
,;:.i ISLI:f i.jjrIÛ S'iUD,ï *iI
.r"-- "- -1i- ,.-rI: Lf ì:r--. "' 

-i-- I ì-'- f f 
-Ì-l

L.-LL.! '"., Jü4.:..- - l.LUr. !Ì. I - -v --

lr'.¡

.; ?hcsis Sur¡i:rittcd +-o tiie

Facr;-1¡;' 6-i Gr:.du:ie Stucties and ie:ie:,li'tÌ1

oí tlie Un"iveï'sj-ty cf li:ri:iioi:a"

In Pa::t,iLl Fulf ill ment Ði t,lrc ;'-e .u--:.'el;lerlis

r¡o;' ölle Ðeg:'ee of ilfüster oÎ 'Sc ì ence

';'te.-y !956 .f 'rt
¿t -t'

1'.r- g

í: i,' ^'' u'

{:t* }F
lr Þ?- 1 *,11,^#
Ì. r- ',ê

\-*ø#-

-1
.À"
ft



e,is-r.i€ conq1l{}r peak ¡.íter tieai{ r"re set ilr front of i-ts regions full

r:f irf'LeyeSt !,-,t-1 'berUi:,r, l-.t:i l"¡,re dA nOL See OU: fiO¡.-"!-, i¡e d-O nOt See

blre hcrLzon; in ihe clisf,rnce to,.,ie:r' s'Lil-l- iiiqher' -peai<s, i'ihich r''ri11

yielC to tho:;e who ascend. then stiil .*"¡j-der 1i::cstrrects, anCr deepen

ilre feelin{r ihe lt\t-,,\\ of øl¡ici'i is enph:.sized by every advo"nce in

science, thac; Î?Grert Ð-re thc ì'orlis of Lhe Lordt?' 3

iir- i. J. Tiroi:lson (frf )
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-'ilhe au.thor ;';r;tcí'u.11;,. a,clirro;:l e,ige s all assistance r"eceived

durin,s hi-s firsl .'fent,i;.2'e inl,o chcni.cll- r'eseai:ch" Specii:l '¿ilai,l:s.

¿rrs d-ue to Ð;'. G,E. Ûu:ril, xho Íorrnu.lateC tÌre ìra.sis oí'ti'::i.s inves-

ti,qalion, and. -r,iren lceenly fol-loçed. iis proqrcss r'¡ibh invalu¿ibl,e

a-dr¡ice a-nci crij;:1-cisns; end io iT¡', C, 3r'..1ühor lJho cont:"íblt'ietl

largely tc many sti¡ru-latinq ctiscussions du¡'in,q the earlíer sia.qes

oí tire work"

:,4 I

r)--:11 : f!'¡l- - !--Jl --UJ

FÍnaac j a'l eltltenses of the "l¡"nor¿'boïg !,:.i€r€

fron the i'lationa.l Reser.i'cli touv:.cil, r,';hich also

to the author"

r¡ei i,¡ith a. qrant

i r"¡e-r'cled :l bursary
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TÌ're :'eîût.icn of g*rleuteroci"il.oï"obenzeäe r¡rit'h sodanid-e i-n I iru-icl

a,¡nnionia. e,i, -33o Û " h;rs j:een f olind to ,{i-ve aniline 1,fith 5f ¿ ó,3 toss

o-f d.eute:fiu.n fnot:i fhe la-bel-leci cosiiion oí' the re.rrt,î.nt. The deu*

i:eriirn ir: tlie j:ror-li,rc'L hrs bee:i for-ind i;o be about j5'1, ín t.he ¡relê-

position" These r"esulis ã,yù incc:npaiible ',¡t"bh the reerra.n.¿eneilt

a-re bo+*h predicted Ì:5r ¡¡s eliminstÍon*aciditiou nechenisrn pr.o¡_rosed

by Roberts and eÕ*:*orkers, pîc . j-,ieil th,rt negli;'1ibl-e loss of cLeu:

terium b"¡ e;:chanqe v¡if ii tlre søh¡ent orcurs f rore the z"ea.eta-nt, nt.d-

-uhe prodr;-ct '[:efore ¿inc1 aiter tìre re;.ciion .r:espectively, ?::.c eä-

chan,Te loss from -Q.-ieu¿e::ç¿¡1il ine uncte:: Lhese con,liiions hl,.s beec.

fci-inc. -to i:e snrall, bi.r'c sûine d.oubt re;-ra,j.n; as to tl:e rate ûf e.rtrhs_n,Ee

f¡=oin g*c'Le,;ieÎr.rcil-'l-,:r=Obeirzclre iri Conrpar:isOn vrj-th tire a.minaij-*:, rÐ-,úe.

The detai.l-ed mech,::nj-sn fo:: the ;.1-,c-.¿e a.ärj.n;iti-cn recently

l-rub l i.shed T::f R.oberts and co-:';o:i"l',ers, irhicli inclurdes both Nl:e ani-
::;¡..l,io.l i.i:il lhe dleute:'iu,m exch¡n.qe fron g*deuterocl:loi.obenzciic)

does r!Ð*u prei.li.ct ti,re p:lociuct rttj*os ol;ser"ved in tliis invcs-bitltt'r,j-o;:"
l- -^- TT . rTr- ^.:-irr- .Lr -t-*r::c*Ð-gr i;:*-l}s-åbe n,riå--Qsg.-:J;+;-iåL1-oia

tsï c-i1'::linob enz*1c åni ..-j s

Sr_i1;t,,ii -,C.Ì ii",'. Peie; .I . Iíf"i_,-e ler.

sfl* qi-*eÆ:ili¿.;åi.äuf"ia::*1;l--L::-süårt ¿JäÆniå

TY¡erl:ts,f- d.eca"r'bo..ï)¡l¡.tions of d.euter.ai,ocl a.n-Lhra-nilic e.nci cl-el:teT¿:*

+.s¿i liì*nist,hl¡l-e-nthr-anrlic ¡.ci,ls have beeir c;;r.iecl ouL, ancl uncx;"iecÌ:ei.ily

i:i,.1h r:-e¡,rtec.iutn ctncenirati-ons fou-nii in the gr,å¡la. 1:osit,íon of tlie
:::roducts " ff tlte dece-rboxyl ati on pr:ocrecls fr"om the zlyii-Le::i *t1 ï),s

Pr:Ð;3ÐE*i3- b;r S¡ç"uta*, Pepper, and :'cúäúh'¿r':f e then apparen'û d,¡lu+;:,ët,\-,-,"ïi,.
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-,.7i:î.:l::,; si:d-j-i_il,i i,.i-,i.] ::ç-.;r.,3j-i_:.r.r (')--¡:,, I -'^:), íì11¡,r-"i,1g;=¡¡; ¡n,_Ì îhani:r-,-J,

\11 I j-:'ier;- ; lc:.-:r;1.=.¡ pre'n:j.red lh+ efll^t"esnör::1lnq amiries h'r re:.tct:Lnli

í1,,. ':,c-"1-l--,ei: :l-lt.r.-"1.i ne'i,:l s :,.j-l.ll !:: sgû,":ii irr::oni.¿ " /j, ,q.rúrjp Õ.{ inves-
'i.;.i::i: ¿r-u':i Sr:.Ì;¡g:,"i:i:ni;i;r strrrl"i,;cl ii:-i.; lle tl:oi of i:.re pa:lin¡1 .c?ri: al_it¡l i
.;ii: ,,¡. I ;";¡i'je; , -.:l-i j. l cr :'nç-1-'i:.r:r l-ater, .,::;c,:',i +:'i:,a l ci;i cn ojl J-rr:i.ri,;:j î,::1'.:¡. 7ji?

an +.hr.: ¡' lktl-i nier,-,:l_s in ,;l::c pt,cser:jcû r:i' c -.::l.l-;.g¡5 
"

:'"1t1..c':îr: '{;ii'::;e r-üa'rt'r.jn'i;s liere ilj-scoy9Í.,f.1 :î-ir tire elr-1../ ir,.l,r't of

-Lhr: irirret:t:nj:ir coilti¡.r", Nhe;r¡ Ì.çäa:Ln,:cl .rei:,:iive -!_:' ,,,;r=cLlre f cr åì

i.r;i.¡; t j;r,re . Ûnl-J- blic i: i-st rJeca,Lc of i,1:c t :,¡e niie L,ir ceûti_u-), s:.-;j.

'i,i.:* :::')':.t]-íc,,1;i ön a.c 'bþ* e.l-l;¡11,i, nei,:L:l- c-ni-dcs ta i;he f ic,lil o.i cr,,q-.¡.r:ic

'i;i-:r:-¡ ca.t;rlyze v¿i.i ous
.'-t-.-, ....-."1 ;--. .r-â^.1-,, i;r.l-nr. t: 't:illtU ,11 UÌ.'.., .i-jiiJÇ

r c iii tro,;'"i riroL.:cul.;; 
"

of t;li.e eJ-icel-r il:,¿'r:: i- ¡:.niilos

f",r-.¡i.j-.¡,; ;;r i:er.n :-l-i,i,: ct

of -liq.uir-i a.itlncní: sril-r-lii,:;rrs ;.,1 L'll;¡,-l-i ;retti ;l¡:::ii..es to

5¡,'ltilrt,::rles . Àliçrr::q. n'ú;í1êi.,JLt_;: OL::cr f:)iìci.iciIl:

n^ - (a, , ¡ì rÌ ^-âr^rS1l-o,l i,r'l .t u{.)*.tu,'-.r-l l; \ t , !jl " .i.C'., .,O,,ili.l i],.,'f, C]ll.:i:f.:-. .:O.lû_r

¿nc1 i::'.t"si11o7}*rtz*t\e :-el:c¡-ecl e:r;r,: -e11- r:.;:,ii:l;. i:itli e l_iiiurii ;j.ìr;,,ûilíå

so-l ultion cf ;roì,,:.s;i u:,. ;,r,lirje r:t -j)oC " lr,; ,-j-.r2 i.:ii_.ì-ine ¡-.i:,: ,.' , ..-enì;-
l :iìir¿-- :.i l*' ::;:1. I tj- ii :r.fn., j.-io- .1 , i...-ì ,,,'...--r:¡--ì -t,i;: r, -n_:--..,..:_fOl.f^ :.,-:1-,¡],? '"r-L-- L/¿EJ '.j:. u.- _.JjIJ:!1..:.-.:.ir_ljr:, I .E- :

i,nC ol,lie r t,:"rry ;:::oiiucis " rjerlen'ii.n,.Ì on 'i;lrr: c-l¡:c::j-;:-.,1'í¡.i ccni¡-iïi *rts,
Fi-uar-obenzûne ï.s iou-nr.i t,: ,;'e t-;r';;;,,;; ,;. ::;," ;-a:n:)í,i-,s::.:"

ini;::ocl,"¿*e Lli* irl-Ln* ;i.r-rriji i::i:o i:ìr¿ ç.::cr¿::i:ic nuc'l_cu: ii :_7";),:_j.b,:

,-:-ìíaâtc.¡:cìensi-b j.cn; lr:,.1 c.,/c '' ízr,ïiöt-r:,

il:ole cuì..es , ¿lniì i:':;.iLr:.'* -,.': '!ci" ci:'

il11¡' ;,, 11e T,a:,ied, ,:rcroi;ni cí' ihc:

'f,lre re,,:l*T' ir reÍe:r-,:*,,'l to .Ll.ie

-l l: z *'¡l- -: \ ) -r - )l' I "

Tlie use
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irr-r.t *,rielcÌe cl i-nste¡.rl l¡*:.rn:Lnr:-, (II ) , l-a,,ri:lo.-, (II; ) , 3 ,6-l'))-::.;,:.rnoi^ ,
/T*rì - / - /1-ì
\ -tv / " inÕ J".ûinr-t'lo*j*-r o(.io,ir l)cn-zor. u1^ :ì-i \ " / .
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Tlris reari:snc"enent l'¡¡s fr-r,:r'tlier- su.bst¿:.ntietecl :,',,hen l¡*ir:cio- :,nä r*
brono,libenzofu::i:.ît {3:rÊ ?*aninocliilenzofu¡-:n ( IIl) " 2..i1:"onc*lri.l 2-

iodod-il:enzoíura.n r{ave d.irect ai'qin¡tion pï.od,ucis. Froril these ob-

servations their concl..udeC" th¡il -reã,rr*.nr.êÌrìc:rt in the Lninatioä re-
¿lction uncler these con,litiolrõ i'¡¿¿s .geire::eJ- ufreir LLre heloqen ir.torn r¡+as

situa-ted or:Ll;o_ to en eiher linl<age in .bire nclecul-e "

Berqst¡on ancl. Liorl-ring (Z) founcl thrt tþe g-,g* ,l-ncl. g-toly1
h¡lides, except tìre fl-uoi"icle, reacierl rer,C-il-¡¡ wj-tl: liqilicl a.:rnoni.a-

solutions of potri.ssiuin aniicle to qive amine nixi;ures containing

scne of t,rc l¡rine corres;oond.inq in oi"ieirt,¡,fion io -,,hc h¿Llirte usec1,

Fote.ssilriir enicle rapÍdl-:¡ cc.'nr/ertec.l 2.-cll]-orocjuinoline to :ut.r, burt

the amr¿onia i-¡rsol,ub-1..e c:..1 cíuiq e.ni-de cliJ" not effecL il ap'preci-a'l:J1""

2-tsronopyricÌir:e, J*lrto,,ropyr.iiline, Í,-clil,oi-oci:-rinoline,, i,L-bronoiso*

cu-inoline, p-cirl.oronitrol:e rrzene and so.lj-um ;;*broreobenzene,srrlíon¡.te
1"'t*?e a.lso no-t ::Ííecr+{ b.' l,ll;¡:1i ¡re¡al a"n-Ìd.es in liquicl, ariimonia,

":t roÕ-fli tentperc,ture, Seccndrr'¡' a:¡i¡re ini;iiLr.¡'es ",¡hich r.¡erè uad-oubteCJ-y

iso-neric nij.:<tl'.res Ì,'¡ÊrG o'û'b,sined. iron the re:c'i;ions o:l potr-,iseium

täi'id-e '.;ith elcLl of. .e* anci g-cÌrl-r¡:.'otc}reíle¡ &.*io¡loLol-*.cne, p*i;r:o,iro*

l.ol u-cle, Lii,J a*ci,lorophcnel;o-l-e . ;in atlenpt tc pi:eFîre luïí,, :li*
or ör-i--¿-1;olyleimine 'by addin'¡ i:otassiui:r eiliiie to soliltions oti

i;otlssiu;:t p-to-l-uiC"e ;nc1 p-Ì;romo'bol-'ae:re in lici',ricl innioni-a r-ríi\re s.r:

isoflefic ilixlure ojl lri-r,ol;rl-rnii:eç. llor¿ potastiu:¡ ir:-l-i,:l€ ¡.ii.s

ionnci to 'ber lil--lera¿ecl íri al-1, i;he se ::'eecf ioirs lh:n r*;:s ol:t,tíri:C,

:'}-onr cr-l-clil-::t,ions i:ised on en equ-e-ticri o-i the +r,lrpÉ:

i L;! i',;,i i:,1,3 
)



-r i1c. l- c .:. t, -:

it i Ii - '
-'_i"¡

fc.r':-iin'r Ci* end ti"ir.lrJ¡lrrrinss !.rei'e i-nvci."'ec1. å tolyl-quina._ki,ine
{:,ri; -vie}-cÌ} oí u-nl;nol;:r o.r:ien'¿:.tion icis oi¡t:ineci from potassiurn

E-nide, cii-:.in:li;,'J- pof ..sl-ìL1.,i, ;,t'rcl Ë*cii_l-oroicl-uene in iíquid e::uironi*..

lìe,::ctilns of tlri-'. nriure r.'iÐre sho,,.in" to be Ìres'L carciecl ou,N

'!:y *r.dì-ci.inn ille phen;rJ- ]r:rl-irle {alstrs or in e.ijre:" or,},irircii: solir_lio:ii
Lc ã- ¡;¡el'l -3t-irrecì i;::i*-e solution in lic1r-ri-d e.innoni¡-" P,eversin.q;

tht ,,:.,-Jc.iitÍcrn cleci.e¡.seci .i:he Ë::r for.l::i_*r-Liori, Tiut of1:en increa:ecl. t,l.ie

í,r¡Tiou-nt of çetonrJ,:,r:," Ðiliine f o.ir,i¡ t j.on. co¡.1;--l -i ^-t irl ti:e sepâr-.tiûn
of i:rroducts, BJ' ,.,'orl-i-ur.i; ;.i *ilar;öC, ;l:e ilic._"1_c1 oi. -uoly_l_e.;nine f::o:il
p*ch-ì-or'otoli-ler-re :qe s ít\ci..:;,..se*, 'i-ri ,-1,, i"r.te ci tjre ::6':.ciio¿ -,,,:.s

decre¿lse'j. iìeiclicus oi a o,io*r. hElirie .;iorê foi:ncì to be sloÌrer
,wj-th soilgnide th.:.rr i¡jtÌ: t-,ol-,.:,-ssiil-ii1 ,ritir'r^ '..1^. ::;,:pÍir..q i+ith ihe. 1cr,¡e'

concl.uci:.:nce oî f !1r;i i ,irr,;ionj: scluLi-ons rsl' tlra ío:lner. ¡-nic-e"

R'--tt'-nc"eiïenf re:ciioi:s iir:;t re¡e:il¡lcd i:hese but rser-e c:r;-¡.íeci)*...\r.¡ \, v urvr:u uf r..r v L JQ j^:!uJ-J\) l,i-i:j5u ;.JLlL

oub unde¡' r,li ifei'eni. condii;i-ons liad i:een i-e r:oried e s e:.r,JJr ¡.3 tûgb
by I''vs (LrZ) , l'¡lio fcunc. th:l1, 1--chlo::'cn..:ii:htll;-1.+:re qrve 2*g-t*i-iridi11c*
n;:'phthclene i'¡hen it lças fusld r.¡ítir g*i,:i-i,licline ,ind socl¡- -t,iine, i::cl
th¡,t l-bro&o:n,::¡;l--tl:l-rei'rc .a1.'Lïe î*lnilinonap!:Lli:.1 ene wlr.en it i.*s
fuserl. u:1"ih ¡ai'l in; ¡lnfl soli¡ l.ir.rc" *-1i""rarttabenzene, whe¡ ?ici:ieil

'lo 3'j:'oC " :;ij;h p*trr li,:iinl ^_"¡rt_ so..i-..--'.i:,c, .¡,:v3 i:;, t - li*g*i;o-11;.1..

Iá-plreirlrleneC.i;rlrine " Iii l90f iíaues Ëcrti:r,llit (:,3,13f.) re:,rorte¿i i;h¡.1,c

.r-ì Iin¡ ry-\i'r\:t ì;
'-'rrrr-r¡¿ç , ,::',-'. v ç il, fj.--ì-:ri- eil'/1-¿*to1-uirÌine - Fui"tiic.r: I'lairessg::ïi1,.:iljt_r.

lrunc{. Lhlt 31*, 'J*, rnr'L g^,J-icÞlç¡s¡.nzene, Ja re:.ctÌon,ríth po*

i:rq ih,i'i; ir-rrbhl¡" :tc¡:cticns af j:he

r I '.- '¡-ì'ì11^ -- i:r \+ t";.. -- : i: -> \ ! ) ?r.:- i- ii¡: .i-

(¡

1::¡pe

i tt::.¿-,))



t. ssiu-l: di-t:hent'I-an:ijc, .,f_,. rêve l,. i. Ti:?-t,ci-i-:,rrþsi1;rl.g_i;þçny_1,3i-,.3*

c1i;"¡nine, e]-"chous:li tlie p:riil.ral iite also g¿lve .soiïe p*r::î..__:ine"
Since 19t+5 the inine.tio:r o.î si¿bsiitui,i:.r l-l,,:-Lobenzenes Ì:r¡ nebe.l-

:ilnicles in l-icjuid at¡rnonia h.:rs }:eeri founlî to r'iï',J &-amino pr.crì.icts
irl:en the h¿:J-oiei: is -o;:-ri:o to eihe:: (213 r23,:-5,?6), s,,rríicte (zrir:.i) 

_

sälfone (Zg), âLif,d trifl.i.ioroniethyJ (¿,.) a:rou-ps" ltunerolrs cå,,ses

h¡.ve al so br:e¡ r-e;rol'i,eli i.¡her-e the eil:in,li;ion ís no:"ri:il. lr::iier the
s¿-çis coricli.i;ions , i, e , i,¡he-r-e the er:t*r_ln.,{ ainino ,qrûu_ll :,elrlnces
tlre lra1-o,{ien cirectly {y r7z) " The rear.,:-a.pqeilent reirction -rfls

:':l$o founij io exr,end. -Lo condens;.rtions o.f substiluteri allr¡,lÌ ;:lr:ia_1.

eixj,des çiih su"osiituiecl he-l sbsn2enes in ethe,. solu_tiot,, {ZL ?-\ çry}, ,,",+j¡-.),..It

¡.r.s is Íllusirr,ted l:v the e.Ìuation:

å*ii¡-i.o*lhe¡'s :r'cÍe a-lsc rou,ni. ic e::h:i.i-li-i L\e teniJ.e'c}, tc u:r{::,:¿o
.. \.¿._ \,i,i¿:,,J ,i) ¿]*:ïr:nc ¡:.roiÌur:is l.¡l:en +_::,e::i,*rj r.¡j-th l-ithir_ii:i C,:lethr"*

.l-e,:rÍiJe in et.hes".'but to a. lr:sser" r:::Lç>r.t. ::::rj rl:e .re¿iTi,r.ni:r;;le::i;

'''i"''ii ':cccÌäpani:nl "b;f i;he -l rt:ilition oi s,:linû ncr'¡:.t:,1 sir"l:¡;titt;..Lion

;rr"rr-lä.ct, " 
,?l)

lT (l;e ).
7r

Liä(Er).,

i': ê ?-. -l-

1:.,i-r:tt

,'¡hic

S.::-ll'ie

ñi t_j_/l i1 o -,1. : n l 1,., j-:_t. c!

;-*r*ij-on: in Lgll"
ri .-. 'r'O]- :: rl ,'ì j'rlr-1. t i- C

the r-i_nrì .o:i ticn
,:.c; Lh:','c vie..'.-,J,1 lr),

;'{- r^ ^ *!UIIU¿

l,i ilie ) ,v

(

(nr)2

I r. r'evic"..-reii the se ï,Lt;l__rt,r:än;qe_

:c:cd'th+:; ir¡,nre ttci_fril-,-,i.1 :_<ii i¡1-.

slrbslif.llriroTt ï"e," cti-Õn in
en-j-3..ii:.. -".fo1-1.,1 i: :i.ct ti:e

r:- -.----'r'f1-Illo *-1 rî,rr e ;l_lt.le it-: , tl,_,,-s

nove 
"



ï.erist:i.I cl*¡:;:; r'e::cl.i,cns of riesr-ibstituiic;li-r':-:LLl,'J¿itlLtian i:,/pe , ,{ïlner+

the '1,:¡t: st,e pe cln l:e pcrf- cr.;.rc,l iirr-ier ¡r¿i11ìe .i:i1¡r , : s ' :e l-1 :r E T?nori:1;l-tt

sr-r-i:st,it:-rlion ilol .1 oi¡ci by ti.l-;e i.¿,::rrãr.ït{enent. ;iccor-Cin,: to tiler::,

fhe rr*i-n¿..Lio;i re' ctions unj-e:: discussion fui'"iil- t,he:;.3 cor:ciitionsu

since (r) jn cises r'¡her'= Llnlre¿--c1rli sicrtin.l liiateri¡.1- h,:s ]:een re-
cor¡erei.l. ii. h.:s sho'¡¡n ¡.etei:iion o:i- the oi-i:inil orient;ition (ZS)

(¡) Lh¡: y'.iriou; nr,pli"Lh--v1 b^¡:-lides uniler il:e :j".!.;:c ccnCitirns h¿ive

prodäcecl e j.-hlic¡g.* o:: ,l * neoÌ:'Ll":¡,'l-;.ia-Lncs in c1e;,r"-.cu.t cí,ses. shot.,'*

j-nz Lil.:l ùhe p::oii"t;ri ¡lces not i-el',y?:.t1.-:c undr;:: tirese conclit-icns,

tnri" (c ) c't,cs¡-.ite t-,fie i¡,¡ct th:'t in m"r-ny c:,ses rriâi-r cl.eh¡--l,o.1eir:.'Le cÌ

inAteria-"1- ä"Cctli'.i;:n j-¡:S i-,he emin.li tn ("Otn* ¿.i:"i sol-c ì:eip,q recOveyeel

in rei.clion"s i¡it,Ìr h¡lo¡niscles j it 1s innossii:le '¿o introduce the

arclno it,rt)\7) into ïhc h-r-'1-c,'"rj,*îr.'¡ l' ccn:pound,s uncle:: these conC-itioils,
T}ius ihe exilrl-sioi-.. o.1 li'c hn..1 o-en ¿;nd- the int,:'oc1u-cti-oir of tire ernino

îir.r\)-Û í,1t{} tailen to be p...ri o-il a sin-:1,: pl-oc3õs (t¡,e exisie;rce ef

e nei,:rsla.'l:-l-e inierl:eclílte bein¡r, lio:,rovî r , na*u excl-u.ded ).
'?tblc I :l.i.sts c;,:'res *:i e 

j,ne*si:J-r.l;f it'-r*,,i cn l.¡åth al-kal-i- lrre"L.:1

3.i:1j-Leij i.it 1i ¡r.:ill i.:n,r,io:ri-¡: :."î re1::c::ti:iì i-n '?-,!,,e ,l .i le1-,:¡¡-¡a, T,il:-l.c II
.l;r-l.iillit:i:ízçs -[i:e í::ai:f oî.Ði]Í) ::¿;'':1;ion:. .:: r]t sul;stitrlbecl ¡.l-1ç¡,..J-i ,;e;e1

irrj.C.cl; i;r et,ìrl;." : r1'rl.i¡rr irtrrl Tli-r-r c II-l --i :¡a3 Jctijc 'r1..oï.íl ,ì,. " r;.,-b-

;:r;il:-riion r"e¡:cj;iol:s o*cu:"r."in'" nnrl.er ï;oth thc :rbove se'Lr o-i conrl,i*

'çíonl. Ðu-e creli-í ra¡.s''r' -i)c ,:irr*îi ,lo ?ln¡:et ¡-::.ì. ZaTler ,,,rhr> cr::;il-ii-J-eii

bþ,*:e trr:',..c'i;icns e:ìilìi',"Ì.;:ìlirel".¡ r.rp lc ll t51.. Thr: ¡uLli.o¡: hrs e;:-i;e;:liccÌ

'i,lre:::e trrbl cs t,n coï/li: c-ses r.ç):'o:.tei1 up to Tr3l,;¡r,- rTrLÇi6"
,3inCe -i.h,: pz'C;c;it, in'rcSi;j,¡-:t j-On tie::i.S r-rn1r,, :.¡j-ih cine*S",rl:*

"i;-ror: i-rl -l-i',r-:i-'i -,r:l rcll:-'' , l-irila r'¡i 1"1 b,l stl!,J, ¡:hll:t the nalr:r.i-::1

i,i t-'ú'-

1n



Tabl-e IÏ, ¡nd the re,:.,jer ís ref erreù rlire cil_y tc i-ire l-ite:.:tlrre
for refereiices qivcn, ?he rrre.ierial i-n Tai,les f r.n:t- f;I(- ) l.¡il-i
be discu-sseci ''."¡i1.h spe ci::J- e;:1,'hr.lsis oli l;lle evi,lence rv¿:-ila'i:l- e ior
i:lie 'lat ',;],:',iir:;: of t.. (!::clilris;': f¡r" -:-lli¡; ri-.,'pe û:" c-ì-n.n-su-1.ret:it¿ltion.

ll.,*r"^."^- ..:r.l-Jt:tr.¡-i;,1 t:i ..t '-.i\/'i.1 -¡Ji: r_1.;rl .L -.-. 11: ! ìllì1

i¡ieirt occttf"S Tt*'i oûJ",r ;¡i:en i'.lic hi:.1q:,¿n :lor:. il; C,:il:S:o ,.l.ti ;-]ect::oir*
r,:-l c,..si-r2'' :'Í.ìì:--' { -.uc- s :.::l;:.c::..".1- ) l--.i': i'-L--.-. .^.c;r i : :,.: g.:_l-,_g to a

rrÌ;i.,:¡1,,,'l.r¡ c-l-Cci.-,i.Ci:*'¡ithci¡'.-t.¡ín.t -tï.Oì'ìl (:t-rCl l: ::l-ii-i_uO::C;llcfii.,,l) 
"

iit -
.- i :; f'p i-_¡r.¡iirl ¡3,trCïiOnS r"..iei"c Ct--!î:f-e:) ÕU-i:

Y

-li:;rl;ese-, 
;¿¡.1i L11.;ii;* (:) \,Íë..:ii.: ili.si -tr:: sl,,,r.ii)¡ ¡ st:ii,i:;.1 c:i C,en*

i:citi:r1s sjo ;ir,bcti-luf;ed :l É t'l ¡x'çvi.1.q itic'r;:.:'Lj-on tbor-Ll; -bl:c ,:ossíble
r'¡r'i¿r ¡'r'1 '--'''-n'i nç ia.r':,lr-i-i,r-rn -ì n +,h: ¿:.n 1li¡.:,t-Lon. Thc ÍcL.--l-o',.;i¡-.,::,r.. ::e ,:rctionsd

-...{l:i'Ê c,.:.rriecì. ou-'¿ :.,i-fh so:ii;l:i.irl.ç; in l..ii,uij- truionin I
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These reactions yielc the ilc j lor¡in:{ inf cria¡,:.tion:
(a) Reaclion I " indicr.tes th¡;t the losition q,q!h_o_ to the htio,,:;en

is ínyol-ved., ::.nr-i tli¡.t ii; is not i;he j-irosibion tlu.t ís i:tbacked-

ic iqive äi-ainine. ?his is c:nfir¡red.by ihe a-bsence of a;ir¡ 2-:rrethyt

-m*¡-nisiciiire ín re¡tciion 2. Thus the posi-,.ion adja-cen,b ro .i;iie

fia.lo.¡en:tcnl::lusi ccnieii.n a h)¡dr-c:-ioi-l eton Íor the re;-ction to go*
(¡i :lbsence of clireci sr.rÌ:stitutÍon ploduct in reection l. ii1d-ice"tes

'r'Iz::.t it does i.i.oi occLrT' tc any s i¡r;niJicant e;.ltent, anci th.i; ,,"1:ere

rl'e n*sr:'i;:tituticn c::ntto't 'i;a"l¡e ir1ä"ce, no r-e.:ctiori of eny ìcin¿j.

,..r1= - :-'--'

(c) Ïi: re:,ction 5" ctirect suj:stitulion occlìl.s , t,flrl iLitÌ:ouglt chl-

nai-c:.1en is -qe!+Q. ;c'i,he r-netlio;cyl grci)-j;, ii is $c!a to Nlie t,rifluo¿"c*
ri'+LhyJ' .qi'Ðu-?" In the ì-ir,;irt of Benke=er end Seversonrs .r,ilslll-i;s

0ri;l

QÇt;1=

{>jt;I ;rie1d)

{'l\ii, 1Íe1ci.}

(tj-z1i:, yieic i



(see page 9 ) tliis indicl-tes th¿:t ihe eff ec+- of tÌ¡e trif luoronieth;rl

Sroup on this ree.ction is srea-ter 'bhalr the-t of the me|ho:<y-l grouP

(ct) In re¿',ctíon 3" yields of a.'bove JtJl,3 wexe oÌli¡-inecl, ind.íc:,ting

th¿lt o. srolr-p a.d.jacer:t to the me-tê position coes noi affect the

eå-se of entry into Nhåt, i;osition, &t le;lsL not Íf the group is
iirebhyl 

"

(e) the e,ïcel-lent yield QVi) in re¿:.cti,rn þ" is
sínce the Ì;ronri-ne aton is orõlio tr¡ tiie methoxyJ_

io .r,he trifluoroi:iethyl Sroup, bcth of .¡l:ich see::l

rearrang,ement from previous i"¡ork,

a:ó

Urner and Bergstz'on QZ) have sÌ:oi¡-¡l ih¡t, this res,rir.ngeirrent

re¡rction a-lso proceeds with the naphutryJ- h¿:l-1des ¿'.ncj- sodamicle Ln

licìuid. airu-llonj-a, There, too , L]ne hal-s;,1sn 1s qun:,ntiLe-tively renov-ed,

¿iriC. l*chl oro*, 2*b-r-ono*, and 1-ioclo::¡iirht,hir,l ene give 2-na1:ht,liylanj::e

in /,O-55 , rrì,=]{ a.lon5l uith 2*-3,', oi l-r-r*p}ri!:3r1amine. .[1f]:ou.ql:t/ /¿' J *-

fluoro'cenu ene ,''¡i.r,s slìcr,,,¡-n to be inert b;,r :]er-¿si;¡",¡¡l ($), l.-fluc:-ona-

i>Ìrth;;lene reocl;s slowly ',ri.th soc:'.nice i-l lir¿uid- ä.i:rïrloni:.. :t -jjo(:.
t'r give only 1-n;phtilj¡lanine (ttre i¡ietrl beín:1 i'nc:.e¡.scd so¿iewha-t

óy cC.rT{Ln!î ouN the rar.cii.:n ,tt rorm terr;;er-r:ture in a b¡lrb), i'111

tiie 2*na-nh'bhyl halicles ¡,.ive ?*ar*Lnane-¡:lithelene under these colCi-'
tions "

Giln¿.n anC l'.yle (26j found- '':hat ¡;otassi-u;a anii-e anC sodemíde

in lirtuid eurnoni¿:. gave c:mpar"able yiel-ds ín the:e amina"tion rÊ¡.c*

ticns, bui t'h¿'.t liiÌ:iun arnidc dil no'¿ re¡.icb appr'.:cihbllr rrilir q-

ciiloroanisole under the ,sl-ne cc:r.citíons, ,:lthcu.gh i.û shci+ed- re*
':.:rran,.r.rà;;tent vilh q.-broiio¿nisole" l,iihluni clietii¡fhnile in etlies.

sï:o',reC rt:riri:¿in;qenent i,'ith -?"-f I u"oroanisole a-s Ì.iÊll ¡is ,,*ij,h o*

t:ot unerpected

grou.il a_nd pe€ê

to favour neta



cli-Loro-, ,c--br',li,rc- , lrid q-iorLo:li: ! s il-e , Tiris r*:r.y Ì:e of ln1:erest,

since f luo;:oi:enzene d.oes not re:rct îtL all- r,'ith sodaruid,e in 1icuícl

- r:i-'.n,'ie. ---'l il oroi'-:-r..i sf,'l L' i::.l¡e thc c:ipocted l::-::..ii ne, rt if :...s ¿-, 
.J 

so

found 'bh¿"t -o*cl:lcroat-lisole iii cther' 1:- ve Ð- !:i,?:!reï. yield '¿.i-bh liti:il-ixr
di-n-buiylei,ricle tll¿-ri it dicl ;,¡itir r-i-i;r.:i',rm dieihyte.iaíd.e. g-1iala*
phen::1; ';:'oFG f.:und tc l:eh¡r.ve ]ijre e-h¡.1 octh.e:.s r",¡ith I ithir-r-r;r diethl,r*
lanide in ether'. C-,,.cli_c ¡_aicl.es l-ihe l-itl:Íun pipericl.ide ai:d. l.i.bl.:i,;n

::orËholide :l:or'¡ecl- tl:e s2nÐ reå.rceneeilent obseryed witli 1i¡l:ir-r::i

dÍet'ir;rli;.;¡íj,e in :;lher s*luiion. rt i¡ ¿lso si:or.m by Gilin¿.n ..rnc

liyle tiri'.t, the :¿nísof: obùe"ined in al'¿iost, all the reeictj.ons zitli q*

hirl'o;,:nii¡1,1e appa:rentl-;,* docs not ol,je i.i,s for:ne.tion to ¿: h:io.:cn*
ner,al- inierconver.G-i iln re.t,cbi+n ivhich l"¡oUlci qive an :.nisyll,itl.:iu_*r
coülpoi.rnd th¿:b 1.,aillc1_ hydrolyze tc -.:iye aniscl_e,

ït',.¡r,:s e;,,:"1-;r recozniz*cJ triat, iL',r.cu1d j:e difficr_rlt to z.:ccn*
cj-l-e tlic;e find:ln.::s ínto i:i sin rle i'lr-inc1u_sive 1..çÌ"i¿iüis¡,, ,:: .r::_:js*

t,enË uíih nocï-er-n ci-.ncepi:s cf 
"f"rrrtur-e 

. llu.r.rne.b ind z¿h1::;" i:-iì)
l:iei-e f irsi; to s:t -'-esL Ð. :1':cii¿L.nisn for- cino*substituticrt t:r::,,c-ì;ione

ii: :::ene¡'¿.l oì^r. 2*surbsti triie ci iral-obeir ze nes , Their proposå]., tr
i'¡l:ich ti're åut]:ir-'r sÌr: 1l Ìrencefo¡.th sirnlly refer ¿;.s the rrre¿:r::;.nqe-

;:ren1" l1'och.erii-:l:-iïr, c:.ir be repï.esented ì:ry the fol_loi:inii schene:

-1 n'

--\ll L-
\-/ y

-------)

t1

à\

(/
| f,I.

Y



trn the a-niinl-ition re¿lctio:r:ls under di:eu.ssion Y woli1cl be thc :r:ride

icn ¿nC,'{- the h;.Liâe iûtr, TÌ:is is ¡. nuclecl:hi1:i-c ¡l.ni-cl-e j-on atie.c}r

r,ccolnrrr.nied. by er- s"r,¡ncll::onou-s hydroqen sirifi f:'cin the ó- to'bire 1*

aosition E:f tlie h;-lobenzene resúllin:-l in lo';s oi -¿he l:alide ion,

This mecl:anis¡i recei;e,C. sup¡ort f¡'oili Fen];oscr a.nd ,Schrol-] {l)
,,.:i:o. oper;.:ti.ni.; uiih .C,ih¿l c;.ni-soles ar:d socla;:iid.e in 1ÍqLr"id ¿,nrlcnia,

cbser"ved 'blie fcllo-,,;in¡; reacli o:.ts:

l-,*

'Þ-.
üL,

Ð..

or

Ii: ll;c:bove rcsulís ihe;,r si",.: ä. pai-Ni,,l ;:osi-'bi'rc tcs", o-î thc í'c:
,:J'r:n.Eelrent necira;risiri. Tiie'", irgired th¡"t on the b¡r,si;,; oÍ Nli¡,:..L

:,ie chanis;: only t:ronoami-nes rrouliì Tre predici,ed si-nce (a) si;:ti'l-li,¿Lneoi;s

¡:.tiacir b;i tr,ro a¡ride il;ns i,'olrkl ¡- ¡i.i1l i liel y s ínce it i-nvolves a

iernoJëcr-¡.la;- coliision (¡) alNacir b,',' a seco¡rd neae.bive irllif , in a

süepl'¡ise sequence, shoi;ld be firei,.ily inhibi|ed by the l:¡o strongly

el-ect,rcn rele¡lsi1lg grou-jls *ÜCll2 and *I':ii* on thc benzenoid- n-:-cleus,)
Tlie¡¡ pi'ci:o.l; ecL th:lt, since ldlll ioirs J.re i-rrore Ì:¿rsic than a.ai-1,i-t7e

ir:ns, Lhe emine ior¡necL by che r?ê:í:îi-ngernen1; nr*eh¡.nisi:i r¡oulcl

vrz1.er7a the re'"r"clicn ;

|l¡lr'll^tj*-:+-_->
NlTt (1 )

IT-.,i1-1
!!i \ l1ô

i'i::, (t )

;TltLsIr2

í62-çzii yietd)

UU i1r

2\
I ll o liHz

\.'^uH,

Þ
IL

fi1

------+ r T.ÍITI l¡lt



Levine ¡.rid

i: ili s ne c lirr-n i--*,ir,

cí o*iodoa"niscl..e

Felnelius

;'¡hích cLn

ï
a

"l.]

(:a) have ¿lsa

be fori:ru1:,.teC a

I{ere a quesi fivs-riier¡bered ri-l1 is invclved, Ån elec''ircn-rel-e¿:.siaq

'lroup o- cr g-'i;o the carbon ¿;tom bea.rin,q 1,lie Jr;rlo,1en itom j-n-

crei.ises the electron densit;. ¡1¿ th:.t clrbon L¡ld f¿:cilit'o,les ihe

retroval oí the iralicle ion, Tliis ,;ou-l-ci not e.'rpiain tl:ie rei.r::ijn:ernent

observecl -,ritir -q-chlorotrii'luoronetb.;rlbeuzene (p;:ge !'')'
l?^'.,^--+- q-i 4".^r.ô f ---1 -..-i+L --...r 1i¡,,-1¡.r" { il \ ':.¡ruL¡uç¿ uù, .ìr"rrr,.trt", [ -.;=lsrniih, Li:ii l,iaughan ti'l+) 'ji'] Lg53 intro-

d:ac;:c a uniqu-e elinin¡:tion-adrlitíon ccïlcelt to ex;leLin cine-suìi-

s'¿i.i,utions of 'bire t3'i:e unCer disc;:sior, 'ri'!"i,¿i' s!::.l-J- l¡--[ei: i,:e

refer¡"ecL 'Lo sir-l)l]¡ :-s tÌ,c rtelirrin¿'tionîr iüechl,nj-sru" llie¡¡ folnC

tli::.t lhe i"ilinatir.;n cf chloi'o'':enzeiìe-i*i1& l¡iti: pot:ssi-u:li a"i:i:'-r;i*
'r r' .,t,i nnir -rne-t--l!L:--*!, J-ic1u.id. .:l.iraoni:. ,rr'oduceci an j-tine -f.-Ç-''' :,llli lni.Iine-

;: r.,:tost, equal anouilts. .í:il e>rplenation of tilis phenoirienon re.iuí::eC-

i;Ì:ti t,he :i:åtÊs of ctirect helo¡i"en disi--lacer¿e*t ¿r.ncl cine-sul: ¡tiiu*

ticn be eque-l , er tl:¿t t,he reactj-on involr¡e lhe sa.i¡e s)/-r.Lrrietr:1ca1

:in1;ermediate, This, rs r'¡ell as the *;:icnt::iion cl::t¿r, obtaincd for

1,!:* aruin:ition of subsiilu.ted benzenes " rnay be a.ccoriiocl¿:ied Lr¡ l,he

íclloi¡ini.. '!":lechr.eisn =,.¡hi-ch involves lr lr¿rnsit,ory eleclric: ll-:' :leu,*

::r*1 ltbenzynert in-r,err;redi¡-'te.

I'{ai,lH,

support,:d, ¡:- t¡:::i;:

s fo.l.lo-,'¡s fcr the

hyC:'1rìe

t!,- I

-l1¡ 
c1 -L

i;ion . of

câ,se

{.r

l_on

n-tUIA*(-i + älrlt,
¡11f

?Tbenzynel?

+ "{CL * tii,T\3



'1, -rr
,',nil-iile-l--Cr& rncl ¿:.ni-.1-inc*2-CrL eonl;rjbutc,J l+3.1r1,, i.rcl 5L"î.,\,i

respectively to the tct: l rr.niline activi'ü;r, ri bl : ni. d-e,4rldi:'bion

o_L' i,nil-ine-1-Cllr h:,-d siroi,.r th..,t, thc nietìrocÌ ír:¿,ve sli,.ilûl.l¡ -l_o,.,

results. Other i:ossib-le si¡¡¿mreir"j-cel inl"erneC-i¿:tes -i\iirJ"y lug:1i.:sted

a.s beinq consj-steni r.¡ilh the t,racer resul'r,,,; ¿itic'r íittin-, tlre i-iiole

chale,cier of the re¡r-ction to a nlore ol: less sitisf¿rc-r,o?v í1.-:r''râe

. 1"ll-r- 
-t,l tl

1)

?.4

. iã-îã '

i,!."), ínves+;i ,',::l;io.i irj¡ J,evine ¡nd l-o¿:.]<c i;: ) ,' j, ï!:e ncsr;-'_tri1it1.

.r.í- í- .-.- .. -ì ,. -. + l- ^ --. -... I. .- .-. ,=- ) . t,rL ¿u!r.!¿il,¿ vrr,J ur:.,¿1u..'ir:*1.;íleÏì-IJ,C/1;:3r¡;i¿il-te ff:Cil l;].le f"e¿C'LiCn Of

sc.lícacetcl;her:.cne ',¡i-'b!:. 3*brcr.op.,¡rid.i:i.e JcC 'to ;: s,'.¡.;-l:s";e:i c--t.il::*

ii-eid" ?i:e yç¿r"s1;i çä f ::i j rd in reí]-u.,.lin,g iol-,:.cle, !-.-'.', :i-n tlic
1-a^=^'ìaÊè ni f 11 e::cc,i.: oi sl'd,':r:liclc i:: 1it;iiicì li;.loi;:.: ;L l::::,le i-,.oLi:il.*-!v vri.- v! ¿L/-rL¿ .-!¡:9;¿\,-lrJ,t (-{

r,.í njiroiieïìolls iria-teri¡lL r,.:¡-:s isol::i;eci, fi'oi;i rrhicli -.:*erÈ obi,;in;d

L3 " ),: f -pi:cn--ci'!r;ri"i cÌ.i-ne i,Tt.i,- f l:,'t lu-:.:.i i:c- --i"iCinc " ?ìtc .'t.-:-,, i;ion

ai thece conl;ounCs ',...tr.as ¡"ation;tlizecl by ne,:ns of thre íi:l-1o',,'i:r..
. ì nl-.t-ni o.r "i:-,Ul:t¡Mrrlø

-.-.t!4tlU

IJJ}

(vrr) 2
(-''"¡rrr )



?l

Êunt:ett and Brot.lierioa (fZ) point out ih¿i't, unaciivl.iieci ::';'yf

h¿;lirle s d.iifer' í;'c;:t eci:iv¿licd aryl hiliiies (h;ving g- a,nd g*

elecir.r-rn rit,hclrar+ín,g gl'û.-i?s) in bhe reaciions i;ith strong nucl-eo-

i:hiIes, ilot, only in ihe iÌlore dependence of r"eaction r¿lte on the

presence cr ab;ence of t,he ac'Liv¿rtin,q grûups, l¡ut also in the

or-<i.er of r"eplaceabilit,y of .r,he four i:¿lo-ens" fn activ¿:-ted i:"r;r]

ir¿rlides it i-s lÞ>Clrilrdï, 'irhil-e in i;lie unactivated ;:henyl'hs.liaies

ít is I>3r>ü1ÞF, ju.:;l ü.s in the aikyl halicies. ila.n1ïitond :rnd Pa:"l'"s

{}'6) su¿4,1est thti, if the latier o::rLer exisbs, 'c.ne eliinin¿,-'[icn*

¿ld.{.iti¡ri rnechanis¡a is invol"ved, i:iäC lh¿.i; the f'o::ner order ai-:plíes

ia direc'l; d-is¡;1üceilienis. This e-Lt:r:;'cti-ve h;rrio-"hesis ì-'':'-s dis-

1;e11-ed. by ììunnett;lnci l3roiherion -i;rilo sho:¡ed 1;17:,:rt" ii is no[ a:ri-

vei's-'lly api:lici.Ì:l e,

Jn [he r"e..cti,;n of i:iperid-ine vrj-th ì:]i¿ halonaplr;h;:.lenes .:.lone

çt j,n thr: presenc e ai i:o-t¿rrss ì ,-¡¡;i .,r;iiitìe [he ot'ð"er oí ha.Iog;en l"û*

;Lt,.ceaîrility r¡oul-,-i indic¿,r.'be tlt,..'L tìrc el-iliiin:tion-addiLion ärecl:eni¡s:

.!ie.'e oile.räting, iÌ;e r"e. cti¡û oíd *ì;r'cinoi:ai:hbh¿;i.-l-eae i¡Ítli scr.:i,,::r;:ide

:,.r:ú. piperidinc produc eå 3i2,, d--n;,rÌiii'yluii:erídine (Ii) evtd. :,4:,.:,

l * nnph'bir1i11;lt"r1aine (i;). tJnJer iLrc s;;,iï.e conditiaris tl;,1 r,::'cc'.ucl;



¡r:.irrì r:J - hrn:xonlilh-iìi-l;,-lene ccnñigteel ai 26

'l'::,i-:: r,,';,is íni,e ;'p::'e:irC on ihe l;,.:li.,: Õ! ïi-,e

l-.;¡ile rr (f: j. ) 1,ii: pi'o, crti r:-ls ;i ( l¿ ) :rild (:l

ol ¿iciri.ítj-cn cf l:ipc::i-C.ins 'bo th+ lt'crill-e

a.)
|a\. l-

ri05l-i1ç

f:i Nhe re :.c'bion oÍ 3 -branoni.irl:tir:. -1-cn1, íc¡in::tion of e- su'b;i::.nf i;ll.

r,,.rroLLnt of. (IX) irr.-iicates th:,c (i;I) is ¿:.1so ¿ì dcrrtin'-'rrt inie:"il:di¿rlc

i-ri -,-he process, i:*t iile facl: t'ntL fron the 3 -br"o,ro is.:lt+;: si.lni-

fic:rntly Íloïe oí (:l) is p::ad-uced r-.h;-:: ir'c-¿t iheóC*1sc.'!"il.er su:ç:;esÌ;s

t-.h'-i- 11 I -n r;hi-, ,r;r.lvne,t (--:-.-) {^ -'1.--' -^'^::¿-.tei" (lnC slic'u¡,.. l:.;üC-L 'J c.- J:j L, ' ij:jU

i;h,;t iire ¿dd-i'tion of piper-iCine tc (1ir) Ío,:r.is orily (:i) an'i-:rt>

/'¡:.- \ 'rr. r I -- L ! -("L;) " iireir" cieta allo;,¡ed t:ltert ta es'l,.iinaie tlie ::atio of (iii) to

i l.f i ) f rc¡n ì -';r'o;lcn:.ph*"!i:-ilene t'¡ be :r.'rrout l+ , e.; su .ri ni-i no ,1-i:.ect

d.isi:1::cenei:t "t 
halor;en"

i¡'i¿h piperidine ¿:lone reactin.c; ":rfitho(- e.nct i * bro:non;-plt*

Lh¿,.lene, Slinnei :,nd B:"otherton founii bhst ihc ccr:r'3s;rondin,-q utr*

Tezxîï.ni{ed n:ip+-}ryli.:nines 1ie:"e ior:ned" Üinc-sui;stituiion is lirus

e;cclu.led frcn fhi; i'er;.clion, ;lihcu,-,:h the h¿rlícre re¡;lecel-hLl-i+-y

tr|er is still tiie siitte â,ã in the prevlat:s t&se, Tllis neg:.tion

of the lla¡¡monil -.ni Pa;:ks postr-rì-ate cLid t:cc su.ir?c¡t e;rytiri-n¡; ne",.+

¿s far a.s the r:leci:i:nís:r oi tl:e unåcti1¡;.t,ed. suirstitutione a.re con-

1ï-.'1
\ J-:' /

',,i (Iri) ::-ncL Jl,,'j) {:;),

7 6y'1;r1;,1i. ;]n o:il ri cC *t::'1,- I ri;i:¡ -

) reilecting tiie eii-i e

bon:ì" of (II).

:tC trl'LO

i,' J

();I )

i.'i: j



ce]:iled." lì 'b

l:eilc'r,iüä of

i:;i,3ent-,s ,che rå.io*Cei¡l¡"nininll step is the iori:l.Nion oí ¿i metiet¡¿ble

:;cid.uct ill-r,erì:ired-iate, ;',n.J the varicus he]icics ¿:-ffec| -trlÌe; rabe ]ry

influencinq'bhe r¿;te of it'cachrneni of the rei.tent io the su'ostra-te.

In the rc,:lciions of unaciir¡¡,tecl : ryi hl,lides i',¡itlt tl:ese ree.gents,

it is suglestecl ih¡,:Ð tl:ese l¿eL;Lsi:.;,b,1-e ¿idclucts play li'¿tle or no

p:irt, Partial brei:r1';ini.i oí the C*'i bcnd ís 1;ostulabecl. for .bhese

ciises, lncl the r:.'bes reflect the er,Je oí ::;.pulsj-on of ti:e iia.lo'1en

;itcl¡ts. In conclu.sion Llrey sr-rg,3est lh.;.t for the present it lrppe:i:"-e

.i,ir¿li e¿iich cÐ.se oi nnacii-¡a.ted nucleoplii-lic sul¡siitu-Lion "till- h¿ive

ti; be colrsidered. incli-.¡i-ririalty to deter¡¿ir:e l'rhcrtÌier the eii,,,inltion*

¡':rl-di,ciçn :necha.nisirr or the dí¡eci- di;;;l..cenelit neclianisia is opei';.t-

in.g"

ii"''i ^ -^.' rnd i.ist (eC) o|lriri:d :' i.ii--:tur.: ol i-,:l:crr;'l -íl-n:,.pìi-ilU-Lì.):'.eil ;illLl :.çIJ t, \+u / (.ri-, U.-Il-t.-\-l L; i-:l-!

t;hoi-c ¡lc iC. ¿r.nli 2*, ìieri;'l-I-r1r-l¡libhoir: :, c irl on c i,irbLìniit i-cit cf the

,,:;'cCucb ci' tìie i-e¡.reticü 'beLr'¡eeno(*f-r-rr-oronlphiiil.l-ene ¿''11ci ph.'+nyi-1i=

j;fiii;:;1. Fr,)in J -î\-uari:n:lpÌ:biri:-i-ene i,lie-¡ o'nt;intd f;ile ¡:bcvc t',!c

r:ciiis plus 2*;oherL;li*l*na;pirtl:cjc r,ciil. ?l.e;.-:".;¡o po:stul::tecr,

iinrr¡rÌ-i ir',r:r I rr'oî1 inigrnedi,,.,.i;es 'bo ex1-,1;.in iÌ:cse re;u-l-b,; " ?lle .r'ltic¡it¿t -:rl: Uf jçÀ- a¡v

cf th=' prod-r:cis tiley obtainc.J incîic:,i'i,ed th¡;i the pireny]- t,rcup of

phen;iiiirl:i'.rri ati,ecked prei:reuii::l-l--', but not exclu:;i'¡eLYt ¿ire

2-tlasi..r,:-ot¡ of (i:I) , e.rtc ï'n'.r, (,iî ) i-; io¡":.rc,i r-11 .lï'er-t3i: llt'ûiro¿"'i,icn

+",'t::.;in {l;iI ) ír'on 3 *Il-r:o:'or-r'-i'll:i:it;,.J ene " lli:e;e i-esul¡s are -\n :\r:ad-

r,,r::rii[; û j-i¡e a;.:-:rcanen't i:itl ti:c;e c! Ii¿z''ne:i"; ;:nd Z¿il]er"

el-i-

+-i,^,

.'f l-ol,l r'=¡ l'ln:ì:;êf :,nci frothet'tc,n i-s u;li:'-r, itr iheUI I !V ¿\I

¡ct,iv¡::ieqi" Lrvl hr.lid.*: iriih str:on¡ n',-rcleorhilic



ån outs*¿:rndia:! poini; oí .dj.ffe:'ence bei',¡cen tlie iae:.ri*1;r.n,:e.^:ent
(pase 17)

¡neci:rini:;,,: of jjrin;:e;i rncl Zahler. :rr:d tÌre e-Lii;li:r*.ticn rnech¡.nis¡:l of
(page 19) ^

P'oi:er;s- is il:e f,::.-çe of ,.he hrl¿¡oo*tt ;tcin oz'Lho 'L+ -i;ile halo*::en at;orn"./\

fn ihe fcriner nl:cli:in-l"sn lhe hal-c.ieä at,Jír1 ir; i-e'rlirced b). tiie l:irçi1-o-

::e:i eti;;:t ft'oi;i t.lie q--o;i'bio;r of -i;he hr-iol;enr:cne, i¡h,ereis in ti:e

iirtier nccha-ni;sl:'¿he e*hy¡l"otntt is l-o;;'L -i;o tire sclve:rt. and a:- new

lryd,r:ogen :.-vaTfl ,Îror.i lÌte solvett r':',.1i,.ce s illc lt;--ì-o-:;-, ?i:is iilves*

tig::ticä,,,,'iis i;-i-tn::,:cl- i* i;st ij::-:,; ;;a-ì-n5 l-r:r s¡-Ì-.jer::;i:r.: p-:Ieul;erocþ-LÐi:c*
"llei::,¡e:.:€ tc amin,::iion h: -::d-;:Ltride j-;. .l-ir:;id i'?ri;'.eï\'i::" :ì+- *Ðo C. tircl

coiape.r:in¡; t,he deuteriuril conDel:L o-i bì," .,T"rij.i-lcl: ¡,inili¡ie..;',Llt i!t::,'¿

oi t he stftt',lir]'.: cl:l-c:-c',. zrt,:,,:1'1.*. ,1,c:o,'rlint- ia ì;he ï.¡. f .::..it;lë.,.,):tl-

lir;ch¡':isl'¡t t.her-e .rlio:tl-ci '¡c ilil l-s:;s ii' je¡t;e :i-'-; ,.cc,¡:.-:Ìjii ' '[o -cl--ie

el .i"i¡i::¡'|ion nccirtnis;¡'uire;'e sl:culd be.: loss a:l dculer'-:ü;1,, ilre

.:jr,..,,jlrl;U_lC Oí .¡i.r:-C.. .,,r.fl_,ì :lC:fi-;_1. U. ,rjl. l.ìr,t ._3_r-:,;1.*i:._,; _i]-- .jill :j..leCt

I -.^. \(,i-l ) in :he e ìiiili tr¿:+;icn si;e p 
"

Cìj ,t)"' :-i. L ,i.:i'..1;l [.::.1 '.'i;-j ]-;l-,,':.j,.'.' I;,i¡; jij-l .?iCii

')t,LL

:)ü 'bilê ¡,:rriiinc iiir.; ;.lr'r,-r"Ì d Le j i'if ':r¿li i-¡r i:i;r: t
i:h:ls ci-:ii be s*Ên Í'roi;i tì:e f'-rl-1..c',ji-Ìl:',. ûi;uilt-'i.c;ls Í'oi'

!ì-r-t eu.ì: ercc hl-oroii $r.ì Í r)ne ,

l1-irl:.t\:': f.jl Oä :j1,rr C :'i -'.i.:- :.,¿fq
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(at-ba.cìc et 1)

;,record.ínr; to the el iäin¿:tici: ürcciiü-i1iut, the c.mount of g- ;"rnd- m*

cleutero¿iniline in i;hc ilrodu-ct sho:;ld i;e e;iij-ci11r er¿r-la-l; ::ccÜ1Cín"

^bo the re¿-rrï.¿ìil.1e;ient ni:cli,:,nis;n the"y ccuki only he eclua-l if the

y;:Le oll su-bsliLution e"t ti-re ó-lrosition sìroul-d. -lortr¿iiously sci'-ral

tl:.e sirni oí'the rs.i;es cÍ-'sul-¡sbii"Lition;t t.he i- ¿-Li'ld- Z*pasiL:.Õ1-1s'

,Si-nce I',oi:eri;s ;'r.nd co-i';orlte::;¡ hate s!:c:'¡n (ó;',¡ th:;.t in chl-orcbenzene*
'll

1- C¿4 the rates oi Cis¡,1:'zceneni cf h¡logen ¡.nd- protíun;,r:"e

e,:,rual, the fcr"tuit;t r;?oüIcj requi::e thl-t, the i"abe of substitr-ition

it th; Z*i:ositicn be negli¡;ible. Since tl:is is u::lihely, iL Crìfl

Tse explctect t hat the renrr.;n,geäient rrocirenis¡n -l¡oul',J no.c give equill

Ð"íitou.nu,s Õf g- a.nd tr-eLente roanil ine , . Ti:,e L:a"tío of o- and u::cteutez:c*

¿;.nilit:e obrl-ined in '¿hi¡ inves'li,le.tioa itls deterni-ued b;r ¡i13

methoä of L:;-uer' ¡-nd. fir¡'ecie ( L,t) , ,'hici: j-uvol'¡ed t!-re conversion

of tire enil-ine ¿c 2,1+,1:-"ut'ibro;,rc¿'n j'l-ine, :''hereb'¡ "h: ae*teriuli

iii ll.ie lt-t:osiii,:n::e::i¿;,ii:;';',¡¡hÍle tii¿;,t in the *o*jrosi-r,'ion is Ios't.

TìU

(a.¿taci< ;."i 2j (aluaek :¡'ç 6)



Ta i:i¿ice thi-s deuberii.ui'Lr¿cer irorlt on e firt:er b;,-,sis i-t, r.¡l-.s

¡.]-so rer¡çi¡6{ th¡t blltn.; runs be crrried oui ¡..¿ith tÌ:e st::.riì-n3;

rn¿ terial, q-deu,Lerochlcrobenzene , e::ci :,ith the proiiuc¡ , C-er,rNe¡:o*

¿rniline, io deier;;tine t;hetlier tlese ¡.nii'rat-i on conditj,ons resälted
in d.er-¡'¿er.ium e:¡chanle before ¿:nd afier the cine*sui:stitu'ú-ion"

Since the r-ate of cine-sr-r.J:stitritiol:l is only clescr-ibeC ia tlie
li.Ner¿,:tur"e es being r¡exl-,r"el:tell' rapid tt (8 ) , i t :¡¿:s Íonn.d nëcl ss¿iry

;-c deterlnine en s-ppr:oxinete r.Ìpper Iirnit of tÌ:.e ti;ile r.:(ju-i.r,eii í'or
it to go tc eoi:ij:1etion.

Ûpïor-uutiit',' ícr" ;.n in,¿ere stirrg si.de*invsg;i¿,i,tian ;ircse out,

ol tiie ¡rethocÌ u¡ed 'i;o rorcpí:j:e q*deu.Leror-nj.l ine (j:rl) foi' il;e bl¿:"nl:

ru-n rlz.ê;:rJ-y ';"zent'ioned, Tire exch..rn¿1e rerctions em;lloyed tre schema-

ticl,l-l-y il--Ì-ris i:ri'¿ecl'nelou :

',¿Õ

$î,,#=== û;;** G" =iï¿E' O;-'
The i:ir¿,I-]'sis of llic lo'i;t:-L Ceu-'¿er-iu:;: contenû oí (.::ilt), (liI''ri),

- t---= \ -::'rci- (,rvJ co lld be used., i-n 3;r"inciple, Lt: ca.lcu-ieì.e '¿!¿e d.eu-ter-iu¡r

iso'Lope effect i:-r" tl:e rj.eca,'bcxy_1-r:,tion of anihr-;inil j-c :ci{, t.r.).

h:ncc slieC sírilie lro:1e 11,:ili; on tbe ra:eÌi¡inis;;t of th.:t r.:irction,
'll.^ ì- +^-,-*..-.^+,'ihe inierpretati-on of tf." result,s l¡oLilC requ-ii.e a;. i;nor.,:ier1.;e ci the
di-,:;riÌ¡ritio;r oi Ceute¡'iun beL'.,.ee:r lllc î..ítL¡na {rCI,.:.p lnc Lhc c.tr-boxyl

. I -- --+.^'-Írrìrìr-, i'r { r r t-), ¿.nd Ìrei...een .;i:e nl_lino Cro)_ll lr.cÌ the e-!8,Ç ,;c;ii;iont- L \)U-t) Itl \r!a¿.

(xrir ) (Xru) \r'"y I



i.:i {};r7)" lue to ciii'iculties encountered in Ln rtienpt to ob*

i:rin tiiis infor:n*.t,ion Ìry ínfrared spec.rroscopy, tire isoiopic studies
oi' tili-s t:f pe oi' ciec¡:z'ì:o>ryl i:'i, ion tle ci.r;,nis'.i i:,-8i"Ê e:licitli-,¿d to iill:,:t

i-rppc:*.rûil .';a bæ'=- siini;le:: clse; n::-iirely, rlte Ceci.rrbo:rvlrrt ion oi- cieu*

ùei::rtecl il-:lret,hjrl ¿'"n'ihra¡iilic ¡:cid.

i,lu.e [c i]r,: c1o;e ccnnccii-on of rucs¡ of 'tiii¡ seccnd:,,r.;r inyes*
;i¡;rbÍon ',riiir t-ire ;;lajor pro-i:ieLn of tiris tircsis, c.l--i- tire e:.;pe::i-

:¡ieni.;rl i¡crit is di-scusse.cl in bhe n;xb sectioi:, Lut for obvious

re,rsoils ilie il1'ber'preil-ticn of blie dec;i.rbox;¡l:,;ljon .r,iorii j-s reserved,

i=o¡- a ;e 1:e.r.'-te sec biori (it- r't Il, rJ3 ^,e I2) ,

)n

riÌ l- ^, r:\' ,---,,.vririlcn,al l.'or.il is d-iccu¡seC under i;l:c fol.l-o,rin,t l:e :.din.ls
-\Ll 5t,-lrtin . lia'i,ei.ii.1s,
,-\
,: ) Pi:epirrtion of DeuIer¿:,i:,cd Coiir¡rcunr_is,

3) Reactions in Lic,uilì- :irï¡noni-å.,

Lrj Coniri,i::i l.oas ai;ri I'jate r Pui''iiici;-ticns 
"

j ) Ðeu l.eri.:i,L ^:l:a.lyles :

a ) The ,Ípeci:rcirlio bci;e tric l;eil;ocl,

b) ?he Gr¿:cliei:'L iJensit,;i ir,ieihod,

:jí,r rr:l i:-a -, ! ta.,,j -r. f.-r
r) -. --. - L :!" -. ! :.. 1 -':i--Li-i:r)

iþb"fdqqg,-s qfl¡qf . Co;t¡r:ei.ci-::l ci.iei;l:r,1. eiliar ,¡::rj dr-ied riih soCirr¿

r:ìre .:-:l:d- ir::ctionli:c.-1 lirr r_:-rli - 1:*:,i;,çç colu:r¡t"

l,t:jl¿a¿ü1._ilg" To reijtove al"lehydic decc;a;;osition prod.ucbs p-dio:;:rne

([as¿man) ',¡as pur.iíÍed by i,he nethcd of Fie:er' (?-Z), Å lj-l:.re
oí p*diox¿--,::e t,¡i,i-s reíl-u:<ed l.Jiirli lC rnl. cûnc:ni;:::.ter-l t.yc1::oel'rJ_qrj.c

¿r.cid ¿nd 2ûû rnl-, :¡aLe::Îoi: ¡-]rorli L? hours, b-iÌ:bli-n- niti-oíen



lhroullh Lhe sol-riiion to cn.brain tile ;:lriçiiy¿a. 'Ihe ,,¡lter s.nd rcid"

'.iere then re¡rio¡rei b;, .:.,rÌctin¿ solid- pot,::,ssiun ìrytì-r'o:;ilc pellei;

uliíl iio a.qrteous le)tei. fornecL on sNaiid,ing. T]:e proCuci r.ri.s re-

íll:;çei '.¡¡ith scrliu.:;l neùal- for" sever¿.il hou-rs, ;.nd Lhen fr'¿letion:lt,ed

liirou?ir i: 1-i*pla-te c,:lir.:¡rn, collectin,q -"he fr..,cticn -.'¡hich ì;oiled

:t 99-l-üir,50 C./7t-rL r:u,t"

üarboi: tet,r¿¿chl-ori-d.e .

l;iiiir:u.t p-*ri,f i cr-tion,

¡c\

¡:,nEi]la.,ni1Lq t,cid,. iìa-stnt.n (r"ecr"ys.Lrl.lized. ) procluci .r.,'' ,1 ê..i.,.1¡;rp{ 
"

Le;¿tgf¿-+¿L*q¡,i$ç* Tiris '¡{'i.s oì:t¿:iner: Íron 1,hc Cor.:r.r.:r'cia,l Proc.lucts

jli-'¡Ísíon of bile;:'to¡iric ine:.'.1y Co¡u;ti¡sioir, ír-nC ir,'-.; r'e.:orted by'bhe

su:rplis¡ to have ¡. í/1¿ì,ss specir"omeirj.c i:nr.'1-1-sis ai ]'V.eD n.t-ar,,

,.i deu'Leriunl"

p:*iq-gg,q.lr"Lp¡.-oligI*qgqg.,- Å:.:.stua:r prerci.',rct ?¡:,:s u-sed cì.í:ect)..;r,

Qþå1g.pp-q]¡ggjle. Eåsimi:n product'.*¡;rs r-rsecÌ direcll-y.

¿gå1j*9, itr:-sti:i;.n spec'Lro ,3ri-.d.e l,iir.s used, ct,.re:fül}y fn.ction::,¿ing

it ihror:-;.¿h ;i l-t cr!t, Vi.ì::eux coluiriil j;e:.r beio:'c usc. Thc .lr-oi.i-.,ct

ir,:ìs cc1-or'Iess, r-rici Ìr¿.C ¿. l;o jl-i¡r..: 1;oi-n1: of 1Û3 oC . lf l-: íìln" , n?r') =

L" 1776 "

ååç-t¿Iá*etrlÇ-p=i_i,., ,Supplieci bj' Cenadi¿ln Industz": e : Li;:rj ted. 'lh*

.::.iriryck"oue colvei:l ':.r,:s f ot'e*C cii¡'cci.iy Í"i"en ihe cyI-:i-nder" {::1;,.ced

i¡i llie îeco;'irlendecl i;oaitl':n) througir : I1,'r-rd. rubber t:rbe ir:'{,¡ t,be

i;: c'lion f l-::sLr"

;,-*ejr,¡g]i,q-i1iåe_. :jast,mi:.:: c 6 r. ''i- C.e '¡:'s l.:ecl, nri::ií7in:: j r. l':r--
';i::.i ;. 'ctriirr r-,o Vc.le -1. 0:,) , ilhe ì.-aitra:;o der-iv t:r.e '..: Lì :'j:c:

1r-,r"ed, di;til-1eC- u"nc.ì.er r'.:eLuced p:"c3Fu:re, ::,nd- blrer; re i--ure *c} "-'::,tc\,.':. t,ç

ij*nethi¡l-¿ini.line :¡iil: tir: irncl ir.lr,iraciricric acid" FolLi¡iir:.: sieå.ril

.!ìa.stna"n specliroill:oiorae'-r'ic -r ,-1e :Ìì s u3ed



i-is'¿ill-¡.tion, I coloi.less licruid rrith j-.,,r, l-g3*LgLaC.iZ;a j.Ìr.r"

',r;-s obtiined. "

g:i1ellfi¡l.airï"Ìiq_qr lLiç aqi,j. ll¿:-stni¿',ü c::"odu-c.t, ;¿i1s used .,;,itlioLrL :i';;:.bÌre.¡:

pu-riîic;:tion,

:i*à:Ð,iÌl1e-gtl¿I,?nå1iq%" Eíis.l;ruic. lrrod.uci -:,.;:.,:s Ír-:iciian¿:_r;ecl t;ict i}:roirsh
¿. 1û cÌri. Tigreux colui¡n, cor-leciin: Ç-r-?ítl:e range l-¿i'*l8go:,/?t.g. j ïtn,
.,-lnn:SiU:lt tufÍ'in'"s^ Su,t:,l i e¡J hrz i;.-,-ì-ì:i-.rn- e^ls-:r,. ..-n,-ì -^t l
%

grgþ94.?sJ!g' Easir:u.,,n c"p. ,gi'1,-de i.r;,:.s f t:.,ctio¡r;i'ed.-r-rirou¡rir r j-5*

;;l:;-be cciu-:rn, collecting meue::ial- boir jn,:.. ilL lilr*rj5oc"/T+r:.rirr"
'^-T-ion'í'r''n¡ i-hi;heson. colem::n end 3er-r c"p, gr:cle.;.ras ir, c'Liinlied¡av v v9-r¿v ¡-
.ciirr;¿¡4i. ¿ 1j*¡rl:ite coluinn, cclleciJ-ng ii g0-9Íj, -"-oc " /7¡o, ,*o.

Ili-¿:iP.. :.i.¿T ïirlf 0i¡ Ð:iU'ii;;ì,', TË:l il ül ì;, ttlr iitl S

û.- D er--rt grc c li-i. +i.-ob eJÀz-en e . ( t ypic e I preparat ion )

" 
1*1it=': t,ì¿rrJ-n:ckicr- fr ;l; ;:iüh rr-ouncÌ ,.i1- ;; joj:r'.J ,,ir J

ij-i:r:ci .¡iil: .:i :"e-'lu--l eonierlsç:-, z tiz'o¡:1:-i nî f,";.fi,rrêl , .:fi-- ¿ g1....:::E*

::*'.'.1 :l.:cl.rl,,¡ri¡:ll_ cii::::ei:, -;ìji,er. ;ci,-lj._:^ lu"L6{) g;, {.J,:_7,1 ::.-11)

'">l rt,:,i':.'Lz:iza;, "-u"üin.';r the s;.::];c,... '..,..-,1 iiio;:ougirl_1, f r¿,i.,;a rr "r:í,;k ::

;j j;l'eii;ii :-:"! tl.r"'F ní'Lr'o;ien p:.,Ës:-n; 'ch-r-cu;:l; it " ;'ire;r cloa_-l_ ï.iie a^"ç?ctset:.

o-l' 'Llre íu.nn¡:1 ,¡ls c I o-;cd-. ¡':'nii i-,. sl.i rli'; }ositive pi-eãGujrÉ ai' iL-i'ty'û--

Llíl]r ';it:,s ?J:..in:';:- ineci durine: the ;"esf of i"l;,"1 pl-ciij,r::;õÍon, ;i5 i.zt¡:2e,.*

';:;i Ì:y tiTl r.1i3í:il l:iia-nçËleic1ur[iC]r i,iS¡ aC¿;¿j ._.,s ,, s .l;fy -f.:..L-,f z iO
y'*-liev.e suCi,e¡i pre:sìlre inci'e:_,se,s.

j j ril- " *î ' l l:-¡drc';: e.{:he¡ ¡,¡i.j l. iin;r cr.ysi.;;;_l_ ci ioi.ir) _; . .::T+

:.dle rl- 1,; ti:e n:.;;ice iu,.i ;u-l':ri;:¡l; " ','ìre *o=*ioi-1ochl,¡rô.e-u.3nc ( 1.., " I

,ì", ir"-l-ú; rrcle) ',¡¿,r ciigsCl!'e{ ir: i;.nOthe¿. Tj îÍ1. *t:-"ri,r,1r,.:.its1-}..-: *iire::
:rid iilr,c*d, in ';ha dr:s?çí::Z !c*n*J,. i; Iiil,le o.ï -ç!te:iha- i,j_;, ;*clr¿*

?(ì
L" ,/



tion v,¡as addeC and the flasl< v'¡éts rriârffiêd gent'Iy to initiate the

reacLion, The resb of the dihal-íde soluti oir l,¡as added over the

period of an hour, mainiaining gentle refluxing of Èhe ether"

The funnel Iv-as rinsed with another 10 ml" anhyd.rous ether, anci.

the GriEnard re:.ctj-on r.¡as caruied to completion by refluxing

the da.rlc brol.¡rr solution for another* hour"

To check for comple-r,eness cf conversion an alícuot portion

o.f the etlr,ereal sol-ution was r.¡ithdrai",:r r,.ríth a pipette, :idded. to

2J ml-. i'tr/10 srilfuric acid, and. a baek*titration l'¡as eanried. out

v¡ith i\i//10 sod.ii.r-r,r hydroxide solutÍon" The total voLume oí the

3t

Grignard solutjon l'¡¿ls ra.pidly measureci. wÍth a dry graduated eylinder,

Tí¿ration sho.,,¡ed the presence of g7-97't/o of Grigne.rd. reagentn

The flask, to which bhe Grignard solution had been returned,
,¡ras ímmersed, ín an ice bath and 4- grÐ.rns {0.e00 mole) deuterium

oxic.e ?¡ere a.dcied very slonly, accoÌäpanied by rapi,-d stirring"
Gilman?s CoLour TestI {¿r&} lra-s negati',re, Some wåter ,",ras then

¿rdded; i;he ether layer r¡/iìs rêrroved and dried with anhydrous potas*

sium carbonaLe, The o-d.euterochlorobenzene wes recoves"eð, fr*m

i;he ether layer, wa.she,l lui|h a sorfiunt thiosulphate solutian ìf
i'(, showed- traaes of iodine, and carefuily frLetioaated through

ã. l'f, elît" Vigreux c,:lu¡rn, collecting íi'om L28-L3?o C,/?lrz t*t.
?r"& - /

lields ranged. from 45-65/r" (rD = L"52/Õ7 ) The infrared sp+etruiil

of mat,ez'iat prepared. by this method ís given in Fig. ó, jr:ì:û
1 rì'i

The rnaterial obba.ineC. from ru.ns c¿irried out on thís sc;,le

'¡.¡as combined and diluted '.,?ibh ordina.ry chi-orobenzene ¿.s ret,:iired.



Deute rat e_d,{nQþæ,9i1åg_Aq"id,

3Û S,1A,279 mole] of anthranilic acÍd !.rere dissolved ån Z0

ml" of dioxane in a LZJ mr" distilling fla,*k, To Èhis sorution
r,,¡ere ¡:ddecl 6.6 g" (0 "33o niole) of deuterium oxide, and the solution
l'/á,:s allo¡'¡ed to eriuilibrate for 160 hours at rrom temperature, To

remove t'Ìre v¡ater and dioxane Lhe systenr vras fitted l¡ith a conden*

ser end receiver and. lcept under part,ial v;:cuum ior ?,¡+ hours, Last
fräees of solvent t¡\¡ere r"emoved by vrarning t,lre flask {pressu.r,e re-
cìueeci to 20 nm" ] to 85oc. by ine¿rns of a wa.ter 'bat!r, Á. L"gz gj:åm

se.rnirle of exchanged ¿:cid (il) i¡ås rernoved íor a.nalysis in cu-îllrec_

tion with the isotope efi'ect in ttie cecarboxylation, Befole
stcring it j-n a t,Íghtly closed rveighinl bottre it lr¿:s kept a{,

2 nait" a.nd lO0cC " in a drying pistol for an hour ø

rn a second exchange (n) ja g, {0,zrg mole) of anthraniljc
acid l,,¡ere ecluilibrated. tt]rth ?"2 graas (0"110 mole) of d.euberii;.ri:

oxide zn l+5 rit].. of dioxane for 16û liours" 6,l.l+ greirls r,{ere rei,roved

-f or e-naiysis ' 'fhe infrared spectruiii of this materiaÌ j-s givei:
in Fig. /, page 102"

!@ of Ðeqterat-ed 4:tljlq?nilic ,icid.
fnu.irediately aft:r retïoval of the solvent froni the exclitlgeC

acid, a condenser v¡ith a- removable jackeb l^ras Lhoroughly cleaned,
íla,med, re-a.ssembled and fitted to the distil-ling flask corrl;¿iin*

ing the acid' The flask wa-s imrnerseC in an oil bath and the i:em-

per:rture raised ra-pidly to izAt-zLAaC, wheir dec;i.rboxyJ-ation occurred,
The crude a.niline (,t6"29.) obte-ined from dec¡-rboxylation. {o}, i.¡hich

appea.red to be compJ.eie after one hou::, was'placed. in a zj n:l*

ílasïr and distilled v¿ith a { cm" pfug of glass r¡ool inits neck"
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The yield rvas L6,2 g, (0 "i<a1 rnole), b.p. L?9*L83oc. funeorr "j/Zlrz"o
2L,7

rllrjro, nD = i"StZ6. This rêpresent,s e yield of t5''/' far the exchange

and decarboxylalion, ?lie infrared specLru¡n of this material- is

given in Fig. 8, page 303," A portion (3.1 g,") of this materi¡rl

r¡¡a-s saved in a selí*sealing serum vial for analysis in connectíon

with the decarboxylabion isotope effect'
Deca-rboxylatÍon of the acid from the second e>cchan¡5e (E)

yielded !2,È grams of deuterated aniline (26;:, yield)" 5.A grams

o-f this r¡rere retained. f or anal-ysis.

Re.eXqhq_ge_qf Ðeuterqted A ,

Since the anj-line obta.ined from the decarbo:<yl;r.ticn of deutera-

ted anthranilic acíd v¡ould have N-Ð bonds in it as r'¡elI a-s orbho

C-D bonds, Ít l.¡as necess¿ìry to reilove the former by a re:exchange

procesS 
"

A3,L g. (p.I40 mol-e) of d.euterated ani-Iine prepared as d-es-

cribed above r^rere placed. in a á,0 mI" separåtony funnel and l¡0

ml. (2"22 rnole) of disbílled. r,vater l'rere added" The funne'l v¡as

elosed a-nd shaken l.,rel-], at interv¿iJs of 10 minutes, After an hour

the anil-ine layer v,ras removed, and the process i'e;leated with three

more suecessive portions of r,çater, To recover tiie aniline díssoh¡ed

in the tdater the aqueous porLions i.rere eombined and exl,racted wit,h

e|her. The total arnount of o-Ceuteroaniline recorrêred r,vas 10,&-

g, r b,p. 77g*L83oC"/73g"5 rmn" This ,,.¡ould. represent a 79/o reeavery

frr¡m the re-exchan, e process. Since spectrophotometric analysis

{diser.rssed on pege ¿+6'} shoi.¡ed sorfle deuteri-rrm still bonded bo the

nitrogen atom, the pr"oduct was further t,reated. r,.¡ith licluid anmonia"
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8"7 g. of tlie o_-deuteroani-line {l) ,,.;ere d.issolved in qê"

500 ml-" of licluid animonia and Lhe solvent ¿-llowed to evaporaie

al'.¡ay overnight" Ether l.¡as bhen added to the flasic, and it r.¡as

i,'¡arined under reflux to drive off any resid,ual- ammonia stitl
present, The dried ether yielded, after trrc successive d"istilla-
bions at red.uced. pressure, l.!Iv I, anj-tj-ne, b.p. 6O-65oC,/2.5

2L"g
rrrm., n¡ = 1" 5834. Spectrophotometric a"nalysis of the 1498 mj¡

peai< showed that all Ì{-D boncts had been converted. to I,l-H bond"s,

Tlie ínfrared spectrum of this materia.t is given in Fig" B, page

Ït3 "

7.8 grems of deuterated anil-ine frcm the seeond decarbox).1a-

tion (E) riere treated wÍth liquid ammonia on1y, and.4,.3 graÌ-ns

were recovered" Here too all Lhe deulerÍum had been roflover;l

from the nitrogen atom.

Ð eut erg!s0,*l'k$sT,b4ant hrani l.i- c A c-id "

30 grams (O,tgg mole) of l'i-met,hylanthranilic acid r.rere ci.issolved

in 60 ml-, of dioxane by gentie w:lrrning. Ðellterium oxide {e"A &. r

û.100 mole) i'¡as ad.ded and ¿þS hours allol¡ed. for the equil-ibr;Lun

-,-o be esi;eblíshed" Due to the l-imited. solubilit:¡ of the ¿',cicl- i-n

diox¿rne, lhe sclution was kep! !,,'&rrn durinE this pr:riccL" ?l:e sol*
ïent wes then re¿iioved as alreedy described (pege 3Lj " L.6 gi';,Lms

of exchanged acid lre1-e removed, l<epl a.t l rcm. and 1O0oC. iü: dr;,-

ing písboi for one-half hor:r, and saved for a-nal-ysÍs" The infra.-

reC spectrum of this material is given ín Fig" 9, pa,ge l'l1a

Ðecarb oxl'la t ion of üeu -,- e r ä-t" eð, ll-llle t l:...la nlhran i 1 i c ¡i c id o
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This !',¡ë.s carried. cut as r"iree.dy .ciescriberl 
(pege 3L) , except

thab tlre oil babh '¡¡es kept at 24A*25AaC " f or an hour to efíect



compl-ete decarboxylabion, The crud.e product (16"9 g" ) lrras frac-

tionated in a Vigreux eoluinn to give 15,f .q" of colorless deuterated
2L

I'[-methylanilíne, bop . Lg}-Lg4oC, (une orr .)/7luS In¡rlo, nD = L.57AO.
ø'

Thís represents a yield of 9I+16 far the exchange and dec¡.rboxylation'

The infrared speetrum of the d.eu.terated material is girren in Figure

10, Page l-05. !"1 grans of this material r'rere retained for ana.lysis-

Re-exchange of Deuterated ii-l'iethvl en:ll-ine.
..-!..-_.-

The liquid ammonia procedure has alread.y been d.escribecl {page

33]] " Starting with 10 grams of N*methylaniline having both N*D

.rnd^ -orthq C-D bonds, 8"0 grams of the deutera-ted materia.l were

obtained which had no deuterium attached to the nitro.r;en atom

(spect,rophotomet,rie analysis d.escribed on page 4'á) . This product

had a- b.p, of Lgz-Lg¡oc,/Ztf I1¡¡o ¡ ,r;t= 1"5698. The infrared

spectrum is given in Fig. 1I , page 3.Û/a,

"

To determine the amount of deu-terium in the mela. posiLion cf

the anil-ine obtained from the cine-substitiltion the 2rt+r6*ttibromo

derivative of the producl i.,ra-s prepared., This v¡o';id renove the

deuierium from the grtho position.

About 1.0 - l-"5 g. of deuterated anil-ine were placed Ín a

smaLl eonical flasir and 2t rn]-. water edd*d.. i'he fl"esk rvas eooled

1n ice r.'rater, and broroine in g5,o etl''yl alcahol {0"28 g"/rr.:.,} r¡Ias

ad.d-ed from a buret untÍl Nhe fÍrst appearance of a yelIo.r,g tinge

in the pasby mass" The precipitate was filüered r,rith suction

through a small Buchner funnel, :,lnd. r.yasheC l,¡ith v¡ater to r.emove

tr;rces of bromine and hydrobroraic acid" The product was dissolveC

in v¡arw absolute alcohol, a-nd re-preeipitabed by adding vrater, The
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recrystaltized meterial v¡as bolorless, and. melted sherply at ll$tC"

(uncorr, ),
The sym*tríbror*o derj-v¿-rtive of o--,leuieroaniline (E) r¡,¡as aLso

prepe.red. and. analyzed. to d.eäionstrate the feasibility of this method.

of renoving o{L}ro- deute:'iun from the nucleus"

R-.,CTIOllS II'i LI'-UIl ;,.;iOlìI:\

Except where otheri¿j-se sta"ted, e.lJ- re¿,.ctions in ]Íriuid ammonj-a

i,,¡eí'e e¿:rried out l'¡ithout cooiin:l the reaction fl¿rsk, oi the use

of a Dr¡r Ice condenser, Tire anhydrous solvent v¡as forced into

t,he vessel from Lhe co¡'nmercia'] cylind.er placed on .ì.n írrcline with

t.he val.ve a+. the f 6r,i;er end. Frost on the out,side of the f l¿rsk

:cted as e eonvenient Ínsul:ltion, a-nd the solvent reinained â.t

i"s boiling poinc, -33oC.

Conversícn of c=Ðeuteroehlorobenzene to Aniline i,1ith Sodqniigg.

6CIû rnl" of licluid anunonia were forced ínto a 1*1it::e ,chree*

neciced flask fitted ¡¡itli. a gla.ss mechanical stirrer ¡.nd ¡';n i.;l;nonia

-¿ent leld.ing into a tlrell ventilated fume hood. SodamÍcte 'i;:'...s pr"e*

p;.r"erÌ by the method of V,rugha-n, Vogt ¿ind. Nåeur,'¡lancl t73j , ¡i tiny

crystal (qA, 0"tu g" ) of ferric nitrate nonahydrate r¡¡as a-i-Ced to

l}:e raitidl;' s¿1"red ammonía, followed }:y about I gram of sldj.ur¿

uetal, Äfter a.bout 5 minutes the relnaj,nin1 l+.7 ¿rams of soclium

me6el ï,Iere a.c.ded {tot¿1l of O "226 gni. l.tom}, and 2} nrinutes ail'o',;eC

for. the conversi on to go to eompleticn" By this time the ch:irceleris-

ti e blue alkali rneta.l solution ha"d. turned deep grey in ccl-o'r'

The ain:rionia d.elivery tul.re luas then rel,laced'Oy a 6A i;'-1,'

droppia,S funr:el, and 1! ,g" (l"1]l rnole ) of g--deuierochloroi:enzene



{çtoek süntple A) I,iere added dropvrise over a period of 20 minutes,

The halÍde had been pre*cooled to *zOoC, to prevent excessive

evaporation of the solvent. Fo]Iov¡in.g the addibion the stirring
T¡¡es continued rininberrupted, for another LO minutes, uihen 11 g" (0,2Az

mole) of ammoniur,t ehlorid.e.¡rêrÊ ¡.dded and stirred into the solution

to destrojr any excess sod.amide, and to hydrolyze the aniline salt
produced, The solvent Ì..ras allowed t,o evaporate overnight in the

furne hooci

Ether lv¿rs adcled to the residue and the flask was ii¡¿ìrned under

reflux to drive off any resj-dual amrlonia still remaining. The

ether-insolubl-e salL l¡as dissolved in '¡¡a-ter, and the aniline l'ras

extraeted from the solution lvith ether" Aft,er b eÍng dried v¡ith

anhydrous potassium earbonaie, the solvent l'¡¡r"s removed, anrJ. the

aniLine !.r¿rs carefully distilled off at redueed pressure to separate

it'from the other arnines formed in the reâction"

Ti:.e producb r+as fraetionaf,èd tv¡ice through a. 10 cÍto Vigreux

col'¿nur, in an effort to a.chieve quality at the expense of q.uantity"

Ì.taterial coll-ected åt 6A-65oC./2 mnt" in the seconci distillations
r'ras as f o11or,''¡s;

JO

These samples were checked for purity speciroseopieally, and the

1h,98.n¡r peak vras found to be qLiantítå.tlvely reprod.uced. (nithin the

limits of experirnental error) when checked against a calibra.tion

eurve for ordinery aniline at ',,hat i,.ravelength tFíg, 2, line 2, page UgJ"

Run I
Run II
Bun III

.r\morrnt

2,22 E"
2.3L
'¿.og

't af Theoretica.l
],Q
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In anaLogous runs carried out l'¡ith oi.dinary chlorobenzene,

but using the acíd extraet,ion method. of Bergstrom (8), yiel-ds of

35*ù,O"Å were realized, Hor'iever, this ¡nethod couLcl not be used j-n

deuter-at,ed runs due to the aeid*catalyzed deuterium exchange from

the ring ín aniline (9) " To determine the extent of the deuterium

loss that might be Ínvolved if thís mebhod were used, L,6 grans

of g-d,euieroaniline (D) hrere dissolved in 2t m]-. 3 N hydroehloric

acid, and the solutíon imrnediateiy made basic r,^¡ith 6 N sodium

hydroxide, The a.niline (1.0 g" ) 'hras recovered by ether extr;:cLion,

and analyzed f or deuteríum (iüo, L7, TABI,E VI) "

Blank Run

To,a stirred solufj.cn of sodamlde from 5"?. E" {0,?26 gm. atom)

of sodium meta.l in cå" 6OO mt. of liquid anmonia prepared in a 1

l-it-,re three-necked flask by the procedure already descríbed, were

added slowJ"y J.0 g" (0.C)32 mole) of o-deuteroanil-ine (0) over a

period of 20 mínutes" Aft,er airother [0 rninutes of stirri-ng, 12 g,

IA"ZZ? mole) of arnmoniw: ch]cri,le i+ere added and. the solvent was

s"llorred to evaporate. The anil-ine r¡¡as reeovered by eÈhen extrac-

tion, 1.81 g" (0"020 mole), b,p. 6o-65oc"/? mm. being otrÐaåned "

Oetermig¿tion of the ApproximatÊ*Rglg of the Cine-$ubstitutio::"

5,2 g. (0"?26 gm" eton) of sodium inet;-l l"rere convertecl to

sodamide in -ç4, l¿Oû ml. liquid aämonia. fn a separate I ]itre
three*necked flesk 15 g" ß,t33 molei af cu^dinary ehlorobenãerie

'{tete dissolved in 200 rnl. liqui,d aruaonis" in a third flasl;: solu-

Lion oí 11 g. (O"ZAZ ¡nole) of amnronium chloride ån L5t m}" li'.¡uid

No" I o-Der-r"teroaniline with Sodamide"



arrifüonía lras prepared. The chlorobenzene so]-ution w¿ls stirred

rapid.15', and Lhe sodelnide w¿rs adrtecl by rneans of ¿rir pressure over

a period of 20 seconCs" This we.s Ímmediately followed by the

acid.ition of Lhe a¡,uonium cirloricle solution, about half oí it hav-

ine been acìcled J0 seeond-s after the reaction we-s started. Addí-'

tion ',.¡as completed 45 seconds a.fter Lhe reaction started-' The

anilíne vuas reeovered from this run by the acid extracbion method,

a 35i/a yield being obtained, euite comparabl-e rvith the yields

(ly+a'/r) obtained by a símilar process l','here the reactÍon -v'¡as

al-lowed about an hour to go to completion,

38

Fbnk Iluns uith o:åeuïer?chicroÞgnqene ¡.nd SodarciCe"

To d.et,errnine the exient of'any deuteriu¡n exchange an the r"ea.c*

t,ant ciue Lo the influenee of a- liquid ammonia solutíon of scdanride

blanl, runs uith elicess o-deulerochlorobenøene tiere c¿.rried out

under tr.ro sets of *o*dil:-orr=,
(Elank Na. ?_I 15 g. {O"t33 mole) of o-deuterocirloroberrzene istoclc

sarnple B) vrere added over a period of 2û mínutes Èo e solution of

sod.amíde from \"52 g" (0"066 Sffi. atoi:i) of sodium metal" ¡lfier
¿r.noiher 40 rrrÍnutes of stirring I¡ g" iO,O75 mcle) of ar,.ìrj1o¡ririj;¡ chtoride
',Jei'e added, the s.Dlvent lia-s allowed to evaporate, and the unre?;c-
.üed chlorobenzene wås recovered. by ether extrection 'and. distilla-*
l- -i ^-tr J-Lrl¡ à

Tivo fre-ctionations Liirough a LO eriL. Vigreux column t,'ere in-
Euffici*nt, to remove trac*s of aniline frorn t-he product, å.s re-

ve¿il¿:d. T:y infra-red s,oectra" -¡rrftzr f,t.¡o moT'e suecessive ír-;,ct-iona-

bious il're anilÍne content r,,¡¿is d,own to l-ess than ü"5 mole ,;" 3.2

rjrafüs i',¡etre recovered, b.p. L?9*L31]C, 174A mm. Thís sami:le ,.,,::.s

:nalyzed for the deuberíum content (1";o" 4, T.åtsLii VI)"



lEIeslr-lü%

used to place a rou.qh time limit on the rate of the reaetion (page

37 ) " 75 gråns (0,t33 mole) of o-deuterochloroi;enzene (stock sampl-e

t) and sod.amide from I"52 g" )0.066 gm, abom) of ,sodi-um metal v,¡ere

ernployed, and Nhe unreaeted naterial lvas recovered by ether extrac*

tion and distillation" The recovered g-deuterochlorobenzene vras

carefully fractionated tv¡o times through a I0 cm. Vígreux column,

and ',iras d:or,¡i'l to be free of aniline by the specbrophotometrie nethod.

j,J grans were recovered. and. analyzed for deuterium (No. 5, TÄBLE VI)

Run to tes!-;[or Gas- Ev?lut'ion

A solution of O,! g, (O,O22 gil, atom) sod,ium nretal in 100 rnl"

lir¡uid ammonia '"''¡as prepared in a 30û m]" three*necked..flask and

converted to sodamide in the usual tr{ð.y. The flaslc r,..'as coo}ed to

44oC, urith a Dry lce-a-cetone mixture and the system vras closed,.

by inserting a 6O mt" dropping íunnel Ín one neclc and attaching

the other to an azotometer tube filled r,vith dilute hyclrochtoríc

acld" A solution of 1,0 g, (O "OAg mole) of und.euterated, ehloro*

benzene in J0 nrl" liquid an'rnonia l'ras i:la,ced in the funnel and

added rapidly to the cold stÍrred sodanide solubion" i{¡ith thís
crud.e arrangeaent J-2 nrl, of gas (z5oC,, 7Ì+2 mm,) lrere collected

over a period of half an hour, luhich may be assumed to be ,:Ír

displa-ced írorn the system since about 22A inl- of gas could be

expected if the orthe hydrogen a-tom from chlorobenzene l^¡as lost
â.,3 a hydride i-on and converted to hydrogen gas during the reac=

tj-on. Bergstrom and Horning fi) also reporb no evolution of hy-

drogen or nitrogen gas,

Thís blanic run wes carried out exactly like the run
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Reo.etion

Ïn connection 1".¡ith a meLal-ation meehanism d.iscussed. Iat,er (page

AV ) , the re¿iction of o-C1C6H4I,gI with liquid ami:ronia l.ras investi*
gated.

30 mI, of ethereal Grignard solu|ion containin¿1 cj¿" O"O?g

rjloles of Grignard reagent r/'¡ere n'ithdralv-n frorn one preparation of

€,*deuterochl-orobenzene (page 29) and added to 2OO r;l lirtuici ammonia.

,{ white ernorphous precipifate for¡ned. immediately, w}rich i,i,¿.s shor,.rn

'Lo be ether insoluble a.s l"ve1l. Drl-ute hydroehloric acid decoml:osed-'

the preei¡ritat,e to give chlorobenzene. Since no anÍline or other

emines were obta.ined, tro more attentÍon lvårs given to this re¿."ction"

It may be nobed in passing that Flennion ancl l/olf (3S) have ascrj.bed

the complex f ornrula ItI''kl\lHZ . ßag;X2)2"ttg{NHZ)2. (lllt, )5 ro precipi-
Na.Les they obtained under simifar conditions,

COi"ËUSTIûÌú,j r'ii'lD ;/.4,T1ÌR PUIìIFIC,',TfOIVS

To analyze a conpound for deuterium a sample large enough

bo yield frora O"? òo 0"1¡ grams of vra.Ler of eombusfion !.úes burned

in a conbustion apperatus, a-nd the r.¡ater colleeted" From t,he

densiby of the purified water the i,'.reight'perceni deuteriun o:<Íde

in it could be obtained., and. this iEas used to calcu.la.te the

deuteriu¡ri content of the orígina.l compound.

The Combrrs'þ,ion Train .

il three r.¡nit macro combustion furna.ce v¡ith a Vyeor tuhe hev*

íng a ste.ndard. L2/2O taper joint as an outlet was used " l.le ¿rr the

ou'Ll-et r'¡a.s placed a. plug cf ;ilver ¡¿ool- , or a roll- of cIee"n copper

f,euze t{â.s Ínserted into 'Lhe joint itself , to trap ha}ogens"

,oå a Gr.lgagd -rqq.,qeqlj{!Ërl Låquid Å '
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Tnthecombustíonsofthetribromoani1inesam.t1esthisv¡asfound'

insufficient, and the v¡ater in the trap vras e-llor"¡ed to s'l;and v¡ith

a few clean pieces of copper t'{ire for several hours before ste.rbing

the purification, The rest of the tube up to the middle of the

cenbral heating u-nit was filted with copper oxide, a ro}l of copper

gauue about trvo inches long being used to retain the oxide ín thet

section of the tube" l'lith Lhis arrangenent the sample to be com-

busted eould be ple.ced against the eopper gâuze and stili rest in
the central- section of the furnaee" Oxygen frorn â cylinder v.¡as

passed through a ealcium chloride drying tovrer, tt¡o Greiner-

Friedriehs gas r,v:ishing bot,tles filied r,vith concenLrated. sulfuric

acid, and anol,her u-tuf:e filled v¡i-th cs,lcium chl-oride before it
entered the side-arm of the combustion tube" The receiver for
the v¡ater crrnsisteci of a Pyrex glass u-tube r.'¡ith a L2l2C stand.ard

taper joint at right angles to one end, and a capíIlary opening

at the other end.,

Before usins-' the freshly filled combustion tube it r,vas burned

out for several hours r,-¡ith a slov¡ stream of ox-i/gen passi.ng through

it" To prepare for a eoml¡ustion itself the copper oxide in Lhe

long secLion of the furnaee was heated to dull redness while oxy,-

gen was passed. through it. The other Li^¡o seetions !,¿ere allorted to

remain cold " A cl-eaned recej.ver was then attached and flamed in
the stream of oxygen, The stopper at the other end of Ðhe Vycon

bube vras removed, and the sample rapiCly introduced, making sure

that Lhe conte.iner rested right up against the copper gauze ín

Iþ1

the centre furnace section, The stopper i'ras tightly re¡tlac

and the receiver, whÍ-ch had eooled dol,¡n to raam tenperati¡n

\1.,)
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r..,,i.s iinmersed Ín e- Dry lce-acetone nlixture (-8OoC. ) in a Dewår fl-ask,
The oxygen floi'¡ r¡ras then ad justed to about 2 bubbles per s econd-o

After a rombusi.iôn, ',.rhen all the furnaee sectíons had been

heaÈed tc dull redness a-nd the rece j-ver had been remcved, the
Vycor tube ire.s allol,¡ed Ëo cool rgj-th a slov,¡ stream of dry air or
nitrogen pessing thrcugh it, trtlhen cocl ¿he tube r¡¿¿s t,ightly closed,
and the entíre procedure l^¡as r"epeated íor another cornbusüion.

t*smþj¿E!_I_qn_oí !åq_'rid Ë Jtple,q .

Liquid sanples burned. consisted of chlorobenzene, anilíne,
and I'{-mebhyla-niline " TÌrese r*.êtr€ introduced i-nbo the tube in Pyrex

glass ampules of about 1å n¡l. capacíty. To fíll the ampules, the
'bíp was placed belor.¡ the liquid level of the sample, and Èlie a.ir
pårtly reinoved fronr the a.rnpule in a veeuum d,esiccator" lvhen dry
aÍr t'¡as reêurned to the desiccator the required amount of materíal
i.re.s f orced into bhe ampule " The ermpule r^ras then placed irr a

speeie.l wíre cradle on a porcelain boat a.nd pushed Ínto the cöm*

br¡stion tuÌ:e unt,il the ampure tip bouched the eopper ga.v%e"

T!:+ cen|re sectian of ihe furnace lras closed and the element

tu.rned on a.t a vëry i-olv setting of the rheostat eontrol- to assist
in distíIlíng out the sa.mple" ft r,ras found that this part of the
proeedure requireC veiry c:..re1"ul attention to prevent fla.shbaeks

in the Lube, and varied r+ith the boiling points of the liquids
e:nployed. -l¿'/hen the ampule v.ras a.lmost empty the temperature of
the centre section l^,¡:is inereased to a duLl red heat along lrith the
short heating unit, l.rhieh pre-heated the entering oxygen and ha_d.

been hítherbo shut of,f completely, The flow of oxygen was continued



for about Z0 ¡ninu-tes to sr.reep l¿.st traees of -,,tater into the reeeíver,

The total average t,ime for the liquids used r?as about l-È*2 hours"

Åft,er'this period the capilJ-ary típ of the receiver v¡as sealeC by

m*iting the glass, the u*tube w¿rs sepa-rated from Lhe furnace and

re-pidly ciosed t¡¡ith a stand¿ird taper stopper to prevent possible

deuteriur¡ losses by exchanging r,",rith a:tmospheric moistured

In t,l're combustions of chiorobenzene the yields o.i v¡ater r,\rere

97-98",i' of the theoretieal anount, in agz'eement v¡ith the almost

cluantitatÍve recovery obtained by 1r'1":irkentin t,Z:) using the sarÊe

metirod, In the combustion of nitrogenous merLerials, oxi-des of

nit-rogen are produced in the proeess v¡hich. ciissolve in the water,

makin¡:: it disbinctÌ-y ¿rcidic, a:nd a'lso leading No appanent water

reeoveries slightly in excess of the Nheorelic;r} amounts,

-Ç:)¡¡bsg!ion af Soli4 San::les,

Solid materials combus¡sd- r+ere an:;i:::anilic ¿ieid and Td-methyl

anlhranilic acid" iíi't,Ìr the combustion tu'De re;.dy to start ði conû-

'bustion, solid exchanged acid s"inples of the a;;pro¡:riabe size r,{ere

weighed" out rapidly direct,ly Ìca porc+ìa.in bo¿it and inirociue ed as

ciescribed above. The cenf;r.q.l section of the furnå,çç. ',s¿¡s adjusted

Lo meli the saml:Ie fairly rapidiy. t/i:en the boat i.l"as pr"i,cr;ica11y

*,ry, the tetiperature of ¡.11- the furance sections 'i.'¡ås "inere:..sed

and. the ccrnbustion comi:lebed a-s already descríbed" Äverage tine
for these combustions r.¡a.s 12À hours"

Purification oí''vfater Sr-nn1es"

j')+)

ilater sarnples obtai-ned in the

ac*ord.ing to the niethod. of l{eston,

combustion process were purif,-J-ed

P'itt,enberg a,nd Sshoenirelner {+¡ )



.i{if h s}ight, nrodifícs-tions " The purif lcaiion âppar¿ltus consisted.

of five Pyrex gJ.ass u*tubes a.nd ¡r Pyrex receive¡" having siand¡.nd

L2/2A iaper joint,s. ÄlI parts were thorougìrly cl-eaned i.¡iEh chro¡-äic

acid., washed. i,¡ith dil-ute amrnoniu¡n hydroxide, r"insed. ,¡¡e11 v¡iÈh wa.ter

and dried in an oven i:efore errery run"

To start a purification the u-tubes -vüere aruainged as shov¡n

in Fíg' 1, mínus tube 1, , whieh '¡¡as the receiver in the combustion

and now eontained the l'¡ater sanple to be purifÍeci, The resi of
andthe train .¡¡ð.s er¡acuated to ! mn" v¡ii,h a vacuum pump^ttroroughllr

flamed. iifter it ha.d cooled to near roorfl temperature, aír ita.s

admitted through sËopcock A (Fiq" 1) tlirough three u*tubes fí]1ecl
t'¡iih anhydrous magnesium perchlorate" Cot,ton batting hail "neen 

,

firarJ-y pecked above the d,r.ying aqent ín these tubes ta prevent

fíne particles of dryin,q agent fro;;r being swept into receiver 6"

irÍillågram åmounts oí poNassiurn permåi.ilgårnate a-nd. calcium oxicie

ttJere nov¡ introduced. ínto l,ube 2", an exeess of barium carbon¡.te

'ri¿'ig added to the w¿iter in reeeiver ]. (to tie up ther oxÍdes oí
nitrogen produced in bhe com'nustion), and, bi:e l-atter i.¡as att¿-ehed

to the rest of the systein" iu e 2. r.ias then imnrersed in e Dry

Iee*a-cetone mixtu-re,. and the s;rstem evacuated. Lo 5 rnrn, 3y ;;..r:ling
tube 1' with a miero-burner the v¡ater r,.rr¿ls ea.refully distii-l-ed inta
t'ube 2, 0n conipleti-on of this transfer the systen r.,i,s rest,ored
to atiaospheric pressurer. tulre I rernoved, tube ? closed vritå: ¿L

stendard taper stopper, and i;he freezing mÍx|ure ::i*ved to tube J"
?he water in tube 2 vras then reflu>led. over bhe alkalir¡e perrfian*

ganate at atmospheric pressure f or a f elø niinutes, Tl:ris should

It
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Fig" 1.

A, tivo-way sbopcoek; B, thror-rgh anhydrous raagnesium
perchlorate drying tui:es a.nd Ðry Ïee trap Ëo mano*
meter and vacur-m oump; C, to etmosphere t,hrough
three u-tubes filled r,vi'Lh anhydrous magnesium
perchlorate.

Water Purification Train

6



remûY'3 terbon dÍoxicie and oxiciize eny lr'eces of orqanic rn;rterial
pr.e;ent, !{lien Lhe ,,.,'û.ter l:ed cooled to rooin temper":,.ture the s}rs_
terl l'¡i's aga-íri evlcuated to 5 n1n" and d.istil-1at1c:t e¿lrriec ou-b into
tube 3 " Tfris ¿ùroceis ;'r s repe;iLed untj-I the .,-,¡ater semple 5¿rd been
disbil]eC -io'*r birnes ¡.fber tiie ínitial distiilation untc¡ t,he puri:
fying agent,s. By:írrrÐ.ns of .: cir1, i'yrex glass tube r.¡it"ir i:. I,resh1y
clr.rwn oüf, *;'lpi f I ¿1¡j¡ tip a,nc1 : rubber suciion bulb the pu::if ied
weLer silm,ole r,ri.s :::,1¡;idly tr:insferre| fro¡n receiver 6 tg ¿:_ *l¡aned
and .fla;ned serun via,l with ¿i self*sealln,q rubber .siopper"

Ìliilj?Elì IUi,i *ii;ilï.iIS

"

.¡r11 speCitcpltotordetr-ic ,,.,r.orli H:1; done r¿ith ¿- äecl;mann i",|cdel_

Dä*1 insirumenL having í:){i,tf.z optics. I,jåicheci l_ eít. x i orì.t. x t+"j
ernu Corex cells {r¡ith loose lids), e -rungsten lig}rt, sÕllrúe, ancl

å le¿;i'd sulfíde detector,',¡€ÍÊ usecl in t,he Ínfra*recl region" Carbon
betrachloride v¿¡s usecl ¿r.s solvent over tite range Zrq5O*lCCt rny

i{herever solubiJ-iÈy perraitt'ed" its use, n*Díoxane r,..¡íis suÌ:st,-itu,ced.
for rnore polar sorutes, shortening the spect,ral range to ?)5\)*
I2OO my.

Before use 'b,he instru;¡ient r.¡;rs ;rdjusted. for O,/o e.nd IgCiå trans*
ntitfai.nce, wi-th pure solveni in both cerrsu åt the v¡e_velengih i,,¡here

bransmitt¿lnce me¡:surenents r".¡eí,e to be m¡-cle, !/here specir.a liere
to be record.ed. over ã rånge, 0f6 and LtO'l,, lines were recorcecl first
by the salile procedure. The sensítivity conl,rol al fhe insirliment
1'ras set at 10, qíving a m¡.ximum pea.k-to*peak noise level cf about
t"5i[' Scannin,s wir-5 ¿a:'ríecl ouL at decreasing vravel ength, sc;n¡ing

)+(ã



speed = 1Û, birne consta"nb = 0.1, and. chart d.rive of 2 inch*srlminube,

Transmittence measurements at any single r.'¡ei1*resolved peah ì,.,,8rÊ

obtained by se¿:nnins (at vravelength drive = lü) aeross Nhe tlesired.

peak v,¡ith the rravelensth increasínfi ¿-:nd decre¡-sing alÌ:ern;"teiy

Èo obta-in the averåqe of five pea-k heights"
The solutions themseives r,.rêr€ m¿.d.e up by weight, :rnd the

concentraÈÍon i¡r moles /titre of solution eoräirutecì. by usin.q the

íoJlowing densitiesf at Zjac", ¿rnd assuming no volume change on

mixing:

p-dioxane = 1"A353 grams/cc,
carbon +-etr:chloride = L"5Bl+3
aniline = 1.01?3
I$-met,hylanil-ine = 0. 982tu

rn the case of solid soLutes the volume occupied by the solíd
was assurned Èo be neglågible since the solutj-r:ns ldere very dilute,

4!¡C¡,pted Ana.lysis of Benzenoid Deuterium-

Lrl

o-deuteroaniline {Fig" S) shoued no v,¡efl--reso}ved pea.ks sharacterÍs*
ticaliy differer:i from thoee in the spectri:. of the respectíve un-

deutera.t'ed analogues in the wa.velength r-ange acc::ssible to the

Ðlt-I instrunen'b, this methoci. of benzel:oid deuterium ana.lysis -o+as

aberldanecl" Sin*e no prre deuceriurn isomers cf any compound. Ì,¡ere

prepiared, t'his method v,¡ould have rec.u-ired st¡-ndarclization a¡iainst
soïne other methccl if it had been found, suit¿r.ble.

since the speci,r'a. of o-deuterochlorobenzene (Fig" 6J and

4gg1 r-anq- s{ D eu! e-ðÀi4t -g&=!þF_,'!tr 4 e* li:ol¿p .

i'Julf ¡rnd l,id.del- (8f i har¡e attr-i.truted the absorption of primary
and sesandary an:ines in the ljcû m,¡-r r'egion flo Ltre fj_rst: overtone

f From the Intern:riiõne] tritic::i Ta"bles. puìrlished for Lhe j'l¿ition*.l
Ëese;rrcir council oí th* u"s";i" by Lie1r:r;i^.,.itl- BooL co", ïnc", ii"ï" rg1j,



oÍ Èhe Þi-l"l stretching frec¡uericy,

In aniline 'liiis ch¿lr¿rc|eristic ¡reah r.¡hich i¡¡; íound_ to occur

.il I¡+95 v1t, devi-r.Led sli¡;ht,l-1,'frci;: I3e:::ts T.:.:: (f:i-S. e - Iine 2j"
ïn l"i*riie'bhylaniiine this pe;ilr lLÌ+93 ry)) was decrei.seiÌ in intensít'y
(Fig. 1t), end obe.,.,ed Beerrs Lav,r in bhe ditute region (li-q. 2*

line 3)" In It,iri*dimeth:rj¿.niline no ¿.bsorpiicn occurred in this
region (Fis. 11)"

Subst,ítuiion of deuie::iun or sone other helvy grcrip for nn

t,r:aj-no irroton should resuli in a ner¡ e-bs*r',.rLi-on b'¿nd- (l;*l) ;,;o1:etr-

in-g i,Lt â longer r.l;rvelength, beyorrd the:";.irge oí the ctLLàt't,'z infra-

-':ed. speci;ropliobometer, ldeverilieless, the interlsiLï of the pe:rk

Ín the 1i00 rn¡r region shouid'bs ¿L ÌiÌe:',sdre of ühe a.mouai; o.f uasub*

stibuted ¡ne-teris"l preseni; in ühe s.,rli;le, ;.nrÌ hence ilie a.mount of

Ceuteriun etÌ;rrchecl- bo the nitrogen shoulC be obtrrin¿..J:ie by ,liffei'ence,

To tesb t.i:is method c-i anal-¡lis Ð. sln;l;le of ani-l-irre !¡es e¡"-

*ir:.ingeci ',¡z't"'c cieuteriuii: oxiae ,..¿-t;ç.ne: ¡ anC i;resunt;biy shouid

i:¡.¡e ,:"11, the d-eä.teri.uni pr*;or:L bon,lei tc '.i.c ::iti'o,;:n eLor:; {see

inir¿red specirun ín FÍg, tC)" Sp:ci:rcphotometric ånt"l;;;_i;; ",'relCect

\i.'l : 1,6 ctc:n ,3 Ceuie.:'iu.¡r i:onde.l bc ii.e rrÍiroEen, '.,;.11.:.t'i..; t,il€

coinl-,r-rsNicn method ßr.ve i9.64 : L.66 a"ton ii d.euier;run (;.io, fâ,
.i -a,_ -' tr- \ mt,:,,;.ii,., ,iL), 'l"he neti:od v¡as furiher subjected tr â- cribic: f- iest

ry a deberi:tin¿t,ion of che ?ttlJot il ;netlrylei at-b:¡.elied t,o 't,lie ni.i;¡'o*

¿en iitor* in td*rnethSrl*tttttt u, ii vel-u-e of 2d"J;i ,:,te.s oT;'bai*eå t':

*úrflp:ired lvith 'che t¡ru"¡s¡ici,¿:L v¡r.Lu-e of fi;r" 1ihi.; s,i¡;:;es'r,,,-,-l ;l:,:i
L,]-ie int::oducLioli of one he;,vy grojJp Ìar e ¡;r-oton ati¿chei Lc

ihe rritc"o€;en åtÕn'r i:ray aílect Ltie intensi'i;y oi' the re¡n:i::íi:; - -iì

rrlþo
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vi'oration without changíng the frequency appreeiably" Diffículties

in spec-broscopic work due to the f¿.ct ¡hat there are Ll.ro hydrogeïl

atonis a¡tached ùo the nitrogeïl âtom in the ¿u*.ino :;roup a.re also

noied. by lriaka.mtto, i'h-rgoshes, and Rundle (58'i. This method of

;nalysis 'r,r-as Èherefore abandoned r¡j:ihout, a;opl*ying it to the deuterated

anihranilic acid. used in the decarboxylaiion (pa.ge 3L,', where åt

\..¡¡is originally thought th¿ri this metl:rod of a.ttacli wcufd. d.i.scriminate

between bhe Lr,:¡o d.eut+ratecL funetion,:,I groups in tlie rnofeeule.

The methOd deSCr^Í"oed a-bove i^IåS, hexever, e,'r'[enii.ed tc ';]r*

:,:-i:;rl;r":j.5 of deuterium ;iti;:cirecl, to ihe nitrÕíieî: :tEorn 1n dsr;ii::.'.;':ì,Èed

¡"'f-;,ietlrr¡l.anthre-nitíc acid- (XVIi) and tl:e deuier¿:-teC \i*rte¡,'¡t'{'-i-.¿:r:-iline

/:'irF+a- \ r

i:rrJ-Li.r.l oÞÐa-rned from it on d,€c:,-r.bo;i;;']-ation {page 33l} , si.i¡c. ';cili

ihese compounds have oirly one hyd::o',tr::i bond"ed to the ;:itz"o¿'er.

íLt,otn" Ti:e follo',','ing scheme i1}-¡.str*-t+;s the set'ies carrie,j r:i'J'iJ'

;.is C-escri'oed elsev'¡here j

)v

l1-

(riYr )

Tire intensit¡r of absorpticn at the L1,.93 m¡: peait lvas clet erl;iii:;rj.

'iar Lyvee caficentrations of {XVIIIi :-n earbon tetra.c}rlepir1'r {Ii.r"
;l line ¿u), end. the amounf; of deuLez"ium bonded to the ni"t::'o¡r*n

cerlculated to be 1B"O alorn'¡"' from Lhe slopes of lj-nes 3 aii{ j.¡"

?he eourbustiCIn analysis of {XVIII) gave the total O*u.¡sr'ir-lr¡t cçr',:-;ent

of the t:].;teriål, equal to 35.67 t L"58 atoni ')L úeut-etiu:¡r iti "¿'l:"e

.çwa labelled .oosilions {l{o, 22, T:IBL¿ Vf }. By dÍfÍeï'ence ii-:

,i!'e
ii-n 

^.n)J _rrrjZ

æ
GOOD

(;,,vrr)

Ìf^
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t t.rTl /r \j jtr? \J /
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ã.rno,jl]t of deråöeriujli

obtained as foll-o"'¡s :

{2 x }5,67 t 1"5S} - (18"0) = 53"j t },2 al-ot¡. ilo

Combusti-on analysis of {XIX), v¡hieh had no deuterium borrded io
the nitrogen, gavë 56,77 å 0"SZ atom il deuteríu-.'r {l'{o" .?3, T."BLE VI},
in a.greemenl witkr the above val,.te

1 - i , ^-{ I ^ ,r.r. s1¡n1rå.r tre¿.lment of tlie L535 rrllr. peaic of (fIfII) in n-Or.o**rru

li¡ås not sati sfa.ctory sinc'e ilie abscr,utíon Í: \reyy r.r'ea.h in th:.|
solvent, and is also not well resol-ved. (Fig. 9). Figure 2 line
l" is a Beeres L;t',.^r plot of the ZA?-C qi-r pe¿Lk in {TVI), whåch vra.s

used tc -qho\^"'(in a blank r"un) that ti:e diox¿ne u.secl as a sclvent

in the pz'eperation of (XYII) coul,l |:e rernoved by the method. used"

Line 5 in Ðhe sånie figure sho¡¡s Lhe Feer'$s Lav.i pI-ot for th J-535

m¡r Feak ín {ÍVl), e.nd. line 6 shoçs the s":.me relatíor:.ship for' (ftIII).
I'lo precise significanee can be placed- on the deuiez"iu:n anaiysis

obtainecl from the slopes of lånes j and 6, which indicaled t,hat,

a-bout J-J atom '71 of d.euteriu:rt were attached to the nitz'ogen atom

in (XVII )" Ido.other solvent could. be obtaíned thab raa-s iranspa-renL

at this l.¡avelenith, ancl v¿ou1d dissolr¡e the polar sol-ute r,'¡j-thout

interacting lvith it 'co such an extenb th¿it accurate transmíttance

measu-rernent-s v,¡ere impossible- Ii ha.s lreen sho',""m (20) th;.t the

Õxy,jen atoms of di-oxane enber into a hígh degree of hydrogen bcnd*

ing v,rith srribable soJ-utes, eol,u those c,rnia.ining amino groLr-ps.

The tradient Densit¡r l+iethoci

(l/È

in the ortho position of {XVIII) should be

The gradient density tube method descri'Lred by ,lnfirrsen {1}

v.¡as used to de'l;ernine the 'vreight percent deuteríu¡n oxid-e ín the



purified- !'iâ.ter of conrbu-st,ion" ?his method is basecl on Fj-clc?s

princii:Ie, which states ihat a l-inear gradient of densities is
produced at tl:e -ìuncture of tlvo raiscible litluiCs of u_nequa.l-

specific ¿ravities" ihe detaiLs of tliis meihod have been gåven

by Bryi:.ko {i-6) ;ilci by ï¿:rLienl-in {75} ano onl]¡ a brief d.escription
will be given her.e,

The gr;,díeni tr.rbe itseií consisi,ed of a j5 cflo Fyr.ex gl;.r-sg

tube ha-ving ¿i dÍan:e-¿er- of 5 cst., Ëhe end.s of i.,¡irich ivei"e sea-led to
the neclc of a 1l-itre round-botûotied. f1asl.: ¿ind to the bottorn of
a J00 rnl" round-bott,oined" flash resireebil-ely. The asse¡nbly l,ras

trrounbeC- vertici,illy in a glass--front,eci flier'¡irostat, ccntroll-eti to
zi.aa * 0,01oc,, with tlie neck of Ì,1:e *"ube proð;.uding above iire
level of the i",¡ater in the tank" Tire tui:e r,yes fiti;eel r+ith a ground

glass cap to keep dusl, out oí' the syste;r ancl io prevent errapora.tion

of the graclient components"

Sonie anhydrous megne¡ium perclilorttte w¿t* ¡:l:tced in ti:e bo¿tonr

îl-ask a-nd. the tube fil-l-eti t,o 'Lire rii,ici:poin'i: ',¡j-ih a &-hepLane*
brr:mobenzene solubicn havin,g a speci.iic grarrity of ebout l-,01g,
ji" sir¡ilar sorr-¿t,ion of ,specific gr:rvity 0"g9s rsas garefully layered
over the he¿;,vier soluiion by roeans of a separal,oi-y funnel l.¡iih
a. long stem, the Li1: of whicir v.,¡âs kept just beLo-,r ihe surface of
the lío,u-id. in t,Ì:r: tube, The Ðube T¡,¡¿rs fiiled i,o,¡riLhin tiie necle

of the 5û0 ml" fL¿rsk.

,{ slircer, macie of cle¿in copper r.rire, and having a spiral
1n the plarie perpendicul ¿lr Ì;o 1.he sf;e*, wr.s genily lover.eci io õhe

interface at the cenier of the tube, and the solution sLir;,ed
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ì,,rith strokes of inereasing length until a-t the tenth stroke

upvrar.d the entÍre length of the -r,ube between the tv¡o flasks he-d

been traversed.. The system l.,¡a.s alJ or¡¡ed at least 2[ hours to atbain

equilibrium, Gradients prepared. in this ma.nner covered the range

't*t0 iueight iå deuterium oxicì.e, and sta.nd,ard water-deuLerium oxide

samples to bracket unlcnown samples (Table IV) vrere prepared

fron purified glass=d,istÍlled nater end gg"83f, deuNerium oxicle"

It raay Lre noted that the enríchment of 018 l'¡hich occurs in the

53

preparaêion of heavy l^iater lvould have a negligible effeei

densÍties of Lhese solutíons es far as this irivestigabion

cerned (,b6) 
"

T]iBLE IV

l,,Iater * Deuterium Oxirle Standards

Standard
No.

I
2
3
Lv

7
6

1.1 hypodermic neeclle , aLLached by meê.ns of a Luer joint to a

10 crî!. leng¡h af Fyrex glass tubing .ïra-ving a- L/4 mt¡" bore r.¡a,s used

to l.¡íihdrav',¡ the '-r¡aLer samples through ihe stoppers of the seruln

víafs" In this v.iay contact of the sample irrith the e-tmosphere w&'5

largely avoided., .å, ru-bber" policen:an v'¡ãs slipped over the other

Ì{eight Percent
Dza

on

is
ihe

COr}-

0, û00
2"01ç
j">ó2

8"028
9,tr7



end of the capillary tube bo act &s a suelion bu1h" The need,.l-e

and- ca.pítIary tube i{ere rinsed with a feu,r drops of the samplêr

-i,hen re-inserted and" refilled. The tip of ihe needle l.ta-s lol'¡ered

belorl, the level of the gr"ad.ieht, solution, gentl-e pressure applied

to the iroliceman, and the drop released by r^aising the needle out

of tire solution. Bef,or-e introducing another sarnple ihe needLe

and ca-piJ-lary iube rlere r.¡ashed r,'rith distilled ¡,vater under pressureö

'huy r,"fere dried. by blowing dry nitrogen gas through them, and were

then stored in a d"esicc¿itor until further use'

Standards irere always introdueed r,",¡ith each series of unlcnolrtlS,

pla,cing the drops c;ireíi.t}Ly by looking at the horizonta'l eï"oss-

section of the tu"be in ihe well-illuminated b aÈh" Heavier- drops

r¡rêr€ introduced first to preveni coll-ísions" Af'ber ihree hours

the clrops had attained. ecluilibrir,Lr,r, a-nd the height at, the top

and bo-btom of each drop vras reed by rrreans of a vertical ca-thetomeier

accurate Èo 0.1 mm. The drops produced by this niethod r'rere fairJ-y

consi.stent in size, having a diameter of about J mm, The centre

ojl ee-eh Crop trra.s retorded as its height, aitd j-L was shor.rn'cli:t

dms-ll ve-riations in the drop sLr'e ha:-S lre effect on the heighc of

bhe centre. for the 1o-uv deuteri-u¡r oxide concentrations in'¡cl¡ed

it may be shoi¡li thet a plot of iøeight percent deuterj.un oxicl-e

-,'ersus i:eighi is as nearly linear as a plot of densiby versue

ireight. Thus the gradients used \,tere c¿llibrated directlT il.
i;eighi pencent deuNeriu-m oxide" - The a-nalysis af an unkruo-;tn ritap

rïåi.s obiained by in'berpoJ-atÍon betl,'deen the tr,'ro sta.nd.¿;irds ti:;''L

lrr-¿,cke.L i..ed jt, 
"

(t)+



¡lfter the equllibríum height,s of a series of drops had. been

reeorded, the drops i1.,¡ere withdravm frorn the gradient solution by

mee.ns oí a piece of moÍstened filter paper r,.rrapped arolrnd one end

of a tÌrin g)-ass rod. A second method used r+¿:s Lo sprinkle pulverized

anhydrous magnesium perchlorate into the tube, thus carrying the

r.¡ater drops dov'¡l'r into the Ìayer of drying agent at Lhe boLtom, Tf

the cleirsity gradient had. been preserved , ii could be used ageLin

after 2I¡ hours" Grad.íents 2 and 3 (Fig, 3) resulted^ from gradient,

I in this menner"

The water samples ín this investigation l^¡ere analyzed on 6

diff erenü gradienLs, Plots of cathef ometer readings verslls r,,reight

percent deutenÍr-un oxide are gíven in Fig" J " Gnadients that ex-

hibited curvaLure e.t the ends of the ra,nge were not used in those

regions, but were still found Lo be quite satisf;ctory in the

centre sectÍon, Gradient I was checked r,.¡íth e"uxilj.ary sta.ndard.s

prepared at Lítt D?O interuals to chech this" To check the consistenclr

of resul-ts obtained from this method of a.nalysis several sam¡:Ies

l.lrere analyzed using different grad.ients. All analytical results
ere lísted in T;iBLli VI,

To determine the magnitude of the deuteriun loss due to pr"oton

exehange during the cornbustion and purificaiion processes standard

i"¡aber-deuterium oxide sarnples covering ti're range 0*2û rveight, F€r-
cent oxid.e trere put throuqh both processes. They i',i ere then ana-

ì-yzed in the gradient and the deuterium loss deLermined" Since

Lhe loss i.¡as found Lo be quite substantial at higher deut,eriun:

oxide concenLrations (see TliBLiì V), all analyses reported idere

corrected from the rt-rrrre shor¡rn in Fig, b.
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T*tsLI V

Deterni-nation of Deuieriurn

True !'ieight
I'ercent DZA

(a) CombusÈions

3 "g&28"028
10" I03
1&.161
7_4.A23

(¡) Combustions

? OÊ"
J ø JV''

9 'tL7lL, 161-
?.4 "a23

Gr.ld.Íeat,
U-sed

v¡ith s.:rn,c1e

L

t
ltT
t-
J

5
Ã)

i.¡ith san ple
r)
5
tr)
Ê)

The foll-oivin¿g expression, Ciich is
nenta-l- principles, trrå_s used bo convert

;;.rr e,na-lysis to the amonnt of deuberii:l:

ExchanEe tosses

1n pyi"ex ;iless ampule:

2"2?l"lL
9 "97

L3 "6618"/l.8

e porcel:,in boat,:
a clr!
-}cÕO
9,5?.

L3,74
19"30

ing org:ìnic compound:

'rieight Percent
by iinalysis

Ê,tort ii D in nr ;r:ositions = --T-*
Ë (rcoo - Ç)

¡¡her-e n r =

r-n

the nunber of Ìiydr"ogen positions in the nioleeul_e

theÈ consisted;-- :-lty of deuteriun atorusg ,

Lhe toter numb*r" of hydrogen atoms ín a non-deu,cer¿ied

c'-llCl Ç

rnol-ecule o_f ihe comircund,

= the ireigi:.L percent deut,erir-i.ra oxicle in the r.¡¡,ter cf
combu¡tÍon of ihe cofirpounci"

e::.sily derived fror¿ funda-

the weight percent D20 from

present in the cori"esi;ond*

g For d.euterilied anlh¡'Lnilic i,cici i:rrll- its decarboxylat-ion pr"cC_r:ct,

ns = 3; -for d.eu-bei:aled 1'¡-r::ethylanlhr¡;nilic iciC, its decerboxylation
pi-oduct, anC- for aniliire exc:t:,n,3eri ',.¡i.... DrO, if T. = Z; ¿nd fot o*

deuieroaniline '+ith no deuteriu¡r ;ttt.,l;,,ed to t.h-e ¡11i.¡r:ren *:,!.r,tn n1

= I,

100
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DI.qCUSS]Ûif ÛF JìESIJI?S

"ii comparison of ana.lyses 6,, 7", and 8. with l" shotts that a

large fractj-on of deuteriirm is los+; from o-deuierochlo.ro'oenøene

on aminatíon v¡ith sod.a-mide in liquid. a-nnonia." To clet,errnine the

numeric;il value of this loss il-- is necess.i.iry to know how iriuch

C.euterj.u¡n is lost by exchange l+íth ïhe solvent fron the chloro-

1>ennene before the ::eacLj-on, and fron the anil-ine af ber the

reaction "

tomparison of anal¡rsss 19" v¡iih 15. shor.vs th¿:,t the loss of

deuterium front q-deuteroanj-l-Íne undei' the am-liration conit.iiåons

{31-an}c üo. 1) araouni;s to ebc'ut L"l+}lo of thi+" initiall¡' presenL"

liince [ire reacti-on v,rås s:-or.l: to be i."¡;st it seeüs reason¡¿b]-e

to suirpose thai, tire deuíeriu-n loss from a*deuterocÌrlorobenzene

before the aminatÍon vrould be negiigi'[:le, provicj.ec't th¿r.t the ex-

chrange here i'uould be eompa-r;b1e ín rate to th,:t dernonsLr-;ited for
o-deufer=o¿r"niline. 0n t,hj-s bn:.5i5 the aminstion re¿¡-ctj.on resu-l-is

i¡: a decrease of deute::ium conteirt at the lai:eIled- 1:osititx:. f::on

'oh"3 1 l.p atom i', in o-cleu|erochiorobenzene Lo j2,7 j 3.3 aton

;i in the enili,ne obtain,*ri fronr iL, This corresponds No.s lcs¡

oi' 5L i 6'¡:' of the deuieriurn from q-denterochlorobenzene, ';.ill;"e

llre 3 6ii Ls d.erivecl from the m;ximu;:i rl-eviation of a :'un írcrri "ihe

ìjieã.n û

'çz

T,,o attempfs lrere mede to cLeter¡aine the amounf of de:;il,::.'ir,tsl

exetß-ti:r¿ trarn o--cl-euteroclr.lorobcnzene, fn Bl.ank Ho. 2 (Ëiige ']îÅ),

g*deute::ochlorgbertzene (sï;ocl.; sanlple E ) '"',r¿¡.s treaied ',¡iili o¡r+-.ral-í

eclrrival-enL oí sod"arnide in líquíd a.m:ronía, anC rhe elrress cirio:"o"'



benzene was recovered, Comparison of analyses 2" and 4" sho';.¡s that

the exÕess chlorobenzene had tost abouL fbf" a'f the cleuteriu¡l ini-

tielly present" ìllo precise significance can be abl:ached io this

.ligure, ho'.,rever, since lhe reccr¡ered chlorobenzene v¡¿;,s subjecLed

to conditions eonsidere.L'ly different, fron tiiose encountered by

'the chlor"obenzene ihe-t r"e¿:cted" i.he elicess chlor"obenzene þ'as

e;rirosed, not to soCaiiride, but to the r.¡eaker Ì:ase sodit:-m aniliCe"

åt the s.?-ae tíme i-l r¡¡::.s exposed to the b¡.sic arrunonía sol-ut,ion for

a mr.:-ch longer tirne than r¡:ts the chlorobenzene th¿lb re¡.cted"
' Blanlc l'Io. 3 (Page j9: !-/¿rs csLrried out in such a månner thc-t

t,ire unre¿;.cted ehlorobenzrine i"¡ould be in conta-ct for a short NÍme

i¡ith h;Llf an equivalent oí sccla-niíd.e aüd rl¡ith the sodium anifirLe

å:s it formed, after i+hich period e.mi:roiri"¿m chloricie i.¡as ad.d.ed to

leave t.he excess chlorobenzene in contaci 'r,¡ith Nhe prodLtcb, eniline,

¿inC'liq.uid arnmonia only" toi;rpå.rison of analyses 3" ¿,nd 5, shows

Nh,=.t no a.ppreciable deuteriu:ï v*e,s los'r from .i:he excess chloroben-

zene, Since tlie d-euterium exchange loss seerûs to arise a.fter the

aninat,ion reaction, the LLiS deuterium loss es obtaineC fron E1a.nk

i[o" 2 rna.y be reia-rded ns ¿r. very cönser-v¿rtive upper låmit"

Conrpiiríson of analyses 9, and 1Ð. with I, anC 8. sholrs that-

r,pproximately JJ',i of the deuterateci a.niline obbained" by the e'lr,L-

n¿.,tion cl q*cleuiterochlorobenzene ,,¡iiil sodarnide in i-iqr-iict ar,tr:.onia

h¡icl its d.eu-ueriu¡n in the Ui-posit ion,

Ttie anpro:<imr.tely JAlo d,euíerium Cecre¿;se obser'-¿eci in ihe

aninatioru ancl the a:i:pr"o,':ii;reiteJ-y equal distribnNion oí g* anC g-

rleureroaniline in the product are botlt pred.icted by ihe el"iniina-*

t"i on r,iechanisni and not by the re¿rrr';in;Eelnenl, mecha-nisrl" ?lie re.a.rran,3e-

ment mechanism is thus refuted"
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If the elinination mechanism is accepted t,l-re surprisingly
]-arge deuberium loss mrÀst be accounted for". A deuLerium loss of
51 t 6i!' tn the amin¿riion nlee-ns th¿ib the cr euterium i sotope efíect

.involved is very c1o*e to ur:ity. Since the deuteríufi conient of
the reactant dots not cha-nge ¡ls the renction proqresses, the deu-

leriu:t isotope effect {k¡1,/t<¡} ¿s ec¡ue-l to the rncle ratio of deu-
ierated aniline to norrneil arril-ine in the pr.oducb for one mole of
)-OO7i o-cleuferochloroJ:enzene" Using t,he upper e.nd loi.rer v;,1,"r-*s of
tlie deu,terium loss observed. experirnentally, this Le¡-ds to isotope

':í"feet values un/kn equal to 0"s ¡rnd L"j respectívely*
Tl:e i¡:trod-uction of a hei'ivy isoi;ope into ¿l molecule slior-rid

c¡:r.Lrse the :"ei:cfion to proceed at a sloin¡s r¿lte if the isotopi,:,;li-y
subst.itu.teci boncl is invol-vecl in the ::::te*ceLer"nining step, .If
i;lie sr,il:sti'buted posítion is noi invol..,-ed j.n t,he r:.t,t*üeter;*il:i_ng
st+p cf' t.he re.ef;ion the rate should. not be influencecl, -it: pi::ss*

:iäg bo tlie Lransition state the br:n,l- that ultimately bre;..ir.: 1i,..;

i':lre;rdy begun io weaken. Irrom theoretice-l principles 'i;i.i+ i:i.::.,.:i:r:::lir

pred-ictabJ-e isotope effect c,q.n be c¿:lc'-lli:tedr eoru¡:sponçijni; tr: a

Lilht birid-ing of the isoto¡:e in Lhe 'rs:ntr.,n|, anel a comple,;e-j-y.

-ir.ee isotope in the tr'¡-nsition sLate" Folloi..ring ùtre Ëigel-r:i_ie:r

ireabment based on the absol-u1;e re¿ic1:ion rate iheor-lro l,riì:erg; tZf)
¡.'';íi,'es t,he fol-1o,."ring sirnl;lifíed expressj-on foï" this fi;,.xirsu¡r ¡j-eu*

1;eriurn i,: lt,:pe ef f ect r 
, ,, \ ,

kv/kn=e(rt'*xr)/zar
',iltere Eyi, is the zero-poin; energy oi the bo¡rd ro prol,i.lrr:r, ,¡ is
'riie zera^point, er¡ergy of tire cor-resTrcnding bond. t,o d,euLer.l,;-.,

iì is 'ciie gas cons¿ant, and. ? the absolute t,eiaperatur.e, i.ccarúínl,

Lt..JLþ



ic this â. theoretical maximum Itn/kn value oí I1.1 is predícbed at
o*33 C,, Lhe ter,rperatui"e ;.t ',vhich Lhese amination reactions are

c¿r::ríed ou.b. An i-sotope effecb is mosi pronounced v¡ith the iso*

bopes of hydrogen bec¿"use the rel¿ltive ciranges in iÌ:re isotopic

m,?-sses are larger f,han for" any otlier element. For a more deta.iled.

ûireoretical lreatrnent af ísotope efiects the res-der is referred

to Bigcleisen (10, 11) "

In Èhe amination of o*deuterochlorobenzene it would be h;rrder

to break a t-Ð bond tha.n ít v¡ouLd be to break the corresponding

C*H bond, and this should reveal itself as ¿n ísototpe effect if
'bhe scission of that, bonci is part of the step tha-t decides the

product ratio, i''"íoreover, 'Lhe lolv ¿emperâtur"e of the rei:.ction

should malce Lhis rate drfíerer:ce even nore noticeable. An iso*

tope ef'feet of close to u.nity rnay b'e interpreted to me¿ì.n that the

elthq C*l-i bond ha-s noÈ r.¡eakened eppreçio,bly in the trensiLicn state

of that step, Ii ís proposed tha.ï ,,he ortho hydrogen atom i-s

icsL 1n a- fast step ih¿lt foLloi¡s che prccluct-de'Leirnining s1.e!,

irny inieriaediate that must be involved in thís rÊr:sflsn mu:t ha"'re

Sost th.e hydrogen atom in t,he oStlrq position in sucir a. w¿ry 'üh:t

'i;iier"e u¡oulci be a 5A/5O chance af losing eith¿r deuteriurfl ür: ;-r::oiíui:r

ii-r bhat sbei;, at:d it must be synunetrici.li rrÍth regarci Lo the 1*

¿.nd 2-pocitions

Tl:rer"e are three specÍes present ii: Nl:is reirction lh¡.i c il

conceivably atta-ck the chlorobenzene nolecule, the ¿rrmronia nlçlecules

øhich a,re presenl, in large erecess, i.he l{li" ions, and'[Ì1e l'ia + ionË,

t]1



The atõack by an anide ion oa the orthq hydrogen at,om would

þe expeeËed to l"ead to an isoiope effect, and is r¡led ôut"

irlucleophitic amide ion attack l.rhich v¡ould leacl to the a.t|achment

of the amino group to the :'i-ng r¡ould bring ¿.n extra pair of elec*

tnons v¡iLh it " 'rihen tkre hyd.rogen aton is e:rpe }led in a subsequent

sbep it wouLd.lea.ve as a hyd.ride {H-) ion. It is lcnov¡n from ex-

periraentaÏ r.¡ork {:) that hyd.rides ree.ct rvíth líquid anrmonia-, li-
ber'¿Ltins hydrogen gã.s, Since no ga6 is evolved ia ciiis anlination,
'bhe d.irect attachment of i,he itFt2* íon seems higtrly uniikely,

If the cirlori-ne åiom frcru the cirlorobenzene moleeule r;,r'êr'e

losb as a ehloricìe ion by some proeess, år str'¡clure of the ty¡:e
/ rrÌ, \(ïXJ r"¡oujcl- resul-t. This might be vuinerabie to attaek by nucl-eo-

piiil-ic re;igenbs, and ccul-d lead No benz;rne or one of tl:e oikt;:r i'n-

termedí¿.t,es suggested by F"oberbs ("rïI ancj TIII, Fage æ.. ïaf er-
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rleclj-ate (XX), as r,'¡e11 as {Vff ) ancL (Vlft), st,iLl ret¡-ins tlie iry*

Crogen t-ir=rms that i',rere orihg to the cÌ,lorine a,l,;am, anii- a.n isótope

e.ifect ,vould be expected in the subseqi-ten| bond rupttrr"e. Tl,e onl.y

re¿¡.sonabLe l^ray to vÍsualize the lorination of RoberLsl iriLermecliate

tVl) is to p65¿¿late ihe prior loss oí an oi-thq hydrogen (invol-vìng

i),n isolo¡:e effect on substitution oi d-euterÍui:r), fo1-1-or.¡ed by 'che

in.braniolecul-ar attack oí tire ehlorine aÈom to girre the d¡:ii::e,i

iniermediate "

/ \'ar \



The only attacki.ng species yet to be consj-rl.ered, is the sodium

ion. Jts attack on the c"r"tho carbon aton: '.¡ould. be a.nalogous to
a rnetal-ation reaetion (30), Isotopic substj-tution on carbon atorns

2. a"nd 6. probably luould not influence the a.ttack of the sod.ium

ions on these carbon atoms if. the loss of the o{thq hydrogen {or
deuterium) is ¡rostr-rJ-ated. to be a fast step folJov¡ing the attaehnent

of the sodium ion to that particular ca-rbon âiom, Since o-chloro-
phenylsodium would result, whlch v¿ould be ¡¡erT reactive, sodiri-rn

chloride may splít out intramolecularly to give the benzyne inter-
med.iate. This may be fornrulaied as follows, r.rhere the steps

shorvn eould be equilibrJ-a, since the coricentration of benzyne aL

âirif i',lofient i/fould be small. Cl

67

In the ni-tratíon of benzene, lr'hich is knol.m to be an eleetro*
philic ¿lttach of the nítronium ion {i'{ÛzJ }, I,,ielander (,rz} observed-

hydrogen i-sotope efíecls of unÍ-ty. In metâ,lation reacbions tirern*

selves the hydrogen isotope effects involved have not a,s yû-L ï"e*

cei.ved nuch attention" Br-,.su-5r,rit,h, Gcld and. Satchel-l tf:i rÊ*
pcrted, tha.t in the mefalat,ion of d-benzene at TjóC" rrith eth;,"J-

poLassium, wi:ere t,he hydrogen is also l-ost fron the ring, E,r:py oÌ:-
iained an isotope effect of ky/]rlçy = 0,50 i c"10. Fïere tlie rupture

ltaNH^
/-

01



of the C-H and C-D bonds is evidently part of the rå.te-controlling

step. Ho,,tever, the isotope effect is srnal-l in comparison l,rith othe::

rleuterium isotope effecLs. The s;ime ,:-utllors suggest thai the in-
fluence of the metal may r"¡ell be greater in certain reactíons"

0n the whole ihe evidence obtained in this investig¿ltion

supports the elimination-addition mechanj-snr of Roberts, but canno'L

be consídered e eonclusive proof of the same"

liÐÐET'IDUl't
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Recent Publicatior:s

fn a paper publíshed after this invesiigation r^ras completed

¿:nd the thesis w¿is rvritben in part, Iloberts ancl co-t¡orkers 16l)

reported 'bhe results of further experinental rr¡ork designed to es-

tablish the elirnination-ad.d.ition mechanisrn. The arnínati-on of iodo-

benzene-1-C1& ltith potåssiunx amide in tiquíd ammonia v'¡as found- to

yield aniline in i.,,hich 53,A j C. ?'ito af the total activity of the

producb v,ras d.ue to aniline*Z-Cl.l' and À,6 "l+ t A.U; of the activíty
Þråìs due to unrearranged anil-i-ne" They proved conclusivel-y 'bh¡;.t

iod.obenzene and. anilíne do not re¿ì.rrin,?e under the reaction ccn*

d.itions, Since C-I and C-2 beeome eqliívalent in the benzynê

iniermediate, equal amounts of anifine-1-C1& and aniline-2-Cltr'

should forrn, excep'L iÍ a CLz-C]^l+ isotope effect weï.e invol-ved irr

ihe add.ition of ammoni-a to the ÍnternedÍate, The degree oî i:o-

arrangecrent observed (52*fi'¡à) would require that the reacti on rate

eE the C12 carbon atom be .{ L3'Ã faster than the reactj-on at the t14

&.bom" Examples are lcnown rc6) in v¡hich the r-*ection a t the ü14

ato$. wås shol.¡n to be as much as L6)å sloi,,er than the reaction a- t
t/

the C** atom. The concept that IsnornellP and t?rearrå.ngingtt sub-



siítuÈion reactions might independently be involved and proceed

fortuitously aË the same rate is held to be verlr unlikely, since

iodobenzene*1-C14 ou*" found to give essentia.lly the se.me prod.uct

rqtio as r'Jas obtaíned. from the e¿,irlier work v¡ith chlorobenzene-l*Cl&

(6tr) .

The obvious importance of the hydrogen atom cr,lho to the

halogen atom v¡as.also not overlooked b1. these investigaiors. They

c,uote some previously unpublished :'esults indicating i;hett bromo-

mesitylene a-nd bromodurene ci..nrrot be aminated. uncler these condiLions,

which, barring steric hind,rance, eonfi-rms the neeessity of an gg!-ho-

hyd.rogen atom for this reaction to proeeed ( see also the l,;ork of

Eenkeser and Bubing, Page gi,

The IrZ-elimínaij-on oi hyd.rogen haì-icLe in the fonnation of

benzyne 'u'ras fornulated as one of tl',ro possibl-e processes, å. z'L#p*

lïísle nechanism (1) or a concerted mechanisrn (Z)" Since me"n.a* inoi'e

conven|ional cases of the sane nâture have been settled bf d.eu-te-r"íu.rr

i;racer r¡ork, Roberts and co*workers sub jected o--.leuiei"oh¿;,-lobrJfluer¡c?s

¿o these arnination conditisns, botLr ri'íth litiìiunl deithyla.ülic"e in

etl:er a-nd i:otassium amÍde in liquid alunonia, and analyzed Liì'¡re¡,c*

t,ed starting materiai by means of the intensit-y of fundamelt¿:l C...I

band.s in the infrared spectral region. Ree.ctions l',rere c;.r"rieC

out to different percentLge completeness, v,rhich lvas est;rblisheci-

by Volhec'd- títraiion of the halide ion liberated*

l^

(1)

(;c;ii )

F. ^+-a.-ùu- - \ pr-odncts
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Supposing the rernova.l of hydrogen to be the rate-deternining

step as in (1) the relative ¿'ates of g-deuterated. and g-pnobonated

halobenzenes i.rere preciiclecl to have an isotope effect tgrlt<¡ of
approximately 6 or 7, Par"tial- conf irmation for an isotope effecÈ

of this order of nragnii;uCe v¡¿rs found in the dehydrobromination of

isopropyl bromide, where ShÍner (7t) observed. an iscËope effect
o{ 6,7 ,

For a consíd.eraÈion of mechanisn {2) several ne:.sonabl.e assump-

tions ?¡ere rnade" The same specific rate eonsta-nts kf¡ were assígned

(x,lirv)

I
produ-cts



to the loss of proton from {XXff} an¿ (XXffi}, the k, value for loss

of halide Íon from anions {XXfff) anct (X,tV) was assumed to be equal,

and. the reversion of (XXIII) to (XXII) was taken to be negliSible due

to the large eiicess of ordinary am¡nonia" The magnitude af tire

appa-rent isotope effeci; for an elimination by this meehanisrrl r$es

predicted to be less than fcr mechanism {1), anA to be a function

of Ur/k-1, The sroaller the ratio of the rate (f<r) of loss of

halide ion from the ani-on to the rate (i.*f) of reversion to sbart*

ing material- by proton abstraction from the solvenb, the sntaller

i-,¡ould be the apparent isotope effect. If the ratio were verY small,

ít l,¡as argued that there would be no detecbable isotope effect

on the amina-tion rate because the fl.er-rterated halobenzene ivould

be comi:Ieiely converted to the protonated halobenzene before signi-

fíeant reaction occurred,

The mechanisms assÌgned to the amin¡.Nions studied end the re*

lative values of the specifie rate constants ì'rere found to depend

on the nabure of t,he halogen" o*Deuterofluorobenzene, 2rl+16*

b ricleub erof luorob en z en e, a-nd 4-me t hyl*2, 6 -dl-deut erof luorob enz en e

were found to exchan,?e their or'þþq deuterium very rapidly tvíth

the solvent, r,;here;rs the aminati-on producis appeared at an insig-
aificant rabe, Here k2 rras taken to be negligíble and kfl lvas taken

to be very large, since I)Of, g-deuterofluorobenzene lost all íts
deuteri-um in t0 seconds under the reacLion eonditions. It seems

reason¿ble to assume t,hat the magniLude of kfi v¡ould depend on the

acidity of ti:e hydrogen involved. Previous v¡ork by Flall, Piccolini,

and Roberts ßi,69) tra¿ esteblíshed the folLowing rel-alive acidity
order for hydrogens in substituted benzenes:
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o -FÞg- C Fr>Ë-C F3 - g- Ot i ir- !: C F3>E- Þp,-tr>m - 0ü H3>!,_ OC H,

27t,000 30o0 7û

Fron this it rnight be concl-ud.ed. that the relative acidity of the
ortho hydrogen atoms in the monohaïobenzenes would follor.v the se*
quence FÞCJ>Br>f, a.nd. that exchange might predominate ab the beg*
inning of t'he series lsherea,s a-rnination -r.¡oulcl predominat,e e,t t,he

end.

The amina"bion of o*deuterochlorobenzene w¿rs interpreted o¡.

tlre ba.sis of rnechanis;i {Z-), haying the reLtia k_7/k2 = 1,5 as cål*
cu-l-ated frcm the experimente.l v¡:,lue of 2.7 obt,ained for the a.pparen.L

i-sotope effect ku/kn" For g*deuterobronrobenzeire ug/kp wa.s f ound.

to be 5"5* In et,her r¡ith lithium diethylamide o*deuterol¡romo*
and o*deuterochlorobenzene r"rere found to have kyi/vq equal Lo j "6
¿'-nd 5,/ respectively, the c¿rl-ru,Letions b,eing ba.sed o¡i niecÌ:anism

{1)" äxe}range of deuterium from o-d.euteroc}rlorobenzene in et,her

"'re's 
sho'u'm to be of no imÌ:or"tance. ¿lince ihe retction with q*deutero*

bromoben'ene gave essentiarly the såme i,soiope efíect both in
ether and in liquid arrr:rionia, this r1¡êr,s interpreted. a,s proton renoval
being the rate-determinj-ng step in both solvents, The evaluation
of these isotope effects from their experi-mental data is d.iscussed
in the next section.

The change ín elimination rneehanisr¿ fr.on chlorobenzene to
bromobenzene in liquid ammonia i,¡as siror"¡n to be the basis for t,he

orcier of ha.logen reactivity Br)f)cl>>F in the amine.tion" The re-
moval of a hydrogen atom as a posiõive ion rn¡ould ?:e an imporçant
íactor in the rete, and na.s expected to fotlow the order FlCl>Br>I

{4
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på,rallel with the el-ectronegabivities, Secondll, loss o-fl ha,lide

ion v¡or-¡ld be expeeted. to fo1lov,¡ the rate sequeirce T>Br>Cl>F (see

pege 2Lì, The change in mechanisni (,2) to (1) 'r."ras "üáken Ëo occur

r,¡here halide ion loss became easier than proton re;aova.I, a.nd t,he

t',ro steps became synchronizecl as e resul-i,' Bromobenzene seeiùs ba

have the opõimum o_-hydrogen and halogen re¿,¿ctivitíes to give the

¡naximum rate with potassiull amide in l-iquid amnronia"

This experi-menta.l evidence certainly favors öhe benzyne ín*

termedii:.te, which is preferred by Roberts and co-i'.rorkers ovcr

several o1,iler possibfe intermed.iates tlet could be postul-:..t,'eci.

(see Page 2Ct"

0f sc;ii* interest is the discussi-on they give abou-t the stabi-

lety of an inte:'mediate lÍke benzyne, whieh, it is concluded;

inust have a.n a.ppreciable hal-í-life bee¿iuse : (i) if the inira-
molecular t12-C14 isotope effect observed was real, this wou.ld.

indic¿¡,te tha-t, the addition of ammonia" to the intermecl,iate w¿,is

slow encugh to discrirni.n¿te beti+een isotopes, (ii) evidence exists

i',.hich ind.icates that there is corapetition for the intermed.ii i;e

iiy nucleophilic reagen'bs other than am¡nonia, lea.din1 Eo the for-
ril;i-r,iori of diphenyl- and triphenylarnines in second::.i']' reacticns,

rnd. (iii) it has been found {S0} that potassium amide inc,¡'er-ses

tÌre yield of tetraphenyJ-methane froru chLorobenzerre and ?oû.:,3:iu-i:r

iriphenylnrethide in liquid ai:unoni;., 1'¡¡liehn it is sug¡;ested, ."t'õ.y

i:e due to the foraiation of benzyne"

Froni the sírnple atomic orbi'Ual *lethod it is inferred thi.t

the resonence energy ot- benzyne may be coflperi:bl-e bo thit oí'

benzene, íí the ring is Laken to be an undistorted i'egula-r h¿;s¡"gon"

73



Álthough the rltriple bondrr j-n the, ring l,¡ould result in a rarge

amounÈ of distortion (lZOoi from the preferced angle, this v¡ou1d.

noi result in a greaÈer strain than is present in c1'sl6propene,

a kno'¡m substance. Furtherrnore, bent excited. states of aeetylene

ha-ve been est,ablished from speeiroseopÍc evíclenee {æ)"
líore evídenee i-s gi-ven whieh suggests the extensÍon of the

benzyne intermedie.te to othen reåctions" Fl-uorobenzene *l-tlll
i"¡i.t'h phenyilithium in ether ga-ve biphenyl rr¡ith Ëhe orj-entetion
of the aelivity beÍng consisLent with a syninretrical benzyne in*
"bernrediate (¡oz)" ¿tn extension to the FittÍ,g-type coupling jieirc-

tions is suggested, The meeÌranism has been coryele-ted w iih the
hydrolysis of aryl halides with bese at high teinperetures i6z),
e-nd also lrith certain Diels-iirder reactíons (Tg] " rt is ¿_lso

reported that the a.mid.e inn eaialysis of the reaction bet:¿een

',reak nucleophiles and aryl trutiAes {Sû) c¿¡-n be e:¿tend.eci to .Lhe

phenyJ-:rti'.:n and pyridylatioir of lcetones (,+g) , and thrt a sir,iler
reaciion in Robertjs la'bor¡Ltory hae yielded. írorn g-bromot,cl.r;-ene

¿:nd sodium phenylacetylide, under the infLuence of soclaini-ce, *-

mixture of Ur- and. g-tolylphenylacetylenes having t,he se-me isomeric

composition as ih¿it obtai-ned ih ihe ¿irnj-netion of g*bronotoíuene

itit,h soclami-de (65). rn c:nclusion ihe autliors noie theû by :io
neans should it be j-nferred th¡¡t all nucleophilic re.- ctions
proceed exclusivel;' 6U the bnzyne rnechenism,

Further, Roberts, vaugl:an, c,i:'lsrníth, and senenoi+ (6y] have

recently reported on Lheir clualitatirre studies of the ísosieric
¿:.rrlines produced in the anrination oÍ subslit,utecl hal.aber¡zenes u-nder

these coirditions. Their aim i'uac lo rårbional-íze ihese on the ba.sís

7Ì+



cf the benzyne mechanisn, illusõrated. f,or a typiea.] case berow.

ñìU.L
ï$íI{ç4
r-:ai't /

E¡ lt, t

The forma.t j-on of a. particul ar ísorer i¡¿j.s thougliL to be governed.

by the effect of the substitutent group on the d.irection of eli-
*iination (predicted on the basis of the relative aeid"ity of the
hydrogens â-s dete¡"mlned by the inductive effect of the gro'p) and
on the direction of acid.ition of the elements of ar¡monla to the
?ltriple bondtr (predicted by consiclering the ¿¿inide ion to ¿rcd so
a-s to place the negittive charge on the ring in the niost í¿rvor¿:-ble
posiLion relative to the inductive effecl tl Ì:he su'!:stiiuent group).
on this basis their preri-ctiuns nlet i.¡ith ¡oor1 success"

.iiinetic Treatment

75,/

löl
a suÌ:stituted ÎÎþenzynerl

li'iiir'n

ij};3 /

The derivat,ion of an appar"enb isotope effect ecruation for
inechanisru (r) requ.ired. sever¡.rl reason¿lble assumptions, The reå.c-
tion r'"ra-s assumed io t,alce pla.ce l.¿íth conste.ni vcrume, tr be first
order ivith nega::d io chlo¡'obenzene , Ed: involve only the ortho hy-
drogen atoms, eLnd bo forn prod.ucts irom benzyne Ín ?" fast a,nd

irreversíÌ:le step" irrith. Ð = g*Døcr and Ïf = øcL, the folrornring
kineôic expr.essions r..íere set ulj" ri(r] *g' lnl = (k¡ + kH ) lD] [tlun-]dr

ïiH2

(,zj -+kl= 2kri [H] þ;H,l 
1r

ctE



The

of
(: )

va.lue of n was

equation (f) by

0n the basis of this equation Ísotope cffects of 2"6A, 2"8...q, a.nd

A,77 were obbained for three runs e¿lrnied out ',¡íth o*nflCt ha.ving

respectively iz6"4, 26,I, and 100 åLca i5 otrj,ho. deuterium"

. For the sie;:-"u.,¡ise nech¿nisrn (21 ti:e foll-ovring lcinetic ex*

p::ession can be seb up for the disappearance of g-DlCl;

uv,/r<o = u [t" ([o]rrþl l/ r"([ult/ ttt1")] - t

irot

(z)

kno'*o, bub w¿:s assumed to 'oe unity" Dívision

and integration yielded;

Z6

(¿')

The

g;-Ji¡e

ls)

applicat,ion of the steady-siabe approxÍ:n¿:.tion to anion (;{}ir}

tl:e follor"ring expressÍon for iis concentra'uion;

-*!¿]= (te¡, n kål [o] [itu2-] - k*1 [ anion (xxvt]

k_i o kz

Subst,itut ion of ( ¡ i int,o (+ ) ]'ief Ced :

16) *c 
lÐJ = (k"ft + kö ) [ { [nnr 

-]
æ

[anion (;{xv)] = r:*_þl |ryH".ï

i,r similar
of' fict.
(,f )

expression ea,n

For convenienee lhe following ratios ',',¡ere re-d.efined,

k*l/(k-t * xz! = F = t'he -fr¿ction of intermed.iaie

a-ni-ons returning to sta-rtinq materi¡.llr e-nd.

1.rr lbt - i
"ill "D r 6

Ði'rision of {6) by (fI rhen gave

-.q". In]=dT

be obtained

- k*lkå { [r] [uur*] ]

for the rate

1. -r l.¡\a'¿!-..f /

of dise.ppearanre

(ztcg I r!þr*r-] r- 1-?

u [dÞu'rJ ]



(8)

v'¡hi-ch on

and -F as

{e)

d [o]= It tt
"Tq Tirï

division by

consianfs,

rn itl

Io]
¿i-nd

tt

ÞL

It i',¡¿rs then a-ssumed by rïoberts e.t el ih,.t the ].;r./k¡ val u.e oí
f,"J obtained r¡rith o-deuterochlorobenzene i-n ether solutj.on, vhere

H]*F

, treatraent

integration

Þ1"

+

e;echange had been sholEn to be unirnportant, could. be assigned to
l:3"/U!, 0rr this blsis the v¡rlues of Ii were c¿Leulated to bet,,þ8,It' D

0"lll+, and O"76 for the three ind.ependen| runs mentioned earl-ier.
(aver;,ge A,56 * 0,L3), córcespond.ing to a r¡.tio k*y/k, of a.ri order

of L.5 
"

0n Lhe bäsis of these caleul-eti ons necha,nism (?) r,re.s iavored

for the arrrination of chlo:'obenzene iyith poiassium anide in lÍquid
¿i-nmor.¡.in, because deuterium e;tehange ?rí-ì-s demonstrated. to be in*
portant in this cese and the isotope effects as celculated íor-

rnechanisn {1) a.re snia.l} 'and even negatíve"

Ðiscussion

The nethod. of iìoberts e! al depend.s on bhe e,nalyses of the

re.î.ctent (deuterated ehlorobenzenei tr.t zero time e-nd a.t sonlÊ lcnor¡n

time = t. The present lnvesi,igation relies on the analyses çî
tl:e re':.ct,ant (deu'terated chlo;'obenzene) at zero 'ciine and- t,l-¡.: :lï"o*

duct (deuterated aniline) aö time = t,o In ;ori-nciple -r,hese ti¿o

¿
I

t_

t_

or [ilr
yielded

Ltl
+1î

l*
-Lt,t

- F) + 1], zi(r * F) ,

the equation:

l-l + i - ;eÌr + 1" I tlrl
rq

[t']t
Fj'

[g] .
[r] "

=Q



methods of approach should be reeoncilable on the basis of Roberts r

proposed mechanis¡: (Z) 
"

the

(ro)

ïf equa.tion (g] is modÍfied

f irs b teril,

[t], = WCL rernai.ning] x {fr¿iction r.rhic}: i-s deuterabed)

1o

r.¡here F = the fraction at ØCl

the foll-owÍng equation c¿n be

I
L

(:-r )

[o] " 
+ [n]or

tn(r P) =-ffi'"| l..*ltgf,
l\-rri Fl . I Lt'r'

by the fol-ior.ring subsiituLj.on i.¿:

ln i [o], +

Furt-hermore, from mech¿rnism (Z) the ratcs of icr:iiation of
cieuöerated aniline (Ár) and probonaterl enirine (Ág) rnå}r þs íor*
rauleted as íollo',vs;
(rz¡ o l-4 = kz [anion {;xr¡l] [irH31Eü--- 4 L ------ '-----,J L-'^.JJ

(r:) 
$rþåJ 

= k? [anion (]{rirr:i] F rr]

substi'ution of the a,nion concentratíons û.s cleri ¡¡ed f rom ste;cy-
sfate treatftent, division of (].3i by ltZ¡, and. sirnpl]¿ir_ín¿ ¡;ives:(r+) ¿[¿i']=zl¡'J* +lã-ft'f i'i; î

(r P) trl
[o] r - [t{,

th¿it hes re;lcted at time t, thp.,n

obta-ined;

.1

[nt] ")



using bhe mea-n value of F = 0o!6 and i = 5"1 according to
iuoberts eL.¿l-, e.ncì [ll].i[o]" = o, iz6 as in the o-deut,erochloroben-

zelre (stoclt salri:le rl) used in Runs I, II, and IIT in thÍs inves-
tigation, equations (ff ) and. (f¿n) Ì.rere solved. for p and. d [Ot{¡U

[,to] for a series of ltlr¡ [o], rarios. var-urs of p r¡ere rhen

plofÈed, against rhe cori-espond.ing u [oril /o lÄo] values, and a gra.^

i:hical integration carr-ied. oui to determine [ot'J / [oO] betueen the
values of p = 0 and. P = 0,Zl ('.;irere t,his ve.lue is derir¡ed frola a

Tlilc rccovery of chloride 1on, as sílver chloride, froru a run

""riih undeuberabed ehlorcbenzene carried out as described. on liâ.ge

35j " This int,egrated value shouLd reprcsent tl:e overall ra-Lio

of proionated io d.eut,er¿ited a.niline in the ;croduc.b fcrmed up to
TLii re:,e|ion"

7qt/

Símile,r calci:lations vrere ci:.rrieel out for the minimunr

¿:re-:;imum F vaLues obta-inecl by Roberts et a.l. ?he re,suf,¿s of
caLcul ¡,.t,i cns i:-ìr€ lis ied belol.¡;

'J " +h,
tr " )O
'J o {,)

[o'] ¡ [ooJ
0. ü10
c,86&
l_ " û90

It is seen thet the loss of deuteriu.m (ga" 5O':r) obserred in
tliis ínvestigation in tl:e aieinatíon of g-cleuterochioroben:eae

to gi.*re anifine is not predicteci bj, Nhe i.ror.]i of Rober:ts *ncl- co*
irorkers, If i = 5,T then a larger i- \¡ e.lue is reciuired, to -l-o;,,er

the preciicted deulerin¡;i conient of the a-nil-ine to the obser'.eC

v¿-lue" Ät p= t.Iytç a sma-ller i vel-ue woulci bring a.bout t,Ìre såîoe

resü]t, uhile at F = a,T6 Nhe situation is reversed"

tr-L*lÁLd rIdJ
55.3
53 "6
Ì+7 '9

Pec"cent of Or'iginal
D Ret:¿ined iri

ihese

^/öo"u
öJ.'
7Ì+,5



i.{o" } showed that the atom percent deuterium in the unre;:.cted g*

deutei"oclilorobenzene s,t P = A"25 (assunring eomplete reaction of

all the sod.e.micle employed) should have risen from /+4"1 ta b5"8

atom ii deuierium, which might not have been d.etected by the

ana-lytica1 method ursed." Tirus the resulis obtained for Blank lüo.

3 ere in apparent agreennent :,rith the work of Roberts and co-',corlcers o

The loss of deuierium in Blank ldo. 2 renrains une:tpl¡-ined a,t

the present ti-rne, unless the deuterium exchanqe is d.ue to prclonged

conõaet of the o-deuLerochlorobenzene v¡i-th sod.inm anilid.e in
liquid anmonia ø

CO1TCLLÏSIOT{S

(1) ?he anination of o.-deui:erochlorobenzene -',¡ith sodamÍd.e in
fì-quid a.mmonie- has been fou¡id to produce eniline in r.,¡hich 51 :
6iú of the deuteriu.m is l-ost from the laT;e]tod. position of the

reeeta.nt, Furthermore, tirre deuierirm in t;.e aniline producecÌ.

h;..s been found to j:e ¿:rbout 55ï"r in the qeta posiÈion. ,A.ssuming

negligi,ble loss of deu-terir-rn from lhe product and the reaetant

themselves under= the reection conditions, ihese results support

the elirninaiion-add.i1;j-on ¡nechanisn of i?oberts, and the benzyne

intenmediate. These results are not compatibie r,yith the re-
¿r.rrangerrlenf mechå-nisr1,

(2] 0n t,he ba-sis of the e,bove in-r,erprei"..tiorr an ;-pparent d.euleriu-tr

j-sotope effecL of close to uníty is c:i1cu1::-ied, r¡hich is inte¡'-
preüed to mean tha.t bhe oriho hydrogen atom is not lost in the

product -deter"nining stei:,

¡L similar celcule-tion r.¡iih i = 5"7 and F = t.56 for Bla-nk

80



{: } ¿ meehanism is suggested in lrhich the rate-determining

the atEack of sodium ions on the carbon atom ortho Lo the

after i'¡hich sodium chLoride j-s losl intramolecularly to give the

benzyne Ínter¡redia.tê "

(¿-) The detailed. mechanism recenbly proposecl by Roberts et al
does not seem to preclict the prod.uct ratios observed in this
investigation,

.qa
Õ_L

The author proltoses to extend these invesiigations d-uring
'ühe summer of 1956, with the aim of testinq llobertsr eo,u;i;i-on

and i;he exter:sicn io it under strictly comparable conditions"
ft is proposed to carry out a rea.cbion l'¡itir 100;; g*Ceuberoch't oro*
benzene to pa-rtial completion, to deter¡iine the percent reaction,
and to aneLlyze boLh -uhe unreected. chlorobenuene and the produet

anil-ine for deuteriun,

RIÛC Oi.:r'"Ei'lÐ :rL ? I 0lI S I¡ 0rÌ, FUT U :ìn IIIVE Sî Içå? I 0lls

step ís
ha-3-ogen,
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P,,P,-T II - TiiE THERI..1F,L DÍt;iF"BûfYL¡tTIûE 0F o*ÄI'iil'lOBEl,íZtIC AÛIÐS

It has been shor,'¡n tha-t the dec.arboxylations of carboxylie

a.cids in general proceed by unimolecuJar or bimolecular mechanisms,

The field of therrna.l deearboxylaii-ons has been reviewed exterisively

by Bror,.nr (f&), end. the reader j-s refercecl to hÍs treatment for

speeific exaräples of tire gener:il types about to be Listedo

ïiinetÍc work first sho','¡eC 'Lh¡*b rf.ân:r organic acids dee¡"rbo:tylate

in tire forn of their anioris, â-s illusr-r¡¡ted by the gene;-;l equation;

B3

IN?N,ODUCTIO}ü

(snl - i',Io" 1i ;,co^- 
--> 

Iì.- + c0.¿'¿
The, subssc,ueni observation that certeln a.cids c,'l,pable of forrning

zv¡i-uler"ions decarbo:ryl-:-iie more re;rdj-ly as free ¿.cids }ed to the

concept of a, uni¡roleculaz' cl.ecomposition from the zv¡itterionic form*

(sal - i'lo" 2) RCC2FI Ë l{r-llct2 
-> 

HR + ca, Rate = kå(H-l'.cc:}

I.leasurements cf ra,tes shorr that some ¿ciCs dee;rboxyl:rte u:rj-mofe*

cularii' ¿s anions only, others decerbo:<yle.te as zrsifbe:licrl$, and,

sone show decarboxy-letion aecording to both mechi;nisi;is si¡nu.i*

ia-neousIy, d epending on the molecu.l¿ii" sf,¡'ucture"

ril rlr¡ö Seirenkel and Sci:enlcel-*Ri:dìn (óij) su,g':lested E'rø:i iirl-

'¿hracene*9-c:rrboxyLie ¿c,-dþc:z'bo:t1.!¿6 in a bi¡*olecul;:r ma-nnJi', i-11us*

tre-ted in general- terms by the equaiion:
J.

(SUz - t'lo, 1) f"Cü?H + H* -:-> RIl + ütZ + Ir-r'

R.ate = k1 (n:Ca, )

A biinolecular

ån :.rcid ani-o¡r;

(Sez - ido, 2)

TI

tÞ

reaction could a"lso take irl,:ce be'Li"¡een a proton and

shoulC 'be poini;ed out th¿;t kinet,icllly
not distinguishable fron meelianisrn Sn?

¿
1!' , Ðñ^^ó
T} T LLWV'¿

, ffÐ , rta\**> rL:" T ,wV?

n.. - t lt-'l \ 1:rnn rr\ÌfaEÐ = L(rlri'/ \.;'rt;?I-rj

Rare * kb (H-) (Rcûz )

m:chanisrn S11 - i'lo" 2

lüo" 2,



Pawlei¡siti (60) i'.râs first to rei;ort that antÌr¡¿,.nil-ic acicl de=

cê.rboxyle-ted -"¡hen heeted. above it.s inerting ¡rornt, and tha-b it
was a fi"rst order neaction" l,iel,iaster u.ncl Shriner (56t found. thaÈ
i;he Ceearboxyla.tion fr.om boiJ-ing ,¡¡ater also exhibited first or.C.er

kinetics,

stevens, Pepper and Lounsbury (Tr), verified the supposition
that the therr¿a-l deca.r-bolrj¡-j.¿:"tion oí ;.nt,hrenil_ic aeid does not
oecur belo'¡¿ the melting poiht, and al,so íou-nd that, it is first
order from the melt. The equeóus dec,:,rboxyliltion fron¡ boiling
wafer t'"¡as found bo be first order i.rith regard. to ¿rnthranilic å"cid.

initial-ly (r.¡íth a r-ate constarrt of abcut o"t?5 h""*1, ín good

ã-greerìent with the v¿-l-ue reported by lriel,L,ster e.nd Shriner), 5ut
fell off as the reaciion progressed bec¿Luse the proceclure employed
¡-llor¿ed the aníline concenðr;tion to buil-d up in the vessel-, The

dec,Tbo:cyla-tion was fotind to be ¿.rcid c,rtal-yzed u¡-r Lo a l i,i eon-
centration of e"cid, but for more acidic sol-utions the ra-te decreased,,
the reaction being first ord.er v¿ith regilrd- t,o antirra-nilic acicl"
Sodíi;m ;nthrani]-e.te could, not be d.ecarbo:ryltted." Samples of car*
ìron iioxiile from fhe p;;.i't,ial thei"¡ial, aqu_eous, ancl ao,ueous ,:;cíd

eij.Lalyzed decarbor;rl¿1¿iotl" of a-nthranil ic e.cid having t13' i¡t the
carbo:c¡rl €iroup t¡ere rinalyzed- b5' mass spectrorúe,¿er to deteruiine
the C13 isotoire eífeets invo]red-" ït i.¡¿,r.,ã founC that undei- ::ll
cor-iditions t,he isoiope effecË væ.8 ,re.ï cl_ose to uniiy , ä,fr q:i.cer

of rne-gnÍturie srca-lLer than th¿tt reported for en1. p::elrÍcus deca.rboxyla-
iion' {ra sh,:uld be notec. L}.t¿.L at besj; czrbon isoiope eíiects
a.re snal-l due to fhe smalj ::ei¡.tive masË Changes invoived, e.nd

LïTE¡¿ÁTUHE RiIVI ''jJ

r-Y



that' the high Èenperature of this reactíon wouLd tend to rnake

the rate diíferences still smal-ler,) This r,ras accepted as eyídence

t,hat the reaeti-on is not, e simpLe uninol-ecular one, sinee an iso*
tope effect is to be expected if the r¿-te*cleternining step v¡ould.

be the carbon*carbon bond. cleavage"

The a,cid catalysis and be.se inhibiËion observed. l.rere ta].,en bo

indicate ¿r. birnoLecular elect,rophiric mechanism in sorution '(more

precisely a 1?pseudo-bimoleculå.rtr mechanisrn sj.nce the attacl",ing pår*
ticl-e was parÈ of the att,acked moleeule), 0f the anthra.nilic acid
species lÍkely to be presenb, the neuiral- niolecule ¿:nd the z¡¡itterion
(which lras sho-wn by Bjerrum (IZ) to be presenü in apprecia_ble amou.nts)
î¡¡ere considered. to be the most probable rea-ctants, ¡¡ith the rate-
Cet,ernrÍning step being the ¿itteck of a proton on thec(-carbon atom

fol-lov¡ed by a rapíd c¡.:'bon-cirbon cIe;ivage l^¡ith a low activation
€n8r8Ï" Of Ëhe tv¡o specíes, Èhe zwÍtterion l.rris f avored beea.use

the proton et,tack on its oc-carbon atom ',voul-d require a- higher ae*
tive-tion energy Èhan an analogous ettack on the neutral molecu1e,
sínee the nesomeric eífeci of the o-amino group ,."rould increa.se
the eleetron d ens Lty a.t ouiië-T, *."¡on in Lhe neutral molecr-¿l-e ;ind,

þsnc: make it easier for the proton to attnek. In the zwii;terion
the inductive effects of the Tíli^+ arid CCJ --tZ grouPs woul-C Prabe,bt-y
offset etcir other,

The r¿;te of d ecarboxylati-on of g-aminobenzoic acict h;,s i;een

fou'nd to be about ha.l-f that for o-aminobenzoic aci,l. by i;Íciiiasüer

;;nd Shriner (S6J " Hoi.r-ever, Bjerrurn (fZ¡ he_s shorm th¿:t Ëhe ri;ðío
ofneuL¡,a]-mo1ecu1estozryÍtterionsisgrea-terforthe3-ecidthan
for the o*aeid. From this it has been eoncludect by Steve;:s ¿ind co*

Õ)



vrorker'F that the decarboxylatiolr from the zwiitericn v¡ould be the

preferi'ed mechanism,

Si-nce måny acids clece.rboxylate by a uninolecular nechanism

from Èhe zvrítterion, they further conclude that ihe aciivation
energy for carbon-ca.rbon bond rupLure in the zwitlerj-on must be

less than in the neutral moleeul-e, 0n the whole the mechanism f¿ivored
'by ihe evidence availabl-e is more complex than the normal Sp2 reac*

tion, but ít best exi:lains bhe lach of a cl?-cr3 isotope effect.
llol'üever, proton attack on the c(*c;.rbon of the neutral noleci:le,
or even on the carbonyl oxygen of the neutral molecul-e, could not
be excluded" The niechanism favored r¡¡as held to be eciually appli*
eable to the acid catalyzed, aqueous uncatalyzed, and thermal de-

carboxyle,t,ions, the ionization of ihe s-nthranilic a.cid. itself sup-

plying t,he protons under t,he lasi tv,¡o conci.itions "

EXPT]NII NTAI I'IC}RK

The experimenta.l l,¡ork related to Part If has been described

in conjt-lnction with that for Part I, Two thermal d.ec¿.r'rroxy'atiorrs

oí deuteratecl anthranific a.cid (at diíferent concentr-atíon,; ci
deu.i,eri-ulu)wer'ec¡lrried.out,and.onea.na1ogousd.ee¿,..rboxyii:ii;icri

,.'sith d euterated Ì{-methylan'ohranil-ic acide

DTSCUSSIOT'I ÛF RiiSULTS

The method of cal-culating the cieuteriunr isotope eifect in the

ihermal decerbox',.1ation of anlhranilic and ll-rnethylanthrani-l íc
¿-"cic.s depends ê !r:iori_ on the meehanisn, and thus the isotope
effect does not establish ihe meehanisin conclusively toithout

tib



e-dditional experimentål evidence" The two most probable meeha-nisms

ås propos:cl by Stevens will- be diseussed in the light of ¿he tl.eu-
-berj-urn isotope effec'b, a.nd. variations r,"¡i11 be su,ggesied,

The isot,ope effeci ce-lculations for e¡ch of Nl:ese mechanisms

re;:Ns on ihe follo',.¿ing ass'Lllrtptions

(fi In t,he inol-r,en st¡te it is ::e::.sort.;.b]€ to sìrppo$e th¿.t the acía
spe*ies {zwítterions, neubral nrolecuJ-es, eite") will rapidly ettain
ec,uil-ibrium es fa.r as the deuterium e.õ ti:e various exchangeable

Ìr;'drogen positions is concei-ned..
/ n I ffir\'¿) -Lhere should be no overall- deuieriun l-oss in a d.eca-r'lio:tylation

re¿;ctÍon tha-t is clritrei: Lo contpJ-etion, althouigl'r the cìeutei-ii-rlrr raay

re*disirÍbube iisel-f cì.ur'ing the process. T,rteteiorei, for purposes

of cirleul;Lion, it i-s a.s*s-'"rmed tl:,rt t,he overal] corflposi-tioi1 of ihe
+.ntliranilic acid samples (I) ancj (,i;) wil-t irave been equal to the
over;I]- conposition of the anilÍne (g-lflil.t^) sa,mples (n) an,J (U)2'
respeci:iveLy, t,he latier br'::; ;i"c i;:c_lrbo:çylaiion ;uroducts. Lor.¡

deuberiurn analyses obte.ined for the anilrr¿inil-ic ;;cid samples is
as:ribed to unrerûoved sol-vent {compare l,l6s, g a.ncl. fI; 1ü and- 12;
T;iEL-tj vr)r This difficul-ty .,.uas not pi"e;ent in ihe rr.¡n r,¡ith deu-
ter¿r'bed i'i-raet,hyla,nihr¿ní1ic a"cid {compa.re i'los" ZL and. ZZ, T,¡rIJtE yI),
{l} The deci:rboxylation oí anthranilic ¡icici occu's at 200*210oC,,
¿:.nd sinee the boiiíng point, ol ¿.ni]ine is lg&ot", it seenìs reesona.ble
to supliose ti:iat the anil-ine will lerive tile melt extreiieLy rai:iclli.
in the vtilor sÛð.te, i..riËhout giving its ti.¡o exehangeeble hydrogen
atorns i;ime to equilibrate i'¡it,h the three e;rchange¿rble hyrl,rogen

¿toins in fhe residual mel-t" Simil-arLy tire d.ecarbo:rylation iem:
perature of id-rnethylanthranilic ¿,cid. (Z¡*g-Ziaot,) is much a_Ìrove thre

ònQl



normal- boiling point, of Fl-rnethylaníline (Ig5,Tat.J " Thus in boÈh
cãses the resÍdual- a.cicl l.¡i1l have a fixed equili'r:ri-um com¡,rosition
{r'e deuterium) eqr-ral to ibs original eorilliosibicn, if it, ís e.n in*
tramclecu]ar proeess, and. the a.nil-ine ¡¿nd li*r¡et,hylaniiine ,,rill
Lceve t,he melt with th;.t såìne overal_l equilibrium eom¡;osibion.

cn thÍs b¿'sis the nie ch¿r.ai sms of Stevens may lie schemai,ica.Ily
iil us¡t"i'.-lecl as f olloi¡s :
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If the decarboxyh.tion oceurs from Èhe zl.¡ítterion {l'lieehanism

I), all the deuterium anc protium atoms in the iciC rlolecule will-

be a-tt,ached to the nitrogen a,loÌï just b,efore Lhe d.eeompcsi-bion.

Then the relatÍve ra-tes of deuteri-um e-nd protium transfer io the

or-tho positÍon of the benzene ring ean be er{pressed sir*pIy as the

ratj.o of the atom do deuterir-rm in tlie labelled. positÍons of the

produet (ttre g-position in tl:is c¿ìse) to the aton ,lo ð.euteriun in

the labelled positions of the re¡.ctant. Using the deuteriuül aÍi&*

lyses from TABLJ '/I the f olJoi.¡ing values ,,{ere ealcu}a-ted:

89

(a) for anthranil-ic a.cid (n), ka/ku = {8tu"T3 J z,otr}l{trç.ly t 1"19}

= L"72 + 0.08

(r:) for anrhrqnilic acid (¡), kg/:r"t, = th6"58 t 0,73j/{z?.9a ù 0"15)

= 1"67 t 0,02

(c) for N-methyianthranilic ¿.cid , kgfk¡', = (,56"7V j 0" 82)/{35.67 t
AJZ)=1"59t0,04
Since the tr,'¡o r-úns ',',rith deutera-ted ant,h¡"anilic ¿.cid et i'riciel ir

differing eoncentrations of deuteriuili ílgï'ee l'¡ithin experi.rnerital

eí.T"or, thi-s gives ÉorTÌe justific:,:tion of assìr:lr:rtirns (1) ic {j )"
fi i:ieehanism II is in cperi.i iion , tvro f ::clo:'s of ut:rros-b im-

porta.nce d.re:

{f )'The hydrogen atcm th;.b a.tt;clie,s i¿selí ta thee¿-c¿.rbo:: all 'che'

r-ing cr"n coine fr"om either ihe ¿r.mirro gT'öLrp o:: the carbcxyl ¿:onp,
g;iving rise to the subclassification ind.Ícated. on the p;'evious pageà

tZ] The ciisi;ribution of deuterium beti.,'een ihe a"mino gï"oup al:d 1,he

cr.z'tiox¡¡l group ¡nust be kno'rn* As hc.s already Treen described {Page
rC \ ,+Y, ), this could. not be ol:ta.ined for deuiez:¿"ted entþranilic acid,



ér.nd only a very nough estinate could be made for deuierated iil*

methylanthranilic acid 
"

rin ;ipproxime.iion of the deuterium disiribution in bhe neut:ra-I

a,nthranilic acici rnolecul-e rnay be obtaineil fron t,he foilo....ring eclui-
liì:ria for benzoic acicl and. aniline wi:;h r,.rêter, for -øhich the

v¡-iues of the ecluiJ-ibrium csnst¿Lnts e-t room 1,ei;iper;iture arle l';noin¡n {32),
(1) þc,;cu o r'icil ;%' y12t + /coon

rir = [rro] [øcccr]

9t

(z) þr'iu2 + HCD ;%

The deuterated

equílibrium (l)
i:re-y be used(32)

(¡) r/i':t:", + /twn,

[ØcooH1 lHoD]

Ør

Kz=

{HD + HZO

[ØnHr] [nro]

aniline produced in (2) is

, for.r¡¡hich ^r,he sË¿LtistÍca.l

tñ*ã.TñE

toubina¿ion of equitibria (f) and (Z) yields

= A"jZ

(A) Øtoct + fnH" é+11L !<_'-

Írtrlr
+

Kr

,'r
I\2

- ^ 
rr- vø))

?irese equilibría are api:lied to anlhra.nllic ¡rcii b7 considering
it to be 3.n equimclar mixture aî aniline ¡.nci benzoie ¿icid. In
one i:tole cf d-euterated a.nthranilic acíd (l) trhe:"e'.rou1d. be t,l+g¡+

x 3 = 1"/¡$2 grar:i-äior:i of cleuterii-rm preseni, i.e"

?øNrrD

[Ø**J [ø;+r;

involved in a further
equilibrium constant

þcoow + lirrm

k*rn] ko'no] = r.o5s
[øcoor] [øi,Hr]

=l+



{i) [Øuun1 + z[øi;rl "þccor] = 1.þ82

Relations 13), (l) a.ncl {S} raay be Íncor1:ora.ted into the cubie

equatioi:

(6) [Øcocn]: 5.]+5 [Øcocl]z + e.nl [Øcocn] + r.626 - r
rghich has ¡rs å sofiition [ØCOCÐ] = 0,ó0, v¿]rich in turn lea-ds to
ihe follor,;íng eoncerrtr-a.tions; [Øt;U2] = 0"20

[Øitnn] = a"ug

[øuue] = o,Jl
/t similar consideration of d.euteratecl anthranilic ¿*íci (E), r,¡here

ft) [Ønru] + zþttnr] + [Øcccn] = o"B3?

ôl

yields the cubic equation

{s} [Øcccn]3 - L.o5i lþcaca)?
rr.hích ha,s ihe solurion [ØcOCU]

concentrs.tíons c¿i-n be obtainecl ;

For botÌr tliese sets of s]'n[heti
ing cons'L¿-nt ratio:
{g) (n/r't)a¡nino sroup

If t'he fact Lhe.t 1;l¡e tr+o function;1l erou.ps are q¡"thq io each

other d.oes no-i, u.pset this deuteriurn equilibriurn, then ísotope

effecbs of the íollo'i"iing orcier of n::.gni,iuiie ¿re c;.1-cu-L:-ted"

{iis Treiore, Lhe isotope effecl is e{uiil Lo ihe rat,io of the.?tor?i

;:á d"eut,er"iurr: ån tlie lebell ed gilþo* i:osition of the pradueb tr
the ã,Lom;å d.euteríum in the labelled posit,ion(si af the re¡ictanÈ),

¿+.?t5 [Øccol]
= 4,37, thrcug

før;nz) = 0"05

[Øuirn] = t "i6

[Øxur1 = a.59

t ce.lculations

(tlbilca.rboxyl group

+ 2"472 = Q

h li¡hích the foll-or'¡in;:

we get the fol-lols-

= 0"50



ldechanism

(rÏa) {8tr"73ltutu.5} = f .g1 (tr6,ig/z3,tl = 2,a2

{IIr ) (Str,Zl/60.0} = I,l+1 (¿u6, 58h\,a} = L"z6

.Since Lhe isotope effect 'observed- sÌrould be independent af the

deuterium tracer concentra,tion, mechanism (tIa) might, be f avored

cn ihe basis of the above results.
0n the other h¿,nd some specï,ro:rhotomet,ric evj-Cence lre.-q cb*

ü¿'"i.necl (eee pae-e 5ü¡ i+hich supoorted nechanism Elb). The Cist,ri*
bution of d.eu|erir¡r'ri in deuter¡-ted li-methl.lanthrenilic acid -u¡is

foLinci tc be such thet lhe a¡nount of deuterium ett¡.ched to the catre

l:ox"'J gror-r,p Ís cor*päl'::Ì-iÌe io ihe anounL of deuteri:-¡.::r att¿lcl:ied. to
-Ûheq-carbon a,tom after ûiie clecei.Ì:o:r;ilatioi:" Ií verífied con*

c.l-ue i.¡e"'l-i¡ this ','¡ould diserec'l.it ii:.e cleuterium d.istribution citjsri*
lations c;L¿'ried. ou.l, ;ncl f¿:vol' rnccli¡j.nisrn (f fn) uitir ä-n isotcpe
effect close to unit;',

ifh¿i1:ever tl:e i:recjianism of, the ¿!:e:"nal dec,r.rbo:eyii.iion of g*
:imi-nobenzcj-e ¡_cids, the unusu:L isotope effei:t nusl fall j-nto one

of the íol-l-oi.rin3 b=,'o c, f cgories :

ii) rt rae.y be an apparent isotope efÍect arisi-ng out oÍ the pi'e-
ferential orienti,'rtion of deu-teriu,n in the Ceuteriir:d. molecule,

tire hyd.rogen from bhis posítion a-ttaci:in¡-, thed-c¿;.rbon etoil in the
cleca-rbo:ryl;ition. ii nornial isciope e.ifect cou-}d. stil-l be íavolved

ô1

llcid Saraple '(D) hcid -qample (E)

in 'Lhe ectual hydrogen trû.nsfer.

{iii rt nray 'be a r.:¿il inver-se isctope effecl. arising
energy cii;inges invol.,"ed in the 

"ãi:ci,ían"
TÌ:.e possibJ-lit;r th¿.ï, d.eriieriun ¡,,to&s nay be ínvorvec] in

re¿:.ctions Froreeding at 3. greater r.ate the,n Frotiu:n a.Èor*s in i.he

out of t,he



corresponclíng positions is not.'e:*c}lrÌed bheor.etically" Bigeleisen

(ff } has shoi.rn th:.t Unlir'1 nllif e]:ceeci i:.niiy, but ihat, far a-li other

ele::rents the he¡vier isotope is iheoz'eiic,r.lly precÌicted Ëo r"eect

sloi+eru Ïf rleucerÍun ¡'e¡:cted fr.,s¡sr" theri p:'otiurn, ihis il'ou]i. neen

üliat the hydrolen isotopes e,r'e bonCed more tiglrtli' in Lhe 'i;ransition

sl¡;te Lhan in '¿he grcu.nd E-iâte oí the re¡ction"
The explana.bLan rae"y, hov.revez', l-ie -in the stereocheriristry oÍ

the system. ,å prorrÕuneed f¿'eior uhi-ch c;'rnnot be overl-ooked. in
o*eminobcn¡oic ¿:.cids is int:':.nol¡c-'.I, r' hi.dr^ogen trc-nCing , at" cÌreleLion,

Ììyclrogen bonded for¡ne have p:"evioirsl--.' bccn sugi4esteii. ii: the i¡rechenisms

oí clec¿ri"i:oxyil-t,ion rei,,ctions. ';"restheí¡ner" and Joncs {76) proposed-

t;, chell;ted int,errledÍaõe in the dr:c¿,,r'noxyj,lriion of ocq*dimeihyla*

celoaceiic i,cid. Ïl; has bec:l cr;uccl th:.t eince i:uclear coniigur.a*
j;i-orrs ia il ;.nd in the corresponciin,?- z'¡,.ii'cerion ete almost id.en-
{'i¡'l +}ro ìr'FJ-ôz¡ ilo\z nar;n---l-l.a1^.,- },^ o 'lii.^'l-. 

^^*l---iu¿ul.¡e írr1u ¿.;Lter fleJr nevei"theless he a like].y ccnt:"i'bu.tor to
tlre hyCrogen bolrded {orn" -Ãi'ng (,+Si extend.ecj this to the mechanism

íor iire r:i*c;:":"boxyia.üion of m¿Icnjc :,cid- Bror.m (f+) sug¡;esi;eci 
ì

ili;,'[ iÌre the:"i*el Cecenboxylatíon of 2*pyridy].¡:Lcetic acieL :irry l]so
occur through a hyd;"o;en brnC.ed Í'o.r:¡n of the type Í1-l-ustrated. in
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:lnd I'lH",,0 bonds (as in LXVIII), F}*.kamot,o, Irlargoshes, ancL Ru_ndle

{5S) reporù thr.t the spect::a.ì- fr.eo,¿en¿y strifts observed f or bonds
of the first type e;çceed ihose for the seccnd., ancl that henee

t'he first v*rietr' a'e prob;rbl"y stronger, FresiÆa_bt-ii hydrogen
'bonding could e,lso exisi in the zlritterj.cn (¿is in ,l;,Ii)
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an parbly deu'ber"¿lted o-a¡ninobertzoic ¿r.cid.s, tl-ie hydrogen boncls
i¡oirld eonsist partry of prot,ium bonds and p;.rtly of deuîeriurn
i¡oncis' Concerning .úhe re-i-aij-ve strengÈi; oi' ;orotiu:r ¡rrr¿ièu.beriurn
borrcis, Ferguson tef) elaims the deuie:riu-rn borid is slighËly sbronger
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and sÐated bh¿tt such a co*ordin:te bond i+oul-d give Íts aufft inc::e-

menb in Nhe zero*point energy of the nol-ecul-e, and sinee the res-
toring force on electrícr.lÌy id.entic:.l isotopes must be the sane,

t'he øeno-point energy increment for the bond woul-d be smeller for
the heavj.er isotopÊ: the dissociation energy of that bond being

corres.Dondingly greäter. l{¡;.,¡¡bhorne tlZI e-ssì;ned thrt as far as

hyd,rogen bonding in lhe transj-tion st¡,te was ccnccrned-, the ny*

drogen isoiope effect vrould be small, the deuteriun brídge being

Nhe tnore s t¿rb1e " He also sugeested th¿,rt the highe r melting point

of deuterated piperidiniu^ru sa"l-'¿s might 'be due to greater st,rengih

of deuterium bonds in the crystal ]e"ttice"
In contrasb to the a.bove, P,undle'and Pa::a-so} G,f) concluCed.

that, bhe oxygen-hydrogen inieraction r.¡as d.ecreased on substitu¿ion
of deuterium for protÍum in the shor:t and. probably syrmetric;l
hydr"agen bonds in nickel dirnethylgl-yoxine- rn the Robertson-

UbLeloheie effect, iue. tÌre ltisoiope effect" observed i;.r cryste,ls
r,{hen deuterium is subsiitn'¿eci f or i:rroti.,r,,r^t, is 'bypical to find
-r,he bond lengih ojl shor.b hydrogen bonds bo incre¿:se, and of long

0-H bonds to conbract under these conditions. I'iordman a,ncl Lipscoryb

(Sg) sba.te th:t en incre,ise in bcnd lengtl:. is normu.lly ã,ssocie-t,ed

-r¡ith weåker binding, but admit that a variety of eompensaiing effects
na.y be operetíve.

If' deute¡'ium boncls åre stronger than protium bonds, ÈÌ:is ma.y

f¿-"¡or the deuterj"u¡i ín ihe hydrcSen bcnd bet,¡een the nitrogen
¿:-nd Lhe oxygerl atoms" These llbridgedrl hydroi;en aÈons are nearest

t'o the o(*c¿+rbon a-tom, and if they at¡;a.ci<ed it ¿;. llrger å¿ttlo,rfi.t of
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deuteriuta l',¡ould become a-Lt;.-:chod to ít-'

A novel sugr;estion c.q,n be macle -rvhich combj-nes the viel"¡s dís-

cussed. in a meeha.nisn with a hybrid nature" The stereochenistry

of the system is such th-s:b it is not unre':son¿ble to specula-te

aboui a reí;.cticfl in,,thich the hydrogen atora that att:.cks uìre{,-canbon

atorn remaj-ns hycirogen bonded throughout ihe process" i{echanísr*

(lfa) ryould then lead. to a transitíon stete in r''¡hieh the attacking

lryd.rogen is parily bonded Lo the d.-ca.rbon, pa.rL'ly bonded to the

nitrogen, and hydrogen bonded to t,he carbonyl oxygen es in (XX;"I)"

l'{eehranis¡n (IIb) would. have âil. iirrp,l-o6ous tr¿lns-ition siate, uiLh Fãr=

tial b;nds to the hydroEen â.toffi fron thec(*c¿'.:bon and'¿Ìre o:'.Ygen,

the hydr.ogen bond being ioi¡::-rcl the ni[rogen in i]iis case (l:iliI).

In mecha-r:is¡1 {I) the situation cou]d be compJ-ica.ted further by

the e;ris'f ence of a bifurc:'Led" hyirogen bond (:g ) to both oxy!1ens

of the Car'oOX'¡late ion"
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?l:e tr;insj-tion stti;e in these sugeesl.ed nechanisms may a.otly be

ternred. i'. Ïtnon-cl-assic'.1 zwi-ilerionll, The observation th¡.t ihe

¿;.tte.cking hycirogen :tom ín thase mecirani:rnn is bonded. to at le*.st

i;hree otirer' ¿:loms in th¿ -.,r!.:.TLELT,LCfI S-+Î.te le:.ds tc theþilOtliesis

tlr:"t tì:ís m?:y be a, cese uhere the hydrogen e.toms åre íÍore Lí¿htLy

bond,ed in the tr¿nsition-st,.:te th::r:, irv *v\rc jroi.rnd siate, a-nd henee

!t
). r,.., "{t

n4'
ú

\H
(XXX)

h

t"I

rH
T!/

lr
.Fl

¿ It-c- "

IL
(J

(XXXT )



the inverse i-sotÕpe efiect malr arise es e per'íectly naturil con-

sef¿uence "

tÛlicLusrÛiüs

(1) 1.he method. of introdi:cing deuteriutil int,o organic tnol-eeules 'by

therrne.l- d.ec¡rrbo;"-ylation of a" sr.it¿Lbie deutei'ated ':'cid' r"¡hich l:as

p'evio.rsly bee¡ developecl in this labore.tory {lgr75), has been

ext'end'ed' io the synbhesis of p¿r-rtly d'euter¡'ted q-deuteroanilìne

*-nc g-deutero*li-melh¡r]3nilitre" The neËhod is sinple and tire pro-

d.ucts are.obta-ined- in goc'd yield's"

(2 ) If i;he thercr:'.l decarboxyla.lion of ¡:nthrinilic ¡-cid ¿nd ii-¡aethy*

lanthranilic acicl. piloceed. thr^rugh tire zi'¡it1-'ei'ionic fo::ril, then

this investig¿üion indic¿ies thai' ;;;]pa.rent hyclrogen isotope effects

/l

(te¡1t6) of I;7A i 0.10 a.nci L,59 å 0,0/¡ :'especbively a:'e j-nvol-ved"

(;) ïf LYze cl-ecarboxylations proceect frcm the neut¡'¿''l ¿rcicl- molecules

the isotope effecf.s cannot be deierriineci on the bisis of this

ínvestige-tion bece.use they depend on ihe disbri.t:ution of deu-lerj-wl

-netween,Lhe amino group and. the carbo:yl å]^oup, and also on blre

arír,aLrt of the hydrogen e.tom lhê.t d.is¡-:l-:ces the carboxy'l gÏ'otlp6

(A) In tire case of ii-nleihyli:.'thr'¡Lní-l-ic ;¡cicl sone eviclence is

presented to suggest that the disiribulíor- of d'euteriunl bet,l;;een

rhe a-r*ino gï.oi.lp and the c;rboxyl group f:vors the lai:ter io ;-'

lerge û:{.Lent, and that the :.nrount of cteuieriuin a-r'tached io ti"le

ce-rrboxyl grou.p is compar¿ible in ma-gnituie to tire amount oÍ deu'íeriu¡¿

in the -orthq- position of the Td-rneiliylanili-ne obtainecl on ci-ccar*

haxyLalían. This may indicate that íi i; the carbox5rl hydragen

bha-t alLlrcks theq-cârbon atom in the decarbo:ly1-'tion' buL a'ö



the same Lime thror,¡s some doubb on the suppositíon that the hydr:ogen

abtack is the rate-controlling step'

(5) fntramolecula-r hydrogen bonding is suggested as a fe-etar thË't

night irossÍbIy aceount f.-,r bhe results obt¿:inecl , ê.rtii. e hypothetical

hyd.rogen-bonded. tra.nsj-Lion state is enrrisaged for the v'e¿ction'

REC OI'[''trÌ{Ð;iT I Otri5 F ÛR irUT U¡1}j Il'lti rjs T It;{T l0l'trS

The distribution of deuterium in Ceuterated, antLrranilic acid

¿ind. d.euterated N-methyl¿r-nthranilic ¿rcicl should ire establÍshed"

The sígn of Fianmetss rhg for the d.ecarboxyletion of o-arninobenzoic

¡rcicls (ínciica¿ing v,rhether an incr-earse in ïhe electron density at

the<-ca.rbon å¿orû ir¡ill aid o:: hind.er the re;:"c-r,ion) should be de*

termined by oÌ:serving tlie dec¡:rboxyl:,tion r¿-ites of sever:al properl y

subsiítuted o-amigobenzoic ;rci-ds" This sÌ:ould pror¡e conclusively

,.thether th.e attack of a proton is i;he:";-te ccnirolling stei:' The

cleuteri-um i-sotope ef,fect should be <Leternined for ihe decarboxylå-

tion of g-a-minol¡enzoíc acicL, since this t¡ould- shov¡ i.¡hether in*

ir;rmolecular hydrogen bcnding is involved"Investigatione into

ùhe ¡el-e-tive strengths of deuteriurn anii pro,ü¿uff bonds in chelaled

sysbems mighb;rlso be helpful in bhe corni:le-,,e elucidation of this

deca-rb oxy-i a-t ion mechan ism.
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