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| DLequoee.inamlde (DAC) was prepared,frcm cyenocebalamln (thamxn __;fen'

'-rBLg) v1&'the 1ntermed1ate aquoeyanocoblnamide (Factox B). B;ewn'

A

méthod fqr the cenver51en of Fectar B to DAC, 1nvnlv1ng the
'reduct;en of Co(III} using zinc weol under a clrculatmng Lnert

= e'atmoephere, followed by treatment with 1 mal am~3 'HCL, was- S
."IL,HSPQ.EQ Ak beet a 93% yleld, based an HPLC peak 1ntEgratlon, wae ffef; _
 7-ﬁre¢oxﬂed. -DAS eamples were képt frezen under an 1nert aﬁmoephere VA
' in’the dark. to prevent the formatlon of stable yellow corrmnolds.fgff
H’"iThermpdynamlc paramewers for the CGRVFrSlon of DAC to- e

'faquohydroxocoblnamiﬁe {HC) - (adH° = 44 kJ mol“l, 2-8° - _35 J

o K~ Lmol"'l), and of. RAC to dlhydroxecoblnamlde (DHC] {diH“ = 37 kJ ,

”'mol' AS“ = -59.J K“lmel"l), were determ;ned by. 1n-ce11
=epectrophotemetr1c tltratlons. The value of pKal at'25°C

_calculated from these paxametere compares well wlth avallable  eV-._-

literature values3s5, but the value of pKyy does not. R
_Experxmental error in the pH measurement durmng the tltxatlone '

fffor the second equlllbrium are expected to ‘be responelble for the;ieg'S
'_;Elncon91stent results. Binding cnnstants of AHC {pH 12. 00) with

' five ligand- _eyanlde,.ez;de,_pyrldine, N-methyllmidazble, and
7_S-amiﬁdeliprcﬁdnolfwé:eIdeteimined by 1n—cell epectrophotometrlw

. titrations at 25°C. Comparison of the calculated unconaltlonal
‘binding -constants with available data on DAC, aquecobalam;n
_(Vltamln BlZa} and Factor B {1.9. the trans-ligands Hzﬁ,

:5 G-dlmethylbenzlmldazole {dmbzim}, and. CR™) confirmed the trans f_”"
labilising order, H20 < dmbzim < OH™ < en-. 1, 14 rhe dependence of

the observed rate constant (k'ohs) for tha reactlon of

,.nac/AHC/DHC with HN3/N3 on pH was stud;ed over the pH range 3 ':3

12 at 25”0 uemng stopped flow: spectroscopy.-DHC was ghown to be e

_subetmtutlnnaly inert. ‘An equation derlved to deScrlhe the
__relatlonshlp between the second order rate constant and pH wae
shown to fxt the high pH’ data well, but not- the 1ow pH data.

=-explanatlon for this behaVLour could not be found. The k' obs for RN

- the. subetltutlon of water in vltamln Blza by pyrldlne, and of



"water in AHC (pH 12 60) by cyanlde, az;de, -methyllmxdazole, an&e,

gconcentratlona (£ 0.4 mol’ dm"3) The reactlon of AHC wath the'

”_ﬂpyrzdlne,-showed saturatlng behav;pur at hlgher llgand cai j“gf[ 1'%

'llgani S—amlno—l—propanol dld not. show aaturatlnq behaV1our aver wk-¢;q_
fthe l:gand cogagntratlun range anestlgated (up to 1 0 mol dm3}; g_f_:-

 3Satur ion kinetics' ‘were EhUWn to be useful in dlstlngulshlng
:1betwae1"a dlSSOCl&tIVE (D) and an Lnterchange dlssoclatlve (ID)
.'mechan%sm of substltutlon. The de%endance ‘of . the aatu*ﬁtxng iatef __'
_canstaﬁﬁs (kaat): and the actlvatlon paxameters thereoﬁ\ on the S
”?*natureﬂpf the different 1lgands lnvestlgated, conflrmed thag an.

Cip mechknism wif*ﬁﬁérable in both cases.’ Syntheszs ‘of ‘the ccrrzn[f f'

:i;model m#crocyqie, 6; 14~d1phenyl—1 &,8 12-tatraazacyclopentadeca-}V

-----

”_HInuluwlqh of the cobalt atom however, produced an unstahle corrln

.'E:Specleﬁ,?Whlch made thlB model compound unsultaﬁle for subsequent

"'klnetic ank. L AR
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- 3 Iwmnﬁé'ﬂﬁﬁ_ e

ﬂ'myoglobln, and ‘the electron transport functlnns of the B
: ,cytochromes.11n the plant k:l.rgdomr magneslum pnrphyrlns are o

Crage

Proteln molecules contalnlng metal c@mplexes Of'highlﬁ.{' z }_f’7
'unsaturated llgand rlng systems are 1nvolved in-a varlety of

 'essent1a1 blologlcal functlons..FLgure 1,1 lndlcates the two'fi“
;classes of these naturally occarrlng unsaturated llgaﬁd rlng

_'-"ﬁystemsf the porphyrlns and the. corrlns._Porphyrlns are

'- ublqu1tous in nature, plajzng varled and 1mportant.roles Ln both

" the anlmal and. plant klngdoms. Iron parphyrlns ate essantlal for o

'the oxygen—carrylng and. storage functions of haemoglohln ‘and '

:'requlred for the llght-capturlng functlan of: the chlorophylls. |
-Corrlns, in contraét, are. restrlcted to ‘the anmmal klngdom._f '
"Cobalt corrlns are’ found ln V1tam1n Biy,,a VLtamln requlred to  "3
Ecatalzse reactlons 1nvblv1ng, : o - ' =

(1) the transfer of a methyl group, _— o T
(2) the transfer of a hydrlde. __'- *. . . :I ﬁ['m  Ly

_ : F1gure 1, 1 Structure of (a) the pOrphyrln rlng (e.g.-haemoglobln)
_:-and (b) the corrln rlng (e.g. v;tamln Blz). L S :

N mr; '




'”fdamonstratlon by X—ray anéiY'

LI A
e . -
—_ﬁ"_ L. S

Paga 2 o

-.Vitamln Blg has eliclted sciéntlflc lntereat ﬂrom numarous."t ' i
dlBClpllneS 31nca lts lsolatlon in 1948 in the form of: dark red o
t.crYStals of cYanocobalamln. Coordlnaﬁlon chemists became active - = . .
- in vitamin Bjg research in 1961 fol%EW1ng Lanhart and Hodgkln 8

‘ r'

515 that . the. coenzyme form of v;tammn

' t,Blz contamnad a ccbalt—carho zbond and waa thus the flrat knawn

:v'naturally occurlng organo—matallic campound i3 Pratt 1dentliles

N

*ttwo areas of chemlatry in Whlch oux- understanding has deVelopad
_ _from an undexstandang of the coordinatlon chemlatry of vltamln

_ _(1) organometallic compounda contalnlng u-bonded carbanlon
kﬁ;llgands {in contrast to n’ﬁbnnded 1lgands suﬁL as CO, oleflns,
*.acatylenea etel), . . S ' Sl _
'2(2) the natura of tha metal*llgand bond and cla- and :
trana—effeats. I

' It mh ln thla second araa that the work debcrlbed 1n thls thESLS
_ 13 relevant.- . ' '

L. STRﬁCTURE_ bn* .THE comséiomg_ _'

_The claas of mplecules kncwn as. the: cabalt cnrr;no;ds, the
best known mesliai being vitamin B1p (cyanocobalamin), have a
cobalt atom coordlnated.to the four nearly coplanar nitrogan -

" atoms of a corrin ring in common. x-ray ana1y31s has 1ndlcatad _
that the corrin ring is bucklad and very flexible, a ‘different

"conformatlan being found for each corrin structure deter-
mined:2 The dorrln rlng is asymmetrlc, with all acetamlde side
'chalns pro;ectxng towards one szde of the rlng japper or :B
face) and all propionamlde side-chains toWards “the" lower side
or @« face.l The corrin ring blnds ‘the cobalt{III) atom in- ona:” 
plane, leavlng two, axlal posltlons avallabla for hlndlng to

an
' other llgandp.-- -



' Differences within the“coffm class arlse concernlng the
"valency and coordlnatlon number of. the- r-::balt: atom, the number .

~ and 1dent1ty of the axial. 11gands, the ldentlty of the s;de R

o chalns and any functlonal groups on ‘the corrln rlng, and -

'ﬁ suhst1tut;cn or protonatlon/deprotonatlan reactlona on ‘the
Co e
jcorrln rlng ltself ‘More often than not the corrln complexes

' d1sp1ay octahEQral symmetry,'w1th the central cobalt atam ln e
';;the +3 oxldatlon state._Wltth the: corranLd class, further o
ﬂsub-grouplngs have emerged. The coblnamides, illustrated in ﬂ:fﬁ-

;aflgure 1. 1 1, are dlstlngu;shed from. the cohalamlnS} for
‘example, by the ‘absence of a nucleotide slde chain Whlch

B prOJECts down and. terklnates inas G—dlmethylbenZLmldazole _

‘base, usually coord;nated to the cobalt aton. The base alwayﬁ -

"- coon1nates to the loWer face of tha corrln.l B

 '-If aquocobalamln (vmtamln Blga) can be consmdered to be the

B parent cobalamln, then dlaquccoblnamlde (DAC) is. canlldered to

 be the parent coblnam;de. Comparatlvely llttle work has been -
- done .on’ DAC, largely due to dlfflcultlES assoc;ated thh lts
: synthes;s.3 o - o '

Flgure 1.1.1 Molecular structure of (a) vmtamln BIZar the -
_3parent cobalamln, and (b) dlaquocob;namlde (DAC), the parent

-coblnamlde.
. \/ AR oL mng : : L
'C*b
P =

. el
/ey —cttz— g
' Wty

CH3 ) :;.- :
: chg |
.. Clig
F




. ¢SﬁereGl30mErs are not: produced in the llgand subatltutlon

 reactions of cobalamlns because only one axial site ;s
'avaglable for substitution. The same cannot however be sald

- for the %oblnamldes. Firth et al..reported 1somerlsat1on in,

__“aquocyanocoblnamlde and aquocyanocohyrlc arld._ﬂe:e the. two

. isomers were present 1n approxlmately equal conoentratlons at

ﬁo_equlllbrlum an& had very slmllar spectra‘4 Isomerlsatlon
:o3.requ1red the presence of free CN™ and was postulated to iﬂ‘ o
| ;proce-d through the intermediate formatlon of dlcyano specles.;”f :
'-lffNo stereolaomers are known for the organocob;namldes. Here the’: :
_axlal llgand cannot exlat free im solutlon, and hence B
-:lsomerxsatlon cannot occur.2 _-'

”-”qu would expect all corrinolds wmth two dlfierent axlal 8 *oo?o&f’35
fllgands, both of whloh could exlst free in solutlon, to PR

- ekhibit laoMerlsm. Flrth 5. aquocyano isomers could be :
_oseparated ch:omatographically and ‘thus tha rate of :
- 1nterconver81on betWeeﬁ the two 1scmers was relatlvely slam-z-

A For llqands with lower blnding constants lsomerlsatxon would

.be expected to proceed more rapldly sxnce the proportlon of -

”.’unbound llgand would be greater ‘than in the-CN"oasa. Thzs

'WDuld make it dlfflcult to establlsh the exlstence of *WD '
o separate lsomers chromatographlcally. o S _ i

TG

1. z-' ru'ncr.eiouo" oF .afnﬂ.- CORRINOIDS.

he two olasses of reactlons oatalyoed by vitamln Blz were

o -_deacrlbad above. Iin. both cases the catalyst is the complex {or
' ho1o—enzyme) formed frdm a/oorranLd.(the coenzyme) together

with a proteln {the apoenzyme) 1 The complete o6 crinocids . (the 3fo??*
cobalamlns, the .cobinamides helng classed as lncomplote ' N

'éorrmnolda) have been the Subject of some: lnterest for Many - o
':years in- connectlon with the elucldatlon of their functlon as |
'"ooenzymes. Comparlsons hetween oobalamlns and coblnamldes are .

“'."-I\

S A



"mfPege Ele

S:-useful 1n eveluaﬁing the role of the axlally caordlneted

_ benzmm;dazole mo;ety in the reactlons cf cobalamlns.s in
'-addltlon, in enzyme-bound cobalam;n, the coordlgate 11nkage
:between the cebelt atam.and the 5,6~ dlmethylbenzmmldazole

. molety is broken and.thus 1t is postulated that the _ L
u°eeenzyme-bound cobal@mln should react: 11ke a coblnamlde rather

"5_”1than a cobalamln.5 a'--;';{__u. SRR ;.;3fff\7ﬁ__ S

.“ 'Mbet of the features of the llgand subet;tutlon reactlone o

"_fehown by the corrinoids find parallels amongst’ the reactions

‘of other. cobalt(III} complexes, viz. the inertness of the -
f,hydroxo* compared to the. aquo-complex, the etrong lablllzlng
;;effect of S—honded 5032 and alkyl groups, the reactLon with ©
.-HN3 as well as ﬂ3 P the removal of cocrdlnated 5032“ by Bt and’

 of CH3™ hy dgClg and a dlSEOCLathe reaction mechanlem.; There-ﬁ
U is however a Strlklng dlffexence ln the general rafes of

_reactlon. Compared to Tmost ather cobalt(III) cémplexes, the '_;; ;;-

i_hlghly unsaturated porphyrln end corrxn macrocyrllc (N4)
_3_11gands have been shown to enhance the rate of 11gand _' 
"lubstltutlen at the metal atom by‘many orders of magnltude. No

"} cases where the ‘nature: of both the axial | lgands and the

elncomlng 1lgand for the lzgand substltutlon reahtlons mf
. gorrins, ble(dlmethylglyoxlmato) ((DMG)Z), (NH3)4 etc.,

-”remalned the same could be found ln the 11terature,'end hence -

the c1s—effects of these N4-macrocycle$ cannot be compared
dlrectly Lablllelng trends can nevertheless he Obeerved._' |
Tahle 1 2.1 below, glves the eecond order observed rate :

L constante for the. substltutlon of Hzo by SCN‘ and N3 fcr?{_"'

-Jvarloue Co(I;I)—N4 complexes.

.’F;gure 1.2.1 Molecular structure of

: Co(III)nltroaquoble(dlmethylglyoxlmate) R :_;f-e:ee“gfLeii-

CH3 .

cg's'. .



ngable l 2 1 Second order Gbserved rate cGnstants for the

- f:substitutlon of Hgo by SCN” and - N3 for Varlous CO(III)“N4

"'frcomplexes maasured under sxmllar condltlons (pH~7)7

E 1troaquob15(leEthylglyoxlmato) ' ls¢ka 5 8'

=

trans-[cokL4.X HZO] + Z trans~[Co.L4‘X 21 + Hzo

-i--

|y szl .

102
w0d L
w2 |
ot |
10_5 .'

b3

N3~ | 7.9

i (m' W 1.

T, 0 . E ,\;\

”p&.w.}¢.mf;e}x

__"The prlmary lnfluence of the porphyrln and corrln llgands is a -
{fpxofound lahlllzatlcn of the axlal bonda. Thls 1ahlllzat10n .

,*WEB proposed to be a consequence of the four CO(III)‘lMlne

' honds in the two macrocycles.l leferences in rates’ betwee1 f 
::- the hagmatoporphyrln and the cobalam;n are attrxbuted to theff
_  dlfferent labllLZLng effecta of the trans 11ghnds - '
'<; (aquocoba1am1n has a benz1midazcle group, €hﬁraas the _
'”.haematcporphyrln has an axlally coordlnated water molecule

 here).2? pMG; 1nd1cated in flgurn 1.2.1, was inltlally |

_.belleVad to be an. effectlve mode for the naturally aﬂcurlng'” a

corrzno;ds. The geometry and chakqe of the porﬁhyrln, corrln,

and DMG are s;mllar, yet DMG reacus 106 glmes slower. co{III)
”bls(DMG) complexes have four Co(III)~1m1ne bonds, believed to jf

~ be a vital component of the corrln and porphyrln labllity, but

" the. extensxve COnjugatlon seen in thesé ndtural macrocycles 13_;

{-'abaent. The structural and electronlc characterlstlcs of the ;

C e
H

A0



_corrln and porphyrln rlngs must aecount for the lablllty of

' the porphyrln and corrin axial pos;tlons and hetce muet be the'
key to. thelr eultabmllty for . thexr blologlcal functmone.;E_f_

R frequently occurrlng feature og the dlscusslon of the 'fffi"

_  :cthl5trY of corrln and porphyrln complexes is the contentlon t:e_-z“
R that the- eleotronmc lnterectlon hetween the Co atom end the o
hlghly uneaturated llgand systems is sufflolently exten51Ve as

to render the Co(III) oxldatlon state formellsm lnappropxlﬂ-
ate. ,20 ‘Application of cryetal fleld theory to corrlnolds,
aseumlng pseudo D4y, eymmetry, lndlcatee that the six valance 5
‘electrons of low—spln Co(IIT) will occupy the. low energy dyzr
de and &xy orbltals._Conelderable kinetic Lnertnese is .
aseoclated thh thls elect!onlc arrangement. it hae been '
proposed that - a itelectron charge tranefer £rom ‘the ”: _
unsaturated corrln rlng to the Co{III) produces a low spln_f"
pseudo Co(II} metal lone Applylng the same ruloe of cryetal
 field theory lndicates that the extra.electron will now occupy
" & high snergy d,2? orbital. Ocoupation of this orbital -could |

N

then be responsxble for the observed axial llgand labllleatlon-F_“
exhlblted oy the corrin and porphyrln llgands. ' ' .

Support for thls theory oomee fram comparlsons between the

- rates of llgand substitution reactlons of chromium(III) and
cobalt(III) porphyrlns. The- rate of suhstltutlon of water
~ligands of . ohromlum—porphyrln complexes are about 103_- 104
times fester than “normal® chromium complexes. In an analogous
case using eabalt-porphyrlne, ‘the substltutlon rates were seen
to be about 106 tlmee faster. Cr(III) is known to be hardor to-_3'
‘reduce than Co(III) because 1t is a g3 ion, whereas . CO(III] is
‘a. a6 ion. A rzelectron oharge transfer from the uneaturated
corrln ring to the CO(III} would then oceur ‘more readlly than

o the Cr{III) and hence the Cr(III) porphyr:l.n would be Lags

1ab11e than the Co(III) porphyrln.zl
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'5f1 3 THE HDDEL conpouwn APPRGACH

. r,_._ X : i C e .o ,.-/. "

__f.The understandlng of a pfbte;n g moda of actlcn? though N
) ._valuable, is not saslly ohtalnable because of the very L;*'n3"

 'j;sapproach was thus dev1ssd ln the hspe that the kngwledge fs

" obtained from the sxmpler ‘systéms could e sxtrapclated to .
ffgLve ‘ah: understandlng of the nstural reastlcns 1h ‘real 7
_s;systems. Must of the V1tam1n Bl2 m@del compeunds are
 cobalt(III) complexes cnntalnlng var;ous macrocycllc
"”quadrldentate amlne llgands. _ '

jfxn 1953 it was obssrved ‘that bls(dlmethylglyoxlmato)cobalt g
. complexes showed rsactlvlty patterns similar to. those shown by,'
'“the cq \t corrins, In view of thelr sxmllarlty to the -74-
'-cobalahsﬁs, and for convsnxencs, complexes of thls txpe were

of this madel was. not fulfllled when the rates of its

':“-rsactlons wsre aompared to thoss of the cobalamlns.ui"’

_ Recent sucaesses in the synthesls of & great many macrocycllc
f-famlne llgands by metal template reactlons ‘has further :
_stlmulated research act1v;tles in Varlous aspects of these ¢ - '

to. the formatlon ?f some promlslng new cgrrln model o
com.pounds..l0 11~ These compounds, indicated belnw in figure-

"1.3.1, have the 1,4,8 12-tetraazacyclopentadesane ({15]aneN4)
-'macrncyclic ‘etructure tound in the corrin ring. No work on. the.
_'substitutlon klnetlcs of the Co(III) complsxes of these _ '
-macrocycles has been. reportsd so that their effecﬁlvsness as
" models is not yet known, Fuxthermsre, their solubllxty in’
_'-swater is probably low, though this prsblem,could be addressed
”'_by sulfonating tha benzsne rlngs.:su_

e

]znamed “cobaloximes“ 8 However, as 1nd1cated above, the promlse:i;"”

'model compounds.9 Tang et al, have developed a synthatlc rouge';-=-
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Flgure 1 3 1 Model macrocycles thh the [15]aneN4 skaleton in

3 common wnxh ‘the corrin. rlng.1° b

1. 4 CIS- Bﬂn TRANS"EFFECTS '
‘The change of one o more l;gaﬁds in a transltlan metal _
comp&ex can have a marked efﬂPct on the propertles of bﬁth the'_

central metal cation and the other llgands. Several mechanlsms“ '

'contflbutlng to thig. phenomenon can be ldentifled; and b:oadly-
'g_claesmfled under three headlngs.lz

(l) eis- and trans- effects or: “1nternal“ effects 1.e.-
Aelectranlc effects transmxtted through the central metal
f\catlon, o ' P ' .

{2) eteric’ effects due to dlrect contact between the atums -

.of different ls_gandsf I s _ :
'”gs) “external" effects due to changes 1n the outer
. coord1natLon sphere. o

L 4a
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f_:;complexes to the nature of the "nofpartlclpetlng llgands 18 ;jo eei1
*!;often quite marked,_elther as a cis- or transreffect; or . often:_f :

- ag & non—dlrectlonal effeet that does not greatly depend upon .

- the relative positions of the llgands concerned. The c15~ and -
" trans-lsomers of" "normal“ octahedral Co(III) complexes do not

-nfd;ffer enormously 1n thBLE react1v1ty.13 Bxatt et al. clalm
. that there is slmllarly no real evidence that 1lgands in the

:=':oerr1nold famlly {xert a slgnlflcant and sysf“matle dlfferencei;;.f

'f-on rates of llgand substltution ln the els-*é“'
'_'trans-pQSLt;ons 12 .“ 1| |

eﬂ-The study of the mutusl 1nterac*1ons of 1Lgands ln tranSLtlon _
_t_metal complexes can be traced back to observatlons ‘made on. the '
N p031tzon and relatlve ease\of lmgand substltutlons in the _
-preparatlon of -quare pJMWér platlnum(II) complexes._Chernyaev
 wae the first to recognlse the exlstence ef 2 certain pattern '
_ of reectlvlty, namely, ‘that - oue 11gand affected.the klnetle
' 1ab111ty of another llgand Ln the trans-pQSLtlon and that the -
llgands could be arranged ln an order of lncreaelng
R trans-lablllzlng power, Since then many additional ligands

have been sLudled and the order of trans actlvetlon for Pt(II)iw.

complexes can. ‘now be wrltten CO CN 2 CZH4 > P]Et;_a”,r H‘ > CH3 r : :'
. SC(NHg)z > CgHy™, NOQ 'y I, SCN"' > Bx—, Cl"' > py, NH3, HO™ 7
' 320 12 Expexlmental work has since been extended to lnelude,

.(1} the study of the ‘effect of llgands on other propertlesﬂf'ff:

3 e.of complexes guch as equlllbrlum constants and lnfrared
 spectra, ' :

(2) a search for cls-effeots,

(3) other metals and veleneles;

Ev1dence frem X—ray dlffractlon, 1nfrared and UV/VIS _
spectroscopy, and proton meqnetlc resonance spectra 1ndscate
that cls— and trans-effects are evident 1n the substmtutxon '

g
B



 3react1ons Qf the cobalt COrr1n01ds too. i strong electronic

eVQ_lnteraetlon between the cbnjugated corrin: rlng, the: cobalt lon ;
. -and the donor atoms of the axial iegands must thus eXLst.Hz..

:“_The experlmental approach to the study of cls--and S

‘ ”:F1rth et al. lelded,the cig-. and trans-effeets obeerve& in .f Ly
"{the corrlns lnto thrEe categcrlee,4 __'-_-'

) Ground state effects e lfs effects on bond angles and S
Hengths, bendlng and stretchlng force constants,
’2) Thermodynamie effects i.e. equlllbrlay--f- BT o
3) Klnetle effects ehg. retes of llgand subetltutlon._rf'*”
A .

_:trans-effects is to. compare the relative effeeL af a serles of'_-'

llgands by followzng the effect on some property of llgand Y

as l;gand g is varied. In this thesis the ligand which is® ased

as the™ probe“ in ground—state effects is labeled Y._In

Jf:thermodynemlc effects we . conelder the equllibrlum between two
'_11gends\Y en& % and where a set of equlllbrla are compared .
'ethe.commnn 1lgand, if any, is labeled Y. Slmmlarly, forf;_

.;;klnetlc determlnatlens, we conslder the sunstltutlon cf Y by

“Z. X'is the 1Lgand whose effect we are studylng and. whlch we

| eare trylng to place.ln a,serles relatlve to other legands.: '-=¥{

”-'Jmnnus-srrscws

e
A

"'The phenomenon of the trans—effect was flrst ohserved in fhe

_sqnare planar platlnum(II) eomplexes._Thls trans—labllls;ng

fﬁorder is sllghtly dlfferent from the order found for CO(III)

complexes. The two orders dlffer in the relatively high

'ﬁpOSltlonS'of CN~,. Noz' and ‘CO in the Pt(II) serles. Subsequent
Vetudlesﬂlndlcated that - all the octahedral a6 metal ions o

| (CO(IIILg Ru(II), Ir{III), and Pt(IV)) show common features .
- vhich dlstlnguLSh them from the sqnare planar d8 Pt(II) 1on. ;x;-f



&CN“, Hﬁz and Co have the abrlrty to formjmetal—+o—11gand .
"lbonds, In the octahedral d5 complexes the trans-effect is due o
f,malnly to thelr ﬁ-donor gtrength and ls therefore small,d _
| whereas 1n the square planar dB camplexe: bath "—donor and
_: vacceptor capacltlea play tharr part and result in & hlgh
'.j_t- ans-effect 12 . o . T : .

£ .
-

N general trans—labrllslng order e; lrgand atoms 1n.Co(III) ;
'ﬁ;?octehedral cOmplexes can be. wrltta 01, 07 w; c (ln cN- '} & H,
" 8, se, I, ¢ {in €H3 etc.), N (in NOz ). a speclflc order of
.._'carhhn 11gands can a]so be wrltten, cN™ < HC_C"< CH;*GH <
___CHgCHg . Theee ordere rndlcate that ‘the mdet 1mportant
' property of the 1lgand whach determlnes ite lnfluence on the.'_ .
" rest. of the complex is the amount qf aegatrve charge donated R
_.'vla the ubend to the eeﬂalt ion.12 rThe order of ligands.
"oheerved for‘uis— and trahs—effecta in cobalt(III) eomplexes
__shbwe a. general srmrlarrty to +the nephelanxetlc serlee [also_
_g_determlned‘by the amount- of. negatlve cnarge donated by the
'_llgand to the metal}, F < 0, N< 01 < c, Br < 8, Se, t.#-

'\\ .

"~fGreund state, thermndynamle and kinetic trane—effecta in the N
| _:corrlnolds have been correlated.14 Table 1.4.1 below. grvea an’
o 'Nexample of: these effects for the eubstltutzon of Hzo by CN“_an
varloue corrrnorda. - '

Ae the axral 11gand X beeomes mbre polarlsable and places more
negatLVe charge on the cobalt ion, so the rate of water 1lgand
substltutlon at the other axial poartron 1ncraases,_the :
-equlllbrium binding constant for the Co{III)-CN™ bond -
decreases, and the Co(III)-CN“ bond stretching frequency
decreasee (bond 1ength lncreases) '
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[pigand, % |
R A

kIIohs"'_
1”1 s

. _4

109 Kcu b '_eJ

|'Bzm.
R

.CHg'e'T'Q
|- > 103

T < 103 —
. 85 x 102 B
6.8 % 104;f-
2.1 % 105'1'

S 108

> 14

"> 9
8. 4
' 2. 1
0.6

'7eCH3Cﬂg“

‘a second order rate constants for the reactlon nf X—CO—OHz

; f;and/cr X—Ce with CN~ to give XrCo-CN in aqueoue solutlen atef

: 25°c and an ionic strength of o 2 mol dm“3

b 'rx—co.-ém“ |
Koy = mommmmenmmrme e
1 (1x-Co-0m;] 4 [%-Col) [CN"]

Y
. '.\

———

; various conditions :

i-c Lnfrared stretching frequency of coordlnated CN“ in K01

: ;dlecs,;

'Althpugh the vast majorlty of cobait(III) complexee are

' 81x—ceord1nate, several groups of flve or, even four-eoordlnate_y

'complexes are known in whlch the cobalt atom may be considered

' as hav1ng the Fformal oxldatlon state(III) These complexes

represent the extreme case where the thermcdynamlc effects are -

so great that no lagand even HZO, can form a stable . bond.to :
the cobalt atom._l2 In table 1.4.1 above, it is shown ‘that
“equilibrium constants for the substltutlon of Hy0 by other A

ligands decrease as the Co=OHy" bond becomes weaker. This treﬁdff"

'eventually leads to the fozmatlon of 5—coord1nate complaxes.

The 1ab11121ng effect of CH3™ is so strong, for example, . that

- -

,5-coo:d1nate alkyl complexes of cobalt(III) may be_formed ard :_?"




?-';_fcobalt(III) to thet typlcal of low-spin cobalt(II) 12

o "cxs-ermc:cs

'j'f;one axial ngand is kept constarnt, as ina SerlBB n¥ - |
- 3Jcoba1am1ns (Y = Bzm),. the different spectra can ne fitted lnto S
LY eermee ehGWLng gxadually chéhglng features. Taﬁie 1 4. @

"jbelow shows the dependence ef the wavelength ‘of the maln "

B -ellgand. o

B

:e lsolated415 As the amount of negatlve charge donabed bykthe ;;fﬂ:.“._
ll';-llgands to the conalt atam anreases, S0 ,the preferred L*" T

'.“...

-i'ceordlnatlnn numher of - the complex drcps from six to flve,
i.e. the. stereochemlstry changes from. that typlcal S

ﬁfThe ci%-effeet observed in tﬁé eexrin01ds can be le1dEd 1nto

.ftwo cathgorles,_sl~iﬁ'3¢ 33;1

(1) the effect qf the axlal llgands on the cerrln ligand,

(2) the effect ef the cerrln llgand on the ax al llgande_ i;_a.t”

o Eleetronlc epectra.have been ueed to plevide 1nformatlon!on a
* the cis~effect of Ahe axlal l;gande in the corrin ids: The
- spectra . of corr1uomd§ﬁehaw a remarkable dlversltv

?“"ﬂfﬁhen..

l

Ei\

"'cobalamln abserptlon band on the nature of the secend axlal

'eThese axlal llgande ‘can be arranged in an erdrr of
E cls-lablllsatlon Whlch is pardllel to the order of -
- trans—lablllsatlon C;s/trans dlfferentlatlon lB hence not

exhibited by these llgands. .
R TS

S -

.




o 1ab111ty exhiblted by the cobalt(III) metal atom._Comparlsons:_“

tf{:'ﬂ:;:;eﬁe ef_f':;i'Page'iS;*:egfiﬁ,
Table 1. 4 2 The dependence of the cobalamln &1 main. ahsorptlong  _
band (yband) on the nature of the axlal 11gand evidenc§4f0r7;

a czs—effect in a series. of cobalamlns 12
L R+

o

He'%=F*#5??#?**%?=*==*ﬁ*¥5r' conmne RS
- |Axial ligand | - WavelengthJ 1t n
RNl '“:3_;;.'f m 71-[jj?7fffj”'” U

imjdazcle - | . . 358 . . B N

I -
‘r"z

The exten91ve1v conjugated k—electron system of . the ccrrln 1 IR
r;ng 13 expected to play a maﬂor role in the uncharacterlstld #_ L“'ﬂ'?

of regﬁlﬁa from amlne, dllmlne, dlmathylglyoxlmate, porph}cln”
- and cqrr1n01d llgands are complicataﬂ by questlons regardlng : o
sterlc prcmotlon of . lablllzatlon and variation of the overall_'-_ “_ j@
charge of the camplex. Feve;.aeless, Pratt ‘was éble. to arrange '
the followxng 11gands ln an order of 1ncrea51ng ab;llty to
labilise the axlal CG(III} bands: {NH3)4, eny < (DM{;Q < _'

A

- corrln.*z |

The apparegyfazsa«qﬂiIisatlon ol the corrlns can he '%',:' w'_f [_e
1nvestlaated by observing the effect of progreasmve degreee of ™ i
unsaturatlon in model: cobalt{III) macrocycles on their A
1ab111ty. For the three macrocycles (shown in flgure i, % 1),” S
1 4,8, 1lﬂtetraazacyclotetradecane ([14}aneN4), ' " .

1 4,8, ll-tetraazacyclotetradeca-l 3—d1ene ([14]d1eneN4) and"

1,4, 8 11-tetraezacyclotetradeca -1,3, 8 10-tetraene  {-*- I
({14]tetraeneN4), the rate of subetltutlon of two anlans hy: '”:




"._Q,Pageiiﬂff'
- gwater has been anestlgated 15 Tahle 1 4.3 1ndlcatés Ehat the o
‘lability of these. maﬁrotycles increases’ 104-fold wheh a

' .'tetraam;ne is: relaﬁed by ar sterlcally 51m11ar +etra1m1ne.

z}jslmllar studles by Poon: et a7 wlth the Izgands [14]aneﬂg,

N ﬂ1,4V8 ll-tetraaza—z 3~ dlmethylcyclotetradQCa~1 3-diene (DIMj, -f[ wi 
T and 1,4 ¥, 11-tetraaza-2,3, 9, 10—tetramethylcyclotetradecar?”.{__*5-ﬁ'
.1,3,8,10-tetraene (TIM) (also shown in flgure 1.4.1), yielded -

 51m1Lar-resu1ts, also glven in table 1.4.3,16" The klnetlc L -
lablllty of thase complexes 1ncreased.1n the crder [14}aneN4 <
'DIM <uTIM (1 400 1640 for Cl‘-and 1 44 170 for Br ) i

ﬂ ' F1gure 1.4. 1 Molecula: structure of (a) [léjaneﬂ4,,'h; ) o
-_i_.{14]dienen4, {e). [14]tetr.aeneu4, (d) Dm; (e) TIM, (f) 'I‘MpyP2+
-andeg) TCPPG'* B e -

U




. fooﬁ’S'ebservetioh'thah increesing'theTdegréﬁ”éf'tnsaturetionfﬂ
..of the. macrocycllc 1lgand increased the labllltY of the *
: CO(III) centre can be’ expleened. The trend was shown to be a _
'_dlrect consequence of theyﬁeereaelng enthalples of. actlvatlon
_for the reaction. This is’ consistent with the view. that

Table 1 4. 3 Pseudo flrSE oraer eaeerved rate eonstants for the f""'
substltutinn of an. anionic axlal 11gand (Br and Cl ) by Hzo S

for varloue N4-macrocycles.15 16

'l'Lksf / é‘i 1

kCl/sl

'_:MacroéYGle_ ﬁif

| [Emra—— E o B
- |[14)aneliy . {-2.2 x 1075 1.1x 1076 |
T _[14]d1eneN4 7.8 % 10'2_ 2.3 x 1074 -}

= [14]tetraeneN4 E 0.12 2.1 x 1072

""[143aneN4 | 1.3 % 10-8 ]'1.1=xu10f9 -

om0 bsarx 1077 | a.e x 1077

B 1t G C 22 %1076 1.8 x 1076 |

_'lnereaslng the, degree of electronic delccallsatlon beﬁween an’
* amine macrocycle and the central cobalt(III} ion helps

Btablllse the five coordlnate 1ntermed1ate of a dlﬁSDClatlve

mechanidm. Pclarxzabl]mty of the central cobalt(III) 1on'WOuid- -

lncrease wath the 1ncrea51ng extent of eleetronlc ;' _
delocallzatlon between the metal ion and the encircllng

| unsaturated macrocycle.l-6

The llQand substltutlon klnEtlcs of the other greup of

_ 'naturally ocurrlnq unsatureted N4*macroeycles, the porphyrlns,
- pupports the theory that the CotIII)-lmlne bonds in the

exten31vely conjugated rlng system are lnvolved in the .

CIS“lablllsatlon exhlblted by the corrlnomds. The’hvallablllty'”
- of Water-soluble analogues of naturally OCcurlng porphyrins =
_mekes it feaslble to carry out detalled klnetlc studxes of the o
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' .Tffsubstltution reactlcns at thelr axlal posltlons. The rate of

substltutxan of Hzo by an’ 1ncom1ng Iigand for. porphyrlns with

o dlffprent perlpheral chargss (shown in: flgure 1.4, 1) are-¥"

. ; compared in table ‘1. 4. 4 17 18 19 The two reactlons }fl.”f:””
’filnvestigated were," : : T

Porphyrln(ﬁzﬁlz + L é«porphyrln(HQO)L + nzo k1 o
porphyrln(ﬂgo)L + L @ pOrphyrlnL2 + 320 _kﬂf.='i““”"7

&
ey

:ijable 1 4 4 Observed rate constants for the aubstltution of

:*  ngO by 0535N or SCN“ in tWO porphyrlns.17 18, 19 J

 'i'0bserved Rata *Co”Mpy?5+ f;-:|  3L'ICQﬂCPP3? _  |
'éﬂ'Constant / s 2 C5H5N .“€§Cﬁf':['JC585N$  _ SCNf%"
| 'fﬂ;_k1 = _f¥' 0.7 _-f 2.1 . [1.4x103 |4isxie2 |
kg ;“'_” 2.8 7| 2. ax1n4 2.1x108 1, 8x105 B

'.,Cownpyp5+ tatrﬁkla(4PN-methylpyrldyl)porphlneﬁobalt(III)

'5cDTCPP3‘- tetracarbcxyphenylporphlnatocobaltate(III)

;'The large amount of electrqn deHSLtY plaaad upon the

| Tcobalt(III) by the porphlne llgand makes the Go(III) lesa _

. positive, mure 11ke Qo@II), and stablllzem a f;ve—coordinate :
'raactlve lntermadlate durlng the course oi the subatltutlon

' Vreactiens.la Negatlvexy charged subst:tuents cqncentrate

jelectron density at the metal atom,'whilst pos;tlvely chargedT  f B
substltuents delocallse electron densxt;. For the pyridine ="

Jffllgand where Coulamblc effects play no rale, changlng frdm'a:";'
positivély- to a negatlvely~charged porthIln parlphary

_increages the rate of the Co(Ik I)~320 bond breaklng rate. e
 “determ1ning step by over 3. ordeérs of magn:t de. The major |
'_Lnfluence of the: parphyrln perlpheral substltuents ig' thus tai:_
'”_modlfy the degree of electron delocallsntlon at the porphyr1n3'ﬂ

'core whlch ln turn manxfests ltself in a 018 effect.n; B

i
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h _ﬁfdlfflcﬁltles 1n its syn
T it lnStabllltY in air.’
) ﬁfa;s-affect in corrlns because of dlfflculties in. 6bta1n1ng &
 5 serLes of models with sequentlally zucreasmng degrees cf
i  unsaturatlon ylthout the - alteratlon of any ‘other . atrdctural
”-T~features. Tha preaent wark Was 1ntunded ta, o
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7.5 AINS OF THIS :»nom' o

_. fA1though=emtena1ve wark has ﬁeen dane on the trans-effast 1n
. -cobalaminsl, less has bg;n done Wlth ‘DAC because of 1n?arentﬁ

PR

Far: lese work has been done on'fhe'-

(1) elaborate on the data suppnrtlfg & klnetle and }1;3 ?
thermodynamlc transueﬁfect in DACZ_ ; ;{?:'-.f5s .
(2. determ;ne the relationahip bep' gggegfogﬁ' B

.....

| T'ma*iocycllc unsaturation and the ! 4 Acﬁmh ?ffEGt uslng

Tang g model campounds.lo 11 {ﬁignﬂ57£l3 if}f

il

= -
1_}_

"  A1though much WQ’K hfﬂ been done on . the machanism of llg&nd
___.'_subatztutlan in aquocobalamin, dzsagreamentzstlll exists as tb B
-__5whether ‘the mechanism is purely dlsénqmat*ve, pl4,22,23,24,25
or 1nterqhange dlssoclatlva, 1323 26, 27 h novel appraach to :ﬁ:_
” this queatlon, ‘using saturation leEtlcs is described here, A;f. |
_ $1milar approach was then used to determlne the mechanlsm of - _
) 1lgand,substltutlon in DAC. "  [ 53 :

R

esis® and problems 555901ated W1th ‘5~fﬂﬁgﬁ

BN
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2 SYHTHESIS OF DiAQUOCOBINhNIDE (nac)

v n

 DlauncOb1nHmlde was prepared from cyanocobalamln (vrt&mln Blz)

o -via the 1ntermed1ate aquccyanceoblnamlde {Factbr B). Cobalamrns,

"unllke cohlnamrdes, possess & heterocycllc base capable of -
coordlnatlcn to the central cobalt.lon (flgure 1.1, 1).1Twe 53
"methode for the cleavaga of the phoaphate group, ‘and’ lts o

o accompanylng heterocyclic base, are knuwn Falrly vlg rous acld”

'condltlons, (e.g. concentratedlgﬁl at 65°C for 5 mznuﬂea) \ o
promotee hydrolysla of the- nucfeotlde slde—charn w:th 11tt1e or._""
no hydro! YBlS of the amzde Jside chalns.l AlternatrVely, ag -used

':'aln_thrs work,” cerlum(III) hydroxide can be used as the catalyst;-e

:_for hydrolyele.30 The hydrelysls product, dlcyanecoblnamlde, 13 '
" colverted to Factor B 5y ecld hydroly31e of one of the .
L Co(III)-CN bonds.2 Cleavage of the second axial CN‘ to. form DAC

~ is mot. 80 s;mply achreved slnce thls CN™ is very flrmly held ta

furmation eonstant of. 1cg K ~ 14 versus log XK~3 fer the fxrst

f:Two methods for effectlng this second CH‘ Sunstltutlon have be-n “
'reperted. ‘Firstly, NaBH; can be used to reduce Co{III) to CO(I),
and:a subeequent reaction with CH3I would then produce

" ‘methylcobinamide. Photolyels of the cobalt—methyl bond- wnuld then -

lead to the formation of=ﬁﬁﬁ_gﬁ'he second and more popular method  _':
‘nvolves the dlrect photoly51s of the Co-CN bond in apid. A -

. stread of nifrogen gas is then required to remove the HCN thas
'formed.3 28 complete conversion of Factor B to DAC using this.
method has, in certaln,caees, been reported. HoWever, cohalamlne
and eobinamides are known to be unstable when exposed to light  _'
and hence lrradlatlon of Factor B to produce DAC" would be
"e?pected to result in saﬂe photodegradatlon. Photolys;s lnvolvee
 the productien of free radleals which, in ‘the preeence of air,’
 produce eteble yellaw corr1n01ds (degradation products), as shown
'by an lncreaSed optlcal denelty of +he solutlor at 455 nm.3 The
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'100% convers;on of Factar B to ﬁAC ‘thus seems unllkely and an -
___alternative method, net requlrlng the presence of light, was
';sought Prof K.L,Brown klndly supplled us w;th such a method,

o lnvolvlng the reductlon of Co(III) u31ng zinc wool.29 t: L

"'2 1 BYNTHESIS OF AQUOCYANOCOBINRHIDE (FACTOR B)

. 'ﬁ-. '

?HAll reactlons 1nvolvang corrins were Perfermed ln a dark.roqm,-

‘since ca'alns are known to be sensltxve to 11ght decomposang A

' fi"lnto a Varlety of - unldentlﬁled compounds, collactlvely khown
~ as stable yellow cerranLGQ.l 3,5,29 It is believed that the

stab&e yellow corrlnolds are- PIOduced by a IEductlon of the--«ff:"”'

| _.acobalt ﬁbllowed by an irreversible ring. oxldatlon or some . -
" other: corrln rlnq bﬂdlflcatlon.l When not 1n use, synthes;s
1ntermed1ates were stored frozen.'

-aIPCbnverszcn of Vatamin 312 to dacyagocobinamida3°

_The,number of molecules of water of crystalllzation assoclated't'

" with a molecule of vitamin 312 1n the solid state is not
constant, and thus the amoufit ‘of vitamin in a sample of" solld
 vitamia B2 cannst be determined using a sample mass EEIE
o measurement. uv/vIs spectroscopy can, hQWever, be- used to j::
| determlne the effective. molecular we1ght of a sample by '
-:measurlng the absorbance ‘of the sample at. 367 nm after
reacting the: ‘sample with NaCN (A357 dlcyanocoblnamlde = 3 04 X
'_1{}4 dm3 mol“l cm."l)28 L - -

A solutlon contalnlng 0 5972 g (0 378 nmml) of vxtamln Biy
{effective molax maﬁs ef 1580 g mol“l, true molar mass of 1350
g mol-1l) (Roussel), 7. 1651 g Ce(NO3)3.6H0 (Aldr:.ch), 0.3863 g
'NaCN (Merck) and ‘15 ml 2 mol dm-3 ‘NaOH, - dlsSQIVed in 150 ml -
water, was refluxed at 145°¢ for 30 mlnutes. The pH of the_;' _
cooled mlxture (6.1} was adjusted to 9. 0 uslng 10 mol dm"3'?:-
-NaOH. Ceroua hydroxlde, present 1n the. reactloq:mlxture as a

4 . ’
A

!
b

P



.E;PIECLPitatE, was - removed by eentrlfugaﬁ4pn of the mlxture at .

'1__9000 rpm for 10 mlnutes. The prec191tate was Waehed six tlmuéo-Je o
_with a solution of 50 ml water and 3 mi 30% agueous ammonia.; "-~:4'

.e,The washlngs were oomblned Wlth the.supernatant of the':"i'_
}*reactlon mexture and concentrated downfto 150 ml by flach _

”“9,_EVaPoratlon. The solutlon was, ‘then’ leterEd tb remove trace 'e:f
Woe]r”amounte ef oerous hydrﬂxidé-~e-'::s' B T

..{oHPLC analyeis (detaxlp in appendix 13 3) of the purple "
:_;;;reaotlon mlxture uelng an analytloal 100 mm X 4. 6 o cla B
.-__.._'___.-..reverse phase column W:Lth a 5 pm particle s:Lze (Brownlee L

":-fLaboratorles) lndlcated that & 75% converalon of v1tam1n 512 o o

Jto d;cyanocob_namlde was achleved. It should be borne in mlnd ifwffﬁ.
" that area coumts unde; the. HPLC ohromatogram peaks are: only ”'-_”_
_-useful 1n provxdlng 8 rough estlmete of the-concentration of a:_j

_Jcertaln substance in. a given saméie because the responee

: 'factor at the,monltorlng wavelength {here 360 nm) dlffere for H_”'.

f__dlfferent aubstances. 7

"1&1-’

k The pH of the solutlon was edjueted to 3 6 uelng glacial

' -iaceticgaola. Organlc components of the solutlon wers extracted

into 10 suocess;ve 20 m1 portlone of 1 1 phenol/chloroform :

._:-(58 8 g ‘phenol in 50 0 ml" chloroform) The purple product _ S
o (dlcyanocoblnamlde) was oompletely extracted in the first emx 5*[._
"_;ext:aetlons, whilst a yellow product, taken to be: stable | '

yellow corrinoid speolee, appeared in the later extractmone;
The stable yellow eomponenta were dleoarded together wuth the =
_aqueoue phaee contaxning the inorganic saltsy - Lo
' Dloyanoooblnamlde'wae diluted with 400 ml ether and extrected -

"back into the aqueous phase (400 mi in 10 portlons) The

:] aqueoue phase, washed twice with 200 ml of ether, wae

'-concentrated doWn to 300 ml by flash eVapbratlon. o
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”'o”Conversxon of digzanoeob;gamide to Factog 330

TV

: Cleavage of the flret Co-CN bonds wasg aohleved by addlng 2 ml
_*5 mol dea acetio acld to the dlcyanoooblnamlde eolutlon,

'produclng HCN and Factor 8. The produot eolutlon was L _
coticentrated down to 5 ml. whereupon 25 ml’ water and a further S

e’7_2 mi.5 mol. dm73 acetlc acld wae added. Acetlo acld and Water _ f
___e:were removed on a vacuum pump o yleld dry Faooor B. S

A 2. 5 cm X 35 om,ar Sephadex c- -25 (Pharmacla Flne Chemicals)

'catlon.exchange column was oondltioned by paeelng 400‘m1 0. 010 :

- fmol dm=3 NaCl through ‘the column, Chlorlde ions were then

removed by passing 150 ‘ml. de;onleed Water through the oolumn, o

f'untml no more ohlorlde ions were detected (AgNOg). Uling water

as the eluent, 2 fraotlone were obtalned- the flret fractlon,

'.seen as a dietlnct red. band, was identlfled as unreacted

_v1tam1n BIZ from the flret reactlon, whlllt the seeond

fraction, a purple band, was eubsequently shown “to. be f'

-dloyanocoblnamlde. Changlng the eluent to 0.1 mol dm“3 |

NaCH3COZ produced a red/orange hand eubeequently shown to be N
Factor B. Further elution using 0. 1 mol dmf3, and . then 0, 5 mol.f

'.dmr3 NaCH3002; produced two mote fractlonn, the flret, an
'_orange band belleved to contain a mlxture of Faotor B and

stable yellow corrinoid SPECLES (SYC), and the eecond, a paIe _:

- Tyellow fractlon,'contalnlng only SYC Identlflcatlon of all

five fractlons was oonflrmed usmng UV/VIS spectroscopy and

HPLC analyele. The column elutlon was completed using 2 ‘mol f.

dm?3 NaCl. Two more bande were collected a dlffﬂle pale

' yellow band contalnlng more" SYC, and an -amber band contalnlng :

. a mlxture of Faotor B and etable yellow speclee..'

E Pigure 2.1. 1 Below gives the wxvxs spectrum and HI-'I.C

ohromatogram of Fraction 3, the. fractlon belleved to contaln

'only Factor B. The small shoulder between 570nm - GOOnm on the 

UV/VIS epectrum_euggests a”smallfdeoyanocoblnamlde impurity ;n'



.thlB fractlon. Teble 2 1 1 glvee the elut;on pxogram used Iex

'~gthe HPLC analy515. As explalned in- the prev;oue chapter,;y

. Factor B ls present as. twe Lsomere._The\relatlve orlentatlon

'T;'of the" corrln side chalns and the sllght devlatlen fram

_:'planarlty of the corrln rlng result in the corrln meleeule
'[zhaVLng an "upper“ ‘and a "lower" face, hence whenﬂthe twu axlal
ligands: are not ldEntical, two geometrlcel 1somere are -

,g;90331b1e.33 The ehrOmatogram hae the characterletlc twe peaks e

- produced by the two Factor B 1somers, but lndlcates a further

'“jsuhstantlal peak‘Wlth a. retentlon.tlms {RT) of 9. 21 mlnutee. a.:'

'i'sample of Factor'B, kmndly donated by Prof K.L. Brown, Was.

..'USLng the same elutlon pragram, but changing the buffer pPH. S

 from 7.4 to 3.0, produces a chromatogram of Factor- ‘B w1th anly

Jf:the expected two lsomer peaks evident. This lndlcates, as -

suggeeted by the UV[VIS spectrum, that the extra peak was ¢
produCed by dlcyanocoblnamlde, and that at luw pH one. axlal -
cN= is released as. HCN._" :

'”UVfVIS epectroscoplc quantlflcatlon of fhe corr;no;d speczes B

' e”1n the varlous fractlons, lndlcated in Table 2. 1.2 ‘was ff-' T
"_achleved by converelcn of the relevant GOIranld epecxes to

a dlCY&ﬂOCOblﬂ&Mlde by addltlon of NaCN. (A357 dlcyanocoblnamide '

= 3.04 x 104 an® mol~! cm~1).28 Comparlson of the amount of

: ?; Factor B determlned ue;ng UV!VIS spectxoecopy (74%) and HPLC

| :'slmllarly analyse& by HPLC and seen to give the same 3 peaks._ e

peak 1ntegrat1ans (?5%} ‘shows that the use_pf HPLC peak areas

‘as a measure of the- concentratlon of . corrxnoxd specxes ls
~adequate’ for rough measurements._-- '



o

-

TIME / min

.80, 400 800 800

) _'F:Lgure uh;. l {a} UV/VIS spectrum, {b) HPLC chromatogram (pﬁ
CUT.4) ané, (c) EPLC chromatngram gpﬁ 3. 0) of the fractlon
_ "obtalned fram the catmon exchange column whlch was ldentlfleﬁ
7-f_as Factor B (?ractlon 3). o L : S '

8
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:“:Table 2 1 1 HPLC elutlonﬁprogram ta analyse the fractlon," PR
gf-belLEVEd to be Factar B (Fractlon 3y, on an analytlcal 100 mm  '

:”..'”X 4 6 m C18 reverse phase cclumn..f, _:

-zwﬁimg'f % 50 mﬁ-?hosphate:f%;hﬁéﬁoﬁitfiiéH 7ﬁl6ﬁ ﬁ&té 
|/ min® putfer (PR 7.4 o oy m
ey e o b jpdemb

1
S

o5 e es b s o s
:::15’}': _ ig €:70,  .   :   ..__30 .;::.;?_ :;'lﬁs:" L
ﬂi20; ,i -Hii_'95_w. S i  .f .”5 .: .. ..¥ :STOP

fj”Fractlon 3, contalnlng Factor B, was concentrated and desalted_ﬁ
;.u51ng the same phenolfchloroform and ‘ether serlal extracﬁiona f '
';descrlbed above. S ’ L B
e S R o _
';Tablé'2.1.2-Distributipn-df the various corrinoid reaction
products (from 0,378mmol vitsmin Bjy) after separation on a
‘2.5 .cm X 35 cm SP-Sephadex C~25 cation (Nat) exchange column. -

b

\_Erﬁctidn_,_-,  Jhmbﬁﬁt f'mol % Com9051tlon ””
S o o of Reactlon

| Lo JMlxtureﬁ_
|1~ vitamin By | 1.90%1075 |
2~ Dicyanocobinamide | 2.36x1076 1 |
13- Pactor B | 2.718%107% ]
|4~ Pactor B+ SYC | 2.77x1076
5—,SYC ,.' o . - T
- _T#.Factcr B + SYC o li.e7x1075 | 4.4

Torar . |3.a9xw0t | saa | .

- — D e »
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'-;13 2 sznmnzs:s or nnc

f:‘.

o Factor B (3 3x 10-5 mol) was dlssolveg in 50 ml 5% Wl
=:Ng4Br ln methanol in a 3 necked round bottomed flask oapped
ffw1th serum stoppers w;th a glaes frlt gae feeder. Argon,

'*gpaseed through a prehubbler contalnlng methanol to- prevent

__.dfevaporatlon, was used to: deaerate the eolutlon thoroughly for
.. ;1.5 hoursi Zine: wool (0 5 g}, freshened with 2 mol dm=3 BCL " .- .

}-Jfor a few mlnutes, was rinsed wlth methanol -and. added to the_.a}fgf“f-
 £lask. The xeductlon proceeded for 1.5 hours under the =
'_golroulatlng 1nert atmosphere. t'hze orange solutlon turned _
gdfhrownlsh[Yellow. Brown indlcates that the solutlon should turnzi-
~ dark blue/grey at this point. 29 Thls colour change-ls probably;:
 i1nd1cat1ve of the reductlon of Co{III), prefe:entlally a

. 6-coordinate species, +to co(I), preferentlally = 4-coord1nate

“ofepeolee 1 The axial ligands, HyO and CN-, would then be - =

 ‘released into the methanol. a yellow solut;on is more - S

_'_:1nd1oat1ve of a reduotlon to. CO(ii), preferentlally a |

. S5-goordinate speclee.l TIf the reduotlon prooeeds wvia the 'd

- ‘scheme shown below, then an- equlllbrlum ooudltlon exists_z-" ; N
'-between the two reduced lOﬂS, with the Co(II) in. the ma;orlty ;-'f;-j;
_eln thls xustance ' ' S

e + Co(III) % Co(II)
200(11) CO(III) + CO(Ia

'-The solutlon was wanula transferred into 100 ml 1 mol dm*3 ﬁclfﬁ
" and left' for a further 1.5 houre undexr argon. Free CN"‘J“ as o
_---:Pr°t°nateﬁ o form HCN, a gae wh;oh is lnsoluhle ih m&fhanol,.;] o
. and vas thus vented oif with. tha circulatmng Ar.'When the . -
’reactlon aolutlon was exposed to air, the Co(I) or Co(II) was _
reoxldleed to Co(III). In the absence of CNT, DAC lS produoed;f;




7_W1th 300 ml ether and hack extmagteﬁ 1nto water (150 ml 1n IO)
'pcrtlons) '

.......

'J.? The solutlan was then desalted by axt
fsueeess;ve 10 ml- portlons of 1% 1 phen

ctlon lnto 10
fchloroform. The

 organlc layer was washcd 3. tlmea with 1 nm@ ﬂmf3 Hcl, diluted}

- ”column

" |/ min

% 50 mM KHyPOy , 
Buffef (pH 3, 0)

Acéﬁonit:ile:

The product Was analysad uslng reverse phase ;
”:analytlcal HFLC, nalng the elutlon pragram 1n table 2 2.1

1.; _Tab1e 2 2 1 HPLC elutlon program to anaiyse ﬁhﬂ reactlon a
- mlxture on an analytlcal 1OU X 4.6 nm Clg reverse phase I

";Flow Rate B
i me
= pn:l.nfl

S
i5

RE

201 |

607
60

. B
ST
40

S 40
s 55

RN
T

PO |

"swop=~-

: Table 2. 2.2 HPLC elutlon program to analyse the Dac raactlon

'mlxture on & seml—preparatory 250 m X lﬂ mm C18 Aquapore

o 'revexse phase;calumn. LT

-'-:Tlme.
Nt min

% 50 mM RHyPO4
uffer {pH 3 0)

& Acetonitrile

;anw Rate

/ mlL .

: . Ft_l_:l.n__]-_

15
16

95
4.5
60
60
95

5.8
40

TR

- .sTOP

B B a
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Table 2. 2.3 HPLG elutlon program to analyse the separated _
fraetlons of the ‘DAC. reactlon mlxture on a semxwpreparatory ¢
250 mm X 10 mm Clg ﬁquapore'reverse phase columh-_" ' '

A . R S . .

. . N . . i .

 __Tiﬁé  % 50 mM KH2P04 _ h Acetonltrila [Flow
(| min [pusfer (pH 3 o) AR S 25 SEE

12 . 60 .t 40

'2u;1'-_'f-j}95r'ﬁf_ BE ‘-;=5-;.'I°':]._“smo?“

_Flgure 2.2.1 (a) shows the chromatogram obtalned. stng a peak
area estlmate {345 nm) DAC " constituted 83% of the reactlon
mixture. The remalnlng peaks on’ the chromatogram are _ -
T'attributed to’ Factor B (verlfled by spiking with the startlnq

- materxal) and the 1nev1table degradatlon products.

| <sem1—preparatory 250 mm X 10 mm Clg Aquapore: reverse phase o
" column with a 20 s m particle size (Brovnlee Laboratorles) ‘was .
| used to attempt’% separatlon of the variout reactlon mixture
_'ﬂconstltueuts.:Table 2.2.2 indicates the elutlon pxogram used
'tfor the separatlon. Fmgure 2.2, l (b} 1ndicates how the elutxon
_program was des;gned to optlmlse tha separatlon of Dﬁc from : _
' the remamnlng unwanted reaction cemponents. The arrows on Lhe -
chrcmatogram 1nd1cate at- what pnlnts the two fractlonl WEre
._collected. _ S

s
’ ’—{I :

_:ﬁy:f”  R

1 R R A e
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  _F1guré 2 2 1 HPLC chromatngrams of (a? reactlon mlxtura u31ng
- elution program in Table 2. 2.1, {b) reaction mixture uslng

© o elution | program in Table 2, 2. 2, (e} fractlon expected to T

" contain pure DAC using elutlon program in Table 2.2.3, {d}

[

?=]frac Lon contalning startlng material and atab&e yellow o m-."

Ecorr;nomd spacmes usxng elutlon program in Table 2.2 3.. _fb;;;7ff'1'5

o )

- TIME / min

T
R

(b) |
o j¢£4$ L

toe _j—:'i‘

L1778

_TIME / min

of

~TIME 7 min-

£

TIME ¢ min
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"'3_The twe fraetlons were reanalysed uslng a mOdlfled elutlon

_  geipercentage purlty of DAC was small, increaemng at beet to 96%.
" The inability to adbleve ‘2 100% pure DAC sample Waing this
__e;%;separatlnn technlque,Ls llkely te be a coneequence ‘of. the '
' '1nstab111ty of DAC in. air.3 5 Ford et al. reported ‘that

"flfrozen-ﬁ Exposure of nac to alr durlng the laborious

’;program given in Table 2 2.3, Flgnres 2. 2 1 (e) and (d)
" indicate the ehrometegrams obtalned. Imprcvement in the

: \

{ﬁchanges 1n.the absorptlon spectrum of DAC were pronounced
 after cnly a few days, even Whan salutlons were malntalned

q_separatlons prebably negated the expected 1mprovement in the f

'ee percentage purlty achleved by the separation. The DAC. uolutxon

Clowas nevertheless obtalned free from startlng~mater1a1 (Factor
B _B) by thlB precedure,' :1"g_:.-_='_r' .”"];~'- T e

The DAC*was concentrated and deealted once more u31ng

"phenollchloroform and, ether eerlal extrautlene. The plnk o
' “soljution was stored frozen under argona In subeeqnent
 'i$gpetitl0nS of this- eynthesls, the eeyarated pac wae not _
- desalted’ because deseltlng using phenel/chlerofarm or benzyl
-~alcnhal extractlons“has been lmpllcated in the formation of

‘gtable yellew corr1no;ds.3 28 Ultrawflltration3 and.hlgh

"“.;voltage paper electrophoresls5 ‘have been reported to remove:f-

" electrolytes thhout effectlng further degradation of the
'ffsample, but these methode Wae net attempted here. Cempareble :
;f:problems thh exposure of DAC to air durlng these separatlons

~ was not reported. DAC Wee then stored frezen under ergon in a _
1-_solut1on contalnlng seme phoephate buffer ealte. grIC analys;s S

of the sample & months later indicated only. very I;ttle (1% -
-3%] degradatxon ef the sample durlng sterage. S

g
LA

A

#
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2 3 OPEIHISATION OF THE COHDIEIONS UBBD IN THE S!HTBESIB OF |

'pac FROH FACTOR B

"fPercentage ylelde for the converelon af Faato* B to DAC us;ng
Brown’s method29 varied . from 75% te 93% Reactlon mlxtures at
the end of the synthesls dOnSlSted Qf ‘three domponente. -
unreqeted startlng materiel, pac and ‘stable yelluw corrinoid.

-~ species. Optxmum reaction cendltmons were thus anestlgated in _7-'

eﬁthe hope that the yleld of DAC could be lmproved.and that the "
conditions centributlng to this yleld could be hetter S
understood. ' C L

:_'Investagetion of an nlternetive Reducxng Augnt

__'kncemplete GonVerSIOn of Facter B to DAC and suable yellow
_'cerrinold specaes is probably the result of incomplete
*ereductlon of Co(III) to Co(l) by the zine Wools NaBH4 was thue

llnvestlgated ‘ag- an. alternatlve redkelng P,eue. Prellmlmazy "_'

_ -epectroscoplc studies of degaseed Factor B 1n mefhanul hefore
" and after addition of degaszed’ aquéhul NaBH4 suggested that

"T.the Co(III) had. been successfully reduced to Co(Ll}s. Flgure
'~_2 3.1 shows the UV/VIS spectrum of the reactlen mixture before
and after the addltlon of NaBH4. The eolutlon changed from. an ;

'orange/red (Co3+} to a grey (Qo¥) colour (maxlmnm ebsorbance
-ehlfted frbm 358 nm to 391 nm}

.The synthee:e of DAC from Faetor B wa.s then attempted uelng
E NaBH4 as the reduclng agent. Factor B (3 mg, 3.4 mol) was .
'-dlseolved in 100 nl methanol and deaerated usxng nltregen for
1.5 houre. NaBH4 (0 2 g) (Merck) in 10 ml water was elmllarly 'ﬂ

_deaerated for 1., 5 hours, then cenula transferred to theﬂpeeuor
B solutlon. After 15 m;nuteg the solutlon had. turned amber,
and not the expected qrey. Leav1ng the reduction’ta cont;nue-

B D for a fu ther hour had no effeet on this colour change -

(verifled epectroecoplcally) A further 0 2 g NaBH4 was added



fta the solutlon; A vlrtually lnstantaneous celour change to

'r.grey wes observed. Deaerated acetone was lmmedlately added to
o scavenge excess borahydrlde. Deaerated 12 mol dmr3 HCl Was S,
"added dropwxse to the solutron until the pH dropped frdm 1? to R

'{f3‘ The solutlon was then left under nmtrogen for a further 1 5

':yghours. Using a ‘canula, 100 ml deaerated 1 mol dm'3 Hcl wae-
'_r'added ‘to the SolutLOu}WhICh was then. left under n;trogen for a
"ir'further 2 hours. BPLC analysrs ‘of the reactlcm mixture R

“”(elutlon proqram in. tabla 2 2. 1) lndlcated that camplate ii__e,_

3canver510n of Factor B had occurred though only 58% had been ff :

. converted to DAC. The remalnlng ameunt ofEFactor 8 was S

'Zconverted to stable yellow corrlnolds._- luhetantlally 1arger:sﬁ.

.'Tproportlon of stable yellow ccrrlnolds is thus prcduced when -

’NaBH4 rather than zlnc wool is. used as the reduclng agent
\1} : .

. '“Flgure 2.3, 1 UV/VIS spectrum ef DAC before and after the o
'-  addltion af REBHQ._ : : : : -
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; -Tznvastigat;an of an OEtimum Reduction Tima _ ?f ' ﬁr”'}?5”

-Condltlons were then lnvestlgated ta lmprove DAC ylelds usmng 1;;

' zinc wool as the reduclng agent. The reductlon ulme is one

~ factor which was gonsidered. Factor B was raduced as descrlbed_ ' e
 : ln ‘the prev;ous section (2 2}._Samples were. W1thdrawn £rom the jf_’¢f

kR reactlon mlxture at regular lntervaIS; added ta the égulvalent ’ 2
_fnamount of 1.0 mol dm~3 HCL, "and analysed uamng HPLC (elution - -

fprogram ln tabla 2.2 1). Solutmons were not laft standmng 1n :

"_acld under . a clrculatlng lgert atmosphere and hence the

,_-gverall DAC ylelds were lbw. Comparlsons between the 9°1utlons:{f”*“’

*a.,are nEVarthelessjusefui and an optlmum reduction t;me of ~1. 5
, Ihrs was - con;mrmed. Flgure 2.3, 2 1ndlcates how the composltlon o

1ﬁ'cf the reactlon mixture changES W1thfreductlon tlme.' '

'_'Flgure 2 3 2 Changes in the Laactlon mixture" composltlon in - |
the converslon of Factor B to DAC wmth zxnc wool as. a functlon :

t'of reductlon tlmep 3?”"'” '
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5 100t
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N | Ut T &
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--,VThe effeat af the concentratlon cf the ac;d on” the chVerSLOn

';;}of Factor B ta DAC was then 1nvest1gated ln the same manner—as :'¢5

.(‘\_': S

i_idescrlbed abcve fer thﬁ determxnat;on of ‘an, optimum reductlcn
f.tlme. Samples were agaln analysed 1mmed1ately and not 1eft for

7 some time under a circulatmng inert’ atmosphere to allow the .

':;elxmlnatlon af CH as HCN, and thus the percent aonvar31on of

lvffFactor B to DAC is again low. Nevertheless, table 2.3, 1 does
'*~ind1cate that lncreasing the concentratlon of the a01d '

' ”resulted 1n a decrease ln the percentage converszon of Factor f?fj::
.}B to DAC and a carraspondlng 1ncrease in- the percentage o .
_decamposltlon,products. Fxposure to any acld is 11kely to 1ead
to some’ degradatlon of: the cobinamlde, but 13 nevertheless ’

o necessary in order to facllltate removal of CN as gaseous " ;‘
: L

- Table 2 3 i Relatlonshlp between acld concentratlon and the o
percent canverSLOn of Factor B to DAC._"-;j;,;.:_Q SR
[HCl] '  t ConverSLOn nﬁ
/{ mol a3 actor B to DAC
0.25 | 33.5
s 1 306
EEET IR B .
o 2.0 E ) <_-._ ] .- 21'9 . R "3‘
:. 5__m7 @ e

v
It
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 Investigafion of an,o”t”mum Tlma_for Ex_osure to_the_nc;d__:_

_"'Samples of the react;on 1lxture produced durlng the NaBH4
 _ f reduct1on experlment were extracted regularly and analysed
y'ffuszng HPLC (elutlon program in table h.Z 1y to determlne the .
; _.percent conversion. of Factor B teo nac. Table 2. 3 2 lndlcates  fh_i :.
" the- relationship between the time the reduced Factor B.was " : :
: ‘left in acld and tha percent cnnver31on\of Factor B to DAC: An_33f57--
;;_optlmum tlme of 1. 5 hours was conflxmed._f”'“'“ - AR

' TTab1a 2 3 2 Relatlonshlp hetween the tlme thét the rednced .
.';lFactor B 15 left in ac1d and the percant converSLOn Qf”«aator AP
Bto DAC. B T T S R DY

|/ min |Factor Btopac | . .
w0 | s R Sy
60 [ 38 - ’ o R
1z ) oo o
rwiﬁs_ f};“; 58  ” 751¥
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_  .'It is dlfflcult te compare the reeults obtalnei usmng Brown s
e*ﬂsynthesxszg w1th those 1nvolv1ng photoly51s, SF either Factor

B dlrectlyzgr or of the methylceblnamlde 1ntermedlate3 At _}_hﬁy- L

.::evbest, uelng Brdwn 5 SYﬂthEBls, a 93% pure DAC sample wae _
:aehleVed, though percentage purltles as low as 75% were also
7['ebta1ned o occaalen. Brown reported that his eample was 85%

_ :pure.29 All these meaeurements were taken dlrectly from the -
"Lntegratlen of the peaks in the HPLC chrematogram, and thus _.'
. ;e susceptlble to. "rar due- to lncorrect 1ntegratlon of the
‘ﬁpeek area (a problém associated Wlth talllng peake as was .
v:found in the chromatograme of DAC), as well as the error ”;e 
'_Jlntroduced because of the different reeponse factors. at

E  different. wavelengthe of dlfferent substanCes. Earller,
;hoWever, it was shownd that HPLC peak lntegratlon is eultable

';fcr rough quantlflcatlone. Fratt reported no detectable levels .

eE hydrolyels praducte whén he used ‘the . technlqpe of

-}phetolyels of Faetor B to produce DAC3 though other aufhers e;:fe“il

- __were not so fcrtunate.s Thln-layer chromatcgraphy was the - _
o ‘technique Hl‘ted for analysls of hls DAC sample. HPLC is a far '

S

'7:more seneltlve technlque and- analysxs of hle reectlon mlxture'*_”l
uging thls teehnlque mlght well have .yielded a different o
'reault Brown 1nvest1gated the reactlon products of the

. photolysis of methylcoblnamlde using HPLC. He Teports =
'_achlev1ng DAC percentage purities of around 70%.29 Brown’ 5-;3_ﬂ
- method of eynthes;% is thus superlor to the methylcoblnamlde'f--
:"methed, but cannot be cempared to Pratt’e method: until R
" comparable HPLC analysee ef theae reactxon mlktures are dene._.f
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.f:Spectrophotometrlc tmtratlons of DAC were used tq determlne the:' .
[;:ac¢d dlﬂsoclatlﬂn constants of - 1ts two axlally coordlnated wateﬁ"i?1
”_malecuIES (PKI ‘and PKZ) The ‘cobalt, corrinoid moleculas ‘are well§ ."“"

_  ;products._Spectrophotometrlc ;nvestlgatlon of deprotonatlon
-~,eqn111bx1a reflect only those changes dlr&ctly 1nvn1v1ng the g )
*;chromophore {i.e changes in the conjugated ring 1t3elf and.lh ﬁ'f

fthe—nature of the: 1Lgands axlally coordlnated to the cobalt(III) ' :
'Tfatom) and not changes occurlng at- the perlphery of the molecule L
;(e.g. posszble*hydrolysls of the amlde SLde chalns) 23 | E

P

 ;Tab1e 3 1 glves avallable values of the acld dlssoclatlon o _
'constants of. DBC‘S two axially ceordlnated water molecules. The B

effect of temperature on: these quantltles has not yet been

_"anEStlgated. Such lnformatlcn is 1mportant for the klnetlc.°"
_I_;lnvestlgatlons described ln subsequent chapters, and hence the
" relationship between: temperature andtthese.values was detarmlnéd.

| suited to 8pectroscoplc anestlgatlon because thelr electronlc _%g?:f ;ﬂ
 1 :structures are profnundly altered by the natire of the nganda S
| 75attached to the metal atom.l As prev;ously descrlbed, th;s

.,gharacterlstlc Was explolted ln the Synthesls of DAC, Where .; o

..”qoleur changes wera used to Ldentlfy reactlon lntermedlages and ?,_.“



a:'staklonary fhroughoutlthe tltratlon. Measurements were

- Page 40-_ %-f.“"]_"-;“”;'.'a

-~H'- _.@’1"" -3-. 'e; o - A S

*.ethe two axlally coordln%i&ﬁ water molecules ln DAC at 25‘0 and an

ionic strength of 0.2 moeJam“3, standard devlatlons 1n

e’par&nthaels.._-“~ '#' ;JJ oo _:]"_T? ) ﬂ.'j' ' ;'“ fﬁ_,_:ef'eﬁjf
"'_eqizﬂ.ﬁaﬁ;ﬁm”'_'__f--'_-' _ PRa [Reference | o .

”mc - BHC + 3* --:-'5«40 (0. 05> s

1 _ ‘.,5 9. (0 17 '{f?jf?”-,---:.-vv.a::»-w

| -:f'~'?;e10;3f(0;2)15. 3

'_]}j3 1 ExPERIMENTAL pnocanunzs

| R _ o
The two daprotonatlon equlllbrlum constants of DAC WEre
meaIULEd at. four dlfferent tem@eratures. Flgure 3.1. 1 below

' a;'1nd1catee the arrangemﬂnt Of the apperatus “SEd in the

:_determanatlons. An’ aqueoue lolutlon of DAC (80% - 95% pure,_f
eS X 10“5 mel dm‘3) Wlth an lonlc strength of 1. 0 mol dm“ . L
_achleved by uelng approprlate amounts of NaClO4, was placed in’
tHe- reactlon vee-el. The react;on vessel,. eurrounded by a -
water Jacket lnsulated with cotton wool. . and alumlnlum foal,
'and the lpectrophotometer cell holder were malntalned at the
jfrequlred temperature by a c;rculatlng Water bath (£ 0. 1°C).
7_perlstalt1c pump was used to transfer a fixed quantity .of

': solutlon from the - reactlon ve-sel to the" cuvette in the

sper trophotometer cell holder. The cuvette hence remalned

:periormed under reduced light condmtlons to mlnlmlse _
degradat;on of DAC. Solutlons of HCl and Naan (1.0, 0.1 and
. 0.01 mol dm~3y, were transferred'hy means of a- caplllary tube
 to the reactlon vessel to alter the solutlon sa?H duxlng-the
tltration in. steps Qf 0.0% to 0.05. Volumes add%

,Wﬁre alwaye

~;‘n
e

: Q%,




 _'.f?ﬁ; ;Lj Pég¢J41_ f;ﬁxx_,Q;%; '.'”

. very small in order to mlnlmlse the volume change (and henca IR
. the’ concentratlﬁﬁ=ﬁt DAC) durlng the course af tha tltration.. '
The pH: electrode, lmmersed ln the - solution, msasured the '

!
pH of the equlllbrated sclut;on was measured, an allquot was

_ transferred to the cuvette and the absorbance of that sclutmon
“.-ai a spec1flc wavelength was &hen'recordedb, - w\ :

Flgure 3 1 2 below ShDWS the UV!VIS sPectra nf DAC, el
aquohydroxocoblnammde (AHG), and dlhydroxocoblnamlde (DHC}.
AHC ‘can exlst as two isomers anq thus the spectrum o;\ HC is .
.an average of the spectra of the two, lsomers From thé§e -
spectra, wavelepgths were chosen where a mﬂXLmlm absarbanﬁe
changa accompaﬁled a depfbtonatlon. Wavelengths of 278 nm: and . ’
- 344 nm were thus identified. For the first equlllbrlum |
(DAC S ‘BHC), lsosbestlc polnts were ohserved at 341 nm and 357
;q nm. For. the second’ equllibrlum (AHC 2 DHC), 1sosbest1c p01nts
were observed at 341 -nin and’ 377 nm. f: R :

Flgure.3 1. 1 apparatus used in the determlnatlons of thﬁ acld
dlssoc1at10n constants of the WO ax1ally coordlnated water s
molecules in DAC. 1_": . _   : R T -“ ;.¢f

PERISTALTIC ©.-PE MBRER - .
. PUME 2

e uv!vzs s
SPBETROPHOTOMETER 7/

T

 ¢§§§5;;:._ 7 . i: “WﬁEERf :‘

’ BA’I‘B

ABSORBANCE

NG -MAGHETICl]" e e
- STIRRER =

w i-solut1on s pH following add;tlan of elther acld or bare. The f:-  f
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) T SRR
Flgure 3 1b2 UV/VI& spectra of (a) DAC —*?’.i-l
(CJ DHC --':_at 25°c 3 T S

. -#'bs'crbcncg

-s.-;.{sK:. o

_.Tables 1l 1 1 - 11 1 4 ln the appendlx glve the abeorbance c' o
. data collected as a functlon of pH. For data collected at

'1f35 0°C and 25.0°C, the absorbance change ‘at 278 nm and 344 nm f;
‘was collected over the whole pH range. The data collected for 7
"these tltratlons indicated that the flrst equlllbrlum was best |

”-ffollowed at 344 nm,‘whll:t ‘the second ‘eguilibrium was best

"followed at 278. nmq though it can. also be adequately followed

:e at 344 nm. Sultablllty of the selected wavelength was based on

usmng the wavelength at Whlch the largest: absorbapce change l__'

.:.accompanled depxctonatlon. Ehus, .for the other two o '
'.temperatures lnveetlgated absorbance change a8 a functlcn cf
lpF in ‘the acld to neutral tltratmon was only fcllowed at 344

" 'rm, whilst the neutral to basic titration was follcwed at" 278
- 'Problems enccuntered with the spectrophotometex’ s

:mcncchromator necess;taaed dupllcatlon of scme tltratlona.
Data: analYSlS (descrlbed later) was, whenever pcesmble,' -

| performed on these dupllcate data eets._- |

o {{—
...‘l
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'-'3 3 nunnxs:s nnn IETERPRETATION oF: nnmn o

.'The tWO reactlons ‘of xnterest are,

 DAC ¥ ARC + HF  ' (Ra1) ky'f” X
AHC % DHC + Y (Ka2) |
[H+]eq[AHcleq __1. ra+jeq{nncleq
[DhC]eq v_ﬁ._ : .~  . thﬂc}eq

5These observed 1onlsatlona of DAC are macrascoplc pKas Sane
“ABHC can exlat as. two stereOLSGmeﬁs.-- : '

f.-' R

B CQgﬁlderlng only the flrst equillbrlum, then the absorbanae _
~meaeured when only DAC is preséent is Ao If 100% conversion of

DAG to AHC occurs, then the absorbance at the same wavelength,_ .

due anly to the AHC is Al. At any time durlng the equillbrlum
“tltratlon, tha abgorbance measured is A. Appandlx 12 1 glves_' '
‘the darxvatlon of equatlons 3. 3 1 and 3. 3. 2. B '

¢hen, kal'= ~F§—4f k'fﬂ+;éq. 'u(équation'3.3.l) |

Simllarly, cons;derlng only ‘the secand equlllbrlum. if 100%
converslon of AHC to DHC ocours, then. the absorbance at the
'_same Wavelength due’ only to. the nnc is Agy. '

Then, Kaz- -A---— x {ﬂ*}eq - {equation 3.3.2)

: ;Plots of log[(Ao'- A)/(A m 31)] versus pH at 25°C for the
first equlllbrlum,.and logl (A - A)X(a - BA3)] versus. pH foxr

- the second ‘equilibrium, determined at both_Wavelengths.gqve

linear plots, shown-in_figure-3.3}1. This-éonfirms'the o
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u) - _a 344
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assﬁmptlon made 1n the equatlons' derlvatlon that each
*f_abserved equlllbrlum corresponds tﬁjthe transfer of one’   p".

'ﬁ-_-'___---m,g:ms 3 3 1 (a) 1og[(Ao' - A)/(A - .Al)] ‘v‘ersus pH at 25°c for
‘data qpllected for pKay at. 344 nm, (b} log[(hl ~ B)/{A - Ag)]

;ve;sus pH at 2P°c for data collected fer pKag at 278 nm.;,;;.f_;i= -

) m[m-numu. :
2 e — -

Iog W_MMIe&!i-.' IR
3 st

RV

i —— .

. o -
it . .

_'JOne problem w1th sucb a plot is that the values of Ao, Al and
"Az are not known and can en}y be extrapolated frométhe raw f,”
- data. Values of pKat and PRa2r derived by flttlng a stralght
line to the data, will then be 1a;gely dependent on thi
} 'accuracy of these estlmated absorhance values. An equation was
' ‘thus derived (appendix 12.1) Wthh would describe the data o
:;Wlthout gny assum@tlons regardlng the values of AO, Ay and Az ,;[ZT
'__ hav1ng to be made., ' : L

:'ThEn AtOtait“ ?‘;+fff“f“;"7‘“‘*"f“f“ﬁf | _.{equation §;353)I

 KaiRaa/[EF] + Kap + [HF]



#
i

B

s

RalKa2 + Kal[ﬂ+] i [H+]j?

. When a +1trat10n to determlne a 51ngle deprotcnatlon jV'E'*"
:__equlllbrlum constant was, performed data was fltted by one of

two s;mpllfled forms of equatlcn 3 3 3

B then, Atotal _5__5,_+__--ﬁ;.+;g;;¢4;,_~-__ (equatlon 3 3“4)

1 + [H+]/Ka1 s Ka1/{H+]

‘then; Agptal = —-mwmeTmoess f'e* e (equatlon 3.3. 51‘
| o 1 + [H+J/Ka2 1+ Ka2/[H+] o

*Flgures 3 3.2 -3, 3 5 show how equatlcns 3,3.3 - 3, 3. 5 were

t_flttéd to the data tabulated ln tables - 11 1.1 - 11, 1.4 (in

' "appendxx ll 1y« Table 3.3, 1 below gives the opt;mlsed values_.lﬁ

. Of PKal a.nd PKa2¢ -

o . ) . ) . i

'Flgure 3 3 2 Spectlophotcmetrlc tltratlon at 35°c, (a) data
ccllected at. 344 nm, curVe fltted u31ng equatlon 3.3.3, (b}
data collected at 278 nm, curve fitted usxng equatlon 3. 3 3.M
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"-Flgure 3 3.3 Spectxophotometrlc tltratlon at 25“0, (a) data_ i

et 7 Kt ”}. et e i L

ccollected at 344 fm; enrve fitted usmng eqﬂatlan 3, 3 3 (b}"-t”ﬂfhn

.\}f}data collected at 2?8 nm, curve fitted uslng equatlon 3 3. 3._”.:f

- L (a) tE!._
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_ Flgure 3 3. 4 Spectrophotometrlc tltra+lon at 15°C, (a) data '_
; collected at 344" ‘nm, curve fltted usmng equatlon 3.3. 4, (by :

S B
P

(b)

- AgTeOm

12—

: .. 1. R

ln data collected at 278 nm, curve fltted us;ng equatlon 3. 3 5,.;'7*
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TFlgure 3.3. 5 Spectrophotometric titratlon at 5 C, (a) data

zlzccllected at 344 nm, curve fitted us;ng equatlon 3.3.4, (b).

data colleeted at 278 nm, curve fitted using equatlon 3.5, 5.‘
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s, 3.3,

'ﬁg_Thermodynamlc parameters for the aVeraged.deprotonatlon   £-€_ ,-5,
.:equlllbrla were datermlned uslng equatLOn 3.3. E o

. . __A ﬁs :.”  _.€   .: fgﬁ- ;f;  ?': ff:J7::;i..-:Q
ln Keq = --;fug';{.;,-'j (3.3 T

fi_Table 3 3. 2 shows the data used to prodnce flgure 3 3. 6. The
'=thermodynamlc parameters thus derxved are glven 1n table

_;:'Table 3 3 1 Ac1d dlssoclatlon constants of the two coordlnated'f" _
'f water~mo1ecu1en in- DAC, standard dev1atlons in parentheszs, e

EUVIERE S

Temperature J ‘C

 B5.0 £ 0.1 [25.0 £0.1  [15.0 £ 0.1 [5.0 0.1
foRa1 560,162 [5.95(0.03)8 T6-~1.4(-0.~_ﬂ3-)b_
T 5;54(Q;Q4)b_ .5 8?(0 06\b  S

,6;0410;6315 _ L
6.76(0.80)b |

v s o fer e oo

{pKaz o 40(0. ozj2 s, 55(0. 655& ;;§145(g gi,a’_ Lg;li(qﬁﬁisa” o
A4 . eo(u 05)b} |9.38(0.01)b Jo.54(0.01y2 |

Tav. jo. 40 ) "” u'9 a7 ;,,_' |9 50 o o.ir

a measured at. 278 nm  \'_
b measured at 344 mo
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',parameters for the acxd dlgsoclatlon constants oftthe two

' raxlally cocrd;natad Water molecules in DAC.--'*

.i i;/:£é;.

TR
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In fa

 ;25fU;
5 0.

13,25 X 1073
13.36 x 103
¥.47 % 10-3
3.60 X 1o~3“

| =12.78
ff‘l&;ﬁi-@
'414'14n
5-14 4

-21 8

 { 23.2

-21.6
-21.81

g
3}

. : .-14,.5 .

: DAC
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:-“_Table 3.3. 3 Thexmodynamlc parameters for the acmd dlssoclatlon :

| constants of the two axlally coordlnated Water molecules in -

N DAC, standard devlatlons ln parenthesxs. '

Deprotonation
Equilibrjﬁm;

BDE

' ff.kﬁ.mplflz

-1

/3 ®°1

mol-1 |

CAHC + HY

,_.44i14).; 

- -357(15) | .

|aHC @ pHC + B

”3?:(15):: . 

.“59_(561_“.:

 : dodes «



'=epubllshed values in table 3. 1 The same, however, cannot be

| mageds

o _'-3 4 ’nxscussmu oo
. R

"The measured value of PKal at 25°C ccmpgres well with' the>

o osaid for the- value of pﬁaz. Both Baldwin3 and Ford® collected
data for hoth equlllbrla at 348 nm, whereas the data collected'

_"efor pKa1 here whs at 344 nm, an& the data. for pKaz 3t 979’nm.;

__' 3Th1s suggests that the dlscrepent pKag results could be a'gf’

ff:LQavelength—dependent ﬁhenomenon. However, at 25“6 and 35’C,
";data for both pKae were collected at boi? wavelengths. At

. 25° c, ‘the two values for. PKa1 dnd pKag, are, ‘within’ error, the 'ei

_;feame, and. hence 8 Wavelength-depend& phenomenon ‘ig mot
-Supported. Bt 358 ¢, the two values fo; pKal ‘are Very c103e

. whilst tne two values for pKaz are very different. It is

~~h0wever the measurement at 344 nm whlch appears dlscrepent,” i

- rather than that at 278 nm. A'wavelength—dependent dlscrepency‘5
- thus not supported. Alternatzve Yeasons must then be sought
to explain the’ dlscrepeht set of pKaQ values, ‘and the - e

'1'“7exceedingly low pKag value measured . 44 nm. _=j- e

._:Marques has determlned tP temperature dependence of the pkaz |
‘of DAC. 31 The, value obtained at 25°C compares well with the
-other publlshed results and hence these rﬁsults (43. 27 kI

.'mol 1 .dS =109 J KL mol“1) were used ln subsequent ;fﬁgf:'
"calculatlons (latexr chapters] Table 3.4. 1 compares these
¢Values to. those calculated here._ﬁ. -
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1'Tab1e 3 4 1 Dependence of the acld dlesoc1at10n censtant ef

the axlally coordlhated water molecule in

[

e:aquohydroxocqblnamlde, pKag, on temperature._:T

. [romperature / *c PRa2 - Marques31 pKaz . this work |

BN R 10 770
Cmo | --1o__.‘_"4;.::3_-j e st f|

.HBoth series : EXhlbLt tha same trend, w;th the magnltude ef pKag

| 5]decreaelng-w1th 1noreaszng temperature. A moderate dependence:-ﬁ-f3
3on,temperature i, evldent in both caees; A falrly cons;stent
'-dlfferenee exists between the two- seriee, lndlcatlng that the

*;"slope“ of the twe serles are 51m11ar. Experlmental er:or

associated with the pH measurementtgould explaln the’ 350

'-_dlscrepent PKaz series ‘measured hereu An- anorrectly _
Qﬁcallbrated pH meter,r as a result nf a defectxve electrode or '

| '@;defectlv% standard solutions, could produce thls reeult.

_ mil"-; S 73:.-* - e EoLet s

L

10 1 5[.Q<Ie¢=,af'if’fi'° :
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.lv'The p%1yary alm of thls work was - to measure the blndlng constants

- _of choeen llgands to AHC, and hence to determlne the Sultablllty .
- of. these 1lgands for subsequent klnetlc lnvestlgatloni Very amall .

_t.blndlng constants, for. example, cempllcate kinetic: determlnations ff”
;_Zhecause detectlon of the substltuted pro&uct is more dlfflcult.._ <
zDAC can exlst as a. mlxture of‘four 90551b1e specles, DAC,_AHC '

'-:s(the g = and g ~1somers), and DHC, dependlng on the pH of the -

_solutlon. Baldw1n et al. reported ‘that DAC and AHC are

. kinetically lebile, whereas DHC is klnetlcally ‘inert. 29 It*was

"_assumed that the llgand substltutlon kinetics of nnc would be
;more complleated than those for AHC 51nce DAC haa twe poss;ble_
.goordlnated water malecules for substltutlon and hence multiphase o

o klnetlcs can be expected. In contrast, AHC, thh only one wat@r

'?_Tlnetlc studies, and thus prellmlnary binding studies too, were .

- for posslble substltutlon, was expected to exhlblt mnch Blmp%éx
_ kinetics.' The hydroxide . llgand was reported to beJlnert to. ¢

'ﬁsubstltution.l Since ‘the AHC. sample comprlses a mixture of the a _
- and g —aquo complexes, blph&ﬁlc klnetlcs were not ruled out..\ ﬁ; ;.

then planned at a hlgh pH {12.0}; to- 11m1t the number of L ___ﬁ_ *%\
observable reactions by ensurlng that anly one lablle corrln o 3
spec1es, AHC (w1th two Lsomers); would be present._u_'

.Thrée claéges of llgands were ldentlfled for thermodynamic and _-”.

=__'k1netmc 1nvestlgatlon, anlons, ‘aromatic amlnes and prlmary

amines. Six llgands were ‘chosen to lnvestlgate the1r blndlng
constants with AHC.;sulphlte, cyanlde, a21de, pyrldlne, -

: N-methyllmldaZQle and B—amlno-l-propanol With the exceptlon of
8032“ and CN', all llgands were N-donor llgands. An IR spectrum
E of the solxd product of the reaction of aquocobalamln wmth 5032"



'Z.lndlcetee thet 3032“5bonde through eulphur.32 The’ e lxgand can _”'”"

' potentlally hlnd through both its C and N ends, but. only bind;ng

f'through the c w;th cohalemlns and coblnam;dee ‘has been reported.lngh_fej

E :Twc etructural isomers ‘of BHC ere expeeted to exlst and.hence R
- two 1eomere will be. produced in their llgand substltutlon e
e reectlene. Pratt et al.33 were unable.to fotect ‘the two expected

;leomers when DAC wee reacted w1th 1m1dazole and ammonla, prohably
"beceuee the dmfferencee 1n the spectra of the two leomere are’
_ elight. Slnce ieomere are present at equlllbrium 1p equeoue

" solution in apprbxlmetely equel amounts in all B
-cyenoaquocerr1n01de so far studxed 1 and 1n an. approxlmately 23 1

. ratlo "in the two coblnemlde zeomere,50 the “Formation conetante'
- for: the subetltutlon of coordlnated water by CN‘ 1n,tbe two

dlfferent coordlnatlon ‘sites must be almost Ldentlcal Pratt _

B assumed that . the same was -true for the eubst;tutlon of ammonle

. and 1m1dezole end hence the poselble exletence of isomers Wae
'Lneglected 33 The same approach was used ln thle work. Equlllbrlum
constants repor ed here are thus macroecopzc equlllbrlum '
conetante.- S _ _ .

4.1 éxpenme‘mu pnocz'ntmss'_ O

'Equlllbrlum constante for the eubstltutlon of coordlnated H20

1n AHC ln,aqueoue eolutlon (adjusted to pH 12.0 ueing NaOH and
an ignic strength of 1.0 mol dm~3 using NaCl0y) were o
- _determined spectrophotometrlcallv at 25. 0’0 (temperature

- maintained 0. 1°C with a 01rculat1ng water bath) Prellmlnary
epectreecoplc etudlee 1nd1cated the 0pt1mum wavelength (refer
to. table 4.2, 1) for obeerv;ng the absorbance changee which

_ accompeny blndlng of the llgend. An in-cell. tltratlon ef a

'_eelutlon of cobinamide ([DHC +. AHC] = 2X10“5 mol dm’3) was

" then performed by obeerv;ng the absorbance chenge at ‘the
;choeen wevelength as a functlon of the amount of llgand added.



"dfPrelzmlnary spectrosccplc 1nvestlgetlone of the reactxon of
BHC With 5032‘ ind;cated that 5032“'reacted with AHC to
tfi;produce atable yellcw ccrrlnolds, and hence thlB determlnatronjf,fe.
g iwas not continued. Flrth et al, 32 observed a slmllar reactlon o
::twhen anestlgatlng the reactlon of AHC‘Wlth Sogz'let pH 14— 15._
"They pbsarved that the treatment of AHC with a slight - excess

S

iy

N (L5

.'dThe chosen llgands or where the ligands Were charged, thelr {ﬂf
fsalts, were, NaCN (Merck), NaN3 (Merck), 3—am1no-l~propaﬁ"iﬁﬁ

(Aldrlch), N—methyllmlda201e (Aldrmch), pyrldlna (Merck) and

}'Na2503 (Merck)

'_4 2 ar:sums R IR e )

of . sodlum sulphfte showed a rapid and reversrble equlllbrlum

f.w1th a reddlsh ccmplex and dlso a slcwer, lIIEVBrSlble
' 'decomPGSLtlon whioh prevented a quantltatlve study of the
b flret equlllhrlumﬁ_f1;” S ' '

'-._Flgures 4.2. 1 - 4, 2. 3 below show the UV/VIS spectra produced _:'d:'
:durlng the titrations of AHC wrth cyanlde, azrde, pyridine,

IN—methyllmldazole ‘and . 3-amlno— —propanol. Table 4. 2. 1 shows L
the Wavelengths selected at whlch the greatest absorbance

:”~change accompanled the substltutlon. Isosbestic’ p01nts in each
_i trtratlon are also glVen in table 4¢;.1 Tables 11 2.1 —l 5,
0 31.2.5 1n the appendlx give the absorbance veréus the amount
- of ligand ‘added data for these titrations, Absorbance, data are'
dcorrected for dllutlon effects whlch accompanied the i
]*tltratlcn. ' ' ' -
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. 3F1gure 1. 2. 1 UV/VIS sPectra of the t%tatlons of AHC (pH 12 0) gf'7if*”
}leth (a} aodlum cyanlde and (b) sndzum azlde at 25 0° c. o
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_ ?1gure 4. 2 2 UV/VIS spectra of the—tltatlon: of AHC (pH 12 B)
With (a) pyrldlne and (b) N—methyllmldazole at Zb 0°C. :
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'-Table 4, 2 1. Spectroscoplc data asaocaatﬂd wmth th@ tltratlon

E Q §;of AHC w1th the flve chosen llgands._\   :??h

: b
RN £
S
N R ¥ . 'Ij"(.l\

% Ligan& N

"witfatiaﬁgsf'
.ﬁavelengthjﬂinm as

.ﬂiSOSbesti¢ f3
_points / nm

'fcyanlde

aZLde |

. pyrldlne :_-
—metbyllmldazole

' n3-am1no— -prppanol

348
o370
- 365 -

364

e

402, 544
. _31543 X
542
381

RV
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 ' fwas described 1n chapter 3 to determlne deprotonatlon_

R N . annn§$I3 nﬂn Inmmnpnmmnwxon GF DATA -

'fhbsorbance versus llgand concentratlon data can be analysed to_;

o determlne lxgand b;ndlng stolchlometry USlng a. Hlll“pldt, as

o

| z“equlllbrlum constants. For the reactlon represented by, _f

AHC + nL 2 AHC—Ln +fnnzo (Keq)

.'t,:It follaws that (A“- ﬁo)

--n.m-—_-—--—'

-”and 1ogt{A --AG)/(AI - A)] = 1ogKeq + nlog[llgand] iff--"“
f(

here A 13 the measured absorbance "_. o
_-_Ao 1s the absorhance of AHC . ' (
A is the ahsorbance of the aubstltutlon product\
:(100% conver51nn) _ R :H"
j[llqanﬂ] is the. concentratlon of frea llgand | :
n 13 the llgand blndlng stoxchxometry

i iIf {RHCI << tllqand]totalr then fllgand]total ~ [1lgand]free -

| Tth alsumptlon is val;d for all llgands lnvestlgated, except

cN, because log K values for the binding of these ligands to

‘AHC are modest, Observed blndlnq constants are macroscopic
”PKeqs slnce a aample of AHC contains_two_stereQLSOmers.

"$As dlscussed before,_the lnherent problem w1th such a plot 13 3'

that it requlres accurate values for Ay and Ap if accurata

f,_values for n and Keq are expected. Nevertheless the plot . is

useful for determlnlnq ligand hlndlng sto;chiometry. Data
collected when A ~ Ay were not used in thase nlots becausa
small errors in A are magnlfled in the courde of the analysls,

re-ulting in Elgnlflcant skew1ng of the flttEd stralght line.

v

B



 --Table 4. 3 1 below has the values af 1 and Keg produced uslng

" the Hill plot. Flgure 4 3. 1 1ndlcates the stramght llnes flts_ -

'Wthh were obtalnedp

i”fFlgure 4 3. 1 Hill plots for ‘the substltutlon reactions of AHCfiFj: 7l

}_(pH—lE} w1th {a) cyanlde, (b} az1de, (c) pyrldine, (d)
_ﬁﬂ-methyllmldazale, and (e) 3—am1no~1—propanol._ o
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Table 4 3 1 Valuea for n and Keq for the subst;tut;oa
- reactlans of ABC (pH—lZ) wmth the five aelected llganda, 1;
obtalned us;ng a Hlll plot. __1_cl_ " -

_ -3ﬁ1de”¢,if-.:**_ - J0.1662 10.3100 |0.91(0.03) 1. 54{0.07v¥__. A
C|pyridine . - 10,2466 j0. 403A [t.08¢0.03) f.75(0006) |

_:N—methyllmléazole .0.511; 0. 7520 l6.94(0. 05) la.09¢0.21) |
_3-am1no-1~propanol 0.586?-0 8046 0397(0 05)_2.79(0.15)-

*]ogKlKg A | o
' standard devmatlons,zm parentheems-'

'~_;Thesa results suggest that, in all cases except fo; eyanxde,

 'on1y one llgand coordinated to the AHC (produclng the™ -
-3'llgand-hydroxocoblnamlde aomplex, HC-L). For cyanlde, EWQ
llgands appear to bind to BHC (produclng the coblnamldP

_ complex, NC~-C o~CN} . Cyanlde is well" nown to . exert a stronq
.trans~effect on. other axial ligands.l This strong trans—lab11~
~ ising effiect can be lnterpreted in one of two ways, the net -
results of Wblch (sufflclent 1ab1113at10n of the remaining _ _
axial pOSltlon to allow & second CN’ Substltution} are i_f'}'}'

' Lndlstingulshable. Firstlyr the strong trans—lablllsatlon of |
e could 1ncrease the PEs of the remalnlng water in the _
_'cyanohydroxacoblnamlde to a value greater than 12, 'so_that. the C
equilibrium between_tha OB~ and H20 trans to the CquWould '
shift in favour of the water.,ﬂater is not substltuﬂlonally
_inert, and hence a second substitution could occur. The pKa of

_ coordlnated water in cyanoaquocoblnamlde (Factor B) is

-_raported to be 10. 951, and hence cnly a ve:y small progaztxon

L of. hydroxcyanocobinamlde w111 be present as: aquogyanocob1- 

' Lk

| ‘. namide at pH 12.00. A second 90331b1e explanatlon for the o

chserved blsubatltution is that, OH‘, generaily lnert



':-trans -GN~ to allow aubstltutlon of" a'second CN-. Marques   '
*; hdwever has shown that hydroxocyanocoblnamlde is lnert to &' R

 Pégé 59 "

”'fto substltutlpn, cguld be lablllsed sufflc}ently hy the

;ﬁsubstltutlan31 and hence the first mechanism is- more llkaly to

'be operable. The other 11gands lnvestlgated here exert weaker, o
. f .

_ ~}trans—effects, and thus the‘OH“ remalns flrmly held by the
s :substltuted AHC.-

-As Laplalned 1n chapter 3, an equatlon can be derlved to £1t
. the absorbance data w1thout pﬁe—knawledge ‘of the values of AQ

7f.and Al. Equatlon 4.3.1, derlved in appendlx 12. 2, Was used to .

‘fit data from the a21aﬂ, p?rldlne, N—methyl;mldazole, and
;3-am1na—1-propancl tltratlons. The optzmlsed Keq values are 1n
table 4.3.3. . T - S

Loy )

.For}the reactlcﬁ'réPIESentéd-byij.”
AHC LR HC—L + H20
[HC-L]

. ‘i_‘.l‘],e:n_r Keq o e m——— | | _ .. ST ‘
| [AHCJ m --

b

R n.}’ AAHC + AHC'LKEQIL] e
Cand, | R mmememee- ‘“"“ff”u.f_ 'g_ '1 ;'. (44301

In. the case of cyanmde,_two llganda bmnd to AHC. Two models
" can be used to describe this prooess, a sequentlal L
substltutlon model Where the reactlon proceeds through the _'
- formation of a mqno*llgated dntermediate which; at. hlgher

-3"11gand ccncevtratlons, bipds a second llgand to form the final

bis- llgated speules, or a. slmultaneous substltutlon model

"jzwhere the blndlng constant for the second llgand is slmllar ;n -

-

T-.'\;_\‘" ) -



Ea

x'fOnly aﬁ everall equlllbrlum constant, B 2,_can be determlned

'4 3 ?._ S

HeeD + L e L—CO~L + Hzo

o K -
o i
o

. Page 60 o

-

magnitude to, oL larger than, the blndlng of the flrst ligand:' -
L',eso that -the the two’ subatltutlon reactxens can@nt ba ““e”'
'7dlst1ngulehed. f;;_.'}'- 'u5h S R __% R

G

'”eDerlvatlon of the equ&thﬁ descrlblng the slmd&taneoue i;" f
| T subetltutlon model 18 in appendlx 1 2 For thﬁ 51multaneoue _ o
e'lenbetitutlon model, the reactlon under cen31deretldn ia. _3*':”“Thf':'

'ef?represented ky: ,-f;;f_ e '3*;”9~:-7fr-i;fie:ﬁi'la:mi

'HAHC %x2£g L—Cn-L + 2320 T s__[;'ﬂff'fiefje3} a[f_

[L—Co—L]
83 = mmtnmamen R
[AHCI[L]Z L

Aamc AL—Co-L

\.i' oo

o and; N A = r-—----n——.........._,_ + ___'___-____“?- (4.3.2) -. .

L eqtnt? Wheqtit? o

i s

necessarlly valid since a hlgh blndlng equlllbrlum,constant o .

.”means that Seturatlon is reached with very low coneentrailone-ﬁz'

- of llgand. A polynemlal equatlon was derlved (append;x 12.2y" o _

'to exyress bhe free llgand concentratlon, [L}, in terme of the.g. |
“total and bound llgand cencentratlmne reepectlvely, and the
esolutlons to thls ecuatlon, obtalned by an: lteratlve procedure:;

 f 7us1ng Newton ‘s method, were, then substltuted 1nto equatlon o

T

O

"HoweVer, the assumptlon that [L] - [thotal is no 1onger'}_ e -*-:._

.Eor the SEQuentlal eubetltutlon model the reactlons und R S
;conslderatlon are. represented by, R L Q_:-*

TR




‘- . then,

"_e_pAQe;éi_

K1 = -—--____.ar

[AHC][L jf?-’"

{L— o—L} o

K2 ;_-'_.- e e ke o i

[HC-L]tLl_;*o: ,_f,;fgjf:;s.fl*; f?o

Thls SLtuatlon Ls analogous to the deprotonat:on of DAC, dealt
thh ln ehapter 3 (equatlon 3.3, 1), : '

.ovthug,ﬁfee"  5_ AQHC« .F S :VABCfL

A = ___"“e i i ;.. + —— __~ ..

1 +. Ki[L} -+, K1K2[L]2 1w Kz{L] + 1/K1[L}

e ———,

" '_+': _;_'.'..._'.__..'_..;.;.....-'_;___'_..'._--_'_._ - " (4‘3.3)
1 + 1/K2{L] + 1/K1K2[L]2 SRR
 Aga1n, the assumptlon that L] =~ fL]total is no longer .
'f'necessarlly valid. An equatlon was once more derived (appendlx

©12.2) to ‘describe [L], and the solutlons to thls equatlon were‘
_then substltuted lnto equatlon 4, 3 3. - } --.'_f ﬂp{

Both the sequentlal and the elmultaneous substmtutlon modele

}were fltted to the cyanlde data, Meanlngful resulte were only -

obtalned u51ng the latter model. 'For the sequentlal _
substltutlon model a- strong correlatlon between the values of
Ki and Ky and’ unstable- 1teratlons during the optlmlsatlon -
*procees prevented the determlnatlon of meanlngful values, of Kl

and’ K3 Only the overall stablllty constant for the blndlng of_e

.;twu ligands to AHC: Was ‘thus obtained. Table 4,3.3 gives the_'
values for 1ogK¢g and logfy for the substltutlon reactions of
AHC, produced by flttlng equations 4. 3.1 snd 4 3.2 to the
data. Figure 4 3 2 Lndlcates the flts obtained.. -

T

BT




s s F:Lgure 4, 3 2. Plets 63'5 Acarrected versus [L] for the :

R e T subat:.tui::l,on react:.ons of AHC w:.sz (h) cyan:.de, (-b) az;a.de, (c:)

I _"pyr;.d:r.ne, (d; N-methyl:.ms.dazale, and (e) 3—am3.nd~1-prapanol.._-_--
"__Data f:l.tted us:.ng equat:.on 4.3, 2 (a) or equati.on 4 3 1 B
_(b) (B U G R
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N The Values of Aa and Al can be compared wmth the _g;a' o
"':experlmentally determined aPPIOleate vélngs in table 4. 3 1._

"“. The experlmantally determlne& and calculated Valuas are in a11”

ff cases con51stént With the exceptaon of on- the, 1queq values s
; calculated here are conslstent with those determlned usxng a

o aHill plot. Data used in the. Hlll plots were analysed using tha

'--assumptlon that tL]total -. [L}free, which- as explalned bsfare,_

'”5?_15 1nappropr1ate for the CN' data. It,wculd thus seem probahle

,.that the calculated logﬁ 9 value for CN‘; the determlnatlan of
whlch 1nv01"as the calculatlon of [L]free, would be the more '

. -
. correct value._ I o T A
/5’

T-hTable 4. 3 3 Optlmlssd values of Ao, Ay and 1ogKeq obtalned by
- flttlng equatlons 4 3. l and 4,3.2 to ths ﬁbsorbance data. '

';-Liéands': By | Ai - -.lchéq;;;_; "..3
| F‘yan:.ds [o+756(0.004) 0.574(0.002) : [t7.1¢1.3)*
- |azide - {0.169(0.003) [0.302(0,003) [1.74(0: 04) .
leyridine [0-246(0.002) {0.415(0.001) [2.48(0.01) 1.
-a:N—methyllmldazole e. 5)2(0 006) 0_748{0.003)_4.33(0;94)_ o
) 3-am.1no-1-propanol 0. 585(0 005) D.796(0.004) [2.95(0.08) |

1ogK1K2 or 1og5 2

standard devxatlons 1n parenthesls

aleen a- trans—lablllslng order of Hzﬁra'bzm < OH <. CN‘14 1t |

-follows that the binding constants for the reastlons of AHC
'.-wlth various llgands should be less than for the analogous e

.-reactlons with vitamln,Blza, whlch again should bs less than .
- for the analogous reactions of DAC. The logB 2 value fox the
reaction of AHC with CN’ Cannot be dlrectly compareﬁ Wlth any
_:?reported 1ogKeq values Assuming a reactlon scheme of

B N azﬂ. .
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.+ HO-CO=OHy ' ~+> * HyO~Co-CN ==3 _Hc-CQ-CNf T

:'chﬁn a legKeq value for a elngle substltutlen of- AHC by CN
'ean be calculate& by eubtractlng the 10gKeq Vaiue for the Ny
Vsubstltutlon of watér by CN~ in Factor B (B 2yl from the'

--”._'10952 rralue :Eor the react:.on of . AHC (18 8). ’I‘he celculate&
_'.;logﬂeq value is then 10 4, which is conslstent‘WLth the B
o reported data on Factor B -and v;tamln BlZa (table 4. 5'1

e“below}. Baldwmn et.al reported an approxlmate logneq velue for"ﬁ'”

- the substitution reaction of ‘AHC with CN~ of > 9.14. -

N ;Aesumptlone ‘made in the abave reactlon scheme are that DBC and._e

"'hydroxocyanocoblnamlde are lnert and that the equlllbrlum A
‘constants 1nvolv1ng HCN are very mnch smaller than those -
._..J..nvolVlIlg CN- and 't‘.hus can be ignored. '

'\"\

| phe optlmlsed valuee of Keq are condltlonal blndlng eonstants'

:z__because of the dependence of Keq on pH. The pH is an 1mportant':"

factor in these meaeurements. Heterocycllc bases, for example,
'jcan ceordlnate to corranLds in ‘several ferms =1 g. the
';mldazole molecnle and the’ 1m1dazolate anion. Format;on _
;-conetants are’ eeveral orders of magnltuﬁe greater for the-
eeord;natlon of the anlon than for the correepondlng neutral _
moleeule.33 Here,'at PR 12 all llgands are in thelr protonated_
,forms. However, at pH 12 the proportlon of lah,le corrln, AHC, -

' :lS vesy small and hence the pH dependence of these equlllbrlum

-conatants on the measured values will be large (DHC is
. 1nert29) Anwequatlon wag thus derlved (appendlx 12. 2} to
li;determlne the uncondltloﬂal blndlng eonstante of T, to AHC.
HAtfany pH, the exPerlmental blndlng censtant for the reactiOn o
represented by, ' ' -

corrln + L Co—L + HZO

._\:‘



. RHC + L Cc-L i H20 '

:The reactlon of 1nterest however 13 represented by,.:f~“

_"Table 4. 3 4. belcw shows the uncondltlonal blndlng canstants
Vfcaiculated u81ng ‘the above equatlon. _ _f R *_ L

IS

[L]totalfc°rrln]tutal

¥

i

C R

A £5}’L] ' T T A O R
;3q'for WhJCh, f-5“z, oy s e at hlgh PH _*    :: ' : Eﬁ['f'; 5.:_._

[L][AHCE

_ 'The uncandltlonal blndlng canstant, K, can then be relﬁted to3.';
y the condltlonal blndlng constant, Kexpr'.f 7_ :.-_ . j;_,nv,.

Kexp(lﬂ+] + KaZ) o T T
K = Smmoaidnriianns (4 3 4) T
: EH*] . T

“*Table 4.3.4 Unconditlonal blndlng constants, glven as log K,
';for the reactlon of AHC lth.thﬁ £iwe ligands at 25°C.

levanigce 0 }1s. pry
{Azide o 13as
|pyridine . |49 |

-'3—am1no—1-propanol 4, 653 _ T o L

—methyllmldazole g: 6.06.

. _i

Toaet
P

 _ * logp 2 r us;ng Ke?p'= 17 1



'*“4 4 stcussxon ;'Aé,g.'"'

1A large number of blndlng ccnstants fot the sﬁbstltutlon ERR
;reactlons cf the cobalt eorrlnolds have been detérmlned. f.'"'”

o Exgerlmental condltlons (temperature, 1on1c strength etc.)

'_”ueed in the determlnatlon of the fcrmatlon constants vary )
:_conSLderably, but Pratt et. al.lz claim that +he dlffexences 3' B
.Whlch are SLgﬂiflcant for the study of Cls- and trans—effeete
are; ln mﬁst cases, greater than the dlfferences whlch would |

_;tbe eaused by 8 change in the experamental cnndltlons. Table

CoeRk

LY 5eeew anws the blndang constants tar the substltutlon o
‘-of coordlnated Hy0 in cobalt(III) corr;noxde by vaz;ous

'afllgands %, wlth saveral dlfferent llgande X in the

::,trens-pOSLtlon.; A single order of equlllﬂrlum constants for

"‘zdlfferent 11gands x is prndlcted for all ‘z (here equlllurlum
.conetants should decrease across the table). In geﬂeral, as X
becomes & better o —doner'(across the. table),'so the _ j;§5e;. f

":equlllbrlum ‘constants fall, a manlfestation of the -

tjwthermodynamlc trane—effect, Hzo < bzm < 0H™ < CN' 14

,:Tahle 4.4. %{Log Kexp values for the llgand subetltutlon
'_reaet;pns of varlous corrmns,- . . 1_ T
-X—CO(III)-H20 ¥R ‘(-Co(III)-Z + EgO.irl‘l“ SRR A

W

|tigand, z |8 = Hz0 [X = bz x__ = CN-

o azlde . N .:1 ' 4.9 | 22;7 1 ;3][*“'-": .'flﬁ-'
[hydroxide | 8.0 | 6.3.] 3 B | |

~ |imidazole . --_-}?,S__f_' 4,6 D 4.1

|ammonia > 9% | 7 | 3.35 [

g cjanide=-= e 14,1'_r:.'8.4f-"'

Earlle? lt was shown that condlfhonal blndlng constants can I
vary qulte cons;derahly from thelr uncondltlonal counterparts :
(by almost two orders cf magnltude here), and hence the t__w

PR



';Pagesﬁv;,-””'ff_f ST S

':trans—labllmsmng order glvea above is: not necesearlly correct.

_Unless the pH of the reactron eolutlon is known, the valxdity

 0£ these comparlaons and ‘apparent ordere céannot be tasted. It

. prlmary llterature glvee no lndlcatlon of the pH at whlch the _
'_"measurements were made. The results dlecuesed here, retebulat—-

has proved 1mpceelble to reconstruct the above table uezng

_ uncondltlonel blndzng conetante becauee, in most caeee, the r:

E

ed in table 4 4.2 fcr convenlence, do nevertheless flt the

_*ﬁpredlcted sequence and hence the proposed trens«lablllslng
GIdErf bzm < OH” < w 14 18 supported. ‘ : .

/f'f

"r Table &, 4 2 Ccmparlson of the loq Kexp (1og K when X. OH“)::.
- fvalues for the llgand.sub tltutlon reactlone of varrouai
a'fcorr;ns, XrCo(III)-HzO + 7 @ —co(:II)-z +. H20.1 14,31

- Ligand, Z"f'a_ K E_bgme_X'% o~ [x = cN- |
Jazide 1 4.9 | 3.5 | 2.7
'pyrldlne o ) - .':.4.19E_ '2.5 
:r3~amino-1~propanol >6 4.66 | '
;N—methyzlmldazole ) e.06 | , ,
cyanlde. L 1 o1aa1 '12}0 f-{ 8.4

'?ratt noted that although the blndlng constante for the
”'substltutlon of Water by nitrogenoue beees decrease as Xﬁ
_becomes a better a —donor, the sens;t1v1ty of K to the nature

of X stid i varles w1th the nature ef 1% 1 Such & dlfference in

'senSLtlvlty could then lead to - change 1n the relatlve order

of Btabllltles as X lS‘va 1ed. Table 4.4.2 shoWs how the
llgands 1nvest1gated here can be arranged in an ascendlng
order of bmndlng conetants for the eubstltutlon of water (dewn

“a column), azide < Pyrldlne < B-amlne-l—propanol <

N-methyllmldazole < cyanlde. Insufflclent .comparative daLa are '
available for comment on the pc991b1e different orders of
eeneltivltygexhrblted by_ana ocous corrlns with- d;fferent
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:transwllqands, though no anomalles are observed here. The'fj_f

.u;faotors which’ contrlbute to these orders are. noé yet- fully _
' understood. Both electronlc ‘and steric eifeots were conSLdered

'_”1n an attempt to ratlonallse the ‘order recorded for the '
fsubstltutlon reactlons of EHC._“] ' ' '

Soa

__f Tab1e 4. 4 3 Comparlson hetwean the auld dlsﬁOCl&thﬂ constants
" of the llgands, shown” here as pKa, and the ligand blndlng . f**7f."

'-jconstants of AHC, log K. '.f?f - ﬁ o ;__T_-._ﬂ__;'”'

 [idand m | pKa ] legx
lazide -~ | A pozas
pyridine = . . | 5.25 | a1
_ N—methyllmidazole g 7.2i | 6 06 . f ""fe' ijf: o
leyanide - . | 9.31 12 o | e
o3-am1no—¢—propanol 3 e10Q44 : 4 66_;'-:-= i-: ";QfJ§'f_”_'

. In table 4, 4 3 above, comparison between tke pKa of - the _
'lllgands and the ‘binding oongtantﬁ of these llgands thh AHC,
~log K, shows a good correlation axcept for'the case of the
.llgand 3-am1no~1-pro;anol In ge eral, ‘the greater thEx;
:ba31c1ty of the llgand, the gredter the blndlng <constant of
 the l;gan& to AHC Whllst thls correlatlon euggests that

"-eleotronlc effeot are 1mportant in determlnlng +the magnltude:
of ‘the llgand blndlng constant, they must certalnly not be the )

'-only factor to be conSLdered. Alternatlve factors must be
= respoﬂslble for the anomalous behavmour of 3= amlno-l-propanol.

 The lmportance of sterlc effeots on the 11gand h;ndlng
' constant sequence was cons;dered by oaloulatlng the molecular
.surface areas and volumes of these 11gends uslng ;ﬁe program '
'.QCPE 509 35 LLCHEMY 1136 was used to construct molecular
fraqments of the llgands of lnterest and the force fleld
paremeters bullt lnto the program.were used to flnd an.

i}
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";*energy-mlnlmised structura of each llgand. These molecular _
. fragments were then suhmltted +o QCPE 509 for analyslse'f -

" Molecula¥ surface’ ares; glven in table 4.4, 4, 1ncreasea in the R

' :erder,_cyanide < azide < pyrmdlne < N-methyllmldazole <
"3-am1no-1—propanol *whllst_molecular volume increases in. the
forﬂar' cyanlde <. azxde < 3-aminé- —propanol meethyllmldazule

-}f< pyrzdlne. A cdmparlson between the moIEcular volumas and ,
_ __f l1gand hlndlng constants reveals a trend w1th azide belng tha
f;:_only 1lgand nnt coniorm;ng-to the trend. ngh llgand hlndlng '

%fccnstants are correlated w;th small mclecular volumes. S

":Table 4 4 4 Molecular s&rface areas and volumes of the flve

. _  llgands, calculated uslng QCPE 509 35 3

i:Ligand_.-  _"  -” .jhb1ecu1ar.éraa;i hplecu1ar'vnlume |
SRR R 2 L /33
leyanide . -*~.:_f_7- 46. 3~; b2
lazide - - .. 1 o B¥.4 - 1 35.4 0
pyridine - - | 161 [ - 87.5
| . [¥-methylimidazole = {: 112.2 -  f: _83;4 S
| “j Bgam;anl-propanol | 12208 _;:_ | -'. &3.3

+

'z'hﬁ”e&planation”fbr*theﬁobgeﬁied ligénd binding order i# likely -

to be . found in a combination of steric and electronic féctbrs,'5~

 }In general the expected trend nf the smallest, st;ongast[."
'nucleephlle ‘having ' the largest blndlng constant seams '
. conslstent With the data. . :

ey
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"“ The pr;mary aim of the work dlscussed in thle chapter, to TR
'_:determlne tge sultablllty of these llgands for klnetic ,;3'ﬁf”ﬁff.
',1nvest1gat1 ny. was’ suacesaful. All flve N- danor llgands were, B
=efound sultable far further 1nveatlgatlon. The data collected
..'_appea.:r:s cons:l_sten‘t w:l.th ‘the: estahllshed trans{-lab:.l:l.sa.ng
"order, desp;ta the llmited avallablllty of unconuﬁtlonal o
__b:.ndlng consta.nts. ..Both steric and electrcnlc factors are
-._-'.'_mpcrtant in arriving at an’ explanatmn as to the crde:r: of
: ':stablllty af the substltuted complexes. T '

e

i

o

i . .. L Ter ) ) . . . R “\I._‘.‘_.
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5 pH PROFILE 0? TKE KINETICS OF THE REACTIGN OF DAG HITH AZIDE

Sl

:'_The mechanlem of llgand subetltutlcn in v;tam;n BlZar the parent
molecule of DAC, is generelly accepted to be dlssoclatlve. The_[[”

_:rate of substltutlon of the eXLally-eoo:dlnated weter molecule in
“the BlZa molecule by a. Vatlety of ligands varles only by ebaut

_d-'twg orders of magnltude, whereaa the corresponding etabdllty :
i-eenetante very by about eleven ordere of. magnetude.g Flrth et el.~~

| P}'sml 11gand subetltution reactlons. "”%f

"Qbserved five: coerdlnete corrln complexes ‘whent 1nveet1gat1ng the . -
. removal <. co—ordlnated water from oxgenocoblnamldes.37 These ;5Q-f{-'_g
- five co-ordlnate complexes are analegoue to the 1ntermed1atea 1n S

We assumed that the subetltutlen reactlons ef DAC would.sxmllarly

'if be. dlseoclatlve. Whether the mechanlem is lnterchange d'

dessoc1atlve, Ip, or purely dlSSOCl&tlve, D, will be addressed in f':£
the following chapters.. Obeerved rate constants of” Blza reactlons ’

- _are known tb be pH dependent, elnce hydroxocobalemlu is

'eubstltutlonally inert.l a elmllar pH dependence is expected for
DAC, 51nce DHC i elso eubetltutlenally 1nert.3_: :

5.1 exrnﬁxuenenn peocenuhzst5'-'_f SR .f;'T

The klnetlcs of the substltutlon of coerddnated Hzﬂ in. DACIAHC
_ were follewed hy observ;ng the chenge in absorbance with tlme
- at 370 nm. u31ng stopped flow epectrophotometry (eee appendlx
_713 for more details). Both azlde and DAC/BHC solutions were
7r”prepe;ed*with an ionic strength of 1.0 mol dm~3. The pH of |
solutions, bﬁfferedrw1thdphbsgpete_buffere,'wee edjﬁeted:geinQ'”
either NaOH or HCl as appropriate. The concentration’cf'nnb;--
'quantleled by conversion to dlcyanoccblnamlde, was 2x10 -5, mnl
du~3. fhe temperature was ‘maintained at 25°C using:a = _
| clrculatlng water beth (lO 1 C). The pseudeﬂflret crder rate
_"cenetantS;'k obs, were determlned by flttlng the o

e
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;ee absorbanee tlme traces to an. exponentlal fuﬂCtlen, Ameas_ﬁe

B HAlexp(-kfﬁbst) + Bgy uslng a non-linear least squares routlne;.”
fiemploylnq a Newton-Raphson prccedure_l.ﬁ. S A

1_5 2 RESULTS
_:ZTeble 11 3 1 in the appendlx glves the ohserved
i pseuﬂo-f&rst—order rate cenetante,uk obsr as a functien of

L

) %lgand concentration” and.pH at 25°C. Flgure 5.2, 1 shows that a,ﬁ]':'

'711near relatlenshlp EXLStB between‘ehe pseude flret erder rete:

:H'constants and thewgoncentratlon of azxde. The slopes of these =

ﬁ:lxnear least squares fits pImU"’ second order rete constanfe;;'“
°b5 where kIIQbB refere to the equatlon, o S o
coT + LT L-Co-OH/OH2 ;g' Lo

[H30-Co=-ORp] + [HzO-Co-OH] + [HO Co—OH]

[HN33 + {N3 ]

..: where [CQT]

3_' [LT]

-ll

d[L Co—OH/OHz] RS
'—“f----f’f*“*“-- k11°b5 x ICOTl X [LT]

Table 5 2 1" qlves the values ef inDbs ae a funqtlcn of pH._
Flgure 5 2 1 Plot of k’obs versus [N3 3 at "iﬁ}0.=i,_“'  

.' . k370_f_8-1 . . S

i
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Table 5 2 1 The dependence of kIIDbE on pH for the ;?  '

.=p substltutlon of a Hzo in DAC (or RHC) by N3"(or HN3) at‘bﬁ“ﬂ. :”ﬁ

:"Jfbﬁﬁft;'r“i5 E' 6bé"'_wa;' ff“

”-_j:11 5& [
fr-11;0f;
B - &
. f1e.0
a5
9.9 -
| 8.5
k8.0 .

| 7.5

RS
f5t5_
5.0

: y-?;og,
6.5 C

4.5
4.0 &

3.0 |

1. 4x103;
“8.8%103
1.02x104
‘2.8x104
| 4.3x104
| 6.45x104
. 6.7%104:

. 8.2%104

j 10125105
" l{1.08x103
1 1.59%105
S 1.46%105
1.02X105
6.5%104
{5 a4XL04
~4.4x10%"
5. 28x1o4

1. 6x1o4

(3310“)fﬂf_f. L
:{QXIHQI._,-.ft
:(6x102y~;, -
142103): J'
‘(2x101)

(2x103)

'(521Q3;:
{6%103).

(5%103).
(5%103}3

oLy
S

(6x103). |

(5%103)
{78103
(axwdy |
{7}{1_03 yooo

(9x102)

:(ZX103) 'H

-*-fram_wcrkudescrlbed in chapterjvy:'

- 'S;SFDISCUSSION_:.;

_The absorbance/tlme traces for the substltutlon of Water 1n

_DAC/AHC by a21de over the whole pH range 1nVest1gated were
':monopha91c._Tth -does not necessarlly imply that only one of
'the axlally coordlnated water molecules Ln DAC lS avallablb

e



- .1ndlcate that the technlque Was. unable to dliferentlate

Bage e
_ .for Bubstltutlon, but rather that the f;rst substltutlon is
__p_klnetically lndistlngulska%&a from the second because the'rate
"'-of substltutlon of the’ first wﬁter mplecule is mucH slower

' than that of the second. Monophasic klnetlcs smmllarly

_ gbetween the reactmons of the twc structural 1somers u£ AHC so
_that ky7°P® is a macroscopic rathér than & microscoplc rate

iff*constant. This result ¢an be 1nterpret&d in one of three wayﬁ, -f f-
B §8) only one isomer is present (>90% tdtal), (2) both isomars o

- are present and react at very 91m11ar rates, and (3) the -
-Hﬁlnterconver51an of the two stereamnomers is rapld compared to”-'_
‘‘the rate of reactlon of either with the’ lnccmlng ligand. Thlsi§ﬁ J
fthlrd Optaon is most 11kely since the 1n+erconver31on betWeen;ig :
_ ;tha two 1aﬁmexa requlras only a proton transfer [generally at
- or near t{ }1ffu31on controlled 11mmt in water) and not _ 
gllgand subsfitut10n.-3aldw1n at al.d report-d that AHC exists
as a mlxture of twv or more isomers and Brown et al1.50 |
'iindlcate that the dlabtereOLEOmars in aquocyanpcorr1n01ds are _
present in approxxmately thea ratlo of a1g= 23l. Thls suQQEsts _
'-.:that the monophaslc kinetics must be interpreted 1u terms of |
 _the two lsomers reacting at very slmilax rates. _ '

"E'-'An equatlon was derxved (aPPendix 12. 3) tO descrlb“ the

”relatlonshlp between k¢1°b5 and pH..The reactlon scheme below :
indicates all the pasﬁlble forward reactlonsjthat can -
,contrlbute to the value of k’ obsr and hance kIIObB Reverse -
_' eactions have been lgnored for SlmpllClty. Both DAC and AHC

- react with azide, though in the case of DAC a- gecond o

" substitution reaction is POSBlble. However, since the f;rst
substitution reaction 15 rate determlnlng, a second substztu-"
':tlon will not contrlbute to the magnitude of k’obss and hence
thig possxblllty is 1gnored in the reactlon theme. Bcth N3
' and HN3 can. coardlnate to DAC/AHc.ll ' |



| moComyT | CHO-CoNy

By

. HpO'Co-Ng#  "HO-Co-Nzw

(KalKa2 + KalfH+] +. [H+]2)(KL + [H+1) .;553;1), L'n-'

- _ﬂ‘; .y ;“3 ;_.1?1.___;} : ”'=£.: S
k2 I N3 j. k4 l N3© B - L R
vk WMy kg P ENgOL o

g

kl[H+13 + szH+]2KL + kaKaliH+]? + k4Ka1[H+]KL;ﬁ_  

_ ' "A non-l:.near leaat squarea technlque employ:l.ng a
: Newton-Raphson procedure and Marquardt 5 algorzthm was used ta:: 
f:l.t 'I:he data in table 5.2, 2 with equatlon 5.3. l.-F:i.gure 5. 3 1 -

_ below J.nd:.cates the fit obta:u.ned. Table 5.3. 1 has the '
".-'opt:l.m:t.sed values of the component rate constants and

' equlllbrlum constants thasg obtalned, and table 5.3. 3 the
__correhftlon matrix. '
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o _}Flgure 5. 3 1 Plot of kIIObS versus pH for the- substltutlan -
- ,react1on of DAC/AHC wmth HN3/N3 “at E%JC, data fltted uslng ’

.T_equatloﬁ 5. 3 1.

__,_: 200f ?_

100

K(ijobs / 1000 :

f_-Table 5. 3 1 Optlmised values of the parameters zn equatlon

--5 3. 1 after flttlng Wlth data in table

Parameter

Q;optimisgd valuE;-“

4.9%104
| 1.7%2105
9.2x105
7.0x104

- 7.09

. 10.28
. 5.82

(2x103)
(2x1010y |
(3x1011)
(3103) |
(0,08} -
(0.08)

2 2.



Table 5 3. 3 Cerreletion matrlx of the parametere ln equatlon

 page 7

5 3 1 after flttlng w1th data in table 5 2 24

1w e f'"k3' ._ k4 -E!Ka:_il
.‘Tﬁi}ll-ﬁ;zs:_.-0'*_8'8'_ Proo | [ -
pKal - 0.79 | o 45-:;_ 047 ~0.98 1_.03'_.;?35__*__: L
- fopEaz | 0.00 | 0.00 | 0.57 0.1 0.13 | 1.00 |
e “"-QKI,.*—-?DQEQ' [-..'o':sl'o___—'b;;z: | 0.99 -o-.'99" -d"zd.

: Alﬁhough compqnent rate constants can theoretlcally be

1.00 N

VI

_:determlned by ﬁlttlng equatlen 5.3, 1 to“the data, the large

. errors aeeec;ated w;th these valuee indlcate that few '

g conclu31ons ean ke drawn from them. The extremely large errar
| assecmated W1th the parameters ko and k3 could,be the result 3

1"of a strong correlatlou between the two, shown in the

”cerrelatlen matrlx 1n table 5 3 3.

*The value ef pKag isg in good agreement w1th the llterature
_value5 (10.30), whereas the values for pK315 and pKL38 {5440
nnd.4 38 respect1Vely) are not. A strong correlatlen betWeen

these two factors- could play some part in this. However, if

‘the. values of pK]-_,,r PKal and PKa2 are kept aonstant (using the f'””
E llteratuxe valuee} ‘then the fit obtained when equatlon 5.3. 1 o
is applled to the data is not geod. Flgure 5.3,2 showe hew the f-

"_data at 1ow pH are inconsistent with the relevant pKaz and pKL

'evaluee.-The optlmleed values of theee parameters given in.
‘table 5.3.1 are thus. not artefacts, produced as a eoneequence :
'of a close correlatlon betWeen the two parameters. No reason



'ﬂ cou1d be' found for the real elevatlon of the magnltude of
‘these parameters, and no.pr

_:Etavallable ln the 11terature.:;:f-"'“

IEFlgure 5. 3 2 Plot Of k11°h5 versus pH for théﬁﬁubstitutiph;Lf'“

'. ___'re.?jf:t:.on of DAC/AHC with EN3/N3~ at 25°C; data fitted using
. __!~:eqﬁw-i»a§1 _
- _:”4.,3338 5. 405 and 10 305 respectwely. N

adent - for ‘such an.elevatlon lS 5_'"

5.3. lf flxlng the values. of PKLr PKai andek§2'ﬁﬁfJff "" o

.___;--k(ll)'dbs j 1 000

o

Lo Fmed C’urve = Euparlmemnl Poinis' —leed pl( \‘aluas

:, If an lncorrect reactlon scheme had been proposed then an-
.1ncorrect equatlon would have been derlved to descrlbe the' '_
__data, Blndlng studles of AHC Wlth azlde at pR 12 had 1ndmcated
- that” the AHC Was 51ng1y substltutad by the az;de. However,
' 'analogous measurements were not done at’ IOWer pHs, and thus it
is quite conce1vable that DAC WOuld react w1th two azide

ligands to p:pduae_a;doubly:sugstltuted product. NB_-&nd¢OH'nf

 ﬁx3ff'Similﬁfitrans’;abiiiSingIéﬁfectsf]ﬁfth being greater

3 4 .5 6 7 8 "9 10 11 12



f' thqn Pgol and thus smnce HO"~Co OHg (AHG} undergoes
- suﬂstltutlon of the 320, it is llkely that the Hy0 in -
o N3 —Co—OBg w1ll slmllarly undergo substitution. The effect of

"Assumlng then that the pxoposed mechanlsm is oorrect, the .

'.elevated pKaz and pKL valués must theu be the result of " some : .
_ _-other experlmental error. At low pH, azlde, 1n the protonated o &,

© form, | s volatlle. Skerng of the results at 1ow pH could then

A second suhstltutlon of *he mono-#hbstltuted DAC speoxes was DR

_ thus con81dered If thls second substltutlon was faster than

the flrst, then such an.occurence would not effect the kLHEtLC B
data since the rate determlnlng step would remaln the ; '

“_substltutlon of the first a21ds 11gand. If the second
substltutlon was slower, however, then the: klnetlc data would

have lhown blphaSLE hehavmour‘ Monophasxo klnetlcs were

ﬁobserved at. all pHs lnvestlgated, and hence such a possmbillty
’_15 unllkely.m,_ ' e ' ' aE

be’ the*result of real 1lgand conoentratlons belng conslderably

"oleSS than expeoted “In an analogous study using vitamin B12ar
J_MarqHEs et al. did not encounter any such problems.45 In that =
: Hgtudy klnatlc measurements were obtalned over the pH range'

from 10 to 2, Wlth no 1nexpllcable dev1atlons occurlng at L

'.-The flt of equatlon 5 3 1 to the pH proflle date 1nd1cates
o that, at - 1east at. hlgh pH, the postulated mechanlsm is’ '

"”IOWEr pHs.-

- 5-’.4---couc1.us'rbﬁs" -

supported. The assumptlon that DHC is lnert to substltutlon

" has been verlfled. Subsequent mea-urements of AHC substltutlon

RS
NS

rate constants (pPHE 12} ‘can thug be correoted in order to  -'

'-produoe a pH 1ndependent rate "onstant. The low pH data_

.clsarly requlres further lnvestlgatlon.
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S bondlng 1s 1m@ortant Ln defznlng the actlvated cemplex.

' In the real wnrld there are processes whose mechaanms deflne a

' lnterchangee to A. In any glven case it is dlffleult to glVe an
" exact- deecrlptlon sinte tqe experlmental crlterla are eeldom

et

‘A D MECEANISH OF LIGAND sunsmzmumton~ TEST cnse stue aq_g S

‘: AguocuBALnﬂIn‘“iG;__;;_.,_q..

‘4.

Twc extreme pOSSlbllltleE for ‘the mechanlsm of llgand

 _ Bubstltatlon reactlcns at octahedrally-coordlnated metal ateme

have heen_z_dentz_fled.34 For the dlssoclatlve mechanlem, D, the

bond te the 1eav1ng 1lgend L, 15 entlrely severed to generate a o

f;ve—coord ate 1ntermed1ate whmeh then reacte W1th an 1ncaming

A llgand, LY, La reform a s;x*coordlnate substxtutlon prcduct At

the other extreme is the assoclative mechanlsm, A, ln Wthh the
new llgand becomes fully bound, _‘thue generat:l.ng a. 3 S .
seven—coordlnate intermediate before one of the orlglnal llgands
is 1ost._These extreme mechanlems are often too 1nf1ex1ble to
ﬂdeal wmth the subtle ver;etlons in real mechanleme and hence

'verlatlone on- these two h%ﬁl& mechenlsms have been };n:c‘:aﬁ:u‘".)gewE *The 'LW

J o

“

dlssOClatlve lnterchange mechanlsm, Ip, is characterlsemfﬁy a SN

traneltlen state 1nvolv1ng con51der&b1e extenslon of“the ﬁrL

bond, but not its complete: rupturey tegether with eomé lnclp&ent R

' 1nterectlon w;th the. lncomlng llgand. This 1nclplent 1nteractlon
s pOSltlons the new llgand to enter‘the first. coordination sphere:

‘on the departure of L. The . aSSOCLathe lnterchange mechanlsm, IA,
is characterleed by a simllar transltlon state, but here the
1nteractlen between M and L’ is more - advanced and the M*L’ '

contluuous gradetlon from.n through 1ncrea51ngly aBSOclated

definitive,34 Interest in the mechanlsm of substltutlon of
vltamln BlQa has nevertheless bq?7 greet 1 '

o 6 THE use oF snmunnm:cn xznnwxcs 0 n:smrncuxsa Berwznm AN In AND .

'E‘
!
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.':',“ﬁﬂgﬁe and Halpern shewed that for a Serles of seven. 51ng1y | .
 charged- anions, rate constants for the substltutzon of HyO lﬁﬁﬁn_  _

L _bondlng ef ‘the. enterlng grqup does not commence unt11 after the

CNE ) S

.'?ade Ble

______

aquocebalamln molecule varled by about. one order of magnltude'e-'”

- although: the $tablllty constante for the formatlon of the . C

'_ecemplexes ‘varied by about 12 orders of magn1tude.44 In addlt;on,_*‘

:ef”Thuelua showeﬁ that’ the formatlen rate canetante for the

i subetltutlen of Hzo inc an aquecohalamln melecule with varlous )

 ' an1en1e 1ligands varled froﬂ 170 to 2300 dm3 mol"l s‘l whereas
';ihe dleeoclaﬁlon rate conetants varled between 590 and < 10'5

s=1.22. This behaviour is typidal of mechanismsg in- whlch dire s

PR

rate determlnlng traneltlon etate hae been passed.: .

”:There is thue general agreement that the mechanlsm of the llgand

eubstltutlon reaetlons of aquoccbalamln are dxeeoclatLVe-a*

- .nevertheless there remalns eome dlsagreement concernlng whether
" the ‘intimate mechadism is pureiy dlSSOClatlve, D,14 22,23, 24:25
o .or in$erchange dlssoclatlve, ID.23 25 Here: the 11m;t1ng ';g
"dissoc1at1ve mechanlsm 15 characterlsed by a,rate determlnlng
f‘step 1nvolV1Q" the unlmolecular dlsseclatlon of HzO from. the "
s fCo(III) cqordlnatlon epnere to produce g flve coordmnate ]
f-tran31tlon state. The ID mechena*m, in- contrast, requlres some -

degree of partlclpatlon ef the e‘comlng llgand in the traneltien .

'.state {Whlﬁh 1s thus never fully 5 coordlnate) _-e-'

'A,modest dependence of tﬁe substltutlon rate constants on. the

ldentlty of the 1ncomlng llgand has been clted as’ evmdenee for e

the reacﬁlorrV1th a series of prlmary amines has been _
reported,39: 40 The slope:ot the plot of A'H* against A st

'happens to be such that, near room temperature, these 1lgande
- react at a s;mllar rate, and thus the 1ndependence of. the

eubstltutlon rate on the nature of the lncomlng 11gand, 1n thls

D mechanlsm. Hewever, compensating. changee in 4B and 48" for

case,'Ls:not necessarlly lndlcatlve of a I mechanlsm. Researchers

N

TR
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.. "..have attempted to use measurements of “the volumes of acﬁlvatlon |
~ of the react;ons to. solve the questlcn of interpretatlcn of theae_~”

- results24, 25, put lnterpretatlon of the data was: compllcated'and
,_proved unsultable for aolV1nq the questlon*41 __" :

_»r.-

:nctlvatlon enthalples and entroPlea fcr the substltutlon of H20 5"

' by small ‘anionic llgands such as SCN‘, 8203 ¢ W05~ and HSO3

_all very sxmllar nis is eVLdence for a D mechanigm,41 mhe J;,E.ﬁ

.ftransmtlon state for the substltutlon of HzO by . CN“, howevar, is

.enthalplcaily stablllsed by more than 20 kJ mol‘l relathe to the |

‘substitution by HCN, and thé zls* for the two reactions is.—25

and +50 J K‘l mol-1,. respectlvely 41,42 rhis evidence supports an

1Ip machanlsm.:Furthermore, the rate of substltdtlon of hound H20
by =& sar;és of lm;dazolea was found to vary llnearly W1th the

:; bas1c1tf of the anomlng 11qand.43 Thls research team Was thus of.

the opinion that the ligand: substitution react:vns of

| '_aquocobalamln lnvolVe the nucleophlllc partlclpatlon Gf the

_,1ncom1ng 1igand. Ln(;ha trans;tlon state, whlch 19 charamterlstlc
- of an ID mechanlsm.27 S T .

:Stochgl and van Eldlk found that for the suhstltutlon of Hgo in
B quocobalamln (shown below as dmbzlm*Co*HzO, dmbzim

5; GwdlmethylbenZLdeazole, Where only the;axial llgands are shown

_and the ovexall charge is iaglected for conVinence) with
' pyrldlne,_a plot of observod rate constant agalnst 11gand
_concentration showed saturatlng behaviour at hlgh (i.e.. > 0 5 mol
 dm~3) ligand concentrations.25 Mo other observations of
_isaturatlng behQVLour could be found in the 11teraturepr§hey
ILndlcated that thlB saturatlng ‘behaviour can be explained uslnq
iho v a D and an Ip mechanlsmg For a ) mechanlsm, ‘equations 6.1 ..
an& 6.2 apply. If k. is ngnlflcant, then the observed rate
 constant, kobs, is related to the mlcroscap*c rate conatants hy
ﬁequatlon 6 3 (derlvatlon in appendlx 12. 4), lf not then equaticn
6.3 51mplifles to equat_on 6.4. S



. H0...dmbzim-Co. ..

m;ﬂ']-,).

8.l

“:kl.--

“'.fbkel-

DT i kz
idmb21m~ca + L

k1kz[L1 + k-1k-z

. Kdbs: m_-—~1-~-.

k“i + kz[L] _ 5

ﬂ..ﬁ?:. klkziL]

’ kobﬁ g -——s—l.-— ———————

k_l + kg[L}

_fzobserved rate constant Ls glve r?
'slgnlflcaut (derlvatlon 1n appe ix

| dmbzim-Co-F0 + I =2 { Hp0:..dmbzim-Co...L }

 ,k*4

1 R@m

. dmbaim-Co~H0 =% dmbz1m~c° + Hzof j~‘

2> ‘dmbzim-CosL -,
u f}k;2.z  ,;_j:_f

kg L
L }-g=2 dmh21m-Co—L + Hzo.”
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‘ In the case of an ID mgchanlsm (aquatlons 6. 5 “ 6 6), the

equatlon 6 7 if: k_4 ls
12 4), and equatlon 6. B lf

t” tG‘S}g.':

ERNCR

-
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Ca



§ Equat;ons 6 3 and 6 7 (and 6 4 and 6.8} have the same’ hYPefbol;cj'jf~”“
'fform. The-mlcrascaplc rate constants, or" camb;natlons thereaf, B

*ragé* o

..'Whlch descrlhe the three sect;ons of the hyperbola shown Ln

: -flgure 5 1 below, Vlz-r the y-axls 1ntercept the 1n1t1am sloper _ .
_ 'z3and che saturatxng rate constant, ksat, ara glven ln table 6. 1 jj j_T_
o below‘ : s e _ DR L

.1 §}f..  

1';Table 6, 1 The mlcroscoplc rate constantsr or comblnatlons

_théreof| - Wthh descrlbe the thrne areas of the: observed hyperbo1a
of the, graph cf kobs versus [L] far the substltutlon of HZO ln

;aquocohalam;n Wlth pyrldlne.f e

CE )L
SE I : _
G - ST ]
N . . g -

-Mechanism-;fﬂ?*-

T .

[ yoaxis
-llntercept

. ln;tlal
: slope

 ”?':ksat{ =

". , k~2 51gn1£1cant
- kap. LnSLQanlcant

s k_2

or1g¢n

| klkg/k-
klkg/k_l

':‘iﬂ';'

 ;ID*,; *4 smgnlflcant

Tk _4 lnsmgnlfacant

k-4

| oxigin |

ke

(k4 +. k_4)K

kgt kg |

kg

-3
\\\ R

’ Figﬁre_s.l'whe three-ﬁect;pns offa'h?bgrbé;idffundtiéﬁ.g 

‘initiglsiope

LI

| y-axis intercept

'OBSERVED RATE CONSTANT /51
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A dlstlnctmon between the two mechanlsms is not pDSBlble unless a
f__serles of llgands adelng aaturatlng behavlour are compared. Fnr
‘a D mechanlsm, kgat correspands to the rate constant for. the

4 K

Lf=un1malecular release: of water from the: Co(III) coordlnatlon T ;5___.~

'sphere. The value of keat, and 1ts actlvatlon parameters,ishoulﬁf
then be 1ndependent of. the nature ‘of L. In the case of an Ip .

. mechanism, kg, obtained from the difference. between ksat ‘and. the{; o

”1ntercept, and 1La actlvatlon parameters, shnuld.ﬂapend on L.27

' Saturatlon,kinetl g of aquocobalamin w1th 6 Nﬁdonor llganda, v:z.-
_;hydraxylamlne, methyl glyclnate, lmldazcla, pyrldlna, ) —
_ﬂ4-methylpyr1d1ne and hlstamlne; ara discussed in this thesls._The
"*author was only dlrectly 1nValved wmth the A kﬁ\%§anuLbactlons
with’ pyrldlne and experlmental data 15 th%{ xﬁ E agsed for, -
~ this l&gand. Although saturation klnetlcs jal“é%,yfbeen _:

~ reported for the substitution reaction of uqubcobalamlh with
1-pyr1d1ne25 these mpauvﬂements were répeatea in order to Verlfy
‘the results, and ‘o collect MOre data in thv h;gh pyridlne
e_cOncentratlon region.- : ’ - : L

Y
.

' 6.1 EXPERIMENTAL PROCEDURES

The subatltutlon of Hzo in aquﬂcobalamln by pylldlne Was
_ 'Btudled unaer pseudo-flrst-order condltlons at a. 51ng1e pH
'"(6 50), halfway between the pKy af the. N donor of the llqand
(5 25 at-25. oecy47 and the pKa of coordinated’ Hz0 in BlZa
" (8.10 at 25.0°C)1 and at fou ¥ different temperatures (5.0°C,
- 15.0%¢, 25.0° ¢, and 35. 0°C). An’ 80 2 mol. dm-3 solution of
Bizar W1th a total ionic strength adjusted to 1.00 mol dm‘3
 with Kcl, was buffered with phosphate (0.1 mol dm?3) and _
'_adjusted to’ pH 6.5 ualng addltlons of NaOH and . HCI, as .
approprlate. Fifteen llgand solutions, varylng in’ o
'concentratlon between 0.01 mol. dmf3 and 1.0 mol dm™ 3, were .
'u:sxmllarly prepared. Prellmlnary syectrophotometrlc : '



ﬁ=.appropr1ate {see" Results)r to Alexp(—k'l obst) +

'iobeervetlone lnleﬂtéd two poes;ble wevelengths at whxch the _-:

"ereactlon could be monltored (the requ1rement being a’ large

_-absorbance change accompanylng the" reactlon) viz.: 362.5 nm

{the y-band of the complex), and 351.0 nm. (the y.~band of the
'7_aquooobalemln) The reactlon was monltoxed at both wavelengthe.'f -f;;
. b y mlxlng equal volumes (100 udm3) of . the two eolutlons usxng_elf”' |
B Hl-Tech Selentlfic SE~51 stopped £low epectrometer (oell

pathlength.l 00 om) lnterfaced throngh a DAS-50 A/D boaﬁd with

”"an IBMutype PC, The experlmental/f'detexmlned rate coneLante,
k* obs,_wereﬁfound by flttlng the absorbance/tlme trace to en
" eguation of the form Alexp(-k'obst) +: AZ' or, wheze
Agexp(nk’z obst) * A3 uS{Pg a non-llneer leaet equaree o
: technlque employlng a Newton—Raphson plooedure. The - _
~temperature of the system was malntalned (£0.1°C) Wlth a
.::J_rculat:l.ng water bath., Da‘l:a analye:.s v elaborated on below,
wag by’ means. of elther 2 non-linear leaet squares teohnlque'
;employlng a Newtonhaaphson procedure and Marquardt’ L
Z_algorlthm, or by etendard llnear least equaree methods. 5

[

' ..6;2-' Ré{s'iﬁms' .

The absorbance tlme traces used to follow the klnetlcs of the -

--sﬂbetltutlon of H20 in aquocobalamln wlth pyrldlne were_

o folloWe@ at two wavelengthe. Those tracee followed at 362, 5 nm

were bast fltted by Ly two—exponentlal expreeemon, in oontraet
to thoee measured at 351 nm whlch were best fltted‘w1th a
51ngle exponentlal trace. No analogous effects were reported'

;for the other five ligands 1nvest1gated, though the kinetics -
, of these reactlons were only followed. at one. WEValength, the_fi

"--band of the cobalamln. ﬁf"f-“-”' - R

]
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'”- :The dependence on. pH of the experxmentally determlned peeude '1 Ca
ifiret~ordex rate cbnstants, k’ohsr for the llgend substltutlonf;jr}j_
“'::reactlone of Blga 1e well estebllshed 40, 41 42,45, 45 Ll
. feenydroxocobalamln 19 lnert o eubstltutmon, and protonated L
~ amines will not coordlnate The reaction. was thus studxed at a:ﬂfe'f7
e:iSLngle pH' (6 50), where the ohserved reaction rate isata.
;T}maxmmum (halfway between ‘the pKy of, the N-donor ‘of the llgand fﬁj_ ;
,-;(5 25} and the pKa of coordlnated Hzo 1n B12a (8 10)). The e. _:_n”

'pH—dependent rete constant, ' obss WaE converted to a EH

;_flndependent rate constant, kober us;ng equetlon 6.2. 1. The _
'-'fvalues of Kgnhg and 'k’ obsr are’ glVen in appendlx ll 4. The S
) "_'graphe of obs versus {pyr;dine] at the four: temperatures o
' -.*lnvestlga%# ' ' Lo

d are giwfn in flgure 6. 2. 1 below.__”

e

kob-g = k'ohs(l + [\ 3/1{1,)(1 + KCQ/[H+}) | (*6'.2-.1'1.'

 _For pyrldlne (ln agreement with the observatlons of Stochel
‘and van Eldik25) and 4-methylpyr1d1ne, the rate constant fo:
_efthe &1esec1etlon of . the ILQand from Co(III) is: smgn;flcant. .
For' hydrcxyiamlne, methyl glyqenete, hletamlne,_and 1m1dazole,'
|  7:the y-axis 1ntercept9'were within two stapdard deviations of.
'.--the orlgln, which means- that tﬁe reverse rate - cenetente (k-2 :
o "1n equatlon 6.3 or keg in equetlon 6.6) are_very small Flgure;_’*
6, 2.2 shows the plots of kobs.vexsue [ligand] . for the six -
Eﬂﬂlmgands lnvestlgated. It 15 eVLdent from this flgure that the =
P saturating rate constants vary SLgnlflcantly for the dlfferent :

llgands 1nveet1geted. Thle suggests that an Ip mechanism -

_(equatlene 6.5 and 6. 6) is approprxate and the deta was thus

: fltted w1th equatlone 6. 7 and 6 8.-

-"\
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'-F:.gure 6. 2 1 Dependence of kcbs on . [ pyr:.d'! ue] and temperature

:.for the rea.ct:l.on of PYrJ.d.‘Lne w:Lth aquocobalamn. EET
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3 #Lgure 6 2.2 Dependence of kobs on: llgand ccncentratlon. 311 ii
-?data at 25, O“C except for hlstamlne (24 2° C) and methyl '
'fglyCLnate (25 2°C) ' o

08k mETHYL
| GLYGINATE

B R . '..'0-.2.
4-METHYLPYRIDINE o

S S T

] 1 ) N iy '

© 02 04 06 08 10 12 O . 04 5 08
o {llgandlfmoldm IR o [hgand}fmoldm

R Although sxgnlflcant curvature is seen ln all plots 1t is
cleaﬁ uhat complate saturatlon is not attalnable in the llgand
'concentratlon range studled s6 that rellable values for the
_'saturatlng rate constant are dlfflcult to obtain. HLgher
-ligand concentrations could not generally. be used. In the. casa ;;5
- pf pyrldlne, —methylpyrldlne and. hmstamlne, a large 1n1t1a1 !
signal change occurs on first mlxlng, before the onset of.the f
""exponentlal ahsorbance change- which can be attrlbuted to the'-
- reaction. The s;ze of thls lnltlal smgnal lncreased,wmth
'__llgand concent:atlon and we_suspeht that it is due to the S -
' mixihg'of soiﬁtidns of very different refractiﬁé iﬁdices.;(Nol
such effects were noted with ccmparable concentratlons of ' ”'_
‘solutions of ionic salts, such as ferric nxtrate and’ potass;um s

B
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thlbcyanate, for axample) The 1nev1table consequenca of thls

mlxlng effect'was that algnlflcant fractlnns of - the absofEEnce

<

chang& due to the reactlon were lost at the hlgher lzgand -
"'concentratlons @the mlxlng 31gnal lncreased 1n lnten31ty as
_ the llgand concentratlon lncreased, and. the rate constant
' 1ncreased too, thus the overlap between the m;xlng and the

L . rate s]_gnals mcreased) “o e

Table 6 2 1 QLVEB the values of ksat (k4) obtalned by flttlngifiﬂt_t

equatlans 6.7 and 6. 8 to the data. Alte:natlve ways of

| a.ahtalnlng estimates of ksat were also explored. Equatlona 6. ?'

and 6.8 were manlpulated to yleld equatlans 6.2.2 = 6.,2.5"

(derlvatlon in appendlx 12 4). One of the problems aSSOClated:ﬁ

w1th reclprocal plots such as’ used in equatlons 6.2. 2 and
6.2:3 ls.the excegsive we;ghtlng which ‘the data polnts ! _
carresPDndLng to low ligand concentratlons Wlll carry._Even >
small errors in these values 1ead to a 31gn1f1cant skEW1ng of
the tlt parameters, and espeCLally the Lntercept. For thls
reason, only ‘the last 6 or 7 901nts of each data gset

- t(correspondlng_tp_the higher ligand concentratlons) were used

'fOr obtaiﬁihg values of k4,'hbwé§er the complete data set was
- used for obtalnlng the values of K. Figures 6.2.3 and 6.2. 4
‘show the fits obtained when: equatlons 6.2.2 and equa.t;.ans
6. 2.4 were fltted to the pyridine data. Values for kg, kog and
K, and their averages, thus obtalned ara glven in tahle-'

_;u 6.2.1. “fPable 6.2.2 shows the average values of k4, k,4 and K

i

for the other flve 11gands 1nvestlgated.,"
. kobs ~k-g  keK{L] kg

S m mmmems pem L (642.3)
- kobg - kgK[L) kg | .
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‘koth 3 (k4°+ k_4)K ;*£ ifﬂ j; f'HI5;2;§).'yT

'.'.‘."'.._._ = ';"'"kobsK + k.;‘l{
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react.wn of pyr:l.d:.ne WJ.‘t:h aquocobalam:l.n, ciata fa.tteti 1131“% %\ R

o -'-equata.on 6 2, 2._. R e |

ST aebs ke

. » s
T4 1.5-::2 25 3 3% 4
LT muamnum

e

4

45 5 88

'7'553"'1"--%56*1'- 150*1.53

’ : Co W



e : H
.

F:Lgure 6 2 4 I?lots of kobsf[pyrn.d:.ne] agalnst kobs for the
react:.on o:E pyr:l.dx.ne w::.th aquacobalam:.n, data :EJ.tted us:.ng
equata.on 6 2 4. ' o o R
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V_Table 6 2.1 Rate and dqulllbrlum canstants fcr the - 'Q"'  A
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Table 642 2 Rate and equﬁllbrlum constants far thﬁt'_

1

aoordlnatlon of the 11gand, L, by . aquocobalamln.

o

Figana .-
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From the temperature dependenae of k4 and (where appl;cable)

:7_k 4, the actlvatlen parmheters of the reactlons Were'f&ﬁ“' ;
-fe determlned by plottlng ln{klh/kBT}, i=4 or -4, agalnst T 1 :
'Flgura 6. 2 5 shows the: plots fcr pyr;dlne. The activation

 paramsters thus obta;ned are given in table 6.2.%. There is

. was . llnear and- 4:H°'and 4'8° yalues vere determlned from the

 (é}.;e _.Lf S _. "[f_-ﬂ ::'e(bj'""

u

™ {toRniET) T i ey

" vk

ao-

nuﬂm nmms oumu qu»ﬂ oo0E  DOoIT aﬁu oc3F  pooas amu mmu~ 0.0037 .
WEXE - : o _ ) . 1ﬂxK S :

17

o

-'ejcon51derab1e unbertalnty'ln the values of the pre“equllxbrlnm°. .
constant, K. It was assumed that a plot of" ln K aga;nst Lot TR

:fslopes and Lntercepte. These values are- also 1lsted in table':”:e'v

Flgure 6 2. 5 Temperature dependence of (a) k4 and (b) ke4, for e
:_the reactlon ‘of . pyrldlne Wlth aquocobalamln.f" '
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':fTable 6 2.3 Rate and. tharmndynamlc parameters for tha reactlon

~of aquocobalamln with the ligand, & (1 hydroxylamine, 2 methyl -
fglyclnate, 3 pyrldlne, 4 4—methylpyrld1ne,_5 lmldazo]e,:-

-_'hlstam;ne)._J;s BT
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*56.3’nxscussrou _

The classxdal reactlon scheme ior the llqand subst;tutlon ':]
reactions of transltlon metal lons, glven in equatlons 6.1 and

u' 6 2 or. 6.5 and 6. 5 9 are challenged by the: results observed
__fe-_the 11gand substxtutian reactloua of aquacobalamln w1th

) pyrldlne._The abscrbanca time traces folloWed at; 362. 5 nm were
_best fltted hy a two—exponentlal expresslon, in contrast to .

_ thosa traces measured at 351 nm which were hest fmtted w;th a';
_smngle exponentlal trace. ThlS suggests that at 1east two
'klnetlcally—dlstlngulshable processes are occurlng. The faster

' phase wasg about three tlmas as fast ‘as the slower phase and

_ _:usually accounted for about 15% of the total obserng slgnal
" change. The rate of the sldw phase corresponded,weil with the
jsxngle rate obsefved at 351 nm. No analogoué effects were f *

[

.-_l_] -
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- reported for the other flve llgands J.nvestlgateddr though here
) the reaotlons were only lnvestagated at a SLngle anelenqth
,__and thus an analogous effect oould haVe been overlooked. :

It is mathematrcally lmpDSSlblE to dlstlngursn between
'fparallel ‘and consecutlve processes,48 and 1t is thus posslble

" that we are- observlng the "slow" formation of some unstable 1--3

:_lntermeﬁrate which then rapldly rearranges to the flnel

"fequillbrlum producta It is also posslhle that we are obaervang

a parallel process where the approach of the llgand to ‘the

“metal atom follows at 1east two klnetioallyﬂdlstlngulshabie - _
' trajectorles. Why this . process is observable at one wavelength 'e\,tf
""sbut nét another is not olear, but is not part;oularly ‘ o
| ._surﬁrlslng since there 1s a pOSBlbllltY that two closely"

' related compounds conld produce UVIVIS speetra whicn are J'f'
;Ldentlcal in some regrons and drstlngulshaﬁle ln mthera._The

llgand substltutlon reaotlons 0£ BlZa may be more complex then

. was orxglnally assumed, and the reactlon ‘schemes gth1 in

}f ~equatrons 6.1 and 6 2-or 6. 5 and 6.6 may be, at’ best
' approxlmatlons of the events ocourlng ge the moleoular level. _

- Further work is requlrea before any real oonCIuszons can he
drawn concernlng thls partlcular ebservatlon.:: e

. .)._

In any. event, the focue of thls ohapter, to determlne whether B
o saturatlon klnetics can be used to drstrngulsh betwéen a D and

an ID meohanrsm, oan be addressed. For convenlence the "o

. saturatrng rate constants for the six lxgands lnvestlgated .

were reoaloulated usanq the aotmvatlon parameters ln table':
__56 2.3 and normalised to 25° 1n table 6.3. 1. It is clear that
'ksatr and the actrvatlon parameters assoclated with thls"
macrosodplc rate eonstantr depend o the ldentlty of L, aﬁ&
thus an Ip mechanlsm, in which there is nucleophllle

'Qartlclpatfon of the anomlng llgand in the: transltlon state, +

ai% operable.__



_o_'fimethyl glyc1nate 1k .
”fag,histamlne fq'-~ 'jl¥2-3 A A
o 34—methy193fndme 62

- '_i?ééé}99="
Tahle 6 3. 1 Saturatzng rate constants {k4) for *he reactlon of
_ aquooobabamln with the llgand L,_at 25°Cs calculated us;ng :jo,-'
the actmvatlon paramoters glven in table 6.2. 3.:_ : S

~”ngand '_ﬂ:?f;k4 / 3—1_f;

Pyrldlne o I | 8‘2 .- . ; : .:. | .:. . - .:_ . _‘. : ; _. . ; - ” -
- |imidazole B TR - T TR
__}'hydroxylamlne_:{J3- 83" NE

' Flgure 6 3. 1 shows that a plot of 4 H* agalnst A s* for k4 is a

_ _straight llne. A.slmllar correlatlon has been noted hor these _
I”_two quantltmes for the reaatlon of aquooobalamln w1th prlmary :
*amlnes39 40 and thus a compensatlon effect between the entropy
7rand enthalpy‘of actlvatlon may be a general feature of the. o
_'llgand.substltutlon reactions of aquocobalamln. Thls feature e
f has led to the: erroneoua conclu51on that slmilar rates of :
| xeactlon are 1nd1oatlve of a D meohanlsm.

: Marquas et al 27 showed that the sterlc bulk of the 1lgands ;

. could be used to explaln the inereasing ordor of the

:-saturatlng rate constants given in table 6.3. i. A roasonable
correlat:_on between 4 H* and the 1lg&nd ctme angle, and 4 H .
and the molscular volume of the lncomlng llgand was found, 5;_

"Thls is- ‘not surpris;pg Sane the &-face of the oorrln rlng 13'3_;,

_'fsterloally orowded with the'B and e aoetamlde 51de-cha1ns of
" rings A and B, respeotlvaly, ‘and the methyl groups at

;'pOSltlonS 12 and. 17. in the c and D rlngs, respectlvely,

 placing four steric plcketo in the pathway of a ligand
;fapproachlng the motal atom. Tha correlation betw J

o W

n steric
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bulk and saturat:.ng rate constant :.s :Eurther ev:.dence for an L

Ip meéhan:.sm since for aD mechan:.sm the. ster:.c bulk of the
l:Lgand should have no F‘ffECt v‘;atsoever on ksa.t' S

F.zqura ﬁ 3 1 Relata.onsh:lp hetween .:i H“‘ and “A E'a“r for k4 1
hydroxylamne, 2 methyl glycm&te, -3 pyrxdlne ' 4 e
4 -methylpyra_dzne, 5 J-mld&mle, 6 hlstam:.ne. L i

120.
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L 'actlvatlon par&meters asaoclated w;th thls mlcroacoplc rate~;f |

T

6 4 CONCLﬂSIOHS R :

_..._,.. : . oy

The Wbrk dlscuSBed 1n thls chapter conflrms that saturatxonfﬂ__

klnetlcs can be. usad to dlstlnguish betWeen a D and an’ ID
substmtutlon mechanlsm. It is clear that ksatr and the

- constant, depend. on ‘the ldentlty of L, and thus an Ip -
machanlsm, in whlch there 1s nucleophlllc partic;patlon of the

anamlng llgand ln the tranaltlon state, 13 operable.-_: jfjfj-~“'H

o

T A

P L3 .
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T snmunamzon xznsw:cs o n:swxueuxsn BETWEEN AN In AND n n
' MECHANISM FOR THE SUBSTITUTION OF THE AXIAL WATER HGLECULE IN
'.nguamnnoxocoarmmx B! FIVE Lzmns Tl D

fLIn chapter 6 Lt was shown that extenszve resEarch has been done ;31”
-1ntc the' determlnatlon of the mechanlsm by Whlch the axlal Water
:ivmolecule in aquocobalamln is" substltuted by an lncomlng llganda
L Relatlvely llttle work ‘has been done on, the kinetics of the
- substitution reactlons of DAC}EHCl 3, deaplte thé obvious
.--Blmllarltles between the two systems, and thus the questlan of
.:Wh&thPr tha substltutlon of the axial. Water'molecule(s) in
_DAC/AHC proceadsnv1a ab or an, ID mechanlsm has still to be
: broached. Of the few leEth 1nvaatlgatlons avallable 1n the
' 1Lterature, no mentlon could be found of the ob-ervatlon oi_“
_ .saturat1an klnetlcs. The use of saturatlon klnetlcs to conflrm
']lgthe Ip mechanism of substltutlon ln aquocobalam1n27 (chapter 6)
" has indicated that saturat;on klnetlcs is a useful tool in - _
. mechanistlc determkaatlons._ln this work, Lt was hoped that _.}"
3saturat10n klnetlcs would be obserVed in sxmllar reactions with

'AHC, and that: the value of ksatr and lts asaoclated actlvatlon - _
parametexs, thus obtalned could be used to dlfferentlate between ::J-=
a D and an ID mechanlsm.’

*.._7,1 ExpﬁkrnﬁNmBL~PRdcanRﬁs

The substltutlon of a water mnlecule in AHC by 5 11gand-,_

" viz., cyanlde, a21da, pyrldlne, N-methyllmldazole, and, .
3—am1no—l—propanol ‘were followed at four: temperatures at a . .
single pH., All reactions wera studied under pSeudo flrst-order

'jconditlons at pH 12. 00 As erplalned in chapter 4, a hlgh pH N

ﬁwas used in kinetic and prellminary thermadynamlc :

i determlnations in nxdeL to limit the numher of posslble 1ab11e

" corrin ‘gpecies in solutlon. At pH 12.00, the coblnamlde 18 o

_;present as DHC or. AHC Only AHC is lablle, though the :

5



.PQBSL?&;&PY of blphaSLc klnetlcs as a'reeﬁltnbf the “two
f structura1 isomers was n?verthelesa Stlll antlclpated._;= o
-_Coblnamlde solutlans,- [AHC] + [DHC] = : 2X10™5 mol dm~3, were '
ﬂ buffered Wlth phosphate (0. 1 mol dm‘3} and adgusfed to pH

12.00 at 25 0°C uazng ‘either NaDH or. HCl, where approprlate} ;

'f=*and then adjusted to a -‘total lOﬂlC strength of 1. 00 mol dmf
. with KC1 for reactlons with the neutral llgands, and 2.00 mol

dmr3 for. reactlons w1th the anmonlc llgandaa ngand solutlans
e(between 7 and 13) varylng in concentratlon between 2 mmol

- dm2 to 1. 0 wol dm~3, were 51mllarly prepared. Reactions,_j

. _mpnltored at the same Wavelengths ds used for the blndlng'i” _

-cona tant . determlnatlou.‘\chapter 4}, were folloWed by mlxlng .
equal volumes (100 g dm3) of the two solutlons using a ' :

‘Hi-Tech Sclentlflc SF-SI stopped f]ow spectometer (cell

_pathlength 1 00 om). Lnterfaced through & DAS ~50 AfD board W1th

an IBM—type Ec. The experimentally determlned rate ccmstantsr
obar were found by flttlng the absorbance/tlme trace to an

-5equatlon of the form Alexp(-k'obst) + Ag- uSLng a non-llnear _

-[least squarea technlque employmng a NewtonmRaghson procedure._

of either a . non-llnear least sguares technlque employlng a

'“f'Newton—Raphson procedure and Marqua"dt’s algormthm, or - hy

_'standard llnear leaet squares methods., S

7.2 RESULTS
.lIn chapte; 5 the dependence on pH of the expermmentally o
‘determined pseudo flrst-order rate constanta, k obs? for the

‘ligand substituticn reaction of AHC with azide was

' establlshed. Dlhydroxodoblnamlde was cenflrmed to be. lnert to i

substltutlon..mhe pHedependent rate constants ‘can be donverted
to pH 1ndependent rate: constanns us;ng equatlon 7.2. 1. Table
'f7 2.1 glves the values of pKL ‘ the acld dlsaoclatlon .

. 4
o

 e The temperature of the system was. malntalned (£0. 1 C) W1th a
o eelrculat;nq water bath, Subsequent data’ ana1y51s was by means.ie

]
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constant- far the llgands used ln thlS work._It is thus clear
-_that at pH 12, 00, all llgands are unprotonated. Valuas of pKa2 |
'.were determlned ln chapter 3 (A H’- 27 kI mol 1, ;15“ leQ J

"'; 'K-1 mol-1)31

kObs = k’obs t1 + [H+3fRL>(1 + Kazftﬂ*}) :ul,;:?Ag?? o
"u,.“ k obs (1 + Ka2/[H+]) ' el T

o ;eTable 7,201 glvea the values of 1 e [H+]fKL, at pH 12, oo for

'-j'thé flve ligands lnvestlgated. In all cases 1+, [H*]/KL
- 1.00 _and hence’ the approxlmated ver51on ‘of equatlon 7 2 1
_conld be used to convert pHndependent, X obse to B d
._pH—lndependent, kobs, rate conatants.-Tables 1l. 5 1- 11 5.5
in the - appendlx glve ‘the valups of k' ohs and kohs for the flVe _' 
f_llgands 1nvest1gatad at each of four dlfferent temperatures. )

-.-“— .
L3

_umable'7 2 1 Values of. pKL, the acld dlSSdCl&thn constants'of .
[ gfthe llgands used in: thls ‘work, -and the calculated values of 1 E
RS [H*]/KL at pH 12.00. . _,w ~? o B S

“ n_.ﬁLigand_ _ﬁ;”juu”' KL (25°C) IRef. 1+ [H+]/KL
leyanige - | s.0a 2 | z.001
pzice | asa o he | a.000%
 Pyridiue  o - | s 2733. 1,000 .
IN‘methylimidazole | 7.209 ; 43 | 1.000 {
f-3+amino~1+prdpanol 10,435 '_41; | 1-02?..=-'. |

| Values of k0b5(25°C} for the flve llgands 1nVestlgate& are
plotted as a function of ligand concentration in_f;éure 7. 2_1,i'

 Significant curvature is seen for the reactions with cyanide
and ézide;'siighf'éurvature'is seen fbr thé:reactibns with

_ pyrmdlne and N-mathylimldazole, ‘and no curvature is seen for .

- the reactlon wzth 3—am1no—1—propanol As was seen for the
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reactlbns WLth aquocobalamln (chapter 6) the values of ksat
appear dependent on the yﬁture cf the lncomlng llgand and thus

S an. ID mechanlsm 15 sugg{s, d..The releVant mechanlsm ls then,a.

{ IIzo- . -écu v -L } ‘—mé HO-Co-L + Hzo _(:_7”.'2..3);_ Y

_ _F1gure 7.2 1 Plots of kobs(25°C) as a. functmon of llgand

'lifconcentratlon fcr, (a) cyanlde, (b} g&xd;, (c) pyrldlne, (d}

- H—methyllmldazole ‘and (e) B—amlno— -propanol.

. "-m.m.;-. . ._: Jf,} .. (a) aw;wm o : (b) :mum'_..‘.mn.a.-. .
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- It 1s clear from flgure 7. 2 1 that complete eatﬁratlon LS not T
.1 attalnable ln the ligand concentratlon range studxed, so that o
- ;,re11able values “for. the saturatlng rate cansﬁanta are " f"”
-gfdlfflcult to obtain.. ngher 11gand concentrat;ons could not

Lo

 fgenera1ly be used. In the- case of pyrldlne and S

“.N~methy11m1dazole, a. large algnal change was seen to oaeur on:~'"

_ fflrsﬁ mlxlng, an analogous &ffedt haVLng been’ notedf;;_ :
'-;freaetlons ‘of: Pledlne, d—methylpyrldlne and bistamine wmth

:aquoeobalamxn lﬂ chapter 6 The size of thle Lnltlal slgnal
'lncreased thh llgand concentrétlon. Slnce the rate of the -

| ’effect is belleved to be 1n the very . dlfferent refractlve
;Lndlcee of the mlxed solutlons. In the caSe ef cyanlde an&
"_a21de, the rates’ of the reactlone became 50 fast that the _
~detection limit of ‘the st0pped~flaw speatxometer (2 me dead Co
time) was exceeded and ‘meaningful data ecould no longer be o
_”obtalned. In“the case of S-amLuehl—propanol, a 2 mol dm'3
__“solutlon {whlch on mlxlng leads to a solution 1 ol dm“3 n
':11gand) is cldse to the solublllty 1lmlt of the 1lgand.

’

_As wasg shOW1 in chapter 6 the microecoplc rate constants for
th'l.s proposed mechan:i.sm can be related to kobe us:i.ng equat:mns :
7. 2 4 and 7. 2.5. o e

k4K[L1'

i

:‘,Kobs
L K[L]_
. k4K£L3-r;_j. SR ST A
Kopg = ===m==== S (7248

e

A

m—— + k..4-_._ '_ ) : | S (-7'-.'2-4')'_.

S

Tho

"freactlon also lncreases w1th 1lgan& concen.ratlon, thle effeetﬂ_f. o
o results 1n the loseg of - valuable klnetlc data for the more
;concent;eted.llgand solutlons._The pragln of thls mlxlng
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?]_Far all llgandﬁ QXQﬁﬁt_aZld 2y flttlng equatlon 7 2 4 to the ”.;%ﬂg. l
data resulted in valueq for the y-axis lntercept that were .(h={,._
' W1th1n two Btandard dev1atlons of the orlgln, whlch meanaithat  £ﬁ -f
. the reVErseprJte constants (k_g} aré. very. small and equatlon Qi:_;;
 .7 2.8 is adeqﬁate to deacrlbe the obsetVed.relatlonshlp . L
__be;éeen kabs and the llgand concentratlons. For azide, the o
'-"rate constant. for dissoclatlon of the llgand from CO(III) 15 TR

algnlf;cant, and hence equation T 2 4 wae uaea._“

The l;near plots used to determlne the Value of ksat in ';”

f chapter 6 were also uzed ‘on thls data. The relevant Equaﬁqpns g

:axe, ~]; L _1'_;-;.. T .;._:_ TR o -;*: St

"“—F;;+‘““‘ = _“;;i+ f-ﬁ#_ _“.: S o g ﬁzb-(?;256) 

 kobs - keg  KgKIL] kg .
._;,; = _;é#;;.+ *% )  ?wi. H”fn_it.. m;t ”.:I__:$(7E2i7}

Ckebs ke T
L mmmmmeemms = KopgK + (kg h keg)R 0 (7.2.8)

—— = kabSK +.k4K S ._;. o - . '1”f1752.9):". | N |
 -[L] :-'  . ':.“f“:. : W:.{:_  ”.;..::E; - if #ILi_.{.“LJ .? {  

e [£)

Rgéihrwfb.PreVéntféﬁalijerrorsxin the measuremnnts made at law'

- ligand concentrations skewing the fits of equatlons 7.2.8 and
E ?.Q 7, -only the last 5 - 8 po;nts-of each data: set '

(correspondmng to the hlgher llgand concen+ratlons) were USed  f'.“

'.'for obtalning values of k4, ‘whilst. the complete data set was
. used for obtalnlng the values of K. Equatlons 7.2.8 and 7.2.9 .
were . fltted to the complete data sets, though the flta '2 .' A

P
BRI
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7 3, 3 b316W\1ndlcate the1kind of fits obtalned. The valuea of

f_k4, kd4 ‘and. X obta;ned from thﬁse\variUus plots, and thelr .
' -:-averages, are llsted ln tahle 7 2 2 L L

;Figura 7.2.2 Ploh of kohs“l aga;nst {Lj"l for the reactlan of }
(a) cn” ’(b) N3, (e) pyrldlne, (¢ N~methyllm1dazole, and (e)

3-—am1no-1—-propanol w,r.th aqunhydro}kocobmamde at- 25 Co
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f;thalned were not generally very gcod. Fur the case of azlde, .
_'ltha value of k-4 obtalmed from flttlﬂg Equatlon 7 2.4 to the -
- data, was aubstltuted into equatlons 7.2.6 and 7.2.8 in order
'to obtal alternatLVE ‘values of kg and K.. Flgures 7 2 2 and

%



;F.Lgure 7 2. 3 ‘Plot of kobaf [I..] aga:.nsﬁa kpbs 1 for the *react:t.on
of (a) CN“' (b) N3 R (c} pyra.dme, and (d) N-methylmdazole
--._'w:.th aquahydroxocobmam.de at 25°c. S SR P
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Table ? 2 2 R&te and Equlllbrlum constanto for the ‘, -
' coordlnatlon of the 11gand, L, by %quchydroxocoblnamxde._;ﬁ,

'__ﬁLigénd f: 

fParﬁhetefj

renp. |

iﬂquatlon

Using""'

Value

q .h??£?ge :fi.

'f.,aCYénids'f
R P o ='dm3

'ﬁ*}f
1—1

'“-ia,a

.';2510

12.0

18.0

p2s
e .Tﬂ2?7 3'-

.f?uZFGQL'
._7.2:.',5
P2t

biZ)B_”

01,25
.. 7.297

7-2-5

.“-?;2.?:f
.28 |
:jn2é5;_; 
o g
. [1.2.8
2.5
a2l
- 7.2.8
a2
.27
b ks
.“-“ 5;0:.: }
1 pe2a
P2

7.2.5

| 7.820.5
-;9@9i0g3 hj
]-r7 s+o 4
| oreeses |
| 6.121.10
5,9:0.8
©3.1%0.2
5.2$1.2
| 5.5%0.6

1 47

K ) I3 '9 .

1'7i0i3 -inj_

T 8.4%1,2
6.6%0.2
6.9%0.4. |
6,280.6
- 3.9%0.1 |
© 5.8%0.7
5.2%0.4
. 2.9%0.2
2.8%0.3
3.1%0.3
1 1.8%0.2
. 3.480.6 |
| 2.5%0.2 |

5‘6' Ot

L2 )

2.6

B
o
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X

7.2 L
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T ‘mableé 7.2,2 continued .. .

| Page 111

lparameter

Temp.,
_:/ gc

“Using

2 VI
pauation|

_;tggiaa:;;;J;
.- ”-"-ffdms mal‘ '

K !

kg % 102
3./'5“1z

ps.o

5.0

2.0

125.0
_ fpe.o
1240

25;0 i

k|

2.4
ot
| H__:-h;;?7 2.8
SRR - T 1
” -,;7.2,5;;
S I %% o
2.0 |
e
2.8

7. 24 4

7.2.4

“7.2}6,{

7.2.8

7.2.4-

. ::7;255'

- P28
- 1$,ﬁj

7.2.4

a2

7.2.6 -

{ooo f1.2.8
5;0 ?
- 1.2.6
f7.2.8
7.2.4
s
.2.4

7.2.4

. 2 720, s_f-'
f 1,3*0 3;1
:_3 uﬁﬁﬁsﬂﬂ.._
1 3.7x101
{o2.mt0a
4 1.8t1.6
6.431.8
1" 5.520.5
. 5.8%1.5
 1.9%0.5
. 3:4%0.1 |
1.5%0.2

iL

1.420.8

1.7£0.1
[ 1ss0.2

 1 0%0. 8"-

(2.3%0.5)
0.6120.6

0.5840.4"
1 0.6420,7
} 0.790.12
0.4580.4
1 o1i0%0.1
1 13.422.4
741%3.2

2,0%1.5 "

3.2

';f“ﬁfh}”ff '

1.3

;?_6975:T

7.1

1 2.0 .

1.9"

- 5.0 .

7.2.4

1.980,4° |

'ﬁO-éi)-[:*""
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 vageuiz

”_f__ngand

barameter
5 - ' / “C .

-

":qﬁétionfi.:-- =

. Javerage | o

e

g

'kf;

| 5.0

S K/ ps.ao

-.: -: 25.0

2.0

5.0

 ? 2. 5
he2ur
f51?2,3Q  
|- ezt
S N VR
a0 -
[T S W
7.2.8 .
[7.2.5 i
':.?‘2;?.

7.2.5

2o
L ofre2ar
LR

v 7;2;7 S
.25
 1 7;2;7  :'n
2.8
Me2.5
he2ar
oo

.10, s_jg
| 6.150.3.
4,920.80
2.320.7 )
| 6.ax0.6 - |
o4 5*1_4'f
1 2.2:0.6" |
ases |
4.131.3 -
'3-__‘_11'_.'0-.-_6 o
5.4%0.6 . |
| 2.a%0.8
| 11.520.9
g.at2.z |
| 10.436.0 . |
8.481.6
4.9:1.6 |
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Equatlon

_;Vaiﬁéf €Q

o

'”juhmathyl-_- .
' f:1m1dazole

Y

R /-

f'ﬁ4 X 103
f_/:afi-

?; ;18;0u

he.o

hz.0

5.0

25.0
dm3 mcl’l“ B

2.5 |
ez ]
HWTiZQSL;
N T
T  ' 5‘2?8¢,rh
- "5'12;°'i
e g
. 7.2.8 -
7.2.5 -
.27
R 732?ﬁ
fes.0 .
[ 2.7

f.2.8 |
a2
S ka2

7?2;5

7.2.5.

7'12_.8

3?9235_  

7.2.8
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"ngable 7.2 3 nges the values of" thls composmte constant,

A

-;,v'?*f"3 .ﬁ7 ;stuf;pagévilé -
' iThe-plots of kobs versus [3~amlno~1~prcpanol} (Flgure 7ﬁ2 1) P
‘are. llnear at all temperatures lnvestlgated. The slope of thls _Tj';*
: ,1xne, if an ID mechan&sm is oﬂerable, corre5ponds to k4K.,

',calculated by flttlng a stralght line to the foux data sets;

)

.   Table 7 2.3 Values of the compasmte functlcn, k4K, for tha L

: ;-F:.gure 7. 2.4 Plﬂt of 1n {k4h/kB'I'} versus T']j rcr ‘the '

- rpaction.of 3-amino-l-propancl with aguohydroxocobinamide,

o 25.0.
1800 |
B e
] 5.0

-.~'1854 (18) LT e e
Bl SR AR
3l (13)
172 (8)

_"'J'ﬁ' ) H*- H- H‘. )

'u;-From the temperature dependence of k4 "and (where appllcabla)
k.4, the activation parameters of the .., gtions were i
"determxned by plottlng in {klh/kBT}, ;' 4 or -4, agaxnst i _
_ The graphs in flgure 7,24 1how these plots and Lhe actmvatxon vf”'"
zparameters thua determlned are 1lsted ln Table 1‘2 i, o

substmtutxon of ‘& water molecule 1n AHC by (a) CN“; (h) NB ':.__
' CCI pyrid;ne, ‘and {d})" N—methyllmldazole. - :

S m ey
T Mg —

00038, bOOS: . 0.0088 o.Bs  ooesr
B ENVAMIAE o hon SRR B Ml -
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| of aquohydroxacoblnamlde Wlth the llgand, L, 1 cyanlde,'zj"

: azmde, 3 pyrldlne, 4 N-methyllmldazole, 5 3—am1na—1-propanol. _"”

b l?ar'ametér 1 oaEt | oast b am o ] Ast

:_1 .;_kh'}.:Ft3ef(éi::   :+7r;(2:}f £”1  . ] .....:.. .l.J::.

ol ks T2 0y o238y o0
".:ﬁ.f.  . .:_ . .  3.jm. .i;10'6 (0i3)ff2qqf(1)2

o

P wm o psan [2zey b
Ko o b T s 1) (205 (4)

ol ke M (1) 0.4 (3.4) O

_ -£_: B ;“  .:.{  }_ --. _ﬁf;_._'-4f(5}f. i224 (i9’U_

5 | kak 52 (2) IR

[ j

7.3 mscuss:on - R e B R

When determlnlng the equlllbrlum constants for the reactlon of: f o
'; az;de, pyrldlne, N-methyl;mxdazale and 3—am;no~1~propanol with -

x93 mor-1 [/ %1 mol-l |/ k3 mol-l i &1 - |

AHC (chapter 4) only one ligand was found to coordinate to the

cobalt ‘atom. In the cage of cyanide however, two llgands bognd
_to the cobalt atam to form dlcyanocobinamlde. The pracéss
whuse klnetmca Were measured for all llgands, Ly other than

'_”_'CH s thus the replacement of Hz0 in AHC by L. Thls may not

" bé the case for CN” “however. The absorbance/txme tracegrfor '

_ the substltutlon of Hzo 3n AHC by. all flve llgands o

: 1nvest1gated could all be fltted usmng a slngle exponentlal
functian, ind;catlng that only one klnetlcally dlstlngulshable

-.r-.'
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-proeess was belng folldWed‘ It i llknly that the two AHC
fstereoisomers 1nterconvert rapldly and react w;th the lncomlng

”'--11gands at approx1mately the*same rates, Furthenmore, for the"

'  case of cyanlde, elther the seoond substltutlon reactlon must -:'
_”occur faster than the flrst 80 that the rate: 11m1tlng step in
~ the- reaction lS the flrst substltutlon, or the first b

| V"feubstitutlon is faater ‘than the dead time of the stopped-flow

' instrument (. 2 msq Reenstra ‘and Jenoks49 determined the
rate constants for the raactlun of CN- with the two lsomers of
' 'aquooyanooqblnamlde. At pH 12 0 Harques51 determlned that the -
te:apparent second-order ‘rate constants would then be 2. 4 X 105 (

' -cyano— ?”aquo) and 1.7 X 105 {8 wcyano— -aquo) dm3: mol“l"
a1, Et pH 12 0 the apparent eeconduorder rate constant for _f'"
:'the reaction of BHC im 1.4 X 103 dm3 mol~1. s71. The reactlon_’

. to produce the lntermedlate aquooyanocoblnamlde is thus C
R olearly rate lxmltlng. This is not unexpected slnce CN~ has a
. greater thermodyramic trans-effect than OH~,1 and there is a

direct correlation between the thermodynamlc and the klnetlc R
_gtrans-effects.14 R | S

.'-'Baldw1n et al3: found that, in contrast to these observatlons,

“;klnetlc traces of the- substitution of H,0 in DAC/AHC by CN™ =
and [Co(CN)5}3“'were distinetly bi~ or even trl-phaslo over -
'the whole pH range investigated (4,50 -~ 12,01 for CN™, 1.00 -~
'11.98 for [Co(CN)5}3‘) They developed a theory 1nvolv1ng the o
'.olaSSLflcatlon and descrlptlon ‘of equlllbrlum events lnto

. major and mlnor equlllbria. Major equlllbrla were deflned to.

t'lnvolve changes in the nature of the axial llgands and thelr _
relative orientations, whllst minor equlllbrla.were deflned to o
B 1nvolve sterlc, hydrogen bondlng and hydrophoblc 1nteraot1ons

of the corrin and the axial llgands. DAC and AHC were

_ postulated to exist in aolutlon as pH-lndependent mlxtures of

2 or 3 "lsomers" and the rate of 1nterconverslon between these '

:"1somers" was seen to be small compared to the rate of
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"Lifreactlon with the lncomlng 1xgand (and the rate of lose or

 gain of a proton). These different "iscmers" were then the  -'

 result of different hydrogen bonds between the axial 1lgand(s),effha.

'.and dlfferent side chalns ox . comblnatlan of slde chalns. The

:-;slow 1nterchVer91on of the "lsomers“ would ‘be’ due to the SlOW' S

fconformatlonal changes of one- or more of the side chalns. The

:'~lsamers were shown to. exhlblt anly sllght dlfferences 1n ”~T,} S

fspectra, pK values and rate constants..

.;an other record of these “1somers“ has been repore?d. In the '

. “determlnatlon of hlndlng constante and acid dlseociatxnn
”fcopstants of DAC/AHC (chapter 3 E) no’ lndlcatlon% of isomers
fiwere found, probably because the spectral dlfferencea betweer -

. fthe varloas Lsomers are expected to: be very ‘small. Baldwzn 513_ L

observatlons are szmllar to those recorded earller regardlng
eﬂthe suhst;tutlcn reactlons of aquocobalamln (chapter 6} by -
'pyrldxne. Changlng the Wavelength at whlch the reaction wae
Iollowed wasg seen to produce dlfferent ‘kinetic traces, wmth
“those fcllowed ﬂt 351 nm belng manophaSLG, ‘and - those at 36ﬁ%5 _
 m belng blphaSiC- The llgand eubstltutlon reactlons of AHC%K
“eand aquocobalamln thus may- well be more campllcated than

Ty

suggeated in the reéction scheme abov, (equatlons 7.2.2 and .ﬂ(“ B
L 7.2, 3} It is nevertﬁelass posslble to draw concluslons from

. the klnetlc data concexnlng the mechanlsm of these reactmans.,:ef

No genexal 1sek1net1c relatmonshlp between the values of k4
" for +be 1lgands studied ex;sts, since plots of 1n k4 agalnst
el (flgure 7.3.1) do not intersect at a common point.
.Although no generally accepted explanatlon for the orzgln of
_isoklnetlc relatlonshlps appears yet to have been advanced
"they have been taken as indicative of the operatlon of a '_
single reaction meehanlsm.27 The absence of such. a :'7“' -

B _relatlonshlp may tth be further lndlcatlon of the complexlty
:Fr_of these apparently 51mple reactlons. - - :
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o . Flgure ? 3. 1 Plots of ln kq agalnst T*l for the faur llgands
'_;'whlch showed saturatlng behav;our ln the substltutlon of Hzo

"¢ S ovanDe AzIDE ¥ BYRIDINE * NNETHYLMIDAZOLE -

Table 7. 3 1”givas:the évéraged satuf&ﬁihg rate'cohstanté:(is
"C) and actlvatlon parameters for the aaturatlng rate constants;_

for the four 1Lgands which exhiblted saturatlng behavinux
Conslderable error. is aSSOCl&»Gd w1th the optimlsed values of

.'-_'ksat because . saturatlon effects were only. observed at high

ligand concentratlons where measurement of the observed rate

constant, as explalned above, was - very. dlff;cult Comparlsons

B between the saturatlng rate constants of- the foux 1lgands
._certalnly does not seem to' conc1u31vely point to an Ip o

mechan;sma Compar;sans between tha actlvatlon parameters are"'
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i

more useful 1n thlE case¢ Real dlfferences

"‘actlvation

parameters for the four ligands are eVLdent, whlch supports:
the proposed ID meehanlsm.,,-. C

. able 7. 3 1 Averaged aaturatlng rate constants (25“C) and L
e'aetlvatlon parameters for the saturatlng rate constants for_”f"
the four llgands Whlch exhlblted satnratlng hehavlour.____

'=_T€i9aﬁa“ ksat T e | a* |
R AT LN 2% S _! & K"l mol"l_-.-' "
Cyanide - | 6.6 x 103 | 5_:"30 6y |- -71 (22-)' -

“lazide - 16 x10d |25 (1) | -82 (4)-

Jpyridine 1.0%x 104 |56 (10) f - 22 (34) :
N-methyl:r.mdazole 1.7 X '10'4_-:-".-_ I 4_é.';1_}'3"._-3.' ) -0.4 (3.4)_._-._*-

Flgure 7.3, 2. below shows the exlstence of a llnear
1_ relat;onshlp between the: actlvatlon parameters for the ' .
different llgands 1nvest1gated. 1t should however be borne in
' mind that a compenSatlon.efeeot, observed in similar klnetlo .
determlnatlons of - aquocobalam1n27 41 'is not. necesSarzly
-tatlstloally s;gnlfleant slnce both quantlties are derived
from the same data set . and are thus’ not lndependent 41
Although there may be other 1nterpretat1ons possible for the '
compensatlon effect, we. believe that these parameters are a-
- measure of the extent of 1nvolvement of - the 1ncom1ng llgand 1n o
the transltlon state of the reactlon.

The actlvatlon parameters for an. ID mechanlsm w11l be - |
crltloally affected by any nucleophlllc part1c19atlon, however
small of the anomlng llgand 1n the tranSLtlon state. . Suoh
partlclpatlon 1e expeoted to 1ncrease w;th the’ lncreesing

~ donor power of the incoming llgend Wthh should manifest as a
deorease.;n PR (as Co-T. bond formation compensates for Co-0
‘bond breekinngand'e-peralleljdecreaséfip.JIS'3(due_to loss- of



':,ﬁfreedom of mmtmcn of the l;gand)

k3

Z_between L and o thus- ‘compensates for the bond breaklng

_ .“F1gure 7._y2 ?lot of A:H* vexsus 4 S* for the substltutlon of
g.HgO Ain AHC by the four llgands whlgh exhlblted saturatlng

Y

between. Co. and Water.-Thls compensatlon effect thus masks the

dependénce of ksat on L27, which could be' 9ne of the reasons.

'g for the apparent 1nsen31t1v1t3 ot k4 to L (table 743, 1)

v,

=@beha§10ur..- 'ﬂ#nﬂmh- ;gf-?,_ﬁf_-~;..:,-_”f3 o
L Ry o n . ;.
o
. L
. Y
. : _,\. \.“.
1 T
20— J
90-80-70 50-5040-30 20 “In O 1020 30 :
o AS‘JJ L] rnuI~1 ’

.
I, -

sl

ShaesEe

Conszderable bond fo:matlon o

Figure 7.3, 2 shows ﬁhat'fhe four ligands ¢an be'divided into

two groups, small anlonlc ligands and aromatlcs. This suggests

that the nature of the incoming ligand is important in
'.fdetermlnlng the magnltude of “the. saturatlng rate ccnstant,, :
whlqh indicates that an ID mechanlsm is aperable. Indapendence
'_of the actlvatlon narameters on the nature of the incoming
gllgand would be a prerequlslte for abD mechanlst Tbe sma?l
anionic: llgands have smaller actxvatlon parameters (J.e. less

posxtlve AH* andﬂmore negatlve dS*j than the aromatlcs, }__f

LE T
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_ 'lndiratlng that themr nLcleophlllc partlclpatlon in the s IO :
;:txanSLtlon state is greater. The prlmary ammnes,'repres?ntedsfﬁis; i
“in this study by the llgand 3-am1no~1~propanol, would fhen L _
“constitute a thizd group which, if the activation parameters-ﬁf ff?““
.:qfor the saturatlng ‘rate conatant could be determlned WOuld ”
{ ';presumably be, characterlsed by mnch,laxqer act1Vatlon  ¢,m¢; SRR
”*?,pardmeLexs.;:-7' :g;“ R  f..,r:,~_; '-“;f?&” Lol T

  Both electronla and steric effects conurlbute to the succeas-f o
:':of 4 llgand as a nucleophlle» Marques noted that for the o |
.1igand subsfitutlon reactions of prlmary amlnes wlth o i 1 ; |
”_'aquocobalamln, a 11nean relatlonshlp between tﬁe pK5 ‘of the v o
 '1ncom1ng ligand and the actlvatlon parameters of the. - .'
}pr—;ndependent second order rate constant exlsted{41 Table'_3
- 7.3.2 gives a comparlson between Y H* of the satuy atlng rate. .

' :*constant and the pKa of- tLa 1ncomlng llgand.-Cle rly ho dlrect"f-”
' correlatlon 13 posslble ln th;s case, presumably
'_classes of llganda are under 1nvest1gat10n here,, ereas

B Marques restrlcted his analys;s to a single class.41 An -
',-analogous lnabmlity to draw any cancluSLGns regarding the-'

lmportance of’ the role of electronlc effects in the slmllarlﬁ

jreactions w1th aquocobalam;n (chapter 61 was heted.-

\?cause two. T
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. 3Table 7 3 2 CnmpariSQn between the’ acld dlS$OClatldn constants.fn

of the 1ncom1ng ngands, here shown as the pKa, and the ziH*

"ﬂfor the saturatlng rate constant for the subst;tutlon of water_
'fln AHC by thls llgand.I _J~'. A R .

:1ff;kJ;m9¥f17

_g-aZLde o
'.pyrldlne _ -
_N=methy11mldazola A ]

o *9131 ;5 |

 _cyan1de o

f}4 1

.'?.21 T

86 . ]
48

-_ ;The lnfluence of sterlc effects can. be determlned by camparlng_'

- the ﬁolecular areas and volumes of the incoming ligands.

S
oA

__(calculated Ain chapter 4y w1th the actlvatlon paramet@rb The @
results shown in Pable 7.3.3 indicate that a fairly good - '

gorrelation exlats between molecular volume and the. actLVatlon_:

| fparameters, Wlth a large dlﬂ* belng assoclated with the larger'_-

: llgands and vice. vexsa (flgure 7. 3.3).

A 51m11ar correlatlon

wag . found in the analagous aquocchalamln reactlons (phdpter.:

06)-

Table 7.3. 3 Comp&rlson batween the molecular aroa and volume

~ of the lncamlng llgands and the 4HF for the saturatlng rate_}  '-*
' constant for the substltutlon of Hzo in AHC by this llgand

-=L}gand :

&olecular

ivolume / i3

‘Molecular

AR !

./ kJ molfl

. lcyanide

Nazide

pyrldlne =

-ﬁN—methyllmldazola' J

L areqﬁf ﬂ?

59,4

46. 3-?-*

2.2
110.1

| 290
- 35.4°
. 83,4 ..
. 87.5"

i 30' ;;
. _43 “Ti 
56 :
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..Flgure 7. 3 3 Plot of molecular volume versus A H* for the ﬁ}- -

- reactlﬁns Df ARC w;th the four llgands Whlch exﬁ;b;ted
_saturatlng behavlour. : - _ L
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'-Although sterlc faotors appear to be of conemderable e';'i

'.'meortance, an explanatmon of the observed nucleophlllc order fe

is likely to be found in a comb;nat;on of sterlc and |
_ eleotronlc faotors‘ : : :

7.4 coxcntszons T

. Problems ln aoqulrlng meanlngful data at hlgher llgand"
'concentratlons have made the observation of saturation

kinetics and comparison between the saturatlng rate conetants'*-
of dlfferent llgands qulte dlfflcult The manlfeetatlon of a R

o



&

g cﬂmpensatlon eifect betWeen actlvatlnn parametere reeults in e;i
Coocan apparent only weak ﬂependence of. the saturatlng rate sf_7;'?-m*
i f_constant on the nature of the 1ncom1ng l:l_gandr and prevente _-'

::fflrm concluSLOns on the 1nt1mate nature of the reacti

”;iemecﬁanlem belng drawn from a slmple comparleon of rate
_:“constante. The 51gn1f1cant dlfferences between actlvatlon _
'fparametere of the saturatlng rute constante for the varleue m~21=fm'-

1*qgands does héwever argue. strongly in favour of an ID

. mechanism, Activation paraneters’ were seen to. deexease (e, o

sfjleSS poelt;ve A—H* and more negatlve ﬁ S*) as the. degree of
'__nucleophlllc partLCLPatlan hy the 1ncom1ng llgande in the

.”_ ?tfanBltlQn state 1ncreased. Nueleophlllclty ig- known togbe-_'

-*dePEndent on both sterlc and electronlc factors. Substltutlon
of h water molecule axially bonded to the Co(III) atom of the

" “AHC is thus facllltated when' the incoming llgand is. negatlvely. 
“charged. The amide side chains on the upper face of the- corrln."

- ring, and the prop;onamlde side: chalna on the lower face,

prOV1de some steric hlndranCe ta approachlng llgands, and are o

”,thus probably responSthe for ‘the close relatlonehlp between
moleﬁular volume of the - 1ncemlng 1igand and the actlvatlon
.'parameters._- ' ' o

__Both aquﬁcobalamln (chapter G)Mand aquohydroxecoblnamlde are .
" thus seen to underygo. substitution reactions via an Ip
 mechanism. Reensta and Jencks49 state that the ‘addition of

' llgands to octahedral metal complexes in agueous solutlon _
__ﬂ:proceed predomlnantly through an Ip mechanlsm, and thus the

- reeulta ebtalned here fulfll theee expectatlone.

' Reenata and Jencke49 lndlcate that rather speclal requlremente <

miust be met for a second—order type D reactlon for cahalamlnﬁ
'in aqueous. selutlon. The followxng reectlens apply for a
purely D mechan1§m,_f5 ' L R '
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| HO-Cowﬂga e=% HO- CO + H20

L

ko S

- 'kz i e e R
HO-Co + L g Ho~Co—L fﬁj?!__:fj:.fr"V~*';f=jf;-1 ¥?j'”
. U A SRR 3_ ;;“p.Jp-_.ﬁ Q;. _:¥T&:.g
. In crder for the D mﬂchanlsm to he favoured. over the In
'r-mechanlsm the addltlon of Hgo to the pentacoordlnate _
 K;ntr;med1ate (k_lj ‘must be slow compared Wlth the rate of
. diffusion of the lea.v:.ng 1J.gand, L, away from the metal' _
i enfer coordination sphere(k-2)s HOWever, _for the react:.on to
-'.be second, order, with rate-l:.mit:.ng add;.t:.on @f the lzl.gand r B
“the addition of H20 mist be fast compared with addition of the -
. _""=:|_ncoming ligand. This mechan:l.sm w:.ll\pot he common; because |
’ o ."waterr*?.s not an except:.onally rea.ctifre llgand tawards most -
.metal 1ons;-;--f-_.__: ..F " B  '“ _ﬁ””f.! .i :;.. .:L
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'JIn the 1ntroductlos to thls thesls (chapter 1) 1t waa shown thatﬁ fgf'
the cobalt corrinoids exhibit surprlssng kinetie lablllty "j'
compared £o other Co(III) octahedral compleXes. The strong _
.c13-1ab11151ng effect of the corrln macrocycle, a. consequence of*g'”
the delocallsedhrzeleotrons of the unsaturated conjugated corr1n57="'
- ring, is expected to be 1arge1y re3pon51ble for this observed ':_J
e-1abllity.1 P 20 Quantlflcatlon of this klnetlc cis—effeot ;J“-}"a*-

Zrequlresnthe comparison of ‘the rates of reactlon of a numher of ;ﬂ_iff**

f'sterloally smmllar llgands, whloh dlffsr only 1n thelr degree of"
-unsaturaflon._; - : : S . _

'"'.Inorganlc synthetlc chemlsts nave dev1sed varlous methods for

: ,_generatlng tetraaza macrocycles by the fusion of four—- flve-

,_.and/or 31x-membeled chelate ranS- Three of the- more common S

| ”'rlng-31ze patterns 80 generated are s%own in i*gure 8 1 below. -
The 6~5-6~6-and §-6-6-6 patterns correspona to those of naturally
' ocourlng macrocyoles, ‘the corrin and porphyrln rlngs o
respectlvely The 1arge ma]orlty of saturated and unsaturatéd
macrocycles Wlth these rlﬁg*sxze patterns have been prepared b]
metal template reactlons in which the metal ion acts aﬁ/an
'.organlslng centre around whlch the rlng closure occurs 19 A _
_.dlsadvantagerof thls method is that the " encycled metal ;ons are
frequently difficult to rémove or cannot be removed without the
 destruction of the macrooycllc llgand.lﬂ In’ addltton, template
cyclizationg with allphatlc diamines are dependent on the _
presence of an actlvatlng group (COR or COOR),52 53 whlch 15 _
i andesirable. in subaequent ox1dat1ve dehydrogenatlon reactlons of
the macrocycllc oomplexes.53 54 Whllst some nondestructlve '

- demetalation reactlons for. oertaln macrooycles have beenﬁ o
-eaohleved55 56, a more de31rable procedure is the dlrect synthesls
of the des;red maorocycle by a nonmetal 1on templateyroute._-:ﬂo

. _ : : ; :
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'Flgure 8. 1 Schematlc representat;ongcﬁ the

Holm et. al‘ have done;substantlal work lnto the devefépment of a_”
fifsynthetlc procedure affordlng 12-r macrocycles in a%form such o
 ﬂthat the des;red metal complexes can be prepared and ubjected to’*f H

'oxldatzve dehy;ﬁugenatlon reactlcns affordlng l4-ato 16-r ., ;#':;'

spec:.es.lu 11 gho such macrocycles, shown in flgure 8, 2 balow, L
éera of - lnterest to thms research group. Both macrocycles have é i{

__f[15]aneN4 ring structﬂre,‘w;uh the. second macrocycle (b} mlmlclng _
 ~the 14~7 corrln ring nucleus, though both models are devold of ki-_;15

 the supportlng\pyrrollne rlngs-found ln v1tam1n Blg.-, ';” ”1 c wad

frrd

_ Flgure 8, 3 below compares the UV/VIS spectra of _ .

- [Co(th[lE]hexaanatoN4)[CN)g] and dlcyanocobalamln in a cémmon': _
Lsolvent The spectra EXhlblt 2 near. band fnr-hand correspondence, _'
- with the ‘three features Ln the - B ﬁpectral regmon strlklngly f
=51lear in band - pontours and lntenSLties, whlch supports the

-exlstence of a a?romophore of the corrlnold type ln thls m&ode"l

‘.‘, h -
; b

B compound L B S



5 'r_:;_z'Mbdel corrlnald macrocycles.fér ihyggigatiog?6f the; "
: corrxn cls-effect. : : O A ' '

CEA e

el mhyuisieetrasnatony

B Flgure 8 3 Electronlc spectra of {CQ(th[ls]hexaenatoN4)(Cﬂ)zj, -
—_— and dlcyanncabalamln, -, Ln 9:1 v/v DMSO 320.11 N
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':, Th1s chapter descrlbes the use of Holm’a nanmeygl-ion template   ﬁ°

;_syntheslslﬁ 11 tc prepare the the two model‘macrocycles lndlcatedﬁJ'

_.abova in flgure 8 2.1t was intended ‘that these model macronycleg;;lf_i

;ff;would ba ﬁsed in an ;nvestlgatlan of the 1mpartance of the degree_}:g f:

"Faf :?unsaturatlbn of the macrccycle on the lablllty df the L

f:fCo(III) macrocycleé. Tha rate of substltutlon of Water ¢n these S

";Co(II?) complexes by a.probe 11gand‘wnuld be compared with those - . :
values already obtalned for the same reactlon with Aﬂcp Bath SR

ﬁf_macrocyales have the [15]aneN4 skeleton, typlcal ofﬂﬁhe corrln
family of molecules, but they dlffer in the degree of

”’ajunsaturatlon of the macrocycle, and hence were assumed to be ggodu. }QJ

_'probes for a, study of the clsigjfect._ '

. B ' : ';' o S
 _3 31 S!NTHEBiS OF- Co(III) &yl&-d;phenyl-l 4, 8 12~tetraaza--f

' :eyc1opentadeca-4 6, 12 14-tetraane, e T
[Ca(phzllsjtetraenaton4) 1+ 10,11 . \‘ S

_  :F1gure 8. 1 1 below 1nd1cates the rcute hy Whldh the syntheSLa o
.-__of Phg[lS]tetraenatoN4, by Holm’slo 11 nonmetal ion templata_“ '
- sypthesla, ‘was achieved. This method explo;ts the R
- electrophlllc react1v1ty of the 1 2- dithiolium cation and
.' v1ny1ogaus &amlna thlones w1th prlmary amines. The r#hctlon
of the 4*phenyl 1, 2-d1th1011um vation with trlmethylenedlamine'

_YlElds ‘the precursor bls{&@muncthlone) Thls compound is then o

.cycllzed by a second equlvalent of dlamlne, ethylenedlamlne e
- this tlme, glvlng the 15~m3mbered_macrocycie, ' '
S .phg[IS]tetraenatoN4, in. low ylelds., '

i

. FI

_h
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AR

. F:Lgure 8 1 1 Representat:.on af the syntheta.c route by wh:Lch_.'i':l \ B
'-_'_-'thl,‘_15]tetraenatoN4,“_Was synthes:.sed.-___ R L o

st

e
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svathesis of -

9.

i'--FleldB reported that cumenee react wlﬁh sulphue_at atm E Merlc“
' gpmeeeure 1n the presence of catalytlc amounts of base -d‘glve_,
. good ylelds of 4~aryl-1 2-d1th161e-3-th10nes.45 The postulatedf
'5_mechanlsm of ‘this reaction lnvolves ‘the tonvexsion of cumepes:
l”?te wmmthyletyrenee, whlch ln turn react rapldly W1th sulphur_z"
_;5,jto give dlthlolethlones. The dlthloletheone requxred here Was
'f;thus3pre?a;ed dlrectly frqm wﬂmthylstyrene,47 Flowers of -

X

:d1-0~tolyiguan1d*ne (Aldrich) were dissolved in 90 ml freshly

1341708 g (0,598 fiol) (BDH),"dnd 0.4009 g (1.65 mmol;;{_-’-""

-dlstllled mesxtylene and refluxed. at ~165‘C._(X-Methylstyrene,5fijn

50,00 ml (0.385 molj (Aldrich) was added dropwise to the A

| frefluxlng eolutlon over 8 houre. Hydrogen sulphlde W{F'
steadlly evolved durlng thlB reactlon. The solutlon was left
to reflux for a further 13 hours. The flask was plunged’ into

'deep -red viscous; pungent mother llquor. After the’ mixture was

"f.an ice bauhp Whereupon crystals cOuld be seen “forming £rom the,s7e L

kept chllled for several hours, the red crystals were flltered:...e

- off, andﬂrecrystalllsed twice frem a eolutlon contalnlng 60 mlz__ -'
" benzene / 40 ml hexane. A 55% Y1e1d, based on sulphur, of the

 .recrystall1sed produet, 13, 8333 g. (0 0653 mol), Waa oﬂtalned.
“The red crystale were characterlsed by HMR (appendlx 11, 6),
 assignments in table 8.1.1:below. Their. meltifig point was
_ measured to be between 122~ 123 C, whlch_campares_well.w;thﬁthe
. reported value of 122°c.46 EEP o !

Cyt



Table 8 1 s—%eei&ements for the peaka in. the NMR spectrum ef

';f ”Phenyl-l Z*dlthlole~3—thlone in deuterated acetone.. ; 3}33;“.'fQ ::
ereton o chemlcal Shift sg:;its;s.ﬁg_ |
"' |phenyl protons. . ;??.4121 ~7.4719 ty;g_'-muit'ip_letsg_-
1o sers ~7.6363 [ oo h !
e ey R T
. H’étef.dé:féliﬁ-*-:9:@,!‘46:1" - 9"‘.‘0505.'_61.{__ RS F.iﬁ@l?t?’- ¥

B 4mPhenyl -1, delthlollum.salts can be prepared by peracetlc
‘acid oxldation of the correépondlng 4~phenyl—1 2-d1thlole-3—

-'thlone.47 When an ~acetone ‘solution of - 4-phenyl~1 2—d1th1ele-3-~fe:"

thlone is treated w1th three mole egulvalents of peracetlc - -

-acmd, an 85 ~ 90% yleld of the acld sulphate of the '
_ correspondlng 4—phenyl—1 2= dlthlellum salt is reported to
o rapldly crystalllze out. of solutlon The success of the -

_reactlon depends upon the~1nsolublllty of dlthlollum sulphates'

Heln acetane, 31nce the dlthaolethlcne system ig knGWn to be o
'_destroyad by ﬁydrogen perbxlde oxldatlon. Whllst thqﬁacld

-'1sulphates ire freely soluble ln water, the perchlorate salt isg

“_water lnsoluble.

' The explosmve nature of peracetlc acld makes its traenpnrt,_e';. :

fi \and hence ready avallablllty¢ difficult. Peracetlc aeld wae
thus prepared43 in sity by mixing & v1gorously stlrred
solution of 5. 0 ml 30% Hzﬁz (Saarchem) and 23,0 ml. acetlc

_.qnhydrlde (Merck) in a beaker malntalned at 40“C foI 2 hourg, e .

e

[



"“-:dlssolVed 1n 200 ml freshly dmstllled acetone using. gehtle R

N

'aThe zolutren Was then stored at S’C. The caneéntratlon ef -
'Eeiperacetlc:aclé Was not determlned, bnt was assumed to be about R
'-_1 mol dmf3 18 . S - S

- -

=The dlthiolrum catlon (I), 9 0178 g (0 0429 mnl), was

';Warmlng. The solutlon WA stlrred in an 1ce—hath whlle 139 ml

”ﬁf of freshly prepared peracetic aqrd was added over 15 manutes. o

L acetone, separated out, as

_:i(In‘order te prevent crystallizatlon of kthe- startlng materlal
"r_the addition’ of perecetlc arld was begun before: the solutlon .
"_iwas thcroughly chrlled } The prodﬂct: which is lnsoluble in ft'
ﬂ”ne yellow crystals. The ‘mixture

'r_waa stlrred for a rurther &ﬂ minutes in the. 1¢e Path, flltered:'}r_ib

~ and washed wrth 2 llttle coid acetone. A 50 % yield of the '
- hydrogen sulphate product; 5.8884 g (0.0213 mol}, was S
:'obtalnedr Addltlon of more peracetlc acid to the chllled
supernatant ylelded a further 2. 0361 g (7 37 mmol) product,
--1ndlcat1ng that the peracetic acld prepared was 1ess_
'concentrated than that whmwh-vas predlcted- )

I : L -
W s

:_:eThe 1 2—drthiollum catlon may{Pe regarded as a resoﬁance
"hybrrd of two equlvalent sulphonlum ions. An NMR.apectrum
(appendlx 11. ﬁ}f a531gnmEnts in table 8. 1. 2 beluw, of the

'::product has twu—peaks in the ratlo 2¢5, which shows the

equlvalence of the two hetero rlng protens agaln-t the phenyl
'_protons. ‘This lndlcates ‘that the two resonance hybrlde of the
1, 2-d1th1011um catlon are equlvalent. The . crystals meltlng _7
=p01nﬁ3was measured to be between: 231-232’0, whlch cempares :
o well with the literature value of between 230-232°C.

g
y: :
P =

. E'\'

N
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Tahle 8 1 2 Alsignments fer the peaks in the HMR spectrum ef '
S ~phenyl—1 2-d1th1011um hydregen sulphate in 020, c :

- jeroton :f-"’: Chemleel Sh:.ft pelitting |
.- R :_;e --i'e. L R ppm _-; ..:'.'.ee e

| f-ﬁheﬁylﬁﬁsAtonsi;{_«ésv-svél--.v.vsna..two_mmltapietssz.jfP"
'*'heterocycllc protone 10 5818 1'5e  -;FlHQIEt etf

”;The pale vellow hydroqeg sulphate ealt was' dlseolved in- 100 mlz_

-delenlsed Weter. Excess. ammonlum perehlorate,_- 6 g (Aldrlch)

was added A burnt orange crystal the perchlorate salt of the
"dlthlollum preduct, cryetellxzed out, lnetantly 1n quantltatlvee-_

.y;elds._ o

_::Sznthe51e of N N'-Blegz-thloformvl-_ Ler i yExi 1y
'.enedlam;ge. 2|SHPthn] [IILllo S jg- '-_ __fe'_-'_ef_,

. The’ electrophlllc react;vxty of ﬁhe 1, 2 dlthlellum cation is’  _-_

' explolted in this synthesis.10+11,47 The dithiolium

'perchlorate (II), 5.4242 g (0. G195 mnl), was suspended 1n 65-3f“
ml benzene: at room temperature. Trlmethylenedlamlne, 1.80 ml
'_(0 036 nul) {Aldrich), dlssolved in 10 ml benzene, was addedﬁ_f

-dropwlee over 20 minutes w1th vigorous stlrrlnq. The _
. ;suepeneion was warmed te 70° c. The red-orange solution was _
deeanted from the dark red oil residue -and allowed to eool. :
'_Approxlmately 2/3 of the solvent. was' remeVed,by rotary .
‘evaporation and the flask was left evernlght at 5°C. The

]yellow orystals whlch had fermed evernlght were. flltered off,_"

e_washed with anhydroue ether, end recrystallleed tW1ce frem.

benzene., A 17% Yl&lﬁ haeed on the dlthlellum, 0. 6380 g (1 70 jﬂfl”'

B )
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%mal), was. achlEVed- An NMR- spectrum (append:.x 11. 6) of the O
product asslgnments in table 8:1.3 belcwr confirmed its f;”y];'*"-”
_ldentlty._ roanainLB of the product 1nd1cated B [Element,:;;lg'

“iz“Experlmental 4Theorétlca1)1 %c, 68.49 (68 81), %u, 7.57

(7. 64), %H, 5. 99 (5. 05) : ;__:-_t m;-; 3 h T_ ;,nl_jl;-V“'

' Table 8.1.3 A551gnments for the peaks in the NMR of -
-:5H2{SHPthn] in deuterated acetone. The posxtlon5¢nf the

.”Hprotons (a—d)vln the Hg[SHPthn] molecule are shown in a ff-! ?'.:'ﬁ'
*schematlc representatlan of the molecule balaw the table. .The:”
o slgnal due to the amlne.proton ;s expected at a chemlcal sh;ft

Pr°fﬁh'”}'~u   -' Chemical Shift [splitting

":._.; _ i” ' v ppm ' R

' |pheny1 protons . |7. 1_?.4__4 __
o [ 7.81is

7.2994 Jtwo multiplets =
7 3554 L '

1

B |7.9717 80539 |doublet of doublets

Cdmy ¢ |10.1197 - 10.1354 [doublet

IO

He . °° [ 3.8155 - 3.8814 |doublet of t¥iplets
L e ' R -(éppareﬁt-Quartet} .
2.3233 jguimtet ..

Sl 286




Hz[SHPthn}, 0 1410 g {0 385 mmol), wae dlssolved ln 10 ml
o vlgerously'stlrred benzene at 455C. Ethy;enedlamrne, 2Qpl |

(Aldrlch), dlssolved 1n 3 ml benzene, was - added drpow;se over“=+fpﬁ

1 hour, The salutlen was decaﬁted from the remaxnlngﬁsolld
r331due and evaparatad dawn to dryness. The yellow crysfals

-l ‘were recrystellmsed tw;ce fram a: 1 1 mlxture of. chloro-

formfmethanol. A 10% yleld, based on’ Hg{SHPthH}, 0. 0138g
(0 039 mmel), was achleved. An NMR SPectrum of the preduct

(appendlx 11 6), ass;gnments An teble 8.1.4 helcw, conflrmed Iffeﬂ, fe 
o its identity. Holm et a110 1ndlcatea that they abtained a v oL
mlxture of products, th{lS]tetraenatoN4 and Ph2[14]tetraena-3'

tnn4. These molecules were separated using-*ractluual

recrystalllsatlon from chloroform/methancl. Iin thla synthe51s S

‘the- quantltles of product obtalned precluded such an e-'_
operation. It is thus probabla that the yellow crystals;'j
__obtained represent a mixture of these two compounds. -, -

MlcroanaIYSls of the product 1nd1cated [Element, Experlmenf

“tal {Thaaret:t.cal}] %c,, 77 35 (77 06), %N, 15 53 (15 63), %H,

7.14 . 31) G e

i



_;_Table B 1 4 Ass;gnments for the peaks 1n the NMR of _ DT

L_"HQ[HPhH(en)(tn)j ‘in deuterated ac&tOne. Twe posxtlans of the ”;;1_ |

'::protons laﬁd) in the Phg[lS]tetraenatoN4 QPlecule are shown in
N

'- sh:.ft > 5, 0 10

L Proton - | chemical Shift Sp]__.‘-;i.tting-" R

BT Ao | S RS
};_phenylzptgtbns__j;? 0580'- 7 0885  |two multiplets
B  hHT -ri? 2472 (“WQBZB '-:ff Ty

Ly

AHg , B '..-7 7032 ~ 1. 7926 doﬁkgiét_" of doublets .1

B '*=_;3¢5&573“5-. nsinglet-_
S B 3._..5'470--.~ 3._7_.0-1‘5 _Fnult:l.plet

R 1. 9573 - 1.9745 ",multiplet

W
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 Insestion of thé Cobalt(II) Metal Ton,

_Co(eh

e

 ;. Ph2[lE}tetxaenatoN4, D 0059q (0 019 mmol)r was. dlssolved in 3 i;tgh::!

ml DHF. The VLgorousy stlrred solutlon Was heated to 80 C

”g3under nltrcgen for 0*5 ho&rs Cobaltous actetate, 0. 0048g (41«““ _” _
- EmOl)’ (Saarcham), was: added ta the solution. The eolutﬁgn was_;3 '

"rundergo oxldatlvg dehydragenaflcn reactions Wlth _

left stlrrlng at’ BU‘C under nltrogen for. ‘another 0.5 hours,

_'[1§1£e§raen§§d3ﬁl o
I T

, iDur1nq this time, the pale yellow solution turned red/plnk- 3hﬂ:~ 7':
. } flask was stored an the fridge overnlght during WhiCh tlme the;f-"
:?lsolution ‘turned orange. Opening- the flask to the air Ca

“'Jaccelerated thls colour -change. It was’ hoped that thls | _
*;frepresented a change 1n “the oxldatlon atate of the: cohalt :'
.. atoms from I to III. A UV/VIS speqtrum of the aolutlon, .
: however, lndlcated that the: prlmary change was a degradatlbn

;.of the macrocycle. Holm et a115 smmllarly reported that the ' .'f“-””

_ Go{II} macrocycle was unstahle in solutlon in alr.- " :1 B

TZB 2 SYHTHESIS OF CG(III} 6 14—diphenyl -1, 4 8 12wtetraazacyclo~ ;'
- pentaaeca-4 6, s 10,12, 14-hexaene, 6Q(Ph2[15]hexaenatoﬂ4)2+ i1

'L"Holm ot a119 ;eported that Cu(II), Wi(IT), and c°(11~-*7"

' complexes of 14—, 15-, and’ 16-membered macrocycllc rlngs e
2, 3—d1chloro—5 6-d1cyana-p-benzoqu1none {DDQ} affoidlng _
-'c:omplexes W:Lt.h :{.ncreased :a-unsaturat:.an. It wag .1ntended to

' use this method ‘to produce a mozre unsaturated farm of - (IV)

(see. flgure 8.2 (b)g, Since the synthesms of

‘ﬂ_ Ca(Phg[iS]tetraenatnN4) was unsuccessful however, thls

synthes;s could not . be attempted. o ﬁif'

T .



'8 3 nxscuss::ou Lo

f-jTang and Holmll reported.thelr 1ntereet ln produc;ng a: 14~"

"'qlsﬂmembered tetraaza macrodyclle system slmllar to that

f”f preaent 1n.the bas;c corrln unit. ‘They Were able to produce' E
. the Cn{II), Wi{IiIy, and Co{IT). complexes of the g

A oo

ﬁ'-:Ph2[15]tetraenateN4 macrccycle, and the Cu(II) and Nl(II)

_ cemplexes of the Phg(lS]hexaenatoN4 macrocycle The‘ﬁo(II)

~ Php(15)tetraenatoNy macrocycle was however reported to be

"unstable in air. 1t wae hcped that the lnstablllty referred to

L was 51mply & change dne oxldatlen Btate of the Co(II) ‘to "

'feCo(III)._However, when - this lnstablllty was slmllarly noted ln -
: thls Wbrk, UV/vIS analys;e made lt clear that the 11gand

Tang and\golmll reported that the low*spln Co(II) complex of
"Ph2[15]tetraanatoﬂ4 is read;ly oxldlzed by lodlne 1n the ;%3:;_
: presence of pyrldlne to afford in good ylelds the L :e
) _corre3pond1ng transdlpyrzdzne Co{III) complex, lsolated as an
. icdide ealt Reactlon of Co(th[IS]tetraenatoN4) with DDQ in

"fbenzene followed by addltlon of aqueous sodium cyanide to an.
-ethanol eclutlcn of the lsolated reactlon product afforded the'
"neutral red- erystalllne dlayano complex : Co e

'[Co(Ph2[15]hexat.nateN4) (CN51 in moderate y:l.elds. .FL SJ.mllar y
reactlon of CO(th[lg]pEntaenatoN4) with exeees DDQ in benzene_"

- followed by treatment with pyrldlne and NaPFg in ethanol
3produced the [Co(th[15]hexaenatoN4)(py}2}2+ Catlon‘ The
'synthesls of both [Co(Phg[lS]hexaenatoN4)(CNZ] and

”,3[Co(Phg[IB]hexaenatoN4)gpy)2]2+ were Performed.under anaerob¢q'”'"J
conditions, The guinone thus appears to effact both IZN‘tu 143_?;?

ligand Odeathe dehydrogenatlon and CO(II) to Co(III) _
oxidatlon in the presence of 1lgands (i.e. py, . ) eapable of
stah111z1ng the hmgher metel ox;ﬂatlon state. :



e, e

' :These results suggas;z;haz wmth sultahle varlatlon of the

o axial 11gands and ‘the. cabalt atom s oxldatlon state, tha

_.'cobalt model camplaxES could Stlll serve as useful vehlalei in 5:   -

D'Blz model aystemsu These observatlons were not howeVer pursued . -
".;;here, s;nce the overall alm of thls synthetlc wcrk, to producea;,faQ;.
| J*madel macrocycles for comparatlve kinetic determxnatlons, e
" requ;res the produatlon of the releVant dlaquo-ccmplaxes.

- :5'Compar1t1Ve studles between dlcyanocoblnamlde and the mﬁdel.
e d;cyano-ﬂdmplex could nevertheless stlll yleld some :

ul,'ﬂlnterestlﬁg results._} Lo

h': iWh11st the sYnth351s of the th[lB]tatraenatoN4 macrocYcle was:l;
;_succesful the 1nsertlon of the metal into the macrocycle Was E
__;not, and’ hence the bubsequent oxldatlve dehydrogpnat;on to .
| Co(Phg[lS}hexaenatoN4} could not be attempted. The axm ‘of this i
' synthetic work was hence ot achleved, ‘and Holm’'slf,11 model
 .compaunds were proven unﬁultable for the: appllcatmans we
-requlred. Alternatlve model compounds ate. thus requlred for L
..:'thls wark. - ' ' e ' '

;8. 4 coucmsmus
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9 comc:.usmus o s
: ..\l.‘_.z:;:‘-" - .. E

In chapter 1 the prlmary alms of +hls projeot were deflned as,%'

blx(l) ﬁo elaborate on the data supportlng a klnetlc and

f,thermodynamlc trans-effeot in the cobalt coranOLds, w1th
fpartloular reference to DAC/AHc, _ _ . SR
'(2) to determine the relatlonshlp between the degree of

.”o_maorooyollo unsaturat{pn and\the klnetlo ols-effect._

S In order to reallse these prlmary arm- a llst of‘se ondary alms A
”._:oan be also dhn@;led, ' L T

¥ .
AL

s*(l) to syntheslse DAC,;;. _ L . : :

- {2) to determlne the* thermodynamlo parameters for the tWO
'deprotonatlon equlllbrla of PAC, ) ”' o

[(3, to determlne the mechan;“4lby whlch ah axlal Water.'

"“_moleoule of DAC/AHC is substltuted_by an 1ncom1ﬁg llgand,

'(4) to- syntheslse model compounds suitable for a subsequent
: 1nvest1gatlon of the maorocyolao ols—effect -

of these four seoondary alms, only the flrst three ‘were aohleved.
The 1nstab111ty of the syntheslsed modal compoundslo 11 ln ‘air
‘made them nnsultable for use: in the lnvestlgatlon of the

macrooyollo oJ..s--effecz'l:;,r and hence prevented reallsatlon of the

' second of the pvlmary ‘aims of this theals. Alternative model

macrooyoles are thus requlred. Achievement of the flrst prlmary

_goal, elaborated on below, was however suocessful.

DAC was succasstuly syntheslsed from oyanocobalamln via the'

'intarmediate Factor B using Brown’s. unpublished method.29 At
'best, using HPLC peak 1ntegratlon, a yleld of 93% was recorded,

‘and at worst a yLeld of 75%._Stahle yellow oorrlnold productaon o

.durlng and after the synthesis appears tb be’ unavoidable, though - a

degradatlon agn be mlnlmlsed by freez1ng DAC. samples under an

~ inert atmosphere in. contalners shlelded from llght.3 5,29 Brown ?].

F



."fmethod appears to be superlor to the other two rePorted égthods,=
__"Ehotolyals of ‘Pactor: B producés DAC in 85% yzi.eﬂ.c!;ss,z’9 whllst G
._ :photo1ysis of methylcoblnamlde prchCes gAC in only 70% ylelds 3 f;*-f"

'_ance E&G’ls known to be susceptlble tu radlatlon degradqtlngw-ltL 
~ is not surprlslng that a’ synthatlc method’whlch does nct reqpire

.“ ;f_samp1e 1r%ad1atmon should'be“superlor to technlques whlch do.;--”“

w

e SR £

_:V'Inwcell’ﬁpectrophotametrln tmtratlons of DAC at two dlfferent '“a "3
’“T;-wavelangths were used ‘o determlne the thermndynamsc paramaters' _
“for. the two deprotanatmon equllibrla of DAC. Thermedynamlc

parameters. for the flrst equlllbrlum (DAq < AHC + H*} Were .

| ”j;calculaged to be,‘AH £ 44—kJ mol'l amﬁ(ds = _35 g Kfl mal‘lfﬁ“ssfzﬂ

y;The valne for pKal at 25 C,. calculated from the-a thermedynamlc :
._;:.parameters, campares well Wlth other publlshed results.5 3 The_jf";
IF . walue of pKan at 25“0, calculated from the thermodynamlc s T N
.,Iiparameters for ¥ he second. Pqullibrlum (AHC = DHC + H+)r does not  3_.;.

however: compare‘ﬁall with other pUbllEhEd resultskv3 oxr W1th

_ &;results obtalned by other members of this research grogp 31 The
'"-;most 11kely cause*for the digcrepencies in the pKaz vdlues ls_-;“  8
 'exper1menta1 error associated with the pH measurements durxng C
| #”these tztratlons.-Thermodynamlc parameters for tha second o
. equlllbrium,were then obtained from. Marques31 =27 kJ o

e

'f“;mal-l and 48° "-109 a K“l mor~l, -;~a_ ) -‘_p_‘_-tﬂﬂ; F;[[';

'Blndlrg constants of EHC \pH 12. 00) WLth five selected llgands
-cyanlda, azide, pyrldine, N-methylimldazole and" : 'ﬁ“- ¥
- 3-am1no—1—propgnol were determlned by 1n—ce11 spectrophotometrac_ B
 titrations at 25°C.” cOmparlson oi the calculated unconditional

blndlng constants with avallable data on DAC, aquocobalamln and

,;Factor B (1.9._the trans—llganda ch, dmhzm and CN‘) conflrmad
. the trans-effect order, Hy0 < dmbzm < OR- < ci=.1,14n .
: _”comb1nat1on of both sterlc and electrqqlc effects were conSLdered e



- 3uam1no—1-propanol < N—methylamldazole < cyanlde,

o - subs

'_gln an attempt to ratlonallse the observed order of blndlng
-canstants of the llgands to AHC ¢ ¢ azide < pyrldlne < _f-

PYU

A co yrovarsy concernlng the 1nt1mate mechanlsm of the - .
téﬁnglon reactlnns of aquocobalamln has exlsted,for some
}tlme.*4rbj‘25 Harques et al observed that saturation klnetlcs

'fcould be used tc dlstlnguleh between,'vD and an Ip mechanlsm\when _'¢e 

. .a series: of llgands shcwxng saturatlngehehav1our are compared.27

o he dependence of keat and its activation parameters on. the

;_.. R

'_nature of the 1ncom1ng llgand conflrmed that ‘an ID mechanlsm is f'
~ in- fact operable.\ - ' ' '

_ The same approach was theh ueed in an analogdue study ﬁSiﬁg.AHC o
. (pH 132, 00} . Prellmlnary data on tha relatlonshlp between pH and
:'the Qbserved saeoad order rate constants for the substltutlon of
Hp0 by BN3/N3~ confmed ‘that DHC is substltut:l.onaly inert.3 The .
.equatlon derlved to explaln this rel&tlonshlp fitted the hlgh pH o
data well,. but not the low pH data. The values of PRazide 2nd. "
.'PKal ‘were elevated substantlaly in order to achleve a good fit of |
~the derivéd equatlon to- the data..No reason for such an elevatlon
-could be" found and - no prcedent exlsts in the llterature. The
_ low—pH data certalnly requlres further investlgatlon.

'Saturatlon klnetlce were ObSeIVEd for fhe substltutxon of water B
in AHC {pH 12) by four of the flve selected llgands cyanlde, o
azade, pyridine, and N—methyllmldazole. No saturatlon kinetics
were observed for the ligand. B-amlne-l-propanol over the llgand
'-concentratlon range { up to 1. 0 mol dmf3} J.nvestzl.gatedu Problema

' in acquiring meanangful data at higher llgand concentratlons made
‘the observation of saturation kinetics and cempar;son betmeen the
eaturatlng rate constants of dlfferent llganda qulte dlfflcult.,
'Furtharmore, the manlfestatlon of a cempensatlon effect between
the activation parameters results in an apparent only weak
'dependenee of kgat on the’ ‘nature ofnthe incoming ligand, and

-
e .



'preventﬁ Llrm concluslons on the g;e nature of the reaction

w;'mechéuism being'drawn from a slmple ccmparlson of saturatlng rata:

'*ycanstanﬁs. Slgnlflcant dlfferences betWEen the activation -

' ijparameters of ksat for the various llgands does thEVer argue L
'strongly in. favour of an ID mechanlBMf‘Acth&tlﬂn paramaters were ff ' _

. fseen tc declease (1~E. less pOSlthE AH* and more. negatlve 43*)-]?5"

- as the dgrée of nucleaphlllc part1c1patlon by the ‘incoming .

R 1lgands in ‘the trans_tlon state 1ncreaseé. Both electronlc and
-fsterlc factors were shown to be 1mportant in determlnlng the  3”

 nucleophl11c1ty of the anomlng 11gand. __: o ”33..-(j;”:.”"'

i -
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-ff 11 1 EUPPLEHENTARI Damn FOR cnnpmmn 3

Table 11 1 1 Absorban‘ce of DAC/AHC at 344nm and 278nm at 35"

o as a. funct:.on of pH. et

s s :.'L;f::_. e —————y
|y BE | B3ganm Bzvsnmf PR C | Azddnm | A278mm |

c{a.06a [o0,2727 | 0.6990 [6.759 | 0.2507 [o0.6600" |
| 4<255 | 0.2730° [ 0.7013 [ 7.046 | 0.2486 | 0.6702°

] a.667 [.0:.2701 [0.7007 | 7.359 | 0.2437 [ 0.6668 |
o | 4.854" | 0.2681 | 0.6973 | 7.573 | 0.2410 | 0.6717 |
| 5.075 1 o0.2672 |w.6920 f7.771 | 0.2381 } 0.6737 |
5.231 | 0.2649 | 0.6897 | 7.934. |0.2364 | 0.6802 |
;.'5;3g?¢'ﬁ_pjzssg}:.ﬁ;asazi"8;233¥~5(o 1910} | 0.6948 -

|'5.6063 | 0.2610 | 0.6841 |8.478 | 0.2287 [o0.7162 |
15.857 | 0.2876 {o0.6770 | 8.664 | 0:2227 |o.7849 |0 .
{6,046 | 0.2585 | 0.6740 {.8.793-°| 0.2226 | 0.7752 |

| 6.222 {0.2530 | 0.6746" 8.994 1.0.2238 | 0.8042 |
| 6.376 {0.2517 {0.6733 [9.275 | o0.2217 |o0.8703 | .
| 6.638: {'0.2510 | 0.6730 | 9.412 | 0.2216 | 0.5000

e SR

";“5_41526} 10,2711 2] 0.6973 | 72231 | 0. 2459 | 0.6709 |




- of a.aa7 | o.5002 | 0.3724 | 8790 1/,

;=£age~149, , ”"°ﬁ7 ” o

'I'abla 11 1 2 Absorbanee of DM-‘LAHC at 34411111 ard 278nm at ggog '- h e
as a funcalon of pH‘ e S S - S

1 3.064 |o.5027 |o0.3795 | 7.505 | 0n4443 |o0.3055 |
3.208 | 05039 | 0.3800 | 7.690 [ D.4448 | 0.3104 | ©
3.385 |'0,5038.] 0,3787 4 7.849° | 0.4444" | 0.3167 |
' 3.755 | 0.5089 ] 0.3778 §8.076 | 0.4d04 [w0.3200 |
{.3.856 °[0.5083 | 0.3777 [s8. 161 | 0.4209 |0.3380 |
| 2.287 | o0.5017 | 0.3738 | 8. eas,';'"

1 4.635- | 0.5001 | 0.3712 | 9.061 -
{ 4.899 {.0.4979 | 0.3670 }§9.143 [Fuddie | |
“V;slﬁzoffi 0.4956.. | 0.3653 F9o.384 | 0.4260 | 0,6611
| 52175 l'o.4920 Y oluvlo fsi718 | ¢.4263 }o0.779% |
] 5.355 | 0.4889 [.o0.3367 [:w.909 |-0.4225 [ 0.8a51 [

| 5,690 {0.4868 | 0.3511 f10.042 | 6.47.2 | 0.8760 |
~| s.781 ] 0.4777 | 0.3406 Y10.208 | 0. 4179" (59298
|'5.954 | o0.4720 | 0.3323 fi0.37¢ | 0.4169 | 0.9517 |
| 6.184 | 0.4663 | 0.3233 }10.590 | 0.4142 | 0.9671 |
16.513 | 0.4586 | 0.3117 }10.763 | 0.4116 |.0.9892 |
| 6.820 | 6.4509- } 0.3048 f11.054 | 0.4097 | 1.0033. |
| 6.858 | 0.4533 }o0.3052 Jr1.240 [ 0.4109 | 1.0073

| 7.025 | 0.4510 | 0.3020 [11.396 | 0.4102 | 1.0080
7. 109'” 0.4479 | 0.3025 h1.ss9 | 0.4098 | 1.0i02
'7.168" | 0.4490 | 0,3026 [11.745 | 0.4096 | 1.0095

| 2.820 | 0.4995 - 0.3776 | 7.319 ;' 0. 4448“ '0;3032;: ;;x¢.=;¢#g; .

T T T o




Table 11.1.3 Absorbance of nAC/AHC at 344nm and 27ﬂnm at 15°c _1;_,_-.

: . 0

”’;fbageiisa;

;i as a fnnct;on of pH.;_

f3344ﬁm;f

| B278mm |

| 5.818

 7.643
7855

| 8.334

| #e202
1.4 317;# 
< | 4.556 |
ERESL
] B 0597
| 5.288 |
5.499.
5.664

64059
| ” 15;235_.
-6.418
' 6.677
' 6.823
7122
170225
7.476

18.006

9@662' _
8,875

0{53103;
1 0.5384 |
0.5387"
0.5368
0.5378
10.5356 ,
1.0.5337
0.5289
|o.5257 |®
| 0.5187
| 0.5144
0.5078"
1 0.4978
| 0.4919
| 0.4861

0.4826

10,4782
| 0.4762
- 0.4741

0.4722

0.4705 |
6.4663

|0.4655
0.4646 |
0.4656 | .

-Z@Qéél_
7.958
8,133
8.305

| BRI
8:788.

' 9.084
9.287
463
Jo.678 -
1 9.886
10.043 -
10.336

10.435 -

10.619 .

10.791
11.013
11. 215

f11.376

| 0.7314 |
0.7349
07400

4.7626 |
f 0 .-? 8:2 7
1 0.8706
“0.9230 |
16,9859
11,0490
| 1.1216 L
1601 f e
l.2123
1.2290
©1:2523
1.2678 °
| 1.2812
1;2866
| 1.2898

oty

o -

.
= ufh
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' _ Table 11 1. 4 Absorbance of DRC/AHC at 344nm and 273nm at 5 C
' as a functlon of pH. ' -

f_ pﬁ;

| 2345m

{93, ,

T ag7gom |

3,533
;ﬂ3s?533{
. ¥3;995f1w

346093}"
4.366
1 4.576 |

|4z

4. BSLQ

IEE
gq,2543 .

1.5.398

| 5.489

- 5.717

| 6,104
1 6.368 -
6.713

7.426 .

| 7,254

7.682
- 7.847
8.188
| 8.399

' 8.648
'8.826

Ty
,1'64§2.f
146499

| 1.6484
1.6471
1.6463
1.6422
1.6396
1.6341)
1.6230
| 1.6185"
1.6069
1.5791
1.5390

| 1.4994
| 1.4849
11,4713
1.4674
| 1.a622
| 1.4609
' 1.4476
1.4480
| t.4420
| 1.4465
.1.4408

8.885

| 9.500

10.789

‘1,062
11.230
11.396 -
11.746
11.884
12,034
12.167
12.366

f2.500

- 7.424
Li}sgﬁ; |
| 7.792
' 7.992
8.154
8,481
8,675

9,995

9.620
9.812
10,056 -
10.215
fi0.512
10.672

1

1.0902 |
too21
11.0888 |-
1.0947
1.1029°
| 1.1096
‘1.1198 |
{1.1331 |
11,1478 |
0 1.2037
| 12626 | -
1.3066 |

| 1.3868 -
 1@4?40
1.5674
“1.7030 |
“1.7663
| 1.8061 §
1.8648 |
1.8868

| 149126
'1.9290
1 1.9366 |
1.9416
1.9444
| 1.9418 |
(1.9395

. I%\.\_ )
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11 2 SUPPLEMENTARY mnmn FOR cnnpmnn 4
Tahle 11 2. 1 Absorbance at 348 nm versus amount of cyanlde '

added for the tltratlon of AHC (pH 12 0)‘w1th cyanlde at 25°C. _..}}'

*[cﬁﬁjf)‘moixaﬁf3' A343 A343(correct lay
| SR R ' 7558}f¢_-in ?558;?{?'
| 4.17x10-6 - ['6.7486 | 0.7490 . |
- 8.34x1076 | o, 7404*::,'f0_?41Tf;;-5
o l.2sx1075 . fo.7319 | 0.7330 |
<o 1.67x1078 | 007173 | o.7187 |
2.09%1075  [0.7055 | . 0.7073 |
| 2.50%1075 | o.s925 | o.6046. | .
- 2.92x10°5  |o.6814 | o.6838 . - |
- 3.33x10°5 ol o.6690 | 0.6717 |
3.74x1075 © | 0.6568 |  0.6598 |
- 4.15%1075 | 0.6454 | B.6486
© 4.57%1075 - | 0.6338 | - 0.637%
4,9781075. °{ 0.6219 | " 0.6256
0 5.42X1075 - [0.6124 | 0.6164
© 5.81x10~5 | 0.6008 | 0.6050
 6.20%10°5 | 0.5898 | . 0.5942
6.65%10~5 [ 0.5810 |  0.5856
- 7.04%10"5  |'0.5773 |  0.5822
- 7.43x10°5. | 0.5770 | -~ 0.5822

| s.27x10"5 | o.5762 | 0.5820
- 1.03x10™% [ o0.5749 | 0.5821
- 1.44x107% - | 0.5724 | . 0.5824

J

7.88x1075  Jo.5780 | ouse3s |

TN e i
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Table 11, 2 2 Ahsorbance at 370 nm versus amount of a*ide added .;:.

far the tltratlon of AHC (pH 12 0) wmth a21de at 25‘@. ;;'U

L _fﬂsl“J fmol dml.‘“?' : .A'séo- ;i-.’Am(corrected:

o fo.iee2 | . 0.1662
| tezex10m3 o ou174s | 0.1750
|7 .2:.43%x10°3 7 f0.1851 | 0.1855
- 3.64x1073 - L0.1914 | | 0,1920
- 4.85x10°3 - }0,1982 | - 0.1990°
. 6.0exi073° lo.2041. ) 0.2051 -
- 9,07x1673 | 0.2147 | - 0.2163 0 | S
. 1.20%10%2 . [ 0.2227 | .2249  f oy
{ - 1.50%10°2 | 0.2287 .| 0.2316 P
. 2.10%1072 [ 0.2364 .| 0.2405
- 3.55%1072  [.0.2481 [  0.2555.
4.69%10"2 - | 0.2502 | - 0.2602
| 6.89%1072 | 0.253¢ | . 0.2688
- l.21xiocl ] o.2s16 | 0.2793 ¢
C2.axioml o Jo.2e19 | 0.2027 )
3.06x10"1 | 0.2286 | 0,302 -




) Table 11, 2 3 Abs;orbance at 368 nm versus amount of pyr:.dme
. added for the t:.tratmn of AHC (pH 12 0) w:.th pyr:.dlne at
25¢C..' £"‘ - T . . . : .

'f@}/ mol dmr3 A B

 1 W§ g"TT:.ﬁl - " 2466f':.f 0;2466u fw;w__m¥i; .T
C  1;2'07XlO"'i:“0 3081;.¥- 1ﬁg303412_;f_f;f-55-:"
;QZ :;_' : ;4 13210-31.I 0'33?6:fff ib;§333 : .
o] 6.9xiow3 | 0.3550 | -0.3561
" 8.25%10"3 | o0.3636 |0 -0,3651 | .. . =
IR °3xlﬂ"zfl'_0 3747 | ce.3766 |
']ij;"i 441072 Lo.ss00 | ouze2r |
| 1.64x1072 | 0.3835 | 0.3866
1.86%10°2 | 0.3863 | 0.3898
2.15%10~2 | 0.3854 | . 0.3893
4.06x1072° } 0.3957 | 0.4034 SRR
| 6.03x1072 | 0.3866 |  0.4083 | . p
7.96x1072 | 0.39377) o.g0s4 | L
. 9.95%10~2 | 0.3873 |  0.4069 - |
‘1,87x10~1 | 0.3740 |  0.4120

-
i o o e . -



B

| :,m—mathyllmldalee added for the tJtratxon of AHC (pH 12 o;
: -:'wz_th H—-methyi!,lmldazole a.t 25°C._-_.._._. S o S :

'Pagéoisss |
- _ VLS
N

L8

'q_%'m

.':“[“”EEthyllmldaz°lel Asss |a355(»orrected) R

f ‘mol dmrS R

- 5.00%1075 - 10.638¢ | 0.6387 | . o
coaeoxioth o fowerza | owszso T R
; 1?50£1°#&; . |  ¥0;6929_'  §-0{6939_:“" ] S
- 2.49%1074 | 0.706C |  0.7078

© . 4.98X1074 . [ 0.7171 | . 0.7207
S 9.90xzemd | 0.7241 | 0.7313
1.e8xi073 7 1 0.73437 | 0.7424

0 4.44x1073 - 1 0.7450 | 0.7551
-T2 51x10-2"*;.r_;;-0;7259,'_‘j 0.7520. .

V]




*5»“_-[3-am1no-l—propanol]Iﬁgs4 ___IA354(corrected)

_,_  Table ll 2 5 Absorbance at 364 nm versus amount of _
o 3-am1no—1-propann1 added for the tltratlon of AHC (pH 12 ﬁ)

”'3w1th 3—am1no~ —propanol at 25“0. g,;"

/ mol dm“3 gf;;”f-a ‘. = “”h-_r3_ W

o A LR

2;§3X1074;.:_;-=_o,§193' . 0.6196

L LAt
o 7.88x104 . | 0.6677 . - 0.6687 g]”“'”f'-f-,_-C]]__""'“'"
S 1,08%10~3° 0 1006946 | 0.6960 R
, £f}1;31x10f3j}f’_V 0.7044 | . 0.7062
oo1v57x103 - | o.y081 | 0.7102 %
Loo2.0x1073 0 0u7179 | 0.7208
- 2.62%10%3 | G.7270 | 0.7306 ST
‘3.92x10"3 10,7375 |- 0.7430 | m
. os.21xzem3 lo.7aes | o3|
7.78k2073 4 | 0.7532 | 0.7645 e
‘1.16%1072 ©  1°0.7570. | -0.7740
I 1.78x1072 - jo.7570" o 7835
o 1J00x107k ) 6.6515° 0. -8046

e

E

P




_ _ 11, 3 supanmznmanx nnrn ron anpwnn 5 [
Table 11 3. 1 (a) Pseudo flrst order raﬁe constants,=ﬁf§5§}.é§ fg';f.
a functlon of llgand concentratlon and pH at ZS“C.;-'{_Z'

c{f

: | [N3_ 1 /. | o ’Dbs /. 3-1 o i |
7 fmor an3 bpm 11.5] pr 120 o 10.5 ] pa 10.0] .?ﬁj9#5?** .
oo T o.0010 ) 67(10) | 83(2) | 75(1) | 68(1) | 65(1)
SETE 0025 | . 94¢3) _*;13(2) -jlnk(l)f’s122(1)_ 133(1) |
o 00050 | 121¢3) | 132(1) [1sbq1y 23201y | 2s0(s) - |
oo G.010 [ 237(2) | 199(4) | 311(3) | 507(5) | 698(12)
[ 0v0is (| 220¢3) [-243(3) | 420(6) | 760(7) | 925(20)
© ] 0.020 | 234(3) | 279(3) |610(7) | 821(9) '{696(26)}

- _“
Table 11 3, 1 (b} Pseudo flrst crder rate constants, k'obsr ' .?
a functlon of llgand concEntration and pH at 25°C. EEAHE

. _iNs‘l:/'fff_[fT",."f f3_'1"3k*obs / st _

1 o.0010 [ 75¢2y | e7(1y | 83(1)- ';15(1)__ *163(1)jf

{ 0.0025 | 181(1) *_13@(1)”s-”215(1)f*:_326(3)-'fm413(g)7

| 0.0050 | 398(3) = | 492(3) |570(6) [693(7) |B04(5)

| 0.010" | 769(9) . | 879(5) 1039(12) [1169(25) 1253(15;
10,015 J1110(17y [1246(5)  [1260(16) |1718(34) - 80Ty

- Q.ozof':f314(24) 1473(11; 1662(43) jte92(a1y 2215(363

L
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'f;ffTable 11 3. l {c) pseudo flrsﬁ order rawe
a functlon of llgand concentratlon and pH at 25°C.?_j _j:;;f:-*

ot

"tﬁa - /

.::%..m01 dm‘3:

k'cbs

f{;éﬁi;if.f

pE6.5

IEXXS

;g‘pﬁ;é;s;

SR TR
] 0.0010"
. ]0.0020
-7 | o.0040
I R ousn:

8Ty
| 195¢1)
378(2)
71035(9)1
.1277(15)

20601y
@392(1)_}
7380y |
fesigsy

811y |

437(3)

719( ) -

T |
¢ 18141} |
1315(31;f

{349(1)}

'{3?6(21}

constan{B,f

frets)

- . ..

857(8)

obsr

1 ow 5. 0,;{ ;:  -
sstlff’:.

135(1)“_5 
{2081y [ o
: 319{2)___:?__ o

a.functlon of llé&nd concentratlon and pﬁ at 25“0. o

‘\\

. [u341=;a'
' G mol dIl'L"

| '_ K’ Obs,

/ s

'pH 4 4jL

:jaH 4 0

pH -3 . 5

pH 3.0 |

. 0004

S o ouluﬁ
e 020
O 1.0040
~\j} o.0060
. 050680f

67(1)

: 120(2)”*_
206(5)

290(5)

.{291(3)}

.166}2)3
223(4)
129714y

'“igstza;f

t298(41y

T0(1)

103(2yﬂ;
15501 |

11249(3)3
{261(2)}

1299(3)}

;Qﬁ(l)
117(2)

l52(3)ﬂ¥ 
255(5)
l281(5)1

_{274(51}:  H

- 492(10)

K
N

S

| Table 11 3 1 (d) Pseudo flrst order rate constants, & obsr as’ f

LB

e

. _' W
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- 'f11 '] luprnmnnumnk! nnmn'ron CHAPTEH?G B

':Table 11 4 1 The depandence oi‘the pH-depen&ent and o : .
"pﬁnlndependent obsarved rate constants, in the maln,text krabs ';_; _.
_.'and Kobs respectively, measured at jtwo different wavelangths, N
- fot the substmtutmon of Hzo in auncobalamin by pyrldlne at

}-35,0“& and a pH of 6.48 on the llgand concentration. E

'[pyridlna]

Vwol g3 |

ffjssl

foastf'

o '35‘5 5mm

fast F

_sidw_ti

. K'abs |

1ot |

kobs
/ B8~

k'ﬁhs"
/-5_;'

kobs

/ 5‘1_

| % abs
/os71

| *obs

BE 010_f'
g.012
. 0.017

0,050
0.099
0,199
0.208

fﬁqi398 .

10.597
0.696
0.795 -
0.895
0,994

6.91

0,025 7.
§ 865 -

o3
'19-6_.@

6.39

7.76.
7.96
g, 99'
12,7

bt
- p6.8

_q-4973']
Le.6

18f2. ”

19,0

9.6

13.8 ..
16.0

hs.3
lo.8
po.2
 le.y
Chkio

21,2

1.4

_ 10:'3
7.53°
| 8.48
1 8.67
9.43
TR

7.7 %
8.1
§ TR

12
15

b1
b3

A - -

8.5
8.8

17
;:% lS'i
-'_i17 o
20
23
zs_i P

S RT
3o

30:_

- 29f-' 

;7.52_
| 7-60
[.7.72.
194
{9.08 -
10.9
j12.0 -

3.7
e
- fisa
. 15;6"
-1555;.

12.6

':15#1Ik\;

{818
'-3;29

8.40

8.65 |
.  9§89'.

11.9

s
3.7
Tra.o
16,1
B 7% G
hroo |

16.7
16. 5: .

v

s
T
Sl

B
W
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' *.Tahie 11 4.4 The dependenca of the pﬁﬁdependent and o
r'pH-lndepend@nt observed rate constants, in the main tex; k'obs

" 5and Kihs rebpectlvely, measured at two. dlfferent wavelengths,_ ;f

.':3“'25 gac and a pH af 5 51 on the llgand concentration.._

. for the sub?titutlon of Hgo in aqﬂocobalamln bﬁ pYIldlne at

| -[p?ii&ihéi}'f; QSi'nmf,:f' 'gjff 362 5 nm

K’ obs "kabs. 'k’obs kobs ' k’ dbs kobs } a .
el et frel [ et [t e ]

1 o.010  Y1.99" [2.21 fi.8 |26 {209 f2.33 |
~o.012 Q209 [2.26 §s5.2 |s507 | zias [2.42
0.017 . fz.100 2,27 J3c0 - a2 20190 2,37

0.025 1 J2.23 [2.41. 2.5 2.8 |[2.36 |z2.55 ‘F

- 0.080  l2.53 | 2.74 - fe.4. [7.0 [2.57- |2.79 §

- 0.099- §3.05 |3.300 f§s5.1 5.6 [3.04 {330 | ..

0.199 §3.03  ja.26 2 a0 3:92 lasasp

| o.30s  fsuas {s.s7 ks Jie  |5.39 |s.88 -
} oia97 |s.e6 6,12 pa o ji5 0 [5.78 ] 6.24
| 0.597 - }s.82 }6.28 h3  fia }15.97 }6.45 |
0.696  §6.03 |6.50 ha . j5 | 6.20. |6.69
- 0.795  f6.14 [6.62 Q3 - f14 . [6.28 677 |
-] o9y - |6.37 |6.87 3 . fla-  [6.39 [e6.89 f
) o.ess |e.z9 e P30 ha . |6.42 e f

0.208  f4.52 {4094 g3 o he o 1457 Jame |

[



'_iTable 11.4.3 The dependence of the pﬂ-dependent and

'3 _pH~Independent observed rate constants, in the main text k’Obs_.:_;,_"

'”*_and kobs respectlvely, measured ‘at two: different. wavelengthS, jv:';”

':_  for the substltution of KQO in aquocobalamin by pyridxne at’
'7; 15 O’C and a: pH of 6.59 on the llgand concentratldh.;_;_ ) ,_f g:;

¢ g sk e

N . . _
T . : = =

t_ﬁwi[dine':lfl B 3'5:-1;“' 325 amm

) k’obs | kobs - ] k‘obs | kobs . | k‘cbs [kebs . | -
T L s I N e |
©6.016 ~ Jo.540 {0.594 fo.68 | 0.72 |0.434 | 0:477
0.012- |o.549 |o0.604 Jo.68 | o0.75 | o0.456 |@.501 ]
- 0.017  Jo0.551 | 0.606 [0.72 |0.80 | 0.422 [0.465 }
“0.025  fo.583 |o0.6a1 f2.2 2.4 “)o0.613 |0.674 .
©0.050 1o.667 [0.734 (1.8  [2.0. |0.697 |o. 766
'ﬂg .099 . 10.825{ 0.908 Y 1.7 'i:,;.9*;‘_ b.a51:3f° 936
/é 199 froee fu20 3.3 |37 |25 {137 o
“0.298 131 [1.45 38, (4.2 |1.49 }1l.6a F
0.398. - §1.50 |1.63 f4.0 | 4.4 |1.67 | 1.82
0.457 ~f1.68 [1.84 fa.2 |47 |1.82 |1.99
{ o.597 fi.76 1.9z {38 |4.2  [1.85 f2.01 J
“0.696 f1.85 (2,00 f[4.2 (4.5 {193 [z.09 |
9.795 1,91 J2.06 4.8 {s.2  {2.04 [2.23 |
c0s895  f1.91 {2.06 6.0 |e6.6  [2.13 |2.32 |
0.994 ° ¥1.94 (2,09 6.4 {7.0 214 [238 |

- -

S S

o
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:3';Table 11 4.& Tha dependence of’ the pH—dependent and
?:pﬂ-lndependant observed rate conatantsy in the maln text k’obg : _
and Kobe respecthely, measurad at two. dlfferent\wavelengthsr,'f-””'
.  for the substltutlon of Hzo in aquocobalamln by pyrldlne at
”.;;_5 G‘C and a pH of 6. 68 on the llgand concéntratlan.-"' ’

kfﬂbs;“;kéhs’f- k’obs ﬂkoba. | ob#f:-knﬁéfé -
o L ;/-S*IfﬁZJ;s“; ;€/'s“1i /sy YRR /el |
Ao oo foar |oam |7 |4 [ oate |ootzz |
o fro.or2 o.129 foi1e3 Jo.an o o, 46 fo.11s 0.8 |
20,017 - lo.128 fo.142 Fo.39 | 0.3 jo.uas Youus2 oo
0.025  fo.i37 |o.152 fo.21 o, 23f*4'0;135'a-0uh51:. } R
‘_.Q.DSO © 10,159 :_04175.; ﬂsu_; 70,55 '{ 0,156 {.O.LJ%' o
| o.os9 . fo.204 [ov226 Joueo Yo.s7 | o0.zon |, 222 -
o) 0.9 . Yo.2rs |o.305 |11 | 1.2 | 0.308 . m_'
- § o0.298 Jo.336 |o0.369 | ﬁ'ask;:.owgé'»,'¢.345 1¢n a79 A
F o0.398  jo.387 |o.a26 |o.79 lo.87 [0.377 |o.a15 |-
[ o.497 ~ Jo.a35 [o0.a74 Jo.33 (1.0 fo.a28 o 0.467 ] .
__*hmer,.mbwam4n-=zagg'ng;;mini?mswf7ﬁ}]-'
§ 0.696 Jo.469 {o0.506 f2.3 2.5 |o.s69 {o.e14 § %
0,795 }0.487 | 0.526 J1.6  |'1.7 - |o.s561 |o.e06 |
1 o0.895 |o.a02 |o.528 {2.4 |2.6 |o.588 [Ooe3s | ¢
“l-o0.906 o496 |0.536 |26 l2.8 Lows24 |0.e7a )

/,-‘:_,-\

]?_' 

A

LI
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o 11 5 1 Cranmde :ﬂﬂ f.f"?f_ffff:fff'fi-aﬁg%'f

Table 11 5 1 1 pH dapendent ( k’ O}"_.,sj and pH :Lndependent
_ (kobs) :ra.te constaf \s for- the substltut:mn of H20 :m AHC (pH
_' 11 89] by CN" at 25“0 as a functa.on of llgand conpantratmn.-_

e I
- frowy / mot P L k’c;bs 4’ 3'1 -'kc_':b'é'_: /s |
Hﬂ 002 t¢'.   4 560'(3 025) 13&'0"' ,: g.;_;iiJ\ é:ﬁ PEREE
au00s | e.ras (o 0s6) '253"f¥' N
.Ue.010 - | 17.59 (0.11) “rnszg'f-”____w:_
|7 eso1s 0 |23.31 a9y f7er ey
03040 - [ 50.86 (0.36) .| 1.53%103 |
0.080" | 64.02 (0.47) | 1.93x103 °
0,080 -} B1.52 (0.69) | 2.45X103
©0.120 0 105.9 (1.2) | 3.asxied ) o oo
o 0.150 _3_T125 7 1.8y o s.7ex103 T
0,200 - 1137.7 (1.4)  |4.taxaed | .o
0.299 - l1s3.1 (3.0) - |4.e0%203 [ o
©o0.499 . 1170.1 (3.8) - [S.2x103 |, o




g

‘.pagg:lsﬁf; o

Tahle 11. 5 1 2 pH dependent (k’obs) and pH :Lndependent R
(kobs) rate constants :Eor the subst:.tuta.on of Hy0 in BAHC- (pH S
12 04) by N~ at 18°C as é Eunctlon of llgand concentratlap.-f._-.f

e e ]

© w002 | 2,711 (0. osz)-jés;sf: |
0.005 - |5.181 (0.058) | 169 - {0
©oa020 7 |e.s0s (0.ove) fazT 0 e
F deets o 113048 (0.10) (438 | o a0
Ir o o.02000 | 17.45°(0.16) |[ses .l o .
~o.040 % | 272.30 (0.38) |sse o o o
. 0:060 ]afj--3?;497(0;3q)'-'§f22x1b3'j1f"'
04080 - . { 46,01 (0.38) [ 1l.50x103 |-
p. o.i2e o Us7.02 (0.85) | 1.86%10% . |
f e.se s 76084 (1.74) | 2.59%103
4 o200 - | 73.16 (0.80) | 2.38%x103
Co0.209 ¢ '117.6 (1.9)  |3.p3xied | 0 o
0,499 7 | 135.3 (3.8) 4 418103”- B P

Ly



1 ;Tab1e 11 5 1 3 pE dependent {k’obs} and pH lndePEndent

5 11'12 18) by CN‘Tat 12‘0 as a’ functlon af 11gand concentratlon.'f-a:

wn i B e il T S e A

AR

*(kobs) rate constants for the- substltutlcn of Hgo in AHC (pH _

"f i[CH_] f mol dm—3 k’DbS / S 1 kOhS / S 1 .:g.

_;_a oogq;';.ji 0.4588 (u 0049} 16.3 4 o
-~f¥f°~905”J”f{‘l_2_434-(0 024) - '86_4.;1f3  1;[f”;3ff&{f”f_*A[*f;'
 Eii ﬂ}ﬁ1bm'T1'~f:5;335_(0 041) qis§€ g-§4:_f_;_.._ T L
.. o.018 . |7.255 (0.074) {258 . b coote

__i'b;ﬁzé;;'  :123;696J(0¢106) ”. §09 .:: ﬁ _;.? _ ; fﬂ  J fJ'%f_ 

.0.080 | 15.89 (0.10)  |B64 . .y -

C0.060 . | 18,96 (0.22)  |673 . |

. 0:080 [25.30 (0.22) [g9g .

© 001200 Tl 3167 (oiss) [ 1.12x103 |

0,150 - ¢} 38,31.(0.97) f;ssx;ua_;z_s. D

g.200 ¢l as.3e (1.33) | i.5ax103 |
© 0.299 | 57.50 (1.45) -~ | 2.08x103 |
0,499 | 56.58 (2.73) . | 2.01x103
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_ Table 11 5 1. 4 pH dependent (k’Ogs) and pH Lndependent .
i (kebs) rate constants. for the Substltutlun of Hy0 in AHC (pH IR
12.33) by oN- at 5°C as a functlon of lzgand concentration. N

'”f”[cn-] £ mol dmr3

-kfbbs')'gflnﬂ

ﬁ'kobs / s 1 ee:ﬂw*:*-*"

”G 002

04015
Loe.020
s 0.080 -

. 0.080
. 0.080 "~
0,120
L 04150
o 0.200,
o b.299

, “'U?Oiﬁ'ff e

ggs

0.8858 (0. 01591

(0.016)
(0.034) -
{0,040}
(0.059).
{0.086)

1.800
3,006
:5J3;?15
[ 4911

.83364
10,70
{1405
11915
| 21.89
24.48
[ 37.16
jss 73

(0.09)

0.
{0.32)
(0.41)
(0.80)

(2.03)
17.09)

33,3
67,7 £
'11"=J.7ff7~7""'””
1se. | N
];;333_" &e,fﬁ”“”f”jﬂ;;;ee;;,}
'?7-452'7f'f,' fo o

- 523{:;"
719
‘g22 o
'-919"_3"
11. 4ox103

_ z 21x1n3-

2
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Table 11 5 Aol pH dependent (k'obs) and pH lndependent j “ﬁu-j
(kobs) rate constants for the substitution of HZO in AHC (pH -

__11_64)_by Ng at 25 C as a functlon of llgaﬁa concentratlon.

[N3 Y/ wot aar? kobs/s*-l " Tome 7 =L BN

. :0 010jf'_   104@7ﬁ‘1'45?ffi{ 1 81X1037g:fﬁﬁ  ffT ﬂf;,
©o0.015 . }132.6 (1.3)  lz2.30%103 [

L L0.020 0 1 138.6 (1.7) - }Z.40x103 . 170
I 0;025};;_,ng¢43 8 (1.8) _2,49xlo3f}-_ R
'5;_20-100j’f; ;'.3o1 144y |5 23x103_-

_}_“a 200 | 427.7°(4.9) - | 7. 7.41x103
SRR | .3395.'--' 543.9 (7:2) - | 9.42%103 .

"a_o a0u . | 649.4 (9. 2)'9 | 1.i3x104 |

~0.500 | s73.2qms.2y o [1.a7xiod o |

0.600° . }F690.6 (23, o;_._ 1.20%104 - |




Table 11 5 2 2 pH.dependent (k'ohsi and pH lndependent

(k°bS) rate constants for the substltutlon of ‘H20 in AHC (PH; ,
11 gg) bY N3 at IB’C as a functlon of 1lgand concentratlon_::

"f&fﬂa 1.7 mnl dm‘3 :

vfkabg'/~sf1'”'

_ﬁ-#_]-o 010 -

TR BRI 020,
L ewezs T
0050
0.100 0
| 0.200 __
0,299
_:Hﬁs4bﬂf -
""o sno_.f-

_ = fﬁ48.a7”(d7gé)*
L0018

76,40 (1.08) .

5ﬁfiﬁ1;ﬁ-(1 7)_;;
|12 ey
136.4 (1.8)
1 278.5 (4:3)
| 327.3 (4.7)
| a48.0 (10.2)
| 482.7 (10.2)
_3_542 3;(17 9)

Josr |
L ligexzod [0
E t.oaxied 1o
'2.13x103
1 2.62x103 -
| 5.34x10%
6.27¥103 .
| 8.59%103
19.25%103
11, o4x1o§

‘Table 11.5:2.3 pH dependent (k’ébs) and pH independent
(kobs) rate constants for the substitution of HgO in AHC (PHfV.

11, 84) by N3 at 12°c as-a functlon of 11gard concentratlon..

[Ng ] / mol dm“ 3

k*abs'/f8f1_7.”

-~ 0. nlciv*"'
0,015

" 9.020

- 0.025

- 0.050
0,100
,._ '0?200f=:-
'}: 0;299_: ”

| 28.86 (0.40)
| 42.51 (0.54)
62.11 (1.13}
64,794(0'30)-;

89.52 (0. 34)

- 162.5 (2.0)
| 206.2 (2.6)
1254.1 (4.9)

=
lass
s
1.08x103
11.00x103
}1.80x203
| 2.73x103 1|
-3.46x1U3i]f

] 4.26%103

N
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(kobs) xate consta

3*

'=H} 12 oo} by‘Ng at 5

Page 169 R
o . __~;§ -d1~_ : e - L
h 1e 11 5 2 4 H: ac endent k’ ) ‘and pH :mdependent
PH - dbp obs o
&' for the substlfutlon of HgO in i&HC (pH- :
/53 a funct:.an o:E 1lgand conCentratJ.on.

."'."":L'ﬂg 1/ mol dm"3 '

'k?éss‘z"éf? .

7k@53777%f¢5'~

; 0. 0101?-,-f_
ooe.01s
oz -

0,025 ]

{ olose
_”ibqbo"“
0. 299«'* D

0.400-

" 0.5000

0.600

Taee
22017

29,15
30,32

| 42.81°
| 82.27°

- 131, 7

167. '?

{211, 5
-] 2413, 3
288.3

{0any
0.305. " |
'(0;;..0)".
(0.21)
(0.56)
(0.69) 7
1.2y
(L)

(2.6)

(2.‘!3)'.-. |
(959}. 

|

201

549
brs
| teaexaed [
1 2.38x103 |

-1 -3.04x103 . |-
|3.83%103 @}
['4.20x103 |-
5.29x103 |




L Table 11 5. 3 1 pH dependent {k’obg) and pH ¢ndepeﬁﬂent

_ f?qlll 96) by pyrldlne at 25“0 as a- functlon,of Elgand
'””xjaoncentratlﬂn._ ; L :

[9Yr1d1ne] | kropg 7 &Lt kgps Fet |

A

.  f?ﬁ° 010 A .4  FPATRTIIC e
0012 6.0 (0.04)  ls7e o

. 0.016 . . }22.28 (0.03) {782

_0.025° 7 | 32.6% (0.03) fit.igkiod |

0.050 . |46a5 (0:07) | 1.e2xmed | o

7 .0.100 - ©198.27 (0.26) | 3.45x203 o .

_0-@'20_0; '_?:152-'_2_' 0.7y . I5. 34x103,_{." B

0.300 ~  |169.1(0.8)  |5.94x103 |

. 0:400 - {207.5 (1.6) . |7.20%10% |

-"_(kobs) rate constants for the subatltutloﬂ of" 320 1HLAHC (pH

-/ mol dmss _ .fr%n’,l-_ff], BRI B




e

o]

mmin

4

Table 11.5.3.2 pA dependant (kf;bs) and:pﬁ independent

Y

Ao

'feyeiaieei*_
/ mol .am™3  p

1 k”.-obe_' _-'f'?__.;s'_*lﬁ. .

T0.010
L ow012
© U 0.DY6
'.Tioyozs

- “0.050.

0,160
0,200

{8654 ¢
- tiz.58

e
| 17.75
| 23.38
:'_51.99f
188739
197.85
| 133.7

(o 007)

(0.01) - -
seL
ji.eaxiod |
.:;2iz3x1n3“e.
'3.09%103
 4.22x103

(0. 011;;-
(0.01)
(0.02)
(0.05)
(0.14)
(0.22) o
(0.5)

f4z9

= -

-(kobs) rate cnnstants for. the substltuﬂ;an of nzo in AHc (pe {.ﬁ .
P

12 044 by /pyrld:r_ne at. IB“‘C as: a func.'t:i.on of lm’yand 7

"concentﬁaflon.;hf.~ : S ;




-“?aggcijzzeafx_“

i

- *5%“5%ﬂ;-- Table 11 5.3; 3 PH dependent (k'obs) and pH 1ndependent

 (kobg) rate cohstants for the:isubstitution of B0 in AHC pr L
| 12.26) by pyrid;ne at 12°C a8 F functlon of 11Qand -

'-.“\@ncentratlon. e
e o

rpyra.dinen | N R A E
-/ mol: dm“3' ':sj,;'f j L b

"1 o.010 | 42646 (0.005)  [197 |
0:012 | 7.323 fn .006) | 311
d.o16 |6 3381}0 005) | 269
0.025 - lo.ras’o.010y | 413
0,080 |12.86 (0.009) [546 -
0.100 | 29.46 (0.03) | 1.25x103 = |
0.200 - 1'48.65 (0.04) | 2.07%103
©0.300.  [57.31 (0.09) | 2.44x103 | -
0.400 . 175.85(0,1)  |3.21x103 | -
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fkﬁgeﬁi73.

o '_Table 11 5. 3 s pH dependen'm(k’ogs} and pH independent _
_ '(kobs) rata constants for the suhstrtut:l.on of Hgo J.n AHC (pH .
_ o 12.348) by pyrz.dlne at" S"E. as a funct:.dﬂ of 1J.gan‘d o
' ”:fcqncentrat1on;_ S - i S

R e | N B
{pyﬁadlne} :-.:“kfébs”/fs“lé')“,kdgs./_s*i R
merewd | ol

.ﬂ]ﬁ 810 - ]'2.317 (0,009) [se.T |
SC 0,013 4 3.559 (0.009) [-233 .

0,036 . - |3.053 (0.008) |ala . ) . o

Tow2s  |sass oow fass |

0.200 | 24,09 (0.08) *gdiLQ'_ o
o 0.300 . {27.28 (0.16) ¢ | 1.02%183 |
L 0.a00 i3§530'10,37); 1.25%103

C

Covt00 | 14.77 (0.05) ;u'55§3._?’--_?n~3. AR



’  ';11 5 4 N-mathylim;dazale

B

:".Table 11 5 4 1 pH dependent (k gbs) and pH lndependent _
-{ (kaB) Igte constants for the substmtutlnn of HzO 1n AHC (pH

- 12.03). by N-methylimldazole at 25°C as a functlon of 11gand

  concentrat1cn. s

[N—methylzmldaana]

;kfﬁbé;kfgf;iﬁ.
Jmolaws |

.:.ffta OIUL

0.013 .

.17
0,025
0.050

0. 200._,

: :0.100- A

8.378 (0 032;

37.96 (0.17)

| 77.97 (1.99)
'_:124_3 (2_2)1"

o : _3;4'

| “.[ﬁlz 40 (0.05)
"1 27.99 40.14)
{21:57 (0.08)

509

886

| 1.56x103

3. 20x103
5 11X1@3

(1.15%103) |

-_concentratlan.;-'

'ﬁﬂTable 11 5.4. 2 pﬁ dapendent (k'obs) ‘and pH independent R
_ "(kobs) ‘rate constants for the substltutlon of Hp0 in AHC {pH ifi;;?;
12.18) by N—mathylxmldazole at 18°C as & functlon of llgand '

/ mol dm?

[N-methyllmldazale]

'i;bb$;/'951 -

1 kops / 571

0.010
L Q.013°
oD 317 f_a-*-'
FLL04025 .
::ﬁﬂ.QSOT -
0.100

0.200

| 4763 (0.083)
16,682 (0.035)

13.54-{0.06)

.; 12w59_(°$10)'ﬁ1_
43,06 (0.38}

212
293 ;ﬁ'
(604) -
561
987

1.92%103

L

.'-__Bﬂ{ﬂ7;(0191}g

3.57x103

s
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-*,“Table 11 5 4 3 pH dapendent (k’dbs) and pH independent _'5 S
(kobs) rate constants for the subst;tutlon of H0 in AHC {pH I

12 23) by thethyllmldarole at 12 C as a’ functlon of 1lgand

._lconcentratxon¢; _"_'nrf,.- o v“ _- o ';* ';-_ o -;.y; ff-:*

ST N

-?V“*~0,013-;=~'5--“

04017

b p.02s

© . 0.080
;]In 100;j.

2.679
SRR N T
.157£?5? 
| 7,146
of 1332
22.37

(0,021}
(0.027) " |
(0.045)
(0.046)
(0.12)

(0.23)

leOGTTwa:'

148

ltaosy

?284:' 

_ 529_”_ o
f¥;(389)

R DR

Q]'Table 11 5.4.4 pH dependent (k'cbs) and ): lndependent '
 (kobs) rate constants for the SubStltutan of Hg0 in AHC {pH
12.45) by\N-methyleldazole at 5°C as a’ functlon of llgand
iconcentraﬁnon. o - S -

[N—methyllMldazole]

/ wol dm‘

'.kkﬁbSvf 5‘1_'

kovs /671 |

'_0_010 ?;fJ
0,013

0,050

0,100

| 1.254
| 1410
"3g¥69
3,594
| 6.624
| 12.79
| 21.26

(0.019)

(0.014)

(0.027)

(0.031)

(0.065)
(0.09)

le17
: gg 5_1'

-5(185) o

177

1326
. .ngf oo
| 1.05x103

0.200

fol

(0.21)

a



11 5 5 3-amino~1~propanol

.'-ffTable 11 5 5, 1 pH dependent (k’dbs) and pH Lndependent

,g;(kgbs) rate constants for the substltutmon of - HgO in AHC (PH;N;,:.” :
11.97) by, §~am1nm-1 propanol at 25 C as a functlon of llgandf: 'gv_ "

oconeentratlon.; '

[3“amlno-1~propanql}
S mol. dm‘3

k'oﬁs / 5 1

Fobs / 3 1

v

0.0097
0.014

_'70 5125' 7-"
o .-_j-ao 6515' ’
0018 L
0,025
o 0J050
{nglo 
0.20
S 0.30
0.41 '
6.0.51
= 0 58'-€' 
070
o 0.80
SRPOCRE
© 9. 97 = \ o

.fig.éaiz
11,360

aest
| 7785
|8.833
11,85

14, 58"

| 17.52

18,61

{20,286
-fg4;49__ _

[ 316
las.s
. _ -_9-2.;6_ _

| 629

24
2504

167
278
425

:l§?4-::'f~

i

727-}3_n.i 1

';_.87'9"" - :

=g

fud

o




' Tab1e 11, 5 5 2 ﬁﬁ dependent (k'obal and pH lndependent ;ff Q;Q;
-~ (kobg) rate constants, for the aubstltutlan of Hy0 in RHG (pH7 -
12, i7) By 3—~am1na—1—propanal at’ 18 c s’ a funct;l.cm of ligand

Yo concantratlbn.-" S L

: Hpm%ﬁlﬂpmi’a‘m’lj k'ol:'sl' S'Ihcobs/ _é‘_'--l'__ o

fn 009? e

"_04014

jo;019- ”-?'

04025

_:*0-1742'f”
042231
?:9-248&7

1 0.3753

- I
10.8 .
6.4

0,050 _" _0"5079 N T -
B T R B 77 CERR IV | N
e 20 . :. L ess e
Co0.30 ,_3,251;'-3_n*11421:, g
o1 0 |e2ss o fies o
0,51 |s.as0 0 of239
- o.s8 ¢+ |e.988 {308
i :,_ - f. I - ;:{‘70“_: : | . 8{233“” *' . 339¥
* o dee0 . | ea03e 0 W 30a
. 0.89 cbevrer 0 laze L
0,97 . |i1e0 . . |ses o ]




o pagerrs

. '1‘5-.

 9_Tab1a 11 5. 5 3 pH dependent (k'obs) and pB indﬁpendent S
: 'Vi(kobaé rate ccnatants for the substltutlon of - HpO'in AHC {pHV
: j-12 32) by 3~am1no—1-grcpanol at 120 c as a functloh of 119&&&

¢ ) i"—} = . S
. S

|t3-amisio-1-propancl]

a mol dm"

k'bbsif_Srl

d

.{ ﬂ__o 0097
1.~ 0 014_{ _ -
-; .76;6251,3,'_
b::”TQ‘dsﬁ- i5””
”fzﬂ_Uilg_l
020

0.58

. jO;BOQ::
._... i | 0 QB 9 )

0.30
0,51

:'{ 0 08984
o, 09631

D 1123

:  0_;5An ‘;
':;0;27341.

10.4926
0.9572

t72,080
1°3.076"

N 4.}91;

5.332

'4;37” ﬁ-¢
t7.89
' f:13_3?:3u..'-J

2450. :'

fas.6
ARTRI

101

150
f172 .

221

Cl2s9 ¢

.97

":?f000f1_ 




 Tab1e 11 5 5 4 pH dependent (k’obs) and pH 1ndependent
" {Kobg) raté constants for the substltutlon of Hgo ‘in AHC (pH _
- 12.47): bv 3-am1no—1—prc>panol at 5°C ag & function o:E ln.gand _ -

l;-cencentratlcn..,,

"sféagg;179

[ 3-ami o~ 1-propanol]

_ Irops / 61 ops / 871 |
fmolam=3 | . o Lo

- 0.0097 0
C0.014 -
oo0.018

| e 0,050
o - -..--0-.10- -

o 0.200

S 0.30

041

LBl

- 0.58

0.80

. 0,89 -

©0.97

L o.o6306
| o.0B345 -
. 1o.08776 -
-1.0.1615
S| 0.3091
{o.5722
0.773L

Q.\Q?{\{{’?

J1s23
| 1,795
12.573
(2.608

j3.342

laas |
2.75 -]
At
a2
{15.9-
l29.4
| 39.8
©]80.3
784
92.4
132
o fa3e
o 147
172
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Flgure 11 6 2 Proton NMR spectrum of 4—phenyl~1 2 dlthlcllum.ir'

perchlorate in D20 at 25'0 us;ng a 2@0 MHz spectrometer.
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Flgure 11 6 3 Proton\NMR spectrum of N N’Hbis(z thzoformyl~2

—phenylvxnyl)trlmethylenedlam;ne in deuterated acetone at 25&;_5:“'

. u51ng 8 200 MHz apectrometer..;
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_ Flgure 11 6 4 Proton NMR spectrum of 6 14—d1 hehf1a1'4*3342_ '.
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:acetone a.t 25°C us:.ng & 200 MHz spectrometer.
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12 m’pmnm 4 nER:vm:tons or EQUMIONS t!ss:n IN mr.m TEXF O\

e D

;.12;1,énérrsn”§i:.;;5:*5;.,'1f*"}*'f;sf__. BT _;f_ifj'3 7*-'“'* "
o AR A I "f3d.j;. R T R
'ﬂnarmvatlon af equations 3 3 1 and 3. 3 2 Com e s et

‘\

Thh'two reactlons of lnterast are, y;'

oA eamc v Er 'uw L ﬁ_;; L T L
AHC g'e DHC + H+ | (Kazi R s o

. e '_‘\_'H*qu[AHC]eq o ; g [}%fgeq[nﬂc}eq g
. :.- _-:Thenf Kal = '“._-f—mﬁ—-;—--—n-... and' Kaz R - - o Y

[DAC]eé R R [AHC]aq

-

__jCons;derlng anlg the flrnt equm;mbrium and u31ng Beer s 1aw,"
", the absarbanceﬁ%%asured wheu only DAC 13 preaent AO, is =
L Y :
- descrlbed by,- o s :

Ao &DACbEDRCRD N S S

—

”':Where b ls the cell path 1ength  :_ .'1 ; ' ”:ﬁpj;f @;.',;“_:..

'-3

If 100% conversmon of DRC tu an occurs, then the absorb %ce
at the same wavelengthp due only to the AHC Al, 13 descﬁibed

R = émcb[mc]o . R

 'at\any tlme durlng the equlllbrlum tltration, the absorbance
o measuﬁfd, A, 1s q;ven hy, L e o -f&

A = {mcb[m—c’leq + '5AchEAH(31ea T T s




. _--.._pa;q’ef. Y

:.:mw’ [Mm}o - [DAL']eq . [AHC]eq N L
o T 3Ach[BHCIo * [DAC}eq(frDAcb - _‘Emcb)
'T;_ = B tDAC1Eqainacb 8ﬁach1 P

' R TR SR |
""'thus {DAC]eq Rt Gl

J ST ' Ermh &Aﬂcb

"'_smllarly, .’A = Ao + [AEC]eq{f,Ach - ‘EDA@b)

| 8chh 5DAC’° R .{i

Ao- PO

’ =: ...._-.__"..-;.n-_,__.--.,_

é‘DACb énimcb | -

P S Lf-DAcb 5A3cb
hence, gy = ==-mm=sescees ¥ smoednoscieos ¥ [H+]eq
o f-macb &AHCb A - AJ.
'_-'a'-—n__ S
= e X [H-f-]eq ."(équa:{_:'icri 3.3.1) '_
A- - Al . o :

2

S.'Lmlarly, cons:.der:.ng only the seczond laqm.l:i.fb:c:i.mu.l J.:E 10(}% s
| ' convers::.on of ABC *o DHC. occurs, then the absorbance ai: the o
- sama wavelength, due. only to tha DHC is Az. e



 % !: 3  ﬁh:e ':% fi€.Pagéf1S6w__E;:

S ; ﬁ)__ : Al - A A i L
.._Then, Kaz o e x [H+]eq .. “:(e'quatibn _.3.;'.3_.2}:.
: A - AQ - s : f:'vﬁﬂ' o

':.Derlvation of Eqnatiens 3 3 3 3 3 4, and 3 3 5._::

Let the fractlon of ceblnemlde present as’ DHC be anc; the

"'fractlon presant as ch be fAHCr and the fractlon Present aSeIZT:H

- -DAC be fBAC".:
| fehen [coblnamlde]tntal = [encleq +. [AHC]eq + [DHC]eq

,-ahd*i*f-*;;;: Btntal -ﬂfbacﬁeac +: thcAAHc + fbacﬂnac

Now, reading all concentratlons as equlllbrlum concentratlons,.“r'd-'

- . IDBCj . ;'i. :  i:e : %ﬁ
:fbac'- “;‘—;:. ____ - . . B
L [DHC] + [AHC] + tnACl

D it ek e e e i e il e s i s B . B -t

__'_i_xaz";zmcj./'m*.i_}._ _‘['mi_c_]' + (o

[DAC]

L —_n--“ﬁ-g—ﬂii-' A i S ﬂﬁ#—--—————:

- KalKag[DAC]i[H+]2 + [DAC]Kalf[H+] + [DAC].

o e A oy . e o WA g Y o i o ] i g o A oy

v
1

.andr'.fgﬁc ?chéf;fff?effﬁ—:—;;fghf S
; . . . {BHC]”+ {AHC].+;EDAc]H'”';



-When a tltratlon to determlne &. 51ngle daprotonatlon
equlllbrlum constant was. perfarmed data was fltted by one of
_'th 51mp11f1ed forms of - equatlon 3. 3 1, '

. page 187

'rgﬁcj:'

T R i v e ----—.-.—--T_. . et

o Kaz[naczlta+1 + [Ame] + [H*JEAHCJ/Kal S

!f‘th - —-—a————u—pb—u!—u————’h —t —-ﬁu—

:tﬁﬁcl;%,IAH617¢ftDch_

[DHC} } {H+][DHC]/Ka2 ES [H+]2[nnc1fxalxag

S -BchKal L
KalKaz/[H+] 3 Kal +. [H+]*
ADHCKaIKaZ ' &_

Lo -!—v-— ————————— e . . s B P __T'P-.

KalKa2 +_ﬂal[H+] + [H+12_

: KalKazf{E+] + Kal ) [H* 1;'3_ff;f ; ;-@}ﬁ <;::; w~”

e



. i..then’ AtDtal Bt fgy,__%yé;d” {equatlon 3 3 5}

,f;then, Atotal-_.;_,ge-_ ______ .+,é;_;_?;;___- (equatlan 3 3 6)

L : Page 18 8
- # ‘ . . AAHC ; ADAC
1 ) IH+]/I€al 1+ Kalf[ﬂ"']

1 A [H*]fKaz 1 + KaZf{H+]



N

1232 CKnmenféf:if

.J.?aéé 1§5 ;

Y,

";Qnerivatxon of Eqwztlon 4 3.1

SR

hror the *eactlon, AHC + L HC-L

[HC-L}

t];!enr Keq o F

[AHC]{L]

:since, [AHC]total-— [AHC] + [HC—L}
- a L [Hc—L]  ;_
V'_Keq{£AH61tota1 tHC-LJ} e PR

oy

. Keq[AHC1tota1£L1
-_[Hcﬂnz =i o

1.+ Keqtﬁi

. s

_'Det:thé'frédtion of:cbbihamide'preSent
: fractlon ~present as- HC-L be fHC-Lt and
. L“CD-L be- fL“CO—Lf_ -

Y

'_qowa  A= fAHcAAHc + fnc—LAﬁc-L

'-tAHCIAAac ﬁ [Hc-L1AHc-n

'[Aﬂc1t5£a1 v[5§9]tota1

1

.n:_ﬁ

EHC“L}BAHC o [HC-L]AHQ,L R

[EC-B]

as AHC be kaC? the
the fractlon.present as'

W

’-:;.. . "{’I .



-7

-

”31357;'*";5é;" X{ AAHC/Keq[L] + Aﬂc—n }

'tggg[AHCJtatal

-}a:Liiw Keq[AHCJtLJ

 ' ¥LAHc} + [HC-L]

Keq[L]

% Reql®)

-@*}:'__BAHCQ+ ﬂﬁc-pKquL;-

fff”ﬁerivatibnﬂof Equatiéﬁ;4-3}i'
= _-Far the simultaneous addltlon mpdel
'_can31derat10n 13, '

AHC + 2L_% L—Co-L

L 7f;l.then, [LrCo-Ll.' 

[AHC:[L}z
[AHC]

fBHC = -'—-.e---ii— ——————————— o
[AHC] + [L-Co—L]

o agC) + KethHCJtle

Tﬁé_--ﬁ--~~4e— % ( AEHC/KGQ[LI + AHC"L )

A= AﬂHCfAHC + AL-CO*qu-Co-L

N

i

‘the reaction under



. -o\{ . T . . ) = ,-——ﬁ—..n-.—-n——.. B - N . 0

1* N e e

1 + Keq(legjff]_;-g;[-'

;L CQ-—L] | e

R

SR

i

EI;-CE)"T:] ,/
".._..........._.-...-..n__..__._......__..;.;.--'. f/ ) 0 S
[L*CQ-L]/KEQ{le + (L—Co—L]@/

\\’

S '1 + 1/Kéq[L]2

S Aauc N A-L--co--L S
- *,'f:zy 1+ Keq[LIZ 1+ lfKequlz e

lfHowever, the assumptlon that Ly ~ [L]toﬁal is no longer
nedessarlly valld since a hlgh blndlng equllibfxum constant

means that saturatlon lS reached with Very low ccncentratlons -

| Bf. 1L§and._hn equatlon was Gerived to’ describe {L] and the

SQlutlons to »hls equatlon were then substltuted into equation ,5

4.3, %

now, LL]total = [LJ + ZEL-CO~L]

” ~.;t11 =_tL1t¢ta1-— 2£L—co~nl_

= [Dltotal - 2[AHClistalfrn-co-1

&
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[L— o-L]

' -”m% [thotal - Zihﬁcltctal xh——e-——=-A~—--—-¥*?53'-f{
B L {AHC} + [L-Co-nlg"g;;-f

2[AHC]tctalKeq[sz E
[L]total -.—1_,_ i , _._,

'[?thenr Kequ]3 * [Bl-— Keq[L] EL]total * {L]total R
- - Q[AHC}totalxeq[Lzz -»_*_~ L 51ﬂ&:'f”

| Keq[I']3 + tletztAﬂcltotalkeq = mtotalxeq) LR AR
ST {thotal = 0 :'_' _‘ﬁf?=é%t.*_ --.r- SR ;;Q;'li '

: .\: .

-=;Der1vation of Equatxnn 4. 3 3

:"For the sequentlal addltlon model, the xeactlons under

-consxderatlon are,

AHC + L HC-'I:
HC-L + L L-*CQFL

'{Hé~L][t1'~

:- Thls sltuatlon is analoqous to the deprotcnatlan of DAC, dealt
' w1th ln chapter 3 (equatlon 3 3 1},.;_



.Q tT?a§é i93:1lﬁ_ , .5  ;%ﬂ;7f "f_ﬂ?%;"'zz'”wﬁ.

(;"‘“z e

1 + K1[L] + KlKg[h}z Et + KZ[L] + l/Kl[L] N
r‘_iv:;-;__~ 2 AL_cg_L   -_. _ L "1235“_ij?¥-7
inoTu _-3+=_3 el mm—— f:_.. _(4i313)iy};-"~f'
”Vj;ﬂ~>fl(* 1 + l/Ker] + 1/K1K2[L]2 R T

  -Aga1n, the assumptzon that [L]-- [L]total 19 ng 1Qnger '

'= 3necessar11y Vallda An.equatlon was: dEIL@Qd to describe [L],

:and the solutlons tc this equatlon were then subatltuted 1nto
"_equatlon 4 3. 3. “ _';- }:~- 1; o : :

"ﬂaﬁow' [L]total =%+ IHC-L] & 2[L-co~L]

3uf{Li. *Lnitqtalg*.fsbfn}_f 21;ﬁ¢0f31~

E

[thotal "'[Aﬂclto¥a1(fﬂc-n + 2fL-Co—L)

. : " Kl[Ll : . .1  ;_' 2K1K2[L]2 : 5 ' e
 ch—L * ZfL-Co-L et e R e
| 1+ KitLl + K1K2[L]2 1+ Kl[L} + KIKQ[LJZ'

Kl[L] + 2K1K2[L]2

3-: %1._  . q + KI{L] . leziﬁlz | .;h_;.

o then, - fAHC]totalKIILl - [AHC}totallekerlz_

e TS (Lleota * e mae
o | R K1[Ll + K1K2[L12 '

.,,_._.

| '[L] +1K1[L]2 + Kle[L]3 [thotai + KltlltotalfL] ”
- zancﬂtgea1251K2lL3?_



. Derivation af Eqpation 4. 3 4

7_»§9{;é%i‘f,f [Co-L]
8, Reyp = fbmmmmmmies I

{The reactlon of 1nﬁbrest howevar Ls,

e Aﬂc + L Co—L

i.‘_r.j-' L
bl

s §5g¢=194_.

G i

[L13K1K2 + EL12(K1 ~ [ﬁltotalﬂle -'[AHC]tota13F1K2)
-+ ILI{I - [L]totalKI * [HHCItota1K13 - ILItotal = 9o

At anyrpﬁ the experlmental blndlng constant for the reactlon,

e

"H L e ,”:_:.3 ;-.ﬁ--535- ;W“?#f<g;.:iT
-f.kf'ﬁl"55¢L--17*---~?f”5_§”;mﬁgﬁf:}_;3"

: bbrxln + L Co-L

[L]totaltcorrlnltotal

2 ,, o h . ”

R [co-na . "-fn.:;= SEe T I
f'£9f Whigh K'—_"”"”'-fat high pH o o R

[L]{AHC]

[anJ[H+1 : ;' .1-. ﬂ e
. [AHL] _; :.:':._; o

:.gnq; [Corrln]total [DHC] + {AHC]

| Kaz[AﬁC1"'
';m m——— [AHC]
[H+]

= [BHC][I + Kazl[n*])
S Kexp([H ] + Kazj o
Thus, K = *“"---*-**f'ff'- {4“3 4)
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Page 195

-i12 3 cnnrmﬂn 5 -

=['Berivation of Equatzon 5.@.1._  .

_F:-'\'..-

_-fThe reactlon schem& below 1nd1cates all the passible forward
N jreact1ons that can cantrlbute to the valae of k'obar and hence S
_ -kIIObB Revarse reactions: have been. ignored for sxmpllclty, '-p 5*i§ _
:'.Both DAC and. AEC Ieac* Wlth a21de,, hough 1n the caseé of DAC a’ o
"secand aubstltution reactlon is posalble. Eowever, smnca.tha

“'ﬁjflrst substltution reactlon JS rate detarmlnzng,'a second

-" ;§hbst1tut1on w111 not contrlhute to the magnltude of kghsr

__"'and hence this pOSSlbllltY ls 1gnored in tha reactlnn scheme; ,;~'~'$
}'Both N3' and HN3 can coord;nate to DAC/BHCull ' -

5” HzO Co-N3 v£: 'H0—CQﬁN3j'   ;  -  7~ ‘YJ]_”
U Tt e
pnc*‘__aéé_ ~RHC.  g=2 - DHC

T R S
| HpO-Co-NaH  “HO-Co-Nzi . -
Now, d[Co~L]

| m=mmm=— = KfopglColiotalllltotal
oat v o

| énd} d[Co*L] R : . '
o ,ff*f"f'* kl[pAC}[Hﬂaj + kg{DAC][N3 ] + k3[AHC][HN3]
Lode k4[AHC]{N3 1 '



_ ichs1der1ng flrst the coblnamldes, and $Ead1ng allf” _
_L.gcancentratlons as equlllbIlum concentratlons,j_fi  i:  '

tase) [H+1 o Tomejiaty
1_;Kai,*p%f+ff-*f"__ and Koy = —--—---—-._"
BRI -2 A ,':”-}]_;f [BHC]

”  ;j§ig§éy;;§6i£$tg1_f [nnc] + {AHC] E{[DHC]

EDAC] + Kal[DAC}f[H+] + xalxazinnclltn+12  :?p ﬂ:

"'a_j[DAC](l ¥ Ka1/[H+3 * KalKaz/{H*lzl

s Ka1Ka2 ¥ Kal[H+] + [H+]z o

| KalKaZ * Kaliﬂ+l + [H+12

. R - _g5g"'L Kalxaz + Kal[H+] + [H*]2
_”_'ConSLderlnq the lzgand now, t.jm;'.xfh S

£N3“][H+1

Q Siﬁbe,' . _.[I'__-]tb‘tﬁ.-l = IN3-]"*'IH“N31 .

Y G

(N3} (1 + [¥1/Rp)

Th



nEa
Syt A4

£II}total '-'ﬁat :ff.'j:: f__:,_  fh°ﬁ§f:.;""

ﬁ”f:ﬁ;i_{i{n+115& f  T€;:_f;_3 1:Tgf;:j :;  ﬁ_ ¢ R

'7551m11arIY: f - IDlgotal . -
S [Hﬁg} é'éfﬁ;fff_ifé-”v... :wAf' __

. oA
i .

: | SRt FR o thotali"
'k'obs[CQ]total[L]total e '“““‘“"x - SR
SR o Kalxaz + Ka1[H+1 + [H+12 14+ Rz!{ﬂ*} o

g kBKaI{H+][C°]?ota1 | {L}total R
B i =X A

: KalKaz * Ka1{ﬁ+} +. [H+}2 1+ KL/[H*]'f

L k2[H+]2[c°]total . [thotal
’ -{- - - ‘, ——-—l—-—'—-—r—-x ﬂﬂﬂﬂﬂﬂﬂﬂ s

T . Hn .m:: :  :_.;.::i.j::_ﬁf'”; : KaIKaZ + Kal[H+] + [H*]Z 1 + [H+]/KL ?:

. k4Ka1{H+][C°3tota1 ---u{mzﬁaiai*';.
. _ﬂj + 'H-_--ﬂ ———————— '-.—'-'_——-“-"".-"'.X""f';':"""'_""":i'—.ﬁ-—. N
| KarFaz + KaillE'] ¢ [HN2 1% [EFI/R

(KalKaZ + Ka1EH+1 + rH+12a(1 + KL/[H+1l R
e kzrﬂ+12 I
Lk SRS - 'J-;;;ﬁ;,ﬁ-__.qﬁu' -
(Ka1Kaz + Kal[H+] + [n+12)(1 + ta+1/KL) Mf
k3Ka1[3+],

g __..' o s e o 4.__...'... _____ ————

(Kalkaz + Ka1[n+1 + tn+121(1 + KL/{H+1}

DT T . R Co Lok

L



' - 1 P§ge;;9§;

?Kaﬁaz + Ka;.w*l + tH*]*’-:cl + [H"']/KL)

o - s —=m -

R . )
firm-o B -

kl[H+]3 + k2{H+]2KL + kBKal[H+]2 + k4Ka1[H+}KL

B
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Derivatzan of EQuation 6 3
g S B Uy .
s fFor a U’machanlsm, equatlons 6 1 and 6 2 apply. If k_2 is
'J;smgnlflcant, then the observed rate constant, kobse is related

to the mlcrcscoplc rate constants by equat;on 6 3.:-,*“

"g_ kl T
M—Hzo = M +. Hgﬂ o _{ ~_ ,:;;,'{6;;)f
_._k..1 | -

M % L ¢=é M-  _i_” e {3 SRR

| k- S

then, d[M—L]
'fﬂjﬂééf = kz[MIELJ - k-ZIM'L]

_ﬁpplylng the steady state approx:matlon w1th r95pect to [M],
*then, d[M] ' :

'and, kl[M—HZO] + k-z[M~LJ = k_l[M] + kZEMl[LI S

: then, T kl[MrHQO] + k_ [M-L]

and, d[M-L] kokl[MrHQO][L] " kgk-z[M-L][L]
B et f-&rf“**-———————---*—fj*-f“—~~ - k_g[MrL]
ac o ke # kg[L] I

o R SRR+ ST




e

k2k1{M‘320][L1 + kzk-zrnrnltnzﬂ1i

“ k—l + szL] -

- k_gk- EM—L] --k2k_ [M-L][L] .

k-l +*k2[L] | %33 ﬁﬁp     ;';j.

kzkl[M—H20]EL1 - k 1k_2[MrL] e

! .- R - -.T—.

k_l * kg[L]

r.1

o ,T_Slnce there is no Bpectroscoplc eVLdence‘fer the ex;stence of o
=¥-free metal ions, : ' ' '

then, g ~ [M;Hzol b M]
and, . [M-L] = [M—H20]° - [M-HZO]

. ;

:'where [M"H2°]o is the" fotal ‘corrinoid aoncantratlon before fu |

_ additlon.of any llqand,

=,thus,_dpm—tj - kg]l[HFHZO][L] - k 1k_2[m-32010 + k-lk_z[MﬁHjQ}

.';ﬁ@———"h —h——-ﬂq—_ - —qu———q—f——-——n--—n-mu_ BT
e k_1 R T

__Uhder pseudo flrst order condltlons it follows that [L]T‘—;f ;

Ll _ . _ : -
where the subscrlpts have the same meanlng as above._“

Cay -

let kg' = kz[L]

_thus, d[M“L] kz’kl[M-Hzo] - k,lk_g[M-Hzﬁ]O +: kq1k_2{M-Hzﬁ]

e e B - ’ - —— i b ;i o e e P

'-; dt -" TR "'  ;k#1-¥_kz*.%

N
S
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o °7f (szkl % k-lk_g)[M-HQO] - k-lk-g{MrHZO]o o

k_l + kz e

:L fs1nce, [M] ~ 0

- them, d[M-L]. ~-diH-H201 e e

. ;Q-\ .' o
<;,

"-ﬁﬁhﬁse dtnrﬂzOJ (kz k1 + k-lk-z)tM—HzOJ “'kmik-z[M“Hzolo ;‘

'f““f

(kz'kl +- L_lk..z) (k-llil-z) }»
o mmm e [Mwﬁzol - f——f--e-é- [H’Hzolo
(k...]_ o+ k2 ) S ) (k 1 + kz ;J :
{M" 2010_: ' SRR :

S meemen = a“lln(ax + b) + L
'-._éax + h ' ”

'0:-_. X2 kg +kagkia o o
S , |[M-H201
ka'ky + kagkiy o kegkeg 1

w0l



o fﬁﬁs;*-* (kz'k1 * k-lk z)

Do et L i

 and, o {kz’kl * k—lk—z)

Page 202 -
S ? '?;.:

L  At Equilibrlum, kzklrm-ago]e[L] = k_Ik-z[M-L}e EE
- 8o, szkl{m-nzaze = k- 1k-g[M-H0]g —-k_lkhg[Mﬂﬂzﬂle -gj;;;

k_lk 2[m-32010 = Xy kj[M-H0]e + koyk- 2[M-Hy0Te -
) -? (kz’kl + kulk-zlfﬁ—ﬂzole -

kil_"'k2 S R |
c T leemoy

 1kéfk;;f k;lku)f :_

¢

... (k;1:+:k2f)"ﬂ 

f[Mean}_g_f;f“

  ;p5"Tu~-~——~a—-——--—([ﬁ~3201 - [H—Hgﬁ]e) :
(k-l * kp! ) |

Co R N
B PR
(kz’k1 + ko 1k-z)
:= - ———-n-————wvw—-— X t

{k—l + kz )

%. -  . -Tf‘ (EM‘HzO] bt [M“H20]e)

(k-l ¥ kz '>

s s . . - . . o -_ [M;ﬁ2Q]Jt?;;.¢
..5:  (kz’kl + k-lk_z)[n_ﬁzo].__(kzykl + k—lka)[M“HZO]e - i .



B .g",ii*7k;J¢;Pageuzéa

(kz'k1 + k-lk_2)

(kz'kl + k-lk-z>

‘j%tMerOJO - tM—HzOIe-} {k~1 kz 1

sJ.nc:a E [1.1-320]
| ':f [MﬁBgG]e
-.3 Ag" [M—Hzo] o

.Jci;; Bry ;. (szkl + k-lkﬁz) B ) ?.
Ly (%"‘Al) -. (k 1_ " kz }

'f'xorféih;f'gi}   * : )_' (kz’ki N k_lkhz)
: .i.;rnf—;“-f”= 939  f o e e 4 e v i v e e e X tq. j .
O R B ERE ,“_“-fr -
 which is the Squation for a first Ordertér¢¢éqF; “

‘.H | k1k2[L] + k-lk.z

:ﬁ | T .ik&b;_a._—_‘qﬁ-“—“"—hﬂwg | }.":.(Gfgl_.

S il e

| il‘l“'.'f"""'""""f—-‘ - .'-f. e o i e e e e e e X t 5. ) :_': . ) {/I ﬁr W



-now,\d[M—Lj

-UﬂdngPSéﬁdo'first_ordér_cénditioﬁé; B T

: ﬂ, fagé'2G4V5_:t'“

Derivation nf Equation 5 4 f'fh

For a D medhanmam, equatlons B. 1 and 5 2 apply. If k.g ls not : " ;
' slgnlflcant, then the observsd rate constant, kobs: xs related"j”j1_;

to the mlcrOScopla rate constants by equatlon ‘6., 4¢

N

kl | . 3‘; '\ . .- . I. ) - P .
n—ﬂpo \—é L Hzo RIS (7% § I

_ ._f7 sz s e e
MeDe=sM-n o T (6.2)
ke o SRR

R kéIMlELI
Y-

e Q

'-dt]f'

and, kl(n~ﬁzo] k_ {M] # kz[MIILI

-'then, fff; . kl[Mwﬂgal

k-1 + kztﬁl

| thus, d[u—n] . klkgfﬂeHZO][L]

=.  dt   f'}kfi"+1k2[L]] _

.// :

: R B

ApPlying the steady state aPDrOxlma.tJ.on Wlth respect tO {MI, . “
then d[H] A s o -



i Bl i e e T

_ 'd[n—L] o
SO —*ffﬁ‘;‘ kobs{M*HZO] PR SR

;;naniﬁaéion3¢fiaquat16n7é;7-'~ff};;';

__LETIthhe cage of an ID mechanlsm (eqﬁw;
-fﬂ'ohserved rate constant is. glveﬂ bY equatl°n 5 7 1f k~4 is S
B slgnlflcant.- T : ' ' SRR

now, '-*-[M-"H'z'o,m-} |

.

—
T e e
Dol T e
&

,ioﬁs 6 5 - 6 6)r the o

S K
' M—Hzo + L ¢=a

o : ?“””"k4"f’33}:” o

| { HzO-. M“'L } v??-; M-—'L-i- HjO : ('6.6}
; U keg P

HIzOun.MnofIt } (6-5} o

\5,;45._ oL

1*

{H—ng] [ L }

-Let {M-3201T [M-Hzcl + [M‘HQO I-]

[M—HzO L] :

l + K{L]

| thus, ﬁf'”l"* K[L][M&Hzﬁ]m

(0L = mmmomedemnen

S



[N . . - C

‘”'noW, d[M“L] _,-“-f': ".-“ﬁ*Wi,“c

A

I ST K[L1

but, eIl dtmrnzclT

. Pagezcﬁ' ; . \zu‘\ . : tj,

_._:;5}EA}~'= k4[M—H20,L}-— k_4[HrL] .
..-vffdt";"’ L . _.}’
: Kk4tM~5901TtL1 o

1 + Kle

_'”,Slnce there is no spectrosvople ev1dence for the exlstence of 7:g o
_. -__":Eree IEB cal ions, T R o _ e
'Tfjthen, My ~ {M-Hzoj + [M-L] |
f;fand; [MrL} [Mfﬂzo]o =~ [ *Hzﬁlm : : L
3-where [M-HQO]O is the tota; corrlnold cchcentratlun before .

l addltlon of any llgand,

80, :d[M-L] Kk4[M-H20]T[L]

o e e “emmen k4[M-H201° + k~4[H"5201T
(Kk4tL] + k-4 +k-4 tL}K)[MﬂEzOJT

- = ﬁ_.,....,‘--_—_-g--l_-------- - = - __,.,.__,1 - k_4 [M"HZO]O : A
- : 1 + KEL] . . o B

"i dt *i ”-.l dt:f
| [M=HOlp - e R R
R  d[MrH2Q]Q:} Z._ __: e :;_w

7fb.(Kk4[L1 * k-4 + k- 4[31x;__~" B
= ————— T [M—HgO]T k‘4[M—H20}0
{1 K{LI) 3




e A e e b et e i e e D

"_ﬁn == e agat e ——— k4[MrHQO]o

s thus, k4K[L1[u~HZO]e

L messex=alingax e by e o T L

£ (LRI
gl i K

o (Rkg[L] # Koy + Rg[LIK)

. ,f:-l o
"-w"“‘

(Kk4[L1 + k-4 + k_4[L]K][M—HZO]T -

S '“"‘._{ﬂinrnzﬁio |

_ﬁhgﬁ}yz(Kk4{njf+-kg4;+,k_4[LjKj}ff"£34

”‘5+i3tr+--*f' el 3. B
R (1'+ k[L}lF*" e

e .

(Kk4[L] 4 k_4 + k_4[L]K)[MrH20]T o _} [M-HzojT ',{ﬁ
= "_'""""“'—"'"“"'"-“f':' ----- "'""—" . - k4 [‘i"HZO] O . : = .
a.l S KLy S EM’HZDIO -

| At equliibrlum . k4K[L}[M~H201e

-_"'""""""-""."""'.'-‘:"'- ? k-4iﬁ-ﬂ3
o 1 + K{L] '

vommmmemmemaeess = ko 4[HPH2010 - k-4[M’H2°]e

‘(kgR[L] + kg + Rk_g[L])[M-Bp0lg = (kog + Kkog[L])[M-H0lo
P o R :

L
s




{;Eageyzoaf'

e i”then, (k4 + k~41K{L} + k-4f SRR

_ _._(.1 +_ I{[L]).'-

‘.~5

-'-_ - . IR —— .

'-f'ﬁ”s_ln ——mee 7#--- S

(k4 + k..&)K[L} *+' k 4 [M"HEO]T - [H-H201g ._. :
_.-' - -""".""'.!'— X 1:= 111 _--a-....-,-.-....__..._. ________ B
(1 + K[L]) e [M—Hgo]a ‘M—ﬁzole e

-"~;nce A o [M&HgO]
Ajoc [M-H20le. | T .
.aocx {H—HgO]o — ;.- B T T O

Lo _:_ 3_; Ay (k4 + k_4)K[L] * k_ &
1 - f ’_f_ 1n”-55-;7—f= — *"“’"""'"‘"'“”"ff' Xt

{ DR R _:'_'Ao_hrgl:__ (14 K[L]) L L
] L Since the reac.t:.on is under pseudo first. order condz.tlons, J.t :
e appears to be a s:l.mple exponent:.a.l process wh:l.ch a_s the e

'i L equat:.on for a *hrst orde:r: process.- B TPy B
f
{

”SO:Iﬁ;H*AIv.”f1i kg + k- 4)K[L1 + k-4
P - Scaends 331

. thus, e_f' (kg + k-4)K[L] + k-4
R K[L}) o
. k4K{L1

or, Kgpg = —=mm—==- + k_4.”-"”,=.“'5(617) i;ﬁﬁ”]"
' I £ +_K[L]_ T

Pk4K{L] * k-4 + n4;4[LJ)([n-nzg]T - fﬁfﬂzola) 'Lﬁ%ﬁ261¢;6.1-7ﬁﬁ”
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‘. Darivatinn of Equatxan 6. B “ :r':y;;;1j:”'

';:rage,zbg_‘;a '

K,

L UM-HpO 4+ L oe=2 { HpO...MeouL} o (6.5)

S : _-__41- ?k£ f ;f_":iﬂ '--"" .
o { H0viMainh } =2 M-L + H0 - (6.6)
LR o

L now, ﬂ~[ﬂkﬂzd?ﬁj5'

| ﬂ.[M;Hzol[Z]

[and, [M—Hg&}T = [M“Hzﬂl +- [M—Hzo L] 5 -
- [M~H20). + K[¥=Hz0][L] ;*f'ﬁ
([M-HZ01(L + K(T1) 8 T

lI

R

- them, - [¢~HZO}TG

R I ———
P I B {1

e b0 5]
- = Kk4[M-H20 L]{L]
'Kk4[M‘3201T[L]

_-G,'”f. 1o K{L]

Under pseudo fqu*qprder condztlons,' -

e

oL -

;Fw¢n the case ‘of an ID mechanlsm (equatlons 6. 5 - 6 6}, the
ohservad rate cbnstant is glvan hy equatlon 6. B 1f k.g lB j-f,a}z_f
:fflﬂSlgnlflcant, ' : Sl e e
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1
o
£

4

d[H"'L] _ : o PR .
___---~-*_“ kubs[Mfﬂzolm_;fﬁ [ R 5 I
ziﬂ.dt, : o j"lt:. -_fﬁ_ :  {*'L-.

5 R
| kq.KtI-] TS R
P kabs STTTTTeemo e e
N fﬁﬂ--ffi;'* :a f' 1 * K[L] ";;{57} ';j;-' _

Derivat;on of Equations 6 2 2

:hjj . ) _ i X S .
| Rearranglngcand anertlng eq atlon 5. 7 glVeg,ﬂjg_

kcbs — k 4 34K:L3;. k4K[LJ -    ' ;%

‘3

..:th”ffﬂ;.'f#..frf;;n+ +7   ._ :.-.7; fﬁ._u! _..;«6€2ﬂ2)- g
| kobs T kg KaKIED kg o a0

e T et e Lk e Bttt S Ayt et s et 3r

N -ﬁeri?ation of'zqnationg-s.z;a;*_ o _:} lu  o

L}

'(._';' : . e
e |

L S:Lmllarly, J.mrertlng equa.:t::Lon 6 8 glves v

1 Lo ‘K[L]

. obs _1_c4K.tL1 _-_k_:;K'-z'_'IgJ”

T etk kil it 8 el e L

LR, R

| | e e O R {0 §
 k¢bsf_ k4K[L] kg : SRR U

) berivatlon-of Eqnafionéf6.2,4”

| Multlplylng out equatxon 6 7 91Ves,

ksbs_+ kobsKILJ = k4K[LJ + k-4 * k-4K[L]

e
kl



ultlplylng out equatlon 5 8 glves,
: kobs
kobS-

* Xobs

o

I koba'f'k-

+

" wkebsK + kg

= "kobsK + (k4 + k—4)K

'ff Derivatxon of Eqnations 6 2 5

kubsK[L] = k4K[L}

K[L]('kobs + k4)

K[Il](-kcbs .+ k4 + k—4’

SR

ey

L ( 62 5)

"a?{;f : B
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13.3 HIGH PERFORMANCE/LIQUID CHROMATOGRAPEY

/VPage 212 E

13 abpENbIX ;rnﬂinzis{on EXPERiﬂENTAL~ﬂ?ASUREHEﬁm§ ¥”r: o

[_The pH of eelutrens was measured wrth a,Metrohm 605 lon/pH
" meter and . a Metrohm 6.0210. 100 micro comblnetlen glaee o

electrode Wlth NaCl 1nternal solutlon (to prevent '

::preclpltatlon of KClO4 in the porous junction) callbrated _
eagarnst etandard buffers, all malntalned at the approprrate
' 'temperature w1th a.Cchulatlng water bath. ”ﬂ co :

'_”_13 2 uv/v:s spmcmnopnowounwsn . . --7.'5 ;’ -

A Cary 2300 or a Cary 219 spectrephotometer with a
thermostatted cell holder (+ 0. 1°C) was: ﬂsed foxr

spectrophotometric work.

 High performance'liquid chromategraphy'was'performed“on a -

s_SpectraPhYSLGs 828800 termary gradlent syetem coupled ta a
_Llnear 2000 variable wavelength spectrophotometrrc detedtor
“and a Varlan 4290 integrator. Analytical work was performed

using a Brownlee TLaboratories 5 A Cl8 10 cm X 4.6 mm. columm

Semi-preparative work was performed using a Brownlee 'q:

Laboratories.zﬂ.mlcla ‘Aquapore 25 cm X 10 mm column.
13;4 STOPPED'FLOW_SPECTR6EHOEOMETRI-_

301entlfld SF-51 stopped flow spectrometer {cell pathlength
1.00 em) 1nterfaced through a DAS-50 A/D board; Wlth an

_IBM-type PC. The temperature. of ‘the eystem'was malntamne (F

0.1°C) wmth a crrculatlng Water bath.

'Stopped flew epectrophotometry was carried out uelng a Hl—Tech
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