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atdd±i:i.<ll1. Clr cyclohexyi s~l;Is;tituents to $xl$t;il'lg ligands

",as invSistigated for its potential u~e as a factor in ligand

dssign f'Q:t:p.Ohieving high ~l?e¢ifioity for pat'tidular:metal
':Chis't'lQZ'k therefore ~:tV'es·the synttiesis and stability

cpn$t~~t£;.of, .i,16 ...pis{ttrans"2~hydroxycyclQh~~J.)-1.t4,,:LO,.t3"".---. -_ --- . . . :.' _. - _.- - - ..... - -- . - _. - _. - ,-_ - . _.". -- --.
. . "_' ..

tetrao~~...7,1p"'diazac¥t:looctap.ecane·· (ty2 ....K2~j'

hyd~oxyettiyl}aminolcYclohexa.hol (BHEAC) c An ~t::I:;~mpt was

also mads at synthesizing the ligand 2,5tS-tria~abicyclo
r7 I 4- to] tr id,ecane • HClt'leVerattempts to prepare this

material ,frota itsl:Qsyl.ate,.prl?cu:rsorusing st.;;1.l1dard.tnetllods
" .. ".. _- ':"

of qet.osyla:':ion proved unc;\uo¢$ssful. An invat'sa

relationship bet'ftJeen the affect on complex ~tahility of

introal.to.irtg a cyclohexyl lO:r;tdgeto a chelate ring, and metal
ion radiqsvras discovered. Small metal ions (Cu2+, Ni2+)
sho1f1tad lar<;rer stabilization ~n complex stability on the

int.roduc:tion of a tr.SiFJ..!a-cyclohexylbridge than large :m~tal

ions (l?p2+, Ba2+).

A poten:t:i.ometric study 'tV'asalso undertaken lnto the
cOluplexes of open chain nydroxyethy:t suhstitut~ct amines
whiohdiffe:red only in the~eg:tee and type o~ SUbstitution

on the hydro~yethyl substituent. The aim was t¢ okrtain a

better analysis of the r~latbtei:mportanoe Qf induct.ive and
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2- [P;t..$(2-nyp.rO)cy'ethY:L) aminc!!l cli~10hexan9t ..'
:' ' ,: ,. :

7 I 16"';bis f:JiY\~1:~sthy4,)."'l , 4 t 10,:13 ....tetra.#!!(
.'. ". " . . . '. ;; '. '. . .: . .

o~a-7i~6-di~zacyclooctadecane
,':-::':,' - " .:-.": - - .----.- . ":'7'

7,16~bis(2-hYCl.roXypropyl)-lf4(1.~t13...te.tl:a6xa-
7/1(i"'diazaoy#iooctads~ane
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iUt:llough .!i\$tCil cQli1plexes p;: ti~tu:t'al:1.Y Qc;;¢ut:~i'tlg.,~a'crocy,clio
- - -_ -- --. ,'. " \~,,( ..' ~.; .---._-,"< -- -.':-'::- - .> --_--~-':- . :-,:'" '... - " - :." -._ '::-.:'

lig~n~s.hay~. ~eel'llgiow for 'Q't9,f. ·Sl$vent.yy~,~:r$,..,~..~•.,. 'the
• " "._ ,._ "._ _. • .' _: . • ,_ ~, ,- . .' 'c .. .: _._ .-

unsa~urata~ PQt~hyrinan~~·cor~~? rin9/.d~'t.'ivati~esl" i~ has

i1$afi only dU:ciligthe la$ii~thirty',years tlJ.at a ).~Cl$ nwn}:)er
, J - _." "," ";.' .', ;.,:". 'j'.:'. ' .\',' .'.:.

" " .." ,'" , '. ,,' :,;, _ . ". ::', '<"::,':',, _ -" . _ ~: .,,'''':,: '~'" ',:',: ' .. ':.;: .of synthetl.CtnC'J,crocY91i<::cQmp()u1;ld,$capable of,b.l.nct:tng
(:~'tions or ~~i()l1S ihCitve }t9~E?n ~r,~~~~ed.and i~V~S1;1.9at:,edlI24
~, ,- "._'.,'"_-.-'_. - -,:' _., . '. ". ' - : '.,:-.-:~ - - - -_ '-!t- -,-- -: '." '.:'.' _-:- . ,_- ~-<:__:<:" . '. .::,:.

Me!lll\.•·e:t·.··.t~~~,e-'.•,~:Ynthetlc.····~~acr,CiC~?~+C..;,~OlYeth$i$~.:···,PQlcY~lU:i.ne$.i

POJ.ythioet.he:t'$; and othe)i; re.).gt\$d ;moi~~cUlesha"1t~been shown '
'. . - . . . -'., '::" - , . 1\' "I

be possess ve:i:)!,interesting and ttnusua,l ion };jirl\~fl1g
. , .. ' .. . .' ,' ... ' . '.. . . .' \". ...'~roperties.<> ~be novel m~croc¥qles typioally cot1~a:incent:ral

hydrophilic oa:vit.ies :ringted witli either electrp~f;<lat.ive or

.'electropositiye,: b!Jla.lr;.g: 9:t01ll9 and. ~x:terior· fie~ihl~
exhih,iting' hyd:t6pJ;lob±e. ;beliaviollro ~h~Y .ShQ~r a',"

'. . ~. . . "'. . ..

pronounced abili 1:y to binGl a .wid.r;; variet.y of cai:io:ns Ol!,:~
. II

anions and in n,rany cases tit; undergo marked conformatioIlltal

changes duril1~:binding,. '.lip,eil"hydrophobic eXt.eriors a~.lq'V.f

i~henrto s,OltllJ,ilizs' forlio st\bsitances ,in nona~,e91ls soJ.v~~nts

land. in lUembr~,~~,••·media~t...

'~acrocyclic chemistry has aroused great inter(;!s't for seve;ral

reasons3• one :teason is the Unprecedented co-o:t'cl:inat.ing

ah':'lity ot; th$ oxygell!""donor mactl;)cycles to comple~ stro!ngly

tvith the all~~~.£.and····a'lkal.i.zte~eafth 'meta.1 iolls •....·Cd~pled' with
this is the unusual lll:t'operty t1;iat only very 'irfea.k

co'-ordinatin<;J proper1l:ies of oxygen-donor macroc)fc).es are

Observed wi1~hthe trqmsition metal ions. The ltitrogen-dollor



, . .' . , > ,If:, . ,,', . ,"
di$play more 'Usual. p~Qpert.ies in tha~t,~~~Y

:pomple:i/: most stronqly l'1ithJ th~ ,tf?r~si;tion and ~,O$t'" '.""
"

As a.··.•·.j:. e.'sult. of this' b~hav:i~VJ::., :'; _' -' - ,,',," t.,'," ,', - _. '

f r."

.gan,•.·b.e,~iv.i:4ed••in~,:tw4"~roaq;'diviSion~~:' Fir~t':tY:f' "....
t.here ·ate the cyclic pdiy~t~et~;:'~h:ielicomplei~ ~t.:?<?n9'l.y·'fjtith ,:';.•.........

,. ',"::'. "

t'ihe a:l:k:al:i:.>~nQ.alkaline-eart.h l'llst:a:l.ions, but p~eoltlde. ,

l.on,~·!o·

$!¥cond 'c:atetflPr:Y of syntb}at;ic maerocyclic :tlgailds
;" ' .; " ;' ," '_-:

. . '_. _' _' ','

than o~gen •....'The l1la.jo:t'ity of ~udh, ligands t:,ont~tn'l}:itrb9'en

. .

as t*1s1l.as .ph,OS.ph01;OUSdOfiors ar,e al,so ·knolfttl.. As ~~ntioned.

above, thes¢ liqands typically' form strong complexes vlith

A second inte~¢stin9 property1::if the lnO;'orocyales is the

cavit"" whicb:'mi~ht enabl.e the l.:i.gand to ,disp1.ai",$elst"tf:ivity

towarllS metal' ions willian fit best into ·i:t3o ' lviuch vio:rk$, 6

supports this' j.,deat al though ~eiSults with very larete crown

ethersJ.~7 suggest that a t'p:ta.t$aun of s~abil.fty·'i$ reacbed
. . - - - - - ( ..... .

~lith vet:y l~.n:S'erings" vlhich does not correspond ;;to

st.rongest com;ple'Xat.i.on of the..l,arqest metal iOl1Scby the
largest ring$~

j$e.ca.use·of···th«a. in:terest..in th.e 'p:rqpe:rt±e$ oi:'~the.

OXYgen-don9r:~~crocyclee, ..•., sfJ.eci~l interest.,' .in O~gen

donor atom has·l.volved...This involves open-chain



e:on;~aWtl(:;r ,.o~9'en""donoJ;'~$l~.. ltiacrooycle~

o~gen ...Cionor groups9 i lOt ~rid ma~t:bCY'Olc;!$ wit)). .both '.

o$Yq~f\ and: nitr()g'en .do~or' a:tOlnS '..•:Ut..•·.·th.ering11/13 ..,;., 'AS"a
1.

ccmtirl:ur;l:ti.on df' .this .invastigat.icllft the present 1tto:d::
r,_'> _ _,', '\.1' ,""" ,._ '_ _ " , ::' -'.'.' .~ H - - _ _ -"i;' ",'

~~~~y$S.""th~ ·•.e~~~fna.~i.on.....•(,~.•.·.••.·t~$••,.:,'§~:S~~h~~a1101....s~$tk~U~~~.·..·.·.:
":--.~-- -.::_': .: ':' ---:-'._.-. '_:-,.- _'_'" ,",' .;' --'.- .. ----. -:_.'_-'-._.- ..". -. _.' -.-, .. :: .. >... :: ".. " :;', '.- -.:-,{?~----- -.-.:' :-,- ,:~-----.,~ :.:...'..... ,,_.-.'_'... ',-:.:-.-
Re:m:::eJ'~n'ord~;, to 'eluci.date.L 'tije ro;te of"'the a~9'~jl gonQlfQf

~,CIC19~!exallol.,'all invest,igation into 9pen!)chain l~gartds
. .

• ,',." 1.1 ',,',',

loearin~ si:nH.lat' ..structural 'grou;ps~jill, give. a 91::~at~r-c"

un~~Si;ftndin~ ¢f 'the' propert.i$s ·.,~lf>oycJ.oheXYl sll1?st~:tuents
"

(~9:mpared 'ldtlJ,> s:ill1ilar ~o.mple~~$ 'Of related dpen,...chain

.ligandsl'~ Stueli~s' are still,up.d'ery:ray. co~eernint;f th~se

ll~u~iIfli prope~t£es2f,14 .'aowS:vet- 'Lil1dGyi.'f;f as ea~lY> as the'

mid-seventies," considered there to· be three main'

consitl.e:ratiotl$.... Firstl-y;" on cQlllpl$x :formation, ~e~l'Ilatrical
factors arising trol'llthe cycl,i:cnature·o:f the, ligands often

addit.i6nal eonstraints on.. t:he positions o:Pi.the donor

As a refleotion of thes$ cOllstraints·, titac,1Cooyclic
.... . . . . . .. '. . . . .

li,gand···complexe~.·t:Qntainin9' unusual :metal-donor.·atom bond

_""",' .. ,_

chelate-ring ccu.'lrormations are all knoWl1o SecopdlYt if the'

cyclic liqand is fully conjuqat~d and inco.~porat~${4n + 2)'il

el..eci:rons, th~l1 >enhanced eleetx-on, ae:tocalization ahd ligand

sta.b±~:i.ty Cl1f¢' ~h~racteristic.¢f the l:eSultin9".·'lI¢q~e:l

aromatic syst¢llh 't'llirdly, an~ perhaps most impol4'tantlYt



I)

cyclic"'ligand com.p.lexas<are almost alt1(,;Ys found td' be

considerably more stable themodynamiqally and'kin~tiea,11y
(~£i.t.hrespeot to disCI;ssocia:tioll of tba 'ligand fron! the met,al

ion) than their eOl!'respondinq cpen-chain analogues ..

propertie$ Se~ to be. an 'intrinsic feattire rel.att;:ed to the'
fi·

cyclic nature of "the ligands and.have been e~!}'ll~e~~vell'
ref~rred to" as the macrocyclic effect. :Accoi:4i~9" ~p.

\\\
Hanc~\~lt& Martel12 the cont:ri;outions ·t'1hieh are expected .,to

\ I,

b~ ,J1ll~,~rtantin th~ maerocYt:!lic effect are:
\,
\\, ,

IId

1) \ \pre-orqanizatiotl of the ligand

Z, ~esol'l!ation 0'1$ th.e donor Cil:tomsin the confined

$,~aceof the macrocyclic cavity

3} Intrinsic basici"cy effer.:lts

4} Dipole-dipole ~':pulsion in the cav~t.y of·.t:b.e

ligand",

Macrocycles have been utilized in several prCie"tical fields"

These include the fields of therc'l'peutics3 t 1.5,

solubilization16, es:f:alysis17 and! those involving t14~

biologioal processeS of act.ive io~~~ransport across

metnJ,jranes (biomimetio membrane chf~mistry) 18 t 19 ..

Cyclic j;)olyethers and. the .strudtural~ly re3,ated antibi-otics

~uehas valinomycin I nonactL'1" monactLYli"an~ otner

mac:roc;:ycl:h::mOlecules, both biological and sYll~he"cicin
\.

origin, e~r.d..bit varying o;egrees of 1:liol:ogical activity as

related to the p:t:ocesses of. acti va ion ·transport!







aqueous phases ,are
inclustrial ope;rat;ions in t..rhich local

t"lells as

the synthesis Qf :maetrocyclic
desiqhed to solubilil2:s BaSo4 af,ficient,l.y

long way

,.,'a:uthors in. In designing' q!t'O'Wb et::hers

num!proll~,1
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lml~Ol::t.~~ne:!$X"~l:e ~irst)1den~~&tfi,$d~~~rO~i:fiis '~b~ni0d.'
. .' ,: i' . ........, ' i'l ': ,,: .•...•.,,~'" ;' 'I' [)' " ": •
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cap~leil$.M, irit!;t:iqien~ly sol\1b~1-,~~ing;'1,Jaaso4"intQ"'l:lat~t'~,,

~acro¢yolss~ .:,~att,;Ou9ff it. Qnl(~'.'rJQ1re~~ a '.~all' ,j;1~c~~on,t?f '~h~o D,

o !lug" l~tel:a~~~ "h ln~~';CYl>l~,~e' ":"'d~~~fii~~~~l&t~,
~a,i~q:~$'~~Jii~d t~~ '\:o~~til~~~<>~~f rese~~~n#<>/t;~~;;~~~i~:~~{~~,t~~~!~!t;~a~:~t,qr1
'o~~In;tere<S1;' ~ii1 ~~olo~ica:~ e: "'0,; ';, "0(\ .
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Tl'!e polarizabil.ity e~feQ¥S i~~hat acC;~unt f'ot

$tE!bii,~;It? of ·~<>nsini the .9as~hase,.···a:~;e re~m:>«[~dI,:,hy'hidrog:sn
i,. ..', _ _':":::",::',":,':',.. " ~\,. ,;~;,~ -'-~""',":i:"'!,':,,:,, ',',':'":",, ,';,',:,:',.','':" ._,:' _ :>. ,_'

bonding' as pr,Qt.Qliate.~ :g.i:trogsn d.Qn~1:.ybases are ;!sta,}::)iJ.i~~aby
, 1";':::"-:,' 'f ;1' " ":"',-. ,,',:

(';o;"'Qr~inatea;:Yiate:r 1'AC~,t~Ful.as~'!t~#h 't,aite QV$r chatg,e
d~ic)o.alizat.iQti~·.-;". ..'He.

....•<!(.:
••. ..' I'

'Plfili'\arl'" al1ci s~:cond~:ry,~~~~es in
l ",," .,'.,',:::,:::',:':,:\

:~'1ater are vert f:1~flnil~rib: has .t~d..'to a ~,trQn~Ji.n;t~it:iv~
:; . " : - :! . " ~\' " ,. ". .

i~eelirig· amQ.tlg:'~~tiY2~he~l~ststh.at t.he b~),i.iaitiel? ;¢;f\\ primary

.'i~ndseciond(!\rit~·f~t#f~~~:n~l!.are not. 2.d.rit:r-£ns. allY"iJ~!~.::··'
lL•. ··•.•<; ....·....·.•·.. 'jg, 11:'",",}';' r. •... Iii>' "J" -.:" ..•.........•<

idifferent . ~ :<~fis is r'v,:td.enced~':£'011' e 'ltf.rl [~ t.lj~,"
;~ejeC~iOn40 ~l/tbe id~~ that ~r~:q,tgrDa~!i~iJCy"6~ ~1l~
n' ". . •• •••.. . . .'.....•......•..'..,.•........',' ..:1 .:»:
:!se~t.)nda~r nit+"Qg~ns 'C9nt:ribute~? i:;¢ the lilrac:t'ocyclio lE!ff~ct •.
i' .' .! ..,..•........••....•.......•......•..." ." ..•..•........... , '. III

:(,'fuhedairal on t;ll~ 'binding of amilta.s .to ~\et!!al ions .•i~ .the

:~;,iiqa$.~·Ph~$!~28\;3,4i·.•··.·•.·~ention7d.,',earli~r# ..·.~.lar~!ifi~.$..t~~s·.:··$ituaticin•
'. '1?phere is evi~'*n.d~.thatin.·.· th$;·g~s.~p~a~~jila.tl...lil~t~~l,.:,ioti$

favol.11:~h:ty to a cbange, front. pri~II~' to SeQOnaa:ry

Tbis s~pports the cont!ention bi Hand~¢lt isth. a141
:'. - - ",,',' ':. <. II

that· llletal,-~~itr¢g~n bonds to $(!90ndary ~lfitro9'eri~, :ari;l

li,ntr"tnsically :.stron9~r 'I:.han:,tho$~. to p:r~:':maryni.i;t'()~en$.

c, ',1

• • - "'C' " ",

currl~n;t;lY ·.it 'appears. tbt:lt.the:.cot4Ple~,i~~ t~ndEn1.(;d.es\¢f·.•Lewis
,in aqueQU·S.····SlOlutiorl~4)2"44•.~~g~est ..·.tb.ati fQP·ll!Qst· metal

ions, st.eria c·f:£ects are of pa:trantount importance in the.i,;;:

comp;:~exforma.tiol\l reaotions,. ~.h~ ,inability '~f ,~bmeLet-Fis

aCiCi,ls( s~eh as t.he small and highly sol:V':,\'ted iot.l~ a*'/ cnti!). " , "" , ,"

and. j!t-li(I!l .;" t:o fortrl· strong contPi.$;!Cel:;W.i.;t.llS'oft45: ligand.$.

1;"',•.~~ee~$..·110t·· to> d.eriV~'· from" an.··.inbet'ent. '~eaJ(nes$
bontt (:t~~" the hardness4S df the Le...1is aC.id), but

117



i.~\.

c(J~<:Jl:."dinated ~~o

illuS'trataC{ f)y the larg~,!Ag(ll, ion, which,. beccruse
.;.' . ,.. :

linear "o~"r4i,,""ion \te!jlllatey; i".cnlY·Sli9htll"a,i~o;,"ted by

st.~rio eff~cts" c HenCe ~t has :bee!l;..sugg~stes:l?r2 ~~at.,i;:.he'.
....'t~,~;,:~c~$'~"IS$s~~'¥'t~~~;~1:heR~'~<!.~~$Q. :

.hih~l"an(!'eto ;eb';'ofdi-~ti:ou; oaus~dby the' large. ]i¥<:lltatfon, ) .:.,,:-. ' '.. ".,:,/ . "' .....•.. '. : " . . . ' .
~., ,,;:jl

sphere and Sltl?3JJ. $ize of the lat'ter;; This all,ot'YI;;AglI} to

.,foi1ft ·strong,C:omp:t~x~s '1tJ'ith01'" ·cp~pa+~d~li.th C~(J;i)4~,. ~he<
':.' ::. .." .: '. . ". . : : ..' '. . , : " ". . ".: '.: :'~:\

uJ;!lic.~1:d.on ,is.that a sys.tem ~ay <"l;>~ developed vlh,ieW ,a1.:tovls

'tha i;;tex-ic{ en~ii-omhent·.around. a:<·m~tal."i"n to,b~·· oon.tro:Lied····

'",lin $luella lilQ\ri~~r.<,that,· the'., (}:~~~i~try(comp~ex'fo#ma~i.Oll"

steriohindraneia'and specific $QlV'ation effect.s

th~t'efo:17e <Qf il1lpqrtance .in <iet$:rm~td.ng·a~eou$" .L¢t<t:tS.
. .\ . '" :

acid ....Jiase behavi~ur,j.·. The :bindltig :0£ the proton to':i.iganas
, ,

" ,

\i..snot al~'lays a good indicator of inductive

whi¢A. may be 'vhidden$.~ Gas-phase result~ ~*ovlup
.-

the~lehidden lnCl:uctiveeffects ye-:r:y strQngly I for J)Q;t.h the

pro:ton and otb~t teW-lrS $Acids~ For both tbe proton· and
',-

Lewis aeic;1s, .th~,~;H:~i;rniuct~'9'e eff:~cts :may be masked ,J~n

aq1,leous 'solwtiQn' by steri:o, hindranes.

1.0'\'1 -susceptil.)ili~:y to star:i.\~'kd.ndra.nce such as JM1(.X)with

pr,~mary amine~l -c;.r square-pla\\la,:r CU{:tI) an4 Ni (Ill wi.th
t. "

s~~~trical1Y <:}o-methylatecl e~hYlened±a:mins ligands, -,-the

indtl~~tive e:ttects lilay b.e able~',to',·'.qV'ero,Qme sterie effec~s

ttlf~~5~1'Ves..as•...inoreA~lng''colUt>le~ stabiliiyanq



'.. . ";;. '

It '{vas t.b~refore propp$~d that

the proton lliay ne lonqar be. ~~$¢i., as has so oii:~n .been .th~·
". "

case, as an indication of ind'dct!iveeffects in~SUeou.s
comp:te.~fot'n\ati.on. reac::tions/ neiCaustS these e,ffeets··a.rs' ofteh

. . '-";i: .'. :

s~t;!r'~'t!hi:nqrance' tiin~:are···.··therefore.,q~i~~~
induotive af~~i::ts41..

bala,nde tllj~t exi$ts' ~tat.tl1ee~ the i,contri:btif.ions ex··

ana·sterij~ effectsl is emPhaSis.ad ..bY~ the ~tQrk dona
~I1a44ing; 9"'m~;t;llYl.;fjr0lJPs 'to. ,eth¥lenedia~in~s,4~ ~: ..

seelllingly slllal.l·l~hahge as Pl~Qihg.•.··both methyX ,9x.·OllPs'on. the
>. ' "..,' '"

sameC a1:.o1'\\oftnebrid.ge in l.J1.-di!tl~thylethYl~necliamine can

aesta.biliz$ tb,$ Ni(!!} and Cu{:tJ=)'complexes 'rel.ative to <that

of ethy:lened:i.a,m;tne,!. vlnereas placing them on' .separate carbon

atoms, as,itt.· t....:2,j0'blltylel!$_d.~amin$ can ~rta~Uiz~ the.CUflI)
.: ....

crys·l:.al1og~'a);)hic studies

calculat.iotls49,.have shown th~t tr,.~ planar ring Of dyolam has

a Qonsiderabl$ thicl~nes$ and t:llat there is sig~i1:i.cant
. , ,.

. .

t.o S9""Q:t"d±nation at the 'a:ldal sit~sor
planar co:rnpl!)a~$s of cyclalUo The inability Qf li.~H~l1dS't1ith

large donor atoms (01-, thiourea.) to co-ordinate tl';)' the
dU(I!) complex of cyclam50 l$t . therefore, in agt~ement 'tdt:h

ate-ricall}." hindered axial eo....ordinat.ion, sites in ,{'.<\iis

~olll'plex. 'l'his emphasi:zss tlls··tole .of st.(U:ib eff&adts

a~(Ueous.La1rfis abid~base'·,e~l\lPl;e~;,fomnat]~on.reaction~p

hCIW'evert witl1 s\lrpll'ise that somE~ Of the ligand$ which are
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1

I
1
i

I
I
I

eXpected it.o fCfrmquit.e. strong complexes

complex of bt<.e-lam,. since th,ese have sJna.l1 dorio!' atoms,

Ole or NHjl, A~tlsGdo not cC4....0rdinate, whereas. .l~ga:nd.f~

N;, SCN- ·and CN- "t·th.igh.···hav~ small donor··at.QJnS:, ·do bind4"jf"

It appecii;'S: 't~at the :fonUe~ ligands ar~ tho~fl'"tl1,icn. are. "
eX)?riacted to ~orm stron~t hydtogel1 bonds to the ·sqlverit,.

the latter are liga.nds whiehare n'Ot expectad-to bind the
selvent v~t:y.strongly,; suggesting that the cC)"'ot:dinated

~qater m61eg~les rtiu.stg in aqijeous solut.ioA"l, be able to enter
. " "" .

i:ntostr~C?~l1l:ingthenydrogen-l:)onded<water cU'oundligands
...... ","

such as 'if";':, OR'" or Im:s' wn!ljh Is

hydrophobic: &1J!:yl bridges of the

. . . :

not. possihl.e.·. W'ith,.the
....1 . ·r/!7eye am rJ,n"':l .~ The.

apparent role of hydrloP1iobioit!{ in w'eaJeeningthe binding, of

hydrophilic ligands emphasi~e$ the role that. specific

$ol"ta"Cion ~frects p~ay in aqueous Lewis' acid""p,i;1Sec::om~lex.

fc:trmatit:m reactions" As (iiscussefl earlier" illcreasing

sta.bility' 't1itb increasing: C-tnethylation in sYl-'IU1'Ietrically

substitutet_1diamine square..;.pl~nar oomplexesof,Cu(II) and
Hi (IX) hfis been found27. One of the reasonS for thi,s .has

been attribu:ted co lO'VJ ste:ric. il'ltex-actions het'i'rleen groups in
.: "."

the co-orclinatiofi sphere of the metal ions" The, hYdrophobic ...

nature of t..1-t~ '~-:methylated ethylenediamine skeleton leads t.o

a loss of 'Vlat,er moleCUles ftQm the co-ordination sphere lOf

the :metal ion, resulting irirearrangement of the
co-ordinat~~ groups t.o fOrm, t!te lesS stericall.y stri!l.ined

p:latiar conFiguration, where. substit.Uents ar.$ on either
. . . -

.of t.he 1:"in'1' ConsequentlYt ··the.r.-e."is a great~i-. overlap

bet't'leen tr~e<;>rbitals and. t.here:tore stronger M....N .bond.

strength.s which manifegt thelllSelves in the increased

, . . .

, ~·--~"~"''''''~''';''''''''''''''''~_''';''.~~F:"~ ..."•.''J'''.•'''''M''i~~~



. . '.

stabilities·. of these comPlexes.' Thi~ is anoth~~:exampie

of hydrophobicity playing a pai''t in aqueous Le't.,is acid-b'sa

, .',

fOUrtdt41 that forqo:(itJ; Zn(l:I) ariCl, CdCtI}
ionS'1091<1(b~"') ..··f6r thEf tetrani~t~Y:tCYClam.(TMC1:and'

tetraethyleycJ,.am (TEe) compl~es is larger than .:th.(:l

eorrespo:ncting J,ogKJ.(Ole) for the :formation of the

raonoh.y~oxo··co:mplexes·of the aqua ions. This has :been.
. .

,attribute<l to the 'unusual·;five qo,..ordip,a'te qeotn$tiy imposed

onlUetal iorts in i:heTMC and.·.TEc co~lexe$~'·· The"llletals

cannot adapt 1:'.0 this. straine<.l at'ranqement, t.hu,s leading to a

stronger bonet bet.t'1eeh the metGil .ion and. the. a~ially

co",ordinatedwater molecule, .presumably because of poor

ov\~rlap .Qf, the Qrbita].s of the ,llietal ion .~"'d those of tl'le

nnly aJ:tering

the co-ordinat.ion sphere arolind these Lewi~ aeiClsr a change

in their aqueous complex formation properties has peen

effected.

Molecular •.··lllet:hahies ealCulations3 show .that the··,.... ", _ .. '. '.' '. - ,..... . ." '. '.

co-ordina.tiOn sphar'S around a SlIlall metal ion is extl ~elllely

crowded 0 In the eJ,treme case, such as in oc:tah:~d.tal

CO(XII), van. aer Waal's repu.lsl.('.)I1 between the ll.;rands

prevents the (lonoratoms of the ligand from approaching the
3.
•



CO(I:Il:f 'tv;i.th

Co""'N}:)on!'.ilengths ;=al.1..in thEt range 194-2Q4 pm. The fact:

t.hat the CO·":;N'Dond lengths at"e longer than those which ~loUld

be obsPxv$d. i,.n a strain ....fre~ '.stituation, io e.. 1.93 pm, is

caused by the Co....N··bond. str$t~lli:ng associated ':td/'h st-eric

CrOWd$ng~~~und;the .lttetal:~6~•.···Addition s:f ..•·an1" or,ganic
sUbst.ituents leads to a dramat.ic increase in·sterio .
e:t'ot-J'ding3q The response .of tbe complex to this ste171.o
crowding.is .principally one of metal -co ligand bond

to7hieh allows for ,a decrease in the n'\ll1.l.Qer

atolns in the inunediat'~vicilll.:ty of th~ me,tal ion~ ..

Sterle cl1o~·!dingand the res'Ll;lt:inqsterie strain pr:ndUcean

tmfavourable contribution to complex stability~ L9lJSsing51

suggested that the enhanced. stability obserVed 'in

symmetricall¥, c-methyla:ted eOl11plexes .of Cue!!., ,.md. Ni (II)
." '. '.

~was.·..due to the····inductivS< effects· of· the .metllyl···gx:oups
, .

overcoming sterle hindran¢e~ The'd.estabili~ing effect of

N....methylation on ethylenedi9lmine compared wi.tlt

c"'methyl~tion5J. supports t.bd.s suggestion by Le~ssingl

because T¢lith substitution on the nitrogen the substituel1ts

becom6very much. closarto the, co""ordinatiofi<sitetban in-: :.... _". -- -_- _- -_- _- .. "_ "_". - -_- _- -_ -

the latter ease. This close' proximity of C~~,ol;"d.inated

groups ;i.n.thecomplex leads to crowding, hence the adverse

sterie effects ..

. -- :- _" . : - ":'".:

oomplexes such as 12"NU3 through I2.NR3 ti\OV~ .in paralle'l
~liththe heats of complex-formation, indicating that
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R,,~ /
~ .

R-N-I-I

/R
as Ntis is changed along the ';':eries through to l\l'"nj 0: . It is

generally considered46 that LF st.rength .tn eOl'(~le~es,of

tranSition metal ions is a measure of covalence ;i.nthe M-L
1 ',\

bond~ consid.er t.he 'LF splitting parame:t~:r, .1..0Or.,hin the
t.,

follo-v1ing series2:

(Ni(EN) 3]2+

.10Dq 10750 cm-1 11500 em-1 -:112350 CI(~

nitrogens
primary

nitrogens

secondaryl?zeroth"

10 Dq 17000 183()O
all

pr.inmy

1.9000 19900
'b.rJO ,primary

two 'secondary

all

The interprp-tationplaced upon these serles is that one is
increasing 10 Dq because the cOlalence in the M-Npond is

increasing .co..9!> the nitrogens al::'echanged from nzerotb.1V .1;0

primary a.nd then secondary # T,h"'4 important aspeot h~re is

that the values of 10 ,Pq folloy! the order of .int~insic

basicity of the :oitrogehsr only because here swff.i.ciE'.ntJ.y

lOT/Y stario strain has been achieved. A ~eneral result in
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macl:'o<.1yelicchemistry is that 'Vlh~reJehs macrocycle

co"·<)rd.i:nates to the metal ion with :1.0t'1 ster; e strain, 'lJe::cy

hi:9!l L)? stl.;'St!9ths are obsarved~ 4 ':l::be in(tt:'eassd. l:i.glal!idfield

s't.renq'th fOu.nd in complexes of macrocyclie lisrands ;lo$. at. a

malCimum.in the macrocycles t-ll'licb fit tdth the leas"! steri<.l

~traili around 'the metal ions3$" If the metal-donor at.om

:bonO!is stri;.d.ned, this leads to a diminishing of the Clver:lap

bet!tleen the. donor a..tom and.metal. orbitals fot'ming. the bond,

afMi hence a aactl:ease in 10 0'1., if tITle consider the :molecular

orbita.l.~ ..tltet.'pretation53 .of liqand field (LF) theoryc The

ef:eect of steri¢ stra.in on t..Fstrength "VIas investigatedZ9,

an<1 a simple 1l1odel tv-as developed w'hic::h relates strain in the.

mei!al....nitI."oqen hond to the LF s'l:rength.. This model supports

:th~~idea that. 'the·hiqh LF s'trel1gth in cpmple~es of

macrocyclf¢ liqands·j_S due to.a large number of secohdary
nitrogen <lonora in. at ~:i:tuation.of comparatively low strain

in 'thf' 'natal-nitrogen bond~ The increased LF strength is

cauJ$ed.by the .ind~lctive· effect of the increased numher of

secondary nib;ogen donors present in a low...strain situation,

which. also contributes to the maGtl:ocyclic.enthalPy39. An

examt/ie Where LF does :n('~ in.crease tvith increasing basicity

of the ligand, as a result of steric strain, can be. found. i11
the complexation of high spin Co(!!) and. Co(XII) by

.sepulchrates54 I formally cl;*yptands. ',tIheLF strength ():~the

~~e llchra:tes appea:cs. to be no differ.ent from that Of t:).e

'l'.\ ; ....EN b.nalogue54 I sin.ce Co (II) ana CO(III) TRIS"'EN

complexes appear to have ',yFspectra a).n\os't:,;i.d,entical to,
those of the sepul.chrate anal.ogues"". An important facto):; to



consider here is .the postult~:te 'i:h;(it vlhere the:r:is .are

second.ary :r~ther than pritna~\:ltflit-rogen, donor ~e{Jll).s,'a higher

if the.metaliol1 isco-ordiriat~(\by t~~
ligan~t S.f$th6ut eXf:le;Ssive $:tl:'a;i::n~. Hi9h-Spit1 :O(i(1:11)',a~cl,',.··.

CoP:II) tlQ riot: shew highs):' ~~ values b$caus~ they aX'~1

:respect.ively too 11iq and too small far the .ca"itity in the.

septilcr.at~$5, causing (;?xcessive strain.. :rt. J.~f ~lear,from
the abov~ di$dUSsion tnlat the effect on

·:r

the rie~t:baianca:'of the' st~~i¢ a:''1d;:inducti:ve

p):oduced by the ligand ()fi ~H',)mp·J,:nX' fo:r:mation

The .equation of Pavelic~l and·.rraft56 belo~", Wh±ch takes polar

(ind:uctive) .. and sterie Elffects:,.lntd account, has" b$en used

h.ighly successfully to sapar.a.te anir correlat~ ·theSee:efects.

substituent. The Taft ind.uct1ve effect parante'tet't »",
bec!(,)lnes :more l'1egative as the sUbsti t.uent beoomes more

electron releasing I while l);'r is analogous to the Hammett p

constant. Amore negativ~ 19* indicate!;l inQ:):easing ability

011 the pal7t of the !.$w16 adid to respond to t~t;l indu(rtiva

effeot of a $Ubsti't;uen'C. Eg l.s a measure of t.he ability

thca\SUbstituent to <;:ausesbet-Ie hindrance, t.~ken as ZerQ f01;'

the methyl's'lbstituent, while 6 measures the sn.1scept';""'il~d::.y





electron



1".>,1: .'
·An· ililPo):'t~ntccui;siderat.iol1 ..iht analyzin:9 aff,~G~t~·,su~ha~

','1 '. ,\ ~····~~~~Q~t;'~~Za:~;~t~e~i:~:l~~:#u<W~i~ •••

cal.cnlat1Q.fll$, serve .as.a to?! t:o;t' the deternli~~ati~h'of; tnr
chan9'~...·'·in..·.',i ;s:t;r.•.ailt" en\9rgy e.•rf ...¢. omp.l.e~ formaticmll.···.··'., it~r' ~~ampl~,. '; ',/1'
wcrlt,' ~o~a ill'lxanooo'k at a16bt~2 on,; the, Nitti} ~f#mplegof

dye+al\1:af4a"t.e.t~ainetJ:1~loY~la:n't'.(TM.C).,.sh9wed ..tl1at'i!>Y.l:',~lflac~n9"

, hycll:qgen$')bri th~, tlOrto):'~l~oiusp~cycli!tJ '1?ith' ~~t1iY~ ...g'lZ()\.lPSto '.'',...,'.

~rOdue~ ;t~c ;produces a 'coh~o~itaxt~, <Xebr,$ElS~ i~ e'6mpla¥
stability-.fromilogKl.:;:; 29 :fQrthe ~yclam'obmpiex~:l to only
1h(:$ tor [Ni.fTMC)] 2+. mha MM. calc\i,:lations u$!ng a stl:"ain-

':' ',' "',, -:

f:tee j)1i.;.Nbond length of 1,,91. At, in both c::t$ss, predicted a

Ni~~.,Jdon(i'ieng~J.1. of'r:t ..9~ ..1~f6jfthe: INi(eycla~)l~+oo~pl~i;

and':'~.N,i~Nbon,a:lenqth··Qfa.'~~9·~. to:t ~he····rN~'·(~MC}l2*,
" ,:' )

sP1nple~. '.tl;).ecalcula.ti(l).a~ (I,"':4't:t~~dwith the .t'c;,;6\.tlts of X""ray

cr!lsta.llogltaphy, evul'l I.lo'trmto quite sm.al! .•sttUC';tural
sodetails .' The calculations also show,ed that the st~etahin<1

of the Ni""'N bonds in INi(TMC)12+is due, to V'.'dd Waalt_:

repulsions· between tIle N-;met,b.;y'l 9':t:oups" Acc6t\l}?Anying ~h$

stretcf~ing of the Ni-N :bongS is an increas~ In the '~otal

strain \'an~:t'gYI IiU, from 1;1...3 keal xnol ....l; in [Ni(cY:?lam) 12+ to

35 kcal lliPl-l i~, [Ni('l'MCl12+ t.lhich seems to. bE!.'tl;\e most'
" ;',' ",'. " '"," I'.

p:t'obable ce)Cplanation ....fot the drop in 90mpl~~ stabi~ity'

NittI) ~l" ~oin9' frollt'. the ~Y(,:laltt¢Qmplex to th.~ ...~..' "
tetrainetb.yil.~yclam¢ompl~~~ lth.~$ also been ..fOtlnctS&., that
there is ar,\ .accompanying-· drop in t.he ligand""iield spi\it.tbt9'. " .',' " . '- , '

pat'~.\tnete+$ In 9'oing f~olU tN1(cyclam) ]2+ to tNl(trMC) 12\".
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ealculatiQn~~41t:6S have als6 been used
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metal
cl).ain

- ---:For- eXalIl~lf:f;,s~lec*iv:i}typat.i~tn~
s.thers and m

ligands,. can be \fol,lnditlhen explaining -'the peak for

1:1').erelationShip hett1'een

starit:

steric l.15
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'I ",", ':{':, '. .' "'

QDA/olCa.o-~te ~~)..a'l;::i(!ID$hlp'~flCrea~e$t,and ':for large ~~tal io)"!s
\\ '.': .' .. ': .

1?1e(rt~~t~~dJSffeot$ ,domina~e~;,'tv::i.th,a:llrt~er,"i:ncre~$.$~"· in
{i :,..\~~:.j

" . '. .~..' -:. '. .. ':'.... ... '\. '~: .. ':' :-'.,:, .' ., .' . " " .'", ': .:: .:. ..,:: : '.' ..... :' ", ., .. '.'.: ,~. . . ',. '.' . '. ;' .'. .-. :- ._ '... :'. " : .:.-":.' ,':.. '::. :'
tb'Ste ..,i~}thus."at, l.evel:U.nq 9ut, at:· is'ir~m"fall,;ot'f" 1.l1i .~ompJ.e".:: . "',1 :: '.•:'.' :. '.',. " ·C.· " .. ",

, ",

larger metal ions,' a:t~

" ~~~ti"~ ••~~·••i:!l~,.~$~.'J>~ $l\\i<J.l~:,,~alflo~'l>Y'rut
".,inc~ease ift, th~:~.i'zeof' th~,cl$l~f~ rin~l~0 '.' "~hi$:~_:~~'·"foun<.lto

i) \: ' "'t, : ~: . , . ,. ':;' , ' ' '.' ' ",," ' '. :, ' ' , . _. -, " '....._. :,',.''; ".

'~~ tr)le ~~r c~mli?lexes of EDTA (.~th1J:ene~tA.ali\inlitetr®.aQeti~

acid) ~na 'its anaio~e ]O,aser.i,0+1 ,tl;'illt~~'~hrl'l?neqiamirt~t ::iJ:MPTA~

.. .oniE;can p~a;.l:~:;'.=.tlin,ear relation~b.~p 'kJ~t:Vie~,nthe 6han9'e :i'';i
" .• ' ...... .- ••... :.':'" f '. "''','','' "". ",._,:''',:' " ..' ":q' ,

',',9owPi~lk·,sta~~~~by~et.t'I~~n tb~ '~M~TA.'.oomplex;',,\a#d·t~:~:'EOTA"

, Alt2~~:>:aritr tn~ idnlq t~~iusof the:me~p.i :ton~ The

coritp;le~~st.abilit.y on increase of che.l~t$ .J::i;1l9'size
,,",". " ,:'.: ",: ' ..... ",",'

i.s metal ion related,.. and is t:'h~s: not a. property!; 9f the free

ligand.J bp,t of 'the oQmplex. The 'nletal len size t·.~li$l.tsd

f,atte~n Clt{"tP.91'"d~p$ndanQ~ of c:6~pl~~ sta1oi~ity:Gn::oh~lat~
, .... :.. : .. ' .. '. .

", :r;ipg $iZ~'Qallb$Qbserved tot" ,ttlany pai:rs' Qf'·l!qctrld$1 $Uell'aS

tt'MDl'l\,. pr .3.3 ....".zl.neN4an4. 1,4·.~a){leN4~ lIenee it. is also

obserVed for pa~r$ of :macrocyclic' ;1.~;.gands2q From ttha

:for~\toi:n9' discus$iti'Jl one can coil~lhde ~ that. the fol:to~Jing

tt10 geperal r,uls$ hold in rel.qttLon to cQnt:tQl·of $e+~Qtivi:tY'
.....•...•••ox?,1;he :ba~.~sof' ~nets.l·' iOl' siJt:a?~,·, ' '

The, addit:i.otl· pf neutral oX)t,J.eiri';"<ionor groups··tp ligq.nds

will im:;rsase' the selectivity of th~ ligand l;or; large

li\~tal ions :relative t,o SIII9.l:l.



size....selectivity produced 1':lillbe sharper far
macrocyclic struotur:es than :fQr .open ch~in 1igande.i..

2" Increa.se of chelate ring size from £iva to six""':memklered

i'Jill favour ligand seleotivity for small lust'll ior;;s.

over la:rge.

?1hes$ tl10 gener.~1 rUle~ are bqrne ,in mind .d'Q.:tingl~gand

de$ign. ~.co:nsequeirl:ly they are otten referred to as ligand',

design .:t'l.lles. ReQe~tly70 the viet'l1 has Qeen t~r,:1.anthat for

oxygen donc.tl:s there exists only one rule and not two as

described above .. The belief is that tbedomina.nt effect is
eontrolled by a ohange in chelate ring' size cnlyo

!

It is generQ,11y accepted3 that the addition. of pendent donol;

groups beCt.r.i.ngneutral oxygen donors to ll\acrocycles should
favou~ large :m~tal ions but disfavour smalL. 1.l:el"estingly,

the additiol~ of neutral oxygen Q.Ol'loJ:"s via. pendent.s attached

to seCOIlacl.l:'Y. t11tragen donors of maot'Qoycles is expectGd t.o

inorraase the basicity of the :nit:r.:ogen donor and not d,,,,o;r:ease

it as commonlythoU9ht2• This is seen in the $~l:'i~d of
ligands ~lhere protons are progressive ...y repH\ced by

hydroxyethyl groups" where the protonation constants are:

NH319.2; NH2CU2CH20Ht 9 •5; Nt{ (CH2 CH2OR) 2 ;8. $\; N(CH2CH20H.) 3 '

7,,8.. 'rhus, one might haVe expected the indl:.lc1tiveeffects to

be unfavou"J:'able on the ter·t;,iaeynitrogen atQ:m~~prOduced by

addition Of pendents bearing neutral oxygen (iC)l'1ot's. One

might thus draw the infer~nce from the low PX<a.valUe of



triethanolamine f that !\)~ygenswill lead to eleo'tron-

i:1ithdrat-Tin9effects, a:rt;~inoreased pe!!:icity Qtrguments are
"

not o01:'reo1:o HO~lever, l~f one proposes that etholey groups,

at;:e electron withdra't'ring\ relati va t.o th~ proton, how can one

then explain the fact th~~t the pKa for ethanolamine is

higher than that of a:mmon,~a?The anS"'1eris that the ethoxy

group "is ,_not electron-t':ritbdrawing relative to a p1='oton, and

the 10'1;1 basicity of trieth~:tnolamine is a salvational and a

stetic problem in Gjtactly 'the same way as for trimethylamine
(section A ..2) " The true order of inductive effects for the
ethoxy sqbstituent is more closely reflected in the order of

protonation constants: mi3 i 9 II 2; NR2CH2CH2OR, 9. 5 i and

.NHzCH,3CH~, 10" 8 •

Xt has been found.15 that metal ion size selectivit.y is
el.'lhanc:edby the presence of pendent donor \lroUps on
"'t!a~::rocycles. As a consequence of thi~, numerous :macrocyclas

with pendent donor groups have been synthesl.zed15 in order
to o'btain the high selectivity required by tb.erapeutic

ag.etrt~sfor removing specifict metal ions from the. body in

cases of metal poisoning 0 l{{,lny 'Of thase :mac;rocycles haVe

been derived from the macrocy:cle ls""aneN2CI4 by addition 04"=

pendent dabor groups to the nitrogens15" One of these' is
the m.aar-ocyolic ligand~ 7/1iQ-bis(2-hydroxypropYl)~lg4,lOf13""
tetraoxa-7,16 ....diazacyelopctadecane, more cO:ml\lonlyrefel.":t"e@
to as BHP-K22, Figure A.a. gives a pictorial ,representation
of aHP-!(22 together 'toJ'ithits unsubsti tuted ana\loque

1 r 4 I ~()f J.3-tetr.ao~,a-7 J 1(:'.~Uazacyclooctadecane r c.~onunonly

called J.8-ane ...N2o.q. or just la:yptofi" 22 (1(22.)0



..

Figu:re A.1 ; .Macrooylio stx;u.ot\.'lreS of l3I1P-K2.2 (AJ' and 1\22 (B)
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:rt is app.arent frain Fl.~re 2L 1 that in effect EHP-~22

deriVed.·.· !rom K2.~.·.·'loY..additionQf l1etttrCl:L oxygen donor's

·.fC)r:m>Of2-hYdro~cy ~r,o~Y1 penderits~ Fl:qtire ·,A.'Z
. . - - -_- .

<:!'lange in complex stability, LS1C'lg~,llroduced
, ' .

adCU.f.ion as a fune:ti,c,n of the ionic l"c.u:l:!,us of the metal ions
i·~vesti9'ated9. :tt.. .is clear that the h-yd,roxy propyl p~ndent,s

maOl:Qcycle offal' increased. steriq bul~(q);'ld.

l1enc~ste:r::ic crovld1;pg ~tith small llleta,l,'.iol'ls ..
. '.: ,.

tf~andfavourscolfi~~~"¥-tionwithJ.a~ger ions
eff$ct.r d.ominating), a~~is seen by 'the ):elative i.ncrEaa.se in

stability for its complexes ~rith Ph2+, aa2+ and Sr24 Qver

l. Fot' large metal ions sterle effects appear
out.we...gneq by' inductive effects and increases :tit .....

~¢()l1\PleXstability occur fpr BHP.w.K22"

r'~).s clear from FigUre A"2 tlJ,at the addition of neutral

o~g~n-).onors to I{22 to produce BH]?...I<22 produced a

si'ze ....related change<in cornpl~x atabill.ty Which sUpports the

9'e~eJ:'al behaviour,' ~s di.scussed ..ealili~r·. in this sactiQ~,'"

found3 \-lhen neutral oxygen....dorxors are a.c1ded.to existing
ligands. The peale fOl: Cd2+ seen in :f:igu,re A.:2 i5\

ir; 'el:preted in the same w'ay as the peak found for the

qDAloxalate relatiQnship3, disc'Usse" earlier~ The peak is
due" to a shift in the balance bet'l't.teen.steric and inductive

efrects .. Thus the rate of fall-off in sterie:: effects beyond
~n 11+ value of :1.10pm for the BHP-K~2IK22 relationship dri.ipS

ofi;l and for largel:' :metal ions electronic ~;;..),.""ctsdominat..$.
With further increases in size the):'eis. thus a levelling
out-ox:eVian fall-off in complex: stability~$ the,stabi~ity
is n.ot1 controlled>)3y elec'(';,;r'onio effeots.·
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:e;el.ate¢r' t¥, water' in the' ::salUS~tay as the al,ltylaittine

athYlen~~i..amil1e:isrelat~d' ttl alCllnQY!ia7l!0 -~~.rreaotions
.'

stu,dieq, ill iaq\1e()us solut:i,Ohi co=ordina:tiop. 'of a hydro~l

group proC.lil¢ed a chelate r.1ff$(;t ,·lith unusu~l properties •
. '.;.,

.the 'Q.<;\n\1r abilities or the o>"'"Jtgenin water aria t;ue chelated

were i(jel1"t;lcal and ..st.erio·· efjZ,epts a.l:'e·

•~portallt ~~n~id¢~.ations. trl0tt~d.''i;$mair'!••·..

Firstly,: in the usual st(;tnq,(;t:t,dstatep ioe. t:ba. one molar

standar4 stater there are.$p~5 times as manyW'ater molecules

a$ li.9,'~ri<l,ml::>lequles, wl'lioh, t1itbout tbe chel;ate effect,

\o10U1dmean,·that. a .\lp.terl!\()'lecUle···wotC 1.l:Ie'.at.t~ched ..with
; _" '--:,:- . . - - ":.,',

probability 155..5 times greate:t:' than that of the alcoholic

gt'oup. lJ:hus,one finds tba.t for the co-ordination of
met.hanol to CUf!IJ, 1091<1 illmolarity unit$ is ""1.48, not
:muchla.:tgeJ:than the -1.14, i.'S>. -log 55.5, e~p~cted xt'Qm
this ccms.{"eration ·alone7:l..~.. ;$'Ol:" chelatea·· hYd.r9xyl groups).

the chelate effect d¢ttnters this unfavourable, contribrrtieln,

leading tQWeakJ but impOrtant, stabilization~

The secc:md. oonsideration, the chelate effecti is largely due

to. an incr$ase: in transl-at,icmal entropy2.. TAe ideas Of
.··•·.·.·...1.2; .... .' ;' ..'Ada:mspn'.. .lead ,to .<1. very $imple approach to the cbelat.e

effect., tITl1.$re each $}?;trachelate ring in a complex should



i·_"

inserting an tQ intrinsic basicity 'factor~gi';Il: 1.1~2

(~PKa(c.;H3NH2)IPK~(NH3)' i~~ft lO",6/s!~2)equation (2) is
,)obtained, 't'lhicn ha's very qood predicti va po'tvers2~'

\ ..
lbglt.1 (polyamine) =: 1...l.52"logBnCNa3) + (n.-.l)lpg' 55 ..5 (2)-

Xn Ficjw:e'A..3 a plot at ;ogK1.(stha;t0lamins) versus
l:oq~l (NH~ is. shown~ The li~ ¢&.c,Uffl .in has a/$lope of

1",t52g ~1'hi,\chO2S )::hat ~~ected on the basis d] the "s~mple
. '\

taode173of ''the qpelate effGct discussed above. T.p.s·,sliqhtly

10;,\7er sJ:.ope, t<Jhich1'lould, be obtained from a best-fit line,
1\ " ,:'

dra't':)'fithrough~the' experiment.al points pos Hbly telates t.o

t..~e loiver basicity of the riitrc.4en in ethanOl,amine (pl(a = .
as .compares .:t'rith a polyamine, such as.ethylenediamine

i '

9..9)710 Figure A..3, suggested71. tltat the chelate

effect in cOlllll1exes.of ethanola.mine can be analysed very

gdmplyo
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The increase in :tU' "(~teric str~n) wasl not incl\l.ded ~i.l the ';

simple analysis o~ tha\ chelate effect in compfe'~1es ,of. ,_ - ~

et:han91amineg discussedx, abaveo The' fact ~hat Fi®re A.,3
7~ ,

'shot-Is that it l1af:.not ma,d.eitself apparent suqgest.~ tha,t,

this unfavourable c9ntri~\ltion is pl:'obably counter1,alanc-ed•
• r: - _' _, -1\by the increased "basieity/ of. the alcobolic o~gen as "

ct,:lmparedwitli that in the \\'later :mOleolll~ di~?plaQ.r'- ' ."-\)CP-
, " " :~ ,~\ r

ordinatio~'11d As,qiscus.seq earli~r (S~ct:ionA.'4) ,th,is is a

plausible ~~19.nation47 of ,,';he,effects observ~d on adding a

\neutra! oxygen donor ,in qoirig from oxalate, to oXydiacetat.~
i>

, "

(qbA}', since the cQl.1lplexes o~f~lar<;ls 1Ue.tal :i,ons SUt'!b cast l?b2+,

are st~bilizedl whereas those, of s~all metal ions such as
cu2+ are destabilized ,by the (~\o-ordinated ethereal ~ltyg~n

dGflOr ~tom Qf ODA.

The. important factor1.2 is that! water and alcohols ~.Jei~not

inherently equally strong Joas-as. Results in tIle

g9.s...pnase2S-:34 indicat~.a St:t'Ollgly il1¢reasit19 a.t'der of

basicity H20 <ROR<RzO (R =: aD;YIL.I' both tQwa:i1d.s the proton

and towards l'iletal ions. From ~:his it is e~peotedl~ that all

l11etal ions 'Vlil.l show an ~~lorease in complex stabilit.y ti'h,en

hydroxyallqrl groups, or group~ hearinc;r e.tll.ereal oX1'gens t all1s

added to· at') e~isting ligand.. l1:Qtvever, in general12 t."mly

large metal ions show su.ch an increase ir, cOlnplex f'i::al:>ii.it:r.

The .most reasona.ble explanatioh for this is that :eo,;' small

metal ions, the. increase in steric: strain> \l1hiclt normally

ar?ompanies oomplt-ilxfo:r:mat.iQnl~, ou't't'isighs any benefits ':from

greater donor st.rength in passing from water to a
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q~"'P""i<",~~;it'i!,llJwhic1t a~<ii ii~ ~i~h~r i"Q14i>i~X.
stabil&it~4 :Wh±S'iS' pos$ib;ti2' 'an.~ll1Pol:tant cont~i~1,1't,,~6~~

II" ",., ..' .' , " , ,"'

the :maprOCl'¢:ii~<e'ffe'rtl w~~~e~t is generally r~~a';t"d~d:tktt,
., ,,"" ",,' :::.:' '\"

in·.,,$~i!AIT."a.Yi.' pr"e~(:rrgariization ~i~tbe resPQ'hsi~l.s =eQr the

\(re~tar':cbntBf~lt; ~t.aoility,obse~:V~t~.. It is interesting to/)
, '_ - ." ". . .. ',' _', '." . , ,'"'' \)

"'\ ~~ &:hat ,h~gll.·f\!>,¥~l~,••~ 'lllt'i\..<k~aft.±l<~,~;'l'?i«'"li~~e~;ii«~.
to ·Eacrocyc1.~'$ P1;ClryPtates I . anQ.t¢~l1'l~U$t as eas,~ii(iCdur in

, , "" /. .. (~' .. ';,'

chel.atinCjt l~gan.qs';o Pre-organi'~ation ot, t.he.liga~Ci, as
, ' ' Ii

fcQul7i~l,in·th~ nQnt~a~roeYclie cn~~,~igandR' invo.1:v$:~the
• ',' '0- ,," :,; ,,:, ';' ::<' " ,,: "', ':".~:":::<':,: - II, - '~. ,,: .::, - ,:,,::,,::,'':,'::,,',:,':"" ,:,:":,.'":,,,,.":">, ~,:' s. . ',,'

'. lig:and iIl.rea¢i~~\~,;ingin tlik .ri<gllt' .."conformation £9t- cOltP~ex
,--, . ,"', ". ", ,,//.;.. " ' , " ,,:. .: \. -,

fdlfma:tion,J·.·. in .t~a ..~impl.e$~···.cia§~~_:,',t,tkla ~inporta.nt ft;t¢~()~'i~'l
-'th~fipl:e~~l;q~n£~~tidl1/i~ad~:•.•to'.:;'a •••·.hiqh··••energy ,,~t~~:e:·.·,'~prt~/'.._
li~a~q~ Whiqn" is' relie~~~.on.c();;l~x-:formation~.~,

.' ',,:, ;-," , ....c- """" ':':;, _". , -.

I'. ,.'f .-"_'

,,/' f>

In. general, t.he?;ti.9'"1ditY bf tli~' 1±b:reedimensional' 6:t~Btates

(F!9U;-e A.,,4) at~p~al:'sto pe ~Qt1~iderabl1 greater<{T~haltf t1'1at of
- .. , .

.'._'" 'tlte _macr(Jc.yciJ.;~s2 9 is .ev~tiel}eed ill their··del~~ft~!fi~ ;"

metal ion si(~e.·r(:aquiremental. wairiwright7S, in.hf;.,\vork on
, ' :,' ,

the brid9'i~i9 a~~y-latiQn of satUt'~ted pOJ.yazama9t;(J¢y61~s I

found tha:t int~6d\.tci:n9 alkyl briClgiE!s tv-as a m~ans fot

impart;i.r.is- st:ructtd:ral rig-iaity.. ~he introduct;I1.0Yl' of a

}~Yl:'i~g~,Q:t b:rid9res, eff~irtiv~11ct:eat.es· a.~ter~Q p~r:rier,

Whiel}i' !Jay be ~~¢i;icientto. limi't ~~e eo-6i.dinati~1\ :g~t"metry

lDa:..~ be ,to reduc:$ ligand. flex'ibi~it:Y to the point ~~l:lert.;~the

macroeye:1.ic hole. is illcapable ot e~pandin.g15 to ac¢ept:

···..·····1; .

tori11 be enhan.¢e,i~:und~r such eitcunlstances"







, .:...~.~:..: .: . -
.. .:. :... .,. . \~,cyc:tO~$~l gi:OUp is uSI':!~,asthe bridg'e cOlinectl.ng

t.he. t.wo nit.rQg'sn donci2s in place ,~~,th~ethYlene"htidqe>of
'"'

ED'l'~ :(Figure"A~~~, thare"alte $ub~;tan~ial,itu:::reas~S:>in

complex st~b~:U.ty17as l'it\'easurJd ;y the fOr1UatiQl1,ct)!lstants,
-,. .. .. . ~. \:.;.,.;:.:: ..:\~;..:.. \.~:.. : :.;~ /": .:~:.;

"of", ,;tlie'iepltlple~es

tt'hi~, is., ~n $~ample78 of pre-oX'~~misation74,

,:thO~!~t;t1a')th~t the rigid. .ciclo$e~l. ring of CD~AholdS t.he
\.. ': ..

two"tran~" n!ltl:'oqens In the' skew a;t:'rangemer>!",",rectu.I~~~"for

and considerab.ie el!ergy !!lust );).$ eXpended in transfbtming it
to "the ske't'T·fom rec;m.ired for comple~"'formation,; It

therefore seemed that introdue'l;iorl of cyclohexyl gt'oups P.:Z

)jridging grdups ,,;tn.other ,chelat.:i.P'1ligands.,would produce

liq~nds of ~a.atly inc;t:'eased coin~ieJdng ability. < ',.AS a stari;
..

in t.hif? dirscti.ort, t.he ligand .Cll2-K22 't'.1asstudied \Fi~e

A..7). This ltgt:ll'l.dhas cyclol1exyl groups bridging; the

nitrogen donors ,or the macrocyc:Lio ring and the pendent
alcoholic oxyg-en donors. l]hi$ l'll:Lgl1t g:i.ve interesting

effects on cOlitpleK stab~l.if:yCBl1lpared 't'lith 13HE";l{22(Figure.

A..7J t1hich has. simp!!a ethYlen~ bri(11ges linkiiig the donor

atoms of the -pendent uc;n::r(s'ilu 1'<;> the nitrogens of the

:macrocyclic ~in9''' The same may also be true if compared tvith

. the very similar BHP""'K22macro6ycle (Figure A.I) which has

2~hyd:roxypropYl""",peI)derits ;.



Figure A.7 St:r;uctures o£ 13HE....K22 (1\), CY2-j(22 cal and
llFIEAC (C)



cyclohexyl 9~ouP.. as in gS"'CDTA., leads to inco1:'rect

orient.ation 9,:f the l').itrogen donor atoms for cq",ord:i.nation t.o

metal ions, ,and .Q..~tCUTA snot.;s l,ittle. illcreas~ in. (,1oID!;llex

st~bility as compared. t4ith EOTA.. It is thus i'fu,ptirtant

the .hydtox111 group ...be.~traris#~~:tb.e rdtr:ogendon6rs 'ot
~- -_ - -_ - ,. -_"

C'5!2"'K2~~ i.t'lt~ tlleth6cl of sy~th~$is ~mployed nej;;e 'VIae; the same

as" :t:pr ll1t'tn.]I·e..tn. '....er .nitr.ogen d.9l'lOr llla.C:rocycles witb
'. "';'::, ~.'~-'-: - "-. .

hydroxyal.1qtl pendent .d.onor groups, na:mely raact.ion of tha

pal;'ent mac:!:qc:;ydle.with the .epo;cid,s10_ In this easel th~

epoXi~e is' :ctcloliexene l)xide; 'and the 'lilschanisl\t (J#
79.,.g.i1opening .•...~ of the epoxid~ iril'lg on. t.his lllolecule should

certa.inlyle.adto a trans.p~:tqngelilent of the two

substitue:nts c;\nt.he cyclohexyl group... This v10rk therefore

describes the. synthesis of the ligand Cy2....K22, anti. a

potentiometric, study of its fOrlnatioo constants 't'fith ca2+r
... : .... -- - - -_ ,: .

sr2+; BQC2+,zn~:+, Ni2+ t Cd2+1 ef~2T';,. Pb2+, La3+ and Ag'+. The

results obtained. W$l:e.· st;:l1ne't'fh?lt surprising 'in tertns of the

ideaS5 that select$.+~ity for l.a:r~emetal ions relative to

small metal ions was i:l'tor~:),$edwl'J.en p~nde:... 9;-oups

oontail1il'lCJneutral oxygen dq1191: ligands 1'1era addeq to:a

lig;;md.. In o):'der to see whether the unusual pattern of

seleotivity for lIletal ions in.:telatiol1 to their size was

dependent on the presence of the lnacrocyclic ring, the
simple ligand BHF.AC(r"igure A.7).1 {hloh contains only a

single 2-hydro:eydyclohexyl group, a single nitrogen donor,
". ..

and two pendent 2-hydroxyethYl 9l70Ups wassynt;l1eslzedahd
the formation oonstants of this ligand w'ith Ni~+f Zn4<l-"

2+ 2+".2+ '.. + . '. '.' ..Cu r Cd r Pb J and .1,.g we17e qater":nll.ned.



:\'" ".

An' att~~pt t.fa~ 'also m.ads 'at' i.nti'.od~cin9'
as ~ bridging;group in 1/4,1-tri~zaCYClOfionane-:(~..,.a.neN3)26
to p:t'eQuce th~ :macrocycle 2,s;a":,,'tl;'ia2abicyclo[?,,,,4,,:<)Jtridec=

. /'/'

.,' .," .

.in~rodu6ti0!1,;:of(cYCl.Oheiyl 9t"Pll~$( a$ ".!6fidging-

qht;!lat.ing 'l;'i<:ian~~,,PP9duced ,.li'latla~ 'of' greatly,

'collrplex;ing ab$lit.i.. Ho"lever, at.tempts ','to ~ret>a~e this
: ' , ",,";

material fr~~ ;kt:~tosylate praoursor using: stal~~ar,d methods;
"': ':, ,':: '" ' ' ",' ,~ , " '"

a bett.er anal~sis of ,the rsl.a:ttve
> ' ' •

, '

iinport~an~e(:jf; inducti ve anq str~in effects in the

echanola:mine ...t.ype chelate ring';" "''Ihien is also :Pt"esent in

CY2-K22 and BHEAC'" a poterttionl,e.tric study was unaert~ken
. : - ".

itlt;o the complexes of 1:Ip8tl, chCi.in,JlYdroxy.athyl fnfb~titut~d

a.min~s ';'i'Thien d;tfferEid. oniy in 'the degree and tYl;>e.:or
sUbstltution on the :q:ydrQ¥'yet:hyl'st"fustituent" The, simple

ligand tertial:'Y-butyl~:mine lias invcestigated for ~()mparative
reasons~ This iilv~sti9'ation sUppl.emented work ~:Lready

dcme71' on the chel.ate effect in complexes of ethanqlalll': na.,
,_. .. - .... .- ,

'Where let 'tva~Lfound that it COuld he ~iinPly anaTysed. (Section

A..5) 0
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(:r)-1-alnj;n¢-2-prop~tiQl
~-&rt~but)'l.ami:ne (98%)

fl~~U\:i.nO-2"'.(h¥d:roxymethYlJ-iiS ...,propan$diol. (9S*)

2....arnino ;z"")tiethyl ...li3 ....p;r.opai'led,iol (99~)

2;...amino i\Olo1l\ethyl-1~propanoli! ~r~·9%)



Itf, 1, 4110-t:rio~a"'1,23-

d,ia.zaciY<:11ot'e~'ita,decane

An 9ra~e Ml!:'ACKsalts of rtit~~a:l:e$rif copper,. nic.kE!i, oaeuniUlll,

1eath ial1thanuml' st.r01'lt:Lhm,( barium and silVer".

Table .:S .. l gives...·p- list.. of'" t1tle a.kibreviatiol1s

work :for th~ t)J?en ohairl. li9Iant:\$ $tUdied.
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Yi~lq:' l3'..iJf!ilg '(4a;,~a'%) t !rt~pt" o~13f'"2:b6rOC
I,-Q, . (?

Q ,-

{'Found:" ,C" 51,,38.j li, 6,.43, 1-1[ {;..45'%." cale" :for

f(f,31H59.N30\s§3: ci,Js1 ,,154.;, ~t f~;'!,lPQ oN, -6:};'$1%) ThEf
p , _, _r; -r. -::_-_ ,~,_. ',_ ,~, -: . ,_' ;J" i1', ',II
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b,pped that tits pro~~~1' which 't-Jouldhave cont:a1Ined,
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v:a:p..les obtained could therefor~ not be. regarqe;l
;r '. __ __ ._.'" '_,'_'_ " . .':',_ .-v~_ _ _ '_' .,1

c' wiith :much doh:!:idenae and in,iifCfst caSGSc,the
I) '.", ~" :,',' , ,-'. \1" r:" - ,-_, "-':

~t~~ndarddev!Lations/ were, high" .~ ~xcepti~n to
,I ' \J'

f~lls 'was idt\e titrat.ion of BHF.ACtd.th th~ matal~, , ' ~

iOl~S eu (II) I l'1i(:tI) and Zn{IX' ", (::tn these eCl.~eS

d:)nsi;ant.s could be determined - uSing' the l1le'tho(l
fj" I ., ,

de~ct"ibed above - t'lith, a greater degree Of< c.

I?'ceuraoy" ~"As a .result of the :pr(Jblems associated. - - .'

wH:h"t~~ tit.ratiqn method menti'Oned above; it wal~'
!.:

.dec;ided. ''to attemlPt; ot.her :methods 'Of titra:t.io~ in

order to da:te~ne the, stability constants ..

A method" 1Mhereby ~~ solution OI acid arlO. metal vias
r ' ,

titrated with' o. 0lM l;i.ganci.' solut.1:'tm in order t.o

suppress b.ydrQl~'I'sj:_sof the metai iens, vIas
, '

att:~mptea. "ThiS hOWever also, proved 'unsuccessful.

Finally I in gener~a, the app:t'oach, emplo;red 't'lCliS to

titrate- 10 :nil 'Of 0,,1 :b1RNO) pl~s x m1 :mstkl
• 1:" , _,'

sol'ation (x ranges frl~m 2' to 12) 'tvith o; 2 M ligand

in Q~,l~,!imi03.. For tierations in:VOIVint;/Aq(I) the

ooncent~ration of A9NO~1employed was 0" 1. a. The

remainiilq :metal solutj;ons were prep~red 'f:tQilt 'thei,r
j - • - •

correspt~mdi~giiitrate :'salt i3 and all' hat$.' the
1 ' !~, l~general formUla M'(N03)2"

I' "
to l~~lepthe. ionic :Strength con~tant a.t fJ ~ 0~1 M

the concentrations of these metal solutions Werl~

0.033 M. The initial VOltl.UlE1 in the titration c~11
t>la6 tncreased by using 0.1 M NaNOj.;



o

conditions g the b~~it.9rcn.ihdelectrol.yt~
(J <

,.0 \)

pigh', acid eoritant in) t~~ .~ystem""''l'inls"required to· ~.
. __ - ;::" " G·./~r-t_-" "," '. _ "".'.]" ~ _ ,,-, . _ '; '" _ _ .
s:uppre$S h1fdt,6~iSi$'Jof .the metal or 9f 'th,a'

\)

, ~' .. +M" + H20 ~~ MOH + l~ .
, -----.,!I." +

MIl '.+ Jt~o~ !tILOR ;+ H

c

·c.

,-', it\

.~;L-rma"cal""rl~t951nacomplex! iii'e.. '
{\

. it

(_I

In :tIl~~¥cases the'nY;d:!:Olys!$ reactions ,were
unavoidable; ';\~uldthe, titrat.ion data had to b~. .'.

r.e;fined by MINIQUA0101 (Section 13..:3) ..

BHEAC and A2l?OL the. lllethop."t""a,s sll:9ht.ly mod,ified

,~s a·result of,' a sho~ta.qeof the pure ligands 0 , In
the cas~ ()f the ligand BtmAC the amount' of acid

aelqe.d initia,lly to the1 c~11 t'l/'as 3 ml. 0 ....1 M HW03
and th,ra tit~atiQn ir,rasperfornvad ~1ith O~,16 !oX BHEAC

i~. 0 ..3; ~!HNOlu~
(i

'ad,~ed ~o t.he c;:el~plus ,'l( ml ~\at!al) solv:tion ~x ==

10i~,'7 t,

l\\t ~~03
~' :;

st:teng~h 1:0'0.1 ..

5) 1;U'l~ the. titrand 'i'1as,0" l. luI,A~POL1n

and e,05 14N~~G3' to ad~ust the ionic
I:

0...05'



The apparatus 1,l.tili2ed in t.hi.s method "las exactJ.y

~.the sama as ·that used for the. previous methods

attamkfted.. RetrIever, .in the case ·of th~ 1\9(t) ,

titrations; uMe ~las ·mais of externally referem;ed

electrode. systemSt EZther a Calomel :t'eferenoe'

,~lect.ro61s'or t'J)_,. Ag)ilgCl reference el~ctrode 1llt:£S

~:cnployed in iicdnlbination '<lith a Radiometer G202B

91ass indicator,electrode t.omonitor pH'changss
during the course of tbe titration. The reference

electrodes were connected 'to'tha titration cell
vi,~~a salt bridge.. Junction potentials 'Vler¢

1llirJ..,~tniz~d TjY uil\ing O.lM NaN03 in the sa1t bridge~

Either a c:t'lson Oigilab 517 or a CriSQl'i' Oigit 501

pH llleter was used.

The results' o};:reained 't¥ere superior to th.pse.

obtained in the previous 1I1ethods. I'n the

t~trc'.l:tions t'lhere precipitaticm oceured, 'this only

aOIlUllEancedat n-ldar values whish were tar higher
than the. corresponding values for the other

titratiohs. cons$quently a 9reat~r degree of
confidemce could be ..Associatec; 'I.'1i1:.hthe refined

stability constants. This could be sef:"71with the

good .agreement obtained tdth. already published.

literature values'" in those oases 'tA,l'here such. data.

't'lere. available~



.For.·•.••..···p···. ·K.·.,i de.termina. t.:i.o. ~S.··.·...;a. . i.
tj:tl:i,ited tdth stand.arct Q.; 05 1'1 RNO3 • The cell

volum$. t'las adjust.ed tv':i:th 0.1 M MaNOa. 'For each

pK:-'id:etermifiatd~on t.hrae·:·titrations were p($l:"fonned"g' .. ..' .... . ..

Ii£tnapy, ··:instances ~9r~: t.hal"i one P!{a.
_.

. . - - "_" '.' .

*ras:·.attsmpted{;fQ:t"s, ..l:igarid· ·:In the;; COUli$~iQ;f

f±ndinq a useful m~rth¢)d.to determine th~ stab.U..itl-

cdin~:itants, as disc\1sssQ, earlier, pI<., det~tDlina-
. ~

. ",',,'." '"',''' ':',::'.,:::'. ". .::

. ,~acli.(.1~fferent ligal).d stock saltAtion .prepa;red-
,'" -.

'resul.t. ¢£ ,the diffe;r$ht titration tgelllii~es

PKif titr~,:tivn Nas petfo:oned. ,AlsQ after the

prep.ar~l.'t~on of addit:ionai ligand stoclt ·solution,

at '1 j;!articular type, ~nother pKa det~:rmination

lIaS l?~rfarmed. Car.u:;equently twa and sometimes

thr~e pKa values' we:te):<ieterlIlined .for ~aclt'liqa~d"

.Ave~ages only are "!'ep~~rte,din the ;resul~;'. An

e:l(ception to the teplll"d.que described above fnr t.he

det~l:;'1ttinat:..!m Qf p1<aval'ltes was emploYed for the

PEa of tert"·};)utylamins" Problems due~to the

volatil.it.y ottert-b~tylami:n.e'V1e:re e~:periended~

In~:rder to suppress.thl.$r it was decd.d~~to

titrate a solution of adid '>1ith0-e ~M

tart-butylamine in o,1 ].$ HNOs• The voJ;.1.4me of the

<::el1.WaSadjUsted with 9.1 M NaNOs" The result

obtained 'Vlith.this teehhique was in agreemenfr: with
that, already. PUblishedf~~·



.'.: ....
:.: .

:f!NQ'~ and 0.09 14NaNQ3\-tas prepared Cll'ld.

standardized 0 This .sdl.ution 'tv-astis~d.as
sQ~lltionfor the.dei~rminationOf<the'~~a'value~
and. t.he stability con~tants of the ma¢rocycle~
~~e .apparatus used, Was t.he same as f;lha't used in

'the titra.'tion methods invol vi:Kq the hY(,ftidxyami;nes

A Radiometer GK·2.401:6

PnM $4 researc'tl pIimet.er. In
order to keep the $oni<::strength cons.tani:, metal

sti:)C}{ solutions vIera prepared i<'JithM';;:·.0.1M.

~etal stock solutions co:ntaining'cufI!}t ~a(II:r),
Ba(II}, Pb(:tIl, ca{li) t . Ca{:t!), $r (JI) I ~i{IIJt

Z:n(!I) and Ag(I) "lere Used during th¢ course of

the t.itrations.,

'fil a1.1 the titratiPns· a solution of :tigatui and

Jn~tal - in excess> acid ....,"as titra.tt?Q 't1ith
...... ", .... .: , ... . ..

Si~anaard 00 OS M NaOn ... 'J:lll.? ionic strength was

maintained at 0.1 ~ by (l<ljusting the c~l.l volume.

with 0..1 M Na.N03.. As fQl~ the titration of the

frE:'J.i.o\lS 1.iganCls 4il!!5c'U$~ed,three di£ferent ratios

~~fmetal a:n61.ligand were us~li to check. :tor

pO).1ltteriq and hydrolys~d spe~:ies. In the

gaterminat.ion of t.he .Plea val:~les or the mac!J:Qcyc1.e



.. :.:.;/":.:
:~:.:.: .-:.

iriit;Lall.Y fo
CE?,ll... ' HO'V'lev\~rq in tq,~.···.·d~tarmination¢.~:.'the\
'·stabil':lt.y co~stants 'of the 'metal ,ions' .t\Tl'thi tl~e
litac+<>.~ycle, l1\latal.wa$ added initi~llt to\~Ite ~\elL

.E~¢ePt"ZOl; t}le tltl:~~$p~of Ag{Il'\ri~h:th~\
.: :.' .. ,: .....: -. ·1:'."'. '. ...... :.:. '.. \.";;...... '.' ".:,

\,
v,
\\

:"\ ' . , \\

pe~£ol:}hed.q three titi~~ions were per~Olt1ned f~~t~~
;.. , '\: .' ..... '.' ... . '" '". .'.:';:.' ..... :.... , . \\ .\,

,-,det~l.~:i,llation'of eapb.:..apnstant" i1nfo,~tl-tn~tell'\\'; ':\
. .., . 'i. '. .\.'::..... . '! \' !\,

thet'~ i,Jasnot finoug'}j.·E'J~Bf.~solution to QomplJIt:J\ \"
\ . ..' •.•....•...'..•...•..•...,' '.', '.' .. , .'. '" .••....... II . >. "

t~~··Ag(X,' - titl:a:tj~tms..WiiP~ t1i~.,iilacrocycl~;, •....,.A~l8.11\\,
.·tj.~~~;·....·presatu1t"a~~.t~;;l~ibt,o~e~.····~a$·····.pbb1->leQ;;~h~dfugh.·.'. "

~ell to exclude. 'o~~genand carbondi8*\de ..



Wh~t'a..hydl:olYsi$ of the :me'b'alit:)it pr of the :metal~fl:t9'and
complex did. not occur I use ~jas :ntaa.e of a BASICpl':'ogram

called EQUItt:f3nIAlfJ2" This p:ro~.~llt autbma.tic'a.J.IY refined'

-¢Qnstant:;L" EQulr..!aru:A was also tl.sH~d.'.to·
···~l{afSOf ill' the-liga.nd:s ,studied~.·'-···

.A Shor"l:fall df EQUILIBRIA is its ihahility t.o J~opawith 1l1ore

complex syst~1'llS;.. These more cOlriplex s~tstel!l$ i~tGl~de
situat,ion$.whera hydrolysis Qf-~e meti~l-lon'or of zhe
,,. ,:c:-: :~ _ -_-: _ ~ _-_ _ _ -:-.,1-. - ->_ -: --__ .. __: _;' "<. ~" ., '.. v-. _";:__ _ __-"__ _ '".' .. :. -_'::. _;:.:.'-" ..-:__:': _" ._- - --_)_-~-:;-_ ._.-- "-"-:"::-_': ___ ._.:~::.:-.~ //.' "-. "_./

:meta1.....1,iqand 'complex Qccm:: E~ample$ of ·represeritatJ.vE!

curveS are 9iyen in appendix A~ C()-tnpu~er progrCll11~:rsnch as

1'.:J..'NIQUADl.Ol·makes investigatio!):ol: these compleX·equili:bria

a much l.!ess daunting task. in addition, incJ.usion of all

the constants fpt' the hydl:-olysis oft-he metal ionS
,"." ,' .. ' '".

fhslnselves·inthe refirlemeni:t:'tai'nbveC!tl1Ei:'p:t"obiem'that
of base t'ias due to nu·~t~ii"n hY\'irolys:tS; .:ba~er ;t:nan

formation, 117hich is a :r:e~l pOssibility with the!

systems studiva4 in tills "tlork~ In instances 't<lhete miatal

hydroxide con$t.~n:t$ at. an. ion!c st:t'en9'i~hof p. == 0,,3,."yerenot

availableJ bUt..961tlstants _~le4eav~tiJ.able at other',ionie

strengths 1 .coft-ec1t:ions, weke mad~:~>Us~~j'asmad~..Of ..the
Davies equation, "~hich is' an ,~~ended f~>:rm of tfle .!lebye'"

eq',l~rt.i()'\nt to CQrre:c"tsuch constants.. The f;)bjective

was to obtain an ap,Pt'o:d.1i1Iatiol'l fo;r their values :Q;i; It =: 0.1. M. .

is the ,ion-ic:, $tre,;rl9,:th at ~hich the expel:'l.1l1ent9/tion
!:
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eccurred 0 These ~djusted- metal hydro~ide' ~onstants viet'sthen

included in the iJefinemal}t of the stability constants, us'il'lg'
,',

the program l~INIQUW.. MIN!QUAD.is a non,-llnea.r least-v
. ~ .

squares prpg'lt~m "1hieh utilizes potentiometric d~ta-" It

lninim:i,s~$the'·sumof the squared ~nalytical concentrations,

using the Ga:uss-I-Tet'lton itera.tive methodl.03•

'J

Di?,.,ta,red'Uction consisted of a DUpqru analysis, t<1hetebya
. ~,

lar,ge l'lUmber,of complelltes t'lere proposed for the initial

guesses of l,ogK :val~s Q 'Il'hese l:ogK values ~lerethen reduced

by the l?rogra,lill' in successive eyelets of r~finement.. to' those

r~~orted in) ;~h~results. .Complexes 'llh.i~h t~ere included in

the ,cin~;LYEd$were the M1,s and MLx complexes; as ''t-1s1J.as all '

po§>sible depl':ot.on~:ted :fol."ll\$of. 'these species"

strain enl$!:rgyvalues lUll );'lera calaulated ,using Gil

co~~ciallY· available molecular.· mechanic:;,;·pl:ogram oalled

Alchemyl04." /1
1/

/.>
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The. Yi~ld \~:nQ>_the easa wi-t.,lt t'1hiclt 'Ba~c CU\d CY2#~~~

obt.ained prov~dthe success of th~ two,syntheses. The
reactions "pr()<::l~sdby the openinlif up .of cycl.~heXe1l.$ pxide by

th~ lone pair· of electl:'ons on pb.a nitrogen atoms,',of."

;;;rid. K22.. Ljke. ether.s" ep9xid,es undat"9'o
ttovlevei,. because' of the largos'

',-- -.-- - .. '. - - ...

associated 'tiil.th t.he three ....membe~ed.ring (absut 2$ ~callmole)

th~y are mUch more :reactive than normal et.hers.o l;-lQst

eviclence106 indicates thatepo~de reactionstakepJ.ace by a
bii~olettular mechanism (SN21, a:l.thO¥gh., the1:?; '!Jay. be a fev1

extrel\\$ caseS·'which take Plad~'bY'>~.Ni:."m}V!. tns.:,.,"'HGncethe

-most.likely tI)..,echimism ,for :ring 'Qxi~td.n9'o~ ~1't ::t1poiicte in the'

formation of 13HE..~Cand CYa-1<22 is th~ SN2 me<:K1tan:.lsttt. The

stereochemical outcome of the re~ction. is invers:i:.'on. at the

, reaction centre. Thu.s cyolohexelle oxide rea.cts to. qive
exclusivel¥trans ...eyelohexanei""2 substitutedpro(l;Uci;.s.

If one examilles' the conformati'ons of ~yc~ohexane.#One finds

that there a:re t}lrea "'Ihien are #:ree of angle st:r-a:.b:t.. Of

these the chair form is the most st.able conformation of
cyclohexaner and indeed of nearly every derivative of
cyclohexane1QS,.'. ., If., a hydrogen btL cyclonexaXlle

..

a larger a.tOll{ or group, cro't'lding \'d.ll occur" The most



; .. >y/":..... ..: >.,:;\\ :.. ..,:.. ' -.:".. ':: .. ' :~. >. -'. . .' ..·..c::-.:. . :.'.. . i : :'::-:.':c' .::~ '::>'-.".

cl7Gwdi\{lS' :;a;s.··'.a.l!l:ong· i~t~s, ~~;t'Q.'."by, the?thr~~ 'i.l,xi~:tr··",}:)oi1d$Y

On the s~ s{~ ~ til\ lijcile~~,( 'r!'is "esUltiJj: '
interaotiQYl"is Qall.ed l-:'~~'1ii~ia1.~in1;~a,ctiGno as a'

icqnstaqUe.nc~"Qf, ·tiiisi J:~tQt.ydiriq'th~~~~ay ,'OLE. the di~~$:a~ ,.
,.... ..",.,\j. \(,_- ..: :..:.: :.:.:,..: !,~. :'-,::'""...•: ".i' c' .: : ~ : '. ' .• ," .;.: '~' •• : .>~';:"..". '.~~.:'> '., .: (1 , .. c •. ::-':".'::.'::,:,'::' ",,:':""',":'," .'"," • ." .. :

i:ra!l~itioni~tat.a t4ill.·. ot~n 'pia: ~e#t:er '~!l~;tlie ,~l'tia~9¥

~~~'••~~~ftq~(al/transition 'is~~tfij~O~~ ~t,i$~,i:h~;~t~'t~tc

expected',:that·· yh$. Sli!2 m~Ch~nl.#m.'Ii§ti~J.

a tran~~(U,ei~fl:t~tiall?rodtict& 'E*¢ept :for
):,.r.: (:Tj

~tOll1 ';t:l:' ,,,qro-up ~j;l~, 'nlP:k.'$.· reom.
"('i" '

axial PQ~iti-()n.. /'_ '.' ,:". <:~.C";:·.:..' '.....;\.

- .

CY2",;;~22, th.~ 9lt(,11ab.~~eneoX.$4~r ,a~~r reactiony adop~.sa
L.·

l'tigid. cb.a,ir()~n~¢:t'~ati6n '\flith,·~he,7:'macrooycle. and llydr6~1 .
"1.' .. . : ,,:':',,:'., "":,::",,t. ":,,,.'~ . . <;,: .," ""',""/ ",:':,",'" ,:',''0::' '~'.. " . i"~" i("-:' "';""':'" '-:>,

groups .etJ.Uato~3.at~and tn;~an~.to' Qlle:l another'~ 51{ :lar:J:y, in
n. i. ...• .•••••. .. -: ..•...... • . "< ..•..•....•. '. .... •.... ,~/, it· J • .-

the "ca.$~e,of' B~~C,; ,~he.di~thal\(j~~~in~. and ~ytirp~y~..~~oups
I,'··:

al,so ~xp~cj:e9- t()" lle .equtt()~ialand, trans-" to
,,"u,':";'"
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o tc~,2 EQmclt~~~:r CQN$.S.OF·~2";"~~ , .
fA (0 ':J - _, ~\ __J~?~f~-_~~"v__;'i;\~')'! ,_': _~<\ '_'

'rh$ .!mac;t"Qoyclss' .referred 't9 in 't~is ~~et;ioh,care' ~~.ph1e~lY

repr~s~nted in' Fi~es .J,t~'l.and A~'7 in the ":t_l::rt;?=,~duet.iQn~.(] {{'~
,'. ~

stat.ist.ics ,f,rQID, t.h~'botllpntel'." an~f1.Y$is..of the ('re~'Illts($~~
... ..1.)

1 , ;s.c- ._ - . tJ.:'
"<Jive!! in Appendt~ }!..

,- f)

(! .'

G, ~ ._, .: )k~'
/',/

/;/-<
r ; .. 1', ;.,~/,.r:/: - g
/7. r;'

/..-
';;,.:,"'-~~(1 '.'. / __

/7'
'.") 7:
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'.thGi s\~abilit,y constants' of 1(2.2 and BHP-K22'# as t1$11 as those
'i '

fo~.7!~lE),-J;>is(hydroxyei:h.yl) -1, lit u 10,13 ..·tatrao~'a-7,16-diaJira=

(lYCld1~ct:a61ec~maor S~tttply 13HE-K221 ar~ given in Table C..2
'.__ II -. '

'('j;'th J.t~o~~for CY2"'K2~ ft'u': co:mparativra purposes~ ,
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)1et~11: Logl<l
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"

, G:baill$ on the"nitrol1ens, ought tl!), app:ro~c the high,;
Jt' \\' ,- ,. :~., ~, __ "

s~lla~tivi;;ti and stabi,lit.y o~,bi~yClic ligands."

o

D.'~09l\i"vefsus metal, ionic ;raC!ins (~+)"
'1..1 ,<,' /) '-':

,Ji?'elation~hips !tJ): C'i2~Ka2

1953
3 ..39
2,,94~
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aO(J.t£~f;~litl::refE1irence: 59" A~U si,~,eo-6rdfi,nat;i9no ~~ce:p~p faj:' r ;

;:~u2+ 'Wkilo~ "i~ i~~Q~"'Ql\,Cli~~~ion~ "" ',',"2 f,',
. i) " V

:be' ALogK l::i; I,ogK'l (CY2!'fl(22) -lJogl{l fK22) ;.
\ . ,~

C ALegl,;:;: LOgk1 (CY2"i"1{;t2)-L09Rl,(BHP'"'J\~2 j "

rl IJ AL09;gi! ~ fiLoq1!\l (CY2'I~K22)~~09!{1 (ElIUll-K22) <>

,to•71
" ..,' .

1..)

ReSl~ltSq h(~';'I1eV~rdhave qenerally rier.rai$appointing~.t-,Yith N

substitlltej~ mi\\CrOC¥Ples not ha:v,~~9"the d~l$ireq eoi1\P~eXin9!

prOpe1"tie~! of hioY$~lio :maerocyQ],.lSSo 1:p.$; ;ligand C'it2....K~ia
,~ :j ,

hot1~ver, (lees
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effects dominate. with increases
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inclh.zstd..v.e·effects.on amine ld,qands, as e~.aQl't~d, the ¢xtra

stability. pl:~a~ea.;l.by .th~~:¢yclohsllanol $utr~ituent$
: .. ' ~:.

la:rger.1net~a·i6ne{· may·:···be.:,:tes$;t.h~n or ·(a~1.i.l 'Cb.·••.that.· for'

sm~Ulmetal ions u evan. tll,Ot,tgll sterle effects are' far less

pronottri~~ed:;lfor la:t'~e:r :m~~al ions ~. "", 1i ,,"";

!;
," .j'

The raacrQcycle9 Bl;1!h":K2~1 . 't-lh:iell has 2-hydrO~~1pr·opyl

SUbsti1tuehts attached to bO~hth~nitrag~l1s
":.:" ":".' '';: ....... , "

;;;truc't1.lrallY very s.i:mL!al:' tp the 11lacrocycle

A~l and A.1>. CY2-K22 has eyc:lOhexyl qll'QUPS 1~rid9ingt)le

nitrogen donors of··the maerocyclic .ring amI ~he 'pendent
alcoholic oXygendonors. Figure 0 ..1 also sn:ows a.plot of

;'" '. ": . .J .. _.' ... : -: ..:.:-. . .,> . .,:'.:'':_::":":. ..'
6.log1( ve:t:sus :rp. ~'here.Al()g~'"repres~itts t.h$ '.rel.at.ic)1lship ..

lQgKl{C122l(22)-109Kl(BHP~I<2flb The correlcAt.ione®fficient
,', ' ',."

is· O.~4·~·.··Sh,Qwing a fairly, lS"t;i-Ong inverse re~iat~onship

bet1;leen, -eha effeqt; (>11lag-tit of' introducing Q;. cyclohe~l

bridge -tr;rthe chelate ri~i9', and :metal ion· $lz~"
, ,,":,,'.':,: " .."

fort: Sl11~ll.m~tal. icms is la~g$~f thai! ALQglt +dr larg9'l11ei:al
. . ." ..... .. ; .,.... . .. '.

the 6a<se Of l~h~l~:rgest, ion sttt:dietij aa2+; :it

is negative" Hel'i¢e, saleClt.tV-ity has bl!!en introdUced on the

basis or lbetal ion size, no; through sterip bull!: of

cyclohe){a.nol eqside armsn a.s: originally it tV'as·thought woul1el

'Q¢Curi:1tllt pa3:'tly. thrOUgh ~Ib.te prop<:I$lsCiind.uQt.i"'~! effect Q.f

.the" tiycl~beXanQi ~r.ms ()n·tb~~nitt:ogens. Since ..~~mallmetal

ions react; more favourably th.an large metal ion$~to

induetivi; effects on amine ligand$, as di$cu$s¢;(~previously,



. .

he mo~e ~laetron donat.il19'.th&n the 2-hYd.ro~ p~opylpendent
,_ - .',,' ' Li , _"" - -, ,', ,;

the .aEf$tu1lptibn. that :tbe ind.uctiv~efrsct
. --.--;,<.:. ".: _: .. ," -- - _" _.. 1"; . ".. • .' •.

the nii)t~gensl in ··¢j[2....K2~·,i$' 9'reater than t.hat.
BHP-K2~1,.ha$ been given as an e~lanation fc.te

of Atgg'l(, on changing t;b$ i:onio r~p.ius of tns .lnetal. ":;fop

t.he C¥2.;.,1<~.~IBHP~K22relationShip shown in Fi9U+"~ C.1 ..

~1shC>~s~...salection of fonnation(to~s~~tttsr for
C12'=1\a~d at;; 't'lei1 as literatu:te values2$, 10'11<108

andK~~, for putposes 0$ comparison. Table C..4 gives the
result~ of Al091< for CY;i""K?2relative to Stfli:;l{22 *, 'l.'h~

.:. .'

AloqK ital~$> is si;mp,ly lQgK1 for the C'~:z"'1{22 COlnplex ,CI,f

metal lOl1.lttinus 1091<1. for :t~~,..c::or:ee$ponQ.it,i.9 J3tiK-K22 complex.
These 'l;:'esultshave been.plbtt.ed as a fUl'Actiob of the ionic
radius~~ of th$ :metal io~~ (Fi9111::,eC..2) $ The ionic radii

a;t;'s all. for Silt co-ordinat;i.ol't e~l:Ceptfor cu2+,
co<¥ot'C!itiation.. 'rna correlati.on coefficient itt Figure Co:2

. .

'..n.~90f shoi-d.fig a fairly strong relationship tll.'l¢e a.gaint
loet~1eeA'~th~eff;ect on' <;L()~.ltii·of intrc:n;luoing' q, ;CYCl1l.0neX'Yl

bridge to the ohelate lr'in<1,; and met.al ion sit-e. :rt appears

that the increase in f¢~at.ion constant in pa.ssing' from

BHE-K:a~ to .OY21(22 i$J r~lated>to size, but.,in sucb. a ~iay that

the s:mal1~st lnliatal iOl1~,'~l;H"{.the strongest .;~n¢rea:$e in l(jtgl(i

iil ch~n~ih9 tJte 2"'hY<ir6x¥~thYl ~~QUP~f t:;) ~-l)ydtoxycY¢l.dhgXY:t

groups. This 1s an ul;):ex~ectedresult since l;)r~vious
'ltl0rk2,111,l12 hat: .shown that a five"':membel:ed·



Ionic :radlUs(r+) pm

". . ." .

Fig'll);e C. 2i 4 LOgI{{C!'5t2....t<22lBaE';"K~.2) rae:met.al. ion.:l;..q .l;ad;ius



cne,tat(· .J:irtg prol'1lote$ complex stabilit.y fo,.: lal7'ge· metal· .•1.00$

relatj,ve to small metal ic.n::;;. In this visw, the qeOl'llet:ry

the· five-inembered rin~1 >i$> ~'Ucht.hat in

arrange~e~~ the lone pa~r$:()l1 the. dOllor-.··atoms· £o,~us·on····a

PQin~ eome distance awaY-I. sO th~t bnly l-argeri !lle~C11 ions c~n

co....~rc;ti.nate wi:t.b a minimum .:6f st-erie. strain.. Increasing
;'_-----,:", "': ":"",',,' ", . ..... . ': '

rigidit.y o:f the filve7mem1:>ered chelate liil'l~r by .flls;ing.a

cyclollexyl g;rQup t'9 tb.e 1?ridge of t;he Chelate 'ring' should
- -_- .._"-.

thus s~;t'vlapn-ly to> sharpeti this eff~et.. In ;etllYlenedi~+nine

cOlt\plexe~ "~!llall Jl1eta~ toni; .are acconnnodated69 ..•by d.ecrease >0£

.the s-c..C-N. torsion ao,#le trC),ll1 the :minimumstrain Y~lue .of

60t tV'i.1ich nOvr becomes .intpo!S~ible with fusic;n to the rigid

cYQ:tohe~1 ~roup in li9al'1d$ such as; j:rahs, ....CPWA.or CY2"'1<2it •

l;'~ason has been. :llos"t,ulated. for the pehaviour at

CY:t"'K22~ The presence ..of the btlilty Cyc).,o]1exanol QG dde aJ:'11lsil

on the macrocycle should remarkably increase stel;"ic c;cow'ding

't'lTi'th small. ions ther.eby decreasing comple~ sta.biJ"ity.and

thus favQll1::'ing complex sta?il.ity 'V.rit.h the J.argE! met.al iO;o.5"

As seen> in Fig-l.ll:,eS c"l. an(i <:: .. .2. e~actlY the dPposite happens ..

It has therefor~ been postulated. that t.he rigid conformation

of the '9s;ic;1e a:rmsU on CYz"'l<22 over-rides stet;io effects by

lind:tin$1.~teric· crowding and··tnus fa:vouring- complex

formation "'lith S1, 1.1 ll\etCi\l io.ns, disfe.vourinq large~ This

aspect 1'1assupported by a, molecu.lar lilodel of the
2+··..··· .. •....•.... ; ...•..•..... .. .' .

cu ··IOY'2,""K22comple~ ",fi1Ch sllowed that th.e $t..erically hulky

I&side ~lllSiV oould. c<~-ordinate perfectly vl~ll through the

oxygen. ,_';"o:mto the $;l1lall .cu2+ ion tdthout ~teric Qro\'\Tding



becoraing .signirj.cant." floweverF a more intef1.sive

imr~sti9'ation of tlle rigid nature adopted by the

cYClone.xanol pendent ar:ms is nece~'sary in· order to v¢rify

1;1:1.).S hypothesis. A cr~stal:tographic st:udy ,\S .well as a
study in1~othe ligand field stren.9~h$of the cOlllple~eswill

$erVe as a 'tI:lIV~ ~. lllcidating. thc$ relle of r.igidi ty in 't....~

Treating the CY2'" ~ S simple equilibria inVOlving

the neutral liryand r~C1.t.a ..in~ lith the :metal ion produced

n...barJ the average flUl'HJer of ligands which a.re pounci to the

:met.al ion, plats as a function of the log of the :free ligand

concentration, which 'Vterenon-superimposable as the ratio Of

li.qano. to metal 'Was varied. 'rhe values or n ....bar 'VIera

r.:~lculated assuming no deprotondt.iol1 of the complex, and

thei:r·al).'aosttotal non",super.i:mposability, as the rat.io of
ligand t:.ometal is varied, sh(r~"sthat this is not· a tenable
hypothesis ;for CYa-K2.2~ In order to investigate the~e more
complex equilibria, the computer program MIN:tQUAD101 was
used.. Table <::.3lists the refined deprotonation constants

for the CY2...K22 comple~es studied., Figure C",3 ShQ'VlS a

St,'!ci(;!G distrihution diag--.cam for Cy2 ....1(22with copper (IX) as

a fun~;:t,i(m cf pH.. It can be. seen that., in the case o·f
Cu(:r!), the complex begins to deprotonateat a pH of

approximately .$.45. consE'I.quently, it l'>~asimportant.· to

inel.ude such species in the refinement of t.he equilibrium.
constants for <:Y2""'1<22.. The deprotonation reaction, in all
casas, most probably repr~sents <1eprotonation of the



ReprElsehtatlon. :0£., the t.-BUTYL1\l'$INS.
and.AM1?OOL (c)ddmpounds
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Fi4frU3~~1C~:3: Spe.td.e~1d.iEi1~t,;tbuticm dia<$t~m for' \:he

CY2-1~i:2IC1\1ttl, syst.em as a<£ll7'~t.i6),,, tl,:f
pIt. ~t;;: 'metal ion; L 1:;.,' l.i9'iand.; <m =
hj?'dt:o::d.d.~ i,otl. ~har9'as on sp(;Q;t;es
om:l.:ttad. fli.);': simlfllioity.
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cyclohexa~tlol pendants' to qive alko~ide 9'roups", ~xamina:tl.on

·of Tablt.:.: 1;],.3 shows that far all the metal ion~, stuc1iedl
".

ex~ept Pb{!I} I LogXl (OH-) for the .CY2-K22 comp'texes is

significantly larger than the correspbndirlq' LO~!<l(OH-)for

the formatiQl1 of the monoh,ydro:ll:o complexes of a~,ua ions .. ·
'.

This has been :tfiterprated as a speed.fic solvatio\~ effect ..

. The b,yd.:ropho:tiic envirOl'iment createa by th.e alkyl ~rollps of

the QY2°ol{22 macrooycle .effect,d_....rely red'Uc$s the sol~at.i,Qn of

the alcoholic hy.drogen on the cyclonexanol pertdent~,. Since

the proton tlrtlst be solvated in order to remain: botujs(i to the

a.lcoholic oxygen of cyclohe:i,anol, "this causes the pro\\on to

be· more "prone to being expe.lied. from t.he. cyclohexanol

penClent 0 Renee I the Cloncot.1.i:l:antincrease for' all lii~tal ~ons

except Pb(II), in LogK1(mC) for CY2-K:a2complexes re1.at.iv:$

to that found for the fo1Cl\\ati~).,.of the trtonohydrQxo cottlpl1t\1+';e~,

of 'the aqua. ions. Previous 't'!O~k47 ~lea:r..1Y demonstX'at~';a\ 'that

hydrophobicity pla)l;:$an import.ant rol.9. in aqueous L($l,d.s.
acid-'base complex formation reacticms. 'rhis t'tork In\s

therei~ore ettlyhasisea tt~e l.mJ:')ortanco of specific solvation

effectl:~ in such raaptlo;t)s.



The cdI!ipe!!~s referred to belo'V1are pict.o:rialy represented

in Figures <::.4and, C..50 statisties from the computer
analysis of the results are given in appendix Eo

\C" 3 0 1, lmSULT.s

Table c..S through to Table Col.l give lis;ts of equili~rium
conS\tatlts daterminad for the open chain ligands studied.. .

stan(;tal.~~tdeviationell are given in parentheses and lita:rature

value,$, ')1hers available, are given for comparative purposes.

<0 ..301 ..]. t,-B~nn

Table C,!,5: Equil:l,briul11 constants determined for t-Bl1TYLAMINE

at p. = O...lM and 25°C

Levlis Log K Li·te:rature References

Acid Valu.,~s

----~-----,-,--. ------.----~--------_....-------
lO.68Sa

10.6Gb
26
25

Ni2+
Cc12+
Pb2+

M + L _..._> m~ 3.05(6)

M + L "fII:II!1II'OD,*_> MIt 2.18 (4)

M + L '~"""'> MIl 4.80(4)
ML+OB. --....> MLOH $.75(4)
M + It --..:.,> j).ffi 3.65(2)

M + 2L --> M1, 7.80(2)
..;

b3o~9

'1 0 8\7b

------------~.----
at& ;::: OM,25°C .. kJ}.t := O~U~(2~QCo ,(;1 M := :metal ion; t. == l.igan6\i
Ii = proton; Oli == hydro:tCideion. Chat'g'es on species o:mitt,edfor sir.tplicity.
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li~andt·· .g •.~.....~t"pi?on,,· Cbarqss' all :~p~c:tes ·omitt.ed. ·:fi;or·
simpl.icit.y ~





.than







Ii
, . ',' -:,,::::,:,' "', ~.'.': ,'. ,":-: ',"::,:~- _--q It ,I

!li'ab1e C~11. l:is'ts all the e<;p;d.l±b;t'ium cons'cants" t)bta,i,n~~d,l.n ii

..•.~~~ .wo?t~.~qt~~0'.i: ~ "Oln~a;t~;6~"~.~s .;~~ifii~.~Ii: > I
~.on$tants.·.·,.Of".•l3HEAP. and .•,.j;ri$thanOla1Ui~e.' .•.{Tal>le •••e.i2.~ti".·):'~~VealS":1"'"

, \\th~rt intr~aU~ing a cyclphe~~ bridge -to a Ch~1~t~'~in1fin If
trietha:nl$jle,lll±n~ to p:ttoduae BH~C' favours the gompi~~ai~icmpf /1

, :,'_l _,' i ' :'':':,:," , ,,!',I: , .. .: ": ,,' , .. " :,:':;'_ ,', , ' , I, _ _. _ _: i -," ".' . ,: " ':, ' ':::" .: i!, I: , ', .", ,I i
small 'lUeta.t ;Lpns.ov~~large. l!l~~alilOns" This S~\~~'!se,~ective:;

:behcr~}our ':~;'r:~aEAC""'is>ai~Hlkallt~~i~al:LYrQP:r:eseil't~~.~h !~i9Ure
" -,":-: ',,:~ ;_'- - - OJ._.. ':: -.1[-, .,' ", - : ,_---_;~ - - :;- - -'{" .. ' . .: ....; 1

C',,~69' tt'h~ ,~Q~):;~1.a.ti,6nOQ$ffi,ciiiSrit. i~X.Fi~e C~6, !${ ()~ji99J'
,~_- .-:,< :::./ :..~ ' .' ,- _:->:_--- ; ....•.. ;: :..' :__ ;~:~( >_: __-- ,-_- - _--_,:." ,":.,',,::,.:".,: ',',,:}_,-~i.;_!.: ---', -.. >.

. sho~"ing a" Ft.rol'lq in:verse rlFlla~i1cmsh.j)ip l:Ie:t"t'1een th~ ef$ect ,on

logE1 .pf .i~t.:t'0dueing a cyciQh~izrl..~Jt'idgs to' th~ eneliil(te

Tb.~S' is .,'a surprisini3' 17~~U4.t in
th~~.t>a :five"'membere,d C~.bl~~te'tin~!

.. '.' '. li

..•.....' . '. ...•... . '. . ....•.. '. .•..... .' . ." '.' . . ;1 "
$hQlU~ P~Op1Qt~:.co:mpiex st~biljttY.·for. 'large lll~tal~!On~~

. ",_- -- .. :. ,;.... '. -- -- -,- - .. ' --- -- '- . '-, :.' '. --1'

rin9, and meta-lion size.
t.erms of t.h~ V!,et.,l., l.:p" I' 112

~Silecti vity lot" metal iQ1'lti i:ij reJ.ation to thei~ a~i~~~f'Qund'
:",:,' ::'", ,,:"

for CY2-1\22 r~l;.at.iva to BHE-i<l~~ ~nd BHP-'K22 g "is .tl~~efore

not depend~nt on the presenrJ~! <~:e a maet'doyclic t'i,~g (s.ect:ioJ~

As :men,:'ioned..ixf the Introdud~ilont it is axpa¢t~d :~lj.at small·
:!,

metal, ions iiiJ.! X'~act lltO~tia f4~vdtt1"abl.¥ tbal'l\ laZ'9$' i~at:al i~n~

to induativ~ effects on aminlkl liqands" E~·tra al.t!:lctrpn

aonat~n.q.abil;i.ty of tha aYclon~:l(anQl group. in l:}l:leA¢eQmpared
to that found ~()l:'a hYdro"Yetb~l <piaul;»of .:tri~t~~~()*amit\!e is

also expected.. According to the iJ;aft and pCilve.i.t9b5:6





for the ;separatti:on of pol.ar<.(inductive} :and ~teric" '-.. -->-" :-_::-' - - _... :_. .... . _., _. _. . ",:-- - _.._ -._.- _',.

this m~a.ns that -the cx"cloh,exanol su:bstlt:l.1ent...vrill
have a Dtc,reneg~tiv.a u~ .:f':t'aft inductive eff:ec;t parameter)

~''V'<?lltl~i;tia:n that,' fSr.h:ytt~~i~~'t..~Yl a~,) subs"tit.\.i.en1: ..
'_'-, .... "

th.··at the i.rtductive effeet-. - , .

is 4axpected.'to be greater tban that ",ith a

group as S\ll:istl.t\lent.~····:Hence the sima -$elective>"

behaviour.of BH:EAC in re~ation to tt-lethanolamlne ('l:':eA,1

loe partly 'explain~d in tsrnts of the. qifferent induct.ive

'&xpeeteir f.rom the~'e two l:iqal"\dsco

ind1.l9:tive ef:foapt from thE! eyc.lohe.xanol

of the amine aHEAl" relative to that found. for

thehyd.roJcy'ethyl substituent of triethanolamine results in
, ,~ . . . " . .

..,.small metal ions 1.,e:i.ng comple-xed mdra favouiably than large

ions.. Thiz;; result 1..s in keeping 't\'it.h t.he behaviour of

aIn1nonia,qn increaS:ing the SiZe of the llletalion. As
" - ._ '.. .

men.tiorl$d:1.n the ihtroduct:tonl logl{1{NH3) Clecreases 'as the.

ionic radius increases. This behaviour inqicates that small

····met.alions <may.X'l~~ctlnOt'e .fav.oura!oly than. lat'ger metal. ions

to inductiVe effects on amine ligands"

-...•.l:nterestj.ilg1y, in tb,s extreme case of the large ~ilv'*:t" fl)

ion, t'lliieh has li",e.ar co"'olt:'dination and therefore minf:mUlll
\. _,:"," ..:',' " .: '_ , :

stel"ic S:ffects25, a decrease in eOl'ilJ;?lex;stability on .going
;from triethanola.Il\ine to SHEACis ob$ervad~ '1\ value of ·lo9K1
== 2.30 for silVer (I) t-litb. triethanolamine is given in t.he

literatu);.e26 Sond'in this ~(;\.rlt a val.ue Of loc;1K;f:::;2..09 "ta$

obtained for sd.lvel:' (1) tl1ith BHEAC•.



effect o·fcb~nqes in ligand-s't:t:uctttt"e ·.oricomplex stability,

is the Very :muchgreater stl;aiti ,.inergy likely tt7 be present~

:t.n the cPIIlpl$xes Qf dJomplex than of· silnpla ligap.ds"

-impClrtal1there Is the :lI'lci$as~ in strain .ene~~9Y,.Alt, 'Vlhich
'.o¢ctir~ ql1.-:co~ple~formation4,~. For tbis •.re~\loti··lllOleCUlar

meChal'lics ca.lculations ·werl$'.performed on met?!l domplexes of

BHEACari<:l. tri~·t.ha:nolamine (Trot}.. For this put'p:os.<;. use tqaS

made of tb..e progr~m ALCHEM}!'lQ4. It ~las assuineCi.tha~ both

BHEAC and triethanolamine· bO'lna as. tet.radentate lig'allds
-> :---: - -, -_-- _-_ -_ :' '.:' '. - , ... _ ._.

th)r'Qughitneir l1l.t:eogen and oiygen donor atoltis. .':To lUodel the
-.:' .. '.

ei7fect orincreasinqmetal ion size on the :mihimum total.

strain ~nergy of the. comple~t; :Ell, five different metal to .

nitrogen ahd lIletal to oxygen bond lengths ltlerra chosen. The

metal to ni:trogen bond len(Jths were mad.e o. 04! larger than

thS)l1eta.ito oxygen bond lengths a.nd octahedral co"'ord.ina=

tion gebxn&tty around the m.~tal .ion l:la.S assum~'tin a.ll cases.
The remaining co"'ord.inati('l.ll sites around th~ metal ion were

filled 1:Jj{ Qo"'oxdinated ~la·tel:'moleculss. In o:t:'der to calculate

U one mus.t also calculate ttL for .the free ligands. 'OM is

the same> forldothll.gands apd since acomparativG sttldywas
undertaken :it '3. value was assu.med t.o be zer·o..

The mole9Ulal:' meehanics rssu.lts obtained front the program
ALCH>EMY'1.04(l.re given in Table C .l.~ • It is e."Itidetl't. that the

increase :[n strain energy.,. AU, for 1;he :aHEAe cOfuple~ is in
: "_" -- "._"_ ..... _" :_. . .;-'"

.al.l .cas~s greater· than -;hat. fot"· the ~olttesPo)J.d±:ngt:rietha~ .'.

no'l~uninta complexo .. It must t>s remembered th.a't ~ol~cula:r:

meehania$'calculations·of this nature co.nsi~~l:Just
structU:raJ. factors" No othe): effects such as il'!,d'l,\ctive



S·train energy (U) for l;lHEACand mEA and the
. :..~... ::...

l;nereases, ,in strain .energy (AU) on complex

f01;:'lllation wiiZ inctt'$itsing size of the l1letal, iana

Aue u
.'".. ' ......1.

(K~caJ.;,.lnol )

-.16. ..004 -4.469

1..96 L92
c

UM!.
MN 140

2.16 2,,12

7 ..761. -6..221

1'•...•.. ,

'"ML"

MN' MO

... 4 ..008 '. :1.1.;996 3.214

1J'i\!L

mr MO

2.56 2..52

6.314

UML
MN MO

2 ..76 2 ..72

UI>tL

15.306 19.71527.641

36.757 25.1.4920.ft7S3

aData from the ltlo'lecular mecraanics program ....l\LCHEMY104•
Increases in lnetal ion size "were modelled by. increasing the
size . of .the .metal. to ~trc)9'en ana. metal. ='.o;:;'''Y9'enbond
~en9tbl3. in the prograll\Q •St:r:ain .energy ..of the .firee ligancl.
aM ;: lUtatal; ;L 0:::: ligand... r::1:~ain energy of the complex.
Bon.d lengths ...in j\,ngstrOllijll... .MN .. == ;m~tal-nitrogen bond
length. MO== lnetal"'o~ygen bl;lnd length.. '·,6.U::::UMI;"~JL'



results indicate that, considearing struetu:ral'eft~ct$ a1.on~,
the t:ol!\pl~tes of triet'banoiamine should· he .the~odynamically
:mo~~ stabl$ th~:n th06e. of •.l3tIEACe ;a:o~l¢ver froln th.e stability

constant: U.at.~>obtairied.uit···t$'91ear,that,. ·:frolli..·ii£:re$ en~rgy

····point of ..v,i~~.tr.the mOZ'$. th~t'lnQrll'tlall1ieal1lf. sta.bl~cQmplexes

at~ethose.'W'i'th)3HEAC, wit);! the exe~ption J3:f'silvet (I)"
"

From the molecular mechanics l:'ia$ults obtaine,a.····{Table .C,,13}

one 'illoulct ¢Y.Sect. that. inclueti'Ve .and not structu):'al efreets

give it t~j.s··.advantaS"e"over. tri~tha1'lolamihe ..

MoleoUlar l'I1e~ha.nic$ calculations39 ,69 show' t.hat the .

co-ordination "\li?her~ .(l,)!ound a small metal ion is extremely

(lro~J'd.edand. leads to metal ....to ...llgand hond stretching, ~,':rhj.ch

allows .a deer'sase in the nu®st> of ligand atom-s in the
illU1l~CJiate vi·c:i;n.i:ty. of the metal ion and, ths:('efoX'Ea, at

lQvl(n~'in9' Of stability of 't:necCllnplex. Ini.tially it t'laS

thoughtl.l3 'that a cY¢lohe~anol qroup 111'QUldadcl a certain

(1eg'ree of l:'i,gidity and pre-organization to liqands.. This

rigidity would than reduce ste:r:ic. crot'1d.ing in the.

co-ordination sphare of slllallmetals. "t-!.:t'tha dQl1cornitallt
. ..:. : .... :

increase in; complex stability~ This t'lork, hO\i.1aver,has
shown that in passinq fromt.tiethan.oJ.allline to ~HEAC there is
an inorease in AU' on cQmpl$~ formation·. '!'his is presumably

due to t.he cyclohexanol ar1alof aHEAc. Con$eq,llen~ly tbe

theory-of ;rigidity.has beenqi'Scounted as a.raason for the
" .. ".

selec'tivity of 13H:EACfOl: small lUetal ions in rel~ti(:m t.o

that found.£Q'r t:t'iethallolamine"



1n:t.erestll'lg1y, lik$ ,·le tjtiet;na~olal'lline compl~~ "lith cu{r:r.l,
the BlIEACau.('II) aompleJf; alsa hec<>m~$ daprotemat.\$d.S0

$j.'mila:r:i.tyQf;th~ const.antgjiu ~r~a7·anQ8.23< ror
'."Y ' .. ' .• _. - ._" -- _" --', .' ....•

..t.riethano;1~lIllne.· and .BirEm.c i~Slj$c.*=ively, 1:~pres~rit£ngthe.
equilibriUm. f4lJ + Ole ---·->.l'f,O'.,Oli.f is probably ·due. t.o the fact

that the saine deprotonation. reae:tion is oCdurin«lin both
eases 0 This OOU1(1 either D¢ a loss of a proton fl:oma

eo-ordinateci· vt~:terttlolecul.e or,lllo.st likely; f:h:s
prot6n.·.f~b~il·· ·hYdrOxy~th¥l ...·a~· ••o£.· the···ligands 0 ...

, ," _,'

:th.!.l result.s ()lltained for NittI) with BHEAC.and

triet.hanolantineo Previous. vt¢rk8 on t:riethanolaminr. (WEA)

showecl the· fres":;llce .0£ a f!UCll'EA.)212+ complex .in .$olu:tiotl,

whereas lilO eqUivalent complex f:onned with B.HFACin solu1:;ion.

Rather j dE'Aproi:onation of the. aHEAc complex OCCUj~s with

Ni(lI). Ho~ever, the high ste,ndat'd deviation o.f ± 0.1

reportea8 for the (N"t.(TEA) 212+ complex suggests that at

higher pH va;Lues the actual ¢quilibrium occurring is not the
-. '. - ., - .". ".:.. . , '.

addition of tt-to· tris.thanolamine ligands to Ni(!:t).1 bU.t

rat.her the deprotonation of -.the trie.thaxtolamine complex with

Ni (II) t a~ .in the case of 131i-eAq with Ni I(II) •

The benav:. ')tix- of Pht!I) and Zn(II) with BBEACin SOlution

closely l\I¢~tches that found witb triatha:ru:)laIt1in~"in solution ..



titrat:.:t.op.s p):"eyent.ed the tleta.mn.in.atiofi 0:6 hiqb:er order

complexes in solution" prev.l.o1.!s T:10t'k8 on t:t"j,,~tbanolamine

r~JPorted' 6lTtltird order camp''''e~,in the case of l?b (II)

~~l'llplex·in.th$. ',caS$. ()X Zn(Xl).;,



, ,

OF Jf!:l'lH!;§;fu'1fox.mm~~~ .'LX~mS

In r,.he intrOc1llt:::i:;i.ort Hi ~las mentioned that· prai1iou$ worJt on

.etha1'lol~niirte7]. i~untl that th$ (llijalate ·¢f~eriitJ.n. its
'domple~~s. ~ias·····•.v~l:jr si}uPlY. ~naiY~:d.·. '" Jr,' or "t;ea.•.~.~.···.s,.···.··.••·.:gi..v, en

.~'--', "" - -" , " , "- ;" ,

the introtlucti<;)ri.; it··is,e~e.et~Q. that t;~e ~'ChelSl;t~d..~lcOhOli6..
, ;,'" ,,' I

"":",·:.'s:>,':,>:: ' ,,' _'" "_ ,,_ , ,,:':,'''':'':',;' , " , ",-'hydroxy}. gt'oupwill cause no,exb:'a stabili~at.±olif9r the
am:in~.q~oup in ethanolamine. A/A)! £11tera:tiokl in" stab:i.lit.i1 ae..

: " . . . ,,- ":,.~~:,>">"::."

~inctUQtivd' ,~f'if~ct,·OL" tha bridgihq' ethylen$: grotlp!,l:.},~om$w~at

modified l:lY sterie ei~fect~:t2" .'Ta.ble C"1.4 lists the .

stq.bil~t1.tlP:tl$tants(19gK1> of anunonia and. the
ethanolamin.e.....t.Yp\e hydroxyethyl..· l:l1lDstitutad a.mines ,Studied in

this t'iork w~th Cd{~X), Zn(II) (,.,»Tier:!) I

G'xaxninatidnof Table C ..14
{amlllonia)for all :metal ions e~cept ~b{II) clo$el:rmatch~s
LogKl. c:f-.)!." t1"/.1\; etha.no lamina-type liga.nds sr=udieQ"



of 'ib.9~i".vS.~\~~,fO~", alifuu~nfi!I" !\.21?OL,

AMPOL.atr25°C $ti'ength (13.. 114 ,;,

2,.7

',',02~4S'

2~9.l.

QReferenee':26 except for Pb2+;t:efer~nce 57 qJ,lq.{:Cl.2+
reier;enee 5a~ bTbis work at.,·25,11C and ionic ~tre~~h O"lM.

CTbetit.ratiCJ¥lS of .zn2+.Wit.h'A;il?OL.and Al?20L' t1$l:"e plagued by

.preeipitatiCnt:' of hytlrbxidt;'. '.:";Th$ highest n valu~s'
c-_ - - ,- • • :': • •• " _. - .• _ -~ .., _ •

before pr;ec1pitatfofi set in t.jer:~ no-I; in excess' of 0 ./1 t~:e:: i

A2POL and. ;[.(.lZ"AP20L precipitation commenced at. abou:l::. n.
equals .o"l5~

"_ :
:' ..



(.
!

. ..

C"S ..i~l1Nays!S ·OF,.~io~·&~Jl)'E!!~O'Leo~

A plot of '~~9~~"~ammolUa') (A2Pbt) flex: Cd(lI),

, Z~(.II), Ni(:ci), ~id qll(l:X) is" sb;o~hi3.u Figure C'a7,~ :" A simi1:ar

k'i~t using' ~e s;ta.bility donsta~t~ ~f' ,tlf~f,same",~~~.;l'·i,r>t).s

£o~rthEt li9~na:Af2¢L is snoltm. 'ih Figur$ C08 ..

~ line of l$f:+c).$>~.1,,152(inducti,,~ .e~fe,ct factorl i$ ~ho't,jn!
If' _ ,,\1~:/"''':,')i.;,,'''', " ,__ ",'~'-;'::'";',,"'",:,'\;,.."

't1'hich is t~~}~ :~xpecti~d on th$ k?:asi~ of the SililPJ.:~·model Qf
.~' i .

the cheiate' aftect13 d'iscuss~d.~rt the: Introa.uction"

.: ,~'

.' :~~.-

It can Q~ seien !th~:tlll..osi: points. lie on Q;i;? just;. bem;! tIlls

line. Figur~ Co7 and FigUre Co.S suggest that t~e¢hti;late .

effe.ct in Clolt1pl~~esOfA~~bL'and APi?;0Lis ~ery simply
ana).ysed, ~$ found for ethanQlatnfne in preJious. 'li7ork'll ~

There are" h¢~lever, de.vicrtion$ 'from the model p+oposed~ 1:'he

f~Qt. .'that tnO$t points lie belii>~'t~e line. possibiy l;'elates to

the lower ha$icity of the t~i~;~9'~l'\S in the ligands stUdied

as compared 'Y.!'itli a polyamine .sueh as et.hylenediaraitua {PIta, =

9..9' " An l!i.<i.ut:tive term has alteady been plac~~., into the

analyses of the chelate effect in tr sense that a.n

inductive effect factor has been used. This iriauPt:b~a
...

effect. factor' has' been as.sUllie.dto be, t>1ellJSep.r~setlted
ratio of th,e protol1ation cbn'eltCin'ts'of methylamine and

ammonia73"

A dra,'lbackof tlle simple approach. to the analysis of the.

chelate effect, is that it...·does not ·take·,·into. account; sterie
:."_ _" ".' - _--"_ "." -. --::-"_ .."::.-

effects $. T~~.i~Pdrtan;;:e of ~t.~rii~effects .in .CQntrblling

complex stability has been emphasised in previQ\ls'
work2, 60 t: 74, ~t6;:l:J.40
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Figure C.7f' LQ9K1(~2l?ot) v;s 1'..09'1\1mBa>. The sqlid l~:ne
dra"ln in has a slope. of 1.1521l' which is the
ind.uct:;j,.'V·s c$ffecf: .factor
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_, C • 'il + ,{I n

Important '\:9 tll~discuss~?n"oiF,,~te'i:iC 'effects is the strain
1/ '\\ "

energy u and in particular th®.' incr$~s$ in 'St~a,fn Ci~nergy"

J Liue whtch oC!cur"s "((FA::COlllplex, fo:onatdon.t!'l.: , Elnpi3:'ieal, fo~ca,

;ia~'(r ealCu,lat.:tons~i on t:ij~ \re;y ~imilaX' ethYlertadiamine'~
0' ' , ., , ' .,' 'I

,I

eomple;Kes have s1:uJum'tllat mfor Nt (i::q there. i's an increase, of
1') ,j. .;_I!',

" 0 <f 6:l }teal mol~1' in the strt"ai'n energt.h Y:!¥ of t.he 'ligand on

formin9 the [NiCen) (H:aO}4;lc24- complex'. One ~~ould~~pect~that: ..,>:01 ,,_, , '

th~$ ,'Vl0uld~l$b ~a an inorease 1)1).U for the' fOi!:!llation bf

the cOll\pla~es,j:bll'l\led by tJ:V~,"ath~nOlamine-tYPe liganti~
::~' " " . ''''

S't.U($.i$01,,In this ~lork.. Tha:",i~ej!'ease in tJ, 't'1as :not 'inClud~d"in

the ,simple analysis, Of,~$'~helai::e,effeot73 discussed in'the
introdbotiO!tl.' Ho't-lave't' f, the :faat' that Fig'wc1/;l! C.1 and Jrigu~e

," , " j' .' ~ " ,',

C~~8$ho".)' that for Ca.(II), Zn(J:t) f lU(f:I) and CuCI:t~

cOYitPl~~es of A;al?OLan~' AP20Li~it has n~t made. itself:apparent'

- as ,~o~n~ for e,~hano1aniJ.ne17f .., ,~ug9ast$ tha:1:tthi~" C
,0',' , 1 ,,' ,,1(>'1'
llnfa'il'ourable cont.ributi~n i,/ p:¢lobably oounterbalaf~(~ed1 by tha
: c ,,' "', '//;" J 'J .,!I ' ""
:ttl?reasect bagi~ity of tEte ,iCO,h~~lC,oxyqen of th~FS tvlo ' ,

,- '_, - , (I _" . )1,

ligands as, 9'ompared ~llt~~:hat .th the water mol~culeo
r-; ,-' " ,.'I' :' -,. ' ,,"J,"'" F ' ,,' _ . ',.,~',:, ,
qisplace:d on co...ordirt~t~9h.. :tn,.t.lther·word$26, the favourable'

:) . ':"~! ;;:;

contribtd:j.on from th~ induct.tve effect. of t.he' ethylene

loridg:~ is heing cancel~~d ~}llbil ,th~s1:erio .strain produced
, ' ", ~' I : r ,'" - - ~"i

(j;)

by ~o-ordin&tion of--'tl'le ~laohol.icr;, v~l(~~n ~tom..

"

if
1/

II
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'rna relationship bet.tV'een log~l UU~OL)and loqKl. {ammonia)

,_J10r Cd(IX), Ni(II) .., zn(±~.) and CU(II) is ,shown in .Fi~re

C"9.. !t ,is evident that. for Al{!POL'there is siqni£icant '

.devi~~.:;;i.e~.of, the points from t.he theoretical. line expected
from thj9 $i~ple analysis of t];le chelate effect. The·

behaviour of ~OL is therefore unlilce that found f·or A2POL

and AP20L~

It is possible ;~at in the formation of th.e1lI.etalcomplexes
of At~OL the increase in strain energy t l'~tJ, may not be '

collnterbalg1.ficed by the inQ3:ease<i.basicit.y of the alcoholic

o~9'en as suggest.ed for A2l?0l,4and .iW20L.. ThiS w'ould. then

explain t.he deviation t.o lotl1Eft" values of stability for

AMPOL.Remarkably, t.he liqand AMl'OL, which sho't'lSthe most

d$viatit'f1 of aJ..l t.he ligands analysedi is e%pec;ted t.o

Qi.~pla~'the largest increase in. st.rain energy on

co-ot'iUna'tion. This is due to the e~tefit. of .C!-car~pon·'

mathylat.:ion·in AMPOL. 'l'et!:ahedrally. cio-or6Linateli ;rt::u{l!),
;,

Which snot..rs remarlta1Jle agreement TJlitb the simple. ~ralysis of

the chela.tlS effect for all th-a ligands analysed in, this

i'10r1<:; sho-Uld display le~S ~teric hindrance than th!at £0\11'10

in oct.ahedral co-ordination. It is however sean ~,fnF!gure~s
C"7 to C.9 that the most. deviation from th~ lin~ G:~je qradj,~~nt,

I

equal to 1"152f for; eu(1:1:), 3..S found in its ec:nnpl~il:1C 'V.1'ith

1U-lPOL,supportinq the it1ea that .truT for this liq~tidl' fs

r~l.atively higher thaft that. exp~cted for A2POLand Al?20L..
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2~05
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3..39

........,....,.,.._ ........._.,...__,.,_- .................. .,;,....' ........................._ .........._,....,.,.. ...................................... ........"--_ ..........,.,..,,._,,_.--_ ..................----' ,.." .

··~ta frau ~er:enC$ •.~a•.·.~ .•for Cfj"JA- ~~~$fu:9 58 and.· pb2+.~~renos 57•. ~S

tr1l.#k Z!.t ~5gC'and i¢nio ~ 0.1 r'7o ~eten~ 71 .~., fbt PJ::?·-t-referenC$ 8

ana:Cd2+ refet'~ 26. ,'...~erer~ '8 ~ t~ 0:l2+~~Jl~ 26 ..

('rable 0014 and Table cot!>') l~9'Kl for. $l'b(IIl it$lnU¢h higher

than lo9K1 for Pb{:tJ:)~1'ithallUUtlrtia.. This )~uq~~~$t$ that the

hy&:o~ethYl' groups Of .the etbafiolantine-type li9'a.nds studied
.. "_ - - -- :. - _ .. "-. ".! . -_ -

lead to stab.iltzat!on ·of th~;Pb(II) Complex Olfl torming a

dhelat.e, in $~act!y t.he"sci!ln~.,t'lay as ''tvasfound £0#

ethanolamitle, and triethanolamin~t as disol,lsseel in
j.r.ttrQd\lotion~. Once again8, i:n..the case Of ~b{;t!j the

ind\lotlv~ ~f.tiect of t]4e al(~Ohols01.ltl'3e:i.gns 1:1'1$ t.tnfavom:ahle
Inot'ease·····i~:-'$t.t'ain ener.gy'g··.A~4?pr.QducecLon fo~afion ;i}f the

, _--_ - .. "_ ' .. _" ... _ ._" -,_.'._-" - - -;-"; ."_ .. _ .. -- - _. ','_ . _-_ ':. . - :
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Apossitlle explanation for the higher ':valu~$of :1oqki for

CdCIl) ~Jith tri~thano1amine (2..'70) and e:thanolamna

(~6 71)2~, as c.ompared to th<: stability oonstants found' for
. ,

CdCII) with t.he ethanolaIlline...type li9'a~d.s$~Udied in this
1'lo:rk,t 'may be the lack of oonsid.ering hydrolysis f"rr the metal

ion itsslf in the former cases ~ This is a probleill, as

tal~e=up of base du:rinq the titrat.ions eouid .be dUe, in this

case, to met.al ionchydrolysilS rather than com:r;lex f0l."lna:tir;~,

i'ihJ.cfl ;'g a possibility tdth t.he Cd(Il'l ion 0" ThiS ~J'oql.d

increase "1i:llsvalu.e .Of the stability cons.tant for Cd.C]I) in

exact.lY ,the sameway as ,~as, fotmd for e:thanolcunine' t..rith
', ' 11

2:1'1(1::t).. klancack - found a value of lQ9'Kl eq\.1a1t? 2 ..41 for
the compl.$xof ethaflolamin~ with Zn(II} 0 ll'hesurprisingly
high value of J ..'1 for log:.K1 re~ortedl.1.5 for ZnfX!) "tvas

a:ttributed to hydroxide formation or else deprot.ouation t)f

the co-ordinate-d ligand. The titrations or ethanolamine

with :~n(I'Il '¥lsre plagUed. by pr!S~ipita~tionof hydroxide,

'l1hic~' relates to the hig~ acir;;iity Qf the. Zn('.tI) ion, cc:ulpled

~1ith its small affinity for ethanola:tnine. :rnter~stingl~il'

sil1lilLarprecipi1;:at.ion problems were encountered in the
1:.itrl$.tion9 of Zn(II) with A.2POLand A'f?20Lin thi~ work.

Evet)i the use in the titrations of a: baclcql:"ound salt t being

maitkly ligand ammonium nitrate, llhjjich suppi~esses both

dep1~otonation of the alcoholic h;ydltoxyl group of the

co-.;prdinall:ed ligand and hydrolysis of the lUetal ion, did not
pr~rvent p~recipitation pr:oblellls 'fli~h Zn(II) in .chis \'lQrk and

th~e 't'lorlt ~ton~ by Hancock 71 on eth~lnolamine. Th.e'highest.

n-ibal;' vqrll.ls;:lobtained before p:rec)~pitation set in tvere not





C,,'1 "JmE nmO&~CB OF POJr.;.lR'Alm ~ImXC F'f.: r;O'ltSl PM 1!lEIE

PIto:lfONATIOW<co~S~.ftS ~. $~ •. ST1IDJOr.J!:ft (!oW.s:l'~S 'OF

.m-I'lill'O~1i!OJttS

As lUsntionecl;;·3;n the, .int:r:oc1ue:ti~n, preViOU$1'10rR?~,~.b

primary amih~s tiith the. pl?ot8n'·ana silver ,(Xl ion in

solution f'otUid ~ very :fine balance bet."leen the ccmtributions

of induct.ive al'l.dsterie effeetsi in controlling the
stability ·0£ these

of t.h~; &dltttiori of hydroxy .gre)}.!];)sto
tertiary butylamil1ii:;

considering t:he series of pr:irttaey amine liqanc,l$." nepnaly

'l'~, AMPPOL"AMPOLand te:rtiaey ,but.ylamine, one would

e~ect an i~ct-E!aSe in the electron donating abilJ.ty. of' tl1e
amine sUbstituent. as one successively rem.oveS hy(ti:oxy

9'r:OUpso 'l'.hiswou1d re$ult in agreate:r inductiVe effect of
the subst.itu~l'ltf 'Vihichp r;ruantified using Taft and 1'a:velichll s

sc;p"urtion06 for the separation 9:f polar and ste:rj"e effe.cts.f

'fl0u1dmean more negative a* ·.va.lues.. Hence, it ··might ·be

antioipa.ted that I in the abs~nca of steric e.ffects I Let1is

acids in· aqu~o\ls solution should ShO~l inr:rease:;;.·..in their

free energies c>f complex formation with incr(~a.slSl$ in the.

inductive ~~ffact .:If the sUbs'tJ:tuent2•
.. ,.

. . .
. _.. - .

'gives ·tne..PKa ·and conipl.ex-fol:lfiation '~Qnstants
'Cvith A-1cr) fC;>l:" the series of .prill1ary amines discussed apove.



When available, literature values have been inoluded. fo:!:
cOll1parativePll:rposes" It is evident that for this series of
ligands both the proto'n and Ag-(:tJ ion· ShOltl in¢reasing

complex stCil:l~lity .as th~ inductive e:ft'ect Q·f the. substituent

increases.; ....••.•~he fact that Age!)' '.,isless sUS\C!$Pti.l;)~ethan'the
".:. :: ._ " _" - _". . ."

proton to stet-i.e hindrance to co""otdirtation42i fol;:'reasons.

given in: the, iritrOQuc.tion, emphasises the a.e.gretitto which
the sterie effects are overcom,eby .the inducti\Te etfects in

.the .a.b.ove ,sE!ries of l.igands ,~,j;ththe proton.. 'l'h.is is

possibly duetoths ,fact that > the stericenviron1l1erit around

the amine c(');..ordinationsitetQrtllis series of ligand.s
remains constant, since the ·Qi....carbon in all eaSElS t~emains
attached'to three B-carbon groups, regardlssso£ t.he extent
of substitution of hydroxy groups onto the B-cat'O()l1s.

<Values of PKa and eomple~-formati()lJ c('>1lsta~ts

With Ag(l') for '£ru\M" AMP0041' A!.\fi?OL ana
't'-But.ylamine

stability
constants

pKa(lit)

109K1 a

log:Kl.(li:t)
Q

10982', .. '..

'109'82 (l1t):" .:

8..02
8 ..09))

Ill.6J.

10..66°
$.68
S.S2b

9.53
9..72b

30403 ...05

301410

6..44
6.5110

3.65
3.69c

··6..81

6090}:)

.7 ..09 1.80
1087°

a'1-I' 1, d?' ..' b ....T,I,.l,l.St-l0r~."at 25°C an . .J!.. := O.l.M.· Ll.t.;:: litera:ttl:l:'e.

fro~ reference ·26.. cPata frQmr,eference 25.
Data



Another se~ie$o of· primary amine ligands' invas.tigated

displays qtiit~ diffet"$nt :benaviour £'ro:6\that ;fou.nd in
SeC:t.ioll. c ..1~i',orf increasing. 1:l1~ electron C!onatiilg: abIlity

Of"the. stt~!~·,itt1ent.. "Tbis' sex-ies includes the.li9Clnds

ethan(}lall\~ne/ ..AzPOL and. ~1POl,.o Table C" 1'" 'I~. 4' the values

of pita and: cOlilplex.,.!'ctrmat.iorr conj$tants with Ai;,t(l) .foi;' this

series of pritna.ry amin~so ttit.eratUt."e values, '\vhere

availa~le;..atl9 also·.g:3:vsn.. lUl·,t~ee of these ..·~_igands

contai.n an.etha.nolamine, backbone: and" differ only .•in ••the

deg;t'ee of sllbstl.tution of. methyl qrollp$ onto 'plle a...carbon

atom of ethano1.amine.. It WQ1,lldtherefore b~ expected that.

the added methyl groups woulc!; increa.se the. inductive ef:f~ct

of the amine. substi tuents.. The ,order at .i;m::£r~as;Lng
. .

ind.t!qti:ve eff~c~~ disp.Lsyed.···1>y this" fleries of' .liqand$ T would

t.hen be expect0d to be as fo-l1oiflS; ethan61amin$ <A2POL

<Al-1POL. ObviQuS~"1 an ~Snvestigat:ton into .the qaa phase

basi-cities. 'of these .·primary•.am;i;nes "('JQUld•.serve. to give lUore

information on the .int:rinsic basicity ord.el:"..



125

Ta.ble C..1.'1 : Values of Pt<aana cO)llplex-f()mn~tion const.ants

with jig!!) fer ethanolamine ('BA)i. A2PoLa:nd
1k-~OL

constants

pKaa
pl(2t(.1.it)

logKIa.
l;pSlq(lit)

10g15
2

.;1

loqB2{lit)

9.·53

9..72b.

6..90 7.09

from :r;e:ference 26. COata from reference i1...

It shouidbe noted. that thepI<a values of·this series of
ligands f~able .. C.l7) Sll1:;)"t'T no response to the changes in

inductive effect. 'on the'omar hand the logKland 109'132
values with Ag(I) increase; very slightly, With increasing
inductive effect of the substituentw The hehaviour of ths
pKa. valUes m.atcb.esthat found. for the serie:; ·of primary

am.ines, as 'we change the alkyl substituen't;froIn ;methyl to

ethYl, isopropyl and :fiilally tert ...butYlay.,~ne25. It can be
axplaine¢[in tepns of a balance betweenp<:>J.ar (inductive)
and stctic effects.~ Aacling.a methyl groul? has a favourable

p.ola:t qQnt.t'ihution, :but, because of its bulkines$, has an
unf'av:otiralJlesterie eontt'ibut.ion., Renee the increased



,::',' ':," ..,
indu:et.iv·e··tat'f'eets"are caneeiieQii out by the inct'ea~ed sterio

efrects, SQ that there 'is 1i3:.t1$ differel'lSs in P*a bett'1een

t.he al\\ines ih this series· 'lT~~i'\S Co 17). Unlilt~ t.b~ previous

s.eries investiga:l;.~d·· ('.t'H.ru4'· tQ..··t.....tBtP.t''!lI.JlMINl!l) , ···t;he si::er:i:O

~nvironmgl1t' ~roWld the! amiti~ d6"-o:tdination ~i#,$:"ill thi~;'
::'::"." ',:': - - -~: ",-- - '", '" '''" ,',' " - --., -' - :'_:",,:" ,,:'.'

series,. cli.arl~esas methyl 'groups ·are sUbstituted onto

et ...carbon. iSli:c:;:til of ~thanola'Ud.ne.. "eQnseqwallt~y 'the

u:nfavour~blesterle interactions 'proQuced arot:ntd the amine

. co,,*ordin?Itioxt site by the added methyl group($) ,prevent
,.' , '

increa$eSil'l't:he protonat1onCClllstants, as :tl\$tbjfl groups
suecessj:J~itT'sUbstituted Qht&;the·' .~...earbol1 atoln 6£
ethanolamine'. The benaV;LQut (:)f Ag(I) andi the proton "1ith

this starie~ of ligand:s is in ..lee~pirlq ~tith the $U9'9'sstion42

that the' At](I) ion is less $upeep"~1.bla than the proton to

t-itex-ic hindt,"a:nce ,to c:o"'Qrdinat;iQ4'l caused by the ,l~rg~

hydration sphEtt'e ~nc:lsmall siz$ o:f' the latter';. SHlce th(;!
. .

proton is oft.en used as an indication of inductive effects

in aql.teOll$ sQlution and steric e;fi:~cts tended. to mask these

ind.uc.tiva effeots, it ~las pl;'()~OSed46that these; .should be

called 'Ohi4denu inch.lct1ve effects. iJ:Ihe. series ,Oft ligi;;nds

ethanolall'iine'; 'a2POL and M-!lPO~l:1ives yet afno1;lle;r .eltample of

these hidde:n inductive eff~ct~s"
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AQUli:OUSSOl.~JtO~

.:"":, .. : .

.qomple"ing·.str$hgths. of th~series qf .1igPU1«~t...):)ut'YJ'(illnihe~
AMf!OLi Al"lPott.I;J and TtW-1. Wll(;) .series of l:i.gartd$\

by st(c6ti$.siv$. adclitiol'ls pf hycb:oxy gl1Q1.l.psonto tba m$tllyl.

9l:'OUPSof tertia,:ry ....butyla.mine~ prev.l.ou$261',0;:k on these

ligandt=.k involved, in most d~$e$jl' a si1l1pl$ analysis
, . ._ - .". -- '. ,

equi.lib,f~\1m•.constants, ,'(~he~e·····h.ydrolysis·..o~ ,phe....·.ietal.iOri. or ..

metal' j.iqand comploxes ..';.....whicb is a v.ery real possibility in

these cas$s ... ~tas not consj.d.ereQ.. In thi~ worlc'the

prograttmte.1Y.liniquad1.t11 was used to iden't;ify the: •.species

distl:'ibutio.n in solution~ It ~l.ldt1S. one t<> 'balta into

cons±dal:'ation metal iou ,bydrolysiJs ~nc.lthe: l1yc,irQlysis

meta~".l~9afid cOlll1?le~e$.~•.

For the series of l.igand$ li1~l"rtj.onl1td abov~f Wable ·0.16 q.i.ves

th$ pl<a values that. wer~ clet.~:rll1inedin thj.s tJOrk., as t\Tell as

~hQSerapo:rted in the l:tt.e.rature~ Good..agreement e)(.ists

bet"le$'n the t~10 sets 4f values ~ It is cle~r that addition

of hyq,:r()~ groups to t.he methyl g't'oups of te.rtiary-kn.ttYl;=l

alUine J..eadsto .e. c(msid,e~'~bledrop in pl<a val\les" wh,ich \-;rill.

lead to greater ~:efective complexing s.trengtb.s15, as

diseusse.d. in the Introduction. Thus it t'las not poss,ible to

detel:'lTtinathe fOl1"JIlation copstants of tet'tiary ....butyl.ailnine
_": : . _- -_- - - - ..

with CU(I.I) and. '2ln(:tJ::) ," because of l1l\~'talhydrolysis probl.ems~ '



prevsni:ed,tbe'det.erminatiolti
constants, even 't'lhena high bad~groU'iid:reoncentratiQn df

tertiary l:)tityl~on±um n.itrat~ilrasu'$sd in the titration:;;.
,1iQ'VlSVSltl' ~e$: .hY4i¢~ Qro,llPs1 ~;re' add.eq to th~ ')1lEttb.Yl .q~Ql1l;)$ ;()'f

-"'_ - _, •• _._._ - - - - - .. - -"_ •• _- • -_ • - _·c· • -,- -.. _ ... -;>

.'tert~~a1.'i";~l1;tY:l.a~~n~(is.Q"·'an.()~~hydi'.Q.1l"si.iS·~$si~.t'arit.cela~i~~es)
in ~queoll~ ,sQl.ut1on are· fQrta.~d ...! In the extretae ¢ase 8 '{~here

th);'aehY(iJ:'()XY groups hav~ been.added to prodll¢~ t.lle li9'an~
'l'H.f\M1" a ~igli d.eqr~e of hydrolysis resistance 1$ fa,una ~ <.

-,.::',::-,.:'.',1:'::,.' ' .,';"

Evldenca. fbt, th!s ,is shot-m by the relai:$,yely higher' n-bar

.:vatUS$ f.b#~atluring fOl:ll1a.tiQri'" off j:ts cl:)mpl~~e~:.al)cl" ,in
case of cu.{i:r) I the presel'l.8~of a third <ordelf

It' is ;~le'a~fzoom a comp<,!ri$qI) ot logKl, values;; f<tt' this

serieS ot :t;tli;fahds(TablGs C.5 to C~;S)that this dOiJ).',Jnot.

'r.trts~ froth a# j:nct~ase in. comp,~axirig strength;: but, ra'Cher
ft\':llIt a. .i:on£:d.d~rable drop, in' '1:111SPKa value'S :of "the liqands en

addine,J hydt'o~ groups. This drop in PKa va Illes ,produces

greater affective complc:axing st.rengths I 1'lh1cll lea<:l to

hydrolysi$ ...l:'eSistant cpmp).~x~$·il'1 aqueous solutloh. A
similar explanaticm is given in the l.iterat.ure15 fqr tb.e

-: _.... ".

h:i9'h,.affiri~ty of C'(l(.!X)' for N"'~"'hydroxyethyl'substituted

2...(r::mino-:-mEathyl) imidazole functional groupE;

po11rstyrene ....based i~n-exchange resinsl160



,.",i_;

(T~l tdth Cull!), it.,;~~~.sfOUn~ ~hat dap1:~tonatiQ1'). of
H:

"G~ln~:texoceUt';i-eg8 :I~:.:.~t'e$tinqiY:;'i·as
ffi~~hanOlam3.hEl'i .~~;;~:~6natiO~··~f~/tkie

: '. ", ... ", ", ' _:,;,:.'," " • ~.. , If

BHEAdwa~ found to oecm: in this t"lork" :SaBAel ':id 'ei;
. " ' '. ,~ , 'j:,: ,,::~',.

•i~''ia :lri(jr~.i-i~;~•.•v~rsi.pn..·o:f T,E,A!>'J' - A s.~t!dy, i-la.$· ~i~~Q'
und~#tals:en" In th,is"'~l(jrlt,into t.tl~ Qompl;~iin~J.prQ)9rertie$

" .

'r:aAl'\{ ~~\th CU(!l). !t ''t'1asfC'illlxd., in agreement with 'previol.,ls
\\', .

1tior1t26~.~hat 'rib·.d~)~rQtol1ation of the ~u(±!} ....¢olnpi~;t···of W~"
,', ,',' ,'" ' , "" '.

OdcUl:'~ed" 'rlla lit:era;tute2.S ref~r.s to thcSl ~")rmatiQn df a

[CU(~I1AM)4}~+,~,olnI>lexand ir: this wC)rka ..(CU('rij&'1) 3]2+
_.' - ,-- __ . '.-, '. "~orcomparative p\iX!poses'the

!ot1llation ccmsit:ants of "Cu (II) "lith,.triethanolamin~JI
i'~

and ~l:t?U4 are g$.venc

-,I..:
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Table C.la.: .Eql.1.il;il>riUl'l1constants Qf Cu(rI} with

triethanol.amine (TEA) t EREAe and TT-!AM

a,~:L5

a,11.1f~18:ML+OH~-->lIiLOH 8~I}, y 7 ~'S, 7. 6

., MLOH+L ';':->ML OR 2.0. . 2 .

EHEAC M + L ---> ML

ML+OH --->MLOH
4.99
f, .23

c

c

T:ffA,M M '+ L -'!=Ii~> ML :3 .. s.IO, 3.95 Cf 26

MJ:.,+ !J '"""'~~> !®,2 :3 .411. 3.68 Qt 26.

,ML·.j;oL. ...;..-->- MLa 3..26, 2.47 0, 262

1.ffi3~~L "·-->ML 3..00 ~Ei'4

~. = metal ion; L= :U.,:femdi OR = hydroxide ion. Cha2:qe$ on

species QInittsa for Jsimplicity. bAll at ionic strength =:

(I ~1Me2cept fol;' ref.ll.7 and ref ..1:1.8'Vlhion are at 0 Q SM"

cThis work at 2500 and ionic strength O.lM.

Molecular mechanics calculat.iCllns were performed on the

ligande TlIA'Marlld triethanolamine.. It was hoped. that such a

study mig-ht prctfvide an insiqltt into the st.erilO con$traints

in'V'olved in placing fiour ligands around a sinlgle 1ll~~:l:alion ..

Use t'.rasil1ade.of the pl'.'ogram,Alchemy~04. Square pl~~na:r

co-ordination 'I;\l'asas~:urtied, 't-thiob. is appropriate in the ca$e

of Cu(:t:!) I for an in"l.testigation 1:nto the complexes of these







that

in the

allovJ' the PX'<#adicStion of

t.ool in

. ,



: ,',,': " :,' ,- :,.> ' ,':' ".',', ",,: "

metal' ~ofis<fpr CY2=K22,-relati,v$ t~ IUI:E-K22,and B,HiAC

relati",e-to 'i~d:et:liariolaI!linej:,9£tl sbol-Ja~ in"~rS$',
rel.~~f®shf;,~:~~ti~eell.,'.·ihe,."eife~ti.cond~mplexsta~ii,~ty.

," '\ " , ,') .'eyolohexyl bridge to a chelate ri;n9'e and metal
ion radius

','.', , :, .

b.logK for tral15i:""CD'I'A and E1)TAr.with a eo.rrel~t~on'
co~ffiql:ent.,O;$ '(OiS3" 1U1emat.al, J:on size-related effect:

c,ompleksta.b*:t£t:.y, of, t11$ in£~¢d,\lction or
k-ridge. thus appe.ars to be ".fairl.y ge~eral" tfuy i:b.iS should

be $0 is not ,apparent. at thi/s stagers One possibility is

that the e.ff,E!ot is !nducrtive in o~li9int as N-cJtelob.e>tyl

groups do pro~tlce im::reass$ in, l.o1jK1for: simpl~ ~nidentate

ligands suchaseyclQheXYlCUliine!:~latj.ve t01ilet:llYlall\ine.for
metal ions $uch as' Ag(X) 25~ This does not see1fi'lik:ely "·1:,0 be

the :major q,in:~ribu.tion, h9'1tJ'eve:t:,.and future 1iJCJr-K1'1111

involve '\U,olecu.l.ar m.echan~:c$ c~lcU'le.tion$ aitn~d ~t.

und.erstan~i)1gthe origin QX tha etfeot of tlle qyclQhexane
ion siza';"l>ClsecL

'rhe resaaren· wp.tlt done GiA open bhain hydroxy-ethyl'
I

sUbstit.uted amihes, 't'lh.idh diffet'e~, only in the (lE!g1;eeand
" ,_~, ' , " ' ' .,:':,

type of Elubstitution on 'l~hehydroxyetb.yl su.bstit~~ntl

emphasise'd, ·ori't:eagain46..41J the' fine balanCe that ~i$ts
: ...... ,.- -_ -.-_- : .; ,"

batTtTeen indu~tive and strain. ~f:f~ots in th$p£1etin~ o~ L~tds
.. ' . . - - -. -~'., . .. '_ ... ' ,'. . - _-;; - - -_

..' .'~. - : -_ - - _.-.' :' '.

acids in QgpElPus· sollltion~ As a oonsequence of this fine
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II

:to
I', £t

100

:;:, \

()

Ionic radh.H~(r+ 1 pm
"I' '

ALogK(CD'rA/EDIJ.1A) !!v~mei::al ionic radius, (l7+).. ltey
" 03+ " 2+ ' -2+. to metal ions is; 111, 'Fe ; ~, Goa K: 3 t Co r .

, 2 + 'I 2>} Ii ' '2... . 2+ ' , 34-
-4 IT I:Mn '; 5 t ~lg ~I6 p Cu ; 7 p , Zn ; 8 u Sq ;
i 3.+ 3+ 1: ,4+ 3+ -, 3+

9, 'Lu '; 10, Tl If 11, U ; 1:2p Y ; 1a, "Gd, 1

111 "fnh4+ '15 ~21~ 11 3+ 17 'Ii' ,3+ 1~ +
~.: J.. ; I II Cy Ii; i 6'1 Am; ".ua;., U it Ag t

19 !~s 2+ "1'\' nb2j~21 B i+" 2~ -ml+ " ' '1,,r ; <{. v, r 1 ii' a 1,"",J. • Data from
., I;

re~rerences 26 and I! ,,'59.. All ionic radii are for
oc1~ahedra1 aCiordil~at;i.Cn '"

:1,

Figure .c.l0:
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