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Abstract

Abstract

Exploring the Behaviour and Cataly
Deri ved DO3A Triamide derivat

Catalypt apmdvei || cqoatvintual troolserivre an i nc
of processes. Whil e the role of l ant hani

devel opment of -dolmolglee odiamtivaaidneiirrdge cat al y s

relatively understudied and includes varic
Chaplt eirntroduces | anthanide chemistry, C 0\
photophysics, definitions ofl net ali nigt ya a

descriptconmrehnt tbati al ytic uses.

Chap2t effocuses on the szaEwdy Tdf) Lecno.npp.lEE&3ehs
prototype system. These systems are show

hal ocarmkoxylsiubstrates, via a proposed ter.

Chap3t edretails the synthesis of DO3AM deri v,

of fluoride and carboxylic acids. A number
explored, and it was found that amide coup
comht hon of yield and synthetic flexibilit
Chapit efrocuses on | umineseedOB Alleas vedment s

compl exes synth,esamdkedon nt hceh alpitredi ng of f 1 u
gueslithe affinity of these complexes for e
dependent on the nature of the amide side
and influence solubility. Quanti ficati on

Dynzflaintd measur ement of | umi nescence | ifet
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compl exes whiaglgr egatiisan san d di spl ay sign

carboxylates and fluoride.

Chapbt eerxpl ores the use of these three canc
ofhal ocaralcady lsiucbstrat es  wNMRpefcl nwwassco@ yi on s
used to follow the course of fluorinati on.
to accelerate the rate of reaction relati-

practical fluorination using these met hod s

Chapét essummari ses and draws conclusions fro

with comments on potential future work.

Chapft edescri bes the experimental procedur e

results chepo-Bted2in

Thepandi x includes some spectr®scopic dat .
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Chaptlerlntroducti on

1. Gener al | ant hanide chemistry

Lanthanide (Ln) cheriagt ryposiesta fpireimd nemncet
and while initial study was sl ow, resear cl
into Sthattdinyi.tially there was difficulty a
i n their pure form, this prevented the ex
advent of modern separation techniques ex
became P dsei wise. of more sophisticated che
systems has made separation more facile, v
research into mdPTehiesf fseecptairvaet icohne liast osros .d i f
similar Fiogidod  raaadi ipr(ev aldoexncdeatfimm tshet e, (
them similar effecfriaeadnhehear velhgr gdsmi ( .

reactivity in%lbiological systems.
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Figdr&raph illustrating the changRe)imadAt arhiec ( Bl ac
l ant hani delsut(dtainurh)anwimt h i ncreasing atomic number .



Chapl er

Tlesi mi baritthy | anitthhanmendms seffi esi,dati on st at

d

S

t

P

erived fvabdbmnt kehoidsb iptaaritsi af tHdretuidtaasli 0 n
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ompari s @gnpatnabstétbes h® | | s, have a small radi
alence electrods ktdd i sel GakowerGaeall ectorreen di st
s down to the phenomenon knthwms as ftelte O
escribes the effect of fohlei palos, ell eadir D@
bservat idam dit baatn stité o/h met al s have compar
adifrhis poor shielding effect foednd atlrse ad
oes not have a profound effect on the re:
onicl!flhhdsudecreased ionic radiusf means t
rbitals wild.l not enablfeanefFegandeopbetahb
esul t sfiieml diegfafnelct s &n& Indile, omdeh boéwéeOOCIr
he associ at etneltiadg a o mplhecebde sSc d x|l edlx f or mat
overned by steric facti8Ahindathéedresthar!| alte
mall splitting val ceoorildeadtti ®na slphses ewaea Inl
o transition met dahe gloimgildehamand etrhneayt i @me | n

referencé¥heavbpsobuthononf orareant iboen salitne rseod

by desliiggnainndgs t ocgoetdidnapietcmf gpurepdeesse sf or

Modi fication of groups on the | igands in ¢
solubility, rigidity2and specific compl ex
1. Zoordination chemistry of | anthani

The coordinatioal ememt stdiyf fodr & hgegr dat !l y f

compl exes, mo st notably from transition m



Louis Lamont

splitting in | anthanide complexes | eads t
determining a cohmpl aixdd egsomeaeteray |y from t
driving force in trwahnsciht ittaenakmsegthdly oo mgmineg
compl ex geometries wi t h high barriers t
Therefore, while transition met al compl ex
46 coordinate geometries, | anthani de comp
fromo312, dependmastr @ainnt H Eo gue)ReRBhicmpand (
makes the conformations of | antémallde comyg

energetic differences between conformatior

_ — 6-
o)
[I\I]
R_Q0R "
/ \O\\ /// / - u Ce“"'---
O--_ W/ _-0 TN, B
TBA, Ou2=Cé= ] o 0 u
] //:\\\\\ ‘\/O
O//N\O/ O\ \\\O\N\ 2‘Bu tBu
N-0 O

Figdr.€ Structures of t et r eebruituyni(adnimt@nidu ngfjCek é ©Oan) t r a
( A=l -(B)r4Me &) r (g ht

Asaf or emerutei damedt,hed | ack of orbital overl a
|l igand and the met al is predominantly el e
overall directiond&fiitsy ciombi maiti omowdi fag.ct
the decreasing size of |l anthanide ions froc

| ant hani des favour h(iegdcrrdacmodotrtad)ien altaitoenr npurr
| ower <coor di(n8addrodd: maubibderrasl | , tthleartleant hani
relatively smahlilgehr cihnargiez ed emistiht vy , facil it

compl exes with a hiFhmcogr dd n sggtaimaen doundbse r
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which is the main ther modynamiwi hdarridvi ng f ¢
Lewis bases due Lewadihai ¢?°Tomenucheaorrddi nat i o
chemistry is therefore difficult to predi
Per i dalb Ice, | eading to an initial l ack of i

and devel opment of new chelators and macrt

amount of inffrest in this area.
1. 2Malcrocyclic chemistry of | anthani
Torender these complexes kinetically inert

must be used to achieve this and other de
entropic benefitanafstrhengc heedrggraene sdff ep h e
enabling favourabl e bi ndhingp rggeend astaito romn «afa
createcaadiatvipaus abot $bpedi higlch d amrt ehfaenri edrecse
f omaticnhg the size of t he eaemphpiyfwitende t he
sel ectcirvoiweytwhoerhsoup lanmgt dlhe, rel ease of st

upon c¢ o mpHieguar) @338 n
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with this utility leading to further
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This organic motif has become very valueoc
cyclen ring provide an ease of functional:/
the Iligand which all ows i*8&Madiofriacta toino nesf
range from sterically demanding groups t
demet altldahtei oinncl usi on of strongly absorbi
sensitisati o’ P&fl ylam@lclalrooxghat e macrocyl.i
researched heavily, with their complex var

bi omedical i m@§®ng modal ities.

o H,N__O o H,N
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DOTAMedé ooirher amodtidesig delivery as a | igar
compy®ethe potential for function(alllils)ati on
compl exes groWw'»fwWhipepulQlrA tlyased compl exe
overall negative charge, Ln(l1l1) DOTAM co
positive charge has seen their i nvestiga

chemistry including react4d4 no(aDtCafl’AyMb)i]s and

compl exes di spl ay similar p rcoopneprlteixeess , t o
however some of their physical properties
i nstead of acetate groups as | igands, | e ¢
stability of th&ksewatoapl @0axe,r swiotf h magagi t u

than the correspoRrnngppPOTAtcompltexedis,
compl exes display a Hioglgierienhéimes foerineaes
water molecul esO)bh&Eo[ DPOFAMDTA)BH i | e al so
having | ower rat e c ons €*amntds pfroort o d e naestsailsl

di ssoeht soooul d be due to the preformed c

affinity for | anthanide ions, as the hard
play an i mportant role based on the el ect
me t°a |

1. 2[.s2o0merism in Lanthanide compl exes

l somerism in DOTA, DOTAM and similar cyc
investigat eB°Tax spairstl vee | ypo ttehnet i al applica
reguwmigr particul ar conforErfFaitgmnhé,requbhirag l
f awdt er exchange to facilitate rapid water

SquaAn®irism (TSAMjthotimis TSAP form in exc
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Squ-An®iri sm (SAP) form, | i ghaanvdes s mest f ibee ¢
conformati onWadcpeaf bnerdecompl exes exi st i

(two pairs &ftchemghti omers) (

N N
N N
g Ring-flip g
.
=
N/\ % N
N N
N N
\/N Y \/
(AAAN) (86090)

Schelmet/@gy ing conormations

Aldycl enl ibgaasneddso obdaneor mat i onal freedom whe
Upon compl ex(atiibagn tomlay Ltme [3.3.323] conf
[ 3.3. 3. 3] denotes the four straight segme
N-C-C-N moi etises|l ypbadedrmdmrt PB&weéentsching bet wee
these two enantiomers requires an invers
Gi-hpi pThe pendant arms bearing t-he donor
substituted cycl en, nmuwe tad ssot erlilc | reeamu It shie
the nei ghboulrhiengcoanrcnesrt ed arrangement des
(cl ockwise) -0 oalwy@&@ yvdeiNh(eadnrtail angl e, gi vi

andf orms of ea$theme@Rhti dher (
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N N

o] o] o] o]
N N

N N
o] o] o] o)
\_,N N\/
A A
Sc helmepandmet al coordination modes.

These two confor matgy/oamada bcah)i/ q aiMigitty) gl € ment
macr ocycl-ar msndcdhpmbdienirede f our stereoi somer s
two pair of enantiomers and the remainin

(Sc h elme3

70,

7Yy

ol| | o

K ) (
N=N—/=N
o
A-SAP

Arm
Rotation j 3 \——\o l
—_— - L ""‘N\/EO
.“:/' I

Enantiomers (e}

Ring Ring
Inversion Inversion
o]

(o]

ﬂo—w\ <L O N O0 N
) |O ACJ\/’——/L R::;Ton /_ /j\ f (O ;
S AT LE0T A

T
_YO
Y

N

o NL,\<‘O
A-TSAP 0\8 % A-SAP
0

Schelme3 Il |l lustrations of the possible diastereoisom
macrocycle and pendant arms, along with the interc
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Conformational +$i&feecempéeafesDOFAal so aff e
of the Ln(l1l1) wuseda |-Rmfhl ep)yl favouannhbamt
l ater | ant hlawm(Idlels) )( Sfmgvaduni WPgx ¢ hangSAPy ge
DOTAOO3A decreenaesrepgsa ttthaee m r ot ati on, meani n
the NMR timescale this i nt eprecaoknsv ewistihoinn itsh

NMR spe¢Eu@il ) chemizald®ppmi, f A3AP TSAP

2 @prhf .ot

1. 3hermodynamic vs kinetic stabil it}
When referring to the stability of compl
stability is enough tsd ajpu et iffoy whet hess oa@ i ¢
in smppbicaFoongse in solution, this defini
met al compl exes exhibit very high ther moc
comp l®Wwheisl.ecahpesatransition met al compl exes
ki neti,yldahkitleidt y ant hani de compl exes all h
rat¥®s.new definition for stability must be
lability &gud#dedidahebdei nsedhienon ede sscorlivbaet i o1
sphéd@hesmpertant for | ant hamakdeddomglnegx odp

the rate apfi dkchwgnge

,,178 9 ,,109 8
Equatli.dgui |l i bria detail Xwigt h h¥ateg sas caomgpd eoxfe dl il gaannt dh &
centik®, (with equilibrium d&fined by equilibrium co
1. 3Thiter modynamic stability

The thermodynamic stabiilmpgor toathoceéed ebsuett ¢ o mp

describe the full picture of the compl ex

10
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defined as the stability consKw)nt wint m con
the value detailing a | igarEqqsuaafifj&@hni ty for
L 0€0
DE D VLE v
DED

Equatli. o mpl ex formation bet wek)n, adildnd(tlalill)i nigon hend
af firnint((y 1df) for a given |igand.

Kihnal one gdgoesidetthe fulKohmpercttiuares tthe rvall a
acti viti elsnaogfaicndsnpriicerxeAe hi gKvivad iueatods t hat
Lbinds more strongl y ntatbd n ntgh efoprpleaedii ®mwgsn | i g
strength of Qufamern ¢ mtchad i pheawhodynami c sel
bet ween metal spopessi beeng the &uwfference

val Egs a¢li)8h

qd oKy n/ /P OKgni gl OKmL

Equatli. Rnogarithmic operation definihgl )X heomodynn ami
comparison to another met al ion (M). Positive val
indicating a preference for M.

With the sequential difference between | an
i nterest . With these methods of guanti fic
refer to the energy change that occurs in

feeener ggEqohéangle (

YO YO 4¥YY 24D1

Equatli. @ bbs free @gehengyachangei ong®f atnlde eert thrad py c
chanmille dr of the e&uil i brium constant (

A negatiwewoevaldei odli cate a stable compl ex

unstable compl ex. However, this does not

11
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i s reacti on. Anot her definition i s need

plored ahd®% nterpreted.

wever, despite the appeal of using affi
mpl ex, it needs to be borne in mind tha
ui l i bri a. As such, the central tenet of
unilum can be established between free ar
ere polydentate macrocyclic |ligands are
nor mal experi ment al ti mescal e. Furtherr
tabl i shed,i Itihte lodw maaanly | ant hani de salts

it vhado can remove metals from the mixt
bility can constitute a reall probl em,
phrogenic systemisc deimbnesirat ediSFpr Gd(I
ents in renalfBytihmexitrednepatiildmutst r at e t

nsidering kinetic rather thermodynamic s

3Ki2Zneti c stability
il e thermodynamic stability details the
the resulting complex, kinetic stabilii:t

gand substitution, spec?Thec atldrymst h&el ashpiel

d 6inertdé are used to describe I igand e
owly respectively. In | abile cb6mpl exes
il e in inert compl exes, even I f they ar e
action is so |low that substitution wil!/

nditiomabdpd used (

12
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'Val taeken from the d¥V&rages of

TableComparison of the thermodynamic and
[ Eu. D@QNA] [ Eu.>FOTgAM) & Whies et he
of spont aneokusatdei sosfo cdii astsioccn,at i on
of protonation at wvarying pH.

kiH at k[H at
Compl exK( M ko, *'s ki, st 7 1
[ Eu. DO 18636 <5 [ 1 5 1% 1 5 T131¢ 5 171
[ Eu. DO 5 5 5 5
3+# 19637 1.5 7] 5.6 7l 5.6 1F 5.6 8

reference

Nalues taken“from reference.
- a2 s — 3+
(@) H2N
0.0 7 O
o, N/ g, N5
\\\ \‘ ,,\ \\\ ‘I‘ /;,\
=) )
VP W e,
;\ AN @) /E\ S @)
S I HNT YO N=(
0 NH>

Fi gdr &hemi cal

Thermodynamic and kinetic stability are
necessary to describe them using separate
to one another , Tt P hey often differ (
Table2 Detailing thethbambdydhkitmaectlisacr?bisettanbeielni t y.

Lamont

kinetic

assoicrkhpesi bhecobpaséant
kbff f Mmosotheoranat e

structluetmnaf [ [ERET.DHGRAM]

Ther modynamic Kinetic

Definition The tendency The speciatic
equilibrium c¢c in solution.
Quanti fiable |[Equilibrium c¢c Rate of disso

Classificatio

Wh at

Therefor e, i

t

hi

S

t abl

n

e

a

shows

set of
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solution, such as that of the | anthanides,
i mportance if they are to be functionali se
1. Photophysics of | anthanides

The | anthanddesdat woththhsiumtpai(raldl ellaercttiraomisd e
covered i n +t3hiesacthh eesxihs barte t heir own <char a
emi ssion spectra, arising from the speci

mani f d¥ids todft d&.nt hani des may o6l uminesced i
fluoregscenc®, (lifet'sneavnddethosaspihddroescence
lifetimes rélamgds ibhat wveendi h@ti on these two
|l anthanide | uminescence, with the wvast ma

change®% n spin.

Due to the |l arge number ofStimamri d ot at, e s

absorption and emission spectr-al shlow mor
met&Wst h the associated difference in wa
energetic gaps between these electronic n

(Fi gar)&? 83

14
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Gd Tb Dy Ho Er Tm Yb
40- = y Bl T
351 - =" ls
{ Pr Nd Sm Eu = _ — P :
30 P = — =— 130
' _= ==a=T, '
. 251 = T Dy o — 125
| = —= —2 === — '
O 204 P, == e D, P - — 4 20
B o] = ey 'S, “Su '
~ 1564 ", = G D o, 115
w . Sa— e e d
T g o J— i — ]
10' F_“. Fyy — == — i 10
6] =—m — — — = /A, 15
0 — e — O ——— — | — | — — o— & 0
3H4 ‘IBIZ 6H.‘)l2 7F0| 5872 FG GH15/2 '8 I1542 3H6 F712 "
FigdrFarti alled@lagggms for the | anthanide aquo ions.

(r9d and fundaongunet alakleavéd*oam( reference.

Some of the transiarieom® emietdhiny plem@leinis) tii onr
The form/ shape and intensity of these tra
coordination environment, maki ng interpr
determining changl@sPheaets et lag eL rs(elnlisli )t i ocveen tt roe .e
such as pH, local site symmetry, temperatu
on naiteur e of t he &BAwhlialteo rs eivne rgaule setxipdnm)n.at i c

proposed for this the mesttdiadd ssfauldy n@ma

coupling mechanism where the intensity of
from the induced electric dipoles in the
moment of the met al i on. Thus, meaning th

6electric®fhrmduglpot Ris$®.research these hype
been exploited as a spectroscopic probe t ¢

| anthanides with damba$®ortment of |igands

15
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Tablel3el ected hypersensitive transitions of the L
emi ssion spectra.*

Ln(l1l1l) Transition Approx. Wayv
Sm 411, 9F3 Y2%Hs ) 2 1560
“Gs /Y2®Hs / 2 560
Eu D2Y Fo 465
D1Y "F1 535
SDoY "F2 613
Gd %P5 /,5Ps Y2857/ 2 308
Dy ®F1 1Y PH1s/ 2 1300
‘Gr1/Ms5YFHis 2 427
Ho 3HeY Olg 361
5GeY °lg 45 2

*The highl i gshteexds etnrsainvseiltyi osnt udi ed in t hi

1. 4Sell ection rul es

Thfdt ransi ti on gT alkelt girlee dy oavleawned by t he Lapc
rule which states that for an el ectronic t

the final and i né®tBilUal tpoa rattfiess| bmydste nc maarnt gue .e

these transitions, arising from there bein
| ow absorption coefficients and hence | ow
the electromdgrmet ilcongpdatmiumm.scence | ifet.
arise from this al so, with | owervedansit.i

excitetThitat makes t-thaet euds evesfalitneeche t ec hni g
particul arly advantageabhe, dailsliowi ngi gaapa
background ,tfhlruoourgehs ctehnec euse of a del ay ti me

pul®$e.

16
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1. 41."2di r ect and Direct excitation

To circumvent the | ow probability of dire
6Gant enbneaedbn heaxst e A8 Avehyomephdore is appended
ion by |l igatiormritga®teheSumettaadi Icietnyt rcef (t hi s

determined by the degree of overl ap and
f-or bi®fTdhlis. occurs via the chromophore abso

excited singilmrghtetrastyst esmmnderoogsi ng to form

energy transfers to the | ant h%¥nWhdiel eusi ng
direct chromophore singlet to | anthanide ¢
it is not the predominant pathway.

—

s : '

§1 : 5D, |

NN T : .

kisc % ! !

—_— JV\!\N\-»I '

: °Dg |

Ker | !

Relative ! ,

Energy ! :

I 1

kﬂuurescence kphospharescencei E

: i

: Fe |

l 7Fs 4

:" 7F4:

: 7|:3:

A | 7|:2:

— Y e

Y So : LR

Ligand B E
Figdr8i.mplified Jablonski diagram for a Eu(Il1l1l) co

associ atedltercdmintiiconsr.amsigteiniomwe shtiigghalitiegdhttleedds e(n s i v e
t hevsiias di recltSGknt eansy &tfTe ne ncerrogsys itmga;nsf er .
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These | uminescing moieties ofgremwpsecessit
groups deemed undesirable for the purpos
excitation only possible-Z)backnef camplekack
chromonphessesreaues 4o direct excitation of
l umi nescence mevagdhr emedThhiesr étfdhdkeessi, s due t o a
signal strength due to the inefficiency o
hi gher concentrations of Ln(Il11) dompl ex n
t he purmgod uminescence Eu(l Il 1) and Tb((l11)
high quantum yields and dg3% 8Athteabel et hwei si b
guant um)ys etlilde (rati o of absorbed ftodg emitte
systems in which a single photon is emitte
1. 4QuWenching

Quenching of |l anthanide excit!dtMost ates ¢
apparent i's luminescence by emission of i
process which predominates when small mo |
sphere, Hy poirld aN b y d O, fraxcdil dattiavee eamer gy | o
quenchimigt ¢ h®fshtdast ei.s anot her reason to enc
polydentate |igands, to hi h‘®Oersetrivatd pmr od c
the deactivation processes can al so provi
t hese deactivation procddhrepecifatritdrer ofi nt
complex under incasnt bgEgiamme)di' $°1 ut i on

18
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Equatli. ®ver all deactivits omermrsdley cpmepgamtti o(n al t o
l'ifetime) repreadniedamtcdddhdm) swatnesft amtagd.i aNaorv e
rate constants beikg), tphoteredfcedtb i(@Raents)f adrn d(
other mindr)processes (

The hydratg odesaoambbes(the number of sol ver
ions first c ocoarldciunl aatti eodn wusspihnegr et he modi fi e

(Equ atli)dh®

Equatli. @odi fi ed Horrocgis d@dqeathiyadm,atwher @mumber, A is

constant detailing t hHvisbernosniitci vg ueyn cohfi nega c hB Lrne ptroe s
sources of quesnpghtéeémeg. in the outer
Whil e originally only made to measure hyd]

modi fiedelby@ParikndelOddaie ut er at ed met hanol (

The equation -Dascaanels| atthoarts have a negl i gi
vi brational rel axation. TherEegfuoartei.,.ont hi s e
and in combination wi tTha bd 8B uesanf ccral fcaud tad re:
hydration number for a range of Ln(Il11) cc

TableBarameters fomgfdet BEuml hbggur epmpBEerxnés, the numbe
OH oscill at @dosy ppreeseant asntddhe numbert®f amide oscil

Lant haiSolverA (ms B (ms)*
Eu(lll water 1.2 0. 25 »ut+t0 .044pd(+5
Me OH 2. 4 0.125 ok+ 00 44D

* A =spheeree contribution, B = outer sphe
series of compheEkyesHtaopmkrfyosstnal structur e

19
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g1 P P
zZ

Z
Equatli.@n mpl i fied Horr ockasl ceuguaattiioonn oafl | toywd magt i on n
observed Iifetime data.

This equation gives good results for compl
mol ecd%fiessar any i nteger, due to A and B bei
previous crys\Yarlil aofgirheey3ilidod sd athac.e ar e ampl i
t @ htehr esupgahc e depfengdea(myAi ®Myri |l e the number
assumptions and inherent errors means this
systems the purposes of this thesis and

complexes it reMailth®s regularly used.

1. ParamadNM&Rt spectroscopy

NMR spectirsosocnoepyo f t he most wi dely used
providing highly accurate information on
environments wi th¥F oat oenxitce nrdeesdo Isuttrivocnt.ur al i
nucl ear Overhauser effect (NOEYThe one of
Over haudalrsefkK@gwmmmas nwsxctltecanr spobharbbser v
change in the i ntNeMRr astpeedc rierstoenmagnigtey wohfe na nt |
sampl e is irradi atreedg uweintchy ac osrpreecsipfoincd irnagd ito
spect rroesscoofpafinicee .observed change in resonan
di stance from the splet¢hiscobseteatbenngfirt
i nteractions wi t hin a mo | cdetud remi nlad d aoln  eor
i nternucl ear distances. This effect becom
containing!pUnrpeamagemdetesl.ectron spins have

magnetic moments, roughly 6%%leetaisnee soft hat

20
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detection and abiahgeystougenejatferndfno ntghaet i C
paramagnetic centr e, made this the key m

proteins and*bi omol ecul es.

Al I (ILinb,iws t h t he e Ilceipd(ilglnrppat amagneti c due
the presence of unpairedTakeecntensctnobhhe
unpaired electrons with NMR active nucl ei
has been referred to as the Lanthanide I nd
these spins can causelu)d abbgteanthieanli clad o s dhe riit
resonances is also possible, MaKWMRg the i
i mMmpossiddei ndguei mpossi ble to resolve in col
nucli'&in. comparison to paramagnetic transi:t
result in shifted NMR spectra. I n transit
orbital overl ap bet ween mdtealdsand Iciogmpn de,x
wi th paramagnetic el ectron wintfh glbmat i on
compl,édxest o the mini mal coval ency invol vect
persists upoMakcionagpi px bt oon of the LI S a
structur ad4® e ci amii oaml. shift okspaceed i s
or t Rbroonudg hh nt eractions, resulting in the e
into two parts. These two(tplhrwagdd)eiagd t he

the psudeoconispatEguhitfiyBni tH°r ough
ULt 5O+ Up ¢

Equatli. B8heomponents the | adti)haansi dae cionndbuicneadt isohni fotf (t
contactong hi(dw tainan t he pseadtorci@pa.taican shi ft
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1. 5F elr mi cont act shift

The contact shi ft arises from the interac
spin fronmbdshad hiatnalde, t hrough bonds, to tF

nucl'éfilse magnitude of this shift depends

number and | ength of separating bonds, the
spatial orientatiaffofttaaesibtoinars metdalnuacd
ef fect i's very pronounced Jdihe taxt ehsi \he g
overl ap betmeadli sr brtaalsmi ssion is the mos
predomi nant mechani sm. Due to the emphas
i nteraction, in | anthanide compl exes this

to the poor r aodribaitlthaelxst minni mdl tdhev alfency.

1. 5Ps2eudocontact shift

The predominant effect on the NMR of par ai
from the psékhdesmpgiictea etrla®Ehniiooneffeotmeari ses
interaction of the unpaired el ectfron spins
the observed nuclei. This dipolar i nter a
di st ances, their independence from bonds

interpretabl e infor maEdqwat-Tif.corp1s3pbt*i al det ¢

# A cAT O p" OE[IAT ¢t
1 o4 o o
Equatli. @®seudocontact GBhitfd tclmentah émitdaln ghi ft i s qu
as a combinaticomoradf i@ hlesgprhea li ecaarl potshhec®ohdi nat es
magneton, apa&r ametoamds order | igand field parameters

polarisabiltiy where n 3 0gua2n)tEigfiniadldt fitken Bl eaney con

22
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# C** p ¢*p ¢* obysa

Equatli.dB0 .eaney (onasst aantr e¢(sul t g)o.f 3\]44h|telarLras1dr®arericrtg)r (
the Bl eaney constant as unigqgue to each Ln ion.

The values gained from this equation can
di stribution around the <central met al i O
magni tude at points around the ion. Whi |
cal cul at i mmtsi, ontsheib msereegnutaittussa f omi i n dept

st dfyhe main assumption is thatkTthetl i ganoc

there are an increasing numberkTofThdaesmpl ex
i nvalBguwuateis@®n it relies upon a well i sol at
overall splittinunofathei gkdmEldleanu bt h @ ivem

temperaturekTitshexcalededofoy t hien I magraywd fi
compl ex ekEsq,uawli.G®m predicted trends being i
i sostructural damifWhminli@et iosnpt BrOry provi
guides | imitations make it unreliabl e for
degrees of symmetry and compl et . &lhy si naccur
rough idea is ygemewlhat mosef uln depth anal y:

di stribution around the | anthanide i on, m

1. Magnetic anisotropy

I n Bl eaneayn,d Lvaannd ®VI| ec k 6 s approxi mati ons
paramagneti sm, -mmeanntyi oonfe dt hhel neabtoavte ons cont i
theories inaccurate f d%° Tahdepsle ctah d mrni etso alsns
i ndependence of notable | igand field spl

extensively that-nagl ibgihthdy elairga n c efsiee Indb ns p |
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be quite ¢talgel’n® ~-MbBO0 cases the | igand fi
smal | eiftf edcote s tyseti Oi s anbsitbautteiso naroofund t he | &

centheas fecting the popul ateita'fdloif t itehlelsye s

foll oweadtB3glelnoenrgat ed pictorial representat
mstates f@uustheesowkesthe Ln(l11) free ion:
Ce(ll) Pr(ll) Nd(Ill) Pm(lll)  Sm(ll) Eu(Ill) Gd(Il)
4f 1 4f 2 4f 3 4f ¢ 4f 5 4f° 4f 7
Tb(lll) Dy(IlIl) Ho(lll) Er(Ill) Tm(lll) Yb(lIl) Lu(lln)
4f ® 4f © 4f 10 4f 1 4f 2 4f 13 4f ¢

Fi gdrBi.ctori al represent asitoan s dfo3ﬂmﬂ$malt¢me/\mtfstam@up
fredllUn( ions. Showing the prevalentéeffiomr cebltatie (p
ions and prolate (aligmieghwTiadlken hfefr3édnmagmefteé ce ras.y a

Additionally the tlheinggalatgep muasti dre afc cloa
with the ordering of these states affect e
coordination environments ousrnt adMamwy rel at i v
factors can affect the =exact ani sotropy
environment, doh’®f geteatt é mpomratamrce. for t
ani sotropic change on the binding of ani ol

to cause great change in thkeigdrsga@i buti on
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#ooH @
LN P 1 1<
' el s
i L R=H, R'=Me
() — R=R'=Me
(Al — R=H, R'=Bn
WA — R=H, R'=C;H,0Me
5 R=H, R'=CH,NO,
- ReH, R'=CH,F
X
1] \ ¥ 1 1
With
Fluoride
~1 - Without
Fluoride

erved n

Fi gdr&R@presentation of variation in obs
the pres:

t he
complexes based on a DOTAM framewor k, i n
refetince.

Anion binding causing Joocaln wdad metmeasf i el ©

the 1 mportance | veQ@lenmagn etpi cnefw edvde ntuae s
det et*Tihdars. al so shows the i mportance of t|
splitting mant altee r mMPmewnigousl y this was bel
the Iligand, only depending on the Ln(1l11)
the | ilt%loweuee, while this does work f
observations, it does not fit with a growi

With this being proven to not apply to iso
serious | imitathiomnsoiinhiemédihst weomphs tfurt
i nvestigation into the field of anion reca
the anisotropic distribution around a Ln(

wi dely regarded as one of the best met hod:c
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1. CTatalysis at |l anthanide centres

Lant hanides have seen grwiatth uttwd igryeJv aal d rmte
being catalytic cr ack®Tnhg sanhdasp eptrroompetuend rf
researacdht eirmtacd i vewmet dodlseypyfr asmge from bei
to the minority complog@ie i vat dhleystas al gsg s
oxides to complex organomettlddiircg ,capdlhl & h

of stereoselectivity.

There are several reactions that can be
primarilintgtk®@norrdati ve.Cabi uimtycaoboglel &aWVegs
seen wide use a,gorsmmonkge vseurpyp rsemsaslalntisant hani
and catalysing the oxidation dbhescombasdi c
chambFegdagtpltanthani de oxides act to suppo

used in these reactions, particularly to i

(_»Oxygen vacancy < : O Oyrcuncy

Fi gdt&#€Conversion sfy C@riimat oxG@e | attic®®oxygen, fi

Ot her catalysts seek to make use of the wun
ions. Their indlikei snriunst pesev sifthtbbet uses.
catalysts such as zleahti h&asi dcas adruani cog e d i

structures to stabilise them against the
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these structures prevents their t her mal (
cat alFy gtld P ( Mo s t exhaust catal ysts use ¢
l anthanides formnaal eomseat isalr ugdutr egf t hey
prevent degradati on -aolfunmiingah tsou rlfoaw es uarrfeaac eg
al umi na. While these compounds work wel/l

cannot be said to crealtye. any of their proc

QO Oxygen
Ni and Fe
o O Desorption O La
Bulk % % O Oxygen vacancies
o Surface

v__

Re-oxidationC > Vacancies
formation

g O Supply

Figdt2Hypot hesi sed oxygen transition &Fy®kl e during
catalyst, fidtre from reference.

Lanthanides have al sooxiheensyastleeg. pdeveiao
compl exes that can catalyse specific react
LARC orH Lbnonds has seen much interest. This
hi ghly acoomovgecenaods hpol ymeri sati on cataly
appli cThé¢ naoge. si ze, coor diimetcitam nmd mikter iand
i s madef aucsiel mafay i dgf ferent FYEhewamen geome
achddve to the | ow energy barrier to conf

| ant heoi des as a template for catalytic r
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reactions vary greatly from @odr dsiomeet i on
catalysts bei(ggdiRrebsaselcompiave son to ot |
| anthanides have several desirable qualit:i
use of agqueous media as a solvent in these
solvents which other dLerwagsuiaci,dinakd aatga | Lyn

catalysts an attractive op4?ildh as they ar e

o}
Sc(OTf); (10% mol) 0
/
O‘ @ THF:H,0 (9:1)
o}

OTMS O

OMe o Eu(fod)s o

MeO HJ\/\Ph CH,Cl,, RT, 48h MeO Zph
84%

fod= F N

o [YbCl3(S-Pripybox),](5 mol %) OH
.+ MegsicN Ph/k,,H
CN

Ph™ H MeCN, 0 °C, 90 min

Fi gdt8i gure depicting | amb:pahle acetsi onn ookd ttred o/tt H acg wior
cyclopentadiene i n-Aladesrt ereacteil @cti me aBuelbs s me d i
ref etidnhcded.] €y c | o addditneotdht oxifys ill,y3l oxybut adi ene to ci
catalysed by Lewios carceiadtiec kEauwafiond,) 'r®ot ¢ atmed fr om
Enantioselective silylcyanast®epny bapfx ) arl edcerheyadteesd cfartoan
refet®nce.

The current generation of stereoselective
defined coorTthiimsatairoena sipshecroent i nuing to exp
thus necessitating new motifs wupon which
modi fivdaat itdhre f our ni t,r ocgyecnl egmr obuapsse do nd @ rhiev a

al ways been of i nterest. T heetf iwahbot not abl
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demonstrated that a chiral | anthani de con
preference upon t he out come of t he Hen

(Fi grdpt4s

HN OH,
=0
s H i) 10 mol % [Yb(H,0),L13*
N i /N H,O/MeOH (4:1) 20 °C OH
0--L-- Y- oH 0
/L [ S o 2 )J\co o CH3NO, LCO,Me
Ph” N i 2ha iijMel/NaHCO;, DMF O,N
o= % yi
NH 96 % yield

59 % ee (R)

(RRR)-[Yb(H,0),L]**

Figdrdd Henry reaction between simple pyruvate sal't
give a single major pridduct, recreated from refere

Thebility to alter the spread of enanti ol
desirabl e and has prompted further resea

enantioselectivitycdlkky cyameesn fraset emaeanr ¢

aft*’which involves the synthesis of new he
mul tiple binding modes. Modi fication of t
change the stereochemical preferences of

(Fi g 548

Fi gdr54d Chemi cal structure of-bapebdyalmi gamad | ynoatribfo x
stereoselective catalysis ofgrabgoli deeatctionisnfl m
stereoselectivityl!® ecreated from reference.
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Through furtbaerhlypoehrech sMeli a stereosel ect

to rationalise their observations, showi n

preferamtdof oreactHiogdr6do. proceed (

Ph

7 "0Si(CHy)s

CH,
Fi gur6dPr oposed general transition state for the as
pol yami nopobwpsesadboexuyrlogptieum compl exes i mparting a

Reproduced ft8%om reference.

Despite the degree ,thesféeetdselfettaintihayni da
compl exes in catalysis i s a burgeoning (
enantiomeric preference on reaction out pu
chemical fields, this areai wel haicrodht s nue

thesi s.

The oirmparndce arfa drooactyadl ryeslivsi ng L me(vlildleynnti ons
work done ey “aNoircd i | sat speampl ek i n RNA

cl eaFagerye. 1. 17
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3+

Ln=La, Eu, Gd, Tb, Lu

Fi gdr &€hemical Eh¢uttyureoonfaining “8dmplex for RNA ¢

With this complex working to increase the
Ln(111) comphbEkTeAmmnother heamdenbmpéeet ebwn
I nacatnidseemc batdi ons. Once amacnocybdi es smosws

designed for specific purpotsiesse tfoorr eqzgecai
reac,t iwintsh the main purpose being to preve

once in solution

1.8i m and Scope

The aim of this thesis is to create a ser.i
Ln. DO3A and Ln. DO3AM ndeafifvartti viee catal yse
hadar boxyl i c aci ¢ ode rmawmateirvy e swiitrh anoreg e to

the ease of selective fluorination of bi or

Chap2t eerxpl ores the use of kinetically iner
Chapter details the synthesis of these <co
i nteractions with guest anions (fluoride a

After quantification of the respective bi
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these complexes with regahrad otcaratchwdg it 1 cat i
der i viag iivrewsesti gated. Coul ombic | aws of at
cationic hosts for the reaction of anionic
serve as prototype systems for the Ln.p.DC

t hesi s.

Chap3t edretails the synthetic considerations
Ln. p. DO3AM der i vaadivdecsls abidemsasr.i nign atnhienochope t
novel |l igand desi gn, compl exes with more
t hrougihon nafl usmi no aci ds appended gtha a cen
di fferent Ln.p. DO3AM dérfie@edtliiwes ,bacatde gppar i
aci ds used (proline, l ysi ne, phenyl al ani

characterised.

Chapidt erccounts for the speciation of the L
i Bhap3 Emivaachi eved through obser watni on of |
the addition of anioni cThgiusesiisi efxipludoreadiye -
state l umi nesseinced phommepmoasscemert anfd
|l umi nescence | ifetimes. To prolbe OHhe compl

and aqueous medi a.

Chapbt estudi es the catalytic behaviour of 1
addition to a suitable set wdl ddarolraxyaltii®

acid substrates.
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Chapl er

Chap2erExploring the cataly
p. DO3A compl exes

2. Aim and scope

The aim of this chapter is to fluorinate
catalytic capacity, as a proof of concept
compl exes as homogenous catall¥fsisa. swiebttrt
bi omol ecules containing haloacids, openi ni
the field of medi @alsi t magi ergni s@EPai ftioenalglr
i maging in which radi®%ThBmeddtienrg iimsi tai a&lilgy i
the synthesis and characterisation of thes
solution phase interactions with suitable
with the informati oymFaitiére pLma pe DOBSA 5yist g
obser veChaipn etrhiws Il confirm previous obser"
of a change in Ln(l1l1l) identity, and act a

derivati vesChiampvedStsi gdat ed i n

2. 2n.p. DO3A a prototype system

Propargyl DO3A was the first |l igand to b
synthesised extensively in the I|literature
l igand, the subject df°THewvesopamagylongi auf
selected due to the synthetic ease of add
Faul knett E®mrouph.e purposes of this thesis t

saturate tge ofuurotnh pehmivieenngng unWanted si
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The presencephfertews oil vmegrn ng mol ecul es i n

( DO3A basedwicflodrpd lelxieast) i, n g-anfd brmodreont at e ani
for recognition at the et atirfee@intaei omMhi s
bi nding, an equatori al position as oppose
most often exploitédThns MByuabatrabktbihgen
has a much greater binding ®Mhrndérgtthet mamn atl
bi nding guests will be in fast exchange, w
contrast talgene quatAgr,i ally binding guests

(Fi g@r)4’

Fig@r8tructure of Ln.p. DO®BAmwi ebutws coaomndi aatahghb
(red and equatorblagd.e binding mode (

Lumi nescence methbperi emaerytdsadwiariohdvedodt i gati ng
the nature of bindingwiattlouinide tdhat 4 apt baas
Dy nFaft Al | o wlien gartmiiotnheofnumber of oit rhceirng ani

i nf or,maitcihostsr erhget h and denticity of Dbindin

I n comparison to other CAMcdsd hbhri dat eompl ex
exchange is of |l ess importance in this tF
Eu(l 1 1) i on, this holds them in close pro

spefThkiss process has been observed previot
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with the complex providing an increase |
fluorination of dénmil WaMoires xiyn fi ccr mad ii d n has
gat hered on this complex to observe if tF
relevant timescal es, wanat iodbesaelrliveatd iofnfse rheory
a prol onged periodpr olvlidseavayy sd fe ms tsahrodud rdd i
measurements, bakdeé ®h coawp atreemwi th the DO3AN

studied | at elrt hhanthgthhi selt thhesi sl al®t hani des wi

catalysts themselves is well established,
catal yatesaitshamn i s comp@aratively | ess rese
2. Previous applications and uses of
Propargyl DO3A has been the subject of in

| ant hani d%é??chhee M 33 A ystructure is derived f

desirable Iigand for | anthanide encapsul at
formed c’nWhlielxeesDO3A is not as kinetically
an acetate arm on the periphery of the | ic¢c
the cyclen ring, enablindghfisnbtaisobalkinsakpb

D
x
—

ensively to create CAOGs and other wusef
sensitive to s¢eecgi.f ipcH, e novxiyrgoennh®dichrec ent r at i
al kyne functional group and its reactions
c hemi stahyi,stwirtyh of use wit PAlMemreamntdi ooncsl i scu

reactions beingknowon SBEheas® Mmdst wel |

R

cat. Cu(l) i

= N
R e T
R{” N
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Sche2neGener al Cu(l) catalysed click reactions.

Il ts uses i n oO0cl i ctkhbe rperaocptaimognesir dgst owrhga t wimaldie
Faul kner Group, with the ability to oOcli
| i gZnd:Hé6wEver, within this thesis, the pr
saturate the fourth amine position on the
the synthetic ease afhidsids maloln $iozé¢é hehauylcd

sterically it will not hindef *fhe binding

2. 8ynt hesi s of p. DO3A

The synthesis ofk npwbDO3patihwaw!| kwedrlt hgr oup

(Sc h e2mpdt33

oTofBu Os_OBu
o]
—~ T~ A
[NH HNj \)]\ )< [ j oy = Br N  N_ 0By
NH HN NaHCO3;, MeCN  BuQ N HN K2CO3, MeCN g0 [N N~ =
NI RT \_/ RT >/._/ _/
cyclen 2.1 o 2.2
TFA:DCM
1:1
73%
RT
o)
Os_OH
Q T o
/N o W
NG N Ln(OTfs N N oH
O--(-—/Ln\——-)--o -~ [ j
N N7 £ MeOH, 60 °C HO N N =
O)\/ _/ = 85% _/
o]
LnL23 2.3

(Ln =Eu, Tb)

Schemegynt hesi s ofni)yh fmrDOIAe(sti gation as a protot

Direct al kyl attiebnit g by olmemcwt ahe produce
ester of DEOBRR.)DOHA(@ goodBuyewalsd . f ubO®@hA(
reacted with propargyl bromi deyi whhdc h as a

protected e2t)underpgobP®3AeMmoval of the est
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condi tyioelsed3s ot he 27T F2s stanetn. mi xed with the
| ant htarnii dlzdt e and after appropriate basifi
compl ex LOLP)(DLOB-AEHY, Thb, Gd, Y, Yb) in go
overall reaction proceeds wintdh ias c¢caogdh!| gv

reproduci bl e.

Compl exes wer e sedul by MNMRr acMSriand | umir
spectirostbese values all corresponded wel

Ln. p. DO3A EoogHatl)@xe’s (

PN VAW

T T T T T T T T
50 45 40 35 30 25 20 15

T T T T T T T T T T T
10 5 o -5 -10 -15 -20 -25 -30 =35 -40 -4
Chemical shift (ppm)

Fi g@2r®. NMRrecof uBw. p.LBTF3 AR,0.806 OMHZz ), Highlighting pe
due to SAPuies baie&P (i somer (bl ack box).

Eu(lll) swsdsdpei boipievious research being
compl exes, the emphasis being to confirm |

more complex systems whilb&@ufketh)nisgthlee c
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met al in the lhamneé h a¢ifliRdcet r @mesdioghsu mMmwnescence
measurements ar’éWheédsi ITyp(dtitigdi niasblineor e | umi
guant um vy i eslpde)c tarnbdstcbhpR bcef rgaam ntelde compl exes
NMR spercd rrmore difficult to assi®fd i n comg
Yb(Il11l) was also considered but due to t he

| nfRreal) detector, ®% his was abandoned.

Tb(l11) was of interest as in comparison

period specificaddaddlhieniohhhied r esfafidéc to fd e thaei

shift in conformati#adrkeld proenpeoruemrdcse fafo m BAT
This conformational change wil/l have far
SAP conformation for DOTA |ike cgmpl exes

than the TSAP confor mdThemeffore,t hex pslaamei rcg
and ToH{owd )t hehef bgatdobf niswem kroeva k& eandnp a
of this conformational shift will affect t
Yb(IlIlIl), being so far along the period, th
very high,prtoheiodrientd colad shay i sofnsa o uncdhi enisgts i s o f
significance i nf bhoifs tthh ess icBhya(phtibddb) (nbgh Itt)hee

anal ogue Bigfr)®03A (
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T T T T T T T T T T T T T T T T T T
0o 450 400 350 300 250 200 150 100 50 1] -50 -100 -150 =200 -250 =300 -350 =400 =450
Chemical shift {ppm)

Fi g@2r 8. NMRrecof umb. p. KO30D (B5RBR28)

2. Buminescence studies of Ln.p. DOS3SA
Luminescence titrations of Ln.mpt DO3 A com
Fl uof3olsopgect romet @rn | wsi myg metnhoond t o mai nt
concent’@m¢teé om. suitable spectrum was obtai
transitions, suitable peaks were monitore

i sot herynFafsi ng D

2. 5EuUl. p. DO3A

Upon completion of this | uminescence titr
observation. I n Eu.p.DO3A theDWEaks corr
DoY F2 DoY 'Fsa n®oY 'F4*3These transitions can affor

i nformation about the T Tlad2 &1* | anthanide en\
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Tab2elTabl e
compounds,
refefnce.

g transitions observed in I um
ted transitions are studied e

Di pol Wavel eRel at
Trangdichard&«range inteénRemarks

DY ’Fe ED 57-885 vw to S; Im)r/netorbys @r V@ d

I nt ensi tiyn d eapregnec

SDoY F1 MD 58600 S .
environment

Hypersensitive
DoY "F2 ED 618®30 s to ‘Intensity very
on environment

DoY "F3 ED 64®60 vw to Forbidden trans
DoY 'Fa  ED 68D10 m to ¢ nNtensity depen
buthymer sensi ti\y
5DoY 7Fs ED 74D70 vw Forbidden trans
5DoY "Fe ED 81840 vw to Rarely measured
a0nly transiti o°Pd ewvtedr tairreg sthroavm t he
PED = induced magnetic dipdlrentsridgnsinti on
‘vw = very weak, w = weak, m = medium, s
Whil e al/l the transitions can i mpart some
t PBRY Fo(q@ =3 of particular interedhisas it i:
transition i S particularly sensitive to

elucidating st.Comb uvniatdh Do¥nfFe@ad mA)Y anai ti on,
which i s magn,dthieicsrred h i tsiemmsd tpivevi de struc

throughout the@itgiarydat i on reacti on
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20000 - AJ=2

15000 -
= AJ=1
&
>
= AJ=0
@ 10000 -
)
=

5000

0 4
T T T T T T T
550 600 650 700 750

Wavelength (nm)

Fi g2r 8teadwtnd nlescence spectrémoloh)dmEwm. HEPESA bUITF O
( 0.mo2 ddew(=3 9mm) .

This information can be gathered by moni't
i ndividual transitions or specific wavel en
on the identity of the anionic )ghest. For
ian overall change in the intiemtse dryatbiudn p e
oft he transition peak to quantify the ass
concenirdtri oorh.ar dé6 ani ons dueht ast héusri e
bi nding, this can cause a “éMa@mlgiep d nf rnmoang n
prolate to oblate or vice versa, causes a
field around the | anthafAiThé schhmp@g®e U moIp ¢
shape iIis a resumystaftfeshenrRaectdeéeecfr atgplged f i on .
energy |l evels | eads to differentl iokcecupat i c

di stri’btreomange in peanonshapéhrgeoafes al |

(@]

hange i n peak arie;a iumpaont muteesd dagrdiittu den o
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i ndi vidual wavel enwi hthemwsatvebenbgtmsgt seé dc

peak maxi ma which remain “onstant throughct

20000

10000 -

15000 -

5000

10000

Intensity (a.u

5000 —

. , . , ;
600 650 700 750
Wavelength (nm)

Fig2r &t.eatdwtmé nlescence spect Pmolofd Bh.ow.i D@3 A hellchGng
in peak shapefand@ecémdeadifttwo(i deegqdlgB®dlon (8. 57

Il nsmeatgni fi cagwiz=dntomantshée i on showing the change in t
the | ant hanildleu,e efmdriael, (i ni ti al (

A graph of peak or wavelength vs guest an
This data was yml?ia'i:jcetshsiesd luss | anpga ¢kta@lgaatt | ve f
all awsi ghlamdiomg events. These binding eve
i ntensity, with the val ue$p e oudpeohnh ef abcitnodrisn g
such as the gramdi d@rhte cefxitshee ncer V&®Of any i nt
interest is whether the intensity changes
This difbesbet waearod nmetblitnidplneg events, whi
i nterest in this thesis due to the propc
compl exes tﬁﬁhegdatadUeddyﬁF'aE'rwafsittthiengguveistth

anion concentration agegn@taqlhd gobrerdak area
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along withaopHkl rgredo=sfr ackihmg changes i n
intensity for each individual peak, but a

each ot her.

As Tab2 el h®e'F (L) peak remains |l argely I N
environment, t°heéF (PKfp)pealknsistisuaongly depe
environment so will chédPgeegmeantyompoh &h
@ =q@l/=ils advamt=adeesocursi,bi ng i n detail the ¢

coordinationpgdpherceé udewbi lcdhanges during th
changes in solvent pol arity and magnetic
observed | umi n®stTefPcse sihmotad rsleiravyditoimoen o f

pronounced changes in comparison to the gt

2. 5Eu. p. DO3A binding studies

Luminescence titratifmolk °dmweEue pc DrOBiAe d( 10 u
HEPES and Tris buffered modlddim bnsbofhMcaéas:é
these were titrated against kaswal iconacesatr

from a st@OC.kb3 Fd.mt i on

When titrating against fluoride, the chanc
guest masbieont aken f2Meanacgoumnmnstead of t he
trangp tipom2p =3 @rd he peak maxiamad atrhree sel e
corresponding wavelengt harmea dmaasnddhaeiseed ed i n

are whseend attempting to gen®®rate binding ev
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Upon the addition of fluori de toobisae rsveeldut i ¢
the intensitynmfhitdqlelFipggkedda ei 87t he vari a
in the baseline upon changing ionic streng¢
against themyvat hies age 580 o rmamsinali iosne firive
which a binids ngenealodthéed i ms experi ment t he
exci(@ed9mmDP F)duethe | ack of a chromophor

el ectro@Ytransfer

25000
K, =3,350 M" (+8.2%) -
6000
20000 =
0.00 eq S
—~~ [F]l m"g?moo
5
o 15000 8.57 eq
b 2000
‘®
C T T T
L 10000 0.000 0.004 0.008
E Concentration of F (moldm‘3)
5000 -
= ? T y T T T .
550 600 650 700 750
Wavelength (nm)
Fi g2r ®&r.aph showing the change in | ¢mbheé&daomemce spec
HEPES bufnfodrddmMupan the addition of inklrk)easi ng amo
and regdcbncentrata&aegd dmhlingsheitnghnegd,j sot hef,m from DY
pl ot of intennsm t(yb aosfe |pi enaekd aataylat@®aig t vE8 2Z oncentration
F.

The first bindis3g 3evehBo)Dbsediiedtes strong

of the fluoride to the central l ant hani de.
the scatter of the points, i ndicating tha
event, however this livsedt cacs wae aske ptaor ald e fbu lr
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Thi s stulpgpowdrski ng hypothesis that there is
is only weakly Dbobrrd in the axial positior
Under the same conditions, an increasing ¢
causes an increase limodthg2n&iTthye rienfiltacatle d
of change in peak area is due to competiti
deprotonation cr e@®tHi nigont hwehiichoeilnect uromi oI
|l anthanide centre. While this initial C 0 mj
effect in titrations with weak’yPhdisndi ng ¢
guickly turns into acetalfhe bdmapergoft ot hé ec
shows similarities to the fluoride anal of¢
i mplies a binding event which cannot be f
for this is acetate binding mern ra cbirdeearctta toe
i ntpynFaBtpr oduced a binding i sotherm for t
collision. This physically corresponds to
on thegracep,atfeol | owed s eqdweeretnidelnlty bhb yn dti meg
second oxygen, yielding a bidentate | igal

(K1=9 5 41 (M 6%) 6) .
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T8
= -1
30000 - K, =954 M" (+6.6%)
8.57eq | 171
25000 [AcO] m %
“5 164
= 0.00eq ||z
-
o 20000 £
> 1.5
2 f
c 15000 A
2 141 i '
= 0.000 0.004 0.008
B Concentration of AcO™ (moldm™)
10000
5000
0 - : . : : | .
550 600 650 700 750

Wavelength (nm)

Fi g2r @r.aph showing the change in | umMmaoksdmnce spec
in HEPES bwoflf®dm u@po®l addition of increasing amoun
(blueandredmadoncentrat iapm3s9mmi gkt gddied, i sot herm fr
DYNAF] Tpllott emfsti it g o=t/ thegk devs concenmtration of Ac

To confirm the effects and to explore the
same reaction was repeated in Tris buffer
generated a weakkexl,6 blishsd NN 9 c d msatnarnthe( HEPE
anal cFggyger)@ The shape of the curve was sim
yet what was noticeable is the ®arked dec
contrasting observation is the decresae i
fluoride vergudsbacetsatdauea to fluoride bei |
photoi nducdedn@d)@&acquemcher, |l eading to a d
i nt emhsiist yis a notable effectrprepomtged oi 15 ete

reflected thr®°udhout this thesis.
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K1=1,155 M1 (:2.9%) ;
20000
6000 |
0.00 eq ‘
E
[F] 8
15000 § 40001
i 8.57 eq 2
5 ;
S k=
> 2000
=
2 10000 -
[0}
o T T T
< 0.000 0.004 0.008
Concentration of F~ (moldm™)
5000
0 T

* I ¥ I L I
600 650 700 750
Wavelength (nm)

Fi g2r 8raph showing the change in |l ummoksS)dmnce spec
in Tris maf fém upor0laddi ti on of increbaguemgpdamounts
endd@ concentrataagBomrmlingsheitndhngdj sot hef, mpflodadm DYNAI
of intensitiymofbaopealki radmd S5@ajlatpd,9 v 8Z oncentration o

From wor k ato®fael omy bludif er bi ndiintg it h ovarn er
t hat HE P ESSt reoxnhgiebri tasnd t hus more competiti
Tris. The displacemehfht g@fléHEPE St db ya fHiugh ird
change in | umi nescence intensity, result
compari son t oFitguart®hoeb sheirgvheedr ibni ndi ng af fin

as opposed to Tris is FiegrradaPipgagred®&t on cor
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1 K;=1,260 M (£5.6%)
500000

400000 - &
2 1.7 4
5
‘ ~ 164
< 300000 4
o
‘O 1.5
= T T T
.9 0.000 0.004 0.008
E 200000 Concentration of AcO™ (moldm)
100000

¥ T Y T ¥ T d
550 600 650 700 750
Wavelength (nm)

Fi g2r ®&r.aph showing the change in | ummoksdmnce spec
in Tris maf fém upomladdi ti on of increadiljueg amounts
and et cobncentrat d&gB9mmlingsheitndhngdj sot hef,m from DY
plotnobémati it ygpotR)/Athefgk dewvs concemnmtration of AcO

Wi tFh g2rshowi ng none of the competitive bin

anal,bpuéer titrations against s@kewageod HEPE

correlation in binding constants.

Eu. p. DO3A and the |l uminescencecurirtemtti ons
comparable | iteratuTab2drtheed iitm atth eo nssa me 1
what has | ong been suspected, t hat acet at

| ant hani®kee cgmeéatter binding strength of f|
apparent, all owing it to diTsiplsadcédbad et at e
the anions in close proxdarialyystics arme camgdh

af orementioned hypSechtgittbnc*d 14" mechani sm i n
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Tab22Binding constants of anions witfth Eu.p.DO3A col

Ani on Medi a* Binding c¢c¥nsta
Ki= [LED
Eu. p. DO3A
F watHEPES 3, 3320m0( N
wa tTerri s 161 8B
AcO wa tHEPES 9546 YN
wa tTerri s 1, 26700 (N
*Abuffers are mgi ptHai7Tn & dl-( HEBEBKF et h yNNjD
et hanesul fonic acid) saline, Tris = trizs
sError in brendkeat sasi sstrabdrde sil ad rar avre rien pM «
confidence interval

AThe binding of anieonsatwad | stoucdisednlcye gt
with varying concentrations of potassiur
gener at ggdFaitsi ng D

The difficulty of rationalising a second |
be explained in terms of the increased el
second fluoride ion ttomphexanisomiigh[llyn.um.fE
| eading to a weak and indiTetsngesi sbabbbose

by |ifetime data and associated?®%q6 val ues

2. 5TR. p. DO3A

To explore the effect of changing the cent
the same titr atrieme atxepde rusmemg*sibdv&d.eDO3 A (1
as the complex under investigation. The ¢
(0. @@L 3dmnd ani(dnidd2¢’)dveesrtes modi fi ed accor
THI1 1) more emissive with (llarhg)eirs ogsutarnutcutn ry
complexes, as demoin3‘ThatsediebesKuchees a

concentration of hostbéebngotseger whel m t he
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To address the issue of-gdtaickkggr oeadnil quune 3 €
empl oyed. AsSemdlnteisoned ninanthanides exhi bi
l umi nescentchei 4 idaerbibrex sulsuetlde vieldle asih of i uor es ¢
from other sources. -tTohoiiss eo frfaetriso se nahnadn cveedr ys
of anion detection, maki ng it highly adva
direct compari son oifn droeva g hcee p tnddd e itdiua | b a
regard to other bands, offering high spat.i
technique does not allow distinction of sp
amount of i nformati onormmmentt, tthli sl adathani

conducive to the deteumiDygfiton of binding

An unexpected benefit of the change in | an
energy |l evels of the triplet-leActhed Btath
state which receives energy transfer from
the 6antenna effectd. Wi th a change in | an
triplet energy |l evel, this brings it i ntc
energy |l evel, enabling eff eAn iovbes esrevnastiito ns e
nogeen in the analogous Ewxmp.l DO3tshtec omp lod x
propargyl group as a suitable antenna gr
chromophore containing terbium compl exes,

excitation.

This crhmadfdaofrescence to phosphorescence w
ihnstrumentatioﬁtbrbmetﬁerléluErmé,ogLSSS. i
while | ess sensitE,ivwasthmucnehfmioir}ééiuam'rtmleaongd

decr eased-otohiesesirgantaalo even more, providing

57



Chap2 er

out titrations. Tb. p. DO3A measurements W
i nstrument . The shape of the |l uminescenc:e

i denti PhpagitvhemggFogRd¥Ht at e (

300

AJ=5

250 -

200 A

150

Intensity (a.u

100

50

. . : . .
450 500 550 600 650
Wavelength (nm)

Fi g2rdFd.uorescence spectr*mol cdfdmTh. frDO3IMU{Lerd0 (0.0
dm) &x=22Hm (high initnmml duapteeaoks Rhtnya nats c4a5t0t er i ng) .

2.5T7p. p. DO3A binding studies

Ti Ageat i ng t e c hrna mavbess c kddlr oidhdl oaesoence, yet

to the | ow excitmam) obhheadelubhgtlexCRRati o
45m results in some interference within
small er size and similarty hwhigseh nmaukcéhas a
more polarising in solution. The associ at

in HERESL,(4OONM)B.=90 'MN1®) P are much higher

t hEeu (Bhh) Fgger @.1
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16
1.4 K, =71,400 M (£9.0%)
| K, =93 M (£18.9%)
14 )
0.00 eq )
4 %12.
12 + g
= 1.04
10

0.0000 0.0004 0.0008
Concentration of F~ (moldm™)

Intensity (a.u.)
00}

' ' : ' ' ' .
450 500 550 600 650
Wavelength (nm)

Fi g2r & aph showing the change in | uthhmoledcmnce spec
in HEPES bméfF &dm(adpdonOtli on of increasindglumounts of
and reqpddcdéncentrataegd@brh.ingbeitnndhngdi DyinkEkdiml 6t om

ol nt emat it ypP@&fp) E(haegk e®oncentr.ation of F

Thi s refl ects an increase in binding st
| anthanide identity, making a second bi nt
binding isotherm. This chRirg2redahever ainto

second binding mode for iacaedtiattd ntganitsthabl &
shows that aee¢emt ehaecagph bind,inhardédi denttadt
propensity nmuwlrtiiptliet adai me@sdodent ate fashi on
prefermunicthagbrode anidouteodd mer $s ncreasing Lewis

changi Eg (t@dhPe 1)
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16
] 6001 /)—»\
0.00 eq P~
14 . ,
[AcO7] ~550 o0 ’
s i S
12 857eq| | [ ‘
£ 500 [
€ i K,= 106,000 M" (£10.4%)
—— 4
= 10 4 K,=66 M (£7.4%)
(“. 450
> g ; : ,
'45 0.0000 0.0004 0.0008
(],C) 1 Concentration of AcO™ (moldm®)
T 64
4 -
2 J
0

T y T y T y T ¥
450 500 550 600 650

Wavelength (nm)
Fi g2r &2.aph showing the change in | uthhmnledcmnce spec
in HEPES bmb6F &dm(WpdDmMladdi ti on of increasing amoun
(blJueandrgdadofcentr at iaom2s2i6mi gbbit gdt ed, i sotherm fr
Dy nFaft pl ot of the mha(Cgylad ed@didh U é)p sciatnyc eonft r at i on
of. F

The binding doinsthaotedfeo®d tihterations show

associated binding constants, also exhibit

Tab23p .

Tab23Binding constants ocfo napnlieoxness wint“ha gqTube.opu.sD O8eAd i a .

Ani o Medi a* Binding c¢¥ns

Ki= [LXD Ka=  [LXoP
Tb. p. DO3A
F watHEPES 106, 000 (N1166.0 (N4
watTerri s 176, 000 (N3797.3 (N2
AcO watkkEPES 71, 400 (N6, 5 93(0818. 0
watTerri s 37,600 (N3,075.0 (N1.
* Al buffers arMe mdi wt sl &de BES xG.eG Th yNNjP
et hanesul fonic acid) saline, Tris = trizs
sError in brencdksdt @ansd ar delplriesdatia Were pl
confidence interval

AThe binding of anicnsatwas | stoudisedncye gt
with varying concentrations of potassiur
gener athDydFatsi ng
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These | uminescence titrations have furthe
aroundpDiOB&As ebased compl exes, confirming ©pr
and seeing the dramatic increase in bindir
dense | anthanide. Exploring the nature of
is of i mportantce @#ontshirscsgeman i mage of hoy
i n a potent i alBodcdtmepll yetxiecs seixthu atiitons.t r ong b
for anionicombueaeasetds witthhi § he observation of

them good candidates for catalytic studie:c

2. €Gatalytic studies

| mcopsithugdlioem®elL édbwr a *Maseoabil ity of l ant hani
compl exes to catalyse basic fluorination
create a facile way of fluorinating spec
expl ore whether this washadossirddtloedyswa A t he
range of substrates were chosen that wvar.i

such as steric constraints and electronic

Chl oroacetic acid was the most basic sul
hi ndrance, with the | eaving chloride gro
l ant hani de at t heChcleonrtorper oopfa ntohiecCepocmpdl eixn.t r3
group in between the acetatepboltihhepqg moi e

effectiveness of the catal wsmtbsevwere vaaryy i r

=]
—

pot e al rreiggdrs®.8 evwic hb-2®wen(yl acetic aci d,
presence of a phanlydr geg odi@griend rofdustesr i ¢ |
serves to stabilise the transition state

this reacti on wi | | al so be an enanti omer

61



Chap2 er

all owhegobsewlvathem toiere i s an enanti ome

these compl exes.

Ho O Ho P ~g HO L

Fi g@2re&hemical structurlegf-o8l cwrhd promemt aen daac2i i ((
chl-2plenyl acreitghct aci d (

2chl-Bplenyl acetic abXOdresactnsaol mbdeumn The
was converted to th-ehls?2pddenm| aakt at(es)odtit bn

addi tion of sFodgi@arnl.zdhydroxi de (

Q NaOH Q H.O
HO g NaO * 2

Cl Cl

Fi g2r &b.nver s¢loinppolbe n2y | aceti c-cahdidgloeaysadetmt 2.

2. 6NMRs pect rotswcaipggs of fl uorinati on

Chl oroaceti c sachisd rvaaPsd yisiac dfiliérgs.tf or each me
for a volume of 0.6 mL the appropriate ¢
concentrations for3 WaBIAFgar®oikg Imechbsdmat e
O.mModm;, catalyst under #Ameisnigiaal ononOr Ol
was done to ensure that the reaction proc
source were combined Iinanttesshmequemactri eac
were monitor epd oftahienh@h earogue si, n i ntensity o

prod8MR siFgingadr H(.5
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680 min

610 min

560 min

490 min

420 min

350 min

280 min

210 min

140 min

70 min

F>%%%>%%%%

0 min

T T T T T T T T T T T T T T T T T T T T T
3.50 -129.55 -129.60 -129.65 -129.70 -129.75 -129.80 -129.85 -129.90 -129.95 -130.00 -130.05 -130.10 -130.15 -130.20 -130.25 -130.30 -130.35 -130.40 -130.45 -130
Chemical Shift (pprm)

Fi g2r dB5. NMR spectra of the control reacvéerona bet wee
lzhoperiod.

This integrated intensity wasPatrhteinc ucdoamp ar

i nterpatdwtalse di fferencethe ehfecal of at e

on this and whether the reaction was belie
course of the reactions there is a change
i dentity of the free ione dfn tsiod urtd aoont icchm.r
This has the effect of the | ocation of th

course of ,ctahuesiitmgtact cbnass the fluorinated
gi vi ng epipsaersginak eni n the i nt enlshiet ypoafnttshe
corresponding to this area are omitted to
progthkss was Ewprp.aD@3lA faonrd some ot her exar
t his Tihheeisrisst. data sd&t gizodgEpuapd DDOBApPp ( DO3A

(Fi g@2r dbot)tsonnow a curious set of observatioc
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desired, causing an incr-rasgeDemptbbeéeeht hhe i
the reaction does not appear to have gone
Tb. p. DO3 A xihnabtihtiesy H eyr a r esahlootvisom decr ease i n
rate over time in complirs smay tiandiheawee nt h @
concentrati,onsheofcomeaenttamtti on of reactant

as the reaction progresses

6 4
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reaction showsi mirteiad |l yraetde d o wens &ldt e s . Thi s
expected due to the |l ack of a neighbourin

state ftdormatgihomyp(Erg@npgidgati on

Asimilar set of obser vacthiloonrso pfromppanhbecr aa
obser vewd. pFDPRAG O p wor ks wel progreatsaloysé¢ ht
reacf@Pioomt s removed due to )ni ¢glrbatpi.oDnO3a@f t
(Fi g2r @dbot)XX oomompl ex shows a simidsdeaen obseryv
with the complex initially catalysing the
This coulrdedeendtuecamcent r artaitoanasy ririenfilteicntg |

demetall ation of the complex by precipitat

(L8F
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FigreaGt.aph of ( ta%dbddpds ed teend ktlome a)iottarct i ons f or t he
reaction ofchllBoAFo pwiotphan®i ¢ aci d twiptahndc aTtha.l py.sR 33 AE U .
(bottomlnset: Comparison of tbaet &lnyadgkddle(ramd es of f
contpruo)p lfeceactdieadmsed by determining the gradient of
the reaction beingtdataaldy sTdbd pbDOBWA. . DO3 A (

To investigate how the presence of steric
t he compl exes i n guestion. The experi me
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2chl-pphoeny |l as ett laed ecarboxyYhasebhsbabwatdaobor of
the potenti al for enantioselectivity and
potentially hi.nfderipng@gseheereécti @menyl roi
stabilise the taoamjsu wa toimostg/lisel teen tolr d thgeh p he
ri nfhh.e shape of the graphs differs great/l
(Fi g2r 1.8 Mhte of reacti on, for both contr

greatly decoeas eldhtaini@d chaulse an exponenti al

fitirea graph would imply initial i nhi bitic
sodium ion in solution, with the slow init
this being foll owed by the ateaactunoinf ooram er a
from 7500 s to pkekeieddaof 42B6012. I n concc
obser vbaotti ho ncsocnapt| ael xyesse t he i nitial rate of r
However, due to the slow rate of reaction

| ow enoughhntyeaobsenvenhi bition by the Tb.
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The | ack of solubibandytbbstheclpusieomsubfst ¢
i ntroduces unwanted, vauchbhes salvehhi pol a
inclusion dMlowaveati amere i s an overall ef
observed by the change uponThmkdmugiwint lof e
amssociated change in the gradient of the
reacti,omshoawsethe complexds i mpact on the

acti wiattyalayst s

2. 6C2ncl usions on catalytic studies

The investigation into the potential <cat al
was promising. Confirming and expanding
exploring how the variation of *ant hani d
Solubility | imitati-ohbBk-?phne ntyheactehiircd asu kgt
|l ess useful data could be extracted, yet t

evidence of catalysis of the-choddirom sal-'t
phenegtlaatce) . The first two substrates provi
o f fluorination reactions in aqueous medi
effective catalyst. I n both support and ¢
ini tial rmat ebutoft meacate decrehséedmever t
peri od. This decrease in reactidny rate c
l ant hani de precipitation. Th&@akh2igzh, bindi
demonstrate a strohlgahdthErhaecteixdm emet wden h-
be formati offbdedoihgThhRsol ubl e i n aqueous medi
of solution, resulting i n removal of bot

catalyst. This hypot hepsriescispeietnast itohne inso sotb s
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all of the catalytic reactions due to the
aqgueous media and fluoride containing sol
observationstbYghCohdffumkmati on enthal pies
demonstrating t he gr €b( esilt)b i rhdairmdg asti roenrsg
compar iEsugnllddadiongt he concl usion that prec
fluoride, or alternatively terbium hydr ox

i nhi bition.

2. Bummary and concl usions

ThiClsapter has covered the initial synthesi
to act as prototype systems for the DO3AM
From iyntthadi &u(111) and Tb((l1l1) compl ex
Luminescence titraboohsmpwexkelkeoMda®Aed out
i n aqueous medi a. This data wwpseBaftprocesse
iterative fitting software, binding events

assigned and tguwadfrny.hi & ldvias e dgdeth a t t hese

compl exes exhibit two binding modes, with
the other comparatively weaker (axial). As
as catalysts in an approphaladceameaxyli ionn s e
was chosen as a suitable reaction set, wi

for PET imagingnberg6gtdkepymed sosfudies were
comprised observing the appedar prce oalf aandgi
monitoring the rate of change at di fferen
rection stages. Thi se provi dedseooccmmpkeéexes

cat al yBu(stbfijhaei ni ng eamplaexed esladawon i n re
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across all reactions afdt( amahla) bgmesr amesved
l i mitations upon prolonged exposure as t he
both substrate and catalyst from the reac
withEafGkypyh)aining complexes |l ater in this

the same obserSveacttliooins 1covered in
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Chapter 3: Synthesis of DC(

3. DO3AM and OOmMAIMe x e s

DOTAM is the tetra arfkiida r)dntdBlkdeguROToA, DOT
DOTAM forms | anthani de <c¢complceoxnmepsa rvaittihv eliygf
| ower thermodynamic stability; yet the hi
pur poses similar t o DOTA, as contrast é
appl i &anieomosf. t he mai fTDPOAMt ssof henpessebsbi
further functionalisation of the %@mide per
With two hydrogen atoms avfaddha&blce efadn osu o

morde véi gsand

T A,
e NJ e
O}J N l }—/ "

NH,

@)

le

Figur@hé&milcal strulcgfutapd OOTHBNRAT A (

For the purposes of this thesi s, the incl
modi ficaheomoofdinati on sphere significan
ef fects on afhDedsei rsaubblset iptruoepnetrst.i es such as
can be incorporated and these <could pote
solvati 8DO3>/AHMeir £a mihcce tarnal ogRieguaje. BORA (
DO3AM differs from DOTAM, as it forms com

kinetic stability, as does its acidic anal
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the |Iigand properties of paramount i mport e
the inclusion of specific arms wil/ hel p
functionality.

O~__OH o 0] NH, o
[N N] OH [N N] NH,
HO N HN H5N
}-/ __/ __/

0 @)

Figur@hemi2c al strulcgfutaed DOPHMD3I A (

l ncorporation of rigid and bul ky groups i s

of pendant arms playedcammajeaesr bloe mahkedec

3. 1Aplpl i cations and uses of DO3AM an

DOTAM based macrocycles have been used as
Ll compl exes, for ° Mamvye sa @ pylaitd aethisdanbsy Dun a
sought to optimise water exchange rates
compl exgeg8®8r)@ Where the presence of a methy

oJto the cyclen ring affects both the nunm

their specific water exchange rates. To pi
wer e made, ShowiSFAg°P/ BEAP rabvmeriofm present
exchange being favour ed i n t he TSAP f

([ Eu( dOYWED) (SARP 80222 8st, TSABD2Z 1Y, the
rat e ceefxcwmathngre was shown to depend wupon th

the rate of interconversion of the TSAP ar
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0)

o F

" C Co)
l

/—\/—(

HoN Nj
\_/ \_/ }/.—< _/
la DN I L
H,N” 0 Hr? o} H,N™ ™0
DOTAM DTMA DOTMAM
Fi g8r &hemical struct ulr,eds,t7ectir0a DIOFAMa-L b A mdy Lthet hyl )

tetraazacytbbgdoDERAN @t 4 aRiedtChyl car balmody,-l7meltOhy | )
tetraazacycaclemdodsencdkan DOTMAM e{ Lakij (Mm@t hy |l car bamoyl
1, 4 -t7e tlrlaaz ac yrcilgpphdtodec an e,

DOTAM has also been expflorintcddusa®nai hi gnan
compl exes. Foretemailmpred NhepabD®OTAM sSkias f ol
|l igand was appended threeenmair@étyi ngvi g ho a
macrocyclic cavi Fyg8®enailniignagn de mpstuyc h( as t
becoming more prevalent as their use as mu

researched.

JJ\/\/\/NK

>—NH HN
AcWYRGRL [ ﬂ
2

NH

o) [N Nj 0

0 0

\_/L/<
Y N
ACWYRGRL LRGRYWAc
o

Fi g4 €hemical struct&ID@TNIy%SA‘I‘@P\N\CI@@FRLh)'reéngolIagen
I targetbhgepredtadébudrescddg WYREBEBRLS5)F tacieatyy af ed
t ryp ttoyrhaesri gnienli yneir ga-Inéd mcei ne, Cy-5555 = Cyanine
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Ot her resear ch @arhmilse d novwets thyg aHuedds dDnOT A Ms

foarn wawvbil agfei gdSpegdi ng (

QNH A@

O s \ NI"&
\ H COOH

Fi g5 ! DODYAM al kyl compl exes for application as
agents.

I n combination with @l)clthhtersad haawne hsaened d epr
potenti al as CEST or PARACEST agent s, wi t

positive charge associated wi t h t hese

bi ocompatibility. Despite thesgetrhyraisad us ¢
' igand in complexbPb®3AMdhas motmodeaennl|l guch
research. I t s relatively l ow kinetic anc

ineffective for most comml eaxp pap pclaitd aotnisg n se

| ant hanniddegwosi ti on can |l ead?to extensive h

3.2i m and scope

The aim of this work ibBahbohaortdbecomppbres
upon a DO3AM framewbhekn dod tataliylktic fl uol
has been underexplored iIin comparison to

compl Ekiersi.t i al aim wil | be to synthesise a
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desirable qualities such as rigidity and ¢
wi tBhu (I I la)nd t heir photophysics expl ored

spectrobaopcterisation of dteactbme!| @exXes

conf ormati onal prefer eryd eamoafe eiancfho rcrmoant pi | oenx
the | ocal solvation sphere, and provide in
of the complexes. The c&ELhap®EhClsaapctteirvi ty |
focuses on i rewesttihgeatei 1 g gtameal se fhdaevnet roen c hi 1
androvide the means to explore enanti ose
Furthermore, these systems givmesuthrealopti o
coordinati ngcraemitaece gganl®liutpisve charge on t he
Variation of the functional groups prese
exploration of the role of charge in wvar
DO3AM derived comphbexag. tA pEsicteibvsae dhhar g ¢
on the | igasnadhpehaphapgyn formation of a ¢
charged periphery, this nrighbopréewgntmoaeggmu
t hrough el ect r.oTshtiast i opvoesrnatl el ¥ avd ticilhoannsge e s i st

t hroughout the complexation of a pair of

candi date fasr hapmplgieanaiug®o).é&t al yst s
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"H3N

NH3+
chemical

Chapler

NH;*

arms protonated in aqueous solution.
3. Besign strategy for p.DO3AM
The DO3AM motif initially required
position on the ring. Bl ocking this
binding in this empty coordination
has pr oxviesdt eenhcee eof two different ani
on a DO3AM mot i f, wi t h this I ni
Eu. p. DO3.ABAcAsp Fega3Q¢&>
L
oy oL
N AN A
BUO N\ N 9
0 ﬁ-l <ok
u s ,”:j-/--lo O'Bu
N | N
0o I/ N
=0 H oy
HN
BuO OBu
0O

Fi gB87.€hemical
binding

modes.
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These two bindingomedesguabaoei alxj ahawawaeddi f
constants with the axi al’Tiheiax}gi almabil redi nd a
i s much weaker hence the I|ligand in this p¢
The equatori al binding mode is comparatiywv
exchanged on a'®BHiosvewad ianedm@amiesi ng cataly
reactions. HoweveBuy Baspi DODAMbA=p.i® wat e
solvent for this reaction. Thgatimd ohg wi
solution made t heFieg8nef easi bl e catal ysts (
o o
HO N\ﬁ/\\N\ o © 'BuO N\ﬁ/\\N\ o ©
HO O--k--;Elﬁ\—\—;\lo OH BuO O--k--;Elﬁ\—\—B\l OBu
NN N !N
O N/ N O NI/ N
=0 H oK =0 H omy
HN HN
HOGOH BuO O'Bu
0 O 0 O

Fi g88e&hemical

structures

lod f tBu dp .ENO 3pA NB.OBsAPM. GAts p ( O

(ripht

To allow ion coordinatisoal &t bboc ki pgsigt oo
be utilised to prevent unwanted side reacil
on the ring. Previous research carried out
the anion bi nding positions obDO3Ahe compl
(Fi gB89%9e
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Fi g889.€hemical structlugfetandf EEumMpBbDO®BA( (

Il nclusion of a met hyFli ggdredcwd t aass i mp pEous. end DiCx
propargyl gr okiipg3@ue. ipp DtOBAd (t o comparati vi
solubility of the overall complex. Studi es
due to the synthetic ease with which this
ring, al ong deiott ubt he tiynofeddhe compl ex. Th
we-t esearched addition to DO3A and DO3AM
researched extensively as a handle for ocl
append desi mabt ge gmduPasgdl epon the synt he
and precedent within this field it was se

position on the ring.

3. 3Sell ection of pendant ar ms

The pendant arms on the periphery of the c
the overall propertiesemdi ntehed @ oigmaddbfle & . i
properties by the inclusion or exclusion
with-kweWwh protect i npgr ogtreocutpisn gatnbdi sfaaccaigliead f o
mul tiple |igands for i1 nvestigati on. For e
Faul kner group on the EBI pB3D®@3AIMI Awpt OH; c

aggregation wa so nopblseexr vperde cainpdi ttahtee dc out of
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the |l igadedsimyucsedweri d t HIFs omb el Wathicen.gat h
from photophysical studi es, it was deduce
nei ghboomphegxes by bridging acetate grou
modi fication of the pendant arms can cau.
properties such as hydrophilicity, hence |
greatly. Thi s hiatse dmation | ayd db eteanr geextpilnog moi et
periphery, such as iIinew(@algB3d®t hi edasepecby

of DMMFAstructure continues to ncourage no

3 &
Targeting—NH =0 Targeting—NH HN—(Py
Cathepsin S 2 [N Nj ) Q
Quencher
0, N N O v
—/ <

Fluorophore eSS FRET /Jf'ﬁ

e o o H o
M /[ H i "
g (\N H O;/\)J\H/\[(g Targeting) 2 N\/\/ NH HN\/SO 0>‘OH

o/ o J\/
&5 0Ny HN
Inhibitor-derived e M H\/ko
Sequence _NH cathepsin S sequence = N
i”i (* cleavage site) NH o cRGDfK

|
CL * O O

BHQ-2
Quencher % \©\ \@\ Fluorophore Cy3

Fi g8teExampl e of a DOTAM based macrocycle with mod|
targeting, guenching TamdS cfhlewmoartd scc i mep rnecsieenttiaetsi.on
activatable cathepsin S fluorescRmnttt opsitorbuec tourr ad D (
representation of the appended moRegiuesmchienc!| adidng
Cy3 dye. Reprodd%ted from reference.
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Chiral catralwy s1igs aingl antdoo ratcehn te vfei eelndant i os e
a cathalssycsnha n wrregani sed haeh astldhees irteea,ct i on t
proceed Vi a a speaceiafcip@brway omrmatuil dn alg i
enanti®melrusi on of cehnifroariciege cchamtal at ;ms ar o
| ant hani dentgoe nat rper,edoemidnant i somer for the
whole. A series of <chir aan neoalsepcfuslgelisi cweals t |
mol ecul eGami ot lmaeiTdhes eamiersa aci ds used ar
commercially as aolnléeohyeomiagnnttiicader f foormaa i on al

prefer encusoathu & iitrsaplnechre, iLye ntamit s otmee si sver e u

Theami no aci d sstrr leat thraaslb untaensy, the present
carbon and a R group that icrmamo rbpeo rvaariioend .o
desired funwittilontalhe ge genesyyeso uhsa visiionggu b i | 1ty
rigi dietxyni acnhdiirnagl i t y. A specific aim is to
compl ex aggregation, as seen in compl exe:
ar md-lysine maamitnei gg oaup as t hei AROG-hsi Bebhai
11.0 range this wil!/ e gp3rr ¢itlo Matce ¢ aisnm naq U
propensity for aggregation and promoting s

t hesi ssaenrpanogye of protected IOyshagormani no

protection is ofhe@s e ahaer msmpcolifutsainocne oifn t wo
protecting groups on |lysine, one on the s
carboxyl i csedceicd,i vael |dobwsr atmeoati gnoap. Four

systems wEBrgB8clAosen (
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o o\/© Oy_OBu Oy_OBu
X M

H,N HN

HN
O O o} O
OH O'Bu O'Bu OMe
NH,

NH, NH, NH,

Fi g@Brl®hemical sLil ry 86 tner-lgeff uabftuh gfe{rilenzy |l oxy ) carbonyl |
Il ysi natlee f(teheunttfrlegr-tNot o x y c-elr yooinry d tyrei g(hcte)ntarfed met hyl N
(t-but oxyc-alrypoifrydutre ihgehstt) . Referre@uyt d BmsBAys, Lys.C
and [BwsQMer respectively.

Due to synthetic constrainiBs. OtMecameed | a
desirable due to the e@BoGproftecemoygalgr ofi]

Phenyl &li @rBirdde w@s t he secWnd pe mpdaemtylargmou

the OR6 group in this case. While having
aqgueous medi a, the phenyl group could act
centre.
o) o) o)
OH O'Bu OMe
NH, NH, NH>

Fi gB8r2dChemi cal sttprhuecntyu rae sa nabfrueLyp(hl eenfytl )a,l atné rmtat e ( cen
met h-gytheny | a(lraing mta)t.e Ref er r'Beud, tPRh ears. PNhee nr, e sPpheeent. iOv e | y
This efficient met hod of | ant hani de exci't

compl exes due to poor overlap between the
excitethshmomephore does not offer an effe
t hese c,ongps eexxecsi t ati on at the chromophores
yield a characteristic Beg¢pdilrpe d th imnsxnceistcaetnic
sti || wor ked wel énafbdri ng hipshebiccnoglredd nati o

environment aroeomnd the Eu(l 1)

86



Chapler

ProlHinge3rBd di ffers from the other | igands
i nclau dfengvreber ed ring that includes the ami.
0 o) 0
C,)LOH C,)Lofsu C,)LOMe
NH NH NH
Fi g3r3dChemi cal st-prucltiumr e sh(ulodyplt o | i netrd (c-entre), me

prolinate (right) BuRefPemnr ©OMet 0 eazpeltoyvelPyo. O

This secookdangedmircadea ary amine upon format.
The formation mdé meardye ratmiadrey oasntiinle, at or s on
wi ami @leci loifdteagr guenching pat hway 2or | ant h
Yet the main motivation behi ndemther edcl us.i
ring should enforce rigidity ishbobhkedpenda
prevent conformati ooamphetkkweemnnV8ABIi ando§.
conf ormations, preserving the i deal cat a
conformer having miZFhRsftest ex chhranlgengeatrest e
make sure thaboftherenissbexwkeamgéeéhe i nner a
spheraes if the anions irreversibly bind th

reaction cycbhbpdiobDya et avaist sieemed t he most |

a conformational preference

I n each of these pendant arms there I s a s
main driving reason behind this I's synth
reacti ons. Secondary to this was to invest

on ddleuti on phase coordination chemistry o

Whil e other pendsadti ar met wexel ohedyi t hese
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picked as the most suitable to explore th:
with({(htampl exes.
3.3l.mk2iti al synthetic pathway
The initial synthetic pathway comprised ¢t}
a monoal kyl ated propargyl cyclen intermedi
final 9cihge@meds (
O'Bu O'Bu
O O
/\ 0=/ N\
[NH HN t-BquoAOt-Bu [N j /\Br QE j
, CHC K,CO3, MeCN
NE PN Et,%':, 3;A,I3 fBuoT(N\_/NYO'B“ 2RT,3 86;: ‘BUOT( Y O'Bu
cyclen 0 3.1 0 0 3.2 o
TFA:DCM
1:1
R, RT, 68%
NH
H O
a 6 -N /_Tg KoCO3, MeCN /TN S~
o N j Eu(OTf)s L{EN Nj 70°C [NH Nj
“**Eu
' MeOH, 60 °C gz
¥J / 675% gN:\_/N\// NI\-|—I-}N
; ;
HN
R
R= Phen, 3.6a, 22% R = Phen, 3.5a, 22%
R=Lys, 3.5b,10% 3.3
R =Pro, 3.5c, 15%
0 o
C|\)kCI cl
R,NH2 R/NH
N R = Phen, 3.4a, 65%
\ R=Lys, 3.4b,94%
= R=Pro, 3.4c,76%
Sche3ndlnitial synthetic route for Eu.p.DO3AM deri ve
The initial synthetic pathway has been use
and in the wider community therfehiiss ext er
met hod involves a protection/ deprotection
with Boc anhydri de 8Bqg ldrhd ast3amndi seechupleecot @€ ¢ @ d
extensively to access monoal kyl ated produc«
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directly alkylating the&.waysclteme mr ianlgky ITahti esd
propargyl br om8 dBh & op rgd tvesc tpir @gl@esrdd etrh egr ou p
removeneshkhyraaci dic hydrolysis, yielding t
Ssubstituted wit3h)@Fi i mudirartrhgys mobepulle i s

for all syntheses of the different DOTAM

A JUML/\ U\k I

T T T T T T T T T T T T T T T T T T T T T T
365 360 355 350 345 340 335 330 325 320 315 310 305 3.00 295 290 28 280 275 270 265 260
Chemical shift (ppm)

Fi gBrddHNMR spectrum 8f wianhpotuhned p3r.opar goylluepr ot ons
anrde d

To create suitable pamdaotaairdams whre rfesmpe!
using chloroacetyl chloride, allowing then
functionalis8dd@ameni @otlaenmdBeBot ¢gd ewdt h he
trisubstitditede fporroed ulcdisng Euo(n®plfe)x gd v evi t h

[ BLG- €32,

3.3Sy3nt hetic adapsnatioon and opti mi
The original synt heesttiacb | piasthhewda)y h(awsh islieg nweflil

The use of protecting group chemistry and
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yields in the initial st ep3s. (3292 otvheer adyint he
yield). To reach 3.%,a,witthhe tohveeratl Heryifeil da
being synthesised in yields too | ow to be
The chloroacetyl ation procedure was the mo
i's carried out in the presidnae afvibakle ba
for this reaction, with 23YeptKaupoon 1a0d d6i4dt iaotn
the reaction mixture, the colour became |
|l iterature proceduréé®Rearcdipnsdwitt hwasibsh s
such as DIPEA (pKa = 10.98) also resulted
considered t o use a mor a1 el wtry lcmy rl iyd i mien
(pkad8.58) is a highly sterically hindered
nucl e Bplsielde.on i nitidal thautttyd e sppy rwidininle®r, ,6

equal l ybeffekbéapesd uandli mpuggpX,aFssagdr & 7)

3 .5)1.
o) 0
Cl\)kCI OY\CI CI\)kCI OY\CI
_NH _NH
RO _NH RTE _NH
NEt, R N R
‘ =
o) 0
a o a o
_NH, cl Y _NH, cl Y e
R _NH R _NH
DIPEA R Bu._Ng_"Bu R
‘ =

Fi g3r54dChl oroacetyl ation of amino aceN tdlopgeltebvatives
DI PBEbAo t(t 9 m -ll2etf6ittdd pn @r i@gnkdti tbeuGty | phot domer ( ght

The synthesis3gofcpmombadttyellonmsunyeamlse & rhas b
we |l | documentta@dc eaxnd moereaal kyl ated cycl en.
presence -soufb stthiet utteetdr avari aasepasati egnt het

t he dteipiropedcted ester i's difficult due t
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Si mifvad uRs i n Dbot kbassieldi ccah raonmta taolgurmaipnhay . T h
i nvestigation into an efficient way to mon
group, whi ch upon-amphyodreicdked oandvi t & mawvoacl o]
protecting glrdutphe whbaididBegd protected ester
Direct al kyl ation of cwoculedh b tthheprmepatr gy
met hod, thus was investigated. While this
attempted practicall yand tun sk setaildti f teag dneady @
l'ittl e prod.pBhgatlf owrarmelde nwa(s I nseparabl e fr¢
mi xt Fi gBreE*Despite continued ef fort t o 0
conditions and/ or puri ficati on, the ratic
gener aptreodd ubcyt s di d not i mprove, prompting

synt hetic pat hway.

NH HN B NH N
[ ] K2003, MeCN [ ]

NH HN o NH HN

/ /

cyclen 3.3

Fi g3r6aAt t empted al kyl ation of cyclen wWi.t3h propargyl

Direct protectionaotambekxnpwhbérzpbsoéCBna wrt
on the cFchg8nmaArving lbenzywashlkonsiTdhemsade
reaction works well and i sha wicddevech wi t h

deprotect iFo ma3p8Ft hway (

[NH HN] CBz-Cl [NH HN]
NH HN CHCI; NH N Ov©
/ RT, 51% /
(6]
cyclen 3.7
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Fi g@B3r7fdMonoal kyl ati on of cyclen) wjndupa toaradfofxgrbd n
monosubtituted cyclen based |ligand.

Fi gB8rBdTheori sed depr eBepcrtoitoenc treeda cdG30AM odfer i vati ves.
This monoal kyl ati on, whil e working well, [

which whil e i mg@o e scihnagngsee |tehcetaisvvidteyail 1 eg i el d

(Sc he3me2)
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f

[NH HNj CBa.Cl [NH HNj
NH HN CHCI \/©
/ RT, 51% Y
o
cyclen 3.7
K,COj3, MeCN
70°C OY\Cl
_NH
R
R R = Phen, 3.4a, 65%
NH NH R=Lys, 3.4b,94%
H O—W/ H O R =Pro, 3.4c,76%
. /\ /N
R )]/\N N H, R
o) T Q ek
N H Pd/C cl
Q—/ EtOH cl
o)
HN, N
R R r-NH2
KoCOs
MeoN, kT | & B
R, R,
NH NH
2N AN
- /\ - /N
R W]/\N N Eu(OTf)3 | NN
. HC)
N N~ =~ MeOH,60°C N | N7 £
e (e
o !
HN, N O
R ‘R
Sche3neBheoretical reaction scheme for alkylation o
This schemeedatl seor i rtaloldaues such 8 deprot e
over the course of dulke t oeamt iloonn gsah ebreei n ¢

prot,ecitredsummary t

and was t hus

his new pathway i

abandoned.

nNtroduc

Appending the aminopraciad gyén &adtl mangis t o
di fficulties, with the propensity for vV a
Despite various attempts varying the react
ti me etc. with all/l amino acid pendant arr
spead of -énodotrisubstituted products. Wh i
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through the wuse of alumina and silica f|I
columns are required to give the desired D
yield. The pathledeolnIshodmmbPInEBant i ties to p
with further studies. Therefore, another

desired |igands in high enough yields to e

3. 3Acdtadmi de coupling

After analysis of the |iterature concerni:

paperfinRy djluee t wals. of par 9 tutancenhedeshe c|

of DOTAM derivatives and the | imitations
cyclen ring. It included further ways to
the fundamental | idistudtsiton uits onnummarciyseé @& na

increases the steric hindrance around the
substiGt uMeansng t hat upon addi tion of o]
intermadd#tatesecomes increasingly more di
subsuted products. 4s0ersynath-amsedeabD@apMBng

pat hway is proposed which cTarbl3uetivent s t he

Tab3 eBummary of advamitdgesowpl iancgi dcondensati on r
nucl eophilic substitution reactions.

Advant ages

(1) |[Quarternarisation of compoun
el iminated.
(2) |[Steric hindrance is miwilmalbe

constrained COOH substituents
of cycl en.

(3) |[The reaction rates -taype fraesa etr
nucl eophilic substitutions.
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This inspired a differefBt-®6aplphriosacrhew omestyha
combi nefsf achtei ve synt heti c2 .g2pt. DvOBYyA)t, 0o ap roondtL
with commercially avail ablFe gm¥.&isei.tled ami r

3 3)1.

Il ni ti al coupling reactions with this met hc¢
synthesi 8. adhiegand a 65% yield after opt
by variance of reaction time (16 h to 48 h
eq) and coupl(owi tageed-Bie nemtt-i-ytlg)z di, 8, 3

tetramethyl amini umTBT)d t ioafelxuad rl ailba rogptheo s p h a

Azabenzotriazol e (HAT)YW(Ringe? rBg | Uroni um

O

DIPEA, HOBt N N NHR

G SR
HO N RHN =
}J\_/ R
o)
2.3

®)
T

O+ _OH O~ _NHR o
T/—\ HATU, DMF T \ <

A
¢
.
\

Fi gB8r9Pr oposed gener al reaction route for |ligand s\
amideupl i ng HATUHex sfm.uorophosphate Azabenzotriazol
Ur oni um, NDDis&ropytethylamine H O BHydrexybenzotriazole D M FN,N=

Dimethylformamide

A standard procedure was devel o,petdhda hat w

solvent being i mportant for | igand solubi
future |l igand syntheses within this thesi
rapidly incorporated onto the p.DO3A mot
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p. DO3AMR i vatives, along with a reproducib
i 8che3éeing the final optimised synthetic
Os_OBu Os_OBu
~ —~ T4
/N
[NH HNj Br\)J\o)< [N Nj 0'Bu ///\Br [N Nj 0By
NH HN NaHCO3;, MeCN  'BuQ N HN K2CO3, MeCN 130 N N~ FZ
s RT, 49% }/-—/ s RT, 85% — A
cyclen o 21 0 2.2
TFA:DCM
1:1, RT
73%
R\
NH Ox_OH
3.5a, 47 %, R=Lys.CBz.0'B N O:g HATU, DMF /_/<O
o4, 0, R=LYS. Z. u . /\ ’ /\
3.5b, 54 %, R=Lys.0'Bu.0'Bu REY N W DIPEA, HOBY N N_ oH
3.5¢, 49 %, R=Lys.O'Bu.OMe 0 [ j S0°C [ j
3.5d, 65 %, R=Phen.OBu N N\/// NH HO N N\/
~-NH3
3.5e, 54 %, R=Phen.OMe g:\—/ R )~
3.5f, 88 %, R=Pro.0'Bu HN © °
3.5g, 95 %, R=Pro.OMe R
3.5a-g 23

Sche3deFul | synthetic rouami dempd eunelnitn go gmemh aanciisdn t
i g&8nd&s

This updated synthesis pathway all ows 1inc
derivatives. One problem encountered was t
on the pendant arm oButdhenspl3h3dddk.,Lys. CBz.
this was resistant to gasbeadusoomydrEdagonata
transfer hydr ogaemmnactniiounm (fPoBryYmaBdenh &) t i ons. D
the high yiceludb!ldams achaoseheaf ami no &ci d der i
(t-but oxyc-elrpoinyatBas . OMeg¥ . @as used. The dep
whi ch was much easier, with a simple TFA
(Fi g329.
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HN Hy H,N HN NH4*HCOO" H,N
0 Pd/C 0 0 Pd/C 0
EtOH IPA
OBu OBu O'Bu OBu
NH, NH, NH, NH,
Oy _OBu
HN H,N
—_—
TFA:DCM
2 111, RT Q
OBu OBu
NH, NH,
Fi gB8B2BReaction Schemes for the unsuccessful remov a

(t olpef,t transf ert ohpy drriagghditnaheoeu€¢cessfuboBpomdeprotec

3. 3i5nal steps and complexation

To exppbotenadthallyti DOaaMi det,y sefvievas di ffer
Eu(cbmpl exes wer e maglemnp rTeh es tari unc tbueri anlg it mf
from photophysical studi es, all owing a mo
which to carry dtoudvaasd Ifeatre Whithad tyte ct e s ¢ &
of the carboxylic acids group on the penc
propensity for compl ex aggregati on, it \K:
whet her aggregatiaod weclbddbycuto see the |
on t he observed spectra and associated

i mportantly though, deprotecting the <carl
aqueous solubility W thhesetatygmplicesesdi ®sw
out i n agweadus hmediba,enaobserved that fluor

in aqueous rather tMeaWMorganic media, suct
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car ok githe cwercti ds ma @tt lrelcy

depeotbeted | igands app

basedd.nf phehBhadé&md B8leyedBIn)é.c (

OBu
) yN [ j HN—( HoN [ j NH,
BuO N N o) o} TFA:DCM N N o
L N 11 L N
HN _— HN
HN™S0 o RT, 12h HN™S0 o
BuO HO.
Buo HO
o o]
NH NH,
OZ\O'BU
3.5b 3.6b
OMe OMe
o o
NH NH
0 VY NG oBu D RN
o G DS A S D™
BuO N ONTQ o TFA:DCM NN O
L s 141 L (e
HN _ HN
HN™ o o RT, 12h HN" S0 o
MeO Med MsO MeO
o] o]
NH NH,
O}\O’Bu
3.5¢ 3.6¢
OBu OH
o) o)
HN. O HN. O
\iN’ VS TFA:DCM \iN/ S
o) )
- - -
O Q N N RT, 12h O Q N N
BuO >—/ / HO >—/ /
NH NH
o NH 07" ONH
o) o)
O'Bu OH
3.5d 3.6d
o} o}
OBu O)\OH
N N
O%,[\N N/j\Q TFA:DCM O),\N N/\Q
1:1 [ j
N N 0o RT, 12h N N 0o
o /A o AL
‘BuO N HO N
N O Buo N O HO
o] o]
3.6f

Sche3BelTFA deprot ect3i.ddhptfo eric &€ i o n36. iGobafl .

' igands
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The finallab3igawedrse (t hen compilrexadr avngdé &
sol vent s.
Tab3 eRO3AM derivatives forzgcomplexation witdt
Fi nal Ligand
p. DO3AM. LBs. 3. ¢
p. DO3AM. Lys. 3.¢
p. DO3AM.BPthen 3. ¢
p. DO3AM. Phen 3. ¢
p. DO3AM. Phen 3. ¢
p. DO3AMBRBro. 3. ¢
p. DO3AM. Pro. 3. ¢
p. DO3AM. Pro. 3. ¢
The solvent mixes varied depending on the
the aim besomgambl pngvehtt he ester protectdi
to ensure solubility of both | igand and | e
(Sche3mkg6 Deipregnd t he basicity or acidity of
basification was required to deprotonate
|l anthanide to be fully encaps?dl ated by t he
i SR NS
© [ j o Eu(OTf)s, RT, 48h O~ Ei--50
N N NN
/ RHN i) H,O N/ RHN
(0] i) MeOH —O
NHR iii) H,O/MeOH (1:1) NHR

iv) H,O/EtOH (1:1)

Sc he3dweGener al
protecting

compl exati oyn
groups used.
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3. 3Chearacterisati on

The |igands were fully chaspeterwistendppy NN
the | atteChag44Ehel edSigives rise to proton

greater spectral wiedctthi.dans af orementi oned i

These spgeicater @ nadliscaat i on of the relative pr e
i somers. The TSAP configuration has the pc¢
to the | anthanide centre, promoting a str
(through spacet)hedsda fpgr.otTdhn s tpai shiliegechaetri ncgh e m
the presence of the TSAP i somer. Il n DOTA
common to see preference for one isomer o
conformati onatlhhey hiogchk eedn edrugee ttioc 2®H b si er f o
is the not the case for DO3A and DO3AM ba
pendant arm | owers this energetic barrier,
SAP and TSAP as both of these isomers wi

temperatur e.

Due to the | ow barrier to int-bmasedversio
compl exes, it iIis expected toFoh#®fleve both
shows the presencku. @f D®3@WhI Iny ssoomeurtsi oinn a't
roughly 1:1 rati o, showing that there 1is

complex. This is amnt lodorsecompli @oxne s exeynntflogs ic
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it LA e,

T T T T T T T T
50 45 40 35 30 25 20 15

hermical Sttt ()
Fi gB82le'lH NMR spectrum of Eu.HK, ODD3KNBMA)ysHOWYR!I (gBB8Ii ng
peaks due thol wehPbaB@i®mesomer (bl ack box).

3. ummary and conclusions

After considerabbei qqidpalst mgnt hdatoi ct hreout e,
Euwd >*andL3E9%Wer e successfully synthesised.
I mprove upon this synthetic method to inc
critical stegpxclThei oseclhfomatzeg@Pb@Ghy and
woul d be of great wuse in this pursuit. Yet
that successful methods for DOTAM synthesi
derivatives with good resudpecdphosec i mi nar
characterisation purposes have shown that
which was to be assumed due to fluxional
l umi nescence titratioflBaminhat d iifrevd arteisg aatree

anion specific binding in solution.
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Chap4Photophysical studi es
deri vatives

4. Aim and Scope

I n the Chapvepbnpushe synthesi  O8AMadeseerved o
compl exes WwWh<chaptan | et ail s the motivati or
of these distinct complexes al omongdi de its
or ganeide a. Sever al of these cloampdiemxg st haerne
to be grouped into sets, (Fog4pa@\Venwlial ani n
each setditfhfeerrei ngr edegrees dof feueamticoralndr

gr sprpes,enthe effect of wiChamteinl |l be studie
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OR
o 0
HN / O)\OR
N
N _\N/\\ O\}”}N/ W
[ e ] TEQ R
0 O/\N\\‘ N N ‘,’NXO
RO
NH — N
0 NH N O RON
O (e}
Ot-Bu
EuL?% R =Bu EuL*% R ='Bu
EuL33¢ R = Me EuL33¢ R = Me
EuL3%d R =H Eul3%f R=H
OR;
0
NH
;/ N NN
Ome N, N XX
R,HN T'Ed ] NHR,
N '9/\0
N NT
/( [/ L(
HN \O HN o
R10 R,O
o}
NHR,

EuL*% R, =Bu, R, = CBz
EuL*% R, =Me, R, =H

Fi g4r &@hemical compl el apToaluedE ue:dp . iIDO3tAMI. Phen. OR mot
vari@phenyl, dlocpingiBe)p. DO3AM. Pro. OR pmo,thioftet)e mr i ant s
Eu. p. DO3AM. Lys. ORI ¥Xsimati)f variants

The primary met hodChafptiemvestilgbtei bonmi metltie
all owing the distinction of Lbomhdesgeruent
i fetimes will be tattewmt éoat etdesobmphexeson
deuterated solvent with anionic guests an
all owservatichmnge 1thelifetimegupomgbindi

i nfor mbobuon potential dgeenohiamgopatbthway s1g9
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mbi nati on of dewt er att edl @odbhdéak mhowmdng | f et
terminati on of gohyflomat ieoanc h n ucnobnepr! e % . Fr
asurement s, a suitable set wildl then be
taiChagbien
Pntroduction to |l uminescence studi
investigate the | ocal magnetic field ar
sign val ues for t he bi nding of anioni
mi nescence titrations wer e carried out
strument sdetaas | ede d oaChdaip2t amd O8 Ach nof t he
mpl exes sChnatpBfeestiusmeidn eisc ence titrations w
the catalytic @lapgthee ngntin datueiolusd merd
itrations in Mil.MeQHwatati waesewpr eonl sbse
me of the complexes were insoluble in
actiomabetwedm xdysl ianmd fl uori demerleumi nesc
rriveidt buani arcied agwesatngd fl uori de. Fl uor i c
ur ces, potassitiemutf yuammdei (WFJ |l aadi de (°
due to the solubility of potassium f|
l ubi | iymykimg waBAF a usef ul comptahr i son as

| verstoddi um acetate was agGhenefiepd, afot hm

mp lseidxasaset s wehrfewmeacje ©H ¢ aed . H

Eu. p. DO3AM. Phen

e p. DO3 AM:bRPahseend Isiygsatnedns wer e i nitially d

romophore to enabdweadt esnaosemni eif $act o
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due to poor overl ap between the excited st
i oRi g4r)@ Yet the inclusiomnwfest htghagt h emy lo f
ef f exlti poofphi& i cnglrwsiipon onto the | igand. T
the potenti al for aforementioned aggregat
bul kcoawrd d promote aggregation -sthaokiigmg i ntr
interactiepn®O3AMomheh frameworOBU @mat ect i r
-OMevi | I show how steric bulk can affect a

l i gandhwwl It he eHf fescdi ldmt ©r wi | | have on
(luminescenced i nulesttiigrat pdaseanproperties

ot her Eu.p. DO3AM. Phen. OR compel xes.

OR

. ”N
RO >\_/
NH —
NH
0]
Ot-Bu

EuL?% R ='Bu
EuL3%¢ R = Me
EuL3% R=H

Figdr@&eneral chemical structure of Eu.p. DO3AM. Phen

4. 3Eul. p. D@3 AN.UO

Lumi nescence studi es began compt bx bul |

Ewp.. DO3SAM.'lh.enDDee dtoi vienefdnsi tiredtuirein ttoher
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direct excit8&ecow2naoilaser esesnmiilnar studi es w
Eu. p. DO3A. Due to insolubility of the c¢omj

carri eMe @HIt i n

4. 3Liminescence i n MeOH

Ini ti al measurements with acetate showed a
titrations Tphreogdessedse i n intensity at
40. 0mab *dmne of many similar observati on:c

titr d&tiigdm)x (The working hypothesis is tha
equilibrium point bet ween the binding of
bi nding in a tbo dtemd aE e\Whfiladgssphdrmenthee. ani on
addi,t ie@ands HKhiodetnhat e bbi eni dnilgnrogs € mo dher.ef er ent i
Corr espoonndei nbgi ntdoi mgi o nse amltvabl e instead

binding event s.

7000
250 | an .
K,=2,180 M (+8.0%)
6000
3
&
200 2z
2
T E 5000 8
3
@M
~ 150 2000
m T T T T T
% 0.000 0.002 0.004 0.006 0.008
; - -3
E 100 4 Concentration of AcO™ (moldm™)
50
0 ¥ T T T T T .
550 600 650 700 750

Wavelength (nm)
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Fi g4r &r aph showing the change in | umRh@Beuscence spe
(17*me | 3d MenOH upon addition of incmeasidmgWiatmount s o
starklijmea n(d gelncdoncentr ataen8 98inekitndhngdi sot herm fr
Dy nFa®t pl ot of igpht2aGchk )yramede@r @B ()pfves concentration
Ac

This exemplifies a trend seen in most of
t he bindiintg isst todbasgetrbvhbeed equi | i bri um bet weer

binding and two monodentate binding event s

The |l uminescence titrations carried out wi
di fficult to convergeFitgppdrad spvbaci i thbki bditn
curves would imply the pruees etnoc et hoaf cthwaon ghei
intensity at fluormale3d¢michcieshdr atoit obed r@so

i nto bindilnigkelvyendwse to the sharp nature o

Q=1 aqx?2.
8000
250 s 7000 - _-'-_
] ' [F1] j / 6000 4 .'. "

2004 0.00eq  8.57eq ‘( §5°°°‘ ! o
— ,’ é 4000 | - . a 4 i
z: ‘\" i 3000 d
; 150 + j 2000 7
‘»
o \ o0 ooz oo ooes | oo
E 100 — Concentration of F~ (moldm)

50
0 . . ; - = : .
550 600 650 700 750

Wavelength (nm)

Fi g4r.&r aph showing the change pnDO3JAMOBRISEr.NCE Spe
(173 | 3d mMMenOH upon addition of inmokddmnyi tamount s

starhblilmeg maxi mumriamtgaemd gelgcdo(ncent r ataaesd33 hnmhl i ght e
Il nsGhtange i n im=ehs@ikgemhdpharba@pl/ves concentration o
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For the anal ogous titratitohfiiséidd Ihl TtBoAA Ft vacs t

separate biFndMmeg elvheinst sr gi terates the diff

two different anion sources, potassium f|
i omitda sengtplotentially making this the reaso
bi ndi ng cRoingsdraeghThei nmproved solubility of

bi nding oMeODHumakidegi nhese binding const a

and quantifiabl e

80
1.81eq 8500
70 . ) K, = 590,000 M (+32%)
(] 2500 K, =5,160 M (+13%)
604 0.00eq 8.57 eq %2000—
\ %1500—
;50— = 10001
g 500
.é‘40_ 04
n : ; : : :
g 0.000 0.002 0.004 0.006 0.008
E 30 4 Concentration of F~ (moldm®)
20
10
0 = T Y T u T '
550 600 650 700 750
Wavelength (nm)
Fig4r &raph showing the change in | umiOBeuscence Spe
(11PMm® | 9d mMMenOH upon addition of incmelasSidmgWianmounts
starhblilneg maxi mumriamigaemd igéycdo(nlcent rataen89Bi gmlighte
| nsheitnidi ng i DytnkkgFri ml bt omf i nt ams 1)y, oBMMcepleak at 591
areg oZagkgermand grka()pfves concentration of F
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Tab4 eSummary of binding constiBawish oaniEaunipc DG A Mt &
Me OH

Anionic Media Binding c)r

Ki= [LEL Ko= [LEAF
E||.I.3'5d
Na OAc Me OH 2,180 (N17¢-
KF Me OH - -
TBAF MeOH 590,000 (Ni15, 160 ( N€
*Ki= first bK:andsegoerdebdadingd efvremrh bi ndi
f r o ynnFEFt

NErrionr brias kreepr esented s Astl amcdamad wer ro 1p
confidence interval

AThe binding of anigoanse dw agsh osstpuhdoireeds cheyn ctei
wi th v ying concentrations of sodium ac
fluori ith bindinhyniBsot herms gener at ¢

ar [
de w
The binding consTamdteslhes wmmarei sdedf fiem ences
fluori de ( harck traaleatn(i) v edlnjdrsd ioe@mgd h t he

preference bet weetnlp&riopm.seTdhicatiad yitd eals yfsd re
bound fl uor ibdaes eands udbcsdatratee i n equilibriu

Despite the biMedObheyi mg dasdsuiognadbel é nt o a bin

the magnitude of the binding constant

4 . 3L1LmP nesicfeentciemd s

Lumi nesicfeetciemds of the complex before and

measur ed further under st and t he coordinat

With the increase in |Iifetime upon additioc
repl acement of solvent molecules, hence of
(Tabd4 2
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Tab4 eQummary of | umi nescence | OBehdfneerse aonfd Eaf.tperD
anionic guMeOHLbMict iod n Mo t3dimpu &s 10 0ho h )d.ms 0. 02

Ews 5d Lifetime in M

Compl ex 0.45 (N 0. 8¢

Complex + 8.57 e 0.50 (N 0. 4c:

Complex + 8.57 e 0.72 (N 0.6¢

Complex + 8.57 e 0.26 (N 4.9

N Eimobrias kreepsr esent ed
confidence interval

* Lifeti mes we reex pbhoensetn

as Adtl anlhd rad wer reo |

tfiiatl tdoe caa ymoumd e s s

The decrease in |ifetissel iwkelhprtehseeenadden idfhh @ r
a more efficient quenchi ngsopnaetthhwanyg, nfoatc islei
by the more Anvajowwlasokkieft er mi ned t hrough |
a |lifehembogewser ated sobivedhitcatheyvy ad ueemny
hydration number, despiteqqd hfeort emidgegmcwalf wa
This indicates the presence of an alternat
as the fluoride binding constants would i
bi nding modes.

Tab4 d3umi nescenche Okl fiMetQbnfe sEui.np. DOBAM oPrhce no.fO hos't

i s fmhdlo3dm
Medi Ews- 54
Lifetime i Lifetime | Hydr at
sol vent ( sol vent numbgr
Me OH 0.45 2.64 3.6
* Al | l'ifetime val ule®% aare Iseushbg.ect t o ar
This observation is not what was expected
useful i n determining its suitability for
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4. BER. p. DO3AM. Phen. OMe

By changing the acitebpgt gt eesiag gooapmét loyr
i n thistlkempilmxwas t o crwhatceh ae xgiemiileanrc edo
steric hindrance. The aims were to | mprove
while retaining some steric bulk to preve
i somerism between TSAP amndadgpgrSeAfPer rwidt hf otrh

aforementioned reasons.

4. 3LPminescence i n MeOH

Measur e memtHde giam wi th acetate binding, a s

cur We 0dDo7153das ob(FegMednsetdue to the equil

bet ween bi nding options upon i ncreasi
140
3500
120
8.57 eq 53"00'
100 + [AcO‘]T £
— © 2500
S 0.00 eq =
© 80
~ 2000
2
‘@
g 60 = 0.0‘00 0 (;02 0.(;04 0.0’06 0.608
‘E Concentration of AcO™ (moldm™)
40
20
0 - I o I * I *
550 600 650 700 750
Wavelength (nm)
Fig4r &raph showing the change in |uminescence spe¢
(1131 ¥dnMeOH upon addition of incrmalsi®m amount s
&x-393 nm. Wibtlh esanargeinadgngent r atlimshatnidii gyl ii glott drce.r m
fromnFERt pliott eonfs i qly= Boafg kajreevas concemtration of AcO

113



For t he

prodveed

fl

simiFagdgdt dadet ©b(servation

uor i

de

bi

ndi

ng

Loui s

studi

L

es,

amont

i n bot

of a

i n spectral intensity could be a consequert
apparent i's |l anthanide precipitation, rem
through formation of dtehe)BiurfFsol ubl e europi t
160 4500
0.86 eq .
140 ;
T[F']l .
120 H 0.00 eq 8.57 eq ..
. 'I -. - .
5 100 - / - " e
2 80 ;
) &
C 1 T T T T T
(0] 0.000 0.002 0.004 0.006 0.008
E 60 Concentration of F~ (moldm™)
40
20
0 T T I
550 600 650 700 750
Wavelength (nm)
Fi gdr &r aph showi ngl urhien ecshceenngcee ismpectrum of Eu. p. D
(173 | Sidkhe OH upon addition of i nemoéasdimm@i amount s
starhbli)neg maxi mumriamtyaenmd déeycdo(n(lcent rataaen89Bi gmli ghte
|l nsGhtange i n im=ehas@ilkgemhdpharba@pl/ves concentration o
The shape and changes in the titration wi
TBAF, with no binding constant being able
very strong bindbagseed@eat sotthhé changée in
(which correlates with the binding strengt
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4., 3L2mPnescehce i n H

Eu. p. DO3AM. Phen. OMe exhi bwateedr ,| obwi ts od tu bti H e
concentrations that the titrations were ca
i mportant as over the course of anionic at
medi um getsolutbidngem,yg the complsmecatrs an ob
for-OBue analltogwaes of obvbbsservepbntansetyoc
due t o anbiinndcirnega si end itemmes ri tyhreeend sado v Er t ¥ h e

course of. thkenetratieondence obdmm@mlcex ate |
solution, though very weak, meaning the ar

(Fi g4rn)8

18

0.00 eq
[AcO']l

8.57 eq

16

14 -

u
o
1

10 4

: : - - :
0.000 0.002 0.004 0.006 0.008
Concentration of AcO™ (moldm®)

Intensity (a.u.)

J

g T r T g T L

550 600 650 700 750
Wavelength (nm)

ge in luminescence s
on of imodr3gansi ng amou
9RinEkithndhnhg@di sot her m
abe@plvs concentrati o

g4r.8 Graph showing the <chan
PTme ! dm n wWwhtldri,Q upon additi
t h shlan¢anndggefncdo (centrataens8
oynFEFt p liontt eonfs i qy= Aoaf@ kajreeman dpl
A

Titrations with both fluoride sources (KF and

one bindingFieg#d4n® Eprxeasdntting graphs of simila
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25 22
2.0
3
8184 A
8.57 eq b= K, =8,400 M (+11.9%)
20 ® 164
[F] z
=] 0.00 eq €
(0] 1.2
N~— 15 -
> 1.0
=
2 08 . : . T T
) 0.000 0.002 0.004 0.006 0.008
E 10 4 Concentration of F~ (moldm™)

0 - T T T T T T P
550 600 650 700 750
Wavelength (nm)

Fig4r &raph showing the change in | uminescence spe
(11Pmoe!l 3dmn MilliQ water, upon addmol damowWi tihncr easi
starhblijmep n(d gelncdoncentr ataen8 98inekitndhngdi sot herm fr
Dy nFaft p liotte modiotfy)l =@t ok 9ewvs concentration of F
Despite the | ow solubility of this compl ex, b
solubility isanothiasl|l | owtThigs éaculad i @alnso prove
useful , as the variable solubility dependent
met hod of separation. As the reaction progr e:
solution as it i s ciomsgehublae i ans,| omaki mghi 9 @p:

comparison to the more soluble compl exes.

The binding constants observed for Eu. p. DO3/
(Tab4dpd4d The difference in binding constants wi
down to the competitive nature of the sol vent
resulting in the small ¢ h aMeg@H noablsceg wee di.s Tchee |1
the poor solMeadOtH mgamangr ¢ hat wupon binding, th
the intensity and hence a | arger binding cons

i's not a c aaucseet dtoag caomckeirmd i n a bidentate fas
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fluoride exhibits good binding strengths | i ke

binding event

Tab4 e3ummary of binding constants of EMe@PHDO3AM. Phe
and water

Anionic Medi a Binding c¥nst al
Ki= [LELD
Elu_3.5a
Na OAc Me OH 6,340 (N907)
Wat er 137 (N7.12)
KF Me OH -
Wat er 8,400 (N1,000)
TBAF Me OH -
Wat er 4,520 (N203)
«Ki= first bK;apadsegoruebdeadlingd efvrech bi ndi
f r o ynnFFt
KError in brackets is reprA¢senitaec aeret @

conf iidretnecrev al

AThe binding of anigoanse dw ash osstpuhdoireeds cheyn ctei

with v ying concentrations of sodium ac¢
i it

aryi 0
fluoride w h bindingnief@otherms generat ¢

4. 3L@miBnesckaciemeés

Lumi nesicleetciemds for the complexes before
tak®Bab4(pe5 FMe OHlys tteme,raen ii nicm e laisfeoert itnhee
compl ex with bound fluoride, due to repl a:
guenching the | atnhh éreee iddesc.r ecbhsel ahét ame
replacement of a nsoorlev eenftf entotlievceu laec ewtiatthe ag u ¢
this ded¢moeagd e twaetredre cssyesatseem,i n | i f et i me wi
this is due to the increasing ionic stren
hence more effective quenchiegseatbwawnst)
values despite anionic substitution. Wi t h

decrease as guest binding also cause a dec
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Tab4d eSummary of l uminescence |ifetimes* of Eu.p.D
anionic gu#eOHaddiwaiten i €Cofmnolofdnaststi mohilcl10 s 0. 07
dnm) .

Ews- 52 Lifetime irLifetixme(n

Compl ex 0.73 (N 0 0.69 (N

Compl ex + 8. 0.54 (N 0 0.33 (K

Compl ex + 8. 0.93 (N 0 0.57 (N

Compl ex + 8. 1.05 (N 0 0.59 (N

NEr rianr briasc kreepr esented has Ast anddamd wer eo |
confidence interval

*All lifetismdjealue sl Cameoer rlcers sof N

Lifetimes in -deuterated sodveohs were take

foqgdT@d b4 6 These values make apparent the p
compl ex. Af oal ulke oMe@piltex wenl | with the ob
which shows the presEomceabiesobel enddngoe

due to the presence of aggregateani aklt ywe e

frosmtacking between the aryl rings, and w
interaction in?®ahideuweulad edosonéspond with
solubility upon anion addition, as the ¢
aggregat es, i ncreasing their solubility al
Tabd4 eb

Tab4 e6Lumi nescence l'i feti mes i n deuterated and

Eu. p. DO3 AM.(Pthoennc. @Me “hmooslt3)dirns 117 10

Medi Ew3 52

Lifetime i Lifetime ir Hydrat
sol vent solvent ( number
Me OH 0.73 1.52 0.9
H20 0.69 0.93 0

*Li feti mes wer eexpsrnerftiitalo odheaa ano sen lsd ag e
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While this system does have issues with so
t hr oaungihon addition nevertheless makes it i

studi es.

4. 3EWB. p. DO3AM. Phen. OH

The removal of the protecting groups was out
the option to either promote aggregati on, by
arms and clearttriesnbgeenabl ing more effective so

4. 3LBminescence i n MeOH

Titrations begarmMewWHt hithat cogphgai nat ace:
aniBing4r AO0i §8ht to a single binding event b
this measurement . The equilibrium between
versus two monodentate |igand binding mode
i ncrease mod @ent @025 ng theTherksardéndnoge &
after that showing the preference for the
describe a secdrhcer bi nvddiudnge gehvee rvte, gr adi ent

a0. 0mab 3dm
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250 - 40-
8.57 eq
~35
3
- @
[AcO7] t 230
200 0.00 eq g
225
/T qc,
= 20
O
~ 150 154
>
N —
g 1.0 . : : T T
o 0.000 0.002 0.004 0.006 0.008
E 100 4 Concentration of AcO" (moldm®)

50

: , ' - ; r ,
550 600 650 700 750
Wavelength (nm)

Fi g4rdr.aph showing the change in |l uminescence sp
(11°me | 3d MlenOH upon addition of incmeasidmgWiatmbunt s o
starhblijmep n(d gelncdoncentr ataen8 98inekitndhngdi sot herm fr
Dy nFe¥tf plhhangé icm aitrngpbe@diitaygk ewvs concemtration of

This was foll owed bFi gpdrtdi. it rVéhtiiloen tawgoa i misn d
eveweérse obsbédrsediitmati on, the error in the
the shape of the peak also being a curiou
curve is one which would describe two bini

then decreasemaldletditjneat the top of the ¢

most of the uncertainty detailed by the er
this | arge er sdhrotwioh eb ifni dgiarsge eealdypeerstt st chi s
compl ex, with increased strength in compal
ear |l i eGhapnt etrhi s
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120 7.10 eq
3500 -
[F]
1004 000eq 857eq p |
;2500-
z
—~ 804 & 2000 K, = 34,000 M"! (+47%)
S = K,= 1,080 M (+34%)
o 1500
= 60 - 1000
7
% 0.(;00 0.(;02 OAO'OA 0.(;06 0.608
E Concentration of F- (moldm‘a)
= 40 -
20 -
0 g T d T i T g
550 600 650 700 750
Wavelength (nm)
Fig4rd@r.aph showing the change in | uminescence sp
(11°mo | ¥d MlenOH upon addition of i nmok&dmnyi tamount s

starhblilmeg maxi mumriamigamd igé&ycdo(n(cent r ataaen89Bi gml i ght e
| nskeitndi ng i sogtf&adr np IdbraoméD i n | nddesr@sai(tkyd eonf s ar e a
concentr.ation of F

Althowoghbindi ng es v éfrmriaobr etehriesMetQH rdaitei dro i n
the complex being completely insoluble in
continue with measurteheawtestigrati bns wagst el
those soluble in aqgueous medi a. The bindi
increased values in comparisdmabd4®7 earlier
With the values of the second binding con

resolvable into distinct separate binding
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Tab4 eSummary of Dbinding const(anditho loYdviEtuh pa MDiOBMAIMc. P h e
guest eqg(iMerBll/ind wat er .

Ani onic Medi a Binding c%
Ki= [LEL Ka= [LEjf
Elll.3'6d

Na OAc Me OH 8,000 (N2, -

KF Me OH 34,000 (N1:1,080 (|

#Ki= first bK:nadsegoerdebdadi megd efvrecrh bi ndi
f r o ynnFft

REr rionr briasc kreepsr esented s Adtl amdanrmad werrop
confidence interval

AThe binding of anigoanse dw ash osstpuhdoireeds cheyn ctei
with varying concentrations of sodium ac
fluoride with bindingniBdotherms generat ¢

4. 3LBmi2nesckatcemeés

Lumi nesicfeemtciemds were taken before and afte]
expected decrease upon acetate addition

-
y C

for aforemenTtabelnge8d r easons (

Tab4 eBummary of | uminescence | ifetimes* of Eu.p. DO3
guest aMdOHConciaf “hmwoslt3dinguektiomohddins 0. 02

Ewsd- 6d Lifetime in |

Compl ex 0.71 (N 0.5

Complex + 8.57 e 0.50 (N 0.1

Complex + 8.57 e 0.9D. 7R %)

NEr rionr brias kreepsr esent ed has Adtl andarad werr

confidence interval

* AL l'ifetime val ueld % rog dweksjsect t o

Lifetimes in -deuterated soadveohs wergé¢ taken tc

(Tab4 9 These observations corroborated welll
titrations, gwo wlad uien difc dt. 68 VvV amri ati on bet ween o0

showing the presence of two binding modes wit
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Tab4 eBumi nescenchkeOBHNMNdd Obnfe PEUDO3 AM. P(hGonn.cOHof host
i s 2£mdlo 3d*m

Medi Ewd- 6d

Lifetime in H Lifetime in Hydra

(. ms) solvent (numbagi

Me O} 0.71 1.91 1.3
*Al | l'ifetime valueslO%eorsulbgsesc.t to an e

The complex Eu.p. DO3AM. thtemi. ®OHt ensa sd ersainrye do
efficient fluomMheatcioonbi cat alboynstof l umi nesc
|l i feti mes demonstrates a good fit for twoc
strengt hs. However, the complete insolubi
application for t h@haepstpeerrt mest s hdsetajl @én

experiments were done on this complex bece

4., 3Sydlst em summary

The p. DO3AM. Phen. OR Iligand motif offered
al so some | imiting factors as well . Solubi
with Eu.p. DBBABXRhbNt Ong insal khil gtgudse
Eu. p. DO3AM. Phen. OH aggregating within sol
exhibiting variable solubi |[-OBuy atétpendent
anal oguseod ubi lliami mesoenae® titrations were

me and amtgal yti c studies could notTFhbde carri ec

anal ogue was partially soluble due to pr o
functional group coverage, as such it e X
solubilityraebukedfbe ¢@gesi fication processe:
be removed at the end of the reaction, w
reactions where everything is in the same
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made did not offer facile excitation throl
their deéesdegnnanmt hel ess offer exciting op

Eu. p. DO3AM. Phen. OMe corm@Ghlagst ewhi ch i s det ai

4. Eu. p. DO3AM. Pro

ThEy.. DO3AM.ORTpd ®@xed ,9ynstoamsor at-rme mbheer erdi griidn g5
from the amino acid pr©deadei hiigpgthoe rt hdee glriegea nodf br

wi khreate a greater sreoeotkemievdhalchp @ esf eressriaea b

these systems whtehraecrembe i peemedac®f biere i s | e
conformati onal rigiditfyoomlhy sormse srmajmo rs hiosud rde rt |
the possibility for an enantioselective <cata

|l anthanide is much more rOBguiOMea r@dHddegerfdnpesd. Th
arfeor the same r 8asbon@nmdmPEi2o Wadl ent he initial
the inclusion of these arms was rigidity, t h
surrounding Igirgeand impdbe ti ti noft he aqueous cat al

Chapbt er

o
Tl
1/@

EuL3% R ='Bu

EuL3%8 R = Me
EuL3%f R =H

Fi gd4rd&G2neral chemical structure of Eu.p.DO3AM. Pro.
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4. 4EuUl. p. DO3 ABIWD

StartingBwinahl otghuee of this complex, investigat

observe the effect of i ncreased steric bul k.

4. 4 Liminescence i n MeOH

Lumi nescence titrations started with titr
(Fi g4rB3 Two bi ndi ngl eavédryt sobsere ed wi t h
(Ki=10, MBOR9NMYH ) being much strKesng2.r8 tMan th
(B. ®md ), which is such a small value that
that the second Iligand will be in very fas
i n comparison to the Eu.p. DO3AM. Phen. OMe

curve shapalshm we dnuan lwhe¢ ch was ascri bed a

bet ween acetate binding in a bidmethss.at e f as
That | ocal mini mum is not present in this
i ndi vidual binding eventess TFBhiesicaul g dEs
groups altawondanihcece, all owsth@g anmpreo aacnhi otnh &

| ant hani de.
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250
6000 -
200 8.57 eq Am- K;=10,460 M (3.8%)
3 K,=3.8M" (£10.4%)
; £ 4000 4
[AcOT] 2
w
[
—_— 0.00 eq g 3000
< 150
-~ 2000
.é‘ w"w
2 1000 ?#. ; ' T '
qC) 100 0.000 0.002 0.004 0.006 0.008
‘E Concentration of AcO™ (moldm®)
50
0 A

M 1 N T 1 N
550 600 650 700 750
Wavelength (nm)

i g4r d&8r.aph showing the change in | umDBescence sp
113mMo® | ) d mlenOH upon addition of i ncmeas dmgWiatmount s o
t arbtli)lmegp n(d gedncdon(centr ataen89@ingmitndhbhgdi sot herm fr
y nFaft plot of im@esfkyem@amdaged® ag)iofves concentrati ol
f AcO

The complex was t hgmi gtdirtdrdaddierdi laagai et o fi

observations wer e recorded for t his titr e

(Ki=60, 00N M, MBO), followed by a weaker secd
Ki=1731T (M. M) ) . This provides further evi
available for the binding of anionic gues
appreciable strength. It is to be expect e
would be | arger than those of acetate, du
aniiomssolution. This prosodesi barbhediagid
acetate and fluoride in two differing moc

exchange.
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1604 50001 K, = 60,000 M"' (+18.3%)
1 K, =173 M (£2.0%)
140 - 4000
] 1.13 eq [ ;
|
120 - T [F] l “ \ "53000-
= o | |2
|
g 100 - 0.00eq 8.57eq ‘1 | 200
> | |\ y,
.a 80 _ P | | 1000 7
qc) | / ‘ \‘ 0.000 0.002 0.004 0.006 0.008
‘E’ 60 Concentration of F (moldm™)
40 -
i A
0 .

» I ” I I >
550 600 650 700 750
Wavelength (nm)

i g4r dG&r.aph showing the <change pnDO3IAMDRBEISc.ence sp
173 | 3d MMenOH upon addition of i nmokd&dmnyi tamount s
tarblilmeg maxi mumriamtgand geydo(n(cent rataen89B8i gmli ghte
nskeitndi ng i sgtnfAa%r mlfotomfD i ng)l e @sniftky) e vafn da raerae ao fo f
q@=0bu()plves concentration of F

T

=
(
S
|

he combination of both t bbe voabl sueersv egdi vbei ngdri
certainty in the assignationTalb4 glvdo bi ndi

4 .Y1.2

Tab4 elSummary of binding conGRugdidniodf3)dmut ip. DO3 AM. F
anioni cMgQBEsts in

Ani onic Media Binding c¢Yn:

Ki= [LED Ka= [LEjf
Elll.3'5f
Na OAc MeOH 10,460 (N39°'3.8 (NO.
KF MeOH 60,000 (N11,173 (N3.
«Ki= first bK:apadsegordebdeadlingd efvreom bi ndi
f r o ynnFFt
fError in brackets is represented as sta
confidence interval

AThe binding of anigoantse dwapsh osstpuhdoireeds cheyn ctei
with varying concentrations of sodium ac
fluoride with bindingniotherms generat ¢
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4 . 4 lLdUmi2nescketcemeés

Thleumi nelsicfeemtciemes taken of this complex be
i ndicate extenoibserbivagabhomfbynt  hewmcr ease
bi nding of almibdne)ld WYWuebtd heé guest s di spl
mol ecul es and preventing more efficient gl
in | iAmt bmsienrcvreedase in |ifetime for the b
complex itself offers efficient quenching

as observed in Eu.p. DO3AM. Phen. OR compl exe

Tabd4 elSlummary of |l umi nescence |OBfubef mee* antl &0t er |
anionic guMeOHLddict iod n Mo t3dimpu &s t0 0ho h )d.ims 0. 02

EWsd 5f Lifetime in N
Compl ex 0.55 (N 0.5
Complex + 8.57 eq 0.67 (N 0. 4
Complex + 8.57 eq 0.93 (N 0. 4

N Eimotbrias kreepsr esent ed as Asdtl ancharad wer ro |
confidence interval
* Lifeti mes wereex phoensetntfiiatl tdoe caa ymoumd e s s

Lifetimes were t akdeenutienr adteeudt esroal tveedn tasn dt on odn
f ogd T@& b4 e)l.2gMal ue of 1.9 correlates very WEe
| umi nescence titrations, showing the pres
appreciabl e but not fully bounBuissecond |

therefore a very suitable complex for the

small er I igand enabling more effective | 1ic¢

<
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Tab4 elimi nescencéle Okdmet ideeMedDat ekdu. p. DCBUVAM. Pro. O
(Conc of “hnooslt®drns 11 10

MediEwsd 5f

Lifetime in FLifetime i Hydra

( ms) sol vent numbg i

Me Ol 0.55 1. 47 1.9
*Al | l'ifetime val ueslOa% eorsulbgsesc.t to an e

4. 4EWR2. p. DO3AM. Pr o. OMe

TheOMe anal oguep. ®O3 AM.ePr Bu OR mot i f was
extensively in this thesis. The reducti on
potenti al of greater space for binding, y

| essens the emertgedtliad itoenr ri er t o de

4. 4L Aminescence i n MeOH

Luminescence tMeOBMtiitbnsaclkkegqgar iams t he fir s
(Fi g4r B85 Only one stknony, Do duHy evesteq,
as opposed to two bin®OBoan ae voegnutes. shAe esimaw
perturbation imolt3sldnoovisr v hed p®.iha@1l of equi |

bi dentate and multiple monodentate bindincg
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200
4000
~ K, = 5250 M (+3.0%)
150 8.57 eq g’aooo—
— [AcO] g
S 2000
E’; 0.00 eq
2100 1 wol e )
w T T T T T
g 0.000 0.002 0.004 0.006 0.008
b= Concentration of AcO™ (moldm™)
50
0 = : ; - : ; ,
550 600 650 700 750

Wavelength (nm)

Fi g4rd&.aph showing the change in | umODBescence sp
(117°me | ®dmeOH upon addition of iOMCumdasNdmyVi amounts o
st arhkli)mepa n(d gelncdon(centr ataen89linemitndhnedi sot herm fr
Dy nFag, pl ot of oahafewn(9pltagh doghr@afl hewvs concentration
Ac©O

Lumi nescence titratiogavweer yh sKmi laamrd rTeB/
(Fi g4r 6 There is a sharp increase in spec
then a sharp decrease at O0.77 anion eqgui Ve
the strength of tihegbeé ndothgdievyteint guiselrabl e
the curve would correl at ledervaistth ct wd almigred ii m
gradient of the graph. However, this coul
concentratiosing aedchbpdincapectr al i nt en

removed from solution.
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120 - 0.77 eq 3500 -
g 3000 9
T [F1 l ~ . . ..
1004 0.00eq 857eq| | 320 ; : .
§ 2000 -
— E o,
S 80 3 = e, e
(6 1500 :
:é\ 1000 @*ﬁ
» 60 . : : . .
(]C.) 0.000 0.002 0.004 0.006 0.008
"E Concentration of F (moldm™®)
40 -
20
0 T T T T T T i
550 600 650 700 750

Wavelength (nm)

Fi gdr d@®B.aph showi ngl urhien ecshcaenngcee ismpectrum of Eu. p. I
(173mp | ) d mMMeOH upon addition of inmok&dmnyi tatmount s
starhbli)neg maxi mumriamtgaenmd dgéeycdo(n(cent r ataa,en89Bi gml i ght e
Il nsGhtange i n im=has@ilkgygemahdpharba@pl/ves concentration o
This sharp decrease is observed in both K
anion equivalents of import, while also gi

precipitation.

4. A L2mPnescehce i n H

The same titrations were repeated i n aque
much weaker binding constant, consistent
bindi ng wh edhiesnsgalhved i n a sol vent with gre

(Fi gd4rBd.7 A clear singl & =bi6nedd BN\ M®vent i s ¢
with no perturbation in the shape of the

bi dentate binding mode of acetate.
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2200

2000 -
80 ~ 1800
K, =664 M7 (+2.6%)
~ 1600
>
8.57 eq S 1400
2
_ [AcO7] T 2 1200
- 60 E 10004 *
S 0.00 eq
S 800 -
...if 600 /‘_’_____‘ﬁ‘~——w—-—v—'—ﬂ"
(]
c 40 400 T T T T T
o 0.000 0.002 0.004 0.006 0.008
'E Concentration of AcO™ (moldm™)

N
o
1

! T T T T T !
550 600 650 700 750
Wavelength (nm)

Fi g4r dGr.aph showi ngl urhien ecshcaenngcee ismpectrum of Eu. p. I
(11P*mo! % dmn MilliQ water, upon additmoeh3dm increas
Wit h shlan ¢andggefncdoncentrataen89finEkithghngdi, sot her m
f r o ynnFEFt pl ot of ipht2achkdyaofpdabe@pl!/ves concentrati o
of AcO

The complex was then titrated against both KF
caskisg4rB .8 Only a single bindKng 3v&80 Was di

(M2M1Y) ) as opposed to the tOBa Rinmdiomg usvemmp | <
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2.2 4
40 -
’::‘2.0—
§ K;=3,880 M (£11%)
21.8—
,-\30— %
3: € 16
Ll
> 1.4
‘@
g 20 0.000 0.002 0.004 0.006 0.008
E Concentration of F~ (moldm™)
10 S
0 . , . . . , - =
550 600 650 700 750
Wavelength (nm)
gd4r d8r.aph showing the change in |l uminescence sp
Cmo | dminl | i Q water, upon additiomwl!lo®dm Wcrkeasing

arhtlijnep n(d geincdoncentrataen898inekithdhngdi sot herm fr
nFe®t pl ot of@oight@Adiatgyk 9 eovsncent r.ation of F

Fi
(1
st
Dy
This goes against the presupposition that
|l ead to greater availmobréi spaoé téeéadilimagt h
number of coorTfdenatismgtbi gadndshe | uminesce
Eu. p. DO3AM. Pro. OMe show great variability
with a change i n thabdmedd uMie @WHs trheeditum,r at i
the values for bi nding constants are much

preferred oviemqgqtubdeussotine@maéd, coordi nati on

mo |l ecouflfeesr s c o mp.erteistuilvtel nlgi nidii nogompar ati vel

constants. Il n this regard it may be that

Il soel eOHr oming whi ch promotes Eud 1 1) exc
oscillators), while also ¢dAmpembngafioont of
both of these factors results iIin decreasec
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Tab4 eS3a.mmary of binding constants of Be.OH DO3AM. Pr
and water.

Anionic soiMedi a Binding c¥nst
Ki= [LELD
Elll.3'59
NaOAc Me OH 5,250 (N158)
Water 664 (N17.3)
KF Me OH -
Wat er 3,880 (N427)
TBAF Me OH -
Wat er 5,500 (N440)

«Ki= first bK:padsegordebdadlingd efvremmh bi ndi
f r o ynnFEFt

KError in brackets is reprA¢dsenitaec averet @
confidence interval

AThe binding of anigoanse dw ash osstpuhdoireeds cheyn ctei
wi th v ying concentrations of sodium ac
fluori ith bindingniotherms generat ¢

aryi
de w

4. 4 L@miBnescketcemeés

Theumi nelsicetetciemes before and affabeteanion
4.)014 They exhibit the expected result upon
an anionic guest, t hat i's an increase 1in
pat hways, with Me Odedr evas e rb altueedm t he gr e

water mol ecul es as quencher s,

Tabd4 elSAummary of luminescence |ifetimes* of Eu. p. |
anionic gu#eOHaddwaitemn i Cofmnolofdnasetsti mohilcl10 s 0. 02
dm) .

Ew3 59 Lifetime irLifetixhe(n
Compl ex 0.67 (N 0 0.49 (K
Compl ex + 8. 0.70 (N 0 0.65 (K
Compl ex + 8. 1.03 (N 0 0.61 (N
Compl ex + 8. 1.03 (N 0 0.63 (N

NErrorbrias kreepr esented s Adt amcarad werrop
confidence interval
*Lifetimes werexpesntnftitltadeaamponmnoml ess
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While the results befarapamrcd-eaft gheawviad m ea
i n theseacneonpallfelxelsds It was hypothesised th
steric hindrance would | ead to an increas
solvent and guest sqgbe @ires.coYnptartalte syeel wall we

more steri OBlul mnhail ondjairee d

Tab4.e15L.uminesbieﬁeeiirmesneuterqted and deuterated
Eu.p. DO3AM( €owmc OMe “hnooslt3dFns 11 10

MediEws3 59

Lifetime in FLifetime i Hydra
( ms) sol vent numbg i
Me Ol 0.67 1. 76 1.4
H20 0.49 1. 37 1.0
*Al | l'ifetime valueslOa% eorsulbgsesc.t to an e
Whil e thedsevalloueesr ar e i n agreement with th
titrations, it was curious to observe the
titrations. While this does not preclude
does i mplyndhé&ti ndheegsevent is too weak to
for additional binding eventsel a¢ wmarcd ihn g
the | i®terature

4. 4E3. p. DO3AM. Pr o. OH

The depiOdt eantad dgue of the Eu.p. DO3AM. Pro.
syntssheestio explore the potentiTak facki mpr o\
steri c ihn ncdor napnacred'®w naOivbe ntaH eo g liaglsls aod t o

di ffering observ®Hi gnsupfShel pseséoncehef | an
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of i ntteriesstcotud ad sadliIfetcitonaphwaweslkel casmactegti

l umi nescenctcéel LNt lan@mpplfoenx i n t he

4. 4L Bminescence i n MeOH

Titrati ondMe®Hgant riant i ng agai nst acetate

(Fi g4r B9 There was a | arge increase in spe
single binding event , wiKihe a9 9s000ngM bin
(85, M%)0 . This is a high value that is ex
met hanolic solution, yet the ecroruord ibne t hi :

due to thearpruasierbcoce umf bet ween a bidentate
monodent at e ,bipmekivieqptmadesx | ear deter mi nat i
erroftn this case, the bigdevnitnagt ea bvianl duien gf onrc

bi nding event
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3.0

180

N
o
1

160

K, =99,000 M (+66%)

N
(=]
1

140
1 8.57 eq
[AcO] T 159

0.00 eq

T T T T T
80 0.000 0.002 0.004 0.006 0.008

Intensity ratio (a.u.)

u
-—
N
o

1

100

Concentration of AcO™ (moldm®)

Intensity (a.u.)

60 -
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0- . I — —.//, —
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Fig4rd®@r.aph showing the change in luminescence sj
(11PMm® | %d MenOH upon addition of incmeas)idmgWiatnount s o
starklijmep n(d geilncdoncentr ataens898inemitndhngdi sot herm fr

Dy nFe®t pl ot of ol epllerisigtky)eovsncentration of AcO

Lumi nescence titrationas swinihH akaR raansdu &ThB Lo i ¢
guecsatncenofr atli.82 e©hil :«snt haeaddieonfnd @me tt he

compilexcl ear.l yTlhibs eir ¥ e @ viddeecnrte alsye time sgplear

intensity, along with the observation of a
o f running thiigde@ximerimematd (Of al | steric
upon creation of the OH group destabilised
exposure to a hard anionic guest, a preci

white in col osor <£o(iO#Hhil s ked yurlEmudd i n both

el i mi nates tthhadieprf d hobi deup®dcicgn tuste d
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~
o

1.82 eq 2200
il
1[Aco-]$ — Ly
60 0.00eq 8.57 eq %07 S
A1600— e
3 1400 e
50 4 £ 1200 o
—~ éwoo- @Jf
3. _800- [ ] ]
.40 600 - !'.! . g s
é‘ 400 = " 5
(2]
% 30 = 0 0.0‘00 0.(;02 0‘(;04 00‘06 0.0’08
e Concentration of F~ (moldm3)
20
10
0 T T T T y T
550 600 650 700 750
Wavelength (nm)
Figd4r @r.aph showing the <change i n l umi nescence sy
(11mo | ®d MMeaOH upon addition of i nmolk&dimnyi tatmount s
starhblilneg maxi mumriamtgamd géeigcdoinc ent r atdaen89Bi gml i ght e
|l nsGhtange i n imt=ehsikgygemhdphaba@plves concentration o
I n this case, the | attice enthalpy for th
any stabilisation gained from bBhing embed
demonstrates the drastic decrease in ther

reduction of the energetic b&rrier to deme

4. 4 L8B8mPnescehce i n H

I n aqueous media the same titrations were
against aniofffig4gpeesiThasetateati on fits w
event with a veryKiwe&8B( M ®M&i)ng Tchamstianta Vv
smal | binding constantel ynelaeeixicn afndgsett wt h d

the bul k sol vent
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16 - 857eq
d [AcO] ] :
14 511.2-
12 _- "§11 K, =89 M (+3.4%)
; 1 ém-
< 10 =
; ] 09+
® 8-
[ ot 0.8 - T T T T
Q 1 0.000 0.002 0.004 0.006 0.008
E 6 - Concentration of AcO™ (moldm™®)
4 -
2 -
0 T T T T T T T
550 600 650 700 750
Wavelength (nm)
Fig4r@dr.aph showing the change in luminescence sj
(11Pme! 3dmn MilliQ water, upon additmoh3dMm increas
Wit h shlan ¢andggefncdoncentrataen89fineeithnghngdi, sot her m
fromnFedt pl ot ofeRedsigtkyyevs concemtration of AcO
Titrating against both fluoride sources | ¢
of each curve, with the titration with KF

while titrating against TBAF fithie two bi

The titration against KF shows competiti
additions of fluoride: this is evident dui
(Fi g4rR2 This competitive binding may ari sc¢

the hydroxyl groups on the |igand by fluor
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35 3.33 eq o~ .
?[F']¢ 900+ 'm.".._-
0.00 eq/ \8.57 eq e
30 . 800+ = .
ﬂ ;',700 ol
—~25- §
3: E50(]- l_.
‘(‘:20_ 400 1-{.
% 300 J
8 15 - 0.(;00 0.[;02 O.OIOA 0.(;06 0.(;08
E Concentration of F~ (moldm™)
10
5 -
0 g T Y T : T ;
550 600 650 700 750
Wavelength (nm)
Fig4re@2r.aph showing the <change i n l umi nescence sy
(11Pm@!l %%dmn MilliQ water, upon addmol damowWi tihncr easi
starhblilneg maxi mumriamtgamd géeigcdoinc ent r atdaen89Bi gml i ght e
I nsGhtange i n i omt=hs@)hyenald adreda& dervs concentration o
This would mean that in the initial stag

deprotonated by beheraeddeg bI bAls ndpamkes

reaching a fluoride ¢ ©6nongoflt¥dmtihoen sopfecdmraad
intensity increases to a maxi mum before t
shape expected from a two binding event. T

in the titr&igednRWBith TBAF (
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30
2.61 eq - K, =7,000 M (+14.8%)
[F']¢ E K,= 1,410 M (+9.6%)
25 ] 0.00 eq/ \8.57 eq 700
3600-
—~ 20 gsoo-
3: £
LU/ 400 .
>
:‘515' 300
C T T T T T
2 0.000 0.002 0.004 0.006 0.008
E Concentration of F~ (moldm®)
10 -
5
N N
0 T T Y T Y T
550 600 650 700 750
Wavelength (nm)
Figd4r @3Br.aph showing the <change i n l umi nescence sy
(11°m@ ! dm n MilliQ water, upon additmoln3dm i ncreas
Wi th sbhjupeimagxi(mumriamtoensidgendgr(centrat&aegns highlig
393 Inmsteitndi ng i sotnfgr nplfortono fD igat=&lnaspiktdye nod area
concentr.ation of F
By masking a few of the initial points in
bi nding event was deduced. With this bein

evegiat 7, 008, M) and a weaker Ks=eclonddl Obi ndi

MT(N M35 . While there is still some init
complt bBrere issanmeotexttheent as was present i n
What differs is the counterion for the fI

potassi tym ainaa-bBUK #t r ammoni W38 H) 9 n TBIAN( ( CH

The potassium ion wil/ have a greater char
TBA ofhis greater charge density wil!/| | ead
mol ecut ke andtate groups on the periphery
coordination to the acid arms on -t he compl

COOH group muéfihenme emacé daci dic protons t

141



Louis Lamont

with the fluoride added to solution and
competi tive ibnmgodicnhga,ngxeo imausumi nescence ir
protons have been fully removed by incomir
would infer a picture of Taabeloejifpt etxatwe t h t
bi nding in a bidesnhtoawtien gf atswhoi ose p afrlautoer i lien
However this compl ex s hotwesn dernveey et d i pmi d @it g

on standing i.n aqueous solution

Tab4d eS@.mmamy nafi ng constants of Eu.p. DMD8@HA. Pr o. OH v
and water (ppt. = precipitate).

Ani onic Media Binding c¥n

Ki= [LEL Kz=  [LEAF
Elu_3.6f
Na OAc Me OH 99,000 (N65 -
Water 89 (N3.03) -
KF Me OH ppt. -
Water - -
TBAF Me OH ppt . -

Water 7,000 (N1,01,410 (K
*Ki= first bK:andsegoerdebdadingd efvremmm bi ndi
f r o ynnFEFt
NError in brackets is reMdlrlesckeattae dwearse s la
confidence interval
AThe binding of anigoanse dw ash osstpuhdoireeds cheyn ctei
wi th v ying concentrations of sodium ac
fluori ith bindingniBsot herms gener at ¢

aryi
de w

4. 4 1L BmiBnesckaciemeés

Lumi nesckaeciemds before and after anion ad
| umi nescenTabd4.elt.7r dtni g h( ti tr atMe®ms i nvol
there are reduced | i fetimes due to quenchi
of a soli.dheriecmcmpeasaeein |ifetime with a

replacement of a solvent mol ecule with a
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For the titration in water, the values f o
replacement of solvent with | ess effective
Tab4d eSummary of | uminescence | ifetimes of Eu.p.DOS3

guest aMdOBndnwaher (Commolocifdmhoesti mobBd)@.hg 0. 02

Ewsd 6f Lifetime irlLifetixne(n
Compl ex 0.41 (N 1 0.33 (N
Complex + 8. 0.64 (N 0 0.20 (N
Compl ex + 8. 0.36 (N 1 0.45 (N
Compl ex + 8. 0.30 (N ¢ 0.41 (N

N Eimobrias kreepsr esent ed as Astl ancharad wer ro g
confidence interval
*Lifetimes wer eexopasnertiitalt odeac anonwonl es s

Yet upon addition of an acetate guest t h
meaning there is the inclusiolhisef coumadr e
be hrough photoelectron transfer from the
|l igating dlieftatiemds giamddewt er ated sodveon :

al so collected tqgdTdb4 ex8nine values for 6

Tab4el&uminescence n o-df eeuttiemmeast ed n and deuterated
Eu. p. DO3BAN.CPMac. OH mos$ t3)dims 0. 001

MediEwsd 6f

Lifetime in tLifetime i Hydrat

( ms) sol vent numbgr

Me Ol 0.41 3.26 1.0

H20 0. 33 2. 68 1.1

*Al | l'ifetime val uesl0% eorsulbgsesc.t to an e
Theg 6val ues corroborate well with the | ife
event, with the potential for a second veil

be disti ngyunFiaEtdnsabah ebibydiDng event.
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4. 4Sydlst em summary

The pEDO3AM. Pro. OR compl ex exhibits the 1| ov
stability of any in this thesis, showing
making it highly unsuitable for any furthe
it to beei mohktaoning solutio®OMet andct as
OBu analogues showed the presence of two b
one strong one weak. Cemnt, r arhye tree dwitdti owas
hi ndrance dtirdomgdr |eiardditmg,s with the oppos
extent of second binding events being unrtr
event in the BMec@mpPIO8AMb&®Irmg Omuch weaker t
binding event in Bhecd&mplpeXdDO3AM. Prwa® dee
deciding factor for carrying Chagt.eompl ex
The second binding event must becet hveerry wea
guest , amisonshe guests must biamd edfheéecuinbeéen
catal ys@Bu lanatlhoegue, the binding strength

remain bound even after a reaction had ococ

4. 5u. p. DO3AM. Lys

ThEeyw.. DO3 AMalsyedd cympleens were designed to |
charge on the | igand pieiktpohteo ykedhish@osorm
apart and prevent the aggregation previ ous
compl exes. The inclusion of an amine gr ouj
with thistlbm sntg dersei roaabsl eechpeabpeamenss udi es
water. The-OBum¢glMesiaonhi gf oups is for the s:¢

me nt i oSheecdt4ii.obn
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R,HN L "Edi&o NHR,

EuL*% R, ='Bu, R, = CBz
EuL3%, R, =Me, R, =H

Fi gdr & ner al chemicpalDG3tAM.cLyusr.eORo fc oBnp.l e x e s .

4. 5Eul. p. DO3ABIULEZBZ O

The Eu. p. DBUAMBLzy sc.oOnpl ex has all bulky pr
pl ace. These groups prevent it from being
around this complex was investigated to d
plays in binding ft.to this compl ex mo

4. 5Liminescence i n MeOH

Titrations wbMe®HEtanei edrouhi sncompl ex, wit
being with acetatFe gats RS5he Tbheescpheacatgricaoln n (
intensity fit wel/ with the presence of t
evelue 2, 6N MAH.)0 foll owed by a weaker sec
(Kz= 10%(4aN MMH3)0. The curve fittimognivtearyedvel |
peaksTrhis would indicate that there are tw

Luminescence titrations were then carried
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| umi nescence titration with KF, the shape
guest concentration woul d appYedar ttha sc omarse |
unresolvable into binding events, maki ng

i mpossi bl e

7000
250 4 4.00 eq 6500
T[ACO'] K;=2,690 M (£2.6%)
5 60001 K,=10.4 M (+2.9%)
0.00eq 8.57e <
200 q q >
g 5500
o~ 8
3 £
=S
©
., 00 P
& 2500 -] -~ e
% 0.(;00 0.0‘02 0.604 0.606 0.!3"08
€ 100 4 Concentration of AcO” (moldm?)
50
0 z T ¥ T T T T
550 600 650 700 750

Wavelength (nm)

i g4r &5 .aph showing the change in | undBrueCBczence spec
11°mo® | )d mlenOH upon addition of i ncmeas)dmgWiatmount s o
tarblilmeg maxi mumriamtyaend igéygcdo(n(cent rataens89Bi gmlighte
nskeitndi ng i sgnfa%r mlfotomfDight Brn§kby mnfda artea

Jplves concentration of AcO

F
(
S
|
(
The same titration carried out with TBAF a
i sotherm that fit to two binding events.
(Ki=17, 600N MIMYY50and weaker s &con3d0l6i nMli ng
(. B13) Fig4r PGonfitmendi fference between KF
fluoridei shbuKEelkaving MdaOH twehd | seo ITBLAIFI ietxyh il
good solMeéOH iTthyi si ncoul d be the | imiting f

factors such as the piremenpsesoftu@mi eerhamgan

cannot be said with cert.aihdawe weure, ttoh eo tthieti
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with TBAF does show the presence of two b
from the titration with KF. Babedtwa pre
fluoride sources yield results that are

Me OHsy st ems they show stark differences

T T T T T
0.000 0.002 0.004 0.006 0.008
Concentration of F~ (moldm®)

12
380
360
18- K, = 17,600 M (£27%)
= (4 %
0.00 eq K,=30.6 M (+2.7%)
F-
—~ 8 [F] l
=)
: 57
o 8.57 eq
= 64 -
(2}
c
[0]
-
£

' T Y T . T ,
550 600 650 700 750
Wavelength (nm)

Fi gd4r &6.aph showing the change in | uniBueCBczence spec
(17*m® | 3dMMenOH upon addition of incmelagdmgwWiamounts
starblilneg maxi mumriamtyand igéygcdo(ncentrataen89Bi gmlighte
| nsheitnndi ng i spbFEfer ml bt omf Dipht Zaili d yvef caneantrati ol
of AcO

While frustrating that the binding consta
undeterminabl e, otttherradulrtag ifomemctahei ed o
presence of t@abhiehdi Wigt motdlees compl ex exhi

binding for all the anionic guests it was
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Tabd4 elSuAmmary of bindi D@3 AMnIBuatbbzs woi ftghE easnpiso niinc
Me OH

Anionic Medi iBinding c¥ns

Ki= [LEL Ko=  [LEAF
E||.I.3'5d
Na OAc MeOH 2,690 (N70.010.4 (NO
KF Me OH - -
TBAF MeOH 17,600 (N4,730.6 (NO
*Ki= first bK:andsegordebdadimnegd efvremrh bi ndi
f r o ynnFFt
NError in brackets is reMdlrlesckeattae dwearse s la
confidence interval

AThe binding of anigoanse dwapsh osstpuhdoireeds cheyn ctei
with varying concentrations of sodium ac
fluoride with bindingni@otherms generat ¢

4 . 5Ldmi2nescketcemeés

Lu mi nesicfeemtciemds of the complex before and

(Tab4 20 These exhibited some curious obsel

acetate as guest is in the range that woul
guests differ greatly. The addition of K
expect ed croeosrudlitn awiitom of the fluoride to t
effective |l uminescence gquenching. Il n cont
solution pppdscee thResult, a decrease in

corresponding to more effedhigseigquén&kbi gg

to fluorides effectiveness as a good photoc

with this effect not being seen for KF
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Tab4 eSU.mmary of

|l umi nescence OBuf @BZd meef orfe Eain ¢ . DIOL:
0.

Chapé4 er

02

anionic gudMetOHLddict iod n-hrvasit3ding uek 10 moh d)d.ins
Eud %2 Lifetime in N
Compl ex 0.68 (N 0.5
Complex + 8.57 eq 0.65 (N 0.3
Complex + 8.57 eq 0.98 (N 0.7
Complex + 8.57 eq 0.56 (N 1. 4
N Error in brackets is represegavneadedsast
confidence interval

*Li feti mes

wer eeXopsnerftiitalt od eac ano nwon | es s

Agvalue was determined for this compl ex,
' i feti me i n edewtteerratted bdm@d.vrenriv a(ll ue of 0. 7
@ would imply binding of only one sol vent
the bulk solvent, which given the size ¢
hi ndrance seems |ikely.
Tabd4d eZluminescencdMeDHhMe OmEs . pn DO3GBW. CREZXo0onc
of hostmoils®dém 00 1
Medi EWs3 52

Lifetime in FLifetime i Hydra

(. ms) sol vent numbg

Me Ol 0. 68 1. 21 0.7
*Al | lifetime valueNl0a% eorsulbgsesct to an e
This does make sense in terms oHartdhbe compl
anions bind strongly to the Eu(lIl1l) cent
hi ndrance inherent i n tphceo scboynvpdieeiihlg s o met h
mol ecul es wi || be unable to do.

149



Louis Lamont

4. 5EWR. p. DO3AM. Lys. OMe

The Eu.p. DO3AM. Lys. OMe compl ex was design
aqgueous s oplruebvaehntt ¢ g atnidon i n sol uti on, t hr
posi tcihwaeglged amine groups on the arms of 1t
to be highly soluble in watermndetwlws ng t he
can gesidable properties. As such, the ob
aqgueous conditions wde@Hasedreapernmenest g

good base for compari sdcmhmawittelm ot her compl e

4 . 5L 2minescence i n MeOH

Luminescence titirtatatwoinen bagainnwti thdcetate
(Fi g4rR7 The compl ex exhibited a very S

(Ki=33, BIOON, 2w®P Wi t h no second binding event

that the guest bound in a bidentate fashi
centr al Eu(l1l1) i on. Whil e there is evide
sigmoidal, this conméd beasoamrstof atfloe eenguit li

t wmonranadnkei dentate binding moldesi drorofacan :
amine in solution could creaottdi tartgent getfor
would be a competiti ve bafndamigo nsihce agcuaets tl o
the perturbation to tAte hciugghveer ecaorn cye nitnr atth
prefefroerncaeni oni cwaguwledhbedEo@dl hy) faon whi ch

much stronger electrostatic force of attre
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350 10000

8000 -
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6000 -

8.57 eq
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0.00 eq

Intensity (a.u.)

4000 -
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T
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LN\

- . , .
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Wavelength (nm)

Fi g4r &mr.aph showing the change in luminescence sp
(11°me | 3d MenOH upon addition of incmeasidmgWiatmbunt s o
starhklijmea n(d gelncdoncentr ataaen8 9Binekitndhngdi sot herm fr
Dy nFatt pl ot of igd E@8mgik Yy rmonfdpaarbeecah)p lves concentration
Ac©O

Titrations against both fluoride sources
both showing the presence of two binding ¢

error regions withi g#4s)P8ct to one another
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140
4000
1 5.71 eq
120 = § 3500
d ’; 3000 4
0.00 eq 8.57 eq S
100 % 2500 4
= s
L] £ 2000 ES
S K, = 77,000 M (+27%)
& 80+ 1500 K, =271 M (£7.0%)
>
= 1000
[72)
% 60 n 0.000 0.002 0.004 0.006 D.(;DB
E Concentration of F (moldm®)
40
20
0 . T T T T T T
550 600 650 700 750

Wavelength (nm)

Fi g4r@3r.aph showing the change in luminescence sp
(17*m® | 3d mMdenOH upon addition of inmolk&dmnyi tatmount s
starhbliljneg maxi mumriamty@md epcdo(n(cent r atli mabestnii iyl i ght e
i sot her mnFéfr o ml @t of i qut=eZhes(i it ye mh dp abe@p | ws
concentr.ation of F

4 . 5L PAmPnescehce i n H

The main area of interest for this compl ex
t o aiptpd i cations |l ater in thiThettdebfsereerqai .
note now being that the amine furthest aws
reasons mBetit3paBed hien ti tration against ace

single biidi hg'{ dMe BBy Ur R.
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50

491 eq 1400
[F] T ] "
f o
0.00eq [\ 857eq 127 m =
40 = u
31000 -
— g 800 + &
3' £
© 30 4 600 - iy
%‘ 400 ﬁifi
% 20 _ 0,0’00 0.602 0.6% 0.(;06 0‘0'08
'E Concentration of F~ (moldm®)
10
0 ’ T Y T X T "
550 600 650 700 750
Wavelength (nm)
i g4r 8r.aph showing the change in luminescence sp

i
113mO® | 3dm n waitlelri,Q upon addition ofmoilnddmeWsi hg amou
tarblijneg mMaxi mumriamigame geigcdoinlc ent rataegn89Bi gml i ght

nsGhtange in i gpt=emhs()ilyvenad adreda 9 eovesncentr.ation of

The presence of this competitive binding
to any potential binding isotherm. The san
yet through removal of the binndiimg ewenpted
are r esoWhialbd et he two binding constants g
compl etely accurate, the presence of two |
Ki= 1440@0, MHa=118*(R. M) was implied by t
shape ofwithle awomrveitial decrease foll owed

Fi g4r 8.1
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60
3.33_ eq 1600.]
1 [F]
1200
504  0.00eq
’; 1000
S
2 8007 K, = 144,000 M"* (+24%)
—~ 40+ é god K, =115 M (£2.7%)
= =
g 400 4
:‘i‘" 30 . 200
[%2)
QC) 0.0‘00 0.0‘02 0.604 0,[;06 0.0'08
'E Concentration of F* (moldm™®)
= 20
10
0 T T T ' I
550 600 650 700 750

Wavelength (nm)

i gdr 8lr.aph showing the change in |l uminescence s
MmO | 3dm n Wwhtldri,Q upon additio of maktrdmsing am
h sbhjueimagxi(mumriamtgensigeand¢(centr at &ens highli
3 Inmekeitndi ng i sgmAa%r mlfortomfD igtE@ng)pt gnadfarae ® a

pP=0a@gkgews concentration of F

p
n 0 |
c g

This evidence al/l points towards the pres:s

di stinct competitive bindLinkgel gt dtulee t @u ttsh

protonated amines in aqueous media bindin
bi nding constants are in good agreement wi
binding to the heptadbhe)ar2e Eu(l Il 1) compl e
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Tab4 e22u.mmary of binding constants of Eu. p. DO3AM. |
Me OBnd water.

Anionic Medi éBinding c¢¥ns

Ki= [LE Ka= [LEfF
Ew3 59
Na OAc Me OH 33,800 (N7, 4-
Waterl147 (NO.89) -
KF MeOH 77,000 (N20,271 (N19
Wat er- -
TBAF MeOH 61,000 (N25,36 (N3.6

Waterl144, 000 (N34115 (N3.
«Ki= first bK:apadsegoruebdadlingd efvrecmh bi ndi
f r o ynnFFt
KError in brackets is reprAd¢senitaec aeret @
confidence interval
AThe binding of anigoanse dw ash osstpuhdoireeds cheyn ctei
with varying concentrations of sodium ac
fluoride with bindingniBdotherms generat ¢
"Data points associated with this bindin
for the separate binding constants

4. 5L@miBnescketcemeés

Lumi nesicfeemtciemds were taken before and afte
Me Oslhowed expected values with fluoride in
ion by solvent mol ecul es, and acetate shc
provision of alterhaltdee)2q3u é&mah itrhge pvaatl huveasy si
both fluoride titratilamgawdgedlutctiimona ilnodde

with acetate providing moare ledrhiercdd oveen al er
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Tab4 eBS3.mmary of |l uminescence I|ifetimes of Eu.p.DO3
guest aMdOBndnwaher (Commlocifdmhoesti mobBd)@.hg 0. 02
Ews3 6c Lifetime irlLifetie(n

Compl ex 0.55 (NoO. 0.57 (NO

Compl ex + 8. 0.62 (NO. 0.43 (NO

Compl ex + 8. 0.95 (NO. 0.59 (N1

Compl ex + 8. 0.90 (NO. 0.69 (NO

N Eimohrias kreepr esented as Adt amdcddrad werreo g
confidence interval
*Li feti mes wer eexypsrnerftiitalt odeac anonwnl ess

Lifeti mes i n dewterated szmd veons were t ak

solvatiog nhomkhbadadd edent (

Tab4 e24uminescence | i-dfecuttiemeast ed n amdn deut erat ed
Eu. p. DO3AM(CyacObME mos$t)Hdims 0. 001

MediEws 6¢

Lifetime in FLifetime i Hydra

(. ms) sol vent numbg !

Me Ol 0.55 2. 26 2.5
H20 0. 57 1.70 0. 8
* Al l'ifetime values are subject to an e

Thed 6numbtehre fcoornvelOddxh oiwvis good agreement wi
from binding titrations, specifically the
The 6val ue in aqueous media correlates sol
showi ng tchoaotr dtihneartei oons of sol vent téhred guest
MeOMalause 0. 8bi mgpil mgsof only one solvent mc
due to differing binding strengths betwee
guestwi th the i denti,thi efdepaetsb¥enbmpkan
for DbindiAwsg tshleotcsompl ex wi | | bind more ani
binding strength, i n comparison to the wiq
bi nding of only one acbtdenatambéetabbhioerye

there is |l ess room for binding. Leading

157



Louis Lamont

concentrations of fluoride is the second

capable of binding two guests with one in

4., 585y3stem summary

The Eu.p. DO3AM. Lys. OR moti f produced i nt e

hypothesis developed so far that reduction

or changing identity o0éc@s®raeatteg nmgo rge oru@ar
for guest binding. Il n some «alseasd tiomtrod
interference wi thucdu-tlaigg rtblug diinngc| uded i n

Eu. p. DO3SAM. Lys. OMe compl ex. The design of
well to solubilise thfectomplbyxydrapghohbi shrg
groups on compdlexn gpovsiuthmpviettey of cati onic g

aquesooulsubi I ity.
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4. €oncl usi ons

I n Chiapgpter has been demonstrated for a |

~N

compl exes that there are two binding mode
one much strongerwéeahbhei ngei ot hastf wkthahige
This has been confirmed through carrying c
t he numberevosfntabnidndgwmagnt i fying their streni
|l i feti mes before and after guest addition

(@f or eact od ovmagHti eggda i)3r.2

14
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Phen.OMe Pro.OMe Pro.OH Lys.OMe Phen.OMe Pro.OMe Pro.OH Lys.OMe
Figd4B2Summary of al | binding <@onfsadraneachutbimpeédedx
(Eu. p. DO3AMh.exf)eprKesents the bindintg eporstearnts wihteh
binding constadrmtc kwibtalh sac¢ etpates.ent t he associated er
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The complexes exhibited variable solubili:
watermprawegrngsimnmigt s being gained for these ¢
Due to the further application of these ¢
suitable gsoupblod owammlrexes had to be c¢chi
becauhsee speci fic fluorination reactions be
wat er MehOHA hiemef ore the complexes chosen toc
studies, were selected for their aqueous ¢
chosen compl eeé &ii @mMde38s ummar i
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Th®©Me anal ogues of each complex motif sho
the presence ofandvopn éd mpmiptoagt peovseurtes t o har
ani ons. Al l desirable properties to have

catalysts forhalhec drdlmdxyginiash i aguedus medi a.
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Chapbh€atalytic studies on
deri vatives

5. Aim and Scope
To assess the catalytic Chlaigl i8r ya,nadd idd hieo DO 3
confirm the cataChap2kcechuweéme. DOIAM veedr iiwnat i

were carried forwhirgdbrfedb catalytic studies
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With more tailored |igand spheres in cont
Chap2ttehre aim is to create more effective ¢
solubility.

5. Proposed catalytic route

Previously i n t he Faul kner group, cat a
Eu. p. DO3AM. Asp. OH. OH dBuB@EuUuc p MPIO8AdSs Aswh Or
seri etsal ot ardoixdyd i ande2werngacéanonS with fl

(Fi g®r)&Gi ven the i mpolr& ainrcer aodi o liumaginreg, t

haspbhential to provide a route for | ate :
in water iif effective catalysis can be act
It is proposed that &adet dlaynstth,anh aoled icrognpld cet

in close proximitytwhihe Ebhé¢Wiltheceadaeddnt
of fl uomainme popegindi ally stereoseltehcitsi vely
i s gafeat i nterest for the <creation of no

Tomographya@gPBTJg)

't i s proonptobsel dS e hatsi @yt utrreedsubstrates are
with bulk solution, restoring the catalyst
being restored due to the transient nature
medi a. As the <catal ysita,i st hdiiss sroel pvreeds einnt sa qt

for an effective, water soluble and homoge
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Fi gbRe&or mati on of a g-basedr ncaornyp | eantfhoaani dlee fluc
hal ocaralwoxyl,i avi t h pr o p2o sedt incenc.h aBa BimMl,®@F b eSoer dk i on
hal ocanrmloxdylsiudddtrat e (

5. atalysis i Muési inl BMRsepaenc tbryoscopy

To understand the tlaeéatdgmplcends )| iaymodelacs
were clTheséehuohiahatciamicoxfisl. i dhi s reaction s
due to both fluorinknawd kiandoxylliantalta misd
both within this tHh@sieseaneaicn iMen@H c alni oerc
and other protic solvents, but have been
aqueousTimeslé acatalysts are able to accel el
only a «c¢heébopnrgoddeo gieodn t h et hceo urr ewaed tbifarm,i s not
i nhiintighte reaction through competitive bin
constants associ atBhle ws héad ibftiamiwo gly! @momdi n

their contr ol rfabeémelns are detailed in
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o TBAF )

HO)K/ “ D20 HO)K/ F
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EEEE——
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TBAF
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HO™ ™% D,0 HO™ %

SchebmeEl uorinati on oft 9@kl roa e toipoaind)d,liceds a@ii di m(
2chl-2plbenyl|l acet at e. Re a c tmio 6 n)dhoaolnodd a ra oanxdy; Is iTdBAtFr § t0e 1
(Omdl ®d,aOD(M@L Y, catalyst unmel Simveistagas i ome (Pr 4 e
of stereogenic centre.

Chl oroacetic &ail @ ciasakctohde li sniwnepsite sgtat ed wi t h
al pha-CtOOHt Hauncti onal group, enabling read
both acetate tapdopgdued i dat alrytgba.dpat hway
3chl oropropanoic acid was investigated to
regioselectivity wCH-llgrtohiips i matralaysing, twiet |
the | eaving group from the catalyst itself
2chl-Bploenyltecett o see the effect of steric
of a phenyl group wouhylparccermrsjewmdadteii vaaki 0e

of the transition state $ohemeE in the cour
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SchebmePr oporseerdsitti on sbatreecalt obron hef -ciB-&Fo with 2
phenyl acet at e, showing resonanclel )sdaanbd Irpighseantyilon( wi t
‘-orbitals.

The resulting fluorchabephde pyloadaettatoef csooudli
show an enantiomeric prefer-eé00Hd, gcboup al C
( *Sc h ebmkel enabkpiagada i complfexes ability t o
enanti osel ectailMal ccaarad oyxsytl.i cFoaci ds, it wa.
chl orinated version. Previous experiments
reagent s, with the corresponding rates fc

faster due to the gbeaméedestwvabisudttghodbritd

wd& chosen to keep the | eaving group the
depended on sterics, proximity and el ectrc
5. BNMRspectroatcaolpysi s | anthani de cat g

From theChapuut. sp.iIDO3A was shown to cataly
ohal ocarmaoxXyl it®@ a greater extentanigne bot h
rates, as opposed to Tb.p. DO3A. Therefore
for compl exation with the DO3AM derivati

synt he Chsaepdt etmhe Eu. p. DO3AM cOMpl asesm con
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otecting group were selected for catalyt
effect ChapdseimW ¢dh Iismme icopympelce xpei st asth cowm e
I tical fluori de concentrations (Eu. p. D

|l uti on preventing their use in these re

i th S 0me being completely Bui.nCBozl,ubl e

. p. DO3ABuUuPhetvhOl e some al so showed a gr ¢
nding from functional group®Hlgrcatps on
guiring deprotonation by fluoride guest s

ntre (Eu.p. D@3GAWE Pder OHat i ViFchsgbo dt | i ned

mai n di ssol vedovier acdwee oeunst i eniceh ulh2ihe ap esrti eorc
| k and provi de a degree of comparabi | |
vestigation. Whil e Eu.p. DO3AM.hoyw . OMe a
od aqueous solubility, Eu.p. DO3AM. Phen. C
well solubilised upon anion addition.
Catal yts ge NtiMRustcltopd/ol ogy

e reactaonisien@d(@al 6, with the control te

1 TB@Fha@8Hocarmakwoxmn{iod)dmMEFA NMR wsmwast r

asured every 5 minutes for 12 hours, wit
uilibration time where the solution was
e catalysed test was performed under th
Yooadifng he complex under i nvestigation.
ak was integrated for both the compl ex

mpared over time to determine any catal.)
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5. Bu. p. DOSAM. Pro. OMe catalytic studi

Eu. p. DO3AM. Pro. OMe was the most promi si ng
deri vauevds its solubility within water
exposure to anions in agueous solution.
effective catalyst for the fIFUu@mrmati on of
with a clear increase in catalytic activit

contr ol
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Fi gbr®raph monitoring the integrated intensity of

in the Eu.p. DO3AM. Pr o .eddMa@t tcaantda | cyosnettdl arlee etcdtedfrot ni o(n  (

chloroacetic acid andl d&#&tfmpawedars otnhe fc duwrisgsd adf rlezahc.t
cat aldysgekd) e(and @wmdlreelact i o-h80bes ween O

The compl ex has (aaimuxsh3 b n grh eis)EAnd tfiian a |
rate ofalremmgdiidbenr t hese I mprovements the i
stages of the reaction starts to plateau.

reaching comphhetoibocsre ronadri. otnhevi ndow
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When Eu.p.DO3AM. Pro. OMél osopompameidc watihd

|l anthani de catalytiFc gabactdi)vi ty i s demonstre
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Fi gbr &raph monitoring the infbgoptregdgannt ensaictiyd) ofp
f ormati on in the Eu. p. DO3AMdPa)ot &Mt ccartad ylse de a et

(bl sea) tafrhl3or opropanoic acid and nE®&ARp arvieson hef cou
initial reacdt aldysged) e(afnadr tome Imreaelact i -h80.bes ween O

As expeichieddtadtsheof reaax i®Gsh&& ner OEWar (

h in this analogue due to the greater dis
chl orine atom. Yet the results are stil!
and -l amg@ge r ewltdn omadresdtpastelde the &act i on has nc

to completion over the course of 12 hours.

Over the icscurcstd onf, tdhue &0 r eonfg ttdhhea nsga Inugt ii ocor
the TBAF peak Omigrates@Ei gqbmdvs s ht tehi MR
mi gration being a reported effectl when ch
This migration causes the UBAEr pelakent wvatcira
i n some ccaausseisng a | asgpecClint mgyThasdedame MNaveR
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been cut to allow fitting of abpoemmxponent
removing tdathgeexpeniments fit well to at

i's expected overwithle kemgsedsef a rection

Fi gbr &tackedEpINMR efpectra of reacti ecnhlkHertoween TBA
phenyl acmo lat)d m(iot.hL Eu. p. DO3AM. Prloo ®Meospasr cat A2 kgst
period. With the ledplognpnb peeatkaddp)ecyand migrating TBA
p eabkl-u(e)nehi ghlighted.

I n contrast to the pgrhevimayortiwgyg roda dthieo nrse
pl atchee anal ogous rZcahcltdipdoe nwi &alc e awWaeruymh ow

sl ow rat e@ercefverngdamtgi drhe data b.eiAlgt Hough o &
the 12 h window is not a | ong enough ti me:
dectage initialcanatbe deétTehemicetxepdenr i ment al d
Eu. p. DO3SAM. Pro FON®&T, ®lsohtotwe dani ni ncrease in t

of reaction comparedttositdat=oitBr ol react.
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