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.pbor:lll "" 2 ... Sl~l:phide~ witb z:onrf-eret'¥.Ui1 to thair chemical, ins~tie!dnl,. 

tungioida11 'bioch~1c.aJ., tJ!.Wtl<ltax1o> ·Mt:i oi;har: t;o~icolo~ic!~ · pro}~flrtzirtts 
'• . 
' ·~ . 

besides :Structural elucr1d$tiona ~Y cb.amiuml n.nal.~S@S tllld s~ct..rosnopic 
. ~ ~. 

In Part - I or this tbf;lfJ.n~,. a general introduntion or O~!{;&no­

poosohoru.s pes'CicidQs ilmluding futlt~:llridal oo.tivit:te$, wltich()linast•~rasa 

and hydt'olyt ic pr.o~~i~ie $ have b~en .presented. 

'?- deserib1n;.-; chemical, ·f'w:1g:lcidal1 insoot1cir.Iat,, b:toohemiaal; to:dcolor~ical, 

hydrolytic, antic.llolinesto~!:.ma and otlleP. Pl"'ol)el?tios of s:dirgG~nin cyc,lic 

pilo!iphorus com11ou..~ds 1~ith snu~a;ial eau~h~sis on smlith:!nn (2 .... raeth():ey ... 4:B'­

l,312 - benZQdioxaph.ospborin - 2 - sulphide). It has bal8n ro<ramled th~t 

the biolo~?siei!tl aativ.ii~ies ot t.h!!lstl compounds fll?'G fi:retltly ::tnnu~ncGd by 

tho e:4ooyelic su.bstituents on th$ gtho::Jpholl'us atom, aud also P:f the subs­

tituents :tn banzij!lle ring o:!' in hatQM ... cyu:lic l ... inr,s. 



.?art - III deal.s witll the t.ro~k ~elat0d to th.e synthet:;i/9 and 

struetur~ dat~~rminatiQu or $f.ittl€J 2 ... $lh:;rla..'nido ... 6...,ri:ttr~4:H-l,3,~-benzo­

dioxaphfls.Phorin-2-sulllbicles. Thesal oo.mhlOunds have Mfm aynth~s!tza:d by 

tba rea.ctio11 of ·tb.~a eQJ.'"r~!SPtmdlll!r. Phos!J)horamidot~h1oie dichlorit!es with 

5-n1two-sal1g~nin. 

Tile st!"imturs o:t~ th~ cotnpamlrls bava ba~ determined b:1 chemicat 

snmlysis anlit Iii, .mass tmtl P.HJ·~ :Spootl .. &. 

lOlO - 1030 cm-1 (s) 1 P .. o.c (alkyl); l~~3!5 .... J260 cnrl (vs), 

.i?-0-0 (al-...Jl); 830-920 cm-1 (s),. P-0~{~ (a:~yl);· 1515-1520 om--l(s),. 

asym. $t~. of nitro ttro~bl; 13t10...134!5 Qm ... 1 (s'),. sym. str. of: 

nitl'o group;· aoo~a2o cm·l, L, = s (:tJ; 6t\0..660 enr·1, l'=m (II).· 

mass spactra.. F ragmetatiou 'by lo.ss ot • t3H' radical :ts impo~t~nt; aLl 

comi:;ounds sho1~ an .ion. dutil t{> ( Jll .... r~l~)'1", and ~t is tha b:lstit ~ePJt f:or 

all of th~ four alit'Jltmnidophosph<)rQ·thitml:ltJ~s. l?illallyo the aia"l!ctul'e 
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~bG aim~th)'1amido and t~ba mol•PllOlino coiQ_powl~s h~v~ some 

i..l'lsi!Cticiti;al. actilnity; but th{):i.r activities: fClr1;) lG.s:N than th~at of. 

sGli thiQn.; X he other c.omt!otmds B.~e non .. :tn.·sec;ticidal..~ All compOunds 

~e lass to:tic to l?~ts than salithion. 

It ha.~ been QbSf31"V3d tht~t fo'!! any compounds (Bn .. l.o to i5.n...l4:), · 

th~ hol~seny .. head acatylcbolitlestr!!rlll$~ (HI~,!CbED 1a m~e inhibited 

than thm blQod .. okmltneatit~l"a$e (hloorl.ChE} • 

. · !from the ohetn.ical hydr.o~ysis st1~~1es !JJ; nl)l.s been obs!lrved thtlt 

- tha .-compaun4s con~·a:f.ri~g t~C!J. di-;sub::,tt:ttute~! ami, do gzooups ure .e~rBroal.y 

· .resistnnt t,o ·hydrolys1s compat~ad, to .o~har compounds hn.Vill~ thG raono­

stibstitutecl : Wllido #?UPS• · It t-u~s ~~~ b~n ;t)bservad. i~hae th@ rata ot . . . . . . . 

al.kal~e hydrolysis is .inor"!B~f?a~ ra~ tb.e P,H val~e· :lncrea.lt:es flmtn 7. 7 

to ll.s. 

lVI:lQ:at seed germ1n~t1on stud;Lt:ts irndic~t<n thr.p,t none of' t.h!l coo­

poun~1s ~e. phY'tot~xie pN"opar~ies upto 5tb · ppi~. concHJntrat:toll. T.rtlr;t-
- - ' '- ·' . 

no arrent Qn ~e~mination,. but .root and s~ot, growth have been ~edtlQ $cl 

dra.:Stic~llYJ treatmetits of' rice pJ.n.nts ~\lith ~ho:Mt two oomP.O~ds hava 

· . . · lllrom ·the i'\mg;:lcidal· aot.iv.1t;r. ·~tu.d.i$r:t .. (by .mrowth inhib~ttion) 

aga1nst l?!l or:rzatt, !. al.ffl~!.~ ~ • .aoJJ!n:&. and Ji. A.WJL~ indicate 

thnt sorn~ o£ tha cottipouncls shot~· r~ood !iJlhibit.ol?Y ef.toot · Qn the growth 
' ' 
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of diff9rent rung11. hoVGV£lr1 c:ompar11.'d to HinQsnn th~y h~ve l~ss inhi­

bitory. ef!'E~t. .ro\zr~ong the td.ne compounds, the dimathylam:l.d() com.pou.n.d 

is most aotive agtdnst ,f. OJ!i4t~mt11 ths iso~K'opylamido comooood !s 

agaLr:t.st il· P.~Ue.t. a.rir& thm cyclohe~ey.lrnmido crnnpowlr3 ;t~ agai!lmU 
i 

l x. -!lkua-At.l::Jm & J • .$).1Jjn! .. 

Frt)til the :spoz.""~ P.;a.""mination inhibition studies tl~a:lt1~-t A.lli~er,. 
~ " ... ---I. 

,j 

,f. .tmllimt I. ~~ nnd 1;1. ~~~~aa~ 1·~ ha$ ba~ ob~arlfed tha.t 

all compQunds are $ff~a~:;ive. ~~he nonylnmioo <tootP()Und ·is most nct:tva 

for _a. llkUt and tha dimethylamido compom:trl is .ragainst f;."''-~111 
' ' 

&: :J,.. ~·~~tj,~:Y.llU th$1r activitia~ a.ra ~~eater ·tbe.n th~t, of lU.noman. The 

isopropyl.em.ido com~ound .:is most ~ffea:ti.ve a~ainst J!. lu:?JZBJ!~ bu.t• its 

aot:l.'vity is las.g than, that of: Hinostm.. 

Proi:;ootant a.ctivit:r atud11!s <rt.n vivo) a~a:f..ngt ,!!. arz!W~ on 

detaeuod ~iae laa'ites rn.ud ~icE! p7 .. rmts bJr -usinm ontrr tlf~> comPoun~s 

(BD-15 and an.:t7) indicate t;bnft the ooti~t1ty of non7!0JJ.li1:io commund 

(BD-17) is greater t;llan that o~ the P!r"l'r.olidmo comprrund (1311-.15). 

Protect ant ~ct;1 vity studia:s fior o·tbwr nompo:u:nds havs tmt YSt'~ btlen 

2'he antifungal ooti~Tit-y r:t_rat~ justify further exmaination; o£ 

the~e phoaplloram1dothione.tam ae J.mtentiat. f'ung1CJides td.th npmctial 
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111 Grder to filld Q1~t tb{it ch~tc~ $1a~a·t~tU.'*t! - b1olog1<tltll oo.t!l.­

vity. ~elatio11abiP in thestl n1t.t .. {) - s&~iganin <tYclic pho.mphor~ido.. 

thionatas, t>1e hava to r;y.otbesi.me sevG.rat ll$1-i oompoun.ds ;tn tlbich thG 

nite.o group is to be !nco·A"I;lOJliatetl tu d1tteran.t ,J»,-sit10ll Qf til~' a~oma­

tic l .. iug:, and to investtgate thei:t• biolQgical roctiv:ttieB 1~hytotq:d.c pro .. 

p~rti~~~ fungicidal- 43.ctivi~ieS~, ~ti - :GlH GllZ{/.mQ nct!'71t1~s, a11d othtJl'!' 

to:r.lcolog1cat proPfAl?ti~s illnludit:tg t!91ayad ntift~l?()toxieity in h<ma. 
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~. nuaomm:.e IOlh e• ..,. '• .• _...,..,.. 

In.tw•sive l*asearoh. 1rt the ~ield of plant protoo.tion 

and .PGst contt-ol llriis bsen going on throughout tb.e w~ld. As a 

ceauJ. t v~iou.s types of PGsticidt~ comp.Gunds ata being prepal:ed, 

and th.eil- pestioidt::i1.1 toxicologioal and ctb.el1; proPGllt1es aro l.'!Edne 

si~ad and examined as effective paaticides, owing to th.e:il" higb 

act~v1ty and bio-d$gra{lability1 th.eiv a.pplicaeion. b1l at~1cmltura1 

publ.ic health, and rel:ated fields bas l)Sfpn going rapltdlY• . Uoveral 

nav (lompounds of tbis group ara usad f.or in~tici(ial 1. 6Cta:'iti1idal, 

nematoc1dal, ant~hel~ntie, insoo:t stm:-iliaing1 fungic1dal 1 har'biei~ 

~!he development of new 

Jhosphoru!J compo1111ds YaB 1?Q~ a .long time dominated almost e:mlusi,rel~ 

by one single guiditng p:uinciple nmaely the n ~cmyl lmleu ot .. 
(1,2,3) . - . . . 

Sob.radar ... Thtz~ gr~!'at tldvanoement ill agriculturo.l praa·cioe, 

~-ientific knowle~ga of 'til(!! atruaturo activity relationship and mQ~ 
. 

of $Ction o£ orgar:aoph.ospllo»us pa~t!c1dss watt~ acb.ieved by thQ dts-

QOV'6lry of parathion l~y Sobt•adel"· in l1:Mi4lt, :l)Jarattlion is ax"'~remely 

toxic 'to m~als as ~.1all it!.S to in:1G(1ts~ t4ru-;.y l~as toxic posticides 

have been aYntil~a:lzad by alignt structwt.U. modification of parathion~ 

to~ example, ohlorthion (in 1952), fent1,1on (JJ:~ 111138) and 

.. 



s 

. <YoOia - J - o D- !loa 

Par ~th.ion 

fr- . -Q 
(tJH3o)g P- 0 . - No2 

· Cl 
Chlo:rthion 

Parathion ... methyl 
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s / 
II 

(CH..3o)2 1> - s ..;.. /l..CM!Jali5 
· a12 ooo~u5 

Malathion daraaton - 8 

In 19521 the Parkow .reac·tion was d1scoverod1 and m~ important 

vinyl phosplurce ostt)rs hnve 'baen introdttc$d n.s practio~ ·pestto1~es. 

Sine~ than several new oOOJPOUllds . ba.v~ bean developf.ld and ::we in 
(3) 

co.rn.norciat use· • 

The fi~st studies 1n. vhich tb.e microbiological 

actiou of organopilQephorus compounds was noted uere made at the 

bG"inning or tho l940• a_, but systema:tic· i11vest:tgmt~ions of thaiP 
(4-6) 

fungioicl:ll and ba.otUI:"io:ldal. propertie:J lre~e begun ~ch lator • 

It :ts only reuau.tly tbey have been glUniOg imJ>orta11ea in. th.e eon-
. . (2,3) . . . 

trol or pathogenic fungi • In compnt>ison to tb.~!l hoa.vy metal 

f'm1gic1<1os1 t.b.e organophosphorus c.om1>ounds are particralarly 



_:_y·· 

tnioe.te. 

W11e fungicidal oot$~v1ty ot tri:4kyl pn<>sphorotetra.thioa-tes decreases 

w1tb 1ooreil$1ng ch\iin letlgth. o~ th~ alltyl group. ~.;baaa ooltt.Pounds 

~~.ra hi~h11 sJ.,lOOi$S selootiva in f'utlg:.i.cidal activity •. · Thus, tr:t-, 

m~tbyl phosphorothion.ata 1s. almost !.'lf:l>ftoo11~iw ngai:lst ~~,!;~, 
(7C} 

tua~1'!m' nud !.'?.'~A~sJJ:l~ • On the o'th~~x- h~nld, an t!tnol.ogoum 

c~nound, 01 O~diethyl S ... mnth.yl phom,boro(;U.thioa.te1 is a got)d f'..tnci~ 
.~ ~7~) . 

cide aga:ln$'t fdbi.L~J~op.!.f! ~J.;.&l:!t • ~ha f'ungioi.d.al activity ot' 

dit£'arant other compounds are gi van below::· 



Xbis 1$ a tungioid~ vii th spooitic action against 

!1£~,Uh.~ .Q!L~!! on ricG at 30 .. 50 g a. i./l. -vrataP uaL'"l.a; 

800 .. 1200 l/t-~; l. or 2 at:,J))lie at ions to \vet peddy in tbe n't.Wse:t"y, 

2 t)r 3 ~P.I)lication.s mi'ttiW txomtsplantin~ or in f'ie1tis of' 'br~~!ist 

IJ:b~ n-.p~opyl Md isopl"oPYl homolog$ bavu aloost tbe 

samB fun.v.;1c1dal a.ctlv:l,ty us the. ethyl a:~tev oci1t~nph.Qa• but the 
\ 

m@tltYl 3!1d butyl homologs a:f'e muc_b; lesm ro..ettLve than thUt lat~t"'. The 

illtrodu.ction of a cbl.orin a>tof1J. into 'tb.e benz~ne ring e~ses a 

r~~kable dt:Sereas$ in fw:gictdal oo,tiv.tty~ 



ltitflZini 
~ ~~., n •.1)11. 

'Lf".:at a .... 
.1.\iol\. ~o&.Uii 

tJ .. fJaneyl dieth,}~'l phos:pitoioth3~Qla~o 'ifas tii'at iutroduQed in 1965 

a~ tt fLtJli~1cida 'W.ld~r too trr:td{J ll~..nl0. Kit~1n, but ,,as r~placar~ in 

l9tS'l by thQ !aopropyl homolog Kitmein J? f'Ol" CHltm.!<leroialimatior& .. 

tb~.;r i-ll::'~ ef.fective aur~tivel;r ratb.e~. i;han prophylaat1q,~y,.; , 
! . . 

' ' 

I.n tba ho!l!Qlogoua sorieis o:r dial.kyl· ~~-bez1zy.l pho::;... 

pJ:lorothioJ;.atea, thAl ::s.~~J.J:aum '£u.ng~Q:td~l. e.ctiv:'l.t~r i~l ~bi;rdn~d ubt~n 

· tli.e number, or r!&J.'oon ·ator.ls irl the· alkYl r;tlrPUlJ .1. ~.; tb,l.~ea ol~ ~~our.: 

~b.t.t. dimethyl tao:t:ol.og has. pppt;• a.Qti vity. . · · In tn~ an&logoua . aro-ie s, 
' . . . ~ 

· .th.a ph.ospllol~otbtlolat~ · amt~l~~ ·ar~ .r.r.Wb· r;apr0 e!:'f'~~i.~· :t;lUm cc..w.nespon­

d1n.e ph.O$~horothi<:»l~to~· .:t~il{)$P.hoPo~td·olo.~t;rton~te; and ~~aphate 
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nft;J.i~o group o.n · tbtt benzene r1ng bas lltt1e eftect .·on the inereas~ 

. or tha twlgicidat.. act:tv1.ty~-

. ~ .· . · ..... ~ . . '. 

' I,' ''' .. .. ''' 

·''. '. '.:· ' I.'' ', ; . 
'• . 

' ' . -

... Pyra~opliOs .its ·a· :fW'sten1!c ·tunttic!de em1t~ol.l~g 

. -·: ··. ·,powdery td.ldelfs . on t~ :Wide ~oog6 ·or. cMo,P~ .tlt J.O · • 3() g ~.t,IUX> 11 
~: .;·;_~.:.,~·\');' .• ·: :·;:· . i :. ;' " ' .· '. / ; .. ~· ' ... , . 1 ' ., ''. 

. . . unci ~!l ~,r._a~a.-~fr .~QO r•/l:Op .'tVlUl_ii -,. ·Xt'·t~-~ J)o~fl-1\1t0Ven~~Ve: ~ld 
' . . · f}Ul1~t~ v~ acrtivttt·. a~atn~t: .' ~v~y ·lldl.·a.: t .. it 1m . tabSQ11'be·a by 

.. ·;. : . . . ' ·. ; ... , . 

tollage· amd. #san· st. •ii tran~®a.t'{lf~ ~~t~ t.ne· · tl~fl · ~oo 
' ~ ' • ' . ' ' ' ' •' • ' ' 1 • ' ' ' ' • . . ' ' " ' ' • r 

. $,ppl.iotl to t~ . 10~. Qlr . a. · $JJQd dresJ)ing · uptt:.te bY. ;ttoot.s ~$ .iftsu-
• ~' < • ' ' • ' ' ' ' ' I ' ', I ' t ' • ' ' ' • ' ' ' • ' ~ • ' ' ' ' ' ' ' 

·tf.icient tor ii!Y®t!v*iJ ·-.t"t:Ulgkid$1. ao.ti~ 'W1 tl~ til() p:l~t. _ : 

.. ~ '/ ' " . : : . •' \ 

' I ' ,· ' ~ 
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~itaJ~ill"~:to.s is ~ no;u.....s;rst~:nie foli~'" tun~ieidf.l1dtn 

P.l~oteetltalt and eu~11_nt,;t.v~ ~:tivi.t.-y •.. · It.-_!s -~-s~~d :to o.ontrQl J»~vdery 

.tnilf!mf on orn~~~n"Q.aJ;.® (l:':r;'tl~e;ri,ly ».Qses) m:r.d ';e~etable$ (cucv~b1ta) 

under glaag, as \fell. ~.itl3 uru!e~ · f"i~ld C'Oll'll~tio~lSt at ao ., 50 

g.· a.i./-l.oO·l; on XlPL>les (25 .. 00 g/.100 l) anu (H:l."~~~J..s {000 ~ 550 

The isopropYl llOiuol~:Jg of · Ditalimf'os bas iailtd.lav 

:fungio1dnl activity but is -about ttwoo times .mo~e to#d.Q. to 

tor the f'f.Ulg!eidal activity, but .~ SU.b$tittltion .on tbe rin.g 

OQU~eo .a rt1tVl~Wkr.ible docr~asa 1n fungicidal act:ivity. It is 1nt0r­

eating ·to nota that th~ .tung;icidal ae't.ivity of l~it.al.11zl!'os is lost 

by l!"eploo:ing tha ·t.biophoi3TJ>llO.tWl sul.f"ur at.i}l.Q wii;h ~n oxyq,ten t-\\tom • 



Fux-th0l?t:t~9i ,it, th~ pbth~1mide-N 1$ no:t dil'-ectly attached to the 

~nosphoru.s but tbJN)ugb ll!~ ~~a~ bJ?idga oJ.? an ozeygen ator.i!,, th~ 

pbosphoru.m eompou.ntis Sire not .f'u.ng1<:id.al 'but 1nnectic1dal •. 

~r1amit:>bQe ( ~1epsyn1 ~Y&J>rJ:ln.) t · 
..... \ - 4 ill - I a ~'I· 41: ..._...,A ............... ._:II!' ,u h~ II' ....... 

'I 

•. t; ',, . 
' ,, 'r, 

. · _..,_ ' 'X.ri~hOs is ·a'··fung1Qide' ror »olid.ery mi!dew :Qontrol 

and sh~ws some sy$t~P11e' ~tivit)rg · . ·~t· a:L$o· hati · s¥"st~t1c ·iil$~ct!o1 .. 
dat' ·oo.(7f 'aearictda;t. 'pl"oparti~s-~· · Hates tor; ·Pt>,.,d~PY 'tidltiaw· control 

indludo ~-. f:o"C apples ~5 e;.e.~~- (a$\ t.j~,p • .J/l()'J l every 10 d;·' tor 

t"~~es 25 ~.·n~.ia. ~tall wa:l~ef'-miscild,~)/lOO l.i .1\t these co~ontrm.tions, 
; i '• 

The, u- . am.lino .... S...atk'/1 mmt.pU;s of 1'-riat!liphQs are; also 

OO·~ive firlj .t~ngicidos. 
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Poospnonomycin. is a natm•aJ.ly ooou.riug pboslMlOllate an:cibiotie 

~!SUQ!ltly discovered by Herok l4 Co. Ine. It vas .iuJ.llated :ev~ 

.ferJlentation two·th.s on whieb Mt.EiW~ ~.W '..ra.s gl.N>wn. It;J 
. . . (S) - .. 

$tl7'ootut•a was dooa.nst~:t":lted ~ e-yn.th(])sis • Tlli$ net., Wl'tibiotic 

bas a bt"oa,d ·spootrvta of' oot.ivity . .aJld inhibits ir:eever.sibly pyruv~te-­

l:.U"idina diphospho-t~aaetyl.glucosamtne transferaao 1n a."ttl'oots of 
'J.' ' 

grm:a"'!'poai.tivo arld ~<lin-negative ~1c~~orga.n1sms~ 

£a.vc)tWr:.~t'blY witb tetrac;yc~ine ~d cbl.or~pb.enicol. 



\,: 

in.rs~titJidrd oo:tiVitt again;;st t'ifO bupl}or · spoo:i;e-s, Jie~to~~ . . ' . . . .. ' . ' 

' ' 

~- _,:. 



spu.1:1e garminatiou. Bein}~ Qbaorb~d :t'apidly by tht) plant, 1 t tb.u·s 

shvws .a good eurative ootiv!ty ± .... or:- many pl~?nts intectati· Wi til putho~ 

tw1gieidal ;J!etn.v:l.ty. Structur.as of' :;ome $(t!le~totl c Qapounds are 

given belo\U 

·~ 
(f\0)2 P:- SCCl3 

0 
n . 

(l\0)2 POCH2COl = ~ 
0 0 

11 I! 
(HO)~ L:) - S - N.i:!il . ~ 

s. . 
II n l?- l~ 

. \ N 
II 
s 

. . . ' . (7b191 J.O) 
!i!bere are certain t:oav1e'4ts on org~lQph.osP1lOrua £ungic.1des • 

. 1'-b.·~re is an. interesting correlatio.tl a'llong ·the alkylat::ing e.ctivi~cy, 



'-, 
~.-

the inbibitory acttl.vity agtUJ.l,.•rt •sin enzym9$1 , and _,~lae Wlt.1funttal 
. (U) 

ctctivity. ·ot· soma cyclic ()~ge.nol~hosphovu.s esdjj,el"s ; roan¥ tungi-
(12) 

c1das are lmow.n as t.b.e :itlhibitors ·of 'Sli enzyu4ls1 

It :ts · ·$ellt:m~l:tU ~eepted "aihJ!lt th.a organopho$pboru.a 

cmnpo\)...~ds fnl'e toxic 'boo e.tt- f~hay ph.osphor!rl.f!tte v1 t1U a.st~Stvases, thus 

forming ~o~.Pl~~Ojls that are $1 th~r lL!!1'1!e\~'001'aihle ov tlo n~t roadilU 
(3) 

r~*~asr1) th(! on.zy£4a!3 • . ~"Zlta l}}nmy:tr!~ m~d.nly t.;fl~ec:.tt~d itJ ~ot]p·t,ed ·to 

be (tholine-Btera.so, .an l'JM!'~ tilat .plays a, tt~.tat. !lola in hyti11'olysing 

anatyJ~cllA~iino.-: 2he rOcac:t1an batt<~eon t1t,1~t~rl ctmline \ AOb) and 

choi!.int~ste.r.as~ (C'bEH) tal'to~ plana !zf. three sta.gmu 

. . ' ' . 

At ~il.1.:J stage toor~ ts ,an· equilibriwn ~t-.ie®l the 

en~ymo and its su,bsiwafJ.o Qil tb& one tmi~d. attd a QQmplex of th~ two on 

Choli®' i'· ·GfrfaCo~10b. J\catylnt;ed 
en~; 

:!'he aomple~ y!Gilds choline and, auetylated enzyme i.n 

tb.e second stage. 



'£ha final sr;age is the <.teacetylation in ub:t.ch the acetylatad enzyme 

!s bych'olysac1 to givo t;.be ~Qe &Dey!ti$ and ooatio acid. 

'l!'ba native contra of acetylcholinesterase ( ilCllE) is 

etruetu.rnllY Co::Jill~entall'Y to its aubstra;te aaetylQholiile which 

eonta1ntJ a trimetl:tyl ~ntum group w.tth a posi·~ive oha'l:'ge on li 

negat.ivaly charged rulionw $ito, \1hicb 'td.nds 1#hei tt"imetilY'lOJ:tmlonium. 

group, and a rotatively nuo..-.....specif:te n esteJ.."atic aito, whicb e~ta-

thal"e are basic ( bistidinot 1midaaolc1 seri11e il;fd,t•oxyl) und acidic 

( ty»or.U.ne hydroxyl) srnu.ps (£i\1g.: 1). 'Zha :c(~ac1i1on batt.;aaia an 

Ol'ganophospho~s cumpound and .t..\Cllill 1s represented in Fig. 2. ilhen 

tbe t'>~o chemicals !nteract there is a illlcleophil:lc· ai~took or th.e 

sat•ina hydl:'o:eyl on th~ phospl'loru:; r=1toa that i$ aida<l by the aoidic 

nnd basic groups :pres\jnt in the emte~at!c sf te of the enzyme. Tb.is 

ra"''ults in the f'ot-..mation of' 9. '·trevex-s:t·blo" complex tba.t finally' 
. (1.:1) 

yields· phosphorylated eneyrga and .tlitrQ•$al1ganin. .r\ldridga in-

vas~igated the inhibition of cholinast;.art)se by parathion tllld related 

coopounds &l.d :tound that the comple.-1: did n()t show $1gni?.icant reva-

s1billity. 
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100 In , i, 

t = time ttl r.d.nutem,. 

l = mol.tlr !nbi'bitor concw,tvation,, 

b :::: l~GrCEillltQ&a r$$idual. ;;.oti v;Lty 

pbol'us compotUld and $-te chol.ineste:rase 1nhib:ttion1 llt>Ylev~~, h~s not 
(H) 

b$an 1deal1 Bald ?-!~ intl.-oduoed. a kinetic ·i~ll.tat:nE~nt for the l!'eac·-

tiQn tb.at takas int<) B<UHl"Unt. the ::1~Vtnl1'!)ibU1ty of the ooapJ.sL This 

l"eversibility 1s d~p@lld&nt on the aff:tnity of the inhibiting can­

pound fo~ ·t;b$ active $1t(ll. of cholin»stez.-a~ aa ~t()ll ~s on the :vato 

Qf phospbo~ylati()ll (fig. 2h· Ey u".;.Ui.a!nr$ diffeJ?ellt kzl,n~tic t;lethods 

tha vsltles for ~l (.Qft.:tnity conmtant.l1. It9 (Phosphoryl.ati(>n conatnnt), 
(12,15) and Ke (bimoleoul.;n• 1nh1bit!on co~~atant) may b~ ':tet~Ndll~d • 

If tb~ ae~l~J..cbol:inasteraee 1 s destroyed, i. a tr.Jrovor­

s1'ble bounds or fom11s a QQr.lplex from wbicb. ztt is r*lleaso.d mox.•s 

slowly thrul und!lr no1~uaal condit#ior&; itis SUlJstJ?ate, ace·ty1t:h.ol.inv1 

is not easily r'eilovad. &Qra 't~ reeeptQ:I7 sUrf'~ce of tbe rtlUrSP·l~; T'his 
' 

cau.sos tb.e muscle t.o ba de!~Olat>is{;)d J .. onger than usual and gives :rise 

.q~;cg0 
l); {,; l:l 'li ~) 

·~, AUG i983 
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£l$.rtilys:t.s of tha muacle$• .Death ttn mamro::als ooc'l.lt"s as a resUl·t;. of 

aspby;da CHU.i(.)Od 'by the part\tysis of: thG :t"GS,P1ratory l:nUOOlOSe 

Since most orgmwphospborus ·past.icidills bydlYoJ.yse thei~ 

PG~sista.nt and/or appearance ot by~olYtd .. ::a products ~3Y bo obta.inf3d 

f'll'om. k:Ult~tic studies.. 1¥yuroly.sis rates ·of these compounds and their 

- metabol:i'tes at,.e of interest since cllemcal bydr~>lYsis deteminvls 

trbeathe1 .. or n6t tone ro~duoe Vi.ll persist. . The. first-order half'­

l:ives of' ~;ol'!l9 cor.:mum orijanoplm$pborus pesticides 

!!! I'WILUii 
· · (lu) 

li:;ted in :fable - l • 

~~-1-.1!~ 9.r ... ~.2rJI~J!l~~!l'!¥.2r~ .P.e.~~~S!-~J!..!.~~tl~~&,l, 
(-coop •. 7000 914. 6. o, buff'(~~ SQlu:~i(>l~ ~44) 

·lA I 'I •it • - M; ··~~~('eo'..._. • lf11"ij' •• -~-.ct ,., II 1k . _ . IHI a. J , ..... 

~himet oxen 0.50 Demeton•S lB.O 
.Diohlorvoe 1.35 ~,~orphothi.on l8.4 
~hilaat 1.75 . ;aq;te~ 22e4 
·2:t.J'icbl.olrpbon a.2 V anridothioll 254t~ 

l~carbam 5.9 !1anazon 27.a 
l'ielao;con 7.0 l?Qr®ltOll 28o0 
~nleton-s..taethyl 7.6 :J?luonazin 2{~.2 

Malathion 7.6 I>i:mlfo~on 32.0 
'J>•u:tonaz:t:n-oxo.ll s.2 D1ez:J.non 87.0 

o••··~·· .... Contd 
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~&"atb.ion methyl 
Fenoblorphos 
.. -\s!uphos tlletb.yl 
Su.m:lth1on 
Dimetboata 

8.4 
10.4 
10 ... ~~: 
11.2 
12.0 

S:biometon 
Metllyl 

:!7.0 

Ox.y-dameton l7.l 

Et.hion 

l'aratllion 
PiAenkapton 
Chlort~vinphos 

CarbopbtmQthion 
Dim~tox 

37.5 
43'.0 

92.0 
93.0 

no.o 
212.0 

. ~he 11.YdrolY,s1s rate 1 a d@pen.dent upon the cb.e.cd.csl 

struottWe ru1d rnr...otlton condit1on$ aucb as pH, tGf4perat.ure. _the ltlt.nd 
<a> 

ot sol vent used, an.d tho e:d stence of' c.atrll.ytic :t·o~gont$ • In 

actuoous solution, batw$en · t*e pli l'Nm~a l to 5 m&JY' c>l1'garu>phoaphorus 
. (:1,17) . . 

pesticides oo:>G most stable · ,,. and in tll1$ range (pll J. to 5)1 tile 

VWJiation 1n pit of ~hu solution has practi<nt'Lly no ettoct on tho 

~droly:Jis z.-nte •. · But tna hydrolYsis rate 1noreaaas stEle-ply a.t pH 

b1gher than 7, an<-t all o:rganophosphorus pesticiden at"Q rau.ch 11.4~ra 

unatable under alkaline aonditions. Very good discussions on 

chomical .struotu~o Qnd bydl~olyzability ot various organr,pho~phorua 
. (3) . {16} . 

J.)QGticides are .gi VG!l by Bto &nd. f:'nust • 
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"J?o·t;~tial. Ph.ospb.t'Wus .... Contaiutng 
!ntezn.nedi~tes for tbe. ~l$nth.esis of 
Pest:t<Jides"' given in .. t'Advtlnae$ in. 

.l?est!l.e:1dtt t~ience,. Ed•·. Oel~sbuhler, 
H •.. 1 .... PergflmOll Press, Part 21 Page 109 
(lbY/9).. f 

·1 A.l;;t. s.®0,.27J:t (l~O/looa). 
:o.A,s. J..O?a.~37 (1957/lOOO). 

Chemic· dar Fuu~izidat in C!h~ic dar 
P.t'l,anzen$llhut:wn.d S:chadl.ings .. 
b.elt-Ptunrn~tttoJ., Band 2, Weglet- 11., 
Ed.,. :$pr1ng@r .. V~~la.:.t, Ber-lin, 1970, 
46.. 

,ll'hosph.o:roaUl"ederi vat$ ~a Fm1gizide, 
t~cn.· }lflanzooschu-tzy 51 31 l009. 
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Di.000.\70'-~1. ot. sal.:i&;en:t:n cyct1c p~ospba~t~ as a 

b:iologicall;r C\C ti v~ mattlboitte . ot tr'i-Q.-crG syl -l~bosphate 
·. (1,2,3) . '. ; ' ' ' . ' . ' ' ' . . . 
(~QCP). · · .. ttas lmd ~o ttfe extensive studies 011 sYnthesis, 

,, . . . . . (4 5) 
chett1c;U. .and. biologioal .PllQP~r~.ies .. or many rQl~t~~d. compounds' • 

An.aJ.ogQUS :cyclic .P}losphol't+S. est~;;as ha~;e l'&'!<lln sYn,thot1el:lllY 
. . ' . ' ' . (6 7) 

pl1'~p&.red fal" e:c~int..lt~o~ of th~:it ... cha~i<:al lll!'o,p~gtl{a$ . ' ~d 
. (8,9) . . . 
'bioloeiolll.. aativit;ies · • · ~he biological act1v~A:.ies ~e not 

' . . . . . . . . . 

. alwoors coina.id~llt l1ir;h. tb.e· cliemic~: r~®t1yit:i~1$ 'and. appa~ to be 
' . . . . 

' . . 

.. 
phorus atdm41 

.. ·Among the sal:tg~nin Q·YC·~ic. pboaphQrus compounds, sal1ti-~1on 

( 2-~et!lo~..a~~:H~l,3rt e.oenzoq!l.~~s)?hoa.PllcWin-2 .... 0Ul;phi. d~ > ha~ been 

}.;lr.epared in..~ lat-f!e·. _qua.atttty and_ prac.tienlly u&ad aa lUl insooti .. 
. : . ' (l,.5) . . . . . :. • . 

e1$) in .J'aJ.~au . · .•. , 

. . 
~t~ta IWeview describes b.ow sal.itl'..ion has l"le!l .dis-

coveved and deval()pe.d as. praetic d itl~ootieiae Sn(i also. tho 

cootilicat, pes:C.ic:td:iill 'biologiea.l.. sud o:tllt~;ro pr,ope·vti$s ot: 
-; ( . 



2. ~lSCDVi~Hi 0? Slij;;:cllilltJli Aii!J RiBl~li~l~D COJ~OU1<JD;·h 
(II F "ftiSP ......... lliij: ll'!" ...... ~~~ 

. ' 

USA usra ·stricken t#. th til- fl<?..coid paralysis of the lower limbs 

nbou.t lO dA.vs aft~ t.111'1nlting .an a4ulteru.ted fluid, oxtt"uct: of' 
(11} . 

tl1n~9r · • This Vt:lS due to ·tne ph.osphato tl•i .. oster of ortll0-

Ql1asol1 so crU.lad ~OOP• a ooutamdnaut• l?rtt>sont il&. th~ ginge~ 

l959 (in J.brooco) ~om cooking otll. eontw.a.inated with th@ lu.brice,-
(12} . 

~11~1g oil Qf ·turbo ... j.ot airaJNli't; eugt1~ea ~ This ifas also due to 

o...c~(~ s:;l pb.ospbat~ (~OOP) poisoning.. The phosptmte tr:t-este~~j 

of cresql hava been \tidely Ut:J~d in :lndu.stl"ies as .Plasl't.iciZ(rrs, 

l.ubrieents, solVEUl~a, o:Ll ad<ttti·ves and tiz.*e .. re·cardatlts. 

:aocauss of V01 ... Y s~nsitive to tbe delayed UQW?Ot~>XiC 

action of org;f1.nt>phosphoru.s o~"iP01UldG1• hent'J b.ava been U!~ed for th.a 

<>a.smay of th<a lW'tll"'otord.ollt;i r»f! tviaey'l pb.ospb.~tte8 ll\.dl"id~e ~ld 
(13,1) . 

Damlas · · observtld ·tuat all nei\Woto!"'.J.c tr1aryl pbosph~tes 

exc~pt tr'i-p..atllyl phenyl phclsphnte h~e at leia$t one mlkYl ~oup 

. u~:t .. ying the £.. -hydrogen a'tOl!.t on tbe or-th.o position. This 

structure..neurotoxic.ity ll"el~t1()nsb.it> of' 1;ri!.~l I>hosphlll.tea 1m 

ul~il:.t.rl1 und.arstMt:iablo by the isolation an<i cllrc-nc·tm.'"!zation ot 
. (2 3) 

tt:aa ootive matabol1tios of' 2.0CP ' • ~b0 ~min active matal;o .. 



. .4~1.,3,2 benzoti\Olt!~l!ht>$P~~ol7J.n...~o:td. dt;t) •. It is e:-ttt-aul1di-. 

narlly ac;t:.1ve ill ~ll tb.~ biolpg#,~r.>l prope~ties !lhQW'l• by 

WOOP; th!Ls CO!n!~OUUd (M) ~s ·abQUt ·J.OO 't;.tmas 1U.Ql10 !>Otent ·t.Q 

causa ataxia in hens th~l $hJOJ?; UO potentiated the told.c!:ty 

of malathion lOD times by the dose of 20 mglkg in mioo, vbile 

~~OCP. 4 titllOS by ttta do sa l.OO tl).g;/k~t;; 00 is al.so ten million 

tifiUls uwre a.ctiva ~b.an ZOO? in th@ tA...Jei.~ in!d.b1t1oxa o:t 
(4~) . 

plasma cholinGstGra.se • 

~he conversion o£ :lt~CP into the cyeli<~ phospnai;e 
(14) ' ' . 

p).~op~eeds via twt> s'te!}:ti ~$ sho''{.n 1n Fig.· l ·~ \ i) th.e bydr"o::1W"' 
' ~ .. 

lation ot th~ methyl groou..l) of ~OCl,) by the ~~eQ..tunet~.on o~;tdases 

(t>tf'o) an~ ( ii) tn~ cycl12$ation by tn:tra..t~tolQCUla.I' transpho$phorv­

lat.ion at the 1ntet>mefliata1. fiL .. o-tolyl o-( oC. -hydroxy) tolyl 

phosphate;. leaving one mQleeul~ o-f Ct-$sol. ~h.a lataor :ueaction 

t;.ak.es l'l.oo~ slowly in spontan.aous rAtmtler et•d i.e u;r:filat.J.y acao10 ... 
(15) 

r~ted by thfl preme1me of .pi.asmrt ~bmain · · • · 



:~ .. 

~hue it is rational. to IWe~WAe that. tb.0 tl,.iaryl phQspbate$ having 

an a-alkyl gl"oup ~i tn the o<. -hydroge11 atom may be simil.~--lY 

.matGbolizod to give t.b:~ c.oJ:-J;"espondi'Jlg ac-tive cyclic este.t+s. 
I 
th~ cyclimat.1ou reactiml1 no alkyl ester ~OUiJ p02!tic1patoa as 

.Cl5) ·. . 
tb.e l6t-'\Ving group • lk':tually, no o.ryl. but alkyl. sal1ge.tiin 

cyclic phosphate is foJ1med &l,.ytv.a f'rotl ~kyl. di ... o .. tolyl phos­
(16) 

vna.tes • 

All al. .. fl. snl1g~nin cyclic phosphatetJ no.ve s.llowed nr~ 

insecticidal activity but ~anif'e$tad a hit;n dsl~()d neUJ,'"otmdc!ty 



,___,_'.., 

/ 

. ' 

estors < botb l2 = o ,rt.,nd. 1., = s canpounds) . ha.v:tng a s.1u~l :l!lk;rl 
. ' ' (2~8) 

group on pilospborus revealed high 1nsect.1oilir4 activity • 

~!is a ve:su:.t.t or the aforesaid l"esea.rob "Salitbiouu 

(3 .. matho:J:Y .. tl!l-l,.J1 2-'bt!?ll~)dioxa:z:;4ospborin .. 2-sulpbide), &'l 

ovganophosphorus z.tn:;ectic1® hzw•ing .a U.tl1t£UO cyclic este1• ftltruc-

co-.opel .. at:lou of ~oa-jjoya.ku Co. (now KUll3:!.atL Cb.e~ie~ Co.) and 

M.iJca5:a Onemio til. Co~ ot Japan. 



1 ~be cyclic. pb.osgllat~ and J~hospbon~tflt est~r·m of 

saligenin. w~~l.toadily $y.nthemimed bY condensa.ti® of sa.:41gon1n 

. an.d sttbsti·tu1~ed phQsphor.y-.tdichloridea in the J?rese.ru!$, or a 

·dohydrQf.lhlol~inat~s~ agen·t sucb as terti~'l?'ii' atiiin.(l in a d:!Jy 
' . (6) 

sGl vent. l.i~e elll.oroform Ol\" toluen~ ~t low · temparn:tu!"e • li1 

so~u oases wher~ th.~ ~eact.:Lou. ia Qf'fected d!f'f'ioUltlY by tt$1ng 

thG tel't:iary md.·ue., the :Jieact:J.on bas bf)on ml.lda to prooe.ecl by 

ben. t:tng tha trtix:tUJ."() tor l.O to 20 hours in tha pl~~~s@nce Gf 
(:!B) 

ani\Vr:reou.s pota$s1W:1 cewbt>.nate ·c.o~etbe.lf with coppQl? P9Wder 

. :J.nst~ad of tort11Jl•y ~ir.1.a. 

au~h ¢l~IiOUlldSt Wbicb. m.--o dif'f'icu:ltly prQduced. by 

. tbe: .~thod employing a to:.ttt:i~;r at~1na1 tn.cludo ",;he coraj;O'Wld& 

having * = s an<:t R1 = m~tb.ox;r Ul formUla (it) rmd :{ ~ s1 :al = H 

anfl a2 = alJcyl con'tainblg .raorG t.b~n on~P n~bon ato~ or R1 = a2 = 
~k¥l .in th.e forMula. ( I:t )·. 

X 

II 
~o,~.·-.a• 
.~0 

(I) (I!). 



'l?he ;proeaas using potassilua co.rbOlltllt#e is made to l>l .. ooe(~d by e. 

:r.mlct~ion between liquid and solid phases. · S?hGraf!'oro1 av~ll it 

gotnssilm carbonatG is qm,ploY·Ild as finely ill.vid,ed powder. tol!'Dl, 

it ot'tan cau.~s a rem.at-kable io~~r~ng ~'ld fluctuation of tho 
(18) . 

y-leld • Thus satith1on 'Iotas f'~st !l.t"epared uith inconsistent 

alldt O:i'~ent'. Vfill,Y' lGV! yi@lfl 'b,V ~11.9<.\ti,r~g { 90°0}' saligen:!l:t. and 1l);Gtb.yl 

pllo$pb.orodio blor1dotnionate· in toluonu fol'" a lonG l,lleriud \mo~e 

than 16 bom."'~) in the prast;lnce o.±" nnllY~ous !>ota.ss!UJil oUJ?bonata 
. . . (U) 
to1~athar with copper po'ttder as c~taly$t • 

'Ibis dtff'1culty1. has b@!m llowtlve:r,.· ovel"'Coao: l~tor 

by apply:tuw i~~l.a well-known Scbotteu ..... Bav.nlalll~ acylation pl!ocedure 

u.ail'lg .an aqueous ·aolu.tilon of' aod1Ul.ll hydro:tid.e O.•~ig •. 2) 



6.2 ga o~h.V<ll"o~ ba.'lZYl al.uohol WS$ diasolvod in 

30-..tl:O ml. 20 pat1>ca::2:t (by weigbt) sodiUI';l- ·iJZfch .. oxiti~ ~ueous s:;ol.u .. 

ttl. on. 

ohlorofoarm o.r tolu.enEt was added to the l."eaotion ~i~tu,_,o anti the: 

stil~.r·ing was c.outinued tor ad•:li:tiona.l ono hour. ~he Qrganic 

lfliYOOJ 1<'ias ,$eparoai#ed. and Wtlsl~ed w,itn 2.% sodium. hydra4tda.1 o.s (N) 

liGl an<~ wa-t~(}l'l1 and ~ied ova...., anhydrous mot\:lum au_lJ>bi@; ·th(~ sol­

ven.t l-Ias . ·then r~'Jed at. reduced l)re.ssure, and tb.(il st>l.ids thus 

sapara:t$d, wer:~ t-$Cllystall1~d f~om ~ethanol to give 6.5 - 7.6 &'4 " 

(yiald 60 - 70 percent) Pm?G crystnt.a or au~J .. 1thion, M.P. 52°4:. 

M~tbylth:tophospbo:rodichlorid~te oan b$. pxoeparl~d 1ly tba rel1,U~ion ot 
. · (20a, b). 

Cttatm and PSCL3 111. prresenca of' m ba.s~ · · • 

. . . . (2~~) 
(b) 2-alko:;(1-6-n.1t~o-4ll .. l;3,&.benzodiox~pllo:sphorin 2-$Ulpilide · ; 

..., r rT ..... - .................... ~~_..,..,....~..._ --• ••c•• -... 11' , ..... .,.._............,,.i"'Q;;IIJ~--1• seq •JII:- •aa 

Th~ se ctmpQtU1.d.s wa:u~ prepared by ad<iing ~ rAole 

6-tlitro sal,tglf)nill in ~Jried ~oto11a aropw.tsa to a mixttn--e ot allcyl .... 

thiophoaphoro<lichlori-ctfltt~ \ J. taolo) and atthy'u~uua l?c>tassi~1 



c~'borll\te (2 mQl.es) ln ·auatotw at ~fi> to ·~ :;oa With coilS11anc­

Vigorou.s stirr14g •. · -At"t;ul1' an n.dttiti,allal. s~irr!ng ;pariog ot 
~ - 3 bt.~mrs ~t ()Q ... soc, the 'sO. lids \l(~e til tel.1'ad oat of' tbtt roao-.. 

tioll mi~'Ur~a ruad the sol.Vtm~ was ll1et'lov-ed at t-!)001 temp~attwe. 'l'b.e 

~rsmidu..al solid ~as$ wam die;iJOllved ·111 ·0.tl:;Yl acat(,\i;.~ tmd wasba<i with. 

.!ue c~d wat~ containillg 5% oodi\W ctq.qrid$!J· 'lb.e ~tllYl acetate 

pllr.lse. Wt.lS lyoph:Ui$ed &&nfi t.he B.Qlvent vas rt)mQved ut v~duced 

pres:~UX"e.:. i<or r.aothoq compound a s~-sol.id de~p..b:t-QW pa~te 

''as o'btainad; aft-¢1" stmlding for- S$V&ral dtitY$1 tbe cru.d.Q mags wat; 

solidii'ieca, .ru1d tile solid, at·tep wa.sh.:tnu; s~ve.t.tal. tiuas, ~~s re:­
(21) 

OJ.-7st&11zed ·tro~ ·JU<athanol_. All otilar oo~apQunds were aol.ids 

dotbionllta;~s were s,ynthas:l.zod f't .. Qfil rsal~geuin 1\Uld ~~proprill.te 

PU~i'aphQramidio· diQhlor!ti~ by ·tile action of' p:r.opor dehydr'oobl.or1 ... 

triethylamine in eold <H>ndi'tion, Liqllcid di.ehl.or.1da was us~ally 

added ®o.Pwi sa tQ ~be ~i.z;tul'"e ot saligenin and the baa~ il~ 

• 



almt>st ~1 phQspholl'a.'1idQtUloll.te d1cblor1das.~ heat:i.Jlg the .mi.K~U:r!G 

ot ~eac~ru1ts in ·uolu~ne tu tl"lU ~U!s~nce of ~vilr'ous potasSiuo. 

<'Hl:S.~:bonat~ ·ant! copper p~del' '~a$ t4se..t~. · Typ~lc&l1.y1 2 ... motbyl.a­

mino-.:1l:t.l1J1&.benaodl.o:taphQ&phor~2-o:d . ..t1tt1 wall pl?ep~.reti 11:1 the 

fol] .. Ovillg .P,J?QUedl~l?e ';. -~0 i-4 mixt,W?a Qi"' $al.ig~tU!lt 9.2 gm, tr.ft.O­

~tb~atn,~ne., 15 g1l; ;-.en~. 90 .w •• , :abloi-of'o:Nnt;. v.m.!l· dro,pm$~ · adde<i 12 gtu 

r:aet~ylphosphoraa~_lil:tc. -d . .1oblQ.t"1uo with stirring cmd cooliP.g: in an 

w~s kept ov.~rnight at .l"or.rm tet:&!)~ature, ~ld thtm 'lrra.$lwd s¢iquen­

~iallU wit~ 1ua..:wt~t:ar, · cU:l. f.!Cl . t~id1 aq.. sodius b1ca~bon.at$ solu­

tion ~J.(! ice-water. T.hG solvont. 'tfas renaov.ed in .vaou.o ~~~P.' 

til1Yin~ OValJi oo.l"';t;Y~ir::!)tl$ soe.U.wa -sul,ph[!.'t-Q •. _ -~~U.d0 oqstels -'.Ye;ta 

. .voul!ystallisad fcom banZFJ+l"l to Ji.t1l~ p'll.re· crysltal.:iJ, n.p •. 817°C 

. (8 ,gQ)4J i?b0spbo~~1<UC: j~iit£ pllQ$,Ph.oremido.1}hipnic &cill~i~f:S were 
, . '(24) . 

pra.pared. ~aoz•<U.ng_ ~o .Mich~i' s ~thodlll 

(.d·:.) ~~., · · 'n· '" 11 ~· tit · · l -· • -. · · (25) 
~i~zun -~ycJ.~ .c-t~osp,aor.otl1!Qlates · -· ~· 

PF • _ .......... «mr ;iw....._.J...,.l- """W"Nl4Uiir{"JR~P~ -:&•• •IH~. IW I "liD. i ..... 

. gerd!:~. in th~ p~::~sauaa or .tiolvanti ~c!l. P:S:?.i~itt;~a oXA otbQr _t~:v·ti!tt"Y 

·,Mine, at ~oom t&-apel."~lt~ Q'P. at_ ~b~i.at 00°0._ 2b~ ilt"OdUc'tG tfere 

puri.f.ied by d1st::Lllt\tion tn.~~ or lteo'~":r'l'stel.l1z~t1on.. fyJ'li-
. . ' ' ' ' . ' . ' : . 

crdly, 2-r19-t•hylth~o-4H• 113,2 'b~zodiox~pb.Qspilt:n~in-? ... oxid~ (MrBO) 
' 'I ' ' • ' ' • ' ' 



·:"i- --

f)nd 9bl:oror~}~m · (lOa.· m.l.}. Wn$ added ~opwi.se- methYl 9}1o$l>hol,.o4icblo-
- ' -- , ' . -·. . . . ' 

~itiQtlli()l~t~ (8 gml w1tll st~11in3; t~:t.-2oo~. Jf\rt~ stu-rintJ f'o~ 

· tbiN~e hou)}ls.. tha li't!!~qt!~ :<lli~u)!.tJ .. Wli$ w.a$tlef! ~ S$qUWW:~ ~1 tb 

wtm-, .ul. ~l, ~ .. H;a. f1014 ~d W~ter, ~d dl.'i~d <r~all' 
-~OUS -~ootulu ·.$U].,pb~t~ •.. '. , ~he :SolVQ>nt. WS$. r-~ved · UndfW ~educed 

! : ' • • '~ • . . • ' . '' : • ' • ' • ,; ' ~ ' • • . • ' • I• ' ' ' ' • • :, j ' ' ', • ' ' .- : •'' ; 

l~:tesauue Wld the. ros1duo .was d1st:U-ltl4 in,_~ to ~ive ~ .. 2 gm of' 
' . -' - ' •.. ' '- ' . l ~~ . : ' 'l 

oU (.-,b •. p., 144- +4:tt'C (O.l ~ Hi> .. l·•· . ~be on solidified sl.ot~l!Y' 

at l.'oom tUT4p(tr~tuve :(m •. p •.. pf p\llle .-tii"'U ~°C)., 
. . . '' 

,· ' 

A m~~tm?e ot · .aat.·ltt4ou. _ (2.0. gr~,. o. 09'8 taol.e) •: got a;. 

, -~si~ iodide (3 ~~- 0~.018 in~lol1. !4D'th:Ti .lcdid(t (a ml, o.l4G ~ole) 
and dtin~1~hyl forauami~ (20. nat_)· va~ kept. at. tomp~at~~- ru;oc ro:v 
94 hQU:VS~t•. ~be,_ ~1XtUrG· Wail tben'· b~ful..l1 COOOelltlt'~ted t() $VOid 

comJ4ete deyne_sS! ~-~ dis~lv.ea in Qbloro£o~ (-5.-? m.t). 

Chl~:rerom :;o1ution waa. ·.w.--iahatt with 't:fat~l." ·(4 ·taea) anrk · dl1i~ over 

a:tUl1-~ou.a ·sodtum $Ul..pM.t:e.~ '· · ££tr;~,I'Ut~rlt1~-:~, __ the ... tUtt¥.t~te ·•t~aa 

· ·ov$~Or'&ted -at rad;1aecl pl'G!Silsu.~~ t'Q· .g~ .. ve MlBO (S~t9ti gm)_ ~ 45~ 

vteld.: !!'he ~esid:u.e: ·,va~- ·a.W.idi~~od on cooling• MrnO "f}!$$ ~eosr-jrs-

~al1iaa.d. tcom etb~ol at ... :U~9t:,.. · . ~ .. · 
' I ' 

~-si.ibsii! tt .. d;~<l~ ... l;_a, 2-ban~di~x~pnoa.t)n0l1'in .. 2. 

. sUlptlJ.<iGB inelUdUl{t metnaxy (an.i;ttld:on)t· tA~lWt~f>t al~lthlo arad 



.. 
. : ,•; 

. avyl.ttd~o rl~~ivat1vus were -~~'1ltb.~~.mtld 1Jl goqd y1$ld by ~b.~ appl1- . 

oatJ.on o:t Schotten-Baw;nBt:lll- acyl~tion reaction (p~ocedtur.e •a~ given 

-tlbove); tbi~ .msth.ad was ·tNtrcy us&ful fOl'J' th~ t?l"{lJ,P&"ation 9!: cyalic 

emt()rs whicb Wi.<tt-~ difficultly: plft~p~l'?-o~. by tl 't;ert4,a.t'-y &ilioo 
(27) . . . .-. . . ·_ . . . . 

tlUthod .o ButiJ· 6.~tro d.~1V-tit:t,ves_ OWl 'be best .r>~epnrmi by the 
. . ' (2l22) . ( . ' . 

prooed~e Y&l' a.ention~~ abo·i~ . -~ · · • · 

: ' ~ • !, ' • 

~he ca:r.eful. o'bs~Et»V~t.ion o£ lit'Srattwes 
(ls,l.9.2S,27,·oo,~,.aol · 

fur.nishi:)S · ·· ·. ~ _v~isty of stlligard.n· c-ycl.i~ 

pho$l>ho:tlus esters in good n~bet"EJ., which have ba~n prc~pa.r~d and 

ex~inetl for :tnsauti~:Ld.zii _activity as ''Gll as other hiolo~ic.nl 

oon;Jivo bat not a <!O®l.~t(ll li$t ot~ aa4igt>;ni.~ and .!l'ing anbstitu.tad 

.. saligk'!tl:l.n: cycliC pb.o$J}b.o~U.$ e$1le~s !s ~~ .. vm1 in T~b:te-t an4 

!fable .... Il .. 
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·sut)stit\lt-d Saligwliu.· Cyollc· .i?hos~u.s !t!lters-witb P!w"sical 
.._,...,. aW .,..,. .,.. . .- · •ultiri .,.. ·, - •. ,.al._..,..,.,.. · _ • · • · ••u. ••• .an• # otr •• ilf: f Jot II t iill.w••· P ·"- t! ~ 14 

· · l?~p&~tos~ · 
, : ... ~ ;I~JHI' ~--;,. .... 

' .·· 
.. ·,-

/ . 
.' ' •• ,• -<' ·: 

. ·- ... ·. 

8 

-_ : . ·x"-: .... : .. , 
· · II·. -_, : . 

O.:....P ;._ tl . 
~'21 -,, . ' ' --
A o.I'X·-· · · . . 
-~ ~· . 

,. * ·, 

.G 

5 
I -., ' • ' •·,, • .:, o, : > ; ' • 

- ·_ :-~ •. ·~-~-·~~l·~ ~~~--~r~~ -1~-~~~-~~~-_:;:::-:"..:.:.r.-:z;::~ ... "!':~,.,..._,_..,.,:::::::~t.t::~·~~~-~!';'~t;;--"'"':""!'Jr.--~-=;.,.,r,.;;.k~~;..,':"-"~:.,...,.~r; :-e-·'"''"''~~~~-.-;_~~'=~·-~~'"""~~-=~~~· 
GOlia . li S - (S) .. 65-5600 

·· OOHa . 

--~~CaR? 
o..n..o4a9 

· ·ec~5 · 

OCeHs 
ooas 

-· eua ' 

CgH~ 

· .. l~Catt., 
sec: .. c41g 
t-C4Ha .. 

c 

a . · Q . · -:- · (P) 110-solo .. .-os . 
' . : . 

u · ·. ~- ·a . ·. ,· . ~ · _': -(l?) l29-32o/o. oo · 
. . . ' 

0 · .. ·· (P)· 

·li S ... ·;: .• (.P) . 

.a $ .(l?) (3()0) 
.. 
: 

li a. (l?) (370) 

H 0 (9) Moolo.s· (~) 
·' 

lt 0 '·(~) 143~9o/o.a (25¢). 

u 0 (~)·. (800} 
-:: 

li Q c-r~): 1100/0.6 

a Q (~) (f:~) 

. ·' . 
. . 

·' 
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X'ablo-X (Contd ••••••• ) 
··ti .• D j F . • .I ' ' 

.... ...;o~..J-~~-.-:;-- ......... -·~ ..... --~.t-l<>-... ~-' ...... :>-··:-.~, ·- ,_,... .. -. ............. .,.....:,....,_#_ .. ..., ..... ~~ ..... -..-..--.-.~:~-~~- .... _."' •. ~---··· ...... ~.,...r-·o-.. - ... __ ...... _______ ........ ., ... oq,_ .. _, ___ ...... _ .. 

. . ------~------- ···-~-L~J~..:~~~.L~~!:--~~-~~:!.-:_~! .. ____ . __ _ 
1.->-.1.::.~ w;. ~-~· .... "'t .... .._.,,.~,. .. ,.., ... ~J..~.._ - .. ·-"""•""''"!':" • ~·-r-~·'.<': ~,......._ ·~ .. \.~•~<-•~:"'",.-'-'"~~~-.-r..~..-, ... ........,...~,.,..,._.,,..._ __ •H·•·••_...,,._......__, .. , ~--#~ ..... ~ ...... ~ -~•"W'I:'h ':1'0.._.,., ................ ~ •• ·-~.,..,., ... ,,.~...,,.,. _ _._....,. ......,.......,.-... ....... 

Oli ·ca elL, il- 0 (.IP) 155°/2.5 .., 

~~01 

ca . -a 
Ys 
1-Calf7 

CIL.:.aCl 

ocma 
oc2a6 

OCR a 
0Cgli5 . 

0-n,..eali? 
C6Us 
ImO!ia 

oca3 

OfJalis 
OOoHa 
OOlia 

OOalis 
o.n .. CaH? 

H 0 (P~ 

u Q (P) 

H s (i) 

u s (P) 

li s (P) 

a 8 (l?) 

e.m13 0 (?) 

o-cma 0 (P) 

7-tma 0 (l') 

7.CU$ 0 (P) 

7~01t3 - 0 (!?) 

7e.CH3 0 (k?) 

1-GH3 0 (1?) 

a.etla '() (j,~) 

s-~la 0 (ill) 

a-caa 0 (P) 

6-ta 0 (P) 

6-0l 0 (,ta) 

6-Cl 0 

.. ~ 

16oo/o.s (olO) 

J.3.g.l4l0/0.l 

1300/0.6 

:JJad'/0.6 

100°/o~s 

l46 .. J.G5/0.4 

139.140/0•3 

109/0 .• 05 

112-llB/o.os 

141-147/0.l. 

(~95) 

(145..3.46) 

ll8-l2c>/o.s 

165/0.6 

185-140/0.6 

l/15-152/0.B 

J.ij0/0.2 

l67 .. l69/t').l5 

. Oont~•••,•e• •• .. ·•. 



~ ~· . ' : 

I 

---~~-·=-ti ..... I~I::;1~~~~~~~(~;.-oi.-~ 
oc6115 e~ca o (.,p) .(aao> 

J.mcn. . a 
ocma 
002fi5 

O-n..Cali7 
~:t-ea&, 

O"aHs 
Wion3 
oca~ . '3 

~lis 

O-n-CaB? 

OOlia 

o...u..c:a~~ 

oOHa 
OGaUs 
·o.n-caa.., 

oca3 

OC~·-·. 0 

~-ca~ 

OL."1ia 

6-01 

a.Ol. 
S.Cl 

8-Cl 

a~01 

e .. CJ. 

a.,,_ 
e.~ia 

e ... cna. 
a-Clla 

7-cna 
?-Clia 

a..CHa 
~·CHa 

s.c113 
"-

6-CsHs 
6-"eli.s 

e-~~~5 
G.QWia 

·o 

0 

0 

0. 

0 

0 

c 
s 

a 
s 

a 
s 

\1?) (JAJlO) 

(~) l7() .. 3!7J/O.ll6 

(I) 
/' 

l6l/o.,J.8 
(P) 183/0.lB 

.(P)' Wlo.~G~ 

(.P) 208/0.·52 (MO) 

(P) (128-1290) 

(S) (34-350) 

(S) (71-72°) 

(S) llSS-160/0.2 . . 

(G) l.10..ll5!0.65 

(S) l.4()....1.42/0.65 

.(SJ aa-70/0.·15 

(S) 'lOS..l09/0.l5 

uo !2i:'Q4'~2.4/0·15 

(~) 01'Lil1~ 

(S) <l11.••. 

($) Oil.~· 

(S) Pa.ste•ll\1 

ocn3 6•0l s . < P) . 17<) ... 178/o. e . 
. ~~ .. -..... · ·,· "" • ..-.:;;;,;.;;:w -:-~~-· ..... ,,. ·s.·--.,.~:-.,a,-.;;..~~~u; •. ~;.;;..-~~t..;;}.t~:;~f-*hP~";.'~·.-.· .. -y ............. -:.-":~~;:;~....::;;·~'-=.;-.. ........... ..., ........... , ........... ~:;;.-::.~~.-=~--=.::--.:.~~:::-~~~ 

Contd ........ . 
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!.: .. ' ' ' ' 
i',. J' 

~~-=~=.:== .~::::;;-:-=·=·=-J=B2~1:~~!£~·--~~~~~~~~== 
~Olla 

SCiiia 

QCHa 
. rn1ca3 

acu3 

~m~a 

oelia 

o-.n-c3&, 

omt3 

. oogHa. 

!~Cl!a 

SCli3 

aO~ia 

s .. n,.Call? 

S..i-CaU7 

o-01 $ ( P) · .l.7S..JB0/0.'25 

16-Cl. s 
0..01 s 

·8-Cl .$ 

a~c1 a 
~-~~Oa a 

fJ.Cl ~ 
a 

8-C61i5Q s 

'1!1 fJ .s 
~ .. s 

a..c~sj a 
S..dl 

u tf s 
n " s 
6;8-Cl' a 

u s 
tl .s 
li tJ 

H B 

a· 8 

a s 

(P) 

(S). 

{t:t)· 

(S) 

(8) 

(S) 

.(a) 

(Iii). 

. (S.). 

(S) 

... (.S). 

(S) 

(6) 

(9) 

(S) 

(G) 

(S) 

(S) 

(S) 

160-170/0.2 

. <72-?30). 

. (~16-470) 

·ou·llb 
Paste•• 

l?aste~* 

Paste~~ 

(57 .. 580) 

ou•• 
Oil•* 

(69-70°)' 

145-147/0.2 

l!l5-lf:»>/O. 25 

3.40-143/0.·l 
. . 

~:,:;·.J.::::::,).::-:.::.:~..!~~~=-=:.;z--...;:"::~::~:.:~!.~":::::;::.:::-~:;.."':~~~.:~.;::.;~~:~t!i'..!:::~~':~:=--..:~.:,:;:~-~~:~~ ...... -~~~~~..!~~:!"~.~=::--:--:-o.:=--~;.: 

"'-" ... d' . . l.A#UV • • ;if ... !~ i1! • e 



s-n-o~ ii B .(G) 3.60-367/0.25 
~: ' 

s-eaHa a s (S) (79.800) 

SC!ia li Q (P) 1~1~5/0.l 

sC2u5 . u 0 (,) 140-J:tlsio.oo 
---r-; s-n-o81~ u (l ('l 146-l.47/0.fl1 

S-1-~ati?. H 0 ·~P) ~rusato.l 

S-n-04lle 11 0 (.?.) 161-160/0.02 

s"~~s li' 0 (!') (88-~0) 

*~llidine (2) Ol' aqu.eoua sodium tw~od.U. solution UJ) was u.s~d as 
dqby~og$n. ohl.ql14,ti~ agon:'bt! · 

' 
*•lTnaae compounda were purUted tiu'ougb $1l.lo1~l acid col~ :ctwoma-

~ograpuv~, . · · . · 

( 

¥ 
/ 
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·~ 
~ 

~· 

.~ 

l 

' 

I 
;.' -. •.: 

ii,da--;;;r ~--~r~--~--x,;p;.;.;duw · ~p:-:,;-~fu -,;.p~··;;··-.. 
·----·--·-·. '---·~--~~·--·-·----·J·~·~ ............ L~-···4 .. --..-..--.-· .l ... -.. ------··-····-·,..,..~-·:-·~·"""---·>·'"'--·-····· .. ·..:..---..... --..=J~ .. ,._.~ .. t.~ .... --.... ,. ....... ""': .... "'P"'<t-~...;--~ ..... -~.w-~-.. ~---.. --........... ,~ ...... --... --... ~-·~. ____ _. ........... .,..~~ .... ~---.. ----· ..... - ... ~ 
Ll9 Clia U · 0 A {87) 

x..aa ~tt6 -11 o A (em) 
lt-4:1. 

lt.40 
1£..4!) 

.-Iii 

K-10 

K-20 

n-a3H7 
1-C3l£? 
n-04,lig 

CaHs 

CUa 

ft 

H 

H 

ii 

eua 

0 ' A 135-140/0 • .S 
0 ~A (84) 

0 A (46 .. 41) 

0 4 (:LaJ..l3a) 

Q A (121) 

K-23 0~15 Celis 
u 

0 :a 1~3..6/0. 5(44~) 

l\<.35 ca3 
~~ Calis· 
A-35 m13 

x.aa . egas 

·cu-3 

~no 

a 
a 
s 
s 

A 100-100/0.2 

:a UntU.stillad liquid 

il lJB .... l2P./O. 2 

1; no/o.a 
" ...... --·-·~--.--.:.--.·.·.-..-.......... i-···~--~~ ... &.}!-.. ~ .. ,... ·-·-~- ..... ~ ................. - ................ _...., .............. ---~-~ ... .., .......... ,.,..~ ...... ~ ... -~- •0: ·~ -·~ .~ .... - .................. ~ ..... .;. _,. ~ ....... ~ ... ·~- ... 1'-..... ,-~.-· ................ .-. ·#~ ~-- ~ .- • .. --~ ~-a..t_i_~i ~ ·\·i~)' or ··p~ot"~$~i~; -~-~baM~·;; -('iij' 'Vi~s '-u$;a ··a:s.. . .... . .. . .. 

· d.eb.ydi'osen c!llori.®· ag$Ut. 



Uere t-re concentr~te_ ou~ discussion to the impo~tan.t 
(6) 

properties of saL1th.1on :t"elati.ng to 1ts structure,_ chemical 

and biQlogicat prog(;)r-ti~'a!P 

r , • 

Pu:ue salitluon ia a .colourless cr~"f.'tall!ne powder: 

m.p. sell - oo.0c; p;uaetical.lY 1n$olu.ble in water out atWilY 

soluble in. acetont~ and ballleu.e, mode.ratel;y ~olubl.e in 

cyclobexamo,, toluer..e ~ld ~lGnei vapol.lV pr~s~ura i.G ~ 10~6 na 

Hg at 25003 U\i A £1:1% nm ( E ) 27..:!(860~,, 267(860). sa.:Lithion 

has ch~aeterist1c· .Ia band at 1000 cr11•l .tor P-0-Ci:ta ill th$ 

betero l1'ill~. Nl',Jll c5 (CS2) ppm ;, a.~l6 'au, ·dou,bl~t, JPU :: 14 Hz, 

~Ii3) 1 5.21 (2H1 doublet,. "lPH :: 15 Iw, Cl~), 6.S • 7.2 {t.lH, 

mttl.tipl~t, banzen.o 1"ing).. !t'h."' aimlal at upper .f"iel.d Qf' th~ 

<tour.>lot $t 5.21 ppUt $lightly apltts ft\:t."th.~~ (l.s liz). ~ilia 

bf)oomes ml.lcll $ign.U"io..t:U>.t nt ... aooo, $1l\ggeatinl{ t~ ~ethylene 

prt>ton.:.J {HA ., ~) .~U"e nt)t $-!.~ival.ent with encn otbeJ.'"_, but the 



• 

di~xapnesptlol-in .ring is conforllla.tiollally atobil.e in • .solution 

(lf i{g~ti 3) 

. 0 ------0 
~p~ 

Hs j 

(m) 

0 . 
~CH 

3 

{IV) 
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~ 
I 

&.ray- cry$'tal.lot~~pilie analysis sh,olfs t.ilat the b.ete:i!'o r1n1 o-t 

salith!on is a hnlt. chail? torm in Wb:Wb the sulfide group is ill 

$quatol"ial ~s,.tion (Ill).; ~he st}'rain in the ring nppo@s 

lfittle; tbe <md.ooyclic ''-J.' ... o angle is :1.00°. 

.. 
Sal1 thion· gives a. enmractalti stic frn~e!ltation _pat.tern 

(a) . 
1n eass ~Jl~trometJrt ~ It. J.:iV~s an ~~llt~n.sa peak of 

+ 
f..-Dt - CHaJ · \m/e 201) by j3 ...Cl$aVago oceuring a~ ;che GXOCY'Clic 

~star group.: lanotb.$~ !V&.(9ll$nt~t1on pr:QC~$S 1a. t~h.a nia.•Got l.t>ss o:ti 

t~Ji foll~wed by th.a elif1iflat1on ot ror.matdehydo (f:>;l.g. ¢l). . . . 

8 It 
·OCJ'~ - OOli:~ I • . \ ~ I _-_;C:..:_H~-z,-----> 

,· 

y 

o:p-6=CH'2 
. ] . __ -_c_H=-<JP _ _,_ 

0 

m/O J.a3 

fJ 

()j 

0(1 

f~ig. 4t. i•l:'aglien.tat1oo of sa11tbicn in 
ma$1 apootroo.et11f. 



--' 

ilal.1tb.ion is convfJl"'t;$d t<) its 04<)1) an!il.og ( salioxon) by tb.a ~tion · 

ot brom:Ute wa·i:;~··'· ·Since sal.io:mn (2-m.etbo:cy' .. 4lt..l,312 benoodioxa­

phospt~!n 2..,.oxitle) 1~ .soUl$ thaus~~Wi ttl.ntos more .. autiv~ in cholines .. 

terase 1uh1b1til.on th~m s&lithio:n, ·Em enzym~tic 14athQd &tti11J? the 
. . . ' . (~2) 

oxidation can be usad :fot>U tha r!lsid\te analf$1$ of' ~al.i't.hion • 

Snlithtton iB. C.<lll'bw.ted into S..al.kyl s~'lUge!Wt cycl:ic 

.PhO:$.Pb.01'0thiol3.tes . by beating W1 t.b. · a]JtYl iod~.d$ S \the ?istcbimuk-e 
(3~3) 

l."'aacti.('}n) · It- filis rtuit!tion 1JS accolerated in ar~h poltlV'. 

i~lle J1{·Hlct1<:>n. ~vb.Qn mQtb¥l iotlido is ~sed, 1flomer5.~ation oc~urs 
. (33 3tl) 

tQ gi v~ 2 ... ma'Ctl;rltbio~R..l., 3i 2-b~zodioX~lPho~p®rizt .. 2-o:ddo ( ntBO)' • 

Saligenin is dehletbyl&t('d. to torra t!~e zalt; of: saliganin cy«l:i.c 

?:'b.e ~~xl#er :t?eagent is ptW~t;i,aiJ.ltW'lY su':f,t~ble :f'<>.r the P1"ftparatiml of . 

MlBfJ by me~thyl~ting the obtained walt w1tb. me·~;hyl iodide.. Mr.BO !la 
. (5) -

a unique pb.os.Pho.t·¥J.;f:4til\g ~g$llt • T h.6 lteaeti·ons of !Salittd.on rare 

eslnru-pa:t"i'"'",ed in 1,•1!r,· 5 • .... ~ Q ..... 



, 

·---7' 

>--

- + 
(CH~~CS:lk 

Rl,A 

0 
I[ 

q ·ex:· 0'-J? - I 
0 

-sa 

t~itnion Ls. relatively 'WlStable in sttWage., Some $OCOildat:y 

8.Ulina$, $l~h as o~'"bazol.e $1d N .. pb.enyl o( -naphthulam1ne1 s'tnbi11~ 

- -- ,. - (36) zed the ~ormq,tat:Lon • In ~ :Phosphate l~utt"er (pli 7.7)1 

aaitbion is ilVdrolysad sloWlY t~ough qp0n!.t1g of tho h.etotto ring 



~--

-.: 
1 

(5) 
bi ttw 1?·0 (&-.yl..) 'bond cl.!¥~V~ ,. the byduolys1a r~;.te constant 

(2(~0) K t::t 2.4 X 10-4 wJ.ll~:t • tf·ne rates oK hydl"olysis Q:f t~ 

corresponding eycltc- mathylphos,Pho.nQte,, sQmettwl pbosphorothiolate 

(tha tb1:ol~te isOl'!!Gl" ot sali_tbt<>ll, MTnOl,. ttaetb;yl phospbata 

(sal1o;con) 1 and li.methyl pb.osphw.~sm.d~ta ~~~ :r~spe.ot1vt1ll¥ oo, eo, 
G and. Oo6 ·M;.m$s g11t-Jla-ter t!V.m tbnt ot salt1.tbion. Snlitbion ·is 

c~leteiy hy®olrzad. 'by baatme; at J.oooo Et!i11 § mmu.tas wi~h .lf/6 

SOciium by-ciro:d.da to yield .aml.ig¢Zliil• ~b.e hydfi'olya1S ot snJ .. li.tQ1oo 

ts sltown in t3 ige 69 

Salithion 



-........,. __ 

S&.ti~hion is ~) wid.(~•$P$O.·~uza iusti!C{ticide f'or use in orcha.t"d$ &.nd 

"lagatablo gardens.· It is p~ticulat"lf ai't~ctive to cnmtrol 

lap1doptaPan la.Pvae1 ·melaybu.gs1 a1>hide and t:UtGs. It m&nit~sts 

tllG illsOOt!cid~ aut:ion 110'~ OlllY as contact end scomaoh poisons 
(37) 

but also as a fumigant • 

32 
Sal1tb1on P applied topict~ly to housef11~s 

~ap1dly abgorbs 1n.to tile. 'O!ldy (42% tlftor o.ua h~w.")• 2?Qa ~~or 

,part was degvaded in the 'body .and ~bout 4% or applie(l or 10% ot 

abs()rbad salithion remaitls ns aalitb.ion and £Jnliorm.n. for 24. hoU..i?s. 
32 

on tb.e otl:t9r hand, aalith1on .p ~~williat~re~ orally tCJ moe was 

tt-11r0d sa.lith1on was hydrolysed in the body. Attm: 3 hour, 56;.7~ 
(38) 

excreted and OlllY 2.4% l.'omaiuad in the. body • 

(89) 
Hihara et a1. 

9 tug/kg,. 721 82 end ;)J.% Qf tb$ radif)ootivitlf were exc~.$tQ.d reapoo-

tivoly aft«-3:t.- 12, .24 and 48 ho~s.. ~h& r.e;dionutogrn-"ls ot who).$ 

body showed a tr~ce of r-a.dio~ti v!ty l'P,.mained only in liver, kidney 

and lung af't\~1· 2'.1 hom!s. ~bo r.adioo.e.ll'bon 'lvas COl':iplately e;mraoted 

during one ti,Z~ek. ~bis W&1S also tile ca.sa, ellen thougb th~ dosage 

was inc~eased or repcaated sevarml. times. lfo l1'lldioMtive ea.rbon 

d1oz~1d.a was oxpiret!. 
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s;h$ m.~tabolic patbMQJS ot sali~blon ~rats Mii pl.rults 
. (l) '(5) '' 

· bav$ bat9U atudiod · · ·•· !base •e Bl~~mulri .. :zed lQ. i~tg.; 7. 

s 

cx:
~_-QCH3 
I . --~ 

0 

0 
. II · --- Q1-. OCH3 

S alithio1'1. 
.~· . . : ~ 

/ \ 
s 

~9~- ~ OCo'f-oH 
~or-oc __ o. 

/ 
0 

0:
~-:-.0H _ 

I. o· 

\ 
O:o~-oc 

OH ! 
1 

(J(
H . 

- f . 
O~(OH)2. cx:H 

0 ---
11. -

\ OP(OH)2. 

~o:OH 
/ 

</ ~ 
~O_H ~~~-O .. -H~-- Gt~c.ose.· 
~0~;'-D-~Iucose ~ 

(P) (P) 

~~g •. 1~~ l~tabollc · pathWaYtf of $ali.thton in ~~ts Wld ptants 
(i .. den.otes tile metabolite t9and in PlGnt OnlY')• 

OH 



y . 

It vias shown tb.nt tb.a bi.Qt!et~adat:10!l ot n;a11tbion and sa:u.oxon pro­

ceeded througb d•etil:Aati()!A a.n.d ring-opening bJ( P-0-aryJ.. .. boUd 

,cleavage. Xt1.0 U~.etabolin ~14\th\fnys in plant$ onlY ditl'®ed from 

t~b.tl:se in· GLYcosicls conjugation. of' mall~G!lin. Abeu:t ·m% of satt .. 

tbion abrJq~bed ,.,as fotUld in th0 bean pl.ant tdlQ$0· !."'()Gts 1\t\d 'been 

sot~ed. in tlt~ tl.U.tl:l':t..~nt sQlut1on f® 10 Q.sys. ~nwn S{ll.ithion "tills 

aPl»lied on til~ l(J!&Vt)~ tlbout 10% wss a.'barm't'.,iii)ii into the tis~!lOa and 

slightly tl"a.nsloomt~d i.lltQ otbeJr loova$. tm~t ot aal.lthion 

~APPlied on the leaves 'fta~ vapo.t>itsed. Va~1~ation of" salitb1on 

!llho -ao.ut$ to~dc1:ty st.udlr of ,sal1tbion fo-g ~al$ vas 
(37} . . . . ' 

~EWtortAed by O$himQ._ il - Xoo. oral w00 tos." mtc() 1 s f~l • .a £lfVkg, 

to.Jt male :ro.t 82-325 tli.r/km1 tor teo~(l ~n.to 202-lBO mg/kg. ~he 

su.bcutaueoua .W5o f()l;" fla.l.e i"'~t ~s 142 ~g/itg and tor fdltatlle tta.t.1:: is 

152 mg/kt?:• $'n~ aeut~ o1•a1. f.tD50 fo11 b.en :i.a no tlt/h:g. 

(5) 
tQl.~med 

Stu.-tlit~s on the olw011.ic toxicity of sal1tb1on 'ttas per­

nate fed for 2Ai. !'lontbs ?ftith Jn PPM sal.!tbion shoved 

slight daoJJ>eat;O in cholin.GHJ'ti$~asa act:t·~it.ies.to lio ij~f'ect wa$ 

ob~rvad. in th0 ;r,<a't'H'- f"ed 't>Tith~ 3 pf~ salit!lioll. !io bistological 

l0s1orll was found ill any Ol'"ian.s of v~ts f'ed lf!th .lOa P!)EJ. In men 

enti W~f\ a'~1niatel"et.i orul.l;r 0.02 mg/kg/d~4' o:t salith.i.on. tor 2l 

Qa;ys folloi~ed by o.os ag/i>'.:tr/dny i!ov 14 d.aya1 no otfe~t \>tas found in 



~bQ ~etivity ot ()l?ytHtroc,~rta aoetyl~ellOlitlfltarbe.ra:$~ .No 0tf«::t "Was · 

ObSGrV6ld iU !ert1lit1 of :'f.ltS fOlt tbt-0e g~lWl'lltioU.$ f!S!d. witb 10 

pgm salitbion. Cmt'sinogeni.ci ty ~$ not ob~tved. 

~no catal~ic h;yat"oly$1$ of .salig@IM cy~ic p~$phol~S 
. . <=~b) 

~sters by phospba.tQi ion has bae:l ~e,ported •· fil:be ch001ieal. 

~aetitrity or tile c.Yel!W: pboaphatas with ~u.eleopbil:io ~fients ~hoUld 

.be influenced by thQ ~lectrbllic chru:-ac·te1"' Qt the mubst!tuont. The 

relative a.~iPaction 1-.:at~ ~a2.r b$ thao:ra:t1cfaLly pJ:'ied:lcted. The reac­

tiQn rtl"~e tor tn($ totlo•.4inn: d~iva:tf,.vas f'QUOW$ the mtdeil'! l 

" 

9hosphate buf'f~r to gi:va O..bydt'o;ey· benzYl !~vdl~o~~(ln .PbOSJl!lQnGit$s 
. (6) 

'tlb.ion gave cbl.oro:f'Qrm.-in$OlU.ble <l;V',ls witb. ~inQf-liltipyrina • :iibis 

tl.a a ch~ractG.tl'ie·t.:lo l."eaat.tQ!1 of cyelio phoapl\Orus ~st~e:u- o~ ®11ga­

n:tn., ~hQ ± .. it .. st ot":~iel?' hydrolysis constants. (ithyd) et•e- it1wn in 

!fabla .... III. ?b.ospbolll\c. ac:.id asteli'a aoo gt)llel?allY ~r~ unstable 

J.ihan pho$pllovic ooi·d ~stml:•s. Tu~ ratG coll$'tauts of alkyl phos... 

.Pl'Wl~ates ~s about lO 'tin$S lBW1~~~ tnau thea~ of" corJT~spond:Lng 



) 

~; 
I 

phosphonat~. ~b~ p~esanoo or unsatur&ti.on olt" cblol?ino Qakus tb.e 

eS~ters un.sta.bl.G. 

It is 1uteves.t1ng tbat1 tn tb.~ ser1os ·of aJJtyl der.1:va­

t;tv$s th&:t"a i~ a ~elationsbip batwaon ~ate <!Oll~$rm,t .&nci insecticidal 
' . . ' . 

a.otivi ty .( Y;JJ50). CJ:nblo - Ill tmd l?al~la .... i.\1' J~ · · The higheJJ' · 

tho raaetiv~ty is1 t.be st~{)llge;t thu 1n$60tioidal ao'ijivlty. liowevtr, 

the al'Yl derivativas do not follow tbia r~atiou.ship; they ~o more 

r~ootivo tt~ alkyl. derivatives, but {we a.tc:s.ost UOi:l-in$eot:ia1dat. 

:?he size of tne Bt&bs·tituetd~ ap~t\W$ to bi:l ~ora importtmt for. biolo­

gic:tll. activity than the e:teo,trollio px-o_pa.rt;y of' tb,e $\lbet.ituoo.t. 
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;-1~~-t~ ·--T~a min"l ]-~~ ------~ 
"'~ · . . _ .· J, · · . · ( j-Ag/feTJuil~· housefly) 

~~~--- ~-~--e~e-~'!'!.."!~=-r::-~-;, .... ~~-'\~...!..--..=~!'!':!.~~-,;.:=*~"'=~~~~~..:!~..!::!"'!"!':!!" .. ~::=~"!~~·~ .. ~-

0 o...n..c31~ a.79 ~ 10~ 7.·l 

0 ~n ... C4HEt 3e2SJ ~ :w-.4 10 (AQ'') ,f: -~·· 
'' 

t)' o .. ca~cn2CJ.. 200 . ' X io"l>a· Q.49 

0 O..%U,s 6.30 ~ 10'!103 10 (3) 

·o liP'Gl'' ··,f .. :na- .1.~~· .X l0; .. 4 0.05 

G N(t~sla :x~f) glig~:bl;Y stt.t\11 o • .r~o 

0 N.IJC6Htl 2.40 X ww4 l,f)c' (.S%) 

a,taxia tn bit;ber ania.als~ Ot~er"s tlq. 11ot :.1holt aucb. harmft«l ac-tivity 

bu.t flo havG b.1gtl · mae(ft1.cidr4 activit-y, t:r.tltanio- aui;ivity all.d 

fungicidal activity.- Th:e~ biolo£,ilcal activities include ~lso 

synersisra with orguno,p1tosl)b.orus :lns~ticides_. awmatoo~dal and 

a.ntifilat'ial. act.ivity.. ~~ $.QOOUic1ty ill bidl.ogict¢ ooti?it~i(~S 

may be a.tt&".i..buted to tll~ steX?;\<:t ~toot ot an exouycl1c- substitu.ant 

' ' 

~j-~ "'· ,,..,,.,liJ' .. 
~'lJ..~ ~~· , .,.. 

sal.1~enm ,lycl.-1€: piloapllr;f~tila t1it.:in1t~~st a iliib. del~~·ed nat.wo.to:C.eity 

'to oausa atma 111 h$ns and b1gh SYll~tp~1~t.1c ~ti!\'i.ty witn 
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;j...__· 

(9,41) 
malutbion • 

/ 

l)iolog~e«L acti!,:tritiaa bu:~ l.esa i.~ tb(j ne.W?otoxic:t.ty. 011 the 

()ti'l~r, ~~be com~~sPQndinG oy(Jlieo emte~s h~Vin{! a stial.l alkVl r;ronp 

on PllQ$,h'!ho:rQi5t i.e!t 2...alk~l, 2=Q1:kQ-xy~. +md 2-Blk~l~o-4'11 .. 1,3,2 

-benzotiiox/lph.(!lspb.o~in P..-ord<ies•. did not cau~e ata'da in b~?.ns wt.tli 

rmy $Ublothtd dos$.S and Olll)" waakly potw'lt1~t6l(i tha tox1o:1ty. o1~ 
' <9) 

aru.athio.rl " 'irhe int.aroating reatura irs that, 'the alkyl 

de~1-~o"ativs3 revaBl b1gn :insootio1dal $.!tiv1ty._ wh~reas~ th$ 
(8) 

a):y! ;'lyeliu est:$2$ do Aut • 

~ba $POOi:f';;iai ty of' sr41genii~l cyclic ph¢»$.vhete s in 

thB bi.olt~~:tc:aJ+ ~mtivi.ty :t. .. ~latem to tlu~:U: seleoi~iv.1ty in ~:neyae 

iuh1b1, tio11. These pbo9pba,t~s i.tlb~bit VlWious sevins e~e by 
. . ' (14,4) 

phosph~ylation, producing probably salinyloxwphospb~lon~~as 

(VI:Hlf!gil>tn~~ ~bis involves by ogotung ot th!~ cyclic est~.r 

S~UCtU~0 ~t tbfit ·p..,Q )~'U~fl ·bond. liJhen the size of 1~h.~ GXOCYClio 

su.bs~it.u.eut R in (\f) ·irtcreases,, tb.o estet' bec<>mes a moroe 
. . (42) 

;electiv~ 1nb1bitor ot al.iast~aso. ~ Whet~a~st it b~oomos 

a notia selectiVe inhibitor of cholinestarase ~¥hen the $'\lbsti­

tue~t i$ small~~·· ThuJS ;t~ne ~l-tolyl cj&:r1 'f~t:t ve (M}, i"ol? ex5~ple, 

1s '130 tt.mes More s@l~ot:t~ tp ·inh.ibit aliestet"$~ tbal:l 
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0 
If 

CXO-.....;.r 
. ~ 

(V) 

~OH {) 

~4-ll!)t 
R 

Fig. a £~ae't1<>U of Ul41geniil cyclto. pbospbflt~~ wl tb 
0Btel"tt'l~ ,ll.Est) 

pb.~itte es:tat""$ is ~egal"ded ·as the ·S9looto.9h0l1~ ln tb.e b1olog1o& 

afJtii1ollSo 

fhe heterocycltc $'tl~tura ot ~ali.n;onin cycliAr 

pboaphG~u.s este11<s !.a iia~Gl¥ for the chetll!cal reoo1~ivtty of tbo 

pbtHJP®Ws attm tQittard$ nuclfl?Q,Phil.es !nelu.tU..n~ tb~ activo Site o:t. 

$at~asa .and is nevol? vaq,uil'~nt fol! the delaYed MUt-()to~eity. 

Jts f'or ex®ple. alth.ougil ~V'i-o-etb,Vl phenyl phospha1;a (TPEP) has . • (l:U .. . . . 
tb.e neurotonc1ty · , is unable to oo t.t"anatol1me<l into a o;yclic 

e~tnr structure.-

tj_~TJsues 'W'hicb is Sl?OOit.ical.l.y sen:arltiV'Q m_vJ,~ to ne'W!otonc 
(t1.3) 

O~{}aaopbt)sphol1'u.s e $ta-rs • 



lQ.tb.o:u.gh. ·t.ua stru.oture-new.'"Qto:><.:icitu fet)l.atlonship 

lls too complicated to 6ene!:'al1za,: th~ n~otoncity appem•a to be 

3! 4ibher cl_oealy related to the st:n:;.o•I"Al::t:•e of the- non leavint~ group 

tba.tl tlltat o.f;" the l61atr:tng group. 

~11th ·~hitJ twiof ba.ckgl?'OU.lld. of' the t'<~lation o:l!' che. 

ai~IU. stt'uet.u.ro to tho biolog;ieat aetivity of' sa:J.igellin cyclto 

pbosphoru.s estella, \.Ze) wiU now· discuss tha Gli~~ific.- ~tiviti~~a 

suoll as illsooticidal.tt synGJrg1atie • !l!t~tie~:f~ffiras<tl1 n(i'rz\atocidal., 

fungicidal. etc. 

7.· (a) Insec·t;ic:Ldal Ae.·c1v:l.ty (Xable VI ... XXV J: 
,,,. • Mi IQI,..l..,. .... P':ta' ttrt $ tt~..,-.. ~,...,,. ..... II: 'J!'PIII ........ ~---"!!~ 

esttWs appefll."s to r~lat£~ t:l.it.h th$ siza of the axoo:rclio substi­

tuent- on ttv~ l>UOS!~llOrus a too {!Jtabl,.o .... 'r~"l). 

~ba oycl_:lc: qster$ in ali:! scmttesc navin.H an aryl 

{il"r;~up am ru1 exQeycl!c su'bs.t-ituo.llt on the pbo.Sl:)bOl"US at:oo hsw 

me·~llYl darivat:.lves ars mu.c·b 3:a~e activo tbrul hi ghar alky-l ®riva­

tive,s, e:t..--cept. for pbO$l)b().nnte se:t"ias (.Tt~blo ... XI) in -wb.ioh c:~'thyl 



da~:tvat1Vo$ are rtu)l"e aotive ·than Eil~tbyt <!e21vatti. vacs. a,. lt.dialltyl 

pilol1tPh<>r-idates ta'lNEl PlUttb lems a.c·t1 ve. t.han aono-al.ky'1 der1 vat1 -ve.m 

( Table-X!U:l) •. ~bua s~.a11gG~nin cyclic metlw-1 ph.o$pb~t•~ (Ta,~le .. X), 

rnsl;;.hyl p,hos~horu·thi<Jna.tcj (!Cable-Dt),. ll .. ~othyl. phoaphoramidato, 

i~-mQthyl. ph.OS1)U<)l'~~\dotn1onate (.~mble~itili) ,. methyl. i>ho$pbono­

tllioluta and ~lMJYl llhOsl>~o.tb1olrnta (Ts.bla-:t..I) ~:lre ·pot'l'tn.t. 
y • ,- ' 

~?.sootioldasi\ It -is :intu:~."esttug ~o nota ~l~t th$ e=t~>CYcltie· su'b~ 

t!Ltu.ent of the mos.t ooti v~ cvcl.ic phosphorus $$teJJ. 1n ~au h. sooies 

( OClia 1 13003 , 1\lRClia 1 c:aaei~g) dit'f'e.t'*s fl"'ot~ each t>th~~r in ~lootro .. 

nie chr.u~!ilettWistios, but WQS~tlb1.E)Ia .tu mt~J?ic pro~n-~ty muab. ru1 thea 

distru1ee (about 2.9 ~) betW!.$1\ P.Mi:!1>horu$ and caJ!'bon atOOl in the 

P..-X..G fUnction, it. the 'bond angle ot divalent sultw:- is nemr 90° 

rath~r than :to9.5°. 

ii'al'thermOJru, the 1ntroda:tc:t1ol'l of ·~ typ~ ot sut;stl­

tuent at .any pom11;1on of tb~ benae~ ring and on the carbon: ~tom ¢>l 
(29) 

tho hetol"'Q ring det'!)!Gasf.ts tllO activity (Tff;'blo-l!ii). ilhus, tne 

s;ln.pl\!t$t l>llOS!)ilOl"Ot.b1onat:ll,1 salitbion1 is ·the nost. ~ff'ectivo .tnsoo .. 

tieide 1n. th.e wli.Ole series o1~ saligenin cyclic pboapb.oru.s ~ste.!'s. 

Au (.)Utstan~tln~ con~.~st !$ obs0r'i1~d iu tilrn ef'feot ot 

Plar~i-subst1tutiou l~$'GW$wll tb~ aalithion ae.a.~ios and t~arathiou. flGr.i.(JS. 

fabl~ (IJ;tii) sb.ows t.he atfeot or tile ~&lectl!'old.u ch.nt"Aetnt> Qf th'* 

au.bst:U~'IJ.@Int ill th$ par~p0$1tion. -of: tile phenotio osii~l.~ ~oup upon 

tbe :2.ns~t1oidal .oo:t.ivit1f.•· An'¥ $U.l;la·tttt~uants1 ait.l~r alQatron­

w!Lt.hdrr:;Jdng .gl?mA,p ()~ elec~von-.JrelQ~S.ing gl."o~.P dect-£$t;H~s the 



; . . 
insecti.c idal activity. . · .'I! able-VIII stunts that the 1nsectic1·dal 

activity of diethylph~~l pbosphoroth1onates (II) ·is progressively 
•' . ' "- ' ' 

increased by p-substitution of the_phe~l ring in the increasing 

- -oxader of the elef)tron '\dth.draviing· ability ot the substituent,· 

. t1hereas: n:either .. eleetron .. viithara~dng nor electr.on relea~l'lg group 

:tne:reqses the ac;t .. ivity ~~ ·'sal:!.tbio~· (V~II). . The P-.:0-C a.~-.yl· bond 

: of the )1etero_ ring of sa;Lfgenin <!Y'tllici ·phosphorus esters ap·pear 

' ',,' 

. ·'to :'b$. ac.tive ·'enough to phOsphorylate cholinesterase to kill 

insects without .. any 'elect.t>on,-.1iithd~att1ng group. · 

' • I ' ' 

p~osph9i'.am·idates . agair~st. rice s1ietn•bore~s' Sl-td green. rice :t.eaf-. 

hoppers.·on .rica pi:~t~: e.J/e·. observed ·(Table-Xl:II).. Methyl. phos­

'pbor~idate .is-'more ·active .·than :Schradan·but-less activ:e··than 

t1J.imet" ~~~n~t ·rice· leafhoppers.' ... ·· ·l\gaili$t ·riC~· :stem-bol,ers cyclic 

N~meteyi pbospb.orafaidot.hiollate is . superioiij ·-to _lindane and Diaz:lnon • 

. SalitJ~ioll ~so· shbws-more ~r less systelll;tC·· ~tivi.ty against army 
. ' ' 

WPfln:' Md mit~.,· ~o. -~ystemic ac~:i:vity ha.a been observed· in· other 
• • ~ • ' • ! ' ' ' I 

. ·,J f ) 

' .. . . ·, 
. . . ' 

... ·Som~ : -sa,l~g¢1un'. P,h~spb.onot.n~on.at~ s, phospborami-
j '·' • • • ' - • • ' • '. 

and· phosP~?-ami~o~~1onate s, show nematoe1,9,al. _activity. 
' ' ,· . '; ' ; '' ' ' . ' . ' ' ·,.'' . 

. Phosphoram~dates an,d ptJosphoram1dotn!o~ates· ·are very etf'ective to 
,' •. ' l • ' • • •. • . .• • ·• ' • • 

' '• ' '. ... ' 



, 
most anti ve in the sa.r.i~~s ot s&ligf;ni.u derivatives agaiLlst tbe 

. (23) 
non ... parus11.'t1c aorl.l. namatoda Jil~~S!.tj..a :susz>onded in wator • 

Orting to tho inl!t'fi;tl'b111ty in ·~acar9 too cyclic pht')sphatas a1~d 

phosphonat.es ar0 ~lm~st i..~tacti vs, but thf*ir. th:tono analogs IU"a 

··.,efi~oo'cive agni11st .Bb~W.s. (Tab~e XI, XII:o~ 

S.tllne snl1geu1u. (~ycl.ie nryl. phosphonothionatos are 

COl'~ ei~.ft!ci;ivH ~!1. n.e.l'latocidu:3 th.!i.rt t.h('l c~mlic N .. ot;~IHlYl ph(>sphor·n­

Plid;:;1to a1!;ainBt th~ l"io~ Hhit~ tip umnatodes, th.ou.gh t.h()y< have very 

low !as!lttticidul activity. .Gyc.lic phenyl .. an<~ p -tolYl-phosphon{)-. 

thionates Ul!t:: the aost ef':ftect1.va nematoc! des in t!-.~ Gf.'l"iGrh 'l'hesa 

• !t is inter ... 

$S'Cing to nota- th~~ tlles~ i-ll'Yl. phos.?honottdano:th~s oo:e PO.o.t" insec­

ticides; wh1.?l"aas t;bey at'€! O{)l"e pot~en.t to ·lcill U,qma"t;.odes tb~~ sal..i ... 

. thion, suggG$ting. t~JB Ghol1nf!l:SU0J."-~SO or .otb.er ~ritic~ turget of" 

· ·nar..:mtodt)3 may ditf"Qr. in .nnturo from. tila 1:r1::':eiCt chol1Uet,,tti'l?.tl$fia 

. ' 

:l?he c0l .. relatio1l l:let1,1f.!OO th0 atructuri~ and i;he nertla-

tocida~ act:t vit~· ·oft phospho~:::!Ulides and phosphmt~i!fl.i.dotiliorl.at,?:s rl!'a 

sim:tlw t() t!ul.t in the 1:tlsf.lc.tic1dal activity f:or houseflY'. 

S~littuon has no fung:tcid!ll activity. But sono salt 
' 

-gellin cyclic J)hosJ)Ilorot~iolatos have· .fungicidal. activity (Table ... 



' ,__.~...--. 

S-'beileyl 0Bter linkage, have activity ·t.o p~o·teet tlle lZ'ice 1>la.nt 

f~om rioe bl ~st <U.s ease c.a~s:~cl 'by· th~ !nJ?ooticn of .f!t!.('t:..-~1#-~ 
(
4&\ . 
.• t>J . ' 

~l"'lFJ!! q. Whe· pt-otoo .. t:li.v~ vatu~s ag~nst ~!'i.Cl!l,..~ Ql"YA1R. 

at tile cyclic. pi1Qsp,ho1"'0th1o1atas m.n.d rol~t~d. ~QElp~und~. ~£~ ~h~wu 
. ' . . '. ' . ' . . . 

' . ' 

· ill tile Table <xt'V ~ JW). Tfi<~ da.ttl of ~om~ (:OWI'lta~oial tungioido' 

1M.lUding .Qll orgfitclppbospbo:t?u$ ~~~pmmd1, !1in~on (O .... athyl ::31 S 

diphan.yJ... pbosphc>roditnio&1;ill) ere ·showil in the T.t;.ble · CXN). t~ 

· oon1pa~isont1 S:ne uet~hyl. ... ,. etb;rl-anti .u..butyl .. ;~ho$Pllorothioltt~es 

bfl<~.;a high tuntltO:!~!i..Oi1;y comp~able.· t:o other C~~Ol:i:ial~ fungiCides • 

. . ·!t:t.~ not'lmal ~d iESopl?opyl derivativett .are l~ss 9ff'ective.. Sld:l.genin 

OYci11c taetuitl PUO~l>tlat$ IL~d pll.Geph~otll~l~te . ( saltttdon,) u.re 

l;ltghlY. active as in,$ll0tic11ile· but at"O ·almost ;!nac.ti:v·e aa fuu~~io·id.G~ 
I • ' ' • 

In the. s<W'!,<~s ot di~!ttl. btail~"l. 't~tors nr t)llOtjpl~G· oo1tl.si- or.tty 

$-b~llZYl._t;hospnolNlthi·ol~te$ ara b.i,~hly. ~ct:tva as fWJ:gicido· out ·pbe 

ot~el;"s. e.g. pb.ospb~tes,- pbQsphorot~l;i{)ll(atas and pho:ir.l)hm:-oditbiqnntes 
. . (45) . 

~e 1n~t1ve , _. 

. . ' ' '. I ' ' ' 

lt is 3mpor1k~nt to W>ta thttt soratl\ eyc:tic phospboro .. 

· iHl.'toltttta€J · 'lv~vo bo1~b th.a ' h1gb . 1nsec~.idtd aa •1el1 as tungicldal 

. act.! vitYtt. with. Olll:f e1fCSI)tion in 'the. ·n~se of S-b$!lcyl..-0..:.0...;tU.ethyl 

·.pbosphorQtbiolate (Jtitazin) vldcb · ha$ we~' ina~ecti<!ii:l$l Pl"'<).~t-ty 

· but ·is a .fiOod run,~icide and oow u1~t.~d ·in practice f'ol:- ·the control 

·ott ·riug 'bl~st · disea.~~ · 



~be saligenin c,relic ;tlbosphoroth1ole:tem have bigh 

aet1 vity to alk:;late (std1ey-lat.e) mel.~aptatls and to ~bit 
' ,,' . . . , . (3l.) ', 

nsa..~nzymea.tt suob. ras yer.1.st alcobol daeycwogenas:e • 2llG aqt1 ... 

v:tty, seams· to be r~latsd to tungioidtil lJ~ope.rty but not with the 

insecticidal activity. 

150 vnJ,.ues £or alcohol dehydrogenase or s01'J!e 

saligerlin ,cyclic pito.sphoru.s ester era :Bb.oun :ln (}Za'bli$-XV). Cyclic 

methyl and ethyl !)hQ:J.phol."otbiclat.es fW'e mo$t ·an:titve. in th1s $er1Gth 

$ll t~ho otll0r band;. cyclic pbospbQte.s have '>14Y t'leek actiV'i'ties., 

t.bcn.i~h they ara pot~.nt 1nb1b!tors or estt<:lraaos. Salitbion t.e. • 

m.et}lyl phQsphorothiona.te which have high .i.u.secticidal.. propoJrty i~ 
' . ' ' " ' . . 

~ha i'at.e ot a}.kjrl~tion reaction bJt the eycllC estel!'B 

lobka par~lel ·with th~ hy\lrolrsis lN:t'tt3 of tba estar and th.Q atky­

l.a:t:lon. protH~ads with. a cJ!lllSidorabl~ time la~. ~b~a$ f'e.cts sugJ;est 

tuat. the. alkylation occurs after bydroly.eis~ ktuati;r1 tn~ pmt~iel 

bYdJN>lYsat(~ t>f saligenin c:r.elio e:stel'~ s reoot 1t;r.1e,.iitat.~ly W1. til 



-

' ·' ,. 

Snligtmin cyclic phosphoro.tirl.olut$S er~ partiallY 

b¥dt"olysad by opGning of the batwocyclic. P-0-C .. eyl bonc11. tnor'(~ 

tlas.Uy than pllosph~ata Gste~m. In F~g. o, tlte cy<:lie t!!at~.t' (V) it~ 

byc!tloly.eed by t!le ~ttaok of bydlrox!t!e ioll to yiald !Jal.icYl pho.e­

pht1tt-e ( .x.:L.. The t)l$Ct:JJ>Oll ralei'§;s!n.g .. oa f'WOU£1 · ot (lQ 1.'1illf conver-t 
. ' 

to a e~bortium ion (X!b') which tamJ ootu.alJ.~r reaa1~ \-1i'th. a SH gl!oup 

to .givo a tbioest•~ (XII)Iil 

Cy~lie mGthyl ~~ etll.ltl. pbospbQ1~QtbJ .. olates ~g much. 

mo.t,.a act:t,v~ in hYdrolysis, allcy'J.at1on and ttm inlu'b:teic;Jll ot uaH. 
(31) 

onzr;m" ·ooti vi't~~os thau the corresponding cynlio pho~pli;'ltam · • 



It .seams rea.sonabl~ to conolude tb.at the dt.1Craase of olectron dan-
. I 

st.ty on phosphorus atom ctauses the .high. rGaoti·v-ity o£ the phosphoro .. 

thiolates. 2h1s · !s ~upgorted by ~tn~ lower P = o frequency (1280 enr1 
or the phosP:horothiolates ill c~parison with that of the phosphates 

( l3l0 cm-l l. 

~'l.lt'tb.e.r illves·tigation !lbot.zs (!l!ablo-XV) that there is 

an interesting eor~lation arttong the alltylsting activity, tho inhi­

bitory activity against nsu .. eneymesu· and the antif~al activity ot 

bigbly aeti ve in all three tunc·tions. Cyclic .Phosphates haw ve:;.:ay 

weak activities but they EWG patent inh.iblfltors of esterases•· These 

faets sugg$st that high inhibitory at:tiv1t7 G.~iai.u.st "SU ... eneymes0 may 

be an important taotor foro tho fungicidal act1v1ty or the cyclic 

phoaphorothiolatea. 

'Xh~ Ji!elation of cbem.ical structure to. biological 

a.ctiv~ities iudicu•tes _thai{ the, siJeei.ficity· in biological activit;ies 

ot tbe s~ligenin c;yclic pb.o$phorus esters seam to be remarkably 

influenced by the steric cbarooter1st1ca or the e~ooycl:te sYbsti­

tuent on tb.g phospborus s.tQmlt :Chis is evident whan compared their 
.(1.1:2) . . 

spooiticities in fi)Jl.zyma inuibition :~ 

!i!h& mos't in.sactioid.al satige~n cycl~e metllYl phos­

pb.ate (a$lioxon) is tna strong~st inhibitor of insoot cholinas-



~--: 
I 

t~rasa., Hcvev:ur, t.be hi:;thly nal.Wotox1c_ aryl Llb.ospbate 1 a r.;. ~~ 

~flbib;Ltor or c!lo)..in.estera~,. but 1~ -~ v:~ speci.t'1tl inhibitor or 
(1,42) . . 

.ala,eateras:e •. The l.Gss neurotoxic arylphoapr,.on~te QOcupiea 

uooyel1c subst-itv,ent inor£HlS0$;. tha compOund becomes a moare selec­

tive 1nhib1tol'" or al.1estGr~;.se; in contrast, the cotnpound c~~ying a 

S!llal.l substituent is a more s.elootiva inbi'btltor of cholinerste.raso 

(~'11lble ... X*JI). tbry-l phosphon~t~a' are r.loro specif'!o !n.hib1t,i)!ls of 

pseu.do-cbol:1nest£>ra$o; al.lcyl pbo$pb.atas ar0 leas . mpQcific end aryl 

phosphates a:.\"e 1ntGrme diat~. 

/ 

Sal.t!genin qyelic :wyl phosphates and ph.oaphon~tes 

bGva sYnerg.tiltio ao·tiv!.t~ ,.;:!;tll miil~thion ~gainst l\nsti'Cts ant.l mites, 
. (46) 

part:lculattly t~eir ~esist®clt. etra1la .• · 

~b.a jQint. action ot the activity. of some saligeniu 

cyclic pllOsJ.)boram (Jsters t-:itb rtmlatbio.n has been e;;.:aoinGd by Eta ot 
(4:1) 

al and colilP.al!'ed wi'tb some pbosl.)borus estGrs whiob are known aa 

tile syneFglsts of malathion~ ~able-XVII snows ttlat th{., ar;rl.· det<i­

vatives of .sal.1gen1n cyclic estel"s mve syn~,rsi:stic 1..1ith. 1$Ula.tb:ton. 
' 

!i!hsy inc;;.'ease the toxicity oi fllalr;;itbion s.a to a.4 times !\lt a ltl 

W....'Ung rat1fi.,..,,: ~h~ activi:i;ies of tbt~. are f!Ol1e than !}ll'OP:rl para­

oxon 2 ... banwdi.oxapb.ospb.orifl...2-oi(ide, .and 7-metnul-2-phenyl ... 4.H-l13, 

2-bonzodiQxaplttWin-.2-oxid.e a.l?i~ tna most; . $YnGrg1st1o against 



dali"'ivativGs ot .mat1gen1n cyclic>· phospho71U.$ tlsters ara much las::rJ 

syMr~!stic or even antigon.!stio. 

nyoovg!sm of sal.ig'enin oyolio phosphorus oste!,1'f? 

with. roelntbion in il r.es1t!t.Mt st:t~~d.n o~ hmtse.fly htls been tabula-

s&ig~!11n cycl4c phospbot-us asters has remoo.~kably bean !ncren .. 

sa<i. l~wn the alkyl ~wi vat! v~a ac'b as aynar.gi st oft f1al$th1on. 

2hu.s all ,)r pre£J~nt cyclic @:sters al:'GI ao:ue aati vo than. tho oth<ll~ 

m~tbyl saligen:in ia tb.a il4!l:st effective syne~~l$tio: ng:~inst rests• 

't·ti1nt housany Mci inc:.:r.~e~sas ·tll~ toXicity of mat.ath1on 14 ttl.l.uea. 

I,Jyn~rgistltn eff~a·t. on sllsneptiole and resistant 
. . (4J.) 

s~ains or green r:tco l.eaf hopper bas bae.t)j obs@rved, and tabu .. 

l.ated in :Cable (XIX) • 2ile toxio:ity of £Jat~thiQ.l"l to the su~&p. 

t!'blo insec.ts becomes double by th~ addit.ionl of ttwee sali~onin 

cyclic phosphovus estors · atonJ:: with tuo o1;ht~ a~mlie estelrs .. 

Syne_r;gtst:ic eff'eat on resistan:e leaf h<JJ!,t)e~ also :tncreages by -

$al:tgerdn cyclic phospfAGl.~s Qsters bu.t tb.e valu.a$ we lower 'Chan 

tn the reaist?..nt hou.se£4". '!hey enbanc.t)d tho toxf~city of: mal~ 



,_)..-

boen obse31l.red tol" a area.t numb•n.. or Ol"'ganophosphovu..r~ cunpoun,ds that 

t,h$ synf.::ri~1Stl-· of fl.ltllai~hiU'tl in mica and the degree of inbibitiol). oZ 
. (9) 

al.i-esta.:coase .ill y_\.v~ atPe ~enera:U.y .uela1~ed • !~or !ill.seots1 bigb 

estera~ ®tivtt¥ byarol;rs:tng ura.atbioo is e'<lPllOsa<l to 'be ;partly 
- & . 

~re$90llaiblo !or aatathion-Jresistr~e in spme .atl"tt.ins of ~ot<luito, 
- (¢l:t). 

l:lou.sei'lf and g~.a11 :c.i:eo leaf hoppQl" - o 

(tl2) 
&o ~ bavil al»wn tb~t W1Yl d~ivatives ot 

saligenin oyclio phospb.oru.s ester.s 1W~ thQ select::t1.re inld.b1tors ot 
el1-ester~srs, wheronrJ sm.tt.ll al.l~yl dar-iVt\tives ~s oot so solecti.va 

to al1-e~te¥"a.$~ il::W..,i1J:ttiou. This a.r~pea~s tp ~ :tr()s.pon$ible f:or 

th~iv diff"erer.c~ 1n synert~iatic pll'O,pQF'ti~s. 
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STUDIES Ol~ SOl~il SALIGENIN O"iet.:tO -P,JiOSP'aOEUM!lXY1ll:(OlfA?l~S lM.VING 
.... 1 J l!tltP,-M1'ilrt4'i4 ....... 11Mi ...-~~~~~~'*'~...........,.~IW' 4 _ f.-41'-~>~J'ili'-···· l'!il , • .....,1!) I 

- . . £ S1!ltb.Gsie, fungicidal oot1v1ty, in$ooticidal aot1v1ty1 acute oral. 

tox1~1ty, ghy,totod.cit;r•· anticQc)linastarn.se Mt1v1ty •. and cham!oel 

b;rdrolys1s ot :scm• 6-nitro-.·sat:tgen:tn cyc-lic· phosphQratn:tdotblonates.J 
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.PARif ... III 
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AilidS ~1llll OFJJEH11S 0~ ~li!S · l?ftltSE~ lil\l.HlU.'riGA"d'IOti.,. 
Rl 111-IT.l .................... •...., ........ ._,.,_~~~ .. ~~· •'IJ.llif~ ... , ...... ~ 

4s sta.t~4 .JilfaV1Qu$ly (ill lta,'i't .. II) tfl!l! cycli-c; o~rtru:toPhO$­

. pb.orU$. est~PS ot' ~rtli~llin W~t~. rltlSCOVf-~Jr~d. n~ ~he b1ol.otr,itc$liy ~t~':f$ 
I I : I 

tnritabolites of tri-,.01'tho-tplyl· .Phoeu;d:u~tes; m~y. l'l'~l~t0tt compounds have 

baen synthesized to stu.dy thatb- abem:to:al~: biochemical :and biolom!ofd 

.Pl'operties. Si\11thion (2-.mathox:r - 4H- 1,a,2 .,. benso~io:caphompb.o:r.-1n ... 

2 - sn4.ph1d~) is now eommare1mt:tsad' ~ui atl .1n~C$i0tic·1tda..~ 'r'h~ 1nt,.-odilct1on 

or ®'1 t~pe of $Ubst1tuent at .fWY' ,PQs:tt:ton ot the bel~lenG 21ing d~re~s$s 
. . . ttl (~ 

th0 !ns$0-tinid$1. activity •· It has be~n tepor.tr3d · toot thfJ ~n.B 

(2 - msth.o:ry .- a •. .nlttro - 4li .. :t,a,a .. banzodio~pht)spt~rin .. 2 ~ 

sulphide~) :is o'bt~ined as :a paste lf.n tb~ reaction or G .. meth:fld1ohlo!1'1-

. dopho$pborothioMtO l'l'ith 5 • n:tt~ saligenin -~t~ @tln-tt .. ioation thr'QUgh 

s:U:ic1c acid eolum c~omatogrmphy; and,, tb1s metho~ compound (1'1!)..8} 
: . . . . . . . . ' . ·.(1) 

has about sixty tim~s l$Ss 1n$ootieid31 act!vit;r comf.t~$d to sf41th:trin • 

s 
. II oo-

Mithion 
'''·. 1 4!' , .... 

·(2) 
H(nveV'w, 1t hrsts bi!:On observed 1n · tb:L$ labo~a.to,_.y tb~t tf.:t~ mG1~ho'XY' 

o:ompeund (ED""'B) 1s a sGlicl (ro•ri>• R4°C), and hat!! about :t.s t() 2 i:;imos 

greater oral 1ns~ti<t1dnl. Mt1v:tty tQ cockroaches, ?~1Plruteta 
' • - ·. '!'lJ& l' ·115 f" JP WM P 1 ,1 



) 

~--- insec:rtic:idal ae:tivity ·~g~n$t :~tlsshoppars, 0%Y'Il nitzt~ula irtt comparable 
(a) 

witb tn~t of iMllith~.on • ·~)Wlo 1nV(Itst1~at:1~:tls· on 6 .- n!t:!'o s~lig~nm 

cyelic pho$pho~ts coml;lotmds h~vs st;Br't$d with the f'indin:U: or 1n$ettt:lci- · 

dtll~ OO'tiv1ty in the com~tmd ~.n.s.: 

~tll()dtmtiun off .an mrnide gr,ou.p 1n Pl·ao-e ~5~ iVl n1·kyl est$11' 

gl?Ot1p often af'fot"d$ ()rfflrmGPhQ~phoru~ esters wit.h £'u.n~-1dal, h~'b!t(Jtdsl, 
. (4) . 

and -~ome-timss ::!Jls$J1.t1o:t.tnal aot1-tt!t;r • · &hosPllOrtunidi~tas hra'111n~ a 

bulltf ~ -~QUP as 1so-ii'!l'bpy1,. soocmt~3ry , ... butYl, nnd C'!yelohet(!fl on 

the am1do nitrQg®l ·atom ah.?w hl~a:h boll'bit]icJI!lll Mt!v:tty, vb~rea$ ri - etnrl, 

1i - metbyl ttl\" 1\f .. Jilono:subst1ttAt~d · pboaphOl?amir~ate ar~ suitabl@ :a• 
inseu1'$1cids. -~tbotamh the .insootic.:tda d1metboa't~ Cd1m~1lthyl, s .. (N-

mE~thyleQ:Ikt~l.tUOlfl tneth!rl) pb.o.s_phQr,ot!:dototh:lon!!itv haa n() tunmtc 1~~ 

.a«lt1'11ity, its d!tdlt;J'l.pbosp~~nlidat~ $11ttlor;ts such ~s compound ...; I 1 
. . (5) ' 

sllotf er:~me f®r~ici~t=i! as \tell $S MW'i'i(Jr!.d!U nct;:t.'!fity · • 
' . ' '•' - ' . 

iJ 0 
. · · If · :II . 

<~s)2ti- j- s.~.a.mt.'Celis 

()f'm 3 

s t3 

( ~I::.Y t'l} Jl ~ g" ] ··,~·a ~ 
vua~ 2 ·~> .... bQ."'B. ~ ... JJJ!~ ~a 

l2omm~!1~ l 

~h$ ~~ - alkylearbamonmeattlyl ~oup 1s not ,.acpl..'l:rfl:ld ~ol'! i~l'lQ f'ungicidal 

etract., and ~oma ~~ • Pil9nylpho$~hol!am1r~othiolotbionates &re rm:w~ aoti~Ql 

than compound - I.' l?llosbtit'!Jl ( sth;rl S .... ph.~nyl N .. butylphomphox-~1... 
. . . . (S) 

dotbiolothionata} 1s a prttettc·at.!y usefUl .ftlllf.lic-ida in tbie $e:t·1~s • 

An amido analog: ()f' K1t~in, S ·"'" btnMYl ethyl 1~ - iooprom!lJ,hQsPh~~amido.-



·~~--. :t-·~: 

. ·. . '. . (7) 
tb1olati=) l:··'t'·'i.,. 'Was ';pBt13Ulttad tMra :f."tmg1o1c:la ... 

. . 

Th~e nt'!l S$V~al oth@r (;'tl:mtnPl.e:s in l1tarnture from wh!ch 

it can 'bs found tl;te.i; ·soma Ph.ospl:ao~amidOitnionmt~$, phomphoramidothioley ... 

thionates, pllo$PI!l0ram1rl~Sis 01,. phosphonamidos :Ill wb1et~ the 91JQsptlo:m.ttS 

atom is attaQhad cli~ectly t;o. tJdl@ ni~Of:tf!<ll a1~om ot an .mmin@ or G hst$­

l"Q.CY'Cltc comp:ztutlc~ stt¢tb a~ p~tilal.lmidtit1 iraldazol~ olr t~ttmmo1 .. ~ h~ve V$?/1 
· .. ·. . (41o,.a19J · 

good tung~cidal ~·ttvtt;v -~ 

work on some G - !.d.t-ro gali.&JI1!nin o;tcl!lc. alkYlatnidopho~phQt-othtonatrJe 

baving the ·g~er4 atruatuN (A) 1 

!~ . a 
·· II ·/ (Yo't- N "'R' 
N~ . . 

. (A). 

tlietaylruni&>, pyrrolidino1 piptarid!P..o,. 1soorowlamido, non:~lamido 01" 

heptBdenyletnif.fo. ~11e WGt"k ~ZJI!lbotftia~ in this <lisrnfl!.r_tatlon is r~l~ted to 

tmo inve$t1gat1on ol~ tho ~boV•i! mentiQned compotmJis with t"efQl"finl(lG to 

their cbemical• fuum1o1dal,. 1nsf~Kft1o1dal,. tt)~~Qlog1cal 1, ant.fi.chol1n~a­

t@rasa, p~ioto=tic ~d l;wdrolytic pzsoper1:1B~a b~rside~ e~tmle.tural elunt­

d,at:lons b;r ~r,lect-:t'oacop1.o :mr;,thoda. 
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Qr>ganiu .tcid bi~lold<tti! ctlt3mistr;r, 

. lfl'l7e 
, , I r 
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; · Khita. SeJ..' sk. Kbo~ .. , fi;, l.Q71 

(1008) l,-0. t\·· ~f!t 20071. lfJ6BJ, 
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gestio 1t~ss. f~_Pl'htw,rn~-Vr.~t-~~~ga, 19731 
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-Sctt~e, ::t5t51 95 (l£~7)., 
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Ul.~ou.gllout ·bt,uSt pJ:~opar~tiV$ tmd otba~ pru-t of' the ''~Ot:tk,. the 

orgimic sQlVMt$ rut~! otb0r obtamicals uaed wsrtJ 1Nr1!':1sd and ~1ad aceo~ .. 
(l} 

ding tt) Vogal • ~1 other qhGf111Q:ta$ Wld solvents ooO>asionallY ussd 

du:r1n&, ·tha work. well'~ of: $b~dard conun~cisl pr()due:ts of' blgh qtllllity 

<~. BDli, at-! JM'llfll~ Fluke quality).,. 

Im!"tNlr'Gd SP$tti;t1'm Wet-qJ obtain~d vitb ~eckmann IR-20 

spect;tOpbotom~t@r.t ;tn ll\l~ol mull. ..i?l~~ :;~pectra 'ltGra J1iooo,.-~1t'ld on VaZ'"ian 

Mod$1 A • 60; El~ .. 390 wtd 1!":-l - BOA .in$t.ruru~ntf:l 1il 0i)f:tt3 $Ol ~ent ursing 

~MS as an 1tlt$ltnrd r~®?"em~. M$$:J spootr.a w~e t~k® on V';l.l'ian Mod~ 

Wid - 600 and }flf3 .... so :1tl$'truntents •. 

~- 3• PRWPAR/lTitlN OF 'ZHIGPllOSPJiOil~!o CEE.O!U!DE OPSO!.a) t . 
r_ ... , --~~~···~ q,..,..,..,.~~~··•-i .. .,,,..~_,_. • ...,..,.. 1 J••• 

(2) 
at Bl ·· 

'. 

~1. Pal:~l?.lU~b'ZltJN OF 5 .. lll'I':llO - s~t\t.ICJEiilN { 2 .. EPlD!irJJf!I ~ 5 .... lil'?HO .. 
, - . . . ......~~.,.,..,. i(ltii'f ..;_._. f!ol/jl!lllf .... WI P ' I •wlortr'P*rt .• ?'II B 4t*iU•n!,.:..., '* S' ..... ,. lj 'j t a l ·1 

lmNaY:I; -~COE!OE. ) * 
~ J I . ., • :• t i' ·~ ......... 

~be 2 ..,; byflbro:qr - 5 ~· n!:tPobtmzyl alcohc)l ~Sts one o:f! thG 

st~t:blg matar;'1als for thfl sYllthesis a1l" n:!:~n;o,.:.sal.igenin oyc11c ~l.kyla­

mtdo phosphoro'thionl!\tes wt:lm lillr0.Pm"ed in thm f'ollow:tn~ mannett t 



' ~· 

'I? b.~ 2 .. bydra:cy - G . .. nitrobenzyl · chlO.ride wns p~eperad 
(3). 

t:lecording to the metbod ·r~lil~l.~:tb~d in Q);"-gtmio !i!Ynthesis • 'l~b~ lt"~actiQn 

1nvol,ta•1 is : 

!the ; • nit~ophenol ml9lttnrn at ·abov«a~ ·112°€1 (1~e1del, In. p •. 114°0) UM 

used ·tor the pre.!)ar~ti()t'l. 'lba othtll1 :tna:~ad:t.~llt m~thylal t~a~ s;vntlltt­

simEJd atr•sh for ev~r:y bate b. of' p~rill.)st.\"P.4t~.on Fi\s follows t 

760 ml .. · metb:mol ·wMt add0.d 1;o 4.00 rnm anbydii'ous c~lc-ium 

chloride in a a lt. roimri bottomed f.lask equ1pp$d 11'.th a ai\~tlux con-

. densv, 10.2 ml. cone. flYdt*OOblOl'ic auid tliis a<Sdad; then with cool:tnm 

and cgnstant. st.trr1ug, 400 r~m of 37 .. 4iO% f'ornuiLdehyde we:s $loHll7 

dropped l1n tbrollgh a (~O.PPin~ funtlml. It took m'bou.t 2 hot:trs fox- com.. 

Plate addition or f'ol.~1tta1dehyda (the remotion ~~ftf stl?'ongly tJxotl1t)rm1c l. 

When ~ ti:JJJ;. fozr£!ielf!mby'do had b~n ~drlGtt.i1 ttl$ !Qi~ut-e !~nt~ b~s.trud :f'or a 

few minute until ttl~ li<tUict boil~d v1gol:-ously11 · ~b.m m!1ttJliflntl. c-ame up 



---\--. quicltlY on the u.ppar tayrn:r1 and nf't61,. Wl ovat-nia;ht r;tan~1nm 111as. f'JYae ... 

tion!!t:lly tii!ltill@d~ Whe 4~ .... 4:l)0 0 f'rlll.ction was. coJJ~mnt$d and stort:~d 1n 

a t1chtly stc>P.Pt~!!d bott:;.lr~ in cold (f'.VGf!)Set>) befot"e 1t 'l!l'as u~ed • 

~' 
\ 

.In a on~litre,. ture~r:uilekad rr.:mnd hottomacl f'lrask Gf1U1Pr)ed 

l~1t.b. $ m{?chttnit:H:!l stil~~f.l)r, a short ratlu!( cond~lltSJ!':'1ll' 1 m:td a btmt glll9i1 

tube reach1n~ .sutfif.li<~ntly bmlot-l' '<'~<il~l .t;tla.cad SQ t;;m (0.~~ tnGle} p .... nt­

tropbenol1 650 ,na. <tr>llth• Mea,: G m1. eolau. l~ao4 QU(l 76 gm (l ri!>le) m~tll!rlaJ ... 

Tbfi! veaetion tnilttlir~ 11.ati1 stbl?'F.it!l t<~h:U.a tb~ tarop~atwEJ wms ma!tnt~tnfJd 

at and .ato'Wld 70 +- 2°0 f'Ol"' 4 ~ · 6 hrm •. by 1ae1111a of. a Vt·\t~ bath. Puring .. 
this time HCl gas was bu.bl)l~d into thr.;, X"fiu:action mixt.ura thl:oUgh the bent 

glass tube. ·!be 2 ... 'hy~ox:~ .. 6 - nitrobi~ZYl chloride btlgan to se!)aratu 

as a solid atte!9 about OU$ to one anr:I n~i..t hour. At thGl entfi of' the rG'IC­

tion,; tba m1~ure was cool*Z!d in a tee • batb for ~.- P~?.riod ot 1 .. 2 !lour, 

mol"$ cry.gts.ls sePIU'fltE!!d. S:l1e mlid materials, attar t!lt#ation1 ~f,e11e 

air dried tor! S<!Veral br>ur:rJ to z-emov0 \fmtc;,:-; t:tnd ·then ti'tl~hl1td u-!tll b@n-. 

zan~. The ·yield w~s about 4t.~ ..,; 45 gm.\ «)f ~ '\th:tta prod\tet,,, m.p.· 129 .. 

l30°CAI! 

l.~he sn!d cblor1ti<J was tflken ms $1lSPI:ln~:ton tn vatel'r' and 

heated slawl7; tbe cll':rstals would go .illto solution ''h~l.a f;hr.A ·im~l~n-it1tiH:J 

f'orm a dGep ~rown -oUy lrqer rat tb+.l bottom of' the contalnmr.. 'l~b.a m1'Xt~fl) 

was then boilscl mently to en:sUl*$ cotnpl.eta ~~..~olF~is. trtna :t~Qltttion -was 

quicltly t!lter~d wbUe ·hot. ~~he li&ht 7ellow crysiiala of' a. ·~d:r."'-':ry - s 

- 1'3:1t~obanzyl alcohol sapfWat61d e.s tha .tut,.-r;~.t~ got co@led~' 2ba ~oduet 

(m. bl• _ 122 - 126°0) thum ob·t:d.netd v~s 1"'¢Qrystallt$il!d f'~om hot: vatf):m-;. the 



-.··~.- - I 
cryst~s were3 t1lt0rBd1 wasned ,.,ith cold dioxran~~ ben2:~n~ , 1.;9) mi~u~$,. 

and d:L"iad !A voou.u.m .. 

o. l?RWPAtlrf~!fJM OF PllO~i'JlOa!l1li001BIGIO DICLif.~lF:Il:li~S: 
lllt:Jl4tll-·...-.·· .. ., .. FP~~·J$~1jo~·-·-!\"'.t"""'"'" ..... Jill tn•likf t ............... ~J:~ 

If# 

~J;Jtethyl.amine 
aNlig + ~s013 "---------.::;... 1 mole 

(l mo10) (l mole) 

~~. P(S) et2 + tviettzylmd.n~ 
llYdrQc lllor1d• 

0J1e mol$ I?Rmt3 and tlto moles ero1ne (o~ on~ mol~ mn1ne anr.t 

one mQle tttil!ttbytamitMi) wepe ritllovtt~d to )!'{E'I~~dt. at + fP to ..; 5°0 1n 

bfitl3tane/cblo:t--Gf"oPm a$ St;)lvsnt" srua nmitne ~olution wtas adrl~ti ~l"oV..1se 

VGf!Zf -slowly 1f1th cQnlftttmt vigorous st~.v:tng. Mte,.. ,11Jl adlditional. et1-

JJ-_ rring 11eriod1 tlla ~ol!td pat1't1ol~s wer~ tUtet"ed off tha l!'e.ection mtxttu.-& 

and the liquid ph~sa tifrna wasb$rl :r.-ep~attndlY ,.,itb llenz~ntll/uhlorcr.orro, 

aUb$equentl:r 1llith 2% Ui cold hydroohlorio acid, then witll cold satlU"e­

tG»d solutiQll of' sodium chl<>rid~. ~be ben~ene/cbloroform pha!t11il was then 

dri01d witb anllydrou;s $Offt1wn sul.pb~~t:o $0.d tilt.(~~ed; .avaPOlrnt1Qn tn .'7®!19 .... 

gavGJ th.a des13:'ed phr;tspboramidath1oic d1oblor1rle; ttlis dicbloride uam 

used as such tor the ~ba$C!U.ellt ,.-e~t:ion. 



5. ( i) C'l Cl4011BXtit AM!Wtli>HOSJ?l'lO!lOTJICJiLOI~ Il)Q7 m!ON Aezm a 
.. , ... tlfll •*•"' AliTIIf'IIIIJlttllll .. f·rn ,.,....t.,.t·r , • ._~ 

~ll1opflospb.oryl ~-h'l()r'il!le ( 16.9 gm; 0.1 .mQl$) 1n 1()() ml 

benz()ne was allowed to rroact 111ith c)'Cl.ohBxylamine (19.8 TPU; 0.2 mole) in 

20 m1 benzetnQ at ... ~o to 5°0; the am1tl$ ~olution '~rts a,c!ded ~.r~l!!!G ve't'y 

slowly Wi~h COll$tant V~gorous ~tb'-r'ing. Af'tti)r ail arl(ll.tional st!rr'ing 

perlod ot two holl!"St the ayclobemam1no b:ti!roo'hlor1r1fJ va:;; iN.lter~d 

off, and tb.e solut"iqn 'litO.$ washed w:Ltb 2% cold by~oobtor,io neil! smtu.. 

rated w1tb sodium chlo·r:Ld~, .and tllen td.th cold llJS.ttUNlttld ~1ut1on of 

sodium chlorida.! The b~uzane pbrass was than lyoph1l1$ed llith r-mh1dr'ou~ 

sodium sulphate :md tilteredJ. eva~atiQn !g)~ngug g~tte the 

cyclolle)';31F.uo1dopbo~pllorodiohlor.1dc:Jth1onata. l6. ·sea (7G% yi~ld) whittJ 

crysttalline ~olid (m. p. 68 - 69°C) 't4ms t~hus obtainem. 

A so~ut:ton of mor.pholilla (B. 7 gm; 0.1 mole) 1n 20 ml 

ben!l:anB ,>~as added droptfi sa to a :stil1rad :golut:ioll of" thiot:»hospl:l.')ryl 

chloride (8.45 gut; 0.·05 taalf)) ill 50 ml b®lZGlllfl tlt -50 to + 50(.!. ~hGt 

mixture warn stirred at 5°0 to1• 3 br. and at room tl$lmper/ltt~Q tor lS 

br. 

wb1ch solidified aftr~n~ standing. savq~ral d11ys w~~~ obtained (7.0 gnt;· 

64/~ uiald,) zu .. p. 30 -3l°C,; 

D1otb1lam1ntJ vras extranted 1n. bf!llzana fvo:n its aqueous 

solution by partitioll method, tmd its conoentrnt1on Wtls datel•mined 'b:r 

vol11m0tr1c metb.odt b~t~foPa estimation of' thtll $m1n«! the bo.nzana phase 



' 

~-

7. 3 gm ( 0.1 mt>1~, OO.•il2 mt.: b$1'1Smtr:J e~ract sotuti~n oooo-. 

0.1.456 gm/ml} diethz;lt4tnina We.$ atlowt\1d t_o rm~te:t td.tb th~Phtl$Pbol?yt 

chloride (8.45 gm,; o.os roQl~) in 50 ml.: b~nreene mt ~5° to + r;oo tmd the 

m1xeure wa~ wor.ked, t;p as 1n 6 (1). s.-o gm ('19% Y,!ald l:tquid PfJsso~!nm 

oamp!,or ~ lik~ odout" V$S thus oi;;t~1ned. 

N, N - ~msteylnluina \~am e:tttrnctQJd in obl.ol1'o.f'i)ll'tn fl!'()m its 

a.quQous ·solution 'trJ partition mat_hod mn.« its coMeni;vation \"as t!~tel"­

min<Jd by volumet-ric ~t,h(,_d; b$f'oll'e ~st:l.frlilltion of: the erdJl&_, tbe cbluro .. 

form pb.ase wa~ dried '!dtl'l liUlb,Y~otas aad:t.um sulpha;te. 

cl:lloiroform was alloll~d ·to rf.~aet \lith 4.5 gm (O.l nt.?le9 37.8 ml chloro­

form Glttract $0lUtion, conct.· O.ll.(}O gm/mlJ 4tmstb!7latniu ttilld tb.~ ~:1~t'llr.~ 

W3S worked up Qs in iS. (iJ. 7.6 gm (84~ yield) liquid '\tbi~b i!Ol.id1t1af! 

on st~nd!ng a.s cl,,sttils (m.l) • .32 - 3.'1°ei) was thus obtained~ 'lb1$ com.. 

pq,und has camphor-l.'lit:e odcw.-,.·-

5. ( tt) ISOl?RO!?XLAl4tl)tilt'HQSl?1iakl~)l)!CEit.Oai.PO'"lHIONATllli 
~ U:l , J If I .,F. g tt L tl .......... C.I£il$11:ia :i it '*'!*t.U(tll611f.-J1 I. ~-ii t .)11 n I 1 I Sf I~ ~Jii4 

Th:topho~pl:lorul cblori~G (a.Jl5 gm; 0~05 mole) .in 50 ml 

cblo~of'orrn wa$ r~a~t~rtri 'f>~ith 5.9 gm (O.l mol~, 24-~9 Inl ehlo~of'orrn 

exttttmct solution, eonc. 0.2379 ~ml) ~m,rop;rlwnir.u-zr, Md the mi~ttr$ 

was worked up as in G.(i}e S .• o gm (83fil yield) \fh1te o,_..rsiU'lllin9 $0lid 

(m.p. 35 - seoc) was thU$ obtnined. 



fb1opno:~phorvl cbl.ori!!a (9~45 gin; o.oa mole) ·ill 50 ml chl~ 

rofoa.•m vas lr'!'il04i~ad 't11tb 7 .• ·1 gm (O.l mole) ~rolidine 1n 20 mt. chlorofor.m,· 

and the mixt.'l&re 'ttas \JoVk«ld u~ ~s .in a. (.i).i e.s .mn J;ll10titl«rt W'aSJ obtaine~ 

~b1opbt)sp~yl c:blov.td~ (8.:45 gm,. o.as molEJ.J in 50 mt chlo­

rof'ol!'nt vas allo,,sd to reaet 1111tn a_s gill (0.1 mole) PiP$.!!'1i.Une in 20 ml 

chloroform. 9.·0 gm prod®t \ta.s obtained. 

0 

.. lam:tvte (2.45 gm, 0.0242 .taol~l,, atad n. ,., nonylnmir.v~ (3.t.t;7 .gm; 0.0042 mole) 

in 100 ml.; ehlorofol."m; tb~ oony1~m1n~ :tn 90 :ml.; Qhlor>otorm wag ad~ed 

dvoptf:tseJ after ot!dit:tont'Q st:ll':t•ing f'o~ 3 h;:t~.: tha r-t?Jnction m1xtU!'e ,.,as 

washed twice td:'h c-Qld satu;r;~ted sodium ehlor1d~ solution. The cbl~o­

.f'Qrm phase we.s thGn dri@d td.tlll anbyt~oum sod1wn sulpb£lte and tttlt~edJ 

f3V£lPQ:('Bt10n a 11~B«!UQ {5Q~f~ e.a gtlll!Q'Ilid nonylfUQ1dOphosptl()11'0d:lc . .hlGr1do­

thiOn~te!. 

~hiophoSL'lbo~yleblori~e ·( l,.. 32 gmt O.cf)078 mol~), tr!athylam1ne 

( o. 79 ~m, o.ott18 mol a),. and n .. ~aptadeoylam1ne (l.«~994 gm, o.o0'1a mole) 

vera US(!d fo:r- the P:t."a.tJaratiot~ of' tbis oompound; the .b.eptlindoo~lam1ne in 

30 tal chloroform '"u.s adt1ed dvo};,ll!liS$; l.S gm. prc>du.(jt '>las obtained.· 



6.' tJGI~r-t,amA~jiOll Oir 2 ,.... .~LKYLJU:t!We L~-6 _., tttr2~GJ -.: 411 .. l;a,2 ~ mei'JtDDitlXP,.. -
,I f 1 I ""*'*'4il<•d 1 I P )U i fr.~ ·· ,. nt' Pr•~iJII'-t ..... rf!• .... ~'·1 u.$11,; .. II!( t lltliJrt.,...,.el .. ~'PIJII •tu uQr 'If ; f ., ...... t.nf ll 1 '*l • '. 

l)itlilPHOLU:l~ • B - SULWl1IIJ1E.J · . . ·' · -

., 

- 2 - . autphides wera }?r~p~ttt;1d 'by CAdd:tnm til $olu.t:ton or 2 ... :tvr~~~ ~ 5. .. 

.nitrobGnwYJ. alcohol (5 ... n1;~!'Q -ligenm,, l lii()ls) in dry _actltone to 
' 

1 mQlt1t of' .al,tt;rlatnid<)Pht>spborodicblo~:trbi:hinn,mtt.t tl:t;tb coQlinr5 in an .iQ~ 
~;'- batl:l. Zha oo1b1&-ot1s p(}tasP":~ium <n•r'bo.n~tQ (~ molc:a) was than ~!5dad by 

ins?.;;d,m~n.ts,. v1th constoo:'lt st~:tng.' In somG oas~$, go~li l."esult \Vas 

found by usinm 2 mol$s Qil' _pyrt4:tne of 2 mol~s or, t:~Z~it1th1fl!imill0 ·tn ahl.or'o ... 

torru :solution inst~ad •Qf $tll\Vdl'lou:g Pottls~iu.ns ce.ttl:lonmt~. !i?hfl'! t~~.P~at'Ul."e 

ot" the r~~aetion mixture 'lt\!'1 ·stl,.,i<ttly mrdilt~int!lf.l below. r:llc dtl)J!in~ the 

addition Qf potas~imu ero~bonnte/p~id1ne/tt-1ethyt:tmine.; The eond,·m.~a .. 

__.,..-;­
'\ 

tion was a<'womPlisb$tl by $t-1rlr-irag at the t~Jttp$]!tP.ttUI?e 5 -· ~e t"or an 

additional t1tQ0 of' ~ .,.. 16 ht'"~. ~h1!J $Olid ·p~ticl~tte Vera tUt~r~d out of 

tne vea~tion mixttJ.l:i~ l'>l1ld ts.ha s\Slvl&llt '\fa~ remt>V$c1 tmd~ 11ectu.et!!d p~essul.'!'e 



cryst~lis~d from mmthanol· to gi,vi--:> ~he ~u~e oompounct; . w~ilo m otbers 

an additional ahlorotomn e~r~Dtlnn wQa nee~~sru:J"~ pr.1ol' to t!aa ~oorusta. .. . . 

l:tsmtion. ·In tna ltati:tel!' Ctatllf!)i 'the c~r!o ~odtto-t '1<~.lias a~!'net.(i;d ~11th; 

oblorofo!'m and WFa.~bet! w!ttl ~ t~ii Hal (·~ - oo,blad) .tm1i With eold 

wat~~, rspaatedly (tbt'e$ timoa.J.' 5rltts W(M:J th~n tb'iad wi tb anby'drous 

aotlium sulphat$ and th~ ohloo;-~f-olrm ·~taEJ $'l,l'bs!!K!U.antly l?emo,,e~ unf!~ r~ 

dutitad pressure.. '2'na pl.U'~ aompounds w~e bMn o.'btain~m by 3.'!!JOP1stalli­

.Ztlt1on .from mtlttumol.; 

~300:{Ac~tone 

~ 

17J:'id1ne/Ql10!.3 
01-

'l!"ieth!fl f~IQ.:!ne/0001.3 



I. 
"-'y-
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Halting }}t)!lnts r.trr:J. l~nnoll-l:-eotadt 14tcr.o fl .. .!lml.Y.siS n~0 cawied 

out by Alf.~ed -~rnh~~dt, lie$t ~$~maNy. 

'rhis ciomprltmd (BD..lO) ~m~ tf'tl~epnr6h~ bY con.rlenmlltion ot 5.. 

n1t;;:~o sali~enin (l..~iQ fftm; o.Ol mol~)) ~"ld c.ycloh~X?lnm1dot>ho~n>h~rodi­

chlol;idottlinn~te (2,.:32 ~,, Oo·Ol nnla) :tn Pt*~sanca of." Ka.Om3 <2.7f> .grn; 

0.02 mole) in 15 J:Jl nu~tone :lS r»lVttlllt;. 1~cn3 1ms addetl by 1nstelm~rr~$ 

to t;W!J st1:i'rtt~d solution 2t o0 ta sOa .. , t!\t"t,~r' au a·~~U.t1.on:?ll ~tntl":tring 

-~ (2 - 3 brs, at f.'P tQ soot I?.Ud thmn ~ - 'lfi. l1.rm. at rQnm tempel?a.i:.'I.W(CI), 

th!3 solids werm :til tm.t"eJ~d ott, mni~J the ::~ol vent \9~s ~emoirtld. Zne nrudtl 

product was <tfll.Shad ''it.h methtlllol ostu,.-.~tt~d rw1.t~l'l n - hmptmlG~t and then tbe 

compound lll~~ t"(i'!O~Jatmllimad. frora h<>'t raGJthnnol. 2.!3 gm. ('l6j6 ynil~) emu­

pound ~:iff'l$ obta.in\\ld.. n~-10 im a '"l1ita o""ystal.lin~ rnoli1fl1. £11. ~. 1~5°C:, 

pr~oticatl? in$olu.bla :L"'.l t.ratet"', h:Ottf:'":U.y SillU.'b'le in m.t~th~o1. 9 sthn.nol !lnd 

bSllZI!UlQ• 



li""Qtm.!l t a, 47. &~ ; a. G.J.9~J N,. a. 52J.'; 

Ctlleul~ted tor J e~n704fi2P:J :t a, 47 •. 00%;. n, s~·:m~~. ti,· s •. s.a;i. 

! 'bai;t~~'l'lll' )?!eld was o'btn'lit:ted by using P!fl"n.dtlne (o,blor~fm1'm 

Bs' ~ol.vent) tn~telld c)t lCaC.Oa -as d$b_Vdroe;en ch!o~ida .agent. 

6.:(b)(1i). 2 .. HUtiPl!IOLitl6 .. G ~ NlTRQ .. 411t .... l ~3 .2 • EElNZtJD:t0Xld?l~03Pl1Q.. 
I I dl'll! •• c! •• ililt 7 IQ?T 4 .. cf:t-., .• • •••If ~u'li.rw I t "'"ill t ~~~~ ........ ,-~_, ... J J J r 111 ..,,... • 1.111 i 

iU:t~ .... 2 - auzyr:ttom (:BD..U> ~· -
ll"WIJ ~ D 'i '' 11 I'll! • :iit 3 _.. ~~ ••. ~· ~1111 5J • I • 

a 

00
11 

' 

ON/ 
2. 

...... 

5 - :Nitt"to .,; Sttil1~ran1n (1.61) @tnlt o.Ol mol~), m.oJJPbol1no.Pbos­

pho~odi1ublol11detb1onatGJ (2.2 g1ni. 0.01 mole), tmd ~Coa (2~76· f.Pt Ot!'02 

mol&) in 50 .~ acetonta ·gavs a gm (90% y1alfll crude r'l"()Quct; tb1s was 

then dissolved 1n cbloltof'orm and w~;ghed '"ith cold dilU't$ HC! p,.nd water'! 

efts~ dryillg llith anbyr!~Q~s sol7t1um $"u'lr:fl1mte ~~he sol vent tf~s l1"~mQVed 

under Jl'edueed Pl'~s9U~a.. Til~ $0l1d· lfltlSS W!lS then :VOOl?Yat$llised :t"ltom 

bot methanol. 2. 0 gm (60;" ytf)ld) BD.l.l ua~ tb.us obtllined.; ~D-ll. is a 

wh1teJ crystallin~ sGJ .. 1d., m. p. 149°01. 'bigbly ®lUbl$ is aeeton.a •d 

chlo.t-oformt mod~!"'atat:r solubl@ :ltt m~t~b~l;· otbanol ancll bmn~ene. 



~ 
\ 

Fo~a * ~.· 4!.7Siilt n·,. 4i.:ta;~, !J, o .• ~L~~ 

Qtlllcai.a:tt.!lt1 tor * QJ.J.a13tJ5N2Ps ; ~ •. 41/71}:.; lt, .t1.llll; !It; 9 .• 2.1jg •. 

J~ol$CUl~ ~ileigflt : 3:18. 

6. (b}(11i). 2 ,.. DI11'21:f1Clj.U4:tmo - G • Nl!RO - 411 - 1;.312 ... BltN:ZOOlmt!PllO~ 
WW f I b .... nr?'« 11 .....-. .. ~. * If •11 ..,..__I J ~ I .............. c ,,.., _. t f ' _.a-. • · ( ,.....,.._ .. W" · Lb: :jl •r•l 

PHOHIJi ... B - S11,PlU:Dm (13!>..12) :. 
· ~~~.-... • ...,. _.,. 1 1 a ••=•·• r:· r 

pbt)itcH'lieblor1dotb1on:lt~ (2.00 gm• o.Ol mole), Gn~ ~oo3 (~.76 gm, Q.·oo 

molG) in 50 nil SC!iltont1 rnaVi;) mo...:u~ (2•8 gm, 90% rr!.tJJld) ms white c:rystnl~ 

(aft ox• working up am tu · BD-10 J, · m. p.· 105qd. 

Clllculat~d tor ·: f.J~:a16a4N2PSJ 011• 43.70Jg; U, 4.9-"i~;. :rq,. 9!127% 

Moleoulwt' W~igtat ·t . ace 

I 



6.(b)(1v). B - DW~~liD!I.Ai"liOO. .... 6 ~ lil:~ElCl • 4H ... :1.1319 .; B.ENt,QlliQf,{\... 
I f. t 1 II I I 4 ~~~~-·~~- ltite t i t --~ ...... ~ t'l!l 't4 ........... t.l d ~.ali.- """""i!" *'"*• .,.,., ... , .. u ••illl HIE I 

J?.UOSPHOll:(!il .... 2 ..., Si1E,.P1!Illt1l (BD..l3)l 
. k a •• • 11 ~ ' n~ ·""••• ·~ .u~ 11!1• n• ~· . ; • t • • an ~ • 1 r t ·• 

6 .. Nitro - S!1l1gtl4'lin (1.69 :gm1 o.ol mole) J d:tmatb!rlahl1dophoa­

pllorod1chlol.1'idoth10lilat$ ( 1. 78 R:m, t).'Ol Jlll)le.>, K,C03 (e.r,s gm, o.'oo 
c:~ 

mol13) 1il so m1. ac11tona ~t'l~ls )Sf;..la (Sro gm;: 75% yield) tJ.$ '"h1t~ nmrstals 

( a.tt •111!' working Ulj) BIS in :60..10) Ill• p.\ JP~C$OG. 

6, (b)( vJ., 2 .... ZSOI?ll0ns'~X.At4I1a0 ... 6 ... Nr'J?RQ ... 41! .. l.t312 .. liL~N1.0i)IOXAPI:IOS~' 
I 1. *F $ 1111' • ; b ct ....... ......,.. ~~'""""'" • A ..... Llt-4 * . ~ &M • ..., ... " •• ... e1111 'J!IIII' IJII' I••P ••• lift .. II I 

lJllOEllli .. 2 .. SULPSIOE ( PJD..l~l) t . 
.-rr I' II . f .Ill t- 1 t1 n· itJf •• it*-- r eui • j I. ( J •. 1 . 

s 
n -

fYO'f.O. 
0~~0 

.tia -

' 5 • Nitro .... Salig<m:t.n (1:,69 gnt~' o.-o~ mole} 1so~opzrlatn1r!.ophoa­

pborod1ehloridothion~tca (l.WJ gm1 0.01 mole),. 1~003 (2.76 r::rn1. 0.02 mole­

.. 111 50 m1. BO~.Jtona gnVQ BD-14 (2~0 gm, 70% yielt!) $S white cryst;ats1 m •. p. 



---··! , ..... 

Ca!.oUla.trJfd for I *'lolll3Q4NSPS I f!:,. 4l.66}b; a, 4. 5~~ N, 9. 72~~~. 

Moloo-ulat" Weigblt ·f· 200 

O!!N 

s 

o:t-
5 .. tiitro - :Satd.gt'1.tl'lin (2.70 ~. o.Ol6 mole), Wfll'rol1cU.noPho1J-

pl::l~rodic:bloridclltlUon~at$ (3.45 £l~t ·o. 0:16 mol~), ~C03 (4.5 S«tt t) •. 0:!2 

mol0) 1n so ml ac~tm:u~ -~~ve nL16 (4 ~., B:li~ vtald) ns wbitm c~tratala, 
. . 0 m.p., 134 e .. 

Analz_a:ts 
1 F . 11 tP •• 

Ca!cutat~d tor J' m11u13o.~i\ll?}~ t d, .tt3.el;'Ug: u, 'l!.ii2f N, 9.1321i.­

t1olooul.a'!' Wetgbt t. 300.6 



I 

. a 

ON~ct-0 
l! 

5 .. S!lro .. Sa.tigania (3~4 gm1. o •. oo molol, Pi~l<!inophosPM~ 

z.-od.1cbl.oriootbionat£J <~1.~ gm, 0 .• 02 nu>le), ~Gtl3 (a.s ~ ·O_.rM mQl~). 

1n 60 ml BCt1li~Cn$ g~Va 'm1J.l6 ( s.·s g:mt ttl~~ Yi~lri!) $:1 Wbittt.t tt~ystAl St m. P•'' 

l3fil'e. 

&o (b> ('T/U:L> .• !!..~.@~~I~~L.!-tt.~~ .. ~~~;:. ... ~~~ ~ . ..1~~!.~!~~ 
i'J!OSPl!OllliiJ • B ... ffiJLP.lll:D~ (B!l...l7)l 

PS1Dt81l# ,.11["":8 .............. TII"Itt .• I.!UV* ~· lliJ .tr .11.11 IOI!i)!t .lill11l!lA 

' s 

~cl :.... ~<~>? eHa 
0~~1 0 

.5 • Nitro ·- Sal:tg~~rd.n (1.1 ~m,. o~olOO mola) nollY1~1f!opbos­

ph~Jrod1ehlot-,idotJ:'dollmte (a.:oo gmt _o.Ol<ll1 nnle), l~C{)3(2.9 gm, t}.0016 



l ..... 

mole) in 50 ml acat;one gave BD-l'l (3.5 ~lt 87i' 1'ield) as ·Or'Jtstl11lst m•po 

G4°C. 

Anal;rs1s ............ 

Salcutated f'o~ * Ol6~all4N2l?l~ ': a, 51.6JJ1; H, 6.Q2;~; N, 7.ti5:l}~. 

Uolli3!Clll~ Weigbt : 312. 

6.(b)(1x). ·2 - Iil~Pi*ADECY~.ruiJJ:PO ~ 6 - m:nmo- 4fi- 1,:3,2- BitNZltJDIOXA-
•• J 1 1 .... i ..... I l .. 11 • 11 ....... $ f i - f............ J T li • ~ I II. I Ill I 1 1 .. il I Jll'lir I 1 i Y .... 

PBOSPHOHIN ~ 2 ... SULJ?H]lr.ill (JnD..;J.S) ~ 

02-N 

, .. 
11J 

oJ ...;.. 
I 
0 

6 ~ Nitro .• ·Sal1g~n1n (O!t7fl mt"At o.('}(')46 m<>lfil)t heptndBOylam:t.... 

dopbospllorod1chlol11dotb1onate (l.B gm~ 0.0046 mole), tt-1etby'land.n$ 

(0.93 gm) in 50 ml ohlor,-,form ~mr.e BD..ilS (1.82 gm) a~ c~ystnls, m.p. 

7o0 o. 

AnQl:rs1s .... ,. .... 
Found 

Calculated for : s241141oiU2Ps ; c, 59.-50. ; H, a.~47;: l'i1 5.78 

Mol"l!Qular liaigbt # 4&"1. 
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7 •. FUNGICID!&. A<1ZlV~1! t 
... 'im ••• !rf ........ .,. .. ,.~.-~ 

Py!'1cul~1ta ~umaG Oav._ .. cauSQJ._ fltnRiUm ot" blagt dt~gv:~o of. rice • 
........ ,... z J ...... 

1. ('b) QUr.:;tuam Mm!>:tutt t 
'0 ; ti s ~ ·c @I •••ur•• • ~ 

20 gm t!lt\lt (D1f'co;) ~t,~~r-u.et was -boU<!d -iJ~ •.rat$!' till di~solved. 

20 gm aga~ aga~ (Ito"b~ Japan) was addt!d alld l;,oU~d until ~~ar ua$ w~ll. 

disl!!Qlved •. 0.05 r,m c.lll.o:rrunpbatlol wa$ SllsPmnd<lld in 10· ml ~t t~S>~ al~ohol 

and· !ldded to tile me~Z11'Wn a$ -ant:!.boot$tti~li .ag~nt. 5tha voltattlf.l at tb.Et 

medillm Wa$ 'tlb$!1 made Ut)tO l 11tt-Ci by Bdcfl!nm ~~tt!tl".o p'tl oT t:h~ medium 

t1as adjusts<ft to 6.6 by a<a~int£ NaOU solution. ~~~diwn 1.m.l! stel!'il1m~d ~At 

· l6 p. s.1. ~-or 20 m1nut(!)s._ 

1. (q) .artowa :INljiBIWitJl~ r-.trEr1aJ).: 
·tl ;••zrll...,_....i._.,.,.,....., .. wwrr•• 

Gt-owtb 1..~h1b:tt1on t!ltu.dies W~$ ma.rlle brr usttnr: ·Po1$Gn too~ tooh-
(4) 

niqua ~ ~.cetona $0'lttt1on Qf ~litat"~le quan~ity of that eorapcun~s i.n 

stex-Uil vat all' eontllh1f!.n& o. Ol peJtc®t ~~~:tt:on - X '\\'as inco~l»r~t(i?!l1 into 

molt$d malt ~g~r $0 ~ t{) g~Bt thm d.s~ir4.ild conc<m.tl'~tion of' the c~rnpounde 

in th~ media. :ro!1J i~m.'ttt m~rlill.Ul w~m ~aiif .into tl'la st$noUe p~tr1CI1sbffls 

at'ld art~r sol:tdif'ieGttion th$ 7 mm 8 d$,-s Ql~ c.ultu~e disC ,,ms t;tlttc·Etd 

am·~p~~.call.Y .tat the (l¢1ltrs ett'" the pet~idi$h. ~~ti?a ro~~P.licat-!f.)ns on 

a!lch test tf;l.th appropz<1mta cQntvol und.$.tt ~~e .oundit.ionf,!l ware ma1ntfl1n€u'• 

Tha$a patriclisllas ~1ar-~ intrtl'b:Jtted at :lO · + 1°C ila dark. .tlnli!a1"' gr~wth . ... . 

.. 



,Percent inhibition ov~r oontl't)l \i$S cr4cUl~ted foilo'tting tll$ equQtion 
(5) 

giv~n by Vinc0nt • 

Insooticidal. tests w~e at so J;JQl•foret~d on the s.~ad.\c. Gll-lJs!J­

hoPL~»~tta,· O~a n1tldllla . by tap!t.eal ap[,li'O',{;ttion of' acotone sol~ltion o'r 
E 1 4 • I I I t M••••· · ' ' . 

. (6) 
tta$ ~o:t~pounds aocorr)1ng tc Etu Ali .il. " Zbe ~as~diOPiist:~rm wa:tgbtng 

about 0,15 to 0,25 gm, w~a collootrod in :t:ne nu.J!~th or Qoto'b~l? ... NQv~mb0l"t 

1981 from on~ PSI?tieule.r' lo_arn:tioll ~(the liol'th E~n!Jal. l1n1V~ll"s1ty &tmL'Us~ 

in tbe fialfl tn0:r l'l®.'*t~ nevar B~se;4 to any OrganopilotrtPhalr'lls :tnsec-'(;1-. . 

cidit!e. For ptrelit!lintU"1 ~~p~J:'Iiirnatlt·, M~to.ne $O~ttt1oo of .tbs eotUPQtmd ~1as 

top1o:4l.Y applied to tt.m tn~~ts llll Eitacb pot~ Md . ~f'tm~ 24 ~uli"m tb.e 

morttdity ~s dat~rm:tn&d. 

·~o det0rm:tna tbe tOOl'$ preait;;e LC:J.oo V$ln.~ ot.~ ~ncb o()mpound, 

one insect of' kncMn tl$1ght in $rr..~b ~t wa$ treaihildt ·by tc.Ut1cal appl1~a­

tion, W:ltb aoeton~ $olUt1oll t:iE tq~$1'; C~ootitUd$ ()ll VlOUitb\~atld tbo~ac!.c re­

gion (VQntrat ~!Cls) ot" tht;, in!9rot. :ffioo-h t$1\11: wlls tr;tpl:tctltad. For all 

the ·eJ.ky~a~dopho~phQ~Qtbi®a.tes th~ conc;~tl'"tit:'t~n u~s t110:r0a~ed by 

1 f'- trlinseot, l)ut tor tbe sdl.ltbion ('standat"'c:O i.Hla eo~centl:'tt.tion was 

lnc~~~sed b1 O.l;umlinseot~ 

Oral toxic1tr testium '~as <totldu.c.tecl on 6 .. 12 ~nt;;hs old m~le 

wbita albino l?'ats, w-aigfJ:tng 140 .. 200 gm, $ach housed .tln sep~.ata com­

pattmenta ot :a o$~~.· A1.1 ®limalrs had :t~U~e t;teeet!ls t:o fo~d n.lld ,,ntt1}1t. 

Ditf'~ent dosage$ ot ~ comp~tmd v~~~ mi~ali wit~~ boilarl fi$b ~d t~ll.ven to 
. . (?) . 

the ~imals at their' babitual f'eediU!! t:tm~.' 'rba mot"ta,l.itrr tdth1n 



.1-..\-._,r 

4B hours vera :tt'ecordQd idonm w1tb the to~1c symptom'• '~tlta ~4 toxic 

dosage ,;~a a f'ound out by varuillg the ~unt of compound praportioltatel,-• 
. .. 

Thrn saegl1gible mmoUDt of compow1d lJamted by ltb$ animaL duV'i:tlhl di$t1ng" 

waa l1'0ll!lh1Y · aucom1trgd for in (~att.Wmininm the dois~rt&. 
-• ......... •• a,.. 

' (8) 
r.,bytota~io!t,- t~~~till~ w~s o~du.cted aacolfding i~o lnto st't; ·ttl, 

~~tQ1l0 solution or the cont110Wld$ :m1~sd ~th ~i~Gd afD011tlt oi" "trtattW 

· contain1n!! o.:o]$_.\ 'l~iton. ""' X '\?Bs l)l'eprarad. 5 ·na of' t;htas aquous guapen.... 

sion conta:tn:tng SOOt 250 Ol' 10:') ppm ot tbs compound!!~ was pOUl'ed into a 

patll"!idisn bottom cov~rad w:tth abmorhent cotton.' Tan sm0dt ot whoat · 

(T~i tieum :$p ·UP 28~! V'ttr1et~· supplied . by Ilatton!d ~laed Corpo~~t1on of 
. -

India) ~f!lt:"e Plneed oil th<9 cottnn an<1 kept at ~oom t~mgetJattU"ta UlG -

270Q) toi!- f'f!.tts dn;r~. Oao ~l!l1{)llrdl7 2 • 4 nQ. 'ift'.4tt~r 't>l~s mthled 1n aaeb 

pat:r1d:tsh so that ttl~ .se~Cl$ 1"emainad 1.D moist condition., Each tl{!st wae 

tri,plicated~ tmrnb~Vr of &•mmination w~s ·countQd aft~ a d!'lYa. 

11. AllliCliOLl:I.~£$T.SRASEl AQ'.tt11:L".?1C t 
I 'P?¢rP.._.a 1lt" t I a• .-_- ·1 I I 1 ,...,,.., J.' .-. 

'I'be or(Jrnll09~sPhorus commnu1ds l)ava I! common pb!ll:'ttu~olo~ 

gical property '\ibicb !Ls the· abU:!tY. to inhibit th1) .activitY' of' a ~oup 

ot snzymes. e~P€:1liall·Y anatyt. ·elli;>linasteFase ( AOb.i5}1 involved 1n the 

hy&-ol1$1s of ~stel"S of: o®lir<.ta., S:tnot;J th~sa ~~:nnas present vidal)" 
. . 

1n ltlsscts ~d m~~$ds1 the Ol"'g~:tPbo$pbO,ru$ aotnPOUlltfis1, U~sti as insfJC-

tic1r'las al.$0 exhibit l~1gb mammaliMl to~1o:ttv • 



~~."t.<tl!' 
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~hr;, aae.tyl chQli'n!'8Stl!>~me$ ~nb1b1t!on of l:lons~7 bead 

bz!:te (Nl.~ACt1m) ba~ b<t>,~.fl ln.ua~.®Cl 't)y oolO:l;"!mGtrio ~tiltf.md of K':r;Mier and 
(9,10) .. 

Gsmson • usinfi! in.dQphanfl UQ~tat(;) tls a.n ltn:f~f~rnal. $Ubstrata-1nd1o« ... 

toll' in 0 .• o5 !*I )?bosphate bubh~ oif pH a. O.. ~b$ t~neymmtic !:-<?.action ~or 

;lnt!ephenyl ~etata ls Qs foltows·~' 

0 

0~~ 11 . CHE ·0~ -o ?r 
0 - . · . 0-C-CH

3 
0 · -N -0+0-C-C 

. . pH 8·0 

blue. ( A111ax 62.51'1'11'\) 

· Tb.e raaGtiQn m1Xi~U1"(1J contmlltl$d .5 m1 buffet" oontain:tng hP'ttmftf"ly battd 

br"1$ (~ ml tit thi:il solution. cont~inf.ld l tly bead ) and. o.;l5 ml. inr.to ... 

Ph$1l1l aoatr.~te (t.o~fll ,rolwna ;:: S.l5. ml, oontl.. of' 1n~oph.,nYl ac·~tate 

--1o-
5 

1'11) fl ~om ~ead:tugs fo:~ eont!'ol. J.md $£ample wer~ t~o~k$!ll at 625 nm 

aft\'i?~ exaetly 30 m1ntttf.!J:S intlU.brAt1on.' 

l~. (a) ( 1) tlBJ\GE!f!S.; 
18!i(IJI~l .. ~. 

G,.a fiiril E:H2Po4 tU.smf)lvad in soo lnl of \\l'mt~l' ~11ns miJ!:$d mtll 476 

na of 0.1 l~ HztOH solution ~t1 dU.ut~d to liU~J;"'~ ~f't~r th~ pff tJas aajus­

t.;rl to s. 0. 



&.bsqluta 1:e~vl al<1obul gavG a 3,. 3 x 10•3 la ~olution so tnat iz:ho f.inat 

conqent~>ltion of thta 1ndoph@ll1l ·ai'f$'lttata 1n tha rl?Jact!ton tff3$sel was 

Glt!1$Yit 9.6 ;( 10•5 Nt. 

~.I 
4.~ SalinQ solution ·;.: o.9% 

.. llfl'• .• ) 1R1. . 

s. Galt solution t 
ll:s"'$ PMt• l liS fli .. 1 ;.TlMIJ 

2. 03 zm or i~ScmgtsnoU.s obl.o;'tda -Blld 2.16 gm ot Nae.L · W~l'!'e di,..ssol­

ved :bl 260 ml.. of tfat:{~ .. 

6.' Pr~parat1on _of woil"ki~g $0lUtiton of' rttcetylcboline$tff.'l.l'a$a 
.... M '$ 1t iFI' .... *tf~tb- I .. :t-~ p .. -. •• • 4 RJ ~(~"'! l"l I( ....... 1:&4$1 ' 1 ............. I _II f .U F. 11; f 

trom bou.a~tlyljliohsad$1. 
,.,... .. :; •. ...,t_ 1 1 i ... 1 i • u [ ,I ... 

va.ss$l 'Wiillt1. sto~<nd in Jl dsop f~~eza it¢)11" l - 2 hour$. Tt'lay. we~il'* thtm. 

trMa::rerred 1n n aontaitla~ with finely broken ~~ey io€!1 reiUOV$t.i tndiv1-

duall1 tr-om the oonta:tner1 dec84p!;tated '\?ith ,. eb.a.v!.nm blad$ ~tt tor<~!> 

ceps. 100 heads wa~~ oombitl..,d 11!'tb 2 l1ll <>f salt so1 .. ution and 2 gma 

ot tiasb.sd sand. in ,a p~ooh1ll.~d with s1ze No. l mQrter. 'rbG head$ W$re 

slowly ground, th<m. tx-anster':t~ad to 50 -ml pl~stio c0ntrifuge tuba with 

on$ 3 ml. aliq_uots ot cold salin$ $?)ltltion and two 5 ml aliquot" or. 

butte~ sotution.The bead fragments we~a r$mpv~d b7 b~nt~itug~tion for 



._..,_ 

10 · mil:\utea at lo.ooo·;-r.. p.m.. in $lPet- !Peed contr!.tug0 at 4°r1.' !!ib~ 

sUPiilrnatant ltquirl 'liltMt rloo.t\nteti illto 11 .tgl1ltaduat.ed o:rtindtQtt .mnd ttl~ f~~r;: .. 

tnented haatl\':1 \lerft m1x:ced \dth 10 ml et buf'fer molution an~~ e~ntsr1fug~d 

agtd.n !1t 10.000 ~···P··~'· Tots ~xtJtactilml Pl"OC0tltlt .. e was ~mpa!itea tWice. 

Ton~ ~upettnatant solutions V(!lt"e .comb1n9tll and tb0 V()lUt~tiil un$ ad3ust~a t.o 
. ' 

so m1 with the bn,rr~ solutiQn ® tbf.l.t aach ml "Vras G(!~tivnlmtt to S n;r .. · 

b~at!lse~;! llhis solution ,.,aej stocked fromqn in deep fV(i!~Z$.1 Ous d. of tbis 

solutton ~1as d1ln.t~d to 5 t!tl v1th p~tsr solution so th:lt $~J~ ml ot 

tb$ rJ:Uut~d· ·~ltlution cont~inEtci! single fly ... 'he&d~ and use<! :f'()r SQOb s&t of 

the $~per~.11lStlt.' 

11. ( ""'·> ( .t :1. ). l1~FICD;. 
·;"', .... ;., 11?11 ' • t ,. 

. A staria$ ot 16 :rot ~ox ~akars (numbered 1,2 ,a." .••••••••• 
. . . . . 

eto.) cont&1n1ng dif£.er~t amounts ot" inirdbtt()r (!:1 ... ~, 'Btl.JfJ/ Bll..ll/$tet.) 

in aoatQn$ along with one mra1:1>l~edi •o.ontrol' w1t~o11t inhibitors '1tera 

alrrausad. ·o.:G ml ot glyc,3rQl $0luti® "li~s poured in ataah bt:~~lt:er inalu­

dirlg the ~C()lltrol ~. ~t'ID' at,:,oton~ (in beruc{W ·J.,£13 ~to.) w~s rami)Vmt' by 

blo1dn~ col.d :air. 

waa addJ~d and .sinlUlt~~u&y tba stop...w~t.oh \fas st1lrte(l. At the inter .. 

vat ot exa.e.tll' 2 mtnu1:;i.i>s, 5 ml. ~r tbe eneyme..butf'ar sblution uas fidded 

to eaab or tbe :rema:tla1ng be~k:~F'$.1 

l!fte:t e~actl~ 3{) m1nutt9s, 0.15 ml or. th$ indc.)phsnyl ace­

tat$ solution (3.3 ~ 10 .... 3 M) <t\'ta~ ~dd~d to tbe 'be~ker- mflrk~~.~ •contr~l' 
end Sll.'bsSf!Uentl,- t.o ea,oh 'bealter of the series at thfl mttwvrll of 2 

OJ:tnu.tes Md th$ll k~pf; to •be incubated ~t 30°0,. After :tncubl:ltiton t'Qr 



·.~ 

.... ., rn 
-~ 

exat)tly 30 minu.t~}; tt"l$ .ab~Q:rbaooes or •u.r>ntr.ot• ~nd remflining. solutii:>ta 

w~ra success1v.$ly 110te'1 in thfJt ·sl;)ectropi~otomete.~" (Cnrl .. ~$~.~s S:p~.ol., 

Z\f) Q1; ti25 nm vrlth !i"~f.t~.l?enaa 1~o ~zyme ... :tsuffer- (j1'~ag®t hlrm.k) S!,iilUtion. 

. .. :1\bst'>~bnw..ca (Cr,ntrol) •. ~boor-b~e ( Sam,pl~) · .. 
;i blb1b1tiof4. = ., ... r._l,i•••• '•• • ~·l•i!f'""*........,,...,. jotk¢f •• • -e.T,-.-h~-~··· .. ib4tusl_J.,.... .,.-: • -., • ., i ,.,r~· "100 . 

Absorbrul.C:Q ( Cor~trol) 

'rb~ m'Z!thod employed t{l r~etlt!tn!l1n@ thttt inhibition of: ttw~ ncti­

vitU of llG$'bj!'l eholllltastt~z;-~se in i:!~Oa't:~~hol'i'i i:'load. by orgf\!loP.!lO~P~Us 
· (91 lt.H 

oompounrls was by color1m€ttrio matbod ~)f Jtt!o~.me1• f-jJld Gn,mtaon , umtn~ 

indophenyl nc(?Jtst!;, as an :bltern .. rit. au.bs1~lt~tQ 1ndicatm:.'- :b1 o. 05 M pho$. 

pilate buffer of p11 Be 0~ Ttt~ · :t-.m~tion mi~ur~ oont~1n$d S till oi en~ymo 

bui'f'e~ solue·:ton (~~ .. s. ral. pboaphQtm buffol" $')lu,t.1tlln nlollg with O~B ~ goat 

lfbola blood)' a:tlcl Oo 15 rot indollhfmY! G.eQ'tate (tottil volu~ll$ n: 5.15 ml,_. 

CfJMentration t)~" illd()1"b~~r1~n acet:.lt~ iin tha re~t:lot~ rni~'t~e ~ ~~:;lt> .. :s}t"' 
.f:f' ~'.Jf« "" . .\l,J. 

t['he r~dinms of ·~ontrol• an~~ t s~Pl.e* ,~ere ·tal~~l at 625 n'mt. mfter -~ -.-- . y­

actl.y 30 minute itmubat:l.:Qn. 

.... ~ 
~ .•. (a) l4Al"&ll.!lt.S t!\i~D l!lllf>~liODS.; 

._ tt a • 4 ! vmst?t'liJt"n"" •-- ......,...,_.. 

( t) !i'\tprt.~J;J!t 

('a) Goat \lh.ole 'blt~orlh 150 ml fr-G:!lh 'bloor! l-t~s collet:lttfd 
~--It .. r¥1 Jt a f ~~!' ~ tY .... 

tra-m goat tlll.'ld mixed >t.:~tth 15 mJ;S mnmord.u.tn o:'ltm.tat~ ( nntiooa~d~t.ing ·tlgent) 

in a 260 ml s~;AJldard joint 'bottl9 ,an;d Wf~m stm!(ell ~¥'all.: Tb~tJ tlOtt!e oon­

tain:lll& blooi~ w~:; til~ 'lt~Dt in t:be free:aQ~ at rl'a. 



tebe ct.twr rt&ta~G~:tlt$ e. !it! (b) indQpbmy.lac·atate (o) pl~sphattt 

butt~P solution mnd ( 4) ml;rotlrol. sGlution wtara goaptu"Gd 3:Ust nlS the. ~amGJ . . . 

£'he! tmtileholzlnastor~se I!Dtlvtt.y ·in ~tat ,.,hQl.e blood was r~et~ .. 

m!net!l by th0 s9.!ti9 ut$tllt:>d !!la deso~1be in l:t (3)1 :eh~ onl~ e:mspt:1on was 
I 

that ~ha cQntents ot th~ beattal? was t11t~$d th~ougb a ~t.~~<3 om 1+1l!mtmsn 

:j. No-l. :l!Utar ~rt~psr ait1JJr ~'¢sctl.J' 29 m:t.nutr:~~ inntbat1ot1 Md the abso1"bm1Ce 

qf tb.~J fitltl'a't$ or tbe $11ta1nle buf't.ar Q(Jltation :and ~ lttthibteion wms cateu .. 

l~t.,d 1n tM ~arwtt wa:J! &trS ~a~F1ba ·~ ll (a). 

ThG cbem:losl bJ'~l?olyaia stud.it!ts uclirG !)r1.r.>f'ormd ttn o.M95 M NaOif 

solu.tion in 50 .Pet"'fltl\t GtbQnol ot pHI ·u .• as 11tt 20°C. Qn$. na. of e1lh.-mol 

solution of: tne o.ompountl:t~ wa' added vitb 9 ml Qt o. 0095 H tli~on $0lu.tion 

·-~· (total volume 10 ml,')~ ~be :~.,.a·1~e of by'dl-Glys±s wras montto~ed by f'ollowtng 

tba :f'ortnation .ot uit~~ows4!Lgat1~ ani{)D m.t ~lO nrn 1n a Carl &iss Spe.okol 

'!3 mJllllet~opbQtomat011;,. Ulf t~t)~tr·a ()f' ~b0 .fill.lty1am1doPbC»SPMl.-otbionat6a and 

eydrQ!yt!o pltoduet we~$ e~wmtned P~rill t;o lCinot:tc $tud1$S 'to sboM ttu~t 

ovelflap in J.-elQ!Vtttlt a'bsottpt!on pmaks wel'*e not lll1'esanto; 5t'bEa contnm;t~ntion 

OO-tJftictent ValU'l ofl" 5 - nitro Selig~Jnin 111 tflfJ :t~tlme 0.'0095 i~ t~nO.a SOlU­

tion ~t th~a f!lniu 'tlf[l\71! l$llgtils. 2b¢ psau,do tlr-st order l.'"~te c~nstants 

(Kbld) were etaterm!nad 'by tb~ l$~st stnar~ ~egross1.on analysia. 



''· 

2. Vc» .. tic1t;-:I.ll1um t).lbo'!"'ratrum. Relnka a;nct Ea.l!Jtllhol.d - c~sal 
1 ~· - wal ~...-... tL ::.t •~..,u .. ~ ~ • .......,, •• ,.. • .....,_ 

4. Penio1ll1unt m~nsrm1 ... 
• •• I.,. W'IIQQ_d ·~·-.IU~I I llllil 

•• . I .• 4l~J--. . ·r; 

40 gm. r.uatt (Dtf'cp) e~~oo.:t '"rns boiled ~~ \tlltGr till 

a1g~olved. tlll$ volUtn$ oft tbf~ ma~ium t,;~m than m~d$ upto l l!tr(£1 by 

Adtiina: wat~V11*,t p..li of' tha madluut waa atUustecl to G.G l:ft; ~i!flinm NtaOli 

mution. ffkle Jited!LWQ was than start111zed ;Jt 15. P. •. s.i. f'~l"' 20 :m:tnute~-



·~· 

''bY :stal,l'ilE~ water in o:rd(}r to get thf!l raq.uit"ed amount ot" thf.li compound 

in ttatGll' sus}?onsion.· Spore S'l$l)aus:ton ot th~ fungus wtas pre:r>nrGd by 

flooding the eur.tace of ].3 to 15 do.ys old cutt'l.lre \d.th 5 ml stcar1le 

wtttG1r; f()r ~-· ;!~g~ ·and !•j ~l.~t!;?A~ o.o~ ~g~ mQlt~t1on wr.t~ 11~ed m 
pl~~ off st~ile V3t~!l Density ().f" $!!lOr'~ auspoo~ion in the f'inal. 

solw~ion w.as determi:ned by ua:tnm a h~emoo~omat~r_, mnd th0 f'1nal eon-

, oent1?at1on 11as ms::IJ:lt~in~d at 20,000 Sl)Dt"Wnd~: Gl.id(js havinm st~oras 

1n eQmpound sttsPetlsiQn U@l1-$ it~ub.at!t!d nt 00° · ·! 1° Q. and obmtlrvation 

ot tba oon1d.:1.!4 ge1:-minat1un 11a~e rect>rded t!lftel" 24 an.d .t!a bat~!t •. ~~ee 

replication ot. ~acb f'ungio1CI4 CQllnal'ltraeton were rna!ntai,ned .. ~ . A ,tQta.l 

of :300 Sflil:t"es tro1a t:~ea re1,)lioa~iona \fere ooun.t'-'t~ an~ Pt:!~ent !nhibL. 

tiQn of the $Po.re ga1rmttnrat1on. w~s ctACUl.ratmd against al)pl\'ioPl'!iata oon­

tl-Ql. 

1. HelminthospoJt1um or:rsm~ Breda. dtl Haan,; 
F. ... ... f t ii a-ttt.U. l t .. ICRI1 ·~----

2. c.'O..te.r~:ta §~1.9!!.~ (Ft:ti and lfart) J"on$$ mltl Grout - o:a.ustd orogtt. 

nlsm of en~l1 blight dimeas$ ot pot~to. 

... 
Tha m$tbod used v~s st.ated Pl1mViouslr 47 (c,) .. Ptlge -1o~-110 -'· 



•• -._t. 

·Agt'ictllturat :tl(!!$~~h Inrst!:tutt;; (r1$.W Dalb~t) auf! th@ cul:t~~ wa~ t~rdn..' 
'-

tainfid on potato .. de~llosa...•g~ mar~ium.· a~ds of Db~ial 1 a ·eul.t1;r0:t;t 

ot ~.1C$ St1$Cepti'ble 'f:o bxrol-m l~~ sJ;JQt. ~1$aastt1, wer.ot~ u,siit!l in the Gtxpa ... 

rlments. S~$t!S of' this c·ultt~1fi!r ve:-Q n::ro't-t¥i at the f.ttee ~1esa~h sta­

t1ont OhinsW:ah. (\vas.~ l!h~nrr;mt). 11a1;Ul!'fdli! 1nt®ted seG.d$ ot tJ1e same 

cultiv~..l' were. ~so C()ll~tn-~1 trom t.bti st!Ation rmd. hrmd .an-rttt\ii!l"d to 

give onl:r spottetlt irttootf!h! s~ads. Sevmnty to 75j~ of the :gPQtted 

ee$ds yielt!ecl !!· fl.r~!l~ itben .gco.-w"b !tQ l?n,:!l. 

16. (a) Dattzl?:m!uation of! t~ot~tant aotivity on ~etoobed :uoin$ le~vamt 
' err . ............. ... T I • '!2M i" fit,.. •t. ri J "'d\''*' .... ! . ltr••"4 ;t;a.o-.tllf~...,.. ... Pl•-''*~.F 4 t I l·f~fll''ll' a t L ... * •. l"iii i(;ll*i .... i1il•&c Clll ' •. 

a1q$.1)1QlltS Wt;,lt,it(t! gr0'-\1 in eat-tb$nwnr@ }~t')t$ C()llttdnir~g 

compatst-enr.iched $Gil. :Hh~n ~b;a .~lBQtm VGl,V\1 40 day~ old;. lQavea ()t 

t1P.Pl1ox:tmataly tt.w aa.me a~e w~e washoct, dt»iGd1• r~mQV$d :f.~m ttla Plants 

tm.d plac~d ovtt~ mo1st~d blottint~ p~per taken in lr.u-ge petl"ldishe!S• 

Tb.$ requ:tr.ed arttou.tlt of' conlP!)Uild irl watel" atlts~ension wa$ ;~n;>ttnyed on tha 

l ~a'ftes ~d all.~-red to dry to21 15 to 20 minut~~•' D1-op$ ot o()tid1a1 

suspensio!l of .!!• p;zmtt~ ( s :( lOA sfo~ejJ'\iL)~epa,..,ed t:r.(m 15 CfiiiY~ old 

slant ()ultm?l3S wel:"e Vl~erlt ()tl'E~~ tlltit surf' ace of' . the t~~ated and ~tr-~t'!. 

te~ le~ves. ~b{) ~otr1d:hdMis '~~}."'O coV'fW~iJd with p{)lyt~ne shoots and 

tnou.bnted ~t 21 - gatl)Q• ,&ft~r 4B ·hQl!V'S ~oduet!ot~ of' ltJ!9ion· on llilr~Va~ 



. ' 
--~ 

.. '_ 

16 .• (b) !'rotactrmt- oo~lv1ty on .rice se~~ingsJ · 
I* p:f. i I f 1 Jf; w·a~ir, t-Ill'!: 4t . ...,._,~-~ I ""W t~ $ ~- •. ••. 1 MIL' P . ..,.rl· 

l~orty - , df!.\Y .... old plant!!l we11a swayed tllmost 'to :J?!un of£ 

with watl9l'l -aumpa~.nsion ~f' thG. oomppunt!\a~· . nan~s ~PX'~1ecll ,,!tb ·''tatGtr 

$Gl"Ved as controls., _l\t;te!l l2 ho~~,. :ptru:tts W$r'Q inoc~llated .. by spr;ayinm 

·with a conidial ·sU~PtmJSion ot !·· 9»:'\\'! ( 8 lt U?4. conid5;a/mt).: . 'i'hs 

1nocUla:ted Plooi;:s W®:"~ kept: ~o!l 4tJ h~llra tn a ~oom itn llt"~~bich h~.gb t-ela­

tive humidity and ~ te~P~rltUt"~ of' 23 ;... 250 , ~ 'w$~e mtd.nt~ined... Uttar" 
.. -

1nct~l:n~t1on; · th~ plants W(WS :plooet~l in ,a greenhouse. lf'ha dissa$et . ind(!'J:\: 

wa:s oBtcUlated attar 6 days b11 ns1n~ ·a moditf'ication ot thtll matl1od of 
. (13) ' . . 

S!nba and 'lr1V~ed1 • 'lib~ numb$1,"! Gl\1i $1Ze, Qf the sPQts app"i.U"itlg on 

lG:a~.re.s were recorded 6 dil)'S afte~~ incu.batton. Tnt!~ sPGts Wt!r$ gttrndod 

into thPtle s1me ~!:'OUl~s;: small. (upto ·a!ts tmnl, fi$1d1um (2"'5 mm tQ 5 nun) · . 
and lfU'g$ (abo'la 5 mm), Witb. :r;t~spootit.VC! VaLUtl!S of 0.25, 0.5 tmr!l l.'O 

assigned to them.~ ·~he nttnlb~ or siJQts 1n eooh size fFoup w:ts cul.tt ... 

Pl1$d by tba 'tf~ue ass1~nad to :tt and thtt $lUll total ot such 'lt$1Ue$ ro~ 
' . ' ·. (l2) 

8ll t)f tbe lGll'~Ves gtlVe tb$ dlisease :bir!tR for a Pltmt • 
' : 

In t11:t!il a3:Pel1tment a.bov$ ment1un$d Dbmrlal vartety l"ioe 

SBElda hav-a bean t1$tJd. 

W$1.1 -·~ied, aiaanad $Geds weme soak<~d ·tn. attetona-we·te!' 

susp~nsicm ot d:t:f't'()~~t oomoounds ~ two lots .,; on$ for two hours,, nnd ... 
BnQth~l" to11 .tom- h01t.Ws respeet1val!7 .. 1 Tbe aeed1 Wflt"~ tban d111ed in 



open.$,_,.., ~b~ .sead ~~J~dn~~f®. ~!lll"s.c~:~t1ed out on the ns~t 4-ay 1n 

st$!'1le :petlr1.dtebe~ containtng mo1stt tilter p~tper. litll\dl?ed. S!!Gtls Welte 

temtad in emob. t~a~:tment ::mrl· ttae l:!!fl'!i"!91nation :Pemt~ntage. wsrti oba.arvad 
J ' • • • ,' t 

and X'®Olrtie4~. ~ha !"1~mi;lP.4t@.~. s~4$ w~re Q!J.u'f:ted to .. ~QW: in pat~idishes 
• ' • I • 

for! 7 'ct~y$. · f~e lroo~ .· ~d shoot le~g~b w~e 1•~or..d~d. ~n 7tb day~ .. ! . 

PmPISl1lel. set of oon't:trol ~a$ •a~ntai~$~ always.. . 
1 

. 

11~ ·(b) Ettec.t ot tlla~tinent dn l'l"tce ··t:~lau.t.~t· 
F f t I Jl I l 1 ~ I A e .... , ............ IIIP I I 1 ·a,-._ ~ 11-.: 1 liU 

. . • I '1" ,. ' :·• ; . • -. ; • .' ~ .: : • ' : . ' 

Tbirty ... ttaY-old · r!qe . plant$ w~ sJ)l"ay~t! t\tm~mt to ~m 

·Qgt 'With w~t~ $~SP~l'Md.on Qf' the ecym.~ttnds; t.bf!! sl?l?'~Y!L'lg was oont:ln\.\ed 

~cr cmlser:t.~tiyo~ 6 dt\l9'l$i (QnOe d.rdl.zt)~' E-:utta r10t contain.:tng 10 ·~ants 

w~re tl'tt~t~d s~e]~i11:-~t~lY• ltacb ex~?~iment w:ts eto:ne ld.,tb :t':!Vt.) ,.-.epl1oa­

t,ions.' A $~itnbla c{}nt.V.ol ~vms mrd.nt~t..ined ~l · aJ.ong~J The $h'}of; lenrth 

vaa. m~a:surer! tmtore sPl!'aYinif.i (on 31 dQ) ~d · ·~ln' f1t'l~ o~mPlet!Qn of 

sp!'$.11ng (37th dS".f). 

I 



:O!SatJSSimi 
l" ....... .... 

I · . 

. : 
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Only :ifout~ s.ali_@$11n o:rclio })ho$PbQvatt\1fbtht~nates l1ave 
' (3.4) 

eo tar ·be~n ~e}.3()rt$d · . 111 ~l:ae Pbifs!c:a.t p.rtopo~ties -mld p~oent UiQl.d 

ot th~ae comPQWlds m-e m!tv.m 1~EJlov ... 

''· 

. . ._.. .... ,~ ..... -·-~----,..- M .... --.~.-..---.s....,.~~----=-...-....__ __ l_a.-.. _.,-= -~-....... ------...-.•-""~.;,.,-.1.-~-.,.· I . . l I 

~do Group . 

1 
~ode, I' l'l9.·l_a __ · ._ j b.-p.; oar~~ Hg.' 
~Q. . -PGvcent 1 . 

. ' . 
-·~v_,-.-__..,....."""""'~-~-~·.-.. --- r.-·-._..., .. __... .. ~-.. .... -~~,..;,...,~--. ... ~--· .. ~·-~~'•~--~~:-1-""~""'·.,.._·"""-"--•-... ~'~-'ttf-.v"'"""---~~~.-~o,.s.o .. _,_., __ .. ___ -.-,..,.., • ,__ '· w-~-- ~--~~• , .. .....-- .~ .... .,. ~~· ,.,~;a-.,.. ;.._ _.,_._, __ ,_;.., ''"" ~,·~ ~ ~ .. ; ,.....,•.~ •·-'"'.,.~"' .. ~. •'- ,..,, '..._~ •• '"••'0'¥ ~- 't"• ,-.1- ~ ~· •:.~ .. ':'•'- ,._,• '"- '1o'' v.~ ~ • ' • '· ••' '<'. •-•·> '"'' ,,.. "" """' : ~~ '.-_. -•' • •·, • • • -• • • •,,... , .. '"""< '~ "·• • ',._ •· '•· • ~ • ', • 

14atbylBW14o 1t ... 35 · · 2Q 120 .J 12~3/0!J«l 

ll1tb11ttmido 

I>imeteylam1do 

!)1eti:Q4amido 

l1ndiet1lla'ble l.tq;uid 

118 .. 122/0.2 

3 
. . to ·· . . 

l~tl, bt)w.~VtW'J; &1.tcHt~$dedAp;r;oo~ru ... ~ tha nitro,-srd:ltgenln cycl\ia, 

pbo:ap~n.m!dotb1onatt?J$ (a~ao to l3li.l.B) :in solid cr:rstmlllntl torm witb 

high u:f.el.ds (Tabla ... ll. -



?' 

-~;~~~--~~~~a·~~:;~-· ......... ;;~<! ~j;) -1... m.p.:-(O;--___ ..,_..,.,......_._, ___ l ...... ___ ___,_.._....,...._ .... ~---·- ... ~"""' .. .op ~~-.---.. ~-&-- .. -~-·~.-.----*__....._-... __ .. _ .. -.--.-~ ... 
-·---·-·-_._,··~··'--"···---- ---------·~- ..... --.,·-----··---·-.. ~~·-·--- --~---·~---~·-·---.----···~--···--·~······~-----··-......... _,. -~·· ..• 

BD - 10 Guuloh9$amido 7Q - 90 !125 

BD .... l:L lt~pbol1110 60 -so 14.<) 

BD .. 112 D.ietllYlanddo BO 
. 

90 l.OS .... 

13!) • .13 D1mstbylru.11do 75 -80 300 

llD • l.4 lsopropl/100!11do 70 -so .98 

BD,.. 15 Pu.t'roli&o sa -90 134 

BD., l6 P1per'1d11to 80 -90 ·l30 

B:O- l.7 Non;4ana1® ao -90 C4 

BD- 1a HeptadooYlmmtdo ao -90 70 

. . 
-·-¥~ ....... ..,._..p .. -,~ ...... _,. .. ~~ --------..-·.--..... ---.""'· -~~~ ............. , ·-.~-..,~·--- .. ~_..,. .............. -..._..._., ........... -s-.. __ ..._ ..... ,.~_,..._,..____,...., .. _,,,.,......._....,. __ ,.... __ ...., ... _. _ _.. __ ;_ ... .;o......-~·---- ---"'-~ 
---·--· ... --..-................... _..._,.. ....... ~·· ............. -- ...... T ........ ~<l'~---.....,..,......~0,-.;----~o-.r.> "'"7''"'--....~~.o:· ... ¥· .. --~~·-~ ......... ,..."\_ .. ~·--""'-~ ....... ,..~ ... ,....--,._,.......,._._ .... ~ .... --............ ,_ ...... __ > ...... _......,..,. __ ~· .... ,.·,-<,,._, 

. . 
2 .. m~tbylam1do-6-n1t~Q-4Ii-l;3,2 .... l;l$nf2X)(:tioxaptwek1lrtor:!Jl-2-sulpbtdQ1 and 

1ts atkwlamitio anatom.t untortunatoly1 in $t!Ch CllSe t1 v1snotls yelloWish 

liquid was obtaine•l.. WLO ot tbase 11qU1d::;~ gav$ saV'~rl!!l spots indica ... 

. tina the prei\ilenoe ot a numbei" o~ compounds; tbQ ~a am1doPbospho1"o.­

thionratos cootd not 'ba tf.solllt.ed f'll'O!"U themQ liquid m.1.xt~es.i 



~ 

'l~he strunt'l.U1e of' tb~ oompqund$ hm11e been d$term1nmd by che. 

mfi(lJal an~:r$:Ls an~ In, mass.~ and ttda s~ect.l.~a. *r'he annt:rt:1cat dnta have 

be01'1 p;ret;entsd in S~t:lon ... .~. !be $~00-tlrat ~att1 of nnl.y foWl ~Qm. 

Pounds ~e tgiven b«l.Q'tli· 

'f'{' ('~ ) (' -1) .l.lt .~.~ 1g.. l .. em ~ 

GSO (m), 740 (m), SflO (a> •. 000 ... 020 (s), 1000 (s), .3.240 (vs)1 

13•:!0 (s)t :t420 (m.>, 1490 (m),. 1515 (s); 1004 (m) 1 · 1620 (w>.'_~_, 
. ,! 

aaoo (mJ. 

Mass (Fig.2)t. 
+ . ' m/e 328 (11 )., 295.t: 296 (b.ms~ pe.ak) 1 279, 249 

;& a:t 34.s, 43.~. . 10.0 1 4G.o, aa.o 

m/t!J 930 
' .198 ' 152 

Jia:t 36.0, 54.5 
' 

61']).0 
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a.os 

a.a 

(2fl1, muttipl&t,, -O~St"OllP at 4 t»sition qf tha c~10hQX3'la-
min); · 

(4:1!, muttiPltJt, t"Cfo~~""'gl.?ou.pa, at a,a• po$1tion ot ·tns 
cycloba~Mt:in~ ;. . 

.(.¢1Mt· tmd.tttPlat twQ.wCl':tg...,~o11Jll~ Jtt~ 2sn'' l)O.sii;ion of thm eynlo­
h$~lnminl; 

( lll, mul tiPl a~ .. p .... li!1.- group}; 
. . ~ ~~lti.plet . · ... . . 

(2Ht.&jhn~)\ .. efT'2_ g~au.r;t ~in !U.Plt4'l])hosphtlrin rin~S)i· 

(lH, doublet, J ~ 3.·5 1!21, Oll$ a~omatio byiit'ogen nt11:tta to 
nitro group)f 

·( ll*l~ ~oublat,. Qnfl mromatio bydromf.ln o1:-tbo to bath nit:rto ~oup 
and -Cl~- group o£ d1oxaplmsphur!n ~in~r.>; 

( lfl, tmdti»let,. J!'QJU111ntlng ·t)nQ! aronimtie bydl!"~g:en). 

s 
· · If 

~o"i 
cN"~o 
~ 

6G$ (s)t· f135 (m);; 810 (s);. 875 (s), 1000 (s)• l<~SO ($), 1340 (V!!) 

a~rl l.520 ( vs). 
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FT·BOA SPECTRUM NO. _f_J_i_QL__ 
OPERATOR _ . ..:..,..-.$1.J .. __ ,OATE '-i.l.r)!t._ r---+------.,.;...------..---..,...---------;_..--....... .,.._----'--------..-. ---1.:.....1 NUCLEUS._~a_ ___ FREQUENCY _'}3_,5.._ . · 

~~ . . . 
SYNTHESIZER SETIING ------·-.,.,-

40~Hz ~-: ;);.:._1 ~) ;:-~~~oo 

20 . ! .}11~;. . 10(.)3-

1obo 7'>0 500 

:i~ ·. t :i.~ .!Q!) 

:·;;:; 3C(~ 

tiO.l. 

'( 

~ 

:: {"{~:: 
~ ~}(r 

::::c. 
..,,, .. , ...... 
15~ 

. • I . s Q... • 

?..~ . Qc. ~~~......_NH-cH . . · 
4 3o · 

Ha 

t·te~J. 

l'l:::i'> 

<·· 

i·;.ne) 

EX!'£RIMENT NAME----·-·-----
FILE NAME_l_~.:l!_ _____ . ---~ , .. 

$AMPLE ___ t~---·-----::....:_ 

LOCK Qi!INTERNAL 0 EXTERNAL 
LOCK SIGNAL : ... CJ>.<,l:\ _________ ... ----
SPIN RATLY-Lrps. TEMP J-1 ... 'C 
INSERT ------------.... ~-------mm ~ H 

ACQUISITION , 00 . 
SPECTRAL WIDTH (SW) .. --"~ ..... "·----··Hz 
NO OF. TRAN,SIENTS (NT) .luaQ ......... _ .. 
ACQUISITION TIME {AT).. ?,·p ..... , 'r sec. 
PULSE WIDTH (PWL._,. __ ~tJ/.YL ... ~sec .. 
PULSE DELAY IPDL ............ - . ,. ... __ sec. 
DATA POINTS (0Pl .............. J f..K .. c .. ,.._ ~-----

TRANSMITTER OFFSET,!TOl 'f i .. _ 
HIGt.i FIELD ' .I . . LOW FIELD . - .. . 
RECEIVER GAIN (RG) ... i _ ----- .... . 

DECOI,JPLER MODE lDM) 
DECOUPLER OFFSET IDOl 
NOISE BANDWIDTH INB) 
ACQUISITION MODE lAM). 

.•. kHz 

DISPLAY +t.o 
SENS f.NHANCEMENT ISEl.~ sec 
WIDTH OF PLOT.tWPl 79-;_ . Hz 
END OF PLOT tEPl . _. 0 ...-. Hz. 
wiDTH or CHART IWC> .79::. . 111 I 
ENDOfCHMTfECJ .o Hz 
VERTICALSCALEIVSJ .... !l 0 I 

r-.....--.;.....,--:-------,.-,-----'--..._-:----:.-..o.-...-------~----.;.....-....,._--:--'-----------; RH£RENC£ LINE IRLJ(" 111): 1' N~ . 

•C t> ·4 :..· \" ~ 7-.o ... 6 .o ~-o 'f.o ).o . J..i> 1.0 o.o 

Fig. 3 1H 111m Spu11ctr.a of" 2-Cyorr.lollavtramido-6-n1tro-4fi-1,312-
ben.zodioxaphlosphorin..;2-sulpbida. 

B: JJQ/J @~~~n. ... 
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t 198 ·~ 148 • 116 ;. 70 

. 't ' 
.28 •. 7 I l.\.41 ' ~o.o ' 35.7 

la t~r~ S (.ebdl3 ) $iPm <~"ttg.-G)l 
..... 1Kr 11ik tiAIIJ !I tev•II•:W:•4"'·~-!J' ....... _._.,..,.W'.t. 8 I 

3.36 · (4H, mul.t1pl .. Elt, t"o -Cifn ... grO'ttPa ttdjooflnt to nittr()gen); 

5.?..6 rmd 5.66 (2Ii, -Oi.~.- gt"oup in di:,c:t~phosPill)~in ring)l. 

7.00, s.o and 8.14. (du.a to a'l"omatio .bydrngans}. 

( 111) 2- Non)'1amicb-6 .. n1t~t,..:41:l;..l; 31e~ball:t.orgio~pho spllorin-2 ... StilPhld$ 
11& • lll-.....,. ,....Mfllloflt..._,.,l _ar tt • ttut v _I ·_ ..,.,_.~,..._,C41t .... •1•111!'.~ ••not•·~••4u• ,......,,_._' u: $._ · t i rll" 1 J:f · If •• 

(BD..l7).t . . . . . ......... , .. , ... 

s 

o "~ ...... un. e~ < c~ ),., oH3 I . ~ ~ . 

660 ( s)• 740 (tn)1 810 ( s:>, 000 to U~l5 ( $); 1000 ~ ~), 1.250 ( ~), 
. ' 

1340 ( s), 1520 ( tl),, 1585 (m), 1620 (l,) and 3310 (51) 
M.oc.ss (ng: 8) 

mte. an 04+) , aa9 , esa •· 2ao , 100 t 162 

• l~ ' . 3.5.1 ' 7.1 ' IIJQ /!"'. .I 10 

o. '); 1. 9.,. 3. 0' 3. 4' 3. s ' ~. 5;~ 
7, 05, 8.0, S.2. 
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r~oi-)> SYNTHESIZER SaTING Jl:."J..Si:{ __ _ 
EXPERIMENT NAME ---· . 

.. ··-.· .. :-- I; :s "~' . 

, ••·· ·' ;:,.} :·,~,} ~';' .· '• .. I . ..,.:; '· :··; 

... · Er ·.··· ······:.· ·>· •· · 
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,-_·_ . ~~: 
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FILE f~AME-------__ -· __: __ -.--· "-:· 
SAMPI./! . ..1if.l:.~---~ f .· 

,,\" 

;~,< 

'· '· 

,••";· 

't.· , •. 

... ..-::_ ~ 
·.;._,,. 
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.,_ 
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. i .:~ -~ ~ 
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.. ·'. ... _ .. 
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<tAl.._ ·#0 1,,-· -l!P,O' . N 3 

~~--4 4/_:.~b ; . ' 
,;/'.._ t ' 

Ha . !! . . :{ 

'' 

........ - ' h.". 

-·- . BD~f5 

-------
··.,, 

·t~· 

~IT.. 
.~1 rl 

::•, 

~ 

. ~-

. .. ,·- _, .. , .. 

.-·· 

i' 

' ~-

lOCK ~IHlEfUi!'ll 0 EXTERNAL 
LOCK SIGN_AL .. J.!At~--~-;; --·­
SPIN RAlt~.rpS. TEMP..~ "C 
INSERT _____ ~;_s ___ mm .. 

-, 

·:·· 
ACQUISITION . - . . ' . . 
SPECTRAL WIDTH (SWL .. .l.Q._!)?.!A. __ JI% 
NO. OF TRANSIENTS ~HTl_ .. ,S~----·­
ACQUISITtOic4 TIM£. lA TJ. .... -t.~-- rec. _ 

·PUlSE WIDTH IP\-V). ______ t,J.tL .• ;,~.' o 
_PULSE DElAY (POl ~--ii·-·--'_str:, 
DATA POtriTS !01"1-:-'~\1~~~-:-:--

. TRANSMITTER Of)'SET !TOfl')_,l,ltL. , 
. HIGH Fl(t..O ...... :./ .... _.LOVHIEL£t '- ·----· 
RECEIVER GA!It IRGJ.., .. __ f. -----·--·~v· 
OECOUf'lER. MOO( (OM I .• ~'!:"..:,_ .. :.:, ____ , _ _,,.._ 
DfCOUPLf.lf OfFS(T lOOl..:.--~--.. ·--­
N015£ EIMI!>WIDTH lflBI.~---··'---- hHt. 
ACQUJSHtO» MODI: tAM>. ..... c...:_~:., .. , ... 

OIS?l.J\'t' 
. SENS. ENHANJ:;·EMEtH tSH;-i: .• ~-~-·- we .. 

, \'iH)Ht_Of' PtOf (VJf'l ~-"'191 .. ~-· Hz. 
. f.I>O Of PlOT :.tPL .. .:_. ____ 0.~: .. ..;_ Hz . · 
'IIIOTl-t Of CHART 1\-'iC.l ... -,.~~ ... -~Hl ;-
UIO 0? ~tiART !£Cl.-~._ ........ ·-·--·--:Ht '. 
VERflC.I\1. 'SCAlf: t'/Stj'-· tlt» ... -- ... - ..... . 

_ __ ------- AtFtl<fNCE .til>( ~IlL l\,"!.19.!-t}-'l!M. .... . 
• :. ,- ......... ~.. .. -·- . ··--·- .... : :::::_, : :. . =:I 

~--.s- . , ~ & r-.... . •-- . - , {J) a~ . f).li 

@)
. 

. 'tati~n _.. .. 
'~~~{.1 ~-~~P.-~ ~ ." .. · ~ 

',, -.·. ·)- ._ ....... .!_, 
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SPEKTRUM . ~5 VEROAM~~'lJNGSTEi1PERATUR 140 GRAD. 
MOLEKUELPEAK: 372 ·~. 
t·iHS.SEH CH~~RAKTERISTISCRER !OHEH: -: . .., ~~ = ..,-, ~,-- r...H 
~~~ ~~- ~ . 

' 

0 'P~~~HCH~CH.a)f CH!J . I . 

. NO a -~ .
1

D.,.if ~ 

.. 

· GD-t1 

·~~ 

AtJ.Al VS£: 62893 
g::~s~lllt~;'il-=~.~~~~;:~; 

s·TN HA 017 08 
~t·~l~ENKEH . 
~u§w :zs ... "AR ... st 
AUSWER: SCH. 

. . 339 . ____ _._ . ' 

41 . . . . . · ... ' . . . . . . .. 
9~l~-55 ' ·. _··. <' ~98 '. ~··! .259 ... ·.' .:··.· l'· .. 1372·: 

. .J......A!!4~. •· ... , .. > .• :c······· . . ·~_152 l· . · ... · 
-rtlntTm~mt e 'i'i'ii . · · ' .. · ,... '"' · . . . ~tir · ·. ·· · r · · · · · ··' ··· ·· · . · · · 

ttl 1<::5erH!2!l% ~M~ · ~ · ~ . . 490. 

· l"ig,. S Mass Spootrl!t\ oir 1a-h':IO'n;tl~1do-6-nitroo-t~1L.;t,a,~-betlaod}.o~rii}f;ilQ.spl·wr1n-2. .. zulpb!:da. 
/ 
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Fr·SOI\ SPECTRUM oo: ./ .• ~J.!;'.!L ........ . 
,_:__,~--,_;.,..,.;..~~--------..:.,--""'":'--~--:--_,..---..:....,..-..:.,---~----:----:---:-"~---~-----_....;t-,· OPERATOR .............................. DATE~ /6 

-~-----,_,..-,,--L..--1 NUCLEUS .... .::: ........... FRitQUEfoJCY -'.:J.-'>.1.~:~ 

4opoHz 
2000 

lOra 
800 

c.Jo 

. I 
~j 

I . 

•.,.r\ 

,\,...: 

' ~~ ~ I 

~---------~~ 

•I 

/ 

fi'ig.8A.1H :rn~a S!)ectra or 

' ·~. ~ 
>-:-H~ SYNTtiESIZER SmiNIL ... __ 

EXPERIMENT NAME ............ _ .. . 

.~ . .-!,! 

:~p::~.E::~~o~i:.:.::::~·~:~-~:.:~~~~::~: . 
- :. 

s 

DC
. oil.·.· 

'P- NHCYaCCH)7cH. I . ~ 

o· . 
~N • . . . . . • . 

BD-ir 

~ :s 
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·~· 
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~ 
~tNJ t Nt1ANl.t Mt N I J::.t J 

WIDTH QF PLOT tWPI 
(NO OF PLOT llf'l 
WIDTH 01 Ct!Af<'r 1WC) 
fND Of CHARi r£C! 
V~ R T IC:At -SCALf ·v:, · 
nUFRf NU tiNf 'Hl, 

@~~~~~.".,. 
2-llon:Tlamido-6-nitro-4ILl'~'-~bl!!nzadioxapno~ptn:-1n-?-sulph1de. 

r '•. 

'•t~l. 

H: 
!I..' 

H! 
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.. ;ra •Fig~ 9)~ (om-1)i . 
....... "'!nt"""" .... ' 

66.0 (m) ~· 7~1~ (mf, ·ai<r ( $:) ., S75' (~s'.>~. · 1030· , 1245 · ( s)l 
·' ' 

1346 (s), 1515 ($) I 16\aO (rn) i 3.620 (w) and ~3.100 ($), 

Mass· (:b"ig .. lO)" 
•• - !I' I 1 J . • ..... ~11! S I 

&a0~-- 484 (lt+) ,. ~:&$1 ,. 300 

~ax· 21.1: :tt;);) a.s ~.' J .. ,, f 

• 

' 

/ 

259 
' 

·aao ,. 193 ,_. :L62 

29.3 ·1¥ 9.,0 I 2B.6.1 347.1 

~ . ' 

i.~5, 3.1,5 ,·_,5,-3- 3.8;. '15.[5, 

7·05', s.o_, 8.15 
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STW HA CHS '' Sl. ~TEEHKE~4 
~O~wr;;25-MA~-a1 
AttSWER: S.CH . . · 
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.. . . . ' .. .;,·, ,.: c. NO~.-~~~~- . : ~~:~ " :; '-'~~'~"'=~=~::_14;~-
l 

43. . 

"198 . 1259 484 
fl52 . 

~~~1300~~~-~~~~mt 
62892.0AT 45 ~ . I 

li'1g.1o l4ass Spoot;~a or 2:..1lmpt:'li.iaoylaaido-6 .. nitro-4ll-l,a,.2-tummdioxa.{;)l'WsPhorin-2- sulphide. 
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SYNTHESIZER SETTII'iG ............. ---~-- · 
4opoH~ ... · :·' -;-
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EXPERIMENT NAME_,.-... ...: ..... -~--·:_ __ 

FILE l'iAME-·-·-~·Ji.;m.ra~·T~•--... '7e/-h 
• f/')' "T 'VJ'TI .t. ...-,~.11/" :_;J 

SAMPLE~ ...... ; ... : .. -"-.. _,. ____ .....;..,. • 
. '"'~. v . ..... - ~ 
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§_ 
~ . 

~-· 

i 
-~ 
§ 

~ 
~ 
§ 

~ 

"J-;.,_ 
. ~,·· 

,>, 

.,. 
... ;., 

•.:r" ••• ~· • 

DECOUPiER OFFSH lOOL ......... 
NOISE BA~1DW1D'fli f'lBL --- .•. ~H: 
AC0UtSITION MODE Will .... 

miwuw 
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I . 

~be IR apootr~ or tbe onmPotmtl$ b~"~I'O- b~n tma.l1amd ncc~rttng 
' ·. (15) -

to !bomas • Th~ c-ommon 111 bnnds :tQM> thG1 cumPQtmda are1 ~~!~at! 

belowt. 

-lGl.O ~- 1030 · om-l (' s_)., ~. ~ ·() .... C (:a:f .. kyl )f _· 

was·- 12so cm-1 
('7s) 1 ·p ·- '~- .... o (4\t'lf'l)J 

•l ~ '\ u m ~ t } SBO - S20. (fill' ·-~ s ... ·.~- ..; . .,. .;~ .-: . G ~ 1'-l!YYl-· W 
. ' 

1515 - ~520 . cun.-.:l ( s)t, •~sym.' ~r~~ of nitro VQ'ItP~ 

l$1(} .. l34ii . . onrl ( S)t: S'tlU..:. mtre ot llitl-o gFOU~; 
800 • sc~o · c.un .. 1 , . J? =· s· (;t); 
640 " 660 · um-1 

1 - JJ :::.8 tt:t) 1 

S?ha thiono #oUP is (tha11acrt~tfl~imf)d 'by two Ia !l'b$ol1"J~tion 
. ' ' ' ... - ' - . (:l5) 

blttld$ vitb. freq~eMi$$ 1tl tba· n®'mtid z.-anga;s &iv~n by iJ:~raas 11. n., 
botb are no:t ol:1s¢r~'~d 1n ~1doPhos.Pbmte~; of tbe!$G tvo, the l01ifl\!1.* 

_ fr~q_uenc;r bMd 1 s ram~igned "'~o J? = .a_ (II) bond $t:Ptlt.c bin& v1bl'mt1on 

tr~quency.i ~he orltf$1n ot4 ·tta'~ bimber.- r~l:llqu~-y ~u1n~ P = ?;J C :t) 1$ · 

"Wmart~n, bu.t W'hatG~1fl1~ :tts oli'itiin, lt$ iiitl~J.1l0st1c. '\Ttil'U$ is brilrtond 
-
dotxbt. It is at.stl ofua~t"Vf;lld ;that nrd.th@lJ.- Qf two bands ~ho'11:9 flll7 $"/~ 

tam~at.:tc shift$ whioll rmfleat_a· ch~Ma~r:as 1n th'~ inn'Uctiva proparttfll$ ot 
tbe $Plbst:1tuent; tbi~ 1s not · unl?"cX1'00~i~d if' tbe:r do il'lrl&~il ariM .tr-om 

m!ted modes. !the P .... ·0 -·C. (a.lky'l) · ~ou.p ts ~b~tmt<ar-i~attl 'b.1 a st11one: 
m.bsorptton lu.md whose. bsquenc;r lie~ T:~atwsen lJ)ltl ... n.oao em-1.:. lihilQ 



-1 ·tb9 'Qand dUa to..!? ..... «) -. c. (.~;rl) €l-'"Ot~!J if;l fQl.Uld in the 1235 - ~50 em 

l"O~~tt.on; -tbts btand :ts fll.V-*Ys nocompde~t1 by a sooond absorption b~ld ln 
. ~ . ' ' . 

-tha aBO- 9aQ. cm•1 rf.!'tlgio.n. !Ji''llo 'ban•~s p1;11mn~ent m tho uauges 1515 ~ . ' ' - . 

1520> errrl ma la!iio .... liMG ~ur'1 !ll?e t!!la to m_sylll. .and ~.: st~et~h!ng ot 

ntt~o. !Sl'OUP ~ ... ~~poot_~..'lf~)lY'o·. ~br~ ·'ba.'ld$ ,pttes$!lt · ~t 1820 um ... :t ani! 1595 crG .... l 

all's dlie to '~Q,tlardrtsnt fltretching* c '=. d vtbll'~tion of thG a~t>m~tic 

rin_g. 

The ml\lss sp~tr$. t.''Jf! the:!le <ttlntt)OlUlds b.a\1<;) b~~ll tmflliTsed eecO'!!'..: 
·. . . (16) - • . . . 

din.m to cooks ®ld Gel."i:'W(~ •. ~b@ f4.lcylnmidopbosphorothiotlBta1!1 mbol¥ 

IJ$f$tlt moleuul~ ioll pllaks,.· Jf:rammt~ntation b~ loss of' •-rnH' ~a.d.ic.a'l 1~ 

1m!i!ONtant1 ~l comPOund·!~ ( d.rata for only frolW 'compoun(Js ha'7G 'bGM'i pre­

sented) shotl an io11 ~is to (!'~ .... s'nt.)+ ,. tmd it is thll base PGf!4k tot' nl.l 

alJQ'llamidophos;»horot ~Oll&\tfJ$·· · 

BD-lQ shoW$ ml o 2~5 ion ~fil the 'br:lse J'aak b,- thEf d~~t eli­

m:tna:f;iQll ot SH from 1~13$ moleauJ .. ~ 1on pealt (rn/Q 32B,. f't~I 33,: Scheme-I). 

;.--, ~b$ _1Qll (m/Cl 230,, ;~a~t 34) is tor.mad b~~ t~s d~$ct lo.,::a ~.?t e6E12tcr from 

th~ rru>loo~t-:ar ion.. ~Nm :ton (:u/o l9a, ;~r~:t 55) is fol'ntet! by- 1om~ ot •s• 

i"rom th~ '1.QJ.l ntle 230 U.31d also ~y ti:1e Qlim:tnat;..on of' %nl.1N tt"om the base 

peak .ion. ~ha ion. (m/e 152, ;.~~ 6@.) 1~ i"i)l'l'Bt~td by tb$ $linlin~tion ot 

NG2 f'vom tbc) ion m/e l~S_.: 2h~ ~;~ for m/Q 2791t ~HI 45 1s ob~~Erg~d clue 

tQ tt':tG el:lr.:~1natimt ~,r •o• frt>m th$ 1~~~._.~ !)ft!ak, :rUld thml.'tb$ ion (nth·) 2491 

;~n..t ;Ja) 1s r~:..t ... med ·by l<')S:a o'f! · jg() trmo: tl~ill :loll,. rn/(; 279. 

BD-16 shotfs mle 2671t>ll t\s ~h~ be$$ pealt by th~ dir't1u~t r111 .. 

minmtion ot ~!i[ from t!~~ 14'" :ion .t;~emt (Gcheme-:CI}. The ir>ll (m/e m, 
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' J 
-~ 

'!ft:'lR 
-~>.)H..;... 

-~ ill: 80) is 'ol7med b'i!1~hi!i dil"®·t 1Q$$ Qf 'J?lf6t~o3 t~o~ th@ b~~a rmatt 

it)n; 11tHl ion (m/() lt~~. 1$ RI 25it7) itJ ·tll.t!O for-mod b!f the dix-oot loss 

of C4.I!vN .f',11o,m tbe b&sG J.'EI~ :ton. 

!BD..l7 .shows m/o 339 ion .fltii tht;~ base Pi!ink ;bY thl) ~'!ir~ot eli­

-tniumtion. of' S.t.i £:r-am ~hl(l p~~e.'l~ mol_ooulw." :ton (nllfl 372, ;l} lli 21.4,; 
. . . '' . 

.s-~ll~Ul$ III); Thg io!l (_m/e ~59t ~ ~! 1~.7). is f'ormed by ·th~ r~ii'e~-t l<>es 

of Og11l? f~~'!A tht!i I-:ft- ion p~al~;. the :i.on.. (role 19B, J5 a:t SO) !t1 foru~d by 

tl'l$ loas or t?gl~9Ii troni ·tl}i;; l4$sa p.~rut· ~-,n. 'Fh~ :ton h.ife gao, ·~ !ii 7 •1J..) 

~ts tormed l:W th~ los:!~ ~t ctEtaN fl•om tt~tl.) 1~n m!o 259. 

BD~la shows nV$ 451 ion as th0 'bas~ poak bzr tb~ dixaect a11-

m:tnratJ,on of f~H !'zoom tb.t~ mt<>loouilar ion Pl1Jt\k (role 484, ~ Bl ~ .ll (~heme 

.IV) •. · The itm (raf.g 100, ;~ RX 28.8) .1m f'ormorl by th0 los~ of. e17H3sli• 

£rom thm. base i;t~alt :t.cm.' Thm iOt\ (Htl~ 25wa· .}~ n:t 29.~.n is f.orroed by t.ne 

~11mination ()£ -( CH2 }l5,. cmia from tha ntolE'-tWJ.r!r 5.on,. :md the ion (m/$ 

230.,. .)\! ai 9) lt~ ,e'orro,~~ by tb.e -tal!r.rd:ne.tion or .. tiDil. cnr2 from tm~ ion 

we 259 ( se he..rna .. J.V}. 

F:tt\ally thfll structtJve. .of d!ff'erellt comp@Ulll~$ h~s be~n 

sett1ed bfl talting 1a M11l sps(rt~a., mvl flllf:\lY'sis at ~w~;:.a tral di:tta has 

boQQ giv&n abo·.fe C.in. ~~( $) 7 
. . .:""'" . 

~ha d~tn ~~ 1nb:tbit1on) il'()l' Jn, Jr..~.Ja growth inhibition stu­

d:i.f..ts a.gain$'1'4 tf:.te bl:l$t dimaa$G ot .. - llica cn,llt;i';)d b:r .f.!.· or:-,x~~ ar~ limtt'9d 



Zhe rssults li't~V4'tm.l that mll compounds show good 1nb1bi .. 

tory ef.f·;mt !)~ th~ ~~owth of l• ~~~· At 72 l;\()l~t·s thll! ED50 vnlu~ 1rw 

cre~sms in tbe tollO'liting ovd~~~ 

. 
1nbibitory effect can 1~~ aom&~mbla with that of H1nosQn. ~~t 4S b11urs 

'both the dimatb;ylamit~G and tlle 1so?P<Yi!;lirltru1ddo (BD-:14) com~?ount!s are most 

acti~~e; at bel,. compo1mcls .tazoo atmo · at!'t~mct;.·i_vc, ·'btlt thtdr.' oo.t:tvttit!s ~!'e 

lGStit tban tha.t oi Hinosa.n. !rho mn95 valuas '(fr/riil) (Hllculat(;:ld from the 

le:llst-~arte ·mtrEli~sf~t 11nsr:c a~e P,ll'e~~ilnta~d 1n ~a.'ble-..2 9 .mn,d it ctm b0 o'b'!'i> 

sel?~$d tb~t :SD ... l3 ruld 'BD.JA~ ~e 3 .. t~aa lesm ao-ti"TQ compa!1Qd to Hinoaan. 

~o'loi, a __ 1 
' ~ 

---·----·~--·-- -·_·---~-~--~ ~-~-~~--~-----,--- j.!}b5a-·--E·-;:.-g;-liii. .......... _-:--·-·----·-· .. ·····~~~ .... ·----····.,-~·----~--~· . ~ =~~ -·48-·h;;~··l~·?:! ~;-;---r--oo~~;;·-rll!o--;..;;----· 
""':o·-~--!~~&--~~.~~!';-:::~!:'"!~b~.!-<~~.::::-::"Z;.:~--.-:~~":"'.!':'.!:'"~!.~~·:~~;:-r.~t:z-~-;!:;!:~~=-"':': .. ~~~~!.':~~~~~::::~;-::-~:::-::=:::::.:--":":~~=-~=·~!1!";::."":,.. !:':.""!!:~~!"':.r.~~~ 

BD ~- 1a l2.:~o ao,.;:t9 47 .oo oo. Q:; 

l3D - ll. 16~59 30.90 33.90 61.65 
BD - l2 10.•17 19.49 25.11 35~-48 

BD ~ ·l3' <s. oo . s.sa l\).00- 2l.-B7 

Btl- 14 <5.·00 .. a .. >'2.so 
t < 25.00 

>12.50 
<25.00 

BD .. 15 _10.71 14 .. 12 l7.~'Y/ 31.,62 
ED •• l6 2i3.44 3S~a 01 45. 7() 61.6:5 
i!D - 17 11.22 l..~.l9 2.5.1.1 40.73 
so- 1e. ~).12 u.na · S7.M 3l.Ol 
Binosrm (Stand~d) <s.oo <5.00 < 5oOD <6 .• 00 

·:::.::::: .. _~..:;.::-r.:::.;:...~..:·..::~::;:_"'?!:.:";u.:rt:-:!:'·;t:~=:::~:::.:~~.!'::·c.:;::'!::.-!:::=--;s!.!:.:~t:~~:!!:tt-==·~~.::;;-~~~':":~~=-:::~::!:~o;~;:~~-:-::~--;;t;~~~!:'.=.!::~-=-~~n:::~=~~':!:""!~~~~.._.:~; 

. t.,-actt .1 table .. J.A to ZJ, pagl3 ·-1b~tc17J? 



r-·~( 

··-------~-~-~~-:---·-r-.. ·----1ii;5 · ·ili·-·!t·i/iif-· .. ~----·-
f~d& e:,:~ . r-~-;;;;-r~:;; ·~-:--~----;--;;-;--;;~·-;~;;;--
--~------~------~--L~----- .... ··-~~--·~·-·~-- · ----~·-···l_, __ , ___ _j _____ ,, ___ _ - __ .._...,...,......, .. ., ....... .w-~----... ---........ -""!'0' .~ .. ~'-"'' ~ ........... -·~ .. --~-··~ --J~~.. -·,-.. .,~-..... !0'1'"-t<r'a,l!"-· _......,_, __ .,.~-~- ..... ··-·-·-.u"'> ....... )o~ .. ;--. ..... - ........... ,_ • ..,...,.,.. ~1>- ....... , __ o;r. __ .. __.__ ........ .. 

:aD - lO 60.26 275.42 537.03 616•59 

-~ BD .. ll 

BD ... l2 

BD- 13 .I 

l3B.03 

. :. 69.-JE:}-:,_. . . . .-(·: ... - .. (\ 

>:m.so 

229.·00 251.13 aa~.M 

134.;;89 151.'35 '194.:00 

25.70 48.,97 1:M.a9 

ED. 14 

BD ~ 15 

BD. 16 

BD- 17 

BD .. 18 

Hinosan 
(Sl~drird) 

I 

i 

<. 343.00 

)5.~ 

<19.50 

59.88 

154.08 

613.09 

.(15.70 

)5.00 
<12.50 

I )25.00 
< so.oo 

91.20 

275.~12 

Jll:3.M 

100.03 

I )12.50 
<2s.oo 

I >25.00 

I 
>so.oo 

(50.00 <lo~.oo 

93.32 169.82 

2Bl.83 003.·0? 

158.48 !U~4.00 

147.9.1 1'77.92 

I >2s"o·o I )n5.00 
<50.0Q <so.oo 

·--~-·-...._._,.,_,..,. _________ .. .,..,lf_,.. _____ .. ._ __ "'~""~·_..~ ........ --~-- .. ~..._...~--...-'-----------..,....__~-~---..--.~·-·t·~----·-····-·~-
_........._ -~..._-.,.-~ ....... ...- .,.._,.__. 0'0'-·<"1.:;-~ •• - ... ,_,_,..., ~'-"' "; __ .,.,.._.......,..ji'...,_. __ .....,.._.., .. .._...__.P<I." .. __ , _ _,...,.__,.,_.,... ___ ..,.,~!"""' ..... ~~ ... --.. ~-- -· ...... - "- _._,..._.. ...... ..,.,.....~·- __ ..,_. .. ...,~ ... - '--~• ""'""'*"' ..... ••'->4< 't-f• •·~·· ---~-w ... ,.,._.-....... ~ ......,..,. .. • 

-Cltet.- 5:a.bles • l! to lJ, PBm$ -162-t.n17iJ 



< 

4.· DIBf.rlJSSir)N ON :t.~alli<1riOI!J.~f;, AOl:Dt;G!Y: 
' . . ~A! 'II ., "!' •• •""P"'4 ......... , ..... ~ ...... ~ w ... .. .,. ...... 

1'he 1ns$Ct~1d~l aot1v1tu d1t1ta of' the cornPOundgw $gain$t 

Grassho!?Pers. O~a n1tidtll~ ara l1$'fi:ft!!d in ~?nblo - 3.. and the re.sut ts 
· -~ r til'• s r • r ilt • •• • . w .... 

h!-aVe been compared lfith that of salithton mnd the 2 ... matho:q -· 6 .. 

n:ttra-411 .. l 1a,2 ... benzodioxaphosphqt-in-2- sul.ph!da (130..8). 

. ' . 
~bl dat() .Pl'o~entad in ~able ,. 3 r~v"at tbat all 

alk1].mm1dophosphor~th1onriltm' bev.e !l:ess. tnsoo.tic.idat mt1v1trr tbm 
' ' 

the matho~ comPQUS'li! CBD .. S) and Sal:tth1on.· 'J!ha d1m~tby'l~n1do (B.t\. 

13} Wld tba morpbQlj,no (B0-1~) comPOunds h~ve some 1usootie1dal 

aetiv1ty, b1~t th11 otllt2z» comPOunds P.W'e non-1nsect1c:tdal. In \fhole 

se~iea ot n1tro-sa11g~u1n cycllo allcy1/t;Jbt!!n1l/al.lt"'/ltlmidophosphoro. 
' ' 

thtont\tes synttutJ~d.~a1i 1n our :bal'tu)xo.atory, only the metbozy eo1opounr1 
. ' ' ' ' 

(1~1)...8) ehow.s insetli;ie1ctal tilCtiv1tyo co.Q\pwa'ble w1th tbnt or. -~tratt.. 
(11} 

th1on 



.. ..L_ 

,::.,--

~able .. 3 
..... , .. 11 ~d ...... 

Mintnru.m Gone a ( I-P.nge ) 
tOlJi. 100 . Pe.t"cent mot'ta­
rJ..1ty (t~OJ.:~.J-< EV;r.m 
rangaJ.~ 

AV$l"'.ag~ rae100 
ValUe (f g/gm) 

.. ~ ·--- .......... ~ .. --...._-... -. .. _ .......... ,-~ .... -.... -· ,,_ .... _. .... ~.~-.... - .. ,.-·----- ""~---=...,.ol-~-.._..-..... _ .. ._~_....,.-_ ...... __ ... _._,~ ... --.t.~~ .......... _.... __________ .......... .._ .... 
~,._.• ____ ""_.,-.....,. .. •--~~ ...., _.,.,~..._·~··"'~ •- .. ..-.·-:~""-'·-...,._c._ . ..._;.,..._~ .. ....:•......_..,..,,.~.,.. ""!-"- ~~ -.,,. .. ~ ....... ~ ...... ~ •• o. .. r•_, ... ...., • .._ ___ ~~ ............ --.";-"*-"'-"\"•"-" ___ ,_.,....,.,_,_..,~....,-#"'• y11"-,.,...,._..,_ ·~,_...._,..,.~ ...... v___.._.., _____ .,.........,.__,.,'!''"'"""·"-

CJrcloll~atxylamido }3)) •. '10 )10 )10 (0$) 

ij(')rpbol:l.no BD .. ll 6 -7 6.'5 

Dints.Jthylamido EO- 13 3 - 4 a.s 
Isopttol)lJl ami® j]£) -14 )10 )10 (OJg) 

~rol:ldino 131) - l5 )10 )10 (OJ') 

ll:tp~r1d1no r-JD .16 )10 )J.O (QJ') 

NQnylamido BD -17 ).l() )10 (O:t:l 

liapt~dGU)"lamido J3l) ... 18 >:t.o /10 ((liO 

<o.s 



• • ' : • • •. '. ' ! 

\ 
-~ ,_ 

!he aeut0 oral to:d.city dtltf:l (LD50r of: tile co!tlPG\mds 

(BD-.10 to BD-15) on tnalm rats· a~c;J r;~~~~;;~nted in ~f;lblQ..41. attf! :Sh~ 

re9Ults ha~Te been comp$X'ed witb $11litbion ..m~~ w1tb the m~tho:ey com-

POund (BD.B). 

s41tb1on. 

rate oompax-md to oth~W lli~o. s~igenin CY<tl!a phospboram1doth1onn.tes. 

Beforr1~ death the .rr\t;s wBJr$ iQUJl~l t_o sttff'cr front oou~f!l rast;d.rato)tiy'· 
. ., :. ' ' . ' . . 

tl1o\.ibla. . ~n some casmm,, a in.~~ci .~d.th 'bl.Qot1-mtain oo~~d ou.t of'· n()s-;, 
. . . '' 

. -

tr1ls and GY'taS of ttl$ {~n:tmmlm. '2hf) d1!Crmas$ ot spontanoou:g motor 

aetivity ves occured f!ft~r 2 ~ 4 hou~$ tor all compound$ except BD-15.; 
: ' •••• ' ' ' ' • • l ' 1. ', •• : ' ' 

ill B_L;L() it appg~~«<)ci taf:~~~r 60 .. 7i~ ·hollJI'Se 

.... 



..... ·.....::.. 

w50 Vt-lluo or (i1fferent compounds in ~ts. 
a ~..... ill I 1•• .. :•• .. '' t•rtUJ '.IW .f'i t _ I·., W II. •• "lrUiiiJillia~jllf!llllfqM '"4 e, •ue ... $'' ... 

Cyclol\le~lpim:tdo 

MOF;.Jholino 

Di$t twtam1tlo 

DiJnGtP'Ylamtdo 
,· • ', I 

IsQPrapyl.amido 

Pnrol1dino 

:an- lo 
EO-· :tl 

BD .. 12 

JtiD .. 13 

~~.,_;,,',"'A 
. \ ~ 

BlJ- 16 

)250 

)05() 

:tSO .. 260 

:U~5 .. 250 

)~~50 

~0 -· 135 

Sat1thion ~ 102 
"::-!: S ... !~--~~~.:::·.-:::::;:.::::.:.:;:=-:-;:;.~', ~;: :~~·~-~~:.,"':..":;: :.;,:~.!:~~~:,_~~~ :t; ;-=::::: ·:!'~ ~7-'::t, ~;: :~...=.:'! ;~ :-!~::_:~ :.!"...;,: ==~-::::~:~::_:-~;.;;.:--;:; ::;:;:-_.::_:-;:-.:;~=.!;~~~;.:.;;: ~;=:!J.:.:.!~ ;.;:;-;.;_ ·r~ ;;;:_;:.~.::;:::.:::_.~..::-: ... !_:::_~-;.:_:~ 

I 
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6.; DISCUSt~ION Ol'~ Pmr10'1.01ti:Cn!'YJ (at~a:l.nst wlaeat saed germination)* 
Q • r.. I 1 A ... ... W f 'D' •• W,iJI .. 'Jf I t t I •'II!' 

The ~ffecte o£ tb~. t.4iey1am:ldopbosphorothiunat.,ll ()Jl the g~mi-

-nation of wheat seeds (1't"1ttcu.m ~PPt u. fJ.t 262 ve1ety) a~m Stl!mn~imed 

in Table - s. ~hm ~ilJsn~lts indi(Jflt$ thrat none ot" thm tn)mpounds ~~ 

pbytotoxie upto 600 PJ)m t?O!lnent~~ation; how~~~ert, Bi).lO, Bn..:L1 nnd ·, EI:i-17 

show 90 P~t"cent gel'ndnation at,snn Ptlm. 
·' 

----. ·--·----]_~~-~:--_ ~·.l?e;o;;n-t g;minaii'Oi_ ~~-cii_ ii~~i"-;ano-;nt"r_-;;tion ---·· 
Code lio. ----·----~·~·-{--------- --"-~--·-~·---1 ____ .,.. ...... ~·-·-~---~----.. ~---~-· 

-~~·-·--·--·---·- --~·-·--· 5~? .. ~Pm ···-· .. -~·u----~· ~~~-~!~---- .. -·------:.~~~--·-· -.. --_... __ ..,. ............ ~~·- .... -.-~--~--........................ _ .. __ ..., ___ .,._ .... _____ .~t---~·-- .. -·--·N.~..,..,-,.. __ _...._, ___ ...._ .. ..,._ .. __ .._... ___ &....-........ _.. ••• ----~--_.. ... __ _ 

. . 

BD • 10 90 100 100 

-~ll 00 w ~ 

1\D- J2 lOO 100 100 

ED .; 13 100 100 l<X) 

ED .. i4 lOr-' '100 100 

BD -lB 11):) 100 lOO 

BD - lG 10:) 100 1~ 

'Bi) -1.7 so lGn 1{).) 

BO -l6 100 100 100 
~----~-- ....... ..,.......:.--.... -~ ... -................ ··~-~ ............... -# .......... --~-w.-- .... -~ ........ h •. --. ........ ~ ............. J:>---:- ...... __ .......... ~ ........ ,. ___ ,. ____ _,__....,.., ... t,..••·••-t>:--.. ;,-. ..• ""t.:;. ................. ~ ........ ,,. .• ~ .... -· •• ~" .......... - ·-··· 

-----------~ ... ----~--~ ... ~---- .. --~-.., ... - • ...... ~.~-l>t-(.0 ___ ..... __ .,__, .. , ... _ ........ --.~.~,.--~- ..... ,.,...~---------- ... -~---·· .. ·-·----.-..-...... ~-·-·-·- -----·--
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'1•' DI!JCiJSaiON ON }Uf.4'ICBOLIN!.S~lm!li\~E JU1.~'11Trt.~.: 
4a•• .?IJI'W C 1ri8 _ ..... ---ijolUtlfiiY'Ptf.. ) • • 'VU .............. ,...., ....... ~ 

The acotylcholint~steJ.ita$a inhibition dn.ta for housefly 

bEJ~·d homogenate (HF ACbE) and goi!.\t wholtl! blood (blo~d - .CJ:im) s:P.e 1.1ated 

in Tabla SA - 6J (pam$ -·172 to181 >t the ®lm.- I 50 values <lfllculatcn~ by 

le~st srtua~ea prog:-ar.une .ali•tJ m!~rGn bal.ew ('Ta'ble ... 6).· ~:b,~ d.~ta for only 

f;J:\Ie compotmd.s nave ~ tmr bf:llf~ll trlk®.l. 

Anticholinestflll'"Qsra activity on housefl~ he~li hQrnogenate and goat_ wholtt 
¢ j . I ••- ,.,. •:dl i 1 It ._,,. _ _.U •. 81"4i. i Lf . '••• •t•· Jrt .. - 1f'!ll1 l .,.-_, .... .,. •• Hi 4 ..... II t M*li •PJV Jfl .........,i ... t •. 'l4 J I MA 

· · blool) • .,., .. 
~-· ...... ~---.. ----~- .... --~·r·-·-~-...---........ ---.... -.. --.... ----.. -...... -~ ...... , .......... ...-........... '",_"'w • ., .. --......... -.-........ _ .. _..._~ ... -· .... --1·---------..... .-.. ........... ~#· 

. t I O (:11) g l.Ct:/S ~~ I 50 (11) X :t.d~ · .. . 
CQda No. ~ 5 (Cf E) . . . . { (liF AChE) . Al 1 

. . 

· . .. .t bOUS$f'l_y. . ! Goat ,,,hole bloQd . . · · 
~r-~.n·_..-....,.,_;,._~-~,;,.l,.;...;._...:,,. .. ,. __ ....... ..-.l,....,t.!~•-o.a:;~?-••-"'"'~"...-•~~-,.•---~--•• ... """--'.,..._•_.._.,._...,_~-~~--'""'-'"""· __ .............._.._r.,....,,...,_...,.,__...,.S_•_~.,..•·--------,...,..._Io~ ... · ..... --~ ... ·~••w-• 
·~·~--.,.._....,...._ ... ~ ... ., ... ~ ........ ---- r• , •• .,,,.,. • .,, ··•''-•• ,- .-...'t •·- .._.. __ ••":"-• -•··--• •'-" "'• >u,,...,.._ •-!•~- -· /' • .-,.,.. • ..,..,. ...... ..,_, ••· '*~" ...... ..,. .. -,_,,.-(. .. ,.,.,_ ...,, ·• , . ._ '''"'·•-·'""''to·l""" .. """'" ,...,,..,,., ... ,..--.. • •- .,_.,.. -· •- .. _ """·""'' •• 

i . 
BD ·-· l<!t 2"1;86· l~Sl 

BD·-· ll 5.43· l.M 
]31). _ .. 12 a.~· lo43 

Bl) •. 13 l.ao.: 4.6G 

lSP .. 14 1.86: ~t.7B 



It has bet.Jn obs!lt"'Vlald tbat fo'Jl a.~ alkylamidophospborothio-,. 

nr:tt~s (BD..lO to BD..llk), the llc:.usefly b.at:1d aoetylchQl1nt3ater~se .:tm I'BQra 

inbibited than t~ blood eboline.sterma!l. For the houm~f"ly .hfilad ec.atyl ... 
. ' 

cHlOl.1ll~i!St(9~ase,. tile I 50 v.al:U$ iM~:ases in the :fc;llow!ng ordw.;· 

.. 
~ ~· 

1.-e.; the antiacetyicholln~rtdi~z-tlse activity of. the d1mQthy'lrud.do com.. 

po~d 1$ bit~hast• an~a that }?·t tba d1'Btbylamido-·P~l9Phr>rooth;tonate 1s 
. . 

lcau~st., Ic"or the 'bloQd chotinat':!t~r~e9• the ! 50 ve.lu.s inct"~ase.~s in the 

f'ollowing order: 

. ' . 
i.e" the ant1cbol:tnest{t~rms0 ®tivity ot t~ ~or.pholino coWl?OUllJ1 1!! 

most tmd tht!t of thll 1aoprotvJl·amil!ophospbor.o~hionatt1a is le~$t~J, 

~ha Ctn~tn1cml. by'dl."'Ol1Si.$ ot some. of'. the compounds htlVQ been 

c~~ied out in o_.oo95 !1 tiaQB. (~H 11.65) ~t . ~-o nmt tbl"(:le ~t~ ot 

expe)limants in eacb Q!lS$ !lave been per.t~m~d•1 'rha l'!Ydl!!?lVsis data 

fQr emcb cQmpound at 410 wu m.l()ng ~~:trt the regre~aian tH"J•$!.f1c1~nt · 
• • • r 

· v$lue,. lll".l.t:l ~he value· o1f Kbyd cal~uliitlt)d _then-.!!oi' fWor fa pro1ticu.1Qll' ,89t 

are· g:tven 1n Tabl~ - ?lt to 7E (pag_e-i22toi86 l.. ~h!! dmta_ f~u~v•) be~ 

swnma~:tzed in the f'~,Uotd.nt~ tnbla (T~t'ble - ?) ; 



-'-

I 

' 

Hytb.-ol~lsis o1r nitro·: ~~1iR:tll'lltl cyc11o at·!Qrt~:t&)~hosphorotbtonate~ 
•:t tU t arr 'fl"'"lil'' :•• ,._, Y"Tif ..,..e~ .*'*'•~,.- ... I t l•'!I11!1Uti+'•~~ .... f4111t-4 I_ i~~-..._,-:t« u&1l41 (-. M 1*11 U$ l T .. - ~···· 

·(pti li.ats,! t~nip ... ' 2n°0; 'eJOl'iient 5Q%· atban.c)l). 
ll7 ....... !Ill ...... I IIIIi & .IIJII 'llllfill e.. • • 1 V . lPt• W Q ll I 

' } I . ' ' ' ' . . 

. . : 

-~~-...... ...,._~·---~-*fl;!:('r---·~·-... ~~rJA.---..~~--~ ....................................... ~ .......... ;~-- ....... -~--·~ .. --·--'---·~~~_.,-.. ,._-"'*.....,.~ ~--·.;;_,.~--_.., .. __ ,. .. , _ _.,_ ... ..,.. __ __... 
• • · "/ .1 · i · ' · · I ' ' . 

_ Ooda ito~ .~~;,_.~- .. ftbtd _ . - 1~ , l\~:f.-. Tabt,e. I~. · j Av()I __ ~a~e _ ... 1 
. • . !· .1 jy <~~l) - . . . . . . I Kbyd <~m > . 
:_--~ =-=::=~-·-==·' ;!!.::::=-_::.:-:::.:=-..:-:.:·~:::::::::d~::==:::~~~-~====::::::-~t:~-~=~:td:':~::-:~.~~~~;:::::-:i·:.:!'~~::~:::i:~::..::·.~=~=-:: 

' i:! 
'(pf.lge an·~ ·n . G•l~:~l3 · ~ ao-o ?A '11'~2 ) I 

·-C; 

6~14:1~ 'x 10 .. '": 

' ' '. '·!'!; '· - '' '. 

10 .. 0 Bll ·- 13 2.681 % 'lt) .. Q ?B (Pil!JG 183 ) a.ss X 

EEl ... 15 1.7724 X l.o-5 
~ 

70 _(p:lg$_ 18LI ) 1.763 % lo~5 ' 
1', 

:0~. ... 16 1.2129 ::1 lo-5 ,711l '{page 1'85 ). 1"'162 X 10 ... 5 
. ; 

BD·~ 17 . ·so~raoo ~ lo-a 7E (page. >i&t. . ) l'"" .4A i!'·· J..:;.u le lo-3 

!irb$ avclr$ga bY'C:Wcl,ys:ta constant ~~orded 1n T'~bla .. 7 shov 
. ' 

that th~ na:t.ur$ .of tlaa ru-aido (lJroup .in the exQtlyc.l:to· $ide chQ:tn inrtu-
: ' ' ' I ' ' • • '· ' • • ,• ' 

eneos th!B. stabU1ty of tha compmmt!s to alkallna. hydroly.mis. 'Zbe Khyd 

ilWl">.llfai~uMJ in the follov:tnm {)l:'der·: 

ED • ·16 < ,aD ... l5 ( BD - 13 < :flU - 11 . < 'BD - .1? . 

!. et.. J, tile J?1peridinQ (lOillPQund (lnD.- 16) . i~ Jtlt)$t s·t.abl$t . and the . .nonyla .. 

mido compound (EJD -· 11) ·is ·let11$V · stable to alk~in~ hydl1olY~is. · lfbe 

·eye lie alkylphosphor'Mttdoth:tonatQ~ c.or;ataining th.9 d1$'llbstituted woo 
srou~a are e:;g·treme~y_ l?f3!sist.:.>lflt to llYdl?'olysis ooro!)at"ed to the otber com-

. ' ' 

pounct having the mont1stlbstii~l11~~d ami do gcoup (nonYl&-nido); Pr.'ob~bly the 



t 
I 

i 
... l! 
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\; 
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tb~a ster1c-1ntex-teX"~~~s ot' the nonylami.do ~roup a:r•a less nompa~ed to 

/ tb!at qf the :r}:lPar1dino1 ~~rol1d1no, zno:rpho11no and (iimetby1ma1do 

' 
Cont.rar~ tCJ ~-llt~l~a eydrQ1Y's1s fa o. 0095 H NaQH these 

.. $l.k1lnm.tdo~llo&Jlilh~rottt1.onem*-'S ~~llo'\' a. gr>od . de~7Jl . of' l1'ag!lst~~e to. tbOt 

. hyd'?.OlYsis at pli · 7 ~~~ 7 :in phospbat<:J :btltirar• · . ·For a~ample ·no detootnble 

tw'~oly~d~s · ·occ~s evan a~ or tl:'.tiJ."AtY!ifi:t · .. bQUl"$ in :~:t!.$G ·of ·d:tm~thyla.-nido,. 

p~per-1~1tl"·' . pir.rol~dino and m~r_pholino compounds.~ llo'lf~Ve~, the nony .. 

· ... lamido comPQund shc>Ws ot1g~t bydr.olY.s1;:~·. a~. pli .7.,. 7 14. ph~~pb.~tl! -b.ur-tex-; 

tbe rat$ of' byrlrol]!$1$ at pi! 7_.7 ·1$ lG$S than thnt at pii ll.$5.- It . - . {. . . . . . 

.ma;r coMluded th~t ti'u;, r;~tm ot :akml.ine hydrolysis is im-:rt;jasacl as 

the ~ll valu0· 1tlal"ea$f)S trom ? . .,7 to ·11~8~ 

phospooroth:tont't-~1s a.~a almcmt .na~!nseoticifl~; how-av~?., thBy ha~rg 

good f'llngic:id!U (m.i:;;iv1.ti~St tmd hilV~ no .P~oto;tic prop~~1;feS!.i- For 

tbese rern$ons .ru~1;ha3!1 stu dims ~n rung:Lc1dal . acti'lit·ie~ (both 1.'1 :rtv.e 

&: 1ll v:ttro} ~t~ain~t s.oma o£~hGr flll;thogml1c. fung1, rm.rl ill !!X) ptwtQtox1c 

P!'operti~s. ·have been pt!r?ormsd.· 



tltbta~ 4ata (ig 1nllib,it1on) f'Ol" j.g ~ studio$ aga1n$t 

l· GQ.~-.a..t~u~, A-:~ an~ Jl. ,Q~YMA a.r(} li~t~d 1n ~~.blss - a,, tC~ e.:r. 
(page~t~nt.o.-196), -91A tQ>9t (pai)1s ... d97to 20~ ) an~ lOA to 10I (pn~e-~oG t-o~i4) 

resP$(1\ti•;m.y •. ·;~h~ '1U)50 ~~ !~ ?al.Ua$ .< f m/ml.) calnulnt·~a by l~11st 

squ·J~r,~·' r~g;i;~$$i~n nu~tb.Qri! :ax-~· (:;J.:rt.en ·1n: 'rtU:~ta·s .- 8 to 10.( . . 

'l!ha r~snlts ra~eal ti'l11.t ~l co~peunds show inhibitory f'fff.e.-rt 

on th~ .~:::·owth of J!. !l~q.,.~trw;,,_ ~ •. a"Liilt And Jl,, QJZ!l!a2· lifo.t-
, . - ' . . . . 

· !,. &\,b~::1am at 4B holl.;rm tho !-~P~o vatue inorafi$tl9 :tn th~ tollow.1ng 

ordat-t 

BD.lB < .BD. ... J.S < BD ... l7 < Bn..lS < E,ll..l6 < Bkl .. l4 < !ll\.13 (liH);.ll .( :Sll.lO 

· 1. r.a. ,. tha o;rolol"AMlrlBm1do tl\)I!.\rilound· (EL\.J.Q) 1~ most i!lf'i~oo··t.ivot but· its 

inb:i.b1tory et.tect 11ft mbo~t 1. 5 tii~s less tbtm ti:lntt; ·of iltnosrwl. 

i?or J. ~;t at ?a bOWlS th~ la1J00 Vli!U~$ ~l!'O~:B9!Y in the 

. f'ol).Qw4,ng order' t 

1.~~,. th~ oomf)Qlllld (B~lO) is moat etf1'ooi~1Vil :atl.d its ~h!bitorsr stf:'~t 

tJ.rm be co.rnp~pable w1l.th thrAt ot Binosan. ~he inhibito~y .orroo.t$ Q!' th~ 

compound$ )3.0 .. 12, Bti .. l5 ®d :aa .. 16 m,:.se ne~lY' 1.,6 t1mef8 l~t9m thmt thrtt 

of llinosan,. 

FQr 11~ ~ at 72 hcnurs: thtl :F..n50 vt:Jl.W~a .in~;t.~llf!S$g itn ~he 

following er'dar ;-
I 

. BO...ll ( EP ... l$ < )3})..;;].3 < ~D-17 < B0-10 < Bll .. lG < B~16 < BD.-..14 



/ '' 

. '-,· ( .-

1.a. ~::_tine -i~~~}}'!fl-~mido (Jrifnpoutid ·(BD.,.;l4) 1~ mo!§t ~f"tGCt;;1~~~!- ·rul·t1 ittt 
';; 

iubtlbitory ex~'"~t~ i~ nr~wly 1.6 time-s lEt:itli.t than th~t ~t llill()$M.t · 
• , ! \ 

.To sum up,, that d:tmtlr/l.matdo Qt>.tnPound 'ts ,-.momt· effecttvo,. , . ·, ·. 
' ' . . ',·· . 

J!,. Al.hQ:~~J.wi and J.., ~ anr~::: .th111 .,.so.Prt)pyl~ttid<~·eo~ou.n.d-.i$J!o$t 
' -· . . ' .. _" . . . ' ~ ' - ' ' . . . . . . . t \: 

eft~'v;i v~ agtl\i.;ttmt Ji. 2.~:!~· . . :t:\ut ~11 ,ot the~a ~G."it;,olmr1~ sholf le~~~ 1nbil)1. 

tory .e:ff'Qcts thr?n <th;~t of !iinrisrm • 
. . ' 

.J!.C!!rJI~siJ~.!9i~!iJ!it..~!-:!.4!f'!~~!·~njoa~l!!t!.t .. a.tt~~'lt~~¥~l\1!tf! · · al.:tii-atrum · · · · · · 
._.II 1·. t iJ.:lt'~b$lli 

: ' 1 

Code n;;;--~r -;;-.;;-,-· -~~~----~~~·---t;·; ;:v-;t-~~~-·~---:~~,·~-----~·-· 
. CQmp:t)und.. . · . J-~~-----~""'·-:--"--b.~·:~-.-... , .. ,;""';'~'.1"'~··:..·--·-··.~-.. - ... --···"·~¥-·-:··-l._.:...,;~~···--· .... ·-·v-:,..,; •. ".,_;_._ .•• ~.--

. ·, ' ' f ' .\ ' l . 
. . . . . .. J. . . 24 h~m:-s . J _ . ~. hoW's J _ . . . 62 ~urs 

~-:::·:::.::r::;·:.::·:=.~..::,.:.::=,~:;:;~-=:!:~:::~;:;.:~~-;:::=~~::-:..-:.:::;::~!~~~~-:~~=::~-~~~~~=-~~=~-:.~:::=-;-~-... "::'::-..:-

ill>- ltl 
FJD ... ll 
BV ~ J2 

I 

B~,.. 1:3 

-~})· ... 14 
BD = 15 

; 

E~ -· Jij 

13!) ·- J:l 

1'~0' ... l8 

' . ~ -
' , 

91.20. 
.· 70~79 

J.441!1S4 
1M.7:t 

... lfi4.7l 
·96 4'ITJ .. -. .. 

Wl .• ?a·' 

lan.-as 

)50.00 

133.:03 

, 141.25 

lOO.~·· 

151~35 

. '15~t.·iJB. 
. , .. lti~-·ea 

15R~~l:tt. 

. lt73,7Sf . 

·194 .. 00 

95.:49· 

l54.SB 
· ··i~o.54 

234.-:!S 

:1.81.97 

l9B~52 
.a~-- :(..,.., 
.U~.\.•'tU 

.1~').'~1. 

234.42 
· 2H9e'OO 

r::- •-.~ as. . :-1'1!~~~~~~~~~-...---~ .. ...,,.,_ ... ___ ~--.,,;, ..... ...,.._.._-.__..._..__ __ ...... .._ ___ ... __ ._.,.,.__.,.._..,.... • ....,~~-,._-w ... .----:o-..~--
--.... .., ~- ... -~-·--~---- .. ------~·-~-................ ~"'! ..--•-""'" ~--~-- •"'- ...... - -.;.,.;.. ..... ,~, *-;. f''··-·~ -- ............. """: ................. , ... ~~· :-- _..._.- ~___...~_._ ........ ,.... ·~""':4 :r<>:~-.-.. .,.. _,-:•'"."'!""' t...,. --~"- --~--- -.... ,...,..::;. ••. 

,I' ' 



l?Mgic!dtd activ.ii;y ot d!fter~t CQlilP.ounds a.!,~inmt V~t1eillium 
et~&l¢ __ I .• , ... !ll'f I I 1 "16.fW'I.>-.I:f•itr ft * ft,..,J$1&§ VtPPlMrl • ._. ........... dlt,_} Ft1st!W''~ll:il* ... l!t .. t !Jtf'fillllf*liiil. f J ·-

ao~e namo. of j .. ED~}5 m )A- g/ml . . 
ti~ So:taPOtlntl. r--... """'" ........ ,....__.. .... __,..._.. ___ ~.,._...._ ... !>ff~~-.,.-~~-·io<:-_... .. """'~..._\...._._...,.....~.>t ... ~-~~.· ... -w~--......,.:-~:--, 

I 94 hOltli" $ f · 48 ht?llr$ J 62; hoUlP $ 
:_~-;;::=-~:.=::!;:..~ . .:.:.-~~=-z:..=-=.:-~~::.~~~==~!~~=-=:t.~::=-=....~:::=::::!t:!!~=~:.:~~~;,..~:;-:;~:.-~:-~~~:: 

33:0 - lQ ,., 336.22 so:t.m 54f)54 . .. 
-~ l3D .. ll 2l.i1.·7~9 4.57.09 &~.-U.4 

an W· ~ 300.10 oos.gtli ?rn.:M 

Btl ... l3 a23.59 *1671!13 5?'5.43 

BD - ll~ 354.81 uo1.:m 59 84 s •. ., 
an ·- 1$ !JSO ::m . . 637.-0~3 602 c•t: . e'ilJt) 

JO}!) -16 298 .• 40 4S7.7.3 594:.~54 

EO -17 4il1 .. 13 aBBI!!S4l 630.95 

~D .. m €)76~~ 700.$1 851.13 

H¢la~$Wl (Statld~d) )200· 00 295.12 $16.73 



,.~able .... 9 (l) 
•••.• lW* ilfti 1 .. , ............ .. 

----·-···-·-· _.,._, --~~--....... .-..~._.~ .... - ......... 1 :dt f *'I lOS ... _t .!A: I ... P'ltli11'W i U~d ...... ,_rt W r ... A _, • ._.. 

Cod<~ na.mo . sa
50 

1n }A g/ml . 
ot the Compound -------,..._..~-~-~-~-.,---··---~[· ---·-·~----l~·----.,..,-·-.·~~--·---

24 boU!'s l . 49 h()Ut'~ 72 hou.~s 00 hour$ 
·~:.:: ;,;;:::..:.::.::-.;::;;.:.::;:::.:::::;: :;.:;::::::::.:::. :t:;-;::~:;;::: ;:::.:-;::;:::;..:;: ::.-:: t .. :::::;::,::::::-;.:::~=~~=;:;~.::::::. ~:'..:~-:;;;;:c:::~:::::=::-.::.:;. :: =-~ ::::.:;;;;:::~;..::::: ::::::::::::::::.:-;::;::::::: 

BIJ' .. 10 ),5o.·oo 75.D5 :120.22 147.91 
-:(_ BD ll (100.-00 147.91 200.-92 ·245.47 -

laD -12 Q3.32 125.89 144.54: ·194.00 

B~ .. '13 )50.00 134,.89 229.08 281.83 

:ED - 11 <so.·oo 114.81 158.48 208.92 

JUl .. 16 (00.00 89.:12 :m,E~.82 169.92 

:a.D - 17 ::too.oo 173.79 257."<)~} 288.40 

:an- l8 50.0() 71.62 lB6.2G 2am.sa 

liinosrm ( Stant1ard) < .'50o 00 60.25 104.71 :W9.BR 



Fung!Q 1dQ'l aoti vtty. Qf diffio~0nt co~potmd$ agailJ.st .A.'l tt!pm.~l! -~~~!!!-\ 
T A Mit L1 !' "11~ M l ..,_oil illi A ~-··•(1 f 1 ill;' l ... I I .P'W'411K::wi •a 1:MW .J!IItt ._. .... ~ ..... •• .... ·i l(j *1'"i "'ifl'. :Jt _-•. -.,;_ ... , f I L 

~D -J.O )l$0.00 298.-40 446.68 OOB.B4 

~ 
Bll -ll )160.00 &75.43 616.59 676~00 

Bll ... 12 309-02 363.;07 a6 ~l 4· ·~0. 54~-_;GAl 

BXI • 13 )lOi}. (\X) 4.~.57 741.31 lOGO~;fX> 

)Sl) - 15 )100!0,) ooa .. rn IY/5.,4.:) 64S~(l"5 

l:1D - l6 '>100500 3a3.59 400.57 575.43 

BP -17 '>160.·00 5~~.86 776.24 B9l.,25 

>aso.,oo ' 
oou.s~J. l3D -l8 245.47 776:.24 

l:linosoo (Standard) >:Loo.oo 17!.~ 309.02 4AB.M 



h r·· 

--•.-•»•~-~---~~--~·-~··-·-·T~-~.,,-~-:-~--,D:-·•..-•--ili"•~-...-•~:·P.n-·•,--•v•-•--•••~-~·-•-~.,~--·-~•-~·"·-~w.--.,- .. r..- -·· 

0l)de name of' I ' 50 · f g/ 
~be Oompo1~rl' I: .. ~,,·~-~·--.J.',;.,-~- ..... --.-r·: ..... ~:....~:~--:-···~·-··,-_. ..... ~.1 ...... ~m· .... -· ... -;._ •• .,.,,.~--t~·~~--~-... -----·-·~·----·-··-·'· 

i 24 -~a 1. ·. 49 hom-a _l. _ 72 h~s l 00 hours 
. :>-~r~:!=:~~~;:;:-:;_~:-:·:~ :e;'!t· ~~ :;- ~o:..-:~:.--;:::-:::;!'. ~~;:-:,;-~--:::~~:.~~:>.~!;~~~·~=~~ ~:~:.:tt.:.!'~:~:.:.':":~ ... !:"~~~~:.~:~:~.~:,~ :o;:'::::"!"':"!~:~~~:-:-: 4-:·:-~-:: .. -:"~~ ~-= ... 

i 

~ 
f:Sll .... lO · (SO.lQO 32& .. 89 :tal~97. 19~.93' 

BD -ll 123.00 269.l5 3an"s~ 339.·0£1 

;a·.n -13 )J.oa.~oo 223.67 963.02 3:W 2~ ...... ~~ 

Bil .... 14 <oo.cb 83.17 131.82 lB6 oo .£.:. 

BD -15 ,-, >sa. no 1~.ea 173.18 ~00.92 

·1:m -l6 <so.ao ll4:.81 158.49 100 •. 52 

rJD -17 66c·OS 100 °0 ... ~,ol.,' 229.03 251.03 

w - lB 194···98 261.'19 316.23, 003.:07 

lilnosan (Stim-
dar d) :39.81 sa.,;oo Slo28 93.32 

........ ---,~-- ·---- ........ _......- ........ ~-~ .......... _,_ ....... ___ ., .... ·--"~ .,.;.:. ~-··-- """""'" ... ··-~..- ....... ~......,.... ... ,... ....... ~-- ~.-.~-- .. -~·-- .... ,.. ... -.-~ ....... \.< .. -~- , ___ _....., ___ •• ~'"'' ..... ,... ....................... ,,..'\' .... -1 .... -~ ~ ... -:>.; ·-... ~-. ---- .,.--.. -~ ...... ..-. 
+r_ ... .., .. _ ......,_,__,. __ ... __ .._ __ ...,._.._,. • ...,. f""' ~'!" .... ..,.--,.--- ....... ·~-·-~""'·•"-'•'~-- .. JJ.•;o-- ............. ~ ...... ~-. ............ -~ ............. ~ ........... ,. ...... ,.........,. .... ....,.__.._,._ .. , .. ~~"#IO...,.._... .. ~,-_...,.,.. ..................... ..-~-~-- ~- ... ._ .......... M~.,,....,,. ;,,. _,.., ............. :,.~ ....... -.• ---...-..~ ....... _,. 



u~~" n_ ~-m~--;;-;~~l-·:·~·:--·_~~-... -·-·-~o;5 --. ~·-·;;ft;;t·---~~---<0~·~-~-·~ •h-·-·~-~.~-·· ·~-·-.·---
Oompolm.d. --...... .-...c---~·-... ~-............... ..__....~----t"'"_,..... ________ ... _ .. 

1 
... ._ ...... __ .........,___.._....,.._~,--.. -.. ............ .n.-)o .. ,..,.....,..... 

. . · : · · . ~~ __ hou.,...s ·j · t!B_ l~i~r $ j: - 72 · haul.t_~ : j ~- homrs 
::::~::.:::: .. ~&--····.:.:·:-...:==.::~~:::..c.:~-:·:~::!~.::::=~~--;--=.=.::::::::;:---~~·,_.=::..7~=·=---.:::::::=.~=::~~~-~-~~==:r:;:::::::::::::::-.::::: .. : 

--/.__ BD- 10 '> lOO.oo r.:tb' ··oo ·U-•., •· .. 575.43 aaa.&a 
' 

1122'~:01 1549~81 B!l ll 562,..34 rn7 -~a - ., .... 
' '. .. 

954:oo BD .. 13 '>160.()0 724.4~J S5:t~l3 
.. .., 

'BD !II! ~4 )100.00 263.·02 4rfl.3B 6ao;9s 
BID -15 )150.00 500.00- 524.80 sw:59 

. ·. ' 

Bil -lf) )100.00 549.54 60~~55 75g~s7 

til> .. 17 ~;46.73 
:· 

524.6() 600~55 7tYl~94 

ED -is s..~~.ao 7rrl.M 891~25 1003~29 
' ·. 

;3Q9~02 HinotJtm (~tQU.I_!al,"d) ln6.20 a:u~.n 269~15 



' ! 

., ... 

· !}Ina dflta (% :tnbibition) r.or ~ v-1 tl"o $J.l01'~ m~~~m1t1ati.~n 

tnb:ibiti~~ against A· tli.rr.e1!. & .e.-·-~ ( Gtore :f'mlgi), and i!· Q.~~ ··.· . - . 
& !,. blh<7.-.J£~tJLD t~~!]i; :tistesi 1ri Tabl~$ ~ lJ/1 t£) l.li (pmrne -~1sto 223 ) 1 

· l2A t~ lt~I (p~ge .. 224 ·~ ~32 ) ~: J.3,~ ·to l3I (page ~ 23D to 241 ) and l4A to 

1411 (praga .... ~42 f.b. iso)-_:. i-!lsPGCtivel:r~·· f.hs 1nn60 and ED95 va.tu.sa n:ra. 

given in Tablt!!s 11 ·to l4a 

T'hit! r~.-;ul t m ~a,.lfai$l.l th!:lt all compounli;~tt a:Pe ef'foo"t;iw on 

spore ~~rmintition inhibj;~t'Pll of ~·- J.d.f,fJJt; !· s.aJJJJtm!; !· 9J:Z!f!~ and 

! • .at,b,.Q:itJ!tAm. 

1~or A.· ~ · a't 4£ hotll:al! the 1nu50 v~~lue ti.nctt-eames in th,Q 

following ordE:X:l ~· 

1. $., 1;be :tnl:'iibitoroy aff~ts o.t ~-;Ll c.~mpa~r~.r:s o::mept EHl..-'16; a11o g~tlt@l.l' 

ttmn. that ol:"'. l!l;tnos~f 'tba noJl1lr9.m~dQ cmnpound (330..:,_17·~ .. 1s: tbe most aft$0-
.. • t .·, 

FQr !~l ~Wt\ at 4B hC4UrS tbe ElD50 V~lne increa.sss 1n 

the fQlloi<:ing order'• 
' 

130 .. 16 < Bll-lA: <( B~ll ( 130..19 <. Biil-10 ( Hinoman (1311:'1-15=-B0-~7 < Bfi.:t3 

i.e.,_, the ~iroatby'l.amido corJpowld (f.~ll..:la) :ts ~"~t e~f'ootiva, P.Jld it~ in­

llibitorN" eft eat ir:: about 1. 5 t:J,:l!lf'.lls r:1rm~tar .t.l1a11. tl:tai;: of' _l!inol!fm.l 11.0-15 

and 139.17 are also antivo C:att·ti1rity im @ireater than Uinostm.). 



,, 
\ 

1. e., tht-J 1oop:ropyloon1do compound iii~ :most e.ffootive •. but :.ttm :1nh1b1~ 

tol1Y tnfi! .. trot is ab)t,\t l.t.S tim~~ !.$s~ that:. thnt ~(. ll:U~o~ .. 
' t ' ' I 

. - . 

i.e .. , tha dimet•bylamlldo compotind is th~ most motive., and it~ inhillitor:r 

eft"t~t i.a !F~~tqr ·thllll that ot' l~inoma11. Otcbr;?.~ (lo:mpounds ·.;:w.Q· lemm an .. 
. ' 

'.fo $ur.l :up~ tbt;. !.lQnYlt-lutido COT!\J»tmd i.'S mo1st efi"ective 

aga:L"lst. j. Pt-¥4¥t; th~ d1mathylant1~() cum~o,md is· m!)mt oot">.i'to $~11in~t 
; . z. 4all:3~.!U ·and !• ~~.P-q-~.t~m' Sollift tha 1~~o.t)Ylam1di)· nol1\POtmd 1m oost 

·ettM'~:o;bto ·again~t' l!• .f&l(m.iRi•· 



-----< 
"\ 

.... 
I ' 

::. : 

. " 

:[ .. 

·' 

.• .. .. 
..._..,_..,...,..., , ..... ,' ~~~~~·~~~ .. o~-~~~·,Moo .... ~~!"'P.~~:...~~4~i~~.._.~~~~_,. .. ol'~'"lll4~;,..--.·,~~---~..;_._,~"""-·,_,._~•·,...._......,_...,.. .. ~, 
'eoaa'·~me 'of! : 1 

· • · · · l!lDa(): .v&ut~t~r 1tl fcwmt · . · . 
thm ·dQmb"otm~, •. t·--.A.,pQi;giJ.ius~~·nig;~_,,~--·-r .. ··----·Pmiioii£:iW:a~· · rm$~1 ·-~--·-

. · · sa· Jio.Ui_.~-~b~-·4$. ·noliii:--.. -.L-~_~·a4·--li0Uis·,-·-r~·~···6Q;u;-e;-·· .. ,~-··-··-"' ·· 
_':"' ___ _..~,...·-·--"·~--- .._.-.... ,_.,;., .. o~--,...!""'·-~---..--~.-._.._...,.-.., ... ~.~,.... .... __ .. j,.,~.,'"'i,....~1il--.,.c4'n-••~.,.N-~o..-."''......_ .. t.:..---.,....,.,....,_~ ..... ~ .. -.,,. .. ; __ •lo0o~•-... -. .... ,.."-"_ 
·-'!"'f""! pi , _ _..__..~~-~--~ .,;-...... --,.~---~~~" ' 

0 
-~~ ....... -~~~,..,.. ~~~-;-:--:.;-~~~~-~-.!.....- -~"~'"'~~::-" --:-w~-'>--........_.,_.-~1>. ,.,_ ...... ~.~·U ~.,----~~ 

laD • lQ 3096.47 1~G.~.ta(3 . 9:12.01 . ~ l288.24 

BD .. JJ. 

BD .. J.3 

DP .. l~t 

$}9 .. 16 

~ -l6 

Bll I 17 .. 
an ... lB 

tlinO$:Jll (St;.mdBI"d) 

!1258.92 

776.-24 

7~".32 

a?o~oo 

1548.81 

831.76 

1000.47 

lfS4~1.~ 

' • 'I 1 • ' , ; I •, ·, l ' ' . 

14~.53 161~J.~) 

mao. as aao.·oo 
1174~89 1~6.43' 

mao.oo a:m.ea 
'1905.46 :trilr'"J. 53 

ztooo.oo 700.ff! 

~lB.,25 
' . ' • l 

1000~47 

1B62.,0Q 'Jl$l.25 

. ' 

l9J..q.70 

8@1.25 

1S62•·oo 
100:3~29 

i949.84 

1003.00 

14:12.-63 

ca(fjt.' Wa'bltas .u.\. to 11 .. I, . PtlgQ ... 215 tO 22V. 
· {_~A to 1~ 1 , . }:'age -224 h 2;32: 

I . . 

~ . 



.. 

.;i_ 

.... 

, ' . ' 

... ~*"~--~~~·..-i.J:.'>'Io..-ai~~~--..,..........,..,..:: ........ ~~1;1o$::~-~I,H~ ...... ~~~~~!c..o.,....~~---~~-~ .................... ~ 

Co~J.!!.. n~e ot l . . .DJJ95 wlp;e$·-:m f~ gltil. . . ... : , . . 

t~ b~4 '. rid-;:~;:u;-;~·-'-·~c··,;;n'io-ril~'·-g.m;mi··~····--­
. . . . r, .. .__s-4.'M'i~-s ~T, ·_····-~*Vi·..,~·iiiifli·sr~-· 'f'""·~--~~·~ritiiuia·: .. r··--,~-~-1if1U!s·· "'' -..... ,..,. 

:~~=-,.;~~~.:~::~t;;?~~~-~-.J~!!-..:..~~::z-:.;..;<t1:;::~·=·~!!-:-; ... ~~~~!t'~::-;:.~r:;:~r:~~~·~~~~:;: .. ~!~,;:;::;-~~.t;.;:-:::=:::=;::- ---~~==~~~~..:: 

foif) ..., .l.o 2454.;70 ooam •. ys 1002.:00 . asl.t.oB ... 

2630~26 -ooas.-oo. !)~ 11 11196.26· ' ~9..~1.20 ''. ... 
13Ll .... 13 229G.OO 2918.·38 1?..3at •. e6 ' 1&18.81' 

73D .... 14 2398~83 3019.-95 2994.00 I\JS{t.6Q 

;ap -.J.B 1t~1~.7a 
·:·~J, 

~~.1~ 1??8.27 e~.WJ 

w -l6 3162.9:1. 3~3~.-t!fl ·331.$2 WI 3801"89 
)'. ' .. '' .• ' 

BD ·- 17 14?9~10 19M ¢"16 l004.89 9l.37.·S6 
' ~ . ' 

BD - 18 ~75-iJ. 2~ ~'5Sfl·LI"l ~.44· ;(_~ 2.6;?0. 26 

!inouan (iltanda,d) 3311.:31 6l2l~ 61 filS7./76 P454 ey.o ._, •. l" •. ' ' .•' ,• . -· ... ·. 

~ ' . . . 

~.;.:::·~~~~~;~ ... "';:"~~~:::;:,~~~:;:~:;;-;!~;~:;;~~!~::!'!!;~:z:t::!.:~~:.:t;;~·::.:!:!;-:::~~·;t;:.-~::!...~~:;::.:":l!.--::·;"!:~:.::::-;:.--:::~::i-::-.:.~~..;-~::1.~::!'~;-;.:=7 .. ':•"';:.:-:=-:~: ... ::-
' . 

'/ 



BrJ • 13· 

ID ... 14 

Bi): ... J.6 

BD. l6 

-~0- 17 

Q .. lQ 

Hinoaflll (Standard) 

104?.12. 

l.O?:t.,5l 

?'74JIIPA 

l.G?l;,5l 

~~·Ol 

700 .. 57 

~.-23 t:.IE!C .•. 

- J200~92 

~8,24 

63i.7e· 
· ·~m.as· 

1''.1!:'1.., m!:li­
o&."!1tiU<o'~U~ 

m.-23 
iJ,.'.)?l.S1 

sua.84. 

630.95 . 

.176.24, .. 

. -~ao.oo 
l$4Bit00 

lG23.iJ~11 

:WOO,eM 

'467.73 

'. ·-t:net .·: ~able a. ~- 1311' to !t3I, :PP .. ~.3~ to ~41 J 
14A. _to 14I; · pase ·- 242-t.o ~so 

-~~-m, 

·1319.25 

lB~l.Bl 

171f).27 

'134.9~96 

1~5,26 



. I 

·-

· 3rabl.e .- 14 
tit• *¥l • ·. I t_ f 11 

Fun@:tcid~\ •tivitY of som~ ·tJtido. ·q®aPoi..tnds Bfl:~nst . ll.l p~mtt.Q·. $~d. ••••n ,. • , ""'"• 1 n .-.. ,......1 • .._ • ..,..~_.. • .,,, _... ... . "!'Afi "'-~ •~ m;••~•-• "'!""i$t t 1 J • · ~ 1 ?? ~. . . 

; V .: !!b0-.3tmts. <seot1e ~"m~~t!an' .• . , . .... ~I·~ .. t~t 11)1 • . :~<?- ft!,.O~~~~ J J PJf J1 ... ~-~- · . 

••• ~.- ..... ~ ..... -~ J1: ~~~~~, ....... -f.e:<'1-'t.-~-~...._.. .... -,..;.... .. ,~tlfl:..;. •••• ....,..~~~-'f~~-~-:~~~-~.;.~'t .... :,..~~---~ .. .ol ... __..;.~.,_. ....... ~.~;..,... • .._ .... __ ,.,._.,.t 

· Cod~ name ct 1 - . · ... _ Ef\15 .. Val\l~S -in· )':'1/ml . . ... ·. . 
~ h.a• a ...... !.,,..,."''"'A · , : .. · . . - . . · 
, •. Ql Wl:Mf:W}Z-~ .......... ~ :. ............. ~ .. ---.......... ~lHoo~,..:!',...,.. ~ ....... j..,io,~~~ :..;....-.. ;~~~'!,.;;,.-.:L->:o...._;-. ~...,...,...~-.......,__.,"'" ... "-··· , ........... ...,.. ............ .,..,. .. '7-_...._~ .. '1-l h--~~ ........ ,...,..1\",. ~ ......................... ___ , ... __ ____ 

. · · · lif4:m!ilthost>~1~. 4n'*~~~: i Vertlc-illiUrll alr~*tmua _ 
, .. ,,.,..u.,.__ ..... ...._. .. ~~~ "--"'·-~P. t..-~1- ,....~ .. .,... "'"'"....,_...,.~ ... .: ~--4·+.....,..;.--~~ ,.~-v..~ ... ,....,.,*" 5,.7.>..;..-..v.·;., .. ....,""':-·--"'-'~~-~--.. ......... l ... .-.~\•·-·~.._ ...... _~ ... ~--~:-... -7""<"~· ~ ~~ ....... 

. · · . .. : :1 .. 24. :hGflUls 1 · 49 ·bo'lir:J i. . .. 24 boll11$ ~ .. 48. bot~rs 
:~;::."';.~~~-:-:-::::~:.~,_':';~-:-.:;~"::!;.1:;~"-tft~~;:~_t::~~~~;: ;~~;:-.. t;~·:.;..-~!!:...::.~-!!24:~~4~~~;'.:~...::;~~~;.:}-",:;t.;~!~; :~:_:;. .. 0:fr~ :~ ~.!::.--;..:: .. ;~~~~-:~J.t~.::~ . .;:.::-::.;;~~ 1.:;:;:;:::..~ :;;:-~~.:: 'i~:;-::;~:.:~;;.~~ 

• BD 
~ -10 1513.$1_ 1659 s .. ·, 4570.88 69:18~:30 

BD ,. 11 lGss.s4 l905.'f'$· aaoo.BG 2398.83 

J;l) ... l3 2131.~~6 2lB7.~6 -JB:&~.~ 191\1'.70 
" 

BP !MI :1.4 3230.26 laBO~SB ·1584.89 
'' 

3162;.27 

BD l5 ........ -2399t.S:i 2630.-~- 301~.95 3$4B 13 '\." :.... i. 

BD -la 2484.'?0 9570 •. 39 3g~J5~'93 3383.:44 

Bl> ""' .:l? ic~oo.ma 204:1.73· 2000.00 2t110.39 

:Bfl .... -ls 1698,.2~ J.719.R7 3715 • .35 426Gt!79 

llino s~n . (a~ ~ntl~V.!) 033 °5 .. ,. l,l4U.l$ U?4~89 3116- as· . . .~-

-~~~.-:~~-~-~:~~-:.~.--~~~e~--::;z:~m~~~~--=~!:-.·:t:~ .. ::~::.~l-,~-.:!"!':-:::~t:~'!':':~~=~~~~~!~~~~.l""~;~:::~.t~~~~=:=:::.:... .. 
. . · · 1~ A to i;) I , page - ~3~ h, 241 . ~-:: · 

. .. _ · Ca~ . .J. ~~blt~s ·a4A to lAX• lil~m .... ~42.tc2sQ.'J 

·. 



., 

!• · ~V~fl.! bav~ baQn earr:l(J!Cl out lJY using; only wo coxnJ»unl!s (l?.D-15 

and :B1J..l7).. Tn\!3 !lla.l'lcent. blbibit1mi d~ta hm.va bilan *~mentat!t ln 1Kable.-

BD ... 15 lSOO 
1000 

6()') 

w ... 17 1500 
1000 

500 

Co~trol -

23 

26 

31 

l~ 

19 

32 

31 

,· 

40.64 
29.73 

16.~ 

sn.m 
48.65 

13.51 

--

· at 1000 ·ft ff/mi at\di lQoO ftg/r:a :inMbited ths. illtt<'l01~ion llY i• ~W 
on dl9te.cbed l~·'1l'1e!,~ 'by <72 and c!Bigt \<:l'b!1WetA;t2 th~. pJl?rolidino noml;lOund 

( flD-16} at tbe awn~ ooncantrt'!tima iin~ttbited t~ · intect:tQIUJ by 40 nnd 

· 29J~ x-esp~t:tv~ly. ~be aet~nt:r An ~~fA Qt both th~ comPQuttds Bgainf!lt 

tbls r?~thogen wa~ tnmdl lQWol"' tbrul thnt Au atm. 



~be ;wotoo1;rmt act.1v1ty on rice Plfmts (40 day-s old). 

ligrtiniiJt !1:- ar'ei;Zaf! brave 'be~n !ilml".formtid by u~dn~ P1l?'rol1d!tno (Bl\.15} and 

nonylamido (IID-17) aomwoun~s.i S:be P~oent inhibitton r:,~:.- of 

1nfeutiO.n data· have baGll tS1V$n in Tabte.-:w, 

~·Jla nolwlaiQi.do eontPOunti (l3D-l7) l:lt 1500 f g/ml end 

1000 F g/ml 1.,'1h1bited tbe :tntootion b:f &Jig ani~ 445~ ~espect1vellft wh~t-eas 

the ,pyrJ.tiolidino compound at the same ooncentrtat1;->tts inhibitea the inf'ee• 

tion by 51 Wlti 4.7{6 t"as.l;»$Ct1v~:.ly •. 

S!;;;t~e.~;ra;~-;;;;~"-~ii;;;"~~:-i1;~-~-~;;;;;~-~~1;t-;--;;t-----~r~~.:;.;;~.-~--~--lti.on of s·. !l)Ot!l/ · inda~ / plan~ · · l £);g l.ti!vel i :bt.'b;tion 
c fiptlmt> 1 plant<~) f 1 < ?--o. os) ~ ~{0~€5°• 

,;;..::::.:;;;:·~::~::.~;;;.~~: :-:::· .J ::: ;:; :;.~ ;;:;:~.-=~ :~·::: r;:: ~L~ ;-;:;;;:::;<..:;· :~: :::;-:~.;;: ;:; !.:-.~;;::-:;::;;~~~:::.:::::;::. ::-..:;-. ;:::·;;,;:.:~::;·:::J:::~;:;:::;;":::;::~.;;:::~:;.;b:::::.:.~;.;:-::::;::. :.::;~::::::::~~;::: ,';: :: .. 
SD. 15 1500 5.4 2.2l~ 5.87 51.64 

1000 s.·o 4.7. 04 2 ·42r,l 5.24 .•. 0 

.an. 11 

. 5.~0 

.1501:) 
1000 
500 
_.,. 

9.95 
otl.B 

5.35 
? • .~~m . 

·a.so 
2.0 
~.525 

3.10 
4.575 

2.13 

8.29 
5.3~) 

a.Sfl 

--

16.93 

56.28 
44.80 
32.2~1 

--o -~-_...,_..t..,..•>.,._..,. ,..,.._~ -··-•.,.-·"'-<'-<~_,.._ •• ,.. •o.o..-,-..._.:.--.,.·.....,..;·.;~ .... -.S4~...,.._.._,,._,.,."'U.<..,.-I<.,I;., .. ,._.,_.,..,,,.,_._..,._., ..,_.,~ .. ..,..·~---.. ~-.-'.-.--. .. ~;p--"".,_.,,_._.. • ...,,n-.- ~-. • .,.a ...... -·;...>~,....~-.--- .. ..,~-•~• ._ .. ..._,~- •·• •- . ..,. .._. . ., . .,.., ·-~_..... . ..,~.-· 
~ .... ..,_,...,..,._;.· .............. ._. ....... __ ... ___ ..,. •. ____ ...,._...,_ ... ~~-· ..... ,~ .. --_....._-....... ~---~ ... --... -·.-· ... --__ ... ,__"'"'"~ ........ oe-~- ... --~-- ........ ~--·"""'~-~- ...... ~ ........ ~ .. ·.~···f-"~ ...................... ":."_'~~·"'"""'-"·"'~ ... 

(a;) = .~v(~I"flliS~ of 2~ Plil!llts: : ;,;-. . . .. · . llln ,.. Pt ' 
(b) = .Peruen~aga ox :tnbibi..,ion o .. intoot1on == - "t;n··q .. "! lfb 

Pn ;::~ Disease in{iex or co.nt~ol t;»ltmts. 

?t == Dis0tas$ inde:»Z ~f t:r~ate.d Plants •. 



DISeiTSSIOI'i 011 Pl:trtorct/JIC PWJ?iflFC'I~~g 
._, ¢'Wrtnt .. Ticf ..... ., .. e ii?IIIA~~ .. *-'III•,.,..,..~~,..,.W!'~.J' t ;; CCIII 

13. ~~. .Seed troatmr.Jnt l:JY ~flk!llg. 
Fl M!=cfi:!!"'J4 1 qa A'"[ r. J.~~·· I~··~ 

2be to~d.o etf.~t~ o.t th0 eompotmds (EK'-.15 M~ :B0-17) on 

th$ ge!"m1natiot1 and root :m•i! :shoot· 1?i11'0.\tth of rica ( lbru.?ial. v~1e.ty) 

&re twes~nted 1n Table .... 17. 

T1 ... <:13!ttnt!lllts of! se<1lds wl th those two cornoound~ l'U!t'te no 

effoot on r~ermi11ation compat'Ei'.ld i~o control.- Hoi1~JV'mJ~, root a.'ld shoot 

gro,ftb. ha\11:9 bee11 d~'llstdoally !'adu.ued f'Ql~ both t.l~v3 O<}ttlpottnds. ~he pa~­

cent dseraa.:t:$ clt' root lengtb oVRi!f control .:t~ ~r11at~rt thrm thr~t ot 

shot()t length. 

growth of' rice ploo.t:9 ~a .gitten, :in ~nblG - lB.. ~"he! ;:slJQot R:~owth haa 

b~~n redtl.ced ~astic~ly tor both the coiaPQml!11s"·. ~h~ highr;,st d!N!r~~a~e 

1i1 shc>ot gr6-ratih 1s t>bal$i''l~r.1 in, <H~~e o!" :tlonyln:m1r!o CO!!!J)t>lUld; the. doore­

as$ is 6~. 7j& over control.' In f:i$lt)r'.al, an :fl.nu:t'!?.B.S@ in thr1 Cf~ne0ntr~-

/ 



:tj 
·Y: ('( ' '.,_ ' 

..'1~ 

~
,' 

'\ 

'·. J. 
I , 

Btreot o'f tl"t:latment witb Et:U:S mtd BD..:l7 ·M gem-atnat1nn and ~ot)t and ·,~boot ~wtb ot !liee s&0da; 
··-·· "aid ..... iF- ............... ~·~· ............ l.~~·~t11iPI' ........... I ··~·d•r:•••"lf!!t•'!l•t-- ...................... .., _ .. 'ltft_l if ... _u .,, r r rt T-

' . . . . f.-B~ S~d ~rimktft~ : ~- ~-
-' . .. . ., ~ ~!:· j --. • . ~ 

' . ~ l. 
~ ........ ~ ........ -~p~.---·:,.:.;;.,.-- .. ~-r~-........ ., ....... _.....,.._.. ..... ~-~~""...-.. ! .. v..,"_. ..... .,.-~-·~-.... .... , .. ______ ....... ~~~-· -~~·_.,.....-._....----:-----~~~..l.,...., .... ......;......;'__.,_.J; _____ _,. ___ ~---""·--------

. Code: No. or ~· €bnc~t.ra. . f S~d . soaked to:t' 2 hMU--~FJ · 

tbm ~d.·. ~:t~ ~-~~at~:r~=~~:;r:~~=~~1~~~::1~~~==r::~; -------~~~=-~-::::;~ .. :: .. ::.::.~"r:;~-:t:::-·,J:::~:;;;· ;;;. :c;::..:;: ·:; :=.~::;;;:: ~;;;::~::;:,:;:=;~:~::::::;:=:!;.:::.:;:.;::;.::;;-:!:::::;;.;;,=.::::.~~~::;=:::::::::::::-;:;::.::;.;::;::;~:~::;-~~;::..-::;::-::;:!::~:~::~!:::;;::::.=-.-.--. w • -----;::.= ---~-
lDl)- 15 1600 00 ;(OO) ·7.:8 (ll~SO) sa.;Ol '('51.84) ?.'8 (!J.'SQ): 37.6.0 {:51.~1) 

- 1QOO- ·· ,.·. . 9a (os) 10.:9 :(l.a.~22>:. 34.::3o (lJS~:Oll). ·~ •. s c~.M) 24..oo (46.15) 

Bn- .17 

Control 

'"5Ck') 92 .(00) Ja.G (13.25) 24.?0 (45.00): ·10.2 (11.22) 18.40 (35.92) 

l$00 
1000 
s~ 

~ .. 

. 00 '(00:)' - 7.:42 ·(.f:t.26) . 66.30 (ag.20): 
~ ~(oo> a.?s (13.2~) 47.~9 (.53..:$) 

.. M (·SO} -·10 •. 35 {13~·54)· 33_.25 {M-73) 

6.)5 (~.~) 
-s ... :s <(1..1:.-.Jigl 
~ •. 48 ·( n. sa:> 

.~ Coo.> ~-~of) (~.SO): """ 
l .., . ): '12'.5? (J.7.53l 

' 48.00- (-57 .44) 
· a2.·oo ca.-;.ael' 

24.16' ( 33. 94) 

.. ( ·- ) 
p:~..,:;.~~~i. .. -;-:;;.:!:~:.::::;.;.:..:::;...:L:.:.:;:;..!;':....:....:.;;::.:.:.t:~.~:;:::.;.; . .:;-...::~:~:~-;:::-:::·::.::::~~=~=~:..:.~:;:.!;.:::~~ .. ~::::::::..";t.;..~::!:"~~~r;;;:;;~·:!!!~;;-:,t,;::;-::t::::~~~:-:·:~t::~.:~.!~~!Tr~~=.:--~;::..-~~..o-:;~~=--=-~'1:v:;~~~::.;-:.~---· --~-=:=:!::'"" .. -:"'"-.:-~~ 

'ttt ·~.$lllts zt,n PtU'Slltbfjsits Cl@Q.te tba ~~lua o.f! 4 :bQW!~.: 
··~ 

. 
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..1159..: 

!ab).e ... .:t, la 

·:i'bytotGxic actiVity at BD-15 -~md nD-:L7 on rice pl~t <.Q.~!G.ml a?ta:~~). 

. ' 
: ( : C By Sk)ra;rttn1rJ .: :. 
'r. . 

c~il-;·~~--;t:-l-(b~~t;;~;ti~n·-i·-:·~········· , ... ~·~---··:·~-~-,.·.~·----'·cl;s--~--~--~---···· ·· .... ~ .. : .. : .. ; -r-··-"~·---~--····~~-~-·;:~--~---~~---"-"-~r·-~0-·------:~· .. -- .. ,. 
the Co~t?otmd I ot the CQI!lpO~. t Total ~~ ... J.:()llgth 'j :tif?-llgtb in-{!fe~ l<m- r1 da~:Paas~ over ! ;t: V~l~e\\at s;t 

und t- -~---·:-·--·~·-- --r . ...,ti:ca· ........ ·-~-----· .
1 
.cl.'teBsfi' 1 gtb in-- • (lontt-ol. 1 ...,e~el ... . 

. ( u g/ml) !f Bato;re ~ ~tell' 
1 

( ctm) i cu!'a$se i . 1 < ? =' q. 05) 
l I ·l"'ll"ftt!l•liiV ' -1':!11"\1'1~., . . I l \ . -~~c•.x !• <fll""""'uo . : ' , ' ' , , . "' ,I . , .I • 1 l .....),_\_ 

:an - 1s 1a1o 564~~1 002.1 lB.1Q o.:aa 55. o., e. sa 
1000 551.J} 5?.1.8 ao.s o.~4~l 4B.?s s. 57 

: 500 570.4 ~M.ili 24.·0 o.;t4g 40.00 4.26 

BO- 17 1500 m;,g_.o $:2.9 lit..~) 0.29 - 63.75 7.96 

1000 53"1.6 .. 558;e8. ;tiiJ.2 o.a~ . 52.50 8.17 

500 003 •. 1 568 .. 0 2~t.fl 0.49 38.75 4.;:oo 

Cont~ol ~- 533.! 5?'a •. a M.2 o •. ao .... --
::. --: .... ·;- '~-·~-.. ·:v-=:!-_-;:~·=:":/; :'.7' ~:. .. ::.:: :~-~~.:..:.;::.""';:. ~:· ·~~-~~-~!'.~~:.:.:..~v ~:·!.!'-:-·.-:-:.;~;.:-:~.~ ::!"r:;.".~":.-~ .;!~ -;.::: ·-;::·tT:'::i' ~:-.;-;-:r ·;:;:;.-;·i'!"pt 'lt' :'~·.: :~~!~:...:-:--:i"' :"'!""~~" t:.• :~- ~::-~::;1~ t;"~;; .... ~ '.:! ~;;::- ~-:· ~:.:-~~:~~,. ~:--~:t~-:.-:::"!;.. ... ~·~ ...... ::::::.~"":!':""':~··:·-~:-~-:-::=..~ .... ~,-~~--:-;;....-~ .... ---'!'.!.-.,;.~.--~--- ... ~~..:,.~~~:.~= .... ~·""";;:--;;-~:::'".":':""-~.--· 

b = a. total of t'i.fty ,p)~:lnts.i 



,··~ 
l 

( 1) · So~ f) 2...;r~1J'~;t"laird.r~o-;6-ntl:bx"G""''iJi-l~a, a...bGll~od!o~~Pl:wffi~horill-2-sul~ 

phidf3$ hav~ bit~!\ 'pl10!ltli:-ed· 'by tba lreJac:t1an 'or t~ cor~$$pOnd!rim 
-=:: 

pbos.Pbtiram1r1')tfli.Q1o. ti"tcblol?'it!iea \d:Ml 6-nit~o.;_~l1111g;~nill.i ,till co~potinds· 

~ wl:tite e.ry:st.al1..1ne SQLilClm.. lttet~P~s hari ~lilo be0n ma~ stWet"ml.. 

timt.is to ~ap~r~~ tb.~ 2-tnfl'th:flam1,ifo..tl...,u.itro-.4H ... l,'!1,.B ... lrim'l:todio~Ph<ls­

Pht>rin ... 2 .. sulpb1dG,. and its stlWlami,do t:?,nalnf1J;. in ea~h c:n:n~ a V'!scous 
. ' ' 

yell_oli~sb l:tqu:Ld wal!i obtained,. thta ;p~~ ~lidoPbo51Pborthionates cout1a 

not b~ isolated, f'r~ tt~~s{}t li~t1id ~ixtul::".cys.' 
' ' 

... ., ..a I1"' ;; n···n:.1 . ""' j Qllt~Y~~s an... n, marSst $11ta ll"•i'u~• ~J)ii!t~,h•~~.~ 

four compound$ are ·t>~~~statlted .• 

!rbe common 111 bands itor t:lMt compounds ru:"a ,, lOlO...lOHO 

cm-1 (rd 1 P .. O-G (alkyl); 123S...l~::!50. om ... ~(vs) 1 P .... :O ... O (~J/1.); 880 ... 000 

cm-l(s),. P .. o .... c (a~l,)t l5lo ... :usoo ca•1($), aaY!a.~ str. or n1tlr'o ~oup; 

1340..1~15 crn-l(s l, .sF!d, str. G.t n1;c~orr~oup; aoo..s2D u~~l,_ l? = 3 (I) .J 

640 .. 660 eur1 ,. P = ~ <II). l'l,llitJa~~ Qf' the two 1? = 1~ brmd$ show:s any 

atst6'lnllllti.u st1:H"~#s w.h1cb r(tti'l@ct ohanges ill tb~. lnd.tla-tive pl!"upel."'ti~s 
) 

of tba subs1l1tu.entl ttlita i~ u.ot Ullt~:::~a;Jec't;t!id if they do 1nd3erl ~r1f!:U~ 

fl!Qll mixed modes. 

2ne cn*t!::Jounds sr:tQ1f ·parOl:at l:'lol~lC~1aP- ion Uil+) (l1~aks in 

the ,mass sp~ol:;J.•a. F;ragmtmtQt1on by lOS$ of t Sfi' rtrt6ii~al: :is 

~portmn.t; .all CO!llllOUllds ~how ml ion lttu,~ tQ Ot ~ sro+., and 1t tm tba 

be,~$ pmtak tor !j,tl of' tho foul'~ allt!f;l$idophr.$})borothiontlte,.l 



F'in.tlllY' th~ ;:rtructu:;;>a of thGl ooupoundm h~lt1 b"oo ~att:.led 
' ' 

by ~a~d.n.g i?HH spectrti\; for mtl_ C0;11JlO'W'lds th'3 en,io .. ayc.l.i.c __ r,n~ gtroup 

gives ait5f'lt lin,~s 1n Pl~:l ~pootr::a. 

. * i'{;:JC~nt.lzr sevai?al i'lot ~xpmnsions and d<OOoupting o~peri-

men.ts ha'ta been p~:f'f'o.r.Lled in cur luborata~y (D~\$ ,Ji,,.AL1 unpu.bl:ts~d :r.>&-

an.d th~ qua$1,...~xtal. p~oi:.o:n B~>:liA is assignod 1;o t.!:lG 5.6 ppt~. f)l:'oton 

( J = 6.3 Hz); ~bm !100litlsl eou.plilli£~ Ch')nstoot is 14io 7 Hz• It h~s ~1 so 

bean obsa~V~:lri t:bat. tile Pl. .. o~~OJl H4a i$ CD1.lPled ~qtlally t~ th!E! thre~ aro.. 

mtltic p~otons H15, 1:1,p and I!a '".ith J' = o.s.: H~d the proton H4 A is more 

Fr001 t.be teuuperat.~ dependent P1•1il spfliatl"Rl stt1dy ~t 

270 1Ylliz 1n tllc tempr:n:~t!\tu~a .l?tl!llga ... - 70°C to -~50°0 of' tbG m!'i!thoxy com­

pound (BD-8 i, it is fail:~l:r (JVidooi; thmt the nffit;hylt-me P:-!'<>1;on1it of 

~;he het;ozoo >ring ~~rm not aqui.Wllent to eneh o"',ller", and the dio~aphos­

l)horine r.ing is conf;iorm~ti!)Ilal.ly mobile in solution (Dn;s; !tf.~l., 

s 
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!AL I-

. , FT.-BOA .SP'ECTRUM NO. f!f£/)L':} 

r:~====:::================:::==========::::============±:i· OPERATOR .•. ~· .9lU ... DATE~ll'h,_ 1- NUCLEUS 
1

11 .• , FREQUENCY J~_,f .. 
40f0Hz. : :-,-,~. ·_SYNTHESIZER SETTING--:--~-. 
2000 ' -: • _ . .. EXPERIMENT NAME.---~-- . 

' I FILE NAME . 11 D.:"J~---'"-'--.:.; •.. -... 
10r0 , - - ' . -SAMPLE 3 !l.:.!_<>;___:___ ___ ~,---·--
S~O _,--. Pt.t f·l'~'- .of Ctl-,. "'~; 

600 

h 

•. 

Pi97H 

Hl\~ ~~ II\ ~ 

~a t- ./ 

!.;" 

N-v;.. 
.<-

c ...,_ _,_::, -:; r-----.. 
l ~P.---....;\.ft_J--11 > 

' I''· \. .; 
~"· '--' 4-- .:-\., 

\ 
I''. !-f rrA- , o 

-s-~~ 
,- .... ., . ...... . .. ~ . ·= -; l...- . ~ 
J~rtJ.) 1 vrfd-' '=--rtJ.;'-r: (11.,-....,...;tt:. 

~ 
-__.; I~ lt\r. ~ u ""' 

P19·t? Expansion- 'of ~c-·_-.:~?u~---ill 
HA riB. · ~ · 

diod"ap~o~phorin ring. 

PLo~ eRpansi.on 

_ 5.0 - 5.8 p"pm 
of en e -CHg_- g'l"OLLjO ('~ n BD-10), 

T-~egton. 

r 

LOC~ 'Y ;~·rEqNAL Z: EXTEo-
lOC!". SIGNAL C.C,l;. ____ ." 
SPII'I RATE l-' 'os TEMP :>-'. 
iNSEffl. ----~ .. ·-- ~ ·-- -~'m '.~ 

-"CQUts!TtON 
Sl>f:CTRl'lt <'il071-nSWl _ . 
NO .OF T~NSI[~TS NT'­
ACQUISIT•O~ T:'o1E ·•' .. 
PULSE WIDTr. .PWl • 
f'ULSE DE!.•\Y .PO, 
DATA PQII<TS •DPJ _ .. 

TRANSMITT[i< QFFSE\ '10·, " 
~IGH ~"IEtD. LOW FIE'.D. 
RECE•VER GAr~J 1RG: 

Di':CQiJPLE" PlODE .DM, 
DECOUPl!:R OfFSE7 :C"J1 
NOiSE BANC'WIDof. r;e, 
ACQulS!itOr-t MCO'E 1AM: 

DISPlAY 
SENS ENhANCE ME-" r ~SE1 _ 
'NIOTrl ~)~ P!..C~ 'NP r:!.? 
t:r-.0 0F Ptl)';" ·t? 
w~~tDT~~ \)F CH;~p ~\'C: iD 
i':ND Jf- c .... :.~i tC 
'J£PI•CAL X:Atf ·V$ 
HEFER£~Ct l•"'1f i~L · 

•00 

@'!<!~~a,n _, 



.'..,;;. . .' 
'F 

( ' "*~ 1 r 

.l 

., 

FT·BOA SPECTRUM No.N.sJlJ.~.:k..- . =-= : =. . : , rOPERATOCL.:.'-..·---~----- DATL~---
. >-fl.). NUCLEUS--·----: FREQUENCY---~ 

SYNTHESIZER SETTING .. -~----~- , . 

,¢..,· ... : 

...... 

AoO»•a..l-ic P¥ohl'v' ( H~,-"-'"J.. H;z) 
(Yt~a..t.e_J... 

tM- -~n H~ 

EXPERiMENT NAME ____ ..:._~----- . , 

.Ffl£ !Wt.E .. &~:t~_:L.....::..:.~ I .. 
.SAMI'l£ _j!._'!l,:_lQ_ .. ___ --"o ___ ·- .{ · 

~t.~ p~aY\1. ,;v .. J.,·~:\-~~ 
H,- ......,_ I{; o.'\-. f'·l fi""'' 

r1.~ hr.._...~ .. ;..·"' c.ll,.· 

LOCK 0 INTERNAL 0 £XT~RNAL 
LOCK SIGNAL •. ., .......... ·•-· _, .... '-..._ . 
SPitl RATE~ .. ;.. rps. · TEMP-•• -.'C 
INSERT .............. ~--.:lnm 

ACQUISITION 
SPECTRAL WIDTH !SWL .. ----·-~-- Hz . 
NO. OF TRANSIENTS INTI ........ ___ .. . 
ACQUISITION TIME (ATJ~ .. --. _____ ,_...,. 
PULSE WIDTH (PI'Il. ......... _, ...... ..:. • 
.PULSE DEl.AY (POl. ... ., ..... , .......... Sl!C.. 

DATA POINTS (DP) ........... - _;..:.. .. - ... 

i \ .... · TRANSMITTEI)' OFFSET rTOl. :.:_ .......... .. 

1\ HIOH FtEtO. .-LOW FIELD ....... ::. l RECEIV£.R GAIN !RGI ..... ,. ... , ....... , .... .. 

1 OECOUPLER MO,OE 10M) ................ .. 
i DECOUPLER OFFSEr (001 ...... , __ ..... .. 
I llOISE BANDWIDTH (ll!ll .............. >H; 
~ l ACQUISITION MOO£ lAM) _ _ : .... ,: __ 

: I DISPLAY 
f I SENS EllfiANCfr.!ftH !SE!. -- _____ ._...,. 
! , WID fH Of PLOT IWPI .. • gq_ ----HI . r---J .-~r' . ""'""'"''·· ....... : "' 

PL:J-t2. 

v WIDTH OF CHAkT fWCJ. • f.!>..... tfz r . 
END Of CHA.~T 1fCJ. .. ............. HI ' 
Vf.R fiCAL SCAU (VOiJ. l ~ .-· \ • : : " :::::: • =- f!nEHENC£ LJNf tfll) ............... . 

Pl 1 - , . 
1 o; C. X !-""'v: tOn · 

• I 

Plot ex:p2msion of 
p~oto-ns H 5 a11d H7 

o.l. 'c.-~ '-1:;:\CI.<.~ 
. J I \ " r 

~~-~~ .fir:; 

- CH2- g~ou:p 

i.l"-radiated 

in BD-10 'Cajiloln-atic 

at 8.1 pp-m). 

®~!f.~!l ... 

"'· 



1t -~ r 

. ,:-'" '•:}·· 
~<- '" 

·'~' . ' 
·, 1': 

. ._::, 
:~ ,. ~ . .. ,_ 

·,>, 

.... ·. ._, 

i-H-> 

.. ;· ... 
_::.:=:\f!~~ 
.. ;;.-..;· 

- ·:,·/~:'·,.;. ;,: ___ ," ·- '· -:so;,.·.-
., 

-, ... 

. :~ 
;': 

!~ . .i..;C 

';i~,. '.':. ,·.,.. 
.. ' 

~· ·.. ?. 'J ·'l' • ' 
~~ ··uf3 ' : ·,;: ... 

- ,· 

...... _. 
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Ptot .. E;-:p~~t)ic·n · o,-}. )e-.:"'· ~"tat;J.f> 
' . .. . ~-~ '~t) . 

Plot e'X.pa-n s{on of -CH2.- _9'r"oup Ln BD-10 (al"'m·natie 

p-roto11 H8 i-r>raadtated at 7.1 ppm). 

FT-SOA SPECTRUM NO • .!..Y..f(l~3 ... -
0PERATOR ----- 7 ............ OATE··-··-~---··. 

NUCLEUS ............... FREQliETICY, ...... -----. 
SYNTHESIZER SETTING, _______ .;..,.: __ , 

'EXPERIMENT' NAME __:__:._,.::_ __ ..,c..,..... 

FILE NAME •• ~It"J<?· (;, __ . __ :._ _____ ., 
'SAMPLE ___ 1}!)_:~!1. ____________ ·-

p..,_..-t..,.. 1'.,-,.t-;.~ .~ .. l., .. t.J 
' "'' ... t i-1 'tit"' 

:?lot .· ht......s\,.,.. .k t.fl-v 

•: 

LOCK OINT(RNAl ·DEJ<fERNAl 
LOCK SIGNAL ... ---•--------------,..--. 
SPIN RATE, __ qlS.- TEMP ____ 'C 
IPISERT ___ , ____________ mm 

ACQUiSITION , 
SPECTRAl WIDTH (SW) ______ ..... · ... -- Hl 
NO. OF TRANSI£11TS INTJ ______ , __ · .... ; ~ 

ACQUISiTION HME IATL .... ..:._ __ ..... · ""'-
PULSE WIDTH IPW)_ ______ _: ______ "sec. 
PULSE• DE1A Y iPDi __ ~---:---~------ sec .. 
DATA POINTS iDPl ------------- ·----·----

TAANS<.<ITTER Of"FSET ITOl: .............. . 
HIGH FIELD ... : ...... LOW FIELD.... -· 
REC£ii'EP..GAIN IRGl ................. _; .. '" 

DECOU.Pt.£R· MODE lt)M I .............. , 
. DE.COUPLER OFFSE't,({)O) ........ . 
NOIS( BAN0\'>1D'fH {Nil I ___ -... ---- ~Ht 

~.CQUISHlON MODE tAM}... . .. ...... . .... 

DISPLA.Y . 
SEN:i £N11.A.!JCtMfUT \SEL- -Set 
WI CHI Of e>cOl {WP, .. to ' .. HI 
UIO OF Pt.()T ;EP; . , • Hz 
WrOfH OF CtMiH CWCt .. !1:> .W 
£1•0 OF C>t-"f<! ;EC i . . . ,. ~ Hz 
V~RTrCAJ.. ~AlEfVSL •.. !.~q_ 
'REfER.ENC€ u~E :RU . v ... 

@~r.~ .. 

. .L 
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(1:ti) ~ha diinathylamido OID .. 'l:J) ®'Ad tile mt>~Pholino (:BO....ll) compounds bm'la 

some ·1f.l.~ct1cidal activity} but tba!bl' oot111ities .~fa l~ss than that 

of the a .. metho~l-6 ... n1tX'o-4l'i-l,2~2-b~nzod:to~apbosPho~in .. 2.:~phida 
(BD ... a) tand Sal1tta1on. ~be ·Qt.M.r c-ompOunds era non ... !nsoot~·i(!tlll. 

(iv) ;.41..1 compoWlds (BD ... lo to B~l5) · ~r,ta l(~a~ toxic to. rats than sat! .. 

tb.1on; however, tbs di<JtbYlam:ido (l30-J2) 1 ttm dimethyl~'l.tido (BR-13), 

·. ;,: .. :::::··~~d tlle PJl"!Jlolidino (l:l!!)_l5) COJ4~Mds ht.lve g:reatm~ to.nc.ttty com­

Pat"~d ·t:u oth~ .P~orsphQr~id~thionF,t,tes.l 

( v) ~h~ V'~aut ts of' wbeat seed ite~m1na'tion stu1les 1nrJ1cat~e thl\t none of 

the CQlllpctun,1:s ar•1 phytoto~1c up?.;o 600 s;tll!n corkH~ntlli"""tion., llo'lY'ev~ 

some o:C the cQ.mpounds ()ZlD-.10, l3D .. n l.t.*lt:'t B!l..l7) show ·90 pe~c,ent r:;:~­

mine.tion '\()t' 500 ppm. 

'lreatman.tm of ricQ altladls with the oO!llpound~ (B0-;15 

and 1JD .. l7) bav0 no .e£f~t on gorm:Ulations b~lrtfitttfl~t l1'oot ruvt sht>ot 

growth bav$ 'b@er"l dramtiualJ .. ;r l~$du~etd.. Fu:t"'thel .. s,tudi~s on the to:d.o 

e.ffact.s of tbtllse two compolUlds ·(:an..~ls &1~ 130 .. 17) on viae plrmts ind:t.. 

a e.te that tb.$ sb.oot gro':.4tb hm~ b"an ~educad drn~ticatly for both tho 

compounds.; P!lytotonc .prQ~:rt:t£n~ of Qther ·Q-ompound$. on I-:lce stteda and 
v 

(vi) lt ba!.il l)een obsel."'Ved t.ba,t tor any con~PGunrla· (T3!~l0 to T.:iD ... l<i~), th<J! · -
. .L o · . 

housetly .. h~ad aeet;rpbl-:tnu-mt0rflsttt (lil?.~Cl\E) is more inhibitf~fi than 

tbe Olood-ch01.1nr:tst~~$$ (bl.o.od...t~bE). ~ha; a.n:tiaoet;rlcholine$tsr~me 



aativ1ty Q{.th;a dimethyl~l:t1~1oPhosphorQthionmte. 03D..l~), is hi~he~t, 

and th1;lt o.1f ·tn~3 d:tt!.!thYl~JEUi.tbpho~r~b<:>rotbionmf.~e .(nr.,.,.J,2) .i$ !m~.st 
' • . - l • • 

(.tor .H\'f'AChmY; but the .ruttieholin~ata:r~$~ ~t~1t.vity .t"'or bl.c)od - Cblll of 

thm mor,Pbolino ,com~ound (,Jil..ll,} i~ . .IW>st, :md that o? til~ 1~propylrun:t­

dophosphQrothionate (ED-14). 1~ l·S~'l!t. . . ' . ; 

Hanooh. an~ Doot:tilCh O~iochiin". Biophy~l! . ~ta., J2i, 117, 
,I - ' ·'' - . 

·,. 

gl"'~up on tlla 1nbibi:to~y !itcti 'Tity ·<lf' tile ~r. Aaum • 
. ' 

th11 suoat1tu.ent-; the bu,lk!f !Est)p~opyl ·rm.r.1 ~ .. ~~ - bu,t~l'l .~¥,rou.ps !loo:zo~n~a 

inhibition :rM,tes by .steria inte~re~mnc~~ On thm othm~ h!ind the Ping 

suostitu.slltf!J of meizb.!rl phenyl 1Lro()t~l:l1l phosph.orar.aidF.ttea cUl'ectly .ar~­

oot the aut:tscetyle.holin~~stGr:;u~a aatj.vi:ty (l-ID' ."\CbliD bJf '':trtua of' the 

$l~ctJ?()11:1c, Q.lld. hyc3!lo!;thob1.c p~OP0~1:.ies (Ne0ly mi; at, J. !gr:tc.F'ood Chum., 

Jli,57l, 1962). lim~evor, in ~ ~~3ries or .9tt'.w,l s.(snbmt!tute~)-ph~nyl 

phospht:>ror.em1tiot~h .. tol~tmm, no eol':'r(!lli'ati\)n "'t?;rn observed batwe~..n the· 

rates or cholitlfil:t:tmr~~o 1nh1b1.tion 



-~ 

~ _,r· 

1~1,L ·~it~.;. an4 any ot the f'lle~ enorgli' p~amr~rt;01rs f~l.' ~itnf~ subst?-tuonts 

(Sa:riborn, ;r.-a. and Fucuto,., 'l?.R; ~r.: ~\g1:.'"1c.1 l~"omd.~ Ot~$.ro.', ~fl 926~ 

19'72) i ut011't,ao.vmr, th.(,ll an.t!tobolitl~ste~~~ t~n1ti'!l!t;r (Hb .. Aahlll) ot j:lMSP~ 

rQWidotb1olates is a1ot alw~s co~~S.~lste~~ t>titn tbt~itr :tnsoot1~:tdsl :mt1-

vity. 

In ornse of ni-tr.o-ma'l1gtm~.n ·c;ralic :phospho~tm\1rbth1o­

nattBs, tb.a mltiaaatylchQ11ntjst.ertaai$ anti•t1t:Y ·(ln,l'i:-t\~) is not cow~l{t ... -

tarl with t.~~ir insQI;lt.iciet&l ·ll•.rt;ivity. t-unon1~ ·t.ba ei$ht· comJ»unda 

(BD ... lO to BO~l8) 1 only th-e· fl!m~lthy.l.~Clo con1ponna (131~13) shows 

highest inseatic1ctal acrti~J1J;yt. and alS(} hit;lllcst antis.eet~rlcbolines.. 

tQrasa mtivity. .AJ.tllour.~h. antiracQi~:rlo-bolinast~:;ran.e acrtiv:ttv ot' botb 

dim®thylam1do and isoPl'"opylruuido ct~mpount.~s mre eoYaPax>rlble- ( r.t50 1s 

1.80 lit 10•
5 

_i1 au.d llliOO x l.0""6 M X4{:1lspoo,ti~>?al.Y1 'i':~'lble ... 6 1 coltl,.'lJll ... ~, 
pase- f58), lhe.. Wt.se.ct-i cid.al activity of lhe.. . _ 
~ dirnat b;vl:am1do compound is Jl1~b.i~ at ( &c

100 
~ a. 5 ;u gl g) and that or th<~ 

ilooprop;tlam:tdo compound is lt!mst <tO:t.oo =:)1opw~J.· tiheu the d~·ea. 

fo~ other n.tt;~o .. s~i.~enin Q'J.ml!c .. phosphoram1ribthion:lt~s will b01 

~va:tltilbla we w:.tll tt-y to find out th~ correltlltiQ.n tmtwoon ,ant1Beet;rl .. 

ohlll1nastmt"aso oo1~i,r1ty and El$, 

alkylamido mroups. 

(v!f) ~rom ;t!'!~ chemical 1-lYdrol:tr:a:l.s studi_&.m it h~~ barMl ob:gorveti thttt tho 

compounds co."ltain:tnm the t!i;LStJ.batituted am:i.!!o &l'OUPS .ara .. _ext~~l;t 

·resistant to bydrolysi$ Cf>m~a~ed t.& othi!'.:l:> co1apou.nds hav!n~ the l'tlono-
. ' 

substitul;sd 6.¥J~i!lo gi:>O'J.ps. It bas also ba~n obsarvt.lei th~t tho l"O.t@ of 
.: 

atlts.limJ hytll?olys1s is in.tU~!SHltt:od ~ the pH_ value :h1er~lH~t1l~s fl:'om 7. 7 

to 11.s. 
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(vU1} Frwu the ilmfzic:tdal, ~t~1\r1i~y stuf7!1oa (by gE"otfth i..'<lh1'bi.tion) 

s,~Q:Ln$-t .f,. a&.uaa, !· ~~~tJ:.Jli\t _a. ~ttll& ®d. Jl•; or.vMo. 
indie mt:a ·tnat £<')!rle ot tba compounds sho~ gnod inh1h1tory 

effect on tb.e i!!l~oW:th of• dirt~~-t?.nt tnng1;. ho~evar1 comJ~a.t'UJd 

t1> f.linosan they i'l&Ve lenas .inbibttoro:r. ett~t. ..~:non@: th~ tdnfl 

compounds, the dmmth~wa1Cb coml!J.Qund ll.a Mst act:1ve a~ain.st 

2:.' ~' the isaPJ.:->t.)IJ:Ilatnido comv.ound is against t~· DE.rl&H? ... ~t 
' . . 

and tllG Cl'f!10hG~$~)litl~ Ooo.tPol.Uld ±m a.,gri\itn1:1t J!~ ~ 

&J• ~)j.. 

!!,rom the mptll•$ ~~.m:l.uation inbib1t10n studi~s against 

_!. WltP'&£, . f.:~' X· ~tll!! $11d li• at:-'G~t it has 

btt"lP.J~l observed th~t . mll cor~pounrls aA'e. ef.f"ect:tv0.~ X:he nonYJ.a­

m1<1o oo~pound~' is ~ost Qeti.tre for J.: Di~E, tmcll tb~ ditmth:tlQ­

nttdt') compound is ~nit!!.ill:st ,!;.1 .fMI@.ill t~ J!.; ,9J,Jap.,..#..~t.~~!'U than• 

aet:tVit:Les .at"~ r~~~'t,tn- than tbr!l,t Qf liino~SM~4 CJ!bo. iSOPl'OPYlami­

® OQmPGUl'ld is most ett"#lctiva agn.in.st J!~ ~; but, f.ts 

a~tivity- 1s laan tt~rm th:at. or llino5t~.: 

.l?!'otE~C,tMt activit:;' etudiQs t in "117tvo) a;r.a:tnst 

lt•l m;x~r'i-rt on dat~-hod Picfl l.eavG,a and rice plsnta by us:t»g 

on11 tttfo co~p()unds (EJ.'>.,J..S mtd BD-17) ;tn.diestu -th.at thtl sat!tvit:? 

ot nonYlamido comOOutld {EP,..·l7) ig {t!~f~~t~ than that ot tile 

pyrrol1a1no c\4mpOund (13o..;l.5),l Pll'otEXltm;;t ao,tiv:tty stuti1os 

for oth<~r <l'On\Pf.ltmli:11 have not ·yet b~rt~n p~rf'Qrt:4arl~l 



~ 
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(~!1.:). ~bQ ~"lt1f\mgal $cti'l1l.ty· data 3u~t.ify i'tl1Jtt~il.!' ~~!nat:ton ot -'thase 

I' 

:· . '' . 

PllOSP~l'arA~ti)t;hion~G!S (!~ potmtia~ flmt~i€t-iflQS _ld,t;h speciai, 
. . ' ' ' ' ' . . 

. reterGl'lCG to. the salaut;.ivt~ty lf1r tb!$'1F ootion_~; · Nh~th~r ·tile U!Se · 

of the$e <,Hlmpou.nds will. P.rotoot thta ,p1 .. oots ·!:~om rli~~~tam tl.n· the 

fi~ld. ll'emai..'ls ta ba studiad!P1 

!n ordr.w to find · ou.t tha ~he~iatd. !!ltl-t\citure :..;.. 
~ . ! - , ·, . , . ' ' . , I, '' • ' 

.. b1olo!r.lcal ~·t:t~ii:ty tlral2¥:Lon~h1.p ·:t.n th~m~ t1it:..•~::mli~:ln cyclic 

pho~pttor~i~t)lionfflt•~s,, ~a ,h-a~e.. 1~o. ~n1~h~a12e se-rerat nt~ <h')t!! .. 

. Po~lrlds .. ;Lp. wb:teh tJ~ ».:ttxoo ~oup is to. be. ilwo~·po~~tl;lr3 in di£f.at-• 

. ent posit!~ fJf the ,ru~oo!!tt~ ~int:t _and tQ . inVe!a~tttgat;.e theiP 

biological. oot~Lv.it!as,., 'pll:ftoto~i~- properties, :ft:Ull1,:1c1 d~l 
• ' ~ • • ., • 1 • • ' • • 

' . ' 

~tt~t:tti~s, ~nti - ·fnl en~y:mGt aotiviti~s,_ and 'f)tnar t~r;;eicolom:tcat 

pro11ert#ies ~\lOlU~t;~· del~Y'ed n~~~;{l~toltv in. i1~ns~·;· 

' t' • 

,, 
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a .. J,~aU.ert ~. Biro~t . t ~~o- s,n.tbed.s-. Vol .. ; IV'l~ Ed.- l3:dlar• 
lJl. J. lUl_d r~islt~IJllt · J:.:-. 0,, t.~. f: !4b~aw.lU.ll_ Eodt .:o. 1 DO .. • 
Ji. 0, · · ·- . Nw io$,, J~~~. ?'l-73 (:l9S.l)• . · · - · 

a. ~oobler, Cl•A-1 ·. ' · . t Ol'm~ S~tbes:tst · ·¢buect1vG Vol~ 3J: . Hd. 
~1ehn~ ~- F-_•1 ~-, nnd. !J~_ tailt~,_ ~~--~·- _· ;; _ ·ift'bn .w_ n_ Jtrl ant~ sons.~, :uao. , 

. Dec-bel, t'J.F. . .. HGM :x'~t p!'. 4£.CJ. (l.OOO). . , . 
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~-. ~·- ·-Jf~~$-~· x.-.. Lt. *:-Fung_lot~as' In .Pl.ru~t !ttse~$9 Contvolt O«rord ~ I xw. 1¢~ n,lbf.tt Ind1a9 p"~ 286· (. l.971J;. · I 

s. Vlt)cGt$· fl. M. 

6~ liltQ, _M~ -Ktsbimoto,. 
n:. • Nat~a, lt" .• 

. . ~b$b1ta,, N., and 
· f9sh1ma• 'Jl.: . . 

? • l\foodard, G. 

;f Nat~e,_lJ.Bt 950 (1927)~:-

. i ~~po. B1Ql*i·-. Cnam.·, !f!,, 181 (1968),_ 

. . .. 
,, . -

·s 'b1M1~ies 4ti nu~m A~s~rat1on 14~nhods ot 
Animal E2!~1mtmtat16n.t. Vol.: I.·, _E~. by Gay-1 
~~·l•t ·Ar.tadeude E'lres$1 D!t\1 '!Ql"lt1; !J• 351 (1965) • 

. a. lito. t :~ •. , . Eto. ;. !.. ~- !Jil?'·· Biola1 Qla.nm. ,· mit. 630 (1002) ... 
· and Uitba.ma,. x. . "·· · 

~. &-~-, -:o.'r1. and 
· .· · Clautson, a.M~ · 

. ; tl!l4. Qm~~:• :?.2•· 261-.2&! (1959) •.. 
-· ' . . - ~ - . . ' , .. 

. ' 

. *: hlal.utleat: Ul$'~hod~t tot- ~$~1~1des, . PJ..ant 
. ~t-a4tb Rat!i~Ulat().ra and Food ;Adf:!!t1v$t: Vol.1 XX, 

E_·_ a •. b1 31m_ 1_~• a.. :iQa<tmnio: _Press, N• Yo.rlt, .. 
P•' 35l,...iJ7~--- (l96~).t . · . · ... 

· -~ . P~iuata. ~ · 331~ 9.- 627 .. 6a2 (1943). 
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13~ .Binlla,·_.A~ K~' and. -. · s··.N~~ra· _(-~nd~)_, t!2P.,,-:·ooa (loo9l. 
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!Ea.ble .. lA 

Etroot or :an .. 10 on the 

r -~ 

_,__._.....,.'"' ______ • _____ ~-~--··-· ..... - ................... -.. ........... ~ ................ ~ ............ _ • ......._~ ...... ~,... ---- .. ll:.. ..... ~_ .. _ _.._~"'--.... --··---·--------<0;- ~---..._ ... .._ _ _..._,.. __ ...... _. _____ ..,,_,_.....,., .. ___ ,._,. __ ... ___ .-__ b ·-~~------

Conoantrati{>ll ! l?(b~.entagrn Qf' inhihitio~ ()Vt~:;~ contml .af'ter 
< t~ gtmi.) I -. -. -- ---- ... ---·- -. ----- ..... -~ ...... _ .. ------·---·····--·--~---·--.. -·--~-( ................. -............ ·· ·---- --·--·· ..... -.------ ------·------~ ~ .. ___ ~---------~---,.·----------------

. I 4i hours .{ 7'~ ho'lll!'s J 96 bolw.$ { 120 hours . 
_:;..,;.::;..;.,;..~_.;;:.:_;;.:;..=.~ .. =.:.:-..~~~(_,._,_~~,:;;;.:.=.:;;-..:.;..~;.:-~-;.:."W>-'. ~-;;:,r,:-;;;;.;..:;..-.;..~·1.;.-:"~~ .. ~;z~,;!,t.t:.;..~;-···- ...;~··-··'-~;.;.;..:~·;:::.:..;-~.~:z;z.;.;:...;;.:.:.~~-~-.;.;:.:.:.:~=:.:.:.:;...;,~.::.:.:.;:~;:.;.:~:.:::.;.;:.-;.:...:=.::·~~..:.:::.;;::=--...:!:..~~.....=....-::-..:.:::::.:~ ... ~::;:;.=.:..~-..-·_-.. 

200 100 BB,J!3* 77 .• 1515* 72.60* 

150 100- 79.'41* 69.'38• 65.75*" 

100 10;) 76.47• 63.\00* 59.49* 

50 92.50* 60.29* 50.65* ·~.75* 

25 64.0(')~ 46.45* $.75* 30.50* 
12.5 so.-oo~ 30.75* 24i.·45* 16.45• 

5 25.50~ 19.60 11.25 8.75 
~~ ......... --·- -- --·--:-- ...... -.~-~·--:-:- ~:' ·: •:· :'~·· ";""'": ..... ,.._~ :.o;-:· ~! ~'!- ;;-!':,· ::'" --:----::-7 ~~~!!":. ~= :~---"'1:.:::: :-:-: ~~ ;':'; ~:--:.r."';:.:;-:--~· ~:.-:~r :i~;~--~-= ~ ~ j"':';.~: :·.~ ~:· -::· ~~ ... f~ ~ ~~~:~ ~-:;:·· -::~ ~:·. :-:-:::: ~~~ ~:-::-"-:-;-- ... ·~·-:-:-= ~=- !":"" ~~·-:-:-~::-7:' r:- ~::-!~:"':"':::-_!!::::'':~;':" .. "'!:~-~~":'~ :-::-~--- ... ·-:--:----, -:.-...- ---. 

ED95 

ED 0 5 

= 
= 

60.25 

12,.30 

Regression cons!~ ant su Y = mx + o 
m = 64.840 
c 
r 

= 
= 

- 20 •. 780 
0 •. 900 

• DElta U:'S't!d for regra,ssi-on analysis. 

275.'42 

30.19 

'!6.t~.'t86 

.. 18.9.16 
0,.007 

537.03 

47.86 

' 4:3 .• :1.04 
_, 221!745 

:(),.'009 
-

616.59 

66.00 

46.145 
34.Cfl4 

o.-999 
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·,, :Ji)O 

__ ; oo!lle1~ 
. -"'l3~68#t 

: ss.aa• 
12 t; .. ~ '~· .ti'.6'' ~ .:: .. ·~ . _.:00•~. ~.a,r~ . ~ . . 

6 .· 29.41~ 15.:01* 
. - '\• ·-· -. 

!ltw· . 
0 

I ' I ~ ,I • 

·"'·~ -.~#fir. 

~~~?~ 
.. · .. ~-~15• 

·'·41.2&*' 

~5()* 

-- .. , • . : l;;it 2sr: 
~ • !.:·. 

· ··.95;e3*· 

· .·. sa~so•· .. 
'.'·' 

. '?5.30* . ,·. 
. •' ' 

··'·~ '-15. _., -wu. . . 

· -3a~·as•· 
.14.25* '· 

·· 'o··-,:ss · c. -..... _. __ .,......_-.,~--~~ ·, ... ,, .. ......,...,,. ~ .... .._ __________ ""':" ___ _..,....._,_ . .._ ~---~"!'!">'4_"'_ ... ._ ... ~-z.-..-•-.-----,__._....,. . ._~ .. --~--·•--"-._.....,~,... ...-*&4"1......,.-.0. ... ,_..,.#-., ...... -~~-·-·•·-"'" .. ""n."~~·-~--............, .... r "- • - ---~··· ~ ............ ~-~---·-· -· .. ~- ·- ..... , ..... ·-·---· ~--·--:·•·•'"""" ~ ......... - ... :~ ....... , ........... - ... -... ~~-- ~---- ... -~~- .. --~-----.. ·.t·~-·--- ·¥~•· ...... ,_ .. __ _, ..... ,.. t .. ,. ...... -..,;..·~to;- ...... - ---~•r;.L~,"~--~- ....... -~,-· .. ·t-.. -" --~--.. ~ .. : .. - ...... ......-......... _ ... ,~-·---·--~""':",'-. -.~. - .. -.---..-.. ..-

BD· 95 .. =­
SDso··;: 

' . ·aegress1on constants#' 

m= 
C ·-.-,. 

·6;i,.t!OO. 

. J.l.OO~ · · 

·Y·==ta+et,. 

· sa.ms 
.. 12..461 ,. 

o.;oou. 

• lillta ll&$d tor. 1"Ggr~sidon ,nuQiys1s 

123.:00 
''lib tr.ot,g 
,.IQ'-~4 

·I;Ai ,,e~· 
.·"-ill"~ ••• u;~~ 

''fO -~'tft 
-.ur~· 'iJI'.;J,c.' 

.0.·900 

. ·~· . . . ' 

lSS.~::na. 'l~ ... ~ea 
!' 25.11· 

·;I 

,- ss-agg· 
. --•-. 

-27.009 
O.i006~ 

4A .,..!'l .. ..;,v.·t11-.:t 

,, 

:as~1113 

~56-.611 

0.999 

. ,. . 

> 

.. :::::::"i:::.::-..:.:.:-.. ::.;.::: ... :-:.~..::.~~~..:::-~:::.·.~--=::~:.:.:!:,.!.::.~::::.:.:.:.::::::,:::~.:!'::-::-~~=;:::t::~:::::.:..:..""!t:=;.:=~~~-~-::::..~:::;::o.=.::::=-:::::-=:::-"::~~==~*-;:=~=-=:==::;=:::::=;:-~-~~~~-=~==~==.:-...,:: ... _..:= _..... .. _..,....-==~-:"'...:=::...~--= 



l(_,, 
-~ 

;:~ -+ 
.... ~, 

~~10-l 
. -

t~! .i..Jl., . . . ,-. 
"r.• 

'·. 
~t.L'®t of B»-le on- tbe· 

·' .-

' .. 
' ' ' • -. (0 

··~--.------:---~~-..,-·----·--,..,.,......, .. ~,- u:~••·-..._,..,....,.,. ... r., .. _.,._ ..,.h.;.,.._ . ....,., ... ____ ,.. __ .,.....4illl_...:. .. -~ •. , ..... ____ ~-..-·-""'"""•·--··..,..-·•'"-~• .. ·~"'~..:..~..e.-o;-·..,.. ..... ~~·-.. --:----.------·------..._....,.....___,__ ... , 

~~;wati~ , , Percu!tntag~· ot tllhtbttion: _ ~v~ ~ontl-ol· ·art~-- - , 
(

' ,d·· - ·-- ' c , -' • - ' - • - ' - - ·, f,'J!1ml.) . • • ••··~-:----~--·-•~·~-~~~---:--:-:-~·-·---- ~"'•·-·~·--·~·,~-~~---:--;--·~-·o"'T~-~~-~-•~~---:-·-;•·•--·- • -~ w •-·- • ., • 

·'I . 48 Oo\ll"S · i ·.?a bon,t's - \ . _9} hf>.\~S · J . ~0 hou.J-s 
i . . • !' ' . ' 

' ' . ·. ' ' , . -":'~::7·:7'"'::":":::~-:::-.£:,'.:~::-::~-=-.::::=:~::::::::~:::.~::;;::,:,.;i·~.:~;~~;.~:::::::;:.~~:-=-~:::.~:;..:..;::;::;:::.~::.l:~:::::7;.,;;:~~~.t!;;~:;~.:.:;:;:::.;::.~=;:-=.,;~;::;:.:-:::..:.::;.=~:-;=.~:.z,::;.::.:::~=:::==~ .. "9~...:~·=-~ _ ......... -~:.. .. ::-::_ 

200- .. lOtl ~t~- . . ';t,Ot\ . ·100 
.·1 ' 

·''.1- •.• •: 

150 .. 
.. ' . -.mo . . 100: 95.45* . ·go 'no• ... ,tl<';'/ "!; 

" 

l.QrJ. ·:· . 100 ,:--· '; . ..... _ J~~O,t~ ·aa "'~ · -·: 71 ~vs• . - . _- ·-~- _., '--. _. - . •- ... 
' . 

50· :· .. ·- oo~•. . '• ?r:. 0~ 65~75• •, ' 56 '23•· 
·.- ~-·-- ·- -·-

. '.' ~=-·-- '.,-· - .. . .. ... ' 
__ , 

\• " 

'25 - . 78.Jfl7* 57.00*.' 46 f$3* . . . ' 36·.6~· 
" . _, ,, 

'·' 11,·· 

12.5 . -·-. 57.;90• . 410~:00~:- ': ... - 27. '64*' --- ·•., .. ' ··16.'25• 
' ·' 

\ ., :. ... : " 

tto~s5 ····s aa oo•r - 16 oo~· ln.ao -,- : 

. ··- . ·-·- .·. -· . 
'-~ :· ,\, .:t -· 

.... ~ ... -::.~~";:::.·~-::';:'::::!!::.~~:---!;. ... -:::~:::~-~~'!:"~-~...!~:::::::·:-,~·::,"';~-::;:;~~=t:~!r.'~~!:'-~~~n:-:.~:z--.!~;::~~~!::·;:::;-~~:;·;:.:-::;;:;:.;!~;'!;~·r,l;'::::·~-~r.::..::!;:-:::"::!o';~"!::!.t:-;:'::.t.:7!::.::~:;r::7.;!.'!.f.t..;::7':1;.~ .... ::=:~:o:~·;:~-.:::t.~::.......:-...:;:;.~::::-;::"'-~~-::::=-=-=:-~- -~ .... ··-· · .... 

. 4&.70 .139 .• 03 - J.41.9.l . l?7.S2 . EDa~ =.. 
~;-

ED - = 50. 

Beg~ess1on constantst 

m ==· 

0 =· 
r 

•A i'l't-~ w •.. .LI\" .. 

Y=mx-+c. ,' .. , 

64.~1.·-, 
.,_ 

, . ,..o. n::o~t· .. _,.,;.r.c:.;.:.~ 
·-, 

Q.:999 

,. 

.. 11;!122 

. '!' 

''r2n- "tC'll4;· 
~)-~--

-:9.800 

f).$13 

m.·s4; 

.62 •. l.~"i 

- 3fl~i9i)l 

0.·999 

39.01 

6B.tlo-· 

- sg.o-40· 
O.ll99 

\';. 

• .:lht$ uset;t ro~ ra~~ii!m$lon · :anat.yos!a . _ . . ... 
~:::::.;::;-~...:~~::::=-.~=.~====:~~=~..::=====::.:"~::::::.~4::::.=:::.;:::.:::::::::...~~-:;:;:::~=::.:::~=~:.:::::z::;::::._:::::.:::.-~::::::::::::::::--"'--..:::=..-::::::::::::::::----=: 



-~- ... 

;: 
.~ ( ,:1• 

' :I 

) 
I 

l' 

--~ 
-~. 

( • I •· 

~ -4 

.::t7l-

. _, ·~ ... --•·---""""''"-''-•'"-•-..-1.-... ·-·o. .. ..,.-~~·4-v-•--"'~>-"'J:"~ ... --.~-;-._i'"'~~._ ... .,~., • .--...... ,-r..--~-l-~o•...-.r,_..,,~,,~ ... .._.,. .. ,~,.t_"""r';~-~•·•'"'•---.~-..-••·-......,-.-~~;-~-~,-·.,.·••'...._""" .. __.."~..._ . ...,....._,,,_ .. ..,,.,.,~,,_..-._...,.________ .,. __ ,__,.,..,..,..,,._,-, 

ConceJltl'}.llt;J.qu _ · i ,i:'arcentaga of 1nl~ib1 tion over eont~l. ftfte:t" 

. ( f fV1} r' , , jj' --·48-t;;;;;:---··----r--;m·b;;~ ·---.: .... ~·-r·--·- Q;-;;;;;-----~lii) hont'S ----

:::;..;:...~ • ·-:;;:.,. ... ::..·-:..:. '"'_..:-:~~r.-:.:.=:-..::::::-zr.'":'; ~ .. :~-.:=...~--:.:-::..t:-.:...~ ... ~!1' =::.:::.:--=:!:::~:~:;!::.!:!~~::.~!!::'!::,;.;.::-~-;~~--:~:-...:· ~:!1>-;r..~.~!d~~:t:-:~'::~:; !'t':.!::!-:::~::~:- .~t::::;t:..~...: ~:· r:. :r;::-_: ::J ·:: :-::~t:>:;.:~~ !~~~-:!";:-:..-:~- ·!!::-:~.!:~:!;·-: .. :; ... !';':.~~~~-~.::;..:...'"==.-:.~==-~-· 
200 ~ lOt> 1.00 100 

160 J.O() 100 100 100 

100 100 100 100 100 

50 100 100 100 100 

26 100 J.OO 91 •. 50 87.50 

12.8 :too 1?11.73 S2 •. U 78.,75 

5 PA.Gl 76.95 58.,. 57 e~·:5n G>e ~ ~ 

·• ~ ..... ,-..~4 ·~--:-...-• ··- -~....,...-,. -~ ............. ~ •• ,_ -~..-M·- -- ~.,.. -•·- .. ~._, -:::: ..... ~~,-~..._. ..... ,. . .,, "~ -+• • .,.~ .. .,.. ... _ • .... ..., __ • .,,_"" ~-•• ... h t- _.~ .... ,.,....,..~.,.•'1'---'-....-..., _,.. .._,._.._. ... _,_. ....... ..._-....-..~ ,.....,.......,....,,.~-·•"..,_ •-·...,.p-• ._,_.....__,.... '-'-•~':1..~~ ""'· •••m..t .... re.- ._. _ _..._ • .,.,__._.,_,.M,......,._~-.........-:o."Uoo•--'--.. .,......,. .. _ _... __ ..__ ... ___ _ 
___ ,.,,,._,,,.._. _ __...,,.,_.,-,.,..,_,.,..,,__.,,.,~,~-· _ _,..,,__.~,, ..... -,,_.,~, .... ,...-- ..... ~•,ot••""'""'''~~o'<'.l/•~""---••P~-·o.•• _. ~- .. ~-·--<!·..-11-.N~,..-<..._.·""'-~'oO ... -~.-.._,-."::>_..._.,. .... ,,~,ooo.;.# ... , f~··----"',....,,.,.,.# ... --.,_- .. -A,._o(.....,.~~~---fJ!I<O[,oo>o- ....... J..,,,.,._.o(...,,>*..,_.t-_....-____ .,.....,.,..._. ___ .,.-......,.._,#,..'l•-·~·~-..-...,_.. .... _,_,..,..,.._.~ ..... -------.._....~,_,, .. ,, 

ED = 
95 

h" = Eu50 

).'8.,_{;0 

(·ls·OI!so 

<·~om .. ; •. _, t ~ 

)32.50 >as~'oo )2s.·oo 

(25.00 (U,.:OO <5"). ()(} 

< 5.-0{) <s.oo <s.-oo 
·-"'.; •- • ..- - .... ...- ·--·- -·~ --~..-.~~·-~~ ... <~ .- ... ~,._....._,_ .. .,. ....... -~ .............. - ...._, ~"- .... ·- ~~~ .... ,, ... ·-••• ·~· ·•~ • .....,., .... <¥~ , ... ,.. .. •~-·~ ... v .. ,..:,~··_..... ..... .,.,.. .... •.-~-:""- ~ .,.. ...... ,...,.,,. :,.. ... t-1 ""' ........ "~. ,,.., '"'''( ~ot. ·~· •. ,..., ..... _ ..... .,.,.,l..,.t .. ..-\ w ••" ~.,...,.¥<~--...... ,.._.., . .,. '""' ·-. ...... -... ...... -..-. ... _ .. ,._ . .......,. .. _ .. - ... .;~_.,. ...... __... ......... .-...--···~,......._ .. _""'"'...., ..:•--~.-,---• ----.,. 

..... -- ......... ~ "''"'---'"~-· ............. __ ........ ~-----····· ··~_.,. .. _ .. ---~--~- ............. ..,. .... -~-.. ... ·---~·-·"'"- .... ~ .. <UH-...__., ................................ '"' ................. - ·-~ .... ---:-.... ->< • ..,_ ..... __ .. ______ ....,~_.._~ .. -----... - ---·'!"·---------.. -..-... ...... _. ............. _._,__,,.. .... ...._ ..... ._ .. ~-----~·- .. ~---.. --.......-.--.. - .. _....,.,..__'7' 



Control ~- ~ o .. m 0 .: 

1 60 o.ar!l - O-SP - .• - il 66~13 

2 60 Olf281 0.29. so. a? 

3 ,4;0 0.32 OE\3 .. 43.85 

4 ao O.t35 0,.22 .. as.so 
5 20 0&:4:05 0.1,65 28.90 

1. li •. ~· i ' . 

X* = log (OQnc. or th~ inbzlJti1tUr. in fg). 

Y==m~~1<c 

c = -414.!0045 

m -== 06.~?4 

r' = 0.900~} 

2.B6ll X lO .... s 

'• 



/ 

., 

7Ah1&- fi'B 
.. ··~ 

. . . . ~- .. ~ 

-.~ . 

. . (FboaphatnJ bufliel"; ·pH.= a.Gf tQtal VQlUtn.tlf ~ 5.15 rnt/4i tly hettd• 

A = ~25 ~r in-otll)mti<>n ·time .ao min)~~· · 
' 

Cont!!ol (.) 0.:510 0 -. . . 
. .. 

50 Q.310 Q '""'00 
•. 

39.91 1 .. e>r> ' 1 . . 

a 40 o,.·Mo o.;l70 33.35 

0.114t1 27~4P ~.6326 
-5 

3 :30 o .• ta?o .X lB .. : 

4 20 o.~11s o.oos lJl.60 
\ ". 

s 10 o ... !Bo o.oao· 54.68 

~--~--~ .. ---r--~-.. ~-----·~"""""~~~ ... ~~-.-+--~---·.......,._...--.,~-~--_. ... __.-;~;,.:-o+-----~-.i"---...,..,......-- .... ~~~-~- ...... . --... -. .. ......_~-~-.,;-----..--ji_.._ ___ .., ________ ...., ______________ ~ ......... _,.. .. ~.._ ........... 

In = . ~7-..3021} 
~ ·~ 0~9003 

----- ------~·-----



I 

~ 

Aoetylebolinestermsa Inh1b1t:t9n 1n lio•Jse-tly h~ttd bomotten&te (ltF.~CJ1E) 
---------...... &1 If lllllf fMiliiC-~ .... _.t •.•• ~~··J1:t .. '$!11'J······-·. F S-1? W" ..... lWl.llllJJ 'l J_f .... 

- - at 3f)Q(l of _Jj;Q - 12. -
{I. J .• WI~!,---- •• I !*I IR ,1 I I-

(Pbosphats butter; ~if:-.-::: a. OJ total vol,umq, s~ 15 ml/5 rty head,. 

~ := 625 millJ in-cubation time 30 m:tn). 

.• l 

~--,.--...-._,..._:"- ~-.,,.._.,-,,. __ ,...... ........ ~ ... ~-""""-........,.._,..~;-~9-•~~-....... ..:..-.,_,.....,.,._-....,;,.._.~-•9>Y....., -c~-u~.-.""*"~~__,..,_...,.~;·, •~•- • • .. · __ ....._.,_""'_,..-.o,..c.,.. ...... , .. _.,. ... ~ 

Sets l:nht'bitiont. i o.:n. I D. o,.l!J. I ~:tlln:tb:ttion ·r I5n 00 
. C()nc. ( f r&> l I . I ·~7) , l v . 

~ ~ . ~ . I 
-,.o ,...__._,..:- ___ ..__ ... _#')11 • ,_.,.._._.,.,._,_.,.~ . ....-.j-~ o _..., __ ,....,_.._.,.._,U·---i._-.... ~..._ ·A·~--·~·1'-•J....a. .. -"'tt-._.. __ .. _, .... 1c~·...l-..~-~· ... o>t_.. ..... "--~~---~·~J-t...,._ .... .._ .... _,~l'~·~-""bl,.,..-· .. .-.~~ ... .._.........,.,..,:; o. o·,..co• •-t- ""'' 
.._._,., __ .,._,_,__,:-:;<c.o-... ,;..~..,~-;.._-• ._.,...,,"'..,..,.,._._"""-~-"·" ..... -. ..--~~-,.,,., ... :_._,...,."?>_..~"'~~....,.,......,.. .... ..__~ .. ~,...,.,~z.,_,...,:-..,_~-~•Vo'lq.o..>-wf~;o,..."$._,. .... ~•- .. --.-.-.............. _.. __ ,.,.~.-.;,.,.. .. ,;;:.._•~·4_....,._,...-_~ .. ~ ..... ._~,. ..... ~:..;, "•.r 

Control (~)l 1.Q5 0 -
l 100 0.5"1 0~ ... .~ ·:. 46.-"11 

2 80 0.59 0.46 43.91 

3· 60 0.64 o •. ;(t1 3fJ..09 
10"'5 a.tlsol :.t 

4 4(;) o.?l o.,a•t 32.38 

5 20 t).SO 0.25· 23.81 ·' ., 

6 lO .o.oo o •. l3 12.38 
~. ' 

_ ....... _,_._......_........_~ .... .., ....... ..-. ................... ,. ... ...,.-.. - ... ~-·~..-.--_..,... ____ .._1.-.,.,.~"""'-""""'"'"-.~...._,. ... ~._~,...- .... , .. ~...._-._. ... _.,,.;a~ ... : • .......-,.,. ........ """"'"~·.t>.·· ... •,··•,.•-~> ..... -~t,. . ....,.._ .... _._.,.,"".,..Y(•-"1'""'1"'''~·"-'~--•..--;.......,...,__,._,...,._, ... 4....,-..;~ ... ~ .. 
....... ~-.. ~-..--•....---.....-.. ,.,., ..... ~ ... --,.·---..... ,.,...--......,.,·.-..-··---· ""~'""_ ............ '"~-· ~-- ..... ,....,,...,. •• t ........... ~~ .r ...... ,... ..... ~ ........ - ..... .............,. ......... _,.., ... ~., ... _....n. ·-·~o• ~ ... .-... -.--~...-~~"~ ..... """" ~·-·~ ~.,...,..._,~:-.• T-r.•~~>·__...._ .. _...,.. ··~ -~ ·-·. •• .,..,. , 

x• ·:;; log < eooo •' or tha L'lbib1to~ ill f g>. 
. ·.' 

c .·. :;: ....20.66t.i:B 

m = 33.50!~5 



-~ 

Aoetylollolm-estw&se Inb:!.b:Ltion in Hou.me..,.n~t head homot~mnnt.a (WJtA€hl.!O 
~iiltAt:t;~i Pft:IIIL~J ........ 4 Y ....... _~ il: ~I •• •.llolll#lll--lltA$4lt<Q ., i'i$;4JII M'Cii 11 !IW .... Ji'111iJ' ir .. . ·lu .. II;M, 11 !11 f 1li ¢PT ... tf' fl'*l• 

at ao@o ot D~lt~. . · 
, ·J_ 1 L 5 ·~l(_llt5'!$i.,.a~rp; ~ ,, ~ ...... _.. 

( Pbosph~:1te buffer; rJW· = B. f';, total :~olUUl$ 6!11 15 ml/5 r:J,:y head, 

A ~ 625 nm;. Jn·cub$tion. timG ao m1tl.l. 
r; 

.... ~---~ ---·~~---------~- ............ _ .... ·--··--~- ---· -·~ ... -.o~·-····-~··--·" .. _____ , ____ , ... T~ .. ----~·---·~·-.. -... ·-·-r--~------·----··---·- ... . 
Sets Inh1bi tloll* i);D. I .a.o. D. ~~Inb1b1t1Qn l I ( t«) - I Cone. ( r g) . ( :t) I 50 

f . i 
-::.~:":::-~~~.:-!:!-::~:~'"~!":~ :-:~ft.r~::·::::-:::-:·~~::-:~7:~~r~~ ~::r 0-;:::: ~= :1~:.;_;::.:-~:;~~~~:.:::::::...~:.:::~:.::~.:.:.~::~-=:=·:::::~ ~==~k:!::-:..:.::..-:.r.::::~:::;;: ::~ ~::~:.:::: :.:.:. 

Cont:rol 
' l . 

2 

3. 

4 

5 

(.) 1.os 0 .. 
100 (~.21l, o.a4 BQ.OO 

eo 0.21 0.78 74.28 

6.0 o.~aa 0!172 68.5? 

40 0 4E.) 111!· tll o~~~sa a.o.oo 
20 Q &:;0 _.,.-. ... 0.47 tL}tt.:78 

Ragrasssion consta.nts t X = m~ + c 

o = -so .. d339 

,j 

l.RO :.t·ao-5 



' . 

' . . ' . . ' 

.1\cetylcholinesta~asa. Inh:tb:l:~ton in Hou$~fl.y ha~d homomentat<l! (HFllChn!) - · · -~ --aitaro-~ j~r i;t14:-~·· .. -· · 0# ••• ......... • • · • .... ~ ..... 

~~ 

(Pnosphata. butr~~·, ptf ·:= ·a.o;,' totQi volume 5.15 ml./5 fly hGHild; 

1\ ~ e2s -~;: in-oub~tion time ao m1tx., l 

-"-'.._,._..._..,__ -~0,:·'10~"'"""'' ... "'':'"" .. •"~•"" .~ _ .. ·- -·--(- ·- ..... ~-. ... ~>-L<>-·~~ ~·~--,;-~:..-/-.:• _ .. ,......;.:,loo"t" • ...,..,_,...,....._.,f_"o"'\-~~ ..... -.. _·~#--.. ...;...-,·-~ ... J,-'"l<od<'>-.< ..,._., ....... - .............. "'"'to.t-,....;%,'V--i~~) -··~ ........... _,.._. ______ ._,_~Y ... ~;;. C 

.. - ~ .a'· · .. · .:r: l· 1 ~' 1.iil:'f'-• :,.b-. 4t~ - ·. i z· t1i:l.). 
Seta .w'lbib.1;iull- { . o..,n.. : i .6Q.,D. t F';..~Zj.- "" AOll l . so' ~~l 

. Com. ~ f g) l I i (lf) J 

-~%~~~;;1 . ;;::~~~·-r.;=.:.~;;~:::;:;::J.;::;::::::.:;-~~-:::.~~:!;:!!:'':'":t'Q .;:::::==-.::Zll:J::~:;::.-::~~--:::.:.::::.c:.::.~::1;~,..:;..~;!:!:::0;:::.~..=-;:;--;~--:-;::::::::..-:.:: 

1 50 O • .t&l 0.64 'ti0.95 
. ' 

2 40 0.46 o 159 ... 56(19 .. -"5 
1. 8642-X 10 

a ao 0..,51 0.,54 5J.m~ 

4 20 0.59 o.~-48 43.81 

~ 10 o.7i 0 ;:.-i~· .. ·~ 32.,'3j 



..J--

Aoetylcho).ineste).4tJl$$ lllh1btttian in goat ... Wh{')le blf)Od. ot ED..lO ~t ao0 e 
............ lWI~ ..... t~.l'..":J';~tjS ... *: ff f'!""t7*'4)'V .. ··~· '"11111!<'1~1 ..--.,; •a 1 P ... Ai"!J a tM ..... I!.!f (_ fl~,,. _ 

't- :. 

(Phosphate bu!'f"e:t?, :Ptt = a. 04, total vo~ume = 5.15 ml/0.2 :nl blood; 

A = 626 n.m; :Ul ca.btAtion 't:lma 30 l'a1n.-) • 

.._ ____ . ....._ .. __.. _ __.__.,._~...,...,..,...._ __ ~ .... --.....-l--..._._,... .. ~--~~-.·-..,.• -..-c~'lo-,a"'.,.._,ll;i---~P'IA·~-·••oo: .. .._, .. _~..,--.,~.o."'"""'J-...-.. . ..._,.,....,."'"'K'-~ ... --..--. --~··· 

; l ~ : . 

__ :::_s 1;~~:r:l_ J.~·-~---~- ... J.~~-». ~r~~!:.~~-"-~~-~~~----------·· 
---...~c.._.._ _ _,_..... _____ ••• ..... -,..,._ ... ._._._. _ _....___,._._ •~ .. --··•,---""!l"'!~~::!,.,_•o.\'t lUI .I!'.. ,"t~- ,....,.. ---·~~ ... -__,._.....,_...-_ ___....,.__..,_ ._...,_~ __ _,,.. .. ,..,..~_, _,__..,._,.., .. _.. .,.4- 1 ~ ., .. ~-~-.,..., -~ ..,..,....~.,•--.-'"•"-·'·'""-, 

Control ( ... } O~S9 ;.,..· . 

l. 30 o.sa o.oo. ffl.69 

2 40 o.ao o.oa lB. Ott 

a 60 o_.;,ue O.iJ;) l.B.S4 l.'BlCJ· ~¢ lo-4 

4 so 0.516 O~tl75 25.·00· 

6 100 o •. QB {);.21 ::o.~~a 

6 120 0.4.6 0;.23 :313.33 

'•.$> •:....-1~··· !- .. ·~··- ----<;--· . ., ... ,.. .................. , .......... -l>.-..... . ...... ,..: ... l.h "'" /.#-~~·~#--•-.... ,..,~.¥"~··- ................. 1'• -·---- ...... .....--........ ~ .... --- ..... , ..... .._ ......... ,. ... ~ .... ...,_ ·- ·- ..... _ ........ ~ • ., .... ....:::..--. ...... .r-·-fo-•1"•.., .. (1--·-·-·- ... ~--··-· ____ ...,......, __ ... __ .._ .... ......_ ....__,._ ·----"' _,......,~.-- ... -~-.~-- ~,.._ .. _____ ·-~··--··;·- _...,, _______ .. _~~---- ........... .,, __ ._._.. ......... _ ...... ~··--. _ _..._. ... ,.,.;.,b ... -~ ...... ~ ... .._ ...... _, ..... - ...... __ ......... -:-------~~ ...... 

I :til = 41.767!~ 
r = o.wsm 



~.A'bl.s- GG 
" __ lf W"*t I .1 .1 

Aeat7l.cbol:tneste~P.•s& Inhib:ttion, :i.n goat whole \bloQd flt ElD .. 'll. at aonc. 
·• r • ..- •••·r··c· ,..,. .... rs:;.,..,.~ ...... ~~......._._.l"f'"'~,.. .... tlll!'• •••··~~ . .....- wue.r•• • -~~~~ •• "*'' Ml!-.'lii I!' • .,,,... 

(.l?uosphate 'buff$~~- :PM' Ul s~•J; tota.\. ~Qlu~ :m 5.16 ml/0.2 ml bioo[lJ 

A = 625 nn&J 1n ctih~t:ton t:U:11~ 3n min. i 

······----:-,-· ... "·-----
1

.,...... ___ ,_ ... __ ·r···~----·-----·r .... -.... ·--·-~-.~-···,. 
Sets Inhibitor• o.~ D.· .60a'D.. ~ :?£ !nh1b1tion I 00 

1 i Cone. ( r q:) ' • . ~ (:1!} 50 
I - l 

-~-->,;oo'·-· ....... --v---.. --· ..... -----~-~- ....... -~--~-·,.-- .... ~-..... -'!"-4o--'""""' __ .. -~----.. -·---.. -----&.--t .. _:oo..-_ ........ _ .. _~~ .. -~ .. --..... _.,...,~---- ... ...-. ........ ~ .... ..........,.. .. ,__._Q. ,..-~...,_·-·-»..,.. . ...,...~ .. .,.-... ..._ • ..,,~ .... , .. - _ .... ,..._.,.,.....,..,.~-..--..-· .. ~~,.,..._..,_~ ... ~~e••-....,. .. _.?•a.•"' o- •t•J....,.q>'"¥"•--'1,...,_ •-...•~.,__.._ ... _.¥...,._.,......_ __ ._.., __ ._..._..,..,._.,.,.~ ~--,-~....,.. .. _.,~,..,-....,._..,~_.,,,.........,. • ..,,,..,..,.,.,. .. 

Control . ( .. ) .. 
l 30 n.ee o.·n l"'J 7•"' ''Ill. Q 

2 40 0.65 O,.il5 18.75 

3 60 ,:),.58 0 29 . - 27.,00 1.0426 X J.(}-4 

4 8{) Q~$J. ·o.2s as. so 
5 10C'i 

J"'C''f-'.::!0" o ... 4fsl oll1~1l 33:;?'5 

6 120 0.45 o.as 4a.7s 
-;,._,""'_..,_. ..... -~-: .. ,..,.;;.,...a..""""'""'"-~ ...,.,.,1'-' •~'"·..,.. .. ._. •'• <~·•·•~ .. "1·:···~-• ..._ ... '-:>•·.;-" •• ;...,~• ~· :it··~.,.·r>. ...~ ........ ...-.. , ••. ,.,. ...... ..,. ...... ..__.,.~.t>- ... v• .....,~u .... ~.,~.;:.;.,. .... -<t ...... ~""'"" •..v.<~"'~ -...·.~~-----~·~- ---~ .... - -· U*".-..__...,.._,.,.,. ..-.:~.·..,.._., 
-·-~-- ... * .............. "'-.... -,..;. ..... c.. ............ ,...,. ...... w-......... -.;,_ -~ .................. "~ ~-· ... -~ ~-.. ~-- .. ~ ...... ~J-~ .. --,.~-'t .. - .... 7~~.,~ .. ·~•<t• ~-:o:rJo.~"'"''"'-...... ~ ....... ~ ... _....... ......... ---~>---OQ4-.,..._~--.......,-· .. ··~ .. ~~··1---..... ~ ...... 1'""'~"· .. 

Uag.:rtttssioll constant~ t '!i = au:~~ + u 

c =...69.B:t46 



~--
- \ 

•n · ""' s· l"" ..,.a"'J'..e ..... . 1 ...,., ._.,... ............. . 
f!..cetYloh!olinaat~r~se lnhibit!o.l) in· ~oat wholo blood o:r BD-12 at JGOC. 

- llWIIII i l !fliP,.... ... fll ...... ....... ~ ........ 4-- J'tr IP.!l •• ·~~· ••• L·. J4t .• IS ............... I'* $2 I P a 1 ff L • @JII 'J .. llil it ill .. 

'(Phospll$te buffel'-t pH ;: ~.o; total vol11mG~ ·~ 5.15 ml/0.2 m1 blood; 

A ~ 625 nm; 1n-<nltuat1(2n timf!J aoo min.). 

__ ..,.,,. ..... .....,....,....,._,.. ............ - ...... .;;- .......,_.,.~-•'"'....,_....,_~-·~-- -·· _.._.,. ..... .,.,. ... .., ...,~..,~ ... ;._ ""'~ - ... ~ _.,.,_..:.- __ r ...,., .. :»<:..,...,~-i-_...,..,..._.._,.,........__.;...,_~-.¥- .. w ~--.. .,.._._~,... ........ ~~ ._..,....,.._..- ~-J-,..~---·- •- ..._,_,.,.,....,._.._.~~-.~ .. .--.. .-.... :..,..·-1 

. s· to: llnhibit0l."111 l 0 . T.\ An ,"<'t ' I $& Inhib:tt~)ll ·~ :£~ 00 
e ... s . 1 · •. *"'• ~~"•'"'• (Y) 1

1 
....,,,. 

_j_~=-~j_ ______ L _______ , __________ l_ .. ________ ,_ 
........ - ........ ~--... • ...,. .... ~ .... - ... ~-··-"-----·..-·· ..... L.. ..... & ... ::. ................... --~----~· .. ·"'--........ ·-·!-"' ...... ___ _,...,.<\., ...... ~..-y..o;~.>o¢,'F~-<I'f~~ ..... -.~-- .............. _~'""'" _______ ... _ ....... ~~·"'-....,. __ ... ___ ,.._.._ ....... ... 

Control (-) ·0.65. · (...,.) 

l. 40 o.sm 0.{!-.t) 9.2a 

g 60 ·o.5a 0.12 18.46 1.4259 10-4 g 

a ao 0.-18 0.17 2615 . . 
4 100 0.:4:5 0.20 3().76 

5 120 0 4:~ -"-d "" 0.23 ar.: 3S . '"•. 
............... ~.,._..-........ ......... _ __, ...-.-• ..., ......... - ... ·~·-- ·-""" ............... ~-..-~·<P;..:· .. 't:<>IM"~ .... .-l!'....,.._._,._ - ........... _ ... ,1,_ ......... ~~- .... ~ ...... ,.,.._ --- ·--· ....... ._..._._._,~-- ...... ~~4._,_. ... .......... ~ ...................... ~ .... f.,_ __ .,. ___ • .,. •. ~ .......... 
-.,;;__.·-----~------ ... _ .. _ . ...,. __ ~-·-..----~·, .. ~ ................. ___ . .....__~~ .. --.... , ....... ____ .,....._~..._ .. ,.., ___ ~~- .......... ---~-~ 

'I = mx +c 

0 " -73.R637 

m = 54.0011 

r - 0.9995 -



~-. ..., 

'lab:L,e ... 8! ... ~ ........ . 

. ' 

. ' ' .; •• 1'.,. .. : • 

. · (ihospll~te butt~~• p'H· = ~t-~Ot tJ>taJ. volumtJ = .s •. Js ndlo.a ~- bloGd1, 

A = Gas nm·, 1n-o"t't1t:t.o~ ,t~JU$ ao tttn.~) •. 

4 

5· 

a 

. ' 
' ' 

f -.;;_-::=-~~::::-=:;~;:-7:.:-:;.;:..:;--~..;;-:z::=:-: .. ~.:~~~~~:;::::.~::t:.~;:~:-:--.. ~-:::::;:~ri:=~===?t:=:~::==-=~~!!:r:.::::;;~~~:=-~:~-:: 

X* ?.; lOtJ (Ctme.i of tbe .z&.ntd.bito.r fu f g) .• 

legre$s1an con.stan'Ca • .lt = anx. + c 

Q =-4~'7899 

/ 



~~ 'r 
~-ablJL:rrJW ... ' r , . -

Aa~t1).ch.ol1nG:sterasa tnbibit1on in ~oa.t"!"11hol.e blood of BD~l4 ,at 3000 ··•n ,.,. ._ . ..,_..~..,,,_.,.s:ll'...., .. ,......., .... :e.-..-~~._...~;A .,._. ••-,.~~~~'~..z.,..,.. ell. •, •• ·~--••-•••Jet ·~ ••• 

(Phosphate truf± .. !lt:\".1 . pH = a~ Of tot«~. ·volum~ = 5t.lJS m]./O~B ml bJ •. ood.;. 

;\. = 625 nm; in cu~iation tim~ 30 roW. l. · 

--s~~;-····=~i~;~r--;.~;:···-l--~~~-;.---l-;··;;~i~~;;r;~c;;··--·-·--

~======i=.~==,;,~~·=l<""'~=:.,.,..~=""'"-:_·_:1==-&m==•"=""'~-=~"'~"'"'"~~~~"'"~'" 
Control 

1 

a 
3 

4 

5 

( .. ) -
60 o • .f17 0.:03 14.54 

100 0.4~ ·fl •. la. 2\1.6~ 

:usa o.a}~ 0.16. 29.0~ 

200 o~~w o.m. 3~~.72 

250 O.i3tl 0 •. 20· ~36.36 

Ragr,ass:ton o.qnstants ·• X = mx ?to e: 

Q = .oo. 00V)5 

.m . = 30.89l:t 

4.7eo5 ~ 10-4 



-~-­.. , 

•· 

5 0.103 

27.75 0.316 

52.50 o.,l45 

75.:33 0."'!9 

124.6 o.e 

~l82-

~at.1. ·a- . .-,.ti 
-;.\1~.;-;.,t!,%1 

0.5126,9 

le612S 

2.2l5f) 

2.4390 

2.0066 

·o.:Q:3t~ 

0.109$ 

o~Ji335 6.1413 X 1o·5 

o.l.841 

0 •. 2008 

-.-~--"""'"" __ ,._,._.._,..,...._._ __ •• _,, ...,. __ ._ •• ~ ......... __ ,. __ ,_..,.,..~,._.....,.._ •"-"'"0 ~ ... ,...,... .... ~-<: ~· .l..t'"l.'fl ,.;;., ~ •• ,. ~~- .... ....,..,,., •<>• ~ ....... .,_. t...,.... ·~.-~~ • .,.,.;~-.....,,....H,_._, ,_,,._~ ~ ..... ..,.~ ~- _,,... y''"_"_ --·-• -~-... ~ ,;~-· •-·'?4• ~~-...-. T·- ,. .... o..~J·t.·"' 
·~·--•• -.-_., • ...,..., ... ~ ... ...,.1' _......;="! • .,...__~.--.__ ... A ....... & ..... -•-· ..... ,,.,_~~ -~·-.. -+s .. ~--~~--~!· .. J·-- ....... ·- ~}' .... -. \ .... 1 ........ ~ .. - ........ --#.----~~·; . .,..._. "~- ........ 1 ........... 1o0.-· .. _ _._"'",~ ... ..:- · ..... -... ~ .... --- ,..,, ....... __ .,._ .. :-,.. ,,._ "~~-~ , .... ~. '"'-'' ·~~ ~ .. 

X=mx+c 

o = o.o526 
m. = O.ODl6 



0 

Chemical h!(droly~is ot 130 .. la .Qt . A \tlttt;lO nm1 . ~H = ll. 851 . o. 0095 l-!1 
ld lflliiUf~-.... l_JidJtP'Ikliit ... f~ 1W 8Cft"511Qt-Ot' ... _JIJ:"f-lt• f .. rt·•r d'·rctr••••JiJJt_.,. •• , •• ,.,_ ..... 5 
NaO~ (in 50~~ Xi.lthanol) E:. = 2(){)9~ Init~ial CimCsntrmtiont 0,.. = 7.:~:3 x lo-··~t 
P7 I ..... i 8 lift~ (J' It ••• I 1*1 . ~I 1 .• l_ __. 1! .... 'I~ . _ r I a• V I 1 t Rll 1- .., --~ :0 . _ .... 

temperature 20 e. 
~· ...... I W • I FAWdM 

6 o.lJM O.JS924 

28 '0.14;) Q~7ll.SO 

G2.7S 0.210 l 04' .. 3 . ,, 
75.25 0.255 1 .. 2600 

124.75 o.3os 1.5182 

O~~Ql02 

o •. ~wt> 

().0071 

o.oaa:> 
0.1013 

¥=nu:·f'c 

c :;: 0.0193 

m = 0.0001 
• t::f'l g ~ o.eao.., 

2.6~l7 X l.o-5 



.. 

~able- 7C 
lf;Wl 1 I' .-rf' J 4 

!~~~~ .. }~;r~~~1.s C?.~.!l.E . .;:. ... ~~-·~t .. _.~.!l..<?. . .!!!L.!H ,;.:_~ •. s.~, •. , _<?..~.~~2! 
!~aOH (in 50~ Ethanol)!i Xn:ltitd conn.antration, "o = 2.12 ~ 10 .. ' •t, -- ·- · 
• · T n,e~q 'It 1 · . · b n·t -..Jt'Af'L•~~..........,.~......-~ .. ........,'!.~~..,,s•• f ·~•~J..-~a·...,..~~~•'• • • •~ 
tem~atu:-e 20°0. · 

• .,..~a Jl! ~ . Jr.D)lff• .. 

150 0.0095 1 117784 X 10-5 

* ;r'nis coxnPGUQd (BP-15) was tt~l(b!'etmsl.Y' :&rtasist~nt to il.Y'tib"''llfsis ,~t pH 
11.86; on11 after 100 ho~$ l!'e.attlng was tnlten at X =410 :rma and 

Kb)'d was calculated from thl\'! r'eadin~ with tbe helP ct lst or<~er 

rata equation. 

l 0 
K=-iM o • 

t So .. Ot 



-~1.~~-'' 

Table,... 70 .... _ ...... , •.. 
. I 

Chemical byilrolusts ot BD.i6 mt A=- 410• pH = ll.as •. o.·oos» t~ l{tlOli 
-It 'q·m 11....,'!1 I~& t 1•:a•s • .....,.,..>Mi9 llll:IA • ., ... ,.,,....._.~....,.., t:i* ... , • .a 1W ji<Q llt .......... 'fat f IP 1 P ...V.:t;' .. --lf II I I ~ I 

(:in S!);i'. E!-t..:.b.a.n.olJ 1 lnit;,i ®.1. cm~~~ntr~~tio.~l; ·e · -=. ~.·87 Z.: 11."):-' _· _· i4, . tf~P~r,a-
.,..,.: .. :"..., . .,..r.-..-~u-t'·v-, ...... -... ..., ••• a u14 i•••iiA"• . .,..:••"•·•u 1 Q J4"•••••u.,•r•r•naa·•tt•~ · ••• 
t Uv"Y'61 2o"c, . . · .. · · . · · . - · · , · · , · , . 
~ -g'Q;;'Wt'tr· , -... 

; I • 

---··4_--'1-~·-----~--~·r··---~-... ~-~-"~ ··~c•··r~···~--~~·------~ .... .,..--:--1· ... ~··--.. ----· .... -----~·--- -~ ...... ·-
Titlle t . c. ~~5 . ~ -1· . . ·. ao ... 
( /i<Uil )'· ~~ '._. •, .. ·. '.j..·· ~ i,U.,P . . cs l_i_··~·· ·•$•10•.8.. 'it 
-~$ ' ~ '.· . byd ·· o n e - cJb , . . 

('<) · • • 00 · o \ "' . ·. ' , · -l 
. · I . · . j . . · . c1o . : <!Uti ' . . . 

=.=;:;::~.;.L=::.~:;.~~~;.-;-__ ;;· ,;:~.,_;:; o~:-::-:--:.;: .!: ::: "::;.;;;;:.:,_it:~<:.;:: ~:~:-:-~:;l:~:-!'. ;:: ;:; ;.:.:::;:;:.r;::<.;::::~::::-!!: ~~~ :::d ~ ,;-:.:~ ::;~:;:~;,..~ .. .:z::;:;f:::::':::~=:-: ~:;:r; 
150 . 0 21001 . . . 

~---•-.._..,._._...,..,_.,.,. • ..,..o .... -.....,,~,,; .. ,......_,,..., __ -....,.._...,... ........... _ . .....,.-"r-.;r---•'"'''•'•-•-----•--~"-'"oJOio..,.,._..._,._,,...,.,...,. .. ,.._.....,..~-•...,_,_....<l.'f'>:'.-..1.....,_,_,..-.,._--,..•~--··-..... ,-~ .... ---.... - ... ~··"'"'"' .... .......,.,_,..,_....,_.,._..., __ ,..,., ..... , .. ,,, 
, .... 'OQ"'-"~-~ .. ._._..._.,......~....,._ . ......_.~-----.--•-•---.---'..-~ ... ~~···w ... ~·""'w·-'r'> ... _.~ .. -- ,_.,_ .. ,_,__ ........... _.....,.-. ... _,.., .. ...,. _ _.._.,.,.,..._.._~ ._.tro ..... ,... .. ~,__.,.-.....,.. .. -.,~·• .... ->-~.·..,........,-:·~ ,......, .... --... • .. +•. -·· 

• T~i9 compound (BD~lf}) alsQ ~m. ~l:t~N1l'tn.al.Y ~lllsi~tl'flnt. to hytlrolysis :at 

p·'A u.as; only a!'tGr' li)Q hP~S ;r.eJl~dil;l~ 1\71:\~ :f;}lktell at . A ~ 4]1) nm tmd 

Kbyd ·was <tldcul.et!3L1 from tile :rr:~l~dinm td.tb tb<a b.r:;lp ot lmt o~del!" rate 

e.qr.ta t io1u 



~ 

Cbamieal byd~olYs1s or W'-l? at X:;:;; 410 nm . pt-i ~ ll.BG,, o.oooo ~~ 
a t Ji ,.,,...,...u,.·.,,,._ ... "'..,..~ .. ~«oll!r.:'-~""'' t ... ..,,.~ .. " ••w~....,. • ...,..,,,.,.. ..... _..,...-.qr ) .... fll,..,... 
r~aoa: (i!i 50 so;g Etb.tmol) ~ = googo, Xn:tt!al omac-ent.t•a.tion, 
f!Wiut 1_ ·q :1 stu J :r •-.. $!,..._ S ~ t1 t a. ·nF•~ -.tea•• lft~IJ ~if '"tfiL•- '! IH•"•• ~~"••• -~ ••! f 1_1 ·li 8 4 

00 = 3.14 x 10.. 11,. te.-:nper.:!ltu~e 20 it.l:• 
t . ~-- & . 11 •t ,..,... .... "QI ;·1~ W -~' d -~ • ....... ':l!f"'i!W tHUW .. 1· 

5.26 o.f17 o.:a~1a4;~ 

6 o.an 0.88323 

lO o.121 0.6~16 

15 0.177 O.BBl.t)t1 

20 0.227 1.006 

2"" 0 ().265 1.3191 

30 0.299 1.47$3 

35 ().333 l.6.&'1u 

40 o.ass 1.7670 

45 0.13'78 l.BBlS 

o.·osl.l 
0.0566 

O.a976 

0.1430 

o.J.Btm 

0.2~362 

0.2764 

o.oose 
0.~3593 

0.'39?1 

lf':;zn~+c: 

c = o.oooa 
m = :o.ooos 
!' ::: 0.9911 

20.266 " l0""'3 

. '· 



. f-- ~-
p.· 
I 

J· 
\ 

-16'1-

lilffoo:t or EO .; 10 on .~o'tftb of' Vart1c:llliu1!l-iii.'l\bo - atmm 
,. . 1 • 1 1P i u1 l a 1 qa tr z tliolofFiilt{ tllU t -· r., trw • • ~ I! •• ,.,...,.. • ._ ...,. f • •• u •• s 1 • "' 

·-·~ .... -.-................. ..--~-~- '-~~---~ --~ .. ~- -~~·-;=- ~~·---- .. -~---~--(- ... ·--.,_~ .... ~ .......... ~,.., ~ ...................... , ......... ~ ...... ., , . ..,_,.,.,.,_ ........... .,. ...... -~ .... ,b ___ ......_ .... ,.. ...... '1 .... "!. .. __ .. __ ............ -··-·«t< ............................ ~ .. ,._ . .....,.'"* .................. _......_ .................. ~ ... ·- I"'"•l .............. _ .............. _...~---o' .............. '" .. ,..._, ...... ,_ ...... , .. ,..._. ____ .. -...._. ____ ~--........ -~ •... 

·I ... 

Concerttrat:ton 
( fFVJii). J 

l 
l ! . l'~~tari:~ of' inhibition 0'1'~ o·ontrol -tll\ftati" ·. 
l'''.,..-• ,...~ . ._, . .,_..., ••• ~-."'' ,.,, '':'' ,·, ·•· ·~·· •, ·•• ~~ .. ..-·~- ·~i ·-""'- ,.,_._,..,_.~w~•-· ••· -"'"""""' ,..-.-••·--~ -·•·~• ~ ·--•-•- ._ ... ~._. ._,.,..,~- .... lo, ~I<>''C:.t• .,_.,...,.,., !_.-..~.,._..,~!"~" .... "";lo.•-·•...,_ .. __ .,.,.__,.,, ... _,.,.,~--.-... ·•:.,_,..~..,.. ..... .,...,..,......,._,.,.,.~.-.. ~ -A~.,._--.,...,.·~·--·'-•_,...._.. ____ _,_ .......... -. ..... _,....., .. ,.,.. 

, l I 
24 llottt!_$ i 48 hflm"$ j 62 hours 

~ :·: ···_~·::-- ;:. .. ~. :-:·· ,.. ::: -=~ -:: ·: ~= ··:·~:. ~ :~"'---: :::: ··;: ::· ::.: ~-~·:.: ~~ :~·::~' ;; ::- .;~~7~·:: -:-~· ;:·.:: ~: -;~'""·;: .-:: ::· :"!~:; :: ·.:.: ·~ -~·,: :~~ :. :;· -~:- ::: :':- :.:.t::~:·;-~!: :-;:: ::: ·:::~':: ~-=-.:::· ·.:: ;.:. ::: ": ·-:~ ~-~:":·:::: .~:·:·.:::.-:::~:==- ::~:. .. ~';'~~-:-.: .::··-..:::::·:~~...,~~-::-·::-:::-:~"':~ --:-:~··:·-::-:.-;·· ·-

500. lrJn 93.05 91 '37* • ..• 4 . 

400 100 --' . ·aa.s~t:• aa.-oo* 
300 :9{).62* 75.3!'"~ 1fJ •. {l5• 

250 gr."' .&"lift~ .o .• ;-... , ... 69.~50'j~ . 66 50~ . . :If, . 

200 ·Bla.25~· 62,.3.1'5•; sn.75* 
150 es.sra~ ·51~~~'50~ · .· 49.651t-

lQ) 52 •. t)tl* 39~6G*- 34.40* 
so 'f:?!7 Q{)"~ ··-'·' .. '191t32 12 ao . .... 

.. ~- • 1• ..-. •· , .. "'• • '• • •· .... -•• • ~- t-·• - ~- • ~ •• • •• •'- --r... •l:o. .. ~ ·-· ,... -·· •- • • • • ·• -:'. '-?. •t· t ... ,. • .,.. ·~· •<1• 1 ;, ., •• ""' •·' .... -· -~ or -••-4•• ,.;; .. ~. ,..~ ~-r ........ ,...,, .,,., ~· t'" :,..,..., ••~··• ... ,.,, ....,., ,....., .-. .. •-· . ., • ,;.,,..,, ••~"'"' ... ~ . .,.- •. , ..• ~~.._ . ..,_, • ..,.._... . .;. ..... ~ -~--"-·"'""'"' ... ......._.... ~ ................ _... .......... -"4......,.. .~• ... ., ........... _.._......,..-......,-._...~ ......... •· . 
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190.54 
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~oncentrar.; ... on 1 . 'Pera:entf!ml'! of !nhil~itfun over tHl~t.11'0l at'ter .. 

... , , =-~'~~:~c"'''---~,.~L.;::~,~~s,::,~::.:.:,-:,_:J::.:::·:::::~,~~~~~;:;::::]:::::.::==-~-=~~i=-·.:=·· -~: 
500 100 97. 9~ 78~.79.+ 

400 9S.q;5* 78.60• 70. S3• 

aoo Q2 ... S0l't! · 67.15~ eo.:so• 
250 70 •. 31* 67.3~ SO.ls* _ 
200 63 50~ . . . 51.10*' M 56Sll ~--~- · .. 

150 n:a ~s* u ···""' 40.7(.)$ ;~ ls* -~ ... 
100 ~m ~lJ'&il! "t' ..•. ·. "'~ 23..:~1)?.':1 2i.f}6. 

.50 24.·90 ' ].7. 6-5 .•. f8.66 
• .. • • •• ....... ~ .... - .. •.·····-·-.~ - .... -···· ,...,_,.., ...... ···-... , ......... ·- .... ···-~···· ........ -~ C" ••• ·•· ....... '" ............ ,. ,. •• ., , ........ ~· .... ~···· ·~ ' - ... ·-·. "\.• '""" ... •· --:. .......... _, ...... - •• ~~--~ .. ••• ............... _ ....... ._.," __ .,_ ......... ~ ••• -·-·· • 

~.- ' ·• •• ·- ·• • ••• '""''• "'" .,..,~-• •"'-""·"•l·~.._, .. -~_,.·-;· .. "• ~~,.._· ,., . .,._ .~~ ... , ........ ~~·, .. ~HI. !<o ,, •< t•~•·•'""~..- • ...,.., ... o• ....... ,._ ,._~_,,,..,.,,,'1· _...,_,_""•'•of'"""'~' 1-1 """'" -:··~·••·•~, .. .,.. ._ ,._,,,. ........ ,..._,-~., ..... ~ .. ,;., 0 •• , ..... (~ ... ._, . .,-~..,.r-..~..,.. • ..._,._~_,.._._....., _ __.....,...-.- . ..,...--~---<.....-"'_.,.,;""'~' .... ...,_~-~--- ...... ,_-·•·"'·-

EDgs = 399,.10 5381'84 ?fY't.,94 

I!}'i'l - ~-... t:A' r.:..t l~" t:A. n.~'-' A~ ""'50 - oi.~'-X\aM'!t: · 0'\lJa.~~~ CR;;)';l:• .u .. 

Regraasion con~tants: Y.. '~ m,; -r c, 
m= 
0 ·= 
ll'; 

-
l02.2St~ 

l7l.S50 
o.:9.Q8 

$ Data us~d for re~esd.on tm!dy$im. 

91.872 

- 160.0$ 
o.t~n 
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- 1'10.110 
O,.'Q91 
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·eoncentr~tiQ;m l · PfE!l~Glltm~a of inbt.tbition UlM~ C'ontt•ol attel" 
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500 100 100 . B? •. $8• 

400 lUO 87 .• £)~ . 80.01* 
... 

·300 92 A3* 'a"' ··~,:::t!' "16.~ .. SB .. 40tt-

260 nf) ao• ~"M ........ 
I'~,; ' 

aa.:.n.n* 59. so• 
., 

200 ?s~ea~ 60'"75* sa.sn~ 

150 G~t :s~* ..•• ! 48.35* . ' 
oo.·'sot: 

.. 
-~~50:~ 100 48.24~ 32 95~ ·.· .. ..4.,. 

·, 

51) 19."''5()¢ 1105 ...... '7lJ~35 
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EDg-::: tl 

E.o59·= 

l1egres~ion a..cmstm.ts; 
m= 
e = 
r= 

323!'.59 

1.04.11 

!=;m~+c 

.. 9:t.,M~ 
- '$114~9!11 

o.ooa 

'467.73 
1.51.35. 

m •. ooa 
... 1.152.-ae!l 

r;,.99H 

575.4.3 

J.n:l.97 

89.695 
"'!t.fl:•1i A'flll 

.•.. ~~~-~'.\t#:.:J. ', 

0 f~i~g 
-~-'rJI~tu, 
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l?.Gr<u~nta~e, or :l.nb:1bi timl" ov&r,o tlontd'ol atte~ Concentration 
(flg/rtll). i-.:.~- .. ~-- ........... -·-~ ........... -- .......................... •<1'~-r. -'!'' - .... ,, ........ ,...._ ._ _ _,_,.,. •• _.,.f"'"''"""-"""'-~·-"' ·- .... . ,_J~ ... ........ ,... •• _, ..... ~ .... -~-..... ~· ...... ~ ... ~..,....'I'- .. ~·-·- .... ..- ....... 1-..... - .......... ~-l--~~- .,..,.. ........... ___ ,_ .. ___ .............. .., ...... -·-~--- ...... ..._....-.;_:,.._....,..,...,_.;;;..:...------"t"--:.-

:i, 24 holWS ! . - 48 hOIUPJ!!1 . l . . 6.2 MilrEt . . 
... ---~"'~ .:._:_. ~~-~:~:..-.~~..:.:~.:.~ ... ;,. ::. :~: ;~-~-..... ~~-~:;~~.;.:::. • .-~~~.:.-... ._ .. ; ::;:-~ .. :......:. .'2-... ~~~::.: .. ::: :::::_.;.:-~::.::: ::;; :..:~:=;.:;:~::z:..:.~~>:::::.::.::: :;.:..::::::.:::::::.::.: ;::= .~ ~-: .. :!~-~ :~::-; ~ ::~ ;;.~:: :::.:~~=- =~::::~;:;: ::;: =4::;:';:.:·::;;:;:;;::---_:::;;:.::::~:-:::-:;;:::.·:::.::·.:::·::::::: ·---:::::;-..;.:;_:~- ~ 

. 50o 

40{) 

300 
250. 

200 
150 
l.OO 

S() 

'100 
'lQf) 

r • • 

88.33* 
so~.o~ 

73.33~ 

69,.._Qtl* 
48.00Eli . 
20.1~ 

@{~.oo• 00.43~ 

87 7!* .. ,. 79 .• 68* 
vs a~~ ·-~~-- . 66 72$: 

. ·"" 
66~66* 56 •. 79# 

00.·2~ 49 75* . '·• 
4.6.50~ 36.25*' 
~.75* 20.15*' 
15..50 9.25 

:·: .•.. ,-:._.~;.. -~~)":;':!:'-.::::::;::-~::.:~·:..:;:;:~ .... ~ ::-~·:.:z-,:.:; -~ ...... :. :!:...:.:..,-:::: .. :..:J.: ~.::.·~::~~ ~· . .t~ :~ '!.:.~·~::;; ~-~~~-~;;.~ '!"..:.:.:.; ~:.:~~;:;; ;::=.:-: ... ::;-:-;-:·:.::; !;: :!·::..:;. :.!: .. ::..:::::-;-~..:;:~;.:::;~, ~; .. ~::.:. ;:::.:: ~-;:-:.:., .:-;·:-:-:;;~:.t:;;~:;;-;:.;!:..; :.::::;~.::;..~,~:r!";::;;:~-:;:::;;.;..~::;::..;.:-~~~-::;.:::;,_;.;.;:.;:::...:..:::~~:;;:~ ... , -.,....,. .. -.:...:.;.,~~...---- .... ...:.:.,. 

E»as ·::: 
E1Jso ·= 

3St~.,Sl 

J.oo.n 
Bepesaion con.stmts -~· lt = ntc + ¢ 

~::; en·.~ 
"""' \::IU .. l;J!f if 

c = - ln.tt •. 709 
r = o .. ~tJ99 
* Data used. tor 1"*l~~:ss:to11 ·enlll:rsis.' 
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~ 144.355 
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~~~itil_o:rt..~.!i~ 
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- 173.!409 
o..:9m~ 
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··-·~com;n:i;;t;£;;-····~---1--------·-·--·--~------------ 'l?ere,mta~f~ o-r inb.it,ii;,ton over C'ont~l. artel" 
(. !ut i!"/-td) (--.. · ..... o ... -· ., _, •..•... -· ....... -·----·--- __ i_ .... ----~--····- ----·--·---·--------·--· -· ........ ·y·--··· - • I -·--- ··-··· ----~---------···-··---~----·---------------·--------------
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·' rv.\. ·1.rl<...... "":'o"" -~ '~::"*' ("j. t'll ~s* ~~.! ~ l4~tJ d.i. ~A t:;;4~J, ... t;i\.;)· Ot:;i~.:\J 

300 11)!) 100 81.75~ 72.25* 
:<.50 100. iOO _ 7~.2.5* · 65.2;>;; 
200 l.<:ID 'g2,,D5)< 'b6 .. :9~!k ~~ .. 35~-

150 82.1S 71.79* 56.51* 46.41* 
100 71.85 5fl •. f:fl* . 44.05~' 42.52~ 

5G .4l.U.{) 3-t) •. OO*: 2$.60 14. ?9 
..... ____ .,_ ... __ .__ ...... -~~-.... --~~-·~·-...... - ... ~-·--- ..... -~ ....... ,. ..... _.,...._ ....... ~l""'f,....._;t,_~.--,.,,.,...~ ...................... n..._---··'l'ln~ ........ ~-"-~- .. -~--·--~ .. - ..... -·--·------- ,_._.. ;..,:...,.,..,,. .• ,_.._., ... _., ... .,_,_.,...,._,...,;. •... ..-........_ ... _.,.~,.....,.-- ....... _.~ .... _..-, ......... , . ....__,_,.~ .... ....._,...._...,.,.,~"' ......... _.~*""-"'-.,."'"~4.~-r-..>-4•f0 ... ,. ... ,,..__.,,.._,....., .. ; •• ~1'".,._~~, ... ,~1oo'l-~"' ... '•>-•.&.o.....,_ .. .;._ .... , • .~,-,.~,..,...'f'-...,tt•...._-~-~··•- ... l'--•,..·-.,..,._.•,..--....._.........,. . .,_~--·--..-........ --....---- --

EDgs = > 15G._OO 

ED50 -~ > 00.00 

Ra&r~ssiQn cionstenta :~ l! = lUX ·+ o 

m= 
e= 
r= 
* Data used . tor l?'.a~x-as.sion ~elY:t~is •. 

288.4Q 
.-.r.: .. it'J;5 
tU.~ll" 

7G.-PJ14 

' gm n.':?l5 - ... • .~ •. ~.ll'. 

0.9!)9. 

4t16_.6S 

l2G.S~ 

70.755 

- 11~.~47 
Q.\900 

5&8.84 

1.47 •. 91 

7 .>1' 1~-~ ~ .... ~ 
-- no.oos 

o.ooa 

. ~---.-. :::::::.::-::::-:.,:'".;::;::"',::·~"";:;::.:-;:~ .. ~' -~!: :!.::.·~:.::. ~.!:;'";.':: ~:: '.!:: ~-:,:, ~:·:~;;";!:; ~;-- :-:::-::::: ;:;~;'!:'."_:-~:~; ;;:·;:..·1::""":4'; ;;~_;:-:~~-~-:~:~·~ :.:~.:~ -:!:':~·~-: ::= ::.:::;;·;= !~,!": ~"::.:::;:-::. :::-: ~= !.:: ~::-::-=·~-:-..:-:..::.:.!:: ::~::;;::·:::::::.:::~~~~:~.::?..=.:.:...~.:..--=~.;.,.."'!:::.=::::;:;::::::--~:::.-::.':!""'....:=.::~.::::=:::..~::-;-:--~· 



·-~ ~~·· 
j/ 

'"'· 

·_:J 
·~ 

~-~--!....:·~-.. ~-~---- .. ..._.-'1"....-1~~,----·~----~_......_,. _______ _.... __ ... _~.-- .... .,, -~·--- .. 1':~-~~~·#i>>;-;.•,~11.·~· .... \?-4',...; ...... _~~-~-e.--.~-.;r.,~.,.;,.---4~·~l'l-"."-~~; .... ..-.~~,....,.,.._.......¢~_..,.. ............ 

C~ent~atlun i .. HiP~-'*'t~••Rta~ ,...:~ .'*"!'""'!~:&..:·- .ror..y"-...'!i'f# ...,~~ .. i"'~"""' , .. ~-_·( M g/:ml) ! ' . ' . ' ....... """_ ,ll:llllt)"'" "W"i>· oiLUI,I,_.~ ""'""'4 ~- 'r.;t4; ... ~ .. ~ .. .;n.,. .~:;\"'""~· " 
I . f.~·-,--.. ··-~···- ·-···•·"·-,·~·-······-···'"· ~- V ....... ,.,_ ... _._, .. -.~··--···"·~-··--·····-- ,_ .... _,.,T, __ .,~~·r·-~-~-" .~ ........ ~~-···~ .. ·---.. ·~-~~----···--·----·--~----·----

. . . . J · 24 ht~tOFS . . . l: ~g lQ,~til . l .· 12 h®~"S ~ 98 ·botUNJ . 
-=~~-::;:;:::!:.-; .. :.:.::::!;;.:~:~:::;::::::~= ::::~:.:;:5'-;:~;:: -~ ~-~ ~: £t:_~;: ;::-:;;·!~: ~~ ~~-~=~·~._;;~:::.~.-:::-:.:;:::~..:::;~-;-...::-~.;~~~:s:~::::.:r: .. "':;'::.~~-=:!.1~::;~!!~:;:-;t:::~t ~:::~~ ::.~;;::"7."~::::-:;;·=~;:~~~~~-o::;~:=:-::!':::;;:-:-::n::::...-::;.::-.:_.:::::-~..,- .. ..=....~,_~- .:-.:::. 

60\) 100 ! :._ 

' 3M 8$ S19~~ . • ...... _., ·. 80.'43" . 
400 ':tOO 00 •. 42* w.~ss• ·'?0 13")$ .... ., .. · 
300 ·100 ;,: . .fi' ··aa·M' •· .. e~t-·5tP' . !!17.,'6{)* 

·250. l.OO ' .;' 72.fi'Jltf .. . $11 iM:* '.II .. 48.91* 
'200 l.OO . " t).3.:00* 48,.0f)• 40.B2~ 

,. .. ,) ,' 

as·~1"* '150 7::t.:tw ·57 sa~· .rn.,'2Q...,.. ~ ''~"'·*;:·' . . 
·. ··' ·r·· .. 

'' 
,. .. ., 

•l.Q;-, .· ·s~.,~ 'Sf) 00~' no.~S* . ' l6.l~l' . . .. . . ' .. 
00 oo.,.:as "31 5!)#• . . ' ~ . ' •... ~ l!t;.';JB 8~:15 

~-:.:::.:::==: ~~~·=_,.~.:;:.._~.-:::=:::.: ... .:~ ..:::.:~-:"' ~;::::: ;~.:~ =~: :.:~::;::.~~~~:: ;;::-:=::~~~--:~;·:~ ·~~~:~..::;::--_-:: ::...~ .... ":!:,-:t;,;.:.:_!;; :;_;; ::::;:::.;::.:~r:..."t.·:!'~::=:.::-:: ~-;..~:!,."'!:;!! :~.:=~~==.:=~':~~~~.:=~.:=. . ~--------..:::;:::: 

ED9s= 
Enso = 

iegl'essiOlt ·(lonst-a.l!lts, * 
m= 
c = 

i.' ·-

)lG0.:00 

(100~00 

rt :;;, .r~ + c 

4i?5.~ 

lJ!·l.9l 

w.aam 
- :~~148 

0.9!?6· 

6lli.,59 

209·.92 

t11C: '6._: ... 1!'1! 
·~! •..•• .t;,, 

.:. 17l.:4'Mi 

a.~999 

676.,(:@; 

245.47 

I 

101.·306 
I 

filii, 1.9a~649 

0 .Bt'lQ 
~~ r.tJf;',J! 

.-a; ~1"io..·:·· . ' ' . ..:a ·~ .... l,';ii"~ -., •• ,.. ,.~ ....,.,,,, ~-"t! ~~i""'· ' . . ~ ~-- -·-·-·"· "~·~--·~-----~---- ..... ._ ·"~~' ~:r:r;a USGh ... ~~o"' .... <Q{!;r"'"s;;::t,..,.,..,!.$1 · :t.<i~~oio;if·. ...,.. . . _ ., ., , • -...... __ ., ....... , .... , , ·---~ .... , ...... ··~; .. ~·-;:.:·;;;::.:.:;:::;.::;:::::.;.:~~~ •. -..:_._:~----.• -~···----~·--·--~-... _.:~.- :.:~ .. .: .. :..:. ~: .. :: ~':' ::0. • ,;~,;::~ .: · .. :: :..::.':-: ,:; •:: -~· :.;. ;:.• ~ :~~.,~ ~~.-. :_ ~:.. :;~ ~~ ~: ~l ~ ~ o: :.·~ .,;·.~: .• ;.:: .. . : ~ .', ~:: ~...:. ·~~- ~ :::. 0 ~ :: .. ..;v "f •'lu ~ '-- ·~ q '' .~ ,.,.,~ .... '4'c ,,. 1." .. ,,. ...... 1,~' 0 f <'~• ~ •• '.•>• .... ,.,_._~~> P• ..... ·-·~f I " , 



,. 

/ ,, 





.. \ -
"K /' . ' 

' 

·h. 
..UQ]....; 

~.;,-.1'~-

·'n_· .. ; •. -· 
'y 
I 

.•• t · ot a~ ... :u; o~ growth or .~W:imfiCr1a .m~ 
1F-~L.I_ FlkiJJ lilllrl·lel&-·1[1111iiti. l 1 fd(lf'"*'."!'••••14lf!114.b i •11 l.lf' .. iY&f(I!Uii'a•••I'UPl u•• 

-~ 

.......... ~--~-.. --.._ ..... ~........._..,_......,""1:-..._,.,....-: ..... -q. .. ~--·---~-,.---·---~ ................... _ ..... _......,_ .. _______ 10.4~-....-..._.-..,. .... ~,_---.....~-------- - ..... ) .......... ---~---.,........_. 

<:ormenblittioj. · -f~entagB or ·:ttnh:tb!tinn oval!' oont~l $!'.tel1' . 
( f g/ml) ----~-;;;~····--------"--~----~- ~;-~·-·~···~--~---·~;a-;~;;----~----~·r:~ .. ---~,- ~-h;;;; .. a~·-c~-~~---~·~·~--

1 . ' - ' ' 
' ' . --....'"' ' • ·~ ..,._... _.._ .. .,...~ .... ....,~ ...... _....~-~-~.,........_~...,...,...--....,..-"""~--~o.-~~·.,.~ ...... ~--~o&.V-~ ... ..._--...,_-,_.,:...-,~~-~-... _..- .. ..._..._. ... 

.__-,.~~--.. ·--~,_......_...,--. - ..._,_,___ '.J.-~-.- "-•- ___ ,_.,,. • .,...- ........ •-•., .. - .. ,.. .. c.....-~r...,. .. --·•• _ _..,.ol.l_;..,..,. • .,."""'-. ~¢1: ~~·-.._,_..~ .. ..-,...~_....- _.,..._,..._,.,_ w:rl·~'*"·t-- "--.-•~ .. -~~o·~~••,....,-• ... ....,......,.,......,. ___ .._--=:,._ ,,....,~ .... -·-..-.-~---~----~..-.~-, ----"'""'--t~·...,....,.•--·"" 

500 '100 '100 IIJ.711li 82.·53• 

'400 .100 
300 - .100 

250 J.Gt) 

·200 1m ., .. - . 

150 .lUG 

100 . '85,~~0 

50 .62.35 

r-11 '40* . ., : 

86'44* - ~. 

_an.~s· 

'?! tn• ·.-. · .. o._.~ .... 
·.im.g&h 

M·so• , .. ,.., ' . 
'• 

oo.u . ·. ' 

9!.E;.:.l*· ?4. 90!1 

"1o.:55• 
66-\3~ 
,~B' :<1H'l•• 
,iQ(lj_.,~~lr" 

<te; ntt-• 
"'.fAt~.-;;\) . 

34t •. ~~ . '• 

mso-.... 

_, ss~ar:l* 
sa. eo• 
M.oo~ 

34,.25* 

20.?1• 
s ·~ 
I{ •'~_, 

· ....... ~, ... _: .... ___ ._.._ ............... -....;.. ... -.~ ... .-.-.--.. ~· ..... -~ ..... ~-... ~-···"·"- ....... ~ .. -'r." ... ~~ ~---... ---... ~ ... ,. .. _ __..... ___ ~ .. ~-·.,...,...---~·,. -··-1'1'"'·~~~- ... "'~~~-~· ..... ;. .. ,. ...... ~.Jo:'lo ~ ... ..__ ...... _-~....,_,.,;....,_r-._~--.:-------""""-...... .,...:._...., .. _"""~---~ ..... ....._~ ........ ·--- ·_ . . ,..,._---~--.,_....,.-to•~~-..,-~oo.&•.._,._~·-•-..,..,,., __ ,...._.<f,.,..'l' .... ....,...~ .. ot""""""'"''-•:~~"'"~"'-\~...-.--U''I'-••" .. ........,.,_ .• ...,. .• _....,.~,, ... .,.,._.r, ... ~~-'4""~~'0- ... ,_~7~""F .. ,,~.,._, •• , . ..._ .... _,..,..,_,.,..__..&if»-. .-"4'.tW'!i->'.O..r•r.k."''e1-"-~- ... ,...-..-~·--... .._-~~-!oM~_,...,~,..---."....,__.,. __ . ______ _ 

ED. ··:= 9S > lOO.OQ · 

om~ < 5G.~QO 
Regr,ess!oa constant-s ., lr =· ttJ;)5. ·+ e 

m= 
o= 

.. 363.~01 

-~;_•"~• -A •. ·· IO'l< 
~g .... 

8ll).440 
I .... 

•134,?·16 

r o.i99il 

'* Data Ussr! for r~g%'$S1110ll aJla\!fs'iS.:~ 

·515.4:3 

158.,>49 

'l~OO$ 

.,;. ,JRS •. l.S 
; 

o .. 9@tJ- · 

64$.E?5 

~~m· 

91.400 

- 1&2.5$ 

o, •• 

;.::.;;;...~~-:::.::..~~.::.~~-.:M-:...~t.;.~::.-;;:~:!!.!;!::~.:t:.~~.::.~t;.!":~t:~::::;:=.;::!;..:~_;;:.::-~.::;::;=..::::...v:=~Z:::-:;:.::.:.:;:z::::::.;;:.:f-~;:;.!.;:::;:::;:;:::;,::~:~;,:;::~~:.::::~~~:==!:::-:-::t~ .. ::~- ~--"'P'f~ 



I 
.~. 

·h. 
'OI"'n . 

~:;,r~~--

~#i_'hla - 9F. Ill , •• 

v r· r­
/ 

j 
' \ 

-----------........ ~- .... ----~ .. ~--......._,..,-~···~~--..__.,---~--+*'lt~··-.....-- .. ~--,. ...... ,. .. ....,._,_.,.,.., .. "t" ...... ·--------,_.,. ___ ..., ___ ""' _ _..-"' ...... --... -4-....... --.. --*·-----~~-... -...----------. 
coro;rmi51on 1··------~----- ___ -·-----,-~~t_'l_::".~-~~:~~~.,~~ .. ~~~~~:_-:--------. -~·~·--· 

1 24 ho11l"'s I 48 bot~J f 12 holn?'s ·1 00 hours 
1 f I · 

......... _ _._..,..... ..... ____ ~-.. --~-- .. ------.-.---- .. --...... - ............ .,.. ... ~,_~<t .. ·-~ ..... ., .. __ . _,.. __ !l.........,.._\"'' .. ~ ..... - ... ,----....... --------.... ...... - .... -~----....l.. ... ,.._ ....... _~ ..... ~~···-.....,_·-----'--"'· ___ .. ... 
·- ··-- .......... ~, ~ ~- .,.... ..... ~- .... -- .. ---· .... ....-............................ ~.~ ........ , ,_ ... ;,..,,.~..- ..... --. .. - ..... "ll • ...-.. - )~ ... ~~.-... .. .,.. ........ ._ ........... .,.Y-•"'"""-~~. ~ ...... .,..~ .......................... ..-.... ,.. ... " .• ---~- -.~-- ..... ");.-~ ..... ~ ........... ~-----·••<_,...,.....,..~ .... JooO.-.,.., ......_ .• _ ....a-..,.,...r..., ...... --... ........ _..-...-...... ....._""""""_ :..- -----......... ~--.... -·· 

500 J.OO 100 100 88.;75* 

400 100 100 91.70* s:t.'as• 
300 100 90.00* 00.64*' 70.00* 

260 '100 as.·oo• ?a' so• ·- ' 64.00*' 

200 lOQ 77 .• 50~ 66.,25* 66.:15~ 

l.50 100 e.g ·oo• .... '-' 55 3()1>1'' .. ·.,- - 44;.120* .. ' ,. ' 

l:OO 80.:00 5fa!ll'50~ 40 .• 45* ao.e2~ 

50 56.50 28 .• 00 19.15. 1145 ...... 
:-:~·:::.:-....:-;:;::-::::~:~.::~::::;.;:;:~-;::.:;;=:.-::~~::;-~.:.=~~~::::::::-.~~::.::=!~:.::~.~::::::;~;,.:!:-=:'!!: ::-:..t:: ~J:..t: !'::~~~ ~!::;: ::!~ :~~..:' .. ':.!';..~~~'!;!!.:::::~~~: ;:: ... ~::::.;:;~:-;;:.:.:~;:!~.;::!.:.:~~~.;::,:::.:.:;;~~;::-:i;.~-:,:~.:;;:;:;:;.~.~..!..~ .... ~==:::::-~- -~-- ............... ... 

:ED95 =. 
ED50 :::. 

>loo.on 
< so.oo 

Rag~ess1o1l constantg c: 1l = mx + c. 
m ·= 
«= 
r= 

323 .. 59 

39.'12 

so.·533 

-107 •. "783 
1'!11 ,nnn 
~ .. e.;r.il:UO 

• Data tlSt~d for rag.rrJssi(m analysis • 

· .. ~!.' ! 
·:·~! 

~ \' 

4:26.57 

:L-.~.82 

95.~420 

~ ].3()~~344 

0.1999 

575.4.3 

359.·82 

94 •. 645 

.J 1.39.894 

o.-999 

..... >- ....... ,.._ .. __ .~_l> ___ ...._.. ___ ,~·<;.-.. .,.-.~ . ......--."" ... ..,.,...__.,.._ ....... ~ ........ - ..... ,._~-·-"--!"""''•~·~~-~.-.--- ........ -·-··--~4-.J.-...-,.._.,.._..;...... .. __ ...... "'*'--"""•" ... ~--~--~-...-. ........ _~-- ... "' ... --.............. 't'1' __ , __ ~-~-·.......,....... .... _ ....... _.,.,. __________ • 
.... ·~ ... ..,....- ...--•••~·• -...,- _,.,.,._ .,.._.,..,.,.,.,..,_,.t-~ •• ,... • .., "'-'" ..... ,,-.,. r~"'~"' ... ,..._, ......,.-.... ~ .,.,.,. ""-'•..,''""'' ~--~- ._ • ..,.,._, .... ,_....,.'<-f'":.o<..,.-·,. ,,._,"""" ~-. ,..,~~-_,;,._,_.._. ,_......,.., ....... ..,..~~·,..,... _,._,_.,._.'f"W•..,...,......._..,,_,........., •oo-•.--~-•""•,.....,...,~.,.,. .. : ..... -.".("' .. w--..,- ....... -".,•"••C'<'.-!o_.....,.,,.,..~ •. -..._-.,-.~ ... ,.-• .,...._,,.,.,,_ . .,_.,.~· --.... --~ _,...,.. ___ ,. 



,l_ 
·~ . \ 

~ 
! ! 

-2--la-

~~- ,9£! 

Ettrao,t Qf: lSl!l - 17 on gtaowtb or AU~l! -~~ 
.idi I -~~~ ,.,,_:.p ~~ IJ:at I _ ,..,., •.• .. .,. .. '"". Ill............ ~;;::1 . ; 

.... __,__,..........,. __ ,__ .. ~--~--..... ..,,~--- ..-------~-·-··- .... ~ , ......... ff .. .., ...... o~ •• ,~,.~~- ..... 1 .... ~~ .._ • .,..,.~ ..... ..n • ..,... ..... y•:__,..,.,...,.~.,. ............ ___ .......... -., ___ ..,._ -'*"-~- ... -.,. "*"' ~4- -':f ... ~.._.-.-......-- ..... -4,._.., ____ .. __ ... ____ ":' ... _ .. ....:..-~---..-.. .. --.-------·,"" .......... - ...... ~ -

t • 

~;;=~ion ~--·Mb;;;_::r::eh~~lbitr-~~-~~~-~~-~-~qs-;uPs ---·~. 
-::-.:::::_;:;.::::..::'.:::=..-:.--:::.::.-::,::-!:".:=.-::..~~~-::-~::-:~-:: ':':;:"":""-~~-:~::::-:·:!"::!::!:~~~~7"':-;:::!: =~~~.~~:::::.::;~=~~~~= ~-=;:::::=::=:::;::.~::::::-....~..::; ... __ ~_ ..... _ -· ,.-~--· __ .._ 

500 100 lOO 76.66* ?1..18* ) 

400 100 J.OO 6B 'M* . ~· fm:jf25* 

300 100 71.;05* sr.: '(): • ·'~"o 4.9.{15* 

250 100 63.52* 47.·5:>* 42.;99* 

200 100 6'5 ·36*' .... ~ ...... •. 3B.66* 33.B9* 

150 66.66 42.:to•. 28 ;5 *' .• o-.· ~3.5~' 

100 50.0() 26 •. 31* 22.50 l6.55 

so 2f5·e5t) 15.10 g 75 f-...J,~ . 5.00 
... ~.:;~:....;..--::.:::.-~:!:;:;~·;_:-.:.-:;: ~ ::;:.:::·;-::-::~~"!:::"~,;::.-~~:::.:::;:;-:.:: ~:::..:".!': ;,:; ~,::.. ':'.,1.::-~~-.;::.:.: ;!;.:::-:.~ ... ~::-;~J~~ ;!';.!::' ~:...::-.::: ;:; ~!::::.;: :.:; :.::.·-:!;.:;--:;:::; ~~~~'":::..!!!.!!:..~:.:!.!::~ ~ ~ ;;.;_;::,. ~!~ !!::::: :.~~~:.-;:. . .;:::.:.:;~. ~=:;::: ~:.:.~:.."":.....-:;::.:;:;:.:;::--..;;.:;:::::::-;;;:.,-:--·- --..:-...:;::::....--:..:;::.:... 

EDgs = 
ED O = 5· 

)150.'00 

100.0.0 

Regression oons":Bnts .t Y = .m: + c 

!U :::: :~~~ .. ~ ·:·-~:-~t: 

c:::; 
f!'=: 

512..66 

173.73 

·-- . ·<··'·:a-n-· 
i95~-6o"..: 

-.165 .. ~102 
o.:sge 

• Data used tnr J.'iap_,r$amlon Qt.l~Ys:ts • 

?7t~.2tl 

2.57 •. 0.3 

93.'040 

- l76~2Flll 
o~iggg 

391.,25 

288.:40 

oo.~oss 

.: ~""' ·~.'!f,c. . ;.1.~#~.~11!':9 

0.999 

. "7 .. ~ ... -~ ......... '"Z" ...... .,...~ .. -~ ...... :-··~:-··--·t-... ;~~···:·"""=-:-'~-·• --~ .. ~:..-·:·--:·-:-::·:~~:-~=--::-~--:-:·!"!!~~ ..... -..:;--:-;::-~-!!'t:"!';!f~:::':'"-:~"!.~-:::-::::::.~ ... -!:!::=,'·~"!::·:..."'":""-:!'":~!7~·'::"!:;~:::~:::;:.r:t:-:::;:-~.~-;:::.::::::-;.:-::-::::::~;~~-:-::--~..!-=-::::;:::.~z:=......-:t""~~;:..~~ .. :::-.:.."~~-;:~--:-.-· 



... ~· ;~ .. : 
:,..< 

;'ftftzf, ; 
~~-

Zl,."?la .• :& 

I~ 
J 

Etf$~t Qf .. BD - 19 on #OWth ~t Jll!rJJ!it;\1 JDllllm 
It• nz•··~Tl ... WR!O. , .. Nl. ,,.... ••••4liJ!IItll~-:--4tll11~ au::ifi llilb~lllliit; • t "'la81 v•• tl l:@" rR.._.R •It 

'';, \ ' 

~.....____ .... _..--...::-... ~--~-~~-.. "'*--~..,._... ••. ~~-··. , .. , ~ .... ..;,..,...~~ ...... -~!it'<~ ...... ~·....._.,.......,_ .. .;.. .•• _ . .....__, ~........,_..---~ --

~ 1~---~--~~r~~~~-~ ---~--
. · 24 h.otU's- · . . . 49 hotars. J . . . ?2 b.oUP!I :f _ · 96 hours._ .· 

·---·--------.....·-... -..,l-u-~---- ... :w--.:t-o-..---~~---.,.....-11"f>o_ .. ~,-.,. ... !'"l' .... .__..,..,., ____ .. ~olllf* .. ._-l\-.. ~· .. ~·- ..... --t~--..,.· .. ~·o;,.,. ..... a;.._"""~---- --~ ..... ~'"'·-~---~- ....... ~·'I'~~-~~--
·.--·~··So~·-~·---''--·~.-~~~~~~----·~--.. -100"'''""-'~···-·· .. _----···-·~---··~w;;~~..--,,-~~-~···..-~~-~-""--·>-•"'9;:;1-;~:·-···· .. ·-·,~··~---.. --··-w~-gQ;-·--.--~~-----. 

400 lOt) . 92·50* !I· . 

3oo .· ;too 91·148• ...•.. 
.• 

250 · l.OD ?6 •. 7()• 

200 1{):) 6&.00* 
:150 7-6.00 . &a ... &s'* · 
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·------...-~·--- ............. -.P-o,. • .-....... ,. __ ~"----"""'"-'~•., .. ..,.,... .. ~-'OU1""~.••:,.o..,_,,.,...,.,.._...,.._~-4-r"ON.~--•-'"•~"T---'-.......... ...,_ .. ...,.....,.,,. ... ~--.,.. ... ..,.. --........ ..._ .. ,....,. ..... ~.._ ............ -:-<O ...... ••--.,..-.·:...~-w·.-·-,.. .. ,,.-. ... ._,~-~---- . ..._ __ ,.. __ ,.,.4a .............. --.---..-..--~·-'"-· 

!i!»gs ~ 
mDso = 

) :tOOaOO 

< 0.\; "'·'" :<!.)',,li\.,I"<U 

Regression const.l'-ntm .t ¥ :r.: mx· + o: 

m-= 
c = 
r= 

263.02 

aa.·x1 

9!')~!755 
i ""'-" .. r#l. 

- ..t~~. vr'£0 

0.999 

• Data tlsed Eor ragras~i{}n. MalYs1s. . 

4!Yle~-36. 

l3:t.s2' 

. 9;t"g;" 
- i45.W73 

0..;!9001 

630.~5 

186'-.20 

. 8-1.·591 

- 142•5:1.2 

0.983 

......... ~ .. - .. _ _,._ ....... ......,. .................. _~""" .................... '-{ .............. ..., •• ~,. ..... ,.,.;"_ ........ ..., ......... l .............. -..~.,.,.-.~-""·~ .. ~ ........ - ... ,..~._.. ..... .__~ ... ,. .... .,. ............. -- .... ~ ......... .,.., •• _,,.,_..,.4\."'~ .. .-.-z-., .............. ..,;.q ... 1" ......... ~-_,., ... ,.........,~~'"'""·..;,..,_._,,... ......... ..._. ....... _._~:; ... ~ ......... -.. ...... ~'l'"·'-......... ,.~-·-··-"' ........... _, _____ ............... ~--... ~ .. -~ ... ---~ ...... - •. -
... W'---~~'!'•·P·-.-•~-.4·-.)o,O- ~ .. ~··· P~,"" ,'J>o ~-~· 0 ....... ·- olo. ........ ••• ·~ ..... .,. •• ~. _....,.. <P ...,.. •. .....-... , ''' ~·· '><.o .,.., •'"''" ...... ~, ........... .-.. -~""It•··-- ...... -........ ~-=.•·· ... , _.,., ......... ~ 1-10~-:,_.,_...,. .... .,.. ..... , -· ""'' ·-~- ·~· .-......-......: ... •-·-~"'""··-.;-.,_., __ ; ~~ot••"'!- ~- _ .. _. oo.l-~ ~ ..... ,. ... .,., .... ~ .. -· ... ,.,_ ..... _ ,.._ ... _. • ..,-~,-------·~ ....... -----....... ---.. ..... ··~-~ 



~-
~\ 

Eff':ac.t,; 

-210.. 

m~ ;wm !.f';;..t} .-- ~fJ 

't I 

... --.•:-~:- ~...,. .. ,·~~ ...... ,~--.-=~-,_..,.,-;:·>o":'",r'.....:>~~-..U,"o;.~~~-"-~;.._ o..-.~ . .;.:,.. ,.;--.,,;.,.._.,..11_, ___ ..._, ·---c ·~- .. -.-.------·- ,...,.,._.,-"~"_' ••• _ .. .,.,... ,,.,_~· .> ~••#~ • ..,. -~ u--•• .... -. ~"'' •- • 0"-~ ••• •'*- •.O:o ·- ,... '·•• ,•~ • ...,_...., .,,_ .. ,., ':"' ,,. ,.. ... ,-fo>,.,., • .,...,-:-c•·.-- .._ ___ , ___ ... ___ ..._ ______ _ 

Co7~::1on 1·-----,~----~-· --······~·-··· .... !:;~:_~~~':~~~---~~~i~~=~-~~~: ... ~~~-~~~ .. ~::=l·~-~----~-------~--.:..:...~ ... ....-_.~ 
f · .. ! 24 h<lur~ · · I 4a houli.~. · 1 ?2 hGt:T!!_ , t?6 hour$ 

·-· ----:.:;.;·~===-=--=~ r'!'-~-=--==--===-=::==:-::::::::.-::.~::::~=-~:=~~==:::=:::::::::.:.::::..~7...:,:::::-::7"'"·l=.::::::~.:~~--::;:::!:!.:-:!:~~::~~~:-::::::.:::::::: .. _ .. ~_::::._4C """ .. _____ .. _:=.-:.::::.=:::~..::===---- -

500 100 100 90.-42* 84. 92* ... 
400_ 10:) 00~136*' 82.'14*. .. 76.-77'* 
300 100 . 75.;i27* . 72.!1161'~~~ . ' 63. 25* 

2&1 100 67.:,6{)iri> s:3.so~ 56.34* .. 
200 100 59.05* &5 .9QYl .. __ .. .!!_-. 47.50* 

150 86.00 4B.al$; .42.~:·~5~ 35 44* ' ~- .• • t 

100 71. i:5 3l.2S* 26.50* 20.02* 
.. 

.50 49 ... d~Hl JB.l.5 :1.1.,50 s.·25 
r~-==.:~:.~'""'.=-..;-;-:::..--=-:;:~:- ~":ro~ .. :·~=--:..~~=:;:::::·.;::..:::..~ -;::~~ ... ";:::~::=:=:~..;::.::;.~:::::::;~~ .. ~;!~:t~.:Z:~:..:::: ~ ==~ ::.::::=:~-:::.:::::,::::;::::;~:.;::..: ::.;::::~·-;:- :·!" : ....-~:;::·';:: ::--..:::=:-~:-..~~:.:;.:~-::::;~.:.::;~::::::;;.":'.::.:';_~:::-;;:::.."""::::::~~'":"•_ 'f' 

:Eul95 ~ 

EDso = 
> l ;"'r; ~"•'~ 

~ .. ~.vt;• 

)50.0[) 

Regression CQllsttilit.si· l'···:: m:t + ·e: 

m= 
c = 
r = 

z·o· ...,. !'tA o. li' •. Vu 

154.89 

~~ .. -) __ --~.l~ira 
.... l.P0.4l.5 

0 '{%Qd . ...J .... 'H'oilf 

~ Data used fo~ ra~re:ss.ion analysis. 

52·$.80 

l.73~73 

- ':93."13$ ... .. - . - . 

l .a:n ") ., ... 
- ~~:n~' .•. €'" ...... !:\:1 

o.!;oo·· 

618.59 
~0 nf5, 
.(':#t/0··-~b 

.... 9-.1. ·'Ant'll 
.............. - -·-!'-~;;.7 

-169.'401 
o.-.999 

~-::;.;::;.· ... ~:::;~:~.:-::. ;:,:::;._-::;::.;::; ::.;;:;::::..:::..::.. :;;..=-::::!!::::: x::..::..:;: ·::.- ;!.; :~:=:· :~ ;:.; :;,.:~!.: _:t ~~!~!:-:!:~::;:~ .:!: ~'t" ;-:,"!:~ ~;-~-::.. "; ;;.: :· :~ ..... -~ ·~:i .::.-: -;.~;:: ;;::·. ¥_--;: ::: :; -:~~ :~. !: ~- ·:·. :;. ::- ·::·:-::. ::. '.'!'. ~: '-;-;:· ·-;.- .:::.. ~ ----:::.:- ·:-: .......... -:--:-:-~-·"-. -: ......... __ ; ._. __ -;__:::::: .. --:-::.:~~--=::.::.:-..:.. 



I 

"-· ~\ 

..,,...,.~ .... ..,.;;;. 
;n.iJ;., ~ :~ iut u-..i.t. 

~11-

1ali. e r- ~- • ·:wE 

'f 

q . 
:. 

l 

·-----~~~~.n~~~;i:~---~·------·-··--·-·-··-·~-----·;;e;~-;;f!e·N~;·-~};i~;ti~;-~;:;·;~~~;~~~~1--~-r;;;··· -~ ·-· ~ -------~--~~----~-~--,.--··c·---"~"~h·----~~--~·~~---~ 
( f glml )' ~--M-hou;;-·-·--·----~-~-·"·;;·=h~~;;~-~----~--~-----~---i2 n;tW:;·--:--..-·---~·-·-·r--·-·;-h-;;1;~~--~-· .. -- . 

____ :_ __ ~-----·~-·•···->'>''<-'··=~---~~-~---=------·--··---...!------------~·-·-·•·•"'-""'"'".,...•.el=·•Q~·=~...._,c_,_, __ .,_,_ __________ ... __ k_ ___ . -~~~---·~--~· 
-"'~---~------·-··- ·-·~ .... -~~-··----~_.. .... _- ·-· ·----~··-·- ............... ~ .•.. j": .............. _. ....... ....,..._ _ _....--~···-·~....C. ........ _ -·-~ ....... --~----,_ ... _..,.. .. __ _. __ ... ,_, ... ....,., .... ~ .......... '?,_,..- ........ ---· -·~ ...... ,._._.,.~-~-.xo.;.·""------: ............ .. 

&~ 100 89.09* r.o.-9s• 75.Sl~ ·'.;; 

400 100 87 27·~ 11 . 81.52~· 73~55'• 
. ;1 300 100 ""El Iif\tt. ·.r· .-~._. -- 71 .. ~l:f&~ es.ss• 

250 '100 70.90* 63.'Q41tl 57.00• 

200 100 64:.'5iJ* .5().··· 48.76* 

150 100 sa.90* 49.;50* 36.~36* 

100 76.20 dl5.4S~ 34. ?a~ ... Z7.27* 

50 52.15 25.45(11 21.25 l.5.l5 
~ .. •• • .,. ... _. ...-.,.-..~.-,- ._.. ... ;:;; ................... .,., ~··• •• • ~ • • ~---· -~ ~·~..- -~_..,..,~- ,.,_....,... -· -•~ •-;• •"" '"' -, '" .,. •• • •. ,..., •• 1:.h • •• ... ~. """'' ....., •• .,_. -· ,_...,. ,,., • ......... ~ .......... c•• •· t ~ -v ""'!' ~•~ .....,._._ •>f.,..,. .. #~--~ ,~-·- .. ,.,. . .,.~ .t- ·•· .....,.., .,...._ ~-- ••· ...,.. •;to·~· .._,._I""· -..-.- .. .,.. ........ _,..__ ,..,...,_ -·- -...-·-- ,_ .. ___ ... ._ ... --..-~-- ... --...---,.-·......,... .... -~ 

·-.,~ ·•·• •· • ,..,- . ..:,~,_.- ~..._..,,. 10.-• oO..of.,o_j.-o.o,.., .. , "',,.,,. ·•• o\, I~---~~,...,...,_,~'!"'',. b...,-~ ... le '"'~1·-• ,,.,,. 1.'•' '' '"' •~"""' •. .,~o..,·oJ,- ............ '"'·••·>t • .,J "'''f··"'"' .. • t-( ;, .0~· ·r- •·f''#t'\·--•: .... ,-..,..~.._,,..,,_..,,,,...,,,._...-- ,,,..,..,_, ... ,...,., • .,.,.,.,_....,...._.,...._,.-.. .,._..,._,.._,.....,.....-,...~.., 

ED95 = 
"~:n .:;: .!!1.,..50 

>loo~~-oo 

(50.00 

t:l<$n>'i'O>'loo~i!04-. ... ~ .... -.-:;;..~-+-,.• v - .~.,.,., .i.l.:. ""' -~A".;g..,..:J~ yq-4:;1 .. ~4.\""a>"" 4 - -~ .,. '!-'' 

.m= ·!.~- !IJ! ~-:·~~-; 

c = 
l.'-= 

MS.M 
'114.81 

6.5.623·-.. ,. ' 

. ~s '"Au 
-t,.jt' ... ~ 

0~~~1 

* i)at~ 1~sli.f~ f~ ~ag~¢s::~1o~ :$nf"tl?s:ts .• • 

602.:5.5 

100.4!1 

76.S:"ZB 

...:llJJ • .ttOS 

0.9~ 

758.57 

199.52 

7B.'5i~ 

-:131~{178 

0..995 

•· --~ _ •.•• . ·: • .:._ ........ #-..-_.,.;;·;.: • ...:...._;. ~: -.; .;, -_:: :~~ :'!,' ... ":: ;;; • .:; :·~ ·:;.. ;:: :L ... : ;;- ~: .... ~~ ::.. ::. :..;..~--~-~-~- :.:- ~~ ::: -~: :~: ;.~ .. ;:',. ,;. ~.;.. .; .. :. .:~-:- .:. ·.~ _. .. .. l _;. .::.. ~. ••· ;- :! -~- ;; ;~. ;~ ~:.:.::·--~ :·.:.: ;~ :.:: ~;. . .:.~::;.: :_;. .:. :!.-~; .:· ::. -:.:! .... ,_ ;:. ;:..;::... ~.;,..;;:. ~ _.. ...... ~ .: ...... _:,._ • ...::_"'::::_-.:_:.:=..:.:-.;:::.~::--:::-..::-.:-.. 



·:'l. ·-~. 

l 

~ 
~~ 

l· I· 

.... 212-
' t;~ ~· Jn!a' ·~0·~itl. =>-rr;x.: 

.......... _ ............ ~ ...... -~--~ .... - .. -....... - ..... ----1"""-·--~-~ ... -~-~~~--~.._. ........................ ,. ............. ~ ... ~i>-«4· ,.......~ ........... ~ '"""'~-~·.-....;o..;o,.•-....; .. ~~· ............... ~-.... -~ ....................... ·-" ... J"-~ ... ~ .. -.r ... ~.·""v ..-""''""""''"'~~·"''""'~-· ................. ~ • ..,.·~-- ..... -.r: ......... 4 , ..... --·~ ...... _ .... _ .. __ .. .._ ........ ~--.......,_...."4.--···-.. . ··-· 

eof~=~iQn ~-------~---.:~<l_~_:>!:~t.-~:~:::.<:;:.~.!'-.c~=~--;~:~r---------------;----
. : I·· 24 bau~s · · · ·I:·.- 48 bou~s . ---1-;. . 72 b.Qltl"$ :. i · , 00 hou:rs 

·::::::.::-:::.:::·;;:::::::::':::::: :::.:::::::=~::::·:-:·:l.:: ·:~: ·:-·:: ·.:::; .:::-:::::.:::::::.:-.. ::::::::::::;~ ::~~.;:~~;::':;::: ::::: ::::;..:::::::::::.:: ~: ::::-::::::~ :;J::,, ·: ·_·, :: ::~ :::.::::::.::: ::::::.::·.::::~·::· ~: :~;::· ::~!~: ::· .-: ::~~:~::::::.:-.::;.::::"::::::::::.:::::-:::.::_-::::::::·.:==..::::::;;.::: 
500 ll10 100 B7 50* ':·-:..· ' 77._96$ 

~00 l()£) 83.:33* _, .. 78 7~ -. ,..,. u _. ,. ·' ' ss.·so~. 

.300 100 68 ·"':!)* :. M.Sn* ., 55.93~ 
·-~--

1• 

260 1.00' 62.'•00* so.~· 47.45*. 

200 lOO 62.75* ,. >~'lQ.'OO* so ~'1* .... ;.,:. t.:. "' 

150 70t.58tl~ .31).1}3()* 
•:~ 2!5.0~ '23,723 

:too .. Be . .-'1o~ ,, 23.'rtl'* l:.l .f':()$ ,. ' '14.10 ·.• 

50 ~U.!·l~ l6 :r-•• ;!;) 10.00 6.:53 
-1 !'• 

..=::-::·.::-~"':~=-=--·:::.-:;:::-~::-=..;:~=..:::::::::~~::.::.::::::.:t.::::::::.:::::::~::.::::-::::.:: :.:::: ~;_..:::;.: = ::::~:.;·:.;: :::::::::::=:=.::::::::::-: ::~·:~.:: ::~:::. :::::::: :::.:::::~:..~.::::::~.;:::::: ~.::::.:::.:::::..:=:::::::: -=~~=:~:':.;;-..::::::-....::=---.:::::_-:: 

'• 

1$1) m 
95 

;a~a 7~ 
'' .... "'' 

EDso = 6606 •.. ' 

.a~.;g~f:l3sion co11~t~.Jl~.s; ! ~ ml: "~ e . 
. ·01 :::: 62.:269 

'.I ~ .. 

~ = 
~= 

... 63~~~; 
n.ng~ v.a> ~ 

~~~,.00 

JB6.go 

98.1181 

- 1?4~:025 

O.i999 
* D<tta u;;ed t';JJl:' r.ong??f.C~m~i'QU. -~n~.!t.:t~-~-: 

e 

.:;:!~_, .. ...., 
t;;~..::u_...,s., 

229.'0& 

100.689 

202~~17 

0.986 

10.1.94. 

257.03 

102.9-':~B 

~198 •. 760 

0.999 

._ •. ~"';'_''.•!".:::"..: .• ~.:;~:.=-!'":.~!.;':•: ;:.;:.~:", -::..;::::. •;-.:. r~ 't"· ~-~'~;:·::-. ::;.,;c-.·::::-~:...:~:~! :=. ;;.: -..::·-::v~==~;,;:!,!:".':.:~:. ~;;;·:: ~· :;~ ::_• :~:.;.·. ,!.' ;'"~. :: :;;: :-;::::.-:.:=~· :;: -:::-: ~:; :~· ~= .. ~-r.;~:: ;!'" ~-::~:~ .;:~~_ .... :-;.~": ::• ~; .:.::.:.:~ ;:-;-, :~ .• 1: ~= :~ ~~~; .. :, :.;, ~-~!: ;..'!: ~!' ~"!. ;;.: ;~ •~ ~ 'f "•;; ~:;:-;-:..:,:-:;;:;~.:::.;.;: ~~:::-::: .. ::-:;-;-~~~~.':_-.:.:::::!,·:;.._.,._ .-:~;~·::~::t.:"~.-~ 





I 

~ 
~~-

.;.214,.;. 

!t!.U-~-.. la.:'t 

r '"'· ·y 

.............. ____ ..,. .... ~ ,>·-··~· ·-~----- -~r----··-- ~ ......... ,... .. , ~u .... ~ .. ~ ... ,,,_ .. ->-=- ... ~ ........ -·-... ·---:"- ,_ :---~~ .... --.......... -,~"-::<·· ... ._ ... ~..,. ......... _.. ....... -.....-.. .. --....- ......... -.-~ .. ~~ .. ..,. .... ~ .. "', .................. :-~-........ -........._.,...., ----·-~h·•""' __ .,_._. _______ ... , ..... ~----- ... -.~-----------.. ·-- --
ConcentratiOn I Percenta~e of inhibition ovar control arteP 
( fglral> ~--·----·v24--b;;-;-··--····-~----·41i'·i;;~-~--~---~----·-r-·---72··~;~~~;·;·····-·--·- .... ~~--~··-·-·~oo-h,~;;;---·~------------

<C7"'=<~0""·""'~"'~ t, ==o: =~·" =~~= ''" '"'."<""'"""' L =. =~=<'~""''"~<" ;~:""''"'"'""'}=:;ceo:''"'""'"'"'"·=··=: '"'''"J ====== ====~==-c:.::' 
500 100 100 100 ' 100 

400 100 100 J.OO 100 
300 :LOfl 100 w.so•. '91.1?* 

250 100 ,. :100 9:) 47*' . . 86.76* 
2!)0 lOO 91.83"!'< 83.3:3*;' 71 94• • ·.;.,y, -· 

l5o 88.50*" ?9 59*' . ' ' 
73.80*. 67.64#' .. 

100 75.0~ 65.3~. 59.5R111 52.'5~~ 

50 59 .• 0.0* 40.srrl9:· 2fil.OO* 24.50* 
·:_:::...-::::-=::.:;:;::;:::. .::::.:::. ~!.:::.: ;.;:::::~:-.==~:.~~;:~-':.~:.:- :;- !:-r~=.::;.~ ~;:::;::;.-;.;: ~ ;.;..--:;;:;. !:.: !:!:. ;~~:; ::;::;: ~= :.!! ~:~~:!:.:,;..;;; :,:....;.: ... ~:: :-~ ~·:~~;::::::..::::. ::.~~-..::: :;:; ~ ;:;.::;:.:.:~~ .. !~ ::;- .::- =-~ ;!-.~=: .::·:·.:-·:.~._~·::::::;:'!'..':. ;:=:;.-.:;::-;;:~;.~:.::-~:;:.::;;.;:-..;:;:.:-::::..::.:::.:;:;::;;.:::-...::.:.;.:;;~---

.ED95 = 
EDso .= 

ie6.1'4) 

3~ •. 81 

ltegressi® const·ant~u Y = mx -~ e., 

m= 
0 = 

66.924 
... 57.Ji59 

r = 0.'~7 
• Dat.a t1sad for l:'$grass1P.n ant\l.y:s1s. 

2lB.77 

63.09 

83.003 
-101.205 

o .• s~es 

269.115 

B1.2fl 

·ss.12a. 
- 114.540 

0.998 

309.02 

93.32 

86.55-1 ' 

-121.071 

0.999 

·~ .. :".:: ·· .. --::-::-;-~.· :::' ~~--: ;.::.~:: ~-=!"::-:.:!: ~:.:: ;::_:; . • ::.::.:.·"!: '!': -..:~ ..... !.. :t: ~! ~-:.:. ~=; ::: -~~ •.:-.--:;;· ;::- ·:. :..::: :~ .. :_~;~· ~':: :::!7 :";" ;.:· ~:-: :::.::-:- ~: :;: :: • • -:-- ::_;:· .;~ .: :! -~- :: :-: ~:: ·;. ;::· ~=- ::.- :~ ::·;:: ::.:. ::; ·~-· :::- '': : ~ ~ ::-. :':'· :!: -~~:· ::--;:...-.::-a.:.-;;~::~·:~_::.:::"-~=:.¥~"":::""::=-.:--=-:-::-...:.:;:::::::'""---.:·::.:::-_~~.:::::.--:::.··:::.";--:·---~ 
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.215-

.Wtteet o:l Bil . - 10 on .sp(>re .g~minat1>£m inhit·rt~;~ ot 
_, - ••. .... ,!'I 11-~T ,...m, ·-··--~·!n:s ·~ ............. : ...... ~t_ ...... -'?"'-~ ~i·· 

· . S!;'hr.Rt · ··~ i1 'flo! ... •· · aut 1 v• • r 1 J • 1 •• a • • ; 
..... , 1R 1 I • •utus-. ...... 1; t 11 J b 'till . 

I 
'·;.;.) 
'i 

----··-· .. -....- ...... ~ ... ---.-~~..-..-..-~-,-----··--·· ...... -----·~-~ .. --.,--~....._--... --~-..---...- ... ~ ............ _ ..• _ ......... ,.. .......... ...___ ....... ____ ._ ... ___ ~·---.... -....__ .... _____ .. _,_...., __ .. _~ ______ .. ___ ~-~ ~ 
i . - - . . . . 

Conoe.Qtratit:tn f----·-·--··.:.:.·--·--·-·-·--·~-.. ~~.!:!~!~~:'!~! ... ~!_!ttt)~~:~~~~~~-.?2!.::..?_;~~~!~~-~~:...~.----·-.. ~·-·-···~---·,......---.,..----~-·--< 
. ( fg/tt!i): .L~ ... ,.--~·-·----~·-·····--~--~t!~.~ .... ., .... -...... -..... --·-···,-·~~--··~1--~-·--·--~---·-~··"~·-----~--l?:~~~s ~-·~----· .. -·~-~·-·-

·.-:;::::.:.:::.:.:':::~::::;;.;;::.ti,:=::;:,;:;~::;:.:::::~ ::;.~:;.=:::::L~:;~~::::.;;,;:~;;.;~::.;!"~;-~~Jr=~~~~;."";; ;:;,;;::~ ::::::~:::~::.:::;.::::;::,;!:L~..:::::,;~. :;.;;;;.:->.:: ;::.::;;;;::~:: ~::;:;::.~:::~:~:;;.;;;~;~~l~":.:~~::-t<'!~~~:::::::::.:::::.:.~·;.·;::.;.~;::.·:-~;..-::~·;;::..:;:.:;;;;;::.;:.;;~-·..:... 
2000 100 6~ 

'1600 71* 55• 
1200 51,30); 00*" 

l.OOO 44~ 3l~ 

800 31* 9 

600 .l?* 0 
400 Q .() 

/ ··:::.:.::: .. .:.::_~"!::-~,:,.~;;::.;::~~~.t~::~;:..,::.;;:~.;~::;.:~~:~.~-:.t..~_;:::.::~l!'~·:;;~~!.:":::!.~:~~-t:~~f#..::::;:::~;~;;;;:.~:z-~;::.:!;!~:=::.:·:.:t;:;:~:7~l:!::~~::r::-::;;:::~~:-:=.::-~··:-~t:::~:;::·~~:-!:'-:::!"t:~-::::.;:~'!:c_-:::.-::·: . .-:::~1~~--~.::::r,:;:;:r..:...>:~ .... "'::'=.=l' ... ~~-.. ::::-..:~·-:-::~..::.: 

ED ==· . 95 

EDsr;{;; 

· Regret:Jsit)ll constants ~· 

m .= 
e= 

2t!M.70 

1000,.47 

I = LU.: + C! 

.12~.·99@ 
' 

-3~3ji2Sf5 

:r- 0.900 
* Data. used for ,_.e~es$!on ana1.ysis. 

-· -· 

3630.78 

l4t45.~13 

lllo737 
.-300.,894 

o.·ggg 

,. .. ~,.,.,.__~.,.- ... ~ '-'..-~·-· ~ ~~·-'" .. ~.-:,. ·• ._....,..,...~..,-~ .. ,...,.._...,._ • .,., ._.....__.,,_. •. k.....;: ~~· • .., .... ~ •{'· ~· ·~ F>·-"• ~ .. <"._, ......... ,.. ,..~ -~- •r• ..... ...,.,.,.. ·u~,._ , ..... .;, ~ •. •••· ..... - ,,.,..,. .......... ,..,..,...,,... ~-- ~-•b_".,_....,;o_.,. ·-·-"'.:-'"'_.._,_.,. ... ,_. .. ~.~~- •• - ... ~ ~~..,_ 1>~ ~- ... '\">,..,_.-~• ..... ~ ... ....,... ........ ~ .... .,.,,....:.., ..... ~-,-·~-'"-..,__,.....,.-. . .__~..,.--- ......... -·~ ...... -._,.. ____ ~~.,~--·"-
• •• ~~,_ --~ ......__..,. ... ~*~ ... c., .... ,..., •·-·~--'"' '"'' ~., .... -~ .... ·..-, •• ,., •.,• ....... ,. .,., •·...,- ,.,. ~,_ • .,_. ••- -1.• ,e.~"'· '"' .•·£ -•· .,_..., '-"'· ,.,.._ •• ~~, •• ..,., {-.'•"< ~ .. ..; ..... •·• •• +• ~1' '"' • ""~ -11-' \.'to-r""-'~"' -~- ... r .,_...., ~""'" .. ~ • • .,. ~· ••:.__._<!'-"'• •V ~~ ~.-;,. ~..._: •· '""·~· .... ,.~ • ..,.._~., • ......,.,~..,.,,,.,....,., ,_... • ...,, - ~,. "'"'"""'~-.._.,._,-<~-_;c-.-..~_..., __ .,_,.,~.,. ....... -• •'-'-""-" ... ,,.,..,.,__..,..,_.,_.,. --~··- "' 



'~ 
" 'rl 

I >/ 
1~. 

, -2Jn-

t~-..,._JJJ! 

Wf'£ect of' ·Ell - ll on amrt;;~ ,mermination ot ~~'t>.r'[!illus 
d- 9 t TF .,.,.. ,..,. .... II I< ... IPtS·~ ~ ~~ j _, ...... ~~- ... , ........ t::f Ijf JJ [ It ft' 

~ 

~onc;;;~ti;·~~--------·-·--~---;~nt~;;-~;~;;~~-;;;;;~·~~;-~~~~:;1 $f'f#~;·---· ~--
' - ·- -·-- .. " ____ "_,.. ___ ,···~o->·~---··· .. ·~-~-----·~---.. -·-·-···-.. ···r-····-·~·--·----·~~----·---=----~ .. ··--·~---~·-~ -~-------~---~ -~ -

(\.-.. Ff!lmll ! 24 h.olu-s . . . 48 hour'S 
r··~-·--:-·ji!iihfbiiior!'-·--·-·-·-···--·t·--·~·..-·-~-···"-·-···--·~--·~--·"''}f'Itiilibttioii'-----·----~---·-----·-----~· 

: .. _:;:-_-::.=::--:;;·::-:::::::-::--:-a..::::-·~:;~!-::-:::-:--:::-::·:::-:-.=:~.::-·::::";:::;-!';:~;;:::::-::-':'!'::;~:!."::-:::7~!..~:::::::-::=-~~;-~~::--:-~~;~~:::·::-::.::-:: .. ~~!~.:=-::=::~:::::.--::&·:;7~~;o:;::-:::::::::~==::::::: .... ~--:::·.::::::-·=-=:::~=.:~7-=..::::=--:-=..:.:::~ .. 

P-000 93* 74ft. 

1600' 7011- 571(. 

1.200 45;t: 35• 

1000 26* 9 

a~ 7 0 

600 0 0 

400 0 Q 

r.--·- ... -----==-:-::=--==:::·=.:.::::::=::::::::.::: ===:::-:::.:::::..-:;::::.:::;:::-::.:::; :=:::::::::.::!:;::;::::: :;~.::: ~===~..:.:: ::::::.:-=;:;::::::::::.:::-::-::: :-:" ~.:-;~!~;:: ;;::_:::·;::: ::::::--:~ =~·~:" :::;:·;::~.:=~~-:;::::::::;::::-~ .... -::-=~::::--:':."':"::=::::.::~~,--~-~-=- .. · 

ED95 = ·-ED -· 50 

l~J5.26 

1258.00 

Regress1Qll con~atants t Y = m: + a 
m = 218.·af.71 

c = 
r = 

..626 .• 7.f?J.O 
o.ooa 

* Data usad .f'or r$gl!'e$91on. arAaly$1S. 

2630.26 

1412.~53 

l.69.M<l 

-4RS.527 
0.999 -· 

--::-::;:=;-.:.:::-... ~:::~:::::;:;~ ~:;~::-.-:::: :::~:.::~.:::::: ~"!: ::.::.::;:,:: ::~.::..:::.~~·.:::::;~::.:~:::·:-;~; ::~::-:: :::::..::~:..;::.::::·~:'-;:: ;;, ~-=- ;:~ .::~ :::~:·~:·::··~:: :-:-.:·~·= :;:;;: ::.: ::: ~;: ~: :~: ::·. ;~: ::. :·;: :;: :::. :~.-::: ::'·::7::. ~===~:·.;.~.::.::::~~== .. :-·--·:-..::::....-:= . .::..~:;:_-:::--....:::.:=.:::::-.::::: 



" '~ 

~217-i 

~--r .. ...uq 

'r 

Etteet ot 33~ ... a on .·s~ :~~1on tnt~::tbtt:tOn ,~t· A$1)3JI,;Ulus .!!1.,~ 
'.1. I L '.-._ m• I. l J :t Ia ......... , ta:it...,. .... M4 .1!111!1•~~- *"' lb,t ••. ,..._....,. ...... 111iM . A 1f' •• ; :u ; : f$11; =====--- . . 1 I 

-~J· 
./ 

.. ·r-~-,;.--~.._~ .. ··-;~ .. ·--· ...... ~t-- .. _ .. _ .. ___ ...... ,_ .. ___ ... ..,..~-~ .. --.. cot-0----·.,.. ... -,. .. - ~-~--9--................. .-.. __ ,.,._:..;...;: ... ___ .. -~ .......... ~ ............ ---.._.~ .. ~ ... -·,...'lc~ ~~. .~.. ""' .. -

ConcGlltratiQ.D ·i. .. · . .·Pe~entQ~··or ·:tntti~ttton_ov•·t,-ontr.'ol ·~te~ · · · -. . '. ·l''"'-·---·-·..;.,-... ••·~·-:•-~,_·•···~.----. ... ----·••'•'"·-·-·~--·-•-•••..,,~........_ ___ __._,_,.~---·•...._••--~..,_,.._,,,_,~.,r~·-·-·-·- , ' --":",""·~=---

. (. f .rna.>. 1 2-1 hours- -. J · · 48 nom-s . : · 
.I -.. ·------·~·-j'·lihi'bitioi1_.~-~-·-----~- ... ·--·-~r--·--·-·-·-----·-·l-±iii1ibitiM--·~----------~-~-~-,.:--··· 

~-=-:.?:.::""~~ ... -~:=::!.!!,::=;:.h:!:-:::.::::;.:::;:::::;::::i:!-;.;:·!:!!.::;:::::-~-:-~~....:::-.::..:::~::o-:::- .. ~·~i;:.::-... ~-;.:;t~.;:;:~;::~;:::~;:~;::-:;:.:t:"'...t;..~ .. ==~=--;:..~::~"j!.::!~~!:'~F~- ---~·~""'"'·· --~!::..,..::::~ -~·. -.::--~-~~ .: . '.' ' . 

:2000 .· . ~ ,_ - ', -. \ . .... , 90* '15•' 
.,. 

1600 ' ?8* ·G4* 
'· 

;moo· ~ --46~ 

.__ 1000 ·:t;b* 3"/•'lt' 

$00. 49* ·t6~-. ' ., ... - . 
'• 

600 ;n• '' 0 
'·, 

400. 23* .o 
. .. . 

· ~ .. -..=..=::-....:::=.=::::;;;:;-..:::-;;::-=::=.::.;;::·:-::: .. ::;:':::!:::::-;;;::;.-e'!";-... ::-...::;;~~~~-::=.::-~-=.-::=::~:;;::~;.. ..... ~! .. .--..:=-=..-: =--~.::.. ~-.::~::::t;~;::;::::·::: ;;.::.~:::.--:~..::-...;:;;:::~:--:~c-:;:::~":::==:=::=:==:-=-..~~.;:-.::::::::::-_._. 

ED~= 

BDso ~­

ies~~~sioti ,constants :t 

m::: 
c = 
!'· = 

2290.86 

m~?A 

¥=:m·•c 
. . . 96 :;sl)ll'lt 

. •. l;,KO> 

·~~159 

··Q.,$9a 

• Data used tor ~~l?asslQn an~ya1s.: 

2Sle,.:as 
,_ 

1230~: 

.326~'178 
" 

-~~a'"f.;t02 
o~·goo 

":.~.::=:::-~~~:.::::..~.:::~=-==-~=~::;:;~~~-::;:;::::.:::~ ~;_:::.:::=:-:: :~~~~t:.:."!:!t~~·:;;:::~~ :::::::_;:;!::::-:~::·:~:~~t ~-:!.":!!: ~::.~::!:!~:.e:::=:::.;:::: ;t.:::.:!."~::.!!:!::~::.::::~:::::!:::r~~-===;:=.=.=:~=.:.~~~ 



,,..____ 
' 

' 
'.2JB­

Ta'bl.e ...; llD 
• t • 1 A a• •• t ••• 

·y 

Effect or BD • 14 ·Q!l spo~e geJ-minat~on 1nh1bit.1o.n or ~~~P1~1f;i;llu!9. niger 
.. l ao•t i I • I lil!f ........ :! a IJ _ d . :_e_~· "W q;'11r'Q ~~~"""'-~t!l" o:ll<;C8ft'~..__.~~...,._ =r J :.;: = 

I 

·-r 

·--·~·--- .. -- ... --.-~ .. ------........ .-.-..--j.._ _______ . ....,.,~-·· .. --~------ .. - ...... -..--...-_...-....... ....,.. .. .._ • .,_.,. ___ .• ,_ ... ,.,__, ..... _.. ............. ___ , ______ .. __ ._-.. .... ,.__~----':""'·- .. -: ........ ...,.-r-··~~'S!>~ .... ·-.. ----:-··----... --.--.-.._._ 

Cone( · eng/· tra~) ... ion ~~-·--~-~~-~~----~~~~~~~--~·-~~~b:tif:_~~-~~~~~:.~~!:.t_:o~_._af~::_---~----~~----·----
f ml 24 hours ~ 49 hotUi'S 

______ t=--=::1C~~.c..:=~=:::-_:::::-t=-=:::::::::::=:=][~btt~J!____::_. ___ -~~ 
-----~-...... _ .. _ .... __ ~·--ot.-·•·-~·- .. ·~···~.-.. .. -............. _ ... ~-··...,~ .. - ................. -.--.. .--.... - .... -........... ~ ....... ,..-...... -._ .. _ ..... y .................... ~-·.v'7"•-·-o>••·~··~ ..... ., .... .,..., .............. - .................. ~-,.,~ .... ..-4.••,.--~ ......... _. __ .......... ~ ... .., ...... ~-.. --------

2000 87* 75* 

1600 78* 63* 

1200 66tt: 49~ 

1000 60* 40*' 
800 4t3* 31* 

600 mfl;) 0 

400 23• 0 
....:::::~=:..-.:::~;:<;:::;:-... ~.::::::::::::..:-.:.:.:..::':::;;..:.!2.::..~~:;:::,....:;.:.~.;;..::-.-;;·:.:; !:.:~~;~~=~~:.::;::=.~~~=:.:::;.:.;: :.:.:..·.;::~.:.:.:::: ==~= :~:·::';:::~ ;.:::.,::.;:::~:-~·;.;~~-=:::!:;~!~;;.: ;::,~;:;·:--,..:;..~:...~~;.!c~:.;;~_;=~~~~;.:...~:- - --~-- .. -~-------,....--~.::;;. 

ED96 = 
EDso = 

23$l9.t83 

794.i:J2 

Hagre$sion constants; X = mx -+ e 
m:: 
c ~ 

00 •. 767 

-2.19" o;ls 

r = o.99~ 

* Data used far tlf'fgre$$1Qll atlal7s1s •. 

3019~'95 

ll?4.'89 

no.:gao 
-201.776 

0."998 

. -~·-.:..;,z.;.:.:::-:.::;.;:;-;:.::c:;::;:::.";.:::.=::-::;;.:;:.;:~;--~;:::.;:: ;;.:~.:;::::::::.::."":;:.;;.:.:;.:.::;:::.::;·~:;:-:~: ;~:::.: ::::;;::.::.::::.-:~::::;: :~;:: :~:;:: :!". ::-. .::::: ~:::!: ~ ·:. "t, '..!; ;:.-: ~=-·:: ;:: = :.:: ·:: :;· ;.:. ~:.·::-. :-:: :..:- ::· ::.·:;::~-= ~-~~-·:~ :: ~-!:~:':'!::-::=~~:.:..::.:::::-:::::.-::;;::.-.:;:-__::;_:=;::.=.:·.:-....::..:::.:::.:: . .::~:-; 



,'-, \ 

i~_ 

.2l.Q.. 

:£~1&21 .~ .l.tM v. 

~ 
.I 

ltlt.feot _¢ ~ - :1.5 on ltPQl"e _ ~~rm1Mt1on ;inhib!t1on. o; .• ~~P.J.~i2-alns _n1t~:e!-•. 
•••u · · · t z?llt tMi•••1!1nrr~. •• ••• ..,.,..,...li' .. •.~·••••:ll• ·•u .:.-·~tisiro~ ~~~ •l•-""*•t.:~~~·'~•' .Jt~ .·. antr;,..,:\..·c•a_ ttl 

··,I 
;7' 

. . . 
__ ..,... ___ ...... __ .. ...,. __ , ....... o-. ........ _1?~--i·-- ·-~ ...... ~., ..... _ .... _____ ............... _,_......,.....,. __ """-' __ ....... -.~--__...._------~---..;,;~~--~--~-· ....... -·---------~.-.-c.CJ>-~--~- ·- .. _-.a _____ _ 

o~~mir;tion_L---e~ ·----:-·· .. -_~·--····~·-__ ... ~-~_ .. c~~~~~.-~.~--~~~~f'=-t~-~~~~~~~-::-~e.r ____ · ----~----:'---_ __ 
-1· · i ·. 24 hours · 48 honra __ 

t~---~· ..... --·-----~-: ·--~ -~-·_''":""·-:-::.:-"'~--,..,..--------·-·-·~-~·*- ______ ..,.~ ... :-·~--~--~---- .:... .... ·---"' .. ~-~-.~-~------~-----~ ..... 
-·----·--~~··••n·~--:~Jw:- - -~ Z!!'!~~i._~--... · ----L-----·---·~----··,.-·-·---j ~~.:t!~tt__ ___ _ .,..,.,. ____ ..._._.-.__. ... .;.._,, .. -·='r..:',~ ......... _,...,. ·-·---.-- ... ,.. ... _ -.---.- ... -- ........._~-·.;~-":;'; ~' ...-~ ~'!-·~~-- ... -~ .. lo\ ___ 0 4 .... ~- ......... -· .. "}P-~ .. .,-....._:.~·---··-··~--·<17'~- ....... -...... ~- ......... 4,...._, .... 0.. ....... - ....... ,._. .. __ u_ ... __ .-........... __.,_,.._,,._ .... ..,_ .. ___ •_• _____ .~ .... ..-----

2000, !tOO ?7* 
: 

1600 81P 61* 
1200 6'9• 49* 

--
1000 58* 37* 

I 

800 1 44* 23•· 

600 ~s• 0 

_400 0 0 
•-:----------·==-::=~·- .. -.~,.._..-~==~• ~.::..;.:::::t.:::.::::::~~::::-::::=.:::::~~::.~~·=====-..:.::.:::==::==::.==-=:::::::::::·::=:---.-z.-~~::-;:;::.~~=-~~------.___..;.~-:.r ·~·-----:-;,._. .. 

~:0 - 96 = lal9'f7/'\ _, .. 'i;l ??M.22' 

EDso· = 870 •. 00 1230.~6 

Neg:resstOl'l constants t . :i = ~x ·+ c 
m = 140 •. \561 -131.175 
c =· ~363.816 -356.45 

~ = o.;999 0.:995 

* D.ata used :toP regres~Ji~>n Mml-Ysis •. 
·::~ .. :=:-..:.:=:--_:.:::.:::;::.:;:.;:~~~-=::·~~:.;:!·~.;;:;.::::~;;::::~:.:..::- ..::-:::::.::;:-:: ~~=.: ~ . .::: ;:::~;::~ :::· ~::!t:~ .. :~;~:~:;.::.~ ::, :t :.:~.~~;:::..!:::::::::;: :'!"~ ;:...::-:;;~t.::..:: :;: :;.~:;;: ::;·;:-;..~~~::-:::: ==·~= ;~::=.::::;:·::.:::: :::·::;;~~:::~:::;,...;_ __ _;;-~:'~~..:=...-::::.:::::.~;::-.::: 





,( 
~ 

-22!­

Table- JlG ...... -....... 

., 

l~~f'GC~:.~;,, ot BD ... 17 on SPQP(i! rg$~minat1on inh1b:tt1on or. 4!~~ltSl!llfJS RV:s• 
-' J .. ··~··,F ....... .,..... ~!1*"!-•JJII ,.. .......... " t ... , I ~ ··-.- .·. ~ -... .9 

~· 

·-c;nc~t;;t1~~- ·~.i~-~ .-···-··-~- .. ---~----?·~-·-;;;;;~t;;;;·~;;~~Mbit:l~~-;;~;-;;;;~t~~l .... ~t~-----~---· ---:--· ~-
( u g/ml) · . -·- -------·----·· ···-24 -~~;;~;-- .... ·~--·· -................ ~·~---~ .. T-.... --~---·-·-·-····--·:--·,-·--·- ·-···---- --4B ... ii;;;~ ---·----·--··~~~-"~=·~~ ... ~-~=-=~~--=--~. 

I . . , 
· ---~---~-··- -···- ···~ .. 1'i--tii1lib'ititm -·--·--------~-----~---.. --------·-.,-·- -~ ... - ·······- ·-·:»··mfilb'itioii_. ____ · ....... -· .. ~·~·-··---·---- -· 

____ ... _ .. ___ ..._.,..,._,..,_,_..,_,. __ ;..----..--..--··--~---...... ~.-·- ..... .._,... ___ ~·-·-..-·-----.-c.... ....................... ..o-,:: ________ .._ ___ ~-~--- ............... ___ ~~ ......... ----.. --.. -----~--... -¥._._._, ... ~- ..... -"-----._....----.. 
--·-----... -.~..,..-~:>"-•-.---- -~----·~--_.._,......._..-.~ ... -, __ ,.,. • ..,.~,..,.....--.~-·,-.D~..-·-..-...-·-----•--..,..•-~}-•o-#--:L-~.,...__ .. .__~~-.•-·•-- """•r•~- P"•~•- ,.,. ,_....,._,.._,. -~~•·•·.-..-~ .. ,.._ .. ,.,._ ,._..,, ,...._,...,._ ...... ~ • ._~~-- • .,.~_.,.. .. _.,.,., _________ _ 

2000 100 100 
1600. .. 

~lOQ 91* 

1200 . ' 76.~ tm'it 

lQOO 62• 49* 
800 47ft: . 33* 
600 21., .. 12* 
400 0 0 

:=-:::::-:-:::.=-::::-:-;:-~=-~~:::;:7!";'!;!.~~-::~;:~-:::~"!'!'~.:..~'!!"'.:...~~~!.~~-;::~'!.:!.~~~~·=---=-=-=:::::-::t-:-:'!!::·!':!."'!:':":!:':'~.~~:-:--~~'!!':~-~.~tr~~~~'""t!-.!!:~~~~~::"' ~ ::-~~~"'::'~~~":~i:': ~ ~..-!'!~~--=:-:~~:=:.~=-~===-=..:::~...=:-- ... _:~-:-
EDgs · ~479.\lQ · :t005.'\46 · . . . 

®so 831.76 :tooo.oo 
1leg~ess1on constants t X = mx + c! 

m = 180.363 
c = -477.837 
r= A Q~ v ........ ~('J 

·~ Data used f<1J1 regresgion anal..y$is •. 

-l61.785 
~.-015. 

0.'999 

_ _.._ .. .,~,.--• .,..;,_,.,.. ... _...,.._.,. ..... _..,..,._,....-.,._,...._. .. _~· ... ,... .. _ ......... ~-·- •~'"'•"""'""'""'" ••·- •• ,_. •>r-"..,_' •• ••• - ..... _ ""':·'--• ............ -.t.>-"'•• ............ •,;. o,: .. ·~···~~ •,f"· ..__.,,., ., .......... ,_..,_,.,.. ,. ... ·~- •,. ••O• ~.j #•~•· ~. ~ .. ~ .. +-•.,.__._.e•'V -~•tn. ~•· •--· .. •~ • -• -··~•o- .., .... , ... .,.,~ ~.,._...,_.~,,....,..,...--...,.,,_,...e~-... --... --.,.,..,.,, ___ .•• _._..,,_..._,._.._,.,. ..• __, 
.,_...,._,_,,._._......,., ... r,.-..- ... .---• ...,. • ..._._.__ __ .... ,..~.,..~-.- ........... .._~- ..... ,. ... ..,_ ......... ..., •. .,.. .. '"'~-.,---·· ... •·v...,••·~<a.o ..,...,.,._ .. (.>;!:· ,~ .. A·••• ........ • ....,\,..,.,,.... .......... , •• ....... ,., ~-...~--... ._ ..... :.~.-- ...... t •. -~ ., •. ·~ •·t •• -•• ... ·,., i·-t • ._ ~~ ,..;.. •• : .......... •• .. .,. ... _... ..... ~ ..... -.--·--,_.-. .. ,. ... ..-..... ___ .. ..,.....,.........,. ... __, __ ':''"" 
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'"' ~ 

... 224.­

t:"~~ ~ lRA 

'f 

~rtact · ot · El1J ... ·10 on sMre gm-m!na~tt® 1nh1bit1on or Jttm!&Y:l,.'W! !&.1!!!&• 
II .1HI i 1a I •••8l lllta .... __..~.,_44_ .. JJ ll rr i _ ••• ~-- . _ ., 

I 
~ 

~-~--···~--~··-~·---- ·- ·-·-·t~~·~·~·~'~·~·---·--··,·~-~ .. ~--~--~---···-Poriel1-e-;.;;·~f-ihhi'itt1o;~v;;·;;it";;;1&it~ -~------
con< cen:;~:1)·on ;-. --·...-,-··~·--·~·-·····...--··· ····-····--- -"~·~· '"··~·~-~ ---~~ ... -.. .,~--···~ ·-·--.-.--,1-........ , ..... ·•··-·~ ·-··--····--~· ·-•+· .. ·-··,.,-~- ...... ~ •h ---.-~---~-· --~-··---·· 

v· uu.. · f . .. · . 24 bour.s . . . . 4B hours 
·f.,. ~ ... ....,.,, ).--. •.C ...... ·-·- ·--""':"" ~.:.-..,.~ .. .,~ .--":"!!:~ .... -~..!!;>"-' ...... ~-- • .,.. .,,.;...__..., •. ~ .. -· ""!""~ .................. ,,..,.~~ .......... , .... ~.,.- ~t'"'·~-f ....... ~,. .. , .... -~ ~· -\~'!>"~"!~ rio• ...... , .. ,.._ •• , •et• _......._ .... "-........... _...,_";'i<o .... _~'t>(k~<io~----:-~---.. ..~--~--

' ~ · . 1& 'Inb1b1tion 1 .t: Inb1b1 tion 
-: -::-=~ ~-~= . :. ~-~ ........ ~ .. ~=..:--~===-=~ ~~::.~:!'"~:!"=!:'-:.7:~~:: ... !. :!:-!:=::::!;'!-;'t=-!::7-~~-== ~ ~ -::: :;: ~:::r::i~~ ~-:: -:!:.'":~===~:~.·~::-:~ ~ ;!:'.~'!"':7' :.~~:-::--,::-:-;~ ~t'":t":::-~~==~-::-:,~~=:·.~-==- ··-" .... -·-----

2000 lrJO 81* 
1600 ss• 60• 
1200 ~l· 43• 
1000 54• 81* 
ar» . ·41* lB* 
600 2.3* 0 

400 0 0 

:::::::.=...~:-:..:::::::.::::::-:2...-::.::z .. ~'"!: ~:-::.:::.:;:~=~--::·.:::.~=~=-7.=:::= ~.;:.:;::'~--:;:::.~:;::::::.:::::::-::=~=!: :.:::=~~=:~:::: ...... _ .. -;-..::::.::=;:~:::~-::=:.: ;::~~ :;:.::: ;.;.::::::::..~;::::-;:::::.:rz::::.:-=-=::.-==:~::::~---- · -----:::::::.:::..: 

Elss 
ID50 

....... -
::i 

Be passion constants· ,;c ~ ;:: 

lB6S.;fXi 
912.'01 

M'+C 

m= 3.46.469 

.. 384.'252 

~ •. :9'.tl2 

• Data uaa~d tQr.- rsg~$~t:t1oil · analyai s •. 

o= 
I'= 

25ll•tm 
3288~24 

(' 

-~,154 .. ,964 
/ 

~432.859 

0.900 

..... :=-~:::...~~-::-.;:-~_::::::;;::.=.~;.;;;:;; ;; .. :;:;;::;::_..:;; ;;:;.:.~::.:.:::;:.-;:.:~~::;,:.!..~:,;:; :.:::...:-:~~;:..:=..::: ::;;;;~::;:.::i~~..;~;;!.;i;.:.::;;;!!::"'~.:.j.::~:!!.~!-~~!'"".; :..:::~ !!~ ;;:::::::.:::~;-:.::;~.~~ ;.;:.~.;.:.:,":~~:.:::.:.::::..:~.~~~.:::.::::.::· . .:.:;!~~~;:.::.:;:;:.:::;:-:;:--...::-~~;;~;;:;~--

' 
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••• • •• ' ·;;; • ' • • • - ~ •• f 

-.."'" ___ ..,..,~...,_,....,._,....,.~.,.--<':'•,...,,,..,._f!',.,,.._,.._,...,_..,._~_...., ... _.,.(Oi._,. ... ~..,.........,.. ..... ~t••....,, .. ,.....,:r$>1.,._._ ... _ ... .,.,.,_. __ •~'!r""""'-""«~'--~,.;b_...,~-~W--.~'J--•k"""""""-.l_........,.._.,._,aa-,.._,..,.._IOU0~-----~......,4~ .. --,-"-____ • "'"' , 

~cr=~Qll .·!·--------84-~~'?.'!§'_~_!.~i~~~.~~~~-'?!1~-~: ~~---------
. ·--~-·--.. ·--;~fnti"W:t£®~-~·--·~w-·--w-t-~-· ..... M··--·-----w----·------Tliilrtbitlon··-· "q ·~- -~ 

- . . . 
w .,,_., .......... -.~.- ... _, • .,...._~~ ... ---- -.vo.-·---"""~""'"-'•'"'-~-1..,..,.___~------•,_ .. ___ _._.., ·--.-.,.·-·~-----..... .__...._.., ___ •_., __ . ___ .__.,..,..-...--. ~.-... r '", -·• ,. -~--.. -------~--.---·--···--~ ...... -1~··--·-···----·--· .. --·--·,..·-··-·-·~--·--·--·-·~---·-·~-·~· -·~-·--~···-·~--·~·-·~·"· .... ··~~·-~·~··--··---· .. ---·-~·~-.....,.~-----·--· 

2000: ' ·as• ·s7• 
l600 53* . . 39* 
1206'' '33~ 
100() .. ·, a3* 

BQO 
600 
400 

·~g 

': •'tl 

·0 

17* 
:tJ:• 

G 

·.o 
·i.o ~ 

........... - .... _ ...... , ........ _ .. ~~~ ........ ~·-··.~r·-·~-... -..,..._~-..-'"•--·--~o ...... ,~ . .., .......... .,... ...... ,.,~.._ .. _.,. .. '".-"..,.._~ .. .,_,.......,_~ .... -- .. ~"""~~.....,.,.l- .. .,."""-..."~·-.·"'..._.~ •• -;;,...~uo: ... , __ ......__. ...... 9,.~"""~..-• ..,.,.. ..... ,._...,.+·-·-·•~~·v·--.__..·~~-----;,.....-.,.......,. ... 
--·~v,.,_ .._..-•#••,.._..- .... ., ·---:.--•=--•,.-••- •. .c:o-•"->_,__4:..0" __ ......... _____ , ...... C ...... ,..,.,.., • ...__l<a.:<'lll' ~., • .,.. ••• ~ .. ....,. •«ll -•.Co ,..,.~-··- , ..... ~.~14.>- ... _ .._ _ _._ ................ ,., .. >&, ;..-. ~---- •+- ·- ..... <;. .. > ......... "'!''" •••.19<' ... , •<t.• -l't~~ ~ ...... ~., ... ....__,..__,.. ................... ~··'1-"'-~·-·---~--~--....._.._.._-..... ~-----__.......__-

= EDQ5 
EDSG o 

lle8ress1-. ~nstrmts ·:;. 
m:;$ 
..,, -­
v -· . ·- . .... -

~ = u ·+.c. 

S95l.RO 
•' 

1~3.56 

'1~_.675 

··"" ~~.247 
Q •.. OOIJ 

• Data U$$d .. for ft&g!'~·Stdon· :anat¥stl$Ji· 

nft~l!:;,A"ll 
'~~.~p .. 
.1919;.70 

··175.·454· ..... , . . ~( 

-521?. ·ll-<-1 ,·., •.)• 

0~/999 ,, 

·:......_ ... -.... :_·:-...z-~~~--~~.J.~t::...::~~::·y·:.~~~-:::~~;;;:·;;:.~;\':";-~~:-~_--:;:--:;~~:-;;;-r--;:;.=;;~:-;-:~~;;.:::=.:;~~~===~!..t"::!:~!::~..:.:.::-~:::::::-~~==~-=~:-:::::::-::-..... r::=t:..."-!!::-!:::::.::±:::.·~;:::;.;::.z.~·=!!;'_!::".;~"";!:-';r.:::·-:.::~~~~-=~~~~~·,___~-:: 
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-226-
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Etfaet ot B!J • 13 on svora germinatiQn L."Ahil::~it.ion of' ~D1Clll4WI Jt9&"lin1.• 
... B &24 a·~._.. ott • my•..._..~~ Mll'.l•-.•·•••il-... 111 iii ~··i!i••.-;Ju ...... .....,..~__.,.~ ... -, •• ~ ......... ;pa ~ 1 1.~ 

.. -.----·---~----·-~···-M·-~~~···-·---~•--·-·-·~·••-·~--·•w•-·-·--·-··-•~•••·••·--~--·~·~-·-·------•·-------·-·-----;·-••·•·-••~·-·~··-~-~-·-~·----- ·----· 
Concentration l P~rae.~t.a.~e ot 1nhi~tt1on over- c:oni;~Ql attel:' . 

(. JJ g/ml) (~----·-·---··-----------24··;;~-~ .. -----~------ .. --~--- ·--·-··-~·-····--·--···--~ .. -... ·-·-·· .. -· .. --···-'"·-----~~---·······48-hol;;;;---:--------
r ~ . ·) ............ --·· ····---··ti··~biti~~---·-·-··---~·~·-·-·-··-. ··~--·------··--... ,.._ ···~····-----·-·····---····-}i-- Inb'ibtti~~----------

--~ ..... -----~--_.. ..... _ ..... "' .... -~- ... f\.. ...... ~ .... -.-..---~--·&-·-... -----·-.... ·~~· .. --~ .. _ ...... :--; ..... ~,a .. ;.. ...... ....,._...-- ............. ,g.~.~- .. "'·· ......... ~ ...... " ... ~--.- ...... - ... -.................... "1- .. '!'- .. - .... • ... ~~ .... -.~---· ..... ~ ........ ~ ....... __ , ......... ~ .... - .. , ........... - .... ~ ..... ~, ..... , __ .. __ ~._..- ....... ___ ..,....._ ...... - ••• _______ _ 
·----·~---- ... -·.,.-.""'l·..,·w__.. .• _,..,..,...,..__....,.,. _ _,....~,....,. ... ___ ~··"'._.~,. .. ..,.. ~--,,._ •- ~~"- ....... ,_ ••·"-•>t• '"-~•-to;.<)'*.::!l~-.-...-..... ,ooot••••·- ,.,,.,,., ....,..,,..._,_, .. a..o..-•1"-' ·- ._ ......... ~ ... •-•-·lo·•.,..., .. , - .. ,,_,..,.. ,.,.. ,_. ,..~,, .... ~..,,_ ..... ....,. .•.•. ~..,. .. ._,_ ...u••<t~ • ..,.,.,..- ,..,.,,.....,..,..,... __ _,.,,,_,,...,v_.'<'"_•'-""·•-• ..... __. .. _._._.,, _____ , 

2000 ~00 100 

l6QO 100 95*' 

1200 00* 71*' 

1000 79* 65* 

BOO 66• as~ 

600 45* 14* 
400 18* 0 

-·· ___ ,._. ____ ,_ ...................... ~- .. - ........ - •• -..,.. -~ ......................... _ ... _~~a.•t<'~··-~ .......... ;., .......... ~ ..... ,_ ............... ~. ··- •4'""'----""" ............... , ............. -...~-1··~··> ·~,..,. . ., ..... ............. (.•··-~ .... -............ -~. ..... _ . ................... - ........................... ~ ...... - , .. , ..................... - ......... --.-- ..... "'< ........ ·-
••• -· - ..... ~ ____ .. h ................ " .... -- .. ----, .... .._ .... ~ .... ·- ....... ---··· .... -~¥ ... ·- .... -:.:.·- ···'-· ......... ~- ,._ ............... ' ..... ·~·· .... '"~ >4" ................ ~- ............ ····-~ • ..,.. --~ ......... ~ ........ .,..,_ ....... ~ ... ~· ,, ____ ~~· • .,... ........... '.~ .. ·-~·· -~-· ··~ .4 ,~<--. ...... ·~- •i• •.• --- ..... .I .... ~- ••• ·-· .~ ... ~·· ..... ¥ • ·- ........ ,, 

EDgs =+ 

ED50 = 
·:m30.26 
6"30~:00 

.aeg~~ss.ion cotlst-ants f Y = :m;s: + a: 

at= 

0 ::; 

r= 

l55.El0l 

~300.26~ 

0 999 . . 

.. 
* Data U$ad :for re€l'ess!lon analYsis •. . . . 

1548~81 

891.25 

.100.007 

-5U.l42 

0.993 

~---·----------- ·-- ---- __ , ..... _ .................. - -

------···..-.-• ......... -----..-- ........... ~~ .. -- .................................. ..,..- ...... .,._.,.4 __ ..... ..,.-.., .. c ·~··~~ ........... \ ··-~- ... ,:r.._ .... _. •• , .... _..,.._,.,,,_,,,,., .............. ,., ••••• , •• ·•· ................. ~ •• ~ ..... ••· ••.•• ..., .............. , ....... .; ... •-.·~···•· ,._ ......... ,. ........................... ._.. ____ ., __ •--..... -·.--..-----·-.-• .... ....,.... ___ _,, ___ ...._._....,__.. 
••• ·- ••- ., • ..__..,.. ...... .._._ .. _.:..•...o..--?~.,,._..,.__,,c••••·•.p--..._ ...... -.--•~·•""' v•·•~·<-•••·~•-·-·-..•••···· ....... , .•... -...,...,._....,.,,c•••• ....,."'-~•·-t---··• •• ,., ....... '" ,...,, ·• •••'"" ,.,.., .. .., ... • ....... ,, ••·- ""'~''"'<""•.·-:.,.- , ....... .., .• .,,~~ ·~·--.. ,.......,_,,_.. .. _, __ ,..._.,_...._., .. _.~··-··~ ~~ .. --·.-....... ,.-...__.. __ .,._ .. ...,._~~h•-



-~ /~ 

-~~7 .... 

!JJ'b}..e - lJlfJ 

'( 

Ertoot of BD -. .. 14 on 3~{il g;em:niilt~tion :tnh1b1t1on ot J!ooiPALtu :J.mJlUJ\1 
........ ~I . --~!'tlt~fl-w .... w..- ...... a r M 8U 11 ....... 1111'&0-.f I I Jill ._ *IlEA • a:·.-.,::Mi~J!i $J' ...... Wfri .•· -,-.,, p·..,_m . 

" 

_'( 

,_..,............._.. ..... __ ......... __ .... ____ "'' ~ •• , ... .,_.,~ ............ ':-:,.. .. -.:-- .... ,~--............ .-...... ·"""<.-. .,..._ .. , ~ ............... ~ ... -----~, .. ~ ........ - •. ~ ... -.......... - ·-··----'!'--..... _ ... ,."" .. _ ............... -...---·~- .. ---- --·~·· ...... ~ .... -··-~---!·~ ... ,.. :~ rtt'-"'"'- .. - _ ... _ --.. ¥·~·-- ---~-------.-.. .............. __ ,..._,_ _______ _ 
Concant~at!On _1· _ i?er:eanttig$ ot inhibition over> control ~tter · · · 
( f· pV!al) • • • t ••• •-•-. ·~ •<• .,. •••• -. •• ~· •<"••> i4' -h~;;~· •- ••••- •••••·->-- ""·~·--•·•-- •--~-·•• ·~ .• « - ••"• ••• •• ,.- o• :- W• ---· -."' .,,.,, '48'"il6;it:~'.·~ -·-~---~--~- ·~.~-• ·--~~. _, ·-··••-·•-

[ ·- ··· '···-··· ';•f :r.ibibit~-------- ------1-- ·--- --~--- ------o-lf!nhibit!Otl----· ---
o:::= :::..7.:-::-::-::C::::·.~~~ ~:: ·:: :: "_!·~:~:;: :=.:.:::::: ;;_-;:.· :::::~;.:: ;::;:;-;,:: ;:-.;;-;::~:>:::.::-:~· ::::7. :::.:;; :::-:~:;;:;.::·~~=::-:::.::-..!'!::!~:.~;·.-,:~fo:~:~:1: ~--::-:::! ::::!· -=.:~;;;: ~~ -.~··.::·.·· ~!o !~ •t :~::·.-:::-::-:· _:::-;:::-::: ::·~-::;-::;::~:::;o-::.::~=- --::-:::.--:::-:-=.::~r_;~:;;:;::-:;:---.. ;.;;::;::::::·.:-·. 

2000 
JSOO 
1200 
1000 
BOO 

600 

400 

r.: 

70* 
55~ 

:OtJ< 

23'# 

9* 

0 

Q 

0 

S1* 
3Sl* 
24$ 
:4'1• 

Q 

(} 

0 
0 

·-···~--- &~- .... -~----. ........... _. .... .$.--....-.-..--...:...----- .... _ ... _ ..._ &-> =- ~~ ... - ........ ____ ,. '\o-~.11· ....... ., ••• ~· .... ,.., ....... ;._ ............ _ .... .,... ""'~ .......... ~··--~ ........................ ~ ..... ~ ..... ~~ ..... .~~ •T- ... ~ ....... .,... ~ .... "' ...,;,.. ........... ·>~-·~ ...... ~ .. ·•'!0'-; ..... ~;,_ ............ _ ... _ ~·· ---- .. _ .. ,., ... -..-........ __ .. ___ ......,...__.,,_,...., .... _... ...... -..-----...... --.... --· --· ·"·"·-~·--~"sa;5·---;·-·~·~~-~-·--·---~.~-~---,.~----~·-·a-ae4~oo··-··~ .. -·---···----·- ... -....... ~ ·---·---·-·~ ......... -·· ··--~ ·- .. --- ······ ··---..... -~·---·-·-····>---4388:59 --~-- ·----~-------- -~~---"- ·---

ED60 :: 1445 .• 43 JB62. CQ: 

RegJ.~Qs$1on eonatants ,: Y = mx + c 

m== 

c = 
r-= 

253.435 
•435.928. 

O~~t;900. 

• Data ,used tor l"$g~~$S'·io:r~ aml'l;;s1$ • 

.. 130.;36? 

-33:?,,,'431 

o~-

. . ~~· •. '7'" .• ::: :..~·:-.:: :;--::h"'' :-o:·:- ~:· ·~'t ·::·:':"""~ ;:.:::: ::- :~ :~· ~ ::::: "':'" ~ :- ~~·!:·::·:';: ::::'!~ ==-~:: ·-r· ~ ~;: ~~·. :~:::::~..__ ::: : ~:.~;- ~:: ~:· ~;: ·;·. :t' ;:: ::·. ~;- .. -:· ;: '.;'" ,J ·. i~ ~: :~!;; ~=; ~ :;: :;· ;~. :~ ::· :;' ~:-:: :~· -~·:: ·:· ::.: ~:: :;;~_-;:; :.:: ~::.::·7:.:~: ~:·::.::-.:::';' :"::··:~:-::--,~~~ ... ·:~~-::.:::::::-~~~·.:::...---
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.·~ ,h,.. 

/ 

~( 

-229..: 

':;-f q 

............ ~--····--~---·--!.!-..,_ .. _. ___ ~~-·- .. - ...... ~~~-·- ... -··-.. - ............. __ .._ __ ,...., ____ , __________________ ... __ .. __ ,..._ ___ ~.~:....~---.:.---..,-- ... -·+•·--- .. --·~ .. __,_,_, ______ .... -.-·--·----
Coneentrat10.n i l?atrcmlta.gta of 1nh:Lb.1t-ion ovaro cont1"ol after- . 

( rwmt> t===::===~;;=~~~i;======-====:r=========::=:~=-:==-=~~~r~;~o~===-:-----_ 
"-:.":'::-::·=::.::-=:::::::.-:::::.::::;:·:::~-::: ___ };:::::::-:::=·~-~=~::::-.:-:~~~:::-~~:::=-=:~~=~~=~-:~~':;:~~-::~:;7.~::'~==:'!.~'!!"'~~:::--:~~~~':~0~~~~-;~_.: ...... ,. ..... _ _..,. _____ .___ --:z.--

2000' 69* ·51$\ 

1600 '65Q( 81'1!' 

1200 00* 15•! 

.1000 31~ 6#· 

800 1~ 0 

600 ~;0 ', .. 
~~-~~-. 0 

400 0 Q 
~-::~::.--.::::::~:::.:::: .::.-:::::..=:: !!::..:.:!.!'!""~;~. :::::'!:!:'·:.~:..:::;.-:....""!"'.::!:-:!:.:.:~~!::!-"";:;:.::: .. ~:.::.:.:.;!;~!-~:! ~ :.:::::-:.:..:: :.:;:-::~ !!!::-;:.::: !'!::!;'.:::::~::. ~~;.::!!'!: :;::.::;-::!;.!.; ~: ":::.:;-:- .. ~-::::.;. :-:: ;:: ::: ;_;, ~~·.:~:.: :-:-· ;:. ::..: .;-: i~-- ~.~. ::;:. :!_· ·~:· :, ~.:- ': : 1.--;-:: !;".-::: ~:::-:.;•.:.!·::-.::..· :.:.:::. ~;-l~!_!':::!~"::""'....:t ..... -...::.-::!"~~~===-:..::;::-.:~ 

ED :: 
. 95 -' 
ED = 50 . -' 

Rfp·gression c.onsttmt,s ·t 

m= 
c :: 
... . .... .. -

3162.2'1 

1412.5:3 
,,. ', .:.:. =mx·toc 

.:um.ms 
~3~,.,. $'.7 

O.''rltl9 

* Data used ifl1! regraa.sion Qnatygis •. 

3800:.89 

:1.94~~.84 

153~1097 

-4.53~85-9 

o.·ggg. 

"''.::_;";..:~;;::..~:::,;;:::;_:;;'~;,;·;;;:~:.::"":!, :;;~;:!";,,::. ~,~ .... ,' ,;": ~:~._~·;,.. ~:t':'..'i··, ;:f:.::;:.;.~:,.,~. ~:::..•J~, \:t.,..!t. ;'; _::;;~:;~ :.:;; ;:;:'~!'->.::· !!;l.i~~! !.!:~!;...; ~. ;::; Z-i. ::-.:.!: ,:; :'t~;.~!,:;,:, c.::.~'.!~;:;!';~.~.·:,::·,.,!!:;":;..:~~:::;,;!'".,.~~:.'';~".::'.; . .;,':;.:;..:·;!:,~~~--~~:.._:::!.,:: .. -:-;:., ;:.;.:~-:_;.\;,;.-:_~~;;-.:.;."':'~-;.-;•;;:~.;~;~·;:;:..:~~~;:::-::!:,-;.;"".,:."::~=~..=~ 
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v:· 
I '1 

~ 

lti!tJ!.!. .. -i.. .JM 

___ ,... ___ _._...._ ... _.,. __ ._ ~-- .... _._- ~·-·.·-··-- .._.......__~_ ...... ----·-"'- ·~· _,_ ... ____ .,.._ __ _......., -- ._...... .... --~ .. --. _........ ___ ·--...................... ~~-~---~ ..... ~------·- -... ---~- ....... -.--.-.:-· ... ~-- ....... -...... --------_,--...-.-........ ---
Concentration 1 1aerecard:~~.g0 Of ·!nb1bi.t:ton ov.~~ c~n,ttrol. nftmr 

( l n-'nll ') i' .. -· . -~-·-·-·- ........ ·--·- ..... ·- ···-·- ... ~ ....... -......... -................ -· ·-·· r .. -~ ~ ............... ,.~ .. · ................... ~·· ......... ·--··---·-···--~----·---·----··- ··--·----··-·---·------·· 
f sr J " 24 hours 'I· . ·· 49 hon.rs . 

I· •• __ ,,. _ _.,..._...,-- ,..,. ... ..,.,,... __ ...... ._,._~_ .. _ -···1"~ .... -..__... .. ..,._,....,.,.._.,,..._,,. ... ..--.-o•-.--• ...... •~·-'""1'•---·•">"1 ..... -..-.,111•••·~~ •<r ... -r .. •t-•• •' • ., of" '4• -:• ·~ •••t>::" ~ .. , ... _,._ • •-·6- ·-. ~-"' ,.,.,.,·,., .. .:.._ ..,..,. ... ..:_ •·=----.,_ ... ,....._ . .., __ ._,._._._.. __ ...,...__,.,._......_.,.,..._ .. ____ _ 

J ·· · . ~ Inhib1t!otl I . . ···, · · ;t Inh1b1t!on . 
, ... :.~:::::::::::-::-::::::::: .. ..::::::_:::-:: :.:: t~:~t:::~::::::·:::::::: ::::::::-::: .. _::-:: ::::::! :-:: ~-:·;:-:-::: ·::~::, :·; :7.:::::::.:=.:::::-:::: :::::: ::::·::-~:-::::::::::::-.:7.::::::::: ::~::. :::::.::: ::::·~:: ::::::: :::-~::-..;:_-::::~: :: :-: ... ::···:--..~:~:-::::.:.~~.:..-::-.:.:-.:~:::.:~---=---··-~=--==:::::::.::::~:-.:.. 

2000 100 lOO 

1600 :tQtl 77t!J ... 
1200 '17* 57fb: 

1000 64• 4tl• 
800 52~ 32* 

600 34* 17* 
400 9 0 

=----~::.:-· .. .:-..... :: .. ~;-; :-:.::.:::-:-::~.:.-:;; ;.:;',_;=:::.:!:.....-..:.~.:;.:.~:.:::.~.:-:...~::.::-~~ :::=:=:;::~-:.::!~;_::.::; :.:= ~::.:~-::.~;;~-~.::-:::: ;:-::;>;~'"":!::::~-!:-::~::.::.-::.: ~~~ . .-;::!:~--.:.:::..:;;.;~=.:-;; :::: ;:;·:-;:.:!!-!= :.::.::..~_;.::::;: :..'";:Z.-;:; ;:;:-::;.;;:.;:::.;;:~.::::::.--.:;...~:: . .::~..:::-:;..'!' ~=~.:.::.:::;::;-.,::-::.::.:::~:::::=-::·;:..~::<;::-::-"""" ~ -~ 

En95 = 
ED = 50 

Regr$$Sion cons~.ant.:s -t 

m= 
c = 
'1f ·-= 

25841.89 

7ss.~S? 

X == i!l2! + c 
139.000 

... ~'3M. or-a 
o.-9G? 

2137.'00 

1003.:29 

,l.40..J567 

-373,.816 

0.-998' 

~- J)llta u:sad for rag~s~:ton ~~lZtmis. 
:.-~ ... -..:-.:~: :::.~:;.~ ::..::· ;..::.:.:.:.;..: ~::...::.:.:.::.:.~:~~= .. ~ .. :. ~.::.:.:.; .. :;,~;· ~~~;;; :;. ~;"'·:.;. :.~ :; .. :._-!.;., __ ~ ~4:~~~-~ ~. :.~ ;; ;:~ :; :~ ~:. :;.~; .::. :!. :·:. ::.:-. :.:.:. ~; ~:. ;~~ ~ ~:~4 ::. :~. ~. ~:· ::~ :;· ... :: :: :: . :_ ~~- ::. 4~- :~ .~. ·::.;: :::::::.:.:, :_;:-:::..:!:. . .".~ .. ~.:.::::::::; =-~: -#~:::.4~:::::.::;::::::::::.:::~::..:.:....::~: 
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I~ 

-~3L.. 

~~bl!$ -' Jg,H 
. 1!'51. .:=~ • ... 

y l/ 

-coooant;;;t·i(;~;··'r·····---~-~·---··~-~-M··~-·-~"i;:;;;t"a~;-~~t:---~bit;i'ti~-~;;;-~;r;t;~·~'ft;;----·--··---·-
< fg/!lil) l'-··---·-:~···--w-;.,.·~·'"'-•~·~-··•-•··-----·--·---~···•--•,.·•-•-.•~·•.,~1-·-••"•~-·~•--••••"•-•~·~.~w·-:-•~•~•h•-•••-•-·--~------~·-. --· ~ ----~-

. l:-- .. : __ -·.~-.-.. -···~~~;~~:rb~~t' ·~.,.; ____ ,_ _________ .. _~-.. -~---><· --~--- -~~~..: -~-·-· ,., .•. - --~-'·~-.. ~--~---~·-::-.;~~:.-.:-:;··----. ·--~-- ·-
.. . i . ..w.u.; •l. 4-0ll . ~ r- • l'tu>!.r".t.'"·J.On · 
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-~"':; ::--: ::-~~-~-:':';-:-:::::.:·::::::~~=-::·.~ ... :~·.:7,".::;:-:::~;-~:: ~·~:: ~; =~ ~-~:;.:,:; ~;: ~.:!~ :;:~;~:-~~ ;~;:;.~:~~; ~:-:;1::.:;::;:~~:::-·~:::::~_~:. h::-~ ;~ :;;: ·;:: ;;: ::.. ~~=z: :;·.:!~~;: !!:.:-;:·:--:: :-::. ;::;:- ::: ::.;:~~ ~:~ :::.~~: :;:~ ~:;·;:::1.- ~;: ~;:.-:::~~::!== :!:::,.'~~~~::::::::"":.:.:..-:;:.:::,.~-=~:::::::~ 

2000 109 100 
l60t1 00* 89* 

1200 75* 63• 

1000 66* 4.:9* 

800 45@ 26~ " 

GOO 264, 7 

400 A '-'· 0 
~-......,..,..,....,_.,.__~------··-'"'',_..,..,...,t-< ... ,..~-·- ..... -...... --,.."'...._, .. _ . ._ • .,.,. .. ,..,.~....,.,..,...,.,,.,..*'olf.'o"l'!•~c.I•,_.•1..;...-.? ..... ·-$...,.,.,.C_.._~~ .. .,...;.,..(,..•"'•'!'#••·...-... ,q~(i-, .. l>.......,~lo-•• ..... .,.-,.,.,U,+o•f....._.,~,.,..._~"?'~ ... t*>-1"'•'1-..:,_.,,,__~..,.,,.~·.,-t~---.~"-t-•_..._..,,~~ .... .,,....~,~-.•·•--~-•-·~·~#~--....,.,_. .. .,.._.__.......,....,,.., ,. ...... ,,.,...._,.,..,,_ . 
• - .. ~•,. .-.- "''•"" oo••-... ~;t-<"•"'?'~"!':=' ~~· , .. _ ....... ~ ...... ,_,............,_,~,·-.-~••> .,,.., ~- .,.,,..,...,, .,_ 't>'O<•- o- _...._, &=-t"•- ~ ......... _,,._ ., ... -._ .,...,. ~~ ........ ,.., •• _ ·- ,._......, ...... -, ....... •--.. ·-, ... -...O.t .. ~~-... _, --~~- •'""-':"~--- tohj .... , 1'"-" ••"''~·H '-"-• w""" ~.., .• ..,...-.._._ ~ .... -~_,.- ............ ._. -~- ... - .......,._.,...,._,,.. __ ....,..._:..,._.._.,._~--,.._--, .. , 

E1)95 

E»so 
liegression constants ; 

m= 

e = 
;g: 

'l' r.:l., .t~ .. ~Ji ~:ll. "'.:» 

812.93 

y .::: fiL."t + (t 

l68.,!i~9 

A4~.790 

o .• -9~s 
~ Data U(~ed tor r~t~0ssiott iNal4if:rl.s. 

l£59~00 

1o~a.:a~ 

n~:~a 6l;tV··~ 

... $7.e • .o;~l. 

0.999 

•--·-...,-...-.....,.._,., __ . ..,._.._..,...._~,..:.. .... _,._ ... ,#~_..,.._.., ,....,~-·•·•O'--'""lJO."'...,~l.o.,t":"-••.......-..,....-·n,......,._~0::4•_,._,..... __ , ·-~---~~t-•,.....,...._4,_,..w.-.•--l....,,..,_.,~ ............ ,.t, ... .;;, .• ..,..,.i"' ,.,.. I'N ...... ,....., • 10·· ~·- ..... .., .. ·~;;, .. ...-; • .....:; ........ ~· •~- • ~ ~.~ ~-.....,_ •$· • ~,..,~ -~ !""·~ ~-........ ,.,.,....,. ..-.._,.,..,,,,,_, _ _,..,....,.... ., ___ ,.. _.__.., ... ,.,,_,_._.w •-:-.:.-..--..-···••---,....,r.-..-• ... 
, - - • . - ................ '· .-~-- ...... ,,_, .~ .,_ ..... _ ... •1'••_,. .. ,, '"t·• •• ·~ ·~ •- ...... ;.-v ~~- 1'.-<'- • .,. • - ~~ .....,. •.•. ·~ ·~· • .,. ~· ·- ~ .. : "" - . ~- ... .,..,.~ ..... I'>· .... .._.... ,...., ,.,., .. ~ ... ~ -- ·•· ..... ~ .. ,_ •. ,.. _ ........... .-. _..,. .... ~ • '· " ·""" ·- •' ~ '"' ··r -~· ·""'.;. • •· .,... • · • ~ ~· .... ~· ..,... :.~.· • ..,... ........... -. ,..._ __ "' ~..,.~-: .,..,.,...._,__..._. __ ..__ ---·--···....,..,..--- -



I v 
' ·(- r:· 

.-,~ 

k 
•;"'fl 

-?~ 

!fa:bt.._e ..; :t4B 
•••• •• Ia L .... ........ -~-~-

~tt~t p't ]31) ~ 

·c;;~Mtr~t:i;t;{_, ____ ·-· .. ·---··i;~~;m;·~r··1rih.iiii!;;;"i;~~~;iro1.~r.t~-~~---·~·~~- ------
< • f -g/!!JJ..) r·------.~-~-·-·----·-·-·-· .. --~ .. ____ .. ___ '"'1''-~U---·--:---.. ··---~W~_,, .... ,_ .• ••-··-~-·~-·-·-··-'- o -·~·-· 

· t-~-"T rn::it.m-----·--+·--------·····--------·- -----T~~itt;;-·- · · ·-
. ...,__,.--.. -~---·-------- ... ··-~-- .... -.---··"""-'-..... ~~ ..... ,--~.,..-~---,_... .... .__,. • .....:..,.··~-... ...... ~ ............... --...... ~#o· ... --·--·.,....-........ ..-~ ....... ~":"'·-·+ .......... p--~ ....... -~~----- .,...-:..o~-v"- • 
~· .,.._~"":..,._ .... ~_,. .--.:..,~--.....---<J.~'"" ,. .. _ .. ~ ~ ..... ______ ,., ...,., ,._ .. , .. ~..._,_,.,. - .. -- •:t.,..••••• .. , ...... ., .. ,..._~~ .~J"""" •- .. '"•:.0.';" ... '"" .1!;,.-..-rJ ~>-<:"" •-·- .. -""~ ""'-... ...,.._of" •"'f _.._.,_ .. .- _..__.--"~ ...... , . .....,,.;,_. _,_._.,_, ""4J-·a..., o.-•~ , .. •.o:• o.Qof --~ ... ~...,--• .,...-. ,...., 1'01 1.- .. -.~ _ _...,_. <.~----------.... ___ .. ___ .... _.........,... 

2000 
1600 
1200 

100 . 98* 

1000 

800 
GOO 
400 

·:.".:::'" .. -........... ~::::..:~ ... :=-~~::::::..~-:..-::-·.::~t.:.-:·;:::: .. ~·::::;::=:::: :::-;!:~:=;::::.=~·=~ ~~::::: :t:::-::::7~~~~= ~~-:~: :::t;::: ==~ :::.::;:::::~~~ ~::~~-::: :·~::: = :::~::::-:~:.~ ;.'..:::.~:::.!' ':'<-:-;-:-;;::-:::~-:-;,::: .• _ .. ___ !;;~.:...-:::-::.::=::--~:...::::..:::: 

.EDes· lfi.9B.;24 

_ED50 _ 1047 .• 12 

netress1on conetGllts ;. '! ;1.l m:c ·tf. c 
m. = 2<11 .• 813. 

c = -57$~002 

r = 0.9£9 

1905.46 

1.259~~92 

245~~4 

-?12.817 

0.998 

• Data used tor: ragrasfJion ·ana1Ym1s. . . 
:::.:·=~~~~;::::;-~·:;,:.--;~!::~::::,·:_:.~;:-::::-:.-::.-:::;:;:~~--.::;:;:.::::!;~:::;;:;:r:;;:.;:;--::;::;;;.:.~:-::::..t=:-.:;-·~;_;~..;:::;;:.;;::;:;r;:;:;:;:;;.:~;~;;:;;::;;::;:.:::;:;:::;::;.:;:;;!.:;.:;...~.::::!!.:.::~=.-=~-;;,~";;;~~..it7. • .. • ...:.~.~ 



~~ 
I' ;\ 

~( {'f'j 

..P..M.; 

r~•~- ___ 1 .. 4" 

............ --.--... -----·~, .. ,. .... ,_ .. -'!!'.-4---·,...~-.... --~-..-. .. ~ • .,.. ... _ _.._,...,.~ .... .._.. .... ~ .• --.............. ----..r~• ....... -.,.. .. ~~···M.-t~~"O.·,._ ..... ~-........ ,&*ft_,.~'!I ........ ~: ....... ..._~---· .. --~ ..... ~,\V..C:""4 .............. ...:...._.~-·---·--"·-· .... -.:. •• 

Co7;;m:~ion l·-·~--;.;t;;,;;·~~ta!!!.2~~T1:on -~!~2;?:':~~-~~48b-;;~;-·~---------- . -· 
~- ·~·- ,..._..._~--.. ---~..,'\'i,_..,..,...,._.~-.-1<o~..\.•,.•~ ~r.._..,......,.,.,_.,,_...,..~.,.-,..,._.._.._._...__....,,• ......,..,J.....,.J .... --~~~·--~ .. .,..,.,~ ... ....,.,•.!"•~......,.•-.-.I!-.t~·•--&6..""""·"--"'.C•·.,,..'_ff'-.>-.. -·-.._._ • .,.-=o--~---~~·-=- _...,,. --~ 

----·----------··-·-~ ... [---·-~·--··-- .. ~--~~~t:-~~!:~--~--:..--............. -.... ~-----~L·~-·---·---·-~··"··-·~---~ .. ·-····---·····-~-~--.l~~.,~~h~!~tion _ -~-----......._...-. --·~·-~=-=--.._...,.,._, • ..,.,.. ... ~....,... .... ~ •- ";.,.._.._ • ...,... .. ., ••· ••·•-•"-- -• ... ,.., • ..,.,,..,.,,,., _.,.. .. ?-- • .., ·- ,..,.. ·~·"'~"'-'!>• •or.. '"·'4-_ . ....,..,_.._!+'"'t~•··~<90t •--t.t.o ..... ,~ . .,.,,.,,'!" •4•~,. ..... .,. ~......_., ... ~-- ~~ •w ~-·_., .. ~ """ot"' ~~"" i41<-•t.~r ........ ...-- ... .-..~ ...-.. r"•• ,...... .. -.-.,. ... p-<;l•-•--.. .---~"'"-·....:,..-"'"'l_.,...,. .... ~-·--·4-·.___.... .. ~---

2000 lOO 84*' 

lGOO 75* ?0* 

1200 66* 41*' 

1000 42jj! gg~ 

800 27*- -· 1.0* 

600 !ll"" 0 -~ 
' ' 

400 0 0 -........ ~-·~--,.-~-·-oi-~Mr, . ...., _ ........ .n--·-~- .. ~---l"..._...,.,._~"'*"-·l ..... _.""f">•Eoio.l""--•h.,._\'~-•·~'"'""'"'--'" ... ~~•""i-'""'~_......__.,..._;-.e~•q~;._.~ .......... -.. __ ,.. __ -.;,,:~~oll~~- .............. --.-""--'<•""'"""---..,__ -~- ··-·~ 
'"-~'"''""-"'-l'<'........_""<'"_......_...,.. -·~-..- t.o,.•-.v·~("""'...-.-.M : .... - ....... ~(,: ... .,.. ~-t-c.<"t ~-~ .. II!>"'"" -r,.""-~"•-'"-"'"'' .... ~··oot ,, ... ~,. ,~ ...,.., •'1'• -1 -.:;."""'"~...-~·""~...,.... '"V" ~ .... ,.,., ..... ~....,.. .,... ........ __ ~ ... ,... .. :¥;-_ _,_~ ,. .. ""!~•.,..,.~,.,...,.*"' .. ~~~ _.....,. ~ .... u -.....v ...... ~•'-A;:""'""...,._"'"':;:-~-----,.. ..... ~--..,_..._.__ .. _ · .,,___..... 

an...l:_ 
-~o 

ED 50 

liegl]'ession consts.'lts 

m= 
c-:::: 

•= 

..-:. ,. 

2137.~00 

1071.51" 

X ::nm ·+ C:· 

151.~194! 

-410.:4.64 

o •. 997 

* Data used for l?'egramsion r.matus1s.l 

2187.76 

1m33·.24 

190.:3.')9 

..;s~.sm 

o.oo? 

~-==---:::;:-""~,__:.~=======:~::.::::-=:~:.:;.;::-.:: ... ~:.:!':!.~:::;:; :t""!Z:"::~~~:-;.:;:::..~~ .. ::::~!:.~!::.:::.~::::.:~~:-.: :!' !:;-:;::: ::-:::::::.:::-. ·~.::~;. ~::.-:"~'!:':.::::~ ::u ~;;::~~:.1::.:-:::~ :::·~;:,~::::~::~::~~ ~;:t::::::==·'~~::....:-~=-~=== 





,~; ;..;. <( 4 
1"1\"; 

446.: 

~~b}.il ~J .... -~ " 

f'j 
• ' ~1 • • 

---~--.... --·-----¥--;.4. ... ~·~ ............ ...-..... ... !,.-_........_ ......... --·-... -~-- ..... ·~~ ...... -t.~·---"·'-.. ------~ .... ~..-·'P'-,.,-J .... - ... -:---,. ......... ),_-.;~ ... - ............. ~~~ ...... ~...,...---··--·-.·---~-------...... --~------...... 
. l 

Co:nc,entraation i Pm1'centam~ ot 'hibib!tion nm~P contl?ol: art~ 
!---~------~-·~ '"' -.... .----~- ~---.. -·- ... ·-· ~-- '""'•COO·•"-... -~ ~ .. ~ T_,. ________ .,, ______ ~ ·-·~~---~:..~---~-- -~-----·-----~ .... ....,. __ _ 

( F g/mJ.J 1 24 .bours \ . . .~tt~ ho1:)..t"S _ 
... ~~ ... ~-- ....... A",_,.. ___ .,. ........ - ............ ~ ... -·-· ... , __ ,. ____ ,. • .._..., ... *"~·~ , .................... ~ .............................. ....,.,......,. __ ._ .. , .. ...- .............. ....,..._.. ............ _.... ............ ~~--· ........... -t ..... --~ .... ~-.... ,.... ,. ___ ... -.-~ .... ....-..... ...... ~-- ._.._,.&._ .. __ .............. ~ ............ - ........ __ ~----.-- .................... ,..,._ .... .... 

-~-···-·~----··~-- -·--~-~-- ... ---~·N"··-·-·-~)~. -~~~~~~~~?.~ .. ·--·~·-··-·~-.-~~ .. ·-··--·"--···--··L·~~"· ..... _. ..... ·---··~~··· ... ~~--~ -~~ ,,. ·-·~-----~~!.~~~1?1 ~~_!~~---~---···--------.. ~- ,> ~--• ,....,.,_, /...., .-•• ~.-~.• • -~ ,,_ "": ,,._-,,. •••-.-!; .., .. ~ > .,_, ,..,._.. ,.. •• .,. \U -~- ;,..•:, '"" ..... ~J:'> ... ..._ <<>"~ ......... ~~~,!·•--·~· •olt, • .,,. .. ........... •4~ ... ,.. ... ~?.,. ... ••'(• ~"""·'>~·..,~•·~• ~ ...... ··~ ....- - ,.,, ... ..., -'··- ,w::, ..... .., .... ..,._ ..... "'"' ,,... ......... ~ i• ~ ... ',.._ ~-.,•,->~ o+.-~•~.,....,-..,.._.., ...,., ....,....-,..._,_ • .,.._,...,.._, .. ....._ . __ ,_,__,.,._~--_.._,.,_,..,. • ..,. .. _,........... _ _.,_,1._.,,..,._,....._,..,_,.,""'..,.,,...,.__~~ 

Beet> ·1om 76* 
l600 "?2f8: 6()it: 

1200 f~l>ii: 41~ 

lGOO ~~; 29~ 

BOO 32* 16* 
f3'00 17* ti) 

-'100 
. , . 

0 0 
.... _§'~~----- _,._..,,. ::-... -:~·~:.:::-;;;.~:::::~-= :.::-:.::-:.: ~~ ~!:·_.!:;·.::::::::. ::::; ::: ~ :-::.::: ::·;:--·:: :::.:;-:-::: :;;:-!: ~~:::~r:" =~::::: ::;::::: ~~=~-~·::·~::~:.~.::: :.:~::~.:~:::-::~~~-~: ::.~~~=~~ ~::~;~ ~: ~~~:~~::;: ::;:::::-.:;: :!'.:;::;..~:-:-::;:::=:..:.;::::;.:-~,._:~~~=:...:--..:::: 

J$Dgs 

ED 50 

llegr~i9S1on constants 
m= 
c = 
r= 

2393.-83 

1071.,6! 

" ·X ::= m: + e 
'"tOn. A;t:!,<l' 
~u:~~;~.'-::t.~~ 

... 34:2.610 
n.: ;f'~\ e.'/., 

. . \,~i" .-·?t..1-~ . 

!iii Dat~a usl{jd foll" l"mJ~pJte~~ion ·tm!llY.sli$:!11· 

ff63i) •. 2S 

13lJB.25 

150'.456 
"'-">~ ,..~., ..., 

~f:~~\.}' ·*'' 'I ~~ 
A·l(~~. 
ihJ •. ,]"-'J.ft_;) 

·~· ,.,. ,...., ~'I"'--!~-.-..,..,... ...... .,_ .... ,.,..,_..,.., ..... ~- ... "'f"> ~"""''-' ..,.,..~ ...................... --~--··._-- ........ .,.- _ .................. ~,·-~ _..._,_-.-~N·,......,,.,....,.,.,*' -,..o l"""o!.._,..,.,., ._.....,.,..._,.. •.,.,., ... ~ .. - ............. ~-.... .:;..,. •. .,.., ... ~ ..,.. ... .,...;,. .... _.,,..._...,,.._. •-•"""' __ ._. ........ -. .... ....,... .... ~ ............... -... ...... ,._,.":;•~• .,_...._..._ __ , ____ --._._w 
· •· .......... .,.. .... · "'-.......... ·- ~ •••••• ..... · • , ,'- ... ,!~ ~;;. ·~ .... ·~··.J,.,Il •u• ,.,.. •o~~ ""·-!. -~·...-.-~-~" .,...,..._,...,'-'"•'"""'~"',.:;'-'f'oo"~_,. :: .... -..... -_,...,.,~"-'"'_..." .. ~ .. .-..o,,~•••--·"""''""~~---··•""""·-~~...,,-,.,.,..._.~6'.·•~ ·--..-,..._~..,....,.,._, ••.. ,,'!o..,.~---"'-'1..-...: .. _....,.-.... _- ,.,. .... __ ._.,. ___ ,. ... _ _, ......... -~ ........... ,; •. 

.r( 
I 

I 
v 



·'<{;_ 
I J..;;· 

'-:) 

..247,.,. 

r.~n. -.~· 

.''{?- -~ 
"' 

Ettect, ot· )3D ... l.6 Qn . Sl)Ol'R-~ gtP':fUnatJJm ·!Jmtbi tion. of .M~~ &,a 
. _otr QAt.,.., 1 1 •• a 1·1 .. •lit .,... ... t •• ~••• .41 1n,·ur_.·•lll!l'lll.81i1t•u•nu• fa·u• • ••• ~.-....·...,... .I!• ·• .....,_ r•~. ,_.fl ;· ~·~j: • ~...._• ·r ·nq ••• 

- . . ,_._ ........ ~ ...... -... a.·-~- .... --c>'O<hJ-•.~t"'_..:;..._. __ ....,,._ ______ •"--·--·~--~ ....... H .. ...,_ .... _____ :II __ .............. ..,.~ ... -:-~~~~-·- .. ----.,_- ... - ...... -""r'-"''"''':t'""w'f,•">-.-;,• .... ------ ...... ~- ..... --~~---.... ~~ .. ,.....--'>rV 

CODCentration ·t. . ·l!Jeraentage ot 1nbil!1ition o,1er nont~o.l af'te~ 
< f-'iD1> j·_- .. -··--····~--···:··a-4-·h"~n;-,S·-· -~---·~-· .. -~.-...... ---·-.. -·~·~·· ··r ....... ~ .. ·-··-~--~·~·· .. ~·~-~--·· ........................ -·~·~··_·iinur.;~~-------......._.....,.---~-· 

. , 1-~M·~---~-~ ·~-·~Iilli±b'ftioii-· .. ~-~-···«····~ .. -~. ··--·-.-~·T ·~ -~~·-····~~· .. ····~···-·--.,.- .... ~·- .. ·~·--·M· .... ~c "Iiibi'biti;;D·-~ ........ __ --~.,···-- · ~ .. ____ -· -
.:::.~=-~::::==-~.J~.,-~~;:::;..~:::.=~:~::::=:::::...~=::==~-=~:::::::::~~-~::;:::-.:::-::!:::-:;:·.::-::::~:r,.::::~·~:.::-~:~:::.::::=::~.-:::::.';!"'.::;::=:::.~:~- --·--=-~=----::: 

2000 lOO 76*'' 

l6oO 69¥ ss~, 

l200 . 531ll 34~ 

1000 40~ . '. ··R4* I 

80t) 31~ () 

GOO 11"4:1 .' 0 

400 0 0 
-.:-.:-::::::.:~~ .. ::::::::::.-::. .. :::~~~::. .. :~~.;~::-::'::= :::.:~~~:~-~~~:-:-:::::-::~ ~~-.. ·r;~_.~-:::~:~~~::.·.:::·.:.r;:~:..~.:;.;r;;!~:-:t-::::.~~~:::-;.::::~.;:-:::~:::;;::=::-:;:·~::~.~::;-~-==~;:=::=-=:.:-~:~=~-=::::::::.""::;.:;;i-=.:=~';~ 

ao95 
~Dso 

tl~gr.e$$1oU .COU$t~t's Jt 

·-= m 
c= 

f!J:A~ii:A::.'· •'1· 
c~~"'il~~ #. 

'l.l2~.o:t 

1t = nt:t -1- c 
·133.806 

-35~ .. :013 

2570~:39 

1"'·"~2 ·sa ....... ~~. ··-~-C-~ 

1.75.50-:,) 

..:503~510 

., = a.~oo· . . o.oo9· 
'* Dat~ used tor rsgresBion az:t.al.Y'ri!1s. · · · · · · . · 

.:~:-..;.;·:.::.:.:::=.:~~~·-";.!::;..~!:..'!.:.::.:!:..~~-~::~~~;;t;.:;!;-;::.·:~=~::.:;=.~ !1::::;;:~:;-..;;:~:;: ~:;: :i ;~. ~~ ...:..~~~·:;;~:..;;:; :,:.';~~~,:::t~ :'!~-:~: ;~,;.:.;...::,. :t =~ ,;:_;.t ::::~; =~~~ ;:;.:;:~:..!!- :_:;::.:.;~ ;::_t; •• ::.=.· ;!_: :::!:= ::.: ::-;::.:.;:-::.::-~~:~-~.;;;;;_~;.;;:::~=:...:;::: ==..~::.:-...:;" .. -... -.. "':'"" -;.:.;-_·:.,.:. ....... 

~ 
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Effet!t of' !U~l7 on 

·c-~~~~t;~;;i;·r···-·-·~----·--·~·-···~ ~-·H·-·- .. ·~·;e~·~;~;t~~;-~r---~"bi~.ti·;o;··~~;;;~~-~~;;;;-~;;;;;·-----~~----·~----~-·-~~--·---·~---~-·~~-
< ·lmlJ ~-- ... --~---·~--~-- ......... 9.-~ . .....,. ... ~._b--~~ .... ---··_,-... ~-~ .. ··-·-·-···_·~-·-r---···~··~--·--~-----~·"'----·-~--.. -·-h-·····-··· -~.~--~~-~-_---~~------·--·····------
f- g .,.4 ~i.t~S I . 49 hettt" S C ·--w.,~-~----···~-"5i-~x~tb1t~~----~· .. ·····---·-~----···-··T··~-~-~~----~~-~----·~-.. -~~··-·-··-·· .. ~Ji-·!nilii;;:t1-;;n-~ .. ----~-----~ 

·.:::~~~:.====-~::::::.:::.:;:.:::::.~.:.··\t:~::: .. ;:~:-:=~=-=~~·:: :-:-::::;:::~:: ::: :::-:::-::::::·.;. ::.::. ~~~:::::~-:-:~~~:: ... :::-::..'""::~::l~;:.::~::. ... ..:::: .. ~-:~ ~: ::.:::·~::::;.:·. ·.::::;;~;.:.'~~:::::. :~ ~-~:::~.!:: :...-- ~: ·. :· -::: ... ;::;:::;~ ~=-'::"-:::.::::~::::;:.::::-=.-:::::;.::: .. :=:.=::...:=::=: 

2000 :mo mo 
1600 100 100 

1200 87~ ·6-3~· 

1000 "/.]tt; 4.~~ 

BOO '~ ·~ 
600 2.?~ 19i&\ 

400 0 0 
~-----~·~~~-~~:'!!'::~~~~~.::~~·~-;-::-:::~~::-~~~--::~~:;""";~;~,~:--::·~~~·:-~=--=:;:!~~==-.!!!Z:..:.~~";':"-!;:7,;~:;;;;':::=::.:--~~:~;:: :.:·r:.::;~~::-::.:~c~:.~"!:.;~~~;~:.-:::;;:--::.~::...~::."~-.:.=~~~~~-=:.~:= 

EJ)95 

1tD5~ 

Regression C;onstants l 

m= 
e --
r = 

:1200.92 

75S.5? 

'X ::: nu;:: + c. . 
2.Qi1:. 4};.0 

~539-.723 

Oo007 
·ti Data us~d tor regres:~ion m~:ty~:ts. 

2041.73 

rn7.23 

l4,2.043 
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