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Jlj? - i~.ffi. uv, Ill, and. rnass spectral), biological 

ac tivit:tos ( illsG!C t1cidal·1 . .fw:sg;icidal1 and to..ucol.o­
gical oot1vi;ies illClUdin.g antichblin.aster·ase pro-

perties) 1 and hyclroly~ic pro_perti~s of' some 2aalJcy.ta- -mido-6-nitro-,11!-113, 2-be.Tl~odiozaphosphor~2-sUlpb.ideS\.)'. 
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&\00 AND OBJrn..."'XS, ·Ql? ~tm P~~lfl llfvi.W':f'l(J&;l.ON: ·· 
!@! ;;:::=:::=-~=::: .. :,:::::::::=:::;::..:::::::: 'g:·::=:::::t::::=::. 

. . 
As stated previa~. (1n 9/.Ufi - ·U) .salj;tbion . .,(~-~~~ 

4fi-l1,3 .• 2w~~od~o~~~$Db.ol?in-2-·su1phide) 1\IGS., ~-overed tn. 1963 

lml,- tt&e . lfaboll'f!tiolrN' of" Pt;~stitd.de Clteilll$1i11'Z•· ~shu UnivGJrs1 ty • 
' .. \l} . . - . . '. ·.. ·. . . 
J A:(? Ali 1 and davel.Qged into ~eltcl.sli~ion in 1.968 by swntotao 

.. ' . ' ~,.- -

Cnem1cal Com.pany;. ·~ ~a]J~U~d e~ds nave ··'been synthesiZer£ to 

stu.dy their' cllemical• biooheldeat," byarQlytic and t."iol.ogical pro-. 

perti$3 including pest1c'idal ;ac't1.v1t1es. a;'hr!l uniq.ue strnctul"·e or 
salitnton e-umes ·fr'om :the a:t;tiv.e tri:tt~ool1t:e of: .:tr't-ol~tno-tolyl 

(3) 
phospttata CU?009) • In ®lt$ or lngn n~otoXic!ty of the S?:OOP-

metabolite,, salitbion causQs n.o sm.h tonctty,. ~?b.a lntrodtwtion 

ot fJJ'JlV -type at subatit'"tlnt ·at .arq :PO ... SJ.:.· .::'&Lon of' the b~e v-ing 
(a) . '~ 

dGel"eWles the lnsoo.tieidal. aet11-1j.tw' . • l:t has been reported 

tnat the 2-ma'GboJey-o-ldeo--.1n-l,S,?-baazod:ioll:S@hoS.PhOlt~~ 

srJ1.9Mde (l\1)..8) 1s gbta!nad, as a pa-ste 1n ttbe ·~eeD.t1on of 5-nitro-
..• J •• 

sa:U.genin vit.b ~etb.1ld1Chl~,i.dogbospharotb.1onate .ritter ~Uieat1on 
-

tchrO'...t~b s111cic .ae:ld column e:bltomatogr~; and,. ·this methoxy 

compound has aboa't s!xty t~e less 1nsecrtic'1d.al. aC'tivitJ' eoz;a-
(3) . . . {tJ.) 

j)at'ed to salithion • ao~ver. J.t bas :aem obse.vved in ·tJUs 
eompov.IJI.d ("BD-a)ih a.. <~.tktte. ~stallime 

labora~y tbat- th~ metb.ol%3',. soUd. (m.;p. 84°0)1 a.lld balj; about l.G-2 

1i'J.mos great~~ oral m.~ootic:id£ so:t;tv.tty 't#.:) doek.I:oaeiles, 

Periplaneta ~1Wl (Ulnn.) e,o.mpar.ed to sal1thion. 
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Mor~p.-.n~r, ~':lt!"O<hlction of an ~ide group in place: o:r an 

alkYl ester group often affords organopOO$llhorus e:sters witb. 
(5) «I 

fungi<!idal activity • :rtt>1~ exttaple1. alth.ough the insootic·ido 

di.metb.oate(l) C~~ ;{ di~·tJ'lYl 5.-{ li-mG~thylcarb.atnQYl.metbYl) pilosphc,ro­

tb.iolottuonataJ has :n.o fungicJ.d.al activity, lts dial.icy'lphospho­

rmaid.at;e tu'talogs• su<th as c~mpoand II1 show some Eut-agicid~d as well 
(6)' 

:as aca?i{;idal. activity • 

s 
1! 

I 
Dimetnoate 

0 
H 11 

0 

11 

be f'ollnd t;}UJt $0i~ phospll~amidothit}llQ'tGSt phospho~amidothiolo­

tbioruatf~s, pbospboramitles. ol" phosphooamides in vtu.ch tbe 
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Phosphorus ator.a .i$ attaob.$d 4~~tl¥ to the ni-trogen atoa or an 

Bm1ne or a neteJ'oeye'l:ltr c~ suoil as :&htbel.imida,, lsiidazole or 
. . . . . us.?,s.,,9l. . 

tr-lasole h~ve Vf/Jll>~ goofi :tung:tcidQ\ aetiviey · ~; 

~hese observations pror.nptstt us to und~rtllke a qstomntlc 

wo-.rk on Goma 2-tl1Jey'ltnmld¢-6-n1~+Ji-'l•,31 2-:benadloxaphospho:rin.-2-

sulpld.des balrillg gen~Ql stz.-u.cture .( A),, 
~ ' •• - 1 .... -" •' . ' '· - ' 

wnere·, alk;1l.alll1do· is cyolOh.t:1xyLaud~,, mor.PhOlino., diJtteth,Jlatal<iO,. 

di.~tb;ll.atni{~.t p~rol.iditto,. ~1per1dtno, i$op~o,P:rlamt:® or nonyla­

mido. !ba 11ork embodied 1n tb.!ls d1s~wtat1·~n is r~l&til"i to th¢ 

investigation or tb.·~ ta'boira uuanl;i~med oompounda 'd til · reterem:e to 

1;he.1r ellemieal1 ,P.t~stiQ~idal and toncologic.~a prop~tir~:s besides 

structural · elue1d~t11;lU$ by s,Pec.t;.i.?o$Col)ic ma.tho(ls. 

Jlciju.al, ~forks: 
• ·- ·-· ,,. :L ... 

(1) Synti:ler;~ of' sose organopllo$phol~s compo'Wlds ba.ving 

general stlluotur~ (.!). mentiorted atJOV&t atr~· prasente<l. 
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( li) Spectral. :f.ro»ar't~tSi :, W, ras 

II W4 i t I All ll.ll!C J:r.i@i! ! .T ·~· 
~lass and H 1flm $}:lt!<rtl"al. 

13 
c and 

~11? ih~- $pe(f:.tr.a of Oilly · pproll~~ W"ld g1perid!no QQlil-

. ~ . ' 

pou.nds as well ~s ltl\t1 ~)~ra·ture H liM& spectral. data ot 

tb.G atetb.oq c-ompound (_M'-BJ have -bae.u. g:t.von~ 

(lit) BiOiogi~ai , _Ac-~1Vit1etl ;: lnsectitr1~,,- autii~gal_, 
K I •••. W. ...... ll_'i.IA __ tJ.'P.... . 
anticholin.es~.ase aots:uiti.es·· Md- ~otu:zd.c p~o;pUties 

have he~n studi<ea; acute o:Pal. tol£ic.1tq 4~-~ta on ~ats have 

also b~ p~es$Ated. 

( iv) liy'd:t'ol;1tic .J?ro_porti~mj, Ch-9f41oal bydrclysts llt a:Utal:ina . 
-M ......... ft11111l aMgc ·1 114·--itflfiUi «<D4 

3. Eto1 f~.,_, l\Qbqmsh1., it.,., 
tl&$~t-u, ~., Cheng• !1.1~.,, . 
.Ail(a:aa1 t., lttune• ~ •• eel 

···; .. :fisbima,. i,. ... 

: l~$-~t:tc·i<'leS!, l.,'J a(. J.931l. 
~·· 1 .,-~·-··.' ~ -

t-· D.t1b. ~heads ~c:~'ttti 
U.niv~r:~d.ty,_ ll9S-~). 
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l. J?URII.ICA!lOli Of SOl:.V'lldBB .;,UfD ~liltl~- mml&XG~\1:,3~-
- ... i JE!! •• t . 6 J • ._ ... i .... ... s~ IRil ....... , ..... ~? I JJ ~,.·ltl.l$11•4 

ihroughQuttbu -PlN~pn!1'attw tm~ other Pat?t. of ~e vovk, 

th~ ot•ganto- solva.nt,s and of~h®!'- cb~r.als urned were puuified and 
·'• '(l) '- -

dP-ied accoJJding to Vogtlll - •.. All cith®l" chem~e$ls and sol'l~nts 

occasionallY used dta1ng' tne work t1el'.e ot atan~d commern1~ 

prodUcts oi.. higb qu.tllity (EM1 ·:Bun. -~ll andl'o» Fltlka llUaLityl • 
. ,· ·•· ~· .:_:~/ , ~-::,_;,_r., :.:-· ;··, c/ ,": •; ·<' , ,, . - . - - -

• .,..., .... : •,f. .~ 

·2. 8,l)EC!tl;10.$C0P.IO j;i~J.'niJI>S ~ . 
._.,... • tfi11111TIII'IIP'l:., •• , J j JQIIIWJ; • ........... 

Intl!'tll.r~d spootPa W'elf~ rf.tor#dud on Bee~ I!t.2Q $poct~o-
-photo . . 1 . . . 

- "meter in nu3ol mull. • ii lilil~ s.pect;r:a uer-o oillt{d.n.e~:~ _with _Vtll"'1:tm ~~)del 
' . 

~so, ~39o, u~: .. aoA,. _ tmd lf'.ti-270 :iostRwaenta; 1n ®Cl3/Aeetotle ""' <\> 
-· - l3 

sol veat using XMS as an ·tntev.nal VQ:f'erenc e; G ltH.lt sgec trtl were 
.. 3l -

e(scorded tn th.a st:~a~ b~...aOA ina~umen't ·att 20 MUzt P luta spoo era 
. . 13 

waNe obt.QltJ.ad td.tb ~~..aoA .tnstrutrumt ·at a2.2 l-tu3, c lmR spectra 

of n1Uo aal!geldn. has· been t?...k(Jll on t1ll-270 inst~urae:nt at 67.89 ~Jij 
1 . . ' •(/. 0 

low temp®:" at~ -il .W~ Spec-tra .fit the mt!!tho;ey compound Wal$o taken 

on ~1'1.270 lnstl.'ument at f1/l(J lliz• W spootr't1 wette obta1nf11d With 

I3ookmtUU1 DU.;._g s!)Gntrophotomete:u in absolute athrutot. Mass SPGc.tr'a 

watrG .vecortied. on Va~ian mad01. mt.600 ood 14&..00 instrum()nt. . . . . / 

a •. Plltl~Ail~tti:IOII 4:lF ~lU:aPJ~QS.WiOW!}J; ~lh!.:Uil:VJ!i. (.PSCla): 
v t1 _ a • " ! . •• •-• 1 r 1:1 t • ' ,....,....., rhr •• . .,... •• •• .,.. 



otl. PJ:ii!U?Aiittre ~t Oii OF 6-11 :C:C il~$AW..l01!:!iit1 ( 2~tnU.llOAX-5-til"t l:liJ...l'Eli at t:. ...-·•:n t. ,.'f!o w; ~l~u. 1" n •J:A; ••' jllll'tlt ... •• r :u•• •·•,•••• •• • '01 r.T? .,... .,. e~ .... •••• f t . • 11 ; ........,...,. .. ..,. 

A;';aCOi10!::.$:t~ 
it .. ., t J:!llUt. 

Wh& 2 .... bydrorqr...S .. ra.tro ben3Yl alcohol as one of the sttar­

ting matel"i&l.s f't>r t.hu SJYl'ltha:sis of. n;i.tl"'O•Iltll.1gon1n nyolie Ql.lQrl~ 

J ££iS ,PhQSPimPotbioniJttes l'l~S !il'etj;a.t-:>ed in tb:e .f'ol.loWin/1 mannau; 
" 

;.j' \ 

t~ePal"t\'ti!on ,of tba alcohol 'htas dQll~ in t111o Gtag~$; 

(1) prepmtnt.ion of' the 2-bydr~ .. U..nitro bell3ifl cb.l~idU~1 

and 

(11) th~ bydrolymls fit t.hfl $aid chloride. 

V:.be 2-b:fdil'o;q .. 5-u1tro-bun$,Yl chlt>r1da r.iaa J}l"el)~od 
(3) 

aecord1n.,m t<> th.t!t raethaa d0se1"1bed in Or'ganitt Syn.thtJs.1s • !J:h.o 

reaction. iuvolv~d iea 

~he p..ntlt:ztopbenol maltinwr at above ll!PC (LlEb1dt)l 1 m.p. ll4°C) uas 

ustH! .f'o~ tbe pr~~;¥~par(\tio.n. ~he otb.et'" !ngtratii0nt laetti!!lal was 

aynthG:$1aod ntreab Cor f!i'ITOJ·:t.'"Y' bateb ot• .prep$2fa:tion as f'ouws• 



760 m..., t1t..~than.0l li$S added to 400 grn onbydrous caloium 

Clb.lor1{ie ·in a 3 t·t.~ rolmd. bottQIU~d f'la~~ equipp~tl '~itn a ;,i:Jtlu.:c 

condensar, lO.r~ mt.. 0.-QOO. hydrochloric oo1cl w~a r.1ddatt; tb.an w~tb 

oo.dltng .a!ld constant st~r!ng, ~~Q() .gm of a?,..i.if)~ :t'~m~d<Jby<le \-las 

alo1flY <lgopped in tbrolilh a dropl.;d.ng tunnel.. It too}t about 2· 

hour:!ll for complGte additiQn ot fo~mald&th~{1e (tht.e r~actiou was 
-

st.ron€'.1Y exother-mic.). rlben ~l tb.tt f'ol'~2l'.l~bydo l~ad been addod1 

thG m1x~ure was h.GJ~te~ tor ta f'eti tUnu.tes Ul)tll the liquid boiled 

v~gorausly. ~'!~~~ mtlthy.lal. emma up quickl.:t on tb.e upper lay®?' 1 . and 

after an oVGl~ni&lt statldin;rg W2G trect1ona1J.w distill~d. ;tbe 42-

45oo frtWtion w~$ collf~t.ed mud sto~~d in a tiglltly stopp®ed 

bot.tl.0 in cold (fr•zGr) bef'o:~ra it was used. 

ln Jl i.l!ll~·lltre, thri'?Je-.nookf)d round bott.on&a!d flaaK. equ1 ... . . 

. pped w!;tb $ .moohanir.Hil st~l'Gr, .U\ sho1;·t :e~tlux condenser, and a 

bent glass tube VQtmb!n~ suf1"1o1fmtl~ below, ucro l$looe<i GO ~ 

(0.36 m~>l~) p... n!:t:rr()phan~,. 65@ mt eonc. H011. 5 ·ml Conn. liaEl04 

$lld 76 sm (J. nlGle) methylal. 'i'he rtt\ootion t.d.Xt.ure vas st!l?red 
milltn-taJrn-ed. ol aJYV rumUJYU:L 'TO+ 2 °C -terr 4-5 h<r s J.,y 

Wbilu t~he terup0r atut"e waa" me£bl1a of a wateir bath. Dtwing this 

time HCl gam t11as bubblfJd into t:n~ rt:n3.C~ion mixtmwe tbrougb tho 

boot ~lilS$ t.ubG. Xna 2-bydeo~-S..n.1tPob$neyl. cblot"1{t0 beman to 

aaparata ss a solid af'trllr about one to ont'll and half hour. J\t the 

end ot tl:u~ ri'loot1on,1 t.h.e m1xtull'e l'l~$ cQol.ed in a 1ce-bmtb for a 

p~riod o£ l-2 hour VJi'l~~n n~ore crvmtals seJ!ltWttttld. ~he solid 

matexo1$ls1 a'ttt:r~ f'1ltrat1on, \'las .-l.U·t!ri.ed Eor several flours to 

l"Qaiov$ Wftl~er; ru:ad then washed. 'di:th benzene. l]h~ :vt~ld was flbou.t 



\ 

~h~ $a4d cblor1de was taktm \lS suspension i.Til water fmd 

n~atad $lO'\flY; thf~ cry$'tmlm wotll.d go into solutiot~ ~--hiie the 

impur.1tiats fol'm a d~~P brol>n.l ~Ol.y ln.y-~1:- at the l}ottom or the 

cot.lttain'.ir,. TbQ mixturd' :was ·then :001lod gently to ensure co:aplot~ 

hyt:Woly$is. ~ho solutioll w~s q,uie!tlY .triltc:~red uhil~ llot. 5:ne 

ligbt yallow ct''Yilttils ot 2.-bydr."oz.,v-5-nrtt.l"obmleyl alcohol :~apnratad 

~B tht' t1l:trtlte ~ot ooolGd; tho J>ll'01hWt (~ll.~. l2~?.-l00°C) tnua 

obtained w~s rec:VYstal.l!aed tro.<a hot wat·l~,r; tb.e c.t-ystnl..!J were 

t"iltured, :tas;h<t~d with nol.d dio;ce.n : benzene (1;9) mixtur0, and 

al"ied in vacu.um. 

FollUd j 

Calc• tor 

u:v (!fig. l) ' 

c, 49.00~ 1 .n, 4. J2~ ; n, s. 3t);.;1 

o.f1,1o~~}~ ; ,c, 49.7$ ; u,~l:.l4~; 

rt1 a.RS~ 

= aao nm \ 7-005); aJ.a\ a~~7), and 

tJ:lO ( ~)226) ~; 
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' . ' 1 aoor} em.··· 

~· ill! defr!irmation Sty. vibration; 

· ; t ilsYm~· ~ syrn~ St-r. of !ia2 gcoup; 

.. " e =. o {3~1--; 

:.c.o ... a 
980, 960, and. ~25· ~-J.· .. , 1 : 2 : ~1 tr.1sub$titutod 

baua~lle ring viblr .ation; 

-l ' 
~00 ·Om t l.one n:.. atom 1.1aggi.rt.g of tne 

·phenyl; ring; 

· 750 ana i)~$.5·.~~-1i. c- 1~ .... ·o bonding; 

.. ·aJ.O em·l~ ~ (a.d.j.~J~n.'t). of the ring • 
. ~. ' 

13c r1tia ·(£1'1g.~.o·~ 
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· . ~ - · 3 j ~ n" ~ I , ·-· " t-. pp \• • , , - I ·-· • · ,;.., \I ::'1 . 

11I" 3-361 I 
t CURSOR FREQ PPP'1 INTEGR~L INTENSITY r 

3763 1399.4,QO:i 206,129 4o5JO ;!77,'575 . 
4657 1096:?. 59:? 101...,76 • 0:?7 7 .us 
5049 90.33.38~ 141.897 o063 3.3ol 
5:?79 
5389 

8853. 488 130, 409' 
8480.496 1:?4.91!i 
8419.461 124.016 
787bo9:!t;. :116,025 

·O::?B 
ol21 

4,919 
6,063 

, .. : /~«ir--)-
6T89MHz p!'ton.,-noise_ decoupted 10 CR.MR spectrum of ~-Nitro-saligenin . 5407 ol57 

7 S567 olOS 
B 6685 4085.965 60.185 .oat 

' 7'276 ::?081.977 30.667 -~73 

10 7~8::' • ~Oolo632 30,367 o814 
ll 7:'88 :?041 ,:297 30.068 lo.oil;!:! 
10 7293 2024.333 2o;',S18 1-739 
l3 7;'<;19 2003.988 29,518 1.67:3 
14 730~ 1983.6-43 29 • .:'18 .765 
10 7310 1966.688 28.969 .:!80 
16 7890 .ooo ,000 ·231 ,. 

C;z. 

c, 
. . . I - ! 

6.996 
10.:?34 
8.334 

28 .89Q 
81.588 
8.3.1:54 

166.555 
176.963 
59.:!39 
20.581 
:.:5.164 

c" ,. 

I 

I 
I 
I 
t_~_j 

.~ 
6, 

c3 

I 

.liM,\.~! ~~ij,~~~~11 \~;~!'~~J ~ff·J!J~~~,, :v~~·~~·~.J~1 i.~,~~~~~·, )i~~ 
fl1 k <lff··i]~'t,l,l'~ i!•'!,) 11!1·11'' I 1,,1 !'It,, 
.. ; ' I I I -' I ,, I· f ' '" . . ·,'' 

·, ' ' II ' I I . 
I I ' I 

I, I' I 
~~~~'.Uk~, :'~·;~i!,~l~l!r~l~,[~1 ;J~~ Li~~ Jl.· >l,! 
i (·•r, f I ,~r ~~~ ~!11 'i I~ '~il~·j'·r!l\",. 
J ; I \ . ';' . I ' ' I ~ I 

' 
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I j ll I 

. :·,.uiHU~,~;:~~~t,~fi, 
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2J'itfl:ig + l?UOl,a 

(2 mola) (l mol.e) 

fillU2 + PSCla 

1 ~Gol·e 1\··!'l!Ole 

run!~ !'(kl) t::t2 .f' . trtethylamirle 

-bYdroobl.oo.--id.e 

ONL~k~~ 
One mole fSCl.;a and two t!U)las a.t~Aino (olrit one mole tt"i~tbyla.-

mille) wertJ~ allowed to r•N~t t't ~5°. to .. r:Po in bon$enMcbl.Q~ofo~iil· 

as solvGnt. ~bn mr.£ins solutio.t~ W4$ :addefi dt-o])vise vel .. Y slowly i.d.th 

<H>nstlmt Vi!~orous $"t1:11'r."1ng. ~tttar *·m addition~ s't~ir.a~intt g~J.·iort, 
' 

tba "'Si'ol1<1 t>artiales (it prssent) tteJ'a J!ilt{lJl1'(3ld o£! ·~he r~ne.t!~.)u 
. . · . . . 6u1se.guerniliy 

mi.l{tW!G" and wa.SJh~tl re.f'~Httfa~J.y :tdJ;I:t :PtmZI'.nn~cblor-ofl'ol'II£U.J Jit &' with 
, A 

21& cola, bydrooblo:vac acid, · thQ>n with. cold :srnturn:ted solU;tion ot 

sodium cillori~le. ~he btanzene/chlOl"Qt\.'tJNn . ~haat9 wa@ ·then dt"ied with 

$1lhydr.ou.a trJOdium ·alllpb.tlte ®(A f'1l't~ed.; ·ey:a~or-ation ~ J ... nsM go.ve 

tbe desired phosph.oramidoth1o1c diob.lOl~ida; tb1s· di~hlol<"id,e :was 

used as such. tor tb.~ ~mu.bsaquent !ract:.lon. · 

. -

~be tU.tte.tt'Mt !>bosl)lt.olNlldu.o·tnioi(l· diehl\>ridtJ.s were »rm.>ared 

as follow.s: 

.5. ( 1) Cyelo h,¢:ql.atl'd.d<),PhO$pUO~<Hi1.chl.Ol'l'idath1onate _( IA).: 
•• 1 fi S .... tN IS .. ~..-~~~OZOJr.t! t fll!:I!Gtl•~• bol r t CJt t • ......,~~~~ 

Tbiophosphot~yl chloride .(16.9 gm; 0.1 fSI{)le) in 100 r.a.l. 

benzolle w$s t\llf>l~Gu t:o :reac;t -with cycloh~:ql~ine 'l9.Sgt: 0.2 ro.ola) 



in 20 ml ben2hme. at .. :~0 to 5°C; ·t;h4.r. ~in.e solution tm.s a.l1d.ed dt'op- , 

wise very slowly w1 tb eont!fi:..rmt vigorous st~!.t•l~ius. i%fttl'V an addi­

tional stbri:nn: pt»J:~io<t of' t~wo hol.ors, th~~ cvclohex.rlamlne hydro ... 

chloride was f'ilteiN!td o'l!t, :md the solution was wasil¢d \·11 tb 2;£ 

cold nyarooblo1•ic oo.iti sat'i.ll"U.tG!d ~th $Odium <thlm,.1Jie1 and tt1en 

witb. <~·old aaturn~ted s'llut1on of sodium cb1Q:t"1da. 7:tw benzene 

phnstfl Wf.l$ tb.e.n l¥O!lh!ll:;;~d with mlh.Y<h•ous sodium sul!_Jh~te tln(i 

f'il tt£:l"'ed; BVapo.r~~.tiOll ~r~J!fl _ga'lle ·t~he cyclohGJQ"J.Waidophos!)hOl"O­

dicblOI"!ldotf.ii01la.te. J.6 em t?o~ ~"ield.J wh1t.e c.t'ys·~sutiue sol.1d 

(m. p. 88-Gfl.>o} t-;:tas thus ()b"(;,ai.neKl -~ 
AnalY.,~$.: 

l~'ound a c, :Jl.04;g ; U1 6.20;1 ; N'1 6.02~' ; (c6l~Ot2HPs) 
Calc. f'~l c, 31. OS';~ ; :a,. a. 2~ ; N, 6.oa;:;. 

A solution of' fttorpholine (8~~7 gm; 0.1 mole) in 20 rill 
<..uOJ> o.dded cl.cropto'1Se to a.. sthoo2.d Solu.fum.. o;t thlol>Ms?M'Y~\ 
bsnzen.ElA~hlodidQ (R.£15 _gtn; o.o5 mole} in 5{) r.a. ben.zena at -5° to 

+5oc. Tbe mixt.tU."G \'!a$ stirr-ed at t)OG f:oz• a hr. and f.i.t ~oom tem-

pe~at~::ure :t"or l6 ilro :the m;L;tttut·e 'k1lilS work·et2 up as in (l.lt). J\ 

clew vioooua liquid \1hicb solidified afte~ stP..nding nev€!ral 1iays 

was ob~ain~)li (?~aO gm; &.k7i yi~lfl,) :11 •. p. ao .. aJ.°C1 :; 

Anal,Xsiffi: 

: o, 2~j.52;~ ;. Ii1 j.94;i i l:i, 6.85,~ ; ( c4UaCl2IiOP.S) 

Ca.lc. tor; a, 2agM;~J n, 3.95% J 1.~, e.oo~. 



solution by partition t.tletbotl1 and itl$ cono,entl .. ~'tion \>tam d$t~rllined 

by V4>lumot~1o . ro~tbod; baf'nro e$t1m~t1on of: · th& a,rnine the ·t.m:tzene 

ph&se '\!l~S t:lrsled with anbydroil$ sodium $Ulpb.mte. 

7.3 gi:Q (0.1 mc>le, 50.12 ml. beon~ena extJnlct solution coooe 

0.1400 ~a/mlJ dit:;th~'la.ni:lno vas allotted to 1.,e1Utt 'dtb t.biopb.ospb.oryl 

eh.lolt1de (8.45 gmt· o.O£) GltlleJ in so Gil. b~uz(me et· -5° to +r:Pc an.d 

tbe t~\.W~ vas ll!>I-ked ap ~s in (lA). r~. 0 gm (7$~ Y1Glld) liq.uid 

L~, L~ - Di(aet.hyl.amine l'laiS e:tttrtlc~ad in ch.loi.•ororro ft .. ~ it~ 

aque~us sQlu·~ion by pill"t.1:tion mQ~ih.oti avJ i·t~~ o~,;nu~ntratiOJl t-l.Slti 

detarmiuad by 11olwn~tl:•1o r!lothod; b0f'ore et;.timrLtt:1on o1t th~ at:li•D.e, 

tlla ehloct>form .Pi'!aso ~ms dricu:jl ·1~itb tW.h)fljrou.a sodiwa sulphe:t'"• 

Xhioptaosohoryl (.tblort~o UJ.~o ·giQ ; o.os ru6l~) in so .til · 

eblor,,to.rtU was allmrod to rC;?oot l11t.n .~:1:.5 g~n (o.l mole.· 3'1.8 ra 

cillorot"orm e:4:tr~ot solut:lont cone. 0.1190 gm/rtil) di!nath..vla~ine 

and the .mi:.ttu.ri(ll was \1()lJ'l~ed up ~s 1n (IA). 7.5 ~~ (84/b yi{illd 

l!quid wbieh solidit"it!{i ~m stm.~ldil\\g as. cr.yst1us (l.S.p. ~32-33°0) :wa~ 

,':,·· 
,::._ 



\ 

~ 
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Found: c, J.a.4a;a , n, a.a9iJJ ; £j, 7 .. aa;& ; 
•' l • ' ' . 

thlophospboryi ehlorid~ (8~4:5 ·~ ; o. 00 aol$) 1n 50 mt 

cblorofor~ t.iftaS reacted wi;tb 5.9 ~ (O~l ~ole, a~b.a nil chlorofol)im 

f)Xts;'~ot solut.1Qn, eonc. Oe2a79 tr.!Val) ist>J.)ropylam:tne, anti the mix­

tlll~G wrt.s WOl"ked up a~ in \ 1 A ). s.o f:at (sa;' yiet.··U vlhite cut~s.. 

t~lli~l® solid ~ti\•lJo 3U..JG0 0) wr~m ~hus obti«tU'lr:~d •. 

5. (Vi) m'"'roliciinovhospht)l~o<Ucnto.viO:oti:aionate (ll'~) t 
.... I? P'•'II:@IPJ4" ~-I ·-~ d 18 l'*"• I I I lllV.'MI¥0!' '7fi4IP't ame IP f II .t, 

?Eb~phQ~,&boryl. ohl.or.ida ,(8~45 gm1 · i).OO mole) in 50 at 

Ctilorofolrm Wf!S lfeaet4!1d 1lfith 7.1 .gl'cQ (O.J. UlOlO} pyrr>olidifl$ J.n 20 ml 

ehl.OJrof'<l~m, anti th~~ mi:tttlf"(i· t11tls t<r~ked up as in (lA). s.s gi~ pro­

duct t.Jas ol;~tainad. , 

thiophospboryl chlol"ide (8.4'1..6 gm, 0.05 mole) in 50 m1 

chloro:f't>r"lll ''Ul.S allowed t.o l?~·aet ~fith a.s &11 (O.l tf.l.ol.e} p:Lp~1d!in9 



~'hi~ c c:}tngound \IG!~ :PreP Ill'."~ d. by taking l?SCJ.3 ( 4£.1 ~~<4) • triethy 

... lam1Ilt~ (2.,46 gm1 fJ~02J13 m.ol.a) 1 t~nd n-n;myla.'QinQ (3.4? wn1 Q.OPA2 

moleJ ill lOO fill~ chlo~ofo.I?kll; the llOUVlamino in ao ml .. ohlor?;">t"orm 

was Gtidod droplt1SGJ af~OO? ad<:iitiorull stirring. tor 3 hrso t:h.e :reac­

tion. tniXt'iWl'(~ \tHlS washe<i twice \fith CH)ld satura.t~\1 :iodium chloride 

solu.timl. ftbe cblQrofG~til pbnse wms ·th~ dl~ied 't4itb anhydl:-oum so­

dium &Ulp!:w~te SQQ f'il~fllr~d; evapol'l'6it1on in VOOUO gave 6w2 ~~ liquid 
' .,...........,.. "Ul I A a 

nonyl,.am1dopbosphorod.icblor1doth!oo.ata. 

/ 

2-alkyl$lil1~1()•(i-n1·tro-41~-l,3,~'bm:~zodio:taphospho:r1n.-2-Sul­

~hides l!IGlJfJ p.Pepared by adding ~ oolutio.n of 2 ... hydroxy-5...ni:t.:ro 

b«J11eyl alcohol · (5~ nitll"O saligenin, l mole) ·in dry acot--.>ne to 



~ 
-( 

l. mole of' alkylam1®!1hosPhcl"odicbJ..o:J:*idothionat9 llith co-olillg 1n a-n 

1ce-ba~n. ~he ~dr'oU!.U i)Qtassium c~bonata (2 mt:tl.e_) WSts tbell 

added by instalfilf~11ts, 'tifitn cons~tmt _ s.tb.'.r>1t£go ln st~me casos,!J e:lod 

result 111as f'ou.nd by using; 2 molos o1-: pyr-i~ne or 2 ~oles of tt1'1e­

tllylarn1:ne in cblorotorm solutlr.>ll in;ston.d c)£' a.,t}f!~rlrous potassium 
. . 

e~bonate. ThG tempaJ;•nturo. of tb~i rtN~ction m1:ttwra was st.l"ictly 

mnintmin~d below 6°0 ·i1W1'1nm -tho nddit1on ot pt)ta~fJ!U.£4 ~~l':.on.a;tw 

pyridint!ltrietbyl~.amina. _ ~b.e QO!l(l~nsation \1n~s n.ceomplish.ed b't; 

st1rrintlj a~ the tempel!'atutto 6-t.'7°<~ for fl..q- additionol time tf.f' 1~--
il' 

16 hrs. 'lJ!ae .solid i)(arti<ll.-tJ~~:-. veru f.Ut;ar~d. out of' the r-.~action 
:\ . . - -

m1ztura and tha solV'~l.t Wrls '.V'aii!Ovad.; undev rt:?dooed @re~"'S\Wa at room 

te.mper$tura. ln ;;"JOl!le nrlrtH%1 tbo Cl.'"Ude product 1_~as dir"i~o·tly J:lloorys .. 

tallis$d from. meth~ol to . gt 110 the pure compount:ll while in. f;t'tbors 

an additional chl.ol.'o£orm, \fof!(t,r.oo~iQll \fas necessary plnl.Qr.- to tna 

VOOP;>'$tU~l tis:i·tion.. . In tll{ii! lratt.~l" aase, the crude .Pl~OflUC t was @lt­

trac~ed tt11tb cbl<iw.t>forta and "t.>~ash.ad U?1tb. JJG d1l HQ. (ice ... cooled) 

and \!Vi til- col<l \ftJt~r, raJ}~tlatedly \ 1ltwee til:~sJ. :!!his t1as t.b.o;b?-
. ' 

dl"iad \J1i 'Cb a.nbyd:rOUS $f)d.iUJ£1 $ul.i)hata ana tbe chJ.OVotortn \itlt!l sU.bSS• 

quoo\il.f ~~movaa una~r !l'edtteed Pr'lZi8is\W'e.,. tn~ p-wro compotmds wert:~ 
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6. · (b) ?illii?AHlt.;lO.r~ t!U4D PEU.?lt~:\1'1lillil Ol.i" S0¥1lli lrmi'ifWUAI.t •iWLAt,UUO-
. I i!l A X I Sf I • I ·-- J WI U f 6 I ! ........ Ai!i\L# ... t Al>:S$ .... l't ... I .. MF IAi • I f 1 .. 

PrlOSPHOllOXlllUNt~!l~S ; .. 

Z.felting points ar~ uncorJ. .. c><C.tad. Micro analy-sts ware C&"l?ied 

ou.t by ;Uf'red .Eernnardt1. ~,Iomt Ga~any. 

6. (b) ( 1) 2-Cyc lol'le;eylam1do-6 ... ni tr'o-411-1, . .3, 2-'benzodio:caph~> sghor.in-2-
• P A • ill - .,. • ., Y!'«t_.t r ! ..... _......,. •'" · r•• IB .,....,....... r a IW r T ,..,..._ •• u •-• 

Sulphide (BD-10): , .. 

Zllis compQund (BU..lOJ was prep&--4d by condoosation ot 5-n1tro 

sali{genin (~.69 gm; o. 01 mole) &nd Cyc~obex;yl,amidophosphorodi­

chl.ol"id.otb.ionate (2.J2 gta1 0.01 ~ol~) in pll'esenee of .KgC03 {2o76 

gm ; 0.02 mole) in 75 Ull. 3:cetoue as solvent ; £~co3 varn atided by 

instalments to tb.e stir-red solution at 0° tc> 5°0. At."te1f an add1-

ti.on~ .s1r.:Lrring (2 ... tl ~s. at 0° 'to 5°C, and then 12.16 brs. at 

,room temperatu.re) 1 the solids v~re· :f'Utered off, and tho solvent 

was r®oved. ~he c~ude product w~s wasn~~d Witb nethanol $t$tur'ated 

With n-haptane, and t.hen tho compound 1das recrystall.isod f'rom bot 

:me~banol. 2.5 ,gm (.76J' yield) compound Wt1s. obtained. :arJ-J.O is a 

white cry:stalliue S()lid1 m.p. 125°01 practicallY insoltl'ble in 

w~t~~ highly soluble in methanol1c ethanol and benzene. 



Fowid ; _ ·c, JJtl. &,.1-j ; u, o. l9fo ; 1t1 s. 52" :; 

Cale.: tor :, s1Jia794lVs :· c, 4? .oo;i ;. n.,s.:tsSi ; 
. li 0 t.::~-tf 

.. , ""·~· 

' . ~ •, -, . - ~: . ' 

A bfit"~~ yi{tl4 (95J') l.f2.$J: o'b~aiu~d bJ( using ;p~idine 

(cbl{)rof'ol"Hl as oolventJ 1l\$tetjd or K2Ctla B$ deb;vdrogan c_bloride 
' . 

6.·(.'b)(iiJ •. :2-Morpholino-6-nitro-4ii-113~2->ben:zodi.oxaphosphor.:tn-2-
. I... n 11 ... I" I ...... • ~ t at PltME!Ii!T I 3 All _I I jUW - ~-~ . . . _ 

SUlpilit1$ (BJ)..U): 
! • ... •-6.tilllll J4 • ............ 

s 
11 

\~oi 
)V"'Jo 

lv~-,__ . · 
5-liitro-Sal:i.gnrn1n (l.69 gm1. Q.Ol fllQleJ, mo~pholi.JlopbQsf)horo­

d1cblor1t~~tbionate (2-2 gm1; 0.01 mo,l$)t. 8Jl{i ~GOa -(2,/1() ~~ 0.02 

mole) 1n 50~ acQtonG g.av~ 3 gr; (no~_ yield) cr-ude product; 'this vas 

ttlen di$SolVe<i in clllOl"of~m and wash.od v:ith cold dilute HOl and· 

water; aft$11' dr-ying l:d.t.h.· anhydrous sod1W£l sUlphat-e tb.e solvent 'l1tts 

re£aovacl Wlcier l~®ueed ,pres~~~-., ~be solid. tat!;ss .was .then Jl'et~r.ys:ta-
' . ' 

llised from hot mettumol. 2.0 .gm" ~ao» Yield):· BP-U \'$.Ss thus ·obtained; 

BD-ll is a '~h.it.e arygtalline solid1 m.p. ~49oc, highly :·y:··~·::.<"·':'i-~ · · soluble 



_.,___ 
-T 

in acetoll.& and cblor-of'<lrm, moderately ~oluble in methanol, ethanol 

and b~nzene. 

: c, L.t:il. 7o.t6 ; u, 4.lO/~ ; a, r.,.2~; 

t c~1u13o5ii2Pii -~ c, 4l. 7?/J ; u, .;b.lli.g ; 

iif 9 •. 21;i. 

6(b} ( 111) • 2- Dieth.ylrun1do-6-n1tro-..,llt-l, a, 2-benzodioxapilosphol .. in-
• ..-- v..- -.. ....- ,,. &11111:••• t ••••• ... r ••• •• _,. fJze t rsr 

2-~ulphid$ (BD-12); 
P T "! ' __ ... _..,..., llil "6 V FP 

5-Nitro - 8nligenin. <1.69 gm, o.Ol molo) 1 dietttylamldophos 

-phorod:lchloridothionate (2.06 gm• o.Ol mole.), and KgC03(2.76 ga1 

0.02 .mole) in 50 m1. acetone gmre DD-l2 \2.8 · gm, 90,G yield) as white 

crystals (af'tor workin~ up as in BU-lQ) 1 a.p. lOS°C. 

Analysis; 
&II If tmt IMfMiii4 

Found ; 01 43.68)'~ i H, 4.94.% ; u, 9.25;t;; 

Calc. tor ~ c11.u15q~:ttli2I?s : c,. 43. 70;' ; n,,1.q'Gi-& ; 

.11, 9.Zl"'· . 
!4olecular velght .:- 302. 
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5-li;ttl~o - f~aligunin (l.6i~ gm, o.Ol mole) ,dim(l)tbylru.Udo- · 

phosphorodic'blorid.otlrl.ontato (l.."r~ gm,. o.ol mole) 1 &~2c.o3 (2. 76 gm1 

0.0~ male) in 50 ml SC.tiit~"lne gave .PD ..... la (2.0 :gm1 75)~ Yield) ~s. Whiti: 
I 

:; o, 39.40$ ; li, 4.~ ; H, J.O.l9~; 

; CgtiiJ.04li2P~l f c, 39.4lt"'~ ; a, 4s.Olfi; 

lv,lo.R.U. 

t4oleaula.v weight .:· 27~11. · · 

6. (b) ("I J • 2 .. l:r,opr!:JP1la.ruido•6•n1tro....4li-lt3t 2-benzodi•:>XaP.hQspbo:utn-2 • 
• d -tJfjocf!- Mt I •ti::W I;• I. 4 ........ • l.ll t'tro;lil I"' f I .. I I ....... flTI pqe; ... t --

Sttl:Phide ( 191).1~ > ~ 

6-lU.tra-satig.euin (l.69 gaa, 0.01 mole) 1sopropyl~IJ.dopho4;.. 

»horotU.chlor1deth1qnate {J .• 92. gttc, .o.ol. mole), r"2co3 (2.7~ g!01 0.02 



....... 
{ 

mole) .. in. :JO m1. ~atone gave W-l4 (2.0 ifilt 70i~ yield} as white 

Cl"Ystal.St nl•P• 98°0 • 

* Oltfi:t:l)4N2l,S ·: o, 4J...66~ ; H, 4.f)JJG; 

11, 9.7:~~. 

6. (b) (v:l). 2-?p~ol:!.dino-6-ni "Gt~o-4tl.l131 B.,bcmZ<>1iioxa~hosphor1n-.2-.,. m• ••f'1=r•_. .... _. .... _._.,._.,. • .,. ••:•• •• ,..,~~··• OJ •• .. ,. •.,. •·orr 1 -

5ulpb1de (ljD.l.5): · 
• -• r r -,_.pq ,,.......,....,..,~ 

5-Hiwo - ~hl.i&ellin ·(2.70 gm1 o.OJ!.:i mote), pyr.t•olid1no­

pb.osphorodicbloridoth.i®ate (3.45 ~~ o.o:w mole), K2COa {4.5 gm, 

o. 002 mttl.a) in .50 ml ac eton0 gave J:jD.lS { ..:1 gm, 88)~ yield) as 

\~hito cry:;:tals1 m"p. 134°0 •. 

.1\n~.ly JSi m; ..,..,_ .... -. ....... 
·c:\ A iJ Oill.l~ : a, ~1J.B3ii ; H1 .!1.2'7;6 ; ~, 9.28;~; 

= o11H1304~11al?~l :; c, 4J. 9Jj; ; H1 4 • .J:~)S ; 

li., 9.32J~. 

~1ol.ecUlr?.r Ne!gb.t : aOf.).S. 



. . 

..• 6$ (b) ~VU) r;o 2 .. P1p~,"1ti~~raf.~Q...4Ii .... lt;a,2,;.,.b_ellZO{!iO~aph.o$pil•~in-2-
. s.;:1~~1l:fd'e"".(j,l):;::lt; f .:··oi J .Ailll ""' I I . ~ .... , ... ,. I i l rFI .. ... l - 1 1 •• _u .. _,. .. _,. ,.,;r,, ...... J .. Ioflil!\ 

:r· 
... H.·--~ ·m· .. /·0~ ..._. 1~ . , . ?'' t· ~ --. . . ·' :· . · .. 

. •' i. . y • '. 

"' ~';. ·;- ,.,. ·-:: , .. •: ·~· ...::::4 

. t\m.2-. 
-.- 'f of • ·.[, .·j .•· .. J , ~ 

•• ~. '~- .. f '~-. ~-

5_;111. tlfo_.;Gal1geu:!Jl (3.4 gQ;. .0. 00 lilOlG) 1 pipa:;ridinOpilospb.oro ... 

d~hl.olridoth1t.lna~ '<4.36 ~~: o~.Q~f ~l.il) • ~G:o3 (s.u iHl· ·o.~ nr.ole) 

·w. 60 all·. acotonG gave B~J.e. · (,~.u ~~ P/1~· y~~d~ a$ widte crystals; 

Found 

Ce~lo·. tor 

. ,~ · ·o» .t.ts •. nft1 ; u,. 4.1~ 1 N1 a.sn$3 

-~ . 1';1~041'8 l ~~ ~1:. 7lJ& _I U1 ·4. 777$ 1 
. H_·- · ft. __ (;~t-t t· ffh ~\#If-



G. (b) \Viii) • a ... luonylamid.t)-6-nit3."~.t.ftH""'llt.3,2.bei\g;odi.oXaphOSl>ho:rin~ 
• II J ....... St I ................. ~'ql· ...... t -. Ua I!V"*..,.U. Ill! •. I .. ._ 4 • I ~ ~ ........... r l.. II. 

!:':-f~lllllh:l-de tBD .. l7) ; 
~~~~.,..~~ 

6-i~it!:-:).~suligr#nin(, (l.~l u'fl• 0.01013 zaole) uonylamidophotJ­

pho:..·ouichloridotlliou.at~ (2. 93 eat o. 0103 mola) 1 K2co3 <2. 9 gm, 

o.o~31H wr>1G) in. 50 ml ll(H_,;~<:>ne u;avG~ BD-17 (3.5 gi!l, B7~ ~1eld.) as 

crysta.ls,. m.p. u~i:k°C. 

Analysis: -

CnJ..c • t' ov 



' ...., __ ,..... 

............... _ ... 

Inaoot1c1dal t.t:~atB wmra pet"formed 011 the American 

CQCkroacn. Per1:>lanatp aral~l! .. inaua (.l!Jti.nn' accol .. diu.~ t .... l)n.c.v"""'a ~,~<,..., 
, ....,....,. • , i~ •• v~e r........ " t.:. ""' ~~ ~ . :w.a.lif,.,. 

(5} 
mino~ modifi~~tioas • ;r'\rSults of" ·f. am43.vicana we1g}i!l1g al:JOut l gru 

.. .'f'!l9" •• ... , ... ,,.. . 

to 1.2 gm wet-t~ colloott:td in thu l:M)ntb of lltlJf' '"" Jur~e; 1980 from ot~ 

pauticui4J.1' location ot the &.,r·tb oor.tm~l lin1var9ity Gat:npus. .In .tho: 

ff'or }3ll'Gilim:tnavy experimant• ton ro&chas in erl\Cb got we~H oxposed 'to 

different liao{lig(!)a of 'tb$ aonu~ourut$ in dry su.g1W b}lit and atte~ 48 

hours the tnortalit.;y Wll$ dotom~:UlO{it and appro::d.r.aato 100~' mortali.ty 

( ~00~ ValUe rat'1.B:<ll ( f- g/ i!}!J. br~S.1Ed \v~$ found ou.t. 

J:o da~lrmina mo:ua I:»J:::~16.ie ~CJ.oo value or each coiQpound1 

one eockV\>.~ll of knMJn til~ight. in mwb pot \i.ias e=cpos,~d to kncwn qu.~trt .... 

tity of tbe al.kylamido:>hospbo~oth:tonates progJ.•essively ioo~ea~ing its 

oooo~tration by :t y. g for the. dimet~Y'l a.mido compound (ronga 10..20 

j.L€1~) tmd -tor the other eompoun<1s the concentration \las inot"e>~sed 

by 2 f-;J/gr.'1; for sml.ithion at:•d the m~tho:cy- oompound (BD.B) the con­

centration was 1r~lNH1s<:Jd by l f rrl gia. lS~tcb. experiment was t,.-ipl1-

cated and the. avora1~e r.c100 ·qalue \ttas roun't out by using 'tha simple 
t6) 

uithmGtiaal prooadul. .. a • a~:t~ol~~ conducting t.ho Q~pc~uaen.tis on 

tham1 tha coolWo!lcbGs Wut'e kept starV'od f'Ql." 24 hoU.l"$. Uol40V&r.1 the 

varying susceptibility ot"' mala and female roaches to diff'erent cor.u­

.pounds ltere ign,;,ved dut•ing the cx.ptWiment • 



~e":n~~~prw..o_:!u~.i~~!.~ was empl.oyott ror (!;) test of 
an.tif'ungal aetivit;y by ua1ni Pt>1soned rood. toobni<4Ue • lioetona 

solution ot suitable (\Uant1ty of' th.G alkyl.atnidopllQtJ,Phorot;ld.onatas 

in atGr1l~ tvfator containing 0.2 par cant friton-X was trworporat;:ed 

into molwd malt agar so tas to .~$t the cor.tO~ntl-ation 5 - 100 PlXII 

tor the isoprQ.PYlGttlido COlUPQtmd (Bl')...l4) . and 50 .... 500 ppm fo~· tho 

other compowlr.ls in tho me\tia. ~b.e tt;r!lt medium waa pow.$ed int-o 

sta.trile pc&tridlahGs and af:tr.~r aol.idirie3tioll the 7 mn1 8 days old 

cu}.ture <..tts~ was rJlaaod· ascepticr.dl;v at; tht:? eent-t>~ ot t;ne petridish. 

l);h~<l.e :to,pl.ioatlouQ an each test Yitb. appropri.~te cotltrol under sasa 

conditiit.Jn.::l ~-rore mmti.ntt~ined. Xbese pott':ld1sb.as were in<:ubated .at 

26 <~ 1°0 to:r 48 h<:.'l!l.rt:il :~nd then. the obs~rvt~.tl,ltl.1S on -the di&'lleter of 

tl,_e colony wat"~1' .ti't;K:orded. J?ureel~·t; 1i'lhib1tioo over control :was cal­

culmt~d tolltY'I~.~1lig tbm equ$.ti1ou ~1·;rt~)n, bt V ll:Aeent \S). 

Ot"al toxiei:t'~J ·'te$t1!lt] -t~aa conductt!!d .-.,n 6-J..."3 raonth.s old 

male white albino rats, W$igl~ing 140-gt.X) ~, ·each housed in $epars.te 

eom~av=ents of' a ca~m. l\ll anirattls had f'rii]e access to food ruid 
. . . 

water. Ditt"f>:trent domagea of a cotapound vsre mixed with boiled fi:sh 
(9) 

and git."ctl ·to th(J} ·tm1tmalts at thetr ha'bituBl f'eading titna. Tno 

mortality wi.tbin 48 bolll"S we.1!"e rueor(!Od aiGn~; with ·the to!dc GY'IliP­

toms. Acute cral to:dc i:lorro~gG '>1as tound out by vril'.~ying the WlOunt 
Of COalll>OLLM 'j)crop(YP~, ihQ ~GtJ'tl,[Q. QrmoonJ 



of cmugouna uastod by the fAtd.wrll cllNin~ dif?.!ting \.sas voughly accounted 

toll in dat&fl .. miniug th~ dosaga. 

~he organophosphorus co~pou.nds havE.l a common pbtatJmaco­

log1c&l. P.t"Op6lfty t~hich is the ability to inhibit tih.4i!. aotiv,.ty- of a 

eroug of. t~nz,;I.aes1 es~eoiatly 8.tl$tl(l cholinesterase (AOllE), involvod . . . . ~ . -

1n the bydroly~Sis o£ estal1's of' choline. 81.tmo th.,~sa enzymes present 

w1deU' in insoots and mtk~iala, tha Ol"g:mophosphorus compounds, usod 

as 1nsoo t.ioides !~.too exbibi t high f.lltmt1Zlal1an t(ncic1 ty. 

!Ytie.lN~ ar%t i"our ma,jol .. l~~tbofls f'ol?' ass$$1ng oholinf~etter­

ase .·acti!fity and f;#ff'ect of'' inhibitors. Zb.11.1$~ mntb.ods are potentio­

metric, titrim.etria, taan.omt9tt•ie and colol?iroot.:t•ic .• 

Th$ oo.et!fl· chol'!noste.tNls$ :lnh.1b1 tion of hou.stn".ly head. 

br1e (IIP'ACblil) hf.tS 'bE3~ll Rlv)'fii.SUX"O<i by 0\)lorimotPic fll(iltb.od of ftreJUBl'" 
(l01JJ.) 

and Gamson , um:tng itl<!ophti!ll.,'~'l acetate am an 1n.t?.rnal $Ub3ttr~t~e 

- indio atpr in o. 05 M phosphate btlft"er of pH u. o. ~be enzyault1c 

r~~ao,tion for indophen.yl acet-ats 1:11 aa f'oUolii's: 
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~be ruactioo. mixtur~~ ()(),iltrdnf.lld 5 ml bufi"el" containing bourte£'17 head 

1."1r61 (J. ml of' this solution C)Qntained 1.f'lU-tlatad) and 0.15 ml indop­

h~nyl oootatQ (totl.d V'Qlume '= s.J.S inl.1 Cone. of' iu.dopb.anyl oo;etate 

).; J.o-"51~). :lh•~ £"~;~adinms for cont.l!'%)1 ~ sat®l~ were tllkm nt 625 nm 

nf'ter e;(autly 30 m1natua intnl'bation • 

. u.S gl1l fw1~.iff)4 diSsolVed in 600 ml Of tf#ltet" WQ$ mi.~ed 

with 475 ml or 0.1 li lQtaOli solution end diluted to l litre af'~~t> tha 

2. Itlt"topheJl1l ooetata =: l~or:k:1.ng solu~tion: 
M II' i •. t I_Oifll. . I I tei!«iil' P ~ Ji' 7111'•11 

0. 008 gEl of' indoph~)yl. WJetatG when di$Sol. VOd in 10 

tn1. o:tr &bGolu.te ethyl aleobol gavt'l ·r:t a. 3 x 1o-3 M sol.uti(>n so that 

tb.e .final cm1centrnti{)t1 of the in.tiophtlnyl acetate in tho rOO:timi 

vass<~l was always 9.6 x 1o-6 it. 

3. Gltcerol solut1oru 
.... ~- ; • w-rw • a t a 'Fa• a r • 

10 ml. ot Glyeel-"ol .wa$ dilu:tQd to lOO ~ with 

absolu.tG aleoh.ol. 

4. Sal.i.'le s~u.tio.ll .~ o. 9~ 
18 b !:. • • II U J i I kU , .. 



)t-· 

s. Salt soluti1liU' 
.., r • r· •• •••....,. 

·a. 00. 1~ of ~ganotls chlar1de Md 2.15 gca of liaCl 

were dissoivsa in eao m1 of ''~te.r. 

· . 6.- ~.epatrat1on of wortting sQlut!on of' acetylcholin$sterase 
~· i41 t,.P na;tiJigJZU$1'1lll •. l lltiRIP•,_...,.tl f'IFJ _1 _,._. J ·••• •••. ,.,....,.. 

. -rom nou.s~Xl.y .... bGH.:ulr.:u . · · 
.... ,.""' l .,111111118}fl$ ...... ~ 

&bout SOO llotll.soflies (1$Jl~) d,Wil~) olosod ill a 

glass IV0S$lct!l lle'Z!'G 'Sit~.t!>dd sn a ~e$p freeze f'or l-2 hot.Ws. fhey wore 

thon tl"ansf~red in a conttdner" mtn finaly bl .. oken ~Y ice1 reJaoved 

indi"l:l.dually fr~ the oorltaiuar, dec-apitated \dth a r:;i:t.~ving blade 

and. i!oroeps. 400 ·her~($~ W$J?<J combilled with ti! ·ml of slllt solution and 

2 @:Ia of ~\1~$b.ad stm.d tn a _proohUled size iio. l mortnt"'. ~b.o hC!tlds 

wera ~lowlY gt"ound, then transferred to 00 ml plnstic centrifuge 

tube t41 tn (:tlle a ml Bliqu.Qts of' cold salina oolu. tion tmd two 5 tal 

aliquota <:>t but" Ear sotut1ono Ttv.a hera,d · t"ragtUant:J were 1·~ovad by 

centrifugtdlion f'or 10 minatG$ at 101000 rcap.m. in superspi~ed contr1-

£U:ge at 4°Co Th.o :~"'perna~ liquid vns dooentad into a g;:oa.duat~d 

oyliudtu.• and tho .fr(J(gmtint-ed b•;;wv:ls W$).'l'e mixed lli th lJ) til of buffer 
G 

sollAt1on a.~d centts:U:ug•l!d &gB!1n at lO,ooo r.pot·~· ~his e~ac:tion. 

prooedul.,s was repe!~ted twiee. ~t1e supel"natant :solu:'&1{->ns wa:rre com­

bined and 'tho vol~ tttls adjusted to 90 r.tl td.th. the buf'ter solution 

so tbat eacll ml t.ram equivalent to 6 fly-nea<im. 2b1~ solution tvas 

stoolt~.td f'f'·:>~$ll in d~ep frsege. !1!1() ml of' tt}iis solution ii!as cUlu.ted 

to fS ml wit-h bufi"ar soluti.on so th~t eacb .r4 of th.0 diluted solu­

tion oont·a:l.ned sin.e;le tlJ;-h$ad and used tor emch set ot tha 



-1\ sG~~ica of 16 tal W»"ex. beakelt's (numborud J.,a,a ••• 
• •.• • • • !11• ~.etc.) oontain1ng dif'i'erant amolmta ot" iuh.1bitor (viz., 

BD .. lO/BD-ll/etc.) in ooetouo along with one: markllld •oontrol' witU.. 

out inhibit;ora w~r.o a11.ranged. o.s na. ot glyce~~~. splu:tion was 

pourtld in each 'baat<er 1ncl.udin,e ttl~ •c9ntt~ol'. rthe ooetone (in 

baakor 11213, eta.) was :r.-emovau by 'bl.Oliillt; cold ai.tr. 

~o tb~ tcon;wol.' s ml of wo:rrld.ng enzyaa .... butt"e:r $ol.U.. 

tion ,,,m.s added and simul taneousl.y th~ stop...watuh l\fa~ strwtod. At 

tbe Ult(~rval 'of uxmntl;v 2 muw.tes1 6 ml of 'tho e11eymea.buffer solu-

tion ~1as ddad to ett.eh oi!' tbe ramninitlg beat~a. 

Att~r. eaactly ao rn1nU.ti.ilst O.l5 ml of thEJ indopbanyl 

aoetat$ solation (3.3 x 10'""'3 M) w~Ql at~ded to tbe l:mu~r nu~ked 

•control' antl.subs~quentl7 to each l~MH\ttJ:'~ or tho S(tJ>1es mt tha 1nteP­

val ·oe 2 m:tnutGs ood :tt1en kept to be :in.ou'ba~~:i at so0c. After 

illc"'bA~tion tor- o.:~actly ao minutes thea absro'bnneea ot 'contr~l' GUd 

remaitling solutioas · Wel!'G sl.tccess1val.y noted in th'-1! sp'lctropbotom~tar 

(Carl .. ;3e1s~ Specol, . .lN) at 625 nu1 'titb reference to a.ttzyme-buff'or 

(~eagent blankJ solutii)ile 



' \ 
!be method ilfiploy.ed to de~~$1ne tlle inh1bitiOJ:l of' 

the activity ~>t acetyl chclintJ~Ste.r-ase 1n ~m~t ll1iwl.ta blood by oll'ga­

nopnotJpbortt.s cHxapou.ttds waa hlf eolo~.lm~Wic· tnethod of Kramex- and 
(:tO,ll) . 

Gw11sou · 1 using tiJ~dophenJ,rl ~ftlt.n~:.o as all internal S'«lbaoate-

it~dio~tl.)ll' 1n o.oo ~~ J]b.~aph.Qte bu1r~fer- of' .t~U a.o. thf!t resa.t,ion ·mi~· 
' ' ' 

tuJ?e contaiUled 5 ml of ooqrzJe bufi"li!W solution (4.8 ml ~hos!)h.nte 

butt~ solution along 'with o. 2 al goat. whole blood) 1111(1 o.J.S ml 
. . 

indopnanyl acHrttate \total. volume = 5 • .w mt •. eoncootra.t.!r.in of indo­

ph.a1l2fl ac0t&te .(total 119ltu'Ja = ij.lo ml1 ceacHWl'tratJ.Qn ot !ndit)pheny.l 
~ 

~etate 1n the r.-~act1on m:t1ct'UJ.I'erJ 10""0 H). Zhe ~~~1dings ot" 

'control' ~md 's~pla* vsre taken at 625 nm, aft~r' eaactl:r 30 

mimltas incutm.tio:;l. 

(1) M~t.erial;. 

(a) ~'l~~ JtlfM!lf! ~t 150 ml tremb blooct wms colLected 

f'r.QIJJ P,;O~~ a.r.td m:t;(!!ld with ~5 mg ~onium oJC(date (anttcoaif.ilating 

agl!lnt) in a 200 rill standard ,joint bottle and \l&S -shaken wetll. i'he 

bo~t>lo cont.~iJl~ bl.ood v:a$ tboo kept in th.e f.r'noaor. at o0o. 

Zbe ot,be1• .i"oaa®:ts o. g. (b) 1ndopb~~n~tt.l acetat~ (c.} ph~sphate 

buff'e~ sQlut.1on and t (U 8].yc.erol solu.t.ion. 14er"e propar$d Just~ as the 

same as me.nt.ion.od in 10( ae>. 



fbG Ant1cno1inasteras0 Activ-ity 1n {ioc~lit wh.olo blood 

vas de~M$l"m!n~d by tbe sruat~ rnetbod as Mscr.:J,.bed. in 10( a). :t:'h.e OlllY 

e:K00Pt1on was that Ml() uon'Goot;s or' tnt1 b$ak;er 1.1as filtti!1red. tt'~ou@ih 

a 4.25 em l<lb.atman IYo. l tiltQr papw af'to:r exactly 2:9 minu.tt#s in... 

cubatiot1 &nd tb<1J absoJtbance of. the t-.!ll trate war:J h\)tdd ill s_pectro­

phot~t~r at 62f~ n~ ~;l tb ~$f'~ooot:P to t.h~ f'il tl-ate or tho enzy.me­

bu9.fer soluti(>n and: % inh.iblt.ion war:; naleuJ~~1tott in they same· W~t¥ as 

det::el•ib~d 1n :W(a). 

,1:2) 
ati .,a:.. • 

i?by~Qtii'~i .. c1.t;r t~~t<itlij! ~~a!l cotMiu.ot(!ld ~cor«Ung to Eto 

~(iltOn~ S,O];.~~t:i~)Q c;//: the COt!l!fet\mdtiJ :lliJC~hi Wi tn f'iXi!td 

Q<tUeOU$ $US$U?Insi.Q.O. QQ.nt~\i~li1A~ 000, 250 ()1'1 100 P£1nt of thB 0~1l0Ul1.~S 

was goured .. intQ ~ ptttrid;t!JYb bt)tt*m (lo~evarl; with absorbent; ~.totten.-. 

·~en s~a~ ot \1heat (1-dt~&Pl• .i1t· US:" 202 v~iet;;· tJUP91ie~1 tw ii&-

wat01• was adctSti 1n ·aooh pet;r1t1iml~ so that ·~h$ ;seeds ~~cmi:WJd in 

r.loiet ~o.nditi!7nw Baa.h temt ~~s t~j.l)licstefl~- l~umb~.r of germination 

was eou.nt~::id attar 5 d.f\Y~• 

13. .W.Y~~~~~1!~'.\~,!·: 

GintHJ tho nitro G~1gel'iin eye lie alk:yl~idophoaphoro ... 
~l3) 

th1onatas are an!i3logous ·to s~l,.th.it~n ~ i't is ~lnvj.Gamed to prQaeed 
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witb tbe initial f1Bs1c!l of aryl ester bond in tfi.oA:aplloe.Phor1n ring 

followed by the lib$r' $t:l.()n of nitro saligenin. 

Mol"<iH')Var~ tha r-eactivity of' nitro eal.1gnnir. cycli.c pbQsphotroth1o­

nates is not ()ll!y Q.f'itoo.'te~ by ~.ltocyolie aul:.tatituents on th.a phos­

phol"U$ atom bu.t also it ts sign1fiatt!ltly- .influen.eed by_ the prosence 

ot nit»o group at tbe vara position 'to pllenolic -Oii group m the 

be.tlJrol).e ring. 



!i:hQ chemical h!fdrolysis studies were pEWformed in o_.ot)OO M 

Na~J solution in 50 P0l! oGtlt athanol·or pli 11.85 a.t.~>0G. One ml 

or e tba.n.ol solution of th3 ¢100.90\Ultia w1as ad<ied tli tll 9 ml ot 
·' 1 -

o. 0095 ~~ l~e,l/ll solutii-rJn. ( t.o~r;U.. vol.\Wfl) '10 ml.). ~he ·IV-~,;; t~ o£' bydl!o­

lysia "W"aa monitOl!'ed. by tollow!ng ~hG f'{Jr:nation of' nitt-o-saligen1n 

uion ~t ~,~:on, 4101 «:1:20 tmd ~aao nm in o. 0~1 ~iss ap.ookol ,~~~ 

speet.ropbotomet~. 
· .. 

and eydrolyt1c products W$3!'~ GJ(e.mU~d J)l!ior to 1\:tna~ie s~ud1oa to 

show that overlap in re-leV&Ult absorption ~·tms "i~o:r~ not vrosent. 

X be conoel\tration. o£ th.e hydrolyt-ic l):trotiuc t. was det'fil.r.min£J d f~oo 

the extinction cowQf.fic1oo.t value of 5-nitro sal::t§!ietlin .tu tue: 

same 0.0095 M :NaO!i sol.u.~1~)n at th.e se1d wave lengths. :the pseudo 

first ordur rate ~on:nt~mts U't~y!.l) WQJ;.-e dott~t-lrtrHad by t.hc least 

sq.uat"e reg!."et!lsion ~lYIDia. 





' .. 

Only touv saligenin cyclic @b.ospnor.am1dothionatas 
(_14) . . 

liavm so tar been l'epurotad ,. -~ho _,phy's!c~ propertias fl1ld per 

cent yield ot tb.e$iiit compounds ara ~iven. b~lov. 

--~~Ic;.=_r~;J=~~~=~~~--=~~ i>"-•'l.w,., ___ ~,f .. o.J0<~><-,-.-.. ,. _____ ._,..,_....,'1""._•~ ................ ~,:,.._,. ,_..,_ ..... ~··~"-~0' ... _,.':...,..-•~.,..........,-l._"':h-~~ ... ~">,- .. --... t-~~<i-q.•-~·-_..-..,. _____ ..-. .._~-

itetbylamidQ K ... ati eo 120 - 123/o.s 

f~thylaraido .tt -a? .... Und1stillnbl.e l1qu1d. 

D1metbylamido ~ .. 36 27 ll8 ... 1~2/0.2. 
P1Gtbylamido K 'l""-aa la l.J.0/0.2 
-------~-~~~~--··6--.W.. ........... .._~ .... .---. ..... ~.._._-u,.. __ ~_ ....... _ ... ___ .,.., 
-·~-------------~--·-~·-·-------·--~----------;--..-·~-..-)(J;i-)-~ 

, ;noll t>f tb.a 9Pf!l 1!{!U1.ds,. .anti per cent 1ia\·da are low \ J.a .. 27ii • 

!11be atethylam1do compound (K-35) bar~ -been pPopared Qt, -4°iJ u.aing 

pyl':l.d!.na aa dehY4t-Of?:Elll .. cblor'ide agent -ln. cb).orot~ta solttt:ion; 

tna other threo comp.owl.ds (lt.37 ,, K-361. :r.;...aa) have beon prepart,;H:l at 

eloVtlted t0fapet .. a:tt:W'OS (60-80°G )- using; W:!Uy~"'OUS lfgCOa .:l:$ dtiby~ogG!l 

.... eblar1de agf:nlt nnd co[)pr:tr po1~dsr S$ -cat.alyst in toluazatl with l.Oll 

110ld. 



. ...-

W&, hGWU~VE"er't attec!eedad to pt•epere tho· nitro .. sal1t~enin 

cy<ll.ic pnosphoramitlotbionatfls (.BJ)...J.O to B.D-111) in st~id cl"ystall.lne 

form witb h1tth ,vieltie (i'ablo,. given below):. 

l:JD .. l2 

:au ~ ,la 
£11) - 14 

BD - 15 

Morgb.olt1no 

.Diothylamido 

Dimatbyl.amido 

Isopr'opyl.amioo 

J7rrolidino 

?ipal."'idino 

lilonylafll!® 

/it 

60 -
E~O ... 
75 .. 
?0 -
ao -
so -
so -

00 149 

90 100 

80 3.28 

80 98 

00 134' 

00 130 

90 f)4 

powlilt::r at elevat~d tempe:ratwre in benzene Wa$ tried for the p:repal"a­

t1oa Q£ th.a l:tira:etb,vlamido COI:atlotm(J (It!D .. ~H; in 1~hQt cr .. sa, a pasty 

raater1t1l 1<1t'iS obta!Mt! fr.om l11llicb ito was ciitf'leUl.e i;a set tbe pure 

co:upound. 
I 

Attemr~ta had al$0 been made e~~ve:t.al ti~ea to ~aparf; th0 

a .. mst.bylamido-6-nitmo-~!U .... l,a,2-ben~odioxnphospb.ol~~e-sUlpbid$t and 
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its etb;Vlamido analog; u.ntortunattttly, in eooh cas~, a viooous 

yellOWi·:Jh liquid W~11l ()btrd.nade ~f;,C Of t.bOB$ li(}Uids gaVO S$Vfel"al. 

spo~3 indicH~tinf!) tha prasenc@ o£ ·a ntmbou oi.." compounds; tb.o ,PWN) 

amidophospbo.t"otbiona.tG:l co\lld not b0 isolutad t~om 'tbas0 liquid 

(15) .. i, 

Cr~~n anll i~bt:ur · bad r'GllOl"tod that the caorpho-

lii1opbosphorod1obloridoth1ooate is a liquid (b.p. 10.?-102/1.5 n=:a); 
('l()) 

1u.aoo ®d :aertull1 b$$ aJ.so IV'epo~ted the s&m (b. p. l0"/,.110/2 • 

a). ive coUld• b~lwever, arueoeud to obtain tb.e· m<lr'llh9l1n.ophosphoro­

dicblo:ridoti'Ltonate in til$ i!.Ctt"fa ot ~1blt~ crystalline solid (m.p. 

ao.a1°e). 

B. f~PEO'..iMAL i?llQ.!f'i#l\'rii~S.;. 
I It v• IIA MSi • A » 1 II I illS i U 

have baGn de:t4Grb'l:bled by ehemic£4. enal~rsim rmd uv-, IR1 ma~:m a.'ld 

lfMl\ SP(!.<ltra. 2he &llmlyticel data tidong liith the physic nl. charac­

tet•1stic s have be~~ presented plN~Viously (Section .tQ. 

The spectral dmt.a :fOOl ditto:tlent alJ~ylrua1dopbos.Ph01"o­

thionat~s lll'a ~~iv~n below,; 
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I!l (Fig. 5) # 
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J.020 cca·l ( sl ,, P .. o-c ( atJcyl >; 
1240 --J. (V.$) Md 690-920 ~l (a) 1 P .. f)...C (aryl)# 

1515 Ctla-J. ( s).1 asYm. :~tr. of nitro gr.aup; 

1340 em-1 (a), sym. str. or· n:tt:ro group; 

BOO Om .. J. ~ s}1 !.i :: 8 (l); 

suo em·1 (m>, P = a 'Il); 

3300 Cu1101 (ml, ri - !i str. 1 

1620 C!a .. J. {w) and 1005 cm-1 'm), ·ttio co.F.tponenes o£ 

the su.bstitutell benzonQ ring "'qutadrant str!tt .. 
. ehi.ngn C ~ 0 Vi'brr:tti.o~la; 

l~O em-1 (m) and 1420 C!!!-l (~), tW€> oompon.f~nts of ti'u~ 
sUb$titt~terl ben~ifno ring nsemioirclo strotch.ingt' 
C :::; C Vibrat10l1HSi 

7.~~0 em•1 (m) tt !il .. t'li aw. talso armaf!l!i:.ic C.it...O 

bendi.rlg). 
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zoo 2!0 260 ZGO BOO 820 860 aeo 

Wave length, nm -
Fig. 4, UV spect.rum of eo10 in ethanol 
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279 
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2.!1:9 

. 230 

198 

162 

aJ.o 
·au.o 

(211, mul tiplot, -Cila .groU:p at 4 posi t1on of 
the cyclohe:cy-l~wine); __ 

1.6 , (4:H, mu.l tiplet, two -cu~ groups at J,a• 

l.9 (tlil1 inulci,PlG>·t, t\!10 -cn2- grm.tl:')s ac 2,2• .f.Ji)si­

tion of the cyclohco~xylam1ne) 

3.2. (J.H, multiplet -Cl1-< group}; . 

3.6 (lH, mul~iplet -P-i~h- group); 

5.45 (2H1 Octat, -CH2.. group. :ln dioxaphosphor:ln 

~ing}; 

?.l (lH., (~oublet, J' -= 8.5 Hz, onm at'oma.tic hydrogon., 

8.05 

meta t11 nitro group}; 

(JJi1 doublet, <>ne arom~:lc hydrogGn ortho to 
both tllt..r•o gt•ou.tJ and -Oi'l2 ... group of dioxnphos... -
phor:tn ritlg} ; 

(J.U, U1Ul tiplet, :t'(·Hilnilling une a!"OLlatiC hydrogen) 
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FT·SOA SPECTRUM NO • .J..'f..;Lp_f.._ __ 
OPERATOR __ C]ltt __ DATE'ifl!/1!... 

NUCLEUS --~H .• _ ..• FREQUENCY ..Ji,L_ 
SYNTHESIZER SETTING -----·-···-----
EXPERIME11T NAME _____ _ 

FILE NAMLlP·Ib - I 
SAMPLE ____ .!?J>..:.l~------

LOCK l)iliNTERNAL 0 EXTERNAL 
LOCK SIGNAL __ C..OO,"!. _____ _ 
SPIN RATE..11_rps. TEMe.J,."L oc 
INSERT mm 'H 

ACQUISITION 
SPECTRAL WIDTH (SW)_"bQOO Hz 
NO. OF TRANSIENTS (NT)_I.uao.__ 
ACQUISITION TIME (AT}_..1_:o __ sec. 
PULSE WIDTH IPW) __ J.o./.'1.5_,sec. 
PULSE DELAY (PD) __ ,-___ .sec. 
DATA POINTS (OP) _ __u,.l(__ __ 

TRANSMITTER OFFSET ITOI!.U __ _ 
HIGH FIELD--.LLOW FIELD __ 
RECEIVER GAIN (RG) __ 7 ______ _ 

DECOUPLER MODE (OM)._-__ _ 
DECOUPLER OFFSET (001---,---
NOISE BANDWIDTH (NB). ____ kHz 
ACQUISITION MODE !AMI 

DISPLAY +t. o 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT IWP) _ _j-2,L_Hz 
END OF PLOT(EP) 0..,.--Hz 
WIDTH OF CHART (WCL_1.2.;5 __ Hz 

1 

END OF CHART (EC) ___ Q ___ Hz 
VERTICAL SCALE IVS) __ J3<> --­
REFERENCE LINE (RL!C:::.L11)_.::I_~ 

B.JJCV) @~~r.t~,f!. .. 
1 

1-1 MtvlR Alfe.c.ho\N'I'Y" oj' 2- ~clo4xf~c1o- 6- -M--1-M 

- 4 H-I/ '3) 2._- 6<2-cvv~ cUoxwy~5p2vo')'D·~- 2- ~p~cl~. 

~r-



(i1) 2-~tol-pholino .. e-.ni-tro.AJL.l1312-bailitud1ox~phospho~in-P..-
• 1 a • •••* •• J ·~ •4 a 1n r ,,.we ...... a ::ar• ·~~~ "' .. ,..., ..,.. ~....-... ...., 

sulphide (EJ) ... ll) ~ 

$t0Ji 

!J.ll (lf,~i~ .. 8} ~ ,\ 

:.ta (Fig.s); 
• Jl , ... 

'. • .i ·.• .; 

1020 cm-1 (s) and 980 em·l. tvs), l?-0..0 (alkyl.)f 

J.2fio eta•1 (V'm) nnci SBG Cto""'J. (sl9 ? ... 0-t;': (ary'l); 

1520 em.-J. < s} 1. asYm• at:~·. ali' nitro ~"oup; 

l&lO Cat ... ~ (Va),. Sf~• str. oi" ni~o gcou.g; 
. ' 

820 0m·1 's), V = ~ (1) J 

. 650 cm·1 (m). p = .s (ll}.; 

720 · Cm.:.l (m) 0 ? .... N .str. ; 

1620 cm-1 (w) and lf~5 tl'il-l (nt) ,. beruten~ ring ttquadrt-'1~t 
:Jt~etchinu;r1 VibVtltiona. 

aJJJ ·o\+) 

28r,1 

283 (base J.)Gak) 

230 

198 

152 

43.0 
60.0 

100 
.o11,0 G::· ..... g:ev 
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1u .Wtti 6 (OOClaJ ,PP.I4 (F1g• 11): 
us•a•w twin ttr • l....,1t't1 • .\'IM£....X•-.~ ••••tt: u .. ,........ ,~, .... · ra' 

/en2 -
li gvoup Of the IBOll''.{,)holino 

'---- GAJe• ",_ " , ring); 

8o05 (111,. doubl$t, ~m.G avorta~ltic hydrogen ortho to both nitro 

g~oup mnd -Gi:L.a· &L"OttP or diO:tftl~lw~hor!n r.t.ng); 
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(iii) 2 .. !~ 9 £~ - Diethylamido ... 6 .. nitl .. o-'1H .... l,.J 51 2 ... benzodioxaphos-
~.... rT'1" ............ Iii' .,..,... • ..... !Ill.·~·-" I" -~ •• "" 

phorin-2- sulphide (Bll-12): 
-~- •=-1 ........,. • •* " • • .__., ..- ll a a 11: N c• a 

~t()l! 

uv v· ig. 12).: 
..... 1 ..,,..,.. •an'_. t~• 

lfi (Fig. 1.3) t 
1 a '9 n r~trz'Q =-u 

2030 CmG1 (va), P-0-C (alkyl); 

J235 Cm""l (vs) and 880 C~n""'l (vs), P-o-<f (aryl); 

JJ)J.5 .Cn:r·l ( s) , 

'1 r:i!A 1;;;. n -1 I ) 
~.1;..., v!U \S ' 

8!)0 cm-l l s), 

asym. str. of nitro group; 

sytn,. str. of nitro t~l .. oup; 

p·:; s (!); 

640 cm·1 <m), 1? = ~ (Il); 
70 !;';. " -l ( "• .iJ - ,,;· ... 

OVI (.j[fl rtl) t - ,.11 Sur-.. ; 

1620 em-l. { w) and 15B5 C:n-J. \ s), benzon.c;;, ring nquanrg~nt 
stl~etchin.g11 v:!.bra.tion. 

mla -
302 (!·f*") 

269 {base ptlillt) . 

198 

J.52 
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40 

10. 
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OPERATO~:--- -- _______ DATE ...•. '.-----

SAMPLE: .... --------' ... : ... ---------·-----

,/ 

--
'~ 

SOLVENT 

lEMPERATURli ___ , ___ .·c 
FJLTER BANDWIDTH! ___ J _ __ I HI 

ltf. FIELD 

SWEEP TIME 

SWEEP WIDTH 

SWEEP OFFSET 

SPECTRUM AMP. 

INTEGRAl AMP. 

REMARKS: 

~.c • ..,.. 

___ , ___ ,mG 

1

- - -~-- -~· H• ---- __ Hz 

------
------

CHART S6C'I ,r 
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(ivJ 2 .. .i'i1 !i. Dime-chylamido-6-nitro...4H-l,.J,2-benzodiozapb.osphot"iil-
, ... P !it .. ll 1.~_,~11" .... ? ;J•; . I ''M FW'f?'.nt ....... -e .......... ......... ~ ........ ,tbt filA •• ..,:J,.IIifii'IIINI" .. 

2-sUl_pb.ida \lill-131;: 

uv \£;*ig. 16): 
• ...... • 4 6 ... 

lt~ (E•ig. 17) t 
8.311 a 8 d IF Vi q=ot 

1010 em-J. ~'Y"s) 1 ? ... u.c t !4lt;;l); 

~G<> cm•J. and aso. em-l. CJSltt v .... L>-C:~ (m."yt); 

3£120 em·l (s},. asym. str. of nitro group; 

134o Cnt1 (a)1 sym. st.:r. ot nitro #OUPJ 

s2o em-a (s), P = s (I); 

&1:5 cm-1 (m)1 ? = iS (ll); 

r>~A-1 I' ) n 1-1.. ,t...,. ?SO ""W ,rn. , • .. 4.11 a~,-; 

1620 cm·1 antt l-585 G&a-1( s),. bt;r.u~ene :r!ng nquadrc:i}nt 

atre~bina:~• vibt-ation. 
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FT·BOA SPECTl'!Ull'l_ )'10. l'lq'J'k -I! 
OPERATOR __ ~D __ DATel/t'iJ'4 

NUCLEUS1_FilEQUEI'ICYh:~ 
SYNTHESIZER SETTING .D:l.I)I.i.._ 
EXPERI~IEI'lT I'!Af~E ____ _ 

FILE NAME __ _ 

SAMPLE ..luL:,_I{_ ____ _ 

LOCK j.'!j.INTERNAL 0 EXTERNAL 
LOCK SIGNAL::-"!;.,_, . .2!._,...\a'\'-=:~---.;;--=::::--
SPIN RATE.:!dl.rps. TEMe...3J! oc 
INSERT mm .• 

ACQUISITION 
SPECTRAL WIDTH (SWl.......2...~Hz 
NO. OF TRANSIENTS !NTL$o,__._ 
ACQUISITION TIME (AT)~. sec. 
PULSE WIDTH !PWl---!f-/_{,__usec. 
PULSE DELAY (PDr - sec. 
DATA POINTS (DPl ftk 

TRANSMITTER 07SET (TO)].~ 
HIGH FIELD ________ LQW FIELD--
RECEIVER GAIN !RGl_fi._ ___ _ 

DECOUPLER MODE (DM)--"-~---
DECOUPLER OFFSET (DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM)I ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) 19S Hz 
END OF PLOT (EP) _JL, Hz 
WIDTH OF CHART !I'IC)--195 __ Hz 

1 
END OF CHART (ECl 0 Hz 
VERTICAL SCALE (VS)r-...llJ,_u~O~:=-:-­
REFERENCE LINE (RL(-i>Ok) -rii\S. 
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t-~--..;..:. ____ _.._._~....__:._._ ...... ____ _._....__.__..._1.-..L-------'------'----'-.!...---"-'---...;.....;.._L.....j NUCLEUS_i ___ FREQUENCY fb_,E__ 
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:c· 
1: 
1.: 
r: 
r~ 
1:. 
16 
F 
lt 
!3 

H1" 
12 62 
t:: -~'5 
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>-H~ SYNTHESIZER SETTING _fl,J.SJX!:' __ _ 

~~~~ 

EXPERIMENT NAME _____ _ 

FILE NAME---------1 
SAMPLE _}jy_-1$' 

d 

n
.",.~} b 

~If t"'a.~/) .... 
#19. h D \-111. 

... c • b . 

LOCK ~INTERNAL 0 EXTERNAL 
LOCK SIGNAL_¢""-'CL/3>----o-
SPIN RATE..1R_rps. TEMP-2- 'C 
INSERT __ ..s:..__mm 

ACQUISITION . 
SPECTRAL WIDTH (SW) S'O'V Hz 
NO. OF TRANSIENTS INT)~.­
ACQUISITION TIME {AT)-f.i __ sec. 
PULSE WIDTH IPWL 1 ,sec. 

6~~Epg~r:¢~ (~~~-_jJJL~ 
TRANSMITIE~FFSET.ITO)t2·7l-~Y 
HIGH FIELD ... ___ LOW. FIELD __ 
RECEIVER GAIN (RGlJ . 

DECOUPLER MODE (OM)_!_·---
DECOUPLER OFFSET IDO)_f) __ _ 
NOISE BANDWIDTH {NBl...:..Je __ kHz 
ACQUISITION MODE {AM)_o ___ _ 

DISPLAY 
SENS. ENHANCEMENT ISEl~ -:Z -~ sec. 
WIDTH OF PLOT {WPl-.J/0!11!-- Hz 
END OF PLOT IEP) ___ o __ Hz 
WIDTH OF CHART IWCl.~-Hz 
END OF CHART IECl 0 Hz 
VERTICAL SCALE {VS) /""' 

I:!:J::::!=c!:=::!:::J=:::;~=::::;:=::::=::;:::::~=:c!::IC===========;:==:::!~C=I:::===::rj REFERENCE LINE IRLlU~L:!l-
;oo /so 1~ ~o o 

zo·o MHz proton noise - deeoupled 1~C syectrllJ!l of BD-15 in CDCl:J ~varian 
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FT·SOA. SPECTRUM No/'197/'/..• G -/ 
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I I I I I . I I I I I I I I I OPERATOR if!1l DATEWln.. . I NUCLEUS~FREQUENCY ;l.c .o 

rH~ SYNTHESIZER SETTING tz.ip,-;;--4opoHz 
2obo 
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1!-
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BD ·15 
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EXPERIMENT NAME ____ _ 

ALE NAME_____ I 
SAMPLE _BJ!.·f{ ----. 

pi,.f h6'v-.s,...,.; 

at. r'-'...t,.: v-5, • ..: 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 
SPIN RATE __ rps. . TEMf' __ 'C 
INSERT. mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT>-~---
ACQUISITION TIME IATl sec. 
PULSE WIDTH (PWl .sec. 
PULSE DELAY (PO) .sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET (TO) ____ _ 
HIGH FIELD ___ LOW FIELD __ _ 
RECEIVER GAIN IRG) . 

DECOUPLER MODE (OM) ____ _ 
DECOUPLER OFFSET 100)1-----
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AMl'-----

DISPLAY . 
SENS. ENHANCEMENT (SEL-....._sec. 
WIDTH OF PLOT (WPl~Hz 
END OF PLOT IEPl-------.Y41L_ Hz 
WIDTH OF CHART (WC)-J..Dl!J?.._ Hz 

1 
END OF CHART IEC) Yll<l Hz ' 

I 
VERTICAL SCALE (VS) ______ , 

~~==r:~:r::~J::!~C:!:J:~::r:~:r==~4=:::J::!:J::::::::::+::::~::::c:~:r::::+::::J::J::r::::r:::~::j· REFERENCELINEIRL) _____ _ f- I I I I I I ( I I I 
1D 

4b so ~- Jo Zt ~varian 
'!:!YP'tt!NTt:OINUS.A. 
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FT -SO A SPECTRUM NO. /YJir 1-- '" ), . I OPERATOR_CY'II, DATE~tl I I 'I I I I I I I I I I I I I I I I I I I I I I I I I l NUCLEUS~ENCY_~~-
'>-H-'3> SYNTHESIZER SETTING ll"l ~_n, __ 40r0Hz 
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EXPERIMENT NAME ___ _ 

FILE NAME ------~ 
SAMPLE _]J)--=.JL ___ . __ 

?I o-f tkf?<-'1~ , • .;, 
~r""'•:f.L V":J ""-

LOCK 00 INTERNAL 0 EXTERNAL 
LOCK SIGNALClli.L> ' 
SPIN RATC)P_rps.t' TEMf''3il_ •c' 
INSERT ___ --->-mm 

ACQUISITION 
SPECTRAL WIDTH (SWL.5D~Hz 
NO. OF TRANSIENTS (NT).ll,.Q.!~P--. 
ACQUISITION TIME (AT) H• sec. 
PULSE WIDTH !PW) fj[? .sec. 
PULSE DELAY (PO) - . sec. 
DATA POINTS (DP), _ __.J,..~\(.,__ __ _ 

TRANSMITIER OFJSET (TO)Il.JioV 
HIGH FIELO ____ .LOW FIE\.0 __ _ 
RECEIVER GAIN (RG)~ 

DECOUPLER MODE (DMl..._,;b;----
DECOUPLER OFFSET (DO)_£! __ _ 
NOISE BANDWIDTH (NB)~ kHz 
ACQUISITION MODE (AM)_·o __ _:__ 

DISPLAY , '· 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) _ _LTJ]I]L__ Hz 
END OF PLOT.(EP) ?~--Hz 
WIDTH OF CHART (WC)....J_Q:!>'V_Hz 
END OF CHART (EC) )1}1:!1:> Hz I 
VERTICAL SCALE (VS)~ 
REFERENCE LINE (RL) Hi'';) 7'~ 

~varian· 
~PRINTEDLNIJ.S.A. 
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F1J-· 30.: 1H NMR 
r, '5, Q_.-
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-
>-H~ 

_j 
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FT·BO~ SPEX.,f!~~M No._l!/.J!i.1:JL. 
DPERATOR __ ~---·-oATEt{.J1./!!J. 
NUCLEUs..!.IL- FREQUENCY::).!}..S.'fll 

SYNTHESIZER SETTING .1l~ld.l{__. 
EXPERIMENT NAME _________ _ 

FILE NAML. I 
SAMPLE •. i3.n::1L.__ __ . __ 

LOCK i)JINTERNAL 0 EXTERNAL 
LOCK SIGNALl,.~--.,...,..--
SPIN RATE.3JLrps. TEMP-_,_'-''C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH {SW)~. Hz 
NO. OF TRANSIENT!' {NTl.J.~ 
ACQUISITION TIME {ATL....l, .• _o __ sec. 
PULSE WIDTH {PW) 'f" ,sec. 
PULSE DELAY {PO) . - sec. 
DATA POINTS {0P)-.l£K.._ 

TRANSMITTER jlFFSET {TO)~ 
HIGH FIELO ___ LOW FIEL!l___ 
RECEIVER GAIN {RG)._f.._ ___ _ 

DECOUPLER MODE {OM)....:-c._ __ _ 
DECOUPLER OFFSET {00) ___ _ 
NOISE BANDWIDTH {NB) ___ kHz 
ACQUISITION MODE {AM) ____ _ 

~~s:~~NHANCEMENT {SE>.±:f __ sec. 
WIDTH OF PLOT {WP) ,,.,... Hz 
END OF PLOT IEPL____P. Hz 
WIDTH OF CHART {WCl-..,.79' Hz 

1 
END OF CHART {EC) Hz 
VERTICAL SCALE {VSl~--­
REFERENCE LINE {RLl(::._illLU!L 

~e.<:.:~WYYV oJ: 2- P2.pen~ ~ 6- ,,~.J~o ..- 41+-
b e.rv~4.'oxcvp.Pvosp~ Wv- 2.- /V4~e. . 

.@~~~11nu 

r-
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FT-SOA SPECTRUM NO. L'lill.:f_ 

I 
I OPERATOR_CfJ_! _DATE?::I..IiliL 

40f0Hz >-H~ SYNTHESIZ,ER SETTIN. G_bn .. ~-
' 1 I NUcLEus..'.:C:..._FREQUENCY~:!t..-

2000 EXPERIMENT NAME .. 

lObO. FILE NAME---------

s&o SAMPLE ~jb ___ -----

sAo 

!'N ~
. 9 o ... p~sol i 

ao 
1 

~· 
I!Oa Ha Hb 

BD -16 

Cg 
Co 

J 

HT 
!!.19 
E37 
1~.55 
~::.. ':;,' 

:~ ~3 ~ 
~ :E 
21 (t4 
J;-' 6~ 
:.1 s;-,., 
.:':. ~<· 

~~ LO: 
~4 :;: 

·' -+t: s:::: 
CL ,. :.£ ?i 

u =-s ~~ s:. 7<.! 
I~ ?3 4.:. 
1-i ~.,1 15~ 

ell 
::? £:: o.; 

C'ID 

F"M HZ 
156 ~2 3!2D 61 
lS'S 67' 3113.:51 
:43 0€ 23£.1.-!.2 
12.;. r: ~.;:,.:;. ~)::; 
121 c: 243? ~4 
12.! 32 24.:-= 54 
12! 6E 
119. f;~ 
1::. 43 
7:: :::~ 
7€- =-.; 
:'5. ;:.;. 
.;.,; 2: 
:: .~t ;c 7..:. 
<€. ;; 
2£ '132 
:s 0-t 
.;.: .10 

2~::..: .;1$ 
z:;;.e: s; 
23t:2 ;"'7' 
151€· 9:" 
l5J~: 9~ 
~ '307' 2--t 
i325.1t• 
!3'!9.35 
92£. es 
~2! .!2 
Soli.56 
SIQ. 9'3 
~&.2 29 

X ...-, 

C{ 
c 

~ .. 
d 

C2' 

b 

Ca' 
a. 

r~yv~l. ............ ..,~·~ 

D S ' 
~Y"'(li/'.. ~ 

~o/~)y Yd. 
LOCK ~ INTERNfL 0 EXTERNAL 
LOCK SIGNAL...l.JU:_~---·---
SPIN RATE..:!..Lrps. TEM~ 'C 
INSERT • mm . 

:~~~~~~O~IOTH (5W)___2Vil Hz 
NO. OF TRANSIENTS (NT)..5.~· 
ACQUISITION TIME (AT) /,a sec. 
PULSE WIDTH (PW) 3/7 usee. 
PULSE DELAY (PO) _r sec. 
DATA POINTS (OP)... _ __i,/LU;I(L.. __ _ 

TRANSMIITER OFFSET (TO)JJ.:1fi.l!...._ 
HIGH FIELO_!' __ LOW FIELD __ 
RECEIVER GAIN (RG)r_...z.. ___ _ 

DECOUPLER MODE (OM)_..!...._ __ _ 
DECOUPLER OFFSET IDO)....S.j ___ _ 
NOISE BANDWIDTH INB)~- kHz 
ACQUISITION MODE (AM)---''----

DISPlAY 
SENS. ENHANCEMENT ISE~_sec. 
WIDTH OF PLOT (WP)_'l.~ Hz 
END OF PLOT (EP) D Hz 

END OF CHART IEC) Hz 
WIDTH OF CHART (WC) Y~ Hz I 
VERTICAL SCALE IVSl ..; ...l..tnJ 

C:!::C==C!:I::!:J=!::J::::!::::====::r::::=:c=:r==r::=:r:::::=c=J::!=C:!:I::::!:=C:!:I:!=C:!:Ij REFERENCE LINE CRLf4fi;.) Tf1S 
loo }S'O f~ $01 (),0 ~ 

2o·o MHz pr<*.on noiee - decoopled 1~C . spec~.rum rJ: BD-16 ill CDCl'J ~~~~'1.'l.u. 

p1"- 3/~ 

·-r 
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FT·BOA SPECTRUM No.L'fi91·t- /". 

r:::::::::::::::::=z::::::::::c:::::~::::J::::::z::::::::::::::::J:J::::::z:r:::J::~~ OP~TDR----9bL--oAnE~ 1- 1 NUCLEUS ___ FREQUENCY---
)-H~ SYNTHESIZER SETTING ____ _ 

4DpOH 

2oho 1 ~~ ~~ TI~ i 
10:00 fj ;:-. 
-800 

6~0 
C[>-, 

~6 ~~1 
i.;.4~ 

C2' 

~ ,.--., 
s ' 

~
O .... p9'ot i 

!'N 
:lQ • 

' :l 
N~ Ha Hb 

1 
2' 

BD-l6 c~· 

4 
r--

EXPERIMENT NAME _____ _ 

FILE NAME---------
SAMPLE J>J!L.!)-lC!':t. _____ _ 

?\.t ~ .. i .... ll~· 

65.35 !2S. 3.98 
66.29 124. 3.87 
34 90 9~. .2. Ci 
35.42 69. 2· 77 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 
SPIN RATE __ rps. TEMP. __ 'C 
INSERT mril 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS-INTI ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH IPW) asec. 
PULSE DELAY (PO) ______ sec. 
DATA POINTS (OP) ______ _ 

TRANSMITIER OFFSET ITOl-,----
HIGH FIELO ___ ._LOW FIELD. __ 
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (OM) ____ _ 
DECOUPLER OFFSET (DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM) ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT IWP.l I OD Hz 
END OF PLOT (EP) Hz 
WIDTH OF CHART (WC) I PD Hz 

1 
END OF CHART IEC) Hz 
V[RTICAL SCALE (VS) __ /_,_2,..._ __ _ 

t:~:!::::::::~::::J::!::c:::::::::J::::J::::::::::::::::::~J:::::::::::::::::::~======~::I:J::l::::J::j REFERENCELINEIRL) _____ _ 

~="~a- . 3 i. 6 ' : ''3c N tvf R 10pe.d~ LL-m- oJ ~~·16 (?tot ~xpe>vvv~~ Qvarian 
~PRINT£DIJI\I.S.A.. 

·r-



( v1:11) f-I:'~~Y.~f!:J!.1 tlf~~=J..ta .• ,:~~mn~.? .. ~io~P~!~~~~ill~2:.,.~Pi1ide 
·(l~D ... l7}: 
m Iiiii n• 

xn (1-"ig. a2) 1 
atialiid:,... acAJ14J ills t• .... 

1000 .. em-1 (g), .t=» ... o .. c (alkyl); 

1250 Cal-l ('s) and 8BO .. 895 Ou4-1 ( s)t J?.a~c (~ryl); 
1520 C!a -J. ( $) , aS]fr4. sti". of nitro a;rou!J; 

'•' ' 

1340 em-1 fs) 1 sym. str• of' rd.tro e..roup; 

BlO om-1 (s); w ~ ~3 \1); 
ooo cr.r1 (s) 1 P = s (II); 

3310 era-.l (a), .i1 .. .H str¢ -; 

lG2Q em-1 (w} and l58-G C5 .... l (~), two componnzi.·t.s of the_ substi ... 

tute<i be:ru:ar...a ll'ing nquadrant stre·tching•• 0 = c 
:*ii bre:ti;')l?.Si 

740 Carl \na} 1 i? .. l' Gtre (l'i.l.so m.~omatic O.OJ.i .... O bending). 

t~aa$ (Pig. 33); 
............. '! ... ~~~ 

!!Jta a".~ 
:r/2 (l{*'J 21.4 
339 100 
259 15.7 
230 'l.l. 
193 20 

152- 10 
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·:=-~t~·~~.'~1 1.5 ~'ERCl~t~PFUNGSTE!-iPfi~ATUR 1·H3 GRAD 
.. ·:· ;_ ~ ·, ·- ~ ~ F\ ~ ~ t~. : 3 7 ~ 
.··.:.::.:-' ~--~-·-;;:>·'V ... !t.,...PfSTTC'f"'Ht-r:> 'iOPCU: ·-'--... t _.,,~ .!-;, .. ,\ ... i ~o-.J-' r<. A lh; .. H 

·: 2. ~ = :: .~ ~- ·; rl 

·'·" 

s 
O 'p.?' NHCH2CCH2l7 CH3 

I 
0 

BD-11 

- ··,,At-

AHAL 'fSE · 6 2 89~ 
====-===- ==·=-~::-~;::. 

STH HA B 17 , 3 
ST.STEEHKEH 
MESSG= 
AUS~~ : 25- MAR-81 
AUSWER= SCH 

-.~ -. 
.j ·-;. 

' 
~! •• ..:. 

;:; r=:::; ..... .~9 :-t l.j. . ., . I" C' j
.-i 1 ~1 9("', 
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,..,.,.,-~-...... -~ 
1'~ ""~~Uiiil~ii\\vtt-i-·~-~an 

'Jn · ~ ~t::utf'll)?r:."/ F_":•ot:~r:;;: Qt'•T 4c- 1 
~ 0 1 Ci ·.J ~I I · '->:I '• -' '- 0 ../ ·.J • M ·.J · 

l=t-0. 33. M0vss /-Jp~cJ~\.vm- aJ 2- .No~(JL~d.e>~ b- ~~fLo -411-
!7 3} 2-- be.nJ<'oL~ox~p-MsF~Vvv- 2-/l'lhtp~ck 
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b Ill ~~trte of th~ td.tro s~~"1ltr~ f~?11e pm~itr 
. . . . ...~@'" . . .. &, .. , 1!!t .... "tl'fl ( ) 
· ·.·mldptt:ic>n~·otJ ~&Ve -~~ Qn~-~ ~~tng ~c tl"JQ~as , li!.."V»<~et'rS f 

. . ·. ( 19) . 'm)· ~ 'lif· 11;, ,n., "J--~-· · A 
COl.t~ #t.,A\ . ~ld. l)ae· · ,.. -~~~~ ~~n ~J.t ~~lQ$ :wl' &~4- w~unus 

-<et ~~~00 :Mlm:t* 

·lD:Jb • 1000 11:~ ( alt ·p.e-c (.~t~1) J· 
.. .,.,.~ . ..~ ~·1 j. A ~~'\-.~ I' ·ilj;'\_ I 
~ "'•· d!Q#!.Ji un; ~'Vt11 f: ru-.;.. ~ 3YY//·&J · . . . 

. •1 .. ..A. '\'. aao • om ~ · · (r;:q;. P-~~ (~~~' 

1516 ~. ~U.Jl tb•·l <$)·I ~. $h\'*• ot nttf.le g~pJ· 

~A •· 1346 ~·'1 (s)·t ~ .. ttrJ~• o-t ~d.t1ro amul)t 

aoo • soo ~-·-~. -P ~ :s <Il 1 
640 •· $~ ~-1. 'P. = s (Z:l) • 

~kf- tbtono t;~up is et~tt~~~~-moti·tu t~ ia ab~~vtl~~l b~·o t:lth 
. . (17) .. 

f~\tf~f .. t$'-'lul~G in too t:IDt~t4 ·ealma:f:· ~~v«l ~" ~'fG~-- · ,, ~,. ~t-b :n11o 
. . 

lloiit oboo~v~ u~ ~~J>h?•~t;esl ot· th~~- t~,. tl;so' low~ ti~ii$~~QV 

b~lC! 1 G Gesl~:t-n'(!d to .g u S (II), bol1tt ~~dtobt~ ~~~~·nt!oo ~Gl\it.\6ley4. 

Th~ o~fll~ o~f' tl~.· ~ghe~ ~arpif$:tey b~ld P = s (i) io une.>$tfWln1. boat 

wl:uilt~~ !.:ta o?t,atn/!.~e 4i!l~-c 'l1dltte 1.l't -otKI ~ubt:• ·In t~ 

:d~- -~~~~n ouelto ~~ffll1MD~ ~tmi.\.~. iJ'as J$~~(S1J ha.ve. 

ob~.;® ·~:nca t~-o tl~ds ln tl'w ~~on • 660 • 9?5 ~·a, P ~ s (II) t 
Sla 'iao •· 8-~ On~\. P b S (S)• It m~ -'00 .. cm:t~1u~~- tllat !n tb~SQ 

crm~unde tll$ r~~tJICV ct 1'»~ . I l,.s onJ.q .:all!filtlU af;f®ted ·tv 
OUb~ltu·~-Ol'j (al~;tl ~.!do; ~tO~ Ot* p~~ ~NUP to the p}».·l~rua 
a~) G111d tl•t of 'bm#il, Xt ta ·ar~eet~ to.-,a ~·~~~ e)$flllt• ~the 

.Q1X)?0 dab:l9r it e.!'jl bo ob~'t$t t~t ttd..tb~· ot tho ir'Ml'O bande allow·• 
' ' . - ·- . . .. 



Q ~$tttmat1e sh\,tt·• vttoh t-~fl-Gett c~g;sJI tn the tndtletlve !).mp~ 

tl~s of thtt ·Sl'btl:!tUtmtiJ, md ttta !·s Mt un~~ tt 'tbtW ·4o 

tntl~ e'l'l s~ · t·~ t~!t ~- mcxl~a. tt has tlt~ bMl oh~n~ ttt~t) tbe 
' . 

p c;: s (t) t.and la tJf ~~..- tntmtltw tltt1<9 til$ 1nt~f!i.tv of tbe .... 
. . (11) 

'E'· t,#. s (2%) b~ &~ "£tii.·&?4~~~ · Tll\tit ~.ils t.tlilO b~ r~~ed bQ' thr.fnas • 

fhe. f~qti~1eif!rt t~• tbi· P • ~! bt>rtd tol't $)J1t1~¢iopms-
.. . . . . . l. . : ' . . .. ]. .. . .. ,,... . •1 

pm~t~t.o~0s al'e • ?40 ·· .. · (~3!J) 1, 700 -~- · (~1~t ?SS h:M·· 
. . . . . 'if ·.· . . . .., . ' . ..· • . . . •;t Y'• .. . • 

(rr~~ 1. ?Be Qrt-. 4 (~1.,') 1. 1stl -~- ~ t~·:~~ 7'40 (h.··· ta~J!I'I.lG) and 
. . 

~'l~O on•l ( ;G~J.?) :J W~ QOUltl ~tit $.~1-tl$ t~ , ·•·. U ~ntl it'~~U~E- ln. 
I ' • • • 

ti~ A~pt?ow:rt·•do -~ t-~lA).. 1fbfkl\~.s h'lV~ a~e.at <i!.ftt®tr· . .. . . . . . . .. . . .· . . , .. ~ 
. ~ ~~ 

ln .a.sst.~~ii' tlle vl'wattcn tl'~«mr of_ t:r,a 1i ~ n ~l{lf ·'lr~nnG 
. . . ' . 

t~a$ ~~ 0ti1d t:he .&IWt~Qnf;t(J me tlt:>~~oleti®)Q ~~Qb _!'taw b~- p~ 

·~ ifu ot.bstt wo~k<:r~e, •tt dt~~~~- 'hea0 an~£~ tt~tat P • t~( .• JO 

Qt'WJJ t s clmt-~-1!~ ltl· t\::W atur.Jtyp~ora b~6.a 1t·-tb ~~~eyael~a1n th&· 

- t-·mg(i3S Gt.)S !it 887 tl!•l ~d 602 • 11$0 On-.,~ Bet~ p-roo~" to 4\ r 
ous:!f lnat~~ . co~~4~1ma !ft>~ @~dn g-eooru) cwtalnlpg P • n tondo . 

anu ftna11r· eonotuat8 ttt•.t ~a ·.fll! t~se 4nd1~~ e.o~~~llticns OO.o 
I 

m••m to Sbttmg ··at,~~m b~a in t~ ~~·~" r~G 789 • 1103 
tii·1 . · . . . . ·dQ.t.ec.l-eJ. 

··~··· .t md a~ w ~m·sb«l.\ ab~,pt.too bkVl.d b!i~~ Jl.~A.d low~v ~eqacn-

c!.·Gtt,: t~ ta;A S 1 t1 tl~ taot& ~ttble band IO~ til» 1~~t1 fla(ttlon of ft. 

P .. n ~l<ii £n e tmtmow mot.~~-· A~ t!W P • t.~ Btll~ w.~ bo $:rp~ 

ttti to btll.l ~$QD G(fl·tiltlvef, ~d t~l(;l}..+o~ .. tl~· 1J • U ab$0ttpt!M ~uld 

'$~\<~ c.an.$\4¢.?a'bl$ !~t1it'l.mr.~·~ -d'l,ift;e l.t~h mtoot'· ~J;;~~tl~ltn; £n ·mtwc- · (V) . <t- .., ' . . . ' . . .. 

tt:1't.~ !i~as ~1.\'*s nQfh~S a nU\l1btoi!Jtt ot e~J.~,:t.,f;)S. !n ~!i.oh t;l~ 1t • ~-

link @ws no ·&bd'n!)t1on lt1 t~ r-~10 ft"UOt~ .~Q cil.S-l· ~:ttt Q~~ <!AC~ 

emft.l"'mf!. ttl e.. !h~ t1. -~- r~ ~a. &btDrptlcn f~equwev itl i ~Pl"OWl~ 



.... "tf".AO., 
~~.·r 

· Al.tl:Qutlb P • M abfm!'pttoo sib\18 conftlG~nbl.~ iT4•tal.,. 

ol'Aftst tho m • lt1 $C~~clllng vlb1)ntton:s ocaut'· ·1n tl» no~td !~,t9quoney 

~~1'00' 

sooo en .. l s.n :ml • 2D 
:3~ :01•1 tn · ~,., • 1.1~ .J· mu 
33:m · ~·1 !n. m> • 1?• 

i'llG) P..O•C tett~i) gt'oop 1f:l cba\'~t~1!.ed ~.a ~trans 

flbatJ~lon b~td \lho~o f'JOQU~~ li0s ~we«t 10Jt> • .1000 (m•t. ·in41e .. 
the bma <Iue to ~~e (·Bt'!11) 8\totlp t·s tountl tn thc.Hgi(h'l & 1W5 • 

··1.• ett•l. t: t·~$ beu4 '• al~t~t,e ~a~..,_oo bV .a aaecn.d abaot'p~lon 
ban<l whi~h )ifts b~ att~f.,.~ltr..'d to ~t~l" t:~ eym~ sear. ot the ~-c 

(al"mat1c) ~~.gt~t ~ tb a a09~ntG P .,. 0 ~f'• tq~~ob ~$.Jaot. - eoupl~ . ll7) . .. . ' . . . . 
~~ae ShftltltllY :Buvw~s too ~~~t~~ o~lmati.'?r.t Y~cb. 1 a Sl.PP~od 

. . 
·by tl1a perst ~mco ct. tnt s btnC\ 1tl b!ltb ,..,~,. am ~~a Q'Om~ s1. ... , . . . 

· s:Ui w tl~ t~~t:rt t~t J.n the le.tt~ tbo tr~umcu 1 • ·~ Un~• i\mct1Cin 
' ·> • • • . • • • ' • ' 

· of tba 7t •v(i.\uea (\'1l~o· 7T l.s 'pl».~mt.su.s-1nOue,-t~(l$.l.conetent• toft . . . . . - ' ' . . . . 

.mbstltu"lt gttettJHt~ ]h; •· 3'1, :tet. 17). of the .. -.l·b~i~u<;nts. tt~ts bdla 

··u.~s betw@dt eSc • .~fb O'il,.! f~ $1.1 ~st.too ·f~quonev rmg<t 

qttoted .s.s. t~ ot.tm $tfOUDost b~~ tn tli.s r~1m. .Alti~sb ,lfJm 

i:)r'l bart~ !l8s b~ f.d(Ut1t1,~l ~~t* the ~bt?~#Jlfm ot P.O.·C..(t4~1) 

g~oop ln tbe mdllPMU~c comuouna ( m>1.1) 1 the 9{30 ~~l. band' bas 
. . . 

stt'Cr.gQ$i: !nt~stty "~ tb~ Of'J.) •. lDGo ~·l. t-~.ton11: It nliJ7 bG· PQasi• 

~Q th~. tbla ooo Oit•1 bm~ 1e;.tl\le to v-o-c (.e!.t~3.} £~cup ·Vlbt'iatton 

in the mo~p!»:tlno -compOW;ltla: 



TwO·. ti}~B pf'ea•t ln thg ftJft{l$S l.rtll5 • .lSSl ••1 .. 
134,0 • 134$ (h~.l ai'e ®e to a~- dlfil ·-- Sfl.t -of n\tt'O St!'OU;p Vflr .. 

p~tive.\y· (~1•• lt•· 3.'!6)• ~ banr:le g,~f)~~t at lt~· Q;•·l ah« 
1al6 ~·1 afe duo to ~•QUadf~ stfetnlt~'*' o =s· c ~b~&tlon ot tbs 

••attt~c l'ir~ ( ®1tblp 111 ·$\. ~; 2~-. 

/ 

All c=.~• ~1 p-~~t; mo1~1~~ l.oo,~ ~~m.ootatten , . . 
b1 ~OftitJ ot .w;i "~~"" ls !.m~vtt-mt:J. ~\l. c~QU..~$ ·~~~ m 1oo.cue to 

(p~mt mtll~\4$ •· m~; ~u lt j;'s t~ bese pa• !Jl, ~®t~a.·ot .·. 
. ' 

o:ic.b1w!i!'Ql~tAd!J! (lag, ·G) t· taO~tDUtm, (~lCf· 20) 1 ·d.tsUtt1m11® ( ~g.14) :t 

· · m~w~oitdlflo ( sc• 2Thl, J4n.~M.no C: •a• m) ., ~ ncr:\1l~<l0 ( ma.at.t 
. . . 

compQmlt\sJ. Dm mle 198. i e tlbi base ~>~~ 'Je'fr ~th dtmettqlmlt'kl ( Bg• 
. . 

19) and· tspt-owtdaa (··•~·~ ~·­
... ·~ 

· ~ko ·ana Oerrfart ~ ·· ·. · . ·i'f$0\'teti tbat com~a ot the _ 

. -

tom~·~hQ ~;ge ~~ tu io.ss ()t :ifSB veaiet..l dlt~llt ~~~he·~ 

· cul~ i~• fW d~tGttnt~Ciil _·ot tbe ~~iv1· g~ tt»ltl ttlG fi'Jia~ fl!'f}Up 



lt wes sl-ct~11 tluttt~.tl~.c~ lwoxrO(:un o~ sa 1.s_ ab~J:'nctetl ~~, tho~-·· 

h~f\Y'l ~1-tl£1 t!!n<t ~ :f~Jtl tbe N ... I~, Gt'l'lttty~. , rt:n~e was .nG p~.llrt!ine.ey 
'· 

ltJ~ltJ~JW ml1lft to ~:~lpwr.r. Tl"~ po~ulfit·oo s!~~.1otu"ili ( ~ tot'• tl~ 

p~t 100 

.t.~ 

~ ®d fie lOS$ or tb:.:! ~it'lo ~d~e1~ ( Jt fut"tnot'f lo® CH~U 

glvitlf{ en 1m to~ ~hlch th'W pos!m:1:~1t<i!d st~tqtu~~'l ( C3 

~he$$ t~ st:t'1tl~;u~Qi9. ( B ·~f!l .C) ~a ~llp(}lrtGt1 l~l onolO;tjOU.e St';:~tH:tltl.• 

t10..."1£l of th,.~ l:'£;J:latCJa e~und~ 

. ( 2"~ 
li'oll~t<Ji!!.e C'Qol~s and G~~Al.fl¢l. ,. t;o post-u=toto thQ 

nu~~$ r~~m®tation p~oc~sees. :!0~11> t110 t\1£:£~tt.~t nttvo sa1ie0'lln 

eyc11c ~midapl~~~mrot ttmaatoa •. 

V:~elohe~l.eniCio. o.~oum $i50¥t$ mla m5 1oo as tl1{) baa~ 

'PlJ!t:i~ by tho ~r~ ¢Um~lnat!on of su tr~. the t~olooulat> 1oo pQ,ak 



·(~/-a aoo, ~ 'BI as, -~hm~l). ~{'~ $.00 (rt!/$ a"30, ;1-!tt 00 1 s form~Jd 

uv t~ Oit'·aot lO$~ of' %HrJ~ f~. tho mo1ootdat' too. ~e lon tm/~ 
100~ tEnt· $5) !.$ £'otmod ~ 1('-ss ot $ t~ thG lm rJ/fJ ·~ and tD..t!O· 

t'r; tll>:) dtt~l1!ination of' ~n11n t~. th(.';f baea pe~· 1on.. fhe ten t~/o 

162, 1!tit G9) :t s ft\rm~;:d lt! the titimJi,n:;at!on ot r;.o 2 ft"fm! t'ho 1on m/~a 

100• ThG pe• to!ff m/e m'9.t l~m'l 4~ 1~ a,')bs~r.r~l due t~ tll~D ~nrt.na­

~;ioo of 0 ~~ tba ·b~SQ ~t~sk, m6 tt~ t}~ ton {tl./G 919t ~M, 33) 

1 s fott!gd b-.,1 loss ot Uo · :t~~ the icn., mla f!?9. 

S:n t.oo enSG of mot'pl:iCUn~ otimpound the baa0 p9ak sl'k''>w• 

to~ f!J/a m:iJ tX.I. tb0 01l!!'C.<Ct Gl1t1ltlnt$.011 of' Sll f~ tilO ~loo•.Ua:t ion 

1) 1~; (tn/~ a~, ~~i.lt 4hlt ~~!~~~.. '~l~ !..on (m/~ ~Q, ~!it ®,6) end 

ttl~,. ion (m/o ~f~,. ~jf:1;r (:JO) ~~a fot~~l f'~Jl tha molt.~Ul~ too p~ok b~~ 

ti~ dive~<t. lc:>a:J. o.t ~rgnO mti il rosp.oot1v4:t•· ~he t~1a (t:J./€J ltlB, 

,z'fCl( 7o'JJ ~nd mltt usa, ~Jnt ttle.~~l btlv·a ;a:t(ft.i b~ obG;.tJ~v~ 

mootu!lunide o~pc.-um at:.c'.ta !'J'l/o g;a lctl. fMJ the bt)oo 

t~H&;alt ilY t'b~ dirOl'Jt \ll:l.td.nd'J.on ot sa f.~ t!i~ rnQloov~'tltiil' 1on .P~~ 

(t~/o :D~;. !ilJilt 251 ;~l'l~e-3) ~ :r~ !t»'i$ (m/r;,r :t,...ra11 f:Sr~ 40 tltld m/e 

iG3t :%~1! 9.,~. lWVG ~·SO bea:l ObOO~V~ liho thQ otb~ C.Ol':lPO~& 

Xt1 aa~ ot the: dit'hl;l£tt~lam!do ~vo·~d too base ve~ 

lon ! , m/0 108 t:l9. ~mticn~ Pl3~11 ~. ·~ too (m/e ~l, rJwt 9:J..6) ! s 

ob:1r,~~·1<~ by t lw ,dt~~t loaa ot nn ~~~ t~h<J ~~l®Ul~t'l ton~ ·~ 10t~ 

(:n/~ lf".J2t, 1'Stt o. 2) hss ol~ b~Gn oiH'!lGrvQd { ;;;'Jl~C"4) ~ 

I~propsrlur'14o ewpe~~ al-~ ortz~?J$ trl/o 198 ion oa t.he 

baS$ ~eak.· !1)0 ions (~/e g;a, !t;tU as, ~/'0 w:;&,. ;~r\1: 92 nhd In/$ a.l3, 
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;,ill 52) ~1,!'1~ r;>b~~t .. ;f~ 'trg trJ.e av~t, 1oitls ot ~~ ~I ~~ .~ ~.-~:e~lvd!Y 

trom t~ ~l~ult.J~ icn 'P~)$• ~~ tm ~le 2135 :mw ~ ~ bo fot"tned t{r 

t-1~ l.u se; of n ;f'~! t ha S.c.~ tfi/f;: f~9S·· .. ~ iorl (".m/~ lS2t r~m: 64) l ill 

nl-ao Q1>oewoo .ae b~f()~e· (:~)~~·5) •. · 

f!l~oli\'ltnG ~~otU¢~' @W$' t"'!/ftJ ~1· lrm ~u til~$' ba&0 

'P~a!~ ~1 tl~ dl·:;njl$ ~:t1~:tn.~t1~~ ot &1 ·trmt~ tnQ t•fl' !oo .v1:1• ( .~U:J:J!!~ 
6).. 'll~ tm tm/1~ :ua., .i~~'U ·oo,o): is go~~ 111 t~~ d#.~(l(;t 1ooo Qf 

(?~r5uo3 :f~ t1:UJ lies~ D~~ l:ool tbil len tml~ lOOt: $~ a~?) is 

ftt:~oo ?Jy th$ dl~tot lbOtJ at: ~~~~. t;t.\00! t~~ bo.~ ~l~l! lou;,. 

V!pJSilldino e~pcun!! $1Dwe tt"J/t~J SSl !~"1 aQ tl1o tt:a$0 · 

~tJ~{; 'lY.f :.tfb$ <Jll'®t eU~minattt;,n ut S'd t.~ tlw t1f !en ~JOak (ro./~ i3l4~ 

tli~~Iet lo~s of C'Li'fdi t~ thet ~-tiS$ pQalt !tlnl t~~ ion (m/e ~~ r~~ 

~8~9) lt1 ·rom~ t:r lo~ of :o3 f~ tho hs~ p~~ _!<ttl•· 

t~ot.w.imJldc. ~~tJotmd stt:na$ m./$ ea~ t.()n ~s t}1.;:2} bas4iJ $}(:'* 
by ·t~ ~t_t*oet el!m1!l~tim'l ot Hat.~ tl1a par~1t ~ol®ulnr t.on (m/e. 

·:112,. %1« 2l~j,\t $tib~~B). • Ti~J lrJn (tr!/e aa9.J:. ~~:ro: l£• 7) t G fomsoo by 

t!~ d1 ~G~t lo.sG pg 't{~? ~~~ tha ,,(f' !on ~c3t1• tlta ;ion (o/e 100, 

·~~ ~). is Co\TmGC:l ·~ t:n~ loa~ of ~lJ;uY'i ~~~ t~l<) ~~asa .P,()!oo 1M. ·~l:fe· 

!on (m/~?J 2':ID$ 1lrrl. ~~:o !·' ff:l .• ~l b.y t~.G' !oss .eft, t.:l%JJ!f t~ :hiP'~ iion. 

r.i/o SSG:>~ 
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Scheme.~~ Moss Fragmentation or·so; 4 . 



-SH 
'. 

mfe 267 (base pea.k> 

. + O=P<D OP 
+ . 

O=P~ 

mfe 1i6 ( so·o i'.} mJe i9a (25"7 ·;.> 

Scheme 

Mttss 1Pa _ _gn;enliation p19ocesses 'in ·aD-H) 



-

. s t 

rt1-0 
02N · 

mje 314 (M~ i7'i i.) 

~o,o+IP-1\ ~o,t.--!'1 
~ -t0 ora ~ I'N(..J 

02N 0 N ° . 2. . . , . 
mje aei (base peak) 

O=P===-Q 
Ttl/e 1;?0 ( 82 ·g %) 

Seheme 7" l 



. -r 

rtp -CH.(CHe)reH3 t ,....(' . . 
. O Ntl 
OeN · . · · : ., 

m}e -,3~ ( y. Rt 100) 
' • I ' 

-~;-C9"1~~ . ; . 

' . 
( 

· .. ~o~f 
. ~0 

:O,N ... . 

,. 
I 

. . ' 
1 ''! 

mte :t9a ( 1. t:?i eo) 
.. : ... 

. ' 

.. ' 

\.. .. . ... 

-' \ i-""~ ;, 
"• . . . + . n:· Q,P~S 

.·· ,-. 

02~ --.. . 0 . ., 
~-;, . 

. m/e i'.~O (RI 7'{) 

' ' 
. ' 

Sebeme ~ ~ 

M~ss 
of· BD-17 

\1 

•\ 



Mi l • ,/' 
1. ~e if l'IHR Sl:)6Ctt~a of $~'veral 2-al.koxY.t pbe.noxy-6. 

nitro-411-1,3,2 blln~ottioxaphosphorir'.-2-sulphid0 halls been repo1-ted 
(2l} 

b'tl' Das et al. · • 
fl I --

. -

NW:l signal a~ 

ll := ou3 (:BD-8) 

= c-s.>115 (l!ln-.4) 
..:;.. " 

= n .. t~3i~ U~D..:JJ 
~ n-c~;19 t ;ao..s) 

= t .. Q .. H..,... (EIJ .. t)) f$-1- . 

= i-04lia (Bb.;.?) 

= c2u4 oCH3 (BD-l) 

= o2a4 oe~5 (Dv-2 > 
::s Ctf~5 (l~D-9} 

(ana also in othm~ atlcylwnid.ophos.Qborothiona.tas) is d1ff'Grent from 

.tbat or otb.ar (!orapounds. i~~ill!• 34 is the ~:i llliR apoo~rur:1 ot HD .. s, 
l~"ig. 35· 1s the lzi UJ~l:l spoot:vu..-n of SD ... 9- anti £1\ig: •. 7 as that of DD .. 

10. If' lf'(i) study .tile thr.oo ch~tew (Figs. 34135 _at 7) in the gi·van. 

order, it is fairlY avidont -chat thG cllemio.al shift ditf'alrmlee of 

the Pt'O.~Otl$ U4 A ¢~ n413 is ine~·3li.::d.ng in go:blf~ f~om BD .. S to DD .. lO. 

Also, tba 2-substitu~nt is at .the smi4Gt1mu 1Ii~al"f:ns1ng in bulk, and 

probablY spQnding taore timt} in tbe conf'o:~naation. w:ltil the lf~ast 

aterio int~u. .. a.ct.i{}lls:;. ln BD ... lO (alr::Jo in other alieylaud.dopbosphoro­

thionatas}, this raey ba ma1nly in (;ne conformation; vn:1lG i.n BD~ 



.~ 
~ 
··~· ~ >.,. 

FT·SOA SPECmUM No.Efs.'_OO 
' ~-

40poHz OPERATOR1--1t'LDATEWP/J.~ 
20bo >-H~ NUCLEUS~FREQUENCY 1.2£_ 
lObO SYNTHESIZER SETTING __ 

( EXPERIMENT NAME _____ _ 

syo · FILE NAME~..L.-~---
600 I SAMPLE ____B1C--.f _____ _ 

s ' 

~
~s 

r ~r, 
·. 6 o'. 0CH3 

NOJ. !i 1-/ f1 
J1 B 

LOCK ill INTERNAL D EXTERNAL 
LOCK SIGNALc:-4C._,n""'/c;:'),__ __ -::--:-:-
SPIN RATEll__rps. TEMP-n_ •c 
INSERT mm 'ij 

~~~g~~O~IDTH (SWi---Y~Hz 
NO. OF TRANSIENTS (NTl•__,3~'.--­
ACQUISITION TIME (AT)_J.._o __ sec. 
PULSE WIDTH (PWl~/LL.sec. 
PULSE DELAY (POl ~ sec. 
DATA.POINTS·(DP) l4!t 

TRANSMITIER OFFSET (TO)~.:I/3~-­
HIGH FIELD___!_LOW FIELD __ 
RECEIVER GAIN (RGl--<-----

DECOUPLER 'MODE (OM)-----~ 
DECOUPLER OFFSET (DOl---:-:-:-
NOISE BANDWIDTH (NB) ___ kHz 
ACQUISITION MODE (AM) ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE~sec. 
WIDTH OF PLOT (WP) 19 s' Hz 
END OF PLOT (EP) Hz 

END OF CHART (EC) 0 Hz 
WIDTH OF CHART(WCl~L.-Hz 

1 I VERTICAL ~CALE (VS) 11 <> I I ' I REFERENCE LINE (RLl c-nr) ZJ!U_ I I I I I I I ! 1 : I I I I 1 I h ' I I I I I I I I I I I I 
ID·• ,.o i"·• 1•• ,J-o S.o lj.b . ~ ~-o J.o ().D @ 

· 8 ]) varian .1 ~ f'RIIHtD:N U.s.A. 

H NMR iOfe_e;~!A~YYL- oJ 2- N'e.lMxrr- 6-~t-h-o·- 4~-1?'3.;2.-
6 e-~ c4oxo..pkp~~ Jvv- 2~ /J~!;,d,.e. · 

r~~. ·04. 

,:l .... ., 



·4 

401 

2 

DOHz 

a 
6 

00 

bo 
I 

lo 
I 
)0 

--
- - - -

I I I I I \ 

f/).0 ~Jl 

r1r. 55. 

'.~ tw 

~ 

' I l ' I I ' ' I ' 1 I I 1 l : 

s 

I ' , 1 I I I I ' I ' 
~-0 ., .. , .. f.O '/.0 . . , .. 
1\-\ NMR 

• 

>-H.,. 

a ~s 
'}r.----a-e 

3d 
- ~-

HA HB 
BD-9 

J.o /·0 ().O 

FT·BilA SPECTRUM NO. /'( {.( S __ . 
OPERATOR.-~---DATE?Li9/:Jl 
NUCLEUS~~-FREQUENCY],S_ 
SYNTHESIZER SETTING~---­
EXPERIMENT NAME.------
FILE NAME..B.It.l'-c.:I\:L.... ____ _ 

SAMPLE BD-S 

LOCK (ill INTERNAL 0 EXTERNAL 
LoCK SIGNAL...J:.I)C.b 
SPIN RATEJlc..rps"" . ..__T-EM-~-~::-1;;-:-,C-
INSERT mm 'II 

ACQUISITION . 
SPECTRAL WIDTH (SWl-~Hz 
NO. OF TRANSIENTS (NTlJ,,..:z_.2.""o{ __ 
ACQUISITION TIME !AT)~_. sec. 
PULSE WIDTH (PW)--.Kj..u_.sec. 
PULSE DELAY (PO) - sec. 
DATA POINTS (OP)-.............lll__ 

TRANSMITTER OFFSET (TO)..'iJ. 
HIGH FIELD __ / _LOW FIELD __ 
RECEIVER GAIN (RG)_s_ ____ _ 

DECOUPLER MODE (OM)_-___ _ 
DECOUPLE A OFFSET (DO) ___ .-·-
NOISE BANDWIDTH (NB) ___ kHz 
ACQUISITION MODE !AM) 

DISPLAY 
SENS. ENHANCEMENT (SE).±~sec. 
WIDTH OF PLOT (WP)_l9S ___ Hz 
END OF PLOT (EPL -..!!r-- Hz 
WIDTH OF CHART (WC)___r.u._Hz 

1 
END OF CHART (EC) ___ o ___ Hz 
VERTICAL SCALE (VS) __ .£1.!;!_ __ 
REFERENCE LINE (RLl-C:i.'ll.L-rM.L 

8 . 1'1 ~varian 
• j/~ ~AAitlnDIIC U.SA 

b.i'h~ 
.A}IQ_c~u_nv oJ ? -P~e- 'YWX(J- 6- 'h~J~-to -· 4\-\ -1/3/2-

~ox0f$vosf~cn-awv- 2- ~~de_.. 

~ 



·(also 111 au .... -<1, l3il ... a,. :mJ-6 etc.) i·t ~pt;llfWAJ 'th.at both ~hG eh~ioa:l 

. $bif't dif'f'erE'Jles and the di.tt~ranoe between 3.r tmd 
. ~~~~A 

· 3,1 ,,. .· . · ere .qu1tG small. j;bis sttg~ests that the" ttolooule exists 
P ... o .. c...H4B . 

as an aV$Jrago of tile two (lQtl.fQr.mati19rls with r-apid 1xlt&r~~verrs1on 
f. 

bettfilOO theta. In th\Si Ce\:'39 Qf. ·BD-9; !t S$1lll~ that an il\U6J!'U(l!diQte 

aituatio.n .prevails,., :~imil~11 to :aii•l and DD .. e •.. 

3 . 3 
oM of ~be couplings; JP-0-c..ri~~\ or .. JP.o-a.,.u

413 
wU1 ba laPgo 

anct ot,ner Qne will be swall1. since the P-O..O..Ha cU.h.edr;;ll anglo for 
'"' 

o1iQ or th.etl is clo~~ to :WOO and for the other it is close to. 60°. 

ib.a Plo~e;tpans1on ot tn~ u.o .. St.S ppm ~eg!on ill BD .. lO (Vig. 36) 

sbows ooupl1nt~S ot <>.6, 1~0, 6.3, · 14.7 ru)jd 25.6 na. Since the 14.7 
. 2 . 

Hz coupli.'ry,g 1s certainl¥ tb.@ gomin~ Ju~f _ il~: coupling oon.$ttmt1 
··~ 3 ."'13 

·tbia th.en leaves 6.3 mld 25.6 Hz as tile two JP-0-0.H couPling 
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FT·SOA SPECTRUM NO. L_'fS:_qJ:~}-
OPiRATOR ____ <p!L_DATEJI/J!JJL 

NUCI:EUS •. 1._FREQUENCY .JH_ 
SYNTHESIZER SETTING _____ _ 

EXPERIMENT NAME ______ _ 

FILE NAME ..ID::l II I 
SAMPLE _'S.Q.:lD _____ _ 
pt,'t f><~.....S, .... of £11.., ~.,..,.,.. 

" > ('-
• ' ' I• c~ r It';.-........, ... ?"'N'l.'~'(/ 

I )' 
~'~' •-:c / '· . ..:;~" ,;- \ 

1 ..,. .. I~·~ 
0 tl•..._ IlL' t.l-. I /:,'·1\"1 l J"(.., 1.5·\-. 

\ 

LOCK llD INTERNAL D EXTERNAL 
LOCK SIGNAL_!tl!l')..-· ---~-
SPIN RATE~rps. TEMP_'!.2_ •c 
INSERT __ ~mm 'I! 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT) ____ . ' 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PW) ,sec. , 
PULSE DELAY (PO) sec. It 
DATA POINTS (OP) ' 

TRANSMITTER OFFSET ITOl_=--­
HIGH FIELD-~--LOW FIELD __ 
RECEIVER GAIN (RGL _______ ' j 

DECOUPLER MODE (DM)I ____ _ 
DECOUPLER OFFSET·(DO) ___ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM) ______ . 

DISPLAY 
SENS. ENHANCEMENT (SE) ___ sec. 
WIDTH OF PLOT (WP) ~0 Hz 
END OF PLOT IEP) Hz ,I 
WIDTH OF CHART (WC) iD Hz , j 
END OF CHART tECl .Hz ~~ 
VERTICAL SCALE (VS) __ I_9_0_._. __ - ;, 
REFERENCE LINE IRL) . . -

.• 1 

~varian 
~f'RI!!Ti:DlHU.SA 

?Lot ex~~ 

s· o - s-· ~ rrm--
oJ ~ -CH)_­

IL,Q_(J ~cnv : 

-. i 

cP·OV\f(~ ~D11;), 

4r 



constants. OonSGquently we can oonclu.do tilt\t BD-lO 1s probablY 

mai~ll.Y 1n one <H>nl"o~t<iatiioll. 0A tbe o·ijher b~ut, tha pattell'li. i"ound 

1n nu .. s can on.ly b$ ~xplain0d b)" n.sH)J.1'ly equal (but not el':a!ftly) 

coupling constants. and a small cbemiotll. ellif't Uitferenco in HA and 

H.El~ whlcb :t•aqu.1ras J.l"ap1d tntereonvllllrs1on to t]iVe an ftVal'age of the 

coupling con3tnnt.s and oheUlical sb1f'ts. B~9 seoms to b~ an intar­

medi~te ca$Q1 $1m1l~ to BD~2 and ED-2. 

The f~mall eauplings seon ill ~ .... 1g. ~16 al"1$Ei! t"rom cou.r.)ling 

to tho arom.a.tic ring protQus u5 t l~ a.nd 11g. Xne con.t:'ormat!on. II 

seems less h:l..nd~:~red tor bnJ.ky su.bstitaa.tlt groups sucb as those in 

BD .. 9 and especir\lllf in :BD-10. !.t'ha~o-fore l~t us as:1uuo that 1n BD-10 

conformation II Pl"Odominatos. · J:n tha"t case tb.e dihedral lmttla of 

' 180° belongs to lis , anli ve eM 1dent1t~v !t J.l5 tne u.pfiold group ot 

linas sbolfing equal coupling ·t>f' 0.6 iiz to tb.e tlu-G~ a.vo!ile.tic protons 

fiat- h7 and Ha· i!roton HJ\ 1$ more, .st-rongly coupl.od to l£0 and .i~ 

w1til J = 1.0 az, buto not to H8• Xbis can b$ confirmed by spiu. 

dooouplillg e~per.iment.s stlown in F,g. 31 and Fig. 38. In f'~1g. 371 

aromatic pro·~ons u5 and U., were ur~d.io.ted. at s. J., ppm a.n!l the triplet 

structure of HA disappeared; tiln <lUal"tet structu~e or Ha also 

collapsed due to 1rr~d1ati0ll of IIo ond It1, which raaov~d the af'f'ects 

or th.Qir mpiats1 bllt tho resid.uml l1no width maS:<ts tn~ ro1~;1in1ng 

small COUl?l'i!lg to 118 • liowaVQlrt in ~!.g. 38, in Which only lig WtlB 

irradiated, WG can Sl$f:l t~hnt ·tua quartats haVfi! bocot49 triplet:; as 

expeetad. 
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I "'r'"' :::"' ~"'"" 00.1>1"'-/~-
"00 S ' ~~·-~-- --M>O ' I ~ll [Ap,~ >-H~ NUCLEUL ______ FREQUENCY ----

"1" J.,-1 , tJ ""--(i) ~m"B"m ""'"'-- ·---"' ;l( ~~•m< AA~ ----

,!, ""' '• •• "" __ ,.,~---, SAMPLE __ t'i_l):J.IL_ --=== 
Ao-o)1'<l-l1c. P-rohnl) ( f-l~_omJ.. Hi') A~h~ V...tu>U ;.~ .. J.;,..t.l 

( Yto...c.f1 oJ·-e..J- r -.t. 1\, o.t- ~·I y>jm.· 

oJ. '6'1 pfi'YI I Plo\- hf-~1.;.. o\ ~\\ ... 

~W~I~I~I~~~v .J-1! r-

LOCK 0 INTERNAL 0 EXTERNAl 
LOCK SIGNAL----------
SPIN RATE __ rps. TEMP. __ •c 
INSERT ______ mm 

ACQUISITION 
SPECTRAL WIDTH (SWJ Hz 
NO. OF TRANSIENTS INTL ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PWJ_______ .sec. 
PULSE DELAY IPDJ sec. • 
DATA POINTS (OPJ _____ _ 

TRANSMITTER OFFSET (TOL __ _ 
HIGH FIELD ___ LOW FIELD __ _ 
RECEIVER GAIN {RGJ ____ _ 

DECOUPLER MODE IDMJ.,_ -----
DECOUPLER OFFSET IDOJ ___ _ 
NOISE BANDWIDTH IN B). ___ kHz 
ACQUISITION MODE (AM) ___ _ 

DISPLAY 
SENS. ENHANCEMENT (SELft __ sec. 
WIDTH OF PLOT (WP) 0 __ Hz 
END OF PLOT IEPJ Hz 

END OF CHART IECL Hz . 
WIDTH OF CHART (VICL !Co Hz 

1 ' ' VERTICAL SCALE (VSJ_.....J.Ol) ' 

t:::J::::::i::!::!::!:J:::::::cJ:::J:::=:c====r:==::::::============~===c=J:==c:::J:j REFERENCE.LINE (RL) ____ _ 

t=;;(f. 3 7. 
~varian \!!:!Y flbNrtD LN U S.A. 

P-lot Exp""'""-:>ioY! o;J ~C.( %oOLtp 
IIA H13 

Plo~ exp ~<4ovv oj­
f'~"o~ +ts- ~ 

- C 1-\2_:_ Q'Y~ ~ A,j) ~ /0 c f?JynwoJ{C 

H t ~h..IL~ d1 o.l-e_d cvf- S · I f:>fj 

t(r 



4 

.40' 

20
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10
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.. :~ 

F~ 0 . 38. 

"" k'' 

~ 

·I 
'--u.>o. 

Plot Ex~0-n~i on oj- )( ~ 1'o u.p 
llA ~r.l . 

FT·SOA SPECTRUM No • .l.Yru!:-3-
0PERATOR _____ DA~---

NUCLEUS~ FREQUENCY __ _ 

SYNTHESIZER SETTING-----·-
EXPERIMENT NAME ____ _ 

ALE NAME.Jl~.o-l!> __ , 
SAMPLE 91>-10 -----

f>.,_..Jt ... \),..,~ .. IW~>.l_,.-\-.J 
Hr ~~.t 7·1 'N""' 

?1·1' hr~'- ~ 1-1\-., 

\ .. !".. c.~ c.:' ~ . •v .. : ~ :.u 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL 
SPIN RATE __ rps. TEMP __ 'C 
INSERT mm 

ACQUISITION . 
SPECTRAL WIDTH (SW) Hz 
NO .. OF TRANSIENTS (NT) ___ _ 
ACQUISITION TIME (AT) sec. 
PULSE WIDTH (PW) .set. 
PULSE DELAY (PO) sec. 
DATA POINTS (DP>-----· 

TRAil3MITIER OFFSET (TO) ___ _ 
HIGH FIELD ____ LQW FIELD--
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (DM>.-:-----
DECOUPLER OFFSET (DQ) ___ _ 

NOISE BANDWIDTH CNB>---- kHz 
ACQUISITION MODE (AM) 

DISPLAY 
SENS. ENHANCEMENT (SEl--,__sec. 
WIDTH OF PLOT (WP) iO Hz 
END OF PLOT (EP). _______ Hz 

WIDTH OF CHART twc)___tl?___Hz I 

~~~T~[A~~~l~E~k) -j oo Hz I 
REFERENCE LINE (Rl) _____ _ 

Qvarlan 
\!!YPf!IN11:01NUSA. 

?to+ . fl.-,Xf~ o-} 
(CVL~c_ f"'fof-orv 

-c.t-1~ a71D1Af 0vv ~ -10 
t-\8 Vvt-~~~~ ol- 1-· l ppm) 

~ 
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,. 

' ·._ . 
\. 

~he Plot expansion o.tr tbe arom.~ic r~a:ion (r'1tr:•· 39_ tor 

BD~lO) shoWs th~a b!lsi<.t ~1, p~~te~n. _ ?tf.t·t~h i;h.$ tlddit1on.al long _ rtuago 

ooupl1tl5S to B5 end lfv• +ns interxw~ta.tiotl of this S!lactral region 
' '. < ' ' 

.is :taoilit.ated l:i"J ~:temUiirling :wit~· ·ii!ID in- which t.na .,.OIL. group in .the 
- I ~ 

' ' 
dioxapbosghorin ~ing was 4.iOOOl1Pl6nii!t: ln '.f!'ig~ .rlOa ~~ appears. aa an 

ait~ht l1no ,pa.t·t~~. In ili.g •. -a91. -et'l<lil lino of this pattel1'n im split 

_ by the prot~ns ·.u~A and H4a i!lto · ·tP1Pl.e~s with o.s: us' apacing. ~·hi$ 
is tne flv~rage of' th:G actual c·ou.gl1ngs ( Ju_ u = 1..0 Um ; 

· · . H.$1 • "4A 

J~ .. i:i@_ = O.~ Ua), due to tho t&et. ·tbat·uA and na twe~ st:ro:~gly 

ca.apled ( 
2
Jlii!i- fiJ3.::; J..;~.,? _tiz) _!~id_ se_p~Gtfl!d b1 a small eb~!Wal . 

sbijl't. 

I*>;ig. ~"ll and l'!'ig.. 42 1!Wo tile plot QXpanston:a of' l~D-15 

and BO-le respcc.lttvely •. 'lb.e ;,.(lit~. J,:rrotona in tbe dioxapbosphor·in 

·ring; -ar~ non .. $QUiVlllent and hav$ ch~tcal sbitts in 'both compounds 
. "' . .. 31 i ot o.2 ppm and u.as Pl>m• ~ho cou911:.1g ~a the P nucleus 1s 25 al~ 

fOJr one ~he .. Cl~ P~"otona artd ti.S. Alm_ for tile other. 1\ l)ro1dint: 
' -

aod~l of the moJ.eculos. G~<il:n!S to h~\Ve G. ~JtllblO COlli:OlrU!atioll 1n Wbicb 

_ p.t.•oton li:$ . is quasi.,.;nlQ;UtatOI•1rll and proton HA is (tlltls1 ... a:tiE.lJ ... 

\" 
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FT·BOA SPECTRUM NO. /ffo 1--41 ." ··. ~ I OPERATOR . DATE __ 

I I I i I I I I I I i I I I I ! I I I I I I I NUCLEUS __ FREQUENCY __ .-

4opoHz 
2obo 

1+0 
. ·:A~ 

~s 
1 
b !:' 
~~ 

N01. 

P~o+ Expa11~.>ioYJ 
oJ­

())(.OilM(l.tic. h,.e~ i OYl · 

o /s B. "'-"" 
I ..2-P-NII ---H 36 . . 
4 

HB 

>-H~ SYNTHESIZER SETTING-----
EXPERIMENT NAME _____ _ 
ALE NAME_. _______ _ 

SAMPLE _'B,;,;!2c:•:.u!O.__ ____ _ 

Plaf ~-,...- ,f 
.,.,_.t,.; ~·oM. 

. ,..., ..., 
~~~p~H. 
~· 

He •*' \ 
OL 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _______ _ 

SPIN RATE __ rps. TEMP-__ 'C j 
INSERT rom if 
ACQUIS!nON ~ 
SPECTRAL WIDTH (SW) ' Hz J 
NO. OF TRANSIENTS (NT) ~ 
ACQUISITION TIME (AT) see. r/ 
PULSE WIDTH (PW) .sec. S 
PULSE DEUIY (PO) sec. r, 
DATA POINTS (DP) ! 
TRANSMITIER OFFSET (TO) . , 
HIGH FIELD ___ LOW FIELD--
RECEIVER GAIN (RGl l 
DECOUPLER MODE (DMl·-----
DECOUPLER OFFSET (DO) i 
NOISE BANDWIDTH (NB) ___ kHi 
ACQUISITION MODE (AM) 

.. ~· 
SENS. ENH WIDTH OF· ANCEMENT (SE 

, , 

0 

""~ ~MM ¥---• ~ . ~"" " '• '---.--' .~:''"' '"~ ~" 
,,., ~ ,. • ,, ~,:i.~ ""' " ' > r,.,.,, r _ , . , ,_,.EcALE(Vs) 

1

"' HI. 

' "'' -~·") .. "" ... , 0 ~varian 
~~"1'£DINUll 

Ft:~. 39:. Q-)\p~·or-
14-> , n. 

.A-he.. ov"c....CJY)\\ovtvC. ''?X ol-
I -... I -

'"'f.e.(yvt1h.. "JI ~-I 0 

~ 
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I FT·SOA SPECTRUM NO • .L'f£<JJ.::._(__ 

4000Hz OPERATDR.--{/YJL_DATE'JJ.L-./J-'-
20bo )-H_:;,. NUCLEUS_fi_FREQUENCY ]'}!i..__ 

,.1,, •mrn••~ ·~~-----1 EXPERIMENT NAME '1' ·~ "~ ,,_.,_-j) _____ ----_,l 
'" I """"' _.,. " , s II ~·' .. ,~ .. , •f ~ ' 

o, I; -0 ~-~ 1\; ......;._ 14.
7 

f1. 

~ ..... g 
it..-- I I 2P- N\-1 --·H 

I 
30 

~~· 
·No,_ ; 

I-lA f'B 

PI o-t e;>< p Q..I.\.S '1 O"Yt- ~ cv-c.cmuitl c 

pYOttr"-S (i-!5" ~J_ I-\ T) 

- c..- pYOhrr-.g i rr.na.J to-ted 
/ "'-., 

\--\ p.. \-t'O 

_..J ~ 
L)' II 

Cit" ~i;;..,- ~-

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL _____ _ 
SPIN RATE __ rps. TEMP. ___ 'C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS {NT) ____ _ 
ACQUISITION TIME {AT) ____ sec. 
PULSE WIDTH (PW) .;sec. 
PULSE DELAY (PO) sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET ITO) ___ _ 
HIGH FIELQ ____ LOW FIELD __ 
RECEIVER GAIN (RG) 

DECOUPLER MODE (DM>--~--­
DECOUPLER OFFSET (00)~.,'------
NOISE BANDWIDTH {NB)_O ___ kHz 
ACQUISITION MODE {AM)S~-

DISPLAY 
SENS. ENHANCEMENT {SEL __ sec. 
WIDTH OF PLOT{WP)_$9. ___ Hz 
END OF PLOT {EP) Hz 
WIDTH OF CHART {WC)J_o ___ Hz 

1 
END OF CHART {EC) Hz -
VERTICAl SCALE {VS)____J..tn____ 

I 
1 

REFERENCE LINE {RL) _____ _ 

~ j5;7 ~of- T~g ---::t<-
~7 ~~ ~-OH~ JPH. o 1.1- ''" 

~varian 
~PRINT£DlltU5A 

P~ot- CZ-Xp ~ 1 ttL · Nt~ pc5'loh,-y~ 
Lvv -&1> -I D tA:TL)]V ~ . .- C H 2.- p-oo t01-J? ( Vvt, 

'l' 1-J ~1-Lh--~~ c;J-~ 

40 I-ts-~ 1-r r--
.tke... dt:crx.avptDsf~~ -

~ 
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4oroHz 
2000 

lD:OD 

BDO 

660 

~ 

i~ ~ 
~ 

>--H~ 

BD-15 

">_ 

~ 

FT·SOA SPECTRUM NO. J~.i_~L 
OPERATOR r···-·----·-- DATE_ __ 

NUCLEUS _11.__ FREQUENCY---­

SYNTHESIZER SETTING -·---------
EXPERIMENT NAME ________ _ 

FILE NAME---·--------·- : 
SAMPLE -~.J>.:.!i: _________ _ 

Plot hf'-'S•o~ 
s .... ~, r-o H ... Jy,"v. 

LOCK 0 INTERNAL 0 EXTERNAL 
LOCK SiGNAL. _________________ _ 

SPIN RATL_rps. TEMI'_ ____ "C 

INSERT--·---- mm 

ACQUISITION 
SPECTRAL WIDTH IS\V)_. --·---Hz 
NO. OF TRANSIENTS INTI_ - -----­
ACQUISITION TIME IATL ..• ··--·-·sec. 
PUlSE WIDTH IPW). _____________ .sec. 
PUlSE DELAY IPDL.--··-· __ sec. 

, OATA PO<NTS (DP) __________ -- -

•RANSMITIER OFFSET ITO) -··- _ .. 
HIGH FJELD _______ ~ LOW FIELD-.--· . 
RECE<VER GA<N IRGI •• ·-·- -·------

DECOUPLER MODE IDMl --···-···- _- _ 
DECOUPLER OFFSET (001. -·- . . . --···­
NOISE BANDWIDTH INBl . ·-·· .. ·-- ·- ·-· kHz 
ACQU<S<TION MODE lAM) . 

DISPLAY 
SENS. ENHANCEMENT ISE) _____ sec. 

WIDTH OF PLOT IWPl._ ... ----H' 
END OF PLOT IEP) __________ Hz 

WIDTH OF CHART (WCl-~·-------Hl 
END OF CHART IEC) .• _ .. _. -··---Hz 
VERTICAL SCAlE (VSI_._ -·-·- .. ---

t====::==+===================:r====================~===================:::::p::====j REFERENCE liNE IRL) _______ ·---

~-0 ,.0 $".t 1-o 

r~ 0 . 41 1 K ~ e e-H lA/}n.- 1 ~-15 (__Plot exp~o-vv) 1-JVI R 

~va1!an 
~"l!:nll.::O!IoUSA 



+- _(~ (.~ 
¥ 

Ff.SOA SPECTRUM NO. ri~~:}_:_\._ .. 

~=======:I==============:r=============:::;::::===============================::l:::J ~:~~~~~~--~;~~.~~:~----
40f0Hz OHz >-tt-)- SYNTHESIZER SETTING______ __ 

2000 :J EXPERIMENT NAME-·--- _______ _ 

~ ~~-
1 O SAMPLE -~.J2:-Jj, __ .. _ -----

syo , 
sbo . Plot £ ~f(.#.l'"" , 

" 

As 
.0/~---p:::_o· . 

2 I N 2 

'lfJ--:J.<_o ~ 
H._ l'J, %' 

Nllt 

BD-16 

lflv H u~ 

'"C. 

1t-t NMR F;.,c· 4 2 

T"O 6"0 

/J p..e.. cJ--owwv 1 ~-It, (PJ-o~ 

~ 
H~~UL 

D"O 

Q_,~P~) 

Sc~lt: 1-oth/J,;,, 

LOCK DINTERNAL DEXTER~AL 
LOCK SIGNAL _________ ··-

SPIN RATE .. _ rps. TEMP_ 'C 
INSERT ____ ·----·_ mm 

ACQUISITION 
SPECTRAL WIDTH !SWL~--- Yz 
NO. OF TRANSIENTS !NT!_____ _ _ 
ACQUISITION TIME IAT)__ ___ sec. 
PULSE WIDTH IPW) ________ .• seo. 
PULSE DELAY (PO)_ _______ sec 

DATA POI_Nr_:;_lDP}----·--·--

TRANSMITTER OFFSET (TO) _____ . __ ·-
HIGH FIELO ______ LOW FIELD_. __ 
RECEIVER GAIN !RG)_ .. _. ______ _ 

DECOUPLER MODE (OM) ...•..•.... _ ....••.. 
OECOUPLER OFFSET (00) __________ . ____ _ 

NOISE BANDWIDTH (NBL .•........•.. ____ kHz 

ACQUISITION MODE (AM>----····---·-

DISPLAY 
SENS. ENHANCEMENT !SE) ____ sec. 
WIDTH OF PLOT (WP) ____ Hz 
END OF PLOT (EPL . Hz 
WIDTH OF CHART (WC) Hz 
END OF CHART IECl .Hz 
VERTICAL SCALE (VSJ... ____ ~,_ 

REFERENCE LINE (RL) ---·-'--

~:varian 
~PR.NTlOI>jllSA 

'\r 
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:the ass1gtMn~xat <Jt ;be pvot()ns U:A_ and ll;a ·tn tb.e spec trwn ia basod. 
.h :'!. ,... . "" "" . ..I -31~ 1 m~ ·r~ .f'l. t'i "!· ,'1.-tl .~ ........ " on 'tua cou,p ... .ulg eons,-;an~a ~o 1; :~e · -A;- nu.o euts. ..,e ..-.. v-._.b \U. lGr,_u. c:.u. 

3.Ui~le is 180° £'0111 the· q~as1 .. aqual~ol"1al. proton U;a1 and close to 60° 

for tb.e quaa1.-ax1~ proton li.\ • Xhu.s U·u is asnign~:Jd co t;h<JJ iS.2 
..... ail 

ppm proton (aJ 0 ., ~ ~~ :oa 25 ll~) •d llA is assigned to tnt:. i).65 ppr~ 
- ,.. .;: .,.,~\..v ... ~.ll . . 

protO!\ \li;.jJJ.>.Q ... C....RA = ·a.s Hm). ~his resn.tl!ijs :In the quas:t..aquator-ial 

proton htlVin~ th~ stflQlltJ~ ch~ical $!:.itt~ ilt1d 'thf) qu.asi-~cd.al 

navtng the larg~ on~, \fbiuh is coott-a.T.'y to oxpootat1ons baaed on 
~ 

~Womn-t1tt ring cur!~ent ef't"'uota. IiOWV\!21 1 the P = S t."'nd also can 

exert th(la anisotr(>.Pic! t~~3&1Gtic $f'f'~ts and t.htllso m1t'ht ao.stly :re .. 

tJC:H'"a9 the or.-dor of the ehet!i.iO'ril' abit"ts. It. is cu1r~iel' to l1ve vitb 

this than vith e viol}lti<)n or tba Kw~lus•typa rGli~tionshii.l1 for 

spin-c·our,d.ings which se-;n~3 r'm:tr~rcd.ll valid. 

*llton Ua is ·.:id$ntified a~ .7.06 9pm, by :its 9 n~ coul>-

11ng t'lQllS'tllillt to l}'TO~on lL;. at 8.J~ ppm •. ~b.is ,le.a.rletS pr~totl li5 at 

8.0 .PlM1. , ~rattiat!on.of Itc, .t.md Uv r.e~Ulted in ~1sapp$~U"J¥lt:~ of tb.e 

·long ·ranee couplings wb1cb .Slil.i.~ l~ into qu!>l'-'t.ets and UA into 

triplets. Tbus1 H11 ~s (lOUpled <tquall;r to all ~hroo aromatic t3ro­

tons 1.11itb coupling <.H>_nstant$ of a.bou.t o.~l Hz, whilu HA is· coupJ.ed 

tQ two ot" tb.~ t.llr~o wromf§;r.;J.c prold!ms· ·v:ttJb equal noupling constnnta 

· ot appro:d!natel:r 1.0 Uz~ i7iinca ·the ql:ul::1:..a:tr.Ul nnli ~tua~i.oooequ.a.tior1at 

protons aA and ~ 1ntsract d1f'feli'ently with the ~ aud ».& 

electrons of the aromatic ri.ng ~vetem, thes~ aitl<f~r.ences 1n eoup.­
o..h.L 0w 1- ./,l ~,.t. -JPY~ ~ . j')<V poJL.t,:,c..vJoJv; t:k.L !v~e.--o Co tA-p~ 

ling for the quaa1-ta:s!1al .Pl'~oton. SO!~!DS in ~e.eOJ!d witb th\7 i~ioa that 
~ . ' 



the, bonding electron dens.ity for u4 is distr-ibuted along axos lllora 

or ie:ss p(')jrpendioull'll" to tbfJ p,luriG of tile liro.rAatic l"in!S ;and thnt 

: thia all;:)t'IS more o~.rerlap td th the ring ,p:t. .... ttl.ootr.on sys·t.eiQ who$9 

ma:x:imum probabl1ty function also liatl abovo and 'belov tne L)l.a.'le or 

t.he ring. 

Fig. 2'lu. and ~"ig. Jla silow th.e proton no!·se-d(i\Coupled 

13c spect.!i'a of EiO..l5 and WlJ-16 at 20.0 MUs. , J!ba. sa:twatcd clWbons 

2 and 3 bonds :f'rQ!t.l thG phosphovu$ show splitti.nm due to 13c •31JJ. 

sp:ln coupling. ~hoi:H! couplings a'C(~ slightly- di.t"£e.t,ent in DD-15 

and JJD-l6. !iho couplin.ls to tbe 01~ carbon (04 ) 1n the dioxapbos­

,pho).'Jin :ring cuangtl!s only- from 5.5a n~ in J:JD-l5 to s.75 ns in Bu-16. 

This probably weans that the conf'Ol?'mation :llil almost the soo(.), nnd 

tbis is in acco.vd l.dth tha small di:£'£erarme :1n 13c chemical slliftSJ. 

66.ll and 65.82 Pt'lm. ~ba change in ~ ( :L30} is orAl:! o.s P9ltJ fot~. t!tis 

cm.•bon <OtJ)t and s1nce 
13c c1lG!Utioal · st11:tts are of't(m quitG sen..s1·· 

!l?b(J at~• s n~xt tfl ·the nitrogen aro coupled w.ith. 

J .values ot s.sa anti 3.57 Hz respucrtiv~lY. in l'IJ~l5 anti BD ... 16. 

~na O.i~ • s 0 to the nitrogo.n have y -valuos of' 9.,87 and ~.63 Hz. 

These large differences al"e du~ ~o the dif'fel?aooes .1n th.e P-ii.C 

bond anglos for the ii- tllld s .. mom~a1-ed rings. fi'.ig. 27~ and ~;-1~. ,-,,_:. 

3l4i> sbo\1 tb<t plo't expansions ot .. th{} td1t~bat1c ram1ons ot"" 13c 

spectrum in BD-J.G end m; .. J.6, cl~H~t·ly rtw'o&ling the doubling o1"' t.ha 

liue:J> due to the spin ot, the 31P nucleus. 



·~· 

Fig. 27o · 1s a plot expansion or tbe aromatic re~ion of 

tb.s 13o mih~tru.m of' l~D-l{i. 1rour <>f the ring cru?bons show mfru~aurable. 
coupling 'to the 

31
t» nuolGus. ~hese couplin!lS GrfH 

0 a 
C:l(, 

09 

e'"l 

Coupling coostwit (Uz} 
••• anor~ . ., • <> • • hs48CI ~--• til- a 

8.19' 
~ : I 

12.33 

7.30 

o.sa 

cotapW!ed ~o .those in llD-lS \'lhXoh &il:Qjn support a very minor dif't. 

erence in the aoof'ortnfltit,ns. Fig. 3lb $heM:g that tl':!!e cnrbotl '( to 

the ~inr.~ nitrogen 1n BD-l.6 ts coupled to the phosphorus with a 1.2 

liz CQllPling constnnt. 

r'ig. 43 1a the aa. 2 •lfta lzi. broad-band decou~lad :Jilp 
l'• ~n ~~ 31 N~..fi spectra or Bu ... l5 ilnd ~u-16. .W<Jth com!}o'lmds gave a sh.arp P 

resonlmoo line. T't'u~ro i& a disglooeliloot of 3.,63 ppm in tba chomi~ 

oal shif't tor tho pbosphorua between tho two compoun.~s. Seloo·tive 

doooupling (F'ig. 4..:1:, tor 11'D.-l6J of ·tna proton~ adjacent to the 
> • 

n.i:tl:"ogen { ar.t•ows) n~.rovJed. 'thfl otberwise 'bPoad line and showed tbat 
' ' 

tn~ 31? is strongly coupl~d ·t.o :PlN)tons H1\ and U:a (attaeh.ad to 

o4 ). :the oouplinU:·9 are :reuu.cGd .tu tbim sp~trutt b$caus& ~h<~ :1rra­

d1atto.n at a.~JS ,ppm part!alJ .. y ·collapses ·the coupl.ings to the pr.o­

·tons at 5.2 tmd 5.65 PPftl• HoweV'e~l' 1 · th{;! ratio or tbe coup11ngs 1s 
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fT·BOA SP~CTRUM No./ y~~ 3- p 

I I I I I I I I I I I I I I I I I I I I OPWTOR-j",-~.s ___ OATEM1/-'d. 

2000 S'/NTHESIZER SETTING_~ 
.,,.. . ~,.. I ·~~--"--...,,.., , """ 
lObO EXPERIMENT NAME _____ _ 

I FILE NAME 

8~0 SAMPLE _"\?._1L=_l_!,_7-_B~---

600 

NO:! 

~s , 

~~~~'01i . I N 
6 430 

m r 
~ ~ t 
G-0 

~~~~~~.~~ 

N02 

9/0-.... _.?5 ' 

t2P ....... o'2 . 
4 

J I N 
10)'!(Q I I 

Ha Hb I z J 

BD-16 

'&IHS' 
...... 1 .... 

l'f'i'IJ·P ~ .. " •• .:. ~ ,... '&l)~ 

3lp 

J) €'C Ol.A- f I#J 

C"t""u;..l sl.tft tLfft're,.tL 
is 1·'-'1> ff""'. · 

LOCK li!J INTERNAL 0 EXTERNAL 
LOCK SIGNAL_W.lh-----
SPIN RATCU_rps. TEMP-'1!L "C 
INSERT_ mm 

ACQUISITION . 
SPECTRAL WIDTH (SWJ..._j_!)OO __ Hz 
NO. OF TRANSIENTS (NT)_l. ___ _ 
ACQUISITION TIME (AT)_&t> __ sec. 
PULSE WIDTH (PWL .sec. 
PULSE DELAY (PD) - sec. 
DATA POINTS (DP)~ 

TRANSMITIER OFFSET (T0).1~ 
HIGH FIELD_~ __ LOI'UIELD-­
RECEIVER GAIN (RG) __ '(_ 

DECOUPLER MODE (DMI_I ___ . _ 
DECOUPLER OFFSET (00)_5_0 __ _ 
.NOISE BANDWIDTH (NB)_.::), __ kHz 
ACQUISITION MODE (AM)-->0'-----

DISPLAY 
SENS. ENHANCEMENT (SEL.O.& __ sec. 
WIDTH OF PLOT (WP) . ! 0 Ul> Hz 
END OF PLOT (EP) 0 Hz 

END OF CHART (EC) ___ o ____ Hz 
WIDTH OF CHART (WC) I !71111 Hz 

1 VERTICAL SCALE (VSL~--­
f-..,--,---r-"-J--:--,--r-;-,.-..,..--,--,--,--..,--,--.,..-.,-..,.....-.--.,..-...,-,-...,.--,...-..,-~..,.....-.,..-..,-,.-..,--,---,.-,.-..,--,---,.-,.-..,--,--j REFERENCE LINE (RL) 

:,, fu~. ~~ 
lb ~~ ......... 

31p NMR f.l-pe.doowrrv ~t GrD -15' CVtA-d ~-I(, 
de.t.o~fe.d./~~~ ~ ct:~rQM.CL b evvvd 

~varian J ~""'HffiHMOSA 

( H b-"(l>oCLcl-
'vcJ 3· b 3 ·rp-m-) 

y 
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1 

FT·IlOA SPECTRUM No.l'f_.t;.~.:.L 

I 
.. ! I ! I I I I I I I I I I I I I I I I I I. I I I I I I I I OPERATOR __ ~_DATE1i.IJ.l!L >-H~ I NUCLEUS2-FREQUENCY11:.19.)_ 

SYNTHESIZER SETTING _'1,9~!-'1.--·-· 
EXPERIMENT NAME-----4opo~z. 

2obo 
I ' 

lOfo ••• 

8~0 
600. 

&' s ,/ 

~
0 p ... 

0
1.2. 

t'N 
0 ~· 

N~ !!a Hb t 2' 

BD-16 · 

FILE NAME.----· 
. SAMPLE ...B.P.::i~ 

3\p 

Stle~ ,iJc. Ae,-g\;"~ 

.~ ~ 

M-~~0. 
11o,...l.JV 1 

lOCK ,ll!IINTERNAL D EXTERNAl 
LOCK SIGNAL~C,_,ot'"l"ll~----
SPIN RATE....\!Lrps. TEMP...3.L 'C 
INSERT__:_s ___ mm 

ACQUISITION 
SPECTRAL WIDTH (SW)__LII.U__. ... Hz 
NO. OF TRANSIENTS !NTJ ___ _ 
ACQUISITION TIME !AT) sec. 
PULSE WIDTH (PW) .sec. 
PULSE DELAY !PO) sec. 
DATA POINTS (DP) _____ ........, 

TRANSMITI~ OFFSET (TO).l!..:2S1 
HIGH FIELD_· ___ LOW FIELD----
RECEIVER GAIN IRG)_j' 

DECOUPLER MODE (OM) ~ . 
DECOUPLER OFFSET (00)_"-...(!12.iJ~L 
NOISE BANDWIDTH (NB)___IL__ kHz 
ACQUISITION MODE (AM)_O ___ _ 

DISPLAY 
SENS. ENHANCEMENT (SE)..::!:..O.,:i: ... ."sec. 
WIDTH OF PLOT (WP) 'll:V lltDo Hz 
END OF PLOT IEP) y. Hz 
WIDTH OF CHART (WC) z I 
END OF CHART (EC) Hz , 
VERTICAL SCALE (VS)...Sli.JSj__ , 

t:J::r~::r:~:J::~J::!::C:!::r:J::r:~:J::~J::!::C:J::r~::I:~:J::!:J::I::r:J::r::~J::!::C:!::r:J::J:::I REFERENCELINE!RL) -~--~------

r~a-· ·44. · .3.1 ~ 
1'\ M R /.lp .e.c.-~ u.,mr ~:t r3.r.D --; I 6 (~e.£ e.dt:v e d ec.o"'-pi~ 

@}l!~l~Jt,._ 

Ji'Y 
·1! 
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still tho same which is about 4;l. S$lective dacouplillt~ of' tbe 

proiiions for other contpounds bas not. yo.t been pertormod •. 

l~il~· 46 is a pl.o'C C~xpan,$1QU of :ii1.U.9 C45(A) ia the 

$@OOtru.m ot .th.e arot!lrat1c. J}.f()tons doooupled Yi~ .C!ig• ~oup, 45(:3) 

is the spectrril rwg..ton ()£ -ar~ ... gruup decouplad with n6 Gn<i It.,_;"; 

this spectrum (Ft~ •. ~un slli)WS tlla.t tho samo ci.oupJ..inm patt~l:wts pre­

vail in .this molecule as i"uu.nd in El!J-..10, 1ID.J.5 and Bl>-16. 'the 

sma.ller separ~tion ()t tha tines it~ tho Cll~> pat tif~·:-n of J3D .. 9 cotl'lparetl 
";4 . . 

to l1D ... l0 indicates tb.at 'the {tU~s1-eq.UQtorinl · pord~tion. of the :?.-

pb.onoxy substituent 1s only slightly f~vou.red ovor. the inverted 

form. 

Fig. · 46 shows tb.at Bl'-8 . also disl)lays th+1 long rru1g.:a 

uou.i>lings ti4 tho I.Ul'om~t:lc protona 'Fig. ift:7 sbowa th.q CH., guoup and . . ~ 

tho O..Cli3 J. B:t wr•mdiat.ing toe aroma.tic .l>l"otoua u5 and u7, ~thovn in 

.~~·~·· 4Bt ·tba ~ gr~up Cat~ bta ~9ll to be tlla AlJ part of tb$ t\Bl\ 

pat torn 1;hmt ar1 ses tuom the Oiia and tho pb.osph.orus. !rh.e gf!minal 
. ' . 3 

JW cou.pl1tl~ is 14"'5 liz. ~hC1 coupl.1n~s J P-~C-na and 

3Jp.o~·a.ua must bO qUite sfllall. . rithts is consis~1t \fi~h. n0W1'l1 

equal populations or the two conf'o:rtt~atio~l$. 

· · thtl te:npera.tu~e ti~p~ndnnt lli · l~a spec trtt at 270 ~~Hz in 

the temperatura rn.nn:e -70°0 to +50°0 (20SO.te. ·to 323okt) of the mothoxy 

• 
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40~0Hz 
2000 

10:00 
son 

I 
60 

(A) 
Dt:co""'ru-;:v.;y -· 

~H,_.. ~ 

IJ~\Jn~ 
"1 

WI~ 
r~0 . 45. 

~~/ 

If'---. 

JOHz 

)0 

JO 

'0 

'0 

.__ ' I .. I -""'~~~\ 

P Lor I 

Q..Xf~ovv 

-CH2 Q-r~ ~ 

{~ 

g s 
1~/0', 1/ "J:h 11

1 ~P-0~ r-" • Jo ""=Y-
No, ~ 

- " f'A 'HB 

BD-C! 

·~r: 

"J)eeat'f'l;n} 
H~ "-1'>i! H7 

(B) 

________1\l:l-JUI~ 

1 
:;> 

~ ~ U-

-~ 

FT·SOA SPECTRUM NO •. f/t£,!:._:L 
OPERATOR ____ 9J1_5, __ 0ATE ?/'dl~ 
NUCLEUs...'_/1 __ FREQUENCY]'}_._)___ 

SYNTHESIZER SETTING--- ---
EXPERIMENT NAME _____ _ 
ALE NAME _______ _ 

SAMPLE 

7 
)- --~ 

,_ .r' 
/-- ... 

:., 

-.. 
LOCK 0/NTERNAL 0 E~TERNAL 
LOCK SIGNAL _________ ---

SPIN RA TE __ rps. TEMP_ ..... 'C 
/NSERT _______ ·mm 

ACQUISITION 
SPECTRAL WIDTH (SW} ____ H2 
NO. OF TRANSIENTS !NT} ___ _ 
ACQUISITION TIME IATI _____ sec 
PULSE WIDTH (PW) _____ .. sec, 
PULSE DELAY !PD) ________ scc. 
DATA POINTS lOP) _______ -

TRANS \liTTER OFFSET (TO} _____ .. _ 
HIGH F,£LO ___ LOW FIELD ___ _ 

RECEIVER GAIN'l!lGl------·-·· 

DECOUPLER MODE !OM). _______ _ 

DECOUPLER OFFSET (00)____ ---­
NOISE BANDWIDTH (NB} ... ----·- kHz 
ACQUISITION MODE lAM} _____ _ 

DISPLAY 
SENS. ENHANCEMENT (SEL ___ sec. 
WIDTH OF PLOT !WPI H2 
END OF PLOT IEPI Hz 
WIDTH OF CHART IWC} _____ Hz 
END OF CHART lEG} __ H2 I 
VERTICAL SCALE IVSL. ______ _ 

REFERENCE LINE IRLI --------

se.c..l..e. ~ I.e t-t~ /Jl~\\.'-.,y.. 

1 ~-9 [4s-(A): 
45({J.)): Ci-\2- (j¥~ 

c0t~G p'(Oo~o 
@r!r.tf!."! .. 

de.~fe_d, ~ 

~Q.Ql,c.v, cj e.~~e.c:\1 ~llV ft5 ~ H7] 
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. 4opaHz 
2000 

I 
10po 
BOO 

I 
600 

~:\- ~ 
~ 

>--H~ 

FT·BOA SPECTRUM No.l'f.S.QJ)_:/__ 

OPERATOR _____ 9-lli.--DATE1/JJj'L 

NUCLEUS_~bl_FREQUENCY.7~~-­
SYNTHESIZER SETTING--------­

EXPERIMENT NAME------
ALE NAME _____________ __ 

SAMPLE .:BD.:::~ 

p\ .. -\- eN(?""""'-..;...,. 

1~ 
~-

LOCK D INTERNAL 0 EXTERNAL 
LOCK SIGNAL _____________ __ 

SPIN RATE __ rps. TEM~--·c 

INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW)_ _______ Hz 
NO. OF TRANSIENTS (NT). ___ __ 
ACQUISITION TIME (AT) ____ sec. 
PULSE WIDTH (PW) .sec. 
PULSE DELAY IPDl sec. 
DATA POINTS (DP) ______ _ 

TRANSMITIER OFFSET (TO) __ _ 
HIGH FIELD ___ LOW FIELD __ 
RECEIVER GAIN (RG) ________ _ 

DECOUPLER MODE (OM) _______ _ 
DECOUPLER OFFSET (00) ______ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE (AM). ____ _ 

DISPLAY 
SENS. ENHANCEMENT (SE)_ __ sec. 
WIDTH OF PLOT (WP)~Hz 
END OF PLOT(EP)_ _______ Hz 
WIDTH OF CHART (WC)..:kcll! ____ Hz 
END OF CHART (EC) Hz 
VERTICAL SCALE (VSL.l.!!:l!__ __ _ 

t:::c::r==:r::::::::J=!:J::::J=:r::::::J:==I:::=~=========::::====:::===:::=cJ::t==L::!:::J=!:J:::1 REFERENCE LINE (RL) _______ _ 

~Gtlvarlsn 
~PI:l!!.I(Dllti/S.A. 

F1.1~. PLot J~ 

f'1""0 ~OlMJ ~-8-

4-) 
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~r ~ 
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~- -1· Ff.SOA SPECTRUM No.J:b"'JlP.-V _ 
! • , OPERATOR--~--DAn."J/J:J:lJJ. 

40r0Hz )-H~ NUCLEUS~FREQUENCY:Js,.s::_ 
2000 ! I' SYNTHESIZER SETTING 
~ EXPERIMENT NAME 

lOI 0 1 FILE NAME,----=--=~---------~-~ 
~ ' I ~~ 6~0 -----

~~ - J.. __.__jk_l~ 

'Plo-t eo.e ~ w.v.>'-- 1 
Ct-l..,.(t""'~ ~ 
+4 o-(;H, ~-

LOCK · 0 INTERNAL 0 EXTERNAL 
LOCK SIGNAL--------,-
SPIN RATE __ rps. TEMP--- "C 
INSERT mm 

ACQUISITION 
SPECTRAL WIDTH (SW) Hz 
NO. OF TRANSIENTS (NT) ___ _ 
ACQUISITION TIME (AT) · sec. 
PULSE WIDTH (PW) • sec. 
PULSE DELAY (PO) _sec. 
DATA POINTS (DP) _____ _ 

TRANSMITTER OFFSET ITOl-c::----
HIGH FIELD ____ LOW FIELD ___ . 
RECEIVER GAIN (RG) _____ _ 

DECOUPLER MODE (OM)_ ____ _ 
DECOUPLER OFFSET (DO) ____ _ 
NOISE BANDWIDTH (NB) ____ kHz 
ACQUISITION MODE tAM) 

DISPLAY 
SENS. ENHANCEMENT (SE>----.sec. 
WIDTH OF PLOT (WP) Hz 
END OF PLOT (EP) Hz 

END OF CHART IEC) Hz 
WIDTH OF CH"-RT (WC) Hz 

1 

t:!::r~::r:~:I::~J::!::C:!::C~::If::::~:r:J::!:~~==::~:::::::::r::c:!::r~::J::r:J::r::c::~r:~:J::j~~~;~~~~c~~i~~>·~~--~--~.==·=== 
()- (. if1 ~varian 

~f'fliNnOINU.U 

F~0 . 41. PLo~ .exp~ elf. 
. ~or \JIA,F ~ ~- 3 

C.H2- prrootoM OvvLd ~ 0- CH-3 

-~ 
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40~0Hz 
2000 

lOrD 
800 

I 
6CO 

r~c· 4<a. 

~' 
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~~ 

~-

,-1 

t. 1-

'< 
_,.., 

}'. 

c.,l.,l,..-(. 

p 1 CJ ~ e. x P ~~0/'v i c. H)_ 0oo OlAf Wv 

p'l'o~ Lk-n.,et-JA,cvf-e.d) 

x 

>-H~ 
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II 

FT·BOA SPECTRUM NO. LY.SlJ.o~3---

0PERATOR0._ .. 9'IJ.L._oATE'fflUl~-
NUCLEUS _J!. ____ FREQUENCY _J'J.:.L __ 
SYNTHESIZER SETIING -------
EXPERIMENT NAME _________ _ 

FILE NAME. i,Jr-i • (!, l 
SAMPLE_flti-L_ __ _ 

A~t·i. {'1"•-t•~ .~..!.,.ieJ.. 

'PI.t t~....,..., .... : c.11-.. S""'t' 

:f.= ~1~ '\\ "~'') l•JI! :.,. . .-.\ 

LOCK till INTERNAL 0 EXTERNAL 
LOCK SIGNAL_CJ)j.Ji __ -..,.-
SPIN RATE.J .. !LriJ7. TEMP_lc"L. 'C 
INSERT S.. mm 'II 

ACQUISITION 
SPECTRAL WIDTH ISW) ].ooo Hz 
NO. OF TRANSIENTS (NTl_l~ 
ACQUISITION TIME (AT)_~ __ sec. 
PULSE WIDTH IPW)~_L.sec. 
PULSE DELAY IPD) - sec. 
DATA POINTS IDP)----.lo.'-"K __ _ 

TRANSMITIER OFFSET (TOl_'t!__ 
HIGH FIELD. ____ j ___ LOW FIEL[J._____ l 
RECEIVER GAIN IRG) _ _s:_ __ _ 

DECOUPLER MODE (OM) _ _$ ___ _ 
DECOUPLER OFFSET IDOL.b ___ _ 
NOISE BANDWIDTH (NB)......Q.__ kHz 
ACQUISITION MODE (AM) 'II,: I''S"S"" 

DISPLAY 
SENS. ENHANCEMENT (SEl.:t:.7__sec. 
WIDTH OF PLOT IWP) lap Hz 
END OF PLOT IEP) Hz 
WIDTH OF CHART IWCJ __ I !nL__ Hz 

1 
END OF CHARTIECJ ______ Hz 
VERTICAL SCALE (VS). I I o . 
REFERENCE LINE IRL) --------

Qvarian 

B D - 8 ( CVc-crrn. cJ.:c. 
~l'k!NT(Dlt1U,5 . .l.. 

.!4.) 
I 
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270 \1Hz: PMR spectrum of BD-8 at 283CK; only expansion of endocyclic -cH2 gro1p region. 
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1ute.roon.vr~sions ot ~h.e oonfn:rmeJ:>s Md th~il1" l?&ltlt1vo PQllUl..atiOillll 

ue also varied. It ha~ at:go 'boon obse1~v~ui thnt th$ signal. at 

lower ti~ld of the df71u,blot· at· s.a ll'!U aPlits furth@JJ. ~him booomes 

much !ili.ani.tio rmt at -400C (2J3°H:>; ttwttwr sPlitting is ·obaerved at 

... 7ooc {-~:llaOK). fhis SU!li!18sts tnat tile. metl)Vlene p~otona 0141 & n;ot!W) 

are; n()t equ1valent to. !Slacb. other,. au.d i;be d1oxaphoa~bot.•in t>1ng ;Ls 

contot-matiionally .tr&obile iu solution. 

:filG 1a J.i.Kft $Pootra ot BU...lOt and ~Ghu 13c1 31
1'j ancl ~~ 

tiMii spect:r.a of 1~1)...15 llUlri l.1D...l6 sa~rt2 to bl.il in gunol"nl aocol'd with the 

structure li al.tho~4gb tlley do not pli'eclu{ie MQtllel!' eonfomation 

( t. a. , 1 ts inve~·t~d f'Gl.~1 '\fbere OA$f.lt0.1l and phQsphoi"U.s lia bolow tb.e 
J . 

Pltme ot ~h.e erom~t:tc r1um). il'wrtb.er stJ.ldies includina; Jt.ray c~ya-

tf.ll.. s'tl'!ucturt! dat":rmialtatiGl~ ~e ill orogeess. lio'4eVf~l"1 it mtijl' be 

pointed out tba.t ·ei~ structu.f'e II a~psars ~o e~plainJl to a rtN.\$OO&blaw 

~xt!mt, \iil<,'l J."eVml"sQ\ of! the e~pectetd prott>n chemical shift ()V'dti~ t"ot• 

t.ha quaa1 .. a;(inl atld <!Pl~si-aqu~toViltl l)l"Qtons, due to the position of 

the CG$fPl0tica1131' m~isotJN)J.)ie P ~ a bond relative t(J tha ... ort2 ... group 

in the d1ox&pbo:~PbtW'in P-ing. 
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7. INSSO!t'lCIDlv:.a <~O'J:I\rJ:x.:t ~· 
-- I W ! & J S b t M .. 4'111fA . I 

'Eho ·o:ral. 1naecticidat activity tbrta of" tbtll oompt)Wlds 

against Coo~o&eil$St Je. ew,;M (fiinn), mrG lint~d in ~ablo-1, 
and the f' eautts nave ~en oompar"Q<d witb tbat of salitllion and th~ 

a..~tb.oz..y.6 .. nitro-4lt..l1312-b$n~cni1()~~Db<:>spbor.tn....2-sulpb!da (BD-8 ) •. 

n 
/· 

·~------......,....__ .. _____ ,_ .. , ........ _ ... ·-·-·-... -··--"~~--· --· -· --·---~--.. -· __ ....,_,. ___ .., ____ .... .,... ___ , -"""""-"'"~ .. ·---~ I ~e it;• (~:'ro~ 3.00:4 r1l!>l'~ 
I o. 

~,..~-~~=~::-~~~-···~~~~~·:", ..... ~.-.. ~ ,, __ .:.::·.~::::.:-.7',:...;:.~:-:~~~~~~::=:W.,/~.J:!!!!:::;:;-::.~== 
Cycl.oheqlamido »~l.O 50 ,. 60 

Morpholino BD-ll 30t•~ 40 .. ,,;: \-:' . 

DiQthylamido l3D-l2 ao .. 40 
tti~:~atillYlamido litD-J.a l5 - 20 
lao.. pt-opylam:tcio 
Pyr-t"olidino 
l:aiparidino 
. ~ouylamido 

SB11thio1l. 

a 

t.;D-Jf~ 

l.ID-16 
ED-J.G 

·liD.l7 

p - OCii'a .BD~8 

0 

.. 

60- 76 
)76 

>75 
>76 

a .. 9 

8- 13 
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~be data Pl*Gmentod in t·aoie-l ~1'1·V(;,al:~' that all alkylBml• 

doi>bospbol110thionatGts bavo l~t;.ss oral in.sooticidal activity tbM the 

metboxy cotcpound (Bli..B) anli f'Jtll.ith1Qn; BD-a hal! gt•nath'lJ* 1nsoot1c1dat 

actilrity tb.~ sW.itbi(m.· 'D!m~tb,Ylwnido compound baa onty 1.5 to 

2 t:ttues lese instaUttbd .. tl!il. fltrtivtty coltlpared to aalithiou; morpholino \\~··: 

and d:1atb1lm-a1do o~paunds allow 3 to 4 times less· ··tnseeticit!td octi• 
' • •• > • • ' c ' 

vi ty comparmi to slll.i tb.ion.. ~h0 otb1~r CGrill~QUilds are tim.ost noninsec­

t1c1dt~. In whole seri~a of' nitro sal.igt.min cyclic alk.Yl/.pb.,l)ll/am1do 

pbatlvborotbiona.tms .Pl"epruN&H~ in ollr' laborat.o!",y, olll.Y th~ tnetboxy tJom-

pound (BD..BJ has grt~m.tGr ,in~ootic1dal activity than ·salitb.ion. Tho 

dimGt.hylamido coiaPQWld bas 2 t.imGs great~»r.- :1usoot:lr~1d~d activity conl-
. (JJl) -

pa.t~<ect to dietbylG.Ulit!o com.POUt~d. Eto ~ observed the tzsl~~ in 

C E1$S Of 2-dimEttbjl&t!lfLclo -·, tm.<:l 2 .. diflttbyl>!lm1do-4.li-l,i!i,2-oonzodioxa­

pbospb.o:f'in .. 2 .. sUl,pb!d~S. luaong: the altcyla:m1doph.osphoroth.!onat~a 

(Bl>-10 .. EJD .... l7) thG dime-thylamid.o o.otQpound har;~ hiv,;he!z..t or~l insoo­

tic:tdal aativity to l"'oaches. 

~a.ble-2 shows tb.e ·ant1frungal eotivity data of these com­

!>ounds (BD .. lO· .... :.EID-16) agt~tinst Helim_·.in._-thomnnrium Sm. : tha ~~3ttl for' 
• LB' u·IJ:i•r~:e:tr.-ll!!'u~.:~• :a •• ~ ~ 

liinosan to ... ethyl §l,s - di.tlhsnyl .. phos,Pllovodithioate) have also baen 

pre tiHiJilted • 
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.. ". 

~able- ·:a 
••• •rq ••• a f.lL t 

' -
-: Aut1t~gal. aet1v1ty of tbo GlJQrlamidopbosphorothionat~es Qgainst 

: 1.1 ·~II .1111 1_1 .. , .... ,. ttW ... Jl.l ll._ J JA'Il,.,. r·~t ll_ ....... bl.......,.._.."4 ... a"' •• ,t ..... ·••-••• ;ltd 

''. 

'' u. SD. : ,... .. , ..... 

500 ~ 250. ', .. -200 100 100 so 
'•:!"-~:t.i.!!=~-::-c...............,.,~-·...:::::~.-~--~-~.-.!o..!.::Z.~ .• : • .::::-..:...J:.....;..:~-~=± ..... ____ , __ ,_.-:-:::-:-.:- .. '11:.--; .. ---------··.,...._......___ .. _,.,. 

a:D - 10 100.0 · ?o.a 63.6 ___ :~-;§fl~~ _- 4s.o · aa.o 
:aD· .. ·u 

BD - ).2 

BD • 14 

Btl .-15 

liD -16 
·H1nQSWl 

\ ' 

aa.a 
J..OO.o 

00.9. 

100.0 

84.0 

lOO.O 

100.0 

76.? '14.2-

74.0' 64.? 

73,.0 69.? 

. 100.0. 100.0 

72.0 ea.o 

79.4 73.5 

00.7 go. a 

vo.o- 05.0 -54.9 

-· aa.s 42.2 B2.Q 

69.6 5&.5 34.8 

$0.0 74.0 M.s 
62.0 oo.o 42.0 

. 65.0 Mtl •· 41.2 

82.2 66.3 51~0 



~~ ~aslltis ~(t'/G'K~l· tbdl $11 t~sQ compounda st'k;}tl !~b!to~u fJztfG')~ 

un. tl:9 B:l'OJitl::b of Jlt.iv4nt~WWL ll-r . Comp1QtJ-a 1nitbttSon ot tho 

gt'O'V1t·b 1 a cb~e~oo tn aa~!IQ of ~·101.· ~le,, Zl't-'-A .auQ 1~.lll (Qt. mo 
/!-Mfbl) t· .l1'1w.tOv~, obhet- cet:!i~~ ave a\ so o£tootl-'V0 (1t JAghet; 

eonooot~tlon~. ~ ~~~ldttot:~i:~spte~otttonnte (8~14) is tbo 
. . ' 

mont GttfJleti·v., ~om~ I it;s ~ni:ih1tbl'9 e'~fGOt !o gtr~tQ\'t t!lfll tllllt 

at fllno$._. At the ii$0nc@."lt·v.attO&··l .tl) ;t-8/ml il.no~ s~s EtttO ~ 

e~ ,g~ov.Jth lnlltbtt~on. but ~14 sl~·WS G4•B p~ent !nl.4bltlon, · 

On:tu' 'bb.s e~t»una ~14 s!YJ'~m eOt"Jp1~~ 1tlbtbtt1en at th~ eonc~tw~· 
. . -

t!.on mo ~~1, vt41e otb~ oom~do smw ~nlli bit!.on vitttn ·ti"tG 

t-a»se GO to 75 v~o~t .at too s11n0 conr.H;;nt7.:~$1oo• A1tl.10ugh ~12 

a~\f.a mo :r>t:~cent lntAr'd..t:t~ at soo /"alm:t,, bUt at eo /Biml it 
e}lQwa Ml.1f· 22•0 Pet:!'Cetlt ~n!itbt.t16nt 

~ pl'tftotO~f.li~y d.~a ~t!!iiU:flt ·~!&~ .~ (O•P• 002 

VtA~!ety,). ~r til3 · r1Ak!fl•1tt()ptJO'-iSPi"lU~ttl&onatifd~ ( ~lO to itf!)!t,l()). 01?0 . 

!l1.$ba0 !n ~ehle ·a~ 
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.. .-_'tf'»t.tloio. 
•.u·~ 

'. 

9-$t'cStlt cr~e.~!tnatton at dlff:Gt"GD.t acne. 
~., NO ~-:·-r--~-·· --·_1)-. pm-~ _-· F-·_-· ............. _"'T", ----100"""-"_. -,.~-:m"!"'. -

.,.. ___ .....,.,.__.._......_,~~;;.:;~~--:..=..-... ......-....-.=.~~---... ..,:·-·~ ........... _.L-=...~~ ~~ 
llD • '!l) . . no l!)r; $0.0 

M -~ u 00 ~§ .:100 
:sD !* :ua «. mo lt>O· ~ 

m ' ~- ';a3 .· .1 ~0 .. ·mo 3£)0 

m> jjj_., lrl ·3!)0 ton 100 
0 

.£$•• 16 100 lOO 1)0 

;~ •· 1& J)O JDI::;} lQO 

.. 
. I' ~~-arm p~· md »o p~ none ot til.Q e~llQ\4iltte ~ 

. p~gtd~odo to ·1:t'1ttcw ~n. ·at· ooo p;m ~:w ~td a~·11 sl'Dw dtlom 
- . 

f>twtotod.ct.ty wht!LG otZl~ e~~a GtJe tl~ptvtotoac~ ltl tt10 

e1uae of ~·lD and. ~n ue cbsr~$ oo· })GV~Mt ge:rrdn®im .Qt mo 

~)l;j seute o~Ql toxte1tV dat.a (ltDill) _of the or:d(t GlkYlr. 

eldot>~»~.ti>!!O'ttAma'te:.J cam-ale v-ati l:lt'G P"e6•too ~n tebl•4• ma 
tb$ t!'QSilts tm:<fe betai CM'fl~®d ~tt1 ~tl:!tM tiDe\ t4tb the tnetbo,q . . . 

~~ountJ (.·$;4~6),. 
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Al~ compounds (BD-10 to Bl'-1<1) all'e l~ss to:d.c th~m scd.1thiollo BD-121 

BD ... J.3 and BD .. B ilo.ve ~eater to:ticity tQ l't!H~ts Cot:lp~~~d to otb~J.1' :lt;~:b)i!o 

saligu-nih 107cl1c pb.ospboran1:l.doth1onates. ~tifot"'$ ·dea'th tb.e rats wera · 

found to suf.f'el'' f"t-fm mouta raspir~t~y t11ouble~. In sotoo eo:SF;lS1. a 

1~uid. vi tb blood•:stain oozad out of nostr.Us and ~Y'$S of tbe ont­

ma:ts. In all. .ca~sas, the tlecr~asa ot spontaneous motor acti'ri.ty 
'> ,~ • ' ' I • .- • '; '•! ! • _ .. 

~)3J..1vat:Lon and :trreg,'UlJW; ~e.sph-ation 
·! ': <· • l ' . ~ • ;' -· • 

\faro observed. :tn i!G.se of morDhollno aoi4pound th.e Coi..Ol.W of the 

rats becantt) yallov att~,.r, ao...ao herur.s.& the yellow colotiv d.1sappeat"ed 

after 3-5 days. tio oth!il'r. COIQ.ilOWlds ®owed this symptom. 

!he ts060 v~uas given here art~ onlY. afteyr prQlird.ne.ry 

expauiment and thls l:'equ!:.*es fw1th.tl1., work tor anu.vata w00 vw.u.e 

d$t~m.tnat1m'l. · l10w~v12r t· the .t.o50 · val,UelS g!J;~ron are apprec1tab!Y 

f'air to enable one tQ judge tbo .rela~ive toxlcitq or tho ~ompounds 

to male white al~iuu rata. 

~ho acot:.ylohol.1neatf~.ttase 1nil~b1tion data for bouset"l7-

bead homogenate (l!F AChE) :md gont tgbolo blood· ('blo"d - OWY) t»ro 

l1$tad in 1:abl~-5A - 5E (pp l'iSr-1'11) nnd im'ble .. 6A .... 61t (pp 192 -19-tJ} 

respectively; the ~llU' 150 vQl.uea o.alcul..at.:ed b,y l.®ast ~Jquare 

pr'Gf£J."'ataiae ar~i' t~V'en below ('Xa'ble .. S). ~h~ ~at.a to~ only- fivo corA~-, 

pounds have so tQV' bae<n talt($n •. 



~· 

·~ 
'. j 

j)~?.+.r.til~!~!!!~er:ns;t,.~'~':,~ilf.-~ !!~=:!~!:lz: .. !l!!.~-~~~~!t.~ !Yl.fJ soa.t, 
wnole 'b1ooa. 
I , IS 11118. -4 ~ 1 •••• 2IMII4 

BD • l.O Gyolobe~ 
ami do e.aG 1.81 

BD ... lJ." M~pholirio S.43 1.00 

BD. 12 ntetbylamido 8.26 1.43 

BD .. 1a Dic:aet.llylQmido l.SQ 4.66 

BD.,.. l4 lt~O.Pl"OPYltMtldo 1.86 4."18 

It bas been Q'tuaerved tbat fqr any phospborwn1doth.1cmate (BD.lO to 

BD-14), tbe n:FAO!W 1s mal!"O 1nh1'b!lted tnan tt~ Cb.E ... blood. !<'or the 

l&F.AC111!;1 tbe 100 value ineruesas in 1lrho ovder: 

t.e, tho an.t1acety1chol!ne$teCa~ $C:t1vit:;y or tb.e ci1L1.leth:rlarid.do­

,pb.ospborotn1onate is b.ighost1 en<! 1;ba;t; ot tba Q!e.th;rlamldo analog 

is least. t~or tb.(.$! O~bl.oo~l, tile .t50 vat~ il~~at•ea.ses ~ the order# 

i.e. the $rltieholmes~er.ase t!Letivity of the, uwrgbolirw c0$~ound .is 

most and tll.a.t ot th.$ 1sof)t"opylamido compound 1s least. 



-~ 

tbylamidO compound b~s good insoot..acQtylcholinestera.se inhibitory 

act1v1tv, but tbe isopropylar;ido COiilPOutld hns least to.:d.e atf'ect on 

rostltllW.:J.Gn blood-cbolinescel'~stt. Pr~viousl.~ it luas been observed 

that the dicu~th;;lamido com}.3oun~ htis also !nsooticidal. act1v1ty 

{Mlonm the eight alkylamidopbospbo~othionntotJ it has higb.e-st · 

insoot1cidal activity}, ·but tb.e_ iso_pvopylrun:tdo CClt1}Jound has h1t;hest 

, Qllt1tung&l aet1vity. 

,27) 
Uansch and UQutsob. anc4ysed too data obtained: by 

(28) . . 
Futtu'to ~,!?, 

1
!1; from. a ser1e~ -or metbyl 214~,5 - tr!ohlorophanyl .. ti. 

allt1Jl ghospboramidates · in <Wd6~ to cla.f1'i:,Y ·thG- eff'oot of tho 

Iv.alltyl group on tbe 1nbib:1tory activity fQlt the Wi> ACnE. 2-b.ey ob­

served th:at tbe logarithm of tho b!aolooular inhib1t.1on constant is 

corralr"lltad ~:reellen.tly with Xatt• s st.avic cons"~;ant E: :Uld polar 
- . . 8 . 

* ·cotls~ant o ot the .su'bst1tu.Qnt; the bulky 1sopt~opyl and tart-

butyl groups decreass inhibition rates by ster:to 1ntor£el"ence. ·ca 

the otbe~ hand, tho r_ing taubat1tuents of' mattey'l phenyl li..methyl 

pbos.Qboramidates directly af'f'oot the antia.oetylcholinestuvaGe 



activity (IIFACb.E) by virtue of' 'tbe electron:LQ, ant! lllfdrophobtc ~o-
. (29) 
pe!>ti:es. · liowev@r, in a series or othyl S...($Ubst1tutad)-pbonyl 

gb.ospilor.amidothiol.ates,. no corr()la~1nn waa observed between tho 

rates o.f: cholinestel"~se inb1bit1on $\d m:w ot tli~ .troe onaltgy 
. (30) 

pat"ametars f'OI" ring s.-u.bsti"tuenta s moreovor, the, antichol:W.es- · 

. torase activity (~ACll~) or pb.ospb.o~!W1d()tbiplatea is not 9l.v~s 

c~related .. \lith _tneilr 1nmeotic1dal aot!v.ttv. 
' • ' J. ~ ' ' l '?' ,, .r 

In cs~~ ot nitro-~tlligeain cyclic pbospboram1doth1onates 

Gnt:1acetylchol1neaternse activ.1t;y is l~t ~orrel~ted v1 tb tb.e:tr 

. 1nsact1o1d~ aetivi;ty. ~eng ·tne f'i'\1$ eompountis \;5D-J.O to Jll) ... lf,l:), 

o:DJ..y dieleth1lam1dQ compound. (BD,.J.3) shows higb.e.st 1nsoot1o~dal 

activity, and also b1gb.est atlt1acetyl.chol1n.estoorase activit::r. 

Altbough ant;Laeetvlcbolb~esttJrasa actiVity ot. botb. d1me~hyl.~1do 

Qtld 1~pro,pyl.am1oo o<)Ul!>OWlds arc compm."~'bl.e (I50 is l.ao x 1o .. Sw: 
ana 1 .. 86 3; 10-~ re.spcac,ttvoly- 21a.ble-5,. Colusm.-3), the m~~"eioidel· 

. actiVity of tllQ dim.ethylam.\tio compound 1s highest (LC100=15 .. 20 rli> 

and that or tho 1$opro.P1lam1do compound 1s least ( t<:100=s<>-75 g/ g). 

\ihan the data for otb.et' rd.tro-sel,ig~u1n cyclic pbospb.oram:ldoth1o­

nattts Will be available Vt!f \fil.l ~1 to find out tba. clorrel~tion 

bstlitJ~n ant1acetylob.ol1llester~$<a ac:tt1vit:r :.uad E6 , } eut: WGl.l as 
:~ - .· (31) 
:'lt tlal.ues of allty.tam!do group~.· ?.trevious at;udie s 1n tbi!t 

laborat.ol"y. conu arnint~ the biolt>gical aotiv:1:t1os or some 2-tdko~­

G-n1tro-4H-2,3,2-benzod1oxapbosphovin-2-aulPhides, a sood corre­
lation, as sb.o\m 1ll the fQl.lo:Lwn; efrua.tio,~s. has been ob't~d.ned 

between the anti-ACWU activity (brJuso£ly) ralld 6- ,E~ am well 



+ 7.3700 e:a • • • ·• • • • • (l) 

= o 8766 ~c + 7 ~tt~A • s . ··~"' ........... (2) 

( ~.l) .............. ~ 

:# 'lo 7()32 ;.-. + o.o925 ~ -0.4761 71 + 7.6913 .... ~4) 

6 = 6t r c: o. 9564, . s = o. 3'.Ll3 

wharo, n. 1a tba nuniber ot data points ustad in the l"fllgrass1on1 

I' is th.o corralBtion co-ot"ficiont; and s 1a the standalrd 

a~viatiou. EQUiltion <!l. gives the best tit to tho experimontal 

d~t;a~~~ Howevr:!!r1 equation a also alves ib5,ad f'it as judged by co­

rralatlon co .. otf'1ciont value. 'JZbese oquati.on.s (3 & t1) allow the 

great 1mport3nce of' tba relative b1drop}lob1c binding const;ant 

( 71-valuo) ot the exocycl.ic alkyl. groups. By using equation 4 

we bave calcUlatt!:td th.e v&l.uo of · -log 150 1 and the results h~t.lAl 

been presanted in the .following i;!lPlGt 



ella 

Ca11s 
·n..ca'H? 

:t. .. Cali? 

n-04iH9. 

i-C4lig 

- 011 

7.1!427 

7&0220 

6.'1400 

6.59Sti 

6.4967 

6.6031 

7.534 

e. sea.:~ 
,····:· 

6.787 

6.700 

6.572 

6.412 

As men~ioned oarlior wbiJ!il. 1;.b~ data t011 othGr cyclic am:tdophosphoro­

t;b.tonates will be available. we Will. try to f'ind out th.& ooi1'rel,at1on 

batwean ili~ACbE and E 1 . s as well o.s • 

~he alkaline hytir'()lysia fo:;• sooae al.kylruJid<)PUofl!~horo­

th1onatos bava been oarr:te'1 out. in 0.0090 H 11n0li <in 5D;fi athanoli 

at so0 c. ~b.e bydrol.y sis data for en.oh c·ompound nt di.ff'erent wave 

lengtns ( A. =4001 410, .t.120 and 430 M) w.-a lit;;ted in the tables 7 A 

to ll l3 (.pp · 1 q 1 - 214 ) 1 tho v~ues of by<~olY s1$ constant bav,e 

bean oalculntod by lonst squara regression progratzW.e.. ~hG h.y~o-



·lBO-

lYsis dat~ ba\Te bO!lll ~a:t~i$ad b<alo.W (W~Jijii..'i); 

~.Allt.sl .- 2 

Ilydrolys:ls ot nitro.s~t1gerdn cyclic amidoJ:)hotJpho:voth1onatemj,Pti 11.86 
(50;' .Uthtlllol) t ?fQmporaturo ;: 20°c 

BD-13 . Dimethyta. .. 
mido. 

B:D-17 Nonylam1do 

410 
420 
430 

400 
410 
.tl20 

430 

400 
410 

420 
43~) 

400 
410 
420 
430 

BD-l5 P.Yr1~lid1no 400 
410 
420 
430 

10.824 :c 1o·3 

10.364 X lo-3 

10. J64 lf: 1o·3 · 
:a. goa ~ w 3 

6.1413 X 10•5 

6.J.4la ;s 1o-5 
6.l.l;Ll3 X 10 .. 0 

s·r 
G.l4l3.:4t JJJ ... a 

0 Ml l"-(!;; u.681 J! .· ~~ 0 ,-
2.687 x J.o-u 
3.07 X lo-5 

. t::. a.rn x 1o·o 
20.266 ~ 10·3 

20.266 X :to-3 

19.345 :z; 1o·3 

l7.7aa x: 1a-a 
lo 7835 X 1() .. ~ 
1. 7?84 X l.Q-0 

l. 7452 X l<T5 

a.. 7456 : lo-5 

BD-16 Piporidino 400 1.0002 x 1o-5 
' 4J.O 1.eme x 10·5 

420 1.1541 JC l.o-5 

430 l. JBOO ~ 10•6 

67 min 

G.14l3 X 10•5 ll2El6.6 
run .. 

2.878 X 10•6 2389611 5 
~ 

. ' 

1.162 x io-5 

39500 
min. 

43312 
min. 

!.':'-=-=""-=- --:=::::.--=:=:.--~t;~~-~~::*~.:...-::::~::-.: .. ~~~~-::.~::ti:.---::-~1'~:.~r...~~t.~-~-=:-~-:--...:..:'!.::o..~:xa-~--~ .. ~~ .... ----·-.... ~~=-~..:.:.~ 

·.:: 
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~no ave:t-ago hydr.Qlyais constants recorded 1n !able .. 7 ( Col.umn-5) 

show that tr.te natu::o or tho nmi<lo gt-oul) in. the exocyclie s1d$ c-hain 

inf'luanoes tho stability of th.e compounds to :alkaline hdyrolysis. ~be 

Kwct incl~U~ast)s .t1-a the ord01.i't 

i.e. tile p1poridiuo compound UID-16) 1s mos·e senble, and tbtJ oonyltt­

mido compowld (BD-17) is le~ast t3t1Gble to alknl.ioo ~drol;ysis. Xha 

cyclic glloaphol~~dot~h1onates conttU.nillg the dio,lbstituted 3lll:1.do 

groups (p:Lpariaino, mttt:+eraely r<:~s:l.atant to llftb?OlYs1s eoro.pa.r"t3d to the 

otber compounds having tile mOtlOsubstituttnd m.ai® groups \nony1atn1do 

and cyclohe;:eylw::atdo); p»obabl;r the mtoJr1c .... 1!~tarf'o~ences ot'" tho 

oyoloh.oXYlamido aneloonylnmltdo groups aro los~ eomparod to that or 
' ' 

tho p~rol:ldino, p1per1dil&o, diaeti~lamido and caorpholino aroups. 

X'he hydrolysis or too s~t.lit:~nin cyclic eatf:tl.~$ prooeods vittl 

the init.i.at fission or."' thcc oildo-c;vclic est~ bond, ond 1ibe cleavago 

ot tbo exocyo tic oeter boud tloos not take place by alkaline hyr:tro-
(J.3} 

lYJais • In our case, '~e could not <letoot any tree araine in 

alkal.L."le medium; and h.enoe thera is no clt)aVage 111 the P ... N bond. 

Following tn~ work of Eto (R<d\. 1a, g - 741 Eq;uatiOl\-34) it en~ be 

proposed that th.e f'ollowint; ll"eootion iS~ t~tinr,: ple.ee itl oourso or 

alkllliuo .bydrolys1s;: 



Gon~rat"f to alkali by®ulysis in. !).0095 l-1 liaOli tb.ese 

pbosgllort#tUdotbiooates snow a good deal ot ros1stance to th.a l)ydro­

ly-sts at pH 1. 7 1n pbo$pbate butter. 11'or Olefllllple., no detootiable 

budrolyais occurs even &f'~r 36 laours in c.ase ot sorpbolitw;. dim.e­

th;.rl~ido1 pyrrol1din.o and p1poriclino COllltlOUllds. Uowe~er9 'th~ 

nonylant1do and cuoloboa:.eylaid() compounds show ml1ght h1tmolys:lil at 

pli ~1.1 in phosl.)hato bulfer; tha t'.llte of hydl*olysis· (at pli ?.7) is 

less than tbnt •· at .pl! ll.B5. ~bQ~B.£-ore, 1t l'!Jay b& concluded that 

th<t rater of' lll.ka\1 bV'cb."oJ..yalis is lnc:tN31SSOd as tho pli v~Utll increase;s 

rrom 7.7 to ll.as. 

Salioxon1 $alitbion and n1t:r'o-aal1tht1.on (:BD•8) wbioh bave 

been round as bii$b ins~ctiei<!rd. compounds 111 the sories ot slll.ige ... 

nin cyclic phosphoruG esrtl.i.ll"m all'e ra~h{~r unstable. l;be cyclic phQs­

phor(lJ{jidot.hionatt:;s pre sentod .· here aro moro stable. 

13. ()E.{~~~~\1;. COL'iCt.utl.IUt~S Ai1i) l:~rtt\lUW:; 
HhtlA,Jli 1 b ; 4.11' .. .. ,....,..,. •• _.;., . r I . f I J 11Ct 

(1) ~h.@ tiine.tby1..3nlido 90lnpound (00-13) sbt)Ws gll'eeter 

1nsoot1c:id.tU. activity thru-l oth~l,. c~pounda to .rooobas; howeverf 

it has l.S to 3 tiraes loss 1t~aoot:Jic1dd oo·tivity ccmpared to st:l.1-

tb1on. ~be c•thar cotapounds -~~ 1.\Qll•ina~o.ticitial. 

(1i) e-al co.ttpound.s· shQw antitunttal 11otivitJ ~gainst 

lleltlinthosl!Qr.-1t1!'3 spp. Iiol.ofeve~, the 1soprowlam1do o~paund (BD-ltl) 

1u the most etf'oo.tivo coapaund.; 1ttJ inhibitory err~~ is ~·ilJltero 

tbnn that or U1nosan.~ 



(111) :W~$pt th~ <tyclohexylt:W.lido (BD ... lO) anti the mol"pbo­

linQ (BD ... ll) compounds; non~ of tho CQm.PoUil\'1S aro phy'totol:ic tQ 

~:U.J.swm J.W.tl• upta tb.o coooootrati(m aoo ppm (th() b.iz;hest; concen­

trf4ti.,n UStl!d(l). 

(1v) All oor12pounds (l1!D .. l0 to !JD-14) ~(:Ql lEtss toxio: to rats 

than · sal1tb:l.on. 

{v) lfrOill an.t1cboi1n6u~to~asa activity stu.d1.as. it het.s been · 

obs0rved tba.t tor any pl1Qsphorruaidotb.1ona~;e (liD-10 to DD-JA), the 

!w'~.\QI.'l}] (housatly} is mor"1 1nil1bi~ed ti.~ th{il Cl~ - bl¢lod. l!'ots. the 
. ' 

m~'Aeb.'JJI, the act.1.V'11;lf of too dlma.tbYl.nmidopb.omphorotb.ionatG is 

b:lgbe.st, and that ot tha diothylW!lido al.alog 1s le£~st. l'or the 

Ci~ - blood; thu :anticilol:Lnastera.sG oot.ivity ot the m.orpholino 

compound 1s most, a.n.d tba.t of' th.a 1sopropylamido eompoun~ 1$ least. 

It ~ay bo coooluded that tbe d~thtl~!do compound ha!Si goJ>d 1naoot­

EM'lEr~ylcholille::rttl!r'as~ inhibitory ootivtty (·it has also good insecti­

cidal act1V'.1ty) 1 but thu 1sopropylt1Jlddo cota1~ou.nt1 has l~ast toldc 

eftoot on mtM:lttUll.ian blood • ·obi)ltnestartu:u~ (it has eood t'"ungicidal 

activity). 

(V1) b'\rom ~he oh.e~ioal hy®olyr~is studies it hns bo9tl 

obs~rvod tba't the compounds coutaiu1ng tl\e d1subst1tuted umido u;roupa 

are extremely raaistant to bydro).ys1s OO!ilPtmsd ;o o-cner coapotmds 

havin~ the mono-su'bstitu.t9d run::tdo groups. 
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(v:U.) All comPounds sb.ow cQlil:non .IH tu.mds dU.G to i'-._o-c 

(aUtyl), _l?-O..C (aryl), ~a, no2 grou.Q$ e-tc. Alttlougll ~-N a.b~orp­

'&·1on shows con.siderabla te~c;;uency slufts1 tbo _B~ll stretching 

~1'brQtions oootUr in the noranal. f'requ.ency region.-• 

(v111) All c<>mllounda sbow p~ent tttolooul@ tons. It'rag­

rnentat1on. by los~a of sa radical is importrmtt all compound!f snow 
' . . + ... 

an ion du.f3 to (p.fll1'ent molooUle .- .SH) a.ntl it is the base: ;peak in 

spec tt-a ot oyclohex:t1aM1do1. tao.rpholmo, d1othylnmldo1 pnroliditlo1 

piperidinOt and llO!lY'lami®. C~'llll!OtUldSi but We 198 iB the b&$8 peak 

to~ botb dL~etbylam1(1o and isopropylW'l1do compounds. 

(u) l~"rom the 1a · UH!l ~pu-otral studios ot the 2-a.lkoxy/ 

a.lk;rlemido cotnl)ounds 1t ·.tm taul~ U~Viden.t tb.at the cnemical sh1ft 

d1t£areiv:o ot tile two ~illa1 protons ii4i~ and U4D ( tvo pl"otont!l 

or tbu mia group ill the dio:ca.pbosphorin l?ing) is increasing 1n 

go11lg trora tbe metho~ (UD-8) to ·tbe cyclohe~lalil1do (BD .. lO) 

compounds. io'\lmo tb~ 2-subst:Ltueut 1s at tb.o' s~ ti~ 1lwr(~titd.n(j 

in tndk, and prol:Jably s,pend1nm mQro tirru:l in .the co.tltorl:1at1on \dtb 

tile· leas'S s~{l)t"iC interactions. In ISD.J.O (also,,',in otb.er .Phospbotta-

. m1iiotbionates), tb.1$ · m.8G" be mmit31Y in 011e· con.rci:r~ation (confomatt.­

tion lit p. 16 o ) 1 wnil .. o ·in B:ID.s it appears that both th.a eheral-. . . . 3 . 
eat shift di:ttareneo and the d1ttorence betve&n Jn l'l , a and· 

. ~~~~, 



,. ,. 

exists as at'l avar~~o of th$ ~to contorma.t:tons with· :&.•ap1d int~rcon­

ve,..sion botv()en th~ru. In <H\sa· of' ljD.9.1 it $9ems tll!l.t an interme­

diate situation prev~ls. ;in case o:f BD .. l01 sever~ plot oxpans1on$ 

nnd deeoupling expel'imants suggest that tho quasi equatorial proton 

H413 is ass1t-;ndd to -the s .. a ppra proton ( if = rus.s liz) and the quasi­

uial proton, H4A 1a · a.ssittntld ~o the. 6.6 ppm. r>roton (J = s.a Hz); 

the get1inal. coupling eonsta..xlt is 14.7 liz. It -has ~also boen observed. 

tbat tb.e proton ll4IJ is coU~pled eq,utu.ly to tho three aromatic pl'oton.s 

n5• 1'? and Ha with J ~ 0.6. Hm; th.o proton n4A is mo~e sta-ongly 

coupled: to li5 ru1d :a7 witb J :; J..o liz1. but not to Us• 

"~rom the -~empat"at'Ul~e 4~pendent 1H UHU spectral study at 

2'10 !4f)ZI tn tbe temp~L~atw:-e rango:. • 70°0 to +00°0 Of.'" tha metb.oxy COla• 

pound (1!3.D-B) 1 it is tnirlY evident 'ti;hat- the L!etbylene protons of' tbo 

b.etet>o r1ns are not ~qutvGLent to ooob other, ~..nd 'the d1oxaphos-. 

phor:Ln :t.•ing is oonformatimmllY mobUe 19 ~~olution • 

.F~ora the . 
13o lin~ ~p$Ctral study ot tile pyrrol1cl1no and 

piperidine CO!ilpounds (f.lD .. 15 and rslJ3J.6) it has boan obsarvo{;l that 
33. ' - . ' 

tbQ couplin_e (due to PJ to tha cag carbon (C4 ) in the dioxaphos-

phor~ riflg; changes o1lly fl'om 5.00 Uz 1u }jD..,l5 to s. '15 Hz in DD-16. 

ibis J)l"ob;~bly' means that the conf'ov•ntion is al~ost the salle, and · 

this is 1n accord \t1tn the •aJ.l ditf'el'enco 1n 13
o ehe~nieal sbitts1 

66.ll aad 65.52 DPill• 'tho change in ~ (l3c) is only 0.6 ppm !"o:rt 

tb.a ~mrbQn (04 ) 1 and sinca l3c chemical wbifts al...,e often quite 

.sensitive to· confo~matiou,. ~t. supgortg the s1r.l1larity of the 



11'$ll'Gm 31lt :Wit~ spec '!a"al ~tUdiea ·1·t is t'air'ly evident that 

ttw oompounds (BD-15 tllld »U-.16) art:~· stable ·1n one cmu'"o.t~mation 

\ stru.e ture ll) • 

(x) :ine b.iulo.r,:iaa'L activ,i·U;ias a.t~d ot:.mr ttata ju$t1ty 

t"urtber examinn~i:On ·,_,r th~$~ vnospbcu"oth1Qnattas andl otber rcl&tt!d 

compounds as :1otentt~ p~at1cides. 
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(fhospb.ato butter, pli s.o;. total volume = 5.1.~ .ml/5 . .t"ly head, 
A = 625; 1Il0ubation tim~ ao mill. ) 

Cone. (,;tcg) 5 · · (Y) . ~ 

-:::- -,l-~ibi:;: ,~ :::-:r:"' o~~~Inhi~i::~r~:~M) 
----~-... -.--:-.:=----- ~~~-~;:::::: ... i·~. -=---=.7-.~~-l--.. --==..:::::::t=;==~=-~----=7:~~:..-.-::..-=..:::::::.-= 
Coutrol .. o.ic7 o -

1 

2 

3 

4 

5 

60 

.50 

40 

ao 
20 

0.25 

0~28 

o.·sa 
o.as 
0.400 

o.;m OO.J.;l 

0.29 50.87 

0.25 43.86 

0.·22 38.60 

O.-l(i5 28.90 

2.86ll. X 10 .... 5 



',' 

l 50 Oi)3l0 

2 40' 0.3410 

3 30 0.370. 

4 RO 0.416 

6 10 a.4S<> 
~-

0.200 39.21 

0.170 aa.JS 
0.·140 27 •. 45 

0.095 18.60 

o.oao s.sa 

l:. = ~ ·i- (l 

u ~ - .~.0'1&3 

~ c tJll. 300li! 

r· ·~ o.:g~aa 

5.;{li326 X 1o·5 
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~ 
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\i'hospb.ata buttall", .pll a.o; w-;:d vtllwoo s.J.S mll JS .r::t:y he~dJ 
· .\ ~5J :too t'4~1.t1on 'titil.~ 30 m1n.) . 

: ~· 

(-) l.OO 0 Contl.•ol . 

• , .... 
l J.OO o.m ().48 . 45.?:t 

2 80 '0.59 0~46 '43.81 

3 GO o.e4 0.41 3£-).()9 
s.eso1 

.;,t· 40 Oa7l O.a4 32.38 

6 20 o.eo (),.25 23.81 

0 10 04;~ o •. 1a 12.38 

l.O...S ~ -

.~,.,...,._~ .. ;a.-..,.;. __ .. __ '"'"'''_..........,..._.._ ____ ,,_,._._.._,.. __ "'_._~-··~~""'~ .. ..-..- .......... -'~..___---·-~'•"r--.........._ .... ~ ......... w ,., ..... ~~--..---
.... ___ !" ........ "'I><> -~-·..-::..:>1-J'<"'\• ....... _.._.,..,.,_,.~<('-....,......._-... .,. .. - ... .., ... ~ .. ----,._-.~ .. -· .... ---.. -~ •. ol( ........ ~......,_.l'r- ............ .,~-·,._ .... ___ ~ ... ---· .. --



~ 

~~~~~-s.!~!t .. :t~!11!~~~fl:XJ1~112g!n!~ 
UJB !\Ohm) at ao0 c · oi BD .. l-3 

(J>bospb~te bufff-lz-1 pH · s.o; tottll volume o.l5 W./5 fly· hot-~"ti; 

,\ ::826; !ncubation. t:b.at$ aa zd.t..) · 

·--P'------~..,.._~~-.......-..... -.,;-J. __ "'~.-..":t-<~··-""""""'1' ~~'~,.,...._~~---~. ~~~"-"'J"·~.,...._~---.--...--.... -
' ~ . i . ~ 

sat$ .J Inhib1t1~•i o.u. ·i L\ o.n_ . 1 JIInhib!tion 1 I60 UO · 
l C'r~~r6Q, {/u.. Kj l . : 1 (:f.) i 

"~~.:::--~..:.-=::..~"'::::.,.;:-;::;.=.::..~:.:..:.":=::::::::::::..::l:;.;::-..:::,.-;:::;-;~!"' ~~-=~=:.~~~..::.~-::::::::::.:;;~.::::.~:--.:.-=.=.~.~~~~::-:::==:--==. 

Control t-) J...os · 0 -

l lOO 0.2l o.s-a: bl'O.O() 

a 80 o.27 o.?s '14.23 
10 ... 0 l.ao ... 

""' 3 60 a.aa o ~r· . ~ OOt.o:SI 

4 40 0 /ir'} eitW o.ttt.~~ u:a.oo 
a 20 o.ss 0.4'}. 44.76 

- -X4i = log !.. Cooo. of the inh1bi:;m1i ill ( .·kg ..! 



~abl!- 68 ....... ·····-

(Pbospbata butter, gil a. 0; total volume s •. J.S i!il/5 tly head; 

~ =625; incubat1tm time 30 a11n .. ) 

~=-T:;~-[·-;~J~o·.~·l ~~r~~~)--
·~--.. -~~ ----... :--~--~~--/-"""-·· .. ~-·- .... ~- ... -. .................... ...,.. ....... ~-.... -~._ .... , .. ~~-...-- .. - .. - .... ~~~ .... ·------~ ............... _ ............ .,.._.:--r•"" ...... ..# .......... _= .. 

Couvrol (.) 1 .. oo·· o ~ 

1 

2 

a 
4 

$ 

50 

40 

ao 
20 

10 

0.41 

0~46 

0.·51 

o.t.>1) 

v.·7.l 

''! 

0.64 60.95 

o.sa · oo.J.S 
o.~ 51.42 

0.46 43.81 

o.aG 3'~.38 

x· ::= tma; + c 

0 a -8.5553 

lo'364~ :A; l0-5 



Acet.ylcnoltnastorase lnbibition :ln goa.t~whole blood.ot W.J.O at 
lP 1 IIi" I. I Jl IM I . PI lUI if -( rdC!'W ~t F!l •. 1fi)lf ...... ~ 11-iiiM .. , ....... I M8 I it .... •• *•a I I ...... · · . ao"e · -· 
( Phospbate but.r~"'• pli = a. o; total volwno = 5.l5 ml/0. 2 ml 
blood; ~ = 626 nttt; to4ubat1on tl~~ 30 Min.) · ·' . 

Contl*Ol 

1 

2 

3 

4 

6 

6 

(•) 

30 

40 

60 

so 
100 

120 

o •. so 
o.G.a 

·, 

o'ieo 

o .. s6 
0..,615 

0~"'-tS 

O;.~l6 

.. 
o.oo 8.69 

o,.oo J.3.04 

O.l3 l8 •. a4. 

o •. l75 25 •. 56 

o .. ,2l ao .. 4a 
o .. aa aa.aa 

' . : 

c = .. sa.a1oa 
m = 41.7679 

r = o.9tJu9 

l.SlO X l0oor4 
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Table - 6B 

Acetylchol.u~.esterase Inhibition in goat whole blood ,o_f BD.ll at 

30°0~ 

(t1hosphate bu:t'fer~. pH :: 8 .. 0;: _total vol:ame. c 5.:J.5 m.l/0.~ fill. blood; 

,\ = 625 nm; incuba~i~>n ·time· 30 min.) . 

• I Sets I Inhibitor* o.n. 40·D ·1 %Inhibition 1so (H) . .. 
~O!.iC • ( /t{,g) . (Y') . 

Control - o .• so -
l 30 0~69 o •. ll l3.75 

2 40 0.·65 o.J.5 18.75 

3 60 0,58 0.22 27.50 

4 ao o·.-54· ·o~2s 32~50 1.0426 X 1.0;_4 

5 100 ;.., 4~ v'!' ..,. -o ?1 .. ~, 33~75 

6 120 0~45 '0.35 ··13~ 75 

X*·:::: log cconc. of the inhibitor in_/-gJ 

Regression constants: 

e = -59.8146 
. . 

·m = 49.2530 
\ 

· r = o.9968 



·~ 
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Ta.bl.S! - §.(1 

Acetylcl:lolinesterase Inh.ibi·fiion in goa'~; 11hole. blood of BD .. 12 at 30°C • ......... _ ................ .. 

(~hosphate buffer, pH= 8.~; 
:\_:;::; 625 nm; incuba..t.ion time 

'" 

Sots llnhibitor• 
.I 
t o.n. 

Cone • ( u..g) 
. / . 

,, 

Contzo,,l · ... Oe65 

1 40 
I 

0.59 

2 60 0 ~··::. 
~·uv 

3 I 80 o ~~s ~~ . 

4 J.OO O./H) 

5 l20 O,..i12 

total volume = 5.~5 ml/0.2 nil blood; 

30m~.;) 

. ' 

-

0.·23 

~ ~~ 
.;.iinhibition 

(:i) 

35.38 

1.4259 X 10-4 

~ = log f.-Cone. of the inh:i.bi tor in /g J 

y ::::.~+·U 

~ = ... 78.8637 

I•. ni = 54~9311 



'--+-
' 

\ ' 

~-

(fhospbmto b~tor,, £)11 = s.o; tot£4. v,ol~ a.:u; ml/0~2 ml. blood; 
. . 

A_= 625 nm; ino.ubation time 30 m.n.) 

Control 

l 

2 

a 
4 

5 

6 

-
30 

.40 

60 

80 

100 

120 

., ' ' 

0.69 

0.65 

0.62 

o.oo 
o.oo 
o.sa 
0 "Ml ·"'' 

-· 
o.oo 6.15 

o.rn l.0.76 

o.u le.94 

O.J.4: 20.t28 

O.l6 23.J8 

0.18 26.00 

·~-----

fa = 32.5769 

'C = 0.9900 

4.65&-:t X 10•4 



~. 

~able ... s~ 
., 1 .i ~. .. ...... 

Aeetylcbolinesterase Inhibition in goat wbole blood or BD.l.4 at 
•• i .. I'JJ!I ..... , !If ... ~ :Atf T l "\*it's i\' •rJ Aiiidi ·~oe &A ....... :AP .. .,.. ••e •• ,....,.,tr11 Ill I •nt .... A. 1 ....... · ao· .... · · · · 

(.PbosJtlbi~tte bl.U.":f'er1. p!i ·= a.O; total VolWlle A 5.15 ml./0.2 ml. blood; 

~=625 tlmJ· inoubatioo time 30 min.) 

3 

4 

5 

-
50 

100 

150 

200 

200 

Regression COD.$Cmtts; 

o.ss 
0.47 

042 . ' 

o.a9 
0.37 

0.31 

.. 
o.oo 14.54 

0.'J.3 aa963 

o.J.G 29.09 

o.J.B 82.72 

o.2o 36.36 

i=m;c+c 

e = .. as.oooa 
m = ao.a9U 

I' = o.oooo 

4.7605 x1o·4 



' 

~ 

Cllemioal bydrolusta of .:nD--10 at A. =400 m pH ll.es,. 0.0095 M 
.,, .!If lb . ' tJ tl •.• li:l ... l. tW"-+~ J I ............ It! 'II" .. W F 1l J IM •• _.. .......... t I f I'~ 

u!Jli. '3n.Jiai ~~""'1 E. :;1qo.?.o •. ln~Jfiftk ...rum,o.gt~.a,1~!Qn .. 
00 = a. o :.c 1o-5 

1 tempeA"a.ture 2o0e. 
••••·• • w••• • •nr•• ••• •- au •n n 

6 o.oo 
10 o.r:n 

15 0.092 

20 o.J2o 

.-.:_'~,5 .. ~· . 0.142 

ao o.l6a 

35 o.ia4 
40.5 0.207 

4S ·0.293 

50.25 0.244 

64.75 0.259 

60 o.·27a 

0.209li3 

o.oooos 
0.48193 

0.62860 

0.?4384 

o.ssaas 
0.96386 

1.0843 

'·l.JD83 

1.2782 

1.3567 

l.445U 

0.0014 

0.0066 

o.tr1eo 
o.-1021 

0.1237 

o.J.4ss· 

O.l6S3 

0.1949 

0•2142 

0.2411. 

0.2614 

o.2ase 

;v=ltlX+c 

c = Oi.OOOS 

m = 0.0047 

r = 0.9009 

10.824 ~ lo-3 



\ 

~ .. , 

t.. •r:r F tilt .. ¢ fi.RI '5"? ,l ._f f t ... ,, • ....,,... lllf lfHI ... • W J1 I • I 1. I •11 0, J 0 

C0 =: a. 0 X 10"" l-\1 tem_ptu~ature 200.0. . · 
_...._PI P 1• ( •n •-- ~ l.t I • l4 'k I '!'7"ftl ........ ~ § 

s.s o.O:cl7 0.23375 o.oaaa 
10.5 o~.m1 O.t38328 0.0594 

15"' .a o.)loo 0.51269 o.oo1~ 

20.5 o.l27 0~632:1.6 0.1028 
as. a 0.100 0.74664 O.l243 10.364 X lo-3 

30.5 0.173 o.asm o •. »169 

35.5 0.195 0.97063 Oal698 

41.25 ~ o.2lG l.ffl52 0.2927 
46.75 o.2as 1.1747 o.2J.OO 

53.5 0.267 1.,3290 0 ·~1 . ..: . 

os.e.:s· o.tna 1~3689 0.2620 

60.a 0.292 1•400$ 0.2878 
.. ---·--... --~~-·_.__...,'~~--_~_ ... ___ .... .,., ........ -. ..... - ..... ;f--.. ----·--·~-.---~------~-;,.,,.._...~ . . , ___ . __ ..... ____ ._ __ ,_~---~-4\------ ..... ~·~---·---~-,.,.,. .. -·4---.............. -. ... ~-~ ......... ~ .. -.. ~'·----'1'"*3o-•"'----,---- .. .-.......... -.. 

' . ' . ' 

:r=ax+c 

c ;;: 0.0096 

m ~ 0.0045 

~ = 0419997 



~ 
' 

-t--

n 0.072 o.aoooo 0.0016 
16.25' o.ose 0.52805 0.0041 

21 O.l:l7 0 64356 . .. O.lM9 
26 o.w Q.76368 o •. 12oo 
31 0.167 0.86359 o •. l<:L74 3.0.864 X 10*3 

as 0.177 0.97360 0.1704 

41.75 0.197 1.0036 0.35~ 

46.5 0.214 1.1771 o.2164 
5175' 0 ' 0.234 1.~.871 0.2434 

86 0.248 ;J..:J&lil 0.2634 

61 0.264 1.4521 0.0074 
-----._...--..... ~-·--....--.. ......... ,..._.,.__ ... _1_ .. , .... , .... ..-........ ~.--.-....--#5114 _____ .. _ . .-.....,_......._.-t,._ ______ ~-------

• • > ~ • , ,.- ·- - -., •• •·, '< •2 I.·~ .... •:::•·• ...... ~ .. ••1---&.•<!',~-""'"'"r"-'"'·-- oo...~~•o,.. ..... :....-, .... --~-.-·~~ -~·.,...··----•"'-

u=r.~x+c. 

c = 0.0100 
m = 0.0045 

f! = 0.9997 



--r 

_J 

Cnemical bJ'dr'olysis c£ a:U .. lO at A. =4~0 niQ pli llo~$51 0.0095 1-1 
1111 I F ~1 .... "111 1· Q .......... o! ... _.,htrlilll._.,..,._ .. , •• .... Ai;a:u d..... I .......... •1• lfW•w~ 

Nafili (in 50;' .illttlilnol.) ~ ::il44601 Initial conc~trntiou, 
.l.llid lli'fA1 . ,.,,... Jb I iW..,,.,.,..,... ·-·.,w·-~ .. ,,.. lT j !41_. .__E!U' i ... 1 • VJII a»_ I .... «a 

C0 ~ a. o x 10· 1·1, temperature 2o<>c. . 
1 ,...,..lf•tll• J a ., J ........ I I ...... RW ••• ._,,,.... .... 

--··i-' ----,------· --.-! --- ---·-~-· __,.. .. ·-1 .......... --... --.--~~--_....__.,_ 
time I 5 I 

(m:ln) o.n. I 0t x 10 !log ,':,o ... ; , • . ~d 
1 

(X) l . \1~) t 00 -.. at (min- ·) 

-~"':::::=~-.:..J~"-:;:=::.:::::.~d~~=7:?:ii="t·=·~=·;::~:.:r~;-;:..·., ~t¥.J_~-~~L .... -=-·-·-- ==--=~:·=·· 
7.25 o.ooa 0.29066 o.Otl43 

11.75 0.06 0.4:1522 o.oo<L? 

16.75 O.f117 0.,1.53287' o.Q84l9 

21.75 o.o94 0.65002 O~J.OOl 

26.6 . 0.100 o •. ~/4740 o.l«'~liL 

31.,5 o •. 12s 0.85005 0.:1.477 
9.900 1o·3 

.X 
36.5 O.li39 0,.96194 0.16?9 

42.6 0.155 1.rn~ 0·1002 
• • 

47.25 0.168 -l.l626 .0.3~~9 

52.75 Oul65 1.3800 '0.,2*1117 

56.5 ().193 1.4)366 ·o~2559. 

Gl.5 0.205 l.,11B7 ·0.2781 
-- P"'l -•• -*-.,.;...-- ,,. .. _...,.,,Q , . .,.,.,_.,.. e.• ,.._........_. .. _____ .-.-·-----~~ .. _ •- ao•-·--
·-~~---·~-·-..... ,_ __ ,__ --·~--... --.. -"",... ... ~~ ..... -.-.,..!-• ·- ..... ,~ .... --~----·~~·---..,_---~..._~ .. 1-<;<'o _,___ 

·y =we. <J.- c 

o = o.Ol25 



·----(.., 

.q~~l!-19.~ 5:dt:.q}.L4~tJ?! .. J!~ ... ~ .. ~1?..~~-:;;l,?q m! ... J?!!.J.l.;.f!f!, .O.£!:>i!S !! 
li~\,J,.in f!Q!~tm.q;t) .. ~.S-~!9Q.~.Q.. .... ~¥.!~1~-C1~!S.<!~~l:~~i~IAI ....... , ..... 
c0 = 7.00 x 1o- ill. eomparature 20 Co 
15p 1 t·•~~-~.., n • · > •• * ···~ •'"""••- • . c ..,."'....,.. 

6 

27.76 

52.5 

75.J3 

~4o6 

0 •. 098 

o.aoo 
0.423 

0.46 

o.~ 

. 0.61336 

1.68?2 

2.~158 

2.4096 

·2.0036 

0 0028 ' ., 
.O.ll06 

0.1636 
6.:.1413 .to·5 ~ 

0.1813 

o.aaaa 
·- - ..-rev ....,.._~o~os;....,.~~~-¥M-C!I .. .......,., 4 ,. ..._~~-......,.,.._'~"""'•-•' ' ......... _.-.'!'do 
~-- ., .... -~- _, ·-----.. -~-~--,.~___...... ....... ~·- ----+'"-... ----~-~ .... ~_.....-.... ... _..-........ _____ ~_ft'""" 

u = ~ + c 

c = o.oM4 
m = o.OQl6 

~ = o.osaa 



Ch~1ca1 bydl"olysis or :an ... n a·.; · A.=4J.O nm pH lJ..05, o.~s M 
liaOH '1n 50)' Ethanol) ~ = 20090, In;l.tial concentl"ti.t1on1 
Co :: 7.00 x lo-5 l'it· tempel~t~'ttwe 2000. 

5 0.103 0.51269 0 .• 0027 

2?.76 0.316 1.5729' 0~1095 

62,5 O • .t145 . ~ ")160 O.l635 '-'•<<> . . 

,O~l1:9 ·a.4Joo O.:W4l 
6.·1413 X 10 .. 5 

7r.. 33 "• 
124_.6 0.6 2.0066. 0.2388 

1 ;::; ;ax + c 
'•' 

,' ,' c. ;: o.o52G 
m = O.Q9lG 

/· ' I r ~ o •. 9599 

/ 

I 

I . 
I I' ' 1 

·(! ,/' 

'/ 
.l' ., 

1 

! 
r' r 

J 
j 



~ 

!l:ablo ... Be 

Chemical bydroly~.d.s of' :an ... u .at A =420 M pU ll.a5, o. 0095 M 
Naoli {in 50;i E&na.nol) ·t =l8:IDOt _ Init;ial concell't.>ration, 
co ::: 7. 06 X J.o- H, towpex•atur~ aooc. 

-b··--~---·l--~--~-·-··r-·-· .. ·-~_....·~--:-~------;--... - .............. ·-·-----·,--· --.. -------· 
tima I G :a: J.0° I c l Kt;wd 
(hrs) l o.D. t· - I log . 0 . t (mtn-l) 

(;t) _L_ -~ (M~ __ .L ... ~ .. c~_;:;~_l_ _____ .. __ _ 
~_..._,.- .__.,-..-,......,,.. -~-.-.._ .. ,,._ ,.,... . ...., ..._ .... ~_.. ..... .--.-.,,....... ... .,... . ..-.-............ _.,.. ... •c ... ~- ....... ,_._.,....,. .. _,r-<1""--~~ . ..,....,._ ...... .*-.. --..~, •• ., ..... .,_.,. ..... f .. ,. ..... , • .,. .. _.,~ ... ~· 

' ' 

0 

27.75 

52.5" 

75.33 

124.6 

o.o9a 
0.284 

.0.400 

01)46 

o.M 

I 

/ . 
.. ~. ! 

o.BllSO 

1.~22 

2"200:3 

2e4tl52 

21)9703 

'0~0027 

0.:!.086 

-o.l62~~ 

0.1876 

0.237]. 

y=zllU(+C 

9 = 0.0527 

m = o.ool6 
l1' = 0.9589 

6.1413 X 1o·5 



) 
--'( - --~ 

o:eeo 
0~315 

0~35S 

1 5'~6·· . ~ .. 

2.0019 

o.l056 
O.l-604 

o.l85? 

0.2~~2 

1 =a+ u 

c ~ o.osn 
m :: o.oolG 
~·::: O"l.~QO 

. ', ~= 

- -----~ __ t_ -------



28 Oil :.1.38 0.'72239 ().04153 

I~cea..-~; 
r.: 

5241175 o.::eoa 0.0684 2.687 ;( ~r:rt:} J.· 

75.26 0 .. 241 l\t2b"?2 0.0821 

124.75 Oc.P.S3 l~SS<lS o .. :t.OOS 



...206 .... 

tJl.Pl!l-~ 
Chemical bydl?'ol,ysis ot' :.H'D-13 · at A. ::vJ:lO nm pli l.l.B51 
•t •• ti"1*Hii,........ .......... al .I -~U'ftiNI1,__...,. ¢ t '4 J •a ,.., 1 J_..,.ast ••. llld 1.1-o. 0095 !<I .NaOli (·in &..>;iJ .illt.banol) E. =200931. ln1 tiel 
• : . ,.... . I JJ I • 1 iillliiMtN&L ~ ... + q. 1111 Si: it ··- ill:l s······s e:l::IL81 ·~···.. ...,.d ... l/jl"'•t• ... -· £-~~,. 

co·~entrat1on, 00 t::; 7.3 % l.Q• , temperature aoOo. 
~.,. ,. "..,._.. -- ~-.,.., •• ••• r •• •~ n.e1 • ..,., .. _.?_¥'!•~ ...-~WI"'Ml•~fllft?*~'lt~....,. 

-~0-l·-~--:-;;;~~:;;-i•·----:~· ·-·~---~----w-·• 

·uu:·s) o.D. log -~ Ithltd 
<.rJ J ·. . . (M) i co ~lt) ct (mm-l) 

-:>t"~-.-.:::=..,;~l-::::::..~==="'-:.::::.:r.:t.*!!:"-'*t~:;:,;=~-=.t~<~lZ"lo:-~4:-.::;:=~~:::::=~~e~-.::::=-::--.._'"!:==~==~~4':1!':==~-";;-. 
6 o.oa4 ·0.16924 o.oJ.oa 

28 0.143 0.71180. 0.0446 ·2.681 • 10..5 

53.75 1.).210 l.{)f.l,Q3 0.0671 ,, 

75.25 0.265 :t.2e9a 0.;0030 

~ 124.75 o.aos 1.5182 Oel0l3 

,. ;1:1 m~ +c 

c = O..,Ol,'J3 

m = o.01m 
'• 

r = t).9559 



, Oe02S 0 15402 . II o.oooa 
0.129 0.10~57 o.·0444 

3o07 l.0-5 ~ 

0.193 a..oow 0.0092 

0.·23 l.~l65l 0.0827 

124.75 0.28 1.54(1~ O.J.029 

1 = m~ + c 

c ~ G.Oll7 

m = o.oooa 



j?~~ical l£dl',ol;:st;s: 9! l'AD-13 at A; =;: .t.L.,lQ_rm gu:_n.ss,.. 2f~it5J! 
!iaQii (in-~ }S~l!,~·~o~> .. -~ .. ~Sf!,, ~ln,i.!?}-aJ:...c,g;~~~.tt:f~!'.:\sl~' .,;q , , i 

C0 = ? • a 2! 1o- Mt tOO'lP'-''rt~tu.r~ aooe. 
I 'E 1 w•r • J:l • • &i1 ii18. e JCA!f•..... • 5 II If t ! I • II 1:11 .... 

5 0.022 

28 0.100 

&2.?5 o .. l47 

?5.2S 0.18 

l3tl.!75 0.221 

0.10025 

0.692()1 

1.0173 

1· 9 4Ui 
-·~ 

l.529!.lt 

o.OC¥-J2 

0.0433 

0.0652 

.o.oal3 
O.l.031 

¥=m:x+e 

o = ·o.ono · 

s t~ o.!lOOO 

-e = 0.9648 

3.07 X 
-.6 10 



_ ~n~~~.!ll!v.t?.lf:~qlP,.(),;.: }lP.:..l.:!~~t -~:f.O! .~ ... );:t.astt .Q:JP!!5.Jl. 
·~i....JJ.l&-~.}:i~rmQlJ.. . .. ~ . .au~ .. .JB~..tl!l.~tt.r.fl.~• 
o0 .. =- a.l4 x 1-o· it1 · temg~ratu..w eonc. .· 
•• a·.--• i'.-_ .. ..,'litM 1 •• , .,.,,.. . .,. ''···''~£6ttlt ?*'..,.," •• ··~r 1 _ ·~··. ; -•• ,.,._ • 

4.6 0.072 

s. oo- o.no 
c_'ij-,.,W, ~$..<0 

10 0.13G 

12 O.l.SO 

16 o.JBG 

20 0.220 

23 o.Mo 
26 0•262 

29 0 •. 282 

36 0.316 
40 0.~2 

45 O.aGB 

0.31!138 

0,.676~2 

o.euot*l 
0.785?,5 

o. 9439<::) 

lQl524 

1.25'12 

l.37P..4 

1.4772 

1.6553 

1o79J.6 

1.001'1: 

. ,'. 

o.o556 
0.08001 

o.1~~ 

0.1631 

0..1006 

0.221 

0.:2495 

0.2761 

o.aeea 
o.a-s?l 
0.4J~) 

T.=u+c 

c ·:= o.ol-94 

' . ' 



~ .. ' 

.. 210. 

~§bl.~~Ol! 

~.~e~'£~ J!l~.«?A.Y!i;.!.&f _ll,!~,;t!. .... ~ ... ~~=!-~ ~. Pl..!E.::!!!!t-. .. ~·.09.9~- -~ 
H,~Q!Uir&,.~lll!J!.~OO,. ~tJ~:~l.,..~~.q!Wt. 
a0 ~ a.l.4 :il 10""'-s M, tGmperaturf~ aooa. . 
....... JJ4 F.l¥111 ._.,., J *'• W ............ t •. S ...,. .... , •• I JT ··~ 

6 0.077 

10 o •. l27 

.16 0.177 

20 0.227· 

26 0.265 

ao o.soo 
36 o.aJa 
.flO o.aas 
46 0.376 

-oll!~laa 

0.63?..16 

o.aslM 
a..oos 
1.3191 

l.~17a3 

1.6576 

1.7610 

1.8815. 

O.OZS65 

o.Oiflc 
Ot.l4a0 

o.J.Sua 
o.~JS:;I" 

·o.2764 

o.as~9 

o.aooo 
0.3911 

'1 ·~+o· 

·c · .;= o.oosa 
m ._.= o. oosa 
r = 0.991:\. 



n 0.121 0.66557 fl.'J.005 

lS 0.168 0.924~9 0.1514 

21 0.\20fl. l~la?G 0.1932 

26 0.237 1.aOOG o.eaao· l9 345 . :: .· X lo-3 

--{ 
31 0~270 1~4951 :0.2782 

36 0.295 1.64741 0.3230 

41 0.32() 1.,7600 0.357l. 

4~ o.,342 l.asl2· 0.39'70 

., = u + c 

c .~ 0.0100 
.· •.' 

2!1 = 0.0004 

,r = 0.9~1i 



-----" ' 

~ 

Chemic $1. tqdrolyas of' l3Dwl7 at !A t:430 m PH 11.851 o. &J95 14 
,1 I II ....... t- ...._. .. .,..,....,.-.... _BI'I_! .•• w-.c&lfllf .... ~ ... -. Iii ............... w· I- If .. ltl!lt,f I' ...... I •ea ... 

iiaOll (in 50;~ EtbanolJ 6 = 14460.-. ln:tt.ial eonoontl?atiou, 
- •J t *r• ~-r--~1~'5 ' •• I_~- t fJ • J AJ4 l JS ·~ D I ......... iliA __ ....., --j- --· c0 = a • .;..."4i x :V- &l{i1 temperature iQO c., , 
......,--~~~·.......,.=~t· ........ "-~~rMW~Pt!M,..,.... ~-·11 J 

ttmt~ 
(min)' 

(A) 

·o.n. 

... 
7.16 0 •063 
Cf~\owy, 

12 0 · \ 0 D 

17 0'\30 

ct :c we 
(U) 

·o.4a599 

·o.eooM 
'0.89005 

. 0 
1 . 0 og _ _., ... !' - ......... .. 

c - 0 () t 

0.0649 

·o.lOSl 

. '!;).J.466 

22 o ·I 60 '1.1073 ·o.JBs9 -3 
11· t 33 ><to 

JJ,7 
I 

o· lf!>b ·1.28~12 0.2t~9l 

a2 0'2.0fS l.4J94 0.2663 

31 0 2-28 1.5779 o.aosa 
4~ 0·2..4s- 1.6955 0.33721 

47 0·2..60 l.'/993 o.aaae 

Regression co11stants* '1 = u+a 

e =· OQOl6S 

m = o.orn? 
1"' = 0.9f)90 



~able .. ua• 
· 1 rt •••·u t ;w• 

. >.... timo · , ·. t · · . . 5 . . 0 . 1: 

... -~.,~o~~r-~ .... ~-.............. .,1·~-~'"""".· ~.q.lt. .............. , ....... ~--..... ,..,. ............ 'lT'f>"~-~""'.""'"--...... ,...~.. .... -' .... 4!.-........ 

(nml (I.W's) o.D. i. ot x 10 log • . 2.. 

1
1 K~ ... ~-d 

(X) . ·~ .. ., .. ·.•. f . co - ct . . -. .. , -~n-:t) 
. . I IX) -

"' 1:. . ... ......_.__ -~_,..,..----~-::t=f.::.;::=--..,-. _...... ...... ·-~~~~~-:--_,--::-;--"-==..~...::::..-== 

400 150 0. 06 . 0.31430 0. 0097 l. 7835 X 10•5 

410 

420 

430 

!L6(} 

160 

150 

0.003 0.31359 

o.ose o •. aoooa· 

o.CJll5 o.aJJ~l3 

·o.oo95 1.7'184 ~ 10-5 

o.t.l6aa 3..7452 X 10-o 
0.0690 le'/400 X :t.o-5 

• s;nas coapound. (BD-l5)war.~ e~tremeli ratJ1stant to fl1,Jrolysis 
at pli 11.85; only af'ter 150 bo~s ~eacS!ngs wor~ taken 
at >-.. =400,. 4101 42Q and 430 n.l7l and Kbyd was calcUlated t.vom 
th~ae readings W1 tb the bttlp of' 1st ol"der rato equation 
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4Q) 3.60 o.ooa 0.~~900 O.M28 1.0952 X 10""5 

410 150 o.~w.- a.al90l 0.00?4 . 1.2129 .X io·5 

420 150 o.G3fl 0.20900 O.Oillil 1 .. 1541 lC 1o·5 

4ao lSO o.O:Jl 0.23.463 0.0463 1.1800 X lo-s 

~b.'\s compound (BD .. l6) also 1:! axWemely- t'esistrmt to bydl"olvsis 

at plt n.sa; only aftelr' ·100 hot~s i'A~adinss were taken at )t.,=4001 

4101 420 and 430 mn unci KiQ':d wraa calculated tram tb'f!se readings 

w1tb. tile llelp ot" ls~ or~te_r :rato $q~atio.ru tt .=...!.. l.n a 
t
. • •• a .• rl. 

co - ct 
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