethyl S-(mor~bilino 

carbonylmethyl) phosphoro­

thiolothiona.te. 

·(R) 
113. Amidothio~, Thiocron , 

Medithionate. 

(Ciba Ltd. 1963) 

Crys_talline solid, m.p. 

63-5400; a .. systemic and 

contact ilisecticide; 

LD50, 190 mg/kg. 

. Solid, m. P• 46°0; 

insecticide, sucking 

pests on cherries and 

vegetables; LD50 , 

~ ft 
(CH3o) 2 P • S • CH2 • 0 - NH.CaH40CH3 

600-660 mg/kg. 

o, 0-dimethyl s..(Iq-Metho:xy­

ethllcarbamoylmethyl) 

phosphorothiolothionate_.: 



·~-
1-

(lU · 
114~ ~ormothion, Antbio 1 . <a> 

At'lix 

(Sandoz Ltde 1963) 

o,o..dimathyl s .... (li .... torm,vl­

N ... mathylcarbamoylmetbyl) 

phos,pborothioloth1onate. 

(r\) 
ll5. l.fecarbwn., Pestan p 

· \8) (BJ 
l~f'otox 1 4t·os 

(Murphy Cb~mical Ltd. 

1001) 

s 0 0 
!I II .II 

(Cgli50)a P • S - GU2- 0 - y - C002U5 

CUa 

o,t~diethyl S.(i~ 

e thoxyc arbonyl-li. motbyle arba­

moylmetbyl) phosphorothiolothionate. 

Liquid; contr:w-t and sYs­

temic acaricide and·tnsec .. 

t1c1de1 effect! va against 

both sucking and chewing· 

pests; LD50 375-535 mg/kg. 

L1quidJ contace 1nsact1-

c1de and e.caricida with 

W.ight systemic action; 

persists 1n soU tor 

several weelts; useful 

for control of' sucking 

and chewing pests and 

root maggots or vegeta­

bles; LD50, 36 mg/kg. 



\ 
~· 

). 

(contd~) 

117. Moe arpbos, Mac$rpbon 

(l4urpby Che.mietil f..td.. ) . 

-metbylcarba.tnoyl~n0tilyl )../ 

~etnyl methylpbospborotnio­

lotbiolata. 

Insoo tic1<le~. ettocrt1va 

against tb.u oriental 

f'ruit fly and th.a meloo­

£1:(,. 

~· t • 

Systamic insecticide; 

LD60, 57 llitr/kg. 



- (.tl) 
118.· l>JU~l?, Amipbos 

(Ifippon Soda Co!f· 1966) 

Dil:aethyl S-(2-acetaruoido­

otbJl) phospb.ol"othiolo... 

thlonate. 

\. 

ao1tc1, r.i• ~~-· 2n.2aoe; 
$YStem1o acttW'ic:ida and 

insootd.c tete, usotul. to 

control sucking pemts 

cU frUits; veg$tBble.st 

and o~rn~ntals.; 

~60,. 40o m&'Atg. 




