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fho bfu (dlathylrnrtËl¡!0f$.)cobclt (III) eonpls ryttæ'

[Go dlonr]S, h., brrn mpareÈ¡d fnto lt¡ thr.. porefblr gronrÈrl,c foru¡

(dc¡!.gnrtcd ¡-cf¡ (rymctrlcrl), u-cl.¡ (unrymrÈrlcrl) ¡nd ttrnr), end

Êhê l¡ttGE Èt¡o f¡oncr¡ h¡vc b¡e¡ furthG '.perrtcd 
fnto Èhcfr optfcrl

tonr. Unequivoeel rrrL¡omnt of Èh¡ gcor¡etrle coaflgr,rretfonr wa¡ nrdc

fron the dlffcrrot rrcoÍ¡¡tfon b¡h¡vfor¡re of tho eorropondfng optlcrX

lroulrl, and thc¡r errfurunent¡ !r.r. confftued by PtÍR ¡pGctrrl dlÈ1. Oa

Èhc be¡l¡ of, th¡¡c thra. Luorn gænrtrlc ¡trucÈurcr, IR crft¡rù hrvc

bocn propo¡cd for ¡r¡ch ¡¡¡Lgrüaûtr ln rl¡fl¡r conplcxot.

thr ecperrtÍon of the gconotrlc l¡oner¡ wr¡ achf¡vcd by fncËlonrl

cryrtrllf¡rtlon rnd chroo¡toglaphlc uGÈhdr, vhlch fnrrulv¡d ra strnrlv¡

¡tr¡dy of thr rppllceblllty of thr v¡rfour ¿vrfl¡bl¡ chro¡¡togrephfc

Èrthnlquü to thL ay.È@.

Vrrl¡blo top.rrtúra ¡tudl¡t of the úynthmfr ol thr conplcx undcr

rqulllbr1rn condltfon¡ rllow¡d urc¡ru¡at ol thr .nthÂlpy end cnÈropy

dlffcrcncr¡ br$nca tho lroqlt¡. Fr¡rth¿rno¡o, by vrrt¡tfon of oxprrlnantrl

onvlrom¡ltrl prrrn.Corr (aonerntrttlon, lon-er¡oclrtlon, rolvrtl,on'

t.Ep.rrtuúr, rnd p[) thc rarrgctfc conÈrfbutÍon¡ m¡ocfrt.d wfth thr

chrngu f¡ íron¡r proporÈlonr prodrrc¡d by thr¡r prr.Dctcr¡ could b¡

r¡latlad.

Illny of tht pmvtou¡ ¡tudl,m of f¡ouorllrtlon urchrnl.ru¡ h¡v¡ fnvolvod

co'uphxrt contefnfng bLdratrto llgendr, rnd th¡ ncchratrar proporod h¡vo not

rlwryr bcru uncquivoc¡l. B¡c¡ur¡ thr trldrnt¡t. llgrnd co¡f¡r¡ ¡oqc
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rcrÈrlctfonr to Èhc weye fn whlch i¡oucrfretlon of thc [Co dtmrl]

conplcxcr n¡y occur, thr ob¡crvcd feorncrl¡rtÍon¡ hrrlo bacn ¡blo to provldo

cr¡ldcncr for Lntr¡noleculer "brlst" nach¡nl¡o¡ bcLng fnvolvad Ln thcec

Proc6Eact.

Thc rbrolute conflßurat{.on of the actl.w u-cla apcefee h¡¡ bacn

arelgncd fron optleal rotatory rtudfcr. Thc optlcrl rctfvfty of the

-trsqll Lconer cannot b¡ retfon¡ltccd on th6 baal¡ of tha convcaÈlonally

con¡ldotcd chtrellty aoure.s rnd her coûrGquantly bccn trcrlbod to r
prorfourly unrc¡lf¡cd rours. of, chfrell,ty. Thcraforc Êh¡ eb¡oluÈo

configuretion of thl¡ lo¡ c¡mot ba earfgnd froo thc opÈlc¡l d¡tr sfricc

no tpproprfaÈo rofercncc rtrueturar lr. anll¡blc. An rbrolutc X-rey

cryearl rÈructurc rnelyeir to dctcrnlnr th¡ rb¡olutc coaffguretfon of thf¡

fon v¡s unguccerrful horcvcr b¡c¡utc of dLrorder withln thè unit ccll.
th¡ r¡cofu¿tlon of thG rcÈfvG Èr¡nr f¡ourr occur. through þdrogcn

crchengr st thG coordtn¡trd ræo¡¡ú¡ry e,nlno ßroup rtrtch allowr conftg-

ur¡tfonrl Lnvcr¡foa rbout thfr ¡rc-ll rtou, acco'apenlcd by cotfotnrtlort¡l

lnt¡rch¡ngc fn thc nro edJoiard chcl¡t¡ rlngr. Thc dct¡llrd ucch¡nis¡n

of lnvcr¡lon ¡bout ¡uch nLtrogGn cantru Í¡ of coaridcrablo currrnt

Lntc.rt, ¡nd Èh¡ ktn¡tfe ¡tr¡¡ll¡¡ of thc oxch¡ng¡ rnd rrc¡oiratlon

procrt¡r¡ fu thl¡ 1¡oaor arc r.portido

A ¡tudy of thr rû¡logou. [co(4-ltc¿1on)21] cor"pl.* ryrË.n rhould

¡llon conBrrLrou wfÈh the ebov¡ rorlr, rnd c:Èanrloa of ¡ø¡ of thc {de¡¡.

firr conple¡¡ hr¡ bcca prrp¡rcd and tho throo gcoûeÈrtc fro¡er¡ leprrtt.d

but ¡tr¡dl¡r of, thc opticrl eetivlÈy rnil l¡øorf¡rtfon erpGcÈr h¡yê not bcen

conphted.
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CEAPÎER I

I1\f[RODUCTIOI{

I.1 PREFA,CE

Thc ¡t¡roochmlrtty end gcncrel proprrtlor of cobrlt(IlI) conplarac

fom thc neJor pert of thr knowhdgc of ÈhctG stp.ct. of oct¡hcdrrl

coaplrxcr genmally. thclr prcpsrrÈlon Í¡ Ln gca*el al.nplr, end I choLct

of tho vrrfouo urÈhodr avef,l¡ble nay ellow dffforcnt producta to b. obt¡Lned,

dcpcndÍng on nhrthcr Èh¡ruodyamie or hínatic frctorr trG EorG fnportant.

Alto, bocru¡c of thc ln rÈncr! of Èhc rcaultrut couplrxce, gronctrfc rnd

opÈfcal Íoo¡rere can bo faoleÈcd, ¡nd f,nvclÈtgrtfonf of nachenlenr of

r.actfon¡ rra rcl¡tfr¡¡ly atrefghtfonnrd r¡ llgead cxchange fa con-

vonfcntly ¡lo¡r. Thr rengc of llgrnd¡ caployod lc fncrrecl.ng contfnurlly,

rnd tho knowledgc of th¡ ¡tercochcolrtry end propcrtfca of coordfnrtl.on

conçouudo fucrar¡o¡ concomftently.

A r¡r1¡r of rcl¡trd lfgendr Èhet h¡r rrcel.vcd p¡rtlculÊr rtÈcnËfon

l¡ tbr l{n¡er polyethyliucrnln¡¡. Thl conplcrcr of Co(III) with GthylcûG-

d1¡aluo (m) h¡rn bern rtudl,cd ortenclvcly for oroy ycsrr. Thc ¡Ècrco*

chøfrtry of uny Co(III) conplerar of trlothyl.E.tGtr¡nino (trlen) hrvc

bccn olucldatcd ovor @rc rccGnÈ yarrrrlt?.d rtrtcnr involvfng thê lfnarr

tctre.thytronopcntenlnc ( t¡Èrr.o) 3 rnd lfncar p.ntrcthyhachrxaalnr

(pontrn)A rro ¡t prËr.nÈ bcfng rÈr¡dled. Horcvcr tho conploxcr of the llaêar

trLatrfnG dfethyhacÈrlæÊfne (tltcn) hrw not b¡m conrfdcrod 1n rny datafl,

rnd thc proornt sork fr ¡ dctrlltd ¡tudy of ¡ nrnbcr of.rpGct¡ of thc

Ny.t.E bf¡ (dfethyleuaÈrfrnin¡)eobalt(III), [Co dlrnrl 3+
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L.2 ITOTES OF HOI.IENCI.ATI'RE

Tha ¡bbrcvl¡tiona urGd for tigardr (rlthough roncÈfnct fndfcrtod)

arc aoÊ gên€rrlly explefncd ln the tcxt of thc Èhtrf¡. A full lírt of ¡11

utrltfdaatate llgende ruenÈtonrd throughout Èho nork f¡ glvon eftar tl¡r Irdrx.

Ttrc eyubols (+) nnd (-) refer Èo th€ algn of optfeal rotrtlon

noasured eÈ tho !{aO líne (589,3 rsn), unleor f,nothèr nrvelcngth ls

epcclfted ¡e a subacrlpt.

R aad S dcnote Èhe sbsolute confÍguratfon sbout r gatnhsdrally

bondcd c¡rbo¡ or nl.trogen ston in eccotrdrnce wfth râcrnt

recomrondstLone.5 th. four atoar bonded to the etlnmÈÈf,fc ccntr¿l atoa

are denotGd Al, 42, 43, end ÂU la tha ordcr of lncre¡n1w etonfc ur¡nbcr.

(If tr,¡o etome eÈÈachod to the eentrÊI aton srÊ tht clrnc, thclr rospcccl.vâ

rtater of cubetltutLon src consfdored, 1¡ ¡ccordanee wfth r sct of asqucncc

r,r1e"5 to srrfvo at a prLorfty ordcr A'-AO.) Vfcwing tho ccntrrl ¡ton

frou the sLde oppogl.te the llghtret atm Ar, the abeoluta conflgrrttlon ll

daafgneted R or I accordfng to tahcthor the dcerrrlslug¡ atoafc mrnbcr

sêquoncG Àó-Ag-Â2 le clochwlee, or antfcloekrfrc, respGctlvely.

the dccign¡tlons of ffvc-¡nembercd chelatc rfng conf,orn¡tlon ând

abeoluÈc eonffguretlo¡t Ln octahsdrcl eyatous erc uaed rceordlng to tha

gencrcl proporalr of tho Comrfc¡lon on the Nouancl¡tr¡re of Inotganlc

Chmf.etry of IUPAC,6 t¿hfch ere baccd on thè prfnclplc th¿t a¡ty trlo notr-

orthogoml eker¡ lfnea conotltutc c helfcal ryaten. Êto skGlt lln6s AA

and 88, vle¡¡c¡l atr"ong thelr corßEon norual, arc deelgnrtcd A (for

coaffguratfon) or 6 (for conforu¡tfon) for a rlghÈ-hrndcd hrlfx, td
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Â or À for ¡ lefÈ-h*rdcd hclf¡ (trlgure 1).

I{hen ¿pglfsd to coafl.guratlon, ¡ chaleta rlng of r clx-coordfn¡trd

eonplcx Le rrproccnt¡d by thc oct¡hcdror rdgc drtctmfnod by fte do¡or

ttons. Any two auch cdgea, whlch sre netthar adJofnlng or opposlte

cd¡ea, wltl for'l a ¡k¡ry palr uhlch crn bc aesocf.¿tcd r¡lth efÈher (a)

or (b) of FLgrrrc 1. Such ¡ doslgaatfon ls lndepenCcnt of tha ¡nolccular

slrnnêtry or paaudo-Ðyr!üsËry, lflth eoaplcxca of nultfdcntatc lfg¡nde,

Èhs 'rfntoracÈ1on¡" bctwo¿n all the chclate rfngs whocc correrpondlng

edgea fora olcrw pafre ¡re congfdcrcd, and clÈhar th¡ donLnrnt helfclty

A or JI dceLgnrÈrs Èh6 tb¿olutc conffguraÈfon, or praforably the

hoLlclttes of r11 Èh€ slrse llnr polra chould bç Bt¡tÊd,6'7 tn rrhl,ch c¿sc

ths ordcr of cftation fs fn¡natarfal, For a caüc wherc o11 skcw llne palr

trellcttLcs ere fd*ntfcal, for oxemple ln trfr(bldentate) coaÞlaxsg lohere

the tttrôc hcllclt!'os trl AôÂ or ÂÂ4, Èhc coufl'guntLon l¡ dcnoted À or À.

The conforerÈfong of ffve-acnber¡d chclatc rfngr are derlgnÁtsd 6 o"

À rccordLrg to thc rulo¡ gtvcn above, rnd ¡hor¡n fot a Co..en rlng 1n Flgurc

l.

Iu tho dl¡cu¡¡lonE of molccular rtrurêtry, the Sehoenflfag notaÈlon

lr¡* be¡n us6d, txacpt fn Chaptcr I wherr tht ElGr@an-Ì'huguln t€rÉ3 hlYe

bccn u¡cd la ths cont.xt of cryrtrllography.

ltre dotfgr¡tl.on of, geoaetric fsorn¡r¡ for v.ffour tystc¡nü dlscuË¡cd

ln thc Èh.rit h¡r beru drccrlbd tt the psrÈlcuhr placc ln thc tlxt.

tioïcvcr, thc copfrfcel not¡tl.oa for the [co trlcn!(r!tr+ rycteu fo glvoo
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here; the three possible topologíes of the trien lígand have been

desfgnated as c¿, ß, and Ërans' as shohTn in lligute 2.

X i3¡
X

Co

¡¡d

X

Co

X

N
I

N

X

cls o

A further CístÍnction

forms of ß[Co trienXY]

\; N

cís ß trans

l-igure 2. - Topological Ísomers of ICo trienX2]t*.

É.1 nd ß^ 1s usetl for: the two ¡rossÍble geometrîic
-z

a

n*

3r-1.3 ISOMEi(IC POSSIBILITIES FC!. THE [Co dÍen SYSTil{

The linear tridentate diethylenetria-mine ie a facul lative l-Ígand.

It can be rlisposed abouË an octaheCral mat¿l cc:rEre i-n cj.ther of two !rai?s'

which are descríbed as merj-díonal and facial, ùr as !täl+!- a;:d cl,s

respectively., ref.exrlng to Ëhe relative posÍËíous of the prí,rnary amíi-.r

groups of the coordiuaËed ligand. L'hen i*tc of these 1-i¡iands ate coorJin-

eted to the same. metal, as in ¡co dienrl3+, ttreïe are tiìree ËopoI-ogical

possibilitíes. O:e of these- (the trans iorn) arises from merrdional-

coordínaËicn of di.en, and the other two fcrlrs (S:"jg and -u'-cis) from

facial ccorCination. Tire ihree forms a::e shown ir' Fígure 3.
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ltc r-Flr- (rymrÈrfc¡1-cf¡) itoaer h¡r e eônÈro aad plenr ot

ctrnrËryr ¡ud lr thcrrforc not dÍmyørtrtc (pofat troup C2b). tho

u,Tlt (unrymrtrterþgþ) f,orr hsvcv¡r hr¡ only r tso-fold totrtlon rxl¡

¡nå t¡ th¡rotor¡ dfarymctrlc (potnt Broup Cr) rnd rhould bo crpeblr ot

oÞtlcrl ¡etlvitt. Por tha tr¡gr ltoanr, FÍgurr 3 lndl¡¡ürl thrt tf thc

lÊoËr of ¡¡ch chehCr rtng err trkcn to b¡ copl¡nrrr thr ¡trueturo hr¡

uro phnrr ol ryn.ùr¡ Rrc CZ lr..' ¡nd ¡1ro ra S* exlr nrrturlly

prrpendlcul¡r to th¡ tno C, rrrr rhort fa thc flgrrc. tonrrquoatly thc

corplex uftl aot br dl.rymrtrlc (potnÊ group 8r). Eovrvrr thr chohte

rfnga vfll br puahercd rrth.r thrn plrortr, rnd rhrn thc rlng coaforurtl.on!

rrr oon¡tdarrd thr plrnm of, rymrtry (sfgur¡ 3) dt¡¡Þp.¡r rd thc 9O

rxlt 1¡ drttroyrd. Ooly oar C, uÍt rcnrla¡ rnd r¡lrtrl th¡ t¡ro lfg¡ad¡

of tbo nolrcul¡. ltrc pofnt Êroup ryEoÊry fr thr¡r r¡ducrd frolo 3, Èo Ct

by tho rtng eoafon¡rÈloil, rrd Êh. uolcouh fu thr¡r dfrryurttlc ¡nd w111

bc arpeblr of opttcrl rc¡olutfon ff thr rlngt rærtn la th¡ flx¡d

ooaf,ornrÈfonl. Ílguro 4 ¡hosr th¡ cholrtr rlag confornrtlom whteh obtrfû

ln tht trrc optl.erl for¡r of Frr¡¡[Co dlrurl3t, .d r1ro tbr atrrot phnt

r.t¡ln.d ln reeh ldivfdt¡¡l coordfnrt¡d lltrtd.

A nrrldtoHlly coordf¡¡t¡d dlca lfgrnd w111 hrvc ruêh ¡ phor of

¡yua.tr1r, r¡d fn fæhtlon thr tro dt¡rnrtlvc df¡Bo¡ltÍoql of thr

)n2 - E bond êtîEot bc dlrtlagul,¡hcd. Ooly rhen othor llgrndr prcrrut

la Èh¡ rolæulr cr.rtc tn rpproprLrte poinÊ of, r¡f¡rcncr for thi ttro

othntrtl,on¡ of thf¡ ># - B bond can Èhcy b¡ dtffcrrnÈlrt.d. Fo?

rrr¡ple ln Èha ffi trrût, t¡ou¡r¡ (th¡¡o etr¡ conforrÈlon¡l frøcrr) of
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[Co(dtcn)(cn)C1¡2+8'9 (I ¡nd II, Ptgurc 5), th¡ Cl (or rn) lfgrd cen

bc ugtd ¡¡ I poÍnt of rcfcr.ncc Èo dfctfngulah th¡ Èwo dfaposltlon¡ of

tht )t2 - F bo¡rd. In thc prctånÈ ¡y.t@ [Co dlenrl], th. orfcnt¡ÈLon

of on¡ )n2 - H bond crn bo dcelgnrtcd rchtfvc to Èhc orf¡nt¡tlon of

thc othor )nA - H bond ln thc nolecula, r¡d fn thi¡ fnet¡ncc tho tlto

forar ere opÈlc¡1 lamerr, elthough each lfgcnd ecpereÈcly contar.n¡ t

mirror plene (Ffgure 4). rn r rchtod ayrtcm æ[co(trcn"n)xl# 
10

(Ffgur¡ 6), which al¡o þckr conflgrrr¡tl.on¡l dilaylnctry' the two

poseÍble ortcntrÈlon¡ rbout thc aocorú¡ry nftrogGn ¿ton eleo corrorpoad

to thr two co¡ntlmor¡ of thc conplrr Íon. Thl¡ eton la asymotrÍc on

eoordl.n¡tfon becrure thr ufrror plene prctGnt tn coordl.neÈ¡d dLcn hro

b¡ca d¡¡Èroycd by thr prascncG of thc couplcd rlngr ¡t o[e lnd of th¡

lfgend. In thfc eftr¡¡tfon thc ab¡oluÈc conflgurrtfon¡ of thc two oPÈlccl

f¡oucr¡ nry bo dcefgnatcd ¡tnply a¡ R or S.

1,4 PlFyr-olg-lTuprqg--gE-[co ¿rr¡nla eNo oT4qn urEr¡ coup!.ExBs

Ihc bf¡(dlcthylaactrhalna)cobrlt(Ill) todfde conplcx na¡ ffr¡t

prepercd Uy Uennll ln 1934 ae pcrt of ¡n cxtcneive progrannt fnvolving tha

prcperatlon of ncrr uultfdcntetc lLgrndl rnd thefr complcxcr, a¡d th¡

Íavratlgetlon of soEG lrp¡ct3 of thê !ÈGråochmfatry. It wae fou¡rd that

dÍcn, 1r213-trirnfnopropaac end 2r2t-dirnfnodfrthyl eulphido coordln¡Ècd

r¡ trldcntrtcr. DcrpLti thG rcelL¡rtfon Èh¡t th.tc llgandr ehould bc

¡ufflclcntly flaxlblr to br dloporcd f¡elally or pcrlphcrally about rn

oet¡hodrrl rnet¡l Lon, no ¡tt.npÈ wat n¡do to t.prr¡tc lioncr¡ ¡nd/or to
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assfgn e confLguratton to tha aytÈen¡ ¡Co dlcnrlþ.

A etudy of the baelclty of, severEl cobalt(Iu) h.x¡nlna-typc

couplcxest2 lnctdcd the [Co <lfcnrl# eoopl¡x whleh vel prGPatad (ln ¡

sfntler e¡y to thet of ¡{ano) aud annly¡ed, ¿nd th¡ W-v1¡lble tp.ctrrl

data quotal, The ¡tructurs of the complax waõ df¡tm ¡t th. tg¡Ea

Leoner r¡L¡hout comÊnt.

T'ne notr¡rc of the rteræchexnlotry of th. [Co OtcnrlF syst@

however reualned unknown for raaay years. Ttilc problcn nrg dlrcu¡a¡d

aeveral tfmee ln the l1Ëeratur.r13t14 bua the¿c veriouc dfseu¡¡fonc

wsre conflfctfng arril ell et le¿et portty 6rËoûaou8. Ttr¡ Gorrlct

ÈhaorÊtfcnl con¡fdcrrtlo¡¡t wcrc ffr¡t Slven tn 1967 by Srrguon rnd

Se¿rlel ln thcfr df¡eusrfoac of thE rtercoehrntctty of Èhr cobalt(IIl)

complrxer of thc llncar qrndrldent¡Ëc ttlGthyltncÈrtt¡nlnr.

Thc only Êtrly ¡tt€aPt to ¡rlgn a conffgurrtlon ÊO thr .y.taú

[Ço dlenrtÞ *r, by Crryton tîd ]irtt¡tnl5 ln 1960. Thorq ruthor¡

prGpirßd e nr¡rb¡r of "f¡rncr" cmploxer of eob¡It(III) of thc typr

[Co dfrnxSlo, X - llol-n gCN-, C1-, aad HO3 r end eonperrd tholr ¡locÈro¡Íe

3pèctrâ rfth the tÞGetrr of thr cÍr rnd _q!rtl!. f¡omrr of thc cora¡¡pôndÍDg

enmlne ¡poclâs [Co(HË3)3x31 to shtch conflgurrtfo¡E h¡d prrvfourlv b¡rn

uelgn+d.16 0n thl¡ bgle thoy dccldcá tU¡t dlcn tr¡ I'nvarÍeb1y

oordfn¡trd qcrfdlon¡lly or trrna tn thca¡ mno(dfrn) ¡y¡t¡ør. FuËthu-
S

6010, fu coroLd.rrtl.oû of tho [to <lionrl] ¡y¡tæ ttråtc rt¡thorâ atlt.d

thrt thê r¡:'cJg forra çou1d bc re¡olv¡bla ¡¡hllc thl -t:g¡Ll- and !¡gg foru¡
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tloüld noù, ¡lthouth rt Èhfr ¡trgG thcrc *rr llttlc rpproclrtfoa of tho

fl¡rr mp.at! of coupl,rx ster¡ochonlott-y tnvoLvtn¡ rfng confotuat,l,on¡.

Aft¡r un¡ucc¡¡.ful rttøptr Èo rcoolve thG c,ogplrr, lud con¡1derl¡g üh.

tnv¡rl¡at rxl¡t¡rc¡ of ncrfdlonrl df¡n fn ttre rbovr 'riin r" coaplcxeg

of î,p(III)¡ Èhoy conslud¡d th¡Ë dlo dtd Eot coordl,Ht¡ frclrllY, rúd

thrt thc [Co dlcnrl* corpl.r tit ÈbG trril ll@cr. on thc b¡¡fr of

sotc rreallt to$nrl.dgs thGlr remonlut ¡¿¡ l.¡v¡lfd ho¡rcssr. Ffretly'

Èhr lelnl fora shÐu1d br rerolvrbl¡, snd toaondly thry ¡uppo¡sd that

oaly Èhr rut rùrble l¡onsr vould be l¡olrÈd. thlrdly, frllure to

rc¡olve r coupound do¡¡ noÈ prove thßt 1t fr not dfreynartrÍc. Thc praatnt

r¡ork tudl,c¡tai t¡arr¡vcr th¡t Èhoír conpor¡nd ¡utt hrv. brcn ru f¡on:rlc

nixturc víth thr tf.ts¡ l¡Enor doalnrnt, ço thrt thrlr confl"gurrclonsl

aealgrrment wrr fottultouely cmnthlly cortr.cÈ.

Îb¡ Í¡oletlou of th¡ t¡¡1o6our út(III) corplrt, [Cr dtrn'lClt, trer

alto bern raportrdlT Uoa no Gour$t nrl rnrdc oo tl¡a f¡o¡crlc porrl,billÈlc¡.

Aftcr Crayton rnd Hrtt¡rnr¡ mrk fn 1960, fan ntudfeo of thc gæactry

of coordlnrt.d df¡n ¡rcrr r¡pert€d for ¡rv¡rel ymrt, Ttrc couplcxlr

[Au dlanCflclZ 18 .od [Pd dtca0r¡Cl 19 rrcre prÉptrrd, both of whlch

vsuld bc txpectod to hrvr dÍau aoordfn¡tcd E¡rfdfonrlly 1n e oqrrerr

planrr conplor. An x-rry cryttel tÈrrßturl rnrlyrfr of [Mo dtanorl 20

ahowed d{cn to bc frcirl for thir ¡ystaE, ¡rhcrce¡ racGrit X-try .truetuttl

doterafur,tlon¡ of [Co dfon(No') ] 
2t and [eu dlrnrlÍ2 1x - No3-,22

gr- ?3) hava f¡dtartcd urrfdlon¡l dt¡n Ln Èh¡rc conplexle.

Slnca 1966 hovrvêr, th. knorledge of the ¡tcrcochrnlrtry of
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colaplexes of dlca ha¡ lncreätcd conrfderebly froo tho ïork of rcvarrl

rGatrrch groupür utrotc varlous coatrfbutl.onE ¡rc concldaEad bçlow.

Howönlêtr e rl3al,ffe¡nË ¡rlvaþca rt thfa etagè voc tha dcounsttf,tfo[ by

thlparn, sergcron ¿nd l\rrnbutt24 of, thc proÞcrtlcs of aaymûètrlc

coordl.n¡tcd tccondlry emlnec, and ln frrstfculE" thelt optlcal stebitity

undotr ¡ufffclcatly rcl¿fe eondftlons. Thate authorc tesolvcd

[co(¡ru1)¿tårcl2+ (drorc dlrrymetry erlcca rolcly frou¡ the coordinated

accondery ¡nl.no group of thc sarc llganrl) undar acldfc cowttttona, whcrÈ

the ratÇ of, lf-X cxchangc ¡rfth aolv€nt protona is o1o¡r and coneeqrrecÈly

Èh¡ eonffgutatlon of the asyrûËâtrÍe nltrogen aÈon ldrould be retaincd.

the lt¡nlfcôtfort of thls work, and of aubeequoat atudias of donor ator¡

aByrulGtrr (whfah arc discusrad fn doÈríl ln Chaptcr 8) were thÀt, due to

tho flt(Ëd orfcnt¿Èfon of l{-H protone of coordf"qeted amLnes ln acldic

aolutton, ?hê t!úo Gnantlomerfc fom¡ of lrFor[Co dtenrl] (pfgure 4)

shoulct ba raaolvrblo unilor ac{dfc condl.tlcne. Untll thfs tlnre the full
etcreochcmical pocelbl.lfÈlcr for [co dlenrls could not be eppreclatcd,

and hcnce the Juatiffable Gffiörr of ths early llterrturc.
9ehuldthc end Garthoff prepared the glq antt greqs lsoncrs of

[Rùt dlênçL3lr25 and tn a eubeequerr, pop."26 preaented fnfrared gpeetral

dete for e renge of [H(III) dianx3l eomplcxee, Rome fs both clç- and

-trl¡g- foma, G,f (III) - CE, Co. 4,h; T - halogano anl.on), In thfs lstrcr

Pep€rr the varloua lnfrarctl absorptlon bandg of thøse complexêB wêre

rertgnrd, end rrqrlrlcal rulce forurulatatl for the ascfgnmcnt of tha

conff¡uratfon of dfen {n fta eomplaxc¡ from fnfrarad opèetroecopy, Tho¡c
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aspectt wfLl bc diecus¡ed ln datrfl oubscquently (sectfon 4.3.2), but

of fu¡¡edf¡Èa lnÈcrcst fr thc demnatraÈlon of tha ablltty of dlcn to

edopt either of lta Ëwo configuraÈlone for E range of complexee of

Cr(III) and Rþ(III). On thtc basle ft aoe¡B aurprisf.ag tlìat e cle or

facial dfapoeftfon hEg not ro f¡r been obsorved Ln nono(dten) complexce

of Co(III), [Co dtenXrl (r¡hcre X - Cl , Br , sCN ' No2, N03 ).

Concurrcntly, Houce End co-workers reported thê bto Sêor¡etric

lcomcr¡ of [Cr dlanClrl 27'29 end r1¡o thc ch¡racterfsatfon anl 1nÈcr-

convcral.on of the [Cr dten(oîI2)nC13-old and [Co dfen(ol{2)nc13-nln+

"p."l.r.30 The lattcr peft of thÍs work r¡ae of particular lnterest

bec¡u¡e fÈ propoocd the fonn¡È1on (but la eolutÍon only) of the flret

cia Co-dfen complcxeo, uefng equo llgarrda (n - I to 3 ln the above).

Subrcquently, theea workere elso demnstrEted the efgnlfLcance of the

eonfl.gureÈ1onal etabillÈy of the coordLnaÈed )tt - Ít bond under acfdfc

conditfons for coordfnated dten by tlre lcol¡tlon of the four geometrlc

Lsooer¡ of [Co(¡tfen)(en)C112+ 
8'9 lnfgrr"* 5), where the nvo ruerLcllonal

fotts (I and II) dtffer onLy fn tho orlentatÍon of the \? - Ë bond

of the dfon llgrnd.

Legg and Cooke meanwhÍle etudlarl Èhe storcoehe¡nfsÈry of mono(dlcn)

complexes of Èhc type [Co dlen|,l*r3l ,oh"t" L - IDAr ]{IÐA and PÐC. Thase

snlon lfgede ere B1¡mtetrLcal trídantatee of tha forrn 0^N^0, so thEt

[Co dienll+ t"" thc eame g€ouetric possfbllftfee ee [Co dlenrl*. The

f¡onerLc forn¡ for each complcx were eepâratecl by chronatographfc proccdurea

and thc obeenrcd proportlonc dfgeussGd with refarcncc to statlttical and
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¡Èrrcorp.afflc effocÈ¡. Io tbc lco(dfoa)(IDÀ)l* ¡pcef¡r, ühâ thr.G

gcourtrle fornr vrrr obt¡fnrd, dmoûôtr¡rfog the frcultrtlvc chrrrctrr

of Èhc dfru llgrnd. Btrovir th. ¡rlonlc llgrndt worr oba¡rvcd Èo donl.nrt¡

thr tt.tcorp¡clflclÈt of thrr¡ [Go dtenll* couplex¡e fn Èhr follorlng way.

I¡ [Co(dfon)(IDA)l+, tho t¡ro c1¡- leoncrr vcrr prcdornfnanÈ becruaa of

Ëhr prrfrtraGe of IDA for tha lore ¡tnfard frchl coordlnnËloÊf .vcn

thougb dlca Ltrolf fsr¡or¡ra c ncrfdlonrl dfapotftfou, Sfnflarly for

[Co(d1r¡)(¡fIDA)l+, thc r-cfr f¡onct war forrnsd ln grcatrr

proporGlou th¡n thc çqnq fora, whflo thc u-cl¡ could not bc dctaetrd

prcrtnrbly bcceuae of ln¡trbfltty c¡u¡od by fntcratlon of thc neÈhyl

Btoup ulth Èhc dfan lfgend. Ttre conJrçrÈ1oa praeoût fß PDC conrtralnrd

ftr coordtnrtton to ucrldlon¡l ¡o th¡t onty thc tre4llCo(afcn)(PDC)]+

forq rer ob¡aßvcd.

Tr¡¡r¡rkf ¡ad coqrcrhcrl, 1n rtudlcr of thr ehrourtognphfe

ro¡slutlou of eoordln¡tloa couplcxeor3z-3s h¿ve conefdersd tho [co alca2l$

¡yaüoo, ¡nd Èho X*rry rtruêCur¡l eorlyocr of thr thrrc 8coürtrfc L¡mcrr

¡rr fn protr.ss rt precraË.36 lhc raparotfon of the ryrt¡m toto lts
g€onctrfq l.¡onor¡ wrr ¡chlovoil coacurr.atly by thr Jrprm¡¡ rchool r¡rd ln

Èb¡¡¡ laboraÈorLaa, ce rcvc¡kd fn prf,natc eorrórpondoncc. Ttrr work

docrfbcd fn thr Èhcsfr r.proõcnta ouü oru âpprorch rXthough Yrnemtlrs

rrcrk f¡ dl¡cr¡rlod whcrc ralevrnË wf.th ¿cknovlcdganent.

Thr [Co atrnrt+ ry¡tom hr¡ ¡1oo bccn rrported fn roro oÈh.r rÈrdfæ,

whsre ¡o u¡ntfon vr¡ n¡da of ftr aÊåËrochüfcal porriblltüfre, Brrcl¡y

and lrrnrrdtT d"-ÉsÈrâted lron uegncüfc ru.ecpßlbflfty rrú condr¡ctanco
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Errrur.n nGr th¡È [Co dl,onrt$ *t" ¡fr-coordln¡tr rnd nonoauel¡tr.

Buolo, Pel¡¡r rnd Perr¡on3ü ,r".d Ghfu eorylu fu rÈudtc of th¡ rff,cct

of ch¡lrtloa on Èbo rrt. of proüoa rrch¡ngc, rnd thc PùlR ap.oÈrrn of

fCo dtmrl* to trlf,luororc.tf,c rcld hr¡ rlro born rrportcd by Jrprncro

totrtc¡r¡.39 ltr¡ r¡¡ultr of thcr¡ rtudlo¡ could noÈ b. adcqurtoly futrrprrted

rnd ft 1¡ aor ro¡lfu¡d th¡t thr ¡rtcrfrlr urcd wcrt l¡oocrfc uLrturc¡.

1.5 SI61NTICA}ICE A¡ID SCOPE OF lBE PNE$BTÎ 8T¡'DT

rbr lco ctrnrl$ cooplrx ern rxl¡t Ln thrcr B.ouctrfc fotul, rnd

thrr¡ hevr b¡¡n ¡oprtrt.d end fully chrnctorlmd fn th¡ prctcnt sorlc.

Dæeu¡a Èhr donor groupt rtr ¡11 l-trllr thr coaplcr l,r not crfly
¡ttb¡tftstrd by othcr ltgrndr .o ÈhrÈ f.t lordr ltr¡lf fd¡¡Lty to thc .tudy

of c¡rtr!,u mpcctc of oct¡h¡drel coapl.t ¡t.r.ochcnlrtq¡. A1ro, tho

¡yrt@ 1r rcl¡tfvcly uncouplfcrtcd rtructurrlly and the grore nolccul¡r

frrturr¡ c¡n bc drdrnrd vlthout th¡ ne¡d of ¡tr¡rcÈural datrn¡Ín¡tfonr

by cryrtrllogrrphy,

HrÈhod¡ of prrdletfng lroom .trblllÈler r¡d dot¡fl¡d gronrtrlor

(conforntlon¡l rnelyclr) h¡vr brca grortly devrloped rrccntly for u¡t¡l
eøpl¡r¡¡r buÈ rrparfnrotrl rqulllbrtuq drtr lr to dtÈ. vGr? rclaÈ. Tht¡

ry¡t.n of thrcr B.onetrlc l¡m¡rl prrrntr r coqvc¡fsnt coEprrlron nlth

Ëha ¡tttßturm rnd ¡trbllftlr¡ drt¡rafnrd f,rou confor¡rtfon¡l lnelyrm,

crptcirlly ¡f¡cr cqulltbrlr.¡n f¡ourt proportfone hrvc broa rxporfnrntelly

drt¡r¡furd uadc r varicÈy of condltl.onr. Th¡¡r erprctr rrc dl¡cr¡r¡rd
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Lrr Ghaptcr 6.

Spcctrorcopl.e nrthod¡ (clretroafc, IR rad FHB), whtch rte doprndrat

on th¡ ¡olocul¡¡ ttmctryr rrflret t¡oncrLe goonrtrl.rc rnd eonforuatloarl

¡ltr¡rtlonr uirtln¡ botb tn th¡ ¡olfd rc¡te ead la ¡olutLoo. A¡ tha usr

of ghcrc tcehnl.qucr (tn parÈlcular rR) cen b¡ tou¡d¡rt upftlcrl, thlc

elnpla ryrtrn provldæ l narn¡ of, txtandfng thooe eorrcl¡tlonr, ea

prørnüed fo Chrptor 4.

D¡dt¡etfoac of abrolut¡ confl.gurrtfon by rprctroreoplc trant (GD)

hrvr bcon ur¡oh fn rugur f,eccntly, but thr¡¡ h¡vc bacn ba¡rd lergcly on

mplrlcel rulce ¡nd cornlc¿lou¡ ¡nd couc .rtrora htvc boeono agprrênt

ln thË lltrtetr¡rç. Fr¡rthcr ¡rreL¡¡¡ of tbfr nrùurr ero rsquir.d Èo te.t
throrh¡ coupled rfth ¡broluta rtructural eualyrer, rnd ln th¡ ptcranÈ

cyrtm ft war formd on¡ frooar Grûng.) could not bà ¿ccomodatcd by thr
cxkting tul¡¡. Ttrur lt h¡¡ bccn lnf¡rrcd that ûîothrr hftherto

urr¡rll¡¡d but quftc genarrl conÈrlbutfon to optlcrl rotatory Folrcr üry

bc prcacat tn couplues of c¡rtafa prnlcrrd ting .yatiûr. llrt optlcel

rotrtôfy propÇrtlG¡ and conffgtrratíon of acüfvG u-cl,a aud lrEnc-

[Co dfcnrt$ rrr glvcn 1n Chnptcr 5.

f{harrl¡ trrrnlanÈ nttrogan fe eoaffgr¡retlon¡lly r¡nr?ablo, th¡

coordlustlon of a nftrogcn rton Èo e uotel lon r¡ndcrr tha LnverrLon

aufffel¡rnÊly rlau rmdcr cårtlln condlt!.on¡ for ¡ kfn¡tic ¡Gudy of Èhc

Proetetr Gcrt¡ln upectc of thc lnvrr¡foa nnchralca lrG rB yet uncrrËefn,

but the rrcurí¡eÈlon proeor¡ for tro4g[Oo arcnlls fe pertrcularry

fnÈ¡re¡tlug al,ncr fnvtrtton rbout thc brfdglng ) u2 - E group of r
ucrldtonrl dloq lfgrnd (whfch Ír rrqufr¡d for ncrntmcloa Èo ocer¡r)
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lnvolv¿¡ confor¡¡¡tlon¡l inver¡Lon ln ceqh of thc gnô åttåcbcd chel¡tc

rlugt. lhc kfnrÈf.c¡ ¡nd nechrnleu gtrdfcs of thc protoÊ axchaage and

rlcml¡¡üi.on procm¡ of th{o l¡oqcr ¿rG glvea fn Chaptar I '

A vrrloty of lcchgül¡n¡ h¡¡ beel ptopo¡cd for fntsrulccular aad

lntt¡ælrcr¡lrr rrctuf¡rtlon aud l,¡oncrLretlon reactfon¡ Ln metel

co¡¡pl¡¡cer end Ín nany ln¡t¡ncer a cholcc of neeh¿nlem t* noù unGqufi¡oc¡l.

Thr ur¡ of flrxfblr tr{dont tö rethGr thrû th. Eort comonly ltudlsd

bfdrntete oonplexcr fnpocoa reetrfctdont oû thc rnach¡nl¡or by whfch

t¡oocrl¡¡Èlon can oceur. Tt¡e oborrvcd feouerfaatLone for tha lyttclr

[Co dlcnrl] (""ported fs Chaptor 7), whfch âre r¡ncotpllc¡Èct! by tha Pr;t-

rnco of ¡¡or¡ l¡bflo ac{do lfgandr, ptovLde evfdence for the exfatcncc

of ¡on*bo¡d-br¡rklng fi¡tresolegr¡lar "twlstt' ptrooeaaê8r

Sone of the problona esrocl*tcd wfth thls ãyrsÈ@ have noÈ baen fully

fnvestlgrtrd, rurl thc festurêE thÊt reurein (partly) ürênswerêd art

prcecnÈrd tn th¡ lerl,pt. Scverrl of the¡c faatures røsutt from tha llnft¡d

conf,tguretfon¡l etab{llty of thc coordfn¡tcd æcondery an{ne. the sydtrn

[Co(4*¡{edtrn)21* h¡g thercfore been prcplrcd and thc Lso$rrs ehoract¡rlcod

(ch¡picr 10) vlth s vLqw to olnlr etudles"
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CITÀflTER 2

IoNS OF COORDINATION COMPOT NDS. I,IITII

PAItTrcuU\I( RETERENCE 10 THE SEPAIu\TIoN oF THE lco d.1ênA]3+ sYsTEM

The preparatÍon of the complex [co dtenr]*, and Ëhe Ldentffl.catlon

of the three gèometrLc Lsorars 1g antlcLpated at thls atage (fron the

following Chåpter 3) since ft fs deslrable to conslder the chronetogrephfc

methods ln a eingl€ chapter.

2.L CHRO}IATOGRAPIÍIC PRINCIPLES A}TD METHODS

Chrornatographfc l{eehanlsts..

T\llo phaees are lovolved !n all chronatographic proce6scs. The

soLvent or moving pheae fs eÍther a llquid or a gas, afid tha adeorbenÈ

of etaËlonery phase 1s elther a solid or a Uquid supporÈed on a solld.

The varlous forms of chrouatogråphy dl-ffer essentially fn the nature of

theee tsro phaees. Al1 chrornatography ¡nethods lnvolve appllcatlon of

the mLxture to be separated to a partLcrrlar poÍnt of the 8tåtloriåry phase'

end the seperatÍon of the congtftuente, becauee of thefr diffetlng phycical

propertfes, o,fù the passage of the movfng phase thfough or paet Èhc

ataÈlonary phaee.

There are four baslc rnechanisms that can be ln'volved 1n thE varleÈy

of chrooatographle uethods ; adeorption, partitl.onl.ng, fon-exehango, and

excluel-on. Fers chrometographle separaÈlono appear to <lePend on a eingle

mechanism, and ueuelly a comblnatLon of mechanfsms opcrates aimultaneoualy.

the eonblnetion nay be dellbercÈely chosen for the eltuatlon or nray be
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LuhrronÈ ln thr E tutr. of Èhr ¡¡Gthod rnd ¡rtcrtrl¡ ¡tl¡ctd for th¡

..Pltrtfon. Por ro rppnclatloa of th¡ rnrtost üethod¡ urtd 1¡ thf,¡ wrh
ghr fow prchrnl¡r¡ 1111 b¡ co¡uldr¡rcd brlrfly la gcaoral tlrul.

ådrorptloa rpgllm vhrn th¡ qon¡tttr¡ent¡ of, thr nf¡tr¡rr to br

top.r¡Èd ¡hmc dfff.r.rÈ etffalÈfor for th. rd.orbctÈ, or dlf,frr{og

¡olub{lltl¡r lt Èh¡ ¡olv¡nt. fhr¡r thr rdrorbrnt ¡nd/or thc rolwnt

thcrolvor Ery crch plry en rctlv¡ rola ln thl¡ nrchrnfao. In th¡

DûrÈ1t-toülil proc.ú¡ horivlr, thc edrorbont tt¡rlf k aot lnrplvrd la thc

t.Prrrtlon but tcrcly rupportr ¡ lfquld rhlch cobrÊltuta¡ th¡ rtrtloa¡ry
phrre. Sub¡t¡nc¡¡ Ery Èhru bc arparrtrd by chc dtffrr.ncc. fü prrtltton

coofflclcnt¡ of uch coq¡Èttu.Dt brÈvcco tho t¡lo llquld phmo

(¡tegfoHËy .Ed æviag). Ih. lon-ræhrngr nceh¡nl¡u ¡llwr ¡Gprr¡ttoû

of thc conrtlÈuoat¡ of ¡ Ef,xtur. rcoordfqg to diffrroc.. fn thrl.r

pol¡rftfre (or tn thr crtroar, dl,ffrr¡nac¡ fn th¡fr fonlc ch¡r$o¡). Ttr.

fotçth ueJor prlaeLplc tr th¡t of ¡rclurloq or æl¡sular ¡frvfag effrct,
tq vù!.ch Èhr prrtlclr¡ ol thr rd¡orb.aË (¡r r gr1 fn tbl¡ chron¡togrrphlc

typr) rrr prn¡rbl¡ to rclocr¡l¡¡ belor r prrtl.cul¡r ¡{r¡. thr ¡orllcr
r ælrGr¡l.t ptn.ÈrrÈ. tha gd prttfelcr to a vrrylag .xË.nt drprndl.ag on

¡f¡¡ rad rhrpr, wtrll¡ thr lergrr prrÈlcl.r pr¡¡ unhLndar¡d rround thr

' ¡.1 prrtfcl.t lq thr lfquld phrrc. Blutlon f¡ thcrtfort fn Êhr ordor of

drcrcerlnt uolrculer lltô.
Othot oæh¡al.rnt rr. of of.aor foportrncr herr, ¡r Èhoy rr¡ conccrnrd

1n ærc rprclellr¡d trchnlqu.¡. Euch prtncfplc lnchd¡ dlffrr¡actr 1¡

Yrpour pr.aruar (tn tr¡ ehrolrtogrrphy), d{fftrcnc¡r tn ÈhG ttrbflftlct
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of conplaxce fornad $fth å couplurLug agcnt (lf$nd-o chrnga chroretogrrphy),

and dfff¡ranc.r ln the aobflttt.¡ of foaa eubJoctcd to r ÞoÈGntfel

grrdlcnt (Glrctrochronatogrrphvr fncludlng clectrophoroeLs) .

Chron¡Èotrapbfc ìlethoda .

ltr¡ typc¡ of chronrtogr¡phy uead ¡t rnrlour rttBG¡ of thla rcrk

rfiúr prp¡r ehronrtogrrpÌry, Èhfa-laycr chrontogrrph (ÎtC), rtrd

chronetogrepby on Èhc lon-orohaÈtr Drt.rlal¡ rcrft¡, cdlulo¡ss, rnd

dcxtr¡nr. ln r11 chronrtogtephfc procrdrrrra, the æbll1Èy of e conpound

fu d¡noÈrd by thr \ factor $ùÍch 1; drffard ¡¡ tha r.tlo

- dlgtr¡cc trrvcll
5 t med by colvent front '

(a) Ptpet ghroa¡togr¡phv Lnvolves rlglo¡t eatirely the p¡rglÈlonlng

aochent¡u. Tt¡e callr¡losc of Èhc papcr w111 absorb ¡nd rtrougly bind Èhc

nost polar eontt¿tuent (røhich 1s ueually waÈer) of thc solvcnt n1rtrrc,

to fot¡r a callulo¡c-¡olvcst complôx uhtch constltutc¿ tt¡c út¡tloû¡ry phacc.

TIre solvente uøèd ln partltfon chrouatogreplry arc (almoat) Lnverl¡bly ntx-

turea of llqufds, an very often contaln acfde aleo.

Aa well ¡¡N thÉ dom{nant parÈltfoa rechsufsu, the pnpÊr chrouetogrrphy

eleo operaÈee by eone loa-exchenglugr40 "" calluloea lres cxclÉngcrblc hydro-

gen lons. Bhên the ecll-ulose 1a ln coutacË *¡lEh wåterr protons a¡n bc

d{e¡oc,lrtrd f,roa the hydroryl group¡ of the colluLo¡e (or fron thc

calluloroÍntcr conplex) llvtng tho prpor rd.th e ncgetfvc chrtga and

lncrceafng the ecidfty of Èhr ¡olv¡nt. f,lgher cturgad crÈlon¡ $111 Èhr¡d
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bo ¡ora tlghtly hsld to ncgltlvoly chargrd Broupr on th¡ cclluloac.

The u¡ç of rcld ln thr solvont lorcr¡ tha Bonor of thc cr11u1o¡:{úrt.t

conplcx to rb¡otb cetlonr rnd Ëharcforc Íncr.tr.r thrfr æbllfÈlrr.

thcrc rxpcrfncotc of Toncdr4o ured rn rquoour rnd brrfc ¡olwnt (lM

aÈhylraLnr aolutlon) cho¡on Co prorote Íon-exchenge rnd rxch¡da

pcrtitlolfng effecte. tow:v¡r rd.th the ¡lxturcl of ¡olve¡rts rr uaurlly

r¡sod fu prpcr chronrtogrephy prËCltfonfng ruould be crpcct¡d to bç Èhr

denfn¡uË pËocGrr. For exanpl.o, !.a the ¡sprr.tlon of tho .ç!g end -traûf-

[co(rn)r(]Io2)21+ 1oer, prpss chroutography4l'4' Gþ. eluta¡ flr¡t) ¡nd

fon-c¡ch¡ngo chronrtography4t (a**. cluto¡ flrgt) gfvn r dlffcrcnù ordrr

of olutl.on, A¡ the nobfllty of th¡ fon¡ ha¡ gcnorally bc¡n obr¡rvrd to bq

¡ro¡te¡t with tbc loçert chargcd foq¡ 1n papcr chrooetogrrÞhyr ft Ìrould

rppoôr thrt ¡@6 loa-cxchragc cff,ect lt rlny" O""r"oa rl,nc¡ ¡uch e

uobflfty-chergc doprdcnco sor¡ld not be rûtl.clp¡tcd for prrtltfonltrt,

shfch f¡ co¡¡ldercd to b¡ Chr donfn¡nt pløcGrr.

' (b) TLç, lhc prtticuler rdrrnttgr of thc TLC tcch¡lquo lc ftr
vcËottl.lfty r¡d rpld. Tho aupport contl.tg of ¡ thfn ffln of ffn¡Ly

po*dtrcd rd¡orbeat rppllrd on r flrt glaar plrÈe, The ad¡orbcut e¡o br

cho¡cn to vtry Èho nrch¡nl.r¡n ¿r rrquirrd, Any ¡Gp¡rltfon ¡chfavcd utlng

\ TLC een b¡ Grrnefctrcd dtroctly to chroErtogrrrphy urfag r coh.nn of thc

r¡ne td¡orbcnt, ¡nd 3ho ¡e¡o ¡olv¡uÈ, rstcnce thr rtplrrtfon cra ba

rchfrvd on a praÞrrrÈl.vo ¡ol1¡. lLC ctn rccomdatc oily r¡ull ¡ürunt.

of ealplo, buÈ tt l¡ conrldmrbly ærc npid rnd lnvrrtrbly mrr r.nrlÈtvr,
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for thc ernc ad¡orbcat-rolvêtrt syaÈcß, ther the u¡c of Ê eolum.

0f th. adsorbrnta u¡cd lu thfc r.rork, kleaclguhr probebly lnvolves

a purely partttloafng mecbanfanr rnd celluloaç a prodonlnantly påttltlon-

fng procecs !rr.Èh ¡on¡ fon-exchaage groeêssGs opor¡tlvê Ln an anslogour

way Ëo papår chroneÈogrephy. Alr.uln¡ ¡r¡r¡slly (1.e. fn Èhe absenc,e of

water) lnvolves a purely adrorptfoa uach¿n1¡no. Sf1lc¡ gel crn use

eithar prctlonfuautly partltlonfng or pradooÍoßatly adsorptl.ou, both

consurrent wfth loa-erch¡nge, d¡pendíug on Ëhe solwaÈ syttets and thc

exBcnÈ of actlvrÈfou or dehydratton of, th¡ layerr btfote u¡a. Tha

prË¡€ncc of water, whlch bccones atroagly bouad Èo ah.sfn¡ or elllcr gel

ad¡orbents ædlflea Éhe natrae of the su?facl altca, ¡nd r¡111 pronot.

partltlonlng er È ncch¿ulas. ActfvatLon, or dryfug of the leyera of

Èhcac edaorbcatc w1Il then prouotè ¡a adsorptloü pEoGerBr

The f,unctfon of alltce gel re e usek eåtLori a¡chaager ha¡ becn

r¡tfonalt".d44t45 oo tho bcst¡ of th¿ rurface afÈcc coaeietfng of ¡fl¡nol
groupo ¡rhlch rr¡ ucckly rctdfc end to tùLeh thr c¡tlonr sfll bc waekly

bound. BurncLl et 11.44 huo. ruggeeted thst tha naturr of thrae eurfacc

streE tc ;-si - 0- or )sr6on¡f ,

(c) LolL-Exchengc C,hrgqrto¡rgp:trv. Th. uec of Lon-axchsnge uatcrlak

lesds to pGrltap8 Èbe EosÈ rcEð{tÍv. of chronatogrephlc uethods for

eoordfnatfon coupound¡. A¡ well ua tha fon-rxchrtrEic procGse fteelf,

partLtLonlng, orcIu¡foa aad adaorptlon effects nay alro occur to \rarytng

dcgrccs by thc parÈlculer ¡eafa prEtLelsê. However thê cffceta of the
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p.rtltfoalng and Lon-ctçhangê procoeres nÉy be oppoelng.

In tht¡ rnork, tirroo typcr of fon-exchange ueilla nere us¡d ln thc

coh¡nn fotn. I¡lrstly, Èhe rtrongly actd caÈldn erchange resfna

(aulphonrÈad polyetyrrne) fn vety ¡uall uesh ¡l¡e ahould lead to a

domlu¡ntly ion-oxchcngo nech¡nlea wlth souc exclu;fon and adaorptlon wlth

aqs¡oua colvont¡. The accoad typa of nedfurn ttåc Èhe cellulose I.on-

exchsngorc. In thctc {erir¡¡tfvep of cellulosa, pho.sphorylated (P)- or

qaEboxymethyl (Ct9- ccllulocc¡ the catlon exchenge Propertlee atrê

sßcaDÈuaËod over thc parent conpound.

tta+
0

ll0-P
0

0

+
+

t{a
eil20- - C00 lfa

P-collulorc Cl'I-col'h¡lorc

Btceus¡ thc¡c sdsorbinÈt rrG e¡llulorcr, prrÈfÈlonlng ptocccloi c¡n el¡'o

contrLbuÈa. Ttro Èhfrd aadlr¡¡¡ 1¡ ¡lnllrr to thc Lon-cxchanga collulo¡r¡

as 1È f¡ ba¡cd on th¡ polynecchrrldc dcxtrla, but conb{nc¡ the edvratege

of rarln-b¡ad oxchangcrú 1n fÈ¡ hlfhcr erpeclty. Thc two dcxtr¡q-br¡cd

catton exchrngrrr uerd tn tblr vork cGr¡ th. úÈron8ly ¡cldlc ¡ulpho¡thyl

(gB) and tulphoptopyl (SP) drrlvrÈlr¡cs.



2L,

cH2crI2

0

J.
- S - 0l{a'

0

t'tl2cH2cH2
.L

- S - 0 Na'

SE-dalrtrên SP-dcrtran

Utcrl r¡lth aducout aolvent.g, theçe üubstrrices s"rouLd he cxfiectetl Èo bc

pradoralnsntly fon.-exehcngcru, but ello to exhlbft eona cxelusfon and

adsorptlon cffcct¡. Thc tr¿o Èvrrca h¡ve rrcrt clnflar pr6p".rtl,eer hut

mccnÈly (fron fg70) thð SP- varlety ha¡ rcoleecd Èhc aarltpr SE- f.orn.

ßcp¡reÈfon of Ootlc¡l I¡oner¡ by Chroutoqrathy.

Tha eeparrtfqn of gooncÈrle 1¡onr'ora by ehrouatographfe nËltns esa br

achlevrrd bacau¡c of dtffarcrcÊr ln çrrrtlcular phyrlcal ptopetttùs of th¡

lsouerr. For a palr of optfcal fconrrs thorc phyoteul frropcrelèi crÊ

fd¡ntical and tha rcrrârttlon of ou¡ntlonerr by chronatographtc technfquca

relfo¡ on thc prenfac that any dtff¡rcncu battrcr¡ th¡fr pEopèrtie¡ wfll

b¡ cvftlcnt only whra thc covlronnent tt¡clf 1r dLr¡vr¡nètr1c. Tl¡c

ecllulo¡qr ¡n'cl dcxtran¡ eontsln optfcelly retfvÇ c€nÈr.r, tó thát

regoluÈfonr oo thrto rdrotbcnte should bc porefhla. ltrs ure of en

optfeilly Bctfvc rolvcat to reaolve eonplrxa¡ ehromato¡raphlenllv hse

¡leo bc¡n propoerd hy Bocntch.46

0

0
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2.2 HISTORICAL I'BUELOPT.ÍB¡ÍT OF CHROI{ATOGF,TPIIIC UEIHODS

B¡causc of tha mplricel neturG by whlch ¡ chro¡¡tographic tytÈots lt

ucuelly cho¡cn for rcprr¡tíon of any partfculrr afxturc, thc dl.ffcrcnt

condftlona propoerd by euthora fn thcÍr ¡tudLc¡ of prrtlcuhr ryetæ¡

Eåy not bc gancrrlly rpplfcabll. thc followfng brLof rrrvcy of the

trand¡ fn d¡r¡elopacnt of chron¡togrephfc .Gprrrtt?a proccdurcl of Lnort

chergtd coordln¡tLon conpound¡ fa not lntcnd¡d to 1rrclud¡ e conprchcn-

¡fvc ll¡Èlng of frdfvfdr¡rl acparetlonc.

Thc u¡o of chronrÈogrephfc rGthodrr prrtlculrrly papcr chroneÈogr¡Phy,

for thc raprratlon of dlffcrrnt E tth 1n qnrntl.trttve anelyrfa' and Èhc

ðrprratfon of dlffGrcnt conpoundr of the ¡¡ma clamrnt, ha¡ bacn e¡t¡blllhad

for eom¡ tl¡rc. Thcfr uac for thc rcperrÈfon of goornctrfc f¡mcr¡ end

on¡ntlorûcra of nctrl conploxca Í¡ tw¡revor a Eoro rccGnt ¡chfcvmcrlt. In

Ig52, King and Welter¡43 flr¡È rcportd the uec of an lon-cxchango ra¡fn

to r.prrctc cfr. ead tr¡qrlco cnr(Noz)21*. rn 1954, gtefanovÍc and

¡rnjlc4l aèpårrtcd tharo e¡ne 1¡oa6tt, tnd elco thc cf¡ ¡nd gggg. fon¡¡

of [Co tnrClrl+, uafng p.p.r chrouatography. Pron thcfr fnl,tttl work end

rubscqucat ctudl.cr on oÈhrr cob¡lt(III) tctrapinc conpl.*""r42 they obi.rv.al

that cL¡ conplcrcr rrorc elwey¡ alutod fart.r Èh¡n thc cortctpondlng tr¡n:

forul, ¡úrcncc thoy propo¡cd thla r¡obfl!.ty at a crft¡rlon for tha

clrigmant of gemetfic conflgrrratÍon of cußh eonplcxca. HowGv.r thoro

aEê êxccptÍona Èo thl¡ proporcd rulc, end sona of thc¡c ¡rc llatcd Ín ¡

revfew by Drudfog snd K¡uffnan, 7 Furthar, tho dcpcndcncc of ordsr of

alutlon on thc ncchrnt¡ç lnvolved n¡ka¡ thl¡ crftcrfoa doubtful.
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Prprr ahroartogrrphy (rld thc ncchrn{rtlcelly enrlogou¡ chrourtoßrrphy

oa I colrm of c¡llulo¡c pulp) r¡crfvtd nrrch rÈt¡ntlon aftrr thr Lnftfrl

sork of Stol¡novla end JenJle, eud provcd qufÈo a ¡onrLtLvc proccdrfi

elthough ¡onewtrrt ¡lor¡. l4ray rxruplr¡ of 1È¡ r¡¡c arc gfvrn ln the

llt¡r¡tuoe,47 Ar r Bcnrrrl obsetv¡tlon, thc mperetloa of gco¡nrtrlc

fEonrrr il3 EoËÊ difftcult for conipl¡ros of hfghrr cb*go thrn for +1

¡nd -1 chorgrd rpcofre.

Poeelbly th¡ be¡t d.En¡trltlon of thc ¡cn¡ftfvfÈy of prrtltfon

chronetogrrphy var ln thr eppl{catfonr by Dtryor rnd co+tka""r48-50

r¡herc srp¡taÈl.ont of 1¡oner¡ of nor¡ ¡ubtlr dfffrrrne¡¡ th¡n ln Chr rbov¡

cfr ¡nd trrril dl¡cldo eooploxo hrvr bcon rchfcv¡d. Id thclr ¡Crdtt¡ of

fÈ.rro.poclflcfÈy lu the cornplcx .y.t.tr [co nnrl3+ 
48 thoy mprntcd thc

lnütra¡l dlr¡È¡rsofeon¡r¡ of lrfco (-)rnrl S, o[*(-)no2(+)nnl * .ø

^fco(-)pn(+)pnrls/Âtco(+)po¡ls 
(a11 wlth rholr .túntloü¡ric fornc) on

pspos rnd on coltn¡rr of crllulorr pulp ucfng n-butraol/vrtcr/ttGl ¡olv¡nt.

Stntlrrly, thl3o sorkrrr ¡oprrrtrd r11 thc poerfble forae of

fco u*(.)ntr-rt$ wlth thc llns ¡olvo¡t ¡y¡t.üt on th¡ tno ocdf¡.49'50

Thr mper¡GÍoü oû p¡prr of th¡ /IRR-!r ÀSS:Ê' aad Â8R-[ f¡oa¡ra of

lco trlco(No2)21+ (dth Êh¡fr cn ûtlon¡r¡, thG t$o I f¡onr¡rr bcln¡

conforntlon¡l for¡¡) al¡o dænrtr¡tór th¡ e¡a¡fttvtty of thr Prltftfon'
.11EtËtlod.

Itrr rpccteculrr grorth of, tho t¡tc t.n trlly of tLC rround 1960

lnclr¡drd thr rpar¡tlon of rtarrol¡onor¡ of eoordin¡tl.on oonposndt.

AlËhough Èht ¡ubraquent rdv¡¡È of prrcoeÈ¡d pl¡t¡r h¡¡ nrdo tbc æthod

.v.q Ér. rÈtrlctÍv., thr dlmdvlBÈ¡g. of th¡ rnr1l qrrsut!,tlr. th¡t cao
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bo und hrs lcd to LÈ¡ d¡cllur fn populerlty ln f¡vpr¡r ol thr colrna

trchnÍqur¡ br¡od on toa-rxohrngr uetrrlrlr, rhlch ¡rr dlrcu¡rcd rubrrquaüt-

lY.

AprEt frou thc vrrfour tcprrrÈlon¡ wlnt ILC Èhat uaËa F¡rt of vlrlor¡¡

ldlvfdul ¡tr¡dfr¡ thcrr h¡vr b¡rn fcw vrry ßtn¡rr1 norhr oû tb. tcchnfqur,

Drudfng rad Er3rl45 ¡trøro¿ thc roprrrtton of Lcomrfc cobrlt(Ilx) ¡¡ln¡

oorylrnr on tllfcr Éol r¡¡fag ¡ arch¡rrol/dlnrthyl eulphorfdr/p¡rchlorÍc

reld rolvcnt, thtr prrtlc¡rlrr non-rqü.our ¡olvrnt brlng cho¡cr to rvoid

rolrolyrla of, thc hrlo rpeclcr of crtlonr. Thry foud tbeÈ corple¡ lon¡

of dlffrnat ehrrgc corrld b¡ ah¡rly r.prrrt.t, tsplytng chrt thr

soch¡nl,æ of raplrltlon çn¡ br¡ed on fon-r¡ch¡ryc cquiltbrlr. Ttrry alco

fou¡d th¡t g{t rad ¡g¡gr dhcldototr¡ufn¡cobrlt(Ill) conplrrrl could br

r.prrrt.d o¡¡ fron tæth.r, ¡nd Èhtc d.ært fnvrrfrblt th¡ _tr¡qt lon h¡d

th. htgh.r mblllty. Itf¡ ver r¡tfon¡ll¡rd by unnlng th¡t thr lfnke6r

Èo thr rflr¡ol troup rrt throq;h th. ecfdo lroup. ty vlrtuc of tholr

¡tcrroch¡nlrËF1 tbr tío rdJecrnt ¡cfdo lroupr f,or th¡ ct¡ eolpl.xGf c.n

ton tno lfulrgrr, uhllc tho @ rpccfur cm only foru on¡ lfnlrgc end

rould thorrforr b¡ ær¡ lootoly hald. Hor¡vrr 1f Lon-rxohrngr elonl scro

the uocbrnlm (rrth.r th.â couphd yfth rdrotptfon) thc ¡r¡r tr¡nd ln

¡luËloa ordrr muld bo ratlclprt.d, ¡fnc¡ th. !¡gllgl torl nltht b¡ ¡xprctcd

to br lur polrr thrn cfl rnd r¡ r comGquercr lc¡r rtrongly ¡tt chrd rqd

ær¡ mbLl¡.

Tlrr uæ of lon-¡rchsngr rcrl¡r tor lronoË rrprarÈfoa hrd b¡on lfnit¡d

¡f¡cr thc otlglnrl rork la 1952, buÈ th¡lr ulr h¡¡ b¡coar vcry nldrrprard
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rfncc about 1965. tha oxclu¡fon end edeorptlon cff¿cÈ¡, cddcd to Èhc

loa-cxch¡ngc proccae, prodrrced ¡ons exccllcnt rcprraÈfoor.47 A1¡o at thf¡

tLuc tha r.roluËÍon of e polynucl.oar Co(IU) apecfec w¡r reporÈcd on a

coluno of Íon-axehrrrgc cc11u1o¡or52 rod thlr rr¡ fn f¡ct thc flrat toÈel

rosolutlon by a chronetognphlc proecdurc. ?aylor and Buach53 urrb".quGntlv

rc¡olved e largc nacrocycllc N1(II) coraplex on nlcrocryatalllnc cclluloac.

thcra aucccc¡ful total rccolutfona wÊtrê aehfcvcd wfth vcrT lerge

rcl¡cules whcrcaa rcportod rsrolutlon¡ of ¡sr¡ll nononrÉlGar coordl.rutfon

spccfoe on lon-crchangc cclluloact hevc bcan only perttål. Lcgg and

Do,rgleas4 (uafng llsclo4 clucnt) roported pertlal rcaolutlonr (degrar of

re¡olutLon of ffret clr¡¡nt frrctfon c¡. 602) for a con¡fdcrablc verfety

of Co(III) couplexce of trf- and tctr¡dontrÈG ll-gead¡, on Cl{-cc11u1oaa.

Yobhlkrw¡ end Yrnaraki32'33t35 eko raportcd tho prrÈfal rosolutfon

Ql'l of ¡Co mrl+ on P-ccllulo¡c urfng ¡n HGl alua¡t.

In aa atÈ¡mpt to lnprovc thc dcgroc of optlc¡l re¡olutfon obtefacd

ln Èhc ehroraetogrrphfc r¡¡oluÈton of Co(fII) compler(.r on lon-archrnga

c¡lluloror, Yoahfkewe rnd Y¡nrs"tt34 vrrlcd th¡ cluont to trßludê

(+)-tartratc f.on, Githcr ln aqucou¡ or rqueou¡-butanol ¡olutÍong. thc¡c

v¡rÍatÍonr taprovod tht rc¡oluÈl.onr (EOZ ¡rrd 928, rcep.ctfvcly, for

1Co anrlæ o¡ P-collulo¡r), but thoy woro novGr totd.
Howovar, Èho u¡e of th¡ dcxtren-br¡cd lon-cnchengcr Sephadrx (whfch

h¡r tha rdventegc of a greatct crprctty thrn tha lon-¿xchenEc ccllulooc¡)

provldod totel optfcrl rs¡olutfon¡ of [Co onrl arul u:gk[Co dlcnol
¿

3+ 35
a

3+ 34

wlth ¡odfu¡¡ (*)-tartrrto ¡olutfon ee cluent. Such roßolutfoûr 1llu¡tret.
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thc very greeÈ acnrlÈfvlty of thee¡ n¡terf¡l¡.
Tho evoluÈlon of ehronntogrephfc proc.rrci he¡ re¡ultrd ln e gcneral

pnfcronce for thc uec of lon-rxeheuge rerfu rrùd dGxtr¡n-brrod fon-

rxchrngcrs for sop¡ratlon¡ of coordln¡tton cøpleËctr torcrvcr ¡¡ no

chronrÈogrrphlc urthod e¡n bc conrfdsred e¡ unlvrr¡¡l ln fto appllcltlon,

¡¡d erch EGprr.tfon requlrod su¡t br con¡ldor¡d ldlvlclnrlly aad

enrplrlcelly, prpcr ¡nd TLC tæhal.qucr lrG .È111 employrd.

2.3 EXPEB,IMET{TAL PROCEDUN,ES

(1) P¡peF ehrgn¡ßogFephv ur¡ crrrfcd out wlng t{hrtoan 3ll}l

chron¡Èoßrrptrle papGr ln glerc C¡nk¡ by tho de¡ccodfn* nêÈhod. Thc

pâpert worc rqul.lfbrrt¡d wlttr Èhr l¡turrt¡d t.nk vtpour¡ tor 12 hourr

bofors dtvclopnenË.

(2, 5!g ¡rs. prrforned on ghea platee co¡ted vfth one of thc

followlng ed¡orbont¡¡ llh¡tn¡n CC41 Mforoeryetrlllnr Cclluloec, Hcroh

Kfcsclgel (elllc¡ gcl) B or lt8r54r Mrrck KletrLguhr G or Mcrch Ahminfi¡¡

Oxfd¡ Ì1. (tho H notrÈlon deaotoa no rddcd CaSOO bftdrr, G drnotc¡ yith

binder, eud flFrrO ufthouÈ bf¡rder and wlth r u¡terÍrl fluoresc.nt sÈ rbout

I - 254 m ¡ddrd.) Tha gher plrtee vcrc clcrned wfth chronLc rcl.d,

rln¡ed ufth dittlll.d wetGr, drlrd, rnd wlprd rlth n-hrx¡no (to rmovo

groaoe) bafore u¡o. The dlnen¡lon of thr plrter wål .1thôr 20 cn r 20 cu

or 20 cm x 5 cq. Thc rdsorbcnti uers apptird to thc plrtor urlng

cstsbll¡hcd ucthod.36'57 wlth "De¡aga" equlÞmont, drlcd ln th¡ rlr for
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t.vGrrl hour¡ rnd ¡tor¡d l,n e dr¡fccttor ovrr rnhydrow ft9o4. Ttrr

elrnfnc rnd ¡lltce gcl plrtø ï.ra lctiv¡t¡d rÈ 110oC for t hour btfor¡
llll.

Thr chron¡togru¡ w¡rl d¡vclopoá tn gleac t¡nk¡ uafng thr erccndfng

n¡thod. Thcy worr drfcd ln ¿lr rd drteatl.on r¡r eccoupllrhcd rfthrr
vfru¡lly¡ or undcr ultrr-vlolct lLght rh¡rr the conpl¡xor ¡brorb ltrongly

duc to chargc-tr¡n¡fx trrnrl.tloao, lad thur rppcer drrkcr thrn Èhr b¡ck-

ground rdlorb¡at.

(3) Chfo¡rtgFrephvja lon-r¡eh¡n¡r rorlnr. Rclla¡ u¡rd for

chroortogrrphic pr¡rpotc. wcrc Bfo-n¡d ac 30tt-x2, 200-400 or¡h f¡ thc
¿8' forn, or 1È¡ x-4 cqufvol.nt. Th¡ rr¡fn¡ wGrG peckrd Ln cohnn¡ of

rpproprleÈ. lcngÊh ¡ftcr rorkfng ln df¡tfllcd w¡trr for rov¡r¡l hourr.

All rc¡lnt rtr. ve¡hd ¡ftar u¡r rlth 4U ttCl, thcn wtth wttor. Saaplrr

rorr epplfcd ¡c dlluÈc rqurour ¡olutlonr. soua rhrfnkrgr of th¡¡c

uillnr occurt 1¡ thr pr.¡.ncG of rn clrctrolytr couperd sfth th¡ ¡f¡r
ln df¡tfllad retrr, rËd colum dl,ncn¡fonr quotcd tn thlr rcrt rr¡ Èhç

¡Lsc of thc retln bad fn dlrtfll¡d wgt.r.

(1) Chronftorr¡phv on loa-¡xch¡p¡c c¡llulolc. Th. crllulo¡or u¡cd

rcrr Èh. phorphoryl¡t.d crllulo¡¡r Blo-Erd Ccllox-p (cxehrngr capeeity

0.765 ncq ['E-1 of dry wrfght) aad llh¡tarn Pll C¡llulor¡ Phorphetc (cxchan$r

crpacl'Èy 7.4 uoq gt-11, rnd th¡ crrboxyürthyt rub¡tftutrd eellulor¡

Bto-Rrd Cell¡x-CM (oxehrnto crpaelty 0.75 rrq sr-fl. Ifhea thrro rub¡Èrnc¡¡
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nera to be used wl.th aqueoue aolvefltc, the cofu.¡nna lrêre preparod by

uraklng a suðp€nsLon of the celluloec fn dfctflled watcr, de-arretfng

thla suspensfon (l¡y vacurrn) and pourlng the ¡eÈtlcd euepcnsl.on fnto a

coh.mn of approprl¿te ¡fzo. For u¡e wfth butenol-.water ¡olvcnÈ ml.xÈuree,

eÈhanol wee aub¡tltuted for w¡ter ln tha above proceduren and the colr¡ur

r¡aahcd wfth the solvent to bc usod for oarnplo eppllcatlon. The aamplea

r,rere applfed ae efther dfluÈe ågueouß aolutfonc or aa eoluÈfong ln wator-

saturatd butenol.

(5) . ll'lhe nedia

used were SE- and SP-sephadex C-25 C¡tLon Exchangerr (Phatnaela, Swertan),

aach of cepeeity 2.3 meq gro-1 of dry waÍght and pertfcl€ af¿c 40-120 u

(50-100 rnesh), ae the Nat forma. Columns of theee arlsorbent$ qtere

preparod by da-aaratlng a suspenrl.on of Èhe oaterl¡h ln dt¡t1ll,cd wetGr

and pourÍng thc reeultant autpauefon lnto the roqulrcd coh¡mns. In Èhc

prâr.nce of rrrt.r, thass Scphadex ¡o¡terf¡l¡ ewcll to ó-8 tLnca thcir dry

volunê. Coh¡rm dlncn¡l,on-a glven fn thls work arc thoce of tht Sephadex

bed ltaelf fn digtlllcd waÈcr, es ronÊ shrfnkege occurs ln thc prcecace of

an electrolyte. Saraplas wcrc appllcd as dfluta tqueouc colutlon¡. Aftcr

uBê Èhe coh¡nns w€re regcnGratcd by vaahfng copLouely with 2M NaCl' than

wfth lrÊtGr. Thc Scphedex ¡ra¡ sÈorcd ln thc colrsn¡ fn dllutc rodirn e:fde

eolutLon (0.02Ë) to prGvênt rsfcrobl¡l Bro¡rth.
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2.Ã 3

RBSIILTS AilD ÐISCUSSTON

VerÍoua chronrtographle proccdurec ¡r.rc exenfnrd for thcir ablllty
to sepereÈc thc gGotr¡ctrLc fuonerr of [Co dfcnrlF. It wac obcerved thst

the lon-exchangc ¡netarfrls (raslnc, ton-rxehauge celluloça¡ and il¿xtren¡)

allowcd a cloar acparatlon of the threc gco¡c€trfc forrs rrhcreae

chronatogrephy on prpor or thln-laycrs allowed only partfal oeprrattons

of fnornoric utxturc¡. Tt¡¡ bcrt colve¡t qfrÈurc¡ found for cech of the

chroneÈogrrphfc u¡dl.e, rnd Èhc ordorr of f¡outr clutfon ¡ro lf¡trd fa

Trblc l, vhere I denoto¡ thâ faetêrt movLnts bqnat (hfghcst Rr) and 3 thc

clowe¡t or lc¡sÈ uobfle band. lhc lablc alao gl,vcË Èhc epprotùnrtc tfua

for devolopaant of, clc¿rly rGparrtcd ba¡rda fn c¡ch chrornatogrephlc ptrocct¡.

Peper Chron¡tonr¿nhrr.

The solvent Élxture gÊcBuOE:I{r0r}ICl (70:20:10 by volrne) sea found

to produec the bert ¡Gparstton uofng p8per (partftfon) chrorn¡tography.

Thla ayotem sep¡raÈed r nfrture of Êha three Lsoner¡ of [Co dicnrl] foao

nco bendsr thr frstor novlng (\ - 0.38) contafnÍng both thc ¡-cfc- end

lr¡nl forna, ¡¡rd the rlowcr b¡nd (Rtr . 0.30) conÈaÍnfng ühr u-cfe forn.

l{o rolv¡nt nLxture could trç found that eepatstad tha thtco L¡oners on th1¡

aupport.

TLC.

TLC chronrtography al¡o r¡ould only ¿llow dGprrrtl.on of thr ggf_l



ÎABLE 1

Elutlou Hcrc for the laqu'a¡s of [Co aturl
ChaoÐ¡ tographfc TeehnÍquea

Solveat
(ratfoc by volme)

3+ vfth Dtfferent

Elutlon Ordc¡r
e*lo u-eia tranr

1 2 1

I 2 I

ilo seperrtÍ.ou obùaÍned

1 2 3

123
Corplete rc¡olutlon of
rref.e (long colrnn)

Statl.onary Pbage

Paper

thin-I¿yer Chroçtography
Ccllulo¡e
Kfeeelguhr
Sf1Íer GGI

ål¡nin¡

CatLon E¡chance RÊ-sia
Efo-H¡d ÀG5Otl-X2

C¡tlon E¡chapec Celk¡loae
Ccllc¡-P (rfo-Rrd), or
P-cclluloae (Serre,
Gemany)
Pll (Hhet ^n)

Catlon B¡chaage l)êrtran
Sephedex, SE- or SP-
SE-Scpùadex

¡cclr¡O[: Br0:ECl

O0:20:10)

ac gbove
ag abovc
EtOË:ErO:HCl

(90:5:5)

}IEKI1OH trCl

(85: 15)

2Þr EE4C1

nBuOfl:8,r0:ECl
(2003f5:15)

0.${ Ecl

0.3il Ha{+)-t¡rt
O.l5¡l *l*)-."t.

1
1
1

2

3

1
I
I

2
2
2

Aþprorf.aatc
Developneot lfae

36 boure

3 bor¡rs
4 horra

45 d.as

30 rÍne

6 hours

12 hour¡ 35

12 hours

3 hours

1

1

3

2

3[,35
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tro¡¡r fro¡ r Ël,rÈur. ol Gh. r-cf. .nd !E!El forut. In no Í¡¡tlnc¡¡ w¡t¡

thr g-cfr end tFe¡r f¡onrrr rrprrrt.d by thl¡ ahro!¡ÈogrtphLo E Èhod.

lll,Èh ch. rolw¡t gËuOElBrOtECl (70¡20¡10), hyrn of crlluloæ (\

(!-t1,r * trrnr) . 0.34r \ (ggþ) . 0.26) rad kLlr¡lguhr (\ ' 0.71'

0,67 rupæÊlvoly) producrd th¡ m¡n¡ roprË¡Èfor ¡r prp.r chroutogrrphy

uring thr r¡no eolvont, thr putfÈlonfng u¡chrnf¡¡ prrdoaln¡Ètng ln ell

Gmorr 0n laycrr of rfll.ce ¡d, th. b..t ¡olv¡nÊ .yrtrn (cth¡¡oltllr0tHCl

(90:5¡5), \ vrlu¡¡ 0,t9, 0.2t¡ nrÈhyl rthyl h¡tonr¡ 10U HCI (85115)' ç
vrlu¡r 0.16, 0.22, producrd th¡ mn¡ r¡¡ult¡ ¡¡ for thr prrvlour

ld¡orbrnt¡, Ko lro¡¡r mp¡r¡ÈloÊr could br obtrfn¡d rÍCh rtry úolytûtË

on rlu¡ln¡ ¡dlorbraÈ.

Íhr rr¡ult¡ l¡dfs¡È. th¡È Èhr prrtfÈlontug n¡chrnf¡n 1r fnportrnt

ln tb¡ r.p¡rrÈto¡ of th¡ l¡ooerr of fCo dlonrl$. Undrr coadftfonr vü¡rc

rdrorpÈloa rhoul,d prrdonlartc (rlratn¡ rdeorbrnt), m lrparetlon could br

rchfrv¡d. S!,llee gd leyrrt rould b¡ orprct¡d to promÈo thc rd¡otptloa

n¡chrnfru vhon r rlqly con¡titut¡d rolvrnt, frth.r th¡n r ¡irtur¡ of,

rolvcntr, Ül. urGd. l¡cil¡r of, th¡ forrrchrngt proÞ.rtfor of thr¡r

hylrr, the *t coqlrr rnr rb¡orbrd rtrongly, and only rfth rn tqu.ouc

¡olvont dfd the conphr ævr rlthout conrld¡rrblc rtra¡kftrB, Eoçsrr.t

whon mCrr Ír prment Èb. prrtftloniag l¡chrnl¡n would br ptomtrd ¡t thr

Grpmrr of rdrorptfoa. Thr¡¡ th¡ ldrntfcrl ordrr of dutloa for rlllcr grl

leyrrr r¡rlug thcrt rolvr¡t ü1ttur.t, coup¡r¡d ï1th thr eu.t vt¡ero

p¡rËittonfng worrld br tbc prcdodnrat nrchrnlru (klcrrlguhr ¡nd cclluloor),

lsllcrt¡¡ r ¡lnflrr ¡rch¡nlm for ell l,nrt¡nß.t,
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Dr¿ectLon of tb¡ so¡plrr rre dffflault on ktearlguhr (rnd rlr¡ulnr)

l¡yrrs du¡ Èo thcir abrorptlon of ultrr-vLolct ltght. Àlâo, loua

olongrÈlon of rpoÈi ur! obacrpcd on ofllcr gel leyora. Thu¡ th¡

tüpar¡tl.on on e¡llr¡loro wtr colrtdrrod thc rcrt ooãyenlant lLC nrthod

to bc u¡cd rs r nonttorfag procrdr¡rc for s.ptrattonc by f,rrotfon¡l

rcctyrtellf¡atlont (ræclon 3. 2) .

-I,0p-Excheseq gcpfú.

À11 thè Íon-¡rch¡ngr urdt^e ¡llorcd th. .eprretfon of [Co <tfunrl$ foao

thr thre¡ gaouctrfc form, lfltth r coh¡m (80 x 2.0 c¡r) ol Blo-H¡d 50tt-X2

cttfoa exchrngr r¡¡fn th¡ Lro¡¡rt r.r. clutrd fn thc ord¡r ¡-c.fl,

follow¡d by u-clr ¡nd thcn trrnr urlag a 2l{ llH*CI cluant. If ¡n foo-

cxchnngc nsch¡nf¡¡ ¡lou¡ vGrG opcr¡ti,va la thl¡ crrof thr Lconcrc ¡nfght

bc exprctcd Èo br cluÈod ln ordcr of thrtr fncrratl.ng polerittrl, t¡ h¡n

baou obrarvcd for a¡ny [Co N*x'ltt+ "y.a*rr47 an¿ for thr

[Co(dlon)(IDA)f "yr.-31 
wtrl,ch hm elnil¡r geo&.trfc l¡orotle poralbf,lf-

tlar te thG [Co drcnrl$ syttGn. oa prrurrl of theae f¡onorlc fornr of

[Co dtrnrl$ (rrs*i 3), the Slg rrd trLna. foEarrc orch hrvc thr
3

eccoudrry ruLne groupr oppoaitc, whllc fu th¡ utln forn thcy trc adJtcont.

Conrquently, Èh¡ u-af¡ would br c¡cpccÈrd to bc tho mrt pohr, ltd

thcr¡forr thc luct Eobfl,c l¡o¡¡cr ln rn lon-txch¡ngG procæ.r Thl¡ fc not

obecrvd hswrvÇr. In thl¡ côsc, tho pohrftlr¡ of thcre f¡oncro ¡n¡y EoÈ

bc Èh¿t antfclp¡trd fron th¡r¡ th.oröÈLc¡l conetdcrrÈLonr bcc¡uaa of

¡olvrËlon or lon-¡¡¡ocfrtLon. Altsrnrtlvaly eon¡ adlorpÈlon or rxclwlon
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cffacta occurting eoncurrently vlth the fon-cxehaugo ¡n¿chanlan ruy nodffv

thc anÈtclpatcd ehrtf.on order.

Ion-Excþ¿loga Crl l.ulor ct_.

Of thc trlo lon-crchangc callulo¡e darL'rntfvoe uacd, thê tthoüphorylatcd

derlvativea werG for¡nd ùo b. mre u¡çful, U¡fog e low capeefÈy

P-cclluloEc (r¡¡do by Serrr, Gcrueny rnd equfvalcnt to Bto-B¡d CallcrP,

capecfty 0.76 neq * 11, îeuaatl aad co-rorkcr"3s 
".p"t¡È¡d 

chc thtca

Laoncrs ucfng r pertftÍonl.ng aolvcnt þBuoHlHrOrHGl), Èhc clutlon ordlr

belng tren¡, ç-c{e, thcn u:ctr. thf: ord¡r f¡ conal,stent with theË

obtålnêd on ordtoary eclluloce (prpqr ¡¡d TLC)' but ln addftfon thc

gg1g. end trrqg forne hava noqr bacn rcparatad. thc çfnthrlty ln alutlon

ordcr lndleato¡ Èhô fon-cæhange propartla¡ of P-ccllslo¡a rnay havc bcan

dfinlnlghad to ¡omc cxtcnt by the ute of tha acidlc colve¡nt' to that

partlÈlonln3 cffccts hcve bcco¡e dor¡lrr¡nt. lhc obsarvatton4T thtt thê

tno ncchanlcue lndívlduelly nay rcsult fn a dlffcrêût ordcr of clutLon

neod not apply tn th!.e fn6t¡æe. Tana¡aki also obacntÐd Èhlt tho l¡lt

fractlons of the slo{tett novfng u-clr, fsoncr ltcrs optlcally acÈfve'

fndtcatlng partfal reaolutlou on thÊ P-ccllulo¡c ncdiuu.33'35

Ths thrcç fsonarð could ebo bc scpEratad on a eoltnn (40 x 3.0 eu)

of hlghcr eapacttv (7.4 rnrq g-11 Pll ccllulose usl.ns o.5!{ ECI cluçnt.

Undar thrae condlÈlonr, fon-erchangc effaetr ¡rould ba cnpcctecl to prcdonfn-

at¡ and yct thê alutlon ordcr (¡¡g., u:cf¡, thoo g;g{q) fa thc eooplcto

relr;rso of thet obÈalncd on the rmfne. It appêere tharafort that thc
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nor¡Erlly couafderocl nfrror coutrlbutf.on¡ (to the overell chromatographfc

rocchsnfau) by adaorpt{on and oxcl.ueLon arny conrlclcr¿bly tnfluence the

obeervad BepårâtÍon 1n thfe fnetance. thua any predlctlon of the ordcr

of clucfon lnay be dubtoue unlesa the mechenlau ls deffnlÈely known, and

tha preeent resulta tmply Èhat suah a altuôtloû, whcra a unlqua mechnnf¡u

fe krrowo to occur, may ba rårê.

Dorttran-Baeed lon-Exch¡ncerg I

lh¡ uae of Sephad¡r qtcrt¡l¡ (both 8E- and SP- dcrlvatfvao) rllowcd

thc eaef¡Bt âad bast aeparaÈfon of the thrêe geounÊrlc leonera of

[Co diau2l$. I{fth 0,3H Nar(+)-tartnte eolutfon ao eluent and a cohmrn

of dfmen¡lone 40 x 0.9 cro, tha order of eluÈlon waÉ o-cis, then u-p1a-

thetr traFår vhl,ch fs thc grqa ordcr aa obtafnrd wfth the lon-exehange

resLns. ![rfa n¡adlun nrn rllo uead by Yan¡¡akl. ¡¡d co-r¡orLcrsil'31 fo,

thc optfcal raeolutlon of u-cl¡[Co dten2lÞ or, r long column (120 x 1.1

cn) wlÈh 0.15H eodlr¡ur (+)-tarttate solutlon eluant. Ttray obaorved thsÈ

the uae of rod!.usr chlorlde or eodfrm aulphaÈe solutlorrs led to lfttl¿ or

ao actfvfty ln the ffrst and lsat alutêd frlctfooe, ladl.cetfng thtt

resolutlon hrd not occurred.S Ia r ¡fnllar way, no êôparatlon of thc

threc geoûrtrlc taomere of [Co atcnrl] hee baen obocrved ln the pÉüBÉïrt

work uelng 0.5H N¡Cl Eolutloa dueut.

It saema likrly tharEfore that the nechantan of seÞrrattoo in thcsc

lnaÈaûco¡ fc fnfluencrd by dlffcrentl,al ¡saoclatl,on bstil.Gn the opÈfcelly

actlve tårtråte anion snd the onanÈlomerfc forns of u:c!.q[Go dtenrl* oo
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thG gooEttrlc f,orur of [Co dlcnrlF. Thf¡ chronrtogrrphl,c r¡¡olutfon

f¡ th¡ clo¡¡¡t epprorch Èo d¡t. to tht u¡c of aa opÈ1cally acttve

¡olvcnt r¡ propo¡rd by Bo¡nfch (¡cctlon 2.1), but thrrc nay elro br

dLfforrntfrl fntor¡ctfonr brtrr¡en tho optlc¡l f¡onor¡ wl.th thc lctlvc

cantrcs of tht ¡d¡orb¡nt. Thclc tro eff¡ctr, ¡rùlch rrr ed¡orPtlon

pËoccrlc¡, couphd wlüh crclu¡fon rnt tha Ueltc ion-cæhrngt ncehrnfm,

l¡ad to thG Er¡eÈ ¡ra¡ltfvlty of thGtc chrooetogrephle n¡tctt¡l¡.
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CHAETER 3

I.90Gn8

3.1

lutroducÈfon.

thç rrtm¡fvo u¡a of Co(III) eonplcxcr 1n rtaroochcnfc¡l rtudfs¡

l¡ dr¡e fu prrt to tha er¡c a¡d vcr¡at1l1ty of thcfr prcptl¡tlon. Thle

rrn{quc rftr¡rtlo¡ rrL¡o b¡ceurc of thr lebfltty of thc Co(II) ¡tttoi

tht Co(III) couploxcr onct for¡¡d ¡rc ltrrË to lub¡tftuÈl,oa, ud Èhc

rrtr of cþctron ttrn¡f¡r bctrr¡rn Co(II) ¡nd Co(III) ¡Pcelc¡ fr

rclrtfv¡ly llow. Ttrur the acthodl of prcper¡tfon cen br pleCld f.n tto

bro¡d ceÈrgorl.u - thc .tolchfomtry rrqufr¡d ern be ¡¡¡o¡bl¡d ln thr

l¡bllr Co(II) ttrÈt ¡nd tlrrn o¡Ld1¡od, or thc coÐl¡x c¡n br for¡ld by

¡ub¡tftuùLon of tho d¡rlrrd ltgrnd Lnto mothrr Co(III) conplox'

O¡¡ldrtlv¡ Procldrrm.

Thrr¡ ¡pp.rtr Êo bc ¡ qu,rnÈftrtÍyr r¡l¡tloa¡hfp btwc.n th. oxtdlrcd

prodnct ¡nd Èhc ufrÈurc of Co(II) ¡p¡cloa oçcctrd prfor to oxfdrtLoo.5S

Tl¡1r occurt brceu¡c elthough Èh. Co(II) rp¡cfcr nry br orfdl¡¡d rt dfffcrcat

r8È.., Èhclr hbfltÈy doc¡ ¡ot fnply thet only tht m.t ¡eally oxld!'¡rd

rprcite r11l br foraod b¡c¡u¡t thc r¡dox poÈ.ntttl of thc oxldlrlng ¡g.EÈ

F.t lrk lt mr¡ rccrplbl. Êo on C6(II) conplrx t¡thGr th¡n ¡nothcr.

Ihr¡¡ r Bh.rmdyilrrfcelly unrtrblr Co(III) rprcicr nay bc prrcrrvcd brctulc'

oucc torlrd, tt 1. ln¡rt to ¡ubrtftutlon rnd Èhr al.ctron Èrrarfer Proc.lt
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Èo th¡ cotterpondlng rcducod ¡pccicr l"e uEurlly alow. Xn rr¡ch en

tntttncc howevrr Èh. t¡tr of ¡lcctron tnnrfct boËrtaû thc Co(II)

rpocfcr ead thc oxldtrlng úg.nt nu¡t b¡ roletlvcly f,r¡t.

lhr çort eomon oridfulng r$.trt. u¡ed rr¡ oxyßta (rir), hyüro8¡a

perorfdc, ¡¡d lrrd dloxidc. Th¡fr r.ducÈlo¡ wtll prodrrcr hydroxyl lonr

(frou 0, or Ë202) or fn¡oluble (rctrly b¡¡fc) lced oxidc whfch rrlll uot

l¡tcrfrrc wtth tha Ítolrtfon of Èht orfdl'æd Co(III) tPGclGt' l¡cruer

of thr fornrtlon of b¡¡14 by-prodrrctt, pt{ control of thq r.tqtlon f.

ü.c¡tttry. tn tho prorc¡È nork, thc oxfdfrlng egcnÈ ïrt oltB.nr ¡nd thc

ftofchioú.Èty for thr ærl¡l oxtdrtloa procrdr¡rl, whrrt L dcnotcr ¡

ttld.ntrte 11grad, f¡

4co2+ + BL + 4u+ + o, + Atco tll* * 2ttro.

In thlt typr of rclctloÉ, th¡ rrtc of oxfdrtlon, rad th. .xttnt Ëo

whlch lË occrm, lrc nrrkrdly fncrr¡sd by the PrGIGüc. of cetrlyrtr'

rnd la prrÈtculrr chrrco¡l.58 Er¡td¡r thr rcecl.rrtlon of thc orldrtlon

proç..., tbr pnrenc¡ of chrrcorl el¡o rllorr. thc ort¡bl1¡hnrnÈ of

rqullfbrù¡n bctvcln th¡ vlrlou¡ po¡rfblr C6(III) rpccfo¡' Thu¡ ¡ueh

co¡dftfoqr proclude th¡ doaf¡¡¡cc of th¡rnodyn¡¡fc¡lly unrteblr rprclel

aontfon¡d rbov¡. ltrt tqulllbrrtfon prop.rtl.¡ of ch¡tcorl h¡vl bcon

d@n.tntod for ¡rv¡rrl "y.a*".58t59r 
Brfl¡r rud worh60 ftt"a lllu¡tr¡Èrd

threc prqparGlat, la ¡ rubttitutlon procarrr by acreÈltg a roluÈl.oa

coBÈ¡ftrfng lco(ffi¡)rl* ed Nor- ln tha prttitæ. of oh¡reoll. Ilrr

rclrtfvr boadfag t¡ndruclot Èo Co(III) of HOr- end l[8, would ¡pp.¡r

tinlhrr60 bo. rÈ¡tittLe¡l con¡ld.rrÈlonr frvour thc [co(]lE3)3(ro2)3¡
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$pöcLGr (for 1!l rstlo of thc trro llgaada), whfsh w¡t found ¡lnoat

¡rcluafvely (fuoncrr not eeperatcd). no"glaa6l alao drmon¡trated thc

srarkad catelytfc cffcct of chareo¡l on ÊhG rce$rilsat{on of fi[Go "o3l]
fn equrour aolutlon. the fon lr oÞt1c¡lly atrblc el¡n¡t trÉrflnttaly ln

rquGouo aoluÈlon, buÈ on ths addltfon of cherco¡l cooplrtc rrccml.mtÍon

occur¡ vlthf¡ tvo nfnuÈGr ¡t 90o.

ltrc caÈelyÈtc propcrÈlo of chrrcoal, 
"r¿ 

tt. propored nechralrna by

wbich f¡oser aqufllbrrtlon¡ occur, are df¡cu¡¡cd fn aouo doÈrll a¡ th¡

prlncfplor arc rrlcv¡nt to th. rÈudy of thr rqulllbrll¡n prcp¡r¡tlonc of,

[Co dlrarl* urd.t v¿rfou¡ cnvlronørntal condltloaù, ût r.port¡d ln

Ctrrpter 6.

Charcoal ln cff¡ct "lebllkc¡" Èha Ca(III) ;taÈG. 11ro ¡ddftfon ot

Co(II) fon¡ lncrcrÊor tha rff¡cÈf?ônerr of thG cetalyrt ln mrny rcretfont

of Co(III) rorpl."...62 In ¡ftr¡attono not fnvolvfng ¡uch addltfon o! Co(II)

rprcÍer, tho gcnerâtton of sonc Co(II) hm bcen dcmon¡traÈd fn Co(III)

ÊyrtGrûßr pr.Çun¡bly bacrurc Èhr preBGnce of, ch¡roorl cru¡Ee ¡onc ralrrctfon

of thc Co(rll) conplcx,63'6ô For orenplc, Co(II) l¡ gcnrretcd to thr

êxtGût of ea. 1Å of thc total cob¡lt Ln noutrel condltlonl at rooE

ÈcnpÊreturc durfng tba raccmfa¡clon of A[Co *31*. n*y.r58 hec proporod

th¡È charcoal ory fu¡ctfpn by rrnderfng thc cplu-frre (hfgh rpln) ttrtc

of Go(III), tr*{.*2, mora ¡ccèocfblo. Rerrrrngcnrnt¡ rnd llgrnd

d1¡¡ocí¡tlon lrc thcrcby fecllttetad re thG trrnrltfon fton the rpfa-
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pafred ta'6"g0 Èo thc opin-ftee a2g4"g2 st¡te lnvolvoe expanafon of the

conplex and bond labllLeetfon. An altcrnntivc mcchenfsm5S fo" th"

cqufllbratlon arlcÊa aa another coniaquÂÂcc of ths fonutlon of the

cpl.n-free dÈatË. IÈ f¡ probable Èhat clccÈron tr.n¡fer beÈ¡reen Co(II),

trr5"*2, fs uo¡a favor¡rable under thc epla-fr¡o do(III) condlÈ1onr, lrhfeh

leeclf eonfers ufld reducfng propertlcs to ÈhG charco¡l f.n allosÍng thc

fornaÈfon of soue co(II). EquflLbrecfon can thon occur by rapld elecÈron

Èranefcr baÈween the equlvalcnt l¿blle Co(II) conplexea and Èhe apfn-

pafred C0(IlI) cornplex.

Co(III) tzg6.so

IiLEqTRONIC REARRAT{CEI,ÍE}ÍT

charcoel eatelyÉfa ?
.,
+

Low-epin ¡tåtå
(locrt)

co(III) EZg,4.g2

hfgh-apf,n rÈrt.
(1rblh)

+t
REDI'CTION

* ch¡rcorl
rcdrrclng
egrnt?

ËLECTRON
TRA}¡SFER
ch¡rco¡l
crtsly¡ls?

++

25Co(II) tr,
(l¡b1le)

It ahould bc ctrce¡ed howcvcr th¡È tha rolc of chrreorl ft¡rlf, or

of, thc fnpurftfea adgorbcd on 1ùa curfacc, ln tho oqufllbretfon procc¡¡ f¡
stfll r¡aknfrü. As yet no drcf¡lon hrs b¡oa rrdo baÈrrq¡n Èht¡c propo¡¡d

uechenieost nor have any othcr Batlsfactory altcrartlvô¡ bron prcrntÊd.

clrern¡Èantiar cvfdencc59t "." fern¡¡r thc rccond of Dnyerr. proporrlrr5S

ag
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thc d¡ctror ta¡nifcr ertalyeÍ¡ rolr of chsrcoal. For ex¡uple, th¡ charcorl 
l

ccraly¡.d r¡c¡nL¡¿rfoa of Â[Co rnrls t" fnhfbfted by thc Droamce of lctd64

rtthough s. 4T of Co(II) fc fomed, ¡¡ it La rnder neuÈral condftfon¡

¡rhcre rrcofc¡tloa occulE. Thl¡ effect of rcfd fc probrbly duc to thc

rcdræad rpccLec botng not [co "orl2+ 
but [Co(Bz0)612+, Èhcraby aot

rLlowtng clcctron crchrnge wfth [Co *o3l]. Tha {ncrca¡cd effcctlv¡aesl

of thr caÈ¡lyrt 1n thç pr.teacc of ¡ddcd Co(ff)62 eloo ruggåEtt ln

cl.ctron Èrrn¡for proc€tt la oprr*tlve bctwson¡ the Co(III) conplex and

thr lrblLe Co(XI) conplGl. DupLtr ltßh obtcrviÈl.oû. hffilvlrr th.

n¡ch¡afru¡ by rhlctr thG estrlytcd frouctlcetfont occt¡trr rnd thc rol¡ of

th. crt¡ly¡t, rra not unequivocal. Nevettbrhr¡, thc ¡bll1g| oC chrrcorl

to crt¡ly¡. th. rtt¡lm.Bt of Èh.t6dynralc rqulllbrltm I'n Co(III)

ryrtma 1¡ rell knott[.

Ttrr rdrvaue¡ of th¡rc coa¡ldoreülosr to Èhe prct.nt ËtL, dilpftc

th¡ uncerttfnty of thr Ptrticulrr roh of the crt¡lytt' 1¡ thlt

pr.prtrÈl.onr in thr prcrnc¡ of chrrcorl rhould ytcld en lqulllbrlun

df¡tribuGton of thc froucrlc for¡r o! [Co dlrnrlS* *d., thl onvfromcnt¡l

condlÈlonl u.ld. llfthout ch¡rco¡l pfotGnt' ¡ hlnetfcrllyt tlÈh.r Èhrû

thcrædynenlcelly, controlhd dlttrlbution ol productl ury bc obtriu¡d.

llorrov¡r ruy ludtvldr¡rl fotu, or EÍ¡turG of thc Co(II[) epceieo, c¡a br

rqultibretrð Èo gfvr the qufltbrtrm 1¡oncr nhturc by ¡qulllbretfon l¡

thr prt¡aa¡ of ch¡rco¡l. Drvytr rnd co-worken u¡cd chetco¡l fn thln tny

fn Èhrlr ¡tudlo ôf ¡È.r.orprclficity and df¡uut¡tfon (f.1. dlnproportfon-

¡Èlon) fa Èh¡ ¡yiÈ.ns [co pnrtr 65'48 rnd [co en"Pnr-r]*.tn'to A
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drt¡Ll¡d con¡ld¡rrtton of thc frctorr affrstfng lrourr .trbllLtfer'

rqullibrtÈfoa ¡nd lro¡¡rftetLon rr¡ctlonr of [Co dlrnrl3* tltt bo givlu

ln Ch¡pt.r¡ 6 rnd 7.

lloo-EouLllbrfr¡¡ Oxf.drtlvo Proe¡dr¡ta.

Atr ..tcntlrlly lrtarttcrlly controlfud orld¡tlon PrGprr¡tloû

lnvorttgrt¡d ln thf¡ vorlc r¡¡od dl¡rthylrslpberidc (DllSO) ¡o funcÈfon

botb 1 r ¡olvcnÈ ¡¡d rt e¡ orld¡ot to oxfdl.¡r Èho e¡¡rûlrd C.o(II)

complcx¡ to th¡1r Co(III) rarloguu. lilo ehrrco¡l c¡t¡ly¡È te u¡rd. tltc

qrthod lavolvsr nf:lng ¡oluttonr la dry DMSO et 40o of, lnhydrour cobrlt

chloride and (dfcn t dÍ¡n.3H0l), thr æhr aatfoß brlnß Co(II)¡dl'rn:-

dieo.3ËCl . LrLZlSrLl?. An ¡rcËh¡r¡ic roctlon occwt, rnd eftor coollng

Èo rooD È.¡F.rrturt thr Co(III) prodrrct crn b¡ prrcipltrtrd Lo htgh

yldd by eddla¡ ¡thrnol.

SubrtltuÈlon Proc¡drrct.

lhc ¡econd slt.Spry of aynthrtfc ü.thod¡ for co(UI) conplrxel

lnrolvt¡ ¡ubrtftutloa of onr ltgend for r¡othlr la ¡ Co(lII) conphx.

Ligendr comuly r¡plrc¡d fn thfu t ry rr. l{fl3r C1-, Bt-r Ho, , cor2- and

HrO er tbr¡¡ nry br rerfly dltprlkd t¡ Butt or r¡tafn¡d 1o thr r¡¡cÈlon

¡olutfon u rolubh ¡rltt'

Ttc ærÈ co@n nrthod, rtrlch h¡¡ b¡m u¡rd rlnar lÍ¡rorrr¡ tin¡ for

ËhG Þr.p.rrtlon of Co(III) aonpl¡xr¡, la aub¡tLtutloû of thr d¡rfrod 1f8¡ad

tnto rhr cooplurr [co(ñH3)5clt2+ or [co(NE3)5(oB2)13+ ro thc prolencc of
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clrboq, vhlch ¡rtablL¡h¡¡ lroaetlc rqufll,brÍr¡¡ ln thr produeÈ. lhr

amonl¡ lr dfrprll¡d fro¡ tho ¡olutlon onco lt h¡¡ bcrn dc-coordfa¡todt

ü tha r.rcClon fr ucuelly coaplrted tt tÈ.r¡! beth tropcrlturc.

A recond gcnrrel pr.p¡rrÈly. Erthod by rubetlÈuÈtoo f¡ thr r.tctlon

of thc rcid forn of th¡ lLgrrd wtth Ncrlco(cor)gl.3820.66-68 ch¡rco¡l

nry br u¡d r¡ r crtrlyrÈ, end thc rr¡ctlon cra ba pcrfonrd at any

ÈüÈparr3ura. In a rce¡nt ra-.*¡¡alu¡tÍon of tht¡ crrbor¡¡to oo"pooudr69

ft ¡nr fouad th¡t ¡ ¡ubrt¡nÈt¡l portfoa (cr. 20I) of Èhr cobrlt rrr Co(If)

.ugtctÈfnt Èh. ¡ub¡trnc¡ r¡¡. rodlt¡n cobalt(Il) ult of thr requltcd

anloa, u th¡ ovcrrll eouBoal.tl,oq w¡. vrrl¡blr but epproxf¡rtld

h2.E Co(COr)r.g .3fl20. Thr rlnort qu¡ntlt¡tly. contut¡Íonr to Co(III)

conphxca thrt hrvu bc¡n ob¡rt""dó6'67 ,r"lng thl¡ uathod ocour preerm:bly

duc to oxfdrtlon of, thc Co(II) conponcnÈ by rtærph¡rlc oxyton rnd cet-

elyrcd by chrrcoel.

Ia ra rnrlogour vry, dfrrct ¡ub¡Cltutlon of th¡ rcquÍrod llgrnd f.nÈo

?-
[Co(]¡O2)61- ce¡ b¡ crrrl.rd ouÈ ln th. prc¡.Ecô or rb¡¡ac¡ of ch¡rcorl'

sh¡rc ln both c¡.ct rouc tf0r- r11l rc¡¡1n 1n ¡olutfon rt thl eonplox

cormtor-l.on, ¡ad ¡onr ylll br dÍ¡p¡lhd fron thr ¡olutlor¡ el gmtour HOtr

prrtleul¡r1y undcr ¡cldlc co¡dttfonc.

The fln¡l prcp.råtf.vc nÈhod u¡rd f¡ thf¡ ¡rork 1¡ not a grmrrl

procrdurt but fornlvo¡ rubrtiùutloa of dl¡n fnto [Co dfcnX3lÉ (x r c1-,

Ho2*r HZO) to foru [Co 6fcnrl] undor non-cquflfbrfi¡m co¡ditlour. Both

[Go dfcncfrl 26 eaa [Co dtrn(No2)l¡ 21 h"o" bc¡n ahowa (lnfr¡rcd?6 .od

x-r.y21) to hrve th. tr¡nr ¡.onetrlc conflßuretÍoa. [co dfen(onz)3!3+
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hga beær cl¡fned to eri¡t 1n both efg end traqg forne ln soluÈion,

although neither fsoucr lrrc so f,ar been ,.solated.30 rt r¿¡s thought

that thl¡ trlcqrr eonplox nfght offar the poerlbfltty of preparrtfon of
predoninently cfr or glglco dfrnrl* t, reoeÈlon of the correrpondlng

[Co dtrn(oul)3]* i"or", ¡¡ith dfen.

Suumarv.

X'he fnportanêe of thc non-cqufllt¡rfun praparatlve nêthoda to tha

preParttlon of Co(III) cotçlexes fe thet e kfnetfcally controlled prcp¡tftfon

mfght yfcld e dlffcrent prodrrct dlctributfon frou the case Èùera

oqufllbrfi¡a 1r urafntrl¡rad by the praaenco of charcoal and tho prodrrct foo¡.r

dl¡tr{butl,on fs theruodynrnfcelly controlled, It la fe¡aible for a

Èherædynrnlcelly tmeteblc apaclco of Co(III) to be a maJor prodt¡ct

undar non-equflfbrlr¡¡r condfÈÍo¡¡.

312

Isor{Elq

RaoBqpte.

Dlcar fron elËher Eluke (pr¡r1¡c) or llnlon Crrbfda Aurtr¡lfr LÈd., wll

uaod wlthout furthcr purffleatfon. Thc corrccpondfng ¡r¡fne trfhydro-

chlorfde rnd trlhydrobronl.de ¡rarê pr.pared by slowly nlxing eooled aqueouo

¡olutlonc of dlou rnd ttre requf.red acld (thrce mler r¿tlo), and

prccfpltotlng th. ¡sfd ¡¡lt (dleu,3HX) by thc addftfsn of ethåuol.

The ch¡rcoel ueerl was frc¡hly ffaely ground "EDH charcoal for gal
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absorptfon". Anhydroua CoBr, wea obtafnad by hcatfng thÊ hygroeeopfc

CoBrr.6BA0 (tDE) at 1300 for 3 hours. Thc grèÊn anhydroue salt wae coohd

ln a deslccator, welghed, and uacd fn¡oradtatcly. Nar[Co(No?)6] (BDü) lrs¡

of laboraÈory rsâgonÈ gradc, and all othar Ëêågènts were of analytfcal

reaßent quallty whcre ar¡aflablc.
70 7LIco(Ml)SBrlBr' tco (NË3) 5cl lcl', end [Co dfcn(Nor)rl and

72
[Co dlcnCl ¡ scrc obtalncd urlng nethodr gfven fn the lfÈeretura.

3

3+PraoerrÈlon of [Co dtca^l bv acrLal oxldatfon. - 1o a eolutlon of

CoClr.6HZ0 (47.6 g,0.20 nolc) fa uaÈer (230 El) lttt addcd dlcn (14.5 !t,

0.33 mle), dlcn.3HCl (14.5 g, 0.067 mle) and chsrco¡l (25 g). Atr ¡¡¡¡

bubbled through th6 rólutfon for 36 hor¡re. AfÈcr fllterfng, the ¡olutfon

war evtporat¡d to a ¡rarll rolunr utfng a rotery GvËpotator and the product

was thÊn precfpftatcd ro couphtoly 8t poütfblo by thc rddltloo of

oth¡uol. Thc producÈ wrr filtcrcd off, werhcd wfth Gthanol and rectone,

end rlr-drtcd. Ylold of [Co dlcnrlClr.xllr0r 76,0 ¡ (93I celculrtcd for

2-hydreto).

Thc coqtrGr rútl prcprrcd ar thê bronl.dc ln ¡n enelogoua n nn;r uaing

CoBt, enhydrour (44.0 g, 0.20 nolc), dlrn (34.5 ß, 0.33 rmle) ¡nd

dLcn.SEBr (23.0 g, 0.067 uole) ln ¡¡atar (500 nl). ¡lftcr Neretfon cud

fllttetlon, thc ¡oluÈlon wre Gvlporat.d aùno¡t to dryrrGis, ¡nd thc

rcoatnlng product vao proclpltstcd with cthanol. Ylcld 99.0 g (951

calculaÈed for fCo dlcnrlBrr.Er0).
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Pr-re¡rrtbn of f,Co dlmrl$JEgur fCo(SEùd(IxU, - A.lurrìr fa ürt.r úr¡

prqrrd of ehrrcorl (20 t), rüd rlrh¡r [CoGE3)5C1IC1? (100 g, 0.40

uolr) or [Co(il81)Orrlrr, (154 g, 0.40 uol¡). Dfrn (91 g, 0.8t æ1r)

*r¡ rtlrrrd ln, ¡nd Èbr rfxturr ru b¡rtrd or¡ r rt.rn brth for 4 hornr.

Aftrr fllÈcrln¡) tha roluÈfon vr¡ .vlpor¡td r1rc¡t to drynu¡ rnd thr

produet rrr prrefpttrtrd u eonplrÈdy m portfbh ¡rfth ¡thrapl. lt¡
prodræt rns fflt¡rrd off, ut¡b¡d ¡r!,th ¡thruol ¡rd rcrto!. ¿nd ¡lr-drt¡d.
Yfsld of fco dimrlclr.2EzO, I53 t, 94I. Tl.ld of lco dtrnrlDrr.Ez0,

2@ g, 95f.

9rlntrtlon of Bæ¡lcttlo fron¡rr fro¡ praprt¡tfvê nfxÈurca. - lhi rbovc

bronid¡ pr.prt¿tt,onü rrt. ü.cñrrtallfrd frou v¡r¡ TtaÈæ by allowtag thr

¡olugton to eool rrd rtrnd untfl rbout 10Í of tbe Ertrrl¡l hrd ¡.p.rrt.d.

lhl¡ n¡ flltrr¡d off rad frrctl,oa¡lly rrcry¡trllfrcd r¡l!,u frop rtrr
wrÈor (3 tf¡m 1ù¡ nfübt). A¡ uch frrctlon wrr flltrrrd off ft nr¡

vrrh¡d rtth 701 rthrnol, rud thr ff.ltr¡to rf,r Gttpo!¡t.d ln r rotrry

rvrpos.tot to lnduÊa eryrtdll¡¡tfon of thc n rt flr€tfon, flr¡ lr¡rt
rolt¡bl¡ fr¡ctfon¡ eouprlrtd prrr .S,fgf0o dicnrlrr, rr nletfv¡ly hrgr

r¡I1-fon¡d prlrur r¡d thr potnt eÈ *ttch Èh. üor. tolubl¡ tEeEÇ Lromt

couruord to cryrtrlll¡r cor¡ld br rccognfr¡d v1¡rnlly tror tihr vrry nuch

¡mlht thln n¡dl¡r of, lt.qrtCo dfcnrllrr.H20. lblr proardurr rllorr
..æatt¡lly qurutlt¡Èlvr r.p¡rrtlon of thr r:cfr llo¡¡r frou Èhc üfÍturr.

Íh. trüú rnd u-cfr l¡ooerr 1a thr rrufnfng ¡olutlon u.ro ..p¡t¡t¡d

by fr¡ctfoarl prrctpitrtfoa by addiag LlI 1a ¡nrll rær¡ntr. th. Èrl¡t
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1e thr le¡ç ¡olublc, buÈ thc prccl,pltatcd Product¡ applared (heltrlo

aanlyere) to ba ntxcd bronfdc-l.odf.de¡. (lhc ha[dc enalyrir flgrrrr¡ for

thc prcclpltrtd tr.ng Ítoucr wurc I - 3?.4f¡ Bt - 20.5fr Lndfcatlng a

111 etontc r¡tfo for thccc tlwo tnfoa¡. For ths u*cia forn, Í - 41,7Ã,

Bt - 5.52, glvfng a 5rl ProPortfon fot I¡Br.) l.lrfi t.Prl¡tlor wt.

¡nonltortd by rumlnt thln-leycr chroruaÈogr¡Et on crllulo;a of Èha

varfouo frrctfong (drv¡lopfn¡ rolvcrrt ¡.rq-butrnoltvrtrr¡conc EGl ¡ 70:20;10).

lta flrrt rd laat f,rrctl.oar v¡tr¡ tro¡aarfc¡lly Pur¡ lqrnt rnd u-cfa

rcapcctl,vcly, but nfddlc frrctlonr eonÈalnod both froa¡r¡. ltrc nLxrd

halfdr pr.cipltrtc¡ of thc arpa¡tcd Lrouorl trlr. Coßvcrt.d Èo Purc

bronldo¡ or lodfdae urfng lD lnloû læhongcr. Ttt¡ tr¡E¡ end g-cl¡

fodfdr¡ ere rnhydEousr

4gg!. Crlcd, for gg¿qtco(c.ã,3t{t)rlmr: C, 19'03 E' 5.19;

N, 1ó.6;8rr 47.5. Fouod; C, 19.4¡ I1r 5'40; lt, 16.7¡ Btr 47.7.

Celcd. for tr+ns[Co(C4Hf3H3)2lUrr.nr0: Cr I8.4; E, 5.40t H, 16.li

Brr 45.E. For¡¡d¡ C, 18.0¡ Er 5.12t lt, 1á.1¡ Brr 45'7. Cslcd. for

u-cts(Go(c¿Érsr¡)rlBrr'0.5ur0r c, 18.7¡ E, 5.29¡ N, 16.3¡ Br, 46.6.

Foundl c, lS.ó¡ ÌI, 5.29, N, 16.2¡ Ba, 46.5. Calcd. for

tF¡nq[co(CóIt1¡H3)ZJrrl C, 14.9; H, 4'06¡ !¡, 13.0. tr'ound: C, L4.91

H, 3.9I¡ Ì{r 12.9. Crlcd. for n*cfe[co(CntlrrNf)elll, c, 1ê'9¡ H, 4.06¡

N, 13.0, tound¡ G, 14.7¡ E, 4.061 Nr 13.0.

Isoncrlc ptrrity wr¡ chcck¡d by chronrtotraphy on ¡ colrlnn of 9E-

Srphedcr C-25 catlon crchanger (Ne+ fora)¡ colrnu dinan¡lons 50 e¡ x 0.9

cü. A dflut¡ ¡qul¡out solutloa of r ¡¡ell porttol (c¡' 0'l g) of r
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pårticuLar f,ractfo¡ e¡¡ ebsorbed oD th. eolum rnd clutcd rlth 0.3!t

eodftm tårtraÈ€ solutlou. f.¡vo hor¡r¡ rfÊre rGquÍrcd to atsur. a cltrn

scprretlon on thr colr¡mr of, the bsnd¡ of thr threc fcororl (ff praasnt)t

thc band order bclng e-cls (faoteet rnovf.ng) r g¡gþ, end tr¡n¡ (clowcat).

FTaetfon¿rtlon wlth other anfom, l{O3-r Br-, GL-, C1O4 r and NOr-

gavc lerc df¡erl¡oLn¡È1on fn oolubLlftl¡e b¡tr,rcon tho Ects, and !¡ftp
forma.

o-Aso1utlonof

CoClr.6ttr0 (2.38 ß, 0.010 uote) tn ÐH8O (5 El) ç¡¡ bollod for I rlnt to

remve lratGr. After coolt¡rg to 40o, ft wea ¡ddad to ¡ colutlon of dlcn

(1.75 g, 0.013 nole) ¡nd dfen.3Hcl (0.75 g, 0.0067 nola) tn a nlnlnrm

quanÈfty of ÐHSO (10 ü1) at 40o. Àu exoth¡rufc ro¡ctlon occuraad ¡nd

the nlxÈr,re $ìBr kopt rt 650 for 5 uri.nstes, lod thcn cool¡d. A rrnpla

(ca. I rnl) of thfs soluÈfon vss dllutod to 200 nl wlth r.ûtor, r¡rd epplfcd

to a colrm (50 x 0.9 cu) of Sf-Sephadcr C-25 crtloa Exchancår and clut¡d

wfth 0.3ìf eodf.un (+)-terÈrste eolutlon for feomr anelycfr.

1-
Beågtlon [co(No.)rl"- +_2dfeg, - An, aquoouâ colutlon of lterlCo(Ì{oa)rl at

50o wa¡ added to a aoluÈfon contelnLng r' 2.1 ¡ml¡r rrtlo of dirn, ako ¿t

50o. .An sr¡othcrnlc teactÍon oecurred, rnd aft¡r cooltnß to roon

t@poraÈrlre the reeultant solutfou rna dllutcd and enelyecd chroanto-

graphl.cally on a Sephadex colunn, f,! cbove.
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B¡actlon tr.an¡[Co dleg(Nor)l--t-{!cg. - A ourpcntlon of tran¡.-

[Co dlon(NO2)3l 1n weÈcr, and en cqrdnolar qunÈfty of dfcn r¡a¡ he¡tad

for 15 nlnuÈes on r atcrn bath. Aftcr coollng tho ¡olutlon se¡ anrlyeed

chroßtoßraphl,cally on I Srphadrx colu¡an.

Re¡ctfon trunc[Co d,fenCl'J * dfcn. - Ar cÈhanol ruapanrfon of

trgne[Co dlenClrl eonÈainlng an cqufuoler proportfon of dfcn wa¡ reflursd

for t hor¡f. Ttra [Co dlonrlCl, forncd rras ffltercd of,f, dfeeolved in

Ìrater and refíltcrad (to rcnor¡c unrcrcÈcd [Co dfcnClol), and anrlyscd

ehrorartoggaphtcelly on e Scphrdet coltmn.

Thls re¡ctton h¡t al¡o bcen carrlcd out by dlrcct rnixLng of thc

two resetsnta et roon tcûpataa,r"a.35

tLon cl.a Co dlcu 3++ - cfs[co diGn(tlzo)31] """ 
prcparcd

and purlfled chror¡rtographicclly by nethoda gfven prcvfouely,S'73 
"*o.pt

that the conplex llas elutGd fron Blo-Red ÀG 50W-X4 ctÈfon exchanga rccfn

wlrh a solurfon 2.9u t{acl04/0.1M HClo4 (rrphclng 3M [C104,73 ao rcdr¡cc

thê åctdfÈy).

Dien ¡¡a¡ addd dropwlrc to portlone of thc red-vlolat

glAtCo dfea(nr0)UlF etute to adJust the ptl Èo eLthcr 6 or 9; one set of

thc¡e solutions rr¡¡ warmêd on a sÈean bath (1 hour) and ¡nothar sêt tttt

allowed to stand at room tc¡rparature. The [Co dtcnrl* constftucnt¡ of

theae ycllof,r reactlon nLxturae w€re attêcecd by chromatography on sophadcx.

A faster novlng vl.olet band of unre¡cted nonodten apecfee rec al¡o
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obt¡fncd fron ¡11 rorcttorur but wer mre proninrnt Ln tha lcrr conpletr

rcgctfonr at pH 6.

In thc purfflcatfon of thc cl+[co ¿1çn(Hr0)31] 
"p.ol€a, 

¡n sttsnpt

wEs mcda to ura phocphorylatcd ecllr¡lorc (P11), to obvLat. tha ue¡ of

¡r¡ch a conc€ntratod eluant a¡ vlth ths 50Il-84 rc¡ln qbovâ. Ilo¡rcvar thc

equo coÉplaues wcrr ob¡rrvcd to bfrd atrougly to tha callulotl, c\tcn f¡

the prascncc of 2l{ lICl eolutlon, Ttrfs afftnlty, dlleh has alco betn

obrcrved for etalCo eur(Br0)rt*,t4 "., cfthcr bc dur to r apecl.ffc

outrr-sph€re üsoeistton bct¡rcen thc aaÈ1oa¡ ¡nd thr phoephata group of,

tho eelluloec ruppott, or fnncr-rph¿ra oootdlnetfon.

ReeoÅutfon of u-c1¡[Co dfrnrl]. - To r ¡oluÈfon of u-c1¡[Co dfenrl0l3.?EZO

(8.2 g, 0.02 ælc) ln watn vttct (200 ul) wa¡ addcd Ag[Sb0(+)-Ëertl

(23.6 g, 0.06 mlc). Aftar rhrlcfng, the prccfpltetsd ¡Llvcr chlorldo w¡¡

flltcr¿d off ¡nd ÈhG flltratc rpltnâ nr. n¡dr up to 250 rnl. Scr.tchfng

Èhê bc¡k6r fndr¡ced cry¡tellf¡atfon of th¡ dl¡otorcof¡oncr

(+)-pac&.[Go dfcnrttsbo(+)-tert]3,2H20 rnd aftcr coolfn¡ st 0o for orv¡r¡l

hor¡ra ft waE flttercd off, wsrhad wfth 75Í ethenol, abrolute rÈhrnol thcn

acatona, ¡ad eir-drÍêd. Yfeld 9.2 g, 807 of onc optical fora. It rnr

rocryrtrllfccd fron v¡trr (dl¡cerdlng tho nort ¡olublc portfon¡) uatll

coútant rotatlon wrr 8tta1n d. b - *O.533o f,or c 0.44Í ¡oluÈ1on fn

Ylt.tr wh¡acr lolo . 121o.

Å8¡!. Calcd. foÍ (+)-u;g!g.[co(c.ttrrll3)21 [sbo(+)-(c+B+06) l r.2nro:
Cr 20.9¡ IIr 3.65i Nr 7.2. Foundt Cr 20.9¡ Hr 3.65¡ H' 7.0.
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Itrie rcery¡tallls.d dLe¡Èareof¡omor (2.6 g) war grotmd with NrI

Ln aa agu€oua eIumy, ¡nd tho (+)-p-cf,s[Ca dtcnrll, vhfch rGÞ¡rrtcd wet

flltard off, washed uith lae-cold HrI soluÈlon, cËhenol and acatonc,

¡nd a1r-drfed. RecryetallÍsatlon from hot waÈâr dfd not fncrease thc

rotatlon. lteld 1.0 g, 87 fron tho starÊlrrg raccnate. co - {{.0330 fot

a 0.13? agucoua solutlon, lnln¡ - +25,60.

ånÊ!. Celcd. for (+)-u:g1g.fCo(C.nrrNS)2lÏrr C, 14.9i H, 4.06i

l{r 13.0. Found r G, 14.9i IIo 3.95: N, 13,0.

The ¡lle¡teroofsomcr rernainlag 1n Èhs aqücou3 ¡oluÈlon abova rr¡

fractlon¡lly preclptteted by srrdrÉlly addfng cthaml ¡nd coolfnß. fhe

most noluble of thc¡r fractlonr (4.0 g¡ wac grotmd vfth eodfu¡n lodldc

ae bofore, ard the (*)g1q.[0o dfcnrlt, obtalûÇd ',rE# racrystelllsed thrca

Èftncs from r¡ater to gfve conatant roÈatlon. Thc opÈlcal laomer was lsrr

aolubl¿ thnn the rleoureÈê. Yleld 1.3 g, 102. [olO - -24.90,

The totel rosolutlon of u-cfg[Co dfonr]F n"" al¡o becn achteved uafng

a columr of SE-Scph¡dex C-25 (120 crn x 1.1 cn) wlth 0,15M sodfrn (*)-

tårtrato rolutlon a¡ eluont.34t35

of trrne Cod 3+ lglco dienrlclr.2.5Hz0 (8.3 t,
0.02 ¡aolr) ¡¡a¡ die¡olvrd ln lnter ac{dlf,lrd wfth rcetlc aefd (100 al Httr

contrlnfng 0.5nl of gleefel ¡cctlc reld, glvlng r ¡olutlon of pl{ 3-4).

Ag(+)-[co cn ur.lrl .zLzo 1 (28.0 g¡ 0.0ó nolc) rrr ¡dd¡d, ¡nd rft¡r thrkfng

thr ¡oluÈLon lu ¡ útoppercd fleeh, tho precÍplteted ¡flvcr ehlorldc v¡¡

ffltared off. I{at¡r (100 Dl) arrd ucÈh¡æl (200 ul) vcrc rdd¡d to tht
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fflt4Êa, th¡n oth¡nol (rbout SOO rnl) sr¡ ¡ddcd cercfully to lncfplont

cryrtrllt¡atlon. Gtyetrlllôatíon of Êhe dl¡ctorcoieonor fc conüth¡t

difflcutt, bur e¡frh the ¡bovc condftlonr (+)-gE¿[Co dtrnrl(+)-[Co ¡n ue12l3-

.IOEZO eryttrllfuod on coollng thc ¡oluttoa fot lmreral dayr in a

rofrfgerrtor. YLcld 7.3 g, 52I of oû. optfcel forn. the dl¡etereofroncr

wae ftlterad off, na¡hd wÍth ¡reth¡nol¡ cthsnol srul acetone, enrl afr-

drLe6. Beceuse of ghc dlfftculty wfth cryatalllcttloû and the relatlvoly

poor dl.scrlmln¡tlou begfcen tl¡e tvlo dLaaÈercofeoucts vfth thit re¡olvfng

sßGnt, opticål purlflcstfon of Ëhs dla¡Èereolcom¡r stas dffflcult.

ôofl, calcd. for (+)-lrrn¡.[co (c¿ntgN3) 
al 

(+)-tco(czuaNz) (catlz04)Zl3-

.10Ìlr0: C, 2?.1¡ ll¡ 5.8¡ N, 11.9. Found: C, 26.7i fl. 5,2; N, 1-2'L'

The dextro leo¡û€r wc¡ obtalnad by dlaaolvlng thê dlêstereolgoner

fn 0.1Þl HBr and absorblrç the catfon on ¿ soluu¡t of caclon-exchsngr rc¡1n

(Bto-Råd Ac 509I*X2, 200-400 mceh¡ fn ff foru). Ttre reeolvlng anlon ut¡

waehad fron thr colunn wfth 0.1M IlBr, thea the (+)*[Co atenrl$ catt'on

wsi êlutGd wtth 3M flBr. (+)-ggng.[Co dflnrlnrr.Hr0 erystalllecd ou .lËpor-

atlng thc elute, 8¡d the product waö recrystclllsed fron 0.1M EBr for¡r

tfurcs to conrtanÈ rot¡Ëfon, Èhe acËfve bror¡fde bc!.ng le¡a soluble th¡n th¡

raceD'tor Yf.,eld 0.6 g. d546'.1{t.089o for a 0.308; golutl'on ln 0.1H flBr,

whencc [ol¡¿O - *28'90,

Further dieatqreoÍeourer waE crygtallf¡¡d froa tho cold aolutfon by ctrG-

ful eddltlon of further porÈlonr of ethanol over ecveral days. fhc product

¡¡aB ramoved Ln frrct{ong unttl ths Èotel dlaetcreolsomer ohtslnerl w¡¡

about 80Í of the toÈal (both opttcal forne). the eolutfon whÍch thln
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contelned osrcntlelly only (-)-tEtn!.tCo dtenrl(+)-[Co cn nrltl3 res prered

through Èhc catlon exchengGr at lbovo, end (-)-tren!.[Co dlantlBrt.Ht0

cry3ùrlllerd from th¡ 3M HDr GlutG. Rccr7atelll¡¡Clon to con ttnt

roÈatlon gevc [oJr 16 - -29.20. Tirld 0.E g.

4qe1. celcd. for (-)-.tr¡ns[Co(cOHrrNr)rlrrr.Hr0: c, 18.4; Il, 5.40i

N, 16.1;8rr 45.8. Flount¡ C, 18.4¡ IIr 5.30; N, 15.9i 8rr 44.7.

Thc u¡¡ of r nora conêcntrat¡d rolutlon of HBr th¡n 0.11'l for tha

racryrtrlll.r¡tlon lcd to le¡c df¡crlnl.n¡tlon brÈtrern tho sctfvc and

rrcø!.c bronl.de¡. U¡e of UC1O4 rrthrr th¡n HBr Ln the f¡olatl.on of thr

retivG faoncr dtd not ¡llorr æÈl..f.ctory optfcel purfflc¡tlon e¡ thora

cppcered to ba very lfttlc dfetfncÈlon bonrccn thG ¡olubflltfee of thc

pæehloret¡a of thc ectlve ¡nd raccnlc fotmr of tho cltfon.

Thc prrperaÈtonr of thc follovlng copp.r rnd nlchcl co4lcx.t wtrê

rrquirrd for IR couprrl,ron¡ dc¡crlb¡d ln Chrptcr 4.

[Cu dfen^lBr-.0.5[^0. - A aolutfon of CuBr., fa rth¡nol wa¡ added to

dlcn (2.1 æl¡r rrtlo) ln cth¡nol. Aftcr eoollng thc solutfon' thc drop

bluo cryctrl¡ wore flltorcd off, urahrd wfth ¡th¡nolr ¡nd efr-drlod. Íhe

product rru r.cry¡trllf¡rd alowly fron hot ncth¡nol. Tleld 70t.

A¡r1. Crled. for [€u(C¿BffHf)Zl!rr.0.5Er0r c, 21.9¡ H, 6.20;

l¡, 19,2; Br, 36.4. Foundt C, 2L.7; Hr ó'20¡ N, 19.0; Br, 36.4.
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[N1 dlcn^]Br,r:.I'o9. - A ¡olutLon of NlBro.3ËrC ln waÈer wea added to dlrn

--t--¿ 

L z

(2,1 rcler r¡tÍo) Ln weter. ?hc producË ca¡ pracfpltrted by ¿rldftlon of

cth¡nol, flltcrcd off rnrl ¡re¡hod r¡lÈh athenol and ¡cetone, aod elr-drlcd.

91o¡r rrcryrt¡llkrtfon froa hot w¡Èrr ¡rv. a ytcld of 7Ol.

Ag4. CaLcd, for [Nt(c¿nf¡N3)ZBrr.Hr0r C, 2L.7i E, 6,37; lÍ, 19.0;

Br, 36.1. Found¡ C, 21,7¡ H, 6.33; N, 19.0¡ Br, 36.0.

3.3 RE$ULTS A¡TD ÐISCUSSION

1J-
[Co dlcnrJ-' ua3 properad ts e üfrturc of ÈhG throe teon¡trlc

frouorc by tno goncrel ¡Ècthodr, th¡ atrnd¡rd nethod of ¡¿rial oxfd¡t!.on

of cobrlt(Il) chlorlde or bronl.da in thc prerêncê of dlen, and by e

¡ub¡titutfon n¡thod lnvolvlng rG¡cÈfon of, dlen wlth [Co(NHr)rXlXZ (f .

Cl, Br). All the¡a propâr¡tfonr waro carricd out ln squaout eolutioa lt

roon t@pêroturc ln the pf,aranße of chercoel caÈalyst to establlch

equlllbrirn.

thc rc¡ulÈlng ulxlurrs cont¿fned ¿11 thrce f¡oners¡ thc grg

Íeoncr vrs thÒ neJor conponÊnt cnd the q-cls fasmcr wec prcaant 1n

an¡lle¡t proportfon. Tha prrecncc of thc q-cla. ieoner ln bo¡h chlorldr

¡nd bromfde prcparrtlon¡ we¡ dcnnnetratrd by acparatfon¡ of the produet

nÍ:rture¡ by e chrouatogrephfc proecdura uafng Sephrdex.

Thr ernr lrop¡¡r dlstrlbution h¡¡ also blen obsetvcd35 for tho

¡ub¡Èltutfon of dfen 1oÈo "[Co(C0r)313-" at Oot fn the prescncê of charcorl

(egufllbrirn eondltlono). Tho ¡tm1lcr 1¡oncr proportlons obtalned fron

¡erl¡l o¡1drËfon and by ¡ub¡tftutÍon fn thrca diffarcnt Co(III) etrrting
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coûPl.xt¡ l.r good ¡vÍdrncc Èh¡t ch¡rcorl cffoctt rapld oqullfbrrtton

brtrarn Ëh. lco dfua2l] f.o""te, orpoelrlly eincr tho crrbonrto pro-

c¡durc vrr c¡rrfud out lt 0o.

thc Èhrct f¡on¡ra could bo ccprrrt¡d by frrctlon¡l cryetellfmttoa,

but thr s-cl? could bc f¡ol¡tcd ouly fron thc prcparettonr lnvolvlng

broul.dc¡r m ÈhG lcr¡t ¡olublc bronldc. No .æ.$. iroacr, though pr.rGtrt

(ccr ebovr), could br mprret.d by fr¡cÈfoa¡l cryrt¡llf¡rÈioa of thr
product sixturcr fron prcp¡rrtLonr fnvolvtng chloridcr. Bvcn yhrn Èho

eonplox fn r chlorLdc rolutfoa vrc frectlourlly pr¡ctpft¡tcd rt conplcx

bronldr by eddlng llthfin bronlda, thr lorrt ¡olubh freetlonr obt¡fncd

wer¡ ¡1w¡yr prcdonlaenÈly thr tr¡nÊ f¡oncr. Ttc lnebfllty to f¡oht¡ t'cfr,
by Èhcæ ocÈhod¡ frol eny prrprrrtlon in thr pr.r.nct of chlorfdc ion hr¡

¡1¡o broa notcd by ïetrreklr35 ro th¡È thc prGrrnec of cblortdc rvldrntly
nodlffa¡ thc ¡ol¡¡bfIlty r¡letfon¡hlpr brÈvc.ß thG bro¡td¡r of thc thrcr

lro,ner¡. Îhl¡ o¡y bc duâ to cr?rÈellfr¡tlos ¡¡ nl.lt¡d chlorfdo¡-brontdcr,

rl.nc¡ Èhlr cffaet wr! nottc.d vfÈh fodfdr prrclgLt¡tlon of thc u-el¡ tnd

trrür l¡oqrrt froa r ¡olutlon of their broufdrl.

0n e prcp¡raÈfvc ¡erlc Èh¡ r¡urinl.ag trrnr and u-cf¡ l¡oucr (rftrr
røovrr of r-c1¡[co dlcnrlBrr) vmr .Gpiret.d f,ron thr alxturu by

frrctfon¡l cryrtrllLr¡tlon er lodfdor, todldc givfng r batÈGr dlrcrlufn¡tlon

Èh¡n bronl.dr. thfr mpenÈfon rrquirrd ¡ chrourtogrrphfc aonfÈorfng

Èachnlquc, lüd rlth¡r thfu-lrytr chroortogrrphy on ccllrd.otc or

chrorrtogrrphy urlog r 9cphrdox cohqr ra¡ ¡uinblr, ¡lthough Scphadrx r¡¡
prcfrrebh for chrchfng i¡olcrlc purlty. Thc errly rnd leÈor tnctlonr
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thur obtrfn¡d worc !rcq?[Co dtcnrll, and s-cf![eo dlmrll, rcrpectirnly

(thr¡e ¡r. eotuålly olx¡d h¡tfde¡¡ ac. arçorfnental rcctfon), r¡rd thc

lntornrdl¡tr nfxrd ftactfon¡ r¡orr dlrctrdrd.

lbr mperetcd leourrÉ wsrG ch¡recterfrat by s nr¡nbcr of nethodr'

but of Ëhr¡r ouly rac,mlertton b¡h¡vlout rnd PllR ipcctra (¡octlon 4.3.3)

rlloncd uorqufirocrl arrlgnnont of thr gtou*Èrlc conffgurttfonr.

th¡ u-cl,r Looqar v¡¡ rcrolvrd lnto optlc¡l f¡ou¡rr through

dl,ut¡rroftoacr fornrÈfon wlth entfuonyt (+)trttrtt.. A ¡olutlon of,

¡ctlvr u-cf¡ ln buffcr pE I (co111dfn¡-ECl) ¡howcd ûo !¡Lturablc eh¡n8c

1n rotrtfon rfÈcr etendlng lot two rnonÈht rt rooü taEpartturt. Ttfr

l,rouor f¡ rr¡olvrblc by vfrtur of altora¡tc eonfLgutttfont rbout th¡

cobrlt ¡to¡¡ rad tharcforcr lfkc [Co cnrl], lc opÈl,crlly rtablo ln b¡¡¡

¡lnc¡ r¡çcnl¡ation would hrvr to lnnolve a grori Ertrr¡ageDürÈ of the

qhclrt¡ rlngr,

Thc trrqs f¡oacr u¡l rr¡olvcd ¡rlth (+HCo on urlrl- lon. Ttrr rctLrrc

tq¡nrlCo dfrnrlæ couplc¡r chould br h¿adlcd 1¡ ¡cfd condltfon¡ to ¡rvofd

r¡conf¡rtlon, aad elthough tn prlnclplr ecfd condltlon¡ cr. noÈ .t.antt¡l

to obt¡tn thr rolld 1r¡¡ rolublo dÍ¡rtrroofuonor, ¡uch condftlonr rrrr

ur.d Èhroughout thc rc¡olutfoû proordure to rtpfd recmltatfot of thl

rcr¡ ¡olublr dle¡tcrco{¡o¡cr lcft ln rolutÍon. Efacr hoth optfcrl for¡r

vtrr obteln¡d f,rou thG rG¡olutfon and could ba recryrt¡llf¡rd to eon.trnt

rotttloa, thf¡ wa¡ trken to lndfceËo Èhât optlcrl purity hrd br¡n echf¡vrd.

Of Èhs othrr reaolvlug ¡g.ntc trfad for thc rc¡olutlon of tlr¡l[Co rltrnrl+,

(+)-c¡ophor-10-¡ulpho¡¡t. ¡nd Cl (+)-trrt (1n co¡ùlnrtfon) 8tv. ûo
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cryatallfne dl¡ctercof¡oncr, and tha cryttrllfnc ¡¡lt obteincd wlth

(Br (+)-rart), (I (+)-tarr), (Sbo(+)-rarr), (¡cO(+)-tert),

nltro- (*)-eemphor, .t-bromcsmphoraulphonate, (+) - tCo (an) (ox), l 
-,

(+)-tco(EDTA)l-, (+)-lco oxrl3-, and (-)-tA¡ crÈrl 75 at¿ not yfald

actÍvå tËns [C,o dfenu I 
S.

I

þg.tco dlcnrl$ w{11 be reaolr¡able fnto Íts tlro optfcel forms

(Flgure 4) provlded thst the W2-tt bonde naintafn a fLxed dlepoeltfoa,

theraby locklng the rfng confors¡atlons (¡cctLon 1.3). It hâs baen wall

øtabltshcd that, fn acldf.c condl,Èfonc, úuch t{2-tt bonde fn Co(III)

eomplexca nould be ¡ufffcfently lnerÈ to df¡eoclatlon (and hydrogen cx*

changc) to allow rcaolutlon of thia fùomer, although Ín eolutlonc of

hfgher ptl, whcra thc N-Il exchanga proc€Bs fs f¿cflftatcd, racenl.seÈfon

w{11 oecur. Thus fn contrert to the u-cle Lsomer, ¡ctfve !fÊng_ raccnLae¡

1n baslc nedla, and these observaÈlons ¡llow thc above assfgnments. The

kinctice rnd ncch¡nÍe¡n of thc exch¡nge and fnvorslon procer668 Ín thc

Ènnr Íeomer arc dl¡cus¡cd fn Cheptar 8.

The aqullfbrlu preparatfonc of [co dfenrl* yfelded the g-cfg

l¡ouer ln only ensl1 proportfon. In tecklng a non-equlllbrfun mcthod to

obtafn the e-ela[co dlcnrl] f"or"r fn hfgher yicld, the reactlon of a

¡olutlon clalued3o to contaÍn cie[Co dfen(ar0)3lS r.tttr excesr dlen wcc

ex¡niacd ur¡der vlrLouc condftLone of pE. thr reactlon wae moat complcÈe

ln ¿lk¡lfnc cordftlone pH 8-9 (ec Judgad by thc colour chenge ), and prodrrct

analyrlo by chrouetography on Scphedsx eholred theÈ Èhc [Co dfonrl$

ref,cÊlon prodr¡cta wore ¡lno¡È eIl qrrne ïfth only r ÈrrcG of the u-cf¡
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ltonrlr, rnd no rvid¡acr of rny ¡-Cis. Ttrlr product propor.tlon' whflc

qrnntltrtlvaly cùnflar to thrt obtelnGd by eynth$Í1, luvolvr¡ .n cutn

h{ßh¡r ptoportl.on of tr¡na/efc. If th. ¡t¡rttng cooplrr r¡r fn frct

g.4g.[Co dtcn(Hr0)3J3*, ch¡at rcsulÈ¡ muld su3sett th.t tubltltutton of

thc .ocond dlra lfgeod or¡ e cir-nono(dfcn) arrcngGrßent evfdontly leedc

to aubaÈrntl¡l f¡merL¡etlon. thlc vould ¡ccord $tfth thc gr.rt.r

ctabllfty of thc Èr¡lr confÍguratfon fa thc blr-complcx ¡c fndícated by

ell othor prcparacl.vt nèthodi.

Thr ¡tertlng trfrquo complcx nre obÈefted by tha rG¡rcÈtoû "t4,r.*"30
NaoE RC1O

trrn¡[co dfcnCl-l + traur[Co df¡n(oH).1 ']
J-J

4 tren [co dfan(E-o).1]Þ
L¿

snd ft La roportrd thrt on tt¡ndfnt thc,trrnN trlÁquo froncrlrcl coDplGÈGly

to thi q&.73 Thc cir. dfrpoeltton of coordlnrtcd dfan $ot¡ld thuc epprer

to b¡ con¡ldcrrbly rÈrbfll¡¡d only by coordl.n¡Èrd wetcr. ltrfc night bc

rttrfbuùcd to EorG flnureblc hydrogcn bondlng bot¡ucrn tha aquo 113ande

all cfr, 6 thfr frctor my ba ured to ratlonallt. ÈhG ßr.ttar ¡t¡blllty

of f[co ÈrtGn(It20)(on)12+ 
"o 

p.r¡d ¡rith th¡ a confl.gurttl.o¡.76 Ttr¡ fdcntfty

of thc corplox rpcetco purportcd to bt SlgtCo dicn(Hr0)3lS t.*fnl ln

rono doubt hoyavtr ¡tncc lt h¡¡ bccn obtrfned only ln ¡olutfon.

Othor non-oquLllbrtrs prcparatfon¡ Ínnolvlng thc tub¡tftutfon of

dtcn fnro !gg.[Co dtcnclrl rftt .!rrsq.[co dlon(No')31 yfeldcd ¡ prcdonlnantlv

trr¡¡L produeÈ (cr. 90t) wt.th eouc u-clr and only trrcc .Eount¡ of .pg!.
prGsGBt. $r¡ch an L¡oacr dfctrlbutlon f¡ noÈ un.xp¡cted due to ncrtdLonrl

coordin¡Èlon of dlon ln th¡ fnltl¡l eoqlcr. Howtvlr on tub.tfÈutlon of

dtcn luÈo [ço(HO2)613- fo tqutou! aolutton, or Èho non-cquilfbrfi¡n
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orfdltfou proc.dur. utlng Dll$O ¡s aolvrat, l¡oc¡r1e psoportfon¡ ol tho

product [Go dloarl] rtuflrr to tho¡r ibovc rcra obt¡f¡rd, Ttru¡ l¡ ¡11

non-rqulllbrluu prGprtrtlonr, thc kln.tlcrlly controlhd product nar

elrryr w.ü Þr. predorlnently trrnq th¡n 1a thc thrrnodynruLcelly controlhd

Pr.P¡rrtfonr¡ th¡ u¡r of ¡rthrnol ¡t rolvtnÈ, rlthar Èb¡E wrËar, grvc

rfnflrr r¡¡ulÈ¡.

Prrprrrtlve l,lc¿bodr Umd by Othrr ltoqk¡rt.

In Èhr prtvlourly rGport.d ¡tudlu of tbr ryrÈG [Co dtrnrl*, tlrr

pf.p¡trtfv. nathod tr¡cd hrr becn rub¡tltutlo¡ by dfm lnÈo

[co(Hnr)5(Bz0)¡* 1nnn,11 t r"lry ead ¡ernrrd37) ¡nd tco(tru3)5ctlz+

(Brlg¡ndorl2 cr.tton rnd Hrtt¡ra,l5 rnd Drtolo, P¡lncr ¡nd P¡erroo38). Thl

Pritcnt rorb ¡Èovl Èhrt rlt Êh. productr obtrfnrd by th.ra rcr¡¡rchtrr
wcr¡ f¡omr{o nl.rturol.
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CEAPTER 4

FROPERTIES Co
3+ I

4.1 INTRODUCTION

lhe threc geonetrfc Ísouere of [Co dlenrl* .r"r".cheracterfsed by

thefr specrroocopl,c propertles fn the electronlc, fnfrerad (IR) and PlfR

regLonB. In prfrclple each of the¡c opecÈf,al type¡, elncc they arG

dependent on detalled molecular ayrrruetry, ehould enable thc geometrLc

conflguretfons of the thrae lroucr¡ to bc a¡¡fgncd. At thfe rtrgG thè

detafled Lnterpretatfons gcnerally of these spectrr stlll Lnrrolve meny

uncerÈalntl.ee, but ln the preaent Bystcf, the gcouetrfc coafl.grrreÈfona

ere known unequlr¡oeally (fron racemfaatfon beh¡vlour, Jêctl.on 3,3), end

eome of Èhe chclatc rLng coufornatfour can be rea¡onably fnfcrred fron

oolecular nodela. It úaË thc purpoaG of the work 1n thfa chapter to

aÈÈaupc to lntGrprst ths dl,ffücncor fn cp€cÈro¡copú,c propCttler bcÈwecn

tbê thr.G gGoneÈrÍc Laoqers in the lfght of thc knorm structuË¡l fcaturee.

IÈ w¡¡ hoprd th¡t thesa lnterprGtåÈfons rllght bc eppllcable end u¡eful

fn atudiee of nGry rlnÍlar syrt6û¡, .uch aa Èhc [Co(4-Medtcu)rl3* "o"plcx
(Chapter 10), end tbc four gÊo¡ûGtrlc lgonara poa¡lble for the

ICo(ltn-pcntcu)l] cooplex, vhl.ch fe curreatly bolng ¡tudled.4

4.2 EKPERI}.ÍEIfTAT

El¡ctronlc (vt¡1bh-ultr¡-vLolet) epectrÊ wËrc ¡¡eeturad on a Unican

SP700 recording rpêctrophoÈometar 1n I en qurrtz collr agal,aet watêr eN

reference. The ¡xÈloctÍon cocfflclcrrts agrced ¡rfth thoaa obtafned oo r
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thinrdzu QR-50 r¡¿nr¡el epcctropbotoú.û.r.

Inf,rsrcd spsctr¡ verc obÈr1u¡d on r P¡rkfu-Elu¡r 457 Brrttnt lnfr¡r¡d

rpccttrophotoueter ucfug KFr df¡c¡ r¡lfnrt rfr r¡frr.îc.. Thr dfrc¡ rcr¡
prcmrd, uslns ¡ prêrsuro of 25 toü, fron ground nfxture¡ of rbouÈ 5 ngu

of thc conplcx broaid¡ f¡ 200 ngn EBr (for thc .p.ctrrl rogl.on 40æ-600

cú *) or ¡bout I ngm conplrx fn 200 ugn KBr (for tha rpacÈral regfon

-t600-250 Gm 
*).

PMR eprctra uGrG obtrincd on e Vsrl¡n 84100 ¡pretronotGr or ¡
60 MHc JeoI epectrouctcr uefng solutl,on¡ of conplcx of rbout 10Í

conc€nÈratl.on, wlth aodlun trLncthyltllylproprnrculphon¡t¡ (ft{P) r¡
fntsrml refercncc or trf.DcthylrÍl¡ne (n{g) ¡r ctrtcr¡r¡l rcfeËcacr,

4.3 RESULTS A}TD I¡ISCUSSTON

4.3.1 ELECTRO¡ÍIC SPEC:ÎR,À

tlc vl¡lblr-ulÈrr-vlolct rp.cÈrr of th¡ thr¡c goonctrfc f¡onrr¡ of

[Co dlcnrl], rr..r¡rcd r¡ thr bto¡fdoe, lrl ¡houn fn ELgutc 7. Ttr¡ trrc

lfgead ft¡ld brndr rr¡ elo¡ely rlntl¡r 1a fon for tho thrc l,romrl,

buÈ Èhrrc fr r rlgnfflcrnt vrrfrtl.on fn lnÈ¡n¡ltfc¡ (Trblr 2). Thr¡o

diffrrcac¡r ln rpGctrr could not b. tat.rpr.t¡d tn È.rnr of th¡ ¡tructurG¡.

llcvotthrl.r¡ rpoetr¡l co¡p¡rl¡on¡ bobrorn [Co dlcnrl* rnd thr

[Co(1fn-p¡nt¡n)l$ ry.t-r could bc u¡¡ful Ín fuoarr errigmrnt¡ in the

l¡ttcrr4 ¡lnc¡ creh of thc lour Í¡oucr¡ ln th¡ l¡ttrr cen br clomly

rel¡td Èo rn t¡oncr fn thc pr...nt ry¡t.ñ. Stulhr con¡l.d¡ratlont rpply to

Lloær url,gnnmt f,or th. Èhrr. tco¡.Èrlc loru¡ of th¡ [Co(4-]frdfcn)2l$



trans

u-cis

s-cis

300 400 50u

3+
Flgure 7. Èlectronic absorption spectra of the. [Cc dienrJ isomers.

600 mn
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By8tero (Chrptcr 10).

ÎABIE ?

Vlsfblc Abaorptfon trlaxÍna for tha [eo dlenrl] Isouerc a¡ Bro¡¡ldas

4,3,2 INFRARED SPECÎRA

Introdr¡ction.

In thr f¡1tl¡l rtåg.¡ of thfu r¡ork fÈ rrer con¡ldorcd porelblc Èhet

f.nfrercd (IR) epcctrorcopy rlonc night pcrmft r¡rl.gm¡at of thr thrce

gcoootric foruc of [Co dlcnrl], u¡1ng thà conrfdcr¡bl¡ lnfornrtÍon

avrllablc conccrnlng Eoao(dirn) co4l¡rGr.9'19'26'30 firo IR rpætre of

th¡ thrc¡ l¡oncr¡ wcra dl.¡tfnctlt dlffcrcnt (erd tharrby urcful for

ch¡rrctcrfeetfon), but feouer eaelgnnrnt by erfÈrrrl¡ crtrblfrhd for the

nono(dtc¡r) ¡y¡tco¡ ¡lonc Drr not dtog.thc unrnbíguoue. Ttrc ufn

conÈrfbutfon of thr pr.lcnt rrork thcreforc vrr Èh¡ rxtcneLon of the

prcvloue vork on thc ldcntlffertfon of thc Èno Èopolo¡lcrl forn¡ of thr

coordl.nrÈ¡d dlcn llgr¡d by IR E.thodr, to couplcxc¡ of los¡r coufor¡aÈfon

symrÈry Èh¡n thr mno(dlon) couplexcr.

'3tJ
¡ 65,O

8338 I 94.1

r34l - 1113.0

eOr, - 68.5

c.r, . 96.4

.466 - 137.0

¡-cls

u-cls-

.Lrang

B.rd 2Brnd 1
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Pfovloug '
galy fa rËeent yorrr hrvc detallod IR ttudier of dira couplcxel

bccn r¡scd to c¡tabXLrh thr coafL¡uratlon of thc ltgtnd. Iaftt¡lly' !ü¡tt

tud klctÈlg 
"""lgocd 

the ab¡orptfo¡ br¡ds of ttre IR rpccÈr¡ (ln thc

ragton 4000-200 cn-l) for tho plenrr tyttcor [Pd dfcnïlÍ (X' I, !r, Cl)

and lld (rmdlca)I¡I (tûilcn - 1,4r7-ÈtlnothyldtcÈhylcnrtrlrnfnr). Ilrlng

thc¡¡ tctulËr, r¡d thc IR ¡p.dtrr¡n of [Co dfonGltl' rhlch hrd b¡cn

r¡tebl1¡hcd E¡ tr¡¡nt (or ¡¡crfdfonel) from ElccÈronfc ;pGctrrl coqerironr

(wlth thc trfo teo(fûUr)3c131 l¡oucrc) by Creyton ¡nd tl¡ttcrnrl' Horr¡r rnd

co-workerr aocigncd BcoactËfc conffguretlonc to !g.[Co dtcnBr3l 27 .oA

clg and -@!.fGï rllonclrl 27'10 by IR eonperlconê. subrcqucntly,

Sclulidtk end G¡rthoff26 prr¡¡at¡d ¡ wfd¡r etr¡dy of tho IR rP¡ctre of

aono(dlen) couplcxor, uelng the e¡rf¡r [l{ dfon\l (M ' Cr, Co, Rh¡ I I

helogen). Th.r¡ ruthorr wrt¡ rbl¡ to opfrfcrlly ürlgn thr vrrlour æd¡l

of vfbratlon, trú to dedr¡ce rmplrtcal rulat Èo dGtGrmtnc thc conffguratfon

of coordtnrt¡d dÍcn e¡ cfr (frc!"el) or tirr-n. (ncrfdlon¡l)' Eouro and

caroarg u¡ed thcac crfterfa to arrlgn the four l¡o¡are of lCo(dfcn)(¡o)cll2+.

Howlvcr, lubecqucnt N-ray erTttel rtructuro datcrolnltfonl of trro of thrlc

f"or"tr77 h¡vc ¡hown th.tG orlgfua! arrtgananÈt to bo fn .rror.

-B¡nd  grlgnncnt¡ f¡ .Cøplcxcr pl Dfrq.

Tlrr conprrhcaclvc r¡ork of SchaldÈko ed G¡rtfroff26 trlriÈ¡ lorne

digcua¡fon la rahÈfon to th¡ u¡c of, thf¡ t.chnl.qua for thr atudy of

[Co dfrnrl ]. thr¡c ruthorr found th¡t Èhê IR rpoctrr o! thr verlour
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[u atcnx I co41¡x.. corr..pondad to ono of trrc ¡t¡ndrrd conÞlrr¡r,
3

trr¡llPd dfc¡GllCl or e1!.[!{o dfca03l (oatehrdrrl), rhorr eonffgur¡tf,oû.
78 20h¡d bmn üttblfthcd by Lfnrtfc rnd tr-rey ¡trt¡otur¡l .tudh.

r.rptêtfv.ly, ro th¡È ttruct¡¡rrl rt¡lt¡rncntr could b¡ udr.

tbr fund¡arqÈrl vLbrrtLonr of thr mlreulr¡ w.rr cor¡rtdrrcd fa

thr folloring rrglon¡ rrbleh ovrrhp fn f,rrquuoy.7g

(1) IlËzGft), CE' ¡ÈrrÈchfng vfbretfoar (v) (3300-2800 e.-1)

(l1) Hltl0{tr) d¡forHtfoar (b¡adfng ô, rwfrtfng y,

e.gtfr8 o, rocklug p) (16t0-600 
".-1)

(11f) GH, dofornatfoû3 (1500-8oo ofl)
(1v) rhclcÈrl .tr.Èchfng vlbretfo¡¡ (vC_C,

uC-N, u.rn {lo, meoudrry ¡uln¡r)) (1100-800 o"-1)

(v) ¡hdrtrl trrcÊchLut vfbr¡tlon¡ (vu_lt, lU_x)

end r1n8 dcfonntfonr (6¡¡-6-g-¡r ôr*-tçx) (<600 eü-1)

Ech¡fdtkr r¡d G¡rGhoff26 con¡tdcrrd ¡rch of Ëh¡¡o rcgloor md obænrod

tho dftf.r.ÉE.r fa rpretrr eorr.rpo¡dfog to Gh. rltorn¡tc dlrpo¡ltfon¡ of

tbo dlrn lfgrnd. ThG b¡nd ¡r¡l¡oumtr rcr¡ f¡cllltetid by thr r¡ro of tho

t{-drutrr¡t¡d [t{ dtcnx3l rpcefur rnd F-r.tq¡[Fd dten0ll0l, gr¡Fq-

lPd (Et*df¡n)trl¡r .od glgtrc dtrnorl .

(f) Cfr 1¡omrr dtrplryod r lrrgrr rpllttfng (5 bandr) thrn trrn¡

lorl¡ (3 bradr, * thouldcr or raothcr scak hnd) of tho v*-,

ebtorbrær (3300-3OSO cfl). À1¡o thê fntGarltlGr of thr vr-,

rbrorbrna.t r.r. conridrrrbly grretrt for th. ,trln? thrn for cl¡
frontrr, rùrr¡ thry rrra bertly drtrcÈrbh.
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("rarr t*r)r c!¡ f¡osore rcrr ob¡¡rrrrd

Èo hrvr Èhr.c vell-rr¡olvrd rpprorl¡rtoly oqurlly rpeard bendt,

rhfle thr trenc ooupornde ¡ho¡nd only trc tbrorpclou. At et.
-t1250 cn ', dl tr¡ng cooplrxrr ¡hwrd onr uedfr¡¡-rttofit u!il_q

b¡ud rhfch rrr rbr¡nt or v¡ry wrek for thr cir courtarprrt¡.

lllth th. pNH, rb.orPtfoilr tro brnd¡ sore obrçrvrd ¿t rbout 850

-tcn * l,û the rprctre of trrnt Llouårr, whll¡ they wrrr of, hf¡hcr

fi¡trnrltlrrn lnd ¡hfft¡d to lolrcr frcqurncfr¡ (600-700 cn-l) tor

thr gl¡ foru. Aho, elthough not ¡pcclffc¡lly n¡ntl,onod by thmr

ruthor.r th. ÈEtqg corrploxlt poleecæd r r.thcr dirt,fnctfv¡ qu¡rtGt

Ín th¡ rrglon 950-800 o"-1.

(uf) *. or", abeotpÈ1on erpået.d for etl lr2*dlrubatftntcd cthrn¡¡ Ln

thr ragloa 1500-1400 cn-l wr¡ for¡od for th¡ trgm dfcn eouplrxu

êt co. 1,å50 cn-l, gcncrally lcconprnlrd by rnothar ncak

abrorptloa. Tlrc q,t¡ forqc ¡hotead e rathcr dfrtlnctlve band

trlplrt ln Ëhlr rrglon.

-1(fv) Brt¡n.a 110(Þ1000 en thcrr rcrr h!,gh lntrnrfty brndr du¡ to C-C

rud C-ll rk¡lrt¡l vlÈf¡Èloac. Ttrr tr¡ur Goep!¡a¡¡ fl ¡rnrrrl
rhor¡d !-4 rtroag brndr rt¡1l¡ tho cll llou¡r¡ h¡d only trro .trong

brudl.

(v) lltrr rrglon brlov 600 c¡¡-l lnr ¡rot pertlculerly dl,ctfnctlve for

rlthtt f¡ørr.
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Thrce of thcae rcgLons wcre found to b. rrpccfelly ruftrblc for

dl¡ttr¡gufehlrç the gaonettT of the dlan llgand (Tablo 3).

TÀBLE I
Spcetral Rcgfons for ÐGtscting Geonctry of Gootdiaetcd Ðtcthylenatrianfne

Furthcr¡nore, -c;þ taomre wcro ¡lwayl obscrvad to ¡how rcrc ûrtGroua bend¡

and lerger aplftting fn Èhefr rpGctr¡, prcrr'qtbly fadLcetfng thclr lowcr

polnt e¡rnmetry thrn tr¡nc fronctr.

IR Strdle¡ of thc lroucr¡ gf [Co dftnrlÞ,

Froro thf¡ vork on nono(dl¡n) conplcx¡r, tha ttchalquc of fnfrrrrd

apocÈrotcopy ¡ecsrcd l1kely to bc ctpabla of dftÈlngufchfng tho çtq end

t-r!4q iromere of [Co dlcnrl]' Thr fnfrrrcd rpectrr of thGFê thrâc

laonar¡ wsre rccordrd, end eko Èho¡e of lg4.t0o dien0lrJrt5

!E!oq[c,, dfcnrlBrr.þro GE.as. by x-rry),23 .rd Èrril[Ni dfrorlErr.HrO

(¡ffg!. by X*ray).55 Ttre rbaorbaneçs and thalr rel¡tfvo lnÈonrltler

ln the regfora llatcd ¡bovc erc afven fn Î¡blc 4. Tho bend errfgn-

nents shosn rrc Èhoae gfven for [tl <tf anx3l r 
t6 ,a bcfng e¡arnad th¡t

26

cll
trang

3 bands

1 band

1-2 ba¡rde (800-700 cs¡-l)

2 bnnde (et es. a¡o cn-l)1 banrl

ô

(1500-

CH,

r¿õo "'-1)

uMr

-t(ca. 1250 cs -)
o*,

-1cn(850-700 )



Infrard åbæt?tloo Brdse ("t-1)

T,AEI.ü T

of Dietþlcascrferl¡c Coqlexce (apcctúa ru ee bræfdee)

Aaafgrmt

þ'vrn

to,

t*,

tú44å=
[Co dfeûCl

329O s

32ó0 s

3ili0 s
3a$ sh

2f185 w
2965 w
2!155 ch

2918 w
2885 w

e-cfe-
3l tcoÏq]

3187 a

3095 c

3ffi0 eb

2965 ch

2935 rr
2892 rv
2865 w

u+ls-
[Co dfcn,3+ t+ tftû¡l- -- tEeE - ^. trlnl- â.

tco-ã62l rr ¡crrïr-,I " trr-G2l'-I

3140 vr, br
3060 va, br

3175 vs, br
3045 va, br

3332 c
33ü) u

3255 æ
3235 sh

31.!i5 eb

3138 s

2950 sh

2922 ø
2875 æ

1619 ar
1568 s

(eoutd.)

3358

3325

3268

3190

317s

3160

!

a

tr, br
ah

v!¡

sh

1625 rl, br
15EB eh

1582 e

1578 rs, br
11i55 rh

2960 sh

2892 rv
2850 w

1601 r¡
l5E7 eh

1570 ah

156O ¡h

2960 s
2945 eh

2882 vs

1610 rr

1!i62 sh

1550 e

1542 eh

2945 a

2918 a

2ß16 s

L627 n
15fl0 rh
11i64 re



TA.ELE 4 (cortfl.)

S6rgmcnt

t

trtû'B.
tcoEncr,

s-ciB-
I tcoÏG2l

1186 r
l[l2 vr
1456 r
1439 r

1388 r
1360 r

1331 r
L322 t

12199 r
L273 vs

12¡11 n

3+ rc"#rrs rc"ffi;13+ r*ffir* rrrffiræ

Gz

1187 vw, ah

1¿$57 e

lå12 u

1387 r
1371 w

1352 ¡e

1328 r
13OB ¡e

1290 s

12¡S9 ¡

1481 r¡
1467 c¡
1450 ¡a
L432 vt
1418 w

1395 eh

1387 u

1362 r
135å w

1313 ¡

L292 t
L287 Y

126¡l w

1233 rw

1¡182 r
1{62 rç
1454 r
1448 n

1390 v
1S0 ¡h
1361 r

1328 re
1309 ry

1300 r
t.272 tb

1261 r

1472 ø

1454 ah

14ó9 e

138E n

1365 wr

1326 s

1304 w
L29O t

1253 r

(coatd.)

1¡t82 ah

1Õ76 x
1450 u

1387 æ
1375 sh

136E v¡r

1336 r
L322 t

1308 r
1284 rr

12i14 r

,o,

k2

to,

trtr
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Ârrlgnnent

t*,

c-c, c-F, c-Fc

treas-
[Co dleaCl,

1137 e

1119 a

10!Ì6 ¡
1O69 ¡qe

1057 n

1036 e

994 s

a-els-
I tco dtæ21

11.89 ls
It79 ú

1136 r

l0E7 ls
1063 ru
1050 e

1üþ rv

r-c1¡-
tcolãGrl

tr¡trs-
tcoã62t3+ 3+ 3+ ÈrrE3-

11ô7 n¡

1097 s

107E e

1068 s

1052 e

1039 eh

1029 va

993 ¡r

9E1 s

(contd. )

2+ trara- *ill:cr,lmTdfca,fcu I

ìrEz

1?08 ;
1186 oh

1173 r¡

11¡18 a

Lllt ¡

1082 *h

1078 ns

1064 s

1046 s

1003 r
988 r

12O5 nr
1189 r
1146 r

1122 r
L117 r¡r

l$)9 s

1059 ¡
1037 ¡

1010 rv

1145

1140
Ìd'u

1135 n¡ 1121 rr

1089

1067

1059

1031

1014

vs, br
T

E

ütt

Y'

t*, 978 vs



ÎABLE 4 (coutd.)

Aesignnent traDs-
¡coi-renCt

e-cls-
3l tcoÏTã2

9L2 vY

892 w
882 v
803 a

779 øv

758 o
683 n

592 a
516 ns

3+
u-cis-

3+
trans-

ICo dfenrl [Co dtenrl
trane- ,Å traû6- ,À

[cu dienrl'' [Nt dfearl-'3+
t

PilE'Pt{Er'PcE,

ard C-I{

ulrN

930 e, ep

905 w

872 ¡
849 u

827 n

730 vw, br

576 na

522 w

501 n

905 vr
884 w

868 s
840 u¡r

810 eh

802 n

777 v
755 ¡r

743 ah

702 tz
667 v

609 n, br
581 ¡
540 vs

525 mr

501 w

930 r
898 n

868 s
839 mr

761 n

742 Y

590 lr¡
573 mr

568 uts

528 u

941 s

919 r¡

899 vs

873 ¡r

861 mr

835 vs

822 vY

660 n

559 s
540 ¡r

527 n

(coatd. )

910 s
892 s

868 v
829 v
672 w
644 Y

619 r

578 sh

555 v, br
523 as



IâDLE ç \EOEf[o/

Â¡slËlnræÈ

trf¡g

6u-tçn

a

¡-cl'c-
I t0o d1."2

¡icfr 
"- 

Eraat- 1¡
[co dfcorl-' [Co dtenrl"'

ßrena-
tcoffir,

45E v¡¡

422 t

360 tr

310 s

327 e

¡t51 r

389 v¡r

37¡l r
3Ol r

482 ¡r
157 Y

å¡15 ¡h
632 sh

S8r
3Sl r
310 n, br

êE7 e
¡171 r
446 n
{38 w

¿114 rw

370 r
325 v

3+
tÌara-

txf ffi212+ 2+t

471 e

443 e

375 ¡¡

351 r

456 r
¡112 r

387 r
373 sh

Ial¡tive bad lateosltless vB, vcrT strûr$; a, atrong; trú, tedtu-¡ttongi rr ¡cdltr:

n, rdirn*ceL] e¡ uet; tur vsry reaL¡ ¡ht ¡bulderi ap, sh¡rp;

br, broedi d, dor¡blct.
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theee assl.gnmcnta can be axtcndd to bf¡(dfon) NyrtG'$t.

Before con¿ldcretlon of Èh6 feonèr acsigwncnt for bfc(dlcn) conplccl,

ttrr detatled eyæotry of thc thrce porrlblc gcourtrLc forme ahould be

appraclatcrl. $chotdtko ead Gcrthoff26 daduccd fron thc apl,lttlng prce.ag

fn thr IR apectrc ol uono(dfcn) couplaxee that thc lcac r¡runatrtc 6{l

(rld ll) forn¡ (no plaaa of rymctry rcro¡ü the coordfntd lfg¡rrl) of

faclally aoordin¡t¡d dfen rxfotcd tn thc solfd BttÈe, ord tho

slmêÈticål lô conbfn¡tloa (phne of eymeÊry) would bo thc for¡n of

dfcn fn trraa, eonplcxrr. In b{¡(dtea) conplcxarr the .yümatry r¡latlon-

chlpr prcf,.trt for tha nono (dfcn) corylaxâr rn¡y be furthcr dactroyod lc

thr pofnt ryuetrio¡ of thc [Co dtmrl* tuor.r¡ nocd not ba ac hl6h fn

thc rolld aÈ¡t. ôr thoü. gfvrn crlfrr (¡cctfon 1.3) - q-cfu (CAh),

u-cfr (C2)r rd trrq¡ (C2). thr ffvr por*fblc confor¡rÈloa¡l

conbla¡tlo¡r f,or thr glt rpcefor hav¡ vrrfrd tyurtrhr, vl,r. lû-lt
(cm)' À6-61 (Cr), rÀ-À6 (Ct), Àr-ô6 (ct), r¡d tÀ-M (€Z). Slaflrtly fot

thr u-s{g rprcicl, f,or ono coafl¡utetton thr coobin¡tlon rr. Àô-À6 (C2lt

À6-ôI (C1), II-À6 (c1), tI-ôû (cl), ¡nd tt-Àt (cl). (ltrc ord¡r of rlng

de¡lsmtlon fu thlr l¡tt.tr ca¡c ha¡ bccn qho¡cn a¡ thst obt¡luod ti thc

uohcule fa rotatrd cloclndrc rbout Èhr C, a:¡fu.) ttrc trm porrlble

conforn¡tfonrl conbln¡tfon¡ for thc trant nolceulc etc thG t"wo ênrnÈ1o'ncrfo

foro¡ À6-16/tr-tf (rfgurr 4).

Any lonrrtn¡ of thc fdull¡ed rymetry for thc¡e nolrcul"ce (fron thr

rymrÈry ¡bov¡ ¡¡ dcdr¡erd fron rcdolr) tnptlm thrÈ norr epllttlng wfll

br prcrent fa thrfr IR rpcetre, Èhcrrby coaplfcatLng rtruotural r¡rigm¡nt¡.
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IR speetra nây even provlde fn prinefple lnformatLon oû the confomatlonal

possibllfÈLes, however the lnterpretatl.on would be dlfffcult. X-ray

crystal atructure analyseE of Èhe varlous feomers of [Co dlenrl$ are ln
36progrese-" and these .p111 elucidate thc confornatfonal sltuatl-on fn the

eolld staÈe. The problem of deduclng the confornatlonlt that exiet ln

goLutLon le dlecuesed subaequently (eectlon 4.3.3, and Chapter 6).

I,rrhen the fnfrarsd reglons dfatlnctive for nono(dÍen) eo¡nplexes lÍere

examfned for the [Co dlenrl] cp""les, Lt r¡as found there were simflarÍtfcs

but rarely ldentfcal band sequences, whence lsomer assignment was difflcult.

The bls(dien) complexee ln generel had much ¡nore compllcated epectra than

the mono(dfen) speciea, consfotent wlth theLr havtng lower B)rtroetry.

It ta worth¡shlle to consider ln turn thê reglono dlscuseed earlierr but

negl.ectfng thore regfona 1n thc Épcctra of the bf¡(dlcn) complexec ¡¡herc

extra bande and eplftting heve vfrttrally meant loe¡ of fnformatÍon.

(f) The v*, regÍon (35C0-3100 
"r-1¡ wae broad and provÍdecl lfttlc

-1lnformatl.on. However the va" region (2900-2800 cm '') was of

reasonable fntenelty for th. trans lsomer but barely recognfcable

for the Èrûo cls forms, and thus appeare a reasonable crLterfon for

the type of coordlnatfon by dien (Ftgure 8).

(ff) The trane leomer ha¡ a bend (or"-") et ce , L26O cr*l charaeteri¡tlc

of merídÍonally coordinated dlen. Thc g-cLe forn elao hae a

re¿soriabl-y etroag band at 1234 cm-l whtch wa6 noÈ preeent for cl¡

rnono(dten) conplexee prevloualy lnveatigated,26 
"rrd 

suggeãts that
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(frt)

(rv)

(v)

Ghc ¡-cfrfCo dÍ¡nrl* rpær.a rry h¡vr eonrldcrtblc ¡yu.tqr whfch

fr æt¡ coûrlrt¡ot vlth trrû. nono(dlcn) conpotdr. lhfr brnd f¡
rb¡rnt ln th¡ u-clq[Co atrrralæ L¡o¡¡r ¡nd ¡11 gþ uono(dfon)

cmplorm. In tht rpoctrrn of lrrp¡.tCo dfrnrl$, Èh. qutrt.t ln

thc rrngr 950-EOO cf,I ch¡r¡ctcrl¡t!.c of n¡rldfonrl dlcn rnr

pr.r.nÈ, but oaly e trfpht rr¡ obrorvrd h¡ro for thc tro cf¡

fotnl.

tho rrgfou 1500-1400 cu-l vrr conpllcrtcú for r11 thr¡¡ flourrl,

elthough th¡ro wrr¡ lrr¡ b¡¡d¡ for thr trtp. fott th¡n for tho trro

gþ fornr.

Ttrr rrgloo 110F1000 cn-l b¡crn¡ too conplfceÈed ta ell Lloacr¡

to provid. rût fnf,orurtÍon.

thr rprcÈrr of Èhc thr.. g.oEctrlc fora¡ of f0o dtrnrl* fn th¡

IR rragr 600-250 
"r-l 

r"t" df¡tlnctlvo, end rlthough not ut¡ful

for lron¡r urfgmcnt, Chry provrd vtry ureful f,or chr¡cÈrrl¡¡tl,on,

(In tho fntÈl¡l .trg.r of tho ¡tudy of thlr ry¡cmr IR cpcctrr ln

thlr rrgfon r.rG u¡¡d for ah¡rrctrrÍ¡¡tfon of thr ¡coactrfc f,oru,

rd rr e gufde Èo l.¡onrrlc pr¡rlty. It srf ..Èfu¡t.d Èhrt chft

lrthod rer crprblc of drtætfng t-10U of on¡ 1¡ou¡r It tn f4tnfty

fn ¡rothor.)

Ar e ¡rarrrl ob¡erv¡tloa, th¡rr lrGrG Eora b¡nd¡ ¡nd uore tpllttlng

ln thr ¡pacGrüD of th¡ u-cfr l,¡ouor eonp¡rcd vlth tho¡¡ of th¡ .e-cf¡ end
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trrn¡ fotnr, eoarÍ.t.st wfth u-cl¡ hrvfng Èhr lowr¡t ttm.Èry. on tht

ba¡lr of thcra rcsultr thorrforo, thr æplrlcrl erftorl¡ for thr

aerl.gruæt of Èh6 ßcots.trlcal confl.gur¡tton of dfr¡ by fafrrrrd rpccËrotcopy

åpp.rr to bc, flretly, thrt th¡ vC-H rbrorbrnec (c¡. 2800 eü-l) fr urnh

uorc Lntcnn for trrne (ncrtdlonsl) coordlûåtlon th¡n for c.tr (fechl)'

whorc lt 1¡ barcly rreoguf,rabh. Socondly' Èha ttlqt Lroncrt ¡how r

chrr¡cterl¡tic qrËrÈGt bcünc¡a 950-800 e¡n*l ¡rú Èhc ql¡ only r trlpht,

ard ffnelly, tho ElEg eonpounde hrvc r rhrrp bend at cr. 1250 c¡q-l

corxeepoadfag to thc tl2-n waggÍng oodr (r¡u-u).

lo t¡rt thc¡c rchtfonehfpe, thr IR rprcÊrr of both [cu dtcnrlz+ 23

rnd [Nl dlcnrll+ 55 ftoth of ]no¡rn aonffgurrtl.on ,trrnr) w.t. cnülned,

end thry warr found to obry th¡ threc crft¡rtr. Flgutc I d¡mnrÈreËcl

ghc ffrrt È¡úo crltcrfr for r11 tbr blt(dfca) conpl¡¡o¡ rtr¡dtdr tnd el¡o for

grrü.tCo dlonClrl. It tr f¡lt th¡t th.¡¡ nodlftod crf Èorl¡ 1111 cn¡blc

Ëhr grørÈrlc conflguretlon¡ of r11 dfm eonplr¡r¡ to bc urigncd, ta

wrll ¡¡ tf,-rub¡tLtuttd diro coqlrmr (Cheptrt 10).

thc lattl¡l mal.gnnrnt of thc ttrt¡o fo¡nr of tho .yrt6 [Co rlfrnrl*

wr¡ not pomlblr in ra uncqufvocel wry froo thr cr!.trrL¡ of EcholdChr

rnd Grrtholl26 glvcn tn lrblr 3. By elorrr .tudy of oth¡r rcglonr uetng

thalr nrork on ¡ono(dfrn) coppl¡xæ, tantrtfv. ßGoE ÈÌLc errfgrurntl could

b¡ ¡¡dr to th. pt.¡.ût ,ytt.n, rnd Ëh¡ro rubmqurntly ptovrd to bG cort.ct.
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fhr u¡o of thl¡ pr.rart rtr*lt ho¡rcv¡r 1r to ¡rt¡ad thr Í¡forutÍon on

thr f¡frrrrd tprctre of dfrn cooplrx¡r urLag thc ¡orc nrl¡d .yu.tty
poarfbflltfår et.oef¡trd ldÈh Èh. btr(dt¡n) cmplucr. It rhould br

rtrcrrtd horrrvrr Èhrt r¡¡ltørnÈa by IR r.thoda m¡rt ¡fuirrye br Cr.rËtd

cauÈ1oucly, Þrcruar ol th¡ drp¡ndrnce of th¡ obc¡nv¡d ebrotptlon¡ on Êhr

drt¡ll¡d rclccul¡r rylmrÈry.

4.3.3 PÞlR SPECm^À

Iûtroductloû.

HMR rpccüro.copy h¡r bron wldcly u¡rd fn rtu¡ller of Co(III) eonploxm

for thr dfstlactlon of gcourtrlc feonarr, th¡ eh¡cldrtfon of, chclrtc rÍng

confornstlonr, ¡¡d for klnrtl.c ¡Èudf.r fnrnlving $-tI pÉoton exchrngo. In

thr ptoott ¡tudy of th¡ Èhrac gconrtrfc l,¡ou¡r¡ of [Co dlrnr¡S, Pl{R ver

thc only rprctroreoplc ucthod urcd vhlßh cor¡ld uarnblguourly ecrf;n th.s.

gcourtrfc forur, end Ëhc obarrv¡d rpactre v¡tr rl¡o rrtfon¡l!.r¡d f¡ tornt

ol potrlbla cooforntlonrl ¡lÈrntLon¡. thl t!,sctfc rtt¡df¡¡ of proton

cxcbenga fn tr¡4¡[Go dlearl$.t. repottod rubrtquontly (chrptrr 8).

coofo-.stoo.1 Eg,rdf." 1o [t "o"É-s¿lg.!nr..
lh¡ knovlcdga of qonforû¡tÍon¡ of ftvr'-nmbard chd¡tr rfnge I'n

coordfn¡t¡d Eh¡lrtc¡ ¡uch ¡! Gs, botb fn rolugLon ¡nd ln tht ¡olfd ltlt.'

l¡ nov rracon¡bly artGarfyc r¡d w111 b¡ df¡au¡rrd ln ror¡r drtrll ¡ub¡¡-

quartly ln Chrptcr 6. Elrly conforn¡tlon¡l .orlyr.eEo prrdLctod th¡t fn

thr conplrx ryrÈø ¡u cnrlÉ thr ,Àôô6/AÀlÀ r¡eolc prl,r rculd ufrt
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pradool.ñånÈIy (591, rÇe ¡cctfon 6.1), ¡o thet ths C*C bond¡ of e¡ch

eh¡htc rfig would be o¡renttelly prrallcl to tha nolccr¡l.ar C, axfu.

Ia the ¡olfd rt¡Èo, thfe hea been vcrfflcd fn thc X-rey cryst¡l

¡Èrrrcturå enclyrte of [Go "r3tF.81 flovcvar lubeequcut eryatal

struotrrrãr ol [Ct "o3t* 
wtth rnrlour enlone82-84 hrve rcrlt¡ed all for¡r

poeelblo coebl¡¡tfon¡ of csnfon¡tlonl, tô6, ülll, llll, rad lll dr¡e Èo

lr:tfer prch,tng rtfrctt ed hydrogcE bondlûg rrthü th¡n thr tharuo-

dyarnlc ¡ttbllltlo¡ of thr lrohted crtfom. 9rrch X-ray daternfutl,onr

lay givr lfttlc tdr¡ coucerafng th. Do.t rt¡blc confonrncr 1n rolutÍon.

fbr tr{t drt¡ rrnllrbtr for tho 1U eSln+ cøplacr (n. Co(III)r

Pt(W), Ru(II), !r1(II), nh(IIX), rrd Ir(III))85'86 fir DrO rolurfonr

gracrlly fndla¡trd thrt th. ch¡hÈr rfagr trudrrgo rrpld Ímr¡r¡fon, rd

Èh¡È Èh.Ë¡ lr r eoufotutfou¡l rvrrr¡lng ro Èhrt thr ¡o¡t rbr¡adasÈ

oonfor¡rtLon ia rolutfo¡ tr Â8ût/ô116. lü nr obcrrvod r1¡o th¡t thc

PMR rpættr¡ of [Co rorl* m¡ brord ¡nd foturch.e, prrcnnably bccsuee

o! eouplh¡ vlth the Co qr¡clru¡ (rpla -712), but tibfr !¡¡Èurc ¡Gsñ¡ to

br prculhr to Èhrt prrËtcuh¡ cobrlt coaplrr. A¡ tÈ f.¡ not obaervod for

thc f0o dtra2l$ rprcfor, thtlr .ptctrr cr¡ br eon¡fdcr¡d flLthout corlcêrn

f,or ¡uch r¡ offcct,

Þr ttro tt¡ÊG [co dfrnrls tho" rüc ÈhEC. eo".nffftlo¡ f,or

coafor¡¡rÈlourl ehangcr ln rolutfoa. El,r¡tly, ¡¿ wfth thr F{ .o3!Ú

couplercrr85 
"oofotrn¡tlonrl 

Laverrioa could bc rrpfd a¡d thc rrletfvcly
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thårp tÊronÂncG of ÈhG rv¿Ëeßê coufgEuar obaeryed. ßrcondly, thc

confora¡tlon¡l favrr¡lon could bc vcry olor, tn wtleh ersc ttr¡ aupËt-

porfÈfon of the aharp roron¡nc€r of thr lnill.vfdr¡el confonnettona r,¡ould

bc obstwtd. Fln¡llg, thr r¡t¡ of conforrnatlon¡l lnvar¡l.on could br

lntcrncdlatc ln È.rn¡ of thc lû{R tfnc ccelc, rtd r dyn¡nie broadeulng of

rQtotancGr rçould occr¡ü, rnd t¡ thcra t¡ no tvldcac¡ fsr thfu cl¡c ln
thG PratènÈ .pGettr fÈ rfll not ba rlfecu¡rcd further. Ar thr en rl.n¡r

of fìl "orl# ¡re knonn to undcrgo rrpfd eonforaatlo¡rrl tnÈarchaog"rEf

fn aordltfon¡ rud¡r ¡drfch thc B2-u protonÉ of tha [co dfanrJs l"o"""t
qen bc df¡eoclrtcd (fn neutrrl DZ0), frac rnd repld fntGcbrDga r¡ou1d

bø cxprctad for all thrta Lroucr¡. ThG sroltcul¡¡ Ery thur pot6ec!

cersntt¡lly thclr nrxl,mrn aymetrlct, ¡-p!.¡ (C2h), u-cf¡ (Cr), ead

trtm ($r) ea rrpld coafornatlon¡l lnvcr¡fon for thc tl$n! l¡oa¡r lnpllu
tro plcnar of cyunÇtry r¡ crplafnrd orrlfer (trctfon 1.t).

In llr0 ¡oluÈfo¡ wbcrr ell t(-E protou¡ v111 bc druÈcraÈad, only tha

trctoiltrÈGa corrarpoûdlag to thc nothylaor proËon¡ r¡111 bc ob¡;wcd. Evru

rhrn rrpld eonforurtlon¡l f¡var¡fon occurl, tht four proGon3 of each rlng

(-CBZ-CAZ-) v111 h¡vc dlffcraat cnrrl.romanÈ¡ fn Èha Èrþ ç1¡ faouorr,

rlthough tho ringr tho¡dvor Ery b¡ r¡l¡t¡d by ¡yuttry to oßhrr rlog(¡).

Ttrus ¡¡ ÁArÊ$r, rrÈhcr thra ArB' conttlbutlon fron erch rlag rrculd be

exprcücd, rraultftrg Ln e cmplfcrt¡d ßpcctrta. Wlth Èhs cffrcÈ ol
qudrupolc r¡lrxrtlons f¡on l4¡l .od 59co *.*rltÈrd Ëhrou¡h thG ch.Lt.
rfry, thc obscrvad rcaos¡EcÊr r.trG rosrc¡lhet broedcn¡d cnd rlthough thcy

dfd æt rhor thc dctatlcd ra¡onånËG prttern of AAf BË'th¡re r¿r¡ ¡onc ffnt
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útr\¡cÈua. rvÍd.nt. 0n the aymatry con¡ldcraÈ1on¡ outllned ¡bovc tt wuld

bc rntlcfÞtt.d tbrt Ëho CH, rcaonraco obcotrv¡d for thr u-af¡ forn, whcro

thó t!,Ð ch¡lrtc rlagr of e¡ch lfgrnd ¡rG Doû-Gquf.velcnt¡ vould bo

cosrldrrrbly rrr couplfcrtd th¡n th¿t for thr p¡gþ l¡onor rhcs¡ ttrc

nlo çhrl¡Èe tfngr of ucb dl.ca llgarú ¡¡r ct¡rlochsfc¡Lly equfrnlrnt

(rcl¡ted by r phnr of aymetty).

Thr CH" r.¡on¡!ß¡ of thr tl-rÊ! from¡r ¡hould br thr lgrt conpl¡r

whro rrpld conforurËfonrl lavrr¡lor nta oceqrrfng, rl fn thl¡ lnrÈ¡ncr

tha four CB, protoil c- to thc l#-u fo ¡rch lf¡rnd th¡¡ bccocc rqulyrlmt

and ra ArB, naÈtcra sould be ¡utlclpatcd.

Slgure 9(b) ¡how¡ üha 60 MEr PlfR, cprctr¿ of tb¡ thre¡ f¡oncrl ln

Dr0r end vrrffle¡ tho rbovr pndLctloao. tha 100 Mtll rpectr¡ of the

eanr rrgÍon ¡howrd t8.ator ff,n¡ rtrr¡ctuta cg thrt tho g¡ncrrl fcrturGl

are l¡¡a rpprr.st, but Èho ovrrall conclucl,ons rcmcln r¡rrrltored,

PMR $elct¡r of ,ttr¡ [Co d&g^l$ Ialdcr¡-1n Acfdtfl¡d Dr0.le-1uù!eqg.,¿-
In DrO/DrS0, eolutl,ono¡ coordfo¡trd ¡nl,nr proüon¡ do aoË undcrgo

rrpld rxchlogr. thr f.mtt¡rrr of thr )nl - H bond ls p¡ttfuulrr lnplLlr

thaÈ confora¡tlon¡l tntcreh¡agc Ll thr l¡ou¡r¡ of [Co dtrn2lh uy mt

b¡ ¡r frcfl¡ ¡¡ rh¡¡ Èh1¡ boud dlcrcct¡tad (nrutrd ¡olutton. Ð20).

llqncver ft rrm¡ s r¡¡¡on¡blr rrnnpt!.otr thåt confornrBlon¡l lnvcr¡lon

{o thr c_L¡ {¡onc¡ l¡ ÐÈfll frcfh cvon fn aeld rolutlou ¡lnc6 ßhc

fut.rêhrûgr of cosforn¡tþu¡ ln thrre trro f¡oû.tr caa occuf, rrlthout

)*' - I dlrroclrtÍo!, GonoaqurnÈly, tho tlue av.rrt. of, the sonfoRcrr
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T{ould uakc all f,orrr -tr'IH, groups equfvelent for tha E-pf¡ lnonar, ¡nd ln

the u:cfe foru there would be trm dlffarent envfromenÈo for Èhe -NIl,

groupa. {dfth the rapld confornatfonal fllpplng, tho Èwo f¡dfvtdual

proÈons aÊteched to any one prfnary nltrogên atop wfll cxperfence aon¡

envLron¡¡¡enrgl everaglng. FurÈtrerrnore, the aoLno proton retonåDÈßs arc

bro¡deued bec¿u¡a of quadrupolc retrxrtl,on fn tbc 14tE or*l"ur, rcrultfag

fn ¡È lcaet partial loe¡ of poeelblc f!.ne ¡tn¡cture f¡ Èhe ob¡arvad -Mt,

tosor¡ncèe, tncludtng that due to coupl{rg ldth Ëhc contfguoua )Ct,
protonÉ. Tberafore a r!.ngle -llll, rrson¡nßG rrculd ba alçected for

a-cft[Co dlen-lS, ¡nd Èrm -N[I^ rGsoo¡æsr for Èhl u-cl¡ l¡oucr. Tlre¡c
a

werr ob¡erv¡d md ¡te shown ta Ffguc 9(a). Ttrt rr¡oaancå aasfgnøentr

eboun 1n Èhe ftgute follow fton tha ðpGeÈtre lntegratlon wblcb grve prak

area ratloc 1r4:8 correspoudtng ro Ntir2(mf) 14(CEr),

In ÈE¡nF[Co dienrl*, the -!IH, grouÞs on arch dlsn lfgand ¡rr fo

non-equlvelsnt rnv!.routneûtr (F{gure ó). In thle faon6r, conf,ormatlon¡l

f.nvcr¡fo¿ of, o¡¡ rlug muld lpvolva )*? - H dt¡rocf¡tLo¡¡r ¡rhtch do¡¡

not occrc readily ln Èbc ¡efdl.c ¡olvenÈ, lhuc r¡ conforn¡tlon¡l fatôt-

change fe severdy rrltrfctcd rndcr th¡¡e co¡dltl,on*, the for¡r fndlvfdr¡gl

proÈons of, th¡ Gwo ptfnery rafuo troupof creh dlrn lfg¡¡d rl11 br fa

dff,forent ¡nvftonrult!, ¡nd e eonpllcrtrd -NHZ r.¡on nc. vou&l bc cxprctcd,

.Any broadonlng of thie r.¡onärn. ¡hould rcrulÈ ln efthcr etr u¡¡¡ysuotrlcrl

rêtor¡¡nc. gr two rtprrrÈô rltontâêta¡ Ffgure 9(r) ¡hows ¡ eonpler -llH,

rcgion ln tha FtfR rpecttum of thl.¡ boner, eoûtfaÈGnÈ wlth the cbovc

conslder¡tl,oas. IÈ w111 be ¡howa l¡t¡r (C"lrrpÈrr 8) that fav¡rotoa of thc
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dlen ring confornatfona tn the Èrane 1so¡aer t¡ slotr uruler actdfc

condftLone subetant!-aÈdng thfs proposal.

For all threo lsomare of [0o dlenr!$, both )t2 - II protona I,n

eaeh Ísoner would be expected to heve the sane envlroûnsnt and th¡ obeorvrd
-t
)rt' - H re¡onarrce rrsr¡ elngle. ?he )ctra raaonÉncas $ere uorc conplex

un<Içr the acfdfc condltlons than fn DrO because of coupllng wfËh )*f * U

end -NIi, protont, but nsrrerÈholese the geaerelleetfons rnads for the¡e

CH, reronancea fn DrO were sÈtll valld. (Note theÈ the apactra 1o

Flgure 9 (a) aud (b) were recorded ¡t 100 ïlttz and 60 lß12 recpectlvely.)

If the confometlone of ont dfcn !.tgand Lnvert ln a ¡qolacule of

tr¡ae[Co .ltenrl$, thè product would be the êaÉntronerlc fom, whlch

rvoulcl have sn ldentlcel FÎ{E epectrr.m. ffovever, a rapfd conforrnstfonel

Lnterchange ln thlc sytten r¡ould prorlrrce s dlfferent ?ìlR ÉpåcÈrwû' as

the rlmnecry of the ¡nolecul¡ r¡ould effoctfvely irrcreaae, wlth coufor¡a¡tlonrl

averaglag, from C, to $r. ïhur, fn addftfon to the )Ctte resonancG betag

Eofe conplex Ln ¡cidfc ¡olutfon tt¡an Ls DrO boeatrse of couplfng wtth

ndJacent rnlnc protons, thfe reglon r¡fll be further conplfcatcd for the

trsgg leoner by tbe decre¡ge fn solecul¡r aymetry expactod under acldfc

courlftlone . Thts htter con¡ldåråtforr doee noÈ ¡pply for thr t¡ro cis

lsometl, wherc eonforn¡tlon¡l evctegfng orn ocour tn ¡fther aolvent.

In auro*ry, tha arclgnnant of the geoÊêtrlc feomere of [Co atcnrl*
eat tmaqufr¡ocal frou thc Fl.lR etudfes Ln equeor¡a aolutfoueo and eomr

conclusfong aa to the confor¡utto¡ul eftugtfon fn thela faoncre heva brm

reached. Irt partlculer there appeers to be rapfd confom¡ttonal lnverelon
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both ln acld and DrO aolt tlone for both efe forurs. In the trana

!øomer, eonforuatfonal lnterehange heconca r€ltrtcted fn acld condÍtlonl.

lee Ln lTon-Aqueous Solvãot¡,

Tt¡o other eolve-nts rete LnveeÈlgrted ln the oÈnily of the fsomcrs

of [Co dfenr!* t, llfR nethode, Yanraakl ct a1.35 
""*otdad 

thc 100 l,lBr

Pl"fR speetre fn d6-nHSO. Although Èhe )ffie reeonerìc€s çGre uonew[rat

rnaeked by Èhe *.CIt, fnpurfty tn thê (CD3)SO aolvant, thcre ware two -l[8,

resonËnece for the rl--cle, famet (5.C18 and 4.68 pfm doranflelct frorn McOSf)

and aleo tr¡o for the Èrepa fao¡ner (4.75, 4.18 pprn), buÊ only one pealc

(4,80 pprn) for the a:q,fs form, con;fstent wfth the rc¡sonlnÊ abova.

The Pt-fR Êp€cÈr. fn trffluoroÉc€tic refd (?fÂ) werc qrnlltttfvèIy

sfirrflar, Þut leos useful. îha 60 l{Hz BpGctrr of thc threc ftoncre 1a

thls aolvent ehorred ell )eHe pêBkf, to be hroad and uneyrorétrr.csl, but

the a-cis Lporaer ohowad a rfnglc ãy@reÈrfcal -llE, pcrk compare'tl tolth

unsyrmêtrfeal -tlE, raaonanccs tn thfs roglqn f,or the u-cls- and trane

forma. Ttre 100 HIlz spectra were elnllar Ln forn, but ehoÌtcd note splfttfng

as ar<pected, Thå Pl,fR epaetrrm of [Co rtfenrlÞ t, lFA has heen reportetl

prevloualyr3g brrt Lt la sFpårGrìt fron the prcecnt $ork that the scmplc

used war Brobably an !.¡ooerLc mlxturc wfth -t?rng. prcdmlnatÍog. îht

spectrum could not bo fnterpretcd by the prevfout tuthoft.

the resonancês obecrved ln both d6-nH$o anrl TFA eolvente uerc

broader Ëhan those fn Ètre lesc viseoue TìaO aolutlone, and ê?â eonðcqucÉtly

of less veluc fot the preaent Frrrpocet.
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CHAFÎBR 5

5.1

SGTPI.Ð(E8

Th¡ vf¡fblc rbrorptfor .p.ctrr of octrhcdËel Co(III) conpXrtcr of

thr typc co(rrl)¡16, rrtulÈ froq dsetronle traúftfon¡ ftou thc 1^'Is
grormd tt¡t. to ÈhG upp.r rt¡t.r \r, eoa lnr* 

e1"fnß t$o ebrorpÈfoa

b¡¡d¡. Hovcvctr, læorlng of thc oct¡hcdrel eymrtq¡ rfth cholrtlût

llg¡¡rdr or ua¡ywotrlc ¡ub¡t{tutfon rceulÈc fn r rplltttng of the

dr¡anrrrcy of thr uppar attülü. ltr¡orrtlcrl c¡lcul¡tfont ¡hotr th¡t lot

at. \, - f trt. thr rpllttt¡S (rhtßh 1r drpep|¡nt on th. .tü.try of tåcrt
cpccl¡r) nry br obtrrvrbh, buË thrt thr rplttttng of thc \r, rtetc ll

ar¡ch lür. laßtuüo of tbc altur. of vl¡lblr ¡b¡orPÈl,oß rPacÈlotcopy'

¡rlth ch¡rtctcrfltfc brord band¡ rrl¡lng f,ron vfbroafc coupltn¡r ruoh

s¡¡ll tpllttfngü tr. urtrelly not d¡tæt¡d ¡¡ thc bro¡d rbrorptl,on rr.

ovrrhpprd Èo tuch rû .rt.rt thrt th¡ rpllt t^r, . ha* U.ø rPPr.r. lr

e rfnglr prek,

If r emphr fr optfc¡lly rctiw ho'psv.rr ruch rplfttlngr uy br

obc¡rvod urlng mre rophlcÊlcrt.d opÈlc¡l trchniqucr. For rn optfcrlly

¡cÈlvù eoqpound thr rrlrretlv¡ lndicm rnd atfmtfon cocfflcfrntr for

thr prugr of þft- rnd rf¡ht-cltaulrrly polrrfr¡d llght (d¡notod by

rubrctfpt¡ L rnd R rrrpaeÈtv¡ly) through tho coÐPound, or r ¡olutfon' lrG

dfffrrrnt. Thur rtroa plenr-polrrtud ltght (rhlch c¡n bt con¡Ídrrld rl

brlng co¡po¡¡d of th¡ opporltcly cltcul¡rly polrtrcd bcr¡¡) lr prræd
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ttrough tuch r n¡dfiu, ¡ dllf¡r¡ncc La rrf,r¡ctlvo tndr*,for onc conpon.nt

r¡l¡ttvc to Èhr otbcr rfll rc¡ult la diffcrrntirl v¡loclt{¡r of tha

coaponGaÈ llght b¡¡n¡, On r¡eoabLnrtl,on to foru plenr-pol¡rl.md ltght

thr plenc of polarfutlcn rllX hrvr b¡¡n rotrtrd. ltrr tugh of, rot¡tfon

(c) t¡ proportlonrl to thc diffor¡ncr fa rafr¡ctfv¡ f¡dfcrs ("f * \.),
rd thr roÈrÈlon phcnomrnoa f¡ thrrcfora Lnorrn rlro ¡r circul¡r bfro*

frfagcoer. A plot of thr rot¡tfon c l¡ . fuuet{ou of thc ôn.rgy of th¡

r¡df¡tlou f¡ c¡ll¡d optlcel rottËory dlcporrl.on (ORII). $lfth tht ORD

tochniqur hovovrr, bælu¡o Èhcrc ero u¡r¡rlly noa-rco rotatfo[a ¡t

r¡dl¡tlon rorrglrr fer tr¡¡ov¡d fron¡ thr rcùutl ebrorptlonr rnd b¡clr¡r of

thr 8-rh¡pt of th¡ ORD cuËv¡ (drrcrlbd r. "iaostlourt', urr¡¡lly lrevfng

both porftfvo rud !êtrÈ1v. ¡fgn¡) rround tbr rbrorptfôtr nrrlnua, lt l.¡

dffffculÈ ùo ro¡olvr thr cuwc lato tho l¡dtvLdrrl contrfbutfoú ¡fncc

th.re ¡ro oftco onrrgrtfcally vrry ¡lnfhr.
îtrt eon¡aquô¡Ê. of dfff¡r.nÈ .xthctlon co¡tftcf¡ntr for thc pmngc

of lrft- rnd rlght-clrsulerly polrttr¡d llght through r¡ opÈfc¡lly ectfvr

coapound (or ftr ¡olutlon) fu thrt fn¡tud of thr tüo eorpoÈ.nt. conblnlng

to fora plrac-polarlrcd lf¡ht rftrr travcralag thr ucdLrnr Ëhcy for:r r¡
rllfptlcrlly pohrl.¡¡d cu¡rg.trt rËvr. thl,t tlltptfelÈy fr l Eurlr. of th¡

clrculrr dfshrol.m (CD), rnd fu proporÈlonrl to (r, - e*). Fot r co'spor¡a'l

to b¡ dfmyarCrle, rnd h¡nc¡ optlcrlly ecÈlvc, lt ur¡rt eorÈrl.n no Lnproprr

rot¡Èloa axl¡ (S{) or plrar (o) or cintr. (1) of ¡yËE try. ltrr rbrlaec of

thcr. tym¡trt ehn¿ntr la ¡ ehroæphorr rcult fnply th¡t Èhr úotrtlor¡l

atr.ûgth of any Ërrotftfon çlthfa ÈhiG chroaophore nr non-lrro, trrd
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Èh¡r¡forc thrt th. Èraa.fÈfon ft¡clf wr. opctcrlly rctlvc. Th. .Gprntü

trrnrfÈfonr constltutfng ln unpolerf¡cd rbeorptl"oa ¡¡rxfw¡n nud not h¡vr

Chö trÉG clgn or nrgnltudc of rotetfo¡r¡l eÈrangth, rnd coaæqu.ntly Èhc

CD epocÈrrD can oÍCcn bc ro¡olvcd lûtô thc eonpomaÈr corrGrpondfug to

th¡ fndlvtdurl tr¡nr{tl,on¡.

thc epprrrr*,. of r CD be¡d rc wcll aa the ano¡nelouo rotaÈory

dlrprrrlon urocl¡t¡d wtth ¡n ¡loctroafc trrnrlülon (or rbcorptloa båd)

tr Lnotrn ¡r thr CoßtoB Eflaet ¡nd can be por{tfva or nag¡tl,v6. lor

en¡[Èlon rtc nobct¡lr¡ th¡ Cotton eff¡ctc ¡rc of ldcntferl negnltudr¡ but

opporft. tlgn¡.

5.2

5.2.1 IIITR0DUCTIoX

0ptfcrl ætlvfty arLtor fron ¡olocul¡t df¡¡taqctryr ¡nd l¡ thur

t.É.ftlv. to nohaul.r rt.r.ochalrtry end l.¡ rel¡tcd Ëo rb¡olutc coaffg-

uErËfon. Eóviycr, to prcdlat thcoretlerlly tha ço¡ffgrrrrtLon fron tho

obrrv¡d CoÈËoa cf,freÈ, tht nohculrr faatorr vÌrlch dcÈerrlno tha rfgn

end nr3nlÈudr of th. rotrtlou¡l ttr.ngth¡ of, tha tndfvldurl trrneltlon¡

¡tüt b. hoora, l{l¡tl¡ n¡ny thrortc¡ of optlc¡l rctfvity h¡vc bcan

BropomdrET" *o" rrc couphtdy iôtfafsctory ln prcdtctfng th. rl¡n of tlrt
CoÈto¡ offcct fron lfr¡t prlnclph¡ ¡o th¡È no gcncral nodel l¡ orrflablc.

Nrv¡tÈb¡lcrr, bcoru¡r of thc lrrgr üeunÈ of erpcrlocst¿l lnfotn¡tlon nott

¡v¡ll¡blr tÊ fr ponlble Èo dctrruLor rb¡olut¡ eonffguratfon fron optfcel

n.arura!.nÈr uefng rnplrfcrl rcl¡ttonrhlpc, ¡nd by rlfcrcuec to rrpproprl¡ü¡

¡trucÈur.¡ wûro¡r rb¡olute aoafl"gurrÊfon¡ hrv¡ br¡n drtrrnfnrd by E-rry
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Eathoda,

Ítr¡ followfug dlearrmfor of ruah nrthodr fr fatmtfoorlly brl¡f,

rud ¡ufftcleat only for thrtr rppllcrtlon to u-cft end trrg¡[Co rll.mrl$.

A drtrflrd dÍ¡curÍon, md lftrnturo rrvfln, of th¡¡t Ècehnfquu fe

conÈlfnGd ln ¡ rccent tt.rÈfæ by Ersl¡1nr.87

5.2.2 BÈ{PIRICåL AgSIGNHflilT OF ASSOLUTE COTTFICTTËAÍIOIÍ8 USIHG OPTTC,A¡,

uErnops

lh¡ br¡l¡ of rnpfrtcrl nothodr of mrLgna¡¡t of eb¡olutr conffgurrtfon¡

by optlc¡l acthodr hr¡ bccn (+)- lco rorl *, rhote rbrolutr conffgrrrtlon

rl¡t deÈ¡rstæd by thr anoo¡lour X-r¡y rc¡Gtorlag ncthod,8l For tbl,r ton,

thr fir¡t (lær¡t rmrgy) llgrnd ft¡ld tbrorpÈfon brnd tora * ltr* 1o

rhc octrh¡¿rrl (oh) [co(NHg)el] r" ¡pllt iEto t¡þ tr¡nrftlo¡¡, 141 * lEe

.od lt, . lA2, fn rhc dfhadrrl (Dr) ffcld. Fron a efaglo cry¡ml GD

.tudy lhroa rnd co-¡rotk rrEE hrve propor.d Èhrt thr¡¡ trrulÈÍont rrG

polrrlmd pmpudlcrd.rr r¡d prrrllcl, r.ipcctfvGly, to th¡ mlrculrr Ct

l¡f¡. fhr¡r ruthorr dcdt¡erd d¡o thrt atro fq * tn, tr¡n¡ftfoa vrr of

¡ltshtly mrll¡r Ë.gntÈudG rnd of opporltr rlgn to ,h. 14, . lEe trrn¡ltloa.

Itrfr fnt¡npr.ÈrtÍon ra@t to h¡vo bacn goattelly rcccPt.d, but t¡ uot

rfthouG ltr crttle¡.g9 thl prurnt ruthor üotG. hovovcr thrt thr

fundm¡ntrl rlnglo cry.trl cxprrluonÈ rrt not ¡rt¡adrd by perriag

cfrcr¡l¡rly pohrf¡¡d ll3ht throuth Ch. eryttal rt r{eht laglcr Ëo thr

optfc rxir (rad nolær¡lrr G, rxh) Èo c¡clÈc Èhc A, trrnrftlonl only.

Onc¡ thr tr¡nrLtlonr rc¡pon¡lblc for the obr¡rv¡d CoÈton rffact¡ h¡d
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bccn ldcnt!.ff.d, e rolutfon (rrth¡r th¡n r eryrtrl) urthod of correletfon

of, ¡b¡oluto eonflgrrrtloa ür! ¡r¡t¡.rtGdgo rrrlu¡ th¡ ob¡rrnatlon9l'92 thrt
polrtlæblr oryrnlonr (eneh er phorphetr rnd rrl¡ultr) chrngrd the ¡rrrr
of tha CD bad¡ of trl.(di¡nln¡) cæplcxar dlff¡rontf¡lly by lourrnt r

co¡for¡¡tfonrlly ordrrrd ton-prtr (vhom lrtur. l,¡ rtrborrtrd rubrquâtrtly

ln nctlon 6.4.3), thur nodlfytn¡ thr lfgrnd ffrld by chra¡fag Èhr

alfrcÈlv¡ .y@Êtry of tha nokeulc. It ¡n¡ proporedgo an o thc rddltloa

of ra rnLon ¡uch rr *ft- to r ¡olutloo of r trfr(dl¡ntnr) co¡plrx cru¡od

ln thr CD rprctrrn ¡u fi¡cr¡rl¡ 1n thc rr¡a of tha \ couOoncnt ¡rd ¡fth¡¡
t docxn¡ê or no chrngr la thr rrci of thr E" conpound of the t, * ttr,1

trrs¡ftfon.

tlrr eoryloru (+)-gfl[co(rn)2$lus)el* end (+)-[co p¡nt¡nl],

¡lÈhough of lorror ¡¡@.tr1r (cr) ttna (+)-fco 
"rll$ 

(D3) rhovd tht ¡rna

forn of CD be¡d er¡r ch¡ngâr ar ttro trte(dl¡ulnr) .orp1*.90 heon proporcd

th¡t rlÈhouth th¡ rrprrùarnùrl eerl¡tracntr of thc ctrcÈronfc tt¡nrfÈlonr

of Cr.yuotÌy niEô ûot evrflrbl¡, thr rign of thr CD brnd of arlnll E

(Dr) Rercntrgr (lduÈtflGd by the bend ¡ru ahrngce on tbG tddLtlon of

golrrtnble anloor) fndfc¡t.d thst thr ab¡olutc coûfÍgurrÈton. of thc¡e

thr.G tonl, r¡ rrlrtrd by tha proporcd rr¡lc¡ of thc IIIPAC Cmfcrlon,6

r¡r¡ tdrnÊlo¡l,9otlt In tthtr ury thå ebcoluÈc conff¡trraÈlon¡ of æl¡cul¡r

crn br reletrd urfn¡ r.mure.ntr of opÈlcrl rot tory poüttr

It ¡hould bo aot¡d thrt th. aÞova df¡cucrlo¡ pcrtelur to ffv¡-
nrnbrr¡d chelrÊr tfnt rtrtrnr, Ttr¡ cotrcrpondfng rulcr for ¡fx-çrobrrcd

rfng ryrtat rpp.¡r to bc l¡rr ltraÍghtfoncrd.
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5.2.3 gotncB8 0F oPTICAL AgfWIrT It| Dfgg?þfEiRrc mtEgltlf8

ftro optlcal ¡cttvlÈy of dfaaymcÈtlc net¡l coaÞhxc¡ hr¡ hfthcrto

bsea r¡ctlbrd to thrc. ehlr¡l routocrrg{-g7 rt¡orc coÈttlbutlono to thc

overrll roÈåtfou¡l ¡trcngth of the d-d trau¡ttfoil arc coarldcrod

rddt¡lve.

t¡re-conffgur¡qfoad, effÈcf7t 1" dur to tha dl¡trlbuÈlon of thc chalctr

rlnga ebout thc eGotrrl mÈ¡l lÈou. Ttrl¡ oftæt fr co¡¡tdrred to rrl¡c
fa any ¡soleeule frou rny tro chel¡tr r!.ngr whcrr thr llnc¡ Jolntng thc

douot åtonr'of cech rlag erc ¡kcm (1.¡. thry hrvc ¡ r¡dt¡ of hcllofty or

chf.rallty). In ur¡Itld.EÈrt€ couphxm thrlc nry br ¡¡vrr¡l ruch paltr,

rhtch ncrd not r11 hrvc Èhô ¡rBG lt<cr, rnd thc nn of thcrr ¡kCIer

con¡tLtut.r th. eonflgr,rrrtfoarl cffoct of tbr polrcuh. Thfu ue cl¡rlffrd

by thc "rfng-pelring" aethod propoard by t¡gg and Doug1""r98 ¡nd mr l¡tor
forar¡htcd fn Èorn¡ of grocneL rulor by the IttPAC Com!,r¡1on.6

It¡¡ vLcl¡¡l rftectt?' t" dr¡e Èo ¡n erJrEüGtütÆ rÈon lu thr ch¡ht¡ TfûT,

ot Èo aayu.Èry co¡fcned oa ¡ donor rtoû by coordln¡tfon.

Thr confornrtLon¡l "ffe.t87d 
L¡ r conÊ:lbution by tha confotrutLonrl

chfrrllty Èo thc qol¡cuhr dfcryrantry, In ronr conph¡er (1.9, of reÈlvc

pn) Gh. vtctn¡l r¡d conforurtloûrl rff¡ct¡ erc couplod, rfacc an

{rym.trÍc êrntr. fn th¡ llgtnd rey prcdtrpo¡G thc chd¡tc ring to adopÈ

r prrlcrt¡d confornrtlon.
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thc CD fn thc vfrfblc nvelcngth raglon (lleand ffuld ebtorptlon)

lr fou¡d to rcflcct prtuar{ly tha atereochemlcal conffguretlon of thc

chelate rlngr ¡bout thc ecntrrl r¡eÈal 1on. tha crgaLtrda of tha

CD Ln the UV rcgl.on (chergc-trrn¡f,cr abeorptfon) tr forurdl to be tuflucnc¡d

by the conffgrrratlonal affacÈ, ¡nd 1n addftfoa by th: conforortlonrl

rnd vLcfirel eontrlbut1one.95t96

5,3 99 AFL C0IÛF,TGURATIOü 0F u:gfc[Co dtcn^l$......'...'-
It waa rtåÈåd eerllcr (aactlon 1.3) rhrr :¡--cletCo dtenrl$ ¡rtg,r."

3) hed only a &¡o-fold rotêÈl.on Ê:rl. (no1ecul¿r polat s:nußtry Cr) ard

heirce exlets !n optlcel l¡orc¡rr, ltlê tllmymatry nrircc prfunrlly froa

a eoaffguratlonal rffcct. lhe actlvc fon¡c of thl¡ Laoner warc found to

tre optLcelly *Èablc ln bagfc condftlon¡ (¡ectfon 3.3) ln Èhe rûne w¡y art

actlve [Co enrl$ ontor. dfrayuurtty le alao ascrlbsd pradorLnently to tho

conffguratfon¡l effact, whence raEad.latf.on rrould have to lnvolvc grorr

rå¡rtângeoant of thr eh¡letc rlngt,

Sonc conÉrlbut{on üo thc ehfreltty of u:gtF[Co dfcnrt* rrculd also

tra erçectod from th¡ conforro¡tfone , es lt in prohable thet thcrô nould

bc r atereorpaafflc pretsrræt for ona or nora of th¡ flvc poralbla

confonntlonsl cooblnrtlon¡ (nactÍon 4.3.2), Îl¡Gr¡ ¡houLd ba no vfctnrl

effact ,¡B Èh.rG rrÉ no eeymetric ôGnËrcr {a thc llgande, fiovevrr, ln

th¡ir studfs¡ of ¡Èãraorpaclffetty fn thc chcLatlon of arptrtlc acfd,

I.egg and nouglaag9 aÈtrfbutôd ehc dlffcrcnca Ln thr CD epcctra of

tco(ltH3)3(s-A¡p)l+ a*t [Co(dlen)(g-A¡p)Jt to a (vicf¡al * conforn¡tfonrl)
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contrlbutfon of coordln¡t¿d dicn reoulttng fron tha dlffcrent con-

fonu¿tlons of Èlre rfnga ett¡che¿l to thå \o2 - Ii ato¡t.

ffglglco dlenrl$ ro." reeolvcd lnto opÈfcal i¡omara (eectfon 3.3)

and ttrc ORD and CD tpcctra for the (+)-enÃntlonêr are ahown (Flgr¡ree 10

a¡¡d ll). The r¡aults rhow thet (+)-g-clq.[Co dlenrl] tn tqueoue

colutfon gfvea a naJor poal,tlw and ml.nor nègatfve CI) handr at e lower

and htghcr frequency respectlvaly, ln the Bpectral reglon of the octihEdrNl

t^r* * \ru ateorptf.on of the cn(rrr)¡16, chromophore. The arcec of theaa

CD bards r¿ere rlfiulnfshed antl enhanced, recpectl'vely, by the addltlon of

Èhe pol.rLeabla oryanfon cclenltc. Ttrc cl.gnt end rolatlrrc f-requencfe¡

snd negnlrudes of the lowor anêrßy CD bande of (+)-g;g.¡þ[Co dicnrlþ,

end thE changee ln banrl arêa on thê addftfon of eelcnita aro el'rn1hr9o

ro rhe eoalogoua CD banda of (+)-[Co .r3l], (+)-g:stco(an)2(tlttf)21],

and (+)-tCo p"rrt"olæ, frou whlch lt 1¡ concluded thaÈ thG (+)-g-cf.f:

[Co dtenr]S co.plax h¡s ths eana conflguretton (Ffgure 12) tt thcBG com-

plcx lonc ¡¡hfch alao contEln thc co(rlr)n 6 chronophorc.

Ab¡oluto X-ray crygÈsl Btructure aualyeeorSl'100 snd CO etudfaa93

heve chosr Èh¡t thc (+)-lco 
"nrlæ,81 

(+)-cþ[co(en)2(NII3)21* tod

(+)-[Co pontcnl3+ 100 sre confl.guråttonally rclated, (A,l\, and 
^/¡A(À)

raspcctfvÊIy,6 ¡shore the brackatg fndlc¡ts thê uct or predornlnant

coaffguratlon obtalnrd by 'rrfn;-pafring" thc thttê eet¡ of skcw llnc¡

in the (+)-tgo pcntenl3# nolacule). 0n appllctÈlon of thc nomcncl¡turo

to (+)--u:qts[Co dtenr]S, Flg,rra 12 ahowe th¡t whflê ÈhG tfng* lI anrt IV

hrve a mutr¡el A chlralfty, the ¡rto pafrr I and IV, and II and III, havc ¡
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üuÈr¡rl Â chxr¡llty, gfvfng ÈhÊ coaflgrrretfon Â/tA. By thc rfng-prlrlng

rchcme tho ovltall conffgurrÈfon of the ¡mlccul¡ u-cfslca dtcn2t* ¡hown

1a Flgurc 12 fe Â, l1k thrt of (+)-[co pcotcn¡S 100 rh"r. thc rfng-

prl.rfng rcl¡Èlon¡ rra cloarly enelogourr93 thê wo conrplex fon¡ dfffcrlng

ouly ln tbrÈ fn [co grntents rhrro fu a fffth eh¡lera r!.ng brfdgfng thr

rD ürsondrfy nftroß.n rtóEü of .u:cfr[Co dfcnrl$.

the dcttrnfnrtlon of thc ebroluta conffguratlon of (+)-u:c1!-

lco dlørrttCo(Cu)rl Uy x-rey rÈrr¡cÈr¡rel anrlysfe f¡ ln prograrr.36

5.¡l ÊÐ {HD gol{PIgn^MIoN oP trrn¡t0o dlcnrtÏæ
Tt¡sgfco atrn2l$ ls capeble of optie¡l rctfvfty prorrtded th¡t th¡

)# - H bondr rurin fn ffrcd dfrpoaltlone (eactlon 1.3). An arpoaÈ

of prrtlcul¡r lntoræt wtth Ëhl¡ ¡olaculc hovcvcr f¡ tha orf¡fn of tha

dlelyurtryr lDd to con¡ldcr hoç f¡r thir e¡n ba arprcstad 1r¡ ÈGrnr of

tha qoqvoaÈfon¡l chirrl rouroâr (¡ccÈfoa 5.2.3).

In prfnclphr thr conflgrrrtfonrl ¡¡d coaforn¡tfon¡l ¡ff,rct¡ m¡
r/¡¡t¡lrhtag lor tht¡ koo¡¡. Flgurc 3 fdfaetcr th¡t lf Èho ltonr of oech

ehd¡tr rfrç tre trk n to b¡ cophar.r, thr .Èrrßtr¡r¡ h¡c nro phnre of,

ryetÈsy e¡d tro C, rxcr (ünr¡ 1¡ ¡lao en 8a txlr Er¡Curlly pGprndfcul¡r

to Èh. ttp Ce r¡r¡ ¡horcn !,a thr fl¡ura) ¡ó thtt thc rt¡r¡ochul.crl dl¡-

Potltfon oÍ thr chdrtc rfngr rbout Èhc nrml loa ft non-chLrrl. IfBr¡rr

t rhorr Èhc chehte rl,ng oonforntloar nÈfch nnrt obt¡la ln thr optfc¡l

flguctr¡. tlh¡n thær rfa¡ coufor¡¡Èfon¡ err conrldcrad thr plenm of

ryu.trt ln ll.grm t dlrrpp¡ar and Èho SU rrf¡ tr dettroyrd (rltbouth ¡rch

aoordfnrtrd llgrnd r.trln r uLrror plrat m ln pfgurc ô), but oar of
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the Ct âxaÉ r@fn¡ anrl râlctâr Ëhc t$o llg¿ndr ln thc rolôcul¡. Th¡

polnt ßrôup l¡ thr¡¡ radr¡cccl frorn s, (rlsf ttom. Èttrû to bc coplal¡r) to
C2 by th6 tlÊg coafottetfotrr. A vlcfnal offcet rhouLl not rrl.ec rl.ncc

thc ttfo chtlrtc rl,ngr eonatituÈLa¡ cech dlea uc¡d crr (in prtnctplr)

nÍrror l'n¡gar. rt lü elro evLd¿nt th¡È for caoh dlcn ltgrnd thc

conforoltfoa¿l cffæt lr lntetnrlly conproretrd, oaa ohclatr rlng hrvfng

a 6 conforn¡tlou end thc othir th¡ I conforanÈ1on. Thue th¿ coûv.trtlogtl

Eouroct of chlrall,ty, conflgutrtlonal rnd confornetloa¡l rrrd vleLnrl

¡ffccùe, aro not pa6c.ûÈ tn thl¡ rmlccul¡.

Thc dloaymaÈry of Èha nolccqlc tr dur Èo enoÈhrr qhfrallÈy typr

whlch la axenplfftcrt rnd unfqucly deacrtt¡cd bv Èh¡ eteræchmlcal

rcl¡tl.onghfp boorean thc twû -qF|E t2-lt tonde of tho ¡ccoadrry oftrogea

8toa8 ln the æro lfgendo (FfÈurc 4). thcse two ll-R bondr forç I ¡GgEGnt

of afÈh¡r e rlght-handcd or a left-hendcd hclfx trk{ng otther N*H bond

a¡ thc hclfx lxf¡ ¡qcotdtng to the IUPAC comr6nËton.6 aud thr rbroluÈr

oonfl.gurntfon¡ of thc optfcrl forp¡ of rh¡ -trllEg.tco dfenrl* coryhx rey

be dcclgnrÈed r¡ ^æEs-6-¡fi and tr¡nq-l-NH rrapccrfvcly (Ífgure ô). ttrf¡
3outse of chfrallty fn ar¡ch rulna eoephxce ctn th.rcforc be drocrfbed r¡
thê ?t$-g chl¡rl' effcct".

lbscu¡r tha dt¡¡]rrñçtry fu noÈ drr¡ aolety to thc prea.nß6 of thr
a,

N--tt bond¡ ao th¡ ttructraG rould tGteÍn dfa¡yru¡Èry Geon lf ornh bord¡

wcrc rb¡ontr for crarrylc ff r aulphr.r dorpr rcpleead tht ¡acondrry ralor
groupr Thc e¡¡nc typo of Bytu¡otry rel¡Èfon¡hfp holda botr¡sên any of th:
Cr-rcl"atod C-8, ll-[, F-C or C*C bondc ln thc tro ltgendr rnd Èh¡re
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lndfvfduaL bond chl¡allttee ehouLd s1l contrlbute to Èhc over¡ll hdlclty
sf thc molQeuX¡. Thc abaotuËo conffgurttfon ct! Ëherêfora ba alr¡crlbrd

by rrry of thece bond r¡l¡ttonnhfpe (thae¡ are æt all of thc e¡ue ekenr,

6 or l.) ¡nd the it2-lt boruls h¡vc bern ohos€n as Èbo sLnpl€st dcscrlpBton

for thfa cornpleic as thfs ü¡oång of nomenelature Lend¡ tte¡lf pore

Senerally co a ltLder varlcty of potantlal llgandr, Wlth ¡ulphr¡r donort

for oxaruph, Èho lonr pelr dLtectlone alght be enployed ln an analogous

¡tetæchanlcal eltr¡¡tton. An alÈrrn¡tlve do¡fgrittloû for tho ¡baolutc

confLgurrtfon of thc t¡eql[Co Ofenrl] optlc¡l f¡mcr¡ could be ln

tems of the lef,È-hsnded (nlnue) or rÍght-hsnded (pocltivc) heltclcy of

the two U2*t¡ bondt abour thr CO arle, M(C2)-Ifil or P(Cr)-Nit rrepectfvely

(Figr¡re ô),

Strch chlr¡l offocts ¡o de¡crlbsd abovo have not hlÈhrrto been

reslf¡¡d ra conÈrÍbutlûS affectg to optlcel ¿ctlvl,ty la uctrl polyeulnr

conploxcr, but ¡hould b: precont ln coaplox syf,Èrnr ¡ræh r¡ [Co trlrürl+
ln rddftlo¡ to th¡ co¡voat,l.oarl ¡ourc¡r of chfrallty. Tho rcÈfirlty of

r¡¡olv¡d .@ltÇo trfcnClrl* (trtg*. 13) trer b.rn rtrrlbutad ro the

coaforu¡tlon¡ of th¡ cbrhto rl.ngr rad tht trc etyu3trlc ttcoadery

nftrogcn 
"ao*,Ü7" 

Iho prcrcat vork fdleator howcvtr thrt Èherc

corw¿ntlosal rourars of chlrellty vfll aot fully rxplrfn ùhr ob¡anrcd GD,

rnd thrt thrto vtll hr r conÈrtbuËloñ fro¡ a boodlrlr chlnlfty of thc

typo dcrcrlbcd ¡bovr and rgefn Èypf.flcd by thc rt¡ræchæfarl r¡l¡tlonrhtp
of thc È¡n )u2 - B bod¡. In a cln{lnr ray, for optfcrlly retlvr
clc,g- qnd S,lsÊ,tCo trtcp\2l+, u-ci¡fco drcnrl*, cd all puckorrd rlng



eyst@T¡s of nulÈldrntatc llgaartr such ls llnner-tctrrån ¡nd lfue¡r-ptnttÊt

thl.s prevtously unrealfsed source of chl.raltty rrculd be cxpectcrl to

contrfbute overall uolecular chfrallty.

AlËhough the eontrfbutlon of ttt{2'-H chfrel effeet:¡r' to optfcal

actlvlty of polyanfua conplaxce h¡e not prevfor¡¡ly becn apprcclatcd thr

stetgochælc¡l berfs fe not fle¡r. An U2-g boud ftxod ln onr of trm

alteru¡tl.ve dlsposltlons ralll eonfer lso¡rarlnra ptovtdlng theEa altarnatlvc

dlcporltlonr can be dlotfngukhed. In tr¡n¡[Co CteorlS aho al.tcrr¡tLve

dfrpoaftforrø of one )n? - !? ate dlctfngufehcrl wlth ref,ercncc to oac

flred dlsposltlon of thé 6ther )o2 - H bond tn thr nolecule. Duc to

the pârtlculrr symêÈry propGrtli¡ of thl¡ molecr¡le the "il-E chlral

effcct" l¡ the only contrlbutlon to the dferymctrTt afaec there

coordlnatrd nltrogeo ¿to!Â6 thenrclve¡ rte not ec)tdrotrfc. In conplorer

of ï-Mecn and ¡rrc thc cceoodary aniae nltrogoa bccqües lcyotctrfe on

eoordtnstlon (donor eton asnmçtty) and fh¡ optls¡l aeÈlvftv rrf¡er lrolr

vleln¡l ead conformatlonrl effectr. In thur lnrt¡trcts wÍth only onc
ô

)X' - Ë bond høcvrr the cht¡¡l cffcet dor¡ noÈ arlsc elnee tb¡r¿ t¡

no eecoud trcfcrencr gtot¡p or bond.

å. afntlar rlturtfon to thrÈ tn tragglGo dtcarl* crle"s ln thr c¡lc

whare df¡n f¡ eoordlaateit ucrftlfonslly ln the Byttcü [Co(en) (¿fcn)Clt2+,

shotln in flgura 5. Itcrc the two altern¡tive df¡poaltlone of the efnglr

uz-n bond cau be dlsÈlnguishGd by refere¡ce to Èhc chloro lfßand vhlch tr

i7 I c

.cie. Èo Èhe doaor reeondery nitfoget. Thls ere¡têr túto geonÊtrlc faoucflt

but opÈLeal lsoner3 ere !oÈ possfblc re thcrc fu no t'S-E chlrrl cffceÊ"

tor vlcLnrl rffrct, ¡d thc eonforrrtlo¡rl contElbutLonr tn thr

9
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coordll¡Èd dlm c¡æel r¡ ln tllr.gr.[Co dfrnrl$.

Il¡ar[Co afm2lS ru r¡ælv¡d fnto ttr rn¡ntlou¡r¡ r¡ndrr eeldf,c

ooadftlom (mctl.on 3.21,- nhrrr Ch.y rr. optlarlly rtrbl¡.
th¡ oID r¡d CD .p.etsr of (+)-!rrr¡..[Co rtfrnrf S ur gtvrn ln f,f;uru

10 ¡¡d 11. fhc CD rp.strln her r nfnor gorlcfvc rud rrjor acf¡tlv. CD

b¡¡d rt r loner rnd hfgh¡r frrqucæy r..pætlvrly fn thr .pcÈt¡l rrgloa

of th¡ \, * lrr, .b.orptfon of th¡ octrludrrl co(rrr)N, chræphorl.

Thc brnd¡ brvr thc renr rígn¡ r¡d ¡lnller ngoftudr. to Èholr tlvrn by

tco(+)p¡(mt){¡} " (- roÈrtlor rlgn ram ¡lvm for thc co¡ph¡ 1q

rrfrrmc¡ 97) or (-)-tco(N4r.ca)(nB¡)al3+r101 rhcr tho opÈtcrl rctfvl,ty

drrlvr¡ la ¡rch aror fro¡ e rtaglr .rtu trle oortË. lu thr llgrnd rnd r
¡rngh pncLrrad rl¡t, fbr GD rpætrrø lndtcrtu th¡t thr trea¡ "UE

chlrrlt' ¡lo¡aÈ glvrr tlr. to opÈfcrl roÈrcory rffætr eolprrrblr tn

orgnltudt to thor. of thr (eoaformrtlon¡l t vl¡tn¡l) rffrct of r rl,nglr

f1l.d prrcltrrrd ohrlrtr rl.n¡.

Althouth th¡ murro.Êtr ln Ëh¡ W rrgLon v¡rr tr},o¡ donrn to ltl m

(GD optlcrl d¡arltt dGtæülo! ltlltt t fs 105), !r, CD r.rpoa.. ür.

rraordcd ovrr thll rrgLou for thr ttrtr! kõttr. Thu¡ Chr CD ln thlr

chrrgr tr.¡¡ fG rcgfoo, ¡rhrr¡ G.., . 391000 tì 222 rur, e¡nnot bc ler¡rr

th¡¡ ¡bouÈ 0.3 conprrrd vlth -!0 tor (+)-¡Co rngl* or *1! for

(+)-t!ril.[co(-)m2Orn,)2t3+.95 rht¡ fndtcrt.r thrt tho confotrrGlonrl

GoatribuËfo¡ to Êhr optlcrl rctlvltt of trr¡r.lGo Cf*rlS lr ncglfglbh,

¡tas¡ rny lrah coaÈrlbutlon muld br oryrct¡d p¡rtlcul¡rly ln thfuqrol5t96
(¡ætlo¡ 5.2,3), rüd JurClflm thr errfgnmt of th¡ obr¡rv¡ú CD brnd¡ ln
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thr ltgrud ltrld ro¡l,on to Èhr 'r!fE chl¡rl rff¡ct'r.

Tho rrcotdd CD doo¡ ¡ot hovev¡t dfrttn¡ufrh brtncr¡ Ghl Êrû

tttußtür¡r of ttrarlCo afrnrt$ ¡tom tn ltçrrc 4. lrcrutr of th¡ rmiqur

tyln¡trt prop.ËË1.¡ of, thl¡ nol¡culc no rult¡b1c ryrtor rr¡ rvrflrÞl¡

¡o raf¡ræc.t, ro thrÈ rt thl¡ ¡trßc only rn rbroluÈl X+ry cr?.tel

structrrê errlyrl,e rould rllor thc ab¡olutG confltus¡tloû to bc

dotoñsf,oôd. å¡ù ¡tt.ilptad cryrt¡l ¡ttucturG of (-)-@-[Co ófenrlBr?-

(ClO.).ZELO la rcportcd tn Cheptcr 9.

lba mlrcuhr pdrlr fndle¡t. tmt arordfng la ono qurdrenÈ of

FrÈ¡r[Co dfan2t$, ¡houn ¡h¡dcd l,o lfgurr û. Such erordftu al8ht bo

rcllevcd by dfrÈortfon of o¡r chclrta rfag of orch dfcn llgrrd. OpÈfcrl

rctlviGy corrld Èhôn ¡rl¡r frou rtyü.Gty of, ohrtgc ebouË thr )"2 - t

group ¡fncr the helled conÈÌibutlo¡g of tho co¡fotuÈloa¡ t ¡nd I rould

ûÐt ceDË.l (re Èhc rfngr of r¡ch llgand rmuld ¡o longcr bc trlrtrd by

tha plrat of ryuuctry doplet¡d 1¡ Èh¡ Flgure ó). Any ruch df¡tortloa fa

Êhr rolld rt t. ¡t¡or¡ld bc olrld¡nÈ frou e cryetel Ët¡¡rct$rc enrlyafr.S

The rolutlon GD h¡¡ tudfcatrd horrærr (¡rc rbova) tbat eny euch dfrtortfon

l¡ wldcatly too ro¡11 to br dctcet¡blc by thf¡ ECIî¡r

5.1 lxrnrrur¡r¡At

ORD cuw¡t !t Er ræord¡d o¡ a Prrhln-ELncr P22 R¡oordlat

Spccttopolrtl¡at¡r uriag ç¡. 0.31 rolutfoa¡ Íu 0.01H EBr.
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Ihr CD rpætrr wetc treord¡d on r Jou¡q CD 185 Dlclrrogrrphc (by

court.ty of Prof. S,t. lt¡o¡, Sahool of Ch¡nlc¡l Scfcnccsr Unfvcrcfty

of lmt ÂDglt¡r l{orrlch, U.f,.t).

* Ptrccent eddrges, DÊprrtnGnt of thrmtstry, Univarrlty of loudoat

Klngta Collcgc¡ [I,X.
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CIIAPTER 6

Egg

PARAI-TEtrER,S

6.1

fntroductlon.

Son¡ of Ëh. facßorr cffcott¡g rcbtfv¡ Lloncr .t bfltttÚ ol

coordln¡tlon aoupoud¡ h¡vo bcrn epprrcl¡trd f,or ¡rny ytrrar but Èhc

qumËltrtivc ¡¡tf¡¡tl,on of thrr¡ fretorr f,ron throrct!ß¡l cou¡lderrÈton¡

hr¡ br¡n ¡ rohtlvcly rccrnt dcvrlopnont. In coordfnrÈlon chcnl¡try'

tho ph¡nosonon of prrfercns¡ of onr glonctrÍc Lrmcr or lat¡rn¡l

dLrrt¡rcof¡ourr ovrr lnoth.r fa trrurd ttcreotptetfÍcl'Èy. Sueh en

rf,f¡ct fr utr¡rlly oberwrd ln ritr¡rtloar wl¡¡rr r dlmyulctrÍc Ghtlrt.

coupl¡r (r.g. of thc trtt(bldtut¡ta) tyll) coltrlat en llygctrlß

(opÈ1celly rctlvc) ltgrnd of on¡ configrretfoa ead th¡ ¡uru optfcrl

fon¡ of th¡ cooplcx, vhlch ¡rc Lntatn¡l dt¡¡tCeol¡Onrr.r ltt not

obtefnrd fn rqr¡rl lao¡¡¡tt. lÌon rerly orpcrlncnÈrl rÈud1c4,102-104

crsh ¡Ècmotgeelf,lc cflætr vGtc at ffrrt conrld¡rcd to b. ebloluÈr'

ard thr dlacurrlonr of Èh¡ fr6 .n6ty dlffrrcnctt ú.rG ln tho qulftrtlvr

t¡t¡¡ of th¡ gro.t rt.rla ¡ffectr, non-bondrd lntrrrcElonl æd bond rnglc

Itrllnr, uùlch vrrt obt¡rvlblr fron aod¡l¡. Houütcrr Ëho prrkçrrd nrtsrc

of ch¡letr rfngr8ltl05-109 of cray ooordfHt¡d llg¡ndl, tuch er tthyloar-

dlaulne, lntrodtrc¡ uorc rubÈlo coaforueÈlotr¡l ¡ff¡cte shiah coûtútbut.

rfgnfflcrnÊly ro tÊ.r.oip.clflc!.ty, It l¡ propolcd to or¡tllno fn thfu

¡.ctfo[ thr drv¡lopoenÈ of fdca¡ r¡d a¡thod¡ Ëo .ttlntËG Chr v¡rlou¡
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fretor¡ fuvolvcd, to provldc ¡ brrir oq whlch to dL¡cr¡r. th. Pr.tonÈ

exporfntntrl rooultÊ fn th¡ ¡r¡bsequcnt ecctlont.

a

lîr¡ ffr¡t qurnÈlÈetlvo maa¡r¡ranC of thc Gncrtatfct frvolnad !.n th¡

oprcfflcfÊy ceurcd by non-pl"en¡r chel¡te rlngr rra¡ urdr fn 1959 by Coroy

¡nd BrlletrÊO ,¡¡fog¡ e¡.cotlslIy thc srthodr of confornrtloî¡l enrlyrit

yhfch hacl ba¡n âtbblt¡hed for analo¡ow floxlblo cerbocycllc rfngt fn

orgenfc cbantrtry by thet Èln . Thr tno porrfblr ¡n¡uÈl.onrtfc confor-

Ertloa¡ of thc H-cn rlng, t rnd t (rcctfoa 1.2, Flgurc 1), rre rqrnl fn

Gn tgy 1n fuol¡tlon rùrre thay rrc g.ou€trlc¡lly cqutvrlrnt (a.û. io

tlr($Hr)*raln+). Iû thr trlr-chcl¡tc !t cn, üytt€n horrvcr, thc forrr

poralblr coaforn¡tlon¡l conblnetlons for oeh optÍcel confl¡urrÈl.on

(Â or A)6 ebout th. c.ntr¡l rÈon (ût6r ôtlr ðll, end ÀtÀ) n111 h¡ve

dtffercnt enrrgÍu brceul¡ thry lnvulvr dlff¡rcut noo-bondcd eÈonl,c

LaÈêrtctLono. tho ¡bovc ¡uthore urlag tbc potantt.el ftmctlon of l{r¡on

¡nd f.racnoyrlO9 e¡¡crtcd the¡¡ lnterectloûa rt glvlag rf¡¡ to tn "tnergy

dffforencc" bctrreoa thc rc¡t ¡Èable ¡ìô6ô/Attl ¡nd tho lerrt ¡tlblr

ÂÀÀÀ/4666 eonfomare of l.t kcrl ¡9lo-l, or 0.6 kc¡l ælc-l per choletr

rfng. In thr fomor prlt of conforner¡ ùha C-G boudr of arch tlgand

ere prrallcl (Iel) to th. nohcr¡lrr C, axlr rl¡rro¡¡ thry err obllqu¡ (ob)

Èo thrt ert¡ ln Èhc letÈrt clrc, ¡o that ËhG .ncrgy dlf,f¡rrnce 1.8 ltcrl

role-l errcntl¡lly rrprorouta thr dlfferonco bGwc€n thrr¡ 1r1

conforutlonr r¡d Chroc ob conforurtíon¡.
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In thc coordfn¡tfon of cu enrlogucr vhLch foru flvc-ocubercd ch.l¡t.

rfnge, Èhr ¡ru¡c cortomat!.on¡l porafbflltl,ee hevc to be conoldered, but

wLth antnr¡ sub¡tltut.d o¡¡ êlth.r thr C or ll rto¡r rnoËhtr frctor 1¡

fnnlvrd lu thr dctcrnir¡tLon of the ¡tcrrochcmlrtry. tllth retfvc PDr tht

C-¡ubrÈftuÈcd ncthyl group cen be rithor ¡rL¡l or .qurtorlrl to th¡ ovrrrll

pLenr of thc rtag (dcffnrd by thc let¡l and tno donor nftrogcn ato¡¡)

deprndfng on th. rfag eonfornetl,on, Corry ¡nd Brtl¿r8o cetl"ntGd chrt

th.r. wûuld bc e dtffrt.¡rêc of at lr¡aÈ ? hsrl nola*l brtrccn thcec

arlrl oß oqurÈorf¡l rLtr¡rË1o¡¡ fu frtour of thr ñthyl 8,rouP bcl'n:

cqurtortal ntrcrc aon-bond¡d fntrrrctlonr of thr usthyl rub¡tituo¡t tr.

¡ubrtrntfally lotr. Illth eoorülurtoal B(-)pn, rhorc thc rlug confotutLon

would rlrryo bo I to n¡lnÈefn tha nothyl group äquttotl¡l, regardlerc of

Èhc conflturrtfoû A or Â of lfgend¡ rbout thc nctal, ûhcr¡ would bl ra

rxpcctcd Gn.rgy difftroncr bctwc¡n thc optfcel forn¡ ôfÀfl0o onr(-)lnlS

(¡11 eonforn¡ttoa¡ þL) end Âtôf [Co rnr(-)Unl* (oro confot'nrttooo þ!)
of 0.ó þ¡1 æ1r-l to frvr¡r¡r of tbc A dl¡rterookm¡rlc fon. gr¡ch r

dfffrr¡nce fn çntrgy uould not lo¡d to rbrolutl ttGrÇo.p.cfflclty (Xcrle .

2.81L, æ Èbrt LroLÈlor of both loar rhould ba Þo¡rlÞl¡, Starro¡p¡cfflc

cffrctr ta thr tr¡logour conplor ryrtrmr l0o(crr/pn)rlt* lt¡rr Ë¡tlooelfmd

in ¡ rù¡Ílar uay.

In thc Èhærrttcrl prrdfctlon¡ of Corcy cad B¡l1er80 oaly non-Þo¡dcd

rtonlc tstrraatloar bcGwGrn Èhê ¡tr¡lo-frer gtuchr aonforo¡tlotc ô ¡nd I

utra coúlld¡rrd, [o ¡ccount ïr¡ Èrkrúr of thr coBttfbutlon to thr frcr

tnrigy of wt¡¡t worc r¡frrr¡d to et th. "rntropy effrct¡tt of ¡olvrtLo¡,
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lon.r¡locfrtlon, lrtttcc torc¡, or tt¡cltÈlcrl rf,f¡ctr. 9fær th¡

roþculrr brl,Eg coaperrd vrtr rlnÍl¡r fn ov¡r¡ll th¡por ¡fr¡ rrd E¡tut.

LC n¡ rug¡mËrd Èb¡t ruch dllf¡ruc¡¡ rould br n¡11.

At the ¡ene tlno, Dryc n¡r rmdctrhfiU rn .rt.tr lvc rrrprrlucntrl 
'

rtrrdy of rtrrrorprelffc r:/ftor. In Èh¡ rqulltbrtrn pË.DrtttloË. of thr

.y¡tü¡r [co pnrls {8'65 ¡nû fco mr-r(-)nnrl$r49 th¡ elo¡o rtl..qütt

brtn¡ra uprrtrontrl lrcr .!Cr¡y dlffatrnc¡r (¡Co) b.¡gr.[ prlrr of

Lronorr ¡rd tho c¡lcr¡l¡trd .athrlpy d1lfcenc¡r (¡no)80 t¡n¿¡d Èo ruPPort

th¡ rbor¡ cobÈ.Etlon of Corry rnd hllrr, rfctr I tÈ.tlitl.cel vcl.¡httnt

frvourlng Gh¡ "¡fxd lfgrndn coaplrrr¡ l¡sh u [co rn2(-)pnl] or

tco(+)pn(-)pozt* t.¿ bma rpplf¡d to tho crlcr,rl¡tl,oa¡. ?lro t¡Erørut,

coupþd wlth th¡ ¡ubrtrnt!¡lly sorroct prrdlctfon of thr rhepr of thr

!{-on rfa¡ urirE n.Èhod. of vocÈor enrlyefrrEo tø to uldr ¡cc.DÈrç. of

thr Corry rnd Brflrr !.thod of, co¡fornrtlonrl ¡o¡ly¡lr rt th. Clq..

It f¡ aottd rt Èhl¡ pofnt lroucvc th¡È rubr.qu.nt c¡lculrtfonrllo

o¡ Êb¡ [Co tnr.*(-)porl] ty.Èeil urlûg .û.r8y ul¡fnL¡rtloa t¡chnfquol

(nhfeh wtll br outll,n d 1rÈ¡r) hrvr lrdicrÊ.d thtt th. af v¡lu¡l of Corcy

rnd Erllra80 r.r. probrbly ov¡rr¡Ëlurtrd, Th. eontrfbutton of thc rrcntEoPy

¡ft¡c¡r" to AOo fu prob¡bly uot nr¡ltgfble Èbrr¡f,orr rd th¡ clorc

rgl:..n.at v1Èh Drry¡rf r l.¡sltt !¡t hrvr b¡rn ¡onsh¡t forËsftou..

hon tho rxporlnrntel ll¡uro of Ðryor for Èho clcrty d1f,f¡ronc¡¡

brtrrc¡a lcl rad gþ coatonrtloo¡ ln thmr pn aocplm¡, thl conforurr
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ÞroporÈl.oar fn e solutlon of fco "o3ls uay bo c¡lcuhÈcd111¡112.r (for

thr Â conffgurrtloo) ôô0 (trle-lcl)rôûÀ¡dltrlll (trrr-ob) - 59:29:B:ô.

tha proporÈlor of thr ¡fô6f/AtÀô (1!L fcf gþ) fom Ëhtu apprår! Èo be quftr

rlgofffcrnt. tlro ¡fxad conformarr lÀ6 end Itô ehould bc fewr¡r¡d

rtrtfrt!.erlly ovrr Èhc forur t66 rnd ÀlÀ, but thc above c¡lculetfonc

hrve not locludcd thfu BCrtf¡tfcal wef¡htf,ng. llh¡r¡ ar¡ch allowe¡ca 1¡

a¡dc thc l.d lql ob urangmcnt rntght beeone thc æ¡t fevourcd, and

thta f¡ df¡cue¡ad furthcr balow.

Eg¡ul Antlc j9!Eg!!qjq Ë.uttLdentqta I.ÍB.r¡d Syrtc.ln¡.

I{fÈh nulttd¡nt¿t¡ lfg¡nd ryat@r, the verfour geonGtrlc faouorr

ÊutÈ Lanolve dfffrrènt bord rnglc oÈ tht donor ctoûr brfdgfn¡ rdJacent

chcletc rfagr. nny""14 rpplfrd thG 8bov. mntÍonGd grorr ct¡rfc rf,fcctr

qrlrll.tatlvcly to thc tyrtrnr [Co dfmrl$ rn¡ ¡co trfanxrl+. For thc

dlro cyrtra, coaridoraËlon of botrd rnglo .tralû ¡bout the ræondrry

ntÈrogrn Sroupr ol th¡ dfrn llgrads ld to thc prcdfctlon th¡t thc cf¡

fornr ¡hould b¡ ærc ¡t¡blc Èh¡o thc gg. thc trrür Leon¡r rhould br

norr flvuurrd bovcvêtr on thc br¡fu of aon-borded etoafc fntcractfono only.

Ar th¡ r¡lrÈfvr ugnltudr¡ of ÈhoeG tno affeete, to8athar wlth eny

conforn¡tlonrX. eff,rct, w¡¡ uuknorn ft v¡¡ conqludd th¡È Èh¡rc q¡y

br apprrcl¡blo ruountr of both cl¡ (feet¡l) rud greqg (urrldlon¡l) foru¡

pr.i.!È at rqufllbr1,n.l4 thc prorcrt *nrk lndfc¡taa thlr to b¿ ¡ubrÊrn-

Ètally coÉrrct, rnd tho giriatcr rtebflfty obrervcd for th¡ lrtaf forE

lnpllca, oa th. brclr of th¡ ¡bov¡ qrrrlfHtfvr rtguilcnt, th¡t th. bond



96.

engle Btrefn f,actor Le not the domlnant effect.

For the [Co trfenX2l# 
"V"tem 

(Ffgure 2), {t r¿aa slmflarly dedr¡ced

thtt on thc be¡t¡ of bond angla cËrelns at coordlnated tæ-H, rfanguhr'l

eoordlnatfon of cdJacanÊ tLn¡e ræuld bo anrrgetfeslly more fanourabl¡

Èhan "planar[ coordLrutlon, and aecotdtngly the atabllfty order of tha

thr.â ftoner¡ thould ba q:þo. > g!ej. , afprr"..l4 f,owcvcr non-bonded

fntaractf.onr muld bc erçected to Þc greetêt for the clae th¡n tha

g1!9. fonr. Tho oppogfng nature of thæG trro rtot{c effccts cuggcrtr

Èþt th. tno clc fotas cor¡ld be of eouprrablc ateblLftlaa. ?trc tbovr

etablltty ordcr bee anÞoequently bçcn egÈehllahcd for [Co trlan(N02)ll+

fn aquaou¡ uodfa.l Attbough the cfcq f.a generally rrote etabh then

-gfjfi' tho g/! tatl.o lr nodlficd by thc rcfdo tubtÈfturnts, rad fn

fco trtæ(of2)21* tt" gf¡B llonrr Ía ferourcrl. Such depcndoace of rol-

rtlvG l¡qrr rtrbflttfæ on ¡eldo ruþrtftu.nt; h¿c ako bccn notcd fn

othrr cobrlt (nl)-qurdttdc¡t¡tr llgrnd "rra.tr.1l3

A Jprlort C.rlgulrtlonr. of Son-londd Intcrec-tfont.

.. B¡cruæ of th¡ rpp¡r.nt qrrentltrtlnr ¡ucocea of thc Corcy and Beller

orthodrS0 qurlttrtfvr eo¡rtdcr¡tloru ¡uch e¡ tho¡r abovc ïGrc ttrporsaded

by ¡rnt-qurstlt¡tlw r prfotl caleuletfoillló of cnthslpia¡ cçcocfatcd wlth

nou-boadrd rcoüLÊ fnt¡ncÈlonr. $rla ncthod finrclved n¿e¡urcøoat of, Èhce¡

noc-bondrd d{¡trnce¡ fron eceurrtc rcclc md¡l¡ (I}rctdfng) a¡¡r¡¡¡1¡g bond

englm to b. octrhedrel ¡t the nGtal atoüì rnd tctrahedt¡l atound tach C

md N tÈon, rnd thr v¡rlou¡ bond longthr to bc evaragc cryetrllogrephfc
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dirÈrncor, Tlrr EotÈ rltalflcrnt non-bondcd fnt¡mctfon¡ var. ul.oinf¡cd

¡¡ nuch u pomfbl¡ 1n ths æd¡l by rotrtLon of ¡ubrtltucnÈ Sroupr, and

rdJurtfn¡ rfng conforurÈtonr nlthfn thr fl¡rlbl.lfty ellærd by Èhe

nodrl¡, ¡nd th¡ non-bond¡d dfrtruc¡r v.tâ Èh.n ¡¡¡¡urod dfrretly; the

rtpuhfone ar¡oelrtrd wlth thGr. no¡-bsnd¡d rtonfc l¡trrrctlont v.ro

con¡put.d urlng Èh. potGatlrl lunetlon of Rlt1r115 rnd ¡r.nn¡d for th¡

nolleul¡, Thfe potcntl¡l fu¡ctÍon, rrhieh f¡ uorc coût.rvltlvc th¡a

th¡t of !{¡¡on rnd xtrc¡rnylo9 (o".¿ by corry ¡nd Brfl¡t60) ,." prrfcrrrd

cr th. l{r¡oa-Kn.voy ëßprcl¡lon Ery ovcr¡ttlnrÈ. thcre rrÞul¡tont.116'117

8r¡ch crlcul¡tlon of, onorgy dffferæ¡¡ hevr beon urd¡ by 8¡rgron'

Bucklnghru rnd co-norkcr¡ tor th¡ ry.È.D. [Co rnrurct2#r116 ng-ss- end

ÂÊ-sR- [co Èricnx zl* ,2 -Ê1- rnc Â2 f co (trtrn) (¡rrc) t 
2+,119 [co(ttnr)4-

(N-Mon)¡3+,101 rad tr¡n¡, !@.[co(l{-l,l¡cn)2(ror)21+,120 tod bv Golloglv and

Ìlrwl¡ln¡ for [co(]lc-pont:n)¡3+.117 For thc ¡bov¡ ry.t.ot rrtfrfrctot1y tgroG-

¡¡.nt, R¡ obt¡1nrd b¡tr¡on Èhc .üthrlpy crleulrtlon¡ (arf¡ r¡rd thr oxprrlutn-

È¡lly obt¡rvcd ¡Èor.o3p.cfflcfty (aCo¡. In th. .rE. lny r. fot prrvfour

eonfornrtlon¡l ¡a¡lyr¡r8o at" r prlorl crlculrtfon¡ coarldrrrd only tht

contrfbutfon of non-ùondod fnÈcr¡ctlou¡ to tha .nth¡lp]t. tht aotrbl¡

luprovornÈ of, thr r prfo¡f nathd rr¡ Èhr qurnËltrtfvc m¡¡r¡a¡nÈ of,

.y.ry r¡rlour fntrrtctlon ¡¡ú Èhr u¡o of r noro rpproprlrtr fi¡nctfoa, end

¡our ut¡fnl¡rtlon of the lntrrrctlon. $rt echLcv¡d by thr u¡c of ¡oddr.

Ar uorr cooplleetcd uol¡cul.r vor. co¡rf.dcrrd rlorç th. rbov. llor¡

rø¡ urrbcd dfucrtpraolor oorgod brtrr¡on Èhc Èhær.tLcrl pr¡dfctfonr of

Èb¡¡r crlcul¡tfour ¡¡d rrprrlnoatrl roult¡. Ìûrv¡ll ¡t ¡1. found thrt
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2+thr aro Ê. L¡oncrr of lGo(trfm)(s-Pro)l-
(S-Fro . 9-Prollu¡ -

), rhovn l,n Figuro 1ó, rær forurd Ln rbout qurl

¡bundenc¡ whrrom ¡ ptlorÍ c¡lcul¡Glonr h¡d fndfcrtcd Èh¡t con¡ldrr¡bl¡

¡t.r.orp.ciflcfty rrl ltkoly fa fevour of thc (-)-å2 forrn of Èhc couplrx.

f-ny cryftsl ¡ttrrctur.c of tho¡o ooryloxurl2l'122 
"ho*od 

ÈhrÈ Ìth.t

wct. .rÐGct.d to bc ¡tvorc oon-bond¡d int.rtctÍon¡ fron rcdll¡ h¡d b¡rn

¡l!¡vl¡trd by ¡lfght bond t¡rfrtlng cnd r¡alI chrn3ø of bond tnglcr. Th¡

vrl.fdLty of crlcul¡tloru burd ol tf6td md¡l¡ rfth ffrcd boud lm¡Èhr end

rnglcr thu¡ becr¡o qu.sÈlon¡blr.

Enrrgy, Htnf.ntntlqn Procrdutr.!.

ttlæ¡ ìlrx¡rellr¡ rork fn 1969, th. qurstftrtivr rnd norc thorough

approech of encr'gy roæch rnd ulniufartlon proccdr¡r¡r hm brcn dcvrlopcd,

¡l.d¡d by advrnce¡ fn cglnputlr trchnology to ¡llou thc proc¡rfng of r

lrrgc nrnbrr óf vrrl¡blr¡. ftrr rclt Popukr of thcm epproach¡¡ for

rpplfcetfor to foorgrnie .y.t.ût rnr orlgia¡t.d by noyd,l?9.rd th"

E thod h¡¡ b¡¡n drvelopcd rnd aodfflrd by 8trou124-126 .ud tdrxr611r126'I2t

rnd rubroqu¡ntly' fndrpcndrntly by Haukfnrrlzgrl30 rnd Dnyrrrlll .od

eppllod to Èh. loltovfng tytt6rt¡ [Co(tctrrcrr)ClJ2+'L25'126 Co(ftl) coup¡xc¡

of tn,132'133 !,2fco(trl,rn) (S-Pro)12+r121t126 rfng eonforu¡tlou¡ fa Co(IÌI)
t27 2+ 128

þtrbn ry¡túr grncrrllY' [co (rrl¡n) (]t-]ds)-¡h ) I rfng

121

t

coafor¡u¡tlonr of eootdtnrttd tn, pn ¡nd N-ll¡cn llgrnd¡ coordfn¡Ë¡d to

co (rtr), 129' 130 
!-¡Blco (trmu)cl I 

2+ 131 rnd g[co (tr.o¡n)N3l 2+' 131

¡va lco (tl¡- trmrn) cl I 
2+ 1 31 rd @g, SlE [& (g-il¡¡n) ca, J*. 

t 
"
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thr earrgy nfalnf.artÍon tcchnÍque con¡ldcr¡ tht toÈ¡l lÈrrLn an.r8t

ü of tho ¡uolcculc u bolng rtpanblr lnto ¡¡v¡rel conponGntal

U - EB * EU¡ + Eo + El * Eo.h.,

rh¡r¡ ß, - borxl lcn¡th d¡fot¡¡tlon torul

1n' non-bondcd lntor¡atton potrntlrh

Eo 'bord englc dlforurtfon t.ü[l

E^ . Ëorrlourl tuorgy, rndI
Eothcr tGpr.t.ntr oÈhcr t.8[l contrfbuÈfEt Èo thc ltraln energy, buÈ

tho¡¡ rrr lgnorod 1n Èht crlculrtfoar. Urfng ¡ ruít¡blr fotc¡ flcldr th¡

tot¡l ¡tnin .ü.rgy c¡n bo nfnfnf¡¡d by rllortng th. ¡tonfe coordin¡È¡¡

to \nry coatlntrouoly. (Thc uathod of Urvktn¡129t130 dlffor¡ fn thrt lt

conrfdorr th¡ ct¡rl.û trcrty e¡ a luneÈLon of lndrpondrnÈ goonctric

vrrl¡blr¡ nhlch rre vrrlcd on. rt e tl¡r.) tluch calcul¡tfon¡ ylold thc

qufllbrlut .D.rty of thr æol¡cule rnd fÈr dctellrd t.on.try, rnd elthough

Èhrrc lr uncrrtrÍntt Ítr thr rtbitlffy Gnrrgy l.ro ¡¡¡ocl¡Èrd wLth U'

¡f.udlrr nol¡cuh¡ e¡n bo congrrod Ln tcrn¡ ol onrrgy dlff¡ronco AU, whtch

erc equl,nrl¡nt to dlffrroncor fa onthtlPy (AHo).

tho enthrlpy dtfftrcm.r thu¡ crlcul¡tod hrvr grnrrrlly br¡a found to

br clo¡r to rrpglnontrl fr¡ .nGrgy dff,fcrmcar ob¡rnrd fn ¡t¡r¡orprclffc
124-128tytt@t,--' '-v Thr prrdfctl.oû of, geotrtry by thr nGthod hr¡ 8¡nrr¡11y

bcan qult¡ tetl¡fectory rhcrc X-rey .Ërrrctur.l d¡ta Lr ¡vrlleblc' rrd

¡o¡r dtrcrcprnchr hrvc brrn mtftfrcÈorlly corrrla¡rd rfÈh thG rffoct¡ of

lrttfco f,orc¡r whlch c¡tt occur l¡ th¡ crylËt[l1o" tott.l25 Ttre cn¡rBy

ntninf6Èfon n¡Èhod ft couldrrebly rcrc rophf¡tfcrt¡d th¡n thl provfour
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ncthode as fÈ conEfders all ths rnaJor conËffbutori to tha foros fleld.

It w111 for cxample, explafn the Gnâtgy afÈr¡atlon and geoneEy for the

L2tco(trtcn)(s-Pro)J2+ system,lzl'126 by uhfch ths e prl-qr:L celcuretlone

were dtccradl.tod,

Lûnttåtl,ona of Ttresc Celeulatlvc Procedurêr.

En€rgy nlnLmlcatfon ha¡ go far been llnftßd to calculetlng

cnthalBiee arfelng f,ro¡a fntrE¡¡olecular effscta only, ÀETotr"*'"o,

cortcrpondfng to a hypothetlcal f¡olated lon ln thc gae pÞaee, and

lntarnolaÉutrr lntaråct1on6 have not belt¡ con¡idcr¡d. IÎre erçerf.oentsl

iñGt8y dfffarcncar åtê lrowaver frcc encrglee, Aclrça, ae egeeeecd

fron thc u¡uurcd aqulllbrirm poaftlou¡ K, Ttrey wfll therefore lnvolve

tho tetu¡ whlch havc bccn ref,etrcd to crrlfer 1n thtE Bedtfon at

"lntropyrr, rtrd vbtch vtll facluda ¡olvatfon, fon-re¡ocfrtfon, lattloe

cffcetr and atrtfctlcal eonrtdergtlon¡. Thc tchtfonehLpø m¡y be ¡ct

out Ín equrtl.on forn aa follow¡.

*3*, . AnÏrrar.*lo * ilcnùropy ü.rinr"

(crlc f,ron rncrgy
nlnf-l¡etfon)

' aEÏntrrrclcc - tatTo*."olcc * a{ot.*lrc - lÂ8Ïo..-ot."

thr bro¡d clrr¡lflc¡tfon of thr¡c lsÈornohculrr lntrrrcÊloûr u t'catropy

rffoctr" 1¡ ro¡srh¡t nfrlcrdlng er th¡ frcton ¡¡onÈ!.onrd ury fnr¡olv¡

coDÈributfon¡ fror both .ntúopy tod .r¡Cbalpyr Drpcrûacatrl ræult¡ do

lndlcrtc Èhrt tho. fnt.ræl¡cul¡r Lntcr¡atfo¡¡ vlth countrÉ-fon¡ rnd
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solvênt rnay have a consl.lerrble bearfng oü stèÊeoepec{flclty, al dfs-

cuesçd brlaflv below, Although the nagnitude of theer fnteract{on¡

fndlvldr¡elly crnnot be ertlmated, thclr rur aåy be obtefned ftou tha

dLffcrenca betçrecn Èho AC:*pÈ rad thr crlculôt.d AETûÈrtE lco fl.guror,

bnÉ thf¡ dlff¡r¡æ. ctaúot bo dtvtd¡d Lnto thr enthrlpy (OÉÏoao*t".)

ar¡il entropy contrl.butÍone (totToa..solcc * totloa.rrohc). Ihc

thcmodyuarufc conúequeræes of l"ntramlecular and lnterrcölæul¿r lnttr-
åctl.ons wf,ll be dL¡cusn¡d fn the follorln¡¡ sectLon (6.2).

Rccent I'HR. CD. and X-rav Enldancc on Preferred RLnc CanfoÍrnetlons

lhe early calculetlone of ftrret end l¡atl¡"8o ro the conforrnêtfoût

of coordlaEted en lrdlcated thât lpl rlnge rere preferred. Ìhe snat

Ftsble coûfomer of [Co rr,als waa prrdlctêdlll'112 ao be Â666/aIÀÀ

(59U), although a efgnfflc¡nt propoEtfon (292) of the conforn¡r

Â66À/ÂIIô rhould sxl¡t fn roluËfon. f,o¡rgvar the PMR rpoctre of ervereL

¡U rnrtÉ eomphxre (ll - Ru(II)o Pt(w¡, HÍ(II)r Bh(III), II(III), Co(III))

hrvr rrcrntly bcen rr-¡xeulncd r¡ndrr hlgh rcrolutionrEst8ótl34 end hrvr

brcn fnÊ¡rprtt.d Êo fndlcrtc rrpl.d confor¡ttfon¡l lnv¡rrfon, vfth thr

uort rbun¿rnt Gonforn r boln¡ thr rrcrnl.e gefr Âô6f/ôlÀ6 rüd not

Â6ô6/il1f. thl.e rasulË 1r not unrrçcctcd fron ¡taÈiotlct, rhlch would

f,lrrcur Èhr nl¡cd cootornrr rltn¡tlon (rcr ¡bova). T?ra ¡dditfon of

pol¡rfc¡ble anloua ¡uch re Po4þ, geo32-, end soUz- hovever, conrfdenbly

ædfffe¡ Fr+e65'1* rnd cDtt5 rp.ctÌrr ¡¡hlch ruggo¡to rpeclffc eesocl-ltfon

by thoec f.ons. Ttrelc Èlro ep€ctral technfquer ara Èhr noet Lnporttnt qrthod¡
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for study of conforr¡atfon¡ fn aoluÈfou as they are strongly deperrdent

on rcleCulaf sylmretry. In Èhe PMR apectra of thcce cOnplexer, the fom

of the )ßZ reaonâriêo wtll depond on thc nr¡¡¡bcr of dlffereÈt envfronmcnt¡

ln v¡hlch crrch proto¡r. erc ¡t Èurt:d ¡nd thu¡ drpcnd o[ th. nolrcr¡lrr

¡y¡¡¡ try, A confor¡¡tfoa¡l changc ¡rfll altcr thto ryall|.Ëfy, rnd utll b¡

reflected la a chan¡¡c fn Èhe f,orn of ttr¿t trltorrencc (¡cctfot 4.t.t).

gfratls¡f,y for the CD spectra, I sFß€try change of the nolecula tcnulËlag

fron confor¡netl.on changc r¿111 aLter thG electtönlc 6ûGrgt lcvcle end Èh¡

CD cpeetrwn w111 ehange, elth€r ln the rdatfva lntlnsltloe of ba¡dl

or 1n ühe epllttlng of the band eonsËltueats (sectlon 5.1).

Ttre only othc nethod avaflablo aÈ pr€sttrü for confor¡oatfonal

etudy fs ß-ray cryaÊallography of Íons ln thc aolld otater ny thla

nethod. [Cr englF, fn coutrlos¿lort rû{th varlous ¡nfona, hac bccn ¡trow¡r

to exl¡t fn thr f,our ponrfblc conforr¡ef aoublnatfons la the Eolld

"t¿tc,82{4 
pr"",-"1¡1y beceuse of ¡pcclftc rtat¡lll¡at1on duc to hydroSon

hoa4lrr¡ and lattfcc rffeeto, Ttro bulk of K-t¡y ttructr¡rrl rvfdrncc on

rolne cooplrror to drt. ho¡rcvcr fadlc¿tor th¡t thc Èrtr-lgl fotn t¡

pretrrrcd !n aon-hy{rogGfi bondcd lttrßtr¡rcr, but thf¡ f¡ ptobrbly e

l¡ttl¡c Froklng rffcct r¡ ft f¡ epp¡r¡atly not Ëh. aort lÈ¡blo coafotn¡r

ln ¡olutlon (f¡on FIR evldcncr, Eoa abovr). ltrera lèttfea rflector eo

p¡rt of thc lntrraolcer¡t.rr coütrlbutfon to ftcc rnrrgy' ¡rG ot'rly l¡rrrclvcd

ln tho to1ld atrtÇ, ao Èhat pr.fctrGd fome 1n thc aolfil ncrd not ba thc

prsdonfarqÈ for¡c fn ¡olutlou.



103.

Effacts of Eolv¡tlon.

Solvr¡tton would also be cxpretrd to co¡trlbutc to thG ftcc cnlrgfcl'

e¡p¡cf¡lly 1n thc ctae of caÈt"ontc confilc:rcc rtrich rrc llkoly to bc

hfghly ¡olvrÈrd, tar negnltudc of thl¡ cffcct could bo eon¡ldereblc ar

for oxarylr fn the [Co trtcaClrl+ ry"a.*l vhcrc -É!.tc" trlaûcl2l+

feon¡ri¡¡¡ Êo Èhc Èreqr f¡øer L¡ ncthruol eolutlon (cf. [Co earClrl+),

wtrcrcas no .tr¡n¡[Co trfc¡rX2l+ Woct¡¡ h¡vc brcn l¡oLrtcd l?ron rqucour

colutLonr to data.

Hrrch of thf¡ df¡cu¡¡lon h¡r lnrrclved bidanOa" "*o. 
couploxol'

Only fn rrccat yGárr heva crperln¡ntel dctcrnl,n¡tton¡ of aqullt'brle'

couplcd nLtb rona fora of celcul¡tlon of tÈ.raoeprctflc rf,fætl be.n

made for !þrt couplcx ryctcaor, rnd r auqbcr oll thcoo hrve bccn rcferrrd

Èo ebovo. Othcr lnet¡rrco¡ of eycÈcnr fnælvhg flvr-u¡ubrrod ahclaÈc

rfugr çtrlch h¡vc brca ¡tr¡rll¡d fn thlr n¡y lælud¡ Èh¡ folloclng.

Lagg and cookc3l conrl.darrd thc bir(trfd¡ntate) tytÈ.tÊ

lco(dtcn)(rDA)l+ rn¿ [Co(dirn)(]ftDA)t+, both of whl.ch hrvr th¡ sau¡

gconatrfe poatfbflftl,¡¡ ¡t [Co dtanrl *, ¡d thcy r¡tfon¡li¡cd tha oblrrvld

oquflfbrlum 1¡oucr proportfoua rlth qualftrtlv¡ eoaforn¡tlo¡el enrlylm

aad ctrtlrrlc¡l rrgre.ûÈ¡. ThG btr(trl.dcntrÈc) ry.tag f0o(dfcn) (6-Arp)¡+

¡d [co(rDA)rt- 
136 h"". boca ¡tr¡dicd fn thc llnr rey'

For eonplrxrr of tctradentetc llgand¡, tttraooB.cfflc cff¡ct¡ fn

[co trfrnÍal*,t [Gr trtenxrl*,ttt ¡nd co(rrr) coçpl¡ror of

99
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N,Hr -dÍaub¡tf.tuted ethyl.oncdl¡tlnetll3' 138 (lr¡ch r¡ EDDÀ) hevr b¡¡n

coneldsrad wLtþ referonce Èo qualltatlve ptedlctlons of sÈrbllltfcB'

In a cl¡qll¡r ¡ny. thc propottlone of leoñerc Lsol¿tcd for thr Co (III)

conplexee of tt¡e trfeg analogue 1r8-dlanlno-3r6dlthl¡octenrl39

(eee . (Nnr-cnr-cn2-g-dn2-)r), rrd of varlouú uethyl-¡ubrtftutcd

trlan¡140'141 h..r" been èorteletcd wfth stabfl.ftfc¡ prrdtctcd by thc

ctudy of nodal¡.

In all the provlour rtudlt¡, cxecptl"ag [Co(fOn¡tl-, th¡ corrplcxel

lnvolvod nltod tlgrndr or æ,fdo ¡ubrtftuontt rnd ovra I'n [Co(IDA)2I-'

dfffcreat donor aÈomß Il or O treÍe cootdfo¡tcd to thc 8èt11. In ¡11

thc¡r ¡ysteill thotc wlll thus bc faetore othor then tho¡c of

envfro¡r¡qent¡l yrtfutlone vhfch Eåy contrfÞutc tó thr obr¡rvcd stotGo-

nprcLficfty.

ne¡eonF, fof thgPresent ,$qtdv olr [F.o itlqntlS.

V¡rlor¡¡ experfmental otraon¡atlont hlnc thur rhovn thrt lon-

¡¡¡ocl¿Èlon, aolvatlon, !.attlce packfng effccÈ¡, end ctetlrtfcrl fißÈori

eontrl.buùo algnlflcsntly to thc AGo beara¡n lromcrlc (and confonrttonrL)

foroe of, ueÈ¡l coutPlaxel. RccelcuxaÈion¡ on lco .orl* 110' 130 by energy

mlnl¡¡feetfon nethods have shown Èhat thc enÈhrlpy rtlff,oroncce boÙro¡n

conloruers celculated by Corey anû Bel1at80 n rra too lergc so thrÈ tn

Èh18 1lrrtsncc thc latemrolccular frctorr àaG f4ortrnt. Th. rrl¡ttvr

nagnltudag of the t¡dfvldr¡¡l contrlbuÈlons rrc unknown, tnd tho lfnftod

experfmentrl drt¡ h¡s not allornd eEtlnet¿a to bc reldc, uülrlly b¡clu¡r
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of, cooplfcaÈfon8 {ue to ¡nlxad lfganda and acfdo aubstftuents. In auch

casec thc v¡rÍoue contrfbutfonr to Êhê fnter¡rolcculat fntôrlctlons lnry

not be \tarlód Lndepandently. For cxanple' dfaproporÈfostfon cen occur

vlth ulxed ltgend EyatåmerJo 
"rrrl 

l{g¡trd cxehrnga and df¡eoclrtlon aay

occur rtlth corlïplexca contafnfng acldo lfganda.59b

No ÈernpcraÈurê varfatlon studics of ¡eometrl.c lsonat proÞortlont or

environment¡l effcCts erâ appercnÈ Ln thG llter¡Èurc.

!'rom thte dlseu¡elon, lt toould sppest' thaÈ a eÈÚdy of lcoucr

proportlo¡rs Ln the [Co dtenrlþ rysÈc* undar condltlo¡s whcre Èhctnodyr¡raic

equfllbrlun oxl.¡tg should be uleful. ThG lyltGo fe fncrt and frec fros

the conplLcrtlonl Lnhcrant wl.th rqfrcd lfgrud couplcxca end wfth acfdo

¡ubstf.tuenta. IÈ htt a lluftcd nunber of tsomarr (thrae Sconctrtc fotu¡)

whLch cen be rc¡dfly acpar¡tcd and ehrr¿ctctl¡cd (¡actfone 2.4 ¡nd 3'3).

lbrconur, by thc praparltfon of Èhc eo'nplex undcr Condftlon¡ rrhere

rqullfbratLon occura (¡e¡tlon 9.1) thls lyatcn lcndr ft¡clf to the

varlatlon of trmp3rlture, ConeG[tratlon, iOo-a*¡oClatfon hy r nrmber Of

anf.ona, end solvatÍon. Ths L¡ûcdfatc afu of Èhc Prd¡enÈ work rraa to

deter¡rÍnG the ef,fact, on ftoqcr Þroportlonr of very1ng thc ebor¡c párrEeÈ.rôt

and for thlg purpoa6 an ¡ccurlcy of +1 ln the isonnr prrccnteg't ltåt

consfdêred aatlefactotT. X-ray crTstallographtc eÈr¡tfer of the f'golrtcd

product*36 rould ellon asre¡ancnt of the contrfbutLon of lattfce offrctr.

In addltlon, the equfllbrlrr¡¡ faonar proportfonc bcgtrcen the thrcr

[Co dlenrlÞ l"ot rQ wdar varLotts condftlone llcrê raqufrerl for thc

subsequant etudlea of l¡ooerfeatlon r¿aetÍonc' rePorted ln Chapter 7'
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6 2a

þr ruy tt¡Grn fn rqutllbriun, thr rqullfbrfin coa¡tent K lr mht¡d

to thr dfflurnot 1n rtrndrrd froo oanrgl.ü of thr rpæLÚ by

AGo - -tr3 ln ß

rtrccR.t¡fcoúCrqt
I . rbroluÈö tüp.a¡ttr..

thlr ôOo hm eotÊrlbuÊfonr troa thr dlff¡tmcc¡ l¡ th¡ rt¡ndard

mthrlplo e¡d ¡tr¡detd r¡tropicr brtn..n th. rplcfo lccordl'nÛ to

ÂGo-aBo-taso.

qvrr r t¡nft.d tap.rrtur. frlge, tt crn b¡ r¡¡u¡d thrC aûtbrlplo rnd

ont¡lopi6 rr¡ fndrpmd¡nt of ttryerrturc ro thtt ff rn cqufltbrlrn fe

etuilhd, rna aÇa evrlutd fron thr oxporln¡ntrl t ¡.urü.at¡ of K

cG tlro ttperttur.tr thra AUfut trd ntl*a c¡n br obt¡lnod for thr

attCü.

t¡ tho frmrr cqulllbrtr¡o rx{rting fn th. fgo afmrt* tt¡t.nr ß

cra bl d¡ttrrln¡d tor eeh fto¡rc prlr. lot rny glvro ¡rt of oqulllbtrtlon

aondltton¡r r¡tflg vrlurr of f:h¡ fronrr 6opotÈ1oq¡ obt¡lnrd et tm

t.dp.rrtg.t, thl rr¡th¡lpy rad mtropy dfffrr.ûelt betvrm ¡¡ch f'rm¡r

prfr cen thú b. ¡¡rh¡tt¡á.

lbe rrprcrcloa rd¡tt¡g ÂCo to Af rud Atto c¡n br rrprrltcd lnto

futthrr C.8r. er follovr¡

*L.'a4o..r-Îôs:ot.l
- Àtlr*.*l¡e - to*To*.oot¡e * Â{or."*l¡a - t^tïoao-nol*'

For rly grþ pÉrp¡rrGfyt eo¡Atttoil, A rnd D' lt Lr thrt¡fotr poÚlblc to
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¡tt... th¡ dlffuGc.. betn¡¡a th. coatrlÞutlon¡ of the lndlvfdurl

1nt¡rül.êulrr frÈ¡ - ôsloafr) ead

(*lo..r-1*l - h¡ dfffarncr ln tht aprrl¡cntrl
rc¡ult¡ u¡dcr th. bæ condftfonr A ¡d t, ff O{r.*"noolæ my br m¡r.nrd

coEtÈtlt.

Hovrv¡r tt Otlnarrrclæ rcrr knorn (froo .r.rty ¡lnfnl,r¡tlon

crlcuhtlour) for ¡roh l¡ourr prir, than tha eorÈrfbuËlon to arch ß

vrluc of ÂËiot*lcc .d ôtloa.f for uch of thc Lndivfdrnl mvfromontrl

p¡ran tGrr could br ¡vrlr¡rttd dlrrctly.

6.3 txPtBIlfEilfAL

Bqufllbtfrn ironc proportlo¡r of Èhr thrcr g.oo tstc l¡o¡or¡ of

fCo dforl$ ,r.r. drtcnuf¡¡d undrr e vrrfrty of cordftfonr fron r.p¡arÈo

tccl¡l orLdrtÍoo pr.prsrtloul. 
,ttrr 

rtolchfou.try f¡rrlvcd fn r11 run¡ flas

cor, * 2dtm + Er + þz ; fco dtrnr¡* + 1f,.

¿tll e¡rrclonr wrrr oC 96 bourr duretl,oa, rnd rrrc crrrt¡d out .t.th.r rt
reon top.artutr. (18 + 2o) o¡ ov.r r .tcrn brth (top.trÈur. 80 t 2o).

Aarlytfcel grrdt r.rBrat. (Co(f¡) sltr, ¡ddcd nltr ¡ad rotdr), rd
trerhly dfrtlllod dÍrn, w.r. u¡.d.

Equfllbrlun brt¡r¡ra Êhr troncrlc productr nrr ..trblt¡hd by thc

pr..Gæ. of, ch¡rco¡l. Ftr¡hly ffncly gror¡nd t'EDR gtenulet¡d ch¡rco¡l for

grr rbtorptloa'f rr¡ ua¡d lot thl¡ *orh, rr¡l r1l d.t.rolnÈ1on¡ æployrd

rrrylrr frou thr mn¡ brtchr ¡rho¡c crtrlyttc rotÍvlty Hrr Èartrd to .a.urc

th¡t lt rGf¡f!,cd th¡ orft¡rton of elrfiry rrool¡¡tloa of (+!fCo -ll$
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vtthl¡ ? sl¡r¡t.¡ rt g00.64

Ítrr lollovlng gtoceduËl v¡r Èyptcrl of m¡C of tht tuq.e It rr3 tb.

u¡tlpd umd for tun 5 (frblr 5) uhrr¡ ¡nfon ¡rrr tdd.d Ía crcr¡¡ of, thc

¡tofchlo¡¡Cry r. requlrcd Ín thc ¡bovr rqtntlon.

Co(HoS)2.7s20 (0.29 ¡, 0.0010 nlr) sr dt¡¡otvrd ln nt.r (10 El)

Ln r Ëw-aeelcd 100 nl round-boÈtor f!.¡¡h flÈtGil vfÈh r reflux eondra¡rr

(to ¡talnl¡t 1or¡ of, rreÈ¡r by evepor¡t!.oÊ dr¡rlag thr euberqu.lt r.rrtfon).

to chlr ¡olutlon rrr rddcd NrIo, (8.5 Sr 0.10 æle) ¡nd thr r¡lt ra¡

dl¡¡olvd r coaplrtrly rr poufblc bclor¡ thr ddfËfoa of, oh¡tcorl (1 f ),

rnd r dxÈur. of, dfeu (0.23 3, 0.0022 ¡o1o) rnd ElOt (1.1 d of lU'

0,0011 mlr) f,n ïrtc (e0 nl). 1lr. rl¡ttc¡ ïlr r.r¡tcd for t6 hor¡rr

rnd Èhr chrreoal rr3r th.n ffltcncal off r¡nda grrvfty.

Thr cqulllbrlrn prtprrrtfoar !r.rÊ srnfud out r¡ndcr r vrrl.ty of,

aondltlont, locludt¡g vrrf¡tfo¡ la thc ¡nlon X-, rddtng ¡rltr 1n lom¡ rln.,

rnd Vrrying thr ertton conÊiotraËlofir t.nPurtlacr ChG lolvæÈ, eld pE.

Tt¡¡lr v¡rl¡tloqr rr¡ ¡vfd¡nË frou Tcbl: 5.

In tt¡r pr.pttsËlon¡ 1¡volvlag phorphåtc and rtl¡¡lto lou¡ (rr¡nr

28-t4, l¡bl¡ 5), th¡ Co(II) ¡rlt¡ of thore ¡ulon¡ Ìrcrc uot usod dlrccgly

due to th.fr Iw rolubfllglc¡. tofP% lnd ltrtSr0S rG. rddd to thr

¡oluÈioa of Co€12r r¡ f.u tht procrdrsr ¡bovc, rd th€ .iËatloo c¡rttcd suË

oû Èh. rrrultfng ruepruloa of tho rprrln¡ly rolr¡bl¡ cobclt(IÍ) rlt rtrlch

prcctpltrtrd eloug rlth .oE cobrlt(Il) hydrortdc. It wr¡ rerrnod thrc

thfc Co(II) rrlt flsrrld dtrrolv¡ er thc É.rctfon ptoccdrdr to thr

pr.D.rrtlo¡ rbosld r¡afn uoda rquflfbrfr¡ oondltloo¡ throughout Èbr

proca¡a.
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fhc ffltrrÈ¡ frou ¡rch of gh. pr.prrrtfoq¡ nr dlluÈd ro tbrÈ th.

cotÊ.rtr¡tlon of, tho +l crClon. ç¡¡ l¡¡¡ thra 0.1!{r ¡ûd rn rllqræt of

rpprorlnrtrly oar qurrtor of th¡ tot¡L volur¡ r¡¡ applld to eeh of

tr¡o aok¡n¡ (!0 eo ¡ 0.9 ct) of gP-ßr'phrdrx C-25 Crtfoa f.¡elun¡rr (Ue+

for¡) for dupltasÈ. f¡@rr ¡.prr¡tlon . Ih¡ rb¡orbrd conpl¡x on ¡rch

colrm v¡r elut¡d wlth 0.3Í ¡odfun (+)-t¡rtrrt¡ ¡oluttoa to mp¡rrÈ. Èh.

f¡m¡n ln th¡ ordtr ¡-clt (rlut¡d flr¡t), rr,-cl¡, thrlr tr¡E! (h¡t).
thr rrprrrtsd btnds w.r. coll¡ctod fn volrlrctrlê tlr.k¡ vhfah crtc

rubrcqucatly ¡rde up to th¡ ¡t¡adrrd nolrrc (tlthrr ?5 or 50 Ef), rnd

u¡¡turrd eprctrophoto'r.trlerlly fn 1 cn or 4 en qrnrÈ¡ s¡11¡.

the optlc¡l dru¡ltlu of th¡ dut¡d l¡o¡cr¡ frou ¡rch chrolrto-

grrphlc .rprrrcLon ü¡rr mmr¡rrd rÈ th. f,frrt brnd r¡exfurn (c¡. 466 nn,

lrblo 6) ou r nnr¡rl Shfnrd¡u QR-50 3Þ.ctrophÐto6otc8 ¡trfnrt rrttcr

rrf¡r¡rcr. It tn¡ r¡teblt¡h¡d (mcttoa 4.3.1) thrt thr ..prrrt¡ f¡onrr¡

grve fdontlarl rp.ßtrl ¡nd ¡rÈf¡otton eo¡fflal¡nt¡ fl dfr¡olv¡d 1a ïrtæ

or 0.31t ¡od!.rn (+)-urtrrtt ¡olutlon (Erble 6).

IABLE ó

çbrourtott¡pblc Elutfon Ordor, ¡nd Vl¡lb1c Sprctr¡I Drtr for the C.@.trlc
fcooare of [Co CtmrtF

rO* r 6å.1

t.a, . 96.4

G466 - 137.0

1 (frrtrrt ævla8)

2

3 (¡lorrrt)

FÍr¡t b¡nd nxl¡unElutlon otdc fron Sophrdu vith
lh, (+)-trrt

I¡o¡ncr
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For cech ¡ct of ecp*ät.d tlonarr, thc sluÈad lloncr qu.ntftlct

wcrr calcutrtcd urlng tht rchtlonahlp
I'e

nr¡nbor of nolr¡ - 

-

1000 eI

whcrc D - optic¡l dcn¡1ty,

v - volrno of olutad ¡olutton (25 or 50 c1),

c . mol¡r Gxttnctlon cocfffclcntr ¡nd

1 r prth longth (1 or 4 em),

ro that Èhr pcrccntagc couporltfon of thc Èhreo coEponcnt f¡onrr¡ could

thrl bc c¡leulatcd. thc valucr givcn 1¡ Îrblr 5 for a¡ch run ¡r. thr

rra,Nns of the¡a dupllcaÈc dctcraÍn¡tlon¡.

Bcforc th. chroiltotraPhfc 3lPrrr¡fvc proccdurr oo gcphrdax hrd

bcru dsvrlopcd, Èhr ltotrår proportlon¡ wcrc dctttnlnrd by Èhc follorfng

rlt¡rnattv. ü6thod. Th¡ [Co dtcnrl* cqulllbrft¡¡¡ pr.prrltfon wlt

ptrforncd oû e 0.1 æ1r or 0'2 nol¡ ecalc, and th¡ larrtcd roluÈfont

¡ftcr ftltcrfng, w¡8 eoavortod to th. Br- ¡nlon by ¡ eolt-q of raÍon

oxchrngc rorin. The ?-c1t {roulr Frr cry.t¡ll1¡¡d qusûtftttfvcly (rcctlon

3.2), urfng IR aethodt to dctcrnfn¡ th¡ fir¡t rPpGlrrnßc of tha a¡xt

lc¡¡t rolubl¡ FSra¡ i¡oqcr (¡cctfon 4.3.2). Th¡ çsam/u-€ft rrtfo wia

obÈ¡{n¡d by qrrrntfÈetfvc prp.r chron¡tography (¡ecÈ1on 2.4) of e rluplo

of thc rrmafnlng aoluÈ|on (knornr vo\¡nr)r tha clutld fron¡r¡ b¡tnß

êEtfrürg.d apccÈrophoton trÍcrlly. Thc f¡oncr ProPorÈfonc thul celcul¡tcd

(eter.miag 9ó[ foru¡Èlon of thc complcx Ín tho arr¡Èl.or rolutlonr t.etfon
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I¡onor Proportloa¡ fn Equlllbrirrn Praparetlor¡ of [Co dfenrl* wlth

Varl¡tloq¡ fn lmrlronËÊßtål P¡rrnctcrs

Run lop. Solv¡nt
li[o. oC

cou+ [coZ+l
Ânfon

Âddrd 8r1È
¡¡d [r1tt

I¡orcr proportfonr
r-elo u-cl¡ trin¡

62

62

6t

30Bt
2

I

Eao

Eto

E2o

t0

10

20

cloô

cloô

cloô

0.af

0.021.f

0.oa{ flrCLOó, Ar

8t0
930

óô

62

Fo3Eeo

Hro

2a

20

4

5

0.021.1

0.0¡tf hr{o

129
830Ho¡ 3t t4

6

7

I
9

10

20

80

20

t0

20

Oåa

OAc

OAc

ilr0B oÂc

t-AnoB oAc

0.04{

0.02¡{

0.0ã{

0.02Þl

0.0?!.f

lf¡o¡ls, 2Þl

66

44

s7

53

t5

27

42

tl
29

45

Eao

Eto

Hzo

7

14

t2

18

20

65

66

86

6l

6t

2t

2l

2t

2'

26

7

7

I
I
7

r.f

tvt

8r

8E

Br

Ër

?0 H¿0

l0 820

70 820

l0 H10

20 Bl0

0.4ìl

0.af

0.0ã

0.2u

0.0ãt

iltßrr

BeBr,

11

12

1t

14

15 lr

(soatd.)



TABLE 5 (contd.)

Rtm Tenp. SolvEnt
No. oC

co2* [co2+]
Anfon

Added Salt
anil lealt]

Isomer proportlonl
c-cfe u-ci¡ trenl

L6

L7

18

19

20

2L

22

Hzo

ueo

Hzo

Hzo

Hzo

Hzo

Ezo

20

20

20

80

2A

20

20

cl

c1

c1

c1

c1

c1

c1

0.4I1

o,zyl

0.02M

0.02Ì,f

0.02M

0.2M

0.02M

7

7

7

28

25

26

4L

28

26

28

65

68

67

47

62

66

65

t{aOII, 0.01},ftpH-10

KCl, fut

KCl, ful

L2

10

8

7

t-

2-

t-

2-

2-

20

20

80

20

20

z3

24

25

26

27

Heo

Heo

Hzo

Eeo

Beo

so.
4

so.
4

s04

so4

so.
4

.21{

.02Í'f

.02ì,f

.zyl

.021f

19

18

22

25

24

34

34

44

37

39

47

48

34

38

37

K2SO4' NT

KrSO4r 2M

c1

c1

cl

cL

c1

c1

ãzo

H2o

Hzo

Hzo

Hzo

Hzo

Hzo

28

29

30

31

32

33

34

20

zo

20

20

20

20

20

0,02M

0.02t4

0.02M

0.02þf

0.02M

0.02It

0.020{

NarSe0rr 2M 59

II¡¡ZEPO4, 2M 37

¡ta3Po4, 1.?M (catJ 59

NarPo4r 0,01M 16

NerPoOr 0.0ã[ 26

Na3PO4, 0.04M 37

NarP04r 0,08M 55

28

38

29

31

33

33

25

13

25

L2

53

41

30

20c1
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6.¿.1) uÉt clo.rly couprr¡bh to thr prærnt t.rulGr obtrl¡rd by r uorr

dfrrct mthod.

6.¿[ Nü8ULT8 AilD DISCI'8BIOH

6,4,1 Dxtcugglor oF r8E uElgtD

Iu thr eourrc of th... rtrdl¡¡ on Èh. rqufllbrfrn proportfoa¡ of thr

thü.. gmrtrlc fro¡cr of [Co atmrt*, ell ro¡r¡lt¡ íc.r. obÈrfo¡d fro¡

rat¡l oxld¡tlon prrp¡rrtfo¡r r.¡ndrr oqullfbrtrn aooditlou by thr prrmncr

of ebrrcorl. Vrrlrtlo¡¡ of thr p¡rrult.Gr lnwlvcd Ln the prqrrrtlon ,

cobrlt cornætrrtloa, ÈG¡p.rrture, lolyrnÈ, th. p?...ncc of dfff.Ë.nt

¡nio¡¡ (f,oarrroclrtlon), rod pB, coul.d r11 b¡ rxraLn¡d ladrprodmtly or

ln ao¡blnrtlon, rad tho r¡¡r¡lÊr uG r.t ouü Ln Îrblr 5.

It ¡¡r ¡tona ¡rrllrr (¡¡ctlon 3.2) thrt thr ¡¡rl¡1 oxldrtfon n¡Èhod

¡11oçr tbr crtrdr [Co dlrnrtCl, eoaphx u rn flmerlo nfxÈ¡¡r. to b.

lrolrtrd 1ú c¡. 948 ylcld ¡o thrÈ ft crn br r¡rr¡n¡d thrt fn thr prornt

1lørr proportfol ¡tudfr¡ Èh. corplrr lt forn¡d ls rolutlon l¡ rC l.art
Èhf¡ ytdd. lhr ¡r¡l¡r¡ ytrld of Co(IE) ¡pæfo rtrtLctpttrd rpuld br

cl. 961 bæru¡r of rrdrrtfon (c¡. ôt to co(II)) !.r kpnn to ocerr fn th¡

prrr.ús. of ehrreorl.6ô firr frol¡tloa of thr couphr fa hlgb yf¡ld¡ ¡leo

prrcludo ray larccr¡ncl¡r 1s th¡ dttrrnfn¡d Ùonrr proportlo'ur du¡ Èo

rd¡orptfon by tbt chrrcorl of tho capler,

Studfr¡ of L¡mæt¡¡tloa (no chrreorl) frm rrch gæmctric fuoE r,
Èo be Ds.¡rnÈ.d l¡tæ (Ghrptrr 7), rllow ¡tr rt¡Gltn¡¡È of thr¡r

frcct¡rtton r¡tu, rnd tt 1r epprrot thrÊ lrgltgfbl¡ lrcl¡tllrtton
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v111 occrn trprret¡ly (frou thr rqufllbrrÈlon) bttrrlq th¡ !,rørrr, onct

foro¡d la rqullfbrlto prrprr.tloat, rÈ 2Oo ovrr th¡ prrtod o! thr r.r¡È1o¡

(!6 hour¡). AÈ t0o, thr rrt.! of frouorfrËfoa 1ü il¡tG rsr tÈfll
eonridrr¡bly rlorrr thru thc rrt. ol rqullfbrrtlon o¡ ch¡rcorl ¡Ë Èh¡t

t$ffiituü., Equtlfbrrtlon of rrch froncr mprrrtdy la th¡ pr.taûÉa

of ch¡rcorl fu knffiB to b. eocplrtc rdÈbfn 12 hor¡rr ¡t thfu tl¡ntrd
tq.rrÈGr (rætfo¡ 7.4). Th. vrh¡r¡ l¡ Erblo 5 ctn thu¡ b¡ conrldor¡d

l. tn¡. qufllbrfirn vrlr¡¡r ¡fæo rny frcucl¡rtfon Èh¡t occrÉrd ¡rculd

bc rc-rqufllbr¡ted t¡ the dnrrtfo¡ of tho ¡GrÈ1on r¡nd¡r tht aondltfonr uc.d,

It al.ght bo rtgued th¡t rfucr rqufllbr.Èloa of rny lrouc rË 20o ln

tht prorncr ol chrteorl t¡ uot couplrt¡ vl,thla onr r¡ah (Chrptrr 7)r thc

ürl¡1 orfd¡tlon proprtrtlo¡r rÈ thrt toprrttur. ¡hould br pafornrd on

¡ tln rc¡lr conrlrt¡nÈ trl.th th. .qsfll.br¡Ëlon. Ho¡nvrr th¡ kon¡r
proportl,oil obÈrfn¡d fro¡ Èhr rcrl¡l oxldrtlon procrdum (36 horrr) wcrc

fdoatlcrl (wfthln rrpclnrnt¡l crtor) rlth thc rqufllbrrtlon rcrtrltr, to
thlt proqrbly Êhe e¡Èrlytfß ptop.rtf.r of chrrao¡l rrr entrrEc¡d by thr

Pt.ltuc. of thr lmxLdlr¡d Co(II) ln thc rcl¡l orLdrtfoa pr.prr¡t,io-.ó2

Fr¡tth.rürr tÈ E0o, Èbr r¡rt¡l oxtdrtfoa pr.prrrH,on (rcport¡d ta thtr
ehrpüa), Ch. ch¡rco¡l crt¡lymd. tqulllbrrtloa pËooctr ¡Dd th. uocrtrlyrtd

fuol¡rlntlon proou¡ (both r.DorËd fa Cbrpca 7) p¡odr¡c¡d fdrntlcrl
vrlurl of ühr f¡oorr paoportfo[rr lh..r rürrltr, fa conJuaeCl.on wfth thr
ob¡rrvrtfon (rætlo¡ 3. t) thrt r11 abrrcorl orÊrly¡d pË.gtrttfonr (both

ortd¡tÍvr ¡nd ¡ubrtltutloa) grvr ptrdr¡ctt of rl¡rllæ i¡ol¡rlc dfttrlbutloa,

lor¡ rr¡b¡trnÊl¡l rvfdrmr th¡t ch¡rcorl nrrtdly cetelyrc¡ th. rttrltnmt
of r tru¡ thrtrdynrate rqullfbtirn dfuÈrtbutton of Í¡m¡r¡ 1¡ th¡
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collPl¡8 PraPafstloff.

I¡ cll ps.p¡stÈfoa. Êh. coæ.ßtr¡tloDr vrro rdJurÈ.d Co .úrrc Ëhat

no prodræt trÞ¡Ërtd out, æ th¡Ê ¡11 r$ult¡ cortctpond to rqufllbrlr

L¡ rolutlon, If ¡on¡ p'r¡ctplt¡tfoa of tha coaphx hrd occurrod, Èh.

trm¡r propoËtlon¡ for th¡ r¡m¡tnl.ng coluÈlou ufght mt bc rqullfbrfun

vrlulc, elthough 1n prlælpl¡ thc rurlatlg rolutLo¡ r¡outrd rvrntually

cqullfbrat¡ r¡nd¡r th¡ codlÈfonr.

6.4.? QUALIÎAÎXYE COHCIUSIONE FRG{ TEE HPERI}ÍE}TAL RESITLTS

Tht rr¡ultr (trblo 5) rllos .oBC nGr coaclu¡loú Èo br a¡do conccrning

Èhc contrfbutlon of thr¡¡ lntornoLrcrrTrs a¡¡otr Èo thr ¡tcrcoapcalftalty

of thfr oonplcr ¡y.t@. l{orc rork could b¡ do¡r honcvcr fa thc rtrdf¡¡

of ¡olv¡Èlon, ¡¡¡d of tæprrrÈrsr verl¡tl,on¡ ¡¡ thr ¡Êudlü rrported hcc

¡rr lfnftod 1n t€oprr fh¡ r¡fn qr¡rlft¡tiv¡ eonclr¡rfon¡ r¡rchd wtll bo

lfrtrd herc, rd dlrsr¡¡¡rd ln the follorylug rcctlon 6.4.3.

(f) ltrc .ElEl l,¡oort of lco dfcl,t$ l" prrf,c:d to Èhe tno cfr !e¡m¡.

(fl) thc conccntrrÈ1otr of cobalt [Col ln th¡ 2(Þfold rrn8¡ ol 0.4]l to

0.041 hr¡l no rffcct on thr f¡oaor p'roportton¡ (co'e¡r¡ drt¡ fron

rr¡n¡ 11-13, rnd fro¡r rrnr 16-18). ?Îrt't ¡lfcct r11l aot br df¡cu¡¡rd

fwÈhrr.

(ßf) Chrngo of ¡olvmtr r.rg.Ë aud vrrlou¡ alcoholr, prodtnrd cfgattl.crnt

chrngo ln Èh¡ psoportlon¡ of ,ftou¡rt.
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(1v) The prererrcc of thr ¡nfon¡ Gl04 r No3-, Br- or C1-, olËhsr Ln

rtofchfomrÈrfcr.lly rrqufrrd quantltho or lu õßots3' tavc ChG

¡¡rn valuce for th. proportlon¡,

(v) Ttrr tr¡¡ of b¡rlc eodltloû¡ fn thr prcprrttlon uf,xÈura¡ (r'8.

.:lrscsr ¡c.ttt. lon or ¡ddod hydroxldc lon) g¡vr a ¡llght fncrlr¡
ln thG proporÈ!,onr of thr lm¡ rGablc cf¡ 1¡m¡r¡.

3- 2-(vt) the prurncr of th¡ ral,ou PoO , sdg (rnd to ¡ lor¡er .¡rtGnt

2-so.
4 ) prodr¡ccd r nrrked faorcrso fn Èha proportfon of ghc g-alg

Lror¡r at Ëhc eûsprn¡G of tho trcnt torn,

(vff) An fncro¿se of thc tqcr¡tlú. undcr whlch thc acrrtlon prrptrrtlon.

wrrc pcrfotrrd fncreccd ühr Þroportfoar of tho l¡¡t ¡t¡bls cl,r

igoanrt.

6. ¡1. 3

Prgf¡rcuca foÉ thc tt¿nr Gonfleur¡tton.

It 1r noË poÉ¡fblo et thfa atagr to couprrå thc crçorLurnt¡l vrluo¡

ol Èhr l,¡onrs proportton wfth thcorctfaelly crlcul¡tcd vtluar afnac th¡

m.rty nhfnLcrtfon c¡lauletlon for tho [co dtcnrl* ¡yrtro Nto [ot y.t

co"plrtd.lô2 Sol-qrnntftrÈive r prfort erlcr¡letfon wor. mt cootfd¡r¡d

northwhflo dur Co Èh. lnh¡r¡nt approrfuÊloa¡ in therc oelculetlontr ¡t
dl¡cu¡¡¡d .ttllcr (ocetlon 6.1).

Ia r ptrltn{ñ4ry Gergy ¡fafnf¡rtlon for cootdfn¡t¡d df¡n, s-r143

.rÈnpol¡È¡d th¡ r¡rulÈr of th¡ .r.rgy r¡fninlmtlon aeleulrtfon¡ on t¡rÞ
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conforü¡tlon¡t lgoaor¡ of cr8,[Co tctre¡nCl¡z+ 1no. of thr f,our gaooctrl,c

lroarrr) ¡hona fn Flgurr 15, to constdcr faefrlly rnd n¡rl'dtonrlly

coordfn¡tcd dfrn by ¡tp¡rrtc crnhntlon of lntrractlon¡ fn rlngr 1 rnd

IIn ¡¡d rlngc III ¡nd IV, rcrgrctlvrly (Ffgura 15). It w¡¡ found thet

¡ucb tr¡Dtfrrrcd r¡rult¡ lndfceÈ¡d th¡ uotfdfon¡l coordfa¡tlon raa

pr.f.rr"d.143

Thlr rreulÈ Goncurr rlth rrprrlncatal cvldrnc¡ on tona rono(dt¡n)

couplcxoe of co(rrl), vhorl thr l¡ol¡tcd coryhxm [co dfonclrl,l5'26'27'3o

[co dfun(Itoa)31,15'21 fco dtc¡(lgo2)?clJ,15 "od [co dlon(Noz)z(nn3)t+ 15

vrrr all foud to bc .¡!g. Only 1n cGrt¡l,a circr¡n¡tencrr heve .cl¡

æno(dlrn) couplcror of Co(III) bcr¡ ob¡crved. In thc nlxrd b!.r(trldcntrtr)

ryrrõr [co(dtcn)(IDA)l+ 31 
"od lco(dirn)($-Arp)r+ 

99 thr predourLnanc¡

of tho gþ gcolctrLc fornr wl¡ rrcrlbrd Èo thr rtrong prcfcrnce by thcec

¡rro ¡¡nÍno ecld llgrnd¡ for thc 1rrr ¡Gralnrd frcf¡l coordl.n¡tLon. Of

tho m¡o(dica) complrrre involvlng ührc¡ ronodmtrt¡ ltg¡¡rdt hovcver,

only tn lco(dfca)(BZO)S!*, .Bd corrc¡podfng chloro/rqrrc coaplcxcr, hevc

ç!l srrrûßcn atr bocn rrpoütad.30'73 rt ¡eot llkrly thrt aquo lfge¡Ér

onh¡nsr th. st¡bfltty of clt(dtoa) eoordÍn¡tlon, prcrun¡bly by roae forn

of lntrauohcuhr hydrogct boadlng. tho¡¡ Co(III) æno(dkn) couplcxcc

wlth equo ll¡andr h¡vc ba¡n rrportrd oaly Ln ¡olutlon how¡vorr30'73 ¡o

thrÈ thrr¡ uty b¡ rorr doubt er to th. ßGoErtrlc errltEnrmts.

thrro thur apptrrr to br t grnorrl prrf¡rrncc for ¡rridÍon¡l

coordl'nrtlon by dlon fn thc rbovr cobelt(rrr) corrPloxce' rt vould thur

bo rxpcct.d thrt rhG tF¡il[Co atrnrl# t"or.r ¡hor¡ld br fevourcd otrur th.
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Èvo cjþ forru, rt lr¡rt undcr condltfona ¡rhcr¡ thcrc ncrc Lnafgnlflccnt

lnt¡rnol¡sulrr fntrrrctlon!, elÈhough thc cffæt of chc reldo

rubrtÍtucntt lt unknon¡r fn th¡ prcvfour c*lnpllr. Undrr normrl prGprtr-

tlv. condftlon¡ rt 18o ln thc prGrGnc. of Cl- or !r- (runr 1l ¡nd 16,

T¡bl¡ 5) ttro proportÍon¡ obtrl,nod wrrt ¡-c.frru-tl,rslgE!. - 7:28¡65,

and th¡æ flguro wtll br umd ¡¡ r fÈandrrd vtth wtrlch th¡ oÈhrr d¡te

rl11 b¡ conprrad.

Eff¡ct of Solvrtlon.

thr proeout r.¡ulÈr rt. ll"¡ft.d fn tho rcop. of tho fnvortigeÈl.on

of ¡olvent cffcctr o¡ Íroncr proportlone. Eoncv¡r Ëhc chrnge fron th¡

¡qurout ncdtrn¡ (run 6, leble 5) to rlcoholÍc rolvrnÈ¡ (rune 9 rnd 10)

¡ffcctod th¡ rtl¡tivc frouor ttabflltlct, conrfrtGnt vfth thc diffcrcntl¡l

¡olr¡etlon of th¡ lroucrl, cnhraclng tha proportfon¡ of th¡ tno cf¡

l¡onero ln thc ¡lcoholl.c ¡olvent¡.

Effrct of ClO,-. NO- . Br-. ¡nd C1-.

--
In eoadftton¡ nhcrc th¡ rnlonr C1O4 r nO;, 8r-, C1-, rnd Oâc- wcra

pr.t.nÈ ln rtofchr.oüctrfc¡lly rcquircd qurntftlor only, thrrc rrr no

v¡rl¡tlon fu f¡oncr proporÈfonr fro¡ Èho¡c quotcd rbov¡ (eonprre rune

2, 4, 6, lt, 1E). Tl¡fr lrtter ob¡¡rvrtfon 1¡ con¡Íetont yfth knffiû

r¡¡ocl¡tlon corrtrnt¡ for ouÈGr rphorc oouplrxct vfth lonr of thc Co(III)

hcx¡nfnc tyTl, vhtch (for ¡ gfvcn hoxruLnc eonplcx) arc of Èh¡ mrar

ordar f,or r11 Èhr rbovc 
"ol,oor.59o 

Thc prcrencr of e lrrgc axcerr of c¡ch
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of th. anloDr C1O4-, NO3 r Br , ¡trd C1 dfd not clut. eny ehengr ln the

feouor proportfone (runr 3, 5, 14, 15, 2Or 2l). puR134 rø Cu135

rvfdcnc¡ ldic¡tr th¡t Èhrro ¡nfon¡ hrvo only r ¡mll rff,rct on chrngfng

thr confotn¡tlon populrtfon 1n ryrtou¡ ¡uch tr [Go cnrl*, rnd thcrcforo

¿l¡ocl.rtl only to ¡ eacll .xt.ût wl.th th¡rc coaphr lon¡. Eorovrr thc

pEctGnÈ rrlultr vlth .trcü¡ Cl- ¡nfou urke ¡a fnÈorrttfag conperfuon

Yith tho.c of Glllorv ¡nd ¡t"rrf"164 wtro rrporÈGd th¡t thc le¡¡ rymrtrtc
(cf¡ (dlnoÈhyl) ) forn of tho trrnc-dlchlorobf¡ (N-oothyhÈhy1¡nrdiaufna)-

cob¡lt(Ill) fon apparr¡d to bc rteblll¡od ln r rolutlon cvaoped wfth Cl-

b¡eruro Èhf¡ forn "¡hould bc the rcrr hfghly fon-pel.rcd". on Èhfr bcrfe,

it !Þuld bc cxprct.d thrÈ u-ci¡[co atcnrls nfght bo thc uoro farnurcd

undrr arrch condltion¡. Slncc no chrngr ne¡ obtowrd ln th¡ proportton¡ of

flouorer a prrferrd u¡oelatÍon of th¡ ¡nÍon rrfth th. Í¡omrr of lorr¡¡t

aymctry doc¡ not ..tD to occur for tho Èrlply-char8cd tpcelee .

Eflcct of Exc¡¡r Acct¡tc¡ pH Effect t

E¡co¡¡ te.È¡t. fon rllghtly relæd tha proporÈfon of ¡-cf¡[Co dlonrl*
(run t). rn ell prcperrtlonr lnvolving c1o4 r Nog-r trl rnd cl-, the

nouurrd pH of th. r.¡ctl.on ¡olutfou ¡r¡¡ cl. ô¡ but th¡ rolutlon coutefnfng

Gxc.¡. todirn ¡c¡trto v¡¡ b¡¡fc (p[ ca. 8). To chæk Èh¡t Ghlt r'r¡ lû
rffrct of pB rrth.r th¡n oâc- rpacfffcelly, e prcprrrtion Lnvolvfng

chlorfdo Lon w¡¡ bmift¡d by tho ¡ddfÈlon of oH- (run 20) ¡d r rfnlhr
¡ff¡cÈ otr tha l¡on¡r proportfona ürr ob¡¡rvcd Èo Ghrt of rcat¡ta.

Iacrear¡d pH thur h¡r the ¡ffrct of lncr¡mft¡ tht proportfon of tha l¡r¡t
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otab1¡ r-cfð l.¡oner to a ¡a¡ll oxtrnÊ, fron 7f to l2Z. B¡¡lc cor¡tltfo¡¡

slco obtrlnod for púopalrtlon¡ tnvolvine POOÞ rtrd SoOr?- (run¡ 2S'3ô)

but tho cffoeto Ln theer c¡tl, r¡ra dua to lprelffc ¡clocl.tloae by

thttG lone (dloculc¡d bclon) rhtch arrupld eny cffoct du¡ Ëo pE elont'

IÌra grcata¡t cff,oct on thü cqutlfbrl.rn L¡ooct Otonotaron $¡. ¡horn

2- 2-
4'by thc rddLtloa o! thc pol¡rt¡¡bh enfonr 8oO 'ffO

PO
4
2- ,-

rnd 8¡O
3

(run^r 23-34), but thc rff¡ct of &)02- tra¡ lcl¡ Èhrn th¡t for tha oth¡t

Np.Êlea. thc proportlos of tho s,-cf¡ llonor fær¡arcd rt Èh6 GxpcnlC

of th¡ !@, rnt thc ü-q+r proportÍon rcnfn¡d ocerly conttant. GÍ.r I
1-

ranga of POOr- concGntr¡tfonr (rr¡no 30-34) thc ptoportfont of f¡oncr¡

altGrad eoût1rluou¡ly untLl I co8 ttût vrlua ¡rel ra¡ch¡d whsn thc PoO3-lCo

rrtfo s¡e about ô¡1, whon tho Èranrie:cle ratlo had bcan almst rcr¡rr¡od

fron th¡ "etandard" carr. fhl¡ ¡uggcttt a rp¡clftc fnÈeractfon of Chr¡l

anfour ulth s-ctt[Co dfonrl* cn¡¡rralng ltr.trbtltty rnd to r lc¡acr

êÍt.nt lrfth thå F-cfs forn, but eon¡fderrbly 1r¡l a¡¡oeletLon rfth the

tr|na l¡oúar.

Of orny anlonr ttlGGd, *Ot- rnd 9o0r2- (and to ¡ lrr¡¡r art¡nt tO4'-

b¡d r prttíeuhrly nrrkd cffccÈ on plß,l$ .o¿ Cnl35 .Pretr¡ of Ìl rn,

couplcre¡, ceruod pr¡wrbly by eltctrtlon of rcL¡Èfvc confotlar

populettonr. Although lrrgor .r.ocl¡tlo¡ ¡lfrctr muld br oxpact¡d for

thcr. noro htghly chergcd ¡nLon¡ 1n rny cl¡ti tho r¡¡ulÈl hes! lndlcrtrd

thrt ¡Þælflc Lntrrectfotc occut .o th¡t {n thr Pr.t.no. of tharc aaton¡

)



119.

tht trfr-þ! conllorn¡r nr .vGn trcr. .troaglt frvout¡d. f,ìor thr¡r lf cn,

eorplum, tha ùrf.-1.1 oonforrrr h¡r tuo r¡tr (rt thr opPolltc radr of

thr nolrcular C, rxl¡) of thr¡r l{-f bordr rlt¡¡rrd acrly perrlhl to thr

c, rxicr r rltr¡¡tfo¡ rlrlch dom rpt hold fot .ny gÞ rlug conforueË1oa.

x."oolt5 ¡ugtr¡t¡d thrt Èblr¡ trÈrrh¡dnl polerf¡rbh enfon¡ could

rpproroh thr ertloa ¡lont th. Ca r¡fr to rt¡bllfrr thl¡ Frtlaul,ar

conforortlon by hydrogrn bordt4 Go th. tf-tr Þo¡dc (Ft¡r¡s¡ 16), If, er

eugßortrd Uy ffn85 rtudtr¡, thr ortgln¡l cosforu¡Èfoa 1¡ roh¡tlon vr¡

aot prodoufnrntly trlr-!*, th. rddltlm of ¡uch anl,oa. Èo rtrblllre
thfr þ! forn ¡hould ctnpltfy the )cHz ræou¡nê. of thr FllR rpætr-l&
rad chrngr rf¡nlffccntly th. CD rprctrtn.l3S thc r¡csnt X-rrf eryttrl
.ttrucGur. atrlyrlr of [Co cnrtr(Pon)r.9uro t{5 hæ Lndr¡d ¡honr thr

thr¡r ch¡ht¡ rLa¡ conforarÈfom to br hl, nlth th¡ pbo¡phetr fon

porftfomd rpproxlHtdy on tha C, ¡xl.r of ¡tch nolccuh la propo¡cd bt

lbaoÃ,

Io ¡ rlnfler *ry, to¿F h¡¡ ¡1¡o b¡ro obr¡rv¡d to crur r rf¡nlflcent

ehen¡c ln Èhr clr I tÉ.qr rqullfbrfrn porltl,or for [Co ear(Ar0)rl* fo

¡olutfotr of pE 7, rrd thl¡ rrr t¡tfon¡l!.rrd la tcnr of ¡t¡blllutloo ol

Ëh. .cfr fronrr by rprcfflc lon-e¡roetetlon.lÓ6

Fot the g:glgf0o atcurl* fon thcr¡ tr. $m e¡t¡ of thti. il-E boad¡

aBproprlrtdy plrc¡d rÈ ¡reh r¡d of thr æL¡cul¡ (Flgr¡re 17) to rllov

þdrogan bondtng fn ¡ ¡fnLler my a¡ th¡t proporrá ehovr tæ lf rnt.

&¡rthctærr, Drofdfrç nodrl¡ l¡dlo¡t. thrÈ conlorntlonrl chrngo f¡ Èhr

four chrl¡tr rÍngr rould mt rff¡ct thæ¡ ![-H df¡po.tÈlom etgntflcently.
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Ffgurc 17 l¡ drrm for oa¡ partlculer eonforn¡r ÀÀ-66 (pofnt ttmetry

Cr) rùfch would ¡çB ô lftcly conforuct ln rolutfon froa a quelftrtfvr

¡trdy of non-bordrd luÈ¡rrctíont utl¡5 uodclr, ead frou ttrÈfltlcrl

con¡ldcr¡Èfont. strbllfc¡tlon ol the r:qf¡ gÊotr.trtc l¡øar by fon-polr

forn¡tl,on lnrrolvf.n¡ hydrogca bo¡rdtrU clth thc¡c oxyanlonr could Èhur occur

Ln thr arnê !Ëy r¡ coufonutlon¡l ¡Èrbtllütfot for * *r.ttt

In e ¡fnflar vey, u-c,l¡[Co Cf-rl$ h¡¡ oaa cat of thr¡c t{-l{ bond¡ th¡t

aor¡ld lcrd to forloaÈfoa of ea lon-grfr, but thc prrtlculrr orlratrtlon ol

th.oG l{-H bondr tn thf.¡ nolrcr,rlr rùrq¡ con¡fdrt¡bly dopcadcnt on Èhe

partlculetr eonfot'¡¡¡Glona sf ghc rlnge. Ftgutr 18 chow¡ th¡ u-cf¡ fronar

fn thr l6-6t confot'nrr (rymetry Cl) whlßh f¡ thr fom (fndfc¡Èd frou

rcalal¡) givlag thå gt*stött rt¡btll.s¡tLon frbn Èhe er¡ocl¡tlon rccordLng

to thG orl.cntatlon of thc N-H bond¡, el.though tht¡ couforaårr on th. br¡lr

of qulltrtLvc etudf"ü of non-ùoadcd fatcractloa¡, would ba oar of Èhc 1¡¡r

¡t¡blr forr¡¡ of thlr fioncr. ltrc ÇD of u-ct?[Co dtcnrl* ehrnS"t oB th.

rddltfo¡ of ¡el¡nltr lon (ræ.t1on 5.3)n l¡dfe¡tfnt r ch¡¡t¡ fn thr ryücÈrt

of thr oolrcule bcceu¡c of conforn¡tfon¡l chlngcr tnplytng Èh¡t e¡rocfsttoa

of thl¡ ciÈ1ou wfth thr ¡nfon occuror

In thc Gr¡nr lorn of thr couplcr Èhorc tPpGrrc no rwh trf'pll

loceÈioa¡ to frvour ¡uch rrrocl¡tfon wlth Èotrrh¡dr¡l lnfont'

fÈ t¡ propo¡cd Èhorofore thst ¡ rpccfffo ¡e¡oolrtloD ocot¡tr¡ benr¡cn

th¡rr polrrkeblc ¡nloa¡ ¡d thr conplcx crtþur throu¡h hydrogca bondfn¡

ufth ¡ult¡bly dfrpo¡d art¡ of K-[ bordr, Thc rtudy of nodrls ladl.crtl¡

thrÈ Ëh. cxl¡Èencc of ruoh crt¡ rould lcrd to rt¡blli¡atfon ln thr ordcr
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r-qfr > u-c-tr > trrqr, whfch Ll aou¡trË.ûÈ ïtth Êhr ptolrnt r.lulÈr.

In thr M on, ry¡trn, thr rffret of n¡ch a¡eoelrÈl.on e¡a only b¡ Lnf¡rrrd

e¡ conforu¡tlon¡[ chragcr ¡nd r grc¡t.r prcfltrncl lor on¡ qonforrll.

In th¡ prâ¡.nt rytto th¡ rr¡ocl¡tton wfll br ob¡¡wad r¡ ch¡at¡r ln tho

rcletlv¡ rtrbutÈf¡c ol gsm.Èrlc f¡o¡rrr rhtch crn be dlr¡ctly nltltred,

but Èhen¡ trro cffccGr trG cn3fr.ly rnrlogour. ID thr l¡ttcr c¡l¡ th.rc

wlll ptobebly elao bc ¡æe confornrGlou¡l otdrring, but thlr l¡ of lc¡¡rr

llüpofÈince co,aprrrd lrlth tht prrfcrrntlrl rtebtlf¡rttoa of 8¡oqrtrfc foru¡.

It f¡ not fsÈtûd.d to conrldcr ln thærrtlcrl drtrtl thr coaforrrtfon¡l

rltu¡tfon ln thcrq l.oncrü, Drctur¡ of tho l¡træl¡cuht f¡trrrctloüt

alprdy ilf¡cu¡rcd, rûd Èhr conpllcttfon of rtrtl¡Èle¡l prrfrrrac.t' lny

qr¡¡lft¡tlv. ¡Ëgrürat¡ outt ba ¡qploryod c¡utfonely rmtfl th¡ r¡letl'vl

Itrbtlltfr¡ of, Èbr vrrlour confor¡rtlonrl coubfmtloû¡ rr. taonn fron th¡

tn.rty nfnlulr¡tfo¡ crlculrtron¡l42 rad I*ey cËy.Èrl .Èrustrra .-1y..t36

ln progr¡r. Furthrr PMt r¡d CD rtudt¡r of thr¡c conpl¡¡o¡ lry th.û

¡llory r ßr.¡È.r f¡tfghÈ lnto thr confotnrÈion¡l chan¡re ocetrrl'ng ta th¡

trdtvtdr¡rl {¡omcr¡. Ntvrrtholela, ror¡a Scnlrrl dÍ¡cr¡¡¡fon¡ of thc

eonlornrËto¡¡l ¡ltnetton f¡ thmc Lronrrr hr¡ ¡lrody brrn nrda uith

r.rpöet to tb. IR atudfee (¡¡ctfon 4.3.2), thr FÈlR rtrdtrl (loctlon 1.3.3)

rud ln Èhe pEtt.nt ehrptu.

Effcct of lop¡rttur..

An l.*tcr¡r fn ÈGParltuÍ. wl. lrln tn r11 ce¡r¡ to oshrnc' th'

proportlonr of thc lrrr ttrble g[g frooorr of thc lyrüo (co4rrr runr
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6 and 7, 18 rnd L9, 24 arut 25). Eowevcr as lfttle fs knorcn concarnLng

tha ralatl.v¿ eonttrlbutlonc of cnth¡lpy åûd entropy Èo confonr¡tlon¡l a¡d

lgonerlc strblllty, Ëhc cffeet of tcøpcretufc ctnrìot be prcdletod.

A nr¡u¡bar of LnnÈ¡ncGr arc Lnown whare hlgh¿r t.tPerrturcN llläy ctutc

l.sonert¡etfon fros cfg to trtnr oetehcdral coaplcxcl ln tgtreout aoluËlon,

end Lt urfght ¡pp¡aÉ rt flrrt rlghÈ ÈheÈ the qt¿4t, fcouat¡ ete atabllfrcd

et the hlghcr t.ßpÊrrturca. Ft¡nple¡ of er¡ch chnngce fn CoHU conplexer

arer qia-[Co cnr(Nof)e]* chrngca to the tf,tns on prolonged bolltng tn

watctrr59d and 9!:.[Co (2,3,2-tct)(]lO2)21+ l¡omerl.eet to tftnq lo e week

acfd eolutlon.lól Howevcr ln thara carËs thc aeLclo lf3anda ¡nd aolvent

ere probahly fnvolvsd fn thc froncrfratloq aechanl.ao 8o that the ptodrctr

rmder gfvan couditlon¡ r¡.y dcpand on kl.n¿tf,e raÈhar then thcr¡nodynanfe

factora, ¡¡rd theac rcactl"ons occur uorc rc¡dlly then taomcrf¡aÈlon rfthln

the [co dfenrl ] *y"a.r.

It ¡¡1¡ht bc ergucd that tncr¡r¡o fa t@pGteÈrro woulil weak¡a the

hydrogen boodlug wfth Èhc polarl¡able enlone propoeed above ed thrt thc

rquillbrfr¡u Íeomar proportlons would twd to their rnluec fn a aftt¡atlon

r¡here ¡¡aoclatlon wâF rrot ülgÊff,fcanÈ. Horcvcr, ¿n fncreaco Ln ÈGllperatrrrc

alone âct¡ ln Èhe oppoefta dlrectfon and lncroe¡a¡ tha proporÈl.on¡ of thc

tr¡o cl.e forme, and for the tnlon tOqt- thls tcmpèraturÊ effect ls

domLn¡nt (runc 24 e,nd ?5). An obssrvetfon of Èhc cffect of tenpcreturc

on the hydrogen bondf¡U could only be nadc on thc fodtvtdu¡l lsoae¡a vfth

a technlque auch ar CD whcra thc coafornetlon¡l changes eould be mea¡ured

dtractly, aÈ lca¡t for the actfve forme of thc eonple¡. l{o eueh
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tsmpêrrtule vart¡¡tfon 6t\dlea of hydrogen botrdlng u¡fng Çf) ncthoile' ln

systo$! lnvulvlng ftve-ucmbortd chêlata r{Êgt, havc bc¡n notcd fron Èhc

llrcratr¡ro rlÈhough rhc cD spc€tra of (+)-[co enrl* tod (+)-[co(+)pug]$

?¡ave becn tåcoËdGd ovcr the t€ütp.tâtttê rangã -78o to 5?oC wlth thc

dlffcr.ût ¡lo of rcaeesfog tha eonfote¡tfon¡l populetlonr I'n the tornor

lor.95 pt{R rtud.lca nÍght alao provld¿ fnfor¡¡etlon on thó tÇûpeËatutü

rnrf¡Èlon atp€ct of hydrogen bondlng.

ta ernmarT, the reAulÈ of the Prsscût ¡tudice of the rnrl'ous

contr!.butlonc of fnterælsculrt effccta to thc cqulllbrfi¡u trch'cet thc

fooner¡ ls that catLo¡fc concêriËrrtlon [Col ¿nd rdded anlon havc lfttle

effecÈ, oxcept whore ascocf¡tfon le very spccfflc and etebfllsrtlon of

partlcular fsoners uay rcsult. Th¡re l¡ al¡o a efgnlffcaat effect du€ to

solvatLonr snd trmPeraturc.

6.4,4

TWPEN¡ÎINE RU¡T8

The prccent reaulta (Table 5) do ¡ot rllor r rclf¡ble quantltetlvq

anrlysh bccausc of the lloltad scopa of tha rmrl¡blc ttüPcrctura ltudfea.

Iloraver thc follorring dlrcuselon llluetrct.t the porafbllltler end

ttúftrtlona of thln erpcrlncntal approach.

Tha thrae feooerlc proporÈlona for thc cyltcna fCo dienrl$ at lgo

ad 80o allow Èha raperetfon of the ftce rnerrgy dtffcrsuces bGtnoen tha

Lsonere lato enthalpy anil €ntropy contrlbuttoa¡ (¡cctfon 6.21' Ttra only
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.rp.Ëfn ûtrl orror¡ Lnwlvd |a thcce datcr¡rlnrtloûE were fn ths

È¡ry.r¡ürgr çlo) rnd fq Èh¡ lgoner proporBloo parcentâssc which r¿¡rr

ln 3enerrl ob¡orvcd to be rcproduclblr to wlthln $. fdhlle thfa orror tn

thc proporÊfonc .pp..ra st ffrtt rlght repson¡bly ratfsfrctory' tt

rtrultr ln rppræf¡blc uricGEtal,trty ln thc ealcr¡lcted ênctgy valuct.

fhg¡ gncrrtrl.ntfet ¡rc quótod w{th Èhc c¡lculrtcd eaergles in Tebl¡ 7.

tho Èoprrttufc üåß.rttLaty lc of lcea fmportaaee.

In the Èhr¡¡ conditfona fn whfch toú¡pêr&Èure vatl.etlons r{"erc ttudl.d
,-(Cl-, oAe , so4'-), Èhr rc¡ultr (T¡blo 7) fnillcatc l¡rsc ne8¡tlvG .nÈroPy

dlffor¡nccr (ce. -6 ö.u.) f,or thr aqullfbrlr ef fe I lIgE en¿

qfgu $ !EE, but thr ¡ntropy conÈrlbutfon Èo e-cls 3 u-cis v¡as ¡ol1l.

fhl. i.r coüfrtåat wfth ÈhG tranã foru befng the mosÈ orderecl, whiah nry

b¡ r¡tfon¡lf¡cd by Èha grGåter conforustlonal freedon poaef'ble tn thc tt¡o

gjlf (frctsl) f¡oucrs of the complox, Th!.c le aleo consfgtent r¡fth thr

ptfB rtgdtr¡ (c.ctlon 4,3.3) whfch were lntcrprcterl ou the brals of npld

confOrqÈlonrl lavrr¡f.on ln thc È¡ro clo forreg, urhercae such Ínverll'on uould

bo r¡¡trlcÈcd for thr gr¡as l¡o¡¡er uodcr the acl¡l1e condf.tfons (pE - 4)

obtrlnfng ln th¡¡r Preper¡tfono.

Itrr equllfbrf¿ betwa¡n the l¡omere în the preseneo of Cl- ¡d OAc-

e.r. .¡aentl¡lly tho ermc, ¡c ehovn by the obrervcd fcomer proportfoDÜ

(rr¡n¡ 18 ¿¡d 19, erd run¡ 6 ând 7' Tebla 5) and the resultant thrr¡o-

dy¡¡nl.c drta (T¡blo 7)' For the equlllbrltm ln Èhe presence of tO42-

(rr¡nr 24 end 25, Table 5), wherr aEsocfatlotr occurð, the energv Yrlt¡cr

(frblr 7) fndlcet¡ th¡t tht dlff¡rrace 1¡ proportlont' eoüPlr¡d rfth th¡



ÎåËLE 7

Enthelpy r¡d htropy CæËrlbutl,oú to Obc.rvGd l¡ccr Bqufllbrlr

fn å¡rI¡1 ûrldrtfoa Ècp*etlonr of [Oo dfcûZlt+

Isf,s P¿tr Anfon Îcry. x

trÊggl,FGfr, cl

AGO

hcel rclc-l

-0.49 + 0.03

-0.10 + 0.03

Âf
tc¡l role

-1Â80

tc¡l nlJl
1.8 + 0.{

2.2 + 0.5

2.3 + 0.5

2,8 + 0.6

1.8 + 0.4

2.2 + O.5

1.6 + 1.0

1,9 + 1.2

1.2 + 0.5

1.5 + 0.6

Âso
-1

C rtl.

t-

291

353

29L

353

29r

353

29L

353

rrl
353

æl

t53

2.12

1.15

2.{l

1.05

1.¡11

Q,77

9.4'

3.92

9.Õ3

3.11

2.67

1.55

-2.3 + 0,5 -6+1

-8+2

-6+1

-5+3

-8+3

-ôt2

OAc

sô

-tEru/s-c!g. c1

OAc

so.I

-0.52 + 0.03

4.03 + 0.03

-0.20 + 0.03

{o.18 + 0.0¡l

-1.3 + 0"1

-1.0 + 0.1

-1.3 + 0.1

-0.57 + 0.05

-0.31 + 0.05

-2.8 * O.5

-2,0 + 0.5

-2.7 + 1.2

-3.6 + 1.1

-1.8 + O.ó

2.3 + 1.0

2.8 + L.2o.l-0.E +

z-

(eoatil. )



lAgIß 7 (cortil.)

I¡n¡r P¡lr âElã 1e4' f, ôeo ôao

'c¡l ælc-l tcrl nlc-l

-o.t + o.1

-o.9 + o.1
{1.5 + 1.1

-o.E + 0.1

-o.E + 0.1
-o.E + o.E

-{t.3¡ ! 0.05

-0.19 + 0,05
{o.t + 0.5

-?aso
tøl æ1c-1

{.3 + 1.2

o+0,6

o+0.t

-0.? f 0.5

-o.t + 0.6

G.E.

âso

1+3

o+2

2+2

fi4c

291

353

291

3,:t3

291

35t

¡.(xl

3.12

3.86

3.{Xt

l.t9
2.00

t+1.0-o-

2-s{
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f,lr¡t n¡o cordtÈfon¡, rey br dur n¡l¡1t to tnÈh¡lpy contrfbutfour. Such

¡rocl¡tlon f¡ uorr u¡r¡¡llt coarldrr¡d a. r eoûtrlbutfon ol cntropy.

&r¡vcr brc¡r¡¡c of thr ltdtcd rcerr¡cy pot¡lblr s!.th th¡ prGrü¡t ruultr,
thr ortgy dfffrtoc¡r fn Èhr¡e our. rrr ritbln ch. grnt.d ¡xÈræltf¡r

of, aprrlnontrl arrorr ¡o thrt ¡trch corclu¡!.ont utrüÈ ba Èaret.d vlth ron¡

Grutloû rt thlr at ga. Frrrtbcr, fn thr cr¡c of ¡ræh rn ¡trocl¡tfon,

tupürÈutr vrrf¡tfo¡ ¡trdf¡¡ ¡bould ldelly hrv¡ bmn prrfornril ln Èhc

prrr.dÊr of axor¡r of the rul.oa æ Èh¡t thc drggre of mroctrtloa rculd

rcnrin ¡r Êorirt¡nt m porrlblc throughout thr topc¡trrt Ëra$. urld,

¡t thl¡ frcÈor nould d¡o conËrlbutr to th. proportlou¡ of fromnr

ob¡rnrd. For thlr r.l.oa, th. trotrr rff¡ct¡ of ¡¡rocl¡tfo! cbowa by
t- 1-thr r¡lo¡r SrOr- eud POa- wet. mt rnnda¡d ín th!,¡ nt tr ¡olutLonc

coateialng tbr¡¡ {on¡ atr rtrougly b¡rfc ¡nd rt tht h!.ghrr tcüp.r¡trr.

uerd ln thc¡¡ rtudl,rt (A0o), th¡ cobrlt coraphx ror¡ld Ghrf.toaG dlcomporl.

tlsv¡rth.l.r¡, trnpertÈure vrrl¡tloa atrdt.. eould bo rd¡ of th¡¡r cft¡ctr
utlng m co[ßroll¡d loucr ÈGpôrrtuat8.

Ai thc .ilagy nfafnl,r¡tlon erlculrtloa¡ of Anloo¡oolæ for thir
tyttc ¡r¡ Ln¡mp1etc,142 at " ôEïot-oro vrluc¡ brtnern f¡oart grlrr

cr¡not b¡ obtrf¡rd fro¡ Otla.f (Î¡blr 7). AÈ th. Da.mûÈ ttne, only

ruch eonprretÍvG ¡tudl¡¡ ol ßhr rÊartt v¡luer m glvrn lboyl, crn b¡ nd..
trutire tcc¡pcrrtsrc r¡rrl¡tlou .tudlor on th¡ rffætr of rolvetlon, lon-

aerocftÈfon ¿nd oth.É rm¡from¡ntel prrrnrt.ar nly yLrld uroful lnfotutloa
gD th¡ an rSrtfo contrfbutLon¡ of th¡lr f¡dlvlárnl ¡f,fætr, Hoülvlr, tt
tr srtd¡nt th¡t lor thr¡¡ rr¡rrlt¡ n¡r¡rcod rt vrrlou¡ t@.Értur¡r to b¡
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l,ntrrpratrd tn r ucrúngful qrrrntltaglvc rm¡rr r hfgh ordrt ot

uprrlnraü¡l rcaurrcy fl thr proporttoú (ry !0.2 t¡ ¡¡sh prrc¡ntrg¡)

Le rcgulnd.

Iû s¡otbc approrch to tho crulr¡¡tfon of thrtædynr¡lc drtr fu
eoordfnrtlon ccnpterosr Êhc cnthalpy rilfferoneG¡ (AEt..f) nry bc

nl¡ur¡d dfractly by celorlnstric tehnlqucr, flrlr approaeh brr oaly

ræ.ntly b¡cn undrrtekoc, r¡d for tbc cqufllbrttn bctrmn å¡SR- rrú

-Ê2-s$-[co(trtrn)(gly)12+, ÂEo d¡tctulncd ln thll rr¡y rtt fouad to be

vtty clorc to thG rxporLnon$l AOo ttlua, tndlertfng onlt r ¡4111

ontropy dLffcrrncc brhrrcn th. for"".147
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çßAP?B¡, 7

7.1 ¡tnRODUCf,rOlt

IrørrÍ¡¡Èfon r¡d rre¡mlntfo¡¡ rectlo¡¡ of lnrrÊ oot¡hodrrl

cotplcx6 h¡vl bean ob¡¡w¡d tinsr lf¡únlrf r tl¡¡. Ttre rnaJorfty of th..l

rtud!,¡r h¡va l¡volvod bldontlt. li3¡üdlr n¡ch l¡ *, otz-, phrn rnd bfpy,

ofG¡¡ fn acroel¡tlon vith nonod¡ntrÈc rcfdo llgerrdr ¡uch e¡ eet.r or h¡lldl'

rrú th¡ drÈrflod urchrnfuar fnvolvcd hrvc bmn rcPort.d for oaly e fuv

ty.tGrf. Ia urny of, ßhcrc {neÈ¡æl¡ honqrrcr Èhc cholcr of ncahrnfrn h¡¡

üot bcan unrqulrrocrl.

Tho ctudy of any obrarrnblo fuoncrfr¡Ètos ln tha Nylto! [Co <ltrn2l*

ny ¿ueld¡tc ro¡a of thr¡c proÞlor3 b¡cru¡o of th¡ terttlctlonr lrlpoerd

by thr couplrd ahcl¡tt rlngc, th¡ ¡cchrn!¡tfc pethnyr trG Eot. ltnftcd

th¡n for tho bfdrntrtc coEplrl¡r. hrrthrr, th. ry.Gæ h¡r no rcldo ltgrnd¡

ro th¡È lconrrlntlon crmot br faoflltrtcd by amy llgrad dlrphcorat

tr¡d.lot rubrtÍtuÈlon.

7.2

ME|IAL C(I{PLETES

Thr t.rnt l¡onrrt¡¡tlon rnd r¡ceof¡¡Èlon lrr u¡rd fnt¡rchengrably

tt r t.nGrrl de¡crlptfon for th¡ ptocrtt.. conrld¡rrd lt thfl ch¡ptar rt

r¡cof¡etl,on Lr e rprcl,rl cttr of l.¡o¡¡rfntto¡. I¡ th¡ PrÇ..nt eoDt.¡rt'

Èhr only differrnc¡ f¡ 1n thr cl¡mfffc¡tfon of tbr rrl¡tton¡hlp of thr

produat Êo th¡ r.rct.ntr
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tharc rrc tno gancrrl tìtp.a of fro,ncrl¡rtlon rachrnt¡nr' shloh ero

b¡¡t Êorncd ar lnÈ¡tuohculrr rrd fntrtuolceul¡t.

Int¡r:aol¡cul¡r Frocoraa¡ .

Ltgrnd !.nt¡rcheugr, wfth couplotc dL¡¡ocl¡tfon of thc ltßrnd ftou tho

coaphx, f¡ lurolvcd fa a¡ tnternolroulrr procoll, rrd 1t ll rogul.rrd

Èhcrcforc Èh¡t thc llSrnd cxchaogr Eutt b. ¡t l.r¡t u rrpfd rr thr

l,¡mcrÍr¡cfon (or rrcmimtfpa). For crenrplc, ln th¡ r¡cafntfon of r

trfu(btdGntrtc) coaphx [M(AA)3!, tha tûtcÉnol.culer prttrrry c¡n br

roprar.nt.d

rtr,r(er)3l i u(M)z î 6tu(AA)31
+AA .Aå

vh¡r¡ th. GllÉt rrture of the latcra¡dl¡to t{(AA), lr not drfla¡d. (It t¡

.utt..t.d th¡t rolv¡nt prob¡bly occuplur tt 1.¡.t t.tPoË.llly' thr

vrctt.d coordl¡rtlon porftl,onr.) In ¡ cr¡r rhrtc rcldo ltgerdr rrl fmulvodt

rn l,¡tttæl¡cuhr urch¡nl¡n rcqulrrr dfrocl¡tfon sf !È lrrtt ona of, th¡¡¡

rcfdo groupt wf.th r aubroqurnt r.rrr¡n8.D.nt, pr0rnbly vl¡ r Ê.tr¡lparl-

pytenlôl or trl,gonrl-bfpyrratdrl fat.raldl¡Èr. 8rrch e nrchrnt¡a *t O".lr*

proporcd for the l,¡on¡rltrtlon"/recrml¡rtlo¡ Ln th¡ rttÈGt glg[Co enrCl2lr,

çt¡[Go cnr(Br0)2J],59" .od [Gr orr(Br0)rl- (pn t-7),59f nbf"h eoatrin

orlly rrplrcobl¡ uonod¡ntrtc rcldo ltgrndr. lllr.n only nultld¡ntrt¡

llgrndr tr. prcr.ût ruch r ¡ech¡alm would rpp.rt lr¡t lfkcly' elthough an

lnÈ.rulrcuhr proc..t h¡r b¡rn ¡horn to ooctr ln thc r¡cæf.ntloa of th¡

¡lckel cmplorlr [xt ptrrnrlz+, [t[f phmrblpyl2*, [Nf phmbtpyrt2+' rrd
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ltrl brpy I
2+ 59s

I

Iatrræl¡culrr Proccf mr ¡

Althorr3h lstrmolaculrr urchrafmr for 1¡o¡¡rfutlor. ef cotphx

lon¡ h¡vc b¡cn dæútrrtod fn ¡¡rrct¡l fûrtrnc¡r, tihc n¡ehrniatlc drt¡llr

b¡v¡ not rlrryr br¡g clrr. Thcu¡ arG tno cl¡¡¡lflcrtlotrt for urch¡nfltLc

prttrrlayo th¡t ¡r¡ concidarrd lnËr¡uolccultr, dl¡¡oclatfva ot "tïltÈnt

nach¡nlln¡.

Thr dl¡rocl¡tlv¡ or bosd-ruoturc ,Êrocr¿r could ocçur for ¡ omplc*

of thr Gtp. [ü(AA)31 fn rür ily. (Ftgun 19), dcpo¡dfng on rtr¡th¡t on. ot

ttro oa.-ôndrd dl¡¡ool¡tfon¡ err fuvolvd. Sæcrl ay¡trml hrvc br¡a

r.portad rhlcb h¡v¡ br¡n propo6d Èo r¡eol,.. or llo¡rrt¡c 1n thl¡ nryt

rfnc¡ Do Èottl dl¡roefrtlo¡ (!..r' rn !.nÈrruolæulrr ptocelr) of th¡

ltgrnd(r) could bo provrd. For cnnph, thr L¡arrl¡tlon of

ct¡[Co(m)2(ñ83)(OB)t2+,59h rd Gh¡ rrcof¡¡tfon of both [Cr oxrll- 59f

r¡d [Co rcrcrl 59J .". co¡¡f¡trat wlth th¡ bood ruptur. PÉoc.tl to 3l'v.

l¡tatrdt¡te (t) (Ffguúr 19), tn thr Co(III) conphr of Drryorrr ¡t*¡dGntrt.

llgrnd lET (llgrnç 20)r Èh. tra.n for¡ crn 1¡oantf¡r Êo thr brorn fotrat

¡ad dor¡ eo lrlth no lor¡ of opticrl rot¡tfoa, rtrongly rupporÈfn¡ rn

tûtrtüol.crrlrr procctt of tht typc ¡hor¡ ta Flgurr t0.59h Ttr¡ dlffcomr

b¡tnoa thlr proo¡¡r rnd ra fnt¡tælrculer proc.¡t f¡ that thr r¡¡rtGeah¡d

¡tos lr h¡ld sfthln Èbt coordinrtlon aphrr. ¡r prrÈ of thc üg¡nd rolrculr

shll¡ tha re¡rtrtrgm.trË of th¡ ¡c¡rd¡nÈrtr l¡ proportd to occur nfa thr

trltonl-bl,pyruid.

a
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14o t¡rfut ncchrnl¡nr hrvo bc¡n proporrd to crpLeln f¡onctltatlon

r.actioÊ. vh¡rc no dlr¡oclrtloa Lr epprront. For rnrplo¡ thl rlcc-

oi¡¡tLo¡ of [Fc phonrlæ, [tr bfpryrl2+ (lo pert),591 .od [co(ED[ )l- 591

hrvc becn retfon¡llrad by thf¡ ucchrnlm, rnd r1ro thr 1¡oacrt¡rtton"/-

r¡crnt¡¡tfon beh¡vdour of clrlGo(en)r(ou)rl*.tot ]lany rnnplcr tm¡tn

ho¡rrv¡,r çhrrr thr chofcc bets¡cn lntrrrolcculer dk¡oel¡tl.vr ncehrafsnr

rd thr tvlot pÌoc.te lr rqulvocrt, al ln th. l,rou¡crfartl.on raeetfon¡ of

ct¡[U(III)(tfrcrc)llrth r¡hctc H r Al¡ Ga, In, Co, Rh.

Thrr¡ h¡v¡ bmn ¡cvttrrl proporah lnvoLcd for t¡rl.¡t ncch¡nimc. fay

rnd ÞuttlUt .*r.rt.d Èhrt tu(ee)3! could r¡c¡01¡o í.f, ona chclrtc ring

rorls¡d fl¡¡d ft eprcr whtlc thr rro¡lntn¡¡ two rlugr rottt.d 90o fn

opporl.tc dfrcctlon¡ rbout rrâr thtough Èhr nGt¡r1 fon, rud pcrpoadlculrr

to thrfr rln¡ plrn¡a (?lgur¡ 21). thf¡ uach¡nl,n {¡ c¡llcd th. Rly rnd

Dutt trrfrÈ, or "thoabLc" trltÈ (rofrrrfag to thc g.onaÈty of tho Í¡t¡t-

nrdfrÈc).

rn ra ¡lt¡rutlvc proporel cahnrnrlSo 8.ld.r.rlJl rüd ¡rtt¡rlÍ2

fomulrt¡d r urehrnf¡n for rrooù¡tloa of tl{(AA)3! by totrefoq of, 1200

about th. nolacular C, rxlc of onr oct¡hodrrl frcr (eoatrfnlag oar cnd

of rrch llg¡nd) rtlrtivr to thr frco eontrlnl¡g th¡ othcr rndt of thr

lfgcndr. ltr|'l propor¡l 1r oftrn erllcd Èhr "trlgon¡lt' tnfrt mchanlcrrt

. ltrfe proccl¡ h¡r rho brrn tor'¡rd thr 'tDrl,hr trrfrt" rlthou¡h Èbr fd¡r

ur. propord prlor to Erfhcrl peptr.
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râcemísatfun of [M(AA)3]'
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tfnca lt pr¡¡er throu¡h r ry@.tr1erl trfgoael prloultic tr¡nrftfoq tt tr'

¡nd lt 1r ¡hosn Ío Flgtr¡c 22' Àlthough thr¡e ¡uÈhoE. tugg..È.d onlt

rotstfoû ¡bout thr ¡olæutrr G, lrtt, thc r¡ac Ëotrtlon favolvl'ng ¡noÈhar

pslr of ocË¿h.drsl fecrc rculd ¡L¡o c¡u¡¡ rrcof¡¡tton (F1gr¡rr 23). thl¡

ptroc.¡t 1r h¡nceforth crllaá tho trfgon¡l (p¡a¡do-C3) Êwf¡t, to dhtfngulah

ft ftoo thc Ètl.gol¡f (Cf) Ètl¡t Procrs¡ (Ffgur; 32).

$prluger ¡nd gLovcr.l3s .og*¡at¡d ¡ fr¡rthor Ènl¡È acch¡ol¡¡n for th¡

racof¡¡tfon of tlf(AA)3t, t¡ whlah onr chrletc rtng f¡ eo¡¡fdüsil flrcd

fn rprcc (u fn thc Rry rad Dutt aech¡ni¡q) ¡rtrtlr th¡ othcr two rln¡r

rsrrolv¡ pr¡t oæh oÈhlr, csntl¡r¡¡[ly ehrnglns Plranr, ¡¡ ¡hon I'n Ffgurc

24,

The f.nterucdl¡È: or trrsaÍtfoB lt¡È. for boCh th¡ SPtlnElr rad

$lcver¡ ncch¡al.eu rnd thc trf,gonrl (Cr) wfet procct. 1r thr ¡rnr (Ffgr¡n

25e), ¡lthough Ëh. A-t{-A anglo routd br dlffor¡¡t. In th¡ fonor Ptroc..¡'

thc r{nt rngl6 rould rærfa ftxad lÈ 90o, whf.k dslnS th. Èfttonrf (Ca)

trrlrt thfl angLc rould rdr¡ct to Elo 4Er, uhleh 1¡ Èho e¡lculrtrd A-!{-A

raglc for r tËl.goü8l prkn. In e llællrr wey, thr rhoable ¡nd trL¡oarl

(peeudo-Ca) tulrtr Lrvolv¡ I coEnoa g.m.Brf of fntrr¡rdl¡tr (Pt¡¡cr 25b)'

th¡ thoublc tvl¡t röt¡fnlûg thr rfng A-Þt-A ra¡lm rt 90o wtrf!.| thr l¡tt¡r

acchrntr¡ vou&l lcr,t to rlng cooptc¡aloa.

Slhflr r11 thr rbovc Proct l.t l¡rl to rrqoll¡Èfon of th¡ [H(ÂÀ) f J

tprcf6, úc¡ la unrtrotrlert bldrqtrtr lft¡¡d AB {r !'nrrolwd thrrc 1l r

dlffrrocr b¡tn¡m Èho procclcor. ltr¡ Sprt4rr rnd Sf¡rvcr¡ rad trltpn¡l

(Cr) twlrÈ û.ch¡nl.m¡ rtrlch lnrplvc thr ryucttlßll tatcrcdlrtl (Ffguro 25r)
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s

Flgure 25

(a) (b)

Trigonal prismatíc jntermediaÈes invoh':4 in twist nechanisms:

(a) Springer anti Sievers, or trigonal (Cr) rnechanism

transítion state, anC

(b) rhombic. or trigonal (pseudo-Cr) rnechalism transítion

state for the- racemisation of [MrAA)¡].

wí1l acr:ouz:t for racemlsation of tM(AB)rJ tut not ci-s ¿ !5¡rns. isomerisation,

as these two pathwaye carlnot alter the relat.ive disposítion of the ligands.

Con'-'erselyr the rhombic ano trigonaL (pseudo-Cr) twists (internediate (b),

Flgure 25) wili both procluce fsomerisatíon simultaneously with config-

uration¿l change. Thece clrarges could be observed by usíng an unsymmetric

lígand Ín FJ.gures 27-2+, and are further elaborate,l in an¿lyses of intr,-:-

molecula.r reai.rangcnents in six-;.cordinate spec-i.es given j.l the

literatur.. 148 
' 
154 

' 
155

The '1 Ífference between tÌro Sp:^Ínger and Síer¡ers mechanísm anC the

trigonal (cr) prceess (wh:'-ch both involve the sar.le intermediate) ís,

ccnceptual hu;ever, arr.d úirey are actuaily í<Íeniieal as pointed out by

sevcral work.rri 18,r55 and particulä-!-1y by nr-".1y.156 The essential-

difference l-n the propu,;als was th:at j.n th,e -eprínger and Sie'r;ers process
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Êhe A-H-A rdng rnglee ren¡fned ¡t 90o vh*reec ùhey trcr€ coryreased ln

Èhô trltonsl trl¡t procit¡. lhla prear¡noc Èhlt Ín tho trtgonrl t*l¡t
the dfet¡nce b¡Èwcür rotßtfng ocÈahcdrrl frce¡ rcu¡frç fl*ed, but Èh{d

wouLd sêem to Þe an unn€sesËtrlly atrdngmt eondftfon to b. lnpoaad on rn

fntr¡nol€cular rêartang€Eent whau bonde ars belng dlstortcd. Should

the d{.gt¡neo betr¡een thaac f,rces expand durfng th6 tÌrltt process eo thaB

ühe rfng englra r¡¡n¡in aÈ 90o, Èhcn tho¡c Èrtgonrl (Ca) and ftprlnger rrùd

Sievere nech¡nlrr¡¡ beconc fd¡nÈ1cel arrd thr Lntcrudf¡tea (Plgure ?5a) rr¡
eho ldenÈfcal. In a sfüLlar way, thr rho¡¡bfc a¡rd trlgonal (pecrdo-C3)

proc€rio€¡ (l¡ternsdt¡te (b), Fl,gurr 25) erc ¡lao tdantferl. In nrmnary

thèr€forc, Ëhsrc are only Èwo braic Èrrlat nsch¡nl,¡nl, rcpr.¡Gß.d by thc

two diffcrent poeelblr Èrlgon¡l prlaortle trrnelÈlon ¡tatc¡ (Ftgurc 25).

ltre apparenÈ dlfferences !.1Èh ths othc prcseotrttoua lc conceptnrl only

sincc thc dstaLled r¡arf¡tlonr fi¡ bond rnglee to rehl¡ve Èhr tr¡n¡!,Èfon

stete ¡houLd h¡vc no brarlrrg on ovrr¡ll ¡t¡t¡ochafc¡l ehångor.

a

lloat of the etudfec shcrc lntr¡EolËcular nsch¡nlon¡ h¡vo bcen propood

h¿v¡ lnvolvcd couplexe¡ of bLdmtetr ltgenda. For noghrnLetfc apprafrnl,

eueh ryeteus årG not ldsal Er ühè ob¡crvcd tt.ulta nly noÈ r&nyr br

e*phlnd rmrqu{nocally. ùloreovcr, thc prceancc of dfffer¡at llgnnda

("nfrod l1gnnd" ayrtanc) cen loetl to dfrproportlorietfotSO ¡o thrt

lnÈcrptsÈ¡tfon nay be eæplLcrÈcd, Alro tha pr.eGncs of, ¡cfdo ltgenda nry
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frclllt¡t¡ LrouorLr¡tl,o¡ blsar¡¡e of c¡¡Lrr dlt¡ocfrtlon of thcse ll'grndr*

I¡oncrl,¡rÈlon ln [!i ÈrlúlhlÉ oorpoundc, for r¡rnple, eould coneclvably

occut by r rtdr ttngt ol ncch¿nfrÈlc t1yP.l. lhc [Co dfcnrl$ lytÈcü h¡.

¡o¡¡ of, thr¡r dl¡rdnnt¡g¡r, Fr¡rthrr, 1t hrt r ltuitcd nr¡nbrr of gæurtrlc

lrc¡¡rr¡ uhtch ¡rr u¡ll chrr¡et¡rt¡¡d (eccÈfos 3.3)' rd t¡rc of tha¡c c¡n

c*f¡È fn optfcal for¡¡. Btcrur¡ of thr trâta Ë.¡trlctlvt urÈutrc of thr

tr{d.rt¡rtr llgrnda (conpmd rfth bld¡ntrtc¡) o! th. porrl'blr ¡ode¡ of

t¡onalr¡Èioa, lt tnr hop*d thrt obr¡rvrtfou of f¡oucrf¡¡tfon Ln tht¡

.yttcla nt3bt rl1or rn unrqulvocel mrlgnnrnt of th¡ nçch¡nl,rn lnwlv¡d.

7.3 EEPERIil&ITAL

All tromrl¡rtto¡ r.tctto[. w.a. c¡trrf¡d out urlng thl rc.Èrtr ¡alÈ¡

of th¡ l,raorr of [Go dlcn2l$, b¡er^u¡c of, th¡tr rpprrclrbl¡ ¡olubl'llty ln

Erny ortttfs rolvmÈ1. lhry rr¡re prrpercd by lhdct¡¡ th¡ corrræoldlnt

ehlorfdr rrttb r 3.0 æl¡r qr¡rntlÈy of rllvc rc.tlt. for I hour, ff,lt¡rlag

off th¡ tflvrr ehlorldr rad rvrpogÈlng thr fl,ltrrtc to drtn¡r¡ on r

roÈrry üerpo¡¡tor (ôOo). thül ¡¡ltr röra rÈorcd ln trcüo ovor lnhydrou¡

Cr0ll.

thr rolvrutr u¡td ¡rr !!¡trd 1n TeÞl¡¡ E Èo 10r tog.Èh6 rtth thr

satgttoû co¡d1tlonr. thc co,tDlu coußaôtsttl,oa rnrr fn rlt clral er' 0.4 g

oonpla 1u l0 ¡l rolv¡nt (cr. 0.0ß), rrd th. ælutton¡ rrrc lßGpÈ rü rlth.r

2t + to (lueilcd Ín ¡ con¡tmt tüp.rrÈur. hth), or lt ttlr! brÊh

rsptr¡trr. (El t fo). 8uplr. (10 nl) v¡r¡ rrfthdr¡wn rÈ .PPtoPrf¡È¡

È1Ëca rud eppll¡d to eolrsr of S?-Srphrd¡x C-25 Grtfon rrehra¡lr
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(50 x 0.9 cn) rrnl oluttd vÍth 0.3M ¡odfrn (+)-ttrtrrte ¡olutLon (aa

oulllnrd ta ¡rctton 6.3). Ttrc enrlyeca trco porforood ¡fagly'

In ¡oq¡ ota.rN dreorporltloa produr¡ta eGrc found to bc pËllcnt. Th¡¡c

r¡d-p¡¡rplc coupound(¡) hrd .tt \ f,rctor futoraadtatc botrtssn tho¡¡ of

e-cl,¡ rfd Eglg[Co dtcnrl3+ .rrd wcüc uftt totrlly r.Psrtbh fron tho¡¡

Lconetr, h¡df¡g Èo ¡ou. ln¡ccurrcy la th¡ rpætrophotoaetrfcctly dotcrnLad

[co dfcorl] tnor." p.rc.Bttgoe (!É aüd s!!l. h18h). tha tt¡ú to aff¡c-

tcd rr¡ lndi,oet¡d to th¡ trblcs wtth ¡ fooÈnoÈc. An evcragl dloercpancy

of tS ot¡ht thct.forê be rtçectsd !.o o¡ch f'¡oacr Psßeèat¡gct rtthÊü thaû tl

¡r qr¡Ét.d for thc f¡on¡r ProPostLôn atudic¡ (ch¡ptor 6) wtrrte dæ'orporltfon

rË¡ npt ob¡ervrd rnd duplfcete an¡lyacl Îr.f'G ¡rrrfl¡bl¡.

1.4 lE$ljtrs AqD. DIEsUssIofl

Thc urc of coqlox¡c of, bident¡te lfglndl ln prwloül ltoütrf¡eÈlon

¡tr¡illrr hg llntÈrd thc po¡¡lblc ob¡¡tv¡ble L¡s¡¡rl'¡¡tlon to cl-¡ 1-tæ.

oaly. thr u¿r o! bfghü ¡r¡ltldrnGrÈre f¡ fronirl'artfon ¡tdlt¡ c¡u Pot6-

tfelly ¡fford uoro nrct¡¡nlrtts lnforortl6¡ It thsrc 'rt 
ütr¡ gæuetrlc

f,on¡ po||lbl¡, rad ronr .t.l.ochßlcrl riltrlctfou¡ Hy br frpomd ou

po¡rtbh ptühttry! brtr6m th¡¡l fgrü. tE¡r¡9crr no h{gh6a nultldent¡tc

rtrtd. (tnrnlvig ¡nl¡r donote only) h¡ve br¡n ttudt.d I'n thl'r vry' Evrn

Itr¡di$ ol ¡r¡ltld'qt¡È' rtttü¡ lnvolvlng rcido ll¡rndr havc blm ltnttd

to tceotLoar of .yüÈ@ lr¡ch ¡a lco trtrnxrl*'tt

th¡ tollovln¡ r¡¡ulÈl .8r fron r ttttdt of thr fimrrl'raGfon¡ of tho

Èhro¡ gooletrlc lror¡r¡ of fço atlnrl$ tmdlr rnri,ou¡ rxpælmatel



condftlon¡ (ÈæpcrrÈura, rolYut, ldon, eh¡rcotl crtrly.Ù), ril 1È l¡

betlev¡d thrt thc prcrcnt rtrrdtg rro ol .tPGcl¡l intE..t tn thlt Ëhlt

år¡ thÊ ftr¡t of thðfr typr, IË Ir qheelaod tt th. outlrt lrorrva thrt

the proernt rÈudlc¡ erc prclfninrry Ln ÉtlEG. Tl¡c clorort cmprrfron

for fso¡t¡rt¡¡tfon fa ¡ h¡¡rnfar ryeton L¡ Èhc rrcrmfmtlon of 1Co rnrlS

whtch hr¡ b¡¡n rÊudt.d rradcÉ a lùnfÈ.d rüttc of, cordltfo*59r'61'ó4tl5t

(tn mtrr. wtth eo¡dÍtfon¡ acldfc, nc¡rtrtl, or br¡fci proÇrræ. or tbllncr

of ch¡rcorl¡ Þreæaac or rb¡oncc of [øIIærlÈ, oË CoË otltr orr cn

ody) ¡nd rbout uhlch rta¡on¡blo n¡chr¡f¡ttc propo¡¡l¡ h¡vr bron rdrrnçcd.

ftrcet fda¡¡ ehould br r¡ason¡bly lppllcrblr to Èhc prcrcnt tlttar In

thc abro¡rar of oh¡roo¡l, fot cxrnpl¡, A[Co 
"ort* 

dld mt noreurably

lorc optfo¡l actftrfty rfta 24 horsl rt 90o16l üo ÈhaÈ rry lænotlc

chrnge fron s prrÈlaulsr [Co atenrl] lpmcr elt crPoct¡d to Þl llor.

tsach run undrrtrkon rüit Èhlrefotc orçlorrtoüy ln that {C nr¡ dtffteult

to prcdlat tbi mtt lPproprlrÈr Lntcnnl¡ fot ¡¡4ltng end rarlyrie.

IÈ rrrr ¡¡ç¡lGat6d th¡t croh rua uould rvrnturlly ytcld ra rqufltbrltn

nlxÈur¡ of th¡ Ghrrr l,¡on¡r¡ (hcæ¡ thr aeccr¡lty of th. lxt.Úftt

rtudlc¡ on thr qutllÞrtuu L¡øn¡r proportloa¡ ln Gb¡ptcr 6)' Bonwr,

thr ¡rup[f¡g rrar rlro lnportsa! ln thc Grtly tÈrt.t of leeh run to ltl..¡

whrtihor thr rqufllbtfun nf¡turl tuer brlng forued dir:ctlt fro¡ th¡

p¡stloulfr rttrtit¡g leouer u¡cd 1n cach rtm, l.l. eoncurrant ralctloü rout..
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TABTEJ

IcoaerL¡atlon Ec¡eÈtonE of the Isoocrs of [Co tltenrl$ 1a

l{on-Àqurous Solvæte rt 8tcåu Beth Tecryèrature (82o)

Run l{o. I¿oacr Solv¡nt Ison¡t FroporÈl.ona (7)

a-cf! u-cfs tråIll
Tt¡¡û

t0 r-clr t-BUOE

2 honr¡

12 hour
24 houp
I dryr

89

64

5t
38

7

16

LI
17

4

20

32

45

2L "u-cl.r r-ElúB

2 hsur¡
12 hour¡
24 hor¡rr
3 dry¡
2 s¡rhr

5

11

16

19

40

80

72

67

64

42

15

17

L7

1ó

lEa

22 ttrE t-8uOH

2 horr¡
12 hours

2ó hours

3 deyc

2 r¡rk¡

3

7

l0
20

32

5

15

18

3E

i2

92

8o

72

12

26t

2t r-clr I'lc)B

92

4ô

33

3t

2 hota¡
12 hour¡
14 hour¡
3 dryr

6

2a

2f
27r

2

31

37

39

24 u-cfr Èf.OE

2 hor¡r¡

12 hour¡
I dryr

5

I
13

16

i3r
2gr

78

6E

t9

ihour¡ 4 { 92

25 trrn¡ Þi¡oH 12 hor¡r¡ 6 I 85

24 horr¡ 7 13 80

#:ffi'*.*c**=^-æ+.æ-æ**t 
t"" 1Ô 11 63r 

=

(contd. )



TAStl I (aontd.)

Run No. I¡on¡r Solvcnt l¡o¡sæ Propottfon¡ (Í)
¡-al.r u-cl¡ grrü¡

ffnc

26-28
EOAG

(glrct¡l) I werk¡ llo obravrbh Lronæf¡rtl.on

I DrcmpocLtlon ptodrttr ob¡rrvld .



tâBrfi 10

IronorfreËtoa R¡rcÈfon¡ of thr Itona¡ of [Co dfon2l] ln
Aqurour solvrnt¡ rt 8tc¡tr Brth Ten¡p.trtur. (S2o)

Run [do. I¡ourr Eolvrnt I¡onrr Froportlont (t)
t-cl¡ u+f¡ tt¿D¡

Tlnc

29 t-cl,t Ezo

24 how¡
3 dryr
7 dry¡
2 vcet¡

24

{4
45

ó4

69

92

18

15

I
z3

t7
41

30 u*cl,l. Ezo

3 hour¡

2å hourr

3 dayr

7 dtyt
2 w¡cl¡

84

62

49

45

¿{

ó

7

I
12

14

10

31

42

49

4r,

Shoun ô 7 89

2l hour¡ I 3t 58

3f -tran! gl0 3 drYr 13 40 4l
7 dryr 13 Óô 4t

€ æE-ffi t*g*-*å,-*,i:**:ô*.
3? trlnt Ho0/rctlvr- 12 hor¡r¡ 15 42 ó48

.nl**, 36 hor¡n 16 ô1 43e

" ;;*--* ".ä;*-* ;il;ü"*:ï;.*' ï'ï;;å;ffi;;;;
3ô r-elt 0.1M HIOH 2 dryr Corryhx drconpo¡ed

¡ Ðccongoeitlon prodr¡cts obrcwad'



117.

la part) by eonaecutlvc routct A 3 B 3 c.

Co.nclurlong ftga .Exp¡q!.u-en$rl RPrqlta .

fhe renrltc ol thc l¡ou¡rfa¡tloa lctcÈfoüt of thc leou¡tr¡ of

[Co dtena¡tr rrt ¡fvrn fa lrbhr 0, 9 rnd 10, rcpruratlaf, e cl¡¡rl'!l-

c¡tLon of thc dlfforcat coldttfon¡ rurdc ÎrÞlc t - rÈ 25oi Î¡blr g *

rt 82o fn oon-lqucor¡¡ uad!,r; Trbh 10 - et 8tro ln lqu¡rtut nodfr. Dtri

to thc slo¡nr¡as o! th¡cc r€rctfoûr, nott of thr ruú vGr. certied out

at 8lo, the obr¡æaÈlona ean bc ÇlglrrLüd lc f,ollorm.

(1) Ilr¡dg¡ co¡¡lftfo¡s lrhcrc f¡oncrl.aatlon dtd oêcl¡¡l' all throc

leoncrs t¡ore lould fron c¡ah llon¡r mpetrtoly.

(fl) Ttre Lron¡rtflËlon rrrectloû. trtr pE drpcndmt. Ilollrl¡etfon

cccru'r.¿ ,lrrá.t aeuttrl ¡nd brrlc coodftfonr (pH 6-9) but nr uot

obrrtv¡d r¡qd¡¡ rcldfc coadltlonr (pB < 3).

(fü) In noet cicct wberl LroaerL¡rtLo¡ oeCt¡rred, "dccouportÌúon

groductril ltËt. obccff, lnd rræh dacæporitl.on Yl! EOtÉ rrptd

for tbr ¡-cll erd u-ct¡. forn¡ thtn fot Èh. !ru fot¡.

(fv) ln ell runr rÈ t2o. tho ffnrl PropoÉËfoat of thr tFrR.! l¡on¡r w¡r¡

r¡crbll.rhrd rrpfdly¡ rDd th.tö rrr. th. rqufltbrlrn propottLonr

r¡t¡r¡m{ !a thr pr¡vfou. ohrptc (¡ettoa 6.¡f ) ' Ttrr Aro cfu

fotu Èh¡6 ¡¿l1¡rËrd ær¡ rlonly ßo th.tt rqul.llbrft! YtoPortlonr

(tctlon 6.4).
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(v) Act{.v¡têd eharcoal markodly catrlytad tbc LroncrL¡etlo¡¡.

(vf) $h¡rr drte 1¡ rrnthblr far cmprr{roor, Èhe H¡¡ Lro¡¡rl.c

d!,rtrlbutfoa !'tr obÈrfirrd vfth rnd vtthout rctfvatrd ch¡reorl,

buÈ oth.wfæ r¡ndrr thc r¡¡c oprrlmnÈ¡l eo¡dltf,óDlr

Iqo¡rl¡¡tlo¡ td¡ahr¡ln¡ fgr [Co dt¡a.IÞ.

llr¡ ¡ro tcn¡rrl rcchrnLrÈls Èyptr, fat¡tælraulrt ¡¡d fatrrælccul¡r

(rætton 7,1), orn b¡ cc¡¡fdc¡d fot ühr pü.¡r¡t ¡ytt@. Íl¡¡ laËrr-

æl¡oul¡r l¡ørrlrnÈlon proe¡u (ln rhlch on¡ dl.o tlgend rould br

Èotrlly dl¡æcl¡ùd f,ro¡ thr coordiutlon rpbær) aould lrrd to r1l

poerlblr l¡Ècconvtrtfo¡¡ t! r.rætagcr6t of thr Coordlnrtrd lt¡md

could oecur brforc rr¡ubrtltutloÊ of thr fr¡lly dlmocf¡t¡d ltf¡d. Etch

Ëot¡l ll¡rrd æheagr sould br rbælutcly proved by thl r¡m of r l¡b¡lkd

lfgend, but thlr nr æt r¡ndrtt¡h,si ln thr pr..ür¡t uorh. Ewh l¡bdltng

erporfnrat¡ La th. r¡crnllltlon of J\[Co .1t$ hrvr rhora59t ah.a ahlt

Procr.. l,¡ fntremlrculrr, rr thc rrtr ol ltgrld ¡rchrnto fr rlonrr thln

thr rrtr of rrcolLtlo¡, tbc ltkrlfhood o! rf¡r¡ltrn@ut rrævll ol th¡

Gha.l donor ltor¡ o! oar dim ltgrud (cory¡trd vtth t¡F doær rtol¡ tor

¡n) r¡r¡r rGæt., ro th¡t thfr rrch¡tl.n stll æß b. con¡ldrt¡d furthlr.

ttr tqtrr¡iÉlfgubr proc.lt.r, dLroclrttv¡ rnd rpn-dt¡roefrtlvr

(wftt), anrct fùcrforr ¡ceount for ob¡rn¡! l¡on¡r1¡rÈlon l¡ thfc ryrto.

¡-cfr. rnd qrr¡¡l0o dfmrl* fnvr ttc )*2 - E Sroupc eË opporft¡ rldor

of, thr nrÊrl rton nhemr¡ ln Èhr rtc,l¡ fora thry erc rdJacæÈ (tltrrr l).

A bond ruptqrr (o¡o-ondrd dlssocl¡tlvc) procott ct[ thcr¿forr lced only
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to the ccnvo-:sion s-ç1q -{ trans via a t.-'1gona1-bipyramíd Ínterme-diate

(Figure 26), unl-ess a maj01 teattangement occurs whereby secondary

nitrogen atoms nove thelr relatlve posítions, and no ínstance has been

reported ye'l rvhe:re this Cype of gross rearra.ngement Ís req,-Ìared. Tor

example, a sec-N displacement, in:'olving two coupled ringsr r¡las considered

most unlikely for the a ] ß lsornerisation of [Co t::len(HZO) r]t*.'U

->
<-

.>
+

û

s-cas :rans

Figure 26. - The dissociative intramolecuiar mechanism for the

ísonierisaiion s-cis I lgq.

The two basic intramolecular cwíst utr:chanisins (sectron 7.1)

al-low Ëhe interconversion of a1l- Èhree ísomers, as the; allcw separatelv

the isomcrisatÍons s-cis ¿ u-cis nnd trans ¿ -+:g¿q, bu'- not s-cís :: tnans

riirectly. The two isomerísations are sltovm i'''. iigure )-7 r'thete, for

concepËual símpiiciÈy, they are vie:;ed as trí3ona1 trví-st; abot'+: fwo

Cifferent sets of octahed:'.1 faces.

The experirnenËa1 resulrs ';how that ali th-ree ísomers r¿e:'e Ínvolr.'eri

in the isomerísations so that- a di..;socrati-ve pl'oce-ss alone c4nnot acco'.rrt

proposed ËTigonal--
blpyramid irrtermediate



È

¿

->
+.

s

(a) s-c 1-s

trans

intermediate

l-ntermecJ.i-: te

u-cis

->
+.

->
+

(b) u-cis

Fígure The, tr^ro possibl-e inÈra;ol-ect''1ar twi.sÈ mechanisms fcr

isomerj.sation jn the [C, oien.,l 3- sysÈem, vleweá throtrgTr-z

al-ternative tr j gonel-orlsmetic -ínter'.redíates .

1

?7.
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for thrrc Ëcrultt. fhfu nry b¡ trk¡n tr Bood ovldrac¡ for Èhe Lnwlva-

ucnt (rt lce¡t tn püt), of Èhc üslrt proc6taåt. XË ner hoped horrv¡r

thtË Ëoró tdla¡tfoa of ¡ rtcr¡och¡nfcrl ptrflrrær for ono prtlrray

nfghÈ bc obþfnrd fn ttrc lro¡61¡¿tfon rorctloq¡ by arlyrl¡ of thc

l¡oacrfc c@porftLon lt varior¡¡ tlút. lot elrnplc, pTfr.fCo dfm2l*

aould lrøarLsa by trto t.plnto proGlllaat

terl.rt twlct
r-cLr.rrcl¡?ÈreúrF

or
d{¡rosl¡ülv¡

++ Ërrn¡ t u-cl¡ç

ot by ttrc ¡faultårrout ptoc.ttott

trd¡t
¡-c!.r

u*elcÈrttt
¡-c1¡

df¡roqf¡tfvr

,.ì
Irß

Èilai

Drprnding oû thô rol¡tlv¡ ret.r of rttrlurnt of thor¡ indlvldrlrl rquLlfbrt¡t

,ífth thr rlur¡lçrn¡our proc.tr.f rlonr tbc u-cif rd Ètrn. ¡hor¡ld r¡n¡l¡ fn

ooút 8t rrtlo rt tll Êlnr¡. I{Lth coar.cutlva Pfoc.rl.. hælv.rt thr

g=gg/-ÈnE¿ proportfonr ¡hould (tn geu¡rrl) ch¡ngc rfÈh tl.E . ,th. Pr...ûÈ

r¡1¡ltt ¡r. EoÈ ruftfct¡ntly coqrrhrîtfvc ot lßcurrßa to rllw r drtrfhd

.úlyrt¡ of thr ptoduct Ertlor slth Èt¡c. lron Èhc ltntÈ¡d rtudLr¡

r¡poËtd 1n th¡ leblo, lt do¡¡ rppüt th¡t thr prodr,rot rrÈlo vrr vrrt¡bl¡

¡rf3h tfrc, tfid Èhtr *pr¡ld br ær¡ co¡¡lrt¡nt rlÈh con¡¡cutlvr Ë.th.ú

thra wfth coúßurr.nt prtlutyr'
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pH 4cocFd,mcc of hoorrf¡¡.{fo¡¡.

ft¿lec n¡chrulm¡ fwolvr rhfftfag buÈ æt brclrf¡g of co-N boudr

¡ud th¡ rrt.¡ ars tb¡!¡forc rxpecË.d to bc ¡¡¡cntl¡l!,y lndeprdrnt of

rcfd coæõtrrtLoû. HsttæGr e dfmoof¡tlv¡ pßocott ytll br effctrd by

pE lf r chrngl 1o rcldlty lc¡blllm¡ thr dl¡¡oat¡t.d domr, or pr@Ë.t

o¡¡f¡r ¡olvæt or ralos er¡b¡ÈftuÈLoa lnto tbt coordlnrtton rphrrl. For

crrglr, Èh¡ ræ¡rl.¡rGr.on of [lr ttpygl$ 5h h.. b¡¡n ¡houn to psoctrd

by botù tntteæI,æut¡r df¡rochtfy. rnd t¡rl¡t mechrn!.or, Ilhllr Èbr t¡rt¡t

Paoc.r. fn thl¡ l¡¡tar¡cr f¡ vlrtr¡rlly rmrttGctcd by faarrrfn¡ rcldlty,
chr dl¡¡ocf¡ßÍvr prcttrrly lr lnhlbtt¡d lr tht ll,f¡tim of Èhr l¡t¡nodl¡te
(vttt¡ onr rfng oprn) fr dærcrrcd bæru¡r of protonitfon.

Althou¡h th¡ obrrrvcd pH daprud¡æe of thr trou¡rfutton of

[Co dl,cnrl* ror¿¿ Èhu¡ firlllsrÈ¡ r dl¡roel¡tlvr procur, Lt her rlrredy

bren lndlsrt.d th¡t rr¡ch r n¡ab¡nl,n ¡lonc c¡mot rceourG for thr obrrrv¡d

Lltclonvortlon of rll thr¡¡ l¡oer¡. It coutd t..tr pottlbl¡ thorcf,or¡

Èh¡t th¡ f¡ourrl,nÈlor rrr br¡ecrtrlyrrd (or rt 1¡¡rt ta prrt). It l.
PtoPo¡rd thrË la n¡utr¡l eni bmlc rolutl,oa ronr drprotortrtloÊ ol th¡

côordliltrd rlla¡ gfoup. occrflr frotllCrtfag rtnric chrn3e l,¡ thr ¡rn¡
rny ¡¡ propo¡¡d by Foon rd Íobr for fço(cysl¡¡)(on)(Hl0)t1+r158 ¡o th¡t
It f¡ th. d.psoto!¡t.d tao dfmrt$ f.*.rr rtrlch l,tøorftt. th¡ .¡uc

¡¡cb¡¡l¡Èl¡ po¡rlbtltÊfr. pcÈria Èo Èh¡r. deprotoarCrd foru u tc th.

fGo dtmrl* .p..tr¡ thandvll, ro th¡t both latr¡æl¡sülrr dlroct¡tlvr
(ft¡urc 26) rnd arfrÈ (Ftgrrc 27) proootr.t rr. porrlbh, 0n Êh. bul¡
of thr proponl thrt fræslrrÈl¡¡¡ occtr tlrrou¡h drproÈoHtrt for¡¡, thr
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oba¡rved rrtËt ¡hor¡ld be depnd.nt oü thr deprotonatfôn atop ltsèlf,
ao th¡t tha or¡arall procøa ræuld be crpectqd Èo rho¡r bse¡ eatalyaie of

Èhe Èype kob¡ ' kt0ll-l or¡rÌ Ëhè pt taage fn whlch tho t¡ørsrlaetion re¡

obssved (ptt 6-9). fuiayü, nF rr¡16 hrvc ùeen r¡ndort¡hen eo far to
enrbls tha drpcrdoæ¡ of Èhe obrew¡d ratc on pE to be deterulncd.

llowav¡r åt 25o tbc occrrronÇo of t¡onarl¡atfo¡ tn dlo/[r0 rÈ pE ce. 10

(rrmr l! rd 16), rhllc ¡o f¡oualnÈfon urr deÈoctrbl¡ f¡ ntrr rnt

collldtnc/ncl Uuft¡r (pII 8) t¡ con¡f¡t¡at rtÈh baea erÈrlyrLo,

âJ.tær¡Èlvc mh¡¡l¡tlo proporeh Lwolvt ¡ r.retlvr lntrr¡cúfrt¡
conrl,rtln¡ otther of r æl¡ouh vfth flvr coordlurtton poeLßfoor occt¡pl¡d

by nm dLû lt$ndr (on¡ onr-mdcd dluoclrtloa) erd th¡ ¡lxÈh porltÍou

by thc rolvrnt, or rltaurtlvdy r .Jr6-coord{rrtr lntarüdfôt.

lwolv!.o¡ thr ¡olv¡¡t lll0. In dætron achraça rGudlr¡l59 . rrpid

pmÊrcoordlartr.-bcxrcoordÍ¡ratr rqulltbrlr¡n hrr bcrn ptuporrd lor th¡

tc6(Ðt )l- ¡y¡t¡a, ro th¡t ¡ucb ra rqutllbrftu f¡ tho pruraÈ rtrtGn

ulghÈ provldc thr nccürrlry r.tctlv¡ f.ntrra¡dt¡t¡ for Èh¡ l¡onrrl¡rtlon
proc.... 1l¡¡ rcv¡n-eoorúlntr tnt¡t.ndt¡t¡ hrr bro propo¡¡d by Coohr,

In, end Lrrch591tl60 to lsÊount for th¡ nocqf¡rtfon of tco(IDTA)I- (¡y

r trlgon¡l *frt næhrnf¡u). If nZO (r¡tha then ofl¡ srrr lawlvrd tr
thro: tqro eltaû¡tfv.r, thr fræarL¡¡Gfon o! thc lror¡rr of [Oo Atrarl$

lhotrld aot br b¡¡c erÈ¡lyæd ory.É a lfdt.d pE nugr, AC tbfr .trtö
thcac proc¡ðrar c¡Ësot br rllsl,art.d r¡ Èhr froË.rlntfo¡ u¡chlnl,mr, ot

¡r prÈhrËtü eotEurËott rrtth Èhe b¡n-ortdymd drprotenrtfon pfoc.rr.

BrËc ¡Crdl,ol r¡ r fi¡ootf,on of, p[ Ln tb¡ rrng. 6-9 rpuld tbr¡¡ ¡r¡ to bc
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o \lrlrrsbl. È:rarcfso, rlthough stnflrr atrdfës uslng thr nrthyl¡ced coruplcx

ahorúd rcrc lmcdl¡tely Êrtsbllsh whaÈhcrr dêproËo¡rtfon at che rec-N fr
fuvnlved (eee l¿tct).

Appo¡rEnqa of Doconm¡ltlpn Produpte.

Â rsd-vlolrt product !¿ts dctæt¡d fa æ¡t raactfoÉt vhcm

{¡onorlartfon occrrrcd (1ab1o¡), ltll pradrst hrd "r h rnlu¡ ln th¡

Saphadar ¡opsr¡tlon lntcrnedl¡te bcÈrc.n tlþsr of g:ElE rrd Slgr ro

th¡È 1t rpuld ¡ppatr to bc ¡ Co(III) epcel,cr elÈh r 9t chargc. (Any

ooncolvable Co(X,I) epccire ¡hor¡ld Inve ch¡rge¡ 2* or 1t.) It rny

dlr¡oclrtl,vr p,tocr¡r Lr occrrrlng, thfc 'rdrcooporftfoa prodræß" nry bc r
rpælcr tq shtch lrrt.t occuptu onr (or mtr) coordln¡tloa Þorftfonr,

ead ruggcrtr tho porrlbtllty of, thl¡ et thr lntcru¡dfrtc fnvolved l¡ tha

leoe.rf*tlonr lfio 'rdecoupoe!.t!.oa productc" vctra obmrvrd fn lolutlonr

slrrcs no leoaorl¡¡tloa h¡d occurrcd (rrm¡ 1-14, 76-28, !3).

lFttrrc of thr Propo¡¡d Doorotonrtod [Co dl¡a.l* ,flpqclg.

In tb¡ follovlnt chrpËon, 1È ctll br rhnm thrt thc rrÈc of hydrogm

axchangc Ln rquoou¡ nedl¡ for tho )n2 - tl bo¡d¡ of -trEsrfco dfrarl* f"
rbouü thr¡¡ ttüôr fmÈ¡r thtÊ ch. trË. püocc¡r l,¡ tho el. t¡or¿trr. lhr

)u2 - H orchrn¡¡ l¡ r1¡o .rpétrd to br cr. 103 ttnr¡ fe¡tor thrn thr

-ltHt rmhrnEa prtocGri on tho br¡lr of rlÈc natfi[.ûtûtt on Èha

gg[co(tr.¡on)[¡l& .trt-.10 xf tt 1¡ m¡tnrd thrÈ th. ra-pËoton¡Èlon

rrt.¡ for ¡11 tbr drproÈonrGrt auf¡a¡ 1n tbr [Go dlrnrl* t"o-t. rt.
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.t¡rfl¡r (thrV rrlltr rll br utrarly rrpfd, ovoa prrhrpr dtÍfwlon

conÈroll¡d), thrn thr rcldlty of th. rd.É. Plotoil |a th¡lc llonrrr

vlll br rdrt¡d to Èh¡lr æhro¡r tlt.tr T?rr -@. rclær¡lr rculd tht¡¡

drprotoHÈ. th. uort rtpfdly, rnd ¡È thr )*2 - E porftton. rnd I'n

rqú.ou¡ roluÈlo¡ tbG Èrrlf rnr obr¡rvrd to lronrrtr¡ f,rrtæ th¡n thc

trro c.l¡ for¡¡ (conp¡r¡ ruor 11 (trrnd. 29 (e-4.&) rd 30 (g=9,!))'

Horæyttr, lt rr¡ obt¡rr¡d l¡ thr l,ronrrir¡tloa rrcÈlon¡ Êhrt th¡r. $ll
r rrptd ¡¡trbltrh¡at of th¡ flarl rqufllbrùE pËopottfon¡ of tbr trrû¡

ftæ¡r ufth I ¡1or¡rr rcedJnrttont of üb. trto ctq ¡nopottlon¡ (rr¡a¡

2Èr1, 29*31). A¡ thr dcprotonrt*l tr|ßt for¡ rrotrld br thl ¡o¡t rrPtdly

fotlrd (r¡d th¡r¡tor¡ thr dcprotolltcd hon¡r fn gfrtrfG corÊ.ntrrtton) t

th¡n tbr tas¡t 1 r¡-cl¡ (trrfrt) end trrar 2 s-cl¡ (dlr¡ocfrttvc)

L¡on¡rlmtloû¡ ¡hor¡ld br o¡Foct¡d to br ¡¡trbltrh¡d norr rrpfdly thrn

thr tr¡fu 3 u+fr. cq.r{librlun, lhc ¡lorrcr ¡-cl¡ 3 u-cir proÊatt could

occw dfrætly by r trrfut procotü (Figum 274) or by thr eou¡ocutfvc

arqusqÊ. of, dl,¡rocfatfve t-ol¡. * Èrla¡ end tnl¡t Èrl¡l ¡ u-slr n¡ch¡alrn¡.

In botb cr..r l¡orw¡tr, r trttt procctt çuld br 1nrclv¡d.

Surrc¡trd tllrthc l¡m¡rlutfon Studf.l'

Ttrr rtudy of Ëb¡ fro¡¡rlntlon 
"rctloú 

of thr 1¡ortrt of [Co dtrn2l$

prttraÈrd hlrr w¡¡ p,rdlnlarry tn rlttgrt but door provldr rvldrncl lor

nrltt pÊoc.t¡.to R¡rth¡r u¡ofr¡l rÈudl¡ o! Èhfu uprct notv b¡cou¡

rvfd¡aÈ. For tr¡rylr, Èhr co¡f1r¡¡tton of b¡¡¡re¡trlyrtr of thr

!¡æt¡¡tlon¡ l¡ th¡ pB rrl¡c 6 to 9 (by co¡purtlvt r¡t. ltldtr¡) rtould
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provldc ¡vldt¡cc for thc propomd dcprotonetfon uæhraltn.

fh¡ trrf¡t tæhrnf¡¡r ¡houn La Flgurc 27 t¡rvolv¡ no lnvr¡rlon rt
üh¡ )tnl - E crntrtr, ¡rd Èhu¡ for rh. g:Elg I Èrrnr ptoc... (tfgrnt

27b) thc r¡ro of optfcrlly rctfy. rtrrËlng n¡Èrrl¡h ¡hould (fn prlnctph)

l.ad to I Eut¡tot¡ÈÍo[ ¡nd not r r¡eeut¡rtlon. If thc ltm¡rfntfo¡
occutr¡d by r ecrLcr of rqullfbrLe u-cl.r I rcfr I trrp! Èhcn r
rrcælHÈfon nuuld b¡ obronr¡d elæc thi Lnt.rucdl¡tc ¡-el,¡ f¡ourt
1¡ ¡ot dfurymrtrla. ltrur ¡on¡ dlff¡rmtf¡tfon brÈrrr¡n thr nceh¡nf¡tfc

prthl could ln prlnolplc bo r¡rll¡rd. ltronvlË, thr coadltton¡ found

rce.r..r1r to brl.ng ¡bout Èhr frou¡rfurtlon r.tcÊl.o!. of [co dtrnrls
would l¡rd to Ëbo rrcof¡rtÍon of th¡ Èrrar mlccula, .o th¡t Èhlr

rpprorch f¡ ¡ot r¡rll¡tlc, lnd m: [ot trlad. Tha u¡¡ of tha

fco(4-t{.dtcn)rts tyrtü, tn whlch thr rrrot for¡ fc oprlc¡lly rrrblr,
thould rllo¡r rræh ¡ EuÈrrotrËfon to bc ob¡rwcd. rf horcvar thr

drprotonrtfon of thr r¡cond¡ry rnfnr tn lco dfrnrl* b finportent Ln

th¡ f¡ol¡rf¡rtton (rr proporrd rbovr), th¡a th. ur. of thr A-!{¡dfoa

lfgend rhould l¡¡d to tûhtbfttou of l¡oaorf¡rtloa ¡|,¡p¡ tho proporcd

drprotorrtlon l¡ noÈ poælblc. thr thrü gromcÈrlc l.¡onrr¡ of tho

[co(4-l{rdro)rl* tyrt.G hrvr b¡¡n rcparrtrd rnd ch¡r¡cÈrrf¡¡d (chrptm

10)' rd fuoacrl,¡¡tlon rtr¡tlæ uring thtr ryrtrm rhould ba vlry profftrbb.
thr uæ of rmryurtrle trldcaÈrtc lfgradt would r1¡o ellor loto

l¡forurtfon to bc obtrfnrd on th¡ dl.rtlnetlon of dltrocl¡tfvr r¡d trf¡t
ptocumr. Boftvcr coordÍarÈfoa of ltgrrdr rrrch r¡ 2r3-trl, or e

C-¡ubrÈftutd dlln cor¡ld c.u.. th. ..c.-R ¡to¡r to braoce t.yllltrlc, la
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bc vrry eonplLcrtod.

Ttr¡ [Co(tln-prntm) I

uhlch c¡¡r üh¡rc ¡rould Ëc rfu aælGtrtc po¡¡lbflttlc¡ for tco r,213+, r11

of vhfcb *ould be dlerymotrl.c, ¡o th¡t l¡oh f¡ourrt¡¡Ëlo¡ ¡tudlr *ould

3+ .y¡to l¡ clo¡cly earlo¡our to [Go dfrnrl$
fs th¡t Ëhc ll.n-pcaÈ.n c¡n br rrgrrdd rr t'¡rÉr dlcn ll.grndr lf¡rhrd (through

rnd prlnrrt ttoup.) by rn rthylrae brfdgr, It hr¡ e lfnttrd armb¡r of,

gconotrÍc L¡on*r (f,our, ¡ll dl¡¡ym¡trfc) rud th¡ rddltfonrl cmtr¡l
rthyhnt brld¡r ¡hould fnporc ronr ttercochafc¡l rr¡trtetfon on th.
p¡thr.ìrtl potrfbh for l,rolerlrltlou. Thí¡ rrrÈrl,ctloa rhould bt to
advrnÈrga ln drduclng ncchrnlatlc prtha, .o thtt Êhc prmrat L¡oorrLxÈfoû

¡túdt.r wfll u¡of,ully br a*t.ndcd to th¡ [Co(11n-pönt.û)l$ ryrtu.4

Ch¡rqorl C¡trllrf¡ of l¡oqell¡rtlqn.

Aêttvrt.d ch¡tcorl crtelyeod thc frøc¡rfntlon¡r ¡ü .rpaÊtrd by

rn¡logy ulth ft¡ rtfrct on Ëhi r¡ccnlntlon of It[Co rnrt3+.61 An

fnÈcrortlng fceture o! tha prairit r¡çultr horovcr fu thrt th¡ ¡rnr

ftn¡l (cqufltbtû¡n) tronæ proportl,onr uorÊ obt¡f¡cd wLth ot rfthout

ch¡rcorl (but the ¡GE. Grptrf¡¡ntrl eo¡dltfoa¡ othcwl.¡r). Thsr ch¡rcorl

dore pronotr rtpfd *tt¡lmrnÈ of, r true cquflfbrtrn, but th¡ pËGr.üË

ro¡ult¡ do not rllow rr¡y nìr fnfon¡tfon concGrntng thr nrchenLtu by

vhich ft crt¡ly¡rc thr proc.6s (rratlon 3.1). It ermot be ffrnly .È¡trd

rt thft rt¡g. rhothar th¡ Í¡ou¡rfrctl,on of tht [Go dlearl* ¡prct.¡ on

chrrcoel f¡ fdrnÈfc¡l to tbc ncchsnl¡n wfthouË chrrcorl (dfrcurrcd rbov¡),

¡fncc Èhr conpl¡te rolo of ch¡rcorl t¡ uakoorn, cvrn Ln th¡ [Co .5!F
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rrccrl¡ló¡t1oo.58 If ¡oo¡ .ltctroü ulclrangc do¡r occur (rc fn ¡Co rnrl$),

tho E.oh¡rr{m b wt¡lch [CoII¿lr¡2tF t"o.rrll¡¡ could bo fnÈcruoheul¡r,

or Ëry b¡ tatr¡¡ol¡au!¡r l¡ Ín th¡ [Co Utenrl$ opæflt'
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CEAFîTR 6

IN-tt¡n¡feo dfcnrl*

8.1 IHTnOU'CTIOII

Ðcnor Atoa Arvue-tJv - Thc Efrtorf¡d-Drrrrloq¡cntÈ.

Optfs¡l rlroluÈíon¡ rbout th. È.tnhrdtrlly coordlHtrd rtoul 81'

8ú, X, P, At, r¡rd I ¡r. not ortrn¡fvr ol nuLroua.l6l In Prrtlculer,

nftrogrn fn otgrnfc cæpoundr Lr tctrnl6t cnd uru¡lly hm ¡ lonc

.l.cÈron prlr and lr conetquÇnGly co¡llßr¡ntfonrlly un¡trblc b¡crurc of,

gpld lavrr¡lon. l{¡varËhal¡t¡, optfcel ragtrrtLaa of pohculor rbout r

nltrogca cctrtr. hrr bccn ¡chl¡v¡d fn lonr ctrct¡¡trnc.tt whtn lnv¡r¡Los

crn br prohlbltd ttructurllly (r,ß. îlo;Ê¡t¡ ba¡o)rlól Lo t-'

qurtGrnrry røntun stlt¡ (r.¡. (CBZ.CH,CRT) (en'Crn5) (C6HS) {enr)ff),161

rd La nct l eouplrxrr wherr e aftrogrn donor rÈor hrt brcon¡ alyurtrfc

on d¡v¡lopfng Èhr fourthr coordinrtl, bond Èo thc EaÈrl (donot rton

a¡y¡nrtry). thc lert of th¡te typ.r l¡ p¡rÈfculrrly tûtæ.rtfng er it

Lr r ¡¡rnrrrl phcnoaüloni bærurl of thr ProP.rtl¡¡ of tha r¡¡ultrnt

coqlorar, mohrairÈLo ttudl.cr of thr procce¡ of {nv¡r¡l.o¡ rbout thG

nltro¡on crttro crn be ¡ud¡.

Kcubl¡r rad Bel1rr162 tlr.t d¡mon¡trrttd thr phcnoncnon ol donor

eton aeyu.try un qu[nocrlly (ebout e n!.trogea úonot rton) by rceolutloa

of thc dldrro(tt-nrthtl-N-oÈhtlglyefnrto)pl¡tf.natr(Il) ton (Fllr¡ra 2t)

rh¡r¡ Èh¡ nttrottn rtott mt ÈcútfrlY fn thr frra rul"no reld llt¡rd.
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Figure 28. The [Pt(u-lte-u-ntg1y) (No2)rì- ion.

Sínce quaternary ammonium salts R1R2R3NH+ were optíca11y unstable,

these ar¡thors predicted uhat resolution of compl-exes cf r"rs)rmmetríc

secondary amines R'R2NH would noË be possíble. The N-H exchange was

expected (as in the quaternary amncníum sal-ts) Èo be quite rapi<1,

inplying inversion and consequent racemisatíon. However iË had bee^r

¿emonstratecl that when one of the a1kyI groups R was a .netal- ion sr:ch aç

Co (iII), tire rate of N-H exchange with solvent \^7atÊ-r h7aù drastíca1-ly

reduced, so that for [Co(NHr)U]3+ tfr" hal-f-l-ife for e:.change in lM D+

üras ca. L06 mínuÈes, although under neutral or he.sic: conditicrns the

exchange was rapid .L63'L64 rhe proËon exchange rate in cobalt(Trr)

complexes of secorrclary anines might thtts i.,e suf f i:iently s1-ow' at sui tably

low pH Ëo::estrÍct inversl'-on aL the nilrotsen cenËÏe of an unsymmetri;*iiy

substÍtuted secondary ainíne cooidinated to a metal ion, so thaL opLl'cal

resol:.'Ëíon of th,: resulting compl-e'x shoulcl be feasible'

Using t?rís fact, Halpern, Sargescn and Turnbull-24 first resolvecl a

complex, [Co(ìIH")Os--rc]2+n thr". sol.e source of <>ptj':a1 aciívíL;z \¡las a

ccorciinaceci s:coniary nícro¡ten aËom. Since Ëhat Ëírne sever¿'i exanples of

oz
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tololuttonr, t.ô!.Êrlc Lronerl¡a ¡nd rÊ.E.orpaciflclÈy erlrfng frm

th¡ ¡trbfltty of coordln¡trd ¡ceo¡düy lllncr h¡v. bcca repotC¡d.

I'lort of thfu nort h¡r bron crrrfrd out by Serçrron ¡rd lucktrrgtu¡

rnd ooqorkorr. In th¡ ryrt6 [co ttlonXll* t tho flertnrr¡ of Èhr trlo

recondery nitrog¡n c@t!t! urd¡r ¡ctd cordftfonr rllorcd th. r.p¡rrtlon

ol thc tro pomlble cfr,Ç grmrtrÍc fotr¡ tbru tu Ff¡urr 29 (X2 .
(Bl0)¿r ¡nl,no rcld), rnd of thr trûr optlcrl for¡r of thr tr¡ûr dlchloro

Lrm¡r (F1gr¡r¡ l3). Strraorptsfflc cff¡et¡ vrrr obrrv¡d tor thr

fco rrrrmrctz+ fonrllt ËhG Â-R/A-6 lon¡ belag corrldrrrbly ærc ¡trblr
thrn A-n/Â-S. llr¡æ ruthor. rlro oployed rcv¡rrl co(III), Pt(II), rnd

PC(W) .yrtm. aoDtrfatnß r.üü.trfc aoordlrtcd ¡¡eondGy mlare fn

rtr¡dLc¡ of tbr ¡¡ch¡niro of, th¡ bem cetrlyrd optfc¡l lnv¡rrfon rbout

rh. !t rton. Ttrem ccspluæ, [co(ltBg)orerct2i,24 fco0qt3)4(u-umr,)¡3+,101

tür¡rrr,trlp [co (tt-H..il¡)2c121+, 110' 165 ryil(co trramf¡ l+,10

[Pt(rþMorn) (cn) I2+ .o¿ [Pt(ll-!{¡r¡) (ra)clzl2+r166 vfll be dl¡cur¡.d

rubrrqurntly fn rrhtfon to Èhr Lnv¡rrlon næ,hlnfm.

th¡ rctlvr pt(II) oonpl¡¡cr but ln th¡lr rrcøic fornr,

fPt(tt-M¡rn)cl2!, [Pt(H-t{øn) (M¡)zl2+ .od [Pt(t-t{e¡n) (pha¡) 1s,167 
"od

[rt(ilrur-uorrn) Glflg)rl1+ .od [Pt(fl,l{r-H¡rcn) (btnr) t2+ 
168 h¡vr rlro bo¡n

rÈudfd by PMR ¡GÈhodr ll ¡ttrnptr to olucldrtr thr archrnl,¡c of Èhr tlag

coafotr¡ÈLon¡l lnwr¡Lon proc.fr.

In the rrnn rry r¡ fot tho fCo trtonlrl+ ryrtû,
trÇu[s(2r312-t¡t)G12t+ t.. b¡tn rr¡olv¡d Lnto ft¡ trro oÞÈic.l fo--.r169

rrd corylrro ol thr trtr¡d.ûÈtt¡ IDDA hrve r1¡o brra rhær to po.r.tr
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coafl¡uraÈlon¡l ¡tibtltty rbouß th¡ coordlHtod rccondrry ¡utar SrouPl

undc ¡cldlc condltfon¡.5åt170 gttrorp.GffLefty hm tlto br¡t obr¡rvrd

l,n coaplrxu of H-¡ubtÈtÊuÈrd r¡tm ¡cfdr l¡ch rr N-orthyl*B-rl¡ntae171r172

r¡ ue¡Gtond rrllu tor rrrcorfnl (N-mthyltlyctur) ryrtær.24'11!

Eurch rnd co'lorto.l7s hrvr oployrd orerocycltc ltgrndr coordln¡tGd Èo

NI(II) rod Co(III) to drtrþürÈrrt¡ both optlcel rnd gcomtrlc L¡o¡¡¡rf¡n

duc to Èhr r.tÈrfot¡d Íavtr¡lon about coordiu¡t¡d rcootárry niÈrogrn

Itotrf'

In rn rnelogow rrty Èo th. pr.¡.nt [co dtlnrl$ rtrtc, th¡

coaflturrËfo¡rl tt¡btlfw ol coordlr¡t.d alÈrotoa rtollr h¡¡ l¡d co Èh.

ltolrtfon of, tour l¡ourrr of [Co(dfm) (co)Clt$,8'g ¡rco of wh{ch (I ¡od

II fn Flgurt 5, f.ctLon 1.3) dilfrr only fu th¡ orl¡ntrtfon of th¡

>tf - t boud¡ ln r ¡rfdto¡rlly coordfn¡trd dlca lf3rnd.

fnvqrton ¡t tþ¡ 8¡eoudrn lltrg¡cn CcaÈra ln-trrn¡l0o dtrn'l$..

Dfo !.r r tym.trlcelly ¡ub¡tftuc¡d r¡eondrty ml,nr ro th¡t

!g.[Co atmrl$ dou æt eoat¡tn tû ttturtric doûor ttfr. Eor¡çc

rreøluÊfon vtll r¡¡ult lf onr of thr N2-B bondt rdoptr tht .lt.rÉ¡tfvà

dl,rporl.tto¡ (Flgrro 4), thlr procr¡r l,r rquttrlrnt to fnv¡t¡lon of

Couftgr¡r¡tloq tt thc eeyurtrlc altrogtn c.ntro fn tbr ¡!.tt¡¡tlon

Co-lfntR2, rad tho È.þ rtlwrnlos" 1r u¡¡d hcocrforth to drlerlbt th.

enrlo¡our coatfgrreÈfon¡l chmçr rbout ¡ rtconduy nftrog.D c.Étrl ltr

tnn¡lco dtroal$ dclpltr thr ¡br¡sr of ¡¡tu.Èty rt thlt c.aGtt. fhf¡

conftgur¡tlon¡! cbragt u¡¡t Lulolv¡ N-E dfr¡oel¡tfo¡ ¡ad rtll br rccouprnhd
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by aoafornrtlon¡l Lw¡rrl.on Lu och of thr rdJrccnt chrl¡t¡ rlagr.

tÏcrc phrnoaanr provldrd ea unrgul.rmcrl ntthod fot oeÈ¡blf¡hlag Èhr

gænrtrlc conftf,pr¡tfonr of thr tro dlrryurtrfe forru of [co dfcrll$,

ol,æ¡ thr optle¡l rotrtor? polrorr dcrfva f¡ou dlffcaGnt chfrrL .ourc.t

ln the rt.cfe ald tFrn¡ l.¡onðrr. Ttrc ulele f,ora, vho¡¡ opÈfêrl ¡ctlrrlty

arL¡r¡ er..Dtl¡Lly from e couffgurrtloncl cffreÈ¡ rhould b¡ optlcrlly

¡tsblc tn brul. lhe optfc¡l eatlvtty of th. tt.Elt foru erf¡6t .attntt¡lly

fron thc bond-prfr chfrsltty d¡¡arlb¡d c¡rllrr (¡ectfon 5.{) uhfeh la

h¡pfflad ed untqucly dcrcrfbcd by th¡ trro )n2 - H bond¡. Tht

t¡oul¡¡Èfon of thc trmr t¡oncr ;hould thrrnforc br OH- crÈrly¡cd, IË

r*ra thur ¡.s.tr8ry to cat¡rblf¡h thc Of,- drpcndcnce of the t¡crnintton

of thr trctrr lroner, ¡rd thf¡ pnonptrd thc ¡tudy of, thr klnrÈfa¡ of

both rrcsfarÈlon rnil hydrogcu rxchengo uudcr e vrrlrþ of çoadttlonl l¡

thr hopr of furth¡t elrældetflt thr roch¡af¡tlc otepr l¡volvrd fn the

trccaf¡rÈtou.

8.T MECBAHÍSÎIC COI{IBTDEBÂIIOI{S FOR AICE.UISAITON ÀIfD ÍYDEOGBI EXCHAHGE

Bccrntly tbr kfnctfco of r¡cut¡rtfon rnd dcut¡rtrßfon hrvc brc¡

rtu¡i1€d by lrrcktngh¡u ard Slrgc¡on ¡nd co-r¡orlrcrs for rovcnl eobrtt(IIl)

aoophxrr rhtrr thr roh ¡ouüce of myuetty ruldr¡ 1n r coordln¡trd

ræondrty aafnr s tÈou, For thc thrc¡ coaplrxra [oo0rEf)fr.*12*r24

tco(HEt).çx-unn) t}F r0r end qI¡n¡, -Èr.eltco(lÇ*!{rcn)2(No2)21+ 
130 .u"

rrts¡ of proton ¡rch¡a¡r rlora ¡cvcrll ordars of nrgnLtudc ttetrr th¡n tho
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r.¡pætlv¡ rrt.l of rrc¡¡f,ntfou, rad both a¡¡rs¡d procam.r r.rc
d¡rcrlbrd Þy rrtr l¡rl of rlnihr fora,

n . hlconpl¡rllof I.
1ol,120

fb¡ tuo ¡¡chrnfm¡ úf¡fuh h¡v¡ b¡m propor¡d by thr ¡bor¡ ruthotr

to rccormù for rll thr¡c rr¡ulÈ¡ rr¡ ¡horn Ln tfgurr 30, rhrrr thc prrÈ

c,h¡lrtr rln¡ frdlcrtrd ary bc rLth¡r l{-l{rea or nre. Îb. prcfrrrcd

¡eho¡ A l¡volv¡r rb¡Èr¡cÈlou of thr !{-protoa rlth Otr- (\), Ihü

dtanrÈfvr r¡oh¡af¡n B proponr fon¡tfo¡ of ru lon-prfr rtth OD- (kl)

rnd to¡-rolvot dl¡roal¡tton (L4). thr tno ¡rsh¡nlr¡¡ err rqulvrhnt

f,or thr trcoll¡tlon ¡t.p m ¡fvrn by favrrrlon of tho drprotos¡t.d

fût.rE dl¡Èr kr. I¡ mobrntm E lor-rolumt prft rrperrtloa Lr rrquftrd

lor r¡emt¡rtfon for räfch ka could thu. bc thr rrtr{¡t¡r¡inl,st rC.p,

but thf¡ tÈ.p l,t not rrqufrrd fo'r rxchlngc Èo occur nlÈh rct.ßtlou o!

coufl¡nntlon t_r. llre rb¡ræc of ¡ rubrt¡ntt¡l feotopr rffoct

hd*r.r.alo"/Lp"oton¡tton 0b/h) for thr lxchrngro, l¡ $ould b¡ rrnrct¡d

fot ìh¡ .trp h¿rlto ;tr. ¡uppoút for th¡ toru¡r ræh¡nfra, rld ciretn-

¡trstlrl rvfdræc rlro lrpporGlt3 u¡chrnl,rc A hrr bma expound.d.loltlzo

R¡¡ultr of ¡¡¡æt¡rm¡ûtr of rrÈrnÈfon r¡tÍo kpror*alon/krre¡nl""Ëloû

durinS ¡æhrng¡ la aon*qurou. rolutlonr h¡vc d¡o bæn 1nËrrpt.Ëad on th¡

b¡¡lr of ¡æhrufm 4.165

rrfctronlT4 t., mG.d thrt thr vrlur ol k, for Èhcr coplrxu la

¡olutlou fr nlatfvdy rorll coaparrd wl.th fw¡rrfoa rltcr for ¡nfn¡¡ ln

thr gtr phrm¡ rnd rugçmtl ch. drprotonet.d tût¡r!¡dlrt¡ f¡ rtrbllfrrd
vl,th rop.cÈ to tavc¡foo ln ¡olutfoa by hydro¡¡n bondlng Èo t rolvrnt
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¡oltcul.. Îl¡tr fatcurdl¡tr th¡o rhould probebly b¡ drrwn rfth thr

r¡ tôr rol¡culr rtÈ¡ehçd to th¡ lonr pefr, lo thtt th¡ ¡qufllbrlu ¡hora

ln l1¡rr¡ !04 nfght b¡ rtltt¡n:

il-n+oE- Ì il¡-E-0\ .

H

tho dc-oroto!¡td lntrruadLrtr h Flgurc !0E røutrd br ¡t¡bfll¡od la r

rlnller r¡ry, ¡lthou¡h thrro rcfLa¡¡¡nGr tt. ruprrffehl to th¡ brrl¡

laruc ct ptraÉcr¡t,

lhr f,rovfouc rÈrdlos olt¡d rbovc ur confl,n¡d to oooplüu fnwlv{ng

¡n ¡¡yq¡ctrle doær alttogca ecntrr ln the bfdcntlÈr ltgrndr H-ll¡cn or

BrrG. The chelrtr tfag fn thc ¡rrcortnl cocplcx l.¡ e¡r¡ntlrlly pLn t122

ao thet I rfßg eonformtlonrl ehengo Lr not tsro1v.d. tlcch¡nfmr A ¡nd

B r¡ drrvu fn Flgute 30 do aot lprclllcrtrly con¡tdrt lavrrrÍon of thr

cfaßls chclrtc rtrç conforeltl,oü ln thc N-llron eonplrxrr, rûd kt ln

Ffgure 30 rrlcr¡ only to thc uitrogrn fnvcr¡loa vhlah fl Èht Gtl.ntlrl

atcp for r¡qæl,r¡tfon, ltrr rlag conf,orutfon ¡urt lsvrrt horcver tf tlrr

uethyl rubctltu€nt l¡ to rmela ln thr prcfcrrrd rqr¡¿torl¡l diepoattlon

wfth resp6ct to the ovtrell plene o! tha Ëtng fB the l[-!lc¡a couplcxle.

Tlre lncrc¡sc ln Anf rnd Ln rctcnÈlon rrtl.o lot tha l{-}trcn conPlorr¡

coaprrrd to th6 a¡rc cotËphx ne¡ ettrfbutrd to thr rddltfoarl cnrrçr

requfrcd to fn¡gcrt thc t¡l-Illecn ring conf,orutfon a¡ vrll r¡ thr Il

101,120

ccntre.10l'110 In thr studha nmtlonrd, ¡o dccfrl.on could bo urda r. to

Ghr tl¡r rd¡tlo¡rhfp bctrnrn oonfornrtfonrl l¡trrch¡ngc rnd invrrrloa

rt thÊ nfËrogra rGo¡ dlüt¡8 thr oÞmnrd r¡ecolrtfon, ¡nd llgure t0 ü
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nÈû-c0É1t¡1 oû uhath6 the flDS laVcf¡lon Præe¡il¡a, portcdcrr ot fl

rylÊhrorpr¡¡ rfeh ka.lolt12o

A rubrqu.¡t ttt¡dy of hydrogrn ¡xch¡n8o rad rrc¡f¡rtl'on of

(+)-.p[Co(trmoa)xrl2+ 
"tt-ptGd 

Èo clrrffy thr Lrour of tho tntêractlon

b¡tnru aonlonrtfon¡l fnt.rch¡tr8¡ ¡¡d aftrog*a lnværÍon,lO thf¡ co4lrr

hrc ooupl¡d rlry coafo¡¡ltfon¡ (Ftgrra 6, X - l:ldo) rnd 1t rn¡ fclg

tb¡t Ghr eonf,o¡urtlon¡ of tht nm rla¡r ebrc¡rt of thr rltd.tËfu altta8ea

(conf,otutlou dufçn¡t¡¡! 6 ¡nd t6 tn thc Ìtfm) rlould lnvrrt rSrnchron-

oucly uith conffgurrtlonrl Íw¡r¡for rt thc myøGÈËlê eGütrc¡ Eha eloll

eotrarpond¡ncr bctv¡qr obrcvcd rotfvrÈion cacgf'¡¡ for, r¡ccmk¡t1o¡ of

thfu ryrto ¡nd ol (+)¿fO-[Co(l{Bt)4$t-ilcm)l* *. Èhen t¡k¡¡ to tuply

th¡t lavrreiou et Èho I oontEa ead eonfor¡rÈlonrl Lntrrehesgo ntght

eoÍnoldr f,or puclcrrcd rtl¡t ty.Èrll gæanlly. Eor'lv.r Èhc ttonan coæplü

hrr mrltfph rfng couPl,hg rt Èh. ücrtflt? nltrogon ltod rlto' ¡¡i thÍr

¡hor¡ld coafrr rot¡t r..trl,otl,on oü tho coafornrtfonrl fntrrchrngc I'n

qumtlon (eÞout thr ggg-F ¡tm). th. Þortfo¡ of th¡ tr.ûG ll¡rnd con-

prfrfng Èh¡ lntrrloch¡d rlngr (0 rd À) rbout tho rrymctrlc altrogrn Ín

rye[Co(trrnca)H311+ ehor¡td br eloroly rlnfler rt.Ë.æhülcrlly to rroh

dl¡n ltgr¡rd fn lr¡Fr[Co iltmrl* ("o*.rr Pf.grroe 4 rnd 6). thlr l¡ttrr

eonpþx fu frrc of tho rütslctlon urntlonrd lrovwer, rtd 1¡ rlro r bcttG

br¡t¡ for congrrf¡on wlÈh tÇo(tü3)4(t{4{r¡n)]S oo .ecount of ¡fnller

crÈfon chrr¡r rnd tho lb¡q¡ca of Èhc llætroarfttfvê agido ¡ubittÈucnt.

thr oøperfros of, tht kfnGtfc p¡tt¡rar for tho dl.r lnd tromn coaplrxcr

ny be rryreted to glvr ro¡r fr¡rttrcr fnfor¡rtl.on on th¡ rffrat¡ ol crtloD
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cherge a¡d ¡zldo ¡ub¡tttucnÈ tps¡var'

8.! ErPFS,rlrBnAt

(+):Êr¡,gltco $o¡l OfOU)n.H-2o. - thG ilcalc chlotldo rnc rc¡olvad wtth

Ag(+)-[Co m¡12l.2UrO ¡r da¡ctfbod ¡rl1c (ecctfon 3,21, thr ectl'va

broaldc thuc obtrfn¡d ser cow.rt.d Èo ÈhG altreta by palrags of a

solutlon ls 0.0Llf HHO, Èlrrough rn rrchenga rc¡ln fn th¡ rilËrrÈl fQtu.

Itr¡ rluto !¿e coüc¡¡traü.d on e rotsry avrpotetorr âflt c4ttÈalll¡rtlon

wrr coaplotod by the addltton of, .thlæl.

êg!L. Calcd. for (+)-trtu¡.[co(cnnrrNS)21 (N0!)r.tlrOt cr 20.3¡

H, 6.0i t{, 26.8. Formdt C, 20.63 n, 5.7i t{, 26.J,

n¡ut|r¿red (t)*ærartCo(dford-r)ùG!"#Df.. - A ¡¡nplc of recemfc chl'orldr

2.J hydret. rn¡ dfu¡olvrd tn DrO (99.82), tÍd aftcr ¡tendl¡8 àt 80o for I

horrr thr DZ0/U20 str a\trPor¡tcd off r¡ndcr vÊculIll. lhc proecÉl ltlÜ

rcputod wlth froh Dl0r cnd tha PMR epcctrt¡n ¡horcd thaÈ d¡utGr!Èfoû

Inr .¡t.ûtl¡lly coplctr.

Fuffcr Solutfo¡¡¡ - thi buflor roluÈÍon lor gch pE nal nrdc up ullng

2r4r6-colltalfn¡ (frarhly dlettll¡d) lqd tht rpproPrfrtc lilormt of ttNogrl75

rnd oufffcLcnt rolld fi¡l{03 wa¡ rddrd to ¡djurt tha loale ttfcatth of thl'¡

¡olutlon to ¡ r 1.9!{. Îh¡ ¡olfd couplcx, vhqn added for rreh racl-

nt¡¡Èl.on tun, coatrfbut¡d r fr,rthcr 0.1H to tht fosfc lttcûSth.
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8¡orm4ntloa E$mtle¡r - (+)-tsrBl,[co dtrartGol)3.820 (0.075 g) n¡
dl¡rolvod lu eollldlne-f,I{O, buff.sr (10 nl) gtvt¡C ¡oluclonr 0'016M la

coryla, üfÈh tonfc rÊtæTÈh rdJwtrd Èo 2.0!! ïÍÈh XrN0!. l¡cal¡rtloa

rr¡ sow¡nÍotly follorr¡d ¡Ë tht Eg lto¡ 5¿16.1 u vùlCh l,r colacldmt

trlËh thG ffrrt prrh ol Èhr oRrl çrrrtt (rcctlon t.4). RotrÊlonr *lr.
nr¡¡ur¡d oo ¡ Pcrkln-8lnrr 141 l{C polrrfnrta fn r I úo crlt Jrchrtrd

to g0.1oC fron r rntc brtb. Inttt¡l rotrÈlour rlre rbout ot46 - *O.l4o,

end fndtvldr¡¡l ¡c¡¡urc.qta Í8. recrËrta Ëo {O.002o. In th¡ rlonrr tun¡

Itght srr selqd¡d br¡rren tldtng¡ ¡d ¡rcb nm rrr follovrd to rt 1¡rrt

txro hlf-llv¡r.
Tht pE of ¡reh ¡oluÈloa n¡ obtrl¡rd slth r RrdløÈu ædrl 22 pE

¡.tc (!0.005 pB mft) by n.rturG.Ec ol thr klu¡ttc rolutlon lt the

ruÉ Èap.rrÈurr sftat ¡roh run nrr eocpl.td (th. collldln¡ buff¡r lr
CGpG¡tur¡ drpeidmt). Brtr¡ nrrt rrpnodwlblr Èo 15t wlth th. lccufrcy

lfnlÈrd by thr pH dctrrntartfon.

E:¡drorrn" t¡oh¡n¡¡ RLn¡.ttsr. - th¡ d¡trtc¡tfon rrnr waË. c.rrfrd out on

r¡cufc tr¡n¡[Co dlm2lclt.1.5[10 la Dr8o4/Dr0r lnd Èhe eorr¡lpoadfng

d¡uta¡td soupor¡od rrar r¡r¡d for thc púotonrÈlon rtudL.. f.ü 82804

rolutfo¡¡. 1lr. rtocls ¡cld rolutlonr v¡rr tltrrtrd potcstfonrÈrlnrlly

egrluÈ sodirn Èrtnborrt¡, Ft{R rpætrr r.t. ar¡r¡rtd urlng r Vrrfrn 160

IHR tp.atro!.Èrr rlth rodtt¡¡ trl¡rthykllylpropmgulphonrtr ll th.

¡xtrrn¡l r¡leræ¡ rÈrrúrtd. All rolutlos¡ wcrr 0.3tM fn coæl¡x vh¡ac¡

U . 2,0Ì1. fht MüB tsbc¡ vcrr krpÈ fn thr probr of tbr lDoctloÐat.r
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thfoughout the runt at 34.9oC, md fa I conaürût troÞafrtwc nËü baÈh

for thc hlghrr tü¡parltua.cr In tüer¡ lrtt¡r nnr thc tubc ï.rt
¡riühdrrru froa thr brth rt ¡ultablr tlnrr, coold quf.chly to 35o, end

Èh¡ H*ã rcgloa of thr ¡prstnü ür! aGGoÍdcd f.ndl¡ßlly'
XC nl æt pot.lbh to rff.¡¡ pult rrrrr ullng Èh¡ la¡trtncnt

lntr3rrtor du¡ to lt¡ fûtrblltty ou6 th¡ brord H-Ë puk rd *{th tl,û..

Rcl¡tlvt prek arrei rtt. obtrlncd by nktug cl¡r¡¡ trreLa¡t of thr p¡ak

rrcordrd ¡Ë crch tl¡c (¡noothtût out æftt) on to DrÞG of rmffon

thlclncrr, rk¡tchl¡t 1¡. th¡ brarltnr, ¡¡d sutÈlut ouC. Thc trlpll,crtr

Frpc plær¡ rrar wrfgh¡d gogrth¡r (vrt¡htr corÉttpondtng to u¡rflls

porl rr¡¡t ï.tl rbout 0.25 g). lhtr Focrdlrr ev¡regrd out vrrl¡tlosr

c¡urcd by rubJætlvc Jutgooût. Lu urkfng Èhr trrclngr.

îhf¡ todlor¡r tæhnlqur dlffrr¡d f¡on thrt urcd by thr prwfour

uorlrrrl. tttth Èh¡ oorplrror of H-sl¡rt r¡d llrc, thr P¡rL h¡f¡htr ot

the nrtþ1 rfa¡lrtr (orthyl dor¡blrt¡ collrpre on dcr¡Ècrßlot) u.l. t¡k û

rt propottlo¡¡l to thr GoættÈtrtfoa¡ of thr $-d.uÈ.rrtd lpecf6.

Idr¡llyr thc schru¡t ud recoLr¡tío¡ rrtct ¡hould bo n¡e¡r¡rrd

¡t tf¡i,lrr aouplcx êonsGûtrrtfor¡. Eoww¡t tht¡ ræuld n¡s¡¡rftrC¡ Êho

r¡1 of, r nrsh rhott* ptthh¡gth cell (0.5 cn) for thr ¡tcoÍntlon tuu,

rnd con¡¡Eumtly rfÈhu r n¡[!rr volr¡nr of rolutlon (cr. I Ef) or ur.

of r co¡tld¡rebly largc rurnt o! Èhr roGlv¡ cooplc. Tlr¡ tccrnrcy of

ür¡ r¡ceol¡¡Ëloa raÈ.t h f" lfelt d by thr dltænlutlo¡ of PIl, rtd Lt

nr folt th¡t thc l¡rßlr orrorl ln p[ Ë.rruúG.¡t uroal¡tcd ÍfÈh ch¡ ul¡

of vrry ar¡ch æ¡11or vph¡n¡r e¡d mrr coûcmtr.trd ælutlo¡¡ dfá mt
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rürrrrDt tht tllt of th¡m co¡dfcfour. n¡rtbæ'nora thare fr ¡oar urEot-

Èrf¡ry fo ray cmo la thr vrrLtlon of, ç rlth coqlu conß.ütitrÈls¡ [Col

rnd fo¡fo ttsmgth U (m¡ n/rilÈ l.cÈfou). 1l¡r v¡rl¡tlon of h ttlth tCol

rnd U wrr not lrrgr rnd tor¡¡d onlt r ¡¡lnor Frtt ol th¡ tnv¡rtf¡rtloar

thr trchnfqrrrr rnd condftlosr umd rtr¡ rrrGntl¡lly rlnthl to tlro.c ulad

prrfourly oa ßh. oth.r co(rrr) ryrÈærr10t24fl01'120 *rlr.". uehrngr

rnd rrcofu¡tloa ulcrr nstc¡d qud¡3 dtlf¡rtü condLtlonr of [Col.

8.4 ùtutË
tvdlorm lloÈop¡ E¡cIFt¡c. - Ttro PlfR rprcÈrun of -@.[Co df.ü21C13.2.5trA0

n U+/nr0 1r Elvrc fn Ffüm 31. ltr b¡ad ¡rr1!¡nenür follov fron tlrr

portr çcr r.Ëfor Htrrl{BrrCEZ - l¡,¡lr8 r. drËúEfard prrrrlou¡lt (¡rctlon

4.!.t). th. )rfu pertr l¡ rl¡o rhowa rÈ Ëh. hfghrr rnplltudr rÈ rl¡tch

th. d.ut.rlGloa ruÉt vta. follørd, ¡¡d ft fr cvldoat (Ftgr¡re tle) tbßt

rftc .10 h¡lf,-1fv¡¡ cehtngt alr¡ .l¡.nÈtrlly conplrte . Th¡ uch¡ngr

m¡ follo¡r¡d la bo?h dlrætlonr, by t¡rn¡rornG of perh rr¡¡ of Èhr )UA

rf¡nrl rt rpproprl¡tr ül¡cr. Plotr of log[(pcL rro)o - (prL rrr).t
v.tlttt t u.ß. If¡¡t (rrttht¡ Ëh¡ ¡rrorr) ova rÈ l.t.t È¡o brlf-lfvr¡ for

Ghe drutcrtlon rr¡or ta DZSOô/D2O. Protoo¡Èion rrnr of th. dütG¡È.á

rr41¡ ln rquroua E2$O4 rolutloat ïlr. Er. dtftfculÈ Èo Ðol.tc¡ dr¡r to

tht lrr¡r E@ prtt lyt¡g clo¡¡ to thr )nU rfgn l rnd¡r thrr¡ codltlmr'

frr tElD brchgrormt t¡ll t¡ndc th. m h¡d to br ¡¡trrpolrt¿ ¡r¡bjxtlwly

for r¡ch rrcædLnt, rd thr uD¡rføntel pofncl l¡ th. plot ol

!o¡[(pe¡t, rrr). - (p¡rh rr¡)al YrË.t¡t t (prb bectgrouul cort.ct.d)
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üÐru tÞr. ßrtt.tçdr All úrtc coÉ¡trÈÈr r.a. eo,ryutcd by ltrot-eguatat

rnrlyrfu of Êh¡ uprrfncatd polaÈr up Ëo 2 trrlf-trlru for .rch rür,

lhr nrd¡r ol pofrtt r¡¡rd fn tbr oo4utrtfoß nr rt lrert rfght, buË nr
ur¡¡lly rbouü Èr¡oXvl, n¡ü. ooarÈrüÈr for thc r*chrngo ¡rt ll¡trd la

T¡bl¡¡ 11 rad 12. h .trd þ rrra obtrfnrd by

b . Eob"/tæ-l . kobrtD+t/bzo ¡Ed h . kourlq+Ux*'

Th¡ eon¡trnÈ¡ u¡¡il vcrr E, - !.11 x tO-l* lot îI KCI at 34.90 176 rad

v¡luoe of t-_ for thr othrr t.qÇr¡Ètrcc 116rË el¡o crleul¡ted for 2ll ÍCl
w

usftrB datr frm thc rr¡¡a ro*".,176 bro *" taken ¡e 0.193 E, for rrro
lo'úc rtreirgth.lTl Tho rosrrptlon h¡¡ baat nade th¡t the ratlo 0.195

dor¡ rpt ch¡agr ctgníflcently wtth Lo¡rfc rt"6gth or tøp.rrtur€, .r rco

foul,c etmwËh Le th¡ o¡¡ly condltfôÊ for rhlch ntrleÈly eoqrrablr vtlur¡

o! b.O rnd K, hrv¡ bmo drtrru{,¡¡d.178 ltrr cotrÈancy of \ ovcr 9 nmr

rrtn l+ coûÊ.nÈrrtlon rnrled ou¡r Èhe rangc 10-1 to 10-fu st öonrtrnt

trßpcrtut¡ (tr¡n¡ l-9i rvcrege rarlue 1.04 x 10E{-f "o-1 rtlth Épr.rd

t0.09 rt 34.ro) crtrblfehr¡ thc rrÈ. he to bc thr eanc rr th¡t for thc

provfourly .tudl.d bldrnÐtr corphncr,

p : $[oount¡rl lof I,
llr¡ ettrrge vrlur of k undar the ¡raa aoadltfonr L¡ 0,1¡ x to8-ri-l .*-1
at i{.9o (rua¡ 12, t!) ¡rdng tht froÈope cffæt er to/\ . 3,0. th¡

drtr l¡dlc¡tG th.È rrtc conrtrutü for th¡ dcutcrrÈfonr wêrc gmorrlly

rrp¡ot¡æ{blr to sfthln 10fn rll rrpllcrtc vrlu¡¡ bclng slthln 5E of thc

m¡rÂr Drtr for r typlcrl d¡utrr¡tfon ruü rrr plott¡d tn Ff¡urr t2. Itrc
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Xrtr Gou¡trntt fot Dtut¡t¡tfoa fa Dr$Oa/Dro of
..q, H-E ta trrn¡[Co dfrnrlcl3.2.tEzf

Rr¡a Ho, Top.
oc

k- xoD¡ _1
¡ac þr'

-8
-1æl¡r

10

taG

I
2

3

4

5

6

7

t
q

1o-1t
13-15

16

t7
18

19

t0
2L

0.100

0.100

0.0900

0.0100

0.0100

0.00300

0.00300

0.00100

0.00100

0.0100

0"0100

0,0t00

0.0300

0.0300

0,0300

0.0t00

0.0900

t{.9
34.9

sl.9
t4.g
34.9

34.9

34.9

34.9

34.9

34.9

34..9

40.0

40.0

4t.0
¡f5,0

50.0

50.0

0.44¡¡

0.408

1.51

{.lt
Ô.06

1ó.1

13.8

{5,0
ô4.3

2.¡[J

6.79

2.9,
2,66

5.41

J,8l
10.0

12.6

1.08

0.99

1.09

1.01

0.99

1.03

1.Ol
1.09

1.07

0.60b

1.6Ee

1.51

1.36

2.î,3

2.23

2.7

3.3

¡ [Col - 0.93]t¡ u. 2.ü{ (ao tuppottlng rbctrclyto rddrd).
b [col - 0.167H¡ y - 2'0]fi tKcU . 1.0]1. aetü rrc ¡c¡sl ot

tütÞllcrta rwl¡.
G lcol - 0.1671{¡ r - 1.Ol (rc ruppoüÈlng olætrolyÈo rddrd).

18. r.¡0r of triplfctÈ¡¡.
Rrtr¡



TABI.E 12

fl¡tr Con ürnts for Proton¡tlon fn H'SOO of

¡.c, n-D in llrutorrÈrd Èr¡¡¡ [Co(¿t¡a-¿r)rlClr.rnrO¡

Rrn l{o. \-x 10

It-r ¡rc
IH+l Îrop. h,-oÞt I

¡olæ oc -1 -1aG,

22

23

24

25

26

27

2E

0.00976

0.00976

0.0976

0.0976

0,0976

0.0976

0.0976

t4.9

34,9

40.0

40.0

45.0

50.0

50,0

7.23

8.06

2.16

2.20

t,27

6.11

ó.65

0.335

0.373

o,702

0.715

0.797

1,04

1.16

I lool - 0,33il¡ u . 2.01,t (no ¡r¡ppotÈlng rloctrolytc rdd¡d).
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1ó1.

.ccur¡sy eud prret¡lon s¡rl lo¡¡ th¿n thlr trorrvrr for proÈonrÈloa

(rtÈhln 'll oQ tho nc¡n).

B¡cof¡rtÍon. - Th¡ r¡tl¡ of raeof¡eËfon wcr. û.tturcd ln buffcr

¡olutlon¡ lÈ contttnÈ lonic ttr.ngth (u ' 2.0M) ovor ll¡o¡t thr co4lct¡

pH rangr 7.08-E.27 ot, thr collld1no-EN0, buffcr .y.Ë@ ¡t vrrtor¡¡

trrycË¡ttao, lrblr 13. P¡¡udo-flrtt otd.f Plot¡ of, log o546o ver.u!

t wer. lfn¡tr to rt loert thËG. h¡lf-lfv¡¡, rd llno¡ of b¡¡t fit nrrc

drrrn vl¡u¡llt tbrough thr lerga nuub¡r of polatr f,or oech rtn. Srv¡rrl

ruil w.ao follor¡cd to ¡rro roteÈlon ovrr th¡ vf¡1b1¡ rtnSe (>10 h/2),
rnd th¡ comt ¡cy of th¡ vl¡lbl¡ rp.cÈrln lndtcrt¡d thlt 1û th¡ r¡ectfon

tfnr¡ tny hydrolytie or t¡ou¡rl¡¡tfos ner fnafgnl,f,fc¡nt' Chronstogrephic

tnalyelr on 8P C-25 Srphrda (¡cctfon 2.Ô) of ¡ ¡oluÈlon nhLah h¡d

coql¡t¡ly r¡c¡,',{¡od f¡1lcd to d¡tæt rûy othGr rprcfcr. h,. kob"/toH-¡

wt¡ clleul¡t.d urfng vrluo¡ of ß, m or¡tto¡d ebovr. Tht ooÚtertßy of

\ ovrr thr pE nngc 7.20 to 0.12 (rr¡o¡ 32-t6i rv.rrg. v¡lur rfth

.trûdñd dæl¡tloa 2.36 ! 0.09 r 10h-1 .*-1 rt 35o) coaflttld thrt

only tho oû. r.¡otfon ru b¡lng ob¡crv¡d md th¡t thc rrÈo 1¡r wrr er

prrvÍourly,

R . \lconpl¡rt lof I,

AcÈtFtlon Prr¡u¡,Ès¡. - AcÈfvrtfon rnrrglu E lor thc thtl. Proc.t¡.t

v.l! ooüpuÈ¡d by l.r.È-tqu¡rm rnrly¡l¡ of tho Arrh¡nfur plotr of h' h
rd \, sh¡rr th¡¡t rrt. con trDÈ¡ lron th¡ l¡dlvldr¡¡l rr¡¡¡ hrv¡ b¡cn



ÎABLE X¡

B¡te Conct¡ott for R¡ccnis¿tfon of

(+)-!E!E!.fco tllcarl (nor)r'ur0 tn colltrttnc-HNo, Buttcr¿

R¡¡n No. Îup.
oG þr.,:::i

pE tß

-1
104lß-oDt

ICG

2'
30

30

35

35

35

35

35

35

35

35

35

35

40

ó0

40

45

45

45

29

30

31

32

t3
34

35

36

37

38

39

å0

41

42

ô3

44

{5
46

11

a.2l
7.51
't,92

7.20
't.12

t,4ó
7.75

8.12

7.61

7,62
't.76

7.6t
6.12

7.31

7 rt,
6.44

7.08

,.lt
6,45

1.30

0.586

1..25

0.769

1.24

1. tl
2,'t6
6.89

1.El
2,85

4,94

2.84

0.086

2.t9
¡f ,ü7

o.297

4.17

1rl,
0,E65

0.ó87

1.23

1.29

?,28

2.21

2,46

2,12

2.48

1.g6b

3.2gc

4.10c

2.g6d

1.54'
4.71

ô.58

3.5g'
6.6ó

t.39
7.66'

I fco¡ - 0,016!f¡ r r 2.01{ (¡r¡pportlag clrcÈrolyÈo llrilo3).
b

G

d

a

[Gsl .0.008]fiB-2.
[0ol-0.016]l¡Fr1'
[Col .0.00E1{¡Þ-1.

gM (t¡rilor)

0H (llrNoS)

(tlrt{osl
f,2$4 'Phorph¡t¡ bullcr HPOa

0!r
2-

t lool - 0.01611¡ u . 2,CI{ (Nlllo3)
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arlcr¡l¡Èrd ellorfng for thr t€nperêtuar vrrl¡tlon of \, o" brn' Ftgure

33 ¡ho¡rt the Arrhenluo plote for Èhe deut¡r¡tlon end reeaf¡ltfon. Ttrc

rctfv¡Èloû prrrnrtce calcr¡laËd for th¡ thr¡r procG.!.f (¿gt - Er - 0.60

-tkc¡l æ1¡ ') æ¡ gfvrn fn lrblr 14. Error¡ llrt¡d rare obÈtfo¡d fro¡¡

thr ¡tedrrd cror¡ fn thr lrart-cqurrlt rntlyeoo.

8,5 DISCUSSIOI|

fh¡ hfnrÈlc rur¡lt¡ obt¡l.nrd for thr hydrogor æhragcr end

r¡coltrÈfon of -@.tco dlmrl$ foll* thr gonanl prttcrn prcvl.orroly

obr¡rvd for th¡ tryu.trf,c nlÊrogrn ccûtr. cmploxo, erch t.rctfon

follorfng Èhr r¡n¡ fo¡r of rrtt bv,

R - hro. or Elcmprrxl ton-l

. tor"loonple¡l ¡t conrtrnt pH,

thc clo¡¡ tÛnllerfÈy lu rctfvrtlon prr¡E.tc. for th¡ trm rarctton

b¡trreGû thr dlon, N-Ìlcrn and tr¡aoa cooplcror, r¡ conp¡rrd fu lrbh l4t

.ttoñ¡ly l¡dlcat¡¡ ¡ eo@û ¡¡ch¡nl¡1. It rmuld thu¡ rpp.ü Èh¡t the

coupll¡g of n¡o pr¡ckcrrd chrl¡tr rlngr rcro.. th. !!g-!Í rtou 1n Co{fon

co¡frr¡ no rdditloarl con¡Èr¡lnC on tho nltrogrn "i,ûvlt¡fon'r ovcr th¡t

fa Èh¡ rlaglr riug eut of Go-N-H¡on. It Ery bc laforr¡d ¡1ro thrÈ th.

rddfttonrl rtug cor¡plfr¡B rround Èh. tüÈl¡ry-l{ 1n Èhr æ[co(tronrn)x.t2+

corplor (Ft¡nn 6) plrc¡r ræ rdditfonrl r¡¡trfctlon on favtr¡foa ¡Ë th¡

g-H c.ntfr.

ltrr prrrEt r¡rultr do not ¡llw r flrn drcl¡to¡ to b. ord¡ r¡ to

wtrrthrr ËltÉol.n Ínrrcr¡fon end confotutlon¡l lotcch¡nt. ¡tc rynchromul
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TABLE 14

n¡ts Conrt¡nts ard Act Èlo¡ Ferruotsr for s¡c N-H Hydrogen Excheugr

rrú Brcq¡l¡rtlon

RceeÈlon Hcdlr¡l h,a, or R

T
AH' AS

t
-1

Íæp.
oc

¡t-l "--1 
kc¡l aolc Coll.

DcutcntLon

Proton¡tlon

B¡canfraÊlon

Deut¡nÈfoa

Ptoto¡¡Èloa

R¡,co1¡¡È1on

Deut¡r¡Èfon

Dout.rrÈlon

Rrccol¡rtloa

D2SO4

H2SO4

aollfdlaelll{O t

DCI

ncl

eollfdfno-E0l

rcât¡rt. butf,rt

tr¡na[co dtcn^l*
I

Y.g 1.0 x Io8

34.9 0.35 x 108

35.0 2.4 x 102

tco (H%)4 fi-nrc¡) t 
*

3ô.3 3.0 x 107

34.3 1.0 x 107

X.3 2.5 x 102

34.3 2,ó x 102

grm lco (trcqc!ì)c112+

34 5.6 x 109

¡ynICo (trrnca)$rl

34 1.3 ¡ 109

Y 5.7 r 102

2+

13.8

15.¿l

21,3

23.8

1!.71

22,1 28

13.5 ! I
13.4 È 2

23.5 + 0,4

22+3

20+7

29 !2

2L

24

31

30

3lDCt

DCl

trf¡-Ilc10
brlffer 4

¡ Rofcr¡nc¡ 10 Etrtrr thrt ÀH+ f,or deuteraÈfon o! ttrc ehloro end
on rrcæfr¡ÈLon of thc arldo eo4lcxca are 28 rnd
tlvcly. It çppcr¡ fro¡ thc conÈoxÈ th¡t th¡rr
- rnd the AHI end ÀSt prnnGtcrr fn thc rbov¡ È¡blc
Eccor{1ng1y.
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ptroc.rr.r or aoËr catrlnly Ln the co-N-llr¡n catc frperalon and rlng Íut¡r-

changc ar. not roquftrd to bc rynchtonourrlol and confotråtlon¡l chrngo

or df.rtortton could occut cubmquont to daproton¡tfon but prtor to

uLtroEcn Lnv¡rrlon. In thr prcrant ryttcm, er fn æ[Co(tr*.r,)xrl2+110

Ilrrtdlng ¡odcl¡ lnply th¡t ft 1r dlfftculÈ to fnvcrt tt thG N ecntr¡

nlthout lnvrrÈlng ¡t 1...t oao of th. tthyhardl¡ufnr (¡n) ringc, but

tr.tr thr.r 1¡ npt roquired by thr rceultr, Hon¡ver ræcnt X+ey ¡tudfo

on couplcd ru ting 
"yra-.121'L27 

t179t180 rcvcrl drpertura¡ froa tho

fdcrll¡cd .truetr.rrcr &pft.d by Drrtdlng nodek (rftfr flxod Oo' C ¡¡d N

bond rnglc¡) ro Èh¡t c¡utlon uu¡t bo oxcrcl.¡cd ln the u¡r of ¡rrch ¡oddr

for nrch¡nlrtl.c prcdfctfonr.

ft nfght ba rrgurd th¡t 1f aynchro¡our conforutlonrl fntcrrehrngo

doc¡ not occ\E ln Co-N-il¡.nr th. slnllrtfty fa Âttt (rrcof¡etlon) for

th.rc Gtrroc ¡y¡Ècnr rugg.ltr Í¡ver¡loa of only onr rtnt ln oech of th¡

dl¡¡ ¡nd tr.ncn conploxcr drrtng thc nltrogcn Lrnrctlfona, rqufvalcnt to

conftgrmtlonrl fntrrchrngr only of thr nrthyl ¡nd hydrogcn rubrtitumt¡

fn Co-ll-ttcon (rlthout conforuetLon¡l ch¡¡to) . tC tl¡rt confor¡¡Èlo¡rl

changc dor¡ occur rynchronoualy 1n thc Co-l{..Mæn ryrtcm, th¡tr on Èhtr br¡f¡

both rlag¡ could have to Íw¡rt ¡y¡chrolourly ln Go-dl,¡n. Hhflo lt mor

llkcIy thcrefore th.t orc rfng 1n Co-dl¡n LmrcrÈr rynohronou¡ly trfth tho

nfÈrogra Ínv¡r¡fon, th¡ oatÐG uncertaÍntlec ronafn for Èh¡ ¡ecorú rlng re

ln the prcvlour 
"o-"oar101 

oo th. fco(¡{H3)n(u-ttrcr.)l} rc¡ult¡.

Tho concurr¡nt lnvs¡fon of boËh ch¡laGc rl.ngr tn onr dlcn lLgrd ot

trrn¡[Co atrnrl$ rou&l prodrso e drpnoÈon¡t.d lntrt'n¡dl¡tr hrvÍtç
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sub¡tantfsl cclfprlng of th¡se chclato r1ogr.10 Pro¡n tho kno¡m cn.rty

barrlcr¡ bot¡rccn thc otrggrrcd snd cclfp¡cd eonfornera of eth¡ne rnd

ncthylanfr"rl8l the enrrgy brtrfer to tofinatl.on of thc ccllpaed

doprotonaÈcd fnteroedt¡to for tha dlon eonplex nay bc ¿g¡ecred a¡ cr.

1ó kcal ro1.-1. 0n thls b¡o1¡ tlonc thfr r¡nmctrlcll lnternadÍ¡tc arm¡

unlfkcly, ¡nd ¡uch an fût.rncdl¡ta ha¡ be¡n df¡countrd ¡lro fn the ba¡¡

hydrolyafa of .Jnû[Oo(trrnrn)Cf ¡æ whrre thc prodæÈ rÊt¡fns optfcel

acÈlvlty,lO 
"nd 

la the rrccul,¡etLon of [Pt(l{+tcan)(cn)!2+ 
16ó cthrrc thr

hlgh ratenÈlon retlo b/h dfcÈl'ted rgrlrut a ry@atrÍcrl n-bondod

fnÈerncdlra.,168 IÈ 1l propored thrraforc thet fa thc coaforrnrÈlonrl

fut.rchtûS.¡ ¡raocl¿trd ulÈh ÈhG nltrogcu fnvcr¡lon ln ttln¡[Co dlonrl*,

thc two couplad rlngr vfll not fnvcrÈ rf,ur¡ltaacoucly. Thf¡ concldcr¡È1on

fe dlsttnct frou uhethcr or Dot Èhr f¡vcrrÍon of ono of Èho rfngr Lr

eynchronou¡ wlth al.trogcn l¡rv¡r¡fon.

Xa conprrfng rrcol¡¡tfon r¡rd cxcheng. tetêã for tho r¡¡rfou¡ con-

plexea, account h¡a to bc t¡k¡n of th¡ nrnbar of rctlvc cÊntres 1n sach

roolreulr, rnd thc rd¡tlon¡hfp bettrcan fnverelon ¡t c¡ch ccstre ¡nd th¡

observed racomfretlon. Tho clgnlffcant conparfron chould be betrtcGn

fnvcr¡lon rrteÊ relaÈed to ¡ sÍnglc c¡ntte, kÍ.

lt¡n., Elg.[Co(ll-l{ccn)r(No2)21+r rrfth tno r.rctlvê ccntrco, rrqufrtr

Lnvcnfoa of ono coûtrc la anch nolccule to foro Èh6 fnrcÈfva n¡ao fornt

¡o Èhrt h - kl. Howllt, wlÈh both ES.ICo dtcurt* (ttro reactfve

ccntrcr) ant [Co(Nr\)4(n-uern)l] (oo. r¡lrm.trlc centrc) only onc cGntËe

pct tr.rÐ uoloculor nr¡d tnvrrÈ Èo lora rrcærÈc, ao thÂÈ h - 2kr. th¡
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invcreloa raÈrl k, erc thu¡ er¡¡ntlelly ¡tsll¡r tor thc¡e lattor Íon¡

of ldcntfcal chrrgo (¡llowlag for thâ [Col ¡nd u dlffcrrnc¡l), wtrllc

th¡t for sv.utCo(tron¡n)ll3l2* (h - 2k*) nay bc ¡lfshtly hlghcr (Teblc 1ó).

Strtl.ttlcrl f,¡etor¡ do not cnÈcr lnto th¿ ll-cxcheng. r¡tc mctturc-

uont¡ ¡o th¡t thc dcutor¡È1oa r¡t¡¡ for th. Èno 3# conplax¡¡ dl.ffcr

3-fold (Tablc 14) re do Èh¡ rotontloa rrÈ1o. h/kf , 2.5 x 105 for

tGo(l{Er)a(N-Mecn)l} ¡nd I x 105 for trrq.[Co dlonrl$. Thcso rrtfo¡ for

Èhc 3# conplorae erc con¡ldorebly lcr¡ than for $lq[co(trcncn)N3lt*,

h/kf - 4.6 x 106. Thl¡ f¡etor orü not bG eorrohtcd wfÈh Èho eh¡rg¡

dlffarcncc (¡ aor¡ poelÈfvr ovcrrll conplax chargc sould bc orpceÈcd to

onh¡ncc thc tt*df¡¡ocl¡tfvc procore) and lt Íc dffffcult to ¡ttocftÈG

wlth ¡ouc rc¡trlctlon otr confor:n¡tlon¡l fnÈcrch¡ngr Ín thG trcn.r coü-

plcx sincr th. k, ratcr erc rlnller, ro Èh¡t lt ft probably to b¡ ¡rctlbcd

to Èhr clcctron.getivc erldo ¡r¡b¡tftucnt. Although tho trrc hfghly

rlccÈroncgrtfvr groupr dld not rppGrr to fncrcr¡c thr rGt.nÈloa rttlo

fn -g, trrn¡[co(ll-uorn)r(Ho2)al+,t'o {ç/oi - 9 x to4) thc nÍtro

groups er¡ e1¡ Èo tho ttyÉlctrlc c.ntrGt fn thl¡ lnlt¡ncG. It ¡erns

llkaly thrt th¿ rrldo Sroup 1¡ oxortlng Ê .!rsnpj!f.c!. ln ^svn-

[@(tren¡n)]¡312+, cnhrnclng h .d h/kf. thfa rnry not b. e grnrrel

etfcct honavcr, ¡fncc a¡tfuËÈer of N-H axchenEo rrtat tt both 'hogulrrt'

rnd "plrnrr" l.condary nLtrogcn douor rltr¡ fn g[Co(trtcn)llnlclt2+ rlr

rnd thc varl.ouc configuretl.onr of ![co(trlan)(gry) 12+ 
LEz lodlc¡tr thrt

both datellcd ring gGmGtr]r r¡d po¡ftlon of clccÈron¡8.tfvc ¡ubrtftucnt

¡ff¡cÈ thc¡c rtÈCt, but Bo fer fæ ganoralÍgtton¡ hlvr øcrgrd.
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OthGr fcrtur¡¡ fou¡rd co@on rith preuloul oblantrtfoni ¡trC t

¡L¡ufl¡r froÈopc offrct for ¡xchragc to ÈhfÈ Ín [Co(l[H3)40{-!f¡cn)l
3+

1ç/h - 3),101 .Dd r doerar¡r of, recmLsrÈlo¡ rrtc fn Pho¡ph¡Èo buffor¡

(rrmr 41, 44, ô7, Îlbl¡ l3 ) r¡¡oottt.d wfth fon-peÍrt'rrg'

A f¡rtr¡r¡ !oÈ ob¡.nrrd prcrvloutly2ó'l2o h*"rr.t f¡ r ¡nell

drp¡ndoec of rll r¡t.. on cmplrx conccûtrltton (conp¡rl ruu 4-5 end

lO-12 ¡t u - 2.011 Trbh 11, runr 32-36 lnd 37 ¡t I ' 2'0{r run¡ 38-39

¡ud 40 lÈ ¡ r 1.${ Trblo 13), rnd tho cffrcÈ of Lonic tÈr.û8th oû t11

rrt¡¡ fr lrrgor thrn prrvLou¡ly not.d24 (couperr run¡ 1O-12 ¡nd rr¡m

13-15 T¡bl¡ 11, runr 32-3¡6 r¡d 3E-39, 37 rnd 40 Îrbl¡ l3). thr¡r

tltr¡rc¡ uy bo r¡Èlon¡lLr¡d on th. br.t of lon-prfrlag. Ion-

emocf¡tfou of Cl- (or UOi) n¡y r.¡trtct eccr¡¡ of th¡ c¡tely.fag berc

to Gha rrohtngreblr proton or rcducr Ghr ¡ff¡ctlvc polL¡ivc ch¡rt' on

the coqlox æl,rÈy, eo Èhrt thc lorprfr would bo 1¡r¡ r.lcËfvt torrrdr

orchrngr (on boÊh n¡ch¡n!,lo¡ A rnd B) rûd th¡ recul¡tlon rrt¡ vould bo

con rqu.ntly dfufnl¡hrd ¡11o. Slover rrtrr wuld thr¡¡ ro¡ult frm

lncrouíng Ir ot by rddtng ÍCl to ¡riuÈ¡Ín U con.tr¡Ë wh¡n lsouplcxl 1¡

r.duc.d. Sr¡cb [nù¡r¡cÈfonr uey br r¿th¡r rprclflcgo"9l'lE3 lo th¡t ÈhG

rq¡llrr ¡ffæÈr not.d by thr prrvlour rctk¡r¡ nr¡d æÈ br Ñprf.ln8'

dmpftr Èhr lergcr rpreiffc otlrct of phorphrt. on Èh. [Co(Ignr)Ortrol2+

24¡yaßGl.

¡rhr prrrlhl rtfæt¡ of vrrylng lconplul rnd u on boÈh thl

rnhragt rnd rrcoigËÍon rrt.l tt. ær. coÚlltoût rrtth n¡ehrnl'm A

lnvolving r corcn L¡tor¡¡dl¡tr tor both procol¡3¡' Èh¡n wlth arch¡¡fuo
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E (Plgurc 30), ¡o thet Èha preeant eoncluelo¡rc concr¡r lrith the r¡¡nark¡

of thc prcvfour author6. Thc concepÈurl dfffcroûßG bat¡reen th¡ altarn¡Èfvr

ncchrnl.¡n¡ À ¡¡d B le mrll howcver.

8.ó HY.DnmF{ EXCf,AIæE nÀîES FOR DTFTEREIiIT Æ'rrNo GROI'PS rR Îm

lco dlcn^l] rsotgns--
ttrc ratc of dcut*atfon Gr) of thc )o2 - H proÈone ln Èha

æ!g.[Co dfanrl$ Iro^"t, datcrurlncd ta tho aenr Hry tt fot tho tr.m
lronar, ¡na for¡nd Èo ba 4(tl) x ro7¡fl 

""o-1 
(et ¡so). Thla fr abouÈ

Èhrêr tLnr¡ ¡1ærr thrn tha )O2 - H clchengc rrt. tor thc trl-il fonn,

whcrc h - 1.0 * tO8f,¡-l "*-l rÈ 35o.

In thc PlfR apcctrr of tho [Co dtonr¡S ft-o"rt, thc -tlHt rGtomnc.t

warc dlrcctly bçuoeth th. HOD pcak fn rolutlon¡ of tho ¡cÍd attongÈh ueed

for thc d¡utontfon etrdlc¡ (Pfgurc 314). Tha nre¡urmmt of tha -l{ll,

hydrogcn ræhrnga rrtlr could nrv¡rth¡lo¡c be rnrdr s¡ tha -ÌlE, rnd EoD

treroilnß.. $.ro ehlftad dlffcr¡ntfrlly by Èhr ¡ddftlon of ¡n¡ll tffiuntt

of Go(II) (ea CoGlr). Hovavor, no errch dctcruln¡tlon of th¡ga rltet

raa¡ undcrt¡hcn,

The kfncÈle rtr¡itlar on th. ¡yrtm ryEfco trcnoGltz+ 10 (flgure 6,

X - Cl) ahowod Ghat fot tho drutcr¡tÍon procot¡, kob¡ < 10-6 rc-l rt

}to for ell -l{8, ptotonrr couprrcd yith kobr - 1.2 x 1o-4 "*-1 fo .

emprrrbl. rün for thr )t 2 - B ptotonr Ttrur ths prfnrry rnl.ru Protoût

cxchrngcd tO2-tO3 Gtnor rlomr thrn th¡ rocodery ¡utno proton 1n Èhf¡

uol¡cul¡. Du. to tho ¡trr¡oehofc¡l rnrlogy botnom Èhr¡c proton¡ fn
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tyrn[co Èr.n ûc112+ lrtg*r 6) ¡nd lco dfonrls Greuro 4), lt nould

tGêr¡ r..ron¡blr to r¡.r¡m th¡t r ¡tnllrr rcl¡Èlonrhfp rould hold for thc

hydrogrn oxehrngo tlt.r of -tln, rnd )o2 - lI ploton¡ ln [Co dlmrl].

Horcovlr, ft would bo upætad Ëh¡t th¡ rrt¡r of )w2 - H cxchrnE¡

1n Èh¡ tr¡o cf¡ f¡onrr¡ vcre ¡f¡1hr, rnd Lt lr prodlct¡d th¡È fn th.

l.toa¡r¡ of JCo dfrn2l*, th. rohtfvo rrt¡r of the hydrog¡a txchrrçre

(ko) llould bol

)*2 - B (-tËÇ!p) t )n2 - E (Fc.1g. arrt ursld >> -t{ñ2 (¡ll fuonorr).

In th¡l.r ¡tuifr¡ of tht ¡ffect of cholrtloo rnd of ¡lkyl rubstftution

on thr rrÈG of hydrogro uchsngr ln cob¡lt(Ill) ml.ml, E¡¡olo, Pelo¡r

rnd Pc¡rrooS t..ur¡d thr oxchrngo rrt¡ fot [Co dfcnrl* urhg rn

n.tlþdr ¡nd fotmd oaly oac rrtc .tcparfnrntrlly, whence thcy conclud.d

th¡t ttrll thc hydtogont r:rohrnta rt Èhr ¡rur tatatt. HotñYor, frou the

pf.tmt tcrulÈt, it rpp¡¡t¡ GhrÈ thcfr ¡e¡¡ur¡d r¡to (1.4 - tOTfi-l "*-1
rt 25o) v¡¡ Èh. f¡tt¡rt of the oxchrngt r¡t.r t )n2 - H for thc trrg¡

üon¡r), rtrd th¡t the nuch ¡louo -ffi2 rxchragc ptoÊ..t trr¡ aot obrrrvad'

couLrtcnt efth tb¡ ord.r of æheng. rrGG¡ proporod tbovo. FurGhrrnorr,

lt rculd rlro eppcrr fro¡ thc proprr¡Èlvc .Èudl,c¡ rrPottd lr11¡r

(r¡ctlou 3,3) th¡È thrfr [Co dlmrl] prodtret wer prrdonfneaGly trltra

(¡qntfibrtrs ¡ub¡tftutlon pr.pûr¡ttoa rnd l¡ol¡tlon fn thr lou ytold of

Õ4f), ¡o Èhrt tho

ob¡¡rved.

)r2 - H ræhrn¡. rrÈ.t for thr gþ teoucr. !t.ËG Eot
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CIAFTBN, 9

9.1 riltnoDuclrolt

Ae dlacusrcd prcvfouely (¡rctton 5,4), Èhe ¡brolut¡ confl,gureÈfon

of actÍve lllglleo atcnrl3+ c¡ûnot bc aeefgn¡d by opÈfcal q¡Èhod¡ Eo rn

ab¡olute X-ray cryÇt¡l ¡tructur. rnrlyrfr in¡ ¡ÈtopÈ.d. Thc nnelyelr

would al¡o detrrufnr th¡ ring conforErtfona, whLch ¡ro .lnportrnt !,n

eon¡fdrrfnt thc origlnr of optLcal rctlvlty fn thfr uolccul¡ (ecctlon

5.4). Furthor, thc ¡trr¡cÈurr ¡n¡lyrfe vould rllow Èhe eouprtl¡on nlth

rr¡.rgy ¡alnlnl¡rtlon celculatÍonerL42 a, dl.¡cu¡cod fn Chepter 6.

UaforÈunrtoly, thc aruly¡fr wr¡ trot, rucc.¡¡ful b¡cru¡e of cryetel

dfrord¡r. Sora cooclu¡lon¡ wcrG reåchcd concornfut th¡ tÈructurc howtver,

and thc follorfng dcrcrfptlon lllu¡tt¡t.ú th¡ dffffculttc¡ .ucountcrcd.

9,2 EXPERI}IUÛAL

AÈÈoptr scro r¡¡dc to ftn¡t ¡n enfon rhfch gavo ruftcblc ctyrtek.

trtf ofrl3] utr Èrld tnlttrlly a¡ ft mtch.r thc chargo of thr cltlon,

¡nd sll .Èûßr contelncd fn lt aro of low ¡tonlc wctght. Ðtfflcultlor

wrrr lncrnb€ût ln fts u¡e howcv¿r ¡r Ít 1¡ lrbflc and coa¡oqu.rtly

unrÈ¡bl. fa thc acld condftfon¡ n.ccr.rry for thc (-)-trtp!.[Co dfenrl]

crtlon to r.Èrl.a ftr optfcel ectfvity durtng a cryrtelllo¡tloa fron

aqu.our rolucLo¡. Cryrtellt¡eÈloû of thf¡ fon coobfHtfon thrrrforc hrd

to bc repld end frm n¡uÈrrl rol.utfon¡ uotag roluÈ. dffftr¡fonl84 b.*".o

rolutfonr of Kr[Al ox3l.3Br0 rd (-)-tr!g!.tCo dtonrlBnt.Hr0' but no
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crysts1¡ aould bc obt¡fn¡d. Er- (+)-t rt2- (fn conbln¡tlon) offrrod r
prrttcuhr rdvrnt¡g. ra Ch. trrtr¡t. fon rculd hrve coantftut¡d ¡n

Lntorn¡l ref¡r¡ncc for thc rb¡oluÈc conllguretton of tho e¡t1on. A

¡olutÍon of (-)-!¡glL[Go dfonrlBr(+)-trrt wt. foro¡d by rh¡klng togcthæ

lu ¡olutlon (ecldlfl¡d w!.th accÈfc ¡cld) rqufælrr ¡nount¡ of

(-)-trln¡.[Go dirnrtBrr.Er0 ¡Dd Ag (*)-trrt, flltrrfng off thr AgBr

end rtÈmptfng cryrtrllf¡¡tlon of thr product froa tho f[Èr.È. by

fntæf¡cl¡l grovthl85 .t ro n-butrnol lnycr. Agefo no cryrtrlc verc

obt¡Ínod. An rttopt ïm rlso o¡dc to cry.t¡llf¡c Èh¡ th{ocyrn¡t.

eelt (SCN-)U by thr dlffu¡lon tcchnfqurlS4 ,r.f* ¡olutton¡ of ll[OSCN

¡¡rd thr conplor brouldc (¡cldlflod wtth Elr). In thlr fn¡trnc. vory

m¡ll cryatelr wcr¡ foru¡d but thr¡o w.r. not ur¡ful for thc cryrtrl

rtructurc ¡¡ork,. Thc bron{d¡ relt (Br-), of, th¡ coaplox could bc gronn

to good-rferd cryrtek by ¡low r¡cryrtrllfeetlon fron ¡ ËrE conconÈretcd

¡olutfon 1¡ dflutr tlBr (0.1M). Fron cxminatfon by th¡ polrrialng

nfcrorcop. thrrc cryat¡h uora found to bo nonoclfulc. Ttro cryrÈalr

cont¡lnct lnprrfrction¡ honrv¡r ut¡fch ¡lfnln¡trd th¡ ur¡ of thÍ¡

drrivrtlvc ¡11o.

Tho rrlÈ u¡d fn thr dctornl.n¡Èton wer rrU(ClOt)I, prrp¡r¡d by

dl¡¡olvlng (-)-trr!..fCo dfonrlBrr.HrO Ln wrru HC1O4 (lH) ¡ud elowly

coollng. thc orengc cryrÈrl¡ forn¡d verc flltcnd off, wr¡hcd wfÈh lce-

cold HCIOa (fU¡, cthrnol, rnd rlr-drl¡d. Tb¡rc cr?rtrl. vctG coilldercd

!¡tlrfrctory for thc ¡tructurG dct.rnÍnrÈfon, elthough not 1d¡¡l bcceueo

of th¡ lergr ærtt.rlug povcr of thr rufon tto¡r.
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å84,. C¡lcd. for (-)--tr¡nr.[Co dtcnrlBr2(Cl04).2F,,0,

CoHrONrCrClOrBrr: C, 17.14¡ ll, 5.39; H, 14.99¡ Br, 26.5. Por¡nd:

Cf 17.04¡ B, 5.19¡ N, 15,08i BË, 27.9,

9.3 SPACE CROT'P AND TNÍIÎ CELL ÐATA

Fro¡a Èho extl.nctloa ditccttonc uadar cro¡¡rd polrrr, lnd fron Èbo

BymcÈr)t rnd ¡yrÈen¡tLc ¡b¡cnc¡¡ of ÈhG r€cl.procrl l¡ttlco on non-

fnt.8Írtcd prcccrclon photogrephr, thc ryrtG rr¡ c¡trblf¡had r¡

orthorhonbtc of ¡pac. troup P'r2r2r. Tho ccll dfao¡r¡fon¡ ncrc

detcrntncd Ir q . E.53 (!0.01) fl, Þ. - 17.41 (!0.0i) R, aad e - 13.67

(tO.o¿) 1, whrncr V - 198ó 13. the foraulr vol¡ht l¡ 5ó0.64 and Þor, -

l-E7 (iO.Of) g ca-3 (d¡tcrnlnod by f,lotrtfon fn lr3-dlbroaopropeno/c¡rbon

t¡tr¡chlorldo), givfng 2 - 4 ¡d p".lc - 1.E76 g 
"t-3.

9.4 IT{TENSITT DATA COLI.ECTION

Por Èh¡ collretlon of thc tntcurfty drt¡ e cryrtel of dfu¡nrlon¡

0.75 m x 0.15 m r 0.10 @ mr colcctcd ad nouotcd oa r glrer flbr¡

elong tho I ¡xLr. Zl,rcontrn-flltrr¡d l.foKo rrdl.rtlon (I - 0.7t07 1)

url urcd, rnd th¡ rcflccÈlon fut¡n¡ltlar fntr¡rrÈ.d ovcr oaa aqu¡rc

atlllnctr¡ of flla.

Urlog e Buargrr hÈ.ttrtiqg prcccrl.on ernatrrf racfproeal httfcc

lrycre h01-hõf wcrr colleetcd by prrccrrlon of the -b r¡1r about ÈhG

X-rey be.u. 8y prcccrefon about tha c ¡rlr, thr lrycr¡ hkO ¡nd hLl nora

¿1¡o collGctcd. Thr¡o crporurGr vcr. trt.n of ¡¡ch hy¡r, rlÈh Èh¡ r¡tLo
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of .xpo¡t¡t¡ tLnot bclng (1n nort curr) 113¡8.

Intrgrrccd Ìl¡l.r¡onbrrg photogrephe of thr hyer¡ 0lc1-3k1 wcro colhct.d

url,ng the rqul-lnctln¡tlon tochniqur. Thrc¡ fllmr, l¡torl¡rvcd üfth brrtr
fofl, rcrr u¡¡d lor och arDo¡ura.

thc rrlrtlvo l¡tcnrfÈfar of th¡ r¡flrctlon vorr nr¡¡r¡r¡d on r
llonlur II don¡1to¡.ß.r, th¡ v¡luet boing rccordrd otr prp.a trpc uaiag

¡ trìrcft 4070 tepo punch. Ar thô lluc tymrtr:y for ¡n orthorhmbfc unÍt

ccll rr m' thrn \nt t hrr t ru[t t LtI t ï-nr " 
tñ.i E rr,El t rñqÍ'

¡o Èhat only onr oetrnt n¡rd b¡ oçarutr.d. Accordin¡ly ln ¡nt oD. leycr,

only onr qnedrrnt yra rctu¡lly nomurtd, but th. cotræt fndÍc¡¡ w¡ro

nw.rth.lôl. r¡cordcd for u.. ¡r rnmrlour detr Ln Èhc flnd drt¡trfn¡tfon

of thr ¡b¡oluÈo conffgrrretlon. Îh¡ Èotrl nuab¡r of, unlqur r¡flcctlon¡
thur ncr¡utrd wr¡ ló40, of rhlch 472 ¡tcrta co¡rfdorod Co bo b¡lw thc

d¡ÈrcÈÍon ceprbflttl,¡r of th¡ Lnrtrm¡nÈ. th¡¡¡ rrflætlon¡ r.pr.¡¡nt 7Í

of Èho¡r rcc¡¡rfblc to líoKõ rrdl¡tfon ot 77Å of thor¡ wlthl¡ th. CuKo

llnttlqt lphrrr.

9.5 DATA REDUCTIOH

Ttr¡ refl¡ctlon d¡tr *rl punchod on c¡rd¡ frø prprr 4p..18fo Urlng

lorÈ-rquercr ncthodr, th. fnt¡r-filu rcal¡ ftcÈorr ol c¡ch rtofprocel

l¡ttfc. hyrt vcra detænfo.drlt6b rnd th¡ r¡fl¡ctlon rrrra corrGcÈ.d for

Iorrat¡ and pohrfu¡tl.on rffætr, but not for rb¡orptLon. By rtrcccarfvr

rpproxfurtfon¡, e wrlghttn¡ rchorc r¡r dcÈrrnfnd for thr prrcc¡¡1on dtt¡.
fhr vrightrd lran fat.û¡ftl..r i*f rnd rtradrrd dcvl¡tÍon¡ froo th¡ ncrn
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wrr. calcul¡tod f,or caah roflactLon.

Equfvelcrnr of thc octrnür yt. arltncd ¡t Èh{r rtaga, end Èhe

c18ne ol th¡ hLl t¡rdlcer lgnorcd. By eonprrLron of thr ¡¡nc rcfl.cÈLon

on dfffcrcnt l¡ytr ghotogrephr, tha fnÈrr-leytr ¡erlo f¡ctorc wcrc

dctcrnfnod by lcact-rqu8r.t mcthodcrlSfo ,o thrt th. wclghtad D.ln

fnt¡nritÍrs of ell uniqu¡ rcflætlon¡ wcrr rGt on thc ¡am tclle.

9.6 STRUGN'NE DETENilINAÎION

Thc ualt ecll of rp¡rcG group *rrrrrrttT h"" fÈa orfgfn half-*ty

bGtlteên thrct prlre of mn-lntor¡cctl¡ß rcrc¡r trcrr Therc arc for¡r

equlvalrnt gcucral pooltlona ln Èhr unft ccll, åEd e6 Z - 4, cach

r¡ymctrlc unlÈ contrfn¡ oae fonul¡ unl,t.

A thrca dt¡cn¡fon¡l P¡tGGrron cynthr¡f¡ rr¡¡ conputcdlE6d .nd ftot

th. Berlßcr r.ctfoil t" . þ four puke verc obtrlnrd, nouc of whfch

apprarad efguiflcantly atrong.s th¡n tho othcr¡. IÈ ¡na¡ belfeved rt
thtr rtrg¡ thrt Êbc cryctrl v¡¡ ectrrelly (-)-tr!g,[Co dlanrl(ClOO), rad

con¡GquGûÈly the hervicct of thc porkr wrr asafgnod ¡¡ Co (¡lthough not

afgnf f fceatly bcavirr th¡a th. oth.r thrcc). A Fourl", *p186d b.r.d oo

thf¡ rtou revcalcd thrcc othrr ralatf.vçly hGerry ¡tor¡r vñfch ell eetf¡fl¡d

tha PaÈtcrron pcaka, All thrra four Fourier pokr vGrc v.Ey closr to

y . 0r å * å to that eon¡fdcrrblc orvorlappfng nould br cxpcetod 1n thc

Plttcrcon mp. Tha¡c four ttmfc porlÈfon¡ crt ¡hown ln llgure 34

nunbcr¡d I to ô. Perk nrnbrr I t¡ thrt e¡clgned to Co at thÍe aÈage.

Perk 2 (6 ß frou Co) ver f,ound to bG epllt. Atoo¡ 3 rnd 4 (F1¡r¡rc 3ô)
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r.rere each less than 5 R fro* peak 1 (co),

than that expected for a Co-C1OO approach.

brrË thls dístance was less
1-Q3

c
0

' 2 (spli.t)

3 .4

Figure 34. yz projectfon ,f the asymmetrj.c unit for

(-)-trans.[co díenr] Br2 (c1o4) .2H2A, being one quaï ler

of the nZrZrZ, unit cell. Fractio::al coorCin¿tes are

indlc¿ted.

Subsequent structure factor calcr-,1-aË-Lorr"186u and ForrrÍ.t u*n"186d

phased on these four heawy' atoms did nct readily yield the nitrogen

octahedron an,l the carl,ron.itoms abouÈ Co, b.rf by refíning186" ,h"

positions cf the he¿',-y atorns, Írr1d thei; ísotropic temperatr:re facrors, rhe

nitrogen octahedrcn ¿lnd a possi'c1.e carbon set r^Ias located. These aËoms

were founci b1, uornpu+-ing tl.e radii of spheres 2I and 3I fto* Co, ancl

2 +1

I
I

.T

z

v

r)

I

It 1 (heavlies

3a

+
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drrrrfng tho rcrultÁnt elrclo on rrch ¡cctÍon of the Fourl¡¡ rnrpr tt

It 1r knorcn Èhrt Èhe Co-N coordlngtton dl,¡trnc¡ Lr ebouÈ a 1121 rnA

froa Drtldlng rcddr 1Ë rpp.rr.d thrÈ ¡11 c¡rbon ¡ton rould b¡ bctrrorn

2,8 ¡¡rd 2.9 I dflt¡nt fron Co fn Èhl,¡ ælrculc. thcr¡ v¡¡ r1ro ur¡ch

dlffi¡n dcctron d¡n¡1ty fn thc arp. A co¡binrtfon of Forrl.¡r ¡¡rd

dlffcr¡nc.186d uepr lod to tho porl.tlonr of ¡onr prrchloret. oxyten

ctot!¡, but 1n rubacquont dfffer¡nc. Ðp. lrrgc dircrrprncf¡l fn thr

porftlonfng of rnny at@r v¡tc obvlou¡. Sr¡ch dl¡rgrt@.nt l¡d to

tt-orr¡l.a¡Èl0n of tha rtoü erlfgunrntr.

It wr¡ r¡df¡¡d ¡t tbfr .trtc th¡È thc cry.È¡l. r¡¡rd cont¡l.n¡d

bronfdc, and rnrlyrl¡ rlrow¡d th¡t th. cmpourd wtr ln C¡ct (-)-trrn¡-

[Co dlmrlfrr(ClO.),zHrO, rchlch he¡ a lor¡r¡lr w¡fght ¡1æ¡È l.dratl.crl

Èo thr trlp¡rchlorrtl.
Rc-cx¡nlurtfon of th¡ Pettcgor nrp ytcldd lttth fr¡rth¡t lnfor-

E¡tlon bæeu¡r of tha ovcrlepplng of tht prakr. A gulde to thc etou

uelgmcnt¡ Ít. rought by mtignlag uch of thc four hrevy ltoü¡ rn

¡tonfc wrtght end ¡cetÈoring po¡rcr corrcrporrdfng Èo Co (Í.¡. fntttcdl¡to

vrluu) fn thr rtrrßÈrcG frctor c¡lcuhtlonr, lntl rrflnfng th¡ uultÍplfrrc.

Thlr procedurc oonflrued thaÈ .t@ I (Flgurc 34) wec Èh¡ h¡¡vf.tÈ lÈont

co ft me arelgnad r¡ Br. Ato'¡ t nar cho¡cn ûe Co, stoa 4 r¡ Cl end thc

rptft puk 2 $rt tttr¡Eod to bt tr, snd the Fourter rnd dlffar.nco mPr

e3rr th.E rccelcul¡tod on thf¡ berl.r.

AoÈh thG Fornlor esil dlffcr.ric. Esps chosed th.r. wa¡ considcrebl¡

al.ctror drnrlty, nfth coæoût"rtloûr or pclr, rrrt-rourdtog both ¡tonr 3
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rnd 4. Th¡ cl¡ctro¡ drn¡Lty úrr p¡rtlcul¡rty dfffrnr rror¡nd ¡tou 4 rnd

rnr difflcult Èo httrproÈ. thl prekr ¡urroundLn¡ rÈon 3 (¡¡rflnrd m

Co) cor¡ld br lntrrprot¡d a¡ r clcrrly drffned ocÈrhrdron of nLtroSon

¡tonr ¡È dfutrncGr Glr 2.0 R, rrfth ¡ trtl.tfactory crrbon ¡k¡hton

fi¡rthlr out. Eorw¡r th.r. v¡ro rl¡o prekr lt cl. 1.5 1, rd th¡rr rrcrr

æt coarlrÈút wlth rtor 3 brfng Co rlnc¡ th¡ ¡¡¡r¡rt ¡Èút ¡hould be

ntÈrogm rÈoüt et 2 l. In ¡ ¡l,nll¡r nrnn¡r, poLr rrrrordÍng eton 4

(r¡¡ltn¡d r¡ C1) wcr. rt cr. 1.5 R, eonrl,rt¡nÈ wfth r t¡trrh¡dton of

pcrchlorrt. oxyg.B ¡Èont, buC th¡rr rcl r1¡o qultr dfffure Pert¡ lt

2-3 8 úrkh erâ DðG con¡lstcnt wtth Èhr emfgmrn¿ ol 4 e¡ Cl' thr¡¡

p.¡¡il rt 2 I eould roughly tlt ¡n oct¡h.dron o! H ttout, elthough tho

rctr¡l porftfonc wtr. not rarfly doflnrd.

Tl¡¡ dfffrr.Ec. ürp ¡1¡o fndfc¡t.d th¡Ê thr Co rnd C1 mrfgmrat¡

for rtou pôlltfon 3 rnd ó (r¡¡p¡cttyoly) rhould b¡ lntcch¡at¡d' ¡fncc

r lw¡r ¡lrctro¡ dmrfty rrr l¡dfcrÈrd for porltlon 3 th¡n thrt eorignrd

frou Co, rd r hfghrr drcÈron drnrlty rr¡ lndlcrtd rÈ potltlon 4 th¡n

fron C1.

tlhrn porltlon¡ 3 rnd 4 w¡rc rcrrlgnrú ¡r Cl rnd Co lorP.cÈfv.ly

(fntrrchragrd lræ th¡ rbovr) I tfufl¡r goarrel P¡Èt.tû rn¡ ¡vid¡nt

fron th¡ n¡r dtff¡r.m. û¡p. Àgrin ¡lcctron drarlÈy p.rtl u¡rc ob¡¡rvod

rt ct. 1.5, 2.0 rnd 2,9 R ¡raroundl,ng otch po.l.Èlon 3 r¡d 4, rnd rgrfa

fntrrchugc of th¡ rrcfgnrd Cl rnd Co rnr Ldlcrtcd.

Ih¡ro chur rpporr¡d to b¡ dfuotd¡r ln th¡ unft crll. Thc bo¡È

æd¡l obtrl¡¡d for Èht¡ .y.to rr. r pertl¡l oeeuprtrcy ot.potftlonr 3 ¡od
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4 by Co and Cl, ard coaccque¡t potÈfel occuparæy of Èhe N and e sftc¡

around e¡ch of tho¡a ¡roeltfona 3 ¡nd 4. PorfÈloa 2 nr¡ tlso contfdcrrd

tpllt, nith ¡ rlngl¡ Br Íon bcing rh¡r¡d bttnccn trro clolc ¡1to c.nÈrGd

rt Èhl. gcucral porftlon. Aruunfng rn occupaucy feetor of 0.i for thc

rbovr nodrl, tÈructur. f¡ctor e¡lcul¡tlont gtvt a rarldurl 1¡dcx of

R . 0.27E, thc ¡trræturr d¡trrnfn¡tfoa un¡ ¡br¡do¡cd ¡È thl¡ rtagc

rhc¡ it h¡d bcconr clcar Èh.t thc ¡bovcr¡rt1o¡od dtfflcultfu rculd ¡ot

pctnft ttrr ¡broluÈc confl.$attfon to bo obtal'n¡d'

Iat.rpf.trtlon of thc Prtt.r.oû E¡P rrr dftffcult bæ¡u¡r of

ovrrlrppfrg duc to thc prrtleulrr porftfonr of thc hgv:f ltont. Îlt.

prtÈlel ocauprr¡cy end ¡plftttng edd¡ Èo tha dllfu¡lac¡r rnd ¡fn1l¡r

nrg¡!.trd:r of porke ln th¡ v.ctor uep. Ttra ptopored dt¡ordor arçlelnr

thc prrmcncs of clectrou damity wlthfû tho 2 L tediul rphac of cech

aton 3 and 4 on th. Itor¡rfer üps ¡¡ bofng duc to tha pcrchloretr 0 lton¡.

Ît¡e dtffr¡cs nrÈur. of Èheeo oxyBen perke naed not be eurprfrfng afncr th.

perchlorate lon trnils Èo bc theúruIly dl¡ordered,133t188'189 sn ¡ff¡ct

whfch rculd ftself lower thc prccf¡lon o! Èhc dcterafo"tfoo.lSS An

u¡uer¡al fortr¡rt of thr prrttnl oecupeæy tt th¡t ¡tou 3 ha¡ a clcarly

dtffned N ocÈ¡hedton a¡rd C chrfn, whrtca¡ th¡ cortcrpondln¡ raglona crr

vcry dtffuec about tho lntorch¡ng¡eblr po¡l.tlon 4.

P¡rtt¡l occuprncy by Co snd Cl of Èhorc trro porttlon¡ 3 ¡nd ô rrould

obvfeto to BonÊ Gxt.nt tht clectrostrÈtc rcpuklon brtwera the Br t[d

ClO,- cnlona th¡t wor¡ld exl¡t ff efthor atonr Co or Cl, rolely occupfcd{
ooe poef.tton, lceving thrae n€gatlv. lonr fn cloac cortttct. Th¡ rpllt
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naturo of Èhe Br ln poeftlon 2 nay eotrcrpond to ttr altrrnrtc ¡1tc¡

depondlng on the occuparicy by Co or Cl of thc porf.Èfonr 3 ¡nd 4 1n ¡
parÈfculer unft cell. Ttrc Br fn poaitLon 1 r¡e¡ not cpllt fn the aene

way however. Sone electron den¡lty was evldcnÈ surroundlng poeftlon 1

(hcnea the fnítlal locatÍon of r N octrhedron end C skcleton whEn 1

wee fnttlålly asrfgneä ¡¡ Co) so thst Èhe rlf¡ordcr nay cxtand to

fnvolve positl.on 1 to some dcgrac ¡1ro.

h¡rther cvfdencc for CoNr-ClOO dtaorder was thåt tho alcctron

d¡nsftl¡¡ of the ¡toms at poeLtÍon¡ 3 and 4 waro e{n1lcr rnd Lntcr-

ucdfete bat¡¡ecn those of Co and Cl. Sfur1larly Èhc nitrogcn octâhadron

about eithcr ¡ftc dld not gLve e ¡atfafectory dffferoncc map rohen

lnacrted 1n the BynthGsfs at full walght for aither poeltlon.

9.7 CqNCLIISIONS

Bcc¡u¡e of thc pÊrtfal occupancy of Èrro poeLtÍono ln ùh¡ unit cell

(poaftfour 3 end 4 fn Ffgur¡ 34), deterufnrtl,on of thG rtructr¡rc eud

abcolutc confl.guratlon of (-)-trgg.[Co dlcnrlBrr(ClO.).2H20 w¡¡ not

poarLblc, ThG rtrúcturel fnforn¡tfon rcqufred for couperfeon ¡r1th ea

Gncrgy nlnlul¡cd ealcul¡ted etructur.r142 ¡nd to clerffy ¡mc of tha

problcma aasocf¡tod wfth optlc¡l rctlvfÈy tn thfc urolecula, ahould be

providcd by thc X*rry rÈrrrcÈur¡l anelyrfr of thc raccmfc forn of thc

complcx, (t)-trenrlco dtenrlBrr.Ìtr0, whfch 1r ln ptor"."",36 llowcvcr,

thG dctGruinatfon of ¡b¡olutc conff.guråtlon of tho rctl.vG fon rcllcr on

an ¿b¡olutc X-ray rtructunl rtrelyrfa. Bccauac of the tmu¡trel ty@€trv
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propcrtl,.¡ of thl¡ Lon, rnd th¡ rmcrrtrinty of thc torñct of ftr optlerl

sctfvlty, ft f¡ hopd th¡t ¡uch rn tnrlyr{r c¡n b¡ nrdr urfrg rnoth.r

eultably cryatelll¡od drrfv¡t1v..
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10. 1 PN,EPARÀTION AIID SPECTRåL PROPEBTIES OF 1nE ISO}{IAS OF lHE

lco (4-ltcdtoa\ 
of 

* sEgEEl

It h¡r elrcdy bcc¡ ¡r¡gt¡¡trd th.t thö enrlogour coaplc ¡yrto of

Èhr 4-Xrdkn ltganl (qcthyhtl.on et thc ræ'-l{ ¡Èon of atrn) thottld ¡fford

coarld¡nblc fwthrr tnforuetfon to chrffy ronr of th¡ prtly raryrrrd

problær dfrcur¡rd crrlfar ln thfu Èh..Lr. Ttr¡¡s r¡pæÈr err brfclly

nmer!.¡rd rubmqurntly (¡ætfo¡ 10.1.2).

Ttrr 4-H¡dlrn llgrnd r¡d thc rcrulÈenÈ conplox ryrtm h¡v¡ b¡rn

prrpered rnd tb¡ l¡onrr¡ r.prartcd ¡nd ch¡rrctcnbrd, ¡dth a vf¡r to

Gtoading th¡ ctr¡ilt.. on eort¡ln ¡trrrochmicll erprctr. IÈ f. hoprd

th¡t Èhlr. prrticulrr ttudlct etn be u¡dottrk¡n Ln Èh. futtr..

Tha ô-t{rdim llg¡nd wa. pr.p¡rrd by ¡ ¡.thd brrod on th. eyntholl

by !{¡un of Gh¡ mnG conpound.lg0 In th¡ prt.6t norL, th¡ tnû priarry

rafæ gtoupr of dl¡a v.r. procæt.al by th¡fr fnclu¡Íoa tn phth¡ltnfdo

ringr, ¡nd thr frc¡ mco¡drry ¡nl.no f,ltoup vrr th.n dtrcetly n¡ÈhtlrÈad.

gubrcqurnt rcld hyürolyrl¡ ol tht phthelfnLdo t8oup. gt\¡c ch. rcqul,rcd

ltgrnd rr Èhr hydrochlorldc rrlt. the prrrant ¡trth.¡1r dlflrn frou

Mrnnr.190 to th¡ ffr¡t of th¡rr thrc¡ rGrg.t. thr dlphthrlLntdo

drrlvrtiv¡ of dlrn vrc for¡¡¡d by dtrrct r¡rcÈton of dLrn vlth phth¡ltc

ralrydrfdc, rhcr¡rl Mmn rr¡cÈrd 2r2t-dfchlorodlrÈhyleufnr

(C1-CH2-CH'-Ì{H-CH¡CE2-CI) rfth poÈr¡¡1tm phthrltnfdc to gl.vc th¡ ¡¡ue

cøpouad o
190 It 1r noÈ.d th¡t oÈh.r r¡orltr¡ hrvo reportcd l¡Ílrco fn
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ett.mpÈc to forn tho dfphthnlf¡tdo dcrfintfva of dfrn by dfrect

rr"ctlon.l9l ltra tno tubroqurnt .tGpB ç€re ortentially thc lcmc a¡

urcd by MBEn. tltc rcctl.oa ¡chrme u¡ed ln thlt wot&, fe ¡lrom fn Ffgure

35.

fbe co¡oplex $r¡ prcprrrd, ¡Dd thc leoner¡ ÊGptrrt€d, uütng E Èhodr

rlnllar Èo Èhorc prrvLouely dcrcrlbcd for lco dfrnrl] (.otion¡ 3.3

¡nd 2.4).

IO.I.I EÍPERNTEMA¿

Dfrthylcnotrl¡nfnr, fron efÈhcr Flúr (purtro) or Unfon Crrbldc

Ar¡strclf¡ Ltd., tn¡ u¡¡d vlthouÈ fr¡rth¡r purlflcrtlon. Phth¡tfc rnhydridc

of l¡borrùory rr¡gürt Ea6d. (unfl¡b) ¡ $t! pr¡rlfird rs doeerlbrd ln Èho

Jyrrth.tl. (bclor). thr ch¡reorl rr¡ frmhly ¡roud IDE "¡¡reauleted

chrrcoel for gre lblorptl.onft, Th¡ ¡olvætr (chloroforu rnd eetton¡) mrc

of comarclal qrnllty. [Co(t{H3)5CltC1Z w8r prcptrcd urln¡ lftorrtr¡rs

nothoderll todo".thrn¡ fitnfhb) *r¡ fre¡hly dfetfllod bcforo u¡ê (b.p.

42o), ¡nd rll othcr eh¡n1crlr u¡cd w¡rr rnrlytfcrl grtdc re¡grate.

The cloctronlcr IR end Pl{R rprctrr rorô r¡cordcd ln the .eûo ury ¡.

those of tho [Co dtrrnrl$ fr"".rr (oectlon 4.2).

Pf cprtet fon,,.of 2r 1r :d lehttg.llnfdodl¡thvl¡¡¡tpr. - Phrhrlfc ¡nhy{rlde

(185 g' 1,25 æle) rn¡ dlcrolv¡d fn hot chlorofort (c¡. 1 1) r¡rd the hot

rolutfoa rne flltcrod to r@yG aoua phthelfc ¡ctd. fhG rolutfon rlle¡

trrnefcrtGd to e lrr3c üvlpor¡tùrg brtfn, cool¡d to cr. 3Oo, tld d{on
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(52 e, 0.50 nolc) d(ccolvod fn ehlorofom (c¡. 250 nl) se¡ ¡ddcd

crutÍoutly wlth Ðtlrrfûg. À qultc vl.gorouc oxoth¡tnfc r€actlon oecurrcd

and e sÈlckt whitr aolfd ¡cp¡rsted. Thl chlorofo¡:r¡ wat tonovod by hcrtfug

otr ! ;tcåur bath, ard thc ro¡ultant yellow rttcþ ntcs wat thon hc¡Ècd 1u

ln ovên rÈ 13Oo for 45 urlnuÈGú. Aftcr coolfnB, thc ycllor brlttla solfd

product nre ground to a pordcr rnd we¡hcd tn turn rrlth watar, 0,51{ aodirm

carbon¡tc rolutfoa (to rcmovc r¡rtoectcd phtheltc rnhydrfdc' phthrllc

aeld, and p¡rtt¡lly roectcd open-rfnß m¡tcrlel), rretÊt, trtd colcl cthenol

unÈl1 thc wa¡hfage rGrc colourh¡¡. Ttrc ptoduct wat racryatallfued by

dfrsoluÈ1on 1n r nlnlnun qutntlÈy of chloroforu (ce. 400 nl), ffltarlng,

arrd prcciplÈetfng by coolfng rrtrl addlng cthanol (c¿. 600 a1). Thc

rocryrttllfgrd nrtcrf¡l vaa f,lltrrod of,f, w¡ahed wfth athenol end afr-

drlod. Yfrld 95 g, 527 of thcoretlc¡l. H.p. 1800 (lltoråture 178-1800 190).

the product could ¡1ro bc rccryBÈrllt¡cd by continuous G¡trlctlon

(Soxhlct) wtth hot cttrenol of tßGtonc but Èhue Bothodt wGrG aot

partlcultrly cf flc¡clou¡.

An¡l. C¡lcd. for Cr't{rrHr0r: Cr 66.1; n, 1.72:' N, 11.6. Found¡

C, 66.0; Ë, ó.74; ¡1, 11.4.

PrrnrntÍon of 2.2r-dlohthrllnldodlcthvlncthvl.EÍn.. - Thr 2 ,2r-dÍphth¡llnfdo-

dtcthylaolne (36.3 g, 0.10 nolc) wes rrfluxod for 4 hourc ln ¡cctonc (el.

5 1) wlth frarhly dt¡t1llad lodouathena (20 g, 0.15 nola) and frc¡hly

prcctpftrtcd ¡llvcr oxl.da (ca. 16 g, 0.075 ml¡) fn tho d¡rk. Àftcr thÍc

tft¡G thr brown A.fr0 ma turncd yellor (AgI) lndlcrtlrrg thet tho rcectÍon
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hrd occ¡¡rr¡d. Ttrc colutfoa wr¡ ffltrrrd (by Brrchnar aud Èh.ü und¡r

gtavfty) and the ¡ccÈonr eraporrt.d off . The prodrrc,t lnr rcctyatrllfurd

by soxtrlrt extrtcÈlon rrlth hot othanol, fllt¡rcrt off. wcah€d ïtth rthrrnl,
¡nd afr-drfed. Yfdd of recryrt¡lltrcrl ¡¡trrhl 29.o g (l7zl, n.p. 1200

(lftoratrrc 124-126o190r,

The anrlyris of thfr product tr¡t l¡û¡atl¡fectory. Fron the

corrcspond¡ncs vl.Èh tbe lltoraturs n¡ltlag poLot ft llgs dcsldcd hontvrr

Êo uoÊ thLc product for th¡ thfrd reactLon rtagc, ¡nd ¡o pr¡rlfy thrÈ

auboaquaaÈ product,

(4-Mcdten,3qgl}. - lhf¡ bydroly¡fc crn bo pcrforned on srry rcelc, end

nfth clthcr tlcl or HBr. rt f¡ qr¡ot¡d hcre on e 0,10 nole ec¡le,

Ihc rrcry¡t¡llfsod 212rdtphth¡tlsfdodferhylucÈhylrnine (38 g, 0.10

¡ole) rr¡¡ roflt¡xd lor 2 hor¡rr wfth conc, HCl/watcr (250 uUgO ¡È1) rnd th¡

¡olutlon wa¡ eoolod rnd fLlt¡r¡d. Tìc collectd phthrllc ¡cid præfpitrtt
!tr. Èh.n rxtrratcd rgrfn by rrfluxlug vlth norc of th¡ acld nLrtuË., rnd

thfs me alro cooled ¡rril fflterrd. 'fhr coublued ftlÈratee ware evrpor¡Gâat

to dryaccf, oa thc rCorn bsth. Aftæ coollng, thc resr¡ltenÈ eolld wr¡

e:ßÈraetsd wfüh r roall qr¡rnti¡y (cr. 20 nl) of coæ. ECl, th. dxÈu8.

fflterld, end th¡ phÈhelte acld collæt¡d w¡thqd trfth . llttl¡ Dro co¡c.

ÌICl (e¡. 5 n1)' Th¡ fLltrrto s¡¡ thca græfpfteÈcd by addlnß cthanol,

wtth cooltng ead ecr¡Èchfng, untfl procipltatfon Jr¡Et occrfficd. Undrr

tb¡¡¡ coadl.tlonr ray dfru,3HCl or by-produetr of Èht nrthylrtton rr¡ctlon
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r@rln La ¡olutton. thr prrodtæÈ wrr rrcryrtrllb.d fror conc. H0l/rthrnol,

r. ¡bovr. lt¡ld 12.0 g (55U)¡ Drpr 2360 çtth drconporftlon (lftcrtrrc
Itgn(¿)190).

å94.. Grlcd. for CrErrNrClrl C, 2ó.5¡ H, 8.01¡ lì1, 18,5. Íìou¡d¡

C, 26.3i E, t,01¡ N, 18.5.

llr¡ ovor¡ll ytdd of 4-l{rdfcn.3HC1, be¡d on dfol, vrt 221.

l¡olltfo¡ r¡,-th¡ bronfd¡ ¡r1Èrr - 1o r rlrrrry ln mtor of

lco(¡iftrl)sg1tcl2 (10.0 g, 0.04 aoh) r¡d rctlvrt¡d ch¡rcorl (c¡. 5 g)

ve¡ rdd¡d ó-MrdLrn.3H0l (18.2 g, 0.08 æh) rud rodlum hydrolddo (9.ó t,
0.24 ml¡)r rd thr roluÈ1on rn¡ h¡et¡d on r atr¡a b¡th for 4 horar ¡rfth

occr¡lon¡l rtirrrn8. lho ¡olutfou n¡ fl.lt¡rrd hot ¡ad th¡ llltrrtc
coolrd. 

,

tlrr cooplGr r¡s not frot¡td fro¡ thle roluÊlon, buÈ r.prtrt3d lûto

ltr tlrrm 8.@oCric forur. drrlgn¡td lr A, B, C, by chronrtogrphy on

Erphrdox eohnn¡. Th¡ ¡olutl,on wrr dlluÈed to 4 1ltro vfth nrter (¡o

Èh¡t [lh+¡ < O.t]l)¡ ¡rd I lttrc of thl¡ ¡olutfon rcr epplf.d to r cofu¡n

(70 t 4.5 cn) of, 8P-Brph¡dr¡ C-25 o¡tlon axchrngar, rrrd Èhr couplrr ¡lutcd

uÍtb O.fi MZ (+)-trrt ¡oluÈlon. Thr¡¡ elcrly r.p¡trt.d h¡x¡nLno coaphx

brqd¡ r¡r¡ obt¡furd, th¡ fr¡tr¡t uovlng (A) belns yrllæ, whl,lr th¡

prrdonlnrnt b¡nd (B) rnd thr rl¡ot, llæart lovlng braá (c), w.rG otrÁgG.

A con¡fd¡r¡bl¡ arnbcr ol nl,mr rrd r¡d purplr b¡nd¡ vc¡ r1¡o obrowrd,

tnd th¡n probrbly conropond.d Èo Èbc vrrfor¡r [Co(ô-]l¡df¡n) (EZO)xC13-rlx+
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spêcler. (Îhe uEe of 0.5!f NeClOn solutfon ae oluenÈ gavc two hax¡mfne

bat¡ils, and a dlffarenÈ elutlon order, nenely C f,astest followed by a

nJ.xture of A and B.) The eh¡snt bande uetr collecÈ¡d, snd the separetLon

proc€ss Ì¡as rêpeated with furthcr 1 lfgra ranplce of, the eolutLon untfl

nll the coqlax aarqple had baeu aaparaÈcd. ThG coublaod efu¡¡uËe for

each band! wåre eoparatcly passed through e coh¡¡n of lon-exchange reefa

(Bto-R¡d AC 50w-X4 , 200-4OO ucah), rrd thc +3 rb¡orbcd câtfon rllas r¡e¡hed

wlth $t ltBr to rcrûovê 1* ad 2* ctÈfone. ftrc +3 corplex f.soners wcre

than elutod by 3M HBr, a¡d thcac ¡oluttons ltere evaporetcd ¡læst to

drlmeea oD e rotary êvrEporator (6O0) r and Èhe coqlex bro¡nfdes precLpf Èsted

by the addltlon of cthanol (A ard B) or lso-propanol (C)' Th{s cecond

fon-axehange proccdrre cffectlvcly eomblned tha rævel of thc tertfate

Lon aryd thc coræentr.etton of the solutfon íato onc ßÈePr and ee well

1n¡rrcd tho ellain¡tlon of ttaco alrtunts of ptlrplc rpcefer. Yfcld:

I¡on¡r A - 1.1 g (52 of theoretlc¡l yleld, b¡¡cd on th. brocrlda ealt belng

eahydrou¡),

I¡oner B - 12.7 g (571, bronldc ¡¡lt ls ¡Fæhydnt€).

Iton¡r G - ct. 0,2 t, hygfoecoplc (1f, reermlng bromlde aalt fe ænohyd$Èc)'

Th¿ ovcrrll ytcld of thr cornplcx sas thut 637 oî thl thprctfc¡l.

Iroaera A end B were rrech ræryrtelllaed fron hot wltGtr Ïeoncr A

¿r¡rly¡cd aN the ettrydroua salt, rnd B a¡ Èh. mnohyllretc. C cor¡ld Dot bc

rnalyrcd að thG broulde ta1Èr due Èo ft¡ hy8¡oecopfcfty.

An¡l. crlcd. for (A) lco(cjH,j]lr)rlnrrl H' 5.óE; N, 15.E1 Bú' 45.0;

Co, 11.06. Fot¡ndt II, 5.67í t{, 15.5; Br, 44.7¡ Co, 11.07.
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Calctl. for (s) fc¡(c515Nr)alnrr.Rr0r e, 21.8i H, 5.85¡ N, 15.3. Fot¡nd:

Q, 22.0; E, 5.63¡ lfr 1t.0.

ÐecpfÊc conrfdcrabl¡ cffort, thc e¡rbou analyrrs for tenplrr of A. (ca.

20.41) ¡rctc ehrays slgnlffcantly l¡¡s than tho¡c calculatd (22,31r.

Horevrr, fron tha Co, N and Br enalyecr it ""*" cettaln thât th€

compound fa anþrlroua anl that partfculsr dffffaultLec ¡rcte lnhercnt

wtth tht¡ oorupound ln rclaarlng ¡11 th¡ cqrboa drrrlng .nâlyttcrl

p?ocedrËea.

10.1. 2 REsrrltq lulllqqs_qlg
ltrc 4-ltedicn ligand nrr prcp¡rsd ¡nd thc tc¡ultl.ng Co(III) systeo,

[Co(4-Ucdtcn)2!S l¡olatetl a¡ th. thrâe poerlbla ßGorqGtrlc Lroucl't. ThotG

leouara A (ycllow), B (orengi) r C (orenge) rlträ fotucd (un¡ler cqufllbrltn

cordftfon¡ rt 82o) fn Èhe tttfor A¡B¡C - 8i90r2. Thl,a couplo¡r rras l.æhtcd

fn lorcr yfdd (63g) then thc lco dfenrt+ ryeta (942), trhtah l¡ con¡fs-

È.Ntt rtth thc radr.rocil eoord!.n¡tlng Èandcacy of t.ttl¡ry enfnc¡ (4-l'fcdfen)

ootBarcd wl.th eæondat17 enfaes (dfcn),

Spcôtrrr

Ttre vL¡fblo .pcctre of the famara Ln aqurouc eolutlon atc gfvan Ln

Ffgurc 36, end thc cxtfnctlon cocff,tcfcatç ln lablc 15.

Thc forn of, thc rp.ctrur of l,ronrr C i¡ coruldcrably dtffcrcnt to th.

othcr t¡ro Lroncrs (Esüd 2 la prcaunably bca¡¡th thc largc charge-tran¡fct

pcak).
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ÎADLE 19,

!!ol¡r Estfnctloa Ooofffcl¡nt¡ .C Abrorptlon Ìl¡rl¡a 1n th¡ V!,¡fblr Eptctre

o! the fco(4-l{..lfrn)2t} Iroro.,t.

cOrr - 77.4

crrr - 77.9

cO* r 212

3
341

r 67,!

tU, - 7l,O

I¡oner A

Iæncr D

I¡onrr C

¡rnd 1B¡nd 2

Iplsrr.d SpaotEr.

tÈ rc¡ þropomd ¡rrllrr (¡¡cÈlon, 4.3.2, th¡È thrto rogl.oat of tho IR

rpæÈrr rpuld bt r¡trf,ul tor thr ¡r¡lgm¡at of thr configrretlon of

aoordtnrtrd dfcn end dtru dælvrtfvrr ln th¡lr r.trl comphxre. thc¡.

mglonr rrre

(1) 2900-2800 ct-l, rt¡rr¡ Èht v-, rcglon for tnÊ. f,roanm rn¡ ob¡rrvod, u*a rcglon for

to br Eor. lntoto thrn for gþ fro¡r¡¡
(11) cr. 1250 ofl, rh¡rr thGri nür r ehrrp oo-" rbrorptlo¡ for trtpt

fæacrt (rb¡¡nÈ, or r bro¡dcr rbrorptlon for cfr); ¡n¿

(fff) 950-Eo0 Gn-l, wh¡r¡ tFlÊ. L¡o¡rr¡ ¡hornd r qr¡rrÈrt, coupered wfth

(thrc¡ or fcvcr) br¡d¡ for clr 1¡oa¡r..

tt¡ arftcfoa (ff) f¡ nor rppllctbl. to Èh. f0o(ô-U¡dfca)21* ¡yrÈ@o

(1) ¡nd (lff) ¡hor¡ld br rpplfcrblr, .lthoutb th.lr rppllcrÈto¡ ror¡ld roqulrr
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tonr ctuÈfon ln thG pr.font ln¡t¡ncr dur Èo thc axtrr )f - C rnd

-C% bondt pfitGnt, wlmlo IR rpcctr¡l ¡od¡¡ r¡ould bc rntlcfPlÈ.d to

eonËrfbut. Èo thc ob¡crvcd tp€cËra Ln thcsl üæ r.gl.ont. Sturly of the

IR epoctre fn tho¡r tcglonr (Ftgurc Sl) ftdfcrt.r thrt l,¡ouæ A h¡¡

¡ r.l¡tfvely ært tntm.. uar, t" n (290G-28OO cfl) th¡n th¡ oÈher

flo¡t¡r¡ rnd ¡tror¡r th. qu¡ttct l¡ th. 950-800 c¡-l tcg!.oa. Accordtngly

tt rould rppG¡t Èo br Èhc t¡en¡, l¡onctr. Thc fiathcr reaigmrnt of E ¡nd

G rn¡ ¡ot obvlour.

PMN, EDæIrr.

PlfR rpcctrr ¡llorrd rmrquiyuael ÚrlgmonÈ of thr grmrtrLc froorr¡

of [Co dlmrt*, ¡¡lil fG rrr hopcd Èhrt 1t rmuld el¡o r11or urt'trnrnt I'n

th. [Co(ô-tlcdlen)rlS ryrt-, tfncr th¡ corrctpo¡dfng Lrourt¡ ln tho

bÞ .yrÈGt rrc .tü.trferlly latlogottl.

Xn th¡ u-cf! ed r:c.l¡ lroaorr of [Co dl.rnrl*, Èho P]lR .ptatr¡ ln

both nrutr¡l rnd rcLd roluttonr yerc cm¡frtmt vfth rrpfd conlorortfonrl

lavrrrlon. Th. rubrtltutlon ol tho acthyl group ¡È th. c.rltf¡l nfÈtogcn

rto¡ Èo gtvo [Co(4-t{rdlcn)2lS etoutd not prohibit the co¡torntl,onrl

tnv¡r¡lon ptocott fa Èh¡ gþ lcoucrr of thir ¡tttor .o th¡t thr

corrolpondist -Nll, rnd )CEZ r¡gLon¡ tn thr PHR tprctra of Èh¡¡l f¡ourrr

tn thrtc tno eoopl¡x¡¡ ¡tpuld bc clorcly corprrrblr. lrto¡fGo(O+trdlra)rl$

oo tb¡ othor hrnd ¡hor¡ld bc rrndor¡d contotrrtloúlly rnd configrretlonrlly

t¡¡rt by Èhr trrtletT rnfno group (cvrn ¡nd¡r acutnl or b¡lÍc condltÍon¡) t

coûtr¡tr1¡t ytth tr¡nrfCo dfmrl$ r*,.t. )lf - E dl¡¡ocl¡tloa fecflftrtc¡
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confonÉ¡Èfon¡l lnver¡fon. Thu¡ rhfl¡ tho -1f8, rnd )ffi2 rc.oa¡acG.

ahould bc coupereblc fn aeld condltfon¡ (æ conforn¡Èfo¡¡l lnvor¡foa fo

trrn¡lco afcarl]), tho )ffi2 rGrotrtrG¡ for thr dirn eonplcx rhould ba

afnplcr urdcr lautrd corrdl.tlon¡ bacluse of confono¡ttonsl lvlregfng.

Ît¡e 100 lßa PlG, spcctrr of Èhr thr¡c l¡ou¡r¡ of [co(4-]f.dlon)rl* fo

noutral ¡ad ¡cld rolutfon¡ of, DrO are glvm fn Flgurc 3E. Comprrleot

wlth thc 100 MH¡ rpGsÈrr of thc [Co dtcnrl* l-r.t¡ fn aefdlo DrO

(Ffgurc 9¡) rer¡oú¡ a clo¡r corropondçncc bct¡vroû Èhr -NB, ræonr¡rc.r

of tt¡nrlco dtonrlS ¡rd Lcoosr B of th¡ 4-Mrdl¡¡ rytto, rad ctulhrly
botwcen g-t1t0o dlrnrlS ¡od 1¡ou¡r A of thr prGr.nt .yrtæ.

Frou n study of llrcldfng uodelr, thcrr rpp.¡r¡ to b. v.ry con idcr¡bl¡

¡tcfc crordtng bctwrcn tt¡c tro -Ctt, troupr ln u-cjþ[Co(4-Uodtrn)rl*.

To roco-qdrtr ¡ræh ¡n fnt¡rrctfon Èha uolceul¡ r¡ould hrve to dl¡tort. No

ruoh gror¡ df¡tottfon¡ rculd br rrqulr¡d for thc oÈh¡r two f¡oaerl, fron

Drctdfng ædcla. Thr rppotraco of e urthyl doublot la thr PlfR ep.cÈns

of C l.¡ con¡lrtcnt lrlÈh d1¡ÈorÈl,ou occr¡rrLng ln thr u-+1.¡ .trucÈtc. tuch

th¿È th¡ rclccuhr C, erfu of thr dfcn ca¡c l,¡ dt¡troycd, rnd thG tlË -CE3

SrouPt brlng rrndrr¡d non-equÍvrlcnÊ. On Èhig brrlr C 1¡ thcr¡for¡ trlon

to bc Èhe u-cíc gaoactrl,e :l¡ou¡r.

lhere tsaÈ¡tlvo l.¡onrrlc rarf.gmrnt¡ frou thc IB, lpcctrr (A r tran¡ ?)

¡nd PlfR ¡pætar (8 . .trrn , ?, A - rlcl¡ ?) ¡r¡ Èhu¡ ln confllct, rlthougb

Chcy .r. both consf¡taut vlth C brlng mrfgnrd r¡ giglg. In thfr l¡tror
cô¡Gr thsr¡ fr al¡o con¡lltGßcy wlth thr elætronl.c tpaÉtra, vhor¡ thc

tPGêÈrr¡B of C dtftrrfng gt.rtly fro¡ th¡ othtr Èeo n¡y b¡ corrrl¡t¡d vlth



-ut'2).t 2 -cH3

-crI
3

HOD

(A) -NH
2

(B)

(c)

I
ì
I

t

I
I-l
)L- I

6 5 3
(a) (b)

Figure 38. - i00 MHz PMR spectra oL the ísomers cf [Co(4-Modien)rl

4 2 pp*

--rú^'.^v.,*

(a) nro/D2so4, and ft) D2o.

QJ

an



190.

the re-drrccd cyrmctËy of Èhe u-cfs fuomer. It fu pogalblc that the

preeence of extra )w-eu, bonda haa lcd to êrronGoue concluelons vlth

the IR technl.quc.

I¡uture Opttcal ltotetory Powcr Studiee.

Tha unaqufr¡ocal 1¡o¡ner aeeLgrrmcnt ln dependent on the optLcal

reeolutLone and ÈhG rotaÈory propêrtLea. AB Ln tho [Co dfcnrl* uy"t"r,

thc optlcal resolutl.one ol? tha u-cf¡ ard lSE faoners wlll allo¡r

rrnequlvocal ceafgaocnt of the g-cis structurê whlch Ía not dlaaymrnetrfc.

The actlve trena l¡omcr ln Èhe [co(4-Hedlen)rl* l*a"*c wll1 bc optfcelly

etablc 1n baae, efnce )ol2 - H axchange (as ln the rllen cere) cannot

occr¡r thua prevGntinß taccmleatlon.

Thc.!TqE - lroner, ¡¡ ln !I!!g[Co dfenol*, fc optically actfve only
tL

becauce of thc bond-pelr ehfrallty, fn ÈhLs ín¡taræc typiffod and

daecrlbed by thr relatfve diepoaftfon¡ of thc È,ro )U.-en, bond¡. At

wlth tra¡slco dlcnrJ] ("."t1oa 5.4), no CD would be c:rpeeted ln thc charge

transfer spectral reglon, wtrereas the u,-ciq fgomer ehould ahow a CI)

reåponoê ln thfe rcglon bccauge fta acÈlvlty rrfae¡ prfmarlly fron a

conffguratfon¿l cffect.

Resolutlon of lcomcr B (auepccted aa trana) ha¡ bccn attcnptad with

the resolrrfng agcnt8 Âro(+)-terÈ, SbO(+)-ttrt, ct-bronocauphoraulphonetc,

End (-)-[Aa cetrl-r73 b,ra ln all thcse in¡tanceg thc lcå¡t aoluble

dtaetereofeoaerc obtelnsd contEi.ned only the lnactfva cetf.on.
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Tron¡r Proportlon¡.

Aaarnlng thr rerl¡nnacnt of th¡ l¡oarr¡ of [0o(4-Mrdf¡n)rl* frot
Pl[R, Chc proportlonr of, ¡-qlrrrre,l.rrtrrnr - 8¡2¡90 ra. conptred rrfth tho

f¡oncrta rrtto 12141¡47 for [Co dfrnrl$ r¡nd¡r corprrebl¡ coadfÈto¡¡.

Dr¡c to th. cro$rtlng of thr -CH, Sroup¡ rrpætrd tn uflr[Co(44{¡dfan)rl*,

ft uould br rntfefp¡t.d Chrt tho rclrtivo proportlou of Èhf,r l¡ou¡r

ru¡ld d¡er¡¡r¡ coup¡r¡d vlth th. rl,tr¡tfos fa thr [Co dfenrl$ ¡yeto.

Howrvcrr, the r¡¡¡on for the fncrcæ fu rh¡ -Ègggg.&-tg r¡Èto f0l8
comparod wtttr 47112 for lco dlona¡*) r, 1orl rppercrnt, rnd ãr.rgt

nfnLufrat!.on erlcr¡hcfoar nry be tlqulred to raÈfonalt¡c thl¡ obe¡rvrtl.on.

ftrc rpccfffc lon-pelr propoe¡d bctvr¡u r:gf-g[Co dlenrl$ ar¡û uO*]

(r¡eÈfon ó.4.3) rhould not forn to ruch.n .nÈtnt brtlrscn

tco(4-¡r.dtra)2l$ r¡d tho anlon brcrun on¡ of thc thr¡¡ N-lI bond¡

luvolvrd ln ¡ræh hydrogrn bondtag in thr for¡¡r eyrtæ h¿s been rephcrd

by r ncthyl group (rfgr¡rr 17). Gouprrrblr rqulltbrlrn prcpaa¡tlons et 18o,

ln thc rb¡mcr of PO4þ, ¡nd vfth .rsr¡r of thrt r¡1os prcr.¡¡t (1.21.1,

cf. fCoJ .0,0201), ¡hwrd Èhat Èh. rnfon Lncrc¡r¡d Èhe ¡-c1¡/Èr¡nc rrtÍo
t"or 16/8t to 35/05, con¡l¡tent r¡lth lw.r ¡r¡ocf¡tion Èh¡n fn the

[co dfro2l* "y"t.r vhorr thr ¡-cl¡/tr¡nr É¡tfo ch¡agcd tto Tles ¡o59¡12

unda Èh. .r¡. eondftfo¡¡, ïrfo g:g!.tco(4-¡,fd1ca)21+ *" dotectcd l¡ tho¡¡

ruû at 18o.

It fu rlro noC¡rorthy thrt thr proportl.on of t-ctr froncr decrc¡rrd

on ÍæruLug tht t.ûp.r¡ttm (16I .t 160, EI ¡t 80o) vtr¡r¡¡e wLth tho

tCo dl-n,l* ,y.t-r Èbr f1cfu leotr r l,æ,r¡¡¡¡¡ 1n proportfoa (71 et lto,
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12Í rt tOo). 8ræh ¡tudf¡r qfght umtully b¡ rxtrnd¡d to rllov tttt.fq.nt
ol tb¡ .ûægy dlf,f¡rmcc¡ b¡tn¡rn th... forur.

l0.l
It h¡r br¡a nmtfoa¡d fn tht cour.. of thf¡ th¡rfu th¡C ¡ervcrrl

¡.pæt. of thc ¡tr¡rly of [Co afmrl* h.". noÈ bc¡n corplrt¡d. lor orrnph,

Èh. Eoa. ¡cctçlÈ. l¡r.t.ürnt of th¡ ¡ff¡ct of topattur. vrrlatlon on

ßhr qufllbrf¡¡ l¡on¡r proporÈlont ror¡ld lord to d¡trrul,nrÈfon of thG

lndlvldul cont¡lbutfo¡¡ of ôf ¡¡d A8o to th. frm rartgy dffftrcæ.t (¡d

h¡æe tho rqulllbrlr¡a eoarttnt f) by ¡avirom¡ntrl perrmt¡rt (Chrptrr 6).

rllto, Gho o¡È¡qtfoa of th¡ froml¡rtloa ¡tudf.r roportrd !,n ChrpGcr 7 to

feludo eonffr¡¡tfon or othorvlr¡ of, br¡¡ crtrlyrtr cy rfford u¡¡lul

lnfotut!.os oû tht propo¡cd f¡on¡rl¡rtlor neoh¡nim¡, m ouÈltqrd ln thrt

chepÈc. Ttrr u¡r of th¡ ô-l{¡dfm rnd lfn-p.üt3n fyrÈct Ín th¡r¡

nrchrnL¡ttc ¡tudfr¡ hrr ¡1¡o br¡n mntlon¡d prrvfourly'

tlrr¡ ¡tc .crr.arl othc ryttor o¡ rhleh eræh rtcæchuLc¡l ¡tudfo

could b¡ oerrf¡d out. [1cr rrenplr, Êhr f¡m¡t plopottlon ttudfr¡ (vith

conßrÉtmt mrngy ufaLnflrtlon crlcuhttoor) aor¡ld b¡ ¡xtradd to conrtd¡r

thr ¡ff¡cË of r¡trl ¡1r¡ ([cr cf¡o2ltor of rfng rfrt ([Go dltnl])'
A prolLrrlnry ltrdy of [Cr at*rt* h¡¡ bmn ,rod¡rt¡kæ.4b Ttrr prodrrct

wrl ps.ptrrd by r aoa-.qslltbrlu E Èhod, but re¡ found to rcdlly undrrgo

hyútolyrf¡ ¡o tb¡t ahnonrtogrrphy rnr út por¡lbI¡ L¡ rqu.ol¡. tolv¡at¡.

8o trr Èhr l¡onrric eontot of thfr ntrrl¡l fu unkno*n, rlthou8h ft f¡
eurpoctrd (frm cocprrleon of th¡ I-rrI porúa photûtr¡ph tttth tho¡¡ of
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tùr ttrrr¡ lCo dtrnrt$ 1"*o¡) thrt ft l¡ et lcr¡t prrdoofnratly -gEg.

lb opttcrl r¡¡olutlon h¡¡ bran rchfrvd, rnd thfi rprk l¡ brtng purrud.

Slnllrrly, th. lco aftlrl] .y.t-, ntrÍch h¡¡ thr lrEG gto.t

gæE trlc psop.rtLr e¡ fGo dfcarl*, ho. bccn prçrt¡d buÈ no trom¡rÍe

foro¡ hrv¡ br¡a r.ptr¡t.d. Àr 1¡¡¡ f¡ known ebouÈ Chc confornrtfon¡ of

eLx-rrubercd ringr fn gcnotrl, r proporttoa tÈudy of th¡ frmorl (onc¡

t.prrrË.d) ory bo vrlurble. R¡rth.É, th. .n.tg.tfc. ¡¡¡ocfrË¡d ulth the

batFcrtrlyrd rrcef¡eÈfon of Ghe @ fum¡r of thfr .ylÈu nry br

rrnrd{qg (cory¡rr Chrptc E) bærum tbr fnvrr¡lon pËoc.tt ¡hould fnwlv¡

Èh¡ eonlorn¡tlon¡l lnt."chrngc of, laÈrrlocked rfr-r¡¡b¡tcd ch¡l¡tr ringr.

ln th¡ rtudt¡r of optlcel rotrtoty Doüür (Chrptrr 5), ttr¡ dæn¡tr¡tloa

of th¡ cf¡t¡ær of thc 'rbond chirrl rffuct" l¡rde to thr eon¡ldorrtlon

of oÈhrr ryrtG. whs¡ Èh... rffcct¡ ulghü b¡ dønrtrrt.d. Tbo ty¡ùGl

lco(dfcn)(rDA)t*,3l fco(df¡n)(ltlDA)l+ tl .rra tco(rDA)2i- 
136 h¡vr ¡11

bcra prrprnd ¡nd thr 3conctrfa l¡s¡¡rr rcp.r¡Èrd, but the r¡¡olutÍoa of

thel¡ Êarnr l,tøar r¡d lrr¡rrro¡¡t of thrlr CD rpecGrr ror¡ld f,urthrr

dc¡rtreÈc thl¡ nc rffæt. 8lnlhr1y, thr ¡fftct on Èhr opÈfcrl

roÈrËoty pory.r of r1þ1 ¡ubrtLtutf,on ln tren¡l0o(Ó+{cdlo)rl* vtll b¡

of lnta¡¡t rl¡ce th¡re er¡ fc¡r nrt¡l co¡plcro vñ¡rt thl¡ h¡r bo¡¡

pomlblr to drt¡.

lt¡ rbrolutr conf,lgrctÈion of thr¡c cmplrxor c.anot br mrlSaod by

tpßËao¡copfc ncror hor¡vGr. Ttrt prrtrnt ¡uthot psopotGû to und.rtrha

en rbroluÈr X-ray rÈnnttr. rarlyrfu of r l¡ltrbl¡ rnlon dertvrtlv¡ of

¡lÈhrr optlerlly ¡ctly. lElgftco dfmrlS * tn¡r[Go(4-.I,icd1¡n)ll3*, Ttrf¡
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t.G¡¡ to b. thc only nottrod to cnblc thr rbrolut. co¡ffgnratl.on ptoblo

to be .ottlèd, ttmc contenpletfon of, thc æployucnt of ¿n optl¡ally activc

rnelogue of dfen tåtc,h would eoordln¡tG atôrætpccfflc¡lly' cuch lr

NE2CE(C%)CEZEECE'CE2I{H2, sould æt r¡rolve thl problcn and s,ould

fntrodr¡ce Èhc conpllcrtl.on of ¡ vfc!¡rl ¡ffact ln thc -traÍ.¡, at wcl1 aa

f,r¡rther cfs fronore. the ne¡o ltgond RS-dfpn

ï"
NH? cRz ffiz -cH- ffil

RS
(À chcl¡to rfnge) (t chrlatc tltue)

r¡ould coordfn¡to, but cÈfll glve nro "bond chfr¡l" ÈE@ optlcel lsoaers,

whcrar¡ thr actl.vc ltgend RR*dlpn

Me
fHr
cH - crtz

RR
(l chelete rlwc) (À ehohtc rlnge)

rhould Dot gfv! a Èfe!Ç- Íaomcr, due to the tcqufrc¡ent of coordlaated R-pn

rlnge Èo ådopt the t conforu¡tfot8O (Eonpate Ffgr¡re 4).

Ttre ure of other uaðyilÐ€trtc trfdcntate llunnde rr'lch at 2r3-tt1192 ot

C-sr¡b¡tftutcd dlqr¡ could alao provtdr norc rtGreochcñlcel l,nfor¡atlon fu

the proportlons aad feomrt¡atlon ecr¡dl¡r aincs Èhey add r furthcr rcfercnce

polnÈ withln thr eoaplox uolecule¡. Bcctuec the gg-t aton fE aaJ¡meÈrlc

Ín thc¡a fn¡trncc¡ there wll1 be 6 geoncËrlc po¡efbllttlea (all atlscym¡È-

ric) oo th¡t ¡r.nh oyet@B would he vary coaplfeated aad dffficult e:Pcri-

Tot
cH-

-l{H- cHz lffia

3
c1l

I
GH
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n.û3slly. ltrl ryathrrc¡ of lfgrndt ¡rnh r¡ thc¡c t¡ not etrrlghtfonnrd
¡nd lr ako ra lrar of curr.DË t¡l.ltch. gynthrtl¡ r!.Ëhôdr for l-lhdf¡n,

4-Btdf.D, 4r7-dtl{rtri-r193 rnÁ lla+¡oÈ¡oôb h¡vr bmn dæt¡d fn Èh¡r¡

l¡bor¡torfr¡.

A nrnbæ of problo¡ brvr b¡m cl¡rltt¡d fn tht¡ thell.¡, bst thr

rnrL ltr¡lf pord trsth¡r fntcotln¡ qu.¡Èlor . It 1¡ bdl¡vd thrÈ

thlr th¡tll elorly tadtcrt.. Èhrt thrrr 1¡ cc¡rldlrrbl¡ reop. tor ur¡ft¡l

.rËrú¡lor ol thl,¡ work.
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